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TITLE OF THE INVENTION 

MONOLITHIC CERAMIC ELECTRONIC DEVICE AND METHOD 

OF MANUFACTURING SAME 

BACKGROUND OF THE INVENTION 

Field of the Invention 
ctn 

The present invention relates to"~ electronic part and a 
•: . ( 

· method of manufacturing same, ailci more particularly to a 

monolithic ceramic electronic device and a method of 

man.uf acturing 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. 

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 

1 

----- -· 
·--~···-· -------



... 

H~.-T '-!.<'.· c: o~t=N \ 
T\-lls 

c , .. ,.- ' .......... _, __ 
v• ·-·-··· . 

. p, '.=:~;· "' l .. _ __J 96-025 MURATA 
---·-·-· .... --~ 

then an appropriate number of ceramic green sheets having no 

internal electrode are laminated on the both sl.des of the 

stack of green sheets to form a monolithic ceramic structure. 
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 

direction of its thickness ~o that the ceramic layers are 

brought into tight COntaCt With each Other o Further I the 

monolithic ceramic structure is fired to obtain a sintered 

structure. Appropriate external electrodes are formed on the 

outer surf ace of the sintered structure to produce a 

monolithic ceramic electronic part. 

In recent years electronic parts are required to reduce 

the sizes thereof and, as well, as th:e monolithic 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-efte- thickness, the ceramic 

layers, each of which is held }:)etween the internal electrodes, 

are required to be 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 
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including the internal electrodes, which overlap one another, 

are larger than that of. portions each including no internal 

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 mon.olithic ceramic structure is pressed in th.e direction 

of its
0

th.ickness prior to firing process, the pressure is 

mainly applied onto the portionS"including the internal 

electrodes which overlap one another. Accordingly, the 

pressure is insufficient in the other portions. As a result, 

there is a possibility that a layer separating phenomenon 

called delamination occurs. Also, there is a possibility that 

solvent in the ceramic green sheet causes the internal 

electrodes to~ swell-e&-. 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 µm 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 
ponioos et=! · a.re. 

which,._a metal film, formed by a thin film forming method, 4-s-I\ 

used as the internal electrodes, the method being exemplified 
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by the following first to third methods. 

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

the overall surf ace of a supporting member by using a thin 

film forming method, su.ch 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. l. Then, a ceramic green 

sheet 3 is formed on 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 ceramic 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 surf ace of a supporting film by a thin film 

forming method. Then, the metal film is patterned by a 

ph~tolithography method. Next, a ceramic green sheet is 
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formed on the supporting film having the 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.- ~vrl"icns o+ 

The first to third methods, in each of whichl\the metal 
are. 

film formed by the thin film forming method 4&"used as the 

internal electrodes, are able to further thin the internal 

electrodes as compared with thelii.ethod of forming the internal 

electrodes by using conductive· paste. 

However, 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 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 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 onthe 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 

anothe~ as compared with the region having no internal 
-tlt\Q. 

electrodes. Therefor, the second·method also may suffer from" 
f (D b\<!.W'I 

delamination/\.flloblem. Further, in the case where the ceramic 

green sheet is extremely thinned, it would be dificult to 
a. 

treat such"green 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 

supporting film must be stripped from the green sheet having 

the metal film after the transferring process. Therefore, 

both of the metal f i1m 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 
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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 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 the ceramic green sheet to be easily 

stripped from_ the supporting fiim. 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 o.f effectively preventing 

delamination so a.s 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 
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the internal electrodes by a thin film forming method. 

To achieve th~ object, according to one aspect of th~ 

present 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 theresist 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 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 

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. 
a.. 

According to~furthet aspect of the present invention, the 

step of forming the monolithic ceramic structure has the steps 

of forming a cer(!.mic green sheet on a second supporting· 
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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; 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 a roll press in the step of forming the . 
_green sheet having the metal fiiiii: 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 
~W€.. 

than the second metal film. The thickness is determined toAa 

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 th~ 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 µm or 
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thinner. As a result, the first metal film can reliably be 

·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, surroundipg ceramics are, in the firing process, 

moved to the portion in which the resist layer 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 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 th~ resist layer, enables a further uniform 

and dense sintered structure to be obtained. 

The materials of the first and second.metal films are not 
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limited particularly. According to a still another aspect of 

the present invention, the first metal film contains Cu and 

the second metal film contains Ni. The first metal film 

containing Cu can easily be changed into oxides and the 

insulating structure after firing. By forming the sec:ond 

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 method 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 multilayered 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 
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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 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 cei~~f~~,,-.d~e 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 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 
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firing th~ monolithic ceramic structure under a partial 

pressure for oxygen at which the first metal film is oxidized 

but the second metal film is not oxidized. That is, control 
"'th'.s 

of the partial pressure for oxygen to .t.ae-~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 thicknesses 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 step 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 invent.ion, the step of forming the monolithic 
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ceramic structure has the steps of forming 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 the 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 gre~n sheets each having metal 

film. When the transferring method is employed, it is 

preferable that a roll press 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-
. ff"e.\hV\\Vltl:'f 

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

stripping of the resist layer, to be performed before tao 

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 



• I 

96-025.MURATA 

by the thin film forming method can significantly be shortened. 

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 -4:fte- 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 laminatedmember having metal layer and 

resist layer, the resist layer is stripped and the first metal 
l!\.°t t\itf? So.Wt.ct -fl wut. 

film is changed into the insulating structure ae wel:l:t\as the 
no . 

ceramics are fired. 
j., Ord~ 

Therefore,"..aA¥- additional process is ~ 

requiredAto 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 surf ace 

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 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 
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aiternate],.y stacking, on the stacking stage, a laminated 

member having the metal-layer and resist-layer supported on 

the first supporting member 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. 
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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 

surf ace 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 

reduced. As a result, generation of delamination in the 

obtained sintered structure can effectively be prevented. 

Moreove.r, the first metal film is formed into the 
. ~~°'\9 . 

insulating structurel\·i:fi- the process for firing the .ceramics. 

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 li.ke can be 

prevented. Moreover, the necessity of partially stripping the 

first metal film in the following step by etching or the like 
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can be eliminated. Therefore, an additional process for 

forming a multilayered metal film is not required. 

The first metal film is, in the form of oxide ions, 

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 multilayered metal film is supported by the 
• ·. ih\s - · 

supporting member. In ~~stat~ only the first metal film is 

in contact with the supporting member. ·Therefore, 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 
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characteristic. 
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The preserit invention may be adapted to any of a variety 

of methods of manufacturing a monolithic ceramic electronic 
-fur '2..)Ct'\H-tp l€. 

device of a type including internal electrodes, such a~/\a 1 

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 described1n conjunction with the 

attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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 
of -th~ .p~.e.vn- ·1v-\vevct'ion · 

supporting member according to a first embodimentAand a state 

where a resist 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· 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 horizontal cross sectional view showing a 

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; 

Fig. 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 sectio.nal view showing a state where a 

resist layer having pattern holes is formed on the first metal 

film; 

Fig. 10 is a cross sectiorial 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 forined on a supporting member; 
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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 describ~d. 
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First Embodiment 

As shown in Fig. 3A, a polyethylene terephthalate film 11 

serving 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 film 11. 
conc::,c;-t~ c~ 

The metal film 12, which is. the first layer,f\h:as, on the 

01..rerall sarface thereof, an Ag layer having a thickness of 0 .1 
on -ti.u.. ov4U'a.lt surfn.c.a of' .gim I I 

µm and formed by an evaporation metho~ • .. 
Then,· a resist layer is formed on the first metal layer 

12 by applying a resist to have a thickness of 0.8µm. The main 

component$of the resist are quinone containing BaTi03 powder by 

10 vol%, and diazide formalin resin. 

Then, an exposing process and a developing process are 

performed so that a resist layer 13 having pattern holes 13a 

formed therein as shown in Fig. 3B is obtained. 

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 metal films 14 are formed 

applying Pd to have a thickness of 0.8 µm by 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 second supporting member. 

Then, ceramic slurry whose main component is BaTi03 is formed 
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into a sheet on the polyethylene terephthalate film 15 to have 

a thickness of 6 µm. 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 is 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 b.e obtained. 

The laminated member·1s is cut in the direction of the 

thickness thereof to obtain predetermined monolithic 

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 can be obtained. In the sintered 
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member 19, internal electrodes·20, each of which is formed by 
. with 

the second metal film 14, are overlappedAone another. Note 

that the first metal film 12 is heated in the firing process 

so that it is changed into an insulating material. In 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 21a and 21b as shown 

in Fig. 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 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 
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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 vicinity of the end surfaces of the sintered structure on 
. . p~r-c.~~9e 

which the external electrodes were formed. The rati~Aof thes~ 
· whl dl SLl..ff""1~d 

monolithic capacitors enceunteFed: tae/\delamination was about 

25 %. 

The region of the monolithic capacitor according to this 

embodiment, in which the resist layer was formed, was observed 
u.pon .C..i..l1tiVl_g 

in. sueh a m.aaaer taat l\the sintered structure was eut:. As a--
It wassten ·thcrt ht<d 

result1Aresist components~disappeared and the BaTi03 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 4:fte--th1s 

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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Second Embodiment 

THIS Sf-JC.:':::' v;,s. BEEN 

F:·. '-'t .:.< •.·.:···----
~==-.::-·~---·- .. --

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 203 powder by 10 vol% and glass powder by 5 vol% 

being used, and firing was performed at 1200°C in a reducing 

atmosphere. 

In the obtained multilayered ceramic substrate, forming 

of 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, 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 region in which the resist was formed was in4-fte-
1tie. 

substantiallyAsame 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 
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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 ncSttake 

place. 

Third Embodiment 'D'f l~ t}l~tl-10J 
A monolithic capacitor was ~anufacturedAsimilar to the 

u.se 1..'\las Wta.d.A. o-t ll 
embodiment 1 except thathresist--to which inorganic powder, 

such as ceramic powder and glass powder serving as the resist/ 

being omitted from addition, beiFJ:! used. was ncrt "'Jd..c:2..J • 

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 pressure 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 metals, the same metal may be· used to form 

the first metal film and the second metal film. 

Fourth Embodiment 

27 



.t. t I M 

96-025 MURATA 

As shown in Fig. 8, a first supporting member having th.Q C\. 

PET film 31 coated with a silic.on release agent (not shown) 

was prepared. On the silicon release agent layer, there was 
Cl.. 

formed~~ first metal film 32. The first metal film 32 was 

obtained by forming a Cu film having a thickness of 0.1 µm _on 

the overall surface by an evaporating method. 

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

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

layer having a structure such tnat BaTi03 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 µm 

by electroplating. 

On the other hand, a PET film having a thickness of 

50 µm was prepared as the second supporting member, followed 

by forming ceramic slurry, the main component of which was 

BaTi03 powder, in the form of a sheet on the PET film. As a 

result, a ceramic green sheet was produced. 

Then, a roll-type press 35 was used on the ceramic green 

sheet as shown in Fig. 11 so that metal-layer and resist-layer. 
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lamin.ated member 36 (see Fig. 10) was, as the second 

.supportirig member, transferred to the ceramic green sheet 37 
· ·111~ -the PEI . .f,1m L..;o.s si-r;pf~d . 

supported on the PET film 39.A As a result, a green sheet 38 . 
PEI ·RMYl 4.-:2 WCI. s. p1e.fl\l"ed cts C\ -ti.tu-d s1..1ppci--t.1tg 1HE.>H~1~ And 

having the metal film was formed. Then," the gree~ sheets 38 
er' -th~ th11'd S\.\f'porf1.,15 memb<:.r 't"2. 

each having the metal film were stacked"while 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 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 
-th((\' 

fourth embodiment exceptAresist containing no inorganic powder 
1.l3t:tS 

beift<J'AUsed. 

Evaluations of the Fourth and Fifth Embodiments 
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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 
tt. wci..s seen ·\ h.o::t 

process •• As a resHlt,Ageneration 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 surf ace on which the external 

electrodes was formed so that the internal structure was 
tt "°Cl s s €. .12...V\ "thcct 

observed. -As a resQlt,Ageneration of a stepped portion 

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 ceramic 
WtlS 

powder"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 firing process so that a state of sintering, 
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which was the same as that of the surrounding portion, was 

realized. 

Moreover, probably due to the thickness of the first 

metal film, to which the resist was applied, of 0.1 µm·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, generatioz"r°of voids and delamination. 

Also in the fifth embodiment, the monolithic chip in a 

state prior ~o 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 
tt was se.e..vt -tkcct-

po rt ions. As a resalt,Aalthough 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-with 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 
sce.r1 to ha.v ~ b .e~v1 

portion was/\formed into an insulating structure due to the 
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firing process. Moreover,. the obtained monolithic capacitor 

was free from def.ects, 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 Tequired to strip a 
supporting film 

Conventional Structure 20 g/cm2 

Embodiments 4 and S 3 g cm2 

As can be understood from Table 1, the supporting film 

could be stripped from the ceramic green sheets according to 
l\. 

the fourth and fifth embodiments with~force of one-third that 

required with the conventional structure. Therefore, a 
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problem of defective transference can s·atisfactorily 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 

monolithic capacitor, the processes including the process for 

obtaining the monolithic ceramic structure, which has not been 

fired, employ a mother multilaye-red metal film-and a mother 

ceramic green sheet. 

Sixth Embodiment 

As shown in Fig. 13A, a polyethylene terephthalate (PET) 

film 111 was prepared as the first supporting member. The top 

surface of the PET film 111 w~s 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 µm 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. 138 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. In this 
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embodiment, the second metal film 114 is formed to have a 

thickness of 0.5 µm. 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 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 metarfilm 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. tn this embodiment, 

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

µm. 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 
ir1 Sl'tl.A 

forme~, a green sheet 117 integrally having the metal film is 
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prepared while being supported on the PET film 111. 

Then, the green sheets 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 ~iring 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 
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of which is shown in Fig. 17. Although Fig. 17 shows only 
i'w o 

---=s!-.!le~voee...-z-a+l/lsecond metal films 114, a multiplicity of s.econd metal 

films serving as the internal electrodes overlap one another 
~·r+i, 

in the upward direction wbil.& &acl:l"ceramic layers being 

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 internar-electrodes formed by the 

second metal films 114 overlap one another in the sintered 
. . IAJ"rlt' 0. . 

structure 12~ while eae~monolithic 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 electrodes did not overlap was examined. As a 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 stacked first metal 

films) . 

Twenty monolithic capacitors were prepared, and each of 
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the monolithic capacitors was cut in such a manner that its 
lv{.tS e.,,.:pc.se.d. · 

cross section~x~ese~ to the outside as shown in Fig. 18 to 

observe whether or not delamination has taken place. A~ a 
Nao 

resttlt, 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 
~-.:.QS 

the cross section shown in Fig. 10,..exposed to the outside to 
t-.\o 

observe the cross section. ~s a result, aoAdelamination was 
• ff"QV10\A$ 

observed, similarly to the" case. -
j4 VJ OS 0 bS e.:rve. cl 

To make a comparison,Awhether or not delamination had 

taken place was obser:eel 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. 18 were observed, 

delamination was observed in five monolithic capacitors among 

·twenty monolithic capacitors. 
if\ --th'is €VV\lr.i0Jo11~V(t c:;7'f -ti,\~. '1ttvo<l-'1on 

Since the fusing point of the first metal film~was 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 
-tlttis we.<~ 

monolithic capacitors according to -t:fte-~embodiment -wa.a~free 

from generation of short circuits. 

Seventh Embodiment 
~ 

Similarly to the sixth e:mbodimeat, _,;zronoli thic capacitors 
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e.·1.nll_ttrlu ·./co -+llL slx-ilt ~HlJcdirtrc'd 
JI i wa.s. 

were manufacturedAexceptythe first metal film beia~~made of Cu 
-H1cct · was 

and the second metal film beiREJ-/\l(lade of Ni. The ceramic 

slurry was composed of BaTi03 type ceramics which did not 

contain Cu. The firing process was performed in such a manner 
dM;•lg "!1t12.. itf1f1<;ii pe:riod of #1.fo?. ~,.·111,s (>l'l>CJISS .i 

tha~Athe partial pressure for oxygen was set to a level at 

which the plated Ni film could not be oxidized but the 
t1·i"1S 

evaporated Cu film -0ould be oxidized, euriaq tbe~initial 
ha"i •{3 c."\. dw-etfro n tvhi.dt ·, s 0 f- 11-u.. 

periodJ\of tho firing proeess 1 that is, the half,,period ·of the-

periea1 in which the temperature-for firing was maintained at 

the highest level. Specifically, the partial pressure for 

oxygen was set to 10-4 Pa. After the initial period of the 

firing process had been performed at the partial pressure for 

Qe- oxygen of 10-4 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 BaTi03 
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type· ceramics could be obtained. 

The cross section of each monolithic capacitor was 

observed similarly to the sixth embodiment. A:!! a resttlt, ao No 

generation o~ delamination was not observed. 
Cllco<ditA~ io 

AlthoughAthe seventh embodiment has structured sueh that-

the partial pressure for oxygen in the initial period of the 

firing process was controlled to diffuse Cu composing the 

first metal film, an oxidation diffusing agent may be added to ... 
the first metal film ·or diffusion 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 surf ace 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 µ.m is formed. 

On·· the other hand, a PET film 133 shown in Fig. 20 is 

prepared 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 mul_tilayered 

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 _green sheet 132. Then, the PET film 131. is stripped 

so that a green sheet 138 integrally having the metal film as 
2'2. 

shown in Fig. -t41,is obtained. 

By stacking the thus-obtained green sheets 138 each 

integrally having the metal f iliii; 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 f~lm, 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. As a i:esY:lt, 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 
. Cllf Cl. bl CL Df b(i"t..-l!:) 

supporting film, the .supporting film must be~easily stripped 
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from both -&? the ceramics and the metal film. However, since 

the eighthembodiment 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 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 insulating structures. As a 

result, it can be understood that a complicated process is not 
\S 

required in which the first metal film portion, which doesAnot 

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 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. 
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WHAT IS CLAIMED IS: 

1. A method of manufacturing a monolithic ceramic 

electronic device, comprising the steps of: 
(12) . 

forming a ~irst metal film/\ on a first supporting member (i•) 

by a thin film forming method; 
(t3) 

forming, on.· said first metal film, a resist layer/\ having 
(•.3,\) 

pattern holesAtherein; . 
forming, within at least 

second metal fil~llt) 
one of said pattern holes, a 

(1'8') 
forming a monolithic ceramic structureAincluding a 

plurality of said r~sist 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 
Clo."1wt 

electronic device according to Calim~l, 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 
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steps of: 
(ib) 

ITHiSSHEET HAS BEEN 
~Pt.•Cl~O 

. . 

forming a ceramic green sheetl\on a second supporting 
(I~) 

membe7'; and 

separating a laminated structure including said first and 

second m.etal films and said resist layer from said first 

supporting member; 

separating said ceramic green sheet from said second 

supporting member; and, 

alternately stacking said Iaminated 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 
('3q) 

member.y 
. a. 

(3=l-) 
green sheethon a second supQorting 

·. . ('32.) -
(1-:\:) •1111£MAd\"'-3 !>C.C.c::I ~r.s+"a..>1.d se~i-td(3Lf) 

m.e..1'0\J -Ai 11it.s ~d .Seu d v~s·, .rt k14 .er ( 3.3) 

transferring ..tfte-~laminated structureAonto said ceramic 

green sheet to form a ceramic green sheet having a metal 
(28) 

laye~; 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 
(3'::;) 

a roll press". 

6. A method of manufacturing a monolithic ceramic 

electronic device according to Claim 1, whereih said first 

metal film is formed to have a thickness of O.l·µm or thinner. 

7. A method of manufacturing 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 

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

11. A method of manufacturing a monolithic ceramic 
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electronic device comprising the steps of: 
. (II 2.) 

forming a first metal filmAon a first supporting member(lil) 

by a thin film forming method; 
( 115) 

forming a multilayered metal film1.by forming a second 
(Hi+) 

metal filmAon a part of said first metal film by the thin film 

forming method; (11g) 

forming a monolithic ceramic structure/\incorp6rating said 

multilayered metal. film; and .. 
forming a portion of said first metal film, whi.ch is not · 

overlain by said second metal film in said monolithic ceramic 

structure into an insulating structure in such a manner that 

metal components forming said portion are diffused into the 

ceramics, while firing said ceramics. 

12. A method of manufacturing a monolithic ceramic 
o..cco-rd.A.vt~ to c.ia';W\. 11 

electronic devicel\wherein said second metal film being thicker 

than said first metal film. 

13. A method of manufacturing a monolithic ceramic 

electronic 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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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 first metal film is oxidized but said 

second metal film is not oxidized. 

1~. A method of manufacturing a monolithic ceramic 

electronic device according to claim 11, wherein said step of 

forming said multilayered metal film has the steps of forming, 
(\13) 

on said first metal film, a resist layer/\ having pattern holes ( \I 3c:\.) 

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 
(ll:t) 

fo~ing a metal film-integrated green shee~ by forming a 
.. (11.b) 

ceramic green sheet~on said multilayered metal film; and 

stacking said metal film-integrated green sheets. 
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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: 
(132.) 

forming a ceramic green sheetAon a second supporting 
(13 \) 

membe3i\; 

forming a metal film-integrated green sheet by 

transferring, to said ceramic green sheet, said multilayered 
(\3f.) . (f 33) 

metal f ilmAsupporte? by said first supporting memberK 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. 
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