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the Invention The present invention relates to apparatuses for

manuf acturing el ectronic nonolithic ceram c conponents and, nore
particularly, to a manufacturing apparatus for manufacturing an

el ectronic nonolithic ceram c conponent having a | am nate that

is fornmed

by lamnating a plurality of ceram c green sheets of a plurality of types
in a predeterm ned order. 2. Description of the Related Art Wen

el ectronic nonolithic ceram c conponents such as a multil ayer

ceranic

board, a nonolithic ceram c capacitor, and a nonolithic ceram c inductor
are nmanufactured, a step of lamnating a plurality of ceram c green
sheets of a plurality of types in a predeterm ned order is performned.
The ceranic WAMGWMWBE%WAmmmi on step
are supplied by a sheet supplier ich typically sorts, and sucks a
plurality of sheets acddONOIJT. IQE!AMi/ig Mg le, Japanese

Unexam ned Patent Application Publ i cation No. 9- 104016 di scl oses an

apparatus whi ch produces a |l amnate by supplying a plurality of

ceranic

green sheets of a desired type froma sheet supplier and by |am nating
the supplied ceramc green sheets according to a predeterm ned order. |

0 7 DEC %&ﬂsﬁs&w%& t he above-di scl osed apparatus sorts

ceranic
1. Field of the Invention

The present invention relates to mamufacturing apparatuses for mamifacturing
electronic mounolithic ceramic components and, more particularly, to 8 manufacruring

apparams for manufacturing an electronic monolithic ceramic component having a laminate

that is formed by Iaminating a plurality of ceramic green sheets of a plurality of types ina

predetermined order.

2. Description of the Related Art

When electronic monolithic ceramic components such as a multilayer

ceramic board, a monolithic ceramic capacitor, and a momnolithic ceramic inductor are

manufactured, a step of laminating a plurality of ceramic green sheets of a plurality of types

in a predetermined order is performed.

The ceramic green sheets laminared in the above-mentioned lamination step

are supplied by a sheet supplier which tycically sorts, and stacks a plurality of sheets

according to the type.

For example, Japanese Unexamined Patent Application Publication No. 9-

104016 discloses an apparams which produces a laminate by supplying a plurality of

ceramic green sheets of a desired type from a sheet supplier and by laminating the supplied

ceramic green sheets according to a predetermined order.



sheets of a plurality of types according to the type and prepares the
ceram c green sheets ready to be supplied, and the plurality of Qe'?rﬂaﬁﬁ 004
green sheets is sorted according to the type while being arranged on a
pl anar surface. For this reason, the utilization efficiency of area in

t he sheet supplier is low and the area weeded to install a sheet
supplier increases to neet the requirenent for a diversity of ceramc
green sheets to produce a desired electronic nonolithic ceramc
conponent. SCARY OF THE | NVENTI ON The obj ect of the present invention
resol ves the above-nentioned problem and it is an object of the present
I nvention to provide a manufacturing apparatus for rmanufacturing an

el ectroni c nonolithic ceram c conponent. The present invention is
directed in one enbodiment to a manufacturing apparatus for

manuf act uri ng el ecTheslieet supplidriin Hieaboee-disclased appapsmssosts ceramiicigiieeny a sheet
supplier for supplying a plurality of ceram c green sheets of a plurality
of types shattscof apharalitycofitypes @cenrdiog to the qyne and prepares thefosramie greenshaets t he
ceram c green sheets supplied by the sheet supplier, and an enbodi nent
of the preadyie be supphied.cAnd thesp of| QeEAmic: green shegwsds sogted accapding @ the
above-descri bed problem The sheet supplier of the manufacturing

appar at udynewiilecheingarranged,on 3 plapsc s for sorting and hol ding the

ELEY?LLEY and s ol rl@éﬂfﬁ?dﬁ%@%?ﬁﬁﬁ%ﬁ&%ﬁ%@%@“ Pl i ﬁiag? “’d
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component.

SUMMARY OF THE INVENTION

The object of the present invention resolves the above-mentioned problem,
and it is an object of the present invention to provide a manufacturing apparatus for
manufacturing an electronic monolithic ceramic component.

The present invention is directed in one embodiment to a manufacturing
apparaws for mamufacturing electronic monoljthic ceramic components, including a sheet
supplier for supplying a plurality of ceramic green sheets of a plurality of types in a
predetermined order, and a laminator for laminating the ceramic green sheets supplied by

the sheet supplier, and an embodiment of the present invention has the following feature to
resolve the above-described problem.

The sheet supplier of the manufacm:ing apparatus includes 2 plurality of
trays for sorting and holding the plurality of ceramic green sheets of the plurality of types
according to the type, and a reck for setting the plurality of trays in a vertical direction in
alignment. Each of the trays is drawable from the rack, and each of the trays holds the
plurality of ceramic green sheets of the same type stacked one above another.

2.



drawing the plurality of trays according to a predeterm ned order, and a
conveyor device for picking up a single ceramc green sheet fron(uiEC 2004
drawn tray and then conveying the ceram c green sheet to the |am nator.
Preferably, the rack is raised and lowered in a vertical direction, and
the tray drawer device draws a tray which is positioned at a
predeterm ned hei ght through the upward and downward novenent of the
rack. Preferably, the conveyor device includes a chucking device for
chucking a topnost ceram c green sheet of the stack of the ceram c green
sheets in the tray for conveyance. BRI EF DESCRI PTI ON OF THE DRAW NGS FI G
1is a plan view show ng the | ayout of nmjor work areas provided by a
manuf act uri ng apparatus 1 for manufacturing electronic nonolithic ceramc
conponents in accordance with one enbodi nent of the present invention;

FIG 2 is sinmilar The Rafifadtringapparatas forther incladesaiteay drgwetdeviperfor al | ayout

of the manufacturing apparatus 1; FIG 3 is a front view generally

showi ng diewing tset plaralitycof ways advarding toud pretietermigedgrder, and s cdnvebrGdevicei s a
pl an view showing a step for obtaining a ceram c green sheet 20 supplied

f r om t he fortpieking up pisingle @rahio greenshést Gom the idra@m Tey mdatherd eonveyiagvtiehowi ng a
nodi fication of the step for obtaining the ceramc green sheet 20; -3 0 7
DEC 2004 cfp@ic grees sheephiodhe laminatetaowi ng vi a hol es 25 and conductive films
27 formed in the ceram c green sheet 20; i o
ly, the rack is raised and lowered in a vertical direction, and the tray
drawer device draws a tray which is positioned at a predetermined height through the
upward and downward movement of the rack.
Preferably, the conveyor device includes a chucking device for chucking a
topmost ceramic green sheet of the stack of the ceramic green sheets in the tray for

conveyance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view showing the layout of major work areas provided by a
manufacturing apparatus 1 for manufacturing electronic monolithic ceramic components in
accordance with one embodiment of the present invention;

FIG. 2 is similar to FIG. 1, and is a plan view showing the general layout of
the manufacturing apparatus 1; |

FIG. 3 is a front view generally showing the construction of the
mamufacturing apparatus 1; |

FIG. 4 is a plan view showing a step for obtaining a ceramic green sheet 20
supplied from the sheet supplier 2 shown in FIG. 1;

FIG. 5 is a plan view showing a modification of the step for obtaining the
teramic green sheet 20;



FIG 7 is a perspective view showing part of a rack 7 arranged in the
sheet supplier 2 shown in FIG 1; FIG 8 is a perspective view ofj 79f( 2004
single tray 8 set in the rack 7 showmn in FIG 7; FIG 9 is a side view
showi ng the operation of a tray drawer device 13 shown in FIG 2; FIG
10 is a plan view explaining the construction of a corner cutter 3 shown
in FIG 1: FIG 11 is a plan view showi ng the corner caner 3 shown in
FIG 10; PIGS. 12A, 12B, and 12C are cross-sectional views show ng the
corner cutting operation of the corner cutter 3 shown in FIG 10 and FIG
11; FIG 13 shows the nodification of the operation of a cutting edge 36
showmn in FIG 12; FIG 14 is a plan view showing a |lamnator table 10
shown in FIG 2; FIG 15 is a fromview showi ng the |am nator table 10

shown in FIG 14; 16,1 s an vig a first. nodification of
t he | ani nat or tab|§fd18“'%“i“% %fﬁgg\h“gﬁm 22

nmodi f i cat Egltmﬁ E"Lﬁa r table 10; FIGS. 18A, 18B, and 18C show an
upper Hj&'g arra ged |n a' conpression bonder device 11 shown in FIG
2, wherein FIG 18@g. W ?Bﬁm% s a
front view of the upper | d” 46 toget her %E the am naFE& &h&%ﬁ%k

and Fl G sippfier 3 sliowanintFIG 1§ ew of the upper nold 46; -4 0 7 0 EC 2004
FI GS. 19A-19E are a front view showi ng the operation of the upper nold 46

FIG. 8 is a perspective view of a single tray 8 set in the rack 7 shown in

FIG. 7;

FIG. 9 is a side view showing the operation of a tray drawer device 13
shown in FIG. 2;

FIG. 10 is a plan view explaining the construction of a corner cutter 3 shown
in FIG. 1;

FIG. 11 is a plan view showing the corner cunter 3 shown in FIG. 10;

FIGS. 12A, 12B, and 12C are cross-sectional views showing the corner
cutting operation of the corner cutter 3 shown in FIG. 10 and FIG. 1§;

FIG. 13 shows the modification of the operation of a cutting edge 36 shown

in FIG. 12,
FIG. 14 is a plan view showing a laminator table 10 shown in FIG. 2;
FIG. 15 is a fromt view showing the laminaror table 10 shown in FIG. 14:
FIG. 16 is a plan view showing a first modification of the laminator table 10:
FIG. 17 is a plan view showing a second modification of the laminator table
10;

FIGS. 18A, 18B, and 18C show an upper mold 46 arranged in a
compression bonder device 11 shown in FIG. 2, wherein FIG. 18A is a top view of the
upper moid 46, FIG. 18B is a fromt view of the upper mold 46 together with the laminator
table 10, and FIG. 18C is a bottom view of the upper mold 46;



shown in FIGS. 18A 18C, FIG 20 is a front view show ng a nDdificaHL?B ff
a conpression bonder device; FIG 21 is a front view showi ng the st E'ﬂm4
whi ch an under sheet 45 is peeled off a lamnate 53; and FIG 22 is a

pl an view showi ng a step of cutting the peripheral portion of the |amnate
53. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS FIG 1 is a plan view show ng
the layout of nmmjor work areas provided by a manufacturing apparatus 1

for manufacturing el ectronic nonolithic ceram c conponents in accordance
wi th one enbodi ment of the present invention. The nianxificturing

apparatus 1 includes, as the work areas thereof, a sheet supplier 2, a
corner cutter 3, a lamnator 4, a conpression bonder 5, and a film

di scharger 6, and the work areas are arranged as shown in FIG 1.

Specific jobs carri t, | ?#9**9 .dpkf b I gcussed
later. FIG 2 is s%'%ﬁ'%gwgﬁgﬁ‘gg@g#a Vi e@viﬁﬁgw I?ﬂ@"éeneral
| ayout of kU . FIG 3 is a front view generally show ng the
construct%@% 'elgml#acturi ng apparatus 1. Referring to FIG 1, the

el ements shown in : [F{,DF hodifiSties o #ﬁoﬂ?ﬁﬂ& suppl i er
2 is provided Wthﬁgég}%tog'ﬁ% : ki@twhsgo?fangl? , a plsﬂrgfitﬁo trays 8

hol di ng Rypel c green sheets to be discussed later are arranged in two
paral |l el colums. The corner cutter 3 includes a corner cutter table 9. -5
0 7 DEC 2004 The | #FIG2it 8/ féont vidWistiowing theostate d which ab hiadet @heet 45 is

peeled off a Jaminate 53; and
FIG. 22 is a plan view showing a step of cutting the peripheral portion of the
laminate 53.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 1 is a plan view showing the layout of major work arcas provided by a
mamufacturing apparatus 1 for mannfacturing electronic monolithic ceramic components in
accordance with one embodiment of the present invention.

The mamufacturing apparatus | includes, as the work areas therzof, a sheet
supplier 2, a corner cutter 3, a laminator 4, a compression bonder 5, and a film discharger
6, and the work areas are arranged as shown in FIG. 1. Specific jobs carried out in the
work areas 2 through 6 will be discussed later.

FIG. 2 is similar to FIG. 1, and is a plan view showing the general layout of
the manufacruring apparams 1. FIG. 3 is a front view generally showing the construction
of the mamufacturing apparatus 1.

Referring w0 FIG. 1, the elements shown in FIG. 2 and FIG. 3 are discussed,
and the sheet supplier 2 is provided with a rack 7. 1n the rack 7, a plurality of trays 8
holding ceramic green sheets to be discussed later are arranged in two parallel columns.

The corner cutter 3 includes a comer cuner table 9.



The conpression bonder 5 includes a conpression bonder device 11. The
filmdischarger 6 includes a filmdischarge tray 12. A tray drawdr? Biviige
13 is provided to work with the rack 7. To convey the ceram c green
sheets, a first chucking device 14 and a second chucking device 15 for
chucking the cerami c green sheets through vacuum suction for conveyance
are arranged. The lam nator table 10 reciprocatingly noves between the
position thereof shown in FIG 2 and FIG 3 and the position thereof at
t he mounting | ocation of the conpression bonder device 11, and rails 16
are arranged to guide the novenent of the |amnator table 10. The tray
drawer devices 13 are used to draw the trays 8, and rails 17 and 18 are
arranged to guide such a drawi ng operation of the tray drawer device 13.

The tray drawer d e 13 arr, d to work with the rail 18 is not shown
in FIG 2 and FIG %‘i éﬁ@‘ﬁ’&éw ﬁbé'epq4 reci procati ngl y noves
bet ween the tray d\[ﬁ\éver de\u Cﬁ?@g nd t{g corner .cu tahle 9, the
second chucki ng de FOTPRESSEeR rf‘ﬁ@"cb’r ‘ner
cutter table9and 9 is provided to
gui de the novenents o%?@%ﬁ%&n @M@m?&éﬂﬁ%%} 'm c green sheets
20 to be held in thegd @‘éfgdé‘ﬁ& ?@&, 'F’Y%F%&C@dﬂf#f he sheet
supplier 2. Referrlng rri ck as 50 nmis
prepared, and by ,@&h@ %ta{ agF& iy m 21,
the ceram c green sheet 0 1s produced. ib ormthe c%r{g%ng ?oé‘aeet
20, a do%hﬁ&hﬁﬁ&dﬁe% 7@%1:@811:%‘& EQEhR pri® dhokls ﬂﬁ‘mﬁﬁ\Lacuﬁﬂ%&foan; hod,

etc. may be used. 004
conveyance are arranged.

The laminator table 10 reciprocatingly moves between the position thereof
shown in FIG. 2 and FIG. 3 and the position thereof at the moumting location of the
compression bonder device 11, and rails 16 are arranged to guide the movement of the
laminator table 10.

The tray drawer devices 13 are used to draw the trays 8, and rails 17 and 18
are arranged to guide such a drawing operation of the tray drawer device 13. The tray
drawer device 13 arranged to work with the rail 18 is not shown in FIG. 2 and FIG. 3.

The first chucking device 14 reciprocatingly moves between the tray drawer
device 13 and the corner cutter table 9, the second chucking device 15 reciprocatingly
moves between the corner cutter table 9 and the laminator table 10, and a rail 19 is
provided to guide the movements of these devices. |

FIG. 4 shows ceramic green sheets 20 to be held in the trays 8 set in the rack
7 placed in the sheet supplier 2.

Referring o FIG. 4, a carrier film 21 as thick as 50 mm is prepared, and by
applying a shurry of ceramic on the carrier film 21, the ceramic green sheet 20 is produced.

To form the ceramic green sheet 20, 2 doctor blade method, a die coater method, a roll
coater method, etc. may be used.



The thickness of the formed ceram c green sleet 20 falls within a range
of 10 mmto 300 nm and a plurality of types of green sheets 20 B3uvifioiiQ4
different thicknesses is prepared depending on the design of desired

el ectroni c nonolithic ceram c conponents. The ceram c green sheet 20
lined with the carrier film21 is stored in a roll, although not shown.
The ceram c green sheet 20 is paid out fromthe roll, and is cut along a
cut line 22 together with the carrier film21l to a size of 150 mm by 150
mm for exanple. The ceram c green sheet 20 thus cut to the predeterm ned
di rensi ons as descri bed above has a plurality of pin insertion holes 23
and a plurality of reference holes 24, which also penetrate the carrier
film21l. The pin insertion holes 23 and the reference holes 24 are

concurrently @enei_bg%i.aa a gJ,{-EQ r a,laset. In thi @’Z no. positigpad
devi ati on takes pl %@WWWM Qnﬁmw 1

ref erence h3+ 2 e"gﬂea | n.lnsertion hol ?78) each 'ﬁ@%} di anet er of
3t05m’f'iIm g@)ﬂﬁ’h Jﬁ"‘?ﬁ %ﬁgﬁﬂm% t r"fy cut
ceramc . Lef I | dge
or 1 on HEgATed ER on 38 Webikh P bésked Becm il BofMiE eriBlc bimhifnf
enbodi nent, five pi 'E&iﬁﬁﬂh@. o : CETRE 'iysﬁﬁﬁ ' of
the ceranmc greenmgﬁeet 200 W t%@nﬁ?ﬁ%@dﬁgr ea oﬁkgh?o mnﬁ?t%%ﬁeach

side of taRtfouph'mWsNove. ©The ceriiAid ipred shdd 20/if il BECRor TN dnd B2aDalBAY | NY

a size of 1 mm are opened with one at the center of each edge portilon

near each cut lie 22 wgether with Aeotainiér HImC2)! toQCYiA 610 SO MER by 156 2im, £6P 1é.he
step described with reference to PIG 4, the pin insertion holes 23 and

t he ref er ence Thelcemaniicigreen shepc20ctus titas the jiredengymined divaérgions ag deseribaheet |

but alternatively, as shown in FIG 5, the pin insertion holes 23 and

t he ref enbenschas@ plurality ofipin insertion holés 2 and e plucality.of refegence holeh 241 whigh pai d

OO penetrate the carrer Bim 21. “The pin fascition holes 33 and the reference boies 24 are
concurrenty opened using a die or a laser. In this way, no positional deviation takes place
between the pin insertion hojes 23 and the reference holes 24.

The pin insertion holes 23, each having a diameter of 3 to 5 mm, are opened
on the peripheral portion of the rectangularly cut ceramic green sheet 20, specifically, at
cach corner and in the edge portion near the four sides of the ceramic green sheet 20. In
this embodiment, five pin insertion holes 23 are arranged along each side of the ceramic
green sheet 20 within an inward area of 3 to 7 mm from each side of the ceramic green
sheet 20.

The reference holes 24, each having a size of 1 mm, are opened with one at
the center of each edge portion near each side of the rectangularly cut ceramic green sheet
20.

In the step described with reference w0 FIG. 4, the pin insertion holes 23 and
thercfbrenceholes%amopemdaﬁzrcmtingtheceramicgreensheet,butaltcmatively,as
shown in FIG. S.tnepininsertionholesZSandlhercfereneeholesumaybcopemdinme
cmmicgreensheazopaidoutfromtherollandthentheceramicgreensheetmmaybe



0O 7 DEC 2004 cut to the predeterm ned di mensions, As shown in FIG 5,

el enments identical to those with reference to FIG. 4 are deS|gnaB Eggmm
the sane reference nunerals and the discussion thereof is not rep

FIG f shows a ceram c green sheet 20 cut to the predeterm ned

di rensions. The ceram c green sheet 20 is then subjected to several
processes depending on the design of a desired electronic nonolithic
ceram c conponent. Referring to FIG 6, via holes 25 are opened and then
filled wwth an electrically conductive paste 26, and a conductive film
27 having a predeterm ned pattern is fornmed by printing an electrically
conductive paste. The filling of the via holes 25 with the electrically
conductive paste and the formation of the conductive film 27 may be

gle(r;(‘:p; Irred t he sang ?w ma¥P ‘ﬁgrfﬁr&nsd t di fégegéceait l.snpfés The
ﬁ: gﬁtelrl cahg c?‘{; mtd ve d%ast e for &ﬁe cog&uﬁw Lve fil.m éd#%m ai n copper
To 1] 'WM@P&%?‘%I nthe el ectrically conductive pact 2"'28,5 the
25 kept i & - noghioy S SRR Cerstic el b0 o P bl digpibas. " °°
oL 1 o g 05 G R R R Ol o s

per f or meg aQiRsiritRelEdtibRicOhoRdNehiS BéramicCcottipRRE Sheet 20 using screen printing

techni que. A CCD canera nonitors the formation of the via holes 25, the
filling of the viRafdmihgn PIG.\§, via oles 25| are bpéned ibd/them filled- withanpast e 26,
and the formation of the conductlve -8

electrically conductive paste 26, and a conductive film 27 having a predetermined pattern is

formed by printing an electrically conductive paste. The filling of the via holes 25 with the

electrically conductive paste and the formation of the conductive film 27 may be performed
at the same step or may be performed at differem steps.

The electrically conductive paste 26 filling the via holes 25 and the
electrically conductive paste for the conductive film 27 contain copper, nickel, and silver,
or silver and palladium as an electrically conductive material.

A laser or a die is used to open the via holes 25.

To fill the via holes 25 with the electrically conductive paste 26, the
electrically conductive paste 26 is preferably applied with the via holes 25 kept in a
negative pressure state, and the application of the elecuically conductive paste 26 may be.
performed on the side of the carrier film 21 with a mask applied on the carrier film 21 or
may be performed on the side of the ceramic green sheet 20 using screen printing
techmique.

A CCD camera monitors the formation of the via holes 25, the filling of the
via holes 25 with the electricaily conductive paste 26, and the formation of the conductive



O 7 DE C 2004 film27 by sensing the reference holes 24 and using the
reference holes 24 as a position reference. There are sonme ceranlq ieRn
sheets 20 having a conductive filmonly, and other ceram c green sheets
20 having via holes filled with no electrically conductive paste. Sone
ceram c green sheets 20 have neither conductive filmnor via holes. The
ceram c green sheets 20 subjected to the above-described processes are
sorted according to the type of process and the thickness thereof, and
are placed into the respective trays 8 as showmn in FIG 7 and FIG 8,
and the trays 8 are set in vertical colums in the rack 7. As already
di scussed. a plurality of trays 8 is vertically set intw coluinn in
the rack 7 as best seen fromFIG 7. The rack 7 is housed in a flane 28,
using a lLift mechani sm (not shown).

and is vegrtically raised and | owered
Wth the&'r“héigﬁ mlerencs holes 4 and wsing itha reference holeB24 asa positish t 0 a

predeter%ned | evel . Each of the trays 8 holds a plurality of ceramc
green s 5520 of the sanme type. By lam nating ceram c green sheets

hel d i I i A d i.ned der, | am f
desi red ol bct  oni et SOHE cordmd el RB5R 30 navnE » copfosein B omd &3 ng
to FIG gherldefamsi igi-é& ' e s {ncreased by setting a
plurality of tras'/s 8 ?E tﬂeﬂ_‘fﬂe‘lﬁcl:@??ﬁglrﬁghﬁqmﬁfquvﬁMS?ng
the ar eaSodhe deifinitipesen sheetdd W&nﬁ%dﬁﬁt O&%F;r@%ggégggvig atus handl es a

diversity of ceramc green sheets _ 'T'ed el ectronic
Tonok S S o, Tmosne e il ARG P 58 b Rl k)
col ums muqdlnxouﬁngnvﬂmmupehﬁphhtﬁﬁmﬁﬂhéﬂﬁﬂdﬁ%§huﬁuﬂ?éﬁd%n?pﬁkﬂﬁﬂio%ﬂ?4
respective trays 8 as shown in FIG. 7 and FIG. 8, and the trays 8 are set in vertica}
columns in the rack 7. As already discussed, a plurality of trays 8 is vertically set in two
columns in the rack 7 as best seen from FIG. 7.
The rack 7 is housed in a frame 28, and is vertically raised and lowered
using a lift mechanism (not shown). With the rack 7 raised and lowered, a particular tray 8
is moved to a predetermined level. Each of the trays 8 holds a plurality of ceramic green
sheets 20 of the same type. By laminating ceramic green sheets held in a plurality of trays
8 in a predetermined order, a laminate of a desired electronic monolithic ceramic
component is produced.
R:ﬁrﬁngunPﬂE.?.ﬂmtnﬂhaﬁoncﬁkhnmyofanmishmmumaibysﬂﬁnga
plurality of trays 8 in the rack 7, and without the need for increasing the area of the sheet
supplier, the manufacturing apparatus handles a diversity of ceramic green sheets 20 to
produce a desired electronic monolithic ceramic component.
In the embodiment shown, the plurality of trays 8 is arranged in rwo columns
inthcrack?,butthemlmberofcolmmmaybeoneormaybemreeintherack?.



To pick up a desired ceram c green sheet 20, the tray drawer device 13
draws a particular tray 8 holding a desired ceram c green sheet @?U§§2m4
shown in FIG 7. FIG 9 shows the tray drawer device 13 in detail.
Referring to FIG 9, the rack-7 is raised or lowered as represented by an
arrow 29 to a level as high as the tray drawer device 13. A chuck 32
travels along a rag 31 that extends in a direction represented by an
arrow 30, and at one end of the travel, the <chuck 32 is raised in a
direction represented by an arrow 33, and pins provided on the end of
the chuck 32 are mated with the tray S. In succession, the chuck 32
travels in an opposite direction along the rail 31, thereby draw ng the
tray S. In this state, the previously-nentioned first chucking device 14

vacuum chucks th tm &@g’r%?r Ln.the tra to convey
it to the corner (?3 ter _%1% e 9. gg&ﬁr@%@é‘e@%%ﬁ?ﬁé" di ately

beneat h driggs § pRrtiesihy ; r%ﬂred%h,ﬁﬁ{ic ey '}HE&? e fit
chucki ng device 14 neaflyglmgg??gstatical y g‘%ﬁ%re to %he éﬁpﬁn%s'?hceram c
green sHHAGt 93Rowsthe tial dravies dovick T3 inad#taf). Sheet 20 may al so be picked up
together. To prevent this, the first chucking device 14 has preferably
the following coRefersing todfG. Tibe cirkGlds majsed @y lawerddlas\represemed iy alss t he
ceram c green sheet 20 near opposed edges of the ceram c green sheet 20

and t em3EROR 49 P eyl as high as Seutayidnawey device 13.c Ackuck Ibtroebsialaighenmil 81 t he
choet 200 s bl rrsSwot T AFOBCH0. Smone gd of Begaretele or an ¢
hucki ng ook 128 R ATRROR e teml 9 a5 g 3 MULpIObBE VAL OB thesai. 32
Ly avel s ob iniiss irdbarchlwith Braly B th'sbedioR 7 bl Birh@fn iy T 1!
opposite direction along the rail 31, thereby drawing the tray 8.
In this state, the previously-mentioned first chucking device 14 vacuum-
chucks the topmost ceramic green sheet 20 in the tray 8 to convey it to the corner cutter
table 9.
A ceramic green sheet 20 immediately beneath the topmost ceramic green
sheet 20 vacuum-chucked by the first chucking device 14 may electrostatically adhere to the
topmost ceramic green sheet 20, and that second ceramic sheet 20 may also be picked up
together. To prevent this, the first chucking device 14 has preferably the following
construction
The chucking device 14 vacuum-chmcks the ceramic green sheet 20 near
opposed edges of the ceramic green sheet 20 and temporarily places the chucking points
closer to each other at the moment of lifting the ceramic green sheet 20 to cause the ceramic
green sheet 20 to sag. The sagging ceramic green sheet 20 forces the ceramic green sheet
20 therebencath to separate therefrom.
After the first chucking device 14 picks up the ceramic green sheet 20, the
chuck 32 travels along the rail 31 to put the tray 8 back (o the rack 7. The first chucking

-10-



N 07 DEC 2004 device 14 |lowers the chuck 32 in the direction represented
by the arrow 33, disengages a lock pin 34 froma |ocking state 0therlegin
and noves along the rail 31 out of the rack 7 to be on standby. On
standby, the first chucking device 14 is ready to start an operation to
draw a next tray 8, and the tinme required to pick up the ceram c green
sheet 20 is thus shortened. As described above, the tray 8 is put back
into the rack 7 after the desired ceramc green sheet 20 is picked up,
and no tray is placed bel ow the conveyance path of the first chucking
device 14, and this arrangenent reduces the possibility that the ceramc
green sheet 20 in the tray 8 is contamnated with dirt falling in the
course of conveyance. In this enbodi nent, the ceram c green sheet 20

LI 4 e Gl 8 0 b o
nen ¢ nelsk P Rl EIohbay st herkdt of B fionk b ol B EE b o™

shown) %%Wef orehand data concerning the types of, the |am nation
order of, an he nunber of ceramc green sheets 20 required to produce

a lamnate of a degg ﬁr@fﬁ'hﬁg b ko W AC: ) and the
processor therebye%glﬁgg%ﬁgtray ﬁﬁ%%ﬁ%ﬁ“%@gﬁ%é@%&&een
h 20 ) > : . L h
sheet 20dfaw Paexitays, mﬁemwﬂﬁgﬁmp%%wlﬁggﬂgﬁm the

ceram c green sheets 20 one by one. FIG 10 e corner
cutter 3shirtehdds 1. FIG 10 and FIG 11 al so show the corner outer table
9 of FIG 2 and FIG 3. (0078) The corner totter 3 cuts and renoves the
four corners of t h#s describadabgve; die trash ist pu? Gadki incthekaick 7talter aidesisd i1 m
21. As aresult, the carrier film21 only remains at the
ceramic green sheet 20 is picked up, and no tray is placed below the conveyance path of the
ﬁnnchm*nmwkwkz14,audﬂﬂsunummnmnruhmzs&cpmsﬂﬂ&yﬂmt&nzxnummgnxn
:hnct205nthcu'ay8iscomaminatndwithdirtfailinginthecmofoonveymce.
In this embodiment, the ceramic green sheet 20 lined with the carrier film 21
is handled with the carrier film 21 facing upward. Referring to FIG. 7 and FIG. 8, each of
the ceramic green sheets 20 beld in the tray 8 is thus covered with the carrier film 21.
thnthecmmicgreensheetzoispickedup,aproce:sormﬁt(notshown)
stores beforehand data concerning the types of, the Jamination order of, and the rumber of
ceramic green sheets 20 required to produce a laminate of a desired electronic monolithic
ceramic component, and the processor thereby causes the tray 8 holding a required ceramic
greensheetzotobedrawn.andtheﬁrstchuddngdevicel4topickuptheceramicgreen
sheets 20 one by one.
FIG. 10 and FIG. 11 show the corner cutter 3 of FIG. 1. FIG. 10 and FIG.
11 also show the corner cuner table 9 of FIG. 2 and FIG. 3.
[0078) l'hccornerwuerSulmandremovesthefamcomrsoftheccnnﬁcgrem
sheet 20 lined with the carrier film 21. As a result, the carrier film 21 only remains at the

four corners. The four corners of the carrier film 21 enable the carrier film 21 only 1o be

-11-



four corners. The four corners of the carrier film21 enable the carrier
film21 only to be -11 0 7 D E C 2004 gripped, and the carrier §7D&C2004
is thus peeled off the ceram c green sheet 20 by picking the carrier
film21 only in a peel step to be discussed |later. Pressure plates 35 are
arranged above the coner coner table 9. The pressure plates 35 are
novabl e upward and downward. When novi ng downward, the pressure plates
35 press the ceram c green sheet 20 downward agai nst the corner cutter
table 9. The corner cutter table 9 on the four corners thereof are cut
away, formng bevels 9a, and a cooing edge 36 is arranged to be aligned
with the bevel 9a. The operation of the cutting edge 36 is shown in
FIGS. 12A, 12B, and 12C. Wen the cutting edge 36 is raised, only the
ceram c green_sheet 20 at_the  four corners thereof are cut with the

carrier fSRPPSSIASH. FHTIRGTID 2] i huspesird, aff the ceramic gresn sheet2QbY picking aber| G
an ar r ow Qe it ZL gy B post iep e Fe lspiRest e om ¢ he cor am ¢ gr een sheet
Ref erring to FI G PTRSSURIANES 13 418 grantsd 296V G SPEMCEBRERIAG TR or | gi nai
i i S
ceramc ﬁ%#%%%@ﬁt%&ﬁ% r v ggcan?sa Oecsog‘%ﬁ:ﬂéﬁ? ©

| am nati ngylelgor this reason, each ceram c green sheet 20 bears a mark
indicating the type thereof. For exanple, such a mark is shown in a bar

code. The corner cutter table 9 on the four corners thereof arc cut away, forming

bevels 92, and a cutting edge 36 is arranged to be aligned with the bevel 92, The operation
of the cutting edge 36 is shown in FIGS. 12A, 128, and 12C.

When the cutting edge 36 is raised, only the ceramic green sheet 20 at the
four corners thereof are cut with the carrier film 21 remaining intact as shown in FIG. 12A.

Referring to FIG. 12B, the cutting edge 36 laterally slides in a direction
represented by an arrow 37, thereby removing each corner 38 from the ceramic green sheet
20. As a result, the carrier film 21 extends at the four corners thereof,

Referring to FIG. 12C, the cutting edge 36 is placed back to the original
position thereof.

Referring to FIG. 13, the cutting edge 36 may be pivoted or swung about a
predetermined pivotal point in a direction represented by an arrow 39,

The corner cutter 3 checks to see if the ceramic green sheet 20 mounted on
the corner cutter table 9 needs laminating. For this reason, each ceramic green sheet 20
bears & mark indicating the type thereof. For example, such & mark is shown in a bar code.
The bar code is printed at the same time as the previously-mentioned conductive film .27.

A bar code reader 40 is arranged below the corner cutter table 9 1o read the
bar code, and the corner cutter table 9 has a window 41 where the bar code comes 0.
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The bar code is printed at the sane dine as the previously-nentioned
conductive film27. A bar code reader 40 is arranged bel ow the c&h@gkC 2004
cutter table 9 to read the bar code, and the corner cutter table 9 has a
wi ndow 41 where the bar code cones to. -12 0 7 0 E C 2004 Instead of the
bar code, or in cooperation with the bar code, a plurality of punched
hol es arranged in a code may be opened in the ceram c green sheet 20. The
bol es nay be opened together with the previously-nmentioned via boles 25
when the via holes 25 are opened. The punched hol es may be nonitored by
a canera.. for exanple. In this enbodi nent, the thickness of the ceramc
green sheet 20 placed on the corner cutter table 9 is checked. As shown
in FIG 11, a contact type dial gauge 42 is arranged above the coner
cutter table 9. The di al 8guge 42 measures the thickness of the ceramc

green sheet 20 on lstead of therbarcadecor inatsioperation, with theitian gode, aphsralityng pr obe

43 to the ceramc green sheet 20, or nore exactly, to the carrier film
21 on thmmwetmruedmamdmyrheommﬂnpma)gmmmm&kmnom
measur enent |s to see if a plurality of cer am o een sheets 20 happens
to be pi EREReE l%eﬂﬁtwhsnﬂw'ayhaleaﬁﬂ

happens to be I rab stacked on the ner cutter tabl e 9. The

o sl :MM%M 3 £ameri. s saaple
?rgegtij?g?rent devi celn%w r.di.spl a g!,rrent devi ce. tyloﬁe bar code
or the punched hol€s on jﬁﬁ% ?H’e dPE%f’PrP 80t ype
Lher eof 8k 2ohidf BRARIIED S iy °As mﬁ'ﬁ&‘zf&g&&@gﬁgﬁ Tolas 425"

sheet 20 is i nappropria ceramc gree ¥rom
ol o5 and TH Chnoee nepe et Bble YROAH gfudt 47 HealBE d b SEIUA T
subst ant éedirhi¢ greerPiet! 10°n B coRet ittt Bble/o B Burfihg's thddSuring probe 43 to the
ceramic green sheet 20, or more exactly, to the carrier film 21 on the corner cuner tabie 9.
The main purpose of the thickness measurement is 1o see if a plurality of
ceramic green sheets 20 happens 10 be picied up by the first chucking device 14 from the
tray 8 and happens to be undesirably stacked on the corner cutter table 9.
The thickness measurement may be performed using a non-contact type
measurement device such as a laser displacement device.
When the bar code or the punched holes on the ceramic green sheet 20
indicating the type thereof are inappropriate, or when the thickness of the ceramic green

sheet 20 is inappropriate; the ceramic green sheet 20 is removed from the corner cutter
table 9.

The reading of the bar code or the punched holes and thickness measurement
by the dial gauge 42 may be performed substantially in paraliel or sequentially one after the
other.

In this embodiment, the corners of the ceramic green sheet 20 are cut op the
corner cutter table 9 subsequent to the checking of the ceramic green sheet 20, but
alternatively, the checking step for the ceramic green sheet 20 may be performed in a place
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other. In this enbodinent, the corners of the ceram c green sheet_ 20 are
cut on the corner cutter table 9 subsequent to the checking of tthe DEC 2004
ceram c green sheet 20, but alternatively, the checking step for the
ceram c green sheet 20 nay be perforned in a place -13 0 7 DEC 2004 ot her
than the corner cutter 3, and thereafter only the ceram c green sheets 20
t hat have passed the check may be conveyed to the corner cutter 3. The
ceram c green sheet 20 havi ng undergone corner cutting on the corner
cutter table 9 is transported on the |am nator table 10 by the second
chucki ng device 15 as already di scussed. The previously-nmentioned first
chucki ng device 14 may be used to transport the ceramc green sheet 20
fromthe corner cutter table 9 to the laminator table 10 with the second
chucki ng .device 15 di spensed with. FIG 14 and FIG 15 are respectively a

pl an vi e9therthan the,comer gutter; 3o and thereafier qaly, the ceramic green sheets 20 thatihave or
i do. pi PRSSGH4BE FOPeR Y he oy PP SHFREFBIET Sabi 10 The gui de. pina 44
"n"the ceran o ar ol cetmf BRich Shest 35 Ralibl wRlehonk 35tk StomiCin B 258 1 e
Cqual 't o e Bple) Brmsishort on the BRAilortauik 10 o) s s lching asicisy 1 Y

di scussegirea@idciisp@. di aneter of the pin insertion hole 23 is 3 to 5 nm
the dianeter of the guide pinis also 3 to 5 mm If the guide pin 44 is

substantial |y smalTigrpriviowty:meitined vt chit®ing dtvich 18 iy bR vs&l @ wabspdrh'e
al i gnnent accuracy of the ceram c green sheet 20 is degraded, and
conver sethg ceramid grecn sheee2(bfrom4lie cornéranger table 9 to the laminator table 10 with the
second chucking device 15 dispensed with,
FIG. 14 and FIG. 15 are respectively a plan view and a front view of the
jaminator table 10.
The laminator table 10 has bevels 10a with the four corners cut away, A
plurality of guide pins 44 are arranged on the laminator wble 10. The guide pins 44 are 10
be respectively inserted into the pin insertion holes 23 opened in the ceramic green sheet
20, and have the same layout as that of the pin insertion holes 23.
The diameter of the guide pin 44 is substantially equal to the diameter of the
pin insertion hole 23, and as already discussed, when the diameter of the pin insertion hole
23 is 3 to 5 mm, the diameter of the guide pin is also 3 to 5 mm. If the guide pin 44 is
substantially smalier in diameter than the pin insertion hole 23, the alignment accuracy of
the ceramic green sheet 20 is degraded, and conversely. if the guide pin 44 is larger in
diameterdxanthepininsenionhole%,thegu.idepin«umotbeinsenedintomepin
insertion hole 23, and an insertion attempt of the guide pin 44 may damage the ceramic
green sheet 20 in the vicinity of the pin insertion hole 23.

Each of the guide pins 44 is preferably tapered toward the end thereof.
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di aneter than the pin insertion hole 23, the guide pin 44 cannot be
inserted into the pin insertion hole 23, and an insertion attenpty mfi fﬂﬂe
gui de pin 44 may damage the ceramic green sheet 20 in the vicinity of
the pin insertion hole 23. Each of the guide pins 44 is preferably
tapered toward the end thereof. -14 0 7 D E C 2004 Since the tub Puy 44
are supported in such a manner as to nove upward and downward rel ative
to the lam nator table 10. the guide pins 44 take the projected state

t hereof as shown in FIG 15 and the unshown retracted state thereof. Wen
a plurality of ceramc green sheets 20 is | am nated on the | am nator
tabl e 10, an under sheet 45 not shown in FIG 4 and FIG 5 is preferably
arranged on and in contact with the lam nator table 10. The wader sheet

45 is shown in MGg; 1 and aqt.her .figures. The under sheet
45 is fabricated o%%g‘gﬁgﬁg% WWFB‘%% I 30 PAYE SpWardo
exanpl e.m;ﬁﬂ' n or f.ixing the
under sheet 45 t g‘%ﬁ%&%e un @?%E‘;@?%ﬁ?&%ﬁ‘m@m or

tabl e 10thdftiongs Siowadh FIGVES ARARS unshv®h YetFicted $ak dighso?” 2 Mechani cal
means. \Wen the under sheet 45 is fixed on theH am nféjttor table 10 t hrough

vacuum chucki ng, Wher aiplatality oftderamic gieen sheetse ib TanARRRESh ihe thy2M Nat or

table 10, and the under sheet 45 is vacuum chucked onto the | am nat or

t abl e 10table8, e ueder shect 45 netishewm eFI. 4tdnd FIGUS i prefefudlycarfiiged6n and

di scretionary, d has preferably a dianmeter within a range fromO0.4 to
1.0 nm qnfcopﬁg the darpinater tahle) 100 ( Thernnderoshact 45 s showmen FIGI 1BA-P9Ecess f or

Sover | P21 B PP BB RRET R I ket o i e 1 11
ceram ¢ rad Rulesd WPLRPRL | (2 1) tnaccept abl o o damaging the cerani c
The laminator table 10 preferably has 4 means for fixing the under sheet 45
thereon. The under sheet 45 is fixed on the laminator table 10 using an adhesive means,
vacuum chucking, or a mechanical means,
When the under sheet 45 is fixed on the laminator table 10 through vacuum
chucking, 2 plurality of suction holes is opened in the laminator table 10, and the under
sheet 45 is vacuum-chucked onto the laminator table 10, The cross-sectional shape of the
suction hole may be discretionary, and has preferably a diameter within a range from 0.4 to
1.0 mm. If the diameter is smaller than 0.4 mm, & machining process for drilling the
suction hole becomes difficult, and resulting chucking power is not sufficient, and if the
diameter is larger than 1.00 mm, the suction hoie print remains on the ceramic green sneet
20, making the ceramic green sheet 20 aesthetically unacceptable or damaging the ceramic
green sheet 20 in extreme cases.
The layout of the guide pins 44 in the Jaminator table 10 is determined to be
in alignment with the layour of the pin insertion holes 23 in the ceramic green sheet 20, and
when the layout of the pin insertion holes 23 is modified as shown in FIG. 16 or FIG. 17,
the guide pins 44 are arranged accordingly in the laminaror table 10.
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green sheet 20 in extreme cases. The layout of the guide pins 44 in th

| am nator table 10 is determned to be in alignnent wth the IaQJHHE 04
the pin insertion holes 23 in the ceram c green sheet 20, and when the
| ayout of the pin insertion holes 23 is nodified as showmn in FIG 16 or
FIG 17. the Vtde pins 44 are arranged accordingly in the | am nator
table 10. -15 0 7 D E C 1004 Referring to FIG 16, the guide pins 44 are
arranged with one at each of the four coners and with one at the center
of the edge portion of each side, and as a result, three guide pins 44
are arranged at each side of the lam nator table 10. Referring to FIG
17, the guide pins 44 are arranged with one at each of the four corners
and with two offset to the center of the edge portion of each side, and

as a result, four | de pi re arranqged. The i de pins 44 are
arranged i n such a"‘ﬁ@m‘%ﬁ‘i’r 3%&3@@“’%%@&?%43%’&?‘5&?‘%?@ obther r om
bei ng de fhel ' llha.step to be discussed later. As
al r eady E‘?'{srgat;ssed, %Wﬁ%@%@ﬁ%ﬁ%ﬁgﬁéﬁumﬁ? bhe
corner Ciridesié Bink 34 5"9'3% pag! | ,;:Fﬁgp ed to the | am nator
4 by the secgﬁd Bchuc%eng \%Eée ?i&%%h?s en ﬁgir% ated on the under
sheet 45 on the | aRefefringy t1otFIG. 7 18e guildphns Yl ;xpﬁqfh@ ' etes
| am nation, the |am nator table 10 F‘; mﬁ)veghamfeong e%tﬁglhf)é! %&fpgmg

posi t i onfduzlcometshandowirp tvasoffsentohe Beiterdf thecRipé boftfon!of Bachia, §55h0D bonder
S. Referring to FIGS. 18A-18C, there is shown an upper nold 46 provided

in the ocesnits fous guide pinsddrareimvanged.11 of the conpression bonder 5. FIG
18A is a top view of The upper nold 46, and FIG 18B is a front view of

the upper nold 46 ThyguidepinnA4 are drrangedsimisnch 2 mahneylag ol frevent theFdefimid 8C i S
a bottom view of?éhe upper nold 46. The upper nold 46 is generally driven
in a ver Eregashest &%ﬁﬁmwmmdmmionmﬁnsmpwbediscmedm.
Asnlrendydiscussed,theeenuﬁcgreenshmzomathasundergoneme
ccme:aminga:epin:hecornercumsisthenconveyedwthelamimtor4bymesecond

chucking device 15, and is then laminated on the under sheet 45 on the laminator table 10.

Each time the laminator 4 completes laminarion, the laminator table 10 is moved along the
rails 16 to a position below the compression bonder device 11 of the compression bonder 5.

Referring to FIGS. 18A-18C, there is shown an upper mold 46 provided in
the compression bonder device 11 of the compression bonder 5. FIG. 18A is a top view of
the upper mold 46, and FIG. 18B is a front view of the upper mold 46 together with the
laminator table 10, and FIG. 18C is a bottom view of the upper mold 46.

The upper mold 46 is generally driven in a vertical direction. A portion of
the upper mold 46 constitutes a movable section 47, which is laterally movable to be
separated from the rest of the upper moid 46.

Provided on the underside of the upper mold 46 is a compression bonding
member 48 having a compression bonding surface. Referring to FIG. 18C, the
compression bonding member 48, with a planar shape substantially jidentical to that of the
laminator table 10, has bevels 482 with the four corpers thereof cut away. The
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the upper nold 46 constitutes a novable section 47, which is laterally
novable to be separated fromthe rest of the upper nold 46. ProWjﬂggC9%4
t he underside of the upper nold 46 is a conpressi on bonding nenber
havi ng a conpression bonding surface. Referring to FIG 18C, the
conpressi on bondi ng menber 48, with a planar shape substantially
identical to that of the Ilamnator table 10, has bevels 48a with the
four corners thereof cut away. The -16 0 7 DEC 2004 conpressi on bondi ng
menber 48 has on the conpression bonding surface thereof relief holes 49
that receive the guide pins 44 projecting fromthe |am nator table 10.
Provi ded -on the underside of the upper nold 46 are gripping nmechani sns
50 and 51 facing the respective bevels 48a of the four corner of the

g(r)lrrglroeﬁzl on bondl nrggfﬁﬁbﬁ The %ﬁham smsF Béthgééﬂ OLﬁ}
otner | o %Wﬁa@%ﬁﬁ%@%ﬁ@%@%ﬁgr f Bp?ﬁéht ne
o rel ease or fé‘”g'rl’?% L carrler ﬁf’*“ﬁ’ﬁ%@a‘*é%mﬁﬁ%ﬁaﬁ e
:;LE%;E%???E sho the operatlon g% egﬁg%érﬁﬁ f@e%e comgr eflsg(r)]n
shifted beI ow the uppe#%o‘%lﬂél%ﬂbrﬁe ceram @Maﬂpggkﬁ%ﬁ%

pr edet er rirfaagedior e Dhovabledbstionig7ed with the carrier film21 is placed on
t he under sheet 45 on the lam nator table 10. The ceram c green sheet 20

and the carrier fi The gripping encehandsnesiS0/drid 51t dre sitatintiflycaeritiohll t6 edéh hish t he
gui de

in structure, and respectively include chucks 52 for gripping the corners of the carrier film
21, and the chuck 52 is openable and closable to release or to grip the carvier film 21, and
is movabic in diagonal lines to approach and go away from the compression bonding
member 48,

FIGS. 19A-19E show the operation of the upper mold 46 of the compression
bonder device 11.

FIG. 19A shows the laminator table 10 in its position shifted below the upper
mold 46. The ceramic green sheet 20 having predetermined dimensions and lined with the
carrier film 2] is placed on the under sheet 45 on the laminator table 10. The ceramic
green sheet 20 and the carrier film 21 are aligned with the Jaminator table 10 with the guide
pins 44 received by the pin insertion holes 23. The ceramic green sheet 20 has no corners
because it has undergone the corner cutting step in the corner catter 3.

Referring to FIG. 19B, the upper mold 46 is lowered, and the compression
bonding member 48 presses the ceramic green sheer 20. The chucks 52 of the respective
gripping mechanisms 50 and 51 move in such a manner to receive the corners of the carrier
film 21 and then close themselves to grip the corners of the carrier film 21.
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pins 44 received by The pin insertion holes 23. The ceram c green sheet
20 has no corners because it has undergone the corner cutting s@qpuggqqy
the corner cutter 3. Referring to FIG 19B, the upper nold 46 is | owered,
and the conpression bonding nmenber 48 presses the ceram c green sheet

20. The chucks 52 of the respective gripping nmechanisnms 50 and 51 nove

I n such a manner to receive the corners of the carrier film21 and then
cl ose thenselves to grip the corners of the carrier film21. -17 07 DEC
2004 Referring to FIG 19C, the upper nold 46 is raised. Since the chucks
52 of the respective gripping nmechanisns 50 and 51 grip the corners of
the carrier film21, the carrier film21l is peeled off the ceram c green
slut 20 as the upper nold 46 is raised. Referring to FIG 19D, the chucks
52 of the gipping nechanisns 50 am opened to release the carrier film
21. On the ot her hdtaderring teFIGu9G tsounper miold 4fris pyisedg SimedhectiuskesS5Haf
continuow;L rip the carrier film?2l. Referring to FIG 19E, the novable
section 4 £ |S¥PRIS Mechanivms; $0and H gripsthe corpers of thepaijrpifim 2te dikani sns

51 conti nuousl "‘nspi the carrier film?21l. At the end of the travel,

t he carriWiw ipgagie {the FrEamiG  g355D shert 20 a5 the Mppertaeld 46tis rjsed?
arranged in the flmﬁéﬁ%@ﬁ&p%%l GM 3. At the
end of the travel, ‘52%0 i% S@aee t hen
opened, r ' %ﬁkﬁ ' ' he fil.mdisc e.tray 12.
The | am n@tegéﬂtoggﬁ%&%gl S gur’;'i %%@aﬁ%&t%m %M‘g wn in

FIG 1 tmsgmy Al ahritd il Xt ceramic green sheet 20. The
process fromthe picking of° The ceramc green sheet 20 fromthe tray 8

to the conpressi on Refesringigs FIG.119E, ﬂﬁﬁﬂéﬁaﬁlc%&ﬂﬂﬂ*ﬁ&ﬁéﬁﬂm@& YitPgleee! | ng
of the carrier film 21 as discussed above is repeated until a desired
el ect r oni duekesrid) ofithe grippingimiechanismp 5 eottinuously gripping the carrier film 21. At the
end of the travel, the carrier film 21 is positioned above the film discharge tray 12 arranged
in the film discharger 6 shown in FIG. I through FIG. 3. At the end of the travel, the
chucks 52 of the gripping mechanisms 51 are then opened, releasing the carrier film 21 into
the film discharge tray 12.
The laminator table 10 is then moved back to the Jaminator 4 as shown in
FIG. 1 1o be on standby for laminating a next ceramic green sheet 20,
The process from the picking of the ceramic green sheet 20 from the tray 8
to the compression bonding of the ceramic green sheet 20 to the peeling of the carrier film
21 as discussed above is repeated until a desired electronic monolithic ceramic component
is produced.
Intheabov&ducﬁbedcompreuionbondingsep.thecenmicgmenslmzo
isprefuablyhcawdtoatunpenmcwid:inamgefmmeIOO'C.
Further, in the compression bonding step, the ceramic green sheet 20 is put
under a pressure within a range from 200 to 350 Kg/cn?'. In this case, conditions applied
on the ceramic green sheet 20, such as compression time and pressure, may be modified
dependingonthetypesandquanﬁﬁesofamamicmmﬁalandabindereonnimd in the
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is produced. In the above-described conpression bonding step, the ceranic
green sheet 20 1is preferably heated to a tenperature within a raqypgtgqmm
40 to 100C. Further, in the conpression bonding step, the ceram c green
sheet 20 is put under a pressure within a range from 200 to 350 Kgl ent ?.
In this case, conditions applied on the ceram c green sheet 20, such as
conpression tine and pressure, nay be nodified depending on the types
and Quantities of a ceramic naterial and a binder contained in the -18 0
7 DEC 2004 ceram c green sheet 20, the peel property of the carrier film
21, the area of the conductive 51m 27 fornmed on the ceram c green sheet
20, and the lam nation order of a current ceramc green sheet 20 anong
all layers. FIG 20 shows a nodification of the conpression bonder

device. As shown ip. Fl 20 I Ldent.i ¢ hose scribed with
et er oncESTpRitatEas thef 20, uiE vesp SR Or oGt A A0 ohe B3 of B8 ShpdiEi
sane ref ' ' o t eated. The
conpr cos R 25 o The cordt, dro bR 0% e LR orset of Senf BT,

ver si on B%F#W& ﬂ%‘? evice 11. Specifically, the upper nold
46 hol ds e am nat Zﬁr)I ta gnclig),;ugnd arranged below ~ laminator table 10
are she conpressi oFIG)Q0GhHEs a FRATRAGPofhé cotitediontdhlé daPick a s $HSwe0 and

51. As di scussed above, when | am nation of the ceram c green sheet 20

r equi r edin FIG. (200 €lemens ideatital a6 thosesdescritedabittr=feréiee kAFIGRUSASB( &le FI G
21 or FIG 22) is taken out together with the under sheet 45. \Wen the
| ami nat e FEGS.i I9Ap 19k an¢ degignatéd-wigh thecsame meference pumerals;cabd dhe dikoussienri nat or
table 10 are |lowered for retraction. This is intended to prevent the
gui de pi Agreof isno Reneateds i cal |y interfering with the |aminate 53 when the

lamnate 53 1S 1y compression bonder device 112 shown in FIG. 20 has a topside down
version of the compression bonder device 11. Specifically, the upper mold 46 holds the
laminator table 10, and arranged below the laminator table 10 are the compression bonding
member 48 and the gripping mechanisms 50 and 51.

As discussed above, when lamination of the ceramic green sheet 20 required
to produce a laminate is completed, the laminate 53 (see FIG. 21 or FIG. 22) is taken out
together with the under sheet 45. When the laminate 53 is picked up, the guide pins 44
arranged on the laminator table 10 are lowered for retraction. This is intended to prevent
the guide pins 44 from erratically interfering with the Jaminate 53 when the laminate S3 is
discharged.

The discharged laminate 53 with the under sheet 45 attached thereto is
cooled to room temperature, and then the under sheet 45 is peeled off as shown in FIG. 21,
In this way, the laminate 53 is protected from unwanted stretch or deformation.

Referring to FIG. 22, the laminate 53 is diced aiong cut lines 54 to remove
arcas including the pin insertion holes 23 and the reference holes 24 therewithin. Ina press
step to be performed later, this dicing step prevents the laminate 53 from being stretched or
deformed by the presence of the pin insertion holes 23 and the reference holes 24.



di scharged. The discharged lam nate 53 with the under sheet 45 atZ@f@€F2m4
thereto is cooled to roomtenperature, and then the under sheet

peel ed of f as shown in FIG 21. 1In this way, the lamnate 53 is
protected fromunwanted stretch or deformation. Referring to FIG 22, the
| am nate 53 is diced along cut Iines 54 to renove areas including the
pin insertion holes 23 and the reference holes 24 therewithin. In a press
step to be perfornmed later, this dicing step prevents the |anm nate 53
frombeing stretched or deforned by the presence of the pin insertion
hol es 23 and the reference holes 24. -19 0 7 DEC 2004 The |lam nate 53 is
than placed on a press die assenbly conposed of an upper punch and a

| ower notched die, although not shown, and then a press step using a

(010 ody press . Rech SEL A e AN ReLoy R blS ShoRh S Napt
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faces ojirbdiRnof Hrainfeby, am nate chip are coated with an el ectricall y
conductive paste including an electrically conductive conponent such as

copper, silver, niB¥éicreasing thecpriessiire applied inthé benprestioncisbnding dtepathe rése
formexternal electrodes. The external electrodes are then plated with
ni ckel ampmaytberskimed necessary. To formthe external el ectrode, an
electrically conductive paste may be applied on the |am nate chip prior

to sintering. and Bhe¢ lamjpaes3 isaticedhy acdiciog saw ora cunipg edgs to obtain a
laminate chip for individual electronic monolithic ceramic components.
The laminate chip is then sintered. External surfaces, for example, end faces

of the sintered lamiinaie Chip are coated with an electrically conductive pasie including an
electrically conductive component such as copper, silver, nickel, or the like, and is then
dried, and baked to form external electrodes. The external electrodes are then plated with
nickel and/or tin, as necessary.

To form the external electrode, an electrically conductive paste may be
applied on the laminate chip prior to sintering, and baking for forming external electrodes
may be performed concurrently with the sintering of the laminate chip. In this case, the
electrically conductive paste for forming the external electrodes is preferably fabricated of
an electrically conductive paste containing substantially the same component as that for the
electrically conductive paste 26 filling the previously-referenced via holes 25 and the
electrically conductive paste forming the conductive film 27.

In this way, a desired electrical monolithic ceramic component is
manufactured.

As described above, to manufacture electronic monolithic ceramic
componexts, a sheet supplicr for supplying a plurality of ceramic green sheets of a plurality
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may be perfornmed concurrently with the sintering of the lamnate chip. In
this case, the electrically conductive paste for forning the ext@7dd&C 2004
el ectrodes is preferably fabricated of an electrically conductive paste
cont ai ni ng substantially the same conponent as that for the electrically
conductive paste 26 filling the previously-referenced via holes 25 and
the electrically conductive paste formng the conductive film27. In
this way, a desired electrical nonolithic ceram c conponent is

manuf actured. As descri bed above, to manufacture el ectronic nonolithic
ceram c conponents, a sheet supplier for supplying a plurality of
ceram c green sheets of a plurality -20 0 7 DEC 2004 of types in a
predeterm ned order to a lam nator for lam nating the ceram c green
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handl es a cerantc gr sheets to produce a desired

el ect r onignicRiRleclic ﬂ.?hﬁﬁhc afiP IR S Péason, the GElRAatlon fficithéy o Hebin the
i nvention, each of the frays can be drawn fromthe rack, and the nmarring

appar at ugheetisuppHér i Dégh dad thie tariu aippirans hasdlesl Ddiversioroferarhio green

plurality of trays according to a predeterm ned order, and a conveyor
devi ce f shieepsito iprodince a gdesiredi eigironic aionolithic ceramicoampongmt.om t he drawn tray

and then conveying the ceram c green sheet to the |am nator, and thus
after a desired celeascordgnosavitsthiscinventiop; edchof the, trays ¢an beigrawn from theed i n
the rack. Since the tray is placed in the rack during the conveyance of
t he cer afack, SpRarah fisther ingludesthe oy clrawer deyice o drawing

end-the
possibility that the ceranjic green sheet _ in the tray is g¢ontam nated
B Th i r BB ST FRYE R Opking Kk Brodeermmingd pRler, 1bd o coliveyor e Tor pi
up a singie ceramic green sheet from the drawn tray and then conveying the ceramic green
sheet to the laminator, and thus after a desired ceramic green sheet is picked up, the tray is
placed in the rack. Since the tray is placed in the rack during the conveyance of the

ceramic green sheet by the conveyor device, there is a low possibility that the ceramic
green sheet in the tray is contaminated with dirt falling in the course of conveyance.

In accordance with the present invention, the rack is raised and lowered in a
vertical direction, and the tray drawer device draws a tray which is positioned at a
predetermined height through the upward and downward movement of the rack, and the
tray drawer device is thus operated at the predetermined height, and components associated
with the tray drawer device are of a simple construction.

In accordance with the present invention, the conveyor device includes a
chucking device for chucking a topmost ceramic green sheet of the stack in the tray for
conveyance, ahd a single ceramic green sheet is easily picked up from among a plurality of
ceramic green sheets in each tray.
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I n accordance with the present invention, the rack is raised and | owered
in a vertical direction, and the tray drawer device draws a tray A EC 2004
is positioned at a predeterm ned height through the upward and downwar d
novenent of the rack, and the tray drawer device is thus operated at the
predet ermi ned hei ght, and conponents #&&sociated with the tray drawer
device are of a sinple construction. In accordance wth the present

i nvention, the conveyor device includes a chucking device for chucking a
t opnost ceranic sheet of the stack in the tray for conveyance, and
a siHQﬂéJbG%éﬁﬁ%ﬁﬁgﬁﬁgﬁ:sheet is easily picked up fromanong a plurality
of ceram c green sheets in each tray. -21 0 7 D E C 2004 22 WHAT I S
CLAIMED I S: 1. A manufacturing apparatus for manufacturing electronic

nmonol i thi.c ceram c _conponents, the _manufacturing a a conprising: a
sheel. sup@ mamfasiringaAparaies qum&#}%g%&%&mé Feen sheets
in a predetermned order, the sheet suﬁgl ler including a plurality of

t r ay sompandnts,rthe masfarturite ARRasRHCYBPESIARG hol d at | east one ceranic
green sheet, the plurality of ceram ¢ green sheets being sorted and held
in the pl arshieet suppliex forysupplying alphgelity of $yes of CREAENC 5PN AheElS dR R
aligning the plurality of trays, and a tray drawer device for draw ng

t r ay prédetermtined omlek, thasbestsipplierdneluding deplurality efitrays @ach Fray bgingat or f or

| ami nating the plurality of ceram c green_sheets supplied by the she
supphdspred &nsorh 206 olslatrleass woe seragnc grecwishecty the-pluralicy of erAMIG gre§Reen
sheet froma drawn tray a conveying the single ceramc re?n sheet, to

t he shestsheing sorted and held in the plurality of trays according to type, a rack for verncall

aligning the plurality of trays, and a tray drawer device for drawing trays from the rack
according to a predetermined order;

a laminator for laminating the plurality of ceramic green sheets supplied by the she
supplier; and

a conveyor device for picking up a single ceramic green sheet from a drawn tray a

conveying the single ceramic green sheet to the laminator.

2. A manufacturing apparatus for manufacturing electronic monolithic ceramic
components according 1o claim 1, wherein the sheet supplier includes a drive for driving
the rack to be raised and lowered in 2 vertical direction, and wherein the tray drawer devi
is arranged to draw a tray from the rack when, as the result of the rack being at least one

raised and lowered by the drive, the tray is positioned at a predetermined height.

3. A manufacmring apparatus for manufacturing electronic ronolithic ceramic
components according to claim 1, wherein at Jeast some ceramic green sheets of the same

type are stacked one above another in a single tray to form a stack of ceramic green sheel



2. A manufacturing apparatus for manufacturing electronic nonolithic
ceram ¢ conponents according to claim1, wherein the sheet suppli@7UEE2m4
includes a drive for driving the rack to be raised and lowered in a
vertical direction, and wherein the tray drawer devi is arranged to draw
a tray fromthe rack when, as the result 28f the rack being at |east one
rai sed and | owered by the drive, the tray is positioned at a

predet erm ned height, 3. A manyfacturihg, apparatus for nanufacturing

el ect r AT AR RORVAYPE $Vice CUPRIIiFS 2 chuekinsAsuint for Shuckipg? togmeY CRIICREED wher ei n
at |east so cer.am reen sheets of, th ane e are stacked one
above aﬁtl?ﬁ't‘ﬁgfn':i%{’?s‘ﬁ%%ﬁﬁ Frz%'?n 5'53‘? ’8rn?ﬁ tga?rsfﬁracgﬂvcga ‘eram ¢ green sheet 0 7
0 E C 2004 23 and the conveyor device conprises a chucking device for
chucki ng a topnost ceram c- green sheet of the stack of the ceram c green
sheet's 4.n t Pembrufictiag agpanie Yo iaufaduring ciltodicmbdelithitceengiar at us for

manuf acturing el ectronic nonolithic ceramc conponents according to

cl ai m Zomphrentsiancoading tozxiAim 2owherein ptdpastsome cermicigrsh sheels of the sweme  type are
st acked one abqQve angther in a sjngle tray to forma stack of ceramc

green SHRFATS S1acksf, gog 8"%’5‘3&‘5? sty Uy tocigim,  Flackof Seramig BReeR ghegiey i ce for
Chuck! MGa el RS aeifk Bltiticll Sllckin B RLe R} chbnPd AfoR berkdif g 2m © 0T een

sheets I'n ay for veyance. B
sheet of the stack of the ceramic green sheets in the tray for conveyance.




