;e3e::}L 06fT SPECI FI CATI ON FERROELECTRIC THIN FILM METALLIC THIN FI LM OR
OXIDE THIN FI LM AND MANUFACTURI NG METHOD, MANUFACTURI NG Dwmmlmmm
e

AND ELECTRONI ¢/ ELECTRI C DEVI CE USI NG THE THIN FILM 5 Techni

prevent invention concerns a thin filmsuch as a ferroelectric Qs film a
metallic thin filmor an oxide thin filmand an el ectronic/ el ectPPE* devi ce
using the thin film and nore particularly, a ferroelectric thin film of

bi smuth type | ayered crystal structure and a manufacturing ’mu’m&mwmmmmmm
especi al | gpedipicQRIcAgtric 10 thin filmpreferably used for i C
devi ces such as a capacitor, a nonvolatile nenory, etc. and a manufacturing

met hod, aFERROBCECTRIC TSN FRLMMETXINIE! BN Fg_unggﬁrzccﬁipé‘@ﬁ-ﬁ&flrl& re, as

a ferroelectric device, for instance, a sem con ntegrated 'cuit, a

seni conduAND MARUPACTURING METHOD! MARYFASTLIRING [PEVR’%@ 'ﬂﬂER}z’dF 15
spl ay

di splay, an organic EL display, a field em ssion di erm nal’,” d plasma

di spl ay tAND ERECTRONIG/ECECTRIC BERVSCEQPSING THE THIN FiLim a metallic thin
filmor an oxide electroconductive thin filmcan be cited. Background art

Recent§ y, Tetlniealfielded research into the nonvolatile nenory cell that uses
20 the ferroelectric thin filmis actively advanced as the deposition

technol ogy advEepevelhinvention abatérhe antbirofilh sedH aé 8 farrBerRHEhiH finf andom
access mam)réaﬁ Ferroel ectri c Random Access Menories; FeRAM cell enabling a

hi gh speed meiallic thindilmyortaneoxide: thom fibm landlansgleettomioletactdatiewide LRy theng of
the ferroelectric thin filmand the remanent polarization. A bisnuth type

| ayered ctyrsfiln, and marerpartiodady. aderraelebizsicathimtinaoé bisnsuth type dayeted

consi sting such a menory. This bisnuth type | ayered crystal structural

oxi de at t $Etat sHbeleire iapd @ srrnufacturieg methgd dheteef,cespemiallynafetroeldericease in
the rgmanent pol arization due to the 1 reiterated rewiting, that was the
maxi mtm d'i%é‘hcf niPERferanly aused (feofptraalectiiso devicesusuch aas farcagagitos a

PbZr, _XTi XCB\)&It e material that has been used so far, is not observed. The
devel opme’fen atﬁ%@‘?"@@%(ﬁ"%g@"%ﬁ marviagturing methed; ia mangfatinng dedosabl e t o

apply such ferroelectric material to an electronic device, and in
addi ti on,aqtﬁtfrmﬂl?ﬁﬂ? gpuices t"(‘ﬁreﬁ-f erroelectric is requested to be achieved

in the Here, as a ferroelectric device, for instance, a semiconductor integrated

circuit, a semiconductor element, a TFT drive display device, a liquid crystal

15  display, an organic EL display, a field emission display terminal, a plasma

display terminal, etc. including a ferroelectric thin film, a metallic thin film or an
oxide electroconductive thin film can be cited.

Background art

Recently, the applied research into the nonvolatile memory cell that uses

20 the ferroelectric thin film is actively advanced as the deposition technology

advances. This nonvolatile memory cell is a nonvolatile random access memory

(Ferroelectric Random Access Memories: FeRAM) cell enabling a high speed

rewriting by the use of a high-speed polarization reversing of the ferroelectric

thin film and the remanent polarization. A bismuth type layered crystal structural

25 oxide can be enumerated as a material consisting such a memory. This bismuth

type layered crystal structural oxide attracts attention because the fatigue

phenomenon, namely decrease in the remanent polarization due to the



thin filmform Therefore, it is necessary to use a thin film deposition

t hat can achieve various characteristics such as, stoichionmetric m xture
ratio, crystalline, crystal 10 structure, crystal orientation etc. desired
inthe thin filmform The ferroelectric thin filmthat uses these
materials are obtained actually by the nmethod of spin coat such as the MOD
(Metal Organic Deconposition) method or the sol-gel process, etc., and
shows an excellent, ferroelectric characteristic. The spin coat nmethod is
hi gh in tteitersbe uewriting elhat Wag L1 tEol d there is 15
al so an ad;]/ant age Wt hga chg\;aa}c?| @%%é@ﬁ?%%%&%%ﬁ ﬁgPaZI}Pe@POPB%ver,

t here i s whese strpctakdl éomailali©Pb ' M| urrent csilicon
devi ce process (for exanpl e; Feﬁﬁ-ﬁgﬁ&yaggﬁﬁéél etﬁlﬁlE Ea%ggﬁﬁa'%ss”ar'

manuf act usineyobsémvetli | mi s nediocre in step coverage (there is an action

t hat snoothes the surface difference), the pinhole density of the thin film
i s high, and Jet develagmentdofv theagechiroldgyv &N nakAECRAED ! Him |
deterioration. Then, the devel opnent of a Chemi cal vdpor phase gpodfh

met hod, tiRdisPersakie Gvappighaudicalfeivoglectrienaterial &An BdiRhic E\EAXiBQ gg,;(%deSI red
for applying these materials to highly integrated nenories, rchi

excel | ent!n34ditiea, thehullpreperty ofva férrodlectricris séquidstad tdBe afchlé??eﬂxﬁltl’}é Y,

uni form tH., fﬁartl cle prevention and 25 processing speed, etc.. Actually,
reports 4P flmformancer ni ng the maki ng nmethod of the ferroelectric thin film
of the bisrrutl:r. Eﬁﬁ%e | ayered crystal structure using the CVD 2 met hod, and
there are fol 'BR€ige: H SeRECRRGANN &X Hre ree thip ditrhi deptdsition thet cahNbdifede

formation it he CVD nethod of the SrBi2Ta2Qy thin filmthat is one of
ferroel ee’f’%ﬂg cbﬁrqq%/”‘ﬂl%rﬂ! apRioichiametsicanixturel ratior rjstalkne, lorystal

for tonvereife QR STROTRHoR.picoHgsTedin Soihin Ardiommo Thel Rrosiecil Stn
Pat ent L0 p A ER B568 Bha RG4S ke obieinenaciuslly pihe rwarod 6284 10 5.
Sty of Cat BlengR, e RS bietar' Opganic Barsmmpossiany methosh ov dhargogel |
For oal ol est it 47 0P ah BEENGhy Itadizetdh chatartensiio, ahepin coat

2Pr =15~3fdWkd i bt.ai in.a thin filmmde by the spin coat
gret hod. Mor eo(%/:iagr2 ?“g'?a ﬁgwgg@%r?btu?’oé\ﬂseggﬂﬁmi emmsﬂ{'m@/\/ﬁpmﬁoh §¥lﬂdhelfer t};m t he

pr act$ cahlsbearcadvariladd wi i for the Japanese Patent
Lai d- Open 1996—32501%, thgwé'gé n‘é‘r’n%?ﬁ%ﬁ%?%”%ﬁﬁwc?s 2Pr=10- 11 pd cn,

and is smal | eowbaer, tﬁa@:@b&%_#é#&%‘l&%O?Wh{éﬁghih@pggg EWIPI}# é‘&r?éut he spin

coat nethod, though the deposition spee is a

val ue t hsiticarardevices priocess @orté@@@ctﬁém@\w%gldgabﬁﬁjﬂ' itsi)ﬁ%fé& hi gh

t enperature heat-treatnment of 800Cx60min is eﬁfnnsphere

to obt ai manktachurirey thintfilwnis hridksdreTihSitbs ﬁvb%&égztﬁgf%ié %ﬁdgé}éﬂﬁ'{%& or

met hod, ggd é&gt Iati;fnumthin filmthat 1t 1s
a m cr of ¥PPP itoé sudaee differdnes), e gihpslke’ i i gl that 5,endure
thig heat-treatnent. If the adg?))ti onﬁof a dﬁ?t'tmﬁ% e"éiﬁpﬁélseﬁ%' %nd
indis%open guyithstand veltagerisdowianmbsusdeptibledtordetérhigratibie FERAM LS ( Exanpl e;
0.13pmrul e 6Mo FeERAM LSI) for which the mcrofabrication is essential. 3
Thus, the mailfeNathedeyeleppent of abhamivaiyapor pmeg?rommﬁ'@tﬂ%dpfh'aﬂ' zation
characterﬁéf inthe ferroelectric thin filmof the bisnuth type Tayered

Mit {ehemicabyapgr Depositionhmethat, strongly desired fohapSI9i heg®osi ti on

materials to highly integrated memories, which is excellent in the step coverage

crystal e
of

with the miniaturization, film quality, uniformity, particle prevention and

25 processing speed, efc..

Actually, reports are few concerning the making method of the

ferroelectric thin film of the bismuth type layered crystal structure using the CVD



the thin filmcapable of giving the remanent polarization characteristic 5
satisfactorily. That is, the range of the filmconposition that gives an
excel l ent remanent pol arization characteristic is limted in the oxide that
consists of strontium (Sr), bismuth (Bi), tantalum (Ta), and oxygen (O
that is one of the bismuth type layered crystal structural ferroelectrics,
for instance, and it is thought that the best conposition thereof is a
range of the conpositions other 10 than stoichionetric conposition

éﬁ{ﬁ : :2332?%%%%% Al &R ioMoylnd Recey afy Bne Rat i Pillalions aongsaing) o d
rity cf uded ArINeBe dECBP R oA o
by Che spi s aaeton, e (38 SR e, SO R Sk Foape fun MVBAL T kb8 htom <1 ng

MOCVD ( nefertceiamiicsoftherBismbith 8BeMagea Hnjd od thereof, it is not
yet introduced into nmass produ??i on),gl@rt gzltr%vtvglggt%dr?rﬁ%%hced in 1996. The raw

material of the fRerfoeianeer bt SrBi,Tajo.! Thim¢; by e Kinds
of organonetal lic conpl ex Sr( DPM22, ;Olﬁ F&%'%?&?@z%;@ﬂ&ﬁﬁg %{&

resped i vBepositiof fér NomtalatieiMemery Applicaieigne, and ot her sol vents, and
used as a raw material solution. Recently, Sr(Ta(OEt)g)2 and Bi (O Am 3 can
be nelted i n Haisobe, éh¥aoioterH Magvenals, and used as a raw materi al
solution. Note that DPMis an abbreviation of

bi s(di phenyl ph&§ghienaticrzh Syenpoafuri @bl lateyratea EertesiBctiBs Mard 997
characteristic. Table 1. Characteristics of typical raw material for

ferroel ectric 2 HApanesePatenthaiccOpen 1986132500 9p dapandse Parws LaR-OBENE! ti ng
poi nt

(©) Sr ( DPM 9873148844 10Bi ( CsH5) 3130/ 0. 180Ta( OC2H5) 5118/ 0. 122 THF67- 109Sr ( Ta( OE
t)6) ﬁbml 0.11 05i O AnB71 0. 1%_ The ferroelectric thin filmcannot be forned
by tH& conventd JARRNESAP AN baid-Openctdao43328, 195394i | m by t he gas phase

reacti on, bec uggﬁw material of the ferroelectric thin filmis a solid at
t he nor nal te%p -‘dP8Y and the vapor 5 pressure is also low, as shown in

Tabl e 1. ,
However, in the study of S.B.Desu and others, the remanent polarization

value is 2Pr=8.3uC/cm? which is an index of the polarization state of the
ferroelectric thin film, is far small compared with the value (2Pr=15~25uC/cm?)
16 usually obtained in a thin film made by the spin coat method. Moreover, the
deposition speed is 3nm/min, which is far from the practical level (10 to
20nm/min). Moreover, for the Japanese Patent Laid-Open 1996-325019, the
remanent polarization value is 2Pr=10-11uC/cm?, and is smaller than the value
usually obtained in the thin film by the spin coat method, though the deposition
20  speed is 15 to 20nm/min, that is a value that can be endured at the practical
level. In addition, a high temperature heat-treatment of 800°Cx60min is needed
in the oxygen atmosphere to obtain the polarization characteristic after
depositing by the CVD method, and the platinum thin film that it is expensive and
unsuitable for a microfabrication is adopted as an electrode material that can
25 endure this heat-treatment. If the adoption of a platinum electrode is
indispensable, it is almost impossible to realize the FeRAM-LSI (Example;

0.13pm rule 256Mb FeRAM-LSI) for which the microfabrication is essential.



Therefore, a flash CVD nethod where the thin filmis fornmed by the CvD

nmet hod t hrough an i nstantaneous vapori zation of a solution dissolving the
materials in a solvent, using a vaporizer, is proposed. Here, an exanple of
formation of the ferroelectric thin filmis described, 10 and it is simlar
to the case where formng a dielectric substance thin film a netallic thin
film and an oxi de el ectroconductive thin filmby using a material which is
solid at the nornal tenperature and has a | ow vapor pressure. Respective

nmet hods shown Thud™ ghe 1ﬁ1éﬁef§&9i"“i&:§?a6@r ’Oq"{’?ig@\g;e tngl_@ggmf ‘?nng'%ni ng the

vapori zer. The one shown in Fig. 1 'S ca 15 and

| 1's a mpblaridafigraeharaicienidtie #F tRIrOBRRAE i e of fH ITBAEA Bl Bl eHelon

heated to a prescribed tenperature into a neta er used ase the

contact acestastruekine atads npmevmmm@rs%th@mm“th@%é‘s&icgh}gﬁ%ttfbyé’f” of

the SrBi 2Ta® ferroelectric thin film However, in this te ol ogy, the

metal filther thin diloggmpable t b ARG itHat icpRamsht! %Ia?_i&_‘ﬁﬁbﬁ' chatcterisiig there

is a problemthat it cannot bear the |ong-term use. e present 1 nventor

guessell t satisfactoiily. Hbahiss ¢hé range lofi the filrh Scohﬁ%sﬂibrﬁﬂﬁt@% bR @kchbfighp t he
one having a | ow vaporization tenperature. 5 Fig. 16(b) shows a

t echnol ogiemangntt pelarizatioratoharadtesstiouis dimitesl o tRBGREE tfhb@rmsrsg@'df hol e
of 10pm by applying the pressure of 30kgf/cnR to it and vaporized by the
expansi onSteréS?), tligmptho(Bik rtaotalumoa) ngnd lexygem!(0) tahe idwné F tHee f or
several 5 hours, and not enduring a long-termuse is also observed in this
t echnol oghiSMuth dyperlayeres erystalestructural fesroetedyriosavortinstanes, amapityiscannot
be achi ev&\g tg reaction is caused, because the solvent with the highest
vapor pre$9ye t%qtl the besbromposiiiopdbereofis mngpoofathescqmpositions athéran
organ@mt Ilié .cgrrpl ex deposits and adheres on the heating face, when the
raw 10 nal"8P SPICEIMBLIE Fompesiiian. { Sitk, TeaDy) il @ddition; dtais dvenzaiski & largep! exes,

Fo ur st SR tTORE RS bl hon [ indlaged  O2HE) S/ THE, and This
The prior art shall be described again in detail.
In general, the SrBi,TaQ, ferroelectric thin film formation is made by the
spin coat method.

15 While the possibility was proven, the promising MOCVD (metalorganic
chemical vapor deposition) method thereof, it is not yet introduced into mass
production, that was announced in 1996.

The raw material of the ferroelectric thin film includes, for instance, three
kinds of organometallic complex Sr(DPM),, Bi(CeHs);, Ta(OC,H),, melt

20 respectively in THF (Tetorahidorofran), hexane, and other solvents, and used as
a raw material solution.

Recently, Sr(Ta(OEt),), and Bi(OtAm), can be melted in hexane and other
solvents, and used as a raw material solution.
Note that DPM is an abbreviation of bis(diphenylphosphino)methane.
25 Table 1 shows each material characteristic.

Table 1: Characteristics of typical raw material for ferroelectric thin film

formation



evaporated by heating. As for all these nmethods shown in Fig. 16, the
cal orie which could vaporize or alter the solvent in the liquid or m st
state turns up to be added. 15 In addition, in MOCVD, to obtain an
excellent filmuniformy, a vaporization gas in which the raw materi al
solution is dispersed uniformy is required to be obtained. However, in the
prior art, such request is not necessarily conplied with. The present
inventor offers, separately, the next technology so that the 20 request may
be conpliegd with. That is, as shown Bbiliﬁb@oirﬂtf(?C)a vapori zer famd}(%VD,
conprises:[ 10 a di spersion part inc ;ﬁég@rg(rgﬁﬂggassage for rrealpg')im ebTal ly,
a gas inl et T0 IGNHP € a pressurigzed Teg B 104> rto—the—gag—passage] a
nmeans to supplyéi Hrﬂggv mat eri al so|ution lH-t.,he gas passage,|a ga ut | et
to send the carei.e((; 25 including|the %}z&*gterial sol ution|to tHY
vapori zatifon pa ans to cool the ga ssage, and a rad|ant Feat

prevention jet I cooled so that {hernd? energy should not pe apf9ed to
the raw nat eri aPrg{OEDsd:he di spers|on pat®6/@yl the 6 radianf heat130 pm
t he vaporilzati of8i );and ~2 a vappri zat8@0.lpart for heating|and 87

vapori zing the career gas including the raw material solution, sent from
the di spersion part, the vaporization part conprising a vaporization tube

STver ong LTRSS,y e g Y AR
el - oRda R fof G Yhin R (KPR 4 phase FEIBROREPebdlist By hdfRRAIe" &
di sper si 0Bf g ferfdglddiic HafifARALis bﬁé&lﬁf éffﬁet R&rﬂ@ﬁteﬁpg?éctpgé&gée?g{ {r}et Gée’oéi nce

t he vaporizer for MOCVD of this technology Is nabl es to

use a 8 ongrdseurs Brulsd fovetabshovni PTableRt erial to the reaction part conpared
with the prior art. Mreover, as for this technol ogy, an inlet of the

oxygen heat ed Tiwdrefarbpadlasa<CVPaneihadiihérethe anmsiIreRMoihEd HyRRE @@bi on
part. 15 However, even by using this technol ogy, the deposition of the

crystal ningthods tthidughe anbistargdnésus vapoezatiors SRas édmmvsﬁséahﬁﬁ@itna-
Moreover, a | arge anmount of carbon (30 to 40at% is included in The forned
film It materiledsasplvent arsiegb vapotizer, is plopbseger ature after film
deposition (exanple: oxygen atnosphere of 800C for 60 mnutes) in order to
20 renove thi sHers; lanexampledai formationtafthedposelectit fhin fitm be déebebed | ar ge
di fference of conposition ratio is caused. The object of the present

i nventd onand it ts pimilar de thefeaseowhera formingian didléatric rsubsterxcet thin figm! ar ange
of conposi tiﬁ@qjv\her% an excell ent remanent polarization 25 characteristics

can be obfM&t3|i A fiima@ndnan oxide elestrocandudtiveithinufilm bypesinge meaderaly st al
structure W %h hi gh | iabili tg. Anot her object of the present invention is
to provi d¥Nig Hﬁﬁg&%@iﬁ}q pfmal temperature and has a low vapor pressure.

Respective methods shown in Fig. 16 are known, so far, as a technology

concerning the vaporizer. The one shown in Fig. 16(a) is called a metal filter type

15 and it is a method that introduces and vaporizes the raw material solution heated

to a prescribed temperature into a metal filter used to increase the contact area

between an atmospheric gas and the raw material solution of the SrBi,TaO,
ferroelectric thin film.

However, in this technology, the metal filter is clogged by the vaporization

20 for several hours, so there is a problem that it cannot bear the long-term use.

The present inventor guessed that it is because the solution is heated and

vaporized from the one having a low vaporization temperature.



and a manufacturing device of a ferroelectric thin filmthat can
gg;nﬁgcture t he ferroelec?ric thin filmof the bismuth type layered crystal
structure of the best conposition, with satisfactory precision and
reproducibility, even if a high tenperature heat-treatnment is executed. 5
Anot her object of the present invention is to provide a vaporizer that can
be used for a long termw thout clogging or the like, and supply stably a
raw material to a reaction part. Another object of the present invention is

[ : hhi ' : ' .devigces, .and a
vapor | 78t T on “n'_??ﬁ“o%@?%Q?W(?S&ﬁ‘?%téhé'f??éﬁ%’ﬁvtbﬁ?swﬁé%@rlfgglélbﬁﬁi»ﬁf&é‘pﬁ %4 bon 1 n
Composi 11 paT o mEhdie TP PO BF cHERi (8 HrBEEERLP SOKGARH' R L ABron | s

. . . . : i ation
t o provi deaporizeddy therexpamsion/apori zati on method by which a vaporiza
gaspwi th unﬁ orE1 yy di spersed raw material solution can be obtained. 15

Di scl osure of Hiwevery ¢ ippobléhe of dliggRig et §0kll Hold B it@éﬁﬁfc%r: %é;({]%g%li on

consists respectively in the followng. A ferroel ect

&l chgysaand notienduring anpng-terpuss isJﬁ%bbéér%@HHPﬂhi@fféoW_ p (O anong
Lg)r/g{)n, gt?lgﬁti um (Sr), bigs:rrut hg(Bi), tantalum 20 (Ta), an m%?um(Nb),

: L\ : : : *q
f which a corforsiovennthieopmoibleni shar Bi stEadP0ind resteRaXBUBPTA cahlot BES
?provi ded tha’ih,‘l 0.90 < x< 1.00, 1.70<y < 3.20, and 0 < gal. 00) and the

carbon codthieved o Baterction|iscaused rhecduset the sglvert With tp Highestelfrr i ¢
thin film conprising steps of: dispersion for atom zation of a solution
that di spRie§edreor (idi g'@@l Jellowinga @BesolTH )t evaporatesonsrbaiptlyC dHPhgX

i ncludi ng respective elenents of at |least strontium (Sr), bismuth (Bi), and

t ant al um Pregnomesgllic compiaxdenosits @ndi adheres on the heating faae, whenhhebaw, 8

10  material solution is a mixture solution of organometallic complexes, for instance,
Sr(DPM),/THF, Bi(C4H;),/THF and Ta(OC,H,)s/THF, and this mixture solution is
evaporated by heating. As for all these methods shown in Fig. 16, the calorie
which could vaporize or alter the solvent in the liquid or mist state turns up to be
added.

15 In addition, in MOCVD, to obtain an excellent film uniformly, a vaporization
gas in which the raw material solution is dispersed uniformly is required to be
obtained. However, in the prior art, such request is not necessarily complied
with.

The present inventor offers, separately, the next technology so that the

20 request may be complied with.

That is, as shown in Fig. 15, a vaporizer for MOCVD, comprises:

@ a dispersion part including a gas passage formed internally, a gas inlet
to introduce a pressurized career gas into the gas passage, a means to supply
the raw material solution to the gas passage, a gas outlet to send the career gas

25 including the raw material solution to the vaporization part, a means to cool the
gas passage, and a radiant heat prevention jet part cooled so that thermal

energy should not be applied to the raw material gas in the dispersion part by the



gas mxture for mxing a career gas including a vaporized organonegﬁlglc
conpl ex, and oxidizing gases such as an oxygen gas, anlgzonﬁ.ga?iln]b
prescribed rate; thin filmformation for formng an oxide thin il regct
nmaking the career gas 5 including the m xed organonetallic cpgpderan act
with the oxidizing gas in a reaction chamber within a prescrlhe e ajthin
pressure for deconposition, and depositing it on a substra}e ea d

a prescribed range of tenperature; and heat treatnent for formng

i ' ' ' ' tructure by applying a
f err oel ectadianttheat froim theofaporiZatbh pdrPhagut h | ayer s : _
heat-treatment of a prescript%)’ed range o? % tenperature to the oxide thin

filmformed ordt hevapotizaticr parmsr Béatingarmy ?ée%ﬁzﬁﬂcd ﬂ’ééé%%@@gﬁégiﬁcﬁ@qipged by

perform ng a conposition control. A férroe

havi ng t Hifef kaw owteralr salutitv nséritl ﬂr@m_ﬁthbhaiapéﬂsio;jﬁega\ﬁ&"pge ggPQQ%%ngRaﬂ

deposi ti on device conprising a vaporizer provi

i Haing awapgriaatioratubehwhese@uhs efd i4 Bontatted bo QYbAGIodRBLRY: ~ 2
Slrg\égpg: (ﬁlprggrt ?Inclalfgi ng: a gas passage forned |nternaﬁl y, a gas |rbgl et to

' dhg MRIR4Y dgavice and thaeothers endds aPnedtedeRNSaill AL Bl Ay
Imraltt (ra(rjﬁgf solution to the gas passage, 20 a gas outlet tO senoll t he "car eer

\ iratio i i d a neans
i atpgimeansito heatdhe atapsttatiorotubeo a vaporization part, an
?gscggle 'tj%lﬁe 'g ssage, and O2 a vaporization part for heating and
vapori zi ng thﬁ@gﬁ .th@agpcprmﬁrdmcw@poaedmmmamamrm?étggﬁ??{% ygn,
' sion part, the 25 vaporization part ; _
\S;ng)r T ;g[ghg)ﬂ'?dt fﬂ@?‘%&@%ﬁ’dﬁéh@ fwinategalgas indhe dispersian tpiaptbydhetragfanyar i ous

[ i ti nd the other end is 9
units Su%a??ropneﬁm%s\llgdo?&’atign part.

10 Since the vaporizer for MOCVD of this technology is little clogged, it
enables to use a long term and to stably supply material to the reaction part
compared with the prior art.

Moreover, as for this technology, an inlet of the oxygen heated
beforehand has been installed downstream the vaporization part.

15 However, even by using this technology, the deposition of the crystal
might still be observed in the gas passage to cause clogging.

Moreover, a large amount of carbon (30 to 40at%) is included in the
formed film. It is necessary to anneal at the high temperature after film
deposition (example: oxygen atmosphere of 800°C for 60 minutes) in order to

20  remove this carbon.

In addition, when deposition is to be done, a large difference of
composition ratio is caused.

The object of the present invention is to provide a ferroelectric thin film

that has the best range of composition where an excellent remanent polarization

25 characteristics can be obtained and, at the same time, has a bismuth type

layered crystal structure with high reliability.

Another object of the present invention is to provide a manufacturing



connected to the gas outlet, and a heating means to heat the vaporization
tube. Athin filmforned by using a deposition device conprising a
vaporizer having: 5 ~ a dispersion part including: a gas passage forned
internally, a gas inlet to introduce a pressurized career gas into the gas
passage, a neans to supply the raw material solution to the gas passage, 10
and a gas outlet to send the career gas including the raw material solution
to the vaporization part, and ~2 a vaporization part for heating and

{he. i spor i e gAuieRRING WevicR? of B8, (RBiadhic i ARV el Foat | on

t he di spersion part, e vapor tiron 15 par

Lube whosmanIfchiId Nfe BfIBBRCRIL YAn2 30 W MNP NE UiBA bz SuCh s

a deposition, and the other end is connecte 0

e, eSS M W T R R

part conprises a dispersion nmain avi ng Ica I

hol | ow pagversifid High esmpenciting leatQrd=tied ANekeited™! | er than the inner
di anet eP of the r?S’/I [ ndFi cal or conical hollow part, in which 25 the rod has

T e N b Lt
in a tapebe sisaddor awang teim withouti cleggingdsr, thenkkel aind supply stably a raw
material to a reaction part.

Another object of the present invention is to provide a vaporizer, a
deposition device, other various devices, and a vaporization method that can

10 extremely reduce the content of a carbon in the film even in the as-deposited
state, and accurately control the composition ratio of the film.

Another object of the present invention is to provide a vaporizer and a
vaporization method by which a vaporization gas with uniformly dispersed raw
material solution can be obtained.

15  Disclosure of the Invention

The subject matter of the present invention consists respectively in the
following.

A ferroelectric thin film of layered crystal structure comprising at least
tantalum and oxygen (O) among carbon, Strontium (Sr), bismuth (Bi), tantalum

20 (Ta), and niobium (Nb), of which a composition formula is SrBi,Ta,O,,, or
Sr,Bi,(Ta,Nb) ,0,,, (provided that, 0.90=<x<1.00, 1.70< y=3.20, and 0=d=
1.00) and the carbon content is 5at% or less.

A manufacturing method of ferroelectric thin film, comprising steps of:

dispersion for atomization of a solution that disperses or dissolves in a

25 solvent an organometallic complex including respective elements of at least

strontium (Sr), bismuth (Bi), and tantalum (Ta);

vaporization to vaporize it in a vaporization chamber:



a radiation prevention part having a snall hole on the gas outlet side and
the i nner dianmeter expanding towards the vaporizer side is installed
outside the gas outlet. The thin filmof any one of clains 26 to 36,
characterized in that the 5 surface of the rod is a surface where _
el ectrolytic polishing or conpound electrolysis grinding is exerted. A thin
filmfornmed by using a deposition device having a vaporizer conprising; 1~
a dispersion part including: 10 a gas passage forned internally, a gas

0t o 11 R 8 PO A e oD L.
oas 1 nc] Ui RS oot i 99 4P cHaRCiAZ | SR ben 2115 2,

vapor i zi ngrdsRAbedrfer gas including the raw naterial solution, sent from
t he di spe?si on part, the vaporization part including; a vaporization tube

: L an: \ X ' h a
whose one end th MATSREHaBEN Or ArfRE hh O thgﬂitfumsg nfakihG e §B+ée$ gadch as

deposition, and the other end is connecte as ou and “a heati ng

Teans 5.0 mehidiid the aiifed 2ghRometdifo cuhIE! Feath VN e IMRiAAG gRNPg added
to the carrier gas fromthe gas inlet or the oxidizing gas can be

i nt r oducerbactiomchapierawithioaygescribd rangeot predBurk fdﬂidécf)iﬁgbsftﬁf_nﬁf%ﬁdb}’
usi ng a deposition device having a vaporizer conprising;, 10 a di spersion
part i ncl depositindlit on a substrate heated within a prescribed range of temperature; and
heat treatment for forming a ferroelectric thin film of a desired bismuth
layer structure by applying a heat-treatment of a prescribed range of
10 temperature to the oxide thin film formed on the substrate and giving a
crystallization process performing a composition control.
A ferroelectric device characterized by having the ferroelectric thin film.

A thin film formed by using a deposition device comprising a vaporizer

provided with a radiation prevention part having a small hole outside the gas

15  outlet having:
@ adispersion part including:
a gas passage formed internally,
a gas inlet to introduce a career gas into the gas passage,
a means to supply a raw material solution to the gas passage,
20 a gas outlet to send the career gas including the raw material
solution to a vaporization part, and
a means to cool the gas passage, and
@ a vaporization part for heating and vaporizing the career gas including
the atomized raw material solution, sent from the dispersion part, the
25 vaporization part comprising:
a vaporization tube whose one end is connected to a reaction

part of various units such as deposition, and the other end is



a gas passage forned internally, a gas inlet to introduce a career gas into
the gas passage, a neans to supply the raw material solution to the gas
passage, a gas outlet to send the career gas including the raw material 5
solution to the vaporization part, and a neans to cool the gas passage, and
~2 a vaporization part for heating and vaporizing the career gas including
the raw material solution, sent fromthe dispersion part, the vaporization
part including; 10 a vaporization tube whose one end is connected to a

reaction part of vagdigstetid the @t qgieposi tion, and the other end is
connected to the gas outlet, and a heat'ing neans to heat the vaporization

tube, wherein a radi ablERtRGIERN RERthe VaKbMAaRrBL! Mole is installed

outside the gas 15 outlet, and the career ga an oxi di zi ng gas can be

i ntroduced fromthinefilgaformddeby Usind)aNdépdgiidr HERide RorHSiidlAg & aneﬁiéri on
device having a disperser conprising; a plurality of passa%es or supplying
raw mat er hayingol ution, 20 a m xture part for mxing a plurality of raw

mat erial solutions supplied froma plurality of solution passages, a supply

passade of \/\hi@hacoiispe?si_dnqml‘rnmlmdgas with the mxture part and has an
outl et of the vaporization part side, a gas passage arranged to spray the
career gas or the m xagadassageffohed mdemeaily,gas and oxygen to the m xture
raw material solution carried fromthe m xture part in the supply passage,
and a cooling neans t8 gasolnletite istrpduge papresgerizek? career gas into the gas
passage,
a means to supply the raw material solution to the gas passage,
10 and
a gas outlet to send the career gas including the raw material
solution to the vaporization part, and
@ a vaporization part for heating and vaporizing the career gas including
the raw material solution, sent from the dispersion part, the vaporization
16 part comprising:
a vaporization tube whose one end is connected to a reaction
part of various units such as a deposition, and the other end is
connected to the gas outlet, and
a heating means to heat the vaporization tube; wherein
20 @ the dispersion part comprises
a dispersion main body having a cylindrical or conical hollow
part and
a rod having an outer diameter smaller than the inner diameter
of the cylindrical or conical hollow part, in which
25 the rod has one or more spiral groove(s) on the vaporizer side of the outer

periphery thereof, and is inserted in the hollow part, and its inner diameter

expands in a taper shape toward the vaporizer side, and

10



A thin filmfornmed by using a deposition device conprising: a disperser,
having; a plurality of solution passages for supplying raw nmateri al
solution, 5 a mxture part for mxing a plurality of raw material solutions
supplied froma plurality of solution passages, a supply passage of which
one end communi cates with the m xture part and has an outlet of the

vapori zation part side, a gas passage arranged to spray the career gas or
the m xed 10 gas of the career gas and oxygen to the m xture raw nateri al

sol ut1 o, | ge Tt oA BaSigN dpBTTAS8: 50068 0Bl 4B, oo

to cool the supply pass a vapori z having;, a ra ention
part having a sndlhe iHe? disthetdie @ﬁ% i | ygen
supply port enabling to int roduceﬁp}gﬁdg@g&%rﬁ%%é;ga?nl r%‘% ‘rsre@%vagl)lrggxi mty

of the di spersparidecthelddd outldte vapori zer having; a vaporization part for
heati ng and vapori zing the career gas 20 including the raw materi al

sol ution, sentTHe thintfilm of AP ShOOf PE4AIMs 26VidP86| SRartaRferizeBeiniRianhene end
is connected to a reaction part of various units such as a deposition, and

the othersunfate of civeneod eid hosutfiaceowheart efectroltidi pokstimy . oragdmdobaat i ng
means to heat the vaporization tube. 25 Athin filmdeposited by using a
deposi t i oeleptrolysis grindinglisrexestedapori zat i on net hod; the vapori zati on nethod
conprising steps of, introducing raw material solution into a gas passage,
sheari ng/ at oni4ithip flilve farmedabyr using138 deposition device having a vaporizer
comprising;
@ a dispersion part including:
10 a gas passage formed internally,
a gas inlet to introduce a career gas into the gas passage,
a means to supply a raw material solution to the gas passage,
a gas outlet to send the career gas including the raw material
solution to a vaporization part, and
15 a means to cool the gas passage, and
@ a vaporization part for heating and vaporizing the career gas including
the raw material solution, sent from the dispersion part, the vaporization
part including;
a vaporization tube whose one end is connected to a reaction
20 part of various units such as a deposition, and the other end is
connected to the gas outlet, and
a heating means to heat the vaporization tube, wherein
an oxidizing gas can be added to the carrier gas from the gas inlet or the
oxidizing gas can be introduced from a primary oxygen supply port.
25 A thin film formed by using a deposition device having a vaporizer
comprising;

@ a dispersion part including:

11



solution by jetting the career gas to the introduced raw material solution
to obtain raw material m st and, then, supplying the raw material mst to a
vapori zation part for making it vaporize, wherein; the career gas is nade
to include oxygen. 5 Brief Description of Drawings Fig. 1 is a
cross-sectional view show ng essential parts of a vaporizer for MOCVD
according to an enbodinent 1; Fig. 2 is a global cross-sectional view of

t he vaporizer for MOCVD according to the enbodinment 1; 10 Fig. 3 is a

system chart of MOCVDy J4 o Brrhé@iHterafiy of a reserve tank; Fig. 5is
a cross-sectional view 3333 ngbessental)gft pary\'ls of a vaporizer for MOCVD

according to an embodprRalinft téirtrodhoks GareePgss s theBas psgdye howi ng
essential parts of a vaporizer for 15 MOCVD according fo an enbodi ment 3;

Fig. 7 (a) and (b) arg rpeassts p'lﬁfh"é ravt Ridderfdl @olldnao \tRé gadpassage, Jas
passage of a vaporizer for MOCVD, both according to an enbodinent 4; Fig. 8

i's a cross-sectional wigas shtit todsend/ tHeocareer gasrindlUEvig thecawd nixdetigl an
enbodi ment 5; 20 Fig. 9 shows a rod used for the vaporizer for MOCVD

accord ng to the enduidiioretd the, vaporizatiompaitdandi ew, (b) an X-X
cross-sectional view, and (c) a Y-Y cross-sectional view, Fig. 10 is a side
vi ew showi ng a vari ant mméafs tp c8¢ldhe gaspassédge,sard gr aph where the
experiment results in enbodinent 6 are 25 shown; Fig. 12 is a side
cross- sect i onal® & vapasization gastfoe hpatingrand veporizigg the carses gasricdpdingl
diagramto show a gas supply system of the 14 ' o

the raw material Solution, sent from the dispersion part, the vaporization

part including;

10 a vaporization tube whose one end is connected to a reaction
part of various units such as a deposition, and the other end is
connected to the gas outlet, and

a heating means to heat the vaporization tube, wherein
a radiation prevention part having a small hole is installed outside the gas
15  outlet, and
the career gas and an oxidizing gas can be introduced from the gas inlet.
A thin film formed by using a deposition device having a disperser
comprising;
a plurality of passages for supplying raw material solution,

20 a mixture part for mixing a plurality of raw material solutions
supplied from a plurality of solution passages,

a supply passage of which one end communicates with the
mixture part and has an outlet of the vaporization part side,
a gas passage arranged to spray the career gas or the mixed

25 gas of the career gas and oxygen to the mixture raw material

solution carried from the mixture part in the supply passage, and

a cooling means to cool the supply passage.

12



enbodiment 8; Fig. 14 is a cross-sectional view show ng an enbodi nent 9;
Fig. 15 is a cross-sectional view showi ng the nearest prior art; Fig. 16
(a) and (b) both are cross-sectional views show ng the vaporizer 5 for
MOCVD of the prior art; Fig. 17 shows crystallization characteristics of a
SBT thin film Fig. 18 shows polarization characteristics of the
crystallized SBT thin film Fig. 19 is a vaporizer detail view, Fig. 20 is
a general view of a vaporizer; 10 Fig. 21 is an exanple of SBT thin film

a general view of a vaporizer; : | > of SBT thi
of an i nt egr arbaH A oE R BRI dBAS R Re AR ind] 2, T thim 111 m

Fig. 23 shows i I trial manufacture of an integrated circuit
DRAM LSI equi%ggﬁéﬁhﬁ%\ﬂm’el ectric substance thin film 15 Fig. 24 shows
pol ari zation charact ep ?h]_rﬁﬁt]y%f %oﬁ}{@ﬁzkg&&hqbg fbMsuppRifg Fawo nidteMmm a XRD
eval uation of a CVDPZT thin film Best de Tor Carrying out the Invention
(Enbodi ment 1 ) Fi ggoldtighows a vaporizer for MOCVD according to an

enbodi ment 1. 20 This exanple conprises; a dispersion part 8 including a
gas pagsage 2 formed ianmiitard paar fodrmixingtadplarsity o tawaimatdrdl solutions
constituting the dispersion part, a gas inlet 4 to introduce a pressurized
career gas 3 into tsepnies froasaglardity of saiation passaygesyat eri al supply hole) 6
to supply a raw material solution 5 to the carrier gas passing through the
gas passage 2 and at om sepplpepassageatkenhidth 2besemditcoomaenicatesawitbutheet 7 to
send the career gas (raw material gas) including the atom zed raw nateri al
solution 5 to a vapawitaee pam apdriaszm outiet of the: vaporizationipagt sideer) 18 to
cool the carrier gas flowng in the gas passage 2; and the 15 .
vaporization part 22 fRogaheassagp anangegde isprayytheneaicer gas oathe mixede t he
raw material solution is dispersed, sent fromthe dispersion part 8, the
vapori1@ation part c8aprafsthegCareer aas andi xygennto he whistise Jirw aaterial

connected to a reactio ipe gf the MOCVD device, and the other end is
connected to the ga§°'HE?’F§B”‘78@fmﬁ?rﬁ&ﬂ'ﬁéﬁg?%ﬁwlbmsﬁge’aﬁm a heating
means (heater) 21 to heat  the vyap i zation tube 20 V\/nerqef'tn a radiation

prevention part 102 h&ASIRJNg @ﬁﬁl?%ﬁ?cgtﬁ%fupglym?%da tsi de the gas

outlet 7. The .sect.] | area of the gas passage is preferably from
0.10 to O. SmWfSKI%&f%ez’ b?®@§58i ng is difficult if less than 0.10m®2. The

L ns up to be- caused 1 Heinrpivellid paR BREER 78 ol daldei e ©

| ar geqgcal e vacuum gyqigx 9hq! arge capacity is needed to maintain a reaction
chanber under deconpression (exanple: 1.0Torr) when the career gas of a

large quantity of flowy bﬁmﬁﬂé@gyg%n@ﬂﬂ@%ﬁ aBNhd b iftfoduc8'n &l&fzicﬂ?s, the

gas passage area of 0.10 to mR 1's preferable to achieve an 1 ndustri al

practical use becauggs ir thesdibdt ipréxivitylod titslaRpersivfet parunp that exceeds
10,000 liter/mn (atl.Olorr) in exhaust capacity. e gas inlet 4 is

installed in ofhe wapbrizbr hleingas passage 2. A career gas (for instance, N2,
Ar, and He) source (not shown) is connected to the gas inlet 4. 20 The raw
material supply hol e @& vaponzatonl part dor heatirsg dedaygparizingatied yamdertdes mi ddl e
of the dispersion main body 1 in communication with the gas passage 2,

al | ow@g to introduiteludieg thevavwmateral sotution, senfromttbe idispeysionpasisage 2
and di spersing the raw material solution 5 to the career gas that passes

t hrough the gas passadgevaperizatigreube whese ane erddsiconngated 26a Thactipns
outlet 7 that |leads to the vaporization tube 20 in the vaporization part 22
is installed i n onePafdcPfoyarialis yads §kel Ascaxdeposition, and the other end is

connected to the outlet of the disperser, and
a heating means to heat the vaporization tube.
25 A thin film deposited by using a depositon method including a
vaporization method; the vaporization method comprising steps of, introducing

raw material solution into a gas passage, shearing/atomizing the raw material
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A space 11 to flow the cooling water 18 is forned in the dispersion main 16
body 1, and the career gas which flows in the gas passage 2 is cool ed by
flowng the cooling water 8 in this space. O, it may be cooled by setting
up a Pettier elenent or the |ike, for instance, instead of this space. Only
t he sol vent vaporizes in the gas passage 2 w thout causing the vaporization
simul taneously 5 of the solvent of the raw material solution and an
organonetal lic ttf~~ in the gas passage 2 that is subjected to the heat

i nfluence : : | j Ll 5ol vent
is pr even?@ét'éﬁgmﬁgﬁﬁgh%é%@re{ ?gg t(‘ég'féglmréggé%’dggﬁnﬁ{gatéﬁael S-cgg'rﬂ@rtog%g?'ﬁi n

whi ch the oy g LANG 1 NG ik Rat sage 2.
Especi al | ryé,ﬁ&%?flﬁlgh@%t ?ﬁéqh%ﬁhg%%g@g?ﬁgﬁgﬁ rﬁ; tgﬁérlgﬂ\jvlsigo rfigl?aerl a a?igﬁppl y

hol e 6 i sphARe hakihg iBvebatize @heleihhe downstream side of the raw materi al
supply hoPe 6 1S cogl ed.” The cooling tenperature is a tenperature bel ow t he

boi | i ng poi nt tfk dafGersgds/Bthad& @ inclideddgenit is 67C or less for THF.
Especially, the tenperature in the gas outlet 7 is inmportant. In this
enbodijrenBrief Desetibtionadf, Digwdngsadi ati on prevention part 102 that has 15 a
small hole 101 outside the gas outlet 7 is installed. The nuneral 103,104
represent seal Figat ds iaatress-sebticrzal anevDshowing éssentiabhpads iofa yaporizet farn par t
102 may be conposed, for instance, of teflon, stainless steel) ceramc,
etc.. AccMQCWD accordingftd aiemgbodiment 1pr esent i nventor, the gas in gas
passage 2 is overheated, in the prior art, by the heat in the vaporization
part, as the rkigi ahtis 20 glebal crassagetional yiew @it thet vaporizasr roMECYBe | ow
melting point elements in the gas deposit in the vicinity of the gas outl et
7 even ifap@orﬂwgcf@dh@@mmdi“@@gﬂi ng water 18. The radiation prevention part
is a nmenber to_prevent this radian eat fromspreading to the gas.
Theretbre, it Fig gr‘%?éyﬁtﬁrﬁchartrcgmg e cross 25 sectional area of the
smal | hol e 101F_I eis tf}an t hat Erfﬁ gas Egssage 2. Reduction of 112 or less is
preferabl e and 9/ 4 1$HP TRY VieW op 3 reseyvedanioh) e Moreover, bl ockage in the
gas passage (especi.al| as putlet) wth.a 17 carbide is never caused
Qven’Tor the. | bgo8 A osE 3o Glidw ShoWittyPésantl BANS & vaRRIEST Wr o1 on
mai n body ! : t inzation tube 20 on the downstream si de
of the di %?S’Pgﬁ%gﬁ'hsgwﬁ éﬁﬂ&%@?e&[; ection between the 5 di spersion nain
body 1 and thegya i QI } ; ! hQkat . 24 IS part
is a connecti olr:llbbg?% %%%E%S%Hgﬁ%lﬁg%%th&gmgge%%% a t%\l/lpg\‘;tv.E ofh%evefg%%re? tzﬂdz)i'fi on

part 22 iM?g r@ih ttB%n"éYﬁ%&iﬁ?éﬂt%n tube 20 and the heating neans 21
e he

(heater). T ater 21 Is a heater to heat and vaporize the career gas in

which the raw pgt ‘?rgeﬁ'ar&!)l(b')t bR ciossldbclibAReyieRd dHEWing |LVariaM 6M8 gas
vapori zation tube 20. Though, in the prior art, the heater 21 has been

conposed bassdgecst agaporizarifod MOEYDhBatrescadrding 18 3h mbedihfsnt@? the outer
peri phery of the vaporization tube 20. This was adopted because the nethod

of using a |igkigd8ds agmessssecttidral giew slrowing scaqprtizby farMOEMD aechrding s t he
nost excellent in order to heat to obtain an uniformtenperature in the 15
| ongi t udi taBndimkagdiment 6f t he vaporization tube. It is preferable to use
stainl ess steels such as SUS316L for instance as the vaporization tube 20.
The s#@e of t hkigy&showsia md teesd foothenvgperiaer fer MOCVD according to the
embodiment 5, (a) is a side view, (b) an X-X cross-sectional view, and (c) a Y-Y
cross-sectional view;
Fig. 10 is a side view showing a variant of Fig. 9(a);
Fig. 11 is a graph where the experiment results in embodiment 6 are
25 shown;
Fig. 12 is a side cross-sectional view showing an embodiment 8;

Fig. 13 is a conceptual diagram to show a gas supply system of the
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deci ded conveniently to such a length that the tenperature of the

vapori zation gas is heated sufficiently. For instance, when SrBi 2Ta209 raw
material solution 20 0.04ccmis vaporized, it nay be used the one of 3/4
inches in outer dianeter and several hundred mmin | ength. Though the
downstream si de edge of the vaporization tube 20 is connected to a reaction
tube of the MOCVD device, in this enbodi nent an oxygen supply port 25 is
installed in the vaporization tube 20 as an oxygen 25 supply neans,

al | owi ng E@pBHIMdntE:0xygen heated to a prescribed tenperature into the
career gas. First of all, supplying the raw material solution to the

vapori zer shalgighes iBa cr@@sgéamm viBRSSHOWInG ARkemB3dimeitly;, 32c, and 32d are

connected to the raw nmaterial supply port 6 respectively through mass fl ow
control l ers 30=g. $9ks a 30sss-seution@iiviedshowdhy ése Réarst phioPart31 ¢, and 31 d
as shown in Flg 3. 5 Moreover, each of reserve tanks 32a, 32b, 32c, and
32d is connectRigd. 16 (a) aadgb) bgﬂwsa:morasises“ecﬁanalﬁrlgwsébm@ théwaﬂemzeerl s of
the reserve tank. The reserve tank is filled with the raw nmaterial solution
and fd& i fothMOCYD of thetpridd.at;kgf / cn2 of the career gas (for instance, inert
gas Ar, He, Ne) is send to 10 the respective reservoir tank (an inner
capacity 300 ddg. hhdbowg chyssallizatidrecharactesistics af a SBTuthinfilm:s pushed up in
the tube on the side contacting with the solution, because the interior of
the reservoir Elanv@.sbowsmama%@a aharagieristiosrafdhe gaystallized SBdrisinefilmed under
pressure to a mass_flow controller (made by STEC, full-scale flow

0.2cc/ mn), E'QoW@adaﬁﬁf'F%W¢t§'|¥W rolled here, and it is transported
froma 15 raw |aI sup ort 29 of the vaporizer to the raw materi al
supply hole 6. ésﬁrge%ﬁ‘? %‘M 8 VAPPEZR% i on part by career gas

the shhe ti ne, ?‘sx%i%%%‘%%%hpﬁ% p%%h Gl ot E‘éﬁéé PRI 1 ?’L'vﬁg "
guantity in a flow controlle % g S e fl.ow 2L/ mn)
Brag R Elerkln 34 RpURRILP .S AR EHSERtedoH IR
:ijg!s??str%ansrpo_{ ﬂb L lgg? "R ori zafll on E)f THF sgl vent and
becones fi %R% ;sg?ag \Hﬁg Iﬁgg’% Qée ¥rfc 'no@&]ause aliquid or a solid
organonet al | i c gorﬂs' \Dé‘sarpgﬁﬁ'm?)'lé%?'tﬁﬁdm'a uRRAYENGs SHIReRRatl oifthuid e

nor mal t enper at ref ssurre as a resu e interior

of a pipi tg|c tion to cause the 25
bl ockage (%%I?ﬁ'esrlsgggﬁpﬁg Vg?gléggé'ew%gf’gﬁhﬁgm?gw it is thought that it

only ygs to was@ DA&hoWsasd|afizationt dHaradtBristcsPoth EVDPZT Bih HimO4nd he
vaporizer with THF or other solvents after the deposition work end to

control the bl pigkzBishews alXRDi gvaheatioarnst al@VDRZT thisfimh! a washing line.
Washing is exerted over a part fromthe container outlet side to the

vapor i zer BestModierfgr Caeryingroutetherinvdntionnt ai ner exchange work, and fl ushes
the part which suits each work with the solvent. Valves 31 b, 31 ¢, and 31
d were opéhetodimentthe career gas was fed 5 forcefully into the reserve
tank 32b, 32c, and 32d. As for the raw material solution, it is fed
forceful ly to Figelrliows a yapeurardor MOCYRarsoriing teanfambodicent 1f | owi ng
quantééy 0. 2cclmn % a flowng quantity is controlled here, and the

sol ut#8n raw nEPE$RAMPle GMPESAS: BeaispBrsion PAEVE ingleding|a gapRagsage @ 6 of

t he vapori.zer and, .the ¢ gas was introduced fromthe
gas inlet fof“q%'ghi‘ﬁ'R‘}ﬁBB"r?#;%B'SPPES'?%"}ﬂ'%&@&)éﬂlcénﬁﬁtu%g the\dispgrsionRaf essur e

Quant ¢y Be% MRt 4 i Mirailiod “BoresRliuted karacs dHBon it 100 SerHassagh . the
P see v oRensCier ) thelera Bl B3 B8 s unely BREC I A ORLOR At a
supply 15 cQﬁLe‘? gfaé mﬁ&é’snha%&ﬁfg%efheg&gs paShdd 2 And WoRe RS PATSnAtelh e

vapori zer
25  solution 5, a gas outlet 7 to send the career gas (raw material gas) including the

atomized raw material solution 5 to a vaporization part 22, and a means (cooling

water) 18 to cool the carrier gas flowing in the gas passage 2; and the
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material solution is shorn by a high speed flow of the carrier gas, and
atom zed into ultrafine particle. As a result, the raw nmaterial solution is
di spersed in the career gas in the state of ultrafine particle. The career
gas (raw material gas) in which the raw material solution is dispersed in
the state of ultrafine particle is 20 atom zed, keeping the high-speed,
into the vaporization part 22 and di scharged. An angle which the gas
passage and the raw nmaterial supply hole formis optimzed. When a career

. ply | T 0 |
Phe sot ut benzaf BRKCE2 for feadtd 8 VapBlizhG[tibdarast bs WALR (hedrdif ) o)
sol ution hstepidp ﬁ@l@%i!l%{ i$ fspised, Hemt ARR 1 dlspersion BaHIE dhefl ViBr

( ( : itzgﬁ?r?5
viscosity and the ow ng quantity of the solution. The solution ows
snoot hly dutt s@kpnsingta vapdizatigh ubd20 whaee \Gnetdid is\conRecicdaofd @actien
gquantity are large. Wien the SBT filmis formed by using hexane for the
sol vent, pipeof tHAMOQVDalevite, andrthe ptitdrasmiis cobaestediadolihé lyakoutiet 3opsi ty
and the flow ng quantity are small. Three kinds of raw material solutions
contr &l | dtetdispersiongiaah8, ahdw ngptingameany (héater)i 211 to hbat hesvapasizatien 2 from
the raw material supply hole 6 through each raw material supply port 29,
move in tthbe 20 whereitya vadiatiarh prevendien pars 192whaving bee cavadl holel ¢01 dpeed
current of air, before being discharged into the vaporization part 22. For
t he di speprovidedmutside the gas outlet he raw material solution is heated by heat
fromthe vaporization part 22 and the vaporization of the solvent such as
THF is pronot ddie engss ractiopabaieahel thengantassage isippeferakdy frope & 10 the raw
mat eri al SBR@:L’V hole 6 and the part of gas passage 2 are cooled with 10
water or & s. The raw material solution dispersed in the state of fine

part e 11 LB car eer nas, diaclphged Lrom dheb shon bacl sbeches @
e R T Aot e PR i o ISR M end 5L O
T PSRl i ot A B PR .
(he reactiahpds fbolle KARRENE el MaBISS DhedE R RBsufpy ool
ot SLur e (el ELTOR R (i RMES hte! il MRERP QReengr o o

f or about ownstr haust ~ wasS ‘shut. The
cool i1y Er \f@anfityoBe o iRatt RE tNE RS B&S: Qﬁ ) & ik he
ot her ha\rpl%*,bgt h\g@carg’gr gas of 3kgflc%sv\gs sfél@(l)éwe ?f?ggycgégﬁmt eIg

interior gefarhblet® dcéid an indiRdridifraescdl ivsbasbcanss dhisWiffiuk 6 aBBpEeS" 9as,
and thereafter, the valve 40 was opened. The tenperature at the gas outl et
7 was | ovecuunapummpCGhat exceeds 10,000 liter/min (at1.0Torr) in exhaust capacity.
The gas inlet 4 is installed in one end of the gas passage 2. A career gas
(for instance, N,, Ar, and He) source (not shown) is connected to the gas inlet 4.
20 The raw material supply hole 6 is installed on the side approximately at
the middle of the dispersion main body 1 in communication with the gas passage
2, allowing to introduce the raw material solution 5 into the gas passage 2 and
dispersing the raw material solution 5 to the career gas that passes through the
gas passage 2 to make it the raw material gas.
25 The gas outlet 7 that leads to the vaporization tube 20 in the vaporization

part 22 is installed in one end of the gas passage 2.

A space 11 to flow the cooling water 18 is formed in the dispersion main
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The inside of the vaporization tube 20 was heated to 200C, the part from 21
the reaction tube 44 to a gas pack 46 and the gas pack to 100C, and the

i nside of the reaction tube 44 from 300 to 600C. The reserve tank was
pressurized with the career gas therein, and a prescribed |iquid was fl owed
by the mass flow controller. 5 Sr(DPM 2, Bi (CeHS)3, Ta(OCZHS)5, and THF
were flowed respectively by the flowi ng quantity of 0.04cclmn, 0.08cc/mn,
0.08cc/mn, and 0.2cc/mn. Twenty mnutes later, the valve just before the

%6 and 1 o TR AR e il A RN Ges HSaE00 216 BB TVIRREGT Prre
reacti on deraiife s B s 9888 0R, el BaSBRIenD) %%tﬁrgqu@'aopemé?or y

agree, thro e gas chromatograph. As t he detected

product aélérﬁéh? & @slidikel Yof hﬁstfaﬁéét 'u%ieé’d{péfeﬁ*ﬁ!s Oébédéatohﬁidtﬁ@%l\ﬂ?fﬂm ned
based on the reaction theory agreed well in this exanple. Mreover, the

anmount ofv@pﬂmésmmtm %giagaesa@e dayithoLit h,au@mgahe vapbagation slﬂrﬁnfah@oa@lg out| et
7 side was neasured a result, the amount of adhesion of the carbide was
very 5w, ofathe swhverd of the s snaterial Sdletnmaand\antdrgandmetalﬁc"" mpiex in theg. 14.
It is general that the raw material solution becomes a liquidl liquid state
(conpl et egappassdagd Rahatljs aubjectest tl thebkeatninflgenaerply dke heatea¢ offthei xt ure
or 20 dissolution of netals becoming a filmraw into the solvent to obtain
a raw mat'apaization parti?. Therevibe solvent & preyantedfremtheing: vaparnizedesolelgx ani ned
the raw material solution, and found that the nmetal conplex does not
necessar i Pyceding the caegrirgase imphishtharawtraateriplsolution ersedsflowing et al
conpl ex might exist in the solvent as Enrtlcle of the size of 1 to 100nm

and in sofelh€agds pagprgee: drsnesialynsre Qnoéﬁlﬁe é&m\gtstr@am isigle ¢f e raw
lid hought that cl d th t
epectth q”'a?q@%bﬁewae% mPBRan, a%déﬂé?ﬁaﬂgga%{s?r A SCB Pt R St at o

however , 0qgi ng i s.not caysed even for
ma erlal 388 ly%ole 6'%s cooled. ‘%je cooling temperaﬁ‘Jre is a temperature below

the boiling point of the solvent. For instance, it is 67°C or less for THF.
Especially, the temperature in the gas outlet 7 is important.
In this embodiment, in addition, the radiation prevention part 102 that has
15 a small hole 101 outside the gas outlet 7 is installed. The numeral 103,104
represent seal materials such as an O ring. This radiation prevention part 102
may be composed, for instance, of teflon, stainless steel, ceramic, etc..
According to the finding of the present inventor, the gas in gas passage 2 is
overheated, in the prior art, by the heat in the vaporization part, as the radiant
20 heat through the gas outlet 7. Therefore, the low melting point elements in the
gas deposit in the vicinity of the gas outlet 7 even if it is cooled with cooling water
18.
The radiation prevention part is a member to prevent this radiant heat
from spreading to the gas. Therefore, it is preferable to reduce the cross
25 sectional area of the small hole 101 less than that of gas passage 2. Reduction
of 1/2 or less is preferable and 1/3 or less is more preferable.

Moreover, blockage in the gas passage (especially, gas outlet) with a
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material solution is such a state, in case of using a vaporizer of the
present invention. Mreover, the fine particle subsides easily by gravity
to the bottomin a solution where the raw material sol ution subsists. Then,
it is desirable to cause 5 convection and uniform di spersion of fine
particle in the preservation solution by heating the bottom (bel ow the
vapori zation point of the solvent to the last) in respect of clogging
prevention. Mreover, it is nore preferable to heat the bottom and to cool

the si de @ibidesisrVericatisel WvenTor 498! IGHRY térl’heﬁsé,hﬁ* 'rc]:ogfinoq‘ﬁ‘?é ﬁfép%gsi&t\]e

tenperature bel ow the vaporization tenperature of e vent.
(Enbodi mggdrt.2) Fig. 5 shows the vaporizer for MOCVD according to the
enbodi ment 2. In this enbodiment, a cooling water passage 106 was forned

around the outléle digpersie yhaih bodg T Ro¢GirehedtEURN VAR ARAOh thBd 20768
cooling neans 50 was installed around the outer periphery of a connection

part 23, thedomasireaiosidéof thedispeision pain bd@y 1V ke ¢6AhESton\BERREAthe 2

hol I ow 107 was installed around the outlet of the small hole 101. O her
respeét s digpersigndvain bodyal and the eapotizationetabe 20 isrddrie witle aljoiht ZBNARd t he
detected product agrees with the product in the 20 reaction formula that
had been tBigharhiscp parrertion part28eacti on theory better than that of the
embodi ment 1. Moreover, the anount of adhesion of the carbide was about 113
times of the Eibe2 ghowrdheaaneraleviewl Thesvapedzationparta?2 isheompased efrent  of
t he armur{b?of adhesi on of2éhe carbide of on the outer surface on the gas

outl et 7 WPYEPEFIZRURN tibeRQ godshermeniing reeas 21 (heatendThe heatsr i i5.a 6 shous
the Vaporﬂeza?ér t%oﬁeamc}j vaapcocrPzré-:'dtihggcatrgert g?aes ﬁ\nvt\)/ﬁicclzihqﬁgtra\?v' mg?erial solution is
10  dispersed that flows in the vaporization tube 20. Though, in the prior art, the
heater 21 has been composed by sticking a cylindrical heater or a mantle heater
on the outer periphery of the vaporization tube 20. This was adopted because
the method of using a liquid or gas with large thermal capacity as heat medium is
the most excellent in order to heat to obtain an uniform temperature in the
15 longitudinal direction of the vaporization tube.

It is preferable to use stainless steels such as SUS316L for instance as
the vaporization tube 20. The size of the vaporization tube 20 only may be
decided conveniently to such a length that the temperature of the vaporization
gas is heated sufficiently. For instance, when SrBi,Ta,0, raw material solution

20  0.04ccm is vaporized, it may be used the one of 3/4 inches in outer diameter and
several hundred mm in length.

Though the downstream side edge of the vaporization tube 20 is
connected to a reaction tube of the MOCVD device, in this embodiment an
oxygen supply port 25 is installed in the vaporization tube 20 as an oxygen

25 supply means, allowing to mix the oxygen heated to a prescribed temperature

into the career gas.

First of all, supplying the raw material solution to the vaporizer shall be
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In this enbodinent, taper 51 is installed in radiation prevention part 102.
Dead zone in the concerned part di sappears because of this taper 51, and
the stagnation of raw material can be prevented. O her respects were nade
simlar to the enbodinent 2. 5 In this enbodi nent, the detected product
agrees with the product in the reaction fornula that had been exam ned
based on the reaction theory better than that of the enbodi nent 2.

Mor eover, the amount of adhesion of the carbide was alnost null, as the
resul t ofgdigipegasurement of the amount of adhesion of the carbide of on
the 10 outer surtface on the gas outlet 7 side of the dispersion main body

1. (Enbodi mentRéderié danks 3@@@25 B2 cTRAN f32eRdreCsbringe s t8 e fa Ridtérs) (O the

gas passage. The groove 70 is formed on the surface of a rod 10, and the

outer di agEdply poit & Kééf)é@thél¥ fRroagh Wedsaidw abhtrolldts 30RMBOBS30¢ And BT,
di anmeter of 't e 15 hol e perforated in the inside of the dlsper5|on mai n

body 1 i namd galvéé3)a, Jhier&fqrand 3 ftcas shovA i Biy. I3 di Sposed in the hole

wi t hout deviation only by setting the rod 10 in the hole. Mreover, a screw
etc. rieed not Meranved.eathi of rgsenvedaiks 82 B2k 32ocand 82(as sageectébte®at hat a
plurality of grooves 70 may be forned in parallel to the 20 | ongitudi nal
central asareeofas kanister 3M or spirally on the surface of the rod 10. Spiral
grooves can nake a raw nateri al Qgiras nore uniform Fig. 7(b) is an exanple
of installing kige4 ghewathe getailsiol thecesarye ek of the rod 10. The |argest
dianeter of the tip part is nmade al nost the sanme as the dianmeter of the

hol e perf or at ethg Feashee tanleis fledowith e gaw raaterighselytian wegyfor instarces space

formed by the t f the rod a the inner face of the hole becones a
gas passgég.toé)b&sﬂgmyO?m?ec%jgy Eﬁ%&fgﬁﬁ‘W%@qrbgﬂ%&rweuNﬁh@WtPod of a

crr C%a ' &1% respective reservoir tank (an inner capacity 300 cc, made by SUS ). The raw
material solution is pushed up in the tube on the side contacting with the solution,
because the interior of the reservoir tank is pressurized by the carrier gas, and
transferred under pressure to a mass flow controller (made by STEC, full-scale
flow 0.2cc/min), a flowing quantity is controlled here, and it is transported from a
15 raw material supply port 29 of the vaporizer to the raw material supply hole 6.

It is transported to a reaction part by career gas controlled to a constant
flowing quantity in the mass flow controller. At the same time, oxygen (oxidant)
which is controlled to a fixed flowing quantity in a mass flow controller (made by
STEC, full-scale flow 2L/min) is also transported to the reaction part.

20 The raw material solution deposits an organometallic complex by the
vaporization of THF solvent and becomes finally solid when left as it is, because
a liquid or a solid organometallic complex has been dissolved in solvent such as
THF at the normal temperature. Therefore, it is assumed as a result that the
interior of a piping that comes in contact with a stock solution to cause the
25 blockage or others of the piping by this. Therefore, it is thought that it only has to
wash the interior of the piping and the interior of the vaporizer with THF or other

solvents after the deposition work end to control the blockage of the piping, and
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cross section as a rod and installing a concave portion in the hole, though
the exanple shown in (a) and (b) is an exanple of executing the processing
to the surface of the rod 10. It is preferable to set up the rod with about
H7xh6 to JS7 provided by JIS for instance. 5 (Enbodi nent 5) The enbodi nent
5 shall be described based on Fig. 8. The vaporizer for MOCVD of this
enbodi nent has a di spersion part 8 including a gas passage forned
internally, a gas inlet 4 to introduce a pressurized career gas 3 into the

] ) . ri i o the
gas Paos ) IRHAHG IFHPM ksl R ek S oA il Obafer St L
mat eri al §i8é%'tﬁe \fa?aoriger |dohﬁ9 X9 Py 7Rblehal B8htairet: @hﬁngemr bAgtion
part 22 for heating and vapori zing the career gas I ncluding the raw

materi al GHYStRB patERhich U E3RhWETRWifH P SuNdnt8. the vapori zation part
22 conprising; a vaporization tube 20 whose one end is connected to a

reaction 15 payived 31be IMC\EABHE. wared opBRed! BRd thBdcareef garewhsdetio t he
gas outlet 7, and a heating nmeans to heat the vaporization tube 20, wherein

the digspefoscefalipanto thec eagervectank 32isps26i and Bady Aodyr thdaawnmaderial
cylindrical hollow part and a rod 10 having an outer dianmeter smaller than
t he i nner solutiomtitis fetl fotoefally fontthei mass fiowl contnodet (madie by &ITHO fhikscalee or
nmore spiral grooves) 60 on the vaporizer 22 side of 20 the outer periphery
of the roflowimgdjuamdity @@ctning, a fiewingeguiantity isconirolled hetxlanddhesalyiont , and
a radiation prevention part 101 having a small hole 101 and an inner

di anet er avwpmaienial is tranaperted tmtheoraw materigd supplyrhale 6xafdae vepornzaral | ed
outside the gas outlet 7. Wien the raw material solution 5 is supplied to
the gas passad@niheptherdandgthesprregr gas was igtieducead from, the gas ialgt ather i al
solution is shorn and atom zed. That is, the raw naterial solution that is
li qui Wi svapRyizeroly is W@fﬁ?‘elﬁ @p?%&hq MANIBEM: Pressyies t IPRAY, ROR SIS tont o
particle. . The raw materi solution made into.25 . particle is dispersed in
Phe car cenkgim? S Bas dnding el i pgid duyel 2ansa fassed 2B, he
enbodi nent, 1.. The falJQw condi.tions are. preferable {0 execute shearing
and at o ST 5rAauk 120BEG a” BRd the BARRARE oBY vaI08R, B b BiS Resteder

sol ution ) i rably by 0.005 to 0.02clmn, and nore
pr ef er abl ge%\(/-\eg%%%ﬁ@réégpﬂtgnsm%gtm or nore raw material solutions
(cont ai ni ng so\!,,;ﬁ%;ﬁt j : i | : [f total
anount. Moreover, itbe?é@pr?\é%ﬁa‘{li glgﬂ@gtlsgﬁé%ﬁgﬁ ?‘?}Zﬂsgqaweeéﬂa%ggsﬁéﬁtsgﬁgﬁ%eed of

19,1018, T80 15 ne oY IAME ko oy PRE S 2R o

flow ng quantity o mat er e ng quantity of

the careemfiagalddiutio sl by ARGH SFePRGRI? the ehitdasdafid ABfisdwpe
shal |l be selected for the best achievenent of shearing and atom zation so

that ul tr@itonatrafnie paHrle A abresal! tHeefiv midtetial §dlLGore & ailpersdd irsthe al
grooves 60 are formed around the outer
career gas in the state of ultrafine particle. The career gas (raw material gas) in
which the raw material solution is dispersed in the state of ultrafine particle is
20 atomized, keeping the high-speed, into the vaporization part 22 and discharged.
An angle which the gas passage and the raw material supply hole form is
optimized. When a career passage and a raw material solution inlet form an
acute angle (30 degrees), the solution is attracted by the gas. If it is 90 degrees
or more, the solution is pushed by the gas. The best angle is decided, from the
25 viscosity and the flowing quantity of the solution. The solution flows smoothly by

making it more acute when the viscosity and the flowing quantity are large.

When the SBT film is formed by using hexane for the solvent, about 84 degrees
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peri phery of the rod 10 and gap space exists between the di spersion main
body 1 and the rod 10; consequently, the career gas including the raw
material solution that becanme the atom zed state goes straight in this gap
space as a straightly advancing flow, and at the sane tine, fornms a
rotating flow al ong the 20 spiral groove 60. Thus, the present inventor
found that the raw material solution atomzed in a state where the
straightly advancing flow and the rotating flow are concomtant is

raightly | rotati on . |
can be r S BRI Behel 98 KR B ey e R R e SR ot ow
are 25 concomitpas KifdSSF BRFARABHAI ¥olilisRd coRfURYETtoid CRBId fmRgSed as

follows. By the existence of the rotating fiow, the centrifugal forCe works

on the fI@mntmﬂﬂomﬁtoaﬁé@aéaﬁ%sébe\@fr@h%éweﬁateﬁbpsmmy Hor ®@throlghr aw
material and t'he career gas 26 is pronoted by these secondary flows. That

i's, a secgdstaraw aeiteNaitdupply pom 29 nﬁwesmhé;gatsmassepérwmgw carebeghsof the
rotating flow in a perpendicular direction to the flow, and, as a result,

it sedts whigh bércamé armhigiispesd roarrent af aigl baforen beihgddisehared o ehe
uniformy in the career gas. 5 Now, this enbodi mrent shall de described nore
i n det ai | vagorizatibopart 221 Rdrithe elidpedsionndart 8 talscs asdhp cawdmaterialipplugioh our
kinds of raw nmaterial solutions 5a, 5b, 5c¢c, and 5d (5a, 5b, and 5c are

or ganonet ial héated sy ingat ficah shandamdizatiom paol 2@nand die neaperizalions wfithas THF)
to the gas passage as_one exanple. 10 In order to m x the career gas

(cal | ed, sol¥entfuchrasll Hials prometed,dhaparhomdierrawemiaterial supplydeort B8t
becanme respectively njst and ultrafine particle, a part w thout spiral
groove i sto tnetram aterial sHePYJRie 6 angrihss pan of ga? Pashage Lrarerairchyitho t he
raw E&teri a&eésupail% hole 6 of the rod 10, in this enbodiment. This portion
beco aWBIRE OFiCIRe[§- part 65. In the pre-mixing part 65, the raw materi al

15 of t ki nds. of i c netal i xed to degr. d, i
addi t on, _becalfs AW IR SN, FEPPERE i} e sletg 19P BRrieiEdn dhenel | cal

ST YE! Ve kel DS SRR IO FB8 o Bal obdinbe ARl g By Mgl "ot
matort a | eeobReRHeABL e ahe b SRR o 8 o Bal BRI T2
material pRRARE idGERA) bERRB. rBUenIAL P feRIBANARE'GR MOBVE NIk _dasses

m ght be sent to e vapori zation pa e nent’, parall el

part apdi ; i i i eam
part 7 apdng proneRed e FarRring A6 he ot iR 198000 hiogiolrey eoar
i s provi dagater 1 & RApridchibe@aemptadiuig ARG fRWEin BNRYackion uBBE1Rhi@S t he
outer dianeter of the parallel part 67 of the rod 10, and a taper part that

i s the sasmbodmentait it levaluated byfaridhezinthel feavtive eaods df fie Vapbriatipar al | el
part 67 and the taper part 58. Therefore, if the rod 10 is inserted from
the 27 gapin plate ©f depositiohe drawi ng, the rod 10 is maintained in the

hol | ow part of the dispersion nmain body 1. Different fromthe odi nent 1,
even if a car e&rvagasmopusphinpteshqwryswas eonhante8kiidrincat exhaust 42 rod 10
can prevent from bei ng noved, because the 5 taper is provided to hold the
rod 140 i inpwitiese sekli aenoistwgt in @ reactiote tube 44 were removed by the

decompression operation for about 20 minutes, and a valve 40 downstream the
exhaust - was shut.

The cooling water was flowed into the vaporizer by about 400cc/min. On

the other hand, the career gas of 3kgf/cm? was flowed by 495cc/min, the interior

25 of the reaction tube 44 was filled enough with the career gas, and thereafter, the

valve 40 was opened. The temperature at the gas outlet 7 was lower than 67°C.

The inside of the vaporization tube 20 was heated to 200°C, the part from
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mai nt enance technol ogy shown in Fig. 8 is adopted, the career gas can be
flowed at a pressure of 3kg/cnR or higher. As a result, it becones possible
to reduce the sectional area of the gas passage, and supply a hi gher speed
career gas wth a small anpbunt of gas. That is, the supply of a high-speed
career gas at 10 50 to 300mi sec becones possible, too. If this maintenance
technology is adopted, it is simlar also for the aforenenti oned other
enbodi ments. The grooves 67a, 67b, 67c, and 67d are fornmed as a passage of

6 of tne TedeapiofuRelBl0 BB HARRETAY Bk b8k eyt 100, dchednggey 70 ©
t he dept h°ﬁ‘e(°’3§§“°.]'f’“’|%°wﬁﬂ§‘z Og%ggoo@?c and 67. Mdl ding of the groove

becones di Icu €ss mm Moreover, 0.01 to 0.05 is nore

preferabl e. Thghe hOgH 8%aRk w&@g{)reéﬁxma HRA%ha! 8steBY gERKiteint amdt Bi n this

range. Mreover, it 1s easy to tain a high speed flow. The conposition

shown in Hidgcrifed fquiliRasNENEd B5the ayatioW Behtrarconposi tions may be

adopted for the nmaintenance of fhe rod 10 and the formati on of the gas

passage. The rgmibPM)OZ, BRCLHY), THOCGHOR, vy THF siehglflowas mdspettively Byg. 9(a)
but it may also be two or nore as shown in Fig. 10. Moreover, they may be
crossed whafldwing quantityeofsh04ed/mim,n08sc/mirg J.08cahin, Brel 0.2oc/miheri al gas
di spersed 25 nore uniformy is obtained when they are crossed. However, a
cross sect i onalwentyaninutesa ey tlos valve justdhefore tiel gas paek ¢asvas opened,oci ty
to be 10nmisec or nore. The size and shape of the spiral groove are not
especi al | thel redadtiod, praduct was26ollecied én dhel gasapaclts 4owand it wiag. exgronedr e

rai sed as one exanple. In this enbodi nent, the gas passage is cooled with
cool i ng wahethergshagletected pradeetgand thevprasiigtin the reagiionsiosmulsathat d@si s

I ndependently installed in this side of 5 the entrance of dispersion part
22 i n1Q hi beensyaminad basgdion the rractionitheeryragies: theer gl analksis by tha@@s102 i s
arranged in this expansion part. A snall hqgle 101 is forned on the gas
outlet 7 §E@@1Q§P9E -%écﬁ éﬁﬁuﬁntﬁﬁw@ﬁﬁd&foaﬁ?tta}“ the rreductindpe g er
spreads out shape towar oriz Thi s .ex fa.'rrl]si on

th = h i de.
Pt 6o | BojeBalolin e k3R aliSd Bahel ol S keddion theyy agredd

this example. |
Moreover, the amount of adhesion of the carbide on the outer surface of
16 the gas outlet 7 side was measured. As a result, the amount of adhesion of the
carbide was very low, and was still less than the case with a device shown in Fig.
14.
It is general that the raw material solution becomes a liquid/ liquid state
(complete solvent liquid) with metals becoming complex, in case of mixture or
20 dissolution of metals becoming a film raw into the solvent to obtain a raw
material solution. However, the present inventor elaborately examined the raw
material solution, and found that the metal complex does not necessarily come
to separate molecular state but, in some cases, the metal complex might exist in
the solvent as particle of the size of 1 to 100nm, and in some cases, the metal
25 complex might exist partially as solid/liquid state. It is thought that clogging
during the vaporization is especially caused easily when the raw material

solution is in such a state; however, the clogging is not caused even for a raw
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10 material gas described for the enbodinent 3. O course, the expansion
part 69 need not be independently installed, and an integrated conposition
as shown in Fig. 6 may also be adopted. An angle of from5 to 10 degrees is
preferable as the expansion angle 8 for the expansion part 69. The raw
material gas can be supplied to the 15 di spersion part w thout destroying
the rotating flow when Bis in this range. Mdireover, when Ais within this
range, the fluid drag by the expansion is mninized, the existence of dead

Is mnim ﬁ'\%@'erla?;é% llitlote tﬁﬁ%ﬁ”éhgta?é Oéé P)(lsfn@ ?%ﬁg?@?%f Phe (r8ségad zone

can be mnim ze e an’ egrees Is nore
preferabl g,a ﬂ The range of preferable8 is simlar also in 20 the
enbodi nent shown in Fig. 6. (Enbodi nent 6) The raw material solution and

the career gasyyRidied el fis| paRiLes sLiBEidEeId=R1 By GV t 4AS bl th bhe
a Ph n t

device shown in Fig. 8, he uniformty i e raw material gas was

exam ned. s@\atidihere e 'réwrmdwlgﬁsélﬁﬂbﬂ%bﬁéls@ Tf’r@huitllé?félesﬁélél@RMcallse
0.04cc/mn Bi (CsHS)s 0.08cc/mn Ta(OC2Hs)s 0.08cc/ mn 29 THF 0. 2cc/ mn

Car eer5 gagonvdction @@ @efordOdiSpesiun of firepaiticiecie thE preseérmafiory soltisadyused as
t he vaporization device. However, 5 the rod where a spiral groove was not

formed asheativgnthenbbttgm below theadammzatlomcﬂ)omﬂ’m‘ thevsoteerr ioathesiast)tinon i s
supplied fromthe raw material supply hole 6, while the career gas is
changed i respeet of vclogging | prev@htiomr Moveo\&T a itwiss margppieferahie o igabrtke?2,
groove 67b with Bi (CsHs)s, groove 67c with Ta& Hs)5 10 and groove 67d
with sol vbattomand tesconktthe sidgeat thecgopntainenioph flcawseattmy shalkhgpegtedol e.
Heating in the vaporization part was not executed, the raw material gas was
col | ect edabtheitrmpgsatuse below g)e wanorization iernperaturei ofithe splvent.t he r aw

mat er i al
10 (Embodiment 2)

Fig. 5 shows the vaporizer for MOCVD according to the embodiment 2.

In this embodiment, a cooling water passage 106 was formed around the
outer periphery of the radiation prevention part 102, and cooling means 50 was
installed around the outer periphery of a connection part 23, and radiation

15  prevention part 102 was cooled.

Moreover, a hollow 107 was installed around the outlet of the small hole
101.

Other respects were made similar to the embodiment 1.

In this embodiment, the detected product agrees with the product in the

20  reaction formula that had been examined based on the reaction theory better
than that of the embodiment 1.

Moreover, the amount of adhesion of the carbide was about 1/3 times of
the case of the embodiment 1, as the result of the measurement of the amount of
adhesion of the carbide of on the outer surface on the gas outlet 7 side of the

25 dispersion main body 1.
(Embodiment 3)

Fig. 6 shows the vaporizer for MOCVD according to the embodiment 3.
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solution was neasured in the collected raw material gas. 15 The results are
shown in Fig. 11 as relative values (the case with a device according to an
exanple of the prior art shown in Fig. 12(a) is set to be 1 ). The

di spersion particle dianeter beconmes snaller by setting the flow velocity
to 50m sec or nore as understood fromFig. 11, and the dispersion particle
di aneter becones still smaller by setting the flow velocity to 100m sec or
nore. 20 However, the dispersion particle dianmeter is saturated even if set
to 200nf sec or e r §iSti f range.
( Enbodi nent 7)'”@‘%%@@@% gaﬁpnetl' %akﬁgéa\ﬂgé?@?%dlé%@ Efg \gernggﬁﬁrggb%een

formed wap)ddsierbrasSinaheAbncémdd ngt dsi%?ﬁﬁ%% beBAGsd Bﬁtrﬁéwp@fssi,%deméodi ment

6. The density of the raw mater tion that had been supplied to the

groove wagtdyn@fioh df F4\@ nedteAREcAbE préevemtgdr t, in the enbodiment 6. That is,
30 respectively the density of one raw material solution was higher than

ot hers in eachQegreaspadts Wre neadd Sienikir eo e émbodientt2.came; the density of
Sr(DPM 2 was higher than that of the others in the extension part of the

grooves67a, Bi inOhiids pmbodirhbet, aké eletested productfagroes withothe produshih the
Ta(OC2H5)s in the extension part of the 5 groove 67c. However, in this
enbodi mrentreacti@ahfoernglntivattteld been axamined ibakedfort thee readtionetheary better i al
gas that had been obtai ned on the edge of a spiral groove was uniformin
any part . thianthatiofthete@podinghit. 12 and Fig. 13 show the enbodi ment 8.
Oxygen had been introduced only downstream the vaporization part 22 as
shown in Fig. Morq?p\taﬁetfmampua? of agliesier of thsogarbide wasaimeshnull, asthepri or
art, a large anpunt of carbon is contained in the filmforned by the prior

) . y
art. Mored®eft of her megsyrement efeihenaraoyat gadhesien obthe sarbida afiathe i on in
the r mat erial _.and the 15 conposition. allagcation in fhe deposited film
That 18, WM SHEAFe.PReine; 028 Ruletd] Gidecoh B8 1HiSRRIsisss maBn BRJYi & of ¢ he
st oi chi OmfltF'ribC m xture ratio, vaporized, and deposited, the actually
deposi t ed (FMPRAHTEMEY out a conposition filmdeviated fromthe

raroty nt oo e Fop R BbboueIBRAROF uilbs PadD, 7o

That e, it nadnerBede R it RolBa PAThESLARE! § HHREAD i tog SUEET, | o

4, a secogfﬂawtewgsa 1%we%xd@%b§t%ﬂﬁ?g}ﬁﬂee§émg%ih%tinner Hi%n?élgr bffhePXygen
I rs P t W own I n

inlet 25( t oxygen supply por e career gas as s 1g. 20,

e ] SIS BearaRt hdde ARSI B OGS PEEER, 70 Mdeghe
the rod 10 can be disposed in the hole without deviation only by setting the rod
10 in the hole. Moreover, a screw etc. need not be used. This groove 70
becomes the gas passage.

Note that a plurality of grooves 70 may be formed in parallel to the

20 longitudinal central axis of the rod 10 or spirally on the surface of the rod 10.
Spiral grooves can make a raw material gas more uniform.

Fig. 7(b) is an example of installing the mixture part in the tip part of the
rod 10. The largest diameter of the tip part is made almost the same as the
diameter of the hole perforated in the interior of the dispersion main body 1. The

25 space formed by the tip part of the rod and the inner face of the hole becomes a

gas passage.

Obviously, the gas passage may be formed by using the rod of a circular
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extrenely mnimzed. The career gas and oxygen may be m xed beforehand, and
their mxed 31 gas may be introduced fromthe gas inlet 4. (Enbodi nent 9)
Thi s enbodi ment is an exanple of formng ferroelectric SBT film The SBT
filmwas formed by a vaporizer shown in Fig. 19 and 20, and a 5 CVD device
shown in Fig. 21, and then the polarization characteristic and others were
eval uated. Mre concretely, the vaporizer condition and the reaction
chanmber condition were controlled as follows, and the SBT thin filmwas

Subst 1 at coBERy o0 R 130 RO Al & coae BRRIYPR, B8 Sk ey
i : Font 1 Ui { aft
 any ot SR EPE T BIRMGIDNE d5rgratfile of BN e plcasg @ ey

0. 02/ m gyracdof the réarger |ﬁ%§ﬁ8f%$§|§|@t6iset (9 e sl With @blole HIRAGItHUSY 4)
First career 02=10sccm (introduced into the gas inlet 4) Second career

Ar =20sccptdvilddBy gESiforiihstanbe. gas inl et 200) Second career 02=10sccm
(introduced into the gas inlet 200) Reactant oxygen 02=200sccm (i ntroduced
i nto |®we(Embotiinntd) the dispersion jet 20 part) Reactant oxygen
tenperature 216C (control the tenperature by a separately installed heater
bef or e i nt r oduTtheenfhoadimehtb shakkbepestribéd bhsediorfdg.sB.on jet part) Wafer
tenmperature 475C Space tenperature 299C 25 Space di stance 30mm Tenperat ure
of shower headTh® Vagoreer faroM Qe \éosefr thisl smhodipent bap o idispension a8 a
result, SBT filmthickness 20 m nutes about 300nn1(de?ositing speed about 5
150nnt mi njncluding a gas passage formed internally, a gas inlet 4 to introduce a
pressurized career gas 3 into the gas passage, a means to supply the raw
10 material solution 5a, 5b to the gas passage, and a gas outlet 7 to send the
career gas including the raw material solution 5a, 5b to the vaporization part 22;
and a vaporization part 22 for heating and vaporizing the career gas including
the raw material solution, sent from the dispersion part 8, the vaporization part
22 comprising; a vaporization tube 20 whose one end is connected to a reaction
15  part of the MOCVD unit, and the other end is connected to the gas outlet 7, and
a heating means to heat the vaporization tube 20, wherein the dispersion part 8
comprises a dispersion main body 1 having a cylindrical hollow part and a rod 10
having an outer diameter smaller than the inner diameter of the cylindrical holiow
part, the rod 10 has one or more spiral groove(s) 60 on the vaporizer 22 side of
20 the outer periphery of the rod, and the rod 10 is inserted in the cylindrical hollow
part, and a radiation prevention part 101 having a small hole 101 and an inner
diameter expanding in taper towards the vaporizer 22 side is installed outside
the gas outlet 7
When the raw material solution 5 is supplied to the gas passage where
25  high-speed career gas 3 flows, the raw material solution is shorn and atomized.
That is, the raw material solution that is liquid is shorn by the high speed flow of

the career gas, and made into particle. The raw material solution made into
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SBT conposition 10 Sr 6.9 at%Bi 14.1 at% Ta 14.1 at% O 61.4 at% C 3.5 at%
The difference of the conposition ratio between the conposition in the
formed filmand the conposition in the raw naterial solution was small, and
t he depositing speed becanme about five tines as fast as that of the prior
art. It can be said that it is extrenely effective to introduce a snall
anmount of oxygen from 15 the gas inlet 4 with the career gas. The content
of the carbon is low as 3.5 at% A large effect of controlling

r e- condengai ' ' o idale Ciat i b :

or ganonet g????!?o%?ﬁﬁdmtmggmgﬁﬁe?ﬁedgb b@ tlth%(reQ t? fag(:t0 F ? ﬁg}@gﬁ@h%ﬁ% p%l?tslgppear ed
from | onegimiiar to tHe émbodimheti gati on tube, because the tenperature of the
react ant oxygen 200ccl mi n was accurately controlled (at 216C) by a 20
separatel y insThd | fofloiraf econuifierise aree preferalblat 16X egesuteasheatingdusgd from
the I ower part of the dispersion jet part. After the SBT thin filmhad been
f orned, i atomwizatiorn optirdally.t he crystal |l i zation process at 550C for 30 mi nutes
under the oxygen atnosphere to form an upper el ectrode, and then excellent
crystdi i zati dh ispdefecdkiei toasupply cher anatenialssolatiorner by f®008 toy2édimin,
measurenent 25 and the evaluation. This is shown in Fig. 17 and 18. As
shown i n Pieferably by 0i0953p4X.@2¢(hlir, and more prsferalbdy byrOuinto &BcomineNhen
appropriately by introduci ng oxygen sinultaneously to the downstream of the
33  vapoMa @t mere ﬁ%ﬂﬂ“@tﬁﬂégﬁfdu ions (contairing IseIveEnt) arecvpplied at tee samposi ti on
rati o, and to.,decrease the carbon content, provided that oxidizing gas such
as oxygen‘m§: |tﬁPFB%f@§éBe'F$QiﬁF?WQUQES inlet 4 or the primary oxygen supply

port <105t ekl B scol T S he Wbt R |
Cepos g oSS D D RE W P Nl o 0, Dhe T 210
Y T g R
Tori - - =T 5% B ERteer oy B SoBBladd s ) BEERas AR aL AR AN, xcane)
15,0, 02 Bidete S866H 1 0SSN S oh S gl 5b,

vapori zer tha0flrafine pHriidIe rhist bEdbYAReym punp via the valve 2 and the
automatic pressure regul ating valve. 20 The pressure gauge is controlled by

the a1 omati c Ipr this Wrabo@inNEm! ispial grosvdsC 60 Tard fofhed Mrouhil e AufdW
m nutes after the wafer is transferred, if the tenperature Is steady, the

f ol | owi ngpesdshery ofithe rsch10 mdr erspave shisEstwbbe ted Hispaesiva sin boapened
and the valve 2 shut to start depositing.
1 and the rod 10; consequently, the career gas including the raw material
solution that became the atomized state goes straight in this gap space as a
straightly advancing flow, and at the same time, forms a rotating flow along the
20 spiral groove 60.
Thus, the present inventor found that the raw material solution atomized in
a state where the straightly advancing flow and the rotating flow are concomitant
is uniformly dispersed in the career gas. The reason why a uniform dispersion
can be realized when the straightly advancing flow and the rotating flow are
25 concomitant is not necessarily clear; however it can be supposed as follows. By

the existence of the rotating flow, the centrifugal force works on the flow, and the

secondary flows are caused. The mixture of the raw material and the career gas
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25 Hexaet hoxy strontiumtantal um Sr[ Ta(OC2H5)s]2 0.1 nole sol ution

(Sol vent: Hexane) 0.02nl/mn Tori- t-anyloxide bismuth Bi(Ot-CSH')3 0.2
nol e solution (Solvent: 34 5 10 15 20 Hexane) 0.02nl/ m n First career
Ar=Z00sccm (i ntroduced into the gas inlet 4) First career 02=10sccm
(introduced into the gas inlet 4) Second career Ar=20sccm (i ntroduced into
the gas inlet 200) OZ=10sccm (introduced into the gas inlet 200) Reactant
oxygen 02=200sccm (i ntroduced into the lower part 25 of the dispersion jet

Cepat at el POSRHAS s cecindehy AR, THAEH, 3 pedbnddiREiaor W k|,
di sper si 0ga|;§dd B?Frfé cé/iﬂfiﬁffatl %ﬂ’B@trfgttHé eotéﬁ.t»‘zégrrgmn B erpERdicalar GitectiGped | on

chanber is controlled at Torr (by an au tic pressure regul ating val ve

not shownihe WBRN ad! 88U r@8UIE, iiTBeéing thit the atdmized TalWhRfieridlagol@RsipRd, t he
valve 2 is opened and the valve 1 is shut to term nate the deposition. One

m nut e af dgperd Bdse URifbMBlyiedsd careeegagber is drawn to a high vacuumto
renove the reactant gas conpletely, the wafer is taken out to the | oading

| ock chanber. Nowg¢this @ptbodimentshalbde deswibethmare or getail astfelldws. material is
uni formy dispersed can be obtained and solid material is dissolved into
sol vent to vapbr thi® eaduadlimhieny it & tompesdd do rsapplysfoovvkireddsook raw meatekisl a
ferroelectric thin filmof high quality can be nade with a good

r epr oduci Isolutiops Saor5ba Seomdchd (52,0, and Hc arenergahbimetallic mawimateriatsd t he
oxi de conductor thin 25 filmas well, thin filmof the high quality can

al so be mand 9 tis an sglyent rayr Bateialisuchyas JdiFato the gasonassageods mne by
using the solid material. Dielectric substance thin film SBT, STO and TaOx
Metal lic ©XARMPI€Imir, Ru, Cu, Ti, TiN Ta, TaN, and SRO Oxi de conduct or

thin filmlr, |rOx, Ru, and RuOx 35 Taple 2 shows the characteristics of
the rd% materi Lﬂ ogter dpgnict Ear@ﬁ)&aén@@ﬁ?‘ii ﬁa‘f’i Maferia@as) ecluding tha m  and

oxi de Concrlgvcvtrﬁgtetrig Qolfu{igrr\n that became respectively mist and ultrafine particle, a part

without spiral groove is installed in the downstream of the portion corresponding
to the raw material supply hole 6 of the rod 10, in this embodiment. This portion
becomes a pre-mixing part 65. In the pre-mixing part 65, the raw material gases
15  of three kinds of organic metals are mixed to some degree, and, in addition,
becomes a complete mixture raw material gas in an area of helical structure in
the downstream thereof. As for the length of this mixing part 65, 5 to 20mm is
preferable, and 8 to15mm is more preferable to obtain a uniform mixture raw
material gas. Outside this range, a mixture raw material gas in which only one
20  kind of the three organometallic raw material gasses is denser than two other
organometallic raw material gasses might be sent to the vaporization part 22.

In this embodiment, a parallel part 67 and a taper part 58 are installed at
an edge 66 on the upstream side of the rod 10. The cylinder hollow part of the
dispersion main body 1 is provided with a parallel part having the same inner

25 diameter as the outer diameter of the parallel part 67 of the rod 10, and a taper

part that is the same taper as the taper of the rod 10 corresponding to the

parallel part 67 and the taper part 58. Therefore, if the rod 10 is inserted from the
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One exanple is shown in the following. 5 Table 2 Characteristics of raw
material of dielectric substance thin film rrem_l:v:ef:tfthl n fl![m and oxi de
conductor thin filmBoiling point (~) ressure ing oin

~Sr (DPM 2231/ 0. 1231Ba( CsHS?slBO/ 0. 1g0Ti (G Pr) 435/ 0. 120Ta( OC2H5) 5118/ 0. 122Sr
(Ta(OEt)6)2176/0. 1130Bi (O Am) 387/ 0. 190l r (Et Cp) (cod) 105/ 0. 114Ru( Et Cp) 273/ 0. 1
gTHF67- 109 (Enbodi ment 10) This enbodi ment shows an exanple of formng a
SBT thin filmand 10 maki ng an el ectronic device for trial manufacture. The

| : . ' in Ei the CVD
SBT fil m w§s Iéfpéia_édohlfﬁhé@ré\giﬂtg‘r’]gﬁ]@t&?]&qu i€ HR4Rtdifed '|r9trge;ﬁ9ﬁlt§ﬂ(f?ag’{ ﬁg

device shown in Fig. 21, an hielectr!c consd n Lel Cﬁg;ger
eval uat ed digpensioRingdis bostgndi ti ons of the vaporizer ant e reac
conditions were controldlagd as follows, and the SBT thin filmwas formed 15

on the subst r aDifferént framithé efhbiddihieAt RRVTIL @Aredt gasi&iazmghé} b.iegeﬂrg
substrate body. Concrete conditions: Hexaethoxy strontium tantal um Sr

[ Ti (OCzHS}thar] 2kgf/amhisl esexdhltheirod 10Scav préventidcam it ndvednbbpadsedthe Tori -
t-anyl oxide bariumBa(Ot-C5H 11 )3 0.2 nole solution (Sol vent: Hexane)
0. 02mLP i fApmErr ist peevided tar hotDdloe modi A0y dnluthisd embaditeat. gThat né eif the Fi r st
career 02=10sccm (introduced into the gas inlet 4) 5 Second career
Ar =20sccmMaiienaace dachnalogy tshowasin fig:t8 19 Gdoptad ritieceareer g¥=d4s bem
(i ntrodUC(ﬁd into the gas inlet 2020) React ant oxygen 02=200sccm (.| nt r oduced
into the | 8\9@3 3 pressuse of Rkgfnaper blgdsner.jb As prasult, Rtetmlnmﬁ)s _pns?bﬁ tgd
tenperature, 216 tenperature controlled by a separately insta
heg}t)er bef&fuce tﬁ?&@@ﬂ&‘ﬂg”"ﬁ?%ﬂﬂﬁgaﬁ 9ﬂ§$a%ﬁnd(ﬁunﬁlte3gﬂllglﬁIrspeesg Gaeeemart)

t 299C Space di stance mm
¥V;1;ne)rer ;te u gg g\%itlf‘l\gqe.,g)% %qg’cg\?{ﬁeg@tgggp ﬁﬁé"'t ig,rt e supply cg‘ a high-speed career gas at

10 50 to 300mm/sec becomes possible, too. If this maintenance technology is
adopted, it is similar also for the aforementioned other embodiments.

The grooVes 67a, 67b, 67c, and 67d are formed as a passage of the
career gas, in a portion corresponding to the raw material supply hole 6 of the
rod 10, as shown in Fig. 9(b). 0.005 to 0.1mm is preferable as the depth of each

15 groove 67a, 67b, 67c and 67. Molding of the groove becomes difficult if less than
0.005mm. Moreover, 0.01 to 0.05 is more preferable. The clogging or other is not
generated by making it within this range. Moreover, it is easy to obtain a high-
speed flow.

The composition shown in Fig. 1 for the embodiment 1 and other

20  compositions may be adopted for the maintenance of the rod 10 and the
formation of the gas passage.

The number of spiral groove 60 may be single as shown in Fig. 9(a) but it
may also be two or more as shown in Fig. 10. Moreover, they may be crossed
when two or more spiral grooves are formed. The raw material gas dispersed

25 more uniformly is obtained when they are crossed. However, a cross sectional
area of each groove is set to allow the gas flow velocity to be 10m/sec or more.

The size and shape of the spiral groove are not especially limited, and the
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15 Reaction pressure 1Torr Deposition time 1 min As a result, 20 SBT film
t hi ckness abgut Snm (depositing speed about 5Snmf m n) SBT conposition Ba
50.2 at% Sr 25.1 at% T i 24.7 at% After the SBT thin filmhad been forned,
it was put under the 25 crystallization process at 650C for 30 m nutes _
under the oxygen atnmosphere to forman upper electrode, then the dielectric
constant showed 250 after the neasurement and the evaluation. 37 .
(Enmbodi nent 11 ) This enbodinment is an exanple of forming netal Ir thin

' I i : [ ' t Legr shown in Fig. 19
LInlJImZONgtr\g'zte héendcflhDé%éetﬂ‘%“éﬁ\?ﬁg% gﬁ%ﬁﬁgh@%?%aﬁé%%@ﬁ@ conditions of the

vapori zer 5 anth e efiaeliment the a8 paagh it 3BIcteAn ARG WAL 18 40! | ove,

and the netal Ir thin filmwas forned on~an oxi ed silrcon su e.
Concr et e showhtin &igs:8.1r (Et Cp) (cod) 0.1 nole sol ution(solvent: Hexane)
0.5ml/mn First career Ar=200sccm (introduced into the gas inlet 4) 10

First career Oltotgovermafiexpandiongshrt B0ds tidepgatiehtly ShstdledSat s sk 6T
Ar=20sccm (introduced into the gas inlet 200) Second career QZ=10sccm

(i nt r oducée ientrancaeohyalispension pam) 2R« cthis)tembordirient R0 CloRyltidihapduced
into the lower part 25 of the dispersion jet part)_ 15 Reactant “oxygen

t enper at urddiatigorraventien patrO2ismrrangeddn tyis axpansionpatty Aismalphbled great er
before int rPduci ng fromthe |ower part of the dispersion jet pgrt_) Waf er

t enper at ufSefoinge apthe-0as pRptielt side obthe ragdiationdirevention partragd itsdnmer at ur e
of vaporizer 150C Ten‘gerature of shower head 180C Reaction pressure 2Torr
Deposi t i ofl'AMGIEr §Preaqs eyt juthe tapershape toward the vaporizer side.

This expansion part 69 is also a portion to prevent the stay of the raw
10 material gas described for the embodiment 3. Of course, the expansion part 69
need not be independently installed, and an integrated composition as shown in

Fig. 6 may also be adopted.
An angle of from 5 to 10 degrees is preferable as the expansion angle 6
for the expansion part 69. The raw material gas can be supplied to the
15  dispersion part without destroying the rotating flow when 6 is in this range.
Moreover, when 8 is within this range, the fluid drag by the expansion is
minimized, the existence of dead is minimized, and the existence of vortex by
the existence of the dead zone can be minimized. Note that the angle of from 6

to 7 degrees is more preferable as 8. The range of preferable 8 is similar also in

20  the embodiment shown in Fig. 6.
(Embodiment 6)

The raw material solution and the career gas were supplied under the
following conditions, using the device shown in Fig. 8, and the uniformity in the
raw material gas was examined.

25 Amount of introduced raw material solution: Sr(DPM) 2  0.04cc/min
Bi(CeH5)3 0.08cc/min
Ta(OC2Hs)s  0.08ce/min
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Ir filmthickness) about 150 nm (depositing speed, about 30 nm mn) The
deposition thickness of Ru netallic thin filmis linearly proportional to
38 the reaction tine, by adding oxygen to the first career Ar=200sccnt
02=10sccm (i ntroduced into the gas inlet 4). As for the vaporization tube
in the vaporizer, the effect of partially progressing the oxidation
reaction of Ir(EtCp) (cod) was confirnmed, simlar to the deposition of the
SBT thin film 5 (Enbodi ment 12) This enbodinent is an exanple of netal Ru
thin filmdeposition. Nprl Ru thpedhlign was fornmed using the vapori zer
shown in Fig. 19 and 20 and the CVD device shown in Fig. 21, and electric
characteristi ceamrer(gatsel\mrdgﬁreggyal uated. Concretely, condi t| ons of the
vapori zer and the reaction chanber 10 conditions were controlled as

foll ows, and the netal10Ru36bms fil m was forned on an oxidized silicon
substrate. Concrete conditions: Ru(EtCp)2 0.1 nole solution(solvent:
Hexane) 0. 5nil/ The dBvicetshowndniFigr8-Ra6 ssedasithe vagokiesiondevidd) Hdvasvernl et 4)
15 First career 02=10sccm (introduced into the gas inlet 4) Second career
Ar =20s2 cniffe Md whersed spirabgroeregras hotl formed@s showemin Eigr 8avadsddas am
(introduced into the gas inlet 200) Reactant oxygen 02=200sccm (i ntroduced
into the fher part 25 of the dispersion jet part) 20 Reactant oxygen

t enperature 21,? éa erature controlled by a separately installed heater
bef ore i ntroduth® iAW inksolgtien isssunplied fiave thie spwmeaterial supplnhole Gf er

t enper aturzﬂ40t% ace tenperature 290C Space di stance 30mm 25 Tenperature
of vapori Y&V€ g@%eﬁ’%ﬁ d?é"'tﬂnggﬁollﬂeﬁpﬁ%d/ai@@@meﬂm igFeoys d¥eum@s2Tor r

(deposit ?%85@%@; ftf%@%ﬁ*ﬂ%@’éﬁﬁﬁr 7B it 0 Gl oy oo B WihGER(COzrls |
I he by addi
oxygent § o LREPPYE STl e BBCH TR onrbalW e oD cGomY MidseTHe gas

inlet 4). ¢ |g(p,0|é he vapori zation tube in the vaporizer, the effect of
partially progressing the oxidation reaction of Ru(EtOp)Z was confirmed,

oo, | HEARAE S WLl RO r WeB e Bleckfed SHRYAY Rl erhlet e
PZT fi1m wag deered aythes%ayoaf@ ¥ 2R UbatiBR Biahlbebt G k2 f0Th48u4na 1 he

CVD device shown in Fig t'he p | za ot hers

were eval gellifien waenheas@ed. .nttm@csma Egﬁﬁ‘gﬁ]vapm' zer and reaction 15

chamber were controlled as foll ows, I'n filmwas fornmed on a

substt@t e for rThegreyuitsiare Sha@Anm ﬁna§}@|51\7é3gla|§éé ncrete
depositing conditions of the PZTFQ% nfilm IPb dpm gﬁgrba%@%{eﬁétglgﬁl |ggn 0. 02

lczg( ;nn 2§ soacentdingHexameyampledpithé frick arl‘D‘sI@oWﬁthFigszQaP% $et/igive( poruent :

dispersion particle diameter becomes smaller by setting the flow velocity to
50m/sec or more as understood from Fig. 11, and the dispersion particle
diameter becomes still smaller by setting the flow velocity to 100m/sec or more.

20 However, the dispersion particle diameter is saturated even if set to 200m/sec or
more. Therefore, 100 to 200m/sec is a more preferable range.
(Embodiment 7)

In this embodiment, a rod where a spiral groove had been formed was

used as a rod.

25 Other respects were the same as the embodiment 6.

The density of the raw material solution that had been supplied to the

groove was high in the groove extension part, in the embodiment 6. That is,

30



20 Ti(GPr)2(dpm2 0.1 nole solution 0.02 cc/mn(sol vent: Hexane) First
career Ar=200sccm (introduce into the gas inlet 4) First career 02=10sccm
(introduce into the gas inlet 4) Second career Ar=20sccm (introduce into
the gas inlet 200) Second career 02=10sccm (introduce into the gas inlet
200) 25 Reaction oxygen OZ 200sccm (introduce into the |ower part 25 of the
di spersion jet) Reaction oxygen tenperature 216C (control the tenperature
by a separately 40 install ed heater before introducing into the | ower

part of 't hesplictipslytherdansity Iy ravi iREA4IL utgcg{)gg%r}@g@eer;@@g&ﬂ%g 299C

Space di stance 30mm 5 Tenperature of shower he n pressure

1Torr Depesach iexterisidrepaf ofitiie Afodve' ' HERRihN ' bout
150 nm (depositing spged is aggout eltggdur% I;cnaﬁsr%éizhlé g%ﬁ%&?ﬁ#@?@tﬁ% at %

Zr 19.4 ahighBr tish thahbPthef dtherd ihithe BRENsinpdrt biheafoBee 874 oBi | jn was
crystallized at 550C for 15 30 m nutes innm\e oxyg?ioat rms%’ﬁ%lﬁgﬂs ‘Jir\{nupper

part el ectheedensionfrarhetthergioevebibtapd. TROGLH, RN the ekidRsRACSAM Bthe
crystallization characteristics and the polarization characteristics were

shown.? ThEEPQVE &ftown in Fig. 17 and 18. (Enbodi nent 14) This enbodi nent is
a disposition exanple of the Cu thin filmas an 20 exanple of netallic thin
film The cu tHPWeven invhis embesiment, wsichgorganometallic zaw statewali of fheg. 19
and 20 and_.the CVD devi.ce shown in Fig. 21. Concretely, the conditions of
the vapor [PEHr& R matetialgas thathad baaneokisinedoin the edgé of hepiral grabvehe Cuo

thin filmwas formed on a substrate form ng plati num 200nm on an oxi di zed
silicon 25’%&‘6‘&@”&'%?”% ete depositing conditions of the PZT thin film

CyY( D BM Z@Tﬁﬂ%‘ﬁ@@' ution 0.02 CC M N(sol vent: Hexane) 41 First career

Ar =200scchT | into the gas inlet 4) First career 02=1 Osccm
the ghd i nl et 980)2 B34 LEphaY B SRIEReRt B r oduce i nto the gas inl et
i sper si on | et et Reer INAIEek by A0 BSuAalh toe SRpp G ortPakABasat ur o
he SperRean EEF R RGN APSL b AR bR ar VTS
Depos ¢ 1 on e Lok i Eaaiathihe ARESriY o R MESREt a0
Geposi ) e strerctos o S popit 5ol Al b o
at noster eompositias atlecatiadint thertipdsité@ BRAT That is, when the raw material was
adjusted to the composition ratio of the stoichiometric mixture ratio, vaporized,
and deposited, the actually deposited film turned out a composition film deviated
from the stoichiometric mixture ratio. Especially, a phenomenon that bismuth is
hardly included (about 0.1at%) was observed.
20 The present inventor found the cause thereof relating to the position
where oxygen was introduced. That is, it has understood that, if oxygen is
introduced from the gas inlet 4, a secondary oxygen supply port 200 nearest the
jet port, and the oxygen inlet 25(first oxygen supply port) with the career gas as
shown in Fig. 20, the difference of composition ratio between the composition in
25 the formed fiim and the composition in the raw material solution can be

extremely minimized.

The career gas and oxygen may be mixed beforehand, and their mixed
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20 I ndustrial Applicability Follow ng, various effects were able to be
achi eved according to the present invention. 1. A ferroelectric thin film
that has the best conposition to obtain an excellent remanent pol arization
characteristic and has the bismuth type | ayered 25 crystal structure with
high reliability can be fornmed with satisfactory controllability and
reproducibility. 2. Athin filmcrystal of |low content of inpurity carbon
(0.2m % or | ess) can 42 be formed with satisfactory controllability and

reproduci lgakinhay bé atradlicedi fRsrh ARé gakinlet £ XBi yTa209t d(2. 60 < x<1.00, 2. 00<y
< 2.50) of bismuth type layer structure as main phase. 3. The inpurity

carbon i s (Bmbodmsent nd t he perovskite crystallization is 5 nmade to be
progressed through a heat treatnent of tens of mnutes at 400 to 580C in

t enper at ure, i Thisrerohodimantis an emamipis of foahirey ferfoelatt® SBT filgh, of t he
aforenentioned thin film 4. Wien a suitable electrode is fornmed on the
af or ement i onedTb&iSBT filnmwasnfoemed| byeatvapbrizergshibvet &t Fig. o oched 20t 8BRSt i C 1S
obtained. 10 5. As the SBT.CVD thin filmof the prior art had to be heat
treated aC\dddeviceshawsun Fg. 21, randdthendhe polarizationl cHeracteristid, anal others
characteristic not oxidized even if heat-treated as nentioned above has
been requ¥r@gvabiataci al iy for the | ower el ectrode: consequently, platinum
ted. This is, expensive, and the fine processing is

has been | ar ge% ad&? d ¢ .
extrenely di f VOl teONCs tebt oth H§PoHZeh copditivan@ndn thet leaatiomechambert and
ctri ot DERETNEN eSS alecahulRlon O E SECR{NBIM BRSoATEREOmE er T he
casi or  (osdhiRE AR pRRBREP TR sb SHiERC allco SyRBralebodkD nat er | o
For il & o SO BoRBRAR 0 1 T o Ehmer o e TG /0, b1ror ¢ Bor T on
flush Hol We&gefhioqvisﬂoaﬁuﬂ'l?tgnfaﬁﬁrir\r@ll['i'é)('a)é}l5)6]2 0.1 mole solution
(Solvent: Hexane) 0.02ml/min
Tori- t-amyloxide bismuth  Bi(O-t-CH,,), 0.2 mole solution (Solvent;
Hexane) 0.02ml/min
15 First career Ar=200sccm (introduced into the gas inlet 4)
First career O,=10sccm (introduced into the gas inlet 4)
Second career Ar=20sccm (introduced into the gas inlet 200)
Second career O,=10sccm (introduced into the gas inlet 200)
Reactant oxygen 02=2005ccm (introduced into lower part 25 of the dispersion jet
20 part)
Reactant oxygen temperature 216°C (control the temperature by a separately
installed heater before introducing from the lower part of the dispersion jet part)
Wafer temperature 475°C
Space temperature  299°C
25  Space distance 30mm

Temperature of shower head 201°C

Reaction pressure 1Torr
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What is clainmed is: 1. Aferroelectric thin filmof |ayered crystal
structure conprising at |east tantalum and oxygen (O anong carbon,
Strontium (Sr), bisnmuth (Bi), tantalum (Ta), and ni obium (Nb), of which a
conposition forrmula is SrBiyTaZz®®td or 5 SrXBiy(Ta, Nb) 209td (provided
that, 0.90 ~ x< 1.00, 1.70<y S 3.20, and 0O ~ d 1.00) and the carbon
content is 5at%or less. 2. The ferroelectric thin filmof claim1, wherein
y is 1.80- _<y<3.00, and the carbon content is 5at%or |less of. 3. The
ferroel ectpdgositiintirhé! m of 26 pliAltksOr 2, characterized in that it is nade
10 by flash CVD nethod. 4. A manufacturing nethod of ferroelectric thin
film conprising steps of: dispersion for atom zation of a solution that

di sperses or dissolves in a solvent an organonetallic conplex including
respecti vésch esaesftt s of at | east strontium (Sr), bisnmuth (Bi), and tantal um
(Ta); 15 vaporization to vaporize it in a vaporization chanber; gas m xture
for ni xi nGBY filar tickngss i ncabolitr8)0any (epositing speganonet al | i ¢ conpbeyt and
oxi di zi ng gases such as an oxygen gas) an ozone gas, at a prescribed rate;
thin 9l m1%6nrrdmirt)n for forming an oxide thin filmby nmaking the career gas
20 including the m xed organonetal | ic conplex react wth the oxidizing gas
in a reactStbhcemaasitenwi t hi ira pr&8a@t¥bed range of pressure for
deconposition, and depositing it on a substrate heated within a prescribed
range of tenperature; and hBht tr¥bd®%t for formng a ferroelectric thin
filmof a desired bisnuth I_E er s{ﬁructure by applying a heat-treatnment of a
prescribed range of 25 tenpéfatur A @ %he oxide thin filmfornmed on the
substrate and giving a crys{qal i zﬁ)i on process perform ng a conposition
control. 5. The manufacturirg net A4a% ferroelectric thin filmof clai m 4,
V\/nere'w 44 said crystall iéati ogbtée?g-treat ment process is perforned in an
oxi di zi'ng at nosphere at 400¥to 5 q ﬁ’ tenperature. 6. The manufacturing

oL ot e 366l e B L oL e S R Bl o
A1 YePoraTRg A 89818 Sonbosteh, BSAY' Al S5LABE s R EIEE | oger
(02) ol oc PN cheHAYRcHe oS ERE e 35 1ot o Y T K YR B 57,
ratio (OxyaedHid tatat isEdrenily eFeeie #PhtloBuce a small amount of oxygen from
15 the gas inlet 4 with the career gas. The content of the carbon is low as 3.5 at%. A
large effect of controlling re-condensation/ sublimation (solidification) of the
vaporized organometallic compound was confirmed by the fact that the dirt
disappeared from lower part of the vaporization tube, because the temperature
of the reactant oxygen 200cc/min was accurately controlled (at 216°C) by a
20  separately installed heater before the reactant oxygen was introduced from the
lower part of the dispersion jet part. After the SBT thin film had been formed, it
was put under the crystallization process at 550°C for 30 minutes under the
oxygen atmosphere to form an upper electrode, and then excellent
crystallization and polarization characteristics were found by the measurement
25 and the evaluation. This is shown in Fig. 17 and 18.
As shown in Fig. 2, it is preferable to control the amount of oxygen

appropriately by introducing oxygen simultaneously to the downstream of the
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career gas including the vaporized organonetal lic conplex to a range of 50
to 150% 9. The manufacturing nethod of ferroelectric thin filmof claimi4,
characterized by setting the tenperature of said substrate to a range of
300 to 15 580C in said thin filmformation process. 10. The manufacturing
met hod of ferroelectric thin filmof claim4, characterized by setting the
pressure in the reaction chanber to a range of 0.2 to 12Torr in said thin
filmformation process. 11. The nmanufacturing nmethod of ferroelectric thin

filmof ciaponiZfliondSartinasrdet & fetiede e afferénte 6ﬁ§e 12 ftford ratibNgnd fRCt 1 ON
|

chanmber to a range of 0.3 to 3Torr in said thin m formation process. 12.

The manuf detreaisegtheetadnotoritent, gsroeidieti hat RixkliZing B sGERiZ% 6 qw in the
ferroelectric thin filmis formagﬂby per form ng hbearQ-treat mantx¥) o&sfde

thin fil minttoducedfrom dhegasiiniehdrortthe primiarg oxygéAGupplyPBOE cdsestidithe
heat-treatnment 25 process. 13. A ferroelectric device characterized by

havi ng t héetfprt oel ectric thin filmof claim1 or 2. 45 14. Athin film
formed_by using a de{)osi tion device conprising a vaporizer provided with a
radi at®on pr evEh@ icontgmraf cashomin thesfommedHiirecanibei dcreasedibg 5otd 26%
having: 10 a diﬁfersion_part i ncluding: a gas passage forned internally, a
gas inl et CPBPRRY therior@tt-eer gas into the gas passage, a neans to supply
a raw material solyution to the gas passage, a gas outlet to send the career
gas i ncl uding Tﬁ%ﬁﬁ%’fh*‘@ dgposilien presest shall bedascribed by yring Figai29. 10 a
means to cool the s passage, ,apnd 02 a vaporization part for heating and
vapori zi ng t he.ha%ryg&e gé% qp%@?ﬂdﬂ}?gv?le% Tatsoshute @and Avfommainutas atterutheon,
sent fro i i Si.0 ar t he, yapori zatjion part conprising: a
vapori zat TORENSLAHEE L€ SR 0 the RighRaubE the waheids sianovertes Fam tner
vari o upy b d and,the other.end is connected to said
gas ott?I e[H,atdznr@légpﬁ@%pﬁ%‘?ﬁ&@%@eﬁ%on&g{;m L NGB MomeNn t ube.
Hexaethoxy strontium tantalum Sr[Ta(OC,H5)s], 0.1 mole solution (Solvent:
Hexane)
0.02ml/min
Tori- t-amyloxide bismuth  Bi(O-t-C;H,,), 0.2 mole solution (Solvent: Hexane)
15 0.02ml/min
First career Ar=200sccm (introduced into the gas inlet 4)
First career O,=10sccm (introduced into the gas inlet 4)
flow into the vaporizer, and are drawn to the vacuum pump via the valve 2 and
the automatic pressure regulating valve.
20 The pressure gauge is controlled by the automatic pressure regulating
valve to 4Torr, at this time.
A few minutes after the wafer is transferred, if the temperature is steady,
the following gas flows into the reaction chamber thereof the valve 1 opened and
the valve 2 shut to start depositing.
25 Hexaethoxy strontium tantalum Sr[Ta(OC,H5),], 0.1 mole solution
(Solvent: Hexane) 0.02ml/min

Tori- t-amyloxide bismuth  Bi(O-t-C(H,,), 0.2 mole solution (Solvent:
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15. The thin filmof claim 14, characterized in that it is a dielectric
thin film a netallic thin filmor an oxide el ectroconductive thin film 20
16. The thin filmof claim14 or 15, characterized by installing a cooling
means to cool a portion where said dispersion part and said vapori zation
part are connected to each other. 17. The thin filmof any one of clains 14
to 16, characterized in that said radiation prevention part is tapered to
increase in the inside dianeter fromthe 25 di spersion part side toward the
vapor i zat iHgxapay 0.02nélninl8. The thin filmof any one of clainms 14 to 17,
characterized in that said dispersion part conprises a dispersion nmain body

havi ng a st cateiec Ar=2B0sceat (iwodscdd A ih@VgébathetQPd a rod having an outer
di aneter snmaller than the inner dianmeter of the cylindrical or conical

hol I ow pafFirst eareet Bg=10stdns (intredutediintethe'gas riétndr i cal or conical hol | ow
part. 19. The thin filmof any one of clains 14 to 18, characterized in
that the Segand eardertAre20scem dintroduded into ¢ ghslinlev@yt is 0 to 45
degrees. 20. The thin filmof any one of clains 14 to 19, characterized in
that the &hgll@sesm (introduerd wito the gas metc200)hol | ow part is 8 to 20 degrees.
21. The thin filmof any one of clains 14 to 20, characterized in that:
sai d di sp&esckntgxyger onpr i @2 Msacmpantsoduceadainio Hhelylowavipagt a5cofl ihedr i cal
10 or coni,cal hollow part and a rod having an outer dianeter substantially
equal to PISPersigRietdatlet er of the cylindrical or conical hollow part, the
rod has ope or nmore grooves) on the outer periphery thereof, and, said rod
is i nsertB@aF{?n[t RéV%%T ferTBP*P @lyreo 2 180G Eantrabthectemperature by Frseparatalyf i | m of
claim21, . erlzed in. that sai rooye is a straight 15 |ine groove.
23. The tm%ﬁﬂ@ﬁﬁa&r %%Qf%'é@%i’ﬁﬁ\gafg‘?rgrth%L’B’V@rrpqrhﬁfth§ Ispefsehiet parth spiral
9ro0Vfn  Wafer temperature ~ 475°C

The pressure of the reaction chamber is controlled at 1Torr (by an automatic

pressure regulating valve not shown).

When a required time (in this case 20 minutes) has passed, the valve 2 is

opened and the valve 1 is shut to terminate the deposition.

15 One minute after the gas in the reaction chamber is drawn to a high vacuum to
remove the reactant gas completely, the wafer is taken out to the loading lock
chamber.

Since vaporization gas in which an organometallic material is uniformly
dispersed can be obtained and solid material is dissolved into solvent to

20 vaporize according to the embodiment shown above, thereby a ferroelectric thin
film of high quality can be made with a good reproducibility.

For a conductor thin film, a metallic thin film, and the oxide conductor thin
film as well, thin fim of the high quality can also be made with a good
reproducibility just as the above embodiment by using the solid material.

25 Dielectric substance thin film SBT, STO, and TaOx
Metallic thin film Ir, Ru, Cu, Ti, TiN, Ta, TaN, and SRO

Oxide conductor thin film Ir, IrOx, Ru, and RuOx
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24. The thin filmof any one of clains 14 to 23, characterized in that said
raw material solution is a uniformsolution or a liquid including fine
particles of 20 the size of 1 to 100nm 25. The thin filmof any one of
clainms 14 to 24, characterized by installing a heating nmeans on the bottom
of a container of said raw material solution. 26. Athin filmforned by
using a deposition device conprising a vaporizer having: 25 1~ a dispersion
part including: a gas passage fornmed internally, a gas inlet to introduce a

pressurized caTasle @ashoWso thdecHiRSctbristicsd s SAEE; t Q¢ SHBRYid he raw
material solution to the gas passage, and a g@% cr)%\tﬁl e ?@alsgﬁdﬁigﬁg}’r ar eer

gas i ncl udibsgtanbe thinfilrmptretalic tHin sith LanPBExite doRBuU¥P ik Z@hi on part, and 2
a vaporization part for heating and vaporizing the career gas including the
raw material sOhetexample énshdwoin ts fdlidwinger si on part, the vaporization
part conprising: a vaporization tube whose one end is connected to a
reaction 10 part of various units such as a deposition, and the other end
is connected to said gas outlet, and a heating neans to heat the
vapori2ation tlaRle haiactaisticaiof rdwsmateyiad of plislecteiorqubistaceathit §PEr Si on
mai n body having .a _cylindrical or conical hollow 15 part and a rod havi ng
me&ﬂ'h?grmél}m: arq oxidgrcanguctanitiein fimanet er of the cylindrical or

an outer

coni cal holffow part, in which the rpd 'lldeé)IIilﬁfg O o”pi(-”Dc’-)‘ll grcoma?t)ln 9

t he vapori zZer side of the outer /pressure(mmHg) point(D) g
Sr(DPM), 231/0.1 231
Ti(OiPr), 35/0.1 20
Ta(OC,H;); 118/0.1 22
Sr(Ta(OEt),), 176/0.1 130
Bi(OtAm), 87/0.1 90
Ir(EtCp)(cod) 105/0.1 14
Ru(EtCp), 73/0.1 6
THF 67 - 109

(Embodiment 10)
This embodiment shows an example of forming a SBT thin film and
10 making an electronic device for trial manufacture.

The SBT film was formed using the vaporizer shown in Fig. 19 and 20 and
the CVD device shown in Fig. 21, and then the dielectric constant and others
were evaluated. Concretely, conditions of the vaporizer and the reaction
chamber conditions were controlled as follows, and the SBT thin film was formed

15 on the substrate that applied platinum 200nm on an oxidized silicon substrate
body.

Concrete conditions:
Hexaethoxy strontium tantalum Sr [Ti(OC,H;) o], 0.1  mole solution
(Solvent: Hexane)

20 0.02ml/min
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peri phery thereof, and is inserted in the hollow part, and its inner

di aneter 20 expands in a taper shape toward the vaporizer side, and a
radi ati on prevention part having a small hole on the gas outlet side and
the inner dianeter expandi ng towards the vaporizer side is installed
outside the gas outlet. 27. The thin filmof claim 14, characterized in
that it is a dielectric 25 substance thin film a netallic thin filmor an
oxi de el ectroconductive thin film 28. The thin filmof claim26 or 27,
char act er iTagid tiamylddade Hari S ' Lt YRl Qeity of
the jetting gas f’? oW is sﬂggggib(k:qni%ﬁﬂ%q%#ﬁgleﬁé?\@ {ér?\c’)?rﬁaﬁxgﬁ@ of
clains 26 G @2r@ABmircharacterized in that the cross sectional area of said
small hole is smaller than the cross sectional area of said gas passage.

30. The t ffiinst Career Ar=20Qscene (infrodlicdd bt thel gas?Plet@yar acteri zed in that the
5 cross sectional area of said small hole is 1/2 or |less of the cross

sect i onal Fistearelr yF di0semm giatrsdgeed Mito tHehgas let 4)i | m of any one of clains
26 to 30, characterized in that the cross sectional area of said small hole
is 1 /8 oSeacesd carearriy=20seemdimtiadaned irto ¢he gas iislei 20gyas passage 10 32. The
thin filmof any one of clainms 26 to 31, characterized in that the materi al
consi st i n@esand carmean Osdi0scem (infthslused ntorthe giaslinlet 200)good t her nal
conductiviéé. 33. The thin filmof any one of clainms 26 to 32,

characteri tany exygen He.7209seemofintraucesheinto Hbke lveerf ipaet 25mes the nor e
of said snall hole.size. 15 34. The thin filmof any one of clains 26 to
33, chara(g{s&ef?%rﬂjthrpa[rﬁat the length of said small hole is ten times or

f s || hole size 35._ The fhin film of f clains 26 t
34, char aECRFRIREgEN bty 2 RiG homBermiue Sanaolps byza sasparataly. The
thin §4! 8, 26 to 35 characterjzed by installing 20
cool i b muStalRheEy Betofi RN Famine doverarket feisberian ioppag) on par

and sai d yapg E;@E art. 37. Thgothin filmof any one of clains 26 to
36, characterlee érgﬂ{r at the surface of said rod is a surface where

el ectrol yshac®®rhsb} or conpou ectrolysis grinding is exerted. 25 38.
The thin flb| m % gnfﬁgrr?e of cl ai %ggé to 37, characterized by installing

Space distance 30mm

Temperature of shower head 201°C

15
Reaction pressure 1Torr
Deposition time 1 min
As a result,

20  SBT film thickness about 5nm (depositing speed  about Snm/min)
SBT composition Ba 50.2 at%
Sr 25.1 at%
Ti 24.7 at%
After the SBT thin film had been formed, it was put under the
25  crystallization process at 650°C for 30 minutes under the oxygen atmosphere to

form an upper electrode, then the dielectric constant showed 250 after the

measurement and the evaluation.
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a nmeans to cool the gas passage. 39. The thin filmof any one of clains 26
to 38, characterized by installing 49 a cooling neans to cool a portion
for connecting said dispersion part and said vaporization part. 40. The
thin filmof any one of clains 26 to 39, characterized in that said raw
material solution is a liquid including the conplete solvent liquid or fine
5 particles of the size of 1 to 100nm 41. The thin filmof any one of
claims 26 to 40, characterized by installing a heating means on the bottom
in the conEmibagimént $Hi d raw material solution. 42. A thin filmfornmed by
usi ng a deposition device having a vaporizer conprising;, 10 1Q a dispersion

part includi ngThi eraBodipfeit @ ah @xBRple BE BN hetdl 18 Highet to introduce a
career gas into the gas passage, a neans to supply a raw material sol ution

to the gas pashietsIr thinditmavdd firmied singl thdGasaARL shadMm ihGh UH Baqide raw
material 15 solution to a vaporization part, and a neans to cool the gas

passage, and the GVDagevice shown ipaFig. Rdr Cumetétely, @0HdNiBASIIf2h8 Wdpbfizear eer
gas i ncl udi ngi the raw material solution, sent fromsaid dispersion part,

t he vapor iapdithefegction chamber canditthsawerepcoritrodied @s folkbwes vdras theometnd i s
connected to a reaction part of various units such as a deposition, and the
ot her end thiB filrswasciosmed ®rsan oxigizedosilidart substaiter heati ng means to heat the
vapori zati on tube, wherein an oxidizing gas can be added to the carrier gas
fromthe gas ikPBErEd conditions:oxi di zi ng gas can be introduced froma prinary
oxygen su 42. The thin filmof claim41l, characterized in that it

t
is a diel @2‘%&&%%%@-:1%@'%Srnlwiqn(swilelat: kexane) c thin fil@5ml/main oxi de

el ectr Ocoﬁjrgf ct:ér\égr Nr]-l-fbds'clcm (introduced into the gas inlet 4)

10 First career O,=10sccm (introduced into the gas inlet 4)
Second career Ar=20sccm (introduced into the gas inlet 200)
Second career O,=10sccm (introduced into the gas inlet 200)
Reactant oxygen 0,=200sccm (introduced into the lower part 25 of the
dispersion jet part)

15 Reactant oxygen temperature 216°C (temperature controlled by a separately
installed heater before introducing from the lower part of the dispersion jet part)
Wafer temperature 400°C
Space temperature 290°C
Space distance 30mm

20 Temperature of vaporizer 150°C
Temperature of shower head 180°C
Reaction pressure 2Torr

Deposition time 5 min

25 As aresult,

Ir film thickness, about 150 nm (depositing speed, about 30 nm/min)

The deposition thickness of Ru metallic thin film is linearly proportional to
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50 43. The thin filmof claim4l or 42, characterized by being able to

i ntroduce a second career gas and/or an oxidizing gas into the i nmedi ate
proximty of said dispersion part. 44. The thin filmof any one of clains
41 to 43, characterized by installing 5 a cooling neans to cool a portion
for connecting said dispersion part and said vaporization part. 45. The
thin filmof any one of clains 41 to 44, characterized in that the portion
connecting said dispersion part and said vaporization part forns a taper

portion Wine eeadidhdrnél] Wsamhgitdiggsa%&&mé fid éﬂé%rﬂrélfﬁdnﬁ%gﬂ%aﬁgégons?cﬂf

toward the 10 vaporization par ifde. 46. The thin f

clai ms 41 (IntrodBiced Irio aisé gak #reet An_Atsh'aEthé@&r&bﬁ&ﬁi@%@ltr\g\;\faggﬁ?%@ees a

di spersion mai n body having a cylindrical or conica a rod
havi ng an effectrof dpantiatierprogrddsiiy thenoidiatidrn reactbra gt ﬁ!(EteE) t(}‘.@d??ﬁéé"dr i cal
or conical hollow part, and 15 the rod is inserted into the cylinhdrical or
coni cal heohbmmedd raimilaito thieedgpusitiohi dfthe iSBIMthifign.of clains 41 to 46,
characterized in that: said dispersion part conprises a dispersion nain
body hévi dgmbogimentdt2)cal or conical hollow part and a rod having an outer
di aneter smaller than the inner dianeter of the cylindrical or conical
hol | ow part, 26hissRmbediment ivar example of metalRu thimilne slppositivhe out er
periphery thereof, and, the rod is inserted in the cylindrical or conical
hol | ow part . 4@'%@@ thin filrp was formed aisingthe vaiparizert shawreih Fig. t Band<2d d
groove is _a ahrgi\ﬂﬂt %roo e. 25 49. The thin filmof claim47,
char act er #24dn¢ Sevicg shayynifagi 31.andelestricphssacteristics ahethets wefd | m of
any one of é‘u%tri ¢1 to,49, ch@f.aoteri 6ed in that the 51  flow velocity of
the gas ofVBURNS ¥PRHEIR)Y: Aorditiang cfdie vaporiaal avd the reactionscharmber t hi n
film a ' i 1,to/5 characteri in.that the flow velocity
of  tha gadSnigos e Zoffipfin 1R reline Gobihe et & u fn wesrtermed onrhe
thin fil f j 41 to 51, characterized in that said 5 raw
maﬂlolﬁrlﬂilec?@fﬁcf} g@h%ﬂr%@e

material so onrs-a solvent liquid or a liquid including fine
particle Concrete conditions:

Ru(EtCp), 0.1 mole solution(solvent: Hexane) 0.5ml/min
First career Ar=200scem (introduced into the gas inlet 4)
15 First career O,=10sccm (introduced into the gas inlet 4)
Second career Ar=20sccem (introduced into the gas inlet 200)
Second career O,=10sccm (introduced into the gas inlet 200)
Reactant oxygen 0,=200sccm (introduced into the lower part 25 of the
dispersion jet part)
20 Reactant oxygen temperature 216°C (temperature controlled by a separately

installed heater before introducing from the lower part of the dispersion jet part)

Wafer temperature 400°C
Space temperature 290°C
Space distance 30mm
25 Temperature of vaporizer 150°C
Temperature of shower head 180°C

Reaction pressure 2Torr
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of the size of 1 to 100nm 53. The thin filmof any one of clains 41 to 52,
characterized by installing a heating neans on the bottomin the contai ner
of said raw material solution. 54. The thin filmof any one of clains 41 to
53, characterized in that said 10 oxidizing gas is either one kind or nore
of 02, N20 and NO2. 55. Athin filmformed by using a deposition device
havi ng a vaporizer conprising;, ~ a dispersion part including: a gas passage
formed internally, 15 a gas inlet to introduce a career gas into the gas
passage, @epesitidnitinsupply 4 fnraw material solution to the gas passage, a
gas outlet to send the career gas including the raw material solution to
the vaporization part, and a neans to cool the gas passage, and 20 Q a
vapori zation part for heating and vaporizing the career gas including the
raw mat er iAgla sslultf i on, sent from said dispersion part, the vaporization
part including; a vaporization tube whose one end is connected to a
reaction part R& fimrthicksess)iabous 460 nas (depdsjiingi Speed, abodt 3handingr end is
25 connected to said gas outlet, and a heating neans to heat the
vaporiZation tThedephsitien thiskness af Rometaticdhini film isdineang\gropotionaktol hol e
is install ed outside said gas 52 outlet, and the career gas and an

oxi di zi ngthfaeeagtan @me.@wra;ﬁlmaxygem@t@edirgta@reen Ar=2008 cciMHeOsHi0sceinl m of
claim55, characterized in that said thin filmis a dielectric substance
thin fil nfingodused inte.thegas inletit)ofs for thriveporrzatinn biberinke vaporizearhihe il m
57. The thin filmof claim55 or 56, characterized by being able to

i nt r oduce CHeSRf QAT regressinathe e¥idationoreagtion pf Ry&EtGn): wasieenfirmed,i at e

st o 57 sBhier St HEBGHfoR BrEELSRTAGNAI: Cool i ng means o cool a portion
for C%me‘(‘étinﬂgdiﬁ’?‘érﬂ 1c‘lg)spersi on part and said vaporization part.
This embodiment is a deposition example of a ferroelectric thin film PZT.
The PZT film was formed by using the vaporizer shown in Fig. 19 and 20
and the CVD device shown in Fig. 21, and the polarization characteristics or
others were evaluated. Concretely, the conditions of the vaporizer and reaction
15 chamber were controlled as follows, and the PZT thin film was formed on al
substrate forming platinum 200nm on an oxidized silicon substrate.

Concrete depositing conditions of the PZT thin film:

Pb(dpm), 0.2 mole solution 0.02 cc/min(solvent: Hexane)
Zr(dpm), 0.1 mole solution 0.02 cc/min(solvent: Hexane)
20  Ti(OiPr),(dpm), 0.1 mole solution 0.02 cc/min(solvent: Hexane)

First career Ar=200sccm (introduce into the gas inlet 4)
First career O,=10sccm (introduce into the gas inlet 4)
Second career Ar=20sccm (introduce into the gas inlet 200)
Second career O,=10sccm (introduce into the gas inlet 200)
25 Reaction oxygen 0,=200sccm (introduce into the lower part 25 of the dispersion
jet)

Reaction oxygen temperature 216°C (control the temperature by a separately
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59. The thin filmof any one of clains 55 to 58, characterized in that the
portion for connecting said dispersion part and said vapori zation part
forms a taper portion whose inside dianmeter increases fromthe di spersion
part side 15 toward the vaporization part side. 60. The thin filmof any
one of clainms 55 to 59, characterized in that: said dispersion part
conprises a dispersion main body having a cylindrical or conical hollow
part and a rod having an outer dianeter smaller than the inner dianeter of
the cyl i ndnstatied beateobefart imtaddupingimto thelotve? Partsf the Hidgersioh étzed into the
cylindrical or conical hollow part. 61. The thin filmof any gn of cl ains
55 to 60, Wateriemperater¢ i n 48@%C said raw material solution is a conplete
solvent liquid or a liquid including fine particle of the size of 1 to
100nm  62.5PAse tempgraturen of 299¢ one of clains 55 to 61, characterized by
installing 25 a, heating nmeans on the bottomin the container of said raw
mat er i al aceidistanes. “The MM fil m of any one of claims 55 to 62,
characterized in tha& i sion part conprises a dispersion main

. .said digpei o
body havi n§mPLIURSF shaweshead ,2Q0ki cal hol | ow part and a rod having an
out er di apgt.et: stantially.eqgual to the inner dianmeter of the cylindrical
or coni ca[ﬁer?gp?'i&?%sﬁu@ theﬁ-‘?fg has one or nore spiral grooves) on the
an 5 the rod is inserted in the cylindrical or

outer peri : of ,

coni cal h%@%&hﬁﬁgm The? H'n filmof claimb55, characterize in that
said groove is a straight groove provided in the cylindrical or conical

hol | ow part. 65. A thin filmformed by using a deposition device having a
di sperser pAeyTRdg,i Ng; 10 a plurality of passages for supplying raw nateri al
solution, a mxture part for mxing a plurality of raw material sol utions

suppl i@d Pzl Wickhaks Tié’aE’é]utsﬂidjﬁtinctaeggé:iﬁﬁg%éeﬁigssﬁ&hﬁﬁ%:@sr%%ﬁﬁ\g ﬁ]; whi ch

one end conmmuni cates with the m xture

vapori zat PET ¢ompositiste. 15 pPp §8F p@gsage arranged to spray the career gas
or the m xed gas of the career gas and oxygen to the m xture raw materi al

solution carried fromthe mZxtygg fegt in the supply passage, and a cooling
means to cool the supply passage.
Ti 30.1at%

After this PZT thin film had been formed, it was crystallized at 550°C for

15 30 minutes in the oxygen atmosphere, an upper part electrode was formed and

evaluated. As a result, the excellent crystallization characteristics and the
polarization characteristics were shown. This is shown in Fig. 17 and 18.

(Embodiment 14)

This embodiment is a disposition example of the Cu thin fiim as an

20  example of metallic thin film.
The Cu thin film was formed by using the vaporizer shown in Fig. 19 and
20 and the CVD device shown in Fig. 21. Concretely, the conditions of the
vaporizer and reaction chamber were controlled as follows, and the CuO thin film

was formed on a substrate forming platinum 200nm on an oxidized silicon

25 substrate.
Concrete depositing conditions of the PZT thin film:

CU(DIBM), 0.2 mole solution 0.02 CC/MIN(solvent: Hexane)
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66. The thin filmof claim®65, characterized in that said thin filmis a 20
di el ectric substance thin film a netallic thin filmor an oxide

el ectroconductive thin film 67. Athin filmformed by using a deposition
device conprising: a disperser, having; a plurality of solution passages
for supplying raw material 25 solution, a mxture part for mxing a
plurality of raw material solutions supplied froma plurality of solution
passages, 54 a supply passage of which one end conmunicates with the

m xture pastcaeer Ar200sceH liftfodiicelif® fﬁ%ﬁﬁsi iﬁ%ttidfzn part side, a gas passage
arranged to spray the career gas or the xed gas of the career gas and

oxygen t FirsteareexkOyE f0gcrvn [TRfr8dic info & %éet ﬂwfi)om the mxture part, in the
supply passage, and a cooling neans to cool the’'supply passage; and a

vapor i zeSecoad cager Ar=206E8m QiRtrBHBYE Htd He Qaéinlé@mgg a smal | hol e outside
the gas outlet, and O a primary oxygen supply port €nabling to introduce an

oxi di zi n§egaisd careen .1 0ecém [{introdaté nte fthé Gas MieP2oF) on jet part; and the
vaporizer having; a vaporization part for heating and vaporizing the career
gas incl Reaation beygenOpe2@0scam @utroducenintcstietioives partdiSloftherpssarsionpar t, 15
a vapori zation tube whose one end is connected to a reaction part of
various I8 ts such as a deposition, and the other end is connected to said
outl et of the disperser, and a heating neans to heat the vaporization tube.
68. The ReARtIN oxygen temperaure 2heiCadeentraldhieitampesatusaiby 4 sepafately i s a

installed heater before introducing into the lower part of the dispersion jet)
Wafer temperature 430°C

10  Space temperature 299°C
Space distance 30mm

Temperature of shower head 201°C

Reaction pressure 1Torr

Deposition time 2 min
15

As a result,

PZT film thickness is about 400 nm (depositing speed is about 200 nm/min)
After this CuO thin film had been formed, it was crystallized at 550°C for 30
minutes in the hydrogen atmosphere, it was reduced to metal copper.
20  Industrial Applicability
Following, various effects were able to be achieved according to the
present invention.,
1. A ferroelectric thin film that has the best composition to obtain an
excellent remanent polarization characteristic and has the bismuth type layered
25  crystal structure with high reliability can be formed with satisfactory controllability
and reproducibility.

2. A thin film crystal of low content of impurity carbon (0.2wt% or less) can
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20 dielectric substance thin film a netallic thin filmor an oxide

el ectroconductive thin film 69. The thin filmof claim®68, characterized
by installing, a first oxygen supply port for introducing heated oxidizing
gas of which the tenperature is controlled with a high accuracy under said
vaporization part. 25 70. The thin filmof claim®68 or 69, characterized by
making it possible to control the tenperature of the heated oxidizing gas
of which the tenperature is controlled with a high accuracy, to the

t enper at Wee famietle witht satsfasiery 550ntr6|lé%‘ﬂg¥'i k! 38‘8{,‘*&3#%&’."‘%@0&3"@5 The thin

filmof any one of clains 68 to 70, characterize Sfhle to

control tfaroelestier SrBidag0,,l(26®XH 120019, 00y Ib! BRI @hUype'
controlled with a hi ghﬂ-accat?acy by heati ng, §t—o t%?z ?ﬁmer@bu{@eo%yﬁe

heat i ng Stiugtire @sapain pleseon tube) t10C. 72. The thin filmof any one of
claims 68 to 71, characterized by installing a neans to heat so that the

tube wal | tenmBedheumpurity cotomis dedréased and. thdherovikite! drystafizafigy iOne of

cl ai 68 to 72, characterized in that a heater is set or controlled so

t hat rTBhe Rade Mbec@msreasedf thsougtperhieatttreaimenb ef tene bf hinpREt atddD MY
becone hi gé than the heating calorie of the downstreamarea. 74. The thin
film of ar’%ia B §Mrerature isan @Wlngmirrmpbeiaeaﬁdnythbadémit&\d ef tHen
necessary for raisi q’&‘?’a}i tenperature of the interior of the vaporization
tube to BHIENEN 'Rp?a Mpreset temperature. 75. The thin filmof any one

71 ow passage 4rt¥ER Foliatia elsctipdedfaimmeshon iesaforemantanedtravfiigrees. 76
T BT P el b 1 8, T S
dovi €2 70, That RSB GUBNR R Evdngprer Btheclss hedoar rasken at0@rea by
L1, O BB OB SE

head Lo o g veneoenmeioRgdBITRe] feaf rettibfd dhaial e R tOwar

head to a given tenperature by usi

o900, oo oSl B fa e PSSO T 10 cdonsvere 11

characterized in that sai thin
filmof any tieefin@bredetisify is®xtrentdly dffidiipct eri zed by installing

16 According to the present invention, heatproof and oxidation resistance
standard of the lower electrode material become less strict, because it is able to
make the heat-treatment temperature after the depositing remarkably low, and

materials that can make the fine processing easier (example; RuOx, TiN, TiON

etc) can be adopted.

20
Table 3 CVD material for high/ferroelectric, metal/barrier metal formation
Element Compound Formula Formula weight Fusion point [°C] Temperature
[*C)/0.01Torr  Solution flush  Holding Liquid

25

175 estimation
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nismthat controls in precision the tenperature of the space between
?hgegﬂgmer head and a susceptgr. 5 82. The thin filmof any one of clains
78 to 80, characterized by installing a mechanismto control the distance
of the space between the shower head and the susceptor to an arbitrary
di stance. 83. The thin filmof any one of clainms 16 to 82, characterized by
installing a liquid nmass flow controller to control the quantity of flow ng
of raw material 10 solution and, at the sane tine, installing a deaerator
neans to Weat iswhaitiez] igpst ream si de of the liquid mass flow controller. 84.
The thin filmof claim83, characterized by installing a neans to control

he t t urle Aofertoetectrgvttiintfiil 6 lageted! &98tal 3trlelurd CoRidiitid SERL -
E:oﬁt a;arr]rgtra’rat he liquid mass fl ow cont ?ol I er,,9 ang pi pi ngsp@g%ori an(?sBehl nd

i vdan eoxyigenc(O)admong tdarisorf, | trartri $SH e BisPiutH BRI tahtdRAPS ti on
ﬁrgt ﬁogl Yﬁgltfgftrl\amg vaporie(za)t [ onﬁgrret hod; the yap?)r i)zat I on ﬁetﬂhoﬂ1 conpri sing
st eps of (Tahtamguﬂobigm dNbjabemhith solaomgosition domn@asisP&IBET&0,,, or
shear | ng}atom' zing the raw material solution by jetting the carégr gas to
the i tro%!&&ﬁawg)/ e (pPravidesl thatod.9w=ab1 HO0n 2P0+ aus Bt rard 0¥ gE and,

t hen, supgplyin he raw material mst to a vaporization part for meking it
vapor i zea'@é’}'& ﬁp,e GasaoR gpatent i8at%s ordess. t o i ncl ude oxygen. 86. The thin

[ [ h terized in that the jet speed of said career gas is
10 to200m s, 2288 FeTegEein fin fithaS1orime mwborein 365, 1864 SO0 2 by
I nt roduci he raw,mat.eri gl sqlution by 0.005 to 2cc/mn. 88. The thin
film of 3&%0%’98”&0%? i'?n?ag’é qrge%ﬁ?‘?f-char acteri zed Ibyf }‘ | owi ng 57 , t'heht y
career gas Ora,t terial gas, maki a spiral flow and a straigl
advanci %g 1 oW f'ﬁ%fear}lgregagt”%h'ﬂﬁ@“s‘)& am pgb% characterized in thatdtdsimade i n t he

[ [ [ [ duced.
downggr e ion where the raw material solution was introdt
89. ?’?ue t%mffﬁgﬁ[wmﬁg‘?&ﬁé@ one of clains 85 to 88, characterized by cooling 5

T e A L
?ﬁbéobgghsfEgmﬁgg'{%’“n’ﬁdﬁﬁu%b{‘ﬂ%ﬁﬁ QJT’S I)Ss%}galic#rp%éthaelsb’\e'arlsesoor éis§o|¥g£ fn'a
solvent an organometallic complex including respective elements of at least
strontium (Sr), bismuth (Bi), and tantalum (Ta);
15 vaporization to vaporize it in a vaporization chamber;
gas mixture for mixing a career gas including a vaporized organometallic
complex, and oxidizing gases such as an oxygen gas, an ozone gas, at a
prescribed rate;
thin film formation for forming an oxide thin film by making the career gas
20 including the mixed organometallic complex react with the oxidizing gas in a
reaction chamber within a prescribed range of pressure for decomposition, and
depositing it on a substrate heated within a prescribed range of temperature; and
heat treatment for forming a ferroelectric thin film of a desired bismuth
layer structure by applying a heat-treatment of a prescribed range of
25 temperature to the oxide thin film formed on the substrate and giving a

crystallization process performing a composition control.

5. The manufacturing method of ferroelectric thin film of claim 4, wherein
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liquid or gas with large thermal capacity. 10 91. The thin filmof any one
of clains 85 to 90, characterized by feeding the raw material solution
forcefully by using heliumhaving | ow gas solubility. 92. The thin film of
any one of clains 85 to 91, characterized by controlling the quantity of
flowng of raw material solution with precision by using the |iquid mass
flow controller and so on, after degasifying the gas that has dissolved 15
slightly. 93. The thin filmof clains 85 to 92, characterized by

control | isaid t trystadlizationt heat-batriént’ riga 4 OF helitm f or ced
feed containé?? and the liquid nmass ?*%ﬁ?%ﬁ&%rgfﬁgbﬂégnﬂ1p?%iﬁg@ﬂﬂiéore and
behi nd t @tmogphene atet@fctosf80°€. inXenfpbraflig thin filmof clai m 93,

characteri zed b¥ controlling it within the range of 5 to 20C, when the SBT
thin filmis BoTbe manufadturing. méthedt ¢ ferrbielettrtf thin #ino? 314 £4wherein
characterized by controlling it within the range of 12t1 C when the SBT
thin fil e terpenaturexfthe vaperizatiom tooimisfsdt o afraa?as dfiemperatli 180 &> to 95,
charagterizgd_by controlling 25 the tenperature of the raw nmateri al

sol ut Pon 248 Gdnisald yanarizatioaguocrsst ai ner, and the |iquid nass flow
controller, ﬁ?d}'ﬁi pi ngs before and behind to a given tenperature. 58 97.
The thin fil nf of P&adHactyfing raethedsy fegoelectricthirafilne of zhaimby, wissrelmi ni ng
t he quant i en a reactant gas is flowed into a

' f flowi,ng change wh !
reacti onati%qﬁgé}n,e E‘Qdc%n?rigﬁﬁi &B)»tWYf'I"H@Q?'héNd)em beliumgawsed asisaicent si de
t rough tggreve?%%rizer, during the reaction waiting tine. 5 98. The thin film
of any one © Paims 85 to 97, characterized by restraining the pressure

h dth ti foflow when t he react ant is fl d
'm0 the reach ot TAMBCd KRG T PR deriRgiosHisdbine fom ohcoiamori zor
wh h ' I ly to th t_side t h th
vapol 2o¢haaieRectizseting MY R Ia" tiden/BatssT onsbot arvgen aah o any

f j ; [ iformy di i t he heated
and gasi ok a8 Pt MR B diaRiidliiis by & Ruaned ot head

100. The1s0%n fil mof any one of clains 85 to 99, characterized by
uni formy heating said shower head to a given tenperature by using heated

hi gh 15 t enpeg.atiee rﬂéﬁljfééiurringa;rg;gﬂgd ebe -férro%l%&tr{icﬂfl‘ﬁnt tf'lkﬁpfgt L‘Emﬂi?"fé %ny one

of clains 85 to 100, characteri y contro g the t e of the

shover heharacterizé byOsé‘tEﬁ@-théQé’mpEl‘hQuFé’bﬂséiH'é’ﬂb@frage?t/ot ﬁg‘égﬁé o?'@he"é d85 to

101, characterized by controlling the tenperature ower to 200
to 2tHC. 5&@°Clﬂesaimhhintﬁihffobeﬂb@Pr@déésQne of clains 85 to 102,
characterized in that said thin tTilmis a dielectric substance thin film a

metal lic thinG.iTheomamufaotudey emetiddo o Ndneielattrié Nhih filMor 194im e thin
filmof any one of clains 85 to 103, characterized in that sard thi'n film

i s an SBIhAMAFierized by settingthe pressiredn the fexctioh chairbed &y bGang&af 0ter i zed by
havi ng thf‘rt hin film of
12Torr in said thin film formation process.

11. The manufacturing method of ferroelectric thin film of claim 10,

20  characterized by setting the pressure in the reaction chamber to arange of 0.3 to
3Torr in said thin film formation process.

12. The manufacturing method of ferroelectric thin film of claim 4, wherein

the ferroelectric thin film is formed by performing heat-treatment of oxide thin film

at a temperature within the range of 400 to 580°C in said heat-treatment

25 process.

13. A ferroelectric device characterized by having the ferroelectric thin film

of claim 1 or 2.
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any one of clainms 1 to 104. 59 . A@. A ANSy. A

N@ AF. Au@. A. AuSy. AYNf e. AFaf . Ala@ ANfF. A y. A y. A

f.AFf. Alay. A . Al aS. A(S. Al af . AS. A(f. Af. Ay. AYuS. Ay. AY; @ AF; , . AYa@ A3N, . AYN. A;
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the inner diameter of the cylindrical or conical hollow part,
the rod has one or more groove(s) on the outer periphery thereof, and,

said rod is inserted in the cylindrical or conical holiow part.

22. The thin film of claim 21, characterized in that said groove is a straight

15  line groove.

23. The thin film of claim 21 characterized in that said groove is a spiral

groove.

24. The thin film of any one of claims 14 to 23, characterized in that said
raw material solution is a uniform solution or a liquid including fine particles of
20 the size of 1 to 100nm.
25. The thin film of any one of claims 14 to 24, characterized by installing
a heating means on the bottom of a container of said raw material solution.
26. A thin film formed by using a deposition device comprising a vaporizer
having:
25 @ a dispersion part including:
a gas passage formed internally,

a gas inlet to introduce a pressurized career gas into the gas
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@ said dispersion part comprises

a dispersion main body having a cylindrical or conical hollow
15 part and
a rod having an outer diameter smaller than the inner diameter
of the cylindrical or conical hollow part, in which
the rod has one or more spiral groove(s) on the vaporizer side of the outer
periphery thereof, and is inserted in the hollow part, and its inner diameter
20 expands in a taper shape toward the vaporizer side, and
@ a radiation prevention part having a small hole on the gas outlet side
and the inner diameter expanding towards the vaporizer side is installed
outside the gas outlet.
27. The thin film of claim 14, characterized in that it is a dielectric
25 substance thin film, a metallic thin film or an oxide electroconductive thin film.
28. The thin film of claim 26 or 27, characterized in that said small hole

has such a size that a velocity of the jetting gas flow is subsonic.
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said gas passage.

31. The thin film of any one of claims 26 to 30, characterized in that the
cross sectional area of said small hole is 1/3 or less of the cross sectional areas
of said gas passage

10 32. The thin film of any one of claims 26 to 31, characterized in that the
material consisting said small hole is made of a material with good thermal
conductivity.

33. The thin film of any one of claims 26 to 32, characterized in that the
length of said small hole is five times or more of said small hole size.

15 34. The thin film of any one of claims 26 to 33, characterized in that the
length of said small hole is ten times or more of said small hole size.

33. The thin film of any one of claims 26 to 34, characterized by installing
a means to cool said gas passage.

36. The thin film of any one of claims 26 to 35, characterized by installing

20  a cooling means to cool a connection part for connecting said dispersion part
and said vaporization part.

37. The thin film of any one of claims 26 to 36, characterized in that the
surface of said rod is a surface where electrolytic polishing or compound
electrolysis grinding is exerted.

25 38. The thin film of any one of claims 26 to 37, characterized by installing
a means to cool the gas passage.

39. The thin film of any one of claims 26 to 38, characterized by installing
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41. The thin film of any one of claims 26 to 40, characterized by installing
a heating means on the bottom in the container of said raw material solution.
42. A thin film formed by using a deposition device having a vaporizer
comprising;

10 @ a dispersion part including:

a gas passage formed internally,

a gas inlet to introduce a career gas into the gas passage,

a means to supply a raw material solution to the gas passage,

a gas outlet to send the career gas including the raw material

15 solution to a vaporization part, and

a means to cool the gas passage, and
@ a vaporization part for heating and vaporizing the career gas including
the raw material solution, sent from said dispersion part, the vaporization
part including;

20 a vaporization tube whose one end is connected to a reaction
part of various units such as a deposition, and the other end is
connected to said gas outlet, and

a heating means to heat the vaporization tube, wherein
an oxidizing gas can be added to the carrier gas from the gas inlet or the

25 oxidizing gas can be introduced from a primary oxygen supply port.

42. The thin film of claim 41, characterized in that it is a dielectric

substance thin film, a metallic thin fiim or an oxide electroconductive thin film.
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and,

the rod is inserted in the cylindrical or conical hollow part.

48. The thin film of claim 47, characterized in that said groove is a straight
groove.

25 49. The thin film of claim 47, characterized in that said groove is a spiral

groove.

50. The thin film of any one of claims 41 to 49, characterized in that the
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@ a dispersion part including:
a gas passage formed internally,
15 a gas inlet to introduce a career gas into the gas passage,
a means to supply the raw material solution to the gas passage,
a gas outlet to send the career gas including the raw material
solution to the vaporization part, and
a means to cool the gas passage, and
20 @ a vaporization part for heating and vaporizing the career gas including
the raw material solution, sent from said dispersion part, the vaporization
part including;
a vaporization tube whose one end is connected to a reaction
part of various units such as a deposition, and the other end is
25 connected to said gas outlet, and
a heating means to heat the vaporization tube, wherein

a radiation prevention part having a small hole is installed outside said gas
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60. The thin film of any one of claims 55 to 59, characterized in that:
said dispersion part comprises a dispersion main body having a cylindrical
or conical hollow part and a rod having an outer diameter smaller than the inner

diameter of the cylindrical or conical hollow part, and
20 the rod is inserted into the cylindrical or conical hollow part.

61. The thin film of any one of claims 55 to 60, characterized in that said
raw material solution is a complete solvent liquid or a liquid including fine particle
of the size of 1 to 100nm.

62. The thin film of any one of claims 55 to 61 » Characterized by installing

25  a heating means on the bottom in the container of said raw material solution.

63. The thin film of any one of claims 55 to 62, characterized in that;

said dispersion part comprises a dispersion main body having a cylindrical
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supplied from a plurality of solution passages,
a supply passage of which one end communicates with the
mixture part and has an outlet of the vaporization part side,

15 a gas passage arranged to spray the career gas or the mixed
gas of the career gas and oxygen to the mixture raw material
solution carried from the mixture part in the supply passage, and

a cooling means to cool the supply passage.
66. The thin film of claim 65, characterized in that said thin film is a

20  dielectric substance thin film, a metallic thin film or an oxide electroconductive

thin film.

67. A thin film formed by using a deposition device comprising:

a disperser, having;

a plurality of solution passages for supplying raw material

25 solution,

a mixture part for mixing a plurality of raw material solutions

supplied from a plurality of solution passages,
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a vaporization part for heating and vaporizing the career gas
including the raw material solution, sent from said dispersion part,
15 a vaporization tube whose one end is connected to a reaction

part of various units such as a deposition, and the other end is
connected to said outlet of the disperser, and
a heating means to heat the vaporization tube.
68. The thin film of claim 67, characterized in that said thin film is a
20  dielectric substance thin film, a metallic thin film or an oxide electroconductive
thin film.

69. The thin film of claim 68, characterized by installing, a first oxygen
supply port for introducing heated oxidizing gas of which the temperature is
controlled with a high accuracy under said vaporization part.

25 70. The thin film of claim 68 or 69, characterized by making it possible to
control the temperature of the heated oxidizing gas of which the temperature is

controlled with a high accuracy, to the temperature of the heating tube
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73. '?Re thin film of any one of claims 68 to 72, characterized in that a
heater is set or controlled so that the heating calorie of a vaporization tube upper
10  part are may become higher than the heating calorie of the downstream area.

74. The thin film of any one of claims 68 to 73, characterized by having a
length necessary for raising gas temperature of the interior of the vaporization
tube to the vicinity of a preset temperature.

75. The thin film of any one of claims 68 to 74, characterized by making

15  the angle between the career flow passage and the raw material solution inlet
from 30 to 90 degrees.

76. The thin film of any one of claims 68 to 75, characterized in that said
deposition device is a CVD device.

77. The thin film of any one of claims 68 to 75, characterized in that said

20 deposition device is a MOCVD device.

78. The thin film of any one of claims 68 to 77, characterized by having a
heated shower head that uniformly disperses the heated and gasified reaction
gas over a large area.

79. The thin film of claim 78, characterized by installing a means for

25 uniformly heating said shower head to a given temperature by using heated high
temperature gas (air, argon, etc.) .

80. The thin film of any one of claims 16 to 79, characterized in that said
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84. The thin film of claim 83, characterized by installing a means to control

the temperature of the raw material solution, a helium press-feed container, the
liquid mass flow controller, and pipings before and behind to a given
15  temperature.

85. A thin film deposited by using a deposition method including a
vaporization method; the vaporization method comprising steps of, introducing
raw material solution into a gas passage, shearing/atomizing the raw material
solution by jetting the career gas to the introduced raw material solution to obtain

20 raw material mist and, then, supplying the raw material mist to a vaporization
part for making it vaporize, wherein;

the career gas is made to include oxygen.

86. The thin film of claim 85, characterized in that the jet speed of said
career gas is 10 to 200m/s.

25 87. The thin film of claim 85 or 86, characterized by introducing the raw

material solution by 0.005 to 2cc/min.

88. The thin film of any one of claims 85 to 87, characterized by flowing
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20 94. The thin film of claim 93, characterized by controlling it within the

range of 5 to 20°C, when the SBT thin film is to be formed.
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95. The thin film of claim 93 or 94, characterized by controlling it within the

range of 12+1°C when the SBT thin film is to be formed.

96. The thin film of any one of claims 85 to 95, characterized by controlling

25 the temperature of the raw material solution, a helium forced feed container, and

the liquid mass flow controller, and pipings before and behind to a given

temperature.
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97. The thin film of any one of claims 85 to 96, characterized by
restraining the quantity of flowing change when a reactant gas is flowed into a
reaction chamber, by continuing to flow the depositing gas to the vent side
trough the vaporizer, during the reaction waiting time.

98. The thin film of any one of claims 85 to 87, characterized by
restraining the pressure change and the quantity of flowing change when the
reactant gas is flowed into the reaction chamber, by controlling the pressure of
the vaporizer, when the reactant gas is flowed continuously to the vent side
trough the vaporizer, during the reaction waiting time.

99. The thin film of any one of claims 85 to 98, characterized by uniformly
dispersing the heated and gasified reaction gas over a large area by using a
heated shower head.

100. The thin film of any one of claims 85 to 99, characterized by uniformiy
heating said shower head to a given temperature by using heated high
temperature gas (air, argon, etc.).

101. The thin film of any one of claims 85 to 100, characterized by
controlling the temperature of the shower head to 180 to 250°C.

102. The thin film of any one of claims 85 to 101, characterized by
controlling the temperature of the shower head to 200 to 220°C.

103. The thin film of any one of claims 85 to 102, characterized in that said
thin film is a dielectric substance thin film, a metallic thin film or an oxide
electroconductive thin film.

104. The thin film of any one of claims 85 to 103, characterized in that said
thin film is an SBT thin film.

105. An electric/electronic device characterized by having the thin film of

any one of claims 1 to 104.
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