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METHOD 'FOR MANUFACTURING ELECTRONIC COMPONENT

OF LAMINATED CERAMICS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present inventior{ relates to a method for manufacturing
electronic components of laminated ceramIcs such as 1am1nated
ceramic capac1tors, laminated 1nductors, multi-layer c1rcu1t |
boards and laminated piezoelectric members. The present
invention particularly relates to a method for manufacturing
electronic components of lamlnated ceramlcs comprlslng the
processes of laminating a plurallty of ceramlc green sheets on'

which £ilms of inner circuit elements such as conductive films

having a given thickness are partlally formed.

2. Description of the Related Art

A piurality of ceramic green sheets are prepared and
laminated for manufacturing electronic components of laminated
ceramics such as laminated ceramic capacitors. Films of inner
circuit elements such as conductor films and resistor films for
constructing capacitors, resistors, inductors, varistors and
filters are formed on a specified green sheet depending on the
desired functions of the electronic component of laminated
ceramics. -

Thin layer and multi-~layer ceramic green sheets have been



developed in order to make the electronic component of laminated
ceramics to be small size and to have high performance. For
example, the laminated ceramic capacitor may be small size while
having a large capacitance by laminating a plurality of the thin
ceramic green sheets. However, the thickness Of the film of
inner circuit elements gre'éltly influences on the performance of
the ceramic components as the green sheetmls made thlnner and
larger numbers of the ceramic green sheets are lamlnated, causing |
the follow:.ng problems.

Step heights are accumulated by the difference of thickness
between the port:.ons where the film of lnner circuit elements
is formed and not formed, when the f:le of 1nner ClIC\Ilt elements
is formed on the ceramic green sheets followed by lamlnatlng the
sheets. Therefore, the pressure for pressing the laminate
obtained by laminating the ceramic green sheet is not uniformly
applied along the direction of the principal faces of the ceramic
green sheets, sometimes causing delamination of the laminate.
- Otherwise, the surfaceof the laminate partially expands to form
non-plane surface that generates cracks in the firing process
thereafter.

For solving these and other problems, it is proposed to
eliminate the steps on the ceramic green sheets by applying the
ceramic paste by screen printing, photogravure printing or

relief printing on the area of the ceramic green sheet where no .

films of inner circuit elements are formed.



The method for manufacturing the ceramic capacitor will
be described in more detail with reference to FIG. 2. Ceramic
green sheets la and 1b are prepared at first as shown by the
processes (1A) and (1B) in FIG. 2.

Inner electrodes 2a and 2b as films of inner circuit
elements are formed on the’j principal faces of the ceramic green
sheets la and 1b as shown by the processes -(~ZA) and (2B). in FIG,
2. These inner elect.fodes 2a and 2b have gifren thicknesses, |
respectively, .thereby steps 3a and 3b appear due to the thickness
of each film.

Ir-x the process for forming the inner electrode 13, the inner
electrodes 2a and 2b are formed so as to merely reach one terminal
edge along the longitudinal -direction located at the end along
the longitudinal direction of respective recfaﬂgular principal
faces of the ceramic green sheets la and 1b, and not ﬁo reach
the two terminal edges located at the ends along the transverse
direction— and the other terminal edges located at the end along
the longitudinal direction.

As shown by the processes (3A) and (3B) in FIG. 2, ceramic
pastes 4a and 4b are applied by screen printiné, photogravure
printing or relief printing on the area of the principal faces
of the ceramic green sheets la and 1b where no inner electrodes
2a and 2b are formed, thus substantially eliminating the steps
3a and 3b due to the 'inner electrodes 2a and 2b as shown by the

processes (2A) and (2B) in FIG. 2.



The ceramic pastes 4a and 4b should have a viscosity of
. given value or more for maintaining resolution of the ceramic
pastes 4a and 4b applied by printing higher than a prescribed
level in the printing processes of the ceramic pastes 4a and 4b.
Accordingly, the content of solvents in the ceramic paétes 4a
and 4b is usually adjuste‘{i to 35% by weight or less.

The ceramic green sheei_:s la and 1b shewn by the processes
{3A) and {(3B) in FIG. 2, réspective_ly, are aiternately lamina_téd;

This means that the terminal edges at the ends aiong the |
longitudinal direction where the inner electrode 2a or 2b reach,
and the terminal edges at the ends along the longitudinal
direction where the inner electrode 2a or 2b do not r_each / are
alternately arranged along fhe direction of laminatioh. .A |
laminate 5 as shown by the process (4) in FIG. 2 is obtained by
laminating the ceramic green sheets la and 1b.

The laminate 5 is fired after pressing. A desired
laminated ceramic capacitor is completed by forming auxiliary
circuits at both ends of the laminate 5.

Since the steps 3a and 3b due to the thicknesses of the
inner electrodes 2a and 2b can be substantially eliminated by
the methods as described above ; the ceramic green sheets la and
1b can be laminated without being substantially affected by the
thicknesses of the ceramic green sheets 1a and 1b. Accordingly,
the thin ceramic green sheets la and 1b can be laminated while

allowing delamination and cracks in the laminate 5 to be scarcely



generated.

A method for obtaining one laminate 5 is illustrated in
FIG. 2. However, each process shown in FIG. 2 is usually carried
out so as to manufacture a mother laminate for yielding a number
of laminates 5, in order 15:.0' efficiently obtain a.plurélity of
laminates 5. The motherl llaminate is cut to isolate individual
laminates 5 from it by executing each proaeés shown in FIG. 2.
For this purpose, each ceramic gréen sheet 1a and 1b shown in
FIG. 2 is prepared as a mother sheet having a large dimension.
The inner electrodes 2a and 2b are formed, and the ceramic pastes
4a and 4b are applied on this mother sheet, followed by laminating
the mother gre'eh él;eets". o : | L

However, the method for eliminating the steps on the.
ceramic green sheets as hitherto proposéd involves the following
problems. |

FIG. 5 shows an extended cross section of a part of the
ceramic g;reen sheet 1 as a mother sheet, and a part of the inner
electrode 2 formed on tixe principal face of the green sheet as
described above. The ceramic paste 4 inadequately applied on
the principal face of the ceramic green sheet 1 is also -
illustrated, although the object of applying the ceramic paste
has been to substantially eliminate the steps due to the
thickness of the inner electrode 2.

While the ceramic paste 4 is applied by screen printing,

photogravure printing or relief printing as described -.above, the



positional accuracy of these printing methods is about 30 to 200
ym. Consequently, a part of the ceramic paste 4 overflows on
the inner electrode 2 when the printing position has shifted,
thereby enhancing the steps rather than demising it.

For avoiding the foregoing problems from occurring, it is
proposed to designed the ;firinting pattern of the ce-ramic paste
4 so as to form a gap 6 with a space of, Tor example, several
tens microns between the cefamic paste 4 and the inner electrede :
2, thereby allowing the ceramic paste 4 to hardly overflow on
the inner electrode 2 even when the printing position has been
a little shifted. However, thls method also lnvolves some
problems that the terminal edge of the inner electrode 2 1s apt
to be distorted by the presence of the gap 6, or that structural
defects such as voids are liable to be generated in the lamlnate

after firing.

SUMMARY OF THE JINVENTION

Accordingly, the object of the present invention is to
provide a method for manﬁfacturing an electronic component of
laminated ceramics that is able to solve the problems as hitherto
described.

In a first aspect, the present invention provides a method
for manufacturing an electronic component of laminated ceramics
comprising the processes of: preparing a ceramic green sheet;

partially forming a film of inner circuit elements on the
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principal face of the ceramic green sheet while forming steps
corresponding to the thickness of the film; applying a ceramic
paste on the principal face of the ceramic green sheet so that
steps due to the thickness of the film of the inner circuit
elemehts are substantially eliminated; ahd laminating the
ceramic green sheets on whi'/ch the ceramic paste has been applied.

In the first aspect for solving the technical problems as
hitherto described, the £film of inher circﬁit elemenfs is formed
at the periphery of the film to give an inclined face with an
acute angle against the principal face of the ceramic green sheet
in the process for forming the film of inner circuit elements,
and the ceramic paste is appliéd:é;"aéniﬁ.overlap thélpéﬁiphery?
of the film of inner circuit elements ih the step fof fpiming
the film of inner circuit elements. o -

In the second aspect, the ceramic paste is also coated so
as to overlap the periphery of the £ilm of inner circuit elements
in the pr_:ocess for coating the ceramic paste, a ceramic paste
containing 40% by weight to 85% by weight of a solvent being used
as the ceramic paste.

The method for manufacturing the electronic component of
laminated ceramics in the third aspect of the present invention
may comprise the features of the first and second aspects. The
film of inner circuit elements is formed at the periphery of the
film to give an inclined face with an acute angle against the

principal face of the ceramic green sheet in the process for



forming the film of inner circuit elements, and the ceramic paste
is applied so as to overlap the periphery of the film of inner
circuit_elements, wherein a ceramic paste containing 40% by

weight to 85% by weight of a solvent is used as the ceramic paste.

The inclined face ig preferably formed so as to have an
angle of 0.3 degree to 30}%egree against the.principal face of
the ceramic green sheet inthe first or thirdaépect of the present
invention. |

The ceramic paste is applied so as to overlap the periphery
of the film of inner circuit elements with an overlap width of
180 um, preferably with an overlap width of 20 to 140 ym, in the
first to third aspect of the presént invention.

Although the ceramic paste containing 40% by wéi'ght to 85%
'by weight of a solvent is used ih the second and third as?ects
of the present invention, it is also preferable to use the ceramic
paste containing 40% by weight to 75% by weight of the solvent
in the first to third aspects of the present invention.

The present inveﬂtion can be advantageously applied
particularly to the method for manufacturing a laminated ceramic
capacito.r. The ceramic green sheet has a rectangular principal
face when individual ceramic capacitor to be manufactured is
noticed as a unit capacitor. In the process for forming the film
of inner circuit elements that serves as an internal electrode
for ensuring an electrostatic capacitance, the film of inner

circuit elements is formed so as to merely reach one terminal
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edge along the longitudinal direction located at the
longitudinal end of the rectangular face of the ceramic green
sheet while being formed so as not to reach two terminal edges
along the transverse direction located at the other terminal edge
along the longitudinal direction and at the end along the
transverse direction, respectively. A plurality of the ceramic
green sheets aré laminated so that the terminal edge.along'ﬁhe
longitudinal direction whére the film of inner circuit eleménts
reaches and the terminal edge along the longitudinal direction
where the film of inner circuit elements does not reach are
alternately arranged along the direction of lamination. |
While the ceramic‘pasté ié cééﬁe&.oh the entire.éréh'on
the principal face of the ceramic green sheet where the fiiﬁ.of-
inner circuit elements is not formed-in'the'process for coating
the ceramic paste, the ceramic paste may be merely coated on the
area sandwiched between the terminal edge along the transverse
directioﬂ.of the principal face and the film of inner circuit
element on the ceramic green sheet when the present invention

is applied to the method for manufacturing the laminated ceramic

capacitor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the cross sections of characteristic
processes provided in the method for ménufacturing the

electronic component of laminated ceramics according to one
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embodiment of the present invention, wherein the process (1)
denote the ceramic paste 17 immediately after coating, and the
process (2) denote the dried ceramic paste at a give lapse of
time after coating.

FIG. 2 is a perspect{_ive view showing the method for
manufacturing the laminat',ed ceramic capacitor concerning the
present invention. : : S

FIG. 3 is a cross section showing an inadequate stafe'when
the ceramic paste 17 contains a small amount of solvents.

FIG. 4 corresponds to the processes (3A) and (3B) showing
perspective views of the other embodiment of the present .
invention when the 'ééfamic pastes 4a and4b are apbliéd;' N

FIG. 5 is provided for illustratiné the problems to be
solved by the p'res'er-i-t' invention,' "shoﬁiﬁg a cross section when
the ceramic paste 4 is inadequately applied.

FIG. 6 is provided for illustrating the problems to be
solved by- the present invention, showing a cross section when
the ceramic paste 4 is applied forming a gap 6 between the ceramic

paste and the inner electrode 2.

DESCRIPTION OF THE PREFERRED EMBODIMENT

When the method for manufacturing the electronic component
of laminated ceramics according to one embodiment of the present
invention is applied, for example, to a method for manufacturing

the laminated ceramic capacitor, the processes shown in FIG. 2
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is basically used preferably in a mother green sheet for
improving productivity. FIG. 1 shows cross sections of the
characteristic processes involved in the method for
manufacturing the laminated ceramic capacitor in the embodiment
according to the present ;nvention.

With reference to th’ie step (1) in FIG. 1, a ceramic green
sheet 11 is prepared as. a mother sheet. — |

Then, inner eleétrddés_ 13 as films of inner circuit
elements are partially formed on a principal face 12 of the
ceramic green sheet 11 so as to allow them to distribute over
various portions on the sheet. The thickness of the inner
_ "electrodlt-;_s 13 brings about ste’pé 14 on the p:'r__.iri'dipal facé:_"izl".df' kN
the ceramic green sheet 11. |

‘The ceramic gi:een sheet 11 has a tectangular principal face
12 when individual ceramic capacitors to be formed are noticed
as unit capacitors in the process for forming the inner electrode
13 as des‘cribed above. The inner electrode 13 is formed so as
to merely reach one terminal edge along the longitudinal
direction located at the longitudinal end of the rectangular
principal face 12 of the ceramic green sheet 11 while being formed
S0 as not to reach two terminal edges along the transverse
direction located at the other terminal edge along the
longitudinal direction and at the end along the transverse
direction of the principal face 12.

In a characteristic construction of the present invention,
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the inner electrode 13 is formed at the periphery of the film
so as to give an inclined face 15 hgving an acute-angle against
the principal face 12 of the ceramic green sheet 11 in the process
for forming the inner electrode 13. The angle 16 of the inclined
face 15 against the principal face 12 is preferably selected to
be within a range of 0.3'%egree to 30 degree.

While the inner electrode 13 may be formed by printing such
as screen printing, photogravure printing or relief printing,
the inclined face 15 as described above can be easily formed by
using a mask or a screen for printing, or by adjusting the
viscosity of a conductive paste used for forming the inner
electrode 13. When the inner electrode 13 is formed by prlntlng,
it is dried in the next process. When the inner electrode 13
is formed by dry plating such as sputﬁering, the'incliﬁé'face'
15 can be also easily formed by devising the mask.

The ceramic paste 17 is appliéd in the next process by,
for examlg;le, screen plating, photogravure printing or relief
printing on the entire area on the principal face 12 of the ceramic
green sheet 11 where the inner electrode 13 is not formed, so
as to substantially eliminate the steps 14 due to the thickness
of the inner electrode 13. While the ceramic paste 17 contains
a ceramic powder, a binder and a solvent, it is preferable that
the ceramic powder contained in the ceramic paste has
substantially the same component as that used in the ceramic

green sheet 11.
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In the characteristic construction of the present
invention, the ceramic paste 17 is -coated s0 as to overlap the
periphery of the inner electrode 13 with an overlap width 18 as
shown in the process (1) in FIG. 1.

Gaps between the inner electrode 13 and the ceramic paste
17 are prevented from genérating even when printing positions
have been shifted, by allowing the ceramiehpaste 17 to overlap .
the periphery of the inner electrode 13. |

Since the inclined face 15 is formed at the periphery of
the inner electrode 13, the portions of the ceramic pasté 17 that
have overflowed on the peripl;er_y of the inner elec.trode._:_l3
promptly flow back to the area between ttié-:_t_::wf}ee'-' _i_ﬁner electrodes ' '
and the surface of the paste is smoothly-l'e-v'e'led, after'.t-he'
ceramic paste 17 have been applied so as to overlap the periphery.
In other words, the steps 14 at the inner electrode 13 serve
for aligning the pattern of the ceramic paste 17, which is dried
after bei;lg applied on the green sheet. Therefore ¢ the ceramic
paste 17 forms a substantially the same level as the surface of
the inner electrode 13.

The foregoing overlap width 18 is preferably 180 um or less,
more preferably 20 to 140 ym. For confirming the preferable
ox}erlap width, the following experiments were carried out.

With reference to FIG. 1, a ceramic green sheet 11 on which
the inner electrodes 13 had been printed and dried, and a ceramic

paste 17 were prepared at first. The thickness (the step 14)
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of the inner electrode 13 after drying was 5 um, the inclination
angle 16 at the periphery of the inner electrode 13 was three
degree, and a ceramic paste 17 confaining 60% of a solvent was
prepared so as to be able to obtain a coating film having the
same thickness as that-of the inner electrode 13.

The ceramic paste 17 was coated on the principal face 12
of the ceramic .green sheet 11 by screen printing as shown in the
process (1) in FIG. 1. Samples in which the overlap width 18
was variously changed within a range of -40 um to 300 um as shown

in TABLE 1 below were manufactured.

TABLE 1 . _ : ,

OVERLAP |RATIO OF OCCURRENCE | BENDING RATE OF

WIDTH OF STRUCTURAL SITUATION | OCCURRENCE OF

- | DEFECTS DEFECTIVE IR

-40 100/100 X -
~20 80/100 X -
0 0/100 A 1/1000
20 0/100 O 0/1000
40 0/100 o) 0/1000
60 0/100 ) 0/1000
80 0/100 o) 0/1000
100 0/100 o) 0/1000
120 0/100 o) 0/1000
140 0/100 o) 0/1000
160 0/100 A 3/1000
180 0/100 X 10/1000
200 5/100 % 7/1000
220 3/100 X 7/1000
240 10/100 x 10/1000°
260 8/100 X 15/1000,
280 15/100 x 20/1000
300 12/100 x 18/1000
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After drying the ceramic paste after screen printing, 300
sheets of the ceramic green sheets 11 on which the inner
electrodes 13 and a pattern of the ceramic paste 17 had been formed
were laminated, followed b;y laminating a ceramic green sheet on
which neither the inner ele;ct'rodes nor the pattern of the ceramic
green sheet had not been formed under the- laminated sheets,
thereby obtaining a mother laminate.

After pressing the mother laminate, it was cut with a dicing
saw to isolate a plurality of chips, followed by firing the chips.

Presence of structural defects was accessed by visual
observation of appearance 6f thékfiié§'dﬁips thﬁs_obféiﬁéaﬁﬁsr
determine the ratio of the samples having structural defecfs'
relative to the total number of the samples, or the ratio of
occurrence of structural defects. Bending at the terminal of
the inner electrode 13 was also accessed by observing the cross
section of the chips after firing. The ratio of occurrence of
structural defects and bending situations are listed in TABLE
1.

Bending at the terminal of the inner electrode 13 is caused,
for example, by increasing the thickness at the overlap portions
of the inner electrode 13 with the ceramic paste 17 when the
terminal edge of the ceramic paste 17 flows over the inclined
face 15 at the periphery of the inner electrode 13, or by

distortion of the inner electrode 13 along the gaps formed
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between the inner electrode 13 and the ceramic paste 17. The
chips substantially having no bending, having slight bending,
and having large bending are markéd by "O", "A" and "x",
respectively, in TABLE 1.

TABLE 1 shows that the samples with overlap widths of -40
um and -20 pm, or the sam}f;les in which gaps between the inner
electrode 13 and the ceramic paste 17 are. formed, ‘exhibit
relatively higher ratios of occurrenée of structural defec;ts.
A ratio of occurrence of structural defects of 0/100 could be
observed, on the other hand, in one sample havix_lg an overlap width
of zero micrometer, or a gap width of zero micrometer, and some
samples listed in the tablé theréafter. -.

When the overlap'w-idths 18 were increased to about 100 ym.
among the samples 'having a ratio of occurrencé of defects of 0/100,
the terminal edge of the ceramic paste 17 had flowed over the
inclined face 15 at the periphery of the ceramic paste.
Consequently, the thickness at the oveilap portions of the inner
electrode 13 with the ceramic paste 17 was increased, thereby
generating bending at the terminal edge of the inner electrode
13, as observed at the cross section of the chip after firing.
However, no chips having structural d_efects were observed when
the overlap width was 180 um or less. Structural defects were
observed, on the other hands, when the overlap width exceeded
180 ym up to 200 um or more. |

The preferable overlap width 18 is therefore 180 ym or less
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as shown by the experimental results above.

Insulation resistance (IR) was measured with respect to
the laminated ceramic capacitors in respective samples in the
table after completing the laminated ceramic capacitors by
forming auxiliary electrodes to the samples having overlap
widths 18 of more than zero.-{nicrometer on the chips obtained after
firing. The ratios of the samples' having défective IR relative
to the total sample '.rllumber were determined, and the ratios of
occurrence of samples with defective IR are also listed in TABLE |
- 1.

Occurrence of defective IR and bending of the inner
electrode 13 at its terminal edge aife'xti_iitually related as';'shév}.n' '
in TABLE 1, suggesting that most of defective IR is caused by
bending at the terminal edge of the inner electrode 13. The
overlap width should more preferably in the range of 20 to 140
um considering defective IR due to bending.

The'preferable range of the overlap widt;_h 18 as described
above is influenced by various factors such as the viscosity of
the ceramic paste 17 used, the content of solvents, the thickness
of coating, and the angle 16 of the inclined face 15 at the
periphery of the inner electrode 13. The allowable range of
overlap also depends on the size and kind of the electronic
components of laminated ceramics to be used. Accordingly, the
preferable range of the ovérlap width 18 as described above is

only an example, and the range may be wider or, on the contrary,
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be narrower in some cases.

As suggested in the foregoing_ discussions on the overlap
width 18, the behavior of the ceramic paste 17 is influenced by
the content of solvents therein. When the content of the solvent
is 40% by weight or more thereby to lower the viscosity of the
ceramic paste 17, it was _r’évealed that leveling of the ceramic
paste 17 is more facilitated. For confirming the fact, the
content of the solvent in the ceraxﬁic paste 1;7 was variously
changed as shown in TABLE 2, and the paste was dried after a giveﬁ
time to measure the dimension 19 along the ?:hickness of the
ceramic paste 17 at the periphery of the inner electrpd_e 13, and

the film thickness 22 at the center of the ceramic paste 17.

TABLE 2 N

CONTENT OF - | DIMENSION 19 ALONG THE | FILM THICKNESS
SOLVENT THICKNESS AT THE 22 AT THE CENTER
(% BY WEIGHT) ' PERIPHERY (pym} {(pm)

20 6 3

25

30

35

40

45

50

55

60

65

70

75

80

85

Wlw W [Wwiw Wi w|wiw] W

W W Wl W W Wwiw W&o

NN
*
mn

3
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The data shown in TABLE 2 show the dimensions 19 along the
thickness of the ceramic paste 17 at the periphery of the inner
electrode 13, and the film thicknéss 22 at the center of the
ceramic paste 17 after drying, respectively, when the ceramic
paste 17 is applied so as to £ill the step 14 while adjusting
the step 14 of the inner elléctrode 13 to 3 um and the inclination
angle 16 of the inner electrode 13 to three-degrees, wherein the
distance 20 between two electrodes 13 is determined fo be 500
um and the ceramic paste l‘f is applied with a width 21 6f 600
L.

TABLE 2 shows that the dlmensn.ons 19 along the thickness

of the ceramic paste 17 at the perlphery exceeds the dlmensmn""" .

of the step 14 of the inner electrode 13, or the film thl_ckness
22 at the center of the ceramic paste 17 after drying,
respectively, of 3 um, when the ceramic paste 17 contains less
than 40% by weight, or 35% by weight or less, of the soivent,
showing that the paste has poor leveling property. When the
solvent content is in the range of less than 40% by weight, the
dimension 19 along tﬁe thickness of the ceramic paste 17 at the
periphery increases, showing that the leveling property is more
deteriorated.

FIG. 3 shows the situation of the applied ceramic. paste
17 having a poor leveling property owing to a high wviscosity of
the ceramic paste 17 because it contains less than 40% by weight

of the solvent. Although the film thickness 22 at the center
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of the ceramic paste 17 is appropriate, the dimension 19 along
the thickness of the ceramic paste 17 at the periphery is larger
than the thickness at the center. The situation of the applied
ceramic péste 17 shown in FIG. 3 is liable to appear when the
overlap width 18 exceeds 180 um as described previously, or when
the inclination angle 16 éf the periphery of the inner electrode
13 exceeds three degree as will be describe@hereinafter, besides
the ceramic paste 17 contains less théui 40% by 'weight of the
solvent.

Wheh the paste contains 40% by weight to 85% by weight of
the solvent, on the contrary, the dimension 19 along the
thickness at the periphery of the_éeraihic .;'aa:s.te' 17 becomes
approximately equal to the dimensidn of the step 14 of the inner
electrode 13, showing a g'ood_ leveling property. From the facts
as described above, it is preferable that the ceramic paste 17
contains 40% by weight to 85% by weight of the solvent.

The dimension 19 along the thickness is appropriate when
the solvent content exceeds 75% by weight to as large a content
as 80% by weight to 85% by weight as indicated in the column of
"DIMENSION 19 ALONG THE THICKNESS AT THE PERIPHERY" in TABLE 2.

However, it is not preferable that the content of the solvent
is so high as shown in the column of "FILM THICKNESS 22 AT THE
CENTER" in TABLE 2, because the ratio of contraction by drying
of the cer'amic paste 17 becomes high, thereby the film thickness

22 of the ceramic paste 17 at the center becomes smaller than
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the dimension of the step 14 of the inner electrode 13. It has
been also experimentally confirmed that irregularity of the
thickness by drying is liable to occur.

From the facts as described above, the upper limit of the
solvent content in the paste is preferably 75% by weight.

When the content ofithe solvent in the ceramic paste 17
1is increased to 40% by_wéight to 85% by'weight”and thereby the
viscosity of the cerémic paste'1§ is lowered, it is confirmed
that the paste show a good leveling property even when the
inclined face 15 is not formed at the periphery of the inner
electrode 13 as described pre%iously.

The inner electrode 13 iS'fétméd at thé'periphéfoéBfasf '
to givé an inclined face 15 &ith'an'acute ahgle against the
principal face 12 of the veramic green sheét 11. The'anglé'lﬁ
of the inclined face 15 against the principal face 12 is
preferably selected tobe within a range of 0.3 degree to 30 degree
as described previously.

Such angle 16 affect the projection length 23 of the
inclined face 15 on the principal face 12 as shown by the prodess
(2) in FIG. 1. The projection length 23 becomes longer when the
angle 16 is smaller, while the projection length 23 becomes
shorter when the éngle 16 is larger.

When the projection length 23 of the inclined face 15 is
longer as described above, the region where the film thickness

of the inner electrode 13 is thin is expanded to compromise
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continuity of metallic components contained in the inner
electrode 13, possibly failing to exhibit the function of the
inner electrode 13. Therefore, thé lower limit of the angle 16
of the inclined face 15 is preferably selected to be 0.3 degree
from the view point as described above.

When the projection}&ength 23 of the inclined face 15 is
shortened,_qn_the other_hand, the allowah;e range for the
printing position of the éeramié paste is narrowed. TABLE 3 -
shows the pro.jection length 23 (ih mm unit) of the inclined flacé
15 when the angle 16 of the inclined face 15 and the film thickness

22 of the inner electrode 13 are variously changed.

TABLE 3

. FILM THICKNESS 22 (um)

1 3 5 10 20

ANGLE 16 0.3 190 § 572 954 | 1910 | 3820

(DEGREE) 0.6 95 286 477 954 | 1910

1 57 172 286 572 | 1150

3 19 57 95 190 172
10 6 17 28 56 113
30 |- 2 5 9 17 35

The positional accuracy of printing of the ceramic paste

17 is about 30 to 200 um as described previously. Therefore,
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it is preferable that the projection length 23 of the inclined
face 15 falls within this positional accuracy range. The
numerical values surrounded by double lines in TABLE 3 falls
within this positional accuracy range. As is evident from TABLE
3, the angles 16 of the i:nclined face 15, which enables the
projection ahgle 23 of th'ie inclined face 15 to fall within the
range of 30 to 200 um, c_airi be selected from among the angles of
0.3, 0.6. 1, 3 and loldegre.es even when- the £ilm fhickness’ 22
of the inner electrode 13 is adjusted to any thickness of 1, 3,
5, 10 and 20 um. Therefore, the upper limit of the angles 16
of the inclined face 15 is selected to be 30 degrees based on
" . the results as deScribédfébéééQ -

By returning to the deséi:iption of the method for -
manufacturing the laminated ceramic cap'aéitor ; the ceramic greeh
sheets 11, in which the inner electrodes 13 are formed and the
ceramic paste 17 is applied so as to substantially eliminate the
steps 14; are laminated as shown by the process (2) in FIG. 1
to obtain a mother laminate.

Notice individual laminated ceramic capacitors to be
obtained as unit capacitors in the lamination process of the
~ceramic green sheet 11. Then, a plurality of the ceramic green
sheets 11 are laminated so that the terminal edge along the
iohgitudinal direction where the inner electrode 13 reaches and
the terminal edge along the longitudinal direction where the

inner electrode 13 does not reach are alternately arranged along
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the direction of lamination.

After pressing the mother laminate, it is cut and isolated
into individual laminates to serve as respective laminated
capacitors that are fired thereafter. The desired laminated
ceramic capacitor is completed by forming auxiliary electrodes
at both ends of each lami’ﬁate after firing.

The embodiment as shown in FIG. 4 may be employed with
respec.t to the method for forming the laminated ceremig capeeitor
as described above. FIG. 4 corresponds to the prece5ses (34)

and (3B) in FIG. 2. The same reference numerals are a’ssigned

to the elements in FIG 4 as those for the correspondlng elements

" shown in the processes (3A) and (3B) in FIG 2 and any dupllcatlng“'f?'f-7-—}"

explanations are omitted. |

This embodiment is characterized in 'tlié"t,_:when desired
individual laminated ceramic capacitors are noticed as unit
capacitors, the ceramic pastes 4a and 4b are applied in the
processee for coating the ceraﬁtic pastes 4a and 4b merely in the
regions sandwiched between the terminal edges along the
transverse direction of each principal face of the green sheets
la and 1b, and the inner electrodes 2a and 2b, respectively, as
shown in FIG. 4.

In this embodiment, the ceramic pastes 4a and 4b are merely
applied in the regions where the steps due to the thickness of

each inner electrode 2a and 2b are particularly apt to be

generated.
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While the method for manufacturing the laminated ceramic
capacitor was described according to the embodiments with
reference to the drawings illustrative of the present invention,
the present invention is not limited to the laminated ceramic
capacitor. Instead, the present invention can be applied to the
electronic components of é.aminated ceramics that function as
resistors, inductors, varistors and filte»rs- .

The £ilm of inner circuit elements comprises a coxidu___dtive
film such as an inner electrode in the foregoing embodiments.
.However, a variety of embodiments can be devised for the film
of inner circuit elements since the present invention may be also
'applled for the electron:.c components . of lam:.nated ceramlcs
hav:.ng a varlety of functions. For example, the f:le of inner
circuit elements may be a circuit element film having relatively
large electric resistance or other electric characteristics.

According to the present invention as hitherto described,
the ceran;ic paste is applied so as to overlap the periphery of
the film of inner circuit elements in order to substantially
eliminate the steps due to the thickness of the film of inner
circuit elements. Therefore, the ceramic paste can be easily
applied on the film of inner circuit elements without generating
any gaps even when the coating position has been a little shifted.

According to the first aspect of the present invention,
the film of inner-circuit elements is formed at the periphery

so as to give an inclined face with acute angle against the
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principal face of the ceramic green sheet. Accordingly, the
portion of the ceramic paste applied so as to overlap the
periphery of the film of inner circuit elements promptly flows
along the inclined face to smoothly level the ceramic paste. In
other words, the steps at,the film of inner circuit elements
‘serves for aligning the céramic paste pattern. Consequently,
" the overlap portion can be prevented from hawing larger thickness___ .
than that of tﬁe other portions even when fhe cerainic paste is
applied to overlap the periphery of inner circuit elemeﬁts.
According to the second aspect of the present invéni:ion,

the viscosity of the ceramic paste can be reduced by us_ing' a

ceramic paste, which is applied on the principal face of the " .

ceramic green sheet so as to eliminate the step due to the
thickness of the film of inner circuit elements, éontainin§ 40%
by weight to 85% by weight of solvents. Consequently, the
portions of the éeramic paste, applied so as to overlap the
peripherx; of the £ilm of inner circuit elements, can be smoothly
leveled among the other portions, wherein the steps caused by
the film of inner circuit elements serves for aligning the
pattern of the ceramic paste. Consequently, the overlap portion
can be prevented from being thicker than the other portions even
when the ceramic paste is applied so as to overlap the periphery
of the film of inner circuit elements.

Leveling of the ceramic paste can be more promptly and

securely attained according to the third aspect of the present
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invention comprising both features of the first and second
aspects.

According to the present invention, the ceramic green sheet
can be made thin and multi-layered while preventing delamination
and mechanical defects from generating, thereby allowing to
obtain the electronic coméonent of laminated ceramics having
excellent performance. . -

- The ceramic paste cén be more securely leveled when the
inclined face formed at the periphery of the film of inner ci:rcuit
elements has an angle of 0.3 degree to 30 degree against the
principal face of the ceramic green sheet. Continuity of the
film of immner circuit elementsséénlﬁé ﬁrévented from being
compromised by adjusting the angle of the inclined face to 0.3
degree or more because, when the angle is less than 0.3 degree,
the area covered with too thin film of inner circuit elements
expands over the too long inclined face. The ceramic paste can
be prever;ted from being applied to the undesirable area by
adjusting the angle of the inclined face to 30 degree or less
because, when the angle is larger than 30 degree, the allowable
region of the printing position of the ceramic paste is narrowed
since the length of the inclined face becomes too short.

The ceramic paste can be more securely leveled by adjusting
the overlap width of the paste over the periphery of the film
~of inner circuit elements to 180 um or less in the present

invention.
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When the overlap width described above is selected to be
within the range of 20 to 140 um, ?:he electronic component of
laminated ceramics scarcely has defective insulation resistance
caused by bending at the terminal edge of the filmof inner circuit
elements.

Contraction of the fé.lm thickness of the ceramic paste at
the center, or irreqular film thickness caused by drying can be
prevented in the pfesent invention by sétting the upper limit
6f the solvent content in the ceramic paste at 75% by weight
because, when the content is more than 75%, contraction ratio

by drying of the ceramic paste becomes too large.
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WHAT IS CLAIMED IS:

1. A method for manufacturing an electronic component of

laminated ceramics comprising the processes of:

preparing a ceramic green sheet;

partially forming a film of inner circuit elements on the
principal face of the ceréamic green sheet forming steps
corresponding to the thickness of the film;

applying a ceramic paste on the principal face of the .
ceramic green sheet so that steps due to '.the thickness of the

film of inner circuit elements are substantially eliminated ; and

laminating the ceramic green sheet on which the ceramic

paste has been applied,
wherein the film of inner circuit elements is formed to
give an inclined face with an acute angle against the principél
face of the ceramic green sheet at the periphery of the film in
the step for forming the film of inner circuit elements, and
wherein the ceramic paste is applied so as to overlap the
periphery of the film of inner circuit elemenﬁs in the step for

applying the ceramic paste.

2. A method for manufacturing an electronic component of
laminatéd ceramics comprising the processes of:

preparing a ceramic green sheet;

partially forming a film of inner circuit elements on the

principal face of the ceramic green sheet forming steps

[
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corresponding to the thickness of the film;

applying a ceramic paste on the principal -face of the
ceramic green sheet so that steps aue to the thickness of the
film of inner circuit elements are substantially eliminated ; and

laminating the ceramic green sheet on which the ceramic
paste has been applied, f

wherein the ceramic paste is appliedwsd as to overlap the
periphery of the film of inner circuit elements ih the précess
for applying the ceramic paste, a ceramic paste containing 40%

by weight to 85% by weight of a solvent being used as the ceramic

paste.

3. A method for manufacturing an electronic coﬁbdnent of
laminated ceramics comprising the processes of:

preparing a ceramic green sheet;

partially forming a film of inner circuit eiements on the
principaf face of the ceramic green sheet forming steps
corresponding to the thicknesé of the film;

applying a ceramic paste on the principal face of the
ceramic green sheet so that steps due to the thickness of the
film of inner circu_it elements are substantially eliminated; and

laminating the ceramic green sheet on which the ceramic
paste has been applied,

wherein the film of inner circuit elements is formed to

give an inclined face with an acute angle against the principal
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face of the ceramic green sheet at the periphery of the film in
the process for forming the film of inner circuit-elements, and

wherein the ceramic paste is applied s0 as to overlap the
periphery of the film of inner circuit elements in the process
for applying the ceramic paste, a ceramic paste containing 40%
by weight to 85% by weight t[;f a solvent being used as the ceramic

paste. o -

4. A method for manufacturing an electronic componeht of
lam:.nated ceramics according to Claim 1 or 3, wherein the

1nc11ned face is formed so as to have an angle of 0.3 degree to

30 degree agalnst the principal face of the ceramic green Sheet R

in the process for forming the film of inner circuit e_lements.

5. A method for manufacturing an electronic component of
laminated ceramics according to any one of Claims 1 to 4, wherein
the ceramic paste is applied so as to overlap the periphery of
the film of inner circuit elements with an overlap width of 180

pm in the process for applying the ceramic paste.

6. A method for manufacturing an electronic component of
laminated ceramics according to Claims 5, wherein the ceramic
paste is applied so as to overlap the periphery of the film'of
inner circuit elements with an overlap width of 20 to 140 um in

the process for applying the ceramic paste.
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7. A method for manufacturing an electronic component of
laminated ceramics according to any .one of Claims 1 to 6, wherein
a ceramic paste containing 40% by weight to 75% by weight of a
solvent is used as the ceramic paste.

l/,

8. A method for manufacturing an elecﬁronic component of
laminated ceramics according to any one of Claims;I to_7;

wherein the electronic cbmponent of the laminated ceramics
is a laminated ceramic capacitor,

wherein the ceramic green sheet has a rectangular pr__incipél_; -
face when individual ceramic capacitor to be_manﬁfaéthféani§ %;ﬂ
noticed as a uﬁit capacitor, o

wherein the filmlof inner circuit elemeénts is formed so
as to merely reach one terminal edge along the longitudinal
direction located at the end along the longitudinal direction
of the rebtangular principal face of the ceramic green sheet,
while the film of inner circuit elements is formed in the process
for forming the film of inner circuit elements, and the film of
inner circuit elements is formed so as not to reach two terminal
edges along the transverse direction located at the other

terminal edge along the longitudinal direction and at the end

~along the transverse direction of the principal face,

respectively, in the process for forming the film of inner

AR v

circuit elements,
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wherein a plurality of the ceramic green sheets are
laminated so that the terminal edge along the longitudinal
direction where the film of inner circuit elements reaches and
the terminal edge along the longitudinal direction where the film
of inner circuit elements does not reach are alternately arranged

i
along the direction of lamination in the process for laminating

the ceramic green sheets. o e

9. A method for manufacturing an electronic component of -
laminated ceramics according to any one of Claims 1to 8, wherein

the ceramic paste is applied on the entire area on the principal

face of the ceramic green sheet where the film of innér circuit™

elements is not formed in the pioces_s for applying the ceramic

“paste.

10. A method for manufacturing an electronic component
of laminated ceramics according to Claims 8, Qherein the ceramic
paste is merely coated on the area sandwiched between the
terminal edge along the transverse direction of the principal
face and the film of inner circuit element on the ceramic green

sheet in the process for applying the ceramic paste.
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