DESCRI PTI ON SUBSTRATE PROCESSI NG APPARATUS and SUBSTRATE PROCESSI NG
METHOD, HI GH SPEED ROTARY VALVE, AND CLEANI NG METHOD 5 TECHNI CAL FI ELD The
present invention relates to sem conductor,devices and particularly to a
substrate processing apparatus and a substirate processing 10 net hod used
for production of ultrafine high-speed sem conductor devices having a

hi gh-K dielectric film Wth the progress of mniaturization process, a
gate length of O.lu mor less is becomng possible in ultra high-speed

sem conductor devices of 15 these dayBESGRABTADNy, the operational speed

of a sem conductor dey ' e ] 1.NI rjzation thereof, while
there is a need, in sé%ﬁﬁﬂ#gﬁ#Q%ﬁﬁaﬁgﬁﬂh415£fx§§#qﬁ) t%ﬂB%ﬁﬁﬁ%%s, of
decreasing the thickpesesointheeopde, i Asthatbenpf ROTAMYt PaLLE, 2ANdecr ease
of the gate length achieved by device miniaturization, in accordance with
a scaling law. Wen the gate | engt hChBANBREOMBTHORU m or |ess, on the

ot her hand, it. becones necessary to set the thickness of the gate
insulation filmto 1 - 2nm 25 or less in the case of using Si02r while

Wi th such a gate TEGHWERIALNFIELIN of extremely small thickness, there

occurs an increase of tunneling current, and  the problem of increases of
the gate | eakage current i S'rREATeRbI E1VEEF 1fReFeLuk®s kP cunmst ances,

there has been a gOhPPOSRLcEr USd V- & i - L ebecifi terk as
Ta205, A1203i zroo o orE &S O Bafest ﬁieﬁ ﬂgvisnga%s?rﬁgﬁe
| arger specific droeessing apparatus and a substrate processing

10 method used for production of ultrafine high-speed

semiconductor devices having a high-K dielectric film
With the progress of miniaturization

process, a gate length of 0.lum or less is becoming
possible in ultra high-speed semiconductor devices of

15 these days. Generally, the operational speed of a
semiconductor device increases with miniaturization
thereof, while there is a need, in such highly
miniaturized semiconductor devices, of decreasing the
thickness of the gate insulation film with the

20 decrease of the gate length achieved by device
miniaturization, in accordance with a scaling law.

When the gate length has become 0.1um or

less, on the other hand, it becomes necessary to set
the thickness of the gate insulation film to 1 - 2nm

25 or less in the case of using Si0;, while with such a
gate insulation film of extremely small thickness,
there occurs an increase of tunneling current, and
the problem of increases of the gate leakage current
is unavoidable.

30 Under such circumstances, there has been a
proposal of using a high-K dielectric material such
as Taz0s, Al;0;3, Zr0,, HfO., ZrSi0,, HfSiO,, and the

like, having a much larger specific dielectric



constant as conpared with an Si02 filmand thus providing a
characteristically small filmthickness when converted to the film
thickness of an Si02 film in spite of the,fact that the filmitself has a

| arge 5 actual filmthickness, for the gafeziﬁsulation film By using such
a high-K dielectric material, it becones possible to use a gate insulation
filmhaving the filmthickness of 1 - 2nmor less, even in the case the
sem conductor device is an extrenely mnute 10 ultra hi gh-speed

senmi conduct or devicestamwt ngs acgaperedewpth of 9id, fiMmoradesshudher eby,

gate | eakage current, &aused by tunneling effect can_be supghessed. In
order to form sudfAVHIHHE 1@ FRRERFTeELSEhERl I nstmall obiin| Fhérkaess

substrate, there jged cdbvaees OEofﬂ'ié" ﬁﬂlﬁntﬁ%%éé m, payj ng; §, t#d gkness

Inmor less, typically O Bnmor less, on the S strate as a base 'oxi de
filmso as to suppme%Blt¢f¢ﬁstmﬂlfﬁctném@ﬁ ehenthims cbmelfthasng hahggh- K

di el ect |2 fil to_ th bst r at then form 20
i g K. 0 o1 oot ABATRE | W AT EHAT i ofoLUiRe o endhS TR Hom 6o0Base

oxide film Theredy,udiey hidh-K gighegtgiclaatpiénsatation, fifmhas to be
formed such that the filmdoes not contain defects such as interface

states. Further, %ﬁcc{f?ﬁe’s tI?CP%SJeﬁl?StC? ORSR Ry FAeh Eneu bt donli I@ib@thatlgat e
€141 Llodd S efelod &l ehapge the

insulation film dp
conposition thereo gra ronlt conposi tTon pri r02 to
t he comnposition QHSEEﬂhé)BEM1¢¢md¢EEﬁElﬁéﬁf&@CiSlan éxtw&m@EysmﬂﬁuBQ

t her eof contactln t he base oxide filmtowa t he prijncipal surface
of the high-K%ié Eﬁ?rEF%huiP ?quﬁﬁ@ﬁ??ﬁéq?ﬁ?ﬁ #?V%ﬁ%kﬁé%%P$o@n9?ﬁ% hi gh- K
dielectric gate length of 0.lum or less. Thereby, gate leakage
current caused by tunneling effect can be suppressed.
In order to form such a high-K dielectric
gate insulation film on a Si substrate, there is a
15 need of forming an Si0, film having a thickness 1nm
or less, typically 0.8nm or less, on the Si substrate
as a base oxide film so as to suppress diffusion of
metal elements constituting a high-K dielectric gate
insulation film into the Si substrate, and then form
20 a high-K dielectric gate insulation film on such
extremely thin SiO; base oxide film. Thereby, the
high-K dielectric gate insulation film has to be
formed such that the film does not contain defects
such as interface states. Further, at the time of
25 forming such a high-K dielectric gate insulation film
on the base oxide film, it is preferable to change
the composition thereof gradually from the
composition primarily of Si0; to the composition
primarily of the high-K dielectric, from the side
30 thereof contacting with the base oxide film toward
the principal surface of the high-K dielectric gate
insulation film.

In order to form the high-K dielectric gate



3 insulation filmsuch that it does not contain defects, it is not

possi ble to use plasma process that involves the process of charged
particles. For exanple, when such a high-K,dielectric gate 5 insulation
filmis formed by a plasma CVD process, thére are fornmed defects that
function as the trap of hot carriers within the filmas a result of the

pl asma damages. On the other hand, when an attenpt is made |o to form such
a high-K dielectric gate insulation film by a pyrolitic CVD process, there
is a need of settimguldeicubsilmteutkenpeant it eddesanbdt gbontetpesaryees,and

the filmeasily undergoes, crystallization. Thereby, there is caused an
i ncrease 15 of sut¥ 9%5@%%%%%@ Fure TS Rlasma PLeever ethdly the

nventor of the presSi¥ed MeRIpRILAoE Nendiddn SOFFRLioN TALE changes

easily by the tenperature of ‘the substrate and it is di t to achieve
uni form film thiekamesse divhen binglon dyigheK ubid¢beairic ofatde 20 substrate

tenperature. I.n ofher rds,.there is a ndency, t hat roughness of the
filmsurface °i ncrantes e |]f Tureh é%ﬁe%e?ﬁ' 971-&1%&%? e(é\r(]'si%r%‘g?ﬁs'_ _

i nsul ation film ithdas rete Wdined coanments ontedt QB c I O8 €8S . t e SOraptof S
difficult to secure uniformty 25 of the filmthickness. Thus, in the case

a pyrolitic CvDRbocagrriarspplikln the fhle ansulsoht feofnte a MOS
Lran?istor in Vw"éihéﬁai&éﬂ [red to control the filmthickness with
i gh-precision, there 1s invoked a serious influence upon the operational
30 characteristics of the S&mtdondetter evdcevhdBACGKCRAMNENNRTL Iheadepon,
the inventorlgf Hﬂ? géﬁﬁgﬁch a high-K dielectric gate insulation film
by a pyrolitic CVD process, there is a need of
setting the substrate temperature to a high
temperature, and the film easily undergoes
crystallization. Thereby, there is caused an increase
15 of surface roughness. Further, it is discovered by
the inventor of the present invention that the film
formation rate changes easily by the temperature of
the substrate and it is difficult to achieve uniform
film thickness distribution by the uniformity of the
20 substrate temperature. In other words, there is a
tendency that the roughness of the film surface
increases easily when such a high-K dielectric gate
insulation film is formed with a conventional CVD
process. Also, it is difficult to secure uniformity
25 of the film thickness. Thus, in the case a pyrolitic
CVD process is applied to a gate insulation film of a
MOS transistor in which it is required to control the
film thickness with high-precision, there is invoked

a serious influence upon the operational

30 characteristics of the semiconductor device.

BACKGROUND ART

Thereupon, the inventor of the present



I nvention has proposed previously a substrate processing nethod and a
processi ng apparatus to be explained belowin Patent Reference 3 for
overcom ng the above problem . 5 Figure 1 shows the construction of a
substrate processing apparatus (ALD deposTtﬁoﬁ apparatus) 10 proposed
previously by the inventor of the present invention for carrying out an ALD
film formation process. In the ALD filmformation process, 10 a first
source gas and a second source gas are supplied to the substrate to be

processed al ternaig¥dntidnthes forspoied apiaaiohspyw fhatnipyeeal ong a _
surface of the substrate to be processed. Thereby, source gas nolecules in

the first source BERCQFSING Behedeandparrrdrecssbay rappasattiackot bebe
processed, and t I d.te react _wth source
gas nol ecul es in %@%@%@ %%S‘?c%@ggégég h%%g%{;/%y%%e? egcijg POrhEd A i I m

wi th thickness oftlomeabeosnd estiblslethayer. By repeating this process, a high
20 quality dielectric film_especially a high-K dielectric film usable

for a gate insulation fil m?%gu¥%r%ﬁp%‘ﬁt¢?ée sePPEE Gt 1emecSubstrate to be
processed. Referrdngsdfafd QW S-dssihte %ggé%%§ gﬁ@r@gﬁggiggogppar atus 10

I ncl udes a processing vessel 11 provi processing gas inlet ports

13A and 13B so aapparapposel liptoreaedd @pheviacsbgsbn thebshvenect2cfo be

processed, and elqggated evacuat i.on openi ngs_14A and 14B ﬁé ﬁ fl't-form
fife Y Th

Shape 30 are provi o REHE (H GPHOSY {HE provbsifg Bas™T ts 13A
and 13B respecti v sinei O5 Spidiee se1pst aglee ALDtoi be PEAELESEH. pdbEess,
evacuati on openings_14A and 14B are connected to a trap 100 respectively
Vi a 10 & first source gas and a second source gas are
supplied to the substrate to be processed alternately
in the form of laminar flow that flows along a
surface of the substrate to be processed. Thereby,
source gas molecules in the first source gas are
15 adsorbed upon the substrate surface to be processed,
and the adsorbed gas molecules are caused to react
with source gas molecules in the second source gas.
Thereby, there is formed a film with thickness of ocne
molecular layer. By repeating this process, a high
20 gquality dielectric film, especially a high-K
dielectric film, usable for a gate insulation film is
formed on the surface of the substrate to be
processed.
Referring to Figure 1, the substrate
25 processing apparatus 10 includes a processing vessel
11 provided with processing gas inlet ports 13A and
13B so as to oppose with each other across a
substrate 12 to be processed, and elongated
evacuation openings 14A and 14B of a slit-form shape
30 are provided so as to oppose the processing gas inlet
ports 13A and 13B respectively across the substrate
12 to be processed. The evacuation openings 14A and

14B are connected to a trap 100 respectively via



conduct ance val ves 15A and 15B, and the processing vessel 11 is evacuated
through the trap 100. Furthernore, another processing gas inlet port 13C
is provided to the processing vessel 11 5_adjacent to the processing gas
inlet port 13A so as to oppose with the evacuation opening 14A. The
processing gas inlet port 13Ais connected to a first exit of a switching
val ve 16A, while the switching valve 16A is connected a source 10 vessel
20A that holds ZrCl2, via a first source supply line 16a, wherein the
supply line 16a inchddeﬁanaevmhheei?ﬁéAaanns$5Bloandoaheopteteégéngnd
anot her val ve 19A. Fui 2@ ne 2la jncludin vglves 21A and 22A
%%c% a

and suppl yi ng an Yhert %Fe?stﬁ§obgngH%d ) Bt to the first

source supply line 16a. FuphPerdPhSre 2 ¥ﬁ$¥§e?3ﬁ9§céé§§n&3 asi PRiudi ng
mass flow controllers 23A and 24A and connected to an inér{ gas resource

of Ar, and the |PREt 13Cchbanereetded thethei procagsingveedsal ahd 20 the

econd exit of th§%§¥$%§@ o) ¥%é % &éégg coggefé dFt%%%F i%%aggloo via a

purge line 100a FOcessT Ny §as Tth €8nnect ed

to a first exit ototdsrppsmtwmmgthyaévacﬂﬁBlo@napéﬁmgmmhl ng valve 16B is
connected 25 to a source vessel 20B holding HZO via the first source
supply line 16b that incl uded® PTRFSESINB 9aS HALRL FPOHF chbAbrdfl er 18B and

anot her val ve 198bon1'fé'éﬁ$'@rtoaapf'f.9§’tlé£'& 2%? éhéw{vlté'ﬁlﬂge@aﬁ‘év?é 21B and

22B and supplies the inert gas of Ar, and e 30 prOV|de adj acent
to the first sour¢kibapphy SWitehiny. v#Elve hebA Bs poegeetiad 23bounceudi ng

mass  flow cantroflgrg) 236 ag. 248, A9 £2002Ct8d 10 Abst source
supply line l6a, wherein the supply line 16a includes
a valve 17A, a mass flow controller 182 and another
valve 18A. Further, a purge line 2la including valves
21A and 22A and supplying an inert gas such as Ar is
15 provided adjacent to the first source supply line 16a.
Furthermore, a valve purge line 23a
including mass flow controllers 232 and 24A and
connected to an inert gas resource of Ar, and the
like, is connected to the switching valve 16A, and
20 the second exit of the switching valve 16A is
connected to the trap 100 via a purge line 100a.
Similarly, the processing gas inlet port
13B is connected to a first exit of the switching
valve 16B, and the switching valve 16B is connected
25 to a source vessel 20B holding Hz0 via the first
source supply line 16b that includes a valve 17B, a
mass flow controller 18B and another valve 19B.
Further, a purge line 21b that includes valves 21B
and 22B and supplies the inert gas of Ar, and the
30 like, is provided adjacent to the first source supply
line 1léb.
Further, a purge line 23b including mass

flow contreollers 23B and 24B and connected to an



6 inert gas resource of Ar, and the like, is connected to the swtching
val ve 16B. The second exit of the swtching valve 16B is connected to the
trap 100 via a purge line 100b. 5 Further, gthe processing gas inlet port
13C is connected to the first exit of the switching valve 16C and the

swi tching valve 16C is connected to a source vessel 20C that holds Si Cl4
via a first source supply line 16¢c, wherein the source supply line 16c 10
includes a valve 17 C, a mass flow controller 18C and anot her val ve 19C
Further, a purge inest2gas rﬁabudCﬁgOﬁaAVesazdcxhadl22&;amd sappegited an

inert gas of Ar, he I acent tg the fir source
supply I'ine 16c. Eg Eh% %ng v gggrgg 3C§§§ eFﬁElﬁélﬁé nass

flowrate controIheiﬁcﬁﬁﬁgaﬁdlﬂéclaBdlsCQBﬂﬁééeddt@oaﬂhénﬁkhpgaaorQ&QUVCG
of Ar, and the Ilike, is connected to the switching valve 16C. The second

exit of the switchi REL98l ¥&nest0PR- connected 20 to the trap 100 via a pur ge
line 100c. Furgher, the sub§ﬁ£@ﬁgr rgﬁgs§£gg ggg&aﬁ f ﬁ?e?ngE9“ﬁ§cl S
e fi

provi ded with a control unit 10A trolTing~t mat'i on
process, wherein i$heounatted uﬂlthQOﬂacshtemis bﬁethenbwmtuglnglveiVES 16A

- 16C and further e_cqnduct ance val ves al so 15B ag wll be
expl ai ned | ater m}%ﬁ & Eﬁﬁcﬁw%BChﬁ?%uVﬁ VY ?gg 1¢) GArREStEHONR Betails of

the part that ingbugdes +8esI02e8StRILVRESEs dicof HHW er drsB0s¥hesei n
those parts of Figure 2 corresponding to the parts of Figure 1 are shown

with the sane ref@pepte lh@etdfs. wherein the source supply line léc
10 includes a valve 17 C, a mass flow controller 18C and

another wvalve 18C. Further, a purge line 21c
including valves 21C and 22C and supplying an inert
gas of Ar, and the like, is provided adjacent to the
first source supply line 16c.

15 Furthermore, a valve purge line 23c
including mass flow rate controllers 23C and 24C and
connected to an inert gas resource of Ar, and the
like, is connected to the switching valve 16C. The
second exit of the switching valve 16C is connected

20 to the trap 100 via a purge line 100c.

Further, the substrate processing apparatus
10 of Figure 1 is provided with a control unit 10A
for controlling the film formation process, wherein
the control unit 10A controls the switching valves

25 16A - 16C and further the conductance valves 15A and
also 15B as will be explained later with reference to
Figures 4 - 7.

Figure 2 shows details of the part that
includes the processing vessel 11 of Figure 1,

30 wherein those parts of Figure 2 corresponding to the
parts of Figure 1 are shown with the same reference
numerals.

Referring to Figure 2, the processing



Referring to Figure 2, the processing 7 vessel 11 has an outer vessel 201
of Al, and the like, and an inner reaction vessel 202 of a quartz glass is
provi ded therein, wherein the inner reactiof yessel 202 is accommodated in
a depression defined inside 5 the outer vessel 201 and is covered by a
cover plate 201A that fornms a part of the outer vessel 201. The inner
reaction vessel 202 is fornmed of a quartz bottom plate 202A covering a
bottom surface of the outer vessel 201 in correspondence to the 10
depression and a gaastk tbveas282Bovhat veweed EAE ofuailf zabdt tbm phiaee

202A in the d Lon, wherein t i s_f i reul i ng 201D at
the bottom of i REOUTer L VeeEer SRET CaecKADaLI T3 &L CF SRUGREROALoEFage 203

used for hol di ng pr&vbsédatRe iR, behdbe DhOERSSene FUFEAEEioR HEALEENY
mechanismnot illustrated is provided inside the stage 203. It should be

noted that the stdge P9a¢eommedatedt it adl §eppasatonhéefinedt ineidevably in
h -and-d ' ' . ' 4
the up-and-dgwn Qﬁée&ﬁté’ofsvﬁseé%s%'@ftéﬁéelér@@é@?é&%gfgzégx_r@ﬂ]é%ége, t he

provi ded at a’l ower par uter “processing Vess

stage 203 is hel 20Mmvahiy fprmamnda desnt bef weled auteppessdsl podcessi ng
position and a | owernost substrate in/out position, wherein_the processing
position is deternined such!®% tPRETtFeacttPRAcEedFet nel4ubst fFaFBeW BA the

stage 203 to be Qr@@ﬁ@@%&@@ﬁ:ﬁ%i t&o%]@;@ixd@ﬁae%y@gaasyas{@% ohir£hbE

quartz bottom pl ate”202A. On the ‘ot her hand, of egol ng substrate
i n/out position isfstheiouterrespontentt in coBfesphsdente to/ bhe openi ng
204A Tor ed g thg,sidevall 5471 ag0 oL, DS, SUbsE5R Enl L 20shELL AL QN part
quartz bottom plate 202A in the depression, wherein
there is formed a circular opening 201D at the bottom
of the outer vessel for accommodating a disk-shaped
stage 203 used for holding a substrate W to be
15 processed. Further, a heating mechanism not
illustrated is provided inside the stage 203.

It should be noted that the stage 203 is
held rotatably and at the same time mowvably in the
up-and-down directions by a substrate transportation

20 part 204 provided at a lower part of the outer
processing vessel 201. Thereby, the stage 203 is held
movably up and down between an uppermost processing
position and a lowermost substrate in/out position,
wherein the processing position is determined such

25 that the surface of the substrate W on the stage 203
to be processed generally coincides with a surface of
the quartz bottom plate 202A.

Cn the other hand, the foregoing substrate
in/out position is set in correspondence to a

30 substrate in/out opening 204A formed on the sidewall
surface of the substrate transportation part 204, and
a transportation arm 204B is inserted from the

substrate in/out opening 2042 in the case the stage



a transportation arm 204B is inserted fromthe substrate in/out opening
204A in the case the stage 203 has descended to the substrate in/out
position. Thereby, the arm holds the substrate Wto be processed and
lifted up fromthe surface of the stage 208 To a lifted state by lifter
pins (not shown), and 5 takes out. The armfurther forwards the substrate
thus taken out to a next process. Further, the transportation arm 204B

i ntroduces a new substrate W to be processed into the substrate

transportation pagf R4 Jédcéh@edUbStRd Esipé O t OPER) S8t 20444 80gn 10
pl aces the same upon the stage 203. The stage 203 thus carrying a new

substrate Wto prefeessie | armdielddt habtybaptate Wheoshee tine

novably up and d (o) y 5 I b ri r in a
magneti c seal 20%\!,]()%%%\?\%&&%@1 Jtife@és%aﬁ E%&ﬁ}v\h%(]: %%%f%)%%aégg%ﬁgf%t%géB
noves up and dowR03 heraelifedd ystseed asy byi ftecoppest (ot $BOInpUCANAS

bell ows 206, and the like. Further, the space is evacuated to hi gh vacuum
state hi gher 5t hat@ kR PhterThR FTtHerthrseloiprds athe sebevrzb@ati on

openi ng not il l usdyad _e@ak%gdoﬁ@eto cgr}g%ﬁ dohst 0 ?@Ptl?%?ﬁ{ﬁée processi ng

process carried out int | nner vess 2°1s successfully avoided. In
order to ensure sucdnspdreateitn adrR52@dRciEt rotgcedhen sheges2OStratpridvi ded

wth a guard ri 03A of quartz, gl ass such that, the guard ri 203A
surrounds the subst i AT TE pHEesuitl. 1S aHotl W HRSROTERE IRAt such a

guard ring 203A rgstd i 266 viderkOnsuss enees bt reen dhén sh@deo283agad the 30
sidewal | surface of the opening 201D forned so as to accommpdate the stage

in the outer Wesselages thytgame upon the stage 203.
The stage 203 thus carrying a new substrate

W to be processed is held rotatably and at the same
time movably up and down by a rotary shaft 205B held
by a bearing part 205 in a magnetic seal 2052,

15 wherein the space in which the rotary shaft 205B
moves up and dewn is hermetically sealed by a
compartment wall such as bellows 206, and the like.
Further, the space is evacuated to high vacuum state
higher than the interior of the vessel 202 via an

20 evacuation opening not illustrated, and the
contamination to the substrate processing process
carried out in the inner vessel 202 is successfully
avoided.

In order to ensure such differential

25 evacuation, the stage 203 is provided with a guard
ring 203A of quartz glass such that the guard ring
203A surrounds the substrate W to be processed. It
should be noted that such a guard ring 203A restricts
the conductance between the stage 203 and the

30 sidewall surface cof the opening 201D formed sc as to
accommodate the stage in the outer vessel 201. With
this, a differential pressure is formed positively

with respect to the inner reaction vessel 202 in the



this, a differential pressure is formed positively wth respect to the
I nner reaction vessel 202 in the 9 case the space defined by the bell ows
206 is evacuated to a high vacuum state. T?e sidewal | surface of the

opening 201D forned at the bottom part of the outer vessel 201 is 5
covered with a quartz liner 201d, wherein the quartz |iner 201d extends
further in the downward direction and covers the inner wall of the
substrate transportation part 204. At the bottom part of the outer vessel

201, 10 there areasortiee epacsadeDingd opyesh@0Bdal aows 2946 igonnected to
t he respective evacuation _apparatuses at both sides of the opening 201D,
wherein the evactBdFHRCeHobve? 2phghisaeyaBuatatevia a conduit 207a and a

conductance val ve 15A, whilg, g he; 35, ch%§$§g?%g%ﬁ0¥ﬁeZgéggiﬁgg?@fﬂated vi a

a conduit 207b and a conductance val ve e stat gure 2A,
t he conduct ance vbbxmed5#t i sheebotiomnpappen£dtise atetahi Yessde 2Ohdust ance

valve 15B is set to a nearly closed state. | rder. to realjze the 20
opened and cl gsed Y2l V&?% ? VBT F | §Pe¥t£9£d'pV%?E?%%IEh?hSPaFFE

conduct ance val VepiHOA 200 168 ed€ NOttdPSed €REPASESLYrdNdt Pec£l9sed

state and nmintain a degree of valve opening of about 3% The evacuation
grooves 20la and 20dpcever 25tkevireer vivahl aof | Hee 2@8sbratequartz gl ass,

and there are fQE %%ééﬁég£%£1é?§¥n@@ 209A and 209B in the quartz

bottom pl ate 202A" I n rrespondence to the evacuation grooves 20la and
201b. In the enbodi ment ofAf ghe eb@Ltomcgpatft caf i tie pbates 209séorped, with
the 30 evacu%%ioqﬂ%gggig eléé}égdlggggg éfégegrggégg 20la and 201b
connected to the respective evacuation apparatuses at
both sides of the opening 201D, wherein the
evacuation groove 20la is evacuated via a conduit
207a and a conductance valve 154, while the
15 evacuation groove 201b is evacuated via a conduit
207b and a conductance valve 15B. In the state of
Figure 2A, the conductance valve 153 is set to an
opened state while the conductance valve 15B is set
to a nearly closed state. In order to realize the
20 opened and closed states with reliability, it is
preferable that the conductance valves 15A and 15B
are not closed completely in the closed state and
maintain a degree of valve opening of about 3%.
The evacuation grooves 20la and 201b are
25 covered with a liner 208 of a quartz glass, and there
are formed slit-form openings 2092A and 209B in the
gquartz bottom plate 202A in correspondence to the
evacuation grooves 20la and 201b. In the embodiment
of Figure 2, rectification plates 209 formed with the
30 evacuation opening 14A or 14B explained with
reference to Figure 1 are provided to such slit-form
openings 209A and 209B for the purpose of

facilitating the evacuation of the interior of the



reference to Figure 1 are provided to such slit-form openings 209A and
209B for the purpose of facilitating the evacuation of the interior of the
- 10 inner reaction vessel 202. Further, %;grtz gas nozzles 13A and 13B

2

are provided in the inner reaction vessel respectively at the
evacuati on grooves 20la and 201b 5 so as to face with each other across the
wafer 12. Thus, the first processing gas introduced fromthe gas nozzle
13A flows along the surface of the substrate 12 to be processed through

the inner reacti ORn¥esseiceddnandsss] evagyated via the opposing 10
evacuati on openi ng 14A and t hrough the conductance valve 15A. Simlarly
the second processing gas FrfrEbeticedudEbm §a8 Ba3zHD3z1 3R 18Rdf LdRsaskPong

the surface of t §O§yg§&rfﬁetg%égqggrp£ggg?§gg gggggghzgahe i nner reaction

vessel 202 and evacuated from evacuati on opéeni ng B via the
conduct ance val verd§Bectithesy oy thewewngctbeidnrgtoandssetbadapdoleibi ng
gases alternately fromthe_gas nozzle 13A to the evacuation oggning 14A or

fromthe gas rozzPe ABE-PofEFR BYERUBRFINCLREHI AGEeEB, the Welshed2possibl e

to 20 achieve therfiidm{RENPi}on SPE-ABLERY| §5s! BYeFolYcORer BRI eaEl ar
| ayer as explained previously. Figure 3 shows the construction of the

quartz bottom pl ag@s 2007z i¢at 38 ohbews Lz bgnghehenperfaceaeti bhevessel 202 in
detal | 25, Fol o008, 0% o3 ol BTECLELAT R 0D, REn o022, 0 the
substrate Wto bereptoiessedssahdz 0peandgss 2894caate@09Bacoheesppoding to
the evacuatl o O QN e f0as Spen g1 1A %08 Thfodth the conductance
valve 15A. Similarly the second processing gas
introduced from the gas nozzle 15B flows along the
surface of the substrate W to be processed through
the inner reaction vessel 202 and evacuated from the
15 evacuation opening 14B via the conductance valve 15B.
Thus, by flowing the first and second processing
gases alternately from the gas nozzle 13A to the
evacuation opening 14A or from the gas nozzle 13B to
the evacuation opening 14B, it becomes possible to
20 achieve the film formation one molecular layer by one
molecular layer as explained previously.
Figure 3 shows the construction of the
quartz bottom plate 202A that constitutes the inner
reaction vessel 202 in detail.
25 Referring to Figure 3, there is formed an
cpening 202a in the quartz bottom plate 202A with a
circular shape corresponding to the substrate W to be
processed, and openings 209A and 209B corresponding
to the evacuation grooves 201a and 201b are formed at
30 both sides of the opening 202a. Further, in the
example of Figure 3, the rectification plates 208

having a slit constituting the evacuation opening 14A

or 14B are provided in correspondence to the openings



30 both sides of the opening 202a. Further, in the exanple of Figure 3,
the rectification plates 209 having a slit constituting the evacuation
opening 14A or 14B are provided in correspondence to the openings - 11
209A and 209B. Further, the quartz bottorfi pilate 202A is provided with an
opening 210a in correspondence to the gas nozzle 13A, and an opening 210b
Is provided in correspondence to the gas nozzle 13B. By providing 5 the
opening 210a or 210b to the quartz bottom plate 202A with plural nunbers,

it becomes possibpgosoandroybgde rhetHas, NeRE! §ud3fz0hot8Bmi B1hRe bonAr
processi ng vessel 202 with plural nunbers. Figure 4 is a flowhart show ng

an ALD 10 processssegoehdedcvhtiicardopaning sLbst int eorpegpesdenge to

apparatus 10 of Figur u r ntro f.the trol _unit ;1QA for

t he case of forn#ﬁ% §a%r§§9%f?n?§§ftﬁ§83% s%?%?%ng22§§gbés Bf8gég§ d one
mol ecul ar | ayer bjnoférsespehtanceayerthdbqgRef eoriDg LOBE Byr prévitinag
conductance valves 15A and 15B are opened in a first step 1, and the

swi t chi ng val Ves 482 AR8NiBB at8acBht foPPebiot Bha aupFEE BPRERM BLaBAr gi ng
state. In this st Sj es:| o} b g supply
lines 20 16a and ?%%Aaﬁgggu%%ﬁggg ?gﬁ?ﬁgéfré%n?%%g?ﬁ%oﬁg§§%ﬁge gérge i nes
100a and 100b, respevidectie gad aszaler&shl ¢r 1BB &n ghe innehe purge |ine

eaction vessel SBPUTICTRE B oRBbrIg BAGH! RHAERbsNGBPEES13A and 138,
respectively. The Ar purge gagese 4hus suppbi€HadteshbRingi sgahatged to the
trap 100 fromthe evacuati on openi ngs 14A and 14B. Next, the degree of
val ve openi ngtfof PHecess sequence conducted in the substrate
processing apparatus 10 of Figure 1 and 2 under
control of the control unit 10A for the case of
forming a Zr0O; film on the substrate 12 to be
processed one molecular layer by one meolecular layer.
15 Referring to Figure 4, the conductance
valves 15A and 15B are opened in a first step 1, and
the switching valves 16A and 16B are controlled to a
first state, or purging state. In this state, the
processing gases in the processing gas supply lines
20 léa and 16b are supplied to the trap 100 through the
purge lines 100a and 100b, respectively, and as a
result, the Ar gas in the purge line 23a and the Ar
gas in the purge line 23b are supplied to the quartz
reaction vessel 202 via the processing gas inlet
25 ports 13A and 13B, respectively. The Ar purge gases
thus supplied are then discharged to the trap 100
from the evacuation openings 14A and 14B.
Next, the degree of valve opening of the
conductance valve 15A is increased in the step 2 and
30 the degree of valve opening of the conductance valve
15B is decreased. As a result, there is formed a gas
flow in the guartz reaction vessel 202 such that the

gas flows from the gas inlet port 13A to the



conduct ance valve 15A is increased in the step 2 and 30 the degree of
val ve openi ng of the conductance valve 15B is decreased. As a result, there
is formed a gas flowin the quartz reacti vessel 202 such that the gas
flows fromthe gas inlet port 13Ato the - evacuati on openi ng 14A.

Next, in the step 3, the switching valve 16A is switched fromthe first
state to the second state, and the ZrCl4 gas in the processing gas supply
5 1line 16a is introduced into the quartz reaction vessel 202 fromthe
first processing gascuatedtnpopéniidAleas.a gas flow LF1 as shown in Figure
5. The ZrCli4 gas flow LF1 thus introduced forns a |lam nar flow _flow ng
along the surface of the subettat&n19heoSher18. pkBeecs¥ébchingxpravaed

previously and i sqgischa o] e a o} N Qg Ao WY this
process, about o%gAngge%ﬁﬁg?h%gyg¥éﬁft%%cggﬁ%g gggg?bgg E%%nse¥ﬁgasurface

of the substrate 4Rate, bangrbbeszz@ls Igus tihe flor epuicessiep s isughbyl d be
noted that the 15 seCOfg smﬁtch%ngdval e, 16B #@ I n thg first state, and
thus, the Ar ghrg%l@%s B tRetPHHZ98%EY 0 Rt FBAuERAT T E o  PAET4BEr t 2
reaction vessel 20@s&§eDmpbhefs6600He PIPEESSHHEI3SnyNG8E PALEL1ZBrtAS a
result, the problemof the ZrCl4 processing gas introduced from 20 the

first processing §38 #l2tIper{laBAlinaidisipimtin Fhguzedondlir ote6hi ng
0o Lot BTt LRSI gk S AR D 1 N e
reaction 25 vessElowrD?gislpnggelde byut hecédrofasheFaubheratéht2degrpe of
val ve opening of L e eS904|SL A0S YAYS 7250 1 Su8Fs  §25°0, 200, Lhe Jegree of
from the evacuation opening 14A. With this process,
about one molecular layer of ZrCl, is absorbed upon
the surface of the substrate 12 to be processed. In
the foregoing step 3, it should be noted that the
15 second switching valve 16B is in the first state, and
thus, the Ar purge gas in the line 23a is introduced
to the gquartz reaction vessel 202 from the second
processing gas inlet port 13B. As a result, the
problem of the ZrCl, processing gas introduced from
20 the first processing gas inlet port 13A invading into
the second processing gas inlet port 13B and causing
precipitation therein is avoided.

Next, the switching valve 16A is returned

to the first state in the step 4 and the reaction
25 vessel 202 is purged by the Ar gas.

Further, the degree of valve opening of the
conductance valve 15A is decreased and the degree of
valve opening of the conductance valve 15B 1is
increased in the step 5. As a result, there is formed

30 a gas flow in the gquartz reaction vessel 202 from the
gas inlet port 13B to the evacuation opening 14B.

Next, in the step 6, the switching valve

16B is switched from the first state to the second




val ve opening of the conductance valve 15B is increased in the step 5. As
aresult, thereis formed 30 a gas flowin the quartz reaction vessel 202
fromthe gas inlet port 13B to the evacqagk?n_opening 14B. Next, in the

step 6, the switching valve 16B is swtche romthe first state to the
second - 13 state, and the H20 gas in the processing gas supply line 16b
Is introduced into the quartz reaction vessel 202 fromthe second
processing gas inlet port 13B as a gas flow LF2 as shown in Figure 6. The
H20 5 gas flow LFR2tabes amdrDigeciéd fgaarsira Hrempmrcdd sovmg fdamv sugp@l png t he

surface of the substr 12 to be rocessed as expl ai ned before and is
di scharged from h%egigguﬁfibﬂtﬁﬁ%ﬁ?% 30 SV?hQQ%EEZara?SEéeg, Zr Cl4

adsorbed to the suéas® D2t hfok Ubss r 86 €orld é?oé@s@ﬁn?@&@si;ﬁge{:Spék'ej ect ed
to hydrolysis, and the Zr@2 filmis formed with the thickness of about one

mol ecul ar | ayer. 13Pfaeyoiay 5iep B2 ias sthannd e Fiminal § hathe HBO i r st
switching valve 1ok ! 2108 188 tild Shifl@hfe ALY (6 AL, RUIGP gas 1N
i3 nto ac

the line 15 23a ntroduced i e quartz re i'on vesse fromthe
second processi ngf pawingl 2lopprthd 3furPsce of eshkt subderpteblenmof behe H20

gas thus introduced fromthe second grocessi ng gas,inlet port 13B

et p
i nvadi ng i nto t hePTPFETSEH R sXPA HREd i P EPrportd 153 dbsahargadsirgn

preci pitation thefgd Ny ScSHELSs SEph ¥ng aVeh degh  h t s sbQuUlL dyps-ogted that the
gas nozzles 13A and 13B are forned to have an el ongate nozzfe openi ng of
the slit formandZihk adserdesc fat itdre eparfiags 4A MRS saibtiER ear’le? formed to

have a corresgondipg, £l ongale 3 8'Lin il Do VhGuLSyaLe, Ta8Y Lhet Lh, s
film is formed with the thickness of about one
molecular layer. In foregoing step 6, it should be
noted that the first switching valve 16A is in the
first state, and thus, the Ar purge gas in the line

15 23a is introduced into the guartz reaction vessel 202
from the second processing gas inlet port 13A. As a
result, the problem of the H,0 gas thus introduced
from the second processing gas inlet port 13B
invading into the first processing gas inlet port 13A

20 and causing precipitation therein is successfully
avoided.

It should be noted that the gas nozzles 13A
and 13B are formed to have an elongate nozzle opening
of the slit form and that the evacuation openings 14A

25 and 14B are formed to have a corresponding elongate
slit form, in view of the fact that it is desirable
with such an ALD process to form a laminar flow of
the source gas in the quartz reaction vessel 202.

Because of this, the purge gas 1is evacuated

30 from the evacuation openings 14A and 14B at the time
of purging the reaction wvessel 202 in the step 1 of
Figure 4. On the other hand, it should be noted that

the conductance of the evacuation openings 14A and



wi th such an ALD process to forma lamnar flow of the source gas in the
quartz reaction vessel 202. Because of this, the purge gas is evacuated 30
fromthe evacuati on openings 14A and 14B at the tine of purging the
reaction vessel 202 in the step 1 of Figudd 4 On the other hand, it
shoul d be noted that the conductance of the evacuation openings 14A and -
14 14B of the slit formis Iimted. Thus, in the case the substrate
processi ng apparatus 10 is the one designed for processing a |arge

di anet er substrat S f f. cm di er, for | as 5
the substrate 12 408 béejfgtrﬁe%s%%f%nﬁoln%%}%g% s'ﬁefnl'é%sd'edl oﬁ%@%ggti ng the

reaction vessel 2re ofubdtarges ototessvgrappatdeusab® idetlgonset ance
val ves 15A and 15B are fully opened. K Thereby, the throughput of the

substrate processteRIREYetRF RIUWRT 4T | held 13D JLatHt e heSWRReF2RANd, in
the case the opefidlg A 62 Wird NG LVHEUAL | @TaRPEDE NOFo L 44 ARG1 d 4B;

especially the width thereof in the gas flow direction, is 1ncfeased for
i mprovi ng t he sef filte entyst iteviat uat ilom, prdeedsedy of 1dmg sbimeeigas in the

15 reaction vessel 202 beconmes turbulent, and there is a .p ibplity that
t he adsorption(ﬁ“??éé% %x?%ﬁﬁPQRln%ﬁﬁﬁ?ﬁﬁ%ﬁﬁﬁ%ﬁnI%ﬁéﬁe%agégo?kbe

achieved with reldpadd |4d Mamd Urddd . in NeidecNd Processdhbeinssesa gt 20
for the oxidation of the adsorbed netal nolecule specie such as ZrCl4,

there is a tendent3Atard IO arasiullx aepeneds cFipr Ty upore t Her prakpesi ng
el e malde And "SI AL N0 SALYER,J O AL OB, andy because of
O carr out a e}

this, it becones necessary ng  purging process in the
step Si in the cakeeHXAbly. On the other hand, in the case the

opening area of the evacuation openings 14A and 14B,
especially the width thereof in the gas flow
direction, is increased for improving the efficiency
of evacuation, the flow of the scurce gas in the
15 reaction vessel 202 becomes turbulent, and there is a
possibility that the adsorption of the source gas of
one molecular layer may not be achieved with
reliability.
Further, in the ALD process that uses H;0
20 for the oxidation of the adsorbed metal molecule
specie such as ZrCl,, there is a tendency that H;0O
easily cause absorption upcn the processing vessel
inner wall or the switching valves 16A and 16B, and
because of this, it becomes necessary to carry out a
25 long purging process in the step S1 in the case H:0
is introduced into the processing vessel from the
switching wvalve 16B in the step S6 of Figure 4. As a
result, it has been difficult, in the film formation
processing conducted by the so-called atomic layer
30 ALD apparatus that relies upon adsorption of
molecular layers, to improve the throughput of the
substrate processing as compared with the film

formation processing by a conventional CVD apparatus.



I's introduced into the processing vessel fromthe swtching valve 16B in
the step S6 of Figure 4. As a result, it has been difficult, in the film

formati on processing conducted by the so- | ed atom c | ayer 30 ALD
apparatus that relies upon adsorption of ~ ecul ar layers, to inprove the
t hroughput of the substrate processing as conpared with the film
formati on processing by a conventional CVD apparatus. - 15 1In United

States Patent 516,365, there is disclosed a construction of a CVD

apparatus that introduces angescess sestes Paoshansendiel,t Brexpr @gessing
vessel holding the substrate to be 5 processed horizontally and evacuati ng
fromthe other eRESChperdin EPRFEINSTHPBVPHed GVPad@PRAra586r EBaks one of

the source SUpp'ifﬁtr3$§é§gp9“g3£éoﬁ§ %QHESéV§P$ﬁ’aﬁneﬁgeoﬁ;Fgétrate

processi ng apparatus o ure to 10 oxrdize the netal ecul ar | ayer
absorbed on the poofeseing téesslbsdidiegtbhbesphbotessedtoblpeusi ng oxygen

radi cal s supplied froma radical source. Wth the apparatus of Figure 2,
however . the. fei GRECSFSTRG NPELEPREAL FEs2RT SYACHRt YavyTERAI FAPOGHER of

the need 15 of foghNo,Rel&fh NERefl OV ObrbPEI8ASEOHSISOHT CEBohiPet BS
reaction vessel 202, and it is difficult to provide such a radical source.

Further, it shoulendechotled strarcehsuppbiegoi ng United States Patent
516, 365 has a 20 construct& QriQ w@iphtsggh ahrggicg eSOU£C€hiS connect ed
to a part of the source supply FrR2vi 2t at S varVeS H TAusT whenah attenpt is
made to use such subsbnsté ustbedssinghgpsapstiat 6f progessi pg apparat us of
the type of the present invention_in which the
10 oxidize the metal molecular layer absorbed on the
surface of the substrate to be processed, by using
oxygen radicals supplied from a radical source. With
the apparatus of Figure 2, however, the height of the
reaction vessel 202 is very small in view of the need
15 of forming a laminar flow of the gaseous source in
the reaction vessel 202, and it 1s difficult to
provide such a radical source.
Further, it should be noted that the
foregoing United States Patent 516,365 has a
20 construction in which such a radical source is
connected to a part of the source supply line via a
valve. Thus, when an attempt is made to use such a
construction in the substrate processing apparatus of
the type of the present invention in which the
25 gaseous sources are supplied alternately, there
arises a need of switching the processing gas and the
radicals repeatedly in the processing vessel within a
short time period, preferably 0.1 second or less.
However, the technology enabling such high speed
30 switching of gas has not been known conventionally.
Meanwhile, it is generally necessary in a
deposition apparatus to remove precipitates deposited

inside the processing vessel or reaction vessel at



25 gaseous sources are supplied alternately, there arises a need of
switching the processing gas and the radicals repeatedly in the processing
vessel within a short time period, preferably 0.1 second or |ess. However,
t he technol ogy enabling such high speed 30 it ching of gas has not been
known conventionally. Meanwhile, it is generally necessary in a

deposition apparatus to renove precipitates deposited inside the
processi ng vessel or reaction vessel at - 16 the time of filmformation,

by carrying out arnhglfhkNgr PEOERSEoRREL DG Cabl Yea FRyihheoREr Rose of  such
a cleaning process, a gas of chlorine systemor fluorine system has been

used conventional ¢ieadipgrpicctss | perideietilyi efey thetherpbeanpfig process
can be i nproved ségn%ficgftlg.b% ugig Séadécals OEorgfd bé actigating such
T astes TH the Budstiat e pfocelsi Ry appAraryg 99 ©

a cleaning gas by p essi

designed for the ALkbpineespsbémFhgsriesed ased 2cofPent DohhB19t her hand, the
hei ght of the quartz reaction vessel 202 is limted to only about 5 - 20 nm
at the largest iPRTFEGHbRriYe Herdebficbenengeh Fhgi pbearind Pracens

reaction vessel 202, q%diéérg@édb$f€%?fiééﬁy%%sb ougiggiggdf?gfgical source

as expl ai ned before. ause o S, It een Tcult " to carry out
efficient cleani nfoimpedshbngathevaningatschnatbbeasimgtgas ebprotassang

apparatus 10. [Patent Reference 1] Japanese Lai d- Qpen Patent 20
Abbl | cation 2- 74567 [ Pat ont® ROFEr STREE DT S APANCSEL La0 (HRPER-BAT ch?
Application 2001'dé§ﬂ%ﬁ@d[f@£eﬁﬁeEﬁiﬁrﬁﬁﬁ@e§§ JAPRISSLe al dafBen, Pasent
Application 2002-151489
10 the other hand, the height of the guartz reaction
vessel 202 is limited to only about 5 - 20 mm at the
largest in view of the need of forming a laminar flow
in the reaction vessel 202, and it has been difficult
to provide a radical source as explained before.
15 Because of this, it has been difficult to carry out

efficient cleaning by using the radicals in the

substrate processing apparatus 10.

[Patent Reference 1] Japanese Laid-Open Patent

20 Application 2- 74587
[Patent Reference 2] Japanese Laid-Open Patent
Application 2001- 514440
[Patent Reference 3] Japanese Laid Open Patent
Application 2002-151489

25 [Patent Reference 4] United States Patent 516, 365

DISCLOSURE OF THE INVENTION

Accordingly, it is a general object of the
present invention to provide a novel and useful
30 substrate processing apparatus and a valve apparatus
used in such a substrate processing apparatus wherein
the foregoing problems are eliminated.

Another and more specific object of the



25 [Patent Reference 4] United States Patent 516, 365 DI SCLOSURE OF THE
| NVENTI ON Accordingly, it is a general object of the present invention to
provi de a novel and useful 30 substrate ngﬁgssing apparatus and a val ve

n

apparatus wused in such a substrate proces g apparatus wherein the

foregoing problens are elimnated. Another and nore specific object of the
- 17 present invention is to provide a substrate processing apparatus for
carrying out an ALD process wherein it is possible to set the conductance

of an evacuati onppeséneVagvaht N@n ai & eest ppovyesse! stioshayeed a small val ue
during the ALD process such that there 1is fornmed a stable source gas flow

in the formof |RFPRRPSINOWRRPASRFAS| fOFNFRTENAING PWE 2RaBEPORTOVESSel and
wherein it is posgibie.fossef the.oegnductance Lo.haygaclarge ¥alyg during

a purging 10 process such e 1ntérror o reactron vessel is
purged in a shortetaswapesnoporanevicusbhengte reaovide eehigh- spekdve

vari abl e conductance val ve _apparatus used with such a substratesﬁrocessing

appar at us. 15 5Anot h&F2a bbj Betuef JeheN%, BRenfLP REAEEDR FYCht BhdkobBESa

substrate processingrapRaak Ust £81& YsHdrcOU§a 808 05R1 { RN RBdFQ¥hdgEi on of
nol ecul ar layers alternately and repeatedl y wherein the throughput of

substrate processlaminari fipreved dHyrewrfgimgiboy thetheOrexttaenon by using
radi cal s excited b | aspa, and a. supstrate_processin od that uses
ich a Substrate TYOREESTRY TRDAFAR b MROrREr Bbf ol BPELHESpr osont

i nventions is tocPpha@¥ttiende StbShsas ea PLOEGS STATuEPPAr dhdSaapdrging

10 process such that the interior of the reaction vessel
is purged in a short time period, and further to
provide a high-speed variable conductance valve
apparatus used with such a substrate processing
apparatus.

15 Another object of the present invention is
to provide a substrate processing apparatus carrying
out adsorption and oxidation of molecular layers
alternately and repeatedly wherein the throughput of
substrate processing is improved by carrying ocut the

20 oxidation by using radicals excited by plasma, and a
substrate processing method that uses such a
substrate processing apparatus.

Another object of the present inventions is
to provide a substrate processing apparatus and a

25 substrate processing method capable of carrying out
cleaning efficiently by using radicals in the
substrate processing apparatus that carries out an
ALD process.

Another object of the present invention is

30 to provide a substrate processing apparatus,
characterized by:

a processing vessel provided with a stage

holding therecon a substrate to be processed and



25 substrate processing nethod capable of carrying out cleaning
efficiently by using radicals in the substrate processing apparatus that

carries out an ALD process. Another object, of the present invention is 30
to provide a substrate processing apparan&, “characterized by: a
processi ng vessel provided with a stage holding thereon a substrate to be
processed and - 18 evacuated at an evacuation port; and a source gas
supplying systemthat supplies plural source gases to said processing

vessel separatelygviduihed fof mofevad @it Den HdOW Snaherein said evacuation
port has a slit- formshape extending in a direction generally

i ntersecting perpendicul arl§ $QUECHi g%t $epPbyingi dystemi bart f pempliasd
evacuation port Lﬁl@f@f%&i‘\éé Aedlyaly drﬁén?'@s?ﬁ(ﬁl ‘\/(QSQ(%EY formed with

a slit-form opening corresponding to sard S or m shape of "said
evacuation port, separstelyfit mlopefdorg dEiaglsanovariefllsw, as to cause a
di spl acenent with respect tqo said 15 evacuation $ort in a direction

general |y intérsecting perfRekfthl3Fty TRGRERPRMAPTY 4RP Rt PORE D said

evacuation port, saifl yadye &@@Qﬂiﬂ@gaiﬁeQV@Pr@EtiHﬁ|d@n@P@Pi?g thereof via
di spl acenent of said slit formopening. 20 Anot her object of the present

invention is to priovisRchinyimerperdprobasky nge appdiecsionchiragiadri zed
by: a processing i’aerﬁlsr?allr pffé/&'ded with a stage

said evacuation port is engaged with a

10 valve having a valve body formed with a slit-form
opening correspending to said slit-form shape cof said
evacuation port,

said slit-form opening being provided so as
to cause a displacement with respect to said

15 evacuation port in a direction generally intersecting
perpendicularly to an extending direction of said
evacuation port, said valve changing a degree of
valve opening thereof via displacement cof said slit-
form opening.

20 Another object of the present invention is
to provide a substrate processing apparatus,
characterized by:

a processing vessel provided with a stage
holding thereon a substrate to be processed:

25 a preocessing gas inlet port formed in said
processing vessel at a first side of said stage;

a radical source formed on said processing
vessel at a second side different from said first
side with respect to said stage;

30 a first evacuation opening formed in said
processing vessel at said first side;

a second evacuation opening formed in said

processing vessel at said second side; and



hol di ng thereon a substrate to be processed; 25 a processing gas inlet port
formed in said processing vessel at a first side of said stage; a radical
source forned on said processing vessel;ﬂ1§pﬁecond side different from
said first side with respect to said stage;” 30 a first evacuati on opening
formed in said processing vessel at said first side; a second evacuation
opening forned in said processing vessel at said second side; and - 19 an
evacuati on system connected to said first evacuation opening via a first
vari abl e conductance val veamnevzomaettedsystanai cdoseeoned twasaati on

opening via a seand vari abl e conductapnce 5 val e._énother bj ect of the
present invention +§Stt%viﬁ%ﬁ?ﬁ%napgﬁ%ﬁ??aY%ap?ogb§§ nﬁaﬁbﬁaﬁﬁtus,

characterized by:candi®ESSS: NGa VLS SEhd PESNHEEEM £ 52 58286048 hol ding
thereon a substrate to be processed and evacuated at an evacuation port; a

first source supptVaeeyien fepeming nviaid sproedsvsahiahbssepnduchantest

side of said sta 5195&@1 d first source supply nozzle introducing a first 15

processing gas into said processing vessel inthe formof a first |amnar

flow, a second source supplAnaiozet ecbhpeoedof ntheapte pencessiagtvesses at a

second side of said staggd sai d second source squ%g nozzl e introducing a
§ S?PP

second 20 process? iy N 054RF Hr PF B RERT TS & #hatRé formof a
second | am nar floysr@cfdfsiegvigguation opening of a slit-form

a processing vessel provided with a stage
10 holding thereon a substrate to be processed and
evacuated at an evacuation port;

a first source supply nozzle formed in said
processing vessel at a first side of said stage, said
first source supply nozzle introducing a first

15 processing gas into said processing vessel in the
form of a first laminar flow;

a second source supply nczzle formed in
said processing vessel at a second side of said stage,
said second source supply nozzle introducing a second

20 processing gas into said processing vessel in the
form of a second laminar flow;

a first evacuation opening of a slit-form
formed in said processing vessel at said second side,
said first evacuation opening evacuating said first

25 laminar flow therethrough;

a second evacuation opening of a slit form
formed in said processing vessel at said first side,
sald second evacuation opening evacuating said second
laminar flow therethrough:

30 a first evacuation conduit connected to
said first evacuation opening;

a second evacuation conduit connected to

said second evacuation opening and provided with a



formed in said processing vessel at said second side, said first
evacuati on openi ng evacuating said first 25 lam nar flow therethrough;

second evacuation opening of a slit form_f
at said first side,

| am nar flow therethrough; 30 a first evacuation conduit connected to
first evacuation opening; a second evacuation conduit connected to sai

second evacuati on opening and provided with a -

val ve; and a cl eammingesncduwael doiwmecdde f carsdi d  second evacuati on

conduit at a position between faid, second openi ng and sai d_conduct ance

TR FHEsTAM T TRVERTOR-FS E2 o Ptdvi de a

vari abl e val ve. Anot her obj®ct

hi gh- speed rot ar ysaadi®, e FlQEBEL S | ZREHPYE £ MR Po HPOYon S5 e B Ns HOGY
being formed wth: a cylindrical internal space; a slit-form 10 suction

port extendi ng pafefond aremind and i sakd ceandygianerl vaphelele nvalve.

comuni cation,wth said int S X | on.openi ng .
comuni cati ng 5Wi th saidi n]%(ec?%{a?r scgﬁe:?t ?ﬂoﬁ%&ﬁ%@%ﬁ%r%%‘é?nk‘/%l?[\?el%ody
provided 15 rot aiclpsovidesad highrshesly fotengagermed) ohdbaseédi zédt er nal

space; and a rotating mechani sm causi ng said val ve

arbitrary ppsitidﬁﬁ:said val ve body being formed with a first 20 open
having a slit-formshape cof rpsppndidd, 1€hid main body being formed

10

15

20

25

30

with: a cylindrical internal space; a slit-form
suction port extending parallel to said cylindrical
internal space in communication with said internal
space; and an evacuation opening communicating with
said internal space;

a hollow cylindrical valve body provided
rotatably in said main body in engagement with said
internal space; and

a rotating mechanism causing said valve
body to rotate to an arbitrary position,

said valve body being formed with a first
opening having a slit-form shape correspending to
said suction port, and a second opening corresponding
to the said evacuation opening.

Another object of the present invention is
to provide a substrate processing method,
characterized by the steps of:

(A) purging an interior of a processing
vessel;

(B) introducing a processing gas into said
processing vessel from a first side of a substrate to
be processed and evacuating, after processing gas
molecules are adsorbed to a surface of said substrate
to be processed, said processing gas from a second

side opposite to said first side with respect to said

a

rmed in said processing vessel
sai d second evacuati on openi ng evacuating said second

sai d
d

20 5 conductance vari abl e

body to rotate to an

ng



said suction port, and a second opening corresponding to the said
evacuati on openi ng. Anot her object of the present inventionis to provide
a substrate processing nethod, 25 charactg@hieﬂ by the steps of: (A

purging an interior of a processing vessel; (B) introducing a processing
gas into said processing vessel froma first side of a substrate to 30 be
processed and evacuating, after processing gas nol ecul es are adsorbed to a
surface of said substrate to be processed, said processing gas froma
second side opposubettatsatd Pergtoseseedsth respect to said - 21

substrate to be processed; ur ng, ter saiq ste , i nterior
of said processing vessel: gﬁ% £ 8ro@%E?ﬁgsa gtEFegal st@B (O, 5

radicals into SalQnﬂé@§§§S¢ﬂgsy§§8§£0éé§§1§@Ide§ggg 9fgsaid substrate to
be processed, causing oxidation in said processing gas nol ecul es absorbed

upon said surface of said $bbsinbredeeine, prbeesseadidantiepadsi ng
evacuation from said; sepondh 5) g 0,98 doLadh cal s bel RAoLoLIPA BB

radi cal source, said radica eln caused owin's

(C) to flow fromshigatadiabét Bt ceot e ﬁﬂo@&@@@@tI©ﬂu§yﬁgeﬁk@ﬁét§dﬁp| i ed
to said processing 15 vessel in said step . Anot her_obj ect of the
present inventiontfssaigd 5?%9?%%1%9s%%%tm%%%cﬁ%%%e§§$ﬁ§bﬁﬁtHBG“ said

characterized by {fQprstePssolai§abishPPrife fLOVHE PEOLESSLAY GRS 1N 2

causing evacuation from said second side,
10 said radicals being formed by a radical
source,

said radicals being caused to flow in said
steps (A} and (C) to flow from said radical source to
an evacuation system and supplied to said processing

15 vessel in said step (D).

Another object of the present invention is
to provide a substrate processing method,
characterized by the steps of:

causing to flow a processing gas in a

20 processing vessel along a surface of a substrate to
be processed and held in said processing vessel from
a first side to a second side oppose to said first
side and causing adsorption of processing gas
meclecules upon said surface of said substrate to be
25 processed;

purging an interior of said processing
vessel inside; and

oxidizing said processing gas molecules
adsorbed upon said surface of said substrate to be

30 processed by causing to flow an oxidation processing
gas in said processing vessel along said surface of
said substrate to be processed from said first side

to said second side,



20 processing vessel along a surface of a substrate to be processed and
held in said processing vessel from a first side to a second side oppose
to said first side and causing adsorption of processing gas nolecules
upon said surface of said substrate to be processed; purging an
interior of said processing vessel inside; and oxidizing said processing
gas nol ecul es adsorbed upon said surface of said substrate to be 30
processed by causing to flow an oxi dation processing gas in said processing

vessel along said surface ofhegaid ﬁgaggragepggvggegrgcggggd ofer om sai d
first side to said second side, - 22 wherein there is provided a step of

activating sai d oRFHAVABANGr 62édsPRydghsonnPEAFESSpRECESSi Ay weddel at sai d
first side by an h&é§¥£8 € QQEECQL ?éghtﬁﬁkgg Qﬁegeﬁg Lg form5s

radical's. Another® ject o presen nven provi de a
substrate processumgraenbbdtcopdmchedeby1tat$uhsptatesprQ6e$&rmg appar at us,
sai d substrate pr ssi apparatus conprising a processing vessel 1lo
provided with & sFaéécﬂggding thereon a substrate to be processed and

evacuated at an evacuation ﬁl%’chef‘”gbj@c%OHEC‘éhQaEréHQHEy1ﬁ¥§h‘ErI‘ofoPLB|y' ng
first and second source gases to sail processing vessel separate In the

formof a Ian1nartOIDMDV1QESa|dubsacaaelpnogesslhgvmaghadsbondboteﬂ blyape
i roction of sai ol SHPRAF PP oRESCESF An gy ARHAF FERS hoP b BePHESBAg4Ged i th a
val ve processing apparatus comprising a processing vessel

10 provided with a stage holding thereon a substrate to
be processed and evacuated at an evacuation port, and
a source gas supply system supplying first and second
source gases to said processing vessel separately in
the form of a laminar flow,

15 said evacuation port having a slit-form
shape extending in a direction intersecting generally
perpendicularly to a direction of said laminar flow;
salid evacuation port being engaged with a valve
having a valve body provided with a slit-form opening

20 corresponding to said slit-form shape of said
evacuation port; said slit-form opening being
provided so as to cause a displacement with respect
to said evacuation port in a direction generally
intersecting perpendicularly to an elongating

25 direction of said evacuation port; said valve
changing a degree of valve opening thereof with
displacement of said slit-form opening; said
evacuation port comprising first and second
evacuation ports provided respectively at first and

30 second, mutually opposing end parts of said
processing vessel; in each of said first and second
evacuation ports, said valve body being formed of a

hollow cylindrical member rotatable about a



having a val ve body provided with a slit-formopening 20 corresponding to
said slit-formshape of said evacuation port; said slit-form opening being

provided so as to cause a displacement wt 3respect to said evacuation
port in a direction generally intersecting~perpendicularly to an

el ongating 25 direction of said evacuation port; said valve changing a
degree of val ve opening thereof with displacenent of said slit-form
opening; said evacuation port conprising first and second evacuation

ports provided respestioedy akidiéstendih@Ooseshhell taitaml dytopposgng end

parts of said proce55|ng vessel ; in each of said first and second
evacuation ports, %%ﬁ% %%ﬂv%fb%%ydU%Y%EP?¥ﬁ?ﬁuPQﬁt%.a%%lf%@ﬂ%?l?hﬁ?lca
nmenber rotatable a ag 4,04 aty phal n | ;o an
ext endi ng dlrectlon of §§F§%%vacuatlon 5?%?% and ?ornggx ﬁiﬁglré

second and third d)pesmt\gsn eal hs&kd enclf gl oma . axlis ecin omadd Earsltrmmdt I onal
axis; in said first a.% %%co d ends of said grocessing vessel, there are
nd

provi ded first ant S 79t 3T LT REPFTIRIHLaKESFot m reshRctiel v

extendi ng from Sagbﬁbxfidéd st SEEONEe EYRE U2 HNSs POF 1 S b oA dpsak d
substrate to be rocessed at a part closer to said substrate to be |0

processed on sai df@tageespedtieshecextendmd frostsaidhdf seebn@n@vacuati on

D ol Sonour SE-ORE SHRRLYE1oR8! S ADSL LR £ PLORSSLDD. PPPR! 2L USe havi g
a radical source couple o sal evacua I on n said

evacuation port, ﬁﬁbeﬁasbd|&Btat¢ﬁrmmﬁu¢$erctmmmﬁdQQSuMQthtéot@eue|n such
a positional relationship.that, jn a first,state in_which sgl flrst

openi ng commuli c RERCYF 39 Qf £a1d stage with respect to sal irst

and second evacuation port as said source gas supply:
said substrate processing apparatus having a radical

source coupled to said first evacuation port; in said
first evacuation port,

15 said first through third openings being formed in
such a positional relationship that, in a first state
in which said first opening communicates with said
first evacuation conduit that evacuates said
processing vessel at said first end part, said second

20 opening communicates with said first end and said
third opening is closed; said first through third
openings being further formed with such a positional
relationship that, in a second state in which said
first opening is communicating with said radical

25 source, said third opening communicates with said
first end part and said second opening is closed;
in said second evacuation port, said first through
third openings being formed with such a positional
relationship that, in a third state in which said

30 first opening is communicating with said second
evacuation conduit that evacuates said processing
vessel at said second end part, said second opening

communicates with said second end part and said third



first evacuation conduit that evacuates said processing vessel at said
first end part, said second 20 openi ng conmuni cates with said first end and
said third opening is closed; said first through third openings being
further forned with such a positional rélgﬁidhship that, in a second state
in which said first opening is communicating with said radical 25 source,
said third opening communicates with said first end part and said second
opening is closed; in said second evacuation port, said first through

third openings behmenifegned c‘!‘iéﬂe&}m@a?«jpﬁﬂét%@foudjl@'@ﬁi?@sb;%@niﬂéé, ina
third state in which said 30 first opening is comunicating with said
second evacuati dretonhdiprmedaritlyagiyalhed Babttppoaéssehgtionsbép shasai d

second end part, said second opeplng, comminiegies wih,sal dsegand end

part and said thitd < openrng is sai oug hi rd

openi ngs bei ng foredfodh hopewings pose téDsed) esaid ofishi@ shat-foikm a
fourth state in which said first and second slit-form openings are closed,
said third sli%- feReRrbngpehi Fermed rolhrdSWE h2 skehl bl podt t Fohafionship

relationship sai I £ shi 1§ enl ng- n@@g% Lt h: s@i d- s second
nozzle; a gas SLméﬁ§&|§ﬁ%§#S§£§%V?%§ﬁ ?%Q§%§% o] ?@%ﬁ%@ |ﬁ@%€ﬁng%%§r
constituting sai dsvabve hoziyle ata sgaasi sgophy kiveeuss | propbded 10 said

cvacuati on’ port - SHRELEY PLLURE BUHERE | AP PEr TE TR PRt vEF Y coREYd 11 rot
and third states andsi 54 eyacsdd | HaSuPf PERSSHPY; space inside said
processi ng vessel;
10 sald substrate processing method
comprising:

a first step of setting said first
evacuation port and said second evacuation port
respectively to said first and third states and

15 evacuating a processing space inside said processing
vessel;

a second step of setting said first
evacuation port and said second evacuation port
respectively to said first and fourth states and

20 introducing a source gas into said processing vessel
from said gas supply line via said third opening and
also said second nozzle of said second evacuation
port;

a third step of setting said first

25 evacuation port and said second evacuation port
respectively to said first and third states and
evacuating said processing space inside said
processing vessel; and

a fourth step of setting said first

30 evacuation port and said second evacuation port
respectively to said second state and said third
state and introducing radicals into said processing

vessel from said radical source.



a second step of setting said first evacuation port and said second
evacuation port respectively to said first and fourth states and 20

i ntroducing a source gas into said processiyig vessel fromsaid gas supply
line via said third opening and also said second nozzle of said second
evacuation port; a third step of setting said first 25 evacuation port and
sai d second evacuation port respectively to said first and third states
and evacuating said processing space inside said processing vessel; and a
fourth step of setting sai dAfdtker Jojevacohttion poeseandiswedt sepond

evacuation port respecti d second state and said thir state
and introduci ng radi Efglg%t% %g? B%egg?%%s§%%%eTe€?%§1%%?g gﬁ?ch
source. - 25 Anci heibobiges ﬁo@@@sm%smﬁar@w@;l@@1d5suft;9tpa@él de a
substrate processing nethod conducted a substrate processing apEaratus
said substrate pr%’é‘é%%ﬁrbn%p%%?%%%%u%o%?iFP%%W% PrpEessF HPngesaels

provi ded Wi tha sEAGe: 504 Al 1h Lheleage opbetd alneL0on e BEBCERIE] 200
evacuat ed at an acuation port, a source gas supply system supplying

first and second bsqyw@@egss@sam® swachqmeme55|m@ @eas@étﬁepapatelyanﬁ the
formof a | am nar_fl ow, sai d evacuati on port PaV|ng aslit-form s

extending in a dlqe%??EﬁFlgﬁ%r§%%? hS YR af Y5P %%9%eﬁﬂ¥%ﬁl%?@ys?6°%
direction of saidsd@pddagaddovio said ;?iv’@@é@éix@@ POsseDelBga £g0806diMi th a

val ve having a valve body provided with a slit=form opening 15
correspondi ng to B dfermtof or A ambper of Lewi d
10 said evacuation port having a slit-form

shape extending in a direction intersecting generally
perpendicularly to a direction of said laminar flow:
said evacuation port being engaged with a valve
having a valve body provided with a slit-form opening
15 corresponding to said slit-form shape of said
evacuation port; said slit-form opening being
provided so as to cause a displacement with respect
to said evacuation port in a direction generally
intersecting perpendicularly to an elongating
20 direction of said evacuation port; said valve
changing a degree of valve opening thereof with
displacement of said slit-form opening; said
evacuation port being formed as first and second
evacuation ports provided respectively at first and
25 second, mutually opposing end parts of said
processing vessel; in each of said first and second
evacuation ports, said valve body being formed of a
hollow cylindrical member rotatable about a
rotational axis extending parallel to an extending
30 direction of said evacuation ports and formed with
first, second and third openings each extending in a
direction of said rotational axis; in said first and

second ends of said processing vessel, there are



evacuation port; said slit-formopening being provided so as to cause a

di spl acenent with respect to said evacuation port in a direction generally
i ntersecting perpendicularly to an el ongati 20 direction of said
evacuation port; said valve changing a dedgree of val ve opening thereof
with displacenent of said slit-formopening; said evacuation port being
formed as first and second evacuation ports provided respectively at first
and 25 second, nutually opposing end parts of said processing vessel; in
each of said firspranddsdcoHndstesaduatcondpnotslesabd ¥abvedbBodgalei ng
formed of a hoIIEM/cyllndrlcal menber rotatable about a rotational axis

ext endi ng paral | ef®t8 ﬁﬁt%QQéHalﬁ§°m35eEP?§E%V8nc8fr§§P8n§988uat|on ports

and formed with Eygshatr8668ndoand &BwsﬁdogsmangﬁbgeeQtsX%n%ng in a
direction of said rotational axis; in said first and second ends of said

processi ng vesselproheseedret aZBarprGWoded torsaidndubetoatientezbes of a
bi rds beak 3£n1extending fron1r§s§gctive. rres ations ports
st e

o d catd sabe PEPEREEE LhoMLISoRERLL LR FESRREE PO, S8LETHILLRNT POL

to be 5 processedags §étdn§tQQQCMBthoﬁe?§Eﬁta§05§iﬁds&UE§b gagdsappmpd
evacuati on port as sal d source gas su a source gas line and a purge

gas line are provfdé@ures Eaéhléﬂesaﬂé P|P§F99naa§eééﬁﬁ ﬁé@zpé§Vlﬁﬁdsald
first evacuation Qgrg cﬁabﬁ %5£atE£F59ugHgtPéEg?a ?gggﬂégg hggdforned in

such a positional atlons I'rs said third
openi ng connunlcafessmnehasaadlbnrpbreVasuaﬁlﬁMrstonHHDUghhahledacuates
sai d processing vessel 8 feiRhiFoohed®hd LhERTaods PRI TR d 11Tt
openi ng
relationship that, in a first state in which said
third opening communicates with said first evacuation
conduit that evacuates said processing vessel at a
side of said first end part, said first opening
15 communicates with said first end and said second
opening communicates with said first nozzle; said
first through third openings being further formed
with such a positional relationship that, in a second
state in which said first opening communicates with
20 said first evacuation conduit, neither of said second
and third openings communicates with any of said
first end part, said first nozzle or said first
evacuation conduit; in said second evacuation port,
said first through third openings being formed with
25 such a positional relationship that, in a third state
in which said third opening is communicating with
sald second evacuation conduit that evacuates said
processing vessel at said second end part, said first
opening communicates with said second end part and
30 said second opening communicates with said second
nozzle; said first through third openings being
formed with such a positional relaticonship that, in a

fourth state in which said first opening communicates



15 communi cates with said first end and said second opening conmuni cates
wth said first nozzle; said first through third openings being further
formed wth such a positional relationsm[%%rmu, in a second state in

2

whi ch said first opening comunicates with“ 220 said first evacuation
conduit, neither of said second and third openings comruni cates with any
of said first end part, said first nozzle or said first evacuation
conduit; in said second evacuation port, said first through third openings

bei ng formed withy2bhsygshdaspeshdi enatuselahi @988LPt] hakithBrackhigdgstate
in which said third opening is comunicating with said second evacuation
conduit that evact@fe’ddsand thibeearepingessermapicate sétbnanendipart,

said first opening, FQnuubLEALas LN, 2aldi3e6000n8ndyRanks 20 o3RaRPLY
second openi ng conmruni cates w sai d second "nozzl e; “sal I'rs rotigh
third openi ngs being fornesaitsulssichate ppstcteondhgreeahodnship that, in a
fourth state in which sajd first opening communi cates - 27 wth said

second evacuati on“BRttF+ 9 nei t her of said second and third openings

communi cate with any of sajdrspcongdidozztesQft$s 'dsgfgoggrggacuation
conduit, said substrate processing nethod 5 conprising: a first step of

setting said firstvacwationiporpoandasalidasecerdoadacvatiani porport
respectively to said fi

: _ c{ste nd_third.s a%es an evacua é inggrior of
sai d processing vESSRTS-1D ys%%oﬂﬁlgt%b 3 %%St?%b éa?% ?g?s? evacuat i on
port and said secopsceyect@tifPepDbi of espegtpretyséongardssergt and fourth
states and introducing sald second source gas to said processing

10 a second step of setting said first
evacuation port and said second evacuation port
respectively to said first and fourth states and
intreoducing said second source gas to said processing
vessel from said second nozzle;

15 a third step of setting said first
evacuation port and said second evacuation port to
respectively said first and fourth states and
introducing a purge gas into said processing vessel
from said second nozzle;

20 a fourth step of setting said first
evacuation port and said second evacuation port
respectively to said second and also third states and
evacuating interior of said vessel:;

a fifth step of setting said first

25 evacuation port and said second evacuation port to
respectively said second and third states and
introducing said second source gas to said processing
vessel from said first nozzle; and

a sixth step of setting said first

30 evacuation port and said second evacuation port
respectively to said second and third states and
introducing said purge gas into said processing

vessel from said first nozzle.



vessel from said second nozzle; 15 a third step of setting said first

evacuation port and said second evacuation port to respectively said first

and fourth states and introducing a purggzgﬁs_into sai d processing vessel
0

fromsaid second nozzle; 20 a fourth step setting said first evacuation
port and said second evacuation port respectively to said second and al so
third states and evacuating interior of said vessel; a fifth step of
setting said first 25 evacuation port and said second evacuation port to
respectively said second andnetbhed shates aﬁdthénpredantngnsahdisncmad
source gas to said oces fromsaid first _nozzle; .and a sixth

|
step of setting s&PdP ??Y%ﬁlg% %%ggﬁgﬁF%npﬁ%??sﬁhﬂgs%?ﬁhg coRadRGEedaPYon

port respectively §@-s8tstsesPiEesntndipdashelss 3884 s%geéalegng sai d
purge gas into said processing vessel fromsaid first nozzle. - 28

Anot her obj ect ofprﬁ@8®$e&@n@ppmn@hm$oﬂomgrlsbn@r@vpd@cessubgtvaseel
processi ng net_hod cond ted bstra &1 Bro€e55|nﬁ gag fr £
substrate 5ce§%|ng d%para us? co ??S|%% a % %%5%? g S ﬁr 9|ded
with a Stage hol ob@q;t@@é@@érdaars@béw@wté@ abeapr @¢gs9stiendperacuahad at

an evacuation port, and a source gas supply system supplying first and
second source ga3e3CHHCR IS pf ¥i Pys Vet serPrEphr Gt £ 5t nandhgeeonrth of a

laninar flow 10 sghfgvgcsel!of Qﬁa BRYLETs Bngl VLsL 01 ML ephaREe £¥1 2RI NO

in a direction intersecting genera per pen y to a direction of
said |l am nar flowhe form of a lamlnar flow,
10 said evacuation port having a slit-form

shape extending in a direction intersecting generally
perpendicularly to a direction of said laminar flow;
said evacuation port being engaged with a valve
having a valve body provided with a slit-form opening
15 corresponding to said slit-form shape of said
evacuation port; said slit-form copening being
provided so as to cause a displacement with respect
to said evacuation port in a direction generally
intersecting perpendicularly to an elongating
20 direction of said evacuation port; said valve
changing a degree of valve opening thereof with
displacement of said slit-form opening; said
evacuation port being formed as first and second
evacuation ports provided respectively at first and
25 second, mutually opposing end parts of said
processing vessel; said substrate processing
apparatus having a radical source coupled to said
second evacuation port; in each of said first and
second evacuation ports, said valve body being formed
30 of a hollow cylindrical member rotatable about a
rotational axis extending parallel to an extending
direction of said evacuation ports and formed with

first, second and third openings each extending in a



sai d evacuation port being engaged with a valve having a valve body
provided with a slit-form opening 15 corresponding to said slit-form shape
of said evacuation port; said slit-formopening being provided so as to
cause a displacement with respect to said acuation port in a direction
generally intersecting perpendicularly to an elongating 20 direction of
sai d evacuation port; said valve changing a degree of val ve opening
thereof with displacenment of said slit-formopening; said evacuation port

being forned as fiisécapenSecondideyacyat bl pekLs; PLiAVsded FegpeCkhvwel y at
first and 25 second, nutual |y opposing end parts of said processing
vessel ; said substfapedppeesefngaidpparaeasinavvagsalr alhese 36arce

coupled to said % [ p g f _saldtipst second
evacuati on ports,ﬁgg?gg%§|@gyﬁgd§ﬂﬁe?%%°?gr%§3928909§a5h8ﬁkg§/8§?gndrica|
menber rotatabl e Abomteatendinyi bnah axspeekieadcogrpapahliéhgt o an

extending direction of said evacuation ports and forned with first,

second and third BPRAPAGLCRACACERF ehaVAGSi R24d- SvBStRFEcEPOR®Of sai d

rotational axis; pRosakfedi 481aapdrtSetondrendssaiasahdspracessbngevessel,
there are provided first and second nozzles of a birds beak form

ext endi ng from r eBpecesvedconrespdndtageswethchaspent porssidoRardtsaid

substrate to be c a part closer to said substrate to be. .
rocesced on sai drafagecartncaehRbiof PEEF A7 P EHERLECHRS' BuBBhksi on
port as said sourges@gascéupptylin@ Sn4rs&epgagel a6 difle aapyr gpecgadeli ne are
provided 10 to each of said first _and second nozzles; in said first
evacuation por%, §@i®2fRref sardubhrehi #gd second nozzles; in said

first evacuation port, said first through third
openings being formed in such a positional
relationship that, in a first state in which said
third opening communicates with said first evacuation
15 conduit that evacuates said processing vessel at a
side of said first end part, said first opening
communicates with said first end and said second
slit-form opening communicates with said first
nozzle; said first through third openings being
20  further formed with such a positicnal relationship
that, in a second state in which said first opening
communicates with said first evacuation conduit,
neither of said second and third openings communicate
with any of said first end part, said first nozzle or
25 said first evacuation conduit; in said second
evacuation port, said first through third openings
being formed with such a positional relationship that,
in a third state in which said second opening
communicates with said second evacuation conduit that
30 evacuates said processing vessel at said second end
part, said first opening communicates with said
second end part and said third opening communicates

with neither of said second nozzle or said radical



openi ngs being formed in such a positional relationship that, in a first
state in which said third opening communi cates with said first evacuation
15 conduit that evacuates said processing_%ﬁfsel at a side of said first

end part, said first opening conmunicates th said first end and said
second slit-form opening communi cates with said first nozzle; said first
t hrough third openings being 20 further formed with such a positional
relationship that, in a second state in which said first opening

communi cates withssarce§i$sidevnesattivnocgndthird apehbegsobesagd second
and third openings communjcate wth any of said first end part, said first
nozzle or 25 sai dt9FRRY Bl uBIFdna cRPRLFioneh BaldtserdhyPr Ebatuailod

port, said first ghy r%%%%édiﬁp@ﬁi $saP§i@Hii@rggg?%%&hcéﬂﬁﬁn?eaées

positional relationshipt , Inathird state In sal d secon
opening comuni celEs said sacohdecoaduavacuatondutondsatdt batoB88 evacuat es

id ' | at i d d , id first '
Communi oat oe. Wt FORGTERS SSOBNP R Rar L BRcb SRt S APPY SHAnPABE coffuni ca es

with neither of sadildsecesd Oedzl €y Ofosmisl fadkcalth 39idspHacealsaid first
through third openings being fornmed with such a positional relationship

that, in a fourt$Pa¥ege s dhiErsEatlrengh dtlopedi operbraanPednas with
sai d second evacufé#rf?é"a%g,?{@'i'!§u?}§aédp§%f9ﬂ9%§l OPENS 09§ ?Eﬁg{:esiw h

said second end par said first® openl hg conmruni cat e sald fradica
source; said firsfifth osigEté hin dwlopetni swgsd bl ngt Spemibdg webmshibates
positional relationship that, in a fifth state in which said first opening
comuni cat es 1910 W&YWI%%&Q]%%E%%@ AL T Oh SRt §%}§ third

opening communicates with said radical source; said
first through third openings being formed with such a
positional relationship that, in a sixth state in
which said third opening communicates with said
15 second end, said second opening communicates with
said radical source;
said substrate processing method
comprising:
a first step of setting said first
20 evacuation port and said second evacuation port to
said first state and said third state and evacuating
interior of said processing vessel;
a second step of setting said first
evacuation port and said second evacuation port
25 respectively to said second state and said fourth
state and supplying said first source gas to said
processing vessel from said first nozzle;
a third step of setting said first
evacuation port and said second evacuation port
30 respectively to said second state and said third
state and introducing a purge gas to said processing
vessel from said first nozzle;

a fourth step of setting said first



openi ng communi cates with said radical source; said first through third
openi ngs being fornmed with such a positional relationship that, in a sixth
state in which said third opening communicates with said 15 second end,
sai d second opening communi cates with sdi P adi cal source; said substrate
processing nmethod conprising: a first step of setting said first 20
evacuation port and said second evacuation port to said first state and
said third state and evacuating interior of said processing vessel; a

second step of se¢vhB@atabfl pbretan@vasual s8BoRAr Evandasabd sgeend
evacuation port 25 respectively to said second state and said fourth state

and suppl yi ng sai BefPegtivedyctogaaidofsnrtl spabeeasiingaidssbirer shnsaid
first nozzle; a tgﬁéd?§£§@a91n%ei £89%8?'9ffé£g& %§¥9ggggh§nvggééland sai d
e second state an

second evacuati on por respectrvely to sai said third
state and introducing a purgefijfisht otspi deptongssang véessel efraonasabd first

nozzle; a fourth step of setting%saig first -. evacuati on gort and sai d

31
second evacuati orPPbFt 2P¢ 8L FEEPYT t BVRGHAT 1 PRSPOSE af 8SBRAT LRIV hPr d

state and evacuating FESEI 8Fa0f 8REUsRYQCESRERUsVEE8ehndaihtEbAuSERR
setting said first evacuation 5 port and said second evacuation port

respectively to zadiicdisstossaid pndceasingi xehsslafecmndaidt radichhg
radicals to said géogegsingdvessel fromsaid radical source; and a sixth
step of setting s P T st

a sixth step of setting said first

10 evacuation port and said second evacuation port
respectively to said first state and said sixth state
and introducing a purge gas to said processing vessel
from said radical scurce.

Ancther object of the present invention is

15 to provide a cleaning method of a substrate
processing apparatus, said substrate processing
apparatus comprising: a processing vessel provided
with a stage holding thereon a substrate to be
processed and evacuated at first and second

20 evacuation ports provided respectively to a first
side and a second side of said stage; and a source
gas supply system supplying first and second source
gases alternately respectively from said second side
to said first side and from said first side to said

25 second side in the form of a laminar flow, wherein
there is provided a step of introducing a cleaning
gas, in a state said processing vessel is evacuated
at said first evacuation opening, intc said
processing vessel through said second evacuation

30 opening from an evacuation conduit connected to said
second evacuation opening.

According to the present invention, the

conductance of evacuation opening provided to a



10 evacuation port and said second evacuation port respectively to said
first state and said sixth state and introducing a purge gas to said

processi ng vessel from said radical sou[pﬁg Anot her object of the present
invention is 15 to provide a cl eaning mnet 6% of a substrate processing
apparatus, said substrate processing apparatus conprising: a processing
vessel provided wth a stage holding thereon a substrate to be processed
and evacuated at first and second 20 evacuation ports provided respectively
to a first side pndcassengndessele 0§ santrslage, 8ndaA BODrdepogasisdpply
system supplying first and second source ases alternately respectively
from sai d second %PH%raFBSs%FHl?Y?§tf%%ﬁeggﬂﬂthrgﬁ1§HFHCFFP§t5§PH€eto sai d

25 second side iUgégészIBéfﬁa@eiﬁﬁiGéfiéﬁ@?ﬂb%hgrﬁi&h-EB@éS_EétQE vided a
step of introducinhg a cleaning gas, In a state sald processing vessel is

evacuated at saivalvespreviadedtionthpenrogessbng vesdepr oThssehy, vassel
t hrough said ecoPg evacu&éion 30 oggn'n% %ron;én evacuat%on C ndgi%
connected to said %%c%ﬁa Qa%Eaf?%n %%% s 6? %E%Fd?ﬁga? 1the p? eRAY

i nvention, the cppdyshaNEE] Ohgevias Uebh@AcORRBE NPopPsoYpdetdri edavalgds.

processing vessel is controlled, in_an ALD deposition apgaratus achi eves
filmgrowh by sweERN®E, shyreentgakeing| thenapedyctaneeabPythy a

T e o Ve LR PLEh el b be B BcE S B ocgE! spTDELBP et
conductance to a specpftoedssahgevessalthieth byghospeed) i agdt he beadmetance
to the maximym L§ DeCPI® POSSLPL St O RUEDP 08t PEeLER  Ohnt1y while

using an ALD process. Further, according to the

present invention, it becomes possible to change the

conductance of the evacuation opening continuously,

and hence according to the used source gas. Thereby,

15 the ALD process is stabilized further.

Other objects and further features of the
present invention will become apparent from the
following detailed description when read in
conjunction with the attached drawings.

20

BRIEF DESCRIPTION COF THE DRAWINGS

Figure 1 is a diagram showing the outline
of a conventional ALD deposition apparatus;
Figure 2 is a diagram showing the
25 construction of a processing vessel used with the ALD
deposition apparatus of Figure 1;
Figure 3 is a diagram showing a part of the
processing vessel of Figure 2 in detail;
Figure 4 is a flowchart that showing an
30 example of the ALD process achieved by using the ALD
apparatus of Figure 1:
Figure 5 is a diagram showing the ALD

process carried out in the processing vessel of



the processing vessel with high speed, and it becones 10 possible to
performthe filmgromh efficiently while using an ALD process. Further,
according to the present invention, it hecoyes possible to change the
conduct ance of the evacuation opening continuously, and hence according to
t he used source gas. Thereby, 15 the ALD process is stabilized further.

O her objects and further features of the present invention wll becone
apparent fromthe follow ng detailed description when read in conjunction
wth the attachedFtgaw ngs. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1
is a diagram show ng the out]in f.a conventional ALD depositjpn
apparatus; Figure 2 is a d?%b?%ﬁ?s 0 'n%n?E 9558%%%§?$u%g?§ﬁn%f£§e ALD
processi ng vesselptisess s tdirt hed Abbx Uepoisé t p ooceppaniqt Wesobl Fogure 1;
Figure 3 is a diagramshowing a part of the processing vessel of Figure 2
in detail; Figuref43¥&ea2%|owchart that showing an 30 exanple of the ALD

process achi ewed by using tﬁf%@EQ'7aPQaéaaP§gP£mF.H&%fn ;efkgure 5 is a

di agram showi ng the ALD procéss carried out In the proCessing vessel of -
33 Figure 2; Figoomstrustaomtdiradpageassshoweagseheuddd wptbcessAtArri ed

o 11 ihe Plovesslog,veosel Sl LA S 2 SR aute, Telonp dhadiam shou ng
appar atus accordigf tRe apféisht eIRNOShIEHH;

Figure 8 is an oblique view diagram showing

10 the construction of the processing vessel of Figure
73

Figures 9A and 9B are oblique view diagrams
showing the construction of a high speed rotary valve
used in the processing vessel of Figure 7;

15 Figure 10 is an exploded view diagram
showing the construction of the high-speed rotary
valve;

Figures 11A - 11D are diagrams showing the
construction of a valve body used with the high-speed

20 rotary valve;

Figures 12A - 12D are diagrams explaining
the operation of the high-speed rotary valve;

Figure 13 is a diagram showing the ocutline
of an ALD deposition apparatus according to a second

25 embodiment of the present invention;

Figure 14 is a flowchart showing an ALD
film formation process according to the second
embodiment of the present invention conducted by
using the ALD deposition apparatus of Figure 13;

30 Figure 15 is a diagram showing the
operational characteristics of the high-speed rotary
valve of the present invention:

Figure 16 is a diagram showing the



of the present invention; Figure 8 is an oblique view diagram showi ng 10
the construction of the processing vessel of Figure 7; 15 Figures 9A and
9B are oblique view diagranms show ng the cgnstruction of a high speed
rotary valve wused in the processing vessel of Figure 7; Figure 10 is an
expl oded vi ew di agram show ng the construction of the high-speed rotary
val ve; Figures 11A - 11D are diagrans showi ng the construction of a valve
body used with the high-speed 20 rotary valve; Figures 12A - 12D are

di agr ans expl ai ni PRPSERRCHHRR a0 oan AL hEL H gieRpeEH1 PBt APHAVALYS: Fi gure

13 s a diagram show, dP@E%§6%§“£'tﬁfrdoémﬁﬁdf$£hgegfstﬁé ﬁré?8§£at“5

according to a secon odi nent e present rnvention; Figure 14 is
a flowchart show ingvemtid®r film formation process accordlng to the second

enbodi ment of the present i yentiog conduc ed b uﬁ the ALD dg£§3|t|on
apparatus of Figure 13; 30 HguFe 45 18 & ShOW g #Re LBpEtalti ona

characteristigs Ofofﬁﬁtfbﬁhp§@@§95r&é@éﬂdlﬂéJﬂé thﬁfﬁdpéﬁﬁéaiméH¥98E'0n
Figure 16 is a diagramshowing the - 34 construction of an ALD f

deposi tion appar atue PE@%@$U|h@v¢@taomh¢®@d@©b©@lhﬁn@SDmGtﬁbepresent

I nventi on; FIgurQdééoéﬁ%gdgn€€§§%%§QQM$PQFPQu€%Eﬁé}ln] 5 formation process

according to a thi
Figure 18 is a diagram showing the

construction of an ALD deposition apparatus according
10 to a fourth embodiment of the present invention;
Figure 12 is a flowchart showing a cleaning
method of the deposition apparatus according to a
fourth embodiment of the present invention;
Figures 20A and 20B are diagrams
15 corresponding to Figure 19 and showing the cleaning
process according to a fourth embodiment ¢f the
present invention;
Figures 21A and 21B are diagrams showing
the construction and process of a deposition
20 apparatus according to a fifth embodiment of the
present invention;
Figure 22 is a flowchart showing a film
formation process that uses the deposition apparatus
of Figure 21;:
25 Figures 23A and 23B are diagrams showing a
modification of the fifth embodiment;
Figures 24A and 24B are diagrams showing
another modification of the fifth embodiment;
Figure 25 is a diagram showing the
30 construction of a deposition apparatus according to a
sixth embodiment of the present invention;
Figure 26 is a diagram showing a film

formation process that uses the deposition apparatus



the present invention conducted by using the deposition apparatus of

Figure 16; Figure 18 is a diagramshowi ng the construction of an ALD

deposition apparatus according 10 to a fogﬁgh enbodi mrent of the present
a

invention;, Figure 19 is a flowchart shown cleaning nethod of the
deposition apparatus according to a fourth enbodi nent of the present

I nvention; Figures 20A and 20B are diagrans 15 corresponding to Figure 19
and showi ng the cleaning process according to a fourth enbodi ment of the
present inventionpf Arggues 29A and 21B are di agrans show ng the
construction and process of _a depositjion 20 apparatus according to a fifth
enbodi ment of the present Fh@%ﬁgiik;l?i%%?ﬁhgg A3aGram o9 A%+ #I shBRi ng a

film formation pfpoRSEoihAti86Srébesslepost 1hohs apparalyss: ffofri gure 21;
25 Figures 23A and 23B are diagrans showmng a nodification of the fifth

enbodi nent; Fi guragp@vatandoR4Bigweee dagrans showi ng anot her nodification

f the fifth enbodi t; Fi i di i t he 30
gonst?uciion f g hgggsitio%gé%ﬁafgﬁLis:%c%fgéﬁ%%f%gﬁéyggx?ﬁp%ﬁﬁoarnent of

the present inventi@mte F2DusEL26an Sel £ gl ageshowi ng a film formation
process that uses the deposition gfgayatus - 35 of Figure 25; Figure 27 is
anot her di agram showi ng t heF 198 4 drhatd ohuprleresdi ffarensediageam

deposi ti on apparﬂéﬁh@& ﬂ@%ﬁr@%ormation process uses the

deposition apparatus of Figure 25;

10 Figure 30 is a flowchart showing the film
formation process that uses the deposition apparatus
of Figure 25;

Figure 31 1s a partially removed obligue
view diagram showing the entirety of the deposition

15 apparatus of Figure 25;:

Figure 32 is a diagram showing the
construction a deposition apparatus according to a
seventh embodiment of the present invention;

Figure 33 is a diagram showing the

20 construction of a processing gas inlet port used with
the deposition apparatus of Figure 32;

Figures 34A - 34C are diagrams for
explaining the high-speed rotary valve used with the
deposition apparatus of Figure 32;

25 Figures 35A - 35H are diagrams showing a
film formation process carried out by using the
deposition apparatus of Figure 32;

Figures 36A and 36B are diagrams showing a
modification of the seventh embodiment;

30 Figure 37 is a diagram explaining the
modification of Figure 36;

Figures 38A - 38C are diagrams showing the

construction of a deposition apparatus according to



5 Figure 28 is a diagramshowing a part of Figure 27 with an enl arged
scale; Figure 29 is a further different diagram showing the filmformation
process uses the deposition apparatus of_FHgure 25; 10 Figure 30 is a
flomchart showing the film formation process that uses the deposition
apparatus of Figure 25; Figure 31 is a partially renoved oblique view

di agram showi ng the entirety of the deposition 15 apparatus of Figure 25;
Figure 32 is a diagram showi ng the construction a deposition apparatus
according to a saveatghehberdbadhment tfiethrepeasennvenveonioki;gure 33 is a

di agram showi ng the 20 construction a cessi as_inlet port used
with the deposition appara ﬁguﬁ?sFﬁg%re g%, ?Fauag§8§ﬂﬁs-sgﬁﬁgﬁﬁngFagrans
for explaining thﬁlﬂiQbrﬁ&@@dnrpE@6¥s§aEM@rﬂ§§doﬁEtBytﬂ@in%eﬁﬁ§|t'On

apparatus of Figure 32; 25 Figures 35A - 35H are_diagrans showing a film
formati on processd8RPFLEHCBURPBYTAERAGOENEIgHERO3BR} on apparatus of Figure

32; Figures 3 and 36B ar eng] a ow 1 £ i of the seventh
enbodi nment ; 3§AFigure 37 ingbggégggnigx%1g?ﬁ?ﬁaﬂ?géghﬁgéi?Egation of
Fi gure 36; Figureso38AirucB88hacé di dgpasttshnwapgatrheuscansbrdéhiyonook a

depos 11 on aPPRt oL s RCCRRIIRELE e Bl ML STROEL e of the present
process carried out by usingighee 41 is a diagram showing the
construction of the nozzle used with the embodiment
10 of Figure 40;

Figure 42 is a diagram showing exemplar
operational characteristics of the high-~speed rotary
valve of the present invention;

Figure 43 is a diagram showing the

15 construction of a deposition apparatus according to a
tenth embodiment of the present invention;

Figure 44 is a diagram explaining the
operation of the deposition apparatus of Figure 43;

Figure 45 1s a diagram explaining the

20 operation of the deposition apparatus of Figure 43;

Figures 46A and 46B are diagrams showing a
part of the deposition apparatus according to an
eleventh embodiment of the present invention; and

Figure 47 is another diagram showing a part

25 of the deposition apparatus according to the eleventh

embodiment of the present invention,

BEST MODE FOR IMPLEMENTING THE INVENTION
[FIRST EMBODIMENT]

30 Figure 7 shows the construction of a
substrate processing apparatus (ALD deposition
apparatus) 40 according to a first embodiment of the

present invention, wherein those parts explained



deposition apparatus of Figure 3BA; 5 Figure 40 is a diagram show ng the
construction of a deposition apparatus according to a ninth enbodi nent of
the present invention; Figure 41 is a diagr showi ng the construction of
the nozzle used with the enbodiment 10 of -Figure 40; Figure 42 is a

di agram showi ng exenpl ar operational characteristics of the high-speed
rotary valve of the present invention; Figure 43 is a diagram show ng the
15 construction of a deposition apparatus according to a tenth enbodi nent

of the present inyeayioRslyi gﬂéedééigﬁa@e@!iggr@meé&hei PeRgrkhee operation
of the deposition apparatus of Figure 43, lgure 45 is a diagram
expl ai ni ng t he 20nwpe¥rals opndfthqedeepoiption thppueafudidl Fegométusd.

Fi gures 46A and 46B are diaﬁéggyrfﬁggﬁggFf%%ﬁgrzfo{%éhgog§8§?££ion

apparatus according to an eleven odi e prese I'AVent i on
and Figure 47 is aabtder18hagrian SBousad wiparthe 25ulbét thte dpposebkOig
apparatus according to the eleventh enbodinment _of the present invention.

30 BEST MODE FOR FRPLENVEATI NG SFE 3 NVENTY ERD THf e ersen) MsiiTeFlgure 7.
shows the construchiGilgRl3aarsUPskeRt Sud Ofﬁs§ﬁ§9?ﬁ€9@ﬁ@téﬁb&é&ﬁbﬁ@?os't'0”

apparatus) 40 according to a first enbodl nent o present 1 nvention,
wher ei n those parasndexpylarspeed B8Ftapyevabussy2dh eands?jhataate by t he sane
reference numer gl 5, ands §he, dSPELLPEAGRLE L SO WL RS OLL T L8 ve
20la or 201b adjacent to the evacuation openings 14A
1¢ and 14B. Further, the high-speed rotary valves 25A
and 25B are connected to the trap 100 via conduits
207a and 207b respectively.
Figure B shows the construction of the
processing vessel 11 in the state that the gquartz
15  bottom plate 202A of Figure 3 is taken away.
Referring to Figure 8, there is formed a
space in an outer vessel 201 constituting the
processing vessel 11 for accommodating therein a
quartz reaction vessel 202, wherein the surface of
20 the substrate 12 to be processed is exposed to the
foregoing space, and there are provided the high-
speed rotary valves 25A and 25B having evacuation
opening 26A and 26B at both sides of the substrate 12
to be processed in place of the evacuation openings
25 14A and 14B explained previously. In the present
embodiment, the width W as measured in the direction
perpendicular to the flow of the source gas is
substantially largely with the evacuation openings
26A and 26B as compared with the conventional
30 evacuation openings 14A and 14B, and as a result, it
becomes possibkle to evacuate a large amount of gas
efficiency from the quartz reaction vessel 202

through such evacuation openings 26A and Z26B.



Referring to Figure 7, the conductance valves 15A and 15B used with the
substrate processing 5 apparatus 10 explained with reference to Figure 1
through 3 are taken away in the present Qﬂ@ﬁanent, and hi gh-speed rotary
val ves 25A and 25B are provided in place thereof in an evacuati on groove
201a or 201b adjacent to the evacuati on openings 14A 10 and 14B. Furt her,
the high-speed rotary valves 25A and 25B are connected to the trap 100 via
conduits 207a and 207b respectively. Figure 8 shows the construction of
the processing vessel 11 ihRighecst®heanda®Bt sieoguehé zcodStbottbonpbét e

202A of Figure 3 is taken awa Referring.to Figure 8, there is fornmed a
Space i n an-but ortNBeILe N PBHCEA T EhY | TRl R SRy oaste b bEaue 9A For

accommodat i ng t heg®i §bBi qeik!aF i &y ' @854 +OR y@@ﬁﬁh%wﬁe aherebpythe syeface of
20 the substrate 12 to begﬁrocessed I's exposed to the foregoing space, and

there are provi dedo¥aey hghve sperdiroraay vewaed oshiawe 25BeARIPNg
evacuati on Ogen'ﬁ@ifgt f£9r§6§ba{sb&ﬁhoﬁigggeog%égggféﬁgéﬁiéf dgoto be

processed in place © e’ evacuat1on openrn exp?ained
previously. In theaps esendry endbed nBTA , ftde av dbdmvded obasgued in the

direction perpendjcular to the flow of the source gas is substaptially

largely with the S¥5eTEtPRn Bpeditgstho i FnasReEs akCtdhpar 2YVSi £ At he

conventional 30 eyaguatiOnNsOPeRiNGs Jd4M ARE d4BhaPdoAStRe TRSYhLsphld
beconmes possible to evacuate a | arge anount of gas efficiency fromthe

quartz reaction vestary2o2lve h? bBighesptanavbenari bh bpenddgs 26A and 26B. -
38 Figures %% an€e§§§§99¥é£h§nf$”§é£“€ﬁé08a§£ of the high-speed
rotary valve 25A.

Referring to Figure B9A, the high-speed
rotary valve 2532 includes a main body 251 formed with
an evacuation opening 26A, a valve body 252 provided

15 rotatably in the main body 251 (see Figure 10) and a
servo motor 253 rotating the valve body 252, wherein
a heating part 254 accommodating therein a heater is
provided to a part of the main body 251. Further, an
evacuation opening 255 is formed at the bottom

20 surface of the main body 251 in connection with the
conduit 207a as shown in Figure 9B.

Figure 10 shows the details of the high-
speed rotary valve 25A of Figures SA and 9B.

Referring to Figure 10, an end of the main

25 body 251 is closed with a cap 251A equipped with a
bearing unit, and a drive bleck 253A having the servo
motor 253 is coupled to the other end of the main
body 251 via a seal 2Z53B.

Further, there is formed an opening of

30 cylindrical form in the main bedy 251 in
communicating with the evacuation opening 26A and
also 255, and a hollow valve body 252 of a ceramic or

metal is inserted into the cylindrical opening



t he hi gh-speed rotary val ve 25A, wherein Figure 9A is an oblique view

di agram showi ng the entirety of the rotary valve 25A from an upward
oblique direction, 5 while Figure 9B is an-plique view diagram of the
sane rotary valve 25A froma downward oblique direction. Because the

hi gh-speed rotary valve 25A has a construction simlar to that of the

hi gh-speed rotary valve 25B, explanation will be nmade 10 hereinafter only
for the case of the high-speed rotary valve 25A. Referring to Figure 9A
the hi gh-speed rotatyabvhyvelZhlaioctoeesordimgnchpoiiydfbdalofoend. wihd an

evacuati on openin 6A,. a,Vv body 252, proyvided 15 rotat in the main
body 251 (see Fi gﬁ?ﬁvplohfo%%?%/? Js%rg%nﬁ%?o‘i’l%f?o?%‘??ﬁ@gtﬁgﬁ%al ve body
252, wherein a heetéi@ifgrin 254 acgonm@dasindot heRetdon Agatgr is

provided to a part of the main body 251. Further, an evacuati on opening
255 is forned at @hEfpERRBNPRENERG {4248 AT t Aedhamet hbeyl DB 1CPROEERdEect i On

Wi th the congui épdgér’% i 8 ?Q?%%@f%gfggg&e%ﬂ&éﬁd&gBéﬂé"lgg?éHEnget alls

of the high- spe ary va f ures a : erring to
Figure 10, an end2®iAt hPuneher 25thedyaPbd bedel 2S2div tdbnaectpd 264 Athe

equi pped with a bearing unit nd a drive b k 253A haying the servo
motor 253 is coup?%’av‘?dg‘?ﬁ%rog% raerd %?afhei%rpr%%h‘}e Sﬁgv‘}"% &"Ceal

253B. Further, thegerisrtfonaesasre b nes 9fand0i syhbpedi cal thermin the
mai n body 251 in  comunicating with the evacuation opening 26A and al so

255, and a hol | oW et kel 0dyl pe2t b¥n aandrepiet oF-checavise byseheed into
the Cyllndrlq%l QH§PéPgb53?9A1so a heater 254A is inserted into the

heating part 254. While not illustrated, there is

provided a rotary shaft similar to the shaft 252X at

the other end of the valve body 252, such that the

rotary shaft is held to rotatably in a bearing unit
15 provided on the cap 251A.

Figures 11A - 11D show the construction of
the valve body 252, wherein Figure 11A is an obligue
view of the valve body 252, Figure 11B is a plan view
of the valve body 252, Figure 11C is a cross-

20 sectional view of the valve body 252, and Figure 11D
is a bottom view of the valve body 252.

Referring to Figure 11A - 11D, there are
formed two openings 252A are formed in the valve body
252 with a separation by an intermediate part 252a,

25 and each opening 252A communicates with an opening
252B formed at a position opposing the intermediate
department 252a via a space inside the valve body 25Z.

Figures 12A - 12D show four states of the
high-speed rotary valve 25A used with the substrate

30 processing apparatus 40 of the present embodiment.

Referring to Figure 12A, the servo motor
253 causes the valve beody 252 to rotate such that the
opening 252A in the valve body 252 forms an opening



rotatably wwth a corresponding cylindrical form The valve body 252 is

formed with an opening 252A extending in a length direction thereof and a

different opening 252B at a dianetrically ‘ﬁposing 5 position (see Figure
e

11D reference) of the opening 252A. Furth the valve body 252 is
connected to the servo notor 253 at a shaft 252X provided at an end part
of the valve body 252 and is noved in the clockw se direction and
counter-cl ockwi se by the 10 notor 253. Also a heater 254A is inserted into

the heating parth2bingWhi kedoptwi bfustmat &6, thBeeeatGatpbAvbgediagrotary
shaft simlar to the shaft 252X at _the other end of the valve body 252,
such that the rof8y 3RAT2Si3 Kefdlto Ebeafanfycrangepehr thg tame o6

brovi ded on the caps 284y ofi 4T £8s i e od IphshophLheugonstection of  the

val ve body 252, erein Figure | A IS an oblique view o e val ve body
252, Figure 11B iﬁr@p@Sanngleppanatuﬂe40abﬁergdye252isFﬁgadelﬂlﬁhés a
cross 20 sectional _view o 5 Egnd Fi ure 11 s a bottom

th bo
vi ew of the val ve® %%ﬁ@r%%Eloﬁg?ga#¥§ﬁr?o ﬁlﬁpt F3Pr PheFB®are

formed two openi ngsa@62én ateséel WE@Z'Dst@Gac‘!@ét’@deQé{ tREZC%anle 207a
separation by an internmedi ate part 252a, 25 and each openi ng 252A

comuni cat es wi t hcennegeed ngo psepoperied ab5a Posrebpn bbposnhgruhg
i nt di at d t t Lde_th | b 52.
i gur s 12A - 1200 SHoN 1R CEl ot xSt eEeot T b et Bl r 04 02 25 used

Fi gures 12A - 12D show four~s

wi th the substratend3fhpreceskenopappar ehasdd9ipbdt hesprpsesh epbedenent.
Referring to Figure 12A, the servo notor 253 causes the valve bod% 252 to
rotate such t¥at $HETCHPSRAT nkC 25PA FRrEAeeval vENBoByPOEDater k8 BA BBeni ng

processed.
In the state of Figure 12B, on the other
hand, the valve body 252 is driven by the servo motor
253 such that the opening 252A forms an opening
15 having a width W of Bmm, which is larger than the
state of the valve 25A of Figure 12A.
In the state of Figure 12C, the valve body
252 is driven by the servo motor 253 such that the
opening 252A coincides with the opening 26A, and the
20 wvalve 25A is in the fully opened state. In the state
of Figure 12C, the opening 252A forms an opening
having the width W of 40mm.
In the state of Figure 12D, on the contrary,
the valve bedy 252 is driven by the serve motor 253
25 such that opening 252A is offset completely from the
opening Z26A, and thus, the valve 25A is in the closed
state.
Figure 42 shows an example of change of the
conductance associated with the rotation of the valve
30 body 252 in the high-speed rotary valves 253 and 25B
of the present embodiment.
Referring to Figure 42, it can be seen that

the conductance exceeding the value of 3000 1/second



- 40 having aawdth Wof 6 mmat the evacuation opening 26A, and as a
result, the conductance at the tine of evacuation is restricted when the
substrate processing apparatus 40 of Figurg 7. is used in the 5
construction of Figure 1 and the interior of the reaction vessel 202 is
evacuated via the conduit 207a connected to the opening 255. Thereby, the
interior of the reaction vessel 202 is evacuated gradually, and there

t akes place the desired adsorption of the 10 source gas to the surface of
the substrate 12 i® betapnedessetlhel nashetbearetatibnglir eng2B, odnthke ot her

hand, the val ve body 252 is Lven by_the servo tor .253.such th t he
openi ng 252A forn%agﬁeo§8ﬂ¥ngE%51ﬁa6¥ﬁ8 geﬁfa?h g@bgesﬁﬂlﬁﬁﬁiEﬁsﬁs%hﬁrger
than the state ofothei¥ynhvear§PeObxEbOYECaB3l: LD tBgrstatetqt Figure 12C,
the valve body 252 is driven by the servo notor 253 Such that the opening

252A coi nci des wi ERngrhetapeai BGCOBAS apyot hEupbhenl vehasponduchange ful |y

opened state. Jdn . Fi ' b n fornms an
openi ng haviﬁb t £8ﬁ§%$%§v§§%150ﬁ§§8|% %%£5§§5?§§§¥ g?ég%QhTED, on the
contrary, the vatxeebady 253utsl1pi degrbyst hrdseeyohapt ehe2931ud50%uch

t hat openi ng 252A i s offset Zongletel fromthe opening 26A, and thus, the
val ve 25A is in t#eCeFoekl 1488 %?dF?éu?EOHE $hBueedRe8RanpRetBf change of

the conductance gssogchat evihilohhesfobatbfBsObokignYe! ¥6 30,P9d% 2R2 i
t he hi gh-speed rotary val ves 25A and 25B of the present e oalnent.

Referring to Fi gusendectanceanhérgseshovhain Figure 42 in an extremely
10 short time within 0.1 seconds. by merely rotating the

valve body 252.

[SECOND EMBODIMENT]
Figure 13 shows the construction of a

15 second embodiment of the present invention that forms
an Al,0; film on the surface of the substrate 12 to
be processed by an ALD process by using the substrate
processing apparatus 40 of Figure 7. In Figure 13,
those parts explained previcusly are provided with

20 the same reference numerals and the explanation
thereof will be cmitted.

Referring to Figure 13, TMA (trimethyl
aluminum) is held in the present embodiment in the
source material vessel 20A, and the TMA source in the

25 source material vessel 20A is introduced into the
quartz reaction vessel 202 in the processing vessel
11 through the switching valve 16A and the nozzle 13A.
In the system of Figure 13, it should be noted that
the source supply system including the source

30 material vessel 20C is not used, and thus, the
illustration thereof is omitted.

Figure 14 is flowchart showing the ALD

process carried out by using the system of Figure 13.



t he conduct ance exceeding the value of 3000 |/second - 41 is obtained in
the case the rotational angle of the valve body 252 is zero degree, while
in the case the rotational angle exceeds about 40 degrees, the conductance
becomes zero. Further, the conductance 5 i4%&reases again when the
rotational angle has exceeded about 120 degrees and reaches the val ue of
about 600 1/second at about 170 degrees. In the present invention, it
beconmes possible to realize the conductance change shown in Figure 42 in

an extremely 10 short tine wbkbipiQglrsepegdse RY, MBEELY EOLALI RYghDE
val ve body 252. [ SECOND EMBODI MENT] “Fi gure”13 shows the constructfon of a

15 second enbodi nepeedf roharprestnesi abBnendn2bBaaréofnd lyanpAh2d3ifi | m on
the surface of thg substrate 12 t be. processed_by an D proc by using
the subsirate prolEsSTRGEAppArarbePa00orSFraar 8ol REFFOHRES1S2s t hose
parts expl ai ned pagyi @Hshy ?é@_ﬂéOYhﬂEQthéB 2Atbhengagpareberenee;pyneral s
and the explanation thereotr will be omitted. Referring to Figure 13, TMA

(trinmethyl aluni vefyeis2hél 8ren the présent 1eibeadnehd Faspretizedice
material vessel 20a . and LR M, $QUT £8a1 O, Ne32S %ggggﬁxg?%g£égko¥eg§6|

20A is introduced into"the quartz reaction vessel e processing
vessel 11 throughthéersactibhnngesatVe2dBAiandutyednozzie 13A. In the

system of Figure 13, it shoyld be noted that the source supp system
i ncl udi ng the source 30 mat®FFht 5@§SQ¥gQD%P?§dnﬁ?tﬁ§@dYaiﬁg %ﬁﬁs,sthe

illustration thergpbst8 081 thedstLtguse gfghsel 1 opchar thahguepoithe,ALD

10 the high-speed rotary valve 25B is opened partially
to the state of Figure 12A simultaneously.
Alternatively, the high-speed rotary valve 25B is
controlled such that the interior of the reaction
vessel 202 reaches a predetermined pressure. Further,

15 an H;O gas is introduced into the guartz reaction
vessel 202 through the wvalve 16B and the nozzle 13B.
The H;0 gas thus introduced flows along the surface
of the substrate 12 to be processed in the form of a
laminar flow discharged from the rotary valve 25B.

20  With this, H;0 molecule are absorbed upon the
substrate surface for only one molecular layer.
During the step 11, a small amount of Ar gas is
supplied to the nozzle 13A from the valve 16A, and
the interior of the nozzle 13A is purged.

25 Next, in the step 12, the high-speed rotary
valves 25A and 25B are set to the fully opened state
shown in Figure 12C, and an Ar gas is introduced from
the valves 16A and 16B respectively through the
nozzles 13A and 13B. With this, the nozzles 13A and

30 13B and also the interior of the guartz reaction
vessel 202 are purged.

Next, in the step 13, the high-speed rotary
valve 25A is opened partially to the state of Figure



process carried out by using the systemof Figure 13. - 42 Referring to
Figure 14, both of the high- speed rotary val ves 25A and 25B are fully
opened in the process of step 10 to the s%%}e of Figure 12C, and an Ar

gas is introduced into the quartz reaction™ vessel 202 fromthe val ves 16A
and 16B respectively through the nozzles 13A and 13B. Thereby, interior of
the reaction vessel 202 is purged. Next, the high-speed rotary valve 25A is
closed to the state of Figure 12D in the step 11, and 1o the high-speed

rotary valve 25B 13Bppen@dcipariightypéedt PeLsiat €adie F2 8B €s12P0sed as
simul taneously. Alternatively, the high-speed rotarﬁ valve 25B is
control l ed such t$a®Wahinikiersertefofheligenttioh. Aekavrabdyetiachbs a

pr edet er mi ned pr e t 2 I, S LN ;N e

gquartz reaction e@%@%e?pg%é ?ﬁ?%r ﬁv?ﬁgébéﬁggﬁi%Bpgn%éﬁﬁgS%gggl%8155_ The

H20 gas thus int rodugseddiitews ot odat¢heisedfaressotet hessdbsthate 12 to be

processed in the formof.,a l|amn rzglom/dischar ed fromthe rotgrﬁpvalve
S

25B. 20 Wth thi sSPTPERP Pl @clifeSar e absbibEdeipoht the® SBb5PHAre F8ce

for only one nol echd afud AYL! readt bRNOvé bS8t 202 1Arom ERBI bwapBHRhgOf Ar gas
Is supplied to the nozzle 13A fromthe valve 16A, and the interior of the

nozzle 13A is purgelve 256Aekhronght hiee sgap nozzieel hghnspeed sbebey
valves 294 200, 2Shate seinl s ULLY, RIeRoaNALS SEUNTLGRE Bike 12C
through the nozzlesrisdée anfl di38. sMbstribesl2the bozgtesedS8édand tB8 13B and
also the Inter o ot SR S and O3PS tn a5 Fe BR R rotary
valve 25A. As a result, the Al,0; f£ilm of one
molecular layer is formed on the surface of the
substrate 12 to be processed. During this interval,
the gas nozzle 13B is purged by the Ar gas.

15 Further, in the step 14, the high-speed
rotary valves 25A and 25B are set to the fully opened
state of Figure 12C, and the interior of the nozzles
13A and 13B and the interior of the guartz reaction
vessel 202 are purged by introducing the Ar gas from

20 the nozzles 13A and 13B.

By repeating the process of the steps 10 -
14, it is possible to form a high quality Al;0s film
on the surface of the substrate to be processed one
molecular layer by one molecular layer.

25 Figure 15 is a diagram comparing the purge
rate of the quartz reaction vessel 202 in the step 10
or step 12 of Figure 14 between the case in which the
purging is conducted by using the high-speed rotary
valves 25A and 25B of the present invention and the

30 case in which the purging is conducted by using the
conventional conductance valves 15A and 15B of Figure

2.

Referring to Figure 15, it can be seen that



Next, in the step 13, the high-speed rotary valve 25A is opened partially
to the state of Figure - 43 12B, and the high-speed rotary valve 25B is
closed as shown in the state of Figure 12[), Alternatively, the high-speed
rotary valve 25A may be controlled so as to produce a predeterm ned
pressure inside the 5 processing vessel 22. Further, TMA is introduced into
the quartz reaction vessel 202 fromthe switching valve 16A through the
gas nozzle 13A in this state, wherein the TMA gas thus introduced fl ows
along the surfaceheftime seddé¢d af er 12edochrg ptlocesssidual thes10 form of a

| am nar flow and di scharged. fromthe rotary _val ve, 25A, a result, the
A1203 film of oneCRHpFRt B}OWaE%rgﬁgu?og%eﬂfoﬁh?h%nkﬁ&? ce of the

substrate 12 to beypEdsessefon DU i PEIEEES tHt &SV 0. 1 NS 88838077] €hd3B is
purged by the Ar gas. 15 Further, in the step 14, the high-speed rotary

val ves 25A and 2583¢ ethethightsreedd| rgt apereal ves a? B2 ofngi gaBeci2theand
the interior of the nozzles 13A and 13B and t.he. interi.or $f theaggartz

reaction vessel P0¥ % h&ﬂ%ﬁ&ﬁ%@ ??ﬁr%&ﬁ%1ﬁﬁh%%% o %%%u ?o%? ?ﬂe

nozzl es 13A and 18fat Byhi£pealuedis hee@iosesso odbdbe 3/8psflbhe 14, it is
possible to forma high quality A1203 film on the_surface of the substrate
to be processed oHRNVERTERRARrCIeGerBYtRpe nbreR T Rguraytf. D5 FRBUPE 15
is a diagram conpat r r reaction vessel 202 in
the step 10 or s?%%ﬁgaﬂ%f ﬁ?dﬂ?@?@ﬁgEg?%g%ﬁf%ﬂ§9C%§%U§§'{ ?ch the purging
i's conducted by usomgentieatigh-spette rotaigualajyest@sdbautd 25B+dthihe
fj;?ﬁ;”{ LLnventy on 2GS 39 CARE SF SRE CLed 8 By dDPnd S RENRYghET Y

speed rotary valves Z25A and 25B of the present

invention, even in the case the quartz reaction

vessel 202 1s vacuum purged.

15 (THIRD EMBODIMENT]

Figure 16 shows the construction of
substrate processing apparatus 50 according to a
third embodiment of the present invention, wherein
those parts of Figure 16 explained previously are

20 designated with the same reference numerals and the
description thereof will be omitted..

Referring to Figure 16, the high-speed
rotary valve 25B at one side is removed in the
present embodiment, and associated with this, the

25 source gas supply nozzle 13B and also the source gas
supply system corresponding thereto that are removed.

In the substrate processing apparatus 50 of
such construction, toe, the interior of the quartz
reaction vessel 202 is purged at high speed, by fully

30 opening the high-speed rotary valve 25A in the step
21 and supplving the Ar gas from the nozzle 13A as
shown in the flowchart of Figure 17. Thus, in the

step 22, the high-speed rotary valve 25A is set to



conventional conductance val ves 15A and 15B of Figure 2. Referring to
Figure 15, it can be seen that - 44 the tinme needed for reducing the
residual gas concentration to about 5% of the initial concentration is
reduced to about 0.1 seconds in the casé ﬂﬁb'high-speed rotary val ves 25A
and 25B of the 5 present invention are used, while it should be noted that
this value is reduced to about 1/5 of the conventional case. Further, from
Figure 16, it can be seen that it becones possible to reduce the

concentration of {le aestebabe GASLYO SBOMING b LN LAA! BEe PHIWIqUs Li e of
one second by using the high- speed rotary val ves 25A and 25B of the

present inventiokhs Bvercdwucedeframsethdeneuale z13Raciith thessel2Q02 is

vacuum pur ged. 1§n$fgg£§égg$%%ﬂ%%@%}bgégg gnlghghg¥§F%€ge§gg§$ruction of

substrate processing appar ccording'to a Fent of the

present inventionsubdierete 12 hosebpastScoOfsdd ol etHé exphabpedngr evi ously
are 20 designated with the sane reference nunerals and the description

thereof will Be JMPIT@YLAT REARF i nbt 1B EIERIrke BOteReteyha sptBélakotary
val ve 25B at one spfleis;Legpyedig 1Ng; Pﬁi@%@;; OgthﬁégréngESSOCIated

with this, the 25 source gas supply nozzle nd al so the“source gas
supply system corvabkponolherginderet the hadlee €2 5nbyvedot $attie shbésttape

processi ng appar s 50 of such construction, too, the interior of the
Quar iz react| on $Andl SE-1R0 SR gaTSRoR ghrSTRSEE THEN|y 30 openi ng
the high-speed rot@iyrdal ¥y 26e | §11PewBEEP according to this pressure.

10 Further, in the step 23, the high-speed
rotary valve 25A is fully opened, and the nozzle 13A
and the interior of the quartz reaction vessel 202
are purged by the Ar gas.

Further, in the step 24, the high-speed

15 rotary valve 25A is set to have the degree of valve
opening of Bmm and a TMA gas 1is introduced from the
nozzle 13A. With this, an Al:03 £film of one moclecular
layer is formed on the surface of the substrate 12 to
be processed. In the step 24, it should be noted that

20 a similar effect is achieved alsoc in the case the
degree of valve copening of the wvalve 25A is not set,
by setting the process pressure in place thereof and
by controlling the slit width in accordance with this
pressure.

25
[FOURTH EMBODIMENT]

Figure 18 shows the construction of a

substrate processing apparatus 60 according to a
fourth embodiment of the present inventicn, wherein

30 those parts corresponding to the part explained
previously are designated with the same reference
numerals and the description thereof will be omitted.

Referring to Figure 18, the conductance



21 and supplying the Ar gas fromthe nozzle 13A as shown in the flowhart
of Figure 17. Thus, in the step 22, the high-speed rotary valve 25A is set
to - 45 the degree of valve opening of émp.and the H2O gas is introduced
fromthe nozzle 13A. Wth this, H20 nvol ecul es are absorbed upon the
surface of the substrate 12 to be processed in the formor one 5 nol ecul ar
| ayer. It should be noted that a simlar effect is obtained also in the
case the degree of valve opening of the valve 25A is not set in the step
22, by setting theaprecé88 pfeBsgueealdibyprowated| Einghehetsl| thew dt h

according to this _pressur O.Further, ip the step 23._the high-spe

Sotary vaive 2on FEPRRTFyZ838nin. hRaeERELRosS) BEIBREZIRE ERESFAEDS: 6P of
the quartz reacti gp ¥egsfhse82amagedpusgeehbyhti §B-Apedasrotliyh@r1ven the
step 24, the high-speed 15 rotary valve 25A is set to have the degree of

val ve opening of28Rm and a TRPCHAsPiashat Feuneede?r om previdedzie tBa
Wth this, an Al2 Ik n e | o} surface
of the substréfé %gnégkghgbEgoggggédgH#%E?ﬁégéﬁépb%£? ??E§ﬁ§ﬁ|59§e not ed
that 20 a sinm|arhéghespeed achaeyedadlr§026B bheé thsecbhducdegeeevalveal ve
openi ng of the valve 25A is not set, b¥ setting the process pressure in
pl ace t her eof andlSByVEBn?FoPP?HZC%ﬂées #LVHi 8th in accordance with this

pressure. 25 [ FOURTH EMBODI MENTLL G OLhE 18nshOVWS15BRaCOBREEECEDORSOf a
substrate processing apparatus 60 according to a fourth enbodi nent of the
pr esent i nvent i onsuppéiefnwith a cleaning gas of the chlorine family

10 such as Cl; or a cleaning gas ¢of the fluorine family
such as the CHF; or NF3, together with a rare gas
such as Ar. By driving the high-frequency source 62A
of 400kHz frequency for example cooperating with the
remote plasma source 62, there are formed chemically

15 active chlorine radicals or fluorine radicals.

With the present embodiment, it becomes
possible, in substrate processing apparatus 60, to
perform efficient cleaning of the quartz reaction
vessel 20 by introducing the chlorine radicals or

20 fluorine radicals thus formed into the quartz
reaction vessel 202 from the conduit 207b through the
high-speed rotary valve 25B in the opposite direction
to the usual exhaust direction and by evacuating the
same through high-speed rotary wvalve 25A, by fully

25 opening the high-speed rotary valves 25A and 25B and
closing the conductance valve 15B.

Figure 19 shows the fleowchart of the
cleaning process of Figure 19, while Figures 20A and
20B are diagrams showing the state of the substrate

30 processing apparatus 60 corresponding to the
flowchart of Figure 19 schematically.

Referring to Figure 19, the high-speed
rotary valve 25A is fully opened and the high-speed



30 those parts corresponding to the part explained previously are
designated with the sane reference nunerals and the description thereof
will be omtted. Referring to Figure 18, the conductance - 46 valve 15B of
Figure 2 is provided further to the conduit’207b in the substrate
processi ng apparatus 60 at a downstream side of the high-speed rotary

val ve 26B, and a renpte plasna source 62 is provided to the 5 conduit 207b
at an internediate part between the high-speed rotary valve 26B and the

conduct ance val verotaByviralas ppeniel osesydl va 6he 3Ihepeby. Fhethempte
pl asma source 62 is supplied with a cleaning gas of_ the chlorine famly
10 such as Cl2 ortBecfPEadpfigaRastbe Fhe 33T URPA 184 shenthe ¥HROTHF3 or

NF3, toget her vw'tglgsﬁgrsogfée ég,chaﬁa %?e%ng{ﬂ:%ﬂgetpﬁl?hg?ﬁgr gguency

source 62A of 400kHz frequency for exanp cooperating w renot e
pl asma source 62, fuhéyecperefior Fedtbaen thel gpetBchoseveathkobilnesr adi cal s

or fluorine radicals. Wth th resen% en?odinent, |t g cones .possible, in
substrate processPRG"8 pa?ﬁ?ughgoFeTB €pBrf ot ePFFEfe ? &FeaﬁFﬁﬁnof t he
quartz reaction yesgethd0nbyhi pkegaustpIpblerchbenbaenyagdheahsqgpt 20

fluorine radicals thus forned into the quartz reaction vessel 202 fromthe
conduit 207b throfifRIERRCY hFghrepetdArvibhythal feegusncy ehe4BppHei aad

oot ohsonecHEuPheEXbSLofL S BDCETEL BV 3ol pybTe, =2
rotary val ves 25Achhdr?68 andicglssChy ahe gendnstadceivhl vRelbBmoEegure 19
Shous e floohat, of,the, eheaning.Prpcess SL.E gyrecdd ppile Frotres
20A and P P <y
radicals thus formed are evacuated immediately to the
evacuation system as shown in Figure 20A.

Next, in the step 22, the high-speed rotary
valve 25B is fully cpened and the conductance valve

15 15 is closed. The chlorine radicals Cl* formed in the
step 21 are then introduced into the quartz reaction
vessel 202 through the high-speed rotary valve 25B
and through the evacuation opening 26B as shown in
Figure 20B. The chlorine radicals Cl* thus introcduced

20 are caused to flow in the quartz reaction vessel 202
to the high-speed rotary valve 25A and discharged
through the evacuation opening 25A. Thus, by
maintaining the state of step 22 for a predetermined
time, the deposits adhered to the inner wall surface,

25 and the like, of the dquartz reaction vessel 202 is
cleaned,

Next, in the step 23, the high-speed rotary
valve 25B is closed again and the conductance valve
15B is fully opened. As a result, the chlorine

30 radicals formed with the remote radical source 62 are
evacuated immediately to the evacuation system as
shown previously in Figure 20A.

Further, in the step of step 24, the high-



20B are diagrans showi ng the state of the substrate 30 processing
apparatus 60 corresponding to the flowhart of Figure 19 schematically.
Referring to Figure 19, the high-speed rotary valve 25A is fully opened
and the high-speed - 47 rotary valve 258 i4® ¢l osed in the step 21.
Further, the Ar gas and the Cl2 gas are supplied to the renote plasma
source 62, and the conductance valve 15Bis fully opened. Further, the
open/cl ose valve 61 is 5 opened, and the renote plasnma source 62 is driven

with the high freguegeynepwesufesnedabyst PerRt@hort| egHeNeY¥msOHr ce 62A with
the frequency of 400kHz and the electric power of kil owatts. Wth this,

chl orine radi cal st&fical esgeneeabddifi tWrned epEhot endotheaspan/choske state
of the step 21, t | pri lgals thus fornmed are evacuated
i medi ately to thgglggag%a?$0%1§€%§én1as shown in Figure 20A. Next, in the

step 22, the high-speed rotaiythyapves@hB ésbbdihynopenedoasdmebe
conductance valve 15 15 is closed. The chlorine radicals C* fornmed in the
step 21 are then PREFHALRHCI FEBPF AdS bRt 207 8aefi BRL1VEE¥ePL 2Bt hr ough

the high-speed roLggyc-yelver 268 apdat Br oUghat B8 ENACYHAL 198 i 26B as
shown in Figure 208.CThe chl orine r%d?ca sa%l* ?ﬁus ?ntrggﬁgg 92 9gre
caused to flow i ninhecdueedzireacthenquastel r282titn vaeshlgh28péedmrotary

val ve 25 and ol schedged, bl ogal Ahe X cualioh, SRehp, 28, Tius. B,
adhered to the inggenvayt 36Afaee, 288 ﬁﬁdbéhﬁafggﬁ,t@énthﬁequﬂﬂtﬁ peaction
vessel 202 1 ol D onventional | evacustidn openings 14k snd 148 ind
further by combining the high-speed rotary valves 25A
and 25B that realize a larger conductance. Thereby,
efficient cleaning becomes possible. Because the
radical source 62 is formed to the part of the
15 evacuation system in the present embodiment, there
arises no difficulty of providing the radical source
even in the case the reaction vessel 202 has a flat
form suitable for forming the laminar flow of the
source gas,
20
[FIFTH EMBODIMENT]
In the substrate processing apparatus 60 of
Figure 18, it should be noted that the radical source
62 is useful not only in the cleaning of the
25 processing vessel 202 but also in the oxidation or
nitridation of the molecules absorbed on the
substrate to be processed. In this case, the oxygen
or nitrogen gas is supplied to the radical source 62
in place of the cleaning gas together with the rare
30 gas such as Ar.
Hereinafter, the substrate processing
process according teo a fifth embodiment of the

present invention that forms an Al1203 film on the



val ve 25B is cl osed again and the conductance valve 15B is fully opened.
As a result, the chlorine 30 radicals fornmed with the renote radical source
62 are evacuated immediately to the evaqy%qup system as shown previously
in Figure 20A. Further, in the step of step™24, the high - 48 frequency
source 62A is turned off, the renote radical source 62 is turned off, and
the open/close valve 61 is closed. In the present enbodi nent, it becones

5 possible to suppress the loss of activity of the radicals at the tinme a
| arge anount of rsubsatstareocibédrpdocessedtioythel qyastiZsteacéi on vessel 220
from outside, by setting the width W t he_evacuat i on,  _openi ngs 26A and

26B to be |arger RHATPEHE"N HPPHFTYD %@eogoﬂ%%%¥?o B wilach&ti on openi ngs

14A and 14B and fdudPesedYw LONDLOFB8ABE D) OB SRRSY SPAaRYqVal¥es 25A and
25B that realize a |arger conductance. Thereby,” efficient cleaning becones

possi bl e. Because the radiRefesoimget®2Figuferabhl, tthehetpaet208 the 15
evacuation systemin_ th resent enbodi nent, ere rises no difficulty of
provi di ng the%rad¥%%ﬁt%%dg ééh%v%%rY% T%%pﬁaééytﬁ%dr %t?bﬁgvagiﬁ? 202 has
a flat formsuitapteryorales 2wy idecpameaarnitwwiofs) hentepuseecgas, 20

[ FI FTH EMBODI MENT] I n the substrate processing apparatus 60 of Figure 18,
it shoul d be not eel® HER2ETHECR aFTHPL sol cbS BPacuatRes uFurbresnl Yhen the

g, o e FBLE TR YeSSELoI0E B Alerigedle o dation o

Further, in the state of Figure 21A, the

10 high-speed rotary valve 25B is closed and the
processing gas such as TMA is introduced into the
reaction vessel 202 from the processing gas inlet
port 13A. The processing gas thus introduced is
caused to flow along the surface of the substrate to

15 be processed on the stage 203 and evacuated through
the high-speed rotary valve 25A and also conduit 207a.
As a result, the TMA molecules cause absorption to
the surface of the substrate to be processed, and a
TMA layer of the thickness of almost one molecular

20 layer is formed.

In the state of Figure 21A, the variable
conductance valve 15C provided to the conduit 207b is
opened, and as a result, the oxygen radicals formed
by the remote radical source 62 are discharged

25 through the variable conductance valve 15C without
being introduced into the reaction vessel 202.

In the state of Figure 21B, on the other
hand, the supply of TMA to the processing gas inlet
port 13A is blocked by the switching wvalve 16A.

30 Further, by c¢losing the variable conductance valve
15C and by opening the high-speed rotary valve 25B,
the oxygen radicals 0* formed by the remote radical

source 62 are supplied to the reaction vessel 202 in



substrate to be processed. In this case, the oxygen or nitrogen gas is

supplied to the radical source 62 in place of the cleaning gas together

with the rare 30 gas such as Ar. Fbreinaf%ﬁﬁu_the substrate processing
e

process according to a fifth enbodi nent of present invention that
forms an A1203 filmon the - 49 substrate to be processed by using
substrate processing apparatus 60 of Figure 18 will be described with
reference to Figures 21A and 21B. Referring to Figure 21A the stage 203 is

5 rotated by the gesveordtef 295aaRAf1be highisgewdckh@bdr Yn¥ahyR 2RA is
opened. Wth this, interior of the reaction vessel 202 is evacuat ed.

Further, the rend{@CVaE} Rl oRVURE 9B sTherehyi etit Fupvhdrbeinotad state

of Figure 21A, t L gh: sppe t I ' o] d
processi ng gas sﬁa%&w}iﬁi%Tger%(gug%%ail[ﬁt%%ﬁge‘z%éa%i%ﬁgr\]/%gsae}ggw from
the processing gasnithetstapoetoil3Algihe PIBeessdnghgasxyders radiodlised is

caused to flom/ajﬁp the surface of the substrate %g 15 be processed on the
stage 203 and Sevatuat¥y t 1R HERRICEheP FE (TR LPRRdE? ot 5Py TRFORIDSAIGNd al so

conduit 207a. Asrdad€sihtvedfiel TMY nDl 66yl ©Se COUSLaBDSOE PEHONLELat DEg
surface of the substrate to be processed, and a TMA |ayer of the thicCkness

of al nost one nol ¥thstarateote dyerriecessedd. Tharehe, sthe eoxyg®igure 21A
(ne s sl conystante yalugd Shon i B B,LE SEIMLIZOI0S
source 62 are di seiliagigesit &5sithf atighatdiearail Al €itandificbarcaolakvwaalsbC
Wt hout 10 layer is formed.

After the step of Figure 21B, the process
returns tc the step of Figure 21A, and the Al;0; film
is grown on the substrate to be processed one
molecular layer by one molecular layer, by repeating

15 the steps of Figure Z21A and Figure 21B alternately
and repeating.

Thus, the present embodiment uses oxygen
radicals for the oxidation of the TMA molecules in
place of HZ20. Associated with this, the present

20 embodiment dces not use a processing gas supply
opening 13B for introducing H;0 or the switching
valve 16B. As a result, there is caused no problem of
adhesion of the H;0 molecules upon the inner wall of
the reaction vessel 202 or the switching valve 16B,

25 and it becomes possible to carry out the purging
process at the time of switching the state from the
state of Figure 21B to the state of Figure Z21A
promptly.

Particularly, it become possible to provide

30 the remote radical source 62 in the periphery of the
evacuation opening 26B by using the high-speed rotary
valves 25A and 25B explained previously for the

openings 26A and 26B, and it becomes possible to



being introduced into the reaction vessel 202. In the state of Figure 21B,
on the other hand, the supply of TMA to the processing gas inlet port 13A
is bl ocked by the switching valve 16A. 30 Further, by closing the variable
conduct ance valve 15C and by opening the high-speed rotary valve 25B, the
oxygen radicals 0* formed by the renote radical source 62 are supplied to
the reaction vessel 202 in - so the formof a back flow fl owi ng backward

t hrough the evacuation opening 26B. Thereby, it should be noted that the

hi gh-speed rotaryisakyau2BAthe orgged akdocailB theostakershckigure 21B, and
t he oxygen radicals 5 0* thus _introduced are caused to flow through the
reaction vessel 262Saféngleneffarfarelys BREaHSRaltngS BAbsPESEESBSYhe

processed. Ther eby, phevox¥den. tagheal sa0xkdizeolge Thh &s&gg§f§gg§0rbed

to the substrate surface and an one nol ecul ar S
formed. After thetbeeprofefsjngev@iBelt ABlpoocebks reettins vestké gDep of

Figure 21A, and t A1203,fi is gro opn the substrate to be processed
one nol ecul ar’ Iagg?r5§noﬁ8 hg%eEﬁ?g?npgﬁﬂg?db?engegE?néefégphéggfgﬁ of
Figure 21A and FigueemdiBsabtesneighyy andieepeating. Thus, the present
enbodi ment uses oxygen radicals for the oxidation of the TMA nol ecules in

pl ace of H20. Associated wi FhOBKRPs2Zt hé Présenchaptembodinanthdoes not use
o055 %, 935 GURR Yoy 208000 9B ol NTLORP 05 oheagY S0 0
nol ecul es upon thetepsevfwAliguoés bR aedcklbncwrdseted0Byothkhe sw t ching
valve 168, 10 substrate processing apparatus 60 of Figure 18.

Referring to Figure 22, the high-speed
rotary valves 25A and 25B are fully opened in the
step S30 and the interior of the reaction vessel 202
is purged by and introducing the Ar gas from the

15 processing gas inlet port 13A. In this step, it is
possible to close the wvalve 61 as shown in Figure 23A
so as to prevent that residual gas discharged from
the reaction vessel 202 causing invasion into the
remote plasma source 62 and causing deposition

20 therein. In the case the degree of invasion of the
residual processing gas is small, on the other hand,
it is possible to open the valve 61 in the foregoing
purging process of the step S30 as shown in Figure
23B. In this case, the pressure inside the remote

25 plasma source 62 is stabilized and stabile plasma
formation becomes possible.

Next, in the step S31 corresponding toc the
process of Figure 23A, the rotary valve 25B 1s closed
and the rotary valve 25A is set to have the degree of

30 valve opening of émm. Further, by introducing TMA
from the processing gas inlet port 132 in this state,
the TMA molecular layer is absorbed upon the surface

of the substrate to be processed with the thickness



25 and it becones possible to carry out the purging process at the tinme of
swtching the state fromthe state of Figure 21B to the state of Figure
21A pronptly. Particularly, it becone possiple to provide 30 the renote

radi cal source 62 in the periphery of the cuation opening 26B by using
t he high-speed rotary valves 25A and 25B expl ai ned previously for the
openi ngs 26A and 26B, and it becones possible to - 51 - introduce the

oxygen radicals into the reaction vessel 202 effectively. Because it is

not necessary tooprenbde bhe meretelsadigabrsource 62 directly upon the
processi ng vessel 201 or the reaction vessel 202 5 therein in the present

enbodi ment, the design therBert: betenksgBubBeadt rarryyeualers PPGupad22 is
a flowchart shomn%%%Fgge g§gf%gﬁ%gngaog§§§hngnqgﬁgogt%gcggglngnah%MRrocess

steps of Figures and ucted by the ubsttate processing
apparatus 60 of FremaeniB8g iRetkerragctobofi gasseR220Bhéshpghgegdeedn rotary

val ves 25A and 258 are fully opened in the ep_S30 and the interior of
the reaction vess _lﬁoﬁt?éequg%d €9eaﬁaPVﬁt§gd§£iEgetﬁﬁmﬁF?QH 2FF8m t he
15 processing gassbiit€é 92'ha}3be tDobBAESast 8Rowh! 1hSrigassi bR tencl ose

the valve 61 as shown in Figure 23A so as to prevent that residual gas
di scharged from the eeheribandessel 1202lgaupdagibheatd onpent thehvalvenot e

D ST o oe, O2 80 £k W I5RE .20 LPCERLT LB £ 05, SESS LI, dRores
it is possible torbgenethgBvahvehélcanet beef deggoengt puvgsbgnpoocers of
the step S3OJ%F SngQd&glF£ggégssing gas is small. In this case, the
pressure inside the remote plasma source 62 is
stabilized, and thus, the plasma is stabilized also.
Further, in the step S33 corresponding to
the process of Figure 21B, the high-speed rotary

15 valves 25A and 25B are opened, and introduction of
TMA from the processing gas inlet port 134 is
interrupted. Further, by closing the wvariable
conductance valve 15C and opening the valve 61, the
oxygen radicals are introduced to the reaction vessel

20 202 and the TMA mclecular layer already absorbed on
the surface of the substrate to be processed is
oxidized. As a result, an Al;0; film of the thickness
of one molecular layer is formed on the surface of
the substrate to be processed.

25 Further, in the step $34, the high-speed
rotary valves 25A and 25B are fully opened, and the
reaction vessel 202 is purged while introducing the
Ar gas from the processing gas inlet port 13A. Here,
it should be noted that, in the step 34, the variable

30 conductance valve 15C is in the opened state.

The step S34 is the same process as the
step S30 explained previously, and thus, it becomes

possible to grow the Al;0; film one molecular layer



23B. In this case, the pressure inside the renote 25 plasma source 62 is
stabilized and stabile plasma fornmation becones possible. Next, in the
step S31 corresponding to the process of. gure 23A, the rotary valve 25B
is closed and the rotary valve 25A is set to have the degree of 30 valve
opening of 6nm Further, by introducing TMA fromthe processing gas inlet
port 13Ain this state, the TMA nol ecul ar |ayer is absorbed upon the
surface of the substrate to be processed with the thickness - 52 of about
one nol ecul ar | ayey .onexnoledel &dif ghagpeedn robar yuvbdeesos5phand 25B are

vesstl 202 1's pargREeTAEe T RS e @0 ¥ by L ESRAAL I 1 SoBf T G el

pl asma source 62 may be clasesrasnghownthée i gsset 28fbo@mehbe OhBer hand,
it is also possible to open the valve 61 in the purging process of the
step S30 as showPYFILHY ghdBe o8B the t heeRa3k0+ nandelipRec ot i FiBsFBAPOf t he

10 residual processing; 9ascdiscS . yd Pnd hiSe CaS he, g PLESSUES, 1 PgLde the
renot e plasnassource'Gﬁ ise s%a%?#Yz%d, %ndﬁ?husfg?%e %?asna IS gta@%lized
al so. Further, imxidasieap SB3therT¥iponberglao laher prasésshef Figure 21B

t he hi gh- d tary 15 | 5 d 25B d,. d i ducti f
VA 1o T PeCs, bR it SRRy e 3 Bl S PRE NES BB por by

closing the variable conduehafieeryal ¥esHEE @nse ORSREATthAE YREVEi A, the
oxygen radicals are introduced to the reaction vessel 20 202 and the TMA

nol ecul ar | ayer af?¥ERly HbsordcRroFent hensenthee bF 2Pk LibstedtECtanbe

processed i's ;. 0xig 20 A%, apheSykt 1 saB6L483 e LbMeRnt B 21, CkDER Sy
using a ZrCly gas or an HfO; film by using an HfCl,
gas.

Further, it is possible for the remote
plasma source 62 to form nitrogen radicals by being

15 supplied with a nitrogen gas.

In the present embodiment, as a result of
providing the remote plasma source 62 to a part of
the evacuation system, there is caused no invasion of
radicals into the reaction vessel 202 in the case

20 driving of the remote plasma source 62 is made
continuously in the process such as the process of
the step S11 of Figure 22, in which the processing
gas is introduced so as to cover the surface of the
substrate surface to be processed with the processing

25 gas molecules. Thereby, there is no need of
controlling the remote plasma source 62 ON and OFF,
and it becomes possible to supply the plasma stably
even in the case the substrate processing apparatus
is operated with a short cycle. Because of, the

30 substrate processing apparatus of Figure 5 can
perform the so-called atomic layer CVD process with
large throughput.

Figure 24A shows case of supplying the



of one nolecular layer is formed on the surface of the substrate to be
processed. 25 Further, in the step S34, the high-speed rotary valves 25A
and 25B are fully opened, and the reactiog vessel 202 is purged while

introducing the Ar gas fromthe processin 4gés inlet port 13A. Here, it
shoul d be noted that, in the step 34, the variable 30 conductance val ve 15C
Is in the opened state. The step S34 is the sanme process as the step S30
expl ai ned previously, and thus, it becones possible to grow the A1203 film

one nol ecul ar | ay®foceS3indygonesuet essll BMA | Byen Oiet Peosss s ace st he
substrate to be processed by repeating steps 31 - 34. According to the

present embodi menDlehePORur P RCRPHRIER FhetRe Prea@sshing $ahckniftt he
step 5 S34, is r & eg3ﬁyiys§$§bt$$1Q§yg@pg£ igals for the oxidation of
e e

the TMA nol ecul ar” Tayer, and t I cl ency” of substrate processing is
i mproved. Further, it shouln teimotask t hdlhe thectessing ogardthnst he present

invention is not |imted t n 10 A1203. fil but it.is possible to forma
2102 filmby usi T 3090¢aS HTGFAEVAES T¥RThy TRF iRTarCRFEId 933s.

Further, it is possidtepdPf 1HE fEHPE eLhPOESHBLISOUS£6cEIs iy PESEALL rOgen
radicals by being 15 supplied with a nitrogen gas. In the present

enbodi nent, as a ¢@duin ie PirReEioy ehethenprecpsabng Gaurtelel perh part
oo LS Sracuat] ST RYSAR 14 EHECkeSRUEILHD LOIARLENSlo LPERS 1110
62 is made contithuodisdly the thighor ooess seicirpsvébes p2 8kesehbéh is in
10 the fully opened state. Thereby, the variable
conductance valve 15C provided to the conduit 207b is
fully opened also, and as a result, the processing
gas is evacuated through the valve 15C.
In the condition of Figure 24A, it should
15 be noted that the valve 61 of the remote plasma
source 62 has to be closed in view of the fact that
the processing gas of high concentration flows
through the conduit 207b. Otherwise, the processing
gas such as TMA may be oxidized with the oxygen
20 radicals in the conduit 207b deposition may be caused.
It should be noted that the state of Figure
24B is an oxidation process corresponding to the step
$33 of Figure 22, and oxygen radicals are introduced
into the processing vessel 202 from the remote
25 radical source 62 through the fully opened high-speed
rotary valve 25B similarly to the case of Figure Z21B.
The oxygen radicals are then caused to flow along the
surface of the substrate to be processed and
evacuated through the high-speed rotary valve 254,
30 which is in the fully opened state. In this state,

the variable conductance valve 15C is closed.

[SIXTH EMBODIMENT]



the step S11 of Figure 22, in which the processing gas is introduced so as
to cover the surface of the substrate surface to be processed with the
processi ng 25 gas nol ecul es. Thereby, thejqﬂ%s_no need of controlling the

renote plasma source 62 ON and OFF, and it beconmes possible to supply the
pl asma stably even in the case the substrate processing apparatus is
operated with a short cycle. Because of, the 30 substrate processing
apparatus of Figure 5 can performthe so-called atom c |ayer CVD process
with |large throughput. FigliguRrdA28hshewsatkeofossppligtngnthé a 54

processi ng gas su TMA fromthe processi g inlet.port 13B opposite
to the processingggggéfﬁgéipr%%??sig ?Rpgf%gg§3qao?cﬁ?ﬁﬁ? 92%9 Pn this
case, the processsigtyasmbddsmént Nbfotusegrésontt hevuatven ) 6Bn¥iraihhe
processing gas inlet port 13B flows through the processing vessel 202 in

the direction of tResprBeEssiaf tas drrvingop¥rladpedapyevsougaruated to
the exhaust caondujig? u t i r I 2 which is
in 10 the fulﬁy g%%%eggg%%§2$9T%€?e%§TQtﬁgfgggﬁg%lgaﬁ%%%%%c¥§ﬁcgﬁ$alve 15C
provi ded to the coeslorip0dh tleréwof|yibpebedomisvedantitashautdsbkt, the

rocessin as i s evacuat ed_t hrou the valve 15C. In the condition of
Eigure 24%, ?t shidat g%aBth%?ﬁﬁggﬂagh?%ﬁ GRE vEEBES of Nt KRLF nB%@ pl asma

source 62 has to beagtosed i8 yi@ﬂ\é@ft@h@héalsiro&@ggirghﬁo@i@ﬁsgsi ng gas of
hi gh concentration flows through the conduit 207b. herw se, the

processing gas sted @@NTRAUGRIOHeOHXFHIREE %bt hat Mebakygbn 20 radicals in
the conduit ZRJb ngR§b5£9§tf@H Qgrfa§§$ﬁ'is provided so as to locate

intermediate of the high-~speed rotary valves 25A and
25B.
Referring to Figure 25, the substrate
processing apparatus 80 has a construction generally
15 corresponding to the substrate processing apparatus
40 explained previously, except that the quartz
reaction vessel 202 comes close to the surface of the
substrate 12 to be processed in the part
corresponding to substrate 12 to be processed, and a
2¢ flat, low-profile gas passage is formed between the
substrate 12 to be processed and the quartz reaction
vessel 202. Further, in correspondence to the form of
such a quartz reaction vessel 202, the cover plate
2012 is formed to have a shape in which the thickness
25 thereof is increased at the central part. By forming
such a low-profile and extremely flat gas passage at
the surface of the substrate 12 to be processed,
there occurs an increase of velocity of the gas flow
passing over the surface of the substrate 12 to be
30 processed in the form of the laminar flow, and as a
result, uniform adsorption of the gaseous source
molecules upon the surface of the substrate 12 is

guaranteed. Further, because the effective volume



It should be noted that the state of Figure 24B is an oxidation process
corresponding to the step S33 of Figure 22, and oxygen radicals are
introduced into the processing vessel 2Q2 Jgamthe renote 25 radical
source 62 through the fully opened high-speed rotary valve 25B simlarly
to the case of Figure 21B. The oxygen radicals are then caused to fl ow
along the surface of the substrate to be processed and evacuated through

t he hi gh-speed rotariévalve 25A, 30 which is in the fully opened state. In

this state, the V¥Apid®l theoproceantrgvupyeelsellsig| deeycapsixTHhe

EMBODI MENT] - 55 | cons | a;.s rag.e
processi ng appara 5%9 %§§O§gi§%r§g§% ggiééﬁgégggdgﬁgn%toggghgg%resent

i nvention, whereipossbose partsrof dbe thawabgmexplaiyeedcppeprousky are 5
designated by the same reference nunerals and the description thereof wll
be onitted. It sh®hFHChENthBtRY SWALCRIBEr BNOSPERBRESIAG 8888 &R which the
stage 203 is IJ ftgdsto £hgeprocessing position. In the construction of
Figure 25, a substrate 10 transportation part 204A is provided so as to

| ocate internediate of theFaithespeed theasybybraes pepcandingsB

const ructi on generaptseet ol 8L ERARRE T8 L ReoSuRerPar 8°Br boLgt, gets
apparatus 40 expgaangddp88ri ofsbyrdexcephkt hatmt heeqpasiridedeacet tha vessel

202 cones close to the surface of the substrate 12 to be processed in the
part correspondi #g"eb StBstPht EheohighpePpedceetady %a4vEs29Sp apd

lowprofile gas passadeni sthotpdrhet WeenthBeside closer to the

substrate 12 to be processed, in place of the
processing gas inlet ports 13A and 13B, and a remote
plasma source B2 is provided on the cover plate 201A.
The remote plasma source B2 is connected to the high-

15 speed rotary valve 25B by the conduit 85A as will be
explained below and introduces oxygen radicals or
nitrogen radicals thus formed into the processing
space in the reaction vessel 202. Because of this,
the valve 25B has an evacuation opening 255 connected

20 to exhaust conduit 207b and an inlet port 26C to
which the conduit 85A is connected.

The rotary valve 25A has the evacuation
opening 26A connected to the side part of the
reaction vessel 202 and evacuates the processing

25 space inside the reaction vessel 202 in response to
the rotation of the valve body 252 as will be
explained below. Similarly, the rotary valve 25B has
the evacuation opening 26B connected to the side part
of the reaction vessel 202 and evacuates the

30 processing space inside the reaction vessel 202 in
response to the rotation of the valve body 252.

In the substrate processing apparatus 80 of

Figure 25, a processing gas inlet tube 25a is formed



substrate 12 to be processed and the quartz reaction vessel 202. Further,
I n correspondence to the formof such a quartz reaction vessel 202, the
cover plate 201A is fornmed to have a shqp;i n which the thickness 25

Yy

thereof is increased at the central part. formng such a lowprofile
and extrenely flat gas passage at the surface of the substrate 12 to be
processed, there occurs an increase of velocity of the gas flow passing
over the surface of the substrate 12 to be 30 processed in the formof the
| am nar flow, andahsng aresthatjiomalfaxinsadSotpei valeé BEHBR gasédastheurce

nol ecul es upon the, surface . of the substra 12 | uar ant eed, Furt her,
Docause tholorf cohtahr sBrerorot 88y “Taliaatshe ahacEle: RECGESSLRGoEeL &

decreased, the effi&tenthe0bsRULEi BEINhSCEER! Yedw8PEhi hghesPPBS16B0881 bl €
to carry out the atomc |ayer CVD process efficiently by switching the
processi ng gases FhgBrehdrt tine. Further, in the substrate processing

apparatus 80 qf Figure 25, P{&ﬁf@f%ggsggésiQﬁgtaggégﬁﬁ%gﬁfgﬁggeggB of

bird' s beak form are provi ded”a nner “si de speed rotary
val ves 25A and 10aZbBsvéed bhhehewnlistratetbecseseinyosppatettibes8Osobistrate
12 to be processed, in g%gce of. the grOfessing gas inlet ports 13A and
13B, and a renot ef 1PPE& R sblir ERe 83t 2% ptovi ded on the cover plate 201A

The renote plasm source 82Ré§egggﬂgcgng1Qu£Qe2@jg@h45h§?gegpégaary val ve
25B by the conduit 85A as will be éxplained bel ow and i nfroduces oxygen

radicals or nitrbgearyadataes 2hlisandrabld have eshbkapgec¥ssvagorepand in

the reaction Mﬁssf%%éoéifEQESHéefQEmtPﬁé’vaiPS YBLYEng>PshRS. AR Exgcuation

openi ng 255 connet
valve opening 25ZB explained previously in the valve

body 252C, and the openings 252A - 252 C are formed
clockwise in the wvalve 25A, while the openings 252A -
252C are formed in counterclockwise in the valve 25B.

15 Further, in the present embodiment, each of the
openings 252B and 252C has an elongate form extending
in the axial direction of the valve body 252
similarly to the opening 252A shown in Figure 11A.

In the state 1 of Figure 26, the high-speed

20 rotary valve 25B is rotated such that the large
opening 252B coincides with the evacuation opening
255, wherein it should be noted that another large
opening 252C coincides in this state with the
evacuation opening 26B communicating with the

25 processing space in the quartz reaction vessel 202.
Thus, the processing space is evacuated to the
evacuation conduit 207b through the openings 252 C
and 252B. Further, in this state, the communication
of the valve 25B to the remote plasma source 85 1is

30 interrupted, and the communication to the processing
gas inlet port 83A is also interrupted.

In the state 1 of Figure 26, it should

further be noted that the high-speed rotary valve 25A



20 to exhaust conduit 207b and an inlet port 26C to which the conduit 85A
I's connected. The rotary val ve 25A has the evacuati on opening 26A
connected to the side part of the reactiongessel 202 and evacuates the
processi ng 25 space inside the reaction vessel 202 in response to the
rotation of the valve body 252 as wll be explained below Simlarly, the
rotary val ve 25B has the evacuati on openi ng 26B connected to the side part
of the reaction vessel 202 and evacuates the 30 processi ng space inside the
reaction vessel 202 ratatedpsusk tbaththeolargencpénihe 2aRihecbodgidB2. In

th bstr at ' t 80 of . Fi 25, ' i nl et
Lube 253 1 o 1 of mols C50He QPRAGE A T80 a9 Rt L ki COBF BRI \AT0S325A i nei do

the high-speed rptasysyahyeg2dAsudndathempr 0sesst AGdgasd EAtet thabe 25a is
connected to switching valve 16B of Figure 7. 5 Figure 26 shows the

adsor ption procesgPa@@hievedei vatvre debsthapegprbbesBrageappagagas 80 of

Figure 25 in the st e ri t i t Lg pe rotary
val ves 25A and 25B ﬁ%geg%?%gégé gg?@eegge%?%gcg?Bg22§%§%iP?gfeﬁﬁeforn1the
val ve openi ng 252¢raness$hegvadyetlopeni ngr@828edxpsainedoguewdoiskty thet he

val ve body 252C, _and the openi ngs, 252A - §52 C a&e f or med .clockmﬁs? I n
the val ve 25A, whPT@ER2IBPeAPAGE DB2RIS HBSCIUPECE PHBESFRING vesse

count ercl ockwi se pp2thgryagietROBopdRifyr 262, ah8 the pPresestiggbgdsment,
each of the openings 252B and 252C has an elongate formextending in the

axial direction oinige Rarve8pddyangothej apuaeeymaberhal opeheagles2inshown
in Figure 11%@ the processing gas are absorbed upon the surface of
the substrate 12 to be processed during the interval
in which the processing gas is discharged through the
evacuation opening 26B and the valve 25B.
Figure 27 shows the state 2 of the
15 substrate processing apparatus 80 in the exhaust
process where it is carried out following the process
of Figure 26.
Referring to Figure 27, the high-speed
rotary valve 25B is rotated such that a large valve
20 opening 252C ceoincides with the evacuation opening
26B, another large valve opening 252B coincides with
the evacuation opening 255 in this state. Further,
similar state is caused in the high-speed rotary
valve 25A, and as a result, the processing space
25 inside the qguartz reaction wvessel 202 is evacuated
promptly through the high-speed rotary wvalves 25A and
25B.
Figure 28 shows the part in the wvicinity of
the high-speed rotary valve 25B in the evacuation
30 process of Figure 27 with enlarged scale.
Referring to Figure 28, the processing gas
inlet port 83A is formed at a position closer to the

substrate 12 to be processed in the present



In the state 1 of Figure 26, the high-speed 20 rotary valve 25B is rotated
such that the large opening 252B coincides with the evacuati on openi ng
255, wherein it should be noted that anothem |l-arge opening 252C coi nci des
in this state with the evacuation opening 26B comruni cating with the 25
processi ng space in the quartz reaction vessel 202. Thus, the processing
space is evacuated to the evacuation conduit 207b through the openings 252

C and 252B. Further,.,in this. state, the co nication of the valve 25B to
the remote pl asnae@%?ﬁ’c%e%% YL FRETT up? 2’%%‘19 AMPR HEPEANEAFREYi on to the

processing gas ivdpfe PRSE B3/ekS1 A 580 I pESFIMRE R, dMgthecstateod of
Figure 26, it should further be noted that the high-speed rotary val ve 25A

- 58 is rotated St tHR RFRCTIF eI opehi Fylob220xhi Heh dbs legahedhat
processi ng gas i , oy s, JTMVA I
I ntroduced into %}gé \%%%%Q%E ?%vﬁfv@%ﬁfﬁr%ﬁ%ﬁ&ﬁ%@% c‘é%s‘f%gfags 5

inlet tube 25a frwith heesyedtchi mgtival yes 16Bw The borovessatgd gas thas

i ntroduced is introduced into the pr cessiggéi ace inside the quartz
processi ng vesselSYABR L HHLUAPTFRS (ber IRRDR2A artPe Hehprotestl oS ghe

inlet port 83B, ankk tdies SO £6h BESEiR D! eeid esehid &Poéél@sﬂﬁ§0<§§§i ng gas
are absorbed upon the surface of "~ the Substrate 12 to be proceSsed during
the interval in Winieth powt F e eshithe dasrds kikak hbrredandr Hughs t heto

cracyat on OPenL G VAR e AR e RN Blorlirepiie Siale 7 !
is carried oub fothisy nthd hergsoeesst s fdende @6.gas occurring in
the region behind the gas inlet port as shown by the
broken line is eliminated, and it become possible to
evacuate the reaction vessel 202 interior efficiently.
After the evacuation process of Figures 27
15 and 28, the oxidation processing shown in Figure 29
is conducted in the state 3 of the substrate
processing apparatus 80.
Referring to Figure 29, an Ar gas and an
oxXygen gas are supplied to the remote plasma source
20 B85 in the oxidation processing, and oxygen radicals
O* are formed by high-frequency excitation conducted
with a high frequency power of 400kHz, for example.
Further, in the process of Figure 29, the high-speed
rotary valve 25B is rotated such that the valve
25 opening 252B coincides with the opening 26C. In this
state, the valve opening 252A coincides with the
evacuation opening 26B.
As a result, the oxygen radicals 0O* excited
in the remote plasma source 85 are introduced into
300 the processing space inside the quartz processing
vessel 202 through the valve opening 252A and the
evacuation opening 26B in the opposite direction.

Thereby, the high-speed rotary valve 253 is set to



Referring to Figure 27, the high-speed rotary valve 25B is rotated such
that a large valve 20 opening 252C coi ncides wth the evacuati on openi ng
26B, another | arge val ve openi ng 252B coi_ncides with the evacuation
opening 255 in this state. Further, simlar state is caused in the

hi gh-speed rotary valve 25A, and as a result, the processing space 25

I nside the quartz reaction vessel 202 is evacuated pronptly through the
hi gh-speed rotary val ves 25A and 25B. Figure 28 shows the part in the
vicinity of the thghsapeeskhatsi yposd veo?53s | Int tite evasead £ 0A130rpr BEess

of Figure 27 with enlarged scale. Referri to, Figure 28, the processin
gas ignl et port @@i@“?goq’f%e%traaﬁp%‘%hi%%l% o‘ﬁlbcef‘smeth’é%lb Brife 129to
be processed in theyHIHS&M ro©fry SFPO NBTE Ahd mﬁ@w&&eégiﬂ@egaégh-speed

rotary valve 25B as explained preeviously, and because of this, th
processi ng gas i niketepdergINA srpczaeedtt @ el epstheengli deeof the

I the evacudi| o7 T OREal of HShrat 55 g Tt gadier B g pp s ac A e

evacuati on openi ngf 2thallpighideeqd oteiSStNOvgse 258 ed 1oy tt i8S As0ifabe birds
beak formand flows into the valve 25B through the_ val ve openi ng 252C.
Wth 10 this, thehridif eIt Fals dence® die RECRTIATI mRPE ncaese oy on

behind the gas inlefypofdn ase SHoWs dyr dd6na L oKen é%cﬁfe?'éﬁ@&'ﬂs@&" and

it becone possible to evacuate the reaction vesse 2 1nterior
efficiently. Afterntiies esaestataton J2 ooesse afrévepsed. ZTheddbpndi8, the
oxi dati on prqgessing shown 10, Fjoure 29, & seonducted, in the; pLate,3 of the
the radicals by providing a large area to the wvalve
opening 252A and by intreoducing the radicals through
the evacuation opening 26B.
Further, by carrying out the evacuation
15 process of Figure 27 after the process of Figure 29,
and by repeating the adsorption process of Figure 26,
the evacuation process of Figure 27, the oxidation
process of Figure 29 and the evacuation process of
Figure 27, a high-K dielectric film of a metal oxide,
20 and the like, is deposited on the surface of the
substrate 12 to be processed one molecular layer by
one molecular layer.
Figure 30 shows an example of the substrate
processing that uses the substrate processing
25 apparatus 80 of Figure 25.
Referring to Figure 30, the substrate
processing apparatus B0 is set to the state 1 of
Figure 27 in the step 41, and the processing space
inside the reaction wvessel 202 is evacuated. Further,
30 an Ar purge gas is introduced from the processing gas
inlet port 832 and purging is carried out for the
processing gas inlet port 83A and the processing

space.



processi ng apparatus 80. Referring to Figure 29, an Ar gas and an oxygen
gas are supplied to the renote plasnma source 20 85 in the oxidation
processi ng, and oxygen radicals 0* are faornmed by high-frequency excitation
conducted wth a high frequency power of kHz, for exanple. Further, in
the process of Figure 29, the high-speed rotary valve 25B is rotated such
that the val ve 25 opening 252B coincides with the opening 26C. In this
state, the val ve opening 252A coincides with the evacuation opening 26B.
As a result, the oxygen radNeats Off ehkei sedp ©fi shepr éhpt ehpl asbatsatiece 85
are introduced into 30 the processin égace I nsi de t pr Qcessi ng

2

Be uartz
vessel 202 t hr ought PRES ¥hI'¢e2BRRAF hY ALAndethke & ﬁcgE?FGnloB ni ng 26B

in the opposite drigetbops, JHET§bYrotbEshhghgspesdchohar ymxakye 25A is set
to - 60 the sane exhaust position as in thé case of Figure 27, and the
oxygen radical s thutrodueedutetiot heaayhonheeshggh28peédomothey val ve 25B

o1 0cossi g veseel DI00STE-URoUBNaEURT oRChehiRy DBALCEY { RBCHQRSspoed

rotary valve 25A ghesgdthessuptase opfthbessubskrabedd1ts b precessed,
and cause the oxidation of the source nmaterial nol ecul es absorbed on the
substrate 12 to beuBFbEaE8eds TRFRLHTOFESFBdbecones possible to avoid the

decrease of lifetine the rﬁggggl nbyhgr§g+§é$%r3flﬁ{g?hgggatﬁg t he val ve

openi ng 252A and by introducing the radi oug e evacuation
openi ng 26B. Furt$ebstbyteaprycagsong apparczbesaddonslbepuooedstof thegure
27 after the]%rocgggtgszéguEfgggé 27, and the processing space inside
the reaction vessel 202 is evacuated. Thereby, the Ar
purge gas is introduced from the processing gas inlet
port 83B in the step 43 and purging is carried out
for the processing gas inlet port 83B and the
15 processing space.
Next, in the step 44, the substrate
processing apparatus 80 is set to the state 3 of
Figure 29, and radicals such as the oxygen radical
formed in the radical source 85 is introduced to the
20 processing space through the high-speed rotary valve
25B and the evacuation opening 26B. Thereby, the
source molecules absorbed upon the substrate 12 to be
processed undergo oxidation.
Further, the process returns to the step 41,
25 and an Al,03 film is formed on the surface of the
substrate 12 to be processed one molecular layer by
one molecular layer by repeating the steps 42 - 44,
Figure 31 is a partially removed cross-
sectional diagram showing the substrate processing
30 apparatus 80 of the present embodiment explained
above in the state the cover plate 201A is opened.
Referring to Figure 31, it can be seen that

a gas inlet tube 25a extends in the high-speed rotary



and by repeating the adsorption process of Figure 26, the evacuation
process of Figure 27, the oxidation process of Figure 29 and the
evacuation process of Figure 27, a high-Kdjelectric filmof a netal

oxide, 20 and the like, is deposited on thesurface of the substrate 12 to
be processed one nol ecul ar | ayer by one nolecular |ayer. Figure 30 shows
an exanple of the substrate processing that uses the substrate processing
25 apparatus 80 of Figure 25. Referring to Figure 30, the substrate
processi ng appar atatv80258 setthe sheastdieedtbddn Fhguneef27ahd the step 41,

and the processing space ,.insjde the reaction yessel 202 is evacuated.
Further, 30 an ArgBﬁgb%gg%gciEa?n?r%ﬁﬁ%ﬁﬂi%Yoﬁ%FﬁBfﬁFogQEEing gas inlet

port 83A and pUF9&89ré§p8ﬁﬁ£hgdtguﬁhéOfokﬁeofpﬁﬁéeééhagigaﬁ5A0|@hr@%%&,83A
and the processing space. - bl Next, in the step of step 42, the
substrate processtnganppaeasesngohat the valvheopenirgl12bEA, FR§UBeo26, and
a processing qas §g£@ ﬁssTgﬁ‘é o iQ rgdgcg% LD ongggctkgn MesseL 02 from
the 5 processi'ng gas i nf et por er eby, Thereiid t4ukBG 2433 ption of
t he source nol eculieseonibhect stihst valee 18089 bB2prpeessed, &ext, in the
process of step 43, the  substrate processjng apparatus 60 is returned to
the 1o state 2 of°TR@uELOR7PaERICPHE PFOERSSPRAYISPagRsS| hiNBelfhe reaction

vessel 202 is ev P@%EEedTPSVQPYed%%epﬁ‘Et BET 8Re 9855 ! $ni Bt " odygedshr om the

processing gas inlfet port 83B in e step 43 and purging is carried out
for the processi ngngashanl ehepoalv83Bodnd2bheis driven by the motor

10 253 in any of the wvalves 25A and 25B.
As shown in Figure 31, the cover plate 201A
is provided to so as to be opened and closed freely
by a fulcrum not illustrated. By using such a
construction, the maintenance of the substrate

15 processing apparatus 80 is facilitated substantially.

[SEVENTH EMBODIMENT]
Figure 32 shows the construction of a
substrate processing apparatus 90 according to a
20 seventh embodiment of the present invention, while
Figure 33 shows the construction of a processing gas
inlet port used with the substrate processing
apparatus 90 of Figure 32, wherein those parts in
Figures 32 and 33 corresponding to the parts
25 explained previously are designated with the same
reference numerals and the description thereof will
be omitted. It should be noted that Figure 32 shows
the state in which the stage 203 is lowered to a
position corresponding to the substrate in/out port
30 204A and the substrate 12 to be processed is lifted
by lifter pins 204B.
Referring to Figure 32, the substrate

processing apparatus 90 has a constructicn similar to



15 processing space. Next, in the step 44, the substrate processing
apparatus 80 is set to the state 3 of Figure 29, and radicals such as the
oxygen radical fornmed in the radical SOQ[Qg%Qﬁ is introduced to the 20

t

processi ng space through the high-speed rotary valve 25B and the
evacuati on openi ng 26B. Thereby, the source nol ecul es absorbed upon the
substrate 12 to be processed undergo oxidation. Further, the process
returns to the step 41, 25 and an A1203 filmis formed on the surface of

the substrate 12tk®t bef ptioeesglesit paee NPt ecet &ind ayepabytuengonptecukar
| ayer by repeating the steps 42 - 44. Figure 31 Is a partially renoved
cross- sectional BEFeGEeRT sHRMPRY eRer sehSEPhat BIpt 0 e3SPREE 3BSappBfatss 80

of the present eﬂ@&%&@@éa%&'@wegr@@@ygﬁ@e(sf §ﬁ%§t§8&§°¥§ﬁ ghate 201A

Is opened. Referring to Figure 31, It can een a gas I nlet tube
25a extends in thg3highaspeeallvotasyshow? ivaFiguesA33n IThethai aésdi péction

oot o e RRSRLE0 2000 R, BEPEL LY, ChEEL PL Bh el gAngRd o
openi ng 252A, 252153upge5%a?§2§1 Bidd €hebggh eehé orexeeading tRet he1axi al
direction of the valve body 252. Further, a connection part 25al of the
source gas |ine i34Apkovitedre ol aan@dyeSparee ogas heugasasnbetly ure By,
o IS VoL vERR A5 G) ED Pk EGIAgE BAe 2o ig 0K BLethe
provi ded to so asstiepbiedpenesugndticd osedt &1 ked yvabye al €} cr um not
'ITustrated. E? ug&g g#fhag'Ar purge gas supplied through the line

23¢ and the wvalve 24C and a source gas such as ZrCl,

or TMA supplied through the line 16c and the valve

13C are supplied through the switching valve 16C.

Further, it should be noted that the remote

15 plasma source 85 used with the substrate processing
apparatus 80 of Figure 32 is not provided in the
substrate processing apparatus 90.

Figure 34A shows the construction of the
high-speed rotary valves 25A and 25B used with the

20 substrate processing apparatus 90 of Figure 32,
particularly the construction of the valve body 252
used in the respective wvalves in detail.

Referring to Figure 34A, valve openings @
- @ corresponding to the valve openings 2523, 252B,

25 and the like, explained previously, are formed in the
high-speed rotary valves 25A and 25B, wherein Figure
34B shows the valve body 252 for use in the valve 25A
formed with the valve openings @ - @ in the form of
a developed view diagram. Further, Figure 34C shows

30 the wvalve body 252 for use in the valve 25B formed
with the valve openings @ - @ in the form of a
developed view diagram.

Referring to Figures 34B and 34C, the



construction, the maintenance of the substrate 15 processing apparatus 80
Is facilitated substantially. [ SEVENTH EMBODI MENT] Figure 32 shows the
construction of a substrate processing appgratus 90 according to a 20
sevent h enbodi ment of the present invention, while Figure 33 shows the
construction of a processing gas inlet port used with the substrate
processing apparatus 90 of Figure 32, wherein those parts in Figures 32
and 33 corresponding to the parts 25 explai ned previously are designated
with the sane refperines fbver @ ofarthe hea ldes @Ghtamn fdwrebfamid | be

itted. It should be noted that Fi 32, sh he state.in which th
tage 203 i s | owdrERHTE LRI RPSHCEDH rBEporth PEETO FHRLRERSTFAre 1 n/ out

port 30 204A and $ineh sutbst I of ecHe $0abe Of ocegses 38a) i thedopbyihgf@er pins
204B. Referring to Figure 32, the substrate processing apparatus 90 has a
construction si mfAMYRBLCaAEBS Whigh bhe tPeCeeHSinGt TpFOCcER8iIAg Bppar at us 80

of the previ gusg@@%%%g%,r‘@%(%%gtzé haé%%%s%@et]ggs%éggné@ connected to

the processing gas in and via a val hown in Figure
33. In the case oforimimicptecessStngtigaspratessoytg8SAinier pxatpgda, an Ar

purge gas supplied through the |ine 23a andst he valye 24A in Figure 1 and
a source gas suchPB SHEItRAt Thpe %%‘bjrr?%g@t RPBUYRICREES] f'fétil6§%§nd t he

valve 19A are suppdd@s by odgiuthe synd chi Doyl e d84y 140 Epehlgg. an Ar

purge gas supplied through the line 23c and the valve 24C and a source gas
such as zZrd 2 or23MA supplied through the line 16¢c and the valve 19C are

suppl i ed tth%gh the Smthhiﬁgkﬁg“ﬁQ%gé%% embodiment, an ozone gas

(03} is supplied to the processing gas inlet port B83A
through the line 16a and the valve 1%A, and
an organic metal source of Hf such as Hf[N(CyHs)2]s oOr
Hf [N{CH3)2]4 is supplied to the processing gas inlet
15 port 83B via the gas line 16b and the valve 19B.
Next, an example cof the substrate
processing conducted by using the substrate
processing apparatus 90 of Figure 32 with reference
to Figures 35A - 35H.

20 In the step of Figure 35A, the high-speed
rotary valves 25A and 25B are set to the state of
Figure 35A, and as a result, the processing space
inside the quartz processing vessel 202 is evacuated
to the evacuation conduit 270a or 207b along the path

25 that passes through the openings(:)and.C) in any of
the valves 25A and 25B. Further, in the state of
Figure 35A, the opening @ coincides with the
processing gas inlet port 83A or 83B in any of the
valves 25A and 25B, and as a result, the processing

30 gas inlet ports B3A and 83B are evacuated through the
opening @ and the evacuation conduit 207a or 207b.

Next in the process of Figure 35B, the
high-speed rotary valve 25B is held in the state of



Further, it should be noted that the renote 15 plasma source 85 used with

the substrate processing apparatus 80 of Figure 32 is not provided in the

substrate processing apparatus 90. Figure 3#? shows the construction of the
h

hi gh-speed rotary val ves 25A and 25B used the 20 substrate processing
apparatus 90 of Figure 32, particularly the construction of the val ve body
252 used in the respective valves in detail. Referring to Figure 34A

val ve openings 0 -0 corresponding to the val ve openi ngs 252A, 252B, 25
and the |ike, exptbjues PiEvandstye @ibvé osodd 2h2tbe thghhsgeedpeotiary

val ves 25A and 25B, wherein Figure, 34B shows the val ve body 252 for use in
the valve 25A f oFMeRE Wi Yﬁl‘t’%e?%w% et #YstD the PRSERECR o} i BRICH

devel oped vi ew di g8 b RHRS BN cofiii€aBee shens AR Bhacugkusnbody 252 for
use in the valve 25B forned wi th the val ve openings Q -- In the form of

a devel oped V|ewﬁ@m@glanioF@fbmt|mgn¢03F|QM¢eep6ﬂ£h@ﬂd:B4cﬁ)the - 64

openings Q- (r) of the.valve 25 o) redetermned_ppsition
WEh & pr odet & i BN HTAES S LRk rBRY | B { h® SrECee B TR ik 8 dane  The
openi ng 0 coMuUNG £6¢ €8s Mhg f'k;é@&@l@@%@t'@%§$)aCEurﬂ}$éﬂ¢ the dapvecessi ng
vessel such that the opening O conmunicates with the_processing gas

i nl et port 83A, ahcReredtaRd the opemiy pafatorduRreaetsifi th the
evacuation condui{; 397f6ﬂ'?%3 ENAG 'Eﬂt8p€ﬁ ngrog§§51 % ggaége present

enbodi nent, an ozone gas I's supplied to t € processi as inlet port
83A through t he thneudbatbadptbecyalvg 494\, imbelt port 83B. The

10 organic metal source of Hf thus introduced flows
through the processing space along on the surface of
the substrate 12 to be processed and absorbed upon
the surface of the substrate 12 to be processed.

Next, in the step of Figure 35C, the wvalve

15 body 252 in the high-speed rotary valve 252 is
maintained as it 1is, and the wvalve body 252 in the
high-speed rotary valve 25B, is returned to the
position of Figure 35A. Thereby, the processing space
inside the processing vessel 202 is evacuated to the

20 evacuation conduit 207b. Further, the wvalve 24B is
opened in the step of Figure 35C and the Ar purge gas
in the line 23b is introduced into the processing gas
inlet port 83B. As a result, the processing gas inlet
port 83B is purged.

25 Further, in the step of Figure 35D, the
valve body 252 in the high-speed rotary valve 25A is
returned to the state of Figure 35A, and the
processing space inside the processing vessel 202 is
evacuated to the evacuation conduit 207a through the

30 openings @, @ and @ of the high-speed rotary valve
25A, Further, the valve 24A is opened in the step of
Figure 35D and the Ar purge gas in the line 23a is

intreduced into the processing gas inlet port 83A.



an organic netal source of Hf such as Hf [N (C2H5) 2] 4 or HI[N(CH3)2)4 is
supplied to the processing gas inlet 15 port 83B via the gas |ine 16b and
the valve 19B. Next, an exanple of the substrate processing conducted by
using the substrate processing apparatus of Figure 32 with reference

to Figures 35A - 35H 20 In the step of Figure 35A, the high-speed rotary
val ves 25A and 25B are set to the state of Figure 35A, and as a result,
the processing space inside the quartz processing vessel 202 is evacuated
to the evacuationThendbyl EHOappoc@8gbngl gag ihkepapbrf58Bhat sppasged.

through the openings (1) and C%ln an of the valves 25A and 25B. Further,
inthe state of Figure 35A€¥he b%e PRgSBEPCBF nELERES WP PR t RB® ﬁP68655|ng

gas inlet port 834,Qy 83B if any 9F the hY@BVgﬁegéAr@99r§5§al@Q§ g8pa
result, the processihg 30 gas inlet ports and 83B are evacuat ed through

the opening (c) and 25% eaapaemrmﬁdcbnduhe SﬁaaeoonBibureh@ﬁﬂflanﬂhe
process of Flgyre %é he h-ggeed rotaé% gﬁlve s_held in ? state
of - 65 Figure 35 a%ﬁoFﬁ%S Pv %8%yl§§§ f ﬁepﬁ?ﬁﬁsibggdveﬁ8?ér Gal ve
25A is rotated tojighevpesateé@n in which the opening T conmuni cates with

t he evacuation conduit 207a but none of the openings O- 5 comuni cat es
with any of the processing gﬁﬁEe br the speBceSsFhagugas3Phl efhporelsss,

Further, the valvg ngstsogp g@ﬂ ) 8e8r9§959y”ﬁ£f%e59§§0§ of H in the

l'ine 16b S |ntroduc dinto t e processi ng space rough the processing
gas inlet port 83Ba1ﬂhelﬂ6dotganhe seébé sbDuFtgupé BHEtand therwvdiliwed fl ows

through the procegsng,space &o"g: gN-L08e3ULb858 Talve 258 is

rotated to the same position as Figure 35D. Further,
the valve 19A is opened and the ozone gas in the line
l6éa is introduced into the processing space through
the processing gas inlet port 83A. Thereby, the ozone

15 gas thus introduced flows through the processing
space along the surface of the substrate 12 to be
processed and causes oxidation of the molecules of
the organic metal source of Hf absorbed upcn the
surface of the substrate 12 to be processed. Thereby,

20 an Hf0O; film of the thickness of one molecular layer
is formed.

Next, in the step of Figure 35G, the valve
body 252 in the high-speed rotary valves 25A and 25B
is held as it is, and the processing space inside the

25 processing vessel 202 is evacuated toc the evacuation
conduit 207a. Further, the valve 24A is opened in the
step of Figure 35G, and the Ar purge gas in the line
23a is introduced into the processing gas inlet port
B3A. As a result, the processing gas inlet port 832

30 is purged.

Further, the valve body 252 in the high-
speed rotary valve 25A is returned to the state of

Figure 35A in the step of Figure 35H, and thus, the



the substrate 12 to be processed and absorbed upon the surface of the
substrate 12 to be processed. Next, in the step of Figure 35C, the valve

15 body 252 in the high-speed rotary val ve Ais nmintained as it is, and
the valve body 252 in the high-speed rotary valve 25B, is returned to the
position of Figure 35A. Thereby, the processing space inside the
processi ng vessel 202 is evacuated to the 20 evacuati on conduit 207b.
Further, the valve 24B is_ opened in the step of Figure 35C and the Ar
purge gas in theopeneng@3d® icommnnicdteed wilho thise eprocesdiong cgasiuiitn| et

port 83B. As are t the rocessin s inlet, ort 8 purged. 25
Further, in the s?@ bo?nﬁl T eCRED ﬁg?CQQPVQlES Sz%é%gn e hi gh- speed

rotary valve 25A bBocégsUhgegat oihher spate ©Bal PUFEn8sA tRBdopERing
processi ng space é§3|de the processing vessel 202 is evacuated to the

evacuation condui ¥ ZOPEUWHCAIGH tHEBEep@HaESSIng sQaast 3@ & the
hi gh- speed rOtary5¥$%¥§Ar@§@‘ fyééggingtﬁé ¥§|Y§§§é@ £ﬁe°§f88 sko ghe step

of Figure 35D an pur e gas ais uced”into the
processing gas i ntesspbr2083ihs evébualbdrebytheéhevpeoasessnngogdaiinl et port

83A i s purged. n the step of Figure E,. the valve body 252~in any
of the high-speed 6%)?ajtf§/°’t}aﬁ}%s Ig%%ln%n@u?§8é?st1}rétltﬂlhé@? FPRHLY dte of .

Figure 35A, and SphpenfrOCcersi Pg1opaseni Nsi ggchbg P ﬁOeEéssae vggsel 202 is
evacuated. Next, in the step of Figure 35F, the valve 852 of the

hi gh- speed rotaryquﬁve 351, i andnbhetAr npdrge gae SnatbeoilFEgaﬁb 85E and
the valve 10 Rody; gog,40:L8%1 BEGNe §OCEHEQLBI N VALY i APB ! Sort 83B. As

a result, the processing gas inlet port B83B is purged.

Further, by repeating the steps of Figures
35A - 35H, the atomic layer growth of the HfO; film
is realized on the substrate 12 to be processed.

15 Further, in the present embodiment, it is
possible to carry out a nozzle purging step shown in
Figure 36A after the step of Figure 35B but before
the step of Figure 35F. Further, it is possible to
carry out the nozzle purging process shown in Figure

20 36B in the next cycle, after the step of Figure 35F
but before the step of Figure 35B.

Referring to Figure 36A, the valve body 252
of the high-speed rotary valve 25B is rotated to the
position in which none of the openings Q-3

25 communicates with the processing space in the
processing vessel 202, and the valve body 252 is set
in the high-speed rotary valve 25A to the position of
Figure 35A.

When the wvalve 24B is opened in this state,

30 the Ar gas in the purge line 23b is introduced into
the processing gas inlet port 83B, while the Ar gas
thus introduced flows, as a result of the function of

the high-speed rotary wvalve 25A, through the



rotated to the same position as Figure 35D. Further, the valve 19A is
opened and the ozone gas in the line 16a is introduced into the processing
space through the processing gas inlet gp%% 83A. Thereby, the ozone 15 gas

t hus introduced flows through the processi space al ong the surface of
the substrate 12 to be processed and causes oxidation of the nol ecul es of
the organic netal source of Hf absorbed upon the surface of the substrate
12 to be processed. Thereby, 20 an H 02 filmof the thickness of one

mol ecul ar | ayer psodossbtg dNextinlettbperstepsofnFiiger@ids&ibhe val ve
body 252 in the high-speed rotary val ves 25A and 25B is held as it is, and
t he processing spRRRCFHhs? deCt Hee 25sp bceasi hiCyedsepchdon| dnethBuated to

the evacuation qgg?ﬁégsgggagaguiﬁpgf,péﬁg ??év§n34fs!év983§69diEotbﬁe step

of Figure 35G a e Ar purge gas Int Ine 23a is introduced Into the
processi ng gas i ndetcipation 88#ndst a2fesutbrougk phecepshnggga® iandet@port
83A 30 is purged. Further,_the valve body 252 in th 1 gh- s d tary
valve 25A is returned to th%ugfgfﬁ'o*n '%u?%a%%g?iﬁgtﬁ%ggfﬁpggg'Fﬁgﬁre
35H, and thus, theatvé7oo@perbnoi§orptdtsat 88 thé hhidie-eyasgatbeargonduit
207b and the opening 2Q comunicates with the processing gas inlet port
83A. Further, thév%g%%i Uoc%%%uﬂ?%bfb%nm}@hwﬁh%hp¥%%%s@gn5h§pace. As a 5

A s o o b T L

opening D. Furthim,thdeprateoes AR vesopbn2dl? ) nahdietls¢ epadle Bodur 2535H,

and the Ar p%%ge Pgsség %Qetﬂéngogggiég of Figure 35A in the high-
speed rotary valve 25B.

When the valve 24A is opened in this state,
the Ar gas in the purge line 23a is introduced into
the processing gas inlet port B3A, the Ar gas thus

15 introduced flows, due to the function of the high-
speed rotary valve Z25B, in the direction flows
through the processing gas inlet port B3A in the
direction opposite to the normal gas flow direction
in the processing gas inlet port 83A and is

20 discharged to the evacuation conduit 207b through the
openings @ and @.

Figure 37 is a diagram showing the feature
of the purging process in the processing gas inlet
port 83A or B3B of Figure 36A or 36B.

25 Referring to Figure 37, the purge gas flows
from the region of small conductance to the region of
large conductance, by causing to flow the purge gas
through the processing gas inlet port 83A in the
direction opposite to the usual gas flow direction,

30 As a result, the processing gas inlet port B3A is
purged efficiently. In Figure 37, it should be noted
that the small arrow shows the region of small

conductance while the large arrow shows the region of



10 introduced into the processing gas inlet port 83B. As a result, the
processing gas inlet port 83B is purged. Further, by repeating the steps
of Figures 35A - 35H, the atomc |layer growmh of the HHO02 film is realized
on the substrate 12 to be processed. 15 Fur@%her, in the present enbodi nment,
It is possible to carry out a nozzle purging step shown in Figure 36A
after the step of Figure 35B but before the step of Figure 35F. Further,

it is possible to carry out t he nozzl e purging process shown in Figure 20

36B in the next c cleé I ﬁhe ste of giguLf 35F but before the step of
Fi gure 35B. Refertihy t%o 5% %n%%AF af9e body 252 of the high-speed

rotary valve 25B is rotatedripthde, p@sgﬁé@pdl@emﬁb@@dn@ngto{héhe openi ngs
0 - 0 25 conmmuni cates with the processing space in the processing vessel

202, and the val vEeHRESe 2BRrging apro¢ess hef hilyh-_peaterohavy val Fegrsa to

the position of 5 ouie 30A.oYRen Lhe, yalys, 248} 5, 0pened L, Lhb3x it e,

30 the Ar gas in e purge I ntr € processing gas
inlet port 83B, Whhéest@ﬁ &F gﬁguréthC|mmdowycfﬂtfb@msln@Saﬁ Resghs of the
function of the hlgh eed rotary valve 25A, through_the - 68 processing
gas inlet port 83ETR the RFPERSFHRY Fppositet tRPF hed 3Buafofag*2MBhe -

direction in the processing;g fa%pyet 1POf ¢ g?g%ggﬁﬁ ?% ggfg@tggttghghe

evacuati on conduit 207a throug € openi ngs a Further, in
t he exanpl e of Fig@verQSEpur@Engvaiwee$sdqfZﬁme|sozmlatehown theFhgghespeed

rotary valve 25 the ositign in i C one_of the .openjngs D -
(c) comuni cat es ¥h%p%?b%%s§ fg¥ %%Q%e§4g With reddrd 65 the
10 processing gas inlet port 83B in the step of Figure

35G and by introducing an Ar gas.

[EIGHTH EMBODIMENT]
Figures 38A - 38C show the schematic
15 construction of a substrate processing apparatus 120
according to an eighth embcdiment of the present
invention, wherein those parts in the drawings
explained previously are designated by the same
reference numerals and the explanation thereof will
20 be omitted.
Referring to Figure 38A, the substrate
processing apparatus 120 has a construction similar
to that of the substrate processing apparatus 100
explained previously, except that the remote plasma
25 source 85 explained with reference to the substrate
processing apparatus 80 of Figure 25 is connected to
the high-speed rotary valve 25A via a conduit B85A.
Similarly to the embodiment of Figure 25 or 31, the
remote plasma source 85 is provided on the cover
30 plate 201A so as to be opened and closed freely, and
an Ar gas is supplied through a valve B6A from a line
86a. Further, an oxygen gas is supplied from a line

83b through a valve B6B. Also, an organic metal



In the processing vessel 202, and the valve body 252 10 is set to the
position of Figure 35A in the high- speed rotary val ve 25B. Wen the val ve
24A is opened in this state, the Ar gas in the purge line 23a is

i ntroduced into the processing gas inlet” ﬂé%f‘83A, the Ar gas thus 15

I ntroduced flows, due to the function of the high- speed rotary valve 25B,
in the direction flows through the processing gas inlet port 83A in the
direction opposite to the nornmal gas flow direction in the processing gas

inlet port 83A angsc20#ipehas ﬁé@%@@%f@é@ﬁ@%&d%@tthroggh

the openings (2) and (3). Figure I's a diagram showi ng the feature
t he purging processom nthéel nockssithrasshithetvabort 1 BBAOrt88B of Figure

36A or 36B. 25 Referriqg.to Fi urezgz t he urqﬁﬁgas flows f£o€%the regi on
of small conduct FRE TV 1HE 85 DFREY IRFYE Lohtfuct ArRE CHY°Eatfng to
flow the purge gaszorndirgagh the processing gas inlet port 63Ain the

direction opposite to the usual gas flow direction, 30 As a_res%ég, %$e
processing ga$ inlet port %A FROWHUkRCl ®1¥e c3Eht | Hhe |Iopenuge B7-

shoul d be noted t Szl §p? . 1 he | I

conduct ance whi | eémnlgfge aré%%fs%ws ﬁl%%g?%%@%%y-gégf%#%se 38B
conduct ance scheraid c38¢ yin Fdatdie) ,atd Sdumdd e tiod efighaspéde roexeyse
purgi ng process of the nozzle shown in Figure 37 can be conducted al so by

openi ng the val ve’247€5F 3 t3RF «t¥H A Frguresset bRl YL YRt Podtes ng°an Ar
gas into the processidg, ghse idh&li ML 283 2 d@roex@Mmyere Simlarly, it is
possible to carry out the
10 specifically, in the development view diagram of
Figure 3BB that corresponds to the high-speed rotary
valve 25B, the openings O - @ are formed such that
the opening @ communicates with the gas nozzle 83A
and the opening @ communicates with the evacuation
15 conduit 207b in the state in which the opening @ is
communicating with the edge part of the processing
vessel 202. Although the opening @ is formed in a
circular or elliptic form, in the illustrated example,
it is also possible to form all these openings ® -3
20 to have a slit form.

On the other hand, in the develcpment view
diagram cf Figure 3BC corresponding tec the high-speed
rotary valve 25A, on the other hand, it is necessary
that the openings O - @ can communicate with the

25 radical source 85. Because of this, the distribution
thereof is made slightly different over the one shown
in Figure 38B.

Thus, in Figure 38C, the openings @ - @
are formed such that, the opening @ communicates

30 with the evacuation conduit 207a in the state the
opening @ communicates with the edge part of the
processing vessel 202 at the side of the evacuation

port 25A, and that the opening @ communicates with



reverse purging process of the nozzle shown in Figure 37 by opening the
valve 24B with regard to the 1o processing gas inlet port 83B in the step
of Figure 35G and by introducing an Ar ggs7lLEIGHTH EMBODI MENT] Fi gures
38A - 38C show the schematic 15 construction of a substrate processing
apparatus 120 according to an ei ghth enbodi nent of the present invention,
wherein those parts in the drawings explained previously are designated by
the sane reference nunerals and the explanation thereof will 20 be
omtted. Referringheorkdgoaée 88Arceh@5suhsthat etapeotasshighappar at us 120

has a construction_sim|l to that of the substrate processing apparatus
100 expl ai ned prae?%%;@ g)?%b’l’“ﬁ%‘test Ff’ét?"e%g’[ee SSl9ss e s %&r}hee 85
expl ained with reperensseihg vBgssubsppate processing apparatus 80 of
Figure 25 is connected to the high-speed rotary val ve 25A via a conduit

85A. Simlarly to the enbodnnthe preFegtremksdomest, theshpwidt bepl asna
source 85 is ovj o] e e O_plate 201A.so_as to he _opened and
Y OEe R Sog Y I pPuBt R0 gk S acDRP YR =Be RSl EBR 43R ne

closed freely,” an gas 1s supp

86a. Further, an naygbe §aB whiseppbi edifiaomva hhbeis83hpphiedgh a val ve
86B. Also, an organic netal - 70 source of Hf Is supplied in the gresent
enbodi nent  from PRE2FFReCI6RNE Bir obBATEhESvAPVREEIACE 0CPREAUCHiBEeESRNG gas

AP oPer 0 SOtk e 0RO g8 tS B0 0L LB
and 38C in detai | darectbooneasi int hieehcghespEetheopaeyious embodiment.

10 ©On the other hand, it is also possible to increase
the width of the opening @ such that the opening O
communicates with the gas nozzle 83B in the case the
opening @D has communicated with the edge part of the
processing vessel 202. In this state, the opening @

15 communicates with the evacuation conduit 207a. In the
construction of Figure 38C, the openings @ and @ are
formed to have a slit form and the opening @ is
formed to have a circular or elliptic form, while it
is also possible to form all of the openings @ - @

20 to have the slit form.

Hereinafter, the process of formation of an
HfO; by using the substrate processing apparatus 120
of Figures 38A - 38C will be described with reference
to Figures 39%9A - 39H.

25 Referring to Figure 39A, the high-speed
rotary valves 25A and 25B are in the position
explained previously with reference to Figure 35A and
the processing space inside the processing vessel 202
is evacuated.

30 Next, in the step of Figure 39B, the high-
speed rotary valve 25A is held in the state of Figure
39A, and the valve body 252 inside the high-speed

rotary valve 25B is rotated to the position in which



val ves 25A and 25B on the respective val ve bodies 252 as the valve

openi ngs 252A and 252B. More 1o specifically, in the devel opnent view

di agram of Figure 38B that corresponds to fhe high-speed rotary valve
25B, the openings 0 -- Q are forned such T ~ the openi ng (2) conmuni cates
with the gas nozzle 83A and the opening (Z conmmunicates with the
evacuation 15 conduit 207b in the state in which the opening T is

comuni cating with the edge part of the processing vessel 202. Although

the opening (1 istherspenifgad eorfithata®esehliithl ithef @kBcUat il
illustrated exanple, it is also possible to formall these o %ﬁlngs (D_ Q
20 to have a slitcerdpit GA0¥hebut heenganll, tha ehendegs| ﬁ@m{ iew di agram

of Figure 38C cor | o] | gh- [ ot al A e
ot her hand, 1t T s-puRatiedtet Pyl R, EhOCBEREEES1HE" BpkoLd U8 EhTs: SEAEES 11
the 25 radi cal sotheev8bveBeBAUSe opehdidsandhendosganbot mebalt beueet is

made slightly different over the one shown in Figure 38B. Thus, in Figure

38C, the openings®H HI $9)inkredpcedednsachhenaFoCeRgiBgeAPAGS(2FOM

comuni cates 30 Mﬁéh%£g§e§g§ﬁga%ggniﬁpggubgrgoggaln the state the opening
( communicates with the edge part of the °Pprocessing vessel 202 at the side

of the evacuation port 25AThandrganicthetapenf ngo@rcentbmscanesodiichd- 71
L, adl cal sourcpy 85| 0B Bhe, LALELn) g0 9oy 0o (Pl gL gt o
enbodi nent, it shefl gubetbabet el t@abe0@£acé§§e§6u6ceh@aﬁigﬁ-spé@aied to
the gas nozzﬂF SEEEQQLIgafgeOgggaékgntggsméfeggfgéigg.the organic
metal source of Hf are absorbed upon the surface of
the substrate 12 to be processed. Thereby, the
excessive source gas is evacuated to the evacuation
conduit 207a from the opening @ of the high-speed
15 rotary valve 25A through the opening .
Next, in the step of Figure 39C, the wvalve
19A is closed and the valve is 24A opened while
holding the high-speed rotary valve 25A in the state
of Figures 3%A and 39B and also holding the state of
20 the high-speed rotary valve 25B as it is. As a result,
the Ar gas in the line 23a is introduced into the
processing gas inliet port 83A, and the Ar gas thus
introduced flows through the processing space along
the surface of the substrate 12 to be processed to
25 the high-speed rotary valve 25A. The Ar gas is then
evacuated to the evacuation opening 207a from the
opening D of the valve 25A through the opening @,
and with this, the processing gas inlet port 83A is
purged.
30 Next, in the step of Figure 38D, the high-
speed rotary valve 25B is returned to the state of
Figure 39A, and the valve body 252 in the high-speed
rotary valve 25A is rotated such that the opening @



Because of this, there is no need of conducting the purging process for
the gas nozzle 83B in the reverse direction as in the case of the previous
enbodi nent. 10 On the other hand, it is alﬁﬁ%gpssible to increase the

[

wi dth of the opening (1) such that the openi-hg (D conmunicates with the
gas nozzle 83B in the case the opening (D has communicated with the edge
part of the processing vessel 202. In this state, the opening Z 15
conmmuni cates with the evacuation conduit 207a. In the construction of

Figure 38C, the opemta@sof lihanda e apedyf ostmani abayewats! bvabqaaignd the
opening Zis formed to have_ a circular or elliptic form while it 1is also
possi bl e to form @RdittH@7dpehd ngle (FVaguabhoR coRBRENY he28| apdf sRAN

Herei nafter, the (o) td ] 2 usikng bstrat e

Pr ocesei ng. appar af Ut 100° Y- ooy s Cir A g Rl e ThB cERBL M
reference to Figufesh8%emoBOtbl2dmRefenrcagsbo Fugther 39¥het helhegh- speed
rotary val ves 25A$€£d,258 are in,thﬁ ggsitifn exglﬁéned previouslé wth
reference to Figuf®*3bh AREPeE nel Prbbaier il padadi e dor t #2S ptBckiSi ng
vessel 202 is evpcyatega 30 Neppbiisd tdHerigtePebt & SUE Em39%Bouthe BEYN-
speed rotary valve 25A is heldin the state of Figure 39A and the valve

body 252 inside the high-speettheraryhearaevesBiBsisorperedtalsheiposition
but ‘mone of the ool THE (3 SRNLD Sapnmnn the ALSHR R PR oREGI Ny 7
space. In this sthige 24t valsepdDled st Openedp tcle 881 04 Jaas Csapbay source
S of HE s Iy ol et 18 e R O8ess! DO  SPaCeE AL processing gas
supply mouth 83B is achieved. The Ar gas thus
introduced from the processing gas inlet port 83B
flows through the preocessing space to the high-speed
rotary valve 25B and is evacuated to the evacuation
15 conduit 207b from the opening @ or opening @ via the
opening @.
Next, in the step of Figure 39%E, the state
of the high-speed rotary valve 25B is maintained as
it is, and the valve body 252 in the high-speed
20 rotary valve 25A is rotated such that the opening @
formed on the valve body 252 communicates with the
conduit B5A of the remote plasma source 85 and that
the opening ® communicates with the processing space.
As a result, the Ar gas including the Ar radicals
25 activated with the remote plasma source 85 1is caused
to pass through the openings @ and @introduced into
the processing space.
Next, in the step of Figure 39F, the state
of the high-speed rotary valve 25B is maintained as
30 it is, and the state of the high-speed rotary valve
25A is maintained also as it is, and the wvalve 86B is
opened in addition to the walve B6A. With this, the

oxXxygen gas in the line B86b is intreoduced to the



t he processing gas inlet port 83A. The organic netal H source thus

I ntroduced flows through the processing space along the surface of
substrate 12 to be processed to the high:sggeq 10 rotary val ve 25A and the
nol ecul es of the organic netal source of Hf" are absorbed upon the surface
of the substrate 12 to be processed. Thereby, the excessive source gas is
evacuated to the evacuation conduit 207a fromthe opening (D of the

hi gh-speed 15 rotary val ve 25A through the opening Q Next, in the step of
Fi gure 39C, the vadmete l9lesinsa csosece ahll tdige tied vewish 2dide opengds whhl e

hol di ng t he hi gh-speed. rot val ye 25A in the state of Figures 39A and
39B and al so holdﬁﬁﬁ f es?é%e %HJZEh?rﬁﬁYﬁ?ﬁr%?ﬁwip?%t%PEr FGed258 as it

is. As a result, aé@fvﬂecgasAénat%&i@%@%&ﬁéﬂé&d@'ﬁ%é%ﬁﬁgﬁ

processing gas inlet port 83A, and the Ar gas thus introduced
t hrough the proce®ss nif s ereneig) plavmausdaees oSt Heheudsarat fotRedo be

processed to 25 t |.gh-spe ary valve 25A, The Ar_gas_is then
evacuated to t%he %?v%%%rgﬁ%%%agle%%g %7%11? rom A*hee po‘if)serﬁ‘:‘ll nSgO'fi'fe o?gt he val ve

25A through the opeditige (S}ygemnshadddld his, thihe psonessing Uasrobahesdport
83A is purged. 30 Next, in the step of Figure 39D, the high- sgeed rotary
val ve 25B i s ret UFHed BRP tPPCRST NG SPETYUte BYA DEFR-$PReY ar9eabhdy 252

|n the high-speed;aiod o %gﬁ&ﬁ A bl QB0 AVGIohNEhe! BB-ARRY! @ OO -

73 fornmed on the va conmuni cat es th evacdation ndui't 207a vi a
t he evacuati on opEm nexHsn andiswehs @hathu$ef opeed nijl O+ omhomg cbes with

the conduit % A surface of the substrate 12 to be processed and cause

oxidation in the source molecules absorbed upon the
surface of the substrate 12. As a result, there is
formed an HfO; film on the surface of the substrate
12 to be processed in the form of one molecular layer.
15 Next, in the step of Figure 39G, the state
of the high-speed rotary valves 25A and 25B is held
as it is, and the valve B86B 1is closed, the plasma
resource B85 is stopped, and the valve B6A is closed
after the Ar gas is caused to flow for a
20 predetermined period.

Further, in the step of Figure 39H, the
state of the high-speed rotary valve 25A is returned
to the state of Figure 39A, and the high-~speed rotary
valve 25B is set to the state of Figure 39B. Further,

25 the valve Z24A is opened in this state and the Ar gas
is introduced into the processing gas inlet port 83A
from the purge line 23a. With this, purging cof the
processing gas inlet port B3A is achieved.

Further, by repeating the process of

30 Figures 39A - 38H, an HfO; film is formed on the
surface of the substrate 12 to be processed molecular
layer by one molecular layer.

According to the present embodiment, it



of the renote plasma source 85. Further, the valve 5 86A is opened

simul taneously, and the Ar gas in the line 86a is supplied to the renote
pl asma source 85. Further, the valve 24B i% opened also in the step of
Figure 39D and the Ar gas in the purge |iné 24b is supplied to the
processing gas supply 10 nouth 83B. Wth this, purging of the processing
gas supply nouth 83B is achieved. The Ar gas thus introduced fromthe
processing gas inlet port 83B flows through the processing space to the
hi gh- speed rot arhecahee 268 Hntke | 5o evacprd sl tloe t lvet evfwsbdn onf 16 condui t
207b from the opening O or_ppening O_via the eni n . Next, in,the step
of Figure 39E, thjeng‘?avée %;fﬂf‘h%h gf]c-’?b%‘édt? ofgr?/rvg?%f BB F3UFHEAt ai ned
as it is, and thesvadveoRody 292 hddbields abr speeds 29ak 0k asyu¥8E Ve 25A i's

rotated such that the opening Q forned on the val ve Dody 252 conmuni cat es
with the conduitmSeal ofutheas et zbpdried QRoR cthassupstrage teheeopening
0 communi cates with the processing.space,. a_resul t he. Ar )

"ol udi ng. the o Waieer e 287 afe Ve R e Thard B e H DN Bffnges s
caused to pass tdwDaghi dhepopen NBSr{iZer Antkt (I8 ddthé ®dbiseslibhé otot he
processi ng space. Next, in the step of Figure 39F, the state of the

hi gh- speed r ot ar ySYRRPXRS 25H¢ 2GR i @t el @%1dbeeT tupen &he $Refacat @f of

e 1O Speed SR YALYE, 23, 4SuRL gL TRS St Syt waatehle ual v
the line 86b is iof rosiimgdotivet hexid7Zer rench ea pl e sdur c@¥i85 tbget her
with the Ar gas 10 {8804 "8 88% SPd.408 QJvgen 985 fouscifiyoguced Ts
efficiently by using a simple purging process. As a
result, the process throughput of the ALD process is
improved. Further, because oxygen radicals are used
for the oxidation of the source meolecules, the time
15 needed for the oxidation processing is reduced and
the processing throughput of the substrate is
improved further.
In the present embodiment, too, it is
possible to carry out the reverse nozzle purging
20 process explained previously with reference to Figure

37.

[NINTH EMBODIMENT]
Figure 40 shows the construction of a
25 substrate processing apparatus 140 according to a
ninth embodiment of the present invention, wherein
those parts in the drawing corresponding to the parts
explained previously are designated with the same
reference numerals and the description thereof will
30 be omitted.
Referring to Figure 40, the substrate
processing apparatus 140 has a construction similar

to that of the substrate processing apparatus 40



activated. As a result of activation of the oxygen gas in the renote

pl asma source 85, there are forned 5 oxygen radicals 0* in the renote

pl asma source 85, and the oxygen radicals 9¢ thus forned are introduced
into the processing space in the high-speed rotary valve 25A fromthe
opening O through the opening 0. The oxygen radicals 0* thus fornmed flows
al ong the 10 surface of the substrate 12 to be processed and cause
oxidation in the source nol ecul es absorbed upon the surface of the
substrate 12. As &xpésihed pmevéouslyf wifbd rafeleozef tlomFdguiriee 7sur f ace of

h b ' he f f I I I :
Next . in Lhe stop BPSEFQiRE CabaeTPna- 8, REY LHEC: RBSHIgn heanss arary val ves

Next, in the step 0

25A and 25B is hekédd ag3Bt shewnand Fhguval ye 86Bpilscel egedhet he pl asma
resource 85 is stopped, and the valve 86A is closed after the Ar gas is
caused to flow f oPfc2@SpPadaRsr AtAEE Pertod3ArGrt AR, Furtherst &pese

Figure 39H, t stakg REqt B RLghssRes of,aty py%akv I'S,: r to
the state of E?gure 395, ang tﬁggﬁﬁgﬁ-sgéédhgoggéyg §§%3§22§ékﬁéwsggqto t he
state of Figure 39B. tker theer Rhathe20¥aRveén24Arresppendedcien tbhithest ate and

the Ar gas is introduced into processin as.inlet port 83A_ fromthe
purge |ine 23a. WAPA® ﬁi§P25EFgIa§AofaP e? BgagégépﬂﬁtgéguFﬁPe 4Bort 83A is

achi eved. Furtherfobmeaeaﬁathagcbb@rpFQQE§s29&A 38 Ebg¥e88c3%Bnre3. an
Hf 02 filmis formed on the surface of the substrate 12 to be processed

nmol ecul ar | ayer byeomrpepbhnecdlar-l ayer. According to the present

enbodi ment, if,- 75 becomeg posslRhe LOrIHARLEIS, t REChNEE LHR! Qa0 C
nozzles 143A and 143B has a flat form at a distal end
part thereof and shows the characteristics in which
the conductance decreases gradually toward the slit-
form opening at the gas outlet side. By using the

15 nozzle of such a construction, the processing gas is
supplied to the processing space in the desired form
of sheet forming a laminar flow. It should be noted
that this structure is basically the one called
bird’s beak type gas nozzle and has the feature that

20 the space inside the gas nozzle forms a unitary space
and only the cross-sectional area in the gas outlet
direction is decreased toward the direction of the
gas outlet.

Thus, in the construction of Figure 41,

25 oxygen radicals O* are formed by supplying the oxygen
gas to the quartz nozzle 143A and further by driving
the ultraviolet optical source 145 in this state, as
a result of excitation of the processing gas in the
guartz nozzle 143A.

30 Thus, by oxidizing the molecules of the
source material such as an organic metal of Hf and
the like, adsorbed upon the surface of the substrate

12 to be processed, by using the oxygen radicals O*



into the filmthus forned to 1~ or less, by causing oxidation in the

nol ecul es of the organic source of netal such as Hf absorbed upon the
substrate to be 5 processed by using the_pxﬁpqp radi cal s havi ng strong

oxi dation power. Further, it becones possibl'e to suppress the adhesion of
oxi di zer upon the surface of the processing vessel 202 as conpared with
the case of using other oxidizer such as H20 or 02- Wth this, lo
switching of the processing gas can be achieved efficiently by using a

si mpl e purging prooessfofsed, ieswdomédeppsoliess tdrHughpauthddht he ALD
process is inproved,,K Further, because oxygen radicals are used for the

oxi dation of the @tteY nbt HRFIREAIHENS | Fet 55 et lohe t HelokNEsfi on

processing is redyeeghand,1dbel pr ocesst ng throughput of the substrate is
i nproved further. In the present enbodinment, too, it is possible to carry

out the reverse nozzl e purgiagti2armeveessy expdal dibeg pt dvdouki yamenh to
reference to Eigurﬁ 37. [Nl NTH ENBODINEN%L Figure 40 shgms i% congtruction
of a 25 subsCrat 8 probReRt iy Apparalie T FRRHr A T T IR TATALAD

embodi nent of thelpg@sentriqyeatd DN, omhel € Fnat NOSEy Doy tSoaihderHeaw ng

corresponding to the parts e&EIained previously are designated with the
same reference nimR®hlI€@hhd W32y iRATOFI¢ hetdofamiAl203361B8 6 €t ed.

et oo b TS e B, i 18 a0 s 8
6 - explained previolsdtylontdf reddiemke. to Figure 7,
10
[TENTH EMBODIMENT]

Next, explanation will be made on a
substrate processing apparatus 150 according to a
tenth embodiment of the present invention with

15 reference to Figure 43, in which optimization is made
in the substrate processing apparatus 80 of Figure 25
with regard to the gap G between the gquartz reaction
vessel 202 and the bottom plate 202A, and thus, the
gap with regard to the surface of the substrate 12 to

20 be processed.

Referring to Figure 43, the object of the
present embodiment is to optimize the efficiency of
utilization of the source gas supplied to the
processing space inside the gquartz reaction vessel

25 202, and hence to reduce the operational cost of the
substrate processing apparatus, by optimizing the
foregoing gap G.

Figure 44 shows the part of the substrate
processing apparatus 150 of Figure 43 that includes

30 the quartz reaction vessel 202 and the substrate 12
in an enlarged scale, wherein Figures 43 and 44 show
the state in which the surface of the substrate 12 to

be processed is located at the processing position



except that there are provided quartz nozzles 143A and 143B shown in
Figure 41 in place of the processing gas inlet port 13A or 13B. Further,
there 5 is formed an opening 20la having .a guartz wi ndow 144 in the cover
pl ate 201A in correspondence to the quartz nozzle 143A, and a ultraviolet
source 145 is formed on the cover plate 201A in correspondence to the
openi ng 20la. 10 Referring to Figure 41, each of the quartz nozzles 143A
and 143B has a flat format _a distal end part thereof and shows the
characteristics i ACHRILEH atﬁéUEBnauefaﬁeewaEerEagegu@FaauaprowoRéﬁaethe
slit- formopeningpah the gas outlet side. By using the 15 nozzle of such a
construction, the processing gas is supplied to the processing space in
the desired form of sheet Referngng tanFnaurél éd, theshoidbdfbemmndt ed that

t hi t t b | th | | ed d b | d
has the feature tRAPRASEY haVERBetnrepah Fhe GaTRos! EXPoPHEASRNPEary

space and only tHReCkQSStBLELT DRAtoapEApkBcEBEegasnquUAleb adi eBEtiON IS
decreased toward the direction of the gas outlet. Thus, in the

construction of Fﬁgafécalof2§h@x9@éﬁt?aéﬁé@tsoc*vaséeio2ﬂ8dlbyt§ap§a§?ng
the oxygen gas tg £98c8H§£§§589§2k owABAANGVAUT LRSI RY gl xing the

ul travi ol et optical "source I'n t I's state, a5 "a result of "excitation of

t he processing gasupplidd frgoarthkenoazzketeld3A, 36 &husedbyoofﬂdw2|ng t he

nol ecul es of the ﬁource nﬁterial such_as Sn organﬁc met al of Hf t he
r SEI n

|i ke, adsorbed upbRTPHENsEPFaRRIBPYt AR2SHLREFYE hey 8u6€t6r688§gé8n by
using the oxygen (agdksdl 300*and7fhe substrate 12 to be processed,

wherein the processing gas molecules, such as the
molecules of TMA, transported along the processing
gas flow F in the form of being carried by the
carrier gas, reach the surface of the substrate 12 by

15 causing diffusion through the boundary layer B.

Thereby, the thickness & of such a boundary
layer B changes with the velocity of the TMA gas flow
F in such a manner that the thickness & increases
when the fluid velocity is decreased and decreases

20 when the fluid velocity is increased. With decrease
in the thickness & of the boundary layer B, the time
for the TMA molecules released from the TMA gas flow
F reach the surface of the substrate 12 to be
processed by causing diffusion through the boundary

25 layer B is reduced, and more TMA molecules reach the
surface of the substrate 12 to be processed within a
predetermined time period. As a result, the
efficiency of utilization of the source material is
improved.

30 It should be noted that the flow velocity
of the TMA gas flow F can be increased by decreasing
the height of the processing space, and hence the gap
G.



thus forned, it becones possible to forma high quality filmcontaining
little Cwith the thickness of one nolecular |ayer. Furthernore, by
providing a hot filanent to 5 the gas passage inside the quartz nozzles

143A and 143B of Figure 41, or alternativel'y by coating the inner wall of
the gas passage with an A1203 filmor a Ti02 film it becones possible to
facilitate excitation of radicals. 10 [ TENTH EVMBODI MENT] Next, explanation
will be made on a substrate processing apparatus 150 according to a tenth
enbodi ment of the present iRvgnte ohdwshdws sthefsebatbonshipguetwddn in

whi ch optim zati 'S nad ubstrate processi apparat u 0 of

Flgure 25 i th rodarae o il g T LE e anor PR R a e DOr ERE PERET BBsel 202
and the bottom pl @ ef 202 £ atige t SSst thEe TAPLAM 15&1 %ﬁ@@éﬁlséﬁ {be surface of
the substrate 12 to 20 be processed. Referrin igure 43, the object of

the present enbothherited whtlypthed THA thelesy %$en‘¢19'e©¢lnuth13| zation of
the source ga SLH%%*#%%E&?tQ§1§r8fe$ﬁ%99es?§c§h6ﬂ$ COSE@%%HH%E&E EgSCt'On

vessel 25 20 ence to reduce operationa Strate

processi ng appar puscebyinpt space npnshee floe egoangz gapac ibnguessdl shows
the part of the géﬁgtrate rocessin agggrgg us 150 of Figure 43 that
i ncl udes 30 the r 1BECRARE | bhe 2L nthE NREQTHET %ﬂesﬁﬁc?nlﬁn

enl arged scal e, Whef@h Fdguisshdsgaad %S\Iﬂ@%mé her st iR eplOcubiehgt he
surface of the substrate 12 to be processed is Iocated a? t he proceSS|ng
position space corresponds to the gap G. On the other hand,

10 the vertical axis of Figure 45 shows the time of
supplying the TMA gas until the surface of the
substrate to be processed is saturated with the TMA
molecules thus absorbed. The smaller this wvalue is,
the shorter becomes the time until the saturation

15 adsorption is achieved. Further, the adsorption rate,
which shows the proportion of the supplied TMA gas
that has caused the adsorption to the substrate
surface, is increased with this.

Figure 45 shows the result of simulaticn

20 for the case of setting the bubbler temperature of
TMA to 25C and the vapor pressure to 1.5kPa (1lTorr),
wherein it can be seen that the adsorption rate of
the TMA mclecule is 13% in the case that gap G is 40
mm while in the case the gap G is 20 mm, the

25 adsorption rate is improved to 14%. Further, it can
be seen that the adsorption rate improves to 30%, n
the case that gap G is reduced tc 8 mm. In Figure 45,
@ shows the proportion of the TMA molecules absorbed
upon the substrate 12 to be processed, while @ shows

30 the propertion of the TMA molecules 12 discharged
without being absorbed by the substrate 12 to be
processed.

Thus, it is ceonfirmed that the thickness &



- 78 formng a flush surface with the quartz bottom plate 202A. Referring
to Figure 44, there is forned a boundary layer B in such structure at the
surface of 5 the substrate 12 to be proces; ed and al so at the surface of

the quartz reaction vessel 202 in the case”“a processing gas flow F of TM,
and the like, supplied fromthe nozzle 83A, is caused to flow through the
narrow space between the quartz reaction 10 vessel 202 and the substrate 12
to be processed, wherein the processing gas nol ecul es, such as the

nmol ecul es of TMA, of reis st tieda B ONgyé NeB pfOERSSi oY ti@sshipscE bh the form
of being carried by the carrjier gas, reach the surface of the substrate 12
by 15 causing diF9RSFEACE htoukh RhePIREMTRY 1aydecreasqfetbihet he

t hi ckness b of s Vel ' el pci;t f the TMA
gas flow F in sﬁ%ﬂog?%%ﬁﬂgfégﬁg? t é§%§?€£%g§ m%ﬁgnﬁggagésgﬁahg%gthe fluid
velocity i s decr eaSkicewmicylecf easebi 20t idrencf hehd | swuroel gast yti she

i ncreased. Wth decreas in the thickness b of the boundary |ayer B, the
e For ¢ he ST T cenl A0 b1 s B0rH oo FRE RS Gabs 1B S F St he

surface of the subsiipt €ofd2iher bPeidREESEthdYadadspdodi Fi¢si on through
t he boundary 25 layer B is reduced, and nore TMA nol ecul es reach the

surface of the substrate 120%othre Pthrestardwi ihi the capsedeheradthed isne

PO b e Sobdesd B EOPLAREIT 4 LTHAR, o A1 SR TR
flow F can be inctleasechdy lecdpashergflow velocity of the source gas
10 can reach the sonic velocity, provided that the
vacuum evacuation performance is sufficiently large,
and further increase of the speed becomes not
possible. Furhter, in the case that the performance
of vacuum evacuation is insufficient, there can be
15 caused a decrease of the gas flow velccity.
Thus, although there exists a dependency on the
vacuum evacuaton performance, it is generally
concluded that there occurs a decrease in the width
of the boundary layer with increase cf the flow
20 velocity of the source gas with decrease of the gap
to the wvalue of about 0.5 - 1.0 mm. As a result,
diffusion of the source gas is increased and the
efficiency of abscrption is increased. On the other
hand, further decrease of the gap cannot provide such
25 improvement of the efficiency of utilization of the
source material.
From the situation noted above, it is
thought that the height G of the flat processing
space preferably set to the range of 0.5 - Bmm, more

30 preferably 0.5 =-3.5mm.

[ELEVENTH EMBODIMENT]

Figures 46A and 46B show the construction



t he hei ght of the processing space, and hence the gap G - 79 Figure 45
shows the relationship between the gap G and a TMA gas supplying interval
until the surface of the substrate 12 to bg processed is saturated with
the TMA nol ecul es, wherein the 5 horizontal”"axis of Figure 45 shows the
vol une of the processing space inside the quartz reaction vessel 202.
Because the dianeter of the processing space is maintained unchanged, the
vol une of the processing space corresponds to the gap G On the other
hand, 10 the vertofathaxssbof r&tguseodds shoysappersdtoe 96 osupphyregibhe
TMA gas until the_surface of the substrate to be ﬁrocessed | s saturated
with the TMA ol BRI €3 tBREL abs o b dViGhel ¥ePt ebNe PEOGRF BENT TSt he

shorter beconmes the)dimEopntgdpthe. gaf e ALl QN A5q&€sP1 Ptiensh§uaghbeved.
Further, the adsorpt%on rate, mhlaﬁ shows th% proportPon o? tﬁe supplied
TMA gas that hasnchededhathes aglvot bar oron st thet Sobstis ateedsat faceiths

increased with this. Figgret45 shows the result fftsinﬁia%ggn 20 for the
case of setting theddtbbrer Q%n%’é?%‘f%?’_en%fga%whn - 2BYE- a thIéOV%iS‘BF_'
pressure to 1.5kRend!|éderdnatiohes£i Protesainegsseeimibatpbhe agaogption
rate of the TMA nolecule is 13%in the case that gap Gis 40 mmwhile in

the case the gap l®i@ndotesn the 25 adsorption rate is inproved to 14%
Further, it can be seen't . adsorpti on. ra [ V. 9 t he
r@%féﬁlﬁglﬁé F%“ig(ﬁuré En) P ﬁoégséﬁ?r{ tgas

case that gap Gis reduced t nm re 45, shows e proportron of
t he TMA nol ecul esimbsorpert: pdncoheusidsteateii? tioe beighospssdd, while

(c) shows 30 the ProPOriifie ®%sASid s IPAsSUsse of M08 P8dricar
form formed to a part of the processing vessel, and a
pipe B3D formed with a large number of minute
openings 83d is inserted to the space 83C of the
cylindrical form as shown in Figure 46B.

15 The pipe B3D is supplied with a purge gas
or source gas through the valve 19B or 24B, and the
Gas thus supplied flows out into the space 83C from
the openings B83d, wherein the gas thus supplied flows
out from the space B3C via the bird’'s beak form

20 nozzle 83B inte the processing space inside the
quartz reaction vessel 202 in the form of a laminar
flow.

Figure 47 is a plan view of the
construction of Figure 46A.

Z5 Referring to Figure 47, the opening 83d is
formed in the pipe 83D in the direction opposite to
the nozzle B83B, and as a result, the gas that has
flowed out through the opening 83d is equalized in
the cylindrical form space 83C. Thereby, a uniform

30 laminar flow free from fluctuation of flow rate in
the axial direction of pipe B3D is cbtained from the
nozzle 83B.

In the aforementioned explanation, the



wi t hout bei ng absorbed by the substrate 12 to be processed. Thus, it is
confirnmed that the thickness 6 - 80 of the boundary |ayer B fornmed on the
surface of the substrate 12 to be processed, is decreased in the
processi ng space by decreasing the gap G ard the efficiency of
utilization of the source gas at the 5 tine of the filmformation process
Is inproved as a result of inprovenent of the adsorption rate. On the
other hand, in the case the gap Gis decreased further and set to about
0.5 - 1.0 nm on ptésenthenvésdtont hesfbevwnvekptaiyeaf fohethaucagegas 10
can reach the sonic veIOC|tg rovided that the vacuum evacuati on
performance is sufPFRREAPRYOf aFle, HiGnd ¥4I tderPlzRer 4R ofOvRECEpekhe

becomes not  possiplgenEUl At &Rt ibA iQeHSQSflﬁnb@édtJes PRef gggRNCe  of vacuum

evacuation is insufficient, there can be 15 caused a decrease of the gas
flow vel ocity. TﬁusmaaionopghceaerefexushsaapdependéaCysyatemebutathan1
evacuat on perfornancxﬁai i# eneral | 1 g mf %Hat ther gccurs a
decrease in tte wBPh*©d l?%e 50%%53?% Fafer® Ergggga £OPh8LF | ow 20
velocity of the s@gfceugasiwnéhsdegr gase pfo;fﬁlg@,p Hi G he M, ue rafi cgbout
0.5 - 1.0 mm As aresult, diffusion of the source gas is i ncreased and

the efficiency oflé%so?ﬁﬂkoﬁlﬁ@rlﬁ@ﬂeé@@dlléﬁ the other hand, further
decrease of the gap cannot Pr yhgg SHﬁflg5 9¥gg¥g£e % %Qgsg%R90|ency of
situ

utilization of the source erlaf atron

t hought that the hppgh&t&hoéndhéhélpropessesglmgthe¢aoé phef prabkptset to

the range of 855 inégn%iggrgxplained heretofore is extremely useful in
an ALD process in which a film is deposited on the
surface of the substrate to be processed one
molecular layer by one molecular layer, they are
useful also in the film formation process not limited

15 to the atomic layer growth, such as an MOCVD process.

Furthermore, in the case of running the
substrate processing apparatus that uses the high-
speed rotary valves 25A and 25B explained before,
there can occur a waiting time of generally 5 minutes

20 or more between a job for one lot and the job for the
next lot.

Meanwhile, because the valve body 252 is
rotated at high speed back and forth repeatedly
within a specified angular range such as 0 degree to

25 90 degree in the high-speed rotary valve 25A or 25B,
as explained previously, there is a tendency that the
bearing part undergoes asymmetric wear.

In order to avoid this problem, it is
preferable that the valve body 252 is rotated

30 continuously at low speed of 100RPM or less,
preferably about 10REM.

In such idling state of the substrate

processing apparatus, it is preferable that the



30 preferably 0.5 -3.5mm [ELEVENTH EMBODI MENT] Fi gures 46A and 46B show
the construction - 81 of the substrate processing apparatus 90 of Figure
32 for the part in the vicinity of the proeessing gas inlet port 83B used
therein in detail. It should be noted that 'a simlar construction is used
also with 5 regard to the processing gas inlet port 83A However, the

expl anation of processing gas inlet port 83Aw Il be omtted. Referring to
Figure 46A, the processing gas inlet port 83A comrunicates with the

hi gh- speed 10 rotimyevidwecl5he i pracspateg 88&s9¢l t @l cysi edacgate form
formed to a part of the processing vesse and a I pe. 83D fornpd_ wWith a

| arge nunber of nyhTtE" %E%B?hg%n 3% %%%e??%%etgbfhéssgﬁig ggc?%? t he
cylindrical form@sssdeued i firdh S et 4685n 15od el Hh PEnSBO pSsstipphied with a
purge gas or source gas through the valve 19B or 24B, and the Gas_thus
supplied flows oufuffleri hit shacereBerabben thae Vpenihagesse’ Wheheld the
gas thus suppld e I r p. ' he, bird, form 20
nozzl e 83B i nto ?ﬂ% %¥§%€§§@%%Y?%%%%g?%sﬁﬁﬁp$ﬁéiyﬁﬁa% §hr%%c?§%??3§§sel 202
in the formof a peepaedtidhofior Frgsuepdionsofi phanpyoesssfatlieflow

construction of Figure 46A. 25 Referring_to Figure_47, t he, opening 83d is
formed in the pi pelBIITICtIRS df et 1O DPPBSTEEStHS1HR Wbd%zI e 83B, and as

a result, the gasp,ihalsbpsy fdowed oyt through the opening 83d is equalized
in the cylindrical form space 83C. Thereby, a uniform
Further, while the present invention has

10 been explained heretofore with regard to preferred
embodiments, the present invention is not limited to
such a particular embodiment and various variations
and modifications may be made within the scope
described in the claims.

i5
INDUSTRIAL APPLICABILITY

According to the present invention, the

conductance of evacuation opening provided to a
processing vessel is controlled, in an ALD deposition

20 apparatus achieves film growth by switching source
gases alternately, variably by a high-speed rotary
valve provided to the processing vessel. Thereby, a
film growth of one molecular layer is achieved stably
by contrelling the conductance to a specified value.

25 Further, by controlling the conductance to the
maximum, it become possible to purge the interior of
the processing vessel with high speed, and it becomes
possible to perform the film growth efficiently while
using an ALD process. Further, according to the

30 present invention, it becomes possible to change the
conductance of the evacuation opening continuocusly,
and hence according to the used source gas. Thereby,

the ALD process is stabilized further.



30 lamnar flow free fromfluctuation of flowrate in the axial direction
of pipe 83D is obtained fromthe nozzle 838. In the aforenentioned
explanation, the 8 2 - present invention has been explained for the case of
formation of the H 02 filmor A12Q3 film™ sver, the present invention
is not limted to the filmformation process of such a particular system
but the 5 application is possible also for the formation of wvarious filns
such as a zZr2 film HS XM film z2ZrSiO4 film Ta205 film and the like.

Further, while the substrat®-gse8B5§ 0 tRONSF S5t agvdRELHK PCEESI NG
met hod of the present 1o invention explained heretofore is extrenely useful

in an ALD proceske¢omemi RS aikhle ko sineredited dpreprsssugfgee andt he

substrate to be p . | ay. (o] r yer, they
oo Userul al s OEREEi FICT of meror sl erts bl PP ERREERLRLhYC . e
| ayer growt h, suchepsated MDOMP ps Degss. hidhwrépesdoretarp vthkbveasevohg
running the substrate rocessinﬁ%a(§§§atus t hat uses the hjgh- speed
rotary val ves 525/ gt 35 & pfat REOVIERR B AP LRyt SLWRTIPRY ti e

of generally 5 mauledd a0y erPEIupen & 1obvd Bodheat ofs @ndssheal ob for

the next lot. Meanwhile, because the valve body 252 1s rotated at high
speed back and f ks herepeatedllyy apphying spexdiced proueasinange sheh as 0

degree to 25 90 degree in the high:s d ratary valve 25A or 25 as
expl ained previ oUSTSTHITS 93° AN IRGBHEY THAT THE UBRAr TR BAFF2ERART goes
asymmetric wear. tie o5@iest £9raVEd tbd b BoddOPE@M it théSomes possible
10 grow a high quality film on the surface of the
substrate to be processed effectively one atomic
layer by one atomic layer. Thereby, by providing a
bypass line connected to the evacuation system to the
radical source, it becomes possible to construct such
15 that the radicals are evacuated to the bypass line in
the state in which the processing gas is introduced
into the processing vessel and that the radicals are
introduced into the processing vessel from the
radical source only in the case ¢of conducting a
20 reaction such as oxidation reaction to the processing
gas molecules thus absorbed. Thereby, it becomes
possible to drive the radical scurce such as a remote
plasma source stably and continucusly, and there
occurs no problem such as the radical formation
25 becomes unstable even in the case that the cycle time
is reduced in the atomic layer CVD processing. As a
result, the throughput of the substrate processing is
improved.
Further, according to the present invention,
30 it becomes possible to carry out the atomic layer CVD
processing efficiently by using an ultraviolet
radical oxidation processing apparatus used for the

oxide film formation on the silicon substrate surface,



preferable that the valve body 252 is rotated 30 continuously at | ow speed
of 100RPM or | ess, preferably about 10RPM In such idling state of the
substrate processing apparatus, it is prefgrable that the 83 interior of
t he processing vessel 201 is evacuate to vacuum state, and that the stage
203 is held at the descended transportation position (home position).
Further, it is preferable that the stage 203 is held 5 to an ordinary
process tenperature such as 400 Cin preparation for resunption of the
process and fl ow byhespuggengast wavholety épboicaht soinsédeh&éhecapr ocessi ng
vessel 201. Further.-while the present jlnyvention has 0_been expl ai ned
heretofore with r %EF%I?OSE?%ﬁ%réﬁdanén%g i RRATRE 1P Re ?Esgﬁ? FAvefition is
not limted to ss&ehrgeparticul ar enbodi nent and various variations and
modi fications may be made within the scope described in the claims. 15

| NDUSTRI AL APPLI CABI LI TY AE@BFliehg 2ecPréipgesenthenpenston, innention,
conduct ance of; ev i peni oyjd p .pg._ye | is
controll ed, iﬁ anﬁgL %@%%%i??%%gagéa%%agg?%ﬁ g% i£€€§§?#gn?grgﬁ h by

sw t chi ng sour ce pgeasessahyevestsel yef Fhel abt Yy byy acbughi spegdragieay val ve
provided to the processin vessei. Thereby, a filmgrowh of one nol ecul ar

| ayer is achi eved®RtEbF YO byRRont t iR PetRohdeRTBnee tB%a specifi ed

val ue. 25 FPrtherev@ﬂu@@ﬂéﬁ0&*&E§h?£@h§@@9@§tﬁﬁc€héOeﬁgéuaﬂﬁéﬁnyﬂén%ﬁ _
becone possible to purge the interior of the processing vessel Wt %lgh

speed, and it beces®d for evacuating the processing vessel and by
10 introducing the radicals of the cleaning gas into the
processing vessel in a reverse manner direction of

the evacuation system.



possible to performthe filmgrowh efficiently while wusing an ALD
process. Further, according to the 30 present invention, it becones
possi ble to change the conductance of the §§acuation openi ng conti nuously,

and hence according to the used source gas.  Thereby, the ALD process is
stabilized further. - 84 According to the present invention, it becones
possible to introduce a processing gas and radicals into a processing
vessel alternately and repeatedly by using a high-speed rotary val ve
having 5 a rotatabl e val ve body provided guaiMPl ural slit-form openings
and by rotating a valve body at high speed. As a result, by applying a
radi cal processing to the processing gas nol ecul es absorbed upon the
surface of the substrate to be processed, it becones possible 10 grow a
high quality filmon the surface of the substrate to be processed
effectively one atomc |ayer by one atom c |layer. Thereby, by providing a
bypass |ine connected to the evacuation systemto the radical source, it
becones possiﬁ?e to construct such 15 that the radicals are evacuated to

the bypass line in the state Ansubkehatbeppbeessshggapparhsusit roduced
into the proce55|ng vessel and that the radicals are 1introduced into the
processi ng vessel ChesartRE178Hi B¥F source only in the case of conducting a

20 reaction such as oxidatiggggseggg9§g;?g%Q@lp5889§agﬂgwigﬂsaﬁgkgggles

t hus absorbed. Thereby, it ones p e to drive the radical source
such as a renote hplding sbareenstabhipsamdteohti haopsbyesard thdre occurs
no probl em such as the radic ormation,25 bhec negpgnstable even in the

| f .
case that theltycP¥2fPaEe iégréauﬁgacpﬁtfﬁg BPS c®Pdyer CVD processing. As

a a source gas supplying system that supplies
plural source gases to said processing vessel
separately in the form of a laminar flow,

wherein said evacuation port has a slit-

15 form shape extending in a direction generally
intersecting perpendicularly to a direction of said
laminar flow,

said evacuation port is engaged with a
valve having a valve body formed with a slit-form

20  opening corresponding to sald siit-form shape of said
evacuation port,

said slit-form opening being provided so as
to cause a displacement with respect to said
evacuation port in a direction generally intersecting

25 perpendicularly to an extending direction of said
evacuation port, said valve changing a degree of
valve opening thereof via said displacement of said

slit-form opening.

30

2. The substrate processing apparatus as



result, the throughput of the substrate processing is inproved. Further,
according to the present invention, 30 it becones possible to carry out
the atom c |layer CVD processing efficienth¥}by usi ng an ultraviol et

radi cal oxidation processing apparatus use of the oxide filmformation
on the silicon substrate surface, - 85 by using an ultraviolet optical
source that can performstable ON and OFF operation, for the radical
source. Further, according to the present invention, 5 it becones possible

to clean the intecigimeli thecpaofessi BEayessekiebli ehephby Byigodplichg a
radical source of the cleaning gas to a part of the evacuation _system
connected to the EQ&ERUEPEBANGpeRi R§OViided £BraePaBOari AENLRBUFHEEFSSI ng

vessel and by 10 BLLpduclig,! bespadicgbs AL Lheqcloanlag gasobnto he

processi ng vessel Tn a reverse nanhner direction of e evacuati on system
86 CLAIMS 5 1. A substrate processing apparatus, characterized by: a
processi ng vessel provided with a stage holding thereon a substrate to be
processed and 210 evacuated at an evacuation port; and a source gas
supplying systemthat supplies plural source gases to said processing
vessel separately in the formof a |amnar flow, wherein said evacuation
port has a slit- 15 form shape extending in a direction generally

3. The substrate processing apparatus as

claimed in claim 1, characterized in that said valve

10 body is formed of a hollow cylindrical member formed
with said slit-form opening, and wherein said valve
has a rotation mechanism that causes a rotation in

said hollow cylinder member.

15

4. The substrate processing apparatus as

claimed in claim 3, characterized in that said valve

20 body is held rcotatably in a valve main body having a
bearing surface of cylindrical form in a state of
causing engagement with said bearing surface of
cylindrical form, said valve body being formed with
another opening communicating with said slit-form

25 opening via a space inside said valve body, said
valve main body being provided with an evacuation

opening communicating with said another opening.

30

5. The substrate processing apparatus as

claimed in claim 4, characterized in that said



I ntersecting perpendicularly to a direction of said lamnar flow, said
evacuation port is engaged with a valve having a valve body fornmed with a
slit-form 20 opening corresponding to saidéﬂit-forn1shape of said

g

evacuation port, said slit-form opening bei provided so as to cause a

di spl acenent wth respect to said evacuation port in a direction generally
I ntersecting 25 perpendicularly to an extending direction of said
evacuation port, said valve changing a degree of valve opening thereof via

sai d di spl acementepicsat don Shbit f O6hd PPESE NP1 uBEL Zevd BRaBUBSt POt Es
processi ng apparatus as - 8 claimed in claim1l1, characterized in that

said slit- form oberned ¢» Hibet deedi peeon@nnbies ot pabdssybsEBTRBI BOWi t h

respect to the saj Lon port. 5 3. The substrate processing
apparatus as C|2¢%E§¥$§g§%%$hll, characterized in that said valve 10 body

is formed of a hollow cylindrical nenber formed wth said slit-form

openi ng, and wherein said valve has a rotation nechanismthat causes a
rotation in Said hollow cylinder menber. 15 4. The substrate processing
apparatus as claimed in claim3, characterized in that said val ve 20 body
Is held rotatably in a valve main body having a bearing surface of
cylindrical formin a state of causing engagenent with said bearing

surface of cylindrical forgl fﬁéds¥§é¥9a98d¥r98é99158rQESa%éEQs as

claimed in claim 4, characterized in that said

10 evacuation port comprises first and second evacuation
ports formed respectively at a first side and a
second side of said substrate to be processed, said
valve comprises first and second valves respectively
provided on said first and second evacuation ports at

15 said first side and said second side, saild substrate
processing apparatus further comprising a first
source gas supply nozzle provided on said second side
of said substrate to be processed and supplying said
first gaseous source to said first evacuation port in

20 the form of a first laminar flow along the surface of
said substrate to be processed, a second source gas
supply nozzle provided on said first side of said
processing vessel and supplying said second gaseous
source to said second evacuation port in the form of

25 a second laminar flow along the surface of said
substrate to be processed, and a control unit
controlling said first and also second valves and

said first and second source gas supply nozzles.

30

7. The substrate processing apparatus as



anot her opening conmunicating with said slit-form 25 opening via a space
I nsi de said val ve body, said valve nmain body being provided with an
evacuati on opening comunicating with saigganother opening. 36 5. The

[

substrate processing apparatus as clainmed®i’n claim4, characterized in
that said 88 evacuation port conprises plural evacuation ports fornmed on
first and second sides of said substrate to be processed. 5 6. The
substrate processing apparatus as clainmed in claim4, characterized in

that said 10 evaciipdirgdy PO te LOIMPré seshdrdStepite$empncheyagapdi on ports
fornmed respectively at a first side and a second side of said substrate to

be processed, sai@PniERletPhprnescks ritidnkl seeomd egeesd reaberti vel y
provi ded on said Jrgd i, AP ff%@néjn vacHal b ol POLL Sy 2l f}'{dné:#féss' de
e SUbstT At € b %%Eg

and said second side, sai processi ng appar urt her

conprising a firgietwsoen cea gisr stuppt 3t enoiznz | wh prlovatdelkast senel sEcsaidsi de

of said substrate to be processed and squ$%ing sai d rst_gaseous, source
f

i
to said first 5eva‘§:’_u’%1'it'r AP oFECIRF TR TRS Hfdeg¥ee s‘?% | % Par O W4l ong
the surface of ~said égﬂﬁg@t&é 0j Pes POCESICelroR SELONE: SOUr&Lggas  supply

nozzl e provided on sal rst”side of 'said processing vessel and supplying
sai d second gasemmcombseert® g8 dsuprndierabest ianseoendistake form of

25 d | am L th f f ' b
or ocessed. and a REHUT OT LA ToCHn TOIYE g ot G0 oT4 RRcL a1 G LBt iRa

val ves and said Hdgsi 29k afaites i Cfa DS Sp@plygnogad esaid first
10 source gas supply nozzle supplies said first source
gas and said second source gas supply nozzle supplies
a purge gas; and a third state in which said first
valve is closed and said second valve has a second
degree of valve opening and said source gas supply
15 nozzle supplies said second source gas and said first

source gas supply nozzle supply a purge gas,

20
8. The substrate processing apparatus as

claimed in claim 6, characterized in that said
control unit controls said first and second valves
and said first and second source gas supply nozzles

25 between: a first state in which at least one of said
first and second valves has a degree of valve opening
and a purge gas is supplied from said first and
second source gas supply nozzles; a second state in
which said second valve is closed, sald first valve

30 1is controlled so as to produce a predetermined
processing pressure inside said processing vessel,
and said first source gas supply nozzle supplies said

first source gas and said second source gas supply



30 7. The substrate processing apparatus as - 89 clained in claimbé,
characterized in that said control unit controls said first and second
valves and said first and second source gas supply nozzles between: a
first state in which at least one of said 5%iTst and second val ves has a
degree of valve opening and a purge gas is supplied fromsaid first and
second source gas supply nozzles; a second state in which said second
valve is closed, said first valve has a first degree of val ve opening, and

said first 10 souwi&g, DaSs sppPl&'s ”@Z;Zﬁﬁgéuf@é}e§n§a£dttﬁif§ts§99éc§n gas and
said second source gas sup I%inozzle supplies a purge gas; and a third
V

state in which sakiehrsal el net i ealvosed ahesedi dsabdoseicontveahes a
second degree Ofiélgén%’r?tr_o&fféé'gté‘n%s S@L ‘}f@&ﬁ%ee gﬁréﬁ'&%ym%éeg(uz' €
sai irst. S

suppl i es said second Source gas an rce gas supply nozzle
supply a purge gasro@ésfindherssbstds ales pdocestd Ner apPss bigiSvassel) ai med in
claim®6, characterized in that said control_unit controls_said first and

second val ves® an%F”s%i%I?Cf?rf*‘%ftS%W%e%%cﬁ%@ﬂ‘%e“%%l%u%‘fﬂ’@h%%%z?%%d25
between, a first sfalgyishiehad, | gastsong pirsal Qoufééséaéngu%ﬁfﬁnd

val ves has a degree of valve opening and a purge gas is supplied fromsaid
first and seconthsouteesusl seppd ypnoge|@ss. a second state in  which said
second valve is closed, said first valve 30 is controlled so as to produce
a predeterm ned processing pressure inside said processing vessel, and
said first source gas supply nozzle supplies said first source gas and

sai d second source gas supply
10

9. The substrate processing apparatus as
claimed in claim 6, characterized in that said
control unit changes said first and second valves and

15 said first and second source gas supply nozzles
consecutively between said first state, said second

state and said third state.

20

10. The substrate processing apparatus of
as claimed in claim 4, characterized in that said
evacuation port is formed at said first side of said

25 substrate to be processed, said valve is provided in
said evacuation port at said first side, wherein said
substrate processing apparatus further comprises: a
source gas supply nozzle provided at said second side
of said substrate to be processed and supplying a

30 first or second gaseous source to said evacuation
port in the form of a laminar flowing along a surface
of said substrate to be processed; said control unit

controls said wvalve and said source gas supply nozzle



- 90 nozzle supplies a purge gas; and a third state in which said first
val ve is closed, said second valve is controlled to as to produce a
predeterm ned processing pressure insidq_zﬁgq_processing vessel, 5 said

second source gas supply nozzle supplies sdal second source gas, and said
first source gas supply nozzle supplies a purge gas. 10 9. The substrate
processi ng apparatus as clainmed in claim®6, characterized in that said
control unit changes said first and second val ves and 15 said first and
second source gasbetppen: Nn@zziest soasecihi veRiyhbehtweenasaedhhicrat state,
said second state and said third state. 20 10. The substrate proc¢essing
apparat us of as YFAFRBICEnVetuPnPRENERGr 8RHeRi PRAIRNIRAal SsEPBPLéGEcuati on

port s Tormed atesghdslinstontde ghssanfo?y aubsicals LocBRaPLegessed

said valve is provi In sald evacuation port at sald Tirst si erein
said substrate pwbtesssagdappavathbssfarfhestcoaprésesf malseuppengag

I I | ded id dsid f id bstrate_t
o1 bocksed and Suphtoi LA S0UFFcEatr SRR ORLObUS BRI LS 6 dararSt

evacuation port ghutbe §esm ghqa lamnar flow ng along a surface of said
substrate to be processed; said control unit controls said valve and said
source gas suppl yanbzir@d statie petvweéah saidryvalyeahasia eAFERdsEPETSEl ve

h d f I L ng. and ' ' f id
Cour ce gas. suppl yohoust iF GhR AR RarLEeR CBELLE SUBPLERLY RRTSR L o,
degree of val ve opepphpes said second source gas.

10

11. The substrate processing apparatus as
15 claimed in claim 4, characterized in that said
evacuation port 1s provided at a first side cof said
substrate to be processed, said valve is provided in
said evacuation port at said first side, said
substrate processing apparatus further comprising: a
20 source gas supply nozzle provided at sald second side
of said substrate to be processed and supplying a
first or second gaseous source to said evacuation
port in the form of a laminar flow along a surface of
sald substrate to be processed; and a control unit
25 that controls said valve and said source gas supply
nozzle, said control unit controls said valve and
said source gas supply nozzle between: a first state
in which said valve has a degree of valve opening and
a purge gas 1s supplied from said source gas supply
30 nozzle; a second state in which said valve is
controlled to as to form a predetermined processing
pressure inside said processing vessel and said

source gas supply nozzle supplies said first source



5 and sai d source gas supply nozzle supplies said first source gas; and a
third state in which said valve has a second degree of valve opening and
sai d source gas supply nozzle supplies sak&asecond source gas. 10 11. The

substrate processing apparatus as 15 clai in claim4, characterized in
that said evacuation port is provided at a first side of said substrate to
be processed, said valve is provided in said evacuation port at said first
side, said substrate processing apparatus further conprising: a 20 source

gas supply nozzl eghs pvhfi@da ath 88 s 6L£€ONTh ShElEch 0a s@i PasiiBsisate to be
processed and supplying a first or second 3aseous source to said

evacuation port ¢eREReliednsefh athaki aapredehe BRbRGd aPERFEaEENGf said
substrate to be processed: anloﬁp&@n{ﬁé)i é'né%rol%rég sfé?@t{}?ﬁef?‘%f?dva' Ve

and said source S supp sal con un| control's sai d val ve
and said source:gaﬁdsy@@tgen@azl@uﬁplyeﬁozzhefsmﬁpISéatealansmbbﬁb sai d
val ve has a degree of valve opening and a purge gas is supplied fromsaid
source gas suppl Y¥"¥Or7®z3%%: a second state in which said valve is
controlled to as to forma predeterm ned processing pressure inside said
processi ng vessel and said source gas supply nozzle supplies said first
source - 92 gas; and a third state in which said valve is controlled such
that a predeterm ned processing pressure is fornmed inside said processing
vessel and said source gas supply nozzle supplies said second 5 source
gas. 10 12. The substrate processing apparatus as

10 12. The substrate processing apparatus as
claimed in claim 10 or 11, characterized in that said
control unit changes said valve and said source gas
supply nozzle consecutively between: said first
state; said second state; said first state; and said

15 third state.

20 13. The substrate processing apparatus as
claimed in claim 1, characterized in that said source
gas supply system is located at a side closer to said
substrate to be processed on said stage with respect
to said evacuation port.

25

14. The substrate processing apparatus as
30 claimed in claim 1, characterized in that said
processing vessel has a reduced height at a central
part thereof covering said substrate to be processed

and held on said stage, as compared with both end



claimed in claim10 or 11, characterized in that said control unit changes
said valve and said source gas supply nozzle consecutively between: said
first state; said second state; said firstgsstate; and said 15 third
state. 20 25 13. The substrate processing apparatus as claimed in claiml1,
characterized in that said source gas supply systemis |located at a side
closer to said substrate to be processed on said stage with respect to
sai d evacuation port. 14. The substrate processing apparatus as 30 cl ai nmed
in claim1, charae2etszedi¢h commushratprotesssaydvesserahapasts educed

hei ght at a central part thereof covering said substrate to be processed
and held on said stage, as conpared with both end - 93 parts which

communi cate with said central part. 5 15. The substrate processing
apparatus as clainmed in claim214, characterized in that said processing
vessel conprises a bottompart formng a substantially flush surface with
a surface of said 10 substrate to be processed and held on said stage; and
a ceiling part opposing to said bottompart, a height of said ceiling part
cal cul ated fromsaid bottoni@arThebeﬁhgtdeteeasedeaﬁisaidppenatab part as

d with id both d t T bstrat i
gggg?;$usm;s Zgaéfﬁiﬁ%@ ?ﬂ Tta ar%fiﬁ %%3?%5?%??%% 1 ?ﬂ% O%%ﬁ IB?ocessing

vessel defines, aprsatdscoptvessPBItomPrises a bottom part forming a

substantially flush surface with a surface of said

10 substrate to be processed and held on said stage; and
a ceiling part opposing to said bottom part, a height
of said ceiling part calculated from said bottom part
being decreased at said central part as compared with
said both end parts.

15

16. The substrate processing apparatus as
20 claimed in claim 14, characterized in that said
processing vessel defines, at said central part, a
processing space of 0.5 - 8mm in height on said

substrate to be processed.

25

17. The substrate processing apparatus as
claimed in claim 14, characterized in that said
30 processing vessel defines, at the central part, a
processing space of 0.5 - 3.5mm in height on said

substrate to be processed.



processi ng space of 0.5 - 8mmin height on said substrate to be processed.
25 17. The substrate processing apparatus as clainmed in claim 14,
characterized in that said 30 processing vegsel defines, at the central
part, a processing space of 0.5 - 3.5nm in height on said substrate to
be processed. 94 18. The substrate processing apparatus as clainmed in
claim1, characterized in that said evacuation port is forned at |east on
one end of said processing vessel, in each of said evacuation ports, 5
said valve body is formed oi8a Hot| sweyraberpraresaenderPParatubl @Sabout a

rotational axis extending. p llel t n n ,ng_dj tLon of said
evacuati on port, %%%lﬁﬁgr%?ngég}% %al§%§B%§§8¥ggé¢ogﬂegﬁﬁﬁt%ggﬁura

openi ngs each extengdtugticonlfottrestfornmed sai lesist abhotat extdsoflbai8. The
substrate processing apparatus as_ clainmed in_claim18, characterized in
that there is fuP¥PERSPIOYi BRESALbi 1A' 82BRaREf 82 M NBY3FB2RAOINGORSs| it

f orm openi ng t5her§£ﬂd8\9af~§etﬂo&§<tﬁ@dfé,m@mﬁ'fda RYBLYAt LoD pQES choward said
substrate to be processed 20 and having a characteristic that decreases a
conduct ance t her enémbapi dbyatanbe dabouexatretadeighal aspentngentdiagsi de

closer to said substrgge to be $¥oces§ed aad he doonogagd. tage, with

respect to at | eR3F25EFH BUaEaTORIPO P pPobFaetCht ©AnS3h8 of said 25

processi ng vessel evasusei €nSPUres gag sHPPeynsystenvaBle2Bodyhessubstrate

processing apparatus as clained in claim19, characterized in that said
formed with plural openings each extending in

10 direction of said rotational axis.

15 19. The substrate processing apparatus as
claimed in claim 18, characterized in that there is
further provided a bird’s beak form nozzle having a
slit form opening therein so as to extend from said
evacuation port toward said substrate to be processed

20 and having a characteristic that decreases a
conductance thereof rapidly toward an exit side slit
opening at a side closer to said substrate to be
processed and held on said stage, with respect to at
least said evacuation port provided at an end of said

25 processing vessel, as said source gas supply system.

30 20. The substrate processing apparatus as
claimed in claim 19, characterized in that said
bird’s beak form nozzle having said slit form opening

is connected with at least one supply line for source



bird' s beak formnozzle having said slit formopening is connected wth at
| east one supply line for source - 95 nmaterial supply and at | east one
supply line for a purge gas. 5 21. The subsfyate processing apparatus as
claimed in claiml, characterized in that, 'in said evacuation port forned
at least at one end of said |lo processing vessel, said plural openings
being formed so as to include at |east one slit-formopening in such a
positional relationship that, in a state in which said slit-form opening
comuni cates wit mabediahtstippby and #ndleast ofe ssipppyotessi figrvassel ,
any 15 of the other genlngs conmmuni cates wi th an evacuation conduit that
evacuat es an int &f1o¥° 0¥83ai d processing vessel and said gas nozzle, and
wherein said hollow cylindrical nenber can hold said openings in a
positional relationship such that any of said 20 openi ngs make no
comuni cation with any of said end of said processing vessel and said
evacuation conduit evacuating said interior of said processing vessel and
said nozzle. 25 22. The substrate processing apparatus as clained in claim
1, characterized in that, in each of 30 said evacuation ports, said pIuraI
openings are fornmed so as %f nﬁlude at least one s|it-form opening i

pt

such a positional relations %tsu?%tﬁat%t%f%c?ﬂshﬁgcﬁpgﬁfﬂtg?l?Sforn1
openi ng conmuni catesime®binWeidimal d Slatsastronedend PREE, Oin5§égd

processing vessel, any of the ot her openi ngs comuni cates with

evacuation port formed at least at one end of said

10 processing vessel, said plural openings being formed
80 as to include at least one slit-form opening in
such a positional relationship that, in a state in
which said slit-form opening communicates with said
at least one end part of sald processing vessel, any

15 of the other openings communicates with an evacuation
conduit that evacuates an interior of said processing
vessel and said gas nozzle, and wherein said hollow
cylindrical member can hold said openings in a
positional relationship such that any of said

20 openings make no communication with any of said end
of said processing vessel and said evacuation conduit

evacuating said interior of said processing vessel

and said nozzle.

25

22. The substrate processing apparatus as
claimed in claim 1, characterized in that, in each of
30 said evacuation ports, said plural openings are
formed so as to include at least one slit-form
opening in such a positional relationship that, in a

state in which said slit-form opening communicates



an evacuation conduit that evacuates an interior of said processing vessel
and said gas nozzle, and 5 wherein said hollow cylindrical nenber can hold
said openings in a positional relationshipguch that none of said

openi ngs communi cates with any of said end ™ part of said processing vessel
and said evacuation conduit evacuating said interior of said processing

|l o vessel. 15 23. The-substrate processing apparatus as clained in claim
21, wherein said substrate processing apparatus carries a radical source
on said processiwjtlhesaell, aanleasetoperéntepagtpeobvedid pnoaasseérgcuati on
port at a first end ga t of said goth end 20 parts so as_to ge sug bied
with radicals frohfSafds 78Yi R4l FREUPERST aRRCRARPE| HCLRPAIHAGFEI W 8 ni ngs
are formed on sakf BoLLEULE¥hi BERbGRL PRADEEv¥ELhAteYCAnainpesibiropdl
relationship in that, in a state in which one of said plural openings is

in comunication ##if# PEosapaingryesanl padt saidegacshepzaher ofndai d pl ural
openings is in co pcatLon.w id i . t 4 h bsttate
processi ng apgﬁra usgggg %%ggﬁgéf%ﬁécgg?%#ggieg%aygggggi%gg ﬁﬁiphgéaghere

is provided a gaspenpphy bhne possaidnbdl rebmcybnadipcalich 9Ratmaoher t hat
constitutes said valve hody in said evaguation Efét formed at said second

end part of sai d°boFRLENAPHALRES GOBBUNIRALEFHYL Yt BRYr 8Ee§81AgeRBpar at us

as claimed in C'§£g£2§f chapagterkgsdnhnythak) ahnkeaat q18vapgas98HCE
supply line and at | east one gas supply” line for a purge are connected
said bird s beak €onduit evacuating said interior of said processing

10 vessel.

15 23. The substrate processing apparatus as
claimed in claim 21, wherein said substrate
processing apparatus carries a radical source on said
processing vessel, an inlet port being provided in an
evacuation port at a first end part of said both end

20 parts so as to be supplied with radicals from said
radical source, and wherein said plural openings are
formed on said hollow cylindrical member with such a
positional relationship in that, in a state in which
one of said plural openings is in communication with

25 said first end part, the other one of said plural

openings is in communication with said inlet port.

30
24. The substrate processing apparatus as
claimed in claim 23, characterized in that there is

provided a gas supply line in said hollow cylindrical



nozzle formed at said second end part of said both end parts. 15 26. The
substrate processing apparatus as clainmed in claiml1l, wherein said
evacuation port is 20 forned at first and sggond, mutually opposing end
parts of said processing vessel respectively as a first evacuation port
and a second evacuation port, in each of said first and second evacuati on
ports, said valve body being formed of a hollow 25 cylindrical nenber
rot at abl e about an rotational axis extending in a parallel direction to an
el ongating direchn¢opedftiatdcenatibuten p@id vgaid batlyeibodgidbei ng

formed with at le $ ec and .t hj qpgnLn pect veI
extending in a dl?i%??%% %? §8r§ ?arw%?a? oﬁ%i aﬁ?gogét ﬁrg?r second
end parts of saidsapdosessi 8gdvesses, there are provided first and second
nozzles of a bird' s beak format a side closer - 99 to said substrate to
be processed and held on said stage with respect to said first and second
evacuation ports as a source gas supply system such that said first and
second end parts extend toward 5 said substrate to be processed from
respective, corresponding evacuation ports, each of said first and second
nozzl es being provided wwth a source gas supply line and a purge gas |ine,
in said first evacuation port, said first 10 through third openi ngs being

formed with such a positiopgl T}@éaswgﬁba@etﬁ%cesglﬁgfagsﬁsrg&ageasn
whi ch said third opening comunicates with said first “evacuation conduit
t hat evacuat es anc ﬁ;@ego;no¢l§§md23 characterized in that at least
10 one source supply line and at least one gas supply
line for a purge are connected said bird’s beak form
nozzle formed at said second end part of said both

end parts.

15

26. The substrate processing apparatus as
claimed in claim 1, wherein said evacuation port is
20 formed at first and second, mutually opposing end
parts of said processing vessel respectively as a
first evacuation pert and a second evacuation port,
in each of said first and second evacuation
ports, said valve body being formed of a hollow
25 cylindrical member rotatable about an rotational axis
extending in a parallel direction to an elongating
direction of said evacuation port, said valve body
being formed with at least first, second and third
openings respectively extending in a direction of
30 said rotational axis,
at first and second end parts of said
processing vessel, there are provided first and

second nozzles of a bird’s beak form at a side closer



processi ng vessel at a side of said first end part, 15 said first opening
comuni cates with said first end and said second slit-form opening
comuni cates with said first nozzle, saidg@ rst through third openings

S

being fornmed with such a positional relati hip that, in a second state
in which said first slit-form 20 opening communi cates with said first
evacuation conduit, none of said second and third openings comuni cates
with any of said first end part, said first nozzle or said first
evacuati on conduite saidasdbsecand eyabaaprotepoetl, asdi Heldrsh s2ddt hr ough
third openings being forped with such a ggsitional rel ationship that, in a

third state in mﬁ?gﬁesﬁ}Hhtﬁ??ﬁeﬁbeﬁ?néa nhuhfEatBe APERNE second

evacuati on Condyiévén'?@ét%ﬁ‘gﬁ@i% 8§81 d 5pLerbogasf syspid QgQESﬁ?i Bgcyessel
at a side of said second end 30 part, said firSt opening comruni cates with

said second end phat aaddshidstesnddsepenidngndopanhscaktendwibhasdi d
second nozzle, said,first through third openings being forped with such a
posi tional - 80" Fatd PORShFREEREe B ProrBaren Er ot e PRPRRECHo A d T rst
openi ng communi cat@sr¥pbnsdhd SeseNHdtieNagyatspPne§6RdYEt san@neigktrsaid

second and third openings comunicates wth any of said second end 5 part
or said second no22fes®¢CBAi BoZetBRdPRVRBURTPHRIC@oWELRt2 30URZe TRE

substrate pr00ess§@§g%€ﬁ%%@%”§nésaa§+$&%§§aénlfﬁgi”‘1’ wherein said

evacuation port is t mutu osing first and second end parts
of said processing vessel respestdvBiysaseaadbatiostperacuaaidnfpost and a
second evacug&;ontgggégh third openings being formed with such a
positional relationship that, in a first state in
which said third opening communicates with said first
evacuation conduit that evacuates an interior of said
processing vessel at a side of said first end part,

15 said first opening communicates with said first end
and said second slit-form copening communicates with
said first nozzle, said first through third openings
being formed with such a positional relationship that,
in a second state in which said first slit-form

.20 opening communicates with said first evacuation
conduit, none of said second and third openings
communicates with any of said first end part, said
first nozzle cor said first evacuaticn conduit,

in said second evacuation port, said first

25 through third openings being formed with such a
positiocnal relationship that, in a third state in
which said third opening communicates with a second
evacuation conduit that evacuates said interior of
said processing vessel at a side of said second end

30 part, said first opening communicates with said
second end part and said second opening communicates
with said second nozzle, said first through third

openings being formed with such a positional



sai d substrate processing apparatus conprising a radical source coupled to
said second evacuation port, in each of said first and second evacuati on
20 ports, said valve body being formed of 2ﬁpollom/ cylindrical nenber

rotatabl e about a rotational axis extendi parallel to an el ongating
direction of said evacuation port, said valve body being formed with at

| east first, second and third openings each extending 25 in a direction of
said rotational axis, at said first and second end parts of said

processing vesselyelde! &nsHiLp PEIQYt deth fa rsduply ssgeonth neBzLRSs@iqbird s
beak formrespectively at a side closer to said substrate to be processed

and 30 held on sat¥rsk aeemins ¢ewpericaeesaidchisaidap@coBécond evacuation
ports as a 50‘”Ceexgé‘é%a%’{’@ﬂayé&gdlffé’s%gﬁeSé‘fhsél‘&‘tséé% dféﬁétiggﬁdse.cond
Subs 0 said

nozzl es extend toward sai rate be processed from -
respective, correspanthdgy evacualcateporish @aghof ofabdadi seféondtenttd second

nozzl es being provided wth a source gas sggpl |ine and a urge as |ine,
at said first SevdRdmtidh PtE, Seard rRPetle Ot nfatdnsehrrd %E%ﬁ Ab5°Bei ng
formed in such a .pogiiional relationship that, in a first state in which
said third opening communicates with a first evacuation conduit evacuating
an interior of said processing vessel at said first end part, said first
10 opening comuni cates with said first and said second opening
communi cates with said first nozzle, said first through third openings
being fornmed with such a positional relationship that, in a second state
in which sai% first opening communi cates with said first
1
27. The substrate processing apparatus as
claimed in claim 1, wherein said evacuation port is
formed at mutually opposing first and second end
parts of said processing vessel respectively as a
15 first evacuation port and a second evacuation port,
said substrate processing apparatus
comprising a radical source coupled to said second
evacuation port,
in each of said first and second evacuation
20 ports, said valve body being formed of a hollow
cylindrical member rotatable about a rotational axis
extending parallel to an elongating direction of said
evacuation port, said valve body being formed with at
least first, second and third openings each extending
25 in a direction of said rotational axis,
at said first and second end parts of said
processing vessel, there are provided first and
second nozzles of bird’s beak form respectively at a
side closer to said substrate to be processed and
30 held on said stage with respect to said first and
second evacuation ports as a source gas supplying

system, such that said first and second nozzles

extend toward said substrate to be processed from



15 evacuation conduit, none of said second and third openings comuni cates
wth any of said first end, said first nozzle or said first evacuation
conduit, in said second evacuation port, siﬁg first through third openings

being fornmed with such a 20 positional rel onship that, in a third state
In which said second opening communi cates with a second evacuation
conduit that evacuates said interior of said processing vessel at a side
of said second end part, said first opening conmunicates with said 25

second end part, s@id fésSdct IWOUGLE R SSoOPERNG NISacbet 1@ f 9 PRY, WehBhsuch
a positional relationship that, in a fourth state in which said first

openi ng comuni c&f es2id t il B3 B ovrePRY eent lon kobrwi provhdedt with

openi ngs comuni cat ' di , 0. sai [ hrough third
openi ngs bei ng foérarrsg%'n\?\ng% ggéguééﬁ?%l%%@?eoan% b af?%né% piJfrﬁ%‘t, inafifth
state in which said third spediig orewnseatest o hosat d ssegondrend part,

said third opening communicates with - 101 said radical source. 28. A
substrate proéessiHPiparatisd, OPINRIT eI TR AP ? 0B@R_R | &g vessel

provided with a siage sdeldlingndnehegn @ sulio! 18 & Loy 08 RLogesser: 10 a
processing gas inlet port forned In sal'd processing vessel at a first side
of said stage; a whditatasburitierd oypestion sanmhptoressiwmgth vesEetstat a
second side different fromsaid, first side with respect to Eaid. tage; 15

a first evacuati on SpE TY fSHHEH T P @IV IR sHAF AL P 23253 d fi r st
side; a second evsedtadd HIMPPRIEIW fof ni d e Sl end part, said first

10 opening communicates with said first and said second
opening communicates with said first nozzle, said
first through third openings being formed with such a
positional relationship that, in a second state in
which said first opening communicates with said first

15 evacuation conduit, none of said second and third
openings communicates with any of said first end,
said first nozzle or said first evacuation conduit,

in said second evacuation port, said first
through third openings being formed with such a

20 positional relationship that, in a third state in
which said second opening communicates with a second
evacuation conduit that evacuates said interior of
said processing vessel at a side of said second end
part, said first opening communicates with said

25 second end part, said first through third openings
being formed with such a positional relationship that,
in a fourth state in which said first opening
communicates with said second evacuation conduit,
said third openings communicates said radical source,

30 said first through third openings being formed with
such a positional relationship that, in a fifth state
in which said third opening communicates with said

second end part, said third opening communicates with



processi ng vessel at said second side; and an evacuation system connected
to said 20 first evacuation opening via a first variable conductance
val ve and connected to said second evacuation opening via a second

vari abl e conductance val ve. 25 29. The subdPhate processing apparatus as
claimed in claim28, characterized in that said 30 radical source is
deenergi zed during an interval in which a processing gas is introduced
fromsaid processing gas inlet port. - 102 30. The substrate processing

apparatus as clajged EQd?EQi”%ggrSE 29, characterized in that supply of
sai d oxidation processing gas to sard 5 radical source is interrupted

during an interval in which a processing gas is introduced fromsaid
processing gas inlet port. 10 31. The substrate processing apparatus as
claimed in claim28, characterized in that said first variable conductance
valve is closed during an 15 interval in which said processing gas is
introduced from said processing gas inlet port, said second variable
conductance vl ve is set to a predeterm ned degree of val ve opening, and
during the interval in mhizg said 6x%dation grocessing gas is supplied to
20 said radical source, saiflotirst VarfabPePtshatctaAcBPPOARYESrs set to a
predeterm ned degeggratt¥al¥ed ppening and said second variabl e conductance

valve is closed. . _ .
a processing vessel provided with a stage

holding thereon a substrate to be processed;
10 a processing gas inlet port formed in said
processing vessel at a first side of said stage;

a radical source formed on said processing
vessel at a second side different from said first
side with respect to said stage;

15 a first evacuation opening formed in said
processing vessel at said first side;

a second evacuation opening formed in said
processing vessel at said second side; and

an evacuation system connected to said

20 first evacuation opening via a first variable
conductance valve and connected to said second
evacuation opening via a second variable conductance

valve.

25

29. The substrate processing apparatus as
claimed in claim 28, characterized in that said
30 radical source 1s deenergized during an interval in
which a processing gas is introduced from said

processing gas inlet port.



32. The substrate processing apparatus as clained in claim28,
characterized in that said 30 radical source is a renpote radical source.
33. The substrate processing apparatus as 19§0§ claimed in claim 28,

a

further conprising a rotating nechanismrofating said substrate to be
processed. 5 34. The substrate processing apparatus as clained in claim
28, characterized in that said radical source is connected to said
evacuati on system 10 through a third vari abl e conductance valve. 15 35. The
substrate processing apparatus as clainmed in claim34, characterized in

that said radical source is On£€0te§§to sai d substrate grocessing
apparatus and al so sai d evattattoh SYRFERITBYPLOBFEAEREJZRBARIAFEShESi ng a

first branch and a120ns@cond-bsanchy saigdofi eghrbeensh-8i N epppected to
said radi cal source via said second variable conductance val ve, said

second branch bei figerbyinett edidt oxsdeétienapnacedningsgas vbassadd third
vari abl e conqyctange Vflve. 25 36..The substrate Processin a ratus as
) g HeLeR]

30 clainmed in claln1ﬁﬁ? charact et P 22G-Fh' th ?ds%?ﬁ PPrat ah nd™

vari abl e conduct awgeckak Vigso bes 8Un§peasdis sinutbaneedstyomhenian interior
of said processing vessel is purged. 5 10 37. The substrate processing
apparatus as cl BPFREEFHLRY o934 3UN1ehaPatterized in that said first,
second and third variabl e conduct ance val ves are

10

31. The substrate processing apparatus as
claimed in claim 28, characterized in that said first
variable conductance valve is closed during an

15 interval in which said processing gas is introduced
from said processing gas inlet port, said second
variable conductance valve is set to a predetermined
degree of valve opening, and during the interval in
which said oxidation processing gas is supplied to

20 said radical source, said first variable conductance
valve is set to a predetermined degree of valve
opening and said second variable conductance valve is

closed.

25

32. The substrate processing apparatus as
claimed in claim 28, characterized in that said

30 radical source is a remote radical source.

33. The substrate processing apparatus as



opened simul taneously when an interior of said processing vessel is
purged. 38. The substrate processing apparatus as 15 clained in claim 34,
characterized in that said first and secon?% ari abl e conductance val ves

have substantially an identical construct .~ 20 39. The substrate
processing apparatus as clained in claim34, characterized in that said
radi cal source conprises a renote radical source 25 supplied an oxygen gas
and form ng oxygen radicals. 30 40. The substrate processing apparatus as

claimed in claimgfaifbarasterazed2sp fhathsai dompadscal S0HHELLERFPIi ses a
renote radical source supplied with a nitrogen gas and form ng nitrogen -
105 radicals. 5 RaChambs®pREsbiRd pFatesSihgt aphbar Be ude aBroeeasadd in
claim 34, characterized in that there is provided a rotating nmechani sm
rotating said substrate to be processed. 10 42. The substrate processing
apparatus as 15 clained in claim 34, characterized in that said vessel has
a flat formand wherein said processing gas inlet port forns a processing
gas flow of a>lat sheet-like forminside said processing vessel 20 43.
The substrate processing apparatus as clained in claim42, characterized
in that said 25 processing vessel defines a processing space of 0.5 -

34. The substrate processing apparatus as

claimed in claim 28, characterized in that said
radical source is connected to said evacuation system

10 through a third variable conductance valve.

15 35. The substrate processing apparatus as
claimed in claim 34, characterized in that
said radical source is connected to said substrate
processing apparatus and also said evacuation system
by a branched conduit having a first branch and a

20 second branch, said first branch being connected to
said radical source via said second variable
conductance valve, said second branch being connected
to said evacuation system via said third variable
conductance valve.

25

36. The substrate processing apparatus as

30 claimed in claim 34, characterized in that said first
and second variable conductance valves being opened
simultaneously when an interior of said processing

vessel is purged.



8mm i n hei ght above said substrate to be processed. 30 44. The substrate
processi ng apparatus as clainmed in claim42, characterized in that said
processi ng vessel defines a processing space of 0.5 - 106 3.5mmin height
above said substrate to be processed. 5 25104nhe substrate processi ng
apparatus as clained in claim34, characterized in that said processing
gas flow fornms a lamnar flow inside said processing vessel. 10 46. A
substrate processing apparatus, 15 characterized by: a processing vessel
provided with a stage holding thereon a substrate to be processed and
evacuated at an evacuation port; a first source supply nozzle formed in
said 20 processing vessel at a first side of said stage, said first
source supply nozzle introducing a first processing gas into said
processing vessel in the formof a first lamnar flow, a second source
supply nozzle formed in 25 said processing vessel at a second side of said

stage, said second source supply nozzle introducing a second processing
gas into saidSprocessing vedsel Th§ $HeSLFron DFCGLSTERM PRI ERSf2dwW, a

first evacuation QPﬁi(]ﬁé;c?dféﬁ éléir%t?ﬁﬁ)r&?la?é’c{é’fffgdi InSehd: PLOERSEh Pa+

vessel at said secon sal i st evacuation opening evacuating $§aid
first |amnar flsecemdratdricugh] easerivhe covaduet anee opelhvesg afea slit
form . . . ,

opened simultaneously when an interior of said

processing vessel 1s purged.

10

38. The substrate processing apparatus as
15 claimed in claim 34, characterized in that said first
and second variable conductance valves have

substantially an identical construction.

20

39. The substrate processing apparatus as
claimed in claim 34, characterized in that said
radical source comprises a remote radical source

25 supplied an oxygen gas and forming oxygen radicals.

30 40. The substrate processing apparatus as
claimed in claim 34, characterized in that said
radical source comprises a remote radical source

supplied with a nitrogen gas and forming nitrogen



- 107 forned in said processing vessel at said first side, said second
evacuati on openi ng evacuating said second |amnar flow therethrough; a
first evacuation conduit connected to 5 s ég first evacuation opening; a

second evacuation conduit connected to Satd“sécond evacuation opening and
provided with a conductance variable valve; and a cl eaning gas source
connected to said 10 second evacuation conduit at a position between said
second evacuati on openi ng and sai d conductance variable valve. 15 47. The
substrate processifgiapparatus as clained in claim46, characterized in
that said cleaning gas source conprises a renote radical source 20 form ng
radi cal s of said cleaning gas. 25 48. A high-speed rotary val ve,
characterized by: a main body, said nain body being formed wth: a
cylindrical internal space; a slit-form suction port extending parallel to
said cylindrical 30 internal space in communication with said interna
space; and an evacuati on opening communicating with said internal space; a
hol | ow cyl i ndfi cal val ve body provided - 108 5 10 rotatably in said main

body in engagenent with saigh ifferodsSPRLE pAYGedslfhatbpg JEGHaQ5SM
causi ng said val ve
claimed in claim 34, characterized in that there is
provided a rotating mechanism rotating said substrate
to be processed.

10

42. The substrate processing apparatus as
15 claimed in claim 34, characterized in that said
vessel has a flat form and wherein said processing
gas inlet port forms a processing gas flow of a flat

sheet-like form inside said processing vessel

20

43, The substrate processing apparatus as
claimed in claim 42, characterized in that said
25 processing vessel defines a processing space of 0.5 -

8mm in height above said substrate to be processed.

30
44. The substrate processing apparatus as
claimed in claim 42, characterized in that said

processing vessel defines a processing space of 0.5 -



body to rotate to an arbitrary position, said valve body being formed wth:
a first opening having a slit-form shape corresponding to said suction
port; and a second opening corresponding,tgo%he said evacuation opening.

49. The hi gh-speed rotary val ve as cl ai ned 5 in claim48, characterized
in that said first opening is formed in alignment in a direction parall el
to an internal space of said cylindrical formand conprises third and
fourth openings of a slit-formeach extending in a direction parallel to
said cylindrical 205mmt énnheighacabovai dasdcenbdsbpahenyobbengrboesedd.
between said third opening and said fourth opening in a position generally
opposing said third and fourth openings in a radial direction. 25 50. The
hi gh-speed rotary valve as clained in claim4B, characterized in that said
mai n body 30 conprises a nenber of generally square columar form defined
therein with a cylindrical internal space, and wherein a cylindrical
surface definigpng said cylindrical internal space forns a bearing surface -
109 that. supports said valve body. 5 51. The high-speed rotary val ve as
claimed in claim48, charaéberTzedsiubsthatesprdceabyrgbagparatupr agi ded

with rotary shafts. at spect ve e p t hereof, sai rotar shafts
bei ng support ed b?libmﬁg E@sﬁ ﬂﬂWnsgbegﬁ?ﬁﬁgtﬁflBﬁghlﬁnﬁgaﬁfSéé d square

col umar nenber. dpocessing gas flow forms a laminar flow inside said
processing vessel,

10

46. A substrate processing apparatus,
15 characterized by:

a processing vessel provided with a stage
hclding thereon a substrate to be processed and
evacuated at an evacuation port;

a first source supply nozzle formed in said

20 processing vessel at a first side of said stage, said
first source supply nozzle introducing a first
processing gas into said processing vessel in the
form of a first laminar flow:

a second source supply nozzle formed in

25 said processing vessel at a second side of said stage,
said second source supply nozzle introducing a second
processing gas into said processing vessel in the
form of a second laminar flow;

a first evacuation opening of a slit-form

30 formed in said processing vessel at said second side,
said first evacuation opening evacuating said first
laminar flow therethrough;

a second evacuation opening of a slit form



52. The hi gh-speed rotary valve as clainmed in claim48, characterized in
that said rotation nechani smconprises a servo notor. 20 53. The

hi gh-speed rotary valve as clained in clahgy48, characterized by further
having a 25 tenperature control mechanism 30 54. A substrate processing
met hod, characterized by the steps of: (A) purging an interior of a
processing vessel; - 110 (B) introducing a processing gas into said

processing vessel froma first side of a substrate to be processed and
evacuating, after pFBeEssNngayasPABresalag 4pesadsafbéaitolarstr pace; of

sai d substrate SSdegeeaﬁaeééﬁeuaﬁﬁbH BLOASH 'egaegatiagnggéaggeegndS'de

opposite to said first side wwth respect to sa stra
processed; (C) putgnhgarafiew thedethepugB)y, an interior of said
processi ng vessel; and 10 (E» i ntroducin

ft di cal
into said processing vessel 2f FORT a?ﬁagFgglngggﬁ guﬁgpgﬁggzgotgg s

processed, cau§ingagaiﬁ@gg@nevhaugahgnpbggggﬁgng gas nol ecul es absor bed
upon said surface of said substrate to be processed, and 15 causing

evacuation fromsaid secondasﬁﬁéonéaﬁﬂaﬁéaté@ﬂscﬁéﬁﬁgtf6¢ﬁ§§0§§datpad|cal
source, said radicaly Deboascaysedatooh! ouehtnsdbily sl vand (O (o

flow fromsaid radical source 0 an ev em and supplred to
sai d processing aesdettanceavdrsahbe(E&lve, and

a cleaning gas source connected to said
10 second evacuation conduit at a position between said
second evacuation opening and said conductance

variable valve.

15

47. The substrate processing apparatus as
claimed in claim 46, characterized in that said
cleaning gas source comprises a remote radical source

20 forming radicals of said cleaning gas.

25 48. A high-speed rotary valve,
characterized by:

a main body, sald main body being formed
with: a cylindrical internal space; a slit-form
suction port extending parallel to said cylindrical

30 internal space in communication with said internal
space; and an evacuation opening communicating with
said internal space;

a hollow cylindrical valve body provided



25 55. The substrate processing nethod as clained in of the claimb54,
characterized in that said radical source is driven continuously during
said steps (A - (D). 30 - 111 56. The §u?5%rgte processi ng net hod as

clainmed in claimb54, characterized in that; fn said steps (A - (O, said
purgi ng step conprises the step of evacuating said processing vessel by
using a part 5 of a path used for supplying said radicals to said
processi ng vessel fromsaid radical source. 10 57. A substrate processing
met hod, charact erozecabyythe sibpsnafin isedgi hy éngidemert pvOERSSANG gas in
a processing vessel along a surface of a substrate to 15 be processed and
hel d in said procHss¢HRAvedRatet rdmta first side to a second side oppose to

said first side and causing ?@@9595&Qﬁe@ﬁaﬂ{%ﬁ?@éﬁ@ﬂn@aéaiﬁnbEEHQes upon

said surface of said substrate to be” process 20 purging an interior of
sai d processi ng bedgetoinsialrs anmdanxddb i ngrgapasproemssi ng gas nol ecul es

adsor bed upon said surface of, said substrate to b rocessed by causing to
fl ow an oxi dati on processi ngf %éhy? %E#cpiﬁ%%e€%¥ﬁ%gv%%3%f al ong said

surface of said substrate éOfp@S@r%g@rsﬁeg M*@I&@aédsiifsfoﬁd%adﬁé sai d
second side, wherein there is provided a step of  activating said oxidation

processi ng gas i rcegafesponding to said suction port; and

a second opening corresponding to the said
evacuation opening.

10

49. The high-speed rotary valve as claimed

15 1in claim 48, characterized in that said first opening
is formed in alignment in a direction parallel to an
internal space of said cylindrical form and comprises
third and fourth openings of a slit-form each
extending in a direction parallel to said cylindrical

20 internal space, said second opening being formed
between said third opening and said fourth opening in
a position generally opposing said third and fourth

openings in a radial direction.

25

50. The high-speed rctary valve as claimed
in claim 48, characterized in that said main body
30 comprises a member of generally square columnar form
defined therein with a cylindrical internal space,
and wherein a cylindrical surface defining said

cylindrical internal space forms a bearing surface



30 processing vessel at said first side by an ultraviolet optical
excitation process to form radicals. - 112 58. A substrate processing
nmet hod conducted by a substrate processinﬂggpparatus, said substrate

processi ng apparatus conprising a processi vessel provided with a stage
hol di ng thereon a substrate to 5 be processed and evacuated at an
evacuation port, and a source gas supply system supplying first and second
source gases to said processing vessel separately in the formof a |am nar
flow, said evacuath®h Pospoheyi sgid $hlvefwsdy 10 shape extending in a
direction intersecting generally perpendicularly to a direction of said

| am nar flow, said evacuation port being engaged with a valve having a
val ve body provided with a slit-formopening corresponding to said
slit-form shape of said 15 evacuation port; said slit-form opening being
provi ded so as to cause a displacenment with respect to said evacuation
port in a direction generally intersecting perpendicularly to an

el ongating di’rection of said evacuation port; said valve 20 changing a
degree of valve opening thegeofryi tih odli splagersnirpfvesbd sbiL1donoy

openi ng; said evacuation port conprising first and second evacuation
ports provided redpectdvel 4B atclidrattantdze@comd;hatut sl d yvappesbogy end
parts of said 25 processing. viessel: in .each of said first and, second
evacuat i on ports,é%%ﬁ%ﬁ%éﬂééF%OH@t%EYnﬁh? F%E%to¥e%Pe%B+Y%m?%9lPﬁﬁ??ca
merber rotatabl e gporéos, g@i@ti@mfymg@gtwﬂh@gsw@ﬂ@ahbp an

extending direction of said evacuation ports and formed wt
10 corresponding bearings at both ends of said square

columnar member.

15
52. The high-speed rotary valve as claimed
in claim 48, characterized in that said rotatien
mechanism comprises a servo motor.
20

53. The high-speed rotary valve as claimed
in claim 48, characterized by further having a

25 temperature control mechanism.

30 54, A substrate processing method,
characterized by the steps of:
(A) purging an interior of a processing

vessel;



30 first, second and third openings each extending in a direction of said
rotational axis; in said first and second ends of said processing vessel,
there are provided first and second nozzl esjof a birds beak - 113 form
respectively extending fromsaid first and “second evacuati ons ports toward
said substrate to be processed at a part closer to said substrate to be
processed on said stage with respect to said first 5 and second evacuati on
port as said source gas supply; said substrate processing apparatus having
a radical source coupled téBsaintfodstiryaguptooaspong; gaa satd skidst

evacuation port, said first through_third enj ngs ,bei pg_for ip 10 such
o bos 1 onal rel AT SHRH B b ST R S & FLERt oo uR bR 2 bR hreFr e
openi ng communi Ca&SpMbEds §8d Jand | EP4cEYBENGS | @ﬂtggggyb&eggﬁﬁgegasuat es
said processing vessel at said first end part, said second oOpening

communi cat es wi t IMeke@}e? sarendiepebedi B 15 sirfacepehi agldssebatedtesaid
first through thigd , g§9699§s &) " aiﬁaﬁgﬁ e%Q{H$dg¥%tPr§HCQ 2.ROR4! I onal
ich sard

relationship tthat; inh second state i i TSt opening is

conmmuni cati ng w tdidai sppasi cal tosoutdefissat dside rdiopenesgecomuunsgages
with said 20 first end gart and said second opening is closed; in said
second evacuati orSPRFELAER B 7% RTEFFBIR/YH third openi ngs being forned

with such a positional relatj iPndhalsrdpP 821 §€oSt R, | Apwhi ch said
first opening is connunicat?%hoﬁf?% s%|d seconda25 ev%%ugt?bn %onduit t hat

evacuat es sai d priotessioy oVesstl prosessiseconssehd padt, said second
opening co nicates with fﬁid.second end p§£%e§nd sgid thirg) opening is

cl osed; said first through rﬂn%ﬁ%ﬁ?%b%g said step |
radicals into said processing vessel from said side

of said substrate to be processed, causing oxidation
in said processing gas molecules absorbed upon said
surface of said substrate to be processed, and
15 causing evacuation from said second side,
sald radicals being formed by a radical
source,
said radicals being caused to flow in said
steps (A) and (C) to flow from said radical source to
20 an evacuation system and supplied to said processing

vessel in said step (D).

25
55. The substrate processing method as
claimed in of the claim 54, characterized in that
said radical source is driven continucusly during
said steps (&) - (D).

30



being fornmed with such a positional relationship that, 30 in a fourth state
in which said first and second slit-formopenings are closed, said third
slit-form opening is fornmed with such a-peshtional relationship said
third slit-formopening comunicates with said - 114 second nozzle; a gas
supply line is provided in said hollow cylinder nenber constituting said
val ve body at said second evacuation port; said substrate processing
method 5 conprising: a first step of setting said first evacuation port
and sai d second evacuation pBrtTheespeetrateyProcespdngi methaddashird

states and evacuaihiged 9508f§§ﬁn94?p?ﬁ§r58§gg§zéaiganHQESSEHgsa&Q

vessel ; a second step of setting said first "evacuation porf and sard
second evacuati onspeps (RespecfC)vebyitopsagdngi ssepandmpeisth shat esepnd
ipto said processing vessel .15 from sai d gas

i ntroducing a sourfe ?as ip g g
supply line via s3f d*YRFPE"OPEF AL aRECCEP SO gaVﬂs§§&oh§ H822Pe0Pa%4i d
second evacuats Onof pQrpath ﬁ_ﬂéﬁdf&e@ugﬁl?fh&' BgigarddaibhsE tevagyation
port and said second evacuation port 20 respéctively to said first and
third states and PEQ@eEdiRGgveasel pfoemssahg spadteailnspdeceai d processing
vessel ; and a fourth step of setting said first evacuation port and said
second evacuation port 25 respectively to said second state and said third
state and introducing radicals into said processing vessel fromsaid
radi cal source.
10
57. A substrate processing method,
characterized by the steps of:
causing to flow a processing gas in a
processing vessel along a surface of a substrate to
15 be processed and held in said processing vessel from
a first side to a second side oppose to said first
side and causing adsorption of processing gas
molecules upon said surface of said substrate to be
processed;
20 purging an interior of said processing
vessel inside; and
oxidizing said processing gas molecules
adsorbed upon said surface of said substrate to be
processed by causing to flow an oxidation processing
25 gas in sald processing vessel along said surface of
said substrate to be processed from said first side
to said second side,
wherein there is provided a step of
activating said oxidation processing gas in said
30 processing vessel at said first side by an

ultraviolet optical excitation process to form

radicals.



30 59. A substrate processing nethod conducted by a substrate processing
apparatus, said substrate - 115 processing apparatus conprising a
processing vessel provided with a stage-haldi rg thereon a substrate to be
processed and evacuated at an evacuation port, and a source gas supply
system supplying first and second 5 source gases to said processing vessel
separately in the formof a lamnar flow, said evacuation port having a
slit-form shape extending %8 a dirgction i nt ersecting general

n

y
perpendi cularly to a direct Br sy FarﬁgﬁiﬁﬁchFE&P91@g§5P& EPREY&ERGN

port being engagegywit BuBs¥akve pP@&éBSiﬁgVaFﬁgrgggﬁ PaYhdedpwtti+@
slit-formopening corresponding to said sli 7forn1sﬁape of said
evacuati on port; B&PESSELNIf aPRREPEHENGOBRLAGLNPr avhbdedessiag vessaldse a

di spl acement with 5, £ 0_sal % .1.Qn rt in_a_directiaon
generally inters %??gggge%géhd?C§F§P§y9§§8%hgeF§§5§PPna SBIPEEFFSHtSf sai d
evacuation pord; bai drvakseedchadgengcaadegr ae ah u&huaa@meﬁipgrtbeé@@f

with displacenent of said slit-formopening; said 20 evacuation port being

formed as first aRdSSBEGRII2BVEERBLY oRYPOPRSSPPBYYERE FéEpécBNPePRCANS | rst
and second, ”UtU§bh¥c9p89§éggt8nga98r??oeés§§he vE5 E?S?bgggggéiglin'n
valve body Be

each of said first and second evacuation ports, sail I ng

formed of a 25 hothewfeyni a@réacaamipabefleowt at abl e about a rotational axis

extending parallel to an extendin n gf sai d evacxa i%n gorts and
9t nC%

? gi ectio . a
formed with first, second ana“tfrfd 3EéﬁPn8§ aPRVERFeAdP
direction of mai dshepetegbehd@xySini 8 gakrdctibat iABdrsecting generally

perpendicularly to a direction of said laminar flow;
said evacuation port being engaged with a valve
having a valve body provided with a slit-form opening
corresponding tc said slit-form shape of said

15 evacuation port; said slit-form opening being
provided so as to cause a displacement with respect
to said evacuaticn port in a direction generally
intersecting perpendicularly to an elongating
direction of said evacuation port; said valve

20 changing a degree of valve opening thereof with
displacement of said slit-form opening; said
evacuation port comprising first and second
evacuation ports provided respectively at first and
second, mutually opposing end parts of said

25 processing vessel; in each of said first and second
evacuation ports, said valve body being formed of a
hollow cylindrical member rotatable about a
rotational axis extending parallel to an extending
direction of said evacuation ports and formed with

30 first, second and third openings each extending in a
direction of said rotational axis; in said first and
second ends of said processing vessel, there are

provided first and second nozzles of a birds beak



30 second ends of said processing vessel, there are provided first and
second nozzles of a birds beak formextending fromrespective
correspondi ng evacuations ports toward sahglzsubstrate to be - 116
processed at a part closer to said substrate to be processed on said stage
with respect to said first and second evacuation port as said source gas
supply; a source gas line and a purge gas |line are provided 5 to each of
said first and second nozzles; in said first _evacuation port, said first
through third opERFRgEeBREFHITO eaxtandies Arpdsseidniirstenadi onship

that, in a first slabealOyabheh SALOpothL! fogRER! 08; §ORTHOLEaLes W LD said
first evacuation 10 conduit that evatuates Sald processing vessSel "at a
side of said firsprenespadtat saidattrsiospentngsatdnsubstases wot besai d

first end and said second, openi hg communi cates with said first nozzle;
said first throudROTRTPEHopanFALS BERRG YhE D hersPBrfeto 152 hilt FLEaEN a

posi tional rel:atignghi@csh@tevhuat 8668098rt Shat8ald ¥hhehesghd Elpsty;
openi ng conmunicates with said first evacuation conduit, néeither of said
second and thirdsap@ntst cakeprectesingt appayabhsshavingi asradhdapart,

said first nozzle_or [ | uation conduit: in_sajd second
evacuation port, Sg%fé f%bééi$%r%%g%g?ﬁi ouks! e%Y%%%aéﬁ?ﬂgp?B#heﬂnmf?ﬁd such
a positional rel afiosshepathationnpérthird state in which said third

opening is communicating with said second evacuation conduit that
evacuat es sai d 255PtdcksEFngtheeer Bhisdioreetedd Retngafermad; anfirst

O e ) P62 LA St o OB Sk ol s eRente SOEILDS,
bei ng in which said first 6pening communicatgs with saEd ?

first evacuation conduit that evacuates said
processing vessel at said first end part, said second
opening communicates with said first end and said

15 third opening is closed; said first through third
openings being further formed with such a positicnal
relationship that, in a second state in which said
first opening is communicating with said radical
source, said third opening communicates with said

20 first end part and said second opening is closed;
in said second evacuation port, said first through
third openings being formed with such a positional
relationship that, in a third state in which said
first opening is communicating with said second

25 evacuation conduit that evacuates said processing
vessel at said second end part, said second opening
communicates with said second end part and said third
opening is closed; said first through third openings
being formed with such a positional relationship that,

30 in a fourth state in which said first and second
slit-form openings are closed, said third slit-form
opening is formed with such a positional relationship

said third slit-form opening communicates with said



formed wth such a positional relationship that, in a 30 fourth state in
whi ch said first opening conmunicates wth said second evacuati on conduit,
neither of said second and third openingsigcenmaunicate with any of said
second nozzle or said second evacuation conduit, - 117 said substrate
processing nmethod conprising: a first step of setting said first
evacuation port and said second evacuation port 5 respectively to said
first and third states  and eﬁacuatin interior of said processing vessel;

a second step of §%???ﬂg§%é? StiPs¥aSevHRbaYi onPot & BREVAEPE $BcHAA]
evacuati on port KESPEGtEyeiNate ﬁéﬁge£l&éﬁséﬂgu£9ﬂgéga§aa%2§v§“ﬂohgaid

introduci ng said second source gas to said processi vesse rom
second nozzle; a &higsadidtepcondsevatngtsandrditst evacuation port and said

second evacuation port to ectively, said first_and ur,th states and 15
i ntroduci ng a purge gas int%gggiﬁu%?gg%ggiﬁﬁo9%§§é?g ??%ﬁ?gaid second
nozzle; a foursth soeprosisgtting said first evacuation port and said

second evacuation port respectively to said second and also third states
and 20 evacuating interior ®ffsBFH $e8RePf acttinrg sabP 6irsetting said

first  evacuation, porso e sghd Seqand X2CUAL) AN BEL | 0on T SpEC | vel y

sai d second and Ird states  and 1 ntroducing said Sécond source gas to
sai d processi ng 2fespaseivélpmeasaidi fstsnoazdethhnd atstxshastiep of
setting said firsl,,eyachall on porl  ang, sal d.second,evastat [ on pott o

10 vessel;

a second step of setting said first
evacuation port and said second evacuation port
respectively to said first and fourth states and
introducing a source gas into said processing vessel

15 from said gas supply line via said third opening and
also said second nozzle of said second evacuation
port;

a third step of setting said first
evacuation port and said second evacuation port

20 respectively to saild first and third states and
evacuating said processing space inside said
processing vessel; and

a fourth step of setting said first
evacuation port and said second evacuation port

25 respectively to said second state and said third
state and introducing radicals into said processing

vessel from said radical source.

30

59. A substrate processing method conducted

by a substrate processing apparatus, said substrate



respectively to said second and third states and introducing said purge
gas into said processing 30 vessel fromsaid first nozzle. - 118 60. The
substrate processing nethod as clained knigkaim 59, characterized in that,
after said third step but before said fourth step, there are conducted a
step of setting a state of said first 5 evacuation port and said second
evacuation port to respectively said second and third states and a step

of introducing a gurge gas into said processing vessel fromsaid first
nozzl e, and afterPE3FBSSIRE APRZEHLUF hePBPE 812N URTRECESSREpPVEFS8etting a

state 10 of said présideyapuehi QnsPREL ROTaSALdREFODH aCYALLALLPY POrt

e
respectively to said second and fourth stateS and introducing a step of
introducing a pupgerrecesntd aaddeproeesedngt vesseratnanisni dorsecand

nozzle. 15 61. Th at e_processin thod as 20 clLained_ in claim,b59,
characterized in hgﬁggééd&$?r%?ppg%u§§%gggss?gp§¥l%§i%éf? naﬁ§s$e§%n%z. A
substrate processitgro®t fosesondusied pPycesSURGt v € Pr 968554081 PPAr at us,

said substrate processing apparatus con£r|5|ng a processing vessel
provided with a st@elPoRdPhc? t heREar af keWstrate to 30 be processed and

evacuated at an evacuation QQ{&’e@qua@iéﬁuﬁgftgﬁgfo€p+ysf¥§L§§}$Upplying
e e

first and second source gases to sald processing ves Separa y in the
form of a | am narstdmpay, extenddbng sk ch edbceation jpotérdewtimgagshétalbym

perpendicularly to a direction of said laminar flow;
10 said evacuation port being engaged with a valve
having a valve body provided with a slit-form opening
corresponding to said slit-form shape of said
evacuation port; said slit-form opening being
provided so as to cause a displacement with respect
15 to said evacuation port in a direction generally
intersecting perpendicularly to an elongating
direction of said evacuation port; said valve
changing a degree of valve opening thereof with
displacement of said slit-form opening; said
20 evacuation port being formed as first and second
evacuation ports provided respectively at first and
second, mutually opposing end parts of said
processing vessel; in each of said first and second
evacuation ports, said valve body being formed of a
25 hollow cylindrical member rotatable abocut a
rotational axis extending parallel to an extending
direction of said evacuation ports and formed with
first, second and third openings each extending in a
direction of said rotational axis; in said first and
30 second ends of said processing vessel, there are
provided first and second nozzles of a birds beak
form extending from respective corresponding

evacuations ports toward said substrate to be



shape extending in a direction intersecting generally perpendicularly to a
direction of said lamnar flow, said evacuation port being engaged with a
val ve 5 having a val ve body provided with a gl iLt-form opening

corresponding to said slit-formshape of said evacuation port; said
slit-formopening being provided so as to cause a di splacenent with
respect to said evacuation port in a direction generally 10 intersecting
perpendicularly to an elongating direction of said evacuation port; said
val ve changi ng ardegeasedfatapveabpedlfgerhbredpidi snbstrapatenbat of

said slit-form opeping. [ ugll ' oy e fir and
second 15 evacuat?gggg%?gg %?o§¥g§d§#%§%e§?F§eP§g§€C%iﬁgtggﬁé f%é%%nd,
mut ual | y opposi ngarddspashd efasaationrpsessangssedssburasai dasubappaie
processi ng apparatus having a_radical source coupled to said second
evacuation port; #nS@RERSoFaZal4ne| @R8¢ AnPUDBSsERBNHLBIaREAL PEAVABELs, said

val ve body beisng {oragdn 9f §aF§"e]%9%Eyéﬁ&d§éE§hd”Hggﬁieém %ag%ﬁdabout a

rotational axis extendl ng para to an extendi ng irection of Said
evacuati on ports fhdstoeveduatibn Porst, ssedohiirahdthhoudghopknirdgs each

extending in a 25 direction of said rgtation | axis;.jn said first and
second ends of safd*Prodds ?hﬁgvgggﬁ?, thef8<ard pB?bé?ﬁ%ﬁ first and second

nozzles of a birdsebgekonéRip exdendingaf ropstespecsi ve wRIERSHARMI NG
evacuations ports toward said substrate to be 30 processed at a part cl oser

to said substrat etRoTBeoPpRERESEHMGRIGAt S sYhkR FriA FbEpbcevReUaALantirst
and second eVﬁP”aébH&uPPrEhéé.é@éguéﬁg%cgaﬂésprQQEXingavéQHéfeagaﬁ l'ine

and a purge gas |ine are provided -
side of said first end part, said first opening

communicates with said first end and said second
opening communicates with said first nozzle; said
first through third openings being further formed

15 with such a positional relationship that, in a second
state in which said first opening communicates with
said first evacuation conduit, neither of said second
and third openings communicates with any of said
first end part, said first nozzle or said first

20 evacuation conduit; in said second evacuation port,
said first through third openings being formed with
such a positional relationship that, in a third state
in which said third opening is communicating with
said second evacuation conduit that evacuates said

25 processing vessel at said second end part, said first
opening communicates with said second end part and
said second opening communicates with said second
nozzle; said first through third openings being
formed with such a positional relaticonship that, in a

30 fourth state in which said first opening communicates
with said second evacuation conduit, neither of said
second and third openings communicate with any of

said second nozzle or said second evacuation conduit,



to each of said first and second nozzles; in said first evacuation port,
said first through third openings being forned in such a positional
relationship that, in a first state in whighysaid 5 third opening

communi cates with said first evacuation conduit that evacuates said
processing vessel at a side of said first end part, said first opening
comuni cates with said first end and said second slit-form opening
comuni cates with said first 10 nozzle; said first through third openings
being further formed with 8a&d aubssretenmroreraihenshtpodthat, in a
second state in “@Bﬁﬁr§§kﬂ first opening communicates with said first
evacuation conduit, “nert & of said second and third openi ngs comruni cat e
15 with any of said first eadfpast, ssapdoti setthngzkeiar figakd first
evacuation conduit; in said second _evacuation port, said first through
third openings DbEYAGUABFARIPAFEh2BEcA2AdpS8FPRENEVAFBRRLPBNBRES that, in

a third statedn x\@'sﬁ cﬁﬁbéweﬁ@nga@@emgtZQnapeﬂwaC@Eﬁﬁew Lhgsai d second
evacuation conduit that evacuates said processing vessel at sald second

end part, said fevacuapéngngntenboni cht esidi phosasdingevendednd part and

said third opening connunicatgs mﬁthtneit er gﬁ.said sgc nd gozzle or said
radi cal 25 source: said firat>thodgR ERi PH SHERFAEsSRE nglrF rmed with

such a positional evetaatooshpprt hahd s8ia séevrbiheshatgrisnWpbeh said third
openi ng comuni cates w th said second evacuation conduit, said second
openi ng communi caf@SPAFthvehy dteetdhd EhBSharRdafeurBd shabesi eBE opening

being 1 or mod i th SuRh BT T anal CPRTaty rah fot nar. SnalobERcRRREATT.
in which said firsesspeningmcoahdnseadesd nozzle;

a third step of setting said first
evacuation port and said second evacuation port to
respectively said first and fourth states and

15 introducing a purge gas into said processing vessel
from said second nozzle;

a fourth step of setting said first
evacuation port and said second evacuation port
respectively to said second and alsc third states and

20 evacuating interior of said vessel;

a fifth step of setting said first
evacuation port and said second evacuation port to
respectively said second and third states and
introducing said second source gas to said processing

25 vessel from said first nozzle; and

a sixth step of setting said first
evacuation port and said second evacuation port
respectively to said second and third states and
introducing said purge gas into said processing

30 vessel from said first nozzle.



- 121 wth said second evacuation conduit, said third opening
comuni cates with said radical source; said first through third openings
being fornmed with such a positional relgtgggship that, in a sixth state in

5 which said third opening communi cates w said second end, said second
openi ng communi cates with said radical source; said substrate processing
method conprising: 10 a first step of setting said first evacuation port
and said second evacuation port to said first state and said third state
and evacuating interior ofé8aif@hersgessragevessekssangenentodt ap of
setting said first,_15 vacuaiion gﬁrt gnd sgid.segond evacuati_on port
respectively to sala-48dohd AR ang SRFH2FbEFiACIstat ERahd &GpBFyi ng sai d
first source gas §9igatir@r 9€ESSHAY MESSLE 508 88hethi 58LpNOERLEe a third
step of setting said first 20 evacuation port and said second evacuation

port respectivel §r¢oceaduckedondssent ef apet shind ahstatesohit eadddfirst
| ntroducing a spur gg.gage 19n SEbH: PLAGCSS A5 XERECLVALA $BRIRELE SLon0ZZ] &
| and B8

a fourth step of setting sai rst evacuation por ard sécond
evacuation port respectively saidasecéndsindteherdngdtsatd shidrd stape and

evacuati ng interio% of said processing vesse|; a fifth step setting said

first evacuation Shot?tEAWISHIY LRBHEL Y38 U FOnSHLRtPFREpREENFely to 30
said first state pagssni f'r@r'hxﬁgiét?iﬁs@nﬁoii‘iépgé&%nﬂfféﬂi§§£é LoxEgi d

processi ng vessel fromsaid radical source; an
step, there are conducted a step of setting a state

10 of said first evacuation port and said second
evacuation port respectively to said second and
fourth states and introducing a step of introducing a
purge gas into said processing vessel from said
second nozzle.

15

€l. The substrate processing method as
20 claimed in claim 59, characterized in that said first

source gas is an oxidation gas.

25
62. A substrate processing method conducted
by a substrate processing apparatus, said substrate
processing apparatus comprising a processing vessel
provided with a stage holding thereon a substrate to
30 be processed and evacuated at an evacuation port, and
a source gas supply system supplying first and second
source gases to said processing vessel separately in

the form of a laminar flow,



a sixth step of setting said first - 122 evacuation port and said second
evacuation port respectively to said first state and said Sixth State and
introducing a purge gas to said processingiygssel fromsaid radical

source. 5 63. The substrate processing nethod as 10 clainmed in claim®62,
characterized in that, after said third step but before said fourth step,
there are conducted a step of setting a state of said first evacuation
port and said second evacuation port to respectively said first state and
said fifth state 15 and a sfepdofvapuabiioni Pgrh pavieggassihtofsaind
processi ng vessel

there are conduct%%égggég%ggéfgggg?P%éégﬁggg?gngfBgéfag$%?§§ié%gggéﬁﬁgn

port and said sepenperdacubiiby poré despecionedby teigaldm2Naseedod;state
and said third state and a st i ntroducing a purge gas into said

ep of
processi ng vesselSa}?oﬁY%%Pﬂt¥$?sEoﬁBzg?é?g2%n@§9e¢hﬁl§ﬁb§tVé%&eprocessing
method as cl g rrqdawnglal %gee%o@é,pf@aia@a%@ﬁgglQ%ifaa%o @ Gpehadycal s

are oxygen radicals. 3 . 65. A cl eaning net of a substrate
processi ng appar at@sresperidsudst e as@igrotebsfogm sbppeacfissebddprising: a

b ocessind vessel PLANLE, AR . A, 1oLSL0m etcon s gubatr e (9 be
respectively to apfévsiied so as to cause a displacement with respect

to said evacuation port in a direction generally

10 intersecting perpendicularly to an elongating
direction of said evacuation port; said valve
changing a degree of valve opening thereof with
displacement of said slit-form opening; said
evacuation port being formed as first and second

15 evacuation ports provided respectively at first and
second, mutually opposing end parts of said
processing vessel; said substrate processing
apparatus having a radical source coupled to said
second evacuation port; in each of said first and

20 second evacuation ports, said valve body being formed
of a hollow cylindrical member rotatable about a
rotational axis extending parallel to an extending
direction of said evacuation ports and formed with
first, second and third openings each extending in a

25 direction of said rotational axis; in said first and
second ends of said processing vessel, there are
provided first and second nozzles of a birds beak
form extending from respective corresponding
evacuations ports toward said substrate to be

30 processed at a part closer to said substrate to be
processed on said stage with respect to said first
and second evacuation port as said source gas supply:

a source gas line and a purge gas line are provided



side and a second side of said stage; and a source gas supply system
supplying first and second source gases alternately respectively fromsaid
second side lo to said first side and framsgid first side to said second
side in the formof a lamnar flow, wherein there is provided a step of
Introducing a cleaning gas, in a state sa id processing vessel is
evacuated at said first evacuation opening, into said 15 processing vessel
t hrough said second evacuation opening froman evacuation conduit
connected to sai dtOseeehdoévagidt foRsbpaniingecondesozThese| éansagdnet hod as

claimed in claimgppsy COALAGLELLACHoLD, T R a52 I €l £RRLAYNIRR ; LAC! udes

radi cal s.
openings being formed in such a positional

relationship that, in a first state in which said

5 third opening communicates with said first evacuation
conduit that evacuates said processing vessel at a
side of said first end part, said first opening
communicates with said first end and said second
slit-form opening communicates with said first

10 nozzle; said first through third openings being
further formed with such a positional relationship
that, in a second state in which said first opening
communicates with said first evacuation conduit,
neither of said second and third openings communicate

15 with any of said first end part, said first nozzle or
said first evacuation conduit; in said second
evacuation port, said first through third openings
being formed with such a positional relationship that,
in a third state in which said second opening

20 communicates with said second evacuation conduit that
evacuates said processing vessel at said second end
part, said first opening communicates with said
second end part and said third opening communicates
with neither of said second nozzle or said radical

25 source; said first through third openings being
formed with such a positional relationship that, in a
fourth state in which said third opening communicates
with said second evacuation conduit, said second
opening communicates with said second end part and

30 said first opening communicate with said radical
source; said first through third openings being
formed with such a positional relationship that, in a

fifth state in which said first opening communicates
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with said second evacuation conduit, said third
opening communicates with said radical source; said
first through third openings being formed with such a
positional relationship that, in a sixth state in
which said third opening communicates with said
second end, said second opening communicates with
said radical source;

said substrate processing method
comprising:

a first step of setting said first
evacuation port and said second evacuation port to
said first state and said third state and evacuating
interior of said processing vessel;

a second step of setting said first
evacuation port and said second evacuation port
respectively to said second state and said fourth
state and supplying said first source gas to said
processing vessel from said first nozzle:

a third step of setting said first
evacuation port and said second evacuation port
respectively to said second state and said third
state and introducing a purge gas to said processing
vessel from said first nozzle;

a fourth step of setting said first
evacuation port and said second evacuation port
respectively to said first state and said third state
and evacuating interior of said processing vessel;

a fifth step setting said first evacuation
port and said second evacuation port respectively to
said first state and said sixth state and introducing
radicals to said processing vessel from said radical
source; and

a sixth step of setting said first
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evacuation port and said second evacuation port
respectively to said first state and said sixth state
and introducing a purge gas to said processing vessel

from said radical source.

63. The substrate processing method as
claimed in claim 62, characterized in that, after
said third step but before said fourth step, there
are conducted a step of setting a state of said first
evacuation port and said second evacuation port to
respectively said first state and said fifth state
and a step of intreoducing a purge gas into said
processing vessel from said second nozzle, and after
said sixth step, there are conducted a step of
setting a state of said first evacuation port and
said second evacuation port respectively to said
second state and said third state and a step of
introducing a purge gas into said processing vessel

from said first nozzle.

64. The substrate processing method as
claimed in claim 62 or 63, characterized in that said

radicals are oxygen radicals.
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65. A cleaning method of a substrate
processing apparatus, said substrate processing ‘
apparatus comprising: a processing vessel provided
with a stage holding thereon a substrate to be
processed and evacuated at first and second
evacuation ports provided respectively to a first
side and a second side of said stage; and a source
gas supply system supplying first and second source
gases alternately respectively from said second side
to said first side and from said first side to said
second side in the form of a laminar flow, wherein
there is provided a step of introducing a cleaning
gas, in a state said processing vessel is evacuated
at said first evacuation opening, into said
processing vessel through said second evacuation
opening from an evacuation conduit connected to said

second evacuation opening.

66. The cleaning method as claimed in claim
65, characterized in that said cleaning gas includes

radicals.





