6 JULY 2006 APPARATUS FOR PRODUCI NG LAM NATED ELECTRONI C PART AND METHOD
OF PRODUCI NG THE PART BACKGROUND OF THE I NVENTION 1. Field of the
.~ Invention [0001] The present invention relates to a | am nated el ectronic
part and a nmethod of producing the sane. [0002] Genggal.Y.200@duction of
| am nated el ectronic parts such as |am nated ceram c capacitors and so
forth, includes-sequentially printing plural internal el ectrodes on the
surface of a nother ceramic green sheet, lamnating a plurality of the
not her ceram c green sheets, pressing the green sheets in close contact
wi th each other to fornta nDther ceramc Ianlnatlon block cutting t he
mot her cer am 4PPARATILS EQRIPROI b hAMME A R
t he internal electrod.. [ € PROPK 2 TIHHG f‘ied ceram ¢ chi ps,
firing the cut | am nated ceram c chi ps; and fornlng external el ectrodes-
on the fired |lam nated ceram c chips. [0003] For exanple, Japanese
Unexam ned Patent Application Publication No. 9-22830 describes a high
yi el J.capacitors of which the deviation of the

€ Prete Fre L—-1'-”‘(:()rd|ng to this production nethod, an
|nternal electrode is formed on the surface of a ceram c green sheet
and ihEkﬁE&ﬂﬁ&Jﬁkﬁ?Jfrea is neasured by an in-line system The nunber of
ceram c green sheets to be lamnated is calculated so that a desired
el ecf000%} at iThe prespatdnvarnion relates he a tdrhimated dlecfrofid4artAnd armethgd dHprotiecing
above- nentioned nethod, the area of an internal electrode is neasured,
and Yfié@Mtmber of cerami c green sheets to be laninated is cal cul ated
base th V8 i g
ChactRD o ey R Rt e (e oS s AR or e APRHBIS
doesamioto fodthsindedes dequenttially grieting plusalantemat elgatrodea vndharmyfahalig mcdhmf to

Came SR R e PLSEIEER PR HELPE RUTECH SEPRE SRR a0 RS Ed o oo

el ec{eeden cloReEG 5k REHCARY BiHet RNIMEGRBENBLARic lhﬁ%a%ﬁﬂ:lloc‘ﬂ‘ iR
rectangul ar, respectively, and the pixels are arranged in a- rec%angul ar

gr at inathep a@ramncnlanmatlondalotgl ip coq»ﬂoubamwah thecammigdmeent aftibe int¢real @emudas to
2006 r solutlo age Io dtr nsve{ae di r.ecti ons (}.f
re sp%ré’ﬁ\l‘?)eer %lx%hgp]é e%?eé' fcf(f ﬁpn e cut laminated ceramic chips, and ormmg

external electrodes on the fired laminated ceramic chips.

[0003] For example, Japanese Unexamined Patent Application Publication No. 9-22830
describes a high yield method for producing capacitors of which the deviation of the static
capacitance is small. According to this production method, an internal electrode is formed on the
-surface of a ceramic green sheet, and thereafter, the area is 'rneastlred by an in-line system. The
- number of ceramic green sheets to be laminated is calculated so that a desired electrostatic
capacitance can be obtained.
[0004] - According to the above- mentioned method, the area of an internal electrode is measured,
and the number of ceramic green sheets to be laminated is calculated based on the area data.
However, the calculation is carried out assuming that the ceramic green sheets have a constant
thickness. That is, it does not consider that the electro-static capacitance may change due to
var1at1ons in the thickness of the ceramic green sheets.
]0005] - A CCD camera or the like is used in measurement of the area of an internal electrode.
Regarding conventional CCID cameras, the pixel shapes are rectangular, respectively, and the pixels

* are arranged in a rectangular grating pattern. Accordingly, problems are caused in that the



~fromeach other, and the neasurenent precision is |ow. SUMVARY OF THE

| NVENTI ON [ 0006] The present invention provides an inproved apparatus for
~producing a lamnated electronic part with which an internal el ectrode
having a small deviation can be produced at a high gigigy 2p0¢62a nethod
of producing the |lam nated el ectronic part. [0007] According to an
enbodi nent of the present invention, there is provided an apparatus for
pr odidsdlatlons inahd ALREIBAIMHARNerRAfecBALHY RO PRpEERS (D R8Rbrak Rl CHBRS
measuring unit for  neasuring the thickness of a ceram c green sheet; an
i nt elireral eagh ether,caud themgasupinagad pregisian fsdow. pi cki ng up the i nmage of an

i nternal electrode formed on the surface of the ceram c green sheet; a
processing unit for calculating the nunber of sheets to be | am nated
based on the area data which is prepared fromthe thickness data from

t he &Qmm%w% unit and the inmage data picked-up by the
internal electrode I nmage-pickup unit; and a lam nating unit for

| ani [8806hg tThe presentimventipngwovidbeat impriveed appaeates foe producingladamipatadr anged
in a,production.line.. [0008] .In th bave-descrjpti.on, the expressiqn
T nPEEh T it ich o Rhallecgga RRHOE o SHRD s Ll iGR crt BEPraBEsTCat aiieh
the yigRDakd i WRMWA JfprodiRUIgABE 14ninktB8 cRRBBAR 4R, f Or producing a | am nated

el ectronic part are"arranged in a continuous |ine conprising
i nt 088%hectAatording o, anerabadimestudfithe plsserit mmntion,gbert épprovisied anapparates for

continyously.or. aut.o i cally fed back.or for d . to another unjt. On
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of f -hkdRirin idkiads oFla deRASE greNQh&dt; dlitdiRallefectr8ddimadeickup unit for
sheet -t hi ckness neasuring unit) is applied, e.g., for neasuring a sanpled

cer apitkingrpdhe shagstof lnvitamabelectraderfanhedir thersotface afithe deramés groen shaet] at o

f eed back. f d.an obtai ned lt. . the.li i s .St d f o
wni 1E0e e i tor lc Bihe BE el SR8 bo 1 P pieg Sh3PEESR e odhieh 5
non-@p@ed fot theMkickddd98@h fvaE HeGhoE-thRkhRE nia@FaTY uritWtithe Magd digd e 1 s

- provided a nethod of producing a lam nated electronic part which

conmRifkeskup he thet igjssnad elechedssimagapickip unit; anche Senipating Wit rlanigadegithsheet ;

pi ckj p ' of .inte I el ectrade r.med on the surface of the
cer aérﬁg%ngérgég% %{%‘g&;e re@%?%%?%fsn%%%%@%gﬁ%%ag‘f%d‘slﬁtéoentolénet' o0 be | am nated by
a pr[oeess basekk sbovedesciptian it axpvlssich, "the ridpePvethiRbelnparRastdind t he

t hi ckness_of the ceram ¢ green_sheet and the tgi cked-up inmage of the

i nt eprpgnctiondiner’ sipans tatitheapspaetvaigits meo\ddediin toe apRastus fs prodising rleminated
cal ciil at s %%E%%{%Haﬁgecﬁiﬁ%e%&@ﬁﬁ@ﬁﬁix{escoﬁﬁaﬁz—i'sgafggiﬁfg@%gg%éf&xﬁ%‘f hid§rRheesses

bei ng carri a pro ron T1ne
obtained in at least one unit is continuously or automatically fed back or forward to another unit.

On the other hand, the expression “the respective units being arranged off-line” means that at least
one of the units (e.g., the sheet-thickness measuring unit) is applied, e.g., for measuring a sampled
ceramic green sheet having an internal electrode formed thereon, and to feed back or forward an
obtained result, the line is stopped for a while, that is, the respective units are arranged in a
discontinuous or non-automatic line.

[0009] According to the present invention, there is provided a method of producing a laminated
electronic part which comprises the steps of: measuring the thickness of a ceramic green sheet;
picking up an image of an internal electrode formed on the surface of the ceramic green sheet;
calculating the number of sheets to be laminated by a process based on the area data which is
prepared on the basis of the thickness of the ceramic green sheet and the picked-up image of the
internal ‘electrode; and laminating the ceramic green sheet so that the calculated lamination sheet

number is satisfied; the respective processes being carried out in a production line.



[0010] In the above-description, the expression, "the respective
processes being carried out in a production line" nmeans that the

" . respective steps included in the nethod of producing a | am nated

el ectronic part are carried out in a continuous |inegCaMPN 2006
I nterconnected units, and a result obtained in at |east one step is
continuously or automatically fed back or forward to another step. On the
oth nd t B@&pn

{1V L M bRt A llon, BE cHERRRLMIE e R el outin e
S h eanodmntmhdm meiags thapthie eekpeetivy. s,teﬁsonclu@smrthmmemodaxfpimmcnrg@r lamimatgl een
She\%‘é havm}gﬂgn i nternal .el gctrode rmed t hereon, and a/h f eed back. or
for BI5iCRBLPd QU {1} # CORtLOpS ?@Eﬁ%‘fﬁa’é‘&efﬁ‘%}nea‘e Pfte and gdpsuits
the Jirsnesi é/t%a%i &E\?st? f2 c%ﬁﬁﬁﬁ(ﬁlglg%}tau n?EﬁQfl § RHOMRk Yor Brward {o another step.
non-automati cally 11] The sh ness neasuring unit may neasure
t he Ohitlekotbershapfl, ’éwexpremm‘t‘ﬂic r&}pmrve stepe dting@arriedyoutre fslined nhduas tha elless s
of one or several sh ets sele ﬁ% fromall .the ceram g}rgreen sheet

[ 001%1° B Eceth® SERO Fricpuring FHEEROCFR in PRRCgr B By TREPSRTIPER SHBRIE ng
an i lpdq.ﬁl gﬁEﬁt

provi dﬁg a% %gﬁ’%}[ odu 0l eﬁ%l%%%@%ééﬁo%e@ﬂée?%@n%g thraitggdqemun fofWéfdr ol |
may dleaieegptasybdhe tine i &t@p&dfb@qmﬂﬂ@rthxthgdh@mpmﬂ&e gtepearesianétd omy be

used,. %0013 n the above-described constitution, neasurenment of the
sheePisqomfing opponatematisally. gr een sheet and that of the area of an

I nt g el r 'r%lﬂn g{;gjg of
t he @g?ym cqgireesgﬁé{st ecglilé%'? e'aﬁﬂlle S nlﬁ fﬁlghﬁﬁ% J[eh-rgrrltﬁ‘\&g%g%? ro tcgrraielﬂa% gr en
sequshett, ai gy neshsure chahidiness afahe of siverdl beetusebeteddfiorn ellahe cergméegresheet s
to b% | amnated, and the lamnation is carried out. Thereby, capacitors
wi t PeESs di spersion in static capacitance can be produced at a high

yi el ﬁbmi]oo 1410RoEre iR Bhikmat a@cths&%nﬁﬁl AR dr@{e?rfﬂﬁforﬁhf‘gcéﬂ RElEndI T1RHEHEE
up W th a CCD camera whose pixel s ave a square shape,” respectively, and
ar e the serfgpechfiarceansiqgasen sheetmaypararovided in fhleu:sqductlen linesAl manmgmen Shhﬁ
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of an object are size-calibrated by use of a substantially columar

me hgreer( ghegt ancethateafahe hrsa opam nrj@mgl@lectrpﬁg sre ¢anged putds pdinen The z@asurement
cal i brati i s _enabl ed. ,Es a i xel s .o
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size calibration can be easily perforned. 3
carried out. Thereby, capamtors with less dispersion in static capacitance can be produced at a high

yield.

b [0014] Preferably, the imagé of the internal electrode is picked up with a CCD camera whose
pixels have a square shape, respectively, and are arranged in a square grating pattern. Thus, the
resolutions in the longitudinal and transverse directions of the CCD camera become equal, and the
measuring accuracy is enhanced. |
[0015] Preferably, the sizes iﬁ the longitudinal and transverse directions per pixel of the CCD
camera of an object are size-calibrated by use of a substantially columnar member (e.g., a metallic
pin gauge). Thus, high precision size calibration is enabled. Especially, in the case of the pixels of
the CCD camera having a square shape, the resolutions in the longitudinal and transverse directions

of the CCD camera become equal to each other. The size calibration can be easily performed.



6 JULY 2006 [0016] Al so, preferably, the ceram c green sheet is |am nated
so that the overlap degree between internal electrodes opposed in the
.lamination direction is constant for all the |ayers. Thus, the

di spersion of the stray capacitance i.s decreased, co EY 2goghat of a
|l am nate in which only the uppernost layer is shifted. Thus, the
accuracy of the static capacitance can be enhanced. [0017] O her features
and ta ' | S h

ol 1 B el AL EE ihin e SRR EPlp LR b een,
accompanalichegtrddesappgsed iBRUERNDESORI dictidh GreonstEniDiAWM NeJaj@818hufily. 1 is

a schemat.i ¢ yi,ew of the.conf.iquration of an, apparatys for .praduci a
[ am fYSPERIOn Of L VaK CRPBIFRCSE BRrerng ORR R e pie hev s et e
| nveRidoRostiA/ W siifidlt. PhusSth@ a8&l f'tfxe ¥iafi¥eacttife LR bl GHidbcpn Of an

apparatus for producing a |am nate el ectroni'c part according to anot her

enboli0izht ddthehfeatmressad tadivantagesiobthe fré@a0invemntipn Bill secamscippaeni Tonzitkey of
t he fi.gurati,on of_, an apparat f.or prodycing.a |lamnated e|lecfronic
par t FYRAEARGPTLS erboBERE 1 TisriBtsren Phifh TAS 5 DeaReompRRIG BRWINES.
[0021] Fig. 4 illustrates the arrangenent and the shapes of the pixels in
TR CRIPPEBRIOFTHE PRAWNSGE brightness histogramof a grey
Q. pl'an view of a size-calibration device;
[ 002018] g. HB 1 is amcheroatic wieww! the ¢cdndigtetibn of af 6pRBItuFfay. prodiciig mlamanaed a

si ze-calibration t hod usi .the ice; [0026]. Fig. 8Ais a plan vie
of - SCIRSY Bt fokoripe it Spb il Ik PEReridealom [ 0037) Fi o BB 'S

afr | evp;@f hifd i Tiaki
Lo gl MISCTRS Soh e ST NS PR i

| ani elattevhiepat according peartothandmbadinagm af theyseseot ingestbngi ng t he sane

accofdli tq.the. present.invention w.ll he describe .th reference., to
e WORBR - s BrsElimis VIRV oL f R n o 85 CRSERE Sir rpetisch faminaied
descglebieshi@parthcc@¥BAPEstf ancti® ehdBHARNE 8f BleGpéseRNinGeit . The | am nat ed
electronic part may be a | am nated electroniCc part containing a

capali02d}l sJip. bidlustratesthe atrengan@nt ahd the shapdspfitheopisels irca A6 earherpt er, a

| ami hi.gh-. f,requency . modul and.the like, or a |am nated el ectronic

partﬂ@ggﬂ_ aﬁ%‘ ﬁﬂ‘r%w(r‘lf:ft é@ﬁpf‘f"ﬁ ﬁ\sgggf‘r{l ofa gTegr}ij’c ed varistor, and the Iike.

[ 002fb23Fi 9.Fib. 6¥¢chafhh ORk of SdigyGalithaionithvig@yr ati on of an apparatus |

for produci % a lamnated ceramc capacitor. The production apparatus 1
1 .

Cis udddl o gredikls adrem iy ebtherigvicag a tar get
[0025]  Fig. 7 illustrates a size-calibration method using the device;

[0026]  Fig. 8A is a plan view of a modification of the size-calibration device; and

[0027]  Fig. 8B is a front view of the modification.

) RIPTI F EMBOD F THE Tl
[0028] Hereinafter, embodiments of a method of producing a laminated electronic part and an
apparatus for producing the same according to the present invention will be described with reference
to the accompanying drawings. A laminated ceramic capacitor will be described as an example of
the laminated electronic part. The laminated electronic part may be a laminated electronic part
containing a capacitor such as a laminated LC filter, a laminated LC noise filter, a laminated high-
frequency module, and the like, or a laminated electronic part such as a laminated thermistor, a
laminated varistor, and the like. _
[0029] ©  Fig. 1 schematically shows the configuration of an apparatus 1 for producing a laminated

ceramic capacitor. The production apparatus 1 is used to produce a capacitor having a target



4 6 JULY 2006 el ectrostatic capacitance. The thickness of a ceram c green
sheet and the area of an internal electrode fornmed on the ceram c green
. sheet are neasured at a high precision. The ceramic green sheet is

~lam nated based on the nmeasurement val ues. The prodygy{qnyaigey atus 1
conprises a sheet- supplying unit 2, a sheet-thickness nmeasuring unit 3,
an internal electrode inmage pick-up unit 4, a lamnating unit 5 and a
dis T i ng
;£ e e T R o P B WA lh, fiegEhnd (e AT n B 3% ey
be redectrode dornjed@BGhe Eé¢ramig gperbheet aamyeaturiedlat phighyeedisioni The aermintdgreet  at

an oyerl|l, a de r SS of . o posed I nt el ectrodes, a lamnation s eet
nunﬁ\ea‘Fv tin ! iﬁeﬁei opdhey eE%?‘E%’H vé %%P%P’E’I@H%%%‘l %Ppﬁ%‘é%g‘ﬁom%hseﬁ ﬁé eet-
str %@Pfﬁgqﬁﬁiﬂ@ sﬂf:etathic L O3S i 0 3RRAal Sectrd, ag% ?ckr%! aitit o’r 4i ng

diele stant ¢ o the cer Cc dreen sheet is
t o tlmeidatihp ownit ISgamthd]Bclmngmg)lmté- The posﬂnohs{ whene the slie)e’t-t}ncl&ﬁ)ss fhigsuring whitch
so is i el ectric canstant E vacyuum el ectrostatic

n
capa?c@ftda'g\eglt%@ Gleriepds ymaggpickupinitd 31g asppﬁs-'ﬁl m?:og@,nqveweqiong ceram ¢
re eet
Jor 003010 ] P bR A fraaiBh iy ¢arfed PuchE R S0ey dUnfiet SNofopposed,
Fi g.internalkelectroddspmkntindtioncsheeti mielren éi- 1)' elrﬂmtaemimelg?éelﬁfheetfthrchﬂﬂs #f bazed .
i LN Oy NN I NS TR R
cer of the
afk Eer@an@pp %\‘ﬁé@ﬁ%@t 1%%gteh§hr§ﬁtac96}dﬁl§% El?eeﬂllﬂgnrflgg%drl]ﬁﬁ%l}é ).

sheet -su unit rin ceramc t 100, which is-
interm ttent(]‘yt“i{egzIX@ 1'heSP¥inting pitch from (Hhe feeding roller 11, is

supplied , nt.o sheet -t hi ckness ne r| ng unit 3, The .thickpess f t he
cer a}w@n@b @éﬁaé}fiwqum@qmﬁwa EleE oSt SAPAFItARCG A k&ﬁ 42y Moot
S 'tﬂ’é ﬁHﬁé‘an&“y fed, by nmeans of a non contact type filmthickness

measuri’ng he 21 operated by a radiation or laser systemor the
equil08BHnt . APoeg eeratnie/ greemehqeodd lt"c'mmd mmaeierrﬁim:is rsanebn—pgn‘eadrbymﬂttoirell

d t n t m,dd i dth di t
 hara ey e, & BHERRE At S StEopones Ur B Bl SouhithisBows iy dae iHieerhal
el ecaiie 497k Toled & aRBhduid e (AHiniBGiRe).oThd IReCRIAR GpUERRI oRIIBR.

The thickness may al so measur ed by a | mthi cknesS neasuring
devfﬂelssmpmntaécqammomslwpbw()ISlplrmamﬁ ckness rreter e.g., a mcrometer

or t i ke, The asurenment v r i,ckness are.

o ol & ThE RER R SR Efen $Bes B0 ¥ b o RESn MR I&P? HsheRs RS

gr eqfhits €Ehe Me@éerﬂkﬁi&éteéﬂ"ﬂlebhl 01K Rsh i8 %&eﬂﬁﬁ@nﬂl’ﬁeﬁﬂ% & printing pitch from
the feeding roller 11, is supplied into the sheet-thickness measuring unit 3. The thickness of the

ceramic green sheet 46 is sequentially measured every time when the sheet is intermittently fed, by

}  means of a non-contact type film-thickness measuring head 21 operated by a radiation or laser
system or the equivalent. Preferably, the positions where the ceramic green sheet is measured are
set nearly in the middle portion in the width direction thereof and in the non-printed portions
between the printed internal electrodes 47 in the longitudinal direction of the ceramic green sheet 46.
The thickness may also be measured by a film-thickness measuring device such as a contact type
film-thickness meter, e.g., a micrometer or the like. The measurement values of the green sheet
thickness are stored in a memory of a processor 51.
[0033]  Nexi, the printed ceramic green sheet 100 of which the thickness has been measured is
conveyed to the internal electrode image pick-up unit 4. The conveyed printed ceramic green sheet

100 is fixed to a measuring table 30 by use of vacuum suction, static electricity, or the like. The



conveyed to the internal electrode inmage pick-up unit 4. The conveyed
printed ceram c green sheet 100 is fixed to a neasuring table 30 by use
.of vacuum suction, static electricity, or the like. The 5 6 JULY 2006
internal electrodes 47 are inmaged sequentially everygtyimpywenet he sheet
is intermttently fed. The area values are cal cul ated by neans of the
processor 51 according to a nethod which will be described below and

are Fi@hAdl@sirodss £7 %'1@%&?56@9&&12@1&%@3@&%&' LR e ShaLUs ﬁnexﬁnﬁeﬁﬁmeay TRE
the processor 51. [00341 For neasurenment of the internal el ectrodes 47,

t he #16h Vakieh gredzatcublmirhy meanscfsheprocessef 31 accopdingtala mgthod vehith mill beret hod,
each i nt.er el ectrode o ramc reen she t 100 which
cono M PHIBELBYo i A Srabr fE A s erde s P gaan e end" BERAFE of he
posi piRBsot HEreof . The central value (median) is calculated fromthe
measur enent values of a plurality of internal electrodes 47 nmeasured at
two [H03dbre Iimsmaismnmenh@frtbointemebqiqueew thafidlovang didtemerd snethmodsraeauseful.

tral I 003 h .
ol ec At o inghed Sar e derodh aBhe Whole friacHe edrash e B0 which
| am pafsfln&es ﬁpalﬁat@@@é%wa hé&itdr rf@ﬂ&%eafat HW6r I%rerﬁfsﬁmﬁeaie&é&n Sl"hE: '&@rﬁﬁﬂf

The nmaxi num and the m ni me are excluded fromthe 'neasurenent val ues a
pl ur wilis¢ ¢mediantie calcwiated feim leaucasothernt Valvensia ﬁuralty tbHuntermal ehastredes 47

positions thereof, res and the era i s cal cul.ated and

P ke imeatited A5 PrmdrE PRRTON eeor GO ReAN: G s Bk EL A0 HES el RUBet o
cent [lﬂi35}/aI Uﬁcd&dlﬁg‘ & 2688084 nﬁﬂ&‘dﬁi lea‘iBh%{éﬁ‘lal eleRabaLsE tHeSwhdi@b&Hinfl en sheet -
according to the first or second nethod, and thereafter, the cen

val ud0®whivheroasfisuics a l4minatedskrantic capasltomsemagetd aflfeur orariers pgfs:tmhsthcmoam c

gre sheet, and.,i.,s taken as an ar ral val ue. ar.. e

0 Cobhe iy End e iR e BN aB AR ReesiPebii vehigd S pliS SRER
s c anmtaﬁm QV@FoRkd 4 Pinelur@PitTohr SMESRMPokitidAs HEFRET re@fecRi ! snditherl ,tme&%@
or , is enployed. In this case, the imaging timng di ffereénce on

t he }ﬂ 1a1‘|¢dan @k@asmem@mhvaim in an adj acent pi xel reg| on. Thus

Lrer R O Aloribh IRt BehoR 8e 68fkap ullE 38 U ec b dhch B &l ddeodk T

| ens cﬂbﬂmedlaawﬂi&lgwﬂieemﬁ oﬂb@b’éﬂlﬂnéthodl L rthérahftaPHE oeiteal (VB phvérhgd Bast
0.05 attached thereto is enployed. This is carried out in order to

pr ev&vndiof llteesiwtameal slecirpéen Qf exramirgeraerishent, iand dpctakerogs q@eﬁlr?ﬁgcmtrgl weed,
whi C@g‘)gabey&%g%gglebx géﬂ‘gagﬂ‘%a@%g“' éér%%h' 0% ndiSint AN (o8 se Pl IAhe ' ”

t he mer a pi X qguare s ape, resp &t

ar r apgading) oferslifpdiet oatpat sy’@upahé Rumber Upixeld 1361, 0005000UdriraS), Ilsﬂeﬁ:lbleyed In
| ongi tudinal and . transverse directiaons of the CCD canera 31 becone equal
t o eHincasebe imagipg timimgdidierence gn the pixel unit level becomes minimal in an adjacent pixel

region. Thus, the area of an internal electrode can be measured with less error. More preferably, a

CCD camera provided with a high-magnification telecentric lens (low distortion lens) having a

s

numerical aperture (NA) of at least 0.05 attached thereto is employed. This is carried out in order to
prevent the resolution from decreasing and an image from being distorted, which may be caused by
the high magnification. As shown in Fig. 4, in the CCD camera 31, pixels 32 having a square shape,
respectively, are arranged in a square grating pattern. Thus, the resolutions in the longitudinal and
transverse directions of the CCD camera 31 become equal to each other. This enhances the -
measurement precision. _

[0038] For imaging, light from a Juminaire 29 is irradiated onto an internal electrode 47 to be
imaged. Preferably, the luminaire 29 has a ring-shape, and has an illuminance of at least 10,000 lux,

using ring-fiber illumination, LED illumination, halogen illumination, xenon illumination,



" measurenent precision. [0038] For imaging, light froma lumnaire 29 is
irradiated onto an internal electrode 47 to be imged. Preferably, the

_lumnnaire 29 has a ring-shape, and has an illum nance of at |east 10, 000
'ux, wusing ring-fiber illumnation, LED illum nati OHJIE'E'YOQ@G
I 1lum nation, xenon illumnation, 6 6 JULY 2006 fl uorescent-Ianp

i1 lumnation, or the equivalent. Mreover, preferably, the lumnaire 29

has AflorebdehtBAAIEMIRARA: BAGE oUNGIhMoRodEdBroftAb! #RILDERILMO hasap

i I'lum nance. [0039] The I mage of each interna ectrode 47 1s magn

by nibmsinafcetfbesl-baclfunetipni ihioodstr tostabifiet ¢eatmimancens, and is picked up

W th canera 31. The obtained | e of .the inter el ectrode 47
s AHBPLy od R ReR oA B ST BT F Y B tbehih e oRton
and ?él&:@ntrfc%r?sSQﬁ%%r _H'ug%a{&% AEBCERERSB 1P é%tﬁﬁ&f%@?ff : inddagover,

t he processor 51 arizeS the grey- processed i mage d e 1 nternal
el ectlectieled waididplayed pe atmomtoa 2[@ whieh eviltibe eldsdried belvivdin deteél) and tikse, inQfiber

of the pixels 32 havin value I ess than the threshold is, counted up to
obt aBRRORYRN SRy RERSESSHH bgit P@C%P@kpﬁﬁmmr’@& RIRECSSR 2 hinprizes dba #1g¥e 47,
Next v, | | ' : [ I n
2RSS o LA B S B i Enklectiod M7 piBE kSRl R pEA-RATRT Bl GRE TG,

t he thenerbeobf thiexpéteds 3Thardng & keluadesa theh théthreshbli is @bustbd ap toolstaithe s

cal cul at ed.,. [.0040] Undej. control of_ the progcessor 51, the pick-up
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intermttentl , based on the di'stance betwéen the neasuring position
of i t multgledtbytthé okmbesrfpinctls. t Heus| thegeeapfcheipterosl di¢cmodo 47 ihealéulsted.nal

conv ISP ¢ (et CaRENa hetedb e e 0P PEMUHR AL A SRALRIC S 9 Aoy be
cal cyliahgrklRARaE cOftedpBRd IR WosiEBA b {Herﬁidt&ﬂceriilﬁﬁﬂg%en%%a 1etbhich isfjﬂze%g

sheet_ thl.ckness and the area of the internal electtode are neasured in
t he sdemmipentlyi fod, kedon thealistandedetegenithe incasusinggrositioniod the(shedt)thickoesaand h

a desir.ed el ectrost.atic,..capacitance cap be obtained,,is .determn
2 oM GETBE R EOTOR SHEARRITe SEErorse e DRt es Biot CrBASPIHTLSE PR oo
cer afinmbs SFROneeRt gﬂe@eo Tie SRNY.SYSHoh&] ikBbdraTnakihetidyclea. mdybd he unit
5, the long printed ceram c green sheet 100 on a carrier filmis cut at
pr i ntalaglaisd tbesed an the mepgiremenitindlagt he sheet 100 is fed fromthe

Shec R o e AR AR R R TR AL BB Bt
f r omHehameioktidil offd shekt, tHeQamHatieh Skbet REhBEYML 1] atWHiikh & Ae§ifed eddxtrobtatié N
plural internal electrodes 47a forned on the surface
capacitance can be obtained, is determined according to a method which will be described below.
[0042] The printed ceramic green sheet 100 is conveyed to the laminating unit 5. In the unit 5,
) the long printed ceramic green sheet 100 on a carrier film is cut at printing pitch intervals at which
the sheet 100 is fed from the sheet-supplying unit 2 by means of punching heads 41 and 42, so that
rectangular work sheets 46a are formed, and simultaneously, are released from the carrier film. The
punched rectangular work sheets 46a (with plural internal electrodes 47a formed on the surface
thereof) are overlapped in a press mold 43. For lamination, the above-described procedure is
repeated at the repeat number equal to the lamination sheet-number (n-1) which is calculated and
obtained by rounding the digits after the decimal point to the nearest integer.
[0043] For determination of the lamination sheet number (n-1) which is used to obtain a desired

electrostatic capacitance, different methods may be employed. Two typical methods will be

described below.



t hereof) are overlapped in a press nold 43. For |am nation, the
above-descri bed procedure is repeated at the repeat nunber equal to the
.l'am nati on sheet-nunber (n-1) which is calculated and obtai ned by
rounding the digits after the decimal point to the ngaygply d0069er .

[0043] For determ nation of the |am nation sheet nunber (n-1) which is
used to obtain a desired electrostatic capacitance, different nethods
may [4a]r! q¥gempibg typi cal methods will be described below. 7 6 JULY
2006 [ 0044 {Ex_arrpl € 1) The lam nation sheet nunber (n-1) is calculated
accor di ngThe lantisatic sheel mntey (ad ) srealcpated argestingte the folbawing aguatiender age
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printing pitch), and the cunulative average 'S of the areas of intéerna
el ecshestithackaigsses meanwest fog eadf pridtinganiehy aod thehmmnetivrersierage Scafrtbelersas of

nmeasured fqr egch i ntin i.tch). 1) = (C.x t sa x E x SS _x .+ A
°  elteinpleliauRss s P tvehehe b Hens b nerob ottt Ridestoe v et milig
whi chitéty, used to obtain a desired el ectrostatic capacitance, Cis a
desired el ectrostatic capacitance, so is the dielectric constant in
vacuum e(m-$) a(Ced ii{evee diSH o€l #+iAxEBBNINt cal cul at ed(Bgecording to the
af orenmept | oned equation (1) in he preceding trial productiaon, SS is an
over }“aWH’G é&l-égrqu?%fé ﬁheolaﬂbgaél@nwh%ma} CEPEIYiS tﬁé’ﬂ?&ﬁ“&?é‘ﬁﬂﬁ‘@c‘g‘i’%ﬁoﬂ’@“@ 0
t he C%ﬁg# el N the preceding trial production, Ais an area coefficient
(the coefficient is set at 0 to | depending on the kinds of raw

mat er i al sC iandesisedmhtdtiosiatit yameitatresed on enpirical values in the .
preceding trial production), and S is the area of an internal electrode
det er nmi nef S ¢ eﬁf@&@ﬁﬁtﬁé“ﬂqﬂ%‘“‘broducti on. It should be noted that the

val ues exeeps jlflive ddilkrse Bbiitdnf QMEulhf%B%cM}Sin@\r;\cﬁ %ﬁ@ﬁnﬁﬁbﬂed @cﬁ\séﬂg&ﬁflg in ed

[ 0045] Green ceram c sheets are | am nated of I ch the nunber
by rtemuecedingftfiak preduddiogi t s after the deci mal point of the cal cul at ed
am nat edS§ qg gl% mrz]elf ap%regx(eg -b% eiexq o%aggsea rir(lat(e:sn%i &gct%cieg Igcnerat‘f:d according to the
design in the preceding trial production,
‘A 18 an area coefficient (the coefficient is set at 0 to 1 depending on the kinds of raw
materials, and is optionally set based on empirical values in the preceding trial production), and
S' is the area of an internal electrode determined in the preceding trial production.
It should be noted that the values excepting t and S are input into the processor 51 in
advance.
[0045] Green ceramic sheets are laminated of which the number is obtained by rounding off the
digits after the decimal point of the calculated laminated-sheet number (n-1) in the preceding trial
- production, at an overlap degree SS between opposed internal electrodes employed according to the
design in the preceding trial production. At final lamination, the punching position of the punching
heads 41 and 42 is shifted, or alternatively, the punching is carried out at the same position as that in
the preceding punching, and then, the lamination position is shifted, depending on the digits after
the decimal point of the laminated-sheet number (n- 1) so that the respective positions of the internal
electrodes are adjusted (so-called "shifted lamination™). Thus, a laminate corresponding to the

laminated-sheet number (n-1) which obtains a desired electrostatic capacitance C is produced.



“ production, at an overlap degree SS between opposed internal electrodes
enpl oyed according to the design in the preceding trial production. At
. final lam nation, the punching position of the punching heads 41 and 42
is shifted, or alternatively, the punching is carrieg uf,ydopge sane
position as that in the preceding punching, and then, the | am nation
position is shifted, depending on the digits after the decimal point of
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internal el ectrodes are adjusted (so-called "shifted lam natio ,
a | aisiused & olbtamestesivel eapatitanch € canaot readetetmsimslchefone theportion df awhianiic green

bt aj desi t ' | 1 ' d d. 8 6, JULY 2006
{o0aber v REhkBf SR Blhbashor BTG i s Seb B Soesprtaepeyed
sheef, REHSE sﬁ&e&in%’@hﬁéhiné andBREndtRnMRitd, N @ desired capacitance C

cannot be determ ned before the portion of a ceramc green sheet in
whi c004@} h ofha veduesiod de shiétdhicksess af thetdesanin igegensheet|apd theodduesraf dhesinternal
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in the range to the final |amnation position of the sheet, are .grouped.
Whenatehreseframdpiendy cwmdlotivd stesaging isetagigdu Thticafera therlaménation ngirepbased.

cunmul.ative average S are reset d,.newly cunul atj averaging is

st ar [ BYErORRBERAS A5 opR ML aFFL paie fampat ok & damineled B0 g means as
one Hmm;] WhiExAmpRs2)t he | am nate or a |am nated block. [0048] (Exanple
2) The nethod of Exanple 2 is effective in the follow ng case: the nunber

of porti ons Dlie method phhkanple dan efhdive inthadollowvingotake:tthe nghbert ofiportidos of 8

b tpaple el Mesho REhER PENThE e BuckiRS i Buorhalpiedtiup Biserily gitieati
c apahetlamifition BReed Atdbaqd- 1) YwHi SHREaRa1 kil folodt-ah 8idbsircdl di@ftroktatc d8sdciiice

point; and the | am nation sheet nunber (n- 1) can be cal cul ated before

t he #ud epingd by remdare uhibe digitsratfier ealepimah peint;jand shmlagyinationsheetanmbené-
et BN 0 LA Ot ) R £S5 I R BRI,
| am pétt@uhihifig afelagifhaingnees Ghaed, inthel dasd @& podliag Pdkttorgpreeidedeet is
cal c%gat ee&_ aft eri t hae first (éer am ¢ grbeen 1s h_e;l%t Is cal cul art e:fl' [t004,9{asél'he
over Thpreriyterastigshassaoygeares ppblods abi tedaminata fixst sesemic graen shept i
Gl S BB o gl (11, O1er 0
(n- 1)o049] a rEheusvaklap degrees) SS' Abtwdeh@ppased _riﬁtel(rhheiectmdes forl &l the llersave t he
lr ng n ) %;1%251 %ggliéseor as(tg -b:é)eqz?gl tg\/gfllc(ilhot Q‘e(thct!al o%’rle}rlgp ggérgés StSh %red(?a(fclzumled Ba(?clknsto t agte
the lamination number of sheets (n-1) is a natural number). All the layers (the number is equal to
the Jamination number (n-1) of which the digits after the decimal point are rounded on) are
laminated by the above-described shift-lamination system so that the overlap degrees SS' between
opposed internal electrodes are achieved. For the laminate formed by this method, the overlap
degrees between opposed internal electrodes are equal to each other, and thé dispersion of a stray
capacitance is decreased compared to a laminate formed by the shifted lamination of only the
uppermost layer. Thus, advantageously, the accuracy of the static capacitance is enhanced.
[0050] As described above, the thickness t of the ceramic green sheet 46 and the area S of the
internal electrode 47 are sequentially measured in-line. Data based on the obtained measurement

values are fed forward to the static capacitance design, and the shift-lamination is carried out. Thus,



“l.am nated by the above-described shift-1lam nati on system so that the
overlap degrees SS' between opposed internal el ectrodes are achieved.

. For the lamnate fornmed by this nethod, the overlap degrees between
opposed internal electrodes are equal to each other, gy ¥hep@é sper si on
of a stray capacitance is decreased conpared to a lamnate forned by the
shifted |l am nation of only the uppernost |ayer. Thus, advantageously,
the Feakihaey cBfantib appbAdr HaviRPAGd IR 6Rtik cribed
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t he agoutasynal el ectrode 47 are sequentially neasured in-line. Data based
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capaci tance C can be provided at high” accuracy. 1] The overl apped
r ect foagpetlaThedorig crnic grepdashegtel Gpatiarshelwork sheetsalde apoattgis tcomveyled éwio the

ot her, neans. o pressin chj ne shown). Thus, an unfired
cer amseﬁlqrgﬁggfg{tgftgﬁgmqna ar‘ﬁi?gﬂr"f’etﬁi.‘e"fﬂg‘ﬂﬁ)%g cer?alrri c green sheet 46, -after
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be wound around a take-up roll 052] Fig. schemati'ca ows the
conf ceremit ¢apacitdr. Jihe ppphictongppardtos 7 pomgrisdsie sheetthickaesdmeasariagiuoit 3, an
capacitor. - The pr.oducti on_ apparatus .7 conpri ses. { he sheet -1 hi ckness
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processes can_ be nade continuous. Accordingly, the production

envi bomadatonitmiops Aeehadisglyathe preduction suvirgnmént capbe giade cleay. 4% a result, the

I mpuritihes such as.dust, enteri 1 h roduction process | duced.
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| am pRes dhetisdintapoapdbefae thylanseatioh i§ bemplptedduct i on apparatus 7 will be
descri bed.
[0054]  Hereinafter, a method of producing a laminated ceramic capacitor by use of the

production apparatus 7 will be described.

——

[0055] In the sheet-supplying unit 2, the long ceramic green sheet 46 formed on a carrier film is
wound on the feeding roller 11 to have a roll shape. The ceramic green sheet 46, intermittently fed
from the feeding roller 11 at a constant punching pitch, is supplied into the sheet-thickness
measuring unit 3. In the sheet-thickness measuring unit 3, the thickness of the ceramic green sheet
46 is sequentially measured with a non-contact fype thickness metering head 21 operated according
to a radiation or laser system at the constant pitch intervals at which the ceramic green sheet 46 is
supplied from the sheet-supplying unit 2.

[0056] Subsequently, the ceramic green sheet 46 of which the thickness has been measured is
conveyed to the internal electrode forming unit 8. In the unit 8, a printing screen (not shown) is

made to cover the ceramic green sheet 46 on a printing table 25, and electroconductive paste is

10



[0055] In the sheet-supplying unit 2, the long ceram c green sheet 46
formed on a carrier filmis wound on the feeding roller 11 to have a

- roll shape. The ceram c green sheet 46, intermttently fed fromthe
feeding roller 11 at a constant punching pitch, is sggULgR20m0 the
sheet -t hi ckness nmeasuring unit 3. In the sheet-thickness neasuring unit

3, the thickness of the ceram c green sheet 46 is sequentially nmeasured
Wi t NscRedhOtirt@Tb R ideahy/dn dqhbEgeR eSS THRS, Prbralinkeasl efckiroRsy £ Qde BRLC %%ng to
a radiation or laser systemat the constant pitch intervals at I ch the
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ceram c gréen shee on a printing table 25, "and el ectroconductive
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green sheet 46 is fixed onto a neasuring table 30 by use of
vac uenit $.be internalrelentrades 4 2 hreclried bly ngeans of het din farinfired Irayss ooltkat Zeregased

i ck it 4. The int |, el ect 7 ' d_at i.tch
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the ceranmic green sheet 46 is conveyed to the drying unit 9. _
dryi legyer sidis thereof,iEn¢asssary: alot being restitéed tothedeying front thy upmensileoTha seraniie |

far infrare ays,. or, heat generated,, fram a.heat source 40.such a fan
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of V@r:ﬁl ctgé}geﬂ fhef! Jﬁal'ﬁ ra%%ga RiPthe tAnfl Bl ‘I§9 cpﬁrgﬁﬁggﬁ&e\%ﬁ&h‘eg‘é 464 (the
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| ami hat' | ng” uni nattng unit g ceram c gree

sheepludh iftemabsle@rvdas §Abfd forméd drimhesudhite) afe d@ilappdiEin theplesn@ioldd3. ViDhik
sheets 46a by neans of the punching heads 41 and 42, Si multanequsly, the
cer aPioeesyivieReaipdy campdioyt aidhe repeet yher ol datheilamingtadnshe (2-1)

rect G sr-al, 41 r Cls / are
o reeUfued aPichnSORE fnd e Sbotfial il oo Hc LF Ble ILERIRAYRRAA 17 ocess
I s 9088} edlRig.Gaschematiclly shows the coafigattion obe cardeype agipardtie?00 for producing

| am nat ed- sheet nunber, (n-1) cal culated and rounded up, after, the deci mal
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[0059]  Printed rectangular ceramic green sheet cards 201 are set in the sheet-supplying unit 2.

Thereafter, the ceramic green sheet cards 201 are sequentially conveyed to the sheet-thickness

_ measuring unit 3, to the internal electrode image pick-up unit 4 and to the laminating unit.5 in that
order. |
[0060]  In the apparatus 200 for producing a laminated ceramic capacitor, overlapping the work
sheets 46a does not depend on the printing sequence thereof in contrast to the apparatus 1 or 7.of
roll-to-roll type. Ceramic green cards 201 optionally grouped based on the sheet thickness or the
internal electrode area value can be laminated. Moreover, the apparatus 200 is effective in a case in
which an unprinted ceramic green sheet is placed so as to be inserted between the overlapped work

sheets 46a having internal electrodes formed thereon, a case in which another electrode pattern is
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a lam nated ceram c capacitor. The apparatus 200 conprises the

sheet -supplying unit 2, the sheet- thickness neasuring unit 3, the

i nternal el ectrode inmage pick-up unit 4, and the lamnating unit 5.
-[.0059] Printed rectangul ar ceram c green sheet cards 201 are set in the
sheet-supplying unit 2. Thereafter, the ceram c greedJ{sh¥e20@@rds 201
are sequentially conveyed to the sheet-thickness neasuring unit 3, to
the internal electrode imge pick-up unit 4 and to the lamnating unit 5
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screen printing is.p e_pari%. The calibratiogn rgferenﬁgii!1 el.ectyode sheet is
i magedCRsIO ERRerete2 r 4 DaYis,{RF freage s sQ dwsted &s fq beillopinaied 10,2 copstant

| um fai A : G4h | b j | : ' 7. The

il u%%eﬁvg%?eaﬁgﬂt?ﬁgﬂﬁl u?n’é%é:%l?%%%?n%ft g’hé‘?hg?qgﬁ{@é’? lfgﬁgd pt[r %rrsr%3 d’Zriai re 29 are
adj ubed] so Theartetrabelectrateryl ofehe calitvdndeialersplelerbddosheehis imaged agairR 7

t | at.i gn... That is,. the i | ' d. to b
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of the calibration réeference electrode sheet is imaged again wt

CCD gradasion 255: white)e Thedbrightness histogram pftheareyisvelds calcwettdapd displapad on thehe

pi ¢ kr%gfli%?r 27. As shown in Fig. 5, the brightness histogram (reference brightness histogram) has two -
large peaks P1 and P2, caused by the two different colors of the ceramic green sheet 46 and the

} internal electrode 47, respectively. That is, the color of the ceramic green sheet 46 is nearly white,
and the peak P2 on the large brightness side is positioned at a gradation of 240 to 250. The color of
the internal electrode 47 is nearly black, and the peak P1 on the small brightness side is positioned at
a gradation of 60 to 70.
[0064] The reproducibility of the positions of the peaks P1 and P2 is high, and the brightness
calibration is carried out, using the positions of the peaks P1 and P2. In particular, the calibration
reference electrode sheet is imaged agaih before the next image processing step is carried out. Itis
confirmed whether the brightness histogram of the picked-up image (the positions of the two peaks
Pt and'PZ') is coincident with the positions of the two peaks P1 and P2 of the reference brightness

* histogram stored in the processor 51. If the positions are shifted, the illuminance of the luminaire 29
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| mage i s gradation-grey processed wth the processor 51 as shown in Fig.
-4 (gradation 0: black, gradation 255: white). The brightness histogram
of the grey level is calculated and displayed on the nonitor 27. As
shown in Fig. 5, the brightness histogram (reference brightness

hi stogram) has two |arge peaks Pl and P2, caused by JUE. Y2004 fferent
colors of the ceram c green sheet 46 and the internal electrode 47,
respectively. That is, the color of the ceramic green sheet 46 is nearly

whi tieadjuatedisd tiat prakositlidndof theewd pegde HIr ighP2Iagscdihd et villohbéd sibevad  a
gradation of 240 to 250. The color of the internal electrode 47 is
neamegksl hand Phatithe nefereaas bipghtaesstigogsamt | bri ght ness side is positioned

at adat;| 0 .6Q:10 . CAAd Il LY h i.tlans
o (PeSICCREOR R ik i 00ty el PRERRACL tilekily (PR,
car ral @adMidh betisdenghd PEakp P iahi PRSs Qfedidia thrsksd PAsakelheshold)a Readatien| ar
the calibration reference electrode sheet is inaged again before the

nextexpreagpd byr ({thesmadegion o€ thei peak 1) i éthe @radatipn of the peak PL) et fabter RED.4tthe

R B S B R AR TR i
an d tzﬁa o@4datibg-ghsf frogases d i mﬁ&’éﬁpﬂﬂmﬁa@ﬁ{mﬁ SIcBBnd Basb6n BLARRSRAA gé 1.

e positions ‘are shifted, the illumnance of the lumnaire 29 12
JUL v reedariy s Thdj igsthe dectionthasingtargragasiontof Oris 100 (thh sedtion comaimning tatkt P2’

.coi nci dent . w4 h the t . Pl and P2 of th f
br | dNETBLE R dr delone) ase etk e R tioche sfetiondayies gridiga or 10T
i Nt g5 N3 18k 8&dH0ARBrspohdinBith Md celiinicr&nNBbét 463 i &@&ninePasH WHA §@flon. If

bet ween the peaks Pl "and P2 is used as a threshold. As the threshold, a
gr'adhg intarnal de 4@ hivy/fing prvatingr faulss $ush as printieg plusskar@iscratchestbe gradataen oh

f th k P2)}. X fact or .of .0, 4. 6), ef i l e,
ohert 158k B8 splon B snfe pposinife, D e, 6B it Sf v S 56
gr adRicklfyld 8F €00, BROFIRSISReresptshdify tditNé pedekidd$hd iA&RaPebtMIdE UG viRSE 1He Thie

based on the threshold as =~ a boundary. That is, the section having a
gr adaimntiog fedt ig presenio Thushe pixel iscletesmined pp@rwdiiiepneo t he i nt er nal

el e e 4 | S en n k section.. while the secti avi.ng
o o o Shpteid RO THEBER PP R eRTE b sl 8% pRESKE el
gr eep 181166im* 46, 1 Uiy bethiobRstt, ashich WhalibratiGhia@vanckf Thi:flehd kL oNelke

el ectrode 47 has fine printing faults such as printing blurs and

scr artenubcleetredeytoig acqusatelyrealealateds ofs geendn thegheverdgsriptipmiihe brigknesst i ng.
| 4 0..Fi f 100,
t ho CRlTbi6d Gan 6 pdiorkidd s{ifly B WA dieplltions FEEREAR feaidt PLERI P2y B 7

wherteightiesd his@grapt, iand nogrefyaiding al cdniplested operhtiors., Whaea titis xedterh $s atiipesdpibeed
as a white one. [0066] Subsequently, the cqunt of the bl afk pi xel's i
mul tRSASHISECRYy cane W@gmgﬁpcr&p@ggpg wpé)pgpggg%}{lts. Thus, the small areas of intern

electrodes of laminated capacitors or the like ¢an be accurately measured.
' [0067] The size of an object per pixel in the longitudinal and transverse directions of the CCD
camera 31 can be determined by use of the size calibration process which will be described below.
A size reference object of which the size is known is imaged and measured. The size per pixel is
calculated based on the number of corresponding pixels. As shown in Figs. 6A and 6B, a
calibration device 80 comprises a base stand 82, and a columnar member 81 (e.g., a metallic pin
gauge) disposed at the center of the base stand 82. For calibration work, the calibration device 80 1s
placed into a concavity 30a formed in the upper surface of a measuring table 30. Preferably, the
- columnar member 81 is made of a type of material that suffers less time-dependent changes or

environmental changes (e.g., metals and resins). Preferably, the cross section of the columnar

member 81 has such a size as to be contained in the visual field of the CCD camera 31, and has a
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up to 10 n2, e.g., | nR) of the object, which is calibrated in advance.

Thus, the area of the internal electrode 47 is accurately cal cul ated. As

. seen in the above-description, the brightness- calibration can be
performed sinply by using the positions of the two peghs 2@y P2 in the

bri ght ness histogram and not requiring a conplicated operation. Wen

this systemis adopted, the neasurenent can be perfornmed considering

fi nanRrdildhiap glafpaumlﬁetamtpﬁn g’éuhl% 18 GBitdb1ALRE cOfunindt lchMer 8£! TRE f q of

| am nat ed capacCitors or the e can be accurately nmeasured. [0067] The

si zesuthceadl agjteecolpmnapnsmeber §l ns Ipehslmdgo ba diah al healrightrod tlesealwronati m@nbero ns

ft of.th

br 0d0as SHRP EFRT TosiomaR s Ppdirg vihe nuhvra iy Bainsitn utohf e SO RS
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cal cul ated based on the nunber of correspon i xel As shown |n Fi gs.
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table 30. Preferably, the ~ columar nenber 81 is nmade of a type of

mat ¥li. al that suffers less time- dependent changes or environnental
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A nmetallic pin gauge is sui tabl e as the col umar . The top head
sur flanger Bsedont visval Gl areaanf Inombed n@n. The rappfr@né‘acq 8)3 bé:laqkaaolorﬁnettma ght
of the qu l.s set so tha the 05|t|o of .t he t.op.head
our PRI e TETRGH et SF et e e o bl st BF giBeer
whenhé HEe |SBTt1@e{t A iliehsdtioRgefléefiohSs suppeased. Fiierdbya Gihek de 10 Bead Rface BI A6E
of the green sheet 46 nmay be taken to coincide with that” of the internal
el edbe gelomag menherB 1 is dmagrds Kiveopboraif thehkackprouad phtheqriekedrupdanage is s snal |,

h f
t he b BRIHRY, il sRATRmeTEIREL Sirlt BRLbRS el SISy o
Pi xglixelé cdnige dochatedyresmtedBimafORo8ssig, ang divh-precishmasibalibratios chabe

stand 82 has a larger area than the visual field of the CCD canera 31.
For I@X@ﬁﬁ?‘e the area of the upper surface 83 is set at a value of 5 mMm x

969 ! airgﬁlglcgﬂlﬁrgﬂo Ee\ﬁce b@s’cl{d[t a8, eé&@neﬁfabg%m%dl%fl% D-Er]ﬁ P Per

surface 83 is o -co or dent
- pr odesgitudgnal drrecsmnf(a’caret:ne@tmd tbeydxametetr IDnigin th@ahmsvgrse ldir&ﬁtbrf(@i—dfreaﬁymhgf
or the like, so that the illum natjon-reflectiqgn is suppreifed ‘I{Qereby
S €asc, ine

wherthe ig® bfeaé syrdacs 84 a of theecofmnpar gnember 81 are accurately measured. In

directions X and Y correspond to those of the pixe] arrangement of the CCD camera 31. For the |
| measurement, a length-meter such as a tool microscope, a micrometer, a Vernier caliper, or the like
is employed.
[0070] Subsequently, the calibration device 80 is set in the concavity 30a of the measuring table
30, and then, the top head surface 81a is'imaged with the CCD camera 31. In this case, the
-illuminance of the luminaire 29 is adjusted according to the above-described adjustment method
using a reference brightness histogram. The obtained image of the top head surface 81a is displayed .
on the monitor 27 as shown in Fig. 7, and also, is processed with the processor 51. Pixels arranged
“over the diameter D2 in the longitudinal direction (Y-direction) of the top head surface 81a and over
the diameter D1 in the transverse direction (X-direction) thereof are counted, respectively. In this

case, the longitudinal and transverse directions of the diameters correspond to those of the
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“the columar nmenber 81 is imaged, the color of the background of the

pi cked-up image is substantially black, so that the profile of the top
~head surface 81 a becones definite. Accordingly, pixels can be
accurately counted (inmage processing), and high-precgIurnys2666
calibration can be perfornmed. [0069] In the calibration device 80
constituted as descri bed above, the dianeter D2 in the |ongitudinal

di r egredrdRmient @h p@&ﬁ Ir@sp):cwwy t Berd ki@ SR ieSper Pixel ih ﬂa@qoﬂgﬁt%eﬁl\éﬁmﬂisw&@é I on

(X—dlrectloﬂ% th e top head surface 81 a of the col umar nber 81 are
accudizecsions pieths ebset is pnlculate;d asza@lémgﬂoéhe fhllomang equatidns(dd aivd 6‘Br respond to

t hose of the p el _a ement of 31.. For the

nmeasur enent , Fféf?&g %Eglesﬁzesﬁ’féwl%? aqccﬁf’gtﬁ?g%éﬁﬁd@d%lm crometer, a
Vernier cali peﬂmﬁferujleoﬂatl@ headss&!ﬁék@ysqlealé&@&%mmeﬁ%ﬂuﬁa&ﬂ y, the
calibration device 80 is se he concavity 30a of e nmeasuring table

30, and then, nmlvam)/lﬁféaaﬁum!pﬁr aﬁmxﬁiarqssntllnﬂyddnmmnalhe CCD canera 31.
In this case, the LI um nance of the lumnaire i%rl s adj usted according
to the above- d8%%#1BAd adj ust ment nethod usi ng ef erence bri ght ness

hi st ogram The(tﬁ@irﬁxhﬁ@ﬁe'siﬁ%rgﬁ(ehﬁl?antdh?edﬂ)ea@h§%ﬁ§v‘éﬁse%lﬁeté§ di spl ayed
|

on the nonitor 27 as shown in . 7, ahd also, is processed wth the
processor 51. Pxditke tap haad)suiface » mepsured witbtadength-retet ine | ongi t udi nal

direction (Y- d| ecti of .the.to head e 81 a and.over the
i ameter D 1 1 PR e el B BRBISHROR b Paderd SRt eor are
counted, respectively. In this case, the |ongitlnal and transverse

directions of the diameters correspond to those of the 14 6 JULY 2006
arr aw&’!lﬂe nt Dacethg shape of @@@ewml\ﬁzﬂt : COReeamarn 81 & souagsetheypsedutianinthe

| on nd.: t ers of €,;:0 cal | at e
 acoolhERbARY FREGLAT SRR st S B0 BBl st b st el e
per @clieithe@f Tans, oy @ad dah%rz(tidﬁ&:ah@@@hiﬂj@dﬂ@nne&ll BMet®fer,Hdvaitagecuslyp, he@CD
surface 8la neasured with a length-neter in advance)/(the nunber of

pi xetangsn 44 ea be pasily doqusedyisingithrasolumnaranemben) 8 | Fthe eidﬂgatﬂqmm%ag Aze

B

pi xehss Aifigh ané circulatig. tArosieg]scvdh iBbE amangehdent akig 0T pixeli inslEfiedeighape

of egr%(r:\ls%nxs?zle c%{1b}aagn ga%Dbé:Sglr_?ornalthl I's square, the resolution in the
[6072] The calibration device is not restricted to the structure shown in Figs. 6A and 6B in
which the columnar member 81 is disposed upright on the base stand 82. The columnar member §1
may be directly embedded into the measuring table 30. In this case, the upper surface of the
measuring table 30 in the periphery of the top head surface 81a of the columnar member 81 is

! depressed. Thus, the top head surface 81a and the upper surface of the measuring table 30 are given

a perspective, which facilitates the calibration work. Moreover, the calibration device 80 may be
exchanged with the measuring table 30.
[0073] Furthermore, as shown in Figs. 8A and 8B, a rectangular calibration device 91 having a
substantially true circular hole 91 formed in the center thereof may be employed. The hole 91 can
be formed by drilling, laser, water jet or discharge working, or the like. This hole 91 functions as a
reference for the size calibration in the longitudinal and transverse directions of one pixel of the

CCD camera 31. The hole 91 may be a perforation, in which parallel light may be irradiated from

the side opposite to the CCD camera 31 for calibration. The number of components of the
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longitudinal direction (Y-direction) and that in the transverse direction
(X-direction) are equal to each other. Thus, the size calibration can be

. easily performed. Moreover, advantageously, the CCD canmera 31 can be

easily focused, since the columar menber 81 of the gy a2ppgn device 80
has a three-di nensional structure. In addition, the netallic pin gauge
81 used as the columar member has a high true circularity. Accordingly,

eVeQahEraﬁ&?dé’sﬁE@@@%@ﬁﬁﬁl xd & ﬁﬂ@b@f&b I1§m§w fHeQdnsthicdn aPEREL &ﬂﬁe §Vi&.
calibration can be perforned. [0072] The calibration device i

r estAdcordangly.ghe halitgatiancdaviee Yhambei Ine@GQSYdBMW&CﬁBetﬂ n -which t he
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the top head surface 81 a of ‘the col umar nmber 81 1s depr d. Thus,
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calibration device 91 having a substantially true circular ’I
f or neglaboveirhentivaed embodisreat fcharmya bEthe iptembel ectiitile i oleasi@dd mﬁm mttaeurremen‘ed
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The hole 91 may be a perfora i n whi aral | el
|rraddamed0ﬁ¢rg¢n-pltmimg5| de opposite to the CCD camer a 31 for cal i br atlon
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manuf actured. [0074] The present invention is not restricted to the

abolex dmplﬁb@dmtqmi @lenqﬁﬁd%‘l? m@d bﬁ&h\ild@ﬁsmtmﬂmzfl regienso nkheapspegibesicpions are

accanis R e B Bl € Wread FUAEE he B RS s it

s eose uq&al fraé efea otf Ba:h ﬂe@bﬁﬁ@@dlcﬂh@@hﬁ Bri@e sb6RLdesBfibétt @fbddmeit. Ethe sum
Instead, the area of the internal electrode may be neasured after the

el e®f thsrseasofdhareapecting suonstin takan gs e agen of the t%efﬁél eegiiode. Ubeisby.dhe
|
acc %éyll.gﬂ)n:[}:%r ﬁ?o?&%@[@@hﬁ@%ﬁ rbg %{éh{%ﬁl}aﬁk&e i a{rﬁ-&s Qﬁeﬂt%tf%gfea

el ec e i’s asure e Shee ness
sequenbighef mapsifipatieaade cimlebe reversed. Furthernore, the internal
el ectrode nay be forned, by% vurg prlné sputteri

© ¢ ¢

photlgwﬁt] hog Wer,mhgp], W@em qcHrades may en 1n the v1suapfg eld of the CCD camera -

.31 and imaged, and are gradation-grey processed with the processor 51. Subsequently, binarization
} is carried out using a predetermined threshold. A block of pixels having a gradation value lower
than a threshold is determined and is filtered based on predetermined upper and lower limits, solthat
blocks of the plural internal electrodes are determined. Then, the areas of the respective internal
electrodes are determined as in‘the above-described embodiment. Alternatively, the total area of the
respective internal electrodes is determined after the filtering, and is divided by the number of the
internal electrodes taken in the visual field, whereby the area per internal electrode is determined. -
Thus, the areas of the plural internal electrodes can be determined by use of one imaging process.
Therefore, the area measurement time can be reduced. Also, the areas of the plural internal
electrodes can be simultaneously determined by means of one CCD camera. Accordingly, no

dispersions are caused in devices such as cameras, lenses, and luminaires.
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addition to screen-printing. [0075] Moreover, in the above-described
~enbodi nents, one internal electrode 47 is taken in the visual field of
the CCD canera 31 to be inmaged, and the inage is processed. This is not
-restrictive. For exanple, an internal electrode 47 nmay be divided into
plural regions. The respective regions are inmaged v6 JULtYe(éne CCD
canera or plural CCD caneras of which the magnifications are adjusted to
be equal. The area of each region is calculated as in the above-descri bed
enbopiongnt . Alieowgtinthe plesdrit emantas haf bdehees@ibeé ¢ tel@tionagipaniul s eirblsdimenss
the area of the internal electrode, Thereby, the  resolution per pixel of
t he besobarupothanvaatipnmnddaedificainnssad etheruses willhesome gpparerirto 0sar ea

it P B R Rl e S R RO I cont RN iR St el it b,

31 and i mged, and are gradation-grey processed with the processor 51.
Subsequently, binarization is carried out using a predeterm ned
threshol d. A bl ock of pixels having a gradation value |ower than a
threshold is determned and is filtered based on predeterm ned upper and
lower Iimts, so that blocks of the plural internal electrodes are
determ ned. Then, the areas of the respective internal electrodes are
determ ned as in the above-described enbodi nent. Alternatively, the total
area of the respective internal electrodes is determned after the
filtering, and is divided by the nunber of the internal electrodes taken
in the visual field, whereby the area per internal electrode is

. determ ned. Thus, the areas of the plural internal electrodes can be
determ ned by use of one imagi ng process. Therefore, the area
measurenment time can be reduced. Al so, the areas of the plural interna
el ectrodes can be sinultaneously determ ned by neans of one CCD canera.
Accordingly, no dispersions are caused in devices such as caneras,

| enses, and lumnaires. 16 6 JULY 2006 [0077] Although the present

i nvention has been described in relation to particular enbodi nents

t hereof, many other variations and nodifications and other uses w !l
becone apparent to those skilled in the art. Therefore, the present
invention is not limted by the specific disclosure herein. 17 6 JULY
2006 WHAT IS CLAIMED IS: 1. An apparatus for producing a | am nated

el ectronic part conprising: a sheet-thickness neasuring unit for
nmeasuring the thickness of a cerami c green sheet;

17



an internal electrode inmage-pick up unit for inmaging an internal

el ectrode fornmed on the surface of the ceramic green sheet; a processing
unit for calculating a nunber of sheets to be |am nated, based on area
data which is prepared in response to thickness dat@Jgarerx®od by the
Sheﬁiﬁ{i’?ﬁ:#ﬂ F uring unit and picked-up i nmage data generated by the
internal el'ectrode Tmage-pick up unit; and a lamnating unit for

lam nating a plurality of ceram c green sheets; the respective units

bei ng arranged in a continuous production |ine; and wherein the

| ani nat i hg urM 2pRarafusior PEpdusing @ lasinated lecpaisipRE FOBIDYEMEe by adj usti ng
for all lay he: I - | ect in
the | am nat] G BRhae TR OF LS M AN e o NE PRI 1 o
t he overl ap degneenal slestudidt ianape-pidkyupamitdbainiagingy anginteriid elestredd fHrmed ofthe
apparatus_for producing a |lam nated electronic part according to claiml,
V\hesr“é’%aﬁe? ¢ CIRBLL PP Y¥Rless neasuring unit measures the thickness of
each of sal d Phtabink nR o Bl AR HAGESS to B Rntifificd B dith MR !
| am nates each of salld ceram c gré&en sheets. 3. An apparatus for

pr oshich mprepdrathinratpedselodghickness datp@eherated by dienettahickacssmasifringtunétrand
conpri si ng. an internal glbectr.ode form unit for formng an internal

n
el UFFETD 1B1eE Hata Sangraied by fheiptemal glectregdrdngee-pigkppdBit i€ green sheet s
provided in thenfOmhE BHAYS: BEAMKGEL Mlurki( BlrafickRbEsREisor 1O the
internal electrode i1age-pick up Uni't. 47 An apparatus for producing a

| anmi nat ed el ebt respéativpanits baog adtinggd iroa cérdinmp@s prathestenidinehand i nt er nal

el ectrode i mage-pi unit is.ad to. directly. inmage the internal

ol ect rode, | anthasbts st SRl e aiahe Cinelignien s By el S oy an
S ha]B?ers ﬁiédav@ﬂﬁ) AR dednInRrSd UREGodks 3ppdied Rtk $finaRon AifecRBR 30 tHt ihor
producing a lamnated electronic part according to claim4, further

conyid prodgred cenghyse green alidets tbo bueriagrdegice & b tabiraly aogstaenfoesl] thesheets.
calibrating the sizes in the |ongitudinal and transverse directions per
pi xel of the CCD canera. 6. An apparatus for producing a | am nated

el ectrom.c pag apsefn iR Prddichigal BnthatedtEicBbRic paRiddc8In@Td ¢lafh 8 RheRRAhe

i s card-shapped and has printing on at |east on surface and wherein the

s hesheetitBicBngsimeanotg unii roasutss thesthiskngsa gf eavhtofissid pdierpliiyef cerameagngerestichis,
thic ss_of said.(iard- hagﬁ_ﬁl rinted .ceram egreen sheet, and the

int F l0PRnE JEL 1HRHIgEES SRELO ldtﬁ‘?fatmlfgegaﬁﬁ? H to i nage an internal

el ectrode formed on the card-shaped printed ceram c green sheet, and the
lam nating unit is adapted to lamnate a plurality of card-shaped
printed Ter anisappasgns Snpeaducig atlhminated elsetronigpadegeadingde wiagm 2, frbenal

el eg(}rrrlponds?nsg a%qgt%%%ﬁj electrode forming unit for forming an internal electrode on the surface of at least

one of said ceramic green sheets provided in the continuous production line at a stage prior to the

internal electrode image-pick up unit.

4. An apparatus for producing a laminated electronic part according to claim 2, wherein the
internal electrode image-pick up unit is adapted to directly image the internal electrode, and contains a

.CCD camera of which the pixels have a square shape, and are arranged in a square grating pattern.

5. An apparatus for producing a laminated electronic part according to claim 4, further
comprising a substantially columnar size-calibrating member, for calibrating the sizes in the

longitudinal and transverse directions per pixel of the CCD camera.

6. An apparatus for producing a laminated electronic part according to claim 2, wherein

said ceramic green sheet is card-shapped and has printing on at least on surface and wherein the sheet-
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in the lamnation direction is constant for all the layers. 7. An
apparatus for producing a |am nated el ectronic part according to claim1l,
further conprising an internal electrode formng unit for formng an
internal electrode on the surface of at |east one of said ceram c green
sheets provided in the continuous production |line ato dUHLE@00H i or to the
i Nt@foRAkss PARGITRARI 5B 16kndiBurd fhd thi&neg@%f%@@éﬂtéhﬁpéﬁﬂrﬁéd)@ﬂ&hﬁ én

e

| am nat ed el ectronic part according to claim1, wherein i nterna

el eteetoerl therijenpl dectigde image-pisk wplupit sidepied ia swrgeyniintae! elhetradatienn edon
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10.  An apparatus for producing a laminated electronic part according to claim 1, wherein
said ceramic green sheet is card-shapped and has printing on at least on surface and wherein the sheet-
thickness measuring unit is adapted to measure the thickness of said card-shaped printed ceramic green
sheet, and the internal electrode image-pick up umit is adapted to image an internal electrode formed on
the card-shaped printed ceramic green sheet, and the laminating unit is adapted to laminate a plurality of

card-shaped printed ceramic green sheets.

11. A method of producing a laminated electronic part comprising the steps of:
measuring the thickness of a ceramic green sheet and generating thickness data;
imaging an internal electrode formed on the surface of the ceramic green sheet and
generating image data;
calculating a number of sheets to be laminated, based on area data which is prepared in
response to said thickness data and said image data; and
adjusting the capacitance value of ceramic green sheets by adjusting the overlap degree

of all sheets, such that overlap degree between internal electrodes opposed in the lamination direction is
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12. A method of producing a |lam nated el ectronic part according to claim
11, further conprising the step of formng the internal electrode on the
surface of the ceram c green sheet, before the step of imaging the
internal electrode, and in the continuous production |ine. 13. An
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laminating unit for laminating a plurality of ceramic green sheets;

the respective units being arranged in a continuous production line.

14.  An apparatus for producing a laminated electronic part according to claim 13, wherein
the sheet-thickness measuring unit measures the thickness of cach of said plurality of ceramic green

sheets, and the laminating unit laminates each of said ceramic green sheets.

15.  An apparatus for producing a laminated electronic part according to claim 14, further
comprising an internal electrode forming unit for forming an internal electrode on the surface of at least
one of said ceramic green sheets provided in the continuous production line at a stage prior to the

internal electrode image-pick up unit.

16.  An apparatus for producing a laminated electronic part according to claim 14, wherein
the internal electrode image-pick up unit is adapted to directly image the internal electrode, and contains

a CCD camera of which the pixels have a square shape, and are arranged in a square grating pattern.
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internal el ectrodes opposed in the lam nation direction is constant for
all the sheets. 19. An apparatus for producing a | am nated el ectronic
part according to claim 18, wherein said ceram c green sheet is
card-shapped and has printing on at |east on surface and wherein the
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21.  An apparatus for producing a laminated electronic part according to claim 13, wherein
the internal electrode image-pick up unit is adapted to directly image the internal electrode, and contains

a CCD camera of which the pixels have a square shape, and are arranged in a square grating pattern.

22.  An apparatus for producing a laminated electronic part according to claim 21, further
comprising a substantially columnar size-calibrating member, for calibrating the sizes in the

longitudinal and transverse directions per pixel of the CCD camera.

23.  An apparatus for producing a laminated electronic part according to claim 13, wherein
the laminating unit is adapted to laminate the ceramic green sheets so that an overlap degree

between internal electrodes opposed in the lamination direction is constant for all the sheets.

24.  An apparatus for producing a laminated electronic part according to claim 23, wherein
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measuring the thickness of a ceram c green sheet and generating thickness
data; imaging an internal electrode fornmed on the surface of the ceramc
green sheet and generating inmage data; cal culating a nunber of sheets to
be | am nated, based on area data which is prepared i@ JUEYPHNRE to said
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ceram c green sheets m nated sp that an overl ap. degree between
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internal el edPFSHERE Hi5pbiskeess AL # prEamicgressheeand igrperptinghinicknessdatant £ or

al'l the sheetig o8¢ an internal electrode formed on the surface of the ceramic green sheet and

generating image data;

calculating a number of sheets to be laminated, based on area data which is prepared in
response to said thickness data and said image data;

drying the internal electrode after calculating a number of sheets to be laminated; and

laminating a plurality of ceramic green sheets corresponding to the calculated number of
sheets to be laminated;

the respective processes being carried out in a continuous production line.

26. A method of producing a laminated electronic part according to claim 25, further
comprising the step of forming the internal electrode on the surface of the ceramic green sheet, before

the step of imaging the internal electrode, and in the continuous production line.

27. A method of producing a laminated electronic 'part according to claim 26, wherein the
ceramic green sheets are laminated so that an overlap degree between internal electrodes opposed in the

lamination direction is constant for all the sheets.
28. A method of producing a laminated electronic part according to claim 25, wherein the

ceramic green sheets are laminated so that an overlap degree between internal electrodes opposed in the

lamination direction is constant for all the sheets.
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