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DESCRIPTION

ADHESIVE TAPE FOR TEMPORARY-ATTACHMENT OF GREEN SHEETS
FOR CERAMIC ELECTRONIC DEvicEs
AND '

- METHOD FOR PRODUCING CERAMIC ELECTRONIC DEVICES

TECHNICAL FIELD
| The present invention relates to an adhesive tape

for temporary attachment, used during the production of

ceramic electronic devices, e.qg., multilayer-ceramic

.capacitors, multilayer ceramic iﬁductors, resistors,

ferrites, sensor elements, thermistors, varistors, or
pPiezoelectric ceramics, and in particular for use in a
step of cutting a green (i.e., unprocessed) sheet of

ceramic into a number of chips.

s

- BACKGROUND ART

For example, a multilayer ceramic capacitor may

be produced through the following steps.

A slurry of ceramic powder is thinly spread out
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";with a doctor blade to maké a ceramic gréen sheet. After
a plurality of electf;odeé are printed on the surféce of
the green sheet, a number of such green sheets are
laminated and integrated so as to form a green sheet
laminate.  Next, after the 'la_lmina'te; is initially
heat-pressed, the .'_l.aminate is cﬁt in 1ongitudinal and
ti:ansverse directions with a cutting tool suéh as a dicer
or a -'lguillotine blade to _obt'ain a number of ceramic
laminéte' chips. These chips (also. referred fo as

"works") are then sintered, and external electrodes are

formed on end faces of the resultant chips.

In the aforementioned step of obtaining an
integfated laminate and the step of cutting the laminate
into 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 of £
the adhesive tape on the surface of the base. At the time
of peeling,a it -is necessar& 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.

(1) Since the laminate itself has not been sintered vet,
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the adhesion between the respédtive layers may be
~insufficient. Therefore, ﬁﬁen the chips are peeled off

the surface of the adhesive tape, interlayer peeling may

occur within the laminate due to an excessively strong

adhesion strength of the adhesive tape.

(2) Even if interiayer; peeling does not occur, the
_' _adhesivé layer may be left as a contamirjxant on the bottom
of a chip. As a 'res_ult, when the chips are sent to a
subsequent process, the contaminant lriay cause blocking.
As the residue of thé contaminant is also suﬁjected to
sintering, voids or cracks may occur due to the sintering

of an organic material.

Thus, the reliability and the yield of the product

are unfavorably affected.

Accordingly, as disclosed in Japanese
Publication for Opposition No. 6-79812, for example, an
adhesive tape which includes an adhesive layer of a

thermal foam:_l.ng tyﬁe is conventionally used. A foaming

agent is contained in the adhesive layer of this adhesive

tape. As a result, by heating the adheive tape after

the cutting of a laminate, the foaming agént acts to reduce
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the area of contact between the adhesive tapé and the works,

so that the works can be easily peelled 'off the adhesivé

tape surface.

However,'since'fﬁe adhesive tape has a hiéh
foaming'temperatufe,.fhere are problems in that a binder
within the 1aminate may evaporate to contaminate the worké
at the time of heating the adhésive_tape, or that the
laminate may f;il to attain a predetermined hardnesé due
to the evaporation of the binder prior to a preliminary
sinteriﬁg. 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 adheéive

tape.

DISCLOSURE OF THE INVENTION

An adhesive tape for temporary attachment of green

.sheets for a ceramic electronic device according to the

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
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about 30 wt.% of a side-chain crystalllzable polymer on

the basis of the adhesive composition.

In the ca.s_e where adhesive layers are provided on

"both faces of the substrate f£ilm, the following

pressure-sensitive adhes:i.ves 'may -bé used as the
pressure-sensitive adhesive on the second fé_ce

oonstituting fh_e adhesive iayer, for example:

natural rubber adhesives: synthetic rubber
adhesives:- .styrene/butadiene latex-base adhesivés:
block copolymer typé i:hermoplastic rubbers; . butyl
mbbers: polyisobutylene; acrylic a_dhesiv_es: and vinyl

ether copolymer adhesive compositions.

In one embodiment, the side-chain crystallizable

polymer comprises as a main component an acrylic acid

alkyl ester ar_:d/or a methacrylic acid alkyl ester which
has a straight-chain alkyl group including 16 or more

carbon atoms as a side chain.

In one émbodiment, the adhesive composition is of

'_guch a nature that the adhésive composition easily peels

'off the green sheets for the ceramic electronic device
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at about 35C. or above.

In one embodiment, the side-chain crystallizable

polymer has ”a melting point occurring within a temperature

- range narrower than about 15C.

In one embbdirﬁent, an adhesion strength of the
adhesive composition t}vith a stainless steel plate when
heated to about 35°C or above is about 10% or less of an

ad_hesion strength with the stainless steel plate at 23C

or about 10 g/25 mm or less.

In one embodiment, the polymer has a weight

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

A method for producing a ceramic electronic device
according to the present ihventibn comprises the steps
of: alléwing a green sheet laminate of ceramics to adhere
to a base via_: an adhesive tapé; 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 £ilm and an édhésive layer
provided on at least one face of the substrate £film, the

adhesive layer comprising an adhesive composition, the
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adhesive c.o.mposition contain.:l.ng a _pressure-sensitive
adhesive and about 1 to aﬁout 30 wt;% 6f a- gide-chain
crystallizable- polymér on the basis of the adhesive
compos'i_.tion,_ - wherein the sidé-chain crystal]_.izable
po'lymep c-or-tipris'es-'as é main .compo_nent.- an acrylic acid

aikyl ester a'n'd/_or a methacrylic a_c':l.d alkyl ester which

. has a straight—chain alkyl group includiﬁg 16 or more

garbon atoms .as a side chain, and wherein an 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.

A laminate which is obtained by laminating ceramic

green sheets with electrodes printed thereon is affixed

‘to abase 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

the laminate ié cut, the adhesive tape is heated to a

predetermined temperature or above. so that the works can

be easily peeled off the adhesive tape.

Specifically, since an adhesive composition
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comprised in the adhesive tape contains a. pi:essure-
sensitive adhesive and about 1 i:o about 30 wt.% of a

side-chain crystallizable polymer on the basis of the

._a.dhesive composition, the side-qhain crystallizable
' pélyiner containing as a _main component an aérylic acid

alkyl eét_er and/or a methacryiic acid alkyl ester which

has a straight-chain alkyl group including 16 or more
carbon atoms as a side chain, the polymer

becomes crystalline or non-crystalline in a reversible
manner by _'sli.ghtly varying _the temperature from an
arbitfarily selected temperature, resulting. in a

substantial change in the tackiness with res;iect to a

- chip.

Thus, when the adhesive layer is heated to a
predetermined f.emperature or above, the adhesion strength
of. fhe adhesive 1ayér rapidly décreases. Therefore,
after adhering a green sheet for c_:e;:amic electronic
devices to 1Ehe adhesive tape and p'erforining a cutting
process ,' the tape may be hea_ted so as to greatly decrease
its tackiness with respect to the green sheet for ceramic
electronic devices, wheréby the chips (ceramic electronic

devices) can be éas:l.iy peeled off the tape.
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As used herein, "green sheets for ceramic

electronic devices" encompasé both green sheets and green

| sheet laminates composed essentially of ceramics, which

are used during the production of ceramic electronic
devices, e.g., multilayer ceramic capacitors, multilayer
ceramic inductors, r_esisi:qrs,’ ferrites, sensor elements,

thermistors, varistors, or piézoelectric ceramics.

According to the present invention, the tackiness

of an adhesive tape for temporary attachment with respect

~to greén 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 temporariiy attadhing the green sheets for
ceramic electronic devices: when a work is to be removed,
peeling can easily occur simply by heating. Since the
wgrks will not be. dontaminated, it is possible to enhance
the reliability of ceramic electronic devices.

In particular, by employing a side-chain
crystallizable polfmer 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
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of heatiﬁg and which undergoes liti:le change in tackiness
with the lapse of time.
BEST MODES FOR CARRYING OUT THE INVENTION

{substrate film)

Examples of substrate films which can be used for

" the adhesive tape for temporary. attach:hent according to

- the present invention include sheets composed of a single

layer or multiple layers of a synthetic_ resin £ilm having
a thickness of about5 to about 5004m, e.dg., polyethjr]_.ene,
polypropylene, polyester, poly;\mide, polycarbonate,
ethylene-vinyl | acet‘ate copolymer, ethylene-ethyl

adrylate copolymer, ethylene-polypropylene copolymer,

'polyvinyl chloride.

In order to enhance the adhesion with the adhesive
layer, the s1_:,|rface of the subsfraté film may be subjected
to a corona discharge'treatment, a plésma ti:eatment, a
blast treatment, a chemical etching treatment, a brimer

treatment, or the like.

On at least one face of such a substrate £film, an
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adhesive layer composed of an adhesive composition as

‘described below is laminated.

-The edhesive composition may contain a side-chain -
crys_talliZabie polymer having a melting point which |
occurs withina temperatﬁre range narrower then aboui_: 15C,
and a pressure;sensitive adhesive. The adhesive
composition is of such a nature _'that .it'exhib-its tackiness
with respect to a dgreen sheet for ceramic electronic
devices or other materials to which it is adhered at
temperature T1, while exhibiting a significantly reduced
tackiness with respect to the green sheet for ceramic
electronic devices or other materials at temperatqre T2

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

(pressure-sensitive adhesive)
| Examples of pressure-sensitive adhesives
contained in the adhesive composition _inclﬁde the

following pressure-sensitive adhesives, for example:

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
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intermediate block éuch as polyisoprene,. polybutadiene
.or poly(ethylene/butylene)); butyl rubbers;
poiyisobutylene: acrylic édhesives such és polyac_:i:ylate
and vinyl acetate/acryl ester copolymer:; and v_ihylether

copolyniers ~such as polyvinylmethylether,

-polyvinylethylethef, and polyvinylisobutylether.

In particular, the use 6f adryl type pressure-
sensitive adhesives provides int_eraction with the polymér

such that the polymer will be sufficiently dispersed at

a predetérmined temperature so as to exhibit tackiness,

and yet the polymer will exhibit good feleasability when
heateﬁ to the predetermined temperatﬁre or above.
Preferable acryl tjpe pressure-sensitive adhesives are
ct.:mposed essentially of ethylhexyl acrylate,
hydroxyethyl acrylate, or the like. Examples thereof
include a copolymer coxitaining 8(_) to 95 parfs by weight
of Z-ethy:_l.hexyl acrylate and 5 to 20 parts by weight of

2-hydroxyethyl acrylate.

(side-chain cryst&llizable'polymer)

A side-chain crystallizabile polymer to be
contained in the adh'e}ive composition preferably has a

melting point whio_::h occurs within a temperature rangé
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narrower than about 15TC.

As used herein, the term "melting point" means the

temperature at which an equilibrium process causes

céftain portions of a polymer. :l_.nitially aligned in an

'orde'red array, to become disordered.

In one embodiment, the melting point of the

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

-100C, and more preferably in the range of about 35C to

about 65C. It is preferable that the melting occur

~rapidly, i.e., overa relatively narrow temperature range

which is less than about 15°C and breferably less than
about .10 C . It is preferable that the polymer
crystallizes. rapidly. To this end, seeding agents', or
crystallization datalysts'_can be incori:orated into the

polymer.

Afte_z‘: use, the .adh.esive layer can be easily peeled
off the surface of a green éheet for ceramic electrqnié
devices or a 'chip by heating the adhesive layer to a
teinperature wﬁich is slightly higher than the use

temperature. The heating temperature is usually about

40C to about 100C, preferably about 40C to about 70TC,
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and more preferably about 50°C to about 70TC.

The side-chain crystallizable polymer contained

in the adhesive composition includes as a component

thereof an acrylic acid ester and/or methacrylic acid

ester which has a straight-chain alkyl group including

16 or more carbon a1_:oins as a side chain.

As an acryiic acid ester and/or a methacrylic é.c:l.d
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)acry_la-lt_e- which
has a straight-chain alkyl group including 16 to 22 carbon
atoms may be preferably used, e.g..,
hexadécyl( meth)acrylate, stearyl (meth)acrylat_e, or

dococyl (meth) acrylate.

Furthermore, a {(meth)acrylate which has a
straight-chain' alkyi group inclﬁding 16 to 30 carbon afoms .

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

Furthermore, the following monomers majr be used

instead of or in addition to a (meth)acrylate which has

.a straight-_-chain alkyl group including 16 or moi'e carbon
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atoms as a side chain:

at 1east-ohe kind of monomer selected from the

‘group consisting of: acrylates, methacrylates,

acrylamide 'derivatives, methacrylamide derivatives,
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 a portion of which is fluorinated; and styrene derivatives

having an alkyl groﬁp which has 16 or more carbon atoms,

etc.

In particular, acrylates, methacrylates,
acrylamide derivatives, methacrylamide derivatives, or
the 1like having a straight-chain aliphatic  group

including 16 or more carbon atoms are preferable. More

- preferable are agrylates, ﬁethacrylates, acrylamide

derivatives} methacrylamide derivatives or the 1like

-having a straight-chain aliphatic group including 14 to

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

including 14 to 18 carbon atoms.

Furthermore, the following menomers_ having
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functional grdups may be used as a cépolymef component.
Examples of mondmers having such funétional grbups _
include at least one kiﬁd whi_ch is selected _from the group
consisting of: acrylic acid,- methacrylic acid, itaconic

acid, meéacon:l.c- acid, citraconic acid, fumaric acid,

. maleic acid, itaconic acid monoalkyl ester, mesaconic

acid monoalkyl eéter, citraconic acid monoalkyl ester,

' _fumari'c_ acid morioalkyl ester, maleic acid monoalkyl ester,

acrylic acid Z2-hydroxyethyl, _acrYlamide, methacrylamide,
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 includirig 16 or more carbon atoms as

a side chain used, may be contained in an amount ranging
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

| crystallizable polymers which are obtained from monomers

which have a straight-chain alkyl group including 16 to

22 carbon. atoms:

monomer used . me-lting point (TC)
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- C16 acrylate _ . 36

' C16 methacrylate 26
c18 acrylate . 49

c18 methacrylate . ' 39
C20 acrylate | ' : - 60
C20 methacrylate ' 50 -
- €22 ac.ryla-.te ' _ | : 71
c22 methacrYiate 62

Preferable examples of polymers contained in the

adhesive composition include the folloiing:

(1) a copolymer of 80 to 98 parts by weight of stearyl
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 acrYlaf.e,
1 to 10 parts by weight of acrylic acid, and 2 to 10 parts

by weight of dodecyl_mércaptan:- and

(3) a copo'lymer-of 80 to 98 parts by 'weight of dococyl

acrylate, 2 to 20 parts by ﬁeight of acrylic acid, and
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2 to 10 parts by weighi: of dodecjrlmercaptan.

The amount .of the crystallizable polymer in the

" adhesive compoéition is in the range of abou_t. 1 wt.% to
abouf 30 wt.%, preferébly about-s wt.% to abo_ut 20 wt. %,
and part:l.cular:ly prefera.bly aboﬁt 5 wt.® | to about

15 wt.%. The aforementioned effects provided by the

: ." poljrmer cannoi: be exhibited_if the pblymer is contained

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

- The specific molecular. weight of the
crystallizable polymer 1_;.0 be used is an imporfant factor
that determines the manner in which the adhesive
composition used in the present invention. exhibits

temperature-dependent tacl_ciness and/or adhesion binding

”strength. Specifically, a low molecular weight

crystallizable polymer will lose bonding strengtﬁ when |
heated. For example, the adhesion strength when heated
at 60C is decreased by 90% or more ffom the édhesion
étrength (peeling force) at room temperature (237C) (the
detailed adhesion strength test éonditions will be

described later).

Accordingly, the weight average molecular weight
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of the polymer is préferably about 3,000 to about 25,600,
and more preferably aboﬁt 4,000 to about 15,000. If the
welight ave:ége'molecular weight of the polymer exceeds
about 25,000, there is an insufficient decrease in
tackiness responsiﬁe to ﬁeating. If the weight average
molect;lar weight of the p_olymer _is less i:han about 3,000,
fhe adhesion strength undérgpes a substantial change with

the lapse of timé, which is not preferable.

Thé adhesive composition according to the present
invention may be obtained by admixing a pressure-..
sensitive éd_hes_i;ve and a crystallizable polymer in a
compatible solvent, and adding optional compénents
thereto, e.g., plasticizers, tackifiérs, fillers,-
cross-linkiné agents and the like. The solid éontents
are adjusted to a desired viscosity, and the mixture is
blgnded until it is homogeneous. After blending, bﬁbbles

are removed from the mixture.

Examples of i:ackifiers include special rosin

ester type tackifiers, terpene phenol type tackifiers,

 petroleum resin type tackifiers, high hydroxyl value

rosin ester type tackifiers, hydrogenated rosin est’e'r

type tackifiers, and the like.
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Examples of cross-linking agents include:
isocyanéte-type _ compounds such as
tetramethylenediisocyanatew hexamethylenediisocyanate;_.
an a_dduc'_t obtained bf adding three tolylen'edii-socyanates _
tp trimethylolpfopane,'or polyisocyanate; epoxy;typé

compounds | such as sorbitol polyglycidylether,

polyglycerol - p'olj[glycidyiether p pentaerythrif ol

polygly_cidylether, diglycerol . polyglycidylether,
glycerol poiyglycidylether, neppentylglycol
diglycidy}ether, or resorcin diglycidylether;
aziridine-ty-pel compou_nds such as trimethylolpropape-
tri-f-aziridynyl 'propionate . tetramethylolmethane-
tri-ﬂ-aziridynyl propionate, N,N'-hexamethylene-1,6-
bis(l-aziridine carboxyamide), N,N'-toluene-2,4-bis(1-
aziridine carboxyamide), N,N' -aiphenymethane-4 4 -

bis(l-aziridine carboxyamide), or tfimethyl_olpropane-

tri-p-(2-methylaziridine)propionate; and melamine-type

‘compounds su,ch as hexamethoxymethylol melamine. These

may be used aloné, 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 preferably 0.1 to 3 part.s by weight, with

respect to 100 parts by welght of the base polymer.
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In order to provide a texhperdture-active adhesive

composition on a substrate film, a knife coater, a roll

'coater, a calender coater, a comma coater, or thé like
is often used in general. Depending on the thickness of

the coating and the vis.cosi'ty of the material; a gravure

coater or a rod coater may be used. The adhesive
composition may be applied by being transferred from a

releaée sheet, as in the manner of transfer printing. The

composition may be applied neat (i.e., without anything

else), or inasuitable solvent, or as an emulsion or latex.
Thus, an adhesive layer is formed from the adhesive

composition.

1n terms of prevention of contamination during
storage or .commercial' distribution, it is preferable to
adhesion-protect the adhesive iayer with a separator
until the adhesive layer is édhered to the surface of a

green sheet for ceramic elecfronic devices. . The

separator can be made of paper, a plastic f£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 necéssary so as to be rendered easy to peel.
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Next, a method for producing a ceramic multilayer
capacitor as a ceramic electronic device will be

described.

First, a slurry of ceramic powder is thinly spread
out with a doctor blade to make a c_eram:!_.d green sheet,

and electrodes are printéd on the surface of the greén_‘

‘ sheet. Then, a number of such green sheets are 1aminated

and integrated so as to form a green sheet laminate. Next .

the laminate is affixed on a base via the adhesive tape

_adcording "to the present invention. Since the

tempera'ti:re at this time is relatively low (e.g., about

20C to about 40°C), the laminate adheres well to the

thesive'layér of the adhesive tape.

Next, the -laminaté' ié heét-pressed and cut. At
this time, the works do not peel off the adhesive layer
or be traﬁsfgrred onfo any-.green sheets that are yet to
be cut. After a nﬁ'mber of ceramic laminate chips are

formed in this manner, the resultant works are removed

'from the adhesive fape. Thereafter, the works are

subjected to a preliminary sintering process, 'and a

éinteri_ng process. At this time, the adhesive tape is
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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 f-ormed on end faces
of the works, whereby chip- type multilayer ceramic

capacitors are obtained.

As for methods for heating the adhes:l.ve tape the

tapeora retention member (base) for the tape may ‘be heated

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
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 c'e:_::amic electronic devices to the adhesive tape
suri:‘ace' 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 whi_ch is equal to or greater

than the melting point of the polymer after the cutting.
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Moreovér,'it is preferable to ensure thaf-the
peeling force is reduced to about 10% or less at a

temperature which is equal td or gréater than the melting

‘point of the side-chain-crystailizable polymer. It is

preferable that the adhesion strength of-thg 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 ébqut.2313, or

| about 10 g/25 mm or less..

Although multilayer ceramic 'capacitors are

" illustrated above as ceramic electronic devices, the

present invention ié not limited thereto. The present
invéntio-n 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 boards, ferrites,

- sensor elements, or varistors.

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

In the following description, any reference to "part(s)"
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means “"part(s) by _weight ...

A. Preparation of polymer

(Synthes:l.s Example 1)

First, 95 parts of stearyl acrylate, 5 parts of
acrylic acid, 5 parts of dodecylnercaptan, and 1 part of
Kayaester HP-70 (Kayaku Akio K.K._) were mixed. The
mixture was stirred at 80°C fors hours- to bolymerize thése
monomers. The resultant polymer ha_.d a weight average
molecular weight of about 8,000, and a melting point of
50C.

(Synthes:l.s Example 2)

First, 92 parts of 2~ ethylhexylacrylate 8 parts
of 2-hydroxyethylacrylate, and 0.3 pafts of Trigonox
23-C70 (Kayaku Akzo K.K.) were mixed in 150 parts of ethyl
acefate/heptane (70/30). The mixture was stirred at 55T
for 3 houfs, .and thereafter peated to 80°C, and 0.5 parts-
of Kayaester HP-70 was added; Tﬁe mixfure was stirred
for 2 hours to polymerize these monomers. The resﬁltant

polymer had a weight average molecular weight of about

 600,000.
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B. Preparation of - an adhesive tape for temporary |

'attaéhment' of _greén sheets for 'multilayer cérémic

capacitors

' (Example 1)

The polymers obtained according to Synthesis

'-Examples 1 and 2 above were mixed at a ratio of 5 parts

to 100 parts. To this éolymer solution, Coronate L45
(Niﬁpon Poiyurethane Industry Co., Ltd.) was added as a
crossflinking agent, so that 0.5 parts of Coronate L45
was present for 100 part§ of the polymer of Synthesis
Examgle 2. Then, the polymer solution was applied by
using a roll coater on a surface of a polyethylene
terephthalate (PET) film (about 100 4m) which.had been
subjeéted to a cordna treatment. Thus, an adhesive tape
for temporary attachment with a release sheet, having an
adrylic;typeadhesiveiayer(thickness;about30 Luh)was
obtained.

The following evaluation tests were perfo:fmed for

the resultant adhesive tape for temporary attachment.

(1) Peeling force

A 180° peeling force of the adhesive tape was
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ﬁleaeured with respect {:o SUS, according to JISC2107. The

measurements were taken at 23C and 60T, respectively.

(2) Work peellng state
After the adhesive tape was peeled off a SUs

surface, the 1evel of c_ontamination on the SUS surface

‘was measured by TDS (Thermal Desorption Spectroscopy)

‘_l:echniques; - In - addition, the presence/absence of

interlayer destruction :_Lh the works was determined by

~visual inspection of the work cross-sections. The

results are shown in Table 1. In the table, "O.*

represents an excellent product; and "X" represents an

unacceptable product.

(Example 2)

- An adhesive tape fef temporary attachment was |
obfained in a manner similar 1;9 Exaxhple 1 except that
Coronate L45 was added as a cross-linking agent to the
poiymer solu_.tion obtained accotding to Example 1 so that
J_..O _parts of Coro.nlate-_L45 was present for ioo parts of
the polymer accof:ding to Synthesis Example 2. The
peeling force and the work peeling state of tl:_;e resultant
adhesive tepe for temporary attachment were evaluated in

a manner simi:_l.ar to Example_ 1 These results are shown
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in Table 1.

(Example 3)

A'nl adhesive tape for temporary attachment was

"obtained ih a manner similar t_d Example 1 except that

Coronate L45 was Iadded as a cross-linking agent to. the

p_olymgr solution obtained according to Exampie 1 so that

'S.O-pérts of COronéte L45 was present for 100 parts of

'~ the polymer éccording to Synthesis Example 2. The

peeling force and the work peeling state_of the resultant
adhesive tape for temporary attachment were ew'ialu,ated in
a manner similar to Example 1. These resulfs are shown

in Table 1.

(Comparative Example 1)

To 100 parts of the polymer obtained accordihg 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 coater on a surface of a PET film (about 100 &«

- m) which had béen subjected to a corona treatment. Thus,

an adhesive tape for temporary attachmen_t with a release

| shéet, having an adrylic-type adhesive layer (thicknelss;

about 50 4m) was obtained.
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The peeling force and the wofk peeling state of
the resultant adhesiye tape for temporary attachment were

evaluated in a manner similar to Example 1. These

' results 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

(Nippon Polyurethane Industry Co., Ltd.) was added as a

. cross_—lihking 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

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

about 50 'um) was obtained.

The peeling force and the work peeling state of
the resultanj: adhesive tape for temporary attachment 'weré
evaluated in a manner similar to Example 1. These

results are shown in Table 1.

(Comparat ive. 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

Table 1

reéults are shown in Table 1. -

Adhesive Peeling force jWork peeling state
' ' (g/25 mm) '
23C 60C |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 300 200 X X
Ex.1 sensitive
adhesive
Comp pressure 300 100 X X
Ex.2 sensitive '
adhesive .
Comp pressure 30 10 O X
Ex.3 sensitive '
adhesive

O: excellent products

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 Exaxriples 1 to 3. Incontrast, Examples 1 to

'3 were excellent in terms of releasability as well as

contaminating properties after heating (60C), and yvet

the initial adhesion strength (23C) was -enhanced.

(Example 4)

"Next, a test was _conducted as follows to stﬁdy the
relationship b-efween the molecular weight of i:he
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 o‘bta:l.ned by adding different
numbers of parts of .dodecylmercaptan (polymerization
inhibitor) t_p a mixfure of 95 parts of stearYl acrylate
ahd 5 parts of acrylic acid were stirred at 80C for 5
hours to polymerize these monomers. As a result,
polymers having wéight 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).
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To 15 parts of each polymer obtained above,
85 parts of the polymer obtained according to Synthesis
Example 2 above was mixed. Coronate L45 (Nippon

Poljurethane Indus:try' Co., Ltd_.) was added as a

- cross-linking agént to these polymer solutions so that

10

15

20

0.5 parts of Coronate L45 was present fo_i:' 100 parts of

the polymer according to Synthesis Exémple 2. E Thes.e

' polymer solutions were applied by using a roll coater on

_a surface of a polyester film (thickness: about 50 4«

m) whose surface had been subjected to a matt treatment.
Thus, adhesive tapes for temporary attachment with a
release sheét, each having an acrylic-type adhesive layer

(dry thickness: about 20 LUm) were obtained.

The resultant adhesive tapes for temporary
attachmenf ivere cut out in strips having a width of 25 mm
to be used as test pieces.

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 rut_:ber

. roller (width: 45 mm; load: 2 kg) to reciprocate the_reon

fov._:r times at 23C. 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 23C.

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

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

for 20 miriutes. ~ 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 60C. The results are shown in Table 2.

Table 2

<Example 4>

Sample No. Molecular Peeling force (g/25 mm)
weight 23C 60C |Rate - of
. decrease _
from 23°C +to
60C
Polymer 1 2,000 60 g 5g ' 92%
Polymer 2 4,000 {150 g 10 g 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
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weight of the side-éhain crystallizable polymer 'is_ too

large, theréby resulting in a low rate of decrease.

(Example 5)

| 'Next, a test was conducted as follows to study the

,rela:tionship betweén the molecular weight of the

side-chain crystallizable polymer contained in the
adhesive layer and the change in thé peeling force, due
to é lapse of time, of the adhesive tape for temporai'y

attachment having such an adhesive laye_r.

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

pieces.

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 isothernial/isohumid room at 23C 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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These results are shown in Table 3. In Table.3;

. the rate of change over 2 moni:hs_ is shown as a rate compared

against the value taken immediately after_manufacture

- Qefined as 100.

Table 3

<Example 55

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%
Polymer 3 8,000 |180 g 160 g -11%
| Polymer 4 15,000 (160 g 165 g +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 temporéry
attachméntofgrégnsheetsforceramicelectronicdevices,

and a method for producing ceramic electronic devices,
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such that a sufficient adhesion strengthnfor'not-causiné

scattering or dislocation of chips is exhibited until a
step of cutting the'green sheets is pefformed-and that
a reduction in the adhesion strength is realized wheh
-'peelin.g off the works so thét interlayer desfrudtion doe_s

not occur and no residues are left.
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~ CLAIMS

1. An adhesi\fe tape foi: t.emporary attachment of green
sheets for a ceramic electronic device, comprising a
substrate £ilm and an adhesive layer..prqv:i..ded.o_ri at least
one face of the substrate f£ilm, |

where-ix; the | adhesive' 1ayei' ‘comprises an adhesive
_compositidn, the 'adhes‘ive' compos‘ition coﬂtaining a
pressure'-sens:l_.tive adhesive and _aboui; 1 to about 30 wt. %
of a side-chain crystallizable polymer on- the bé.sis of

the adhesive composition.

2. An adheéive tape for temporary attachment according
toclaim 1, wherein the side-chain crystallizable polymer
comprises as a main component an acrylic_ acid alkyl ester
and/or a _methacrylic acid élkyl ‘ester which has a
straight-chain alkyl group including 16 or more carbon

atoms as a side chain.

3. An adhesive tape for t-empor_'ary attachment according
to claim 1, wherein the adhesive composition is of such

a nature that the adhesive composition easily peels' off

the green sheets for the ceramic electronic device at

about 35C or above.
-

Thls Sheet Has Been R,

N T llll
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4. An adhesive tape for temporary att&chment according

to cla:l.ni 1, wherein the sidel-chain crystallizable polymer

" has a melting point occurring within a temperature range

narrower than about 15TC.

' 5. An adhesive 'Eape for temporary attachment -according

to claim 1, wherein .an adhesion strength of the adhesive

compos:.t:.on with a stainless steel plate when heated to
about 35°C or above is about 10% or less of an adhesion

strength with the stainless steel plate at 23TC.

6. An adhesive tape for temporary sttachment according

to claim 1, wherein the polymer has a weight average

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

7. A method for producing a ceramic electronic device,
compfising the steps of:

allow.ing‘a green sheet laminate of ceramics to adhere -
to a base via an adhesivshtape: _

cuttisg the laminate into chips: and peeling the chips
off a surface of the adhesive 'tape whils heating the
adhesive tape,

wherein the adheslve tape comprises a substrate £ilm

Thls Sheet Has Been Rep.

A llll
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and an adhesive layer provided on at least one face of

' the substrate f£ilm, the adhesive layer comprising an

adhesive .composition,' - the adhesive composition
cdntaining a pressure-sensitive adhesive and about 1 to
about 30 wt.% of a side-éhain crysfallizable polymer on
the basis of the adhesive composition, and whéreip an

adhesion étrength of the adhesive composition with a

‘stainless steel plate when heatéd to about 35C or above

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

stainless steel plate at 23T.

8. A method for producing a ceramic electronic device
accordiné to claim 7, wherein 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 carbbn'atoms as a side chain.

9. A method for producing a ceramic electronic device
according to claim_7, wherein'the polymer has a weight

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



