; e3e2Y"2Vd6T" SPECI FI CATI ON TI TLE OF THE | NVENTI ON:  VAPORI ZER AN | QUS
DEVI CES US| NG THE SAME AND VAPOR! ZI NG METHOD BACKGROUND W‘mml Wﬂfl ON 5
Technical Field The present invention relates to a vapori
vapori zing method, which is preferably used for a deposition *(bm*ce such as
a MOCVD, as well as a deposition device and ot her various devi®¥¥
Background Art 10 The devel opnent of DRAM causes a probl em concernl M

f

menory capacitance dependi ng on mcrofabrication. Sone mﬁm\ﬁmmﬂmmw
probl em alpEt|RIMATIONPr Y capacitance i s necessary because
performance of the capacitance is requjred to be the same as forner

gener ati oNTLE @FeTHE INCENTROR: /ARORIZER AND YRARIOUS DEVIOES USING
above-descri bed problem a 15 capacitor area has been increased as foll ows.

A pl anar THE SBAMEANDVARORIZINGMEFHOMDE cell structure up to 1 M capacity,
however, the three-di mensional structure called a stack structure or a
trench stBACKG@ROUMD DFeTHEdRMENTEIQMe cel |l structure for 4M or above.
Moreover, as a dielectric film a filmwhich |am nates an oxidation film
from Bhe TezhnicatiFeEdi on fil mof a substrate Si and a 20 CVD nitride film
(the lam nated filmis called an ON filmin general) on poly Si is adopted.
The fin typesTinei piesent inventioaclelatesldocd vapptizareand aybperizipgeneliodg t he
side in stack type were taken in order to increase area to contribute to

capaci t y iimDRMeferaly sed tnsredennsitiorodeviee gueh as jyMQteYdaae well asrdcess
nunber by 25 conplicated process and increase of difference in steps is
br ought ideResiieasdeviee apd sihar VarioHs devigefensi onal structure, and it is
assuned that real] atl on after 256M bit is difficult. Therefore, as one way
to furthd?aGkEEOWEBM, degree of 1 integration without changi ng the
capadPtance ¢ JNenQegROPRATNG! aﬁﬁmgq%qﬁt@% 3c PrISR0 sEnERIE méole
T o und kb0, R ARMAE) 4, e B Bl
T S L NS AR, v, Sl U
2SN g % BAPAS RARBTAL UK IR df 3805k aonegton
promi si ngp, 'Wé\ﬁrdfasloﬁm?%{‘?é PrdraVRs kS il Hes fc‘ifeﬂh%téb’cﬁ/eddééc‘%bﬁ'&oblem, a
15 capacitor area has been increased as follows. A planar structure has been
taken as the cell structure up to 1M capacity, however, the three-dimensional
structure called a stack structure or a trench structure has been taken as the
cell structure for 4M or above. Moreover, as a dielectric film, a film which
laminates an oxidation film from the heat oxidation film of a substrate Si and a
20  CVD nitride film (the laminated film is called an ON film in general) on poly Si is
adopted. The fin types utilizing the back side of a plate, a cubic type using the
side in stack type were taken in order to increase area to contribute to capacity
IBMDRAM.
However, deterioration of yield by increase of process number by
25 complicated process and increase of difference in steps is brought into question

by such a three-dimensional structure, and it is assumed that realization after

256M bit is difficult. Therefore, as one way to further increase a degree of



10 constant than the above-descri bed oxi des and can be expected to apply to
the DRAM Moreover, recently, a |ayered structure of Bi group which has a
very simlar crystal structure to the one of a super conductive materi al
greatly attracts the attention because it has a high dielectric constant,
has a self polarization of 15 a ferroelectric's characteristic, and is
superior as a nonvolatile nenory. Generally, the thin filmformation of

SrBi 2Ta( ferroelectric is done by MOCVD (netal organi c chem cal vapor

deposi t| gﬁﬁ)eg% P it hBGt Pﬁ?ﬁn@hﬁa}reﬁ iraMbSiHRIprERERP HRANE foﬁl‘gtﬁ@s%' al of

the ferr ctric t or i nstance, three’

Or ganonetgi hg}@%@ﬁlc%r 8 dpRMiBnctd BRHENG haling @ORIgRLP me’!@éthc CBRBRA Ively

in THF (Tetor orof ran), "hexane, and ot her solvents, and used as a raw

materi al j§@eiidern Th-'ﬁ%( aaﬁﬁﬁt 0 ZiIrAe &f %aeém@f}na Saded gmbleeﬁwetalshﬂmne and
ot her sol vents, and used as a raw materla solution. Note that DPMis an

abbr evi attiigh dwleBiris(ctirzrandushoss Ta ), e argO, 2hirda@lthe attenions Agafoh

materi al characteristic. Table 1: aracterlstlcs of raw material for a

f err ogl eadddheratibidieletirie ddmistamgoTag@ Nk 28, ¥,D, Ml 6] HEDZis around 24, and is

[ pressur e( mtHg) poi nt (C) Sr(DPM 2231

/ 0. 1210Bi4 {c6Hjriek3sf/ SI0L80Ta( OC2H5) 5118/ 0. 122TH

F67-109Sr (Ta(OEt)s) 2176/ 0. 1130Bi Ot AnB7/0.190 A device to be used for the
MOCVD net hod dtovedversinadn application aftep 266 MORAMI, threetdimsnsiopahospaditon il m
material is deposited after a phase reaction and a surface reaction, and a
suppl y pattuchirectis s aglitegs (B@(SSrXBT@FaO@b@ﬁ,lTﬂh JP4 m(Bb et dZr. i o Johd 258

oxi dizer to the reaction part. Mreover, the supply part is provided with a
vapor i zerregardegagsr ipsomiginganatanials whichehave ghe nespe delajvengiaiRAEC shown

I n Flg 16 are known, so far, as a technol og%/ concerni ng, t he vapor| zer. The
one § ovm:qnﬁta;ntghanéfa%ﬁbpge@&mlaﬁcaomﬁa|andl e eﬁﬂ’@ﬂf‘% naPRlY 104h@ net hod

that int rodxﬁﬂes and vaporizes the raw material solution

Moreover, recently, a layered structure of Bi group which has a very
similar crystal structure to the one of a super conductive material greatly attracts
the attention because it has a high dielectric constant, has a self polarization of

15  a ferroelectric’s characteristic, and is superior as a nonvolatile memory.

Generally, the thin film formation of SrBi,TaO, ferroelectric is done by
MOCVD (metalorganic chemical vapor deposition) method—the practical and
promising method.

The raw material of the ferroelectric thin film includes, for instance, three

20 kinds of organometallic complex Sr(DPM),, Bi(C¢Hs);, Ta(OC,Hg)s;, melt
respectively in THF (Tetorahidorofran), hexane, and other solvents, and used
as a raw material solution. 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 raw material for a ferroelectric thin film
| |Boiing point ( °C )|Melting |




heated to a prescribed tenperature into a netal filter used to increase the
contact area between an atnospheric gas and the raw material sol ution of
the SrBi 2Ta® ferroelectric thin film However, in this technol ogy, the
nmetal filter is clogged by the vaporization 15 for several hours, so there
is a problemthat it cannot bear the |long-termuse. The present inventor
guessed that it is because the solution is heated and vaporized fromthe
one having_a | ow vaporization tenperature. Fig. 16(b) shows a technol ogy
that the raw material solution is di/pEssugEmniidgm a smal | hol{@oirdt (IOpm by

appl yi ng the preggEng 0T 30KgT7Cn [To 1T 237/ #0 vapori zed by [the eppgnsi on.

However, the pr of cl oggi ng the smakhshple by the use far sevgbal
hours, and not 4? \Fg?a | ong-term use '1?8 50 observed in this

technol ogy. 3 t he probllemth ‘St eady raw mat erti al 3 épl y
cannot be|achi e kfs % reaction ig causgg fcause the solvent wi he

hi ghest vapor § Bt é)zn the folllow ng Qéoe THF) evaporatgs pro y and

an or ganoet aII M ex deposits land a8K&:Es on the heatind face90whlen
the 5 raw materi aI soI ution is a mxture solution of organonetallic
conpl exes, for instance, Sr(DPM 2/ THF, Bi (CsHS)3/ THF and Ta( OC2H5) 5/ THF,
and this mxtwsexgeé%b@ruée% By mggohﬁemté istédf bGbadlidn pAATE

met hods shown 1 n he ca coul d vaporize or

sol vent iyhithené iSEBI, wlagr tﬁ‘hﬂ‘ﬂm%éﬁe‘?lal I¥ dépdtiteti e aapiekpsh rebQ:tlbﬁ ardda tion,

in MOCVD) to obtain an excel lent fil muniformy, a vaporization gas in

whi ch t hesurieRaption| @l at 5QPply Spatt SPEIER esupplictothd BrBETaeguhinedlint o be
obt ai ned. However, in the prior art, such request is not necessarily

conpl sed matdhnial Eih@aprcee@zér tlortherrb,actmﬁﬁms separately, the next technol ogy
so that the 15 request nmay be conplied with. That is, as shown in Fig. 15,
a vapori zer f dMorkB@iD the supplysest isl fravidbd pithsA vapqiézer foneapaofizigg dhegas
passage fornmed internally, a gas inlet to introduce a pressurized career
gas i nt o thindfilgamapertedage, a nmeans to supply the raw material solution to

the gas passage, a gas outlet to send the career
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
10 type 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,TaQ, ferroelectric thin film.
However, in this technology, the metal filter is clogged by the vaporization
15  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.
Fig. 16(b) shows a technology that the raw material solution is discharged
from a small hole of 10um by applying the pressure of 30kgf/cm? to it and
20 vaporized by the expansion.
However, the problem of clogging the small hole by the use for several

hours, and not enduring a long-term use is also observed in this technology.



20 gas including the raw material solution to the vaporization part, a
nmeans to cool the gas passage, and a radi ant heat prevention jet part

cool ed so that thermal energy should not be applied to the raw material gas
in the dispersion part by the radiant heat fromthe vaporization part; and
02 a vaporization part for heating and vaporizing the career gas including
25 the raw material solution, sent fromthe dispersion part, the

vapori zation part conprising a vaporization tube whose one end is connected

to'a reactionyide,dr 18 pldifolORA deubasy 38 HiRefdiNElipd) ddrindiogect ed

to said gas out and "a"heat’i ng neans heat e vap I on tube.

Ther eby, éc*P\?e\)é%!pg{ :aé%étcﬁén GORHASEY bebatisethd SENEHI witt) e g{i@féﬁ'v BFr 9y

shoul d not be ap o the raw material gas I n the disp on part by 5

the radi #bsdlgat i Ohd h%lb@\ﬁﬁ%ﬁi £kt ONTPF) t -evabbfdtes NQrompRy | 2@ fan MOCVD
of this technology is little clogged, it enables to use a long termand to

stably supghNormietalid abnipfex Beposiar hh@mdirés PR Reating fadd)aviién ae art .
Moreover, as for this technology, an inlet of the oxygen heated 10

bef or ghandwhamietsinsolotivrlis edl rdixwret setation v organoinatdliio topgléxed;idfeever
even by using this technol ogy, the deposition of the crystal mght still be

obser ved ihstahbe, Sa®AMSLHE BidCga)gEHE aryd)iTiagO CMHY) gOHET, ,anal this gexiam@unt of
carbon (30 to 40at% is included in the fornmed film It is necessary to
anneal atsditonisgvapengteddiywineatafy s for bihthésalmedisids showr xafjd. d;, tlygen

at nosphere of 800C for 60 m nutes) in order to renove this carbon. In

addi t i on,calrenwhigioedult sapiosize or péted dree solyentingbediquickpe rust atecbim®dsi ti on
ratio is caused. Another object of the present invention is to provide a
vapor i zerUp ieae adéle®0 be used for a long termwi thout clogging or the Iike,

and supply stably a raw material to a reaction part. . .
10 In addition, in MOCVD, to obtain an eXxcellent 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

15  request may be complied with.

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

(D 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

20 gas 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 radiant heat from the vaporization part; and

@ a vaporization part for heating and vaporizing the career gas including

25 the raw material solution, sent from the dispersion part, the vaporization part

comprising a vaporization tube whose one end is connected to a reaction tube



Anot her object of the present invention is to provide a vaporizer, a
deposition device, other various devices, and a vaporization nethod that
can extrenely reduce the content of a carbon in the filmeven in the
as-deposited 25 state, and accurately control the conposition ratio of the
film 5 Anot her object of the present invention is to provide a vapori zer
and a vapori zati on nmet hod by which a vaporization gas with uniformy

di spersed raw naterial solution can be obtained. D sclosure of the

| nventi onyané MORYD @8licelarid theP6thiePBhd i ¢8RREGBA 38'5RId §5§ oull&l, Brdi gPer si on
part including: a gas passage fornmed Internally, a gas inlet to Iintroduce a

career gawdtiRhMnéass PReMans JaPoriZatiBRAtldel 0 supply a raw material solution
to the gas paSsage, 10 a gas outlet to send the career gas including the

raw material SplepéthyQNthieO vapyaRRT isZ @bhipdsear in, sadld & raaner tigatCadrmdne gas
passage, and ~2 a vaporization part for heating and vaporizing the career

gas i ncl ushengy sheulet nol Zedpphed tmties ral matevitl gas irs¢nd dispersismiparidbg per si on
part, the 15 vaporization part conprising: a vaporization tube whose one
end i 5 cdheeadiadt healfroradhé vapopzationgsart.ar i ous units such as deposition,
and the other end is connected to said gas outlet, and a heating neans to
heat the vapoiSinee ithe vapodzeafor MOCYDpobihidetechnology isditlatdlogged,eivent i on
part having a small hole outside the gas outlet. A vaporizer of the present
i nvent i orenabigs teese adng tropanditonstpblyt supnly matagal o thes readtioageart or med
internally,
c%mpared with the prior art.
Moreover, as for this technology, an inlet of the oxygen heated
10 beforehand has been installed downstream the vaporization part.
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
15  deposition (example: oxygen atmosphere of 800°C for 60 minutes) in order to
remove this carbon.
In addition, when deposition is to be done, a large difference of
composition ratio is caused.
Another object of the present invention is to provide a vaporizer that can
20 be used for a long term without clogging or the like, and 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
extremely reduce the content of a carbon in the film even in the as-deposited

25 state, and accurately control the composition ratio of the film.



25 a gas inlet to introduce a pressurized career gas into the gas passage,
6 a neans to supply the raw material solution to the gas passage, and a
gas outlet to send the career gas including the raw material solution to

t he vaporization part, and 5 ~2 a vaporization part for heating and
vaporizing the career gas including the raw material solution, sent from
sai d dispersion part, the vaporization part conprising: a vaporization tube
whose one end is connected to a reaction part of various units such as a

deposi tion, anghdiis %]Eﬁ% om\e/g%op%s’e% GARHRBhEE thoprdfide S%pg‘r'igéﬁfandaéﬂd a

heating means to heat 't I zat1 on tube; V\/ner ein O sal I spersion part
conpr i Sei/a?oﬁkéﬁ)@ﬁ fAod By WhiRHYa K}ayb%t@ncgés Mh'lﬁﬂform'l aRPefd Aal ! ow

part and a rod having an outer dianeter Smaller than the i nner di aneter

of the cyhifesial §é1ht|@ﬁ caf'becsitafheldl ow part, in which the rod has one or nore
spiral grooves) on the vaporizer side of the outer periphery thereof, and

i s I nser t@dcloButehsf thellheantpay t, and a radi ati on prevention part haV| ng a
small hole on the gas outlet side 20 and the inner dianeter expandi ng

towar gs the va@pwiparizer of thee predentipvedtiorscomptiséd;ed out si de the gas outlet.
A vaporizer of the present invention conprises; O a dispersion part
including: a (b= gisperipn pant imsudinger nal |y, 25 a gas inlet to introduce a
career gas into the gas passage, a neans to supply a raw material solution
to the gas passage, 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,
10 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 said dispersion part, the
15 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
connected to said gas outlet, and
a heating means to heat the vaporization tube; and
20 is provided with a radiation prevention part having a small hole outside
the gas outlet.
A vaporizer of the present invention comprises;
@ a dispersion part including:
a gas passage formed internally,

25 a gas inlet to introduce a pressurized career gas into the gas

passage,



7 a gas outlet to send the career gas including the raw material sol ution
to a vaporization part, and a neans to cool the gas passage, and O a

vapori zation part for heating and vaporizing the career gas including 5 the
raw material solution, sent fromsaid 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
connected to said gas outlet, and 10 a heating neans to heat the

vapori zation tube, whgheddhstoRigpRtheha@ matkial 36itibAY6 BBIgaS passadd,! e bit
of the oxidation gas as a carrier 'gas to Ar, N2, heltumor~the I1Ke from

the gas inlet, or tdpy oxidation gas or its gas m xture can be introduced
froma supply part of the first oxygen in the vicinity of the jet part. 15

A vaporizer of the prgspetoutttesisend thengiresegas incudihgnes shanmasdrial
i ncluding: a gas passage forned internally, a gas inlet to introduce a

career gas into theojgionpatheyaporzatimsart,aargpply the raw nmateri al
solution to the gas passage, 20 a gas outlet to send the career gas
i ncl uBi ng t he @aawaponzation part tariheating andevapapiaingthei caregiagas irmhding neans
to cool the gas passage, and Q2 a vaporization part for heating and
vapori zi ng t hedheaaeematgiial saktion; senttfram said dispersien pai) ivei aporigation f r om
sai d di spersion part, the vaporization 25 part including; 8
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
10 connected to said gas outlet, and
a heating means to heat the vaporization tube; wherein
@ said dispersion part comprises
a dispersion main body having a cylindrical or conical hollow
part and
15 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
@ a radiation prevention part having a small hole on the gas outlet side
20 and the inner diameter expanding towards the vaporizer side and cooled
is installed outside the gas outlet.
A vaporizer of the present invention comprises;
(@ a dispersion part including:
a gas passage formed internally,

25 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 vapori zation 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 nmeans to heat the vaporization tube, wherein 5 a
radi ati on prevention part having a small hole is installed outside said gas
outlet, and the career gas and an oxi di zing gas can be introduced from said
gas inlet. A vaporizing nethod of the present invention is characterized in
that oxygen is contained in the carrier gas in the vaporizing nmethod in

which a raw 10 mater| ga%o&%ﬂét% sehd! tﬂéréé‘?'é%reg%% "H&ucﬂn@%ﬁe I?Qﬁlsrﬁﬁf‘end‘e” a

raw material gas is obt/ain by shearin m zi n e raw nateri al

solution after jet tslo idn® d‘!/&{lbr%%ﬁ & bhgr gas to the i ntroduced raw

mat eri al sol ution, then e raw terlal gas is supplied to a

vapori zing part and vgmarzsq@ codl #tPgad Bassfe, BRA Present invention
conprises; 15 a plurality of passages for suppl ying raw material solution,

a mxture part@ffyaporiddiidndpdh fordating fndnaiorRirey thal carestga® eisding! | ed
froma plurality of solution passages, a supply passage of which one end

comupBi cat es whehawheataridl gokitipa) sertritbrh aaicddispetsicr paift, theevappieatiamt i on
part side, 20 a gas passage arranged to spray the career gas or the m xed
gas of the carpatirghglimgnd oxygen to the m xture raw material sol ution
carried fromthe mxture part in the supply passage, and a cooling neans to
cool the supply passagerapﬂizﬁtﬁqmett@erwbbse lbaeeres snconnected toa reachon ses: 25
a di sperser, having; gl urality of solution passages for supplying raw
material sol ution, f@rt o vatiqusi uaitp sauchf as andepositien, pang e ophest enchus
mat eri al sol utions .
connected to said gas outlet, and
10 a heating means to heat the vaporization tube, wherein
a method which adds and introduces a little bit of the oxidation gas as a
carrier gas to Ar, N2, helium or the like from the gas inlet, or the oxidation gas
or its gas mixture can be introduced from a supply part of the first oxygen in the
vicinity of the jet part.
15 A vaporizer of the present invention comprises;
@ 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 the raw material solution to the gas passage,
20 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
@ a vaporization part for heating and vaporizing the career gas including
the raw material solution, sent from said dispersion part, the vaporization

25 part including;



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, 5 a gas passage 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 fromthe m xture part, in the supply passage, and a cooling neans
to cool the supply passage; and a vaporizer, having; 10 a radiation
prevention part having a small hole outside the gas outlet; and the

vaporizer having; a V&%Pbﬁfétiid?ﬂt%%r\hhéé’é oheadd'® &dtth kd &l raaclibte career

gas including the raw material solution, sent fromsaid dispersion part, 15

a vapori zation tubgapesQafdss eMfts | SUcROANBCHEROIorR AfPehié thdi@Ehd 36 ,
various units such as a deposition, and the other end is connected to said

outlet of the di spepsfsctedng saidgas bofetyBads to heat the vaporization tube.
Brief Description of Drawings 20 Fig. 1 is a cross-sectional view show ng

essential parts of a y#eatingetedrertoMaayhervasoribiation tobewissreddi nent 1; Fig.
2 is a global cross-sectional view of the vaporizer for MOCVD according to

t he eBbodi nenta ddidtian pleviesitian pest baviogaa smedll MIEVD; in2talléd gutgide ssaad f r ont
view of a reserve tank; Fig. 5 is a cross-sectional view show ng essenti al
parts of gasvagletjaed for MOCVD according to an enbodinent 2; 10 Fig. 6 is
a cross-sectional view showi ng essential parts of a vaporizer for MOCVD
according to &ne catesdigas@ndsan oxidizing gas can be introduced from said gas inlet.
A vaporizing method of the present invention is characterized in that
oxygen is contained in the carrier gas in the vaporizing method in which a raw
10 material solution is introduced into a gas passage, next a raw material gas is
obtained by shearing and atomizing the raw material solution after jetting the
high-speed carrier gas to the introduced raw material solution, and then, the raw
material gas is supplied to a vaporizing part and vaporized.
A vaporizer of the present invention comprises;
15 a plurality of passages for supplying raw material solution,
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,
20 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.
A disperser of the present invention comprises:
25 a disperser, having;

a plurality of solution passages for supplying raw material

solution,



Fig. 7 (a) and (b) are cross-sectional views show ng a variant of a gas
passage of a vaporizer for MOCVD, both according to an enbodinent 4; 5 Fig.
8 is a cross-sectional view show ng a vaporizer for MOCVD according to an
enbodi ment 5; Fig. 9 shows a rod used for the vaporizer for MOCVD accordi ng
to the enbodinent 5, (a) is a side view, (b) an X-X cross-sectional view,
and (c) a Y-Y cross-sectional view, 10 Fig. 10 is a side view showng a
variant of Fig. 9(a); Fig. 11 is a graph where the experinment results in

enbodiment 6 are showaimfehgte dafrt ifr g]iﬁhgg%‘rbrl&éﬁtgsﬁqdm?'Pﬁéteﬁh?%l% gHe ng an

enbodi nent 8, Fig. 13 is a conceptu amto show a gas supply system

of the 15 enbodi ”e%%]gﬁiiecﬁr@mé [hrdli Cﬁrsgg‘ﬁmﬁ%gﬁéé Vi ew show ng an

enbodi ment 9; Fig. IS a cross-section vi-ew showi ng the nearest prior

art; Fig. 16 (a) and 4byppf} pads&gd 'PSEhIERCSALRAN ¥orRWRINTEHES VatH iee
vaporizer for MOCVD of the ‘prior art; 20 Fig. 17 is a graph show ng

crystallization chapigfifrelpast aShas af ootlét bhthe Vdpofizaffdpait&ides a graph
showi ng pol ari zation characteristics of the crystallized SBT thin film

Fig. 89 is a vaporizes ghetpadsageeta d:ioggspra? the car@emngasibr thewmiréd a
vaporizer; Fig. 21 is an exanple of SBT thin TilmCVD unit using a
vapori zer; 11  Fi gjas23f tise Tatsersgas earid orygdrowo rthe amixture faw naterigdvi ce.
Fig. 23 is an illustration show ng constitution of the heat nedium
circul ation that i tsolidiondadrndhednixturé&pgrt, 22he Supblyl padsageMand body of a
di spersion part, 2 Gas passage, 3 Carrier gas, 4 Gas inlet,
a cooling means to cool the supply passage; and

a vaporizer, having;

10 a radiation prevention part having a small hole outside the gas

outlet; and
the vaporizer having;
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.
Brief Description of Drawings
20 Fig. 1 is a cross-sectional view showing essential parts of a vaporizer for
MOCVD according to an embodiment 1;
Fig. 2 is a global cross-sectional view of the vaporizer for MOCVD
according to the embodiment 1;
Fig. 3 is a system chart of MOCVD;
25 Fig. 4 is a front view of a reserve tank;

Fig. 5 is a cross-sectional view showing essential parts of a vaporizer for

MOCVD according to an embodiment 2;
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5 Raw material solution, 10 6 Raw material supply hole, 7 Gas outlet, 8

Di spersion part, 9a, 9b, 9c, a 9d: Bis, 10: Rod, 15 18: Means to cool
(cooling water), 20: Vaporizing tube, 21: Heating neans (heater), 22:
Vaporizing part, 23: Connection part, 20 24: Coupling, 25 Oxygen

i ntroduction means (first oxygen (oxidation gas) supply opening), 29 Raw
material supply inlet, 30a, 30b, 30c, a 30d Mass flow controller, 25 31 a,
31 b) 31 c, a 31 d Valve, 32a, 32b, 32c, a 32d Reservation tank, 33 Carrier

gas bomb, 12 Fid% [xHaKsds- é’éﬁtfonaFQieMaéWcﬁmné‘bsB@ﬁﬁél'ﬁﬁhsobpﬁvaﬂérliﬁsfopa(?k 5
51 Taper, 70 Goove, 101 Small hole, 102 Radiation prevention portion, 200

Oxygen i OGS bc8drdifpfsan eafvdimenyden (oxidation gas)) 10 carrier SUDD' y
opening,) 301 Upstreamring 302 Downstreamring 303a, 303b Heat

transm ssion F@%d? 38yt ah@ab) @08 \ceosd-oactiopal dielws SRdwingas veriaht 9fa gagzl e 306
Exhaust port 308 Oifice 312 Substrate heater 320 Heat nmediuminlet 20 321

Heat nedipagsagélotta @#porizentoriO WD) totlv acomdingodhleibatlinoent 4t medi um 3100

Silicon substrate Best Mdde for Carrying out the Invention 25 (Enbodi nent 1

) Fig5 1 showFigh BajerazemsbaechidDview oshiibwiggt a sapeniderdiforeMOCVL3

Thi s exanpl e conprises; a dispersion part 8 including a gas passage 2

f or med iradcbaiihglt@ahcamlaﬁdimedlﬁpersi on main body 1 constituting the

di spersion part, a gas inlet 4 to introduce a Tpressuri zed career c};as 3into
9

the gas passadfig-29 showsam<od aisedviomie vaaPrizerpier MAOVE) ascersling ipithe a r aw
mterial esn?tl)gctiilm%rllmtss, t(e?) is a side view, (b) an X-X cross-sectional view, and (c) a Y-Y
cross-sectional view;
10 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
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
15 embodiment 8;
Fig. 14 is a cross-sectional view showing an embodiment 9;
Fig. 15 is a cross-sectional view showing the nearest prior art;
Fig. 16 (a) and (b) both are cross-sectional views showing the vaporizer
for MOCVD of the prior art;
20 Fig. 17 is a graph showing crystallization characteristics of a SBT thin
film;
Fig. 18 is a graph showing polarization characteristics of the crystallized
SBT thin film;
Fig. 19 is a vaporizer detail view;

25 Fig. 20 is a general view of a vaporizer,

Fig. 21 is an example of SBT thin film CVD unit using a vaporizer;

11



5 the carrier gas passing through the gas passage 2 and atom ze the raw
material solution 5, a gas outlet 7 to send the career gas (raw materi al
gas) including the atom zed raw nmaterial solution 5 to a vaporization part
22, and a neans (cooling water) 18 to cool the carrier gas flowng in the
gas passage 2; and the vaporization part 22 for heating and vaporizing the
career gas, where the raw 10 material solution is dispersed, sent fromthe
di spersion part 8, the vaporization part conprising a vaporization tube 20
whose one end Fi; 0RNLElRY doBiidn SRAINGP IR Rinfifig WBGIKDCVD devi ce, and the
other end is cohnected to the gas outlet 7 of th i spersion part 8, and a
heating means Hdieagelid i ill@sthfRin shewirRP WdnsfutieR brbipe2heatyRBEium 2

radi ati on prevention part 102 having a small 15 hole 101 is provided

out si de tdyeupaidnaH&l iels Jcattbied gPigdppent is explained nore in detail as
follows. In the enbodi nents shown in figures, the inside of main body of a
di spersi @yrpols 1 is a hollow cylindrical part. Arod 10 is fit in the

hol |l ow part, and a gas passage 2 is defined by an inner wall of the nain
body 6f the 20 di spdaini bodyefrd dispdrsitrepadd 10. In addition, the holl ow part
is not limted to a cylindrical shape, other shapes nmay be applied. A

coni cal shape2 for @asppbsage,s preferable. As an angle of a round nest of a
hol | ow part in the conical shape, it is preferable to be 0 to 45 degrees,
and nore pref & abl yCarrierpess to 20 degrees. It is similar in other

enbodi nents. 25 The_cross sectional area of the gas passage is preferably
from0.10 to @ 5mmiGaginlet, The processing is difficult if |ess than 0.10mm®.
The necessity for a_large quantity of flow in career gas of the high
pressure turn® up tRAWMAEHIESPIHEPpeed up the career gas when exceedi ng
0.5 mR2. A large-scale vacuu u o@ilarge capacity is needed to nmaintain
a redftion ch&nber Wé?a@r'awee »von (exanple: |.OTorr) when the career
gas of a Iargg quagg'té ﬁf flowis used. A proper quantity of flow that
i's, the gas pdssage-@F 8485 0.10 to 0.5 m2 is preferable to achi eve an

i ndustrial practic .use.becaHse it is difficult to adopt a vacuum punp
that exceeds Y0, 000°FPEERIHPA (atl.OTorr) in exhaust capacity. 10 The gas
inlet 4 is ingtalled.i ne of the gas passage 2. A career gas (for

i nst ance, N2,§ﬂr?53%55£8§'503§g9 (not shown) is connected to the gas inlet
4. The raM/nag%rial Sypply hole 6 is installed on the side approximtely at
the m ddl e of tThe J?sﬁersion mai n body 1 in comunication with the gas
passage 2, al lfgwin i material solution 5 into the gas
15 pggsage 2 g?d d?@%@?i?ﬁg&?ﬁQSQE&fﬁégﬁ&ia| solution 5 to the career gas
that passes tBbpough/idisiAapipssage 2 to make it the raw material gas. The
gas outlet 7 that |leads to the vaporization tube 20 in the vaporization
part 22 is in@ﬁalIqﬂeémn?ﬁ@aggqh@ﬁenhe gas passage 2. A space 11 to flow
the cooling water 18 is fornmed in the dispersion main 20 body 1, and the
career gas whiggh fl\apsorizing parigas passage 2 is cooled by flow ng the
cooling water 8 in this space. O, it may be cooled by setting up a Pettier
el enent or thedti keCofmactiongiaatice, instead of this space. Only the sol vent
vaporizes in the gas passage 2 w thout causing the vaporization

si muR0aneousl| R4of tGeuplivigyent of the raw material solution and an
organonetallic conplex in the 25 gas passage 2 that is subjected to the
heat influenc@5by t@eygerairgroduttion maany {fikst iageon(oxigation2gasihsurply t he

sol vent is prevented from being vaporized solely by cooling the career gas,
in whi ch QReRiR@Aw material sol ution is dispersed, 15 flowng in the gas
passage 2. Especially, coolipng of the downstream side of the raw materi al
supply hol e 629 i npdwiaaierabsiPrly Ni@last the downstream side of the raw

mat eri al supply hql S | ed. The ¢oolin enperature is a tenperature
bel ow t he boi | ﬁggﬁgi &?C@f&?‘ﬁe solM@ﬁ?ﬁOWcﬁor‘iﬁ'Hg?%nce, it is 67C or less for

THF. Especi g | he,te rature,in the gas outlet 7 is inportant. In
thiszgnbodineﬁbfgpﬁgagbﬁﬁ$€ﬁ@ t he @M?ation prevention part 102 that has a
smal | hole 10 ut,s1.d e s out .S inhstalled. The nuneral 103, 104
r epr esent seal%iz%ahgbl §‘Féh‘%ﬂg‘ﬁ as aljﬁgge&ﬂ@? {%’ s radiation prevention part
102 may be co Seqzaﬁﬁggk@ e, of teflon, stainless steel, ceramc,
etc.. In 10 addition, It 9IS preflerable to nake of a material excellent in
heat conduction. 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

vapori zation part, as the radi ant heat, through the gas outlet 7. Therefore,

the low nelting point elenents in the16%s deposit in the vicinity of the
gas outlet 7 even if it is cooled with cooling 15 water 18.



The radi ation prevention part is a nenber to prevent this radiant heat from
spreading to the gas. Therefore, it is preferable to reduce the cross
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 nore
preferable. 20 In addition, it is preferable to mniaturize a small hole.
In particular it is preferable to mniaturize it to a di nension where gas
velocity to jet out becones a subsonic velocity. Mrreover, it is preferable
that the |engyb of ghmeRbh hole is 5 tinmes or nore than the di mension of
the small hole, and rmreFEreferably, the length is 10 25 tinmes or nore than
the smal |l hol ggs diyagpsi on. 16  Mreover, blockage in the gas passage
(especially, gas outlet) with a carbide is never caused even for the |ong
termuse, by agol i r@eddtdndbipeer sion part. The dispersion main body 1 is
connected to the vaporization tube 20 on 5 the downstream si de of the

di spersi on nai4g bodyad padkie connection between the dispersion main body 1
and the vaporization tube 20 is done with a joint 24, and this part is a
connebtion paltl 23.Tdpey, 2 shows the general view The vaporization part 22
i s conposed of the vaporization tube 20 and the heating means 21 (heater).
The heater 2170s a Gfdveater to heat and vaporize the career gas in which
the raw material solution is dispersed that flows in the vaporization tube
20. Though, ird0idhe $mabhola,t, the heater 21 has been conposed by sticking a
cylindrical heater or a mantle heater on the outer periphery of the

vapori zati on ti@8e XRadiztier pigmendas PosiPhecause the nethod of using a liquid
or gas with large thermal capacity as heat 15 nmediumis the nost excell ent
in order to h t dOxyden iRtraauetion Bleans dseranst Qrvgen{oxiHatios §gsbudi nal
direction of the vaporizatiagn sube. It is preferable to use stainless
steell® such a$adigESUPPIV @RCRIRG) ance as the vaporization tube 20. The size
of the vapori é tio tL{be 20, only may be deci ded conveniently to such a
length that t 1te”ﬁ%‘? HF{APENG: the vaporization 20 gas is heated
sufficiently. Ear iQstance, when SrBi 2Ta209 raw material solution 0.04ccm
i's vaporized, 3|O rm@mﬁ@s %%JH "M% one of 3/4 inches in outer di-ameter and

several hundr %ﬁggngggbl q_qgéﬂrarig}@gggntrggddomst ream si de edge of the
’ cle

vapori zation t i s conne O a reaction tube of the MOCVD devi ce,

i/g.pt)ll:]: ia’?inggd!?@g'gt ﬁ%@#ﬁ%‘g’g?ﬁ%ﬂ% Eo:r;aﬁg, | ZI : (r)\sv‘t ﬁlgl '?g Irrinxt Pﬁe oxygen
heateg to a p@@ggri@ggvgﬁ{@&r%ﬁ@ into the career gas. 17
306 Exhaust port
308 Orifice
312  Substrate heater
320 Heat medium inlet
20 321 Heat medium outlet
390 Heat introduction medium
391  Heat outlet medium
3100 Silicon substrate
Best Mode for Carrying out the Invention

25 (Embodiment 1)

Fig. 1 shows a vaporizer for MOCVD according to an embodiment 1.
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First of all, supplying the raw material solution to the vaporizer shall be
descri bed. Reserve tanks 32a, 32b, 32c, and 32d are connected to the raw
mat eri al supply port 6 respectively through nass flow controllers 30a, 30b,
30c, and 30d, 5 and valves 31 a, 31 b, 31 ¢, and 31 d as shown in Fig. 3.
Mor eover, each of reserve tanks 32a, 32b, 32c, and 32d is connected to a
career gas canister 33. Fig. 4 shows the details of the reserve tank. The
reserve tank is filled with the raw material solution and for instance, 10
1.0 to 3.0 kgfe eeL. i ine , Ne)
f‘l"’h?é@x%{)}ehﬁoﬁmgﬁgéé Qﬂ?spfefrﬁb? Fﬂ%ﬁ"f gﬂggugi‘gga% itqa%aﬁéaosgrage'_ﬁ’

is send to the respective r s_er\/o!r tan _ c, made by
SUS ). T*?Srrﬁédviﬂ&hérih@rio?@ftﬁ dpersioR YRARMbOY 1 NedrdBitdtifeetHeNdisBersibsle

i e solution, because the interior of the reservoir tank is

contacting wth t
pressuri zegh kygadmicwed ko fitradee Apsslarsd @éfe‘éii' JABERINtE KRS §HS %abg?g’e mass

d
flow controller (made by STEC, 15 full-scale flow 0.2cc/mn), a flow ng

quantity 4 & geahsqhlrad maietial 80pplythdl®) & [RBeHSY ethw rRiehal st Bitd al
supply port 29 of the vaporizer to the raw material supply hole 6. It is

t ranspgor tthd chfrier geRasddsing nﬁbm?ﬂpm@gmpasm Z anti raadinize the rawcpatsrzint
flowi ng quantity 1n the mass flow controller. At the sane tine, oxygen

(oxi dant )soR@tiosnd cangas outiet 7 ¢d sedd the earfciex gds f(tawvmegedplayas) including tess f 1 ow
controller (nmade by STEC, full-scale flow 2L/mn) is also transported to

t he reactdtomizest rawThateral seititon b5 teoh uvapmrizatpospart 2&) angamoneans| i c
conpl ex by the vaporization of THF solvent and beconmes finally solid when

| eft as i(co0ling wetexlid8 ta qcofjtheicairien gesifiowing imitvnedsprEsagApaas theis been
di ssol ved in solvent such as 25 THF at the normal tenperature. Therefore,

it is ass@pedzation pags2? for heatinchand veperigngdhe £a5e@i 6as.t WherecHieeraw n
contact with a stock solution to cause the bl ockage or_others of the piping
by tAPs. naleriat seltionts dispersryhent fram the dispgrsier peg 8, thg VapoRizatien
interior of the piping and the interior of the vaporizer with THF or other

sol vent s RA't SOMAHISING 5o ¥RPPEZANRST fuksh PG YNOSRL PBP @M 1B XWEGE DO the
Phe cont dPREIoT BRRe bWtk b vrssanrBs Gtheh e RooatBeintiebisl
contai ner. GxChANOE MOS0l Bln's USIFS AinBAnball(RBarRl 57 1§k tREK Wi th
vaporization tube 20, wherein a radiation prevention part 102 having a small
15 hole 101 is provided outside the gas outlet 7.
The embodiment is explained more in detail as follows.
In the embodiments shown in figures, the inside of main body of a
dispersion part 1 is a hollow cylindrical part. A rod 10 is fit in the hollow part,
and a gas passage 2 is defined by an inner wall of the main body of the
20 dispersion part and the rod 10. In addition, the hollow part is not limited to a
cylindrical shape, other shapes may be applied. A conical shape, for example,
is preferable. As an angle of a round nest of a hollow part in the conical shape,
it is preferable to be 0 to 45 degrees, and more preferably, to be 8 to 20
degrees. It is similar in other embodiments.
25 The cross sectional area of the gas passage is preferably from 0.10 to

0.5mm?.
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Valves 31 b, 31 ¢, and 31 d were opened, and the career gas was fed
forcefully into the reserve tank 32b, 32c, and 32d. As for the raw materi al
solution, it is fed forcefully to the nass flow controller (nade by STEC
full-scale flowing quantity 0.2cc/mn), a flowng quantity is controlled
here, and the 10 solution raw material is transported to the raw materi al
supply hole 6 of the vaporizer. On the other hand, the career gas was
introduced fromthe gas inlet of the vaporizer. It is preferable to set the
Maxi mum presstig GRcbGng Y RICUIOK lest! tHEN 101 GHAT! FAE rdcebSifiSfor A fargd'e

maxi mum f1 ow ng uantlgﬁiyé\ﬁlegﬁ can %e _lg passeg'T at trﬁé; t.ﬁffe |rs raéb%ut
1200cc/ md‘ugnﬁﬁg““ wpﬁ‘ﬁééﬁ%rfg{éﬁ‘é‘bﬂm@ﬁl pRissURS tERS RIS A cdus&REhes one

hundred an sec. Wen raw material solution is introduced from

the raw rgpeeti @ theugdter §as dHen édceelliRy G.8rAAE. Aagrgelstdledatiurh BRINGRS
passage 2 of the vaporizer, the raw material solution is shorn by a high
speed fl @ Qargehecsaityeris Jaeedadd tat onaiaedn 2@ i refaetion t chhmber paindee! e. As
aresult, the raw material solution is dispersed in the career gas in the
st at e50f ddcongdressionaekamipte: TTOTorpwbeh hascdreewgaatafra drggagp)aritity i ch t he
raw material solution is dispersed in the state of ultrafine particle is

at om zed,flove spused. tA eréparguamibdof flowpthalhés, the @aiszzassage @aes diD. thdo

di scharged. An angl e which the gas passage and the raw material supply hole
formis Z65opnf is pederableeto achiavean ipdisstaalepraatical usaevaueeiitds difficult i on
inlet forman acute angle (30 degrees), the solution is attracted by the
gas. |f ito adopd®@ daguwBspwnp bakexeersissdHd.000dhen/minp (dATasK) inhexhaus! The
best angle is decided, fromthe 19 viscosity and the flowi ng quantity of

t he sol utd@®acitfthe sol ution flows smoothly by making it nore acute when the

viscosity and_the flow ng quantity are Iarqgie. Wien the SBT filmis forned
by udPng hexad&er@as ikt &isipaatied Yhene end qldle gas Pasgage e AreHeer 888 ause

vt or i ai. (GEIGERORE Hory BN E1F) S0P RS AV I RCIFRR BRI i 0 tho
%i{i‘éﬁf’gséi?? Cgrafhreﬁi%%eafﬁ est)”?tg-:piv: b§&§5§9@§l'ﬁﬁ°4 f&e%é?siciéj Bife rywe”;‘;‘ita?ﬁ' 2
0 35 WA ol oS el RS i BEARE, 5
sol vent gq%%gé% %"Hg\l{)\gﬁ}% mbgéaﬁéﬁzghggﬁ” %&%%ﬂghtggrﬁﬁl\\/svﬂﬁét ,é.'?(?lathgsg%%l y port
cool 48 i Heoh ARG isBHRY LR By crilich Wy o2 BECCRREF 28R el

di sper segddlob i bifitfe Yhsilaigagelibihed Rk fad hgfiaiRiasgas di schar ged

from di spersion pa m xture gas by m xi ng The oxygen heated at

a prescribed treRREILbUIE 7 fHANAHR @M SApdHEMh RPEt2® M thesiapdrigbtion
i medi ately before reaching a reaction tube of MOCVD, the vaporize being

pronot ed piit b2 id ingRiearihione értboftBeldae p@@g?émti on tube 20 heated by a
heater 21 to a prescribed tenperature, and flows in a reaction tube. In
this 20 enbodiArepdce i1 to SloewbeuedalingbyatendByigifognedéin theadispesiorodminf t he
vapori zation gas in place of deposition. A vacuum punp (not shown) was
conn@0Ot ecdbddyom andethieacarteepayas which fipwsiinithe gas ipassageisisuceoied by
reaction tube 44 were renoved by the deconpression operation for about 20
m nut es, flwvdng thaloveling widen8tin dhis space2 Orei ay bepeoraleddy sgtting upha
cooling water was flowed into the vaporizer by about 400cc/nmn. On the
ot her harRgltiehelemersar thadiker faKgstanae, inatead Gvibis sgace Ly e solvest
interior 20 of the reaction tube 44 was filled enough with the career
gas, and \aperizasirihe gas passage Jovithout spusiag theNapedzmiongiuliapeodsy gas
outlet 7 was |ower thgn 67C. The inside of the vaporization tube z?io was
heat ed t PT208E0MERNE OhHI] raw FiAterdl QAN apd AlKr9anomgt 'Cg%%mBI‘eJ?&‘IJ” Beand t he
ck to 100C, a of the .reaction

800 %Thegqslegaﬁ?@q Qﬂl@%ﬂ%sgﬁﬁis&eeeﬁoz@& i frcpudRe giseen 2l et iheang
51 ( o) 3rorrendn B 22 Hierdt el sottd s YRR Fouf royyd (Aobhizéa

solely by cooling the career gas, in which the raw material solution is dispersed,
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the flow ng quantity of 0.04cc/mn, 0.08cc/mn, 0.08cc/mn, and 0.2cc/ m n.
10 Twenty mnutes |later, the valve just before the gas pack 46 was opened,
the reaction product was collected in the gas pack 46 and it was exam ned
whet her the detected product and the product in the reaction formula that
has been exam ned based on the reaction theory agree, through anal ysis by
the gas chromatograph. As a result, the detected product and the product in
the 15 reaction expressi on that had been exam ned based on the reaction

A R e s e R e
result, rﬂHtHH?JI smI)Plﬂqﬂﬁé 98 n%oﬁaﬁth%ﬁgbéég%ﬁtﬁﬁ ?g%lstr@étn 804 e St ' !

| ess than he case a device sho I's general that

the raw Wﬁhﬁrhb?érlﬁﬁ%hgbmlé%cﬁ%léd IF b &g fé%ﬂaréﬁﬁé‘?s GGeRephRirs ol vent

liquid) wth net ng conpl ex, in case m xture or dissolution of

met al s baggsvde aod“lidgrpbﬁwf e sbivens qtdrennttatn@eontuglm°@ dradsSaGeTHH,
sol uti on. However, the present inventor elaborately exam ned the raw 25

mat er pal Eéﬁéﬁdl@nth@téﬁtﬁéruﬂﬂeﬁmﬂie gaeoumsta isampphant.does not necessarily
come to separate nolecular state but, in some cases, the netal conpl ex

m ght exist i thie eptodimientdn addttvonl meotfadllattfbnspreeenﬂlorilpan 102CGhat hagd in
sone cases, the 21 metal conplex mght exist partially as solid/liquid

state. |ta ismdlihbolght01 lattsideapgi gap dutleind ishiastalipdr Thatnumerad HWHeG4al |y
caused easily when the raw material solution is in such a state; however,
the cl oggepesest seal matarials sueh dsoan & riag. Thtseradidtiosopravieation pastitd a
state, in case of using a vaporizer of the 5 present invention. Mreover,
the fine rpay thelcompdseddder dastange,bof teflon, tstaintessheteipht ceramie, gicollt i on
where the raw material solution subsists. Then, it is desirable to cause
convat i cdditian, uhiis erefesalipdosmakeoe! ai matgsial taxeelentnint heapreréuatier: on

sol ution by heating the bottom (bel ow t he vaporization point of the solvent
to the | adoprdingite thestrding &f the qygeent ipveridht thengasn &escpassage; 3 i$ror e
preferable to heat the bottom and to cool the side.on the coptainer top. O

course, tQ¥&y ‘%ﬁﬁﬁl 'rb@‘len@é‘?re%"ts by theh ?@Weﬁhgt@?r'l;@g?@vpﬁﬁe agd Srﬁ Eth"‘iton

B e L e R
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disp Q{)tg? é is preferable to provide a heater which sets or
contr A a antlty of heat to be nore in the upper part of the

vapor| zing tu%ea%i%tga?? &n! fig %aﬁtten?ci] n%&ggpp%gqgall f t'ﬁ%y:i g. 5

shows the vaporizer accordlng to I ment

erbodi MetomasfRBkI0 WAhe™ gRASTABRIIAD 145 elcMafleaic Yadhidd a6 WrBs

periphery e radi ation reventl on part coo nmeans 50 was

instal | e%&hBHEIdar’eB%fQHé%rmélleﬁcblehl‘i‘mﬂegé tt@ar?ﬂféﬂ%‘f?bb@rbalééé e 23 Redfi@ti6Rdi ation
prevention part 102 was cool ed Moreover, a hollow 107 was installed

around t heg 192"’o|r13éSSOI§ ptrét%rétnaldndhﬁsebrlééb |s<ahdst@rpréﬁﬁaleiet s were made sinilar
to the enbodi ment 1.
20 In addutlon, |t is preferable to miniaturize a small hole. In particular it is
preferable to miniaturize it to a dimension where gas velocity to jet out becomes
a subsonic velocity.
Moreover, it is preferable that the length of the small hole is 5 times or
more than the dimension of the small hole, and more preferably, the ilength is 10

25 times or more than the small hole's dimension.
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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 enbodiment 1. Mreover, the anount of adhesion of the
carbide was about 1 /3 tines of 5 the case of the enbodinment 1, as the
result of the neasurenent of the anount of adhesion of the carbide of on
the outer surface on the gas outlet 7 side of the dispersion nmain body 1.
(Enmbodi nent 3) Fig. 6 shows the vaporizer for MOCVD according to the

enbodi nent 3. | ’gzgéo t 1ds$ekidfl @ | had i
preventi on parl\%&fgg?'t’ gﬁelgc ons;eH :ﬂ?\@fbﬁs ﬁé%es’agé gégﬁebl'&ﬁ&,d{gé@%dtl'ét)r @Ehaél ol

_ _ e concerned part sappear's because of
this tapesarbide i3NfbvieP®abitadtiehadr Bhe IcHY EMENsE! bif 8BolRy HeeWRpERflon O her
respects were made simlar to the enbodi'nent 2. 1n this enbodi nent, the

det ect ed gyrpduct agrees with the product in the 15 reaction fornula that
had been exam ned based on the reaction theory better than that of the

enbodi nent 2. Ter dispersiort haimodpt1 iBf cartheetadto tife Vdysorizatibhdebe@d eh nost
null, as the result of the neasurenent of the anmpbunt of adhesi on of the

car bi 8e dhe cowretream sides of thee dispersibe ngais mody @1 The tamedction hetwesmer si on
mai n body 1. 20 (Enbodinent 4) Fig. 7 shows the nodification enbodi nent
r ef er ri nghe disgessigasmaiastsatye1 anbddhgivapodzatdn wibed@hisddane whie asjoirft&de of a
rod 10, and the outer diameter of rod 10 is nade substantially the sane as
t he i nnerardi thisepait isHa consedlirepatPBor ated in the inside of the dispersion
mai n body 1 in_Fig. 7(a). 25 Therefore, the rod 10 can be disposed in the
hol e without &igiZshewsdhegangraletiewndhen@pogaation part 2R ishedraposes dbver, a
screw etc. need not be used. This groove 70 becones the gas passage. 23
the vaporization tube 20 and the heating means 21(heater). The heater 21 is a
10 heater to heat and vaporize the career gas in which the raw material solution is
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
15 medium is the most excellent in order to heat to obtain an uniform temperature
in the 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
20 gas is heated sufficiently. For instance, when SrBi,Ta,0O, raw material solution
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
25 oxygen supply port 25 is installed in the vaporization tube 20 as an oxygen

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

into the career gas.
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Note that a plurality of grooves 70 may be forned in parallel to the

| ongi tudinal central axis of the rod 10 or spirally on the surface of the
rod 10. Spiral grooves can make a raw material gas nore uniform Fig. 7(b)
is an exanple of installing the mxture part in the tip part of the 5 rod
10. The largest dianmeter of the tip part is nade al nobst the sane as the

di aneter of the hole perforated in the interior of the dispersion main body
1. The space fornmed by the tip part of the rod and the inner face of the
hol e becones &; S i IO ] ; ; by
usi ng the rod@% Fgfgﬁf%gﬁ@ymgg%gr%@iﬁgﬁ%ﬁ?&%ﬁggﬂgﬁfgg?gﬁggvﬁﬁii_IFE% a
concave ngkHBden the hole, though the exanple shown in (a) and (b) is an
exanpl e of executing the processing to the surface of the rod 10. It is

preferable to Fleritdrk@ 322 3ubt B2aband 3bdHre dopndstednbarbdanw mutetap for
i nstance. (Enbodi ment 5) 15 The enbodi nent 5 shall be described based on

Fig. 8. Hupphaper ezespéciveObybugh nidssTowbastidiend 30as36b, Boepandi3vd, part 8
i ncluding a gas passage forned internally, a gas inlet 4 to introduce a
presseri zad valvee81923118 31nt antliBd dgwssshvas ingEig. 8. neans to supply the raw
material solution 5a, 5b to the gas passage, and a gas outlet 7 to send the
20 career gas Morebuer, echief resgrvestbaks 32as 8Rbit 320) &l 32dh i oonrnected to

vapori zation part 22; and a vaporization part 22 for heating and vapori zi ng
t he car eex cara®er gaslcadister 3he raw material solution, sent fromthe

di spersion part 8, the vaporization part 22 conprising; a vaporization tube
20 whose one &gl 4 shows the detdils of the reserveotangart of the MOCVD unit, and the
other end is connected to the gas outlet 7, and 25 a heating nmeans to heat
t he vapori zat ilhe tessevex@nkiig dilled withthedrayy eraiptal gaidtiorsand fer instanae,

di spersion_main bodéﬁ% having a cylindrjical hollow part and a rod 10 havi ng
an odPer WP 4npek@KobREY 10fthe garpardas; figreinstangmetnert gas AreHey Nehis send 24

hol l ow part, the rod 10 has,one qr nore spiral ooves), 60 an e_vapori zer
55 57 de” gp thdoSRRGIe JeseBRErTIsER NG speaRy 3BR % Gdrby SUSderhad | n
the cylindrical hollow part nd, a radi ation prevention part 101 having a
srmi 1 noitaws Geter sai il bushiEr faif She R 0B ik “Tdp Sonbaeduts B8

vapori zer 2t'Si e is irtlétalled 5 @utside th gas out | et é V\ﬂ‘n t he raw

mat eri al SOMHAN HECaUPR R FHpTIot etrﬁgeév(%r%g 38 PLEYHERE AR NS EHEET car eer
gas 3 flows, [a ri ol ut | i n 1 T is, the
raw mat erdor a@@ﬁmqsﬁ’ﬁr@ﬁipd?kp ?Sc?ﬁ‘f%?‘% @ﬁggﬂEWy&{}ﬁ@ﬂ%Fg]ﬂéggggdg ﬂsglw of the
careegr 0asy. ' rej - Th teri |t L0 into 10
part 191 o ot oGl TBUZ 0260’ 4 Hdiing Gubrity B SohfoIE Hirer bR ¥

respect iyg Ridedr b %h%ﬁ'm%rigﬁ%hpél% é@r‘? é@'&Qan@%@%% Etb% -1

preferable to execute shearing and a ation optim is preferable

to suppl ynaRNalBlSHIy Holese! ution 5 by 0.005 to 2cc/min, 15 preferably by
0.005 to 0.02c/mn, "and nore preferably by 0.1 to 0.3cc/mn. Wien two or

nore raw nat ent iglir&Rpsricdn® 4 eQattRNNDATY b Varesr gaseentsolri iced cdhstame same
time, it concerns their total amount. Mrieover, it is preferable to supply

t he car edfowiag qaiantiticinstheatass 11d@ domtidlienAtehe santk fifR, oaygePiidedant)s nore
preferable. 20 Qoviously, the flowing quantity of the raw material sol ution

and R0e fwisich g cantzolied to afixed dowingeeuargiy irnaenasy flel zoettollem@nadebpassage
sect! OnalSTEC, full-scale flow 2L/min) is also transported to the reaction part.
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
25 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

blockage or others of the piping by this. Therefore, it is thought that it only has
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area and shape shall be selected for the best achi evenent of shearing and
atom zation so that ultrafine particle mst be obtained. In this

enbodi ment, spiral grooves 60 are fornmed around the outer 25 periphery of
the rod 10 and gap space exists between the dispersion main body 1 and the
rod 10; consequently, the career gas including the raw material solution
that becane the atom zed state goes straight in this gap space as a 25
straightly advancing flow, and at the sane tine, forms a rotating fl ow

al ong 1 hgoSPALRthSIRENG: @PtheTBfgﬁtsq bhe t%‘?ﬁt@ﬂb bf“t’l‘?é‘(/%%rfr{ér Jﬁ/ RF bhe raw

material solution atomzed In ate wnere t estrarg ancing fl ow

and the rqahat éd]@erﬂtls%e?"tﬁe deSESIHATWoRK End %o Bahtfrélrtﬂb)bl@ék%@@ro?%'e 'pfblﬁ@e

career gas. The reason why a uniformdispersion can be réallzed when t

strai ght |ah PRV ABEIINY WdsBMPIKE. t\NQsﬁlﬂb a% ieRertéd @Weﬁéeparpﬂéﬁmﬁeaéﬁntaﬁteﬁm
necessarily clear; however it can be supposed as follows. By the existence

of the rafialek BiElef toothe Vdperigenincidditipthd RIVE taterid coptaihBeekdhaMgeandrk, he
secondary flows are caused. The m xture of the raw material and 10 the
careeb gamd fughesrthe parbyhichetits sachvsrk ywifh iessolvém! i s, a secondary
derivation flowis caused by the centrifugal effect of the rotating flow in
a per pendi cul Malvbs 8d¢bj @ict antdh@1d Ivere apehechsarad thees Wareen gas eeas fédhat t he
atom zed raw material solution is dispersed nore uniformy in the career
gas. Now,fordefidlveiriodiheerasesvenitinki S2ie 3Ac, gl 38de Asnfateth® rawismatariadbws. 15
In this enbodinent, it is conposed to supply four kinds of raw materi al

sol ut i onsobatjors i, isSed fercafudly to3he nass fmwr ceptralier (BragenyrSTEC ful-scale
materials and 5d is a solvent raw material such as THF) to the gas passage
as one exXigwine. quantiy d@R2ce/mim,xat flewingr auanifisis( éanireded "hetq randethal gas")
including the 20 raw material solution that becane re ectively m st and

ul t r 4Pi neésohdian kv matesiaf ds ffanseotted Jorthe gvomaterial sy halyy fry AT the

downst ream of  t he portion corresponding to the raw material supply hole 6
of the rod@PPHZES.n this enbodinent. This portion becomes a pre-m xi ng part

g:—sga:mn c ot ) Dhite fbdidans: ?Bﬁgéﬁ%%?ﬁy@”wa%%ﬁfﬂgaﬁﬁeﬂbH‘eh é@gué%gdﬁisoL
Gownst r edfipiaElzp 1 bise B R ol D AP prd Sty ?ﬁééﬁbﬁ{w BB omm i s
pr efer ablﬁeg%ag %@qf 08115;5?1(]%@? "BhE ReChRkARLA E|8WH‘%§ ghgn r TLA gsure raw

mat € 'hIr's”range, a mx erra gas rn which

On'y d%sggdoett thbseuﬁm%ree?wlﬂa%ase&ﬁ%'a g@agseét;e' I09R98B8it} %f‘i'ﬁ’ ser

than er organorreta I'C raw mat eri al gas

vapor i zat g dc'ﬂe% gy BRAtendnPasl | el part 67 and a taper
I nst

part 58 a e edge 66 on the upstream side of the rod 10.

The cyl i nder lwhé@rhdo?ervt nﬁ)&tetuéresdrhtrd@%%mu@drrr&ﬁdhelaw&n@reﬁw Sigspiy th a
paral |l el part having the sane inner dianeter as the outer dianeter of the

paral | el g6 iAo Ble ddreer gas HOwirdyifl thelqaBgiaskaye 2t dfahe vapbligers i@ rdvaper as
the taper of the rod 10 corresponding to the parall el part 67 and the taper
part 58. mhwrtial soktionfis sherrr by alfigh spesd dionedf theosardér gas drapatosfizedi de on
the drawing, the rod 10 is maintained in the hollow part of the dispersion
mai n2bodyintb. ubiafiherparticier & a hesidirtibe irawmmatieriab sehutioh ia dispersed gathef a

hi gher pressure than 3kgf/cn2 is used, the rod 10 can prevent from being
noved, bemdesegahin thepsiate of pitrafine particte.nDieicareer ged (tayy matetiali gas) in

enbodi nent. That is, if 15 the mai ntenance technol ogy shown in Fig. 8 is
adopt ed, wihishdhegew gwateriairsadtion isvdigpensed iprtbe siiate off ultifne markelets gher .
As a result it becones possible to reduce the sectional area of the gas
passage, etﬁmlgqrbmeﬁpmgnthgﬁu@hepee@ ipt e vapesizaliom partddand disshatgast gas.

That is, the sup hi gh- speed cayeer

poss b AR G el RAEeE SRNTH oSl ol i 61T
Snd 85q TPV 2 SAeel pESEase BOd.A an; maldial HOGHGED ingtotorh

B ol by a8 ahiid [ S8eteRst 35%?8’#3'5@@%%“3 t?%gyﬁﬁ%?ﬁg fﬁ*qu‘%’ %ﬁsagogai "
8.7305%(: e(p)%etpw(?ﬂg@%t f%fsggd%ftﬁ\é pre real glle?'%l {i)e%ﬁ‘ﬁoamérﬁeg[]ﬁgr

is not generated by making it within this range. I\/breover it is easy to
obtain a high-speed fl ow
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27  The conposition shown in Fig. 1 for the enbodinent 1 and ot her
conpositions nay be adopted for the maintenance of the rod 10 and the
formati on of the gas passage. The nunber of spiral groove 60 nay be single
as shown in Fig. 9(a) but it 5 may also be two or nore as shown in Fig. 10.
Mor eover, they may be crossed when two or nore spiral grooves are forned.
The raw nmaterial gas dispersed nore uniformy is obtained when they are
crossed. However, a cross sectional area of each groove is set to allow the

gas flowyslsap) tahdttﬂehwn@h M(Hf tﬁ@‘sélutlbrﬁeTﬁé 38IufibA fl%%pé?neét \XIEySp' ral

groove are not - especi al | and t he size and shape sho n Fig.

9(c) are rﬁakuﬁgdit &ﬁo@nac@téawabﬁ thleéé’bﬁtyeﬁﬁ’@thquwm@ heu0isy BRS3agR. | S
cooled with cooling water 18 as shown in 8. Moreover, "an expansi on

part 69 iwheAded IBIEfIM I foRsealtd m@hbtaaﬁemrdﬁe@welne AT BACRPhes
di spersion part 22 in this enbodi ment, and a |ongitudinal 15 radiation

preventi airepréeferdflé betadse dogethe \nsctdsutg axipae Flowing guantith a‘m&hﬁallhol e 101 is
formed on the gas outlet 7 side of the radiation prevention part, and its

i nner 5di anmet eThsee ddiads @fitraivn ntdteridl agsuticisapentroed do teheonsaiaot iflovingi de.
Thi s expansion part 69 is also a portion to prevent the stay of the raw
mat eri al queEntiteBowiimtodhé gastpassagd draratihe Baw Ghatetialrsupply heled raogglon part
69 20 need not be independently installed, and an integrated conposition as
shown i n aziof. ragv mayerial seipply M@Bemovmndhglg@sdfassagmmth ihelcargeygass i s
preferable as the expansion angle 8 for the expansjon part 69. The raw

mat eri al Wish dgcame supjgh- %@eecgcurr@ntjpéﬁérr federepheingvlispandedesta dye ng t he
rotating flow when 8 is in this range. 25 Mreover, when 8 is within this
range, t n@pprlaaupmpaa 3R, Rondhe disneEsIen PR §ralonas dae rawdnaierial solblioRf dead
Is mnimzed, and the exi stence of vortex b he stence of the dead zone
can B8 misialed PBat 1AL ThheRRGFRIGS DERAR s e VapGrzaton O the

solvent such as THF is promoted, the part from the raw material supply port 29
to the raw material supply hole 6 and the part of gas passage 2 are cooled with
a cooling medium such as water.
The raw material solution dispersed in the state of fine particle in the
15 career gas discharged from dispersion part 8 becomes a mixture gas by mixing
the oxygen heated at a prescribed temperature from the oxygen supply port 25
installed immediately before reaching a reaction tube of MOCVD, the vaporize
being promoted while transporting inside the vaporization tube 20 heated by a
heater 21 to a prescribed temperature, and flows in a reaction tube. In this
20 embodiment, it is evaluated by analyzing the reactive mode of the vaporization
gas in place of deposition.

A vacuum pump (not shown) was connected from an exhaust port 42,
impurities such as moisture in a reaction tube 44 were removed by the
decompression operation for about 20 minutes, and a valve 40 downstream the

25 exhaust port 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
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to 7 degrees is nore preferable as A. The range of preferable Ais simlar
al so in the enbodi nent shown in Fig. 6. (Enbodi nent 6) The raw materi al
solution and the career gas were supplied under the 5 follow ng conditions,
using the device shown in Fig. 8, and the uniformty in the raw materi al
gas was exam ned. Anmount of introduced raw material solution: Sr(DPM
20.04cc/mn Bi (CsHS)s 0.08cc/mn Ta(OC2Hs)s 0.08cc/mn 10 THF 0.2cc/ mn
Career gas: Nitrogen gas 10"~350m's The device shown in Fig. 8 was used as

the vapordzgé iré’ébt%ﬁ‘&hﬁé-%"@é‘@ﬁ?éd eﬁ@%‘gﬂ Rfth\théE t8redr Yais! hd HéradReNase Not

formed as shown in Fig. was 15 us as a rod. Thé raw material solution

i's suppl ivegyd 5@ Ws"Ehdrsl. ThieQBherAurPhlthaQd Sutletr Was IdWerdRaR®7°gas i s
changed in speed variously. The groove 67a was supplied with Sr(DPM 2,

groove 67b W trimeBh§idetdiibe vaponziohttbei 20 was headstos2G08, aiepae flofsl Wi th

sol vent such as THF respectively fromthe raw material 20 supply hole.

Heat i ng itRe trb&cticrpRibiezt iooa gasPackals dd thexgasipack tot TBO'Caandahetinside gas was
collected at the gas outlet 7, and the particle dianeter of the raw

mat er bal ofdhetéactionasbeedsioradB0otot8t®°Col | ected raw material gas. The
results are shown in Fig. 11 as relative values (the case with a 25 device
accordi ng to dihecresguve tafk twas préssurized witiowhe icaréerggas 2pajeinsasdtato be 1
). The dispersion particle dianeter beconmes snaller by setting the flow
vel oci t y pres@ihedskgquid wasdiayvedby tiremass dlow ¢antictiey. 11, and the di spersion
particle 29 Sr(DPM) 2, Bi(C¢H;),, Ta(OC,H;);, and THF were flowed respectively by
the flowing quantity of 0.04cc/min, 0.08cc/min, 0.08cc/min, and 0.2cc/min.
10 Twenty minutes later, the valve just before the gas pack 46 was opened,
the reaction product was collected in the gas pack 46 and it was examined
whether the detected product and the product in the reaction formula that has
been examined based on the reaction theory agree, through analysis by the gas
chromatograph. As a result, the detected product and the product in the
15  reaction expression that had been examined based on the reaction theory
agreed well in this example.
Moreover, the amount of adhesion of the carbide on the outer surface of
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
20 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
dissolution of metals becoming a film raw into the solvent to obtain a raw
material solution. However, the present inventor elaborately examined the raw
25 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
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di aneter becones still smaller by setting the flow velocity to 100m sec or
nore. However, the dispersion particle dianeter is saturated even if set to
200m sec or nore. Therefore, 100 to 200m sec is a nore preferable range.
(Enbodinment 7) 5 In this enbodinment, a rod where a spiral groove had been
formed was used as a rod. Ot her respects were the sane as the enbodi nent 6.
The density of the raw material solution that had been supplied to the
groove was high in the groove extension part, in the enbodiment 6. That is,

10 respeqhhise! yorh %xdﬁﬂiﬁtt ¥xist J@?’ﬁﬂly‘é{s”%ﬁ/hﬂidsé’th%.i ﬁ”is""%?odﬁn HDa; t han

ot hers in each extens art roove throu It cane; e den5|ty of

Sr (DPM 2 H{e %&éﬁn% *ﬂ% \Hgﬁinzﬁﬁoﬁ he é’éﬂ&" eﬂly‘ E‘a&:&% @ng@%ﬁéh F’tﬁét réf the

groove 67a extension part t he groove 67b and

Ta( OC2H5)rﬁaie'ﬁ|aI Q@Huﬁéﬁ e %h@ébt@fhdm@rWWO@q fg islRotER e evenol hi s
enbodi nent, each organonetallic raw material of the mxture raw materi al

gas that daswbearerhtsyingsh @ stbe £egReOin 2asidfalisigy PWapYASeBt ftigg m i n
any part. (Enbodinment 8) Fig. 12 and Fig. 13 show the enbodi nent 8. 20
OxygeB hagebetinveritiopduced only downstream the vaporization part 22 as
shown in Fig. 2 in the prior art. As described in the colum of the prior
art, a | arge dhareovenfthedineopartislecsutisidesedasity bh@ravitynd thvenbottdy inhe pri or
art. Moreover, there was a difference between the conposition allocation in
t he raw rmaiwlidrawharelthehkave orgiesalt sadutical swlesistsohhém, it fedeliraide tedatisém That
is, when the raw 25 material was adjusted to the conposition ratio of the
st oi chi ormetwection andusifoemidispersipordf fise, paiticle de s Praservation salwtion by
deposited filmturned out a conposition 30 filmdeviated fromthe

st oi chi or&ating thexbettamr(elay the yappazation poiphehdhre selvenhde the dash ini s
hardly incl uded éabout 0.1 at% was observed. The present inventor found

t he &éuséesmte@ clagaing mieventione M@@owsbnltmemer%wa@ﬁa%stq RepbdiR ed.

That is, it has underst od that, if oxy en is 5 infroduced fromthe gas
inlet 4, RPUOR 06’93 fa¢, sl mwtm‘opp B OR e@% COHESE; éheﬁoﬁh{aﬁl B%d the

fE?é?ego;_l éaﬁr{ééﬁ%iexr @%Bﬁﬁwq h°”é@¥“3@%‘z§| | e hE N on T fhe
ext F‘del'y m nifiines, € ROty ablE il 1 Beal B B hoeg 2 b8 ARutReA% chana
The ser NS RatH BBt maObL BEHRS RO BF 1 Eap otz fipe 50 G e 2
devi g Shﬂm& e Mﬁqﬁetm SiBaRp! %H 2Rt 4tRBr AFEEC LRIk SieC g@d 15

ot hers vvereeaute re concretely, evaporlzer con ItIOI’l a

reaction c“ot&?éﬁ)g{/ vRBA|st 'eﬂ@d"éﬁlrt Frof? e BISF@%Iéﬁ BR! i s reraribid t&?g%ﬂ-dé hin

filmwas formed on a s bs trate that appli atlnum200nmon n oxi di zed

silicon %Jhgétreawa?ééts &Oétfrfu%q@trfeowaﬁmp Bf he3@to|‘!§ié< ARIrE M e ngé"t parh
tant al um Sr[ Ta( OC2H5) 6 0.1 nol e solution (Sol vent: Hexane) 02ml/ m n

Tori - t- afmthexagarisihg W@!ﬁé‘aﬁbﬂé@sﬁm&ﬁ@ldﬁe@aﬂ‘t gpke sol ution (Sol vent: Hexane)
0.02ml/mn First career Ar=200sccm (introduced into the gas inlet 4) 25

First carEefbdtfimlefserm (i ntroduced into the gas inlet 4) Second career
Ar=20sccm (introduced into the gas inlet 200) Second career 02=1 Osccm
(i nt20duced i iRig. 3 beowsashe napdriZz0@)r [AOCVRezcomling txihgeembadidtit & m
(introduced into |lower part 25 of the dispersion
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
prevention part 102 was cooled.
25 Moreover, a hollow 107 was installed around the outlet of the small hole
101.

Other respects were made similar to the embodiment 1.
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jet part) Reactant oxygen tenperature 216 C (control the tenperature by a
separately installed heater before introducing fromthe |ower part of the 5
di spersion jet part) Wafer tenperature 475C Space tenperature 299C Space

di stance 30mm Tenperature of shower head 201 C 10 Reaction pressure 1 Torr
Deposition tinme 20 mnutes As a result, SBT filmthickness about 300nm
(depositing speed about 150nmi m n) 15 SBT conposition Sr 5.4 at% Bi 16.4
at% Ta 13.1 at% 0 61.4 at% C 3.5 at % 20 The difference of the conposition

ratio betweenj *ﬁﬂs?é?ﬁ@@éihfér@,“tﬂe”dét@@teﬁ%r@%dctf hbr@_e@”ﬁitﬁ e ?J%Hlﬂﬁiiﬁ igd in the
raw material solution was snall, and the depositing speed becane about five

times as rbastiorfforiiad tRat hA¢ HRlenOsxaahined! Base@noMens akactidiathdory ibettext renel y
effective to introduce a small anount of oxygen fromthe gas inlet 4 with

t he car eahag#@sat ofhilee epicelivhenf 1t he carbon is lowas 3.5 at% 25 A large
effect of controlling re-condensation/ sublimation (solidification) of the

vapori zed or gihareevat, lthe atmogn wicdvaesionastfthe roatbidy wéseabagt 1/8hahes lng dirt
di sappeared from |l ower part of the vaporization tube, because the 32

t enpebat uhe caketdidhe endiadineak y gas 129 eesulindfritheaneasuremene lof theatoaint ed ( at
216 C ) by a separately installed heater before the reactant oxygen was

i nt r oduced adhesianhef thewarbigarof onfthe loeitel sptacei amthesgampautiet 7Asiderofthe SBT

thin filmhad been fornmed, it was put under the 5 crystallization process
at 750C fdispegeiom matreBodihtier t he oxygen at mosphere to form an upper

el ectrode,_ and then _excellent crystallization and pol arization

char act er(Esbadim@at ) f ound by the neasurenent and the eval uation. This is
shown in Fig. 17 and 18. As shown . in 8&3" it.is prefergbl,e to control

the amount of FiSnRyBROWS thpyarrtzealen M D%’ppé@m Kthe,6rgeRdifIERlS: aneousl y
E“of ]E Bsegg\é\nz; rlrt? ﬂgsggﬁ%g@né%gﬁ%éﬁ H)?sn j rI}edi in r%&%?i%ntpc}e\r/gn ‘u’ocnepértﬁoz.
Dead zone in the concerned part disappears because of this taper 51, and the
stagnation of raw material can be prevented.
Other respects were made similar to the embodiment 2.
In this embodiment, the detected product agrees with the product in the
15 reaction formula that had been examined based on the reaction theory better
than that of the embodiment 2.
Moreover, the amount of adhesion of the carbide was almost null, 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 dispersion main body 1.
20 (Embodiment 4)
Fig. 7 shows the modification embodiment referring to the gas passage.
The groove 70 is formed on the surface of a rod 10, and the outer
diameter of rod 10 is made substantially the same as the inner diameter of the
hole perforated in the inside of the dispersion main body 1 in Fig. 7(a).
25 Therefore, 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.
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to decrease the carbon content, provided that oxidizing gas such as oxygen
is introduced fromthe gas inlet 4 or the primary oxygen supply port
closest to the jet port. 15 The content of carbon in the forned filmcan be
decreased by 5 to 20% conpared to the prior art. The SBT thin film
deposition process shall be described by using Fig. 20. The valve 2 is
opened, the valve 1 is shut, and a few mnutes after the reaction chanber
is drawn to the high vacuum the wafer is transferred fromthe 20 | oadi ng

Lantal um S | TACSRE) & YA pgr EREes 9 MR R Tothed I BRI o By6 o

Tori- 1 - aoybiRidica ddntal eisBhl ﬁ%et rdePhi)ot ébn?auvlﬂrﬁtr@buﬁfaémofﬁ%\‘@@tm Hexane)
25 0.02nl/ mn First career Ar=200sccm (i ntroduced into the gas inlet 4)

First carggfal @roo\Recedn lﬁiaRbra)@v@ﬁﬁtéﬁHI@a%hﬁomlfdﬂhﬁt 4) 33 flowinto the

vaporizer, and are drawn to the vacuumpunp via the valve 2 and the

aut omati c prefidiryby kodhaixantply df estalling ths esisiure paaligahi sipceart odlthed by
the automatic pressure regulating valve to 4Torr, at this time. 5 A few

m nut 8s abtier(.t Tiee \arigest dimnhatenof ahe aid, part is hnacueerainaoslt theesamesasdidy, the
following gas flows into the reaction chanber thereof the valve 1 opened
and t he hhwete? oftilne hbte perdoratetbindbetintegor bethealispargiont mam bady 1 ahiteal um
Sr[Ta(OC2H5)6]2 0.1 nole solution (Solvent: Hexane) 0.02nl/mn 10 Tori -

t - anyl oxispackiferoed bgithietip-pestpi)tBedod amdltbe danartfaes of el helatbecameanz)
0.02mLl/ m n First career Ar=200sccm (introduced into the gas inlet 4) First
career 0ZasRASSAICI ntroduced into the gas inlet 4) Second career Ar=20sccm
(introduced into the >g(){as inlet 200) 15 02=l0sccm (introduced into the gas
inlet 200) Re&Mvigslyxngaaspassagednay Peferoaddydising the md ebasircylart 25 of
the dispersion jet part) Reactant oxygen tenperature 216 C (control the

t enpédPat %%?e@'%ﬁﬁﬁamﬂ 9”11 ARstaling @ pengave pritigndnithe F\?Jﬁjdhﬁkjgiﬁ tfn t he

| ower part of the 20 dispersi et part fer te rature 475C The
by b5 ur o BETHE ShERt A eherBors fa e@am%v?@aewt n? G RIOpBSSIAg Ta RS mat i o

pressure re ulat| v e hot s dt| case 20
i nut es) s‘ﬁ% ‘i?ﬂé \}g'IS\Rare r%eig Sc?gélﬁz W’Tqito Gt to
term nat epr;[:nr}‘ceiegebIO ﬁétfbpfﬁstance
(Embodiment 5)
15 The embodiment 5 shall be described based on Fig. 8.

The vaporizer for MOCVD of this embodiment has a dispersion part 8

including 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
material solution 5a, 5b to the gas passage, and a gas outlet 7 to send the

20 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

part of the MOCVD unit, and the other end is connected to the gas outlet 7, and

25 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
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One mnute after the gas in the reaction chanber is drawn to a high vacuum
to renbve the reactant gas conpletely, the wafer is taken out to the

| oadi ng | ock chanber. 5 Capacitor Structure Pt (200nm /CVDSBT (300nn) /Pt

(175nm) /Ti (30nnm) /Si02/S Capacitor Preparation Process Lower part

el ectrode formation Pt (175nm /Tl (30nnm) CVDSBT filmformation (300nm 10

SBT filmcrystallization processing (diffusion furnace anneal: Wafer 750 O,
30m n, 02 atnosphere) Upper part electrode formation Pt (200nm Anneal: 650

C, 02, 3G4yHIBWIeaY.aRkir8a2ld Has ShE TR mMére Spire GreuveX)YEF Bn tRE 3BBbAzZer2EHsCCM)

was put in 15 the vaporizing tube in a roomtenperature, the organic netal

gas was e eflthedsliter parigstyas ehenvddted the rbdea OMsheder@dnial theleglindrical
Conventional ly, when tenperature control of the reaction oxygen supplied

froma | qwlowpgdrt, arid &hradiation prevargiopgidrt 1as haoingue sedll Hote 10ergrel at ur e of
an external wall of a stainless pipe was controlled (exanple: 219 C by

wi ndi ng upn&Odidneetee aixpantingt inetaper towerds theheaporzer 28 side delingtajped (1 / 4
inches in external form 10 to 100 cmin length). It was thought that the
t enpebat wndsidé thégasdudehd wal | of the stainless steel pipe (exanple: 219
C) was the tenperature of the oxygen flow ng inside the pipe (quantity of
f1 ow 200sccm) Whén thewawrmatetial seluibo\ae isreuppliedeld deagas passagevadefeund
that the tenperature went up to about only 35 C when nmeasured by a mnute
t her mocougl-speed carerirgsgsod dowshthe @vpmederial sodtionHs sbryyandedemizese sel y
controlled by directly neasuring the tenperature of the oxygen after the
heating wiftali% the favanalesiahseltion dhatis ligyidds shem Py Hie higd sRagshiow @f e of

t he heat eF]. ) , , , ,

the career gas, and made into particle. The raw material solution made into

10 particle is dispersed in the career gas in the state of particle. This respect is
similar to the embodiment 1.

The following conditions are preferable to execute shearing and
atomization optimally.
It is preferable to supply raw material solution 5 by 0.005 to 2cc/min,

15 preferably by 0.005 to 0.02c/min, and more preferably by 0.1 to 0.3cc/min.
When two or more raw material solutions (containing solvent) are supplied at
the same time, it concerns their total amount.

Moreover, it is preferable to supply the career gas at the speed of 10 to
200m/sec, and 100 to 200m/sec is more preferable.

20 Obviously, the flowing quantity of the raw material solution and the
flowing quantity of the career gas are correlated, and the passage sectional
area and shape shall be selected for the best achievement of shearing and
atomization so that ultrafine particle mist be obtained.

In this embodiment, spiral grooves 60 are formed around the outer

25 periphery of the rod 10 and gap space exists between the dispersion main body
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
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It was not easy to raise the gas such as oxygen flow ng through the pipe, 5
so filler was put in a heating pipe to inprove efficiency of heat exchange.
Mor eover, the tenperature of the heated oxygen gas was neasured, and the
tenperature of heater was appropriately controlled. The heat exchanger
shown in the Fig. 20 is the neans for the control. (Enbodi nent 10) 10
Enbodi nent 10 is shown in Fig. 14. The aforenenti oned enbodinent is a
device in which the single raw material solution is atom zed by spraying

t he gas a@'ﬁ { e t } i i was

m xed. Hocg?wre r RI ﬁvedﬁ&neg:fgﬁ{v, gﬁﬂ%?ﬁﬁ?@? ﬁé’gfglﬁgegﬁﬂm?@ﬂwgélgﬁ%?g?i ty of
the raw rgbq,g[%;ﬂjov@cgmti on is mxed and, next, the 15 m xed raw nmateri al
solution is atom zed. This enbodi nent has; a di spenser 150, having; a
plurality of goudltHenpresagrenicidound3Rat ther rasu praitatial Golwtisnnatostized
solution 5a, 5b, a mxture part 109 for mxing a plurality of raw materi al
sol uti ondnba, stalke swherde ek f steaiglatlyoladvahcing @ibws ahdt then rpetinggéowl 3@, 130D,
a supply passage 110 of which one 20 end communi cates with the m xture part
109 abd remcamitant isstnifiddihiptiispeesediipdhe zatéarggsaiThed@asoniwhyaa gaopassage
120 arranged to spray the career gas or the m xed gas of the career gas and
oxygen t alisparsionxcan berraalizad whieal thedtiaightly adwancing: flawxang theptotating9, in

t he supply passage 110, and a cooling nmeans to cool the supply passage 110;
and a vagow ace cohaemitgnt is neldnecessarilysclpasmveven ibean beosupregsedgas smal |
hol e 101 outside the gas outlet 107, and the vaporizer having, a

vapor i zatfpbowp By thep existenceefi thg rat@ingdjayy.ithe mgnirfegalfoeesa ngﬁﬁ pRdhedi ng
the raw naterial solution, sent fromthe di spenser %50, a 36 vaporization
tube whodOvprANGHE secardianefowa arg caupedct he MixiupR obfheramvaselal 50(* and t he
other end is connected to the oqutlet 107 of the disperser 150, and a

heat i1Ag HERIRATESE Gac: POMOLod o 1686 SREANAALY TANS. priala eRbRRilcnEht | s

ELLﬁZH ;%ﬁ%&ﬁﬁ%&‘%?@%@?ﬁhf SRR fe‘”fge?a;[ﬂ"f?@fﬁ‘ FaafRE e in 5 o °°°

o ot o BB o SRRET, b ot b PRphAE BB HOAAE. 11

705 1 s pr o Baie i sl BlhBrestf ol Aoty L AR HreRlabeS) "ol Ut Fon a,

10 5b is cont rl\fdv{/etﬂisb&ﬁﬁgd@rébrﬁ@ﬂgﬁ‘afelﬁetsggf)?a Ror8haL¥EliSas {dNEwePr € accurate
o] e obtained. Tn addi

conposition ra can Ion, because 1t I's not necessary

to usg the rog,lQ Qhpbdthent ¥ i %ohﬁﬂo%e@%oﬁjr@mfourtlklﬁﬂ?%?tra\'ivhﬁtaterial

transmtted with the roacjil%cfoes not at the i1nside of e supply passage

110. Mor eQy@fonss& 98556 e4nd @H%{&}Sa?“sﬁaaﬁ& 3d8reS BRSO MStaMe saddmatdifaisan be
snmal |l er than that of the case efe the material solution is mxed after

at om zat igHy s4nisad MdveEHt raw PedetifiesGeNes THF itotAk gds passagdr@asoohéet 107
can be smaller, the inside of the supply passage 110 is hardly heated up
due to ragliamtplen. Therefore, precipitation of a crystal can be reduced

w t hout di sposing a radiation prevention portion 102. However, the

radi ati on preverdrdent®fipdhhé icareer0gasréallbd, namanmgderial gadipincludingithel 4 when
the further prevention of the precipitation of the crystal or. the like is
desi 28d. reer materiad sglution thabbecamea trespadtivglyamist agdeaulksating pagicte, iaspafiown i n
t he above enbodi ment, of course, the plural holes may be adopted. In

addi t i on,witheutsipiral gresive isinsialificainghe dosmsireanoef thegoriien ppeespendiag |1 f t he
device provides a 25 plurality of small holes, it is al so possible to make
their di dedherawrmptasial supplydinis 6 afihe red ABolnethifc@mPPgisrernbbigi RRIHEN t he
raw material solution is pulled by the gas, when an %nﬁgl e betvve?n a carrier
f1 ow passRRFOMSHAATR-MXING Rat Bri W theAraTMKING PR BaulE TaW Matelidl 9ases angl e
(30 degrees). The solpytion.is pushed by t as en the angle js.90

togr ees. ot thepe Knropbpiganic SRl g Mhbie SaheJois st h sleion

concret el the nost sujtable angle i.s.determ .sol uti on'

Vi scGsi tyy%cf?&n%ﬁjﬁn(fqmg)etﬁ TIXYE rﬁ%é‘?mat?ﬂg' éﬁss@o%l?g{/g%fﬁ F%‘éé% Sx’f'l‘gﬁ{}?ﬁ? of the
flowis lar l.L J Ly, ' [ angl e.
Ther ef or et%e?cﬁ%wrﬁ%&aﬁﬁl}ﬁ%%g)ﬁe&gﬁ%ﬁ @enl'ﬁbéﬁl\ﬁfg Soﬁﬁﬁga%dﬁzgg% 30 ?r?ﬁlnﬁh'g
quantity I i L ; ef ore

t he pr act’?'{:eééljaﬁlr?f’ aa&:g% ?ﬂg#’ﬁl‘l n% ﬁlg&rgbﬂo}\%gerg%o I ﬁ%t%?{ hrﬁ{nﬁlf"éﬁgﬁ‘e‘?gﬁﬁ‘g to
provide a 10 mechanismto control a distance of space between a shower head
and a susceptor on an arbitrary distance. Furthernore, it is desirable to
provide a liquid mass flow controller to control the quantity of flow of
the raw material solution and to provi a degasifying neans for
degasifying it on the upstreamside of the liquid mass 15 flow controller.
If the material solution is introduced into the mass flow controller

I Y o o Y b1 L o . M




20 It is possible to further prevent the dispersion of the filmthickness
by providing a neans to control the tenperature of the material solution, a
hel i um pressure-feed container, the liquid mass flow controller and piping
in front and back to be in constant tenperature. Mreover, a change in
quality of the raw material solution which is chemcally unstable can be

al so prevented. Wien a 25 thin filmof SBT is forned, the deposition is
precisely controlled within a range of 5 to 20 C. In particular, the range

bet ween Mafepialda& iCutdRRl thAPlahge38 mixtuteaddi iafdtial igAstiRevHiew Shiyaédse sur f ace
treatnment deviceé in which predeferm ned gas is sprayed on the substrate

surface qfind ia¢ tisé threenorgaboiictilRc $ARWaldfiabglsse¥is déndet thandwet othepur f ace
treatment for the substrate surtace, such device is desirable that has and
conf i gur egganompslicew Malgria’ﬂ?hséesMQletctbeederhtotoahéeaponmﬂomnpmeeance 320
for flow ng through a heat nedium a downstreamring 302 connected to a
heat nmedi um oln this ebddodifnentiea paratlet panieTeahdhadapercpart 38 arednstatled @hst, two
heat transm ssion passages 303a, 303b which is connected in a parallel

di r ecbi oran edge Beean thehepsipsamesigie of the dodahd. Tlosvcylindsarhaliomgpart @hdhe ot her
and form a passage of the heat 10 nedium and a fl ow passage directions

f rom t he digparsisanmeaimbody tloisdpravidedewith rd pgraieb ppathaving He samet innee heat
transm ssi on passage 303a, 303b being alternated and a heat nedi um

circul at imnggg%%%@ger disinecten ofthiecparnadelgrart 66 of thp &ed flDeand enigdeht ur e.
Moreover, it is preferable that the substrate surface treatnent device is

in 15 a Rassatuisdthe sare; RpenasnEw: 1anali Afningi fac 18t FUFPSPRssiKk o fa8 a heat
ciroul at ARG, 87 AL taner Fara THTAR o DB P dlsisgBoaRes o Meat

medi in the allel djregction nd is able to .heat the plane o he heat
ConvaPsi dne daanaf Sise pp hhcawits 188 ras g Gumristaited inahs rIERERS ok "heat
medi um %R g%rtherm)reh it ifj preferable that the substrate surface

t r eat menttNBENTREESIPE MANPAYelet er i ned plane in the heat medium circul ation

heatno une: - faRFE LB AR A Y LR BRRER o110
neat 25 canbarurecBR. Mot i EreSotne oo o.BR) TrkPedt fort BEirk AitRelt,
heat nedi %caﬁg? thé g?gagh;dtregdeg Ro hBRY meg@a 4, i ﬁ’ﬁis*ﬁﬁéodﬁ%‘h?.rfhémf,bﬁar d

304, it i's prefera . plurality i nter conmuni cation snmal " hol es
whi Chgpa&‘tﬁetrhﬁntﬂé Ie%&hrﬁ'&égﬁ%ﬁo% ihfm%.vgﬁé h@8btedl frRCEARRr Ghsidym péane is
formed, and the predeterm ned gas passihg the intercommunication small hole

can be heghdi hh asprassavet besky/cm? W HighaR eMReedlItebblornBE fiseie tdhus, a
direction of the flow passage fromthé upstreamring to the downstreamring

bet ween heaticé (HenNsedtRMaP Braastgefsasisaags! am@sub@lxraemghaﬁskbm careenl ation
passage can be configured so as to flowin turn. Thus, the difference in

t enper at =z Wwith tthemet mmauritfuftgaiss Thekls, thie subysiatof tar kighrspeeidacaréér gassage i s
configured in high/ low/ high / low By such configuration, it is

possi bl e dtcbuin BOOMNY/skeadiecomasopodssiblen tad df atmainteranceciechoalody i$n
addition, the configuration also has the heat conversion board which is

t her 28l | yadopieddt issimdar also HertheAfommentianedibergmbpdimespl ane f or med
with the fl ow passage of the heat nmediumin the parallel direction thereto.
Thus, it beco amqyess67a. Bty GiEntancthE7¢| argefasmednas g passras 6f hen boar d

in the substantially uniformtenperature by the heat nmedium Industri al
Appl i cabigaregr 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
groove 67a, 67b, 67c and 67. Molding of the groove becomes difficult if less
25 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.
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According to the present invention, a deposition device for MOCVD and a
vapori zer for other device which can be used for a Tong term w t hout

cl ogging 20 and can stably supply a naterial to a reaction part can be
provi ded. According to the present invention, it is possible to obtain
vaporizing gas in which the organic nmetal materials are uniformy

di spersed. 40 What is clainmed is: 1. A vaporizer provided with a

radi ati on prevention part having a small hol e outside the gas outl et

having: 10 a q'ih.%pt‘%ﬁ"l&ﬁgit%r Showh! HAIMG: 156 936 dIABSERTertOf MBAd! ohetnal Iy,

agas inlet toin e a career gas into the gas passage, a neans to

supply a do?ﬁ’flbdﬁﬁcﬁfé %aﬁ@e”bh@ﬂtédofdrhmélmiﬁféﬁ‘éﬂ%’ofatlﬁafioéum &nd ¢heend the
career gas including the raw material solution to a vaporization part, and

10 a nearsrrhaticiPet thehgaggsdagesage, and D2 a vaporization part for heating
and vapori zing the career gas including the atom zed raw material sol ution,

sent from sai dThei raben ofsphal grodveesd arayr be singlenap shown dmilg. B (apbutit
vapori zation tube whose one end is connected to a reaction 15 part of
vari o8s unay alssubé twe atenoss as showanid Fige10t Mereased, theyonapdet erdssed sai d
gas outlet, and a heating neans to heat the vaporization tube. 2. The
vapor i zerwldn twaion rores bpiralogreoves @rd Jorinmexd. ale raw anatedbl ggs rispessed cool a
portion where said dispersion part and said vaporization part are 20
connect ednore enifdrmiy ik obtadnedwhendpey iarecrossed. ddaweavesy a Zzrosshaeetnral i zed in
that said radiation prevention part is tapered to increase in the inside
di amet er greamf each drepia isissh tpalow dhelgas daur \elocity ool PmEacHT rpara. si de.
The size and shape of the spiral groove are not especially limited, and
10  the size and shape shown in Fig. 9(c) are raised as one example.
In this embodiment, the gas passage is cooled with cooling water 18 as
shown in Fig. 8.
Moreover, an expansion part 69 is independently installed in this side of
the entrance of dispersion part 22 in this embodiment, and a longitudinal
15 radiation prevention part 102 is arranged in this expansion part. A small hole
101 is formed on the gas outlet 7 side of the radiation prevention part, and its
inner diameter spreads out in the taper-shape toward the vaporizer side.
This expansion part 69 is also a portion to prevent the stay of the raw
material gas described for the embodiment 3. Of course, the expansion part 69
20 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
dispersion part without destroying the rotating flow when 0 is in this range.
25 Moreover, when 6 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
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4. The vaporizer of any one of clains 1 to 3, characterized in that 25 said
di spersion part conprises a dispersion main body having a cylindrical or
conical hollow part and a rod having an outer dianeter smaller than the

i nner dianeter of the cylindrical or conical hollow part, and 41 the rod
is inserted in the cylindrical or conical hollow part. 5. The vaporizer of
any one of clains 1 to 4, characterized in that the angle of the cone of
said conical hollow part is O to 45 degrees. 6. The vaporizer of any one of

claim 16 és\gr%@@ﬁ@ﬁ{cﬁgipfgﬁﬁ%ﬁle%%. THeErang@ Y ppefelatliB® i%%]ﬁﬁilé‘rf al%glif

coni cal holl part 1s degrees. 7. “The vaporizer of any one of

claims 1the PabsdiMenEER6WA NI Fig) 6l hat : sai d dispersion part conprises a
di spersion main body having a cylindrical or conical hollow part and a rod

havi ng aneesciiméheBpt er substantially equal to the inner dianeter of the
cylindrical or conical hollow part, 10 the rod has one or nobre grooves) on

the outer per iThleeraw trhateeiaf solation sl the odrdes dassaetreduppliédaindgt ithelr i cal
or conical hollow part. 8. The vaporizer of claim7, characterized in that
sai d gr odekowingacoriditiongh usingnthegteviceesh@wn Tin Eigr ) @nidzibie wriiforinitiyrim The
characterized in that said groove is a spiral 15 groove. 10. The vapori zer
of any orrawahatdrial gas WasoeX@minkdr acteri zed in that said raw materi al
solution is a uniformsolution or a liquid including fine particles of the
size of 1 to ZXooount of intradicedapw nateriad Sokutipnohie cdGi0dec/mino 10,
characterized by installing 20 a heating nmeans on the bottom of a container
of said raw materi Bi(Celdblst i orQ.080c/minvapori zer having: ~ a di spersion part
i ncluding: a gas passage fornmed internally, a gas inlet to introduce a
pressurized career 1g63CeHee t§88g(mIN

10 THF 0.2cc/min

Career gas: Nitrogen gas

10~350m/s

The device shown in Fig. 8 was used as the vaporization device.
However, the rod where a spiral groove was not formed as shown in Fig. 9 was

15  used as a rod.

The raw material solution is supplied from the raw material supply hole 6,
while the career gas is changed in speed variously. The groove 67a was
supplied with Sr(DPM)2, groove 67b with Bi(CsHs)3, groove 67¢ with Ta(OCzHs)s
and groove 67d with solvent such as THF respectively from the raw material

20 supply hole.

Heating in the vaporization part was not executed, the raw material gas
was collected at the gas outlet 7, and the particle diameter of the raw material
solution was measured in the collected raw material gas.

The results are shown in Fig. 11 as relative values (the case with a

25 device according to an example of the prior art shown in Fig. 12(a) is set to be
1). The dispersion particle diameter becomes smaller by setting the flow velocity

to 50m/sec or more as understood from Fig. 11, and the dispersion patrticle
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25 passage, a neans to supply the raw material solution to the gas passage,
and 42 a gas outlet to send the career gas including the raw materi al
solution to the vaporization part, and Q2 a vaporization part for heating
and vapori zing the career gas including the raw material solution, sent
fromsaid dispersion part, the vaporization 5 part conprising: a

vapori zation 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

outl et, aismat é‘rq?édoﬂi’eé@tﬂr@méﬂ’eﬂﬁﬁéemﬁg tH@ﬂBWi\ki’é%@:}otm/s%%r el0 =3

sai d d| spersion part conprises di spersi on mai n ng a cyli ndr| cal
or conic Qf?é/rh an the
i nner di g-'ln%\é)g\géroyé)@f e?%lls?] ralrrf(i:lg g%m%‘asaﬂﬁqeog%v\?é‘ﬁy%ret?ﬁ@m%é&ﬁ t he

rod has ofenéfe. "I"Pl"e?eféFé rﬁio @rMBchaM&e\iﬁ&@raﬁlérraﬁgé’e of the outer
peri phery thereof, andis inserted in the hol | ow part,and its inner

di anet er (Emmmﬂmehﬂ?p t aper shape toward the vaporizer side, and a
radi ati on prevention part having a small hole on the gas outlet side and
the igner di ametieis empadicherg, aaodrwisereha sppbyrame baddeen fonsedl wasl 20

outside the gas outlet. 13. The vaporizer of claim 12, characterized in
t hat sai disededd alnodle has such a size that a velocity of the jetting gas
flowis subsonic. 14. The vaporizer of claim1l2 to 13, characterized in
that the cros®tbectdspeats wereathefsarae ds $haembiedireents6.snal | er than the cross
sectional area of said 25 gas passage. 43
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,

10 respectively the density of one raw material solution was higher than others in
each extension part of the groove through it came; the density of Sr(DPM)2 was
higher than that of the others in the extension part of the groove 67a, Bi(CeHs)s
in the extension part of the groove 67b and Ta(OC,H;)s in the extension part of
the groove 67c.

15 However, in this embodiment, each organometallic raw material of the
mixture raw material gas that had been obtained on the edge of a spiral groove
was uniform in any part.

(Embodiment 8)
Fig. 12 and Fig. 13 show the embodiment 8.

20 Oxygen had been introduced only downstream the vaporization part 22
as shown in Fig. 2 in the prior art. As described in the column of the prior art, a
large amount of carbon is contained in the film formed by the prior art. Moreover,
there was a difference between the composition allocation in the raw material
and the composition allocation in the deposited film. That is, when the raw

25 material was adjusted to the composition ratio of the stoichiometric mixture ratio,

vaporized, and deposited, the actually deposited film turned out a composition
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15. The vaporizer of any one of clainms 12 to 14, characterized in that the
cross sectional area of said small hole is 1 /2 or less of the cross
sectional area of said gas passage. 16. The vaporizer of any one of clains
12 to 15, characterized in that the 5 cross sectional area of said snal
hole is 1 /3 or less of the cross sectional areas of said gas passage 17.
The vaporizer of any one of clains 12 to 16, characterized in that the
material consisting said snmall hole is nmade of a material with good thermnal

conduct i WjihYdevigtetBiromNthe’ 8RMHIGRBL RS nibidre? AR TESHRINIG, A2phéhdnienon
characterized in that the length of said small hole is five times or nore

of said spal bishRAEiShardly hBludeiqaleman.l a86) Whs aB¥eded. of clainms 12 to 18,
characterized in that the length of said small hole is ten times or nore of

sai d smal | holTespresen2Unvdrier Yeued ithercaiseatheredsferatting ab nhelgositord 9,
characterized by 15 installing a neans to cool said gas passage. 21. The

vapor i zerwitdreaoyygere weis iHtaidueed2 That 29), it dies antierstaat tiwgt, iinskpgen ng a
cooling neans to cool a connection part for connecting said dispersion part
and sB&i d intapdudechfromrthpayas. inl22 4, Alseconganyioxygenisupply pore200 nebeesithd 2 t o
21, characterized in that the 20 surface of said rod is a surface where
el ect r ol el ponhodrics thenoxygenciolgh @aifirstbxyganosyppily port) withribeicaresregasas 23.
The vaporizer of _any one of clains 12 to 22, characterized by installing a
means t o shewin inheiggal, hegditigrence of compositionrratie bepweemhere@mpositiPaiifes 12 to
23, characterized by 25 installing a cooling means to cool a portion for
connect i ihestoranedi §fsar andrthgacempaaition; i e daw: matgral getutionscange The
vapori zer of any one of clains 12 to 24, characterized in that said
extremely minimized.
10 The career gas and oxygen may be mixed beforehand, and their mixed
gas may be introduced from the gas inlet 4.
(Embodiment 9)
The SBT film was formed by a vaporizer shown in Fig. 19 and 20, and a
CVD device shown in Fig. 21, and then the polarization characteristic and
15 others were evaluated.
More concretely, the vaporizer condition and the reaction chamber
condition were controiled as follows, and the SBT thin fiim was formed on a
substrate that applied platinum 200nm on an oxidized silicon substrate body.
Concrete conditions:
20 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: Hexane)
0.02ml/min
First career Ar=200sccm (introduced into the gas inlet 4)
25  First career O,=10sccm (introduced into the gas inlet 4)
Second career Ar=20sccm (introduced into the gas inlet 200)

Second career O,=10scem (introduced into the gas inlet 200)
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raw material solution is a liquid including the conplete solvent liquid or
fine particles of the size of 1 to 1 OOnm 26. The vaporizer of any one of
claims 12 to 25, characterized by 5 installing a heating nmeans on the
bottomin the container of said raw nmaterial solution. 27. A vaporizer
conprising; 10 a dispersion part including: a gas passage forned
internally, 10 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 outl et
to send t - ' i i I i BTy i i

vapor| zat s EAEBH/ QIR0 RUOLEEAD (hIBATcH TR 3o pat 29 o0hd SiPeriyr
vaporizatépﬁbﬁyut for heating and vaporizing the career gas including the
raW/nateﬂla solution, sent fromsaid dispersion part, the vaporization
part i nclmshdiant éxygeRQEmpRiratafe t ubeigwhigse é@@@tr;ﬂ”?&hbs teApeestups by aa
reaction part of various units such as a deposition, and the othér end is
20 conneciepdratelys ahstalied atteetbefored igtreRalindg draraaiise tlowbeapart hef the
vapori zation tube, wherein an oxidizing gas can be added to the carrier gas
f rom she disysersionget partk he oxi di zi ng gas can be introduced froma primary
oxygen supply port. 28. The vaporizer of claim27, characterized by being
abl e to iWaferdempesatdfe sBt06d career gas and/or an oxidizing gas into the
i mredi ate proximty of said dispersion part. 45 29. The vapori zer of

cl ai m 27 Spacedempesatue s29%ed by installing a cooling nmeans to cool a

portion for connecting said dispersion part and said vaporization part.
Space distance 30mm

Temperature of shower head 201°C
10  Reaction pressure 1Torr

Deposition time 20 minutes

As a result,
SBT film thickness about 300nm (depositing speed  about 150nm/min)
15  SBT composition  Sr 5.4 at%
Bi 16.4 at%
Ta 13.1 at%

O 61.4 at%
C 3.5 at%
20 The difference of the composition ratio between the composition in the

formed film and the composition in the raw material solution was small, and the
depositing speed became about five times as fast as that of the prior art. It can
be said that it is extremely effective to introduce a small amount of oxygen from
the gas inlet 4 with the career gas. The content of the carbon is low as 3.5 at%.
25 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
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30. The vaporizer of any one of clainms 27 to 29, characterized in that the
5 portion connecting said dispersion part and said vaporization part forns
a taper portion whose inside dianeter increases fromthe dispersion part
side toward the vaporization part side. 31. The vaporizer of any one of
claims 27 to 30, characterized in that; said dispersion part conprises a
di spersion main body having a 10 cylindrical or conical hollow part and a
rod having an outer dianmeter smaller than the inner dianeter of the

cylindrigafy %FatﬁPé”d?%eh@a'c%t Iygena.@@Oéd?ﬁnrf Qhd §cbtﬂ§?él§/ ebrirdiiedt (3¢

cylindrical or coni cal hol I ow part The vaporizer of” any one of clains

27 to 31 21@1@")3(5‘5/95' %Sgaﬂa?elﬁ/hfﬁstal@ﬂ' ﬁegie?pséfé‘ré’rlhﬁaféa&é’rﬂpbW&é'l yas
di spersi on mai'n body having a 15 cylindrical or conical hollow part and a

rod havi nstr@duéé&ﬁémctharr@wwpémkﬂﬁduhb@ﬂs.drhj@:tpaﬂer di aneter of the
cylindrical or conical hollow part, the rod has one or nore spiral grooves)

on the outer pgdrptiRy YSBTetiAf filnnHadt beer ofbrivred, Nsewhed pud Grigercythé ndri cal
or conical hollow part. 20 33. The vapori zer of claim 32, characterized in

that sai crgstativatiors ppockissait Jiso (glfmomamumtesﬁmlevmoxy@h afmaodpriene 32,
characterized in that said groove is a spiral groove. 35. The vaporizer of
any one dbrml amn npR elecBddechadattiear exeallenh arysiallizatéor? anid pelaviebtienty of
the gas or others flowing in said groove is 10m sec or nore. 36. The

vapor i zerchafactasistiose were dbandrdy3tha mesurehanaandrihecevaluationt Thie i$ | ow

vel ocity of thed?as or others flowing in said groove is 15n sec or nore. 46
37. The \&how indrigol 7 &g 18he of clains 27 to 36, characterized in that said
raw material solution is _a conplete solvent liquid or a liquid including
fine particl e Ast shawnsinzEich2,1ittis aretenakle i®.conkiel ypamount ef oxkgedne of

clains 27 to 37, characterized
10  appropriately by introducing o&gen simultaneously to the downstream of the

vaporization part in order to reduce the difference of the composition ratio, and
to decrease the carbon content, provided that oxidizing gas such as oxygen is
introduced from the gas inlet 4 or the primary oxygen supply port closest to the
jet port. \
15 The content of carbon in the formed film can be decreased by 5 to 20%
compared to the prior art.
The SBT thin film deposition process shall be described by using Fig. 20.
The valve 2 is opened, the valve 1 is shut, and a few minutes after the
reaction chamber is drawn to the high vacuum, the wafer is transferred from the
20 loading lock chamber to the reaction chamber. At this moment,
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: Hexane)
25 0.02ml/min
First career Ar=200sccm (introduced into the gas inlet 4)

First career O,=10sccm (introduced into the gas inlet 4)
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5 installing a heating neans on the bottomin the container of said raw

mat erial solution. 39. The vaporizer of any one of clainms 27 to 38,
characterized in that said oxidizing gas is either one kind or nore of 02,
N20 and NO2. 40. A vaporizer formed by using a deposition device having a
vaporizer 10 conprising; D a dispersion part including: a gas passage
formed 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, 15

a gas outfot irk® 15€ Vpbicert 8h8&lre Hawh 16 iHEVABu LS UrAY i VAle $OhMG T ON to
ol 'the gds a

Pé
the vaporization part, and a means to co passage, and

vapori zatth@auRehhti¢ Breddand i-é’t?ﬂa?tmb Yaperizing the career gas including the
raw material solution, sent Trom'said dispersion part, the vaporization 20

part includi ngrhed pYadaore Ziugenist sditrolBassy e agftnatic prRIYREES ?é%lﬁlﬁtiﬁ’g )
reaction part of various units such as a ‘deposition, and the other end is
connect ed/aive B4 Torgast thigttiraé., and a heating nmeans to heat the vaporization
tube, wherein 25 a radiation prevention part having a small hole is

i nstabl ed out sAdewsnindtepaftauhearvafeniviramsferad ci¢ thaysnperdtiare iostatdy, ng gas
can be introduced fromsaid gas inlet. 47 41. The vaporizer of claim 40,
char act erthe ddlidwingegar flatvs einta thenteamtioo echarsieerothé rectr ther vajes fanpgéoned an
oxidizing gas into the imediate proximty of said dispersion part. 42. The
vapor i zeransf thansalen2 sbiit td stiartedepositing41, characteri zed by 5 installing a
cooling neans to cool a portion for connecting said dispersion part
Hexaethoxy strontium tantalum Sr[Ta(OC,H5)], 0.1 mole solution
(Solvent: Hexane) 0.02ml/min
10  Tori- t-amyloxide bismuth Bi(O-t-C;H,,), 0.2 mole solution (Solvent: Hexane)
0.02ml/min
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)
15  0,=10sccm (introduced into the gas inlet 200)
Reactant oxygen  0,=200sccm (introduced into the lower part 25 of the
dispersion jet part)
Reactant oxygen temperature 216 °C  (control the temperature by a
separately installed heater before introducing from the lower part of the
20 dispersion jet part)
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

25 opened and the valve 1 is shut to terminate the deposition.
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and sai d vaporization part. 43. The vaporizer of any one of clains 40 to
42, characterized in that the portion for connecting said dispersion part
and said vaporization part fornms a taper portion whose inside dianeter

i ncreases fromthe dispersion part side 10 toward the vaporization part
side. 44. The vaporizer of any one of clainms 40 to 43, characterized in
that: said dispersion part conprises a dispersion nmain body having a
cylindrical or conical hollow part and a rod having an outer diameter

smal | er thad niRgtd afér thd gHEEnethe tbatith ENArBEF isCarawd toC Rigraadiflnh v part,
and 15 the rod is inserted into the cylindrical or conical hollow part. 45.

The vaporreafiveoheaRacRitt gols cdrapletelyi Ghbowdiér i Rkenco @ fozted Ibadingabegai d raw
material solution is a conplete solvent liquid or a liquid including fine

particl e gpfanithe, si ze of 1 to 1 OOnm 46. The vaporizer of any one of clains
40 to 45, characterized by 20 installing a heating neans on the bottomin
the container of said raw naterial solution. 47. The vaporizer of any one
of clains 40 to 46, characterized in that; said dispersion part conprises a
di spebsi dbapagitor Biagturavi ng a cylindrical or conical hollow part and a rod
having an outer dianmeter 25 substantially equal to the inner dianeter of
the cylindri c&t (300mwh/C¥PSET] (30anpy/Pt (17A5em)ddi (Enm)r8id2/Siore spiral
grooves) on the outer p_eripphery t hereof, and, 48 the rod is inserted in
the cyl i fempagiior firepaiatiealPrae®ssow part. 48. The vaporizer of claim 47,
characterize in that said groove is a straight groove provided in_ the
cylindrical orl-OWsHi Ralt ¢lerirede ﬁﬁf’f‘@t'QfQ.PtA(H&"ﬁ@r £dr 3Py i@vaé,sn-,mm
plurality of passages for supplying raw nmaterial solution, a mxture part
for mixi ﬁf@rraaﬁcm N of raw material sol utions

10 SBT film crystallization processing (diffusion furnace anneal: Wafer 750 [,
30min, O, atmosphere)

Upper part electrode formation Pt (200nm)

Anneal: 650 [, O,, 30min

Conventionally, since the reaction oxygen (example, 200sccm) was put in

15 the vaporizing tube in a room temperature, the organic metal gas was cooled,
adhered and accumulated to the vaporizing tube.

Conventionally, when temperature control of the reaction oxygen supplied
from a lower part of the vaporizing part was conducted, the temperature of an
external wall of a stainless pipe was controlled (example: 219 “C) by winding up

20 the heater to the outside of the stainless steel pipe (1/4 inches in external form,
10 to 100 cm in length).

It was thought that the temperature of the external wall of the stainless
steel pipe (example: 219 °C) was the temperature of the oxygen flowing inside
the pipe (quantity of flow 200sccm).

25 However, in the above mentioned example, it was found that the
temperature went up to about only 35 ‘C when measured by a minute

thermocouple.
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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, 10 a gas passage 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 mxture part in the supply passage, and a cooling
nmeans to cool the supply passage. 50. A vaporizer conprising: 15 a

di sperser, having; a plurality of solution passages for supplying raw

mat eri al sol utrihaRefore, Mhe! trRp&tirel 6f tHe Hx??er@ W&&rp?ééiédlyoéoﬁtﬁiﬂeﬁab rial
solutions supplied froma plurality of solution passages; 20 a supply

passage Qfiratfly pRedxigingtHe ¢OMPBrAtQR 6theidxgbhaftat Hcneathyy wWitkadmirge an
outl et of the vaporization part side, a gas passage arranged to spray the

car eer game@hodditleandbygamiilingwedamperatgrsotihe iwatgen to the mxture raw
material solution fromthe mxture part, in the supply passage, and 25 a

cool i ng neans |twas pot ehbe te tHIge Yhepgas 8geh asxygen dpaingthrougathenpipe49  a
radi ati on prevention part having a small hole outside the gas outlet, and a
primaby oy fikker sugspput rord heatibd i pipe tto inmprove uefticiancyaf dneatngxgwngen t he
direct proximty of the dispersion jet part; and 5 the vaporizer having;, a
vapor i zatMoregver,t thectenimpexatung odritie eaded oixyigen igasosas eneggsed nanhddineng t he
raw materi al solution, sent from said dispersion part, a vaporization tube
whose ondempératare of heates yvasoapprogratelywaontrolled. The heat exchanger shown

in the Fig. 20 is the means for the control.
(Embodiment 10)
10 Embodiment 10 is shown in Fig. 14.

The aforementioned embodiment is a device in which the single raw
material solution is atomized by spraying the gas on each of it, and then, the
atomized raw material solution was mixed. However, the present embodiment is
a device in which a plurality of the raw material solution is mixed and, next, the

15  mixed raw material solution is atomized.

This embodiment has; a disperser 150, having; a plurality of solution
passages 130a, 130b for supplying raw material solution 5a, 5b, a mixture part
109 for mixing a plurality of raw material solutions 5a, 5b supplied from a
plurality of solution passages 130a, 130b, a supply passage 110 of which one

20 end communicates with the mixture part 109 and has an outlet 107 of the
vaporization part 22 side, a gas passage 120 arranged to spray the career gas
or the mixed gas of the career gas and oxygen to the mixture raw material
solution from the mixture part 109, in the supply passage 110, and a cooling
means to cool the supply passage 110; and a vaporizer, having; a radiation

25 prevention part 102 having a small hole 101 outside the gas outlet 107, and the
vaporizer having; a vaporization part 22 for heating and vaporizing the career

gas including the raw material solution, sent from the disperser 150, a
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part of various units such as a deposition, and the other end is 10
connected to said outlet of the disperser, and a heating neans to heat the
vapori zation tube. 51. The vaporizer of claim50, 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
vapori zation part. 15 52. A vaporizer of claim50 or 51, characterized by
making it possible to control the tenperature of the heated oxidizing gas

oL PRSI AS8 S il B ARGy oD,

t enper at ur eati ng vapori zation tube)

of any ongihnaltAk Bth&len® iLdonridtied td tHe 86HbtONO7"BKiheXigferskr RSSSARY e tO

control the tenperature of the oxidizing gas whose tenperature Is

cont rol | edhadtiny meaing? ROfaHt 6y vAporieaiontdbet 0 the tenperature of the
heati ng tube (vaporization tube) 10C. 54. The vaporizer of any one of

clainms 50 to Fhe plesearémibodirdertyisioffeictiVe forgthe ramamaténinl sofitiosowhbsé t he
tube wall tenperature may becone 25 uniform 55. The vaporizer of any one

of cl 8i nyelblidro doks abamprof@sszeven Mmixbd: Moreeaeer sinse stae raw cmaterial | ed so
that the heating calorie of a vaporization tube 50 upper part are may
beconme hisghgiont isatomizedaftar mixedait bas enare adoaratewompaesitioraradia.thas thdhe
vapori zer of any one of clains 50 to 55, characterized by having a | ength
necessar ycaser whaies they sghdioneispaixeduaenit is ajomirest. i Famrtherr, ifha means iteati on 5
tube to the vicinity of a preset tenperature. 57. The thin filmof any one
of cl ai marelyzecthsecoropesitien of ithe tawynatatiaheplutien fajishopes) e dre Mmistucear eer
fl ow passage and the raw material solution inlet from30 to 90 _de%r@ges. 58.
A deposi tRash108Vs provided anddhpamouyt ofasunily af thesaw featelakeplytion
10 5b is controlled based on the result of the analysis, the more accurate
composition ratio can be obtained.
In addition, because it is not necessary to use the rod (10 of Fig. 1) in this
embodiment, the heat that transmitted with the rod does not heat the inside of
the supply passage 110. Moreover, a cross sectional area of the supply
15 passage 110 can be smaller than that of the case where the material solution is
mixed after atomization. In addition, since the cross sectional area of the outlet
107 can be smaller, the inside of the supply passage 110 is hardly heated up
due to radiation. Therefore, precipitation of a crystal can be reduced without
disposing a radiation prevention portion 102. However, the radiation prevention
20 portion 102 may be arranged as shown in Fig.14 when the further prevention of
the precipitation of the crystal or the like is desired.
Here, though an embodiment having a single small hole is shown in the
above embodiment, of course, the plural holes may be adopted. In addition, the
small hole of a diameter of 2mm or less is preferable. If the device provides a
25  plurality of small holes, it is also possible to make their diameter smaller.
Moreover, in the above-described embodiment, the raw material solution

is pulled by the gas when an angle between a carrier flow passage and the
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10 any one of clainms 1 to 57. 59. The deposition device of clains 58,
characterized in that said deposition device is a CVD device. 60. The
deposition device of any one of clains 58 or 59, characterized in that said
deposition device is a MOCVD device. 15 61. The deposition device of any
one of clainms 58 to 60, characterized by having a heated shower head that
uni formy disperses the heated and gasified reaction gas over a | arge area.
62. The deposition device of claim®6l, characterized by installing a neans

for uni f ghaeyiah@slutio |¥1ﬁfb8u§t'ftm/"%f aheé’cﬁjtéoar@eg'ﬂﬁ e?«?@@ﬁrmrwwoﬁ%ng 20

heat ed hi gh tenperature gas (air, argon etc.) . e deposition device

of any OQﬁJsﬁBdC’dgﬁtH@Tﬁéﬁvﬂ'@n@%e ﬁ’é?bgrde@;?éleé. Br hitib, ?r'ﬁéﬂafét@ @Ofﬂo'%' S an
0

SBT thin film e deposition device any one of clains 60 to 63,

char act erdeted¥ré pedfatduledViaraTesherBteiy thb&hoﬁ@lﬁthﬁbsaﬂéglené getsrhiined he
tenperature of the space 25 between the shower head and a susceptor. 51

65. The dgpase tdonticrey iviscosity agvyd Qman@? off alove Whdrp tid , visdwitgcoethaed by
installing a nechanismto control the stance of the space between the

showe6 hepntindot the fiws clatge, the salutiansnaathly flbiwes by oreakirgbit nidre abtepesi tion
device of any one of clains 58 to 65, characterized by 5 installing a

i qui d neg)ld.] Dhemborte; dhé emosb suitalile cinglé emglchintg toy thé Viscnsityoarad thaw
material solution and, at the same tine, installing a deaerator neans to
vent on tduantipsof tenflew gdoofd ba@btained dyrars experinentband splar belre thee
deposition device of claim®66, characterized by installing a neans to
control tﬂféc'fﬂ@rrperat ure of the raw material solution, a heliumpress 10
feed container, the liquid mass flow controller, and pipings before and

behind to a gl'N/eﬁ‘dCi'@‘Pﬁ)eHhttU?eab% embegioentaiti §n Preferailie 1onerevgRra zat i on

rrethod conpri sing steps. of
10 r%repchanlsr% to c%ntrol a distance of space between a shower head and a

susceptor on an arbitrary distance.

Furthermore, it is desirable to provide a liquid mass flow controller to
control the quantity of flow of the raw material solution and to provide a
degasifying means for degasifying it on the upstream side of the liquid mass

15  flow controller. If the material solution is introduced into the mass flow controller
without degasifying, dispersions of the deposited films are caused on the same
wafer or between the other wafers. Dispersion of the film thickness will be
remarkably reduced by introducing the raw material solution into the mass flow
controller after helium is degasified.

20 It is possible to further prevent the dispersion of the fiim thickness by
providing a means to control the temperature of the material solution, a helium
pressure-feed container, the liquid mass flow controller and piping in front and
back to be in constant temperature. Moreover, a change in quality of the raw
material solution which is chemically unstable can be also prevented. When a

25 thin film of SBT is formed, the deposition is precisely controlled within a range of

510 20 C. In particular, the range between 11 to 13 °C is desirable.
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I ntroducing raw material solution into a gas passage, shearing/atom zing
the raw nmaterial solution by jetting the career gas to the introduced raw
material 15 solution to obtain raw naterial m st and, then, supplying the
raw material mst to a vaporization part for making it vaporize, wherein;
the career gas is nmade to include oxygen. 69. The vaporization nethod of
claim68, characterized in that the jet speed of said career gas is 10 to
200m's. 20 70. The vapori zation nmethod of claim68 or 69, characterized by

i ntroducing tig BawitieRt e athes Aupstrafe bYuh@OStrénkgtft/ Melice’ in Wfich _
vaporization nethod of any one of clains 68 to 70, characterized by flow ng

the caregjregéer@inddgas aspriyeticn tHiASubdTRite RAIrfAcE f1tAk dillcow Silsstrate
straightly advancing flow that flows in the spiral flow upper |ayer

concom t ahiowmin2Bidt 122, @3wastdredust far surfadectrpainiertrfonttey substeateasurferieer i al
solution was introduced. 52 72. The vaporization nmethod of any one of

cl ai nrs 6&uch dgvicehé algsgmableedhély hasobndgcomfgurasy amt epstedanyacingpeddken t he
portion introducing the raw material solution and said vaporization part.
73. The \capoectea iocnheat mediunh eatranos 8206fforciiewing tbrough & heatimedameai zed 5
by uniformy heating the wall of the vaporization tube by using heat nedi um
t hat consiosrstrgfan i ting d302 gasnedtet ftar ge heatrmadiumapaudilety 3214 . of Thiee

vapori zation nmethod of any one of clains 68 to 73, characterized by feeding
t he raw redeleaminas heabmeédivaefand, yatblzaghitwg heat enBaNssieN InAsSgEes
solubility. 10 75. The vaporization nmethod of any one of clains 68 to 74,
char act erd08&q 30@bomhich ds IcoRpeeted igweanaialigl diregtiopnionBetweenstherpsiiaasm
solution with precision by using the liquid s flow contro] |l er and so on,
after deddd flyRrRg ciwsj@e@ym HES %a@a‘éﬁ' sc’éB?fvéngfslér@hﬁl passpge ehing &18&ti zat i on

et h?8 Ofm(e:éliﬁimr,man%% %I8w7;§3dss%83 rdii‘r%tc lcrarilsz Frgmbl%e upstream ring 1 to downstream
ring 302 between adjacent the heat transmission passage 303a, 303b being
alternated and a heat medium circulation passage desirable to make the gas to
a specified temperature.
Moreover, it is preferable that the substrate surface treatment device is in

15 a prescribed plane in the heat medium circulation passage, has a heat
conversion board 304 which is thermally connected to the heat medium
circulation passage in a plane formed with the flow passage of the heat medium
in the parallel direction, and is able to heat the plane of the heat conversion
board 304 to the substantially uniform temperature by the heat medium.

20 Furthermore, it is preferable that the substrate surface treatment device is
in a predetermined plane in the heat medium circulation passage, has the heat
conversion board 304 which is thermally connected to the heat medium
circulation passage in the plane formed with the flow passage of the heat
medium in the parallel direction, and is able to heat the plane of the heat

25 conversion board 304 to the substantially uniform temperature by the heat

medium.
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15 controlling the tenperature of the raw material solution, a helium
forced feed container, and the liquid nass flow controller, and pi pings
before and behind to a given tenperature. 77. The vapori zati on nmethod of
claim 76, characterized by controlling it within the range of 5 to 20C,
when the SBT thin filmis to be forned. 20 78. The vapori zati on nethod of
claim76 or 77, characterized by controlling it within the range of 121 C
when the SBT thin filmis to be forned. 79. The vaporization nethod of any

one of clains ﬁﬁdpﬁuoﬁ% ﬁ{%ﬁ?léﬁé ‘tﬁéeﬂgg?’c&rﬁiégén%'ﬂo’égd%ﬂ @?ﬁ?éf?%ﬁl& of the

raw materi al 1 on | um orce al ner urd nass

{1 0w, conufa 4 BluraMy it iticonn NRIESdrich Basausd MRctamfEd! ur o

80. A vapori zation’method usi'ng sard vaporizin od accor |ng to any one

of cl ai My £8iof el Rertied dlré)cjﬂonTcBTGth@EtﬂQﬁé id Rﬂnfé'%it bed Ak p?rbééf@n%hed as

characterized by restraining the quantity of flow ng change wh react ant

gas is flgusathd Mhe iAtdreamiuticaiommaatall hwec:@ahl BYi REafed fr @ubfs,’fmﬁﬁpw ting
gas to the vent side trough the vaporizer, during the reaction waiting

time.s5 821|fo'fﬂnqedfgj@@§mt¢ imtheeslang. of claim 80 to 81, characterized by
restraining the pressure change and the quantity of flow ng change when the

react ant gas iThus| @elitectidro df hiber fiowt passagieafrorr théyupstreanolringnty the
pressure of the vaporizer, when the reactant gas is flowed continuously to
t he vent ckiwhestteamiging betwegrotieat trarcmnissignt pesssagest adjacewdi to the theak. 10
83. The deposition nethod of any one of clainms 80 to 82, characterized by
uni f or m ymedisipeciculgtiomgassagedanrie ganfidured soeascta Sowgaduosuerhus, Ithe ge ar ea
by using a heated shower head. 84. The deposition nmethod of any one of

cl ai ms 8dlifferepge inhtaraperaiurgeof Hie danain ihgt ifeackhip Sahgat eReMISRAN to a
gi ven tenperature by using heated 15 high tenperature gas_ (air, argon,

et c. )0 gpassagepsstanfighreatimdighé dewdi h@htbkamyBMrﬁém@f cemfegufatnsm tdssa
wherein said filmis an SBT thin film 86. The degoﬂl) Jm of any one
of cl ai mPSsikle tgsniferplytqatqrLaag!l down the heat conversion board. In addltlon

the configuration also has the heat conversion board which is thermally
connected to the heat circulation passage in the plane formed with the flow
passage of the heat medium in the parallel direction thereto. Thus, it becomes
15 possible to heat the plane of the heat conversion board in the substantially
uniform temperature by the heat medium.
Industrial Applicability
According to the present invention, a deposition device for MOCVD and a
vaporizer for other device which can be used for a long term without clogging
20 and can stably supply a material to a reaction part can be provided.
According to the present invention, it is possible to obtain vaporizing gas

in which the organic metal materials are uniformly dispersed.
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by controlling the tenperature of the shower head to 180 to 250C. 20 87.
The deposition nethod of any one of clains 83 to 86, characterized by
controlling the tenperature of the shower head to 200 to 220C. 54
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8. The vaporizer of claim 7, characterized in that said groove is a straight
line groove.

9. The vaporizer of claim 7 characterized in that said groove is a spiral

15 groove.

10. The vaporizer of any one of claims 1 to 9, characterized in that said
raw material solution is a uniform solution or a liquid including fine particles of
the size of 1 to 100nm.

11. The vaporizer of any one of claims 1 to 10, characterized by installing

20 a heating means on the bottom of a container of said raw material solution.
12. A vaporizer having:
(@ a dispersion part including:
a gas passage formed internally,
a gas inlet to introduce a pressurized career gas into the gas
25 passage,
a means to supply the raw material solution to the gas passage,

and
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5 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 said gas outlet, and

a heating means to heat the vaporization tube; wherein

10 ®Q 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, in which

15 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
@ a radiation prevention part having a small hole on the gas outlet side
and the inner diameter expanding towards the vaporizer side is installed

20 outside the gas outlet.

13. The vaporizer of claim 12, characterized in that said small hole has
such a size that a velocity of the jetting gas flow is subsonic.
14. The vaporizer of claim 12 to 13, characterized in that the cross

sectional area of said small hole is smaller than the cross sectional area of said

25 (gas passage.
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material consisting said small hole is made of a material with good thermal
conductivity.

18. The vaporizer of any one of claims 12 to 17, characterized in that the
length of said small hole is five times or more of said small hole size.

19. The vaporizer of any one of claims 12 to 18, characterized in that the
length of said small hole is ten times or more of said small hole size.

20. The vaporizer of any one of claims 12 to 19, characterized by
installing a means to cool said gas passage.

21. The vaporizer of any one of claims 12 to 20, characterized by
installing a cooling means to cool a connection part for connecting said
dispersion part and said vaporization part.

22. The vaporizer of any one of claims 12 to 21, characterized in that the
surface of said rod is a surface where electrolytic polishing or compound
electrolysis grinding is exerted.

23. The vaporizer of any one of claims 12 to 22, characterized by
installing a means to cool the gas passage.

24. The vaporizer of any one of claims 12 to 23, characterized by
installing a cooling means to cool a portion for connecting said dispersion part

and said vaporization part.
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@10%8& () - Y32. The vaporizer of any one of claims 27 to 31, characterized in that:
said dispersion part comprises a dispersion main body having a
15  cylindrical or conical hollow part and a rod having an outer diameter smaller
than the inner diameter of the cylindrical or conical hollow part,
the rod has one or more spiral groove(s) on the outer periphery thereof,
and,
the rod is inserted in the cylindrical or conical hollow part.
20 33. The vaporizer of claim 32, characterized in that said groove is a
straight groove.
34, The vaporizer of claim 32, characterized in that said groove is a spiral
groove,
35. The vaporizer of any one of claims 32 to 34, characterized in that the
25 flow velocity of the gas or others flowing in said groove is 10m/sec or more.

36. The vaporizer of any one of claims 32 to 35, characterized in that the

flow velocity of the gas or others flowing in said groove is 15m/sec or more.
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a gas inlet to introduce a career gas into the gas passage,

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

15 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

@ a vaporization part for heating and vaporizing the career gas including
the raw material solution, sent from said dispersion part, the vaporization
20 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
connected to said gas outlet, and

a heating means to heat the vaporization tube, wherein

25 a radiation prevention part having a small hole is installed outside said
gas outlet, and

the career gas and an oxidizing gas can be introduced from said gas inlet.
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42. The vaporizer of any one of claims 40 to 41, characterized by

5 installing a cooling means to cool a portion for connecting said dispersion part
and said vaporization part.

43. The vaporizer of any one of claims 40 to 42, characterized in that the
portion for connecting said dispersion part and said vaporization part forms a
taper portion whose inside diameter increases from the dispersion part side

10 toward the vaporization part side.

44. The vaporizer of any one of claims 40 to 43, 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

15 the rod is inserted into the cylindrical or conical hollow part.

45. The vaporizer of any one of claims 40 to 44, 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.

46. The vaporizer of any one of claims 40 to 45, characterized by

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

47. The vaporizer of any one of claims 40 to 46, 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

25 substantially equal to the inner diameter of the cylindrical or conical hollow part,
the rod has one or more spiral groove(s) on the outer periphery thereof,

and,

48



109%#& ()-  Z109%#& ()- 9 109%#& ()-  9- 109%#& () - Kp+l|[:vUu4l

Ol S10%#& ()-  SYLO0%& ()- sf 1094& ()-  ss10%& ()- 310%& () -
&S10%#& ()-e|[: vUsl ,10%:& ()-  *M 10%:& ()- L(10%:& ()-
&310%& ()- &% 10%& ()- 3##10%& ()-c d |[:vUsl 8M 10%#& () -

386#10%& ()- LF4At10%& ()-  S210%t& ()-  sO:!110%& ()- L.10%& ()-d
8zvUAL  9-109& ()- OY 10%& ()- Of 1006& ()- 10#10#10% ,>10%& ()-
910%4& () -zK% | [: vU4l 1098 ()- 1 109& ()-  9109%& () -

oot tova {)- 9 HobARS e ERIA 1cR Br oglibicia pan. Gl () 1 1 vum

L. 109%+& 0
L%iotyﬁ& 8 Eq F Sﬁh@%ﬁoﬁier ol leTa“tﬁ’l/ﬁ& (&\aradté@%% fthat gfﬁd}”@(}@% i§)a

FAS10%& sfpmight gré&i@ R)ero(m thele W@&r (:&mlbéill#dllow §aﬁe0%¢& ()- L10%#& ()-
83 10%:& ()-- ~SSI0M& ()- 10410#10# > 10%& ()-)K| | vUsl | 10 () -

49. A disperser comprising;
5 a plurality of passages for supplying raw material solution,

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,

10 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.

50. A vaporizer comprising:

15 a disperser, having;

a plurality of solution passages for supplying raw material
solution,

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

20 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
gas of the career gas and oxygen to the mixture raw material
solution from the mixture part, in the supply passage, and

25 a cooling means to cool the supply passage; and

a vaporizer, having;
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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.

51. The vaporizer of claim 50, 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.

15

52. A vaporizer of claim 50 or 51, 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

(vaporization tube) +30°C.

53. The vaporizer of any one of claims 50 to 52, characterized by making

20 it possible to control the temperature of the oxidizing gas whose temperature is

controlled with a high accuracy by heating, to the temperature of the heating

tube (vaporization tube) +10°C.

54, The vaporizer of any one of claims 50 to 53, characterized by

installing a means to heat so that the tube wall temperature may become

25  uniform.

55. The vaporizer of any one of claims 50 to 54, characterized in that a

heater is set or controlled so that the heating calorie of a vaporization tube
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10 any one of claims 1 to 57.

59. The deposition device of claims 58, characterized in that said
deposition device is a CVD device.

60. The deposition device of any one of claims 58 or 59, characterized in
that said deposition device is a MOCVD device.

15 61. The deposition device of any one of claims 58 to 60, characterized by
having a heated shower head that uniformly disperses the heated and gasified
reaction gas over a large area.

62. The deposition device of claim 61, characterized by installing a
means for uniformly heating said shower head to a given temperature by using

20 heated high temperature gas (air, argon, etc.) .

63. The deposition device of any one of claims 58 to 62, characterized in
that said thin film is an SBT thin film.
64. The deposition device of any one of claims 60 to 63, characterized by

installing a mechanism that controls in precision the temperature of the space

25 between the shower head and a susceptor.
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10%:& () mtrgé{ljcllgg/ rgw( ?natelF al solution into a gas passage, shearing/atomizing the
raw material solution by jetting the career gas to the introduced raw material
15  solution to obtain 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.
69. The vaporization method of claim 68, characterized in that the jet
speed of said career gas is 10 to 200m/s.
20 70. The vaporization method of claim 68 or 69, characterized by
introducing the raw material solution by 0.005 to 2cc/min.
71. The vaporization method of any one of claims 68 to 70, characterized
by flowing the career gas or the raw material gas, making a spiral flow and a
straightly advancing flow that flows in the spiral flow upper layer concomitant in
25 the downstream from the portion where the raw material solution was

introduced.
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consists of liquid or gas with large thermal capacity.

74. The vaporization method of any one of claims 68 to 73, characterized
by feeding the raw material solution forcefully by using helium having low gas
solubility.

10 75. The vaporization method of any one of claims 68 to 74, characterized
by controlling the quantity of flowing of raw material solution with precision by
using the liquid mass flow controller and so on, after degasifying the gas that
has dissolved slightly.

76. The vaporization method of claims 68 to 75, characterized by

15  controlling 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.

77. The vaporization method of claim 76, characterized by controlling it
within the range of 5 to 20°C, when the SBT thin film is to be formed.

20 78. The vaporization method of claim 76 or 77, characterized by
controliing it within the range of 12+1°C when the SBT thin film is to be formed.

79. The vaporization method of any one of claims 68 to 78, characterized
by controlling the temperature of the raw material solution, a helium forced feed
container, and the liquid mass flow controller, and pipings before and behind to

25 agiven temperature.

80. A vaporization method using said vaporizing method according to any

one of claims 68 to 73.
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81. The deposition method of claim 80, 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.

82. The deposition method of claim 80 to 81, characterized by restraining
the pressure change and the quantity of flowing change when the reactant gas
is flowed into the reaction chamber, by controiling the pressure of the vaporizer,
when the reactant gas is flowed continuously to the vent side trough the
vaporizer, during the reaction waiting time.

83. The deposition method of any one of claims 80 to 82, characterized
by uniformly dispersing the heated and gasified reaction gas over a large area
by using a heated shower head.

84. The deposition method of any one of claims 80 to 83, characterized
by uniformly heating said shower head to a given temperature by using heated
high temperature gas (air, argon, etc.).

85. A deposition method according to any one of claims 80 to 84 wherein
said film is an SBT thin film.

86. The deposition method of any one of claims 83 to 85, characterized
by controlling the temperature of the shower head to 180 to 250°C.

87. The deposition method of any one of claims 83 to 86, characterized

by controlling the temperature of the shower head to 200 to 220°C.
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