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PRODUCI NG RESIN THIN FILM 5 Technical Field The present invention rel ates
to a nethod and apparatus for producing B resin thin filmused in an

el ectroni c conponent and the |ike. Background Art 10 Resi ' ' pl ay
arolein a wde range, and are used in various areas in Rw&ammmm} e,
such as magnetic tapes, capacitors, and wapping filns. A

formng aresin thin filmused in these areas. may be cl assifi 8#1¥bughly
into two types of processes: coati W%&EIB'EIQNm filmformation. According

to the coating nethod, a resin thin filmis fornmed by 15 coating a
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speed. However, when it is attenpted to set the thickness of a resin thin

film t°5lg)et'13ecﬂﬁéé&'i F'i@lﬁs’ a nunber of filmdefects occur. In contrast,

accordin mfilmformation method, a resin thin filmis fornmed
by all owi ng 20 a Fhespreseat sxvexitionxedaiestte @ myethashandgpparatgdoe to a

substrate undahcitCs ' ¥Bin Th FiA 4 fih R d1061IBAIcABnlimeRt A8HGhi diley | nferior
to that of the coating nethod. However, the vacuumfilmformation enables

the thickness of aresin thin filmto be 1 umor less, so that it is being
devel oped aBadkegbund Artecent years. 25 JP 11(1999)-209870 A discloses a

met hod ;fyor form Lesi i fil Dy, vacuum fi | m.f ormation at. a hig
speed v}nfot h Iess_g%?sg%ttgﬁ{ g%&gﬁgays!ﬁrr&aeég ?OW?(ge e :?,_Hgsat%?a 8d rﬁﬁ’. 't g‘son a
cyl i ndri calareappepur dailyHife ssndhaaemaignatit [tapes isapacitenshand atrapping films.

i nterm tten yeth(@F6¥ firRfink @ felth ARAVEINMTREEPth tifedR!dteas iy K clhkbifefior M Ng
units, 30 incl glﬁﬁ]%f)a resin thin filmform n%il orti ol{rllhf'tlor formng a resin
thin film bﬁpuﬁg AFORYPSE AEPTSRSSEFHCORNT & ‘gé{ﬁ%u il -fonmpation. i ng
portion for formAgosdinigrtortharoatihfinethiod kysia thae fhilyn igrfonrsd bguch as

ition, ided in.th .ch b hi
(P 1 9oy bl Sp5sR@ uithce e BrasB AT A Rroth LA TRk nt o BAE it "t 11 m
is formed ometh@bisqubfrablecfor Homeingrg resie thirefilmyinef laage arsr goahigh hin film
formed by g aguuBRfREESFhesit i i%\%féfnél ?.%ée%hé’?ﬂﬁﬁﬂe?é’of%?es%?ﬂﬁfhere of
t egree of v

the form ng_ portjon, in particular, %d acuumthereof. 1n the
case wher e 1m to be diym oxiless, payapber ot blm defacts penume dlmgonsrast, areryding esi n
thin film fortiileR@icnand fikA-foRdation MEth@dna Gesinl thih A isqoFhbd bpQillowdagi n the
dur g 21 | FORATT G A SE o tre bR B 1 asiere o PeEBRtiate Radtlor ca or
vacuum of Svaclen.ndFyamacuwi filni-fommdtiemhag ppedudtnity sifesgr tedgdhtddeheo t he
resin Vaporooa‘éﬂgcrﬁeff'fﬁl'ﬁ‘?s H&w%é(rf fMﬁc\}\%ﬂn ?i@ﬁlafogn?a@idnr@{agﬂﬁé thd {l*i@kxfléésm of
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high quality. Therefore, In e case e. an_inorganic t m as we
as a resin 2fid 5esin thnglan to badumprdesss 6o Ahatitds being devedorad agbely e or a

circular fl@testygad. substrate used for a sem conductor panel, a liquid
crystalyspanel,  ;p 11(1999)-209870 A discloses a method for forming a resin thin film,
by vacuum film-formation at a high speed with less defects, on the surface of
a film substrate running on a cylindrical support or the surface of a
flat-shaped substrate moving intermittently.
According to the above method, a plurality of film-forming units,

30 including a resin thin film forming portion for forming a resin thin film by
vacuum film-formation and an inorganic thin film forming portion for
forming an inorganic thin film by a vacuum process such as vapor deposition,
are provided in the same vacuum chamber, whereby a thin film layered
product including a resin thin film and an inorganic thin film is formed on a

35 substrate. However, the quality of an inorganic thin film formed by a
vacuum process is likely to be influenced by the atmosphere of the forming
portion, in particular, the degree of vacuum thereof. In the case where a
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10 or the like and surface treatnment is conducted, while it is required to
mai ntain a high quality atnosphere during formation of the inorganic thin
filmand surface treatnment, the resin thgn filmformng portion is
partitioned fromthe other portions such as the inorganic thin filmformng
portion and the surface treatnent portion with a gate valve or the |like so
that the 15 atnpspheres in the respective processes do not interfere with
each other._ Under this condition, a substrate is transported intermttently
to the sitdhmfilndeneradireduct isermed by pravidings vesin Bha filoe forming ar e

conduct ed. gwRfioRsRHHPA€ind ahﬂetmla&'ﬂnw\iaeﬁﬁng@om&ﬁ G2BhE sdheVakhhi and a
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required: dilm-forhgeiere bedvnmed tdlativelyfhight Therefdregthe deglest ofataeuum afh
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in JP 11(I9 A. For exanpl e recisio e resin
thin filmi §0I§Ji§‘§t°&h?1i' BPTtPIgeUShASTDE i 1991”%}49 gfikoy doryaipegeorsio
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amount ,of the re in rrat ust e 0 he time of
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val ve pr ovﬂdladlen thia cenghipion, awmbstraBe of trianeponted nmtelrnnttantiyttte rthelsite I-ﬂom/ever :
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formed is |REBle; R thecense Where a3 worgamcdbinflmansk a reﬁmrﬂnm) filmareef or e,
with the fgpaeedReceddsiVe on latsubStrafe O EHerehftbh @ hereSiANhih FYANLI on to
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fol |l ow ng i guration so _as
first nethddn Brngrgaeetiag laora@md]tqwansmntﬁheﬁubﬁ@am&@mrqsm‘elm on uses

an appar at Ysinf ﬁfrnﬁhgciidﬁvhﬂﬁ, AréQAitRid Blm ik Ifd)mlédthuﬁbafgar aghtavaRg 15 nenber
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pr edet er m rledppmsd to txrmnapvﬂ;dlhersrmbatﬂatémushmgunfhen treatmpgt pmrtimr antdhe
substrat e, y tank portion including a pressure tank
and a resi nsql%g‘tcgﬁ?%m ?gﬂﬁg in the pressure tank and storing the

liquid 20 resin Pf#t@‘?ﬁcﬁlbed aéaqmlbylté@rqaﬁgmhqxelwsmtmnsﬁlppwfowmdczn@r| ng
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supply tank to t Horezammy ribacknasg pﬁ%l&?@ﬁtfﬁhﬁlreﬁnsqhd@ﬁ\l@l e provided in
t he evapor %hlb@thxﬁ;iaiﬁy &éu@iahﬁn&i Be méﬁk@glﬁgtth@@egﬁrel dﬂﬁﬁevaqdwambﬁ%nmuﬁfar y

side v s open_and t oratl ide valve is i ncr.easing a
ot essuPt | REHESH BECEAL L Anavepronely. She Sahariion REURL Gt 405 SR nat or 1 al
in the resmatmiadrls atlju'sn@ci by cohtroHimpgpthe swpdy sireof pliagsdresinhnateyinlt he
primary si nd_c I t he
evapor at i oﬁssf}g&ﬂ%me%arﬁd{j%ék}gé%&% %l%ﬁ ?gfvr%éﬁjlogﬁﬁgﬁgrl lllﬁlﬂﬁrlpﬁg suppl y
tank to the heating nenber through the evaporati on side supply pipe.




35 Furthernore, a second nethod for producing a resin thin filmof the
present invention uses an apparatus for producing a resin thin film
including: a heating nenber for evaporat3ng a liquid resin material by
heati ng a hol der 4 for holding a substrate, upon which the evaporated
resin material condenses, at a predeterm ned position a vacuum tank housi ng
the heating nmenber, the substrate, and the holder a primary tank portion

i ncl udi ng %8pLe sure tank and,q resin nateri%g cup ﬁisposed in the pressure
tank and st®rt ﬁglqm resigynatesiale s Howayesraogprding dp shis method she suppl yi ng
the |iquid dwpofatich ahiciintof 8hé dedifl thi®ridbAd§ed BE valiedlis h @edille, theat i ng

nmenber a valv rovi.ded in the I i pe and,. | 0 ter for asuring a
(' ow ampuntChitréss of P resi s8R bedpBRedis Hbelritireoagpyaffine.  The
met hod includes: increasing a pressure in the pressure tank when the val ve
is closed o§pNiRArd Beraleand 10 sending the liquid resin material in the
resin mater Teat i ng nmenber under pressure through the supply
pi pe and cl osi ng therefare, withhide foregoingin anvdnit isfantohdedtiofihe pressng
material  obhgbRen RY s the QMIRE HhertiGEdIeSrobldih SHEhE LS oY Al HE a et . @
first apparatus.far rodumfri ? resin thin filmof the present 15 |invention
| ncl udes: AR SRR RS flaY fumaiamen Agubsirajeithat Bdeing ransparteg,

heati ng a hatelmitiartlhandiprgovalesuhsthed and ypparathisclor phedwiaganekis resin
materi gly c Sy, @l I 7 ition a vacuum tank housing the
heat i ngomﬁgﬁﬁﬁh‘gl@u g%?%ﬁgﬁggﬁﬁkgﬁgnggﬁs'der a primary tank portion

i ncl udi ng a pr esstiepresert amerdionckantheafollomang copfigieationesd anta achipyessur e
20 tank andhatNdvBInéRGohdduhdct.esin material a supply portion including a
i Sposed T the ShBEF e of PraNBREEEbh ooy RS DL Hee et ERY LB Lire
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Soppty 195 "tk ber o LIhde Bl Re I il Yest SR 08 DY BR PR EReMes TR i ot o
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l'iquid resi i J Skaghh;i o 4 t i he
guantified ?Pﬁe éllrlgisneldsp&t er | _a% b?ﬂu@é%ﬁnﬁa gfoﬂéglﬁfehéiiﬁgﬂﬁné erbﬁgtl)éﬁgh t he
evapor at i orﬁ‘khsa'@t%tﬂ)‘ﬁi ghf‘p glél_ergzgppmqqy ROTUIYNIBERIANG B IALETWS 1RY
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tank and a resin teri a_% cup,gl sposed . € pressure tg and storing the
liquid resiSHOPAY &anly a primasy) side speplydrire fppiending the linmliresin aateright er i al

stored in tfhemrheiresiteintédh] &yptd thd figHply tahkad biignaBNdIQ6 vahe Frovidodret er
for neasuri.ng.a flow a i i LN the

nt oflthe.li uid resin terial flow n b
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pi pe is sustheritpddwaein materialoitommbersupply trek b the beatésg meraber mald an
obt ai ned byevtali‘)%rziﬂi&’{‘@ﬁtee\fal{@ﬁf&ﬁ&e@i&flﬁ?@%@&hﬂ%ﬂ @ é‘lﬂ%pl? gT?(ﬁsel‘H@d ot her

advant ages of the present invention w one apparen ose skilled
in the art ms@wﬁw&&%- g{h&ﬂ&ﬁﬁ&%@ﬁ%ﬁﬂ@‘t ¥e IPesiiRg ti e vanargtion

dfesgi pti orsi?é vlbzllvreaéelcg@d,eiricﬁehatdinﬁg agresqae)hnbe prosses tabk) lﬁfer_&@ﬁcri ption
o aw.ngs . | S a schenpat.l €. cr,oss-secti.onak vl ew show an
examp: 805 sehdirig the Bl BeBrAGRHAF T UST BTt S4B AA el e SR RERTS B,
met hod f or ydedypeasprz thegugh the primdny side supplypipe; &nd cdisingtthel of t he
present inventi - 2l i af | t) . L,mary tank

{9 side Five, AR ﬂ%%%%édﬁgﬁgﬁ%@i‘% PR 48T sPhaibelhe

portion in ) appar at us, p according to
Enbodi ment 19w regi@ materask in; thesiyppdn tarpf to the heafijng mesaber thagugh the
confi gur at i apefatiors sidiel appdy pipan in the apparatus for producing a resin

thin f |3|5m accor dlﬁtgrtflgrn%gxbe(,)%l s%%(r)lxtld ]fne(%i'xoctl lf‘g}r }91[0%%%{]1{g érll'gselgtt Y0 film of the
present invention uses an apparatus for producing a resin thin film including:
a heating member for evaporating a liquid resin material by heating; a holder



20 FIG 4 shows anot her exenplary configuration of the supply portion in
the apparatus for producing a resin thin filmaccording to Enbodi nent 1 of
the present invention. FIG 5 shows stil4 another exenplary configuration
of the supply portion in the apparatus for producing a resin thin film
according to 25 Enbodi nent 1 of the present invention. FIG 6 shows a
detail ed configuration of an evaporating portion in the apparatus for
producing a resjin thin filmaccording to Enbodi nent 1 of the_ present

i nvent i on. Ipr dolding & sibstrade. upen which tha evaronatadrgsin mataripbepndenses,

config H] at iafx_nall predrtSnirRd [{bsﬂ%@%'aﬁym{%ﬂl (]%ianl%c %oﬁgﬁlgaﬂ%(fétﬂ% ﬁ@t&nwrpﬁ;# iGngsa
resin In I CCOor n odl nen 0 ne .pr en I nventi an.
is acr oss-%’é’@ﬁa%ﬁaefn f%‘%’%‘ﬁ&h %Brlgl%fgcmlfoﬁhﬁn&ﬁﬁﬁéﬁng AtEpFsHre tank
conf i gur at i aomd & resinahateridliompadipposedisa therprpsadedanyy smd stsrimgt thiediguid m
accordi rg t ' iy | E i .
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produci ng heapeincmageial i tothsdeeating memles; a valvapravidechinithe sunmy t hin
F11m of 1 nd 5o aad STBYRLAG fOF nRARAIRGE N oot of B uidebis & Thin

| A A [ .
film FI es.mﬁtﬂzzlaﬁﬁiows lpébﬁéé@piaépgpear rpeiogbincludes INFeasing How ng
eLrbodi menlt q)mfém&ﬁdaﬂﬂa@iﬁr@ﬁsmbttahk@dhélytl?é(galﬁlitliﬂﬁwsédxrlog@&@dglﬁlilélﬁal&era&ﬁi n |
thin 5. | mof;. .esgnt i nventi.on, . to re Ccross-sectiona
e ovi s cind ERARE el YRR i BleTRsid Biheind b B SCheRRng "\ he
net hod for 1pewdetiungen pressuge thiongh the sfpply pipge esdrdloding éhe velvei wheme

order of PrpEERMEAmMJunEof tRe ligustl fés‘?ﬁ%ﬁét%?fa‘l%%{in&&%‘ytﬁ@qmaﬂge%@ embodi ment

of a seallnl% ]_g?fllm Qr an o galnlc EL formed by the”nmetho or producing a

resin thin ¥AFATHR PE tﬁ?@‘s‘&ﬁ{"q Mfention. Best Mbde for Carrying Qut the

| nvention Accor diNgxt; a firee apparaustod pedediig 4 sésiprthiw Glinaf thetphestrand
pr.oduct.i on ar.at a resi terral i ed in a supply

first S, .. n s quantifi

or ¢1 ot i eptipR ipaBAEs:E Koy BB 8kt et B By R0PT o
thin film viytheatingsi heldet forckoldiag & anbsteatepuped which the edaperatedwesini | i ty,
and a resi | L 1f I | . = .
rccordi ng (Bpinickbib st kPR oAl irhdled Bhe BEnP RALGRL: (K hORIHREE: |
product i on hasyEmemembes, thessybsizatey and thehaldsred primnatynsakaprstien neasur ed
by a flowngheludedg alifressinpltaalt 4l / rb&iathari@Eag disgdeaahahe présdu@si N thin
f|ImW|2h desir thi ckness .can be forned with. good.reproducibility in a
si nmpl e “Conf Sgraé"t‘f% ,rm§ntg‘e 19 irﬁSWﬁ&friq{I‘Elh?oql"‘p?bgB? 1% Cf‘f‘i}ngén be
produced atsupply task stozigHarecliquifitresin matetiabbnapataaiiparat apidton produci ng
a resin thiqighddelin the supply tank and displaced in correspondence with a volume of

the liquid resin material in the supply tank; a primary side supply pipe for
sending the liquid resin material from the resin material cup to the supply

25  tank; and an evaporation side supply pipe for sending the liquid resin
material from the supply tank to the heating member, wherein the liquid
resin material is quantified by a stroke of the piston, and the quantified
liquid resin material is sent to the heating member through the evaporation
side supply pipe.

30 Furthermore, a second apparatus for producing a resin thin film of
the present invention includes: a heating member for evaporating a liquid
resin material by heating; a holder for holding a substrate, upon which the
evaporated resin material condenses, at a predetermined position; a vacuum
tank housing the heating member, the substrate, and the holder; a primary

35 tank portion including a pressure tank and a resin material cup disposed in
the pressure tank and storing the liquid resin material; a supply pipe for
supplying the liquid resin material stored in the resin material cup to the



of the present invention will be described by way of enbodinents with
reference to the draw ngs. Enbodinent 1 30 FIG 1 is a cross-sectional view
showi ng one enbodi rent of a nmethod and apparatus for producing a resin thin
filmof the present invention. An alternate |Iong and short dash line 1
represents a resin thin filmformng portion, and an alternate |ong and
short dash line 2 represents a curing portion for curing a resin thin film
formed in the resin thin film35 fornming portion 1. In the resin thin film
form ng porieatmegmembexsand arloymetes fog mwwao@h@afcmﬁm pﬁth%hwdi on on
a substr at eredirinadeaU6WirRy Sl Sliy podslerhdrein APl 6f thetlRfuidulsinr at e
hol der 5 is tﬁ%nslp}g,réled tolthe curlng d E"g{tl@in ,_and t efrﬁshn thin
filmon t he @M BeAYRply pingys syspepded frhendde flgw amaunt pf e QH&E
portion 1 wiekin mateldatobtiagekd Bihéehe Aowmédthi neddhemaf mredieteg npimet ivadud, i s
conposed of a pri It [Wel . por ati ng
porti ongSO, a res@%oﬁé@P atg'y? ?%a#%i@?tgﬁgp%%\?g%tén%& Eb ar?ngnll‘_l’%'@c@ﬁg primary
tank porti PPEFeBt B Hpsg skillad Buhearunesy wadingand understanding the | and
sends the rigHbwinPHEIIRU deRctiPtion With Yefe6hdeofd tHe éé@é'ﬁ&?aﬁ_‘yﬁ@ﬂé@res:rh_e
supply portion 20 supplies a predeterm ned anmount of the resin material to
the evaporating portion 30. In the evaporating portion 30, the liquid resin
mat eri al i sBeePDpectipiéwofDi@whest i ng plate and is evaporated by heating.

The reshnh nozzl e t4 4 i t he t resin eri al
gener afl Qd in the lﬁe)f\;'{ﬁpiol%gaf ?(%lg?%g t(riif?lgﬁg%ﬁ&g(ge)‘gli‘ﬁévﬁgﬁ?ﬂé‘gé A %rf%le%é?‘fli on 40
to the surfapnaretus fee prodecingtaerepimbhinafilne fer pdréonmipgra methahére t her et o.

The substr g},8dhcRipth Fign (RS AR %ERIRLES EXbARMRLE 1567 thk Hrbdémtvacuum t ank
50 held at a gr edet erm ned degree of 15 vacuum Next, the above-nentioned

respective B8PRHBRs constituting the resin thin filmforning portion 1 will
be descri bed sucdeihidshows kldetailedstrnfizuratiehalfla miimany exakpbetion i ke

rimary.tan riio W Fl I esl tari u 5 stori aliquid
Pesin 48t arfogfithble R btodfiibk & rejin, (el BB Ao ERbobfnahfd oitnd ' 111 0
seal ed pregw@sent mventign. A pr essure pipe 14 is connected to the pressure
tank 13, and a prlf%ﬁ.%&&@éa%l%téﬁeééﬂ?ﬂiglﬁgtibﬁ orf{agsru?)ﬁyg?lﬁt?oﬁ Apkhel 3 under

pressure through pressure pipe 14. @@Eegul a s set 1n the
pressure pidRParatusioy pradupEngssipstn bin; il gecordinestagimhodimpnt bogskeir e t ank
13 can be gmebéd iInkdntiena desired val ue by 25 using the regulator 11. By

pressur,i,zi ng t he 4nsi of the,pressure tank .13, t.he resin terial 17 in
t he reglbn nat er i aﬁ‘ @Jﬁse*i%‘vﬁ gn%t‘;xr%{r RS %rys‘i%‘ﬁg}&ﬁﬁ??ioéﬁﬁ%ﬁuﬂﬁﬁ OTHPBssur e
t hrough a pnitherappsiraeissfop prydwiipe al@sindshinfdnpaemsding tpaSmbddiment § of
preferabl e #Q agedti@ibn@lds, fOr the followi ng reason. In the case of using
active gas (e. g.,_0xy n% thﬁ resin 30 terial 17 is oxjdized, which
makes it diffi cu|E1(§‘-o‘>g glmvﬁs stil @zorhangxemplary genfighration ofihe syealy
charact er i sgdreidn iAthe@pabetds faaprodwerpanskiethihtiilapgecordingwl i um or
argon, ﬁgviﬂgﬂbng. reacii }(;Ltey Wi tpl the resin material 17 can be used.
Furt her"Z re TR 3?8@? P léeﬂltf}sg Eblhvse(n&}ﬂn'armunt of the resin
FIG. 6 shows a detailed configuration of an evaporating portion in the
apparatus for producing a resin thin film according to Embodiment 1 of the
present invention.

FIG. 7 is a cross-sectional view showing a detailed configuration of a
30  resin nozzle portion in the apparatus for producing a resin thin film according
to Embodiment 1 of the present invention.

FIG. 8 is a cross-sectional view showing a vacuum tank and an
internal configuration thereof in the apparatus for producing a resin thin film
according to Embodiment 1 of the present invention.

35 FIG. 9 is a schematic cross-sectional view showing one embodiment of
an apparatus for producing a layered product composed of a resin thin film
and a metal thin film, obtained by combining an apparatus for producing a



35 material 17 to the supply portion 20 under pressure, it is preferable to
control the pressure in the pressure tank 13 with precision. For this
purpose, it is preferable to use a preci&ion regul ator having, as pressure
control precision, 8 an error precision of about 2% or |ess with respect
to a designated value, instead of using a regulator of a normal grade
having an error precision of about 10%or Iess. Next, an exanple of the
supply portion 20 in FIG 1 will be described 5 with reference to FIG 3.
The resin f&edythin fdenef thegresprt mvenbtiop wihianaprarshus rfasnime ammefadnh t he
primary sidhis@p@ly pipe 19, is quantified by a flowreter 21, has its
supply anount co I b rimary.side val ve 23 ided to a
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portion 30. thBqummthynhgnt he resin materl aI required for formng one
resin thin filmin the supply portion 20 at each tine, the evaporation
anount of the r n éerlal n the evaporatlng portion 30 is nade

const ant . g ag Qut the Inyention | ng a desired thickness can be

formed. The thi Clﬁlﬁbssdmfg tohthe absiéernidiitiordd firstprodactiar irdho@nabfirey 25
troke of the su antifjcation
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the pri maryils QQSWMQ/QUQIBW eancheBElUcsAd t he evaporation side valve 29 is
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25 Hereinafter, a method and apparatus for producing a resin thin film
of the present invention will be described by way of embodiments with
reference to the drawings.

Embodiment 1

30 FIG. 1 is a cross-sectional view showing one embodiment of a method
and apparatus for producing a resin thin film of the presént invention.

An alternate long and short dash line 1 represents a resin thin film

forming portion, and an alternate long and short dash line 2 represents a
curing portion for curing a resin thin film formed in the resin thin film

356 forming portion 1. In the resin thin film forming portion 1, a resin thin film
is formed by vacuum film-formation on a substrate 7 attached to a substrate
holder 5. Thereafter, the substrate holder 5 is transported to the curing



valve 23 is opened. The inside of the supply tank 25 is kept under vacuum
while the inside of the pressure tank 13 of the primary tank portion 10 is
5 pressurized. Therefore, the resin material is sent fromthe prinmary tank
portion 10 to the supply tank 25 under pressure through the primary side
supply pipe 19. As a result, the supply anount variable piston 27 is noved
to top dead center, whereby the supply tank 25 is filled with a
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side surfaces of the supply tank 25 as shown in FIG 5. \Wen the primary
side supply pipe 19 is attached to the side surface of the supply tank 25

as shown in FIG 5, in the case where the supply anmount variabl e piston 27
isin the vicinity of bottom dead center, the



30 opening of the primary side supply pipe 19 is closed with the piston 27,
whi ch may cause a problemin sending the resin material to the supply tank
25 under pressure. Furthernore, when thegevaporation side supply pipe 22 is
attached to the side surface of the supply tank 25 as shown in FIG 5, the
resin material stored in a portion bel ow the opening of the evaporation
side 35 supply pipe 22 cannot be discharged, and the resin supply anopunt
does not becone stable. In the above description, the supply anpunt
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12 sent fromthe supply portion 20 via the evaporation side supply pipe 22
is dropped onto a heating plate 33 through holes 3la provided at a

di scharge nozzle 31. The heating plate 33 may have a circul ar conical
surface or a polygonal conical surface, and is placed with an



20 apex of the conical surface placed upward. The heating plate 33 is
heated to a predeterm ned tenperature by a heating device (heater) provided
i nside the conical surface or on the |ovwger surface thereof. The resin
material dropped in the vicinity of the apex of the heating plate 33 is
heated while flowi ng on the heating plate 33. The resin material is heated
whi |l e being spread thinly 25 on the heating plate 33 by flowng, and is
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inner diameter of the evaporation side supply pipe 22 may need to be
adjusted.



14 When the thickness of the resin thin filmto be forned on the substrate
7 is made constant, it is required to change the anmount of resin to be
evaporated in proportion to the area of 10he substrate 7. The di scharge
nozzle 31 and the heating plate 33 shown in FIG 6 preferably are applied
to 5 the case where the area of the substrate is relatively small. On the
other hand, in the case where the area of the substrate is large, it is

Bia ar o di sposcd O3 éhe aHTATbGE PERFAME Brtighedonoh AGBaier LBk m zod
a are dispose A Imze
using the hedinafg sftlead@pl i 18 foogegrling theessiaeaterid €F iR the REsin
evapor at1 o Rkl o e wARRTiaR oEPy 104518 RepBr far SRdnlee supply
portion 20 pregsdtecs deberminedrineeamglof acliffelrentrmdnthofaewl fromotitaitan the i n
FIG 1 wll i | r.af . . Si l.e portion
40 cont \gii nsca'ig Eg@ﬁ%%%é\ge?{n‘#gﬂbgﬁ ta |e§%§§’8a%i%plslﬁg I%Hg;)%gﬁ%{eé%eal& ﬂglgz%ﬁgt e 33
and the cupvbere thednney diampierypf4be paimary side spprbnpinecld is seh agppeall as
portion, anghad oPhOUEaptrabiSh stde Qﬁ?ﬂ?;ﬁﬁe Q@q& pPeydurk Mbdslis RhubdtEd AP es Ng 46
n

of the nozzle body.45.. The subst{a |c& tt}ﬁ.rem nthingdilmis to
be formed i LeHEPCPSHY of fhe Zegjnpaterialy rejore, theifdlingpregsyiye of the nor ous
menber 41 aredin matéalircthe dyppdf thhk 26d=comes 4maliertthanZhenpaesdwarelforty 45.
The resgiyn ' i S 4l ' k 50 (seq. FIG 1).
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This prevents.the resin vapor from caondensing on the “porous 41, and
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to close the contThwptisndi§rside shpplyepipenoumdreidsrapbtatids sidessupplepipd for

t he porgus 241, . f exannpl tal can be.used. ;Furtihgrnmore, it is
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the resin ristréaet the syeplystandd2t as shewndai'Ies 5, an ghe caseswhpretssi on i s
decreased. hsmlﬁaﬁﬁhmtgz@diawépm%@ Qﬂﬂs teehs Oioﬁsig%'] of Bbftb ki @é“atdh der@bt, dBet he
vapor the evaporated.resin.and al,l ow it,to re.tg the supstrate 7. It
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to or hi ghanay cause a problem in sending the resin material to the supply tank 25

under pressure. Furthermore, when the evaporation side supply pipe 22 is

attached to the side surface of the supply tank 25 as shown in FIG. 5, the

resin material stored in a portion below the opening of the evaporation side

35 supply pipe 22 cannot be discharged, and the resin supply amount does not
become stable.

In the above description, the supply amount variable piston 27 is



15 than the evaporation tenperature of the resin material in the sane way
as in the porous nenber 41 and the nmask 43. Because of this, the resin
vapor is prevented from condensi ng on anli nner surface of the nozzle body
45, and the thickness of the resin thin filmis stabilized. Furthernore,

t he gap between the opening 46 of the nozzle body 45 and the substrate 7 or
the substrate 20 holder 5 preferably is 10 mmor | ess so as to enhance the
adhesion efficiency of the resin vapor to the substrate 7. As the gap is
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gap between opening 46 of the nozzle body 45 and the substrate 7 or the
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be used. According to the present invention, there is no particular limt
to the material for the resin thin film as long as it can condense to form
athin filmon a substrate after being daporated by heating as descri bed.
Al though the 5 material can be selected appropriately in accordance with
the use of the resin thin film a reactive nononer nmaterial preferably is
used. For exanple, in the case where the resin thin filmis used for an

el ectroni c conponent nmaterial, those which contain acrylate resin _or vinyl
resin as a theiqvaperaiisrepidediadve, 2 isppened, the resingaaterial is pgnt from the

pogyf unclt l ]gmls?&mamkam o) ﬁiﬁxﬂ@omﬁﬁg@brt@n BQ'd&;dé@qireémﬁ'le vrmélﬂdwnorrer
an a polyrunctl VI N e er I are rerer

vl opont adPBRRREP AT maaanl FERGS G e PERSWEHDY P CRRAeHEN ny!

et her nononad tlmb evapdrhtipheidd valet 9, is closed mb metimewnbere thy decaoaulzsed gr oups

are Substi thod Al eV SEREAP b EodotlRisdl DRERUGREAS § BRldbtbihihdd | m T or red

of these rras IS ex ectrica _ I'CS, heat
resi st ance,ampant pf the resinimaterinl ¢an be Supslwfémutheeelvameratmaeoortwn 30.
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to 75% \heR theeieinitymy thegoes q% he hanting ptlzrr@rﬁ?z echomied avhi @wingieR i ng t he

process of ety place BESI mhbbeﬁnfmhte&gtlaluéa@bcbvohﬁleq)eﬁ@g bprbadf thihky
n,a circui,t substrate as

t.hi
B el e@Pr orfo IReCReR BIAte 8 oG winn P P ragEd YRett ke os )
appl i cati oreuafpoaatlmt@npeiathm celbe reshn mhateeial Ehat has not beemevraqicn'htetdu n
filmfornmed..3s,;88 Oﬁd??&h; 9 ewﬂgr&) déﬁ%glg %AIH%R% edapor deposition or the

| i ke may be rupture or” short- cr er hand, V\,hen the curing
degree is |arger @ﬁhﬁce%wasm@qhﬁ@eegpme Fehana pelygonal ﬁﬁmm perfageacked

due to the tslbrﬂeahﬁﬂlet@iapisrspm@ad JhE iaUWhetirsebnesT the @Qaihﬁg §in@, | gndefined
asav tarnechfl%g ergr Egkgratroo theas gé‘gc of the C=0
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produci ng an el ectroni ¢ conponent “USI N resin
plate 33 has a 01rcu1ar conical surface the surface area of the resin material

is likely to be enlarged, and the efficiency at which the resin material is

35 heated/evaporated is increased effectively, whereby an evaporation efficiency
is enhanced. In other words, the amount of the resin material collected in
the cup 35 without being evaporated is decreased, and a resin thin film



filmobtained by the present invention will be described with reference to
FIG 9. FIG 9 shows a schematic configuration of a production apparatus
for stacking a resin thin filmand a neti@l thin filmon the substrate 7.
The resin thin filmis forned by the sane nethod as that described in
Enbodi nent 1 using the resin thin filmformng portion 1 and the curing
portion 2. In FIG 9, the resin thin filmformng portion 1 and the curing
portion 2 are the sane as those descrjbed_in Enbodinent 1, and the detailed
descri pt i orhavieg aglesjyad thigknasscapdefermedThe substrate 7 held by the

fsulbst ][ate hol der Phd alshhaf@pmztzwm @natwnawstﬂmélﬁs%fmlésmIahﬁhrbaghn thin
Ifmrormn

, d he net hod
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i nside of the vacuumtan term ned, de ree of vacuum by
a vacuum punp ( ndt adspmay.b eAEOSLS eﬁ%?ﬂbﬂlyf regihinagerdakior the heating i 1m i n
addi tion tOpltateesshle@hratanh@airfdiﬁﬂtmmmw@upﬂgﬁﬁg Ithe 8ésifiheyteridl iflG 9, a

'l -k filmf0 h
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pl ating, orabm'eaheptlanednglachargeenazmeeﬁlA Wasdn the madnfatenﬁbrsmu;g)lmdch thin
filmso thah 48t éﬁ&bﬁ fBltHln Hd A&ﬁes?d}gafefheofﬁfeaﬂeﬁfﬁ‘hﬁtﬁlaﬂ& Pﬁeeh&%ﬂ&d onl'y

in a predeterm ne regi on, exanpl e

above- ment i A3 Ay enlageed, @du’cﬁ q sunply ameunt withdbe pessagaef timeds and | ower
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it Kk tQ, f d It t FI G
108 sholls doBPEddS SEeirsrt | Then Bmodrrdiem it oa BasBed M Sunsliing of
Enbodi ment the resiramatémal arimodiormived farmayﬁﬂxednpt}nnﬂlmaydmm‘eﬂegm(ht | on such
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shown in Fl strat ower ect ro for med
on the s ubsq&aam@e7at@m@aepe&Yrm¢eoﬁxomrﬁum§v cﬁa:e:rm@réarmnq% the Serche. heower

el ectrode fudoth h@forablitl AccoRIifE t6tBedd Mdenikhtioh Hkthods, while the

25 mechanical or thermal stress on the resin material is decreased, the resin

material can be atomized by a relatively easy method.
It is preferable that the evaporation side supply pipe 22 is cooled.

The heating plate 33 is heated (furthermore, as described later, a nozzle body
45 preferably is heated), and the evaporation side supply pipe 22 and the

30 discharge nozzle 31 are heated by radiant heat from the heating plate 33 and
the nozzle body 45. By cooling the evaporation side supply pipe 22 to
decrease the temperature of the resin material, the resin material can be
prevented from being thermally cured in the evaporation side supply pipe 22
and the discharge nozzle 31. For the same reason, it is preferable that the

35  discharge nozzle 31 is cooled. There is no particular limit to a cooling
method; however, a water-cooling method is preferable since it is easy and
efficient.



25 disposed mainly on the dielectric film103. Herein, the dielectric film
103 is aresin thin film(which further may contain an additive) formnmed by
t he net hod described in Enbodi nent 1. Fggt hernore, the | ower and upper

el ectrode filns 102 and 104 are netal thin filnms formed in the netal thin
filmformng portion 3 in FIG 9. 30 Various materials can be used for the
substrate 7 as a support. Specifically, for exanple, glass, or a polyner

fil mmade of polyethyl ene terephthal ate (hereinafter, which may be referred

to as "PET"), pol¥benyhetbickngps ebithetresppting filgptg e dynedenshé fi de (PPS),
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the resin material is heated on the heating plate 33. Furthermore, the
porous member 41 makes the amount of the resin vapor discharged from the
opening 46 of the nozzle body 45 uniform in a plane parallel to the surface of
the substrate 7, thereby suppressing the in-plane variation in thickness of the
35  resin thin film to be formed. The porous member 41 preferably is heated.
In particular, it is preferable that the porous member 41 is heated to a

temperature that is substantially equal to or higher than the evaporation



can be effected by irradiating the thin film103a, for exanple, with W
light or an el ectron beam by using the curing portion 2 described in

Enbodi ment 1. Next, as shown in FIG 110@5 the upper electrode film104 is
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be produced. The capacitor 100a al so can be produced by the sanme production
net hod. By teEmegatuxe ofghpaesinanatenald Ihis peevyends the resypoapaeftom a seal i ng

10 fil m of @ndensing dh e HEP6US MmeBeD]) indl8MoGR et sRBelRAMRIFIdBA AT Y.

FIG 12 is 1a crﬁiss-fec%l onal Vi ew shosr/mgg an g}xenﬁl a(r}% .confi 8urat| 0

thereof . A H@afroplefs from cqpfanyimetg, g 40 §0s¢ fhe SoRrAnYAuS, @%?ﬁioé t

devi ce 105 pgarpuethembéh4l.suAsthaneatériahfud the porougaembéid for bxahple,i s

f or med an txﬁgte{l%ihrbetﬁ]%@ film103. Furthernpore, another resin thin film 103
n

and another i norglgul c thin film104 are formed simlarly. The inorganic
thin filmmy be Burtberhoraiitisfddsimable thattheemask HBalemisi heatad o fi | m such

as a netal i | I o I IneLgani c
Chin f11m i alule O@fégéﬁaﬁﬁ fﬁ?#%@%éh?%%ﬁ%ﬁ?ﬁ%ﬁ {}gtr}ir?ar&%gg?

Ei ther typanataridle ilhemeasery farsingls aptollowst 1 theicase whes arefingbit i on 3
shown in Flfgm % forthelnehleal plusalsty’ sfsubstriitédatd @xch@sicBd thidsé thémbk@k and
the in nganj -thlr%%lémJ_Oé]- Wltth.l‘ spéact .o theC devi ce ,105 are adj usted by
the setll nghpidiateth B isstiplarerialisdeposyid onthemask a3 ahdaapish ' i n
films 103 amécihioh wrdeckeasedd so that the inorganic thin film 104 covers the

farther outside i i i . . i FPIRAY ict h t he
resin thin film 1%%?“%%@8%5%??%?@ E??S?EJQ%%‘%@‘?@Y%“‘&@ e

. t € t f
entering frideyaperdtegdesingn Wet tepadhere to thespbstiade ﬁga rfs\éie%@g)?; rem
capacitor Vgt mh@ﬁwﬁld bfbﬂy%i dl8o iéﬁﬁe@u@a&b?t ﬂéimlsdiﬁmei éqd:allG? oP ih_igrlkreerl pr odu?ed
capaci tar i,s conmposed of .a |ayered progduct including,a protection |ayer (in
Shpeh G i ferevanetaich bHERSuEL At rsel pyeteRyh Phedsaihs s aditun <
resi n thin thelporoasnthembad 41 hnd the msskad® sBeckesd odlithes tlad edsin vaporiisa
protection i i S| pn fil e j I in 35
this order ﬁ ]%%gﬁtiegsﬁ?l%oﬁnﬁeh&%%b r%/vgfr1 gn 1}%1(%%59{% Ofﬁ%’?(r:{g)%? %ﬁ%}sﬁ%ﬁ érgef ilm
forming porthidsness ofithe resie thim§lmpds stadnlized. theemered, the gaphekwpent i on
10 was desi P2 L i i itk r ogen was
used as,th m@?jg)se ur%i GBPt}I]i.%#GZaZ%%%? Eij Mﬁ%ﬁtf%‘stﬁ%@i{ﬂge m)rﬂhs@usr%simrgi 1% was
kept a200. D4AqR3 bpsfenably s J03REL PEfesm op &g ip srbanes Erdadhesion effiency
preci si on: d%heresiasspot o the hbstratply Asthe gap 20lavgsr,dbsirgsiadvapords to
have a confj ] 0 i Xi [ . I
tank 25 vag i HiiBa B haecd frotieh THE SBP | THELEBRE LR RCAIPOfURP ¥
pi pe 19 wasrfdbe regingraterialimdesyenspdcad the drigknens afithe resinghin &lmof t he
et A A Kl P A
connecr)ééd trgqmﬁPaﬁ%r{iﬁL%as%grf%wtbgec{ Hbt}éeu%‘g‘m}ytpé?m%o‘?g. Hfﬁ@gg?%\}%g@BPoci ty of
the resin niiedrdatingpplase B8 amdradigyed treadivapdaoahe enbsirdee $uwhesehyiipés 22 was
adj ust ed ”%'ﬂ@xhbggp%rﬁggﬂiz%tﬂhggc 'Jl&e@&%fﬂ(bd{«%gn %Hﬁleﬁln?.fto %ngﬁﬂé’&' y ampunt
vari abl e plét c%g .We evapora |trir%r£)or I 'on k V\gs ’e?éll gne sto@‘faé]to have a
15 confi gurlagitearmiA Y TRIRNGZ1TE qyegrfngopt@agap.3neruppng i€r cul ar
i T ot B D B e P e o cal

i [ S . . i S . ircu i
shape \%ABt h %Oﬁﬁgwemlaﬁzge aﬂw&a@ﬂ?“ﬂf?’%‘ Pﬂ@ﬁfﬂ%’@é 31a formed on the
circular conical Next{ anexampde pf thievacuimeenkfileshown i?FIGhe willhen nozzl e
portion 40 Mﬁ}g?&ﬁﬂ?g‘t@?@ﬁ?}wﬁ a configuration shown in FIG 7. As

t he porous ne ore )
The substrate 7 and the nozzle body 45 are placed in the vacuum tank

50, and the inside of the vacuum tank 50 is maintained at a predetermined
35  degree of vacuum by a vacuum pump 53. The vacuum tank 50 has an

open/close door (not shown) for loading/unloading the substrate 7 on which

the resin thin film is to be formed and the substrate holder 5 holding the



dianeter: 1.3 nm produced by Sumtono Electric Industries, Ltd. was used.
As the substrate 7, a silicon wafer was used. The outer peripheral surface
of the substrate holder 5 was cooled to180C. 25 The vacuum tank 50 was
designed so as to have a configuration showmn in FIG 8. The space in the
vacuum tank 50 was kept at 0.01 Pa. As the resin material,

di cycl opent adi ene di net hanol diacrylate was used. First, only resin thin
films were stacked continuously on the 30 substrate 7 to forma protectlon
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r n nth
capacm;ag Vﬁalro %tcﬁ{g&do the ubs ra

e gas into t e nozzle %ody 45 so as to obtain a pressure equal to
or higher than a resin vapor pressure, the resin material that has not been
evaporated on the heating plate 33 can be prevented from being newly
evaporated. As a result, by suppressing the generation of new resin vapor, a
time for transporting the substrate 7 from the vacuum tank 50 to another

35 treatment unit after formation of the resin thin film can be shortened, which
enhances productivity. As the gas 57, it is preferable to use inert gas. For

example, inexpensive nitrogen, or helium or argon, that has no reactivity can



24 Exanple 2 A layered product for a capacitor was obtained on the
substrate 7 in the sane way as in Exanple 1, except that the attachnent
positions of the 5 primary side supply pffpe 19 and t he evaporation side
supply pipe 22 with respect to the supply tank 25 in the supply portion 20
were placed on the side surfaces of the supply tank 25, as shown in FIG 5.
Exanple 3 10 In the evaporating portion 30, a |ayered product for a
capacitor was obtained on the substrate 7 in the same way as in Exanple 1,
except t hatbeauseski n material was dropped directly onto the heating plate 33
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the supply portion 20, and the evaporation side supply pipe 22 to a

temperature equal to or higher than the melting point. Furthermore, it also
is required to keep the temperature of the substrate 7 on which a resin thin
film is to be formed at a temperature equal to or higher than the melting
25  point of the resin thin film material. The reason for this is as follows: when
the substrate 7 is at a temperature lower than the melting point, the resin
thin film material adhering to the substrate 7 is solidified, and cannot be
polymerized even by irradiation with an electron beam later.
The substrate 7, on which a liquid film of a resin material is formed
30 by the above-mentioned method, is transported to the curing portion 2 shown
in FIG. 1, and the resin material is cured to form a resin thin film. The resin
material can be cured by electron beam irradiation, UV (ultraviolet)
irradiation, plasma irradiation, or the like.
The extent of curing treatment may be changed appropriately
35 depending upon the use and required characteristics of the resin thin film to
be produced. For example, if a resin thin film for an electronic component
such as a capacitor is produced, it is preferable that the resin material is



Exanple 4 15 A flattening |ayer and a protection |ayer were forned
successively on the substrate 7 on which an organic EL device has been
formed by using the apparatus shown in EBG 9. The flattening | ayer was
formed by stacking resin thin filnms continuously Furthernore, the
protection |ayer was formed by stacking 20 resin thin filnms and netal oxide
thin filns alternately. The protection |ayer protects the organic EL device
fromhum dity and gxygen. The resin thin filnms were fornmed_ by usi ng t he
resin thin ouredungil the gupsgidegnea reaties O te @0%gnpes preseraply %ﬂéo povar y
tank porti GFhdf theeudes dipete SOs@a11EP tHAY ChaBéveCriHded Uda@¥ing Rhaproéd@dun i n
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hori zontal direction was k@g}ta atﬁléizoc. he S har%e nozzl e 31 had a

circul ar coHieagh nepgrRenRRf thp currd pradyck ¢ R FRnTedceol es 31a
formed on tdb®obption eadiefromoni cal surface at a predeterm ned interval. The
resin IigZZ| e portion 40 was designed so as to have a configuration shown in

FIG 77 As the porous nenber 41, "Cellnet #3" (pore dianeter: 1.3 nm
produced byEmbodiment &l ectric Industries, Ltd. was used. As the substrate

7, gl i hol d
5 was cool ad to. DRESREmBH S pREHIEEIEHONE Cofthon it detng HiRplflin"©! 0!
confi gur at ifHm ebi@ined hy thepresentiaventien Wil herdesorbad with sefesenceds Képt at

0.01 Pa. Ap.the resin material, dicyclopentadi ene dinethanol diacrylate was
used. Only resd i.n fil were stagcked contd nuously. on the outer
ourtacelof the solCELabwA o heiEAfe BoRRE TR A BriPtoB mRa et £
t her eby f orsticlyng of tesin tminrfgink apdra meba thin file @f thaheulsapatey?. arfPhmt
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ovapor 20 o Sfigh % R e o Sisep sk rbed iR FRPAGPAT. Snind ARy whi o
f1 owi ng on deseriptianithgreof still IBHmitbetl heme. evapor at ed by heating during that
process. The vapofhOf,Hdifatb®Fhild by the substrate holder 5 is transported to the

vacuum tank 50 in the resin thin film forming portion 1, and a resin material

is deposited by the method described in Embodiment 1 under the condition

30 that the substrate 7 remains at rest. Thereafter, the substrate 7 is

transported to the curing portion 2, and the resin material is cured to form a
resin thin film. Next, the substrate 7 is transported to a metal thin film
forming portion 3, and a metal thin film is formed on the resin thin film.
Then, the substrate 7 is transported again to the resin thin film forming

35 portion 1, if required. Thereinafter, the same process as described above
may be repeated. Because of this, a layered product in which the resin thin
films and the metal thin films are stacked alternately is formed on the




25 material was liquefied to be deposited on the surface of the substrate
7. After evaporation of all the resin material supplied to the evaporating
portion 30 was conpleted, the substrate1® was transported to the curing
portion 2, whereby the resin material was cured. The resin material was
cured by an el ectron beam curing apparatus, and the resin material was 30
pol yneri zed until the curing degree reached 70% Thus, a resin thin film
with a thickness of 1 umwas formed on the substrate 7 so as to cover the
EL devi ce. sphstzaieve- nentioned operation was repeated by noving the
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al ternately. Thus® maskisiusedifeniormiag eaghithiy Glm spdhat phergsir shiy films 5 ym
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d ti f t.he. spirit tial th f. T
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i ndi cat ed %Iﬁ??ﬁ?ﬁé@@f@ﬁ%@[h&ﬂlﬁ?&?ﬁ orl SReMadifEo h9 E@W?pé@s%ﬁri ption,

and all change € nmeani ng and range o gui val ency
of the cl aiRAItiQng as AREHOr-0 be enbraced therein. 28 CLAIMS 1. A nethod

for producing a reE}.NAAsKLWS h BrodésdedfioAn] wiRRAG RSx4 plP6ofbi ko €S N

thin fil |.S1 ng:,. 5 ' nb fo t liquid resin
mat er i 30 by ek ErmpodimeRtdy - A8 APALRE Srabaut RAREreduAdF ch t ho
evapor at ed coadigarativesielh ac ancpasesr 160a as ghewatiarfiiChedBasiyt beouseal. vacuum
tank housing the fygail no; Tt 188 shoWiCinSFREL 1G4 fac1@8Ek 4 REnORhEEY, a lower

electrode film 102 formed on the substrate 7, a dielectric film 103 disposed

mainly on the lower electrode film 102, and an upper electrode film 104

25  disposed mainly on the dielectric film 103. Herein, the dielectric film 103 is
a resin thin film (which further may contain an additive) formed by the
method described in Embodiment 1. Furthermore, the lower and upper
electrode films 102 and 104 are metal thin films formed in the metal thin film
forming portion 3 in FIG. 9.

30 Various materials can be used for the substrate 7 as a support.
Specifically, for example, glass, or a polymer film made of polyethylene
terephthalate (hereinafter, which may be referred to as “PET”), polyethylene
naphthalate (PEN), polyphenylene sulfide (PPS), polyamide (PA), or
polyimide (PI). There is no particular limit to the thickness of the substrate

35 7. In general, the thickness of the substrate 7 is in a range of about 1 um to
75 um in the case where the substrate 7 is made of a polymer film. The
thickness of the substrate 7 is in a range of about 0.1 mm to 1 mm in the case



10 a primary tank portion including a pressure tank and a resin materi al
cup disposed in the pressure tank and storing the liquid resin material a
supply portion including a supply tank €0oring the liquid resin materi al
tenporarily, and a piston disposed in the supply tank and di splaced 15 in
correspondence with a volune of the liquid resin material in the supply
tank a primary side supply pipe for sending the liquid resin material from
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wherein a fﬁléw a %ﬁhlrbﬁfmmawwﬁl%% m%%@%mmerr@@n Y ohe
primary si danﬂSofumhynm@ﬁet§ measur ed, and when the flow anount reaches a

predet eerm ned Valﬁgxt, Eihfle dn%r %rgélgcqn\g/ %ile caf)a01goroﬁﬁ)(jw1ll be described.
FIG. 11 shows an exemplary production method in the order of processes.
First, as shown in FIG. 11A, the lower electrode film 102 is formed on
the substrate 7. The lower electrode film 102 is formed in the metal thin
film forming portion 3 shown in FIG. 9. The lower electrode film 102 can be

25 formed by vacuum vapor deposition such as electron beam heating vapor
deposition, resistance heating vapor deposition, and inductance heating vapor
deposition, ion plating, sputtering, metal plating, or the like. In order to
form the lower electrode film 102 in a predetermined shape, a metal mask
can be used.

30 Next, as shown in FIG. 11B, a thin film 103a containing a resin
monomer is formed on the lower electrode film 102. The thin film 103a
becomes a dielectric film 103 by polymerization. The thin film 103a can be
formed by depositing a resin monomer, using the resin thin film forming
portion 1 described in Embodiment 1. In order to form the thin film 103a in

35 apredetermined shape, a metal mask should be used.

Next, by polymerizing the resin monomer of the thin film 103a, a
dielectric film 103 is formed, as shown in FIG. 11C. Polymerization (curing)



7. A method for producing a resin thin filmaccording to claim1, wherein
the apparatus for producing a resin thin filmfurther conprises a resin
nozzl e 20 having an opening, and the re®in nozzle is placed in the vacuum
tank, the heating menber is placed in the resin nozzle, and the substrate
Is held in a vicinity of the opening. 25 8. A nethod for producing a resin
thin filmaccording to claim7, wherein gas is introduced into the resin
nozzle after the liquid resin material is allowed to adhere tao_the
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materi 61' thin film 104 are formed similarly. The inorganic thin film may be a metal

thin film, or may be an inorganic thin film such as a metal oxide film and a

metal nitride film. The type of the inorganic thin film is selected depending

upon the required sealing performance. Either type can be formed by using

the metal thin film forming portion 3 shown in FIG. 9.

20 The positions for forming the resin thin film 103 and the inorganic
thin film 104 with respect to the device 105 are adjusted by the setting
position of a metal mask. At this time, the respective thin films 103 and 104
are formed so that the inorganic thin film 104 covers the farther outside in a
plane direction of the substrate 7, compared with the resin thin film 103.

25  Because of this, it is possible to prevent gas from entering from an end

portion of the thin film.

Examples

Example 1
30 A capacitor was produced by using the apparatus shown in FIG. 9.

The produced capacitor is composed of a layered product including a
protection layer (in which resin thin films are stacked continuously), a device
layer (in which resin thin films and metal thin films are stacked alternately),
and a protection layer (in which resin thin films are stacked continuously) in

35  this order.

The resin thin films were formed by using the resin thin film forming

portion 1 and the curing portion 2.



obtained by the flowreter reaches a predeterm ned value. 20 12. An
apparatus for producing a resin thin film conprising: a heating nenber for
evaporating a liquid resin material by kegating a holder for holding a
substrate, upon which the evaporated resin material condenses, at a
predeterm ned position 25 a vacuum tank housing the heating nenber, the
substrate, and the holder a primary tank portion including a pressure tank
and a resin material cup disposed in the pressure tank and storing the
liquid resin mat eheaprismry tgngmoytipnrll was dasignad 5 ag ta eeyd t ank st ori ng

the |iquid dafighraféeshéwntiRMHIOr 3 i INﬁty@ﬁL waPusdPRs the pASRMrd Bat e, supply
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film accorcdqsgembngmpﬁdgg,ther sMRpME Ao vasishle pistegd7at or with a detection
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circular conical surface at a predetermined interval.

20 The resin nozzle portion 40 was designed so as to have a
configuration shown in FIG. 7. As the porous member 41, “Cellmet #3” (pore
diameter: 1.3 mm) produced by Sumitomo Electric Industries, Ltd. was used.
As the substrate 7, a silicon wafer was used. The outer peripheral surface of
the substrate holder 5 was cooled to 10°C.

25 The vacuum tank 50 was designed so as to have a configuration
shown in FIG. 8. The space in the vacuum tank 50 was kept at 0.01 Pa.

As the resin material, dicyclopentadiene dimethanol diacrylate was
used.
First, only resin thin films were stacked continuously on the

30 substrate 7 to form a protection layer of a capacitor. The stroke of the supply
amount variable piston 27 was adjusted so that 5 x 10-6 m3 was measured.

As described in Embodiment 1, the primary side valve 23 and the evaporation
side valve 29 were operated, whereby the resin material supplied via the
evaporation side supply pipe 22 was dropped in the vicinity of the apex of the

35  circular conical surface of the heating plate 33 through the holes 31a provided
in the discharge nozzle 31. The resin material was spread thinly while
flowing on the heating plate 33, and was evaporated by heating during that



19. An apparatus for producing a resin thin filmaccording to claim12, 30
wherein the stroke of the piston is adjustable. 20. An apparatus for
producing a resin thin filmaccording t@gclaim12, further conprising a
flowreter for neasuring a flow anmount of the liquid resin material passing
through the primary side supply pipe. 35 21. An apparatus for producing a
resin thin filmaccording to claim20, wherein a supply of the liquid resin
material by the primary side supply pipe . 32.is suspended when the flow
amount of tH¥ecessquilinereapon ofihhe resin rotesial candensedeort thawmnfese ofdhenes a

pr edet er m neGhsH@ttlg. 22. An apparatus for producing a resin thin film

according to claim 12, 5 wherei heati ng, nenber has a conical surface,
he cont Sal _sur t Aot &vaRoRatipR ot 2l HaeaR oA BALORA T R & [0EP G VAR
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produci ng aured by arhelectronrheavc ouddhg@pparatusi and yas polymerizednmtilsheg a
di schar ge m m end of the evaporation side supply pipe,
wher ei n thﬁﬂ%ﬂ%grﬁgzz e’?%'s a plurality of 15 holes for di seﬁhargi ng
the liquid resin Tded igsin thyn flm wathha dhickness o). damildesign valid wasin i1 m
accordi ng tformediom the, sublerage 7. the liquid resin material is supplied to the
heat i nqmenber a qulg(i?d_drop.l eta. 20 t26. An aB%)atrgt us for producing a
resin 39. n il m aoPaFoeBionst epeatior was rRPeHed By Jmege e material is
suppl i ed tcsuhstljaheﬁt imhg relesh grofectian layenhaedgiaototal 2bclaissAf 18ppar at us f or
brodue! 9, Adbaeh el WHRIGRR, LIS PRl Boloratheh RbiihlSudyapgyat i on
ed. . or n thin

side supply, pipe is_coo An appar at us producing a res
film accorcfPﬁQeti(S’nc‘]h&iﬁﬂber,at‘P drther conprising a resin nozzle having an

openi ng, 30 wher eTlied, RepdreRn(dBois 18ydrd fod ?é‘xﬁdaﬁﬁgtd’@p\é@ﬁzdﬁﬂé hagk, the

T et ks Sy o s, R AP A S POR o BAEg 1 1, 1
accor di ng taltexnately28as Stackbdoai thetpretectmnrlayer z | Aerésin thitefilm hawingia body
havi 10 RSy BECER B OESR A, ST A Wi SiPR a1,
further corfigse of tee restadhin Blmin the phgvermengianedprotectiondayes iexcertt er i al
adher es t o thiag the Bfrlokalof the supply amount variable piston 27 was changed so that
20 2.5 x 10 m3 was measured and that the resin material was deposited via a
mask having a shielding pattern of a plurality of bands with a width of 150
um disposed in parallel with each other. Next, the substrate 7 was moved to
the metal thin film forming portion 3, and a metal thin film having a
thickness of 30 nm made of aluminum was formed by electron beam heating
25  vapor deposition. This operation was repeated 10 times by moving the
substrate 7, whereby resin thin films and metal thin films were stacked
alternately. The setting position of the mask used for forming the resin thin
films was moved by 1000 um alternately in directions orthogonal to the
longitudinal direction of the band-shaped shielding pattern for each
30 film-formation of the resin thin film. Consequently, the device layer with a
total thickness of 80 pm (design value) was formed.

Finally, only resin thin films were stacked continuously to form a
protection layer having a thickness of 10 pm (design value). The formation
method was the same as that in the case of the above-mentioned protection

35 layer.
Thus, a layered product for a capacitor was obtained on the substrate



5 31. An apparatus for producing a resin thin filmaccording to claim 12,
wherein an inner wall surface of the vacuumtank is heated to a tenperature
equal to or higher than an evaporation tgnperature of the resin material.
32. An apparatus for producing a resin thin filmaccording to claim28, 10
wherein the resin nozzle is heated to a tenperature equal to or higher than
an evaporation tenperature of the resin material. 33. An apparatus for
producing a resin thin filmaccording to claim?29, wherein the porous body
is heated to a tenperature equal to or higher than 15 an evaporation

t enper at ur egRdmbhearesin material. 34. An apparatus for producing a resin
thin filmaccordi to&lai 0, wherei.,n the kK is heated,to a _.

t enper at ure equal“* tYEFL RFYHEY fpﬁar?aﬁﬂc%‘?}'a?%?gﬁ?ﬁiﬁ‘*é@ﬂﬁ%@éﬂ‘@?@'a&? TdhRe resin
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claim 28, i e ; inel vacuk an syction
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resi n nozzleespegtctotthe supbby tanke2ban the pupelydortiont2thwerd placed on ths side ai ght
line. 36. Aﬂhﬁi’d&@oﬂlﬁ@sﬁﬁﬁlﬂaﬂ%,%@ hobwesinFidim fil maccording to claim
28, wherein it 1s possible’to supply gas to the resin nozzle. 30 37. An
apparatus for producing a resin thin filmaccording to claim 12, further
conpri si ng Bxambilag portion for curing the liquid resin naterial adhering
to the, ,substrate.; 38 An _a taratus.fog pr?duci ng a re%sfin t hin .ftilm
accordifg to cl ai M $F VERORRAPE PATHHR 301 7 INGTRAPEPBACH ST BicARAET YEF de of
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conpri Si NQ: pac; I . i W si{n materi al
by heat i ng g%%fh&%?ﬂ?%?“aﬁgﬁrﬁ”g BirpPlly BP AR L Pl b Lot o
resin mat erfewnetEeRIB kol the eyappratiqneside sagPPoRIPE 44 vathertugsing4hR housi ng
t he heat i ngdigeldiee nozble Fubstrate, and the 5 holder a primary tank portion

i ncl udi K d i terial di d,in th

tank ard stori ng bac {9aedbredic Brd afaitor Soupiy in BRRRBle g iF ylisg the
liquid resisepanated favmsthersedstrate feanicuteisi liquidtrgtiogenc uffhe erodseseetiani ng
menber and @bl PWBR! SbserPld %Fx@r? gﬁbag&tﬁorf IOWoBIRPHN b thb RidindLs 8 S&H N

material fl ow ngh,l n_the supply pipe,
resin thin film 1n the device layer was measured. Then, an average value, a

maximum value, and a minimum value of the measured thickness of the
20 resin thin film were obtained. Table 1 shows the result.

Table 1
Film thickness (um)
Average Maximum Minimum
Example 1 0.15 0.16 0.14
Example 2 0.14 0.16 0.08
Example 3 0.13 0.16 0.07

25
As shown in Table 1, in Example 1, the average value of the film
thickness was matched with the intended value (design value), and a
variation range of film thickness also was small.
In Example 2, the average value of the film thickness was smaller
30 than that in Example 1, and the variation range of film thickness was larger
than that in Example 1. In particular, the minimum value was remarkably
smaller than that in Example 1. The reason for this is considered as follows:



wherein a supply of the liquid resin material by the supply pipe is
suspended when the flow anount of the liquid resin material obtained by the
15 fl oweter reaches a predeterm ned valkge.
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The supply portion 20 was designed so as to have a configuration
shown in FIG. 4. The maximum capacity of the supply tank 25 was 25 x 10-6
30 m3. The inner diameter of the primary side supply pipe 19 was set to be 9.5
mm (3/8 inches), and the inner diameter of the evaporation side supply pipe
22 was set to be 6.35 mm (1/4 inches). The primary side supply pipe 19 and
the evaporation side supply pipe 22 were connected to the bottom surface of
the supply tank 25. The flow velocity of the resin material passing through
35 the evaporation side supply pipe 22 was adjusted manually by regulating the
descending speed of the supply amount variable piston 27.
The evaporating portion 30 was designed so as to have a
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10  substrate holder 5 was cooled to 10°C.

The vacuum tank 50 was designed so as to have a configuration
shown in FIG. 8. The space in the vacuum tank 50 was kept at 0.01 Pa.

As the resin material, dicyclopentadiene dimethanol diacrylate was
used.

15 Only resin thin films were stacked continuously on the outer surface
of the substrate 7 with an EL device previously formed thereon, thereby
forming a flattening layer. The stroke of the supply amount variable piston
27 was adjusted so that 15 x 10-6¢ m3 was measured. As described in
Embodiment 1, the primary side valve 23 and the evaporation side valve 29

20 were operated, and the resin material was dropped in the vicinity of the apex
of the circular conical surface of the heating plate 33 through the holes 31a
provided in the discharge nozzle 31 via the evaporation side supply pipe 22.
The resin material was spread thinly while flowing on the heating plate 33,
and was evaporated by heating during that process. The vapor of the resin

25 material was liquefied to be deposited on the surface of the substrate 7.

After evaporation of all the resin material supplied to the evaporating
portion 30 was completed, the substrate 7 was transported to the curing
portion 2, whereby the resin material was cured. The resin material was
cured by an electron beam curing apparatus, and the resin material was

30 polymerized until the curing degree reached 70%.

Thus, a resin thin film with a thickness of 1 ym was formed on the
substrate 7 so as to cover the EL device.

The above-mentioned operation was repeated by moving the
substrate 7, whereby a flattening layer having a total thickness of 5 um, in

35  which only resin thin films were stacked continuously, was formed on the
substrate 7.

Then, a protection layer, in which resin thin films and metal oxide
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50 nm made of aluminum oxide was formed by electron beam heating vapor
deposition. At this time, a metal oxide thin film was formed in a range

10 larger by 2 mm in the outer direction from the range in which the resin thin
film was formed previously. This operation was repeated 10 times by
moving the substrate 7, whereby resin thin films and metal oxide thin films
were stacked alternately. Thus, a protection layer having a total thickness
of 15.5 um was formed.

15 The invention may be embodied in other forms without departing
from the spirit or essential characteristics thereof. The embodiments
disclosed in this application are to be considered in all respects as illustrative
and not limiting. The scope of the invention is indicated by the appended
claims rather than by the foregoing description, and all changes which come

20  within the meaning and range of equivalency of the claims are intended to be
embraced therein.
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5 a heating member for evaporating a liquid resin material by heating;
a holder for holding a substrate, upon which the evaporated resin
material condenses, at a predetermined position;
a vacuum tank housing the heating member, the substrate, and the
holder;

10 a primary tank portion including a pressure tank and a resin
material cup disposed in the pressure tank and storing the liquid resin
material;

a supply portion including a supply tank storing the liquid resin
material temporarily, and a piston disposed in the supply tank and displaced

15  in correspondence with a volume of the liquid resin material in the supply
tank;

a primary side supply pipe for sending the liquid resin material from
the resin material cup to the supply tank;
a primary side valve provided in the primary side supply pipe;

20 an evaporation side supply pipe for sending the liquid resin material

from the supply tank to the heating member; and

an evaporation side valve provided in the evaporation side supply
pipe, the method comprising:

when the primary side valve is open and the evaporation side valve is

25  closed, increasing a pressure in the pressure tank, thereby sending the liquid
resin material in the resin material cup to the supply tank under pressure
through the primary side supply pipe; and

closing the primary side valve, opening the evaporation side valve,
and sending the liquid resin material in the supply tank to the heating

30 member through the evaporation side supply pipe.

2. A method for producing a resin thin film according to claim 1, further
comprising, before sending the liquid resin material in the resin material cup
to the supply tank under pressure, closing the primary side valve and

35 opening the evaporation side valve to produce a vacuum in the supply tank.

3. A method for producing a resin thin film according to claim 1, wherein an
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evaporation side valve is opened.

5. Amethod for producing a resin thin film according to claim 1, wherein, in

sending the liquid resin material in the supply tank to the heating member, a
10  displacement speed of the piston is controlled in accordance with evaporation

ability of the heating member with respect to the liquid resin material.

6. A method for producing a resin thin film according to claim 1, wherein a
flow amount of the liquid resin material passing through the primary side

15 supply pipe is measured, and when the flow amount reaches a predetermined
value, the primary side valve is closed.

7. A method for producing a resin thin film according to claim 1, wherein the
apparatus for producing a resin thin film further comprises a resin nozzle
20 having an opening, and
the resin nozzle is placed in the vacuum tank, the heating member is
placed in the resin nozzle, and the substrate is held in a vicinity of the

opening.

25 8. Amethod for producing a resin thin film according to claim 7, wherein gas
is introduced into the resin nozzle after the liquid resin material is allowed to
adhere to the substrate.

9. A method for producing a resin thin film according to claim 1, further
30 comprising curing the liquid resin material after allowing the liquid resin
material to adhere to the substrate.

10. A method for producing a resin thin film according to claim 9, wherein the
liquid resin material is cured outside of the vacuum tank.

35
11. A method for producing a resin thin film, using an apparatus for
producing a resin thin film comprising:
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10  resin material cup to the heating member;
a valve provided in the supply pipe; and
a flowmeter for measuring a flow amount of the liquid resin material
flowing in the supply pipe, the method comprising:
increasing a pressure in the pressure tank when the valve is closed;
15 opening the valve and sending the liquid resin material in the resin
material cup to the heating member under pressure through the supply pipe;
and
closing the valve when the flow amount of the liquid resin material
obtained by the flowmeter reaches a predetermined value.
20
12. An apparatus for producing a resin thin film, comprising:
a heating member for evaporating a liquid resin material by heating;
a holder for holding a substrate, upon which the evaporated resin
material condenses, at a predetermined position;
25 a vacuum tank housing the heating member, the substrate, and the
holder;
a primary tank portion including a pressure tank and a resin
material cup disposed in the pressure tank and storing the liquid resin
material;
30 a supply portion including a supply tank storing the liquid resin
material temporarily, and a piston disposed in the supply tank and displaced
in correspondence with a volume of the liquid resin material in the supply
tank;
a primary side supply pipe for sending the liquid resin material from
35  the resin material cup to the supply tank; and
an evaporation side supply pipe for sending the liquid resin material

from the supply tank to the heating member,
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13. An apparatus for producing a resin thin film according to claim 12,
wherein the liquid resin material in the resin material cup is sent to the
supply tank under pressure through the primary side supply pipe by
increasing a pressure in the pressure tank.

14. An apparatus for producing a resin thin film according to claim 13,
wherein the pressure in the pressure tank is increased by introducing gas
into the pressure tank.

15. An apparatus for producing a resin thin film according to claim 14,
wherein the gas is inert gas.

16. An apparatus for producing a resin thin film according to claim 12,
further comprising a regulator with a detection error precision of +2% or less,
for detecting a pressure in the pressure tank.

17. An apparatus for producing a resin thin film according to claim 12,
wherein an inner diameter of the primary side supply pipe is larger than an
inner diameter of the evaporation side supply pipe.

18. An apparatus for producing a resin thin film according to claim 12,
wherein the primary side supply pipe and the evaporation side supply pipe
are connected to a bottom surface of the supply tank.

19. An apparatus for producing a resin thin film according to claim 12,
wherein the stroke of the piston is adjustable.

20. An apparatus for producing a resin thin film according to claim 12,
further comprising a flowmeter for measuring a flow amount of the liquid
resin material passing through the primary side supply pipe.

21. An apparatus for producing a resin thin film according to claim 20,
wherein a supply of the liquid resin material by the primary side supply pipe
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23. An apparatus for producing a resin thin film according to claim 22,
10  wherein the conical surface is a circular conical surface.

24. An apparatus for producing a resin thin film according to claim 12,

further comprising a discharge nozzle at a downstream end of the

evaporation side supply pipe, wherein the discharge nozzle has a plurality of
15  holes for discharging the liquid resin material.

25. An apparatus for producing a resin thin film according to claim 12,
wherein the liquid resin material is supplied to the heating member as liquid
droplets.

20
26. An apparatus for producing a resin thin film according to claim 12,
wherein the liquid resin material is supplied to the heating member in an
atomized form.

25  27. An apparatus for producing a resin thin film according to claim 12,
wherein the evaporation side supply pipe is cooled.

28. An apparatus for producing a resin thin film according to claim 12,
further comprising a resin nozzle having an opening,

30 wherein the resin nozzle is placed in the vacuum tank, the heating
member is placed in the resin nozzle, and the substrate is held in a vicinity of
the opening.

29. An apparatus for producing a resin thin film according to claim 28,
35  wherein the resin nozzle includes a porous body having continuous pores
between the heating member and the substrate.
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35. An apparatus for producing a resin thin film according to claim 28,
wherein the vacuum tank includes a vacuum pump, and
a suction port leading to the vacuum pump in the vacuum tank, the
opening of the resin nozzle, and the substrate being placed substantially in a
25  straight line.

36. An apparatus for producing a resin thin film according to claim 28,
wherein it is possible to supply gas to the resin nozzle.

30  37. An apparatus for producing a resin thin film according to claim 12,
further comprising a curing portion for curing the liquid resin material

adhering to the substrate.

38. An apparatus for producing a resin thin film according to claim 37,
35  wherein the curing portion is placed outside of the vacuum tank.

39. An apparatus for producing a resin thin film, comprising:
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a vacuum tank housing the heating member, the substrate, and the

5 holder;

a primary tank portion including a pressure tank and a resin
material cup disposed in the pressure tank and storing the liquid resin
material;

a supply pipe for supplying the liquid resin material stored in the

10  resin material cup to the heating member; and

a flowmeter for measuring a flow amount of the liquid resin material
flowing in the supply pipe,

wherein a supply of the liquid resin material by the supply pipe is
suspended when the flow amount of the liquid resin material obtained by the

15 flowmeter reaches a predetermined value.



