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LAMINATE OF CERAMIC SHEETS M//

This inventioh relates to a method and apparatus for heat-
pfessing a laminate of ceramic sheets.which may be used for
making laminate ceramic chip capacitors for example.

As shown in Figs. 10 to 12 of the accompanying drawings, a
laminate ceramic chip capacitor A generally has a first group of
ceramic layers A3 which are formed with respective internal
electrodes Al offset in one direction (rightward in Fig. 10),
and a second group of ceramic layers AU which are formed with
respective internal electrodes A2 offset in the opposite
direction (leftward in Fig. 10). The first group layers A3 are
laminated alternately with the second group layers A4 to provide
an integral laminate body A5. The iﬁternal electrodes A1 for
the first group layers A3 are commonly connected to a first
exterﬁal electrode A6, whereas the internal electrodes A2 for
the second group layers A4 are commonly connected to a second
external electrode A7 opposite in polarity to the first
external electrode 86.

_ Such a chip céﬁacitor may be manufactured according to the
method disclosed in JP-A1-61(1986)-144811 or JP-A1-1(1989)~-
312817 for example.

According to the known method, as shown in Fig. 13, use is
_made of_a first group of non-baked ceramic sheets 1a (green
sheets) each having a surface formed with a multiplicity of'

first group'internal electrodes A1, and a second group of non-
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el ecttodes Al offset in one direction (rightward in Fig. 10), 10 and a
second group of ceramic |ayers A4 which are fornmed with respective interna
el ectrodes A2 offset in the opposite direction (leftward in Fig. 10). The
fir'st group layers A3 are lamnated alternately with the second group
hayers A4 PE&KRrbveeraanid rheets ani(gaeehalyedss) Tesh maviag el eurftoes
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The first group sheets 1a are alternately laminated with
the second group sheets 1b in a manner such that the first group
internal electrodes A1 are staggered with respect to the second
group internal electrodes A2. Further, an additional green
ceramic sheet lc is superposéd on the highest one of the first
group sheets 1la.

Then, as shown in Fig. 14, the cebamic_sheet laminate 1

thus obtained is pressed in the direction of lamination for

-integration under heating. Such a process step is referred to

as "heat-pressing".

Then, as also sﬁown in Fig. 14, the laminate 1 is divided
into a multiplicity of laminate ceramic chips A5 by cutting
along lines B1, B2 in a lattice-like fashion.

Finally, each of the ceramic chips A5 is baked in a baking
oven (not shown), and external electrodes A6, A7 (see Figs. 10
and 11) are formed on boﬁh ends of the chip A5 to provide a
desired product.

In tﬁe known method, it has been found‘that the laminate 1
inevitably contains volatile substances and/or air between the
respective ceramic sheetslla, 1b, 1c. Thuys, if the heat-
pressing step is pefformed rapidly,_these impurities remain
within the laminate 1 as foams which might cause separation
between the laminated ceramic sheets, thereby resulting in a
quality deterioration.

Such a problem may be reduced by performing the heat-
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external electrode A7 opposite in polarity to the first external eléctrodé

A6. 20 Such a chip capacitor nmay be manufactured according to the

met hod *di scl osed in JP-Al-61(1986)-144811 or JP-Al-1(1989)- 312817. for

exdnpl e. According to the known nethod, as shown in Fig. 13, use is nade of

a first griotpsdingostisdkdioced apfrel oneeds peg i(aft eenioBevershddrisy @athtion

having a surface formed with a multiplicity of first group interna

el ect rodesg N esati 3esécordl geguPpIbhem- of reducing the productivity.
Further, such a solution has a limitation on the degree of foam
removalg |

5 : It is, therefore, an object of the present invention to

provide a method and apparatus for heat-pressing a laminate of
éeramic'sheets with a_much higher productivity but without
quality deteriofation resulting from foam formation.

According to one aspect of the present invention, there is

10 provided a method for heat-pressing a laminate of ceramic sheets
in the direction of lamination by a pair of press dies each
proyided with a heater, characterised in that the method
comprises the steps of: forming a hermetically closed space
ﬁhich entirely encloses the laminate interposed between the pair

15 of press dies; evacuating the hermetically closed space; and

| heat-pressing the laminate between the pair of press dies.

With the method described above, the volatile substances
and/or air existing between the laminated sheets can be
positively removed in a short time by the evacuation (namely,

20 the application of Vaguum). Thus, it is possible to greatly
reduce the time required for.heat-pressing the ceramic sheet

_ laminate in addition to preventing a quality deterioration which
would be caused by foam formation. Further, foreign
substances, such as dust, deposited on the surfaces of the

-25_ laminate and/or press dies can be also removed by the

evacuation, thereby providing additional prevention of quality

deterioration.

_—_-’_‘__——————‘—-ﬂ-__———
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2 baked ceram c sheets 1b (green sheets) each having a surface formed with
anmultiplicity of second group internal electrodes A2. The first group
sheets IFa are alternately lam nated with the second group sheets Ib in a
manfier such that the first group internal electrodes Al are staggered with
respect to the skaeoiiding to another aspect of the present invention, there
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is pnbvided an apparatus for heat-pressing a laminate of
cerémic sheets comprising a pair of press dies for pressing the
laminate in the direction of lamination, each of the press dies
being provided with a heater, characterised in that the
apparatus further comprises: a seﬁling sleeve for forming a
hermetically closed space which entirely encloses the laminate
interposed betﬁeen the pair of press dies; and means for
evacuating the hermetically closed space. |

According to a preferred embodiment 6f the present
invention, the sealing sleeve is mounted on a first head which
supports one of the press dies, whereas the other press die is
supported by a second head. Further, at least one of the first
and second heads may be rendered movable for bringing the pair
of press dies toward and away from each other, thereby causing
the sealing sleeve to come into sealing contact with the second
head.for forming the hermetically closed space when the pair bf
press dies are brought toward each other_for heat-pressing the
laminate.

The sealing sleeve may be slidably'mounted on the first
head and elastically supported by springs. Alternatively, the
sealing sleeve itself may be made of a relatively soft elastic
material.

It is advantageous that one of the press dies is supported
on a head which is formed with a recess, and said one press die
is rendered projectable from and retractable into the recess.

In this casé, the open mouth of the recess may receive a frame
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group’ internal electrodes A2. Further, an additional green ceram c sheet
lc is superposed on the highest one of the first group sheets la. Then, as
shown in Fig. 14, the ceranic sheet lamnate 1 thus obtained is pressed in
the direction of lanination for integration under heating. Such a process
step is refléer dhtto wsitheshepodsmmgreShedi cassalissexttatl é n Sogthhd, e
lamnate 1 is divided into a multiplicity of |am nate ceramc chips A5 by
cutting frame die cooperates with said cther press die for trimming the
outer periphery of the laminate when said other press die is
inserted into-the frame die.

5 It is also advantageous if means is further provided for
for supplying compressed air into the recess when the other
press die retreats out of the frame die. Such an arrangement
provides a cleaning'fﬁnctionffor removing the chips or fragments
which would result at‘ﬁhe time of trimming the outer periphery

10 of the laminate.

According to another preferred embodiment, the heat-
pressing épparatus further comprises: an additional. pair of
préss dies for pressing an additionél laminate of ceramic
sheets in the direction of'lamination, each of the additional

15 pair of press dies being provided with a heater; an additional
Sealing sleeve for forming another hermetically closed space
which entirely encloses the additional laminate interposéd
between the additional pair of press dies; and means fdr
evacuating said another closed space. |

20 The present invention will be more concretely described
below on the basis of preferred embodiments given with
reference.to the aécompanying drawings, in which:

Fig. 1 is a vertical sectional view showing a heater préss
according to a first embodiment of the present invention in a

25 codition for introducing a ceramic sheet laminate;

| Fig. 2 is a fragmentary sectional view taken along lines

II-II in Fig. 1;
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along lines Bl, B2 in a lattice-like fashion. Finally, each of the ceramc

chips A5 is baked in a baking oven (not shown), and external el ectrodes AG,
A7 (se€ Figs. 10 and 11) are formed on both ends of the chip A5 to provide

a desired product. In the known nethod, it has been found that the |am nate
1 inevitably configns3vdisatd |wiewbst abbessané/ dreadier bpressnashes aasspitt the
ceram ¢ sheets 1a, 1b, 1c. Thus, if the heat- pressing step is perforned

rapi dly, tHdsedtiprief earremmi II-III in Fig. 1;
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Fig. U4 is a fragmentary sectional view similar to Fig. 1
but showing the same heater press at the time of heat-pressing
the ceramic sheet laminate;

Fig. 5 is a sectional view similar to Fig. 1 but showing
the same heater press in a condition for introducing éompressed
air;

Fig. 6'is a fragmentary sectional view showing the same
heater press in a condition for taking out the heat-pressed
ceramic sheet laminate;

Fig. 7 is a vertial sectional view showing a heater press
according'to a second embodiment of the present invention}

Fig. 8 is a view showing the heater press of Fig. 7 as seen
in the direction of arrows VIII-VIII in Fig. 7; |

Fig. 9 is a fragmentary vertical sectional view showing
another heater embodying the present invention;

| Fig. 10 is a séctional view showing a laminate cefamic éhip

capacitor to which the present invention may be applied;

| Fig; 11 is a sectional view taken along lines XI-XI in Fig.
103

Fig. 12 is a séctional view taken along lines XII-XII in
Fig. 10; |

| Fig. 13 is a perspective view showing a plurality of
cefamic sheets before lamination; and |

Fig. 14 is a perSpective view showing'the ceramic Sheets

after lamination as a material for making laminate ceramic chip
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within the lamnate 1 as foans which m ght cause separation bet ween t he
| am nated ceram c sheets, thereby resulting in a quality deterioration.
Such a ‘probl em may be reduced by performng the heat- This is tre

replacenent sheet Dat e:
capacitors.

,Referring first to Figs. 1 to 3 of the accompanying
drawings, thére is shown a heater press for a laminate of
ceramic sheets according to a first embodiment of the present

5 invention. The ceramic sheet laminate may have the same
configuration as the prior art ceramic sheet laminate 1 shown in
Fig. 14. Such a ceramic sheet laminate may be used for making
laminate ceramic cﬁip capacitors (like the one shown in Figs. 10
to 12).

10 The heater press of the first embodiment comprises an upper
head 2 which is fixed to the underside of a stationary machine
frame 9. The heater press also compfises a lower head 3 which
is moved vertically by a hydraulically driven.plungerlTB (lower
plunger).

15 | The upper head 2 is formed with a downwardly open recess 10
for receiving an upper heating press die U fixed to another

~plunger 11 (upper plunger). The configuration of the recess 10
may be square or rectangular (see Fig. 2). The upper heating
"press die 4 is'pfovided with an embedded heater 6..rThe upper

20 plunger 11 penetrates vertically thrdugh the upper head 2 and
the machine frame 9 and is movable by e.g. a hydraulic cylinder
device for vertically reciprocating the upper press die 4. The
upper plunger 11 is fitted with a seal ring 12 for sealing
against the upper head 2. |

25 On the other hand, the lower head 3 has an upwardly
projecting central portion for‘mounﬁing a lower heating press

die 5 which'is provided with an embeded heater 7. The size of
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REPLACEMENT SHEET 02 JUN 1998 -3- pressins step for a prolonged peri od.

However, this solution gives rise to a new probl em of reducing the

productlvity. Further, such a solution has a limtation on the degree of

foamrenoval . 5 It is, therefore, an object of the present

i-nvent i on Ghe pkowerepress die SyeapRerends f dubaéantgedddi i@ L£halki okt Bhef
recess 10 of the upper press die 4.

The upper heating press die M.has a lower surface provided

with a releasable sheet 8'. Similarly, the lower heating press
5 die 5 is also covered by a releable sheet 8". In this way, a
ceramic sheet laminate 1 will not adhere.to the reSpective press
dies 4, 5 when pressed therebetwéen under heating. Apparently;
if the nature of the ceramic sheet laminate 1 is non-adherent
or reluctantly adherent to the respective press dies 4, 5, the

10 releasable sheets 8', 8" may be dispensed with.

As shown in Fig. 1, the upper press die U normally retreats
in the recess 10 of the_upper head 2 by an amount corresponding
to the thickness of the ceramic sheet laminate 1. The recess
10 has an open mouth fitted with a frame die 13 which is square

15 or rectangular in cross section for snugly receiving the lower
press die 5. The frame die 13 and the lower press die 5

‘cooperate with each other to provide a cutting function for
trimming the ceramic sheet laminate 1 into a predetermined
sﬁape by removing peripheral excess portions of the laminate.

20 The upper head 2 is further proVided with an aif port 14
communicating with the recess 10. The air port 14 is
Selectively connectable to a vacuum source 15 (e.g. vacuum pump)
and a compressed dir source 16 (e.g. air compresser) through
lineé 17, 18 provided with valves 19, 20; respectively.

25 A sealing sleeve 21, which may be square or rectangular in
cross section (see ' Fig. 3), is fitted around the projecting

central porﬁion of the lower head 3 to be slidable vertically.
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ceram c sheets wth a nmuch higher productivity but without quality
deterioration resulting fromfoamformation. The present invention provides
an apparatus for heat- pressing a |am nate of ceram c sheets conprising: a
pair of press dies for pressing the lamnate-in the direction of

| ami nat i oAheegtheevet Bd pressl At bichdilyg SHRROeedwWRLth I sheaer gndedVi iy
sleeve for form ng a hernetically closed space which entirely encl oses the
} am nat e Pﬁﬂ@ﬂiﬁﬁﬁi%%tﬁééhHSEeZéaPP 6f Meneer fweh that the upper end of

the sleeve 21 is normally higher than the ceramic sheet laminate
1 placed on the lower press die 5. The sleeve 21 is internally
5 prévided with a seal ring 23 for sealing contact with the
projecting central portion of ‘the lowef head 3. Similarly, the
upper end of the sleeve 21 is also provided with another seal
ring 24 for sealing contact with the bottom face of the upper
head 2 around the recess 10.
{0 The sealing sleeve 21 is élso provided with a suction port
25 which communicates with the interior space of the sleeve.
The suction port 25 is connected to the vacuum source 15 through
"a line 26 which is provided with a valve 27.
.In operation of the heater press described above, the
15 embedded heaters 6, 7 of the respective press dies 4, 5 are
energized for heating, and the ceramic sheet laminate 1 is
'placed on the 1owér press die 5, as shown in Fig. 1. The
introduction of the ceramic sheet laminate 1 is performed by
utilizing a gap between the upper.head‘Z and the sealing sleeve
20 21 Wwhen the press is in thé open condition of Fig. 1.

Then, the lower press die 5 together with the lower head 3
is raised by the hydraulically driven plunger 18. As a result,
the upper end (namely, the seal ring 24) of the sealing sleeve
21 first comes into sealing contact with the underside of the

25 - upper head 2 to hermetically close the recess 10 and the
interior space of the seaiiﬁg sleeve 21, as shown in Fig. 4.
Further,'with a slight delay, tﬁe ceramic sheet laminate 1 on

S —
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and neans for evacuating the'hernetically cl osed space; one of the press
di es being supported on a head which is formed with a recess, said one
press di e being projectable fromand retractable into the recess. According
to‘a preferred enbodi nent of the present invention, the sealing sleeve is
nount ed ontlef Logerhgatesdi dhe stipper e ranid lof imsepte351dmesthﬂmﬁn@methee
other press die is supported by a second head. Further, at |east one of
the first 13, whereupon the laminate 1 is trimmed at its outer periphery
'by_the cutting function provided by the combination of the
lower press die 5 and the frame die 13 while also pressed in the
5. laminate direction_between the upper and lower press dies 4, 5
under.heating.

On the other hand, slightly before or while heat—pressing
the ceramic sheet laminate 1 between the upper and lower press
dies 4, 5, the vacuum source 15 is brought into communication

10 with the recess 10 and the interior spéce of the sealing sleeve
21 by opening the valves 19, 27 with the other valve 20 closed.
As a result, the volatile substances and/or air existing'
between the layers of the laminate 1 is forcibly evacuated,
thereby shortening the time required for heat—pbessing the
15  laminate 1 without foam formation.

The evacuation with respect to the recess 10 and the
interior space of the sleeve 21 may be performed only for'a
suitable périod prior to heat—pressing-thé qeramic Sheet

~laminate. Alternatively and preferably, such evacuation may be
20 performed continuously for a longer period before, during and
'éfter the heat-pressing.

After the heét—pressing, the valves 19, 27 are clpsed to
stop the vacuuﬁ application, and the upper and lower press dies
4, 5 are lowered by'lowering the respective plungers 11, 18 to

25 push out.the ceramic_shéet laminate 1 from the frame die 13, as
shown in Fig. 5. in'this process step, tﬁé.upper press die 4

may be lowered simultaneously with the lower press die 5.

————v———:—’/,
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and second heads may be rendered novable for bringing the pair of press
dies toward and away from each other, thereby causing the sealing sleeve to
cone into sealing contact wth the second head for formng the
hernetlcalAftclosed space when the pair of 02 JUN 1998 -4-
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ernatively, the upper press die U may be lowered after the
lower:press die 5 is first lowered. |
Then, the lower press die 5 together with the lower head.3
is further lowered, whereas the upper press die 4 is raiséd, as

shown in Fig. 6. As a result, the sealing sleeve 21 is brought

away from the upper head 2, and the upper press.die U is

detached from the ceramic sheet laminate 1 which is left on the
lower press die 5. Obviously, the heat—bressed laminate 1 can
be taken out of the heater press by way of the gap between the
upper head 2 and the éleeve 21.

On the other hand, in timed relation with the lowering and
subsequent raising of the upper press die 4, the valve 20 is
opened to bring the compressed air sdurce 16 into communication
Wwith the recess 10. As a'reéult, the flow of the cbmpressed
air serves to remove the cut fragments or like of the trimmed
laminate 1 off the ffame die 13. Further, even if the laminate
1 remains stuck to the upper press die 4 upon raising the upper
press die, the flow of the compressed air is effective for
releasing the laminate 1 off the upper press die 4.

According to the first embodiment described above, the

‘'sealing sleeve 21 is slidably fitted around the projecting

central portion of the lower head 3 and elastically supported
by the springs 22. Such an arrangement allows the lower press

die 5 to move upwardly for heat-pressing the ceramic sheet

laminate 1 even after the sleeve 21 comes into sealing contact

with the upper head 2 for hermetically closing the recess 10 and

the interior space of the sleeve 21. Thus, it is possible to
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head for formng the hernetically closed space when the pair of press dies
are brought toward each other for heat-pressing the am nate. The sealing
sl eeve*may be slidably nounted on the first 5 head and elastically
supported by springs. Alternatively, the sealing sleeve itself may be nade
of a rel atéwatyaseof thel addessnterant. the stlatetk aboverior- space -pheobf to
the press dies is supported on a head which is formed with a recess, and
sai d one @mrebsdwrtng heat-pressing the laminate 1.
' On the other hand, the sealing sleeve 21 can be brought
away from the upper head 2 simply by ioﬁering the lower head_3
5 beyond a predetermined amount, as clearly shown in Figs. 1 and
6. . Thus, the'gap formed between the upper head 2.ahd the
slee?e 21 can be conveninently utilized for introducing and
taking out the ceramic sheet laminate 1 relative to the heater
press. |
10 Further,.fhe frame die 13 at the recess 10 coéperates With
thé_lower presé die 5 for trimming the ceramic sheet laminate 1
to have a predetefmined shape and a predetermined size.
Therefore, prior'to the heat-pressing, the léminate 1 itself
need not be strictly shaped and sized.
© 15 Moreover; the upper press die.u is downwardly projectable
out of the_recesé 10 acéording to the first embbdiment. ‘Thus,
even if the ceramic sheet laminate 1 is Jjammed in the frame die
13 at the time of thé heat-pressing, the laminate 1 can be
.convenient;y forced out of the frame die 13 without deformation
lzd by lowering the upper press die 4 (See Fig. 5), thereby.
facilitating subsequentlremoval of the laminate 1 from the
heater press.
Figs. 7 and 8 show a heater press according to a second
embodiment of the present invention.' The heater press of this
25 embodiment differs from that of the first emﬁodimeht in that the

former employs more than two press dies for heat-pressing a

plurality of ceramic sheet laminates at a time.

;_____;_;._._.——————
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10 i's rendered projectable fromand retractable into the recess. This
provi des the advantage that the open nmouth of the recess may receive a
frame die into which the other press die is insertable, so that the frame
di @ cooperates with said other press die for trlnn1églthe outer periphery

of the |aninateSphen fSaial by hethpr deatdire pBeSAserft

§ nBeCOREd @ gnent

It is al so advantageous if neans is further provided for for su plyln%
conpr essec@iprise® theuppeesbeadenrat féxedhdo a machine frame 9a, ower
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head 3a movable vertically by a hydraulically driven plunger
18a, and an intermediate head 29 arranged between the upper and

lower heads 2a, 3a. The intermediate head 29 is guided by a

plurality of vertical guide rods 28 to be vertically slidable.

The underside of the upper head 2a carries an upper heating
press die lJa which is provided with an embedded.heater (not
shown), whereas the upper side of the lower head 3a carries a
lower heating press die 5a which is also provided with an
embedded héater (not shown). Further, the intermediate head 29
is provided with a Qertically spacéd pair of intermediate press
dies 29a, 29a' each of which is provided with an embedded
heater (not shown). As clearly appreciated from Fig. 7, the

upper one 29a (hereafter referred to as "first intermediate

press die") of the intermediate press dies cooperates with the

upper press dié La fof heat-pressing a ceramic sheet laminate 1
placed on the first intermediate press die 29a, whereas the
lower one 29a' (hereafter feferred to as "second intermediate
press. die") of the intermediate press dies cooperates with the
lower press die 5a for heat-pressing another laminate 1 placed
on the lower press die 5a.

A sealing'sleeve 21a, which may be square or rectangular in
cross séction, is fitted on the upper héad 2a to be slidable
vertically as elastically supported by a group of springs 22a.
Similarly, another sealing sleeve 21a',.whicﬁ may be also square

or rectangular in cross section, is fitted on the lower head 3a

This Sheet Has Been Rep
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press-die retreats out of the frame die. Such an arrangenent provides a
cleaning function for renoving the chips or fragnents which would result at
the tinme of trinmmng the outer periphery of the |lam nate. According to

anot her preferred enbodi nent, the heat- pressing apparatus further

conpri ses: tan halds 1 i dahbll epaietrtdfc gk g sa sl esassd carldssi wypparaadi biyorsaiother
| am nate of ceram c sheets in the direction of |am nation, each of the

addi t i onal gpraiup off Fskngl$ ed2dking provided with a heater; an additiona

‘The sealing sleeve 21a_for the upper head 2a.is provided
with a suction porf 25a connectable to a vacuum source 15a (e.g.
5 vacuum pump) via é line 26a which is provided with a valve 27a.
Similarly, the intermediate head 29 is provided with another
suction port 25a' which is also connectable to the vacuum
‘source 15a by way'of the valve 27a. Reference signs 23a, 23a',
2ué, 24a' in Fig. 7 represent seal rings for hermetically
10 closing the relevant spaces in which heat-pressing takes place.
In operation, a.ceramic sheet laminate 1 is placed on the
first intermediate press die 29a, whereas another ceramic sheet

lamihate 1 is placed on the lower press die 5a.
Then, the lower head 3a is vertically raised by the plunger
15 18a. As a result, the sealing sleeve 21a’ aséociated With the
lower head 3a comes into sealing cdntéct with the intermediate.
head 29 which in turn comes subsequently into sealing contact
- With the other sealing sleeve 21a associated with the upper
head 2a, thereby forming two hermetically closed spaces.
20 Further, the lower press die.Sa approaches the second.
intermediate press die 29a' while the first intermediate press
die 29a approaches the upper press die lda, thereby heat-pressing

the respectiVe ceramic sheet laminates 1.

On ﬁhe other hand, the valve 2T7a is opened after the two
25 spaces accommodating thé'fespective.ceramic sheet laminates 1
are hermetically closed, thereby evacuating the hermically

closed spacés. In this way, the heat-pressing operation can be
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sealing sleeve for form ng another hernetically cl osed space -5- which
‘entirely encloses the additional |am nate interposed between the additional
pair of press dies; and neans for evacuating said another closed space. In
use the apparatus is operated according to a nethod whereby

10

15.

20

25

performed under evacuation for defoaming the laminates 1.
.ObviouSly, the second embodiment of Figs. 7-and 8 is
advantageous'in that the productivity of heat-pressing is
doubled because the two cefamic sheet laminates are treated at a
time. |
According to the second embodiment, no trimming is
performed in the heater press with respect to each of the two
ceramic sheet laminates 1. In this case, therefore, the heater
press need not have a cutting function, which further makes it

unnecessary to utilize a compressed air source required for

'removing cut chips or fragments. Further, due to the absence

of a frame die (see the element 13 in Fig. 1), it. is also
unnecessary to make the upper press die 4a vertically movable
because such is required only for pushing out the ceramic sheet
laminate f from the frame die.

Fig. 9 shows a principal portion of.a heater press
according to a third embodiment of the present invention. The
heater press of'this embodiment'comprises a fixed upper head 2b

carfying an upper press die 4b and provided with a suction port

25b, a vertically movable lower head 3b carrying a lower press-

'die 5b for placing a ceramic sheet laminate 1, and a sealing

sleeve 21b fitted on the lower head to surround the lower press
die 5b.
A unique feature of the third embodiment resides in that

the sealing sleeve 21D itself is made of a relatively sofﬁ

_elastic material such as heat-resistant rubber. When the lower

head 3b moves upward, the sealing sleeve 21b comes into sealing
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a lantnate of ceramc sheets is heat pressed in the direction of

| am nation by a pair of press dies each provided with a heater. The nethod

further  conprises the steps of formng a hernetically closed space which

entirely encloses the | am nate interposed between the pair of press dies;

evacuat i ng ddret decnutiitdnl tyeclipped spege; 2and oheniapl essvigmutideapamiiaiteion

between the pair of press dies. Wth the nethod described above, the

vol ati |l e sumtaugiestiaedsaetaioh exrd i2%p betiwen foethar npwactdsheetensan be
the lower head 3b, the sealing sleevé 21b is elastically
deformed while keeping the sealing contact with the upper head

5 2b, thereby making it possible to heat-press the ceramic sheet

laminate 1.

Obviously, the third embodiment is advantageous in that the
heater press can be extremely simple in arrangement and
therefore very inexpensive.

10 While the present invention is described on the basis of
the three embodiments, it is obvious that the same may be
"modified in many ways. For instance, the upper head 2, 2a, 2b
may be rendered vertically movable, whereas the lower head 3,
3a, 3b may be rendered stationary. Alternatively, both of the

15 upper and lower heads may be made vertically movable.

Further, instead of making the upper press die 4 of the
first embodiment vertically movable, the lower press die 5 may
be render vertically movable into and out of a recess which is
formed in the lower head 3.

20 Moreover, the sealing sleeve 21, 21b of the first or third

embodiment may be provided on .the side of the upper head'2.

]
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posi tively renmoved in a short tinme by the evacuation (nanely, the
application of a vacuum). Thus, it is possible to greatly reduce the tine-
required for heat-pressing the ceram c sheet |am nate i ThigShdétHaoBeek Replaced
preventing a quality deterioration which would be caused I on.
Further, foreign substance, such as dgst, adgpdsiSted on t M!WH@& he
| am nate and/ or press dies can also be renoved by the evacua

provi di ng additional prevention of quality deterioration.

1. A method for heat-pressing a laminate of ceramic_Sheets in
the direction of lamination by a pair of press dies each
provided with a heater, characterised in that the method
comprises the steps of:
5 forming a hermetically closed space which entirely encloses
the laminate interposed betweén the pair of press dies;
evacuating the hermetically closed space; and

heat-pressing the laminate between the pair of press dies.

2. An apparatus for heat-pressing a laminate of ceramic sheets
comprising a pair of press dies for pressing the laminate in
the direction of lamination, each of the press dies being
provided with a heater, characterised in that thé apparatus
5  further comprises:

a sealing sleeve for forming a hermetically closed space
‘which entirely encloses the laminate interposed between the pair
of press dies; and |

means for evacuating the hermetically closed space.

3. The apparatus accprding to claim 2, wherein the sealing
Sleeve 1is ﬁounted on a first head which supports ohe of the
press dies, the other press die being supported by a second
head, at least oné of the first and second headé being movable
5 for bringing the pair of press dies toward and away from each

other, the sealing sleeve coming into sealing contact with the

AR



The present invention will be nore concretely described bel ow on the basis |
‘of preferred enbodi nents given wi-th reference to the acconpanying draw ngs,
in which: Fig. 1 is a vertical sectional view show ng a heater press

accor di ng é@c@nﬁ'h%hde@%¥mﬂ3¥ﬁlﬁ§ the Hé?ﬁ@@&chﬁ @“HIHEéd‘éb&@Q'&h@H the

introducing a cerami ¢ sheet lamnate; Fig. 2 is a fragnentary secti onal

view takeny 2k eng d i PRE sls! “died NaFied brlou FEELACGMIN SHEET other for heat-

pressing the laminate.

4. The apparatus according to claim 3, wherein the sealing
Sleeve is slidably mounted on the first head and elastically

supported by springs.

5. The apparatus according to claim 3, wherein the sealing

sleeve is made of a relafively soft elastic material.

6. The apparatus according to any one of claims 2 to 5, whebein
one of the press dies is supported on a head which is formed
With a recess, said one press die being projectable from and

retractable into the recess.

7. The apbaratus according to claim 6, wherein the recess has an
open mouth receiving a frame die into which the other press'die
is insertable, the frame die cooperating with said other press
die for trimming the outer periphery of the laminate when said

5 other press die is inserted into the frame die.
8. The apparatus according to claim 6 or 7, further comprising
means for supplying compressed air into the recess when the

other press die retreats out of the frame die.

9. The appafatus acéording to any oné of claims 2 to 8, wherein

o ——— ’ This Sheet Has Been Re
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10

ig. 3is aviewof the same heater press as seen in ?sh%tr}ﬁ%ée{?
[11-111 in Fig. 1; Fig. 4 is a fragnentary section
‘1 but showing the sanme heater press at the time of hea“"“ﬁmmmﬁl

*ceram ¢ sheet | am nate;

logd,

claim 6 or 7, further comprising:

an additional pair of press dies for pressing an additional

laminate of ceramic sheets in the direction of lamination, each

of the additional pair of press dies being provided with a
heater;

an additional sealing sleeve for forming another
hermetically closed space which entirely encloées the additional
laminate interposed between the additional pair of'press dies;

and

means for evacuating said another closed space.

10. A method of heat pressing a laminate of ceramic sheets
substantially as hereinbefore described with reference to any
of Figures 1 to 12 of the draWings.

11. Apparatﬁs for‘heat pressing a laminate of ceramic sheets
substéntially-as hereinbefore described with reference to and

as illustrated in any of Figures 1 to 12 of the drawings.

H* c L M s * . _ ' -



Fig. - 5is a sectional viewsimlar to Fig. 1 but show ng the same heater
press in a condition for introducing conpressed air; Fig. 6 is a
fragmentary sectional view showing the sanme 10 - heater press in a
coridition for taking out the heat-pressed ceram c sheet lamnate; Fig. 7 is
a.vertial sectional view showi ng a heater press according to a second
enbodi nent of the present invention; Fig. 8 is a view show ng the heater
press of Fig. 7. as seen : :

METHOD AND APPARATUS FOR HEAT-PRESSING

LAMINATE OF CERAMIC SHEETS

ABSTRACT

The present invention provides an apparatus for heat- -
‘pressing a 1ahinate (1) of ceramic sheets by using a pair of
heating press dies (4, 5) for heat-pressing the laminate (1) in
the direction of'lamination. The heat-pressing apparatus ié
characterised in that it further comprises a sealing sleeve (21)
for forming a hermetically closed space which entirely encloses
the laminate (1) interposed between the pair of press dies (4,
5), and a vacuum source (15) for evacuating the hermetically
closed space. The present invention also provides-a method for

heat-pressing a ceramic sheet laminate.

(To be accompanied by Fig. 5)
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15 in the direction of arrows VIII-VIIl in Fig. 7; Fig. 9is a
fragnmentary vertical sectional view show ng another heater press enbodying
the present invention, Fig. 10 is a sectional view showing a |amnate '
cerami c chip capacitor to which the present invention nay be applied; 20
Fig. 11 is a segtional view taken along lines XI-Xl in Fig. 10; Fig. 12 is
a sectional vi ewgaﬂen along - lines XII-XIl in Fig. 10; ' -
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Fig. 13 is a perspective view showing a plurality of 25 ceram c sheets
before lamnation; and Fig. 14 is a perspective view show ng the ceramc
sheets*after |anination as a naterlal for making | am nate ceramic chip 7
capaci tors.

(—— N

'/ | | ?;

5
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Referring first to Figs. 1 to 3 of the acconpanyi ng draw ngs, there is
shown a heater press for a lamnate of ceram c sheets according to a first
enbodi ment of the present invention. The ceranic sheet |am nate may have
the sane configuration as the prior art ceram c sheet lamnate 1 shown in
Fig. 14. Such a ceramc sheet lam nate nmay be used for nmking | am nate
ceram c chip capacitors (like the one shown in Figs. 10 to 12). The heater

press of the fFer er%odl ment corrprl ses an upper
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head"2 which is fixed to the underside of a stationary machine frame 9. The
heater press also conprises a | ower head 3 which is noved vertically by a
hydraufically driven plunger 18 (lower plunger). The upper head 2 is fornmed
w th a downwardly open recess 10 for receiving an upper heating press die 4 -
fixed to another plunger 11 (upper plunger). The configuration of the
recess 10 may be square or rectangular (see Fig. 2). The upper heating
press die 4 is-provided with an enbedded heater 6. The upper

2a Aa .'9a.
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pl unger 11 penetrates vertically through the upper head 2 and the nmachi ne
frame 9 and is novable by e.g. a hydraulic cylinder device for vertically
reci procating the-upper press die 4. The upper plunger 11 is fitted with a
seal ring 12 for sealing agai nst the upper head 2. On the other hand, the

I ower head 3 has an upwardly projecting central portion for nounting a

| ower heating press die 5 which is provided with an enbeded heater 7. The
'size of This is the replacenent sheet

Fig.8
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Dat e: 1 OCT 1996 8 the lower press die 5 corresponds substantially
to that of the recess 10 of the upper press die 4. The upper heating press
- die 4 has a | ower surface provided with a rel easabl e sheet 8 Simlarly,
the .| oner heating press

Fig.1O
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die 5 is also covered by a releable sheet 8. In this way, a ceram c sheet
laminate 1 will not adhere to the respective press dies 4, 5 when pressed
t her ebet ween under heating. Apparently, if the nature of the ceram c sheet
| aminate 1 is non-adherent or reluctantly adherent to the respective press
dies 4, 5, the releasable sheets 8, 8" may be dispensed with. As shown in
Fig. 1, the upper press die 4 nornally retreats in the recess 10 of the
upper head 2 by an anpbunt corresponding to the thickness of the ceramc
sheet lamnate 1. The recess

Fig.13

e
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10 has arr open mouth fitted with a frame die 13 which is square or
‘rectapgul ar in cross section for snugly receiving the |ower press die 5.
The frane die 13 and the | ower press die 5 cooperate with each other to
provide a cutting function for trimmng the ceram c sheet lanmnate 1 into a
predet ermi ned shape by renoving peri pheral excess portions of the |amnate.
The upper head 2 is further provided with an air port 14 conmuni cating

with the recess 10. The air port 14 is selectively connectable to a

vacuum source 15 (e.g. vacuum punp)

~  This Sheet Has Been Replaced
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and a. conpressed air source 16 (e.g. air co

rpr dmacmmmmmsness@
provided with valves 19, 20, respectively. AZ@esigi éii.?.’.l.to \Wapd 1618
be ésquake or rect angy 0ss section gtenﬁnmg 3)pﬁ£ﬂ ?Qg&f?ﬂn
the pr.oj ecting cent | AfpSHEEDHAGTRAERT | over %m@lﬂ%%)b aged IO Paged Sf
vertically. This is[_the mRE gheet OatgAbstractl Opdoek? S0 to paged
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This invention rslates to 2

2

athod and epparatus for neat-
pressing & laminate of ceramic sheets which may be used for
making laminéte ceramic chip capacitors for example.

As shouwn in Figs. 10 to 12 of the accompanying drawings, =
laminate ceramic chip capacitor A generally has a first group of
ceramic layers A3 which are formed with respective internzl
electrodes Al offset in one direction (rightward in Fig. 10),
and a second group of ceramic layers AY4 which are formed with
respective internel electrodes A2 offset in the opposite
direction (leftward in Fig. 10). The first group layers A3 ére

laminated alternately with the second group layers Al to provids

an integral laminate body AS. The internal electrodes Al for -

the first group layers A3 are commonly connected to a first
external electrode A6, whereas the internal electrodes A2 for
the second group layers AL are commonly connected to a second
external électrode A7 opposite in polarity to the first
external electrode A6.

Such & chip capacitor méy be manufactured according to the
method disclosed in JP-A1-61(1986)~-1Lu811 or JP-A1-1(1989)-
312817 for example.

fccording to the known mathod, as shouwn in Fig. 13, use is

made of & first group of non-baked ceramic sheets Ta (gresn

(4]
oy

neets) each having a surface formed with & multiplicitvy of

first group internzl electrodes Al ané¢ a second group of non-

18
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9 The sleeve 21 is elastically supported at its lower end by a plurality of
springs 22 in a manner such that the upper end of the sleeve 21 is normally
hi gher t#an the ceranic sheet lamnate 1 placed on the |ower press die 5.
The sl-eeve 21 is internally provided with a seal ring 23 for sealing
contact with the projecting central portion of the lower head 3.

Simlarty, the upper end of the slee%f 21 is also provided with anot her
seajj aked ceramic sheets 1b (sreen sheets) each having a surface
formed with & multiplicity of sscond group internal electrodss
£2. The first group shests la are alternately laminated with

the second group sheets 1b in & mznner such that ths first group

Pee

nternal electrodes Al are staggered with respesct to the second

roup internal electrodes A2. Further, an additional green

o

ceremic sheet 1c is superposed on the highest one of the first
group sheets 1la.

Then, as shown in Fig. 14, the ceramic sheet laminate 1
thus obtained is pressed in the direction of lamination for
integration under heating. Such a process step is referred to
-as “heat-pressing".

Then, as also shown in Fig. 14, the laminate 1 is divided
into a multiplicity of laminate ceramic chips A5 by cutting
along lines B1, B2 in a lattice-like fashion.

Finally, each of the ceramic chips A5 is baked in a baking
oven (not shown), and external electrodes A6, A7 (see Figs. 10
and 11) are formed on both ends of the chip AS to provide a
desired product.

In the known method, it has been found that the laminate 1
inevitably contains volatile substances and/or air between the
respective ceramic sheets 1a, 1b, 1e¢. Thus, if the heat-
pressing step is performed rapidly, these impurities remain
within the laminate 1 as foams which might cause separation
bstween the laminated ceramic sheets, therebdy resulting in a
quality deterioration. )

Such a problem may be reduced by performing the heat-

This is the replacement sheet
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ring 24 for sealing contact with the bottom face of the upper head 2 around
the recess 10. The sealing sleeve 21 is also provided with a suction port
25 dwhi cl comuni cates with the interior space of the sleeve. The suction
port 25 is connected to the vacuum source 15 through a line 26 which is
provided with a valve 27. In operation of the heater press described above,
t he enbedded heaters 6, 7 of the respgective press dies 4, 5 are energi zed
for. heatlngésgqygtgga(XEéyﬂ}: getge 'E.Qat%.l kgwever, this soluzien

P

gives rise to 2 nsw probiam of reducing the productivicy.

|

urther, such a solution has a limitation on the degrees of fozm
removal.

it is, therefore, an object of the present invaation to
prdvide a method and apparztus for heat-pressing a lazminate of
ceramic sheets with a much higher productivity b;t withcut
guality deterioration resultrnb from foam formation.

According to one aspect of the present invention, there is
provided a method for heat-pressing a2 laminate of ceramic shests
in the directiqn of laminetion by a pair of press dies each
provided with a heafer. cheracterised in that the method
comprises the steps of: forming a hermetically closed spzce
which entirely encloses the laminate interposed between the pair
of press dies; evactating the hermetically closed space; and
heat-pressing the laminate betwesn the pair of press dies.

With the method described above, the volatile substances
and/or air existing between the laminated sheets cah be
positively removed in a short time by the evacuation (namely,
the application of vacuum). Thus, it is possible to greatly
reduce the time required for heat-pressing the ceramic shest
laminate in addition to preventing a quality deterioration which
would be caused by foam formation. Further, foreign.
substances, such as dust, dsposited on the surfaces o¢f the
lzminate and/or press dies czn be a2lso removed by the
evacuation, therebj provrd rng additional pﬁevention of quslity

deterioration.

. THiS SHEET HAS BEEN
This Sheet Has Been Rerlaced REPLACED

”IIII |III|I I I II | This is the reripcemmgy shest

Datg; :' 1 OCT ‘9%




pl aced on the | ower press die 5, as shown in Fig. 1. The introduction of
the ceram c sheet lamnate 1 is perforned by utilizing a gap between the
upper head 2 and the sealing sleeve 21 when the press is in the open
condition of Fig. 1. Then, the lower press die 5 together with the | ower
head 3 is raised by the hydraulically driven plunger 18. As a result, the
upper end (namely, the seal ring 24) of the sealing sleeve 21 first cones

into sealing contact with the under siYe of the upper head 2 to herneti cal
cl ose the receskceardif@ tReanother aspect of the pJQ%ent gnve i §£ere y

nction, ¢

is provided an apparatus for heat-pressing & laminate cf
ceramic sheets comprising & pair of press dies-for pressing the
laminate in the direction of lamination, each of the press cies
being provided with a hezter, characterised in that tne
apbaratus further comprises: a sealing sleeve for forming a
hermetically élosed space waich entirely encloses the laminate
interposed bet@een the pair of press dies; and means for
evacuating the hermetically closed space.’

According to a preferred embodiment of the present
invention, the se#ling sleeve is mounted on a first head which
supports one of the press dies, whareas the other press die is
supported by a second head. Further, at least one of the first
and second heads may be rendered movable for bringing the pair
of press dies toward and away from each other, thereby causing
the sealing sleeve to come into sealing contact with the second
head for forming the harmetically closed space when the pair of
press dies are brought toward each other for heat-pressing the
laminate.

The sealing sleeve may be slidably mounted on the first
head and elasticaily supported by springs. Alternatively, the
sealing sleeve itself may be made of a relatively soft elastic
material.

It is advantagesous that one of the press dies is supported
cn a héad which is formed with a recess, and said one press die
is rendered projectzble froa and retractable into the recess.

In this case, the open mouth of the recess may receive a fraame

e
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interior space of the sealing sl eeve 21, as shown in Fig. 4. Further,

wth

a slight delay, the ceram c sheet lamnate 1 on This is the replacenent
sheeét Date: . 1 OCT 1996 10 the lower press die 5 is forcibly

i nserted

into the frane die

5
die iato which the othsr press die is insertable, so tha:

ct

frame die coopersates with szid cther press die for trimaing

ct
i

outer periphery of the laminate when szid other press cdie is

inserted into the frame die.

ct

It is zalso advantageous if means is further provided fecr
f&r supplying compressed air into the recess when the other
press die retreats out of the frame die. Such én arrangemnent
provides a cleéning function for removing the chips or fragments
which would result at the time of trimming the outer periphery

of the laminate.

According to another preferred embodiment, the heat-

pressing apparatus further comprises: an additional pair of
press dies for pressing an additional laminate of ceramic

sheets in the direction of lamination, each of the additional

pair of press dies being provided with a heater; an additional

sealing sleesve for forming another hermetically closed space
which entirely encloses the additional laminate interposed
between the additional péair of press dies; and means for
evacuating said another closed space.

The present invention will be more concretely described
below on the basis of preferred embodiments given with
reference to the accompanying drawings, in which:

Fig. 1 is a vertical sectional view showing & hesater press
eaccording to a first embodiment of the present ianvention in =
codition for introducing a éaramic sheet légminate;

Fig. 2 is a fragmentary sectvoﬂ 1 view taken elong lines

II-II in Fig. 1;

THIS SHEET HAS BEEN
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13, whereupon the laminate 1 is trinmmed at its outer periphery by the
cutting function provided by the conbination of the |ower press die 5 and
thé frame die 13 while also pressed in the |anm nate direction between the
upper and |ower press dies 4, 5 under heating. On the other hand, slightly
before or while heat-pressing the ceramic sheet.laninate 1 between the
upper and | ower press .dies 4, 5, the vacuum source 15 is brought into
comuni cation with the recess 10 andethe interior space of the sealing

sl eeve Fig. 3 is a view of the same heater press as seen in ths
direction of arrows III-IIIL in Fig. 1;
Fig. L is a fragmentery sectional view similar to Fig. 1
but showing the same heater press at the time of heat—pressing
t@e ceramic sheet laminate; |
Fig. 5 is a sectional view similar to Fig. 1 but showing
the same heater press in a condition for introducing compresssd
gir; |
Fig. 6 is a fragmentary sectional view showing the sagme
heater press in a condition for taking out the heat-pressed
ceramic sheet laminate;
Fig. 7 is a vertial sectional view showing a heater press
according to a second embodiment of the present invention;
Fig. 8 is a view showing the heater press of Fig. 7 as seen
in the direction of afrows VIII-VIII in Fig. T7;
Fig. 9 is a fragmentary vertical sectional view showing
another heater embodying the present invention;
Fig. 10 is a sectional view showing a laminate ceramic chip
capacitor to which the present invention may be applied;
Fig. 11 is a sectional view taken along lines XI-XI in Fig.
10;
Fig. 12 is & sectional view taken a2long lines XII-XII in
Fig. 10; |
Fig. 13 is a perspective view showing & plurality of
ceramic sheets before lamination; and
Fig. 14 is a perspective view sn0d1ng the cerzmic shests

after lamination as a materizl for mzking laminate ceramic chip

_ _ THIS SHEET HAS BEEN
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21 by openi'ng 'the valves 19, 27 with the other valve 20 closed. As a
result, the volatile substances and/or air existing between the |ayers of
the’lamsmate 1 is forcibly evacuated, thereby shortening the tine required
for heat-pressing the lamnate 1 without foam formation. The evacuation
with respect to the recess 10 and the interior space of the sleeve 21 may
be perfornmed only for a suitable period prior to heat-pressing the ceramc
sheet lam nate. Alternatively and preferably, such evacuation may be

capacitors.

Referring first to Figs. ! to 3 of the accompanying
drawings, there is shown a heater press for a laminate c¢f
ceramic sheets according to a first embodiment of the present
invention. The ceramic sheét laminate may have the szanme
configuration as the prior art cerazmic sheet laminate 1 showa in
Fig. 14, Such a ceramic sheet laminate may be used for makins
laminate ceramic chip capacitors (like the one shown in Figs. 10
to 12).

The heater press of the first embodiment comprises an upper
head 2 which is fixed to the underside of a stationary macnines
frame 9. The heater press also comprises a lower head 3 which
is moved vertically by a hydraulically driven plunger 18 (lower
plunger).

The upper head 2 is formed with a downwardly open recess 10
for receiving an upper heating press die U fixed to another
plunger 11 (upper plunger). The configuration of the recess 10
méy be square or réctansular (see Fig. 2). The upper heating
press die 4 is provided with an embedded heater 6. The upper
plunger 11 penetrates vertically through the upper head 2 and
the machine frame 9 and is movable by e.g. a hydraulic cylinder
device for vertically reciprocating the-upper press die L. The
upper plunger 11 is fitted with & seal ring 12 for sealing
against the upper head 2.

| On the other hand, the lower head 3 has an upwardly
projecting central portion for mounting & lower heating press

die 5 which is provided with an embeded heater 7. The size of

. This is the replacement sheet
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performed continuously for a longer period before, during and after the
heat - pressing. After the heat-pressing, the valves 19, 27 are closed to
stop the?*vacuum application, and the upper and |ower press dies 4, 5 are

| owered by | owering the respective plungers 11, 18 to push out the ceram c
sheet lamnate 1 fromthe frame die 13, as shown in Fig. 5. 1In this-
process step, the upper press die 4 npy be |owered sinultaneously with the

Iomer press d|e 5. This is the replac%nent sheet . .
the lower press die 5 corresponds substantially to that of th

recess 10 of the ugpsr press Gies L.

The upper heating press die U has a lower surface providad
With & releasasble shest 8'. Similarly, the lower heatins press
die 5 is also covered by & relezsble shest 8". 1In this Way, s
ceﬁamic sheet laminate 1 will not adhere to the respective press
dies 4, 5 when pressed therebetween under heating. Apparen;ly,
if the nature of the ceramic sheet laminate 1 is non-adherent
or reluctantly adherent to the respective press dies &, S, the
releésable sheets 8', 8" may be dispensed with.

As shown in Fig. 1; the upper press die 4 normally retrezts
in the recess 10 of the upper head 2 by aﬁ amount corresponding
to the thickness of the ceramic sheet laminate 1. The recess
10 has an open mouth fitted with a frame die 13 whicﬁ is square
or rectangular in cross section for snugly receiving the lower
press die S. The frame die 13 and the lower press dié S
cooperate with each other to provide a cutting function for
trimming the ceramic sheet laminate 1 into a predetermined
shape by removing peripheral excess portions of the laminate.

The upper head 2 is further provided with an air port il
communicating with the recess 10. The air port 1 is
selectively connectable to a vacuum source 15 (e.g. vacuum pump)
and a compressed air source 16 (e.g. air compresser) through
lines 17, 18 provided with valves 19, 20, respectively.

A sealing sleeve 21, which may be square or rectangular in
cross section (see Fig. 3), is fitted around the projechlng

central portion of the lower be=d 3 to be slidable vertically.

This is the replacement sheet
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Date: 1 OCT 1996 " 11 Alternatively, the upper press die 4 nay be

| owered after the lower press die 5 is first |lowered. Then, the | ower press
die'5 together with the lower head 3 is further |owered, whereas the-upper
press die 4 is raised, as

-

tne Sleave 21 is elasticeall

supporcaed at its lower end bty &
plurality of springs 22 in & wmanner such that the upper end of
the sleave 21 is normally higher than the ceramic shset lezinzte
1 placed on the lower press die 5. The sleeve 21 is internzlly
providaed with a sezl ring 23 for sealing contact with the
préjectins central pofticn of the loWwer head 3. Similérly, the
upper end of the slesve 21 is also provided with another sszl
ring 2¢ for sealing contact with the bottom face of the upper
head 2 around the reéess 10.

The sealing sleeve 21 is also provided with a suction port
25 which communicates with the interior space of the slesve.
The suction port 25 is connected to the vacuum source 15 through
a2 line 26 which is provided with a valve 27.

In operation of the heater press described above, the
embedded heaters 6, 7 of the respective press dies 4, 5 are
energized for heating, and the ceramic sheet laminate 1 is
placed on the lower press die 5, a&s shown in Fig. 1. The
introduction of the ceramic shest lzminate 1 is performed by
utilizing a gap between the upper head 2 and the sealins_sleeve
21 when the press is in the open condition of Fig. 1.

Then, the lower press die 5 together with the lower head 3
is raised by the hydraulically driven plunger 18. As a resulg,
the upper end (namely, the seal ring 2t) of the seszling sleeve
21 first comes into ssaling contact with the underside of the
Qpper head 2 to hermeticzlly close the recess 10 and the
interior space of the ss2zling sleeve 21, as shown in rig. b,

Further, with a slight delay, the ceramic shset laminats 1 on

This Is the replacement sheet
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shown in Fig. 6. ‘As a result, -the sealing sl'eeve 21 is brought away from

t he upper head 2, and the upper press die 4 is detached fromthe ceramc
sheet laminate 1 which is left on the lower press die 5. (Cbviously, the
heat - pressed |am nate i can be taken out of the heater press by way of the
gap between the upper head 2 and the sleeve 21. On the other hand, in tined
relation with the | owering and subsequent raising of the upper press die 4,
the.valve 20 is opened to bring the Ednpressed air source 16 into

communi catdy@N lower press die 5 is forcibly inserted into the frams die

{1}

<

bed
.

13, whereuponlthe laminate 1 is trimmed at . its outer periph

({1

by the cutting function provided by the combination of th

{4

lower press die 5 and the frame die 13 while also pressed in th
laminate diréction between the upper and lower press dies L, S
under heating. |

On the other hand, slightly before or while heat-pressing
the cergmic sheet laminate 1 between the upper and lower prass
dies 4, 5, the vacuum source 15 is brought into communication
with the recess 10 and the interior space of the sealing sleeve
21 by opening the valves 19, 27 with the other valve 20 closed.
As a result, the volatile substances and/or air existing
between the layers of the laminate 1 is forcibly evacuated,
thereby shortening the time required for heat-pressing the
laminate 1 without foam formation.

The evacuation with respect to the recess 10 and the
interior space of the sleeve 21 may be performed only for a
suitable period prior to heat-pressing the ceramic sheet
laminate. Alternatively and preferably, such evacuation may be
performed continuously for a longer period before, during and
éfter the heat-pressing.

After the heat-pressing, the valves 19, 27 are closed to
.stop the vacuum application, and the upper and lower press dies-
L, S are lowered by lowering the respective plungers 11, 18 to
push out the ceramic-sheet laminate 1 from the frames die 13, &s
shown in Fig. 5. 1In this process step, thé upper press die t

may be lowered simultaneously with the lower press die 5.

This is the replacement sheet
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with the'recess 10. As a result, the flow of the conpréssed air serves to
renove the cut fragnments or like of the trimmed |amnate 1 off the frane
die*'13. «iFurther, even if the lam nate 1 renmains stuck to the upper press
die 4 upon raising the upper press die, the flow of the conpressed air is
effective for releasing the lamnate 1 off the upper press die 4. According
"to the .{first enbodi nent descri bed above, the sealing sleeve 21 is slidably
fitted around the projecting central lportion "of the | ower head 3 and
el asti cal |attzurppeivedy, the upper press die & may b2 lowsred after ths
lcuwer press die 5 is {first lowsred.

Then, the lower press die 5 togather with the lower hsad 3
-is further lowered, whereas thes upper press die & is raisa24, as
stoWn in Fig. 6. As a result, the sezling slesve 21 is brought

away from the upper head 2, and the upper press die L is

[=1

etached from the ceramic shest laminate 1 which is left on ths
lower preés die S. Obvidusly, the heat-pressed laminate i can
be taken out of the heater press by way of the gap between ths
upper head 2 and the sleeve 21.

On the other hand, in timed relation with the lowering and
subsequent raising of the upper press die &, the valve 20 is
opened to bring the compressed air source 16 into comamunication
with the recess 10. As a result, the flow of the compressed
air serves to remove the cut fragments or like of the trimmed
laminate 1 off the frame die 13. Further, even if the laminate
1 remains stuck to the upper press die 4 upon raising the upper
press die, the flow oflthe compressed air is effective for
releasing the laminate 1 off the upper press die L,

According to the first embodiment described above, the
‘sealing sleeve 21 15 slidably fitted around the projecting
central portion of the'}ower head 3 and elastically supported
by the springs 22. Such an arrangesment allo#s the lower press
die 5 to move upwardly forxheat-pressing the cerzaic sheset
laﬁinate 1 even after thes sleeve 21 ccmeé into sealing contac:

iith th

¥«
(M

upper head 2 for hermetically closiﬁg the recess 10 and

the interior space of the sleeve 21. Thus, it is possible to
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by the springs 22. Such an arrangenent allows the Fower press. die 5 to
nove upwardly for heat-pressing the ceramc sheet lamnate 1 even after the
sl eeve 21 cones into sealing contact with the upper head 2 for hernetically
closing the recess 10 and the interior space of the sleeve 21. Thus, it is
possible to This is the replacenent sheet Date: 1 OCT 1996

evacuate the recess 10 and ths sleeve interior sp

m

ce prigr to
and during heat-pressing the laminate 1.

On the other hand, the sealing sleeve 21 can bs brought
away from the upper head 2 simply by lowWwering the lcuér hazd 3
beyond a predetermined amount, &s clearly shown in Figs. 1 and
6.' Thus, the gap formed betwsen the upper head 2 and the
sleeve 21 can be codveninently utilized for introducing and
taking out the ceramic sheet laminate 1 prelative to the hszter
preés. | |

Further, the frame die 13 at the recess 10 cooperates wWith
the lower press die 5 for trimming the ceramic sheet laminate 1
to have a predeterﬁined shape and a predetermined size.
Therefore, prior to the heat-pressing, the laminate 1 itself
need not be strictly shaped and sized.

Moreover, the upper press die 4 is downwardly projectable
out of the recess 10 according to the first embbdiment. Thus,
even if the ceramic sheet laminate 1 is jammed in the frame die
13 at the time of the heat-pressing, the laminate 1 can be
conveniently forced out of the frame die 13 without deformation
by lowering the upper press die U4 (see Fig. S5), thereby
facilitating subsequent removal of the laminate 1 from the
heater press.

Figs. 7 and_8 show a hezter press according to a second.
embodiment of the present invention. The heater press of this
embodiment differs from that of the first embodimsnt in that tﬂe
former employs more than two press dies for heat-pressing =

plurality of ceramic sheet lazminates at a time.
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12 evacuate 'the recess 10 and t-he sleeve interior space prior to and during
heat -pressing the lamnate 1. On the other hand, the sealing sleeve 21 can
be Brought away fromthe upper head 2 sinply by | owering the | ower head 3
beyond a predeterm ned amount, as clearly shown in Figs. 1 and 6. Thus,
the gap formed between the upper head 2 and the sleeve 21 can be
conveninently utilized for introducing and

13

Specifically, the neatar press of the sscond embodiman

ot

ct

1ead 2a fixed to & machine frame 9z, a lo

er

1”

0
Q
£)
(o]

3
[N
0
o
W
m
3
=
O
3
{4
"3
b 3

hzzd 3z movable vertically by a hydraulically driven plungsr
182, and an iatermediate head 29 arranged betwesen thé uppser and
lowsr heads 2a, 3a. The int;rmediaté nead 29 is guided by =
plurality of vertical guide rods 28.to be vertically slidable.

The underside of the upper head 2z czarries an upper heating
press die la which is provided with an embedded heater (not
shown), whereas the upper side of the lower head 3a carries 2
lower heating press die 5z which is also provided with an
embédded heater (not shown). Further, the intermediate head 29
is provided with a vertically spaced pair of intermediate press
dies 29a, 29a' each of which is provided with an embedded
heater (not shown). As clearly appreciated from Fig. 7, the
upper one 2%a (hereafter referred to as "first intermediate
press die") of the intermediate press dies cooperates with the
upper press die la for heat-pressing a ceramic sheet laminate 1
placed on the first intermsdiate press die 29%a, whefeaé the

llower one 29a' (hereafter referred to azs “second intermediate
press.die") of the intermediate press dies dooperates with the
lower press die S5a for heat-pressing another laminate 1 placed
on the lower press die 5a.

A sealing sleeve 21z, which may be square or rectangulapr in
cross section,.is fitted on the upper head 2a to be slidable
vertically as elastically supported by a group of spfinss 22za.
Similarly, another sealing sleeve 2la', which may be zlso scquara

or rectangular in cross section, is fitted on the lower head 3a
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t aki-ng out the ceramc sheet laninate 1 relative to the heater pfess.

Furt her,

die 5 for trimming the ceranmic sheet lamnate 1 to have a predetermni ned
shape and a predeterm ned size. Therefore, prior to the heat-pressing,
lam nate 1 itself need not be strictly shaped and sized. Moreover,

the frame die 13 at the recess 10 cooperates with the | ower press

t he

t he

upper press die 4 is dowwardly projectable out of the recess 10 according
to the first enbodi nent. Thus, 14

to be slidable vertically &s elastically supportad by anothar
group of springs 22a',

- The sealing sleeve 21z for the upper hesad 2z is providad
with 2 suction port 25a connectable to z vacuum source 15a (e.g.
vacuum pump) via a line_26a'which is provided with a valve 27a.

Similarly, the intermediate head 29 is provided with another
suction port 25a' which is also connectable to the vacuum
source 15a by way of the valve 27a. Reference signs 23a, 23a',
2ba, 24a' in Fig. 7 represent seal rings for hermetiéally
closing the relevant spaces in which heat-pressing takes place.

In operation, a'ceramic sheet laminate 1 is placed on the
first intermediate press die 292, whereas another ceramic Sheet
laminate 1 is placed on the lower press die 5a.

Then, the lower head 3z is vertically raised by the plunger
18a. As a result, the sealing slesve 21a' associated with the
lower head 3a comes into ;ealing contact Wwith the intermediate
head 29 which in turn comes subsequently into sealing contact
with the other sealing sleeve 212 associated with the upper

head 2a, thereby forming two hermetically closed spaces.

Further, the lower press die 52 approaches the second:

intermediate press die 29a' while the first intermediate press
¢ie 292 approaches the upper press die bka, thereby heat-pressing
the respective ceramic shest iaminates 1.

On the other hand, the valve 27a is opened after the two
Spaces accommodating the respective ceramic sheet laminates 1
are hermetically closed, thereby evacuating the hermically

closed spaces. In this way, the heat-pressing operation can be

This is the repiacemsnt sheet

Date: = | OCf 1996



even if the ceramc sheet lamnate 1 is jammed in the franme die 13 at the
time of the heat-pressing, the lamnate 1 can be conveniently forced out of
the frame die 13 without déefornmation by |owering the upper press die 4 (see
Fig. 5), thereby facilitating subsequent renoval of the lamnate 1 fromthe
heater press. Figs. 7 and 8 show a heater press according to a second.
enbodi,nent of the present invention. The heater press of this enbodi nent
differs fromthat of the first enbodisrent in that the

performed under evacuation for defczming the lazinates 1.
Obviously, the second embccdiment of Figs. 7 and & is
eadvantageous in that the productivity of heat-pressing is

doubled because the two ceramic sheet laminate

7]
m
-3
M
ct
"3
[{4]
"
cr
(1]
(2%
m
t
m

time.

According to the second emﬁodiment. no trimming is
performed in the heater press with respect to each of the tuwo
ceramic sheet laminates 1. 1In this case, therefore, the hezter
press need not have a cutting function, which further makes it
unnecessary to utilize a2 compressed air source required for
removing cut chips or fragments. Further, due to the absence
of a frame die (see the element 13 in Fig. 1), it is also
unnecessary to make the upper press die Uz vertically movable
because such is required only for pushing out the ceramic sheet
laminate 1 from the frame die.

Fig. 9 shows a principal portion of a heater press
according to a third embodiment of the present inveation. The
heater press of this embodiment comprises a fixed'upper head 2b
carrying an upper press die Utb and provided with a suction port
25b, a vertically movable lower head 3b carrying a2 lower press
die Sb for placing a ceramic sheet laminate 1, and a sealing
sleeve 21b fitted on the lower head to surround the lower press
die Sb.

A unique feature of the third embodiment resides in that
the sealing sl;eve 210 iﬁself is mzde of a relatively soft
elastic material such as heat-resistzant rubber. When the lower

head 3b moves upward, the seazling slesva 21b comes into sszaling
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f or mer enploys'nDre t han t wo press dies for heat-pressing a pfurality of
ceram c sheet |amnates at a tine. Thisis the replacenent sheet Date: 13
Specifically, the heater press of the second enbodi nent :

16
contact with the upper hezzd 20 to enable vacuuam applicztion

through. the suction port 25b. Upon further upward movement cf
the lower head 3b, the ssaling sleeve 2ib is elasticzlily

1

m
[N

deformed while keeping the se ng contact with the upper hsad
2b, thereby making it possible to heat-press the ceramic shsst
laminate 1. - -

Obviously, the third embodiment is advantageous in that the
heater press can be extremely simple in arrangement and
therefore very inexpensive.

While the present invention is described on the basis of
the three embodiments, it is obvious that the same may be
! modified in many ways. For instance, the upper head 2, 2z, 2b
. may be rendered vertically movable, whereas'the lower head 3,
3a, 3b may be rendered stationary. Alternatively, both of the
upper and lowsr heads may be made vertically movable.

Further, instead of making the upper press die & of the
first embodiment veftically movable, the lower.press die 5 may
te render vertically movable into and out of a recess which is
formed in the lower head 3.

Moreover, the sealing sleeve 21, 21b of the first or third

embodiment may be provided on the side of the upper head 2.
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conprises an upper head 2a fixed to a machine frane 9a, a | ower head 3a
novabl e vertically by a hydraulically driven pIunger-18a and an
i rit'er mdi ate head 29 arranged between the upper and tower—teads za
The internediate head 29 is guided by a plurality of. m&ﬁ

to be vertically slidable. The underside of the upper
heating press die 4a which is provided with an e

upper -
shown),

whereas the upper side of thglower head 3a car

press die 5a which is also prOV|dQﬂ;M@th§p@

1. & method

Yy

or he pressing 2 laminate of ceramic shssts in
the direction of lamination by a pzair of press dies each
provided with a heater, characterised in that the method
comprises thes steps of: |
forming a hermetically closed space which entirely encloses
the laminate interposed between the pair of press dies;
evacuating the hermetically closed space; and

heat-pressing the laminate between the -pair of press dies.

2. An apparatus for heat-pressing & laminate of ceramic sheets
comprising a pair of press dies for pressing the laminate in
the direction of lamination,.each of the press dies being
provided with a heater, characterised in that the apparatus
further comprises:-

a sealing sleeve for forming a hermetically clbsed space
which entirely encloses the laminate interposed between the pair
of press dies; and

means for evacuating the hermetically closed spsace.

3. The apparatus according to claim 2, wherein the sealing

Sleeve is mounted on a first head which supports one of the

press dies, the other press die being supported by a sscond
head, at least one of the first and second heads being movable
for bringing the pair of press dies toward and away from each

other, the sealing sleeve coming into sealing contact with the

lachp s 28

(not
eating
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enbedded heater (not shown). Further, the internediate head 29 is provided
with a vertically spaced pair of i nterrred ate press di éliblszﬁmHaZBaénle

which 4s provided with an.enbedded heater (not shown).

appreciated fromFig. 7, the upper one 29a (hereafter re flrst
intermedi ate press dle") of the internedi ate press dies cooperates w

upper’ press die 4a for heat-pressind8a ceranmc sheet |lam nate 1 placed on
the firstseicondr hedd af er pf@assing eh2%erwdidreads yt heokodvespae w28a' t{hereafter

referred to as "second internediate
pair of press dies are brought -toward each other for hezt

pressing the laminate.

L. The apparatus according to claim 3, wWwherein the sezlin

O‘I

sleeve is slidably mounted on the first head and elastically

supported by springs.

5. The apparatus according to claim 3, wherein the sealing

sleeve is made of a relatively soft elastic material.

6. The apparatus according to any one of claims 2 to 5, wherein
one of the press dies is supported on a heasd which is formed
with 2 recess, said one press die being projectable from and

retractable into the recess.

7. The apparatus according to claim 6, wherein the recess has an
open mouth receiving a frame die into which the other press die
is insertable, the frame die cooperating with said other press
die for trimming the outer periphery of the laminate uhen said

other press die is inserted into the frame die.
8. The apparatus according to claim 6 or 7, further comprising
means for supplying gompreésed alr into the recess when the

other press die retreats out of the frame die.

9. The apparatus according to any one of claims 2 to 8, wherein
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préssfdré”)'df tthe internmedi ate press dies cooperates with
die 5a for heat-pressing another lamnate 1 placed on the

the | ower press
ower press die

5a. A.sealing sleeve 21la, which may be square or rectangular in cross
section, is fitted on the upper head 2a to be slidable vertically as

el astically supported by a group of springs 22a. Simlarly,

anot her sealing

sl eeve 21a', which nay be al so square or rectangular in cross section, is

fitted on the lower head 3a This isiphe repl acenent sheet

cizim 6 or 7, further comprising:

an additionzl pair of press dies for pressing an additionzl

lapinate of ceramic sheets in the direction of lamination, each

of the additionzl pair of press dies being provide
teater;

an sdditional sealing sleeve for forming

d with a

anothér

hermetically closed space which entirely encloses the additional

laminate interposed between the additional pair of press dies;

and

means for evacuating said another closed space.

10. A method of heat pressing a laminate of ceramic sheets

substantially as hereinbefore described with reference to any

of Figures 1 to 12 of the drawings.

11. Apparatus for heat pressing a laminate of ceramic sheets

substantially as hereinbefore described with reference to and

as illustrated in eany of Figures 1 to 12 of the drawings.

- This Sheet Has Been qulaced
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Dat e: 1 OCT 1996 14 to be slidable vertically as elastically
supported by another group of springs 22a'. The sealing sleeve 2la for the
upper head 2a is provided with a suction port 25a connectabl-e to a vacuum
source 1l5a (e.g. o

20
METHOD AND APPARATUS FOR HEAT-PRESSING-

LAMINATE OF CERAMIC SHEETS

ABSTRACT

The present invention provides an apparatus for heat-
pressing a laminate (1) of ceramic sheets by using a pair of
heating press dies (4, 5) for heat-pressing the laminate (1) in
the direction of lamination. The heat-pressing apparatus is
characterised in that it further comprises a sealing sleeve (21)
for forming a.hermetically'closed space which entirely encloses
the laminate (1) interposed between the pair of press dies (&,
5), anq a vacuum source (15) for evacuating the hermetically
closed space. The present invenfion also provides a method for

heazt-pressing a ceramic sheet laminate.

(To be accompanied by Fig. S5)
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vacuum punp) via a line 26a which is provided with a valve 27a. Simlarly,
the internedi ate head 29 is provided with another suction port 25a" which
i s ‘al so *connectabl e to the vacuum source 15a by way of the valve 27a.

Ref erence signs 23a, 23a', 24a, 24a' in Fig. 7 represent seal rings for
hernmetically closing the relevant spaces in which heat-pressing takes

pl ace. In operation, a ceramc sheet lamnate 1 is placed on the first

intermedi ate press die 29a, whereas another ceramc sheet lamnate 1 is
- placed on the | ower press die 5a. 1/8

1()) 1 16—() |
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Then, the |ower head 3a is vertically raised by the plunger 18a. As a
result, ,the sealing sleeve 21a' associated with the |ower head 3a cones
into sealing contact with the internediate head 29 which in turn cones
subsequently into sealing contact with the other sealing sleeve 2la
associated with the upper head 2a, phgreby formng two hernetically cl osed
spaces. Further, the | ower press die 5a approaches the second internediate
press die 29a' while the first .internediate press die 29a approaches the
upper press die 4a, thereby heat-pressing; 1g.3

- 3
3
/s
124
(1 -5
- 2
Fig.4

w
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the respective ceramic sheet lamnates 1. On the other hand, the valve 27a
i s opened after the two spaces acconmpdating the respective ceram c sheet

| di natés 1 are hernetically closed, thereby evacuating the hermcally

cl osed spaces. In this way, the heat-pressing operation can be 15

3/8

Fig.6
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performed under evacuation for defoam ng the |amnates 1. Cbvi ousl y, the
second enbodl ment of Figs. 7 and 8 is advantageous in that the productivity
of* heat’- bressing i s doubl ed because the two ceranic sheet |aninates are
treated at a tinme. According to the second enbodinent, no triming is
performed in the heater press with respect to each of the two ceram ¢ sheet
lam nates 1. In this case, therefogm the heater press need not have a
cutting function, which further nakes it '

9 Fig.7
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unnecessary to utilize a conpressed air source required for renoving cut
chips.-or, fragnents. Further, due to the absence of a frane die (see the
elenent 13 in Fig. 1), it.is also unnecessary to make the upper press die
4a vertically novabl e because such is required only for pushing out the
ceram c sheet lamnate 1 fromthe franme die. Fig. 9 shows a principal
portion of a heater press according/Mo a third enbodi nent of the present

i nvention. The heater press of this enbodi nent conprises a fixed upper
head 2b :

238 i 2(9 "ig.8
(= )
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carrying an upper press die 4b ‘and provided with a suction port 25b, a
vertically novable |ower head 3b carrying a |ower press die 5b for placing
a ceramc sheet lanminate 1, and a sealing sleeve 21b fitted on the | ower
head to surround the | ower press die 5b. A unique feature of the third
enbodi ment resides in that the sealing sleeve 21b itself is made of a
relatively soft elastic material sugig as heat-resistant rubber. Wen the
| ower head 3b noves upward, the sealing sleeve 21b cones into sealing

Fig.10
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This is the repl acenent sheet Date: 1 OCT 1996 16 contact with the
upper head 2b to enabl e vacuum application through the suction port 25b.

Upoh 'f tirt her upward novement cf the | ower head 3b, the sealing sleeve 21b
is elastically"” '

7/8

Fig.13

1c
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def ormed whil e keeping the sealing contact with the upper head 2b, thereby
maki ng it possible to heat-press the ceram c sheet |lamnate 1. Obviously,

t hé Thi ¥d enbodi ment is advantageous in that the heater press can be
extrenely sinple in arrangenent and therefore very inexpensive. Wile the
present invention is described on the basis of the three enbodi nents, it is
obvi ous that the sane may be nodifigg i n many ways. For instance, the upper
head 2, 2a, 2b :
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} nay be rendered vertical ly novabl e, whereas the |ower head 3, Qﬁ”ﬁﬁy be

15

20

25

atively, both of the upper and | ower head@ﬂnay
@A¢UMHﬁﬁ/ Further, instead of making the upper press die

nent vel ti cgbpXRAPUSDFER HeaT-epessoness die 5 may be
nto and out of a recess which is forned in the

“head}3 th LERENATE aFeepraRic B4keek the first or third

the side of the upper head 2.THIS SHEET HAS BEEN
REPLACED

This invention relates to —s—————aanapparatus for hezat-
pressing a laminate of ceramic sheets which may be used.for
making laminate ceramic chip capacitors for example.

As shown in Figs; 10 to 12 of the accompanying drawings, a
laminate ceramic chip capacitor A generally has a first group of
ceramic layers A3 whichlare formed with respective internal
electrodes A1l offset in one direction (rightward in Fig: 11),
and a second group of ceremic layers Al which are formed with
reepective internal electrodes A2 offset in the opposite
direction (leftward in Fig. 10). The first grooo layers A3 are
laminated alternately with the second group layers Al to provide
an integral laminate body AS? The internal electrodes Al for
the first group layers A3 are commonly connected to a first
external electrode A6, whereas the internal electrodes A2 for
the second group layers A4 are commonly connected to a second
external electrode AT opposite in polarity to the first
external electrode A6.

Such a chip capacitor may be manufactured according to the

~method disclosed in JP-A1-61(1986)-144811 or JP-A1-1(1989)-
312817 for example.

According to the known method, as shown in Fig. 13, use 1is
made of a first group of non-baked ceramic sheets 1la (green
sheets) each having a surface formed with a mu1t1p11c1ty of .

first group internal electrodes A], and a second group of non-
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‘REPLACEMEENT SHEET 02 JUN 1998 CLAIMS 1. An apparatus for heat-pressing;a

| am nat e of

pressing step for a prolonged perlod However, this solution
gives rise to a new problem of reducing the productivity.

Further, such a solution has a limitation on the degree of foam

removal.

It is, therefore, an object of the present invention to

provide - an apparatus for heat-pressing a laminate of

ceramic sheets with a much higher productivity but without

quality deterioration resulting from foam formation.

The present invention provides an apparatus for heat-

pressing a laminate of ceramic sheets comprising: a - REPLACEMENT SHEET

ga pair of press dies for pressing the laminate in the 11.DEG 1997

direction of lamination, each of the press_dies being

provided with a heater; a sealing sleeve for forming a

AT

hermetically closed space which entirely encloses the
‘laminate interxposed between the pair of press dies;
and means for evacuating the hermetically closed
space; one of the press dies being supported on a head
which is formed with a recess, said one press die

being projectable from and retractable into the

recess.

Accordihg to.a preferred embodiment of the présent
invention, the sealing sleeve is mounted on a first head which
supports one of the press dies, whereas the other press die is
supported by a second head. Further, at least one of the first
and second heads may be rendered movable for bringing the pair
of press d;es'toward and away from each other, thereby causing
the sealing sleeve to come into sealing contact with the second

head for forming the hermetically closed space when the pair of

his Sheet Has Been Replaced
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ceram c sheets conprising: a pair of press dies for 5 pressing the
[am nate in the direction of |am nation, each of the press dies being
provided with a heater; a sealing sleeve for forning a hernetically closed;

spag€adhrgh eRtidisly @rﬁ&lw&eﬁew@aiﬁyﬂ e%‘.%e'd“

h
press dies; and neans for evacuat i ng the erne |caI %ngZpace

Onepﬁéséhﬁllérse?a%éj'@ﬁoﬁgh'ﬁgtéﬂﬁﬁlﬁr te%f&?%@@ﬁaﬁo%'n%%dﬁprfé’éé‘?ﬁgW‘cBh a

recess, said one press die being projecta

laminate.

The sealing sleeve may be slidably mounted on the first
head and elastically supported by springs. Alternativély, the
Sealing sleeve'itself may be made of a relatively soft élastic
material.

As stated above -~-------- one of the press dies is supported
on a head which is formed with a recess, and said one press die

~is rendered projectable from and retractable into the recess.

This provides the advantage that the cpen mouth of the recess may receive
a frame

die into which the other press die is insertable, so that the

frame die cooperates with said other press die for trimming the
outer periphery of the laminate when said other press die is
inserted into the frame Aie. |

It is also advantageous if means is furthér provided for
for supplying compreséed air into the recess when the other
préss die retreats out of the frame die. Such an arrangement
provides a cieaning function for removing the chips or fragments
which would result at thé time of trimming the outer pefiphery'
of the laminate.

According to another preferred embodiment, the heat-
pressing apparatus further comprises: an additional pair of
'press dies for pressing an additional laminate of ceramic
sheets in the direction.of lamination, each of the additional
pair of press dies being provided with a héater; an additional

sealing sleeve for forming another hermetically closed space

REPLACEMENT SHEET
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fromand retrdctabl'e into the recess. 15 2. The apparatus according to
.Caim1, wherein the sealing sleeve is mounted on a first head which :
"supports one of the press dies, the other press die being supported by a
secong head, at | east one of the first and second heads bei ng novabl e for
iR hg nGtheredy epgilossts pthesadiddist { onarld had iadye f L ardeagedis etiher, t he

eaLin sl eeve comng into sealing contact with the second head for form ng
%ﬁeﬁ tFB& 13ddidsk@nal pair of press dies; and means for

evacuating said another closed space.

In use the apparatus is operated according to a method whereby -
a laminate- of ceramic sheets is heat pressed in the direction
of lamination by a pair of press dies each provided with a
heater. The method further comprises the steps of: forming a
hermetically closed space which entirely encloses the laminate
interposed between the pair of press dies; evacuating the
- hermetically closed spacé; and heat-pressing the laminate
between the pair of press dies. ' |

' . With the method described above, the wvolatile substances
and/of air existing between the laminated sheets can be
positively removed in a short time by the evacuation (namely,
the application of a vacuum). Thus, it is possible to greatly
reduce the time required for heat-pressing the ceramic sheet |
laminate in addition to preventing a quality deterioration
which would be caused by foam formation. Further, foreign
substance, such as dust, deposited on the surfaces of the
laminate and/or press dies can also be removed by the
eévacuation, thereby providing additional prevention of quality

deterioration.

The preéesent invention will be moré'concretely described
below on the basis of preferred embodiments given with
reference to the accompanying drawings, in which:

Fig. 1 is a vertical sectional view showing a heater press
according to a first embodiment of the present invention in a
codition for introducing a ceramic sheet laminate; |

Fig. 2 is a fragmentary sectional view taken along lines

II-IT in Fié. 1;

REPLACEMENT SHEET
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.Space when tHe-pai'r of press dies are brought toward each other for
-heat -pressing the am nate. 25 3. The apparatus according to Caim 2,
. wherein the sealing sleeve is slidably nmounted on the first head and

el astically supported by springs.

Fig. 3 is a view of the same heater press as seen in the
direction of arrows III-III in Fig. 1;

Fig. 4 is a fragmentary sectional view similar to Fig. 1
but showing the same heater press at the time of heat—pressing
the ceramic sheet laminate§

Fig. 5 is a sectional view similar to Fig. 1 but showing
the samé heater press in g'condition for introducing compressed
air;

- Fig. 6.is a fragmentary secﬁional view showing the same
0 heater press in a condition for taking out the.heat‘pressed
céramic sheet laminaté; )
Fig. 7 is a vertial sectional view showing a heater press
'according to a second embodiment of the present invention;
Fig. 8 is a view showing the heater press of Fig. 7 as seen
5 in the direction of arrows VIII-VIIT in Fig. 7;

Fig. 9 is a fragmentary vertical sectional view showing

another heater press embodying the present invention;

Fié. 10 is a sectional view showing a laminate ceramic chip

capacitor to which the present invention may be applied;

Fig. 11 is a sectional view taken along lines XI-XI in Fig.

10;
Fig. 12 is a sectional view taken along lines XII-XII in
Fig. 10;
Fig. 13 is a perspective view'showing a plurality of
‘5 ceramic sheets before lamination; and

Fig. 14 is a perspective view showing'the ceramic sheets

after lamination as a material for making laminate ceramic chip

CEa
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-18 ~ 4. " The-apparatus according to Claim2, wherein the sealing sleeve
I'S made of a relatively soft elastic material. 5 5. The appar at us
-according to any one of Clains 1 to 4, wherein the recess has an open fouth
receiving a frame die into which the_gther press di e'.imssﬂa&@ra;géa],geplgcae

frame die co-operating with sai d of hd press die for trl""]”"ll”ﬂ”lﬂer

peri phery of the

CLAIMS

1. An apparatus for heat-pressing a laminate of
ceramic sheets comprising: a pair of press dies for

5 pressing the laminate in the direction of lamination(
. each of the press dies being provided with a heater; a
.sealing sleeve for forming a hermetically closed space
which entirely encloses the laminate interposed

- ' ' betweep the pair of press dies; apd means for

10 evacuating the hermetically closed space; one of the

press dies being supported on a head which is formed

" with a recess, ;aid one press die being projectable

from and retractable into the recess.

15 2. The apparatus according to Claim 1, wherein thé
_sealing'sleeve.is mounted on a first head which
supports one of the press.dies, the other press die
being supported by a second head, at least one of the
first and second heads being movable for bringing the

ﬁga 20 pair of press dies toward and away from each other,
the sealing sleeve coming into sealing contact with
the second head for forming the hermetically closed
space when the pair:of press dies are.brought toward
each other for heat-pressing the laminate.

25 | .

3. The apparatus'according.to Claim 2, wherein the
sealing sleeve is slidably'mounted on the first head

and'elastically supported by springs.

-

o




/10, - lam'nat’e-when said other press die is inserted into the frame die.
The apparatus according to any one of Clains 1 to 5, further conpr|5|n

- means for supplying conpressed 15 air into the Kbs cett her
press die retreats out of the frame die. 7. The a ing to
any one of Clainms 1 to 6, further Conprising: 20 onal pair

of press dies for pressing an

4. The apparatus according to Claim 2, wherein the
sealing sleeve is made of a reiatively soft elastic

material.

5 5. The apparatus according to any one of Claims 1 to
4, wherein the recess has an open mouth receiving a
frame die into which the other press die is
insertable, the frame die co-operating with said other
- - press die for trimming the outer periphery of the
10 laminate when said other press die is inserted into

"the frame die.

6. The apparatus according to any one of Claims 1 to
5, further comprising means for supplying compressed
.15 air into the recess when the other press die retreats

out of the frame die.

7. The apparatus according to any one of Claims 1 to

6, further comprising:

20 an additional pair of press dies for pressing an
additional laminate of ceramic sheets in the direction
of lamination, each of the additional pair of press
dies being provided with a heater;

an additional sealing sleeve for forming énother

25 ‘hermetically closed space which entirely encloses the

additional laminate interposed between the additional

pair of press dies; and

means for evacuating said another closed space.

REPLACEMENT SHEET

AR R O




additi onat | anm nate of ceram c sheets in the direction of [am nation, each
"of. 'the additional pair of press dies being provided with a heater; an
.additional sealing sleeve for form ng another 25 hermetically cl osed
space which entirely encloses the additional |am nate interposed between
the additional pair of press di es; ~ahd freans for- evacuating said anot her

cl osed space.

8. Apparatus for heat pressing a laminate of ceramic
sheets substantially as hereinbefore described with

reference to and as illustrated in any of Figures 1 to

12 of the drawings.

This Sheet Has Been Reﬂl|
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Apparatus for heat pressing a |lam nate of ceram c sheets

substantially as hereinbefore described with reference-to and as
“illustrated in any of Figures 1 to 12 of the draw ngs.
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APPARATUS FOR HEAT-PRESSING

N 1998 . .
O-ZJU LAHINATE OF CERAHMIC SHEETS

This invention relates to ———— &0 apparaius for hezg-
pressing a laminate of ceramic sheets which may be used for
making laminate ceraaic chip capacitors for exaample.

| As shoun in Figs. 10 to 12 of the accoapanying drawings, a
laminate ceraaic chip capacitor A generally has a first group of
ceraaic layers A3 which are formed with respective interna:
electrodes Al offset in one direction (rightward in Fig. 13),

and a second group of ceraamic layers A4 which are forced with

‘respective internal electrodes A2 offset in the opposite

direction (leftward in Fig. 10). The first group layers A3 are
laminated alternately with the second group layers Al to provide
an integral laminate body AS. The interna1~electrddes-Al for
the first group layers A3 are comamonly connected to a first

external electrode A6, whereas the internal electrodes A2 for

‘the second group layers Al are cocaonly connected to a second

external electrode A7 opposite in polarity to the first

external electrode 46.

Such a chip capaéitor may be manufactured according to the
qethod_disclosed in.JP~A1—61(1986)—1uﬂ811 or JP-A1-1(1989)-
312817 for exampie.-

According to the known method, as shown in Fig. 13, use is
made of a first group of non-baked ceramic sheets la (green
sheets) each having 2 surface foraed with a sultiplicity of

first grouﬁ internal electrodes Al, and a second group of non-
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pressing step {or a prolonged period. Hecwever, this solution
gives rise to a new problem of reducing the productivity.

Further, such a solution has a limitation on the degree of foan

it is, therefore, an object of the pressnt invention to
provide —————— an apparatus for heat-pressing a laminate of
ceramic sheets with a much higher productivity but without

quality deterioration resulting from foam formation.

The present invention provides an apparatus for heat-
pressing a laminate of ceramic sheets comprising: a
pair of press dies for pressing the laminate in the
direction of lamination, each of the press dies being
provided with a heater; a sealing sleeve for forming a
hermetically closed space which entirely encloses the
laminate interpésed between the pair of press dies;
and means for evacuating the hermetically closed
space; one of the press dies'being supported on a head
which is formed with a recess, said one press die
beirng projectable from and retractable into the

recess.

According to.a preferred enbodiment of the present
invention, the sealing sleeve is mounted on a first head which
supports one of the press dies, whereas thg other press die is
supported by a second head. Further, at least one of the first
and second heads may be rendered movable for bringing the pair
of press dies toward and away from each other, thereby causing
the sealing sleeve to come into sealing contact with the second

head for forming the hermetically closed space when the pair of
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~head for foraing the heraetically closed space when the pair of

press dies are brought toward each other for heat-pressing the
laminate.

The sealing sleeve may be slidably mounted on the first
head and elastically supported by springs; Alfernatively, the
sealing sleeve itself may be made of a relatively soft elastic
material.

As stated sbove ---e----- one of the press dies is supported

on a head which is foroed with a recess, and said one press die

is rendered projectable from and retractable Into the recess.

This provides the advantage that the cpen mouth of the recess may receive
a frame .

die into which the other press die is insertable, so that the
frame die cooperates with said other press die for thimmina the
outer periphery of the laminate when said other press die is
inserted into the frame die.

It is also advantageous if means is further provided for

. for supplying compressed air into the recess when the other

press die retreats out of the frame die. Such an arrangement
provides a cleaning function for removing the chips or fragaents
which would result at the time of trimming the outer periphery
of the laminate.

According to another preferred embodiment, the heat-
pressing apparatus further comprises: an -additional pair of
press dies for pressing an additional laminate of ceramic
Sheets in the direction of lamination, each of the additionzl
pair of press dies beins provided with a heater; an additionzl

sealing sleeve for foraming another hermetically closed space



-5«
which entirely encloses the additional laminate interposed
between the additional pair of press .dies; andé neans for

evacuating said another closed space.

In use the apparatus is operated according to a method whereby
a laminate- of ceramic sheets is heat pressed in the direction
of lamination by a pair of press dies each providesd with a
heater. The method further comprises the steps of: forming a
hermetically closed space which entirely encloses the laminate
interposed between the pair of press dies; evacuating the
hermstically closed space; and heat-pressing the laminate

between the pair of press dies.
With the method described above, the volatile substances

and/or air existing between the laminated sheets can be
pcsitively removed in a short time by the evacuation (namely,
the application of a vacuum). Thus, it is possible to greatiy
reduce the time required for heat-pressing the ceramic sheet
laminate in addition to preventing a quality deterioration
which would be caused by foam formation. Further, foreign
substance, such as dust, deposited on the surfaces of the
laminate and/or press dies can also be removed by the
evacuation, thereby providing additional prevention of quality

deterioration.

The present invention will be more concretely described
below on the_basis of preferred embodiments given with
reference to the accompanying drawings, in which:

Fig. 1 is a vertical sectional view showing a heater press
according to a first embodiment of the present invention in a
codition for introducing a ceramic sheet laminate; |

Fig. 2 is a fragmentary sectional view teken eglong lines

II-IT in Fig. 1;

REPLACEMENT SHEET

02 JUN 1998




10

15

20

25

smeam——————

REPLACEMENT SHEET
02JUNK98 |

-6-

- 10>

Fig. 3 is a view of the same heatef-pness as seen in the
direction of arrows III-III in Fig. 1;

Fig. U is a fragmentary sectional view similar to Fig. 1

‘but showing the same heater press at the time of heat-pressing

the ceramic sheet laminate;

Fig. 5 is a sectional view similar to Fig. 1 but showing
the szme heater preSs in a2 condition for introducing coapressed
air;

| Fig. 6 is a fragmentary sectional view showing the same
heater press in a condition for taking out the heat-pressed
ceramic sheet laminate;

Fig. 7 is a vertial sectional view showing a heater press
according to a second embodiment of the present invention;

Fig. 8 is a view showing.the heater press of Fig. 7 as seen
in the direction of arrows'VIII—VIII in Fig. 7:

Fig. 9 is a fragmentary vertical sectional view showing
another heater press embodying the present invention;

Fig. 10 is a sectional view showing a laminate ceramic chip

~capacitor to which the present invention may be applied;

Fig. 11 is a sectional view taken along lines XI-XI in Fig.
10; |

Fig. 12 is a sectional view taken along lines XII-XII in
Fig. 10;

Fig. 13 is a perspective view showing a plurality of
ceramic sheets before lamination; and

Fig. 14 is a perspective view showing'the ceramic sheets

after lamination as a material for making laminate ceramic chip
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CLAIMS
1. An apparatus for heat-pressing a laminate of

ceramic sheets comprising: a pair of press dies for
pressing the laminate in the direction of lamination,
each of the press dies being provided with a heater; a
sealing éleeve for forming a hermetically closed space
which entirely encloses the laminate interposed
between the pair of press dies; and means for
evacuating the hermetically closed space; one of the

press dies being supported on a head which is formed

" with a recess, said one press die being projectable

from and retractable into the recess.

2. The apparatus accoxrding to Claim 1, wherein the
sealing sleeve is mounted on a first head which
supports one of the press dies, the other press die
being supported by a second head, at least one of the
first and second heads being movable for bringing the
pair of press dies toward and away from each other,
the sealing sleeve coming into sealing contact with
the second head for forming the hermetically closed
space when the pair of press dies are brought toward

each other for heat-pressing the laminate.

3. The apparatus according to Claim 2, wherein the
sealing sleeve is slidably mounted on the first head

and elastically supported by springs.

’ * c L M S *
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4. The apparatus according to Claim 2, wherein the

sealing sleeve is made of a relatively soft elastic

material.

5. The apparatus according to any one of Claims 1 to.
4, wherein the recess has an open mouth receivingla
frame die into which the other press die is
insertable, the frame die co-operating with said other
press die for trimming the outer periphery of the
laminate when séid other press die is inserted into

the frame die.

6. The apparatus according to any one of Claims 1 to
5, further comprising means for supplying compressed
air into the recess when the other press die retreats

out of the frame die.

7. The apparatus according to any one of Claims 1 to
6, further comprising:

an additional pair of press dies for pressing an
additional laminate of ceramic sheets in the direction
of lamination, each of the additional pair of press
dies being provided with a heater;

an additional sealing sleeve for forming aﬁother
hermetically closed space which entirely encloses the
additional laminéte interposed between the additional
pair of ﬁress dies; and

means for evacuating said another closed space.

* ¢ L M S %
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8. Apparatus for heat pressing a laminate of ceramic
sheets substantially as hereinbefore described with

reference to and as illustrated in any of Figqures 1 to

12 of the drawings.
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