;ede.**+, -Fr-f. 6. T.bm(17 MAR NO1 | A H7 This invention rel ates t017 ]
heat - peel abl e pressure sensitive adhesive sheet which can be eastl ng{ezgq ed

‘from an adhemmlimng for a short period of tine at any time when
requi red. BA HE | NVENTI ON Heat - peel abl e pressure-sensitiv
adhesi ve sheets g+ si ng asubstrate and a pressure-sensiti m\mmnmmﬁm‘m

| ayer containing a foam ng agent (for exanple, heat-expandabl

m crospheres) or an inflating agent formed thereon have conventi enakty been
known (see, for _exanple, JP-B-50-13878, JP-B-51-24534, JP-A-56-61968,

JP- A-56- 61469 ab@RIPPREGAEIS) FRES SURE SENALIINFRALMESI3EY SHEES n neans an
"exam ned Japanese patent publication”, and the term"JP-A" as used herein
means an "unexam ned published Japanese patent application"). These

heat - peel abl e pressure- sensLﬁMﬁM@Mi ch establish both
adhesi veness and peel abilit , acterized in that the
adhesive force i8.4 oam r Jnf I ng_ i _or the
| i ke by heating @1fﬁ§%g§o%a%g%ggggsi oy Elp?té‘%é;g %?%l%d?g% g%eggﬁg%end. Due
to this c t.er i st Fg@@t ; i f.or, € I
t enpor ar yf%%ﬁ%éiénﬁ%%%{\g%gs uct 1 o“ﬁnsr?}égcagf%gl %%t%(ric}ﬁ/ingeggretds)fggg ?Q_bel s to
be recycl ethn N thenegeent tandesgyrt b saRld ipd 28da APt iidhuvgi ght
el ectronic instrunments, attenpts have been made 1

required.

Heat-peelable ©pressure-sensitive adhesive sheets
comprising a substrate and a pressure-sensitive adhesive layer
containing a foaming agent (for example, heat-expandable
microspheres) or an inflating agent formed thereon have
conventionally been known (see, for example, JP-B-50-13878,
JP-B-51-24534, JP-A-56-61468, JP-A-56-61469 and JP-A-60-
252681; the term "JP-B" as used herein means an "examined
Japanese patent publication", and the term "JP-A" as used
herein means an "unexamined published Japanese patent
application"). These heat-peelable pressure-sensitive

' adhesive sheets, which establish both adhesiveness and
peelabilityafter using, arecharacterized in that the adhesive
force is lowered by foaming or inflating the foaming agent or
the like by heating so that they can be easily peeled off from
an adherend. Due to this characteristic, these sheets have
been used in, for example, temporary fixation in the production
step of electronic parts and labels to be recycled.

With the recent tendency toward small-sized and

lightweight electronic instruments, attempts have been made



1 7. MAR 2003 to downsi zing and chip formation of electronic parts
(condensers, LEDs, etc.) to be |oaded thereon. The heatpeel able 17 MAR 2003
‘pressure-sensitive adhesive sheets are used in tenporary fixation of these
el ectronic parts in the step of cut processing. In association with the
downsi zi ng as descri bed above, the area to be adhered per chip is also

| essened and, inits turn, it becones inportant to ensure a sufficient
effective contact area of a chip with a pressure-sensitive adhesive sheet
so as to ayoid adhesion failyres such_as chjp-scattering or chipping.
However, th& cHRAYBALFIREI AB t-5@%?abf%rlb?%%‘§'hrélflser%]ietqq\}'@nddjneﬁaxféssheets

' ble_j | ar\i f d icl
Ravi ng rel AEPOBEPFirge A Arerbre arcity NeatoEARAnGAOF £t cr SEPRGIES—
contained bachig,pr geou &, SeneLll ves adneshye; Laver, and, Lherelolg. an

ef ficient area ween a pressure-sensitiv _ eet
chip .Cannoke gog‘é& F @4y ¥ALENFORRLLOBS) LESUA Fc | AP Gald &dd)d o
chi ppi ng. Accordingly, the present Invention al at providing a

heat - peel abl,¢ PresSSsE§15£NSI tiye .adBesh¥gonhegte WhicR enS §zfn%ufafg' ci ent
efficient contact area even in case where the area of an adherend to be

adhered isdkesseped amdd)uscimkesedt tpOssi bladdreavwndd agdhssian shaid ures
such as chip-scattering or chipping. As a result of extensive

i nvesti gat lessehedaahtievent hesabave; dies asd desk Ohijreedr tdrit has beeird qund
t hat adhesion 2
sufficient effective contact area of a <chip with a
pressure-sensitive adhesive sheet so as to avoid adhesion
failures such as chip-scattering or chipping. However, the
conventional heat-peelable pressure-sensitive adhesive
sheets suffer from considerable irregularity on the surface
caused by particles having relatively large diameter among
heat-expandable microspheres contained in the pressure-
sensitive adhesive layer and, therefore, an efficient contact
area between a pressure-sensitive adhesive sheet and a chip
cannot be secured, which sometimes results in chip-scattering
or chipping.
’ SUMMARY OF THE INVENTION

Accordingly, the present invention aims at providing a
heat-peelable pressure-sensitive adhesive sheet which ensures
a sufficient efficient contact area even in case where the area
of an adherend to be adhered is lessened and thus makes it
possible to avoid adhesion failures such as chip-scattering
or chipping.

As a result of extensive investigations to achieve the

above-described object, it has been found that adhesion



1 7. MAR 2003 failures (chip-scattering, etc.) in association with 2003

downsi zi ng of chips can be prevented by regulating a center |ine adg}gé%

‘roughness of a surface of a heat-expandabl e pressure-sensitive adhesive

| ayer before heating within a specific range. The invention has been

conpl eted based on this finding. Accordingly, an object of the present

invention is to provide a heat-peel abl e pressure-sensitive adhesive sheet

that can overcone the disadvantages in the prior art. The heat-peel abl e
ive sheet .accordi,ng to the present

) col . : °
ggﬁ;??;gss ?i%%%%ga?gé§%?7§9%§ CrdfFandabh Jpre%%ur§§§8ﬁ§?Fh§éegéh3§}ve

| ayer cont glphog hag! sexpandablen cr aspheesl onipdon. Al ast ong & de. of

t he substra a surface o € pressure-sensitive

adhesi ve | foreh i cent i era r_gggﬂ f 0.4 um
or |ess. B%Iﬂéé %E QI%I IgTIe%é\Lli%:gn%iléE <ISEI)fRA\%\V ﬁggél—dld(}e (?yi é gleesactﬁe_ _t?gjsas],%ceti onal
vi ew show pg.0B6r8X88R5 ¢t 9% et RBNREALPaG R go%§§égﬁsa§§ﬂgl it jadnesi ve

sheet according to the present invention; an I's a Schenmatic

sectional yhew shewdigyeanotrher i examich Bh st heshppeekablfsed on this
pressure-sensitive adhesive sheet according to the present invention

DETAI LED DESARLPFL ON OF THE | NVENTI ON The present invention will be
described in detail below by reference to, if necessary, the acconpanying
drawi ngs. Fig. 1A¢tsoadsubkyntac cetédconaf thewshomnhgimnamedxamietd 1 7
MAR 2003 of the heat-peel abl e pressure-sensitive adhesive sheet according
to the preseavidaventient-raaldtle pressarechenstttveeetihenalvevisheeshow ng
anot her exanpl e of the heat-peel abl e pressure-sensitive adhesive sheet
accordi ng tbath@apregéﬁsomﬁvgh@i6h$advantages in the prior art.

The heat-peelable pressure-sensitive adhesive sheet
according to the present invention comprises a substrate and
a heat-expandable pressure-sensitive adhesive layer
containing heat-~expandable microspheres formed on at least one
side of the substrate, wherein a surface of the heat-expandable
pressure-sensitive adhesive layer before heating has a center
line average roughness of 0.4 um or less.

BRIEF DECSRIPTION QF THE DRAWINGS

Fig. 1 is a schematic sectional view showing one example
of the heat-peelable pressure-sensitive adhesive sheet
according to the present invention; and

Fig. 2 is a schematic sectional view showing another
example of the heat-peelable pressure-sensitive adhesive
sheet according to the present invention

D D R I N

The present invention will be described in detail below

by reference to, if necessary, the accompanying drawings.

Fig. 1 is a schematic sectional view showing one example



In the exanple shown in Fig. 1, a heat-expandabl e pressure-sensitiﬁﬁ
adhesive layer 3 is forned on one side of a substrate 1, and a sep AR200
‘is further laminated thereon. In the exanple shown in Fig. 2, the

heat - expandabl e pressure-sensitive adhesive |layer 3 is forned on one side
of the substrate 1 through a rubber-like organic elastic layer 2, and a
separator 4 is further |am nated thereon. The substrate 1 serves as a
supporting matri x of the heat-expandabl e pressure-sensitive adhesive | ayer
3 and the like nd, filnms o eets_of plastics,are general |y used.

Exanpl es onthghgubgF?gtgeﬁiggT?n PheS Pregent i hivkhe i AP Sprothstat e
thin filns e i GS..  non-woven_f ics, netal foils,.

| ami nat es S?Q?Eggzlgﬁgge‘%?%lérae\%’e{% %Pagpitégfl’a%%glb%rﬁ n&t &8 dPRGIE 111 ns
(or sheets e S hi ess of, 500 .um.or |ess,
pr ef er abl ygfcttgog%g \R}?%w tgﬁgwfs%geg{ﬁ?g %%aﬁ?@m@%o&g%%ﬁ% atalpt%eolfg % he

i nvention pgelehrki-Behed +tiker ehe I Epr.Qv.e ive S

heat - expangabl e pressure- sgﬁsi%ﬁ \(/eg-[gghgm;ie\%\et Iatgﬁrl%g?)%tt\é ?C%Ze ffjr Staetgl:t of the
substrate infeythensubjected to conventional surface treatnent, for
exanpl e, chem cal or physical surface oxidation treatnments such as chromc
acid treatnent, Expae eekx@mPIONShoXPOBHT #iQ fl,aMB, heatleMARARNZD
exposure to high voltage shock, or ionized radiation treatnent . Further,
to inpart bavesabkespesliabivei aghésbmetheyded expaodabbecpr 656 HiRiSyISi tive
adhesive layer 3, etc., the surface of the substrate 1 may be coated with a
rel ease agentulssichete 1si bhdomesepesiaiorod ifd foritherr eamsatdhehsuksiv.ate 1
includes a_l ow pressure-sensitive adhesive substrate or a high
pressure-séﬁsi?ﬁ@e au¥pBRI 9o Shpwtrate. B@anplds dfhe hédagwexpandable
pressure-sensitive adhesive substrate include substrates conprising

non- pol ar BOF§RBFE-SERAIELVEI *FRAS ¥R FRY DAl 6t AgrBRE, opdnsmrusd efe, etc.
) and subs%gateg surface-cpated with the rel ease agent described above.
Exanpl es of ‘th& R?gﬁag?egs EOUHN A tRRP IR & © LA SG &l tilro Lager
substrates,co i gi I ol ar ner ol yester, etc.) and
substrate52hagﬁﬁggbggﬁggggkéc?e%gtgggtg?5cza%§?ag?$oﬁh%F%%?nents by the

abovedescri bed chgpi gghsPEaPOYSI cal OBt hods. Epgokgmggrgg%%gg-ésgﬁhéive

adhesive substrate is used as the substrate ror-a substrate-pe
pressur e- seasttb¥gandhBskVEr sH66te- Y sh co0 £asid ¥y peel st he subsirate and
a |l ayer on the substrate. Such a substrate-peel abl e pressuresensitive
adhesi ve sheke, candbeinmed oFs stiecadhesi g1 doF i d£MREs ag¥nbixal ,onsgrch that
after adhering the substratepeel abl e pressure-sensitive adhesive sheet to
an adher endxampi e siibshe atwdtsr peeleted dr amgi Brickenheahvexpandabhe
pressure-sensitive adhesive |ayer on the adherend a and another adherend b
i s adher edPRPRTPPF saheathérpdndabl sushessureapensi t fakr adbeshee-hayen. Wien
t he adhered state is 5 1 7. MAR 2003 desired to relieve, the adherend a
can easi | " ¥R separ §dd 1 rbvd the aaméresgsh of Keaset metemils @hthhe
ot her hand the.high?géeisute-ggnsitive adhesi vesubstrate is used as the

t

subst rat e #6755 Stibs PiRadepr 8ds e dersi i Vs abeseheesftet Wherein
t he bstr i t |y, bonded to a | ayer. provide reon. Such a
subsfEafe-?%ﬁ%%g%fééggg%gg% %#%%Q%qﬁﬁhékﬁgﬁigﬂﬁé% 83n%3§ HBhBFed®F8’ an

adherend rym hesi fo al.so easi be peel ed
o Separ atei by oot rroaradny an iy b EEee R Pra% aRE Rt beatet
desived t Rl ligk@ncilf rubhelor | kenotgan G, ea04!C 1AYel §.38 ahynct! on
of , in adhering the heat-peel abl e pressure-sensitive adhésrve sheet to an
adherend, asieblvefésy good £0é | ONe4P- PEORLALY] OF %P§S§H££aﬁ§n9§tib§
pressure-sensitive adhesive sheet to the surface shape of e adherend to
t hereby erddirgeithel aghesi ortar.eaa andfalsoo& tuectiBRtOhtei N Agatppeel i ng
t he pressure-sensitive adhesive sheet from an adherend, highly (accurately)
control | i mplfettekpamsiconventibea heatextpardahiea toreessurfoseasihp Ve,
adhesi ve | ayer to thereby predom nantly and uniformy expand the
heat - exparfdsiteCpk eesupbysensit fuefadhesividaltaper treathertts ckngssas
direction. To inpart the above functions, the rubber-like organic elastic
layer 2 i ST asiig FopabBensi myxneauraaltor ebbes s e xpostirat ko fldhers or
synt hetic resins having rubber elasticity, which have a D scal e Shore
hardness (determ ned in accordance with ASTM D-2290) of 50 or |ess,
preferably 40 or |ess.

4



Exanpl es of the synthetic rubber or synthetic resin G 1 7 MAR 2003 havi ng
the rubber elasticity include nitrite-based, dienebased or acrylic AR 7003
‘synt hetic rubbers polyol efin-based or pol yester-based therm)plasti&7 M

el astoners; and synthetic resins having rubber elasticitysuch as

et hyl ene-vi nyl acetate copol ynmer, pol yurethane, pol ybutadi ene and soft

pol yvinyl chloride. Even substantially hard pol ynmers such as pol yvi nyl

chl oride can exhibit rubber elasticity by bIending additives such as a

pl asticizer_or a s H nposi t.i O‘% a S obt also be
used as a ‘Fr’éP%FFéF o*h%‘i 'q ﬁ&etﬂ?eo%bfférlcfrilkzee F8 hFElBP Eiac“}

Furt her, ﬁgreseQ§|tlve ﬁ |ve terlal res seQ§|t|ve
eat-

adhe3|ves ?Ftutfbgl?ﬂe 2% &th88§?8§§ﬁE¥ sf%léﬂr: esive
| ayer 3 as?%%aﬁdQﬁlgegg E%?eh e%%&%f%%r‘%ﬂké¥$§eiéfé% ?g %%%d a%ﬁ&be

constituen erra eru ber-Ilke organi'c elasti

rubber | 1 kguPEgaR! G AASG oUele 2 RA 1o LhIANESS o 5 %ffééz‘ééya

500um or | ess or exanple, about 1 to 500 u preferably 3 to 300 u. m
and more pgeéﬁrablxlﬁl&@néSQegﬂhIh@rr@@b@&nhbk%e@&ganlc elastic layer 2 can
be formed in an appropriate manner, for exanple, a nethod of applying a
coating sol uti onTe@ntsib¥tYgtan el aﬁi¢l3ud1@$/eb-fpd5m Y S B d-Aersdichi &s the
above-descri bed natural rubber, synthetic rubbers or synthetic reins having
rubber el astihestyeonubstthe teubst r at enilgif{ cpatspgreetbad) £ iaenmetdiogs iofe
adhering a filmconprising the above-describedel astic | ayer-form ng

mat eri al osulkstastrat eExfamm g5 eplartgte byow mene souster Saorgritnigrea ddhesrive
conprising the elastic |ayer-form ng material on one or nore | 1 7 MAR
2003 heat - exbahdabrelipréydar subsigitiove codmadisiad amo:iart Palhessishst rat e
1 (dry lam nating nethod); or a nmethod of coextruding a resin conp05|t|on
cont ai ni ngSERB MROEIAN EBRERF t (RGP HHEL Qs PPAVET PPAHETE r 8EFR) and

(cobxt r usi BHORGERBAF, S9RESFADREREFRkE SPgaie TSRS, AdRT O Si %
of a pressu e-sensitjve .adhesj subst ance risin tural rubbers,
Synthet i o PEBBErs rATHaetT b FBEna Taui RGCraR5e: Ssﬁﬁ%?ﬁé’ﬁf RERHE rai
conponent . S%EEEQ%EVGE}éclb&e”ﬁ\éuB ﬁ'}%‘#.%s‘)f 'cO %rrl%?i 1693,188 E%ﬂlventl Cnal

mai nly conprising such conponents. Foam ng can be co duct

net hods, fg Blgfﬁém%' e(pé‘l?@&h@? of o pEChan, g@l | 31154 ¢ FA¢ D, B vBIHOG LM Usi ng
a gas forned reaction, a method of using a foam ng agent, a nethod of

removi ng Sbe?b@t@Et tey Ssuﬁ_fﬁ@éhQﬂ(lea’dJ_LE‘drﬂgt@eéﬂfnéM_tsa uiet bed ofbdwy-i ng
syntactic foam or a sintering nmethod. The rubber-like organic elastic

| ayer 2 nmageberdcbaposkdmdtad srngheslawgér methtws.or nore |ayers. ' The
heat - expandabl e pressure-sensitive adhesive | ayer 3 contains a

pressur e-sensi ti Veeatihespyes $wretapasithge pradisssiee senss t fake adhasiack
property and heat - expandabl e m crospheres (m crocapsul es) for inparting
heat expandabi ti¢ yuldife ate fhirsa comas t 1l ¢ opee t dlel adhes B ersean ot ke

heat - expandable pressure-sensjtive adhesive |ayer 3 to an adherent can be

decr eased BYP8aAERITHE S he" Pt ek SFTeedBhiY Diafd Satihe SIPe tERES2RD 2tk SHdher ent
and t hen heatlgg thseubhs%at ecxepandasblc% press ubgtlsaepglIgégfaggge%rveessluager 3 at
any tinme
sensitive adhesive sheet can be used as an adhesive for
temporary fixation such that after adhering the substrate-
peelable pressure-sensitive adhesive sheet to an adherend a,
the substrate is peeled to remain the heat-expandable
pressure-sensitive adhesive layer on the adherend a and

another adherend b 1is adhered to this heat-expandable

pressure-sensitive adhesive layer. When the adhered state 1s



1 7. MAR 2003 required, to conduct foam ng and/ or expansion treatnent of the
heat - expandabl e m crospheres. As a result, the pressuresensitive ﬁgqﬁmhmﬁ
‘'sheet can be easily peeled off . In the use of a foam ng agent which'I's hot
m croencapsul ated, good peel ability cannot be devel oped in a stable state.
Pressure-sensitive adhesives that do not restrict the foam ng and/ or
expansi on of the heat-expandabl e m crospheres as | ess as possible in the
heating step are preferable. Such pressure-sensitive adhesives are
conventi on ressur nsitive ad LV S S_Iu r- base
pressure-s@%%?%?ézxﬁgﬁgé?ggéjﬁg%?§ﬁ§5e§§é§gégégg%%gfggﬁ%ﬂgﬁﬁ%§¥% §°Mi nyl

al kyl et hef basgd. ot %“Eg'elzeeaﬂ%%?e‘é%m%%@‘?g5§%hesiokh‘é9nk‘?éx%,s?t%e high o

pressure- sensit1ve adhesi | yester - base pressuresensitive a

pol yam de-based, P esshE £ s8I dME RABSBLVEStr e Ut e shasedupstrate

pressure-sensitive adhesives, styrene/diene block copol yner-based
pressure-sensi td vauadheairvesiaRe PHLESHLLSEBREL t VP adhedsMe® haKkBg been
i nproved in creep properties by blending hot-nelt resins having a nelting
poi nt of alete 2RhOIsUIETa W tils hestgpressHaedsend Niavye raghesidesa, as
described in, for exanple, JP-A-56-62468, JP-A-61-174857, JP-A-63-17981,
JP- A- 56- 13tBOredhossSuynteassities seaset £ Yreddhesd sier ccaverisd Hise abhseioe as a
conbi nati on of two or nore thereof. The pressure-sensitive adhesive my
cont ai n, isheeldidanope tagihtehree pressurndhserstdtve mdssi amnicapedbative
(basepol yner), appropriate additives such ascrosslinkingagents

(pol yi socyteate, apflapimealcleyl estsidis beetregled aeki fepasatedsby Heertvative
resins, polyterpene 1 7 MAR 2003 resins, petroleumresins, oil-soluble
phenol restieatmert)at ppragt Féngerbent fhpepdnesati 6kp8ants dA8ERE LPke.
Exanpl es ofﬂihe ressure-sensitive adhesi ve generally used incl ude

r ubber - bas®d pFESsure-sensitive adhesives containing natural rubber or
various synthetig rubbers as. .the base pal .. and acrylic .

b esoure- vans: 1118 ot ao ke rediey S48 BAleP AhdAne upryiren

pol ymers ( 0 I.,GO ner I Sd (o] . Jf e -
(meth)acry a?gg'%%%%Eg&%ﬁ%ﬁ%ggé%i58§gﬁggEqéé%%ggxéucrﬁggﬂﬁé%ﬁébgéEYEr,

ethyl i estigler HPRY! 2 @9 Lna] SAVOPH s EEooRUEY] 1 &FL &S pricgRiytyLsester,
s-butyl ester, t-butyl ester, pentyl ester, "hexyl ester, heptyl éster,

octyl estethe Zet fwddaxy |t Rstfies Je0H s i8S adneedeeyknhesteto €drdecyl
ester, tridecyl ester, pentadecyl ester, hexadecyl ester, heptadecyl ester,

oct adecyl =stfice irmdeey! tiestaiharsh®iteosyibrebl adnl asgamhenedhesnpanent s.

| f necessary, the above acrylic polymers nmay further contain units
correspondiregt o anhdier aftrononer conponent s copol ymerheabteeed tigt hehe
above-described alkyl i (meth) acrylates so as to inprove, for exanple,
cohesi ve fRFeESuURaiereksfanzeheflee oskeehkf ngnprbpedherend Exanphéy of
such nonomer conponents include carboxyl group-containing nononers such as
acrylic aciECwethakyll i eoRerel L £BY boRk§at hyF*BRR§iaR e, Otar bRy pRARHT
acrylate, itaconi.c acid, nmalefic acid, fu ic.acid and crotonpjc acid; acid
anhydr i dé S B S TR TS i PAACAAS! { HOBT ¢ AnhbRFFaaY

v ol SOMBEANAIY "B S Sh sl opiet i LB Bt e
pressure-sensitive adhesive layer in the thickness direction.

To impart the above functions, the rubber-like organic
elastic layer 2 is preferably formed using natural rubbers,
synthetic rubbers or synthetic resins having rubber elasticity,
which have a D-scale Shore hardness (determined in accordance
with ASTM D-2240) of 50 or less, preferably 40 or less.

Examples of the synthetic rubber or synthetic resin



1 7 MAR ?003 (neth)acrylate, hydroxyoctyl (neth)acryl ate, hydroxydefymMRzm
(met h)acryl ate, hydroxylauryl (neth)acrylate and ]
"(4hydr oxynet hyl cycl ohexyl ) met hyl met hacryl ate; sul fonate group-contai ning
nononers such as styrenesulfonic acid, allylsulfonic acid,

2- (et h)acryl am do- 2net hyl propanesul foni ¢ aci d,

(met h) acryl am dopr opanesul foni ¢ acid, sul fopropyl (nmeth)acrylate and

(et h) acryl oyl oxynapht hal enesul foni ¢ aci d~(N-substituted) am de nonomers

such as (neth)acrylamd N, N-di_net hyl (et h).acryl am.de, N butyl.
(neth)acrgﬁgﬁgﬁé,¥kﬁn§¥ﬁ9ﬁ5le&ﬁﬁFﬁf&%VyﬁQﬁﬁBéeaH tﬁ}&§FP§P8%pr96§H§_
(met h)acry 1 de; 1 I cry noners such. as am noet hyl
(et h) acry*%%%e, ﬁrﬁ%?ﬁg#%l aérﬁ%ﬁ%@ﬁly({ %%Eﬁ%ériﬁ%ﬁ%og%g‘l? -S%Eb??ﬁi am‘noet hyl
(meth)acry. : yl t rggggg§ su S t hyl
(neth)acry$§%ge%négggﬁgééep%é?P%ﬁé?%§%%€yﬁgte; na]%?higgnﬁnﬁ_n%?g¥§§bh as
N-cycl ohexyk s PRL 81418y rhbibs PRI JTRL el e s &lkfyéﬂ%]—f% 1 Ticde ard
N- phenyl nal ei m de; itaconi m de nononers such as met hyl 1t1aconi m de,
N-ethyl itagsesi e bylirk thbaeonighdsuthiettede 1438085t d@01yvinyl
N—2-ethy|hex§| ??acbn??ige, N—cyc?oﬁgiﬁﬁn}taconf%ide and N—?guxﬁlny
i taconi ni dehlsutdeni M subetans 1200k mﬂﬁdp(dm@r@smbﬁyal@pmg&rmyqne
N ot h) ac T gh byt £ 86 conro ATty ke estotaat oy nyloTaeEasioh:

nme acry. i 8e 0oar0 abbesuetantntiley e i sas
vinyl acetate, vinyl propionate, Nvinylpyrrolidone, nethylvinylpyrrolidone,
vi nyl pyri déweh as ypprpéicdase, ovi ayspitemeditie ramw i pi perapisieiobs 1 7
Vi iyl Tor pHERRED MAISE) IO A0abBhdRF i SEYR cvet Ciaiel At rnd h
Vi nyl nor phelfiHe A &Sy et © st rghgne
N-vi nyl capr ol act am . cyanoacryl ate nononers such as_acrylonitrile and
nethacryloﬁ???f¥é}l%%oﬁygﬁﬂﬁébcﬁﬁ?éFhFnd%%ﬂ?ylic NoHorRe s sBERSESTGyci dyl
(ot 1) acr yPRL L Dby BEBBS Sie B Ebr*F et YEer A%t X SRstR6xFerRITaNE gl ycol
(rmeth)acry met ropyl ene glycol (peth)acrylate; acrylate
nonomer s h%@#%%fﬂg§érog§§¥ggkﬁgﬁg en%éﬁnn%#a%i%¥%%% a%i%n1§6@ﬁsgsg

tetrahydro%émyfw?(m@gf&é y] &) & j"atgouirlqh&;%efd@s%f‘r&%%t e?%gpﬁifkie%one

(meth)acrylate; polyfunctional nonomers such as hexanedi o )acryl ate,
(poly) et hytgmepgbyephp oy ( Bet kel Watihe (G 3 PHoavd engc gLYEP! of the

di (neth)acryl ate, neopentyl glycol di(neth)acrylate, pentaerythritol

di (et h) acrybied 511 ké net dnah Ok pe DpaectTayeeth) acryl ate, pentaerythritol
tri(nmeth)acrylate, dipentaerythritol hexa(neth)acryl ate, epoxy acryl ate,
pol yest er acryl dflee amtbbwnretlndrecagryl atel aot £f ilaywonankess stubhcaaeissopr ene,
but adi ene and i sobutyl ene; and vinyl ether nononers such as vinyl ether.
Those nonopergawirdienhebosanope Wsed deonel T axampiteur eboot t we 800nor e

t hereof . Considering the bal ance between appropri ate adhesive force before
heat treatheht RIRfeichee DEUSOlekBeadf BefR PRI ¢ HrREY oF tier Uddatim.
treatnent, nore preferable pressuresensitive adhesive is a
pressure-sensitiihfeﬁﬂéhﬁﬁﬁ&%ﬁﬁnﬁQQQWﬁf HESHE HEYE A e Peafpsiprer
havi ng a d) 1c.12 1 7 MAR 2003 el astic dul us_of .50, 000 to,1,.000, 000
dyn/ cnz atyrpg?i)gm%pepnryaoé?raﬁaut}ee Hfaonri%rdc.egaffheexﬁgg Cex paRgaBrs titcPEEHKEPEs t hat
o el St ST 8BEMNE LAY SPLLOR AT Sl 02308 %0 2BLRLOGE RY g
encapsul at1 ng an appropri ate substance i ¢h' can be ‘easi gaS|F|e8 and

expanded by heatd PGuChot s exanphSve 1 SO aNey nQ'EQEQ@er@%beﬂP,tngggF%eitnican

el astic shell, In many cases, such a shell 1s nmade of materi a

or a materi@bahs dr Riedks tuRORchaat haginxamdes Ofadthie sheldntiotrieng
mat eri al include vinylidene chloride-acrylonitrile copol yner, polyvinyl

al cohol , pablystiryte but yeahtipgl yeehbyl) ; mat haehddate: pehyacky! anicinil e,
pol yvi nyl i dene chl ori de and pol ysul fone. The heat - expandabl e m cr ospheres
can be pr othromdi $ina tbemnisrt e -ohed cmigidibd L ab b cedeanpt ef o mgiatc ebvatian or
interfacial polynerization. The heat-expandabl e m crospheres al so incl ude
comrer ci al9% @vgﬁmébaEEhééﬂ@xpaﬁ@aEBé A YC rosphianssl y f borekagphelayer

M CROSPHRERET"' (manufactured by Matsunoto Yushi Seiyaku K K.). To

ef fi ci ent |§PTRMEFLRhE DRI Siskd & dpyeroforiéngreaser baserisiaria/ @ ratREsi ve

| ayer by heat treatnent, heatexpandabl e m crospheres having an appropriate
strength such that those are not broken until the volune expansion ratio
attains at least 5 tinmes, preferably at least 7 tines and nore preferably
at least 10 tines are preferable. 7



The content of the heat-expandable m crospheres nmay be appropriately

det erm ned dependi ng on, for exanple, the expansion ratio of the 17 MAR 2003
"pressure-sensitive adhesive | ayer and 13 1 7 MAR Z003 t he degree of
decrease of the adhesive force . In general, the heat-expandabl e

m crospheres are used in an anmount of, for exanple, 1 to |50 parts by

wei ght, preferably 10 to 130 parts by weight and nore preferably from25 to
100 parts by weight, per 100 parts by weight of the base pol yner
constituting_the heat- andab] r [ er si,tive a Lye-layer,3. The
heat - ex pan}?j‘g%% et ﬁp 3293652- sehsTY lﬁ/% §ﬁ%§ﬁ‘2€e {%éiyhee P ]glec g%?/%g\éf %f ?r:eod t|h:r% a
conventi ongl , 4f O a it hod preparin et Lpg gl ution
cont ai ni nggltnﬁg@g?gés&r eg%ﬁgi ?lgbngnggﬁggi ve a}%lgéj)t'hegﬁegt %é}panda_%r‘ecg

m Cf0$phef8§t9@§m§a'£y Foget herompddy @ 50l Vet Ant dpen apphyiag ikhe
solution onto the Substrate 1 or the rubber-lIike organic elastic |ayer 2,

or a nethod,Qf+ applyhag Hhsusbever dasaid Q%ﬁ%@:&'ﬂ?o§9t%h%n‘%@ti@1i@1@
appropriate separator ( for exanple, release paper) toformthe

heat - expandab!| e yy-Rssid - SERsd t iale sadhesiugelkaysimand thetetiansf(@o- ng
(shifting) it onto the substrate 1 or the rubber-like organic elastic |ayer
2. The heatxexpandabhethoassure-sensitive adhesive | ayer may conprise a
single layer or nmultilayers. An inportant characteristic of the invention
resides in that The cérber-1like anvgarage aloughnedsyefr Eheagurd acaleooft he
heat - expandabl e pressure-sensitive adhesive | ayer before heating is 0.4
~.tmor | esspteosucranpheltabeurdbeg2veo sebstange compe isdmdenativga@ laver age
roughness is preferably 0. 3 Nmor less (for exanple, about 0.02 to 0.3
Vin), nor erﬁébléﬂﬁéﬁabﬁynébétlcrﬁf%’b?é%s%f%Yn@k%ﬁﬁch &g dia ot EPer2 ~ ~m
. Further, the maxi numroughness of the surface of the heat-expandable 14
1 7 MAR 20B32pFiSihivedseht tﬁ“@énaﬂ?l%%?(}‘énFayeprltt?erfrlﬁ@‘f?géf’i n]é: i“hayp%(?f erably

5 ~ I f I b .1 T s f.er, ~

ess (for BaafpPl: SBOUEXMEIE 3 VPATCCrid BONERP TV RSURFASADS Fitinness.
d [ h =

pr essur o SeRRPEROA Chanaer VAR S yan M pBrabiE iRl < BHPERETINE) nathogsy,

appropriat gly éz‘iéx‘ﬁﬁggnga_tH@t*c@'&%@%@c}?ﬁni@@li‘?%fﬁ%@,ﬁbi Sethod of

pressure-sensitive hesive Tayer 3 and the particie dianeter of the
heat - expandabhg 81 §59spbehes BedesatOidhe dard Expandall £y es Ferisensi tive

adhesi ve | ayer.
agent, a method of removing soluble matters, a method of using
a spray, a method of forming syntactic foam, or a sintering
method. The rubber-like organic elastic layer 2 may be
composed of a single layer or two or more layers.

’ The heat-expandable pressure-sensitive adhesive layer
3 contains a pressure-sensitive adhesive for imparting
pressure-sensitive adhesive property and heat-expandable
microspheres (microcapsules) for imparting heat-
expandability. Due to this constitution, the adhesion area
of the heat-expandable pressure-sensitive adhesive layer 3 to
an adherent can be decreased by adhering the pressure-sensitive

adhesive sheet to the adherent and then heating the heat-

expandable pressure-sensitive adhesive layer 3 at any time when



To ensure the center |ine average roughness of the surface of thF
heat - expandabl e pressure-sensitive adhesive | ayer before heating %@Mﬁém5.4
‘~tmor | ess and the maxi mum roughness of the surface of the heat-expandabl e
pressuresensitive adhesive | ayer before heating being 5 ~mor less, the
particle dianmeter of the heat-expandabl e m crospheres preferably has the
relationship of "thickness of the heatexpandabl e pressure-sensitive
adhesive layer 3 > particle dianeter of the heat-expandabl e m corspheres”.
heat - expandabl e m crospher

f h i cl i f h i
Lhan Chect hPEhEseh” 0 Bhalhek ot S RE0 ) R e e e T ayer
3, h . - dabl - iti dhesi
o 3 be B e o b BB e B PETRE T CEbRy & Larodian ar ch
hage- Loughnens. oh.Lhe eat cexpagdatl e presour ers

I 3 b
ther eof tgzggg'segbsraedﬂgse@i §ARE Ol PEQVLALDG,LOE LRG| | 8 1Oqc
el astic | ayer > et ween fhe substrate % ang ?H %%a%-expandagle €

pressur e- sgasiyl | FeaRieshyenkay@ich 12 \?/S& gn%gﬁgépgﬁlgéeg%p%go%d t hat

t he rubber-1like organic elastic l|ayer 2 eve an conpensati ng

effect evepebhawghithecpandtche devarssédofnt heshgntsexpapgabl e
m crospheres i s sonewhat greater than the thickness of the heat-expandabl e

pressur e- sensi t i Peessihest yen s fyere dhdBisved hthab e Ho! dais@nrshitp tdees not
apply in such a case . The particle dianmeter of the heat-expandabl e

m cr ospher Esamang bendaont reaiplaed idur o Agtd a darreatdnniafl d he creaphexpandabl e
m crospheres. Alternatively, it may be controlled by, for exanple,

cl assi fi cat$ okesd teer prE§ibdentn itdre hThé inlgi skapssrefprdie heste expantabl e
pressure-sensitive adhesive layer 3 is preferably 300 ~, mor less, nore

pr ef er abl yPU®BSUraT $enF £55Ve | fadlrs Ies - @grandabivengriessdr e psessiurieve
adhesi ve layer 3 has an excessively |large thickness, cohesive failure
frequent | ySERPEEEVE PERRSHERT i S s sp L aPber -hesEchgrasgutRe sensitive
pressure-sensitive adhesive remains on the _adherend,  thereby contam_nating

the adher AT SR Ehe Bther- hRAGSSEE ot RERALL VExPARGRDY &S predstr elkdtsi ti ve
dhesi | ively. . || thick , the._ heat- bl
D oosur oscREr RASS S b RERES IR RIS | B ehar ERER et on

upon heat i 9ge 206 & hilsn & e fghesiyes forge C@Qtﬂg&slesicgg}lggﬁ'eygggpgggg- In

such a case, it becones sonetinmes necessar con

di aneter ofchbetrheat exgragdabbe, m ﬁép§mfa@sb§998dl )E?Qetsgﬁfgﬁgteh?)ﬂ%@@abl e

pressure-sensitive adhesive |ayer to an excessive snal eve Taki ng
these poi néshésivesconsidetivinhormadde thiekoess-obntheiheat naxpandabl e
pressure-sensitive adhesive layer 3 is 1G 1 7 MAR 2003 preferably 5 ~.un
or nore, nrereneféiabty bQock orcapmarlemend-baxsdd pr pkesabky-tensmtakenor e.
The separator 4 that can be used is conventional release papers and the

li ke. The 3dpeile? 4ANd P Ay ex Senctiddtver fadheshiodseahasipgndabee
pressure-sensitive adhesive layer 3, and is peeled off when adhering the
pressur e- sSEMRTRY 2 1AFHESRBT SRBEE 1 ¢d ParP kendtendotrineils rRing haysny
necessary to provide the separator 4. The heat-expandable

pressur e- senditt v QdiESi e (HyerrP9Uan 499 For fEd dRVERe ¥idE ofhBEEh si des
of the subsir 1. _If_r i red and necessary, the rubber-|ike organic

el astic Id%%? %Sﬂ%ys%ﬁffﬁﬁkkcﬁ§$%ﬁ%¥ﬁi§ §Fﬂ§eéFr 5Fﬁ{§Pde506fe?ﬁgpgﬁbstrate
L 50 as torponlddesppoed Behugenyhlgssubal nale, 1 AN, | he_feat: exgagdabl e
pressure-sensitive adhesive |layer 3. It 1's also possi‘bl'e ttha e

heal - expanfiid e (pressure-SANSIive AdNesi Ve dayete 3,18 [ooedopnagng si de

of the substrate 1 and a usual adh ayer free from any heat-expandabl e
i cr ospher@smid Snd ©1 sre b Ol Ohfele Ehdedirer eohe FUELBBEe-3BnsALeKAEdI ate
| ayer such as an undercoating |ayer or an adhesive | ayer nay be provided,
for exanplaghdetweers ¢ heoridist,r dheadidandohheor uhbeprbikkererganksetekastic

| ayer 2, or between the rubber-like organic elastic |layer 2 and the

heat - exparatiibd £l pr esspoeestnshd se podghesi) veappyepr Bat Becrlise wfs Bavhng a
smal|l center |ine average roughness of the surface of the heat-expandabl e
pressur e- sshsrppgeinlhagiagertay épo bef sveyfeat € nge lane rizeal k peeltalsire ,

pressuresensitive adhesive sheet according to the invention ensures
etc.), tackifiers (rosin derivative resins, polyterpene



1~. 1 7 MAR 2003 a sufficient effective contact area with a work when it
is used as, for exanple, a tape for tenporary fixing in cutting a

el ectronic part even in case where the area to be adhered is decrgéénggw%
t o downsi zi ng and chi pping. Thus, failures (chip-scattering, positioning
error, etc.) caused by insufficient adhesive force can be avoi ded.
Therefore, the heat-peel abl e pressure-sensitive adhesive sheet according to
the invention contributes to the prevention of decrease in the productivity
or yield. - h - b SS - YR sive. sheet, having the
Fubber - 11 ke St oS B Bt s R oS TRl b R BT AT e (e
heat - expandabe; B G8sUr Crsensk Ll VanRdBaaLLA sy (e Bigssur e-sensi tive
adhesi ve sheet surface we ol fows Up the surface shapé of an adherent to

whi ch the heat - peahaph 8sPheSEHE &5 5EdShtd Ve eS| ¥ € FhES] vd Sgr@ffmegm, due
to the elasticity of the rubber-1ike organic elastic layer. Thus, a’large

adhesi on apeadcannkeualt airigheandalske aghasi e Stdandit wan hddicraased.
When t he heat - peel abl e pressure-sensitive adhesive sheet is peeled off by
heating, tBhenexpansigonafyodUumRpbwEnge)vetibhe heathexipardabkes as the
pressure-sensitive adhesive |ayer can be accurately controlled and
expansi on banebepoaymeed oahdprafeykeinti abtessurd-heet di ckinesadhia=ictdon
uniformy, which further facilitates peeling. Even in case where the

heat - expandabkeinicgosphbedms soptaimed, iacthel hipaf ymepandainapol ymers
pressure-sensitive adhesive | ayer have a sonewhat |arge particle dianeter,
t he irreguP&r FPPOL RIS EAUSREPT 5S EBHPRIAS a® B d1dNe taeky ubleath)iaar vdrag=as ¢

el astic 18 1 7 MAR 2003 | ayer and thus the surface roughness of the
heaﬁl- expandiBF eSBAEBL fr eCseniltiVte eadifes v qtayey el We SRtAL Addvyl

Al t hough t he_heat - peel abl e, pressure-sensitive adhesi ve sheet according to
the i nvent F8h€EanP SPMEeBSF L het HAERY Y BN a %ﬁﬁﬁ(ﬁﬁﬁéﬁ@a%ﬁéhqﬁx}

serving as dher. it.1s appropriately used. i.-n case ere an adherend
o ihey aqefBe g ANty &S heF 1 SaPER %%t%%’df)eél%tyéresa%%ri eDFRY e SAdhesi on,
the adnesi gopetalesis: feLLoYSLed:) paLEhouhaky i I1alpeslabt @orer,
pressure-sensitive adhesive sheet of the’invention is surtabty used’in
produci ng ¢BbReBdNt 2sWell) UBRIdE SdF€er] - BriddOYNSiczitREY/, CRRRIG QA1

el ectronic parts (for exanple, sem conductor wafers, chips, ceram¢
condenser ses0&ej | hakatiscyet esrerleatptheatti@nieseengi doansidan fexaidd,t ating
peeling of the pressure-sensitive adhesive sheet of the invention from an
adherend cannbéecappr epteat ehy détesyinedteonsademnbngmelhecexpentnot.
decreasi ng the adhesi on area, which depends on the surface conditions of

t he adherend andiIfheecgpeavy, t hhehahovexpanyabice poilymesphewres furtideheat
resi stance of the adherend, the heating nmeans used and the |ike. The
heating treabkBAl W ideheFarF§seeRduBfed-at LDt CNPBOTEF oICOMPOF eIF Sseconds
(in case of using a.hot _plate, ,etc.) or for 5to 15 mnutes (in case of
usi ng a hoFOBP#y%ﬁéF?agig.) UhEBr suReheat 2PPESTHEFCIAERG ti ofs K Yihe
heat-expanﬂg?kg m.crospheres iq:the ressu e-sensiﬁive qghesivg | ayer are

expénded a or)?gaﬁ?ﬁ?aa SR Ats T AEPPHPESSUTRE SETTPH S e“AdhetY Ve T&ver i s

expanded apd, defor fed, 50, BQ%I(%@l%@E’?& \f)q:c}cp%rrcteléss dﬁggﬁ?ﬁgg 3P such

monomer components include carboxyl group-containing monomers
such as acrylic acid, methacrylic acid, carboxyethyl acrylate,
carboxypentyl acrylate, itaconic acid, maleic acid, fumaric
acld and crotonic acid; acid anhydride monomers such as maleic
anhydride and itaconic anhydride; hydroxyl group-containing
monomers such as hydroxyethyl (meth)acrylate, hydroxypropyl

(meth)acrylate, hydroxybutyl (meth)acrylate, hydroxyhexyl

10



1 7 MAR 2003 or lost . The heat treatnent can be conducted at an arbitrary
step dependi ng on the purpose of use. In sone cases, an infrared l%FHARﬂﬁg
water, etc . , can be used as a heating source . The heat-peelablé
pressure-sensitive adhesive sheet according to the invention ensures an
effective contact area and prevents adhesion failures such as

chi p-scattering even in case where the adhesion area of an adherend such as
a chip is decreased. The present invention will be described in greater

detail b f t he foll ow | but . i hqul d b d t ood

that the’i HOBRRT BREYSSREE - CORAPUSEHE pARREE] PRTYRAEEne R SR o of ze
4 usi | Cori Cff (i . . di-stributi

meter (NodaneSht 838085 TR By shi e CChoBor Rt | oA EXAVPLE 1

Heat - i (@) g@gﬁp F- 500 t d

byawhfégﬁg gg%ué%ﬁ%ggﬁggggﬁéFéf?wﬁggga e pggklp §@§E§§§fer %gﬂg.Tg S;ﬁ{e

maxi mum pagthobe -dhaaBhehy: ﬁgﬁéﬁ@}smﬁﬁﬁﬂPl%%S'gﬁfﬁ%ﬂéé”?f@nf@”%&ﬁ%ﬂga

wi nd-force classifier to obtain classified heat-expandabl e m crospheres B

(average pantigkaidoameter: 12 . ZcraMm Maxi numpaitdid])e divammties-42 Vim
A solution containing 100 parts by weight of a 2 ethyl hexyl

acryl at e/ eqbyhyagtybahesietbyl cnet hacr pedts 3 IRadildognopMi gty fehipart s by
wei ght/5 parts by wei ght) copol yner-based pressure-sensitive adhesive
(contai ni ngc2dparts by veilgidprafpyal pol yur et hmeehtaosgllenki ng agentgndand 30
parts bywei ght of the classified heat-expandabl em crospheres 20 1 7 MAR
20p3 (meth) acryloyloxynaphthalenesulfonic acid; (N-substituted)
amide monomers such as {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-cyclochexyl
maleimide, N-isopropyl maleimide, N-lauryl maleimide and
N-phenyl maleimide; itaconimide monomers such as N-methyl
r itaconimide, N-ethyl itaconimide, N-butyl itaconimide, N-

octyl itaconimide, N-2-ethylhexyl itaconimide, N-cyclohexyl

itaconimide and N-lauryl itaconimide; succinimide monomers

such as N-(meth)acryloyloxymethylene succinimide, N-
(meth)acryloyl-6-oxyhexamethylene succinimide and N-
(meth)acryloyl-8-oxyoctamethylene succinimide; vinyl

monomers such as vinyl acetate, vinyl propionate, N-
vinylpyrrolidone, methylvinylpyrrolidone, vinylpyridine,

vinylpiperidone, vinylpyrimidine, vinylpiperazine,

11



B obt ai ned above in toluene was prepared. The resulting solution was
applied onto a polyester filmhaving a thickness of 100 N.m at a H7\MAR 2003
‘thickness of 45 ~mand dried to obtain a heat-peel abl e pressure-sensitive
adhesi ve sheet. A ceram c sheet (before sintering) having a size of 120 mm
x 100 mm x 0.5 mm (thickness) was tenporarily fixed to the
pressure-sensitive adhesive face of the heat-peel abl e pressure-sensitive
adhesi ve sheet obtai ned above, and the assenbly was nounted and fixed on a
dicing ri owed by fu

foll Ll = i int hi . 6, 0..3
usinga v or Y RTSE Ay vEPVIGVEFRES.  RaRuhThERacrdone iy L2280 1ol oo
q whi | i . to the dici :
Such. At or Cbope R FH R SRR P bl ROt er car YorBRat off
EXAMPLE 2 |yt § | Qi = ,
acrylate/&€?§§¥9%%$ %ggyrg%ngngﬁéﬁg%gggggéxbr %ﬁ%iﬁﬁ?@?%%ﬁﬂ?ngﬁﬁéSive

(contai ni ngydn pakt SRy 1Weiight 1f Bhd ﬁEﬁ%%%f?f@E¥%fiﬁé§'EQBkQQQQ%ggt) in

tol uene was applied onto a polyester fi aving a thickness o ~mat a
dry thi cknesst8inifg eapd dribrled f 8LBhaas WPRRTdy Kqrt83Rce yahastic
| ayer . A solution containing 100 parts by weight of a 2ethyl héxyl

acryl at e/ eghytohcrytayedvet hybnorehacr ylhahe a@pogwgéth%@@ﬂe glycol
pressure-sensitive adhesive (containing 2 parts by wei ght of a pol yurethane

crossl i nki trgedlgeacyyhade 30 ppolgpbypwieght oflybelcl agsiethedcrylate,

heat - expandabl e m crospheres B in toluene was prepared in the sane manner
as in Exanptiehaxyethylang MAR 200Qyhe resul tlimeghdalanyilatenas appkhndd ont o
a separator at a dry thickness of 35 ~mand dried to forma

pressur e- SERSREXYRO veen@yer9lygel prednath) sengietee adhesiietkayer
thus formed was adhered to a rubber-1jke organic elastic |layer side of the
pol yest er FOTHEY PAY PR G UBHRT LT kel Bl §4RN @ tema_¥ iSd Liigpere dlermedchher eon

to obtain a heat-pegl abl essuresensitive adhesi ye sheet. A.ceram c sheet
(before sitteringy®ha '%§r§%§F§Er8 120 ﬁﬂ?%hgﬁﬁr %€0.5 nmf¢HRFERRess)

t ' ' - It d [ f f th
heat- peel abie Britalfate Ha8, P EPehE  TEehh kv TRreT nk 450 R Fount e
at-pee ess Sor by LUl ~euttLbg .
0.3 m ud e A L P L rr ) AE R aRR s hE £ RERY LB s0c
for 60 secongsoDn a Rt (mdltal)& dy il dTount i NgoaRd phbphN@nko thegdiebng ring

as such. After cooling, the chips were collectéd by reversal vibration.

EXAMPLE 3 dihenetriocesityeatod, Exanpbgedt was folyeved excepbthphcadding,

heat - expandabl e m crospheres C ( MATSUMOTO M CROSPHRERE F301D; manuf act ur ed
by Mt sunatentamstiytiSeityaku K & (mavleyageypaté) cl e drametbylolpropényi m
maxi mum particle dianeter: 42 ).un) to the pressure-sensitive adhesive

| ayer in placengfhlaerclalssifi edehdarratbaidatl e ntciosphbi asrBland,

changing the heat treatment conditions after cutting chips to 100C x 60
seconds. dipentaerythritol hexa (meth)acrylate, epoxy acrylate,

| polyester acrylate and urethane acrylate; olefin monomers such
as 1soprene, butadiene and isobutylene; and vinyl ether
monomers such as vinyl ether. Those monomer components can

be used alone or as mixtures of two or more thereof.
Considering the balance between appropriate adhesive
force before heat treatment and degree of decrease of adhesive
force after heat treatment, more preferable pressure-
sensitive adhesive 1is a ©pressure-sensitive adhesive

comprising, as the base polymer, a polymer having a dynamic

12



COMPARATI VE EXAMPLE 1 The procedure of Exanple 1 was foll owed eXC?PtMAfR%UJ
addi ng 22 1 ? MAR 2D03 heat - expandabl e m crospheres A ( MATSUMOTO

M CROSPHRERE F-50D; manufactured by Matsunpoto Yushi Seiyaku K K., average
particle dianmeter: 13.4 Vim nmaximumparticle dianeter: 63 Vim to the
pressure-sensitive adhesive layer in place of the classified
heat - expandabl e m crospheres B. COVPARATI VE EXAMPLE 2 The procedure of
Exanple 2 was foll owed except for addi ng heat-expandabl e m crospheres A

( MATSUMOTO Cg(?PHRE F- 50D n cture unpt o, Yushi,_ Sei yaku
K K, aver%%%f) r icwoeﬁaufmggr:wB%@~&r% ?r’ag%{%u%%aﬁ}f | di%ﬁ“re 8¥)% 63
Nm toth -sensithye adhesive layer in place of the classified
heat - expang%]g%g?%ygggsgﬁe;%g (% Eval uati on Test Center |ine average

roughness, maxi Ny rﬂé@”@%ﬁﬁ%l@h@cf@é%ﬂéi&@ tﬁ?&ﬂ _eahrbébne_eau;_ﬁ kpg stage

of the pressuresensitive adhesive sheets before heating obtained in

Exanpl es apde Coppaiidite JxamBlesc @ siows bRthhgedabl %n%%b%}&la‘th%gcent er

| i ne average roughness and maxi mum roughness of the surface o

t hepr essur gnseppirbpre addhesibee anagewhieite dmasys edavilh gasemieaniaet three
di mensi onal surtace roughness neter (manufactured by ZYGD . Adhesion

retenti on wesanatdohserNedt ongt he opeedesinsle f adeoblutehiens wfdgindeatr

peel i ng and recovering those in any Exanpl es and Conparative Exanples. 23

1 7 MAR 20p8ntane) in an elastic shell. In many cases, such a shell is
made of a hot-melt material or a material which breaks upon
heating. Examples of the shell-forming material include
vinylidene <chloride-acrylonitrile copolymer, polyvinyl
alcohol, polyvinyl butyral, polymethyl methacrylate,
polyacrylonitrile, polyvinylidene chloride and polysulfone.
The heat-expandable microspheres can be produced by a
conventional method, for example, coarcelvation or
interfacial polymerization. The heat-expandable
microspheres also include commercially available heat-
expandable microspheres, for example, MICROSPHRERE™
(manufactured by Matsumoto Yushi Seiyaku K.K.).

i To efficiently lower the adhesive force of the
pressure-sensitive adhesive layer by heat treatment, heat-
expandable microspheres having an appropriate strength such
that those are not broken until the volume expansion ratio
attains at least 5 times, preferably at least 7 times and more
preferably at least 10 times are preferable.

The content of the heat-expandable microspheres may be

appropriately determined depending on, for example, the

expansion ratio of the pressure-sensitive adhesive layer and
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the degree of decrease of the adhesive force. In general, the
heat-expandable microspheres are used in an amount of, for
example, 1 to 150 parts by weight, preferably 10 to 130 parts
by weight and more preferably from 25 to 100 parts by weight,
per 100 parts by weight of the base polymer constituting the
heat-expandable pressure-sensitive adhesive layer 3.

The heat-expandable pressure-sensitive adhesive layer
3 can be formed in a conventional manner, for example, a method
of preparing a coating solution containing the pressure-
sensitive adhesive and the heat-expandable microspheres
optionally together with a solvent and then applying the
solution onto the substrate 1 or the rubber-like organic
elastic layer 2, or a method of applying the above-~described
coating solution onto an appropriate separator (for example,
release paper) to form the heat-expandable pressure-sensitive
adhesive layer and then transferring (shifting) it onto the
substrate 1 or the rubber-like organic elastic layer 2. The
heat-expandable pressure~sensitive adhesive layer may
comprise a single layer or multilayers.

An important characteristic of the invention resides in
that the center line average roughness of the surface of the
heat-expandable pressure-sensitive adhesive layer before
heating is 0.4 pum or less (for example, about 0.02 to 0.4 pm).
The center line average roughness is preferably 0.3 um or less
(for example, about 0.02 to 0.3 um), more preferably 0.2 um
or less (for example, about 0.02 to 0.2 um). Further, the

maximum roughness of the surface of the heat-expandable
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pressure-sensitive adhesive layer 3 and the particle diameter
of the heat-expandable microspheres added to the heat-
expandable pressure-sensitive adhesive layer.

To ensure the center line average roughness of the
surface of the heat-expandable pressure-sensitive adhesive
layer before heating being 0.4 pm or less and the maximum
roughness of the surface of the heat-expandable pressure-
sensitive adhesive layer before heating being 5 pum or less,
the particle diameter of the heat-expandable microspheres
preferably has the relationship of "thickness of the heat-
expandable pressure-sensitive adhesive layer 3 2 particle
diameter of the heat-expandable micorspheres". If the
particle diameter of the heat-expandable microspheres is
greater than the thickness of +the Theat-expandable
pressure-sensitive adhesive layer 3, the surface roughness of
the heat-expandable pressure-sensitive adhesive layer 3
becomes large, resulting in decreasing the effective adhesion
area thereof to the adherent. In case of providing the

rubber-like organic elastic layer 2 between the substrate 1

and the heat-expandable pressure-sensitive adhesive layer 3,
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adhesive layer 3 is preferably 300 um or less, more preferably
100 um or less. If the heat-expandable pressure-sensitive
adhesive layer 3 has an excessively large thickness, cohesive
failure frequently arises in the peeling step after heating
and the pressure-sensitive adhesive remains on the adherend,
thereby contaminating the adherend. On the other hand, if the
heat-expandable pressure-sensitive adhesive layer 3 has an
) excessively small thickness, the heat-expandable pressure-
sensitive adhesive layer 3 shows only a small extent of
deformation upon heating and thus the adhesive force cannot
be smoothly lowered. In such a case, it becomes sometimes
necessary to control the particle diameter of the heat-
expandable microspheres added to the heat-expandable
pressure-sensitive adhesive layer to an excessively small
level. Taking these points into consideration, the thickness

of the heat-expandable pressure-sensitive adhesive layer 3 is
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preferably 5 um or more, more preferably 10 um or more and most
preferably 15 um or more.

The separator 4 that can be used is conventional release
papers and the like. The separator 4 is used as a protector
for the heat-expandable pressure-sensitive adhesive layer 3,
and is peeled off when adhering the pressure-sensitive adhesive
sheet to an adherend. It is not always necessary to provide
the separator 4.

The heat-expandable pressure-sensitive adhesive layer
3 can be formed on one side or both sides of the substrate 1.
If required and necessary, the rubber-like organic elastic
layer 2 may be provided on one side or both sides of the
substrate 1 so as to be interposed between the substrate 1 and
the heat-expandable pressure-sensitive adhesive layer 3. It
is also possible that the heat-expandable pressure-sensitive
adhesive layer 3 is formed on one side of the substrate 1 and
a usual adhesive layer free from any heat-expandable
microspheres is formed on the other side thereof. Further,
an intermediate layer such as an undercoating layer or an
adhesive layer may be provided, for example, between the
substrate 1 and the rubber-like organic elastic layer 2, or
between the rubber-like organic elastic layer 2 and the
heat-expandable pressure-sensitive adhesive layer 3.

Because of having a small center line average roughness
of the surface of the heat-expandable pressure-sensitive
adhesive layer before heating, the heat-peelable pressure-

sensitive adhesive sheet according to the invention ensures
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as, for example, a tape for temporary fixing in cutting an
electronic part even in case where the area to be adhered is
decreased due to downsizing and chipping.l Thus, failures
(chip-scattering, positioning error, etc.) caused Dby
insufficient adhesive force can be avoided. Therefore, the
heat-peelable pressure-sensitive adhesive sheet according to
the invention contributes to the prevention of decrease in the
productivity or yield.

In the heat-peelable pressure-sensitive adhesive sheet
having the rubber-like organic elastic layer provided between
the substrate and the heat-expandable pressure-sensitive
adhesive layer, the pressure-sensitive adhesive sheet surface
well follows up the surface shape of an adherent to which the
heat-peelable pressure-sensitive adhesive sheet is adhered,
due to the elasticity of the rubber-like organic elastic layer.
Thus, a large adhesion area can be obtained and the adhesive
strength <c¢an be increased. When the heat-peelable
pressure-sensitive adhesive sheet is peeled off by heating,
the expansion (volume change) of the heat-expandable
pressure-sensitive adhesive layer can be accurately
controlled and expansion can be carried out preferentially in
the thickness direction uniformly, which further facilitates
peeling. Even in case where the heat-expandable microspheres
contained in the heat-expandable pressure-sensitive adhesive
layer have a somewhat large particle diameter, the irreqularity

thus caused is compensated by the rubber-like organic elastic
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layer and thus the surface roughness of the heat-expandable
pressure-sensitive adhesive layer can be minimized.

Although the heat-peelable pressure-sensitive adhesive
sheet according to the invention can be used to permanently
bond an appropriate article serving as an adherend, it is
appropriately used in case where an adherend is adhered for
a definite period of time and, after achieving the adhesion,
the adhesion state is relieved. In particular, the heat-
peelable pressure-sensitive adhesive sheet of the invention
is suitably used in producing chip parts with smaller size,
i.e., downsizing/chipping of electronic parts (for example,
semiconductor wafers, chips, ceramic condensers, oscillators,
etc.).

Heat treatment conditions for facilitating peeling of
the pressure-sensitive adhesive sheet of the invention from
an adherend can be appropriately determined considering the
extent of decreasing the adhesion area, which depends on the
surface conditions of the adherend and the type of the
heat-expandable microspheres, the heat resistance of the
adherend, the heating means used and the like. The heating
treatment is generally conducted at 100 to 250°C for 1 to 90
seconds (in case of using a hot plate, etc.) or for 5 to 15
minutes (in case of using a hot air dyer, etc.). Under such
heat treatment conditions, the heat-expandable microspheres
in the pressure-sensitive adhesive layer are expanded and/or
foamed and thus the pressure-sensitive adhesive layer is

expanded and deformed so that the adhesive force is decreased
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or lost. The heat treatment can be conducted at an arbitrary
step depending on the purpose of use. In some cases, an
infrared lamp, hot water, etc., can be used as a heating source.

The heat-peelable pressure-sensitive adhesive sheet
according to the invention ensures an effective contact area
and prevents adhesion failures such as chip-scattering even
in case where the adhesion area of an adherend such as a chip
is decreased.

The present inventionwill be described in greater detail
by reference to the following Examples, but it should be
understood that the invention is not construed as being limited
thereto. Particle size was measured using a laser scattering
diffraction grain size distribution meter (Model SALD-2000J,
manufactured by Shimadzu Corporation).

EXAMPLE 1

Heat-expandable microspheres A (MATSUMOTO MICROSPHRERE
F-50D; manufactured by Matsumoto Yushi Seiyaku K.K., average
particle diameter: 13.4 pum, maximum particle diameter: 63 um)
were classified using a centrifugal wind~-force classifier to
obtain classified heat-expandable microspheres B (average
particle diameter: 12.3 um, maximum particle diameter: 42 um).

A solution containing 100 parts by weight of a 2-
ethylhexyl acrylate/ethyl acrylate/methyl methacrylate (30
parts by weight/70 parts by weight/5 parts by weight)
copolymer-based pressure-sensitive adhesive (containing 2
parts by weight of a polyurethane crosslinking agent) and 30

parts by weight of the classified heat-expandable microspheres
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B obtained above in toluene was prepared. The resulting
solution was applied onto a polyester film having a thickness
of 100 pm at a dry thickness of 45 um and dried to obtain a
heat-peelable pressure-sensitive adhesive sheet.

A ceramic sheet (before sintering) having a size of 120
mm X 100 mm x 0.5 mm (thickness) was temporarily fixed to the
pressure-sensitive adhesive face o0f the heat-peelable
pressure-sensitive adhesive sheet obtained above, and the
assembly was mounted and fixed on a dicing ring, followed by
full-cutting into chips (0.6 mm x 0.3 mm) using a rotary blade.
After cutting, the chips were heated to 130°C for 60 seconds
on a hot plate while mounting and fixing to the dicing ring
as such. After cooling, the chips were collected by reversal
vibration.

EXAMPLE 2

A solution containing a 2-ethylhexyl acrylate/ethyl
acrylate/methyl methacrylate copolymer-based pressure-
sensitive adhesive (containing 1 parts by weight of a
polyurethane crosslinking agent) in toluene was applied onto
a polyester film having a thickness of 100 um at a dry thickness
of 10 um and dried to form a rubber-like organic elastic layer.

A solution containing 100 parts by weight of a 2-
ethylhexyl acrylate/ethyl acrylate/methyl methacrylate
copolymer-based pressure-sensitive adhesive (containing 2
parts by weight of a polyurethane crosslinking agent) and 30
parts by weight of the classified heat-expandable microspheres

B in toluene was prepared in the same manner as in Example 1.
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The resulting solution was applied onto a separator at a dry
thickness of 35 um and dried to form a pressure-sensitive
adhesive layer. The pressure-sensitive adhesive layer thus
formed was adhered to a rubber-like organic elastic layer side
of the polyester film having the rubber-like organic elastic
layer formed thereon to obtain a heat-peelable pressure-
sensitive adhesive sheet.

A ceramic sheet (before sintering) having a size of 120
mn x 100 mm x 0.5 mm (thickness) was temporarily fixed to the
pressure-sensitive adhesive face of the heat-peelable
pressure-sensitive adhesive sheet obtained above and mounted
and fixed to a dicing ring, followed by full-cutting into chips
(0.6 mm x 0.3 mm) using a rotary blade. After cutting, the
chips were heated to 130°C for 60 seconds on a hot plate while
mounting and fixing to the dicing ring as such. After cooling,
the chips were collected by reversal vibration.

EXAMPLE 3

The procedure of Example 1 was followed except for adding

| heat-expandable microspheres C (MATSUMOTO MICROSPHRERE F-

301D; manufactured by Matsumoto Yushi Seiyaku K.K., average

particle diameter: 11.6 um, maximum particle diameter: 42 pm)

to the pressure-sensitive adhesive layer in place of the

classified heat-expandable microspheres B and changing the

heat treatment conditions after cutting chips to 100°C x 60
seconds.

COMPARATIVE EXAMPLE 1

The procedure of Example 1 was followed except for adding
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heat-expandable microspheres A (MATSUMOTO MICROSPHRERE F~50D;
manufactured by Matsumoto Yushi Seiyaku K.K., average particle
diameter: 13.4 um, maximum particle diameter: 63 um) to the
pressure-sensitive adhesive layer in place of the classified
heat-expandable microspheres B.
COMPARATIVE EXAMPLE 2

The procedure of Example 2 was followed except for adding
heat-expandable microspheres A (MATSUMOTO MICROSPHRERE F-50D;
manufactured by Matsumoto Yushi Seiyaku K.K., average particle
diameter: 13.4 um, maximum particle diameter: 63 um) to the
pressure-sensitive adhesive layer in place of the classified
heat-expandable microspheres B.
Evaluation Test

Center line average roughness, maximum roughness and
chip retention ratio in the cutting stage of the pressure-
sensitive adhesive sheets before heating obtained in Examples
and Comparative Examples are shown in the Table below. The
center line average roughness and maximum roughness of the
surface of the pressure~sensitive adhesive layer were measured
with a non-contact three dimensional surface roughness meter
(manufactured by ZYGO). Adhesion retention was not observed
on the peeled surface of chips after heat peeling and recovering

those in any Examples and Comparative Examples.
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WHAT IS CLAIMED IS:

1. Use of a heat-peelable pressure sensitive adhesive sheet in temporary
fixation of electronic parts in the step of cut processing, characterized in that the
heat-peelable pressure-sensitive adhesive sheet comprises a substrate and a
heat-expandable pressurc-sensitive adhesive layer containing heat-expandable
microspheres, formed on at least one side of the substrate, wherein a surface of said
heat-expandable pressure-sensitive adhesive layer before heating has a center line
average roughness of 0.4 pm or less, and the particle diameter of the heat-expandable
microspheres has the relationship of "thickness of tile heat-expandable
pressure-sensitive layer 2 particle diameter of the heat-expandable microspheres".

2. The use of the heat-peelable pressure-sensitive adhesive sheet as claimed
in claim 1, further comprising a rubber-like organic elastic layer provided between the
substrate and the heat-expandable pressure-sensitive adhesive layer.

3. The use of the heat-peelable pressure-sensitive adhesive sheet as claimed
in claim 2, wherein said rubber-like organic elastic layer comprises a pressure-sensitive

adhesive substance,
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