DESCRIPTICN PROCESS AND APPARATUS .FOR PRODUCI NG A LAM NATE FOR ELECTRONIC 5
"PARTS Fi'el'd of the Invention The present I nvention relates to a process and
~an apparatus for producing a lamnate for electronic parts such 10 as
<ceram c capacitors. Mre specifically, ift relates to a process and an
appar at us capabl e of producing a nulti-layer lam nate for electronic parts
with a high output on an industrial scale. Prior Art 15 In recent
years, in the field of electronic parts, along with a tendency toward

hi gh-density surface nounting, it hRESERIRTION red to reduce the sizes of

| am nate el ectronic parts such as |am nate ceram c capacitors, |amnate
varistors, lamnate filters and | am nate piezoelectric elenents and to 20

i mprove the PROCESSINIAPPARARUSHOR PRODUCING ALAMINATE FOR REECTRONIC
ceram c capacitor is taken as an exanple hereinafter. A lamnate ceramc
capacitoﬁ coﬁb?? es a plurality of dielectric ceramc layers, a plurality
of internal 25 electrodes forned between respective adjacent ceramc

| ayers and external el ectrodes connected to the respective internal
el ectrodes abliehd ofidthef InNendiienectric ceramic |ayers. Heretofore, the
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met hod, and a conductive Baste containing a netal which will_becone
i nt er nall®| cB8r GBEAMLC EAPACIEAFFadi MioFe sPPSeLTAGRLA¥ I ubt cFehrERE| toj 8

coated on ??;oE:EﬁsC&ﬁ&”&r? e h e apiid o beota%&harsqﬁﬂmﬂag#er
el ectrode patterns by such a nmethod as screen printing O
laminate for electronic parts with a high output on an
industrial scale.
Prior Art

15 In recent years, in the £field of electronic parts, along
with a tendency toward high-density surface mounting, it has
been desired to reduce the sizes of laminate electro-nic parts
such as laminate ceramic capacitors, laminate varistors,
laminate filters and laminate piezoelectric elements and to

20 improve the functions of these laminate electronic parts.
A laminate ceramic capacitor is taken as an example
hereinafter.

A laminate ceramic capacitor comprises a plurality of
dielectric ceramic layers, a plurality of internal

25 electrodes formed between respective adjacent ceramic layers
and external electrodes connected to the respective internal
electrodes at the ends of the dielectric ceramic layers.

Heretofore, the laminate ceramic capacitor has been
produced by the following process.

30 A.ce:amic green sheet is prepared by casting a ceramic
slurry over a stainless steel belt or the like into a
sheet-form by a doctor blade method, and a conductive paste
containing a metal which will become internal electrodes,

such as palladium, silver-palladium or nickel, is coated on



the like. Generally, a plurality of |amnate ceram c capacitors are

produced by first forming a plurality of 5 electrode patterns on a single
~green sheet, then | am nating the second green sheet thereon, press-bonding
:the lamnate in a thickness direction by & press to formthe sane patterns
as above on the second green sheet, successively repeating the | am nation

and patternsther Sidsail Pfgddh tsfhéé*: adrddce StdSLEEANproaeeB rmlaRias
simlarly to the second green sheet to obtain a final |am nate and cutting
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a ceramic |lanm nate and increase the nunb | ayers of the |lam nate so as
to obtain a dmaplthicknessy dimentiep by ayplr%ﬁﬁ it Eocmcthe Game patterns
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apparatus which can inprove productivity and differs fromthe apparatus for
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The obtained press-bonded laminate is cut so as to give

15 laminates for obtaining individual laminate ceramic
capacitors, the binder is removed from each laminate obtained
by cutting, and the laminate is baked to obtain a sintered
product. Thereafter, the external electrodes connected to
the internal eiectrodes are baked to produce a laminate

20 ceramic capacitor.

It has recently been desired to reduce the thickness
of a ceramic laminate and increase the number of layers of
the laminate so as to obtain a small-size and large-capacity
laminate electronic part.

25 However, in an apparatus for producing a laminate
electronic part by laminating together a plurality of ceramic
green sheets as described above, an increase in the number
of ceramic green sheets for a reduction in the thickness and
an increase in the number of layers of a ceramic laminate

30 reguires a lot of time for the production of a single laminate.

Consequently, it has been desired to develop a laminate
production apparatus which dan improve productivity and
differs from the apparatus for producing a laminate

‘electronic part by cutting a ceramic green sheet to a



green sheets as described aboye. JP-A 4-500835 (the term"JP-A" as used
‘herei n nmeans an "unexam ned published Japanese patent application") 5

~di scl oses a thin self-supporting unprocessed conpressed nmaterial which
:contains an inergani c substance and a bi ngler and has a thickness of |ess
than 25 [err]m wherein the binder as a thin layer material is a polyner
having a wei qﬁtea%ﬁﬁﬂﬁlé@bﬁﬁgbaénmwﬂha&fix@&ﬂqﬁ:ﬂimbe,tﬁ@ee&%ﬁr@r
forms a 10 thermally reversible gelation system having a gel ation point
and a mel ti nggesimisheefirras desenbhedcabe¥ature in an appropriate sol vent,

and t he vol une fra?,tﬂ_%n4glt5rqg§r§5i Egﬁgﬁ%gﬁ“s%_tfn%g ggeé%g@g%irﬁsg&g%%ed on

the total anmount of the a I norgani c- substance.
publ i cati on IMunekawimseEspubhished| Jgpanengnpaitentapppilticatdiond) exanpl e. of
this unprgces ed conpressed rraaﬁtﬁéiial but gges not teach process and an
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| am nate for electronic parts such as ceramc capacitors using a
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particularly a multi- layer lam nate, industrially advantageous. Q her
obj ects and RRRFFRELAteSalveni.candithenverumgrfvaction efehednarganie om
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firstly, the a
binder and the inorganic substance. This publication

15 discloses a multi-layer magnetic capacitor as an example of
this unprocessed compressed material but does not teach a

process and an apparatus for producing the same.

Summary of the Invention
20 ' It is an object of the present invention to provide an
apparatus for producing a laminate for electronic parts such
as ceramic capacitors using a self-supporting green sheet
containing inorganic powder and an organic binder.
It is another object of the present invention to provide
25 an apparatus capable of producing a multi-layer laminate for
electronic parts using a self-supporting green sheet
containing inorganic powder and an organic binder with a high
output on an industrial scale.
It is still another object of the present invention to
30 provide a process for producing a laminate for electronic
parts such as a ceramic capacitor, particularly a multi-
layer laminate, industrially advantageous.
Other objects and advantages of the present invention

will become apparent from the following description.



obj ects and advant ages of the present invention are attained by an
apparatus for producing a lamnate for electronic parts (may be referred to
as "first production apparatus of the 5 present invention' hereinafter)
which conprises: (1)  a feed unit for unmolling a self-supporting green
sheet whi ch contains inorganic powder and an organi ¢ binder; (2) a

col ummar rol | for tﬂé’baﬂ?ﬂﬂgaﬂwth@@ﬁg&s%% ifferbll dn 5 HARWHIYI0 taReEboBEEEt ;

10 (3) a fixing unit for~fixing ayers of the green sheet taken_up
by the col umebjeockk and dvantagesiofnthe gnggentudnyensliogharatattaknede

anot her; (4) a pattern formng ungt for f ' | Lye

| ayer havi ng BYFﬁ‘ﬁg@p@}'ﬁ%}gﬁ%ﬁ&?@ﬁﬁc&nﬁé ﬁe‘%@é@%t%% d:g%gé? %k g&%ﬁ%’%% t he
col umar rol | {magdbeSreferred ter aspOHitdsnippdiitidmwragpesratusi of the
sane pattern on the green sheet (& of the next czi/ﬁ(::le to be | am nated

adj acent | yb onPEesRBtglaFendioa’ derednaiherh B PREIEPR on the green
sheet @ of tgiﬁfrﬁé{%@n‘% %}esglteféﬁ%%&dmi BNe 120 sl g Gidenshbet

respect to th pattern on the green sheet Gl.” Secondly, the
above obj ect swhidhacoartadges iofondaniy qwrder mrdtannorganict hinderhy an

apparatus for producing.a |l am nate for cgeram | t . . erred
to as 25 "seccS%c) pr8dﬁ§l]'|‘18‘Ha§p58rE"§'t fcéro& n%rugg%fdigé\/@lhlﬁghgs Eﬁé
hereinafter) waileh sepportaesy dreen sHeeg: unit for unrolling a

sel f-supporti rig”green sheet which contains ceram cﬁgowder and an orﬁani C

binder; (¥ (2)col anfdxing yntpLamiikdng thfd PEATART Hpq gEesy sheet
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t he green sheet e columar ro so that they do not shift out
of alignnent foformaldgnmendt Horom (one amoPhers- bondi ng unit for cl ose-bondi ng

together the (4)5 a pattern forming unit for forming an internal

conductive layer having a predetermined pattern on the green
15 sheet taken up by the columnar roll; and
(5) a pattern positioning unit for positioning the same
pattern on the green sheet G2 of the next cycle to be laminated
adjacently onto the green sheet G1 as a predetermined pattern
on the green sheet Gl of the previous cycle taken up by the
20 columnar roil with respect to the predetermined pattern on
the green sheet Gl.
Secondly, the above objects and advantages of the
present invention are attained by an apparatus for prodt:_l_cing
a laminate for ceramic capacitors (to be referred to as
25 T“second production apparatus of the present invention”
hereinafter) which comprises:
(1) a feed unit for unrolling a self-supporting green sheet
which contains ceramic powder and an organic binder;
(2) a columnar roll for taking up and laminating the
30 self-supporting green sheet;
(3) a fixing unit for fixing the layers of the green sheet
taken up by the columnar roll so that they do not shift out
of alignment from one another:;

(4) a préss-bonding unit for close-bonding together the



| ayers of the green sheet taken up.by the columar roll; (5) a pattern
formng unit for formng an internal conductive |layer having a

predeterm ned pattern on the green sheet taken up by the columar roll; and
5 (6) a pattern positioning unit for pgsitioning the sane pattern on the
green sheet "& of the next cycle to be | am nated adjacently onto the green

sheet Gl as redet epnm ped patter reen t ] ous
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pattern on 10(%je of gpattoert £6Imid§i adiy, Folre falrmiagohnednteambladvant ages
of the present invention are attai ned b]é?an %gtﬁfraéus for‘?rg.rodgci ng a

| aninate for @PRAVFBAVE IA¥eS havdng,e presdetermined Pathgry op, bhGITRR
apparatus of éﬂée@rﬁﬁ{iéh bpVBY kAB" cBeufin3a &L ;1andhi ch conprises: (1)

a feed unit for unrolling a self-supporting green sheet which contains
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positioning unit for positioning the sanme 25 pattern_on the green sheet &
of the next c9BlIEhe gEReR Fhepk &l &ff tbenPrevdous CHEL1gr EakernERt PEIthe 3
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by the col umar respect to the predet'erm ned pattern on the green
sheet G .1B0 the grepBoushkley, Glhe above objects and advantages of the
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formng an | nge{ar}:?:il.nate for electronic parts (may be referred to as "third
production apparatus of the present invention” hereinafter)

15 which comprises:

(1) a feed unit for unrolling a self-supporting green sheet
which contains inorganic powder and an organic binder;
(2) a dolumnar roll for taking up and laminating the
self-supporting green sheet;

20 (3) a fixing unit for fixing the layers of the green sheet
taken up by the columnar roll so that they do not shift out
of alignment from one another;
and
(4) a pattern positioning unit for positioning the same

25 pattern on the green sheet G2 of the next cycle to be laminated
adjacently onto the green sheet Gl as a predetermined pattern
on the green sheet G1 of the previous cycle taken up by the
columnar roll with respect to the predetermined pattern on
the green sheet Gl. |

30 Fourthly, the above objects and advantages of the
present invention are attained by a process for producing
a laminate for electronic parts by winding a self-supporting
green sheet which contains inorganic powder and an organic

binder and has a predetermined pattern for forming an internal



6 conductive layer formed thereon round a columar roll several tinmes (may
be referred to as "first production process of the present invention"
‘hereinafter), wherein the green sheet & of the next cycle is wound round
sthe 5 green sheet @ of the previous cygde to ensure that a fixed
positional relationship is established between a predeterm ned pattern

formed on t h%gﬂ@%%i&ﬁ%eﬂe%% fr@é{é%ﬁéggyh%&?& H@@iu:ﬁ:?%i- r%ri{i %Q@eéé?ﬁe

pattern fornge e gr € predeterm ned pattern on
green sheet @®imes0 (may be Helfidrned ttre aabo\imdi ot cduerti cnlvendaeges of t he
pr esent inven&’iﬁon are attained by a _process_for producig}g a lamnate for

S - She

el ectroni c p&ffs PRPSEttyiifyen Raf el et whi ch contains

i norgani c powder aRfeagrObfAHsetOiGRUSE el nRak ByRNBdLs SidtE ¢oRdld 8RB for
formng an inner 15 conductive |ayer formed thereon round a columar roll

several t% negreedy sbeetefdrofdthe RreviMLH Y P i EnGUne §bedsaofixkd
priesent | nveRll A dienel A el dn e £l e SLPT 008 BLeboLl 81 the

following stepsTisiarée carried ou he” order™ namne he step of
w ndi ng the gpredetErdnd®pattébn fimetsh thegeeenwhbdthel grorpid gbaag Gl

of the previogus c ﬁ_le to ensure that a fixed positiognal relationship is
est abl i shed Gﬁevxé upnare ¥oldy AfefhsafrBenPRELRED ERTRRE gRcEResHEEERG

wound round igh@eROGENAS It HE predet drifl ntdi BaR ek Bnf CAIRf- U e 88N

sheet & of the next cycle as the predeterm ned 25 pattern on the green
sheet A10t he st epFdffthdar.niihey abgvexiayjacts cindi adventagest efwshead round

the ool umar dldedd S0P IO A0RA o ey | 2TL0BLLOD PLANG-BHAZ00CE

Ctol %or Féss;, an hydrost a pressi ng am na
wound 30 rourdlamg¢natbufomrellendtirorficpats byavialhimeg abgelfssapgoadiart ages
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whi ch cont ai binadrP@nd BAWU8'predetermined pattern for forming an inner
15 conductive layer formed thereon round a columnar roll several
times (may be referred to as "second production prodess of
the present invention” hereinafter), wherein either one or
both of the following steps is/are carried out in the order
named after the step of winding the green sheet G2 of the
20 next cycle round the green sheet Gl of the previous cycle
to ensure that a £fixed positional relationship is established
between a predetermined pattern formed on the green sheet
Gl wound round the columnar roll and the same pattern formed
on the green shéet G2 of the next cycle as the predetermined
25 pattern on the green sheet Gl; |
the step of thermally relaxing the obtained laminate
wound round the columnar roll to control shrinkage in the
lamination plane at 200°C to 1 % or less; and
the step of hydrostatically pressing the laminate wound
30 round the columnar roll. _
Finally, the above objects and advantages of the
present invention are attained by a process for producing
a ceramic capacitor from a laminate formed by winding a

self-supporting green sheet which contains ceramic powder



7 and ultra high nol ecul ar wei ght pol yethyl ene round a col umar roll

Several tinmes (may be referred to as "third production process of the
present invention" hereinafter), wherein the green sheet & of the next
cycle is wound. round the 5 green sheet @ of the previous cycle to ensure
that a fixed positional relationship is established between a predeterm ned

pattern formed on .the green sheet, 3 I r&d1uiig-t he
same pattern ?B&M%Hf‘ﬂg "boﬁéeecr};%%g}t&@%oégﬁéejtég%ﬁ%yc e ag ﬁe

" predet er m nedredit S&veral Himdd g e de sefetrreld tohas pteuibrd rproducpborern
I's formed on the green _sheet G before the self-supportin re heet &
of the next cREPESFSE fEuther BERFeNTe 1Ven oﬂq%r&%%%rghe‘gﬁe%g avi ng
no predeterm ned pathgrdrddd shldt 88 &P tHY aeRd cgendurd worndyeundt tive
predeterm ned pattern 1 consists of a single row or a plurality of rows

of quadri |5t egakenasheaycdl |¢hdhe pravionecyale tosensyrenfhat psfiredt er

than the length qf .one.sid aral el t.a t ﬁé}_gﬁrqﬁ, Lrection of the
guadri |l at er al P°§3r&1§’H€1gF8§ﬁ‘%§ﬁ esth%@ 'l?ss AV\%U%& round te&%élge% sheet G by
| ocati ng eachp2@detbriifiedusdlt i &ph Eoxinkedbdn tihe green shieedt G Giromngt rohed

I nterval between the adjacent _quadri]aterals O%Ft he tg;reen shee

G _t
establ i sh t hetB§oFelompax 58l pBHaEhPFalPoRERFRTBERERRS R %P‘gdgfgﬁﬂi ned

patterns of tRleRY #%eRkF 9heCRegRCEYE161a8NEnelpredeterminedNpatibeya on
producti on apparatuses and processes of the present invention wll be

descri bedLMer éheugdeen Bhieet G3scthpt psadeterninadcBAsARFINESDFAFIMREsOP g.
o o e S N0 S RAMALE G 008t i bhote g gpiatiehidt |
is a sectionalgvogvtind nexteegapé el oivoandanound echoe sedife sappasi ttiorg greenced
by the pr esentshienevtergli %rlaiviﬁigg'no?’ ;Lfeé‘egéf‘-‘ﬂifi‘gafBétﬁé%alfgir”%o%%n‘g‘@ne
internal conductive layer; the predetermined pattern
15 consists of a single row or a plurality of rows of
gquadrilaterals arranged linearly at intervals, each of which
is shorter than the length of one side parallel to the
arrangement direction of the quadrilateral; and the green
sheet G2 is wound round the green sheet Gl by locating each
20 of the quadrilaterals of the green sheet G2 over the interval
between the adjacent quadrilaterals of the green sheet Gl
to establish the above fixed positional relationship between
the predetermined patterns of the adjacent green sheets Gl
and G2.
25 The above production apparatuses and processes of the

present invention will be des_cribed hereinunder.

Brief Descripti £ the 2 | D i
Fig. 1 is a diagram for explaining the whole
30 constitui:ioh of a production apparatus according to an
embodiment of the present invention; and
Fig. 2 is a sectional view of an example of a laminate
ceramic capacitor produced by the present invention. |

Fig. 3 is a diagram for explaining the whole



8 constitution of a production apparatus according to anot her enbodi nent of
the present invention than Fig. 1. Detailed Description of the Invention 5
First Production Apparatus The feed unit for unrolling a self-supporting
green sheet (1) is conposed of a feed shagt for unrolling a green sheet. A
brake, clutch or drive notor may be attached to the feed shaft as required.
The drive not 0 ?Slfl& Sy t he
i ke. The gre",e‘;nn%ﬁﬁ/ete??lgn ef\é nglelﬁ'% tlqu?\glen%;? ﬁ%ggpar‘% era 'ngnt tHir
sel f - support iempedindémt of the peebeantl| édventibacltham Figut la. base such as
a carrier tape, and is soft, flexible and elastic. The green sheet is
preferably an orient ed sheet 15 whose m)l ecuI es are oriented by uniaxi al
or bi axi al . aJ= Y. ; % by heating in a

powder an@ anELrg II'lustrative exanples of the

i norgani c povvder f e f | M ree ] ni c
mat eri al powder th ﬁ%gﬁe%g %ﬁ% e?ég Bgiﬁ%%&gggn&t %Figghgﬁ?r#%%p%%ﬁand
fillers. For sheebl¢l) g dsongdseat oﬁ:capﬁeled shaft| for mroclliygbe grsssh as

th t al d d i t al um bar.i
| Cad, 21 coni BRBSEr | (& B AKS o BLEEGR GRS, 00} OF R Pe, BEFRCBea g the "

i nor gani ¢ powggga iRy aalzye@fe@n Y agevRalidt6F hadi BER 86reb Mbtodp 10
pm The organic binder is selected frompolynmer materials 30 such as

pol yol ef ik¥s, BErmpter;edndyctdon modox @& ithe iM&ke. pol yester resins,
Yo ", o A0 R 2 L 55 LIRS BB £ terabiy
descri bed her semﬂf-sappobh:ung hogthabl &t dax beehghdlpdl byl Ltsehf Wabhwgta
wei ght a base such as a carrier tape, and is soft, ‘flexible and
elastic. The green sheet is preferably an oriented sheet
15 whose molecules are oriented by uniaxial or biaxial
stretching and which shrinks at least 1 % by heating in a
stretching direction.
The self-supporting green sheet contains inorganic
powder and an organic binder.
20 Illustrative examples of the inorganic powder forming
- the self-supporting green sheet include inorganic material
powder that can be sintered, such as metal and ceramic powder
and fillers. For example, gold, silver, copper, nickel or
zinc may be used as the metal and an oxide ceramic comprising
25 titanium, aluminum, barium, lead, zirconium, silicon or
yttrium may be used as the ceramic. The inorganic powder
preferably have an average particle diameter of 0.1 to 10
pm. |
The organic binder is selected from polymer materials
30 such as polyolefins, acrylic resins, cellulose derivatives,
polyester resins, poiyamide resins and urethane resins. Of
these polymer materials, polyolefins as disclosed by JP-A
4-500835 are preferred as will be described hereinafter.

Ultra high molecular weight polyolefins having a weight



9 average nmol ecul ar wei ght of 400,000 ornore are nore preferred. Wen the
wei ght: aver age mol ecul ar weight is | ess than 400,000, the organic binder
flLows at the tine of nelting, whereby deformation occurs. It is difficult
to obtain a polymer 5 having a preferred rplecular weight fromthe organic
bi nder other than polyolef ins. At |east one polyolef in is selected from

| yet hyl h
Dot ecul ar - uiy SRESEMRsBERHF y8 1388 SF1BbY O8b Tz HEEEHze FRR-RALARA, Nos
For exanpl e, WhHenptHe/wehghererdragepodecullaraver gt :tslmsahammwme SO
call ed UHWAPE, . The sel f-s rt ree eet_preferably has a porosity of
1 to 80 % by UBPUREIARHE &E’gﬁﬁli}'&%’ F&Z"B%Vo% q BER- v ﬁ gl m%re
preferably 60gbeoffhatoibn velcwrs. 13t Rar ﬁifi&%uﬁ.&r'f@oﬁtéﬂﬁélﬂﬁﬁﬁer

produci ng a green sheet by a wet or dry nolding process. An exanple of a
porous greden bawdng a preferred e 3y wrlghty foygethe grganic binder

sel f-supporti e %, Qf
i nor ganic con%gngr%t @Ha%&ﬁﬁ%o“%%ﬁ tcegéglt org% qtgil'l%'n rﬁgosn%g%%ﬁ A
green sheet h&rbnq:@lyatlgplen@mpemyvdmyanalmhghs|and:oupo]:gmerS$l-mremf

referred. Wen the cont f the organic binder. co too snall,
Iﬁowever the &hdeRFOTET arseﬁjlr'lql%bcq]aﬁ'ﬁ ot nﬁo‘?@&d"é&o‘aﬁc’f‘oﬁ?e

liable to be o ef fﬁr@f%'ﬁabl;}\/tl”i)dlf J 60 At Ymotdle For hiinfyie Of the
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conponentl@s polyethyiene havingan Iylprefligp goleaalasnvehghss 15he0
I norgani c ponpf%[&q_%?owl%o 93 Wt % and that of the organic binder

conmponent is The thickness of the self-supporting
green sheet is not p'aetlseﬂfardqppdnﬁm@l gimdn ishezefprefeyalilyochasOapm The

heet has a AEOFRF 68 Fore Mt & PRGEHER ol (PR PRt a8, RFPEORAPY
the drive soun@et&Y0 % by volume, more preferably 60 to 70 % by volume.
15 Pores are formed at the time of producing a green sheet by
a wet or dry molding process. An example of a porous green
sheet 1is a film disclosed by JP-A 4-500835.
The self-supporting green sheet preferably contains 50
to 95 wt% of an inorganic component and 5 to 50 wt% of an
20 organic binder component. A green sheet having.a larger
content of an inorganic component is more preferred. When
the content of the organic binder component is too small,
however, the strengths of the resulting laminate and molded
product are liable to be insufficient. More preferably, the
25 content of the inorganic component is 60 to 94 wt% and the
content of the organic binder component is _6 to 40 wts.
Particularly preferably, the content of the inorganic
coinponent is 70 to 93 wt% and that of the organic binder
component is 7 to 30 wté%.
30 The thickness of the self-supporting green sheet is not
particularly limited, but is preferably 1 to 100 pm.
' The columnar roll (2) for taking up and laminating the
self-supporting green sheet has a drive source for rotating

the columnar roll intermittently. As the drive source may



10 be used a servo notor, stepping,notor, DC notor, inductor notor or a
conbi nati on of either one of the above notors and a mechani cal i ndexing
machi ne such as a cam nechani smor a Geneva nechanism 5 The
columar roll (2) may be a columm having ggsnooth and curved peri pher al
surface, polygonal columm or plate. The colum having a snooth and curved

peri pheral sugfa col hay . i r segt n a
di rection per%énglgggfér gt?gg%tohgmll&?r%gt %vvgneggugllgfec%g&?f O[?E fgg&%ﬂé %%‘Pﬁ%%{’gas
exenplified bmotori ord ombinatden ofTedthelrygnaadf dileiaboive motolrsnand

having a triangul ar, tetragonal .or pen onal section in a djrection
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a tetragonal gghevdemechaaisipace of the pol ygonal colum may 15 be
slightly curved. The plate has substantially two faces for taking up the
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sheet itself. The sheet gui rollers may be made froma netal or resin.
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by the fixingteétirtagohal™e§llinder. Each face of the polygonal column may
15 be slightly curved.
The plate has substantially two faces for taking up the
self-supporting green sheet and each face may be curved.
Sheet guide rollers may be provided between the feed
unit (1) and the columnar roll (2) to carry the green sheet
20 from the feed (1) to the columnar roll (2), change the
direction of the green sheet as the case may be, and prevent
the horizontal shift of the green sheet. The sheet guide
rollers may have any structure if they prevent slippage
between each of the rollers and the green sheet and may be
25 rotated by a motor or the traveling of the green sheet itself.
The sheet guide rollers may be made from a metal or resin.
The fixing unit (3) for fixing each layer so that the
layers of the green sheet taken up by the columnar roll do
not shift out of alignment from one another is, for example,
30 a device for bonding with an adhesive or a thermal fusion
device. For example,' the thermal fusion device may comprise
a heater controller and a heater whose temperature is |
controlled to a predetermined temperature by the heater

controller. The area to be £ixed by the fixing unit (3) must



be larger than the area of the internal conductive |ayer forned by the
pattern formng unit (4) which will be described hereinafter. The heater
used to bond by heating is a heater having a pointed, plate-like or
rectangul ar end for allowing 5 the green jgheet to be bonded by heat in a
contact or non-contact state. The fixing unit (3) conprises a drive for

movi ng the figd ' t et er gj,pe HORo MQaFdY ng
di rection tomt/;ajér ngt%%%rélg%lnsﬁggt Qflé% %ﬁe%’adgﬁl‘:gﬁreact i%grl?ra(l)%rtlj%@tlhe green
sheet and/ or fidumédbyi thelipaditedinr Eotrmdngafnithé4drvdeich wddil be delscasibed

i nearly noving unit_. The [ j.nearly novin ni.t can be inplenented by a
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exanpl e, a nifp@ﬁ'__ vice ress can be used as the press-bonding unit.
The ni ppi ng devi cn‘gmgg#%%‘s?éfze bond 20 together the layers of the green

sheet on the col umiihe rédxingdenit i (G ¢ompsrisesva ukvey riodu maowieg vithenkl! e.
The ni pping devigce compri,.ses, for_exapple, a.free roller which freel.
ratates and o PERRRRIIER) Nt RTSISERELPRG 19Re iR 1n g8 gPhnpaghing
predet er m neddiBeation. tdwerdititdignedd whe@ tinlih €R8 whdtReaiiretersntes by
a linearly noving systemusing a pneumatic cylinder, a hydraulic cylinder
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15 A press-bonding unit may be provided at an upstreafn side
of the pattern forming unit to closely bond a layer of the
green sheet to another layer of the green sheet on the columnar
roll. For example, a nipping device or press can be used as
the press-bonding unit. The nipping device can closely bond

20 together the layers of the green sheet on the columnar roll
under f£ixed tension without prodﬁcing awrinkle. The nipping
device comprises, for example, a free roller which freely
ratates and a linearly moving unit for moving the free roller
to a predetermined location. The linearly moving unit can

25 Dbe implemented by a linearly moving system using a pneumatic
cylinder, a hydraulic cylinder or a set of a ball screw and
a motor. |

The press is preferably used to closely bond the layers
of the green sheet on the columnar roll, compresses them in

30 a lamination direction and facilitate the formation of a
pattern which will be carried out in the subsequent step.
For example, a press having a £flat surface or convex surface
which is large enough to cover the entire pattern to be £formed

in the subsequent step may be used. When the green sheet is



12 pressed, it may be heated at a tenperature range at which the green
sheet does'not shrink or deform The pattern formng unit (4) fornms an
internal conductive |ayer having a predeterm ned pattern by such neans 5

as printing. The pattern is formed by a yg@thod in which a transfer film
having an internal conductive |ayer formed thereon is contacted and pressed

to a green sheet_at .rog a rkn_a raldfRsPhefyd af WHidhe
i nt er nal condﬂ’é?fﬁgdraﬁg]r{nggpgréi %Flgﬁgang:thgdtlsgu h as screerfpgpri nting 10 or
gravure printtRg, gbeen theatf dbesf aoti shoimkhed defforas. deposition or

sputtering. The pattern formng_unit can instal l ed at any location above
t he peripheral surfEe@ BRtEERCEPEMALS PBS‘I% 633 ?:Jfrﬂ}sefaé’r SPETRk ol | ed

above the col UgRahcERVE 1dySthBvan eddt¥irnind@pagtakhaly sachhredds
axi s of the co?ﬂrmgr rol Id-i{o preve@?ﬁge adhesi on o? dust. At the pattern

formng ufit asi pyinhdngranBferpatternaipaferpadibyYnfisethed tairichsaa

transfer fil a_feed unit ' f { i t r
film quide %FP‘EF efo%lg‘glr F@G&g%% %‘é‘ ﬁ%}ns erl f%@{n?%f%%rgﬁgﬁrfﬁggé,a
changing 20 therdohedlsi edontfacted tamhPmssded tamal greemnsheet tat room

hori zontal shift of the transfer film a take-up unit_havi a,take-u
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transferred oghaduatiwerenysiceh PivitifigiBindd BiiiPadsadeen pransing

head drive uni Ich 25 15 driven by a ggeungtic cylinder, a hydraulic
cyl i nder 0 aogegrefuxebpriingdngw @Fdaathdnofile £eamirgr mrthad PHSRaRSed

at the end of _the r.am of I . he dgl 0 f kN h
pattern by cl 6’?&?%&?&‘. r?tgxhgﬁ)ﬁi‘t%%?slg{%'g ? ﬁg P?gﬁsef fgr “E]p H’%ﬂé oﬁ'? %lg g?ﬁeleﬁe
sheet at roomin@teanaidirgt Gnyp)lcéatimmtaboye atherpeévipberatt surface of
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filmsuch as gdiQ@fhdie! oLl St BEh %a didseér F Bhat Syt €8) papdllel to the
15 axis of the columnar roll to prevent t_he adhesion of dust. -
At the pattern forming unit using the transfer £ilm, a pattern
fomiﬁg unit comprises a transfer film, a feed unit having
a feed shaft for unrolling a transfer f£ilm, guide rollers
for carrying the transfer £ilm to a transfer head, changing
20 the direction of the transfer f£ilm and preventing the
horizontal shift of the transfer f£ilm, a take-up unit having
a take-up shaft for taking up the base £ilm of the transfer
f£film after a pattern is transferred onto the green sheet by
a thermal transfer head, a transfer head drive unit which
25 is driven by a pneumatic cylinder, a hydraulic cylinder or
a set of a ball screw and a motor, a transfer head, installed
at the end of the ram of the transfer head drive, for
transferring the pattern by closely bonding and pressing the
transfer £film to the green sheet af room temperature or by
30 heating, a tension detector for detecting the tension of the
transfer film between the feed unit and the take-up unit by
a system for directly measuring the tenéion of the transfer
£ilm such as a load cell system or a dancer roll system, and

a tension controller for controllirig the tension of the



a tension controller for controlling the tension of the 13 transfer film
by nmeans of a brake, drive notor or drive notor with clutch, based on the
‘detected tension data. The guide rollers may have any structure and be nade
-fromany material if it does not cause sljgpage between each of the guide
rollers 5 and the transfer film and may be rotated by a notor or the

i f f. il | i
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exenplified by deposition or sputtering. e pattern positioning unit (5)
positions the sane Sihcediiecraboase ¢ yansfsr hdatk dgkeds erliodeotbmadling tdfe

green sheet of  the prevj.qus .c e on the gre sheet G2 of e_next
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the predeterrines psédetd SarifeodteeResbefs®ngt dd WE hd pGrd ummar
roll. 25 The pattern positioning unit (5) conprises as main
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like is preferably coated on the base £film on which the pattern

15 1is tobe formed. The pattern can be formed by aconventionally
known method such as printing exemplified by a screen printing
or gravure printing or a thin £ilm formation method
exemplified by deposition or sputtering.

The pattern positioning unit (5) positions the same

20 pattern as a predetermined pattern formed on the green sheet
Gl of the previous cycle on the green sheet G2 of the next
cycle to be laminated adjacently onto the green sheet Gl with
respect to the predetermined pattern on the green sheet Gl
taken up by the columnar roll.

25 The pattern positioning unit (5) comprises as main
components a position control unit for determining the
position of the above pattern forming unit relative to the
pattern forming portion on the peripheral surface of the
columnar roll and a positioning unit for detecting the

30 position of the transfer film by means of a pattern
recognition or image processing visual recognition system
and determining the position of the transfer f£ilm. The
position control unit and the positioning unit are integrated

with each other so that they can exchange information. The



position control unit and the positioning unit are integrated with each
ot.her so that they can exchange information. The 14 position control

unit conprises a specific shape unit provided at a specific position of the
columar roll and positioning pins providgg at a position opposed to the
specific position on the peripheral surface of the columar 5 roll and

hayl ng a Shap&cﬁ]epom &rgtl%i hu{nf?hégﬁ EgssgagﬁFgﬁlﬂ.‘c #ﬁageed ué)flta
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determined by the position control unit.

15 Pattern positioning is carried out as follows, for
example. To take up the green sheet and form a pattern, the
columnar roll is first turned and stopped at a predetermined
angle and then the positioning pins having a specific shape
in the position control unit is moved to the columnar roll

20 and mated with the specific shape unit provided at a specific
position of the columnar roll to determine the posit._'i.on of
the pattern forming portion on the peripheral surface of the
columnar roll. Thereafter, the positioning unit determines
the position of the transfer f£ilm to complete the final

25 pattern positioning.

The positional relationship between the patterns of the
adjacent gr.een sheets Gl and G2 positioned by the pattern
positioning unit (5) is, for example, such that the
predetermined pattern formed on the green sheet Gl consists

30 of a plurality of quadrilaterals arranged linearly at
intervals, each of which is shorter than the length of one
side parallel to the arrangement direction ef the
quadrilateral, and that the same pattern on the green sheet

G2 is shifted from the pattern on the green sheet Gl to cover



side parallel.to the arrangenent direction of the quadrilateral, and that
the sane pattern on the green sheet & is shifted fromthe pattern on the
green sheet G to cover 15 the interval between the adjacent

quadrilaterals of the pattern on the greer sheet GL when the sane pattern
as the pattérn on the green sheet @, that is, the quadrilaterals of the

same shape arghd OfJECLM LHELHEERNLABER 1R eh? LiRAE 1SATRLAY igurggd on. I

this case, the quadrilaterals of the predeterm patterns on the green
sheets G andpaE2temy dre the mseeh isheetsiGlylwhernvilhe sand (paditdnn Es ridves,

for exanple, 2 to 1. 000 rows referabhly,.10 to .1,.000 rows. at.ed nore
speci fical |y, PHECRR Q% 0g gfegﬁfhcfﬁﬁe@ft & f‘}’(?t orF ﬁ@egrqé’@%r : engly g
located at thef cené esamé $H&pé NaLEVabriRedVean thed gadienC et ilmt@ial s
arranged in a longitudinal direction of the green sheet G. The sheet
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sheet tension detector I's conpos ate ector o
system or a |dbspeséed igyeteingbe mhw ect &\pIlhesslityeft owsenfor exdAmple,

green sheet. Jhe tension_controller f control Li the tension of 20 the
green sheet V\%i ﬁ% fs&@gnﬁ‘a‘gﬁd B:FegeEE‘g&Xf RQ ljflpalg'erbg)r?d % ve motor or a
set of a drive not Gta&ted motlelddcififadlyatherteAtEPRSH highdiaSildtdral
between the feed unit (1) and the columar _roller (2) to control the

tension &f t R JhSHTSRBANREER dR keratRA 8¢t Ehercanieom ofathe dmteivak een
sheet. The 25efbdf £HbOhaTB¥eh® §uali{9atRk AN QE—:‘H}I a 4dduction motor

or the like. Second Production Apparatus The second production apparatus is
an appar at us lergibtudpnadiudingchibanpfatbef greear @hestcdiaci tors. The

second production appargt s, GOIbI{ se Saér e ST 'Pgrn déerpeéj{]irgg ftq{e tension

of the green sheet may be provided between the feed unit (1)

15 and the columnar roll (2). The sheet tension detector is

composed of a tension detector of a dancer roll system or

a load cell system for directly measuring the tension of the
green sheet.

The tension controller for controlling the tension of

20 the green sheet which is composed of a set of a brake and

a drive motor or a set of a drive motor and a clutch is provided

at a specific position between the feed unit (1) and the

columnar roller (2) to control the tension of the green sheet

based on the detected tension data of the green sheet. The

25 drive motor may be a servo motor, DC motor, induction motor
or the like.

Second Production Apparatus
The second production apparatus is an apparatus for
30 producing a laminate for ceramic capacitors. The second
| production apparatus comprises a press-bonding unit for
closely bonding layérs of the green sheet taken up by the
columnar roll as an essential element. The press-bonding

unit is an optional element in the first production apparatus.



cl osely honding | ayers of the green sheet taken up by the columar roll as
an essential elenent. The press-bonding unit is an optlonal elenent in the
fi-rst production apparatus. 16 A cerami c capacitor is required to be
rul ti-1ayered and cl ose-bondi ng between | ggers is very inportant in this
case. A nmulti-layered ceram c capacitor consists of 50 to 1,000 | ayers,
preferably 10 0 : : t ] m for_the
second produc?i E):%régg%r aé'tag)é?rlﬁoéﬁosulrf %ue%en%cel#%}tﬁ%%dm ‘Iflﬁg%?nlv\%gggﬁgsa gen
descri bed of chesk-bendingdbetivemnabawens us verybimppptand.inhthid case.
Production Apparatus 10 The third producti on apparatus_ has no
pattern forniggmﬂggf'#gyeﬁﬁqﬁqﬁfqm+qrﬁQR t?ﬁwﬁﬁ&§+€€sl%§e§°hﬁ9iﬁgoﬁo

pr edet er m nedlpgelrer,n prefetaireanchastl [ekemapeBy. t he col umar roll,
which is a constituent elenment in the first production apparatus.
Therefore,® a sel f - sBfp8PEi Whagr den omg t ek diox: dihani 98 ernd revedmttipnwder s
and an organi ' an ' ] e of_formng an

i nt ernal condﬁg ?%%Flgye‘ri‘#q%ﬁﬁégf% g%ﬁdﬁé%és}g% gﬁé{: héﬂ?{éeéaﬁn PePor

unrol i ng thedesicribedpoft thg fiesn mhwhict e gpdmitus wan be applibar
formng a pattern on the green sheet may 20 be provided between the feed
unit and the columar roll. According to this nethod, the pattern form ng
unit does not Theed Peodridtisinaldmsh 4 he columar roll. To prepare the
sel f-supporting green sheet having a predeterm ned pattern, a nethod for
contactimP and 25 BhestbbsdRFrAUctionARParates as B9 RAttarsr fiakming
conductive | aygk +f h t tyre or
Tna heat at masterer sostintad dredeERLIdRELL0 1A0EE RERTRE L2 0 e
printing, or Bredekerovimedy paditteoth suchtlhees ghepersi sheat otakent tpr bgg than be

enpl oyed. 30 n tgis apparatus, it _is.necessaty to determne the
posi ti onal rePgtlluglﬁsarl'fi o é‘t’\/\,&g‘ﬁ'c éfspgt ngﬁgifipef‘%eeé(é}“&eén n the first
production apparatus. Therefore, a self-supporting green

15 sheet containing inorganic powders and an organic binder and
having a predetermined pattern for forming an internal
conductive layer formed thereon is used at the feed unit for
unrolling the self-supporting green sheet. The pattern
forming unit for forming a pattern on the green sheet may

20 Dbe provided between the feed unit and the columnar roll.
According to this method, the pattern forming unit ddes not
need to be installed for the columnar roll.

To prepare the self-supporting green sheet having a
predetermined pattern, a method for contacting and

25 press-bonding a transfer £ilm having an internal conductive
layer formed the;reon to the green sheet at room temperature
or in a heat atmosphere, a printling method such as screen
printing or gravure printing, or a film forming method such
as deposition or sputtering can be employed.

30 In this apparatus, it is necessary to determine the
positional relatibnship between the patterns of the adjacent
green sheets while the columnar roll is rotated to wind the
green sheet. Therefore, the position of the green sheet

wound round the columnar roll is monitored.



green sheets while the columar roll is rotated to wind the green sheet.
Thereforeé, ‘'the position of the green sheet wound round the columar roll is
noni t or ed. 17 The pattern positioning unit conprises an imge detection
canmera, an inmage processing controller anglya columar roll drive notor 8
for positioning the predeterm ned pattern forned on the green sheet by

rotating the col unn.f;fleSBFr[:QEEn §%tsti%§.'8€§.‘ﬁt | U Nbppr £ | &6 Diagas

foll ows. The col umar r IS rotate e columar roll drive notor 8
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camera. \Wen phetrdeheebrhed®nkthe gebeat sHeby bRerbwagendethet cohumaaer a

and the inmage processing controller, the columar roll drive notor stops
operation %0 ¥0dgd-the columar roll. Wen 15 the detection mark is off a

predet erm ned positj e -ltq{bq.[- lilg 1 Sa£0f &4 €Sut NagNeSL 1865 . difget i on
by the col umar rol Fg'gﬁeve ﬁ%t(yg'r olstéjej’tsch orﬁ*oosen t?le green sheet so as
to position tlvelumdat aclilneds peotated fluoy mehe opoltmngresnlindsive2motor

After the positioni,ng Qf the predeternined patter faor n_the green
sheet, the | aper@idd tt&i? éf%f?%?ﬂ%fnéﬁep%Fg?;’éPyCBBﬁa‘ggg'ngg%her by the

pr ess- bondi ng gyadriant drames dpr£iqse -0 R0 ba git udith «lh ddtrdanidm @ Ainihie SO
that they do not shift out of alignment from one another. 25

I n.the
case of the tlgneempbeedt proEppafarninedninteE¥AlsnaRe HAGTRAT PR mark
predet er mi ned diile €bLHE eét%&t?{ogfgo§9€§5n@f R DlabBaSEB: 26 ¢aiird ned

pattern as the ove can nt green sheets and hence, the third
producti on apprent ttherae teotsi ammeanke d sudetectrd by dhe dmage detiectsipn

super posed Ontcoangeq:?a' gkﬁet g?.%%tge%rctagesegfﬂg%t}nq:aﬁoif& 'r the columnar roll
drive motor stops operation to stop the columnar roll. When

15 the detection mark is off a predetermined position, the
columnar roll is rotated in an either direction by the
columnar roll drive motor to strefch or loosen the green sheet
so as to position the predetermined pattern formed on the
green sheet.

20 After the positioning of the predetermined patter
formed on the green sheet, the layers of the green sheet are
closely bonded together by the press-bonding unit and fixed
by close-bonding by the sheet bonding unit so that they do
not shift out of alignment from one another.

25 In the case of the third production apparatus, the green
sheet Gl having a predetermined pattern and the green sheet
G2 having the same predetermined pattern as the above can
be different green sheets and hence, the third production
apparatus may have two feed units. The green sheet G2 is

30 superposed onto the green sheet Gl to ensure that their
predetermine'd patterns have a fixed positional relationship,
and then, the green sheets are taken up by a columnar roll
and laminated. In this lamination, therefore, when the green

sheet Gl is laminated onto the green sheet G2, the



predeterm ned patterns have a fixed positional relationship, and then, the
gieen sheets are taken up by a columar roll and laninated. In this

| am nation, therefore, when the green sheet A is |amnated onto the green
sheet @2, the 18 predeterm ned patternggon the green sheets G and &
can have a fixed positional relationship between one another. As for what

Is.omtted for nlE | I that
what has beenpg:t (@ee cri aeo(i ?;Q'{E%teelrﬁ%r é‘ﬁ pr o%ucteino%hggggrgjf %gldggg gll rect | y
applied. Firsta mma:tpmﬁmmaBsré’:haBtionshipr bduwbennopeoamth@fr the
present invention 1 QCcess for d cin ate for electronic
parts by w nding a %@ Tfs%ﬁ‘&b'ﬁ iT ‘3?391'9 lglaﬁtgﬁﬁt: gpFHSPSﬁrPP powder
and an organi Ggofd¥arusndi hHayheel @ tpéeﬂﬁaefatasa RAkitehatOhalsObEdly an

i nternal conductive |ayer thereon round a columar roll several tines. In
this 15 r8s p&ﬁscnﬂee@roeﬁefthehﬁersezpmduﬂeiﬂexqtpn@ea‘éumn the ddaegtliund
the green sheeatp the previous cycle to ensure that a predeterm ned

pattern on the reen sheet G wound round the columar roll and a
predeterm ned pattern (the sane pattern as that on the green sheet G) on

the green she 20 und round the green sheet Gl should have a fixed
posi ti onal re&téﬁ%&ﬁ%&gg‘é&%‘ﬁﬁﬁﬁ%ﬁ he process for producing a | am nate
by winding a self-supRowtirag st:eaac%heﬁt pPakksd 6fptft§‘é‘§$1%@&ﬁeq.nl%@rit%!dh
formed thereon round the columar roll several times, it is easy

est abl i sh1lPhe ¥s @mweqﬁnﬁqn mduceﬂrta ido deminaie vieah etlms:qmrtiét rpaalti'ns t he
h fy, | h |
and a & an nat & FBFE e EYE 6uBRE- b G LRR odiea A R | V0 0

and a | am nat e rontc can ntly and

i ndustrially admgagis@upbvydefoandsant orpandst hl:lhldsllmamid dfavtiheg fa xed

positional 30 re& {ionshi %)éve % red erm ned pattern or‘a hl: L een
ermlne orm ng an lnternal conauc

layer thereon round a columnar roll several times. 1In this
15 respect, the green sheet G2 of the next cycle must be wound
round the green sheet Gl of the previous cycle to ensure that
a predetermined pattern on the green sheet Gl wound round
the columnar roll and a predetermined pattern (the same
pattern as that on the green sheet Gl) on the green sheet
20 G2 wound round the green sheet Gl should have a fixed
‘positional relationship. According to the process for
producing a laminate by winding a self-supporting green sheet
having a predetermined pattern formed thereon round the
columnar roll several times, it is easy to establish the fixed
25 positional relationship between the patterns on the_green
sheet of the previous cycle and on the green sheet of the
next cycle and a laminate for electronic parts can be easily
produced efficiently and industrially advantageously.
To assist the establishment of the fixed positional
30 relationship _between the predetermined pattern on the green
sheet Gl of the previous cycle and the predetermined pattern
on the green sheet G2 of the next cycle wound round the green
sheet G1, that is, té produce the laminate of the present

invention advantageously while the predetermined patterns



sheet G of the previous cycle and the predeterm ned pattern on the green
sheet & of the next cycle wound round the green sheet Gl, that is, to
produce the |l am nate of the present invention advantageously while the
-predeterm ned patterns 19 on the greefgsheets G and G have the fixed
positional relationship, the green sheets Gl and & having the fixed

positional rebaliQnsfidbAidhddil YAl [éx Haby £RE! 1408 BBLALILARAII NG
green sheet having predeterm ne pattern for formng an inferna
el ect rode | ayedaitd opvsdydar,e dcHeefareer hehdetstGhranidcE2 cnapingethei £ixedri ed

out or when the fi.rst production.process is carrjed gut. _.In the latter
case. " bef or o POR LARAT SHUAC AL 16 BT oEEErhEY Pikan Bro BRa he
columar roll, a preadeselfi seppoitingyrast sheetthavihgrdppadtiermiaed
sheet & of the previous cycle. How to formthe predeterm ned pattern on

the sel f-BupPettern §pEchosméng aaslarnaeRIIPePd Iaves dé PERParedhe
third prOd“CgJe%:%D%%atf‘i%sgﬁgg? ctd'oR o‘é[)se.-‘.d‘itserc P F Fhene

green sheet during producti eén described in the section of the
first producttihenfamsir productiienf predepssisi oamtied| et ondn hizeladdert he

predeterm ned pattern on the green sheet of, the previous.cycle and the
pr edet er ni ned’a%zﬁ't Sﬁ’#%}? t &t t % &F ttE’L? ﬁ?ﬁ% E?al&yils", w]o&ndt
exanpl e, suchkduid €He doBdi€r e, 20 phedéceimifnedegathelrie miisAebesheet
Gl consists of a plurality of quadrilaterals arranged linearly at

i nterval 30 eFa¥msd wm thej grerdr sheethGd ehcthe REevirup iy aigie plawtel to
the arran err%gnp' Chi u ' et al t he
green shegt | sltglh%i #’#gge?%g}rﬁ"?ﬁg ggﬁé?h é t%%%%k}reﬂgr ggn siﬁfeﬁeé ng%eftﬂ;

cover the intsiveed Hest \teeen tdescrjbedningtbhdr seatdpal 9fotthehdehdatd er n ‘on

Rt Y o T T
sheet & in tdie thayrei ispided! idUtingd Pridduttiafe has been described in
15 the section of the first production apparatus.

The fixéd positional relationship between the
predetermined pattern on the gréen sheet Gl of the previous
cycle and the pfedetermined pattern on the green sheet G2
of the next cycle is, for example, such that the predetermined

20 pattern formed on the green sheet Gl consists of a plurality
of quadrilaterals arranged linearly at intervals, each of
which is shorter than fhe length of one side parallel to the
arrangement direction of the quadrilateral, and the same
pattern on the green sheet G2 is shifted from the pattern

25 on the green sheet Gl to cover the interval between the
adjacent quadrilaterals of the pattern on the green sheet
Gl when the same pattern as the pattern on the green sheet
Gl, that is, the quadrilaterals of the same shape are formed
on the green sheet G2 in the same configuration. In this case,

30 the quadrilaterals of the predetermined patterns on the green
sheets G1 and G2 may be disposed in a singlé row or a plurality
of rows, for example, 2 to 1,000 rows, preferably 10 to 1,000
rows.

The first production process of the present invention



30 "the quadrilaterals of the predeterm ned patterns on the green sheets Gl
and & nmay be disposed in a single rowor a plurality of rows, for exanple,
2-to 1,000 rows, preferably 10 to 1,000 rows. The first production process

of the present invention 20 can be carpped out using the first to third

production apparatuses. The case where the first production process is

carried out uahﬂgbbh%afffi%ta Wdid'ﬂétlrfq‘ AP Atds ¥ thPeadsseaubedon

her ei nunder. The sel f-supporting sh cont ai ni ng i norgani ¢ powder and an
or gani ¢ bi ndeapparagmsieissd fromthe feed unit (1) to the columar roll (2),

o con Sheet i 5t akehaloats WP sABGF LARE LY Efsot L6 grlie waARR K"

| ayers of theogute&eisxlgeeheaﬂeadypicaaaatmpnaapparaedsbwlnmebé|aesgrﬂbea (3)
so that the layers do not shift out of alignment from one another.
Thereafter3 aRer®d@®uRsleT-onductive | ayer having a predeterni ned pattern i s

formed on the flxedwﬁ@esa%AﬁSsuﬁ?SEEiﬁp éﬁ@e%&rﬁmr{ﬂ@hﬁafg&h&d Bowdeht
ere the In

this point, the position ernal conductive |ayer having a
pr edet er m ned apst asr argenficr hkudern isesuppbhedhbeem|theldteadriundd Hyl )t v

pattern positi n|n unlt (5 o] S th tt

shoul d have a BEQaF]Bﬁéﬁ &%p qgﬁgf}gﬁgﬁ ptﬁ%t%gigpredggep§1ﬁ§ and
pattern for rreaamlﬂd&mr eWhedhtRé dd1HVEppdsing rarsbn bheatt bk arakyn uphe
green sheet which is supplied fromthe feed uni to the colunnar [ ol

1
(2) is prifer ¥ Fhs Slamar (R 6k - %d]-ﬂ@i%ﬂ{:? tothfplayers; f the
cl ose-bondi ng hd&irent | AItEHAP I AESE s NeBE Pkeq B?Stﬁérﬁiﬂinge%@li‘tound

round the columar roll (2). The first production process of pr esent
i nvention. whi(@ @seshak theoryersddetnoh shbitaeut aﬁdailhsnmﬁmtdfrom

one another. Thereafter, an internal conductive layer
having a predetermined pattern is formed on the fixed green
15 sheet by the pattern forming unit (4). At this point, the
position where the internal conductive layer having a
predetermined pattern is formed on the green sheet is
determined by the pattern positioning unit (5) to ensure thaf
the predetermined pattern should have a fixed positional
20 relationship with a predetermined pattern formed on the green
sheet G1 which has already been taken up.
The green sheet which is supplied from the feed unit
(1) to the columnar roll (2) is preferably pressed by the
press-bonding unit to improve its close-boriding to the
25 laminated green sheet which has already been wound round the
columnar roll (2).
The first production process of the present invention
which uses the second production apparatus and the third
production apparatus can be understood from the above

30 description.

Second Production Process
The second production process of the present invention

comprises the step of further processing a laminate obtained



production apparatus can be understood fromthe above 30 description.
Second- Producti on Process The second production process of the present
i'nvention conprises the step of further processing a | am nate obtai ned
21 by the first production process of thezpresent invention. That is, after
the first production process is carried out, either one or both of the step

of. thermally ggl apeNgitae phl H%%@Ldnarﬂﬂwémctﬂé d&¥er COhVERBLoAQ! |

to control 5 Shrinkage in“the lamnation plane at 200[err]Cto 1 %or |ess
and the step of hydTbatails cafitempitbesfiygst mrodustier Draasfs dgngarréed

columar roll .is/are.carried out .n.t er g:f'ﬁ?

rel axation t r(‘-i’éft%meﬁl”'tﬁ1 rgé’r‘ilgr M yocq:z?r :L:afegﬁ%uts ia%E aéj? egrl{l]oer a g¥§ #lggég?hghan
the mel ting pghelodfaindd Laaminagaweuhd idand thaeicolunmd aol haticecdbntrol
several tens of seconds to several m nutes.. The therpal rel axa%i on

treatnent ¥s SRFANERSULMANS IAT N IR 3 \BhintV? obnt©t he® cBFulfigs
roll to prevenpd 'Eﬁg' thbaaflﬁ}?ifd”&% ﬁli;ﬂ%ﬂe%’ﬂi'}?é %hel2aminate WBaRAA
uni axially stretche I I'm conprising ultra "high nol ecul ar wei ght ~

pol yet hyl ene aound thgawlunnanizollsis/iane gerriedprtinbbeorderngmedn
sheet shrinks as theg,stress of .the gree heet |S by_h '

t hat tenperature. \’&?v ov& rﬁ!‘éﬂa efser}aq%;ﬁléoéi%%g%ﬁégﬁiyn aggﬁ%ggli&
uniformy 20 capiiedd durwaitd at iempefratured highean thiant kel meilndng, poliatr ol |
of the green sheet rarely %et,s out of al ignrrent by shri nkage. \We reen
sheet whith effut®s SFEBRLChinder formbRrdsthe H@éé‘arfse dd S8y SFérs i“FEd
llam nate can b QA {Y ferdKPARIANES ] A0BNIStNerhdl | fe PA¥ABL8ACOUS O
set the 25 tenperature for heating the [am nate higher than the nelting
poi nt of the dineatmenth imlcannied waitgmhide faen aafiecd s wound,Feungs an

or gani ¢ bi nderyp Wieh et SRS Y pe eantolerldl QASpILN" SR i B Rl

the thernmal retla 1I"on
laminate.
15 When a uniaxially stretched £ilm comprising ultra high

molecular weight polyethylene as an organic binder is used
as the green sheet, the green sheet shrinks as the stress
of the green sheet is relaxed by heating at that temperature.
However, since stress at the time of shrinkage is uniformly

20 applied toward the center direction of the laminate, the roll
of the green sheet rarely gets out of alignment by shrinkage.
When a green sheet which endures stress at the time of
shrinkage is used, a densified laminate can be obtained by
shrinkage advantageously. It is advanta'g_eous to set the

25 temperature for heating the laminate higher than the melting
point of the ultra high molecular weight polyethjrlene when
it is used as an organic binder. When the temperature is not
higher than the melting point, the thermal relaxation of the
organic binder component is not satisfactory, and the

30 laminate shrinks disadvantageously at the time of removing
the organic binder component which will be carried out in
the subsequent step of the production of a capacitor. The
heating temperature, which depends on processing meth_od

somewhat, is preferably in the range of 140 to 170°C. By such



orgam c binder conponent is not satisfactory, and the 30 [|am nate shrinks
di sadvant ageousiy at the tine of renoving the organic binder conponent
which will be carried out in the subsequent step of the production of a
capacitor. The heating tenperature, whichezlepends on processing net hod
sonmewhat, is preferably in the range of 140 to 170 C. By such 22 heat

treat nent, theesbrirdagfent), the bﬁﬁﬂﬁhb@niﬁhﬁ{l@ 18nihke iIGE PN ablRESE BHe
2000C is controlled to 1 %or |ess. The above gdrostatlc pressing is

carried out USTeRRaSROEE0aLaRPR’ Br &8s comtzoddess he §j & panekessy 100 to
4,000 5 kg/cnferr]my, 0

from room t enper at ure to z;;‘{ %%uaﬁg‘%%g:h Jtr*‘iq's P}gr%‘l&tﬁl éggg'g%#@of t he
| am nat e but hysdpostatmblyreasrl erhmlpr@ssme ei:megenenraall:jromaottaoox dogher
t han the ltin pln;II exarrple | oi nt L?g[err Cto (nmelting
poi nt + 3%}e ??ﬁ 1"160 cﬁfﬂmri’tes ‘@?"‘Jt) % F P YeHEe f i ed
| am nat e ‘and ff&ntﬂﬂrﬂ%mgéféﬁéi:é% aft dnipe Xy ﬁlahaﬂleu'n&pm@mtlﬂ
carrying one or both of e above steps in the order naned, a fine |anm nate

free from shrpekBeofythealamngnaset hats diss dpefiarahlap qanrird ki atda For
exapl e, 'a | apgleal 1rocCIBLCL 60N oL hlE ORLPOLALY SHLALIGLDE

obt ai ned | am na Nt o chrps accor 0 an ele eatTng the
chi ps to renperanpiebi mmeltihgkpbgnrtt -arw)f'm':r riond meiiteimp peelreic t + 03i@y° C At
this point, operations, such as th% formation of chips_and, the renoval of

the bi ndé® cahre® e Viey plnty pLsthe produstdop ﬂf@dﬁﬁﬁﬂ-fﬂ-?d&eﬁmﬁte
capacitor canahe €é dHEEmat rd 1k ML loF thBi 68g5h 28 Usih@8r RESRSSSedP e

third production process of the present invention 25 is a process for
produci ng a ceranm cBYGRENYHI9 ong prrtlkof the abeverstens dadtbe erdeyreen

S ehoca ) acfefbal & CHLE Jetnaee LU Sl Oy BB PLE ths

subsequent step can be obtained. For example, a laminate

15 ceramic capacitor can be obtained by cutting the obtained
laminate into chips according to an electrode pattern,

heating the chips to remove the binder, baking it and forming

external electrodes. At this point, operations such as the

formation of chips and the removal of the binder can be carried

20 out smoothly and a high-quality ceramic' capacitor can be

obtained at a high yield.

Ihird Production Process
The third production process of the present invention
25 1is a process for producing a ceramic capacitor. A
predetermined pattern formed on the green sheet consists of
a single row or a plurality of rows of quadrilaterals arranged
linearly at intervals, each of which is shorter than the
length of one side parallel to the arrangemént direction of
30 the quadrilateral. By forming this pattern while the layers
of the laminate have a fixed positional relationship, a
ceramic capacitor can be advantageously produced from the
obtained laminate. In this third production process, ultra

high molecular wéight polyethylene is used as the organic



| ength of one side parallel to the arrangenent direction of 30 the
quadrilateral. By formng this pattern while the layers of the | am nate
have a fixed positional relationship, a ceranm c capacitor can be

advant ageously produced fromthe obtai ned2gam nate. In this third
production process, ultra high nol ecul ar weight polyethylene is used as the

organic . 23phhAdRr AR e M dileeirl AL Felationship 15 the
same as in the first production process. In the third production process,
the step of fsrmegashdngrtden filnsdt produaiiia PEOERIF- as described in the

section 5 of the fiLrst, production.nr ' : I sh
a fixed positional 8|ER$§%‘§%%P§89§5§%8§5%€€%% %f ﬁﬁraﬁ@%& erfrr:{'g:fimggon
the green shegireGh ahédetspGadandr Gnbg heateas desoeilbed thetheesactlhent 2
wound round the green sheet GL. 10 Before the pred tgrm’;geg pattern
is formed ®n Pﬁe%ﬁéﬁ-%&rwcﬂ%ﬁﬁ@% %%“a‘b?)lgﬁﬁrfﬁ t RBtg8en
sheets Gl and (@R o 1G04 RN b LOCLEEAL LRE1 TE LORsRIBChELFeaNd 2. This

cl ose-bondi ng can be carried out” using the press-bonding unit which has
been descri bepriedetesrmsiord @a tifenn o ewned domn Sthe ogueenoghapafat @8d @n t he

third ducti : bat h _of [ d
Lhe hyfr oot ot PERGRFSiied B8t BarR tdaf RS i 5 08n LK 80 fiurd BB
of the second ghed @tEdrOsHECE®E. can be carried in the order naned. 20

Det ai | ed Description of the Preferred Enbodi nents Wt{}: reference to_the
acconpanylfg Fig. 1Befiere-hhe pfrdetqmuingd DAt 45 SoFRe °3p"§'f? IFEL t he

producti on of & deAnghat grhaburaNbaatie GHAida ¢aPEhb! gFseiti dhedEs dEp midoed.

25 Fig. 1 1s a dragram show ng thé basic configuration_ of an_
appar at us for G# touclegedy kond sogether thergrecr ahaats Fapprd ks This

according to @ oesneb—oéjt;nr@fﬁg %fantlgg c%rr%%r& out using the press-bonding unit

which has been described in the section of the second
15 production apparatus. |
In the third production process, one or both of the
thermal relaxation step and the hydrostatically pressing
step which have been described in the section of the second

production process can be carried in the order named.

20
Detailed D ipti ¢ the Pref i Embodi i
With reference to the accompanying Fig. 1, the case
where the present invention is applied to the production of
a laminate for laminate ceramic capacitors will be described.
25 Fig. 1 is a diagram showing the basic configuration of

an apparatus for producing a laminate for laminate ceramic
capacitors according to an embodiment of the present'
invention. In Fig. 1, the apparatus comprises a tension
controller (not shown) for controlling the tension of a green
30 sheet 1 based on tension detected by a sheet tension detector
3, a feed unit 2 having a feed shaft for unrolling the green
sheet 1, the tension detector 3 for detecting changes in the
tension of the greeh sheet 1 during the traveling of the green

sheet 1, sheet guide rollers 4 for guiding the green sheet



invention. In Fig. 1, the apparatus conprises a tension controller (not
shown) for controlling the tension of a green 30 sheet 1 based on tension
detected by a sheet tension detector 3, a feed unit 2 having a feed shaft
for unrolling the green sheet 1, the tenspgn detector 3 for detecting
changes in the tension of the green sheet 1 during the traveling of the

green sheet 1 t i S, 4. 1o Pl g,?fﬁﬁz 1
fromthe fe_ed1u$1$§$2tﬁ§ gg%éﬁé/%ﬁla% E%I%r%ﬂfﬁ%ig?ot e %ﬁ%‘gﬁ%a?' c%llqrﬁnnar
roll E\ hﬁvlj Nngoaypbnail¢dumiar ral lph, havniegfapiudaddtyi ol fkeitypont jons
peri phera i rectiqQn on the peripheral surfgce, .for. ' | gppjnate b
taki ng up t hef8TMg g&ﬁ@ﬁ&é‘f’%ﬁl}’gqﬁb& tqugﬁﬁq’]blé*%%éﬁé}? %‘fgﬂé Y
determ ning tBerRPRkradnNsitfacBat E8ENEdAMTHhYa Wkiniinatiaby ¢aking tibathe
portion on the peripheral surface of the polygonal columar roll 5,  a green
sheezI pr ess- bameengsheebpt n@ Pgﬁﬂ-ti‘Pnf%‘Pn&?@ig%?gBH%ﬁ SgEPEASLGERLNNTt he
wound green s t t i | s £0r.f4Xi dag

sheet 1 by cl g'g%- Eg%&ﬁ:rqg)%s8¥?ﬁagd%€eéq?g$e&rrsn%b'¥§)t%%i%r%és e%?egoangfgsghi ft
out of alignmpeotrtilommoanthanmdiiphetak gatface dfotivengolwgonel calumhhed

opposite to the flat portion on the peripheral.surface of th I nal
col urmar rol | roll 3 B grf%%sﬁtf‘%n é)]?ﬁ%%] ?n‘a‘ﬁ%&?}e%g?%é/eﬁnﬁgvi};g O%
predet er m ned YA bORALRG EhETaPeESiofl thanWoanaogygenm ahext L sheet! |
drive nmotor 10 for rotating the ygonal columar roll 5 in a

ol
predet er nt@ed Edxing iwrit méqlblé)-"é’_ﬁugg clte s¥ewrd 197eeBnFBPPEA L P¥m t he feed
unit 20 2 hayngd figddiith Fiithall Whe 143G of! hes 2Rkn' ShRledN adehad! of

3 conprises a cer 1o oun ch tthe green shéet 1 is passed,
dancer arm 12 ghirfts ohoof i algigrinien t didompnenanetler hethe Patteqr foxrmimgher

that it can sw free gpﬂ n_angl 13 ' t
def | gact i on and:\"g'q;zé' o;f’}/‘ét %c%?p‘g?ﬁ?%gggoﬁﬂg ﬁégiérg?%gi%’éﬂgﬁ E%se a
tensi on cont r%eﬁwﬁ@fai NQirsdeavg £ f Bhe dpbeghbnglacohamgeri wollle 5, for

15 forming an internal conductive layer having a predetermined

pattern on the green sheet 1, and a polygonal columnar roll
drive motor 10 for rotating the polygonal columnar roll 5
in a predetermined direction.
The rolled gréen sheet 1 is unrolled from the feed unit
20 2 having the feed shaft with a brake. The sheet tension
detector 3 comprises a dancer roll 11 round which the green
sheet 1 is passed, a dancer arm 12 for supporting this roll
at one end thereof in such a manner that it can swing freely,
and an angle sensor 13 for detecting the deflection angle
25 of the dancer arm 12. The apparatus comprises a tension
control system (not shown) for detecting a change in the
position of the dancer roll 11 and controlling the tension
of the green sheet 1 by means of the brake provided on the
feed shaft of the feed unit 2 to £ix the position of the dancer
30 roll 11. _
According to the above constitution, the tension of the
green sheet 1 when taken up by the polygonal columnar roll
5 is the total of tensions applied by the weights of the dancer

roll 11 and the dancer arm 12 of the sheet tension detector



position of the dancer roll 11 and controlling the tension of the green
sheet 1 by neans of the brake provided on the feed shaft of the feed unit 2
ta fix the position of the dancer 30 roll 11. According to the above
constitution, the tension of the green shget 1 when taken up by the

pol ygonal columar roll 5 is the total of tensions applied by the weights

of. the dancer srol %{‘P{ 3&}&? 3 thegeheat shege! nwHehest or
25 3. The set?l‘nglhtl)%% e .ﬂesﬂgal%n 0 tteﬁlreﬁﬁr&%gn shee? 1 vvhgn It 1s taken up
is carried ouLsbyakbangpndst carmieghtomtobyt lehahgicw ths (welighis efietlencer
arm 12 of the_sheet tensi det.ector 3. 5 T e t |1 ed
fromthe feeddﬂHFFrZrlog‘,icg:ir ARy %‘et I’%%cr?getarénuilazemffol h:er;E andt%?i%géﬂup
by the pol ygogakeegbemar roll 5. The position controlling unit 6 is
arranged above the %eripheral surface of the polygonal columar roll 5

After 10 % he pol ygéhel gEepanfikeetol unrod e thefred iy 5yls he
drive nmotor 1 t a §Qﬁt 511—:% Y €and 98| 4bOBv th
controlling u%??ggegewf%%ﬁetssnﬁ?g{ OSI%E’] 0 f‘ﬂe partltte.h?’urlllgformbngyuni'Ee 9
relative to tpelyganalorcidlamnar ttedllpesi pheral surface of the pol ygonal
columar roll 5. A lurality of,  positionin l.es 14 _are f LD _the
flat portions on t hé'gﬁeg?ﬁﬁg?'gfl %ﬁ??ggiiﬁflgtlﬁ%gbg) f&oﬁgrra@g gn%ég%go#ﬁeS
and a plural i perapheaEll serifadePbst thi6 i pobBygoral @oMthnar roll 5. After
ont heposi tioncontrol lingunit6. Thepositioncontrolli gg unit 6. is driven by a
[

pneumat i c1@y| theePolyoenal kolypdar saildgS28s FPERFES; LAtSIBILFentiy: by
nto the posi thankagyBohEBkNA aHPURLOERETRE d Bridife dd:iiiia indfie ORpihe
t he pol ygonal coflu "1

peri pheral surface o mar ro 5 for positioning. The
green sheet nipgsiigiamicontricd Limg ainidd 6aded epmdineiso fhehpositiengodefhehcet

o S ol 0 opa T 'R i1 o LRIV VB B ERRePBOERAPond the o
peripheral surface of the polygonal columnar roll 5. A
15 plurality of positioning holes 14 are formed in the flat
portions on the peripheral surface of the polygonal columnar
roll 5 and a plurality of positioning protrusions are formed
on the position controllingunit 6. The position controlling
unit 6 is driven by a pneumatic cylinder 15 and the positioning
20 protrusions 14 are fitted into the positioning holes (not
shown) formed in the flat portions oh the peripheral surface
of the polygonal columnar roll 5 for positioning.
The green sheet nipping unit 7 is installed at a
.posit:l.on where the green sheet 1 begins to be wound round
25 the flat portions on the peripheral surface of the polygonal
columnar roll 5. The green sheet nipping unit 7 comprises
a nip roll 16 which freely rotats and a drive pneumatic
cylinder 17. The nipping of the green sheet nipping unit 7
is carried out by moving the nip roll by the drive pneumatic
30 cylinder 17, nipping the green sheet 1 between the nip roll
16 and the polygonal columnar roll 5 and closely bonding the
green sheet 1 to the polygonal columnar roll 5. After the
green sheet 1 is bonded by the sheet fixing unit 8, the nip

roll 16 is moved away from the green sheet 1.



columar roll 5. The green sheet nipping unit 7 conprises a nip roll 16
whi ch fréel'y rotats and a drive pneumatic cylinder 17. The nipping of the
green sheet nipping unit 7 is carried out by noving the nip roll by the
drive pneumatic 30 cylinder 17, nipping 2fe green sheet 1 between the nip
roll 16 and the pol ygonal columar roll 5 and closely bonding the green

sheet 1 to the pol ygﬂgﬁié%%a#ﬁ [?(}'Ir l?ﬁﬂ%' 6feFe?1r shgggghgﬁﬁiﬁaeﬁhi% 7 Sm&pnded

by the sheet fixing un I's moved away fromthe green
sheet 1. 2be Theved mway Erbm the il ygemal dedemnamppiodd brinmmedialyebE

noved away fromthe po onal .col ymar _rol.l 5 ng%d t el e ongi b
t he sheet yf i xPiﬁ&eErP&n%ﬁ?% béroﬁﬁ?e#’lﬁf%oflmgrml?ﬁ | %geﬁcf%fgc% %l?cl%t#g{ég?aygr
is formed by ghe fiptdSian tondiuedive Layér s bEmed @gt thé patgeum fobming

arranged right after the green sheet nipping unit 7. The sheet fixing unit
8 of this ®nbydilke®t- conprises a fixing unit 18 using a heater and a fixing

unit drive 19 COWR??E‘% %ﬁ;‘e%tpﬁ#ﬁ# Gt igded 'a%ﬁf)é& Sigwe LFtéhecheat er

is cylindrical. € green shieet 1 is nipp y the green sheet
ni ppi ng unit grelemeshesitngippihghtnis Hhovateckbeett Hixhegpiniydhef sbigmar

roll 1 by the fixing unit drive 19 and t.he heater, of t.he fixi nit 218 i's
noved inyt he FPOINe QOIPTLRPS ﬁerﬁ’ﬁ‘&gﬁ e 2 Ve K11 gc%ile(%%e%f a%lﬁeg

green sheet 1 pwhishfy LRQ teBi9k 1Yechfpdssd Vb G pheunadaicedyldnderenp@hat ur e
i n the nei ghborhood of the softening point of an organic binder, is_pressed

agai nst the ged@pesiefetthe heatied #s LY 1lARericddet hd tﬁﬁetPSygF§éGf shget
from the oreen SRedtEBeE Yoty redfanert MubPLhg Hnik 75 LR SLutt®
sheet, the pattreirtn ¥eoris mpved closkeortos the polagesalc cedusmare Hodlerl &Y t he
areen sheet, LonS BN LA Y ol chl BREICA AR A0Sl Shar
18 is moved in the width direction and the longitudinal
15 direction of the green sheet 1 whilé the end of the heater
which was heated to a temperature in the neighborhood of the
softening point of an organic binder, is pressed against the
green sheet 1 to thermally fuse together the layers of the
wound green sheet 1. After bonding, the fixing unit 18 is
20 moved away from the green sheet 1 and bonding is completed.
Afterthebondingofthesheet,thepatternformingunit
9 forms an internal conductive layer on the green sheet 1.
The pattern forming unit 9 is installed above the £lat portion
on the peripheral surface of the polygonal columnar roll 5.
25 The pattern forming unit 9 of this embodiment comprises a
rolled transfer film 20, a feed unit 21 having a feed shaft,
guide rollers 22, 22° for carrying the transfer film, a
take-up unit 23 for taking up the base film of the transfer
f£ilm, a transfer head 24, a transfer head drive 25, a tension
30 detector 26 for the transfer f£film, a tension controller 27
for the transfer film and a positioning unit 28 for detecting
the position of the transfer film. The transfer £ilm 20 is
supplied from the feed shaft of the feed unit 21, carried
such that it is arranged parallel to the flat portion on the



25 The pattern forming unit 9 of this enbodi nment conprises a rolled
transfer film20, a feed unit 21 having a feed shaft, guide rollers 22, 22
for carrying the transfer film a take-up unit 23 for taki ng up the base
filmof the transfer film a transfer headg-4, a transfer head drive 25, a
tension 30 detector 26 for the transfer film a tension controller 27 for

the transfer f ﬁﬂ%ﬁ POSE | | ﬁg?h

the transfer f¢+ﬂ elt ran£s & é?l%(?%%és%% e‘g rom t{rﬁ? shaft of

the feed unit @didearolkersu2?, taar andi salsenangebypé;h&l ltalket-aipt hHIJfﬂ a3
ortion on the eripheral surfac of Lh l.yaonal_ ¢Ql.u 1.5 Db

ltOhe gui de rol |%$§e§2:1p fo%d R ke US 6’9 ?%eﬁ%%&y%ﬁnﬁaﬁﬁ% ng?t‘g?gn t5 Y

transfer. Theisesgrpledfisd f‘ébﬂfﬁé[ﬁi@d fo | anérvdian idvéb WArtHetdfsion
controlled to a certain level by the tension 5 detector 26 and the tension

control | er 527 @%Fe?h@rt?@r%ﬂ%rtlﬁ | gnshen gonkreller 7 Loy the,hranshpr
bet ween the gugggnr olgygl Stx%'re < I?éé(f‘rbﬂ@ é)‘?’rﬁﬁéﬂﬁ %@éﬂéﬁiééﬁttt@%ﬁﬁbon

the peri pheral surface of ygonal umar . ansf er
carried out asréblevss22 T2 'wavrangeid panalﬂrelftm mhag flaitt portioat onvkles

down and approaches. the flat _porti n err her surfac f.the
pol ygonal col uRREHP PSFPISSu‘?ﬁgPSaP%eF% °§‘ Jbves down

further and trepgheféraisi Bhernald oatdact i Ifoqloae\ser Qhet hno%e@atahﬁei 1.
Stated nore specifically, the transfer head 15 24 is noved vertical Ig by

t he hydradi® ¢ €9Frmingr ubtty ﬁefﬁ-Fﬁﬁsf"@r"’%é&"@r iapd ApRreachesfihe tfHba
t | d
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transfer film on the gree
pol ygonal col unnald bel ITISeraa:éteranenéY bhet transfernilead) 24c oomest idawn

e oot BrBhhe NaO R AR ARSI B, IS e 7 g o
form ng unit 9ggeeasshed . dGratedl Mod® Epechdlivgans, ehbutbhansfer héadA

15 24 is moved vertically by the hydraulic cylinder of the
transfer head drive 25 to transfer the internal conductive
layer having a predetermined pattern formed on the transfer
£ilm 20 on the green sheet 1 while it is in contact with the
polygonal columnar roll 5. The transfer of the internal

20 conductive layer is carried out by contacting and pressing
the transfer head 24 heated by the heater to the transfer
£film 20. After transfer, the whole pattern forming unit 9
moves up and departs from the polygonal columnar roll 5. A
predetermined length of the transfer film 20 is supplied by

25 the feed unit 21, the take-up unit 23 and the positioning
unit 28 for the next transfer. The positioning protrusions
14 of the pattern positioning unit 6 moves in a direction
that it departs from the polygonal columnar roll 5 to complete
positioning._ '

30 After the formation of the internal conductive layer,
the polygonal columnar roll 5 rotates until the next flat
portion 6n the peripheral surface of the polygonal columnar
roll 5 comes into position. |

The above operation is repeated until a laminate



predeterm.ned | ength of the transfer film20 is supplied by 25 the feed
unit 21, the take-up unit 23 and the positioning unit 28 for the next
transfer. The positioning protrusions 14 of the pattern positioning unit 6
.noves in a direction that it departs fromg he pol ygonal columar roll 5 to
conpl ete positioning. 30 After the formation of the internal
conductive | ayssidfEnd b 9@ N@és £PLEMAEMbER! bES16YedseFonld I1dnihdwext flat
portion on the peripheral surface of the polygonal columar roll 5 cones

i nto positiorcerpiagaragbtentianobsainpglated until a | amnate 28

consisting of a degd t é‘aﬁltlfrat%er# Ptd %of:‘?r[aﬁdtrﬁ'ﬂf"acth% Splovd ?i}agrﬁh%ghcﬂé or

is obtained. Before a ormation o e ‘above lTamna V1 Ng

t he internal mavibhgttive imyernadr cerndubeieenlayes Foxmedydhmrexnl unttes rol |
5isrotated infermtfently to carry_ out steps other than the fornmation of
the i nterfal ROMERIT) SHLMAR 5o4L S b EOLAL oS LBLEFT EERteT Fo oMY
lam nate cer ag€ stpACHEREr £ha1eWe formhfioR ofl 8he APESAlAPR_RInAdA 1vLd
out until the cover layer 32 having a desired nunber of layers 10 is

obt ai ned. Thukayer |smiasate qtdin a gavent bayer 474 forapddnminate ceuramig
with the size I | QRS the Iy fage

pol ygonal col U %%P?%%Ifés.s %ygorggi %ggf oi]'t hgﬁﬂ'rsggg%?.gitrﬁf\l‘}énﬁgo%é,)]t"?%%&scf%tps of
15 form ng tinetihteheatovendiayery e32 dyerimy 4 esintadmmaimbent |ofrichearsr ng
t he Iania%te ign ge iaréied out with a series of operations. Therefore,

t r anspor t-%work® pRPt@EReet eps which is required when these steps are not

carried out with a FRisea 2hmeaakal 3 2o LaidnatRC8E LMY cOPGpAcDEOLESEs
whi ch 20 does not include a drying step can be enployed by a transfer

system for foFFREdNtEndRG isiEq Qfetthet fRARELPORRKPAG ¢R s RaxiPherakduce
the tinme requiifeabg 8P 2h8 BohdBbR34® columnar roil s.

According to the present invention, the steps of

15 forming the internal conductive layer on the columnar roll
and forming the laminate can be carried out with a series
of operations. Therefore, transport work between steps
which ié required when these steps are not carried out with
a series of operations is not necessary and a process which

20 does not include a drying step can be employed by a transfer
system for forming a conductive layer, thereby making it
possible to reduce the time required to obtain a laminate
and to produce a laminate efficlently.

Whenthelaminafeisusedtoproduceceramiccapacitors,

25 a laminate obtained by using the green sheet which shrinks
by heating in a stretching direction shrinks in the center
direction of_ the roll of the laminate by heat-treatment which
wlill be carried out thereafter. Therefore, the laminate can
be made extremely dense in structure and used to produce

30 small-sized, large-~capacity capacitors.

Fig. 3 is a diagram showing the basic configuration of
an apparatus for producing a 1aminate.for laminate ceramic
capacitors according to an embodiment of the present

invention. The apparatus of Fig. 3 is used to produce a



and to produce a lamnate efficiently. Wien the lamnate is used to produce
ceram ¢ capacitors, 25 a |lam nate obtained by using the green sheet which
shrinks by heating in a stretching direction shrinks in the center
direction of the roll of the lam nate by heat-treatnment which will be
carried out thereafter. Therefore, the | am nate can be nade extrenmely dense

in.structure anghiYsAd LS iROdUsPeel) sisdet Inati4fifla bredRtetRdnled/ pattern

i
capacitors. Fig. 3 1s a diagram show ng the basic configuration of an
appar at us for fommad ithgredmni Aat €igor 3, atheaeppaspimisc conpadisesr ¢ feed

37s used to SPRlea ol yBrpiinl £°GEbeh HiGL R  HESHETHRE ative O

3is usedto te a g a green she

pr edet er m ned npidrer4s ffyrmadicivibtigothe foedi ghaBt hha eppkiralllingonie Ses a
feed shaft_42 f or unrolling a green sheet 41, a feed shaft drive notor 43

for driving t FETERP SfatPeafgieeBnthepti th R3PS on &by SRNSoPhdegpretsd
sheet 41 basegyon, {hd £o)S| A&t &F1 4, byna tensien deteckor 44 foie

tension detector 44 for detecting a change in tension during the traveling
of the green Setwciing shechanye dbnrbéheienq8uringgbhei hyavediggeof dhect

41 fromthe fe shaftt 42.to columar roll, 47 nsjon.l10 ontrol unit
46 comoseq obedh drest 410 Faflt Wiie 16th 48 FEHSOTALRg M Hirder
ti me of accel edtdetnqd 1@ rahethbcfadd BRalFlte12 @oad colluahareo TD 4T Ma R en@lilond 7,

the columar roll 47 for_ taking up the green_sheet 41 _to form a | am_nate,
and a col dfnarceirod Rkt ¢ gromposed ggt at fiagces rofd EorumRRtrodiiings in

a predeterm ned GHAMGd | O £88sPOR! At 0PhBItamBr 8¢Chekeatidld &0 fornmed on
the green sheet 41 to be Iamnated on the green sheet 41 wound round the

col umar rol | deceleratingcthetpohapiencodr thaegopumnam roddnéd .orthehe
Sher Shect et 4ot b7 £6 FRBSEChb, HherreE SRR A1 Fork?
pattern fornmed drariratgs e@and a columnar roll drive motor 48 for rotating
15 the columnar roll 47 in a predetermined direction and
positioning a predeterinined pattern formed on the green sheet
41 to be laminated on the green sheet 41 wound round the
columnar roll 47 with respect to a predetermined pattern
formed on the green sheet 41 wound round the columnar roll
20 47. Reference numeral 49 denotes a pattern positioning unit
for positioning the predetermined pattern formed on the green
sheet 41 to be laminated on the green sheet 41 wound round
the columnar roll 47 with respect to the predetermined pattern
formed on the green sheet 41 wound round the columnar roll
25 47, 50 a green sheet nipping unit for closely bonding the
layers of the wound green sheet 41, and 51 a sheet bonding
unit for fixing the layers of the green sheet 41 by adhesion
so that they do not shift out of alignment from one another.
The rolled green sheet 41. having a predetermined
30 pattern formed thereon is unrolled by the feed shaft 42 and
the feed shaft drive motor 43. The tension detector 44 is
composed of a tension dei:ection sensor for detecting the
deflection of a flat spring based on the tension of the green

sheet 41 with a differential transformer. A tension control



sheet 41 to be |amnated on the green sheet 41 wound round the col umar
roll 47 with respect to the predeternmined pattern formed on the green sheet
41.wound round the columar roll 25 47, 50 a green sheet nipping unit for
cl osely bonding the | ayers of the wound graen sheet 41, and 51 a sheet
bonding unit for fixing the layers of the green sheet 41 by adhesion so

that they do ngfsdm fils provalied t8NEBRErH L HRO R YIYNOF. tH8EgF&éh &shelteen
sheet 41 havi n4g]4a predeterm ned 30 pattern forned thereon is unrolled by

the feed shaft4ddmfetantine@ shapgedinyEepsion BY. meams (@hsihm AL,
an’i . . . et i
oSSl oL 6L I SR INY S SR LR AU s

of a flat spring green eet
differential tdmiwéamotor 432.t asrtmercpnthel tensiOnsgenemoildepr d\6i @fd & o

control the tepsion of e green sheet, 41 by detectin hange in, tension
by means ob ¢ HARERS IR CPPERAF TAE BoABRGe RULLSZr of dERF RS

feed shaft driyes@iddmger SAidYProvied FS | Bhial rHlding® A temsdancer
roll system conprising a dancer roll ‘52, a spring 53 and a danper 54 is

provi ded to codkridre fimmedearseleraitdncert decelaragingcthe cretahionrof

decel erating t r ' o] e, ol umar roll 47. The green sheet 41
unrol | ed from fhe ?éggﬂn{s?ﬁgf%ogl; i459'10 carried by the sheet guide rollers

45 to be taken up byThéegmednmheet 1l uhiollled faoimethepbeetli shafiy 4Riis 49
conprises_an inage,detection canmera 55, an j.nmage rocessi control l er. (not
Chonn) and®a CORERRET B8 $50 SHAB trari e i AR Hgbenbaken b bkrthe

roll 47 to posgéiemnhbersiedgzer m ned pattern fornmed on the green sheet 41.

A description is subsequently given of pattern positioning. The col umar
roll 47 is rotated bineHRaEEeTANRPSLELPRdRG 8ndt: 4° SPMPpRiges R image

pr edet er i ned §atLEERoR0caRRS! S, "ArC fLaflR il USSR iy BSROESFLLL ot

| ongi t udi nal
shown) and a columnar roll drive motor 48 for rotating the

15 columnar roll 47 to position the predetermined pattern formed
on the green sheet 41.

A d_escription is subsequently given of pattern
positioning. The columnar roll 47 is rotated by the columnar
roll drive motor 48 until the predetermined pattern

20 consisting of quadrilaterals arranged in a longitudinal
direction of the green sheet 41 at predetermined intervals
and a detection mark come to the detection position of the
image detection camera 55. When the detection mark is
detected by the image detection camera 55 and the image

25 processing controller, the columnar roll drive motor 48 stops
operation to stop the columnar rqll 47. When the detection
mark is off a predetermined position, the columnar roll 47
is rotated in an either direction by the columnar roll drive
motor 48 to stretch or loosen the green sheet 41 so as to

30 position the predetermined pattern formed on the green sheet
4] .

After the positioning of the predetermined patter
formed on the green sheet 41, layers of the already wound

green sheet 41 are closely bonded together by the green sheet



direction of the green sheet 41 at predeternmned intervals and a detection
mark cone to thé detection position of the i mage detection canera 55. Wen
the detection mark is detected by the inage detection canera 55 and the
mage 25 processing controller, the colugamar roll drive notor 48 stops
operation to stop the columar roll 47. Wien the detection mark is of f a

predet er m nednPppihigolnitth®oc AndFExd® Iy Lldse [HéRd L8y | By 2Pné&i 5R8EL
direction by the columar roll drive notor 48 to stretch or |oosen the
green sheet 4BoB@ipg wBi%051pgei that theypdedpetrahhEl euttef mltensentn

the green shegiofilonéf positioning of the predeterm ned patter
formed on the g?eeﬁnshgg?t%%%°layers of the already wound green sheet 41

are closely bonded Thgegheenbgheled guippinghestit 5@ lisiirs tajlled tabOaand
fixed by ose- bondi ng t he, sheet bondin i 51 so,that they_do not
ShiTt out i BPESRAER. WRESH SHE BRoERerneThe by befToRop e pPREAAPRS0 | s
installed at ghé peiulna® Wearne 47e enecgrekecisrebidegigidde Jigvosmd round

the columar roll 47. The green sheet plgping unit 50 conprises a nip rol
56 whi ch freefymPEigessadntP FPdedfavhichrfxeely |notates Andracomewpahicof

the green she LPRL ' 0 i | uf b ' t Lp | L _56 by
the 10 pneung%ngdg?ggng% ig er §9§aé%%§gfgh%ﬁg¥¥%ggggg%nggﬁgétnagpbggmeen
the nip roll 88i&n80t he calruiesd oull IbylGuoaimy ctiné amip ngolbesgr pgnthabeet 41

to the c mar _roll .47 _After the_gre sheet 41 js bqnded by the sheet
bondi ng. At BaebBar s arivereyhiRadi 50 Sifwind fo JHR Grash sheet 12
The sheet bondetgesi thel nip irvialdethid e addBimh&e B6EEN48Neghani ppi ng
unit 50, The sheet bonding unit 51 of this enbodi nent conprises a bonding

uni t 58 usi ng®ankagtdndahne grnanishgeintl tr the colusnpsralbi7a phEtantic
cylinder. ThetjigagpeehSshBarReq1! 1kCh8nBba! By?PHe25h889°HohA1HiVGR1E 81,

the nip roll 56 moves away from the green sheet 41.

15 The sheet bonding unit 51 is installed right after the
green sheet nipping unit 50, The sheet bonding unit 51 of
this embodiment comprises a bonding unit 58 using a heater
and a bonding unit drive 59 composed of a pneumatic cylinder.
The heater is shaped llke a plate and arranged to cover the

20 four sides in longitudihal and transverse directions of the
predetermined pattern formed on the green sheet 41. After
the green sheet 41 is nipped by the green sheet nipping unit
50, the bonding unit 58 moves toward the columnar roll 47
by the bonding unit drive 59, ‘and the end of the heater is

25 pressed against the green sheet 41 to thermally fuse together
the layers of the wound green sheet 41. After bonding, the
bonding unit 56 moves away from the green sheet 41 and bonding
is completed.

After the bonding of the green sheet 41, to position

30 the predetermined pattern formed on the green sheet 41, the
columnar roll 47 is rotated until the detection mark is
detected by the image detection camera.

The above operation is repeated until a laminate for

laminate ceramic capacitors having a desired number of layers



20 four sides in longitudinal and transverse directions of the
predeterrined pattern formed on the green sheet 41. After the green sheet
41 is ni pped by the green sheet nipping unit 50, the bonding unit 58 noves
toward the columar roll 47 by the bondi ggunit drive 59, and the end of
the heater is 25 pressed against the green sheet 41 to thermally fuse
together the {aygiSeftedhe wound green sheet 41. After bonding, the bonding
unit 56 noves away fromthe green sheet 41 and bonding is conpleted. After
the bonding of the Bepfere sinsbatfer thepbarnabhonPf felpmdnater RRKLRI ARt ern
formed on the n_sh h I ' [

det ection nar%gfggagiegiéﬁéégdéhgofﬁéggggéfég#Voﬁzcgﬁgégﬁa%ﬁﬂag%%v%a§gf
operation is 32peetrethaniahinaltaniceatamiiorcadpaditair 2% rstmvwn cipatigor2.

havi ng a desired nunber of |ayers . 32 is re tedq. Before and ter _the

ot bl on o &he-ap RATReRaRRTY 47, s Eotared FRl pot. the, Eepe areliding

obtain a COVGEhéaéfﬁép?’@fzgésibfohﬁﬁbnﬁﬁe £et8tha1capestiode 28r6heaprisdFi g.
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2, 5 the columar roll Is rotated and all the st_egs excluding the step
of positioni nguthe Thhisroperatienribdeccarsiedrentdquatil FhiesbpedRpEBRers

carried out un%i Ir:gﬁ‘e%:iig&%gﬁn%@%rs ij'l%ai\ﬁaédl ayers 32 is obtained. Thus, a

| ami nate 34 8 amc capacitors is 10 formed with the size of
an area on the periphasal a Janfiacet B4t Rer coamimete roeitamit capaciidionsiiag

exanples are given to further illustrate the present invention. 15 npl e
A2 e BOTRE AR ey e o dn R |G P o) ShOPPaL ERERAES
essential |y cggpesgd ol dadriPdit appte and 9 w* of ultra high nol ecul ar

wei ght pol yet hyl ene and having a porosity of 50 % a weight per unit area
of 40 g/n2 and a

The following examples are given to further illustrate
the present invention.
15 Example 1
A 12 cm-wide, 15 mm-thick green sheet dompris:l.ng 91 wt%
of a ceramic essentially composed of barium titanate and 9
wt% of ultra high molecula: weight polyethylene and having
a porosity of 50 %, a weight per unit area of 40 g/m* and a
20 shrinkage factor at 155°C of 45 % was used. This green sheet
was wound round a hexagonal roll 20 times to form cover layers.
At this point, in winding of each cycle, four ends of the
green sheet on each face of the hexagonal roll were thermally
fixed at 140° C to bond together the layers of the green sheet
25 andpressedwith a pressure of 50 kg/cm® at 120° C for 5 seconds.
Thereafter, a pattern for forming an electrode layer
was formed on a 20-th layer of the green sheet which was the
uppermost layer of the cover layers, by a screen printing.
Silver/palladium (weight ratio of 70/30) was used as metal
30 powders, ethyl cellulose as a binder resin and a mixed solvent
of a hydrocarbon-based solvent and a high-boiling alcohol
as a solvent were used for this printing. The pattern
consisted of 6.92 mm x 1.3 mm quadrilaterals which were

arranged in 8 rows in a longitudinal direction and 30 rows



20 shrinkage factor at 155 C of 45 % was used. This green sheet was wound
round a hexagonal roll 20 tinmes to formcover layers. At this point, in

wi ndi ng of each cycle, four ends of the green sheet on each face of the
hexagonal roll were thermally fixed at 149ferr] C to bond together the

| ayers of the green sheet 25 and pressed with a pressure of 50 kg/cn? at

120e C for 5 $8GOPHSnsYELLER IR0t ForPak! Bitefe41s D NG mail elTaetpatieetrayer
was formed on a 20-th |ayer of the green sheet which was the uppernost

| ayer of the waseiried ats60hg foxct mdauteseffgr Brintingal | TReTAREWRT ght
rati o of 70/ 30Q).,was,. u S e SBna bipder
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al cohol as a sakeenbfwene gseenfsheéhi sapdi ibungendbeofathergreenssbeet of

6.92 1.3 drilaterals whjch din 8 '
Congi tudi il NEFECNOMahkY Saxedit 1A05E Falend Angosher the edrmLarer
intervals of Qn§ M tHNGyeAt bErthd'redid 8fledlt $0f1 faf 0y to FhRUESEMAtLEh

printing. Thereafter, a™21-th layer of the green sheet was wound round on
a 20-t h | ayer off thacabpeercatrarilayars { oJhemdshgse haygrscwesRePresseder e

thermal ly fix t 14 t ether Hh -tdh nd ;21 - yer
of the green g%e%tp%?%olflg? IO% fb’ gn]tgﬂgggotranlla an%ofgfh% sgb@é)%i %ovérﬂ’?ggg%g.
Then, these | gaer ghear fopned sad tdie 21prtdslayerodf Sthégimesh atheA) byCther 5

seconds. A pattern was then formed on the 21-th layer _of th green sheet by
p

the 10 atfoveabOVEeFGEEER PRI AP SHEhRMIPRET | FRdhsEp¥REdSRBSP

fromthe pattgparfoEpBH ke DA% tadrl FohAédr oRftH12 00kBCNagheed £ he3 gFeBm | N
the longitudinal direction. A 22-th | ayer of the green sheet was wound

round the 21- sheledyey 3of7 &mp igr b lomaitudinahirectiosd afd? 4rletdag6Rded
et 17 a5 oot g T TRNSE Zouflscha a5 SROSgy= et no
pattern were gaeea ethaett, |tHdmaillipefinédpandepnesayboadedcdioe the 21-
Thereaf t elrS ZQ:hcg\a!.}er[arl fﬁ/%&'xse \sAgrElg manner as described above. The winding,
thermal fixing and press-bonding of the green sheet and the
formation of a pattern were repeated until the number of
pattern layers became 51. Thereafter, 20 cover layers were
again laminated on the pattern layers, and the tail end of
20 the green sheet was thermally fixed at 140°C to produce a
laminate.

The obtained laminate was then subjected to a
relaxation under heat-treatment at 155°C for 4 minutes. At
this point, a collected sample had a shrinkage factor at 200°C

25 of less than 0.3 ¥. Thereafter, a heat resistant bag was used
to contain the laminate in vacuum, placed in a hydrostatic
press filled with triethylene glycol at 155° C and pressurized
at 1,000 kg/cm®* at 150°C for 4 minutes, and then the sample
was taken out and formed into chips according to the pattern.

30 The obtained chips were baked in the atmosphere gradually
by elevating the temperature to 1,140° C and maintaining that
temperature for 2 hours.

An external electrode was formed on the obtained baked

product using a silver conductive paste and baked. The thus



again lamnated on the pattern layers, and the tail end of 20 the green
sheet was thermally fixed at 140[err] C to produce a | am nate. The obtai ned
| am nate was then subjected to a relaxation under heat-treatnent at 155 C
for 4 mnutes. At this point, a collected3ganple had a shrinkage factor at
2000 C 25 of less than 0.3 % Thereafter, a heat resistant bag was used to

contain the | ggtAaheal DaldRHYE cBLafed EApachrdrogkat chabﬁéitEhbbeﬂthth
triethylene glycol at 155 C and pressurized at 1,000 kg/cnR at 150 C for 4

m nutes, and kHénth@0§am§‘I enga g tdaJeé{eQﬁnlCankPSS)rfMWm@fchbps%accor di ng
to the pattern. 30 The obtained chips were baked in the atnosphere
gradually by elevating the tenperature to 1,140[err] C and mai ntaining that
tenperature fBEga@plieues. An external electrode was fornmed on the obt ai ned
baked product using.a silver conductive paste and baked. The thus

obt ai ned I1%ani nat e cRRafiBCtIpIei PELLREE FaSfammeth@r A 42 §B- Yb?-d?OSlﬁF
and a diel ect pinCtheek GRekd shleet: ‘Eoﬂ?z@@iﬂ& QP wts of a SBr&mgetrode

pattern was formed on & 12 cmw de pmthick green sheet corrpr|5| ng 91
wt % of a cer apssenddeddyachyposedoofdberipar tdaniatenand anut® efoudtraltra

high nol ecul a t hyl and hav or Qs of 20 _% .The
pattern cons: BioRgHGHeBELYE H1 SHE SEE QB 188 AR BEUanG . BOFSPHEY 85 the
green sheet ugbng.a Bhévpatparhadbnsie®iadCofy e [Bestnan (7 U 3D)mby a screen
printing., The Ion axi.s of. the pattern was parallel to a |ongitudinal

directi ont®f AHBAYAlatenads wamFammed; o the(3reeRs sheeheufiRgePn were

arranged in 391&9@%/3@&1&%d1@m{ MRS S8 dli g5t d Og@f'wB‘GbﬂrSeBc%Q‘éﬁt at
intervals of 0.6 mm the green sheet” (Gl, ) were wound round a

cylindrical besdnting:i nfhe dpnguakdscwde thile patd®@nramwas parallel to a
longitudinal direction of the green sheet, and the
quadrilaterals of the pattern were arranged in 30 rows in

15 a transverse direction of the green sheet at intervals of
0.6 mm
Two of the green sheet (Gl, G2) were wound round a
cylindrical bobbin having a circumference of 1,196 mm
together in such a manner that the green sheet G2 was placed
20 upon the green sheet Gl. After portions having no pat'tern
printed thereon of the two green sheets were first wound round
the cylindrical bobbin seven times, portions having a pattern
printed thereon of the two green sheets were wound in such
amanner that a pattern formed on the green sheet G2 overlapped
25 with a pattern on the green sheet Gl and covered the interval
between the adjacent quadrilaterals of the pattern on the
green sheet Gl and the pattern on the green sheet Gl covered
the interval of the adjacent quadrilaterals of the pattern
on the green sheet G2. In other words, the patterns formed
30 on the green sheets Gl and G2 were spaced apart from each
other by half the length of the quadrilateral. Thus, the
green sheet used to form the pattern on the most inner side
to the bobbin was wound 11 times and the other green sheet

was wound 10 times to form 20 cover layers. Thereafter, the



together in such a manner that the green sheet & was placed 20 upon the
green sheet GL. After portions having no pattern printed thereon of the
two green sheets were first wound round the cylindrical bobbin seven tines,
portions having a pattern printed thereopsof the two green sheets were
wound in such a manner that a pattern formed on the green sheet &

over | apped 2gre¥ht BhaeRat h8kAingNnbh@atteen Prasitdd HWkLSY ai@fe thSund
i nterval between the adjacent quadrilaterals of the pattern on the green

sheet Gl and7t KémB&ttern on the green sheet G covered the interval of the

adj acent quadri| at @ﬁ?l}éﬁg% %getggt PEEQnOBhUé‘%sg%%G?lgﬁédd % d oL per

words, the patterns e green sheets wer'e spaced
apart from emehisthet hwpeabhdt thilsengtlll ofast maiquiciinddtat al55°Tusy ahe

green sheet used to formthe ttern qQn the st _inner_side to the bobbin
was woun 11H?§n§§raﬂalfﬁe¥8#1)§|9 eﬁTeng\%Es Fafo Mes to form 20

cover |ayerspefpehBdthlariyNeo thdd drefinfdiRaisidBvaBe#OioRt 8T Bneri nt ed
t hereon were wound 7 tines. The ends of the green sheets were fixed by a

heat resistaRfbbdpetangivaia laninabe shedta aed the 1g9BbTingdalanhpateir

drier for 30 t ' Xvacq1 p endi.cyl ar .0t

ci rcunferent Fg‘Fggi ‘?égtgg#{ﬁ%éqf%% bo %gn tg&% \ggltéqf%n% égégssﬂggﬁ b%]ﬁﬁdt he
obt ai ned | angratieadfigeinviise farmespherte phiejevatimglihai hemipebaparecto
baked gradual ly ,ip the atmsphere by elevating the tenperature to 10
1107 ori ¢ And RS AR R SR A S S TS AnPERESr na

el ect rode was fornmag &ﬂtéfﬁapﬁlﬁd}%&@lﬁ%@ Eb@ﬂéa_toﬂa:lmgoﬁt&!ih\éﬁr baked
conductive paste and baked. The thus obtained |am nate ceram c capacitor

had a capaci PAREECE: USiRgA GL1VEF FPnaNEtd Ve BREEEraRd haked ocThe Shus. 9 %
15 Exanpl e3 gg+ghiaeld 94minatktBathf PLRALEA t43S nhd FBHaBlcd tifice at 1

kHz of 110 nF and a dielectric loss factor of 1.9 %.
15
Example 3
An electrode rectangular pattern was formed on a 12
cm-wide, 20 pm-thick green sheet comprising 91 wt% of a
ceramic essentially composed of barium titanate and 9 wt%
20 of ultra high molecular weight polyethylene and having a
porosity of 10 %¥. The pattern consisting of 6.92 mm x 1.3
mm quadrilaterals was formed on the green sheet by a screen
printing using a silver/palladium conductive paste (70/30).
The long axis of the pattern was parallel to the edge of the
25 green sheet, and the quadrilaterals of the pattern were
arranged in 30 rows in a transverse direction at intervals
of 0.6 mm.
The green sheet was wound round a cylindrical bobbin
having a circumference of 1,200 mm. A portion having no
30 pattern printed thereon of the green sheet was first wound
round the cylindrical bobbin 15 times and then another portion
having a pattern printed thereon of the green sheet was wound
in such a manner that the pattern of a first layer was spaced

apart from the pattern of a second layer by half the length



cmw de, 20 pmthick green sheet conprising 91 w% of a ceram c essentially
conposed of bariumtitanate and 9 wt % 20 of ultra high nol ecul ar wei ght

pol yet hyl ene and having a porosity of 10 % The pattern consisting of 6.92
mm x 1.3 nmquadril aterals was fornmed on3she green sheet by a screen
printing using a silver/palladiumconductive paste (70/30). The long axis

of the pattebf vRE& ?ﬂi{dﬂ'iﬂtéﬁhi he mdoe 1¢f, the ghe&h asieshorls wohd b6
guadrilaterals of the pattern were arranged in 30 rows in a transverse

direction at epfuEeyibatop Gepthal Rar gk Pateren wha0 nbhnantodfd-4h
cylindrical L I i r f 2Q0 I hawi no
3 pattern SeeordiReri S oad el TacarRe heldooPREr R BEERBIRY BY,
cylindrical Ifdrsitnghadridateatad blyeffiasdt wéndpogt and haengralpadrédion
printed thereon of t green _sh s woynd.in such a manner that the

Dot tern o abptwgen dyes thoandnaebs thaaradr antefals.peRdopea obatna
llayer by hal Gtt Be de@t@tal portdH diea el th ag@adtildbatal Soyt Bacon@en

sheet was wound to ensure that a central portion between 160-th and 161-th
quadri | at er aW3nEHE@ HipLhis 088 -athe Tt gragsiinserad andithy 320-th

guadri |l ater al A Palell r i 5 319- and
320-th quadrﬂu%%égrla S'S g‘uﬁggg—é’%]%%gg ggggtéécggéﬁéa )bor#%%#%%%nagﬁgg-qth
guadri | at er awalsy weeadnd 1wt imleagifi the same asnndihe A petrtdvad hialvdingy alo and
t he 320- qgquadril ateral  overl| apped w each other). The gre heet was
wound 21141 HEEYR T BELHHES REERon 15 Re SOt AR AR OBRR LS FiFEsn: o
thereon of thgadreenraaeehsives WeHBdeha bf MB%e 3fidh sHEI®AdLIELxdE YN Of
the green sheet was fixed by a heat resistant tape and this roll was

mai nt ai ned a® BsSteFppietanthtapAodndi thir izl as3gagntained me 158 € was
o oo n AR BLhat Kkontbepcise st menlial. Siiepluat dod helo ool
obt ai ned chi penpemslivadearly dthiathy circumferential direction of the
15 ©bobbin to produce a laminate and the obtained laminate was
formed into chips. The obtained chips were baked gradually
in the atmosphere by elevating the temperature at 1,140°C
and maintaining that temperature for 2 hours.
An external electrode was formed on the obtained baked
20 product using a silver conductive paste and baked. Thus
obtained laminate ceramic capacitor had a capacitance at 1

kHz of 104 nF and a dielectric loss factor of 1.9 %.



in the atnosphere by elevating the tenperature at 1,140[err]C and

mai ntai ning that tenperature for 2 hours. An external electrode was forned
on the obtai ned baked 20 product using a silver conductive paste and baked.
Thus obtained | am nate ceram c capacitor #ad a capacitance at 1 kHz of 104
nF and a dielectric loss factor of 1.9 % 37 1. ~ An apparatus for

producing a lamnate for electronic 5 parts conprising un|t
for unrolling a self-supporting green sheet which contaluwm”wg iﬁMﬁﬁi
and an organi c binder; (2) a col umarCERIMSfor taking up an

t he sel f-supporting green sheet; 10 (3) a fixing unit for fixing the

| ayers of the green sheet taken up by the columar roll so that they do not
shift out of alignneEntapparatas foptpesducing aalgmitete for nehegctmoni&or !
form ng an internal conductive |ayer having a predeterm ned pattern on the
green 15 %heBfTt8kEAMBE 1Y PSHe col ummar roll; and (5) a pattern

positioning ughl fop MILLALR S AnPRITHINY a s@lﬂ’“’ﬁ dpbdei iy le? Shoed
patter is to be formed, on the green sheet to be | am'nat ed adjacently onto

t he green shewhigd Whn¢n1hasﬂ@gmgagmﬂeﬂpwﬂaauanélqnbvrgmeleobundar roll.

2. The appﬂagt us OI:o‘il %'n@rlro‘é(?. |n trﬂ%nﬁ}%”f&%'fa(}ﬂﬁtlﬁhe fged unlt

(1) is ultra h nBl §Rular wei g polye e a paratus of
claim1l, whereenftbeappoetingheieeal dﬂﬁeﬁﬁed unlt (1) |s a unlaX|aIIy or a

biaxially orle Sed sheet havi ng a porosity of vol une.
The appard us(3f clI & HHiIngiREr Fah&ixdpgnhhe Jr%Y‘Fr’E 23f ﬂ%{‘eagESFE}nﬁhﬁﬁ% ng

a snmooth and gdkéadupehyPHRé o BEhARE Sro L MY WUt Hed) W& not 8hRER! But ¢

of alignment from one another;
(4) a pattern forming unit for forming an internal
conductive layer having a predetermined pattern on the green

15 sheet taken up by the columnar roll; and
(5) a pattern positioning unit for positioning the same
pattern on the green sheet G2 of the next cycle to be laminated ' ar
adjacently onto the green sheet Gl as a predetermined pattern .r‘:;
on the green sheet Gl of the previous cycle taken up by the '

20 columnar roll with respect to the predetermined pattern on

the green sheet Gl.

2. The apparatus of claim 1, wherein the organic binder
of the feed unit (1) is ultra high molecular weight
25 polyethylene.

3. The apparatus of claim 1, wherein the green sheet of
the feed unit (1) is a uniaxially or a bilaxially oriented
sheet having a porosity of 1 to 80 % by volume.

30
4. The apparatus of claim 1, wherein the columnar roll (2)
is a column having a smooth and curved peripheral surface,

a polygonal column or a plate.
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5. The apparatus of claim1l, wherein the fixing unit (3) fixes the

| am nated | ayers of the green sheet by heat. 6. The IHLm 1,
wherein the pattern formng 5 unit (4) fornms a predet e‘mgmﬂmﬂﬂum* t he
green sheet taken up by the columar roll 3igy transfer. 7. ¢ TFhe"apparatus

of claim1, wherein the predeterm ned pattern formed on the green sheet of

the previous gycle ¥he hph8RatBsPYrt BEafR! PMHerOin G FisdihiPlnd ¢ &ﬁ)
plurality of %uadrllatera s arranged linearly at intervals, each of i‘ch

i s shorter th#&d%ese thendiamigfatad Ayrrpaehl the goeehesheetinggnbent.
direction of the quadrilateral, and the quadrilaterals of the same shape
are arranged on the green 15 sheet of the next cycle to be |am nated

adj acently onto t heTheeappabaetisobftdbaimney) alferainl @hd Pathernd€orming
configuratjion_in SL@D manner that they are shifted frcon the quadrilatls

of the green ¥Rddt FM5 & iRfRdelryined RRkterneonnthevarepat abertt he
adj acent quadiiaineRay SyoftHd 10 RlhEAR A8 1 "y Of £ERsEBESt Of the previous

cycle. 20 8. The apparatus of claim7, wherein the predeterm ned pattern
consists of a plurality of rows of quadrilaterals arranged linearly. 25 9.

An apparatus for prguci l.am e far ectronic parts co I sing: (1)
a feed unit for unro Iir?‘g%g%sae%?- s%?pp?o]ﬁli"h 'gr%?%ﬁ%e?hmfﬁgggﬁfﬁilggd
i nor gani ¢ powgert tenth oraregaoine thiendteen( dheetaGlobgmiae peklibas bgkikg up
andlam'n](ae!sin he 30 self-s%—p ortlnrtg reen sheet; (3) a_fixing unit for
fixing th |a3_ TR 7Y dihse Shna UPPRFishe 5l anRARTAAALYs O hat
they do not skualdraulat@iraald apeBAGel PIMORLI R NEkerddis, e3dh of which
is shorter than the length of one side parallel to the
arrangement direction of the quadrilateral, and the
quadrilaterals of the same shape are arranged on the green
15 sheet G2 of the next cycle to be laminated adjacently onto
the green sheet Gl in the same configuration in such a manner
that they are shifted from the quadrilaterals of the green
sheet Gl to cover the interval between the adjacent

quadrilaterals of the pattern on the green sheet Gl.

20
8. The apparatus of claim 7, wherein the predetermined
pattern consists of a plurality of rows of quadrilaterals
arranged linearly.

25 9. An apparatus for producing a laminate for electronic

parts comprising:
(1) a feed unit for unrolling a self-supporting green sheet
which contains inorganic powder and an organic binder;
(2) a columnar roll for taking up and laminating the

30 self-supporting green sheet;
(3) a fixing unit for fixing the layers of the green sheet
taken up by the columnar roll so that they do not shift out
of alignment from one another;

and
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(4) a pattern positioning unit for detarmining a positin, on which the
predeterm ned patter is to be fornmed, on the green shee )

adj acently on to the green sheet which has been cycl ed Hlm”mgmﬂhmﬂm
columar roll. 10. The apparatus of clgbm 9, wherein the ©rgankc i r
of the feed unit (1) is ultra high nolecular weight 10 polyethylene. 11.
The apparat ug49f Chap@tRerWhosiit idia Y a8l et ¥sihfod £Ed HRbt shhd 1S a
uniaxially or a biaxially oriented sheét having a porosity of 1 to 80 t by
vol une. 15 1PRatTieenappdhet ateeh stiesths8 ofitbeatext kycdel tenker lapinatel is a

plate, 20 Sa3sEy B0t BE SRR SRLFE By S4id PEBneR el BaskBrlS)

fixes the | asnnghedgragarsheéttbr Gf adie PeBiidys B3aile aken Upe byPRAeat us
of claim9, wherein the _predeterm ned pattern forned -on the green 'sheet
of the prvi GesWEPATTo31 WAk TEFPEFY he tBPURRSRSTEIMingAspetsegn gn
plurality of +geadidded &tlet &y anged linearly at intervals, each of which
is shorter than the length of one side parallel to the arrangenent
direction of the quadrilateral, and the quadrilaterals of the same shape
are arranged.,@n th r heet of .the n I o] '

adj acent |l y o%@B thgh%rggﬁagggg% %% F%gl%%§Vi§§§r§¥§|gh%no?ﬁgkgg'gikﬁgr
configurati onfi thldeed Aiter( X hais thkyrarkighi hdbedchlam wbeght

guadril ateral s of the green sheet of the previous cycle to cover the
interval1%etﬁ@&ﬁqﬁﬂ¥¥éh%ment quadrilaterals of the pattern on the green
sheet of the previous cycle. 40 15. The apparatus of claim 14, wherein
the predeterm ned pattern consists of a plurality of rows of quadrilaterals
arranged |inédrly. Thelgprarplasggfacdeds & wherelo hhecgregn: isdeedtomdri ses
a the feed unit (1) is a uniaxially or a biaxially oriented

sheet having a porosity of 1 to 80 % by volume.

15
12. The apparatus of claim 9, wherein the columnar roll (2)
is a column having a smooth and curved peripheral surface,
a polygonal column or a plate.

20 13. The apparatus of claim 9, wherein the fixing unit (3)

fixes the laminated layers of the green sheet by heat.

14, The apparatus of claim 9, wherein the predetermined
pattern formed on the green sheet Gl of the previous cycle

25 taken up by the columnar roll consists of a plurality of
quadrilaterals arranged linearly at intervals, each of which
is shorter than the length of one side parallel to the
arrangement direction of the guadrilateral, and the
quadrilaterals of the same shape are arranged on the green

30 sheet G2 of the next cycle to be laminated adjacently onto
the green sheet Gl in the same configuration in such a manner
that they are shifted from the quadrilaterals of the green
sheet Gl to cover the interval between the adjacent

quadrilaterals of the pattern on the green sheet Gl.
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press-bonding unit for close-bonding the |layers of the green sheet taken up
by the columar roll. 10 17. An apparatus for producing a | am nate for

ceram c capacitors conprising: (1) a feed unit for unrolling a
sel f-supporting green sheet which contaiag i norganic po*@ﬁlﬂﬂﬁWl W”HI*ﬂ"ic
bi nder; (2) a columar roll for taking up and | am nati L s 'y

sel f-supporting green sheet; (3) a fixing unit for fixing the |layers of
the green sheet taken up by the columar roll so that they do not shift out
of alignnent 16rom Ehe appemetus(af claipr d4s-voanein thetpredetesméngd

bondi ng togey%%fte e si'sacyserosf?a[ 1#1@?::?1{)@5{“ éf‘e:%wéa&?”gﬁggg%ééggr‘&%“”“ar

roll; (5) pattern Tormng un ng an rntern Ive | ayer
havi ng a predstrangeded ipatdratyn. on t he green sheet taken up by the.col umar
roll; and_(6) a pattern positioning unit for determ ning a position, 25
on which ?he predeterm ned patter is to be formed, on the green sheet to be

| am nat ed adjigcent lrneogga@fgﬂa&&r AN Aheet IRl apuPeREr ca@.hﬁﬂieéfsvaousl y

by the columar roll. A process for_producing a |amnate for

el ectroni ¢ p@ressppondidigynd tsEer -algasrhonding ddhe daverswif dihec geginns
I norgani c pp\gql%retanc%]@é}l qﬁ%}tcﬁ&é g@:]}urﬁ’ﬁlgr hggli.predet erm ned pattern for
i

| n
formng an internal ¢condu ayer Torned 1 thereon round a col umar
roll several tinmes, wh.erein the green sheet of the next cycle is wound

round th reen sheet of the previous cycle to ensure that a fixed,
Dosi i onb? r it + oRghAPAAT AR A RRP B SR P ol P PP ERGTRE nPRBEMIEL t er n
fornmed on theayRArcheaionPtshiigund. the columar roll and the sane

pattern fornmed on the green sheet of the next-cycle, as the predeterm ned
pattern on (1) a feed unit for unrolling a self-supporting green sheet

which contains inorganic powder and an organic binder:;
(2) a columnar roll for taking up and laminating the
15 self-supporting green sheet;
(3) a fixing unit for fixing the layers of the green sheet
taken up by the columnar roll so that they do not shift out
of alignment from one another;
(4) a press-bonding unit for closely bonding together the
20 layers of the green sheet taken up by the columnar roll;
(5) a pattern forming unit for forming an internal
conductive layer having a predetermined pattern on the green
sheet taken up by the columnar roll; and
(6) a pattern positioning unit for positioning the same
25 pattern on the green sheet G2 of the next cycle to be laminated
adjacently onto the green sheet Gl as a predetermined pattern
on the green sheet Gl of the previous cycle taken up by the
columnar roll with respect to the predetermined pattern on
the green sheet Gl.
30
18. A process for producing a laminate for electronic parts
by winding a self-supporting green sheet which contains
inorganic powder and an organic binder and has a predetermined

pattern for forming an internal conductive layer formed
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the green sheet. 10 19. The process of claim 18 which further conprises

the step of fixing the green sheets of the previous cy?!’!’,ﬂmﬂum t
cycle by heat to assist the establishnent of the fixed!f ”w '”L"r
rel ati onshi p between the predeterm ned patterns formed on fhetgreers sheets
of the previous cycle and of the next cycle wound adjacent to each other.
15 20.  The tpeeed®s rofund d Boltmdier 1 tdevdr et engs negnaakigrn formed
on the green sheet of. the previous cycle wound round the columar roll
consi sts of a singlthergyveen shestuGa pPEfythe negis cyelguigaunte rouadathenged
linearly at Lnterval C f Lch. LS t { lLlengkh qf; one
si de parall el%Q:[eg %gle\érﬁrg%ggﬁe{r}?gcﬁfrl& éllcljn cﬁé?%ete%fa%eaggraatl Q g!r?iégfihe
green sheet ghstitdom r@lcts drishipinds resiab hehgd ebatwbernt aof t he

previ ous cycle | ocat i each of the guadrilaterals of the green sheet of
Phe noxt £ycREetbtaTamatpe Ao ER et Shdtin B RENER LELfOURT Tound
quadri | at er akhedlcolmn@re 2 13heela Che! game! pRtitent B3 rhetednPreskt yeaah

rel ati onshi p between the predeterm ned patterns of the adjacent green
sheets of th&heel Geyefethgdext (RcCIr o\ASs thpcpredetermined pesdesn on
claim18, wheqel n.a 5£ldh ;Eﬁting 30 green sheet having a predeterm ned
pattern for form™g an I nternadl’ conductive |layer fornmed thereon is used.

22. The process of claim 18, wherein the predeterm ned pattern for
form ng i nternal conductive J]ayer is, for 42 on the self-supporting
green shidt df 1 he THERTOGESE P Sl ALDiTRRECH RERTFAEESTIE FERP

form ng an i fermiadidgd A igrern airrle el anldh@2s elyf nsdRPebt hegigkeqhesheet
of the next cycle is wound round the self-supporting green 5 sheet of the

previous cyclestabdishmept aftaes faxed apfitta onalereilatinasbigaRpEwseRder
is ultra hi gfi:hHH) et pRLURLEYE ?rﬁed]é:h tg‘,%é .I-cgierpesﬁ’éé’f‘?%l ahge! aim

18, wherein the green sheet 1s"a uniaxially or a y oriented sheet
havi ng a por & twound adjacent to each other.

15
20. The process of claim 18, wherein the predetermined
pattern formed on the green sheet Gl of the previous cycle
wound round the columnar roll consists of a single row or
a plurality of rows of quadrilaterals arranged linearly at
20 intervals, each of which is shorter than the length of one
' side parallel to the arrangement direction of the
quadrilateral, and the green sheet G2 is wound round the green
sheet Gl by locating each of the quadrilaterals of the green
sheet G2 of the next cycle to cover the interval between the
25 adjacent quadrilaterals of the green sheet Gl to establish
the fixed positional relationship between the predetermined

patterns of the adjacent green sheets Gl and G2.

21. The process of claim 18, wherein a self-supporting
30 green sheet having a predetermined pattern for forming an

internal conductive layer formed thereon is used.

22. The process of claim 18, wherein the predetermined

pattern for forming an internal conductive layer is formed
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of 1 to 80 % by volune. 25. The process of claim18, wherein the col umar

roll is 15 a colum having a snmooth and curved peri pher
pol ygonal columm or a plate. 26. The process of clai mﬁ"’mmumwﬂmm
predeterm ned pattern for form ng an inté&gnal conductive tayer ushw 20
on the self-supporting green sheet wound round the columar roll and havi ng

no internal eaneHetsyErlayppobyihgagédn skdet GITE mh@c%sév%uﬁl 8v8148
whi ch further conprises the step of thermally relaxing the |am nate_wound
round the coh@Wids 29 prgdetegmimad Ratiprmidere Formhed| ani #BER5R2RI ane at

200" Cto 1 %Blukctive ?Lg?erTBsfe&aceﬁa Qélngh?%'?)gtﬁhgz r%hcgh%lértt aer
hydf o e |

conprises the step of statically pressing am nate wound round 30
t he col umar ofothe fext cpcpeoteswofind peouvndcting selfinsuppertdngefeeenoni c
parts by 'ndhng a,.sel f-supporting green sheet which contains inorganic
powder an ] §a I"C bi nder and has a predeterm ned 43 pattern for
formng an internal conductive |layer formed ' thereon round a columar rol
several tines,wherein either one or both of the followi ng steps is/are
carried out i28-theTbedeForaftPhiain A8 . svhprein ihrioRgamic I5isheet

of the next e K ‘ﬁgﬁﬂ; Lous cycle to ensure
ultra hﬂg@?“&@%ﬁ??%ﬁghlp|:§(§§%&§f§ﬁ%§ﬂ%'

that a fixed position et ween a predeterm ned
pattern fornmed on the green sheet of the previous cycle wird round the

col umar, rol |, .and e sane pattern, for on the, gr.een sheet of the next
cycle actd @, B BRARRER BEI FLofhohe b AR G U5 shied 27 Bus
cycle; the stigpdadfidiigr 3 hybiakawing bheecphed BhdeltaRKawahg WOpsdoktyd the
columar roll to control shrinkage in the |am nation plane at 200[err] Cto

1 %or |ess; ®%nd 4% &% & BF WRAH®Rt atical |y pressing the | amnate wound 15
round the columar roll.

25. The process of claim 18, wherein the columnar roll is
i5 a column having a smooth and curved peripheral surface, a

polygonal column or a plate.

26. The process of claim 18, wherein the predetermined
pattern for forming an internal conductive layer is formed
20 on the self-supporting green sheet wound round the columnar

roll and having no internal conductive layer by transfer.

27. The process of claim 18 which further comprises the step
of thermally relaxing the laminate wound round the columnar
25 roll to control shrinkage in the lamination plane at 200°C

to 1 % or less.

28. The process of claim 18 or 27 which further comprises
the step of hydrostatically pressing the laminate wound round

30 the columnar roll.

29. A process for producing a laminate for electronic parts
by winding a self-supporting green sheet which contains

inorganic powder and an organic binder and has a predetermined
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rocess for producing a ceram c capacitor using a |am nate fornmed
by w ndi H I ng green sheet containing ceramcs powder and
ultra h|B ’ﬂmﬂunmmm 20 pol yet hyl ene round a columar roll several
times, wherein'thd gfeeh sheet of the neAB cycle is wound round the green
sheet of the previous cycle to ensure that a fixed positional relationship
is establishetteenwrer Fdimtde) &l ittkRadl edond@stede ONay8e gbemadsheet
of the previous cycle wound round the columar 25 roll and the sane pattern
formed on théhgreen Jwawd & g 4kl Sevrrahet pedet WharRds pattern
on the green sheet ogknble, 0l el hbien G¥Clits £bid RGHEL ELHL 1S A LEER1LS

formed on the green s eet of the previous cycle ore supporting
green sheet outt e tbet ordelrenamedoafiierobhd shepseffwsngpngtthg green

anintor il EBRBIC AV ES B8 Nerho YR P BRI op REEBrn SRBREI B OB e |

single row opravilodsatyEYeHo éﬁ%r@fthwﬁérﬂiﬁé&Ws&t@!drﬁ]gﬁdlhtmaﬁéhY.F
i nterval s, each of which is shorter than the le gth of one_side paral

t he 44 ar d#ngehdhiighedcrebreer a REedaigrmi Bpttarn f‘h@“@ﬂ ééhth,@heet
of the next (O Ry £ r p [ e by
| ocati ng eacl'(tﬁof thggl%cﬁﬁ?pl at eral aﬂ.f& ﬁ?@ ?@gﬁﬁu&ﬁ%e%gg% téﬁg gg)%t gé@cl eto
cover the i nip@rbitad rrb tomesd tdre i agmeen cpuaelet | @2 eofll shef nestt bycjecas

heet of tablish t b fi ti |
?elegt i 8n§ i ptg'ﬁew gﬁt‘ljis tt%rcoirrb%‘gt 24 ?t’é’lbls%'ét e‘?ﬁggégntﬁ eﬁﬁj gienlt Ogtraeen

sheets of the previthes stxgl efaltﬂeetnatmg ﬂ@lhxﬁ.}i@ €he3bbtainba PaMEASTeOf
claim 30 which further conprises the s of fixi ng the green sheets
’é‘?/& 5

of the previ &G Aunghthy EHEIPRIF et%ycﬁBEF°ios %Pgﬁgﬁhén the
establ i shmenty 4f; d1G dd XPrhOSAt ! crebaii gngpi Ee?@f-w‘aﬁﬁ t he
predeternlned patterns formed on the green sheets of the previous cycle and
of the next cycl e. the SB@D of hyidrpsbaticadlydre ss By theclanina tewound
ccnprise 5353)54 ﬁﬁgﬁpr§$ffre to the green sheets of the previous
cycle an Pehex cyclre ani nation di xection to closely bond

t oget her the green sheets of the

30. A process for producing a ceramic capacitor using a
laminate formed by winding a self-supporting green sheet
containing ceramics powder and ultra high molecular weight
20 polyethylene round a columnar roll several times, wherein
the green sheet G2 of the next cycle is wound round the
green sheet Gl of the previous cycle to ensure that a fixed
positional relationship is established between a
predetermined pattern formed on the green sheet G1 wound round
25 the columnar roll and the same pattern formed on the green
sheet G2 of the next cycle, as the predetermined pattern on
the green sheet Gl; the predetermined pattern is formed on
the green sheet Gl before the self-supporting green sheet
G2 of the next cycle is wound round the self-supporting green
30 sheet Gl having no predetermined pattern for forming an
internal conductive layer; the predetermined pattern
consists of a single row or a plurality of rows of
quadrilaterals arranged linearly at intervals, each of which

is shorter than the length of one side parallel to the
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previou cycle and of the next cycle wound adjacent to each other before t
predetenm nd pattern is fonmed on the green sheet of ﬂuﬂl ﬂ“" H’tmwzo 33
The process of claim30 which further conprises the

rel axing the | am nate wound round the colddmar roll to control" shrlnkage in
the lam nation plane at 200[err]Cto 1 * or less. 25 34. The process of

claim 30 or IFretiddmdrt tdiefeSOIBY | SESthdeqeaepiDatBydl9shali eakl yreassi ng
t he | am nat e woundround the col ummar roll
sheet G2 is wound round the green sheet Gl by locating each
of the quadrilaterals of the green sheet G2 of the next cycle
to cover the interval between the adjacent quadrilaterals
5 of the green sheet Gl to establish the above fixed positional
relationship between the predetermined patterns of the

adjacent green sheets Gl and G2.

31. The process of claim 30 which further comprises the step
10 of fixing the green sheets Gl and G2 by heat to assist the
establishment of the fixed positional relationship between

the predetermined patterns formed on the green sheets G1 and
G2.

15 32. The process of claim 30 which further comprises the step
of applying pressure to the green sheets Gl and G2 in a
lamination direction to closely bond together the green
sheets Gl and G2 wound adjacent to each other before the

predetermined pattern is formed on the green sheet G2.

20
33. The process of claim 30 which further comprises the step
of thermally relaxing the laminate wound round the columnar
roll to control shrinkage in the lamination plane at 200°C
to 1 & or less.

25

34. The process of claim 30 or 33 which further comprises
the step of hydrostatically pressing the laminate wound round

the columnar roll.
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