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NVENTI ON Met hod' of Manufacturing Ceranmic Lani nated:Conpact

BACKGROUND OF THE-I NVENTION Fiel d of the Invention 5  =*>*¥He pf esetit
invention relates to a nethod of obtaining a ceram c | am nated conpact by

conpr.essi on- co

npacting a ceramc |lamnate which is forned by stacking a

plurality of ceramc green sheets . The present invention is.directed to &=
ceram c 10 | am nated conpact which is fo be obtained during a process for
manuf acturing an electric. or electronic conponent such * as a capacitor,

an inductor, a
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@bt8lining a ceramic laminated compact by

compression-compacting a ceramic laminate which is formed
by staéking a plurality of ceramic green sheets,

The present invéntion is directed to a ceramic ,ﬁ%_
laminated compact which is to be obtained dﬁring a process
for manufacturing an eleCtricﬁor electronic component such
as a capacitor, an iqductbr, a multilayer substrate or the
like, for example. In oxrder to obtain a laxge number of
such components,'the ceramic laminated compact is cut into
independent components, whiéh are then subjected to a.
firing step. Alternatively, the ceramic laminated compact -

is directly subjected to a firing step.in_order.to.obtain.'

‘a single component.

_ Description of the Background Art

20

25

Hydrostatic pressing, which can uniformly apply
pressure for compression compacting, is seen as
effective means for obtaining the aforementioned type of
éerémic laminated compact.

For example, Japanese Patent Laying-Open Nos.

159718/1986 and 159719/1986 disclose methods of



2‘obfainihg ceramc Ianinated'conpacts t hrough hydrostatic pressing.
According too the former .literature, a ceramic lanmnate is held between two
fl exi bl.e sheet's, wheose peripheral edge portions are sealed to -
vacuum package the 5 cerami c |am nate. Then, the vacuum packaged ceramnic
Ianihgpe I's subjected to hydrostatic pgessing. According to the latter
literature, on the other hand, a frame is provided around a ceranmic
| am nate, which is held between two flexible sheets. A space defined by the
two flexible lOobthdatingameramdicl laninatedveompaetls thdotghnhilieoseaaiicc
| am nate covered with the flexible sheets is subjected to hydrostatic
pressing. | n eaphessing.hokeeordipgt kostheafermer . Lhbexaturee Ragemamécare
-merely covered with the flexible sheets, and 15 hence a flat state of the
cerani ¢ | am nat dapdnaie i¢ detdgbgtypepatiPraflissibifgsBeetfe WhRE® I n or der
to solve such a prqblem .there has heen propose met hod of arranging. a.
a4 body.al onFeGHBNARAd: SR REETGPTE BERARRELPArFRVECUSH BARERHEIPE 20
basi cal ly di gcl gsed . apanese Patent Laying-Open No.,292309/1986. Fig. 11 - -
chove tht s et noRRde HBRARRRS ] Cifgh, RhecParRinrRRrkaredsosiints g by
stacking a plurikh&ﬁa%% is subjected to hydrostatic pressing. According
to the latter literature, on the other hand, a frame is
provided around a ceramic laminate, which is held between
two flexible sheets. A space defined by the two flexible .
10 sheets and the frame is evacuated, and then the ceramic
- laminate covered with the flexible sheets is subjected to
| hydrostatic pressing.
in each case, however, both surfaces of the ceramic
laminate are merely covered.with the flexible sheets,'and'
15 hence a flat state of the ceramic laminate is easily
damaged by partial bending or the like.
In order to solve such a problem, there has'been
proposed a method of arranging a rigid body along one
\J major surface of a_ceramiqilaminate. This method is:
20 Dbasically disclosed in Japanese Patent Laying-Open No.
£ 292309/1986.
Fig. 11 shows this method. 2as shown in Fig. 11, a
ceramic laminate 3 obtained by stacking a plurality of

ceramic green sheets is introduced into a cavity 1 which

25 is provided in a die 2. Then, as shown in Fig. 12, 'the



. ceram c green sheets is i ntroduced into a cavity 1 which 25
a die 2.

mat.er’i al ,

Then, as shown in Fig. 12, the 3
die 2 are introduced into a bag 4, which is made of a flexible sheet

to be protected agai nst water.

and-its opening is seal ed by thermal welding,
5. The bag 4 containing the ceranic ganinate 3 and the die 2 is subner ge
and then pressure is applied to the water. Thus, the ceram c
| am nate 3 is_subj ect d to

o e oo SretRhie' inifafa Bl 838, Bhe 40UDE°
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. ceramic laminate 3 and the die 2

"and then pressure is_appiied to t

' on-thé basis of hYdrostatic press

ceramic laminated compact.

However, the hydrostatic pre

is submerged in water,

he water.’ Thﬁs, the

" ceramic laminate 3 is subjected-to'ddmpression;compactihg _

ure, thereby to obtain a

ssing in the

afofementioned mode has the following problem:

Noting:modés of force acting

on major surfaces of the

ceramic laminate 3, one major surface (lower surface) of

the ceramic'laminqte 3 is in contact with the bottom

surface of the cavity 1 provided

in‘the-die:Z;'whi¢h

serves as afrigid body, while hydraulic'pressure_is

directly applied to the other maj
surface) through the bag 4. This
configuration 6f a ceramic lamina
Flg 13, for example.

Referrlng to Fig. 13, the ce

to be worked into electrical or e
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or surface (uppexr
results in the -

ted'compacf's'sh6Wh in

ramic laminated compact 6
lectronic components is
ectrodes 7, which are

Thus, projections 8 are

maj or “surface (upper surface) through the bag
4. This rBsufbs eramptezlatcanpogtiehi 5u ofhe baga41cohaannahgdthenpact 6 -



Fig.-13, for exanple. Referring to Fig: :13, the:cerani'c |aninated conmpact 6
to be worked i'nto electrical or electrodnic conponehts’i's provided therein
with internal electrodes 7, which are 25 forned by printing or the |ike.
Thus,..projections 8 are 4 formed on the upper surface of the conpact 6

in portions provided with the internal electrodes 7, although the conpact 6
has a flat | ower surface. Such projections & extrenely protrude as the
-nunber of 5 - stacking of the internal electrodes 7 is increased. Wen

t he af orermenti onedf@@ngdcton 6thehivpper s syréargedot ther heoppParEctd odd® 8 on
only one surface, is adapted to manufacture chig ggggonents, for_ exanple,

dppear ances of sucl!’P’E':H %or?ﬁ'(?rYé-t‘?lejod ayetho the . . ad Iey_le"fa'.%‘if?ﬁ%t dirzed
U 3 onf? ) 2oL PRRuGR ORI PR PEACCHAES el Bl
COMPOnentS e LB ShOPLa " LPaSeraety Wik Do oBhecoiiRd: TRE 1°
part s provigled on sk {Ad or RS 1RGP SAIBANGIYS A% YGRS the
When the aforementioned compact 6, which is
provided wiﬁh'the projections 8 on only one surface,
is adapted to manufacture chip coﬁponents,. for
ekample,.-appearances of such. chip components are
10 vertically aéymmetrized due to  projections,
| correqunding to the projections 8, which are p:ovided -
oﬂly in first surfaces. Such vertically asymmétrical
chip components are unpreferable in appearance, while
_imperfect.cbntact may be.caused between the electrodes
15 of the chip compbnents and gohductive parts provided_
| on substrates when the chip components are mounted on
the substrates.
SUMMARY OF THE INVENTION
Accordingly, an object of the present invention
20 is to provide a method of manufacturing a ceramic
laminated compact, which can prevent the compact from
a vertically asymmetrical - configuration while .
basically employing hydrostatic pressing. |
Accordingly, in one aspect the preseht invention
. 25 provides a method of manufacturing a ceramic laminated

compact for an electric or electronic component,



SUNNARY OF THE | NVENTI ON Accordlngly, an object of the present“lnventlon 20,
is to provide a nmethod of manufacturing a ceramic” Iam1nated conbact ~whi ch:

can prevent the conpact froma vertically asymetri ¢al *vconflguratlon
whi | e basically enploying hydrostatic pressing. Accordingly, in one aspect
the’ present invention 25 - provi des a method of manufacturing a cerang :

| ami nat ed conpact for an electric or electr8nic conponent, 5 conprising. -

the steps of: obtaining a ceranmic lanminate by stacking a pIurallty of
ceranmic green sheépﬁpqiﬁﬂﬁﬂlﬂﬂfefqﬁﬂﬁmﬂffcn conpressing said ceramic 5 -
| am nate through first d .,second nenbers .bei contact with respective

maj or surfaces of said< Y af ngFEaEﬁ& sgggfﬁﬁFFal Y | GEA¢t a1 2
behaving in hydroih%&%%l g,t%ykgfg% &Q%Sglgge% id ceramic lamnate in a
X

state seal ed agai et iOF CTSA Vst and second nenbers

.conprising rigid bodi e?,r Sm,r % %ﬁercef@:m&ocﬁl@ f&':lléie
and appl yi ng hydrost at ressure to sald ceram am n elng C arged I n
sai d hol'ders for qgﬁﬁﬂ@%ﬂ‘%hrough first and second members being in
| contact with;respective major surfaces of said ceramic.'
laminate and substantlally 1dent1cally' behaving 1n.
hydrostatlc pressure Whlle holding- sald ceramLC-
laminate in a state sealed agalnst the exterlor, said
‘10 - first and_second members compr151ng rigia bodles,-
charging said.ceramic laminate in said holaer:”
and applyingl hydrostatic pressure to said ceramic
lamihate being charged in said holder for eompressidne_
compacting'said ceramic'laminate, thereby obtaining a
.15 ' ceramic 1am1nated compact.'. | |
In another aspect the present 1nventlon prov1des

apparatus for use in a method of the flrst aspect,

which comprlses a holder for rece1v1ng and_compress1ng

'a'ceramic_1aﬁihate_obtained by stacking a plurality of i;)' |

20 ceramic green sheets, said holder comprising first and
second-rigid members.for contacting respective major .
surfaces of said ceramic laminate and substantially -
identidaily behaving in hydrostatic pressure,'and for
holding said ceramic laminate in a -state sealed:

25 ' against the exterior, and |

a hYdrostatic press means for applying



conpacting saidceramc |am nate, théréb& ohta[ﬁing‘a;15. ceramc

| am nat ed conpact. In another aspect; the present invention provides
apparatus for use in a nethod of the first aspect, which conprises a hol der
for receiving and conpressing a ceram c | anmi nate obtained by stacking a
plurality of 20 ceram c green sheets, saidphol der conprising first and
.second rigid nmenbers for contacting respective major surfaces of said
ceram ¢ | anm nat e ahydseostadic piregsutentocal Lyminatei within hsalidHelder
pressure, and for holding said ceramic lamnate in a state sealed 25
agai nst the exteri éOr SKPPFIRFHISCAPACHLEGS Spdshseramigplaninpte, to
hydrostati.c pressure tQ a | am nate within said hol der for

conpr essi on- conpac PPhg18apd CEERRIFc 1PRAPALLE, CPBPBEEAi n a ceranic | aninated

conpact. ‘Thus, a ceram ¢ | ami nated conpact obt.ained 5 ccording to the
present invention is &B‘Pﬁ'calal y SRAATES | AAP4NR stcoﬂ%&\/\he‘?m'ﬁﬂg’eg
respective jor syrf f Lhe am I N LN nt L.t irst
and second ggnbersgc ?%ﬁiggé ?grrééF(Aséé%ﬁﬂ? bghﬁggEggépeggiQig%ﬁfﬁﬁigi.

f?rzﬁge?ifgtthe 0bh§hﬂ@€r&§e§ in &¥MAFahcedM Wi tHIMAELpLEE Jd ald fied-
surfaces of the ceramic laminate are in contact with
first and second members which are formed of rigid
bodies respectively, major surfaces qf'the'obtainéd
\w 10 ceramic laminated compact are flattened. If the first
and second members are formed of an- elastic or
flexible-material such as rubber, on the other hand,
projections are symmetriéélly defined on both major

surfaces in portions - provided with internal

.15 ' ' electfodes, for example, so that the obtained ceramic



. and second nenbers are forned of an elastic or flexible material- such as
'75ubber on the other hand, projections are symetrically defi néd on*both
maj or surfaces in porti-ons provi ded W th i nternal 15

el ectrodes, for exanple, so that the obtained ceramic -7 lam nated .
- compact is ultimately vertically synnetrlzed in substance. Therefore, a%;d
chi p conponent which is forned by the-geram c | am nated conpact according.
to the present 5 invention has a vertically symetrical appearance, and

even i'f .the cpmpppent héé?§£8%e§£'89@1m8§81%“§é9?1&€f%§ %§ﬁﬁ8§%§zéﬁdﬂﬁed to

about hal f as conpare rior such a.
chip conponengyhatgh¥ecauses inperfect contact with a substrate when the
- former 10 is nounted on the latter. The advantage of hydrostatic pr.essing

remains intact. as thebététrepfacehipecompbabént SwhRERSES T oLRsd bBy ughéor iy
appl i ed to the ceramic lanmnate in the sane direction regardl ess of the

- size and d|neceram&coiamhnatad1oampacﬁ5ac&hnd;ngttosthesprésento obtain a
| ani nat ed conpact, which is uniformy conpression-conpacted with no regard
toits si 28 ajanlvemhioguhasmnverﬁucahby sywhétrical appesuvarceanand
| even if the component has proyectlons, protrusxon thereof
- can be reduced to about half as-compared-thh.the prior-
art shown in Fig. 13. ”Thua; such a chip component hardly
| qausés imperfect'COntact.Qifh a subatrate when the fbrmér.' gi;
10 is mounted on the latter. |
The advantaga of hydrostatic préaaing remains intact
as a matter of course. That is,_pressure can be-unifofﬁiy
applied to tha ceramic laminate in ﬁhé same diféétion -H
régardiess of the size and dimensions of the laminate;.
15 Thus, it is p0551ble to obtain a lamlnated compact, whlch
is uniformly compressxon—compacted with no regard to its
size and-conf;guratlon; Eurther, suff1c1ent'pressure can
be easily applied,to_the ceramic laminate, whereby no air -
is leff-in the obtained céramic'laminated compact ‘to causé -k-J
20 separation of sheeta or'tﬁe like. - Thus,. a ceramic |
component of high quality can be obtained.
These and other objects, featﬁies, aspects and

advantages of the present invention will become more .

.apparent from the folldwing detailed description of .the



. be easily applled to the ceramc Ian1nate mhereby no air is left in the
obtai ned cerani ¢ | am nated conpact to cause 20 separation of sheets or the
i Ke. . Thus, a ceram c component -of high quality can be obtained. These and
ot her:.obj ects, features, aspects and advantages of the present invention
mﬁllsgécone nore apparent fromthe follow ng detailed description of the
present invention when taken in conjunction with t he acconpanyi.ng draw ngs.
BRI EF DESCRIPTICN CF THE DRAW NGS Fig. %1 is an expl oded perspective view

showi ng an 5 ynch 10, .a frane 11 and.,a base 12 |ch a ncl uded
'n a die 8 form ﬁnvcﬁntai%wﬁ@m H8HER 3y EATIRTEE Lo S eor 1 he
present inventi oded sectional viewillustrating the

upper punch 10(%H$Jaé%ﬂ#§ P *base. 12 shown in Fig. 10 1; Fig. 3 is

~a-sectional vi evgﬁféfusdg éﬁ}q.l%é@qﬁ,aq\ﬁ IpREWIRNGg 3 Which i's charged in the
an _

-die 9 shown in Figs. covered wth a protective rubber nenber
17, Fig. 4 is a sect 'ﬁ'@' VsV drl i icidd pet Spettaviedbiiew! BHRRADRL lan! 9

_mhlch is in a state of "applyi ng hydrostatiC préssure to the structure shown
n Fig. 3; 5 upper punch 10, a frame 11 and a base 12 which are
; included in a die 9 forming'a part of a holder 18 employe&
in an embodiment of the present invention;
'Fig, 2 is an exploded sectional view illustrating.the
\_J .upper punch 10, the fiame 11 and the base 12 shown in Fig.
10 3; '
Fig. 3 is a sectional view illusfrating a ceramic
laminate 3 which is charged in the die 9 shown in Figs. 1
and 2 and covered with a protective rubber member 17;
. .Fig. 4 is a sectional view.illﬁstrating a hydrostatic
15 presser 19 which is in a state of applying hydrostatic
pressure to the structure shown in Fig. 3;
Fig. 5 is a perspective view showing the frame.ll
- holding é ceramic laminated cbmpact 6a which is obtained
.after the hydrostatic presSure.appiying step;
20  Fig. 6 is a sectional view illustrating the state
sﬁown in FPig. 5;
Fig. 7 is a seétional view indépendently showing the
ceramic laminated compact 6a shown in Figs. 5 and 6;
Fig. 8 is a sectional view showing a die.9c_forming-a.

25 part of a holder employed in another embodiment of the

RrAY



Fig. 5is a perspectlve view showing the franme 11 holding a ceranic

~lam nated conpact 6a which is obtained after the hydrostatic pfessure
applylng step; 20 -~ . Fig. 6 is a sectional viewillustrating the state
shown in Fig. '5; Fig. 7 is a sectional view independently showi ng the
cerani c | am nated conpact 6a shown in Figs. 5 and 6; Fig. 8 is a sectl"
view showing a die 9c forning a 25 part of a hol der enpl oyed i n another"
-enbodi ment of the pr esent |nvent|on and a ceramc | am nate 3 charged

therein: Fi o piabdnf, BRGLAEIGH HhE4TLLUSKIZ! 1 00:Raba%8 dRbsg0d o | over

rubber nenber are e ace a base and a |-ower
r ubber nenbertgé§e§nomn in Flg 8 Fig. 10 is a sectional V|em/|IIustrat|ng )
a ceramc Ian1nated Compact 6b which is obtained in the embodi ment shown in

Fig. 8 or 9; 10 pigFi 9. idlai se@biénfl odeewpel ReELatenyi 8Vbabewips a die.
2 enployed in a conventlonal hydrostatic pressing step and a ceram c

laminate 3; Famd d2lower pebbeechénibexi 28biwhishratenempheyedr sni puaam nat e
3 which is introduced into the die 2
of a base 12c and a lower rubber member 25c¢ -shown in F;g_
'a; .
. Fig..lolis_a sectional view.illustrating a_ceraﬁie
laminated compact 6b which is obtained in the_emboqimeht_ 
shown in Fig. 8 or 9;_ | E; |
10 Fig. 11 is an exploded perspective view showing a die
2-emplo§ed in a conventional hydrostatic pressing step and
a ceramic laminate 3; B _
Fig. 12 is_eiperspective view illustrating the
ceramic.laminete 3 which is introduced inio the die 2
15 ehown in Fié.'ll and vacuum-packaged within a bag 4;'end.
Fig. 13 is a sectional view'illustreting a ‘ceramic
iaminated compact 6-which.is.ebtained by perfbrming
“hydrostatic ?tessing in the state shown in Fig.-iz..
'DESCRIPTION OF THE PREFERRED 'EMBODIMEN‘I‘S. : : : : U
.20 Figs. 1 to 7 are diagrams for illustrating an
embodiment of the present invention.
| Flrst, a ceramic lamlnate 3, such as that shown in
Flg 11, is prepared. This ceramic.laminate 3 is obtalned

by prlntlng internal electrodes on ceramic green sheets

25 which are manufactured at desire by a reverse roll coater o



15 shown in Fig. 11 and vacuum packaged within a bag 4; and Fig. 13 is a
sectional view illustrating a ceramc |am nated conpact 6 which is obtained
by performing hydrostatic pressing in the state shown in Fig. 12. _
DESCRI.PTI ON OF THE PREFERRED EMBCDI MENTS 20 Figs. 1 to 7 are diagrans
for i\l fustrating an enbodi ment of the present invention. First, a ceramc .
| ami nate 3, such as that shown in Figioll, is prepared. "This ceramc

lam nate 3 is obtained by printing internal electrodes on ceram c green

sheets 25 whi ch g @dBBs Atdide CotdesSi iy Rkatp18Yeah@ stalckidR the  OF
.doctor blade coater, for exanple, and stacking the ceram c green-sheets. On

“the other hand, cexdind® dredn eglgettb.as shown in Figs. 1 and 2. The die 9
~conprises an upper punch 10, a'5 frane 11 and-a base 12, which are forned
-of .rigid bodies respdntithe yothek dteayd pa dien 9131s priepared as sheownpder
‘surface of the base 12, in order to achieve |ocation between the sane and
the frame 11. “Figsupderansurdh The dispy Sicoapriseso aon gppenipumchhd 0i,n@er

. periphery of the 10 frame 11. Corners 14, 15 and 16 of the upper. punch

110, the franm® 1£ame tlHe Ak @ PASH d Jor sihdhpiare Soxmed of migid hodigs 4,

.containing the die 9 as shown in Fig. 12, . . _
§ respectively. A sté% portion 13 is formed on the upper

surface of the base 12, in order to achieve location
 between the same and the frame 11. The upper punch 12 ié
so sized as to eﬁgage with the inner'periphery of the
10 frame 11. Corners 14, 15 and 16 of the upper punch 10,
the frame 11 and the base 12 are preferably rounded so
that the bag 4, containing the die 9 as shown in Fig. 12,
is_not.brokeh when the same is pressed against.the outer
surface of the die 9 by application of hydraulic pressure..
15 Referring to Fig. 3, the ceramic laminate 3 shown in
Fig. 11 is introduced into a cavity defined by the base 12 °
~ . and the frame 11, which are combined with eaqh other. The
outer periphery of the ceramic léminate 3 is.éubstantiallyl
A | equal in size and.configuration to the inne: periphery of
20 the fréme 11. In general, films of polyethylede
terephthalate, polypropylené or the like are laid on upper .
and lower major sﬁrfacés of the ceramic_lémihate 3, so
that a ceramic laminated compact obtained by compressing
the ceramic laminate 3 is easily separated from the upper
- 25 punch 10 and the basel2. In place of such films,

prescribed surfaces of the upper



" _is not broken mhen the same is pressed against the outer surface of the die
i.on of hydraulic pressure. 15. Referring to Firg. -3, the
ceram-c lamnate 3 shown in Fig. 11 is introduced into a cavity defi ned by
the base 12 and the frame 11, which are conbined with each other. The |
~outer periphery of the ceramc lamnate 3 is substantially equal in Si Z&
and configuration to the-inner periphetly of 20 the frame 11.  In gene%gﬁ

*9 by applicat

filnms of polyethylene terephthalate

polypropylene or the like are laid.on

d |
e nat ed CS“rﬁéae%W’oﬁéa i B o T e a*ﬁif%ﬁﬁéf%*'f‘%%%liiéﬂ”f

separated fr
films, prescri

fromentersng a clzeausmt:ecbﬁe\mublbéte mgfissr plmglm;thanﬂurhhefrhaiadldmby

0, thep C such
ed sur g%%é;o %%%pp puncﬁ@qé% éPH%ESE 1% and the

frame 11 may dﬁ?% DEEY | SV tREaESLaN ¢ hm&ﬂee% ageNtnat THE YORSE PHech
10 is locate ove the ceramc lamnate 3, so that -at |east its I ower

portion is rersierdpbrride {&ar@cdived in the AFRaméeriive rubber nenber
may be further laid on the upper punch 10, to prevent the bag 4 (Fig. 12)

hydraulic pressure, thereby protecting the bag 4 agai nst breakage.
- '~ the upper 'punch 10, to prevent the bag 4 (Fig. 12) from

-entering a clearance between the upper punch 10 and the

17

- frame 11 by_hyd:auiic pressure, thereby'protectinéethe.bag

10

4 against breakage.

The ceramic laminate 3, which is in the state'of'Fig.

3, is infroduced into the bag 4 shown in Fig.-lz,' This
bag 4 is-formed of a laminate sheet, for example. Air is

discharged from the bag 4 and the sealed portien 5 iei

- formed by-thermal_welding, for example, to attain a-

15

20

vacuum-packaged state so that the degree of vacuum within

the bag is 1 te 2 Torr.
The ceramic laminate 3-is introduced into the die 9

and then vacuum-packaged in the bag 4 as hereinabove

hold the ceramic 1aminate'3 in a state sealed against the

~exterior.

‘The holder 18 thus charged with the ceramic laminate

3 is dipped in water 21 contained in a water tank 20 which

is provided in a hydrostatic presser 19, as shown in Fig.

25

4. Thereafter the water tank 20 is closed by a cover 22. .

()

descrlbed, whereby a holder 18 (see Fig. 4) is deflned to ,“y“’



10 The ceranmic lamnate 3, which'is in the state of Fig. 3, is
“i'ntroduced+intd the bag 4 shown in-Fig. 12." This bag 4 is formed of a

| ami nate sheet, for- exanple. Air is discharged fromthe bag 4 and the
sealied portion'5 is formed by thermal welding, for exanple, to attain a 15
vacugg?packaged state so that the degree of .vacuumw thin the bag is 1 to
2 Torr. The ceramic lanmnate 3 is introdyced into the die 9 and then
~vacuum packaged in the bag 4 as her ei naéve descri bed, wher eby a hol der 18

(see Fig. 4) ispniaf; pbdsurdd irpla%agsmd:af&rﬁt@ hiBeiata TontaAnddalie, 397 ed
agai nst the exterior. The hol der thus charged with the ceramc |am nate
3 is dipped inwetear t2ink @0 aiseds nta pydssurizek the weramics Jamivated 3 n a
hydrostatic presser 19, as shown in Fig. 25 4. Thereafter the water tank 20
is closed by atwuauglothe uppesn pynalssilt arnd thepbase 1@ thd.chatare 21 '
.contained in the water tank 20, so as to pressurize the ceramc |aninate 3
t hrough t he uppercingrd & holder d8 12 The sat@xe 2ihdsudxefaratiy hol der

1)
- 18. The water .21 is preferably % heated to ahout 70 C,. for exanple, in
order to i rrpstreoJ\?aftﬁﬂ F PRAVG M (o £ % %R q i pFdeF 3R AMBHAYRt e 3,

E thereby incr ea?lrllﬁdi%%}:tc;to i %tirne Iecg-hcobngctavzv.eneeréi tir}le'_ige%tesfamic laminate 3,

. thereby increasing junétion strength between the sheets.
In the step of applying such hydrostatié-pressure, the
upper punch 10 (first member) and the base 12 (secbnd

10 member), which are in contact with the major surfaces of
the ceramic laminate 3, substantially identically behave
in the hydrostatic pressure since both of the same are

~ formed of rigid bodies. B |
 After the sﬁep of épplying hydfdstatic pressure is
-15  completed, the holder 18 is drawn out from the hydrostatic
| preéser 19. Then the bag 4 is broken to extract the die-
9. After the die 9 is thu§ extracted, the upper punch 10
is.separated ffom the frame 11 through a magnet or the
x;_ like, and then the base 12 is separated from the frame 11.
| 20 The upper punch 10 and the base 12 can be easily separated
from the frame 11 through the action of the aforementibned
films or release agent.
.Figs, 5 and 6-illuStrate the frame 11, £rom which the
upper punéh 10 énd the base 12 aﬁe separated. A ceramic

- i 25 " laminated compact 6a is obtained by compression-compacting



In the step of applying such hydrostatic pressure, the upper punch 10
(first menber) and the base 12 (second 10 nember), which.are in eontact
wirt h-the major surfaces of the ceramic lamnate 3, substantially

- identically behave in the hydrostatic pressure since both of the same are
formed of rigid bodies. After the step of,applying hydrostatic pressure:ré

15 conpleted, the holder 18 is drawn ouﬂzfron1the hydrostatic presser - 10%
Then. the bag 4 is broken to extract the die 9. After the die 9 is thus

extracted, thehnwnesrawiehdiinstséeparmianl 14 oh tdodd abdhddct hrPtihere
magnet or the like, and then the base 12 is separated fromthe frane 11. 20

The upper puncinrér geeh-ipitetal csirface Gf osifyame Bl at evhis omm;l?aacf:reé:m *
11 through the action of the aforementioned films or rel ease agent. Figs.

and 6 illustrate piessednbrdd, its oonavimajor euxfaee gidead Oskown tbye du_ase

12 are separated. A ceranic 25 |aninated conmpact 6a is obtained by ' '
conpr essi on- cOHRAM | A, and Extrackedirfxom sEheafreamee Wi ch is in close

contact wit
I's pressed

the inner peripheral surface of _the frame 11. _This conpact 6a

rom it e Wa?rb?w%u?#%c@‘%?% 82 St QRFW%FH ow®3, and .

extracted'froqlt e fra

10

15

20

n erstogg grom Fig. 7, both major surfaces of the compact
6a are flat regardless of internal electrodes 7.  In other
f'words, the compact 6a is vertlcally symmetrlzed
Another example of the die whlch is 1ncluded in the s
holder will be described. e .
Referring to Fig. 8, a die éc comprisee:an upper-_'
: punch 10c, a frame'ilc'and.a'base 12c mhich has a step
portion 13c engaging with the frame llc, as well as_an.
upper rubber member 24c and a lower rﬁbber_member 25&._
The lower rubber member 25¢c is laid onlthe bottom of a
cavity defined by the frame 1llc and the base 12c to
introduce a’ ceramic laminate 3 into the'frame.llc, which
ih turn is covered with the upper rubber member}24a and
the upper punch 10c in this order. 1In this state, the,l _ i.}
die 9¢ is introduced into the bag 4 shown in Fig.;lz; and
Subjected to processing similar to that in the
aforementioned embodiment.
| Fig. 9 lllustrates a base 12b, which is employed in

place of the base 12¢c and the lower rubber member 25¢c



5 ' Fig.. 7 shows the conpact 6a.thus obtained.. As understood from Fig.
7," both major- surfaces.of the conpact 6a are flat regardl ess of interna
electrqdes 7. In other words, the conpact 6a is vertically synmetrized.
Anot Hey exanpl e of the die mhlch is included in the 10 holder will be
descrihed. Referring to Fig. 8, a die 9c conprises an upper punch 10c, a
frame 11c and a base 12c which has a step+portion 13c engaging with the _
frame 11c, as well as an upper rubber. menber 24c and a | ower rubber nenber

soe, 1o e | Ot e (e LA oR S UELEORRL BB 1

deflned by the e base uce eramcC

ihto the frame }igcpMal q*wé} iibelrS nfe g&%&e@ sY 1y bk}%veea%ﬁxfe g@g%agga”ber

24a and 't he upper punch 10c in this or In this“state e 9c is

introduced into the hag theskeiModihenits shédwndia $ug ecbednho99rQﬁ@S%b5&r
simlar to that in the aforenentioned enbodinent. Fig. 9 illustrates a base

12b, which is enubbeedmembeiracdcof( fikstharabe2q and the lewer kubber nmenber
25¢ shown in Fig. 8. The base 12b has a step portion 13b, in which a
| ower rubber Sremesbe25[25ics ogr @5bo | siegoadbmethbér )| whitbh arbodnneohsaghown in
Figs. 8 and 9, the upper
: _ with the both major surfaces of the ceramic laminate 3 are
made of elastic materlals, to substantlally equally behave
in hydrostatlc pressure. | .
Fig. 10 shows a ceramic laminated compact 6b, which
10 is obtained in the embodiméht shown in Fig. 8 or 9. The
| .compact 6b is provided with-projections 8a and_éb in
.portions which are formed with internal electrodes 7. The
projections 8a and 8b symmetrically protrude from both
major surfaces of the compact 6b, which is ultimately
 15 retained in a vertically symmetrical configuiation_in
substance.
_$he first and second members,.which are in contact
wiﬁh the both major surfaces of the ceramic laminate, may
. s be formed of different_materials so far as the same |
20 substantially identically behave in hydrostatic pressure.
Although the present invention has been described and
.illustiated in detail, it is clearly understood that the

same is by way of illustration and example only and is not

to be taken by way of limitation, the scope of fhe'present



| ~and second nmenbers, which are in contact with the both major surfaces of

rubber menber 24c (first nenber) and the | ower rubber 5 nmenber. 25¢ or 25b

- (second memnber) which are in contact with the both major surfaces of the
ceramic lamnate 3 are nade of elastic materials, to substantially equally

- behave in hydrostatic pressure. Fig. 10 shows a ceram c |'am nated conpact -

6b,” which 10 is obtained in the enbodi nent shown in Fig. 8 or 9. The i 4

conpact 6b is provided wi:th projections & and 8b in portions which are -

formed with internal electrodes 7. The projections 8a and 8b symetrically

protrde 1o ot e O S ST o U AT 05

2z

the ceramic IS9A"t'e, may be formed of different materials so far as the
'sanme 20 substantially identically behave in hydrostatic pressure. Al though -
"the present invention has been described and illustrated in detail, it is
clearly understood that the sanme is by way of illustration and exanple only
and is not to be taken by way of limtation, the scope of the.present '
invention being limted only by the terms of the appended. cl.ains.

ot



"CLAI M5 1. A ,'rrei_hod of manuf actsur kng - ceram . 1 am nat ed corrpact
for an. electtric ‘or - el ectroni’c conponent cUnpr|S|ng the steps o 5
obtaining a ceramc lamnate by stacking  a plur ceram c green

sheets;. preparing a hol der for conpr essi ng sald ceram c | ‘W“ﬁc
first }gnd second nmenbers being in contact with respeﬁ“ﬂ!ﬁ es of
Loe '

sai dCeram c 10 | am nate and substantléﬁ'y I den avﬁnd I n
hydrostatlc pressugﬁfgﬂkle hol ding said ceranic lanindte in a state seal ed
agai nst the exterd : first and second nenbers conprising rigid

bodi es; charging said ceramc |lamnate in said holder; 15 - and applying

hydr ost atic pressure to said ceramc Ianinate bei ng charged in said hol der

for conpression- conpacging gm(hégg CokFaMuahfe ééyy- OQtaﬂkﬁ%%f%
cerami ¢ | am nated conpact. 2. od I n accoré%nce Wt h Cclaim
wherein 20 Sandmihéﬁédanéoﬁﬁséﬂd FERbed s %Feéﬁff@dcﬁf 'did

t hensel ves respectively. 3. A nethod in accordance with claim1, ereln
said first and secocsiponeht| scenprisingdtié t&psisrt:

5 obtaining a ceramic laminate by stacking a -
plurality of ceramic green sheets; |
preparing a holdér for compressing said ceramic
laminate through fifsf and second members being in
. contact with respective major surfaces of said ceramic
10 .'laminate and substantially identicaily behaving in
hydrostatic pressﬁre while holding ‘said ceramic
laminate in a state sealed against the exterior, said
first and second members comprising rigid bodies;'
charging s&id ceramic laminate in said holdef;
15 and applylng hydrostatic pressure to said ceramic
laminate belng charged in said holder for compression-
compacting said ceramic laminate, thereby obtaining a

ceramic laminated compact.

2. A method in accordance with claim 1, wherein
20 said first and second members are formed of rigid

bodies themselves respectively.

3. A method in accordance with claim 1, wherein

said first and second members are formed of elastic



- C L M S sheets, and plate nanbers fohned of rlgld bodi es are’

further prOV|ded al ong respective -ones of sai d‘f nmbhers. 4.
‘A nethod in accordance with claim1, wherein 5 mﬂmmmﬂﬁﬂmﬂlﬂgmrl ses
an. upper punch providing said first nenber, a frame s y sreeeivi ng sa|

upper punch in its inner periphery and enc%05|ng said ceramt - ;g@

| anmi nate, and a base being oppositely arranged to said upper punch and

Pl Vg par 4. SShUTPH pikte memnprs formed dENAA bASEEL dgpge with *

claim4, wherein sal rane and sai ase are orned of

rigid bodies thempglhyes rp%waéd/%l%n resp%éﬁ@%dég AGE %9@@6&%&“

cIa|n15 wherein said base is provided with-a step portion engaging - 15 L

Wth a part of sand iseconhddtempaesy of said franme. 7. A nethod in
accordance with claim5, wherein sai d upper punch, said frame and said base

have outwardly directed rounded corners.. 8. A nmethod in accordance with
claim1, wherein 20 sai d. step of applying hydrostati-c pressure .
includes a step of hedti ngAsmethedr &miac¢ardante with claim 1, wherein
5 said holder comprises an upper punch providing said.
first member, a frame slidably receiving said upper
_'punch in its inner periphefy -and - enclosing said

ceramic laminate, and a base being oppoéitely arranged ..f

to said upper punch and providing said second member. \QJ_

10 5. A method in accordance with claim.4, wherein
' said'upper punch, said frame and said base are formed

of rigid_bodies themselves respectively.

6. A method in accordance with clainm 5, Whereihf
-said base is provided with a step portion for enqaging

15 with a part of said inner periphery of said frame.

7. A method in accordance with claim 5, wherein
said upper punch, said frame and said base have

outwardly directed rounded corners.
8. A method in accordance with claim 1, wherein

.20 - said step of applying hydfostatic pressure includes a

step of heating said ceramic laminate.



18°9. Apparatus for use in a met hod as’ clalned In an
clalns whi-ch ‘Conpri ses. a hol def for" rece|V|ng and :conpressin
lM

| ami nat e obt ai ned- by stacking a pl ural i ty of ceram.c mm
holder conprising first and second rigid nmenbers for\

q?( urfaces of said ceramic |amnate and substanti at | yf |dent|cally~4
behavT ng in hydrostatic pressure, and for hol3ing said ceramic lam nate in

4 state sealed agai nst the exterior, and 10 ... hydrostatic press
~nmeans for applying hydr RPRATALYS cEaX rese 01%1 4%%@@% 3% t plaimed dimoruner

for conpression-conpacting sai eram c mnate, to obtain_a ceranic
lkanmi nat ed conpact . qgg't 9¥pregﬁé;ﬁqlq}a1n@p WhéF@cFPBHFésescBnBBﬁéﬂF for

‘conprising a ceram¢_ | am na act_manuf actured i.n accordance, with
S A d

method as clainmed i @ny’ btd PIPRSS N9 R CRY ARt Rot?BENE ﬁa?%?%%ne
substantially as degerdded, fier el BN s46f 8FCReRahecFLINLESshebfs 10 9{q 20

t he acconpanyi ng dr ngs.
5 holder comprising first and second rigid members for

contacting respective major surfaces of said ceramic

laminate and substantially identically behéving in

hydrostatic pressure, and for holding said ceramic

_ laminate in a state sealed against the exterior, and
Sl 10 _ hydrostatic presé ﬁeans for applying hydrostatic
| pressure to a laﬁinate within said holder for
compression-compactinq said éeramic laminate, to

obtain a ceramic laminated compact.

10. An electric or electronic componeht
15 comprising a ceramic laminate compact manufactured in
accordance with a method as claimed in any of claims

1 to'8.

'11. A method or apparatus substantially as.
described herein with reference to Figures 1 to 10 of

20 the accompanying drawings.




