Met hod of Stacking Ceramc G een Sheets BACKGROUND OF THE | NVENTI ON Fi.el d
of the Invention 5 The present invention relates to a method of
stacki ng ceram c green sheets, and nore specifically, it relatées to a

met hod of stacking ceram c green sheets, which is carried out for
manufacturing a nmultilayer ceram c el ectronic conponent. 10 Description
of the Background Art In order to manufagture a nultilayer ceramc

el ectroni c component such as a nultilayer ceram c capacitor, for exanple,
it iIs necessary to stack ceram c green sheets. 15 Such ceram c
green sheets are advantageously mninized in thickness for attaining |arge
el ectrostatic capacitance in a nmultilayer ceram c capacitor, for exanple.

Thus, di stancesy enei L el can.b d d th
M %‘?egﬁaﬁﬁz‘%%ngglcg%éﬂ esgeaBnbeneeduced and the number

of layers of sucCh i rodes can be increased in a

prescriba%éﬁﬁ5§5¢€ﬂabFr§ﬁgeiNvE H#R§ to stack such thin ceramc green
e

sheets, the so-ca d transfer technique is advantageously enpl oyed.
Accordlngﬁiéiéygitfﬁgs&ﬁgehggg&jque, a ceramc green 25 sheet is |ined
ac : _

wi th a proper filmand conpression-
S The present invention relates to a method of stacking
ceranic gréen sheets, and more specifically, it relates to
a method of stacking ceramic green sheets, which is
carried out for manufacturing é'multilayer ceramic
electronic component.

10 Description of the Background Art

In order to manufacture a multilayer ceramic
electronic component such as a multilayer ceramic
capacitor, for example, it is necessary to stack ceramic
green sheets.

15 Such ceramic green sheets are advantageously
minimized in thickhess for attaining lérge electrostatic
capacitance in a multilayer ceramic capacitor, for
ekample. Thus, distances between infernal eléctrodes can
be reduced and the number of lajers of such internal

20 electrodes can be increased in a prescribed dimensional
range.

In order to stack such thin ceramic green sheets, the
so-called transfer technique is advantageously employed.
According to this transfer technique, a ceramic green

25 sheet is lined with a proper back film and compression-
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bonded in this state to other ceram c green sheets which are al ready
stacked with each.other so that the former is transferred to the latter

and thereafter the back filmis separated fromthe as-transferred ceramc
green sheet. 5 In order to obtain a nmultilayer ceram c capacitor

t hr ough the aforenentioned transfer technique, two nethods are typically
carkbed out as follows: (1) A ceramic green sheet which is forned on a back
filmand internal electrode filns which a2e forned on 10 anot her back
filmare alternately transferred. (2) As shown in Fig. 4, internal
electrode filns 2 are provided on a back film1l and a ceram c green sheet 3

i § formed on é&& e ALK {Md@ %t%eecggeétﬁgf é§£§xhi‘é" gbegt Lpdecki b

that the |nterna electro ran1c green s eet 3 are

ntegrally Uransfefigday LLELRELI UELY, oBcROERALE BbCERaghERE Bolheborand on
a‘*back film 1 an |nternal electrode filns 2 are provided on the ceramc

green sheet 3.asnshOWPed Nt OheSlatfet Nadnd hehéLEaPLEr JtRENbaBREEIImatiE t he
internal electrode filns 2 20 are integrally transferred. However, the

aforenentloneﬂepiiiméa(ﬂ&omSthefes+eranﬂferﬁd@cteramycsgneenthheenternal
el ectrode filnms and the ceram c green sheet are alternately transferred,
and hencg this netirodoider beenobbakhya appltibayer specahic capasitom 25
the other hand, the nmethod (2) is excellent in
through the aforementioned transfer technique, two methods
¢ are typically carried out as follows:
~ (1) A ceremic green sheet which is formed on a back
film and internal electrode films which are formed on
10 anothef back film are alternately transferred.
(2) As shown in Fig. 4, internal electrode films 2
are provided on a back film 1 and a ceramic green sheet 3
is formed on this back film 1 to cover the internal
electrode films 2, so that the internal electrode films 2
15 | and the ceramic green sheet 3 are integrally transferred.
Alternatively, a ceramic green sheet 3 is formed on a back
o’ film 1 and internal electrode films 2 are provided on the
ceramic green sheet 3 as shown in Fig. 5, so that the
ceramic green sheet 3 and the internal electrode films 2
20 are integrally transferred.
However, the aforementioned method (1) is infefior in
' productivity since the internal electrode films and the
ceramic green sheet are alternately transferred, and hence

this method has been merely applied to specific items. On

25 the other hand, the method (2) is excellent in



productivity since the internal electrode filnms 2 and the ceram c green
sheet 3 are already integrated with each other to facilttate handling. In
the aforenentioned transfer technique, 5 transferability of the ceramc
green sheets depends on effective action of a binder contained in the
ceram c green sheets, sufficient snoothness of the surface of the ceramc
green sheet which is brought into contact with-already stacked ceramic .J
green sheets to be transferred 10 tRereto, and the like. On the surfac®

4 of the ceram c green sheet 3 which is forned on the back film1 as shown
in Fig. 4 or 5, however, ceramc particles are arranged so randomthat the
sheet surf L Sk ' ] 'fﬁgif' | : t S Thus, »
adhesi veness p‘%cis)ﬁlli‘;dle%g?b%/ﬂg éeeés#lljgr\ﬁ‘%xgtéé4 0 '%%e@?}e?%%fcllglﬁgg% S ee?h% may be
reduced tq-&aupte ARfEdd | Mited £ aDSALE - a MBS Pr O SR AL SO B t18C8atR the |
af orenenti oned nethod (1). Particularly in the nethod (2), however, the '
ceram c gregies eetfak i Bi tH €y | Kkesd Wdd. 20 the internal electrode filns 2
on either surface, and hence such internal electrode filns 2 are _
necessarily i nt¥r pdsed Hetenent {owed etrzen <f epr esechahizpis, whi ch are brought
Into contact with each other in a transfer step. As to adhesive strength,

t hat Det weteransferadrianity peetheceranieegresn shretsnidepende| @@t rodes is

inferior to_ that ]
effective action of a binder contained in the ceramic

green sheets, sufficient smoothness of the surface of the -
ceramic green sheet which is brought into contact with ~
already stacked ceramic green sheets to be transferred
10 thereto, and the like.
On the surface 4 of the ceramic green sheet 3 which
is formed on the back film 1 as shown in Fig. 4 or 5;
however, ceramic particles are arranged so random that the
sheet surface is irregularized with insufficient

15 smoothness. Thus, adhesiveness provided by the surface 4

of the ceramic green sheet 3 may be reduced to cause

C

defective transfer. This problem also arises in the
aforementioned method (1). Particularly in the method
(2), however, the ceramic green sheet 3 is provided with
20 the internal electrode films 2 on either surface, and
hence such internal electrode films 2 are necessarily
interposed between two ceramic green sheets which are
brought into contact with each other in a transfer step.
As to adhesive strength, that between the ceramic green

25 sheet and the internal electrodes is inferior to that



4 between ' ceramc green sheet s. Thus, t he af orenenti oned
probl em of reducti,on in adhesive strength caused by drying of the surface 4
of the ceram c green sheet 3 is particularly serious in the 5 met hod
(2). In order to obtain a mniature nultilayer ceram c capacitor having

| ar ge capacitance, on the other hand, it is necessary to reduce the ceramc
greQn sheets in thetkeass, esrhmiei nabeeendesahdeed. | n tThws casethdO
however, defects such as pinholes are so increased that the defective rate
of the as-conpl etefbrenent dypedcepasbiemapadi t aresluctiioncr eiasedadHéeive
aforenmenti oned problens may arise not only in nultilayer ceramc
cdpacitors but strengehecausesl by dmyling ayfer ther aminfagleecédr anfi cthe
conponents which are manufactured through steps including that of stacking
ceram ¢ green shezexamSuU\GreFNOPherE BNUBNPaY ssderdivngieriqus jin deker ed
td provide a nmethod of 20 stacking ceram c green sheets, which can

sol ve the %forenﬁﬁﬁﬁ-hﬁ?@d(%} obl ens. According to one aspect of the present

i nvention, there is provided a nethod ,of stacking ceramc. green sheets,
said nethod conprisiFy o¥dRr tq gpfaigs a miniature multilayer ceramic

capacitor having large capacitance, on the other hand,
it is necessary to reduce the ceramic green sheets in
thickness, as hereinabove described. 1In this case,

10 however, defects such as pinholes are so increased
that the defective rate of the as-completed multilayer
ceramic capacitors is increased.

The aforementioned problems may arise.not only in
multilayer ceramic <capacitors but in general

15 multilayer ceramic electronic components which are
manufactured through steps including that of stacking
ceramic green sheets.

SUMMARY OF THE INVENTION
\* Accordingly, it is desired to provide a method of

20 stacking ceramic green sheets, which can solve the
aforementioned problems.

According to one aspect of the present invention,
there is provided a method of stacking ceramic green
sheets, said method comprising the steps of:

25 preparing first and second back films; forming a

ceramic green sheet on said first back film;



25

preparing first and second back filnms; formng a ceramc g

sheet on said first back film 5 transferring said ceram c green
fromsaid first back filmto said second back filmwhile directing an
outward surface of said ceram c green shget being formed on said first back

filmtoward said second back 5
green sheet fropafsitdryéagndabdcketkhhiict greéhiesheet afrémgsaed shests, bei

al ready stacked with each other, while directing said outward surface of

film and transferring said cer

reen
sheet

am ¢

sai d ceram c ghaek Shamt tbesagdhskdohy batkl Stitmmnwhbbekdiréoringsand

al ready stacked 10

ceram c green sheets. In advance of the

%

af orenent i onedostwprdf sumfeder pfngsabhd ceramic gyeeen sishetet! rbeinde first
back filmto the second back film a patterned functional nmaterial
such as an i nt fommedebacsabdef st back ifidmepwaadf gadddseaontdebackond back
filmso that the functional material filmis transferred with the ceramc
green sheet whfdéhmisandagrasierniag maisl qexpmia gresn cehest cfyewen

sheets fromthe second back film, 20 According to _anoth

aspect

10
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25

of

being already stacked with each other, while directing
said outward surface of said ceramic green sheet being
held by said second back film to said already stacked
ceramic green sheets.

In advance of the aforementioned step of
transferring the ceramic green sheet from the first
back film. to the second back £film, é patterned
functional material film such as an.internal electrode
film may be formed on the second back film so that the
functional material f£film is transferred with the
ceramic green sheet which is transferred to the
already stacked ceramic green sheets from the second
back f£ilm.

According to another aspect of the present
invention, there is provided a method of stacking
ceramic green sheets, said method comprising the steps
of: preparing first and second back films; forming a
first ceramic green sheet on said first back film;
providing a patterned functional material f£film and

forming a second ceramic green sheet on said second

film

er
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ceram c green sheets, said nethod conprising the steps of: preparing first .
and second back fi,lns;-formng a first ceramc green sheet on said first
back film 25 providing a patterned functional material film and
form ng a second ceram c green sheet on sai & second 6 back film
bringing said first and second ceram c green sheets into contact wi th each
ot hQr" for transfelhaaky €£ald;fibsingnqnsaidr eirsheand r sacsndd deraidack
filmto said second ceram c green sheet; 5 and transferring said first
and second cer ani gugeen sheets ahuteai dohtacti owakhnaeachal oftihen t Eaxt her
ceram c green sheets being already stacked with each other while directing
aft outward surfacdnsnsfexring faidrbinst gexanithasteseishestelfray said
second back 10  filmtoward_said al ready stacked ceram c green sheets.
An advant age of tHdfRteskacki fidmt iton 5aid Rgcerd a8REINIE FEPRRcShAt he

céram c green sheet to be transferred, to_the already stacked ceram c green
sheets is &fined 3P LRRFERET T cPrid ExpBkeanyy SESOR c%ﬁ%ﬂ%%ﬂQ?ﬁéhﬁ

Lhe, [1rot back 11 L aher ob exoel| ent STReLneateod fap AT oy otk
green sheet thrcangégﬁiéiégéegnghggggngegg kaikggay stacked with each
other while directing an outward surface of said first
. ceramic green sheet being held by said second back

>~ 10 film toward said already stacked ceramic green sheets.

An advantage of the present invention is that an

adhesive surface of the ceramic green sheet to be

transferreé to the already stacked cefamic green

sheets is defined by a surface which is exposed by

15 separation of the first back film, whereby excellent

smoothness is attained. In addition, heat and

pressure can advantageously be applied to the ceramic

green sheet through the first and second back films

~ _ when the ceramic green sheet is transferred from the

20 first back film to the second back film. Therefore,

it is possible to improve adhesiveness between the

ceramic green sheets for stacking the ceramic green

sheets by a transfer technique. Thus, reliability in

' transfer can be improved and the pressure to be

25 applied for such transfer can be reduced.

Further, it 1is possible to advantageously



when the ceram c green sheet is transferred fromthe 20

filmto the second back film Therefore, it is possible to inprove

adhesi veness between the ceram c green sheets for stacking the ceramc

first back

green sheets by a transfer technique. Theis, reliability in transfer can be

I nproved and the pressure to be 25
reduced. Furthghnihilagepgsigitdied owatdvAntmgeons! Yeontdimédi Ainl aglge pi nho
whi ch nmay be contained in the ceram c green sheet by applying heat and

pressure to theetanboi gregeacshebeebywWappll iindhdichtheink aprddufé reg and

second back filnms, thereby reducing the 5 defective rate of

mul til ayer

ceram c green sheets.

are further

cethal cexmneict rgneenc @heatenvsiocht disncdeby dletoiceng sSheh

Particularly when first and second ceram c green
sheets are hel fiibstweard t Becbndstbagkl fédwad behdkrdby nwedurdhgdetfheti ves
renoved. 10 When t he second back filmis provided

applied for such transfer can be

with a Juncti odefeabivei aratel mofucmudd idaven ergaand@cteRetronig so t hat

t he functi onal
stacked, it isCPBRSRBNESt ®H

Accordi ng
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filmis inteqrqted with the ceram c green sheet to be

%Ya@ﬁﬁi}%ﬂ%i%ﬁ%hcfﬁrfﬂic green
anot her _aspect _ of. the resent

sheets. Pa ticularly.whenpffrst and second ceramic

green sheets are held between the first and second

back films, such defectives are further removed.

When the second back film is provided with a

functional material film such as an internal electrode

film so that the functional film is integrated with

the ceramic green sheet to be stacked, it'is possible
to improve stacking efficiency.

According to another aspect of the present
invention, there is provided a method for preparing a
ceramic green sheet for transfer to a stack of ceramic
green sheets comprising defining the surface of one

face of the ceramic green sheet by contact with and

- separation from a first backing sheet; and providing

a second backing sheet on the other face of the
ceramic green sheet.

Advantageously, the step of defining the surface

of one face of the ceramic green sheet may comprise:

forming the ceramic green sheet on the first backing

" layer; and transferring the ceramic green sheet to the

»




I nvention, .there is provided a nethod for preparing a ceram c green sheet
for transfer to a stack of ceram c green sheets conprising defining the
surface of one face of the ceram c green sheet by contact with and 20
separation froma first backing sheet; and ovi ding a second backi ng sheet
on the other face of the ceram c green sheet. Advantageously, the step of
~defiifng the surfage als BaekhaGe18 et NBy CEsRM S IhE Whe RBGIoJBY FRIBESE!

. 25 form ng the ceramc gréen Sheet”on the first backing |layer; and

~transferring the fe%aeeie%aaﬁ%egr'z‘eléﬁe%hte@t_t bRth theceedohac kbt ingy ehely
“contacting the exposed face of the ceram c green sheet with the second

backi ng sheet and sg@Pajedarat itrhe tHd Stikackbaek BhgeshésOnELrba taee fapRosite
to the exposed face. 5 The above and further features of the

present inventioncppdsitle tor ttheMexbazad ifddearity in the appended cl ai ns
and will becone clearer fromconsideration of the foll ow ng detailed
descriptiop of enbodi nbhies abotdeandvehirthreni featured odff ctkacpresent

t he acconpanyi ng draw ngs. BRI EF DESCRI.PTION OF THE DRAWNGS Fig. 1 is a
sectional view shdnvegtdcst epref setanfbethi with cpaatiicudpsdhyshiet the from

® s appended claims and will ©become clearer from
consideration of the following detailéd description of
embodiments of the invention given with reference to
10 the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a s.ectional view showing' a step of
transferriz;g a ceramic green sheet 13 fx-'om a first
back film 11 to a second back film 12, which is
15 - included in an embodiment of the present invention;
Fig. 2 is a sectional view showing a step of
transferring the ceramic green sheet 13 from the
second back film 12 to already stacked ceramic green

sheets 13a, which is carried out after the step shown

20 in Fig. 1;



back film1l to a second back film 12, which is 15 i ncluded in an
enbodi nent of the present invention; Flg 2 is a sectional VIeM/ShOMAng a
step of transferring the ceramc green sheet 13 fromthe second back film
12 to already stacked ceram c green sheets 13a, which is carried out after
the step shown 20 in Fig. 1; Fig. 3 is a sectional view show ng a.
step corresponding to that shown |ncl|g. 1, which is included in ano;her:;g
enmbodi ment of the present invention; Fig. 4 is a sectional view showi ng a®
conventional 5 back film21 which is provided with internal electrode

films 2 thereqqgamd_; & £ef agréﬁog&qgm gp_ggt sﬁo ghgegb%%k&)fhe back fil m 1; a_nd

Fig. 5 1s a sectional view showng a conventio iIlm21 provided with-

2 ceram edyaubotiy %4 hekg0nsndfn 1napdgl Nher R cEl agl o fdddm 2

formed on the ceran1c green sheet 3. DETAI ED DE
ENBCD'NENBSdﬂdﬁhefléﬂBbéiméﬂﬁséfa%ﬁeaﬁrgggﬁﬂ'ﬁﬁQESQthhe present

I nvention. 15 showmn in Fig , first and secdnd back films 11
and 12 havi ng raquoleh i31d aggse 86:6a 20t GuenbLhY & EBANERYNa1 These back

filmse 11 and 12 are nmade of
5 back film 1 which is provided with internal electrode
films 2 thereoq and a ceramic green.sheet 3 formed on the
back film 1; and |
Fig. 5 is 5 sectioﬁai view showing a conventional
back film 1 provided_with a8 ceramic green sheet 3 thereon,
10 and internal electrode films 2 formed on tﬁe_ceramic green
sheet 3. |
DETAILED DESCRiPTION: OF THE EMBODIMENTS
Figs. 1 and 2 illustrate an embodiment
of the present invention. |
15 As shown in Fig. 1, first and second back films 11
and 12 having smooth surfaces are employed in this
embodiment. These back films 11 and 12 are made of k)
polyethylene terephthalate, for example. The back.films
11 and 12 are preferably surface-treated with a mold
20 release agent, in order to facilitate smooth separation of
a ceramic green sheet as described below.
A ceramic green sheet 13 is formed on the back film
11. On the other hand, patterned functional material

films 14 are formed on the second back film 12. The

25 functional material films 14 are patterned by



pol yet hyl ene terephthal ate, for exanple. The back filnms 11 and 12 are
preferably surface-treated with a nold 20 rel ease agent, in order to
facilitate snooth separation of a ceram c green sheet as described bel ow. A
ceram c green sheet 13 is formed on the back film11l. On the other hand,
“patterned functional material filnms 14 are fornmed on the second back film

- 12, Ghe 25 functional material filns 14Care patterned by 10

~phot oetching, for example. Then, an outward surface of the ceram c green

. sheet 13 provided on the first back film1ll is directed to the second back
film12 so that the ceram c green sheet 13 is 5 brought into contact

wth the secopfokaeltchiing,lZorarRkampael.i rst and second back films 11 and 12
and the ceramic green shéet 13 are passed through a pair of rolls 15 and 16

in this state, as shew) iah bulwakd Bhefaekl &flthandetrGmiice gadent eheer heat
~and pressurize the ceram c green sheet 10 13 through the back filnms 15
and 16. The baskpkbkisletil candth? famstt beckefddc 1¢r den direstedl tgeithyp
passed through the rolls 15 and 16 are cool ed and then passed thro%Ph

anot her pair eecepdl back fidmd?2 so that the reramigagreen Sheet 43 is

thereafter separated from 15 the ceram c green sheet ) h
ceranic éreen Fpught into contact with the s%cond Eaci f&im 1 ,u%héryie

first and second back films 11 and 12 and the ceramic
, green sheet 13 are passed th;ough a pair of rolls 15 and
~ 16 in this state, as shown in Fig. 1. The rolls 15 and 16
are adapted to heat and pressurize the ceramic green sheet
10 13 through the back films 15 and 16.
The back films 11 and 12 and the ceramic green sheet
13 being passed through the rolls 15 and 16 are cooled and
then passed through another pair of rolls 17 and 18, so
that the first back film 11 is thereafter separated from
15 the ceramic green sheet 13. Thus, the ceramic green sheet
13 is transferred from the first back film 11 to the
K/; second back film 12. An'outward.surface of the ceramic
green sheet 13 being held by the second back film 12,
i.e., a surface 19 exposed by the separation of the first
20 back film 11, has excellent smoothness which compares with
that of the back film surface.
. Fig. 2 shows a method of stacking the ceramic green
sheet 13 which is held by the second back film 12 in the
aforementioned manner.

25 The second back film 12 holding the ceramic green



13 is transferred fromthe first back film11l to the second back film 12.
An outward surface of the ceram c green sheet 13 being held by the second
"back film12, i.e., a surface 19 exposed by the separation of the first 20
back film 11, has excell ent snoothness which conpares with that of the back
filmsurface. Fig. 2 shows a nethod of 'stacking the ceramc green sheet 13
which is held by the second back filni12 in the aforenentioned manner. 25§
The second back film 12 hol ding the ceranic green sheet 13 is guided *
onto a stage 20. A stacking apparatus 21 is arranged to face the stage 20.
Thi s stacking apparatus 21 is approachable to and separable fromthe stage

20 as a whgley 15NG sSLAGKIN0 ARRALALLSAZL BAS & SracKioRPhepaiafa0Ndi ng

head 22 and cutfing bl"a ar€ provided around t he sane. The

cutting bhadeg 23 ahgewerld Eldey t@lﬂeselta%@abloe Wit of @¥RRKinlg0 the
conpressi on bondi ng head 22. The stage 20 and/or the conpression bonding

head 22 CQ?bﬁEB&u% Baatigr apftoachable fojand skparadlpl frem ttheof ceramc
green sheets 13a, which are already stacked with each other, in a space
encl osed Byayke 20utalsi ag whlod@des Zrhen stthekdogpegesirartuso?di hgshead 22. The
outward surface 19 of the ceram c green sheet 13 which is held by the
secofd backmpiressizn onding head 22 and cutting blades 23 which
are provided around the same. The cutting blades 23 are
vertically displaceable with respect to the compression
bonding head 22. The stage 20 and/or the compression
bonding head 22 contains a heater. |
10 Fig. 2 shows a plurality of ceramic green sheets 1l3a,
which are already stacked with each other, in a space
enclosed by the cutting blades 2 on the compression
bonding head 22. The outward surface 19 of the ceramic
" green sheet 13 which is held by the second back film 12 is
15 directed toward the already stacked ceramic green sheets
13a and the stacking apparatus 21 is downwardly moved
toward the stage 20, whereby the ceramic green sheet 13 is o’
cut by the cutting blades 23 and compression-bonded to the
already stacked ceramic green sheets l1l3a. The outward
20 surface 19 which is compression-bonded to the already
stacked ceramic green sheets l3a has excellent smoothness
as hereinabove described, whereby a strong compression
bonding state can be attained.

Then, the stacking apparatus 21 is again separated

25 from the stage 20, so that the ceramic green sheet 13




15 directed toward the al ready stacked ceram c green sheets 13a and the
stacking apparatus 21 is downwardly noved toward the stage 20, whereby the
cerami c green sheet 13 s cut by the cutting bl ades 23 and

conpr essi on-bonded to the already stacked ceram c green sheets 13a. The
outward 20 surface 19 which is conpression-bonded to the al ready stacked
cergni c green sheets 13a has excel | ent \2root hness as her ei nabove descri bed,
whereby a strong conpression bonding state can be attai ned. Then, the
stacki ng apparatus 21 is again separated 25 fromthe stage 20, so that

the ceramc S td i Dt Sdesy 2
tﬁansferred roné‘%%&egs%con EE#.? B‘i 9 rﬁréfgalﬂreadg stacke%rd():lgr g%ec
green sheetsg dTﬁgcftfmrﬁhs?%tbntﬁlegal%é gesoceéa@éb % d R0 & egr8efunber

ofktirres, too ain [amnate for a nultil ceramc electronic
conponent . % 5enent|oned enbodi nent , the functional material filns
- 14 may not be orne on the second back f|In112 but the aforenentioned

e T s erbif et ot LATRLEY of 18 R eoipangiEad) 1 2
g a Ceram c green sheet and functional
materia filjEbet rBfaEiﬂ{e§9 theopeaYaNhl ARMinRidEbd B multilayer
ceramic electronic component.
In the aforementioned embodiment, the functiqnal
-~ material films 14 may not be formed on the second back
film 12 but the aforementioned method may be applied to
10 transfer of a ceramic green sheet in a metﬁod of
alternately tranéferring a ceramic green sheet and
functional material films, similarly to the conventional
method (1).
Fig. 3 shows another embodiment of the present
15 invention. Referring to Fig. 3, elements corresponding to

those shown in Fig. 1 are denoted by similar reference

L/ numérals, to omit redundant description.

In this embodiment, a second ceramic green

sheet 24 is formed on a second back film 12, in addition
20 to functional material films 14. When these elements are
passed through a pair of rolls 15 and 16, therefore, a
v first ceramic green sheet 13 is brought into contact with
the second ceramic green sheet 24. After passage through
another pair of rolls 17 and 18, a first back film 11 is

25 so separated that the first ceramic green sheet 13 is



Fig. 3 shows another enbodi nent of the present 15 i nvention, Referring
3, elenents corresponding to those shown in Fig:s 1 are denoted by

to Fig.
sim |l ar

enmbodi nent ,

green sheet 13 is brought
24. After passage through another pair of

ipfiserrih S0 L A0 Wil Aot LSRRG 0,15

e second ceram c green

sheet 24ceIQﬁiEeéggEﬁ gwa?%- ets 13 and 24 thus held by the second back
onto the stage 20 in place 5 of the ceram c green

sheet 13 held 0 ' 1, hopn, 4 ' 2 st acked
simlarly to 'trﬁg gfegsgﬁg:n!ta%)e%g@eﬁr#béﬁg £3 aénéf ' 11uil?s hé1d bﬁ‘&ﬂe

ceram c 8686AdSBEELS £52mPa 25taAK &l Rie A bP A Ustaddesot banphBak 10
shown in Fig. 2. Exanples of nethods of stacking ceram c green sheets

filma1l

13 trans

filma12
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reference nunmerals, to omt redundant description. I'n this

erred from a
are guird

odl ment .

of the ceramic green sheet 13 held by the second back film
12 as shown in Fig. 2, and stacked similarly to the
aforementioned embodiment.

It is also possible for the ceramic green
sheets to be stacked by an apparatus other than that
shown in Fig;-2. .

Examples 'of methods of stacking ceramic green sheets
embodying the present invention are now described.

Example 1

As shown in Fig. 1, a ceramic green sheet 13 was
formed on a first back film 11 by slurry of nonreducing
dielectric ceramic mainly composed of barium titanate. On
the other hand, a metal film of nickel was formed on a
second back film 12 and patterned by photoetching, to form
functional material films 14 for servihg as internal
electrode films for a multilayer ceramic capacitor.

Then, the step shown in Fig. 1 was carried out to
transfer the ceramic green sheet i3 from the first back
film 11 to the second back film 12.

Then the ceramic green sheet 13 was stacked with the

functional material films 14 by thermocompression bonding

a second ceram c green sheet 24 is formed on a second back film
12, in addition 20 to functional material filnms 14. \Wen these el enents
are passed through a pair of rolls{® and 16, therefore, a first ceram c,_ ,
into contact with the second ceram c green shee
rolls 17 and 18, a first back

t 1s also possible for the
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enbodyi ng the pr.esent invention are now descri bed. Exanple 1 As shown in
Fig. 1, a ceramc green sheet 13 was 15 formed on a first back film 1l
by slurry of nonreducing dielectric ceramic nmainly conposed of barium
titanate. On the other hand, a netal filmof nickel was fornmed on a second
back<fil m 12 and patterned by photoetching, to formfunctional material
filng~14 for serving as internal 20 eleﬁégode films for a multil ayer
ceram c capacitor. Then, the step shown in*® g. 1 was carried out to
transfer the ceramic green sheet 13 fromthe first back film1ll to the
second back film 12. Then the ceranmi c green sheet 13 was stacked with the

25° functi oggl SIE%%I’I l#e(rjnsﬁ 1%:1@’ ttdéerarg)%% q{a as shown

in Fig. 2, easotal ‘am nate was f dlrren5|onsfor

providing a signgledRlchit! ¥R SBMRIASG TAPFIL %rovﬂa‘ifn%afat %flrig}les subst ance
‘was fired and then provided with external electrodes, 5 prepare a

multilayer cemalitdl@ icleamifX ¥EYPaR i oM Om{e%@a(ﬁteil rﬂh!la.ar dubdthdicd n
‘Exanple 1 was carried out except that a second ceram c green sheet 24 was

formed on a seaendikedk ahid hbad arcstesd wWith @xtdrnlad ilersidesl0 to
imul tilayer ceram c capacitor.
? 5  prepare a multilayer ceramic capacitor.
Example 2
An operation similar to that in Example 1 was carried
out except that a second ceramic green sheet 24 was formed
on a second back film 12 as shown in Fig. 3, to prepare a
10 multilayer ceramic capacitor.
Comparative Example
Similarly to the second back filﬁ 12 employed in
Example 1, a back film provided with patterned functional
material films of nickel was prepared. This back film was
15 coated with slurry which was similar to that employed in
Example 1 for forming a ceramic green sheet, and dried.
\— The ceramic green sheet held by the back film was
subjected to steps similar to those in Example 1, to
prepare a multilayer ceramic capacitor. :
20 : The ceramic green sheets were 10 um in thickness in
Example 1 and Comparative Example, while each of the first
~ and second ceramic green sheets 13 and 24 was 5 pm in
thickness in Example 2.
As to Examples 1 and 2 and Comparative Example,

25 transferability levels of the ceramic green sheets were



Conparative Exanple Simlarly to the second back film 12 enpl oyed i.n
Exanple 1, a back filmprovided with patterned functional material filns of
ni ckel was prepared. This back filmwas 15 coated with sl'urry which was
simlar to that enployed in Exanple 1 for formng a ceram c green sheet,
and dried. The ceram c green sheet hé (3 by the back filmwas subjected to
steps simlar to those in Exanple 1, to prepare a nmultilayer ceramc Y
capacitor. 20 The ceramic green sheets were 10 umin thickness in™
Exanpl e I and Conparative Exanple, while each of the first and second
ceram c green sheets 13 and 24 was 5 umin thickness in Exanple 2. As to

Exanpl es 1,and a2 <N % i /aatii ol ?\%%%g{%ggzéﬁgliteﬁa'fﬁfrers@aﬁi% gl s of

the ceramic green sheets were er various pressures applied
for stackicaGatl® ¢ecdl GHERA sheglie 1Tablowsl thkowesiheg.esults. Table 1 5

Pressure Exampl’e 1 Exanple 2 Conpar ati ve Exanple 180 kg/[err] A =
A A 150 kg/cn? A A A 120
kg/[err] A A B 90 Kg/[err] A
A C 10 . 70 -Kg/ [ &ablle 1 B B
C
5 Pressure Example 1 Example 2 | Comparative Example
180 kg/cm? A A A
150 kg/cm? A A A ™~
120 kg/cm? A ' A B
90 Kg/cm? A A ' C
10 70 Kg/cm? . B _ B _ - C

A: nondefective in transfer
B:'-partially defective in transfer
C: extremely defective in transfer
15 . . _ _ . \J
It is understood from Table 1 that Examples 1 and 2 |
were superior in transferability to Comparative Example.
Thén, initial defective rates (short-circuit factors)
of the ﬁultilayer ceramic capacitors were investigated as
20 to Examples 1 and 2 and Comparative Example. Table 2

shows the results.



A:  nondefective in transfer B: partially defective in transfer C
extrenely defective in-transfer 15 It is understood from Table 1 that
Exanples 1 and 2 were superior in transferability to Conparative Exanple.
Then, initial defective rates (short-circuit factors) of the nultilayer

cerami c capacitors were investigated as 20 to Exanples 1 and 2 and
Cbnn@ﬁative Exanple. Table 2 shows theoresul ts. Table 2 Short-Circuit
Factor Exanple 1 2/ 200 Exanple 2 ' 0/ 200 5
Conpar ati ve Exanpl e 6/ 200 It is understood from Table 2 that

the short-circuit factors were reduced in Exanples land 2 as conpared with
‘Conpar ative Exanple, while the short-ci%gg L f.actor was 10 particul arly
‘remarkably reduced in Exanple 2. It is préSu%able that the short-circuit
factor was regdgcet—+mreach—of—bcanphes—t—antd—2—as—conpared—wi h Conparati ve
Exanpl e since| pi nholes in the ceram|c @hesrt-glieetd tiwFastteanoved by t he heat
and pressure gpplied in the step of |15 transferring the cefamc green

sheet fromthe flrsfgggggle 1 2/200

Example 2 0/200

5 Comparative Example 6/200

It is understood from Table 2 that the short-circuit
factors were reduced in Examples 1 and 2 as compared with
Comparative Example, while the short-circuit factor was

10 particularly remarkably reduced in Example 2. It is
presumable that the short-circuit faétor was reduced in
each of Examples 1 and 2 as compared with Comparative
Example since pinholes in the ceramic green sheets were
removed by the heat and pressure applied in the step of

15 transferring the ceramic green sheet from the first back
film 11 to the second back film 12 while the short-circuit
factor was further reduced in Example 2 as compared with
Example 1 due to an effect attained by the superposition
of two ceramic green sheets.

20 Although the present invention has been described and
illustrated in detail, it is clearly understood that the
same is by way of illustration and example only and is not
to be taken by way of limitation, the scope of the present
invention being limited only by the terms of the appended

25 claims.



film11l to the second back film 12 while the short-circuit factor was
further reduced in Exanple 2 as conpared with Exanple 1 due jue To an eff ect

attained by the superposition of two ceramc _greenu"lma ,'u"
Al t hough the present invention has been ‘Zescrl bed , H !
detail, it is clearly understood that th sane i s by way tof m atlon
and exarrpl e onfyammsl:is not to be taken by way of |[imtation, the scope of
the present invention being linmited only by the terns of the appended 25™
cl ai ns. CLAI MS: 1. A met hod of stacking ceramc green sheets, said
met hod conprising the steps of: preparing first and second back filnms; 5

form ng a ceramic ghemethbdebfostazkdnyi telrabdek gridell dHeauS] erddfy said
ceram c green sheet fromsaid first back filmto sai d second back film

whi l e directi methodutompuisingatke ofteps doferami ¢ green 10 sheet
being formed on said first back filmtoward said second back film and
transferring sai d derepiring ebirsteandfseronsdibaclkechitnédack fil mto ot her
ceram c_green sheets, being already stacked with each other, while
di rectithg said forming a ceramic green sheet on said first back
£ilm;
transferring said ceramic green sheet from sa.id
first back film to said second back £film while
directing an outward surface of said ceramic green
10 sheet being formed on said first back film toward said
second back film; and
transferring said ceramic green éheef_from said
second back film to other ceramic green sheets, being
already stacked with each other, while directing said
15 outward surface of said ceramic green sheet being held

by said second back film to said_ already stacked

ceramic green sheets.

2. A method of stacking c_:e_ramic green sheets in
accordance with claim 1, | wherein sa:Ld step of
20 transferring sald ceramic green sheet from said first
back film to said second back film includes a step of
applying.heat_: and pressyre to said ceramic- green sheet
through said first and second Back films whiie holding

said ceramic green sheet between said first and second

A



15 outward .surface of said ceram c green sheet being
. f\h
S

d by said
second back filmto sai-d al ready stacked ceram c —gree 2.

he A

nmet hod of stacking ceram c green sheets in gccord ith claim1, wherein
said step of 20 transferring said cer C greﬂj“ ,” muﬂdfirst
back--filmto said second back filmincludes a ste I e and

preqgyre to sai d dsseli £igkeen sheet through said first and second back
films while holding said ceram c green sheet between said first and second
back filnms. 3. A nmet hod of stacking ceram c green sheets in accordance
with claiml or 2, further conprising a step of formng a patterned
functional materiad. filn method oofsathdeimndckazakiti |green adheret® oinsai d
step of transferring said ceram c green sheet fromsaid first back filmto
sai d second back fat¢eprdandef withi arldimualeoral2fi Furbbeng domprsifssimgedawi t h
sai d cerami c green sheet in said step of transferring said ceramc 10
green sheet from sskepPsefofiorpiog A Datterned) fundtdensal seatesdial cBilmi c
green sheets in accordance with claim3, wherein said functional nmaterial
filmincludes a coRuEadd mecendabagk hilm inpad¥aned of SedckiFheR cPfini c

green sheets, said ) . . \ )
transferring said ceramic green sheet from said first

back film to said second back film, said functional
material £film being transferred with said ceramic
green sheet in said step of transferring said ceramic

10 green sheet from said second back film.

4. A method of stacking ceramic green sheets in
accordance with claim 3, wherein said functional

material film includes a conductor material film.

5. A method of stacking ceramic green sheets, said
15 method comprising the steps of: |
\/ . preparing first and second back films;
forming a first ceramic green sheet on said first
~back £ilm; .
providing a patterned functional material film
20 and forming a second ceramic green sheet on said
b second back film;
bringing said first and second ceramic green

sheets into contact with each other for transferring



films; formng a first ceram c green sheet on sa
providing a patterned functional nateri al f|Im2
ceram c green sheet on said second backiilm bri ng| ng said first and

15 met hod conprising the steps of: preparing fl‘““\t“ d back
é

rm ng a second

second ceram c green sheets into contact with each other for transferring

said first cersg{?é: Q:fn?set[) §Q§§‘B g@egﬁl Qs | rs ]tb&gﬁ%;;ian’ﬂgsﬁab%ciecond v

ceram c green sheet; and rans I Ng Sal I rs second cerammc gree

sheets and sai t ] eramc green

sheets being a qur eag:cé stac eéﬁﬁ'i%eeggfﬁlcrﬁ r?%é%_%%’e |reag%| ng an out ward

surface of said fi ft%taﬂ-‘seﬂ"e%?l% (f%qra Fie8e Reld Sl %\éé%ﬂh d back
cera .

filmtoward said al ready stacKe m c green sheets od of
stacking cer aHeeds,eAnahaR{id | fuhbtionaldGhX&HKE FWikh t&! %ltmez5

n”

wherein said step of transferring said first ceramc green sheet from
sai d fisrst baderanie tgrem kleeosndostngnalrgadgnseheked Rikudeach step of

appl yi ng heat and pressure to said first and second ceram c green sheets

t hrough sai d t&her whiilestiizrdtimgoad dackatfd|swridte eohaadingizsicd fir st

ceramic green sheet being held by said second back

film toward said already stacked ceramic green sheets.

6. A method of stacking ceramic green sheets in
10 accordance with claim 5, wherein said step of
transferrir_lg said first ceratﬁic green sheet from said
first back film to said second ceramic green sheet
inéludes a step of applying heat and pressure to said
first and second ceramic green sheets through said
15 first and second back films while holding said first
and second ceramic green sheets between said first and

second back films.

7. A method of stacking ceramic green sheets in
accordance with claim 5 or 6, wherein said second
20 - ceramic green sheet is formed after said functional
material film is provided in said Step of providing
said functional material film_ and forming said second

ceramic green sheet on said second back f£ilm.

8



and second:ceram c green sheets between said first and second back f1T ns.
7. A net hod of stacking ceram c green sheets in ajﬂmn ' ] imb
or 6, wherein said second 20 ceram c green she wﬂﬂlnmwn H r said
functional material filmis provided in saZ@ step of *prévi Hinyg sal

functional material filmand form ng said second ceram c green sheet—on

sai g second back gi.lm a mefhdd of” SELERINGT dHratkidiggeeean shaseen jgheet's
in accordance with any of claims 5, 6 or 7, wherein sard functional

~material filminchedesdancenediehoaniBioE cakihisl B, 6 o2 7,Awherbed &aid
preparing a ceram c green sheet for transfer to a stack of ceram c green
skeets conpri si ngfudietiivnzg. heegtiafiattlnflinrbudesa ebndoetosr aaterdaden 5
sheet by contact with and separation froma first backing sheet; and
.pltiovi di ng a secondifiacki ng sheet on the other face of the ceram c green
sheet . '

£



10. A nethod according to claim9 wherein the st I ning the
surface of one face of the ceram c green sheet c mlmmi@l“uulll;njmls of :
form ng the ceram c green sheet on t he XV rst backrngcl ayery and

transferring the ceram c green sheet to the second 15 backi ng | ayer by
contacting the expdseethat fur t(Hrepaaring @ gegemisheptean tshedte fearond
backi ng sheet and separating the first backing sheet fromthe face oppos;

to the exposedyansfen 1. ta ma hostarkor 8fng qaranis m grepdr eishaats ceram' c
20 green sheet, co rises first and second ceranic green sheet

sub- | ayers eadtPtR¥ a respective backing sheet and wherein the step

he exposed %Efa%eyg'““ $ithe eutads hl el e, Fome & ”S‘ezm""”ta"éhﬁg
Sub T aybre. %‘p%”‘kneﬁﬁo?%‘i%o%?% o o, BERhE Lol RGO ST L i e

a patterned fiy é:§¥¥é€d ween one of the first and second backlng
sheets and an a Jace t ace of the ceram c green sheet. 13. A nethod

for stacki ng Gs¥AMEinY o Eettifl DackiRlg Bheet h ¥HPSther face of

the ceramic green sheet.

10. A method according to claim 9 wherein the step of
10 defining the surface of one face of the ceramic green

sheet comprises the steps of:

forming the ceramic green sheet on the first backing

layer; and

transferring the ceramic green sheet to the second
15 backing layer by contacting the exposed face of the

ceramic green sheet with the second backing sheet and

separating the first backing sheet from the face

opposite to the exposed face.

11. A method according to claim 9 wherein the ceramic
20 green sheet comprises first and second ceramic green
sheet sub-layers each formed on a respective backing
sheet and wherein the step of defining the one face of
the ceramic green sheet comprises contacting the p)

exposed surfaces of the first and second ceramic sub-



providing a ceram c green sheet by the nethod of claim9 or any claim
dependent thereon;, 10 - transferring Z4he ceramc green sheet

to a predeterm ned | ocation by contacting the exposed face of the ceram c
green sheet with thayeredendrsaépavatboat tba Bagkiagoslngtt AECKeeBHI®batRPNng

| ayer. 14. A nethod, supstantially.as hereinbefore cribed 15 with
refgrence to Figurglésgfa? eSar W nGEraTsc iyﬁﬁiﬁgggéﬁbstantially as

her el nbefore described with reference to Figures 1.and_2 of .t he_draw
12. A method according tg any one of cfaims 9, lgnggs

11 wherein a patterned film is disposed between one of
the first and second backing sheets and an adjacent

S face of the ceramic green sheet.

13. A method for stacking ceramic green sheets
comprising the steps:
providing a ceramic green sheet by the method of claim
9 or any claim dependent thereon;

10 transferring the ceramic green sheet to a
predetermined location by contacting éhe exposed face
of the ce.ramic green sheet with the pfedetermined

location and removing the second backing layer.

14. A method substantially as hereinbefore described

15 with reference to Figure 3 of the drawings.

- 15. A method substantially as hereinbefore described

with reference to Figures 1 and 2 of the drawings.
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