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Method of Press~Molding Ceramic Green Sheet Laminate-
BACKGROUND OF THE INVENTION
Field éf the Invention
5 The present invention relates to a method of press-
molding a ceramic green sheet laminate, for pressing a
ceramic green sheet laminate which is formed by stacking a
{7 plurality of ceramic green sheets with each other along its
thickness thereby molding the same, and more particularly,
10 it relates to a method of press-molding a ceramié green
sheet laminate which is improved in a pressure profile for
pressing the ceramic green sheet laminate along its thick-
ness.
Description of the Background Art
15 In order to manufacture ceramic multilayer electronic
parts such as multilayer capacitors, for example, a plurali-
ty of mother ceramic green sheets printed with internal
electrode materials are stagked with each other and a proper
number of unprinted mother ceramic green sheets are stacked
20 on the uppermost and lowermost ones of the printed ceramic
green sheets, thereby obtaining a ceramic green-sheet lami-
nate. Thereafter the ceramic green sheet laminate is.
pressed along its thickness so that the ceramic green sheets
are compression-bonded to each other and the laminate is

25 molded. Then, the mother laminate as obtained is cut along
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S ceram c green sheet lamnate which is forned by stacking a plurality of

“ceramic green sheets with each other along its thickness thereby nolding

. the same, and nore particularly, it relates to a nmethod of press-nolding a

= Ceram c green sheet lamnate with an inproved pressure profile for pressing
the ceramic green sheet lamnate along its thickness. 2. Description of the
Background Art -

4
.

10

15

20

25

its thickness, to obtain laminate raw chips in units of
individual ceramic multilayer electronic parts. The
laminate raw chips as obtained are fired to obtain ceramic
sinteréd bodies, which in turn are provided with external
electrodes on outer surfaces thereof.

In the aforementioned manufacturing methbd, the ceramic.
green sheet laminate is pressed along its thickness to be
press-molded since it is impossible to obtain ceramic
sintered bodies consisting of densely sintered cerami&s and
layer breakage such as delamination is caused unless the
ceramic green sheets are sufficiently brought into close
contact with each other. Thus, the mother ceramic green
sheet laminate is subjected to the afbrementioned pressing
step so that the ceramic green sheets strongly adhere to
each other.

An example of the aforementioned method of press-
molding a ceramic green sheet laminate is described with
reference to Figs. 1 and 2.

A lower mold section 1 having a cavity la and an upper
mold section 2 are employed for press-molding the ceramic
green sheet. A plurality of green sheets 3 are introduced
into the cavity la of the lower mold section 1, and stacked
with each other. Thereafter thé upper mold section 2 which
is sized to be receivable in the cavity la is placed on the

ceramic green sheet laminate as formed, and a pressure P is
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‘I'n order to manufacture ceramc nultilayer electronic parts such as

mul tilayer capacitors, for exanple, a plurality of nother ceram c green
Sheets printed with internal elec- trode materials are stacked with each
- other and a proper nunber of unprinted nother ceranic green sheets are
stacked on the uppernost and | owernost ones of the printed ceram c green
sheets, thereby obtaining a ceram c green

) applied from above for press-molding the ceramic greeh sheet
laminate. The lower mold section 1 is mounted on a lower
ram 4 of a press, while the upper mold section 2 is mounted
on an ﬁppe;.ram 5 thereof. Fig. 2 shows a pressure profile

5 obtained in practice. A pressure was gradually applied from
the upper mold section 2 so that the ceramic green sheet
laminate was pressed at the pressure level P for a

prescribed time T after a lapse of a time t,, and thereafter

the pressure was gradually reduced over a time t,, thereby

10 pressing the ceramic green sheet laminate. The pressure
value P was about 350 tons in general, while the times t,, T

and t, were about 120 to 180 seconds, about 60 seconds and
about 120 to 180 seconds respectively.
In the aforementioned method of press-molding a ceramic
15 green sheet laminate, it is necessary to apply constant
force per'unit area, in order to reliably compression-bond
{ - the ceramic green sheets 3 with each other. Therefore, the
pressuré P as required must be increased as the area of each
ceramic green sheet 3 is increased.
20 When the pressure P is increased, however, the overall
dimensions of the préss provided with the lower mold section
1 and the_upper mold section 2 must inevitably be increased.
Thus, it is necessary to employ a high-priced press which

requires a large space.
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-:Sheet lam nate. Thereafter the ceram c green sheet |lamnate is pressed

along its thickness so that the ceram c green sheets. are
conpr essi on-bonded to each other and the |lam nate is nol ded. Then, the

“mot her |am nate thus obtained is cut along its thickness, to obtain

| am nate raw chips in units of individual ceramc nultilayer electronic
parts. ghe | am nate raw chi ps thus obtained are flred to obtain ceramc
sintere

When the pressure P is increased, further, distortion
which is applied to the ceramic green sheets 3 in response
thereto is inevitably increased. In manufacturing of ceram-
ic mul%ilazer electronic parts such as'multilayer capaci-

5 tors, therefore, positions of internal electrodes which are
printed on the ceramic green sheets are displaced due to

such distortion, and hence it is difficult to obtain ceramic

. electronic parts having desired characteristics.

SUMMARY OF THE INVENTION

10 An object of the present invention is.to provide a
method of press-molding a ceramic green sheet laminate which
can compression-bond a plurality of ceramic green sheets
with each other with a lower pressure, as well as inhibit
occurrence of distortion in the ceramic green sheets.

15 According to a wide aspect of the present invention,
provided is a method of press-molding a ceramic green sheet
laminate for stacking a plurality of ceramic green sheets
with each other and pressing the laminaté as formed with a
press along its thickness, which comprises stages of prepar-

20 ing a ceramic green sheet laminate, and pressing the ceramic
green sheet laminate by repeating a plurality of times a
pressurization cycle which includes a pressurization stage
of pressurizing the ceramic green sheet laminate with a pre-

scribed pressure and a pressure reduction stage.

25 The inventive method of press-molding a ceramic green
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.. bodies, which in turn are provided wth external electrodes on outer
surfaces thereof. In the aforenentioned manufacturing nethod, the ceramc
green sheet lanmnate is pressed along its thickness to be press-nol ded

~sSince it is inpossible to obtain ceranic sin- tered bodies consisting of
densely sintered ceram cs, and | ayer breakage such as delam nation is
caused unl ess the

sheet laminate is preferably employable for a method of
manufacturing ceramic multilayer electronic parts such as
multilayer capacitors or ceramic multilayer substrates, for
examplé, wﬁ;le this method is also applicable to any other
5 method which must obtain a laminate by bringing a plu;ality
of ceramic green sheets into close contact with each other.
According to the pfesent invention, a ceramic green
o sheet laminate is first prepared by stacking a plurality of
| ceramic green sheets with each other. :In this case, elec-

10 trode materials forming internal electrodes may be provided
on first surfaces or first and second surféces of an arbi-
trary number of ceramic green sheets by érinting or the
like, or 6nly a plurality of unprinted ceramic_green sheets
may be stacked with each other.

15 The aforementioned stage of preparing a ceramic green
sheet laminate can be carried out by an arbitrary method
which is employed in a general method of manufacturiné
ceramic multilayer electronic parts such as multilayer
capacitors or ceramic multilayer substrates.

20 In the method according to the present invention, the
pressurization cycle including the pressurization stage of
pressurizing the ceramic green sheet laminate with a pre-
scribed pressure and the pressure reduction stage is repeat-

ed a plurality of times, in order to press the ceramic green

25 sheet laminate along its thickness. Thus, the pressuriza-
_ 5
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- ceram ¢ green sheets are sufficiently brought into close contact with each

-

ot her.

Thus, the nother ceram c green sheet lamnate is subjected to the

af orementi oned pressing step so that the ceram c green sheets strongly
adhere to each other. An exanple of the aforenentioned nethod of press
nmol ding a ceram c green sheet lamnate is described with

10

15

20

25

tion cycle is repeated a plurality of times, so that a
pressure increase step is carried out a plurality of times
and a step of pressing the ceramic green sheet laminate
while ﬁaint§ining a constant pressure is also carried out a
plurality of times. Therefore, it is possible to bring the
ceramic green sheets into close contact with each other
without increasing the maximum pressure for pressurizing the
laminate. In the pressurization cycle which is carried out
a plurality of times, the pressurization stage may be re-
peated at the same or different pressure values. In the
pressurization cycle, further, the pressure reduction Stage
may also be repeated at the same or different pressure
values.

The pressure value employed in the pressurization stage
and that finally attained in the pressure reduction stage
are preferably at large difference, so that it is possible
to further improve adhesion between the ceramic.green sheets
in subseguent repetition of the pressurization cycle.

In the method of press-molding a ceramic green sheet
laminate according to the present invention, the aforemen-
tioned pressurization cycle is repeated a plurality of times
for pressing the ceramic green sheet laminate. Therefore,
the ceramic green sheet laminate is pressed a plurality of
times under intensified pressure values, whereby the ceramic

green sheets strongly adhere to each other. Thus, it is
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teference to FIGS. 1 and 2. 2 - Alower nold section 1 having a cavity

| a and an upper nold section 2 are enployed for press-nolding the ceramc

10

15

20

25

possible to reduce the maximum pressure for pressurization
to not more than 1/2, for example, as compared with the
prior art.

Tﬁere@gre, the molding pressure can be reduced so that
the ceramic green sheet laminate can be press-molded with a
smaller press-molding machine as compared with the
conventional method, whereby it is possible to reduce the
cost for products which are prepared from the ceramic

laminate as well as to narrow a space for arranging the

press-molding machine.

Further, it is possible to reduce the molding pressure,'
whereby distortion épplied to the ceramic green éheets can
be reduced for effectively preventing a defect such as
dispiacement of the internal electrodes, for example.
Therefore, when the present invention is applied to a method
of manufacturing ceramic multilayer electronic parts, for
example, it is possible to stably supply electronic parts
having desired characteristics, thereby improving
reliability thereof.

In addition, it is possible to employ ceramic.green
sheets having larger areas, whereby productivity of the
ceramic green sheet laminate can be improved when the
present invention is applied to a method of manufacturing
ceramic multilayer electronic parts, for example.

According to a specific aspect of the present
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<green sheets. A plurality of green sheets 3 are introduced into the cavity
la of the lower nold section 1, and stacked with each other. Thereafter the
~upper nold section 2 which is sized to be receivable in the cavity la is
“pl aced on the cerami c green sheet |lam nate as forned, and a pressure P is
applied from above for press-nolding the ceram c green sheet |am nate. The
| ower nold section 1 is nounted on a

invention, the aforementioned press has upper and lower mold
secfions which are brought into contact with upper and lower
surfaces of the ceramic green sheet laminate respectively,
and reéiong.of the upper aﬁd lower mold sections which are
5 brought into contact with the ceramic green sheet laminate
have thicknesses which are at least 1/2 of the longest sides.
of the ceramic green sheets. According to this structure,

T it is possible to reduce dispersion in compression bonding
in the ceramic green sheet laminate, as clearly understood

10 from embodiments of the present invention described-later.

Thus, according to the present invention, it is
possible to obtain ceramic multilayer electronic parts
having high reliability, which hardly cause layer breakage
such as delamination in laminate raw chips obtained from a

15 press-molded mother ceramic green sheet laminate after
firing. When the present invention is applied to mul#ilayer
ceramic capacitors, for example, it is possible to prevent
reduction in capacitance and deterioration of insulation
resistance caused by delamination.

20 Further, it is possible to reduce dispersion in
pressing of the ceramic green sheet laminate, whereby the
laminate can be increased in size for reducing the cost by
increasing the number of products manufacfured in a single
process.

25 The foregoing and other objects, features, aspects and
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:l.ower ram 4 of a press, while the upper nold section 2 is nounted on an
“upper ram5 thereof. FIG 2 shows a pressure profile obtained in practice.
A pressure was gradually applied fromthe upper nold section 2 so that the
- ceram c green sheet |am nate was pressed at the pressure level P for a
prescribed time T after a lapse of a time [err], and thereafter the
pressure was-gradually reduced over a tine [err], thereby

advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompényiﬁg drawings.
5 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a sectional view for illustrating a
conventional method of press-molding a ceramic green sheet

i laminate;

Fig. 2 illustrates a pressure profile in the

10 conventional method of press-molding a ceramic green sheet
laminate;

Fig. 3 illustrates a pressure profile in a press-
molding method according to a first embodiment of the
present invention;

- 15 Fig. 4 is a schématic block diagram showing a press-
molding machine employed in the press-molaing method
according to the first embodiment of the present invention;

Fig. 5 illustrates a pressure profile in a press-
molding method according to a second embodiment of the

20 present invention;

Fig. 6 is a partially fragmented sectional view for
illustrating a portion provided with a mold and a ceramic
green sheet laminate in a conventional method of press-
molding a ceramic green sheet lamiﬁate;

25 Fig. 7 is a perspective view showing a ceramic green

.\\\
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pressing the ceram c green sheet |am nate. The pressure val ue P was about
350 tons in general, while the tinmes [err], T and [err] were about 120 to
180 seconds, about 60 seconds and about 120 to 180 seconds respectively. In
the aforenentioned nmethod of press-nolding a ceram c green sheet |am nate,
it is necessary to apply constant force per unit area, in order to reliably
conpr essi on-bond the

sheet;

Fig.- 8 is a partially fragmented sectional view for
illustrating a principal part of a mold employed in a press-
moldiné me?pod according to a third embodiment of the

5 present invention:
Fig. 9 is a graph for illustrating dispersion in

thicknesses of ceramic green sheet laminates, with axes of

-~ abscissas and ordinates showing positions in the ceramic

green sheet laminates and the thicknesses of the laminates
10 respectively;-and
Fig. 10 is a perspective view showing a ceramic green
sheet laminate.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiments of the present invention are now described
15 with reference to the drawings,_for clarifying the present
invention.

Fig. 3 shows a pressure profile in a method of press-
molding a ceramic green sheet laminate accbrding to a first.
embodiment of the present invention, and Fig. 4 is a

20 schematic block diagram showing a press-molding machine.

First, a ceramic green sheet laminate is arranged in a
lower mold section 12 which is set in a press 11 of the
pressémolding machine shown in Fig. 4. The lower mold

section 12, which is simply outlined in Fig. 4, is similar

25 in structure to the lower mold section 1 shown in Fig. 1,
- 10 - I _
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.ceram c green sheets 3 with each other. Therefore, the pressure P as
requi red nust be increased as the area of each ceram c green sheet 3 is

i ncreased. When the pressure P is increased, however, the overal

*di mensi ons of the press, provided with the lower nold section 1 and the
upper nold section 2 nust inevitably be increased. Thus, it is necessary
to enploy a high-priced

and has an upwardly opened cavity. The ceramic green sheet
laminate is received in this cavity.
The press ;1 has a hydraulic cylinder 13 for vertically
movingithe }owef mold section 12. An upper mold section 14
5 is arranged above the lower mold section 12. This upper
mold section 14 is fixed to the body of the press 11l.
As outlined in Fig. 4, the hydraulic cylinder 13 is
I connected with a hydraulic servo valve 15, and a pressure
detedtor 16 is connected to a hydraulic circuit part
10 provided between the hydraulic servo valve 15 and the
hydraulic cylinder 13. The hydraulic servo valve 15 is
connected with a hydraulic pump 18, which is stored-in a
hydraulic unit 17. Further, the hydraulic servo valQe 15
and the pressure detectér 16 are electrically connected with
15 a control unit 19; which is provided with a pressure
controller 22 having an amplifier 20 and a servo amplifier
_____ 21.
In the press-molding machine shown in Fig. 4, the
control unit 19 opens/closes the hydraulic servo valve 15
20 for supplying oil to the hydraulic cylinder 13 as a pressure
medium, thereby upwardly moving the lower mold section 12
for pressurizing the ceramic green sheet laminate. In this
case, the pressure detector 16 measures the pressure value
and supplies the pressure value as measured to the control
25 unit 19, which in turn compares the received measured value
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press which requires a | arge space. Wen the pressure P is increased,

- further,

distortion which is applied to the ceram c green sheets 3 in

response thereto is inevitably increased. In manufacturing ceramc
nmul tilayer. electronic parts such as nultilayer capacitors, therefore,

positions of internal electrodes which are printed on the ceram c green

sheets are displaced due to such distortion,

10

15

20

with an initial set pressure, i.e., a set value. If the
measured value is displaced from the set value, the control
unit 19 supplies the servo valve 15 with a signal for ad-
justiné thg.degree of opening/closing thereof in response to
the pressure displacement. Thus, the press 11 reliably
pressurizes the ceramic greeh sheet laminate with a pre-
scribed_pressure.

According to this embodiment, pressurization and pres-
sure reduction stages are carried out through the aforemen-
tioned hydraulic circuit and the control unit 19, whereby
pressurization and pressure reduction can be readily per-
formed at a high speed.

Referring to Fig. 3, the pressure which is applied to

the ceramic green sheet laminate which is arranged in the
press 11 is first increased for a time T,, to preliminarily

pressurize the laminate at a pressure value P, for a time T,.
In this case, it is possible to arbitrarily set the pressure

value Pl‘and the preliminary pressurization time T, in re-
sponse to the number, the dimensions and the thicknesses of

the ceramic green sheets as stacked.

Then, the pressure is increased to a value P; for a
time T,, to carry out a first main pressurization stage for
a time T,.

Thereafter the pressure is reduced to a value P, for a

- 12 - )
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cand hence it is difficult to obtain ceramc electronic parts having -
“ desired characteristics. SUMVARY OF THE | NVENTI ON An obj ect of the present
invention is to provide a nethod of press-nolding a .ceram c green sheet
-. 'am nate which can conpression-bond a plurality of ceram c green sheets
wi th each other with a | ower pressure, as well as inhibit occur-

time T,, and maintained at this level for a time T;.

Then, the pressure is increased from the value P, to a
value ?4 for a time T,, to carry out a second main pressur-
ization stage for a time T, by pressurizing the laminate at

5 the pressure value P,.
Finally, the pressure is reduced from the value P, to
— the normal level for a time T,.

As clearly understood from the aforementioned pressure -

profile, the ceramic green sheet laminate is preliminarily
10 pressurized at the pressure value P, and thereafter subject-
ed to a plurality of pressurization stages at the two types

of pressure values P, and P, according to this embodimént.
' Due to such a plurality of pressure increase steps, there-
fore, it is possible to pressurize the ceramic green sheet
15 ‘laminate at the pressure values P3 and P, which are 1qwer
0 than the pressure value P (see Fig. 2) employed in the
conventional method.
While the pressure values P, and P, in the first and
second main pressurization stages are different from each
20 other (P, > P,) in Fig. 3, the pressurization stages may be
carried out at the same pressure value, which can be proper-
ly decided in response to the number, the thicknesses and

the dimensions of the ceramic green sheets. The pressuriza-
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-.rence of distortion in the ceranmic green sheets. [err] -3- According to
" a broad aspect of the present invention,

tion times T, and T, employed in the main pressurization
steps can also Bg arbitrarily decided.
While two main pressurization stages are carried out in
this eﬁbod%ment, such main pressurization stages can be set
5 in a proper number of times of at least twice.
While the step of reducing the pressure to the value Pz'

is carried out between the first and second main pressuriza-
tion stages, the pressure value P, employed for this pres-

sure reduction and the time T, for maiﬂfaining this value
10 can also be arbitrarily decided. Further, this pressure
reduction stage can also be carried out a plurality of times
of at least twice, and the pressure value to be attained
after pressure reduction can also be arbitrarily decided.
The press 11 shown in Fig. 4 is simply adapted to

15  increase the pressure from the value P, for the preliminary

pressurization step to the value P; for the first maiﬁ
pressurizatioﬁ stage and to reduce the same from the value
P, to the valﬁe P,, whereby it is possible to quickly carry
out the pressure increase and pressure reduction stages
20 without substantially changiﬁg the stroke of the hydraulic
cylinder 13.
The pressurization cycle, including the pressurization

stage up to the value P; and the pressure reduction stage

toward the pressure value P,, for example, can be carried

- 14 -
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provided is a nethod of press-nolding a ceram c green sheet |am nate for
stacking a plurality of ceram c green sheets with each other and pressing
the lam nate thus forned with a press along its thickness, which conprises
'stages of preparing a ceram c green sheet |am nate, and pressing the
ceram c green sheet lamnate by repeating a plurality of tines a

pressuri zation cycle which includes a pressurization

out a plurality of times per second. In an experiment made
by the inventors, it was possible to carry out the pressur-
ization cycle 0.5 to 5 times per second with the machine
shown in F%g. 4.

5 In the embodiment shown in Fig. 4, it is impossible to

univocally set the pressure values P, to P, and the times T,

to Ty, which are properly decided in response to the number,
the thicknesses and the dimensions of the ceramic green
sheets. In order to press-mold a ceramic green sheet.lamiﬁ
10 nate which is obtained by stacking a plurality of ceramic
green sheets, however, the following conditions can be
employed:
Pressure Values: P, = 1 ton, P, = 5 tons, P, = 150
tons, and P, = 160 tons
15 Times: T, = 0.1 sec., T, = 2 to 3 sec., T, = 0.2 sec.,
Ty = 0.3 sec., T, = 0.2 sec.,"I'5 = 0.3 sec., T, = 0.2 sec., T,
= 0.3 sec., and T = 0.3 sec.
Fig. 5 illustrates a pressure profile in a method of
press-molding a ceramic green sheet laminate according to é
20 second embodiment of the present invention. As shown in
Fig. 5, it may also be possible to press a ceramic green
sheet laminate by repeating a pressurization cycle including
a pressurizing stage of increésing a pressure which is ap-

plied to the laminate to a value P, and maintaining this

- 15 - —
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_ stage of pressurizing the ceramc green sheet |amnate with a prescribed
" pressure and a pressure reduction stage. The inventive nethod of
press-nolding a ceram c green sheet lanminate is preferably enployable for
met hod of manufacturing ceramc nultilayer electronic parts such as

mul tilayer capacitors or ceramc nultilayer substrates, for exanple, and
this nmethod is also applicable to any other

value P, for a time T, and a pressure reduction stage of

thereafter reducing the pressure to a value P, n times (n:
natural number). It has been confirmed that the pressure

value P, can be reduced to about 50 to 60 % of the pressure

5 value P employed in the conventional method shown in Fig. 2,

and the time T, can also be reduced to about;i/so of the

pressurization time T employed in the conventional method in

this case.

In this embodiment, pressurization times T, to T can be
10 properly decided in response to the number, the thicknesses
and the dimensions of ceramic green sheets.

While the machine shown in Fig. 4 is adapted to verti-
cally press the ceramic green sheet laminate, it is possible
to apply the pressure in a direction other than the vertical

15 direction, so far as the machine can press the ceramic green
sheet laminate along its thickness.

The inventors have discovered that it is possible to
reduce dispersion in compression bonding in the ceramic
green sheet laminate as obtained by selecting_thicknesses of

20 the upper and lower mold sections which are brought into
contact with the ceramic green sheet laminate for press-
molding the same, thereby preventing a layer breakage phe~
nomenon such as delamination. This is now described with

reference to Figs. 6 to 10.
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-method which nust obtain a lamnate by bringing a plurality of ceramc
-green sheets into close contact with each other. According to he present
i nvention, a ceram c green sheet lamnate is first prepared by stacking a
-pfurality of ceramc green sheets with each other. In this case, electrode
materials formng internal el ectrodes may be provided on first surfaces or
first and second surfaces of an arbitrary nunber of

Fig. 6 is a partially fragmented sectional view for
illustrating a conventional press-molding step for a'ceramic
green sheet laminate. Referring to Fig. 6, upper and lower
mold séctiops 13 and 14 are mounted on-upper and lower rams

5 11 and 12 of a press-molding machine respectively. The
upper and lower mold sections 13 and 14 are prepared from
plate type materials, so that the upper mold section 13 is

e formed by a plate having a thickness X1 while the lower mold
section 14 is formed by a plate having‘'a thickness X2.

10 In general, the upper and lower mold sections 13 and 14
are formed by plates having the smallest possible
thicknesses, in order to attain miniaturization. Therefore,
the thicknesses X1 and X2 are so minimized as to be not more
than 1/3 of longer sides of the ceramic green sheets as

15 stacked, when the ceramic green sheets have rectangular
shapes. |

However, a mother ceramic green sheet laminate 15 which
is press-molded throﬁgh the upper and lower mold sections 13
and 14 shown in Fig. 6 is generally increased in thickness

20 in its central portion and reduced in thickness in its
peripheral portion. Namely, the.ceramic green sheet
laminate 15 has relatively large dispersion in thickness.
This is conceivably because the pressure which is applied

across the upper and lower mold sections 13 and 14 is

25 reduced in central portions of upper and lower surfaces of
- 17 - ——
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" ceram c green sheets by printing or the like, or a plurality of only
“unprinted ceram c green sheets nmay be stacked with each other. The

af orenenti oned stage of preparing a ceram c green sheet | am nate can be
Carried out by an arbitrary nethod which is enployed in a general nethod of
manuf acturing ceramc nultilayer-electronic parts such as multilayer

the ceramic green sheet laminate 15 and increased in
peripheral portions. Consequently, the ceramic green sheets
tend to be insufficiently compression-bonded to each other
in the;centyal portion of the mother ceramic green sheet

5 laminate 15 after press-molding. When the mother ceramic
green sheet laminate 15 is cut along its thickness to obtain
a plurality of raw chips in units of a plurality of ceramic
multilayer electronic parts, therefore, the raw chips
obtained from the central portion of the mother ceramic

10 green sheet laminate 15 easily cause a layer breakage
phenomenon such as delamination after firing.

In order to reduce such dispersion in compression
bonding in the aforementioned region of the ceramic green
sheet laminate, a method according to a third embodiment of

15 the present invention employs upper and lower mold sections
having large thicknesses, as shown in Figs. 7 to 10.

While this embodiment is adapted to press a mother
ceramic green sheet laminate through steps described below,
this mother ceramic green sheet laminate is obtained by

20 stacking a plurality of mother ceramic green sheets printed
with internal electrode materials and stacking a proper
number of unprinted mother ceramic green sheets on the
uppermost and lowermost ones of the printed ceramic green
sheets. This mother ceramic green sheet laminate is adapted

25 to provide multilayer ceramic capacitors.

- 18 -
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. capacitors or ceramc nultilayer substrates. In the nethod according to the

- present invention, the pressurization cycle including the pressurization

~ stage of pressurizing the ceram c green sheet |amnate with a pre- scribed

. pressure and the pressure reduction stage is repeated a plurality of tines,
in order to press the ceram c green sheet |lam nate along its thickness.
Thus, the pressurization cycle

The internal electrode materials are formed by applying
conductive paste on the mother ceramic green sheets by means
such as screen printing and drying the same. The conductive
paste éonta;ns a metal material having.a high melting point

5  such as platinum, palladium, an alloy thereof or an alloy of
such a metal and silver, or a base metal material such as
nickel or copper as a conductive component.

- The ceramic green sheets are obtained py sheeteforming

paste which is prepared by mixing proper ceramic powder of

10 barium titanate ceramics, for example, with a binder and a
solvent by a method such as a doctor blade coater or a roll
coater. Each of such ceramic green sheets has a shape
illustrated in Fig. 7, for example. A ceramic green sheet
16 éhown in Fig. 7 has a rectangular plane shape, with

15 longer and shorter sides of lengths L and W respectively.
Namely, L > W. Alternativeiy, the ceramic green sheet 16
may have a square plane shape.

According to this embodiment, the aforementioned
internal electrode material is printed on an upper surface

20 of each ceramic green sheet 16, and a plurality of such
mother ceramic green sheets 16 printed with the internal
electrode materials are stacked with each other while a
plurality of unprinted mother ceramic green sheets are

further stacked on the uppermost'and lowermost ones of the

25 printed green sheets, for preparing a mother ceramic green
- 19 -
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. is repeated a plurality of times, so that a pressure increase step is

: carried out a plurality of times and a step of pressing the ceram c green

~ sheet laminate while maintaining a con- stant pressure is also carried out

-~ aplurality of times. Therefore, it is possible to bring the ceram c green
sheets into close contact wth each other w thout increasing the maxi num
pressure for pressurizing the lamnate. In the

sheet laminate.

Then, the mother ceramic green sheet laminate is press-
molded by a molding machine shown.in Fig. 8, in order to
compreésioquond the mother ceramic green sheets with each

5 other in advance of firing.
As shown in Fig. 8, a mother ceramic green sheet
laminate 25 is arranged between upper énd lower mold
N sections 23 and 24. The upper and lower mold sections 23
and 24 are mounted on upper and lower rams 21 and 22 of the
10 molding machine respectively.
According to this embodiment, the upper and lower mold

sections 23 and 24 are formed by metal plates having

thicknesses T, and T, respectively.

According to this embodiment, further, the thicknesses

15 T, and T, of the upper and lower mold sections 23 and 24 are
at least 1/2 of the length L of the longer sides of the
ceramic green sheets 16. Therefore, dispersion in
compression bonding is reduced in the mother ceramic green
sheet laminate 25 which is press-molded. This is now

20 described with reference to results of a concrete
experiment.

Mother ceramic green sheet laminates were pressed

similarly to the first embodiment, with the upper and lower
mold sections 23 and 24 having thicknesses T, and T, which

25 were 1/3, 1/2 and 3/4 of the length L of the longer sides of
- 20 -
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;preessurization cycle which is carried out-a plurality of tinmes, the
:pressurization stage may be repeated at the sanme or different pressure

,values

10

15

20

25

In the pressurization cycle, further. [err]

the ceramic green sheets 16. Fig. 9 shows the results of
the experiment.

Referring to Fig. 9, the axis of abscissas shows
positiéns on the mother ceramic green sheet laminates with
symbols a to i, as shown in Fig. 10. On the other hand, the
axis of ordinates shows the thicknesses of the laminates.

A solid line A, a one-dot chain line B and a broken
line C appearing in Fig. 9 show thickness dispersion levels

of the laminates pressed through the upper and lower mold

sections having the thicknesses T, and T, which were 1/3, 1/2
and 3/4 of the length L of the longer sides of the ceramic
green sheets 16 respectively.

As clearly understood from Fig. 9, the thickness of the

laminate 25 as pressed was dispersed over the range of 1.415

mm to 1.445 mm when the thicknesses T, and T, of the upper
and lower mold sections 23 and 24 were 1/3 of the length L
of the longer sides of the ceramic green sheets 16, with
considerably large thickness dispersion  -of about 30 um.

When the thicknesses T, and T, were 1/2 and 3/4 of the length
L of the longer sides of the ceramic green sheets 16, on the
other hand, the thicknesses of the laminates 25 were
dispersed over the range of 1.420 mm to 1.430 mm, with
extremely small thickness dispersion of about 10 pm. Thus,
it is understood possible to reduce the thickness dispersion
to about 1/3 as compared with the prior art by setting the

- 21 -
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*4- the pressure reduction stage may al so be repeated at the sane or
different pressure values. Preferably there is a large difference between
the pressure value enployed in the pressurization stage and that finally
attained in the pressure reduction stage, so that it is possible to further
| nprove adhesi on between the ceram c green

thicknesses T, and T, of the upper and lower mold sections 23
and 24 to be at least 1/2 of the length L of the longer
sides of the ceramic green sheets 16.

While the thicknesses T, and T, were equal to each other
5 in the aforementioned experiment, these thicknesses T, and T,

may be different from each other, so far as the same are at
least 1/2 of the length of the longer sides of the ceramic
green sheets.

While the upper and lower mold sections 23 and 24 are

10 formed by the plates having the thicknesses T, and T,
respectively as shown in Fig. 8, the lower mold section may
be replaced by that having an upwardly opened cavity;.
similarly to the lower mold section 1 of the press-molding
machine shown in Fig. l.- In this case, the thickness X2 of

15 the portion of the lower mold section 1 which is brought
into contact with the ceramic green sheet laminate 3 shown
in Fig. 1 may be set in a similar manner to the
aforementioned thickness T,.

Although the piesent invention has been described and

20 illustrated in detail, it is clearly understood that the
same is by way of illustration and example ohly and is not
to be taken by way of limitation, the spirit and scope of
the present invention being limited only by the terms.of the

appended claims.

- 22 -
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_sheets in subsequent repetition of the pressurization cycle. In the nethod
: of press-nolding a ceram c green sheet |am nate according to the present
. invention, the aforenen- tioned pressurization cycle is repeated a
~ plurality of times for. pressing the ceranic green sheet Tam nat e.
Therefore, the ceram c green sheet |am nate i s pressedhni shdettiaBedn\Replbcelli MES

under intensified pressure values, whereby the ceramc lll‘“l“| I“ II

WHAT IS CLAIMED IS:

1. A method of press-molding a ceramic green sheet
lamina%e fq; stacking a plurality of ceramic green sheets
5 with each other and pressing a laminate as obtained with a
press along its thickness, said method comprising the stages
of: |
preparing a ceramic green sheet laminate by staéking a
plurality of ceramic green sheets with:each other; and
10 pressing sald ceramic green sheet laminate along its
thickness by repeating a pressurization cycle, which
includes a pressurization stage of pressurizing said ceramic
green sheet laminate at a prescribed pressure and a pressure
reduction stage.
15
2. The method of press-molding a ceramic green sheet
laminate in accordance with claim 1, wherein said pressur-
ization stage included in said pressurization cycle being
repeated a plurality of times is carried out at the same

20 pressure value.

3. The method of press-molding a ceramic green sheet
laminate in accordance with claim 1, wherein said pressur-
ization stage included in said pressurization cycle being

25 repeated a plurality of times is carried out at different

- 23 -
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" green sheets strongly adhere to each other. Thus, it is possible to reduce

. the maxi num pressure for pressurization to not nore than 1/2, for exanple,

- as conpared with the prior art. Therefore, the nD|dLﬂganQ§§ML§_Q§n be

. r'educed so that the cerami c green sheet |am nate can be press nDIded wth a
smal | er press-nol ding machi ne as conpared with t ’ Sheet Has Bee

T !in

pressure values.

4. The method of press-molding a ceramic green sheet
laminate in ‘4ccordance with claim 1, further comprising a
5 step of preliminarily pressurizing said ceramic green sheet

laminate in advance of said pressing step.

7 5. The method of press-molding a ceramic green sheet
laminate in accordance with claim 1, wherein said press has
10 upper and lower mold sections being brought into contact
with upper and lowér surfaces of said ceramic.green sheet
laminate respectively, regions of said upber and lower mold
sections being brought into contact with said ceramic green
sheet laminate having thicknesses of at least 1/2 of the

15 longest sides of said ceramic green sheets.

6. The method of press-molding a ceramic green sheet
laminate in accordance with claim 5, wherein éaid regions of
said upper and lower mold séctions being brought into con-

20 tact with said ceramic green sheet laminate are equal'in

thickness to each other.

7. The method of press-molding a ceramic green sheet
laminate in accordance with claim 5, wherein said regions of

25 said upper and lower mold sections being brought into con-

- 24 -
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ventional nethod, whereby it is possible to reduce the cost for products
which are prepared fromthe ceramc | anminate as well aS-%ff+ﬁﬁ+{ﬂMif<ﬁ%ﬂﬁ}——
for arranging the press-nol ding nachine. Further, it is ﬁ P e
the nol ding pressure, whereby distortion applied to the .cels & fig e
sheets can be reduced for effectively preventing a defect ﬂlm m

tact with said ceramic green sheet laminate are different in

thickness from each other.

8. The method of press-molding a.ceramic green sheet

5 laminate in accordance with claim 5, wherein said upper and

lower mold sections are formed by plates.

S
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.di splacenent of the internal electrodes, for exanple. There- fore, when the

present invention is applied to a nethod .of .manufacturing ceramc

mul tilayer electronic parts, for exanple, it i$ possible to stably supply

- electronic parts having desired characteristics, thereby inproving
reliability thereof. In addition, it is possible to enploy ceram c green

sheet s :

ABSTRACT OF THE DISCLOSURE

A method of press-molding a ceramic green sheet lami-
nate for stacking a plurality of ceramic green sheets with
each oéherlgnd pressing the laminate as obtained along its

5 thickness by carrying out a pressurization cycle inclﬁding
steps of pressurizing the laminate at a pressure value P,

and reducing the pressure to a value P,, and subsequently
carrying out a pressurization cycle including a step of
pressurizing the laminate at a pressure value P, and a

10 preésure reduction step.

This Sheet Has Been Re

T

- 26 -



havi ng | arger areas, whereby productivity of the ceram c green sheet

| am nate can be inproved when the present invention is applied to a nethod
of manufacturing ceramic nultilayer electronic parts, for exanple.
Aceording to a specific aspect of the present invention, the aforenentioned
press has upper and | ower nold sections which are brought into contact with
upper and | ower sur- ’

FIG. 1
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FIG. 2
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faces of the ceram c green sheet |amnate respectively, and regions of the-
upper and | ower nold sections which are brought into contact with the
ceram c green sheet |am nate have thicknesses which are at |least of the

| bngest sides of the ceram c green sheets. According to this structure, it
I's possible to reduce dispersion in conpression bonding in the [err]

FIG. 3
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ceram c green sheet |lamnate, as clearly understood from enbodi nents of the
present invention described |ater. Thus, according to the present

invention, it is possible to obtain ceramc nultilayer electronic parts
havi ng high reli -

FIG.4 1
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ability, which have hardly any | ayer breakage such as delam nation in

| am nate raw chi ps obtained froma press- nol ded nother ceram c green sheet
| ami nate after firing. Wen the present invention is applied to multilayer
ceram c capacitors, for exanple, it is possible to prevent reduction in
capaci tance and det erioration of insulation resistance caused by

del am nati on.

"FIG. 5
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Further, it is possible to reduce dispersion in pressing of the ceramc
green sheet |am nate, whereby the |am nate can be increased in size for
reduci ng the cost by increasing the nunber of products manufactured in a
singl e process. The foregoing and other objects, features, aspects and
advant ages of the present invention w |l becone nore apparent fromthe
follow ng detail ed description of the

| FIG. 6
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present invention when taken in conjunction with the acconpanying draw ngs.:
BRI EF DESCRI PTI ON OF THE DRAWNGS FIG 1 is a sectional view for

i L.lustrating a conventional nethod of press-nolding a ceram c green sheet
lam nate; FIG 2 illustrates a pressure profile in the conventional nethod
of press-nolding a ceram c green sheet |am nate;

THICKNESS OF LAMINATE (mm)

FIG. 8

21
23
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24
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FIG.9
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FLG 3 illustrates a pressure profile in a press-nolding nethod according

to a first enbodi nent of the present
di agram showi ng a press-

net hod according to the first enbodi ment of the present

i nvention;
nol di ng machi ne enpl oyed in the press-nol ding

FIG 4 is a schematic bl ock

invention; FIG 5

illustrates a pressure profile in a press-nolding

FIG. 10

25
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net hod according to a second enbodi nent of the present
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Method of Press-Molding Ceramic Green Sheet Laminate
BACKGROUND OF THE INVENTION
Field éf the Invention

The present invention relates to a method of press-~
molding a ceramic green sheet laminate, for pfessing a
ceraﬁic green sheet laminate which is formed by stacking a
plurality of ceramic green sheets with each other along its
thickness thereby molding the same, and more particularly,
it relates to a method of press~molding a ceramic green
sheet laminate which is improved in a pressure profile for
pressing the ceramic green sheet laminate along its thick-
ness.
Description of the Background Art

In order to manufacture ceramic multilayer electronic
parts such as mﬁltilayer capacitors, for example, a plurali-
ty of mother ceramic green sheets printed with internal
electrode materials are stacked with each other and a proper
number of unprinte¢ mother ceramic green sheets are stacked
on the uppermost and lowermost ones of the printed ceramic
green sheets, thereby obtaining a ceramic greén sheet lami-
nate. Thereafter the ceramic green sheet laminate is
pressed along its thickness so that the ceramic green sheets
are compression-bonded to each ofher and the laminate is

molded. Then, the mother laminate as obtained is cut along

S
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Sheet; FIG 8 is a partially fragmented sectional view for illus- trating a
principal part of a nold enployed in a press- nolding nmethod according to a
third enbodi ment of the present invention; [err]

its thickness; to obtain laminate raw chips in units of
individual ceramic multilayer electronic parts. The
laminate raw chips as obtained are fired to obtain ceramic -
sinteréd bodies, which in turn are provided with external
electrodes on outer surfaces thereof.

In the aforementioned manufacturing method, the ceramic
green sheet laminate is pressed along its thiékness to be
press-molded.since it is impossible to obtain ceramic
sintered bodies consisting of densely Sintered'ceramiés and
layer breakage such as delamination is caused unless the
ceramic green sheets are sufficiently brought into close
éontact with each other. Thus, the mother ceramic green
sheet laminate is subjected to the aforementioned pressing
step so that the ceramic green sheets strongly adhere to
each other.

An example of the aforementioned method of press-
molding a ceramic green sheet laminate is described with
reference to Figs. 1 and 2.

A lower mold section 1 having a cavity la and an upper
mold section 2 are eﬁployed for press-molding the ceramic
green sheef. A plurality of green'sheets 3 are introduced
into the cavity la of the lower mold section 1, and stacked
with each other. Thereafter the upper mold section 2 which
is sized to be receivable in the cavity la is placed on the

. ceramic green sheet laminate as formed, and a pressure P is

Sheet Has Been Replaced - is is the replacement sheet
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-6- FIG 9 is a graph for illustrating dispersion in thicknesses of ceramc
green sheet |aninates, with axes of abscissas and ordi nates show ng
positions in the ceram c green sheet |am nates and the thicknesses of the

| &m nat es respectively;

..3_
applied from above for press-molding the ceramic.greeh sheet
laminate. The lower mold section 1 is mounted on a lower
ram 4 of a press, while the upﬁer mold section 2 is mounted
on an ﬁppe;_ram 5 thereof. Fig. 2 shows a pressure profile
obtained in practice. A pressure was gradually applied from
the upper mold section 2 so that the ceramic green sheet

laminate was pressed at the pressure level P for a

prescribed time T after a lapse of a time t,, and thereafter

the pressure was gradually reduced over a time t,, thereby

pressing the ceramic green sheet laminate. The pressure
value P was about 350 tons in general, while the times t;,, T

and t, were about 120 to 180 seconds, about 60 seconds and
about 120 to 180 seconds respéctively.

In the aforementioned method of press-molding a ceramic
green sheet laminate, it is necessary to apply constant
force per unit area, in order to reliably compression-bond
the ceramic green éheets 3.with each other; Therefore, the
pressufé P as required must be increased as the area of each
ceramic.green sheet 3 is increased.

When the préssure P is increased, however, the .overall
dimensions of the éréss provided with the lower mold section
1 and the upper mold section 2 must inevitably be increased.
Thus, it is necessary to employ a high-priced press which

requires'a large space.

This is the replacement sheet
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and FIG 10 is a perspective view showing a ceram c green sheet |am nate.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Enbodi nents of the present

i nvention are now described with reference to the drawi ngs, for clarifying
the present _

-4 -

When the pressure P is increased, further, distortion
which is applied to the ceramic green sheets 3 in response
thereto is inevitably increased. 1In manufacturing of ceram-
ic muléilaxer electronic parts such as-multilayer capaci-
tors, therefore, positions of internal electrodes which are
'printed on the ceramic green sheets are displaced due to
‘'such distortion, and hence it is difficult to obtain ceramic
electronic parts havihg desired characteristics.

SUMMARY OF THE INVENTION
- An object of the present invention is to provide a

method of press-molding a ceramic green sheet laminate which

can compression-bond a plurality of ceramic green sheets

with each other with a lower pressure, as well as inhibit

occurrence of distortion in the ceramic green sheets.
- According to a widé aspect of the present'invention,
provided is a method of press-molding a ceramic green sheet
laminate for stacking a plurality of ceramic green sheets
with each other and pressing the laminate as formed with a
press along its thickness, which comprises sfages of prepar-
ing a ceramic green sheet laminate; and pressing the ceramic
green sheet laminéte by repeating a plurality of times a
pressurization cyclé which includes a pressurization stage
of pressurizing the ceramic green sheet laminate with a pre-
scribed pressure ahd a pressure reduction stége.

The inventive method of press-molding a ceramic green

-

—

e
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‘invention. FIG 3 shows a pressure profile in a nmethod of press- nolding a
ceram c green sheet |lamnate according to a first enbodi nent of the present
invention, and FIG 4 is a schematic bl ock di agram showi ng a press-nol di ng
~machine. First, a ceramc green sheet lamnate is arranged in a |l ower nold
section 12 which is set in a press 11 of the '

- 5 -

sheet laminate is preferably employable for a method of
manufacturing ceramic multilayef electronic parts such as
multilayer capacitors or ceramic multilayer substrates, for
examplé, wh;le this method is also applicable to any other
method which must obtain a laminate by bringing a plu;ality
of ceramic green sheetS'into close contact with each other.
According to the present invention, a ceramic green
sheet laminate is first prepared by stacking a plurality of
ceramic green sheets with each other. :'In this case, elec-

- trode materials forming internal electrodes may be provided
on first surfaces or first and second surfaces of an arbi-
trary number of ceramic green sheets by printing or the
like, or dnly a plurality of ﬁnprinted ceramic green sheets
may be stacked with each other.

The_aforementioned stage of preparing a ceramic green
sheet laminate can be carried out by an arbitrary method
which is employed in a generél method of manufacturiné
ceramic multilayer electronic parts such as multilayer
capacitors or ceramic multilayer substrates.

" In the method according to the present inventibn, the
pressurization cYcle including the pressurization stage of
pressurizing the ceramic green sheet laminate with a pre-
scribed pressure and the pressure reduction stage is repeat-
ed a plurality of times, in order to press the ceramic green
sheet laminate along its thickness. Thus, the pressuriza-

—
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press-nol ding machi ne shown in FIG 4. The lower nold section 12, which is
simply outlined in FIG 4, is simlar in structure to the |ower nold
section 1 showmn in FIG 1, and has an upwardly opened cavity. The ceramc
green sheet lamnate is received in this cavity. The press 11 has a
hydraulic cylinder 13 for vertically noving the | ower nold section 12. An
upper nold section -6 -

tion cycle is repeated a plurality of times, so that a

- pressure increase step is carried out a plurality of times
and a step of pressing the ceramic green sheet laminate
while ﬁaintgining a constant pressure is also carried out a
plurality of times. Therefore, it is possible to bring the
ceramic green sheets into close contact with each other
without increasing the maximum.preSSure for pressurizing the
laminate. In the pressurization cycle which is carried out
a plurality of times, the pressurization stage may be re-
peated at the same or different pressure values. In the
pressurization cyclé, further, the pressure reduction stage
may also be repeated at the same or different pressure
vaiues.

The pressure value employed in the pressurization stége-
and that finally attained in the pressure reduction stage
are preferably at large difference, so that it is possible
to furthe: improve adhesion between the ceramic green sheets
in subsequent repetition of the pressurization cycle.

In the method of press-molding a ceramic green sheet
laminate according to the present invention, the aforemen-
tioned pressurization cycle is repeated a plurality of times
for pressing the ceramic green sheet laminate. Therefore,
the ceramic green sheet laminate is pressed a plurality of
times under intensified pressure values, whereby the ceramic

green sheets strongly adhere to each other. Thus, it is

This Sheet Has Been Rerlaced This iz the replacemen? sheet

(AR

“l | Date: 7 7 AUG 199



14 is arranged above the |lower nold section 12. This upper nold section 14
s fixed to the body of the press 11. As outlined in FIG 4, the hydraulic
cylinder 13 is connected with a hydraulic servo valve 15, and a pressure
detector 16 is connected to a hydraulic circuit part provided between the
hydraulic servo valve 15 and the hydraulic cylinder 13. The hydraulic servo
valve 15 is connected with 7

possible to reduce the maximum pressure for pressurization
to not more than 1/2, for example, as comﬁared with tﬁe
prior art.

Tﬁereﬁpre, the molding pressure can be reduced so that
the ceramic green sheet laminate can be press-molded with a
smaller press-molding machine as compared with the
conventiohal method, wheréby it is possible to reduce the
cost for products which are prepared from the ceramic
‘laminate as well as to narrow a space for arranging the

o press~-molding machine.

Further, it is possible to reduce the molding pressure,
whereby distortion applied to the ceramic green éheets can
be reduced for effectively preventing a defect such aé

.displacement of the internai electrodes, for example.
Therefore, when the present invention is applied to a method
of manufacturing ceramic multilayer electronic parts, for
example, it is possible to stably supply electfonic parts
having desired characteristics, thereby improving
reliability thereof.

In addition, it is possible to employ ceramic green
sheets having larger areas, whereby productivity of the
ceramic green sheet laminate can be improved when the
present invention is applied.to a method of manufacturing
ceramic multilayer electronic parts, for example.

According to a specific aspect of the present

This is the replacement shaet
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[err] -7- a hydraulic punp 18, which is stored in a hydraulic unit 17.
Further, the hydraulic servo valve 15 and the pressure

invention, the aforementioned press has uppér and lower mold
sections which are brought into contact with upper and lower
surfaces of the ceramic green sheet laminate respectively,
and reéionglof the upper and lower mold sections which are
brought into contact with the ceramic green sheet laminate
ha§e thicknesses which are at least 1/2 of the longest sides
of the ceramic green sheets. According to this structure,
I it is possiﬁle to reduce dispersion in compression bonding
in the ceramic green sheet laminate, as clearly understood
- from embodiments of the present invention described later.

Thus, accoraing to the present invenfion, it is
possible to obtain ceramic multilayer electronic parts
having high reliability, which hardly cause layer breakage
such as delaminétion in laminate raw chips obtained from a
press;molded mother ceramic green sheet laminate after
firing.l When the present invention is applied to multilayer
ceramic capacitors, for example, it is possible to prevent
reduction in capacitance and aeterioration of insulation
resistance caused by deiamination._

Further, it is possible to reduce dispersion in
pressing of the ceramic green sheet laminate, whereby the
laminate can be increased in size for reducing the cost by
increasing the number of products manufactured in a single
process.

The foregoing and other objects, features, aspects and

This Sheet Has Been Replaced
AT This is the replacement shaet

B ——————




detector 16 are electrically connected with a control unit 19, which is
provided with a pressure controller 22 having an anplifier 20 and a servo
anplifier 21. In the press-nolding machine shown in FIG 4, the. control
-unit 19 opens/cl oses:the hydraulic servo valve 15 for supplying oil to the
hydraulic cylinder 13 as a pressure nmedium thereby upwardly noving the
| ower nol d section

...9..

advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accbmpényiqg drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view for illustrating a
conventional method of press-molding'a ceramic green sheet
laminate; |

Fig. 2 illustrates a pressure profiie in the

o conventional method of press-molding a ceramic green sheet
laminate;

Fig. 3 illustrates a pressure profile in a press-
molding method according to a first embodiment of the
present invention;

Fig. 4 is a schematic block diagram showing a press-
molding machine employed in the press-molding method
according to the first embodiment of the present invention;

Fig. 5 illustrates a pressure profile in a press-
molding method according to a second embodiment of the

- present invention; |

Fig. 6 is a partially fragmented sectional view for
illustrating a portion provided with a mold and a ceramic
green sheet laminate in a conventional method of press-
molding a ceramic green éheet laminate}

- Fig. 7iis a perspective view showing a ceramic green

_This Sheet Has Been Rerlaced “This is the replacement shast
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12 for pressurizing the ceramc green sheet lamnate. In this case, the
pressure detector 16 neasures the pressure value and supplies the pressure
val ue as neasured to the control unit 19, which in turn conpares the
received neasured value with an initial set pressure, i.c., a set value. If
t he neasured value is displaced fromthe set value, the control unit 19
supplies the servo valve 15 with a signal for adjusting the

- 10 -
sheet;

Fig. 8 is a partially fragmented sectional view for
illustrating a principal part of a mold employed in a press-
moldiné me?bod according to a third embodiment of the
present invention;

Fig. 9 is.a graph for illustrating dispersion in
thicknesses of ceramic green éheet laminates, with axes of
abscissas and ordinates showing positions in the ceramic
green sheet laminates and the thicknesses of the laminates
respectively;'and

Fig. 10 is a perspective view showing a ceramic green
sheet laminate.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention are now described
with reference to the dfawings, for clarifying the present
invention.

Fig. 3 shows a pressure profile in a method of press-
molding a éeramic green sheet laminate according to a first
embodiment of the present invention, and Fig. 4 is a
schematic blbck diagram showing a préss-molding machine.

First, a ceramic green shéet laminate is arranged in a
lower mold section 12 which is set in a press 11 of the
press-molding machine shown in Fig. 4. The lower mold
section 12, which is simply outlined in Fig. 4, is similar

- in structure to the lower mold section 1 shown in Fig. 1,
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- degree of opening/closing thereof in response to the pressure displacenent.
Thus, the press 11 reliably pressurizes the ceram c green sheet |am nate
with a prescribed pressure. According to this enbodi ment, pressurization
~and pres- sure reduction stages are carried out through the aforenen-
tioned hydraulic circuit and the control unit 19, whereby pressurization
and pressure reduction can be readily per=

and haé an upwardly opened cavity. The ceramic green sheet
laminate is received in this cavity. |

The press 11 has a hydraulic cylinder 13 for vertically
moving'thé }ower mold section 12. An upper mold section 14
is arranged above the lower mold section 12. This upper
mold section 14 is fixed to the body of the press 11l.

As ouflined in Fig. 4, the hydraulic cylinder 13 is
connected with a hydraulic servo valve 15, and a pressure
detector 16 is connected to a hydraulic circuit part
provided between the'hyd:aulid servo valve 15 and the
hydraulic cylinder 13. The hydraulic servo valve 15 is
connected with a hydraulic pump 18, which is stored in a
hydraulic unit 17. Further, the hydraulic servo valve 15
and the pressure detector 16 are electrically connected with
a control unit 19, which is provided with a pressure
controller 22 having an amplifier 20 and a servo amplifier
21. |

In the press-molding machine shown in Fig. 4, the
control unit 19 opens/closes the hydraulic servo valve 15
for supplying oil to the hydraulic cylinder 13 as a pressure
medium, thereby upﬁardly moving the lower mold section 12
for pressurizing the ceramic green sheet laminate. 'In this
case, the pressure detector 16 measures the pressure wvalue
and supplies the pressure value as measured to the control

unit 19, which in turn compares the received measured value
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formed at a high speed. Referring to FIG 3, the pressure which is applied
to'the ceram c green sheet |lamnate which is arranged in the press 11 is
first increased for atine [err], to prelimnarily pressurize the |amnate
at -a pressure value [err] for atine [err]. In this case, it is possible to
arbitrarily set the pressure value [err] and the prelimnary pressurization
time [err] in response to the noml2 -

with an initial set pressure,-i.e;, a set value. If the
measured value is displaced from the set value, the control
unit 19 supplies the servo valve 15 with a signal for ad-
justiné thg'degree of opening/closing thereof in response to
the pressure displacement. Thus, the press 1l reliably
pressurizes thé ceramic gréen sheet laminate with a pre-
scribed pressufe.

According to this embodiment, pressurization and pres-
sure reduction stages are carried out through the aforemen—.
tioned hydraulic circuit and the control unit 19, whereby
pressurization and pressure reduction can be readily per-
formed at a high speed.

Referring to Fig. 3, the pressure which is applied to

the ceramic green sheet laminate which is arranged in the
press 11 is first increased for a time To,'to-preliminarily
pressurize the laminate at a pressufe value P, for a time T,.
In this case, it is possible to arbitrarily set the pressure

value Pltand'the preliminary pressurization time T, in re-
sponse to the number, the dimensions and the thicknesses of

the ceramic green sheets as stacked.

Then, the pressure is increased to a value P; for a
time T,, to.carry out a first main pressurization stage for
a time T,.

Thereafter the pressﬁre is reduced to a value P, for a
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ber,

st'acked. Then,

t he di nensions and the thicknesses of the ceram c green sheets as
the pressure is increased to a value P3 during a tinme ‘T2,

to

carry out a first main pressurization stage for a tine [err] Thereafter the
pressure is reduced to a val ue P2 during a time T4, and nmaintained at this

| evel

for atinme [err]

- 13

time T,, and maintained at this level for a time Ts.

Then, the pressure is increased from the value P, to a
value ?4 for a time T4, to éarry out a second main pressur-
ization stage for a time T, by pressurizing the laminate at
the pressure value P,.

Finally, the pressﬁre is reduced from the value P, to

the normal ievel for a time T,.

As clearly understood from the aforementioned pressure
profile, the ceramic green sheet laminate is preliminarily
pressurized at the pressure vaiue P, and thereafter subject-

ed to a plurality of pressurization stages at the two types

of pressure values P, and P, according to this embodiment.

" Due to such a plurality of pressure increase steps, there-

fore, it is possible to pressurize the ceramic green sheet

laminate at. the pressure values P; and P, which are lower
than the pressure value P (see Fig. 2) emploYed in the
conventional method.

While the pressuré values P; and P, in the first and

second main pressurization stages are different from each

" other (P, > P;) in Fig. 3, the pressurization stages may be

carried out at the same pressure value, which can be proper-
ly decided in response to the number, the thicknesses and

the dimensions of the ceramic green sheets. The pressuriza-
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‘Then. the pressure is increased fromthe value [err] to a value P4 during a
time [err], to carry out a second main pressurization stage for a tine T7
by pressurizing the lanm - nate at the pressure value [err]. Finally, the
pressure is reduced fromthe value P4 to the normal |evel during a tine
[err]. [err]

- 14 -
tion times T, and T, employed in the main preésufization
steps can also be arbitrarily decided.

While two main pressurization stages are carried out in
tﬁis eﬁbod%mént, such main pressurizatioh stages can be set
in a proper number of times of at least twice.

While the step of reducing the pressure to the value P,

is carried out between the first and second main pressuriza-
tion stages, the pressure value P, employed for this pres-

sure reduction and the time T; for maiﬂtaining this value

can also be arbitrarily decided. Further, this pressure

reduction stage can also be carried out a plurality of times

of at least twice, and the pressure value to be attained

after pressure reduction can also be arbitrarily decided.
The press 11 shown in Fig. 4 is simply adapted to

increase the pressure from the value P, for the preliminary

préssurization step to the wvalue P, for the first main

pressurization stage and to reduce the same from the value

-

P; to the value P,, whereby it is possible to quickly carry
out the pressure increase and pressure reduction stages
' without substantially changihg the stroke of the hydraulic
cylinder 13. | |
The pressurization cycle, including the pressurization

stage up to the value P; and the pressure reduction stage

toward the pressure value P,, for example, can be carried
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-8- As clearly understood from the aforenentioned pressure profile, the
ceram c green sheet lamnate is prelimnarily pressurized at the pressure
value [err] and thereafter subjected

- 15 -~

out a plurality of times per second. In an experiment made
by the inventors, it was possible to carry out the pressur-
ization qycle 0.5 to 5 times per second with the machine
shown in F%g. 4. |

In the embodiment shown in Fig. 4, it is impossible to

univocally set the pressure values P, to P, and the times T,

to Ts, which are properly decided in response to the number,
the thicknesses.and the dimensions of the ceramic green
sheets. In order to press—mold a ceramic green sheet lami-
nate which is obtained by stacking a plurality of ceramic
green sheets, however, the foilowing conditions can be
employed:

Pressure Values:  P1 =1 ton, P, = 5 tons, P, = 150
tons, and P, = 160 tons

 Times: T, = 0.1 sec., T; = 2 to 3 sec., T, = 0.2 sec.,
T;, = 0.3 sec., T, = 0.2 sec., T = 0.3 sec., T, = 0.2 sec., T,
= 0.3 sec., and Tg = 0.3 sec.l

Fig. 5 illustrates a pressure profile in a method of
press-molding a ceramic green sheet laminate according to a
second embodiment of the present invention. As shown in
Fig. 5, it may also be possible to press a ceramic green
sheet laminate by repeating a pressurization cycle including
a pressurizing stage of increasing a pressure which is ap-

plied to the laminate to a value P, and maintaining this
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to a plurality of pressurization stages at the two | evels of pressure
vallues P3 and P4 according to this enbodinent. Due to such a plurality of
pressure increase steps, therefore, it is possible to pressurize the
ceram c green sheet |lamnate at the pressure values [err] and [err] which
are lower than the pressure value P (see FIG 2) enployed in the
‘conventional nethod. - 16 -

value P, for a time T, and a pressure reduction stage of

thereafter reducing the pressure to a value P, n times (n:

natural number). It has been confirmed that the pressure
value P; can be reduced to about 50 to 60 % of the pressure

value P employed in the conventional method shown in Fig. 2,

and the time T, can also be reduced to about 1/50 of the
pressurization time T employed in the conventional method in
this case.

In this embodiment, pressurization times T, to Ty can be
properly decided in response to the number, the thicknesses
and the dimensions of ceramic green sheets.

While the machine shown in Fig. 4 is adapted to verti-
cally press the ceramic green sheet laminate, it is possible
to apply the pressure in a direction other than the verticai
direction, so far as the machine can press the ceramic green
sheet laminate along its thickness.

The inventors have discovered that it is possible to
reduce dispersion in compression bonding in the ceramic
green sheet laminate as obtained by selecting thicknesses of
the upper and lower moldlséctions which are brought into
contact with the ceramic green.sheet laminate for press-
molding the same, thereby preveﬁting a layer breakage phe-
nomenon such as delamihation. This is now described with

reference to Figs. 6 to 10.
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VWhile the pressure values [err] and [err] in the first and second main
preéssuri zation stages are different fromeach other (P4>P3) in FIG 3, the
pressuri zation stages al so nay be carried out at the same pressure val ue,
whi-ch can be properly decided in response to the nunber, the thicknesses
and t he di mensions of the ceram c green sheets. The pressurization tines
[err] and [err] enployed in the nmain pyessurization steps

Fig. 6 is a partially fragmented sectional view for
illustrating a conventional press-molding step for a ceramic
green sheet laminate. Referring to Fig. 6, upper and lower
mold séctiqps 13 and 14 are mounted on'upper and lower rams
li and 12.of a press-molding machine respectively. The
upper and lower mold sections 13 and 14 are prepared from
plate‘type materials, so that the upper mold section 13 is
formed by a plate having a thickness X1 while the lower mold
section 14 is formed by a plate having-'a thickness X2.

In generél, the upper and lower mold sections 13 and 14
are formed by plates having the smallest possible
thicknesses, in order to attain miniaturization. Therefore,
the thicknesses X1 and X2 are so minimized as to be not more
than 1/3 of longer sides of the ceramic green sheets as
stacked, when the ceramic green sheets have rectangular
shapes.

However, a mother ceramic green sheef laminate 15 which
is press-molded through the upper and lower mold sections 13
and 14 shown in Fig. 6 is generally increased in thickness
in its central porfion and reduced in thickness in its
peripheral portién. Namely, the ceramic green sheet
laminate 15 has relatively iarge dispersion in thickness.
This is conceivably because the pressure which is applied
across the upper and lower mold sections 13 and 14 is

reduced in central portions of upper and lower surfaces of
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can also be arbitrarily decided. While two main pressurization stages are
carried out in this enbodinent, a greater nunber of main pressurization
stages can be carried out as long as the nunber is tinmes of at |east twi ce.
While the step of reducing the pressure to the value P2 is carried out

bet ween the first and second main pressurization

- 18 -
the ceramic green sheet laminate 15 and increased in
peripheral portions. Consequently, the ceramic green sheets
tend'to'be insufficiently compression-bonded to each other
in the'cent;al portion of the mother ceramic green sheet
laminate 15 after press-molding. When.the mother ceramic
green sheet laminate 15 is cut along its thickness to obtain
a plurality of raw chips in units of a plurality of ceramic
multilayer électronic parts, therefore, the raw chips
obtained from the central portion of the mother ceramic
green sheet laminéte 15 easily cause a layer breakage
phenomenon such as delaminafion after firing.

| In order to reduce such dispersion in compression
bonding in the aforementioned region of the ceramic green
sheet 1aminate, a method according to a third embodiment of
the present invention employs upper and lower mold sections
having large thicknesses, as shown in Figs. 7 to 10.

While this'embodiment is adapted to press a mother
ceramic green sheet laminate through steps described below,
this mother ceramic green sheet laminate is obtained by
stacking a plurality of mother ceramic green sheets printed
with internal electrode materials and stacking a proper
number of unprinted mother ceramic green sheets on the
uppermoét and lowermost ones of thé printed ceramic green
sheets. This mother ceramic green sheet laminate is adapted

to provide multilayer ceramic capacitors.
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stages, the pressure value P2 enpl oyed for this pressure reduction and the
time [err] for maintaining this value can also be arbitrarily deci ded.
Further, this pressure reduction stage can also be carried out a plurality
of -tinmes of at |least twice, and the pressure value to be attained after
pressure reduction can also be-arbitrarily decided. The press 11 shown in

FIG 4 is sinply adapted to
- 19 -

The internal electrode materials are formed by applying
conductive paste on the mother ceramic green sheets by means
such as screen printing and drying the same. The conductive
paste éonta;ns a metal material having.a high melting point
such as platinum, palladium, an alloy thereof or an alloy of
such a'metal and silver, or a base metal material such as
nickel or copper as a conductive component.

The céramic green sheets are obtained by sheet-forming
paste which is prepared by mixing proper ceramic powder of
barium titanate ceramics, for example, with a binder and a
solvent by a methqd such as a doctor blade coater or a roll
coater. Each of such ceramic green sheets has a shape
illustrated in Fig. 7, for example. A ceramic green sheet
16 shown in Fig. 7 has a rectangular plane shape, with
longer and shorter sides of lengths L and W respectively.
Namely, L > Wf Alternatively, the ceramic green sheet 16
may have a square plane shape.

According to this embodiment, the aforementioned
internal electrode material is printed on an upper surface
of each ceramic green sheet 16, and a plurality of such
mother ceramic green sheets 16 printed with the internal
electrode materials are stacked with each other while_a-
plurality of unprinted mother ceramic green éheets are
further stacked on the uppermost and lowermost ones-of the

printed green sheets, for preparing a mother ceramic green
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increase the pressure fromthe value [err] for the prelimnary
pressurization step to the value P3 for the first mai n’ pres- surization
stage and to reduce the same fromthe value P3 to the value [err] whereby
it is possible to quickly carry out the pressure increase and pressure
reducti on stages w thout substantially changing the stroke of the hydraulic
cylinder 13. = 20 -

sheet laminate.

Then, the mother ceramic green sheet laminate is press-
molded by a molding machine shown in Fig. 8, in order to
compreésiogfbond the mother ceramic green sheets with each
other in advance of firing.

As shown in Fig. 8, a méther ceramic green sheet
laminate 25 is arranged between upper and lower mold

T _ sections 23 and 24. The upper and lower.mold sections 23
and.24 are mounted on upper and lower rams 21 and 22 of the
molding machine respectively.

According to this embodiment, the upper and lower mold

sections 23 and 24 are formed by metal plates having

‘thicknesses T, and T, respectively.

According to this embodiment, further, the thicknesses

T, and T, of the upper and lower mold sections 23 and 24 are
at least 1/2 of the length L of fhe longer sides of the
ceramic green sheets 16. Therefore, dispersion in
compression bonding is reduced in the mother ceramic green
sheet laminate 25 which is press-molded. This is now
described with reference to results of a concrete
experiment.

Mother ceramic green sheet laminafes were pressed

similarly to the first embodiment, with the upper and lower
mold sections 23 and 24 having thicknesses T, and T, which

were 1/3, 1/2 and 3/4 of the length L of the longer sides of
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The pressurization cycle, including the pressurization stage up to the

val'ue P3 and the pressure reduction stage toward the pressure value [err},

for exanple, can be carried out a plurality of times per second. In an

experi nent nade by the inventors, it was possible to carry out the

~pressurization cycle 0.5 to 5 tines per second with the machine shown in
FIG 4. - 21 -

the ceramic green sheets 16. Fig. 9 shows the results of
the experiment.

Referring to Fig. 9, the axis of abscissas shows
positiéns on the mother ceramic green sheet laminates with

- symbols a to i, as shown in Fig. 10. On the other hand, the

axis of ordinateé shows the thicknesses of the laminates.

A s0lid line A, a one-dot chain line B and a broken
line C appearing in Fig. 9 show thickness dispersion levels

of the laminates pressed through the upper and lower mold

sections having the thicknesses T, and T, which were 1/3, 1/2
and 3/4 of the length L of the longer sides of the ceramic
green sheets 16 respectively.

As clearly understood from Fig. 9, the thickness of the
laminate 25 as pressed was dispersed over the range of 1.415
mm to 1.445 mm when the thicknesses T, and T, of the upper
and lower mold sections 23 and 24 were 1/3 of the length L
of the longer sides of the ceramic green sheets 16, with
considerably large thickness dispersion of about 30 um.

When the thicknesses T, and T, were 1/2 and 3/4 of the length
L of the longer sides of the ceramic green sheets 16, on the
other hand, the thickhesses of the laminates 25 were |
dispersed over the range of 1.420 mm to 1.430 mm, with
extremely'small thickness dispersion of about 10 um. Thus,
it is understood possible to reduce the thickness dispersidn.

to about 1/3 as compared with the prior art by setting the
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[err] -9- In the enbodi nent shown in FIG 3. it is inpossible to
unéqui vocal ly state the pressure values [err] to [err] and the

- 22 =

thicknesses T, and T, of the upper and lower mold sections 23
and 24 to be at least 1/2 of the length L of the longer

sides of the ceramic green sheets 16.

While the thicknesses T, and T, were equal to each other
in the aforementioned experiment, these thicknesses T, and T,

may be different fiom each other, so far as the same are at
least 1/2 of the length of the longer sides of the ceramic
green sheets.

While the upper and lower mold seétions 23 and 24 are
formed by the plates having the thicknesses T, and T,
respectively as shown in Fig. 8, the lower mold section may
be replaced by that having an upwardly opened cavity;-
similarly to the lower mold section 1 of the press-molding
machine shown in Fig. 1. In this case, the thickness X2 of
the portion of the lower mold section 1 which is brought
into contact with the ceramic green sheet laminate 3 shown
in Fig. 1 may be set in a similar manner to the
aforementioned thickness T,.

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 spirit and scope of
the present invention,being limited only by the terms.of the

~ appended clainms.
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tines [err] to [err] which are properly decided in response to the nunber,
thé thicknesses and the dinensions of the ceram c green sheets. In order to
press-nold a ceram c green sheet |am nate which is obtained by stacking a
plurality of ceram c green sheets, however, the foIIomﬁﬁﬁ‘EBHHTT#oﬂs—eanhbe
enpl oyed: Pressure Values: [err] ton, [err] tons, [err] ThiuBheetq

T i

WHAT IS CLAIMED IS:

1. A method of press—moldihg a ceramic green sheet
laminaée fq; stacking a plurality of ceramic green sheets
with each other and pressing a laminate as obtained with a
press along its thickness, said method comprising the stages -
of:

preparihg a ceramic green sheef laminate by stacking a
plurality of ceramic green sheets with-each other; and

pressing said ceramic green sheet laminate along its
thickness by repeating a pressurization cycle, which
includes a pressurization stage of pressurizing said ceramic
green sheet laminate at a prescribed préssure and a pressure

reduction stage.

2. The method of press-molding a ceramic green Sheet
laminate in accordance with claim 1( wherein said preésur-
ization stage included in said pressurization cycle being
repeated a plurality of times is carried out at the same

pressure value.

3. The method of press-~molding a ceramic green sheet
laminate in accordance with claim 1, wherein said pressur-
ization stage included in said pressurization cycle being

repeated a plurality of times is carried out at different
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[err] tons Tines: [err] sec., [err] to 3 sec., [err] sec., [err] sec.,
[err] sec., [err] sec., [err] sec., [err] sec., and [err] sec. FIG 5
i.llustrates a pressure profile in a nmethod of press-nolding a ceram c green
sheet | am nate according to a second enbodi nent of the_present—i-nventioen—

As shown in This Sheet Has Been Replaced

o [T

pressure values.

4. The method of press-molding a ceramic green sheet
laminate in accordance with claim 1, further comprising a
step of preliminarily pressurizing said ceramic green sheet

laminate in advance of said pressing step.

5. The method of press-molding a ceramic green sheet
laminate in accordance with claim 1, wherein said press has
upper and lower mold sections being brought into contact
with upper and lower surfaces of said ceramic greén sheet .
laminate respectively, regions of said upper and lower mold
.sections being brought into contact with said ceramic green
sheet laminafe having thicknesses of at least 1/2 of the

longest sides of said ceramic green sheets.

6. The method of press-molding a ceramic green sheet
laminate in accordance with claim 5, wherein éaid regions of
said upper and lower mold sections being brought into con-
tact with said ceramic gfeen sheet laminate are equal.in

thickness to. each other.

7. The method of press-molding a ceramic green sheet
laminate in accordance with claim 5, wherein said regions of

said upper and lower mold sections being brought into con-
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FIG 5, it may also be possible to press a ceram c green sheet |am nate by
repeating a pressurization cycle including a pressurizing stage of —
i ncreasing a pressure which is applied to the | am nat eTTﬁscﬁhaetH&IBéa,ﬁegrage], and

mai Ataining this value [err] for atine [err] and a pre n
stage of thereafter reducing the pressure to a value P2 I"iatural
nunber). It has been confirnmed that th%spressure val ue [err

tact with said ceramic green sheet laminate are different in

thickness from each other.

8. The method of press-molding a.ceramic green sheet

laminate in accordance with claim 5, wherein said upper and

lower mold sections are formed by plates.
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can be reduced to about 50 to 60% of the pressure value P enployed in the
conventional nmethod shown in PIG 2, and the tine [err] can al so be reduced
to about 1/50 of the pressur- ization tinme T enployed in the conventi onal

- net-hod in this case. In this enbodinent, pressurization times [err] to
[err] can be properly decided in response to the nunber, the thicknesses

- 26 -
ABSTRACT OF THE DISC#OSURE

" A method of press-molding a ceramic green sheet lami-
nate for stacking a plurality of ceramic green sheets with
each oéher Pnd pressing the laminate as obtained along its .

thickness by carrying out a pressurization cycle inclﬁding
steps of pressurizing the laminate at a pressure value P,

and reducing the pressure to a value P,, and subsequently
carrying out a pressurization cycle including a step of
pressurizing the laminate at a pressure value P, and a

pressure reduction step.

FIGURE 3
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and the dinensions of ceramc green sheets. Wile the machine shown in FI G
4 is adapted to verti- cally press the ceramc green sheet |lamnate, it is
possible to apply the pressure in a direction other than the vertical
direction, as long as the nmachine can press the ceramic green sheet

| am nate along its thickness. The inventors have discovered that it is
possi bl e to reduce
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di spersion in conpression bonding in the ceram c green sheet |amnate thus
obt ai ned, by selecting thicknesses of the upper and | ower . d sections
whi ch are brought into contact withthe ceram c green sheBE G 1;a"“ Replaced

|
he

press- nolding the sanme, thereby preventing a | ayer break
such as delam nation. This is now described with referenc
10.
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- 10 - FIG 6 is a partially fragnented sectional view for illus- trating a
conventional press-nolding step for a ceram c green sheet |am nate.
Referring to FIG 6, upper and | ower
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nol d sections 13 and 14 are nounted on upper and lower rans 11 and 12 of a
press-nol di ng machi ne respectively. The upper and | ower nold sections 13
and 14 are prepared fromplate type naterials, so that the upper nold
section 13 is formed by a plate having a thickness X1 while the Tower nold
section 14 is formed by a plate having a thickness X2. ThinStgetitias Béen Redased
upper and | ower nold sections 13 and 14 - l ﬁ"l“l“"'lllw

_4_
“FIG. 5
n
s N ~
I&J .
2 P
4 o
o ]
I
! 1
O
TIME
Tt
—

This is the replacement sheet

Date: -2 1 AUG 1996



are formed by plates having the smallest possible thick-"nesses, in order
to attain mniaturization. Therefore, the thicknesses X1 and X2 are so
m nimzed as to be not nore than I/3 of |onger sides of the ceramc green
sheéts as stacked, when the ceram c green sheets have rectangul ar shapes.
However, a nother ceram c green sheet |am nate 15 This Sheet Has Been Replaced
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whi ch is press-nol ded through the upper and | ower

shown in FIG 6 is generally increased in thickness in its central

and reduced in thickness in its peripheral portion.

This is conceivably because the pressure which is applie

and | ower

green sheet lam - nate 15 has rel atively |arge dlsper3|6q

nmol d sections 13 and 14 is regluced in
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central portions of upper and | ower surfaces of the ceram.c green sheet

| am nate 15 and increased in peripheral portions. Consequently, the ceranc

green sheets tend to be insuffi- ciently conpression-bonded to each ot her

in,the central portion of the nother ceram c green sheet |lamnate 15 after

press-nol ding. Wien the nother ceram c green sheet |am -Tlﬁnﬁhe,etliiiiiB Ti\ilced.
l

egn
along its thickness to obtain a plurality of raw “I,I mlll
-7 -

FIG. 10
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BACKGROUND OF THE INVENTION

1. Ficld of the Invention

The present invention relates to a mcthod of press-
molding a ccramic green sheet laminate, for pressing a
ccramic green shect laminate which is formed by stacking a
plurality of ccramic green sheets with each other along its
thickness thereby molding the same, and more particularly,
it relates to a method of press-molding a ceramic green sheet
laminate with an improved pressurc profile for pressing the
ccramic green sheet laminate along its thickness.

2. Description of the Background Art

In order t0 manufacture ceramic multilayer clectronic
parts such as multilayer capacitors, for example, a plurality
of mother ceramic green sheets printed with internal elec-

trodc materials arc stacked with cach other and a proper-

number of unprinted mother cecramic grecen sheets are
stacked on the uppermost and lowermost oncs of the printed
ccramic green sheets, thereby obtaining a ceramic green
sheet laminate. Thereafler the ceramic green sheet laminate
is pressed along its thickness so that the ceramic green sheets
arc compression-bonded to each other and the laminate is
molded. Then, the mother laminate thus obtained is cut
along its thickness, to obtain lJaminate raw chips in units of
individual ceramic multilayer electronic parts. The laminate
raw chips thus obtained are fired to obtain ccramic sintered
bodics, which in turn are provided with external clectrodes
on outer surfaces ‘thereof.,

In the aforementioned manufacturing method, the ceramic
green sheet laminate is pressed along its thickness to be
press-molded since it is impossible to obtain ceramic sin-
tered bodies -consisting of densely sintered ceramics, and
layer breakage such as delamination is caused unless the
ccramic green sheets are sufliciently brought into close
contact with cach other. Thus, the mother ceramic green
sheet laminate is subjected to the aforementioned pressing

- step so that the ceramic grccn shecets strongly adhere to cach

other.

An cxample of the aforementioned method of press-
molding a ccramic green sheet laminate is described with
reference to FIGS. 1 and 2.

A lowcer mold section 1 having a cavity 1a and an upper

.mold scction 2 arc employed for press-molding the cecramic

green sheets. A plurality of green sheets 3 are introduced into
the cavity 1a of the lower mold scction 1, and stacked with
cach other. Thercafter the upper mold scction 2 which is
sized to be rcceivable in the cavity la is placed on the

This is the replacement sheet
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| ami nate, a method according to a third enbodi nent of the present invention
enpl oys upper and | ower nold sections having | arge thi cknesséBnFSh&tHh(BmR eflaced

FIGS. 7 to 10. Wile this enbodiment is adapted to press a.not I!llllﬁmnuml "
e

green sheet | am nate through steps described bel ow, this nothe
green sheet lam nate is obtained by stdacking a plurality of nother ceramc

green sheets printed
ccramic green sheet laminate as formed, and a pressure Pis

applied from above for press-molding the ceramic green
shect laminate. The lower mold section 1 is mounted on a
lower ram 4 of a press, while the upper mold section 2 is
mounted on an upper ram 5 thereof. FIG. 2 shows a pressure
profilc obtained in practice. A pressure was gradually
applied from the upper mold section 2 so that the ceramic
green sheet laminate was pressed at the pressure level P for
a prescribed time T after a lapse of a time t,, and therealter
the pressure was gradually reduced over a time t,, thereby
pressing the ceramic green sheet laminate. The pressure
value P was about 350 tons in general, while the times t,, T
and t, were about 120 to 180 seconds, about 60 seconds and
about 120 to 180 seconds respectively.

In the aforementioned method of press-molding a ceramic
green sheet laminate, it is necessary to apply constant force

per unit area, in order to reliably compression-bond the
ceramic green shects 3 with each other. Therefore, the
pressure P as required must be increased as the arca of each
keramic green sheet 3 is increascd.

When the pressure P is increased, however, the overall
dimensions of the press provided with the lower mold

- section 1 and the upper mold section 2 must incvitably be
incrcased. Thus, it is necessary to cmploy a high-priced
press which rcquires a large spacc.

When the pressure P is increased, further, distortion which
is applicd to the ccramic green sheets 3 in responsc therelo
is incvitably increased. In manufacturing ceramic multilayer
clectronic parts such as multilaycer capacitors, thercfore,
positions of internal clectrodes which arc printed on the
ceramic green sheets are displaced due to such distortion,
and hence it is diflicult to obtain ccramic clectronic parts
having desired characteristics.

SUMMARY OF THE INVENTION

An object of the present invention is to provide 2 method
of press-molding a ceramic green sheet laminate which can
compression-bond a plurality of ceramic green sheets with
cach other with a lower pressure, as well as inhibit occur-

. rence of distortion in the ccramic green sheets.

According to a broad aspect of thc present invention,

* provided is 2 method of press-molding a ccramic green sheet
laminate for stacking a plurality of ceramic grcen sheels
with each other and pressing the laminate thus formed with
a press along its thickness, which comprises stages of
preparing a ceramic green sheet laminate, and pressing the
ceramic green sheet laminate by repeating a plurality of
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with-internal electrode materials and stacking a proper nunber of un ri ntl
. a

not her ceram c green sheets on the [err] upper nost and ff'b\

the printed ceram c green m

3
times a pressurization cycle which includes a pressurization
stage of pressurizing the ceramic green sheet laminate with
a prescribed pressure and a pressure reduction stage.

The inventive method of press-molding a ceramic green
sheet laminate is preferably ecmployable for a method of
manufacturing ceramic multilayer electronic parts such as
multilayer capacitors or ceramic multilayer substrates, for
cxample, and this method is also applicablc to any other
method which must obtain a laminatc by bringing a plurality
of ccramic green sheets into close contact with each other.
_ According to the present invention, a ccramic green sheet
laminate is first preparcd by stacking a plurality of ccramic
green sheets with cach other. In this case, clectrode matcrials
forming internal clectrodes may be provided on first surfaces
or first and sccond surfaces of an arbitrary number of
ceramic green sheets by printing or the like, or a plurality of
only unprinted ccramic green sheets may be stacked with
each other.

Thé alorementioned stage of preparing a ceramic green
-$heet laminate can be carried out by an arbitrary method
which is employed in a general method of manufacturing
ceramic multilayer electronic parts such as multilayer
capacitors or ccramic multilayer substrates.

In the method according to the present invention, the
pressurization cycle including the pressurization stage of
pressurizing the ceramic green sheet laminate with a pre-
scribed pressure and the pressure reduction stage is repeated
a plurality of times, in order to press the ceramic green sheet
laminate along its thickness. Thus, the pressurization cycle
is repeated a plurality of times, so that a pressure increase
step is carried out a plurality of times and a step of pressing
the ceramic green sheet laminate while maintaining a con-
stant pressure is also carried out a plurality of times.
Therefore, it is possible to bring the ceramic green sheets

into closc contact with cach other without increasing the
maximum pressurc for pressurizing the laminate. In the
pressurization cycle which is carried out a plurality of times,
the pressurization stage may be repcated at the same or
diflcrent pressure values. In the pressurization cycle, (urther,
the pressure reduction stage may also be repeated at the
same or differcnt pressure values.

Preferably there is a large difference between the pressure
valuc employed in the pressurization stage and that finally
attained in the pressure reduction stage, so that it is possible
to further improve adhesion between the ceramic green
sheets in subsequent repetition of the pressurization cycle.
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sheets. This nother ceram c green sheet lamnate is adapted to provide

mul tilayer ceramic capacitors. The internal electrode materimisShéet BasBéBfaced
by appl yi ng conductive paste on the nother ceram c green shee

such as screen printing and drying the sane. The conductive Mﬂﬂnmmm I,
a metal material having a high nelting point such as platinu I

an all oy thereof 4

In the method of press-molding a ccramic green sheet
laminatc according to the present invention, the aforemen-
tioned pressurization cycle is repcated a plurality of times
for pressing the cecramic green sheet laminate. Therelore, the
ceramic green shect laminate is pressed a plurality of times
under intensified pressurc values, whereby the ceramic
green sheets strongly adhere to each other. Thus, it is
possible to reduce thc maximum pressure for pressurization
to not more than Y2, for example, as compared with the prior
art. '

Therefore, the molding pressure can be reduced so that the
ceramic green sheet laminate can be press-molded with a
smaller press-molding machine as compared with the con-
ventional method, whereby it is possible to reduce the cost
for products which are prepared from the ceramic laminate
as well as to narrow a space for arranging the press-molding
machine.

Further, it is possible to reduce the moldirg pressure,
whereby distortion applied to the ceramic green sheets can

~be reduced for effectively preventing a defect such as
displacement of the internal electrodes, for example. There-
fore, when the present invention is applied to a method of
manufacturing ceramic multilayer electronic parts, for
example, it is possible to stably supply electronic parts
having desired characteristics, thereby improving reliability
thereof.

In addition, it is possible to employ ccramic green sheets
having larger areas, whereby productivity of the ccramic
green shect laminate can be improved when the present
invention is applied to a method of manufacturing ceramic
multilayer electronic parts, for example.

According to a specific aspect of the present invention, the
aforementioned press has upper and lower mold scctions
which are brought into contact with upper and lower sur-
faces of the ceramic green sheet laminate respectively, and
regions of the upper and lower mold scctions which arc
brought into contact with the ceramic green sheet laminate
have thicknesses which are at least ¥z of the longest sides of
the ccramic green sheets. According to this structure, it is
possible to reduce dispersion in compression bonding in the
ceramic green sheet laminate, as clearly understood from
embodiments of the present invention described later.

Thus, according to the present invention, it is possible to
obtain ceramic multilayer electronic parts having high reli-
ability, which have hardly any layer breakage such as
delamination in laminate raw chips obtained from a press-
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of an‘alloy of such a netal and silver, or a base metal mater+al such-as—
ni ckel or. copper as a conductive conpo- nent. The ceramc g&ﬁgghemgbgenq{re aced

obt ai ned by sheet-forning paste which is prepared by mixing p{Wﬂ'“ﬁ“‘Im |‘

powder of bariumtitanate ceramcs, for exanple, with a binde
solvent by a nethod such as a doctor blade coater or a roll

5

molded mother ceramic green sheet laminate after firing.
When the present invention is applied to multilayer ceramic
capacitors, for example, it is possible to prevent reduction in
capacitance and deterioration of insulation resistance caused
by delamination.

Further, it is possible to reduce dispersion in pressing of
the ceramic green sheet laminate, whereby the laminate can
be increased in size for reducing the cost by increasing the
number of products manufactured in & single process.

The foregoing and other objects, features, aspects and
advantages of thc present invention will become more
apparent from the following dctailed description of the
present invention when taken in conjunction with the
accompanying drawings. '

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 4 is a scctional view for illustrating a conventional
“mathod of press-molding a ccramic green sheet laminate;

FIG. 2 illustrates a pressure profile in the conventional
method of press-molding a ceramic green sheet laminate;

FIG. 3 illustrates a pressure profile in a press-molding
mcthod according to a first cmbodiment of the present
invention;

FIG. 4 is a schematic block diagram showing a press-
molding machine employed in the press-molding method
according to the first embodiment of the present invention;

FIG. § illustrates a pressure profile in a press-molding
method according to a sccond embodiment of the present
invention;

FIG. 6 is a partially fragmented scectional view for illus-
trating a portion provided with a mold and a ceramic green
shect laminate in a conventional method of press-molding a
ceramic green sheet laminate;

FIG. 7 is a perspective view showing a ceramic green
sheet;

FIG. 8 is a partially fragmented sectional view for illus-
trating a principal part of a mold employed in a press-
molding method according to a third embodiment of the
present invention;

FIG. 9 is a graph for illustrating dispersion in thicknesses
of ceramic green sheet laminates, with axes ol abscissas and

-ordinates showing positions in the ceramic green sheet
laminates and the thicknesses of the laminates respectively;
and
This is the replacement sheet
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coater. Each of such ceram c green sheets has a shape illustrated in EIG.
7, for exanmple. A cerami c green sheet 16 shown in FIG 7 has a rectan uI ar

pl ane shape, with | onger and shorter sides of |lengths L afis
Nanely, L>W Alternatively, the ceram c green sheet 16 rray
pl ane shape. According to this enbodi nent, the aforerrentlon

6

FIG. 10 is a perspeclive view showing a ccramic green
sheet laminate,

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention are now described
with reference to the drawings, for clarilying the present
invention.

FIG. 3 shows a pressure profile in a mecthod of press-
molding a.ccramic green sheet laminate according to a first
cmbodiment of the "present invention, and FIG. 4 is 2
schematic block diagram showing a press-molding machinc.

~

First, a ceramic green sheet laminate is arranged in ¢
lower mold section 12 which is set in a press 11 of the
press-molding machine shown in FIG. 4. The lower molc
section 12, which is simply outlined in FIG. 4, is similar ir
structure to the lower mold section 1 shown in FIG. 1, and
hds an upwardly opened cavity. The ceramic green sheet
laminate is received in this cavity.

The press 11 has a hydraulic cylinder 13 for vertically
moving the lower mold section 12. An upper mold section
14 is arranged above the lower mold. section 12. This upper
mold section 14 is fixed to the body of the press 11.

As outlined in FIG. 4, the hyfjraulic cylinder 13 is
connected with a hydraulic servo valve 15, and a pressurce
detector 16 is connected to a hydraulic circuit part provided

" between the hydraulic servo valve 15 and the hydraulic
cylinder 13. The hydraulic servo valve 15 is connected with

a hydraulic pump 18, which is stored in a hydraulic unit 17.

Further, the hydraulic servo valve 15 and the pressure

detector 16 are electrically connected with a control unit 19,

which is provided with a pressure controller 22 having an
_amplifier 20 and a servo amplifier 21.

In the press-molding machinec shown in FIG. 4, the
control unit 19 opens/closes the hydraulic servo valve 15 lor
supplying oil to the hydraulic cylinder 13 as a pressure
medium, thereby upwardly moving the lower mold scction
12 for pressurizing the ceramic green sheet laminate. In this
casc, the pressure detector 16 measures the pressure value
and supplies the pressure value as measured to the control
unit 19, which in turn compares the received measured value
with an initial sct pressure, i.c., a sct value. 1 thc measurcd
value is displaced from the sct value, the control unit 19
supplies the servo valve 15 with a signal for adjusting the
degree of opening/closing thereof in response to the pressure
displacement. Thus the prcss 11 rcliably prcssun/cs lhc‘s ihe replacement sheet
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nal el ectrode material is printed on an upper surface of eaf:__c_eLam_c_gLeen——
sheet 16, and a plurality of such nother ceram c green sheets 16 r| nt

with the internal electrode materials are stacked with eachh laced
plurality of unprinted nother ceram c green sheets are furth |
t he uppernost and | owernost ones of the printed green sheets

a nother ceram c green sheet |am nate.
' 7

According to this embodiment, pressurization and pres-
surc reduction stages are carried out through the aforemen-
tioned hydraulic circuit and the control unit 19, whereby
pressurization and pressure reduction can be readily per-
formed at a high speed.

Referring to FIG. 3, the pressure which is applicd to the
ccramic green sheet laminate which is arranged in the press
11 is first increased for a time Ty, to preliminarily pressurize
the laminate at a pressure value P, foratime T,. In this case,
it is possible to arbitrarily set the pressure valuc P, and the
preliminary pressurization time T, in response to the num-
ber, the dimensions and the thicknesses of the ceramic green
sheets as stacked.

Then, the pressure is increased to a valuc Py during a time
T,, to carry out a first main pressurization stage for a time
Ts.

Thereaflter the pressure is reduced to a value P, during a
Jime T,, and maintained at this level for a time Ts.

Then, the pressure is incrcased from the value P, to a
valuec P, during a time T, to carry out a sccond main
pressurization stage for a lime T, by pressurizing the lami-
nate at the pressure value P,.

Finally, the pressure is reduced from the value P, to the
normal level during a time T,

As clearly understood from the alorementioned pressure
profile, the ceramic green sheet laminate is preliminarily
pressurized at the pressure value P, and thercafter subjected
to a plurality of pressurization stages at the two levels of
pressurc values 3 and P; according to this embodiment.
Due to such a plurality of pressure increase steps, therefore,
it is possible to pressurize the ceramic green sheet laminate
at the pressure values P3 and P, which arc lower than the
pressure value P (sec FIG. 2) employcd in the conventional
mcthod. . ‘ o

While the pressure values’P; and P, in the first and seccond
main pressurization stages ‘arc different {rom each other
(P,>P3) in FIG. 3, the pressurization stages also may be
carricd out at the same pressure value, which can be properly
decided in response to the number, the thicknesses and the

“dimensions of the ceramic green sheets. The pressurization
times T, and T, employed in the main pressurization steps
can also be arbitrarily decided.

While two main pressurization stages are carried out in
this embodiment, a greater number of main pressurization
stages can be carried out as long as the number is times of
at least twice.

This is the replacement sheet

Date:  ~ 1 MAY 1997



Then, "the nother ceram c green sheet |lam nate is press- nolded-by—a—notding
machi ne shown in FIG 8, in order to conpression-bond the_no heetr CBLeA Bbiftaced
green sheets with each other in advance of firing. As showt

not her ceram c green sheet |lamnate 25 is arranged between r
nol d sections 23 and 24. The upper and | ower nold sections
8

While the step of reducing the pressure to the value P, is
carricd out between the first and sccond main pressurization
stages, the pressure valuc P, employed for this pressure
reduction and the time T for maintaining this value can also
be arbitrarily decided. Further, this pressure reduction stage
can also he carried out a plurality of times of at lecast twice,
and the pressurce value to be attained after pressure reduction
can also be arbitrarily decided.
The press 11 shown in FIG. 4 is simply adapted to
increase the pressure [rom the value P, for the preliminary
pressurization step to the valuc P, for the first main pres-
surization stage and to reduce the same from the value P to
the value P,, whereby it is possible to quickly carry out the
pressure incrcase and pressure rcduction stages without
substantially changing the strokc of the hydraulic cylinder
13.
The pressurization cycle, including the pressurization
stage up to the value P, and the pressure reduction stage
toward ¢he pressure value P, for example, can be carried out
a plurality of times per sccond. In an experiment made by the
inventors, il was possible to carry out the pressurization
cycle 0.5 to 5 times per sccond with the machine shown in
FIG. 4. _
In the embodiment shown in FIG. 3, it is impossible to
unequivocally state the pressure values P, to P, and the
times T, to Tg, which are properly decided in response to the
number, the thicknesses and the dimensions of the ceramic
green sheets. In order to press-mold a ceramic green sheet
laminate which is oblained by stacking a plurality of ceramic
green sheets, however, the following conditions can be
employcd:
Pressure Values: P,_I ton, P,_S tons, P,_150 tons, and
P,_160 tons

Times: T,.0.1 scc., T,.2 to 3 secc., T,.0.2 scc., T5.0.3
sec., T,.0.2 sec., T5.0.3 sec., T 0.2 sec., T,.0.3 scc.,
and T,_0.3 sec. .

FIG. 5 illustrales a pressurc profile in a method of
press-molding a ceramic green shect laminate according to
a-second embodiment of the present invention, As shown in
F1G. 5, it may also be possible to press a ceramic ercen shect
laminate by repeating a pressurization cycle including a
pressurizing stage of increasing a pressure which is applied
to the laminate to a value P, and maintaining this value P,
for a time T, and a pressure reduction stage ol thereafter
reducing the pressure to a valuc P, n times (n: natural
number). It has been confirmed that the pressure value P,
can be reduced to about 50 to 60% of the pressure value P
employed in the conventional method shown in FIG. 2, and
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and 24 are mounted on upper and |ower ranms 21 and 22 of Thm
respectively. According to this enbodiment, the upper andrtissivest HagBedn Replaced
sections 23 and 24 are formed by netal plates having thick d
[err] respectively. According to this enbodi nent, further,]ﬂ!mmm S
[err] and T2 of the upper and | ower nold sections 23 and 2 re '

9
Ehc time T, can also be reducced to about Y50 of the pressur-
dzation lime T ecmployed in the conventional method in this
casc.

In this embodiment, pressurization times T, to Ty can be
properly decided in response to the number, the thicknesses
and the dimensions of ceramic green sheets.

While the machine shown in FIG. 4 is adapted to verti-
cally press the ceramic green sheet laminate, it is possible to
apply the pressure in a direction other than the vertical
direction, as long as the machine can press the ceramic green
sheet laminate along its thickness.

The inventors have discovered that it is possible to reduce
dispersion in compression bonding in the ceramic green
sheet laminate thus obtained, by selecting thicknesses of the
upper and lower mold sections which are brought into
contact with the ceramic green sheet laminate for press-
molding the same, thereby preventing a layer breakage
phenomenon such as delamination. This is now described
wjlh reference to FIGS. 6 to 10.

FIG. 6 is a panially fragmented sectional view for illus-
trating a conventional press-molding step for a ceramic
green sheet laminate. Referring to FIG. 6, upper and lower
mold sections 13 and 14 are mounted on upper and lower
rams 11 and 12 of a press-molding machine respectively.
The upper and lower mold sections 13 and 14 arc prepared
from plate type materials, so that the upper mold scction 13
is formed by a platc having a thickness X1 while the lower
mold section 14 is formed by a platec having a thickness X2.

In general, the upper and lower mold scctions 13 and 14
arc formed by plates having the smallest possible thick-
nesses, in order to attain miniaturization. Thercfore, the
thicknesses X1 and X2 arc so minimized as to be not more
than ¥4 of longer sides of the ccramic green shects as
stacked, when the ceramic green sheets have rectangular
shapes.

lHowever, a mother ceramic green shect laminate 15
which is press-molded through the upper and lower mold
sections 13 and 14 shown in FIG. 6 is generally increased in
thickness in its central portion and reduced in thickness in its
peripheral portion. Namely, the ccramic green shect lami-
natc 15 has relatively large dispersion in thickness. This is
conceivably because the pressure which is applied across the
upper and lower mold sections 13 and 14 is reduced in
central portions of upper and lower surfaces of the ceramic
green sheet laminate 15 and increased in peripheral portions.
Conscquently, the ccramic green sheets tend to be insufli-
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at | éast of the length L of the |onger sides of the ceram ¢ green sheets——

16. Therefore,

di spersion in conpression bond- ing is reducEssiet HaBeeRE

ceram c green sheet |am nate 25 - 12 -

10

ciently compression-bonded to cach other in the central
portion of the mother ceramic green sheet laminate 15 after
press-molding. When the mother ceramic green sheet lami-
nate 15 is cut along its thickness to obtain a plurality of raw
chips in units of a plurality of ccramic multilayer clectronic
parts, therefore, the raw chips obtained from the central
portion of the mother ceramic green sheet laminate 15 casily
cause a layer breakage phenomenon such as delamination
alter firing.

In order to reduce such dispersion in compression bond-
ing in the aforementioned region of the ceramic green sheet
laminate, a method according to a third embodiment of the
present invention employs upper and lower mold scctions
having large thicknesses, as shown in FIGS. 7 to 10.

While this embodiment is adapted to press a mother
ceramic green sheet laminate through steps described below,
this mother ceramic green sheet laminate is obtained by
stacking a plurality of mother ceramic green sheets printed
with internal electrode materials and stacking a proper
rimber of unprinted mother ceramic green sheets on the
uppermost and lowermost ones of the printed ccramic green
sheets. This mother ceramic green shect laminate is adapted
to provide multilaycr cecramic capacitors.

The intemal clectrode materials are formed by applying
conductive paste on the mother ccramic grcen sheets by
means such as scrcen printing and drying the same. The
conductive paste contains a metal material having a high
melting point such as platinum, palladium, an alloy thereof
or an alloy of such a metal and silver, or a base metal
material. such as nickel or copper as a conductive compo-
nent.

The ceramic green shects are obtained by sheet-forming

paste which is prepared by mixing proper ceramic powder ol

barium titanate ceramics, for example, with a binder and a
solvent by a method such as a doctor blade coater or a roll
coater. Each of such ceramic green sheets has a shape
illustrated in FIG. 7, for example. A ceramic green sheet 16
shown in FIG. 7 has a rectangular planc shape, with longer
and shorter sides of lengths L and W respectively. Namely,
L>W. Alternatively, the ceramic green shect 16 may have a
squarc planc shape.

I

|

I

i
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which is press-nolded. This is now described with reference—te—resu-ts—of—a—

concrete experinment. Mther ceram c green sheet |am nates WaLER §s5§egnRe laced

sim- larly to the first enbodinment, with the upper and Iovve
23 and 24 having thicknesses [err] and [err] which were 1/3, Iﬂﬂill
the length L of the |longer sides of the ceram c green sheets

shows the results of the experinent. 11

According to this embodiment, the aforementionied inter-
nal clectrode material is printed on an upper surface of each
ccramic green sheet 16, and a plurality of such mother
ccramic green sheets 16 printed with the internal clectrode
materials arc stacked with cach other while a plurality of
unprinted mother ceramic green sheets are {urther stacked
on the uppermost and lowcrmost ones ol the printed green
sheets, for preparing a mother ceramic green sheet laminate.

Then, the mother ceramic green sheet laminate is press-
molded by a molding machinc shown in FIG. 8, in order to -
compression-bond the mother ceramic green sheets with
cach other in advance of firing.

As shown in FIG. 8, a mother cecramic green sheet
laminate 25 is arranged hetween upper and lower mold
scetions 23 and 24, The upper and lower mold sections 23
and 24 arc mounted on upper and lower rams 21 and 22 of
the molding machine respectively.

According to this embodiment, the upper and lower mold
scction$ 23 and 24 arc formed by metal plates having
tificknesses T, and T, respectively.

According to this embodiment, {urther, the thicknesses T,
and T, of the upper and lower mold sections 23 and 24 are
at lcast ¥4 of the length L of the longer sides of the ceramic
green sheets 16. Thereflore, dispersion in compression bond-
ing is reduced in the mother ceramic green sheet laminate 25
which is press-molded. This is now described with refcrence
to results of a concrete experiment.

Mother ceramic green sheet laminates were pressed simi-
larly to the first embodiment, with the upper and lower mold
scctions 23 and 24 having thicknesses T, and T, which were
YA, Y2 and % of the length L of the longer sides of the ceramic
green sheets 16. FIG. 9 shows the results of the experiment.

Relerring to FIG. 9, the axis of abscissas shows positions
on the mother ceramic green sheet laminates with symbols
a to i, as shown in FIG. 10. On the other hand, the axis of
ordinates shows the thicknesses of the laminates.

A solid line A, a one-dot chain line B and a broken line
C appcaring in FIG. 9 show thickness dispersion levels of
the laminates pressed through the upper and lower mold
sections having the thicknesses T, and T, which were ¥, 2
and % ol the length L of the longer sides of the ceramic green
sheets 16 respectively.

As clearly understood (rom FIG. 9, the thickness of the
laminate 25 as presscd was dispersed over the range of 1.415
mm to 1.445 mm when the thicknesses T, and T, of the
upper and lower mold sections 23 and 24 were % of the
length L of the longer sides of the ceramic green shects 16,
with considcrably large thickness dispersion of about 30 pm.

This is the replacement shest
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Referring to FIG 9, the axis of abscissas shows positions on the nother
ceram c green sheet lamnates with synbols a to i, as shown in FIG 10, 0On
the other hand, the axis of ordinates shows the thi cknessﬁﬁswnfaetHbsSBeenReilaced :

| am nates. A solid line A, a one-dot chain line B and a br '
appearing in FIG 9 show thickness dispersion levels of th |

pressed through the upper and | ower nold
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When the thicknesses T, and T, were % and % of the length
L of the longer sides of the ccramic green sheets 16, on the
other hand, the thicknesses ol the laminates 25 were dis-
persed over the range of 1.420 mm to 1,430 mm, with
extremely small thickness dispersion of about 10 pm. Thus,
it is understood possible to reduce the thickness dispersion
to about Y3 as comparcd with the prior art by sctting the:
thicknesses T, and T, of the upper and lower mold sections
23 and 24 10 be at least % of the length L of the longer sides
of thé ceramic_green sheets 16.

While the thicknesses T, and T, were equal to each other
in the aforementioned experiment, these thicknesses T, and
T, may be diflerent from each other, so far as the same arc
at least %2 of the length of the longer sides of the ceramic
green sheets.

While the upper and lower mold sections 23 and 24 arc
formed by the plates having the thicknesses T, and T,
respectively as shown in FIG. 8, the lower mold section may
be replaced by that having an upwardly opened cavity,

similarly to the lower mold scction 1 of the press-molding
machinc shown in FIG. 1. In this case, the thickness X2 of
the portion of the lower mold section 1 which is brought into
contact with the ceramic green sheet laminate 3 shown in
FIG. 1 may be set in a similar manner to.the aforcmentioned
thickness T,. -

Although the present invention has beén described and
1llustrated 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 spirit and scope of the present
invention being limited only by the terms of the appended
claims. '

What is claimed is:

1. A mecthod of press-molding a ceramic green sheet
laminatc for stacking a plurality of ccramic grcen shects
with each other and pressing a laminate thus obtained with
a press along its thickness, said method comprising the steps
of: '

preparing a ceramic green sheel laminate by stacking a

plurality of ceramic green shects with cach other; and

pressing said ccramic green sheet laminate along its
thickness by rcpeating a pressurization cycle, which
includes a pressurization stage of pressurizing said
ceramic green shect laminate at a prescribed pressure,
and a pressure reduction stage, wherein said pressure
reduction stage is carried out by applying a prcssure

value greater than zero.
5 e soegoemet phest
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sections havi ng the thicknesses [err] and [err] which were I/ 3;—and-—3/4—-of _

the length L of the | onger sides of the ceram c green sheetss _ '
‘respectively. As clearly understood fromFI G 9, the thickn bt oo o Replaced
“lam nate 25 as pressed was di spersed over the range of 1.41%WM ﬂﬂ'rm
when the thicknesses [err] and [err] of the upper and | ower [
23 and 24 were 1/3 of the
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When the thicknesses T, and T, were % and % of the length
L of the longer sides of the ceramic green sheets 16, on the
other hand, the thicknesses of the laminates 25 were dis-
persed over the range of 1.420 mm to 1,430 mm, with
extremely small thickness dispersion of about 10 ym. Thus,
it is understood possible to reduce the thickness dispersion
to about %3 as compared with the prior art by sctting the
thicknesses T, and T, of the upper and lower mold sections
23 and 24 to be at least ¥ of the length L of the longer sides
of the ceramic_green sheets 16.

While the thicknesses T, and T, were equal to each other
in the aforementioned experiment, these thicknesses T, and
T, may be different {rom each other, so far as the same arc
at least %2 of the length of the longer sides of the ceramic
green sheets.

While the upper and lower mold sections 23 and 24 arc
formed by the plates having the thicknesses T, and T,
respectively as shown in FIG., 8, the lower mold section may
be replaced by that having an upwardly opened cavity,

similarly to the lower mold scction 1 of the press-molding
machine shown in FIG. 1. In this case, the thickness X2 of
the portion of the lower mold section 1 which is brought into
contact with the ceramic green sheet laminatc 3 shown in
FIG. 1 may be set in a similar manner to the aforementioned
thickness T,.

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 spirit and scope of the present
invention being limited only by the terms of the appended
claims. '

What is claimed is:

1. A mcthod of press-molding a ceramic green sheet
laminate for stacking a plurality ol ceramic green sheets
with each other and pressing a laminate thus obtained with
a press along its thickness, said method comprising the steps -
of: _

preparing a ceramic green sheet laminate by stacking a

plurality of ceramic green sheets with each other; and

pressing said ceramic green sheet laminale along its
thickness by repeating a pressurization cycle, which
includes a pressurization stage of pressurizing said
ccramic green shect laminate at a prescribed pressure,
and a pressure reduction stage, wherein said pressurce
- reduction stage is carried out by applying a pressure

value greater than zero. _ )
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léength L of the |onger sides of the ceramic green sheets 16, Wth
considerably | arge thickness dispersion of about 30 [err] V\V]G‘hlSSllmetHasBeenReplaced

t hi cknesses [err] and [err] were and 3/4 of the length L of
sides of the ceram c green sheets 16, on the other hand, the t
the | am nates 25 were dis- persed over the range of 1.420 mmto

with extrenely small thickness di fgersmn of about 10 [err]. Thus,

2. The method of press-molding a ccramic gréen shect
laminate in accordance with claim 1, wherein said pressur-
ization stage included in said pressurization cycle being
carried out a plurality of times is carricd out at the same
pressure value in cach said pressurization cycle.

3. The method of press-molding a ceramic grcen sheet
laminate in accordance with claim 1, wherein said pressur-
ization stage included in said pressurization cycle being
carried out a plurality of times is carried oul at diflerent
pressure values in respective said pressurizatiou cycles.

4. The method of press-molding a ceramic green sheet
laminate in accordance with claim 3, wherein a second one
of said pressurization stages is carried out at a greater
pressure value than a first onc of said pressurization stages.

5. The method of press-molding a ceramic green sheet
laminate in accordance with claim 1, further comprising a
step of preliminarily pressurizing said ceramic green sheet
laminate at a preliminary pressure valve in advance of said
pressing step.

# 6. The method of press-molding a ceramic green sheet
laminate in accordance with claim 5, wherein a second said
pressurization stage is carried out at a greater pressure value
than a first said pressurization stage.

7. The method of press-molding a ceramic green sheet
laminate in accordance with claim §, wherein a pressure

value. at a pressure reduction stage between said first and
second pressurization stages is greater than said preliminary

8. The method of press-molding a ceramic green sheat
laminate in accordance with claim 5, wherein said step of
prchmmanly pressurizing is followed by first and second
pressurizing stages, and a pressure value at a pressure

reduction stage between said first and second pressurization
stages is greater than said preliminary pressure value.

Y. The method of press-molding a ceramic green sheet
laminate in accordance with claim 1, wherein said pressur-
ization cycle is carried out 0.5 to 5 limes per second.

10. The method of press-molding a ceramic green shect
laminate in accordance with claim 9, wherein each said
pressurization stage is 0.3 seconds in length.

11. The method of press-molding a cecramic green sheet
laminale in accordance with claim 10, wherein cach said
pressure reduction stage is (0.3 scconds in length,

12. The method of press-molding a ceramic green sheet
laminate in accordance with claim 1, wherein cach said
pressurization stage is 0.3 seconds in length.

13. The method of press-molding a ceramic green sheet
laminate in accordance with claim 12, wherein cach said
pressure reduction stage is 0.3 scconds in length,

R 0

This is the replacement sheet

Date: = 7 MAY 1997



it is”understood possible to reduce the thickness dispersion to about’ 'A as

conpared with the prior art by setting the thicknesses [err}—and L\,rr] of

t he upper and | ower nold sections 23 and 24 to be at IeastTh,; '

|l ength L of the |longer sides of the ceram c green sheets 16 Wpi' ﬁgp'a
d

thicknesses [err] and [err] were equal to each other in th
experinent, these thicknesses [err] and
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14. The method of press-molding a ceramic green shect
laminate in accordance with claim 1, wherein cach said
pressure reduction stage is 0.3 scconds in length.

15. A method of press-molding a ceramic green sheet
laminate for stacking a plurality of ccramic green sheets
with each other and pressing a laminate thus obtained with
a press along its thickness, said method comprising the
stages of:

preparing a ceramic green sheet laminate by stacking a

plurality of ccramic green sheets with each other; and

pressing said ceramic green sheet laminate along its
thickness by carrying out a pressurination cycle, which
includes a pressurization stage of pressurizing said
ceramic green sheet laminate at a prescribed pressure
and a pressure reduction stage;

wherein said press has upper and lower mold scction
bcmg brought into contact with upper and lower sur-
faces of said ceramic green sheet laminate respectively,
regions of said upper and lower mold sections being
brought into contact with said ceramic green sheet
laminate having thicknesses of at least %2 of the longest
sides of said ceramic green sheets.

16. The method of press-molding a ceramic green sheet
laminate in accordance with claim 15, wherein said regions
of said upper and lower mold scctions being brought into
contact with said ceramic green sheet laminate are equal in
thickness to each other.

17. The method of press-molding a ccramic green sheet
laminate in accordance with claim 16, wherein said upper
and lower mold sections are formed by plates. .

18. The method of press-molding a ceramic green sheel
laminate in accordance with claim 15, wherein said regions
of said upper and lower mold sections being brought into
contact with said ceramic green sheet laminate are difTercnt
in thickness from each other. '

19. The method of press-molding a ceramic green sheet
laminate in accordance with claim 18, whercin said upper
and lower mold sections are formed by plates.

20. The method of press-molding a ceramic green sheet

laminate in accordance with claim 15, wherein said upper
and lower mold sections are formed by plates.
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OD OF PRESS-MOLDING CERAMIC
GREEN SHEET LAMINATE

BACKGROUND OF THE INVENTION

. Field of the Invention

- The present invention relates to 2 method of press-
molding 2 ceramic green sheet laminate, for pressing a
ceramic green sheet laminate which is formed by stacking a
plurality of ceramic green sheets with each other along its
thickness thereby molding the same, and more particularly,
it relates to 2 method of press-molding a ceramic green sheet
laminate with an improved pressure profile for pressing the
ceramic green sheet laminate along its thickness.

2. Description of the Background Art

In order to manufacture ceramic multilayer electronic
parts such as multilayer capacitors, for example, a plurality
of mother ceramic green sheets printed with internal elec-
-trode materials are stacked with each other and a proper
number of unprinted mother ceramic green sheets are
stacked on the uppermost and lowermost ones of the printed
ceramic green sheets, thereby obtaining a ceramic green
sheet laminate, Thereafter the ceramic green sheet laminate
is pressed along its thickness so that the ceramic green sheets
are compression-bonded to each other and the laminate is
molded. Then, the mother laminate thus obtained is cut
along its thickness, to obtain laminate raw chips in units of
individual ceramic multilayer electronic parts. The laminate
raw chips thus obtained are fired to obtain ceramic sintered|
bodies, which in turn are provided with extemal electrodes
on outer surfaces thereof.

In the aforementioned manufacturing method, the ceramic
green sheet laminate is pressed along its thickness to be
press-molded since it is impossible to obtain ceramic sin-
tered bodies consisting of densely sintered ceramics, and
layer breakage such as delamination is caused unless the
ceramic green sheets are sufficiently brought into close
contact with each other. Thus, the mother ceramic green
sheet laminate is subjected to the aforementioned pressing
step so that the ceramic green sheets strongly adhere to each
other. .

An example of the aforementioned method of press-
molding a ceramic green sheet laminate is described with
reference to FIGS. 1 and 2.
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simlarly to the lower nold section 1 of the press-noldi ng machi ne shown in
FIG 1. In this case, the thickness X2 of the portion of thelower nold
section 1 which is brought into contact with the ceram c green sheet

| am nate 3 shown in [err]

-2 -

A lower mold section 1 having a cavity 1z and an upper
mold section 2 are employed for press-molding the ceramic
green sheets. A plurality of green sheets 3 are introduced into
the cavity 1a of the lower mold section 1, and stacked with
cach other. Thereafter the upper mold section 2 which is
sized to be receivable in the cavity 1a is placed on the
ceramic green sheet laminate as formed, and a pressure Pis

_ applied from above for press-molding the ceramic green
sheet laminate. The lower mold section 1 is mounted on a
lower ram 4 of a press, while the upper mold section 2 is
mounted on an upper ram 5 thereof. FIG. 2 shows a pressure
profile obtained in practice. A pressute was gradually
applied from the upper mold section 2 so that the ceramic
green sheet laminate was pressed at the pressure level P for
a prescribed time T after a lapse of a time ¢,, and thereafter
the pressure was gradually reduced over a time t,, thereby
pressing the ceramic green sheet laminate. The pressure
value P was about 350 tons in general, while the times t,, T
and t, were about 120 to 180 seconds, about 60 seconds and
about 120 to 180 seconds respectively.

In the aforementioned method of press-molding a ceramic
green sheet laminate, it is necessary to apply constant force
per unit area, in order to reliably compression-bond the
ceramic green sheets 3 with each other. Therefore, the
pressure P as required must be increased as the area of each
ceramic green sheet 3 is increased.

When the pressure P is increased, however, the overall
dimensions of the press provided with the lower mold
section 1 and the upper mold section 2 must inevitably be
increased. Thus, it is necessary to employ a high-priced
press which requires a large space.

When the pressure P is increased, further, distortion which
is applied to the ceramic green sheets 3 in response thereto
is inevitably increased. In manufacturing ceramic multilayer.
electronic parts such as multilayer capacitors, therefore,
positions of internal electrodes which are printed on the
ceramic green sheets are displaced due to such distortion,
and hence it is difficult to obtain ceramic electronic parts
having desired characteristics.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a method
of press-molding a ceramic green sheet laminate which can
compression-bond a plurality of ceramic green sheets with
each other with a lower pressure, as well as ighibit occur-
rence of distortion in the ceramic green sheets,
This is the replacement sheet
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- 13 - FIG 1 may be set in a simlar manner to the aforenenti oned
t hi‘ckness [err]. Although the present invention has been described and
illustrated in detail, it is clearly understood that the sane is by way of

illustration and exanple only and is not to be
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According to a broad aspect of the preseat invention,
provided is a method of press-molding a ceramic green sheet
laminate for stacking a plurality of ceramic green sheets
with each other and pressing the laminate thus formed with
a press along its thickness, which comprises stages of
preparing a ceramic green sheet laminate, and pressing the
ceramic green sheet laminate by repeating a plurality of
times a pressurization cycle which includes a pressurization
stage of pressurizing the ceramic green sheet laminate with
a prescribed pressure and a pressure reduction stage.

The inventive method of press-molding a ceramic green
sheet laminate is prefctably employable for a method of
manufacturing ceramic n-mlulayer electronic parts such as
multilayer capacitors or ceramic multilayer substrates, for
example, and this method is’ also applicable to any other
method which must obtain a laminate by bringing a plurality
of ceramic green sheets into close contact with each other.

Accordmg to the present inveation, a ceramic green sheet
laminate is first prepared by stacking a plurality of ceramic
green sheets with each other. In this case, electrode materials
forming internal electrodes may be provided on first surfaces
or first and second surfaces of an arbitrary number of
cerarmmic green sheets by printing or the like, or a plurality of
only unprinted ceramic green sheets may be stacked with
each other.

The aforementioned stage of preparing a ceramic green
sheet laminate can be carried out by an arbitrary method
which is employed in a general method of manufacturing
ceramic multilayer electronic parts such as mulnlayer
capacitors or ceramic multilayer substrates.

In the method according to the present invention, the
pressurization cycle including the pressurization stage of
pressurizing the ceramic green sheet laminate with a pre-
scribed pressure and the pressure reduction stage is repeated
a plurality of times, in order to press the ceramic green sheet
laminate along its thickness. Thus, the pressurization cycle
is repeated a plurality of times, so that a pressure increase
step is carried out a plurality of times and a step of pressing
the ceramic green sheet laminate while maintaining a con-
stant pressure is also carried out a plurality of times.
Therefore, it is possible to bring the ceramic green sheets
into close contact with each other without increasing the
maximum pressure for prcssnnzmg the laminate. In the
pressurization cycle which is carried out a plurality of times,
the pressurization stage may be rcpeated at the same or
differcat pressure values. In the pressurization cycle, further.
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the pressure reduction stage may also be repeated at the
same or different pressure values.

- Preferably there is a large difference bctwccn the pressure
value employed in the pressurization stage and that finally
attained in the pressure reduction stage, so that it is possible
to further improve adhesion between the ceramic green
shects in subsequent repetition of the pressurization cycle.

In the method of press-molding a ceramic green sheet
laminate according to the present invention, the aforemen-
tioned pressurization cycle is repeated a plurality of times
for pressing the ceramic green sheet laminate. Therefore, the
ceramic green sheet laminate is pressed a plurality of times
under intensified pressure values, whereby the ceramic
green sheets strongly adhere to each other. Thus, it is
possible to reduce the maximum pressure for pressurization

- to not more than 1, for example, as compared with the prior

_art.

Therefore, the molding pressure can be reduced so that the
ccramic green sheet laminate can be press-molded with a

smaller press-molding machine as compared with the con-

ventional method, whereby it is possible to reduce the cost
for products which are prepared from the ceramic laminate
as well as to narrow a space for arranging thc press-molding
machine.

Further, it is possible to reduce the molding pressure,
whereby distortion applied to the ceramic green sheets can
be reduced for effectively preventing a defect such as
displacement of the internal electrodes, for example. There-

fore, when the present invention is applied to a method of

manufacturing ceramic multilayer electronic parts, for
example, it is possible to stably supply electronic parts
having desired characteristics, thereby improving reliability
‘thereof.

In addition, it is possible to employ ceramic green sheets

. having larger areas, whereby productivity of the ceramic

green sheet laminate can be improved when the present
invention is applied to a method of manufacturing ceramic
multilayer elcctronic parts, for example.

According o2 specific aSpect of the present invention, the
aforcmentioned press has upper and lower mold sections
which are brought into contact with upper and lower sur-
faces of the ceramic green sheet laminate respecuvely, and
regions of the upper and lower mold sections which are
brought into contact with the ceramic green sheet laminate
have thicknesses which are at least ¥ of the longest sides of
the ceramic green sheets. According to this structure, it is
possible to reduce dispersion in compression bonding in the
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- 14 - What is clained is: 1. A nethod of press-nolding a ceramc green
sheet lam nate for stacking a plurality of ceram c green sheets with each
ot her and pressing a |lam nate thus obtained with a press along its

t hi ckness, said method conprising the steps
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ceramic green sheet laminate, as clearly understood from
embodiments of the present invention described later.

Thus, according to the present invention, it is possibie to
obtain ceramic multilayer electronic parts having high reli-
ability, which have hardly any layer breakage such as
delamination in laminate raw chips obtained from a press-
molded mother ceramic green sheet laminate after firing. -
When the present invention is applied to muitilayer ceramic
capacitors, for example, it is possible to prevent reduction in
capacitance and deterioration of insulation resistance caused
by delamination.

. Further, it is possible to reducc dispersion in pressing of
the ceramic green sheet laminate, whereby the laminate can
be increased in size for reducing the cost by increasing the
number of products manufactured in a single process.

The forcgoing and other objects, fcatures, aspects and
advantages of the present invention will become more

apparent from the following detailed description of the
present invention when taken in comjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view for illustrating a conventional
method of press-molding a ceramic green sheet laminate;

FIG. 2 illustrates a pressure profile in the conventional
method of press-molding a ceramic green sheet laminate;

FIG. 3 illustrates a pressure profile in a press-molding
method according to a first embodiment of the present
invention;

FIG. 4 is a schematic block diagram showing a press-
molding machine employed in the press-molding method
according to the first embodiment of the present invention;

FIG. § illustrates a pressure profile in a press-molding
method ‘according to a second embodiment of the present
invention;

FIG. 6 is a partially fragmented sectional view for illus-
trating a portion provided with a mold and a ceramic green
sheet laminate in a conventional method of press-molding a
ceramic green sheet lamninate;

FIG. 7 is a perspective view showing a ceramic green
sheet;

FIG. 8 is a partially fragmented sectional view for illus-
trating a principal part of 2 mold employed in a press-
molding method according to a third embodiment of the

esent invention; -
i This is the replacement shest
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of preparing a ceram c green sheet |amnate by stacking a plurality of
ceram c green sheets with each other, and pressing said ceram c green sheet
lam nate along its thickness by repeating a pressurization cycle, which
includes a pressurization stage of pressurizing said ceram c green sheet

| am nate at a prescribed pressure,

-6 -

FIG. 9 is a graph for illustrating dispersion in thicknesses
of ceramic green sheet laminates, with axes of abscissas and
ordinatcs showing positions in the ceramic green sheet
laminates and the thicknesses of the laminates respectively;

and
FIG. 10 is a perspective view showing a ceramic green

sheet laminate.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention are now described
with reference to the drawings, for clarifying the present
invention.

FIG. 3 shows a pressure profile in a method of press-
molding a ceramic green sheet laminate according to a first
embodiment of the present invention, and FIG. 4 is a
schematic block diagram showing a press-molding machine.

First, a ceramic green sheet laminate is arranged in a
lower mold section 12 which is set in a press 11 of the
press-molding machine shown in FIG. 4. The lower mold
section 12, which is simply outlined in FIG. 4, is similar in
structure to the lower mold section 1 shown in FIG. 1, and
has an upwardly opened cavity. The ceramic green sheet
laminate is received in this cavity.

The press 11 has a hydranlic cylinder 13 for vertically
moving the lower mold section 12. An upper mold section
14 is arranged above the lower mold section 12. This upper
mold section 14 is fixed to the body of the press 11. :

As outlined in FIG. 4, the hydraulic cylinder 13 is
connected with a hydraulic servo valve 15, and a pressure
detector 16 is connected to a hydraulic circuit part provided
between the hydraulic servo valve 15 and the hydraulic
cylinder 13. The hydraulic servo valve 15 is connected with

This is the replacement shest
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and a pressure reduction stage, wherein said pressure reduction stage is
carried out by applying a pressure value greater than zero. 2. The nethod
of press-nolding a ceranmic green sheet |lam nate in accordance with claim1,
wherein said pressur- ization stage included in said pressurization cycle
being carried out a plurality of times is carried out at the sane

-7 -

a hydraulic pump 18, which is stored in a hydraulic unit 17.
Further, the hydraulic servo valve 15 and the pressure
detector 16 are clectrically connected with a control unit 19,
which is provided with a pressurc controller 22 having an
amplifier 20 and a servo amplifier 21.

In the press-molding machine shown in FIG. 4, the
control unit 19 opens/closes the hydraulic servo valve 15 for
supplying oil to the hydraulic cylinder 13 as a pressure
medium, thereby upwardly moving the lower mold section
12 for pressurizing the ceramic green sheet laminate. In this
case, the pressure detector 16 measures the pressure value
and supplies the pressure value as measured to the control
unit 19, which in turn compares the received measured value
with an initial set pressure, i.c., a set value. If the measured
valuc is displaced from the set value, the control unit 19
supplies the servo valve 15 with a signal for adjusting the
degree of opening/closing thereof in response to the pressure
displacement. Thus, the press 11 reliably pressurizes the
ceramic green sheet laminate with a prescribed pressure.

According to this embodiment, pressurization and pres-
surc reduction stages are carried out through the aforemen-
tioned hydraulic circuit and the control unit 19, whereby
pressurization and pressure reduction can be readily per-
formed at a high speed.. '

"~ Referring to FIG. 3, the pressure which is applied to the
ceramic green sheet laminate which is arranged in the press
11 is first increased for a time Ty, to preliminarily pressurize
the laminate at a pressure value P, for a time T,. In this case,
it is possible to arbitrarily set the pressure value P, and the
preliminary pressurization time T, in response to the num-
ber, the dimensions and the thicknesses of the ceramic green
sheets as stacked.

Then, the pressure is increased to a value P; during a time

T, to carry out a first main pressurization stage for a time

T3- . .
Thereafter the pressure is reduced to a value P, during a
time T, and maintained at this level for a time Ts.

Then, the pressure is increased from the value P, to a
value P, during a time T, to carry out a second main
pressurization stage for a time T, by pressurizing the lami-
natc at the pressure value P,,

Finally, the pressure is reduced from the value P, to the
normal level during a time T,.
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pressure value in each said pressurization cycle. 3. The method of

press-nol ding a ceramic green sheet laninate in accordance with claim 1,
wherein said pressur- ization stage included in said pressurization cycle
being carried out a plurality. of times is carried out at different pressure
values in respective said pressurization cycles. 4. The net hod of

press-nol ding a ceram c green sheet -8 -

As clearly understood from the aforcmentioned pressure
profile, the ceramic green sheet laminate is preliminarily
pressurized at the pressure value P, and thereafter subjected
to 2 plurality of pressurization stages at the two levels of
pressurc values P, and P, according to this embodiment.
Due to such a plurality of pressure increase steps, therefore,
it is possible to pressurize the ceramic green sheet laminate
at the pressure values P; and P, which are lower than the
-pressure value P (see FIG. 2) employed in the conventional
method. ' ,

While the pressure values P, and P, in the first and second
main pressurization stages arc different from each other
(P,>P,) in FIG. 3, the pressurization stages also may be
carried out at the same pressure value, which can be properly
decided in response to the number, the thicknesses and the
dimensions of the ceramic green sheets. The pressurization
times T; and T, employed in the main pressurization steps
can also be arbitrarily decided.

While two main pressurization stages are carried out in
this embodiment, a greater number of main pressurization
stages can be carried out as long as the number is times of
at least twice. - o

While the step of reducing the pressure to the value P, is
carried out between the first and second main pressurization
stages, the pressure value P, employed for this pressure
reduction and the time Ty for maintaining this value can also
be arbitrarily decided. Further, this pressure reduction stage
can also be carried out a plurality of times of at least twice,
and the pressure value to be attained after pressure reduction
can also be arbitrarily decided.

The press 11 shown in FIG. 4 is simply adapted to
increase the pressure from the value P, for the preliminary
pressurization step to the value P; for the first main pres-
surization stage and to reduce the same from the value P, to
the value P,, whereby it is possible to quickly carry out the
pressure increase and pressure reduction stages without
sgbstantiauy changing the stroke of the hydraulic cylinder
13.

The pressurization cycle, including the pressurization
stage up to the value P, and the pressure reduction stage
toward the pressure value P,, for example, can be carried out
a plurality of times per second. In an experiment made by the
inventors, it was possible to carry out the pressurization
cycle 0.5 to 5 times per second with the machine shown in
FIG. 4.
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| am nate in accordance with claim3, wherein a second one of said
pressurization stages is carried out at a greater pressure value than a
first one of said pressurization stages. 5. The nethod of press-nolding a
ceram c green sheet |amnate in accordance with claim1, further conprising
a step of prelimnarily pressurizing said ceram c green sheet lamnate at a
prelimnary pressure valve in advance of said

_9-

In the embodiment shown in FIG. 3, it is impossible to
unequivocally state the pressure values P, to P, and the
times T, to Tg, which are properly decided in response to the
number, the thicknesses and the dimensions of the ceramic
green sheets. In order to press-mold a cerarmic green sheet
laminate which is obtained by stacking a plurality of ceramic
green sheets, however, the following conditions can be
employed:

Pressure Valves: P,.1 ton, P,.5 tons, P,,150 tons, and

P,.160 tons

Times: To.0.1 sec., T, 2 to 3 sec., T,_0.2 sec., T5.0.3
sec., T,.0.2 sec., T5.0.3 sec., T 0.2 sec., T,.0.3 sec,,
and Tg 0.3 sec.

FIG. § illustrates a pressure profile in a method of
press-molding a ceramic green sheet laminate according to
a second embodiment of the present invention. As shown in-
FIG. §, it may also be possible to press a ceramic green sheet

"laminate by repeating a pressurization cycle including a
pressurizing stage of increasing a pressure which is applied
to the laminate to a value P; and maintaining this value P,
for a time T; and a pressure reduction stage of thereaﬁer
reducing the pressure to a value P, n times (n: natural
number). 1t has been confirmed that the pressure value P,
can be reduced to about 50 to 60% of the pressure value P
employed in the conventional method shown in FIG. 2, and
the time T, can also be reduced to about Y40 of the pressur-
ization time T employed in the conventional method in this
case.

In this embodiment, pressurization times T, to Tg can be
properly decided in response to the number, the thicknesses
and the dimensions of ceramic green sheets.

While the machine shown in FIG. 4 is adapted to verti-
cally press the ceramic green sheet laminate, it is possible to
apply the pressure in a direction other than the vertical
direction, as long as the machine can press the ceramic green
sheet laminate along its thickness.

The inventors have discovered that it is possible to reduce
dispersion in compression bonding in the ceramic green
sheet laminate thus obtained, by selecting thicknesses of the
upper and lower mold sections which are brought into
contact thh the ceramic green sheet laminate for press-
molding the same, thereby preventing a layer breakage
phenomenon such as delamination. This is now described
with reference to FIGS. 6 to 10.
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pressing step 6. The nethod of press-nolding a ceram c green sheet |am nate
in accordance with claim5, wherein a second said pressurization stage is
carried out at a greater pressure value than a first said pressurization
stage. 7. The nethod of press-nolding a ceram c green sheet lamnate in
‘accordance with claim®6, wherein a pressure

_10..

FIG. 6 is a partially fragmented scctional view for illus-
trating a conventional press-molding step for a ceramic
green sheet laminate. Referring to FIG. 6, upper and lower
mold sections 13 and 14 are mounted on upper and lower
rams 11 and 12 of a press-molding machine respectively.
The upper and lower mold sections 13 and 14 arc prepared
from plate type materials, so that the upper mold section 13
is formed by a plate having a thickness X1 while the lower
mold scction 14 is formed by a plate having a thickness X2.

In general, the upper and lower mold sections 13 and 14
are formed by plates having the smallest possible thick-
nesses, in order to attain miniaturization. Therefore, the
thicknesses X1 and X2 are so minimized as to be not more
than Y5 of longer sides of the ceramic green sheets as
stacked, when the ceramic green sheets have rectangular
shapes.

However, a mother ceramic green sheet laminate 15
which is press-molded through the upper and lower mold
-sections 13 and 14 shown in FIG. 6 is generally increased in
thickness in its central portion and reduced in thickness in its
peripheral portion. Namely, the ceramic green sheet lami-
nate 15 has relatively large dispersion in thickness. This is -
conceivably because the pressure which is applied across the
upper and lower mold sections 13 and 14 is reduced in
central portions of upper and lower surfaces of the ceramic
green sheet laminate 15 and increased in peripheral portions.
Consequently, the ceramic green sheets tend to be insuffi-
ciently compression-bonded to each other in the central
portion of the mother ceramic green sheet laminate 15 after
press-molding. When the mother ceramic green sheet lami-
nate 15 is cut along its thickness to obtain a plurality of raw
chips in units of a plurality of ceramic multilayer electronic
parts, therefore, the raw chips obtained from the central
portion of the mother ceramic green sheet laminate 15 easily
causc a layer breakage phenomenon such as delamination
after firing. _

In order to reduce such dispersion mn compression bond-

_ ing in the aforementioned region of the ceramic green sheet
laminate, a method according to a third embodiment of the
present invention employs upper.and lower mold sections
having large thicknesses, as shown in FIGS. 7 to 10.

While this embodiment is adapted to press a mother
ceramic gréen sheet laminate through steps described below,
this mother ceramic green sheet laminate is obtained by
stacking a plurality of mother ceramic green sheets printed
with intemnal electrode materials and stacking a proper

. number of unprinted mother ceramic green sheets on the
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val ue at a pressure reduction stage between said first and second
pressurization stages is greater than said prelimnary pressure val ue. S
The net hod of press-nolding a ceram c green sheet |anm nate in accordance
with claim5, wherein said step of prelimnarily pressurizing is foll owed
by first and second pressurizing stages, aqﬁ a pressure value at a pressure

uppermost and lowermost ones of the printed ceramic green
sheets. This mother ceranic green sheet laminate is adapted
to provide multilayer ceramic capacitors.

The- internal electrode materials are formed by applying
conductive paste on the mother ceramic green sheets by
means such as screen printing and drying the same. The
conductive paste contains a metal material having a high

_ melting point such as platinum, palladium, an alloy thereof
or an alloy of such a metal and silver, or a base metal
material such as nickel or copper as a conductive compo-
nent.

The ceramic green sheets are obtaxned by shcct-formmg
paste which is prepared by mixing proper ceramic powder of
barium titanate ceramics, for example, with a binder and 2
solvent by a method such as a doctor blade coater or a roll
coater. Each of such ceramic green sheets has a shape
illustrated in FIG. 7, for example. A ceramic green sheet 16
shown in FIG. 7 has a rectangular plane shape, with longer
and shorter sides of lengths L and W respectively. Namely,
[>W. Alternatively, the ceramic - green sheet 16 may have a
square plane shape.

According to this cmbodiment, the aforementioned mter-
nal electrode material is printed on an upper surface of each
ceramic green shect 16, and a plurality of such mother
ceramic green sheets 16 printed with the intemal clectrode
materials are stacked with each other while a plurality of
unprinted mother ceramic green sheets are further stacked
on the uppermost and lowermost ones of the printed green
sheets, for preparing a mother ceramic green sheet laminate.

Then, the mother ceramic green sheet laminate is press-
molded by a molding machine shown in FIG. 8, in order to
compression-bond the mother ceramic green sheets with
each other in advance of firing.

As shown in FIG. 8, a mother ceramic green sheet
laminate 25 is arranged between upper and lower mold
sections 23 and 24. The upper and lower mold sections 23
and 24 are mounted on upper and lower rams 21 and 22 of
the molding machine respectively.

According to this embodiment, the upper and lower mold
sections 23 and 24 are formed by metal plates having
thicknesses T, and T, respectively.

According to this embodiment, further, the thicknesses T,
and T, of the upper and lower mold sections 23 and 24 are
at least % of the length L of the longer sides of the ceramic
green sheets 16. Therefore, dispersion in compression bond-
ing is reduced in the mother ceramic green sheet laminate 25
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[err] reduction stage between said first and second pressurizati on stages
Is greater than said prelimnary pressure value. 9. The nethod of
press-nol ding a ceranm c green sheet

-12 -

which is press-molded. This is now described with reference
to results of a concrete experiment.

Mother ceramic green sheet laminates were pressed simi-
larly to the first embodiment, with the upper and lower mold
sections 23 and 24 having thicknesses T, and T, which were
14, Y2 and % of the length L of the longer sides of the ceramic :
green sheets 16. FIG. 9 shows the results of the experiment,

Referring to FIG. 9, the axis of abscissas shows positions
on the mother ceramic green sheet laminates with symbols
a to i, as shown in FIG. 10. On the other hand, the axis of
ordinates shows the thicknesses of the laminates.

A solid line A, a one-dot chain line B and a broken line
C appearing in FIG. 9 show thickness dispersion levels of
the laminates pressed through the upper and lower mold
sections having the thicknesses T, and T, which were 15, %2
and % of the length L of the longer sides of the ceramic green
sheets 16 respectively.

As clearly understood from FIG. 9, the thickness of the
laminate 25 as pressed was dispersed over the range of 1.415
mm to 1.445 mm when the thicknesses T, and T, of the
upper and lower mold sections 23 and 24 were 5 of the
length L of the longer sides of the ceramic green sheets 16,
with considerably large thickness dispersion of about 30 um.
When the thicknesses T, and T, were % and % of the length
L of the longer sides of the ceramic green sheets 16, on the
other hand, the thicknesses of the laminates 25 were dis-
persed over the range of 1.420 mm to 1,430 mm, with
extremely small thickness dispersion of about 10 pm. Thus,
it is understood possible to reduce the thickness dispersion
to about %5 as compared with the prior art by setting the
thicknesses T, and T, of the upper and lower mold sections
23 and 24 to be at least }4 of the length L of the longer sides
of the ceramic green sheets 16.

While the thicknesses T, and T, were equal to each other
in the aforementioned experiment, these thicknesses T, and
T, may be different from each other, so far as the same are
at least ¥ of the length of the longer sides of the ceramic
green sheets.

While the upper and lower mold sections 23 and 24 are
formed by the plates having the thicknesses T, and T,
respectively as shown in FIG. 8, the lower mold section may
be replaced by that having an upwardly opened cavity,

similarly to the lower mold section 1 of the press-moiaing
machine shown in FIG. 1. In this case, the thickness X2 of
the portion of the lower mold section 1 which is brought into
contact with the ccramic green sheet laminatc 3 shown in
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| am nate in accordance with claim1, wherein said pressur- ization cycle is
cartied out 0.5 to 5 tinmes per second. 10. The nethod of press-nolding a
ceram c green sheet lamnate in accordance with claim9, wherein each said
pressuri zation stage is 0.3 seconds in length. 11. The method of
press-nolding a ceram c green sheet |am nate in accordance wth claim 10,
“wherein each said -13 -

FIG. 1 may be set in a similar manner to the aforementioned
thickness T,. |

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 spirit and scope of the present
invention being limited only by the terms of the appended
claims. :
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pressure reduction stage is 0.3 seconds in length. 12. The met hod of
press-nol ding a ceram ¢ green sheet lamnate in accordance with claiml1,
wherein each said pressurization stage is 0.3 seconds in length. 13. The
met hod of press-nolding a ceram c green sheet lam nate in accordance with
claim12, wherein each said pressure reduction stage is 0.3 seconds in

| engt h.
d -14 -

What is claimed is:
1. A method of press-molding a ceramic green sheet
laminate for stacking a plurality of ceramic green sheets
with cach other and pressing a laminate thus obtained with
a press along its thickness, said method comprising the steps
of:
preparing a ceramic green sheet laminate by stacking a
plurality of ceramic green sheets with each other; and
pressing said ceramic green sheet laminate along its
thickness by repcating a pressurization cycle, which
includes a pressurization stage of pressurizing said
ceramic green sheet laminate at a prescribed pressure,
and a pressure reduction stage, wherein said pressure
reduction stage is carried out by applying a pressure
value greater than zero. :
2. The method of press-molding a ceramic green sheet
laminate in accordance with claim 1, wherein said pressur-
ization stage inciuded in said pressurization cycle being
carried out a plurality of times is carried out at the same
pressure value in each said pressurization cycle. .
3. The method of press-molding 2 ceramic green sheet
laminate in accordance with claim 1, wherein said pressur-
. ization stage included in said pressurization cycle being
- - carried out a plurality of times is carried out at different
pressure values in respective said pressurization cycles.

. 4, The method of press-molding a ceramic green sheet
laminate in accordance with claim 3, wherein a second one
of said pressurization stages is carried out at a greater
_pressure value than a first one of said pressurization stages.

5. The method of press-molding a ceramic green sheet
laminate in accordance with claim 1, further comprising a
step of preliminarily pressurizing said ceramic green sheet
laminate at a preliminary pressure valve in advance of said
pressing step -

6. The method of press-molding a ceramic green sheet
laminate in accordance with claim 5, wherein a second said
pressurization stage is carried out at a greater pressure value
than a first said pressurization stage,

7. The method of press-molding a ceramic green sheet
laminate in accordance with claim 6, wherein 2 pressure

+ value at a pressure reduction stage between said first and
second pressurization stages is greater than said preliminary
pressure value,

8. The method of press-molding a ceramic green sheet
laminate in accordance with claim 5, whercin said step of
preliminarily pressurizing is followed by first and second
pressunzing stages, and a pressure vajue at a pressure

.

A
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14. The method of press-nolding a ceram c green sheet lamnate in
accordance with claim1, wherein each said pressure reduction stage is 0.3
seconds in length. 15. A nethod of press-nolding a ceram c green sheet

| am nate for stacking a plurality of ceram c green sheets with each other
and pressing a lamnate thus obtained wth a press along its thickness,
sai d net hod conpr|5|ng t he -

reduction stage between said first and second pressurization
stages is greater than said preliminary pressure value.
9. The method of press-molding a ccramic green sheet
laminate in accordance with claim 1, wherein said pcessur-
ization cycle is carried out 0.5 to 5 times per second.
10. The method of press-molding a ceramic green sheet
laminate in accordance with claim 9, wherein each said
pressurization stage is 0.3 seconds in length.
11. The method of press-molding a ceramic green sheet
laminate in accordance with claim 10, wherein each said
pressure reduction stage is 0.3 seconds in length.
12. The method of press-molding a ceramic green sheet
laminate in accordance with claim 1, wherein each said
pressurization stage is 0.3 seconds in length.
13. The method of press-molding a ceramic green sheet
laminate in accordance with claim 12, wherein each said
pressure reduction stage is 0.3 seconds in length.
14. The method of press-molding a ceramic green sheet
laminate in accordance with claim 1, wherein each said
pressure reduction stage is 0.3 seconds in length.
15. A method of press-molding a ceramic green sheet -
laminate for stacking a plurality of ceramic green sheets
with each other and pressing a laminate thus obtained with
a press along its thickness, said method comprising the
stages of:
preparing a:ceramic green sheet laminate by stacking a
plurality of ceramic green sheets with each other; and

pressing said ceramic green sheet laminate along its
thickness by carrying out a pressurination cycle, which
includes a pressurization stage of pressurizing said
ceramic green sheet laminate at a prescribed pressure .
and a pressure reduction stage; ;

wherein said press has upper and lower mold section
being brought into contact with upper and lower sur-
faces of said ceramic green sheet laminate respectively,
regions of said upper and lower mold sections being
brought into contact with said ceramic green sheet
laminate having thicknesses of at least 2 of the longest
sides of said ceramic green sheets.

16. The method of press-molding a ceramic green sheet
laminate in accordance with claim 15, wherein said regions
of said upper and lower mold sections being brought into
contact with said ceramic green sheet laminate are equal in
thickness to each other, '

17. The method of press-molding a ceramic green sheet
laminate in accordance with claim 16, wherein said upper
and lower mold sections are formed by plates.

/ ) . N
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stages of: preparing a ceram c green sheet |am nate by stacking a plurality
of ‘ceranic green sheets with each other; and pressing said ceranc green
sheet lam nate along its thickness by carrying out a pressurization cycle,
whi ch includes a pressurization stage of pressurizing said ceram c green
sheet |lam nate at a prescribed pressure

- 16 -

18. The method of press-molding a ceramic green sheet
laminate in accordance with claim 15, wherein said regions
of said upper and lower mold sections being brought into
contact with said ceramic green sheet laminate are different
in thickness from each other.

19. The method of press-molding a ceramic green sheet
laminate in accordance with claim 18, wherein said upper
and lower mold sections are formed by plates.

20. The method of press-molding a ceramic green sheet

_ laminate in accordance with claim 15, wherein said upper
and lower mold sections are formed by plates.

* [+ L M S *
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and a pressure reduction stage; wherein said press has upper and | ower nold
section being brought into contact with upper and | ower sur- faces of said

ceram c green sheet |am nate respectively, regions of said upper and | ower

nol d sections being brought into contact with said ceranm c green sheet

| am nat e having thicknesses of at |east oflthe | ongest
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sides of said ceramic green sheets. 16. The nethod of press-nolding a
ceram c green sheet l'am nate in. accordance with claim15, wherein said
regi ons of said upper and | ower nold sections being brought into contact
with said ceram c green sheet |lamnate are equal in thickness to each
other. 17. The nethod of press-nolding a ceram c green sheet
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| am nate in accordance with claim 16, wherein said upper and | ower nold
sections are fornmed by plates. [err] - 16 - '
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18. The nmethod of press-nolding a ceramic green sheet lamnate in
accordance with claim 15, wherein said regions of said upper and | ower nold
sections being brought into contact with said ceram c green sheet |am nate
are different in thickness fromeach other. 19. The nethod of press-nol ding
a ceram c green sheet lamnate in accordance with claim 18, wherein said
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and | ower nold sections are fornmed by plates. 20. The nethod of
press-nol ding a ceram ¢ green sheet lamnate in accordance with claim 15,
wherein said upper and | ower nold sections are fornmed by plates. [err]
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ABSTRACT

METHOD OF PRESS-MOULDING CERAMIC GREEN SHEET LAMINATE

A method of press-molding a ceramic green sheet laminate
for stacking a plurality of ceramic green sheets with each
other and pressing the laminate thus obtained along its
thickness by carrying out a first pressurization cycle includ-

" ing steps of pressurizing the laminate at a pressure value P,
and reducing the pressure ta a value P,, and subsequently
carrying out a second pressurization cycle including a step
of pressurizing the laminate at a pressure value P, and a
pressure reduction step. '

Fig. 5



