13 DEC 2004 -1 SCREEN- PRI NTI NG PLATE, MANUFACTURI NG METHOD OF

* LAM NATED- CERAM C ELECTRONI C DEVI CES, AND LAM NATED CERAM C ELECTRONDEL 2004
DEVI CE MANUFACTURED BY THE METHOD BACKGROUND OF THE | NVENTION 1. Field of
the Invention [0001] The present invention relates to screen-printing

pl ates, a nmethod for nmanufacturing |am nated-ceramc el ectronic devices
In a process of lamnating ceramc green sheets provided with el ectrode
patterns fornmed by using the screen- printing plate, and a

| am nat ed-ceram c el ectronic device manufactured by the nethod. 2.
Description of the Related Art [0002] Gederally, |aminated-ceranic

el ectronic devices are manufactured in processes of |am nating and

cont act - bondi ng a predeterm ned nunber of ceramc green sheets provided
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| am nat ed-cerani c el ectroni c devi ces have been reduced in size and been
i nproved i n RACKGRAGUND QI THE INEENZIONa | ami nat ed- ceram ¢ capaci t or
has a trend toward a | arger nunber of |am nations, in which the

| am nation of internal electrodes and dielectrics is increased to

achieve m nifl_t Eié.l@iéh%ﬁg%é arger capacity. [0004] However, when
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intending toi e nunber of l|lam nations of the internal
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ceram c green sheets provided with the internal el ectrode patterns are
cont act - manufacturing laminated-ceramic electronic devices in a process of laminating

ceramic green sheets provided with electrode patterns formed by using the screen-
printing plate, and a laminated-ceramic electronic device manufactured by the

method.

2. Description of the Related Art

[0002]  Generally, laminated-ceramic electronic devices are manufactured in
processes of laminating and contact-bonding a predetermined number of ceramic
green sheets provided with a plurality of internal electrode patterns formed by
printing or applying electrode paste, cutting the laminated ceramic sheets into
individual elements, and firing the elements.

f0003] Ib accordance with recent advances in miniaturization of electronic
apparatuses, the laminated-ceramic electronic devices have been reduced in size
and been improved in performance. In particular, a laminated-ceramic capacitor
has a trend toward a larger number of laminations, in which the lamination of
internal electrodes and dielectrics is increased to achieve miniaturization and larger
capacity.

[0004] However, when intending to increase the number of laminations of the
internal electrodes and the dielectrics and when a predetermined number of
ceramic green sheets provided with the internal electrode patterns are contact-

bonded to each other, a problem has been found in that regions in which the



bonded to each other, a problemhas been found in that regions in which
the 1 3 DE C 2004 -2 internal electrode patterns are provided and thBEC 7004
regions in which the internal electrode patterns are not provided differ
in level, or height, fromeach other, whereby defects of the interna
structure, such as delam nation, are likely to be produced. [0005] The
above difference in level is produced by |lamnating the ceramc green
sheets provided with the internal electrode patterns. However, the
difference in level is not caused only by providing the internal

el ectrode patterns, and is sonetines prgduced also by variations in the
coating thickness between each internal electrode pattern. [0006]
Therefore, it is also an inportant task to reduce the variations in the
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{0006]  Therefore, it is also an important task to reduce the variations in the
coating thickness between the internal electrode patterns in order to reduce the
difference in level and to increase the number of laminations.

[0607]  Hitherto, a screen-printing method has been used for printing electrode
paste on a ceramic green sheet, As shown in Figs. 7 and 8, in the screen-printing
method, a screen-printing plate 51 provided with a plurality of mesh holes 62 so as
to form a plurality of printing patterns 61 is disposed on a ceramic green sheet 52,
electrode paste 53 is supplied onto the screen-printing plate 51, and a squeegee 54
is moved in a predetermined direction, for example, in a direction of an arrow Y
in Fig. 7 while the squeegee 54 is pressed onto the screen-printing plate 51,
whereby the electrode paste 53 passes through the mesh holes 62 forming the
printing patterns 61 of the screen-printing plate 51, the electrode paste 53 is
printed on the ceramic green sheet 52, and predetermined electrode patterns 55 are
formed.

[(0008] However, in the above screen-printing method, tension is not applied
evenly to the overall screen-printing plate 51 when the squeegee 54 is moved while
being pressed. Effective pressure applied to the printing patterns 61 in a region R1
disposed in the vicinity of the periphery and close to a frame 56 tends to become

greater than the effective pressure applied to the printing patterns 61 in a central



evenly to the overall screen-printing plate 51 when the squeegee 54 is
nmoved while being pressed. Effective pressure applied to the printd pgl 2004
patterns 61 in a region RL disposed in the vicinity of the periphery and
close to a frane 56 tends to becone greater than the effective pressure
applied to the printing patterns 61 in a central 1 3 DEC 2004 -3 region
R2 which is disposed separated fromthe frame 56, as shown in Fig. 8.
Therefore, the screen-printing plate 51 tends to expand nore in the
region Rl close to the periphery than in the central region R2. As a
result, the coating of the el ectrode pat-8ern 55 becones thinner in the
region Rl close-to the periphery than in the central region R2, and
there occurs, a problemin that variations in the coating thickness of a
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whi ch vari atfopg09) i NA related technology is known, which is a method in which the sizes of
mesh holes in a single printing pattern, which is formed by providing the mesh
holes in a screen-printing plate, are made different from each other (refer to, for
example, Japanese Unexamined Patent Application Publication No. 6-349663).
However, the fact is that any effective method has not been developed particularly
for avoiding variations in the coating thickness between a plurality of the electrode
patterns 55, as described above, which are printed by using the screen printing
plate 51 provided with a plurality of printing patterns in a plate frame of the screen
printing plate 51.

SUMMARY OF THE INVENTION

{0010]  Accordingly, it is an object of the present invention to provide a screen-
printing plate which prints a plurality of electrode patterns in which variations in
the coating thickness between the plurality of electrode patterns can be avoided,
and to provide a Jaminated-ceramic electronic device manufactured by using the
screen-printing plate, in which defects of the internal structure are reduced.

[0011]  To these ends, according to an aspect of the present invention, a screen-
printing plate comprises 2 screen plate provided with a plurality of printing

patterns disposed in a single plate frame of the screen plate, each printing pattern



the coating thickness between the plurality of electrode patterns can E%
avoided, and to provide a | am nated-ceram c el ectronic device 13 0EC 2004
manuf actured by using the screen-printing plate, in which defects of the
i nternal structure are reduced. [0011] To these ends, according to an
aspect of the present invention, a screen- printing plate conprises a
screen plate provided with a plurality of printing patterns disposed in
a single plate frame of the screen plate, each printing pattern 1 3 DEC
2004 -4 being formed with a plurality of nmesh holes. At |least two
different aperture ratios of the nesh hbles formng the printing
patterns are provided according to the positions of regions in which the
printing patterns are forned. [0012] Wth this arrangenent in which at
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variations in the coating thickness between the el etcht rode_patterns
screen-printing plate and expands that given region more than another region such

=

as a central region by a squeegee pressed to the screen-printing plate, and the
coating thickness of the electrode patterns becomes smaller, or thinner, in the
given region (in the peripheral region) than in the other region (the central region)
when the proportion of aperture area (the aperture ratio) of the mesh holes to a unit
area is the same, the aperture ratio of the mesh holes is set so as to be increased in
the peripheral region and is set so as to be decreased in the central region, that is,
the aperture ratio varies according to the regions provided with the printing
patterns, whereby variations in the coating thickness between the electrode patterns
can be suppressed or avoided.

[0014] In the screen-printing plate according to the present invention, the
aperture ratio of the mesh holes forming the printing patterns disposed in the
vicinity of the periphery of the plate frame may be set higher than the aperture
ratio of the mesh holes forming the printing patterns disposed toward the inner side
from the vicinity of the periphery of the plate frame.

[0015]  When the electrode paste is printed by pressing the squeegee to the
screen-printing plate, the screen-printing plate tends to expand more in the

peripheral region than in the central region. By setting the aperture ratio of the



can be suppressed or avoided. [0014] In the screen-printing plate 13 004
raccording to the present invention, the aperture ratio of the nesh gé@és
formng the printing patterns disposed in the vicinity of the periphery
of the plate frane may be set higher than the aperture ratio of the nesh
holes form ng the printing patterns disposed toward the inner side from
the vicinity of the periphery of the plate franme. [0015] Wen the

el ectrode paste is printed by pressing the squeegee to the
screen-printing plate, the screen-printing plate tends to expand nore in
the peripheral region than in the centrd region. By setting the
aperture ratio of the 1 3 DEC 2004 -5 nesh holes higher in the printing
patterns disposed in the vicinity of the periphery of the plate frame
than in the meshioleschighdrtia s pditiipopaenat dispsed e vidisity 6f tHeliRriphesi Ni ty
of the periphery of the plate frame, nore conductive paste can bg
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coating thickness between the printing patterns are reduced by using a
screen pri nthergeesl the electtpdepattenes. udes a screen plate provided with a
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conprises the st egs of lam nating and contact-bonding the pluraltty of
cerani ¢ gr edhickprss bgtwegn ¢he printing patterns are reduced by using a screen-printing plate

which includes a screen plate provided with a plurality of printing patterns

disposed in a single plate frame of the screen plate, each printing pattern being
formed with a plurality of mesh holes. At least two different aperture ratios of the
mesh holes forming the printing patterns are provided according to the positions of
regions in which the printing patterns are formed. The method also comprises the
steps of laminating and contact-bonding the plurality of ceramic green sheets, each
provided with a plurality of electrode patterns; cutting the laminated and contact-
bonded layered product into independent elements; and firing the cut elements.
[0017]) A predetermined number of ceramic green sheets are larninated, are
contact-bonded, are cut into independent elements, and are fired, the ceramic
green sheets being provided with a plurality of electrode patterns formed by using
the screen-printihg plate according to the present invention, in which variations in
the coating thickness between the electrode patterns are reduced, whereby a
reliable laminated-ceramic electronic device, in particular, a laminated-ceramic
capacitor can be efficiently manufactured, the laminated-ceramic capacitor having
a reduced-size and large capacity in which the number of laminations can be

increased and structural defects are not likely to occur.



provided with a plurality of electrode patterns; cutting the |am nated
and contact- bonded | ayered product into independent el ements; and ¥0EG afif4
the cut elenments. [0017] A predeterm ned nunber of ceram c green sheets
are lam nated, are contact-bonded, are cut into independent el enents,
and are fired, the ceramic (green sheets being provided with a plurality
of electrode patterns forned by using the screen-printing plate
according to the present invention, in which variations in the coating

t hi ckness between the el ectrode patterns are reduced, whereby a reliable
| ani nated-ceramc el ectronic device, in farticular, a |aninated-ceranic
capacitor can be efficiently manufactured, the | am nated-ceramc
capacitor having a reduced-size and |large capacity in which the nunber
of |am nati of8018kn leccotding ees fdtien dspeict Uﬁthﬂ;p?éseﬂiﬁhﬁéﬂtﬁn@h@arﬂﬁhteﬁi kely to
occur. 13 DEC 2004 -6 [0018] According to a further aspect of the present
i nvention, actrapialeetgonie devae ts provided owhich decludes ai struptuoe indwhiichvibterral

i ncludes a styucture in which internal electrodes are | am nated on each
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plate provided with a plurality of printing patterns disposed in a

si ngl e pl at ePatiegpRatsiredueed, by usiag aiceaes;prinsiop piat¢ whichgngludeser scriani plate
formed with a_plurali f sh. holes. At |least two differenf aperture
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plurality of electrode patterns; cutti gg the | am nated and

cont act - bondat Prayided acenreagde thepasitians @6 pegiorsin vdlienthetpsintiagpaftems ng t he
cut el ement Sare formed. The method also comprises the steps of laminating and contact-

bonding the plurality of ceramic green sheets, each provided with a plurality of
electrode patterns; cutting the laminated and contact-bonded layered product into
independent elements; and firing the cut elements.

f0019]  Since the laminated-ceramic device is manufactured by the method in
which a predetermined number of the ceramic green sheets provided with a
plurality of the electrode patterns, between which variations in the coating
thickness are reduced, are laminated, are contact-bonded, are cut, and are fired
under a predetermined condition, a high reliability can be ensured with defects of

the internal structure being reduced even when the number of laminations

increases.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]  Fig. 1 is a plan view of a screen-printing plate according to an
embodiment of the present invention;

f0021]  Figs. 2A and 2B are a sectional view and a bottom view, respectively,
of a pattern structure of a printing pattern in a region in the vicinity of the

periphery of the screen-printing plate shown in Fig. 1;



[ 0019] Since the | am nated-ceram c device is manufactured by the nethod
in which a predeternined nunber of the ceranic green sheets provildetC 2004
with a plurality of the el ectrode patterns, between which variations in
the coating thickness are reduced, are |am nated, are contact-bonded,
are cut, and are fired wunder a predeterm ned condition, a high
reliability can be ensured with defects of the internal structure being
reduced even when the nunber of |am nations increases. BRI EF DESCRI PTI ON
OF THE DRAWNGS [0020] Fig. 1 is a plan view of a screen-printing plate
according to an enbodinent of the presenf-invention; [0021] Figs. 2A and
2B are a sectional view and a bottomview, respectively, of a pattern
structure of a printing pattern in a region in the vicinity of the
periphery of [0022]scr Eigs- pAianti3Boarp laakcticiabwiew andrd Bottoh viewd rB¥gec@iid¢, - 7
[0022] Figs. 3A and 3B are a sectional view and a bottom view,

respect i vel y,of the patesn seuewraokthe printing pattern liw a geatratliregiop f ther stréen- a

central region.of the screen-_printing plate shown in Fig. 1; [0023] Fig.
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the embodiment of the present invention;
[0025]  Fig. 6 is a sectional view of 2 laminated-ceramic capacitor manufactured
in a process of laminating the ceramic green sheets provided with the electrode
patterns by using the screen-printing plate according to the embodiment of the
present invention;
[0026)  Fig. 7 is a cross-sectional view showing a process of a known screen-
printing method;
[0027]  Fig. 8 is a longitudinal-sectional view showing the process of the known

screen-printing method.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0028] An embodiment according to the present invention is shown below,
whereby the characteristics of the present invention will be described further in
detail. |

[0029]  The embodiment is described by using a screen-printing plate as an
example which forms electrode patterns (printed patterns) as internal electrodes on
ceramic green sheets which are used for manufacturing a laminated-ceramic
capacitor.

[0030]  Fig. ! is a plan view of a screen-printing plate according to the

embodiment of the present invention. Fig. 2A is a sectional view showing a



present invention; [0026] Fig. 7 is a cross-sectional view show ng a
process of a known screen- printing method; [0027] Fig. 8 is a 13 DEC 2004
| ongi t udi nal -secti onal view showi ng the process of the known
screen-printing nmethod. DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS [ 0028]
An enbodi nent according to the present invention is shown bel ow, whereby
the characteristics of the present invention will be described farther in
detail. [0029] The enbodi nent is described by using a screen-printing
plate as an exanple which forns el ectrode patterns (printed patterns) as
internal electrodes on ceranmic green sh8ets which are used for

manuf acturing a |l am nated-ceram c capacitor. [0030] Fig. | is a plan
view of a screen printing plate according to the enbodi ment of the
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shown in Figs. 4 and 5, _theglscr een-pri ntétlﬁlng pl tﬁéﬁgsyﬁwéggl ,'qfols;ilg'
exanpl e, a siBiis#a beitoms yievenf flegaternstinanireishiown m FigaBa. frame 14 in which
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green sheet Glnjit & ﬂﬁﬁjegse&régﬁaﬂgte 12 including a plate frame 14 in which a plurality
of printing patterns 11 are disposed, so that a plurality of electrode patterns
(printed patterns) 22 can be printed on a ceramic green sheet 21 in a desired shape,
The screen plate 12 is supported by a frame 15 at the periphery of the screen plate
12.
[0032]  As shown in Figs. 1, 2, and 3, the printing patterns 11 of the screen
plate 12 are formed with mesh holes 13 formed in a predetermined position of the
screen plate 12.
[0033]  In the screen-printing plate A according to the present embodiment, the
aperture ratio of the mesh holes 13 forming the printing patterns 11 (11a)
positioned in the peripheral region R1 in the vicinity of the periphery (marginal
edges) of the plate frame 14 is set higher than the aperture ratio of the mesh holes
13 forming the printing patterns 11 (11b) positioned in the central region R2, as
shown in Figs. 2 and 3.
[0034]  In particular, according to the present embodiment, one printing pattern
11 (11a) in the peripheral region R1 is formed with nine mesh holes 13, and one
printing pattern 11 (11b) in the central region R2 is formed with six mesh holes
13, as shown in Figs. 2 and 3, whereby the aperture ratio of the mesh holes 13
forming the printing patterns 11 (l-la) in the peripheral region R1 becomes 30%,
and the aperture ratio of the mesh holes 13 forming the printing patterns 11 (11b)
in the central region R2 becomes 20%,



The screen plate 12 is supported by a frane 15 at the periphery of the
~screen plate 12. [0032] As shown in Figs. 1, 2, and 3, the printi n1g3 BEC 2004
patterns 11 of the screen plate 12 are formed with nmesh holes 13 forned
in a predeterm ned position of the screen plate 12. [0033] In the
screen-printing plate A according to the present enbodi nent, the
aperture ratio of the nmesh holes 13 formng the printing patterns 11 (1
la) positioned in the peripheral region Rl in the vicinity of the

peri phery (margi nal edges) of the plate frane 14 is set higher than the
aperture ratio of the nesh holes 13 forfling the printing patterns 11
(11b) positioned in the central region R2, as shown in Figs. 2 and 3.
[0034] In particular, according to the present enbodi nent, one printing
pattern 11 (0035h) iThetsbrzeporintihgphite Aquovidedivitha plofatigdofvbieprititing Nesh
hol es 13, and one rinting pattern 11 (11 b) in the central region R2 is
fornmed with paeraedhwasdisposedn the cemmimgiean Fhagt 21 2eleettpde, pastecd3ewss t he

t ti f ,th h holes .13 ' th it t 11 (11
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" egi on R bebeee IR PR B LB B AR JfatarbY o Fig WP (S

A provi ded wbeing pressed aitotthe srednierimingrplate G, wiirétsr the elebtroas psite pgsed on
the ceramic green sheet 2 1, electrode paste 23 was supﬁl ied onto the

screen- pri nt Pagyed thapeghathe spash holeg Jé fgmring sha/printing patterns H ofthe deteen-ni ned

di tion, far ' ' ti f Yin Fig. 4 i
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11 of the screen- printing plate A the e was printed on
the ceram c tricaresshfcmth 2lectrode pattern (printed pattern) 22 was measured, and the

degree of variations in the thickness was examined.
[0036]  For comparison, a screen-printing plate as a comparative example was
prepared, which was provided with the same printing patterns as those in the
central region R2 according to the present embodiment, that is, the printing
patterns had the same aperture ratio of the mesh holes of 20% as each other in the
peripheral region R1 and in the central region R2 of the comparative example. By
using the comparative example of the screen-printing plate, a plurality of electrode
patterns (printed patterns) were printed on a ceramic green sheet, the coating
thickness of each electrode pattern (printed pattern) was measured, and the degree
of variations in the thickness was examined.
[0037]  The result is shown in table 1.

Table 1

Example
according to the
Comparative embodiment of

example the invention
Average coating thickness (mnm) 0.70 0.70
Greatest coating thickness (mm) 0.95 0.80
Smallest coating thickness (rnm) 0.55 0.65

Variations (CV) (%) 15.1 7.5




and predeterm ned el ectrode patterns 22 were forned (see Fig. 5). ﬁg
coating thickness of each electrode pattern (printed pattern) 22 @ECZ%4
nmeasured, and the degree of variations in the thickness was exam ned.

[ 0036] For conparison, a screen-printing plate as a conparative exanple
was prepared, which was provided with the sanme printing patterns as

those in the central region R2 according to the present enbodi nent, that
is, the printing patterns had the sane aperture ratio of the nesh holes
of 20% as each other in the peripheral region Rl and in the central

region R2 of the conparative exanple. Byllusing the conparative exanple

of the screen-printing plate, a plurality of electrode patterns (printed
patterns) were printed on a ceram c green sheet, the coating thickness of
each el ectrode pattern (printed pattern) was neasured, and the degree of
variations in the thickness was exam ned. [0037] The result is shown in

table 1. Taple I Exanpte Conparattve gccording—{o—the—arpheerbodrent
of the invenftion Average co&t i,nﬁj t hi ckhess (mm) 0] 700. 70 Gredt est coatiing
t hi ckness () 0. 950. 80 Snall F&EPIE#at i njCemralknes Peniphetal 550. (@Zenttat i at i ons
(CV) (%15.1F.5 1 3 DEC 200#egidi) Per i phregiinCent r pieion pher al|@egibnal r¢.
onr egi onr e OnNA&grage coating 0.62 0.81 0.70 0.72
thickness (mm) )
Greatest coating 0.71 0.95 0.78 0.80
thickness (mm)
Smallest coating 0.55 0.62 0.65 0.69
thickness (mmy}
Aperture rate of 20 20 30 20
screen (%)

[0038]  As shown in table 1, when the comparative example of the screen
printing plate was used, the average coating thickness of the electrode patterns
(printed patterns) was 0.70 mm, in which the greatest coating thickness was 0.95
mm, the smaljest coating thickness was 0.55 mum, and the variations (CV value)
was 15.1%.

[0039]  When the screen printing plate A according to the embodiment of the
present invention was used, the average coating thickness of the electrode patterns
(printed patterns) was 0.70 mm, in which the greatest coating thickness was 0.80
mm, the smallest coating thickness was 0.65 mm, and the variations (CV value)
was 7.5%. It is shown that the variations (CV value) in the coating thickness
between each electrode pattern (printed pattern) were significantly reduced
compared with the case in which the comparative example of the screen-printing
plate was used.

[0040] Concerning the coating thickness of the electrode patterns (printed
patterns) in the peripheral region R1 and the central region R2 when using the

comparative example of the screen-printing plate, in the peripheral region R1, the



Aver age coating0. 620. 810. 700. 72 t hi ckness (nm G eat est

coat i ng0. 710. 950. 780. 80 t hi ckness (rmm) Smal | est coating0. 550. 620. 6508.066 2004
t hi ckness (mn) Aperture rate of 20203020 screen (% [0038] As shown in
table 1, when the conparative exanple of the screen printing plate was
used, the average coating thickness of the electrode patterns (printed
patterns) was 0.70 nm in which the greatest coating thickness was 0.95
nm the snmallest coating thickness was 0.55 nm and the variations (CV
value) was 15.1% [0039] Wen the screen printing plate A according to
the enbodi nent of the present inventionlhas used, the average coating

t hi ckness of the electrode patterns (printed patterns) was 0.70 nm in
whi ch the greatest coating thickness was 0.80 mm the small est coating
t hi ckness was 0.65 mm anpd the variations (CV value) was 7.5 % It is
shown that t A¥CTH&S F%&t%ﬁglcms wh thecslectrode pattergs (prinjed pattarny Jvas B62 waan
each el ectroaia attern (printed pattern) were significantly reduced
conpar ed wi t Fe Egalgstcoating Hucknesy was @ ddpamaand, the smalipst coating thickness was
screen-printi pl at e .was used, [0040] Concerning the coating thickness
of the el ect pg%em%t P &he roiTat Bgion B2 b a¥srage,cqatiag tkickngse phther egi on R

and the central region R2 when, using.the onpar ative examl e of the
screen-print F%uBﬁnge%m%edp@qeﬁ%%?”éﬁ Or@g‘i‘I the, grepisar cogting thicknesg - 11

aver age coat,09 44 G15A Bl shilfest bRk HRcRE! L8l Bier BE) L P

coating thickness, the greatest coating thickness, and the smallest coating thickness
of the electrode patterns (printed patterns) in the peripheral region R1 were
respectively smaller than those of the electrode patterns (printed patterns) in the
central region R2.

[0041]  Concerning the coating thickness of the electrode patterns (printed
patterns) in the peripheral region R1 and the central region R2 when using the
example of the screen-printing plate according to the embodiment of the present
invention, in the peripheral region R1, the average coating thickness of the
electrode patterns (printed patterns) was 0.70 mm, the greatest coating thickness
was (.78 mm, and the smallest coating thickness was 0.65 mm, and in the central
region R2, the average coating thickness of the electrode patterns (printed patterns)
was (.72 mm, the greatest coating thickness was 0.80 mm, and the smailest
coating thickness was 0.65 mm. It is shown that the average coating thickness, the
greatest coating thickness, and the smallest coating thickness of the electrode
patterns {printed patterns) in the peripheral region R1 were respectively close to
those of the electrode patterns (printed patterns) in the central region R2, and the

variations were small,



the greatest coating thickness was 0.71 mm and the small est coating

t hi ckness was 0.55 nm and in the central region R2, the average $08E 7406
t hi ckness of the electrode patterns (printed patterns) was 0.81 mm the
greatest coating thickness was 0.95 mm and the smallest coating

t hi ckness was 0.62 nm The average coating thickness, the greatest
coating thickness, and the snallest coating thickness of the el ectrode
patterns (printed patterns) in the peripheral region Rl were
respectively smaller than those of the el ectrode patterns (printed
patterns) in the central region R2. [0042 Concerning the coating

t hi ckness of the electrode patterns (printed patterns) in the peripheral
region Rl -and the central region R2 when using the exanple of the
screen-printin | atg according to the enbodi nent of the present

i nvention, i 10 pe§Y peigg dhe sIeRpriFUng plate ageasdiagdo seembrglimentofitbes of
the electrode patterns (printed patterns) was 0.70 mm the greatest
coating thic mxe{%t 1ySBteN, A3 dssaribsf @beee varamens de thegwating thieknernbeweoms
0.65 nm and in the central region R2, the average coating thickness of
the el ectr odd’l‘b‘éilfye?ﬁ%le‘(tfﬂqetﬁagﬁméﬂ ngsdrhy) usingenescreenpfinting dlaje can bet

coating thickngss s 0.80 mm and the smallest coating thickness was
0.69 nm It ifgfc&ﬂ‘é‘%ﬁf?ﬂ-‘ﬁ t1he average coating thickness, the greatest

ti t hi , and the smal | est. coatjng thjckne of the el ectrode
patt erns. (pr OB paREPARES IR FGE, O PRI P REI AEP R S e vel y
central r egi GIEBe FATEER T WHah F VoE oA b i apie BickmesarbseApced gas
0042] B [ t.h -printi | at di.ng t h di nent of
the prosent JoRTRRESHRYE e RiuBoled 2aa i 0B it e shes fRo840% ng
scr eenpri nt 1o ards wicRised Hotra Ry Wi Fechfnd Baent ire Tiinareh artne” "

screen-printing p can

uppermost and lowermost ceramic green sheets provided with the electrode
patterns, respectively, are contact-bonded to each other, and are cut into
independent elements. The cut elements are individually provided with external
electrodes formed in predetermined positions of the elements, whereby laminated-
ceramic capacitors are obtainable, as shown in Fig. 6, each provided with a pair of
external electrodes 34a and 34b, which are individually connected to internal
electrodes 32, at ends of an element 33 in which a plurality of the internal
electrodes 32 are laminated on each other with a ceramic layer 31 therebetween.
[0044]  The laminated ceramic capacitor is manufactured by laminating the
ceramic green sheets provided with the electrode patterns of which variations in
the coating thickness are reduced, thereby reducing defects of the internal
structure, such as delamination, and realizing high reliability.

[0045]  Although in the above embodiment, the mesh holes 13 in each printing
pattern 11 (11a) are disposed more in the peripheral region R1 than in the central
region R2 so that the aperture ratio of the mesh holes 13 in the peripheral region
R1 differs from that in the central region R2, the aperture ratio of the mesh holes

13 forming the printing patterns 11 (11a) in the peripheral region R1 and the



[ 0043] A predeterm ned nunber of the ceram c green sheets provided with
the electrode patterns of which the variations in the coating thiFﬁU???Mﬁ
are reduced, as described above, are |l am nated on each other, ceram¢
green sheets (sheets for outer |ayers) which are not provided with

el ectrode patterns are |am nated on the uppernost and | owernost ceramc
green sheets provided with the electrode patterns, respectively, are
cont act-bonded to each other, and are cut into independent elenents. The
cut elements are individually provided with external electrodes forned
in predetermned positions of the el enent3s, whereby |am nated- ceramc
capacitors are obtainable, as shown in Fig. 6, each provided with a pair
of external electrodes 34a and 34b, which are individually connected to

internal el ectrodes, 3 at ends, of ,an el enent ,33 i n whic lurality of
e’ nter nal SPES TRis a8 smesh Boles 1 AomanE O winpecurens.k G18) Bubarn -

| ayer 31 therebetween. 0044] T | am nated _ceram ¢ capacitor is

manuf act uredcwaﬁ W%Wk’éayfw]esa ereRt from gach atheroyith eohRlGs {3 ¢ he

el ectrode pagterns. of .whi.ch_variations.in coat i t hi ckness are
Feduced. t hhRige et AHRHEE SREL paoh ot fastead S cuREthg Ak futufel o7 36 feshy
del am nati on an(ilBreaI izing high reliability. [0045] Although in the
above errbodih%lﬁi, the nesh holes 13 in each printing pattern 11 (11a)
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mesh  hol es {3 regions in which the rates of aperture differ from each other, the number of

regions in which the rates of aperture differ from each other, the type of substance

to be printed, such as electrode paste or the like.



[ 0046] The present invention is not limted to the above enbodi nent, and
the enbodi ment may includes various applications and nodificati oh3 DEC 2004
within the spirit and scope of the present invention regarding the
material of the screen plate, the particular shape and |ayout of the
mesh holes, the relationship of positions between the regions in which
the rates of aperture differ fromeach other, the nunber of regions in
which the rates of aperture differ fromeach other, the type of substance
to be printed, such as electrode paste or the |like. 13 DEC 2004 -14 5 10
15 WHAT IS CLAIMED IS: 1. A screen-printi4g plate conprising: a screen
pl ate provided with one or nore printing patterns disposed in a single
plate frane of the screen plate, each of the one or nore printing
patterns being fornmed with a plurality of nmesh holes, wherein at |east
one of the oﬂﬁé?lﬁ&@mlﬁg patterns has at least two different
aperture ratios of the nesh holes. 2. The screen-printing plate according
to claim1, wherein nmesh holes having a first aperture ratio are
di sposed in a first region of the screen plate and nesh holes having a
second aperture rhtifS@een-prisies platg ¢pmprisiegsnd r egi on of the screen
plate. 3. The screen-printing plate according to claim2, wherein the
first region of BAECSRPRENPIViied With are or THOFq prarting patternsadispased inf a ane,

[ screen plate is at a portion of the screen

and the second region of t n
pl ate cl oser S‘P%ICEI’?@%E‘F‘W ‘8{‘]‘%? BereeR Platsh cattheicthe oRe AT mpse printing patgros.
being formed with a plurality of mesh holes,
5 wherein at least one of the one or more printing patterns has at least two

different aperture ratios of the mesh holes.

2. The screen-printing plate according to claim 1, wherein mesh holes
having a first aperture ratio are disposed in a first region of the screen plate and
mesh holes having a second aperture ratio are disposed in a second region of the

10 screen plate.

3. The screen-printing plate according to claim 2, wherein the first region
of the screen plate is at a periphery of the plate frame, and the second region of the

screen plate is at a portion of the screen plate closer to a center of the screen plate

than the first region.

15 4. The screen-printing plate according to claim 4, wherein the first

aperture ratio is higher than the second aperture ratio.

5. The screen-printing plate according to claim 1, wherein a first group of
mesh holes is closer to a periphery of the plate frame than a second group of mesh

holes and has a first aperture ratio that is higher than an aperture ratio for the



4. The screen-printing plate according to claim4, wherein the firﬁ%ﬂECZ%#
- aperture ratio is higher than the second aperture ratio. 5. The
screen-printing plate according to claim1l, wherein a first group of

mesh holes is closer to a periphery of the plate frame than a second
group of mesh holes and has a first aperture ratio that is higher than
an aperture ratio for the 13 DEC 2004 -15 5 10 15 110 second group of
mesh holes 6. A nethod for manufacturing an el ectronic device, conprising
the steps of: formng one or nore printed patterns on a ceram c green
sheet by pressing electrode paste throelda a plurality of nesh holes in
one or nore printing patterns in a screen printing plate, wherein the
plurality of mesh holes includes nesh holes wth different aperture
ratios. 7. The nethod as set forth in claim®6, wherein electrode paste is
pressed t hrssoopd grouprofmeshdgesof nesh holes in a first region of the
screen-printing plate having a first aperture ratio and a second group
of nmesh holes in a second region of the screen-printing plate having a
second aperture ratio. 8 The nethod as set forth in claim7, wherein the
first region is pfodi mgthed far papuispmring an eloegonic devise seomapsising thetstepy

pl ate and the second region is proximate a center of the screen-printing
pl ate. 9. THE net hod as set forth in claim8, wherein the first aperture

ratio is higher than the second aperture ratio. .
forming one or more printed patterns on a ceramic green sheet by pressing

5 electrode paste through a plurality of mesh holes in one or more printing patterns
in a screen-printing plate, wherein the plurality of mesh holes includes mesh holes

with different aperture ratios.

7. The method as set forth in claim 6, wherein electrode paste is pressed
through a first group of mesh holes in a first region of the screen-printing plate
10 having a first aperture ratio and a second group of mesh holes in a second region

of the screen-printing plate having a second aperture ratio.

8. The method as set forth in claim 7, wherein the first region is proximate
a peripheral frame of the screen-printing plate and the second region is proximate a

center of the screen-printing plate.

15 9. The method as set forth in claim 8, wherein the first aperture ratio is

higher than the second aperture ratio.

10. The method as set forth in claim 6, wherein the electrode paste is
pressed through a first group of mesh holes that is closer to a periphery of the
screen-printing plate than a second group of mesh holes and has a first aperture

20 ratio that is higher than an aperture ratio for the second group of mesh holes



10. The method as set forth in claim®6, wherein the el ectrode paste is
pressed through a first group of mesh holes that is closer to a per3 pbed8os
of the screen-printing plate than a second group of mesh holes and has a
first aperture ratio that is higher than an aperture ratio for the
second group of nesh holes 1 3 DEC 2004 -16 5 10 15 20 11. The nethod as
set forth in claim®6, conprising the steps of |am nating and
contact-bonding a plurality of ceram c green sheets, one or nore

el ectrode patterns being formed on at |east one of the plurality of
cerami c green sheets; cutting the | am npg-ed and contact bonded | ayered
ceram c green sheets into independent elenents; and firing the cut

el enents. 12. An el ectronic device conprising: a ceram c sheet including
one or nore printed patterns forned by pressing electrode paste through
a plurality of medh. Adleanethod anset fortnior daipr 6/ ¢ompyisie the steps of n a
screen-printing plate onto a ceram c green sheet and thereafter firing
the ceram ¢ greeilamibating andamgichbomdngh phahlity\of ctranss grden|sbeets nadeumte s
mesh holes with different aperture ratios. 13. The nethod as set forth
in claim12, moneekecmodd pattermsceingaformed on pt kastauhe of theoplgtaly HFf ceramig oup . of
mesh holes in a first region of the screen-printing plate having a first
aperture rat greearstieess;second group of nesh holes in a second region of
the screen-printing plate having a second aperture ratio.

5 cutting the Jaminated and contact-bonded layered ceramic green sheets into
independent elements; and '

firing the cut elements.

12. An electronic device comprising:
a ceramic sheet including one or more printed patterns formed by pressing
10 electrode paste through a plurality of mesh holes in one or more printing patterns
in a screen-printing plate onto a ceramic green sheet and thereafter firing the
ceramic green sheet, wherein the plurality of mesh holes includes mesh holes with

different aperture ratios.

13. The method as set forth in claim 12, wherein electrode paste is pressed
15 through a first group of mesh holes in a first region of the screen-printing plate
having a first aperture ratio and a second group of mesh holes in a second region

of the screen-printing plate having a second aperture ratio.
14. The method as set forth in claim 13, wherein the first region is
proximate a peripheral frame of the screen-printing plate and the second region is

20 proximate 2 center of the screen-printing plate.

15. The method as set forth in claim 14, wherein the first aperture ratio is



14. The method as set forth in claim 13, wherein the first region
proxi mate a peripheral frame of the screen-printing plate and thélziéBRWA
region is proximte a center of the screen-printing plate. 15. The

met hod as set forth in claim 14, wherein the first aperture ratio is 13
DEC 2004 -17 higher than the second aperture ratio. 16. The nethod as set
forth in claim12, wherein the electrode paste is pressed through a
first group of nesh holes that is closer to a periphery of the
screen-printing plate than a second group of nesh holes and has a first
aperture 5 ratio that is higher than an-Hperture ratio for the second
group of nesh hol es.

higher than the second aperture ratio.

16. The method as set forth in claim 12, wherein the electrode paste is
pressed through a first group of mesh holes that is closer to a periphery of the
screen-printing plate than a second group of mesh holes and has a first aperture

5 ratio that is higher than an aperture ratio for the second group of mesh holes.



