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(57) ABSTRACT 

A method for manufacturing a multilayer ceramic electronic 
element includes the Steps of forming ceramic green sheets 
having Superior Surface Smoothness and Small variations in 
thickness at a high Speed, in which defects Such as pinholes 
are prevented from occurring, and providing internal elec 
trodes and Step-Smoothing ceramic paste on the ceramic 
green sheets with high accuracy. The method includes the 
Steps of applying ceramic Slurry to a base film by a die coater 
followed by drying performed in a drying furnace for 
forming the ceramic green sheets, and performing gravure 
printing of conductive paste and ceramic paste onto the 
ceramic green sheets by using a first and a Second gravure 
printing apparatus, respectively. Accordingly, the internal 
electrodes are formed, and the Step-Smoothing ceramic paste 
is provided in regions other than those in which the internal 
electrodes are formed. 
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FIG. 3 
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METHOD FOR MANUFACTURING MULTILAYER 
CERAMIC ELECTRONIC ELEMENT 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to methods for manu 
facturing multilayer ceramic electronic elements Such as a 
multilayer ceramic capacitor, and more particularly, relates 
to an improved method for manufacturing a multilayer 
ceramic electronic element having a structure in which a 
ceramic Sintered body includes internal electrodes laminated 
to each other with ceramic layers provided therebetween and 
in which Steps between portions at which the internal 
electrodes are formed and portions at which the internal 
electrodes are not formed are Smoothed. 

0003 2. Description of the Related Art 
0004. When multilayer ceramic electronic elements, such 
as a multilayer ceramic capacitor, are formed, a plurality of 
ceramic green sheets having internal electrodes printed 
thereon is laminated to each other. In addition, ceramic 
green sheets having no internal electrodes are provided at 
the top and the bottom of the Stack of ceramic green sheets 
thus laminated to form a laminate body. After being com 
pressed in the thickness direction of the laminate body, the 
laminate body is fired, thereby forming a ceramic Sintered 
body. 

0005) When the laminate body described above is com 
pressed, the portion at which the internal electrodes overlap 
each other and the portion at which the internal electrodes 
are not formed have thicknesses that are different from each 
other, and as a result, there has been a problem in that Steps 
are formed between the two portions described above. 
0006. In Japanese Unexamined Patent Application Pub 
lication No. 8-250370, a method for manufacturing a mul 
tilayer ceramic capacitor has been disclosed in which the 
StepS as described above can be Smoothed. According to this 
manufacturing method, ceramic slurry is first printed onto 
base films by gravure printing to form dielectric ceramic 
green sheets. Next, conductive paste is applied by gravure 
printing to the ceramic green sheets thus formed So as to 
form internal electrodes. Subsequently, ceramic paste for 
Smoothing Steps is applied by gravure printing, in a manner 
Similar to the printing mentioned above, to regions in which 
the internal electrodes are not printed, and the internal 
electrodes and the ceramic paste for Smoothing Steps are 
then dried. By repeating these Steps described above at least 
twice, the Structure can be formed in which at least two 
composite Sheets, which are each formed of the internal 
electrodes and a ceramic pattern for Smoothing Steps printed 
onto the base film, are laminated to each other. When a 
plurality of the composite sheets thus formed is laminated to 
each other and is then compressed in the thickness direction, 
a laminate body can be formed, and by firing this laminate 
body, a ceramic Sintered body can be obtained. 
0007 According to the technique disclosed in the publi 
cation described above, on the Surface of the ceramic green 
sheet, Since the ceramic pattern for Smoothing Steps is 
printed in regions in which the internal electrodes are not 
printed, the Steps, which are formed between the portion at 
which the internal electrodes overlap each other and the 
portion at which the internal electrodes are not formed, can 
be smoothed. 
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0008. The miniaturization and higher capacity of multi 
layer ceramic capacitors have been increasingly advanced, 
and along with this advancement, attempts to increase the 
number of layers of the internal electrodes and to decrease 
the thickness of the ceramic green sheet have been made. AS 
a result, the thickness of the ceramic green sheet is decreased 
to 3 um or less, and in Some cases, the thickness thereof is 
even more decreased to 2 um or less. 
0009. In the ceramic green sheet having a small thickness 
as described above, pin holes may be easily formed or the 
Surface SmoothneSS may be degraded in Some cases. In 
addition, as the number of the internal electrodes is 
increased, the influence of the Steps, which are formed 
between the portions at which the internal electrodes overlap 
each other and the portions at which the internal electrodes 
are not formed, becomes significant. 
0010. Accordingly, there has been a problem in that 
appearance defects of the ceramic Sintered body thus formed 
occur because of the presence of the StepS described above, 
or Structural defects, delamination, or other problems occur 
because of the difference in density between both sides of 
the Step. 
0011. According to the technique disclosed in Japanese 
Unexamined Patent Application Publication No. 8-250370, 
as described above, an attempt has been made to Smooth the 
Steps by printing the ceramic pattern provided for Smoothing 
StepS. 

0012 However, according to the technique described 
above, the formation of the ceramic green sheet is performed 
by gravure printing. In gravure printing, as shown in FIG. 
7, a gravure roller 101 having a plurality of printing portions 
provided on the peripheral Surface thereof and aligned in the 
circumferential direction is used. One printing portion pro 
vided on the peripheral surface of the gravure roller 101 is 
composed of a great number of cells 102, as shown in FIG. 
8A. 

0013. According to the technique described above, a long 
base film 103 shown in FIG. 7 is conveyed in the direction 
indicated by the arrow in the figure, and by using the gravure 
roller 101 and a roller 104 pressing the base film 103 to the 
gravure roller 101, printing is performed. For example, 
when a ceramic green sheet is printed, as shown in FIG. 8A, 
ceramic slurry 105 is applied to a great number of the cells 
102, which form a printing figure, and is then transferred to 
one major Surface of the base film In this case, as shown in 
FIG. 8B, the ceramic slurry 105 is dispersed on the base film 
103 so as to form a shape that conforms with that of the cells 
102. Subsequently, the ceramic slurry 105 dispersed at one 
position is brought into contact with that dispersed at an 
adjacent position with time, and hence, as shown in FIG. 
8C, leveling is performed, thereby forming a flat ceramic 
green sheet 106. 
0014. However, as described above, according to gravure 
printing, since the ceramic slurry 105 is transferred from a 
great number of the cells 102 to the base film 103, and the 
ceramic green sheet is formed by leveling, there has been a 
problem in that a time required for forming the ceramic 
green sheet 106 is determined by the time required for 
leveling. Accordingly, Specifically in the case in which the 
number of sheets to be laminated to each other is increased, 
the formation of the ceramic green sheets takes a long period 
of time, and hence the cost is disadvantageously increased. 
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0.015. In addition, as described above, the ceramic slurry 
is transferred from a plurality of the cells, and leveling is 
then performed. However, irregularities tend to be formed 
on the Surface of the ceramic green sheet thus formed, and 
as a result, the Surface Smoothness thereof may not be 
Satisfactory in Some cases. In addition, variation in thickneSS 
of the ceramic green sheet is also inevitably increased. 
Furthermore, when the thickness of the ceramic green sheet 
is decreased, a problem may arise in that pinholes are likely 
to be formed. As a result, for the technique disclosed in the 
above-described publication, it has been very difficult to 
respond the trend toward thinner ceramic green sheets. 

0016. In addition, after the internal electrodes are formed, 
the ceramic pattern for Smoothing Steps is then formed by 
gravure printing, and next, the internal electrodes and the 
ceramic pattern are simultaneously dried. Accordingly, eXu 
dation is liable to occur between the internal electrodes and 
the ceramic pattern, and as a result, it has been difficult to 
improve printing accuracy of the internal electrodes. In 
particular, after the internal electrodes are printed, exudation 
is liable to occur along the peripheries of the internal 
electrodes before the ceramic pattern is printed. Hence, 
variations in electroStatic capacity of a multilayer capacitor, 
which is obtained as a product, is inevitably increased. 
0.017. In addition, according to the technique described in 
the publication discussed above, after being formed, the 
ceramic green sheets are in contact with a Solvent contained 
in the conductive paste for forming internal electrode or a 
Solvent contained in the ceramic paste for forming the 
ceramic pattern for a long period of time. Accordingly, the 
ceramic green sheet may be damaged by the Solvent in Some 
cases, and hence short-circuiting, insulation defect, or other 
problems are liable to occur in the resulting multilayer 
capacitor. 

SUMMARY OF THE INVENTION 

0.018. In order to overcome the problems described 
above, preferred embodiments of the present invention pro 
vide a method for manufacturing a multilayer ceramic 
electronic element having high performance. According to 
the method of preferred embodiments of the present inven 
tion, even when the thickness of a ceramic green sheet is 
decreased, pinholes are prevented from being formed 
therein, a ceramic green sheet having Superior Surface 
Smoothness is easily and readily formed at a reasonable cost, 
internal electrodes are formed with high accuracy, desirable 
properties are Securely obtained, and undesirable short 
circuiting and insulation defects are unlikely to occur. 
0.019 According to a preferred embodiment of the 
present invention, a method for manufacturing a multilayer 
ceramic electronic element, includes the Steps of applying 
ceramic slurry to a base film using a die coater for forming 
ceramic green sheets, applying conductive paste to the upper 
Surfaces of the ceramic green sheets by gravure printing for 
forming internal electrodes, printing ceramic paste (herein 
after referred to as “step-Smoothing ceramic paste) for 
Smoothing Steps onto the upper Surfaces of the ceramic 
green sheets in regions other than those in which the internal 
electrodes are formed, laminating the ceramic greens sheets 
having the internal electrodes and the Step-Smoothing 
ceramic paste to each other with at least one ceramic green 
sheet having neither the internal electrodes nor the Step 
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Smoothing ceramic paste for forming a laminate, firing the 
laminate for forming a Sintered body, and forming external 
electrodes on external Surfaces of the Sintered body So as to 
be electrically connected to the internal electrodes. 
0020. The method described above according to a pre 
ferred embodiment of the present invention may further 
include a step of drying or partially drying the internal 
electrodes continuously after the applying Step for forming 
the internal electrodes. The internal electrodes are formed by 
applying conductive paste, and it is not always necessary 
that this conductive paste be in a fully dried State. AS 
described above, the conductive paste may also be in a 
partially dried State. In the present invention, the partially 
dried State means a State in which a Solvent is not totally 
removed, but the shapes of the internal electrodes thus 
printed are maintained. That is, the State in which the Solvent 
is partially removed So that exudations or other defects and 
problems in the internal electrodes are prevented from 
occurring. AS described above, when being Semi-dried or 
dried after the applying Step for forming the internal elec 
trodes, the internal electrodes are unlikely to exude, and 
hence the accuracy of the internal electrodes can be further 
improved. 
0021. In the method according to preferred embodiments 
of the present invention described above, the applying Step 
for forming the internal electrode may precede the printing 
Step of printing the Step-Smoothing ceramic paste, or Vice 
WCS. 

0022. In addition, the method described above may fur 
ther include a step of drying the Step-Smoothing ceramic 
paste following the printing Step, and as a result, a composite 
sheet thus formed can be immediately removed. 
0023. In the method according to a preferred embodiment 
of the present invention described above, the base film may 
be a long base film, and the forming Step may be performed 
while the long base film is conveyed in the length direction 
thereof. Accordingly, long ceramic green sheets can be 
obtained at very high Speed by using a die coater. 
0024. In the method according to a preferred embodiment 
of the present invention described above, the applying Step 
and the printing Step may be continuously performed while 
the long ceramic green sheets are conveyed in the length 
direction thereof. When these two steps are continuously 
performed, the productivity of the multilayer ceramic elec 
tronic element can be improved. 
0025. In the method according to a preferred embodiment 
of the present invention described above, after the applica 
tion Step for forming the internal electrodes, the printing Step 
of printing the Step-Smoothing ceramic paste may be per 
formed. Alternatively, after the printing Step of printing the 
Step-Smoothing ceramic paste, the applying Step for forming 
the internal electrodes may be performed. 
0026. In the method according to preferred embodiments 
of the present invention described above, the ceramic green 
sheets and the Step-Smoothing ceramic paste may primarily 
form a dielectric ceramic used for a multilayer ceramic 
capacitor as the multilayer ceramic electronic element. The 
method for manufacturing a multilayer ceramic electronic 
element, according to preferred embodiments of the present 
invention, is preferably used for the production of multilayer 
ceramic capacitors and, in addition, may also be applied to 
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the production of other multilayer ceramic electronic ele 
ments other than the multilayer ceramic capacitors. AS the 
other multilayer ceramic electronic elements, for example, 
multilayer inductors, multilayer noise filters, multilayer ther 
mistors, multilayer varistors, multilayer LC filters, high 
frequency module ceramic multilayer Substrates and other 
Suitable multilayer electronic components may be formed 
according to this method. 
0.027 Other elements, features, characteristics and 
advantages of the present invention will become more 
apparent from the following detailed description of preferred 
embodiments of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028 FIGS. 1A and 1B are schematic views showing 
manufacturing apparatuses used for a preferred embodiment 
of the present invention, where FIG. 1A is a schematic view 
showing a manufacturing apparatus including a die coater 
for forming a ceramic green sheet, and FIG. 1B is a 
Schematic view showing the Structure including a first and a 
Second gravure printing apparatus for printing internal elec 
trodes and Step-Smoothing ceramic paste, 
0029 FIGS. 2A to 2C are views showing manufacturing 
StepS according to a preferred embodiment of the present 
invention, where FIG. 2A is a view showing the state in 
which a ceramic green sheet is provided on a base film, FIG. 
2B is a view showing the state in which internal electrodes 
are printed onto the ceramic green sheet, and FIG. 2C is a 
View showing the State in which Step-Smoothing ceramic 
paste is printed; 
0030 FIG. 3 is a cross-sectional view of a mother 
laminate formed on a lamination Stage by a transfer process, 
0.031 FIG. 4 is a cross-sectional view of the structure 
formed of a plurality of composite sheets provided on a base 
film; 
0.032 FIG. 5 is a front cross-sectional view of a ceramic 
Sintered body for forming one multilayer capacitor; 
0.033 FIG. 6 is a front cross-sectional view of a multi 
layer ceramic capacitor according to a preferred embodi 
ment of the present invention; 
0034 FIG. 7 is a schematic view showing the structure 
for performing gravure printing of ceramic paste according 
to a conventional method for manufacturing a multilayer 
ceramic electronic element; 
0035 FIGS. 8A to 8C are partially enlarged cross-sec 
tional views showing Steps of Supplying ceramic paste from 
a gravure roller to a base film for printing according to a 
conventional method; 
0.036 FIG. 9 is a cross-sectional view showing an inter 
mediate laminate formed by providing a Second ceramic 
green sheet on both internal electrodes and Step-Smoothing 
ceramic paste, which are provided on a ceramic green sheet; 
and 

0037 FIG. 10 is a cross-sectional view showing a lami 
nate formed of the intermediate laminates shown in FIG. 9. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0.038 Hereinafter, referring to drawings, particular pre 
ferred embodiments will be described so that the present 
invention will be clearly understood. 
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0039 FIGS. 1A and 1B are schematic views each show 
ing the Structure of an apparatus used for a method for 
manufacturing a multilayer ceramic electronic element, 
according to one preferred embodiment of the present inven 
tion; FIG. 1A is a view showing the structure of an 
apparatus preferably used for forming a ceramic green sheet; 
and FIG. 1B is a view showing the structure of an apparatus 
for performing gravure printing of internal electrodes and 
ceramic paste. In this preferred embodiment, as the multi 
layer ceramic electronic element, multilayer ceramic capaci 
tors are preferably manufactured. 
0040. As shown in FIG. 1A, a long base film 2 is 
Supplied to a die coater 4 from a Supply reel 1 through a 
roller 3. AS the base film 2, a film made of an appropriate 
Synthetic resin, Such as polypropylene (PP), poly(ethylene 
terephthalate) (PET), or poly(ethylene naphthalate) (PEN), 
or other Suitable material, is preferably used. 
0041. The die coater 4 has a coating head 4a and rollers 
4b and 4c. The coating head 4a is communicated to a tank 
6 containing ceramic slurry through a pump 5. By the pump 
5, the ceramic Slurry is Supplied to the coating head 4a and 
is then applied to one major Surface of the base film 2 from 
a front end of the coating head 4a. 
0042. The base film 2 is conveyed from the Supply roller 
1 to a take-up reel 7 shown in FIG. 1A. The ceramic slurry, 
which is ejected from the coating head 4a on the base film 
2 and forms a predetermined thickness thereon, is Supplied 
to a drying furnace 9 through a roller 8. In the drying furnace 
9, the ceramic slurry is dried, thereby forming a ceramic 
green sheet. 
0043. That is, as shown in FIG. 2A, a ceramic green 
sheet 10 is formed on the base film 2. The ceramic green 
sheet 10 thus dried is then taken up together with the base 
film 2 by the take-up roller 7 through rollers 11 and 12. 
0044) In this preferred embodiment, the ceramic slurry is 
applied to the base film 2 by the die coater 4, and compared 
to another coating device, for example, having a gravure 
roller, a doctor blade, a reverse roll coater, or the like, the die 
coater 4 can form a ceramic green sheet 10 having a 
thickness of approximately 10 um or leSS with high accu 
racy. In particular, even when a ceramic green sheet having 
a thickness of approximately 2 um or leSS is formed, 
variations in thickness thereof can be controlled to about 
10% or less, and any pinholes or lines are not formed on the 
Surface of the ceramic green sheet 10. 
0045. In addition, the surface roughness can be controlled 
to about 0.2 um or less. In addition, when the die coater 4 
is used, the ceramic Slurry can be coated at a speed of about 
50 m/min or more. 

0046 Accordingly, in this preferred embodiment, a thin 
ceramic green sheet 10 without any pinholes can be formed 
at a high Speed. In addition, a ceramic green sheet having a 
Small variation in thickness and Superior Surface Smooth 
neSS, as described above, can be obtained. 

0047 The ceramic slurry described above is not specifi 
cally limited, and an appropriate dielectric ceramic, Such as 
a barium titanate-based ceramic, for forming multilayer 
ceramic capacitors may be used as a primary component 
together with a Solvent, binding resin, and other Suitable 
material. 
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0.048 Next, a composite sheet composed of the ceramic 
green sheet 10 provided on the base film 2 is supplied from 
the take-up reel 7 to a gravure printing apparatus shown in 
FIG 1B. 

0049. As shown in FIG. 1B, a composite sheet 14 
composed of the ceramic green sheet 10 provided on one 
major Surface of the base film 2 is Supplied to a first gravure 
printing apparatus 21 So that the ceramic green sheet 10 
faces downward. In this first gravure printing apparatus 21, 
the composite Sheet 14 is conveyed in the length direction 
through rollers 22 and 23 and is then supplied between a 
gravure roller 24 and a pressure roller 25. A lower part of the 
gravure roller 24 is immersed in conductive paste 26. The 
gravure roller 24 is rotated in the direction indicated by the 
arrow in the figure. In addition, on the peripheral Surface of 
the gravure roller 24, a plurality of printing portions in 
conformity with an internal electrode pattern to be formed 
are dispersed in the circumferential direction. 
0050. In the figure, reference numeral 27 indicates a 
blade for Scraping exceSS conductive paste off of the roller. 
0051 While the composite sheet 14 passes between the 
gravure roller 24 and the pressure roller 25, conductive paste 
is applied to the Surface of the ceramic green sheet 10 
constituting the composite sheet 14 So as to form a shape in 
accordance with a printing figure formed on the gravure 
roller 24, thereby forming internal electrodes 28 shown in 
FIG. 2B. 

0.052 Subsequently, a plurality of the composite sheets 
14 is conveyed to a drying furnace 30 through a roller 29, 
and in this drying furnace 30, the internal electrodes 28 are 
partially dried or dried. 
0053. In the drying furnace 30, an appropriate heater is 
arranged So as to remove a Solvent contained in the con 
ductive paste by heating. In this case, it is not always 
necessary to remove the entire Solvent from the internal 
electrode 28, and drying may be performed So that exudation 
and other problems or defects are unlikely to occur along the 
periphery of the internal electrode 28. That is, the internal 
electrode 28 in a partially dried State may be Supplied from 
the drying furnace 30. 
0054) Next, the composite sheet including the internal 
electrodes 28 is Supplied to a Second gravure printing 
apparatus 34 through rollers 31 to 33. The second gravure 
printing apparatus 34 has a gravure roller 35 and a pressure 
roller 36. In this apparatus, printing portions are provided on 
the peripheral Surface of the gravure roller 35 for applying 
ceramic paste to regions other than those in which the 
internal electrodes 28 are formed. 

0.055 That is, the printing portions are provided on the 
peripheral Surface of the gravure roller 35 for printing 
Step-Smoothing ceramic paste. A lower part of the gravure 
roller 35 is immersed in ceramic paste 37. In the figure, 
reference numeral 38 indicates a blade for Scraping exceSS 
ceramic paste off of the roller. While the composite sheet 
described above is allowed to pass through between the 
gravure roller 35 and the pressure roller 36, the ceramic 
paste 37 is printed onto one major Surface of the ceramic 
green sheet of the composite sheet except for regions in 
which the internal electrodes 28 are formed (see FIG. 2C). 
That is, around the internal electrodes 28, ceramic paste 
layerS 48 for Smoothing Steps are formed. Subsequently, the 
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composite sheet thus formed is Supplied to a drying furnace 
40 through a roller 39, and in this drying furnace 40, the 
ceramic paste layers 48 are dried. When being in a Semi 
dried State, the internal electrodes 28 are also dried in the 
drying furnace 40. AS described above, a composite sheet 41 
shown in FIG. 2C is supplied from the drying furnace 40 
through a roller 42. 
0056. The second drying furnace 40 has a structure that 
is Substantially equivalent to that of the first drying furnace 
30. However, heating in the drying furnace 40 is performed 
So as to dry the ceramic paste layerS 48. AS described above, 
the composite sheet 41 shown in FIG. 2C is obtained, and 
when a plurality of the composite sheets 41 is laminated to 
each other, a laminate is obtained. In this preferred embodi 
ment, as shown in FIG. 3, when the composite sheets 41 are 
laminated to each other, a plain ceramic green sheet 44 is 
first laminated on a lamination Stage 43. The ceramic green 
sheet provided on the base film 2 is unwound from the 
take-up reel 7, is then cut, for example, into a Substantially 
rectangular shape, and Subsequently, is transferred on the 
lamination Stage 43, thereby forming the plain ceramic 
green sheet 44. In this preferred embodiment, the plain 
ceramic green sheet 44 may be formed by printing ceramic 
paste directly onto the lamination Stage 43, or may be 
composed of a plurality of plain ceramic green sheets 44. 
0057 Next, the composite sheet 41 shown in FIG. 2C is 
punched out into a predetermined shape and is then provided 
on the ceramic green sheet 44 by a transfer method, and 
Subsequently, the base film 2 is peeled off. In a Step of 
punching out the composite sheet 41, the composite sheet 41 
is punched out, for example, into a Substantially rectangular 
shape. The base film 2 may not be punched out. That is, 
while being provided on the base film 2 which is half cut, the 
composite sheet 41 which is punched out may be transferred, 
or the composite Sheet 41 which is punched out together 
with the base film 2 may be laminated on the ceramic green 
sheet 44 by transfer. 
0058 Both the transfer and the lamination of the com 
posite sheet 41 are each repeated at least two times, thereby 
forming a mother laminate 46 shown in FIG. 3. 
0059. In this preferred embodiment, the composite sheet 
41 is formed on the base film 2, and transfer of the composite 
sheet 41 thus formed on the base film 2 is performed at least 
two times. However, as shown in FIG. 4, a plurality of the 
composite sheets 41 may be formed on the base film 2. That 
is, a plurality of the composite Sheets 41 is laminated 
beforehand on the base film 2 by transfer (the composite 
sheet 41 Side is laminated by compression, and the base film 
2 is then removed), and the laminate thus obtained may be 
transferred onto the lamination Stage 43. In addition, by 
processing the composite Sheet 41 alternately by the die 
coater shown in FIG. 1A and by the first and second gravure 
printing apparatuses shown in FIG. 1B at least two times, a 
plurality of the composite sheets 41 is laminated beforehand 
on the base film 2, and the laminate thus obtained may be 
transferred on the lamination Stage 43. In these cases, Since 
a plurality of the composite sheets 41 is laminated on one 
surface of the base film 2, the number of transfer performed 
on the lamination Stage 43 can be decreased. 
0060. The mother laminate 46 thus formed is compressed 
in the thickness direction and is then cut into laminates each 
used for forming one ceramic capacitor. In this case, Since 
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the ceramic paste layers for Smoothing Steps are formed 
between the internal electrodes, Steps are prevented from 
being formed between the portion at which the internal 
electrodes overlap each other and the portion at which the 
internal electrodes are not formed. 

0061 Subsequently, by firing each multilayer ceramic 
capacitor unit thus formed, a ceramic Sintered body 51 
shown in FIG. 5 is obtained. When a first and a second 
external electrode are formed on two end Surfaces of the 
ceramic Sintered body 51, a multilayer ceramic capacitor 52 
shown in FIG. 6 is obtained. In the multilayer ceramic 
capacitor 52, the ceramic sintered body 51 includes a 
plurality of internal electrodes 28A, which are obtained by 
cutting the internal electrodes 28 described above, and 
laminated to each other with ceramic layerS provided ther 
ebetween. In addition, external electrodes 53 and 54 are each 
formed to be connected to the internal electrodes. 

0.062 According to the manufacturing method of this 
preferred embodiment, as described above, by using the die 
coater 4, the ceramic green sheet 10 is formed. Hence, the 
productivity of the ceramic green sheet can be improved. In 
addition, as described above, the ceramic green sheet 10 has 
a minimal Small variation in thickness, Significantly fewer 
defects, and Superior Surface Smoothness. In addition, by 
using the first and the Second gravure printing apparatuses, 
the internal electrodes and the Step-Smoothing ceramic paste 
can be continuously performed. As a result, the composite 
sheets 41 used for forming the laminate described above can 
be efficiently formed, and hence, in addition to improvement 
in productivity of the multilayer capacitor 52, a significant 
decrease in variations of the properties can be achieved. 
0.063. In addition, in this preferred embodiment, since the 
drying conditions for the internal electrodes 28 and those for 
the Step-Smoothing ceramic paste can be separately deter 
mined, overdrying or underdrying of the internal electrode 
28 and the Step-Smoothing ceramic paste can be reliably 
prevented. That is, when the internal electrodes and the 
Step-Smoothing ceramic paste are Simultaneously dried as in 
a conventional example, overdrying or underdrying may 
occur for the internal electrodes or the ceramic paste 
described above in Some cases. However, in this preferred 
embodiment, the Overdrying or underdrying as described 
above is reliably prevented. 
0064. In this preferred embodiment, since the step 
Smoothing ceramic paste is printed after the internal elec 
trodes 28 are formed and are then dried once, influence of 
the Solvent, which is contained in the conductive paste 
forming the internal electrodes, on the ceramic green sheet 
can be decreased. In addition, when the ceramic paste is 
printed, the internal electrodes are unlikely to be damaged, 
and both the internal electrodes and the ceramic paste can be 
formed with high accuracy. 
0065. In addition, for example, when the drying condi 
tions are optimized So that the internal electrodes are each 
dried without being damaged or peeled off even when 
convex portions (portions other than concave portions in 
which the step-Smoothing ceramic paste is Supplied) of the 
gravure roller compress the internal electrodes, in a step of 
printing the Step-Smoothing ceramic paste, Since being com 
pressed by the convex portions of the gravure roller, the 
internal electrodes can be planarized. 
0.066 Furthermore, since the step-smoothing ceramic 
paste is printed after the internal electrodes are dried, when 
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the Step-Smoothing ceramic paste is repeatedly printed along 
the periphery of the internal electrode pattern in order to 
Solve a problem of printing misalignment of the Step 
Smoothing ceramic paste, the peripheral portions of the 
internal electrode pattern are planarized, and hence the 
Smoothness in the boundaries between the internal elec 
trodes and the Step-Smoothing ceramic paste is further 
improved. 

0067. Alternatively, in various preferred embodiments of 
the present invention, after printing and drying of the 
Step-Smoothing ceramic paste are performed, the internal 
electrodes may be printed followed by drying. In this case, 
as is the case described above, influence of the Solvent on the 
ceramic green sheet is minimized, and in addition, both the 
internal electrodes and the ceramic paste are printed with 
high accuracy. 

0068. As described above, since the thickness of the 
ceramic green sheet is uniformly formed by the die coater 4, 
variations in tension of the sheet can be decreased when 
gravure printing is performed, and hence alignment of the 
internal electrodes with the Step-Smoothing ceramic paste 
can be performed with high accuracy. Since the Surface of 
the ceramic green sheet 10 is Smooth, the internal electrodes 
28 and the Step-Smoothing ceramic paste can be applied to 
the Smooth ceramic green sheet with high accuracy by 
gravure printing. As a result, the external dimension accu 
racies and the Surface Smoothness of the internal electrodes 
and the Step-Smoothing ceramic paste can be improved. 

0069. In this preferred embodiment, since the ceramic 
green sheet is formed preferably by using the die coater 4, 
as described above, a ceramic green sheet having a very 
Small thickness of approximately 2 Lim or less can be 
accurately formed without generating defects Such as pin 
holes. As a result, a high-capacitance multilayer ceramic 
capacitor formed of a great number of layerS laminated to 
each other can be readily and reliably formed. 
0070. In addition, in this preferred embodiment, after 
being formed by the die coater 4, the ceramic green sheet 10 
provided on the base film 2 is taken up by the take-up reel 
7. Hence, a problem of unbalance between the formation of 
the ceramic green sheet at a high Speed by the die coater 4 
and the gravure printing at a low Speed can be Solved. That 
is, when gravure printing is performed right after the 
ceramic green sheet is formed by the die coater 4, Since the 
Speed is low in the following gravure printing Step, both 
steps cannot be well balanced. However, in this preferred 
embodiment, Since the ceramic green sheet 10 provided on 
the base film 2 is taken up once by the take-up reel 7, the 
problem of unbalance in the Speed described above can be 
Solved. 

0071. As another preferred embodiment, when the lami 
nate 46 is formed, a second ceramic green sheet 100 may be 
formed on the composite sheet 41 shown in FIG. 2C by a 
die coating method, as in the above-described preferred 
embodiment, for forming an intermediate laminate 410. 
Subsequently, a plurality of the intermediate laminates 410 
thus formed may be laminated to each other to form a 
laminate 460 shown in FIG. 10. 

0072. In the laminate 460, the ceramic green sheet 10 and 
the second ceramic green sheet 100 are bonded to each other 
to form a dielectric layer 110. The thickness of this dielectric 
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layer 110 is preferably approximately 3.0 um or less, and 
hence the thicknesses of the ceramic green sheet 10 and the 
Second ceramic green sheet 100 are determined So as to meet 
the thickness described above. 

0073. The laminate 460 is cut in the thickness direction 
So as to form individual unit bodies, and the unit bodies thus 
formed are coated with conductive paste and are then fired 
to form external electrodes, thereby forming multilayer 
ceramic capacitors. 
0.074 According to the structure described above, since 
the dielectric layer is formed of the ceramic green sheet 10 
which is influenced by the solvent contained in the conduc 
tive paste and the second ceramic green sheet 100 which is 
not influenced thereby, sheet damage to the dielectric layer 
by the Solvent can be minimized, and hence Short-circuiting 
or insulation defects between the layers are reliably pre 
vented. 

0075. In addition, it is preferable that the thickness of the 
ceramic green sheet 10 be sufficiently smaller than that of 
the second ceramic green sheet 100. That is, the ceramic 
green sheet 10 incurs the sheet damage because of the 
Solvent contained in each paste. Accordingly, as the ratio in 
thickness of the ceramic green sheet 10 to the dielectric layer 
is decreased, the influence on the dielectric layer can be 
decreased. 

0076. When the intermediate laminate 410 is formed, the 
Step-Smoothing ceramic paste and the Second ceramic green 
sheet may be simultaneously formed by a die coating 
method. 

0.077 According to the method of a preferred embodi 
ment of the present invention for manufacturing a multilayer 
ceramic electronic element, the ceramic green sheet is first 
formed on the base film by using the die coater. In a 
conventional method for forming a ceramic green sheet by 
gravure printing, the ceramic green sheet is formed at a low 
Speed, and when a thin ceramic green sheet that is approxi 
mately 2 um thick or leSS is formed, problems may arise in 
that pinholes are liable to be formed, and that irregularities 
may be formed on the Surface of the ceramic green sheet. In 
contrast, according to preferred embodiments of the present 
invention, Since the formation of the ceramic green sheet is 
performed using the die coater, the ceramic green sheet can 
be formed in a short period of time. In addition, even when 
the ceramic green sheet has a Small thickness, Structural 
defects Such as pinholes are unlikely to occur. Furthermore, 
the Surface Smoothness of the ceramic green sheet can be 
improved, and in addition, variations in thickneSS can be 
Significantly decreased. 
0078 Since the speed for forming the ceramic green 
sheet can be increased according to preferred embodiments 
of the present invention, the cost for manufacturing the 
ceramic green sheet, in other words, the cost for manufac 
turing a multilayer ceramic electronic element, is signifi 
cantly decreased. 
0079. In addition, since the ceramic green sheet of pre 
ferred embodiments of the present invention has Superior 
Surface SmoothneSS and a very Small variation in thickness, 
when printing of the internal electrodes and that of the 
Step-Smoothing ceramic paste are then performed by gravure 
printing, the internal electrodes and the ceramic paste can 
also be formed on the ceramic green sheet with high 
accuracy. 
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0080. In particular, when the conductive paste for form 
ing the internal electrodes or the Step-Smoothing ceramic 
paste is printed by gravure printing, in order to improve 
leveling properties after transfer and to improve wettability 
when transfer is performed, paste having a relatively low 
Viscosity is frequently used as the paste described above. 
However, the paste having a low Viscosity is liable to exude. 
This exudation mentioned above becomes more likely to 
occur as the degree of Surface roughness of the ceramic 
green sheet to which the paste is applied is increased. 
However, according to preferred embodiments of the present 
invention, Since the Surface Smoothness of the ceramic green 
sheet is greatly improved as described above, even when 
paste having a low Viscosity is used, the exudation described 
above is prevented from occurring. As a result, with the 
improvement described above, the exterior-dimension accu 
racies of the internal electrodes and the Step-Smoothing 
ceramic paste is also greatly improved. 

0081. In addition, when the internal electrodes and the 
Step-Smoothing ceramic paste are Sequentially printed by 
gravure printing, in other words, when two-color printing is 
performed, variations in tension of the base film and mean 
dering thereof must be Suppressed, and in addition, a 
ceramic green sheet having a very Small variation in thick 
neSS must be prepared. When variations in thickness in the 
length direction of the long ceramic green sheet are gener 
ated, the length of the ceramic green sheet in a path line 
between the first and the Second gravure printing appara 
tuses may vary, and as a result, accuracy in positioning in the 
length direction is degraded. Furthermore, when the thick 
neSS of the ceramic green sheet varies in the width direction, 
meandering occurs, and as a result, the accuracy in posi 
tioning in the width direction is degraded when gravure 
printing is performed. 

0082) According to a conventional method in which the 
formation of a ceramic green sheet is also performed by 
gravure printing, when the thickness of the ceramic green 
sheet in the length direction is changed, for example, by 
about 1 lum, the path line length is changed by approximately 
13 lum, and as a result, the accuracy in positioning in the 
length direction is degraded. In addition, concerning the 
accuracy in the width direction, for example, when the 
thickness of a sheet at one side is larger than that at the other 
side of the sheet, the sheet meanders to the side at which the 
thickness of the Sheet is Smaller, and hence the accuracy in 
positioning in the width direction is degraded. 

0083. In contrast, according to preferred embodiments of 
the present invention, Since the ceramic green sheet having 
a very Small variation in thickness can be formed by the die 
coater as described above, when the internal electrodes and 
the Step-Smoothing ceramic paste are printed by performing 
gravure printing twice, the printing accuracies in the length 
direction and in the width direction are effectively improved. 
0084. According to preferred embodiments of the present 
invention, when the formation of the ceramic green sheet 
using the die coater and the printing of the internal elec 
trodes and the Step-Smoothing ceramic paste using gravure 
printing are performed in combination, the accuracies in 
external dimensions and positioning of the ceramic green 
sheet, and the internal electrodes and the Step-Smoothing 
ceramic paste, which are formed on the ceramic green sheet, 
can be effectively improved, and as a result, a multilayer 
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ceramic electronic element having a Small variation in 
properties can be reliably obtained with a high productivity. 
0085. Furthermore, a particularly novel feature of pre 
ferred embodiments of the present invention is that the step 
of drying or Semi-drying the internal electrodes is performed 
continuously after the formation thereof. Accordingly, the 
affect on the ceramic green sheet of the Solvent contained in 
the conductive paste for forming the internal electrodes is 
reliably prevented, and hence the damage to the internal 
electrodes is minimized. In addition, Since the gravure roller 
for Smoothing Steps can planarize the internal electrodes, 
both the internal electrodes and the Step-Smoothing ceramic 
paste are formed with high accuracy. 
0.086 While the present invention has been described 
with reference to what are at present considered to be the 
preferred embodiments, it is to be understood that various 
changes and modifications may be made thereto without 
departing from the present invention in its broader aspects 
and therefore, it is intended that the appended claims cover 
all such changes and modifications that fall Within the true 
Spirit and Scope of the invention. 

What is claimed is: 
1. A method for manufacturing a multilayer ceramic 

electronic element, comprising the Steps of: 
applying ceramic Slurry to a base film using a die coater 

for forming ceramic green sheets, 
applying conductive paste to upper Surfaces of the 

ceramic green sheets by gravure printing for forming 
internal electrodes; 

printing Step-Smoothing ceramic paste onto the upper 
Surfaces of the ceramic green sheets in regions other 
than those in which the internal electrodes are formed; 

laminating the ceramic green sheets having the internal 
electrodes and the Step-Smoothing ceramic paste to 
each other with at least one ceramic green sheet having 
neither the internal electrodes nor the Step-Smoothing 
ceramic paste for forming a laminate body; 

firing the laminate body for forming a sintered body; and 
forming external electrodes on external Surfaces of the 

Sintered body So as to be electrically connected to the 
internal electrodes. 

2. A method for manufacturing a multilayer ceramic 
electronic element according to claim 1, further comprising 
a step of drying or partially drying the internal electrodes 
continuously after the Step of applying conductive paste. 

3. A method for manufacturing a multilayer ceramic 
electronic element according to claim 1, further comprising 
a step of drying the Step-Smoothing ceramic paste right after 
the printing Step. 

4. A method for manufacturing a multilayer ceramic 
electronic element according to claim 1, wherein the base 
film is a long base film, and the forming Step is performed 
while the long base film is conveyed in a length direction 
thereof. 

5. A method for manufacturing a multilayer ceramic 
electronic element according to claim 4, wherein the apply 
ing Step and the printing Step are continuously performed 
while the ceramic green sheets provided on the long base 
film are conveyed in the length direction thereof. 
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6. A method for manufacturing a multilayer ceramic 
electronic element according to claim 1, wherein the print 
ing Step is performed after the applying Step. 

7. A method for manufacturing a multilayer ceramic 
electronic element according to claim 1, wherein the apply 
ing Step is performed after the printing Step. 

8. A method for manufacturing a multilayer ceramic 
electronic element according to claim 1, wherein the ceramic 
green sheets and the Step-Smoothing ceramic paste primarily 
form a dielectric ceramic used for a multilayer ceramic 
capacitor as the multilayer ceramic electronic element. 

9. A method for manufacturing a multilayer ceramic 
electronic element according to claim 1, wherein the lami 
nating Step includes forming Second ceramic green sheets on 
the respective ceramic green sheets having the internal 
electrodes and the Step-Smoothing ceramic paste for forming 
three-layered intermediate laminates, and then bonding the 
intermediate laminates to each other by compression for 
forming the laminate. 

10. A method for manufacturing a multilayer ceramic 
electronic element according to claim 9, wherein the Step 
Smoothing ceramic paste and the Second ceramic green 
sheets are simultaneously provided So as to obtain the 
intermediate laminate bodies. 

11. A method for manufacturing a multilayer ceramic 
electronic element, comprising the Steps of: 

applying ceramic Slurry to a base film using a die coater 
for forming ceramic green sheets, 

applying conductive paste to upper Surfaces of the 
ceramic green sheets by gravure printing for forming 
internal electrodes; 

allowing the ceramic green sheets to pass through 
between a gravure roller and a pressure roller So as to 
print Step-Smoothing ceramic paste onto the upper 
Surfaces of the ceramic green sheets in regions other 
than those in which the internal electrodes are formed 
and Simultaneously to compress the internal electrodes 
by the gravure roller for planarization; 

laminating the ceramic greens sheets having the internal 
electrodes and the Step-Smoothing ceramic paste to 
each other with at least one ceramic green sheet having 
neither the internal electrodes nor the Step-Smoothing 
ceramic paste for forming a laminate; 

firing the laminate for forming a sintered body; and 
forming external electrodes on external Surfaces of the 

Sintered laminate So as to be electrically connected to 
the internal electrodes. 

12. A method for manufacturing a multilayer ceramic 
electronic element according to claim 11, further comprising 
a step of drying or partially drying the internal electrodes 
continuously after the Step of applying conductive paste. 

13. A method for manufacturing a multilayer ceramic 
electronic element according to claim 11, further comprising 
a step of drying the Step-Smoothing ceramic paste right after 
the Step-Smoothing paste is printed onto the upper Surfaces 
of the ceramic green sheets. 

14. A method for manufacturing a multilayer ceramic 
electronic element according to claim 11, wherein the base 
film is a long base film, and the forming Step is performed 
while the long base film is conveyed in a length direction 
thereof. 
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15. A method for manufacturing a multilayer ceramic 
electronic element according to claim 14, wherein the apply 
ing Step and the printing of the Step-Smoothing paste onto the 
upper Surfaces of the ceramic green sheets are continuously 
performed while the ceramic green sheets provided on the 
long base film are conveyed in the length direction thereof. 

16. A method for manufacturing a multilayer ceramic 
electronic element according to claim 11, wherein the Step of 
printing the Step-Smoothing paste onto the upper Surfaces of 
the ceramic green sheets is performed after the applying 
Step. 

17. A method for manufacturing a multilayer ceramic 
electronic element according to claim 11, wherein the apply 
ing Step is performed after the Step of printing the Step 
Smoothing paste onto the upper Surfaces of the ceramic 
green sheets. 

18. A method for manufacturing a multilayer ceramic 
electronic element according to claim 11, wherein the 
ceramic green sheets and the Step-Smoothing ceramic paste 
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primarily form a dielectric ceramic used for a multilayer 
ceramic capacitor as the multilayer ceramic electronic ele 
ment. 

19. A method for manufacturing a multilayer ceramic 
electronic element according to claim 11, wherein the lami 
nating Step includes forming Second ceramic green sheets on 
the respective ceramic green sheets having the internal 
electrodes and the Step-Smoothing ceramic paste for forming 
three-layered intermediate laminates, and then bonding the 
intermediate laminates to each other by compression for 
forming the laminate. 

20. A method for manufacturing a multilayer ceramic 
electronic element according to claim 19, wherein the Step 
Smoothing ceramic paste and the Second ceramic green 
sheets are simultaneously provided So as to obtain the 
intermediate laminate bodies. 


