2248722 TITLE OF THE' | NVENTI ON Met hod of and Apparatus for Manufacturing
Ceram ¢ Layereéed Product BACKGROUND OF THE | NVENTI ON 5 Firel d of the
Invention The present invention relates to a nmethod of and gBpsapRaratus for
manuf acturing a ceram c | ayered.product. Descrlptlon of the Background Art-
In order to manufacture.-a nultilayer ceramc electronic 10 conponent
such as a nmultilayer ceramc capacitor, a nultilayer inductor or a

mul tilayer circuit board, for exanple, raw ceram c sheets are stacked with
each other to prepare a ceram c | ayered product. For exanple, a ceramc

| ayéred prodpppr,t ahr arsll tVAMPFoREr am ¢ capaci tor has 15 general ly
been obtai ned by the follow ng nethod or apparatus: As shown in Fig. 10, a
previously prepaneskidod heéf srdaNppazatels Iﬁﬂm&&tdfﬁf%aléf&ﬁicdraw ng
station 1 to an electrode printing/cutting station 2, so at the. nother 20
ceram’'c shediaysreireheduchi 'e el ectrodes are simultaneously printed on the
ceram c sheets, which are punched out fromthe nother ceramc sheet, in
this stati orBACKGRQEND tQR BHRCANNENTEION the nother ceramic sheet is

di scharged as a scrap sheet, while the ceramc sheets provided mnth t he
5 Field of the Invention

The present invention relates to a method of and an
apparatus for manufacturing a ceramic layered product.

Description of the Background Art

In order to manufacture a multilayer ceramic electronic
10 . component such as a multilayer ceramic capacitor, a
multilayer inductor or a multilezg; circuit board, for
example, raw ceramic sheets are stacked with each other to
prepare a ceramic layered product. For example, a ceramic
layered product for a multilayer ceramic capacitor has
15  generally been obtained by the following method or
apparatus:

As shown in Fig. 10, a previous;y prepared mother
ceramic sheet is drawn out from a sheet drawing station 1 to (;
an electrode printing/cutting station 2, so that the mother

20 ceramic sheet is punched while electrodes are simultaneously
_printed on the ceramic sheets, which are punched out from |
the mother ceramic sheet, in this station 2. Afﬁer the
punching step, the mother ceramic sheet is discharéed as a

scrap sheet, while the ceramic sheets provided with ‘the



el ectrodes are dried in a drying station 3, and thereafter stored in a
sheet storage station 4. The stored ceram c sheets are selected in response
to characteristics, such as capacitance, required for a 5 mul til ayer
ceram c capacitor to be obtained, stacked and aligned with each other on

t hexbasis of end surfaces thereof. Then the aligned ceram c sheets are
-inserted in a stacking jig, and subjected to press working. However, the

af orement i oned system has the follow ng 10 problens: (1) A wi de space
"is required in order to store the punched ceram c sheets. (2) Since the

el ectrodes arelegtrades sangldeiedutt \a ixhningtstakion 3 heandkrtheneaftax s

¢t hrough a nechani cal, 15 ositioning mechanism electrode positions are
not nuch di sFEhRRE IR thes $ERagR - FRV IR patterns. Wien the

el ectrode patterns_are exchanged, however, the el ectrode positions are apt
fo be di sporsed belidi-OTRY (FPFUIA (SHSTAE Tre AURTRI T AessRnsS o

(), Snen 1 LIPS SRLLE! T0vak 0 clNatunad AUERIBE KL, 0,00
are ald oned i LARL.O! deFarlt | Aipdefice oo B8 GBI ARES, (NEIARa dibf
: aligned with each other on the basis of end surfaces
thereof. Then the aligned ceramic sheets are inserted in a
stacking jig, and subjected to éress working.

However;'the aforementioned’system_has the following

10 problems:

- (1) A wide space is required in order to store the
punched ceramic sheets.
(2) Since the electrodes are.printed simultaneously
with cutting of-thelceramic sheets through a mechanical

15 positioning mechanism, electrode positions are not much

‘dispersed in the same type of electrode patterns. When the

electrode patterns are exchanged, however, the electrode

positions are apt to be dispersed between the different
types of electrode patterns.

20 (3) When the electrode patterns are exchanged, it takes
much time to locate the electrode patterns on cutting |
positions:

(4) Since the ceramic sheets are aligned with each

- other on the basis of end surfaces thereof, the electrode



positions of the aligned ceram c.sheets still remain in the dispersed state

; resulting fromthe above item (2), to cause dispersion in capacitance of

- the as-obtained nultilayer ceram c capacitor. Further, the el ectrode

i positions may be 5 di spersed al so by the aligning operation itself.

© (5) If static electricity is generated between the ceranic sheets, or if -~
the ceram c sheets have small thicknesses, it is difficult to align the
ceram c sheets. (6) The aligned ceram c sheets nay be displaced from 10"

each other when the sanme are inserted in the stacking jig. Due to such '_”_”

i probl ems oposhtionst ofh thewalignEdgcet@miict. sheetweatid)f fdemain tie hack the
: ceram c sheets in high accuracy. In order to solve the problens in relation
" to handl i n§igBersed gtatge respdfingsfaoms the ebovel dtemer(td)gned opstsem t he:
appl i cant 83% roggsed_the foll ow ng system which is not yet known in.the

art: As sh ﬁ.lﬁiFa§a§ﬁ§éP°Qr9@iﬁ&eSPérPSﬁaénﬁﬁ_@@#ﬁﬁd@d@gly'coupled
Ut i g/ ot SERFRGC PAPRGAaEro EUEERSE. CRbe, AeRiFAge: PapLoncas Ravebmmic
| 2LeS Erafuphets 846D ByLchiom S, bolBaR B RGRTE L7 5 T g
the drying statyen frageaPE8VeiedeLicitPisOkendrated between the
ceramic sheets, or if the ceramic sheets have_small -
thicknesses, it is*difficult té-align the cerémic:éheets. . :;
(6) The aligned ceramic sheets may be displaced from
10 each other when the'séme are inserted in the stacking jig.
Due to such'probléms*of.the system_shown in Fig. 10, it
has been difficult to stack the ceramié'sheets ih-high
accuracy.
In order to solve the problems in'rélation to héndling
15 of the ceramic sheets in the aforementioned system, the.
applicant has prbposed the following-SYStem, which is not
yet known in the art: |
As shown in Fig. 11, a sheet drawing station 5 is
continuously coupled through an.electrode printing station
20 - 6, a drying station 7 and a cutting/stacking station 8 to a
scrap sheet winding station 9. A ceramic layered product is-
takeﬁ out from the cutting/stacking station 8. The feature
of this system resides in that the electrode printing

‘station 6 and the drying station 7 are piovided ih front of

N



the cutting/st-ackinhg station 8. However, the aforenentioned system has the
following problens: (1) This systemcan nerely manufacture the sane type of
5 ceram c |layered products in relation to electrode patterns. (2) Wen
the itens are switched, it takes nuch tinme for setup operations such as
“lexghange of print patterns, exchange of sheets and the like. (3) There are
- required | eader and end sheets extending 10 ~ beyond the length of the
apparatus or the production line, to cause reduction of the material yield.
(4) Due to the continuous steps, conplicated operations are required for
:deal i ng wi t theossitilliagfeftaxtiing mtattionarfl returning to the nornal
. operation. 15 (5) In order to obtain a ceram c |ayered product
for a multil ayer Hosexeito ddignd@faremantinnad ushen has $heededdoming
frequently drive and stop a printer for continuously carrying ceramc
- sheets proviBF&PLAMSE el ectrodes and those provided with no such el ectrodes.
Thus, printing acguragy. 20 S deterioratedémj to iLreqular .printing
condi t1ons. (&) s Ty E¥TLER DALY MATNARTHAER XS SRS, GRS OF
becagse of f. f. ' ﬁ,d‘ 5 (. J,ﬁ | t j S
lsuit§ble fo%ﬁ%ggg%£§%§E%#$g quéggﬁﬂgﬁ %égfﬁgfc éﬁbg§$£5%gyaelﬁiéﬁﬁﬂié.
‘ (2) When the items are switched, it takes much time for
| setup operations such as exchange of print patterns,
exchange of sheets and the like. |
(3) There are réquired leader and end sheets extending
10 - beyond the length of the apparatus:or the productidn line,
. to cause reduction of the material yield.
§ (4) Due to the continuous steps,'complidatéd operations
are required for déaling with possible defective prints and
' returning to the normal operation. | |
15 (5) In order to obtain a ceramic layered product for a
multiléyer ceramic capacitor, in particular, it is necessary
to frequently.drive and stop a“printer for continuously
_carryihg ceramic sheets provided with electrodes and those
pro#ided with no such electrodes. Thus, printing accuracy
20 is déteriorated due to irregular printing conditionms.
(6) This system is improper for multi-item dab
prbduction because 6f the aforementioned problems (1) to
(3), although the same is suitable for mass production with

small setup éhanges}



SUMMARY COF THE | NVENTI ON Accordi ngly, an object of the present invention is-
to provide a nethod of and an apparatus for manufacturing a ceramc |ayered
product, which can stack ceramc sheet s in high accuracy and

advant ageousl y $§§§%%?2§Ffﬁghi1hbiﬁ&&%% production. According to one aspec;f

of the present re1s provided a nmethod of manufacturing a N
ceranmic |ayered prodyeeofam;n?',n&ﬁ hﬁsfé@@so@ftn '6PEELRT dnRieWidldd Y Of
reels wound with a plurality”of 'types of |ong nothef ceram c sheets each
having a pluraligy €8 @hesiidule abamethod 2B¢ 2akdU'ai | lapprdtas Sifgy | on

mar ks, havi ng constant positional relations to Said el ectrode patterns, = -
di stributed al asgnafactapghygudi neerdmiectiayered aproguet, swhilchotdael =
ceram c sheets fromrespective ones of said pturality of reels onto rel ated
sheet cutting stackes; cepamiti ngsheetegi odini nchighng accurasty onand said -
el ectrode patterns froma selected one of said:nother ceranic sheets, being
provi ded on a sadvantageanglyhecopecwithygpudtigdtem dajke nraductionai d '
regi stration marks by a cutting edge of a cutting head; carrying the

ceranic sheet_puncheéc69¥d#ﬂ9 SaPhendeRertcofafhe presenty igyeatdon ing
head to a stacki.ng jig and stacking sajd.ceranm c sheet gn said stacking

JTos and T opon igre L Pn PeRifdrg AonRRboasStRetnEartring Ao rrramis

| ayer ed product |

lajgged pfoduct cqmprising the steps“of: preparing a
-plurality of reelé wdnnd with a,pluréiityléf types of o~
long mother ceramic sheets éécﬁ héving a plu:ality 6f' ~
electrbdé pat_:ferh_s and a plurality _éf' regiétration
marks, having dpnstant positional relations to said.
electrode pattefns, distributed along its longitudinal
_direction; drawiné out said.mdther de:amid sheets from
respective ﬁnes of said pluraiity -of- réels onto
related sheet. cutting stages; punching. é._region |
including.at least one of said elecﬁrode patterns_from
a selected one of said m§ther ceramic sheets, being
provided on a sélected said éﬁget duttiné'stage, on N
the basis of said registration marké by a cutting_edge.
of a cutting head; carrying the cgramic sheet punched
out from said hpther ceramic sheet by said cutting
head to a stackihg jig and stacking said ceramic sheet
on éaid sﬁacking jig; énd repeating said punching,

carrying and stacking to form said layered product.
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According to another aspect of the present invention, there is provided an
apparatus for manufacturing a ceramc | ayered product conprising: a reel
stand for holding a plurality of reels wound with a plurality of types of

I th ' ts .. .each havi | | ity of el ect tl
ol oy "o “ESRERARR D S0 el Uk O S5 O U e
. t . ol = S . ol
Giroction in parBYPACigRr, MU (el Hedvidedl P Mdopbtatubl Hoe ges
for positioning fahdrARERSnge e BekatiRe ih ) ﬁ&adé@%éﬂ(}?ﬁ%@ggg ve

ones of said plurality of reels respectively; a stacking jI I ng

.ceram ¢ sheets opbailngtahil PEPCRONAiAg & PDira NPty BiNGalld sunddRAtY said
el ectrode patterns fromone of said nbther ceranm c sheets thereon; a

cutting head bei agphwrallitybesfietypesi dfpl Loy} i hytlvdr sbecamiot shegtyd,ages
.and said stacking jig and having a cutting edge for punching regions of

sai d not her cer agachshesting | pliarglitiyd ofl exXechirodmtpatbernsaaddca ti ng
head being adapted to carry ceram ¢ sheets punched out from said nother
ceranm c sheets; RAuradigyti of Tegistradioet daxksg pbaviingns consiant

regi stration marks on said nother ceram c sheets and providi ng positioning
control signal s. PeSpsirpadn Fglatdens nfmes@id gdRchroded PASESTRSf said

not her ceram ¢ sheets. ' . . . . .
gs&ributed along its longitudinal direction in

parallel with each other; a plurality of sheet cutting
stages for positioning said mother ce_ramic sheets
drawn out from the ?espective'ones of said plufality
Qf reels rgspectively; a étacking jig for stacking
.ceramic_sheeﬁs obtainéd by punching a.region including
at least oﬁe of.said electrode batterns from one of
said mothér ceramic sheets thereon; a cutting head
being movable between saiad plurality of sheet cutting
stages and said stacking jié and having a cuttiné edge
for punching regions.of_séid motherléeramic sheéts
W, including said electrode patterns,_said cutting head
being adapted to carry ceramic éheets punched out from
said mother ceramic éhgets; and an opticél sensor for
detecting'positions of'said reqistratioh marks bn said
mother ceramic sheets and providing positioning
control signals to pbsition said cutting head to punch

said regions of said mother ceramic sheets.
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- 6- According to the present invention, the nother.ceramc sheets
provided with the el ectrode patterns are once taken up on the reels. . Thus,
it is possible to store the nother ceram c sheets provided with the
el ectrode patterns in the states wound on the reels, and the step of

forming the electrode patterns by printing etc. can be divided with respegty

to the |l ater sheet cutting -and stacking steps. In the sheet cutting and
stacki ng steps, a plurality of types of reels are set to punch out an
~arbitrary nunber of ceram c sheets froman arbitrary one of the nother
ceram ¢ sheets wound on the.reels in accordance with a prescribed progran1
and then the ceraqlc sheets are stacked with each other. In the sheet '

cutting stepPASRRIAENASEP obh ﬁuﬁEﬁFﬁ@ttHéﬁﬂ&ﬁ%ﬂnmxﬁhﬁh@PEH%Et§e§¢@lc

n_the bas S, of eqi s, _Wwhich are sinu taneously

ot e R doetSorbErnIFRelR il Snahed) o

tt t
o punciRa’hy B S PaE” PR TepeRsingd o dO-dPH neEhER 3,
the cuteéfsmaea@xe&étgf&@ﬂdwa Eﬁchhat Q@!ed%}ddée p%eeéwg iﬁgthé\ccmd' ng

to the present inventio ceramc - /-
states wound on the reels, and the step of formlng the

electrode patterns by printing etc. can be divided with

respect to the later sheet cutting and stacking steps. W

In the sheet'cutting'and étaeking'Steps,'a plﬁrality of
typee of reels are set to punch out an arbitrary.numher of
ceramic sheets from ahjarhitrary'ehe of the mother ceramic
sheets wound on the reels in accordance with a prescribed
prbgram, and then'the'cetamic sheets atejstacked with each
othe:l -

'In the sheet cuttihé Step, pesitibns for punching the
mother.ceramic sheets are'cerreeted on the'basis-ef the
.registration marks; which are eimhitaheouSly printed with .
the electrode patterns in constant pos;tlonal relations
thereto,_ln order to cut the ceramlc sheets.

After the mother ceramlc sheet is punched by the
cuttlng head, the ceramic sheets are d;rectly carrled by the
cuttlng head and stacked with each other on the stackxng |
]lg. . L

According to the present invention, the mother ceramic

.



Sheets provided-with the electrode patterns are once taken up on the reels
so that the sane can be divided for-the |ater sheet cutting and stacki.ng
steps. Thus, it is possible to prepare the nother ceram c sheets provided
with 5 the el ectrode patterns in-a mass even for nulti-itemdab
produgction, thereby inproving the material yield. Since the nother ceramc
sheets are stored in the states wound on the reels, the ceram c sheets can
be easily handled to reduce the tinme required for exchanging the 10 . '
-not her ceram ¢ sheets for.switching the ite etc. Further, it is ssible
[o stack cor AHEeShaREAACH et eh (Fas FLOCEHRAE Sesseine dine \Snds 050 (1
each other i rhjt Y, I « DV, ta S i i f 4 S
wound wi th ampﬁugrﬂaltflf%/ %?é%pseé) %}?ﬂm‘%}%r cer ;Enﬂ gs%ecglfvslc{%esf& £HE

respectively.jatdy aiflidd @uttind SamPSpidtieiddy sst?écpé eelgand sotier ceramc
.sheets for a subsequent lI'ot on honused reel stand and sheet cutting stages,

so that the SidHiBIdRCS PrdiSares e Gnd theut ekt HeEd et Rrovided with
mul ti-itemdab production. 20 Since the ceram c sheets are

punchesl out athe kel drtstcd el pd tiseresi It ratnays nevers Sdr alulayie- feneibb n
constant positional relations to the electrode patterns and then stacked
with each ot Ipproducdtion poshweieby timptackng crhenina gt ls yexrlatati ng static
el ectricity therebetween or those -8- :
: Since the mother ceramic sheets are stored in the
. states wound on the reels, the ceramic sheets can be easily.
handled to reduce the time required for exchanging the
10 mother ceramic sheets for switching the items etc.
Further, it is possible to stack ceramic sheets having
" different types of electrodé patterns with each other in
arbitrary order by setting a plurality of types.of reels
wound with a plurality of types of mother éeramic sheets
15 respectively. In addition, it is possible to set reels and
mother ceramic sheets for a subsequent lot on nonused reel
stand and sheet cutting stages, so that the setup time can
LN be reduced to advantageously cope with multi-item dab
production.
20 - Since the ceramic sheets are punched out on the basis
~of the registration marks which are formed in constant
positional relations to the eleétrode patterns and then

stacked with each other, it is possible to stack ceramic

sheets generating static electricity therebetween or those



having extrenely small thicknesses, di-ssinmilarly to the conventional system-
of aligning the ceramc sheets with each other on the basis of end surfaces
t hereof . When the el ectrode patterns and the registration marks are

simul taneously formed by printing, print patterns therefor may sinply be
adj usted so that the registration marks conme into the visual field of an‘/
optical sensor such as a CCD canera. Thus, the tine for exchanging the
print patterns is reduced. The ceranmic sheets are punched out fromthe

th ' th head fth trat
o ke PATLA8! Prteae Y AL EothiCRPAS SRAY SISALNEAT xaea?re?:;rinh"“

or overtoRrPRFEORA ° '- *Sa%é%%ﬁ*é'@*%% f el Pifens rafplogel” © °
| nser tthip Sﬁﬁtﬁh@%ﬂéﬁ 48 odBUsu e &2 AilfactioCt gpsa e st acked with
In nhig 0 I gh

each ot accuracy, to ena Ct uring capaC| ty
mul t i |é"ﬂ§étf€&§”bﬁ%@ o {06 PegIBEadiof iokd gy ints are caused

~in the electrode patterns which are fornmed by printing, the nother ceramc

sheet s iRyl 6aABbYk 18, NMREIbd oy kpRifdehglelBRiny piitdins thefdfieE tO
readily cope with such troubles. The above and further features of

t her pmesensimpignberadjusted $orthavi thepardgimtrationimatie cgpended

Clalm;;if ggélvisual field of an optical sensor such as a CCD
camera. Thus, the time.for ex?hanging the print patterns'is | LJ
reduced. o '

The ceramic sheets are punched ouﬁ from the mother
ceramic sheet by the cutting head on the bas;s of the
registration marks, directly carried by the cutting head"
onto the stacking jig, and stacked with each other on.the:
stacking jig. Theiéfore, it'ig possible to prevent errors
which may be caused before the cut ceramic sheets are
inserted in the'stacking'jig.

Thus, the ceramic sheets can be stacked with each other = .-
in high accuracy, to enable manufacturing of a high'capacity
multilayer ceramic capacitor, for examplé, o

If defective prints are caused in the electrode
patterns which are formed by printing, the mother ceramic
sheets may simply be moved to skiﬁ such defective ﬁrinﬁs, in.
order.to readily cope'with such troubles. B |

The above énd further features of therpresent'invention

are set forth with particularfty in the appended claims and will |
_ - g -



- 9- becone ctl earer from consideration of the follow-ng detailed
description of an exenpl ary enbodi nent of the invention given with
reference to the acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 is a block diagram show ng an exenplary production line for a
cekam c | ayered product, including an enbodi nent of the present invention;
Fig. 2 is a plan view showi ng a part of a nother ceramc sheet 12; Fig. 3
is a perspective view showing a cutting/stacking device 22; Fig. 4 is a
sectional view showing a structure enployed for a sheet cutting stage 25;
Fig. 5 i scecpre Spkearer frem csbnaidgratidackEfnghei foBllowkng. 6 is a front
> elevational viewillustrating a conveyor 36 and a structure rel ated
thereto; detpiled desemiiption 6foan ekemplaowaembodimentr of| khetrati ng
operations of a cutting head 52-and CCD caneras 49 and 50; Fig. 10 is a

- bl ock di atfpeeREiemi diven cehvenrefenengeotiocthenarreepanyingcer anic | ayered
product, which-'s of interest to the present invention; and Fig. 11 is a
bl ock di BF2¥#2FBni ng a production Iine '

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram showing an exemplary
production line for a ceramic layered product, including an
;Y embodiment of the present invéniion;
Fig. 2 is a plan view showing a part of a mother
ceramic sheet 12; |
Fig. 3 is a perspective view showing a cutting/stacking
device 22;
Fig. 4 is a sectional view showing a structure employed
for a sheet cutting stage 25;
Fig. 5 is a perspective view showing a stacking 3jig 34;
Fig. 6 is a front elevational view illustrating a
P conveyor 36 and a structure related thereto;
Figs. 7, 8 and 9 are front elevational views for
- illustrating operations of a_cutting'head 52 and CCD cameras
49 and 50;
Fig. 10 is a block diagram showing a conventional
production line for a ceramic layered product, which is of
interest to the present invention; and

Fig. 11 is a block diagram showing a production line

- 10 -



- 10 - for a ceramic |ayered products preposed by the applicant, which
I's not yet known in the art. DETAI LED DESCRI PTI ON OF AN EMBODI MENT Fig. 1
schematically illustrates an exenplary production line for a multilayer
cerami c capacitor, to which an enbodi nent of the present invention is
applied. Referring to Fig. 1, a |long nother ceram c sheet, which is /
prepared by a well-known nethod, is set in a sheet drawing station 10, and
drawn .out therefromtoward an el ectrode printing station 11. The nother
ceram c sheet may be prepared froma ceram c green sheet which i's backed by .
an appr §pri at cexamiorbaygrede produch s (reposedcprntibat appldrantyr een |
sheet. In the electrode printing station 11, a plurality of electrode

pat t er n¥high dgcRAthcreEi kKgoWmpiar AN \B%%- el ectrodes 13, are printed on

h i - in Fig 2. The plural i f el de

bat tor noETASEER ESERIR IR T X ekl O: 2% et on”of the ot her
i c sheel,12. . Sirult Ly wi.th such printing of .the el ectrod

bat torns 14, FiBgi AP OPRRLFRLLEs HNSTr R ohe: h  SREBPIRSNal rel alions (o

the el t 1 i, t i 12, Th

(e | SELAEEE o 5 B § BRAVHLIL LIS GRSl T

afore”EQﬁ'QQSQdEﬂ@H¥_6§etﬁgeb§@§H§%‘ﬁﬂ&ghtibn;is applied. o

Referring to Fig. 1, 'a long mother ceramic sheet, which

s

is prepared by a well-known method, is set in a sheet = = ;J _
drawing station 10, and drawn out the:efrém,toward an
electrode printing station 1l1. The mother.ceramic sheet may
be prepared from a ceramié green sheet_which is backed by an
appropiiate reinforcing sheet, or from an independent
ceramic green sheet. |
| In the electrode printing station 11, a plurality of
electrode patterns 14, each including a plurality of
electrodes 13, a:e-printed on the mother ceramic sheet 12 as
shown in Fig. 2. The plurality of electrode patterns 14 are s
distributed alqng the longitudinal direction of the mother
ceramic sheet 12. Simultaneocusly with such p:inting of the -
electrodé'patteins 14, registration marks 15 having constant
-positional relations to the elect:bde patterns 14 are
printed on the mofher ceramic sheet 12.

The electrode patterns 14 and the registration marks 15

printed in the aforementioned manner are thereafter dried in

- 11 -



- 11 - a drying station 16. Then, the nother ceranmic sheet is wound on a
reel in a sheet winding station 17. In such a manner, a plurality of types
of reels, which 5 are wound with a plurality of types of nother

‘ceram c sheets respectively, are prepared at need. The reels wound wth the
mother ceram c sheets are stored in a sheet storage station 18. Then,
necessary ones are sel ected fromthe plurality of 10 - types of reets
whi ch are stored in the sheet storage statioon 18, and set in a
cuttlng/st . ? n the cutting/stacking station 19, regions 20
I ncl udi ng t 9?%@? geﬁé tans 14 are punched from each nother ceramc

sheet 12 as Sho“@héﬂ Ftﬁe ﬁotﬁ@rtEé&aﬁﬁ&aghéeﬁhﬁgtﬁoﬂi&CBﬁd lpeel inOHt
fromthe nother ceramc sheet 12 are stacked with each ot her. A ceram c

| ayer ed progugét w@nﬁnngssﬁatﬂeﬁ by.the stacked ceram ¢ sheets, is then
“,pressed in a pressing station 21. 20 - The cuttlng/stacklng station
19 i s now descri brdsuohdat mahnert har plerabteyt of Ftgpes 3of orel#| gwhichs a
perspective view showi ng the overall structure of a cutting/stacking device
i22 wWhi ch i sarvepvoyed whthha plurahitytefktypestafivather ceramic sheets

respectively, are prepared at need. The reels wound with
the mother ceramic sheets are stored in a sheet storage

station 18.

Then, necessary ones are selected from the plurality of
"10 types of reels which are stored in the sheet storage station
18; and set in a dutting/stackiﬁg station 19. In the
'cﬁtting/stacking station_lS;”regions 20 ihcludihg the
electrode patterns 14 are punched from each mother ceramic
sheet 12 as shown in Fig. 2, so that ceramic sheets punched
15 out from ﬁhe mother ceramic sheet 12 are stacked with each
other. '
A ceramic layered product, which is formed by the
S stacked ceramic sheets, is then pressed in a pxessing
station 21.
20 The'cutting/stacking station 19 is now described in

detail with reference to Figs. 3 to 9.
Fig. 3 is a perspective view showing the overall
structure of a cutting/stacking device 22 which is employed

in the cutting/stacking station 19.

- 12 -



- 12 - The cutti ngf'stackﬁ ng device 22 conprises a reel stand "24 for
setting six reels 23, for exanple, which are selected fromthe plurality of
-types of reels stored inthe sheet storage station 18 shown in Fig. 1, in

par ?I lel W!tht eachrh@t 8gttin E/tw&alcmna devikd HZJSéd;]rﬁlbfﬁsébear geke3 23 E‘fp/
containers in ui eral .square_p the reels ar tata
stored within ﬁr}a}“@ﬂ aé%q% ﬁ?a%ﬂ‘c’éeegﬁ ?hat f?ﬁeeﬁﬁ{nﬁéﬁ'cgﬁéﬁg

sheets 12 are ckmmsetl’ecitedm fpeni rthe ppburdzdtin gfar typets td reelsi ners.

The not her cer e Stﬁé QP?\%QT %J@néﬁ&%o &t £8 28n8%A B sb.tlboned on

sheet cutting s ages 2 respec ws the structure>of each .
sheet cutting th:agelIESPdJ@‘]élr#l ng’#@ FR?CM other sheefhdde | Fddt ade 25

i ncl udes a bel tj Pﬂib‘@yﬁeémelienréawhzshasScéﬂtﬂﬂeﬁg inmeaa thn 8¢ The
mesh belt 26 is extended fm three rollers, 27, 28 and ,

i ntermttent|y SFIAALeRA ARe BONES ccFhfti TEFAR af? aFSﬁBtﬁﬁéYar r ow
30. Wen the reﬁdmed mrtzmim sﬁtﬂetcdrﬁ:amm airh priazrifcad | yso thatcthe path,

mesh ol oo Wi SHERHIE, YRR 8 T e NG OB bR "
i s adapt ed to mrmrndéxt ingpants of the containers.
' ’I'he mother ceramic sheets 12 drawn out from the -
. reels 23 are positioned on sheet cutting stages 28
respectively. Fig. 4 shows the structure of ea_ch'
sheet cuttlng stage 25, | |
Referring to Fig. 4, ‘each sheet cutting stage 25

includes a belt conveyor mechanism which - is formed by
a mesh belt 26. The mesh belt 26 is extended along
three rollers 27, 28 and 29, and is intermittently
driven to move the mother ."ce‘ramic':sheet i2 along the
arrow '30. = When the mother ceramic sheet 12 is on a
hor:u.zontally dJ.rected path, . a ‘suction device 31
vacuum-sucks the mother ceramic sheet 12 through the
mesh belt 26, thereby pos:l.tlon:l.ng the same. This
sheet cutting stage 25 is adapted to punch the regions
20 (Fig. 2) of the mother ceramic sheet 12 including
the electrode 'patte_rns 14 when tl_ie ceramic sheet 12 is U
stationary as hereinafter described in detail, while
a resulting scrap sheet 32 is cut into pieces by a-
cutter 33 every intermittentl' feed.

- 13 -



20 (Fig. 2) of the nother ceramic sheet 12 including the el ectrode patterns
14 when the ceram c sheet 12 is stationary as hereinafter described in
detail, while a resulting scrap sheet 32 is cut into pieces by a cutter 33
cevery intermttent feed. - 13 - Referring again to Fig. 3, stacking jigs
‘3% are arranged in the vicinity of the sheet cutting stages 25. Fig. 51is
an enl arged view showi ng each stacking jig 34, which is adapted to stack a
prescri bed nunber of ceramic 5 sheets 35 obtai ned by punching out the
regions 20 including the electrode patterns 14 fromthe nother ceramc
sheet 12. The stRRISTHENG AR FREi®s Iv FRAGHRITLISEMRE 249 ane for

peripherally enclosing the ceram.c sheets 3 i ch are stacked oqqn the

bot t om wal @Yr@geds ix tne A S i‘#el'—t'r}be. %}eﬁ EUHAT RFFISTE D% are

pl aced on &, convey.or 36. | oadi ng. rack 37.is arranged.on the u ream si de
of the con é'g%'r % sir?’bredéralf%&st}%pvil % °ew%7%c%cr¥b J&iagcsk’“o’}? b4 Iﬁli’zi'conveyor
36, while [ .@%¥ ' .r{§¥gﬁ At T, | f the
conveyor 3?}}%;&'@ d&%r ergb'?oét?aa‘ﬁ{e -ég t %kél%éa}gkl ng |1 ﬁ?ﬂ%ﬁ?t he
conveyor 3Ghddts 5 A Koy l@;z@m&@’%uéﬁahé hediQatd v rafdkwiiimpd the
unl oadi ng rack 38. Referring to Figs. 3and 6, a plurality of vacant

stacki ng | itdfe M IBGRIAE P titeiR AN Exdicailfe MLHEAGREaMic sheet 12.

The stacking jig 34 comprises a bottom wall, and a frame for

Lo : .peripherally enclosing the ceramic sheets 35 which are

stacked on the bottom wall.

10 As shown in Fig. 3, the stacking jigs 34 are placed on
a conveyor 36. A loading rack 37 is arranged on the
upstream side of the conveyor 36 in order to supply the
stacking 5igs 34 to the conveyor 36, while an unloading rack
38 is arranged on the downstream side of the conveyor 36 in

15 order to take out the stacking jigs 34 from the conveyor 36.
Fig. 6 also shows the conveyor 36, the loading rack 37 and

) the unloading réck.38.
\“j - Referring to Figs. 3 and 6, a plurality of vacant
stacking jigs 34 receiving no ceramic sheets are placed on

20 respective stages of the loading rack 37. As shown by the

arrow 39, the respective stages of the loading rack 37 are
displaced to be successively aligned with the upper surface
of the cohveyor 36. When a prescribed stage is aligned with

the upper surface of the conveyor 36, an extruding cylinder

- 14 -



20 respective stages of the loading rack 37. As shown by the arrow
139, the respective stages of the |oading rack 37 are displaced to be
successively aligned with the upper surface of the conveyor 36. Wen a

. prescribed stage is aligned with the upper surface of the conveyor 36, an  _
. extruding cylinder - 14 -~ 40 is driven along the arrow 41 to extrude thé.f
-.vacant stacking jig 34 onto the conveyor 36. The stacking jig 34 thus

‘pl aced on the conveyor 36 is driven by the conveyor 36 along the arrow 42,
“and carried toward a prescribed position 5 on the conveyor 36. At :
this prescr#Bedspesivesn aong dheamirroshdd FBexfrada fheeyaganthe st acki ng
jig 34 as shown_in Fi 5. After the ceram c sheets 35 are _stacked on the

st acki ng jigtsﬂupﬁ_e_igsn@éyan%q_ FIVEYH oify t T AFARI 3964
ok 38, A cips Pike 5 The) RANOR 8 Tt Ao B e R o
Tove t ne vePLERS, RS praey 42 ety threa R ke TR sl 10

jig 8is pBﬁhgﬂeo%ﬁv%gUre%%r.i DAt $Ae gleddid el QAR IACE - A shown
by the arrow 48, the reSpective stages of the unloading rack 38 are
di spl aced t gekgmidCenseitselly alred @ didd) dnh&hed R¥ackingacagof3 4l ag conveyor

5. 36. Thus, the unloading rack 38 is adapted to store a plurality of
: shown in Fig. 5. ' : : Cow : : : o
After the ceramic sheets 35-axérStacked on the'stacking' H;J

jig 34, the conveyor 36 is driﬁen-aiong the arrow 42, to

10 . carry the stacking jig 34 to é poéition immediately ahead of
the unloédingiréck-38. At ﬁhis position, a vertical |
cylinder 45 is driven to move a push-in pawl 43 élong the
arrow 44 while a push-in cylinder 47 is driven to move the
vertical cylinder 45 along the ar#ow 46. Thus, the staéking

15 jig 34 is pushed onto a prescribed stage of the unloading
rack 38. As shown by the arrow 48, the respective stages of
the unloading rack 38 are displaced to be successively
aligned with the upper surface of the convéydr 36. Thus,
the unloading rack 38 is adapted to store a plurality of

20 stacking jigs 34 receiving the stacked ceramic sheets 35.
The unloading rack 38 filled-up with the stacking jigs 34 is
detached from the cutting/stacking device 22, so that the
stacking jigs 34 are carried to a next step, i.e., the

pressing station 21 shown in Fig. 1, with the unloading rack

- 15 -



20 stacking ji'gs 34 receiving-the stacked ceram c sheets 35. The
unl oading rack 38 filled up with the stacking jigs 34 is detached fromthe
cutting/stacking device 22, so that the stacking jigs 34 are carried to a
next step, i.e., the pressing station 21 shown in Fig. 1, with the :
unkoadi ng rack - 15 - 38. Referring to Fig. 3, CCD caneras 49 and 50 are
“arranged above the sheet cutting stages 25, in order to detect the

.positions of the registration marks 15 which are provided on 5

t

he

- nmother ceram c sheet 12. In order to punch the regions 20 (Fig. 2) of the
mot her ceranB8.sheets 12 including the electrode patterns 14, a cutting
» head 52, whose periphery is enclosed with a cuttinggedge 51, is arranged in

the vicinity of tRefecpirgnErafigy amdCGD. caperas

enbodi nent, the cutfing, head 52 and the CCD_cameras 49 and {0 are
be"8p

* on an [ERR] RB88%E & efhafuthdngafit2dPE AgvabPeOFASdi FEcC

[[ERR]. The cutti

be dr i ven byPOBRRTARS BF SPR Sydrtnasios nacks'1s°Wiigh AR £p
oper agi ons OfnNopHbEi BE-UGIE SRearRd. { NEnCERAEATER 5 AN 2P

in Fig. 3, the not ceramc sheets are drawn out Tromt

5
p

n

eath

.reel's 23 ont ggr gFageda3heet thdl hbBHes! 882amee 8RdetsXd §1HE18HONG the

~respectively. As

andA§Popr¥PNgTEENERHS

nt ed

u
PEREEXER and
altecnatively

Y sd

sRBw

hown
P?y of

electrode patterns 14, a cutting head 52, whose periphery is

of the CCD cameras 49 and 50.

enclosed with a cutting edge 51, is arranged in the vicinity

10 ' According to this embodiment, the cutting head 52 and

the CCD cameras 49 and 50 are mounted on an XY@ robot .53, so

that the same are movable in directions X, Y and @ .

cutting head 52 and the CCD cameras 49 and 50 may

alternatively be driven by separate driving systems.

The

15 Figs. 7, 8 and 9 show operations of the cutting head 52 -

and the CCD cameras 49 and 50.

As shown in Fig. 3, the mother ceramic sheets 12 are

drawn out from the plurality of reels 23 onto related sheet

cutting stages 25 and fixed thereto respectively. As

20 hereinabove described, this operation is achieved by the

structure shown in Fig. 4. Fig. 7 shows a state

corresponding to this. -

Then, a prescribed one is selected from the plurality

of mother ceramic sheets 12, and the XY& robot 53 is so

. - 16 -



.
H

20 her ei nabove described, this operation is achieved by the structure
ishown in Fig. 4. Fig. 7 shows a state corresponding to this. Then,
a-prescribed one is selected fromthe plurality of nother ceram c sheets
:12, and the XY[err] robot 53 is so - 16 - driven that the registration
“marks 15 provided on the sel ected nother ceramic sheet 12 cone into the
~visual fields of the CCD caneras 49 and 50, as shown in Fig. 7. The CCD

¥y

. caneras 49 and 50 i mage- process the positions of the 5 regi stration

.marks 15. The h.i . ' lied |

(not " snown) SEEYRRCHRRE Ehen 2edtelrardn, Bprks: dd Pepyageds oro &Re positions

for punchinge} g, 08 HSERES! BUGINCEhel? 15N BneA1ntROWAS U Bkl F1c008
[err] robo 'S driven In considerati on of e aftorementT oned

corrected vakUpfie EEp BYRCkAS 29! BhRT sRCad sS2nbwirEd ??gdﬁﬁyhe&h%?b@ﬁ(:_

sheet 12. Thus, the regions 20 provided'wth the elec e patterns 14 as

shown in Fi gam@rakespunshedo Thagaupshedseeiali poshetbns Wi &hear & hi dden.
by the cutting edge 51 and not.shown in 15 Fig. 8, are carried by the

cuttsng heage§2strabiondmbarks assur eheusksadrsi agesuche image pgokeading
conprises a function (not shown) for vacuum sucking the punched ceramc
sheets. As shewmpphi®dgto9a rbmputeti fgoteatiovR )i swiichednbgurn
calculates corrected values as to.the positions for punching
the mother ceramic sheet 12. o | - w
Then, as shown in Fig. 8, the XY§ robot 53 is driven in
10 consideration of'the aforémentioned corrected values, to
move the cutfing head 52 toward the mother ceramic sheet 12,
Thus, the regions 20 provided with the electrode patterns 14
as shown in Fig. 2 are punched. The punched ceramic sheets,
which are hidden by the cutting edge.51_and,not shown in |
15 'Fig. 8, are carried by the cutting head 52. 1In order to
ensure such carriage, the cuﬁting héad 52 comprises a
function (not shown) for vacuum-sucking the punched ceramic .
sheets. o N ' o _ | | o
As shown in.Fig. 9,_the cutting head 52 is driven by
20 the XY@ robot 53 to carry the ceramic sheets onto the
stacking jig 34 ﬁhich is placed on the conveyor 36, and
stacks the ceramic sheets with each other on the stacking
jig 34.

The aforementioned operations areé repeated so that

17 -



20 the XY[ERR] robot 53 to carry the ceramc sheets onto the stacking
‘jig 34 which is placed on the conveyor 36, and stacks the ceram c sheets
wi th each other on the stacking jig 34. The aforenenti oned operations are
repeated so that - 17 -  arbitrary ceram c sheets are stacked on the

. stagking jig 34 in arbitrary order. In order to obtain a ceranic |ayered
—-product for a nultilayer ceram c capacitor, it is necessary to also stack 5
ceram ¢ sheets which are provided with no el ectrode patterns. Therefore,

~ .preferabl -th t | bisi. @y,
pref erabl y gp} £28ty 088 ahi ED ggrﬁsegsazé §ehcREaBR ERE sfﬁgg%é%jfg 84, 2

-not her ceram ¢ shee (a) s drawn out froma ree

provi ded wiih agbgtggfyodgdagtterns etc., as showmmn in Fig. 3. In this 10
case, the nother ceramc sheet 12(a) may sinply be drawn out at a constant
pitch since it i3nnotdeecessabyain aoceesinly pagerednprbducdther aeranic
sheet 12(a) for punching. As herei nabove described, the prescribed ceramc
sheets 35 whathibayextaekanioncapacitarki by fésgnédessaryubpeczlsd stadh
hydrostatic pressing, for exanple, in the pressing station 21 shown in Fig.
1, aPd thereeramiccsheebsovhifh aragprovhied vhkhnaetelegeroderanic
tcapacitors. Then each chip is fired and provided with external el ectrodes,
to obtain PYEEPFRY- mTherafere ccPafferadpycitoleast one of the reels

23 set on the reel stand 24, i.e., a mother ceramic sheet
12(a) which is drawn out from a reel 23(a), is prqvided with
no electrode patterns etc., as shown in Fig. 3. 1In this

10 case, the mother ceramic sheet 12(a) may simply be drawn out
at a constant pitch since it is not necessary to correctly
position the mother ceramic sheet 12(a) for punching.

As hereinabove described, the prescribed ceramic sheets
35 which are stacked on the stacking jig 34 are subjected to

15 hydrostatic pressing, for example, in the pressing station
21 shown in Fig. 1, and thereafter cut ﬁo obtain single
chips for multilayer ceramic capacitors. Then each chip is

N fired aﬁd provided with external'electrodes, to obtain a
desired multilayer ceramic capacitof.

20 In the aforementioned embodiment, the reels 23 are
stored in containers, so that the mother ceramic sheets 12
can be easily stored in clean states. However, if such an
advantage is not desired, it 15 not necessary to store the

reels in containers.
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20 In the aforenmentioned enbadi nent, the reels 23 are‘stored in
containers, so that the nother ceram c sheets 12 can be easily stored in
clean states. However, if such an advantage is not desired, it is not

necessary to store tbﬁ,ere Iseéé},ﬁ:org i fon - {8 not 1k dfé?&? |g¥ent|6p,\
pr o ¢

is not restricted to manufacturing o aceramc Iayere
nul til ayer cer afRauEActuRing ©Bft s eexamigplaveared ( @rmﬂtacfen ng

| ayer ed Fr OdUCLﬁuﬁtrilﬁtj&* lééﬁ%ﬁl@fcﬂ?ééitai“?r Ib?elr e %liég?éﬂsg&&able :

conponents such,as_a il a [ ar mul t.i |

nul tilayer circ t%%cﬂ*%W?\e E i ?ﬁal g dt,:?&'rl%tébe’f h*ey??ﬁent i on

by reference toof padtiidayer e:énainmrélectroxﬁ¢mdnp¢apqm’emmm a%aa the

descri bed enbodhgﬁ_ t:.la?e?(erﬂ 1’.r‘glpl y mhiti'.‘l'.ﬁ§39t' El(ﬁ tﬁi@&f i cation
out departure SC . e.

and vari ation rom The I'hventi o as
determned by tmalidleNery cinguit boa, andzche 1lke-_ -

N 1111111111111111111@1&%&1@%‘&@cr1hed ‘the invention by referehce
to a particular embodiment, it is to be appreciated
that the descr:.bed embodiment is exemplary only and is
suscept:.ble to modification and variation without
departure from the scope of the invention as
determined by the appended claims. '



* 1.° A method of manufacturi ng a ceramc |ayered ﬁroduct conpri si ng the

steps of: preparing a plurality of reels wound with:
types of long nother ceram c sheets each having a plu m"mmmt'm !“
patterns and a plurality of registrationagarks, having*constan onal
rAQl ations to said electrode patterns, distri but ed along its | ongi t udi nal
difection; 10 CLAIMS: drawi ng out said nother ceranic sheets from
respective ones of said plurality of reels onto related sheet cutting
stages; punchirg a rkegmethok| ofi ngpaanfaessiringe af seramiteclayepe@atterns
froma selected one of said nother 15 ceram ¢ sheets, being provided
on a sel ected RFEWUFRgoRpIrising sthgestepst pt: baS| s of said registration

marks by a cutting edge of a cutting head; carry gjétjhe ceram . sheet
punched out from saiRFSRATNG c & aRlETIRdEY b9fseﬁ' t MongdheWdtho @

epot | B o4 Sriﬁairtefﬁif@r R Xinen € iﬁ%ﬁﬁ?@é‘w Fopmid e ”e?fa%eq?w‘i‘”"

et 2 AR 22 LA o6l e e SR Sana

111111.11111111%%]13&}1%1 registration marks, having constant
positional relations to said electrode patterns,
distributed along its longitudinal direction;

N 10 drawing out said mother ceramic sheets from
respective ones of said plurality of reels onto
related sheet cutting stages;

punching a region including at least one of said
electrode patterns from a selected one of said mother
15 ceramic sheets, being provided on a selected said
~ sheet cutting stagé, on the basis of said registration
marks by a cutting edge of a cutting head;
carrying the ceramic sheet punched out from said
\J mother ceramic sheet by said éutting head to a
20 stacking jig and stacking said ceramic sheet on said
stacking jig; and
repeating said punching, carrying and stacking to

form said layered product.

2. A method as claimed in claim 1, wherein said

25 punching and stacking are carried out on a plurality



21 _of regi ons f'rom a sel ect'_ed not her s_h‘eet. 3. A nethod as cl ai rredln
froma plural ity of mther sheets and said st 22Mlﬂﬂﬁ'ﬂﬂﬂlllﬂ’lllllﬂﬂlﬁ?i

 sheets on said stacking jig is carried ou,in a desired sefuehce 4. A

met hod as clainmed in any one of the preceding clains, wherein said q
regi strati on nmapkSraglons Fremh ANl istitbd GoenEt eHeser am ¢ sheets. 10

5. A nmethod as clainmed in any one of the preceding clains, wherein the
cutting head is aligned with a region to be punched by aligning an opti cal
‘sensor fixed to said cutting head with said registration marks. 15 6.

A nethod as cl aBoed An metthodic asf ¢haipedcddi nglaini s, | whevding saiyi di ng
a reel containing a blank |ong nother ceram c sheet not having el ectrode
patterns printcgunfbingnis7carriedeoutdonfa pinratity iof) xegionsiifirdmyer ed
20 product in_accordance with any one of the preceding clains, wherein
said step of prapPAuxglity oflnether sheets andgaridesskackipgorthe oring
a plurality of reels containing different c;?/pés of l.ong nother ceramc

sheets and a st €prapiccEbeetsopnsaids stacking Jig dgncarried out in - -

a desired sequetic'e. o

4. A method as claimed in any one of the prééeding _ »..,J

claims, wherein said -'r'eg_'istration marks are printed

onto said long mother ceramic sheets.

10 - S. A method as claimed in any one of the precedirig -
claims, wherein the cutting head is aligned with a
region to be punched by aligning an bpﬁical sensor
fixed to said cutting head with said registration

marks. |

15 6. A method as claimed in any one of the 'p‘r_ecedinQ B
 claims including providing a reel containing a blank
long mother ceramic sheet not having electrode

patterns printed thereon.

7. A method of manufacturing a ceramic layered
20 product in accordance with any one of the preceding

claims, wherein said step of preparing a plurality of



S5aid stored plurality of reels. 5 - 8. A met hod of “manufacttring a
ceram c | ayered product in accordance with claim?7, step of
storing said plurality of reels conprises a step of mm Elﬂﬂﬁl Hls in
containers. 9. A method of nanufacturing,a cer am

praduct in accordance wth any one of the preced| ng cl ai ms, wherei n said

mot her ceram ¢ sbeghg gbfpriseshl s8B! yedse¥pinyta ';S‘J.rﬁ?éﬁ:.@}ecpf YedigW Ng
out said nother ceramc sheets fromsaid reels, and sald step of punching

sai d one of sai deoptadhitey adi€éfébent typest Soﬂoylaﬁgd fiothéRd d@tdhis
carried out when said nother ceramc sheet is stationary. 10. A method of
.manuf acturi ng a sheefisc andyar stlepr ofusélectingoonas cef vadid ateels Erdmirt her

conprising a step of cutting a scrap sheet resulting fromsaid 20 step
of punchi ng sai dsadid stogzdl plmtdadrityercfirireek®et s by said cutting head
tevery intermttent feed of said nother ceram c sheet. 11. An apparatus

for manufacturing a ceramc | ayered product conprising: a reel stand for
holding a _plurality of reels wound with a plurality of types of 1ong nother

ceramic 55 .. sBaetsA eﬂeﬁhﬁéwﬁﬁ a?“?ﬁ“&f%@w’ilﬁg & e GTARLG atkawerednd a

lurality of registration marks, havin nst.ant
P y g roduct r:}.n accordance %11%% clar}.m 7, wherein said step

of storing said plurality of reels comprises a step of

storing said reels in containers.

9. A method of manufacturing a ceramic layered
10 product in accordance with any one of the prec.eding
claims, wherein said mother ceramic sheets are
intermittently drawn out in said step of drawing out
said mother ceramic sheets from said reels, and said -
step of punching said one of said mother ceramic
15 sheets by said cutting head is carried out when said

~ mother ceramic sheet is stationary.

10. A method of manufacturing a ceramic layered
product in accordance with claim 9, further comprising
a step of cutting a scrap sheet resulting from said
20 . step of punching said one of said mother ceranmic
sheets by said cutting head every intermittent feed of

said mother ceramic sheet.



positional relations to said el ectrode patterns—distributed—atong its

|l ongitudinal direction in parallel with each ot a

plurality of sheet cutting stages for positi Bmmm& u H“J ceramc .
sheets drawn out fromthe respective g es of c Py s of reel,,_s_\_‘
st '

respectively; a stacking jig for king ceramc sheets 15 '

obt ai ned by pygchi %]1 ' 15?15; one i.d ode '
patterns fromlig'ﬁe (r)A?' ?&;I{I%le ée%#e%%g%%%‘%e S ?h%rce%{r'l?ﬁgé %%(?‘?%g ‘head
bei ng novabl groagictedbmpriglingyural ity of sheet cutting stages and said

stacking 20 jig and having a cutting edge for punching regions of said '
nmot her ceram ¢ sheet srédL! gtiahd SEd¥ Rb2aihgda PPLaLANStySHfd £&éisng head

bei ng adapted to carry ceranm c sheets punched out fromsaid nother ceramc
sheets; and 2%ound with aaplaphildtly e€ntppeboof dbdrngimothepscérantcof said
regi stration marks on said nother ceram c sheets and 24

1111118511111 1shéets] ] eachl havinglisam@losElitniof) eleetrddsi patterns
position said cutting head to punch said regions of said nother ceramc
sheets. 12. Aandppapiwyalitycefi redistratipm markshdravingheonstant

positional relations to said electrode patterns,
distributed along_.its longitudinal direction in
parallel with each other;
10 a pluraiity' of sheet cutting stages for
. positioning said mother ceramic sheets drawn oui from -
the respective ones of said plurality of reels
respectively; -
a stacking jig for stacking ceramic Sheets
15 obtained by punching a region including at least one
of said electrode patterns from one of said mother
ceramic sheets thereoh;

a cutting head ~being movable between said

plurality of sheet cufting stages and said stacking v/

20 jig and having a cutting edge for punching regions of
said mother ceramic sheets including said electrpde
patterns, said cutting head being adapted to carry
ceramic sheets punched out from said mother ceramic
sheets; and -

25 an optical sensor for detecting positions of said

registration marks on said mother ceramic sheets and

7
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5 optical sehsor is nounted to the cutting h;;aT‘Igf_ﬂﬁ~§55§Férus as
claimed in claim 12, wherein the optical sensor c-om"my ner as
positioned on said cutting head so as to be aligned' MI@mH ration
mar ks when said cutting head is aligned 3Q with a‘rebioh a not her
ceram ¢ sheet to be punched. 14. An apparatus as clained in any one of

claims 11 to 1%:@\#1@11@@3&3@1&%1&{4 HontirdBElignalis 861 PoL£e PonidRidong
not her ceram c sheets. 15. An apparatus as clainmed in any one of clainms 11
15 - to 14 icutitidighgh@adedio cpthehni gWid Pegtilsnkorse NnBhiar metles C
sheet, not having el ectrodes printed thereon. 16. An apparatus for

manuf act uri ng &eramdd sHestssed product in accordance with any one of
claims 11 to 15, wherein said sheet cutting stages include conveyor 20
means for-intermttently carrying said nother ceram c sheets. 17. An
apparatus for manufacturing a ceramc | ayered product in accordance wth
clai m 16, wher di?n ed¥h aPRAFAGIN AHrClaie’] in Gl skl vherpim the| t
being intermttently driven whjle carrying each said, nother 5 ceram c
sheet tﬁer eon Qﬁ’gzlé?/aéu&qqﬁ?’ﬂe’rﬁ dpoynt c€°s§’i"a FRERERI cReadi ¢ sheet

t hrough said nesh belt. 18. An apparatus for manufacturing a ceramc

| ayered product in accordance with any one of clains 11 to 17,

13. An apparatus as claimed in claim 12, wherein the
optical sensor comprises two CCD cameras positioned on
said cutting head so as to be aligned with said
registration marks when said cutting head is aligned

10 with a region of a mother ceramic sheet to be punched.

14. An apparatus as claimed in any one of claims 11
to 13, wherein the registration marks are printed on

the long mother ceramic sheets.

15. An apparatus as claimed in any one of claims 11
\_/ 15 to 14 including a reel containing a blank long mother

ceramic sheet, not having electrodes printed thereon.

16. An apparatus for manufacturing a ceramic layered

product in accordance with any one of claims 11 to 15,

- wherein said sheet cutting stages include conveyor

.20 . means for intermittently carrying said mother ceramic

sheets.



wherein said stacking jig conprlses a botton1makk—and‘rﬁ"‘é_—5~?75ne for

peri pherally enclosing said ceram c sheets stacke

An apparatus for nmanufacturing a ceram c |ayered E gmmmﬁmlﬁmance Wi th
any one of clains 11 to 18 further conpriggng con ans for *carrying. .~
said 15 stacking jig. 20. An apparatus for manufacturing a ceram c
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conpri sing an XYe robot novi ng both said optical sensor and said
cutting head. 2@roduct?in aécordandteowithpelaimsié)bshereinl éychssatbxdcri bed

herein with reference to Figures 1 to 9 of the acconpanyi ng draw ngs.

conveyor means comprises a wmesh- -belt being

intermittently driven while carrying eééh'said mother

5 ceramic sheet thereon and a suction_ﬁeﬁice to suck

said mother ceramic sheet through saidwméSh'bélt.

18. An apparatus for manufacturing a ce?amic layered
product in accordance with any one of-ciéims-ll to 17,
wherein-said.stacking jig comprises;afbdttom wall and
10 a frame for peripherally enclosing saidﬁcéramic sheets

stacked on said bottom wall. .

19. An apparatus for manufacturing'afcéramic-layeréd
product in accordance with any one'ofjélaims 11 to 18
further comprising conveyor means'forfcarrying said

15 stacking jig.

20. An apparatus for manufacturing a ceramic layered o/
product in accordance with any one offéiaims 11 to 19
further comprising an XY¥e robot for moving both said

optical sensor and said cutting head. - -

20 21. A method or apparatus'substantiaily as described
herein with reference to  Figures 1 to 9 of the

accompanying drawings.



