;e3e:6679.J9*t:6: T:cj1 METHOD AND APPARATUS FOR PRODUCI NG CERAM C GREEIg

SHEET BACKGROU ENTION 1. Field of the Invention The present d JUNTIK
|rTvent| on rel a%ﬂ[ﬂ M@E od and an apparatus for producing ceram c green
sheets, the rre ratus being used for producing ceram c green

sheets for use in I'¥PPMated capacitors and ot her devices, and nore

particularly, to a nethod and an apparatus for producing ceram c green
sheets each supported by carrier filnms. 2. Description of the Related Art

In recent years ted ceram c el ectronic conponents such as

| am nat ed cap m“m@ W“ M t hi ckness of ceram c |ayers di sposed between

i nternal el ect ecom ng very small. This results in the reduced

t hi ckness of cerani®'%jreen sheets usedl Therefore, typically, a ceramc
green sheet is forned on a carrier filmconstituted of a synthetic resin
film and is Treated while being supported by the carrier film Wen
formng a ceram c green sheet by applying ceramc slurry on a carrier film
the carrier filmnust be kept clean. Thus, various nethods have been

adopted in order to renove the foreign substances, such as dust or dirt, on
the surface of the carrier film |g 7,1S a SChEITB.tIC side view for

expl ai ni ngMgTﬁQ%ﬁ'\%ﬁf/’th@ FGR Ushie %BﬁMﬁCﬁﬁEE@rﬁiﬁ[ﬁB t he

forei gn substances on a carrier film Herein, a carrier 2 5 JUN 2003 - 2
filmb5l is transferring in the direction of the arrow A shown in the

figure, Ef\d@féﬂNﬁ@Flﬂ-@N\}@Nﬂ@ direction of the carrier filmb51. An

adhesive ro Is 1n contact wth one surface 51 a of the carrier filmb51
i n the counserield dftpe §ivertiomnd t he forei gn substances on the one surface 51
a of the carrier filmb51 are renoved by the adhesive force of the surface
of the adhesi ve Thal Iprésznt invention relates to a method and an apparatus for

producing ceramic green sheets, the method and apparatus being used for
producing ceramic green sheets for use in laminated capacitors and other
devices, and more particularly, to a method and an apparatus for producing

ceramic green sheets each supported by carrier films.

2. Description of the Related Art

In recent years, in laminated ceramic electronic components such as
laminated capacitors, the thickness of ceramic layers disposed between internal
electrodes is becoming very small. This results in the reduced thickness of
ceramic green sheets used. Therefore, typically, a ceramic green sheet is
formed on a carrier film constituted of a synthetic resin film, and is treated while
being supported by the carrier film.

When forming a ceramic green sheet by applying ceramic slurry on a
carrier film, the carrier film must be kept clean. Thus, various methods have
been adopted in order to remove the foreign substances, such as dust or dirt,
on the surface of the carrier fiim.

Fig. 7 is a schematic side view for explaining a first conventional

method for removing the foreign substances on a carrier film. Herein, a carrier



On the other hand, Fig. 8 is a side view for explaining a second
conventional nethod for renoving the foreign substances on a carrier £3 p AN 2003
Herein, a carrier film53 is transferring in the direction of the arrow A
shown in the figure. In order to renove the foreign substances on the one
surface 53a of the carrier film53, a suction nozzle 54 is disposed at a
position adjacent to the surface 53a. The foreign substances on the one
surface 53a of the carrier film53 are sucked and renoved by the suction
force of the suction nozzle 54. Wen using a foreign substance renoval
mechani sm such as the adhesive roll 52 shown in Fig. 7 or the suction
nozzle 54 shown in Fig. 8, the path line of the carrier filmb51 or 53 in
the course of transfer is not stabilized.- This causes fluctuations of the
transfer speed and tension, which results in local variations in the

t hi ckness of a ceramic green sheet. That is, each of the carrier filnms 51
and 53 in tfire Sdastmeskefring iartbé direction of the amost Alshewatimthe figtrerteibise, f or
exanple, in the nethod shown in Fig. 7, due to variations in the adhesive
force of t e theienditudinabriregion ehihecaarieefimidtm An adhasiveatais52 is ime

di ti f th B sh in. the fi that is, in the_thi

i oot on, SARCRUARERS SEBRRENaIT 02 CRTERBNLaH I P Gobitsh Srarsiarmna
tabilized. . ] ' | i . th I

of “Torei gn 0g geeaat: cubsnedBAKE Bb cyblehodid SRR bbb it ol o

occur, and [bhGvESbFHEagHARRS BR]T the Ehr!?é’ée%thé’QﬂlZés{i\%?roﬁl%Z'. nevi tably

subjected to Z 5"JUN 2D03 - 3 wvarrations int ckness thereof.

Li kewi se, in theQometieodtnondgnd, IFigi 8. isBa &ibie wew hiol igxlaifing he seasrd er film
53 is not stable because of variations in the suction force of the suction
nozzl e 54, candentiopat eredndd for enodhgdbe dbteigmedbsidneesi oe\d cabiiey filmder goes
variations in the thickness. In particular, when the thickness of the
ceram c gr diafeivhagrrier flmdftisdransirrrinain thendieastion of thecaliaviAAROWA It he pat h

i ne of thei c?rrier fildms 51 and a%rpecoms re significant, ,and_x hus,
vari ations 1 "BHE | BLaTder k9 LRARS Ty fofgian é@@ﬁ?%esg Ui Spragey

titut , j . . t
cver coms. ¢ ol Baffer Bl 345 RO Rz b WA Hicosd ot RN RIgrPiEC ] L0 et

invention RREYUAEcASTERL MR farigraBulsPRieRldmthE UneR§uPRUE 1538 of e bartier een
sheets, the nethod and apparatus preventing fluctuations of the path |ine

due to a f dimiS@rarsshskethamd reemvedl bydbe isoetjonfotdecaftthe sdetiminnpzizleebddust
renoving effect, and al|ow ng ceram c green sheets having mninmal variation
in the thicknessYhesr 88iNgt 8 TECigmsubBlANSE teMPvpl GrrAb@aism such as the

adhesive roll 52 shown in Fig. 7 or the suction nozzle 54 shown in Fig. 8, the
path line of the carrier film 51 or 53 in the course of transfer is not stabilized.
This causes fluctuations of the transfer speed and tension, which results in local
variations in the thickness of a ceramic green sheet.

That is, each of the carrier films 51 and 53 in the course of transfer is in
an unstable state. Therefore, for example, in the method shown in Fig. 7, due
to variations in the adhesive force of the adhesive roll 52, the carrier film 51
fluctuates in the direction of the arrow B shown in the figure, that is, in the
thickness direction, and hence, the path line of the carrier film 51 is not
stabilized. Consequently, when ceramic slurry is applied after the removal of
foreign substances, variations in the amount of ceramic slurry applied occur,

and the ceramic green sheet ultimately obtained is inevitably subjected to



I'n accordance with a preferred enbodi nent of the present invention, tfg[mszg
i's provided a nethod for producing ceram c green sheets. The nethod
preferably includes the steps of transferring a carrier filmin the

| ongi tudi nal direction thereof, renoving foreign substances on the carrier
filmsurface opposite to the carrier filmsurface in contact wwth a support
roll, at the portion where the carrier filmis in contact with the outer
peri pheral surface of the support roll, using a foreign substance renoval
device, while supporting the carrier filmby the support roll so that the
transfer direction of the carrier filmis 2 5 JUN 2003 - 4 changed by
the support roll, and formng a ceram c green sheet by providing ceramc
slurry on at |east one surface of thexarrier filmafter the foreign

subst ances have been renpbved. Preferably, the portion where the foreign
substances are renoved by the foreign substance renoval device is |ocated
appr oxi matyakidticds ih hige thidkaebsitHangdf. center of the carrier filmportion where
the carrier filmis in contact with the outer peripheral surface of the
support roll. | bikewisar in thaelraethed ghown @ Figh&, thet pathl line cftteocateiacfinmi th a
preferred enbodi ment of the present invention, the ceramc slurry is

appl i ed orb3iado¢ stableckbegausemas yarfiatianstin dhe auction foree afdheisyetictunezzisces have
been renoved. I n another particul ar aspect of the nmethod in accordance with
a pref or r ot BRECE AEFAMIGOrean.ShRe SoANItholen (MDY HBdSEons: \arelions y | <

appl i ed anEﬂ§m§§EE§§r filmsurface opposite to the carrier filmsurface
fromwhich the toréign substances have been renoved. In accordance with

anot her pref err g, a0badi, WRRh tRé tHifleheBS 88 B! cdrBRNGbBR shb&BE Pediiell OVi ded an
apparatus for producing ceram c green sheets. The apparatus includes a
delivery rinélinfluehcésediflugtuatibn of ¢ag pat like lomthe dafrsrstiles SMiandasd anged to
transfer the carrier filmdrawn out fromthe delivery roll in the

| ongi t udi riEcotier eoré aigrifieant odnd dhusu pyaviationsolin tiselppeal tthichnedscotdneier film
on the outer peripheral surface thereof so as to change the transfer

di r ect i on SGramiggrees sheats paygponstifded adrere gsspempwbiefoyval devi ce di sposed
so as to renove the foreign substances on the carrier film surface opposite

to the carrier filmsurface in contact with the support roll, at the
portion where the carrier §i\MmARY DPPAELRY bRe outer peripheral surface
of the support roll, and a ceramc-slurry applying device for applying

ceram c slurry @n érder c@r loveicofrid rthé upfodidind r edacibeg habd\e, preférrdd U N 2003
forei gn substances have been renoved, and for thereby formng a ceramc
green sheatmbdimeelsaifithe présent invention prdvidenageethedmndl ardepparatussfodi sposed

so as to renpve the foreign substances on one carrier filmsurface
appr oxi matREPYUCRG  ¢REaMiSH gireeni $haets eieermethod hand apRRasAtus| PHEVSOERY on wher e
the carri &

uc[uialtig]né of (?anrgaefﬁtlinc\évi dEJQ t(t) %efo?eli'grp (s)ﬁtgstér?c!el fremoval device, without
reducing the dust removing effect, and allowing ceramic green sheets having
minimal variation in the thickness thereof to be thereby stably produced.

In accordance with a preferred embodiment of the present invention,
there is provided a method for producing ceramic green sheets. The method
preferably includes the steps of transferring a carrier film in the longitudinal
direction thereof, removing foreign substances on the carrier film surface
opposite to the carrier film surface in contact with a support roll, at the portion
where the carrier film is in contact with the outer peripheral surface of the

support roll, using a foreign substance removal device, while supporting the

carrier film by the support roll so that the transfer direction of the carrier film is



I'n a particul ar aspect of the apparatus in accordance with a preferreQS‘msz3
enbodi nent of the present invention, the foreign substance renoval device
is a contact-type foreign substance renoval device for renmoving the foreign
substances while being in contact with one surface of the carrier film In
anot her particul ar aspect of the apparatus for producing ceramc green

sheets in accordance with a preferred enbodi nent of the present invention,

the foreign substance renoval device is a noncontact-type foreign substance
renmoval device for renoving the foreign substances on one carrier film
surface w thout contacting the carrier filmsupported by the support roll.

In still another particular aspect of the apparatus for producing ceramc
green sheets in accordance with a preferfred enbodi ment of the present
i nvention, the support roll is a drive roll coupled with a rotational

driving source, and the drive roll doubles as a | east one portion of the

t ransf er ughdnged royathieusuppert i and draningaa peecamicf grebe sappabaipusviding
produci ng ceram c green sheets in accordance with a preferred enbodi nent of
t he presenteramiceaturynontateleast ane csuslagerof teptamiag fite\aftes the Wireiposed so as
to apply the ceramc slurry on the carrier filmsurface fromwhich the
forei gn suBHbstANces NaxYG EeRREIMPEYoved. In a yet further particul ar aspect of

th f ' ' 2 JUN 2003 - 6 [

accor fnce. wi t n PR BRI AR, I, orodh SRC0ee PRSP Othe
danc: preerPed EHbaTH : i _

Crurry on {Re Q@R K BAARY  FphRl UBRESTE T, PR TpERET o

from whi chloh§m1dw| Rlefifr f¥5d BAGIBE filARP6rtiBASIhdre MY 8&hried Ngn APPVEONARE ot her
aspects, features, elenents, characteristics and advantages of the present

i nvent i on with thebautet peripheral sutfhee dicthe suppart dwt ai | ed description of the
preferred enbodi nents of the invention in conjunction with the acconpanyi ng
dr awi ngs. In a particular aspect of the method in ‘accordance with a preferred
embodiment of the present invention, the ceramic slurry is applied on the carrier
film surface from which the foreign substances have been removed.
In another particular aspect of the method in accordance with a
preferred embodiment of the present invention, the ceramic slurry is applied on
the carrier film surface opposite to the carrier film surface from which the
foreign substances have been removed.
In accordance with another preferred embodiment of the present
invention, there is provided an apparatus for producing ceramic green sheets.
The apparatus includes a delivery roll for feeding a long carrier film, a transfer
unit arranged to transfer the carrier film drawn out from the delivery roll in the
longitudinal direction thereof, a support roll supporting the carrier film on the
outer peripheral surface thereof so as to change the transfer direction of the
carrier film, a foreign substance removal device disposed so as to remove the
foreign substances on the carrier film surface opposite to the carrier film surface
in contact with the support roll, at the portion where the carrier film is supported

on the outer peripheral surface of the support roll, and a ceramic-slurry applying

device for applying ceramic slurry on one carrier film surface from which the



BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic construction Y%QWNZWE
f-or explaining a nethod and an apparatus for producing ceram c green Sheets
in‘accordance with a first preferred enbodi nent of the present invention;
Fi'g. 2 is an partially enlarged side-view for explaining the positional

rel ati onshi p between the area where a support roll and a carrier filmis in
contact and an adhesive roll as a foreign-substance renoval device, in the
first preferred enbodi ment of the present invention; Fig. 3 is a schematic
construction view for explaining a method and an apparatus for producing
ceram c green sheets in accordance wth a second preferred enbodi nent of
the present invention; Figs. 4A and 4B are each partially cutaway

si de-sectional -views for explaining that-variations in the thickness occur
anong ceram c green sheets when foreign substances are adhered on the rear
surface of the carrier film Fig. 5is a schematic partially cutaway

si de-vi ew forsige aubaianteg Hahe HuedCRBsoved, \Whd Clar tthereBy ifyeningld cekimicned by

connecting the support roll to a 2 5J UN 2003 rotational driving
sour ce andgreke shdeiesi ve roll as a foreign substance renoval device for
removing dirt arlgq’ef%lrjastgly,ftlr'\g rpo}ePgen glgbasrtlgr]:c%rre(r:n%rvrai gcravigé Iismdisposed so as to
remove the foreign substances on one carrier film surface approximately at the
longitudinal center of the carrier film portion where the carrier film is contact
with the support roll.

In a particular aspect of the apparatus in accordance with a preferred
embodiment of the present invention, the foreign substance removal device is a
contact-type foreign substance removal device for removing the foreign
substances while being in contact with one surface of the carrier film.

In another particular aspect of the apparatus for producing ceramic
green sheets in accordance with a preferred embodiment of the present
invention, the foreign substance removal device is a noncontact-type foreign
substance removal device for removing the foreign substances on one carrier
film surface without contacting the carrier film supported by the support roll.

In still another particular aspect of the apparatus for producing ceramic
green sheetfs in accordance with a preferred embodiment of the present
invention, the support roll is a drive roll coupled with a rotational driving source,
and the drive roll doubles as a least one portion of the transfer unit.

In a further particular aspect of the apparatus for producing ceramic
green sheets in accordance with a preferred embodiment of the present
invention, the ceramic-slurry applying device is disposed so as to apply the
ceramic slurry on the carrier film surface from which the foreign substances

have been removed.

In a yet further particular aspect of the apparatus for producing ceramic



Fig. 6 is a partially cutaway side-view for explaining the positional

rel ationshi p between the support roll and the suction nozzle when being JUN 2003
used as a foreign substance renoval device; Fig. 7 is a side view for

expl ai ning an exanple of a nethod for renoving foreign substances in a
conventional nethod for producing ceram c green sheets; and Fig. 8 is a
side view for explaining anot her exanple of a nmethod for renoving foreign
substances in a conventional nmethod for producing ceram c green sheets.
DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS Fig. 1 is a schematic
construction view for explaining a method and an apparatus for producing
ceram c green sheets in accordance with a preferred enbodi nent of the
present invention. This first preferree enbodi nent of an apparatus for
produci ng ceram c green sheets preferably includes a delivery roll 2 around
which a long carrier film1l is wound. As a carrier film1, an appropriate
synt heti ¢ ge®nnsiiédtsnihaztaogdandeowith| angefaread pmbpdintent sfutie asesent

pol yet hyl ene phthalate film is preferably used. On the other hand, a

t ake- up rolnvegtidrs thé etaeid-shurna agplyingrdayider sndispesedieso \asrip apply the The
delivery roll 2 and the take-up roll 3 are coupled with a rotational

drivi ng’ sof®@ai¢ seryseihiirg catieh il suripse QPPosite ta SeacasisalfinaSWiesg sour ce

S arr A0 S0 I IRl HekesFAIE bEkn ik, from the delivery roll 2
The above and other aspects, features, elements, characteristics and
advantages of the present invention will be clear from the following detailed
description of the preferred embodiments of the invention in conjunction with

the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic construction view for explaining a method and an
apparatus for producing ceramic green sheets in accordance with a first
preferred embodiment of the present invention;

Fig. 2 is an partially enlarged side-view for explaining the positional
relationship between the area where a support roll and a carrier film is in
contact and an adhesive roll as a foreign-substance removal device, in the first
preferred embodiment of the present invention;

Fig. 3 is a schematic construction view for explaining a method and an
apparatus for producing ceramic green sheets in accordance with a second
preferred embodiment of the present invention;

Figs. 4A and 4B are each partially cutaway side-sectional-views for
explaining that variations in the thickness occur among ceramic green sheets
when foreign substances are adhered on the rear surface of the carrier film;

Fig. 5 is a schematic partially cutaway side-view for explaining the

process in which the drive roll obtained by connecting the support roll to a



_ g._the take-up roll 3 while controlling the tension of the carrier {EUﬁN2%3
so as to be constant. The transfer unit according to this preferred

enbodi nent of the present invention preferably includes thus includes the
delivery roll 2) the take-up roll 3, and the rotational driving source
coupled with the delivery roll 2 and the take-up roll 3. Between the
delivery roll 2 and the take-up roll 3, a support roll 4 is provided. fn
this preferred enbodi nent, the support roll 4 is preferably constituted of
a rotatable roll, and is arranged so as to be rotated in the direction of
the arrow C shown in the figure, as the carrier film1l is transferred while
being in contact with the outer peripheral surface of the support roll 4.
The support roll 4 is disposed so as-tg change the transfer direction of
the carrier film1l. Specifically, in this preferred enbodi ment, once the
carrier film1l transferred fromthe delivery roll 2 passes the support rol
4, the transbtonallidrigagisolreef andtheCadidstie rollla¥ d fargighhaubgRmhck temot/ae
direction of approximately 90 with respect to the initial transfer

di recti on. delgegefarremoiieg elict end dost frdme thehtaamgderi aartidrdilmr ansf er directi on of
the carrier film1l is not particularly |limted. The extent of the change in
the transfer dirfdgt Bois peparbalymsriawayasidatyinn fopxelaining thee posiignghan about

90. The carrier filmJ1l, therefore, i.s transferred toward the take-up roll 3
w1 o et mEBiafEnshin Shttvegh MRS SHEPGH, (ol anel T HERR nolgzibaute Poinee B or |

roll 4. On 5'3%%154}}6#05%%3J§5}0@%9@%[ oxi mate | ongi tudi nal center of the

carrier filamlp carrfer filml is in contact with the
outer peripher alrigUuf fsa¢ 6108 hidWfor SPRRMidg &0 kkarflple®? aaHERSH Y& ;@mdvirﬁ;h' S
brought into contact with the carrier film21 surface opposite to the
carrier fi foreignssubfstareesnincant@wentidndd mbtodufoerprpeudipd ederdmiugfeate of t he
support roll 4, and foreign substances such as 2 5 JUN 200; - 9 dust or
dirt on onéhestsfamse of the carrier film1 are renoved by virtue of the
adhesive force of the adhesive roll 5. The adhesive roll 5 is arranged so

! S..°
that the outer pafi BHerEapidgueyder exiriBig RRRINSRRAMRIERIs] methed ifer ar r anged

so as to ¢ . Su rol.l .4 w . i plm.l i r posed

t her ebet V\Bg@%&&ﬁﬁg ﬁﬂggg%pﬁg}%gr}cgg 'é%%ﬁ\}ﬁgﬂéﬁﬁﬁ%hh{jj@t {)40958'%%%&%"\% roll 5
is pref erag}één%@t@s a foreign substance renoval device. At the portion
where the adhesive roll 5 is in contact wwith the carrier film1, the
carrier film1l surface opposite to the carrier film1l surface in contact
with the adhesive roll 5, is supported by the support roll 4. Hence) even
if there are | oc&ETAKERDESCRIPTIONORPRESERREREMBODIMBNTSdhesi ve surface
of the adhesive roll 5, fluctuations of the path |ine during transfer is
prevented. The cEBr{ &} amchamatioaprirusian iy toRexpPlgningA raethee ANEE r enpved
by contacting. the ive r LS. tran rr oward..t he t -up roll
5 A cer anPRoaells B nel Soramic gl SRER T AELLANGLUN AeleifRbr: Tol
4 and the baRdRedtdf thedresntlilNehtiBhef erred embodi ment) the ceram c-slurry
applying device 6 1s provided in order to performan application of ceramc
slurry 7 preferabhiy fivdtpréefettedtanmbddiradst @Hmeﬁparéms&osbwdutir?p@irbmi on

met hod, however, an extrusion nethod such as the roll nethod or the die

met hod may greest shaabt ereferatlly idsiudgs tehdeliveryarillc2 skaundywhichl ayiang clrviece 6, the
ceramc slurry 7 is applied to produce a predeterm ned thickness, on the
surface of filnhd igwoundr As g garrisffiing A, AR arproBrateryRdtelieresin filmdavingd t he

surface of which fareign substances haye been r d,..and there a
ceram c gr ¥ ei 1o 55’9 ‘P%errﬁ‘e&.”g}l‘ r?ssﬁ&PY%?t'ﬁﬁﬁ%P,ﬁ[@Yagﬁrfgwi & @f%@??%z%eet is
formed on tuggdcarrier film1l, and is taken up by the 2 5 JUN 203 - io
On the other hand, a take-up roll 3 is disposed at a distance from the
delivery roll 2. The delivery rofl 2 and the take-up roll 3 are coupled with a
rotational driving source (not shown) such as a motor. The rotational driving

source is arranged so as to transfer the carrier film 1 from the delivery roll 2 to



take-up roll 3. In accordance with this preferred enbodi nent, since

portion where the adhesive roll 5 is in contact with the carrier f||W2ﬁJUN2M3
the course of transfer causes alnbst no fluctuation in the path line of the
carrier film1l as described above, the ceramc slurry can be applied with
very high accuracy, on the carrier filmsurface fromwhich foreign

subst ances have been renoved. This allows a ceram c green sheet having
virtually no foreign substances and having mninmal variations in the

t hi ckness to be easily achieved. Meanwhile, in this preferred enbodi nent,

t he portion where the above-descri bed adhesive roll 5 contacts the carrier
filml, is preferably at the |ongitudinal center portion of the carrier
film21l area where the carrier film1l-is in contact with the outer

peri pheral surface of the support roll 4. This will be described in nore
detail with reference to Fig. 2. Fig. 2 is a schematic enl arged side-vi ew
illustratihg tbh@-up%tllfi)wm@%ﬁtrblh@f ¢ed kdrdiorf bf Melcqrfias abn Retaeenbehe
support roll 4 and the adhesive ro 5. The carrier film1l is transferred
whi | e bei nepristardonhettransfdr wie aocrdingpter thpé epraferredr érabediofent lné thappor t

roll 4 so as to change the transfer direction thereof. In this case, the
angl e rang@eReRhinyeafitn prefReabbaingudest ug ncludes nthg ofelivery ot h”-’ tthe out er

2o P R o BB vk B SERBR S sP2 70

pressure-c t i rier film21 approximately at the center of the arc
wth respeé:)r'?&?"(é t?hé n&f‘g’% ng angle Y. This allows the fluctuation of the

path |ine of thedigesn B Bbh\f@r\% réIP 2heiee kb MB) dIPE ey 80pSSH réif 4ii8 evi dent
fromFig. 2, the fluctuation the path line hardly occurs so long as the
adhesi ve rprlolwdédl S thnthisomirefetretM émbodimengr theesuppdrinrall W tisi prefarably 2 5 JUN
2Un - m above-nenti oned wapping angle Y. The larger the w apping angle
i's, the noeenssituted yofthaotatahle uall.i ard d¢ arraagpdt$o lBsnte be mokateddnrtner film 1
i s prevent

t her ef r ef |l e that the w n e not
| ase than Qisienssaagay & RBoardie farte: Bdibfrgp (R catangienen m 1

the pressubBIEERCR gy ol ABLOUEF pbtiptra®sfitRerl 68 ¢ padlgld bore o
transfer tHge GAPpbAR rofl 4l 1§ dispbddd 5@%5'[1‘6”&#&9@& t'ﬂ@rt%}fsfaebl%tlbﬁcéfelﬁéed Fig.

3 is a schematic construction view for explaining a nethod and an appar at us

for productagectiram cSHoifalls vetHis prefereat embedia®ntyidride ahs esoie filpt ¢f er r ed
enbodi ment of the present invention. In the apparatus for produci ng ceramc
green sheetransferred domalahe edelivety rdlle2spassed {heeswepnosd rahiodherdransésr t he
present inventjion, the carrjer filml js delivered froma delivery roll 21.

The del i veﬁ\yeqt@moféfie carrisr diny 1 4 chanrged intg thegditaedion of pRROFIMaIel P used in

fromt ne Bl VERFE o ReJGhERRnsi Arefon Hellsyer dng BRRP YL IF othefar o7 e
take-up 1 ol i rBndiBe dirbétith erﬁieeeérﬁer FiEROClidTRBE padfidiaPBiidd! qheal

el ement of the transfer unit. The carrier Imlis transferred in the

direction gktehhef t’hrer@WnZ}eSﬂﬂmtrbﬁsfbhﬂlrécﬂ@wma Bewnsiter ham dboptobheordel i very
roll 21, a support roll 24 and an adhesive roll 25 are provided. The

support rommayde lessitheheabadh@®i ve rol | 25 are preferably sinmilar to those in
the first preferred enbodi nent of the present inventjon. The carrier filml

is therefore tral¥ &arieq filntth tf‘ﬁ@f‘t‘rﬁ‘ah%f"éF‘Sf&I'rPQGPWBHj f”?eF%‘@f“R:lﬁ@h&ed by the
t [ ] .24,. whi bej nt act | f

of Phhe. supibié Bpinbih 58St B Jiadl ot Suldts S ESuliR B2 200 R°°

2003 - 12 filmgd, ?M’{ B@%? haRP L Ithe aEBro&nﬁatS%ﬁdlt%mfa\ LRtdr SthkaGErid contact

wi th the support are reno
film 1 portion where the carrier film 1 is in contact with the outer peripheral

surface of the support roll 4, an adhesive roll 5 is brought into contact with the
carrier film 1 surface opposite to the carrier film 1 surface in contact with the

outer peripheral surface of the support roll 4, and foreign substances such as



The .second preferred enbodinent is different fromthe first preferred 25 JUN 200
enbodi nent in that a backing roll 26 is provided downstream fromthe )
support roll 24 and the adhesive roll 25. The backing roll 26 is arranged

so that the carrier filmsurface fromwhich foreign substances have been
removed by the adhesive roll 25 contacts the outer peripheral surface of

the backing roll 26. Mre specifically, in this preferred enbodi nent, the
carrier filml is transferred while the carrier filmsurface from which

forei gn substances have been renoved is in contact with the outer

peri pheral surface of the backing roll 26. Herein, the ceramc slurry 7 is
applied, preferably via a ceram c-slurry applying device 6, on the portion
where the carrier filml is in contact gw-th the outer peripheral surface of

t he backing roll 26, and thereby a ceram c green sheet is forned on one

surface of the carrier film21l. As described above, in the second preferred
enbodi ment dust toceirit &e onarguriace fdflthe Tarrier fikier aesd réniovdie b adrttiengf thel | 26,

the ceramic slurry is applied on the carrier filmsurface opposite to the
carrier fi ladhssive focee bftbmadhisive falk®i gn subst ances have been renoved, and
thereby a ceram ¢ green sheet is formed. Hence, foreign substances hardly

exi st between t he®@aBesiyRrolhifeisaprangedas that thaeoWae RefiRNearal sufareand t he

i fil 1 f that is inpn, tact, with. the backi [l . Thi
C e T Yot 36shBPbnt oI ERD A0S BB 0ERRl of 8., Thee
This will Qﬁ‘hﬂﬁéﬁ‘r"’r@?ﬂ"‘i?E#Fff%sg?wfgbé%"& o eference to Figs. 4A and 4B.
n artia

Figs. 4A a are p cutaway sectional views for explaining the
process in whi chint Qs CeFetdréd SéHbENmMEnt, Sa2BBhta8CyBY blifashRY adli CsSisurry
appl yi ng device 6 2 JUN 200 - 13 wusing backing roll 26. Suppose that,
as shown i préfemblyidsed e acforadgm sliostengnresndvat dadiee.2 7Atathe qeticduwhaee 1 a of
the carrier film1 against the backing roll 26. In this case, the carrier
film1 wl the)adigsiveutoldr iglig cantachwith dha carenfilar &, theecarderdiign! swfiddeance 27

3%??23 w RPRTE g 27 Ty &s?h%@g R MR
Sl urry- appr BRI BLER SBBRR b1G, eRBrE R GR e ReaTharatpla i, Cur o

That i's, thane&uéfarEe Bf #RMANSRE stfabdbAhBEiNBETe Rolf b UiuciuztieRs lof fld ON
defective portion having a very thin filmthickness. 1n contrast to this,
in the seceath Ieed@ingarhrefdrosipreshtedsi nce the surface of the carrier filml
which is fed to the backing roll 26, and the surface of the carrier film1l
whi ch is abuttedTheysarier firhel sdidy hazhagbe doretgir Suesiangest iedyadkiivng r ol |
26, has previously been cl eaned by the adhesive roll 25, a

slurry- appICPEQPf"(‘% the radhesiye r&ﬂsgr'isbtéﬂ‘sg?fé% towarg, e EHR FI3ocurri ng.

In the sec et al I ' sheet
navi ng a1 o THES RSB RERER 5 Broland DEUERRYER ST AT AR BR 70 e
second prefged gl rgiodi ment, as in the case of the first preferred

enbodi nent, since the adhesive roll 25 is in contact with the carrier film
1 at the area whpy tig Eeef@raécu iepibddirhént/] tHes cérantesluagt apiljing ideeiceupport rol |
24, fluctuations of the path line of the carrier film1l due to the adhesive
rol | 25 ar erovidedint eder Thperieis en mpplicatioe ©f cotamic \sturiyal ipeeferably vieea sl urry
application. In the first and second preferred enbodi nents, the support

rol |'s 4 andogler Hladegrethadon i @ $iusty applicalion msthod. dloweven@n exBIsIbpor t
roll may be used as a drive rqll by, coupli he support._rol ith a

rotati onal na%ﬁg?ﬁg&gaﬂﬂ@eroﬁ%%k%Bm_d@n‘Qertlr%mSmeyN\sﬁ%ﬁ%bq u ‘:Z\f; \Iﬂ—‘vfsdﬁg 5
illustrate oy i Ji I t | i drive
ol 1 ne | MMEEEPESRY YR BRLEGS; [ CHRRR GG fo BRRA IohrRBuS Lt Ton
of the arr gnpeaewminadttiRkhésE o, the Rakaées of ihd ddigerdiimet Whith Ndtebé&ert he
carrier film1l is transferred, by a rotational driving source (not shown).
I n this catmnsfdmeddrandefronl thed4uehe® of ombith t foteign esubstamoesnthavk béen t r ansfer
unit. However, in order to apply the ceramic slurry on the carrier film1,
and to takegemovehearsaiheraby 4 iceramic\grean sheettisikamed. r il $ychag mamneraa er
stages of the drive roll, it _is gesirableh as. in the pasgs of the first or
second pr ef%F3BE YRBBANRRKIS farged RIpINE caraef Hle-TuFndots) tasenurly g h a
rotational driving source (not shown) and to take up the carrier filns 1.
Even when using the drive roll 34 defining an elenent of the transfer unit,
it is desirable to use take-up rolls 3 or 23 as the principle transfer
means. In the nodification shown in Fig. 5, since the drive roll 34 is
positively



rotationally driven, the gripping force on the carrier film1l is greatly JUN 7003
i nproved by the drive roll. Further, since the carrier film1lis pinch@é
between the drive roll 34 and the adhesive roll 35, not only is the carrier
film21l stably transferred, but also accurate control of the transfer speed
can be perfornmed. In the first and second preferred enbodi nents and the
above-descri bed nodification, the adhesive roll is preferably used as a
forei gn substance renoval device, but a w ping pad including cloth, paper,
or other suitable elenent or material, or a foreign-substance w ping bl ade
or the like may instead be used. Al so, the foreign substance renoval device
is not limted to the contact-type foreign substance renoval device which
renoves foreign substances by contacting the surface of the carrier film 1,
but a non-contact type foreign substance renoval device may instead be
used, such as a device which blows foreign substances off by a suction
nozzl e or cakgpuEASHE3] gas. Z 5 JUN 2003 - is For exanple, as shown in
Fig. 6, dust particles adhered to one surface of the carrier film1l nmay be
renoved by sucki ingaachedahes twithathis priefasrest embedigent, isircef themottiggowhesn whi ch
is in contact with the outer peripheral surface of the support roll 4,

usi ng t he dRedbesivil 2isgn cantact il Bggamigrdim L hgwrseottransier it is

R ey
I's in contagh, bl ctEFl:t‘?niBBFu‘? dé“r‘:rdefgkﬁ!i%h ﬁﬁréﬁﬁigﬁfa&hgﬁgﬁpﬂé cdrflb} - that

is) approxinat€ly a he center o e arc w respe

above- nent iff QdrMESRBIMNINIEN ErBigh - subStatess hhReBedirephdVeRl OTRis dildwshe net hod
for producing ceram c green sheets in accordance with preferred enbodi ments
of the preserdmicyest siaet hpvingrvirtuailp moviorkigrg subrstarsues famclehaving nigal ri er
filmwth ceramc slurry, the foreign substances on the carrier film
surface opp@sptienstio thenthickaess orbe easily aghiese@ in contact with the support

roll are renoved,, at the portjon ere th arrjer filmis kept in contact
with the supportMeBPYV}"E%/ F’héF“FoPé‘?\?g'ﬁe‘gu%g%ﬁE@”Fem‘f’vaqo_ i"&'éé.)'eTH?% al | ows
the surface, gl e ARG sl Bh bLARRI T E8foPfinf 91 &I ABIRILRAGeS Wi th
reliability, Irch™results™i'n 'a ceram c green sheet having nihimal | ocal
variation iighdifdfanesiter paHidl8r HeQitrrih MMASH RA DU In&leacier AR 17ighei gn
substance renoval device is disposed so as to renove foreign substances
from t he cawontaet Withl mesoutbaperiptierbihsurdaceacirier suggost ealr 4i eThiki withbe i n
contact with the outer peripheral surface of the support roll, the

f | uct uat i ordestribae ipanadre| detsil ofith meferencei or Fid.| 2n wWhige 12 iis sschematianst err ed

by the forei gn rgrm al, device hardly occurs. This enables a ceram c green
sheet havi i8¢ Fe-YigWallluptRatiign & PRRIAna NP e pemigratiny bhrsgsesd. Z5

JUN 2003 ° chlwedd! sREISLBGM 3hy 4VRE 8! SIHBURRI 8NC fRo Alafib SRR ofl i@t Lhe

appr oxi mat ongi tudin center p ron the carrier € area
where the gafnsidtfed While 'b%ir\g{’_ir?%h?a‘éi wWith ke la@te? Usstiphiafdil SHRIR! of hd ace of
the support roll, the path line of the carrier filmcan be prevented nore
reliably frsuppbiteolddor dttcenarigef thedtansfer arectianthedeafer lanthis gaiseethes heet
having m nimal |ocal variations in the thickness can be achieved. \Wen the
ceram ¢ sl wangle tangapythiredhish théearcigr filmed is inl cantaot Matbdhe ogtarpieriphefabr ei gn
subst ances are renoved, a ceram c green sheet having m nimal | ocal,

t hi ckness \arfege ohie $UpPPREHPE#da BoWIaPPEG 2R YoP$ SREWR ik FithiZe k MBHYS of t he

applied slurr ince the.ceramc slurry is applied qQn a.clean surface of
the car ri er"FUATREMRASFOAHERT fie adhiesveXoLp el utescamae o SAP R ar 1 er
filmsurfa i t } dcl Vit f i@ { &an

subst ances 3@@88®eért1&¥ea?n6§/€§?ﬁt@ﬁgr rﬁ{eeazr‘ Csulrtfgl%:sfg%g?tot ﬁe%%?ﬁ@réﬁ§%§has no
forei gn subgiigBpevatheciifiudtioardithe pattdifcoTRe odrgdr filloT tebaraHetivéipe
ceramic slurry is applied by supporting the carrier filmusing the backing
rol I, defeosrevemtedippl ying ceramc slurry are prevented. This also allows a
ceram c green sheet having mnimal |ocal thickness variations to be
provided. In theAsgpavaensirenrFigr 3dtei fiugtusdioaral dheypatinlinghbardly pecusgcor dance
wth so long as the adhesive roll 5 is in contact with the carrier film 1 within the



preferred enbodi nents of the present invention, since the delivery r0||25JUN2W
the transfer unit, the support roll, and the foreign substance renoval '
device are provided, the foreign substances on the carrier filmsurface
opposite to the carrier filmsurface in contact with the support roll, are
removed using the foreign substance renoval device, at the portion where

the carrier filmis supported by the outer peripheral surface of the

support roll, in accordance with 2 5 JIJN 2QQ3 - m the nethod of

preferred enbodi nents of the present invention. In accordance with the

met hod of preferred enbodi nents of the present invention, therefore,

forei gn substances can be reliably renoved fromthe surface of the carrier
filmwhile preventing fluctuations of- the-path line of the carrier film

and hence it is possible to stably obtain a ceram c green sheet with

m nimal | ocal thickness variations using the ceramc-slurry applying

devi ce. Ir1abﬁwghmyhamedwhgﬁmh@gn@@meign subst ance renoval device is

arranged so as to renove foreign substances approximately at the

| ongi t udi nal cenfTee lafget e weappirgy ariglé s, floe tricoa suredy thet hectuationi afrthéi I m i s
contact with the outer peripheral surface of the support roll, fluctuations

of the pat HPath hee ¥ thacarigr filar1 i pravgnted: olttindhgrefose grefetabia Hirtdhe enoval

device are nore, reliably event ed .,a ceram c green sheet having
greatly red’t‘ﬁr@QB'nQr?d‘Qﬁq 'ﬁir}?g eslsg'&%ﬂ a@?ﬂ?ggrress variations can be achi eved.

When a contact - t wpg, 4L gl RUBSIAUIES: 8RR RV Al Hhnda iRelSst e

carrier filmis used oreign su ance renova Ice, t reign

substances a8 ddiferC i i€ subjebBustyr {RCMiGBACD R It9d IRBdsNird RTRKRE of Ah§0, When
a noncontact-type foreign substance renoval device is used as a foreign

subst ance rafteéike rdit\8. cFhefeftref bietgsirabld & taesfer thie danderciimr{ ithfthé m
surface can be renoved wi thout affecting or inpairing the carrier film
surface. Wiensiphéharapihesing incfdased. t he drive roll coupled with a rotational
driving source, and thereby constitutes one portion of the transfer unit,

) | R l |
the gripping for &&-chisth&ChematiCaronsirieiansvigy dai explaipipe A BRINRH #1kaRri ve

roll, and ther t.h rier filr b fer Lt NS ility.
Particul arl %})e%ﬁ% SﬁS?ﬁ?%uclrﬁec%?We%%q gg%%gﬁﬁea%gé@gg}é\% -Vgglhpéaﬁbe&f)gfjgn
substance r Yald ElaNbBRent 6F tHE BfbsehPRveAtidd. er filmis pinched between the
drive roll 'and the contact-type foreign substance 2 5 JUN 2003 - 18

renoval device, amthe\gpeatub forpredigeingosaintic grefen shebisrinlacttrdantaniher speed
of the carrier filmwth a high accuracy. Wiile the invention has been

descri bed whelsecesgppotfetred pmiodimard of i grasent kvehiime die cadier filns 11yis
nunmer ous nodi fications and varjations of the present invention are possible

in Iight ofdeiieregerre & livavTgs 214 ¢ Thadeliyenetalid ie preferabhtdmientodhe hat
I, e B, A PR b Pl e MER | ATl ToP53cH! oo
provided at a distance from the delivery roll 21. The take-up roll 23 is
preferably similar to the take-up roll 3 in the first preferred embodiment, and
constitutes an element of the transfer unit. The carrier film 1 is transferred in
the direction of the arrow X shown in the figure.
Downstream from the delivery roll 21, a support roll 24 and an adhesive
roll 25 are provided. The support roll 24 and the adhesive roll 25 are
preferably similar to those in the first preferred embodiment of the present
invention. The carrier film 1 is therefore transferred with the transfer direction

thereof changed by the support roll 24, while being in contact with the outer

peripheral surface of the support roll 24. The foreign substances on the carrier



2 5.JUN 2003 - 19 WHAT IS CLAIMED I'S: 1. A nethod for producing ceraglg‘mgzmﬁ
green sheets by applying ceramic slurry on a long carrier film said ho
conprising the steps of: transferring the carrier filmin the [ongitudinal
direction thereof and in contact with a support roll; renoving foreign
substances on the carrier filmsurface opposite to the carrier filmsurface
which is in contact wwth the support roll, at the portion where the carrier
filmis in contact with the outer peripheral surface of said support roll,
whi |l e supporting the carrier filmby said support roll so that the transfer
direction of the carrier filmis changed by said support roll; and formng
a ceram c green sheet by applying ceramc slurry on at | east one surface of
the carrier filmafter said foreign-sabstances have been renoved. 2. A

met hod for producing ceram c green sheets as clainmed in claim1l, wherein

t he portion where the foreign substances are renoved is | ocated

appr oxi matfidiny1 surfadecopmosite tta dha gbrrizeriitrer! safrfaichdn cantacewithithenspppaditon wher e
the carrier filmis in contact with the outer peripheral surface of the
support robll 243re pemendsod for produci ng ceramic green sheets as clainmed in
claim1l, wherein said ceramc slurry is applied on said carrier film

surface from whil68 3a%ene & egrd dﬂﬁ%@s'?ﬁﬁ%ﬁﬂbgﬁ”} theofirst preferrad net hod
for pr Oduce'zrﬁgoccn%réﬁmncthg{ § %re]\cl%rn]ge; erél? 28% Srlo%ldréﬂadddwnns?rle%'rnr?rolm the support

roll 24 and the adhesive roll 25. The backing roll 26 is arranged so that the
carrier film surface from which foreign substances have been removed by the
adhesive roll 25 contacts the outer peripheral surface of the backing roll 26.
More specifically, in this preferred embodiment, the carrier film 1 is transferred
while the carrier film surface from which foreign substances have been
removed is in contact with the outer peripheral surface of the backing roll 26.
Herein, the ceramic slurry 7 is applied, preferably via a ceramic-slurry applying
device 6, on the portion where the carrier film 1 is in contact with the outer
peripheral surface of the backing roll 26, and thereby a ceramic green sheet is
formed on one surface of the carrier film 1.

As described above, in the second preferred embodiment, since the
carrier film 1 is reversed by the backing roll 26, the ceramic slurry is applied on
the carrier film surface opposite to the carrier film surface from which foreign
substances have been removed, and thereby a ceramic green sheet is formed.
Hence, foreign substances hardly exist between the outer peripheral surface of
the backing roll 26 and the carrier film 1 surface that is in contact with the
backing roll 26. This prevents local variations in the film thickness of the
ceramic green sheet.

This will be described in more detail with reference to Figs. 4A and 4B.
Figs. 4A and 4B are partially cutaway sectional views for explaining the process

in which the ceramic slurry 7 is applied by the ceramic-slurry applying device 6



2 5.JUN 2003 - 20 wherein the ceramc slurry is applied on the carrier .
filmsurface opposite to the carrier filmsurface from which the foreighd JUN 200
subst ances have been renoved. 5. A nethod for producing ceram c green
sheets as clained in claiml, wherein the step of renoving foreign
substances includes using a foreign substance renoval device that makes
contact with a surface of the carrier filmin order to renove the foreign
substances fromthe carrier film 6. A nmethod for producing ceram c green
sheets as clainmed in claim11l, wherein the step of renoving foreign
substances includes using a foreign substance renoval device that does not
make contact with a surface of the carrier filmto renove the foreign
substances fromthe carrier film 7.- Aamethod for producing ceram c green
sheets as clained in claim1l, wherein the transfer direction of the carrier
filmis changed by said support roll such that once the carrier film passes
t he supporgsiigbackindwlitaeansfer direction of the carrier filmis changed
into the direction of approximtely 90 with respect to the initial transfer
direction. 8. ASuppbsaltifabrapshamtimbigcdAathere ¢ adoreidresibstaec27aoned in
claim1, wherein the step of formng a ceram c green sheet by apﬁl yi ng
ceram c sl @na surfasegéarafdhersarries iy 1 againshihe hagkingrolh2@o0dndhis isrsgidneet hod and
an extrusion nefhod. 9. A method for, produci ceram c green sheets as
cl ai med i nc&Tieh fIH{nl‘Fwill ulge 9Wazglgsa(¥jh§gor%on wr}\gere the greigg substance 27
exists. As a resuit, as shown in Fig. 4B, when the ceramic slurry 7 is applied
with a slurry-applying blade, the thickness of applied slurry is reduced at the
portion where the foreign substance exists, so that a slurry-application defect
indicated by the arrow Z in the figure occurs. That is, the ceramic green sheet
28 obtained has a slurry-application defective portion having a very thin film
thickness.
In contrast to this, in the second preferred embodiment, since the
surface of the carrier film 1 which is fed to the backing roll 26, and the surface
of the carrier film 1 which is abutted against the outer peripheral surface of the
backing roll 26, has previously been cleaned by the adhesive roll 25, a
slurry-application defect as described above is prevented from occurring. In
the second preferred embodiment also, therefore, a ceramic green sheet
having a low local variation in thickness is produced.
In addition, in the second preferred embodiment, as in the case of the
first preferred embodiment, since the adhesive roll 25 is in contact with the
carrier film 1 at the area where the carrier film 1 is in contact with the support
roll 24, fluctuations of the path line of the carrier film 1 due to the adhesive roll
25 are prevented. This also minimizes local variations in the slurry application.
In the first and second preferred embodiments, the support rolls 4 and
24 are each constituted of rotatable rolls, but the support roll may be used as a

drive roll by coupling the support roll with a rotational driving source (not shown).



further conprising the step of directing the carrier filmonto a backing
rol | provided downstream fromthe support roll and a foreign substancg5 JUN 2003
renoval device used to performthe step of renoving foreign substances from
the carrier film 10. A nethod for producing ceram c green sheets as
claimed in claim9, wherein the backing roll is arranged so that the
carrier filmsurface fromwhich forei gn substances have been renoved
contacts the outer peripheral surface of the backing roll and the ceramc
slurry is applied on the portion where the carrier filmis in contact with
t he outer peripheral surface of the backing roll. 11. An apparatus for
produci ng ceram ¢ green sheets, said apparatus conprising: a delivery rol
arranged to feed a carrier film a tframsfer unit arranged to transfer the
carrier filmdrawn out fromsaid delivery roll in the |ongitudinal

direction thereof; a support roll arranged to support the carrier filmon
the outer pig. Sphstatessamoddieatidreinediicts heasupportcblacgestitites ardsinsfrelt. di rection
of said carrier film a foreign substance renoval device disposed so as to

renove tpel for eu?ﬁmll@abgtednae%goﬂ @W@V@dﬁz |3érledFIVﬁﬂsfthlrtT%1@€e©tp3[§b§f the to the
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subst ances (e P Hoi RIS Un eldmBnt bNIRODF STt DYIGHH dr iR RUgGubSt ance

renoval device, and orma ceramc green s An apparat us for

produci ng eppigrthe cerfrio srBebs ties catriat fivd 1) analtaltakelap thd eagien figraitd foreign
substance renoval device is disposed so as to renove the foreign substances

on one sur Wibehetakehep ol at e later stagppobtiendrivel rpll it ist desidablegas initheal cent er
of the carrier f| | m portion where the carrier filmis contact with the
outer peri ﬁﬁﬁsa‘P t§‘8rf1’r slcr %ﬁCOB%@r%m@@mm&imenta@ conpleyHisatekewd rolrd

Cubst ance. PRI Hevrbss T Shgte il SrontLerd e ol badeS o erBfs, e O
fi1mto renove,dhenbRTRIgnnsuRsh HIPSS dbhRl LRSIGAEAind ilrolne A1

appar atus for "producing Ceramc green s S as 'nc

wher ei n saiiglddsiiaictid (seRska0s follseeVzd aslthy ;ﬁ'ﬁ\clp‘k ﬁamsﬁ:m@bagt type foreign
substance renoval device that is arranged to renove the foreign substances

on one surface olin theemedification shiolvm ini KiP.oBit sicean theecdrivegralind tsamcvaltuelyh | m

supported by the support rol]l. 15. An apparatus for producing ceramc green
sheets as éq>tatl%a:!ly| lvendhmgilmplnaﬁ@ﬁcéuqm a.carrsqmlbaﬂtlsmaﬂylmprwéisbxa drive

(011 COUPL i Ml B B R PGS o Bl o S b Ut 01
produci ng Ggram feHUAMeBive NEFSS, fbt &llffsqﬁg chfier fifm 3 stablyNarQfkdred, St
also accurate control of the transfer speed can be performed.

In the first and second preferred embodiments and the above-described
modification, the adhesive roll is preferably used as a foreign substance
removal device, but a wiping pad including cloth, paper, or other suitable
element or material, or a foreign-substance wiping blade or the like may instead
be used. Also, the foreign substance removal device is not limited to the
contact-type foreign substance removal device which removes foreign
substances by contacting the surface of the carrier film 1, but a non-contact
type foreign substance removal device may instead be used, such as a device

which blows foreign substances off by a suction nozzle or compressed gas.



claim11l, wherein said ceramc-slurry applying device is arranged to ?%chy
the ceramic slurry on the carrier filmsurface fromwhich the foreign N 2003
subst ances have been renoved. 17. An apparatus for producing ceram c green
sheets as clainmed in claim11l, wherein said ceram c-slurry applying device

is arranged to apply the ceramic slurry on the carrier filmsurface

opposite to the carrier filmsurface fromwhich the foreign substances have
been renoved. 18. An apparatus for producing ceram c green sheets as

claimed in claim11l, wherein the support roll is arranged such that the
transfer direction of the carrier filmis changed by said support roll such
that once the carrier film passes the support roll, the transfer direction

of the carrier filmis changed into+4hé& direction of approximately 90 with
respect to the initial transfer direction. 19. An apparatus for producing
ceram c green sheets as clainmed in claim11, further conprising a backing
rol | provifkedexowiet aeahown imFighé, sugpparticlesladhened ta dner srfpce suflise ance
renoval device and arranged to contact the carrier film 20. An apparatus
for pr oduwaﬁ@efcémlaTﬂT@Y@%@mWéQYsS%"@I tae:ﬁyét partlcleauamrmgcarmﬁefﬂm t he
backing roll .is arran the carrjer surface from whi ch
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This allows the surface of the carrier film to become free of foreign substances

with reliability, which results in a ceramic green sheet having minimal local
variation in thickness.

In addition, since the above-described foreign substance removal
device is disposed so as to remove foreign substances from the carrier film
surface at the area where the carrier film is in contact with the outer peripheral
surface of the support roll, the fluctuation of the path line of the carrier film
which is being transferred by the foreign removal device hardly occurs. This
enables a ceramic green sheet having minimal local thickness variation to be

stably produced.
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In particular, when foreign substances are removed at the approximate
longitudinal center portion of the carrier film at the area where the carrier film is
in contact with the outer peripheral surface of the support roll, the path line of
the carrier film can be prevented more reliably from the occurrence of
fluctuations, and a ceramic green sheet having minimal local variations in the
thickness can be achieved.

When the ceramic slurry is applied on the carrier film surface from
which foreign substances are removed, a ceramic green sheet having minimal
local thickness variations is achieved only by controlling the thickness of the
applied slurry, since the ceramic slurry is applied on a clean surface of the
carrier film.

Also, when the ceramic slurry is applied on the carrier film surface
opposite to the carrier film surface from which foreign substances have been
removed, the rear surface of the carrier film has no foreign substance adhered
thereto, and hence, when, for example, the ceramic slurry is applied by
supporting the carrier film using the backing roll, defects in applying ceramic
slurry are prevented. This also allows a ceramic green sheet having minimal
local thickness variations to be provided.

In the apparatus for producing ceramic green sheets in accordance with
preferred embodiments of the present invention, since the delivery roll, the
transfer unit, the support roll, and the foreign substance removal device are
provided, the foreign substances on the carrier film surface opposite to the
carrier film surface in contact with the support roll, are removed using the
foreign substance removal device, at the portion where the carrier film is

supported by the outer peripheral surface of the support roll, in accordance with
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the method of preferred embodiments of the present invention. In accordance
with the method of preferred embodiments of the present invention, therefore,
foreign substances can be reliably removed from the surface of the carrier film
while preventing fluctuations of the path line of the carrier film, and hence it is
possible to stably obtain a ceramic green sheet with minimal local thickness
variations using the ceramic-slurry applying device.

In particular, when the foreign substance removal device is arranged so
as to remove foreign substances approximately at the longitudinal center of the
carrier film portion where the carrier film is contact with the outer peripheral
surface of the support roll, fluctuations of the path line of the carrier film due to
the foreign substance removal device are more reliably prevented, and a
ceramic green sheet having greatly reduced and minimal local thickness
variations can be achieved.

When a contact-type foreign substance removal device that contacts
the carrier film is used as a foreign substance removal device, the foreign
substances on the carrier film surface can be reliably removed. Also, when a
noncontact-type foreign substance removal device is used as a foreign
substance removal device, the foreign substances on the carrier film surface
can be removed without affecting or impairing the carrier film surface.

When the support roll is the drive roll coupled with a rotational driving
source, and thereby constitutes one portion of the transfer unit, the gripping
force on the carrier film is greatly improved by the drive roll, and thereby the
carrier film can be transferred with stability. Particularly when both of the drive
roll and the contact-type foreign substance removal device are used, the carrier

film is pinched between the drive roll and the contact-type foreign substance
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removal device, and hence it is also possible to control the transfer speed of the
carrier film with a high accuracy.

While the invention has been described with respect to preferred
embodiments thereof, obviously, numerous modifications and variations of the
present invention are possible in light of the above teachings. It is therefore to
be understood that within the scope of the appended claims, the invention may

be practiced otherwise than as specifically described.
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WHAT |S CLAIMED IS:

1. A method for producing ceramic green sheets by applying ceramic
slurry on a long carrier film, said method comprising the steps of:

transferring the carrier film in the longitudinal direction thereof and in
contact with a support roll;

removing foreign substances on the carrier film surface opposite to the
carrier film surface which is in contact with the support roll, at the portion where
the carrier film is in contact with the outer peripheral surface of said support roll,
while supporting the carrier film by said support roll so that the transfer direction
of the carrier film is changed by said support roll; and

forming a ceramic green sheet by applying ceramic slurry on at least
one surface of the carrier film after said foreign substances have been

removed.

2. A method for producing ceramic green sheets as claimed in claim 1,
wherein the portion where the foreign substances are removed is located
approximately at the longitudinal center of the carrier film portion where the

carrier film is in contact with the outer peripheral surface of the support roll.
3. A method for producing ceramic green sheets as claimed in claim 1,
wherein said ceramic slurry is applied on said carrier film surface from which

the foreign substances have been removed.

4. A method for producing ceramic green sheets as claimed in claim 1,
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wherein the ceramic slurry is applied on the carrier film surface opposite to the

carrier film surface from which the foreign substances have been removed.

5. A method for producing ceramic green sheets as claimed in claim 1,
wherein the step of removing foreign substances includes using a foreign
substance removal device that makes contact with a surface of the carrier film

in order to remove the foreign substances from the carrier film.

6. A method for producing ceramic green sheets as claimed in claim 1,
wherein the step of removing foreign substances includes using a foreign
substance removal device that does not make contact with a surface of the

carrier film to remove the foreign substances from the carrier film.

7. A method for producing ceramic green sheets as claimed in claim 1,
wherein the transfer direction of the carrier film is changed by said support roll
such that once the carrier film passes the support roll, the transfer direction of
the carrier film is changed into the direction of approximately 90° with respect to

the initial fransfer direction.

8. A method for producing ceramic green sheets as claimed in claim 1,
wherein the step of forming a ceramic green sheet by applying ceramic slurry is
performed using at least one of a doctor blade method and an extrusion

method.

9. A method for producing ceramic green sheets as claimed in claim 1,
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further comprising the step of directing the carrier film onto a backing roll
provided downstream from the support roll and a foreign substance removal
device used to perform the step of removing foreign substances from the carrier

film.

10. A method for producing ceramic green sheets as claimed in claim
9, wherein the backing roll is arranged so that the carrier film surface from
which foreign substances have been removed contacts the outer peripheral
surface of the backing roll and the ceramic slurry is applied on the portion
where the carrier film is in contact with the outer peripheral surface of the

backing roll.

11. An apparatus for producing ceramic green sheets, said apparatus
comprising:

a delivery roll arranged to feed a carrier film;

a transfer unit arranged to transfer the carrier film drawn out from said
delivery roll in the longitudinal direction thereof;

a support roll arranged to support the carrier film on the outer peripheral
surface thereof so as to change the transfer direction of said carrier film;

a foreign substance removal device disposed so as to remove the
foreign substances on the carrier film surface opposite to the carrier film surface
in contact with said support roll, at the portion where the carrier film is
supported on the outer peripheral surface of said support roll; and

a ceramic-slurry applying device arranged to apply ceramic slurry on

one carrier film surface from which the foreign substances have been removed
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by said foreign substance removal device, and to form a ceramic green sheet.

12. An apparatus for producing ceramic green sheets as claimed in
claim 11, wherein said foreign substance removal device is disposed so as to
remove the foreign substances on one surface of the carrier film approximately
at the longitudinal center of the carrier film portion where the carrier film is

contact with the outer peripheral surface of the support roll.

13. An apparatus for producing ceramic green sheets as claimed in
claim 11, wherein said foreign substance removal device is arranged to contact
a surface of the carrier film to remove the foreign substances from the carrier

film.

14. An apparatus for producing ceramic green sheets as claimed in
claim 11, wherein said foreign substance removal device is a noncontact-type
foreign substance removal device that is arranged to remove the foreign
substances on one surface of the carrier film without contacting the carrier film

supported by the support roll.

15. An apparatus for producing ceramic green sheets as claimed in
claim 11, wherein said support roll includes a drive roll coupled with a rotational
driving source and said drive roll functions as at least one portion of said

transfer unit.

16. An apparatus for producing ceramic green sheets as claimed in
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claim 11, wherein said ceramic-slurry applying device is arranged to apply the
ceramic slurry on the carrier film surface from which the foreign substances

have been removed.

17. An apparatus for producing ceramic green sheets as claimed in
claim 11, wherein said ceramic-slurry applying device is arranged to apply the
ceramic slurry on the carrier film surface opposite to the carrier film surface

from which the foreign substances have been removed.

18. An apparatus for producing ceramic green sheets as claimed in
claim 11, wherein the support roll is arranged such that the transfer direction of
the carrier film is changed by said support roll such that once the carrier film
passes the support roll, the transfer direction of the carrier film is changed into

the direction of approximately 90° with respect to the initial transfer direction.

19. An apparatus for producing ceramic green sheets as claimed in
claim 11, further comprising a backing roll provided downstream from the
support roll and a foreign substance removal device and arranged to contact

the carrier film.

20. An apparatus for producing ceramic green sheets as claimed in
claim 19, wherein the backing roll is arranged so that the carrier film surface
from which foreign substances have been removed contacts the outer
peripheral surface of the backing roll and the ceramic slurry is applied on the

portion where the carrier film is in contact with the outer peripheral surface of
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the backing roll.



