el |

7 S

5

10

20

25

RS g
o REPLACED SHEETS ~ SG

¢ ,Zﬁéoription : paged e to paged l!?ll
’ ﬂﬁim(s) : paged . Q... to paged ;’

/Eﬁwing(s) : paged 3 4o paged 2.
@ﬁstract : paged .)8... to paged .......

[
F

TITLE OF THE INVENTION

Method of Manufacturing Multilayer Electronic
Component |
BACRGROUND OF THE INVENTION
" Field of the Inventlon |

The presenttlnventlon relates to a method of
manufacturing aq;ultllayer electronic component which
comprises a layered product of a_plurality of sheets, aﬁd
more particularly though not exclusively, it relateé ﬁo an
improvement in a method of obtaining a layered product.’

Description of the Background Art

Mn’tllaye* electronic components are oyplcal 1y

represented by multllayer ceramic electronic' components,

such as a multilayer ceramic capacitor, a multilayer
ceramic substrate, a multilayer varistor, a multiiayer
piezoelectric element and the like. In addition to the
multilayer ceramic electronic components, the multilayer

electronic components include a multilayer film electronic.

component such as a multilayer film capacitor, which is

made of an organic film.

Japanese Patent Laying-Open No. 1-226131 (1989)
describes a method of inanufaoi:uring a multilayei' ceramic
electronic component, w};i.ch is of interest to the present
invention. This literature discloses a method of

manufacturing a multilayer ceramic capacitor, for example,
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which comprises the steps of forming patterned elecfrodes
on a carrier film and forming a ceraﬁic green sheet
thereon so that the electrodes are.embedded in the ceramic
green sheet. The method further comprises the steps of
thermocompression-bonding the ceramic green sheet onto
another ceramic green sheet or other electrodes and
separating the carrier film,_thereby transferring ihe
former onto the latter.

When such ceramic green sheets are reduced in
thickness and increased in number of layers in order to
increase the capacitance and:reduce the size of the
mnltilayer ceramic capacitor obtained with application of

the aforementioned method, however, electrodes, i.e.,

internal electrodes are extremely misregistered from each

other, as the result of the pressurization of the ceramic
green sheets. Fig. 5 shows an example of such
misregistration of internal electrodes. Referriﬁg to Fig.
5, ceramic green sheets 1 provided with intexnal
electrodes 2 Are stacked with each other.

When such misregistration takes place, the ihternal
electrodes 2 may be exposed on undesired portions in a
later cutting step, or the as-formed multilayer ceramic
capacitor may be insuffiéient in capacitance.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to

I
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provide a method of manufacturing a multilayer electronic
component, which can solve the aforemeniioned problems.

The presént invention is directed to a method of
manufacturing a multilayer electronic component which
comprises a layered product of a plurality of sheets. The
inventive method comprises the steps of preparing Egﬁather
sheet being supported on a base for providing the
plurality of sheets, preparing a frame having inner
dimensions being capable of locating the sheets therein,
cutting the mother sheet in dimensions corresponding to
those of the frame for obtaining the plurality of sheets
from the mother sheet, successively stacking the cut
sheets in the frame by transfer from the base, and
pressurizing the stacked sheets in the frame. Each sheet
is provided with a patterned conductor film. The
conductor film may be applied to the sheet in the step of
preparing a mother sheet, or by transfer after the step of
stacking the sheets by transfer.

Accordiné to the present invention, the plurality of
sheets obtained by cutting the mother sheet are regulated
by the frame to be'successively stacked with each other in
the frame by transfer and to be pressgrized in the frame,
whereby no misregistration is caused in the plurality of
conductor films.

Thus, according to the present invention, it is
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possible to prevent misregistration of electrodes etc.
which may be caused by the pressurization of the sheets.
When the present invention is applied to a multilayer
ceramic capacitor, therefore, it_is possible to prevent
undesirable exposure of intermal electrodes as well as
insufficdi¥éncy in capacitance,'thereby obtaining a
miniature multilayer ceramic capacitor having high
capacitance. | |

Particularly when the mother sheet is cut along igner
edges of the frame to obtain the respective ones of the
plurality of sheets and the sheets are regulated by the
frame to be successively stacked with each other in the
frame by transfer, it is possible to eliminate factors
causing misregistration of the sheets during the stacking
step. As a result, it is further possible to prevent
misregistration of the conductor films which may be caused
by such misregistration of the sheets.

The above and further features of the present inventigﬁ
are set forth with particuiarity in the appended.claims and
will become clear from consideration of the following .detailed
description of'exemplary embodiments of the present
invention given with reference to the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1(A) to 1(E) are illustrative sectional views

showing a method of manufacturing a multilayer ceramic
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capacitor according to an embodiment of the present
invention; |

Figs. 2(A) to 2(F) are illustrative sectional views
showing a method of manufacturing a multilayer ceramic
capacitor according to another embodlment of the present
invention;

Fig. 3 is a sectiqnal view showing misregistration
of internal electrodes 4 when using cross-directional
stacking; |

Fig. 4 is s ectional view showing mis:egistration'
of internal electrodes 4 when using longitudinal stacking;
and | |

Fig.'s is an illustrative sectional view showing
misregistration of internal electrodes 2.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figs. 1(A) to 1(E) illustrate an embodiment of the
present invention.

Referring to Fig. 1(A), paste containing Ag-Pd, Pt,
Ni or Ag is screen-printed onto a carrier f£ilm 3 of
polyethylene terephthalate, for example, for serving as a
base, thereby forming patterned internal electrodes 4.
The internal electrodes 4 are dried at a temperature of 50
to 200°C, for example. Such internal electrodes 4 may

alternatively be formed by a method of vapor deposition or
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sputtering as described in U. S. Patent No. 5,009,744, for
example. -

Then, a ceramic green sheet 5 is formed on the
carrier fllm 3, as shown in Fig. 1(B). At this time, the

internal electrodes 4 are embedded in the ceramic green

e
e

sheet 5. The ceramic green sheet 5 is prepared by sheet-
forming dielectric qeramic slurry which contains 10 to 20
percent by weight of thermoplastic fesin such as butyral
resin, for example.

‘"Then{'Ehe ceramic green sheet 5 thch is held by the
carrier film 3 is arranged to face a stackingltable 6, as
shown in Fig. 1(C). The stacking table 6 comprises a
vertically movably held frame 7, which is upwardly urged
by a spring 8. This frame 7 has inner dimensions capable
of locating sheets 9 to be stacked therein. A punch 11
containing a heater 10 is arranged above the ceramic green
sheet 5 and the carrier £f£ilm 3.

Then, the punch 11 is downwardly moved so that the
ceramic green sheet 5 is ﬁhermocompression-bonded to%ard
the uppermost one of the sheets 9, which have already been
stacked, as shown in Fig. 1(D). At this time, the frame 7
is downwardly moved against elasticity of the spring 8.
The ceramic green sheet 5, which is adapted.to serve as a
mother sheet for providing each sheet 9, is cut along

inner edges of the frame 7, so that the sheet 9 is taken
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out from the ceramic green sheet. 5. The inner edges of
the frame 7 may be knife-edged. According to this
embodiment, the inner edges of the frame 7 themselves
serve as cutting edges, while cutting edges may be
provided independently of the frame 7. Alternatively, the
ceramic green sheet S5 which is held by‘fhe carrier film 3
may be provided w1:; cutting lines for de;;nlng the
outline of each sheet 9 in advance of the step shown in
Fig. 1(D), so that the céramic green sheet 5 is not cut in
this step.. In the step shown in Fig. 1(D), the ceramié
green sheet 5 is brought into pressure contact with the
uppermost one of the stacked sheets 9 at a temperature of
30 to 100°C under a pressure'bf 50 to 250 kg/cm2?, for
example.

Then, the punch 11 is returned to its original
position, as shown in Fig. 1(E). 1In response to this, the
carrier.film 3 is also upwardly moved té be separated from
the sheet 9 which is taken out from the ceramic green
sheet 5, while the sheet S thus taken out from the ceramic.
green sheet 5 is stacked on the uppermost one of those
already stacked in the frame 7 by transfer.

A layered product 12:obtained in the aforementioned
manner is further cut to define chips for forming
multilayer ceramic capacitors respectively. Then each

chip is fired and provided with external electrodes, to
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obtain desired multilayer ceramic.capacitors.

The inventive method as described above and the
method described in the aforementioned literature, being
similar to the inventive method except that no frame 7 is
employed, were carried out to make a comparison/evaluation
test. In this test, internal electrodes were designed to
have pattern dimensions of 1.70 by 1.05 [mm2?] after firing
in the step shown in Fig. 1(E).

Table 1 shows values of misregistrafion caused in‘SO
layers and 100 layers of the internal electrodes.
Referring to Table 1, columns of "direction W" show values
of cross-directionallmisregistration X of the internal -
electrodes 4 as shown in Fig. 3, and those of "direétion

L" show values of longitudinal misregistration Y of the

internal electrodes 4 as shown in Fig. 4.

Table 1
Conventional Method Inventive Method
Direction Direction | Direction | Direction
W L W L
50 Layers x [um] 150 125 3s 24
acv 52.4 25.0 5.8 2.3
100 Layers x (um] 380 282 53 27
3cv 62.4 28.0 7.2 3.8

(3CV = 30/x x 100]

According to the present invention, it is possible to
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suppress misregistration by about 80 percent as compared
with the conventional method in each case of 50 layers and
100 layers, as understood from Table 1.

On the other hand, Tablg 2.shows cutting defective
rates and capacitance values of chips obtained by cutting
layered products, each of which was formed by 100 la§§;s

of internal electrodes.

Table 2

Conventional Method Inventive Method

Cutting Defective Rate 38.0Z -0z
Capacitance x [pF] 0.91 1.08
- 3cv 25.3 5.2

As understood from Table 2, the conventional method
exhibited a cutting defective rate of 38.0 percent, while
the inventive method caused absolutely no cutting
defective. It is also understood that higher capacitance
can be attained in the present invention as compared with
the conventional method, with smaller dispersion.

Figs. 2(A) to 2(F) illustrate another embodiment of
the present invention. Rgferring to Figs. 2(A) to 2(F),
elements corresponding to those shown in Figs. 1(A) to
1(E) are denoted by similar reference numerals, to omit
redundant description. This embodiment is adapted to

obtain a layered product by alternately transferring
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ceramic green sheets and internal electrodes.

Referring to Fig. 2(A), a ceramic greén sheet 5 which
is held by a carrier £ilm 3a is arranged between a
stacking table 6 and a punch 11. No internal electrodes
are embedded in this ceramic green sheet 5.

Then, the ceramic green sheet 5 is thermocompression-
bonded-;:ward the uppermost one of sheets 9 which have

already been stacked, as shown in Fig. Z(B). At the same

time, the ceramic green sheet 5 is cut along inner edges

of a frame 7.

Then, the as-formed sheet'9 is separated from the
carrier film 3a, as shown in Fig. 2(C).

Then, internal electrodes 4 which are held on another
cafrier film 3b are arranged between the stacking table 6
and the punch 11, as shown in Fig. 2(D).

Then, the internal electrodes 4 are
thermocompression-bonded toward the uppermost one of the
already stacked sheets 9, as shown in Fig. 2(E). At this
time, the internal electrodes 4 are embedded in the
uppermost sheet 9.

Then, the internal electrodes 4 are separated from
the carrier film 3b, as shown in Fig. 2(F).

Thus, the plurality of sheets 9 and the plurality of
internal electrodes 4 are successively alternately stacked

in the frame 7 by transfer and pressurized in the frame 7,
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to obtain a layered product 12 similarly to the embodiment

- shown in Figs. 1(A) to 1(E).

Although the present invention has been described in
relation to a method of manufacturing a multilayer ceramic
capacitor, the present invention can also be applied to
general multilayer electronic components such as
multilayer ceramic electronic coméonents including a
multilayer ceramic substrate, a multilayer varistor, a
multilayer piezoelectric element and the like, a
multilayer film electronic component such as a mnltilajer
film capacitor being made of an organic film,:and the
like. |

- The carrier film employed as a base in each of the
aforementioned embodiments may be replaced by a roll.

Although the present invention has been described and
illustrated in detail,it is to be clearly_understood that the
same is by way of illustration and example only and is not
to be taken by way of limitation, the scope of the present
invention being limited only by the terms of the appended

claims.

/___
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CLAIMS:

1. A method of m;nufacturing a2 multilayer electronic
component comprising & layersd product (12) of a pluralitf
of sheets (9), said method comprising:

preparing a mother sheet (5) for definiggtsaid
plurality of sheets (%) in a staﬁe being supported on a
base (3);

applying patterned conductor films (4) to said mother
sheet (5); |

preparing a £rame (7) having inner dimensions capable
oi locating said sheets (9) therein; .

cutting said mother sheet (5) in dimensions
corresponding to said inner dimensions of said frame (7)
for obtaining respective ones of said plurality of sheets
(9) from said mother sheet (5);

successively stacking said sheets (9) in said frame
(7) by transier from said base (3); and

pressurizing said stacked sheets (9) in said frame

(7).

2. A method of manufacturing a multilayer electronic
component in accordance with claim 1, wherein
applying conductor films (4) to said mother sheet (5)

includes forming said patterned conductor films

A

This Sheet Has Been Refilaced
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(4) on said base (3) and then forming said mother sheet
(5) on said base (3) for covering said conductor film (4).
&

3. A method of manufacturing a multilayer electronic
component in accordance with claim 1 or 2, whereinsaid
mothér sheet (S) is a ceramic green sheet.

. .

4. A method of manufacturing a multilayer electronic

component in accordance with claim 1 oxr 2 or 3, wherein

said base (3) is a film of'resin.

5. A method of manufacturing a multilaver electronic
component comprising a layered product (12) of a pluxality |
of sheets (9), said method comprising:

preparing a mdther sheet (5) for defining said
plurality of sheets (9) in a state being supported on a
basa (3);

preparing a frame (7) hav;ng inner dimensions capable
of locating said sheets (9) therein;

cutting said mother sheet kS) in dimensions
corresponding to said inner dimensions of said frame (7)
for obtaining respective ones of said plurality of sheets
(9) from said mothex sheét (5);

successively stacking said sheets (9) in said frame

(7) by transfer from said base (3);

* [ L L S *
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pressurizing said stacked sheeﬁs (9) in said frame
(7):

preparing a patterned conductor £ilm (4) in a state
being supported on a second base (3b); and

5 ~ transferring said conductor film (¢) onto the

uppermost one oi said sheets (9).

said stacking said sheets (é) bj transfer_apd
transferring said conductor film (4) being

alternately repéate&.

10 §. A method of manufacturing a multilayer electronic
component in accordance with claim 5, wherein said mother

sheet (5) is a ceramic green sheet.

7. A method of manufacturing a multilaver electronic
component in accordance with claim 5 or 6, wherein said

15 base (3) is a film of resin.

* [ L L} S *
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8. An apparatus for manufacturing a mult':ilayer
electronic component comprising a layer product (12)
of a plurality of sheets (9), said apparatu§
comprising:
5 a vertically movable frame (7) having inner

dimensions suitable for stacking a plurality of sheets

(9):

h

a stacking table (6) for. supporting said &
vertically movable frame (7) and said plurality of
10 sheets (9) H |
| a movable carrier (3) for a mother sheet (5)
positioned above the vertically movable frame (7); and
'a punch (11) positioned above said carrier (3)
and arranged such that when, in use, the punch is
15 repeatedly iowered_ with intermittent movement of the
carrier (3), sections of the mother sheet (5) are cut
along the inner edges of the frame (7) and are stacked
and compressionébonded with each other within the

frame (7).

20 9. An " apparatus according to claim 8 wherein the
punch (11) comprises a heater (10) arranged so as to
heat the stacked sheets (9) thereby thermocompression-

bonding them.

- 10. An apparatus according to claim 8 or 9, wherein

I ——————

T
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said vertically movable frame (7) is spring loaded.

16

11. An apparatus according to any of claims 8 to 10,
wherein said vertically movable frame (7) comprises'

cutting edges formed at its inner edges.

5 12. An apparatus for manufacturi_.ng a multilayer
electronic cqggpnent'comprising a piurality of sheets
(9), said apparatus comprisiné: |
stacking means for stacking a plurality of sheets
(9);
10 cutting means \positioned above said stacking
means; and
pressing means positioned abové said cutting
means and arranged for pressing a mother sheet (S5)
onto said cutting means thereby cutting out a sheet
15 (9) from said mother sheet (5) and compression-bonding
it to a plurality of previously stacked sheets (9)

within the stacking means (7).

- 13. An apparatus according to any of claims 8 to 12,
wherein said stacked sheets (9) comprise a plurality

20 | of patterned electrodes (4) and ceramic green sheets
(S), arranged by the frame (7) such that the patterned

electrodes (4) are vertically aligned.

—
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14. A method of manufacturing a mitiltilayer electronic

. component’ comprising a plurality of sheets (95 , said
method comprising:

pressing a mother sheet (5) onto a cutting means,

5 cutting out a sheet (9) from said mother sheet (5),

and compression-bonding said cut out sheet (9) to a

plurality of previously stacked sheets (9) held within

. . a frame (7).

LT



