
TITLE OF THE INVENTION Method of Manufacturing Ceramic Laminated Compact
BACKGROUND OF THE INVENTION Field of the Invention 5       The present
invention relates to a method of obtaining a ceramic laminated compact by
compression-compacting a ceramic laminate which is formed by stacking a
plurality of ceramic green sheets . The present invention is.directed to a
ceramic 10 laminated compact which is to be obtained during a process for
manufacturing an electric.  or electronic component such * as a capacitor,
an inductor, a multilayer substrate or the like, for example.  In order to
obtain a large number of such components, the ceramic laminated compact is
cut into 15 independent components, which are then subjected to a. firing
step. Alternatively, the ceramic laminated compact is directly subjected to
a firing step in.order to obtain. a single component. Description of the
Background Art 20       Hydrostatic pressing, which can uniformly apply
pressure for compression compacting, is seen as effective means for
obtaining the aforementioned type of ceramic laminated compact. For
example, Japanese Patent Laying-Open Nos. 25  159718/1986 and 159719/1986
disclose methods of  



2 obtaining ceramic laminated compacts through hydrostatic pressing.
According to the former literature, a ceramic laminate is held between two
flexible sheets, whose peripheral edge portions are sealed to
vacuum-package the 5 ceramic laminate. Then, the vacuum-packaged ceramic
laminate is subjected to hydrostatic pressing. According to the latter
literature, on the other hand, a frame is provided around a ceramic
laminate, which is held between two flexible sheets. A space defined by the
two flexible 10  sheets and the frame is evacuated, and then the ceramic
laminate covered with the flexible sheets is subjected to hydrostatic
pressing. In each case, however, both surfaces of the ceramic laminate are
merely covered with the flexible sheets, and 15 hence a flat state of the
ceramic laminate is easily damaged by partial bending or the like. In order
to solve such a problem, there has been proposed a method of arranging a
rigid body along one major surface of a ceramic laminate. This method is 20
basically disclosed in Japanese Patent Laying-Open No. 292309/1986. Fig. 11
shows this method. As shown in Fig. 11, a ceramic laminate 3 obtained by
stacking a plurality of 



ceramic green sheets is introduced into a cavity 1 which 25  is provided in
a die 2.  Then, as shown in Fig. 12, the    3 ceramic laminate 3 and the
die 2 are introduced into a bag 4, which is made of a flexible sheet
material, to be protected against water.  Thereafter the bag 4 is evacuated
and its opening is sealed by thermal welding, 5 for example, at a portion
5. The bag 4 containing the ceramic laminate 3 and the die 2 is submerged
in water, and then pressure is applied to the water.  Thus, the ceramic
laminate 3 is subjected to compression  compacting on the basis of
hydrostatic pressure, thereby to obtain a 10  ceramic laminated compact.
However, the hydrostatic pressing in the aforementioned mode has the
following problem: Noting modes of force acting on major surfaces of the
ceramic laminate 3, one major surface (lower surface) of 15  the ceramic
laminate 3 is in contact with the bottom surface of the cavity 1 provided
in the die 2, which serves as a rigid body, while hydraulic pressure is
directly applied to the other major surface (upper surface) through the bag
4.  This results in the 20  configuration of a ceramic laminated compact 6
shown in 



Fig. 13, for example. Referring to Fig. 13, the ceramic laminated compact 6
to be worked into electrical or electronic components is provided therein
with internal electrodes 7, which are 25  formed by printing or the like.
Thus, projections 8 are    4 formed on the upper surface of the compact 6
in portions provided with the internal electrodes 7, although the compact 6
has a flat lower surface. Such projections 8 extremely protrude as the
number of 5      stacking of the internal electrodes 7 is increased. When
the aforementioned compact  6, which  is provided with the projections 8 on
only one surface, is adapted to manufacture chip components, for example,
appearances of such chip components are 10      vertically   asymmetrized
due   to   projections, corresponding to the projections 8, which are
provided only in first surfaces. Such vertically asymmetrical chip
components are unpreferable in appearance, while imperfect contact may be
caused between the electrodes 15      of the chip components and conductive
parts provided on substrates when the chip components are mounted on the
substrates. 



SUMMARY OF THE INVENTION Accordingly, an object of the present invention 20
is to provide a method of manufacturing a ceramic laminated compact, which
can prevent the compact from a   vertically   asymmetrical   configuration
while basically employing hydrostatic pressing. Accordingly, in one aspect
the present invention 25      provides a method of manufacturing a ceramic
laminated compact for an electric or electronic component,    5 comprising
the steps of: obtaining  a  ceramic  laminate  by  stacking  a plurality of
ceramic green sheets; preparing a holder for compressing said ceramic 5
laminate through first and second members being in contact with respective
major surfaces of said ceramic laminate and substantially identically
behaving in hydrostatic pressure while holding said ceramic laminate in a
state sealed against the exterior  said 10      first and second members
comprising rigid bodies; charging said. ceramic laminate in said holder;
and applying hydrostatic pressure to said ceramic laminate being charged in
said holder  for compression- 



compacting said ceramic laminate, thereby obtaining a 15      ceramic
laminated compact. In another aspect, the present invention provides
apparatus for use in a method of the first aspect, which comprises a holder
for receiving and compressing a ceramic laminate obtained by stacking a
plurality of 20      ceramic green sheets, said holder comprising first and
second rigid members for contacting respective major surfaces of said
ceramic laminate and substantially identically behaving in hydrostatic
pressure, and for holding  said  ceramic  laminate  in a state sealed 25
against the exterior, and a hydrostatic press means for applying
hydrostatic pressure to a laminate within said holder for
compression-compacting said ceramic laminate, to obtain a ceramic laminated
compact. Thus, a ceramic laminated compact obtained 5      according to the
present  invention  is vertically symmetrized in substance. When the
respective major surfaces of the ceramic laminate are in contact with first
and second members which are formed of rigid bodies respectively, major
surfaces of the obtained 10      ceramic laminated compact are flattened.
If the first 



and second members are formed of an elastic or flexible material such as
rubber, on the other hand, projections are symmetrically defined on both
major surfaces   in   portions   provided   with   internal 15
electrodes, for example, so that the obtained ceramic    -7 laminated
compact is ultimately vertically symmetrized in substance. Therefore, a
chip component which is formed by the ceramic laminated compact according
to the present 5 invention has a vertically symmetrical appearance, and
even if the component has projections, protrusion thereof can be reduced to
about half as compared with the prior art shown in Fig. 13.  Thus, such a
chip component hardly causes imperfect contact with a substrate when the
former 10 is mounted on the latter. The advantage of hydrostatic pressing
remains intact as a matter of course.  That is, pressure can be uniformly
applied to the ceramic laminate in the same direction regardless of the
size and dimensions of the laminate. 15  Thus, it is possible to obtain a
laminated compact, which is uniformly compression-compacted with no regard
to its size and configuration.  Further, sufficient pressure can 



be easily applied to the ceramic laminate, whereby no air is left in the
obtained ceramic laminated compact to cause 20  separation of sheets or the
like.  Thus, a ceramic component of high quality can be obtained. These and
other objects, features, aspects and advantages of the present invention
will become more apparent from the following detailed description of the
present invention when taken in conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is an exploded perspective view
showing an 5  upper punch 10, a frame 11 and a base 12 which are included
in a die 9 forming a part of a holder 18 employed in an embodiment of the
present invention; Fig. 2 is an exploded sectional view illustrating the
upper punch 10, the frame 11 and the base 12 shown in Fig. 10 1; Fig. 3 is
a sectional view illustrating a ceramic laminate 3 which is charged in the
die 9 shown in Figs. 1 and 2 and covered with a protective rubber member
17; Fig. 4 is a sectional view illustrating a hydrostatic 15 presser 19
which is in a state of applying hydrostatic pressure to the structure shown
in Fig. 3; 



Fig. 5 is a perspective view showing the frame 11 holding a ceramic
laminated compact 6a which is obtained after the hydrostatic pressure
applying step; 20       Fig. 6 is a sectional view illustrating the state
shown in Fig. 5; Fig. 7 is a sectional view independently showing the
ceramic laminated compact 6a shown in Figs. 5 and 6; Fig. 8 is a sectional
view showing a die 9c forming a 25 part of a holder employed in another
embodiment of the    present invention and a ceramic laminate 3 charged
therein; Fig. 9 is a sectional view illustrating a base 12b and a lower
rubber member 25b which are employed in place 5 of a base 12c and a lower
rubber member 25c shown in Fig. 8; Fig. 10 is a sectional view illustrating
a ceramic laminated compact 6b which is obtained in the embodiment shown in
Fig. 8 or 9; 10      Fig. 11 is an exploded perspective view showing a die
2 employed in a conventional hydrostatic pressing step and a ceramic
laminate 3; Fig. 12 is a perspective view illustrating the ceramic laminate
3 which is introduced into the die 2 



15  shown in Fig. 11 and vacuum-packaged within a bag 4; and Fig. 13 is a
sectional view illustrating a ceramic laminated compact 6 which is obtained
by performing hydrostatic pressing in the state shown in Fig. 12.
DESCRIPTION OF THE PREFERRED EMBODIMENTS 20      Figs. 1 to 7 are diagrams
for illustrating an embodiment of the present invention. First, a ceramic
laminate 3, such as that shown in Fig. 11, is prepared.  This ceramic
laminate 3 is obtained by printing internal electrodes on ceramic green
sheets 25 which are manufactured at desire by a reverse roll coater    or
doctor blade coater, for example, and stacking the ceramic green sheets. On
the other hand, a die 9 is prepared as shown in Figs. 1 and 2.  The die 9
comprises an upper punch 10, a 5  frame 11 and a base 12, which are formed
of rigid bodies respectively.  A step portion 13 is formed on the upper
surface of the base 12, in order to achieve location between the same and
the frame 11.  The upper punch 12 is so sized as to engage with the inner
periphery of the 10  frame 11.  Corners 14, 15 and 16 of the upper punch
10, the frame 11 and the base 12 are preferably rounded so that the bag 4,
containing the die 9 as shown in Fig. 12, 



is not broken when the same is pressed against the outer surface of the die
9 by application of hydraulic pressure. 15       Referring to Fig. 3, the
ceramic laminate 3 shown in Fig. 11 is introduced into a cavity defined by
the base 12 and the frame 11, which are combined with each other.  The
outer periphery of the ceramic laminate 3 is substantially equal in size
and configuration to the inner periphery of 20  the frame 11.  In general,
films of polyethylene terephthalate, polypropylene or the like are laid on
upper and lower major surfaces of the ceramic laminate 3, so that a ceramic
laminated compact obtained by compressing the ceramic laminate 3 is easily
separated from the upper 25 punch 10 and the base 2. In place of such
films, prescribed surfaces of the upper    punch 10, the base 12 and the
frame 11 may be previously treated with a release agent.  The upper punch
10 is located above the ceramic laminate 3, so that at least its lower
portion is received in the frame 11. 5       A protective rubber member 17
may be further laid on the upper punch 10, to prevent the bag 4 (Fig. 12)
from entering a clearance between the upper punch 10 and the frame 11 by
hydraulic pressure, thereby protecting the bag 4 against breakage. 



10       The ceramic laminate 3, which is in the state of Fig. 3, is
introduced into the bag 4 shown in Fig. 12.  This bag 4 is formed of a
laminate sheet, for example.  Air is discharged from the bag 4 and the
sealed portion 5 is formed by thermal welding, for example, to attain a 15
vacuum-packaged state so that the degree of vacuum within the bag is  1 to
2 Torr. The ceramic laminate 3 is introduced into the die 9 and then
vacuum-packaged in the bag 4 as hereinabove described, whereby a holder 18
(see Fig. 4) is defined to 20 hold the ceramic laminate 3 in a state sealed
against the exterior. The holder 18 thus charged with the ceramic laminate
3 is dipped in water 21 contained in a water tank 20 which is provided in a
hydrostatic presser 19, as shown in Fig. 25 4. Thereafter the water tank 20
is closed by a cover 22.    Then, pressure is applied to the water 21
contained in the water tank 20, so as to pressurize the ceramic laminate 3
through the upper punch 10 and the base 12 which are included in the holder
18.  The water 21 is preferably 5 heated to about 70 C, for example, in
order to improve fluidity of a binder contained in the ceramic laminate 3,
thereby increasing junction strength between the sheets. 



In the step of applying such hydrostatic pressure, the upper punch 10
(first member) and the base 12 (second 10 member), which are in contact
with the major surfaces of the ceramic laminate 3, substantially
identically behave in the hydrostatic pressure since both of the same are
formed of rigid bodies. After the step of applying hydrostatic pressure is
15  completed, the holder 18 is drawn out from the hydrostatic presser 19.
Then the bag 4 is broken to extract the die 9. After the die 9 is thus
extracted, the upper punch 10 is separated from the frame 11 through a
magnet or the like, and then the base 12 is separated from the frame 11. 20
The upper punch 10 and the base 12 can be easily separated from the frame
11 through the action of the aforementioned films or release agent. Figs. 5
and 6 illustrate the frame 11, from which the upper punch 10 and the base
12 are separated. A ceramic 25 laminated compact 6a is obtained by
compression-compacting    13 the ceramic laminate 3 which is in close
contact with the inner peripheral surface of the frame 11.  This compact 6a
is pressed from its one major surface side as shown by an arrow 23, and
extracted from the frame 11. 



5       Fig. 7 shows the compact 6a thus obtained.  As understood from Fig.
7, both major surfaces of the compact 6a are flat regardless of internal
electrodes 7.  In other words, the compact 6a is vertically symmetrized.
Another example of the die which is included in the 10  holder will be
described. Referring to Fig. 8, a die 9c comprises an upper punch 10c, a
frame 11c and  a base 12c which has a step portion 13c engaging with the
frame 11c, as well as an upper rubber member 24c and a lower rubber member
25c. 15  The lower rubber member 25c is laid on the bottom of a cavity
defined by the frame 11c and the base 12c to introduce a ceramic laminate 3
into the frame 11c, which in turn is covered with the upper rubber member
24a and the upper punch 10c in this order. In this state, the 20  die 9c is
introduced into the bag 4 shown in Fig. 12, and subjected to processing
similar to that in the aforementioned embodiment. Fig. 9 illustrates a base
12b, which is employed in place of the base 12c and the lower rubber member
25c    shown in Fig. 8.  The base 12b has a step portion 13b, in which a
lower rubber member 25b is previously embedded. In the embodiments shown in
Figs. 8 and 9, the upper 



rubber member 24c (first member) and the lower rubber 5 member 25c or 25b
(second member) which are in contact with the both major surfaces of the
ceramic laminate 3 are made of elastic materials, to substantially equally
behave in hydrostatic pressure. Fig. 10 shows a ceramic laminated compact
6b, which 10  is obtained in the embodiment shown in Fig. 8 or 9.  The
compact 6b is provided with projections 8a and 8b in portions which are
formed with internal electrodes 7. The projections 8a and 8b symmetrically
protrude from both major surfaces of the compact 6b, which is ultimately 15
retained in a vertically symmetrical configuration in substance. The first
and second members, which are in contact with the both major surfaces of
the ceramic laminate, may be formed of different materials so far as the
same 20  substantially identically behave in hydrostatic pressure. Although
the present invention has been described and illustrated in detail, it is
clearly understood that the same is by way of illustration and example only
and is not to be taken by way of limitation, the scope of the present
invention being limited only by the terms of the appended claims. 



CLAIMS: 1.   A  method  of  manufacturing  a  ceramic laminated  compact
for  an  electric  or  electronic component, comprising the steps of: 5
obtaining  a ceramic  laminate  by  stacking  a plurality of ceramic green
sheets; preparing a holder for compressing said ceramic laminate through
first and second members being in contact with respective major surfaces of
said ceramic 10      laminate and substantially identically behaving in
hydrostatic pressure while holding said ceramic laminate in a state sealed
against the exterior, said first and second members comprising rigid
bodies; charging said ceramic laminate in said holder; 15      and applying
hydrostatic pressure to said ceramic laminate being charged in said holder
for compression- compacting said ceramic laminate, thereby obtaining a
ceramic laminated compact. 2.   A method in accordance with claim 1,
wherein 20      said first and second members are formed of rigid bodies
themselves respectively. 3.   A method in accordance with claim 1, wherein
said first and second members are formed of elastic 



C    L    M    S sheets, and plate members formed of rigid bodies are
further provided along respective ones of said first and second members. 4.
A method in accordance with claim 1, wherein 5      said holder comprises
an upper punch providing said first member, a frame slidably receiving said
upper punch  in  its  inner periphery  and enclosing  said ceramic
laminate, and a base being oppositely arranged to said upper punch and
providing said second member. 10           5.   A method in accordance with
claim 4, wherein said upper punch, said frame and said base are formed of
rigid bodies themselves respectively. 6.   A method in accordance with
claim 5, wherein said base is provided with a step portion for engaging 15
with a part of said inner periphery of said frame. 7.   A method in
accordance with claim 5, wherein said upper punch, said frame and said base
have outwardly directed rounded corners. 8.   A method in accordance with
claim 1, wherein 20      said step of applying hydrostatic pressure
includes a step of heating said ceramic laminate.  



18 9.   Apparatus for use in a method as claimed in any of the preceding
claims, which comprises a holder for receiving and compressing a ceramic
laminate obtained by stacking a plurality of ceramic green sheets, said 5
holder comprising first and second rigid members for contacting respective
major surfaces of said ceramic laminate and substantially identically
behaving in hydrostatic pressure, and for holding said ceramic laminate in
a state sealed against the exterior, and 10            hydrostatic press
means for applying hydrostatic pressure to a laminate within said holder
for compression-compacting  said  ceramic  laminate,  to obtain a ceramic
laminated compact. 10.  An   electric   or   electronic   component 15
comprising a ceramic laminate compact manufactured in accordance with a
method as claimed in any of claims 1 to 8. 11. A method or apparatus
substantially as described herein with reference to Figures 1 to 10 of 20
the accompanying drawings.    


