; e3e%6% ./, 2] 2: 566TZ6} Repl acenent Sheet 4 Decenber 2003 -1 DESCRI PTI ON
ADHESI VE TAPE FOR TEMPORARY- ATTACHVENT OF GREEN SHEETS FOR CERAM C
ELECTRONI C DEVI CES AND METHOD FOR PRODUCI NG CERAM C ELECTRONI C DEVI CES
TECHNI CAL FI ELD 10 The present invention relates to an adhesive tape for
tenporary attachment, used during the production of ceramc electronic
devices, e.g., multilayer ceram c capacitors, nultil ayer Repluéamicet $hacuct or s,
resistors, ferrites, sensor elenments, therm stors, vari stadngceier 2603

pi ezoel ectric ceramcs, and in particular-¥or use in a step of cutting a
green (i.e., unprocessed) sheet of ceramc into a nunber of chips. 20
BACKGROUND ART For exanple, a nmultilayer ceram c capacitor may be produced
through the followi ng steps. A slurry of ceram c powder is thinly spread
out Repl acement Sheet 4 Decenber 2083CRIRFEONa doctor blade to nake a
ceram c green sheet. After a plurality of electrodes are printed on the
surface of the green sheet, a nunber of such green sheets are | am nated and
integrated so orma _green sheet 5 |am nate. Next, after the |am nate
isinitially h%%’i*EEF}éEsE&PEt FOR FRMRARARY- ATTACHMENRGOFUGREFN SHEETS
transverse directions with_a cutting tool such as a dicer or a guillotine
bl ade to obtain a nunmber of OBefH G Bt ERENT EsDEVREES chips (al so
referred t@ as 10 "works") are then sintered, and external electrodes are
formed on énd faces of the resultant chi 6‘§D In the af orerrenti oned step of

obtaining an inte of cutt the | am nate 15
into green chips, ﬂg%t‘g‘rg’ ﬁ%ﬁ@@@fgépgﬁg%pﬂ? 15'119?&5[' IaF PRBBIEEF 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 of peeling, it is necessary to reduce the adhesion 20 strength between
the works and 't he adhesive tape. |If the adhesion strength cannot be

adequat el y reduf@ihT¢ie ﬁggtgmnng probl ems may occur. ( 1) Since the
| am nate itself has not been sintered yet,

10 The present invention relates to an adhesive tape
for temporary attachment, used during the production of
ceramic electronic devices, e.dg., multilayer ceramic
capacitors, multilayer ceramic inductors, resistors,
ferrites, sensor elements, thermistors, varistors, or

15 piezoelectric ceramics, and in particular for use in a

step of cutting a green (i.e., unprocessed) sheet of

Ceramic into a number of chips.

20 BACKGROUND ART

For example, a multilayer ceramic capacitor may

be produced through the following steps.

A slurry of ceramic powder is thinly spread out



Repl acenent Sheet 4 Decenber 2003 -3 the adhesi on between the respective

| ayers may be insufficient. Therefore, when the chips are peeled off the
surface of the adhesive tape, interlayer peeling nay occur within the

| am nate due to an excessively strong 5 adhesion strength of the adhesive
tape. (2) Even if interlayer peeling does not occur, the adhesive |ayer may
be left as a contam nant on the bottomof a chip. As a r@gphdeeMi®pRet he
chips are sent to a 10 subsequent process, the contanm nanf pDIByHeAMURE

bl ocking. As the residue of the contami nani_-is al so subjected to sintering,
voi ds or cracks may occur due to the sintering of an organic material. 15
Thus, the reliability and the yield of the product are unfavorably

af fected. Accordingly, as disclosed in Japanese Publication for Qpposition
No. 6-79812, fwithxarpetonrnhliiadiesiake haperahiehgiaehusiesefn aghesive

| ayer of a thermal foam ng type is conventionally used. A foam ng agent is
cont ai ned i n thephdhedivy b&yeldeaftriciies adheyvint@Peon Asha $€Sthte Y
heati ng the adhesive tape after the cutting of a |am nate, the foam ng
agent acts to teducreerRephaednena Shedier Décesbeh 20kn 4shlbetar earef
contact between the adhesive tape and the works, so that the works can be
easi |y peel ed btminpteddlses] vintagrateds ase. asoweveiqrsi aceridem ashestve
tape has a _high foam ng tenperature, there are problens in that a binder

wi thin the? ard#Bivatay evdperxhie abteont henalleamimatwor kiss atiniweidime of
heati ng the adhesive tape, or that the lamnate may fail to attain a

pr edet er mi ned PeREnBESSg6E .10 he Iamivabpodst iwH: oint henpiitddinal cindo a
prelimnary sintering. Mreover, the adhesion strength may not be
adequat el y r edtE@USUEESEAHBRACHAPRSr Wi EBaAian; t oo theml shehwesks dimgemot be
able to be peeled off the adhesive tape. 15 DI SCLOSURE OF THE | NVENTI ON An
adhesi ve tape For 2t por L §13¢ t RdREnt t3f otedm spe@mmtfeyr af caremamic

el ectroni c devjce. according to the 20 present invention conprises a
substrate fil mand ah®a Ve |a§BFSSr o7 4RE oh2dso| cErferheds ake ofs t he

bstrat il i h dhesi I i dhesi
corpos 1140, no R el HtE CoReR T i e 8t affl By tEheds eaee st e
adhesi ve and d &9 E?gleﬁgg%%m%@t H%k}aeeée%%ﬁﬁggggé.mos -S about 30

W.%of a side-chain orys I Zabl € pol ymer r®5f the adhesive
conposi tion.

In the aforementioned step of obtaining an

integrated laminate and the step of cutting the laminate

15 1into green chips, a green sheet .is temporarily fixed on
a 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

of peeling,_ it is necessary to reduce the adhesion

20 strength between the works and the adhesive tape. If the
adhesion strength cannot be adequately reduced, the

following problems may occur.

(1) Since the laminate itself has not been sintered vet,



In the case where adhesive |ayers are provided on 5 both faces of the
substrate film the follow ng pressure-sensitive adhesives may be used as
the pressure-sensitive adhesive on the second face constituting the
adhesive | ayer, for exanple: 10 natural rubber adhesives; synthetic rubber
adhesi ves; styrene/butadi ene | at ex-base adhesi ves; bl ock copol yner type
thernopl astic rubbers; butyl rubbers; polyisobutylene; a@gyhimadles ves;
and vinyl ether copolynmer adhesive conpositions. 15 In ongrrahad} seat, the
side-chain crystallizable polyner conprises-as a nmain conponent an acrylic
acid al kyl ester and/or a nethacrylic acid alkyl ester which has a
straight-chain al kyl group including 16 or nore 20 carbon atons as a side
chain. In one enbodi ment) the adhesive conposition is of such a nature that
the adhesive conpsi widdresiam | pefrerlem othet heegpeeni gheatsydos g cLam c
el ectroni c device Repl acenent Sheet 4 Decenber 2003 -6 at about 35 C or
above. I n one erbpsafiEhcienlte sTHerelfane cwhehathé zabims pale/pee1base f
melting point occurring within a tenperature 5 range narrower than about
15°C. In one enboe semfacmofdhesissihetirendiapesf inheradiyesi peetonpasadi on
with a stainless steel plate when heated to about 35C or above is about 10%
or less of an 1(P%esiBrhie rdwgtlnminate dustto dircexcteslval atstwéng3” C
or about 1Q g/25 mmor less. In one enbodinent, the polyner has a wei ght
aver age nolPecul #RRsEPR strapeth 2L Jo® tadhewive 26ape000. 15 A method for
producing a ceram c electronic device according to the present invention
conprises the steps of: allowing a green sheet |am nate of ceramcs to

adher e

(2) Even if interlaver peeling does not occur, the
adhesive layer may be left as a contaminant on the bottom
of a chip. As a result, when the chips are sent to a
10 subsequentprocess,thecontaminantmaycmusetﬂncking.
As the residue of the contaminant is also subjected to
sintering, voids or cracks may occur due to the sintering

of an organic material.

15 Thus, the reliability and the yield of the pProduct

are unfavorably affected.

Accordingly, as disclosed in Japanese
Publication dfor Opposition No. 6-79812, for example, an

20 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

the cutting of a laminate, the foaming agent acts to reduce



to a base via an adhesive tape; cutting the lamnate into 20 chips; and
peeling the chips off a surface of the adhesive tape while heating the
adhesi ve tape, wherein the adhesive tape conprises a substrate film and an
adhesive | ayer provided on at |east one face of the substrate film the
adhesi ve | ayer conprising an adhesive conposition, the Repl acenent Sheet
4 Decenber 2003 adhesi ve conposition containing a pressungsiahshl $He6
adhesi ve and about 1 to about 30 wt.% of a side-chain crysgtmbliabha

pol ymer on the basis of the adhesive conposition, wherein the side-chain
crystallizable 5 polyner conprises as a main conponent an acrylic acid

al kyl ester and/or a nethacrylic acid alkyl ester which has a
straight-chain al kyl group including 16 or nore carbon atons as a side
chai n, and whetbermrzga afhew onct redngtdn dhet idhadheeitepe amdosié workeg th a
stainless 10 steel plate when heated to about 35C or above is about 10% or
| ess of an adh8si bhatt thagvhrkist hanhbeskeaisillas pestles] qfifittthatade G véd

| am nate which is obtained by |am nating ceram c 15 green sheets with

el ectrodes pri b8R8l sHsf@ee-is affixed to a base via an adhesive tape, and
thereafter the lamnate is cut. Since the adhesive tape provides excellent
tacki ness, the |lam nate cannot be peeled at this tinme. Wen the works are
renoved fromthe adhesive tape after 20 the |lamnate is cut, the adhesive
tape is heated to a prilRiEe¥eRr ned-ieepdhe ureherivgovkare test ehdviginks
can be easily ggeled of f the adhesive tape. Specifically, since an adhesive
conposi ti on PR EnkHIPSRRENT S  DERERSeRT 20PBOR demeoipr tRet 4 pinder

adhesi ve tape 00ﬂ%ai a gressuresensitive adhesi ve and about 1 to about 30
Ww.%of a side®t %’H%% RLPRESHNRY 5313RRT2 bR toneophamd natt e Hee agirdst ve

conposition, th ] de-chain crystallizaple pol .ymer containing as a main
conponent an é%fy?b% Lerg QQQﬁEQ£&%$ gﬁﬂ/& Q?%ﬁﬁQKﬁﬁ®$ic°5c¢ga§lE§F3ester

whi ch h tyai - i | kyl i ncl udi 16 b t

un e o SRS LY L SLRIR I IR G SRt SR o o
i bl 910 I j t f .

11, 18010 BIES i abibY P AR LRECLIBERL o HOT e, 1

arbitrarily selected terperature, resultrng In

tackiness Wt Iu£i06986kq! O Ho£bbberl® ISR NECANER VL AYEL 12

heated to a predetermned tenperature or above, sion

the adhesive |aysfuaedigl Yog8668288% +Deldf Qb £k %éﬂfﬂﬁﬁi "goarfReen

sheet for ceramc electronic devices to the adhesive tape and performng a

cutting 20 pragassiorhie MaphdBbdeatieat €8 50 Héeifddsent Ly I861E2566I S
tackiness with respect to the green sheet for ceram c electronic devices,

whereby the chigzsee (ceram c el ectroni c devices) can be easily peeled off the
t ape. Repl acenment Sheet 4 Decenber 2003 _g_ As used herein, "green sheets
for cerani® el ectronic devices" enconpass both green sheets and green sheet
| am nat es conposed essentially of ceram cs, which are used during the
production of ceram c electronic

DISCLOSURE OF THE INVENTION
Anadhesivetapefortemporaryattachmentofgreen
sheets for a»ceramic electronic device according to the
20 present invention comprises a 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 about 1 to



5 devices, e.g., multilayer ceramc capacitors, nultilayer ceramc

i nductors, resistors, ferrites, sensor elenents, thermstors, varistors, or
pi ezoel ectric cerami cs. According to the present invention, the tackiness
10 of an adhesive tape for tenporary attachment with respect to green
sheets for ceram c electronic devices can be controlled sinmply by changi ng
the tenperature of the adhesive tape. Thus, a |arge adhesicgRcsichesath can
be obtained when tenporarily attaching the green sheets fgmelanseb@i C

el ectronic devices; when a work is to be_senoved, peeling can easily occur
simply by heating. Since the works will not be contam nated, it is possible
to enhance the reliability of ceramc electronic devices. 20 In particular,
by enpl oying a side-chain crystallizable polynmer having a wei ght average
mol ecul ar wei gittont about . 8, HP0a tOi @doLhah, 809 s tiall 11i% WSS i BRbE alp an
adhesive tape for tenporary attachnment which exhibits a significant
decrease in tadke Neasiat ofhe&his rElhe Repd acenpokiBheat. 4 Decenber 2003 -10 5
of heating and which undergoes little change in tackiness with the | apse of
ti me. BEST MODES FOR CARRYI NG OUT THE | NVENTI ON (substrate filn) Exanples
of substrate filnms which can be used for 10 15 the adhesive tape for
tenporary attachment dotdhdi ngseowhheepadsentivenvensionatd e Sbeeis
conposed of a single layer or nultiple layers of a synthetic resin film
havi ng a tRi ckitids ofaagsut of t shebowutEilate e. filmpol yRehykend.owing

pol ypr opyl ene, pol yester, polyam de ethyl ene-vinyl acetate copol yner,

pol ycar bonat e PI&F34epesenfjtiyer yladhesbpos ynmay ety ansedol gpr ompeene
copol yner, polyvinyl chloride. In order to enhance the adhesion with the
adhesi ve 20 | RFFSSUFR-SaRFALAVEl tRANheERYEr atenfi |themy seewubj edcaed to a
corona di scharge treatnent, a plasma treatnment, a blast treatnent, a

cheni cal et chifRPSrEHthiRg, theppohes e kanar, Hertasample: On at | east

one face of such a substrate film an

10 natural rubber adhesives; synthetic rubber
adhesives: styrene/butadiene latex-base adhesives:
block copelymer type thermoplastic rubbers: butvyl
rubbers; polyisobutylene: acrylic adhesives: and vinyl
ether copolymer adhesive compositions.

15

In one embodiment, the side-chain crystallizable
polymer comprises as a main component an acrylic acid
alkyl ester and/or a methacrylic acid alkyl ester which
has a straight-chain alkyl group including 16 or more

20 carbon atoms as a side chain.

In one embodiment, the adhesive composition is of
such a nature that the adhesive composition easily peels

off the green sheets for the ceramic electronic device



Repl acenent Sheet 4 Decenber 2003 -11 adhesive |ayer conposed of an
adhesi ve conposition as described belowis |amnated. The adhesive
conposition nmay contain a side-chain 5 crystallizable polyner having a
nel ting point which occurs within a tenperature range narrower than about
150C , and a pressure-sensitive adhesive. The adhesive conposition is of
such a nature that it exhibits tackiness with respect tom@,gr&giSheet for
ceram c el ectronic 10 devices or other materials to whichfe bfpRdRred at
tenperature T1, while exhibiting a signifigantly reduced tackiness with
respect to the green sheet for ceramc el ectronic devices or other
materials at tenperature T2 which is higher than tenperature Tl by about
15C or nore. 15 (pressure-sensitive adhesive) Exanples of o _
pressur e- sensi &tvabatitesisies ororbaiveed i n t he adhesi ve conposition include
the follow ng pressure-sensitive adhesives, for exanple: 20 natural rubber
adhesi ves; styrene/butadi ene | at ex-base adhesives; ABA bl ock copolymer type
t her nopl astic rubbers (where A represents a thernoplastic polystyrene end
bl ock; and B repr esentinam%l%@fo i“F@p‘Fad?é?fFﬁE@hg_maim Pewyesrtzelr 1 20031 e 12
i i h as pol yi soprene, po ut adi ene or _
Ip(r)]It ;E g?ﬂ;?gﬁeyégi%é%éﬁs, aug%#impm‘ 3 02‘64‘-{111@6' MW térie a dembd s thesi ves
such as polyacrylate and vinyl acetate/acryl ester copolyner; and
vi nyl et her 75 c%%%ﬁ?rr@ﬁ§r§a’@t¥ dha3v13kewYy| #Bihy| et her, pol yvi nyl et hyl et her,
and pol yvinylisobutylether. In particular, the use of acryl type
pressuresensitive adhesives provides interaction with thg FOl ynerdlo such
lymer will be sufficjentl i spersed at a predetermnine _

Lonperature 50 as to chi 28t PRERANEERY Al ARLOBOFprenai oo

| easabi ]} n .0 the predetermned tenperature or above.
I%?g? e;:bfe acr%/‘lliﬁ%?/%ggp(r:gg@érggy ts"é’r?si“ﬁ@ﬁ aaa%%%?‘?ggsﬁr thﬁlcé‘ﬂ‘ﬁ(?&th d"|h.3kn

ially of xXyl, ac ,__hydroxyet hyl. acryl ate, or e like.
SZrergf Ieg t Ker e%%é?%é Pﬁ%@%"%@&?fm‘%’r éag‘rﬂ‘é‘%/rﬁ%ga%lts o“é%ﬁ Cg%lrjt%s?ﬁﬁ/\@rght of
2-et hyl hexyl agqy, and . par bg i ght of 2-hydroxyethy T
acryl at e. igo (si d‘%a% ain c%}é %I%]Q%ggb#%e po‘f%ﬁégj”sﬁ %F‘B‘élcliﬁ]a?ﬁz at-23

crystallizabl epolys®f 16 §2260RkRided ddk t he adhesive conposition
prgf erably has a nelting pg?nt whi ch occurs within a tenperature range

In one embodiment, the polymer has a weight
average molecular weight of about 3,000 to about 25,000.

15
Amethod for producing a ceramic electronic device
according to the present invention comprises the steps
of : allbwing a green sheet laminate of ceramics to adhere
to a‘base‘via:an adhesive tape; cutting the laminate into
20 chips: and peeling the chips off a surface of the adhesive
tapewhileheatingtheadhesivetape,whereintheadhesive
tape comprises 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



Repl acenent Sheet 4 Decenber 2003 -13 narrower than about 15C . As used
herein, the term"nelting point" neans the tenperature at which an

equi l i brium process causes 5 certain portions of a polyner, initially
aligned in an ordered array, to becone disordered. In one enbodinent, the
melting point of the polyner is preferably in the range of about 30C to
about 10 100C, and nore preferably in the range of about m3Biafentd: @ROUL
659C. It is preferable that the nelting occur rapidly, i.@.DeccrEb0o@R
relatively narrow tenperature range which7-s |ess than about 15 C and
preferably | ess than about 10 C. It is preferable that the pol yner 15
crystallizes rapidly. To this end, seeding agents, or crystallization

catal ysts can be incorporated into the polyner. After use, the adhesive

| ayer can be e@Shppipeec|eemposbtionhecontfavingf @ pressusfeatedfoittesani c
el ectronic devices or a chip by heating the adhesive |layer to a tenperature
which is slightfheRiyreandhabaue Lséot abpartatin ewt Theokieat isigld -ermer at ur e
is usually about 40C.to about 100C, preferably about 40C to about 70C,

Repl acement ShEEYShapddémbdie Jpolyner o1 #bee hreier afl ythbowtdisdd vo
about 70C. The side-chain crystallizable polyner contained in the adhesive
conposi tion i ntPHRBE1IEd0R coifbSF&Htn 5 iher evidanchaiyl i erysitaldsitzabaad/ or
met hacryli¢ acid, ester which has a strai ght-chain alkyl group including 16
or nore ca?’bonp%}%'ﬂﬁragoﬁmﬁlﬁé’%@a? n2 R&18n CAmBAnentacan asrydigndloida

met hacrylic ac‘_i1 l{OM]es%er éhgr einafter also. referred to as
"(met h) acryl at eﬂfy PEheRaRNG/ OF r & BRTPERIVA A RPLdAHY ) seitedi Wit or
nore carbon athons as_ si.de .chain, a émeih ac%l ate which has a
strai ght-chain al k¥l gfgl}ﬁ?ﬁtﬁﬁe}l?cﬁrhga BY {95990, Wy udhe Ky OFe more
preferably useéi?] Bof- t%&gh %2 ecgll et éacryl atdg, stearyl {(eret h) acryl at e)
or dococyl (meth)actyfare; %urt et noT e~ 21 e AR IRALR L WAl c RIhES 19
strai ght - chai r Qup +kncl.udi ng. 0 _car.bon atqms, 20 e.q.)
tri acont a( net hrh)tzjjéér?{y %t?egynéc?%alés&g{%%ﬂﬁ%e%gm Srstl% rorporwe];ﬁ? h FEIallE}soieﬁ‘@
nononer s y i f i ditio nmet h) acryl ate whi ch
has a strgiagh%cﬁ?%%ﬁ%?%?%u%géﬁgﬁuggna %ﬁzorsggrércﬁgégﬁ s about

10% or less of an adhesion strength with the stainless

steel plate at 23TC.

A laminate which is obtained by laminating ceramic

15 green sheets with electrodes printed thereon is affixed
to a base via an adhesive tape, and thereafter the laminate

is cut. Since the adhesive tape provides excellent
tackiness, the laminate cannot be peeled at this time.
When the works are removed from the adhesive tape after

20 the laminate is cut, the adhesive tape is heated to a
predetermined temperature or above s0o that the works can

be easily peeled off the adhesive tape.

Specifically. since an adhesive composition



Repl acenent Sheet 4 Decenber 2003 -15 atons as a side chain: at |east one
ki nd of nononer selected fromthe group consisting of: acryl ates,

nmet hacryl ates, 5 acryl am de derivatives, nethacrylam de derivatives, vinyl
et her derivatives, vinyl ester derivatives, or alpha olefins or their
derivatives having an aliphatic group which includes 16 or nore carbon
atoms and at |east a portion of which is fluorinated;, anGeskLydRAeheet
derivatives 10 having an al kyl - group which has 16 or nore s GRLARR, 3§RNS,

etc. In particular, acrylates, nethacrylatgs, acrylam de derivatives,

met hacryl am de derivatives, or 15 the |ike having a straight-chain
aliphatic group including 16 or nore carbon atons are preferable. Mre
preferable are acryl ates, nethacryl ates, acrylam de derivatives,

met hacryl am decémpkyaelaves, Ok neheabhkgibavifih& sbhdlghis chaidl.ald phatic
group including 14 to 20 22 carbon atons. Especially preferable are

acryl ates and sehbaeiykatehdpiNJadastaibiht 1 chal RidPhad i GrIL0WE
including 14 to 18 carbon atons. Furthernore, the follow ng nononers %aving
Repl acenent Shegée4chadanmery 2B + 48bi enpbilgidlr HOUPSe MBYshe bedas a
copol ymer conponent. Exanples of nononers having such functional groups
include at | eas@hesgévki ncomhoshtisnsel ebkedsiaerchag ndr ey s¢@NSiiStdHid of :
acrylic acid, nethacrylic acid, itaconic 5 acid, nesaconic acid, citraconic
acid, funmabic pelunematentadaiithg idsacomiaimctsmponenatkyh ashen i TRIAGPNI C
aci d nonoal kyl ester, citraconic acid nonoal kyl ester, fumaric acid

nmonoal kyl est e?lktl e¢stexiandvovabkyétbatey liacayhid adkyd 2shedr exweihy! )
acryl am de, nethacrylam de, 10 tertiary-butyl am noet hyl met hacryl ate, and
the like. Such@a®ndnttsaighitciehaian talkelugeduphiilrelpaiimg a6t ert mard 0 t he
amount of (neth%gcrylate whi ch has a straightchain al kyl group including 16
or nore carborPHERPR akomsspgeackkdide whalin nayhéepodmmeined i n an anount
ranging 15 frgmabout 1 to about 30 wt.% in the total anmount of all of the
nonomers servi W YREF SSFVatalilang P&y nofe Pak pbl imerinLastedebsliblear e

t he nelti?§ poi nts of _side-chain 20 crystallizable pol ymers which are

obt ai ned ¥ om tHbHer SYuhFLRIRAIY avaEYinghttheaitempesatereufton| edi ng 16

to 22 carbon atqns; nononer used [tin oint (C Repl acenent Sheet 4
Decenber 2003%_ trarily SEieCte tég‘ngeratuée), res%lting in a

substantial change in the tackiness with respect to a

chip.

15 Thus, when the adhesive layer is heated to a
bredetermined temperature or above, the adhesion strength
of the adhesive layer rapidly decreases. Therefore,
after adhering a green sheet for ceramic electronic
devices to the adhesive tape and performing a cutting

20 Process, the tape may be heated so as to greatly decrease
its tackiness with respect to the green sheet for ceramic
electronicdevices,wherebythechips(ceramicelectronic

devices) can be easily peeled off the tape.



Cl6 acrylate 36 Cl6 nethacrylate 26 Cl18 acrylate 49 5 C18 nethacrylate 39
C20 acrylate 60 C20 nethacrylate 50 C22 acrylate 71 C22 nethacrylate 62 10
Pref erabl e exanpl es of polynmers contained in the adhesive conposition
include the following: (1) a copolymer of 80 to 98 parts by wei ght of
stearyl 15 acrylate, 2 to 20 parts by weight of acrylic acid, and 2 to 10
parts by weight of dodecylmercaptan; (2) a copolyner of RehRc@RnPetsS by
wei ght of dococyl acrylate, 5 to 90 parts by wei ght of staqgsqtm@shydzate, 20
1 to 10 parts by weight of acrylic acid, gpd 2 to 10 parts by weight of
dodecyl mer captan; and (3) a copol yner of 0 to 98 parts by wei ght of
dococyl acrylate, 2 to 20 parts by weight of acrylic acid, and

Repl acenent Sheet 4 Decenber 2003 -18 2 to 10 parts by meight of

dodecyl mer capt an. The aEouRtegf LBLeGLYSt @ bl lpdrere 4,0 the adhesive
conposition is in the range %f abou‘ta 1 'wt. ‘L’%to%S ; %%t forn (fer‘?“élfcér ably

about 5 wt . % (4136e4bn2Q dbviesanehoafibhey BELY o e%fn ﬂQLa%saQR&t Lo

about 15 wt.% The aforenentioned effects provid € polyner annot be

exhibited if téigepel YARInkEes0BbADBSEd B s A TRUNTY 'oq-s Ay P& nore
than 30 wt.% 10 The specific nol gcul ar wei ght of the crysta"%ﬁ% 1

pol yner to be asedussdariuriegt ane fmed@ictheh det ddiARsct ke '%&gfr[ n
whi ch t he adhesive conposition used in the present |nvent?on g& I bl %915

t enper at ur 8- depenileas , teaoki Nass ANKH WS wleﬁrlﬂﬂcEF%@:'l%x% r ﬁﬁgttfillager

Specifically, a | ow nmol ecul ar wei ght crystallizable pol ymer wl

bondi ng strengtérania mdietbrForaxanbes , tHamdhes] ernsdeBibhayien
heated at 60 C is decreased by 90% or nore fromthe adhesi on 20 st rengt h

(peel i ng for cethemnisbonst enperiattones ( dBGJetoéhecdetial led-adhasi on
strength test conditions will be described later). Accordingly, the weight
aver age nol ecul ar wei ght Repl acenent Sheet 4 Decenber 2003 -19
According to the present invention, the tackiness
10 of an adhesive tape for temporary attachment with respect
to green sheets for ceramic electronic devices can be
controlled simply by changing the temperature of the
adhesive tape. Thus, a large adhesion strength can be
obtained when temporarily attaching the green sheets for
15 ceramic electronic devices; when a work is to be removed,
bPeeling can easily occur simply by heating. Since the

works will not be contaminated, it is possible to enhance

the reliability of ceramic electronic devices.

20 In particular, by employing a side-chain
crystallizable polymer having a weight average molecular
weight of about 3,000 to about 25,000, it is possible
obtain an adhesive tape for temporary attachment which

exhibits a significant decrease in tackiness at the time



of the polymer 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 polymer exceeds about 25,000, there is an insufficient
decrease in 5 tackiness responsive to heating. If the weight average

nol ecul ar wei ght of the polymer is |ess than about 3,000, the adhesion
strength undergoes a substantial change with the | apse ofpdyj iBnenMiieen 1S
not preferable. 10 The adhesive conposition according to & BH&ESSHE3

i nventi on may be obtained by adm xing a Qﬁ§§suresensitive adhesive and a
crystallizable polynmer in a conpatible sofvent, and addi ng opti onal
conponents thereto, e.g., plasticizers, tackifiers, fillers, 15
cross-linking agents and the like. The solid contents are adjusted to a
desired Vi SCOSb¥Yhe@f Aoy [ ynt-i | (L i s honpbgeneous.
After bl ending, bubblggégﬁé re#%%ggh?f%#1t eqﬁﬁg?ﬁﬁghEE@%E%3§b LSS
tackifiers inckuda spechalpdodh €sh&r type tackifiers, terpene phenol type
tackifiers, petroleumresin type tackifiers, high hydroxyl value rosin
ester type tackifiers, hydrogenated rosin ester type tackifiers, and the

i ke. Repl acenent Sheet 4 Decenber 2003 -20 Exanpl es of cross-1inking
agents include: isocyanate-type conpounds such as

t et ramet hyl enedi i socyanat e, hexanet hyl enedi i socyanate, 5 an adduct obt ai ned
by addi ng thr eBESDI MbPRE FoRO CAHYe B$G t Ut T PHEt hwb@lw&ﬁfne, or

pol yi socyanat e; epoxy-type conpounds such as sorbitol polyglycidylether,
pol ygl ycerol polyglycidylether, pentaerythritol polyglycidylether,

di gl ycerol polyglycidylether, 10 glycerol polyglycidylether,

neopent yl gl ycolsubgtyatdyfafimdr, or resorcin diglycidylether;
aziridine-type conpounds such as trinethyl ol propanetri-~-aziridynyl

propi onat e, tetranet hixamplésanet substazitte diinyls phaphoBahebe used for

N, N - hexanet hyl ene-1,6 15 bi s(1-aziridine carboxyan de),

N, N -t ol uene- Xhe FAaragive | e ©tor boompordey, attachment according to
N,N'-diphgnylnethane-4,4'bis(l-qziridine car boxyam de), or

tri met hyl 6P pr dfth eEEsent 2nyepmyiosy incdiude) phepitsnavmposed oflasingleype
conmpounds sucg_as hexanethq§ﬁnethylol mel am ne. These 20 may be used al one,
or two or noreHHISToME-hdRleayabergsed 3 v yadis thies iners inTHd lar basihignki ng
agent is contaiped Breferabl in an anount of 0.1 to 5 parts by weight, and
more pref er abliy*BEERE ST phAbOYRS hei gheut HAhUmespeat . tmo 19Ot pRrLtAehy

wei ght of the I r. Repl acenent Sheet 4 Decenber 2003 -21 In
order to prov#ﬁ?ﬁ?%ﬁggigéEUre9%£¥F§ge£dhe§P%¥QN%ﬁﬁxntEQ#ﬁ%mrhosabstrate

film a knife ¢ K co a calender coater, a conma coater, or
the like 5is 0 telﬁernuesgvd{&igenéég At BepeRIPRd B T he tHikKIRRS-8EhYD 15 20

the coating ape L6 pd SEHSL t jal.;a gravyre coater or a rod
coater may be ugég.'ﬂmagghggwgg'cgﬁb .%ﬁ%npﬂéypg8px 5% o PRP bEnsg -
transferred fpomy®irgleasfi SPegL. as in the manner of transfer printing.
The conposition may be applied neat (i.e., wthout anything else) , or in a

sui tabl e solvent, or as an emul sion or |atex. Thus, an adhesive |layer is
formed fromthe adhesive conposition

In order to enhance the adhesion with the adhesive

layer, the surface of the substrate film may be subjected

20 to a corona discharge treatment, a plasma treatment, a
blast treatment, a chemical etching treatment, a primer

treatment, or the like.

On at least one face of such a substrate film, an



In terns of prevention of contam nation during storage or commerci al
distribution, it is preferable to adhesion-protect the adhesive layer with
a separator until the adhesive layer is adhered to the surface of a green
sheet for cerami c electronic devices. The separator can be nade of paper, a
plastic filmsuch as a pol ypropylene filmor a polyester film or a thin
flexible leaf of netal foil or the |ike. The separator iqk?gg£§5{ggego a
surface treatment with a release agent as necessary so as 4ii9..bBgnd; 8hsier ed
easy to peel. Repl acenent Sheet 4 Decegggg 2003 -22 Next ) a nethod for
producing a ceramc nultil ayer capacitor a ceram c el ectronic device

W ll be described. 5 First, a slurry of ceramc powder is thinly spread out
with a doctor blade to make a ceram c green sheet, and el ectrodes are

rinted on the f eet.. e nunber._of sych green
gheets are |an?ﬁgéégg%oqéﬂﬁﬂfH?%ﬁﬁg?éa g% §§Pt%??%?ﬁ§3 GreeR s é%%g as
| am nate. - NextqelBeibll 8RSy S AfdnPllapBaa base via the adhesive tape
I'n

according to the present invention. ce the tenperature at this tinme is
relatively low (e. g., about 20C to about 40 C), the |am nate adheres wel |
to the 15 adhesive | ayer of the adhesive tape. Next, the lamnate is

heat - pressed and cut. e Wi divE cohip® M #onh $2vyQbnPEShL @%Ed%h%%laaq r>! ve

| ayer or be transferred onto any green sheets that are yet to 20 be cut.
After a nusberceyseglamkzapham paiemebi adi ey’ & "RE1tAnkhiso MBENGH 1 dihe
resul tant works are renoved fromthe adhesive tape. Thereatter, the works
are subj ect ed d@carfr8liHI DA Ders ! I | cess.
At this tinme, the adhesive tapé§¢€gé%%£gﬁgﬁgﬁgﬁ?rgﬁgg?aﬁﬁéggﬁﬁgg?150 3 -23
heated at a praudt eani pedskaipeisainsgia Ofe abodReasvaENt | ONREd abBayweswWher eby
the work can be easily peeled off the adhesive tape. Thereafter, the works
are sintered, sompesitionlislbfcsnodesnatarfeootnrd 0 exhd idGes abkahelshe

wor ks, whereby chip-type nmultilayer ceram c capacitors are obtained. As for
met hods for hedstimgrespeadhds: va gapen tdteed¢tipforr ceraiinnt &dBchedhdic (base
) for the tape may be heated 10 by the foll ow ng nethods, for exanple:

pl aci ng t A8 tsz“é’%?eﬁ herr ettdray onatenbalsorta woichl ate,ishl adhageloatai r
over it (e.g., froman air heater or a drier), placing it in an oven,

bl owi ng st eamGRRenaztpre Fpp|whhbe eadiidvibl/rg os ignibichedtlivngeduredsi ng a

| anp (infrared or far-infrared). Specifically, it is preferable to attach a
green tackiness with respect to the green sheet for ceramic

electronic devices or other materials at temperature T2

which is higher than temperature T1 by about 15°C or more.

15
{pressure-sensitive adhesive)

Examples of pressure-sensitive adhesives
contained in the adhesive composition include the
following p;essure-sensitive adhesives, for example:

20

natural rubber adhesives; styrene/butadiene
latex-base adhesives; ABA Dblock copolymer type
thermoplastic rubbers (where A represents a thermoplastic

polystyrene end block; and B represents a rubber



sheet for ceramic electronic devices to the adhesive tape 20 surface at a
tenperature which is below the nelting point of the polyner used, and to
peel the chip off the adhesive tape surface at a tenperature which is equal
to or greater than the nelting point of the polynmer after the cutting.

Repl acenent Sheet 4 Decenber 2003 -24 Moreover, it is preferable to ensure
that the peeling force is reduced to about 10% or |ess atrReglat@MRESHRLUT €
which is equal to or greater than the nelting point of the sidgssbh@in
crystallizable polyner. It is 5 preferable,that the adhesion strength of

t he adhesive conposition with a stainless steel plate when heated to about
35C or above is about 10% or |ess of the adhesion strength with a stainless
steel plate at about 23C, or about 10 g/ 25 nmor less. 10 Although

mul til ayer ceraﬁterma@maﬂdﬂﬁidﬁxéédémSiﬁa@@ﬂyﬂb@ﬁ%aﬁ%,C%bwﬁﬂhﬁﬂéiéﬁéniC
devices, the present invention is not limted thereto. The present
invention is applicabbelypethel ettt ppesi varndape 15 fQpg&epporary
attachment which is to be used in a step of cutting green sheets for

ceram c el ect rpolgidebutgd eind ;0 az ryinhefadife s el <lidh G baa viraducd ¢ on of
fine ceram c devices such as ICcircuit boards, ferrites, sensor elenents,
or varistors. 20d(ExanplestdisrAcaflerstéheoquadsamndri nwaid vamywidihde
specifical%y descri bed by way of illustrative exanples. In the follow ng
descriptiof, apgped¥mersce to 4paht ( s &s" Repd agelirpim8hegiled Haacenber
2003 -25 neans "part(s) by weight". A Preparation of polyner 5 (Synthesis
Exanpl e 1) Fi rRelYvinpaethydfe tdtegar yandcpyluvénydipabitydfetdosyl i c acid, 5
parts of dodecyl nercaptan, and 1 part of Kayaester HP-70 (Kayaku Akzo K K.)
were m xed. The mixture was stirred at 80 C for 5 hours to polynerize these

10 nononers. The resultant polymer had a wei ght average
‘ In particular, the use of acryl type pressure-

sensitiveadhesivesprovidesinteractionwiththepolymer
10 such that the polymer will be sufficiently dispersed at
a4 predetermined temperature so as to exhibit tackiness,
and yet the polymer will exhibit good releasability when
heated to the predetermined temperature or above.
Preferable acryl type pressure-sensitive adhesives are
15 composed essentially of ethylhexyl acrylate,
hydroxyethyl acrylate, or the like. Examples thereof
include a copolymer containing 80 to 95 parts by weight
of 2-ethylhexyl acrylate and 5 to 20 parts by weight of
2-hydroxyethyl acrylate.
20
(side-chain crystallizable polymer)
A side-chain crystallizable polymer to be
contained in the adhesive composition preferably has a

melting point which occurs within a temperature range



nol ecul ar wei ght of about 8,000, and a nelting point of 50 C. (Synthesis
Exanple 2) 15 First, 92 parts of 2-ethyl hexylacrylate, 8 parts of

2- hydroxyet hyl acryl ate, and 0.3 parts of Trigonox 23-Cr70 (Kayaku Akzo K. K.
) were mxed in 150 parts of ethyl acetate/ heptane ( 70/30 ) . The m xture
was stirred at 55 C for 3 hours, and thereafter heated to 80 C, and 0.5
parts 20 of Kayaester HP-70 was added. The m xture was StheblafthehPéneg hours
to polynerize these nononers. The resultant polynmer had as Wi &yRr age
nol ecul ar wei ght of about 600, 000. Repl acenent Sheet 4 Decenber 2003 -26
B. Preparation of an adhesive tape for téﬁ%brary attachnment of green sheets
for multilayer ceram c capacitors 5 (Exanple 1) The pol yners obtai ned
according to Synthesis Exanples 1 and 2 above were mxed at a ratio of 5

parts to 100 p§%£§. 1o EEE %?%G%”%§@JUtion’ Coronate L45 (N ppon
td.”) wa

Pol yur et hane In us?yﬁ Co., added as a 10 cross-linking agent) so
that 0.5 parts of Coronate L45 was present for 100 parts of the pol yner of
Synt hesi s Exanpl e 2. Then, the polyner solution was applied by using a rol

coater on a surface ofag RAYRLDPYLENe: L8 QA ha@a&angﬁarﬂfti--'ﬂééﬁpghlﬁees 100

)cm which had been 15 subjected to a corona treatne us, an a ive

tape for terrpous@fﬁ%eﬁataganeaﬁ Wi iR ral emislﬁ%ﬁiunha?g?%h@é‘? a Hd&s type
e (0]

adhesi ve | ayer (thickness: about 30 unm) was obtai ned. oW ng

eval uat i onst es¢Srveig ?ei:ft%ﬁ%pl off0la il yresh) tﬁE\ithM?i %8 ilARe LY an
tenporary attachnment. (1) Peeling force A 180 peeling force of the aéhe5|ve

t ape was ordered array, to become disordered.

In one embodiment, the melting point of the

polymer is preferably in the range of about 30°C to about

10 100C, and more preferably in the range of about 35C to
about 65 C. It is preferable that the melting occur
rapidly, i.e., over a relatively narrow temperature range
which is less than about 15C and preferably less than
about 10 T . It is preferable that the polymer

15 crystallizes rapidly. To this end, seeding agents, or
crystallization catalysts can be incorporated into the

polymer.

Afte;‘ use, the adhesive layer can be easily peeled

20 off the surface of a green sheet for ceramic electronic
devices or a chip by heating the adhesive layer to a
temperature which 1is slightly higher than the use
temperature. The heating temperature is usually about

40°C to about 100C, preferably about 40C to about 70T,



Repl acenent Sheet 4 Decenber 2003 -27 neasured with respect to SUS,
according to JIS C2107. The neasurenents were taken at 23C and 60' C,
respectively. (2) Wrk peeling state 5 After the adhesive tape was peel ed
off a SUS surface, the | evel of contam nation on the SUS surface was
measured by TDS (Thernmal Desorption Spectroscopy) techniques. In addition,
the presence/ absence of interlayer destruction in the WoRks¥@Rnd8k&r M ned
by 10 visual inspection of the work cross-sections. The ras$iskdshefi®zshown
in Table 1. In the table, " represents an,gxcellent product; and "X
represents an unacceptabl e product. 15 (Exanple 2) An adhesive tape for
tenporary attachnment was obtained in a manner simlar to Exanple 1 except
that Coronate L45 was added as a cross-linking agent to the polyner

sol ution obt aided A6cer girBgLAUPEMSuL 56°C O,ggsts of Coronate
L45 was present for loogparfs of "t he pdﬁyner g%%&%%?%& ?g%%ynthesis Exanpl e

2. The peeling force and the work peeling state of the resultant adhesive
tape for tenporary attachnment were evaluated in a nmanner simlar to Exanple

1. These results are s idRfhace enystheet z4pPeC B ene2083 1148 ridy Tabl e
1. (Exanple 3) An adhesive tape for tenporary attachnment was 5 obtained in
a manner sinilix thebExalipteite exwaiod hat oLOrRANRId 5 aWase B8R RS A
cross-linking agent to the
5 thereof an acrylic acid ester and/or methacrylic acid
ester which has a straight-chain alkyl group including

16 or more carbon atoms as a side chain.

As an acrylic acid ester and/or a methacrylic acid

i0 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 22 carbon
atoms may be preferably used, e.g.,

15 hexadecyl(meth)acrylate, stearyl (meth)acrylate, or

dococyl (meth)acrylate.

Furthermore, a (meth)acrylate which has a
straight—chainalkylgroupincludingls1x>300arbonatoms,

20 e.g., triaconta(meth)acrylate, may also be used.

Furthermore, the following monomers may be used
instead of or in addition to a (meth)acrylate which has

a straight-chain alkyl group including 16 or more carbon



pol ymer sol ution obtained according to Exanple 1 so that 3.0 parts of
Coronate L45 was present for 100 parts of the polynmer according to

Synt hesis Exanple 2. The 10 peeling force and the work peeling state of the
resul tant adhesive tape for tenporary attachnment were evaluated in a nmanner
simlar to Exanple 1. These results are shown in Table 1. 15 (Conparative

Exanple 1) To 100 parts of the pol yner obtained accordingmbgmg%ggggajs
Exanpl e 2 above, 3 parts of Coronate L45 (N ppon Pol yur et hgpe.Jdogiyry Co.,
Ltd.) was added as a cross-linking agent.,TIhis mxture was applied by using
20 a roll coater on a surface of a PET fi%n1(about 100 LL m) which had been
subjected to a corona treatnent. Thus, an adhesive tape for tenporary
attachnent with a rel ease sheet, having an acrylic-type adhesive | ayer

(thickness: abgubm80atGH Wa: i med. Repl acement Sheet 4 Decenber 2003
-29 The peeling force and the work peeling state of the resultant adhesive

tape for tenporary attachnment were evaluated in a nmanner simlar to Exanple
1. These 5 results are shown in Table 1. (Conparative Exanple 2) To 100

parts of the pol ymer obtaiegdtasner diing (o REWANRSESsEXBBRLE %ﬁ?&"ﬁeG
parts of Coronate L45 10 (N ppon Pol yuret hane Industry Co., Ltd.) was added

as a cross-|ingrogpagesbnsIkiting xt Wie: WasaddplaLdsby UskRgad +Al ater
on a surface of a PET film (about 100 a m which had been sﬁbf@?f%ﬁﬁfb a

corona tredt neatryTamsdeandaghioaitiedsape derhd erpoamideat BaghaR vdd h a
rel ease 15 sheet, having an acrylic-type adhesive |layer (thickness:
vinyl ether derivatives, vinyl ester derivatives, or
alpha olefins or their derivatives having an aliphatic
group which includes 16 or more carbon atoms and at least
a portion of which is fluorinated:; and styrene derivatives

10 having an alkyl group which has 16 or more carbon atoms,

etc.

In particular, acrylates, methacrylates,

acrylamide derivatives, methacrylamide derivatives, or

15 the 1like having a straight-chain aliphatic group
including 16 or more carbon atoms are preferable. More
preferable are acrylates, methacrylates, acrylamide
derivatives, methacrylamide derivatives or the like
having a strgight-chain aliphatic group including 14 to

20 22 carbon atoms. Especially preferable are acrylates and
methacrylates having a straight-chain aliphatic group

including 14 to 18 carbon atoms.

Furthermore, the following monomers having



about 50 un) was obtained. The peeling force and the work peeling state of
the resul tant adhesive tape for tenporary attachnment were 20 evaluated in a
manner simlar to Exanple 1. These results are shown in Table 1.
(Conparative Exanple 3) Wth respect to a commercially avail abl e product
Repl acenent Sheet 4 Decenber 2003 -30 RI BAALPHA 3194MsS, manuf actured by
Nitto Denko Corporation), the adhesion strength and cont &hB@eR®Bheet
properties of this adhesive tape for tenporary attachnent sWRegnyadodated in
a manner simlar to Exanple 1. These 5 resylts are shown in Table 1. Table
1 Adhesi vePeeling forceWrk peeling stat e?g/ 25

nm 23C60C nt er |l ayerresi duedestructi onEx. | t enper at urel0010

or Osensi ti vel essadhesi veEx. 2t enper at ur e3010

orsensi tivel essagbesonahX g2bameminiR2Ol;d as a copol
or ~Osensi ti vel essadhesi vegorrpgiss&{rjeSOOZOOXXEx. I sgr‘?s?i tyimveé:atfﬁénﬁovnee&trrbpr ess

ur e300100XXEX. esampnbisveaﬁlheﬁ&ﬂ&@ﬁﬁpr@é@yﬁg3%ﬁ%1§&e@§éﬁueaﬂﬁ§ﬂ:é/ e

excel l ent products 10 X; unacceptabl e products The adhesive tapes accordi ng

to ConparativeincRefibageMRis tSbael k #n Beaerdiei 2063 ectl X 28R £5e kyith 2 had
poor releasability fromthe work surface, resulting in interlayer

destruction. Goohaikbahigosf on ddey Mekasid | aterhRSrl $8 58 Med ddfiic
Conparative Exanples 1 to 3. In contrast, Exanples 1 to 5 3 were excellent
in terms of reheddabieistaycasi webbids cointradord &nN@cirpertmssiaf terideating
(60C), and yet the initial adhesion strength (23 C) was enhanced. (Exanple
4) 10 Next, a mabe¢ieascddndudteszbrbe fabidwmanmeadikidly éfeefel MlbisRBNI:
between the nol ecul ar wei ght of the side-chain crystallizable polyner
contai ned in t3eiddherpaikiiyestanmd idratenid aetdemsrohlkihe epe@ld,ng
fumaric acid monoalkyl ester, maleic acid monoalkyl ester,
acrylic acid 2-hydroxyethyl, acrylamide, methacrylamide,
10 tertiary-butylaminoethylmethacrylate, and the 1like.
Such monomers, which are to be used while paying attention
to the amount of (meth)acrylate which has a straight-
chain alkyl group including 16 or more carbon atoms as
a side chain used, may be contained in an amount ranging
15 from about 1 to about 30 wt.% in the total amount of all

of the monomers serving as raw materials for the base

polymer.

Listed below are the melting points of side-chain
20 crystallizable polymers which are obtained from monomers
which have a straight-chain alkyl group including 16 to

22 carbon atoms:

monomer used melting point (C)



force responsive to the heating of the adhesive tape for 15 tenporary
attachnment havi ng such an adhesive | ayer. Mononmer m xtures obtained by
addi ng di fferent nunbers of parts of dodecyl nercaptan (polynerization
inhibitor) to a mxture of 95 parts of stearyl acrylate 20 and 5 parts of
acrylic acid were stirred at 80°C for 5 hours to polynerize these nononers.
As a result, polynmers having weight average nol ecul ar weipght s..of: ghqut
2,000, 4,000, 8,000) 15,000, and 19,000 were obtained (reg g&ﬁ%§§13shomm
in Table 2 as Polyners 1 to 5). Repl acepent Sheet 4 Decenber -32 To
15 parts of each pol yner obtained above, parts of the polynmer obtained
according to Synthesis Exanple 2 above was m xed. Coronate L45 (N ppon 5
Pol yur et hane I ndustry Co., Ltd.) was added as a cross-linking agent to

t hese pol yner solutions so that 0.5 parts of Coronate L45 was present for
100 parts of the polymer according to Synthesis Exanple 2. These pol yner

sol utions were apptig®daby¥gk8g a roll coater on 10 ajgurface of a

pol yester film (thickness: about 50 u n) whose surface had been subjected
to a matt treatneniie TheShadgPeaiue tapes for tenporaky attachment with a
rel ease sheet, each having an acrylic-type adhesive |layer (dry thickness:
about 20 um were I8 addeglaté The resultant adhesiveghapes for tenporary
attachment were cut out in strips having a width of 25 mMmto be used as
test pieceS. 20 Nexts ridenadbgsave | ayers of the aforggentioned test pieces
were pressure-attached onto a SUS pl ate, whose surface had been polished

W th #280, by al | @@ngaryubber roller (width: 45 mmgpoad: 2 kg) to

reci procate thereon four tinmes at 23C. After the attachnent, the test

pi eces Repl acene0 Shetadrypkataber 2003 -33 5 weresbeft intact for 20

m nutes One end of each test piece was peeled at a rate of 300 Mmim nute in
a 180 direction, &¥ tdwxrylbsistance value felt during7peeling was neasured
as a peeling force at 23 C

C22 methacrylate 62
10

Preferable examples of polymers contained in the

adhesive composition include the following:

(1) a copolymer of 80 to 98 parts by weight of stearyl
15 acrylate, 2 to 20 parts by weight of acrylic acid, and

2 to 10 parts by weight of dodecylmercaptan:

(2) a copolymer of 5 to 90 parts by weight of dococyl
acrylate, 5 to 90 parts by weight of stearyl acrylate,
20 1 to 10 parts by weight of acrylic acid, and 2 to 10 parts

by weight of dodecylmercaptan: and

(3) a copolymer of 80 to 98 parts by weight of dococyl

acrylate, 2 to 20 parts by weight of acrylic acid, and



Furthernore, test pieces which had been produced 10 15 in a siml|ar manner
to the above were placed on a hot plate, which had previously been heated
to 60C, and left intact for 20 m nutes. One end of each test piece was
peeled at a rate of 300 M mnute in a 180 direction, and the resistance
value felt during peeling was neasured as a peeling force at 60°i Table 2
<Exanpl e 4> The results are shown in Table 2. Replacement Sheet

Sanpl eNo. Mol ecul ar Peel i ngf orce(g/ 25 nm wei ght 23 GBO‘iRate4%ﬁc [ e@ze from
23 Cto 60 CPol yner12, 0006095 gQZ%PonnegiéL000150910

g93% ol yner 38, 00018098 g96% ol ymer 415, 000160910 g94%-ol yner 519, 000l 50930
g80% From Table 2, it can be seen that the peeling force at the tinme of
heati ng does not decrease if the nol ecul ar Repl acenent Sheet 4 Decenber

2003 - 34 wei ght ?ft5hfosﬁgffgh%&“?&%PgﬂfﬂéfZa§ﬁ§gﬁgﬁég§%P§ too |arge)

thereby resulting in a l'ow rate of decrease. 'xt, a test was
conducted as follows to study the rel ati onship between the nol ecul ar wei ght
of the side-chain crystallizable polynmer contained in the adhesive |ayer

and the change in the pgel iRguher 68, tHECCEYs?ahaRE e b {
adhesive tape for tenporary 10 attachnent ?gvﬁhg sucheawqu%égﬁgpﬁgvar

Adhesi ve tapes fqihd£IPO DL eEoREN .1PRIRI Pad deNod SBOGE" S&{Lé%to
h o mm f o

Exanpl e 4 above, were cut out in strips having a w dt be used

as test 155pi ecatbodthsopael.isngptereeanly 4H68e 5 Q&E.%)?t%_%?@m?w‘: 283Gepey €
measured in a manner simlar to Exanple 4. 20 Next, simlarly produced test

pi eces were | eftaridh paritieunen st / pseFeHab Ipombaiut238 §er 42 fPpnths,y@nd
the peeling forces of these test pieces at 23C were neasured in a manner

simlar to Exanflsewk.%. The aforementioned effects provided by the

. polymer cannot be exhibited if the polymer is contained

in an amount less than 1 wt.$% or more than 30 wt.&%.
10

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 1in the present invention exhibits

15 temperature-dependent tackiness and/or adhesion binding

strength. Specifically, a 1low molecular weight

crystallizable polymer will lose bonding strength when

heated. For example, the adhesion strength when heated

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

20 strength (peeling fbrce) at room temperature (23C) (the

detailed adhesion strength test conditions will be

described later).

Accordingly, the weight average molecular weight



Repl acenent Sheet 4 Decenber 2003 -35 These results are shown in Table 3.
In Table 3, the rate of change over 2 nonths is shown as a rate conpared
agai nst the value taken inmediately after manufacture defined as 100. 5
Tabl e 3 <Exanpl e 5> Sanpl eMbl ecul ar Peel ing force (g/25

mm) No. Wi ght | medi atel y after manufacture2 nonths from nmanufact ureRat e of
change over 2 nonthsPol yner12, 00060 g40 g- 33~Pol yner 24, 0Q04&88n8didReet

g- 17~Pol ymer 38, 000180 g160 g-il kPol yner 415, 000160 gl165 4 December 2003
g+3~Pol yner 519, 000150 g145 g-3~ From Tablg 3, it can be seen that the
tacki ness 10 of the adhesive tape decreases sonmewhat during storage if the
nol ecul ar wei ght of the side-chain crystallizable polyner is small. 15

| NDUSTRI AL APPLI CABI LI TY There is provided an adhesive tape for tenporary

attachnment of g een pBe¢her 05 SEEABLELENCELEARI £, HEYI G8 RN od for
produci ng ceram c eI%ct?@%ic dé%ices) Egplacenent Sheet 4 Deggﬁg§?h2003

-36 such that #ndWdr<iptitisr AeE) UbStt eNddo Y AJutcausidith SCatd @Heng or

di sl ocation of chips is exhibited until a step of cutting the green sheets
i s perfornmed anddigtavef&g8ChboBcuNarM&cAdiesi O Shé epgiPmks bgakleged wWhen
5 peeling off the works so that interlayer destruction does
about 25,000, there is an insufficient decrease in
5 tackiness responsive to heating. If the weight average
molecular weight of the polymer is less than about 3,000,

the adhesion strength undergoes a substantial change with

the lapse of time, which is not preferable.

10 The adhesive composition according to the present
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,

15 cross-linking agents and the like. The solid contents
are adjusted to a desired viscosity, and the mixture is
blended until it is homogeneous. After blending, bubbles

are removed from the mixture.

20 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.



not occur and no residues are left. - 3 7 - Replacenent Sheet 4 Decenber
2003 CLAIMS 1. (Anended) An adhesive tape for tenporary attachnment of green
sheets for a ceram c el ectronic device, conprising a substrate film and an
adhesive | ayer provided on at |east one face of the substrate film wherein
t he adhesive | ayer conprises an adhesi ve conposition, the adhesive

conposi tion containing a pressure-sensitive adhesive andrghdhed: gheerabout
30 wt. % of a side-chain crystallizable polyner on the basi$.Qnshmpadhesi ve
conposition, and wherein the side-chain 9%%§tallizable pol ymer conprises as
a main conponent an acrylic acid al kyl ester and/or a nethacrylic acid

al kyl ester which has a straight-chain al kyl group including 16 or nore
carbon atons as a side chain, and wherein the adhesion strength of the
adhesi ve conposition with a stainless steel plate when heated to about 35 C
or above is 10% or |less of the adhesion strength with the stainl ess steel

plate at about 23 C . peahlpose! P 3cr€@s§§9ﬁ§%%  tape for tgggﬁh
e

attachnment according to claim1l, wherein the a i ve Tonposi ‘of

such - 3 7 lidocy&eRtaceppat Sheet 4 Ipcambgr 2003 a patyre that tQF
adhesive conposition easily peels off the green sheets tor the ceram=T

el ectroni ¢ devi&®erahe 8RPULN3AS G crai%m/aet , Hexdhet PR A
Decenber 2003 4. An adhesive tapg or téﬁpof%ry‘%ttac%ﬁgﬁgggég§?§%%§’to
claim 1, whereim ddaact detahaida siysdaihiyzabte &Qh)/f%é 5as; g Jpoi nt
occurring within a tenperature range narrower ?han a Jﬁt 1%§8?§EEEQ%S
(Cancel ed) 6. tAn adheeithe llcARR-didné SNMRAT ap¥1fh baehaBRl ACCREHLDT claim
1, wherein the polymer has a wei ght average nolecuPE% meightﬁo¥9agggf 3,000
to about 25, 0GmmikufdeendedbA meihiod s6rbpreduci nh By §EFETEE1ELREL ONi C
devi ce, conprising the steps of: allowing a green sheet” |am nate of °

ceranm cs to adimrrglycerdhse vipolayyhdhidyVethape: pentaerythritol
polyglycidylether, diglycerol polyglycidylether,

10 glycerocl polyglycidylether, neopentyiglycol
diglycidylether, or resorcin diglycidylether:

aziridine-type compounds such as trimethylolpropane-
tri-f-aziridynyl prepionate, tetramethylolmethane-
tri-f-aziridynyl propionate, N,N'-hexamethylene-1,6-
15 bis(l-aziridine carboxyamide), N,N'-toluene-2,4-bis(1-
aziridine carboxyamide), N,N'-diphenylmethane-4,4"'-
bis(l-aziridine carboxyamide), or trimethylolpropane-
tri-ﬁ—(2-methy1aziridine)propionate: and melamine-type
compounds such as hexamethoxymethylol melamine. These
20 may 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
welight, and more preferably 0.1 to 3 part.s by weight, with

respect to 100 parts by weight of the base polymer.



cutting the lamnate into chips; and peeling the chips off a surface of the
adhesi ve tape while heating the adhesive tape, wherein the adhesive tape
conprises a substrate film Replacenent Sheet 4 Decenber 2003 -39 and an
adhesive | ayer provided on at |east one face of the substrate film the
adhesi ve | ayer conprising an adhesi ve conposition, the adhesive conposition
containing a pressure-sensitive adhesive and about 1 to Regh@WenB$hewt . %0 Of
a side-chain crystallizable polymer on the basis of the adhgsiMer 2003
conposition, and wherein an adhesi on strggggh of the adhesive conposition
with a stainless steel plate when heated to about 35C or above is about 10%
or less of an adhesion strength with the 10 stainless steel plate at 230C
8. A nethod for producing a ceram c electronic device according to claim?7,
wherein the side-chain crystallizable polynmer conprises as a nain conponent
an 15 acrylic acid alkyl ester and/or a methacrylic acid al kyl ester which

has a straight-chai n alkWrdoup prRevude gy +bhpehafire LAt PPPe O A5 @
side chain. 9. A nethod for producing a ceramc el ectronic device
according to ctampogitwbear ennat babpalnaty fiam,a avkinghite aR(@RGe, NPlLeAU ar
wei ght of about 3,000 to about 25, 000. Repl acenent Sheet 4 Decenber 2003
- 40 ABSTRACTCTaTeE, : a" ABRHESKER AR HER J EMRARY0 ATEACHMENTE HaF 1GREEN
SHEETS FOR CERAM C ELECTRONI C DEVI CES AND METHOD FOR PRCODUCI NG CERAM C
ELECTRONI CS5DEM«£®ften used in general. Depending on the thickness of
the coating and the viscosity of the material, a gravure
coater or a rod coater may be used. The adhesive
composition may be applied by being transferred from a
release sheet, as in the manner of transfer printing. The
10 composition may be applied neat (i.e., without anything
else), orina suitable solvent, or as an emulsion or latex.

Thus, an adhesive layer is formed from the adhesive

composition.

15 In terms of prevention of contamination during
storage or commercial distribution, it is preferable to
adhesion-protect the adhesive layer with a separator
until the adhesive layer is adhered to the surface of a
green sheets for ceramic electronic devices. The

20 separator can be made of paper, a plastic film such as
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

as necessary so as to be rendered easy to peel.



An adhesive tape for tenporary attachnent of green sheets for a ceramc

el ectronic device includes a 5 substrate fil mand an adhesive | ayer

provi ded on at | east one face of the substrate film The adhesive |ayer is
conposed of an adhesive conposition, the adhesive conposition containing a
pressure-sensitive adhesive and about 1 to about 30 w.% of a side-chain
crystal lizable 10 polynmer on the basis of the adhesive c@RPQ@&ichQtheetherein
the side-chain crystallizable polynmer contains as a main geRYRRPboAN
acrylic acid al kyl ester and/or a nethac[¥ELc acid al kyl ester which has a
strai ght-chain al kyl group including 16 of“nore carbon atons as a side
chain. An 15 adhesive tape for tenporary attachnent of green sheets for
ceram c el ectronic devices can be provided such that a | arge adhesion
strength i s obtained when tenporarily attaching green sheets for ceramc
el ectroni c devices, and that when a work is to be renoved, peeling can

easily 20 occur w thou Nt AWd1ald t . . .
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heated at a predetermined temperature or above as
mentioned above, whereby the work can be easily peeled
off the adhesive tape. Thereafter, the works are
sintered, and external electrodes are formed on end faces
5 of the works, whereby chip-type multilayer ceramic

capacitors are obtained.

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

10 by the following methods, for example:

placing the tape or the retention member on a hot

plate, blowing hot air over it (e.g., from an air heater

or a drier), placing it in an oven, blowing steam over

15 it, applying radiowaves to it for heating, or using a lamp

(infrared or far-infrared).

Specifically, it is preferable to attach a green

sheet for ceramic electronic devices to the adhesive tape

20 surface at a temperature which is below the melting point
of the polymer used, and to peel the chip off the adhesive
tape surface at a temperature which is equal to or greater

than the melting point of the polymer after the cutting.



< 109%& ()- PL0%& ()-!3"10%]& ()- 10 10 10 0cl0%& ()-7g"?~ @!P$
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Moreover, it is preferable to ensure that the
peeling force is reduced to about 10% or less at a
temperature which is equal to or greater than the melting
point of the side-chain crystallizable polymer. It 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 adhesion
strength with a stainless steel plate at about 23C, or

about 10 ¢g/25 mm or less.

Although multilayer ceramic capacitors are
illustrated above as ceramic¢ electronic devices, the
present invention is 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
inte a number of chips during the production of fine
ceramic devices such as IC circuit boards, ferrites,

sensor elements, or varistors.

(Examples)
Hereinafter, the present invention will be
specifically described by way of illustrative examples.

In the following description, any reference to "part(s)™
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1109 ()-110% ()-!3"10%] & ()-"#$$$3$$3%% S1! 6v
1109&' ()-}P1O% ()-P"10%& ()- 10UU 10WU
10UU! 3% 10%JU&" () -!3% 10%9& () - R&&' W())) zXJI<1! 6 107??
10?21 r3.1109%2?& () -!P"10%\ & ()-4! P'10%y& ()-410%& () -! Géplacement Sheet
F109%&' ()-1})))))) ***uvrl! < 10%& ()-Y G 10%& ()-Y Y 010%84483e‘cembe|r2003
Ss109%&' ()- @O0%& ()-P"109& ()- 107??2**; *m*p*g’_‘z+~+dE71! < i1}10%& ( . .
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means "part(s) by weight".

A. Preparation of polymer

5 (Synthesis Example 1)

First, 95 parts of stearyl acrylate, 5 parts of
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

10 monomers. The resultant polymer had a weight average

molecular weight of about 8,000, and a melting point of

50C.

(Synthesis Example 2)

15 First, 92 parts of 2-ethylhexylacrylate, 8 parts
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 80C, and 0.5 parts

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

600,000.
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B. Preparation of an adhesive tape for temporary
attachment of gdgreen sheets for multilayer ceramic

capacitors

(Example 1)}

The polymers obtained according teo Synthesis
Examples 1 and 2 above were mixed at a ratio of 5 parts
to 100 parts. To this polymer solution, Coronate L45
(Nippon Polyurethane Industry Co., Ltd.) was added as a
cross-linking agent, so that 0.5 parts of Coronate L45
was present for 100 parts of the polymer of Synthesis
Example 2. Then, the polymer solution was applied by
using a roll coater on a surface of a polyethylene
terephthalate (PET) film (about 100 i 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 /m) was

obtained.

The following evaluation tests were performed for

the resultant adhesive tape for temporary attachment.

(1) Peeling force

A 180° peeling force of the adhesive tape was

<
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ZN| NN\ O7PI Pj K7 :
5 After the adhesive tape was peeled off a SUS
surface, the level of contamination on the SUS surface
was measured by TDS (Thermal Desorption Spectroscopy)
techniques. In addition, the presence/absence of
interlayer destruction in the works was determined by
10 visual inspection of the work cross-sections. The
results are shown 4in Table 1. In the table, *QO»"

represents an excellent product: and " X" represents an

unacceptable product.

15 (Example 2)

An adhesive tape for temporary attachment was
obtained in a manner similar to Example 1 except that
Coronate L45 was added as a cross-linking agent to the
polymer solu;ion obtained according to Example 1 so that

20 1.0 parts of Coronate L45 was present for 100 parts of
the polymer according to Synthesis Example 2. The
peeling force and the work peeling state of the resultant
adhesive tape for temporary attachment were evaluated in

a manner similar to Example 1. These results are shown
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in Table 1.

(Example 3)

An adhesive tape for temporary attachment was
obtained in a manner similar to Example 1 except that
Coronate L45 was added as a cross-linking agent to the
polymer sclution obtained according to Example 1 so that
3.0 parts of Coronate L45 was present for 100 parts of
the polymer according to Synthesis Example 2. The
peeling force and the work peeling state of the resultant
adhesive tape for temporary attachment were evaluated in
a manner similar to Example 1. These results are shown

in Table 1.

(Comparative Example 1)

To 100 parts of the polymer obtained according to
Synthesis Example 2 above, 3 parts of Coronate L45
(Nippon Polyurethane Industry Co., Ltd.) was added as a
cross-linking agent. This mixture was applied by using
a roll ccoater on a surface of a 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 50 /m) was obtained.

10""

4"10%\ & ()-!1#4"10%& ()- S10%&
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The peeling force and the work peeling state of
the resultant adhesive tape for temporary attachment were

evaluated in a manner similar to Example 1. These

5 reéults are shown in Table 1.

(Comparative Example 2)
To 100 parts of the polymer obtained according to
Synthesis Example 2 above, 6 parts of Coronate L45
io (Nippon Polyurethane Industry Co., Ltd.) was added as a
cross-linking agent. This mixture was applied by using
a roll coater on a surface of a PET film (about 100
m) which had been subjected to a corona treatment. Thus,
an adhesive tape for temporary attachment with a release

15 sheet, having an acrylic-type adhesive layer (thickness:

about 50 (m) was obtained.

The peeling force and the work peeling state of
the resultant adhesive tape for temporary attachment were
20 evaluated in a manner similar to Example 1. These

results are shown in Table 1.

(Comparative Example 3)

With respect to a commercially available product
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RIBAALPHA 3194MS, manufactured by Nitto Denko
Corporation), the adhesion strength and contaminating
properties of this adhesive tape for temporary attachment
were evaluated in a manner similar to Example 1. These

5 results are shown in Table 1.

Table 1
Adhesive Peeling force |Work peeling state
' (g/25 mm)
23%C 60°C |interlayer |residue
destruction
Ex.1 temperature 100 10 or O O
sensitive less
adhesive
Ex.2 temperature 30 10 or O O
sensitive less
adhesive
Ex.3 temperature 20 10 or O O
sensitive less
adhesive
Comp pressure 3c0 200 X X
Ex.1 sensitive
adhesive
Comp pressure 300 100 X X
Ex.2 sensitive
adhesive
Comp pressure 30 io0 O X
Fx.3 sensitive
adhesive

O: excellent products

10 X: unacceptable products

The adhesive tapes according to Comparative
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Examples 1 and 2 had poor releasability from the work
surface, resulting in interlayer destruction.
Contamination on the work surface was also observed for
Comparative Examples 1 to 3. In contrast, Examples 1 to
3 were excellent in terms of releasability as well as
contaminating properties after heating (60C), and vet

the initial adhesion strength (23 ) was enhanced.

(Example 4)

Next, a test was conducted as follows to study the
relationship between the molecular weight of the
side-chain crystallizable polymer contained in the
adhesive layer and the rate of decrease in the peeling
force responsive to the heating of the adhesive tape for

temporary attachment having such an adhesive layer.

Monomer mixtures obtained by adding different
numbers of parts of dodecylmercaptan (polymerization
inhibitor) tp a mixture of 95 parts of stearyl acrylate
and 5 parts of acrylic acid were stirred at 80C for 5
hours to polymerize these monomers. As a result,
polymers having weight average molecular weights of about
Z,bOO, 4,000, 8,000, 15,000, and 19,000 were obtained

(respectively shown in Table 2 as Polymers 1 to 5).

10
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Toe 15 parts of each polymer obtained above,

85 parts of the polymer obtained according to Synthesis
Example 2 above was mixed. Coronate L45 (Nippon

5 Polyurethane Industry Co., Ltd.) was added as a
cross-1linking agent to these polymer solutions so that
0.5 parts of Coronate L45 was present for 100 parts of
the polymer according to Synthesis Example 2. These
polymer solutions were applied by using a roll coater on

10 a surface of a polyester film (thickness: about 50
m) whose surface had been subjected to a matt treatment.
Thus, adhesive tapes for temporary attachment with a
release sheet, each having an acrylic-type adhesive layer

(dry thickness: about 20 /4 m) were obtained.

15
The resultant adhesive tapes for temporary
attachment were cut out in strips having a width of 25 mm
to be used as test pieces.
20 Next, the adhesive layers of the aforementioned

test pieces were pressure-attached onto a SUS plate, whose
surface had been polished with #280, by allowing a rubber
roller {(width: 45 mm; load: 2 kg) to reciprocate thereon

four times at 23°C. After the attachment, the test pieces
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were left intact for 20 minutes. One end of each test

piece was peeled at a rate of 300 mm/minute in a 180°

direction, and the resistance value felt during peeling

was measured as a peeling force at 23T,

Furthermore, test pieces which had been produced
in a similar manner to the above were placed on a hot plate,

which had previously been heated to 60°C, and left intact

for 20 minutes. One end of each test piece was peeled

10 at a rate of 300 mm/minute in a 180° direction, and the

resistance value felt during peeling was measured as a

peeling force at 60°C. The results are shown in Table 2.

Table 2

15 <Example 4>

Sample No. Molecular Peeling force (g/25 mm)
weilght 23°C 60°C | Rate of

decrease
from 23T to
60°C

Polymer 1 2,000 60 g 5 g 92%

Polymer 2 4,000 150 g 10 ¢ 93%

Polymer 3 8,000 180 g 8 g 96%

Polymer 4 15,000 160 g 10 g 94%

Polymer 5 19,000 150 g 30 g 80%

From Table 2, it can be seen that the peeling force

at the time of heating does not decrease if the molecular



PZ[abcdtD*I mt 109& ()- /KjU98t Inmt 109 ()- Inmt 109 ()- Inmt 109 ()-
Im 109 ()- dmmopgrwyl*Imt 109& ()- /KjU98t Imt 109& ()- |mt
Im 109& ()- Imt 109& ()- Imt 109 ()- we5*|/KjuU9st Imt 109%& ()-

109%& () -
10%& () -

ol mt 109%& () -

10%& () -
109%& () -

Imt 109& ()- Imt 109& ()- Imt 10%& ()- sY)/Kjuost |nt

| nt

lmt 109%& ()- Im 109%& ()- Inmt 109Kk ()- Int 109K ()- Int 109 ()-
XM TTKpWO8t It 109& ()- Inmt 109%& ()- Inmt 10%& ()- |t 1R§Facehent|Shtet
I mt 109& () - 4 December 2003

10

15

20

-34-

weight of the side-chain crystallizable polymer is too

large, thereby resulting in a low rate of decrease.

(Example 5)

Next, a test was conducted as follows to study the
relationship between the molecular weight of the
side-chain crystallizable polymer contained in the
adhesive layer and the change in the peeling force, due
to a lapse of time, of the adhesive tape for temporary

attachment having such an adhesive layer.

Adhesive tapes for temporary attachment,
obtained in a manner similar to Example 4 above, were cut
out in strips having a width of 25 mm to be used as test

pPileces.

The peeling forces of these test pieces at 23C

were measured in a manner similar to Example 4.

Next, similarly produced test pieces were left in
an isothermal/isohumid room at 23°C for 2 months, and the
peeling forces of these test pieces at 23C were measured

in a manner similar to Example 4.
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In Table 3,

the rate of change over 2 months is shown as a rate compared

against the value taken immediately after manufacture

defined as

Table 3

100.

<Example 5>

Sample Molecular | Peeling force (g/25 mm)

No. weight Immediately 2 months Rate of
after from change
manufacture manufacture | over

2 months

Polymer 1 2,000 60 g 40 g -33%

Polymer 2 4,000 150 g 125 g -17%

FPolymer 3 8,000 180 g 160 g -11%

Polymer 4 15,000 160 g 165 ¢ +3%

Polymer 5 19,000 150 g 145 g -3%

From Table 3,

it can be seen that the tackiness

of the adhesive tape decreases somewhat during storage

if the molecular weight of the side-chain crystallizable

polymer is small.

INDUSTRIAL APPLICABILITY

There is provided an adhesive tape for temporary

attachment of green sheets for ceramic electronic devices,

and a method for producing ceramic electronic devices,
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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
5 peeling off the works so that interlayer destruction does

not occur and no residues are left.
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crystallizable polymer comprises as a main component an
acrylic acid alkyl ester and/or a methacrylic acid alkyl
ester which has a straight—chain'alkyl group including 16
or more carbon atoms as a side chain, and wherein the adhesion
strength of the adhesive composition with a stainless steel
plate when heated to about 35C or above is 10% or less of

the adhesion strength with the stainless steel plate at about

23C.
2. (Canceled)

3. An adhesive tape for temporary attachment according

to claim 1, wherein the adhesive composition is of such
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a nature that the édhesive,composition easily peels off the
green sheets for the ceramic electronic device at about 35C

or above.
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narrower than about 15TC.
5. (Canceled)

6. An adhesive tape for temporary attachment according to
claim 1, wherein the polymer has a weight average molecular

weight of about 3,000 to about 25,000.

7. (Amended) A method for producing a ceramic electronic
device, comprising the steps of:

allowing a green sheet laminate of ceramics to adhere
to a base via an adhesive tape;

cutting the laminate into chips: and peeling the chips
off a surface of the adhesive tape while heating the adhesive
tape,

wherein the adhesive tape comprises a substrate film
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the substrate film, the adhesive layer comprising an

adhesive composition, the adhesive composition

containing a pressure-sensitive adhesive and about 1 to

5 about 30 wt.% of a side-chain crystallizable polymer on
the basis of the adhesive composition, and wherein an
adhesion strength of the adhesive composition with a

stainless steel plate when heated to about 35°C or above

is about 10% or less of an adhesion strength with the

10 stainless steel plate at 23T.

8. A method for producing a ceramic electronic device
according to claim 7, wherein the side-chain
crystallizable polymer comprises as a main compenent an
15 acrylic acid alkyl ester and/or a methacrylic acid alkyl
ester which has a straight-chain alkyl group including

16 or more carbon atoms as a side chain.

9. A method for producing a ceramic electronic device
20 according to claim 7, wherein the polymer has a weight

average molecular weight of about 3,000 to about 25,000.



Replacement Sheet
4 December 2003

-40 -

ABSTRACT

TITLE : “ADHESIVE TAPE FOR TEMPORARY-ATTACHMENT OF GREEN SHEETS FOR
CERAMIC ELECTRONIC DEVICES AND METHOD FOR PRODUCING CERAMIC

10

i5

20

ELECTRONIC DEVICE”

An adhesive tape for temporary attachment of dreen
She:ets for a ceramic electronic device includes a
substrate filn:and.aﬁ 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-sensitive adhesive and
about 1 to about 30 wt.% of a side-chain crystallizable
polymer on the basis of the adhesive composition, wherein
the side-chain crystallizable polymer contains as a main
component an acrylic acid alkyl ester and/or a methacrylic
acid alkyl ester which has a straight-chain alkyl group
including 16 or more carbon atoms as a side chain. An
adhesive tape for temporary attachment of green sheets
for ceramic electronic devices can be provided such that
& large adhesion strength is obtained when temporarily
attaching green sheets for ceramic electronic devices,

and that when a work is to he removed, peeling can easily

occur without contaminating the work.



