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TITLE OF THE INVENTION

MONOLITHIC CERAMIC ELECTRONIC DEVICE AND METHOD

OF MANUFACTURING SAME

BACKGROUND OF THE ION
Field of the Invention

The present 1nvention relates to, a!electronlc part and a

L 2N

' 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. 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
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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.

N a - _
_ Alternatively,Apredetermined 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
direcrion cf its thickness so that the ceramic layers are
brought into tight ccntact 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 welgiyy4§x>nmnollthlc ceramic

' electronic devices must reduce 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 excessively thin
ceramic green sheet. Moreover, the thickness of portions each
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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 thickness 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 overcone the problems, ‘a method has been suggested in

poftions cf afe

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

used as the internal electrodes, the method being exemplified
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by the following fifst 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-openian 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 on 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 supporting f£ilm by a thin film

forming method. Then, the metal film is patterned by a
phptolithography_method. Next, a ceramié green sheet is
"
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fdfmed on the supporting film having the patterned metal film

. so that a green sheet having the metai film is obtained. Then,

. the green sheet supported by the supporting film is laminated

on a Iaminating_stage by transferring:with heat so that a
monolithic ceramic structure is obtained. pcrﬁcns04\'

The first to third methods, in éach of whichathe metal
; - _ : i r)
film formed by the thin film forming method <4s,used as the

internal electrodes, are able'to-further thin the internal

.

electrodes as compared with the method of fbrming the internal
electrodes by using conductive paste.
However, an attempt to further thin each layer encounters

an iﬁcrease in the number of the lamihated'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 thicknesé between a portion 6, in which
iny the ceramic green sheets are laminated, and a portioh 7,
iﬁ which internal electrodes 8 overlap one another, as shbwn
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 feducé'in'the region, in which the |
internal electrodeé do not overlap. As a result, delamination
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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 etchlng the pattern and a step for strlpplng the re51st

layer off.

The second method also encounters a problem of_thickeniﬁg
of the portion io which the ioternal electrodes overlap one
another, as compared with the'reGIon having no interoai
electrodes. Therefor, the second: method also may suffer frogﬁ

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 supportlng fllm However, the

requlrement can not ea51ly be satlsfled Thus,_there is a

possibility that a portion of a ceram;c green sheet is

6
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- 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 eemplicated; Moreover,
tne 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 the ceramie'green sheet.to be easily

stripped from the supporting fllm when transference from the

. supporting film is performed. However, the requirement cannot

easily be satisfied. .

‘. Y OF THE INVENTION

Accordingly, an object of tne present invention is te
provide a method of manufacturing a monolithic ceramic
electronic device capable of preventing occnrrence 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 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 inclnding a step of forming

7
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the internal 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 green sheet on a second supporting

8
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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; 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'first.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
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thinner. As a result, the first metei_film can reliably be
‘formed into the 1nsulat1ng structure. |

The resist layer is mainly composed of reSlSt re31n Whlch
disappears when fired. Since the re51st layer disappears when
tne firing process is performed, a process for stripping the
resist layer is not required in the.present invention.
‘Moreover, surrounding_ceranics are, in the firing process,
moved to the portion in 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 ccmponents 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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limited particularly. According to a still another aspect of

‘the present invéhtion, 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
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.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 first'supporting member by a thin film
fofming method; forming a muitilayered 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 multilayered 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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thicker and 1000 nm or thinner. The reason for this is that
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 éeramics is performed by

12
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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 thzr‘level 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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ceramic structure has the steps 6f fbrming.green sheet
including metal film by forming.a ceramic greén sheet'on the
| multilayered ﬁetal film; and stacking a pluralitY'of such |

' green sheets. ACcordiné 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 inqlnding metal-layer and resist-
layer is formed. Theréfore,;ﬁgzggtions, such as etching and
stripping of the resist layer,4Hr%ﬁ%?er@ermed—be£e§e~%he
step are not required.l That is, the step of etching the first
metal fiim.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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by the thin film formiﬁg iethod can significantly be shortened.
Moreover} the incidence of defective parts can be lowered, the
1nc1dents being due to the process of washing the etching
liquid. Since the resist is not requlred 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 ae—wellﬂas the
ceramics are fired. Therefore,rany-addltlonal 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

15
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alternately stacking, on'thé stacking stage, a laminated
member having the metal—layer'and resist—léyer 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.

16
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As a result, according to the present invention, if the
' thickness of a monolithic ce:amic 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 internal electrodes do not overlap, to be
_ reduced; As a result} generation of delamination in the
obtained'sintered structure can effectivéiy be'prevented;

Moreover, the first metal fllm is formed 1nto the
insulating structur;r;ﬁ-the process for firing the ceramics.
Therefore, 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

Sheet Has Been Reilaced

T




96-025 MURATA

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

The first metai-film is, in the form of oxide ions,
diffused in the.ceramies. By controlling the composition of
the first metal film, the composition of the ceramics can be
controlled. Therefore, a menolithic ceramic electronic device
exhibiting desired characterietics can be provided.

The multllayered metal film is supported by the
supporting member. ih.##ggrztate, only the flrst metal film is
in contact with the supporting member. Therefore, the
strippinQ'facility of the multilayered metal fi;m with respect
to the supporting.member is permitted to be determined in
terms of realizing satisfactory stripﬁing facility of the
-supporting member with respect 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_secend 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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characteristic.

‘The present invention may be adabted to any of a variety
of methods of manufacturing a monolithic ceramic electronic
_ foe excovple
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 manufacturing 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 embodlmentAand a state
where a re515t layer and a second metal film are formed;
Fig. 4 is a cross_seetional view_shbwing.a state where a
ceramic green sheet is formed on a second-supporting member;
Fig. 5 is a cross sectional view showing a monolithic

‘structure before it is fired;
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Fig. 6 is a horizontalzcross sectional view showing a
sintered strﬁcture obtained by firihg a mqnolithic 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 ﬁo 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 mefal 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; |

20
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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 sectlonal v1ew show1ng a monolithic

ceramic structure,

Fig. 17

_etructﬁre;
Fig. 18

capacitor;

Fig. 19

is a cross sectional view showing a sintered

is a cross sectional view showing a monolithic

~

——

is a cross sectional view showing a state where a

ceramic green sheet is formed on a second supporting member

according to
Fig. 20
mnltilayered
Fig. 21
" transferring
sheet by the
Fig. 22

an eighth embodiment;

is a cross sectional view show1ng a state where a
metal film is formed,

is a cross sectional view showing a process for

a multilayered'metal fiim.to a ceramic green
method according to the eighth embodiment; and

is a cross sectional view showing a green sheet

integrally having the metal film obtained in the eighth

embodiment.

D

CRIPTION OF THE PREFERRED DIMENT

Referring to the drawings, prefetred:embodiments of the

present invention will now be described.

21
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f;r  Embo iment _ .
As shown in Fig. 3A,-a_polyethylene terephthalate film 11
serving as a first sﬁpporting member is coéted with silicdn
resin (not shown). Then, a metal film 12, which is a first
layér, is formed dn the polyefhyléne terephthalate film 11.

conccts of
The metal fllm 12, which 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 eprsing 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 6btained.

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 metél films 14 are formed
applying Pd to have a thickness of O.B'pmlby eléctroplating.
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 secoﬁd supporting member.

Then, ceramic slurry whose main component is BaTiO; is formed
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into a sheet oﬁ_the pélyethyiene terephthalate film 15 to have
a thickness of 6 ﬁm so that a cefaﬁiclgreen 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 staéking'a
laminated member having metal layers and résiét layers 17
supported'by the poiyethyléne'téfephthalate film 11 serving as
'the first supporting ﬁember; on the cerémic green sheet 16 so
that the upper side, i,e. on which the second métél layer 14
is coated, of thé'monolithic.strQCture 17 is contacted with
thelceramic greeh sheetllG; 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, é similar heat pressing is pe;formed so that the ceramic
~green sheets 16 and a laminated member having metal layers and
resist layeré 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 tb 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 canh be obtained. In the sintered
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member 19, internal electrodes'ZO, each of which is formed by
the second metal film 14, are overlapped:gge another. Note
that the first metal fllm 12 is heated in the f1r1ng proceas
so that it is changed into an insulating material. In the
'resist layer, resiat resin has disappeared during the firing
process. On the other hand, ceramic powder contained in the

. resist layer ahd ceramics moVed from the peripheral region of
the resist layer form a dense sintered structﬁre similarly to
the residual sintered portions.';As a result, the internal
electrodes 20 are surrounded oy'dense ceramics, as shown in
Fig. 6. | |

On the outer surface of the 51ntered structure obtained
as described above, external electrodes 21a and 21b as shown
in Fiq..7 are applied. Thus, a monolithic capacitor 22 is
obtained. Note that Fig. 6 shows a.cross section taken along
line X-X of the sintered structure shown ln Figl 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 aoother, 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
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capacitor were measured. As a result, designed
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

. fercadage
which the external electrodes w&te formed. The xatie , of these
-wlhich suffercd
monolithic capac1t015éguannuaaaai—EheAdelaminatlon was about
25 3. |

The region of the monolithic capacitor according to this

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

upon aitiin
—aa—sueh—aémaﬁnef—%hatwphe sintered structure -was—eut. HAs—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 were moved to &he-—+his
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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Sec nd imen

A multiiayered 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 beidg used in place of the
Pd film to serve as the second metal film, resist resin
containing Al,0; powder by 10 vcl% 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 portlon between the portion, in whlch 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 tc the delamination was observed.

The region in which the resist was formed was in-éhe.
substantialljfsame sintered state as that of the other ceramic
portions. That is, it can be considered that resist:
components'were etaporated; contained glass components were

dissolved, alumina components retained and surrounding
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ceramies were moved when heated so that the state of
'Sintering was tealized. |

The copper eomponents 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 ) : . ’
Third Emb QLM n _ : _ by a methed

A monolithic capac1tor was manufacturedA51mllar to the
use was made of a
-embodiment 1 except thatAre51st to which 1norgan1c powder,
such as ceramic powder and glass powder serving as the res;st,
—beéng—eméFaa}4hEmbaédétée&rAmagg?qﬁﬂﬁh.;Mas not QJAQA.

The stepped portion between the portion, in which the
internal electrodes overlapped one another, and the_nortion,
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.

27.
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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 te-fhe surface of the first metai film 32, the resist
- layer having a Straeture such tAat BaTiO; 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'cempenent 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 metal¥layer and resist-layer
_ , 2 _
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laminated member 36 (see Fig. 10) was, as the second

'tsupporting nember, 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 e twed s\,\ppoi"hng member §2

each having the metal film were stackedhwhlle their relative

positions being controlled accurately. Whenever one green

sheet 38 having the metal film was stacked, heat pressing was

performed. After the heat presaing pfocesa 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 moneolithic 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 imen

A'monolithic capacitor was manufactured similarly to the

that
fourth embodlment exceptaresist containing no inorganic powder
was
peingused.

Evaluations of the Fourth and Fifth E iment
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In the manufacturind process according to the fourth
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 internal 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 forhed,
reéin forming the resist.disappeared and the contained ceramic
pdwder&%giainedw Moreover, the portion-was'in a state of
sintering substantially the same as that of the other ceramic
portions. Therefore,:if can be considered that the ceramic
powder retained and the surroundihg eeramics moved at the time

of performing the firing process so that a state of sintering,
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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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firing process. Moreover, the obtained monolithic capacitor
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
with the Supporting film. Therefore, the release agent layer
of the film.is requifed:to enable only the ceramic green
sheet to be stripped 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
the fourth and fifth embodiments withf}orce of one-third that
required with the conventional étructure. Therefore, a
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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

,ﬁ;__monolithic capacitor, the processes including the process for

'obtaining the monolithic éeramic 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, é polyethyiene terephthélate (PET)
film 111 was prepared as the first subpdrting 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 thicknéss of 70 nm on.thé entire surface of the
PET film 111 by an évaporation method. Theh,.a 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
procesées are performed. ”As a result, 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 méth@d. In this

33

is Sheet Has Been Rep laced

iy llll




96-025 MURATA HK~SH’FTPASCEEN
REPLACGED

embodiment, the-second metal film 114 is formed to have a

thickness of 0.5 unm by electroplatlng Pd.

Then, the resist layer 113 is strlpped 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 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 gteen sheet is formed on the multilayered
metal film 115 on the PET film 111. TIn this embodiment,
_ceramlc slurry is formed into a sheet having a thickness of 8
un 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

M St
formeq a green sheet 117 1ntegrally having the metal fllm is
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prepared while belng supported on the PET fllm 111.

Then, the green sheets 117 1ntegrally hav1ng 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 iﬁto oxide ions
which are diffused into su:rouﬁding ceramigs so as to be
formed inﬁo insulating éubstaﬁtes. Therefére, 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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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—eaeh gpﬂ%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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the monolithic capacitors was cut in such a manner that its
nas expesed
cross sectionjexpeses to the outside as shown in Fig. 18 to

———

observe wh?ther or not delamination has taken place. As—a
resui%r—ﬁ;:gelamination 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. .18g:§goséd to the outside to
observe the cross section. As—a—fesu}%T—nehdelamlnatlon was

. ' PTQV!OUS
observed, similarly to the, case.

,+wasohmﬁ&d_

To make a comparison,, whether or not delamination had
taken place was—obserwved 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.
¥ ® in—this emvodvmnandt &€ -t wvesttion

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 :
—Simi}af%y—%e—%heeéixth—embedimen;tr;%nolithic capacitors
37 |
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§\H\\lw“,\{ 4o Hwe sixih embcdwm:cﬁ

was
were manufacturednexceptythe first metal fllm-be*ﬁg“made of Cu
et
and the second metal film betnqﬂﬁade of Ni. The ceramic

'slurry'was composed of BaTiO; 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 eeuld be oxidized, during-the,initial
having & duretion whicha is : o€ 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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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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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 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

40

This Sheet Has Been Replaced

T




THIS SHEET HAS BEEN

96-025 MURATA T R TR

—

" from both £ 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 uﬁderStood thSE a complicated process is not
required in which the first metal film portion, which deeéinot
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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'WHAT IS CLAIMED IS:

1. A method of manufaoturihg a monolithic ceramic

electronic dev1ce, comprlslng the steps of:

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

(13a)
pattern holes, therein;

forming, within at least ofile of said pattern holes, a

()

second metal fllqK
(s
forming a monolithic ceramic structureAlncludlng 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 mahufactufing'a monolithic ceramic
i . 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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steps of: _
. Cie)
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 stecking.said Taminated 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 sheet,on a second suppogtlng
membercm) - %) .momdmﬁ s cud ;"‘*4(4*’\5 sewnd(34)

metad Rims and said vesist luge~(33)
transferring 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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structure is transferred to said ceramic green sheet by using

5
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 méthod 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

44



Thls Sheet Has Been Replaced

VAR II

' 96-025 MURATA

—

TH\S‘—C::JTT—T HAS BEEN |
] &\\ ‘ i ]

'electronic device'comprising'the steps of:
_ D
formlng a first metal film,on a first supporting member(ltl)

by a thin film forming method;

: (115)
forming a multilayered metal filmﬁby forming a second

' > ﬂ o
metal filmpon a part of said first metal film by the thin film

forming method; | (g 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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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 ceramic 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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17. A method of manufacturing a monolithic ceramic
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-

electronic device 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, éaid multilayered
metal fllék%ﬁ%ported by said first supportlng membeqxjgﬁh

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.
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