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-El ecttonic Par \ \“ t The present invention relates to a

manuf act uri ng od for electronic p arts having a fine mjtjpst ture
and nore parti cul ar‘l°§}66to a manufacturing nethod for nulti-| yé‘?éoﬂmf

el ectronic partml“! Hmwumnm\m{ml tilayer ceramc capacitor and a nultilayer

i nductor. 10 Ba m he I nvention A nultilayer ceram c capacitor
which is a nost typigead exanple of nulti-layered electronic parts includes
many stacked dielectric ceram c | 8PEXIFMI@ATI®ONNt er nal el ectrodes which are
alternately pulled out at the end 15 face of the |ayered structure. At the
end face of the layered structure where the internal electrodes are pulled
out, external el ectrMeasufactufingnmeMetiddd hdlogh Eleyromic c Hartparts have been
m niaturized recently, there are increasing requests also for mniaturizing

such a multilayer ceram c capacitor and increasing the capacity thereof.
Wth subh ®rbackehround, 20 nultil ayer ceramc capacitors are manufactured

by stacking veryrifyl b,@5&AN iA08etion "edideds 1 Sk IRERuRlrking Thol 15y At
present. To_manufactudre such capacitors at a higher yield, "an art for
printing velsctranip ppréehayiesta fne madti-vaugtunsosed saere packrwgrbhdman t h
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extrenely thI]R, It 1s125 nec_essaré to tfa dIe,tHemvvlt care ~so as to
prevent t héwkHakeyearanig caparigat ABA Myl BAYSY 1BAYEW L ed duri ng

transpgpting, printing, and stacking. Conventionally, each ceram c green
sheet is f db ogtd ng ceramic slurry in a fixed thickness on a carrier
fil m such ré%%%‘i%/‘if’ﬁ@?%ﬁ%"?ﬁ?‘%ht halate filmand drying it. Wth respect
to each thin ceréAmmlgilaypsr Sfrashieatapariton-whiches 4 fmestetygticalkéxegnpiet bHd"
has been deXel ORRA-ALERLGAIPTISES hONMR0nRATA THEade Ashas! BPaflic
carrier fil'mas ntioned above, punching it [ n a pfedetermned Size

t oget her wilayersthaving intexnal plectrodes khigh iage rdteanaielyp udleduuttiatehecyet her
W th the capdd gf thil Iage@@&' dtheguRe! f ak i ehBefRebse e Nhy Bfdd ki taRd

stacki ng praqcesses., 35 | he frame sti ng, met hod ceram c green_sheet
formed on avh%mrthérmwmm? ie Cﬁ{ﬂﬁ?ﬁ&?etmﬂtﬁﬂn@ﬂt»ﬁxf%n@ﬂaé?%weéﬁrﬁi prgadd
sticked with theAlthough fvany ciZQ62 pRetd RAes bebheninhtur@zal tadehnely, $haped
frame. The frame sticki nﬁ rreth%ld sgts th.etfr.arre in ﬁégl‘l ntthigg machi ne
prints the 3 JOLFSHRS ILHBPHSASPHOT JPEATERZEIE SHAY 44/ R er CRTAHG
case, the gapadtahaat irrpasingi dreedapacitihehbesifs Wfith reaichr aneackpdopnidnt ed.
Ther eatter IS i . Lt i, m
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thi s case, shhetsgridhra thigkness of Hd & guestlessgepresenput Tomamefacture such
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green sheet 1s, loaded onit W the carrier.tilmside. thereof up, and the
carrier fi F’h‘?‘i‘%or{fgf Ay @néfﬁ?%ctlﬁpgégg@ i CCEPPR 1§ BpRPRE by a
In this case, since ceramic green sheets are extremely thin, it is
25 necessary to handle them with care ‘so as to prevent them from getting
elongation and being distorted during transporting, printing, and stacking.
Conventionally, each ceramic green sheet is formed by coating
ceramic slurry in a fixed thickness on a carrier film such as a polyethylene
terephthalate film and drying it. With respect to each thin ceramic green
30 sheet, a so-called "frame sticking method" has been developed ,which
comprises forming ceramic green sheet on a carrier film as mentioned above,
punching it in a predetermined size together with the carrier film, sticking it
to a frame structure together with the carrier film, and then performing the
subsequent printing and stacking processes.
35 In the frame sticking method, a ceramic green sheet formed on a
carrier film is punched together with the carrier film and sticked with the



10 predeterm ned nunber of sheets, and then the carrier filmof the green
sSheet' of the uppernost |ayer is Ieft untorn off, and pressure is pé d to
‘the layered green sheets fromabove .the carrier filmas soft- dbﬁ%ﬂ
Thereafter, the soft-conpressed Iayered structure is put into a nold and
conpressed. Thereafter, the carrier filnms attached to the uppernost and 15
| ower nost | ayers of the layered structure are torn off and a |ayered
structure in units of a plurality of electronic parts is conpleted. Wth
respect to the green sheets s king order in this case, needless to say
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ceram Cc green s ayer ceram ¢ capacjt di's¢c osed ~°
However , bamﬂ@d andyblh ¢ fepmnes an%engend@blasmmmmmge@sﬁﬂwmr@am sheet as

a ceramc gié%@rbfss'ﬁ%ﬁt d@ﬂé@tscéﬁﬁﬁé @Gné‘eﬁﬁb{ﬁéle@frﬁﬁfeaé@l&n PRethOA" of g{‘é&{‘
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35 troublesome frame sticking and an apparatus therefor are disclosed in
Japanese Patent Publication 7-93231.



Problens that the Invention is to Solve An object of the present invention
is to solve the problens of the prior art during manufacture of

mul ti-layered electronic parts such as a 35 nultilayer ceran1q ﬁﬁga§m80r or
a nmultilayer inductor using ceram c sheets fornmed on carrier fi

provi de a manufacturing nmethod for nmulti 3 4 1 APRIL 2002 | ayered

el ectronic parts of high quality for sinplifying the production steps and

i mproving the yield. Disclosure of the Invention According to one aspect of
the invention, there |s provided a nmanufa tur| nethod abricating
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fibril form substances O. n_di anet er Fe above %Hpagt LI ng

met hod may furth owesm guen; i, t}E‘hePE'Pé’dlg( g staglng gmye
sai d | ayer exfosdmentioned c@i‘mnabgn@umheétaamdl rthegapedradds thyrofet, &walrher
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20 predetermmed size and a problem inevitably arises that the loss of a

printing agent for each printing is increased.

In Japanese Patent Application Laid-Open 4-500835(W(091/01346),
use of a microporous sheet comprising a polyethylene polymer containing an
inorganic filler as a ceramic green sheet for a multilayer ceramic capacitor is

256  disclosed. $ '

However, about a method for using the aforementioned microporous
sheet as a ceramic green sheet and creating a layered ceramic capacitor of
high quality highly efficiently from the sheet, nothing is described in the
patent application and the problems on the method using carrier films are

30 not solved at present.

Problems that the Invention is to Solve
An object of the present invention is to solve the problems of the prior
art during manufacture of multi-layered electronic parts such as a
35 multilayer ceramic capacitor or a multilayer inductor using ceramic sheets
formed on carrier films and to provide a manufacturing method for multi-



Fig. 2 is an electron m crophotograph (magnification x 10,000) viewed from
the section of the aforenenti oned m croporous sheet. Preferred Enbodi nents
of* the Invention The present invention will be explained hereunder nore in
detail. In the manufacturing method for nmulti-layered electronic parts of
the present invention, a roll of a polyethyl ene m croporous sheet
containing an inorganic filler is prepared first. 4a 1 A~ ~ [28BRIITHOZ ol |
is a fine porous sheet of a polyethyl ened4pol yner with a maxi num thi ckness
of 25 a mcontaining 45 to 80 volune percent of inorganic filler, and it is
a roll of ygredetecshaetpaftonf kikkqualapifer gaplifyiidtht peodsibe@i steps ardiimiproving

el ectrode | ayers (an el ectrode | ayer form ng agent) are 5 continuously
formed at g‘e@f‘%laeterm ned interval at an area occupation rate of 10 to 90%
is wund in a roll shape, and the pol yethyl ene of the m croporous sheet can
be a pol yet hyl ene polynmer with a nol ecul ar wei ght of 4x 106 to 15x 10s. The
manuf act ur Disglosetehafdhd bivestimh a ni cr opor ous sheet containing 10 an
inorganic filler, is.not particul .limted. However,. such m.cropqr qus
sheet can be rmASPEETERiRAR e it ineeidte fien Raraated e Retioe S g

i n W91/ 01 3Gakriapan anfi-BatridtelABBhicGRkts edmpaAlidg:Open 4-500835) and the

di sclosure of the specification is incorporated into this specification.
The pol yet k3| enpropatiggrerolbef & prdygihedseamiareposens shaetihavingsi lengitudingl or a15 hi gh

nmol ecul ar wei ght_.pol vet hyl ene, for ex | e. having,. .ght - aver age ..

ol ecul ar wei ghtvBndfigbioRAR o Wi teiion Bkttt Y il adfer jon.

g/ nol e. The hi ghn slebeedd layervBingihf agdnd oreddatthPurtacs theaddfycdnitdihingd Shoit it
can be, for exanple, 15x106 g/ nole or less. The ratio of the weight-average
nol ecul ar wei gheppreximpasely §Ryelunmmpesseat a‘gléoraqn@é‘dl%rhwggwbw@wswg 23 it de

val ue, preferably,10. or..less, .or r ref er abl or .less. An inor.ganic
(iier Potbe cont lsthadit §huaof SefBt i g nhging Afecsth 40 ST O
el ectroni c part kpmen? 8r mote inahé irsnsverse Yirkdtith] £l anfdlengatisn b 8EMce lesbicthecan
be sintered itself or such a substance which is added 1 25 with a, m xture,
for exanple, Si danding dicgctiopeandca solyentapprreenting approsimatsly d-Ofprppreximgately sj C

which is mxed W4 {eighfiRQRt SOERPHIPtEABn LRI R ous sheet, said layered electronic

parts formed by further comprising the following steps:

(b)  unwinding said roll of the polyethylene microporous sheet,

(©) cutting said polyethylene microporous sheet to a predetermined length,

(d) stacking said cut polyethylene microporous sheets,

(e) cutting a layered structure, and

® preparing said polyethylene microporous sheets into a multilayer nonwoven fabric
having fibril form substances 0.03 to 3 pm in diameter.

The above manufacturing method may further comprise after the step (d) a step:
(d”) compressing said layered structure.

The above manufacturing method may yet further comprise after the step (¢) the
steps: (g) debinding said layered structure of polyethylene and (h) calcinating said layered
structure with an inorganic filler.

According to a second aspect of the invention, there is provided multi-layered
electronic parts manufactured by the above manufacturing method, wherein said parts are

multilayer ceramic capacitors.



There is no need to Iimt the content of such an inorganic filler as |ong
as an-obtained el mlike substance is self supporting and the nore the
better. However, the content is generally 45 to 80 vol une percent based on
30 the whol e of a polyethyl ene m croporous sheet containing an inorganic
filler and preferably 50 to 70 volunme percent. Wien it is converted to

wei ght percent, it is nearly equal to 80 to 98 weight percent, preferably
85 to 95 wei ght percent. A polyethylene m croporous sheet containing an

i nor gani c Brief Dascrpti@bof the Dravings i nvention is stretched or not stretched,

and preferably noaxi ally stretched or biaxjally sirefched, per cent of
stretch is 25 SE%- 11 1s an gigpiron Hﬂ%’quoma["1 r@!ggfﬂécqt!%'i Eaiq)&gg) viemied ¢ o
20 times i [ i ' ' ' ; i '

Eransver stiol] 1 PRRE!df Aoty nilpOhsiogs ShscTEeniain ah MRRanib R,
or nore in the kignd rig afi edeatiom nticiopbotbgraph i (onagnificationr ab1§,000k giewed or
nore, and_nor refera 6 kgl .or .nore. The tensjle strength in the
directi onfrPFbﬁ}ﬂp ?%H“o%l)txﬁéfwgﬁl?ﬂﬁp ’P'&WRP&%E)SEPPL(:H on i s not
necessarily high but generally 1 kg/m®2 or nore, preferably 1.5 kg/ m®2 or

nore. The elongation (elongation at the maxi numstress point) is 30%or 10
| oner in PrefesmddEmbodinentarcd the diventibhy 20% or | ower. The el ongation in

the TD directi is.not . .particularly |inm.ted, but neral | Q% or | ower,
preferably 15000/?% PF%%%F.‘"“&P&' "é""ﬁ&%ﬁi‘ﬂ%}[‘%ﬁé‘eﬁ? dPBE?s%sqz'fg@\( cont ai ni ng
an inorganic fijn efie dhahlfacRirRe thethbdefdri Aulii-fiyered 28lectioficOpafts S6f itthe

t hi ckness, preferably 13 a mor |less. These filnms may be those which 15 are
hezt t r eaPERPENS iyenbon.ndr Rl afha pel¥ethwlensndnisropaseusinsheat gerlgiling ean and
thé condi t ; r.eatment nmay be 60 to 120C and 0.1 to 2.0
hours in i(gB%P%?@SgﬁﬁgFﬁgg%%ﬁég. Wth respect to a polyethyl ene

m cr oporous sheet containing an inorganic filler formed in this way, it is
desirable that the fine structure 20 thereof is a nultilayer nonwoven
fabric like. The nmultilayer nonwoven fabric like is observed as if the
sheet is forned by sone |ayers stacked as shown in Fig. 2 as viewed from
the section ,of the sheet though fine fibers with a dianeter of about 0.3
to 3 a mare tangled al nost evenly as shown in Fig. 1 as viewed fromthe

pl ane of the sheet. It does not nean always that 25 nonwoven fabrics are
formed beforehand and then they are multilayered. The roll of the present
invention is aroll that an electrode |layer form ng agent (this can be a
precursor of electrode |layers or electrode layers) is fornmed on the

af orenenti oned sheet containing an inorganic filler. Mst of such el ectrode
| ayer form ng agents are known in the art of the present 30 invention. For
exanpl e, one of such agents is an ink-like or paste-like agent contai ning
netallic particles with a dianeter of 0.03 to 3 a mand el ectrode | ayers
can be fornmed by adjusting it and using the printing method such as screen
process printing or gravure or electrode |ayers also can be directly forned
using the vacuum deposition nethod or sputtering nethod. 35 In this case,

it is desirable that an el ectrpde |layer form ng agent is forned on the
surface of a sheet at a predetermi ned interval and continuously in both 6

4a



width and length directions of the sheet and it is desirable that the area
occupation rate thereof is 10 to 90% Wen the el ectrode |ayer forning
agent is an electrode |ayer precursor, it is necessary to prcAfs I or
exanple, dry) the agent after 5 formng. Thus, it is necessary to whnd it
in aroll-shaped state of preferably a wnding density of 0.2 to 12 g/cn8B.
When the winding density is less than 0.2 g/cnB, the productivity is |ow
and the cost becones high. On the other hand) when the w nding density is

nore than 12 g/cn@B, it..is noj desirable because the winding.is tight and
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(c) are that the cut. sheets are stacked under pressure.of. 0.5.t9 10 MPa)
preferably 1 to & - eq%alwﬁb?@@éﬁmtw%@Cviﬂrlszii@%d%zltstsca% 10

seconds. The, smessaihpleTayxnos ganbleast less.each | ayer or may be applied to
sone | ayers stacked or,.al} ,the lgyers stacked. \Wen .s Ki the cut 7 ~
O 2005 sheet o it S phli Heg e et i Seulit TRy RhE 6 K5 o dib i e

st acke@0on aveeagemadechlbhotwaghbtas backwide ahlud, pagtersblyni odlasg, et motre odes.

The invali stacked in a necessary thickness beforehand or
may be sta%gg&gﬁg E}?fc}g%'so as to formstacked el ectrode | ayers. 5 Next,

the stacked sheetdn aperganiediiler 40 be @otinedeisesalsiciedslependse ion the
tructure. canchidn dits Tt GUAECRIRTP Y Snd s ol AHRLMIRY Hhaned. TEee o
conpr essi or?“g’lséal%%awhﬂ canhe %i@tﬁer‘{jﬁ?égé’ri %“i‘o?rf?r“é%%%?euwg‘écr% b added e of
700 o 1 O ass o Loy e e e
T thi o vay i o BTG R it RREF aIRR0R ap BORSA G BRE. Srep. oach
mul ti-layered el iterensm@aetddno limét phecontmt dharohofniinotgamedilier as
consi der at i181[fg %fs 5{1{1%b?zliﬁ(éﬁrﬂ%—]ilk%ysq{bs@&‘ﬁéee{snself-supporting and the more the
better. However, the content is generally 45 to 80 volume percent based on
30 the whole of a polyethylene microporous sheet containing an inorganic filler
and preferably 50 to 70 volume percent. When it is converted to weight
percent, it is nearly equal to 80 to 98 weight percent, preferably 85 to 95
weight percent.
A polyethylene microporous sheet containing an inorganic filler of
35 the present invention is stretched or not stretched, and preferably
monoaxially stretched or biaxially stretched. The percent of stretch is 25



15 According to the present invention, the precursor of nulti-Ilayered

.el ectronic part obtai ned above is then subjected to the debinqer step (e)
of renoving pol yethyl ene and the inorganic filler calcinationls8BR 1082 The
debi nder step is executed at 350 to 550C for 10 to 150 hours preferably on
condition of nonexistence of oxygen, for exanple, in the 20 nitrogen

at nosphere. At the debinder step, a deconposition and conbustion reaction
may be caused to the binder rapidly at a specific tenperature. Therefore,

it is desirable to ke a heat anal.ys|s.of the precursor of _ nulti-]ayered
el ect roni c tHaP$ tBe4Q¥?§H§ﬁ%i,a”éﬁmlﬁ % J\‘/\é’r@ﬁ? ter2lh Jamagidn; the,lopgi d
deci de the dipstiond apdt Getiheat td 20 ciebisnderthet epnsordthdirepaibyeihigk@ali s to
be renoved in the nitrogen atnosphere) it is pyrolytically deconposed at

450C or so,St’éeéC}Phat for exanple, a neans for reducing the heating speed
bet ween 430 and THiCtamnilchstatngih ip 3t kg/MOAE ofi makd ynithet wkedingThieecidoun

cal ci nati o i s. different i [,.ti.gn r eof i t he
i nor gan%c R}Vﬁf) ?Ereicgmgg, %@eggfb%%e%%/rﬁ}rﬁgﬁldﬁqrgf aﬁ{i?n c?xge %lgeg?@gfreédjt‘gﬁ(f%?m an
i nor gani ¢ subsoxenc ellph bexesileystzemgtdr imtheaddrectior gTEX divgctaon) pexpgadicaular| | er .
For exanpl i . I hatd ] X gl 0Oto
1000 pr e BB NIDIERRER0R s HE hpBesshRly BRI IARcAy AUEEHIRD o m )
hours. Needrefrably §8/he/mHe® apvAviPgen at nosphere is 35 preferable. This
2002 manuf sturt %ﬁgl&’%ﬁmﬁf@#ﬁ%aﬁﬁgg?“%ﬁg%@*?‘?ggﬁ%ﬁﬁﬁmﬁ? 2% 6T e
as it 11§ udewpr imdheberireeton aoshRreerably A onlevREt | Dhe ClRmAtituiR i s
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method 1o B7HESPRE alPURt Ot Ebdr (SO £ B DoRHS B BickBRE WheTan
ext ernal elcentainiieg b iavrgahediller dflthe pakbséntanvpntidncandid 85 nedmi or keks s way
using the ern QN ar hn |t edy.:
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expl ai Abd e diead dreatedesd as tieimprovsythethenmalgand/or meechenipalasroperopver
‘the presentyniniRdn@tibas A sddhhdRdrs Lt dESR ARG £5120C BRAPLG0 2.0

| JI trahi ght nol ecu] ar ;wel ght pol yethyl ene (registered trademark of H zex
‘M 11ion 34@00rpyn the MtrogERiafRoRRGE K kogyo Co., Ltd., nol ecul ar wei ght Mw
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obt ai ned_f iyifh iaSdib@Rite} ¥f SPQLEE 31t8 3NaL f hre Balblel REmet ¥eallyias dHRRRY R DY
dryi ng. Th%n, t he qbt ai r}ed flhlem i's bi aﬁl ally o:]]légft ed at strg@ch ra.hl os of
10 times i Al8nk ascAgFRdiltendhedlang pfdng sheet niddqes notdnepp adipye that
dibr ect 'rzgn iﬁgnwf' naifa@rﬁlsmégfmnéﬂ bﬁgdl@hhﬁ:drdﬂgbtl‘%n %huyr @wunmd h liﬂdyeefzd.i S .
obt ai ned. e fi is.slistin a predeterpined w and then an .el.ectrode
30 pattern of coﬁg{?cf?@é’fp@ft Br?sg“?dPX%‘a%ﬂ hd ré’ﬁllr F}é%eaflhglnegﬁf)dﬁ)}ayﬁ%
of fset pri dormmgragémd(thisace be atprecpesor of electrsiednyers oxmeleatroda layersy of 7
nmmx 2 mm . t -0t | . i I de
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printed onofisuchalectredeiaydreforming apeataase kewyupan itba aritod the ptesent odes
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9 agent containing metallic particles with a diameter of 0.03 t03 # m and

electrode layers can be formed by adjusting it and using the printing method

such as screen process printing or gravure or electrode layers also can be

directly formed using the vacuum deposition method or sputtering method.

35 In this case, it is desirable that an electrode layer forming agent is formed on

the surface of a sheet at a predetermined interval and continuously in both



1 a~~ 2002 The filmw th electrodes printed thereon is wound into a roll in
.a Wi nding density of 5 g/cnB. Next, the filmis unwound and cut in a
predeterm ned length fromthe roll and the cut filnms are stacked one by one
by shifting the electrode pattern by a half pitch. The valid nunber of

|l ayers 5 is 25 and a filmwith no electrode printed is used as a | ast

| ayer. The |l ayered article is heated and conpressed at 150C and 40 Mpa. The
| ayered filmis cut in a size of capacitor and then heat ed and cal ci ned and

o | S SR e e E N AN UL SERSERChA r He
resul ts ar ect@pstionmatentlleabb£is110 &x90¥%.es 2 and 3 and Corrpar ative Exanples
Loand 2 A mul ti | qye, oot anlie638aCiA0L bdRARl i 1 the e genagR, i

Exanpl e 1 except e Size o I S °C ange e resul
shown in Tapkeeusor Extanp| mecesganyulte i progess &f;xraﬁx@zn@é@adry)othe sagsmtapfted in

th tg

tr adenane) (LB Hid, Thas BLfy eRserbt g%ﬁ%mﬂ'g@éﬂﬁ%'ea mé%?“a%vé%lfﬂoly
thi ckness & Wirdiag dansityi anO 200d 2ng/emd. ( ¥eer the wpatipg densiheislesnthan
cont ai ni ng gogtgl (g‘ G, tthteemuacum 595w éﬁd %h@ c@gpwcdnmesmfghe 1Ontakl hér

Pattern si ode S|ze pa- tion ra

(% Val i d nﬁw%vémsﬁem@r 519 @&Sﬂws%samoee 3?5&. f@ g? MEiemol .4?@1@31
for rranceExaimh&selﬂx@ﬁ»indﬂfgwugﬁeﬁmrmbaraaé&ﬁuﬁxéﬂ 44 FREFilhy Slofaa® ngay
37x26. 36 3)?6&50 99 nparative Exanple 17x25.2x0.27250. 030Conparative
Exanpl é“27 94251. 05XExanpl e 47x26x143 125 10.19025 nl In

Exanples 1 to 3, With rekpedtrtothataferenagaioned rdl,dbese isctthegmossiiibity blnada
respect i Ve'sX Ve gxt:pﬁé’ﬁ?ﬁ t b%x{lﬁgcﬁ&i@' GCo66€< o ?Clﬁ'vbl%&ege&érc%gtaﬁﬂngﬁéﬂ

since the va Iayer are he capaci n_accor ance
with it. urmg the forming process and it is necessary that the content thereofis 5.5

weight percent or less, preferably 1.0 weight percent or less.

15 The present invention is a method for manufacturing multi-layered
electronic parts from the aforementioned roll via (a) a step of unwinding the
sheet, (b) a step of cutting the sheet in a predetermined length, (¢) a step of
stacking the cut sheets, and (d) a step of cutting the layered structure.

It is preferable to put (c') a step of compressing the layered structure

20 between (c) the stacking step and (d) the cutting step mentioned above and
more preferable to put (e) a debinder step and (f) a calcination step after (d)
the cutting step mentioned above.

The step of unwinding the sheet can use a general method for
unwinding a sheet from a general roll, though it is necessary to control the

25 unwinding tension to 10 kg/m or less. )

The unwound sheet in this way is cut in a predetermined length by a
cutting means, for example, using a sharp edge and preferably performing
sliding motion. In this case, as a matter of course, it is necessary to cut the
sheet in consideration of the electrode layer pattern.

30 Next, the cut sheets are stacked. In this case, it is necessary to
stack the cut sheets by positioning the electrode layer pattern of each cut
sheet mutually in a predetermined position relationship. The conditions of
the stacking step (c) are that the cut sheets are stacked under pressure of 0.5
to 10 MPa, preferably 1 to 4 MPa at 40 to 150°C, preferably 60 to 120°C for 2

35 to 10 seconds. The pressure may be applied to each layer or may be applied
to some layers stacked or all the layers stacked. When stacking the cut



5 In Conparative Exanple 1, the capacity is reduced by half conpared with
the value estimated fromthe occupied area. The reason is that the valid
el'ectrode area is reduced due to dislocation during stacking. |ﬂn
Conparative Exanple 2, the yield during cutting is reduced. qu gang S
that in the pattern of Conparative Exanple 2, the gaps between 10 the

el ectrodes are only 0.1 mmor less also due to addition of dislocation
during stacking and the electrode printed parts are often danaged al so due
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sheet t nlg’r(ghje ’Z(ﬁ?r‘iﬁ lf%ﬁgtlﬂm(ﬁct)&f st acki ng said cut pol yethyl ene

ni cropor ous sheetl¥ext( et)lecud)mpmgssadl hyered strnuintrer ebtaandd (in) thwpmj ng said
polyethylen f r I f

Pror il T or metihEpanBLS-Sa6R S, P AR g cB¥ihe MRS HER, MR- FRdBHR
for nulti-ledgetrenicepaxit othe rpacu@oac’dwd@ﬁ@ forneediiim qonsa:@mﬂm of) thet er

the step (de)le&ré&ﬁpa e%g)a)tt&gnpresm ng said | ayered structure. 3. A
manuf act uri ng net cY lti-layered electronic parts acgo djin élalm
[

|, furt®er conpr H‘%qcﬁﬁdlé)ﬁ @ tlmgrg@gg meention, shepprecugsorja Iﬁr‘l‘dxth
| ayered st rdleétb@icodamdhainnd Elﬂ@veamjt}{éﬁ sﬁbjéétéﬁit(b fiHe &E‘bﬂncﬂ@yﬁ@d(e) of
structure with an in % fi (:ngl& . factcna for
il £ | ayersnenBeneiE Y she e e piregnin Ele M At Gkl d so vent
has a boiling poiThe dpbimiernsitpeliy ex@0atear at 3&Orto 550°CABR (10200250 hours
preferably on condition of nonexistence of oxygen, for example, in the
20 nitrogen atmosphere. At the debinder step, a decomposition and
combustion reaction may be caused to the binder rapidly at a specific
temperature. Therefore, it is desirable to, make a heat analysis of the
precursor of multi-layered electronic part beforehand, examine a weight
change due to heating, and decide the heating pattern at the debinder step.
25 When polyethylene is to be removed in the nitrogen atmosphere, it is
pyrolytically decomposed at 450°C or so, so that for example, a means for
reducing the heating speed between 430 and 470°C and heating up to 500°C
finally is taken.
The next calcination step is different in the condition thereof
30 depending to the inorganic filler to be used. However, in brief, it is
desirable to form an inorganic substance phase by sintering and integrating
an inorganic filler. For example, in the case of BaTiOs, the calcination is
executed at 900 to 1400°C, preferably 1100 to 1300°C for 0.5 to 50 hours,
preferably 1 to 10 hours. Needless to say, the nonoxygen atmosphere is
35 preferable.
This step is the same step as the step conventionally executed in the



5 .. A manufacturing nmethod for nmulti-layered electronic parts according to
.claim1l, further conprising a step: (g) debinding said |ayered structure
under the conditions of approxinmately 25 to approxi nately 500C and
approximately 10 to approximately 150 hours in a nitrogen at ”D?pi‘ﬂ'{%ﬂp- A
manuf acturing nmethod for nufti-layered electronic parts according to
claim, wherein said roll of polyethylene m croporous sheet has a w ndi ng
density of approximately 0.2 to approximtely 12g/cnB. 7. A nmanufacturing
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|hay?r far (Td‘é]:i?é]ﬁﬁto gﬁggi ?&dgﬁmlﬂok%gmgéﬁﬁ&xﬁfpmﬁ@é@ net al |hi g ]part icles

aving a di aneter : ~. \ manuf.act uri met hod .f or
nufti-1ayered el eW?’FBn?B 55?%%5‘?8@5?% 18 o2 F‘%}F%‘i i‘) gﬁ%r”é’ﬁﬁn@gi BredHqt of
pol yet hyl enshtaimgdpothisswakaedinpaheastandaid geieiisition aft apprieshnsliogly a0. 2
to approxi nat e|. ; ring method for nufti-Ilayered
el ectronic %ﬁ?éaé%%g‘r:%?%%%%% %ﬂgﬁ%ﬁ%ﬁé#{urt her conprising after the step
(d) a step: (d') conpressing said |layered structure. 12. A manufacturing
et hod for E?glﬁlpéﬁyered el ectronic parts according to claim 10, further
conprising after the step (e) the steps: 1&1%) .debi nding,  said | ayered
structure of pol yErepreseatanyention xpHihe expiained hpyeundezimare iy detail by

layered st rusgbmi®y ¥4 e eétarhpRissanHowdviek Sfhe prbsent iHVeiReL M Adinekhag for
mul ti-| ayergd el ect rpgnl c parts according to claim 10, further conprising a

step: (9) REFATSES-d | ayered structure under the conditions of
approximately 25 to approxi mately 500C and approxi mately 10 to

appr oxi telh% 15? hqurs in a nitrogen atnosphere. 14. A manufacturing
met hod Tor FPPS ayered el ectronic parts according to claim10, wherein
"sai d el ectroni c daltrahighé muolecilaryweiglhdppelyethydene (registered trademark of

Hizex Million 340M, by Mitsui Sekiyu Kagakukogyo Co., Ltd., molecular
weight Mw 3.3x10°) of 10 parts by volume is added to decalin of 30 parts by
volume and a suspension A is obtained. On the other hand, barium
20 titanate of 30 parts by volume is added to decalin of 60 parts by volume, and
they are further dispersed by a sand mill, and a suspension B is obtained.
The two kinds of suspensions A and B are mixed so that a final volume ratio
of polymer:solvent:barium titanate is set to 10:90:30 and the mixed solution
is sent to a double-screw extruder with a die and extruded at 170°C, and the
25  obtained film is rapidly cooled in water and the solvent is removed by drying.
Then, the obtained film is biaxially oriented at stretch ratios of 10 times in
the lengthwise direction and 10 times in the crosswise direction at 125°C
and a porous film containing an inorganic filler is obtained.
The film is slit in a predetermined width and then an electrode
30 pattern of conductive paste is formed on the surface thereof by the offset
printing method. Namely, the pattern consists of areas in units of 7 mm x 2
mm, has a rectangular printing part of conductive paste electrode with a size
of 6 mm x 1 mm at the center of each area, and is continuously printed on the
surface of the film. The area occupation rate of electrodes in this case is
35 43%. Conductive paste contains metallic components of Ag/Pd and the
coating amount of conductive paste after drying is 3 mg/cm?.



15. A manufacturing method for mufti-layered electronic parts according to
cl ai m 10, wherein said pol yethyl ene nircoporous sheet is subjected tArfhdsd?
treatment at approximately 60 to approxi mately 120C. 16. A manufacturing
met hod for nufti-layered electronic parts according to claim 10, wherein
said electrode |layer form ng agent contains netallic particles, said
netallic particles having a dianeter of 0.03 to 3 Vim 17. Mifti-I|ayered

el ectronic parts manufactured by said nmanufacturing nethod stated in claim
1, wherein said rts,are.nulfilayer ceram ¢ capacitors. .18. A .
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Example 4
A multilayer ceramic capacitor is obtained in the same way as in
Example 1 except that Solufill(registered tradename)(Holland, by DSM
20  Solutech, Ltd., ceramic powder TAM262L, thickness after calcination 10 u
m) is used as a polyethylene film containing barium titanate. The results

are shown in Table 1.

Table 1
Pattern size|Electrode size|Area occ\;pa- Valid number|Electrostatic Cutting per-
(mm x mm) [(mm X mm) [tionrate (%) |of layers (-)  |capacity (u F)|formance
Example 1 7x2 6x1 43 25 0.48 O
Example 2 7x2 5.4x0.4 15 25 0.17 O
Example 3 7x2 6.8x1.8 87 25 0.99 O
Comparative Tx2 5.2x0.2 7 25 0.03 O
Example 1
Comparative 7x2 6.9x1.9 94 25 1.05 X
Example 2
Example 4 7x2 6x1 43 25 0.19 O

25

10
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accordance with it.

5 In Comparative Example 1, the capacity is reduced by half compared
with the value estimated from the occupied area. The reason is that the
valid electrode area is reduced due to dislocation during stacking.

In Comparative Example 2, the yield during cutting is reduced. The
reason is that in the pattern of Comparative Example 2, the gaps between
10 the electrodes are only 0.1 mm or less also due to addition of dislocation
during stacking and the electrode printed parts are often damaged also due
to slight dislocation during cutting.

11
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an electrode layer forming agent formed on the surface thereof, containing 45 to
approximately 80 volume percent of inorganic filler, having a thickness of 25 pm
or less, tensile strengths of approximately 3 kg/mm? or more in the winding
direction and of approximately 1 kg/mm’ or more in the transverse direction, and
an elongation of 30% or less in the winding direction, and a solvent representing
approximately 0.0 to approximately 5.5 weight percent of said polyethylene
microporous sheet, said layered electronic parts formed by further comprising the
following steps:

(b) unwinding said roll of the polyethylene microporous sheet,

(c) cutting said polyethylene microporous sheet to a predetermined length,

(d) stacking said cut polyethylene microporous sheets,

(e) cutting a layered structure, and

® preparing said polyethylene microporous sheets into a multilayer nonwoven fabric

having fibril form substances 0.03 to 3 pm in diameter.

2. A manufacturing method for multi-layered electronic parts according to claim 1,

comprising after the step (d) a step: (d’) compressing said layered structure.

3. A manufacturing method for multi-layered electronic parts according to claim 1,
further comprising after the step (e) the steps:
(g)  debinding said layered structure of polyethylene and

(h) calcinating said layered structure with an inorganic filler.

4, A manufacturing method for multi-layered electronic parts according to claim 1,

wherein said solvent has a boiling point approximately 200°C or lower.
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approximately 25 to approximately 500°C and approximately 10 to approximately 150

hours in a nitrogen atmosphere.

6. A manufacturing method for muiti-layered electronic parts according to claiml,
wherein said roll of polyethylene microporous sheet has a winding density of

approximately 0.2 to approximately 12g/cm’.

7. A manufacturing method for multi-layered electronic parts according to claim 1,

wherein said electronic parts are multilayer capacitors.

8. A manufacturing method for multi-layered electronic parts according to claim 1,
wherein said polyethylene microporous sheet is subjected to heat treatment at

approximately 60 to approximately 120°C.

9. A manufacturing method for multi-layered electronic parts according to claim 1,
wherein said electrode layer forming agent contains metallic particles, said metallic

particles having a diameter of 0.03 to 3 pm.

10. A manufacturing method for multi-layered electronic parts according to claim 4,
wherein said roll of polyethylene microporous sheet has a winding density of

approximately 0.2 to approximately 12g/em’.

11. A manufacturing method for multi-layered electronic parts according to claim 10,

further comprising after the step (d) a step: (d”) compressing said layered structure.

12. A manufacturing method for multi-layered electronic parts according to claim 10,
further comprising after the step (e) the steps:
(2) debinding said layered structure of polyethylene and
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17.  Multi-layered electronic parts manufactured by said manufacturing method

stated in claim 1, wherein said parts are multilayer ceramic capacitors.

18. A manufacturing method for multi-layered electronic parts according to claim 13,
wherein said solvent represents approximately 0.0 to approximately 1.0 weight percent of

said polyethylene microporous sheet.



