| am nat ed ceram cs such as lam nated ceramc capacitors, lam nate
I nductors, nulti-layer circuit boards and |am nated piezoel ectric nenbers.
The present invention particularly relates to a nmethod for manufactugiing)s 2003
el ectroni c conponents of |am nated ceram cs conprising the processes of

|l am nating a plurality of ceramc green sheets on which filns of inner
circuit elements such as conductive filnms having a given thickness are
partially fornmed. 2. Description of the Related Art A plurality of ceramc
green sheets are prepared and |aminated for manufacturing electronic
conponents of |am nated ceram cs such as |am nated ceram c capacitors.

Films of inner circuit elenents such as tonductor filns and resistor filns
for constructing capacitors, resistors, inductors, varistors and filters
are formed on a specified green sheet depending on the desired functions

of the el ectroni graamporen wiNUrBRALRG éﬁﬁéﬁ@@ﬁIcT@GMPbﬁMﬁT and
multi-layer ceram c green sheets have been 2 1 AUG 2003

OF LAMINATED CERAMICS

BACKGROUND OQF THE INVENTION

1. Field of the Invention

The present inventior‘; relates to a method for manufacturing
electronic components of laminated ceramits such as laminated
ceramic capacitors, laminated inductors, multi-layer circuit
boards and laminated piezoelectric members. The present
invention particularly relates to a method for manufacturing
electronic components cof laminated ceramics comprising the
processes of laminating a plurality of ceramic green sheets on
which films of inner circuit elements such as conductive films

having a given thickness are partially formed.

2. Description of the Related Art

A plurality 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



lam nating a plurality of the thin ceramc green sheets. However, the
thi ckness of the filmof inner circuit elenents greatly influences on the
performance of the ceram c conponents as the green sheet-is nmade tHi hABE 2003
and |arger nunbers of the ceram c green sheets are | am nated, causing the
foll ow ng problens. Step heights are accunul ated by the difference of

t hi ckness between the portions where the filmof inner circuit elenments

Is formed and not formed, when the filmof inner circuit elenents is

formed on the ceramc green sheets followed by lam nating the sheets.
Therefore, the pressure for pressing the |amnate obtained by |am nating
the ceramic green sheet is not uniform$ “applied along the direction of

the principal faces of the ceramc (¢green sheets, sonetines causing

del ami nation of the |am nate. Otherw se, the surface of the | am nate

partial | ydexphogedtin beder 60 malabResel d Aot Akt ogpdaeaies f Qlaatiktmtdad t he
firing process thereafter. For solving these and other problens, it is
proposed ¢eramicai hat bet hbmadlepdzenahkde toehawieC hdihde pesifeet@mnaye .appbyi ng
the ceramc paste by screen printing, photogravure printing or relief
printing examhkeartgwe dhntihe tedr aaramijc emp shigetr nwagrise soalfli & ise ofhilener
circuit elenments are fornmed. 2 1 AUG 2003 3

having a large capacitance by laminating a plurality of the thin
ceramic green sheets. However, the thickness of the film of
inner circuit elements gregtly influences on the performance of
the ceramic components as the green sheet—is made thinner and
larger numbers of the ceramic green sheets are laminated, causing
the following problems.

Step heights are accumulated by the difference of thickness
between the portions where the film of inner circuit elements
is formed and not formed, when the film of inner circuit elements
is formed on the ceramic green sheets followed by laminating 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 surface of 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.



el ectrodes 2a an as filnms of Inner circult elenents are torned on e

principal faces of the ceramc green sheets la and |b as shown by fhe
processes +2A) and (2B) in FIG 2. These inner el ectrodes 2a and 2b! AHG 800
gi ven thicknesses, respectively, thereby steps 3a and 3b appear due to the
thickness of each film In the process for formng the inner el ectrode 13,
the inner electrodes 2a and 2b are forned so as to nerely reach one
termnal edge along the longitudinal direction |located at the end al ong
the |l ongitudinal direction of respective rectangul ar principal faces of
the ceramic green sheets la and I b, and_not to reach the two term nal
edges |l ocated at the ends along the trafsverse direction and the ot her
termnal edges located at the end along the longitudinal direction. As
shown by the processes (3A) and (3B) in FIG 2, ceramc pastes 4a and 4b

are applied by Ter eRhyd Hd N gna iR @GNEMY & hepddHdnid: PapgatitSr RFiNE i ng

on the area of the principal faces of the ceram c green sheets la and Ib

wher e no bendeset doed oiesnoZa ditth 2b wairtth fresfeeeénciehts substant icddamic

elimnating the steps 3a and 3b due to the inner electrodes 2a and 2b as

shown by ¢iheenpsbeetseia( 2A Abdaf2BpriepakFe@ a2 fArktAds 20034 by the
processes (1lA) and (1B) in FIG. 2.

Inner electrodes 2a and 2b as films of inner circuit
elements are formed on thejprincipal faces of the ceramic green
sheets 1la and 1b as shown by the processes +2a) and {2B) in FIG.

2. These inner electrodes 2a and 2b have given thicknesses,
respectively, thereby steps 3a and 3b appear due to the thickness
of each film.

In 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 recﬁangular principal
faces of the ceramic green sheets la and 1b, and not to 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 (3aA) and (3B) in FIG. 2, ceramic
pastes 4a and 4b are applied by screen printing, 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.




ceram c pastes . Accordarngly, tne content G ol ver [
ceram c pastes 4a and 4b is usually adjusted to 35% by weight or |ess. The
ceranmic green sheets la and I b shown by the processes (3A) and (38)! AbG 2003
FIG 2, respectively, are alternately lam nated. This neans that the

term nal edges at the ends along the |ongitudinal direction where the inner
el ectrode 2a or 2b reach, and the term nal edges at the ends along the

| ongitudinal direction where the inner electrode 2a or 2b do not reach,
are alternately arranged along the direction of lamnation. A lamnate 5
as shown by the process (4) in FIG 2 is obtained by |amnating the
ceram ¢ green sheets la and 1b. The lantnate 5 is fired after pressing. A
desired lamnated ceram c capacitor is conpleted by formng auxiliary
circuits at both ends of the lamnate 5. Since the steps 3a and 3b due to

the thicknessegnef difamid istdL UL UlRs A MWL ZD ean be wuhlanty abd Y

elimnated by the nmethods as described above, the ceramc green eets |la
and |'b cpivdre varhaasednoéhoet Wi Rga sybsy ardsal byich feetalk Reddific

t hi cknesses of the ceram c green sheets |la and 1b. Accordingly, the thin
ceram c gresieshestsnd adlngpp bi éanbPept ot Dad eli g F echan | DWWt cr ibed

del ami nation and cracks in the lamnate 5 to be scarcely 2 AUG X003 - 5
level in the printing processes of the ceramic pastes 4a and 4b.
Accordingly, the content of solvents in the ceramic pastes 4a
and 4b is usually adjusted to 35% by weight or less.

The ceramic green sheets la and 1b shown by the processes
{3A) and (3B) in FIG. 2, respectively, are alternately laminated.
This means that the terminal edges at the ends along 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 reach, are
alternately arranged alcng the direction of lamination. 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




order to efficiently obtain a plurality of [|amnates 5. The not her
laminate is cut to isolate individual lamnates 5 fromit by executifP ﬁ§q®3
process shown in FIG 2. For this purpose, each ceram c green sheet § n
| b shown in FIG 2 is prepared as a nother sheet having a | arge di nensi on.
The inner electrodes 2a and 2b are fornmed, and the ceram c pastes 4a and
4b are applied on this nother sheet, followed by |Iamnating the nother
green sheets. However, the nethod for elimnating the steps on the ceramc
green sheets as hitherto proposed involves the following problens. FIG 5
shows an extended cross section of a pa%t of the <ceram c green sheet 1 as
a not her sheet, and a part of the inner -~ electrode 2 forned on the
principal face of the green sheet as described above. The ceram c paste 4
i nadequately applied on the principal face of the ceramic green sheet 1 is
al so il |l ugengtrededal t hough the object of applying the ceram c paste has
been to substantially elimnate the steps due to the thickness of the
i nner el ect rodeA2mevipdlefohecbbeaningpasteldmisatppsi s bylssteapegrinting,
phot ogravure printing or relief printing as described above, the Z 1 AU6
| LDO3 6 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 to efficiently obtain a plurélity of

{

laminates 5. The mother laminate is cut to isolate individual

laminates 5 from it by executing each profess shown in FIG. 2.

For this purpose, each ceramic green sheet la 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 green sheets.

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

FI1G. 5 shows an extended cross section of a part of the
ceramic green sheet 1 as a mother sheet, and a part of the inner
electrode 2 formed on the 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



steps rather than demising it. For avoiding the foregoing problens from
occurring, it is proposed to designed the printing pattern of the c f anh?
paste 4 so as to forma gap 6 wwth a space of, -for exanple, several dh <003
m crons between the ceram c paste 4 and the inner electrode 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, this
nmet hod al so i nvol ves sone problens that the term nal edge of the inner
electrode 2 is 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
laninate after firing. SUMVARY OF THE ENVENTI ON Accordingly, the object of
the present invention is to provide a nethod for nmanufacturing an

el ectroni c conponent of |am nated ceramics that is able to solve the

probl ens pssﬁitﬁbﬂlatmacdesﬁ&?/bﬁﬂ th'é%eapfhﬁ’éﬁn?%)@@ﬁodé & REBEEM o ldvghbi On
provides a nmethod for manufacturing an el ectronic conponent of [am nated

ceranm cs umenpfossaguehelproaepaes of: tﬁée@éfhﬂgcapsﬁfé”hCoﬁéﬁ?ﬂo§5985

partially formng a filmof inner circuit elenments on the 2 1 AUG 2003 - 7

princi pal thecénpert héectradiec 2gwken sheepribt fiagf posiogost RES Shlfted,
thereby enhancing the steps rather than demising it.

For avoiding the foregoing problems from occurring, it is

proposed to designed the érinting pattern of the ceramic paste
4 so as to form a gap 6 with a space of, Tor example, several
tens microns between the ceramic paste 4 and the inner electrode
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, this method alsc involves some
problems that the terminal edge of the inner electrode 2 is 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 laminate

after firing.

SUMMARY OF THE TNVENTION

Accordingly, the object of the present invention is to
provide a method for manufacturing 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




elimnated; and lam nating the ceram c green sheets on which the ceramc
paste has been applied. 1In the first aspect for solving the technicgl ,
problens as hitherto described, the filmof inner circuit elenents 4 §AUG 2003
formed at the periphery of the filmto give an inclined face with an
acute angl e against the principal face of the ceram c green sheet in the
process for formng the filmof inner circuit elenents, and the ceramc
paste is applied so as to overlap the periphery of the filmof inner
circuit elements in the step for forming the filmof inner circuit
el enents. In the second aspect, the ceramc paste is also coated so as to
overlap the periphery of the filmof Tnnef circuit elements in the process
for coating the ceram c paste, a ceram c paste containing 40% by weight to
85% by wei ght of a solvent being used as the ceram c paste. The nethod for
manuf act uprhgcihelefecer ofii theooppaent ofechashasstedhereanbemihg shepkhird
aspect of the present invention may conprise the features of the first and
second asperresp¥hdinfji ten e itnmerkmesswi tdeefding appllgrimed aatethmic
periphery of the filmto give an inclined face with an acute angl e agai nst
the primkephe dacthefprineirzhfiacgradethsheeramia heeenosesstf sp Rhat AUG
2003 8 forming the filmof inner circuit elenments, and the ceram c paste
steps due to the thickness of the film of the inner circuit
elements are substantially eliminated; and laminating the
f
ceramic green sheets on which the ceramic paste has been applied.
In the first aspect for solving the technical problems as
hitherto described, 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 in the step for forming
the film of inner circuit elements.
In the second aspect, the ceramic paste is also coated so
as to overlap the periphery of the film of inner circuit elements
in the process 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



preferably forned so as to have an angle of 0.3 degree to 30 degree

agai nst the principal face of the ceranic green sheet in the first?ddlb 20
third-aspect of the present invention. The ceramc paste is applied so as
to overlap the periphery of the filmof inner circuit elenents with an
overlap width of 180 pm preferably with an overlap width of 20 to 140 pm
in the first to third aspect of the present invention. Al though the
ceram c paste containing 40% by weight to 85% by weight of a solvent is
used in the second and third aspects of the present invention, it is also
preferable to use the ceram c paste c_orét ai ni ng 40% by wei ght to 75% by

wei ght of the solvent in the first to third aspects of the present

I nvention. The present invention can be advantageously applied
particularly to the nethod for manufacturing a | am nated ceramc

capaci t or foTmanget heifcilgr eérirsteeetinasia ebatamgs) andpthe cidiainid peetahen

i ndi vi dual cerami c capacitor to be manufactured is noticed as a unit
capaci t or 15| Apphdegr 66eas8 toroYeorhmghaediipheny ofnnde cidlmubf theaents
that serves as an internal electrode for ensuring an electrostatic

capaci t an€&rCtpd Filismest s.nwhereadin cuicerdmime mastie dartmih vy ak0% dyrer el y
reach one termnal 2 1 AUG 2003 edge al ong the |ongitudinal direction

| ocat ed a‘f’efLHEt Yolgit hYivedoeng i Spﬁéerfgc%ﬁh@ﬁdaﬁsf%cﬁﬂ:aﬂlﬁei Rag e c

green The inclined face is preferably formed so as to have an
angle of 0.3 degree to 30’hegree against the principal face of
the ceramic green sheet in the first or thirdaspect 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 ym, preferably with an overlap width of 20 to 140 um, in the
first to third aspect of the present invention.

Although the ceramic paste containing 40% by weight to 85%
by weight of a solvent is used in the second and third aspects
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 invention can be advantageously applied
particularly to themethod for manufacturing a laminated ceramic
capacitor. The ceramic green sheet has a rectangular principal
face when individual ceramic capacitor to be manufactured is
noticed as a unit capacitor. 1In 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



respectively. A plurality of the p ceramc green sheets are |am nated so
that the termnal edge along the 1longitudinal direction where the 7illAdba{}
inner circuit elenments reaches and the term nal edge along the

| ongi tudi nal direction where the filmof inner circuit el ements does not
reach are alternately arranged along the direction of |am nation. Wile
the ceram c paste is coated on the entire area on the principal face of
the ceram c green sheet where the filmof inner circuit elenments is not
formed in the process for coating the ceranm c paste, the ceram c paste nay
be nerely coated on the area sandw ched between the term nal edge al ong
the transverse direction of the principal- face and the filmof inner
circuit elenent on the ceram c green sheet when the present invention is
applied to the nmethod for manufacturing the |am nated ceram c capacitor.

BRI EF DESERGPTRONNGF thidE IDRAANGS i G d i rddd 1St regesc e £ pgs sections of
characteristic processes provided in the nmethod for manufacturing the

eIectroniéoogiﬁudémaloEnHamEnahedreeﬁaﬁbaiaQCEQ&éiBg EHeOBEericA$FEZ§D3 }

10 enbodi ment of the present invention, wherein the process (1) ~“denote

the ceranFBephsvbile beimdi foehgdaso eis anat itegreanth tWe terminal edges
along the transverse direction located at the other terminal edge
along the longitudinal direction and at the end along the
transverse direction, res;_:’;ectively. 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 along the direction of lamination.

While the ceramic paste is coated on the entire area on
the principal face of the ceramic green sheet where the film 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
direction 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 manufacturing the

electronic component of laminated ceramics according to one



a cross section showi ng an i nadequate state when the ceram-c paste 17
contains a small anount of solvents. FIG 4 corresponds to the procges$sses 7003
(3A) and (3B) showi ng perspective views of the other enbodi nent of the

present invention when the ceram c pastes 4a and 4b are applied.. FIG 5
is provided for illustrating the problens to be solved by the present

I nvention, showing a cross section when the ceramc paste 4 is

I nadequately applied. FIG 6 is provided for illustrating the problens to

be solved by the present invention, showing a cross section when the
ceram c paste 4 is applied formng a g 6 between the ceramic paste and
the inner el ectrode 2. DESCRI PTION OF PREFERRED ENMBODI MENT when t he
nmet hod for manufacturing the el ectronic conponent of |am nated ceram cs
according to one enbodi nent of the present invention is applied, for
exanpl e, embedimehbdofokhrapuksentr iimy entherl ,anilratesich adrearproaeapaci1or,

t he processes shown in FIG 2 2 1 AUG 2903 - 11 is basically used

pr ef er abldenote e erapiepattetl ¥ dmmedimteliyng fpeadacttingy . afil Ghd
shows cross sections of the characteristic processes involved in the

met hod f @rocess (2) denote the dried ceramic paste at a give lapse of

time after coating.

FIG. 2 is a perspective view showing the method for
manufacturing the 1aminatgd ceramic capacitor concerning the
present invention. -

FIG. 3 is a cross section showing an inadequate state 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 ceramic pastes 4a and 4b are applied.

FIG. 5 is provided for illustrating the problems to be
solved by the present invention, showing a cross section when
the ceramic paste 4 is inadequately applied.

FI1G. 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.

RESCRIPTION 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




el ectrodes 13 as filns of inner circuit elements are partially forned-on a
princi pal face 12 of the ceramc green sheet 11 so as to allowthe fRUGZMS

distribute over various portions on the sheet. The thickness of th nner

el ectrodes 13 brings about steps 14 on the principal face 12 of the
ceram c green sheet 11. The ceram c green sheet 11 has a rectangul ar
principal face 12 when individual ceram c capacitors to be fornmed are
noticed as unit capacitors in the process for formng the inner el ectrode
13 as descri bed above. The inner electrode 13 is fornmed so as to nerely
reach one term nal edge along the |ongitudinal direction |ocated at the
| ongi tudi nal end of the rectangul ar 'bﬁﬂnéipal face 12 of the ceram c green
sheet 11 while being fornmed so as not to reach two term nal edges al ong
the transverse direction |ocated at the other term nal edge along the
| ongi t udi hal bdEieeflignuaed preffleerably dinomgnbhbetr goreeer Stheedi rfeat i on of
the principal face 12. In a characteristic construction of the present
i nvent i oniMPravAnG pgoductivitiye i Rhér &l ebowsderd3sisetviord af the
peri phery of the film so as to give an inclined face 15 having an
acute-ang¢%a§@§Fﬁ§ﬁSth processes involved in the method for
manufacturing the laminated ceramic capacitor in the embodiment
according to the present invention.
/

With reference to the step (1) in FIG. 1, a ceramic green
sheet 11 is prepared as a mother sheet. -

Then, inner electrodes 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
electrodes 13 brings about steps 14 on the principal face 12 of
the ceramic green sheet 11.

The ceramic green sheet 11 has a rectangular 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 described 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
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 12.

In a characteristic construction of the present invention,




of 0.3,degree to 30 degree. Wiile the inner electrode 13 may be fornmed by
printing such as screen printing, photogravure printing or relief 1 003
printing, the inclined face 15 as descri bed above can be easily fg n@ﬂig
using a mask or a screen for printing, or by adjusting the viscosity of a
conductive paste used for formng the inner electrodel3. Wen the inner

el ectrode 13 is forned by printing, it is dried in the next process. Wen
the inner electrode 13 is fornmed by dry plating such as sputtering, the
incline face 15 can be also easily formed by devising the nask. The
ceramc paste 17 is applied in the nextiprocess by, for exanple, screen
pl ati ng, photogravure printing or relief printing on the entire area on
the principal face 12 of the ceramc green sheet 11 where the inner

ue to ety TpAL e  OEFFRaeSPs B IORRPICAE AR i FRhORD L LRE LB 1
contains @ aféemﬁv%oweincflgéadféc@% %as.gn\éfQﬁ)habﬁtbzsx?éfgea(??iﬁ?%hat

the ceramc po ontained 1n the ceramc as su
sane ConpomeMr it it reseth s Bridige %%&%ml% ggé@ﬁw&e@&llﬁn t%

In the characterlstlc construction of the pfesent 1nvention, e ceran1c
paste 17 f&r Geatntithd @hasiifeOvaklaRddd€13. The angle 16 of the 1nc11ned
face 15 against the principal face 12 is preferably selected to
be within a range of O.B’Eegree 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 printing,
it is dried in the next process. When the inner electrode 13
is formed by dry plating such as sputtering, the incline face
15 can be also easily formed by devising the mask.

The ceramic paste 17 is applied in the next process by,
for example, 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.




positions have been shifted, by allow ng the ceramc-paste 0 overlap

t he periphery of the inner electrode 13. Since the inclined face 15 is
formed at the periphery of the inner electrode 13, the portions of 2 # &0 2003
ceram c paste 17 that have overfl owed on the periphery of the inner

el ectrode 13 pronptly flow back to the area between the two inner

el ectrodes, and the surface of the paste is snoothly |eveled, after the
ceram c 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 ceram c paste 17, which_.s dried after being applied on the
green sheet. Therefore, the ceramc "p&été 17 forms a substantially the
sane | evel as the surface of the inner electrode 13. The foregoi ng overl ap
width 18 is preferably 180 pmor |less, nore preferably 20 to 140 pm For
confirm ng the Ipr efler afHaaracveri sipi ov etints t et o | 98V bgeeppesenents were
carried out. Wth reference to FIG 1, a ceramc green sheet 11 on which
the i nnerirvestiodestig trdamee pasiatisd isndodtieddsoaad Boceveniap taste 17
were prepared at first. The thickness (the step 14) 2 1 AU G 2003 - 14 of
t he i nnerP@¥ tehebrecl 3 hef ianedr ¢lpgtwadesl pryithan pvkirap wadthnBead6 at

t he periphery of the inner electrode 13 was three
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 ceramic-paste 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 paste 17 that
have overflowed on the periphery of the inner electrode 13
promptly flow back to the area between the two inner electrodes,
and the surface of the paste is smoothly leveled, after the
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 being 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 pym. For confirming the preferable
overlap 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)



principal face 12

shown in the process (1) in FIG 1. Sanples in which the overl ap
was variously changed within a range of

-40100/ 100x- -2080/ 100x-

of the ceram c green sheet 11 by screen printing as

B e

1 bel ow were manufactured. TABLE 1 OVERLAP RATI O OF OCCURRENCE BENDI NG RATE
OF W DTHOF STRUCTURAL SI TUATI ONOCCURRENCE OF DEFECTSDEFECTI VE | R

-40 Mnto 300 pm as shown

600/ 10000/ 1000 800/ 10000/ 1000 1000/ 10000/1000 1200/ 10000/ 1000
1400/ 10000/ 1000 1600/ 100A3/ 1000

- 14 -

00/ 100A1/ 1000 200/ 10000/ 1000 400/10000/ 1000

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 containing 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 ym to 300 uym 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 % -
0 0/100 A 1/1000
20 0/100 O 0/1000
40 0/100 O 0/1000
60 0/100 O 0/1000
80 0/100 O 0/1000
100 0/100 O 0/1000
120 0/100 e 0/1000
140 0/100 O 0/1000
160 0/100 A 3/1000
180 0/100 X 10/1000
200 5/100 X 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




ceram c green sheets 11 on which the inner electrodes. and a pattern o
the ceram c paste 17 had been fornmed were |am nated, followed by

| ami nating a ceramc green sheet on which neither the inner el ectrddddGrdi
the pattern of the ceram c green sheet had not been fornmed under the-

| am nated sheets, thereby obtaining a nother |lamnate. After pressing the
not her |amnate, it was cut with a dicing sawto isolate a plurality of
chips, followed by firing the chips. Presence of structural defects was
accessed by visual observation of appearance of the fired chips thus
obtained to determne the ratio of the.sanples having structural defects
relative to the total nunber of the sanb es, or the ratio of occurrence of
structural defects. Bending at the termnal of the inner electrode 13 was
al so 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.

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 by laminating a ceramic green sheet on
which neither the inner elel.ctrodes nor the pattern of the ceramic
green sheet had not been formed under the. laminated sheets,
thereby obtaining a mother laminate.

Afterpressingthenwther1aminate,itwascutwithacﬁﬂing
saw to isolate a plurality of chips, followed by firing the chips.

Presence of structural defects was accessed by visual
observation of appearance of the fired chips thus obtained to
determine the ratio of the samples having structural defects
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



17 flows over the inclined face 15 at the periphery of the inner -el ectrode
13, or by distortion of the inner electrode 13 along the gaps forqumﬁ5$ﬁ
AUG 2003 - 16 between the inner electrode 13 and the ceram c paste 17
chi ps substantially having no bendi ng, having slight bending, and having

| arge bending are marked by "O', "A" and "x", respectively, in TABLE 1.
TABLE 1 shows that the sanples with overlap widths of -40 pmand -20 pm
or the sanples in which gaps between the inner electrode 13 and the
ceram c paste 17 are. forned, exhibit relatively higher ratios of
occurrence of structural defects. A ratlieo-of occurrence of structural
defects of 0/100 could be observed, on the other hand, in one sanple
havi ng an overlap wdth of zero mcroneter, or a gap wdth of zero

over Lap weiheen oEE SRR Eleeh? §da‘ts§u%£‘§o%€%ﬁe%%‘gﬁ%%aéisi{% f#‘ﬂe” hevi g
2e;:tnlg gjahs ngfhﬁggdg??j‘af g@%‘?l’?{% r%l nc qh’?&% f}éag‘;e ]tlg(q%e per| ry of
e Con ol S Eag CORESEERhl ! e B uEe ot mf;:: operdge o) o o
generatugbggggk{@b§§,tbﬁ teBfikngl edge of the inner el ectrode

TABLE 1 shows that the samples with overlap widths of -40
um and -20 um, or the samfﬁles in which gaps between the inner
electrode 13 and the ceramic paste 17 are. formed, exhibit
relatively higher ratios of occurrence of structural defects.

A ratio of occurrence of structural defects of 0/100 could be
observed, on the other hand, in one sample having an overlap width
of zero micrometer, or a gap width of zero micrometer, and some
samples listed in the table thereafter.

When the overlap widths 18 were increased to about 100 ym
among the samples having aratio of occurrence of defects of ¢/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 overlap 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 defects 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 uym or more.

The preferable overlap width 18 is therefore 180 ym or less




the overlap width exceeded 180 pmup to 200 pm or nore. The preterable
overlap width 18 is therefore 180 pmor less 2 1 AUG 2003 - 17 - as ,shown

by the experinental results above. Insulation resistance (IR was nelab dbedl]
with respect to the lamnated ceram c capacitors in respective sanples in
the table after conpleting the | am nated ceram c capacitors by formng
auxiliary electrodes to the sanples having overlap w dths 18 of nore than
zero mcroneter on the chips obtained after firing. The ratios of the
sanpl es having defective IRrelative to the total sanple nunber were
determ ned, and the ratios of occurrence of sanples with defective IR are
also listed in TABLE 1. Cccurrence of defective IR and bending of the inner
electrode 13 at its termnal edge are nutually related as showmn in TABLE

1, suggestinghthat nost of defective IR is caused by bending at the
term nal 28ge"BFY BE thSerXBeddfiedd@ 1 Fesmds @dMeap wi dth shoul d nore

preferably in the r e of 20.to0 140 m consi deri ng defective IR due to
bendi ng. The prlh Sl}%&gﬁo? gt B A he 6)8%} |95 R HIHST del b tasRRIE Ehove

o R B BRI B UF VLGB e Lt 8 B RS
table after completing the laminated ceramic capacitors by
forming auxiliary electrodes to the samples having overlap
widths 18 of more than zero.énicrometer on the chips obtained after
firing. The ratios of the samples having defective IR relative
to the total sample number 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 are mutually related as shown
in TABLE 1, suggesting that most of defective IR is caused by
bending at the terminal edge of the inner eléctrode 13. The
overlap width should more preferably in the range of 20 to 140
pm considering defective IR due to bending.

The preferable range of the overlap widfh 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 overlap width 18 as described above is

only an example, and the range may be wider or, on the contrary,




used. Accordingly, the preferable range of the overlap w -as

descri bed above is only an exanple, and the range nmay be w der or, .on,t
&b o

contrary, 2 1 AUG 2003 - 18 be narrower in sone cases. As suggeste

f oregoi ng di scussions on the overlap w dth 18, the behavior of the ceramc

paste 17 is influenced by the content of solvents therein. \Wen the
content of the solvent is 40% by weight or nore thereby to | ower the
viscosity of the ceramc paste 17, it was revealed that |eveling of the
ceramic paste 17-is nore facilitated. For confirmng the fact, the
content of the solvent in the ceram ¢ pgste 17 was variously changed as
shown in TABLE 2, and the paste was dried after a given tine to nmeasure
the di nension 19 along the thickness of the ceramc paste 17 at the

peri phery of the inner electrode 13, and the filmthickness 22 at the
center ofPEhRAELPYRFc1PaS8PBe1ZaSEABLE 2 CONTENT OF DI MENSI ON 19 ALONG THE

FI LM THI CKNESS _SOLVENT HICKNESE AT THE 22 AT THE CENTER
A5 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 revealed that leveling of the ceramic
paste 17 is more facilitated. For confirming the fact, the

content of the solvent in the ceramic paste 17 was variously
changed as shown in TABLE 2, and the paste was dried after a given
time to measure the dimension 19 along the thickness of the

ceramic paste 17 at the periphery of the inner electrode 13, and

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

TABLE 2

CONTENT OF DIMENSION 19 ALONG THE | FILM THICKNESS
SOLVENT THICKNESS AT THE 22 AT THE CENTER
(% BY WEIGHT) PERIPHERY (um) {(um)
20 6 3
25

30
35
40
45
50
55
60
65
70
75
80
85
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of the inner

el ectrode 13 to 3 pmand the inclination _
13 to three--degrees, wherein the distance 20 between two el ectrodes 13 is

determned to be 500 pmand the ceram c paste 17 is applied with a width

21 of 600 pm

- 19 -

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 fill the step 14 while adjusting
the step 14 of the inner eIéctrode 13 to 3 pm and the inclination
angle 16 of the inner electrode 13 to three-degrees, wherein the
distance 20 between two electrodes 13 is determined to be 500
Fm and the ceramic paste 17 is applied with a width 21 of 600
ym.

TABLE 2 shows that the dimensions 19 along the thickness
of the ceramic paste 17 at the periphery exceeds the dimepsion
of the step 14 of the inner electrode 13, or the film thickness
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 solvent,
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 the 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 viscosity of
the ceramic paste 17 because it contains less than 40% by weight

of the solvent. BAlthough the film thickness 22 at the center

electrode 13, and the fil mthickness - -22-at the center of the

ceram c paste 17 after drying, respectively, when the ceramc paste ]
applied go as to fill the step 14 while adjusting the step 14 of the%KﬁH§JM3

angle 16 of the inner el ectrode



paste 17 after drying, respectively, of 3 pm when the ceramc paste 17
contains less than 40% by weight, or 35% by weight or |less, of the?1 AUG 2003
sol vent, show ng that the paste has poor |eveling property. Wen the
solvent content is in the range of |ess than 40% by wei ght, the dinension
19 along the thickness of the ceramc paste 17 at the periphery increases,
showi ng that the leveling property is nore deteriorated. FIG 3 shows the
situation of the applied ceram c paste 17 having a poor |eveling property
owng to a high viscosity of the ceram c paste 17 because it contains |ess
t han 40% by weight of the solvent. Although the filmthickness 22 at the
center z 1 AUG 2003 - 20 of the ceranTcz%aste 17 is appropriate, the

di mension 19 along the thickness of the ceram c paste 17 at the periphery
is larger than the thickness at the center. The situation of the applied

ceranic paggetﬁ? SREMILE P& G B7 iiss lai i tapp erla

wi dth 18 efﬁeeds.180 um as descri bed 5?2tﬁgusly, §?ﬁyﬁgﬁ@nkﬁéniﬁ I?hﬁgﬂon

angl e 16 of "Enkh}ekngset shet neramierpadvetirode 48 p@ﬁ%ﬁfgréi flitiefage ree
besi des " the cerafm c past Conts

as will be cri becTherei naf ter, ns

Soe than Eg,;e%%byh%tﬁb}ﬁkrbqsq & thel vemter WieThé lnel thasior 0t 8185 4974 by

wei ght to §éngXcm§5gpg 9; shown in FIG. 3 is liable to appear when the
overlap width 18 exceeds 180 Hm as described previously, or when
the inclination angle 16 éf the periphery of the inner electrode
13exceedsthreedegreeaswillbedescribe&hereinafter,besides
the ceramic paste 17 contains less than 40% by weight of the
solvent.

When 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 ceramic paste 17 becomes
approximately equal to the dimension of the step 14 of the inner
electrode 13, showing a good leveling property. From the facts
as described above, it is breferable 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 ceramic paste 17 becomes high, thereby the film thickness

22 of the ceramic pPaste 17 at the center becomes smaller than



| eveling property. Fromthe facts as described above, it is preferable
that the ceram c paste 17 contains 40% by wei ght to 85% by wei ght gi t he
sol vent. The dinension 19 along the thickness is appropriate when t EAU52WJ
sol vent content exceeds 75% by weight to as large a content as 80% by

wei ght to 85% by weight as indicated in the colum of "DI MENSION 19 ALONG
THE THI CKNESS AT THE PERI PHERY" in TABLE 2. However, it is not preferable
that the content of the solvent is so high as shown in the colum of "FILM
THI CKNESS 22 AT THE CENTER' in TABLE 2, because the ratio of contraction
by drying of the ceramc paste 17 becokks-high, thereby the filmthickness
22 of the ceramc paste 17 at the center becones smaller than 2 1 AUG 20(J3
- 21 - the dinension of the step 14 of the inner electrode 13. It has been

al so_expethaeaimbhyisanbiropd dhal 14 ng'ﬂh%_r %ggei’fe%‘@tx{%@é C.H‘.esﬁtb){a?ryi ng

is liable to occur. Fromthe facts as SCri above, e upper Timt of

the sol veaéncanbeniexpertifterRadng idoPf BEREQLEYat 5% PYgUEL t he
content of,, the solagﬁi in the g%ranic paste 1% IS ?n%*gag££ t% 4€@§by

wei ght t otBb&khpseebghdrgricid Her abadihe to/isedsity of the ceramic paste 17
is lowered, it is confirmed that the paste show a good | eveling property
even when the Huvohithed fhate 45 desopfibidrapdvel the uiasdmphami10b £t BRei Nner
solvent content in the paste is preferably 75% by weilight.
When the content offthe solvent in the ceramic paste 17
is increased to 40% by weight to 85% by weight and thereby the
viscosity of the ceramic paste 17 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 previously.
The inner electrode 13 is formed at the periphery so as
to give an inclined face 15 with an acute angle against-the
principal face 12 of the ceramic green sheet 11. The angle 16
of the inclined face 15 against the principal face 12 is
preferably selected to be 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 process
(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 angle 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



of the inclined face 15 against the principal face 12 .is preferably
selected to be within a range of 0.3 degree to 30 degree as descrlbe?
previously. Such angle 16 affect the projection I ength 23 of the ARG 003
face 15 on the principal face 12 as shown by the process (2) in FIG 1.

The projection | ength 23 becones | onger when the angle 16 is smaller,

while the projection | ength 23 becones shorter when the angle 16 is

| arger. When the projection length 23 of the inclined face 15 is |onger as
descri bed above, the region where the filmthickness of the inner

electrode 13 is thin is expanded to comrom se 2 1 AUG 2003 - 22

continuity of metallic conponents contained in the inner electrode 13,

possi bly failing to exhibit the function of the inner electrode 13.

Th f th | d f 15
orof or able? '*s% 8ok *Béa?@l&eg%‘@%n@r*%a RGeS Ehes 96eE: | bed

Shor t ened L Toet ot e Pen b Ef T Padel %%%‘Dglet“cd R he

Pgﬁ:g: ;10231%?%1]?]%%%1 d:e %tngT?l%glgﬁfne fggg ﬁ% when r{h\éﬁaﬁgge %%fﬁthg

i nclined Jﬁ@:@lelﬁn%QQntéﬂﬁfBble”lfshi§lﬁiee§ﬁerably selected to be 0.3 degree
from the view point as described above.

When the projection ;‘iength 23 of the inclined face 15 is
shortened, on the other hand, the allowable range for the
printing position of the ceramic paste is narrowed. TABLE 3
shows the projection length 23 (in mm unit) of the inclined face

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,




accuracy of printing of the ceramc paste 17 is about 30 to 200 }gym as
described previously. Therefore, 2 1 AUG 2G& - 23 it is preferable that
the projection length 23 of the inclined face 15 falls within th'SZ'iﬁUGEW3

positional accuracy range. The nunerical values surrounded by double Iines
in TABLE 3 falls within this positional accuracy range. As is evident from
TABLE 3, the angles 16 of the inclined face 15, which enables the
projection angle 23 of the inclined face 15 to fall within the range of 30
to 200 pm can be selected fromanong the angles of 0.3, 0.6. 1, 3 and 10
degrees even when the filmthickness 22;30f the inner electrode 13 is

adj usted to any thickness of 1, 3, 5 10 and 20 pm Therefore, the upper
limt of the angles 16 of the inclined face 15 is selected to be 30

X L ts as described above. By returning to the
gggg??;t?%ﬁgo Ogﬁgtﬁgﬁhgéyﬁhﬁt 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 inclined face 15, which enables the
projection angle 23 of thg inclined face 15 to fall within the
range of 30 to 200 um, can be selected from among the angles of
0.3, 0.6. 1, 3 and 10 degrees even when the film thickness 22
of the inner electrode 13 is adjusted to any thickness of 1, 3,
5, 10 and 20 ym. Therefore, the upper limit of the angles 16
of the inclined face 15 is selected to be 30 degrees based on
the results as described above.

By returning to the description of the method for
manufacturingthelaminatedceramiccapacitor,theceramicgreen
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
lohgitudinal 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




shown by the process (2) in FIG 1 to obtain a nother.- amnate. Notice
I ndi vidual |am nated ceram c capacitors to be obtained as unit c fépgq&ﬁ
in the lam nation process of the ceramc green sheet 11. Then, a%E 1Yty
of the ceramc green sheets 11 are |lanm nated so that the term nal edge
along the |longitudinal direction where the inner electrode 13 reaches and
the term nal edge along the |ongitudinal direction where the inner
el ectrode 13 does not reach are alternately arranged along 2 1 AUG 201)3 -
24 the direction of lam nation. After pressing the nother |lamnate, it is
cut and isolated into individual lanmnagtes to serve as respective
| am nated capacitors that are fired thereafter. The desired | am nated
ceram c capacitor is conpleted by formng auxiliary el ectrodes at both
ends of each laminate after firing. The enbodi nent as shown in FIG 4 may
be enpl oyieie wlihectespeof flemtibhetienhod for form ng the | am nated ceranmic
capacitor as described above. FIG 4 corresponds to the processes (3A)
and (3B) in Fl GItEr phessimg teeaadiwr daminate att s sugnand ispkated
elenents in FIG 4 as those for the corresponding el ements = shown in the
processesiibp) individupli Aapioates &adsgayedas) FEAPERE 1V PIdHAASHS are
om tted. . .
capacitors that are fired thereafter. The desired laminated |
ceramic capacitor is completed by forming auxiliary electrodes
at both ends of each laminate after firing.

The embodiment as shown in FIG. 4 may be employed with
respect to the method for forming the laminated ceramic capacitor
as described above. FIG. 4 corresponds to the processes (3A)
and (3B) in FIG. 2. The same reference numerals are assigned
to the elements in FIG. 4 as those for the corresponding elements
shown in the processes (3A) and (3B) in FIG. 2, and any duplicating
explanations are omitted.

This embodiment is characterized in that, when desired
individual laminated ceramic capacitors are noticed as unit
capacitors, the ceramic pastes 4a and 4b are applied in the
processes for coating the ceramic 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.




sheet s

pastes 4a and 4b nerely in the
edges along the transverse direction of each principal face of the, g m@gq
la and | b, and the inner el ectrodes 2a and 2b, respectlvel@ 0C3

regi ons sandw ched between the term nal

shown in FIG 4. In this enbodinment, the ceram c pastes 4a and 4b are
nmerely applied in the regions where the steps due to the thickness of

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

AUG 2003 - 2 5 Wile the nethod for manufacturing the |amnated ceramc

capaci tor was described according to the enbodi nents with
drawi ngs illustrative of the present inuention, the present invention is

not limted to the |am nated ceram c capacitor. Instead, the present

I nvention can be applied to the el ectronic conponents of
that function as resistors, inductors, varistors and filters. The fil m of

inner circuit éenehttheaaeiticsedor vandfiactueingi theslahinsted ¢ewrmmic

el ectrode in the foregoi ng enbodi nents. However, a variety of enbodi nents

_can be devRBRFLEBE WRE ﬁqsmr@pqdnﬁ@pogdrl&g e [ tdee b o] ied tish v igrte s ent

i nvention may be al so plied for the electronic conponents of |am nated

cer ani cs FREGFRYCE %Flhé’tQI%‘F“F‘&%ét%l&%ralfdfveeQQrF&eePr?ﬁénF|Jll}ﬂ‘%ﬁt#%:er

the present invention is not limited to the laminated ceramic
capacitor. Instead, the present invention can be applied to the
electronic components of ﬁaminated ceramics that function as
resistors, inductors, varistors and filters.

The film of inner circuit elements comprises a conductive
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
applied for the electronic components of laminated ceramics
having a variety of functions. For example, the film of inner
circuit elements may be a circuit element filmhaving relatively
large electric resistance or other electric characteristics.

According to the present invention as hitherto described,
the ceramic 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 1little 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

generated. 2 1

reference to the

| am nat ed ceram cs



as to overlap the periphery of the filmof inner circuit elenents in order
to substantially elimnate the steps due to the thickness of the fiﬂ?ﬁﬂEZMS
inner circuit elenents. Therefore, the ceram c paste can be easily
applied on the filmof inner circuit elenents w thout generating any gaps
even when the coating position has been a little shifted. According to the
first aspect of the present invention, the filmof inner circuit elenents
is fornmed at the periphery so as to give an inclined face wth acute angle
against the 2 1 AUG 2003 - 26 principal face of the ceram c green sheet.
Accordingly, the portion of the ceragig paste applied so as to overlap the
peri phery of the filmof inner circuit ?enents pronmptly flows along the
i nclined face to snoothly level the ceramc paste. In other words, the
steps at the filmof inner circuit elements serves for aligning the ceramc
past e pat P&AinciPads dpentdfy the hreemamerd aprgen ts$heettan Aveqrdiented them
having larger thickness than that of the other portions even when the
ceram ¢ pRSEE1IPH ofpfihedammmivemagte Rppeiephee yasfte npreertapcohe
el ements. According to the second aspect of the present invention, the
vi scosi t yPEF1PReIyePintRephiln ehnimier sddcad thyelesiens saprespidvc Ipause,
which is applied on, the principal face of.the ceranm c green sheet so as to
el i ni nat ea?ﬁggs‘[.]éﬁ Jdughtrgeq I":I@C% to smoothly level the cergamlc paste. 1In
other words, the steps at the film of inner circuit elements
/
serves for aligning the ceramic paste pattern. Consequently,
the overlap portion can be prevented from having larger thickness
than that of the other portions even when the ceramic paste is
applied to overlap the periphery of inner circuit elements.
According to the second aspect of the present invention,
the viscosity of the ceramic paste can be reduced by using 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, containing 40%
by weight to 85% by weight of solvents. Consequently, the
portions of the ceramic paste, applied so as to overlap the
periphery of the film 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



el ements, can be snmoothly |eveled anong the other portions, wherein the
steps caused by the filmof inner circuit elements serves for aligniAgAtbh#(]
pattern of the ceram c paste. Consequently, the overlap portion can be
prevented from being thicker than the other portions even when the ceramc
paste is applied so as to overlap the periphery of the filmof inner
circuit elenents. Leveling of the ceram c paste can be nore pronptly and
securely attained according to the third aspect of the present 2 1 AUG
11003 27 invention conprising both features of the first and second
aspects. According to the present inventsian, the ceram c green sheet can
be made thin and nmulti-layered while preventing delamnation and
mechani cal defects fromgenerating, thereby allowng to obtain the

el ectronic conponent of |am nated ceram cs having excel | ent perfornance.
The cer anit §HstRN cGPMBELHDRE BRENr &G LUEFS &d \Eﬁ‘@n TIEST | isr?é‘d’che

formed at the_feriphery of the filmof inner circuit elenents has an angle
of 0.3 dégi¥e 1D 30 degree against the principal face of the ceranic green

T econt ! Tubbth s IO PSP PHBTER 00 RO o
can be made thin and multi-layered while preventing delaminaticn
and mechanical defects from generating, thereby allowing to
obtain the electronic coméonent of laminated ceramics having
excellent performance. -

The ceramic paste can be more securely leveled when the
inclined face formed at the periphery of the film of inner circuit
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 inner circuit elements can be prevented 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 prevented 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 uym or less in the present

invention.



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, tHel AUG 2003
allowable region of the printing position of the ceram c paste is narrowed
since the length of the inclined face beconmes too short. The ceram c paste
can be nore securely |leveled by adjusting the overlap width of the paste
over the periphery of the film of inner circuit elenments to 180 pmor |ess
in the present invention. 2 1 AUG 11003 - 28 Wen the overlap width

descri bed above is selected to be wthin the range of 20 to 140 pm the

el ectronic conponent of |am nated cerajgcs scarcely has defective

I nsul ation resistance caused by bending at the term nal edge of the film
of inner circuit elenents. Contraction of the filmthickness of the

cerami c paste at the center, or irregular filmthickness caused by drying
can be preventBfh i heh Overdsen widile seiser ibpds abpivegisheelppeed| farilte ~ of

t he solvent contept in the ceram c paste at 75% by wei ght because, when

t he cont e‘ﬁiLtT’%nnBBS Fﬂaﬂe7‘3%2goﬁ‘9rg€9ilé‘ﬁr 8¢ elegtrryiqEarann e erfani c

past e beci)mas tgo IarIge.. z1AUG210Q3 ]%9 . . . .
aminated ceramics scarcely has defective insulation resistance

caused by bending at the terminal edge of the filmof inner circuit
elements.

Contraction of the fglm thickness of the ceramic paste at
the center, or irreqular film thickness caused by drying can be
prevented in the present invention by setting the upper limit
of 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.



princi pal face of the ceram c green sheet form ng steps corresponding to
the thickness of the film applying a ceram c paste on the principal ﬁ%@ﬁ7 3
of the <ceramc green sheet so that steps due to the thickness of tﬁé PM
of inner circuit elements are substantially elimnated; and |am nating the
ceram c green sheet on which the ceramc paste has been applied, wherein
the filmof inner circuit elenments is forned to give an inclined face with
an acute angle against the principal face of the ceram c green sheet at

the periphery of the filmin the step for formng the filmof inner

circuit elenments, and wherein the cerapyc_paste is applied so as to overlap
the periphery of the filmof inner circuit elenents in the step for
applying the ceramc paste. 2. A nethod for manufacturing an el ectronic ‘
conponent_of | ani_nated ceram cs conprising the processes of: preparing a
ceram ¢ Yfédn Sh&d2IMER 331 1y forming a filmof inner circuit el ements on

the principal, face of .the ceramc_green.sheet formng steps 2 1 AU6 2003
30 correspondi hy toMHE ifggn@ggu5305H5193|ﬁ? eldctrohic Yonponedt o

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 cergmic 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 principal
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 elements in the step for

applying the ceramic paste.

2. 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 ceramic green sheet forming steps



whi ch the ceramc paste has been applied, wherein the ceram c paste is
applied-so as to overlap the periphery of the filmof inner circui 2003
el enments in the process for applying the ceram c paste, a ceranic:%hépgd
cont ai ning 40% by weight to 85% by wei ght of a solvent being used as the
ceramic paste. 3. A nethod for manufacturing an el ectroni c conponent of

| am nat ed ceram cs conprising the processes of: preparing a ceram c green
sheet; partially formng a filmof inner circuit elenents on the principal
face of the ceram c green sheet form ng steps corresponding to the

t hi ckness of the film applying a ceramgc paste on the principal face of
the ceramc green sheet so that steps due to the thickness of the filmof
I nner circuit elenents are substantially elimnated; and |am nating the
ceramc qreen shee E ceram c paste has been applied, wherein
the fil mdttHmRe? %PEUFP & 8n§ﬁﬂ§kp§sﬁoP§e&hﬁbfiéWVe an inclined face with
an acute angle a |nst the pringci pal AUG 2003. - ce of _the ceramc

1
green sheet atap Y38 ghét ?ﬂlﬁrﬁéﬁﬁ?rﬁ? ?rﬁ?{ﬁ%&ﬁ%% 1ot kg t he
f"”‘0f'dE¥Hmf%r§}%£n §ﬁ8g€n£o tﬁgg 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 ceramic paste is applied-so 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 B5% by weight of a solvent being used as the ceramic

paste.

3. 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 ceramic 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 principal




sol vent being used as the ceram c paste. 4. A nethod for manufacturing an
el ectroni c conponent of |am nated ceranmics according to Caiml or 73, AUG 2063
wherein the inclined face is forned so as to have an angle of 0.3 degree
to 30 degree against the principal face of the ceram c green sheet in the
process for formng the filmof inner circuit elenents. 5. A nmethod for
manuf acturing an el ectronic conponent of |am nated ceram cs according to
any one of Clains 1 to 4, wherein the ceramc paste is applied so as to
overlap the periphery of the filmof inner circuit elements with an
overlap width of 18 0 pmin the proge§§ for applying the ceram c paste. 6.
A method for manufacturing an el ectroni"c conponent of |am nated ceram cs
according to Clains 5 wherein the ceramc paste is applied so as to
overlap the periphery of the filmof inner circuit elements with an

overl ap wWaith of tie ceratdcpgreen shaetproddss peadpapplyyofigt hdef Thn am ¢
paste. 2 1 AUG 2003 - 32 7. A nethod for manufacturing an electronic
conponentt?# ProgRTRter Eermingsthechilt of tonanycbreuof -eJenentd, tand,
wherein a ceram c paste containi ng 40% by weight to 75% by wei ght of a
solvent is use¥NELSiRetRg GRYBMAGSPRSLE 15 applAcd £6raferiicuakamd han

el ectronic conponent of . . . . .
peripliery 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 of a solvent being used as the ceramic

paste. -

4. A method for manufacturing an electronic component of
laminated ceramics according to Claim 1 or 3, wherein the
inclined face is formed so as to have an angle of 0.3 decjree to
30 degree against the principal face of the ceramic green sheet

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

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 pm in

the process for applying the ceramic paste.



face when individual ceram c capacitor to be manufactured-is noticed as a
unit capacitor, wherein'the filmof inner circuit elements is forneq1sgﬂiﬁ§
to nerely reach one term nal edge along the longitudinal direction’|ocate
at the end along the |longitudinal direction of the rectangular principal
face of the ceramc green sheet, while the filmof inner circuit elenents
is formed in the process for formng the filmof inner circuit elenents,
and the filmof inner circuit elenents is formed so as not to reach two
term nal edges along the transverse direction |ocated at the other

term nal edge al ong the |ongitudinal digection and at the end along the
transverse direction of the principal face, respectively, in the process
for formng the filmof inner <circuit elenents, and 2 1 AUG 2003 - 33
wherein a plurality of the ceram c green sheets are |am nated so that the
term nal edge along the longitudinal direction where the filmof inner

Girocti on wherd the FOERRA Bor e ALY LIRS GroRoRCe aBee ROPEPBACH Gf e
et el PhARBESC 1000 G LRPEL U PbneE RAGIRR 1114 BS BhEFERR O
a ceramic paste containing 40% by weight to 75% by weight of a
solvent is used as the ceramic paste.
/

8. A method for manufacturing an electronic component of
laminated ceramics according to any one of Claims 1 to 7,

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

wherein the ceramic green sheet has a rectangular principal
face when individual ceramic capacitor to be manufacturgd is
noticed as a unit capacitor,

wherein the film-of inner circuit elements is formed so
as to merely reach one terminal edge along the longitudinal
direction located at the end along the longitudinal direction
of the rectangular 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

circuit elements, and



sheet where the filmof inner circuit elenents is not fornmed in the

rocess for applying the ceramc paste. 10. A nethod for manufactuni :
gl ectroni ¢ conponent of |am nated ceram cs according to C ains 8, ?Meﬁ@

the ceranmic paste is nerely coated on the area sandw ched between the

t er m nal
filmof

edge along the transverse direction of the principal face and the

inner circuit element on the ceramic green sheet in the process

for applying the ceram c paste.

- 33 -

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

along the direction of lamination in the process for laminating

the ceramic green sheets. —

?. A method for manufacturing an electronic component of
laminated ceramics according to any one of Claims 1 to 8, wherein
the ceramic paste is applied on the entire area on the principal
face of the ceramic green sheet where the film of inner ci:;cuit
elements is not formed in the process for applying the ceramic

paste.

10. A method for manufacturing an electronic component
of laminated ceramics according to Claims 8, wherein 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.




