; €3eTXD, p6Tn| \ Repl acenent Sheet 21 Novenber 2003 -1 DESCRI PTI ON ADHESI VE
TAPE FOR TEMPORARY- ATTACHVENT OF DEVI CES 5 TECHNI CAL FI ELD The present
invention relates to an adhesive tape for tenporary attachnent used in the
field of electronic devices, sem conductor wafers, liquid crystal, etc.,
and 10 in particular relates to an adhesive tape for tenporary attachnent
used in a cutting process of ceramc electronic devices,Igf%bnéﬁltglayer
ceram c capacitors, multilayer ceram c inductors, resistqﬁgq TR %é%,
sensor el ements, thermistors, varistors, or piezoelectri ¢ corgre
BACKGROUND ART For exanple, a multil ayer téramic capaci tor may be produced
through the followng steps. 20 A slurry of ceramc powder is thinly spread
out with a doctor blade to nake a cerami c green sheet. After a plurality of
el ectrodes are printed on the surfacqnﬁg%égngéﬁen sheet, a number of such
green sheets are |lam nated and i ntegrate to forma green sheet

Repl acenment Sheet 21 Novenber 2003 -2 lam nate. Next, after the lamnate is
initially heat-pressed, the lamnate is cut in |ongitudinal and transverse
directions with aamut&ive © h | Cer 'il ine blade to
obtain a number of ceramic §9Faﬁ?ﬁaﬁgﬁgﬁFggﬁ?fﬁgéaéﬂﬂFB % | 5V red to
as "works") are then sintered, and external electrodes are forned on end

faces of the resultant chips. In the aforenentioned step of obtaining an 10
integratedd am nate and the step of cutting the lamnate into green chips,
a green sheet is tenporarily fixed on a base for sheet stabilization by

usi ng an adhesTRE€HNagal aigafter the cutting, the works need to be peel ed
of f the adhesive tape on the surface of the base. At the tine

The present invention relates to an adhesive tape
for temporary attachment used in the field of electronic
devices, semiconductor wafers, liquid crystal, etc., and

10 in particular relates to an adhesive tape for temporary
attacﬁhentusedjjlacuttingprocessofcmramicelectronic
devices,e.g.,multilayerceramiccapacitors,multilayer
ceramicinductors,resistors,ferrites,sensorelements,

thermistors, varistors, or piezoelectric ceramics.

15
BACKGROUND ART
For example, a multilayer ceramic capacitor may
be produced through the following steps.
20 A slurry of ceramic powder is thinly spread out

with a doctor blade to make a ceramic green sheet. After
a4 plurality of electrodes are printed on the surface of
the green sheet, a number of such green sheets are

laminated and integrated so as to form a4 green sgheet



15 of peeling, it is necessary to reduce the adhesion strength between the
wor ks and the adhesive tape. If the adhesion strength cannot be adequately
reduced, the follow ng problens may occur. 20 ( 1) Since the |ani nate
itself has not been sintered yet, the adhesion between the respective

| ayers may be insufficient. Therefore, when the chips are peeled off the
surface of the adhesive tape, interlayer peeling nmay occ [ wthin the

| am nate due to an excessively strong Repl acenent Shee§¢2%m§€93£%%r 2003
_3 adhesion strength of the adhesive tape. (2) Even if interiaysr2i8Eel ing
does not occur, the adhesive |ayer may bed®eft as a contami nant on the
bottom5 of a chip. As a result, when the chips are sent to a subsequent
process, the contam nant nmay cause bl ocking. As the residue of the

contam nant is bj ect 0 sinterin voi.ds or cracks may occur due
to the sinteri%gh%ﬁagﬁhorgaﬁg§%nat3?%3F. %@eTh&im%qﬁF?ePﬁthﬂ%Sﬁ%&%&the

yield of the pﬁggggkr@rsge@‘f ol af%l}{igg%%f:tigsfjﬁécgﬂghggggh%%@gﬁ%gged in

Japanese 15 Publication for position

adhesi ve tape ! bRG|U . esl r, of t hernal foamng type is
convent i onalol yﬂggggv'e%% feogrgnl?ﬁ%[gé'%g%t a%&%?\%ﬁ?%ﬁrﬁg %O‘ﬁigué’(ﬁhé@i ﬁ’/éﬁig%%ﬁ%rp of

this adhesive §apg. i P158$HbL eqaf i adhesj ve tape after 20 the
cutting of a |am natde\;?lthe foanibnlgyd%eﬁ{j ér%é&g{e% fe Gf%eggr ELIEM DNt act

between the adbesiMatbapen@pd .t hegppriks th e works_can pe easily
peel ed of f the adhesive tapg Surface. ﬁggpgceﬁ%%%gsﬁﬁ% eﬁfeﬁbvgﬂbé?SZOOS

-4 However, simgerkbe)adbesiMent apgthagad Qhghefealy ratyre, there
are problens in that a binder within the Ianingtegﬁgegéégggiﬁﬂ§%ﬁ)are

contam nate thommedsont ehlie flddds ofr head | REshieagdhesliyg tape, or that the
5 lamnate may fail to attain a predeterm ned hardness due to the
evaporation of the binder prior to a prelimnary sintering. Mreover, the
adhesi on strength may not be adequately reduced due to non-uniform foam ng,

so that the works may Tt e ahifertemeret peed@d sfdp t by adbesive i tape.
DI SCLOSURE OF THE | NVENTI ON An adhesive tape for tenporary attachnent of a
devi ce acé8rdiintegrahedplasinatenvedttiion saempoirsenta ikey subsisatgaftll m and
an adhesi ve | ayer provided on at | east

into green chips, a green sheet is temporarily fixed on

@& base for sheet stabilization by using an adhesive tape,

and after the cutting, the works need to be peeled off

the adhesive tape on the surface of the base. At the time

15 of peeling, it is necessary to reduce the adhesion
strength between the works and the adhesive tape. If the

adhesion strength cannot be adequately reduced, the

following problems may occur.

20 (1) Since the laminate itself has not been sintered yet,
the adhesion between the respective layers may be
insufficient. Therefore, when the chips are peeled off
the surface of the adhesive tape, interlayer peeling may

occur within the laminate due to an excessively strong



one face of the substrate film wherein the adhesive |ayer conprises an
adhesi ve conposition, the adhesive conposition containing a
pressure-sensitive adhesive and a side-chain crystallizable polyner. The
side-chain 20 crystallizable polymer is obtained froma nononer m xture
conprising: about 40 to about 70 wt.% of an acrylic acid al kyl ester and/or
a nethacrylic acid al kyl ester which has an al kyl group h@ &%%hﬂ% %:to 6
carbon atons; about 2 to about 10 wt.% of a carboxyl grogﬁ%g&n akﬁ%@g

Repl acenent Sheet 21 Novenber 2003 -5 ethyl eni c unsaturafed ¥ohorfer; and
about 20 to about 50 wt.% of an acrylic ad-d al kyl ester and/or a

nmet hacrylic acid al kyl ester which has an al kyl group including 16 or nore
(preferably 18 to 30) carbon atonms. The polyner S has a wei ght average

nol ecul ar wei ght of about 3,000 to about 25,000. In the case where adhesive
| ayers are proviﬂ%ﬁe%hoﬁoﬁﬁrﬁﬁéi§(ﬂftqh?sﬂﬂh¢$éve tapm. the fol l owi ng 10
pressure-sensitive adhesives may be used as the pressure-sensitive adhesive
constituting the second adhesive |ayer, for exanple: natural rubber

adhesi ves; synth&%Lc rubber_15 adhesi ves; styrene/butadi ene | atex-base
adhesi ves; bl ock' Tbpdl §Rerth yhREERLAKEE RAsEiRTbEOES, TRt ybcrubberthe

pol yi sobutyl ene;_ acrylic .adhesives; and vinyl ether copol yner adhesive
conposi tions. 2FTH BhES HYSH MeXt e difd taaRes FP8 tagriptat t Pant o iortitses

about 1 tozabout 9% of the side-chain crystallizable polynmer on the
basis of the adr?ef:%/\égr%:lo?‘rbo Sti%rﬁesu%pl%%ﬂeﬁPeSﬁEéPSZPrﬁo@@mertCQ@S -6

| one embodi menten d0g, 800 %l e, COMROY L) 0PahnSheSHED B8 RS Lat the
As the residue of the contaminant is also subjected to
sintering, voids or cracks may cccur due to the sintering
of an organic material.
10
Thus, the reliability and the yvield of the product

are unfavorably affected.

Accordingly, as disclosed in Japanese

15 Publication for Opposition No. 6-79812, for example, an
adhesive tape which includes an adhesive layer of a
thermal foaming type is conventionally used. A foaming
agent is contained in the adhesive layer of this adhesive
tape. As a result, by heating the adhesive tape after

20 thecuttingof21laminate,thefoamingagentactstoreduce
the area of contact between the adhesive tape and the works,

so that the works can be easily peeled off the adhesive

tape surface.



of f the device at about 35 C or above. 5 In one enbodinent, the side-chain
crystallizable polyner has a nelting point occurring wwthin a tenperature
range narrower than about 35 C. In one enbodi nent, an adhesion strength of
the 10 adhesive conposition with a stainless steel plate when heated to
about 35C or above is about 10$% or |ess of an adhesion strength with the
stainless steel plate at 23C, or about 10 g/25 mmor |es t he
adhesi ve tape has a good tackiness with respect to the dﬁvﬂégmét%ﬁgt
tenperature, the device can be processed (e.g., cut) or trans erre 8

fixing the device on the adhesive tape at4a | ow tenperature. \Wen peeling
the device off the adhesive tape, the adhesive 20 tape is heated to a
predet erm ned tenperature or above so that the device can be easily peel ed

of f the adhesive tape S ecificall since the tackiness of an adhesive
Repl acement Sheet 21 %F 260 o BEsi RABASLBAPISIPY 11RS adhdsiate t ape
is highly sens ture he p mer becones crystalline or

non- crystalllﬁgééﬁfnérev Erﬁan é?rﬁyaggl%ﬁﬁ?§395r§Phﬁp?héiﬁ@ﬁﬁkﬂature

froman arbitr e eratur ulting in a substantia
change in the ‘?{aﬁﬁlhyrr‘\z‘?se %1 gnrggspnéng Y GRS I::Per %8 C%ggmlPSFeeQ&%ﬂoé Ksphen
usi ng an adhe e p v e ceram c el ectronic devices,
after 10 adhersﬁwngt%ég?é@% g’%eed&feéin e?%% gdg‘feg&tvreogacp%lev?E%hPG e

adhesi ve tagpe angi petL sy q%ﬁkctl.g LY 4 Q]Lgcg)%gdeg:gge:g‘t ape 5?% %E%L%fdofo

as to greatly decrease its i ness w ect

cerani ¢ el ect roi tndlei&S5rabhBRoBY 08 6DLRS, (SELAT Eoegeg;:asz%&ndev' ces)

sintering. Moreover, the adhesion strength may not be
adequately reduced due to non-uniform foaming, so that
the works may not be able to be peeled off the adhesive

10 tape.

DISCLOSURE OF THE INVENTION
An adhesive tape for temporary attachment of a
device according to the present invention comprises a
15 substrate film and an adhesive layer provided on at least
one face of the substrate film, wherein the adhesive layer
comprises an adhesive composition, the adhesive
composition containing a pressure-sensitive adhesive and
a side-chain crystallizable polymer. The side-chain
20 crystallizable polymer is obtained from a monomer mixture
comprising: about 40 to about 70 wt.$% of an acrylic acid
alkyl ester and/or a methacrylic acid alkyl ester which
has an alkyl group including 1 to 6 carbon atoms; about

2 to about 10 wt.% of a carboxyl group-containing



15 can be easily peeled off the tape. In particular, since not very nuch
residue is left on the device after peeling the device off the adhesive
tape according to the present invention, the adhesive tape 20 is suitably
used during the production of ceram c electronic devices, e.g., nultilayer
ceram c capacitors) multilayer ceramc inductors) resistors, ferrites,
sensor elenents, therm stors, varistors, or piezoelectriﬁqu£%mh )
Repl acenent Sheet 21 Novenber 2003 _g_ According to the Pﬂégegﬁ %ﬁg%ntion
the tackiness of an adhesive tape for tenporary attachment WEHoreSpect to
a device can be controlled sinply by chanding the 5 tenperature of the
adhesi ve tape. Thus, for exanple, a |arge adhesion strength can be obtai ned
when tenporarily attaching the green sheets for ceram c el ectroni c devices;

when a work is rrenpved, peeling can easily occur sinply by heating.
ejé@}’ l?gnﬁgt “BéaTb‘ré’&rﬁdaﬁi%“&E: ianq a2 ¢ @hantarfde t he

Si nce the works
reliability owaeéag}qaﬁufctffnic d%iiaﬁf' BEST MODES FOR CARRYI NG QUT THE
| NVENTI ON 15 (SubStTat® fA5m - E 4t t &6ty ks Gidistare ¥/iame weitbRcead e used
for the adhesiygija r orary.attachment according to the present

i nvention incl udle&sﬁglé g 8%%%%53%1151}1 Lahasﬁ R A HEYer 9B UL EFRE ingy di6s of a
synthetic resigkfﬂgﬂghﬁy' thi gkn of about 5 to about 500 um e.

g. , polyethylene, poI;ﬁ%ﬁ%ﬁ%ﬁgy %%ﬁ?%gﬁérF AaRtGES -poW PR NEES,

et hyl ene- visnylh 28 €4 at&i SRPOL e - et hyl. ryl.ate copal yner,

et hyl ene- pol ypr opyl ene %op§+j%gé?eHﬁ$¥é§ﬁ$Frbﬁ¥69§%e¥flﬁEBF&e9'P8Oeﬁﬁance
the adhesi on ameptageneph . Sheet 21 Novenber 2003 _g_ with the adhesive

| ayer, the surface of the substrate filmmay be subjected to a corona

di scharge treatnent, a plasnma treatnent, a blast treatnent, a chenica

etching treatnent, a prinmer treatnment) or the like.
In the case where adhesive layers are brovided on

both faces of the substrate film, the following
10 pressure-sensitive adhesives may be used as the
Pressure-sensitive adhesive constituting the second

adhesive layer, for example:

natural rubber adhesives: synthetic rubber

15 adhesives: styrene/butadiene latex-base adhesives:
block copolymer type thermoplastic rubbers; butyl
rubbers; polyisobutylene; acrylic adhesives; and vinyl

ether copolymer adhesive compositions.

20 In one embodiment, the adhesive composition
comprises about 1 to about 30 wt.% of the side-chain
crystallizable polymer on the basis of the adhesive

composition.



5 On at | east one face of such a substrate film an adhesive |ayer conposed
of an adhesi ve conposition as described belowis |amnated. 10 The adhesi ve
conposition nmay contain a side-chain crystallizable polyner having a

mel ting point which occurs within a tenperature range narrower than about
35 C, and a pressure-sensitive adhesive. The adhesive conposition is of
such a nature that it exhibits good 15 tackiness with regpget L9sg.gevice
(e. g., aceramc electronic device) or other materials §ONWy X%Bis
adhered at tenperature T1l, while exhibiting a significantly reduce

tacki ness with respect to the device or offfer materials at temperature T2
which is 20 higher than tenperature T1 by about 15C or nore.
(pressure-sensitive adhesive) Exanpl es of pressure-sensitive adhesives
contained in the adhesjiye conposit.ion ing¢lude_the. Replacenent Sheet 21
Novenber 2003 -10 fol I%I\}vior{lge %B' é’gﬁn}ae-nste'n%il“tel 9§hﬁﬁl’r¥§ QEE‘PoFéFlé’Paﬁﬁlcéf

nat ural rubber gﬂeéiv oSt but adi ene_| at ex- base. adhesi ves; ABA bl ock
copol ymer typesg thernm)p %%ttﬁaegu eeraglﬁ(a\ﬁr‘?e‘rree CRMPGFESEMR Laihby mss st i c

pol ystyrene enggbl ; B represents ubber_internediate bl ock such as
pol yi sopr ene, p%?ygﬁgagﬁgﬁgebfﬁg5§VfﬁEh@?g%éF%U?@?%ﬁE)); butyl rubbers;

pol yi sobutyl ene; acrylic adhesives such as polyacrylate 10 and vi nyl
acetate/acryl ester copolynmer; and vinylether copolyners such as

pol yvi nyl mat hyl et her, Bolopd e)ﬁb%hﬁwe%@e“cheagﬂdg%%’xl\é{/ig;yléiaﬁgg:é@é'si%t&%g(ﬁ- o

particular, the use of acryl type pressurel5 sensi

interaction W pdl{yaer sy BBle SrCHg bhat, Becgelrm[ﬁ?w%%]%nbaet QHEEE%ite rllrtel y

di spersed at a predeternined tenperature so as e I't tackiness, and

vet the pol ymerabt| nexbbbick apah tRigasapitity when heated to the
predeterm ned tenperature or above. 20 Preferable acryl type

pressure-sensitive adhesives are conposed essentially of ethyl hexyl
acryl ate, hydroxyethyl acrylate, or the |ike. Exanples thereof include a

copol yner containingEﬂhtmnéﬁbmmmﬂﬁmbytmehghhdﬁeé&dﬁfb%h@%gkhaS%YE%Eﬁ and
5 to 20 parts by wei ght of Repl acenent Sheet 21 Novenber 2003 -11
10 adhesive composition with a stainless steel plate when
heated to about 35C or above is about 10% or less of an

adhesion strength with the stainless steel plate at 23C,

or about 10 g/25 mm or less.

15 Since the adhesive tape has a good tackiness with
respect to the device at a low temperature, the device
can bejproqessed.(e.g., cut) or transferred by fixing the
device on the adhesive tape at a low temperature. When
peeling the device off the adhesive tape, the adhesive

20 tape is heated to a predetermined temperature or above

so that the device can be easily peeled off the adhesive

tape.

Specifically, since the tackiness of an adhesive



2- hydroxyet hyl acrylate. (side-chain crystallizable polynmer) A side-chain
crystallizable polynmer to be 5 contained in the adhesive conposition
preferably has a nelting point which occurs within a tenperature range
narrower than about 35C . As used herein, the term"nelting point"” neans
the 10 tenperature at which an equilibrium process causes certain portions
of a polyner, initially aligned in an ordered array, to ﬁ&ﬁ& aflicgQy der ed.

I n one enbodi nent, the nmelting point of the 15 polyner i§1ﬁ%§iS&%Eﬁy in the
range of about 30C to about 1000C and nore preferably in the range of about
35C to about 65°C. It is preferable that the nelting occur rapidly, i.e. |,
over a relatively narrow tenperature range which is | ess than about 35C and
preferably | ess than 20 about 10 "C. It is preferable that the pol yner

crystallizes rgpidly..to this end, seeding agents, or crystallization
catal ysts can gghgr%&rtplc?lpat SETRIT e yifEtes1yep| tRsent s SHekgh Py

Novenber 2003 .12 _AfLt. ,...1 he adhesive |ayer can be easily peel ed off
the surface of Sé?ﬁ%&{lg;ee g?/%heeméﬁ%agt‘fﬂ%' ﬁ‘r‘?e@gggmﬁgﬂﬁc?%e% ek ine
which is slighgly higl se tenperatuyre. The heating tenperature
is usually aboh% ggkbgﬁﬁéégi%éy§ogﬁ,apég%ﬁ%ﬂﬂ %H%ﬁ?nﬁﬁckﬂb%ﬁiﬁﬂt#bc,
and nore prefe b 5 70C. The side:chain_crystallizable
pol yner cgnt ai {rqgg&iykﬁ%t ﬁdgeadgggk\%g%ggl%osgf?%nafls %%Pja ﬂ%ﬁlf'?{oyrﬁ%?ﬁﬁﬁﬂﬁmr 10

m xture comy ai PR 4 26,0 n acryljc acid alkyl
ester and/or a m?ﬁﬁ???ﬁe& %:%%lgﬁ%% %gtg S\ﬁﬁs{% %Jsaiancéﬁfw d‘r"mﬁﬁ/e

including 1 totfckanbaeg @@mﬁxréggggt2t5o a . 1.0 wt. % of a carboxy
groupcont ai ni ng et hyl eni ¢ unsat urat ed nnn%ngggagﬁd about 20 15 to about 50

wt.% of an acrylic acid alkyl ester and/or a nethacrylic acid al kyl ester
whi ch has an al kyl group including 16 or nore carbon atons. As an acrylic

acid ester and/or a NEIHES| V€ e3nth 120, %@fu%ﬁ%@&ﬂ%&ﬁés%é%éﬁ eyed to
I c ing 16 or

as "(nmeth)acrylate") which has a straight-chain alkyl group In
nore carbon atamsadeaisedeapkaifor adr@iin acrsdetén 0 88vhass? arter

straight-chain al kyl group including 16 to 30 carbon atons may be

pref er abl yOusendherigng axeaiac Whee tReplmeetanticShe el t2bNey aekac 2003,
the adhesive tape and performing a cutting process, the
tape may be heated so as to greatly decrease its tackiness
with respect to the green sheet for ceramic electronic

devices, whereby the chips {ceramic electronic devices)

15 can be easily peeled off the tape.

In particular, since not very much residue is left
on the device after peeling the device off the adhesive
tapeaccording1u)thepresentinvention,theadhesivetape

20 1is suitably used during the production of ceramic
electronic devices, e.qg., multilayer ceramic capacitors,
multilayer ceramic inductors, resistors, ferrites,
sensor elements, thermistors, varistors, or

piezoelectric ceramics.



-13 (nmeth)acrylate, stearyl (meth)acrylate, dococyl (nmeth)acrylate, and
triaconta (neth)acrylate. Listed below are the nelting points of side-chain
5 crystallizable polyners which are obtained from nmononers which have a
straight-chain al kyl group including 16 to 30 carbon atons: nonomer used 10
15 20 C16 acrylate C16 nethacrylate Cl8 acrylate Cl8 nethacryl ate C20
acrylate C20 nethacrylate C22 acrylate C22 nethacryl ate ﬁ%ﬁlac@lg&%lsgge@ C30
met hacryl ate melting point ( C) 36 26 49 39 60 50 71 62170, R8niroafP! es of
(meth)acryl ates which have an al kyl group including 1 to 6 carbon at ons

i ncl ude methyl (neth)acryl ate, ethyl (nethy&cryl ate, Repl acenent Sheet 21
Novenber 2003 -14 butyl (neth)acrylate, isobutyl (neth)acryl ate)
tertiary-butyl (neth)acryl ate, hexyl (neth)acryl ate,

cycl ohexyl (nmet h) acryl ate, and isoanyl (nmeth)acrylate. 5 As carboxyl
group-cont ai ni ng et hyl eni ¢ unsat urated nononer, acrylic acid, nethacrylic

acid, crotonic acid, c.acid,.maleic a |d funaric aC|d or the |ike
may be used, wth acrypfclq%&g%l gcecf Bep%lf??%ﬁ é‘ﬂ‘iprbt?%‘?%r dhetapkingss

id hai |- th f t bout
30 To. about 78 me v ar Can okt Ry i o, e IRt Y ebRse uai ng
1'to 6 carbon g4 g5 Aok Zu obab%tn&lrooﬂwgimﬁécgg)g,gtxg%n%ngbm -

group cont ai ni ng et hyl eni ¢ unsat ur at ed nonomner

% of ans( meidigeratate 9 el Nagnals abkyhol oUpylinc! uding, 16 g mare
carbon atons. Preferably, the side-chain crygtalllza 5 £rclnt ai ns
the follow ng XHFRORIHSS 1 AP MIr AR 1P can be obtained when temporarily

attaching the green sheets for ceramic electronic
devices; when a work is to be removed, beeling can easily
occur simply by heating. Since the works will not be

10 contaminated, it is possible to enhance the reliability

of ceramic electronic devices.

BEST MODES FOR CARRYING OUT THE INVENTION

15 {substrate film)

Examples of substrate films which can be used for
the adhesive tape for temporary attachment according to
the present invention include sheets composed of a single
layer or multiple layers of a synthetic resin film having

20 athicknessofabout!5toabout500ﬁun,e.g.,polyethylene;
polypropylene, polyester, polyamide, polycarbonate,
ethylene-vinyl acetate copolymer, ethylene-ethyl
acrylate copolymer, ethylene-polypropylene copolymer,

polyvinyl chloride. 1In order to enhance the adhesion



about 60 wt.% of an (meth)acrylate which has an al kyl group including 1 to
6 carbon atons ; about 3 to about 7 wt.% of a carboxyl group-containing

et hyl eni ¢ unsaturat ed nononer; and about 35 to about 50 wt.% of an

Repl acenent Sheet 21 Novenber 2003 -15 (neth)acrylate which has an al kyl
group including 18 to 30 carbon atons. The amount of the crystallizable
polymer in the 5 adhesive conposition is preferably int &,/.ange f about 1
w.%to about 30 wt.% nore preferably about 5 wt.%to e %ﬂ; and
particularly preferably about 5 wt.%to about 15 wt.% The SF8rgmifiti oned

effects provided by the polyner cannot be9exhibited if the polyner is 10
contained in an amount less than 1 wt.%or nore than 30 wt.% Wen the
side-chain crystallizable polyner contains as a conponent |ess than 25 wt.%
of an 15 (neth)acrylate which has an al kyl group including 1 to 6 carbon
atons, substantt &l thepdhesigeelpger. othe wanfacs ofl tidevierat OF itlhe
contrary, when it .is re than 70 wt. % tenperature sensitiveness tends to
be reduced. Zdn%%é’esﬁgBiJ]eFé%F%@UPQr‘foﬂ@i ghEcbarghet xegtmanki zabllaspel yner
to be used is an igﬁor%ant fagltjror that determ nes the manner in which the
adhesi ve conposTTTofclsed An PAESHr eddMatimRht | oh esii¢Biesl etching

terrperature-deiggg ﬁn(ta %acki ness and/ or adhesi on bi nding Repl acenent Sheet
21 November 2003 - 16 Btr eRgPh1MEFeditgatdient - a0F ot folékel-ar wei ght

crystallizgble polynmer will |ose bonding strength when heated. For exanple,
t he adhesion strength when heated at 60 C is decreased by 90% or nore from

t he adhesion 5 streng peeling forgce af rogmtenperature ( 23C ) ( the
det ai | ed adhesion st rtedr%jgtg.aﬂc ?ggfi%cgﬂai f?%%\soé\ﬁlfc & §usstingd® fadler.) an
adhesive layer composed of an adhesive composition as

described below is laminated.

10 The adhesive compdsition may contain a side-chain
crystallizable polymer having a melting point which
occurswithhnatemperaturerangenarrowerthanaboutBSTL
and a pressure-sensitive adhesive. The adhesive
composition is of such a nature that it exhibits good

15 tackiness with respect to a device {e.g., a ceramic
electronic device) or other materials to which it is
adhered at temperature T1, while exhibiting a
significantly reduced tackiness with respect to the

device or other materials at temperature T2 which is

20 higher than temperature T1 by about 15C or more.

(pressure-sensitive adhesive)
Examples of pressure-sengitive adhesives

contained in the adhesive composition include the



Accordi ngly, the weight average nol ecul ar weight 10 of the polyner is
preferably about 3,000 to about 25,000, and nore preferably about 4,000 to
about 15,000. If the weight average nol ecul ar wei ght of the polynmer exceeds
about 25,000, there is an insufficient decrease in tackiness responsive to
heating. If the weight average 15 nol ecul ar weight of the polyner is |ess
than about 3,000, substantial residue is left after peel gRB@,c. Wl GHedS NOt
preferable. The adhesive conposition according to the presgp brﬂﬁgention
may be obtai ned by adm xi ng a pressure sensitive adhesive and &
crystallizable polymer in a conpatible sol@ent, and addi ng opti onal
conponents thereto, e.g., plasticizers, tackifiers, fillers, cross-Ilinking
agents and the like. The solid contents Repl acenent Sheet 21 Novenber
2003 -17 are qgéfféggnto a desired viscosity, and the mxture is bl ended
until it is honogeneous. PAFCEMES Gfdthigt L vubbiResive s e hore e ammhe he

m xture. 5 Exanples of tackifiers include special rosin ester type
tackifiers, terpene phenol type tackifiers, petroleumresin type

tackifiers, high hydr ue_rpsin ester type tackjfiers, hydrogenated
rosin ester type tack??%%%%? anﬁuﬁﬁgrliﬁgsefﬂxéﬁﬁhpl%EYB?n€(B§¥§ﬂFﬁWﬁng
agents incl udej,¢sS9C te- oun uch .as
tetranpthylengg?$§%c%§%gtefLﬁgf%%gggyleggalisgeﬁﬁﬂ%te?ogﬁlgaﬁﬁbt bBPS&i ned
by addi ng shr egd ahyp £88€E ESAENANAL ?%hl&etﬂEeyoﬁs}{%«}Q:gg{@"g?@%%gg&ﬁer

pol yi socyanat e; epoxy-type conpounds such as

pol ygl ycer ol yetdyket , ery itgl iLdyl et her
di gl ycerol poP?%F%%i%ylethe??aglgggégf p%?égl@ci%%*%g%éﬁ%Sne%peﬁ??Pﬁchol

20 di gl yci dyl etrhestzmédi& €8 0bEbBxIkALUC LAY hehRagofZddd diner onpounds
such as trinethylolpropanetri-S—aziridynyF p?%ﬁggzﬁéé’ gga}ygﬁa&lgge

t et ramet hyl ol nat haneplly{e2v1 sayhu Py P8hanate, butvl )
N,N'-hexanethylene-1,6bis(1-aziridinéQ%arbozganide),uth'-tolﬂ%%%?5?4-bis(1

Repl acenent Slpeslty Xotovehbes ; 2008y118 adhes 88 SAEROXY B BReryiate

N, N - di phenyl net hane- 4, 4' bi s(1-aziridi ne carboxyam de), or
trinmet hyl 80 pr gpahetiny-l( 8c¢ atey hyrgdi 5 depey P ODyRBEL €, aAaG, 1¥8) A NE-t YPe
conmpounds such as hexamet hoxynet hyl ol nel am ne. These 5 nay be used al one,
or two or nor €oEAIgENeN s t hem mayctbe useds n compolgtiie 1 mehELO8Se | Nki Nn
agent is

g polyvinylethylether, and polyvinylisobutylether.

In particular, the use of acryl type pressure-

15 sensitiveadhesivesprovidesinteractionvdjjlthepolymer
such that the polymer will be sufficiently dispersed at

a predetermined temperature so as to exhibit tackiness,

and yet the polymer will exhibit good releasability when
heated to the predetermined temperature or above.

20 Preferable acryl type pressure-sensitive adhesives are
composed essentially of ethylhexyl acrylate,
hydroxyethyl acrylate, or the like. Examples thereof
include a copolymer éontaining 80 to 95 parts by weight

of 2Z-ethylhexyl acrylate and 5 to 20 rarts by weight of



contained preferably in an amount of 0.1 to 5 parts by weight, and nore
preferably 0.1 to 3 parts by weight, with respect to 100 parts by wei ght of
the base polyner. 10 In order to provide a tenperature-active adhesive
conposition on a substrate film a knife coater, a roll coater, a cal ender
coater, a commua coater) or the like is often used in general. Depending on
the thickness of 15 the coating and the viscosity of theg c%&&# heeft
gravure coater or a rod coater may be used. The adhesiv%%ggérzlogf may be
applied by being transferred froma rel ease sheet ) as in the mannher of
transfer printing. The conposition may belapplied neat (i.e., w thout
anything 20 else) , or in a suitable solvent, or as an enul sion or | atex.
Thus, an adhesive layer is forned fromthe adhesive conposition. In terns
of prevention Qf %ﬁgtanin%éion durin_g‘Pl Repl acenent Sheet 21 Novenber 2003
-19 storage orcB¥HEPEYAINFS1AGBIR2BR; it is preferable to
adhesi on-protect the adhesive |layer with a separator until the adhesive
| ayer is adhered to the devices. The separator can be nmade of paper, a
plastic filmspch_as a_pol ypropyl ene filmor a polyester film or a thin
flexible |eaf ggl%%fgﬁaﬁ&lc r3§4ﬁ§*??E%eTﬂ%1¥@6£ﬁator is subjected to a
surface treatnent mﬁtha re%easg aggnt as necessary so as to be rendered
Pk o i

easy to peel. 10 Next, a Rof pFEE TG Hg Rt ani BOkEler| ajfer be
capacitor as device Wi ll be described. First, a slurry of
ceranic poahe?g?g%?ﬂ?%ﬁyggp?ggdaOUe%ﬁ%?1%PQRﬁﬁ% 18P RECESTARIY Raserdani ¢
green sheet, I .1 Qd rinted on.the surface of the green
sheet. Then, géﬁgﬂggg §§Eégéﬁﬁﬁﬁégng% BEF s VARt natBRERALYT Rt &GRd%d so

as to forma gggfpoégge%hgﬁwi%@ﬁ% t ) the lam nate is heated and

affi xed on a base via the adhesive tapé according to the present invention.
Since 20 the tenperature at this tinme is relatively low (e. g., about 20C
to about 40 C), the |lam nate adheres well to the adhesive |layer of the

adhesi ve tape. Next, theukediRat8ihs (1A ltehhEsSE A acenent
Sheet 21 Novenber 2003 -20 * © 9308 $dint AneadPRhd

10 temperature at which an equilibrium pProcess causes
certain portions of a polymer, initially aligned in an

ordered array, to become disordered.

In one embodiment, the melting point of the

15 polymer is preferably in the range of about 30°C to about
100C, and more preferably in the range of about 35C to
about 65T . It is preferable that the melting occur
rapidly, i.e., over a relatively narrow temperature range
which is less than about 35C and preferably less than

20 about 10 T . It is preferable that the polymer
crystallizes rapidly. To this end, seeding agents, or
crystallization catalysts can be incorporated into the

polymer.



this tinme, the works do not peel off the adhesive |ayer or be transferred
onto any green sheets that are yet to be cut. After a nunber of ceramc

| am nate chips are forned in this manner, the resultant works are renoved 5
fromthe adhesive tape. Thereafter, the works are subjected to a
prelimnary sintering process, and a sintering process. At this tinme, the
adhesive tape is heated at a predeterm ned tenperature Ep?f t @t

menti oned above) whereby the work can be easily peel ed (1% hesi ve
tape. Thereafter, the works are sintered, and external electrodes are
formed on end faces of the works, wherebyl2hip-type nultilayer ceramic
capacitors are obtained. 15 As for nethods for heating the adhesive tape,
the tape or a retention nenber (base) for the tape may be heated by the
fol |l owi ng net hods, for anpl e: placing the tape or the retention nenber on
a hot 20 plate, blow rfggﬁﬁ Ui gp@ra‘?kgeflge.l e CANOBe ARk kY Pestled or a
drier), placi ngfjftttilé] n en steam over it, applying radi onaves

, Pl ow
to it for heatlng, of 3315 ¥ eaoléﬁgg\%%]g??a“?%dleﬁt]f%ﬁ Gh p@beglve layer
At rach a o eonte et Er FRRES Mkl n R e e dl ghornEnBan ety e senpe
f t t whi i s _bel. t.h | t.i int of _th |
Gsed and to peonerhatiper” Fle; RedTaR FhrEidnoe iFr fuatan 1 ebRwd: ot ur e
whi ch i | th | t1 i nt th | ft
the cutting. kbt B SEBRE1 ORISR DB e R b1 TTaBRLT ABLC 1o Rl 9 For ce i s

reduced to ab %.Qr 10 ¢t tyre ich |s,equal to or
greater than t edﬁ %‘?ngkggéﬁ?h&s ta‘r%em&n%’gdugh i avc\'r!(]cﬁ}’sti a#qsnlczabl e polyner. In
other words ) it is preferable that the adhesion strength of the adhesive
conposition with a stainless steel plate when heated to about 35C or above

is about 10% or |ess afhd e ko AHES I SELENYS it [ s.steel

pl ate at about 23 C, or about 10 g/ 25&%71 orﬁ%s%%l?%%%gnﬁ%ﬁl f‘tféii}g(ra _
ceram c capaciiorehdar£dhes ussr bRPoaRISMAS sIRH 1S ed NErHik €S SRL L LAYENt I ON
is 20 not limted thereto. The present invention is applicable to, Tor

exanpl e) a0 adhiesiwee t eapathahitnerposBoytatdcachgertboMt Choi g1t @ hQeruggpd in a
step of cutting green sheets for ceram c el ectronic devices into a nunber

of chips duri reetiel @reedut biliy ok sttiereaaara a mevheesysvehaasal £ g fcuit
Repl acement Sheet 21 Novenber 2003 -22 boards, ferrites, sensor elenents,
or varistors. sSeampitebdh has an alkyl group including 1 to 6 carbon
atoms; about 2 to about 10 wt.% of a carboxyl group-
containing ethylenic unsaturated monomer; and about 20
15 to about 50 wt.% of an acrylic acid alkyl ester and/or

a methacrylic acid alkyl ester which has an alkyl group

including 16 or more carbon atoms.

As an acrylic acid ester and/or a methacrylic acid

20 ester (hereinafter also referred to as "(meth)acrylate")
which has a straight-chain alkyl group including 16 or
more carbon atoms as a side chain, a (meth)acrylate which

has a straight-chain alkyl group including 16 to 30 carbon

atoms may be preferably used, e.qg., hexadecyl



Hereinafter, the present invention will be 5 specifically described by way
of illustrative exanples. In the follow ng description, any reference to
"part (s) " neans "part(s) by weight". A Preparation of polynmer 10
(Synthesis Exanple 1) First, 45 parts of dococyl acrylate) 50 parts of

met hyl acrylate, 5 parts of acrylic acid, 2.5 parts of dodecyl nercapt an,
and 1 part of Trigonox 23-Cr70 (Kayaku 15 Akzo K K') werepdixef.: 8heP0 parts
of toluene. The mxture was stirred at 70" C for 4 hours £,Q4RQ %ggbkge t hese
nononers. The resultant polymer had a wei ght average 20 nol ecul ar wei ght of
about 18,000, and a nelting point of 53C1:'(Synthesis Exanple 2) First, 45
parts of dococyl acrylate, 50 parts of Repl acenment Sheet 21 Novenber 2003
-23 nmethyl acrylate, 5 parts of acrylic acid, 5 parts of dodecyl nmercapt an
and 1 part of [ri -C70 (Kayaku zo K K. were mxed in 200 parts
of toluene.'H&ﬁ%?@?%éggaﬁgeétiH%&F%ﬁy 0 CfWﬁthqﬁﬁii?E%'poI?ﬁEPPié-these
5 nononers. Th | yer a wei ght _average | ecul ar wei ght of
about 10, 000, gﬁﬁagyégﬁ??ﬁggﬁogﬁg g?iﬁﬁfqt%ohw§?ﬂ§ﬁggyggﬁfanple 3) First,
45 parts of dococyl acrylate, 50 parts of nethyl acrylate, 5 parts of
acrylic acid, 10 parts of dodecyl mercaptan and 1 part of Trigonox 23-C70

(Kayaku 15 Akzo K K.) r\Welte ey l.uene. - The.m xture was
stirred at 70 C for 4 hours to pol éﬁé%‘gﬁe{%tsl{e}{g%%ﬁ% ot Sfadl Ehalf

5 crystallizable polymers which are obtained from monomers

which have a straight-chain alkyl group including 16 to

30 carbon atoms:

monomer used melting point (TC)
10
Cl6 acrylate 36
Clé methacrylate 26
Cl8 acrylate 49
Cl8 methacrylate 39
i5 C20 acrylate 60
C20 methacrylate 50
C22 acrylate 71
C22 methacrylate 62
C30 acrylate 76
20 C30 methacrylate 68

Examples of (meth)acrylates which have an alkyl
group including 1 to 6 carbon atoms include

methyl(meth)acrylate, ethyl(meth)acrylate,



nononers. The resultant polymer had a wei ght average 20 nol ecul ar wei ght of
about 5,000, and a nelting point of 47°C . (Synthesis Exanple 4) First, 45
parts of dococyl acrylate, 50 parts of Repl acenent Sheet 21 Novenber 2003
-24 nmethyl acrylate, 5 parts of acrylic acid, 1.5 parts of dodecyl mercaptan
and 1 part of Trigonox 23-C70 (Kayaku Akzo K K. ) were mxed in 200 parts
of toluene. The m xture was stirred at 70C for 4 hours tﬁlﬁﬁL gg@'z t hese
5 nmononers. The resultant polyner had a wei ght average @ﬁf Galar ght of
about 30,000, and a nelting point of 54°C . 10 (Synthesis EXANSI'E First,
45 parts of dococyl acrylate, 50 parts ofléethyl acrylate, 5 parts of
acrylic acid, 7.5 parts of propylnercaptan and 1 part of Trigonox 23-C70
(Kayaku 15 Akzo K K. ) were mxed in 200 parts of toluene. The m xture was

stirred at 70Ca£?r ? hogés to polynerize these nononers. The resultant
pol yner had a YA MeF )R PAR bl ecul ar wei gh$obRtHEBOmE tR,)BRE Y lantk A

mel ti ng point ?f %YC . %S nthesis Exanple 6) First, 95 parts of stearyl
acryl ate, 5 part&-ofiry- Eéﬁgdéﬁﬂﬂ%)ﬁﬁEﬁ%aQQ-hbven%@XYQQGch)acrYlate,

cyclohexyl(meth)acrylate, and isoamyl(meth)acrylate.

5 As carboxyl group-containing ethylenic
unsaturated monomer, acrylic acid, methacrylic acid,
crotonic acid, itaconic acid, maleic acid, fumaric acid,
or the like may be used, with acrylic acid being
particularly preferable.

10
The side-chain crystallizable polymer contains
the following components: about 40 to about 70 wt.% of
an {meth)acrylate which has an alkyl group including 1
to 6 carbon atoms; about 2 to about 10 wt.% of a carboxyl
15 group-containing ethylenic unsaturated monomer; and
about 20 to about 50 wt.% of an (meth)acrylate which has

an alkyl group including 16 or more carbon atoms.

Preferably, the side-chain crystallizable

20 polymer contains the following components: about 45 to
about 60 wt.% of an (meth}acrylate which has an alkyl
group including 1 to 6 carbon atoms; about 3 to about 7 wt.%

of a carboxyl group-containing ethylenic unsaturated

monomer; and about 35 to about 50 wt.% of an



-25 acrylic acid, 5 parts of dodecyl nercaptan and 1 part of Kayaester HP-70
(Kayaku Akzo K K.) were m xed. The m xture was stirred at 80C for 5 hours
to polynerize these nononers. The resultant polyner had a wei ght average 5
nol ecul ar wei ght of about 8,000, and a nelting point of 50C. (Synthesis
Exanple 7) First, 92 parts of 2-ethyl hexylacrylate, 8 parts 10 of

2- hydroxyet hyl acrylate, and 0.3 parts of Tri gonox 23'C7QG$5@MQ&HSﬁ%FO K. K

) were mxed in 150 parts of ethyl acetate/heptane (70/3Q)Novi &H@26 ure was
stirred at 55C for 3 hours, and thereafter heated to 80 C, and 0.5 parts of
Kayaester HP-70 was added. The mixture wak®stirred 15 for 2 hours to

pol yneri ze these nononers . The resultant polyner had a wei ght average

nol ecul ar wei ght of about 600,000. S. Preparation of an adhesive tape for

tenporary 20 a f .ceram | ectroni evices. (Exanple 1) To the
pol yner solutiQﬁggﬁ?gﬁkﬁggtgbﬁiﬂﬁiﬂggfcSPdF& Yﬁogé?ﬁﬁh ol lids tP and 7
above, Coronat C t Sheet 21 Novenber 2003 -26 L45 (N ppon

Pol yur et hane I%%u%%?ggng?%BFh.) was added as a cross-1linking agent) so

that 1.0 parts of Coronate L45 was present for 100 parts of the polyner.
Then, the polymer solution was applied by using a roll coater on 5 a

surface of a polyethylgpe &n%tﬁ?@té@lﬁﬁél?_ égg%aﬂ agigog%’é%gl%frgrrpnt \ghﬁiﬁg:]a:];d

been subjected to a corona treatnent. Thus, an adhiesive

attachment swi tdutied 2b8asGsb8 2k 1 oHAVL WEEPAGHY £ LRE AdNES v Laver

(thickness: about 30 um) was obtained.” 1 e wi'ng ev

were perfor med fwe . & he st 3 AINESineg-d 308 ff Y salhaghpent .
(1) Peeling force 15 A 180 peeling force ofgthgeggﬁgsfgéoﬁgbg ﬁgﬁghﬁgsured

With respect tabdiuS 2M060! €] Nthd batSi &21071y Thee FEASHISNERLS VBT .t aken at
23°C and 60 C, respectively. (2) Residue aft%rﬁpeellng v ae’STae.

to about 15 wt.%. The aforementioned effects provided

by the polymer cannot be exhibited if the polymer is

10 contained in an amount less than 1 wt.$% or more than

30 wt.%.

When the side-chain crystallizable polymer

contains as a component less than 25 wt.% of an

15 (meth)acrylate which has an alkyl group including 1 to
6 carbon atoms, substantial residues are left on the
material (device). On the contrary, when it is more than

70 wt.%, temperature sensitiveness tends to be reduced.

20 The specific molecular weight of the
crystallizable polymer to be used is an important factor
that determines the manner in which the adhesive
composition used in the present invention exhibits

temperature-dependent tackiness and/or adhesion binding



20 As a result of checking the residue after peeling using a Fourier
transforminfrared spectrophotoneter, it was confirnmed that the residue was
mainly a side-chain crystallizable polynmer. Therefore, the contam nating
properties with respect to the work were eval uat ed Repl acenent Sheet 21
Novenber 2003 -27 according to the transmttance |evel. The neasurenents

were taken by the follow ng method. MEASUREMENT DEVI CE Hf. )R-
manuf actured by 5 SH MADZU CORPORATI ON MEASUREMENT METHOY TI ONS

) Preparation of a test piece for IR neasurenment 10 i) Using a glass plate
as a material, the adhesive tape was pres$fire-attached onto the glass plate

by allowing a rubber roller (width: 45 mm |oad: 2 kg) to reciprocate
thereon four tines at 23 C. 15 ii) After the attachnment, the test piece was

l eft intact fogtggnnk utes. Jii), The glass plate was then put on a hot
pl ate whi ch was preshedted atP lcahlYyef @ i kQUft TBLegHaBNer WROLJ0L

mnutes. iv) TR g i,ve.t.ape s peel e and the glass plate was used as
a test piece fo%yg Q%éééﬁ%@ﬁgﬁﬁ%am r wif1l fose bonding strength when

heated. For example, the adhesion strength when heated

at 60C is decreased by 90% or more from the adhesion

5 strength (peeling force) at room temperature (23°C) (the
detajiled adhesion strength test conditions will be

described later).

Accordingly, the weight average molecular weight

10 of the polymer is preferably about 3,000 to about 25,000,
and more preferably about 4,000 to about 15,000. If the
weight average molecular weight of the polymer exceeds
about 25,000, there is an insufficient decrease in
tackiness responsive to heating. If the weight average

15 molecular weight of the polymer is less than about 3,000,
substantial residue is left after pPeeling, which is not

preferable.

The adhesive composition according to the present

20 invention may be obtained by admixing a pressure-
sensitive adhesive and a crystallizable polymer in a
compatible solvent, and adding optional components
thereto, e.g., plasticizers, tackifiers, fillers,

Cross-linking agents and the like. The solid contents



Repl acenent Sheet 21 Novenber 2003 -28 11) Measurenent of IR i) Set the
test piece, and neasure its transmttance. 5 ii) Fromthe neasurenent
result, confirmthat the residue after peeling is nmainly a side-chain
crystallizable polyner. iii) Make a determ nation based on 10 transm ttance
of v (CH2) at 2920 cm 1 which derives fromthe side-chain crystallizable

polymer. Defining the residue of Conparative Exanple 3 ag, me?§ﬁb resi due
anount was subjected to a relative 15 eval uati on. (Exan%?é& m qzaéiesive
tape for tenporary attachment was obtained in a manner simlar Y6 anple 1
except that 20 instead of the polyner sotliton obtained according to
Synthesis Exanple 1, the polynmer solution obtained according to Synthesis
Exanpl e 2 was used. The peeling force of the resultant adhesive tape

Repl acenent Sheet 2%.h%éegpgr 2003 -29 for tenporary attachnment and the
residue after PB8IFAGUREFE LPafudLBYTEA ¥1FERRI Yoi @Ncatheo mExdmalee i

(Exanple 3) 5 adhesi ve. tape.for tenporary attachnent was obtained in a
“manner simlar %n%%ar}brf%l]tl l&x%ﬁgio“l NePNt eadrof e F A givi s babibdeison

obt ai ned accorgéggrg80§é§¢Qg%%§§§§£gygggétegge pol ymer sol uti on obtai ned

according to Synthesis anpl-e

5 Examples of tackifiers include special rosin
ester type tackifiers, terpene phenol type tackifiers,
petroleum resin type tackifiers, high hydroxyl value
rosin ester type tackifiers, hydrogenated rosin ester
type tackifiers, and the like.

10
Fxamples of cross-linking agents include:
isocyanate-type compounds such as
tetramethylenediisocyanate, hexamethylenediisocyanate,
an adduct obtained by adding three tolylenediisocyanates
15 to trimethylolpropane, or polyisocyanate; epoxy-type

compounds such as sorbitol polyglycidylether,

polyglycerol polyglycidylether, ‘pentaerythritol
polyglycidylether, diglycerol polyglycidylether,
glycerol prolyglycidylether, heopentylglycol
20 diglycidylether, or resorcin diglycidylether:

aziridine-type compounds such as trimethylolpropane-
tri-f-aziridynyl propionate, tetramethylolmethane-
tri-f-aziridynyl propionate, N,N'-hexamethylene-1, 6-

bis(l-aziridine carboxyamide), N,N'-toluene-2,4-bis(1-



The peeling force of the resultant adhesive tape for tenporary attachnent
and the residue after peeling were evaluated in a manner simlar to Exanple
1. 15 (Conparative Exanple 1) An adhesive tape for tenporary attachnment was
obtained in a manner simlar to Exanple 1 except that instead of the

pol ymer sol uti on obtained according to Synthesis Exanple 1, the pol yner

sol ution obtained 20 according to Synthesis Exanple 4 wa ﬁ%ﬂmﬂ Q peel i ng
force of the resultant adhesive tape for tenporary attac ggnl éiﬁb
residue after peeling were evaluated in a nmanner simlar to ﬁx

Repl acenent Sheet 21 Novenber 2003 -30 (C%ﬁparatlve Exanpl e 2) An adhe5|ve
tape for tenporary attachnent was obtained in a manner simlar to Exanple 1
except that 5 instead of the polyner sol uti on obt ai ned according to

Synthesi s Exanpberlgihbe Pelyie Wwjon o n ccordin nt hesi s
Exanpl e 5 was useﬁ +he pe%llng rcee8F th %ilﬁAéhﬁ %&?T p% 10 for

tenporary attaghgeptazangdigh r & peeling were evaluated in a
manner sinil ar tg?Exgnp e se erWbéeﬁXaingiﬁ EAmest e g0l yer
le 1, the_pol ymer solution

sol ution obtai pgg. g5(§gﬁg£ﬁ%fgzi S%béég%% afy Bedapdpes tape

obt ai ned according to Synthesrs
Coronate L45 (ébﬁpaanﬁglgubgtggn%é ﬂ&#%ﬂet y%hg mL was addeg %%ﬁ?' g
mer . ie

cross-1inking agent to 100 parts of the po is m
by using a5rolhay be used alone, or two or more kinds of them may be

used in combination. The cross-linking agent is
contained preferably in an amount of 0.1 to 5 parts by
weight, and more bpreferably 0.1 to 3 parts by weight, with
respect to 100 parts by weight of the base polymer.
10
In order to provide a temperature-active adhesive
composition on a substrate film, a knife coater, a roll
coater, a calender coater, a comma coater, or the like
is often used in general. Depending on the thickness of
15 the coating and the viscosity of thé material, a gravure
Ccoater or a rod coater may be used. The adhesive
composition may be applied by being transferred from a
releasesheet,asjjlthemannaroftransferprinting. The
composition may be applied neat (i.e., without anything
20 else), orinasuitable solvent, or as an emulsion or latex.
Thus, an adhesive layer is formed from the adhesive

composition.

In terms of prevention of contamination during



20 coater on a surface of a PET film (about 100 um) which had been
subjected to a corona treatnent. Thus, an adhesive tape for tenporary

attachment with a rel ease sheet, having an acrylic-type adhesive | ayer
(thickness: about 50 un) was obt ai ned. Repl acenent Sheet 21 Novenber 2003

-31 The peeling force of the resultant adhesive tape for tenporary
attachment and the residue after peeling were eval uated gdhReMBRRRL: S| M | ar

to Exanple 1. 5 These results are shown in Table 1. Tablg NoBrbEoGyirer Peen
ng force (g/25 m)R~i ~0 yner Mol ear| ar Redacti onaft er oa~osi ti on~~t 23C 60Cr at e

of forcepeelingEx.| A=45/50/5/2.518, 0002001§-30
085~10Ex. 2A=45/ 50/ 5/ 510, 000160 g 10 g94~10Ex. 3A=45/50/ 5/ 105, 000160 g 6
g96~10ConpA=45/ 50/ 5/ 1. 530, 000170 g 70 g59~10Ex. | ConpB=45/50/5/7. 52, 500160 ¢

8 g95~80Ex. 2Ca = 5/.58,000180 .9 .8 .g96~1Q0Ex. 3 Pol yner conposition 10
A=C22A/ CLA AN %?ggagjﬁzﬁfzﬁ%i‘%ﬁk%éséisgfé%wm CiIshsapcsisinapie to
Conparative Ex AL to,Jow 15 t erature sensitiveness, the
reducti on rateéo Egl%gegﬁggﬁgﬂéigéetgdﬁggFﬂﬁb LYPEWYidht AniSeREIAT N t he

work surface V\@ﬁtihsghgbéc?ﬂgggvéoj[agggpfsr ae}&ﬁ/greEéatrg)lt%Se %e%r}.%es . The

separator can be made of paper, a plastic film such as
5 a polypropylene film or a polyester film, or a thin
flexible leaf of metal foil or the like. The separator
is subjected to a surface treatment with a release agent

25 necessary so as to be rendered easy to peel.

10 Next, a method for producing a ceramic multilayer

capacitor as an example of a device will be described.

First, a slurry of ceramic powder is thinly spread

out with a doctor blade to make a ceramic green sheet,

15 and electrodes are printed on the surface of the green
sheet. Then, a number of such green sheets are laminated

and integrated so as to forma green sheet laminate. Next,

the laminate is heated and affixed on a base via the
adhesive tape according to the present invention. Since

20 the temperature at this time is relatively low (e.g.,
about 20C to about 40°C), the laminate adheres well to

the adhesive layer of the adhesive tape.

Next, the laminate is heat-pressed and cut. At



Repl acenent Sheet 21 Novenber 2003 -32 3. In contrast, Exanples 1 to 3 were
excellent in terns of releasability as well as contam nating properties
after heating (60C ), and yet the initial adhesion strength (23 C was
enhanced. 5 | NDUSTRI AL APPLI CABILITY There is provided an adhesive tape for
tenporary attachnment of devices, such that a sufficient adhesion strength

for not causing scattering or dislocation of 10 chips i i bl ntil a
step of cutting the green sheets is performed and that 2ﬁﬁgﬁégt§§§$fn t he

adhesion strength is realized when peeling off the works so ?ﬁa Interl ayer
destruction does not occur and no residue¥-are |eft. Repl acenent Sheet -
33 - 21 Novenber 2003 AMENDED CLAI M5 1. (Anmended) An adhesive tape for
tenporary attachment conprising a substrate filmand an adhesive | ayer
provi ded on at | east,  one face of the substrate film the adhesive |ayer
conpri si ng an H¥h&st¥Be cotPBsYeFhs, deneohdnesilvefEoihespihesiveniayeimg a
pressure-sensitive adhesive and a side-chain crystallizable polyner,

wherei n the si%e-ThairfRiyeTLPRi 9RbPeapB| YRErN; shests Ab@t Aan Fetomoner

m xture conpri,sin bouj .40 to abouyt 70 wt.% of an acrylic acid alkyl ester
and/or a nethé%?y??g'acéﬁtﬁFk?Iqﬁﬁgﬁr Fcheha®is Landnate oghirAcREgi ng 1
to 6 carbon at bout 2.to about 10 wt.% of a carboxyl group contai ning
et hyl eni ¢ unsg$%§5?§ ﬁn%% rMaRBSat %@qu%ﬂﬂﬁﬁaQﬁ)V&F ofT&nT&RPYELC aci d
al kyl estegk a t .ic acid al kyl. ester_which has an al kyl group
i ncl udi ng %6 oﬂ%‘orghgr%gﬁéé#%ﬁs?t?%%' polt%’FeﬁggeE'me?ﬁﬁt wRrigare

o ecular veldhuy poaheut. 090,10 4Rt 2%, 800, LBEBdles] o 3t enot

of the adhesive conposition w arnlfessTsteer _
Stainl oss Steal o g P5Bee0% T hEer PR foREs BUTA RN aFoPh dachimen:
according to heated at a predetermined temperature or above as
mentioned above, whereby the work can be easily peeled
10 off the adhesive tape. Thereafter, the works are
sintered, and external electrodes are formed on end faces

of the works, whereby chip-type multilayer ceramic

capacitors are obtained.

15 As for methods for heating the adhesive tape, the
tape or aretention member (base) for the tape may be heated

by the following methods, for example:

placing the tape or the retention member on a hot

20 plate, blowing hot air over it (e.g., from an air heater
or a drier), placing it in an oven, blowing steam over

it, applying radiowaves to it for heating, or using a Jamp

(infrared or far-infrared).



Repl acenent Sheet 21 Novenber 2003 - 33/1 claim1l, wherein the adhesive
conposition contains about 1 to about 30 w. o of the side-chain
crystallizable polyner on the basis of the adhesive conposition.

Repl acenent Sheet 21 Novenber 2003 - 34 3. An adhesive tape for tenporary
attachnent according to claim1, wherein the adhesive conposition is of
such a nature that the adhesive conposition easily peel spQfifehigsigyi ce at
about 35C or above. 4. An adhesive tape for tenporary atjlq@gwﬁggrzg?gcordi ng
to claim1, wherein the side-chain crystallizable polyner has a nelting
poi nt occurring within a tenperature ramgelnarrower than about 350C. 5.
(Del et ed) Repl acenment Sheet - 3 5 - 21 Novenber 2003 TITLE : "ADHESI VE

TAPE FOR TEMPORARY- ATTACHMVENT OF DEVI CES" An adhesive tape for tenporary
attachnment of a device,.inc] udes supstrate fil mﬁr.:g an adhesive | ayer 5

provided on at |east oSS JeC%*EYheigujt%tprraﬁfeerfq th@ RS/ grrEPer i s
conposed of an_adhesi ve conmpasition, the aghesi ve conposition containing a
pressure-sensiﬁllz"i"/‘:‘éjgla%‘hre?fa g?"d’r?de egitﬁé’p&ﬁaaﬁv(’zflﬁﬁﬁ? ﬁﬂkeaﬁld@eﬁdi%??ﬁhe
side-chain cry, ' | vmer .1 S _obtai ned fr a .10 nononer m xture
conpri si ng: ab%’?kélééé?%i %bg(gF%?Ea\}\:ﬁur% 8 1chs 'below the me1ting point

of the polymer used, and to peel the chip off the adhesive

5 tape surface at a temperature which is equal to or greater

than the melting point of the polymer after the cutiing.

Moreover, it is preferable to ensure that the

peeling force is reduced to about 10% or less at a

10 temperature which is equal to or greater than the melting
point of the side-chain crystallizable polymer. 1In other
words, 1t is preferable that the adhesion strength of the
adhesive composition with a stainless steel plate when
heated to about 35C or above is about 10% or less of the

15 adhesion strength with a stainless steel plate at about

23T, or about 10 g/25 mm or less.

Although multilayer ceramic capacitors are
illustrated above as devices, the present invention is

20 not limited thereto. The present invention is applicable
to, for example, an adhesive tape for temporary attachment
which is to be used in a step of cutting green sheets for
ceramic electronic devices into a number of chips during

the production of fine ceramic devices such as IC circuit



an acrylic acid alkyl ester and/or a nethacrylic acid al kyl ester which has
an al kyl group including 1 to 6 carbon atons; about 2 to about 10 w.% of a
car boxyl groupcontaining ethylenic unsaturated nononer; and about 20 15 to
about 50 wt.% of an acrylic acid al kyl ester and/or a nethacrylic acid
al kyl ester which has an al kyl group including 16 or nore carbon atons. The
pol ymer has a wei ght average nol ecul ar wei ght of about RRHNQ.tdt gheut 25 ,
000 . Since the adhesive tape has a good tackiness with 3Qiesheshyt 0 the
device at a | ow tenperature, the device can be processed (e.g. , cut) or
transferred by fixing the device on the adhesi ve tape at a | ow tenperature.
When peeling the device off the adhesive tape, the adhesive tape is heated
to a predeternined tenperature or above Repl acenent Sheet 21 Novenber
2003 -36 so t e device can be easily peeled off the adhesive tape.
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(Synthesis Example 1)

First, 45 parts of dococyl acrylate, 50 parts of
methyl acrylate, 5 parts of acrylic acid, 2.5 parts of
dodecylmercaptan, and 1 part of Trigonox 23-C70 (Kayaku

15 Akzo K.K.) were mixed in 200 parts of toluene. The

mixture was stirred at 70°C for 4 hours to prolymerize these

monomers.

The resultant polymer had a weight average
20 molecular weight of about 18,000, and a melting point of

53C.

(Synthesis Example 2)

First, 45 parts of dococyl acrylate, 50 parts of
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The resultant polymer had a weight average

molecular weight of about 10,000, and a melting point of

50C.
10
(Synthesis Example 3)

First, 45 parts of dococyl acrylate, 50 parts of
methyl acrylate, 5 parts of acrylic acid, 10 parts of
dodecylmercaptan and 1 part of Trigonox 23-C70 (Kayaku

15 Akzo K.K.) were mixed in 200 parts of toluene. The

mixture was stirred at 70C for 4 hours to polymerize these

monomers.

The resultant polymer had a weight average
20 molecular weight of about 5,000, and a melting point of

47C.

(Synthesis Example 4)

First, 45 parts of dococyl acrylate, 50 parts of
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methyl acrylate, 5 parts of acrylic acid, 1.5 parts of
dodecylmercaptan and 1 part of Trigonox 23-C70 {Kayaku
Akzo X.K.) were mixed in 200 parts of toluene. The

mixture was stirred at 70°C for 4 hours to polymerize these

5 monomers.

The resultant polymer had a weight average
molecular weight of about 30,000, and a melting point of
54C.

10
(Synthesis Example 5)

First, 45 parts of dococyl acrylate, 50 parts of
methyl acrylate, 5 parts of acrylic acid, 7.5 parts of
propylmercaptan and 1 part of Trigonox 23-C70 (Kayaku

15 Akzo K.K.) were mixed in 200 parts of toluene. The
mixture was stirredat 70C for 4 hours to polymerize these

monomers.

The resultant polymer had a weight average
20 molecular weight of about 2,500, and a melting point of

47°C.

(Synthesis Example 6)

First, 95 parts of stearyl acrylate, 5 parts of
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acrylic acid, 5 parts of dodecylmercaptan and 1 part of
Kayaester HP-70 (Kayaku Akzo K.K.) were mixed. The
mixture was stirred at 80°C for 5 hours to polymerize these
monomers. The resultant polymer had a weight average
5 molecular weight of about 8,000, and a melting point of

50C.

(Synthesis Example 7)
First, 92 parts of 2-ethylhexylacrylate, 8 parts
10 of 2-hydroxyethylacrylate, and 0.3 parts of Trigonox
23-C70 (Kayaku Akzo K.K.) were mixed in 150 parts of ethyl
acetate/heptane (70/30). The mixture was stirred at 55C

for 3 hours, and thereafter heated to 80, and 0.5 parts

of Kayaester HP-70 was added. The mixture was stirred
15 for 2 hours to polymerize these monomers. The resultant
polymer had a weight average molecular weight of about

600,000.

B. Preparation of an adhesive tape for temporary

20 attachment of ceramic electronic devices.

(Example 1)
To the polymer solution which was obtained

according to Synthesis Examples 1 and 7 above, Coronate
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L45 (Nippon Polyurethane Industry Co., Ltd.) was added
as a cross-linking agent, so that 1.0 parts of Coronate
L45 was present for 100 parts of the polymer. Then, the
pelymer solution was applied by using a roll ceoater on
5 a surface of a polyethylene terephthalate (PET) film
{about 100 #m) which had been subjected to a corona
treatment. Thus, an adhesive tape for temporary
attachment with a release sheet, having an acrylic-type

adhesive layer (thickness: about 30 fm) was obtained.

10
The following evaluation tests were performed for

the resultant adhesive tape for temporary attachment.
(1) Peeling force

15 A 180° peeling force of the adhesive tape was
measured with respect to 8US, according to JISC2107. The
measurements were taken at 23C and 60T, respectively.
(2) Residue after peeling

20 As a result of checking the residue after peeling

using & Fourier transform infrared spectrophotometer, it
was confirmed that the residue was mainly a side-chain
crystallizable polymer. Therefore, the contaminating

properties with respect to the work were evaluated
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according to the transmittance level. The measurements

were taken by the following method:

MEASUREMENT DEVICE FT-IR-8200PC, manufactured by

5 SHIMADZU CORPORATION
MEASUREMENT METHODS AND CONDITIONS

I) Preparation of a test piece for IR measurement

10 1) Using a glass plate as a material, the adhesive
tape was pressure-attached onto the glass plate by
allowing a rubber roller (width: 45 mm:; load: 2 kg) to

reciprocate thereon four times at 23TC.

15 ii) After the attachment, the test piece was left

intact for 20 minutes.

iii) The glass plate was then put on a hot plate

which was pre-heated at 60°C, and left intact for another

20 20 minutes.

iv) The adhesive tape was peeled, and the glass

plate was used as a test piece for IR measurement.
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IT) Measurement of IR
i) Set the test piece, and measure its
transmittance.
5 ii) From the measurement result, confirm that the

residue after peeling is mainly a side-chain

crystallizable polymer.

iii) Make a determination based on the

10 transmittance of v (CH,) at 2920 cm’ which derives from

the side-chain crystallizable polymer.

Defining the residue of Comparative Example 3 as
100, each residue amount was subjected to a relative

15 evaluation.

(Example 2)
An adhesive tape for temporary attachment was
obtained in a manner similar to Example 1 except that
20 instead of the polymer solution obtained according to
Synthesis Example 1, the polymer solution obtained

according to Synthesis Example 2 was used.

The peeling force of the resultant adhesive tape
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for temporary attachment and the residue after peeling

were evaluated in a manner similar to Example 1.

{Example 3)

5 An adhesive tape for temporary attachment was
obtained in a manner similar to Example 1 exXcept that
instead of the polymer solution obtained according to
Synthesis Example 1, the polymer soclution obtained
according to Synthesis Example 3 was used.

10
The peeling force of the resultant adhesive tape
for temporary attachment and the residue after Peeling

were evaluated in a manner similar to Example 1.

15 (Comparative Example 1)

An adhesive tape for temporary attachment was
obtained in a manner similar to Example 1 except that
instead of the polymer solution obtained according to
Synthesis Example 1, the polymer solution obtained

20 according to Synthesis Example 4 was used.

The peeling force of the resultant adhesive tape
for temporary attachment and the residue after peeling

were evaluated in a manner similar to Example 1.

'S
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(Comparative Example 2)
An adhesive tape for temporary attachment was
obtained in a manner similar to Example 1 except that
5 instead of the polymer solution obtained according to
Synthesis Example 1, the polymer solution obtained

according to Synthesis Example 5 was used.

The peeling force of the resultant adhesive tape
10 for temporary attachment and the residue after peeling

were evaluated in a manner similar to Example 1.

(Comparative Example 3)
Instead of the polymer scolution obtained
15 according to Synthesis Example 1, the polymer solution
obtained according to Synthesis Example 6 was used, and
0.3 parts of Coronate L45 (Nippon Polyurethane Industry
Co., Ltd.) was added as a cross-linking agent to 100 parts
of the polymer. This mixture was applied by using a roll
20 coater on a surface of a PET film (about 100 4m) which
had been subjected to a corona treatment. Thus, an
adhesive tape for temporary attachment with a release
sheet, having an acrylic-type adhesive layer (thickness:

about 50 4 m) was obtained.
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The peeling force of the resultant adhesive tape
for temporary attachment and the residue after peeling

were evaluated in a manner similar to Example 1.

5
These results are shown in Table 1.
Table 1
Peeling force 25 mm i
Pol Polymer g fo (g/ ) | Residue
ition Molecular Reduction after
Pos weight | 23°C  60°C| rate of force| peeling
Ex.1 A=45/50/5/2.5 18,000 200g 30 g 85% 10
Ex.2 | A=45/50/5/5 10,000 160 g 10 g 94% 10
Ex.3 A=45/50/5/10 5,000 i60g 6g 96% 10
Camp | A=45/50/5/1.5 30,000 170 g 70 g 59% 10
Ex.1
Conp B=45/50/5/7.5 2,500 l60g 8g 95% 80
BEx.2
Camp C=95/5/5 8,000 180g 8g 96% 100
Ex.3
Polymer composition
10 A=C22A/Cl1A/AA/C12SH

B=C22A/ClA/AA/C3SH
C=Cl8A/AA/C12SH

According to Comparative Example 1, due to low
15 temperature sensitiveness, the reduction rate of force
responsive to heating is low. Contamination on the work

surface was also observed for Comparative Examples 2 and

10
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3. In contrast, Examples 1 to 3 were excellent in terms
of releasability as well as contaminating properties
after heating (60°C ), and yet the initial adhesion

strength (23C) was enhanced.

INDUSTRIAL APPLICABILITY

There is provided an adhesive tape for temporary
attachment of devices, such that a sufficient adhesion
strength for not causing scattering or dislocation of
chips is exhibited until a step of cutting the green sheets
is performed and that a reduction in the adhesion strength
is realized when peeling off the works so that interlayer

destruction does not occur and no residues are left.
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AMENDED CLATMS

1. (Amended) An adhesive tape for temporary attachment
comprising a substrate film and an adhesive layer provided
on at least one face of the substrate film,

the adhesive layer comprising an adhesive composition,
the adhesive composition containing a bPressure-sensitive
adhesive and a side-chain crystallizable polymer, wherein
the side-chain crystallizable polymer is obtained from a
monomer mixture comprising about 40 to about 70 wt.$% of an
acrylic acid alkyl ester and/or a methacrylic acid alkyl
ester which has an alkyl group including 1 to 6 carbon atoms,
about 2 to about 10 wt.% of a carboxyl group containing
ethylenic unsaturated monomer, about 20 to about 50 wt.&%
of an acrylic acid alkyl ester and/or a methacrylic acid
alkyl ester which has an alkyl group including 16 or more
carbon atoms: the polymer has a weight a&erage molecular
weight of about 3,000 to about 25,000:; and the adhesion
strength of the adhesive composition with a stainless steel
plate when heated to about 35C or above is about 10% or less

of an adhesion strength with the stainless steel plate at

23C.

2. An adhesive tape for temporary attachment according to
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claim 1, wherein the adhesive composition contains about
1 to about 30 wt.% of the side-chain crystallizable polymer

on the basis of the adhesive composition.
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a melting point occurring within a temperature range

narrower than about 35T.

5. (Deleted)



# 10% &

()-

| S9s109% & ()- |< fd10% & ()- |< |GLO% & ()- |Y v *109% & ()-

| @O% & ()-A[:bUA”; 11 | FIOWB& ()- | FLO%W& ()- 110N & ()- I<
*10% & ()- |

18 () -

| & ()-1
10% CL&

1 LP109B" & ()-$1010101 | h109%& ()-. |10%& (3

1> 109%8" & ()-| Iv'10°/<3"&'() | clO%S"&'()-I | 6M 1098" & ()- |< d10°/<8"&'()

| c109% -
| Lc10%.cL& () -

| V1I0% | & ()-=NvU4r; 1 | OLCLOY () - ||10%&'() 1%3%;%% gl_cu

()-

F10% & ()-' 1109 & ()- *+, -ivuar: 1 1110% 1& ()- |10%
1& ()- I'|v&10% 1& ()-10110110!" | (110% & ()->vU4r; 1
| 110%.cL& ()-101 1101 1101 11 14\10% |& ()- |@ 10%

#10%.cL& ()-' | 910%.cL& (%. pl} 5\{304/& -

101098" & ()-}$\|[: vUar |P\/|10%3"&'£ | -c1098" & ()- |+c1098" & () -

) c1098" & () -
| @0% & () -

& ()-

10

15

20

. 0.[[’ E o
|10(?"%ﬁ2 %§%§§¥¥5Es

An adhesive tape for temporary attachment of a
device includes a substrate film and an adhesive layer
provided on at least one face of the substrate film. The

adhesive layer is composed of an adhesive composition,

the adhesive composition containing a pressure-gensitive

adhesive and a side-chain crystallizable polymer. The
side-chain crystallizable polymer is obtained from a
monomer mixture comprising: about 40 to about 70 wt.$% of
an acrylic acid alkyl ester and/or a methacrylic acid
alkyl ester which has an alkyl group including 1 to 6 carbon
atoms:; about 2 to about 10 wt.% of a carboxyl group-
containing ethylenic unsaturated monomer:; and about 20

to about 50 wt.% of an acrylic acid alkyl ester and/or

‘a methacrylic acid alkyl ester which has an alkyl group

including 16 or more carbon atoms. The polymer has a
weight average molecular weight of about 3,000 to about
25,000. Since the adhesive tape has a good tackiness with
respect to the device at a low temperature,'the device
can be processed (e.g., cut) or transferred by fixing the
device on the adhesive tape at a low temperature. When
Peeling the device off the adhesive tape, the adhesive

tape is heated to a predetermined temperature or above
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so that the device can be easily peeled off the adhesive

tape.



