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The present invention relates to a method of manufact ur

ceram c conponent including a capacitor, and nore particularly, it rakj{ﬁ?)
S

to a process for a multilayer ceram c conponent including capacitor
10 enabl es acquisition of a desired electrostatlc capaci t ance C“TT]

TITLE OF THE INVENTION

Method of Manufacturing Multilayer Ceramic Component
Including Capacitor
BACKGROUND OF THE INVENTiON

) Field of the Invention

The present invention relates to a method of
manufacturing.a multilayer_ceramic component including a
capacitor, énd more particularly, it relates to a process
for a multilayer ceramic component including capacitor which

10 enables acquisition of a desired.electrostatic capacitance
in high éccuracy.

Description of the Background Art
In general, a multilayer ceramic capacitor is prepared
through the following steps:

15 - First, a ceramic green sheet is molded from a ceramic
slurry. Then, conductive paste is applied onto the ceramic
greén sheet by a method such as screen ﬁrinting, for forming
an internal electrode. Then, a plurality of such cerémic
green sheets provided with internal electfodes are stacked

200 with each other an& pressurized along the direqtidn of
thickness, to obtain a laminate. Then, the obtained
laminate is fired to provide a ceramic sintered body, and
thereafter external electrodes are formed on both end
surfaces of the sintered bddy. Fig. 6 shows an exemplary

25 multilayer capacitor 30 dbfained in this manner.
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in high accuracy. Description of the Background Art In general, a 1
muliti | ayer ceram c capacitor is prepared through the fo'|0“ﬂnﬂ;§§éﬂﬁiTr%5‘3CEN i
First, a ceramc green sheet is nolded froma ceramc slurr A 8 mTn
conductlve paste is applied onto the ceram c green sheet by‘a.nethod such—="
as screen printing, for form.ng an internal electrode. Then, a plurality

of such ceram c green sheets provided with internal electrodes are stacked

20 with each other and pressurized along the direction of

As clearly understood_from Fig. 6, a plurality of
internal electrodes'32a to 32g are arranged in the
multilayer ceramic capacitor 30 to overlap with each other
through sintered body layers. The electrostatic capacitance

5 of the muitilayer ceramic capacitor 30 is decided by the
thicknesses of the sintered body layers which are held
between the internal electrodes 32a to 32g, overlapping
areas of the internal electrodes 32a to 32g which are
opposed to each other through the sintered body layers, and

10 thé dielectric constant of dielectric ceramics forming the
sintered body layers.

In general, fhe sintered body layers which are held.
between thé internal electrodes 32a to 32g have considerably
small thicknesses of 5 pym to 50 ym. In the aforementiohed

15 method, therefore, slight fluctuation of the thicknesses of
the ceramic green sheéts results in remarkable fluctuation
of the electrostatic capacitance. In order to implement a
desired electrostatic capacitance in the multilayer ceramic
capacitor, therefore, it is necessary to control the

20 thicknesses of the“employed ceramic green sheets in high
accuracy. |

In actual preparation of the multilayer ceramic
capacitor, on the other hand, conductive patterns for
forming the interﬁal electrodes are provided on a mother

25 green sheet, thereafter the mother ceramic.green sheet which
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to obtain a lamnate. Then, the obtained |lamnate is fired
provide a ceram c sintered body and t hereafter external

formed on both end surfaces of the sintered body. Fig. 6 s%é%ﬁ’%n e

25 mul tilayer capacitor 30 obtained in this manner.

As clearly understood fromFig. 6, a plurality of

10

15

20

25

is provided with the conductive patterns is punched out into
p;eécribed dimensiohs, and a plurality of the punched
ceramic green sheets are stacked with each other to obtain a
mother laminate,.fpr imbroving mass productivity.

Thereafter the mother laminate is cut along its thickness,
thereby obtaining 1aminateé for respective multilayer
ceramic capacitors.“

In general, the aforementioned ceramic green sheet is
molded to have an elongated shape by a doctor blade coater
or a roll coater method. In such a long ceramic green sheet
molded in the aforémentioned method, however, the thickness
tends to disperse depending on the molding speed or the
viscosity 6f the employed ceramic slurry, and partial
dispersion of.the thickness is not negligible.

When a multilayer ceramic capacitor is prepared in

. accordance with the conventional method, therefore, it is

impossible to avoid dispersion of the electrostatic
capacitance in the obtained.- ceramic green sheets. In order
to prevent such dispersion of the electrostatic capacitance,
therefore, the following method is employed in general:

After ceramic green sheets provided with internal
electrodes for forming the electrostatic capacitance are
stacked with each other, an additional ceramic green sheet
for adjusting the electrostatic capacitance is further

stacked on the laminate in consideration of the dispersion
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I nternal electrodes 32a to 32g are arranged in the nultilayer ceranmc
cagacitor 30 to overlap with each other through sintered bdﬁy:hayeps HABEREEN
el ectrostatic capacitance 5 of the multilayer ceramc capaC|tor 30 7
deci ded by the thicknesses of the sintered body |ayers which.are. held: ===
between the internal electrodes 32a to 32g, overlapping areas of the
I nternal electrodes 32a to 32g which are opposed to each other through the
sintered body |ayers, and 10 the direlectric constant of dielectric
ceramcs formng the sintered body |ayers,

of the electrostatic capacitance which may be caused in the

==~

laminate, thereby iﬁplementing the necessary electrostatic
capacitance.
In such a méthod of further stacking the additional

5 ceramic green sheet provided with the electrode for
adjusting the electrostatic caﬁacitance, however, -the
preparation steps are complicated since the additional
ceramic green sheet provided with an electrode for adjusting
the electrostatic capacitance must be prepared, i.e., an

E 10 electrode pattefn for adjusting the electrostatic
capacitance is required in addition to electrode patterns
forming the:internal electrodes.

In adaition,'the thicknesses of the ceramic green

sheets may be considerably changed with timg to result in

15 thickness fluctuation of several uym. When a certain degree
of time is required iﬁ advance of stacking after molding of
the ceramic green sheets, therefore, it is necessary to
change . the laminate structure in response to the fluctuation
of the thicknesses of the ceramic green sheets, in order to

20 implement the target electrostatic capacitance. Thus, the
method of forming the electrode pattern for adjusting the
elecfrostatic capacitance still tends to cause an error
between designed and actual electrostatic capacitances.
SUMMARY OF THE INVENTION

25 Accordingly, an object of the present invention is to

_
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In general the sintered body |ayers which are held betmggniihe_ie££££ah==3
el ectrodes 32a to 32g have considerably small trncknesseg“of =3 pnruagﬂmqﬂnﬁ
In the aforementioned 15. nethod, therefore, slight fluctuatlon of  the z
t hi cknesses of the ceranic green sheets results in remarkabl e fluctuatioin—
of the electrostatic capacitance. In order to obtain a desired

el ectrostatic capacitance in the nultilayer ceram c capacitor, therefore,

't is necessary to control the 20 - thicknesses of the enployed ceramc
green sheets in high- accuracy.

provide a process for a multilayer céramic component
including a capacitbr therein which can implement a desired
electrostatic capacitance in high accuracy through
relatively simple steps, with no requirement for complicated

5 steps of preparing ceramic green sheets provided with
conductive plates fof adjusting the electiostatic
capacitance and étacking such ceramic green sheets with each
other.

According to a wide aspect of the present invention,

10 provided is a method of manufacturing a multilayer ceramic
component including a capacitor therein comprising the steps
of carrying a long ceramic green sheet along its
longitudiﬁél direction and measuring the thickness of the
long ceramic green sheet while carrying the same, forming an

15 internal electrode on the long ceramic green sheet, punching
out the long ceramic éreen sheet into ceramic green sheets
of prescribed dimensions and stacking the punched ceramic
green sheets with each other by a number obtained with
reference to the measured value of the thickness of the long

20 ceramic green sheét, pressurizing the stacked ceramic green
sheets along the direction of thickness for forming a
laminate, and obtaining a ceramic sintered body by firing
the laminate.

In the method of manufacturing a multilayer ceramic

25 component including a capacitor therein according to the
R
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hand,
on a not her
whi ch -2-

, .
preparation of the nmultilayer ceram c capacitor,_on the ofher
conductive patterns for fomng the internal electrod ?Hﬂie%ﬁﬁthg%ﬁfN

25  green sheet, thereafter the nother cerami gre@n~$heeb
i's provided with the conductive patterns is pHﬂﬁhﬂd:ﬂu&:tﬂ&ﬂ:::;

prescribed di mensions, and a plurality of the punched

10

15

20

25

present invention, the long ceramic green sheet is carried
along its longitudihal direction so that the steps of
measuring the thickness, forming an internal electrode and
punching out the.lpng ceramic green sheet are darried out,
and the punched Ceramic_green sheets are immediately stacked
with each othexr. Therefore, a laminate can be obtained with
no influence exerted by fluctuation of the thicknesses of
the ceramic green sheets caused with time.

After the actual thickness of the long ceramic green
sheet'is measured, the ceramic green sheéts are stacked with
each other by the number obtained in reéponse to fhe value
of the thickness, whereby a target electrostatic capacitance
can be reiiably implemented.

| Even if the long ceramic green sheet disperses in
thickness, therefore, it is possib;e to feliably prepare.a
multilayer ceramic coﬁponent including a capacitor having
the target electrostatic capacitance in high accuracy.

Preferably, the thickness of the long ceramic green
sheet is'measured in a plurality of portions, so that the
number of the ceramic green sheets to be stacked with each
other can be decided in higher accuracy. Thus, a multilayer
ceramic component including a capacitor having a desired
electrostatic capacitance can be further réliably preparea.

According to a specific aspect of the present

invention, the thickness of the Iong ceramic green sheet is
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ceram c green sheets are stacked with each other to obtain a nother
| ani nate, for inproving mass productivity. S  Thereafterg OTIIET . 15 BEEN
lam nate is cut along its thickness, thereby obtaining Iaqrﬁﬁﬁé%* o] g
respective nultilayer ceranic capacitors. In general, the;aforementio
ceranic green sheet is nolded to have an el ongated shape by'a doct or blade
coater 10 . or a roll coater nmethod. In such a long ceram c green sheet

nol ded in the aforenentioned nmet hod, however, the thickness tends to

di sperse dependi ng on the nol ding speed or the

preferably measured at least at the center of a reglon which

is provided with the internal electrode. More preferably,
the thickness of the long ceramic green sheet is measured
not enly at the center but on positions of longitudinal ends
5 or at corner portions of the region which is provided with
the internal electrode. Thus, it is possible to decide the
number of the ceramic green sheets to be stacked with each
other on the basis of the thickness of the long ceramic
green sheet at the central portion of the region provided
10 with the internal electrode, which remarkably influences the
- electrostatic capacitance, by measuring the thickness at
least at the center of the region provided with the internal
electrode.. When the thickness of the long ceramic green
sheet is measured on the positions of the longitudinal ends
15 or at the corner portions of the region which is provided
with the internal eleetrode as described above, the number
of the ceramic green sheets to be stacked with each other
can be more correctly decided.
According to a certain preferred aspect of the present
20 invention, the thieknese of the long ceramic green sheet is
measured by a non-contact measuring method. Thus, the
thickness of the long ceramic green sheet can be readily and
reliably measured without influencing the step of carrying
the same. As to such a non-contact measuring method, a

25 measuring method employing radiation can be employed, for
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viscosity of the enployed ceramic slurry, and partial dispersion
t hi;ckness is not negligible. 15 Wen a nultllayeT
is prepared in accordance with the conventional nethod, thé?,i“”
i npossi ble to avoid fluctuation of the el ectrostatic capacitan .
obt ai ned ceranic green sheets. In order to prevent such fluctuation of the
el ectrostatic 20 capaci tance, therefore, the follow ng nethod is enpl oyed
in general: After ceram ¢ green sheets provided with internal

| example. In the measuring method employing radiation, the

long ceramic green éheet is irradiated with the radiation so
that its thickness can be decided from the amount of the
applied radiatioﬁ gnd the amount of excited or transmitted

S radiation which is obtained as the result of the
irradiation. When the thickness of the long ceramic green
sheet is measured thfough the radiation as described above,
it is necessary to measure the thickness prior to formatibn
of the internal electrode. Otherwise the thickness of the

10 long ceramic green sheet cannot be correctly measured since
the internal electrode contains a metal. -

The method of deciding the number of the ceramic green
sheets tolﬁe stacked with each other on the basis of the
thickness of the long ceramic green sheet which is measured

15 in the aforementioned manner can be preferably carried out
by a central arithmetic processing unit which is connected
to a thickness measuring unit for measﬁring the thickness of
the long ceramic green sheet and generating an electric
'signal in response to the thickness. Howevgr, such an

20 arithmetic processing unit may not be employed but the
_numbér of the ceramic green sheets to be stacked with each
other can be immediately decided in response to the measured
value of the thickness of the long ceramic green sheet by

previously obtaining the relation between the thickness of

25 the long ceramic green sheet and the number of the ceramic
- 8- This Shee.
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el ectrodes for formng the electrostatic capacitance are stacked
other, an additional ceram c green sheet 25 for adjustif
el ectrostatic capacitance is further stacked on the |am nat N
consi deration bf the dispersion -3- of the el eotrostatic Lap’ t
whi ch may be cauued in the | am nate, thereby obt ai ni ng t he necessary
el ectrostatic

green sheets to be stacked with each other.

As hereinabove.described, the method of preparing a
multilayer ceramic component including a capacitor according
to the present iﬁvgntion simply carries out the series of

5 steps of measuring the thickness of the long ceramic green
sheet, forming the internal electrode and punching out the
long ceramic green sheet while carrying the long ceramic
green sheet along its longitudinal direction, whereby the
capac;tor having a target electrostatic capacitance can be

10 obtained in high accuracy without reducing working
efficiency.

The number of the ceramic green sheets to be stacked
with each bther is set with reference to the thickness of
the actually carried long ceramic green sheet, whereby

15 dispersion in electrostatic capacitance can be remarkably
reduced, and the desifed electrostatic capacitance can be
implemented in high accuracy. Conseéuently, it is possible
to extremely reduce dispersion in elecfrostatic capacitance
of the capacitor in the multilayer ceramic component.

20 Further, in a particular aspect of the present
invention the multilayer ceramic component including a
capacitor therein is a multilayer ceramic capacitor, wherein
external electrodes are formed on end surfaces of the

ceramic sintered body respectively.

25 The foregoing and other objects, features, aspects and
-9 - \
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capaci tance. In such a nmethod of further.stacking the additional 5
cer;am ¢ green sheet provided with the electrode for adjustquH%ng--l 25 BEEI

el ectrostatic capacitance, however, the preparation steps alfe compl¥Gat:es ,
since the additional ceremic green sheet provided with an elegtrode fer———=1
adjusting the electrostic capacitance nust be prepared, i.e., an 10

el ectrode pattern for adjusting the electrostatic capacitance is required

i.n addition to electrode patterns formng the internal electrodes.

advantages of the present invention will become more
apparent from the fbllowing detailed description of the
present invention when taken in conjunction with the
accompanying draﬁipgs.

5 BRIEF DESCRIPTION OF THE DRAWINGS
| Fig. 1 is a schematic block diagram for illustrating
pfeparation steps according to an embodiment of the present
invention;

Fig. 2 is a'pa#tially fragmented plan view showing a

10 ceramic green sheet on which internal electrodes are
printed;

Fig. 3 is a sectional view showing a mother. laminate
formed by'étacking ceramic green sheets on which internal
electrodes are printed with each other:;

15 Fig. 4 is a sectional view showing a ceramic sintered:
body for an independeﬁt multilayer capacitor;

Fig. 5 is a sectional view showing a multilayer
capacitor obtained according to the embodiment of the
present invention; and |

20 Fig. 6 is a sectional view for illustrating a
conventional multilayer capacitor.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a schematic block diagram for illustrating an
essential part of a method of preparing a multilayer ceramic

25 capacitor according to an embodiment of the present
- 10 - —_—
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In addition, the thicknesses of the ceram c green sheets may be
consi derably changed with tine to result in 15 t hi cknes
several um \When a certain degree of tinme is required in
stacking after nolding of the ceram c grean sheets, thereﬂ
necessary to change the lam nate structure in response to the=tFie
of the thicknesses of the ceram c green sheeta, in order to 20 obtain th
designed el ectrostatic capacitance. Thus, the nethod of form ng the

el ectrode pattern for adjusting the electrostatic capacitance still tends

to cause an ghi8htion.

Referring to Fig. 1, a molded long ceramic green sheet
9 is fed from a roll 1 toward a take-up roll 8. The ceramic
green sheet 9 is.wound on the roll 1.

5 The long ceramic green sheet 9 is delivered from the
roll 1 and carried toward the roll 8, while a sheet
thickness measuring unit 2, an internal electrode printer 3,
a drying furnace 4 and a sheet punching uﬁit 7 are arranged
between the rolls 1 and 8. The sheet punching unit 7

10 punches out the long ceramic green sheet 9 into ceramic
green sheets of prescribed dimensions, so that thé punched

| ceramic green sheets are stacked with each other in a mold

6. After the ceramic green sheets of the prescribed
dimensions are punched out, the remaining part of the long
15 ceramic green sheet 9 is taken up on the roll 8. The sheet
thickness measuring uﬁit 2 and the~sheet punching unit 7 are
electrically connected with each other through a central |
arithmetic processing unit 5.
The method of preparing a multilayer ceramic capacitor
20 according to this embodiment is now described in more
concrete terms.
First, the long ceramic green sheet 9 is wound on the .
roll 1. The long ceramic green sheet 9 is.molded by a
doctor blade coater, a roil coater method or another method,

25 similarly to the prior art. The long ceramic Qreen sheet 9

\\\\\\\\\\\\\\\\\\w\
i
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bet ween desi gned and actual electrostatic capacitances. 8UMVARY CF THE
| NVENTI ON 25 Accordingly, an object of the present iffive
-4- present invention, the long ceramic green sheet is daffied al pAgni t's

| ongi tudi nal direction so that the steps of neasuring the Lh«ggﬂéségﬂﬁ__ﬂ~._—~
formng an internal electrode and ‘

may alternatively be formed on a base film of PET
(polyethylene terepﬁthalate) or the like.
The long ceramic greéq sheet 9 is carried along its
longitudinal diréc;ion, and supplied to the sheet thickness
5 measuring unit 2. The sheet thickness measuring unit 2
according to this embodiment is adapted to irradiate the
long ceramic green sheet 9 with radiation for measuring the
thickness of the long ceramic green sheet 9 from the ratio
of fhe amount of the applied radiation to the amount of

10 excited or transmitted radiation which is obtained as the
result of the irradiation. This sheet thickness measuring
unit 2 measures the thickness of the long ceramic green
‘sheet 9. -fhe measured value is supplied to the central
arithmetic processing unit 5 as described later for deciding

15 the number of the ceramic green sheets to be stacked with
eaéh other, and the_sﬁeet punching unit 7 is.controlled to
punch out the long ceramic green sheet 9 into the ceramic
green sheets of the prescribed dimensions, which in turn are
stacked with each other.

20 . The sheet thibkness measuring unit 2 may alternatively
be formed by any unit in place of that employing radiatién,
so far as the same can measure the thickness of tﬁe long
ceramic green sheet 9 while carrying the same, without
extracting a part thereof. ' For example, the unit 2 may be

25 formed by a micrometer which presses measurers against both

- 12 -
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punchi ng out the long ceram c green sheet are carried out, 5 and the

punched ceramic green sheets are immedi ately stacked w th gaci ot her
Therefore, a lamnate can be obtained with no influence exdr t'dd Py

fluctuation of the thicknesses of the ceram c green sheets raqud"mn%h*“

time. After the actual thickness of the long ceramc grean 10 sheet is
nmeasured, the ceram c green sheets are stacked with each other by the
nunber obtained in response to the value of the thickness, whereby a target
el ectrostatic capacitance can be reliably inplenented.

surfaces of the long ceramic green sheet 9 for measuring its

thickness.

The long ceramic green sheet 9 is preferably

intermittently fed between the rolls 1 and 8, so that its

5  thickness is measured while the same is stopped. Internal
electrodes can be formed on the long ceramic green sheet 9
during such stoppage, as described later. Thus, the
thickness of thé long ceramic green sheet 9 can be measured
every formation of the internal electfodes, whereby the time

10 for carrying out the steps can be prevented from being
increased by provision of an extra time for measuring the
thickness.

The fédiation which is employed for measuring the
thickness is selected from X-radiation, yY-radiation and 8-

15 radiation, in response to the material for and the thickness
df the long ceramic gfeen sheet 9. Particularly when the
long ceramic green sheet 9 is formed on a base film, the
radiation is preferably prepared from thenx—radiation or the
yY~radiation which is hardly influenced by the material for

20 the base film etc.

Thereafter the long ceramic green sheet 9 which is
subjected to the measurement of its thickneés is fed to the
next step of forming the internal electrodeé, so that the
internal electrode printer 3 applies conductive.paste 10

25 onto the long ceramic green sheet 9 by screen printing.

- 13 -
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Even if the | ong ceram c green sheet fluctuates in 15 thic S5
therefore, it is possible to reliably prepare a multilayer [emtaaice
conmponent including a capacitor having th designed electrosﬁati0em

capacitance with high accuracy. Preferably, the thickness of~thetong
ceram c green sheet is neasured in a plurality of portions, so that the 20
nunber of the ceram c green sheets to be stacked with each other can be
deci ded in higher accuracy. Thus, a nultilayer ceram c conponent including
a capacitor having a desired el ectrostatic capacitance can be further
reliably preparssd.the conductive paste 10 is printed onto the long

ceramic green sheet 9 in a prescfibed pattern (see Fig. 2).

Then, the long ceramic green sheet 9 which is coated

with the conductive paste 10 is introduced into and dried in

5 the drying furnace 4. Drying conditions, which are varied
with the type of a solvent employed for the conductive paste
10, are properly set in the ranges of about 70 to 150°C and
30 sec. to 10 minutes, in general.

Thereafter the long ceramic green sheet 9 which is

10 provided with the internal-electrodes is punched out into
prescribed dimensions by the sheet punching unit 7 along the.
portions provided with the internal electrodes. When the
long ceraﬁic green sheet 9 is formed on a base film, only
the long ceramic green sheet 9 may be pﬁnched out.

15 Thereafter the punched ceramic green sheets are vacuum-
sucked by a suction héad of the sheet punching unit 7, for
example, moved along arrow in Fig. 1, and stacked with each
other in the mold 6.' The remaining part of the long ceramic
green sheet 9 is takeﬁ up on the roll 8.

20 The step of punching out the long ceramic green sheet 9
and stacking_the punched ceramic green sheets with each
other is carried out by punching out the long ceramic green
sheet 9 into sheets of prescribed dimensions by a number

which is decided in the central arithmetic processing unit

25 5, and stacking the punched sheets with each other. Thus, a

- 14 - I
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According to.a specific aspect of the present 25 invention, t he thickness
of .the long ceram c green sheet is present invention, ' -
green sheet is carried along its longitudinal direction [sGHHEHEENEASEIEN
of measuring the thickness, formng an internal el ectrode and KAy out
the long ceram c green sheet are carried out, 5 and the‘punched ceramrc
green sheets are i mredi ately stacked

‘desired capacitance can be acquiréd in high accuracy.
Assuming thaf fhe average thickness of the long ceramic
green éheet 9 is increased to 11.0 pm by 1 pm with respect
to a desired thi&kpess of 10.0 pm, the acquired capacitance
5 is reduced by about 10 %. In this case, the number of the
ceramic green sheets, which is provided with the internal
electrodes, to be stacked with each other may be increased
by 10 % for increasing the overlapping areas of the internal
electrodes holding dielectric ceramic layers by 10 %, in
10 order to acquire the desired capacitance in high accuracy.
In ordef to further acqurately-acquire the desired
. capacitance, capacitance correction may be carried out by
partially.éhanging the overlapping areas of the internal
electrodes holding the dielectric ceramic layers of the
15 multilayer capacitor. Such capacitance correction of
changing the overlapping areas is carried out by punching .
out the long ceramic green sheet 9 provided with the
internal electrodes in slight displacement from normal
positions and sfacking the punched ceramic green sheets with
20 'each other thereby changing the overlapping areas of the‘
internal electrodes holding the dielectric ceramic layers.
Thereafter the stacked ceramic green sheets, which are
provided with a number of internal electrodes in general,

are pressurized along the direction of thickness, to obtain

25 a mother laminate 11 shown in Fig. 3. Then, the mother
- 15 -
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wi th each other. Therefore, a |am nate can be obtained with no influence
exesrted by fluctuation of the thicknesses of the ceram c greea-—sheets
caused with tine. After the actual thickness of the |ong ceHaMﬂS_gFEEMAHBEEN
sheet is measured, the ceram c green sheets are stacked mntm each=-Otier=iby
t he nunber obtalned in response to the val ue of the thickness=Wheréby—a———
target electrostatic capacitance can be reliably inplenmented. Even if the
| ong ceram ¢ green sheet disperses in 15 t hi ckness, therefore, it is
possible to reliably prepare a -

laminate 11 is cut along its thickness, to obtain laminates

for independent multilayer ceramic capacitors. Each
laminate is fired to obtain a ceramic sihtered body 12 shown
in Fig. 4. In this sintered body 12, internal electrodes
5 10a to 10g are formed by baking of the conductive paste 10.
Fﬁrther, external electrodes 13a and 13b.shown in Fig¢ 5 are
formed on end surfaces 1l2a and 12b of the sintered body 12
by application and baking of conductive paste and/or
plating. A multilayer ceramic capaéifor 14 obtained in the
10 aforementiéned manner can acquire a desired capacitance in
high accuracy.
While the thickness of the lﬁng ceramic green sheet is
" measured before printihg of the internal electrodes in the
aforementioned embodiment, measurement accufacy can be
15 preferably improved by necessarily carrying out the
measurement befﬁre every printing.of the internal
electrodes. If the iong ceramic green sheet less disperses
in thickness, hqwever, its thickness may be measured once
every two or three times of printing. The number of times
20 for measuring the thicknesé of the long ceramic green sheet
can be reduced in this case.
While the thickness of the long ceramic green sheet can
be measured in an arbitrary position, the'same is preferably
measured at a central portion of the region provided with

25 the internal electrodes shown by arrow A in. Fig. 2. . The

- 16 - .
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el gctrostatic capacitance in high accuracy. Preferably é}ﬁ%ﬁbﬁﬁﬁﬁésdwa
the long ceram c green sheet is neasured in a plurality g 5550

mul tilayer ceram c conponent including a capacitor haVIng%LHc Target

that the 20 nunber of the ceram c green sheets to be stacked Wi th each

ot her can be decided in higher accuracy. Thus, a nultilayer ceramc
conponent including a capacitor having a desired el ectrostatic capacitance
can be further reliably prepared. According to a specific aspect of the
present 25 i nvention, the thickness of the long ceramic green sheet is

thickness of the long ceramic green sheet is preferably
measured at the cenfral portion A of the region provided
with the internal electrodes, so that the thickness can be
measured in high'agcuracy in the region provided with the-

5 internal electrodes which remarkably influence the
electrostatic capacitance.

In addition to the central portidn A of the region
provided with the internal electrodes, the thickness is
preferabiy measured on positions of both longitudinal ends

10 of the region provided with the internal electrodes as shown
by arrows B and C.in Fig. 2, or at corner portions D to G
thereof. The number of the positions for measuring the
thickness Bf the long ceramic green sheet is preferably
increased so that the thickness can be measured in high

15 accuracy. In order to simplify the operation for
calculating the numbef of fhe ceramic green sheets to be
stacked with each other with reference to the thickness,
however, the number of the measuring positions is preferably
reduced.

20 When the thickness of the long ceramic green sheet is
measured through radiation as described above, the thickness
must be measured in advance of printing of the internal
electrodes, since the internal eiectrodes contain a metal.

Although the preséht invention has been described and

25 illustrated in detail, it is clearly understood that the

=17 -
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prefeéerably neasured at |east at the center of a region which
with the internal electrode. Mre preferably, the thickness oﬁﬂé@gggmH}SBEEN
ceranic green sheet is neasured not only at the center but o p05|m$pMECEﬂ

| ongi tudi nal ends 5 or at corner portions of the region wh
wi th the internal electrode‘ Thus, it is possible to decide the nunber of
the ceram c green sheets to be stacked with each

same is by way of illustration and example only and is not
to be taken by way of limitation, the spirit and scope of
the present invention being limited only by the terms of the

appended claims.

- 18 - :
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other on the basis of the thickness of the | ong ceram c green sheet at the
central portion of the region provided 10 wi th the internal ot
whi ch remarkably influences the electrostatic capacitance, by |inBdSusiig tASBEEN

t hi ckness at |east at theummm“”“mnu gi.on provided with tihe i nF&FRALED
el ectrode. Wen the thic I m ceram c green sheet—Ts meEasured

on the positions of the Ioﬁgi?udinél énds 15 or at the corner portions of

the region which is provided with the internal electrode as descri bed :

above, the nunber of the ceram c green sheets to be stacked with each ot her
WHAT IS CLAIMED IS:

ot ¥ W
—IToTTy

1. A method of manufacturing a multilayer ceramic
component including cabacitor therein, comprising the steps
5 of:
carrying a long ceramic green sheet along its
longitudinal direction and measuring the thickness of said
long ceramic green sheet while carrying the same;
forming an internal eléctrodes on said 1ong.ceramic
10 green sheet;
punching out said long ceramic green sheet into céramié
green sheets of prescribed dimensions and stacking said
punched ééfamic green sheets_with each other by a number
being obtained with reference to the measured value of the
15 thickness of said long ceramic green sheet;
pressurizing staéked said ceramic green shgets along
the direction of thickness.for forming a laminate; and
obtaining a ceramic sintered body by firing said
laminate.
20
2. The method of-mapufacturing a multilayer ceramic
component including capacitor therein in accordance with
claim 1, wherein the thickness of said long ceramic green
sheet is meaéured in a plurality of portions thereof.
25 |
- 19 - —_—
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can be nDre correctly decided. According to a certain preferred aspect of
the present 2() invention, he | ong ceramc heet

i s neasured by a non- cont act i .. Thus, the thicknesgsco
| ong ceramic green sheet can ﬂmwjiﬁﬁug el iably neasured W thout
i nfl uencing the step of carryi Sk to such a non-cont-act -

measuring nethod, a 25 nmeasuri ng net hod enpl oyi ng radi ati on can be
enpl oyed, for

3. The method of manufactering a multilayer ceramic
component including‘capacitor therein in aeeordance_with
claim 1 or 2, wherein the thickness of said long ceramic
green sheet is meaeured in at least at a central portion of

5 a region being provided with said internal electrode.

4. The method of manufacturing a multilayer ceramic
component includiﬁg capacitor therein in accordance with
.claim 3, wherein the thickness of said long ceramic green

10 sheet is measured on both longitudinal ends df said region

being provided with said internal electrode.

5. The method of manufacturing a multilayer ceramic

component including capecitor therein in accordance with

15 claim 3, wherein the thickness of said long ceramic green
sheet is measured at eorner portions of said region being

provided with said internal electrode.

6. The method of manufacturing a multilayer ceramic
20 component including capacitor therein in accordance with any
of claims 1 to 5, wherein the thickness of said long ceramic

green sheet is measured by a non-contact measuring method.

7. The method of manufacturing a multilayer ceramic

25 component including capacitor therein in accordance with

- 20 - f-‘““f“*—~—~—~_ﬁ___
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exanple. In the nmeasuring nethod enploying radiation, the long ceramc
green sheet is irradiated with the radiation so that its thic
deci ded from the amount of t and the anou t\GE’BXEFﬂéﬁ:BEEN
or transmtted 5 radlatlon as the result df t het
i rradiation. When the thickne mﬁu ﬂmmjﬂ ram c green sheetr=f=%
nmeasured through the radiation acrm e ove, I S necessary to

nmeasure the thickness prior to formation of the |nternal el ectrode.
O herwi se the thickness of the

claim 6, wherein said non-contact measuring method is

adapted to 1rradiate said long ceramic green sheet with
radiation for dec1ding the thickness from the amount of
~applied said radiation and the amount of exclted or

5 transmitted radiation being measured after irradiation.

8. The method of manufacturing a multilayer ceramic
component including capacitor therein in accordance with any
one of claims 1 to 7, wherein the multilayer ceramic

10 component including capacitor therein is a multilayer
ceramic capacitor and_further comprising a step of forming
external electrodes on end surfaces of said ceramic sintered

body, respectively.

———
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10 'Ionb ceram c green sheet cannot be correctly nmeasured since the
i nternal electrode contains a netal. The nethod of deciding th
the ceramic green sheets to be stacked with each other on the
thi ckness of the long ceranic green sheet which is neasured 15} -
af orenenti oned manner can be preferably carried out by a centrar—arlrhnetlc
processing unit which is connected to a thickness neasuring unit for
measuring the thickness of the |long ceram c green sheet and generating an
el ectric signal in response to the thickness. However, such an

FIG. 1

1

g
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FIG.2
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20 arithmetic processing unit may not be enployed but the nunber of the
ceram c green sheets to be stacked with each other can be |nnedha&eL¥:*wa
decided in response to the neasured val ue of the thickness of thayl@ﬁg T
ceram c green sheet by previously obtaining the relation betmeeﬁ t he

t hi ckness of 25 the long ceram c green sheet and the number of=the ="
ceramc green sheets to be stacked with each other.

FIG.3

FIG. 4
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As herei nabove described, the nethod of preparing a nultllayer ceram c
conponent including a capacitor according to the present inv ST,
carries out the series of 5 steps of nmeasuring the thlckneaS\af‘f"” ;
ceram c green sheet, formng the internal electrode and punchlng Otk D T
| ong ceram c green sheet whil e carrying t he | ong ceramic greenkgﬁeet along
Its longitudinal direction, whereby the capacitor having a target

el ectrostatic capaC|tanc§?p@pfbe 10 obtained in high accuracy w t hout
reduci ng working efficiency. ' .

14 |
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The nunber of the ceram c green sheets to be stacked mnth each other is set
with reference to the thickness of the actually carried |ong G

sheet, whereby 15 di spersion in el ectrostatic capacitance cahThes 8HIET
renarkably reduced, and the desired electrostatic capacitance tan be '
i mpl enented in high accuracy. Consequently, it is possible to extienmety
reduce dispersion in electrostatic capaci tance of the capacitor in the

mul tilayer ceram c component. Further, in a particul ar aspect of
t he present METNGDOF d‘H\NUFETIHBIHG MWHLAMER &ER&MEOWEHT iINCILUDING gCAPACITOR

ABSTRACT OF THE DISCLOSURE

HAS |

A method of préparing a multilayer ceramic

component including capacitor therein includes the steps of
carrying a long ée?amic green sheet along its longitudinal
direction and measuring the thicknesslthereof while carrying
the same, forming an internal electrode on the long ceramic
green sheet subjected to the measurement of the thickness,
punching out the long ceramic green sheet provided with the
internal electrode into prescribed dimensions and'stacking
the punched ceramic green sheets with each other by a number
obtained on the basis of the measured value of the thickness
for obtaining a laminate, obtaining a ceramic sintered body

by firing the laminate.

" This Sheet Has Becn RT
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capaC|tor thereinis a mul tilayer ceram c capaci
el ectrodes are fornmed on end surfaces of the cer
respectively. 25 : The foregoing and ot her
and ~ advantages of the present i.nvention will

Tal
ey
laspects

ﬂxﬁgﬂtfrom

the followi ng detail ed descri-ption of the present I nventi on when_t.aken in
conjunctlon with the | | . A 34

10

15

20

25

TITLE OF THE INVENTION
Method'of Manufacturing Multilayer Ceramic Component
Including Capac1tor_c

BACKGROUND OF THE INVENTION '

‘Field of the Invention

The present invention relates to a method of
manufacturing a multilayer ceramic component including a
capacitor, and more particularly, it relates to a process

for a multilayer ceramic'ccmponent including capacitor which

" enables acquisition of a desired electrostatic capacitance

. in high accuracy.

Description of the Background Art
In general, a multilayer ceramic capacitor is-prepared
through.the_fcllowing steps: |
- First, a ceramic green sheet is molded from a ceramic
slurry. Then,.conductive_paste is applied onto the ceramic

green sheet by'a_method such as screen printing, for forming

_an-internal electrode; Then a plurality of such ceramic

'green sheets prov;ded w1th internal electrodes are stacked

with each other and pressurized along the direction of

'__thickness, to obtain a laminate. ~Then, the obtained

laminate is fired to provide a ceramic sintered’ body, and

thereafter external electrodes are formed on both end

- surfaces Of the slntered body. Fig._ﬁ shows an exemplary

multilayer capacitor 30 obtained in.this'manner{



acconpanyi ng drawi ngs. 5 BRI EF
schemati c bl ock diagran1for i1l us ratlngtp[§$ﬁma1|o
enbodi ment - of the present inventi
vi ew showi ng a 10 ceram c green sheet on ahi ch |nternf ____________
printed; Fig. 3 is a sectional view show n§ a nDther Ian1na-- ----- =By
stacking ceramc green sheets on mhlch I nt er nal S ' "

As_clearly.understood'from'Fig.-S,]ayplurality of
internal eleCtrodes‘SZe'to 32g-are:arranged in the
multilayer ceramio oapaqitor 30:to overlap with each other

-throngh sinteredsbody.layers. The eleotrQStatic oapacitence

5 of the.multilayer Ceranic capacitor 30 is deoiaed by the
thicknesses of'the sintered body layers which are held
between the internal electrodes_32a to_32g; overlapping
areas of the internal eleotrodes 32a to 32g which are |
opposed to eachfother through'the sintered body layers, ‘and

10 the dielectric constant of dielectric ceramics forming the
51ntered body layers.

In general the sintered body layers which are held
between the internal electrodes-32a to 32g have considerably
small thicknesses of 5 um to 50 pm. In the'aforementioned'

‘15 method therefore, slight fluctuation of the thicknesses of
the ceramic green sheets results in remarkable fluctuation
of the electrostetio capacitance.' In order to imolement a
" desired electrostetic capacitance in the multilayer ceramic
oapacitor, therefore, it.is necessery to CQntrol the
20 thicknesses.of the'employed.ceramic green sheets in high
u'accuracy. | y

In actual preparation of the multilayer ceramic
capacitor, on the other hand, conductive patterns for
forming the internal electrodes,are provided.on a mother’

.25 green sheet, ‘thereafter the mother ceramic green.sheet which

- This Sheet Has
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el ectrodes are printed wth eac nebedPr ASBEEN i g. 4.ts:§*seﬂLLgQaL_.
view showi ng a ceranic sintered ody P Al EN epe(dent EbkkéY%L = omes
capaci-tor; Fig. 5is a sectional tilayer c f“”~~’;!
obt ai ned according to the enbodi nent- of thespresent invenbhr; ¢
Fig. 6 is a sectional view for illustratingTa conventi ofsd=smtti T ayar - ﬁ
capaci t-or. DESCRI PTI ON OF THE PREFERRED EVMBODI MENTS Flg lis a schenaflc
bl ock diagramfor illustrating an .

is provided with the,conducti&e patterns.isrpunched out into
preSCribed dimensions and a'plurality of the punchedl
_ceramic green sheets are stacked with each other to obtain a
mother-laminate, for 1mprov1ng mass productiv1ty.

5 Thereafter the mother laminate is cut along its thickness,
thereby obtaining laminates for respective multilayer
ceramic capacitors. |

In general, the aforementioned ceramic green sheet is
molded to have an elongated.shape by a'doctor hlade.coater

10 or a roll coater_method. In such a long ceramic green sheet

'molded in the aforementioned method, howeVer, the thickness
tends to disperse depending on the molding speed or the
viscosity of the emploYed ceramic slurry, and partial |
disperSion of the thickness is not negligible.

'15. When a multilayer ceramic capac1tor is prepared in
accordance with theiconventional method; therefore, it is
impossible to_avoid dispersion of the electrostatic
capacitance in the obtained ceramic green sheets. In order
to prevent such'dispersiOn_of'the electrostatic capacitance;

20 therefore, the following method is employed in general:

After ceramic green sheets provided with internal
electrodes for forming the electrostatic capa01tance are
stacked with_each other, an-additional ceramic green sheet
for.adjusting the electrostatic_capacitance is further

25 - stacked on the'laminate in consideration of the dispersion

.~ This Sheet Has B
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essenti al

part of a nethod of prep ggg%
accordi ng to an enbodi ment of the-
1, a nolded | ong ceranic green sheé

take-up roll 8. The ceranmic green sheet 9 i,s wound on .the dbl
The | ong ceram-c green sheet 9is dellvered-fron1the g Mt

10

15

<

E ég%% geram c_ 25 _capacitor
1P sft° 1:?mm 2 dol Fef F [ﬁ ; "EP:Z‘I'& iﬁm ,,;:ﬁj

of the electrostatic capacitance which may be caused in the

laminate, thereby inplementing'the necessary electrostatic

capacitance. |

In such a method of further'stacking the additional
ceramic green sheet prov1ded w1th the electrode for
.adJusting the electrostatlc capaCLtance, however the
preparatlon steps are complicated since the additional
ceramic green sheet.provided'with an electrode for adjusting
the eleCtroetatic capacitance must be pregared, i.e., an
electrode pattern for adjusting the electrostatic
capacitance is required in addition_to electrode patterns
forming the internal electrodes. | |

'In'additionl the.thicknesses of the ceramic green
'sheets may be cons1derably changed w1th time to result in

thickness fluctuation of several pm. When a certain degree

. of time is required in advance'of stacking after molding of

the ceramic green sheets, therefore, it is necessary to

change the laminate structure in response to the fluctuation

~ of the thicknesses of the ceramic green sheets, in order to

implement the target electrostatic capacitance. Thus, the
method of forming the electrode pattern for adjusting the
electrostatlc capacitance still tends to cause an error
between designed and actual electrostatic capacitances.
SUMMARY OF THE INVENTION

“ Accordingly,3an object of'the preeent invention is to
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rol| 1fand carried toward the roll 8, while a sheet thic

measuring
uni-t 2, an internal electrode printer 3, a drying furnacg gmand.. ffﬁ§§§f==ﬂ
punching unit 7 are arranged between the rolls 1 and 8. |/ The s éﬁi@ &R TN ng .
unit 7 10 punches out the long ceranic green sheet 9 '-th a 8. Péen i!

sheet s  of prescribed di mensions, so that t h& punched ceranlg-g;een,sheets i
are stacked with each other in a nold 6. = After the ceram c green §hé“TS“oﬁ-
the prescribed dinensions are punched out,. the remmining part of: the | ong
15" cerami c green sheet 9 'is taken up. on the roll 8. The sheet

provide a process for a multilayer ceramic component
including a capacitor therein which can implement a desiredﬁ
:.electrostatic-capacitance in high accuracy through
relatively_simpie stebs, with no'recuirement for complicated
5. lsteps'of-preparing ceramic gteen sheetS'p:ovided with |
'conductive platea for adjusting.the electfostatic
capacitance and_atacking such'ceranic green sheets with eacn
other. ._ | |
- According to a wide asPect.of the present invention;.
10 provided is a method of manufacturing a_nultilayer ceramic_
| component including a capacitor therein comprising the ateps
of carrying a long ceramic green sheet along_its
longitudinal direction and measuring the thickness'of the
long ceramic green:sheet while carrging the'same; fofming an
_15 . internal electrode on the long ceramic green sheet, punching
out the long ceramic creen sheet'into ceramic green sheets
of preacribed dimensions and stacking the punched ceramic
green sheets with each other by a number obtained with
reference to the measured value:of the thickness of the long
20 ceramic green sheet, pressurizing the_stacked'ceramic green
aheets along the direction of'thickness for forming a |
laminate,_and obtaining a ceramic sintered body by firing
the laminate. |
In the method of manufacturing a multilayer cefamlc

25 | component includlng a capa01tor thereln according to the




thickneES'neasuring unit 2 and the ﬁhﬁ%é H sEBL 7 ectrically. ..
cannected with each other through a centraqihfﬁb et ip %@?&hagkﬁﬁt%ﬁ%g1
12

The net hod . of preparing a nultlIayer~GEfanic;eﬂaa&t£QF :
thi s enbodi ment is now described in nore copgcrete terns.
ceranmic green sheet 9 is wound on the roll T. The long c

LTS

9 is nolded by a doctor blade coater, a roll coater nethod or_another

met hod,. 25-

10

15

simlarly to the prior art. The | ong ceram c green sheet 9

preseht invention, the long ce:amid green sheet is carried

-along its longitudinal direction sd that the steps of

measuring the thicknéss, forming an internal electrode and

‘punching out the long ceramic green sheet are carried out,

and the punched ceramic green sheets are”immediately stacked
with each other. -Therefore,-a laminate can be obtained with

no.influence exerted by fluctuation of the thiékneéSes of

the ceramic green sheets caused with time.

After the actual thickness'df the lbng ceramic green

‘sheet is measured, the ceramic green sheets are stacked with
~each othér by the number obtained in response to the value

- of the thickness,. whereby a target electrostatic capacitance

can befreliably'imp1emenfed.
Even if the long ceramic green sheet disperses in

thickness, therefore, it is possible to. reliably prepare a

.multilayer ceramic component including_a;capacitor having'

the target electrostatic capacitance in high accﬁracy;

Preferably, the thickhess of the long ceramic green
sheet is measured in a plurality_of portions, so that thé
humber of the ceramic gréen sheéfs to be stacked with each._
other can be.decided in;higher acéuracy. 'Thus, a mulfilayer

ceramic component including a capacitor having a desired

_electrostatic capacitance can be furthet reliably prepared;

According to a specific aspect of the preseht

iﬂvention; the thiékness of the long ceramic green sheet ié'

Thls Sheet Has Been. Reilac
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nay,alrérnatively be fornmed on a base filmof PET (polyethylene
terephthal ate) or the like. The | ong ceranic green shg G arﬂJed-a}png
its longitudinal direction, and supplied to the sheet [t RERKMRREEST SHEE]

measuring unit 2. The shoet t hi ckness neasuging unit ac thlsf _
r’ enlold BB ]

embodi ment i adapted to irradiate the 1ong ceranic gr
radi ation for neasurlng the ~~—f—Mm-

‘preferably meesured'at.least aththe center of a region'which '
.is'provided'With the internai electrode. More preferably,
the thickness of the 1onglceramic green sheet is ‘measured
'not only at the center but on pos1tions of longitudinal ends
| 5 or at corner portions of the region which is prov1ded with
the internal electrode. Thus, it is pOSSible to decide the
number of_the ceremic green sheets to be'stached_with each
other on the basis of the.thickness of the long ceremio'
green sheet at the central portion of the_region'proVided
10  with the internal electrode, which remarkably influences the
-electrostatic capacitance by measuring the thickness at
least at the center of the region provided with the_internal
electrode."When the thickness of.the longjceramic green |
sheet is measured on the positions of the 1ongitudinal ends
15 or at the corner portions of the region which is prov1ded
with the internal electrode as described above, the- number
- of the ceramic green,sheets to be stacked with each other
can be more correctly decided. .
According to a certain preferred aspect of the present
20 . invention, the thickness of the long ceramic green sheet is
measured_bf.a non-contact measuring_method. Thus, the
thiCkness'of the_long ceramic green sheet can be reedily and
reliebly measured without_influencing the step of carryino
the same. As to'such'a.nonfcontact meesuring method,_a

25 measuring method'employing'radiation can be empioyed, for



thi ckness of the long ceramc green sheet 9 fromthe ratio of the unDunt of
the applied radiation to the anmbunt of 10 excited or Fted -
radi ation which is obtained as. the result of the irrad eﬁﬁﬂhﬂbﬂﬁﬁﬂs %heet

t hi ckness neasuring unit 2 neasures the thigkness of the Igﬂgﬁgﬁgqagc green
sheet 9. The neasured value is supplied to The central[' .
proceSS|ng unit 5 as described later for deciding 15 ~tThe nuonbér=ef- the
ceram c green sheets to be stacked w th each other, and the sheet punchi-ng
unit 7 is controlled to punch out the long ceramic green sheet 9 into the
ceramc example. In the measuring method employing radlatlon the

long ceramlc green sheet is irradiated with the radiation so'
that its thickness can be decided. from the.amount_of the
applied radiation gnd'the amount of excited or transmitted
5 radiation which is obtained as the result of the
irradiation. When the thickness of'the“iong ¢eramic green
sheet is measured thrpugh_the radiation as described above,
it is necessary to measﬁre the'thiCknesé_priér.to formation
of the internal eieétfbdé. _Othefwise'the thickness of the
10 long ceramic gfeén sheet cannot be gofrectly measured since
the internal electrode contains a metal.
The méthpdfof_deciding the:humber o£ fhe'céramic green
sheets to be stacked with each other on the basis of the
thickness of the_ldng cerémiq_greeh sheet which is_heasured
15 in the aforementibned manner can be preferabiy carried out
by a central arithmetic processing unit which is connected
to a fhickness measUring unit.for measﬁring thelfhicknésS of
the léng ceramic gfeen sheet and'generéting'an electric
'signal in.response to'thé thickneés.' However, such én
20 arithmétic processing unit may not be employed.But thé
number of the cefamic'green sheéts to bé stacked with each
other can be immediatel?.decided in response to the ﬁeaéured
‘value of the thickpess of the long céfamic green sheet by
previouély obtaining the relation between the thickbess of

25  the long ceramic green sheét and the number of the ceramic



green sheets of the prescribed dinmension, which in turn_are Stacked with
each other. 20 The sheet thickness neasuring uni - F;”::};;Tf:
alternatively be fornmed by any unit in place of that e F §gﬁéj¥ﬁﬂfaﬁﬁﬁng
so-far as the same can neasure the thicknesk of the |ong.cerap r j
sheet 9 while carrying the same, wthout extracting a ,a??“g?z}ﬂéﬂggggﬂiﬁ'
green sheet 9. For exanple, 25 the unit 2 may be formed by a m cronetér’
which -presses - 12 - o ' : : :

green sheets to be stacked with each other.
Aeehe:einebove.descfibed, the'method.of preparing a
_ muitilafer ceramic_cbmponent inclﬁding a.cepaCito; eecording
to the preeenf ievention simply carries out the seriee"of._ |

5  steps of meaeuring the thickness of the long ceramic green |
sheef; forming the'internal electfode and punching eut the.
long cefamic green”sheet while carrying the lohg ceremic'
greeh.sheet along its 1ongitudinal direction, whereby the

.-capacitof having a_target'electrostatic capacitence can be

10 obtained_in high aéeuracy without reducing working

:efficiencY. |

The number of the ceramic green sheets to be_staCked
with.each ether is eet ﬁith reference to the thickness'Of.
the actually'carried'leng ceramic green:eheet, whereby |

15 dispersioh iﬁ electroétatic.eapacitence'can be remarkably
reduced, and the deeifed electrostatic capacitanee.can be
implemehted in high aceuracy.' Consequently, it is possible
to“extremely reduce dispersion in electrostatic capacitance
of the capacifof.in the Multilayer ce:amic component.

20 ' Fu:ther, in a particular aspect of the preeent
invention the'multileyer ceramic eompqnent ineluding a
capacitor therein is a multilayer ceramic capacitor, wherein
eXternal_eleCtredes.are formed en end surfeees'of_the
ceramic sintered bedy respectively. | |

25 | " The foregoing and other objects, features, aspects and



nesurlng portlons agai nst both surfaces of the long ceramc green sheet 9
for measuring its thickness. * . The |l ong cef‘“ ;eeﬂ “sheet:-9
is preferably intermttently fed between the rolls 1 5 8‘ SONERATITLS 5
t hi ckness is neasured while the sanme is stogped: Int aj can
be fornmed on the long ceranic green sheet 9 during sucL_H togpgggﬂwqggs
descri bed later. Thus, the thlckness of the long ceram c greéf sheet g- Can
be neasured : _

_advantagee of'the present:iavention will become more
| -apparent from the following detailed deécriptioh of the
'present_inventionEwhen taken in conjunction with the
_accompanying draWings. - | | |
5 .-BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic block diagram for illustrating
preparation steps according to an embodiment of the present
invention, | | e |

:Fig. 2 is a'partially'fragmented plah view showing a

.10 | ceramic green sheet on which internal electrodes.are
printed; |

Fig. 3lis_a sectional QieWIShowing a_mother laminate
lformed by etacking ceramic green sheets'on which internal
electrodes are brinted wirh each otheré

15 : Fig. 4 is a aectional view showing a ceramic sintered
body for an independedt multilayer capacitor:

Fig; 5 is a sectional view.showing a multilayer
capacitor obtained according to rhe embodimeht of the
present invenfioo; and |

20 S Fig. 6 is a sectional view for illustrating a'-
conventional multilayer capacitor.-'
.DESCRIPTION OF THE PREFERRED EMBODIMENTS
Fig. 1 is a schematic block diagram for ‘illustrating an
.esseptial part of a method of preparing a multilayer ceramic

25 capacitor according to an embodiment of the present



every formation of the internal electrodes, whereby the tine 10 for
carrying out the steps can be prevented frombeing in d. hy '
of an extra.time for neasuring the thickness. The radi #gH9n- L .
enpl oyed for neasuring the thickness is selgcted fronj X- ra%ai ﬁéﬁ; &%
y-radiation and [err]- 15 radi-ation, in response ti J

the thickness of the long ceram c green sheet 9. Part
ceram c green sheet 9 is formed on a base f|In1 t he radlatlon is preferably

prepared fromthe X-radiation or the
invention.

Referring to Fig. 1; a ﬁolded long ceramic green sheet
9 is fed from a roll 1 toward a take—up_rdll 8. The ceramic
green éheet 9_is.wound oh_the roll 1. - |
5 - The long ceramic green_sheét 9 is delivered fiom the
roll 1 and carfied toward'the roll 8, while a'éheet
thickpéss measuring'unit 2, éh intérﬁal electrode printer 3;
a drying furnéce 4"ahd a shéet’ppnching_unit'? are arranged
between_fhe folls 1 and 8. The sheetipﬁnching uﬁ;t 7
 10'- punches ouf the long cefamid gfeen sheet 9 intdlceramid
green shéets of prescribéd di@ensions, so that the punched
gefamic green sheets are stacked with.each otﬁer_inua.mdld
6. After fhg ceramic gfeen sheets of the prescribed |
dimensions are'punéhed-o@t,.thé remaining pért of fhe loﬁg
15 ceramic green sheet 9 is taken up on the roll 8. The sheet
fhickﬁess measuring uﬁit 2 and the sheet punching unit 7 are
electrically chnectéd with each other through a central
arithmetic proéessing unit 5.
The'method-bf preparing_a'multilayer ceramic capacitor
- 20 according to this embodimeﬁf is now'deécribed'in mofe..
~ concrete terms;
First, the. long cefamic green sheet 9 ié wound on the-
roll 1. The long ceramic green sheet 9 is'moldéd by a
dbctor blade coater; a roll coéterlmethod or another method,'

25  'similarly to the prior art. 'Tﬁe long ceramic green sheet 9



yfradiaiion which is hardly i +#§Q§%éﬁﬁ§§‘t@ﬁt rial for 20 the base
filmetc. Thereafter the |ongjceranggpgi®eh shedt 9 ted to

. ! , _ s—subl eGt ec
t he measurenment of its thicknéss—ds—tfed-to—t xt ﬁﬁ?ﬂhgégﬁangztﬁéj
internal electrodes, so that the internal electrode -|nte st

. | pl g
conductive paste 10 25 onto the Iong'cerdﬁc:green aaetna Mﬁﬁﬁ@ﬂ&enl
pl’ | nt 1 -ng- - 13 - . ' ' M-—-“_h_::‘ S ’--““.‘..‘*:_::

_ maf aiternatively be formed on a base film of PET
'(polyethylene terephthalate)_or_the iike.
' The long ceramic green sheet 9 lS carried along its
longitudinal direction, and supplied to the sheet thickness
5 measuring unit 2. The sheet thickness measuring unit 2
_ according to this embodiment is adapted to irradiate the
long ceramic green sheet.glwith radiation for measuring the
thickness of the long ceramic.green sheet 9 from:the ratio
of the amount of the"appiied radiation to the amount of
10 excited or transmitted_radiation which is obtained as the
.result of the irradiation. This sheet thickness measuring
unit 2 measures the thickness of the long ceramic ‘green
' sheet_9._ The measured value is supplied to the central
arithmetic processing unit 5 as described later for decidingh
15 the number of the.ceramic green sheets to be stacked with
each other, and the sheet punching.unit'7 is controlled to
punchiout the'iong ceramic'green sheet 9 into the ceramic
green sheets of the prescribed dimensions, which in turn are
stacked with each other. |
20 _ The sheet thickness measuring unit 2 may alternatively
be formed by any-unit in piace of that employing radiation,
| so far as the“same'can.measure the thickness of the long
'ceramic'green sheet 9 while carrying the same, without
extracting a part thereof. _Eor example, the unit 2 may bé
25 formed hy a'micrometer which presses'measurers against both

“This Sheet Has Been Rep
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9 in a prescribed pattern (s T, flhe | A egreen=sheet.
9 which is coated with the clandu e 101l s ilnBEB dﬁ%édu|ﬁ€0~aﬁdldr|ed
in 5 the drying furnace 4. Drying condltip i'ch ade? VAR QQQQM 2 t he
type of a solvent enployed for the conductive past Bge “are- -pr-ope in
the ranges of about 70 to 150[err]C and 30 sec. to IO m Nutes.—rn géﬁeral.
Thereafter the:-long ceram c green sheet 9 which is : : :

Thus, the conducti ve paste 1% E%Réi Q) he | ong ceram c green sheet

surfaces of the long ceramic green sheet 9 for measuring its
thickness.: .. . .. | |
| The-long ceramic'green sheet 9 is preferably
intermittently fed.between the rolls 1 and 8, so that its
5 -thickness is measured while the same is stopped. Internal
electrodes'can be formed on the long.ceramic green sheet 9
during such stoppage, as described later. Thus, the
thickness of the long ceramic green sheet 9 can be measured
every formation of the 1nternal electrodes, whereby the time
10 for carrying out the steps can be prevented from being
increased by provision of an extra time for measuring the
thickness. |

The radiation which is.employed for measuring'the
thickness is.selected from X;radiation Y-radiation and B-

15 - radiation, in response to the material for and the thickness
of the long ceramic green sheet 9.d Particularly when the
long ceramic green sheet 9 is formed on‘a base film, the
radiation is preferably prepared from the x-radiation or the
y-radiation which is hardly influenced by the material for _'

20 the base £ilm etc.

Thereafter the long ceramic green sheet 9 which is
subjected to the measurementiof its.thickness is fed to the
next step of forminé the internal eiectrodes, so that the
internal electrode printer 3'applies conductive paste 10

- 25 onto the_long.ceramic green sheetl9 by screen printing.
R
.‘This:Sheet Has Been- Rept
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10. provided with the internal electrodes is punched out into prescribed
di nensi ons by the sheet punching unit 7 along the |
the internal electrodes. When the long ceramic gr
a base film only the long ceram c green shget 9
Thereafter the punched ceranic green sheet§ are v cDu UARe1996y - a SUCtIOﬂ
head of the sheet punching unit 7, for exanple, “‘Long-atf&w1 A Fig.
1, and stacked with each other in the nold 6. The remaining part of the

Iong ceranmic green sheet 9 is _taken up on the roll 8.
Thus, the conductive paste 10 is printed onto the long

e e

BHPsheeﬂwg e$rs ierned on
unched out . 15

ceramic green sheet 9 in a'prescribed pattern (see Fig. 2).
Then, the long ceramic green sheet 9 which is coated
with the conductive paste 10 is 1ntroduced into and dried in '

5 the drying furnace 4. Drying conditions, which are varied
‘with the.type of a solvent enployed for the COnddctive paste_
10, are properly set in the ranges of about 70 to 150°C and
30 sec. to 10 minutes, in general.

Thereafter the long_ceramic.green sheet 9pwhich is'

10 . provided with the internal electrodes is punched'out into

| prescrihed,dimenSions_by the sheet punching unit 7 alohg the
portions provided.with the internal electrodes; When the
long ceramic green sheet 9 is formed on a base film, only

' the long ceramic green sheet 9 may he punched out.

15 Thereafter the punched ceramic green_sheets are:vacuum-
sucked by a suction head of the sheet pnnching_unit 7;_for
example, moved along arrow in Fig. 1, and stackedIWith each
other in the mold 6.. The remaining'part of the long ceramic
green sheet 9 is taken up on the roll 8.

200 The step of punching out the long ceramic green sheet 9
and stacking the punched ceramic green sheets with each
other is carried out'by punching oﬁt theplong ceramic green
sheet 9 into-sheets of_prescribed dimensions.by a number
which is decided in the central arithmetic processingldnit

25 5, and stacking-the punched sheets with each other. Thus, a



20

stacklng t he punched ceram c green sheets with each
punching out the |long ceram c green sheet 9 into she

The step of punchlng out the long ceramc green sheet 9 and

-gd-aut.. by
@fgfn‘f‘is?:%’fﬁf“lﬂaad

dimensi ons by a number which is decided in ihe centr éE?etlc

processing unit 25
Thus,

a -

10

15

20

15

5, and stacklng the pufthed she_t@"“

é‘ﬁ%?&%ﬁer

desired capacitance can be acquired in high accuracy.

Assuming that the average thickness of the long ceramic

greeﬁ sheet 9 is increased to 11.0 um by 1 pm with respect

to a de31red thickness of 10.0 pm the acquired capaCitance

is reduced by about 10 %. In this case, the number of the

ceramic green sheets, which is prQVided with the internal

' electrodes, to be stacked with each other may be increased

by 10 % for increasing the overlapping areas of the internal

electrodes holding dielectric ceramic layers by 10 %, in

.order to acquire the desired capacitance in high accuracy.

In order to further accurately acquire the desired

- capacitance, capacitance correction may be carried out by

partially changing the overlapping areas of the internal

electrodes holdihg the dielectric ceramic layers of the

_ multilayer capacitor. Such capacitance correction of

changing the overlapping areas is carried out by punching

out the long ceramic green sheet 9 provided with the

internal electrodes in slight displacement from normal

" positions and stacking the punched ceramic green sheets with'

each other thereby”changing'the overlapping areas of the

internal electrodes holdihg the dielectric_ceramic layers.

Thereafter the stacked ceramic green sheets, which are

provided with a_number'of internal-electrodes in general,

are pressurized along the direction of thickness, to obtain

a mother laminate 11 shown in Fig. 3.

Then, the mother



desnred capaci tance can be ach|red in high accuracy. Assuning that the

aver age thickness of the |ong ceramc green sheet 9 is “ﬁgr' g to-¥1..0::p :
by 1 pmwith respect to a de5|red_th|ckness of 10.0 pm tﬁéﬁétﬁﬁﬁ#edW=w= i
capaci tance 5 i s reduced-by about 10% Ip this case, of the' ,
ceram c green sheets, which is prOV|ded\Mt#rthe I nter bflgjgﬁﬂﬁkﬁﬂs ----- t.Q be

stacked wi th each other may be increased by 10 % for |ncrea5|ﬁ“rher’*1==f
over |l appi ng-areas of the internal electrodes hol ding dlelectrlc ceram C.

layers by 10 % in 10 _.order to acquire the desired capacitance in high
accuracy. laminate 11 is cut along its thickness, to obtain laminates

for independent multiiayer ceramic capacitors. Each
1aminate is fired to obtain a.ceramic'sintered body:12 shown
in Fig. 4. 1In this sintered body 12, internal electrodes _
5' 10a to 10g are formed by baking of the conductive paste 10.
Further external electrodes 13a and 13b shown in Fig 5 are
formed on end surfaces 12a and 12b of the sintered body 12
.by application and baking of conductive paste and/or -
piating."A multilayer ceramic capacitor 14 obtained in the .
10 | afcrementioned manner can acquire a desired capacitance in
high accuracy; | . | |
While the thickness of the'long ceramic green sheet is
measured before printing of the internal electrodes in the
aforementioned embodiment measurement .accuracy can be
15 preferably improved by.necessarily carrying out’ the
measurement before etery printing of the internal -
~electrodes. If the long'ceramic'green sheet less disperses
in thickness, however, its thickness may be measured once
'eyery two or three times of printing. The number of times
20.. for_measuring the thickness of-the long ceramic green sheet
can be reduced in this case. |
While the thickness of the long'ceramic green sheet can
be measurediin'an arbitrary position, the same'is preferably o
measured at a central portion of the"region provided with

25. the internal electrodes shown by arrow A in Fig. 2. The



carrection may be carried out by
of the internal electrodes hol di
mul til ayer -capacitor. Such capa
overLapping areas is carried out by punchlng out the
9 provided with the internal electrodes in slig
normal positions and stacking the punched ceram c green sheets

In order to further accurately athE@QAbp s ﬁﬁ#*"apa0|tance capaci t ance

sheet

erlapplng ar eas

el N

...................... 6t of flch / -}' :\7’!

each ot her ‘thereby changing the overl apping areas of the

10

15

20

25

thickness of the long ceramic green sheet is preferably

measured at the central portion A of the region provided

.with the internal electrodes, so that the thickness can be

measured ih high accuracy in thejregion:provided with'the_
internal electrodes which remarkably.inflnence the
electrostatic capacitance.

'In addition to the Central portion A of the regioh

. provided with the intérnal,electrodes, the thickness is

preferably measured on positions of both longitudinal ends

of the region provided with the internal electrodes as shown

by arrows B and C in Fig. 2, or at corner'portions D to G

thereof. The number of the positions for measuriﬁg the

thickness of the 1ong'ceramic green sheet is preferably

increased so that the thickness can be measured in high '

accuracy. In order to simpllfy the operation for
calculating the number of the ceramic green sheets to be
stacked with each other with reference to the thickness,
however, thé numbei.of the measuring pbsitioné'is prefefably
reduced.

When the thidkness of the long ceramic green sheet is

‘measured through radiation as deécribed above, the thickness

must be measured in advance of printing of the internal
electrodes, sihde the internal electrodes contain a metal.

Although the present invention has been described and'

~illustrated in detail, it is clearly understood that the



internal electrodes holding the dielectric ceramc Iayers Thereafter the
stacked ceram.c green sheets, which are prOV|ded Wt I ber—af _jnterna
el ectrodes in general, are pressurlzed al ong the dir CﬁEEﬂRGﬂV&WﬁQ#ﬁ@ﬁS; to
obtain 25 a nmother laninate 11 shown in Eg. 3. Ten, #FP%$ 5
laminate Il is cut along its thickness, to obtain Ia.'Bwne ....... Egpendent
mul tilayer ceram c capacitors. Each _ —;

same is by way of illustration and example only and_is not
to be taken by way of limitation, the splrlt and scope of
the present lnventlon belng 11mited only by the terms of the

appended claims.,



Ian1nate is fired to obtain a cerame—si opuy 12 showmn in Fig. 4. In
this sintered body 12, internal 10g to | 0g are forned by
baki ng of the conductive paste {10. FURERCE ?|e|eclgqqesmgaa.and 13b

e

| B
igmgn; ngnu m‘mg,m(ﬂwﬁldngnofe conductlve Paste an 2 bi; ihﬁ i %gﬁ ed body

mul tilayet ceréami & capacitor 14 obtained in the 10 @Urenent|hned nghner
can acquire a desired capaC|tance in hlgh accuracy. 'V%lle t he thickness of
the long ceram c green sheet is '

WHAT IS CLAIMED IS:

1. A method of manufacturing a multilayer.ceramic
component'including capacitor therein, comprising the steps
5 of: | | |
| carrying eglong ceramic green Sheet along ifs
longitudinal direction and measuring the thickness of eaid
long ceramic green sheet ﬁhile cerrying the eame;
forming an internai_electrodes_on'said long .ceramic
10 green sheet;
punching out said long Ceramic.green.sheet into'ceremic
~ green sheets of nrescribed,dimensiene and'stacking said
punched-ceramic green sheets wifh_each other by a number
being.obtained with reference to the'measured value of the
15 thickness of said long ceramic green sheet;
pressuriziné staeked said ceramic green sheets along
the direction of thicknees for forming a laminate; and’
obfeining'a ceramic sintered body by firing said

laminate.

2. The method of manufacturing.e multiiayer ceramic
component including.capacitor therein in accordance with
claim 1, ﬁherein the thickness of said long ceramic green
‘sheet is measured in a plurality of portions thereof.

25 |

eet Has Becn Replaced
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measur ed .bef or e printing of theg in the aforenentioned
enbodi ment, neasurenent accuracy] Cd® e=EBHAS BEENe ahbl.y-i-npr-oved: by

necessariTy carrying, -out the medsur enBi LBEEDre evpry:: prlntrﬂg.d? rhe

i nt er nal Wi I""Ill ”I he | ong~ceram ¢~ eren—shé}ét ? 2 hm s in

t hi ckness},|IlK i'ckness may be ured ofceieNe W three
times of printing. "Thé nunber of times 20 for nea FAy—e LhFékne§s of
the.long ceramic green sheet can be reduced in this case. Wil e the
thlckness of the long ceramic green sheet can

3. The method of manufacturlng a multllayer ceramic

component including'capacitor therein in aCcordance with
clalm 1 or 2, wherein the thlckness of said long ceramlc
green sheet is measured in at least at a central portlon of

5 a region being provided with said internal electrode.

4. The method of manufacturlng a multilayer ceramlc
component includlng capacitor thereln in accordance w1th
claim 3, wherein the_thlckness of said long ceramic gréen

10 sheet is measured on both 1ongitudinal ends of said region

being provided With said internal electrode.

5. Tne nethod of mannfacturiné a muitilayer ceramic

component inclnding_capecitor therein in accordence-with
15 claim 3,iwherein the thickness.of said long ceranic.green_
sheet is measured‘at corner portions of said region being

provided with said internal electrode.

6. The method of manufacturing a mﬁltilayer ceramic
20 component including_capecitor therein in accordance with any
of claims 1 to 5, wherein.the'thickness of said long ceramic

green sheet is measured by a non-contact measuring method.

7. The method of manufacturing a multilayer ceramic
25 component inciudingncapacitor'therein in accordance with

is Sheet Has Been Replaced : .'-
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be neasured in an arbitrary position, the same is preferably neasured at
central portlon'tﬁ %henﬁegLQn provided with 25 t he~i-ntefnal “ef-ectrodes
shown by a The thi ckness of the léng“cerahﬂt‘gTeeh
sheet is pmﬂm ﬂ"’%’ d-a-t- the central, Ol’tIOI’llA of mﬁg]ggg
provi ded . wrthet el'ectrodes, so that the‘t%ﬁ@kness carn:
measured in high accuracy in-the reglon prOV|ded mntn The

claim 6, wherein said non-contact measuripg method is
adapted to irradiate said long ceramic green sheet with
radiation.for deciding the thickhess from fhe amount of
applied eaid radietioh and ﬁhe amount of.excited of

5  transmitted radiation being measured after irradiation.

8. The metho& of manufacturing a multilayer ceramic
-component including capacifo? thereiq in accordance with any
‘one of claims 1 to 7, wherein the.multilayer ceramic

10 | component including capacitor therein is a multilayer.
ceramic capaciior and further comprising a etep of forming'
external electrodes on end surfaces of said ceramic sintered

body, respectlvely.

a



5 i'nternal electrodes which remarkably influence the el ectrostatic.
capacitance. In addition to the central portion A §f_I. §C&eghonggﬁpwlded
with the internal electrodes, .the thickness is pretl asur on
positions of both |ongitudinal ends 10 f the re

internal el ectrodes as shown by arrows B end C in Hi

portions D to G thereof. The nunber of the positions for nmeasuring the
‘thickness of the long ceranic green sheet is preferably increased so that
t he thickness can be measured in high

FIG. 1
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15 - accuracy. |In order to sinplify the operation for calcul ating the-
number of the ceramc green sheets to be stacked wi tfFeach. of her akth
reference to the thickness, however, the nunber of the*i ‘%O“g""ggsssitiﬁ-ons
is-preferably reduced. 20 When the thi ckness of th& ‘%3 ______________ _
green sheet is neasured through radi ati.on as describ d?jeibg;s@;;;;he:t:&hckness
must be measured in advance of printing of the internal electrodes, since
the internal electrodes contain a netal. Although the present i nvention has
been described and - - : :

FIG.3
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25. iltustratéd in detail, it is clearly understood that the sane i s by

way of illustration and exanple only and is not to b

limtation,

only by the terns of the appended clafns;._g

the spirit and scope of the present inver

o w e _f-.
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4
WHAT IS CLAIMED 1'S: 1. A method of manufacturing a nu 'Lﬁxer ceram c

conmponent including capacitor. therein, conprising th '*~eapry|ng

a long ceramic green sheet along its longitudinal dir 2%?@% ﬁ& §ﬁrlhg

t he thickness of said long ceram c green sheet while aLJy itk %me
'_e_'e'_n:g he—et..,.... '

forn1ng an |nternal el ectrodes on said |l ong ceramc

~ METHOD bF MANUFACTURING MULTILAYER.CERAMIC COMPONENT INCLUDING CAPACITQR
ABSTRACT OF THE DISCLOSURE
A method of nreparing a multilayer ceramic
component including capacitor therein includes the stebs of
carrying a long oetamic gfeen sheet along its longitudinal
ditection'and'meaeuring the thickness thereof while carrying
the same, forming an internal electrode on the long ceramic
' green sneet subjected to the measurement of the thickness,
punching out the'long ceramic-green sheet provided with the
intetnal electrode into prescribed dimensions andhstaoking
the punched ceramic gieen sheets with each-other by a number
obtained on the basis of the measured value of the thickness
for obtaining a laminate, obtaining a ceramic sintered body

by firing the 1aminate.

Figure 1



AacrLALEMENT ofEERt

punchi ng out said |ong ceramic green sheet into ceramc green sheets of
prescti bed di nensions and stacking said punched ceranic ggees

each ot her by a nunber being obtained with reference to t
of the 15 thickness of said | ong ceram c green sheet; prig
| am hat ed body obtai ned by stackin said ceram c green sheg
direction of thickness for formng a | am nate; obtaining
body by flrlng said 20 | am nat e; and

As clearly understoed £from Fig. 6, a plurality of
internal electrodes 32a to 32g are srranged in the
multilayer ceramic capacitor 30 to overlap with each other
through sintered body layers. The electrostatic capacitance

5 of tha multilayer ceramic capacitor 30 is decided by the
thicknasses of tha gintered body layers which are held
between the internal elactrodes 32a to 32g, overlapping
areas of the internal alactfodas 32a to 325 which are
opposed to each other through the sintered body layars, and

10 the dielectric constant of dielectric ceramics forming the
sintered body layers,

In general, the sintered body leyers which are held
betwaen the internal sleaotrodes 32a to 32g have considerably
small thicknasses of 5 ym to 50 um. In the aforementiocned

15 . method, tharafora, siight fluctuation of tha thicknesses of
the ceramic green sheets results in remarkable fluctuation
of the electrostatic capacitance. In order to,gp;g;n,é
desirsd electrostatias cepacitance in the multilayer ceramic
capacitor, therefore, it is necessary to control the

20 thicknesses of the employed ceramic graen sheets in high-
accuracy.

In actual praparation of the multilayer ceramic
capacitor,. on the other hand, conductive patterns for

forming the internsl electrodes are provided on a mother

25 green sheet, thereafter the mother ceramic green sheet which

-2 -



formng eterna

el ectrodes on outer surfaces of said sintered body 2. The

met hod of manufacturing a nmultilayer ceramic 25  conponent IHLIUUm‘ e
capacitor therein in accordance with claim1, wherein the t|hFERheSEMEHT S5
| ong ceranic green sheet is measured in a plurality of port ons théZENBV]ggb

3. The nethod of manufacturing a nultilayer ceramc

10

15

is provided with the conductive patterns is punched out into
prescribaed dimensions, and a plurality of the punched
ceramic green sheets are stackad'with gach othar to cbtain a
mother laminate, for improving mass productivity. '
Thereafter the mother laminate is cut along its thickness,
thoreby obtaining laminates for raspective multilayer
ceramic capacitors. |

In genaral, the aforementioned ceramic green sheet is
molded to have an elongated shape by a doctor blade coatar
or a roll coater method. In such a long ceramic green sheet
molded in the aforemeﬁtioned method, however, tha thickness
tends to disparsa depending on the molding apeed or the
viscosity of the employad caramic slurry, and partial
dispersion of the thickness is not negligible.

Whan a multilayer ceramic capacitor iz prepared in
accordanca with the conventional method, therefore, it is

impossible to avoid fluctuation of the electrostatic

capacitance in the obtained ceramic green sheets. In order

to prevent such fluctuation of the electrostatic

capacitance, therefore, the following method is employed in
general: o
After ceremic green sheets providad with internal
electrodes for forming the electrostatic capscitance are
stacked with each other, an additional ceramic green sheet
for adjusting the electrostatic capacitance is further
stacked on the laminate in consideration of the dispersion

-3 -



conmponent including capacitor therein in accordance with claim1 or 2,
wherein the thickness of said | ong ceranic green sheet | s_neasured_in-at ...
| east at a central portion of S a region being prOV|ded M&ﬁhy&abﬂ‘ggdwETi

internal electrode. 4. The nethod of manufacturing a mul{lil ayer ceazg$$§
rconponent including capacitor therein in accordance with C%Qhﬁ]g l
the thickness of said | ong ceramc green 10 sheet i s neasured--ep—both
ends of said region being provided with said internal

| ongi t udi nal

LV ]

...............................

el ectrode. 5. The nethod of nanufacturin a nul t. er

10

15

ram c
of the electrostatic capac tancs wh may %e caused in the

laninatae, thereby cbtaining the necessary electrostatic
capacitance.

In such a mathod of further stacking the additional
ceramic green sheet provided with the elestrode for
adjusting the slectrostatic capacitance, however, tha
preparation steps are complicated since the additional
cafumic grean sheet providad with an electrode for adjusting
the electirostatic capncitanné must be prepared, i.e., an
slactrode pattern for adjusting the electrostatic
capacitance is required in addition to electroda patterns
forming the internal electrodes.

In addition, the thicknesses of tha ceramic grean
shaets may be considerably changed with time to zesult in
thickness fluotuation of saveral pm. When a certain degree
of time is required in advance of stacking after molding of
the ceramic grsen sheets, therefore, it is necessary to
change the laminate structure in rasponge to tha fluctuation
of the thicknesses of tha ceramic green shaats, in order to

obtain the designed electrostatic capacitance. Thus, the

method of forming the electrode pattern for adjusting the
electrostatic capacitance still tends to cause an error
between designed and actual elactrostatic capacitances.
SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to

-4 =



conponent including capacitor therein in accordance with 15 claim 3,
wherein the thickness of said |ong ceram c green sheet i e
corner portions of said region being provided with said m&§mA€Ef£ﬂﬁﬂﬂﬁzﬂ£;”
6. The nethod of manufacturing a nmultilayer ceramc 20 conpozegpviggs ,
i ncl udi ng capacitor therein in accordance with claim11, 2Da8:.4..0r.5, ...
wherein the thickness of said |ong ceram c green sheet - s Heastured Evﬁ%:ZE
non-cont act measuring nethod. 25 7. The net hod of manufacturing a

I til '
mititayer Cere”géasant invantion, the long ceramic green sheet is carried

along its longitudinal direction so that the'steps of
measuring the thickness, forming an internal electroda and
punching out the long ceramic green sheet are carried out,

5 snd the punchad ceramic green sheats are immediataly stacked
with each ofher. Therefore, a laminate can be obtainad with
no influence exerted by flucyuation of the thicknessaes of
the ceramic green sheets caused with time.

' After the actual thickness of the long ceramic graean

10 sheet is measured, the ceramic green sheets are stacked with
aach other by the number obtained in rssponse to ths value |
of the thicknesé, whoreby a target electrostatic capacitance
can be reliably implemsnted. : |

Even i1£ the long ceramic green sheat fluctuates in .

15  thickness, therefore, it is possible to relisbly prepare a
multilayer ceramic component including a cepacitor having
the degigned electrostatic capacitance with high accuracy.

Praeferably, the thickness of the long caramic green
sheet is measured in a plurality of portions, so that the

20 numbexr of the ceramic green sheets to ba stacked with aach
other can be dacidad.in higher acocuracy. Thus, a multilayer
ceramic component including a capacltor having a desired
electrostatic capacitance can be further reliably prepared.

According to a specific aspect of the present

25 inveantion, the thickness of the long ceramic green sheet is



conponent including capacitor therein in accordance with - 20 - claim 6,
whereln sai d non-contact neasuring nethod is adapted to_irradiate said Ionq
ceram c green sheet with radiation for deciding the thl?ﬁg&ﬁﬁ.I{quige =7
anount of applied said radiation and the anount of excited or e
transmtted radi ati on being neasured after irradiation. | D1qr 2 hgy1995

o e - e I S

may ilternativaly be formed on a base film of PET
(polysthylene -teraphthalate) oz the like.
The long ceramic green shaet 9 is carried along its
longitudinal direction, and supplied to tha sheet thickness
5 measuring unit 2. The sheet thickness measuring unit 2
according to this ambodiment is adapted to irradiate the
long ceramic green sheet 9 with radiation for measuring the
thicknass of the long ceramic green sheat 9 from the ratio
of the amount of the spplied radiation to the amount of
10 excited or transmitted radistion which is obtained as tha
regult of the irradiation. This sheet thidkness measuring
unit 2 measures the thickness of the long ceramic green
sheet 9. The measured valus is supplied to the central
arithmatic processing unit 5 as described iater for deciding
15 the number of the ceramic green sheets to bea stacked with
each othar, and the sheet punching unit 7 is controlled to
.punch out tha long ceramic green sheet 9 into tha ceramic
green shests of the prescribed dimensions, which in turn are
stacked with each other.
20 . The sheet thickness measuring unit 2 may alternatively
be formed by any unit in place of that amploying radiation,
80 far as the same can measure the thicknasas of the long
ceranic green sheet 9 while carrying the same, without

gxtracting a part of the ceramic green sheat9. For exampla,
25 the unit 2 may be formed by a micrometer which presses

- 12 -



8. The nethod of manufacturing a nultilayer ceram c conponent including
QapaC|tor therein in accordance with any one of clains 1Aﬁr£#;mh€F§Fﬁ=Fﬁ§;
nultllayer ceram c 10 conmponent including capacitor th Fﬁrﬂnh& FENT SHEET
mul tit | ayer cerami c capacitor and further conprising a st 2P oig ghqqggs F
external electrodes on end surfaces of said ceramc S|nt red 0 :
respectlvely A

e T

mesuring portions against both surfaces of the long cerxamic

grean sheet 9 for measuring its thickness. '
The long ceramic green sheet 9 is preferably
intermittently fed between the rolls 1 and 8, so that its
. 5 thickness is measured while the same is stopped. Internal
aelectrodes can ba formed on the long ceramic green shaat 9
during such stoppage, as described later. Thus, the
thickness of the long ceramic gresn sheet ¢ can be messured
every formation of the internal slectrodes, whersby the time
10 for aa:rfing out the steps can be prevented from being
increased by proviaion oi an extra time for measuring the
thickness.
The radiation which is employed for measuring the
- thicknesgs ia selected from X~-radiation, y-radiation and B-
15 radiation, in responsa to the material for and the thickness
. of tha long ceramic green sheet 9. Particularly when the
: long ceramic green sheat 9 is formed on a base £ilm, the
radiation is preferably prepared from the x;radiation or the
Y~-radiation which is hardly influenced by the material for
20  the bese film etc. -
Thereafter the long ceramic green sheet 9 which is
subjected to the measurement of its thickness is fed to tha
next step of forming the infarnal electrodes, so that the
internal electroda printer 3 applies conductive paste 10

25 onto the long ceramic green sheet 9 by screen printing,

- 13 -



10

15

€
[£4]
-z
'l‘!
-d

|l REFLADERAENT SN
!
* C L M s = !
' |

| ... 2 NGV 1996
WHAT IS CLAIMED IS:

'1. A mathod of manufacturing a multilayer ceramic
‘component including capacitor therein, comprising the steps
of:

| carrying a long caramic green shaat along its
longitudinal dixection and measuring the thickness of said
long ceramic green shest while carrying the same;
forming an internal electrodes on said long ceramic
green shaet;

punching out sald long ceramic green sheet into ceramic
green sheats of praescribed dimensions and stacking said
punched ceramic green sheets with each other by a number
baing obtained with refereance to the measured value of the
thickness of said long ceramic green sheet;

pressurizing a laminated body obtained by stacking said
¢eramic green sheets along the direction of thickness for

forming & laminate;

obtaining a ceramié sintered body by firing said
laminate; and | |

_forming etarnal electrodes on outer surfaces of gsaid
sintered bodx;

2. The method of manufacturing a multilaysr caramio
component including capacitor therein in accordance with
claim 1, wherein the thickness of zaid long ceramic green

sheat iz measured in & plurality of porticns thereof.
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3. Tha mathod of manufacturing a multilayer ceramic
component including capacitor therein in ascordance with
claim l-or 2, wherein the thicknesa of said long ceramie
green sheet is measured in st lesast at a central portion of

a vagion being provided with seid internal electrode.

4. The method of menufacturing a multilaysr ceramic
component including capacitor therein in accordance with
claim 3, wherein the thicknesas of said long ceramic green
sheet is measurad on both longitudinal ends of sald region
béing provided with said internal electrods.

5. The mathed of manufacturing a multilayer ceramic
component including capacitor therein in accordance with
claim 3, wherein the thickness of sald long ceramic green
sheet 13 measured at corner portions of said region being

provided with said internal electrods.

6. The method of manufacturing a multilaysr ceramic
component including capacitor therein in accordance with

claim 1, 2, 3, 4 or 5, wharein the thickness of said long

ceramic green sheet is measured by a non-contact measuring

. mathod.

7. The mathod ‘of manufacturing a multilayer ceramic .

companent including capacitor therein in accordance with

- 20 =
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