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TITLE OF THE INVENTION

MONOLITHIC CERAMIC ELECTRONIC DEVICE AND METHOD

OF MANUFACTURING SAME

BACKGROUND OF THE ' I N
Field of .h Invention
The present invention relates to, a!electronlc part and a
' method of manufacturing same, aﬁa more particularly to a
monolithic ceramic electronic dev1ce and a method of
manufacturing same. | |
' The present invention can be adapted to a variety of
electronic devices; e. g._a monolithic capacitor, a monolithic
piezoelectric device or a multilayered ceramic substrate, and

a method of manufacturing such devices.

R Backagr

A method of integrally firing metal elements and ceramic
elements has'been employed for'manufacturing a monolithic
ceramic electronic device,_such as a monolithic capacitor,
having internal electrodes. Firatly, a pattern made of
conductive paste_is printed on a ceramic green sheet to form
internal electrodes. Then, a plurality of the ceramic green

sheets each having the internal electrodes are laminated, and
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and”~ ‘a " nethod of manuf acturing . sane, and nore particularly to
a monol i'thic ceranic el ectronic device and a nethod of manuf acturing sa :
© The present inventiokh can be adapted to a variety of el e ;;
e.g. a monolithic capacitor, a nongddgdy smrRiTRzoel ectri ¢ devs E6to T'q
mul ti.l ayered ceram ¢ substrate, and a nmethod of manufac urlnd”sdéﬁ
devi ces. Rel at ed Background Art A nethod of inte _|r|ng netal
el enents and ceramic el enents has been enpl oyed for manufacturing a
~monolithic ceramc electronic device, such as a nonolithic capacitor,:

haV' ng i RN %'p‘iﬁ:td'ﬁlfi%%e Funtd o £ RAdndd) sl CQ(heets having no

'1nternal electrode are laminated on the both sides of the

stack of green.sheets to form a monolithic ceramic structure.
_ Alternatively,fbredetermined pattern of ceramic paste and
' conductive”paste may be sequentially printed to form a
'monOlithic.eeramic structure. |
Then,.the monolithic ceramic structure is pressed in a
direcrion of its thickness so that the ceramic layers are
brought into tight cdntaet with*Each other. Further, the
monolithic ceramic etructure is fired to obtain a sintered
structure. Appropriate external‘electrodee are formed on the
outer surface.of the sintered structure to produce a.
monolithic ceramic electronic part.
In recent years electronlc parts are required to reduce
the sizes thereof and, as welgiy}4§x>nmnollthlc ceramic
" electronic devices must reduee the sizes and'the_thicknesses
thereof. When the monolithic ceramic electronic device is
intended to be reduced in size and-the- thickness, the ceramic
layers; each of which is held between the internal electrodes,
are required to be thinned. Accordingly, thinner green sheets"
are required when the monolithic ceramic structure is
'_ manufactured.
Howefer, it is difficult to treat exeessively thin
ceramic green sheet. Moreover, the thicknese of portions each
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cohducti Ve paste is printed on a ceram c green sheet to form internal

el ectrodes. Then, a plurality of the ceranic green sheets each having the
- internal electrodes are |amnated, and .
~then an appropriate nunber of cerangg. g@?gﬁﬁpts havi ng 'OTHkﬁa%TﬁhlﬂchE,
el ectrode are | aninated on the both sides stack of jgreen¥ sﬁéétsjt
. forma nonolithic ceram c structure. T

J 3

ihcluding‘the interhal'electrodes,'Which overlap one another,
are larger'than that of portions each including no internal
electrode_in a monolithic ceramic structare.'.As a result,
stepped portions have been inevitably formed between the
portions. | |

In oarticular, since the stepped portions are formed when
the monolithic ceramic structure is pressed in the direction
of 1ts thiokness prior to firing process, the pressure is
mainly applied onto the portions 1ncluding the internal
_electrodes which overlap one another. Accordingly, the
pressure is_insuffLCient in the other portions. As a result,
there is a possibility that a layer separating phenomenon
called delamihation oCcUrs. Also, there is a possibility that
solvent in the ceramic green sheet causes the internal
electrodes to -be- swellee- Then) the internal electrodes can
not aocurateiy.be formed into desired shapes.

Therefore, it has been extremely difficult to reduce the
thickhess of a ceramic green sheet to about 6 um or thinner.

Such problems may arise in making a monolithic ceramic
structure in which ceramic paste and'conductive paste are
alternately laminated. ; | o

To overcome the problems, ‘a method has been suggested in

poftions cf afe

which,a metal film, formed by a thin film forming method,-tsA

used as the internal electrodes, the method being exemplified
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Alférnatlvely, a predetermned pattern of ceram c paste and conductive
‘paste may be sequentially printed to forma monolithic ceramc structure.
Then, the nonolithic-ceramc structure is pressed in a dire
thlckness so t hat - the ceranic | ayepg-ope Mbr@mght intlp1
each other. Further, the nonolithic ceramc structurp
sintered structure. Appropriate external electrodes fred Tt e
outer surface of the sintered structure to produce a nDnollthlc ceram c
electronic part. - In recent years electronic parts are required to
reduce’ thg thézes116Wengotirafdio @Rir¥ehbthogBnoOlithic ceranic
~electroni c devices nust reduce the sizes and the

The first method has the step of forming a metal film on

:f the overall surface of a supporting member by using a thin
film formihg method, such-as a sputtering method. Then, a
'resiét'layer having-openian corresponding.to the shabes of
the-electrddes is formed on the metal film, énd-then the

" metal film is patterned by photolithography. Thﬁs, a metal
film 2 is formed as shown iﬁ Fig. 1. Then, a ceramic green
sheet 3 is formed oﬁ the metal Film 2. By repeating the
.process-for fo:ming the metal film 2 and that for forming the
ceramic'green shéet 3, a monolithic structure 4 is formed.

_ In.thg second method which is disclosed in‘JP-A—64-42809,
a ceramic_green sheet ;s formed on a first film made of
synthéticlresin; and a metal filﬁ is formed on a second,
supporting film by a thin film forming method. Then, the
metal film supported by the second supporting film is
transférred to the ceramic green sheet on the first supporting
film to produce a greén sheet having a metal film thereon. A
monolithic ceramic structure is obtained by lamlnatlng a
plurallty of such green sheets. | _

The third method has the step of forming_a metal film on
the overall surface of a subporting f£ilm by a thin film
forming method. Then, the metal film is patterned by a
ph§tolithography_method. Next, a ceramié green sheet is
4 |
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t hi eknesdes  thereof . Wen the nonolithic ceramc electronic device
is intended to be reduced in size and thickness, the ceramc |ayers, each
~of which is held between the .internal electrodes, are required t

thi nned.. Accordingly, t hi nner greemeshest HNURASAT eqUt .e;ﬂgnpllthlc
ceram ¢ structure is manufactured. _ However, i 'ﬂtséﬁfﬂlgult to tjreat
—excessively thin ceramic green sheet. Mreover, th ons

) 3 VT

each
formed on the supporting.film having the_patterned metal film
" so that a green sheet having the metal film is obtalned Then,
-_the green sheet supported by the supportlng film is laminated
on a lamlnat;ng_stage by transferring w1th heat so that a
monolithic ceramic structure is obtarned; | pchﬁonsayp
The first to thlrd methods, in each of which,the metal
film formed by the thin f11m formlng method-*éfﬁsed as the
internal electrodes, are able to further thin the internal
electrodes as compared with the method of forming the internal
electrodes by using conductive paste. |
Howeve'rf an attempt to further thin each layer encounters
an increase in the number of the laminated'layers,'thus
- causing the internal electrodes to be thickened with respect.
to the thickness of the ceramic layer held between the
internal electrodes. As a result, the first method involves
the difference in the thicknese between a portion 6, in which
onIy the ceramic green sheets are laminated, and a portion 7,
in which internal electrodes 8 overlap one another, as shown
in Fig. 2. Therefore, when the laminated structure is pressed
in the direction of its thickness, the pressure is easily
applied to only the portion in which the internal electrodes.s
overlap one another. Thus, the strength of adhesion between
the ceramic layers may reduce'in'the region, in which the

internal electrodes do not overlap. As a result, delamination
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‘inéFuding the internal electrodes, which overlap one another, are |arger

than that of portions each including no internal electrode in a monolithic -

ceram c structure. As a result, stepped portions have
fornmed between . the portions. = okDoPgrimEARr, Sinc
portions are forned when the nonolithic ceramc struct
"the direction of its thickness prior to firing process
mai nly applied onto the portions including the internal electrodes which
overl ap one another. Accordingly, the pressure is insufficient in the

other porpi@nsasf®yatdREéUblace when the laminated structure is sintered.

thgs steppeds

re |3§nes§eh in

Moreover, the_first method'requires a further processes
| after the metal'film has been formed on the supporting member,
such as a step for forming patterns of a resist layer, a step
for etchlng the pattern and a step for strlpplng the re51st
.layer off. |
The second method also encounters a problem of_thickening
of the portion in which the internal electrodes overlap one
another, as compared with the'reGIon having no internai
electrodes. Therefor, the second: method also may suffer fromﬁ
prolem
delamlnatlonﬂpéeb;em- Further, in the case where the ceramic
green sheet is extremely thinned, it would be dificult to
treat'suchioreen-sheet. Moreover; it would be difficult to
attain high accuracy of position of the metal film on a green
sheet because a transferring process is involved.
| 'And, in the_transferring process, -the portion having no
metal film involves the ceramic'green sheet being brought into
contact with the second supporting film. The second |
'supportlng film must be stripped from the green sheet having
the metal film after the transferrlng process. Therefore,
both of the metal film and the ceramic green sheet must be
easily stripped from the second supporting film. However, the
requirement can not easiiy be satisfiedf Thus, there is a
possibility that a portion of a ceramic green sneet is

6
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théfe is’a possibility that a | ayer separating phenonenon called

del ani nation occurs. Also, there is a possibility that solvent in the
ceram c green sheet..causes the |nternal electrodes to s Tothe |
i nt er nal electrodes can not accurabﬁ frd into desl| rets Shapes#S BEEN
Therefore, it has been extrenely di fICU| 0 reduce the ||thi cKHESPM I g
ceraningreen sheet to about 6 [err]m or thinner. Suctrproblens may
arise in making a nonolithic ceramc. structure in which ceram c paste and
conductive paste are alternately |am nated. - To overcome the problens,

a UEtthn??ét?&ﬁ@dswﬂgﬁséﬁﬁlgﬁ Eﬁep§%Eb88558kgﬁrgﬁg§L; f,m formed by a

'th!n fil orm nt er es t he net hod
bei ng exe”pllfSEHce the third method.has_the steps of forming the metal

film by the thin film forming method:and then performing the '
patterﬁing process by the photolithography method, the
manufacturlng process tends to become compllcated Moreover,
the structure in Whlch the metal film and the ceramic green
sheet are in contact with the supporting film requires both of
the metal film and Fhe ceramieigreen sheet.to be easily
.stripped from the suppofting fifﬁ when transference from the

. supporting film is performed. HoWever, the requirement cannof

easily be satisfied. .

RY OF THE INVENTION

Accordingly, an object of the present invention is te
provide a method of manufacturing a monolithic ceramic
electronic device capable of preventing occﬁrrence of the
difference in the thickness between a region, in which
internal electrodes are formed, and a region, in which the'
internal electrodes are not formed, in a mdnoiithic ceramic
structure and therefore eapable of effectively pfeventing
delamination so es to be capable of simply.and_stably
manufacturing a monolithic ceramic electronic device as
compared with a conventional mefhod.of manufacturing the

" monolithic ceramic eiectronic part inclﬁding a step of fo;ming
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by ‘t'he fdllowing first to third methods. The first nethod has the
'step of form.ng a netal filmon the overall surface of
by using a thin filmformng method, such as a sputtieri pgsrerhods -
resist. layer having openings corresgopdsnguk®ra he shapes ofpepr actad

the'interhal electrodes by a thin £ilm forming method.

| Td achieve.the object, accofding to onefaspect of the
present invention} there is provided a method of manufaéturing
a monolithic céramic electrohic device, including the steps
of: fofming a first metal film on a first supporting.member
by a thin film fdfming method; forming,.on the first métal
film, a resist layer having pattern holes therein; forming
second metal films thicker than the-first metal film within_
the pattern holes formed in the'iesisﬁ layer; forming a
monolithic ceramic structu:e.including the resist layerland
the first and second metal films; and firing the monolithic
ceramic structure to change the first metai film into an.
insulating material and to remove the resist layer.

According to‘;'another aspect of the prgsent invention,
the step of forming the monolithic ceramic structure has the
steps of forming a ceramic green sheet on a second supporting
member; and separating the monolithic ceramic structure from
the first_supporting‘member while separating the ceramic green

| sheet from the second supporting member, and alternately
stacking,'on a laminating stage, the moholithiclceramic
structure and the ceramic gréen sheet.

According to:furthér aspect of the pfesent invention, the
step of fbrming the monOlithic ceramic structure has the steps
of forming a ceramic gréen sheet on a sécond supporting

8
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the'el ectrodes is formed on the netal film and then the netal filmis

patterned by photolithography. Thus, a metal film2 is formed as shown in
Fig. 1. Then, .a ceram c green shieet 3 is formed on the net N
repeating the process.for. form ngothessui@atal m 2 and alycfore forﬁ?ﬁ E
the - cerami c green sheet 3, a nonolithic structure 4 is anedgﬁPLAUhot

‘the second nethod which is disclosed in JP-A 64-42809, - Fe—green
sheet is forned on a first filmnmade of synthetic resin; and a netal film
is formed on a second supporting filmby a thin f|In1forn1ng met hod. Then,

‘the net aheribé P} SLPRRSEEEr Pig) NenEECORE EUPRALEI §Bebh! Bhist, the

monolithic ceramic structure on the first supporting member to
form a green sheet including a metal film; seqnentiaily
transferring and stacking a plurality of the green sheets each
having the metal film thereby to form the monoiithic ceramic
structureﬂ |

.It,is preferable that transference of the metal film be
performed by using a roll press in the step of forming the
_green sheet having the metal £iTm by the transferring method
S0 as to enable a thin metal film to be easily and smoothly
transferred to the ceramic green sheet .

In the present invention, the flrst metal film is thinner
than the second metal film._ The thlckness is determlned rgyi
value with which the first metal film can be formed into an
insulating strncture during firing. The process for forming
the first metal film into the insulating structure can be
realized due to diffusion of the metal composing the metal
film into the surrounding ceramics, the metal being_diffused.
in the form of exide ions. Altnough the thickness with which
the first metal film is formed into the insulating structure
cannot be determined definitely becauee the thickness becomes
different depending upon the materiallcompesing the first
metal film and firing conditions including the flrlng |

temperature, it is preferable that the thickness be 0. 1 pum or

i



- transferfed to the ceramic green sheet on the first supporting filmto
‘produce a green sheet having a metal filmthereon. A nonolithic ceramc
stfucture is obtained by laminating a plurality of su EEN
The third method has the step of fognopg murRRl film gh THIS Byer &b ===
"surface of a supporting filmby a thin film formng mathod. FESAA

netal filmis patterned by.a photollthography nmet hod. —a ceramc
green sheet is

thinner. As a result, the first metei_film can reliably be
‘formed into the 1nsulat1ng structure. |

The resist layer is mainly composed of re515t re31n Whlch
disappears when fired. Since the re51st layer dlsappears when
tne firing process is performed, a process for stripping the
resist layer is not reqnired in the.present invention.
‘Moreover, surrounding_ceranics are, in the firing process,
moved to the portion ih which the resist iayer'has
disappeared. Therefore,'a-problem of generation of voids can
‘be prevented. | | | |

Preferably inorganic components-are added to the resist.
The inorganic components are composed of inorganic'materials,
such as ceramics or glass) which co not disappear_after firing.
Thus, the inorgenic components have a function of preventing
reduction of the strength of the portion in which the resist
layer has disappeared. In the case where the inorganic
components are contained in the resist lafer, the surrounding
ceramics are smoothly moved to the portion in which the resist
resin has disappeared due to'firing. As a result, a condition
of sintering can be the same as the other ceramic portion.
Therefore, the Structure, in which the inorganic components
are contained in the resist layer, enables a further uniform
and.dense sintered_structure to be obtained.

The materials of'the_first and second metal films are not

- 10 |
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5 * ' forthed on the supporting filmhaving the patterned netal film so that
~a green sheet having the netal filmis obtained. Then, +the green sheet
. supported by the supporting filmis laminated on a |-#_L;__==—»-éw"—ﬁﬂ
~transferring with heat so that a pgnobstbRASEr anm ¢ si ras GHEEl $*AGHBH
The first to third nethods, in each of which portions ppf thehﬂEﬂ%ﬂLWIlrn
formed by the thin f|In1forn1ng met hod are used as t hells 5] rodes,
are able to further thin the internal electrodes as conpared mnth the
“method of formng the internal electrodes by using conductive paste.
‘However, aﬂm@téanpartgcﬁyakm?r U fo L@ty | @y 8d SPEPLNRECheAMasPEELASE I N
‘the nunber of the |am nated layers, thus _

the present invention, the first metal film contains Cu and

the second metal film contains Ni. The first metal film
cOntaining Cu can easily bé changéd into oxides and the
insuiating structure after fifing. By forming the second
metal film with Ni, the cost for forming the internal
electrodes can be reduced.

| | According to a.furfher aspéct of the present invention,
there is provided_a ﬁethod of'miﬁufacturing.a monolithié
ceramic.electronic'part comprising thé steps of: forming a
first metal film on a flrst supportlng member by a thin film
formlng method; forming a multllayered metal film by partially
forming a second metal film on a part of the first metal film
by the thin film forming method, the secbnd metal film being

" thicker than the first metal film; forming a monolithic
ceramic strUcture.incorporating the multiiayered metal film;
and fbrmihg a pdrtion of the first metal film, which is not
underlain by the second metal film in the monolithic ceramic
structure into an insulating structure in such a manner that
metal components forming the portiOn diffuse in ceramics, and
firing the ceranics.

According to still_further aspect of the present

invention, the thickness of the first metal film is 100 nm or

thinner and thickness of the second metal film is 300 nm or

11
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causing the internal electrodes to be thickened with respect to the

t hi ckness of the ceramic |layer held between the internal electrodes. As a
result, the first method involves the difference in the thlckness betmeen
-a portlon 6, in which only the ceggmpss npefrzsheets ar pA-Hrat

portion 7, -~ in which internal electrodes 8 overlap ond
in Fig. 2. Therefore, when the |anminated structure is
~direction of its thickness, the pressure is easily apgpkied

~portion in which the internal electrodes 8 overlap one another Thus, the
st r&ﬂgt E ﬁlcﬂe&\@sam beooveeR of henteréni ¢ THY Headtty fduasid g hﬁudtegl on,

in ic e

the first metal film must be structured in such a manner that

the portion of the first metal film ‘which is not located
below the second metal film is reqﬁired to be changed into
the ineulating structure when the ceramics are fired. That_is,
the thickness of the first metal film is made to be 100 nm so

as to cause the metal components comp051ng the first metal

film to easily be dlffused into the ceramice%due to firing in
such a manner that the metal components are in the form of
oxide ions when diffused. The reason why the thickﬁess of the
second metal fiim is made to be 300 nm or thicker is that
exidatioﬁ of the second metal film is prevented when the first
metal film pertion is changedlinto the insulating structure.
That is, the second metal fiim is a portion to serve as the
internal electrodes. Note that the uppef'limit of the
thickness of the second metal film is not limited particularly.
However, to use the second metal fiim as the internal
electrodes of a monolithic ceramic electronic device and to
achieve the object of the present invention, which is
preﬁention of generation of a stepped'pertion,'the thickness
is usually determined to be 1000 nm of.thinner. |

According to one aspect of the present invention, the
step_ef forming the part of the firsf metal film into the
insulating structure and firing the eeramics is performed by

12
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i ntérnal *el ectrodes do not overlap. As a result, delam nation

may easily take place when the | am nated structure is sintered. :

. Moreover, the first nethod requires a further processes after the neta i
~filmhas been fornmed on the suppor P6AQ2EEMPRATA such a ' Q&
patterns of a resist layer, a step for etchlng t he pa tEHis SovE %Bép
stripping the resi st ﬁ”“‘“‘

firing the monolithic ceremie'stfucture under a partial
pressure for oxygeh at which.the first metal film is oxidized
but the second metal film is not oxidized. That is, control
of the partial pressure for oxygen to thzrﬁievel enables, at
the time of firihg the ceramics, the first metal film to be
quidized and the first metal film portion which is not
located below the second metal film to be formed into the
insulating strucfure, and prevents'oxidatien of the second
metal film. The level of the partial pressure for oxygen can
be determinea appropriately.to adopt different meterials and
the thicknesses of the first and secoﬁd metal films_end

' temperature and time for which the firing process is performed.

The step of forming the multilayered metal film can be
.performed by an approprlate photollthography method. For
example, the step of forming the multllayered metal film has
the steps of forming, on the first metal film, a resist layer
having pattern holes therein; forming, in the pattern holes in
the resist layer, secend metal films each of which is thicker
than that of the first metal film by the thin film forming
method} and stripping the resist layer.

Also the step of forﬁing'the monolithic ceramic structure
including the multilayered metal film can be realized by a
conventional transference method. According.to another aspect
of the present invention, the step of forming the monolithic

13
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| ayer of f. _ The second nethod al so encounters a problem of thickening
.of the portion in which the internal electrodes overlap one another, as
~conpared with the region having no internal electrodes. Therefor, the
second net hod al so may suffer fromgghe28eiarAT®ti On p —gre Freed
is extremely thinned, it would be dificult to treat sychHE JricehtH4R&EEN
Mbreover, it would be difficult to attain hi gh accuradly of PESHAEER of t
‘metal filmon a green sheet because a transferring process IS I nvolved.
-+ And, in the transferring process, the portion having no netal film

invol ves tbgametasteugtaes nAsethbekBepbr 8¥0ibrinihg g@@ehaghewltt h the
second supporting film The second

including metal film by forming.a ceramic green sheet on the

D

| multilayered metal film; and stacking a plurality of such

' green sheets. ACcordinQ to another aspéct of the preéent
invention, the step of forming_the monolithic ceramic
structuré is realized by é transferring method having the
steps of forming a ceramic green sheet.qn a second suppbrting
member; forming a green sheet inciuding metal film by
transferring,.to the'ceramic_gréén sheet, the multilayered
metal film supported by-the first supporting member; and
forming the monolithic ceramic structure by Sequentially
transferring a plurality of.the green sheets each having metal
film. When the transferring'méthod.is employed,lit is
preferable.that a roll preSs be used to transfer the
‘multilayered metal film to the ceramic green éheet.

In the present invention, the first metal film is formed,
and then the resist layer is formed. Then,'the second metal
films are formed within the pattern holes in the resist layer
so that a laminated member including metal-layer and resist-

relimnd
layer is formed. Therefore,Aoperations, such as etching and

stripping of the resist layer,4Hr%ﬁ%yer@ermed—be£e§e~the
step are not required. That is, the step of etching the first
metal film and the step of stripping the resist can be omitted.

Therefore, the time required to process the metal film formed

14
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supporting fil mmnust be stripped fromthe green sheet having the netal
filmafter the transferring process. Therefore, both of the netal film and
the ceram c green sheet nmust be easily stripped fron; CONd ~SUppor tj] ng
film However, the requirenment camgngbsemgrhyabe sat ‘B “Thug.- the is
a p055|b|I|ty that a portion of a ceran1c green shee l

7 _

by the thin film formiﬁg iethod can significantly be shortened.
Moreover} the incidence of defective parts can be lowered, the
incidents being due to the prdcess;of washing the.etching
liquid. .Since the resist is.not required to have -the- etching
resistance, resin for forming the resist may be selected from
a variety of materials. Thus, the cost of the material can be
reduced. |
Moreover, in t?e_step of fifing the monolithic ceramic
structure including a laminated;ﬁember having metal layer and
resist layer, the resist layer is stripped and the first metal
X the samae tima,
film is changed into the 1nsulat1ng structure as—we&&Aas the
ceramics are fired. Therefore,rany-additional process is wnet
requireé:égdzesily and etably obtain a sintered structﬁre for
a monolithic ceramic electronic device in which internal
electrodes fcrmed-by the second metal film are.stacked.'

- The first metal film formed on the.overall surface
enables the stepped portion between the portion, in which the
_internal electrodes overlap one another, and the portion, in
which the internal electrodes do not overlap, to be reduced.
As a result, generation of delaminaticn_can be prevented
satisfactorily. |

~ In the case where the step of forming the monolithic
ceramic etructure consists of the step of forming the céramic

Qfeen sheet on the second supporting member; and the step of
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debfro&ed when stripping the second supporting film Since the third
nmet hod has the steps of formng the netal filmby the thin filmform ng

-met hod and then performng the patterning process by th?"EEQLQLL__ag. ?hy
nmet hod, the nanufacturlng processggepsls ﬁ@ﬁgfﬁone (of <2223 cated, . M .
the structure in which the netal f| m and the ceram ¢ “sheeh n
contact with the supporting filmrequires both of t . .t FHe

ceram c green sheet to be easily 'stripped fromthe sapporti ng f|In1mhen
transference fromthe supporting filmis performed. However, the

-requ'reneﬁitéfﬁﬁﬁﬂlye§§ééﬂlﬁé,Séﬁ'éﬂéegtacklng stage, a laminated
member having the metal- -layer and resist- layer supported on
the firStstpporting meﬁber and'the ceramic green sheet
suppbrted by the second supporting member, a sole member is
stripped from each supportihg member. That is, the first
metal film is stripped frdm the first sﬁpporting membér and
the green sheet is strippéd from the second supporting membe;.
Therefore, the force required to strip the member can easily
be controlled. - | _

In the case where the step of forming the monolithic
ceramic structufe is perfofﬁed by the transferring method,
“that is, in ﬁhe case where the ceramic gréen sheet 1is
previously formed on the'seéond suppofting member, and then a
laminated member having metal layérs and resist layers is
transferred to the ceramic green sheet to form the green sheet
integrally having the metal film, only the ceramic green sheet
is stripped from the supporting member when the stacking

- process is performed. Therefore, the stripping facility with
respect to the supporting membér can eagily-and reliably be
controlled. .As a result, by using the transference méthod, a
further thinner ceramic green sheet and electrode material may
be empldyed to manufacture a monolithic ceramic electronic
device. Moreover, delamination can be prevented which occurs

due to defective stacking and/or defeétive pressing.
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SUMVARY OF THE | NVENTI ON Accordingly, an object of the present
invention is to provide a method of manufacturing a nonolithic ceramc

el ectroni c device capable of preventing occurrence offthe . di ;fegggqg‘rn
the thickness between a region, ingghhed vurdiel nal e é@#?&ﬂﬁ%iéﬁgf o,
and a region, in which the internal electrodes are ' jﬂﬂﬁziiLiL__'

monol ithic ceramc structure and therefore capable of effectively
preventing delam nation so as to be capable of sinply and stably
manufacturing a nonolithic ceramc electronic device as conpared with a

Conventiona|'ﬁ%fﬁxké§u1¥vuﬁéﬁﬁfﬁiﬂ@ tHethe present invention, if the
' ' thickness of a monolithic ceramic electronicldévicé to be

manufactured is intended to,be reduced and the.number of
stacked internal electrode layers of the same is intended to
be increased, thefinéident;of'defective parts due to
delamination can be lowéred. Moreover, monolithic ceramic
electronic dévices can stablylbe supplied_with é simple
process. | _'

The method of ménufacturins-the monolithic ceramic
electronic'device according to the present invention has the
structure such that the first_metél film formed oﬁ the overall
surface enables the stepped.portion between the region,_in
which the internal electrodes overlap one anofher (the region
in which the second metal films overlap one another) and the
region, in which the internél.electrodes do not overlap, to be

_ reduced; As a result} generation of delamination in the
obtained'sintered structure can effectivéiy be'p:evented;

Moreover, the fir§t metal film is formed iﬁto the

_ duvg _

insulating structure,is the process for firing the ceramics.

Therefofe, the first metal film formed to reduce the stepped
'portioﬁ_does not act as a conductor. .As a reéult, even if the

first metal film is formed, short circuits and the like can be

prevented. Moreover, the necessity of partially stripping the

fi:st metal film in the following step by etching or the like

| 17
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mohdl i thi‘c ceramic electronic part including a step of formng

8 ~the internal electrodes by a thin filmform ng nethod To

‘achi eve the object, according to one aspect of the i == ?ﬂ#ﬁﬂ&fﬁﬁr
“there i's provided a nethod of . nanu%gcbagl iAnDnd_ﬂ?ﬁ?e ‘cef aRifEEeN ”
“electronic device, including the s | L B

can be eliminated; Therefqrg,'an additional_process for
forming a multilayered meﬁal film is not required.

The first metai-film is, in the form of oxide ions,
diffuséd in the.ceramiCS. By controlling the composition of
the first metal film, the composition of the ceramics can be
controlled. Therefore, a m@nolithic ceramic electronic device
exhibiting desired characteriétics can be provided.

The multllayered metal film is supported by the
supporting member. ih.##ggrztaté, only the first metal film is
in contact with the.sﬁpporting'membér; 'Thefefbre, the
strippinQ'facility of the multilayered metal fi;m with respect
to the supporting.membér is permitted to be determined in
terms of realizing satisfactory stripﬁing facility of the

-supporting member with réspéct to the first metal film.
Therefore, the Stripping facility of the suppqrting member can
easily be determined. As a result, in an‘example case where
the multilayered metal film is transferred to the ceramic
green sheet formed on the second supporting member, the
multilayered metal film can easily be stripped from the
supporting member. Since the_secdnd supporting_member is in
contact with only the ceramic green sheet, the second
supporting member is reqﬁired'tc be stripped easily and
smoothly from the ceramic green sheet. Therefore, the second
supporting member is required to have a simple stripping

18
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oft “form'ng a first metal filmon a first supporting member by a thin film
form ng nethod; formng, on the first netal  film a resist |ayer having
pattern holes therein; formng second metal filns-thicker than the first

metal filmwthin t he pattern h0|©%_bgyﬁnhummjhéIﬂﬁ%%LrLa_EEBéj ing a

monol i thic ceram c structure including the resist ayer%,a.rgiji_\t t and
second netal filnms; and firing the nonolithic cer £-LHCEUT hange
the first netal filn1|nto an insulating material and to renove the Tesi st
| ayer. Accordi ng to another aspect of the present invention, the step

of form nghhbgceergkitibi.c ceramic structure has the steps of forning a
ceram c green sheet on a second supporting
The present invention may be adapted to any of a variety

of methods of manufacturing a monolithic ceramic electronic
: for exaomple
dev1ce of a type 1nclud1ng internal electrodes, such as, a
monolithic capacxtor, a ceramic-laminated p;ezoelectrlc part
and a multilayered ceramic substrate.

Other objects, features and advantages of the invention
will be evident from the follow1ng detailed description of the

preferred embodlments descrlbed 1n con]unctlon with the

~attached draw1ngs.

BRIE ESCRIPTION OF THE DRAWIN

Fig. 1 is a cross sectional view showing a conventional
method of manufecturing a.monolithic capacitor;

Fig. 2 is a cross sectional view showing a monolithic
ceramic structure in a conventional monolithic capacitor;

Fig. 32 and 3B are cross sectional #iews respectively
showing a state where a first metal film is formed on a first

of the present nvestion -

supportlng member accordlng to a flrst embodlmentAend a state
where a re515t layer and a second metal film are formed;

Fig. 4 is a cross_sectional view_showing.a state where a
ceramic green sheet is formed on a second-supportihg member;

Fig. 5 is a cross sectional view showing a monolithic

‘structure before it is fired;
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nehber; &nd separating the nonolithic ceramic structure from the first
supporting nenber while separating the ceram c green heet fromthe second
supporting nenber, and alternately stacking, on a |jm gL

monol i thic ceramic structure and 96€0ZBRNURATZIr een $h
to a further aspect of the present. invention,is
the monol'ithic ceramc structure has the steps of forn1ng a cer t—grden
sheet on a second supporting :

Fig. 6 is a horizontalzcross sectional view showing a
sintered strﬁcture obtained by firihg a menolithic chip; |

Fig. 7 is a schematic cross sectional view showing a
monollthlc capac1tor obtalned in the flrst embodiment;

Fig. 8 is a ‘cross sectlonal view showing a state where a
first metal film is formed on a first supportlng member
according to a fourth embodiment;

Fig. 9 is a cross sectional view showing a state where a
resist layer havingmﬁatterh holéE is formed on the first metal
f£ilm;

Fig..lo is a cross sectiohal.view showing a state where a
second metal films are fermed within the pattern holes in the
resist layer; | o

-Fig. 11 is a partially-cut cross sectional view showing a
process for forming a metal sheet integrally having a green
'sheet'by ﬁsing a roll press;

Fig. 12 is a cross sectional view'showing a laminated
structure;

Fig. 13A and 13B are cross sectional views respectively
showing a state where a first metal f£ilm is formed and a state
where second metal films are formed in pattern holes in a
resist;

Fig. 14 is a cross sectional view showing a state where a
multilayered metallfilm is'formed on a supporting member; |
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nehber ; transferring, onto the ceram c green sheet, the nDnoIithic ceramc
structure on the first supporting nenber to forn1a gree —TTCl Udﬂﬂ@:ﬁ-f
metal. film sequentially transferring and stacking a plu dﬁﬂ$§’ef'tﬁe sl
green sheets each having the netabgkbbbs frgaedy to formf he ndHoAH
ceramc structure. It is preferable that transference of the netal
filmbe performed by using a roll press in the step of formng the green
sheet having the nmetal filmby the transferring nethod so as to enable a
~thin netal filmto be easily and smoot hly

Flg, 15 is a cross sectlonal_view showing -a state where a

green sheet integrally having the metal film is formed by
molding a-ceramic'green sheet on the multilayered metal film;
Fig. 16 is a cross sectlonal v1ew show1ng a monolithic
ceramic structure,
Fig. 17 1$ a cross sectienal view'ehowing a sintered.
_etructﬁre;

Fig. 18 is a cross sectional view showing a monolithic

capacitor; . -
| Fig. 19 is a cross sectional view showing a state where a
ceramic green sheet.is formed on a secend supﬁortihg member
according to an eighth embodiment ;

Fig. 20 is a cross sectional view show1ng a state where a
mnltilayered metal film is formed,

Fig. 21 is a cross sectional view showing a process for
" transferring a multilayered'metal fiim_to a ceramic green
sheet by the method according to the eighth embodiment; and

Fig. 22 is a cross sectional view showing a green sheet

integrally having the metal film obtained in the eighth
embodiment.

DESCRIPTION OF THE PR ERRED DIMENT
Referring to the drawings, prefetred:embodiments of the
present invention will now be described.
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transferred to the ceramic green sheet. In the present invention, the
first metal filmis thinner than the second nmetal film The thickness is

determ ned to have a value with which the first netal an.pe. f@éﬁ@
into an |nsulat|ng structure duri ng-bbsi MOraTARE proce s*#%ﬁ??9{g1pg
first netal filminto the insulating structure can be |ir ed dué s

di ffusion of the metal conposing the netal filminto the surrounding
ceramics, the netal being diffused in the formof oxide ions. Al though the
thlckness with which. the first netal filmis forned into the insulating

structurepig ggnpﬁb@glﬂ@h rn1ned definitely because the thickness becones
As shown in Fig. 3a, a_polyethylene terephthalate film 11
serving as a first sﬁpporting member is coeted with silicen
resin (not shown). Then, a metal £ilm 12, which is a first
layer, is formed on the polyethylene terephthalate film 11.

conccts of
The metal fllm 12, whlch is the first layer,AhasT—eﬁ—ehe——

—ove;a;;—suﬁéaee—thefeeéy an Ag layer having a thickness of 0. l
en the ovesrall sueface of Rim

pm and formed by an.evaporatlon methma

Then, a res;st layer is fofMed on the first metal layer
12 by'applying a resist to haée a thickness of 0.8um. The main
components of the resist are quinohe containing'BaTiO3 powder by

. 10 vol%, and diazide formalin resin.

Then, an expesing process and a developing process are
lperformed so that a resist layer 13 having pattern holes 13a
formed therein as shown in Fig. 3B is ebtained.

Next, second metal films 14 are formed on the first metal
film 12 in the regions within the pattern holes 13a formed in.
the resist layer 13. The second metel films 14 are formed
applying Pd to have a thickness of O.B'pmlby electroplating.
The second_metal film 14 forms internal electrodes to be
described later. .

On the other hand, a polyethylene terephthalate film 15

shown in Fig. 4 is prepared as a secohd supporting member.

Then, ceramic slurry whose main component is BaTiO; is formed
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- di ff'erent dependi ng upon the material conposing the first nmetal film and
firing conditions including the firing tenperature, it is ' at
‘the thickness be 0.1 [err]mor IS, SHE £T HAS HEEN
thinner. As a result, the first neg@L0§5lﬁy§g@Arella § e ;nﬁQ&UEQ i ntojit he
insulating structure. The resist layer is nainl
resin which

into a sheet on_the pelyethyiene terephthalate film 15 to have
a thickness of 6 ﬁm so that a cefanielgreen sheet 16 is
obtained.

Then, a laminated member having metal layers and resist
layers 17 shown in Fig. 3B and the cefamic green sheets 16 are
alternately laminated so that a‘mdnolithic structure is
obtained. The monolithic structure is obtained by staeking'a
laminated member hav1ng metal layers and res1st layers 17
supported by the polyethylene terephthalate film 11 serving as

'the first supporting member, on the ceramic green sheet 16 so
that the upper side, i,e. on which the second metel layer 14
is coated, of the'monolithic.strndture 17 is contacted with
thelceramic green sneetllG; and then pressing the monolithic
structure, at about 80°C; and then stripping the polyethylene
terephthalate film 11 serving as the first supporting member.
Then, e eimilar heat pressing is penformed so that the ceramic
green sheets 16 and a laminated member having metal layers and
resist layere 17 are sequentially laminated. Thus, a
laminated member 18 shown in Fig.IS can be obtained.

- The laminated member 18 is cut in the direction of the
thickness thereof te obtain predetermined monoiithic
-chips for monOlithic capacitors. Then, obtained monolithic
chips are fired at 1300°C in air. As a result, a sintered
member 19 shown in Fig. 6 cah be obtained. In the sintered
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disabpéars when fired. Since the resist |ayer disappears when the firing
. process is perforned, a process for stripping the resist layer—i
required in the present invention. Moreover, surroundlﬁmsqemanlesaatéN il N
the firing process, noved to the pgrdpponvinmambhi ch thé
di sappear ed. Therefore, a probl em of generation of voi
Preferably inorganic conponents are added to the resist. The inorganic
. components are conposed of inorganic materials, such as ceram cs or gl ass,

whi ch do not di sappear after firing.  Thus, the inorganic conponents have a
function RémiP&£VES} | Pternal electrodes 20, each ofﬂwhlch is formed by

with
the second metal film 14, are overlappedﬂone another. Note

that the first metal fllm 12 is heated in the f1r1ng process
so that it is changed into an insulating material. In the
'resist layer, resiet resin has disappeared during the firing
process. On the other hand, ceramic powder contained in the
. resist layer ahd ceramics moVed from the peripheral regien of
the resist layer form a dense sintered structﬁre similarly to
the residual sintered portions.';As a result, the internal
electrodes 20 are surrounded By'dense ceramics, as shown in
Fig. 6. | |
On the outer surface of the sihtered structure obtained
as described above, external eleetrodes éla and 21b as shown
in Fiq..7 are applied. Thus, e monolithie capecitor 22 is
obtained. Note that Fig. 6 shows a.cross section taken along
line X-X of the sintered structure shown in Fig; 7.
The structure of obtained monolithic capacitor 22 is-
observed by cutting in the direction X—XAshown in Fig. 7. As
"a result, stepped portions between the portions, in which the
internal electrodes overlapped one agother, and the portions,
in which the intefnal-eleetrodes did net_oVerlap, were
decreased as compared with the conventional monolithic
capacitor. | |
The electrieal characteristics df.the monolithic
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retddctiof of the strength of the portion in which the resist |ayer has
di sappeared. In the case where the i norganic conponents are contained in
the resist layer, the surrounding ceramcs are snoo
“portion in which the resist resin%a928 smppeared d
result, a condition of sintering can be the sane as t
portion. Therefore, the structure, in which the ino
contained in the resist layer, enables a further uniform and dense
sintered structure to be obtai ned. . The materials of the first and
second netapafikor werenveasured. As a result, designed

g fimeng:S AEEM
e opheracbﬁan1c

characteristics were obtained. In the observation, no
delamination took place_in the sintered structure.

The characteristics of'a_monolithic capacitor
manufactured by a conventional method were also measured. As
a result of this, delamination was observed in the vicinity of
the outlet portions for the external electrodes, that is, in
the V1c1n1ty of the end surfaces of ‘the sintered structure on

. percettage
which the external electrodes w&te formed. The xatie , of these
-wlhich suffercd
monolithic capac1t015éguannuaaaai—EheAdelaminatlon was about
25 %.

The region of the monolithic capacitor according to this

embodiment, in which the resist layer was formed, was observed

wpon ciunng
—*a—sueh—aemannef—%ha%wphe sintered structure -was—eut. As—a-

H wasseen that had :
‘Eeeu%%7Are51st components,disappeared and the BaTiO; components
remained. Moreover, the portion was in the sintered state
similar to the other ceramic portions. Therefore, it can be
considered that surrounding ceramics Qere.moved to £he--this
portion and, therefore, a dense sintered structure was formed.
Moreover, the first metal film 12 disappeared after the
firing process. Therefore, even if the first metal film is
formed as described above, a problem of, for example, a short
circuit, does not take_place in an obtained monolithic

. capacitor.
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| rmited ‘particularly. According to a still another aspect of the present
I nvention, the first netal filmcontains Cu and the second netal film
contains NN. The first netal film containing Cu can easi

oxi des and the 'insulating structwe-fs suriTRi Ng. By 7 & &g Ather 38EBNd
metal filmwith Ni, the cost for formng the internal eIechodeeLcan be
reduced. : g L

Sec n_' imen

A multiiayered ceramic'substréte was manufactured by a
method similar to that according tq the first embodiment
eXéept a Cu film being uSed in place of the Ag film to serve
as the first metal film, a Ni film being used in place of the
Pd film to serve as the second metal film, resist resin
containing Al,0; powder by 10 vql% and glass powder by 5 vol$
beihg used, and firing was performed at 1200°C in a reducing
atmosphere. | | h

In the obtained multilayered ceramic substrate, forming
of the stepped portion between the portion, in which the
internai electrodes 6verlapped one another, and the pqrtion,
in which the internal electrodes'did not overlap, was |
prevented. |

The characteristics of the obtained multilayered ceramic
substrate were measured. .As_a fesult, designed
characﬁeristics were attained. The obtained multilayered
ceramic substrate was cut in the direction of its thickness.
As a result, no defect due tb the delamination was observedf

The region in which the resist was formed was in-%he
substantiallyhsame sintered state as that of the other ceramic
portions. That is, it can bé considered that resist:
éomponents'were eﬁaporated; contained glass components were

dissolved, alumina components retained and surrounding
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Actording to a further aspect of the present invention, there is provi ded
a nethod of manufacturing a nonolithic ceramc electronlc part conprising
the steps of: formng a first netal filmon a first supportlng menber_by a
thin film formng nethod; form ngg@_mﬂ,tmw met.
formng a second netal film on a part of the first t ghisfariTm’ U%J
filmformng method, the second netal filmbeing - t hiicker | thﬁh‘
metal film formng a nonolithic ceramc structure. i in
mul tilayered netal film and formng a portion of the first netal film
Wwhi ch i's @ofamitelafd e mdbyed PhoeCREStEBT 86 EhaE thet hrdamNQd thic ceramc
structure into an insulating structure in such a manner that

51nter1ng was reallzed '

The copper components fofming the first metal film
substantially disappeared and, thus, defects in terms of

insulation and defects such as generation of voids did ney take

place. :
o ) : . ’
Ihird Embodiment N : . by & method

A monolithic capacitor was manufacturedA51mllar to the
use was made of a
-embodiment 1 except thatAre51st to which 1norgan1c powder,
such as ceramic powder and glass powder serv1ng as the re51st
—being—ema4a*mL42%mpe&kh&aﬁﬁhrAeeeag—useé— was ot added .

The stepped portion between the portion, in which the
internal electrodes overlapped one another, and the_ﬁortion,
in which the internal electrodes did not overlap, could not be
reduced satisfactorily. However, a consideration can be
performed that the préésure applied uniformly in the pressing
process after the laminating step results in satisfactory
prevention of generation of delamination as compared with a
monolithic capacitor obtained by the conventional method.

Although the first to third enbodiments.were'structured
such that the first metal filn and the second metal film were
formed by different netals, the.same metal may be used to form
the first metal film and the second metal film.
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met dl cofiponents forming the portion diffuse in ceramcs, and firing .
ceram cs.

the thic
of the s
t hi cker

According to still further aspect of
kness of the first nmetal filmis 100 nm or
econd netal filmis 300 nnygLo2s MURATA -
and 1000 nmor thinner. The reason for thIS

LI
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As shown in Fig. 8, a first supporting member having-the-Q
PEI film 31 coated with a silibon reiease agent (not shown)
was'prepared On the silicon release agent layer, there was
formedAehe-flrst metal film 32. The flrst-metal film 32 was
obtained by forming a Cu fllm_having a_thickness of.O.l jm on
the overall surface by an evaporating method. |

Then, a resist layer having a thickness of 0.8 um was

applied to the surface of the first metal film 32, the resist

- layer having a structure such tRat BaTiOs powder was contained

in resist resin by 50'vol%. Then, an exposing process and a
developing process were performed so that pattern holes were
formed in the resist layer. As a result, a resist layer 33
having pattern holes 33a therein as shown in Fig. 9 was formed.
| Then, a second metal film 34 (see ?ig. 10) was formed in
each pattern ﬁole 33a. The second metal fiims 34 were
obtained by forming Ni films each hav1ng a thickness of 0.8 um
by electroplating.
On the other hand, a PET film having a thickness of

50 um was prepared as_the eecond supporting member, followed
by forming ceramic slurry, the main'ccmpenent of which was
BaTiOs powder, in the form of a sheet on the PET film. As a
result, a ceramic'greenasheet was produced. |

| Then, a roll-type press_35 was ueed oh the ceramic green
sheet as shown in Fig. 11 so that metalelayer and resist-layer

_ , 2 _
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the first metal filmnust be structured in such a manner that the portion
of the first netal filmwhich is not |ocated below the secon Il m
is required to be changed into the insulating str WHEN [ AeREERY &M CS
are fired. That i's, the thickness ggf-opbeMRASA net
100 nmso as to cause the netal conponents conposi :
to easily be diffused into the ceramcs due to~firi such a manner
that the netal conponents are in the formof oxide ions when diffused. The
reason why the thickness of the - second netal filmis made to be 300 nm or
]Eh' cker i 3amiahtedxindabieen 36f (ke Faeandorewals,f ialsmthe peeosd ed when the

|rst

. supporting member, transferred to the ceramic green sheet 37
Tnen the PET .fim was shripped.,

.supported on the PET film 39., As a result, a green sheet 38
_ PET fm 42 was prepared as & 4ud suppertulg menben And
having the metal film was formed. Then,,the green sheets 38
cn the twed S\,\ppoﬁmg member 2
each having the metal film were stackedhwhile their relative
positions being controlled accurately. Whenever one green
sheet 38 having the metal film was stacked, heat pressing was
performed. After the heat pressing process had been performed,
the PET film 31 serving as the'first supporting member was
stripped so that a monollthic structure was obtained, the
obtained monolithic structure being shown in Fig. 12.

Then, the laminated member 41 obtained as described above
was cut in the direction of_its thickness so that chips, each
of_which was formed into a monolithic structure, were obtained
to serve as individual monolithic capacitors. Then, the
monolithic chips were fired so that sintered structures were
'obtained, and-then external electrodes were formed similarly
to the first embodiment. As.a result, monolithic capacitors
were produced.

Fif h. imen

A monolithic capacitor was manufactured similarly to the

that
fourth embodiment exceptaresist containing no inorganic powder
was
peingused.

Evaluations of the Fourth and Fifth E iment
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netal fil'mportion is changed into the insulating structure. That is, the
second netal filmis a portion to serve as the internal electrodes.
‘that the upper limt of the thickness of the second T g N
limited particularly. However, toggse26hMURRTANd metlpltHig PriFas” QHé&E -
internal electrodes of a nonolithic ceranm c electronjc deﬁiéé“énd’ 3
achi eve the object of the present invention, wmch is ention of
generation of a stepped portion, the thickness is usually deternined to be
1000 nm or thinner. According to one aspect of the present invention,
the step of fannthe mhaufactuefingherbicests aeicakdingmtionthet feurthsul ating
~structure and firing the ceramcs is perforned by

embodiment, the monolithic structure chip was cut to observe

the internal portion thereof prior to performlng the flrlng

’ was seen -thet
process. As—a—rasults,generation of a stepped portion between
the portion in which the second metal films ferming the
internal electrodes overlapped one another and other portions
could substantially be prevented.

‘Sintered structures in the obtained monolithic capacitor
was cut in'parallelrto the end §ﬁrface oh which the externel
electrodes was formed so that the internal structure was

t was sean that
observed. AAs—a—Eesu;trhgeneratlon of a stepped portlon
between the portion, in which the ihternal electrodes
overlapped one another, ahd the pertion, in which the internal
electrodes did not overlap, was_substentially pfe#ented. That
is, the structure, in which ceramic powder was contained in
the resist layer, prevented easy generation of the stepped
portion at the time of performing the firing process.

In the portion, in which the resist layer was forﬁed,
reéin formihg the resist.disappeared and the contained ceramic
pdwder&%giainedw Moreover, the portion-was'in a state of
sintering substantlally the same as that of the other ceramic
portions. Therefore, it can be con51dered that the ceramlc

powder retained and the surrounding eeramics moved at the time

of performing the firing process so that a state of sintering,

- 30

Thns Sheet Has Been Replaced

IIIIII L] III




13* * 'fi'ring the nonolithic ceranic structure under a partial pressure

for oxygen at which the first nmetal filmis oxidized but the second netal
filn1is not oxidi zed. That is, cpntrol Qf_the partial pressure ( axvgen
$?I;PL§ Lgyel enables, at the t'”§6962§'ﬁﬁﬁﬁhihe cereTH

which was the same as that of the surrouudiﬁg portion, was
realized. B |
- Moreover, prebably due to the thickness'of the first

metal film, to which the resist was applied, of 0;1 um-or
thinner, the first metal film was fermed'into an insulating.
structure due to the firing process. _Therefore, it can be
understood that monolithic eapacitors can stably be supplied,
which do not easily encounter defects, such es short circuits,
defective insulatiou; generation of voids and'delamination.

Also in the fifth embodiment, the monolithic chip in a
state prior to obtaining the sintered structure was cut in the
direction ef its‘thicknees to observe the stepped portion
between the portion, in which the second metal filme, forming
the internal electrodes, overlapped one another, and.the other

. k wWas seen thet :
portions. HAs—a—resultraalthough the stepped portlon was not
significantly reduced as compared with the monolithic chip
obtained in the fourth embodiment, the stepped portion could
be reduced satisfactorily as compared'uith the monolithic chip
in the case of the monelithic capacitor obtained by the
conventional method.l

The internal structure of the obtained sintered structure
was analyzed similarly to the evaluatioh method employed in
the fourth embodlment. As a result, the first metal film

3¢een to have been
portion was formed into an insulating structure due to the
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oxi di zed*and the first metal filmportion which is not |ocated below the
second nmetal filmto be formed into the insulating structure, and prevents
oxi dation of the second netal film The | evel of 'the FESSULe
oxygen can be determ ned appropri 86eP25tMURATRt di f f elf M!S BatEeri-alss Sk
the thicknesses of the first and second netal filns an teﬁbéﬂa&utﬁ and
time for which the firing process is performed™ The s 3
the multilayered netal filmcan be perfornmed by an approprlate

phot ol i t hography met hod. For exanple, the step of formng the nultilayered
metal filfihisg phecessps Mdrdaover ngthembtwided stomel athic | capaci bsr st
| ayer

was  free from defects, such as short circuits, defective
insulation, generation of voids and delamination.

In the manufacturing_methods according to the fourth and
fifth embodiments, only.the ceramig green sheet was in contact
w1th the supportlng fllm Therefore, the release agent layer
of the film is requlred to enable only the ceramic green
sheet to be strlpped easily. Thus, an appropriate release
agent on the marketrcan be emp13§ed and, therefore, the
release agent layer can easily be designed.

The force requiréd to strip off the supporting film when
the layers were stacked in the ﬁase where an appropfiate
release agent layer wés employed was measured. Results were
shown in Table 1.

Force Jequired to strip a

.supporting film

Conventional Structure 20 g/cm?

Embodiments 4 and 5 3 g cm?

- As can be understood from Table 1, the supporting film
- could be stripped from the ceramic green sheets acéording to
A .
the fourth and fifth embodiments with,force of one-third that

required with the conventional étructure. Therefore, a
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haVi'ng ‘pattern holes therein, forming, in the pattern holes in the resist
| ayer, second netal filns each of which is thicker than that of the first
metal filmby the thin filmformng nethod; and stripping the resist

| ayer. Al so the step of form pg-dpps MEEwrA t hi anT C_ST.L UG AHRE
including the nultilayered nmetal filmcan be reali: 5§SQE¢ Q geﬁﬂgo al
transference nethod. According to another aspee{ therrésenT 3t ion,

the step of form ng the nDnollthlc

problem of defective transference can'Satisfactorily be
prevented and}'thus, generation of delamination can

significantly be prevented.

Although the following embodiments are examples in each
of which the present invention is adapted to manufacture a
,ﬂ,._monolithic capacitor, the processes including the process for
.Hebtaining the monolithic eeramic structure, which has not been
fired, employ a motﬂér mUltilayéfed metal film and a mother
ceramic green sheet. |
_~ _ Sixth Embodimen
As shown in Fig. 13A, a polyethylene terephthalate (PET)
film 111 was prepared as the first supporting membe:. The top
surface of the PET film 111 was coated with silicon resin (not
| shown). A first metal film 112 was formed on the PET film 111.
The first metal film 112lcould be obtained by forming an Ag
film having a thickness of 70 nm on.the entire surface of the
PET film 111 by an evaporation method. Theh,.e resist layer
having a thickness of 1 um is applied to the top surface of
the first metal film 112, and then_eXﬁosing'and developing
procesees are performed. ”As a :esult, a resist layer 113
patterned'as showﬁ in Fig. 13B is_formed; Next, a second
metal film 114 is formed in each of pattern holes 113a of the
resist layer 113 by a thin film fdfming methed. In this
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cerdm ¢ Structure has-the steps of formng green sheet including netal
filmby formng a ceramc green sheet on the nultilayered netal film and
stacking a plurality of such green sheets. According to another aspect of

the present invention, the step obglgssimska FOROT Tt LG, el
structure is realized by a transfe?ring nethd@ghmﬁiﬁ%§§§§&;§§§%§hﬁf form ng

. . . ) . . [
a ceram c green sheet on a second supporting #refiber; ng—a-green sheet

including metal filmby transferring, to the ceramc green sheet, the
mul til ayered '

embodiment, the second metal_film 114 is formed to.have a
thickness of 0.5 uﬁ by electropléting Pd. | |

Then, the resisﬁ layer 113 is stripped by resist
stripping liquid or the like. Thus, a ﬁultilayered metal film
115 shown in Fig. 14 is obtained, the multilaYered metal film
115 including the second metal film 114 formed partially on
the first métal film 112 therein. Therefore, the multilayered
metal film 115 is in contact with the PET film 111 on only the
lower surface of the first metaf—film 112 thereof. As a-
-result, the releasing facility of the PET film 111 is required
with respect to the first metal film 112. Therefore, the
releasing facility on the top surface of the PET film 111 can
easily be designed;

| The second metal film 114 corresponds to the portion to
be finally used as the internal electrode, while the first
metal film 112 is formed into an insulating structure.due to a
process to be described later.

Then, a ceramic gfeen sheet is formed on the multilayered
metal film 115 on the PET film 111. TIn this embodiment,
_ceramic slurry is formed into a sheet having a thickness of 8
um by a microgravure methqd so that.a ceramic green sheet 116
is formed (see Fig. 15). |
As shown in Fig. 15, since'the'ceramic green sheet 116 is

C o osttw _ .
formeqv a green sheet 117 integrally having the metal film is
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nmetal fil'm supported by the first supporting member; and forning the
monolithic ceram c structure by sequentially transferrlng a plurality of
the green sheets each having netal film When the transfer
enployed, it is preferable that agglokspmuerarhe used to -$9§%$ﬁgxigueu5 EN
multilayered netal filmto the ceram c green sheet. . n tﬁep@ﬁﬂsent

I nvention, the first netal filmis fornmed, and-then theltestst—tayeF
f or med. Then, the second netal filns are formed within the pattern hol es
in the resist layer so that a | am nated nenber including netal-|ayer and
resist- baepared Wwhiledbelng slpbdrtidelonithar PRIPEid Q1g,. such as
etching and stripping of the resist layer, are not required. That
is, the step ofhen¢hithe bheehlBhbetet&ﬂ?fuhﬁhgrally having the metal

film are sequentially.stacked so that a laminated structure
118 shown in Fig. 16 is obtained. Although Fig. 16 shows
several layers below the laminated structure 118, a plurality
of the green sheets 117 integrally having the metal film are
further stacked in the upward direction. Reference numeral
119 represents a supporting film for use in the laminating
process. a - |

The .mother.laminated structure 118.is cut into a
direction of its thickness to be formed into individual
monolithic ceramic structﬁres for'respective monolithic
capacitors. Thus, monolithic ceramic structures for
respective monolithic capacitors'are obtained.

The monolithic eeramic st:uctures are heated at 1200°C
for 4 hours in the atmosphere se that the monolithic ceramic
structufes are fired. In the firing process, the first metal

- film 112 is formed into an insulating structure as well as
non-fired ceramics are fired. That is, metal components
forming the first metal film 112 are formed iﬁto oxide ions
which are diffused into surroundlng ceramlcs so as to be
formed 1nto 1nsulat1ng substances. Therefore, only the
internal electrodes formed by the second metal films,ll4

remain in a sintered structure 120, the cross sectional shape
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and the step of stripping the resist can be onmitted. - Therefore, the time
required to process the netal filmforned

15 by the thin filmformng nmethod can significa
Moreover, the incidence of defectigg- pgstgugg@Abe | o
bei ng due to the process of washing the etchlng

—

MO SHEED HPSTTRREN
red, ﬁﬁé“uﬁcuﬂuﬂ

{ Lol

of which is shown in Fig. 17. Although Fig. 17 shows only
-severa&Aggcond metal films 114, a multiplic1ty of second metal
films serving as the internal electrodes overlap one another
in the upward direction while—each, czgamic layers being
interposed.
| By forming a pair of external electrodes on the two end
surfaces of the.sintered structure 120, a monolithic capecitor
121 shown in Fig. 18 is obtained; In the monolithic capacitor
121, a plorality of.the internaf’electrodes formed by the
second metal films 114 overlap one another in the sintered
structure 120 wh*%e—eaehwgoﬂ%lithic ceramic structure being
interposed. Note that reference numerals 122a and 122b
 represent exterhal electrodes. The external electrodes 122a
and 122b can be formed by an appropriate method, such as
applying, firing or plating of conductive paste.
The generation of a stepped portion in the thus-obtained
- monolithic capacitor between a portion, in which the internal
‘electrodes overlapped one another, and a portion, in which the
internal electrodes did not overlap was examined. As a result,
the stepped portion can be reduced by a ouantity corresponding
to a result obtainable from a calculation (the thickness of
the first metal film) x (the number of stacked first metal
films).

Twenty monolithic capaéitors were prepared, and each of
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liguid.” “Since the resist is not required to have et chi ng resistance
resin for formng the resist may be selected from a variet :
- Thus, the cost of the material can be reduced. ‘g
of firing the nonolithic ceramic 96025 WNERATKI uding a |

havi ng netal |ayer and resist layer, the resist |ayer S ,

first nmetal filmis changed into the insulatimg structure at the sane tine
as the ceramcs are fired. Therefore, no additional process is required in
order to easily and stably obtain a sintered structure for a nonolithic
ceram c etleetmamo i teic ceapacinbordh wasecudl irl sathodesafnenethby fhe second

metal filmare stackedias expeshe first netal filmformed on the overal
surface cross sectionjexpeses to the outside as shown in Fig. 18 to

efE‘ &
mghedemEnber \

observe whether or not delamination has taken place. Hs—a-

No - :
resutt—ne,delamination was observed. Similarly, twenty
monolithic capacitors were cut in such a manner that the cross
section of each of the monolithic eapacitors perpendicular to

' was - .
the cross section shown in Fig. 18Aexposed to the outside to
observe the cross section. As—a—fesu}%T—nehdelamlnatlon was
. ' PTQV!OUS
observed, similarly to the,case. ™
# was observed

To make a comparison,, whether or not delamination had
taken place was—ocbserwved- in each of corresponding monolithic
capacitors obtained by the first method described in the
related background art. When the cross sections in the same
direction as the cross sections shown in Fig.'ls were observed,
delamination was observed in five monolithic capacitors among
-twent monolithic capacitors.
o P in—this emvodvnant o€ tine wvertion

Since the fusing point of the first metal fllmAwas about
960°C, which was a sufficiently low level with respect to the
sintering temperature of 1200°C, the first metal film was
-formed into the insulating structure. Therefore, the

this weve
monolithic capacitors accordlng to +the~) embodiment was,free
from generation of short circuits.
Seventh Embodiment :
' M
—Simi}af%y—%e—%heesixth—embedimen;trmbnolithic capacitors
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enabl es t'he stepped portion between the portion, in whi ch the internal

el ectrodes overlap one another, and the portion, in b bre—F 1

el ectrodes do not overlap, to be reduced. 'As a resul gem&medhoﬁ°8?

del ani nati on can be prevented sati%f%Q gph% I} t he @aée*mhéﬁ

step of formng the nonolithic ceramc™s Fﬁre consksts=ef“t'hé St ep of

formng the ceramic green sheet on the second-supporting nmenber; and the
step of '
gatilarly f He sixth embcdmu:cd s
were manufactured,exceptythe first metal fllm-be*ﬁg“made of Cu

Hect .
and the second metal film betnqﬂﬁade of Ni. The ceramic

'slurry was composed of BaT103 type ceramics which did not

contain Cu. The firing process was performed in such a manner
during the. wittial period of Hhe firmg prwss,

that, the partial pressure for oxygen was set to a level at

which the plated Ni f11m could not be ox1d1zed but the

Hi 8
evaporated Cu film eewuld be oxidized, dur;ng—the“;nltlal
having & duretion whicha is 0 & the

per1odAeé—the—#;:Lng_preeeseT—that—isr-the-half‘perlod -of—the—

-periedyr in which the temperature for firing was maintained at
the'highest level. Specifically, the partial pressure for
oxygen was set to 10™* Pa. After the initial period of the
firing.prooess had been performed at the partial pressure for
£he- oxygen of 10" Pa, the firing process was performed in a
reducing atmosphere. The other conditions were the same as
those employed in the sixth embodiment so that the monolithic
capacitors were manufactured. |
The sintered structure of each of the monolithic
capacitors obtained in the seventh embodiment was analyzed.
As a result, uniform distribﬁtion of Cu in ceramics was
- confirmed. That is,ldiffusion of Cu composing the first metal
film in the ceramics was confirmed.
The electrical characteristics of the obtained monolithic
capacitors were measured. As a result, an effect similar to
that obtainable in the case where Cu powder was added to BaTiO3
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16* * alternately stacking, on the stacking stage, a | anminated nenber
havi ng the netal -1 ayer and resist-|layer supported on the first s s
menber and the cerami c green sheet supported by the secope=

menber, a sole menber is strippedgfr pporting nwaﬁa@““‘at_
the first netal filmis stripped ?rong%ﬁ@ﬁ$¥§§t suppor t nefibe;

green sheet is stripped fromthe second supporting nenber=
force required to strip the nmenber can easily be controll ed.

erefore, t he

type ceramics could be obtained.

The cross section of each monolithig’capacitor was
observed similarly to the sixth embodiment. Am—a;resu%trﬁmahio
‘generation of delamination was not observed.

acoxding to

Although,the seventh'embodiment-has—s;;ue%afeé—suehrigﬁﬂ;
the partial pressure for oxygen'in.the inifial period of the
firing process was cohtrolled to diffuse Cu composing the
first metal film, an oxidation diffusing agent may be added to
the first metal fil;:or diffusich énhancer may be added to
diffuse the metal components composing the first metal film
into the ceramics.

Eigh E imen

As shown in Fig. 19, a PET film 131 serving as the second
supporting member is prepared. The top surface of thé PET
film 131 is coated with silicon resin (not shown).

By forming ceramic slurry on the PET film 131 by a doctor
blade method followed by bein§ dried, a ceramic green sheet
132 having a thickness of 8 um is formed.

" On'the other hand, a PET film 133 shown in Fig. 20 is
prepafed as the first supporting member. The top surface of
the PET film 133 is coated with silicon resin (not shown).

Similarly to the sixth embodiment, a first metal film 134

and a second metal film 135 are formed on the PET film 133.

In this embodiment, the first metal film 134 is made of Ag and
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In* the ‘cdse where the step of formng the nonolithic ceranic struct‘
performed by the transferring method, that is, in the
ceram c green sheet is previously formed on the seco
and then a |am nated nenber havi ngygmial MyaXeas and rie
transferred to the ceram c green sheet to forn1the gre—"—“'—- |ntegrally
having the. netal film only the'ceranic'green sheet is stripped fromthe
supporting nenber when the stacking process is perforned. Therefore, the.

stripping facility with respect to the supporting nenber can easily and

reliably kge g@ebh@l he¥al ¥tidnl 93 lis MadeSiotd Bdle Thassh arrOEeiTRYRRdd @

metal film 136 is formed.

Then, a calendar roll 137-is used as shown in Fig. 21 so
that the multilayered metal film 136 is transferred to the
ceramic greeh sheet 132. Theh, the PET film 131 is stripped
so that a green sheet 138 integrally having the-metal film as
shown in Fig.-%iﬁ;s obtained.

By stacking the thus-obtained green sheets 138 each
integrally having thé metal filﬁ; a laminated structure can be
obtained. That is, by stripping and stacking the PET films
133 while transferring the green sheets 138 each integrally
having the metal'film, a monolithic ceramic structure similar
to that obtained in the sixth embodiment can be obtained.

The thus-obtained monolithic ceramic structures were used
to manufacture.monolithic capacitors similarly to the sixth
embodiment . |

An observation waé performed as to whether or not the
obtained monolithic capacitors according to the eighth
embodiment encountered delamination. As—a—result,—ne- No
generation of delamination was observed.

Since the method of manufacturing monolithic capacitor
employing the conventional transferring method involves the
ceramics and the metal film being in contact with the

. _ capctble of bemg.
supporting film, the supporting film must beAea51ly stripped
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further fhinner ceramc green sheet and el ectrode material may be enpl oyed
to manufacture a nonolithic ceranmic electronic device. Mreover

del ami nation can be prevented which occurs due to def 5 aCKING=eN
and/ or defective pressing. 96-025 MURATA THIS St E;}L\17 -
As a result, according to the present 1nvention, if th th_ﬁkness Of ~a==-
monolithic ceramc electronic device to be = —

" from both ef the ceramics and the metal film. However, since
the éighd\embodiment has the struéture in which only the first
metal film 134 is in contact with the PET film 133, the PET
film 133 is required to be easily stripped from only the first
metal film 134. |

In the sixth to.eighth embodiments, the first metal films
112 and 134 are partially diffused in the firing process and,
therefore, they are formed into insuiating structures. As a
result, it can be understood that a complicated process 1s not
required in which the first metal film portion, which dees—not
located below the second metal film, is stripped by etching or
the like. | _

Although the sixth to eighth embodiments have the
arrangement in which the first metal film is made of Ag or Cu
and the second metal film is made of Pd or Ni, other metals
‘may be employed if the effect of the present invention can be
attained.

Although the invention has been described in its
preferred form with a certain degree of particuiarity, it is
understoéd that the present disclosure of the preferred form
can be changed in the details of construction and in the
combihation and arrangement of parts without departing from
the spirit and the scopelof the invention as hereinafter
claimed.
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menuf acttired is intended to be reduced and the nunber of stacked internal
el ectrode-l-ayers-of the same is intended to be.increased, the incident of

def ect.i ve ar§h§aﬂ&§ﬁheErPRe deldani nation can be | owered. Moreover, nonolithic
- ceramc S can stgglﬁ ﬁeMﬁﬂﬂﬁA'ed MLLh a S|nple process.
The met hod ﬂ“@‘m m ng the nonol PRI Lot an ¢ % Hcr,_“ Evice
accordi ng t nvention has the structur K AHBEEN rist

metal filmformed on the overall surface enables the—sLegged“Bdrtlon 4%
between the region, in which the internal electrodes over| ap ‘one anot her

(the region o 'WHAT IS CLAIME I

1. A method of manufaoturihg a monolithic ceramic

electronic dev1ce, comprlslng the steps of:

-z
e formlng a first metal fllqnon a flrst supporting member(ﬂ)
by a thin film forming method; (13)
i3
formlng, on said first metal fllm, a resist 1aye5\having

(13a)

pattern holesAthereln,
forming, within ‘at least ofle of said pattern holes, a

()

second metal fllqK
(s
forming a monolithic ceramic structureAlncludlng a
plurality of sa;d;re51st layer and said first and second metal
films; and | |
firing said monolithic ceramic structure so as to change

said first metal film into an insulating material and remove

said resist layer.

2. A method“of mahufactufing'a monolithic ceramic
) . Claim
electronic device according to Galim,1l, wherein the thlckness
of the second metal film formed in said pattern hole is

substantially larger than that of said first metal film.
3. A method of manufacturing a monolithic ceramic

electronic device according to Claim 1 furthe: comprising the
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i whi ¢h*thesecond metal films overlap one another) and the region, in
whi ch t he |m,§$malﬁaels®cﬂvﬁe’s do not overlap, to be reduced. As a result,

generation of in the obtained sintered

effectively ggl Mog e uey MURRE RS I 1 St tﬁJ”ngqt@, |,_§\ff BEAE]
into the in Ing structure during the process for ot .
Therefore, the first nmetal filmformed to reduee the Etepped —petii-eh—deaes
not act as a conductor. As a result, even if the first nmetal filmis
formed, short .circuits and the |like can be prevented. Moreover, the
_neceSS|t$ﬁ3:gxyﬁanIy stripping the first netal filmin the follow ng-

| step by etchlng or the like _ ey
forming a ceramic green sheetAOn a second supporting
- U5) _
membeﬁ and

separatlng a laminated structure including said flrst and
‘second metal films and said resist layer from said first
supporting member; ._

separating said eeramic green sheet from said second
supporting member; and, | |

alternately stacking said fEminated structures and said

ceramic green sheets.

4, A method of manufacturing a monolithic ceramic

~ electronic device according to Claim 1 further comprising the

steps of:
3+
forming a ceramic green sheetjon a second supporting
membery; (33 - (D Moluc\ma soud QF?“”..(Md sewnd(34)
X metod fims and said resist luqes (33)

transferrlng thehlamlnated structureApnto said ceramic
green sgeet to form a ceramic green sheet having a metal
laye;?s and,

stacking a plurality of said green sheets each having

- metal layer to form the monolithic ceramic structure.

5. A method of manufaCturing a monolithic ceramic

electronic device according to Claim 3, wherein said laminated
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18 - ‘can -be-elininated.-Therefore, an additional process for formng a

mul til ayer d fﬁeertﬁasgeérl@pi not required. The first netal fi

the formo | ffused in the ceranics. By ”quibeE“

conposition}f et al flb@popbeMgng@§3|t|on oTH@ﬁ%*g@g@nncs ca

"be controll a nonolithic ceramc 3|eCt\SEL9 e V.. Cem==

structure is transferred to said ceramic greén sheet by using
a roll presgé )

6. A method of manufaCturing'a monolithic ceramic
electronic device according to Claim 1, wherein said first

metal film is formed to have a thickness of 0.1 um or thinner.

7. A method of manufactﬁring a monolithic ceramic

electronic device according to Claim 1, wherein said resist

layer contains a resist resin and inorganic components.

8. A method of manufacturing a monolithic ceramic
.electronic device according to Claim 7, wherein ceramics are

used as said inorganic components.

9. A method of manufacturing a monolithic ceramic
electronic device according to Claim 7, wherein glass is used

as said inorganic components.

10. A method of manufacturing a monolithig ceramic
electronic device accdrding to Claim 1, wherein said first

metal film_cohtains Cu and said second metal film contains Ni.

11. A method of manufacturing a mdnolithic ceramic
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exhihi t'i ng désired characteristics can be provided. The nultllayered
net al flIﬂhhSmﬁ“ﬂQg&&@ngﬁdthe supporting nenber. In this state,

- first netal ntact with the supporting nmenbg=—
"stripping fE DU' mul ti | ayesed2pem@RaAfAl m with \e@b

supporting itted to be determined in ternps
satisfactory stripping facility of the supporttng nenbe respect to
the first netal film Therefore, the stripping facility of the supporting .
menber can easily be determned. As a result, in an exanple case where

t he nultléaaetﬁdnnetaévicénbbﬁptiamﬁﬁethedstephhefceran1c green sheet

forned on the second supporting nmenber, ¢
: formlng a first metal fllmﬂon a first supporting member(ltl)
by a thin film forming method,
forming a multilayered metal fligJLy forming a second
.metal f11m§gg>a part of sald first metal:fllm by the thin film
forming method; | | (118 D
forming a monolithic ceramic structure,incorporating said
multilayered metal,?ilm; and. | |
formiﬁg a portion of said first metal film, which is not"
overlain oy said second nmetal film in said monolithic ceramic
structure into an lnsulatlng structure in such a manner that
metal components forming said portion are dlffused 1nto the

ceramics, while firlng said ceramics.

12. A method of manufacturing a monolithic ceramic
- accerdiig to ciatin i
electronic deviceAwhereln said second metal film being thicker

than said first metal film.

13. A method of manﬁfacturing a”ﬁonolithic ceramic
electronic device according to Claim 11, wherein the thickness
of said first metel film is 100 nm or.thinner and the
thickness of said second metal film.is 300 nm or thicker and

1000 nm or thinner.'
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nultllayered netal filmcan easily be stripped fromthe supporting nmenber.
Since the séh gmﬁmﬂ edrenrber is in contact with only the ceramc
green sheet, pporting menber is required to be

easily and he cer agpCosk QRfRSiaeet . Therefo eﬂﬂghﬁ.seédﬁdBEEN ﬂ

igpportlng nenber is reqU|red to ‘have a 5|nple strlpplng v L AGED

14. A method of manufacturing a monolithic ceramic
electronic device according to Claim 11, wherein said step of
forming said part of said first metal film into the insulating
structure and firing said ceramics is performed by firing said

monolithic ceramic structure under a partial pressure_for
oxygen at'Which said fifst metal film is oxidized but_said
second metal film is not oxidized.

15. A method_of manufactuéing a monolithic ceramic
electronic device according to claim 11, wherein said step of
forming said multllayered metal film has the steps of formlng,
on sald first metal film, a resist layeéﬁ%g%lng pattern holes (12a)
therein; formlng, within each said pattern holes in said
re51st layer, a second metal film is thicker than that of said

first metal fllm by the thin film forming method, and

stripping said resist layer.

16. A method of manufacturing a monolithic ceramic
electronic device according to Claim 11, wherein said step of
.'formlng said monolithic ceramlc structure has the steps of

(h=a2
formlng a metal fllmrlntegrated green sheety by forming a

(M6
-ceramic green sheetAon said multllayered metal film; and

- stacking said metal film-integrated green sheets.
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characferis{ie—~ ~-- The present invention may be adapted to any of a

vari ety o;m t of facturlng a nonolithic cera
devi ce of a |nternal el ectrodes, such as frars exampt’
monol i thic ram c- 'a@dﬁ§? igelectrlq‘partFaﬁﬁﬁgﬂ
nultllayere er objects, fea

éSE%EN

I’ at e. advant ages

of the |nvent|on mAII be ‘evident fromthe fol ewi ng detailed description
of the preferred enbodi nents described in conjunction with the attached
dr awi ngs. BRI EF DESCRI PTION OF THE DRAWNGS - © Fig. 1 is -

a-cross sectiofgl vhew.$RW 3¢ ﬁdﬂ@f@@@dfyﬁﬂ a monolithic ceramic

- electronic dev1ce according to Claim 11, wherein said step of

forming sald monollthlc ceramic structure has the steps of:

(32D
forming a ceramic green sheetAon a second supporting
Q31
membeﬁ f)

forming a metal film-integrated green'sheet by
transferring, to said ceramic green sheet, said multilayered
(3¢E) (133)
metal fllmAsupported by said first supportlng nmenmbery; and
formlng a monolithic ceramlc structure by sequentlally
transferring a plurallty of said metal film-integrated green

sheet.

18. A method of manufacturing a monolithic ceramic
electronic'device according to Claim 17, wherein
said multilayered metal film is fransferred to said ceramic

green sheet by using a roll press.

19. A monolithic ceramic electronic device which is

manufactured by a method of Claim 1.

20. A monolithic ceramic eleétrOnic device which is

manufactured by a method of Claim 11.

47

T



met hod ‘of manufacturing a nonolithic capacitor; Fig. 2is_

secti onal
nmonol it hi

respectively showing a state whereeaotsrnetranxal fil
supporting nmenber according to a first enbodi nent of

vi ew show ng a nonolithic - ceram c structur
c capacitor; ‘Fig. 3A and 3B are cross

-and a state where a resist |ayer and a second metal filmare fornmed,
Fig. 4 is a cross sectional view showing a state where a ceram c green

sheet is forned on a second supporting nmenber; Fig. 5is a cross
sectional view showing a nDASLTRACE oFt THE: BIGCheOEORE it is fired,

A method of manufacturing a monclithic ceramic electronic

device includes: the follow1ng steps: forming a first metal

('2‘ 3-) ‘ll) ( !l.), |>1(:
fllm on a PET film; forming a multilayered metal film by

(!L‘ 57/ .‘r)
forming a second metal fllm\on a part of the first metal fllm,
the second metal film belng thicker than the flrst metal film;
azF. 145y,

formlng a monollthlc ceramic structure,including the

multllayered metal fllm; formlng a portion of the first metal

-film, which is ovérlain by the second metal film in the

_ monolithic ceramic structure, into an insulating structure in

such a manner that metal components forming the part are
diffused into ceramics; and firing the ceramics. Disclosed
also is a monolithic ceramic electronic device manufacfured by
the method. As.a ;esult, a'stepped portioh between a portion
in which the internal elecﬁrodes overlap one another and a
portion in which thé internal electrodes do not overlap can be
prevented from being formed,,generation'of delaminatidn céh_
effectively be prevented, whereby a_mono;ithic ceramic
electroﬁic device exhibiting stable characteristics and a

method for manufacturing the monolithic ceramic electronic

device can be obtained.
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200 """ Fig. 6is a hori zontal cross sectional view showing a sintered

structure obta@@. PRogi thic Chlp Flg 7 is as q=nat|c
Cross sectiona ' TITC Tact . ret—A e st

enbodi nent ; é? Egﬁﬁa cross sectional V|eM/shomnng a state mhere a
first netal f|In1|s ormed on a first supporting nenber accordi

fourth amomrmyqll
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Fig. 9 1S a cross sectional view showing a state where a resist |ayer
having pattern HEBFHBs=TP@d Gnithe first metal film Fig- 10§s a

cross sectional view showing a state where a second netal fi11Tns are rorned
within the patte es in the resist |ayer; Fig. 11 is a
partially-cut crb0ss sectional view showi ng a process fqgEFor e ahﬁrﬁt&f\]
sheet integrally having a green sheet by using a roll ak4s H,p.mm 0
is a cross sectional sy rowi ng a | am nat ed structure =
and 13B are cro ?e? ﬁvc j1V| ews respectively =

< \\\\\\
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Tgd(b) T 1413243 14138 14 13213
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showi ri'g-a’,state where a first netal filmis fornmed and a state where
second netal fimpmEefprgeppig pattern holes in a resist; @2 14
' ilm

is a cross sectional view showng a state Wiere a nuottttayeret—ret

D4
21

is formed on af&@PTti ng nenber; . 24 _
: : : - THIS SHEET HAS BEEN I

BEPY ACED

ZH3)
13 13214 12 13 - 14 13 14 132 16
[ [ | ] ] 1 1/ {
P CIA VA Y QR AR R W AR

181

——— :

AR
15 14 13 14 13 13 13 13

H3-
Tpd .
v 20
b 4]
//S§§/ ,/
// 4 7/
// 7/ -
7z 4 7
/ // 4
/S‘;FJ
e . e

e -S'-c(éc'(, F{G( WA.‘%_.féoa(p( le /'ua/:‘cﬁ‘fW(

L~ A bitimet

This Sheet Has Been

il



Fig.. '15 i's a CI'OSS sectlonal

|nfegrally
sheet on the 1

ceramc structure, ' Fig. 17 is a cross

19 1o -5 ¥ 5 =
THI® si-§= a té‘ﬁo%@
| o froraved on

view showing a state where a green sheet

&N
omal

vi ew show ng gEpnglithic
sectional view shovm ng a sintered structure; _Fig.
secti-onal vi evrs g a nmonolithic capacitor; Fi
sectional vie sh 2te where a ceranm c green shget
second supportlng nber
x—>| 20 20 2
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accordi'rg to an ei ghth enbodi nent; Fig. 20 is a cross sect |? Vi ew
show ng a st sgm LD P gniilr 0l fyered metal filmis forned: ﬁg

i§ a cross sectironal view show ng a process for transfe
~multilayered et} Imto a ceramic green sheet by t
to the eighth enbodi nent; and - Fig. 22 i's.a cross sectlimﬁal*t\h‘?éw :

showi ng a greetrsheet |ntegrally haV| ng the netal fil a=ob
~eighth enbodwo
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{ RECEIVED 83/1% 1@.36 1936 AT_S533063% PAGE 3 (PRINTED PAGE 3) 1]
TO 242655338634  FROM NAGAOKA B NoSBE@314@733 3R148 11:38 PAGE _ 3/1@
pr. es e FESF) LI dn24ni % ThowteFAVENET) | bed. R & KEAFIO 03 F741 14 P04/11

22 . First Enbodi nent As shown in Fig. 3A, a polyethylene
‘terephthalate film11l serving as a first supporting nenber is coated with
silicon resin (not shown). Then, a netal film 12, eh—s—a=FFF= ' -
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[ RECEIVED d3/1% 14. 36 1386 AT_S33403% PAGE 4 (PR lNTED PAGE  4)
"TQ. 2426553388 FROM NAGROK 095@3[42?39 3A148 11:31 PAGE 4/18@

| ayer ’%mﬂﬂéﬂﬂlﬁaﬂ 2151 ?Hnél‘ Wdilxbe(FAMyNEi”he t er epht hak BHBLTRAHVL F73Y {The netal PO5/11
film12, which is the first |layer, consists of an Ag layer having a
t hi ckness of 0.1 [err]mand formed by an evaporation nethod on the overall

surface of film 11, .Then, are'st | ayer is foraed-on-the first
met al Iam-fﬂz_by applying a éczgl o have a thi ckinewnsisafH®ET8h23 BEAN [The
mai.n- . conponerits of th ﬁsa.s-t“ qui none cont ai ni ng BaTi CRspoagien by (10
~vol % andfa i d@ Zornelin resin. - Then, an expESFrg—process—ore—a
devel opi ng"process are gforjjepl ﬁ#-that a#‘é | ayer 13 having pattern
hol es 13a rmed therei n/as own/jJin Fig. I § obtained. . Next ,
Lor Lyl ) 3|2t he

- second netal filnms 14 ar
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t hé Fe5|st "1 aye

Qi i films 14 are fornmed applying Pd to
have a t hi cknd&ss=%5 : : = ating The second net Il m
14 fornms inter ectrodes to be descrlbed later. On the ot her
hand, a pol yet terephthalate film 15 shown in Fig=-4_is_prepared as
a second supporti dg nmenber. Then, ceram c slurry who enmggpconpqnentvr
BaTi @B is formedd~ . | | 2 REPLAGED eci
F;B(o) BERLY.
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i nt"B'a., sheet on Ro! yet hyl gne terephthalate film15 to have  a thickness
of 6 [err]mso M&‘— 4 deh $heet 16 is_ obtained. Thepg)ja

| am nat ed nenber, kng netal layers and resist layers 17 shown 1 n =g 3B
and the ceramc heets 16 are ‘alternately |am nated that-—a- =
nmonol i thic structur s obtained. The nonolithic structurd| itsii®btiaEned: b_y_cN

stacking a | am gmenber havi ng netal |ayers and resi stf| | ayemEPLAGED
supported by t et et hyl ene tere al at[e|6| I m 11 serving=g i :
supporting nenber, on the ceramc g§ n shFet 1 140 \r&

"“7{ K%ﬂ x m—:’f' B
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on which the second netal |ayer 14 is coated, of
Bacted with the ceramic green Sgﬁ 16;
e nDnollthlc structure, at about 80[errJC an n
hyl ene terephthalate film1l serving as the flrst

hen, a similar heat pressing is perforned
16 and a |l'am nat ed nmenber

that .the upper.,.sij.d
t he nDnO|IthIdE§tB§
and then pressi

st ri ppi ng the
supporting nenber .

havi ng net §

ceram c (green shee

resi st IayersII seq |aIIy'Ianinated. Thus, a . l-am

shown in Fig. '5 an be o ed The | am nat ed nenberiL18

the direction of the thlckn (pof t obtaln predeterm ned nonolithic

nDnollthlc capaC|tors

bi

chips for

en, o(I I ne 140nolithic
Rz ) s ,/523-
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4

chi ps sre fired at 1300! errJC|n air. As a result, a sintered rrenbre
shown in Fig. ek Bel 519 the sintered

24 menber 19 er nal electrodes 20, each of which is formed: 5 the
second net al f&mﬁﬂ%ﬂ are overl apped with one another. Note {—t47E
“metal film12 is tedlntheflrlng process so that i

an insul ati ng_mat eilal In the
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or .
-V,u-'- s _ﬁ' w

. A .
resi st |ayer,
cs

t he ot her hand, cera _
noved fromthe mﬁuﬁral region of the resist |ayer forma dense sintered
structure simlarl o the residual sintered portions. As a result.the g

|nternal eI ectro 20 are surrounded by dense ceranmics, |SBowhT kR EAN

_ EE‘ tfp,rl/surface of the si.ntered structure ofptal nqg:p._aﬁ £ 1‘
descrl bed ab e)O}external el ectr es 21a3and 21b as shownii_in—Ft F—aF€

appli ed. Thus, a monolithic cada®tor 2034 ob(§2ned 3&)te t hat F| g. 6
shows a cross section taken al or{g

ey I m—é =y
- \\\\\\\\

i33

i gappeared during the firing process

" This Sheet Has Been Replaced

T I




. {
line X-X of the sintered structure shown in Fig. 7. The structure of

---n—.-—--—mn;w—-._ =

obt ai ned nonolithic capacitor 22 is observed by cutt
"X-X shown in Fig. 7. As a result, stepped portions b
in which the internal electrodes overl apped one anot
in which the internal electrodes did E overl ap, werfg-D
conpared with the conventional nonoli capaci tor.
characteristics of the nonolithic

i

g t he port|r
?a

R et e s e

TITLE THE INVENTION

MONOLITHIC CERAMIC ELECTRONIC DEVICE AND METHOD

OF MANUFACTURING SAME

ACKGROUND OF THE INVEN N
Field of the Invention

The present invention relates to an electronic part
and a method of wmanufacturing same, and more
particularly to a monolithic ceramic electronic device

and a method of manufacturing same.

The present invention can be adapted to a variety of
electronic devices, e.g. a monolithic capacitor, a monolithic
piezoelectric device or a multilayvered ceramic substrate, and

a method of manufacturing such devices.

Related Background Art

A method of integrally firing metal elements and ceramic
elements has been employed for manufacturing a monolithic
ceramic electronic device, such as a monolithic capacitor,
having internal electrodes. Firstly, a pattern made of
conductive paste is printed on a ceramic green sheet to form
internal electrodes. Then, a plurality of the ceramic green

sheets each having the internal electrodes are laminated, and

; tnmdmsmosﬁéﬁﬂ 9




characteristics were

del am nation took place in the sintered

25  capacitor were neasured. As a result, designed
obt ai ned. In the observation, no
structure. The characteristics of a nonolithic

manuf actured by a conventional nethod yere al so measy
this, delam nation was observed in tae=icinity of t

aci T SUE
- BEPLAGEVENT SHEET

for

the external electrodes, that is, in the vicinity of

e NP AT

the sintered structure on

then an appropriate number of ceramic green sheets having no

internal electrode are.laminated on the both sides of the

stack of green sheets to form a monolithic ceramic structure.

Alternatively, _a _predetermined pattern of ceramic paste

and conductive paste may be sequentially printed to form

a monolithic ceramic structure.

Then, the monolithic ceramic structure is pressed in a

direction of its thickness so that the ceramic layers are

brought into tight contact with each other.

Further, the

monolithic ceramic structure is fired to obtain a sintered

structure. Appropriate external electrode

s are formed on the

outer surface of the sintered structure to produce a

monolithic ceramic electronic part.'
In recent years electronic parts are
the sizes thereof and, as well,

must reduce
When the

electronic devices

thicknesses thereof.

required to reduce

monolithic ceramic
the

monolithic

sizes and the:

ceramic

electronic device is intended to be reduced in size and

thickness, each

between the internal electrodes,

the ceramic layers,

of which is held

are required to bel

thinned. Accordingly, thinner green sheets are required
when the monolithic ceramic structure is manufactured.

However, it is difficult to treat excessively thin

ceramic green sheet. Moreover, the thickness of portions each



whi ch the external electrodes were fornmed. The percentage of these

nonol i thic capacitors which suffered del am nati on was about 25 @6 The
regi on 'of the nonolithic capacitor according to tjd erbod
the resist layer was fornmed, was observeg upon ¢
structure. It was seen that resist conperRents had
BaTi J err] conponents renai ned. Moreover, the por _
state simlar to the other ceramc portions Thereo{; FEcar oe considered

t hat surrounding ceram cs were noved to this portion and, therefore,
dense sintered ¢ Rgethasittannegd. 3190tr°desNbW869%rOV%Q%épfPP§taﬂ%ﬁﬁﬂrdlIln

12 di sappeared aft g, the firi prQcess. . Theref ven if the first
nmetal filmis 5g§s Egi%rqﬁ%t gbB%EFlons e85ﬁeﬁ?%f %Q%‘ngxén ﬁéi
short electrode in a monolithic ceramic structure. As a result,

stepped portions have been inevitably formed between the
portions. _
| In particular, since the stepped portions are formed when
the monolithic ceramic structure is pressed in the direction
of its thickness prior to firing process, the pressure is
mainly applied onto the portions including the internal
electrodes which overlap one another. .Accordinglyflthe
pressure is insufficient in the other portions. As a result,
there is a possibility that a layer seperating phenomenon
called delamination occurs. Also, there is a pessibility that
solvent in the ceramic green sheet causes the internal
electrodes to swell Then, the internal electrodes can
not accurately be formed into desired shapes. '
Therefore, it has been extremely difficult to reduce the
thickness of a ceramic green sheet to about 6 um or thinner.
Such problems may arise in making a monolithic ceramic
structure in which ceramic paste and conductive paste are
alternately laminated.

To overcome the problems, a method has been suggested in
which portionsg of a metal film, formed by a thin film
forming method, _are used as the internal electrodes,
the method being exemplified




circuit, does not take place in an obtained nonolithic capacitor.

Second Enbodi ment A multilayered ceramc substrate was manufactured
by a nethod simlar to that according to the first enbodi nent
' 4

REPLACEMENT SHEET

Date :....1.5...Ngv...

by the following first to third methods.

The first method has the step of forming a metal film on
the overall surface of a supporting member by using a thin
film forming method, such as a sputtering method. Then, a
resist layer having openings corresponding to the shapes of
the electrodes is formed on the metal film, and then the
metal film is patterned by photolithography. Thus, a metal
film 2 is formed as shown in Fig. 1. Then, a ceramic green
sheet 3 is formed oﬁ the metal film 2. By repeating the
process for forming the metal film 2 and that for forming the
ceramic green sheet 3, a monolithic structure 4 is formed.

In the second method which is disclosed in JP-A-64-42809,
a ceramic green sheet is formed on a first film made of
synthetic resin; and a metal film is formed on a second.
supporting . film by a thin film forming method. Then, the
metal film supported by the second supporting film is
transferred to the cerémic green sheet on the first supporting
film to produce a green sheet having a metal film thereon. A
monolithic ceramic structure is obtained by laminating a
plurality of such green sheets.

The third method has the step of forming a metal film on
the overall surface of a supporting film by a thin film
forming method. Then, the metal film is patterned by a

photolithography method. Next, a ceramic green sheet i;



except a Cu filmbeing used in place of the Ag filmto serve as the first
netal film a NI filmbeing used in place of the Pd filmto serve he
second netal film resist resin containing [err] po gg"j@;ﬁ@ﬁg%@@ndl

gl ass powder by 5 vol % being used, and-giring was p REPheg=ar 1200[ ergj] C

In a reducing atnosphere. I n t he=®btai ned nul tf] | a erefl scepam c...
substrate, formng of the stepped portion between t Dﬂ%tﬂ;égégp »
the internal electrodes overl apped one another, and e portion, in which
the internal electrodes did not overlap, was prevented. The

char act eri st i csfaimechanobhe sisworing| &ikn d@vdegakhe patterned metal film
so that a green sheet having the metal film is obtained. Then,

the green sheet supported by the supporting film is laminated
on a laminating stage by transferring with heat so that a

monolithic ceramic structure is obtained. i}
The first to third methods, in each of which portions-

©of the metal film formed by the thin £ilm forming:
method are used as the internal electrodes; are able
to further thin the internal electrodes as compared
with the method of forming the intermnal electrodes by

.using conductive paste. .
- However, an attempt to further thin each layer encounters

an increase in the nhmber of the laminated layers, thus
causing the internal electrodes to be thickened with respect
.to the thickness of the ceramic layer held between the
internal electrodes. As a result, the first method involves
the difference in the thickness between a portion 6, in which
only the ceramic green sheets are laminated, and a portion 7,
in which internal electrodes 8 overlap one another, as shown
in Fig. 2. Therefore, when the laminated structure is pressed
in the direction of its thickness, the pressure is easily
applied to only the portion in which the internal electrodes 8
overlap one another. Thus, the strength of adhesion between
the ceramic layers may reduce in the region, in which the

internal electrodes do not ovérlap. As a result, delamination



substrate were neasured. As a result, designed characteristics were
attained. The obtained nultilayered ceramc substrate was _cut _in the
direction of its thickness. As a result, no defect tion
was observed. The regi on in which &he resi st N é@ﬁ%{m%f§?£$QQ
substantially the same sintered state as—that of thg
portions. That is, it can be considered that resist afa. d
evapor at ed, contai ned gl ass conponents were di ssol ved, al um na conponents

retai ned and surrounding .
may easily take place when the laminated structure is sintered.

Moreover, the first method requires a further processes
after the metal film has been formed on the supporting member,
such as a step for forming patterns of a resist layer, a step
for etching the pattern and a step for stripping the resist
layer off.

The second method also encounters a problem of thickening
of the portion in which the internal electrodes overlap one

another, as compared with the region having no internal

electrodes. Therefor, the second method also may

suffer from the delamination_problem.

green sheet is extremely thinned, it would he dificult to

treat such _a green sheet. Moreover, it would bei
difficult to attain high accuracy of position of the'
metal film on a green sheet because a transferring

process is involved.
And, in the transferring process, the portion having np'

metal film involves the ceramic green sheet being brought into
contact with the second supporting film. The second
.supporting film must be stripped from the green sheet having
the metal film after the transferring process. Therefore,
both of the metal film and the ceramic green sheet must be
easily stripped from the second supporting film. However, the
requirement can not easily be satisfied. Thus, there is a

possibility that a portion of a ceramic green sheet is



27 ceram cs were noved when heated so that the state of sintering was

realized.

substantially di sappeared and, thus, défects in ter
as generation of voids did pot take p

capaci tor was nanufacturedigy

except that use was nmade of a resist t

as ceram c powder and gl ass powder ser

defects such
A nonolithic
enbodi nent 1
powder, such
not added.

The copper conponents formng the first metal film
AREPLATEIMES T EHmt |
5im | ar Eo ége N
whiech..1. 8oNG¥nIE6.
Eg—as—the—resist

yd
tent

a net hod

'Was

destroyed when stripping the second supporting film.

Since the third method has the steps of forming the metal
film by the thin film forming method and then performing the
patterning process by the photolithography method, the
manufacturing process tends to become complicated. Moreover,
the structure in which the metal film and the ceramic green
sheet are in contact with the supporting film requires both of
the metal film and Fhe ceramic green sheet to be easily
stripped from the sﬁéporting film when transference from the
supporting film is performed. However, the requirement cannot

easily be satisfied.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
provide a method of manufacturing a monolithic ceramic
electronic device capable of preventing occurrence of the
difference in the thickness between a region, in which
internal electrodes are formed, and a region, in which the
internal electrodes are not formed, in a monolithic ceramic
structure and therefore capable of effectively preventing
delamination so as to be capable of simply and stably
manufacturing a monolithic ceramic electronic device as
compared with a conventional method of manufacturing the

monolithic ceramic electronic part including a step of forming



The .stepped portion between the portion, in which the internal electrodes
over | apped one another, and the portion, in which the internal electrodes
did not overlap, could not be reduced satisfactorif fy o
consideration can be performed that thegpressure a.pﬁﬁégyﬁﬁ%%%ﬁ?ﬁ§ETr t he
pressing process after the |amnating resul tsfiigy,satisfactory
prevention of generation of delam nation as conpar e HAT ‘1
capaci tor obtai ned by the conventional method. Al t hough the Tirst to
third enbodi nents were structured such that the first nmetal filmand the
second netal fEhen ifernaloehedtigdes bivepehbinefiding forpéng apethask-al nay be

used to form the f+J5§th%%gltgélo fgl ,tggcgg fﬂgjtge%ﬁg Lééé@t of the

ille

pfesent invention, there is provided a method of manufacturing
a monolithic ceramic electronic device, including the steps
of: forming a first metal film on a first supporting member
by a thin film forming method; forming, on the first metal
film, a resist layer having pattern holes therein; forming
second metal films thicker than the first metal film within
the pattern holes formed in the resist layer; forming a
monolithic ceramic structure including the resist layer and
the first and second metal films; and firing the monolithic
ceramic structure to change the first metal film into an
insulating material and to remove the resist layer.

According to another asﬁéét of the present invention,
the step of forming the monolithic céramic structure has the
steps of forming a ceramic green sheet on a second supporting
member; and separating the monolithic ceramic structure from
the first supporting member while separating the ceramic green
sheet from the second supporting member, and alternately
stacking, on a laminating stage,-the monolithic ceramic

structure and the ceramic green sheet.

According té a further aspect of the present.
invention, the step of forming the monolithic ceramic
structure has the steps of forming a ceramic green sheet on

a second supporting



Fourth Enbodi nent . 28 As shown
in Fig. 8 a first supporting nenber having a PET fil coated with a

silicon rel ease agent (not shown) -was prepared. On the
agent layer, there was formed a first q)'etal film 32.
32 was

member; transferring, onto the ceramic green sheet, the
monolithic ceramic structure on the first supporting member to
form a green sheet including a metal film; sequentially
transferring and stacking a plurality of the green sheets each
having the metal film thereby to form the monolithic ceramic
structure.

It is preferable that transference of the metal film be
performed by using g roll press in the step of forming the
green sheet having the metal film by the transferring method
so as to enable a thin metal £film to be easily and smoothly
transferred to the ceramic green sheet.

In the present invention, the first metal film is thinner

than the second metal film. The thickness is determined to have a

value with which the first metal film can be formed into an
insulating structure during firing. The process for forming
the first metal film into the insulating structure can be
realized due to diffusion of the metal composing the metal
film into the surrounding ceramics, the metal being diffused
in the form of oxide ions. Although the thickness with which
the first metal film is formed into the insulating structure
cannot be determined definitely because the thickness becomes
different depending upon the material composing the first
metal film and firing conditions including the firing

temperature, it is preferable that the thickness be 0.1 um or



obtained by formng a Cu filmhaving a thickness of 0.1 [err]mon the
overall surface by an evaporating nethod. Then, a resist |ayer having
a thickness of 0.8 [errfmwas applied to the surfa ﬁyﬁi The T 5 I
film32, the resist I|ayer having a stru;éure such Lé&ﬁ"’(%‘”p@wi\ﬁfe? S
contained in resist resin by 50 vol % — an exp % ﬁg&ess and

devel opi ng process were perfornmed so that pattern net-aVOi- d. ijjn t he
resist layer. As a result, a resist layer 33 having pattern holfes—3
therein as shown in Fig. 9 was forned, _ Then, a_second netal film 34
(see Fig. 10) whBiRRghedRFnd afiH thather flrdh @esad. fike cadcSR41ARINIDS i | s
34 were

formed into the insulating structure.

The resist layer is mainly composed of resist resin which
disappears when fired. Since the resist layer disappears when
the firing process is performed, a process for stripping the
resist layer is not required in the present invention.
Moreover, surrounding ceramics are, in the firing process,
moved to the portion in which the resist layer has
disappeared. Therefore, a problem of generafion of voids can
be prevented. |

Preferably inorganic components are added to the resist.
The inorganic components are composed of inorganic materials,
such as ceramics or glass, which do not disappear after firing.
Thus, the inorganic components have a function of preventing
reduction of the strength of the portion in which the resist
layer has disappeared. In the case where the inorganic
components are contained in the resist layer, the surrounding
ceramics are smoothly moved to the portion in which the resist
resin has disappeared due to firing. As a result, a condition
of sintering can be the same as the other ceramic portion.
Therefore, the structure, in which the inorganic components
are contained in the resist layer, enables a further uniform
and dense sintered structure to be obtained.

The materials of the first and second metal films are not



kness of 0.8 pm by
Il mhaving a |ckness of
nmenber,

obtained by formng N film
el ectropl ati ng. On the
50 [err]mwas prepared as t
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form ng ceramc slurry, thejinB#te fporept- -of-_lMi ch in
the formof a sheet on the PEFTrtm As-e—result, & ¢
was produced. Then, a roll-type press 35 was u m.c. gy een

sheet as shown in Fig. 11 so that netal -layer and re-'stmiaygr]"J
. limited particularly. According to a still anoﬁher aspéct of
the present invention, the first metal film éontains Cu and
the second metal film contains Ni. The first metai film
containing Cu can easily be changed into oxides and the
insulating structure after fifing. By forming the second
metal film with Ni, the cost.for forming the internal
electrodes can be reduced.

According to a further aspect of the present invention,
there is provided a ﬁethod of manufacturing a monolithic
ceramic electronic part comprising the steps of: forming a
first metal film on a first supporting member by a thin film
forming method; forming a multilayefed metal film by partially
forming a second metal film on a part of the first metal film
by the thin film forming method, the second metal film being
thicker than the first metal film; forming a monolithic
ceramic structure incorporating the multilayered metal film;
and forming a portion of the first metal film, which is not
underlain by the second metal film in the monolithic ceramic
structure into an insulating structure in such a manner that
metal components forming the portion diffuse in ceramics, and
firing the ceramics.

According to still further aspect of the present

invention, the thickness of the first metal film is 100 nm or

thinner and thickness of the second metal film is 300 nm or



29 | am nat ed nmenber 36 (see Fig. 10) was, as the second supporting
menber, transferred to the ceram c green sheet 37 sugpps t he PET

film39. Then the PET filmwas stripped. As a result] § e

having the netal filmwas formed. Then, RPET film 42 pas pr ar ed s“%T ird
supporting nmenber. And the green sheet —each havi gm&héﬁﬁﬁngl | m Were
stacked on the third supporting nenber 42 while thei Tatd=ye T

bei ng controll ed accurately. Wenever one green sheet 38 having t he netal
filmwas stacked, heat pressing was perforned. After the heat pressing _
process had be&hipke¥ ended00phem pRT thinpes: Fheyragsen ftqre thitests stidor ti ng
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the portion of the flrst metal film which is not located
below the second metal film is required to be changed into
the insulating structure when the ceramics are fired. That.is,
the thickness of the first metal film is made to be 100 nm so
as to cause the metal components composing the first metal
film to easily be diffused into the ceramics due to firing in
such a manner that the metal components are in the form of
oxide ions when diffused. The reason why the thickness of the
second metal film is made to be 300 nm or thicker is that
oxidation of the second metal film is prevented when the first
metal film portion is changed into the insulating structure.
That is, the second metal film is a portion to serve as the
internal electrodes. Note that the upper limit of the
thickness of the second metal f£film is not limited particularly.
However, to use the second metal film as the.internal
electrodes of a monolithic ceramic electronic device and to
achieve the object of the present invention, which is
prevention of generation of a'stepped portion, the thickness
is usually determined to be 1000 nm or thinner.

According to one aspect of the present invention, the
step of forming the part of the first metal film into the

insulating structure and firing the ceramics is performed by



Then, the | am nated nenber 41 obtained as described above was cut in the
direction of its thickness so that chips, each of which was fornmed into a
monolithic structure, were obtained to serve as i g . =—thi-g
capacitors. Then, the nonolithic chips Yere fired{saePhaCsSERT eHegET
structures were obtained, and then ext+efaal el ectripdes were forned
simlarly to the first enbodinment. As a result, okict:h].8. NB¥adgy6or H
were produced. Fifth Enbodi nent A nonol i t hi FEOT—Wa S
manuf actured simlarly to the fourth enbodi nent except that resist
cont ai ni ng no ifigriggntbe purowtei thas osealic structure under a partial

pressure for oxygen at which the first metal film is oxidized

but the §econd metal film is not oxidized. That is, control
of the partial pressure for oiygen to_this level enables, at
the time of firing the ceramics, the first metal film to be
oxidized and the first metal film portion which is not
located below the second metal film to be formed into the
insulating structure, and prevents oxidation of the second
metal film. The level of the partial pressure for oxygen can
be determined appropriately to adopt different materials and
the thiéknesses of the first and second metal films and
temperature and time for which the firing process is performed.

The step of forming the multilayered metal film can be
performed by an appropriate photolithography method. For
example, the step of forming the multilayered metal film has
the steps of forming, on the first metal film, a resist layer
having pattern holes therein; forming, in the pattern holes in
the resist layer, second metal films each of which is thicker
than that of the first metal film by the thin film forming
method} and stripping the resist layer.

Also the steb of forming the monolithic ceramic structure
including the multilayered metal film can be realized by a
conventional transference method. According to another aspect

of the present invention, the step of forming the monolithic



Eval uations of the Fourth and Fifth Enbodi nents
30 In the manufacturing process according to the fourth
enbodi ment, the nonolithic structure chip was cut to o '
portion thereof prior to performng thelﬁiring proces
generation of a stepped portion betweea=hke-portion in
metal filns formng the

REPLABEMESSTLH
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ceramic structure has the steps of forﬁing green sheet
including metal film by forming a ceramic green sheet on the
multilayered metal film; and stacking a plurality of such
green sheets. According to another aspect of the present
invention, the step of forming the monolithic ceramic
structure is realized by a transferring method having the
steps of forming a ceramic green sheet on a second supporting
member; forming a green sheet including metal film by
transferring, to th;'ceramic green sheet, the multilayered
metal film supported by the first supporting member; and
forming the monolithic ceramic structure by sequentially
transferring a plurality of the green sheets each having metal
film. When the transferring method is employed, it is
preferable that a roll pfess be used to transfer the
multilayered metal film to the ceramic green sheet.

In the present invention, the first metal film is formed,
and then the resist layer is formed. Then,'the second metal
films are formed within the pattern holes in the resist layer
so that a laminated member including metal-layer and resist-

layer is formed. Therefore, preliminary operations, such as
etching and stripping of the resist layer, are not.
required. That is, the step of etching the first metal f£ilm
énd the step of stripping the resist can be omitted.

Therefore, the time required to process the metal film formed



I nternal el ectrodes overl apped one another and ot her portions
substantially be prevented. Sintered structures in the obtained

coul d

nonolithic capacitor was cut in parallel to the end surfag

external electrodes was formed so that ige i nternal struct
observed. It was seen that generation of—a—stepped portion

portion, in which the internal electrodes overlapped one §
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portion, in which the internal electrodes did not overlap, -was

substantially prevented. That is, the structure, in which ceram c powder
was cont ai ned by theethissifdlnm formringmerdededarasignjdicaatiynbefshorsened.

st epped

Moreover, the incidence of defective parts can be lowered, the
incidents being due to the process of washing the etching
liquid. Since the resist is not required to have etching
resistance, resin for forming the resist may be selected from
a variety of materials. Thus, the cost of the material can be
reduced.

Moreover, in the step of firing the monolithic ceramic
structure including a laminated member having metal léyer and

resist layer, the resist layer is stripped and the first metal

‘film is changed into the insulating structure at the same

time as the ceramics.'are fired. Therefore, no additional :

process is required in order to easily and stably obtain a
sintered structure for a monolithic ceramic electronic
device in which internal electrodes formed by the second
metal film are stacked.

The first metal film formed on the overall surface
enables the stepped portion between the portion, in which the
infernal electrodes overlap one another, and the portion, in
which the internal electrodes do not overlap, to be reduced.
As a result, generation of delamination can be prevented
satisfactorily.

In the case where the step of forming the monolithic
ceramic structure consists of the step of forming the ceramic

green sheet on the second supporting member; and the step of




portion at the tinme of performng the firing process. In the portion,
in which the resist layer was forned, resin form ng the_Cesist arsappeaed
and the contained ceram c powder was retained. Mreo e€F£P%§§%%§.§5%
in a state of sintering substantially t sanme as thgt f_t@ :
ceramic portions. Therefore, it can be-jt-%ns.i dered t hq il é’_'_ gﬂ@mqg.%@ er

retai ned and the surrounding ceranmics noved at the time of performng the
firing process so that a state of sintering,

alternately stacking, on the stacking stage, a laminated
member having the metal-layer and resist-layer supported on
the first supporting membe% and the ceramic green sheet
supported by the second supporting member, a sole member is
stripped from each supporting member. That is, the first
metal film is stripped from the first supporting member and
the green sheet is stripped from the second supporting member.
Therefore, the force required to strip the member can easily
be controlled.

In the case where the step of forming the monolithic
ceramic structure is performed by the transferring method,
that is, in the case where the ceramic green sheet is
previously formed on the second supporting member, and then a
laminated member having metal layers and resist layers is
transferred to the ceramic green sheet to form the green sheet
integrally having the metal film, only the ceramic green sheet
is stripped from the supporting member when the stacking
process is performed. Therefore, the stripping facility with
respect to the supporting member can easily and reliably be
controlled. As a result, by using the transference method, a
further thinner ceramic green sheet and electrode material may
be employed to manufacture a monolithic ceramic electronic
device. Moreover, delamination can be prevented which occurs

due to defective stacking and/or defective pressing.



31 mhlch was the sane as that of the surrounding pprtion: vas

realized.

film to which the resist was applied, of 0.1 pmor tRinner, the first
metal filmwas fornmed into an insulating,,structure du@ @eth$5fNﬂNngﬁB
Therefore, it can be understosé—hat nonol it bie=capasi-tors—ai

process.

Mor eover, probably due to the thicknes ﬁﬁpﬂdﬁﬁﬂ&ﬂSGHcﬁﬁt

Al

stably be supplied, which do not easily encounter defects, such as short

circuits,

defective insulation, generation of voids and del ani nat i on.
As a result, according to the present invention, if the

thickness of a monolithic ceramic electronic device to be

-manufactured is intended to be reduced and the number of

stacked internal electrode layers of the same is intended to
be increased, the incident of defective parts due to
delamination can be lowered. Moreover, monolithic ceramic
electronic devices can stably be supplied with a simple
process. |

The method of manufacturing the_monolithic ceramic
electronic device according to the present invention has the
structure such that the first metal film formed on the overall
surface enables the stepped portion between the region, in
which the internal electrodes overlap one another {the region
in which the second metal films overlap one another) and the
region, in which the internal electrodes do not overlap, to be
redﬁced. As a result, generation of delamination in the
obtained sintered structure can effectively be prevented.

Moreover, the first metal film is formed into the

insulating structure during the process for flrlng the ceramlcs.

Therefore, the first metal film formed to reduce the stepped

portion does not act as a conductor. As a result, even if the
first metal film is formed, short circuits and the like can be
prevented. Moreover, the.necessity of partially stripping the‘

first metal film in the following step by etching or the like



Also in the fifth enbodinent, the nonolithic chip in a state prior to
obtaining the sintered structure was cut in the directionof— 1ckness
to observe the stepped portion between the porti epiladdViEdT GHEES efond
metal films, formng the internal electrqdes, ov rrapped one anat.hep, and
the other portions. It was seen that aL&ﬁeugh t he gg@pp&&

significantly reduced as conpared with the nonolit
fourth enbodi ment, the stepped portion could be reduced satlsfactorily as
conpared with the nmonolithic chip in the case of the nonolithic capacitor
obt ai ned by t hecarcdrevedtiminatedret iherefore, &headditerarall stooessirwf the

obtai ned sintered structure
forming a multilayered metal film is not required.

The first metal film is, in the form of oxide ionms,
diffused in the ceramics. By controlling the composition of
the first metal film, the composition of the ceramics can be
controlled. Therefore, a monolithic ceramic electronic device
exhibiting desired characteristics can be provided.

The multilayéred metal film is supported by the
supporting member. In this stége,-only the first metal £ilm
is in contact with the supporting member. Thereforef the
stripping facility of the multilayered metal film with respect
to the supporting member is permitted to be determined in
terms of realizing satisfactory stripping facility of the
supporting member with respect to the first metal film.
Therefore, the stripping facility of the supporting member can
easily be determined. As a result, in an example case where

.the multilayered metal film is transferred to the ceramic
green sheet formed on the second supporting member, the
multilayered metal film can easily be stripped from the
supporting member. Since the second supporting member is in
contact with only the ceramic'green sheet, the second
supporting member is required to be stripped easily and
smoothly from the ceramic green sheet. Therefore, the second

supporting member is required to have a simple stripping



enbodi nent. As a result,

from def ect s,

characteristic.
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The present invention may be adapted to any of a variety

of methods of manufacturing a monolithic ceramic electronic

[ To-the evaluafian’met hod .enployed.in .the fourth . . ..
the first nmetal film portion was seen to have
been formed into an insulating structure due to the :

32 firing process. Mreover, the obtajged nmonolit CAPACT LOL ap b
such as short circuits, defactive REPCACEMERT sHER?

ree

device of a type including internal electrodes, such as, for

example, a monolithic capacitor, a ceramic-laminated

piezoelectric part and a multilayered ceramic substrate.

Other objects, features and advantages of the invention

will be evident from the following detailed description of the

preferred embodiments described in conjunction with the

attached drawings.

RIEF DESCRIPT E_TH WIN

Fig. 1 is a cross

sectional view showing a conventional

method of manufacturing a monolithic capacitor;

Fig. 2 is a cross

sectional view showing a monolithic

ceramic structure in a conventional monolithic capacitor;

Fig. 3A and 3B are cross sectional views respectively

showing a state where a first metal film is formed on a first
supporting member according to a first embodiment of the

_present invention and a state where a resist layer and a

second metal f£ilm are formed;

Fig. 4 is a cross

ceramic green sheet is

Fig. 5 is a cross

structure before it is

sectional view showing a state where a
formed on a second supporting member;
sectional view showing a monolithic

fired;



i nsul ati on, generation of voids and del am nati on. In the

nanufacturlng met hods according to the fourth and fi LYo n n{y
the cerami c green sheet was in contact mnth t he supp F? %ﬁ' shee? l
Therefore, the rel ease agent |ayer of filmis re |red ﬂ qﬂﬁpl nlly
the cerami c green sheet to be strippe ily. Thus, |aR%pp o |afp -
rel ease agent on the market can be enpyoyed and, therefore, the Trelease
agent |ayer can easily be designed. ¢ The force required to strip off

the supporting filmwhen the |ayers were stacked in the case where an
appropriate rel easBiGgénts| ayberigentadprsged seafiepadurtew Faasingsawer e

sintered structure obtained by firing a monolithic chip;

Fig. 7 is a schematic cross sectional view showing a
monolithic capacitor obtained in the first embodiment:

Fid. 8 is a cross sectional view showing a state where a
first metal film is formed on a first supporting member
according to a fourth embodiment:;

Fig. 9 is a cross sectional view showing a state where a
resist layer having pattern holes is formed on the first metal
£ilm;

Fig. 10 is a cross sectional view showing a state where a
second metal films are formed within the pattern holes in the
resist layer;

Fig. 11 is a partially-cut cross sectional view showing a
process for forming a metal sheet integrally having a green
sheet by using a roll press:;

Fig. 12 is a cross sectional view showing a laminated
structure;

Fig. 13A and 13B are cross sectional views respectively
showing a state where a first metal film is formed and a state
where second metal films are formed in pattern holes in a
resist;

Fig. 14 is a cross sectional view showing a state where a

multilayered metal film is formed on a supporting member;



shown in Table 1. Table 1
Force required to strip a

firlm Conventional Structure 20 g/CW[er]REPLACFMENTGFEéFW
Enbodi ments 4 and 5 3 gcnfer As can|| be unv:igr {
Table 1, the supporting film could be ped fromthe ¢mna ....... @ﬁ _____

sheets according to the fourth and fifth enbodi nents w'eh s
one-third that required with the conventional structure. Therefore a

Fig. 15 is a cross sectional view showing a state where a
green sheet integrally having the metal film is formed by
molding a ceramic green sheet on the multilayered metal film;

Fig. 16 is a cross sectional view showing a monolithic
ceramic structure;

Fig. 17 is a cross sectional view showing a sintered
structure;‘

Fig. 18 is a cross sectional view showing a monolithic
capacitor;

Fig. 19 is a cross sectional view showing a state where a
ceramic green sheet is formed on a second supporting member
according to an eighth embodiment;

Fig. 20 is a cross sectional view showing a state where a
multilayered metal film is formed;

Fig. 21 is a cross sectional view showing a process for
transferring a multilayered metal film to a ceramic green
sheet by the method according to the eighth embodiment; and

Fig. 22 is a cross sectional view showing a green sheet
integrally having the metal film obtained in the eighth

embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings, preferred embodiments of the

present invention will now be described.



33 probl em of defective transference can satisfactorily be prevented
and, thus, generation of delam nation can significantly be prevented.
Al t hough the follow ng enbodi nents are exanples in epefFr—or—WHrEcH-tHE™
present invention is adapted to manufactyse a nonol [{ ARPCACENERTTHIEET
processes including the process for '
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irst B iment
As shown in Fig. 3A, a polyethylene terephthalate film 11
éerving as a first supporting member is coated with silicon
resin (not shown). Then, a metal film 12, which is a first

layer, is formed on the polyethylene terephthalate f£ilm 11.

.The metal film 12, which is the first layer, consists of an:

Ag layer having a thickness of 0.1 um and formed by an?

evaporation method on the overall surface of film 11,

Then, a resist layer is formed on the first metal layer

12 by applying a resist to have a thickness of 0.8um. The main
compdnentspf the resist are quinone containing BaTiO; powder by
10 vol%, and diazide formalin resin.

Then, an exposing process and a developing process are
performed so that a resist layer 13 havihg pattern holes 13a
formed therein as shown in Fig. 3B is obtained.

Next, second ﬁetal films 14 are formed on the first.metal
film 12 in the regions within the pattern holes 13a formed in
the resist layer 13. The second metal films 14 are formed
_applying Pd to have a thickness of 0.8 um by electroplating.
The second_metal film 14 forms internal electrodes to be
described later.

On the other hand, a polyethylene terephthalate f£film 15
shown in Fig. 4 is prepared as a second supporting member.

Then, ceramic slurry whose main component is BaTiO; is formed



obtaining the nonolithic ceram c structure, which has not been fired,
enploy a nother nmultilayered netal filmand a nother ceram c green sheet.

Si xt h Enbodi ment As shown in Fig. 13A a polyethylene --------
(PET) film111 was prepared as the firsi_supporting \-" Cé@ﬁ\tgﬁhﬁT
surface of the PET film 111 was coated ilicon ré not sho&%) A
first metal film 112 was forned on the PET film 111. | fllm

112 coul d be obtained by forming an Ag film having a j{.ALC h;u&—r——"'

the entire surface of the PET film 111 by an evaporation nethod. Then, a

resi st |ayer into a sheet on the polyethylene terephthalate film 15 to have
a thickness of 6 um so that a ceramic green sheet 16 is
obtained.

Then, a laminated member having metal layers and resist
layers 17 shown in Fig. 3B and the ceramic green sheets 16 are
alternately laminated so that a monolithic structure is
obtained. The monolithic structure is obtained by stacking a
laminated member having metal layers and resist layers 17
supported by the polyethylene terephthalate film 11 serving as
the first supporting member, on the ceramic green sheet 16 so
that the upper side, i.e. on which the second metal layer 14
is coated, of the monolithic structure 17 ié contacted with
the ceramic green sheet 16; and then pressing the monolithic
structure, at about 80°C; and then stripping the polyethylene
terephthalate film 11 serving as the first supporting member.
Then, a similar heat pressing is performed so that the ceramic
green sheets 16 and a laminated member having metal layers and
resist layers 17 are sequentially laminated. Thus, a
laminated member 18 shown in Fig. 5 can be obtained.

The laminated member 18 is cut in the direction of the
thickness thereof to obtain predetermined monolithic
chips for monolithic capacitors. fhen, obtained monolithic
chips are fired at 1300°C in air. As a result, a sintered

member 19 shown in Fig. 6 can be obtained. In the sintered



having a thickness of 1 pmis applied to the top surface of the first
metal film 112, and then exposi ng and devel opi ng
As a result, a resist. layer 113 patterned as sho
Next, a second netal film114 is fornmed_in each o
the resist layer 113 by a thin filn1f0Lﬁ£ng met hod}
34 '

med.

h@PEA@EMEﬁ‘BSH&ETO med.
pattern holes 113a of

member 19, internal electrodes 20, each of which is formed by
the second metal film 14, are overlapped with one anqther. Note
that the first metal film.12 is heated in the firing process
so that it is changed into an insulating material. 1In the
resist layer, resist resin has disappeared during the firing
process. On the other hand, ceramic powder contained in the

" resist layer and ceramics moved from the peripheral region of
the resist layer form a dense sintered structure similarly to
the residual sintered portions. As a result, the internal
electrodes 20 are surrounded by dense ceramics, as shown in
Fig. 6.

On the outer surface of the sintered structure obtained
as described above, external electrodes 2la and 21lb as shown
in Fig. 7 are applied. Thus, a monolithic capacitor Zé is
obtained. Note that Fig. 6 shows a cross section taken along
line X-X of the sintered structure shown in Fig. 7.

The structure of obtained monolithic capacitor 22 is
observed by cutting in the direction X-X shown in Fig. 7. As
a result, stepped portions between the portions, in which the
internal electrodes overlapped one another, and the portions,
in which the internal electrodes did not overlap, were
decreased as compared with the conventional monolithic
capacitor.

The electrical characteristics of the monolithic



[err]m by el ectroplating Pd. _
by resist stripping liquid or the Iike. Thus, a nul ihagbmﬁﬂ“ﬁ%fﬁ

115 shown in Fig.

E s e
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" Then, the resist. ; CEL d
fl)

including the second nmetal film 114 fornmed-—partially jobatet:

film112 therein.

14 is obtained, the nultjdayered mgtal fil 5
AS N0
IS

Therefore, the multilayered netal “In contact

with the PET film 111 on only the |ower surface of the first metal film
112 thereof. As a__result, the rel easing | ldgbu1ef ddws film1ll is
86 easita A me gred

required with reSPBREIYY ¥R

m 112. Therefore, the
characteristics were obtained. In the observation, no

delamination took place in the sintered structure.

The characteristics of a monolithic capacitor
manufactured by a conventional method were also measured. As
a result of this, delamination was observed in the vicinity of
the outlet portions for the external electrodes, that is, in
the vicinity of the end surfaces of the sintered structure on
which the external electrodes were formed. The percentage of

these monolithic capacitors which suffered delamination was
about 25 %.

The region of the monolithic capacitor according to this

embodiment, in which the resist layer was formed, was observed

upon cutting the sintered structure._It was seen that resist

components Egg_disappeared and the BaTiO, components remained. .
Moreover, the portion was in the sintered state similar to the

other ceramic portions. Thereof, it can be considered that

surrounding ceramics were moved to Egif_portion and, therefore,

a dense sintered structure was formed.

Moreover, the first metal film 12 disappeared after the
firing process. Therefore, even if the first metal film is
formed as described above, a problem of, for example, a short
circuit, does not take place in an obtained monolithic

capacitor.



releasing facility on the top surface of the PET film 111 can easily be

desi gned.
finally used as the internal electrode, while the flrst
formed into an insulating structure due 58 a proceg
Then, a ceram c green sheet=~s forned

| ater.

The second netal film 114 corresponds to the portlon to

metal film 115 on the PET film 111. In this enbodi meht . CA-:
formed into a sheet having a thickness of 8 [err]m s
met hod so that a ceram c green sheet 116 is forned (see F|g 15),

shown in Fig. 3ecopdnEmbodigendr ami c green sheet 116 is

A multilayered ceramic substrate was manufactured by a
method similar to that according to the first embodiment
except a Cu film being used in place of the Ag film to serve
as the first metal film, a Ni film being used in place of the
Pd film to serve as the second metal film, resist resin
containing Al,0; powder by 10 vol% and glass powder by 5 vol%
being used, and firing was perforﬁed at 1200°C in a reducing
atmosphere.

In the obtained multiiayered ceramic substrate, forming
of the stepped portion between the portioﬁ, in which the
internal electrodes overlapped one another, .and the portion,
in which the internal electrodes did not overlap, was
prevented. -

The characteristics of the obtained multilayered ceramic
substrate were measured. As a result, designed
characteristics were attained. The obtained multilayered
ceramic substrate was cut in the direction of its thickness.
As a result, no defect due to the delamination was observed.

The reéion'in which the resist was formed was in
sﬁbstantially the same sintered state as that of the other
ceramic portions. That is, it can be considered that resist

components were evaporated, contained glass components were
dissolved, alumina components retained and surrounding

be
is



formed in situ,
prepared whil e being supported on the PET f|
green sheets 117 integrally having the netal fiIm
so that a lamnated structure 118 srmwwh;n Fig. 16 i s obtaln
Fi g. —_
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16 shows

a green sheet 117 integrally having the netal filn1is

ceramics were moved when heated so that the state of
sintering was realized.

The copper components forming the first metal film
substantially disappeared and, thus, defects in terms of
insulation and defects such as generation of voids did_ggt;ake
place.

Third E odiment
A monolithic capacitor was manufactured by a method

similar to the embodiment - 1 except that use was made of a
resist to which inorganic powder, such as ceramic powder

and glass powder serving as the resist, was not added.

The stepped portion between the portion, in which the
internal electrodes overlapped one another, and the portion,
in which the internal electrodes did not overlap, could not be
reduced satisfactorily. However, a consideration can be
performed that the preésure applied uniformly in the pressing
process after the laminating step results in satisfactory
prevention of generation of delamination as compared with a
monolithic capacitor obtained by the conventional method.

Although the first to third embodiments were structured
such that the first metal film and the second metal film were
formed by different métals, the same metal may be used to form

the first metal film and the second metal film.

Fourth Embodiment



several |ayers below the | am nated structure 118, a plurality of the green
sheets 117 integrally having the netal filmare further
upward direction. Reference nuneral 119 represents & i ‘ﬁgr_"fmr
use in the lam nating process. The ot her | amiin@E 118 i
cut into a direction of its thickness t e formed ijinto igdivi
monol ithic ceram c structures for respective nonolith o S
monolithic ceramic structures for respective nonolit pacitors are

obt ai ned. The nonolithic ceram c structures are heated at lZO%Lerr]C
As shown in Fig. 8, a first supporting member having

PET film 31 coated with a silicon release agent (not shown)
was prepared. On the silicon release agent layer, there was
formedig_girst metal film 32. The first metal film 32 was
obtained by forming a Cu film having a thickness of 0.1 pm on
the overall surface by an evaporating method. |

Then, a resist layer having a thickness of 0.8 um was
épplied to the surface of the first metal film 32, the resist
layer having a structure such that BaTiQ; powder was contained
in resist resin by 50 vol%$. Then, an exposing process and a
developing process were performed so that pattern holes were
formed in the resist layer. As a result, a resist layer 33
having pattern holes 33a therein as shown in Fig. 9 was formed.

Then, a second metal film 34 (see Fig. 10) was formed in
each pattern hole 33a. The second metal films 34 were |
obtained by forming Ni films each having a thickness of 0.8 pum
by electroplating. |

On the cther hand, a PET film having a thickness of
50 ym was prepared as the second supporting member, followed
by forming ceramic slurry, the main-component of which was
BaTiQ; powder, in the form of a sheet on the PET film. As a
result, a ceramic green sheet was produced.

Then, a roll-type préss 35 wés used on the ceramic green

sheet as shown in Fig. 11 so that metal-layer and resist—layer



for 4 hours in the atnosphere so that the nonolithic ceramc structures
are fired. In the firing process, the first nmetal film112 is forpned into
an insulating structure as well as non-fired ce ' G-l e@derThat is,
nmetal conmponents formng the first neta5 film1] RgﬁgA Sﬁﬁédﬁﬁfc) xi de
lons which are diffused into surroundi reFeeram ds, S0 5tﬁﬂﬂgﬁﬁngr d inta
I nsul ati ng substances. Therefore, only the inter I AN CTR Yot WY aed by
the second netal filnms 114 remain in a sintered structure 120, the cross

sectional shape
laminated member 36 (see Fig. 10) was, as the second

supporting member, transferred to the ceramic green sheet 37

supported on the PET film.$9. Then the PET £ilm was stripped. As
a result, a green sheet 38 having the metal film was formed.'
Then, PET film 42 was prepared as a third supporting member. And
the green sheets 38 each having the metal film were stacked_on
the third supporting member 42 while their relative positions -
being controlled accurately. Whenever one green sheet 38 having
the metal f£ilm was stacked, heat pressing was performed. After
the heat pressing process had been performed, the PET film 31
serving as the first supporting member was stripped so that a
monolithic structure was obtained, the obtained monolithic

structure being shown in Fig. 12.

Then, the laminated member 41 obtained as described above
was cut in the direction of its thickness so that chips, each
of which was formed into a monolithic structure, were obtained
to serve as individual monolithic capacitors. Then, the
monolithic chips were fired so that sintered structures were
obtained, and then external electrodes were formed similarly
to the first embodiment. As a result, monolithic capacitors
were produced.

Fifth Embodiment
A monolithic capacitor was manufactured similarly to the

fourth embodiment except that resist containing no-
inorganic powder was used.

Evaluations of the Fourth and Fifth Embodiments



36 of which is shown in Fig. 17. Athough Fig. 17
nmetal filns 114, a multiplicity of second netal fil
i nternal el ectrodes overlap one another in the upwa dDQéfdﬂt
ceram c |l ayers being interposed. formng a

el ectrodes on the two end surfaces of Intered structure 120, a
nmonol ithic capacitor 121 shown in Fig. 18 is obtained. In the nonolithic

capaci tor
In the manufacturing process according to the fourth
embodiment, the monolithic structure chip was cut to observe

the internal portion thereof prior to performing the firing

process. It was seen that generation of a stepped portion’
between the portion in which the second metal films forming the

internal electrodes overlapped one another and other portions
could substantially be prevented.

Sintered structures in the obtained monolithic capacitor
was cut in parallel to the end surface on which the external

electrodes was formed so that the internal structure was

observed. It was seen Ehat generation of a stepped portiont
between the portion, in which the internal electrodes
overlapped one another, and the portion, in which the internal
electrodes did not overlap, was substantially prevented. That
is, the structure, in which ceramic powder was contained in
the resist layer, prevented easy generation of the stepped
portion at the time of performing the firing process.

In the portion, in which the resist layer was formed,
resin forming the resist disappeared and the contained ceramié
powder was retained. Moreover, the portion was in a state of.
sintering substantially the same as that of the other ceramic
portions. Therefore, it can be considered that the ceramic
powder retained and the surrounding ceramics moved at the time

of performing the firiﬁg process so that a state of sintering,



121, a plurality of the internal electrodes fornmed by the cond :
filnms 114 overlap one another in the sintered struct %Fégg'gggﬁﬁgﬁgsT
nmonolithic ceram c structure being interposed. Note tlha reFerence
nuneral s 122a and 122b represent externgl el ectrodes.| The, % $rNGN... 1008 .
el ectrodes 122a and 122b can be forned n appropri

applying, firing or plating of conductive paste. The generation of a
stepped portion in the thus-obtained nonolithic capacitor between a
portion, in which the internal electrodes overl apped one another., and a
portion, in whiWwbhchheas ithieesameé &% edtatodds the dswotoundént aposteisonexaasned. As

aresult, the stepped portion can be reduced by a quantity correspondin
real Eéd.p y 9 y P 9

Moreover, probably due to the thickness of the first
metal film, to which the resist was applied, of 0.1 um-or
thinner, the first metal film was formed into an insulating
structure due to the firing process. Therefore, it can be
understood that monolithic capacitors can stably be supplied,
which do not'easily encounter defects, such as short circuits,
defective insulation, generation of voids and delamination.

Also in the fifth embodiment, the monolithic chip in a
state prior to obtaining the sintered structure was cut in the
direction of its thickness to observe the stepped portion
between the portion, in which the second metal films, forming
the internal electrodes, overlapped one another, and the other

portions. It was seen that although the stepped portion was not:

significantly reduced as compared with the monolithic chip
obtained in the fourth embodiment, the stepped portion could
be reduced satisfactorily as compared wifh the monolithic chip
in the case of the monolithic capacitor obtained by the
conventional method.

The internal structure of the obtained sintered structure
was analyzed similarly to the evaluation method employed in
the fourth embodiment. As a result, the first metal film

portion was seen to have been formed into an insulating
. } structure due to the




to a result obtainable froma calculation (the thickness of the first
metal filnm) x (the nunber of stacked first nmetal filns
nonol ithic capacitors were prepared, and each of '
37 the nonolithic capacitors was cut igzsuch a man

firing process. Moreover, the obtained monolithic capécitor
was free from defecté, such as short circuits, defective
insulation, generation of voids and delamination.

In the manufacturing methods according to the fourth and
fifth embodiments, only the ceramic green sheet was in contact
with the supporting film. Therefore, the release agent layer
of the film is required to enable only the ceramic green
sheet to be stripped easily. Thus, an appropriate release
agent on the market can be employed and, therefore, the
release agent layer can easily be designed.

The force required to strip off the supporting film when
the layers were stacked in the case where an appropriate
release agent layer was employed was measured. Results were
shown in Table 1.

Table 1

Force required to strip a
supporting film

Conventional Structure 20 g/cm?

Embodiments 4 and 5 3 g cm?

As can be understood from Table 1, the supporting film
could be stripped from the ceramic green sheets according to
the fourth and fifth embodiments with_é;force of one-third that

required with the conventional structure. Therefore, a



cross section was exposed to the outside as shown in Fig. 18 to obser v
whet her or not del am nation has taken place. No del am nation 5

Simlarly, twenty nonolithic capacitors were cut inT,,y T EanesyEdat|| t he
cross section of each of the nonolithic_gapacitors tCUT & e
cross section shown in Fig. 18 was expo to the outisi de to @bEar®s- -1 fje
cross section. No del am nation was observed, simlarl : DV

case. To make a conparison, it was observed wh

del am nation had taken place in each of corresponding nonolithic -

capaci t ors obt ap¥dd epy of hde feqisivemtrapafeleanas san satisfactogiiy e

background art._ Wen tge Crossg sections in th% sare . direction as the cross
1% elaml an

sections shown PHEHERTed18°%e S Bus gpheration © nation ¢

significantly be prevented.

Although the following embodiments are examples in each
of which the present invention is adapted to manufacture a
monolithic capacitor, the processes including the process for
obtaining the monolithic ceramic structure, which has not been
fired, employ a mother multilayered metal film and a mother
ceramic green sheet.

. .- Sixth Embodiment

As shown in Fig. 13A, a polyethylene terephthalate (PET)
film 111 was prepa;ed as the first supporting member. The top
surface of the PET film 111 was coated with silicon resin (not
shown). A first metal film 112 was formed on the PET film 111.
The first metal film 112 could be obtained by forming an Ag
film having a thickness of 70 nm on the entire surface of the
PET film 111 by an evaporation method. Then, a resist layer
having a thickness of 1 um is applied to the top surface of
the first metal film 112, and then exposing'and developing
processes are performed. As a result, a resist layer 113
patterned as shown in Fig. i3B is formed. Next, a second
metal film 114 is formed in each of pattern holes 113a of the

resist layer 113 by a thin film forming method. 1In this



del am nati on was observed in five nonolithic capaci tors anong twenty

nonol i thi ¢ capacitors. Si nce the fusing point film
in this enbodi nent of the invention was about 960[ RrRERTAGKENT SHASER
sufficiently low level with respect to thg sinter

1200[err]C, the first nmetal filmwas for into t ékﬁﬂgﬁqi%hgéﬁgﬁgucture.
Therefore, the nonolithic capacitors according to e free

fromgeneration of short circuits. fromgeneration of short circuits.
Sevent h Enbodi nent Monol it hic capacitors
embodiment, the second metal film 114 is formed to have a
thickness of 0.5 um by electroplating Pd.

Then, the resist layer 113 is stripped by resist

stripping liquid or the like. Thus, a multilayered metal film

115 shown in Fig. 14 is obtained, the multilayered metal film

115 including the second metal film 114 formed partially on

the first metal f£ilm 112 therein. Therefore, the multilayered

metal film 115 is in contact with the PET film 111 on only the

lower surface of the first metar film 112 thereof. As a

result, the releasing facility of the PET film 111 is required

with respect to the first metal film 112. Therefore, the

releasing facility on the top surface of the PET film 111 can

easily be designed.

The second metal film 114 corresponds to the portion to

be finally used as the internal electrode, while the first

metal film 112 is formed into an insulating structure due to a

process to be described later.

Then, a ceramic green sheet is formed on the multilayered

metal film 115 on the PET film 111. In this embodiment,

ceramic slurry is formed into a sheet having a thickness of 8

um by a microgravure method so that a ceramic green sheet 116

is formed (see Fig. 15).

As shown in Fig. 15, since the ceramic green sheet 116 is

formed in situ, a green sheet 117 integrally having the metal

film is



38 were manufactured simlarly to the sixth enbodi nent _except that the
first metal filmwas nade of Cu and the second netal [fT Sagde, i Nl
The ceramic slurry was conposed of BaTi O3 type cera "¢ “Tﬂ%f?ﬁﬁ
contain Cu. The firing process was perforymed in such RN uriing
the initial period of the firing process-?—rgebhe parti ”g?eirj‘éﬁﬁég OXYygen
was set to a level at which the plated Ni filmcould not be oxidized but
the evaporated Cu filmbe oxidized, this initial period having a duration
which is half of the period in which the tenperature for firing was

mai nt ai ned at AFEPRAFER et Yeebefing supported on the PET fddmciilcal|y, the

partial pressure fOE‘hen, the green sheéts 117 integrally having the metal

film are sequentially.stacked so that a laminated structure
118 shown in Fig. 16 is obtained. Although Fig. 16 shows
several layers below the laminated structure 118, a plurality
of the green sheets 117 integrally having the metal film are
further stacked in the upward direction. Reference numeral
119 represents a supporting film for use in the laminating
process.

The mother laminated structure 118 is cut into a
direction of its thickness to be formed into individual
monolithic ceramic structures for respective monolithic
capacitors. Thus, monolithic ceramic structures for
respective monolithic capacitors are obtained.

The monolithic ceramic structures are heated at 1200°C
for 4 hours in the atmosphere so that the monolithic ceramic
structures are fired. In the firing process, the first metal
film 112 is formed into an insulating structure as well as
non-fired ceramics are fired. That is, metal components
forming the first metal film 112 are formed into oxide ions
which are_diffused into surrounding ceramics so as to be
formed into insulating substances. Therefore, only the
internal electrodes formed by the second metal films 114

remain in a sintered structure 120, the cross sectional shape



OH@@;@@;@&&%@&gﬁyﬂﬁﬁ@:Aﬁeﬁ4h&4nMJm“paiddbfi]f_f'ﬁ..'uf .
process had been perforned at the partial pressure for Bﬁ?gﬁﬁfﬁﬁwT SHEET
10[err] Pa, the firing process was perfornmed in a reducing at no e
ot her conditions were the same as those ggployed in the si Dwee ---------
so that the nonolithic capacitors were merufact ured. —‘ﬂﬂ?ﬁyrnrered‘*‘
structure of each of the nonolithic capacitors obtained in the seventh
enbodi ment was analyzed " As aresult, uniformdistribution of Cu in

cerani cs was BTRE 1 TN 10 Ui PN RLoQL fOmRAST 09 4he,d s, metal
filmin the ceran1cs was g. The e ctric aracteristics of

t he obt ai ned nonodd tdddond metal films 114, a multlpllclty of second metal

films serving as the internal electrodes overlap one another

in the upward direction with ceramic layers being
e :

interposed.

By forming a pair of external electrodes on the two end
surfaces of the sintered structure 120, a monolithic capacitor
121 shown in Fig. 18 is obtained. In the monolithic capacitor
121, a plurality of the internal electrodes formed by the
second metal films 114 overlap one another in the sintered
structure 120 with a moﬁolithic ceramic structure being
interposed. Note that reference numerals 122a and 122b
represent external electrodes. The external electrodes 122a
and 122b can be formed by an appropriate method, such as
applying, firing or plating of conductive paste.

The generation of a stepped portion in the thus-obtained
monolithic capacitor between a portion, in which the internal
electrodes overlapped one another, and a portion, in which the
internal electrodeé did not overlap was examined. As é result,
the stepped portion can be reduced by a quantity corresponding
to a result obtainable from a calculation (the thickness of
the first metal film) x (the number of stécked first metal
films).

Twenty monolithic capacitors were prepared, and each of




capacitors
obt ai nabl e
39 type
nmonol it hic
generation

were measured. As a result, an effect simlar to that
In the case where Cu powder was added to BaTi d err]
cerani cs coul d be obtai ned. The cro

5 98eN

capacitor was observed sinilsily to the Bip@MAERBYdI nent .
of del anmi nation was not obse ‘5 NUV

\ Date SR

the monolithic capacitors was cut in such a manner that its
cross section was exposed to the outside as shown in Fig. 18 to
observe whether or not delamination has taken place.
_No delamination was observed. Similarly, twenty
monolithic capacitors were cut in such a manner that the cross
section of each of the monolithic capacitors perpendicular to

the cross section shown in Fig. 18 was exposed to the outside to

observe the cross section. No delamination was observed,

similarly to the previous case.

To make a comparison, it was observed whether or not
delamination had taken place in each of corresponding monolithic-

capacitors obtained by the first method described in the
related background art. When the cross sections in the same
direction as the cross éections shown in Fig. 18 were observed,
delamination was observed in five monolithic capacitors among

twenty monolithic capacitors.

Since the fusing'point of the first metal film in this:
embodiment of the invention was about 960°C, .which' was a’
sufficiently low level with respect to the sintering température
of 1200°C, the first metal film was formed into the insulating

~ structure. Therefore, the monolithic capacitors according to
this embodiment were free from generation of short circuits.

from generation of short circuits.

Seventh Embodiment

‘Monolithic capacitors



oxygen I n the |n|t|al perlod of the flrlng process

di ffuse Cu conposi ng the first netal film an oxi
may be added to the first netal filmor 3@ ffusion y
to diffuse the netal conponents conposing the first metal film into the
ceram cs. Eighth Enbodi nent As shown in Fig. 19, a PET film 131

serving as the second ortln menber i s prepared. The top surface of
Che PET film 13457% Magaf BHEWF 1 BeME Ry £} p‘?‘feﬁ XERSPPRYIMERE excegr that

form ng ceram c sherfiyrssnmehel PETLd ivam maﬂebgfahdauﬂbmhebSemhndnmdUai film
foll owed by be'nﬁaé“ﬂéﬂé o2 RElAFAE Wrapicsheet

slurry was composed of BaTiO: type ceramics which did not

contain Cu. The firing process was performed in such a manner

that, during the initial period of the firing process,'the
partial pressure for oxygen was set to a level at which the
plated Ni film could not be oxidized but the evaporated Cu film
be oxidized, this initial period having a duration which is half
of the period in which the temperature for firing was maintained
at the highest level. '

Specifically, the partial pressure for
oxygen was set to 107" Pa. After the initial_period of the
firing process had been performed at the partial pressure for

- oxygen of 10* Pa, the firing process was performed in a
reducing atmosphere. The other conditions were the same as
those employed in the sixth embodiment so that the monolithic
capacitors were manufactured.

The sintered structure of each of the monolithic
capacitors obtained in the seventh embodiment was analyzed.
As a result, uniform distribution of Cu in ceramics was
confirmed. That is, diffusion of Cu composing the first metal
film in the ceramics was confirmed.

The electrical characteristics of the obtained monolithic
capacitors were measured. As a result, an effect similar to

that obtainable in the case where Cu powder was added to BaTiOs



PET f|In1133 shomn in Flg 20 S prepared as the first supportlng nenber.
The top surface of the PET film133 is coated with silicon resil

shown) . ~Simlarly to the sixth enbodygent, a fij — EirWBET3
and a second netal film 135 are fornmed on the PET filﬁgg330* In thIS
enbodi mrent, the first metal film 134 is nmade of Ag ald 5 NQ“ ﬂﬂﬁ
. \ r\qaf-
\\’\:"/—;_’;;:/_’_’

type ceramics could be obtained.

The cross section of each monolithic capacitor was

observed similarly to the sixth embodiment. No generation
of delamination was not observed.

Although according to the seventh embodiment the partial
pressure for oxygen in the initial period of the firing

process was controlled to diffuse Cu composing the first
metal f£ilm, an oxidation diffusing agent may be added to

the first metal film or diffusidf enhancer may be added to
diffuse the metal components composing the first metal film
into the ceramics.

Eighth Embodiment

As shown in Fig. 19, a PET film 131 serving as the second
supporting member is prepared. The top surface of the PET
film 131 is coated with silicon resin (not shown).

By forming ceramic slurry on the PET film 131 by a doctor
blade method followed by being dried, a ceramic green sheet
132 having a thickness of 8 um is formed.

On the other hand, a PET film 133 shown in Fig. 20 is
prepared as the first supporting member. fhe top surface of
the PET film 133 is coated with silicon resin (not shown).

Similarly to the sith embodiment, a first metal film 134
and a second metal film 135 are formed on the PET film 133.

In this embodiment, the first metal film 134 is made of Ag and



40 the second nmetal film 135 is nade of Pd. Thus, a nultil
film2136 is forned. Then, a cal endar roll 137 AS.+SHowT i\in
Fig. 21 so that the nultilayered netal film136 is ﬁﬁﬁﬁ@f&rred t
ceramic green sheet 132. Then, the PET fjm 131 is Rtrippegds NB ______
green sheet 138 integrally having the —f il masl oW 10 Fig=
obt ai ned. By stacking the thus-obtained greenlsteets 138 each
integrally having the netal film a |lam nated structure can be

the second metal film 135 is made of Pd. Thus, a multilayered
metal film 136 is formed.

Then, a calendar roll 137 is used as shown in Fig. 21 so
that the multilayered metél film 136 is transferred to the
ceramic green sheet 132. Then, the PET film 131 i§ stripped
so that a green sheet 138-integrally having the metal film as
shown in Fig._22 is obtained.

By stacking the thus-obtained green sheets 138 each
integrally having the metal film, a laminated structure can be
obtained. That is, by stripping and stacking the PET films
133 while transferring the green sheets 138 each integrally
having the metal film, a monolithic ceramic structure similar
to that obtained in the sixth embodiment can be obtained.

The thus-obtained monolithic ceramic structures were used
to manufacture monolithic capacitors similarly to the sixth
embodiment.

An observation was performed as to whether or not the
obtained monolithic capacitors according to the eighth
embodiment encountered delamination. No'
generation of delamination was obserfed.

Since the method of manufacturing monolithic capacitor
employing the conventional transferring method involves the
ceramics and the metal film being in contact with the

supporting £ilm, the supporting film must be capable of being.

easily stripped



obtained. That is, by stripping and stacklng the PET fil ns

transferring the green sheets 138 each iptegrally h.v a
nonolithic ceramc structure simlar to that obtalnen

enbodi ment can be obt ai ned. The t hys- pbt ai ned npnol.itHocineg ,
structures were used to manufacture no C capaciita 7 he
sixth enbodi nent. An observation was perfornmed as to mhether or not

the obtained nonolithic capacitors according to the eighth enbodi.nent
encountered del am nation. No generation of delam nation was observed.
Since the net hofrem heduf acthe igrramiesl pndi the aedelt 6k1m. However, since

the eighd\embodiment has the structure in which only the first
metal film 134 is in contact with the PET film 133, the PET
film 133 is required to be easily stripped from only the first
metal £ilm 134.

In the sixth to eighth embodiments, the first metal films
112 and 134 are partially diffused in the firing process and,
therefore, they are formed into insulating'structures. As a
result, it can be understood that a complicated process is not

required in which the first metal film portion, which is not

located below the second metal film; is strippg@ by etching or
the like. _

Although the sixth to eighth embodiments have the
arrangement in which the first metal film is made of Ag or Cu
and the second metal film is made of Pd or Ni, other metals
may be employed if the effect of the present invention can be
attained.

Although the invention has been described in its
preferred form with a certain degree of particularity, it is
understood that the present disclosure of the preferred form
can be changed in the details of construction and in the
combination and arrangement of parts without departing from
the spirit and the scope of the invention as hereinafter

claimed.



enpl oyi ng the conventional transferring nmethod involves the ceram cs_and
the nmetal filmbeing in contact with the supporting fil : i
filmmust be capable of being easily stripped LAGE
41 from both the ceramcs and the negal film ver,
ei ght enbodi nent has the structure in wech—only th e‘)étreﬁ;&__‘qgg__,qggﬁ ......

HAT I LAIMED IS:

1. A method of manufacturing a monolithic ceramic
electronic device, comprising the steps of:

forming a first metal film (12) on a first'supporting-
member (11) by a thin film forming method;

forming, on said first. metal film, a resist layer (13)'
having pattern holes §13a2,there1n,

forming, w1th1n at least “one of said pattern holes, a§

second metal film (14);

forming a monolithic ceramic structure (18) including a-

plurality of said resist layer and said first and second metal
films; and |

firing said monolithic ceramic structure so as to, change
said first metal film into an insulating material and remove

said resist layer.

2. A method of manufacturing a monolithic ceramic
. electronic device according to Claim 1, wherein the thickness
of the second metal film formed in said pattern hole is

substantially larger than that of said first metal film.

3. A method of manufacturing a monolithic ceramic

electronic device according to Claim 1 further comprising the

L



metal film134 is in contact with the PET film 133, the PET film 133 is
required to be easily stripped fromonly the first netal film134.
In the sixth to eighth enbodi ments, the first met al fi—"“““_ e
partially diffused in the firing processja t her ef g
into insulating structures. As a resul—t—l—t can be u ; P
conplicated process is not required in which the firs{f Daig ak 5 NONM - BMBt=on
which is not |ocated below the second netal film is oY) by et ching
or the like. Al t hough the sixth to eighth enbodi nents have-the
steps of:

forming a ceramic green sheet (16) on a second
supporting member (15); and

separating a laminated structure including said first and
second metal films and said resist layer from said first
supporting member;

separating said ceramic green sheet from said second
supporting member:; and,

alternately stacking said laminated structures and said

ceramic green sheets.

4. A method of manufacturing a monolithic ceramic
electronic device according to Claim 1 further comprising the
steps of:

—

forming a ceramic green sheet (37 on a second
'supportlng member (39); '

transferrlng 2. 1am1nated structu*e (17) 1nc1ud1ng sald
first (32) and second (34) metal films and said resist laver

(33) onto said ceramic green sheet to form a ceramic green
sheet having a metal layer (38); and,
stacking a plurality of said green sheets each having

metal layer to form the monolithic ceramic structure.

S. A method of manufacturing a monolithic ceramic

electronic device according to Claim 3, wherein said laminated



ar r angenent
second net al

in which the first metal filmis nade of Ag or Cu and the
filmis nmade of Pd or Ni, other netals
effect of the present invention can be attai ned.

i nvention has been described in its preferred form
of particularity, it is understood that—é-ﬁhe-present
preferred form can be changed in the details of con
combi nation and arrangenent of parts w thout departi
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may be e

~the scope of the invention as hereinafter clained.

structure is transferred to said ceramic green sheet by using

a roll presé;k35).

6. A method of manufacturing a monolithic ceramic

electronic device according to Claim 1, wherein said first

and

metal film is formed to have a thickness of 0.1 um or thinner.

7. A method of manufactﬁring a monolithic ceramic
electronic device according to Claim 1, wherein said resist

layer contains a resist resin and inorganic components.

8. A method of manufacturing a monolithic ceramic
electronic device according to Claim 7, wherein ceramics are

used as said inorganic components.

9. A method of manufacturing a monolithic ceramic
electronic device according to Claim 7, wherein glass is used

as said inorganic components.

10. A method of manufacturing a monolithic ceramic

electronic device according to Claim 1, wherein said first

11. A method of manufacturing a monolithic ceramic

A DR O

metal film contains Cu and said second metal film contains Ni.



42 VWHAT IS CLAI MED | S: 1. A nethod of

-manufacturing a nonolithic ceramc electronic devic ! eps
of : forming a first metal film(12) on a first {isHpppAtERgNISHMEET (111)
by a thin filmform ng nethod; fcnigng, on sai @ first netal fléﬁ] a
resist layer (13) ' | Date 4.5..NOV.

electronic device comprising the steps of:

forming a first metal film (112) on a first supportingt
member (111) by a thin film forming method;

forming a multilayered metal film (115) by formlng a
second metal film (114) on a part of said first metal film by
the thin film forming method;

forming a monolithic ceramic structufef -(118)5
incorporating said multilayered metal film; and

forming a portion of said first metal film, which is not
overlain by said second metal film in said monolithic ceramic
structure into an insulating structure in such a manner that
netal components forming said portion afe diffused into the

ceramics, while firing said ceramics.

12. A method of manufacturing a monolithic ceramic

electronic device accofding to claim 11 wherein said second
metal film being thicker than said first metal film.

13. A method of manufacturing a monolithic ceramic
électronic device according to Claim 11, wherein the thickness
of said first metal film is 100 nm or thinner and the
thickness of said second metal film is 300 nm or thicker and

1000 nm or thinner.
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havi ng pattern holes (13a) therein; formng, wthin at |east one of

said pattern holes, a second netal film(14); forning a nonolithic
ceramic structure (18) including a plurality of s ayer sai d
i iring saifd nnﬁ%#évﬁ ESEEFAM| ¢

first and second netal filns; and
structure so as to change said first nfgak-flln1| t 9,480 |nsulat|ng
material and renove said resist |ayer. 2. t1ha iy
manuf acturing a nonolithic ceramic electronic device accordi ng To

wher ei n the thickness :
14. A method of manufacturing a monolithic ceramic

im1,

electronic device according to Claim 11, wherein said step of
forming said part of said first metal film into the insulating
structure and firing said ceramics is performed by firing said
monolithic ceramic structure under a partial pressure for
oxygen at which said first metal film is oxidized but said

second metal film is not oxidized.

15. A method of manufacturing a monolithic ceramic
electronic device acco:ding to claim 11, wherein said step of
forming said multilayered metal film has the steps of fbrming,
on said first metal film, a reéist-layer (113) having péttern!
holes (113a) therein; forming, within each said pattern holes
in said resist layer, a second metal film is thicker than

that of said .first metal film by the thin film forming
method; and stripping said resist layer.

16. A method of manufacturing a monolithic ceramic
electronic device according to Claim 11, wherein said step of
forming said monolithic ceramic structure has the steps.of
forming a metal film-integrated green sheet (117) by forming

a ceramic green sheet (116) on said multilayered metal film;
and stacking said metal film-integrated green sheets.

* c L M H] *



of the second netal filmfornmed in said pattern hole is substantially
| arger than that of said first netal film = . _
manuf acturing a nonolithic ceram c el ectronic devijcRERcEEMENDSHEET] [
further conprising the 47 43 '

)_ Date 15‘\@1’.1995

17. A method of manufacturing a monolithic ceramic
electronic device according to Claim 11, wherein said step of
forming said monolithic ceramic structure has the steps of:

forming a ceramic green sheet (132) on a second
supporting member (131);

forming a metal film-integrated green sheet by

transferring,_to said ceramic green sheet, said multilayered

metal film (136} supported by said first supporting member.
(133); and '

forming a monolithic ceramic structure by sequentially

transferring a plurality of said metal film-integrated green

sheet. |

18. A method of manufacturing a monolithic ceramic
electronic device according to Claim 17, wherein
said multilayered metal film is transferred to said ceramic

green sheet by using a roll press.

19. A monolithic ceramic electronic device which is

manufactured by a method of Claim 1.

20. A monolithic ceramic electronic device which is

manufactured by a method of Claim 11.

A



steps of: form ng a ceram c green sheet (16) on a second supporting

menber (15); and separating a |am nated structure includipg-saieafirst
and secon al films and said resist |ayer fron1saEpL;+E@ENT$uﬁﬁmr ing
menber ; m 8EBNi d ceranic greg sheet from sai d_second

supportl ng me al t er nat el cking dhi gtel..mﬁa_nﬁ@édlggﬁru tures

and sai d heet s. 4. A net hod
monol i thic mnmnmmm

MONOLITHIC CERAMIC ELECTRONIC DEVICE AND
METHOD OF MANUFACTURING SAME

ABSTRACT OF THE DISCLOSURE

A method of manufacturing a monolithic ceramic electronic
device includes the following steps: forming a first metal

film (12, 32, 112) on a PET-film; forming a multilayered metal’
film (115, 136) by forming a second metal f£ilm (14, 34, 114) on
a part of the first metal film, the second metal film being

thicker than the first metal film; forming a monolithic ceramic
structure (18, 118) including the
multilayered metal £ilm; forming a portion of the first metal

film, which is overlain by the second metal film in the
.monolithic ceramic structure, into an insulating structure in
such a manner that metal components forming the part are
diffused into ceramics; and firing the ceramics. Disclosed
also is a monolithic ceramic electronic device manufactured by
the method. As a result, a stepped portion between a portion
in which the internal electrodes overlap one another and a
portion in which the internal electrodes do not overlap can be
prevented from being formed, generation of delamination can
effectively be prevented,‘whereby a monolithic ceramic
electroﬁic device exhibiting stable characteristics and a
method for manufacturing the monolithic ceramic electronic

device can be obtained.
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el ectronic device according to Caim1 further conprising the steps of:
formng a ceram c green sheet (37) on a second supporting nmenber (39);
transferring a |lam nated structure (17) including said first (32) and
second (34) netal filns and said resist |ayer (33) onto said ceram c green
sheet. to forma ceram c green sheet having a netal |ayer (38); and,

stacking a plurality of .said green sheets each havi —petal—1l.ayer .
BEFoaDEfiag T Wiig

orm
t he. monol i't hi c ceram c structure. —5 A nmetho 24
{d

nonolithic, ceramc electronic device according to aim3, wherein .sa
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44:structure is transferred.te sai.d cerani ¢ green sheet by using a roll
press (35). 6. A method of manufacturing a nonolithic ceramc

el ectronic device according to Claim1, wherein said first nmetal filmis
formed to have a thi ckhess of 0.1 [err]mor thinner REPLACEMENT SHEET

2 Date :...J.5..NQV..1996..

—
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7. A method of .manufacturing a nonolithic ceramc

according to Claiml, wherein said resist
A et hod of nmanufacturing a

and i norgani ¢ conponents.

nmonolithic ceramc electronic device according to C

8.

| ayer co

ceram cs are used as said inorganic conponents.

manuf acturing a nonolithic ceram.c

el ectroni ¢ devic

wherei'n glass is used as said inorganic,

onents.

el ectroni c device
resin

ntains a resist

im7, wherein
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10. A net hod of manufacturi ng a nonolithic ceramc electronic device
according to Caiml, wherein said first netal filmcontains Cu and said
second netal film contains N| . 11. A method of manufacturing a

nonolithic ceramc
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el ectronlc device corrpr|5| ng the steps of: formng a first metal film
(112) on a first supporting nenber (111) by a thin fj or-Hi-Re—fet-hoo:
forming a nultilayered netal film (115) by form ng a
(114) on a part of said first netal filmby the thinjfilmfaq
formng a nonolithic ceramic structure (11)Dat¢ﬂéo§m
multilayered netal film and - form_ng a port|on ------
film which is not . overlain by sai d second net al fllmln sald m)nollthlc
ceramic structure into an insulating strutture in such a manner that-
metal conponents fornming said portion are diffused into the ceramcs,
while firing said ceramcs.
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127 A et Hod of “hanuf act uri ng a nonol-i-thic ceranic- el ectronic device
according to claim 1l wherein said second netal film being thicker than

said first metal film ~13. A nethod of manufacturing a meaekythic
ceramc electronic device according to Caim 11 _—wh ILhestihETkiness of

3%




46 L1400 AL method of -mapuf.acfuring. a nonolithic.ceramc - el ectronic
deV|ce accordlng to Claim 11, wherein said step of forn1ng said part of
said first netal filminto the insulating struct firing said
ceranmics is perfornmed by firing said - nonolithic T
partial pressure for oxygen at which said first
said second netal filmis not oxidized.
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15. A nethod of " Wanufacturing a-nonolithic ceram.c _electronic device
according to claim1ll, wherein said step of formng said nmultilayered

nmetal filmhas the steps of form.ng, on said first nmetal film a resist
llayer (113) having pattern holes (113a) therein; formng, wthin each said

pattern holes in said resist layer, a second netal _ ] r an
that of said first nmetal filmby the thin gilmforjn WJC?EQQ:? iT SREE
stripping said resist |layer. 16. 'AE;-'net hod fﬁ%nu acturing Ta

monol i thic céramc electronic device according tojG.aimkl in
step of fornming said nonolithic ceramic structurelhas &éé‘g\gﬁp@ !
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fornming a netal flln}lntegrated green sheet (117) by formng a ceramc

filmintegrated green sheets.
17. A method of manufacturing a nDnollthlc ceramc
according to Gaim1ll, wherein said step of formngi\said- nﬂﬂb

ceram c structure has the steps of: of Ormng a ceram-c=green sheef
(132) on a second —_—_—
| 114 116
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supporting menber (131); formng a netal filmintegrated green sheet
by transferring, to said ceramc green sheet, said nultilayered net al
film (136) supported by said first supporting nenber Bbr AGBdenT sHEET
forming a nonolithic ceramic stiucture by sequentially transferring a
plurality of said nmetal filmintegrated green sheet. s hgﬂ of
manuf acturing a nonolithic ceramc el ectyonic device acégL&E?Ngge

17, wherein said nultilayered netal fil transferred to said ceramc

green sheet by using a roll press.
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-19. A nonolithic ceramc electronic device which is manufactured by a
nmet hod of C aim 1. 20. A nmonolithic ceram c el ectronic device which
is manufactured by a nethod of Caiml1l.
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BoxI  TEXT OF THE ABSTRACT (ananﬁMWlsnm)

A method of manufacturing a monohthlc ceramic electronic device includes the following steps:

forming a first metal film (12) onr a PET film; fotrmngamulnlayeredmetalﬁhnbyfomungasecondmctal film (14) on
a part of the first metal film (12), the second metal film (14) being thicker than the first metal film (12); forming a
monolithic ceramic structure (18) including the multilayered metal film; forming a portion of the first metal film (12)
which is overlain by the second metal film in the monolithic ceramic structure (18) into an insulating structure in such a
manner that metal components forming the part are diffused into ceramics; and firing the ceramics. Disclosed alsois a
monolithic ceramic electronic device manufactured by the method. As a result, a stepped portion between a portion in
which the internal electrodes overlap one another and a portion in which the internal electrodes do not overlap can be
prevented from being formed, generation of delamination can effectively be prevented, whereby a monolithic ceramic

- electronic device exhibiting stable characteristics and a method for manufacturing the monolithic ceramic electronic
device can be obtained.
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