26 SEPTEMBER 2006 - 1 DESCRIPTION SUBSTRATE PROCESSINEPABMARRRO and
SUBSTRATE PROCESSI NG METHOD, HI GH SPEED ROTARY VALVE, AND CLEANI NG METHOD
5 TECHNI CAL FI ELD The present invention refates to semiconductor devices
and particularly to a substrate processing apparatus and a substrate
processing 1o nethod used for production of ultrafine high-speed

sem conduct or devices having a high-K dielectric film Wth the progress of
m niaturization process, a gate |engthretr@plrtom or | ess is beconi ng
possible in ultra high-speed sem conductor devices of 15 these days.

General |y, the oper at?oPhalRsHecfROFE S S AOMRATGY ardi TEBF TR Bases with
mniaturization th I e h |y

m niaturized senlcoﬁgggﬁgﬁwggvﬁggg%b hgggrggggﬁ Ppﬁgﬁ§t¥?%8%és§Ng? the gate
insulation filmw th the 20 decr eas€L8RNINE @ETHODength achi eved by device
m niaturization, in accordance with a scaling law. Wen the gate |ength has
becone O lu nfor less, on the other hand, it becomes necessary to set the

t hi ckness of thergaugTcAsUkakren filmto 1 - 2nm 25 or less in the case of
using Si2, whilewith such a gate insulation filmof extrenely snal

t hi ckness, there occurs afhenpreasatofinvenfiébnngedaiteento and the probl em
of inoreases of  kBRs9AbA LERKAgR TUELeRL, La HaRKeLITN! £, 30 Lader such
circunstances, tRhe been usin gﬁ- §rerectric

mat eri al such a@r662€51n§12@§ar3t68 aht03, stSt@éteHbSbGéssand t he

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 0.1lum 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 0.1lum 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;03, Zr0Q,, HfO,, ZrSiQ4, HES104, and the

like, having a much larger specific dielectric



li ke, having a much |arger specific dielectric 26 SEPTHNBEREMHER 2006
constant as conpared with an Si02 filmand_,thus providing a
characteristically small filmthickness “when converted to the film

t hi ckness of an Si02 film in spite of the fact that the filmitself has a
| arge 5 actual filmthickness, for the gate insulation film By using such
a high-K dielectric material, it becones possible to use a gate insulation
fil m having thecbhkﬂahhiaknesmpatea wi2hnmanrSsiessfikavednd ntlihhe case the
sem conductor device.iS an_exirene nlnuteaio ul t

o ot or Gbr R fZod e RhE SRR TR ED e T IR BB hnessry  gate

| eakage currentygadsednbyrtdanebi pgcekieqt teaPKRES8UBET 885840, | AipRder to
formsuch a high-K dielectric gate insulation filmon a Si Estrate t here

is a 15 need of inofpihg ah ShezfﬁptnthQV|hgeaf@hmckhéséflhﬁﬁoa lesge

typically O. %n1or Lefsfl n %Q c§ne gbs%ggt ? agebas gxkde fkh mso as to
suppress diffusion o netal “er 8ents’ const | ng a ~dlerdctric gate

insulation filmBptasthe &cﬁubshﬁgheK améléhemtoma’caelaml gh-K dielectric
gate insulation filmon such, extrenely thin Si02 base oxide_film Thereby,
the high-K di el BBEPRESgBPESIRLAI APi BAST I ARR8sIPSUHBLIPEY AedMsheRiPHat t he

film does not coghglglﬁﬁ;@ﬁl éggho§sllntgﬁ$agg §gggesengr%He%heat t he

time of 25 form ng suc -K'di electric gate insuflation on the
base oxi de f|In1case|shpreémiabhéutbochaﬁgecethe gonpysikemenyt hénesoe
gradually fromth ition

primarily of % he" ﬁtﬁ Oﬁggﬁg%éggﬁ %EH?%SH¥PHEO§|gévéﬁetH8YéggpgzﬁF§8tlng wth
the base oxide fikAytAwardo. tiwen pst NLéHa] BrEfase, ofatdel ddighgK dielectric
gate 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 S$i0O; 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 Si0O; 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 insulaticn film
on the base oxide film, it is preferable to change
the composition thereof gradually from the
composition primarily of Si0O; 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



insulation film In order to formthe high-K diel ectri & SRTEMBERSOPTENVBER
2006 3 insulation filmsuch that it does_not contain defects, it is not
possi ble to use plasna process that i nvol ves t he process of charged
particles. For exanple, when such a high-K dielectric gate 5 insulation
filmis formed by a plasma CVD process, there are fornmed defects that
function as the trap of hot carriers within the filmas a result of the

pl asma danages. ©nstbetobhefibanduchhenaaniat tespt nbs nBaeaih0dedekasm such
a high-K dielectric,gate insulation film by a pyrolitic CVD process, there
is a need of settfng tﬁ@tsEBEFFah@ F@nﬁ@?a?i?@mgopﬁoﬁ?ﬁﬁ tP&fperature, and

the filmeasily Eﬁgéigegsth€r¥§BéEEEZ§EiQHar§88r§9¥tiEﬂ§E$ Fgrcaused an
i ncrease 15 of surface roughness. Further, if is discovered by the inventor

of the present iawemplen whan shehfil highoKndieédacrate ghamges easily by the

tenperature o the substrate.and it is difficult_to_achieve uniform film
Lo Prnase i A ¢ beRTHERbA T E LN ok et BV fubhab B pE b ok ser m ur e I

ot her words, thetRer8 aret €pdasaydehattbhehsaoughnessonf akhenti trapubface

i ncreases easily when such a hlgh:K dielectric gate insulation filmis
formed with a coR9ENERBRAPTEVDITPRABCERS. TAlBoasS|® F8SHLEf PEuFPeto secure
uniformty 25 of %nggigghgaggkness. Thus, in the case a pyrolitic CVD
process is applig to a gatée insulation filmof a MOS transistor in which
it is required to control ©hethei bhhehi bhkndsswiehhahi ghtpmpti $somadehere is

nvoked a seriops knfluence uppn Lhg goesalional ;30 charasteristieg of the

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



BACKGROUND ART Thereupon, the inventor of the present ZSEMEYVBUBRMN©006 4

i nvention has proposed previously a substrgte processing nethod and a
processi ng apparatus to be explained below in Patent Reference 3 for
overcom ng the above problem . 5 Figure 1 shows the construction of a
substrate processing apparatus (ALD deposition apparatus) 10 proposed
previously by the inventor of the present invention for carrying out an ALD
film formation pheoeassonl hatherApbstdl preotoakilonapsabeszatelo a first
source gas and a second source_gas are supplied to the substrate to be

p
processed aIternQF@FﬁSSFHQtﬁﬁtPan?Bﬁ PaRFRSFSPLBH PRRETACHRs T8I 6Rg a

surface of the subghnaheqdt BeRBPLACEaSEAL RRSECR¥Cce SOULEE YRS BRLgeuUl es in
the first source gas are 15 adsorbed upon the substrate surface to be

processed, and the ad¥svebedogdsmupl-ecul es are caused to react wth source

gas nol ecul es_in the second.sourc s. . Therebh there is formed a film
with thickness of one nol &calrar IaggPWSB§EFe58§FFESCFﬁP§ SFoéess, a high 20

qual ity di el ectrisabkilrateceppecesklygaabpghakusdi(aliectepeshiciasn usable for a
gate insulation filmis formed on the surface of the substrate to be
processed. Ref er BPRGTEEUE) gtPePEOPPREs BBSVE QRS L¥5PYr 688s3PN§ EFFarat us 10

EQZ';ﬁSS isgrggeggk?gré%éﬁ%'in%%ﬁEEBKiQ%Q WEEQXEB Ce%e B9 @ap iFhgl ports
ppose with each other aCross a substrate 12 to be
processed, and elfomgatedn evaceati.odinopéri AjP f4AmaddridBioh @rsicietssf,or m
shape 30 are, proyided 30.a5,12 98ROSR 18 sBLOGES SN 23T L8k
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 one
molecular layer. By repeating this process, a high
20 quality 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



ports 13A and 13B respectively across the substrate 1% SXSTEMBERZOMSsed. The
evacuati on openings 14A and 14B are connected to a trap 100 respectively
via 26 SEPTEMBER 2006 5 conductance varv§3_15A and 15B, and the processing
vessel 11 is evacuated through the trap 100. Furthernore, another
processing gas inlet port 13Cis provided to the processing vessel 11 5

adj acent to the processing gas inlet port 13A so as to oppose wth the

evacuat i on openi agnddAcahbe prooessipg gad 1BRet aparthé3Arbsessongected to a
first exit of a smﬁtching val ve 16A, while the smﬁtchin? val ve 16A is
connected a sour ¥8586lvédséF 2UACHRAEAhBNASUZRCEDE $raPalfPrst source

supply |ine 16a, wherein tBe SUBPhY L nEndBAokNGLUBESsiAgvaLYC ATAL a mass
flow controller 18A and anotﬁer valve 19A. Further, a pdrge |line 2la
i ncl udi ng val vespo2tAldfAdig2paramddsdppbyihg mrnoimestingavesach as Ar is 15

provi ded adjacent to th ir source supply_line. 16a, u ernore, a valve
Drge Iine ban PROPGENEG -Retcor POREESRLREI Fars B3R aRAToAA G0 Bonnoct od
to an inert gas keseppeeecolvifh, tBBdetBEuatiika, opsneagneehed to the switching
val ve 16A, and 20 the second exit of the switching valve 16A is connected

to the trap 100 via a purg&hPi RECTE6EINISEAF] &PILGT PRETPA8BedsSi ng gas inlet
port 13Bis CO””%@EEQc&@datE'%Zgi§§§t Qf +t Be ﬁ“%&ﬁ@bﬂgpgggéigelggA and the

swi t ching val ve I'S connec 0 a source vesse hol din§g H20 vi a
the first sourcewhdppl yhei seit6hinbavailnel tdasia wahveciéB, aasomass fl ow

controller 188 andoangt beg velve, 198, SEurifer o purge [ Lne 2ab that
supply line 16a, wherein the supply line 1l6a includes
a valve 17A, a mass flow controller 18A and another
valve 19A. 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 1léa.
Furthermore, a valve purge line 23a
including mass flow controllers 23A 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 H,O0 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 16b.
Further, a purge line 23b including mass

flow controllers 23B and 24B and connected to an



30 like, is provided adjacent to the first source supploSEPTEMBERZ806 Furt her,
a purge line 23b including mass flow controllers 23B and 24B and connect ed
to an 26 SEPTEMBER 2006 6 inert gas resofrce of Ar, and the like, is
connected to the switching valve 16B. The second exit of the swtching
valve 16B is connected to the trap 100 via a purge |ine 100b. 5 Further,
the processing gas inlet port 13C is connected to the first exit of the

swi tching val ve iihégtag_dst hesswirbehbigavral ¥edlékel $ikennest ednh@ckedsour ce
vessel 20C that holds SiC 4 via a first _source supply line 16¢c, wherein the
source supply |ifhe Ibe sPitRELGdeyaadveall$B-17he, sgcrusdls exfiwodoriteol | er 1BC

and another val ye;19C. FULLReL, 13gPYLIeLHRG+2LCy o udi RV 21C and
22C and supplyiné é% ﬁ%g t gas 3? Ar% aﬁh thg ﬁiﬁg,@ﬁ% gf% igeg g}facent to
the first source gsupgkylhineel®Bb. 15 Furthernore, a valve purge |ine 23c

including nmass flow rate c ntrgller% 23C _and 24C and cg&r cted ta n inert
gas resource of Ar, and th&YTFPRE, FBScBAREEEEAT oI Ret cRO%G valve 16C

The second exit jaf cbReeswetiChiongnwalrvesi6€xis egnnaet adi2@ntidqt Rakap 100
via a purge line 100c. Further, the substrate processing apparatus 10 of
Figure 1 is provildédandt khe swatcbingnivelyeAloCorscernneicitiedg toh@ fil m

ot 90 B oeSsp AR SRsehIS0ROES! pUolt A0RConLioh scibesSUeielng.
w || be expl ai nedubstlgr 1wnth lcef, ewapee iho thEi gouesed suppl yFilduee 15cshows
details of t?g p?%%lhg%g a valve 17 C, a mass flow controller 18C and

another valve 19C. Further, a purge line 21lc

including wvalves 21C and 22C and supplying an inert

gas of Ar, and the like, is provided adjacent to the

first source supply line 1lé6c.

15 Furthermore, a valve purge line 23c
including mass flow rate contrcllers 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



i ncl udes the processing vessel 11 of Figure 1, 30 wher % YEPTEMBERZAPG s of
Figure 2 corresponding to the parts of Figure 1 are showmn with the sane
reference nunerals. Referring to Figure 2,/ fhe processing 26 SEPTEMBER 2006
7 vessel 11 has an outer vessel 201 of A, and the like, and an inner
reaction vessel 202 of a quartz glass is provided therein, wherein the

i nner reaction vessel 202 is acconmmopdated in a depression defined inside 5

the outer vessel vé8ieandii sasovaredtby @eeewer 2plabe a2QlAnthahef arine,a part
of the outer vessel 201. The inner reaction_vessel 202 is fornmed of a
quartz bottom pl &P€ 2D2ANEEYeFPAGTLACPBoVESAPSUFPaceT Bf AREtBugerSPedSel 201

in correspondence,qibe 10-depresahancand:Acayants coueti3n2Gethay covers

the quartz bottomplate 202A in't pressi on, ere 1s forned a
circul ar openi ng2201bsatcthembdaten iof at Hepoateliouedsélinkdr iasd¢dmnodati ng a

di sk-shaped st 203 d f hgl di .Substrate Wto be 1 d.
Fur thor & heat | REeBChAR SRPAGE P11 BF: APelor S  Brob¥dBd PREFB.PRE ot age

203. It shoul d bepohnat edath@brinBeashage 383ths ohekd {ekakabbyiand at the
sanme time novably in the ug-and-domn di rections b{ a substrate
15

transportation 20 part 204Tppoknded aeaathenevepart 8P2thée daraed pfocessing
vessel 201. ThergbﬁaaEggsﬁ QQszﬁgaké bebd ngg??hétgpF%ng own . betyeen an

upper nost processi rtion and a | ower nost Su ateé in/fout position
wherein the processihg pasetri oasssldedér thnedrsashoRBehbat tbheheur f ace of

the substrate Wan the stage 203 to be procesggg geﬂerall coin%ides with a
surface of the HGRFEZSHBEt BRFpRafiBa363ACOVET B”that covers the

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 movably 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.

On 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 204A in the case the stage



On the other hand, the foregoing substrate in/out postaSESFEMBERS006 n
correspondence to a 30 substrate in/out opening 204A fornmed on the sidewall
surface of the substrate transportation paft 204, and a transportation arm
204B is inserted fromthe substrate in/out opening 204A in the case the
stage 26 SEPTEMBER 2006 - 8 203 has descended to the substrate in/out
position. Thereby, the armholds the substrate Wto be processed and

lifted up fromthe3sHakagesekntke sbaghe 20Bsteadel ihy/edtspatathynl.ifter
pins (not shown), and 5 takes out. The armfurther forwards the substrate
thus taken out t&NETRBYr pPEcEEE hpdfAehEhe BRESTER&RsPotPaPfon arm 204B

I ntroduces a new,gupgktake W tlcif?%dphpc?%ﬁd hat QuiRe 8ubgt Lake s

a
transportation part 204 via the substrate In out openi ng 204A an fo pl aces
the same upon th&0St agea203ftedesshageb203ifhes pansyﬂngtashewnsubamdate wW

to be processed is held rot abI and th sane up and down
by a rotary shaff25658° Héld ﬁyaémbggfgharp PEW3HE'S; ﬁgg ﬁﬁéﬁgf%§ seal 205A,
15 wherein the spage kBkwhi elitt ke wohaky FB@EES@Q5@urﬁﬂéQ$ gpeand down is
hernetically sealed by a conpartnment wall such as bellows 206, and the

like. Further, tHENSpaE&atdoayacial8dBt énhrgAuGaEUBNTSHaBEDSRiITgher W han t he
interior of the vessel 202 1ia.a0,28 eyacughion.oneniag pat bllystrated. and

the contamnation to € su s rate processing process arrle out in the
i nner vessel 202pestsdféessbulchy sabsicdede hn/oudeprnlengDéAsamh

differential 25 evacuati t he sta 3 |s r ded with a guard rin
203A of quart% gP §§e§u5ﬁetﬁﬁpetﬁgogu§ﬁ8 ag PLER J J

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 2053,

15 wherein the space in which the rotary shaft 205B
moves up and down 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 of the opening 201D formed so as to
accommodate the stage in the cuter vessel 201. With
this, a differential pressure is formed positively

with respect to the inner reaction vessel 202 in the



203A surrounds the substrate Wto be processed. It sHOGEETBMBES28% ¢ hat
such a guard ring 203A restricts the conductance between the stage 203 and
the 30 sidewall surface of the opening 2018 forned so as to acconmodate the
stage in the outer vessel 201. Wth this, a differential pressure is forned
positively wth respect to the inner reaction vessel 202 in the 26
SEPTEMBER 2006 9 case the space defined by the bellows 206 is evacuated

to a high vacuuntgkat eneThpasidgwdt hegubkagaeobetihewapenicngs201D formed at
the bottompart of the outer vessel 201 is 5 covered with a quartz liner

201d, wherein thevggapted tRep DOYH EREEHAsSta@fE€her in the downward
direction and covers the bﬂ%egig@bglgfShgﬁaggb%%r?ég ﬁ Eﬁ@ﬁgO@Pgbion part
1, t e

204. At the bottom part of the outer vesse re a or med
evacuati on groovésr@dlaaandh2Obbttoonpectedft aheheutespeesiseé @vacuati on

apparatuses at both sides of the opening 20 wherein.th evacuati on
groove 20la i3 eﬁagﬁﬁﬁgdw9ﬁg & g8fd ?tllgﬁ¥aﬁgﬁg'aw SﬁS&Etgﬁéqu§F$é 15A,

while the 15 evagyakhonoaHoa%ecAQEb fi,$+8KaCYAl @feViiBwawaeadudiit-ec294h and a
conduct ance valve 15B. In the state of Figure 2A, the conductance valve 15A

is set to an openddcovere Ehel ennke veAduofanbe wab¥&rasB is set to a

nearly cl osed st r.der t alinze the 20 opened and cl osed states
W th reliability?&gpskgrgsgg grggﬁg ?Péf t he conduct ance val ves 15A and 15B

are not closed conpletely an the bbased phateodndhemdunkai veasdagrea ,of
val ve opening of about 3% The evacuati on grooves 20la_and 20lb _are 25
covered withI% | FREFS288 0L OEMGHarPV2CYPALET JRGOVREr ¢01a 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 15A, 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 15A 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 209A and 209B in the
quartz bottom plate 202A in correspondence to the
evacuation grooves 20la and 201lb. 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



are forned slit-form openings 209A and 209B in the qUArSEPTEMBER?0Y ate 202A
in correspondence to the evacuation grooves 20l1a and 201b. In the

enbodi ment of Figure 2, rectification pTa}%s‘ZOQ formed with the 30
evacuati on 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 26 SEPTEMBER 2006 - 10
inner reaction vesselh 283cthkunt Reksequanpz gas nozzles 13A and 13B are
provided in the inner reaction vessel 202 respectively at the evacuation
grooves 20la and 201b 5 sofagtherfagdawitehJaégchosehes déPogsc ReBrafrer 12.

Thus. ‘the f1rst BLBcessing 0ancl treduced Liam Lhe,gasogozzl e 13A 1 ove

along t he surface of "the ubst rocessed through the inner
reacti on vessel zﬁgpandlwslgvamuahedewaauhh&onpgmswn@slaO&waem@tQ@nhopenlng
14A and t hrough the conductance 15A Slnllarly he s congzprocessing

al v
gas introduced fPofSt k€ §§enHiE¥ ef@@ PIEBRE ACERGSt hES ¥diEcd20f t he

substrate Wto b?hﬁ%oc%%%e@1E@EO§QBce%Q§n? gk [eachieresse 202 and
evacuated fromthe 15 evacuati on openin 4B vi a the conductance val ve 15B.

Thus, by fl owi ng3Jeise npizzde éﬁd:§é@®ﬁdaﬁp@@e§§ﬁngur§§§ésOélﬁ@ﬁnately fromthe
gas nozzl e 13A t%u%@%ra%%aﬁ%aEbo%eoﬁg%%%%s%éAt% oﬁr%”k%%el%%% nozzle 13B to
B, it "becormeés possible

t he evacuati on opening achievethe film
formati on one nnke@@kabnlayeseby2@aeanmnhecubatuba¢ervas expl appeding
previously. Figure 3 shows the construction of the uartz bottom pl ate 202A

that constit & es SVREURAAER OP&RATI%0on APessel thgRuCh &QFaFPnduCtance

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
guartz bottom plate 202A that constitutes the inner
reaction vessel 202 in detail.

25 Referring to Figure 3, there is formed an
opening 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 20la and 201b are formed at

30 both sides of the opening 202a. Further, in the
example of Figure 3, the rectification plates 209
having a slit constituting the evacuation opening 14A

or 14B are provided in correspondence to the openings



25 Referring to Figure 3, there is formed an openi ng X088 TENBERZ08ar t 2
bottom plate 202A with a circul ar shape corresponding to the substrate Wto
be processed, and openi ngs 209A and 209B %%r?esponding to the evacuation
grooves 20l1a and 201b are fornmed at 30 both sides of the opening 202a.
Further, in the exanple of Figure 3, the rectification plates 209 having a
slit constituting the evacuati on opening 14A or 143 are provided in

correspondence tgoihae seReniongs 26 rSERTEMBER 20067 bbl £ 0209A sakd 2208B.

Further, the quartz bottom plate 202A is provided with an opening 210a in
correspondence tdS PREVGaShyithe ar3RPCAAAJaR 10PeATNGOZIBF ORISR G\E d&d i n
correspondence t h a I 3B. rayi.di. e . i Z1Pa or
210b to the quar?;%bgﬁgoﬁpgﬁg%é%B%GZRD%¥F% %&&réﬁ%hgégg?ggpgg! econes
possi ble to prodndecihre spasndeozrzl &cl3Aecogak3Baozzlichd 3IBNnN@y pguroodesisiong

vessel 202 with plural nunbers. Figure 4 is fl owmchart showi ng.an ALD 10
process sequeﬁce%éﬁn&E@Pé&giﬁipﬁeo u&gpFaﬁg %ﬁﬁo@@§§$ﬁgb S H0 of

Figure 1 and 2 ungen wGemt Hhrefl thereertrak wadomt@AJsithe ease of
formng a Zr2 filmon the substrate 12 to be processed one nol ecul ar |ayer
by one nol ecul ar Prgyéde tHeRaRer norg o IPAg@re 14B tile tdenduciednce val ves

15A and 15B are i.n a_first p.1,..a e Lt chi ng val ves 16A and
16B are controllgﬁ%ggggl%ﬁ ngsgga??? gﬁ*&u gﬁﬁ%qspiﬁgé%%ﬁ this state, the
processi ng gases in the pradessiendg das asudpiwyrhairtesh2itea aanriBbb are
supplied to the trap 100 through the  purge lines 100a and 100D,
respecti vel y10an®TEEEES SEQHENCS: KOTANCTEE iR (HE SWPF&15Fe 23a and the Ar

gas in the purgedriges23hAanppatarhised of @ it ke g4 11Z and 2 under

control of the control unit 10A for the case of
forming a ZrO; film on the substrate 12 to be
processed one molecular layer by one molecular 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 1l6a 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 1s 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 quartz reaction vessel 202 such that the

gas flows from the gas inlet port 13A to the



reaction vessel 202 via the processing gas inlet 25 po?qSEPTEMNBERL0IEE,
respectively. The Ar purge gases thus sypf)%i ed are then discharged to the
trap 100 fromthe evacuati on openings 14A and 14B. Next, the degree of

val ve opening of the conductance valve 15A is increased in the step 2 and
30 the degree of val ve opening of the conductance valve 15B is decreased. As
aresult, there is formed a gas flowin the quartz reaction vessel 202 such
that the gas flewadusamonhepgad ignli@r.port 13A to the 26 SEPTEMBER 2006 -
12 evacuation opening 14A._ Next, in the ste% 3, the swtchi n% valve 16A is

r

switched fromthe first st&&Mothdéhsessh® st A€ SHd IHEZEEA gas in the

processing gas Suppl Y 5 dliR@KERA Ardnd RHOGFUGRE ISRkt R QYR I dBRETT ONn
vessel 202 fromthe first processing gas inlet port 13A as a gas flow LF1
as shown in Figusgase, ThadZitbe4 Zrgds ghewiLFthehpsorassoddacedsf sppply

| am nar fl ow flqvi/inrég %Iaoqg_ t.h surface.o%ot ht% substrate 12 _.t.o be 10

processed as éxplained prévi &&slrfdélr?gdi $haiCschar gél(?rtfzr gﬁatcﬁ%oélvacuati on

openi ng 14A. Wt kelshied pooce&s®m tdlodi refte pralecdiarg lq@yer mfetZrGhk& i s
absorbed upon the surface of the substrate 12 to be processed. In_ _the
foregoi ng step 313% a$héul9dShd Lot éd1t Aat SEABN15NsEEBHES SRt ERPngT¢akve 16B

s inthe first sialencande tbnss the:0n.BUR0R 9AS Libhenking;gya is

introduced to't guartz réaction vesse 2 fromthe second processing
gas inlet port 13BowAsigaalesiy tthet Iserfpceblodmtdfe tshibsZr@te drodessieng gas

the Second prhcesSERGoGad Bl BEgrT SIaE AT THaIY: A frod T RITRY t her e n
i s avoi ded. 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 quartz 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 is
increased in the step 5. As a result, there is formed

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

Next, in the step 6, the switching wvalve

16B is switched from the first state to the second



Next, the switching valve 16A is returned to the firsté SEPAEMBER 2046 step 4
and the reaction 25 vessel 202 is purged the Ar gas. Further, the degree
of val ve opening of the conductance valve 15A is decreased and the degree
of val ve opening of the conductance valve 15B is increased in the step 5.
As a result, there is formed 30 a gas flowin the quartz reaction vessel 202
fromthe gas inlet port 13B to the evacuation opening 14B. Next, in the
step 6, the swi tehbng,vahdeth6BH;@ gas t thethd romotdesingsfast atppiy t he

second 26 SEPTEMBER 2 .- 13, state, and the H20 gas in_the processing gas
supply line 16g§F§eigggoaﬁcéBtFRFBCFHenggrFgerggégﬁénr698§§8 202 fromthe
second processi ngegasli nbet rpemt thd3Beasna gasctkewngF3aas ishewnportFi gure
6. The H2O 5 gas flow LF2 thus introduced forns a | am nar fl ow ?Iomﬁng

al ong the surfacé38f a6h@ gaBstrareli2 1% PeOWhr bR B2 s exphai A& before
and is dlschaggegagrgqbwt ?zeyﬁfy ﬁ%?b%ﬁ@@ﬁ”ﬂo%gg-avg%ﬂ%ﬁgfhffo@rOCess’
t of the's to

Zr C14 adsor bed the surtace ubstrate e processed is
subj ected to hydifdbysng, aandgt heeZsGRfatiel mfi shtosmedtwatk fRetbhibekness of

about one nolecular layer. In f?re80|ng tep 6, it sgoul be naqted that
Che first switchPRGCGFVE 2BACKELRATEReDSTPEE JbFais, CanaeRged Shemar pur ge
gas in the line %ﬁeZ%@abﬁakmbhogpegénbanBthaigﬁa%héhrga@&b@@s%essel 202

fromthe second processing gas inlet port 13A. As a result, the probl em of
t he H20 gas t husZitRtle cdidieedled riom thhe Seebaee ppbcelsi figbgasatal &2 port 13B

ST Ao B LS cBLRGETE 00,988 AL EL BORL 0138120 A0 3100
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 1s introduced into the quartz 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 is evacuated

30 from the evacuation openings 14A and 14B at the time
of purging the reaction vessel 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



It should be noted that the gas nozzles 13A and 13B alcSHPAENEBER{280thave an
el ongate nozzle opening of the slit formand that the evacuation openi ngs
14A 25 and 14B are forned to have a correskonding elongate slit form in
view of the fact that it is desirable wth such an ALD process to forma

| am nar flow of the source gas in the quartz reaction vessel 202. Because
of this, the purge gas is evacuated 30 fromthe evacuati on openi ngs 14A and

14B at the tinme 1ab pdrehngsthe Feastianivessek. 208ukn therpkepakeof Figure
4. On the other hand, it should be noted that the conduct ance of the

evacuat i on openi K4S SWASHREL26PSEPTERBER 2008ratug41014B shetReeslit formis
limted. Thus, 1Q E98n885%P tg§o§BQ§E§§tS BhiGE a1dd.20Y Eﬂbﬂ%rég |'s the one
arge di aneter supstrate

desi gned for processrng a Such as a wa of 30 cm
di ameter, for exampheasas batfhe s@b30ramediamtoche poecezasglea b@ng time is

needed for evacuahing t he reaction vessel 202 of Iarge vol ume, even in the
case the conduct xh€eSVRFVEate154 SAdPESBTAFESFRAY y20pBREdT 1TRerEby, t he

throughput of tRhecgubSkLat 8BvREAGESALNENES rdgEerbAr §8de102ppeyist ably. On
the other hand, in the case the opening area of the evacuation openings 14A

and 14B, especuéatgethelumébhevhereofthﬁ phéegabefbgmdudtaecel@aIVE§
|ncreased for i V|n ef fi vaguat i e flo
WH %5 8 ES are y28§eBeg %HeFSrHOIEH t rgugh

source gas in the reactil on vesse ECOnes IS a

possibility thatthehadsabptmameobrbbessmugc@sgaétetlo@aeeanlecular | ayer
may not be achieved with rellablllt% Further, .in the ALD process t hat uses
HO 20 for the oRPHAERBAYof OPhEh&dSEREEdAB Al 1RoFBEUFESE T

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 source 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 ZrCly, there 1is a tendency that H0
easily cause absorption upon 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 H0
is introduced into the processing vessel from the
switching valve 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.



speci e such as ZrCl4, there is a tendency that H20 eaZi SBPTEMBER 280s0r pti on
upon the processing vessel inner wall or the switching val ves 16A and 16B,
and because of this, it becomes necessaryl®o carry out a 25 |ong purging
process in the step Si in the case H20 is 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 filmformation processing conducted

by the so-called atom c | ayer ;34 tAkiDsaRRakaPUs chifats 11elzieds W adsor ption
of nolecular |ayers, to inprove the throughput of the substrate processing

as conpared w t hdilgeloisled af eomstiros tgooc edsien§Vby appagmiars ithedl CVD

apparatus. 26 SEI:ﬂ:EI\l[%IéISC%%O% gEas;e%&I gogr}ic%eglﬁ,?&l[a%glf el?l%t ent &%%6 365, there

is disclosed a ¢construction D appara i ntroduces a gaseous
source from an emdoekstsieg preecedsihegd Megsehehehbhishgattlke taulst rate to be 5
processed horizontally and evacuating fromthe other end, wherein there is

provi ded a radli cEFOSEFSEE BT IFRR LG Lh@NSoGVEE UShpPIG dLOMTH&ESe GFAEL it s

conceivable, in the WA & HIRCESSIHGARRA &l Y88l WHE R 0 10
oxi dize the netal nol ecul ar |ayer absorbed on the surface of the substrate

to be processed, dme @i e eopgee rsagipddles.supplied froma radi cal source.
Wth the apparatus of Fi U eerze,u %%wevi%r 5 ot p:e heii%gtoloef tir;]e . eaction vessel
202 is very small in view o e Tiyeed *15 16f PO ng a 1am nar %1 ow of the
gaseous source i Bubshe ateaglrioer swdsselappB2atand oft Higudid f2,cwld to provide
such a radical source. Further, it should be _noted that the foregoing

Uni t ed StateéoPaF@ﬁ@l§f6F®@5Hﬁ§§lam01ecular 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 is 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



20 construction in which such a radical source is conm$SEEIEMBER2B¥rt of the
source supply line via a valve. Thus, when an attenpt is nmade to use such a
construction in the substrate processing'dH%dTatus 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 tine period, preferably

0.1 second or |esse thipwever fitherbeshnobagypenabkirpangueithagh speed 30
switching of gas has not been known conventionally. Meanwhile, it is

general |y necess&tpaping PeF6SFt PeR1apparats F8Tr ERvBUBPEERPPEat es
deposi ted '”S'dgukheapkgggﬁﬁkggﬁgséégg,05 gsécbkoeh!8§§ﬁé @&s%@mSEETENBER
iI''mtor by t a c

2006 - 16 the tine of tion, arrying ou eanl ng process
periodi cally. Forflubeiper pgstéeof hasubkea tkedncngvpnodessllg.gas of chlorine

systemor fluorine _system has_been_used conventionally. 5 Particularly, the
o771 ol ency oftt nEREISEHERG Lih otBee SEEAR BB T nBrobad SIAPRPEARERSSBY uai ng
radicals fornmedchy @%t&m%EbﬂgdSB@Bn&f§EﬁﬁﬁﬁpgbgaﬁsQMngQQH&al%n the
substrate processing apparatus 10 designed for the ALD process of Figures 1

and 2, on 10 thé&oshker bvapgtivaEingi ghchoh cheagiagt gasekyt PdAsShéssel 202
islimted to only about 5. I N I he nneed of
formng a | am nar flow inIphggFggkg%g%gggs nggg%}hgnébggrﬁgggbggn

difficult to prdesdgnadr &dircahesalDceraseexpbdi Fedulretorne and52Because of

this, it has been difficult to carry oyt efficjent cleaning by using the
radicals in the t§ﬁb§FP§FeL6P§Ce§§FnBeé55§r8?u§hf0guF§§FeﬁF%ﬁéF8Pence 1]

Japanese Lai d- OpgasBatien? 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 cf 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
Rpplication 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 prccessing 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



20 Application 2- 74587 [Patent Reference 2] Japanese MoEPTEYHERZf@Nt
Application 2001- 514440 [Patent Reference 3] Japanese Laid Open Patent

Appl i cation 2002-151489 25 [Patent Referenté 7] United States Patent 516, 365
DI SCLOSURE OF THE | NVENTI ON Accordingly, it is a general object of the
present invention to provide a novel and useful 30 substrate processing
apparatus and a val ve apparatus wused in such a substrate processing

appar at us wher ei B -Jhe f ARQRIAGPHELIeTS 3K 4ol laMshRlsedatAnot her and nore
specific object of the 26 SEPTEMBER 2006 - 17 present invention is to

provi de a substr SOCEFEGOEs SIPRG TAHPEr &10Fs CRET YEROr Piukg 2ouléh PACDSHSoCcess
wherein it is possiblg.{g.sql, the genductance of AR GYAGUALON oLt

evacuating a reaction vessel t val ue during the ALD process
such that there dvadueties dosttakivacsatrice gasehlcawonn vieheeflortm afavd ami nar
flowor stratiformflqQw in_the reaction vessel and wherein it i s possible

to set the cénd@ctiide V6 HEv &Y NG f&ev e PAGCERS &Yl §itdG F¢SFocess

such that the interi Ry Lhe:eac! QU eSSEls f19uundetd Baamshart tine
period, and further to provide a high-speed variable conductance val ve

appar at us used wiltamiswgh fa osulest sdtre tprfoces Siloy iapfaeatngsicti®nAnot her
obj ect of the present .invention i.s .to.provide a s%bstr tipprocessing
&ri %o cutar

appar at us carryi n§>S5dt 28Gs SNFEGR arfd Tox PREST f-Cm5i | ayers
alternately and repericedncamter eiakd he 1Ehgeushnuwe ofuriswbst iy iplpcessi ng

's Trproved ?g C%&%@e@% %%%htﬁiat 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 out 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 thereon a substrate to be processed and



20 oxi dation by using radicals excited by plasm, and %6 SERTIEtBER 2806
processi ng nethod that uses such a substrate processing apparatus. Another
obj ect of the present inventions is to br%@iﬁe a substrate processing
apparatus and a 25 substrate processing nethod capabl e 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 30ctQREWIAE A sUR LIRS iRH0ERTS; NGr@ppar atus, characteri zed
by: a processing vessel provided with a stage holding thereon a substrate

to be processed and 26 SEPRERBERC20@6S suP®lydngcsaséematthat eumpldisison
port; _and a souy% 888 %%%E%%I?ga%%SE%WESQ%tP?§%%.O§%§ @%% %I source gases

to said processi Wéssél el the Ianlnar flow, 5
wherei n sai d evacepairenegr tlnha&ea f:blnmt off @r maghiape &iending in a direction
generally intersecting perpendlculargn to a direction of said_ |am nar

flow, said evacuation port " r@ﬁ@a&é& iSVRCRatIOT ROFE R&F Ry 54 Wl ve body

formed with a slidydor sHa %p%wt%&dq%@f §$PANGiNGHQ oFAlgE nelrahqfyor m shape of
said evacuation port, idslit-tformopening being provided’™so as to cause

a di spl acenent vviitnrtetrespeamgt vegpied difudwadyatticor Paredtioa difr eetiidon
general ly |nters%pt|n%& %3 endlcularly to an extending direction of said
evacuati on port al Changlng a degree of valve opening thereof via
di spl acenent of said slit- said evacuation port is engaged with a

10 valve having a valve body formed 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 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 of 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 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;

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



f orm openi ng. 20 Anot her object of the present inventiXPEPIEMBERZAYi de a
substrate processing apparatus, characterized by: a processing vessel

provided with a stage hol ding thereon a substrate to be processed; 25 a
processing gas inlet port forned in said processing vessel
of said stage;

second side different fromsaid first side with respect to said stage;

first evacuation opening fgnrmedatlasabd spseeRsebAde¥essekoakagai d first

si de;

second side; andf2E5SSEPYENBERI2D06PENiNg VAR avAéuati SATdp

sai d

at a first side
a radical source formed on said processing vessel at a

30 a

a second evacuation opening formed in said processigg vessel at said
e

first evac

connected to sai

conduct ance

a substrate proc

provi

processing vessel at a first side of “said stage, " sai
nozzl e introduci hg arbivide as5spbstessengrgasssnng sabdrptusessi ng vessel

t he

ded with® a

formof a f

10

15

20

25

30

m connected to

g%hh89t8889iQQl%E?aﬁdfEBEBeX%EBaPBesaﬁangg%Bﬁﬂce val ve and

secon

evacuati on opening via a secon vari abl e

5 vakeeuaBAhohhepeabnegctriaf at hecpndseatrieblentoaduicsante provi de
g;iing apparatus, characterized by: a processing vessel

y&- 10 hol ding thereon a substrate to be processed and
evacuated at an evacuationapgiherachikst SeULRE §ggggﬁtngﬁ%ggtgg5n§g in said

first source supply

in

EESt Igg&gggdfggwg a second source supply nozzle fornmed in

arac

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
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
said processing vessel at a second side of said stage,
sald 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
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
formed in said processing vessel at said first side,
said second evacuation opening evacuating said second
laminar flow therethrough;

a first evacuation conduit connected to
said first evacuation opening;

a second evacuation conduit connected to

said second evacuation opening and provided with a



sai d processing vessel at a second side of said stage,26 SFRTEMBIRA06 sour ce
supply nozzl e introducing a second 20 processing gas into said processing
vessel in the formof a second |amnar T1Zw~a first evacuati on opening of
a slit-form fornmed in said processing vessel at said second side, said
first evacuation opening evacuating said first 25 lamnar flow

t heret hrough; a second evacuati on opening of a slit form fornmed in said

processi ng Vesse&oﬁ&ué@&ﬂcéi5§Ei§%9@iVﬁ§@éd sggond evacuati on openi ng

evacuating said second am nar ow t heret hrough; 30 a first evacuation
conduit connected to saidaftcilsanéugcgasi spuopencagneatsdcondsetdcuati on

conduit connected to .said second evacuati op opening.and ovided with a 26
SEPTEMBER 2006 £°50"CCORAGREAAER GAPRABFe=baPvEOSARACR BFEARPRG 848 sour ce

connected to sai dec6880BFeRYAGUEHHOBaCANEYhEuAE aAcBOShE BB betweer, said
second openi ng and sai d conductance variabl e valve. 5 Another object of the

present invertion is to pRBYFHErachightspéelinfoPar§enal vBYeBRAPACEEri zed
by: a main bOdy’t8a§809§H _body RQBEQ BOEBEQr “%Eﬁbea xgkggééggkeanternal
Srt “exten B

space; a slit-form suction p rng parall el to sard cylindrica
i nternal space ihyeommunication with said internal space; and an evacuation
openi ng communi cating with said jnternal  space; gﬁgollom/cylindrical val ve

body provided 15 rotatabl§ PALBaP8%¥ai A2bedPeth ¥gRReRE” WPtRedai d

internal space; @Bdh. 3 cylindrical internal space; a slit-form
10 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
15 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
20 opening having a slit-form shape corresponding 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,
25 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
30 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 rotating nechani smcausing said valve body to rotat% SERTENBERF00G ar y
position, said valve body being formed with a first 20 opening having a
slit-form shape corresponding to said sucfton port, and a second opening
corresponding to the said evacuation openi ng. Another object of the present
invention is to provide a substrate processing nethod, 25 characterized by
the steps of: (A purging an interior of a processing vessel; (B)
introduci ng a preegs%irlig02% bRt @rericdsap;ocessing vessel froma first side
of a substrate to 30 be processed and evacuating, after processing gas

mol ecul es are adsorbed to dCGuPtagansh sditerssBscr stepr t(&8)be 3pr ocessed, said
processing gas fr. .SEC id I id first side with respect
to said 26 SEPTE ﬁ%fggé%%?sfid gﬁ%@%&%ﬁé%tg%gé%éﬂogégged; (O purging,
after said step (B), an ineriiertredusdind, padecessisaddveses ;(CGand (D)
introducing, after said step (C, 5 radicals into said processjng vessel
fromsaid side J&RE&RdSsdBCr 8d St HTRESSSIEEs V8§ Sedatdiofy SHLUALEn i n

sai d processing gas Jmlecihes akeorkedUpen (aisdq,SualaG8 Ol Said st rate
to be processed, and causing evacuation fromsaid second side, 10 said

radi cal s bei ng fdmnedilsy paocadisdaly gesuned ecsdied radiordlest hgiomg seaused to
flowin said steps (A a Q). to.flow. fromsaid radical, squrce to an
T kg 100, & LA 5o s Bing ~ oS ek

evacuati on syster% 0 said processin said step
(D). 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
molecules 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,



Anot her object of the present invention is to provi de2eSEEAIBFR 2806
processi ng nethod, characterized by the steps of: causing to flow a
processing gas in a 20 processing vessel "a 8ng 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 nol ecul es upon said surface of said substrate to be 25 processed,

purging an interior of sai H¥QRGESHHG e @STRloviREIe A ¢ di zi ng sai d
processing gas nol ecul es adsorbed upon said surface of said substrate to be
30 processed by Gfisiefing 920 &Xiedder G esedsd iR gdst isPishi d
processi ng vessel Qng. S8y a : j trate tQ be processed from
said first side pt%! sal d'% eglgflsgefsll %gt OJZ%%M%%%(S% a% 22 wherein there
is provided a steftfaviadidtyatgtng slaiek oxidaitdropracessianggas i n said
processi ng vessel a? %ggs first side by an wultraviolet optical excitation
process to foPm 5 's. Anot her object of the present inventionis to

provide a substrate processifigHEt had conductiat By e s riubsivaite JH ocessi ng
apparatus, said substrate processing apparatus conprising a processing

vessel 10 provi deéd \mindvigles taagaltadl wh iyy nvegeseviirg quddstadhteonanctsd frvcessed

23d Fvacua} .Gd at aagsu%vs Cruagztei Onroocoeré[sinandap%p%rsaqcl{f C,e A% S sltyrastye'S tem
pplying first and secon Oource gases 10 sai d’'processi ng vessel

separately in thedagnioflg agmratirs fddwrising 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;
said 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



15 said evacuation port having a slit-form shape exteRGSERTEMBER 2li06 ecti on
intersecting generally perpendicularly to a direction of said | am nar flow,
sai d evacuation port being engaged with a ¢dlve having a val ve body
provided with a slit-form opening 20 corresponding to said slit-form shape
of said evacuation port; said slit-formopening being provided so as to
cause a displacenent with respect to said evacuation port in a direction

general |y interseqgtimgper pandl carly A ggé}c?ggmgaﬁtd Ngh 2 difectd on of

sai d evacuation port; sald valve changing ree of valve openinhg thereof
with displ acenentinfctsigird &ff isafdbreavapetiing maith avdciatieh yorh

conprising first and second vacuat.i.on, ports. provided respectively at first
and 30 second, lLFaﬁtl’y Soepcpodjsq‘enagfl ﬁﬁd"lpra t?%?”g%ﬁ cFan'l'o eﬁseg’fcﬁ]dl% e in
each of said firsdiandisecod sLMBCHRTd ODRON t=5:1 S0 ith el Me Doty haidg

formed of a hollow cylindrical nenber rotatable about a 26 SEPTEMBER 2006
- 23 rotatiofal SBEIDAEHINY FErAITCaT P SaeIRl ngheli ext% on of said

evacuation ports fﬁ%ﬁ%&aﬁiﬁigegqnéme@%ﬁ h g ndgs each

extending in a Irectio rotational axis; 1n sal Irst and 5
second ends of safdrmproesgsstnigrades settertdiere faren guioVifdiedsd iarsd and second

nozzl es of a birds bea formrespectively extending, fromsaid first and
second evacuat i on%ecpciﬂcrse‘fa(ﬁb?rtdl%rg? PYUBSITREF T 5 Hed %%Q%%te%as% R B part

closer to said sybsdddfed ey Ik P crsned 1N said slge-ad hd espect to
said first and second evacuation port as said source gas supply; said

substrate prdfesuRFeHRRe aluss Hal i FHpIe midilcale sy deo caRipl el 1%E sai d

first evacuat'Oné%Htéedé%&%gégcuation 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 port, 15 said first through third opeft WRrEYEER20060r ned in
such a positional relationship that, in a %i rst state in which said first
openi ng comuni cates with said first evac 4tTon conduit that evacuates said
processi ng vessel at said first end part, said second 20 openi ng

comruni cates with said first end and said third opening is closed; said
first through third openings being further fornmed with such a positional

rel ationship th_afo,peinrl_ng secendsegt 84ia Wiirgh sairdughi kSl reppid rigs
communi cating with said radical 25 source, said third openi ng comruni cates

with said first bedd%darmasd vidibd ssedorid Ragdifiimipals rgleddpnship ddiat second
evacuation port, ;said 41184 thoeuoh , thisre qpen _r}g_srstgeiaﬁlgi f4 (rfg;glgi with such a
p

positional relationship that, in a third state in which sai first
openi ng i s comursldatifrrgmiioplensaigsd seeord o seviac satiidort hdomwd w1t ttHfatrmevacuat es

cormuni cat os. Bt FFERE% ACond BRG BAT: SHITLR AoFRiians SESFENERTS00s -
24 opening is clased;trsaid siikstedritr Geh ik dreRenidades Raidig fargred with
such a positional relationship that, in a fourth state in which said first
and second slit-Seeondop@iizags & gas esEPlysadilget Hisr @roiviidefdorim Hadggening is
formed with such,a,nosj t1.903ly rrelm%ﬁ'r\ib%g:s @o%st%aciu%i%? "4 1 BQReNing
comuni cates wi th sai econd noz2 €, a gas supply I'ine is provided in said
hol | ow cyl i nder n®Rer o ersidniduteivag usaiidny glore ;body at said second
evacuation port; 10 said substrate processing nethod conprising: a first
step of settﬂﬂg said first Sald substrate proctessing 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.



evacuation port and said second evacuation port respedtPRRIBMBER2M6d fir st
and third states and is evacuating a processi ng space inside said processing
vessel ; a second step of setting said fiTst> ®vacuation port and said second
evacuation port respectively to said first and fourth states and 20

i ntroducing a source gas into said processing vessel fromsaid gas supply
line via said third opening and also said second nozzle of said second

evacuation port; a third shepnefr e8ijkichdcFakdef birelsed? avaewtiodn igort and
sai d second evacuation port respectively to said first and third states and

evacuating sai d pPoPESIIAG SpAUEStASItGe PSRICESSPROCESEINRY FosSEICteghdYa
fourth step of settdi L ir e L pQrt: a i econd
evacuati on port %r tesgl%%g?:%\btgl %rtoo%teésasi:?TL gs\eéggﬁgtalsttggt’e%g%g sggibgactr%lt%d state and
i ntroducing radi palogeisstings apgapatces songrivéagela prowvesaictg adiscall sour ce.
26 SEPTEMBER 2006 - .25 ~ Anot her objec ﬂf .the present inventionis to
provi de a subst r &FEVFFECe ¥Ry AnSRGE FdCLed By eOR SuSHOSHE St 5Cessi ng

apparatus, said $}b$iiRle scRl QGRS v IARRA atUsnC @VRICUSItNSrA 3G essidg
vessel 5 provided with a stage holding thereon a substrate to be processed

and evacuat ed at aasogvrgeugeisosuperlty, syisdema ssipplye ngas igwiplay ds petoemd
supplying first and _secand sQurce .gases t o sai dvproc ssin vesse

separately in t R€ F6Tm36T 8 1"anichdr 176w, £ $ai’d *6Vac Tatim 6 poP{jﬁhving a
slit-form shape téxt erdimn@fi & 4 agiim@at ifQw,nt er secti ng general |y

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



perpendicularly to a direction of said |amnar flow  SIFFTEYRERL0ON port
bei ng engaged with a valve having a valve_body provided with a slit-form
opening 15 corresponding to said int-foTn?éhépe of said evacuation port;
said slit-form opening being provided so as to cause a displacenment with
respect to said evacuation port in a direction generally intersecting
perpendicularly to an elongating 20 direction of said evacuation port; said

val ve changi ng grdegresl afirsal wacoperiond nkeraels wit b pdirsp acenent of said
int-forn1openin%; said evacuation port being formed as first and second
evacuat i on port s J98vicde@ntediFe dHoFe NE SRR VSt CRAFSSPREIS, nutual |y

opposing end par Ly dhsails PLOGESSIIoeSREl dpstach Ok said 1Tt and

second evacuation ports, said valve bo being tforned of a holl ow
cylindrical nenmberacetssteablae abeatrta aletsatri doalsadxd substteradiengopdieal el to

t endi 30 di ti f id t. t d for. wWth first,
econd and Cher o FSRERATEE SFci it EHRCRy T “SAEFES: f16h SGF e T'0t al | onai

axis; in said finssd ardonseeRE RRASOHcTd & sPRERS Hotd et sudiare are 26
SEPTEMBER 2006 - 26 provided first and second nozzles of a birds beak

f or m ext endi ng f PorAUEsedisyd id6r rashendiurge Evgc ddicons pamoy idasard sai d
substrate to be .pf %“a%%s%‘% al & RAnLCly %e.rsgtcgin?g'tn%zzz‘i LT gte (fta%?e >

processed on sai& stage wth respect to sai nd “Second éevacuati on

port as said sourfde sgasvadppityon doxayr eaighs ildste thnduahpwihgerdyas |ine are
provided to each of said first and second n?ézles;,in said first

evacuati on poPt, SOFHGS S FEFFhilrd SHERofe MATdE W&y formed in such a

posi tional 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
ocpening 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
said 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 relationship that, in a

fourth state in which said first opening communicates



relationship that, in a first state in which said thi?POSEHIENBIR 2006
communi cates wth said first evacuation Sgduit t hat evacuates said
processing vessel at a side of said first“end part, said first opening 15
communi cates with said first end and said second opening conmunicates 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 cormtn catied sdddhd@wriuhthiorstcoaaniugt iny trandwd ,saied t her of
said second and third openings conmuni cates with any of sal d first end
part, said first Sr?ofzoﬂde A g |quﬁnlr\§iﬁa&9§ﬂ%‘?@c¥r?ddiltt |"%Pﬁéaﬁfd second

evacuation port, oS %é‘ddn%f ughy L N3ty %%%(iﬂd&ﬂsexpd%dhgc 'Fﬁﬂn
suchap05|t|onalS ation |pt% r"|tn y hird state Vﬁc saldthlrd
openi ng is comuni cat| ng wisaid %A@@%@@Wﬂ@mml t that evacuates

said processing vessel at said second end part, said first opening
comuni cates Wit FE¥Rd %$8%nd end part and 30 said second opening

comruni cates with said secqqcflmzzéteép i Gdddislg tgylo;ugﬁltgu rd openi ngs
being formed with such a p05|t|onal relationship that, in a fourth state

in which said fi rStadEddidy RYFmaic @t@@f@@ﬁﬂr o8 Pt with said
second evacuat| Of}ce‘sgﬂefiﬂr%fvel'}?'ttdﬂ%fa 34 hoit a%%coé?ﬁdtac{‘dséal’ddésd HReni ngs

comruni cate with an sai'd secon e or sal d second evacuation
condui t, said sulstaatee iprocigstss migometthoth icb poenyEs simy: veesée]rst step of
setting said first evacuation rct and s d second eva u tion port
respectively 00 said first aansde ¢ G Sthterior of said

processing vesselgyacuation port and said second evacuation port
respectively to said first and fourth states and
introducing 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.



10 a second step of setting said first evacuation por#6 SHITEYHER 98¢ ond
evacuation part respectively to said fi rs& and fourth states and

i ntroduci ng said second source gas to said Brﬁcessi ng vessel from said
second nozzle; 15 a third step of setting said first evacuation port and
sai d second evacuation part to respectively said first and fourth states
and introducing a purge gas into said processing vessel fromsaid second

nozzle, 20 a fourth step ofarsgtHdmM@iSRIct fdff She @acieaid dmweeiti cand sai d
second evacuation port respectively to said second and also third states

and evacuating it @GOV BF AP PrLIGTHN G MGF hetd soqndusg ahily fir st
25 evacuation por j | t r nvely said
oL RSTS AR iR e

second and third states an source gas to said
processi ng vessglrdaesmisyy chpfparstt usozzdmgr igmichqa asipddrestsEmofvesetdli ng sai d

first 30 evacuation port,and said second evacuati on port respectively to
sai d second and tHi% d‘OLetdatwég“hﬁd S5a%s Spdding ed:eé%'r Ge FRSTHRSE & d
processing vessdle fgrpsRicdl fdddte viAz @ d 26 SEPERMBER t2Q06 port38 arAnot her

obj ect of the present invention is to provide a substrate processing nethod
conducted by a SuFsRYZRe JRSoceRdiy SAFEMSWPP ding fudsat &rd §esdEssi ng

cpraratus contrl A RS SAGF SR Rt N slagn i n9
and a source gasisufdnm fSteemasuipryifigw,i rst and second source gases to
said processagg vessel Sepiéghfgégéhation 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; 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



the formof a lami nar flow, 10 said evacuati on port ha¥d $EPTEMBER 200or m
shape extending in a direction intersecting generally perpendicularly to a
direction of said lamnar flow said evac@dtion port being engaged with a
val ve having a val ve body provided with a slit-form opening 15
corresponding to said slit-formshape of said evacuation port; said
slit-formopening being provided so as to cause a displacenent with respect

to said evacuati Qi Rt dri oF HARE i tdeRRNald s ;i Nrerss8d ifMd st and _
perpendicularly to an elongating 20 direction of said evacuation port; said
val ve changi ng #efedceensts vl va ishatiatgaiaesesclh tdissis asehent of said

slit-form opening; i : at i f as .fiyst Qn? second
evacuati on ports%ﬁroil\%aggdef\r%s%%e@tn%eﬁ%gl’rog}&jﬁoggztle%[lﬁ? gaelcllo({nsz,b mut ual |'y
opposi ng end partforaf esalethdiproodassi ng: spessdlve saird esylasidiaie processi ng

apparatus having a radical source coupled to sai second evacuation port;
in each of sard 9P AP SsSHTF &%&Fﬁis@rardpff‘r"tdbsﬁtrsaéied %?&f’e body bei ng

formed 30 of a hQJdRWGMd RAT iLala rEIQsJ10tR] aRliQ abil &t d alatdonal axi s
extending parall él to an extending direction of said evacuation ports and

formed with firgirocsssedd candaid ratkagreniiigs mwesee dxttendiaig i i 5126
SEPTEMBER 2006 -angd9 Secg:iorn%cteiv%réu%ftis%{ d rroct %tsi Os%%ld asxoiusl; ei n assai du first and
second ends of sal'd processing véssel Rer 6%aré provi ded 95 st pé)nl&”second
nozzl es of a birds derake fRIanleHenrdiang fourld espedliinee L@ Espoidg 5
evacuations ports toward said substrate to be processed at, a part closer to
sai d substraté tdveaGr Sdessdd I i st SREWS RIS RSt ¥o Y first

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 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
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



and second evacuation port as said source gas supply; 2&SEIHMRERZ6 || ne and
a purge gas line are provided 10 to each °§ said first and second nozzl es;
in said first evacuation port, said first Qh?ough third openings being
formed in such a positional relationship that, in a first state in which
said third opening communicates wth said first evacuation 15 conduit that
evacuates said processing vessel at a side of said first end part, said
first opening cewtiiegatsas dwftihkssaicthrbugst tenddangepandsseeamd slit-form
openi ng communi cates with said first nozzle; said first through third
openi ngs bei ng 26°FTEChEE thoBed i PRSIGERNE Lp&silaitdrass his é@@gnsﬁmpa t hat ,
n a second stat¢qfophiehesalia Lhish QSR RY 1 COBKMNLGA! Ronph i skd 1St
evacuation conduit, neither of said second ané third openi ngs comruni cate
with any of sai dvfiithstsagnd spaond saiad ukition wonziue tor s25 ds siedohnidr st
evacuation copduit; i.n said secon% evag%gtio ort, said first through

third openingd BECRGFPortBTNNCR Sac i ta lp 58 '%ﬁgphpeﬁﬁﬁ &7hi f%hat, in a

third state in waiagh $air@tsegend ngpedinitnicefBURi¢a! 631W tHassaad second
evacuation conduit that 30 evacuates said processing vessel at said second
end part, said Borgcesperilng fdamutineated whikdsergnisacomeiaed part and
said third openi Lea i Is h Qf Is n zzl. r said
radi cal 26 SEPTE%%é&ggg%g%%?ggéh ?LE?SEEIEQ?& ?F%é?lgﬁ%gg hqﬁ%%ﬂdlﬁp%hings
being fornmed w tfhfshchtatpodint whiah relialt ifdrshi poehdhg icommunfiaartets st at e
in which said third, openi connunicatezg_mﬁth sai,d secqnd evacuation

in
conduit, sai d°seddhdt §a&ﬂe%ﬁﬁ5ngoﬁﬁﬁﬁP€ 8% {PPAuddi 3 SeeCord & part and
said first openi RgeeAMIRIERLS I WaltR sSiidhr adiiGalradical 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



source; said first through third openings being forned® WRTEMBIH2086
positional relationship that, in a fifth sgite in which said first opening
comuni cates 10 with said second evacuati conduit, said third opening
conmuni cates with said radical source; said first through third openings
being formed with such a positional relationship that, in a sixth state in
whi ch said third opening conmuni cates with said 15 second end, said second
openi ng comuni cahwescudtibn $RIrt raf eali B aHRRId sidhstisdd gd-pr ocessi ng
met hod conprising: a first step of setting said first 20 evacuati on port
and sai d second ERFARRATIOEIPortC tR1GHF T st a ARt S it thishS ate

and evacuating iJH£rdRfc it 1§87 & JHOGERSIJH s‘é%?ﬁ%ﬁqc?e%‘%ﬁ{‘%esés%l of setting
or

said first evacuation port and sald second evacuation p 25 respectively
to said second state and sa o iffour tstext ateg tamdy ol Vi inp tsa vk duatstorsour ce

925, 0 5200, progessl igyessel Lomed g LS Itele AL e L
respectively to sajili seicoid state And ssaid dibitrd siate and iftrQdusidy a
purge gas to said processing vessel fromsaid first nozzle; a fourth step
of setting said figkicads IEPTRVBERIZOTE S 1NGR Ve sEade tatamb e ot traghid-ashi d
second evacuati o de: respectively to said first state and said third
state and evacuating interior of said processing vessel; a fifth step
setting said first evacuaticomsiXipatemnd st isecaul evaictstt | on port
resDECtiV6|y1%O 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.
Another 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, 1in a state said processing vessel is evacuated
at said first evacuation opening, into 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



said first state and said sixth state and introducing 2¢3RTEMEER Y& 5 d
processi ng vessel fromsaid radical source; and a sixth step of setting
said first 10 evacuation port and said s&céRd-evacuat i on port respectively
to said first state and said sixth state and introducing a purge gas to
sai d processing vessel fromsaid radical source. Another object of the
present inventionis 15 to provide a cleaning nethod of a substrate

processi ng appar g #fce Sy Stisdd1aties AGESSI NG, aApPAAtAID R S g a
processing vessel provided wth a stage holdi n%btéher_eon a substrate to be
processed and eva@RRAALW FFHRVEhd S8t P it GH Pori@ v ded

respectively to i r st i a\%ﬁ%’% i [PESF: T ; %gEa source
gas supply syste?ﬁgséuép%l%/ll%g[qﬁ%ht%'an seco dtggua(r)chel%ggss%és&gﬁoern ely
respectively fromalre meoonikditte tHo maickfdirsy Wk landlHebwaia first
side to said 25 second si in the formof. a |lam nar, fl ow,. wherein here is
provi ded a steép lji“ht‘?]fﬁ% ff £19 S Yas 2N 4 SR SHY si ng

vessel is evacuat@d c@tt&auiidifd rgle VAU DEORNINGpd I 01 SRiwh RIOCESSI g
vessel through sai'd second evacuati on 30 opening froman evacuation conduit

connected to sai dFFulideind Ry kAT Ot gL iRy . COBBHANRP tho tiHee pr esent
2006 - 32 procelh HE oetel S RO Tt th Bt S pal R Shparatus
achieves fil m grovitd dwyosyddioty nge ssmil o€l tlgdsiesh adderdiataly, itvaseadaheys by a
high-speed ratary  YalNR RIOISSLED M PO P8t rent sy S &
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 OF 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



5 filmgrowh of one nolecular |ayer is achieved stabl 96 SERTEMBER 2061 ng t he
conductance to a specified value. Further, _by controlling the conductance
to the nmaxinmum it becone possible to pﬁraé the interior of the processing
vessel with high speed, and it becones 10 possible to performthe film
grow h efficiently while wusing an ALD process. Further, according to the
present invention, it becones possible to change the conductance of the
evacuat i on openi i g ipuously, and hence according to the used source
gas. Thereby, 15 the ALD process is stabilized further. Qher objects and
further features of the prresBHt® ihviehtd"GHhaY 1915EEER SpErehttHs dR he

foll owi ng detail ed descrifpti,on ri6ad Hd o G UNGH] Yrdh the attached
draw ngs. 20 BR E% DESCRI P ON%Q#H% DRAW NGS i gu(rhted G (ﬁagram showi ng
the outline of &icomeer®t;i onal ALD deposition apparatus; Figure 2 is a

di agram showi ng the 25 con?.r uct i on .of a%r ocessi rg\g} vessel used with the ALD
deposition apparatus of Fi WEE Filgurfe F3Fa GogHAE sifwi ng a part of

the processing essplrpdt idiwe 2 grdddaiaidg Jelstwe vkds wi il awehard  t hat
showi ng an 30 exanpl e of the ALD process achieved by using the ALD
apparatus of Fi g@ePoBitHqjuraPrnyad Uf diGPahnehdwl iy e tAlgDbastigeasss

carried out in the g_fé]%; ra'ns]rggﬁvel%s\%qtgor@ SEPTEMBER 2006 - 33 Figure 2;

Figure 6 is another di oW Nng e ALD process carried out in the
processi ng vessel of Figure 8 is an oblique view diagram showing

10 the construction of the processing vessel of Figure
T;

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 outline
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



Figure 2; 5 Figure 7 is a diagram showi ng the construdéSERTEMBER 06cessi ng
used with an ALD deposition apparatus according to a first

vessel

enbodi nent

showi ng

speed rotary val ve

of the present invention; Fi@ué 8 is an oblique view diagram

10 the construction of the processing vessel of Figure 7; Figures
9A and 9B are oblique view diagrans showi ng the construction of a high

used in the processing vessel of Figure 7; 15 Figure 10

is an expl oded Vicew stira@tddn SFOWNATINE igansiepeetiita®nofagdae-dtiugh- speed
Figures 11A - 11D are di agrans shomng%-the construction of a

rotary

val ve body used Wa®rH&hitghsspdddd 2mbogdigepty ity
di agrams expl ai ni;ng, .
is a diagram show ng t

val ve;

n

SFIRFRSERT2A - 12D are
heaperation of the high-speed rotary valve; Figure 13
e outline of an ALD deposition apparatus according

to a second 25 enbodi nent Fifguiree 1pr eésert dimgerin emowRinguraes BLO Sidm

fl owmchart show n

an ALD filmformation process according tg the second
embodi ment of 5t he BB FRPERS o CCoTAIeEed by TSy TS A

A5 e 5dsi ti on

apparatus of FigutR bes3dtFiigied ti®n ThddicR@kamyshawing e operati onal
characteristics of the high-speed rotary valve of the present invention,
Figure 16 is a dicspostsiotwiamyarad uss cSEPTEMBER 15006 - 34 construction of

an ALD fil m deposition app%ﬁ%%&% l%cggr%?%ga%%aﬂl%m&qu%pQQQgnent of the

pr esent

10

15

20

25

30

construction of an ALD deposition apparatus according

to a fourth embodiment of the present invention;

Figure 19 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

corresponding to Figure 19 and showing the cleaning

process according to a fourth embodiment of the

present invention;

Figures 21A and 21B are diagrams showing

the construction and process of a deposition

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;

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

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



invention; Figure 17 is a diagram showi ng an ALD fi | m 26SERIEMBERIOOr ocess
according to a third enbodi nent of the present invention conducted by using
t he deposition apparatus of Figure 16; Fl'g§ e 18 is a diagram showi ng the
construction of an ALD deposition apparatus according 10 to a fourth

enbodi nent of the present invention;, Figure 19 is a flowhart showi ng a
cleaning nethod of the deposition apparatus according to a fourth

enbodi ment of thefrrEseitte i2Bkention; Figures 20A and 20B are diagranms 15
corresponding to Figure 19 and showi ng the cleaning process according to a
fourth embodi ment of the pri¢BE® 4mvenENeriem Gurds am Ahand B e e

di howi ng ¢t ey f RS 0 t
i agranms showi ng fltlﬁrpef(rzr)bq:g%ftrnle%n% ng‘:c&%% RHQGESS t%ed%fégzzﬂ;stl'tqrbr? appar at us

according to a fif present 1 nventi Figure 22 is a
fl owchart show ngreardtms fodr rHtguwre @rSgcess that uses the deposition

apparatus of Figure 21; 25 Fiqur 23A _and 23B are di,agrans _showi nhg a
modi fication 8f the fifth r%t%’gﬁenérslit;lsﬁag @sgr?ﬁ“Asz'r?d“f QEE i agr ans

showi ng anot her mREidd cat @ rofart ke fdddy eydqdi;ment;  Figure 25 is a
di agram showi ng the 30 construction of a deposition apparatus according to a
si xth enbodi ment of the prdSemre Rfedts énfuitqate 2d fisyentdiHgH#HAShowi ng a

film formtion procass, thal 435 AR AGRIPTIILAPRAIY 45,20 SEPTEMBER 2006

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 is a partially removed oblique
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



Figure 27 is another diagramshowing the filmformati hSHITAEERINGt uses
the deposition apparatus of Figure 25; 5 |3:i gure 28 is a diagram showi ng a
part of Figure 27 with an enl arged scal €; Ei gure 29 is a further different
diagram showing the filmformation process uses the deposition apparatus
of Figure 25; 10 Figure 30 is a flowhart showing the film formation
process that uses the deposition apparatus of Figure 25; Figure 31 is a

partially removedirohlidghie ani@Midiad an shanigieddie entidreiionf the
deposition 15 apparatus of Figure 25; Figure 32 is a diagram show ng the
construction a deposition dppaiERUs’ Hecortthg %% H a2 Fa&EnhtHengsti et of

the present i nve@ﬂﬁ%;fﬁn%i%rggjfﬁ%sdi% '@§QR¥E; (r)i%, t&%r%o GRnstruction of

a processing gas inlet port use eposi apparatus of Figure
32; Figures 34A -depiidrieordiaggraarest forof éxiglwieni3gpt he hi gh-speed rotary

ire di agrams Shoving a 11 MGG O B GCAL AT Jusing the
deposi tion appar addisstfudt i &8% HrByias AN 38R @ HBHAN show ng
a nodification of the seventh enbodinment; 30 Figure 37 is a diagram
expl ai ning the rmdith caniohingniFigurtdSeraEalr 38X 1org8C are di agrams
Showing the construction af; . denosis] o AR UhARsH 4o to 26
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 is 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



an eighth enbodi nrent of the present invention; Figureg6tSONEMBER2MS e

di agrans showing the filmformation procegg carried out by using the

deposi ti on apparatus of Figure 38A; 5 Figu 40 is a diagram showi ng the
construction of a deposition apparatus according to a ninth enbodi nent of
the present invention; Figure 41 is a diagram showi ng the construction of
the nozzle used wth the enbodinent 10 of Figure 40; Figure 42 is a diagram

showi ng exenpl ar pm@smar@wmﬁﬂ& ip e tdiand)i hrSpaace rotary
val ve of the present invention; Cgqre 43 is a diagram show ng the 15

construction of & HEHALTiBH agiard IR R P IR R Wikhthe b ent of
the present invention; Fi gur'[@fe4r4rir§g %@'ﬁ%@f@ e%plﬂgl&gﬂmarp@@ratl on of
|

t he deposition apparatus of Figure 43; gure 45 is a di agram expl ai ni ng
the 20 operation woiltde dFpoomd i 0B ammiatm dfhdilsg,tmetrzle&;e HoeeesidbA and

463 are di agranms show a art of, th de 05| on at s according to an
el eventh enbodi nettP3f2 lﬂfﬁe EhA N : ‘8% qusred t her

di agram show ng ampaigh 25 zpf_fe tm&em§ 10D SR Al dish ACERSSH g 4©, t he
el eventh enbodi nent % the present invention. BEST MODE FOR | MPLEMENTI NG

THE | NVENTI ON [EIRSWEWBGRWOW)HW‘@W SHovand SR omdter uct i on of a
substrate process}g atpeoérﬁg ?Jta(éAéLDcl'geP oSf tll on . aeqp ﬁé’fé é)c%:&ordl ng to a
0

first enmbodi nent pres i hventi on, erein ose paris explalned 26
SEPTEMBER 2006 -2&5@ or 201b adjacent to the evacuatlon openings 14A
10 and 14B. Further, the high-speed rotary wvalves 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 in the state that the quartz
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 possible to evacuate a large amount of gas
efficiency from the guartz reaction vessel 202

through such evacuation openings 26A and 26B.



previously are designated by the sane reference nuner & SERHMBER2006
description thereof will be omtted. Refelé ing to Figure 7, the conductance
val ves 15A and 15B used with the substrafe Br(_)cessi ng 5 apparatus 10
explained with reference to Figure 1 through 3 are taken away in the
present enbodi nent, and hi gh-speed rotary val ves 25A and 25B are provided
in place thereof in an evacuation groove 20la or 201b adjacent to the

evacuati on openi ngs 14A 10 minfhrd48.odwridherr sy hirgh-spestustiasy oml ves
25A and 25B are connected to the trap 100 via conduits 207a and 207b
respectively. Fi it B8 EHoRSGhe Ut rifcticort B tHEISbdd<BinRy Yessel 11

in the state that,he,1Guard Z1 o 10l RiLE RP2A et QWS i Saken

away. Referring to Figure 8, there Is forned a~ space In an outer vessel 201
constituting the rgraogessng \dWssdiranl droruraccohmdatdusy dihmraiiors  quart z

reacti on vessel 2Q2, \A,i(;ke.rei n t%scra surface of 20 the substrate to be
processed is éxpdgé]dlet HE © 101 egbiHy Tpack® anf4 HerB i Opéo %ed the

hi gh- speed rot arganwal s RPAANREE 255 G edRGHaiiPbboRaM ng 26A and 26B
at both sides of the substrate 12 to be processed in place of the

evacuat i on openi rjsreB 1N HRFAUE & 1B gaesd AE1aLy IR ive Priesent
enmbodi nent, the w r [ i | [,CL o the
fl ow of the sour\(I:Headst’ggas\éllogr§s sugs% aﬁfiéaﬁq?lyl era?dg%@évﬁo%f 'Pcﬁ%eog{\}%%gﬁen&

openi ngs 26A andthasveclonpad ¥Rl vésil drieer iconweintll drealma: evacuat i on
openi ngs 14A and 14B,, an

| arge anount 16f d%re@q-ﬁaér@#ff% tfﬂﬂleet ﬁg%:go?wm l_g%éegef ;Sguatﬁrgugh
such evacuation qgg{gﬂgs\,%% awh 26B. 26 SEPTEMBER 2006
Referring to Figure 9A, the high-speed
rotary valve 25A 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 9A 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 block 253A having the servo
motor 253 is coupled to the other end of the main
body 251 via a seal 253B.
Further, there is formed an opening of
30 cylindrical form in the main body 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



- 38 Figures 9A and 9B show the construction of the Rf§REHPEBER 2Wbary

val ve 25A, wherein Figure 9Ais an obli qug vi ew di agram show ng the
entirety of the rotary valve 25A from an vaérd oblique direction, 5 while
Figure 9B is an oblique view diagram of the sane rotary valve 25A from a
downward oblique direction. Because the high-speed rotary valve 25A has a
construction simlar to that of the high-speed rotary valve 25B,

expl anation w || degateda ylaviier el rafitreyspatlaf dreytinedrases 0ff dde. hirgh- speed
rotary valve 25A. Referring to Figure 9A, the high-speed rotary valve 25A
incl udes a mai n B 2PPHordmed Wi 10T diddua PPEH P F6A, a val ve

body 252 provi ded k3 fataf ab] ¥ iMnridie: MR RAdY 25k As6e Figwe 10) and a

servo notor 253 rotating the val ve body 252, wherein a heating part 254
accommodat i ng t helidifrereerieatpeniing 42diaded tdd amegaritcadfl t pred indody 251.

Further, an evacuat.ian _openi ng..255 is .for at the t.tom 20 surface of
the main body’>25P9% & e@%eieo%%ﬁﬁ? 'flr%ép r%dﬁﬁntcegofgoécsheshocﬁﬁpjiw Fi gure
9B. Figure 10 showpn hergdetraid,s tfe the W Podspeed irptadnhadae 2bAraf
Figures 9A and 9B. Referring to Figure 10, an end of the main 25 body 251

is closed with aSEEyRFPAR APt Wt T Bt My idsd &id & dfide bl ock
2o v 10 L he SN o oo S Ren 4oy e L Sl the i
cylindrical formdlioddve seidi teodyl di2baridh caormamicdatdkwg s thy tihee evacuati on
openi g 264 20 5% i, FA A AL IR o 2 L s S e

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 oblique
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 252.

Figures 12A - 12D show four states of the

high-speed rotary wvalve 25A used with the substrate
30 processing apparatus 40 of the present embodiment.

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



26 SEPTEMBER 2006 - 39 rotatably with a correspondi ngt SEATEMBEREN06 f or m
The valve body 252 is forned with an opening 252A extending in a length
direction thereof and a different openi 5949528 at a dianetrically opposing
5 position (see Figure 11D reference) of the opening 252A. Further, the

val ve body 252 is connected to the servo notor 253 at a shaft 252X provi ded
at an end part of the valve body 252 and is noved in the clockw se

direction and couteinglockidise Wyt he dd aDtiie 25 cision deatBig 254A 1S
inserted into the heating part 254. While not illustrated, there is
provi ded a rotary@afan&idd arregitthe SHafdomBIk Htce the Ytheri®hdbf the

val ve body 252, such. {od rotary-shafiinds hel sy otatably in a
bearing unit 15 prowddge%oon t eéggap 2%1A. FI} gures 11A - 11D show t he

construction of pimcesd gy bgebe2682)s wheraed i €/ 1A usedniobthgue view
of the valve body 25 Figure 113 is a plan view of the valyve body 252,
Figure 11C is’a ccfc&sé‘i%%q]e i%%qu%re%vp]of%%eﬁ?ﬁal%tw ﬁ%,t}h%d Fi gure
11D is a bottom L 0fn thes vl vep oty dpdcudied@rvinocid ddeuie: 1Agva 11D,
there are formed two openings 252A are fornmed in the valve body 252 with a

separation by an ¢IREEHERN at@ iR tORPBPNI I andl kP vpeh hgl PEA or
conmuni cates wi th, an.,op ic?r?zxﬁegsoél”%?tisad@é@af%ﬁeé@% chlpdﬁ%dd{/‘ﬂ%he

i nternedi ate departnent a Vvia a space Insi 2. Figures
12A - 12D show f cand stledss tofkddhepldnghelspetsk rnddradsatel @blofisgdewi t h t he

substrate 30 processing apparatus 40 of the_present. enbodi t. Referring
to Figure 12A° th%o%’écf‘?/cg?%tt(ﬂ t%?‘b’&%ﬁ%@s ?%et%IW%%t%ggtBO rdtate such

that the 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 8mm, 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 valve 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 body 252 is driven by the servo motor 253
25 such that opening 252A is offset completely from the
opening 26A, 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 wvalve
30 body 252 in the high-speed rotary valves 25A and 25B
of the present embodiment.
Referring to Figure 42, it can be seen that

the conductance exceeding the value of 3000 1l/second



openi ng 252A in the valve body 252 forns an openi ng 262GHPIEYEHR 20006 - 40
having a wwdth Wof 6 mmat the evacuati Qn4ﬁpgni ng 26A, and as a result,

t he conductance at the time of evacuation'is restricted when the substrate
processi ng apparatus 40 of Figure 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 evacuaterhigreatiuial Ithe @k tther erdtalteisord lacend he d@esthed

adsorption of the 10 squrce s to the surface of the substrate 12 to be
processed. In the'&t% 23 Yllag%urjéS PAEC SIPIHRE otRErL e ndhd:R§ He? Rl M body

252 is driven by e S&iy0 MHAle S hddiat 4@%@3{}%@9 ZR2A forms an
opening 15 having a wwdth Wof” 8nm which is larger than the state of the

val ve 25A of Fi gwrenduXange thecaenes eofo FikpntdeCthehecandwatdney 252 is

driven by the_sernvo notor 253 such that, the eni_.ng 25 ojncides with the
openi ng 26A, and Jt%cereﬁfevsala\fia%%}}esn ?Cnhet hr}eo%aﬁﬁog{agpeaznneﬁ%%a%% In the state
of Figure 12C, t hexapeiddGZa2A T2 e @reapenridigredend g idievad ik ho iV of
40mm In the state of Figure 12D, on the contrary, the valve body 252 is

driven by the serdRPHot®h Jefsectnd ath ARRHT ophi dRp RS i dft%et
conpl etely from the openi g, d6A oG £ M ortdle MM M8 1A d Srddn 1 he closed

state. Figure 42 shows an exanpl e of change of the conductance associ ated
with the rotatiorcafdudeanct vahaBle w25 iFigure Myhispeedrotenglyal ves
25A and 25B ]%f tgﬁ%§¥€¥¥%g éﬁ%ﬁ%%r6ﬁ¥'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.03 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 previously are provided with

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

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



Referring to Figure 42, it can be seen that the conduét ¥HIEMBIERWES ng t he
val ue of 3000 1/second 26 SEPTEMBER 2006 - is obtained in the case the
rotational angle of the valve body 252 rs4? degree, while in the case
the rotational angle exceeds about 40 degrees, the conductance becones
zero. Further, the conductance 5 increases again when the rotational angle
has exceeded about 120 degrees and reaches the value of about 600 1/second

at about 170 degrees. In thefdresenttd rgviejuﬁé)m,,g,i tbdecopestipossidne to
realize the conductance change shown in Figure 42 in an extrenely 10 short
|5H§;?g

time within 0.1 SSRA[SIOBLRErRINET ot thed ak8 Vil bbdyersped [ SECOND
EVMBODI MENT] Fi gur t t i f C P ment of
t he present invenﬁ%ﬁp]ts{%}f@% oér]j?ns n %Adiggc%oc;}ﬁnﬁ%née?hozfsﬁr ace of ‘the
substrate 12 to 4&ded prrochesses biys amtAtddyrateisst hythisiqgpithe sedstrat e

processi ng apparat us 40 Figure 7. In Figure 13 se parts, expl ai ned

previously arée provi %% H}‘%ﬁ“tme sva‘fﬁever%;ﬁe%rﬁ:‘@d nt%ﬁrraﬁ* PAd-Y

expl anation ther@@éoﬂ%ﬂ ltihe iiited. 1 Refard i1 t orid wa g, e Mok té# et hyl
e

aluminum is held int present enbodi ment in the source material vessel
20A, and the TMA Brurkreadhiehevesasbute attiggdvessel 20A is introduced

into the quartz reaction I Nt t C i | 5 rough the
swi t ching val ve 16A and th\e/b?efl%éza’zlég)%ékbgﬁ Ihsgoefoicg %@é%%%%fﬁ?g%sr% }1% it
shoul d be noted tdiedsed heo st cestpPM ¥ Bikpirmm 12| idi tige t drtees ol ceardd

mat eri al vessel 20C is, not usec(il,rand thus, the i]Jlustration thereof is

omtted. 10 the high-spee otary valve 25B is opened partially

41
ero

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

15 an H;O gas is introduced into the quartz reaction
vessel 202 through the valve 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 quartz reaction
vessel 202 are purged.

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



Figure 14 is flowchart showing the ALD process carried® 8ERTHNBER?WE t he
system of Figure 13. 26 SEPTEMBER 2006 - 4 Referring to Figure 14, both
of the high- speed rotary val ves 25A and™ 258 are fully opened in the
process of step 10 to the state of Figure 12C, and an Ar gas is introduced
into the quartz reaction 5 vessel 202 fromthe valves 16A and 16B
respectively through the nozzles 13A and 13B. Thereby, interior of the

reaction vessel 208, sarpurged.hiNexspddie fHt@rspeadd O5H Vi val vasetbAd s
closed to the state of Figure 12D in the step .11, and 10 the hi gh speed

rotary valve 25B sirso‘”HbéH’e Reartbadig wh @%%%tle?tDe Gl iS TRt VLA -
si mul t aneousl y. c%}?-rs&ﬁgéd/erldﬁ:art}h%a}l'@ Sheedh Q)téirc)bn\{:"?clo\’fﬁe%ﬁ%d Ss

controll ed such th the interior of the reactiion vessel 202 reaches a
pr edet er mi ned pr éss prmduag tmerredl%:ammﬂm ges ssidentimedutsedient o t he quart z

reaction vesg 202 t hr.ough the G%hand nozzl e %??B The H20 gas
thus introducBdd WA tehseS 4 Yte St ate - ‘icedoelrbﬁ' ocessed
in the form of atHe’:quLr&rtzflx@&dhﬁﬁhafe@%lf o e ety swiadotei 8. 20 Wth
this, H20 nol ecul e are absorbed upon the substrate surface for only one

mol ecul ar | ayer. Vae rih A zaugh the gamuldzzfod? o Ahigasstiatesuppl i ed
to the nozzle 13AH‘4]%{19& %evailf%e q’lahafxth}‘gﬁﬂ spee dgeedlﬂ v;g atltbend;g%@ae 13A i s

purged. 25 Next step rotary valves nd 25B
are set to the dedzyfa]qmeme‘ii tsheatselbssj’rmMe i1 Foguree phCesaadl am Athggas i S

and 138, W1 RO NI RoRAEE SEBA i 2130 SRR TATRe o The T Y of {he
quartz reaction yalve 25A. As a result, the Al,03 film 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 quartz 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,03 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 gquartz 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



vessel 202 are purged. Next, in the step 13, the hi gh- 3pSERTEMBER 3006 ya| ve
25A is opened partially to the state of Fi gure 26 SEPTEMBER 2006 - 43 12B,
and the high-speed rotary valve 25B is cfod&d-as shown in the state of
Figure 12D. Alternatively, the high-speed rotary valve 25A may be
controlled so as to produce a predeterm ned pressure inside the 5

processi ng vessel 22. Further, TMA is introduced into the quartz reaction

vessel 202 from tdhg Sd/ﬂrﬁecme&jed/%'d&e AR dPUIR the g INQ7zd € 13A in this
state, wherein the TVA gas thus introduced Tlows along the surface of the

substrate 12 to lﬁ@r}ﬂﬁﬂ,@m@n ta t?@dt{t 0 miofthe |iamitda@l f1 ow and di schar ged
fromthe rotary % %&5%10%3 ScHJce’d t&e %%(%3é)f| I meocjono e, ecul ar
[ 1

| ayer is fornmed on He surtace Subst rat e e processedh Duri ng

this interval, tdt%ega&emmjkeskﬁd srqmﬂrg;edzauwetétezsw gab.25Eb durdher, in
the step 14, the hi gh-speed rotary val ves 25A and 25B are set to the fuIIy
opened st at e 5of BHSRAE IPCCHAPR RES ms§dorhdrla He r?é'ﬁ‘]léjs e.LS)@%ﬁﬂ‘j 13B

and the interior «f;d R§ quardiZ,d eactiom caeszelarmlia AR R
introducing the Ar gas from 20 the nozzles 13A and 13B. By repeatl ng the

process of the stapsrel(ionkd, dasd.s Hosdidd,e frpnf c‘ftugterdtllgﬂw qualddry k&d1203
film on the surface chhthes bstrate to h cesse nol ecul ar | ayer

by one ol ecul ar T RSP laeg am™e fr the purge rate

of the quartz reafdﬂcgahme%slezﬂn 2% e thesishen His ao demtlsofuiigure 14
bet ween the case in which the purging is conducted by using the hlgh speed
rotary val vé8 25ASamPZER Dt e Pr edentS9GAshtIomsEny tihe h

speed rotary valves 25A and 25B of the present
invention, even in the case the guartz reaction

vessel 202 is 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 scurce 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, too, 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 supplying 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



30 case in which the purging is conducted by using the26 SERRIEMBERH
conduct ance val ves 15A and 15B of Figure 2. Referring to Figure 15, it can
be seen that 26 SEPTEMBER 2006 - 44 the ¢Pne needed for reducing the
residual gas concentration to about 5% of the initial concentration is
reduced to about 0.1 seconds in the case the high-speed rotary val ves 25A
and 25B of the 5 present invention are used, while it should be noted that

this value is redycedidaboilt 13, Ofoddif nd Y &t 0Nl Gase ubughler, from
Figure 16, it can be seen that 1t becones possible to reduce the
concentration of itshentexidiiedd dgam ¢ rebawtz 8% Widrhi Wit ttHelpurlithg ti ne of
one second by using the high- speed.rofary valves 2 and of the present
i nvention, even in}"loq‘tehceu ceassga]:t%ea%qslfd: v rué;ae@t %&‘ﬁ? VesEel” ﬁsﬁ%se vacuum

purged. 15 [ TH RRUBBARIIENTY d @i erizadieuns ithe orsdirmicid ahef substrate
processi ng apparatus 50 according to a third enbodi nent of the present

i nvention, whéreiMPlativse peattes of L tFisdinie A e nitahed afr il A2 are 20
designated with t fscgnq ﬁg&% I d it her eof
will be omtted.. Re errlsrngék?{) I gu%%?f@hi%%spﬁgéﬁéﬁ&%al ve 25B
at one side is remiwed dpertiey qff edentvadneodiSPents rand sessaoioi dthed stidgh thi s,
the 25 source gas, .suppl 0zzl e 13B and al so the source, gas supply system

y
correspondi ng t heret &Y ﬁﬁnﬂfdrrég retoEE 5% &]:l‘?egsé‘lﬁ?sta}lé% Yrocessing _
apparatus 50 of sught constddcineons1 110avidie dd8&Fdidg ofo tHEl SlusFdZsureaction

vessel 202 is purged at high speed, by fully

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 8mm and a TMA gas is. introduced from the
nozzle 13A. With this, an Al,03 film of one molecular
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 also in the case the
degree of valve opening of the valve 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 invention, 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



30 opening the high-speed rotary valve 25A in the step2@IERFMEBERIOGi ng t he
Ar gas fromthe nozzle 13A as shown in the flowhart of Figure 17. Thus, in
the step 22, the high-speed rotary valve J8A7i s set to 26 SEPTEMBER 2006 -
45 the degree of valve opening of 6mm and the H2ZO gas 1is introduced from
the nozzle 13A. Wth this, H2O nolecul es are absorbed upon the surface of
the substrate 12 to be processed in the formor one 5 nolecular |ayer. It

shoul d be noted tyaiva BiwmidArrigifect is whiwided alsthén theclease the
degree of valve opening of the valve 25A is not set in the ste 22, b

setting the procesPPrESsHN & alftl BiF THRTTRTT R FRSSHRG WR&%‘:P%‘&%O‘?% %g to
thi's pressure. 10, Fulthgasi fdhies 81 2%nd e B s saped 5 0f apy yal ve 254

is fully opened, nozzle 13A and the interior of the quartz reaction
vessel 202 are pR6Bediy 4 heerotgasladmua tdmrrce n62 hies spepvded the the

hi gh-speed is rotary val 25A is set,. to have the degree of valve opening
of B and a FVR GRTHEE A0TH Gtluctl TTOTRIHE o e TRC R L ERi s, an
A1203 filmof onenighesydad rdoyef v8140rTe8 oY thee sebddee: £icd heaswbstrate
12 to be processed. In the step 24, it should be noted that 20 a sim | ar

effect is achi evelbRlebaian torewhskoshevakiegriee- of val ve opening of the
I 25A i t t, b j t i f d
val ve is not se y Sﬁé%én\g%\ hﬁu@@&?&se ﬁ]fats%i,‘gses&pr(pé agse {%ereo an

by controlling the slit wd ccordance W pressure.” 25 [ FOURTH
EMBODI MENT] Fi gur®ufiBl sdrdwei thea consdnireg i gas of £ aths udisi s atee pfarcesgi ng
apparatus 60 ﬁfcoggéggaéchft or a cleaning gas of the fluorine family

such as the CHF3 or NF;, 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 valve 25A, by fully

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

Figure 19 shows the flowchart 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 Figqure 19, the high-speed
rotary valve 25A is fully opened and the high-speed



fourth enbodi nent of the present invention, wherein 30%¢}JSEMBER 2006
corresponding to the part explained previ ggsl y are designated with the sane
reference nunerals and the description théreof will be omtted. Referring
to Figure 18, the conductance 26 SEPTEMBER 2006 - 46 valve 15B of Figure 2
is provided further to the conduit 207b in the substrate processing
apparatus 60 at a downstream side of the high-speed rotary valve 26B, and

a renote plasma sHLey 622l @3Iideticsddeid wondtidp 207b mirtter,
internedi ate part between the _high-speed rotary valve 26B and the
conduct ance val vetRa5H \§3° APOpeit Flos§aFaFe 6RPPERE ey, tife T8RS

pl asm sour ce 62 e, spuinplisg Wah 2l@R0I Ashdiasc Alod s ol opdesanily o

such as Cl2 or a cleaning gas of the fluorine famly such as the CHF3 or
NF3, together wi tfulbly avpermyes. Bucthers, Arhe Bypatriodoge thel e ghl f¥®quency

source 62A of 400kHz %,reﬁc?n for exar’g)%e coogerati n@ewith the renote
pl asma sour ce %62, CRFTY &8 f ol e Bhehi BT TR S35t i Ve chi®rt v radi cal s
or fluorine radi cadsn Nd midie pragenic erhodefdimdd Wecam@shigossi ble, in

substrate processing apparatus 60, to performefficient cleaning of the
quartz reaction XeREENP0 IRUTGR rothicT e tHee chIRFITREY aoff AP’k

fluorine radical stﬂ%:u%#e@g#gké&&tg@ gqgﬁgwﬁl{@gptw% V?Fs]lsgl 202 fromthe

conduit 207b throug speed rotary valve 25B in e ‘opposite
direction to thechbwalnextrdistalls r@lct i ore apehdne Bxdoudth nghe heemsere

LU S SeS LA e FA e LR RO e g et
shows the flowchafigpfatdechus 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 opened and the conductance valve

15 15 is closed. The chlorine radicals Cl* formed in the
step 21 are then introduced into the gquartz 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 introduced

20 are caused to flow in the quartz reaction vessel 202
to the high-speed rotary wvalve 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 quartz reaction vessel 202 is
cleaned.

Next, in the step 23, the high-speed rotary
valve 25B 1is 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-



cl eani ng process of Figure 19, while Figures 20A and Z0BFIEMBRR2§Pans

showi ng the state of the substrate 30 pro gssi ng apparatus 60 correspondi ng
to the flowhart of Figure 19 schematical'lg. Referring to Figure 19, the

hi gh-speed rotary valve 25A is fully opened and the hi gh-speed 26 SEPTEMBER
2006 - 47 rotary valve 25B is closed in the step 21. Further, the Ar gas
and the Cl2 gas are supplied to the renote plasma source 62, and the
conduct ance val verkhfidrey fadunccomared.s Rurinker ofif)e topen/eslaase val ve 61 is
5 opened, and the renote plasma source 62 is driven wth the high frequency
power formed by t4#ifidgh-SMEEGufcy SsHHEE B 24 i BRG &S PSS 400kHz
and the el ectric,puergof; P Kidwptts. Wth this, chlorine radicals C*
are generated with the renote 10 plasma. In the state of the step 21, the
chlorine radicals thus forlmedhar e msciateadbddimeditat elty exdntess  evacuati on

system as shown in Fi.qure 20A. Next, in the step 22, .the high-speed rotary
val ve 25B i s ful IRPS d Teh ¢ R SSon i ;'Lr?cses | &5 S%t “%sed. The

chlorine radical ssfdi'cdigy rrd dhe tigneStzen adyearztnduien dmtdeduced ids the
quartz reaction vessel 202 thro%h t he hi gh-speed rotary val ve 25B and

t hr ough t he evacu&irQHusisehiliig 268 asIsHEWN 1SR CtHicgure SEGB. 2Rtk fdiMr i ne

radi cal s C* thus. jt.rodu r f in - eaction
vessel 202 to tﬁjeLJ |lg%’s%§§d%%§?§%/0®alﬁs\%%Awag}g aflksec%glrage ttJtzan{r ough t he
evacuati on openi rgp2GAgsTiAER dnd 268 daibe Ngrideer dthaire tdfe stiefrP>f or a
predetermned tine, the deposits adhered to the .inner, wall rface, 25 and
Phe I ke, of LPhe R SIGATAT \IEH> 267 (PSdirdmdd A and 148 and

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 to a fifth embodiment of the

present invention that forms an A1203 film on the



Next, in the step 23, the high-speed rotary valve 25B*¢ SEXJENHHR 2086 n and

t he conductance valve 15B is fully opened, As a result, the chlorine 30
radicals formed with the renote radical sofifce 62 are evacuated i medi ately
to the evacuation systemas shown previously in Figure 20A. Further, in the
step of step 24, the high 26 SEPTEMBER 2006 - 48 frequency source 62A is
turned off, the renote radical source 62 is turned off, and the open/cl ose

valve 61 is cl osedibdtrathe Hy esetr deddret udihdectmsate possible to
suppress the loss of activity of the radicals at the tine a |arge anmount of
radicals are i ntHECHRRSSd N EPRNE [Fard’z Afeddidise VEsS&Il LR® from out si de,

by setling the wigdids il Whe Puarualdon Peniigs 264 A1 268 4.0 be | arger

than the width of 10 the convent evacuati on openi ngs 14A and 14B and
further by conbining t he hiRgfespaed rat diygura Ve ,25Ahe atch@HRGhdts real i ze

a | arger conductancge. Therehy, efficient cleganin cones .possi bl e. Because
the radical gourr_c,ogtE’é‘fc{]?’%c FIoTRE aF.rt2%. af’gjel%%\‘? M—ﬁﬁe&# systemin
the present enbodigfity Where 250 iiseogihed.f fiaw tohief, praddioy dthe radi cal
source even in the case the reaction vessel 202 has a flat formsuitable

for formng the ITf A@adliom dfeasrd HBuride syasuated FIFm EVBOBINENT] | n
{he subsiane o OSRDI0AMYELIS A B A SEedt shoul d be noted that
processi ng vessel 202 but ahsdaher,t hen otadatiaoe @f 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 Dbe 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 wvariable
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 1s blocked by the switching wvalve 16A.

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

source 62 are supplied to the reaction vessel 202 in



nitridation of the nolecul es absorbed on the substrat & $SEPTHMHRWeESsed. I n
this case, the oxygen or nitrogen gas is supplled to the radical source 62
in place of the cleaning gas together wiTh Sfhe rare 30 gas such as Ar.
Herei nafter, the substrate processing process according to a fifth

enbodi nment of the present invention that fornms an A1203 filmon the 26
SEPTEMBER 2006 - 49 substrate to be processed by using substrate

processing appar aiss £pfo Fl WL 1L & 19y |f1%1ﬂ§i§%d)&%d’“ttﬂkdﬁkﬁr@ﬂ§e to
Figures 21A and 21B. Referring to Figure 2 e stage 203 is 5 rotated by

the servo notor 2’3®Cara1:1td‘fe dnegnrgoe?e@ I‘Tm%ﬁ)owallxﬁe em ik spermided Wt h

this, interior eaqcti,on _ves 202 is -eva ed Furth the

renot e radi cal J‘rcee%"f %sl%lctl vaetdsdmtléu ™ ﬁ’e‘—’lrlve in & 5t% eneq? aE‘ igure 21A,
the 10 high- speQ‘Ldn rofearst atdl W 25Bnire dissedrand Hdeoxacassiingigas such
as TMA is introduced into the reaction vessel 202 fromthe processi ng gas

inlet port 13A Cfheéhprodedsisfiaps atusSayRgodireedavs Wéﬂ@é‘d %he f1 ow al ong
the surface of the Q{:'r{q;ees§él clf%zbeal@’n%c%%e%matgée osﬁ qu%
I r al so condU|t 7a.

evacuated thr ough gh- spee otary val ve 25A and
As a result, the sﬁmmmtﬂoeéoa:mmm ptlihardlgy t rtdlesw#w:ean of the

substrate to be proce an of the thi es m)st one
mol ecular 20 |la 31%‘3 %rorf@is']dii 135 tt-l:f?e @f@l@f Y % 523 } ‘f ﬁ abl e
conduct ance val ve knG qrQvigladd @ they eendui,b; 267bni 65 oRengdlcantdaas a

result, the oxygen radicals forned by the renote radical source 62 are
di scharged 10 layer is formed.

After the step of Figure 21B, the process
returns to 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 21A and Figure 21B alternately
and repeating.

Thus, the present embodiment uses oxygen
radicals for the oxidation of the TMA molecules in
place of H20. Associated with this, the present

20 embodiment does 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 Hy0O 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 21A
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



25 through the variabl e conductance val ve 15C wit hout *%EIEMEIRMuced into
the reaction vessel 202. In the state of Figure 21B, on the other hand, the
supply of TMA to the processing gas inlef 5gor_t 13A is bl ocked by the
switching val ve 16A. 30 Further, by closing the variabl e conductance val ve
15C and by opening the high-speed rotary val ve 25B, the oxygen radicals 0*
formed by the renote radical source 62 are supplied to the reaction vessel

202 in 26 SEPTEVBER 206ce -tH) odheed ofqdida s hiacto fdrow 44 0m hgn backwar d
t hrough the evacuation opening 26B. Thereby, it should be noted that the

hi gh- speed rot ar y'St e FisTHpentrl v SFCTHE he st OMFF YL L1B, and
the oxygen radicals 5 O7iddus,d ntdipauced, & & causedd o7 | o d b pyghpdhe

reaction vessel 202 "along the surface of the rotating substrate to be
processed. Therelhe thmeoansaieory vesh el 20 bxdditdee thea Mo MDY ettt Bs2@bsor bed
to the substrsat etsurface. antghan Al203 fél mé).f one na,liec%ésar nlq,éég%/gf IS
formed. After "t he k%e[%%l%flrf:i %éjrze_L%e,nE hemli)? OCEdE (EtUrhsti9 step of
Figure 21A, and thecidedIdbdtant Sa rpweHiet he substrate to be processed
one nol ecul ar | ayer by one npl ecul ar | ayer, by repeating 15 the steps of
Figure 21A and Figure 21B dl¥®ffated yis ghd repdmith@Ehanmiisg ¥ present

enbodi nent uses 03‘%9?? i t i i t T cules in
pl ace of H2O Associ a e%{é\/a\nd%%éa%%?gsﬂ{% h@%@ﬁgﬁé%%{rﬁ)oﬁe nt (g%éeg not use a
processi ng gas supptys o@pefiqngrdSB Troranadt? uoemind2€ dsy ttiee swi t chi ng

valve 16B. As a result, there is caused no probl 0 adhesi of the H20
mol ecul es updﬁ th%g¢§ﬁﬁﬁt%%ﬂqoqﬁ551ng apparé%us égnog Figure f@.

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 valve 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 to the
process of Figure 23A, the rotary valve 25B is closed
and the rotary valve 25A is set to have the degree of

30 valve opening of 6émm. Further, by introducing TMA
from the processing gas inlet port 13A in this state,
the TMA molecular layer 1is absorbed upon the surface

of the substrate to be processed with the thickness



the reaction vessel 202 or the switching valve 163, 252a$RPTEMEdWies
possible to carry out the purging process_at the tine of switching the
state fromthe state of Figure 21B to tedétate of Fi gure 21A pronptly.
Particularly, it becone possible to provide 30 the renote radical source 62
in the periphery of the evacuation opening 26B by using the high-speed
rotary valves 25A and 25B expl ai ned previously for the openings 26A and

26B, and it becomss 88 e 12 SERTEMBER 2006 - 51 introduce the
oxygen radicals into the reaction_vessel 202 effectively. Because it is not

necessary to provide the P&itte thalidh shacce BLadiy s@lNeupor alk
rocessi ng vessel i vessel. i i esent
: D Ve he (o oY Do AL MRREE e O b el o

enbodi ment, the y easler. Figure 22 is a
fl owchart show ngrdanei nisupsitr dthe prazoesisimg asstelod® A hclsudiungdde Jor ocess

steps of Figures 21A and 21B condycted hy tgﬁlo suybstrate praocessing
appar atus 60 of Iﬁ'zfljl.ﬁeS C ﬁé?oerr'c}ﬁgvtagvﬁ é°f22tfhet HEHi Fglpaesérda rotary
val ves 25A and 25R @& fad Inaopened dded e stHel $30 mnghtdhe dnt esd or of the
reaction vessel 202 is purged by and introduci n%slt he Ar gas fromthe 15

(S

processi ng gas i rithe qFdrar I@Md,l it His asltsep Pags]; Fes sinsite the (fajsee t he
val ve 61 as sho i n_Fi S t t i :
di scharged f romwﬁ%eqr!r:etg%tr %oﬁengéwscgjéﬁ% |stné\;é si%ﬁosiag%]iéqcﬂ'gns Fenot e

pl asma source 62 minghweawsiBgrdegiosidd an t2He tdwymia.ofl nihes icaserfi hehdalegr ee
of invasion of the residual processing gas is smal]l, %n the other hand, it
]ﬁg. In e

i s possible 18 of&tiHENAREFEINT 97 fiot R this case,

pressure inside the remote plasma source 62 is

stabilized, and thus, the plasma is stabilized also.
Further, in the step S833 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 13A is
interrupted. Further, by closing the variable
conductance valve 15C and opening the valve 61, the
oxygen radicals are introduced to the reaction vessel

20 202 and the TMA molecular 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 S34, 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 wvariable

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



purgi ng process of the step S30 as shown in Figure 238 SERTEMBERW4&e, the

pressure inside the renote 25 plasna source 62 is stabilized and stabile

pl asma  formation becomes possible. NextT PA The step S31 corresponding to

the process of Figure 23A, the rotary valve 25B is closed and the rotary

valve 25A is set to have the degree of 30 val ve opening of 6mm Further, by
introducing TMA fromthe processing gas inlet port 13A in this state, the

TVA nol ecul ar | aygr dre 3RIURAG AR dMe suwiHack riofcd he sulstrate to be
processed with the thickness 26 SEPTEMBER 2006 - 52 of about one nol ecul ar

| ayer. Next, the shibftsieeda dtaamrogssassl YA maReat2Ey @tedullly opehed
again in the step S32, and,[ . ini i r.e ion vessel 202 is
AJ%%$%ﬁgge%'%§FI§£%§%ntE%ﬁﬁodlqéﬁ% tg%

purged. In 5 this state, to0, t |'Ve ere € plasia “source 62
may be cl osed as mhaywnhd ntiegure tH3A.st@p JUg eiriemdiand,id ttHes g0
possible to open the valve 61 in the purging process of the step S30 as
shown in Figare 3B iiF IREUSEse Rdhaldéy gé‘eofoﬁyrﬂ%kir&ijl&alt%efol@ Th&si dual

processing gas i $:8Mldiod B hdé% ;T%g%e,nhélrséecul%ereg]%;;seeﬁdi i%z{.dsj?caktéﬂle renote

pl asma source 62 Is stabilized, t hus, t Ilized al so.
Further, in the stfefp I3 aqorafespihdinag € eradesgirgress iofprcivad.e 21B, the

hi gh- speed rotary 15 val ves, 25A and .25B .ar ened,, a i ntrqduction of TMA
fromthe processing gas i nISFéir STt A%%Ou%idﬁ!t%eer ﬂ?ptteéquf—%r ttﬁber glblﬁn cl osi ng
the variable combigtance W erhemnd rapeniing tike nead vieinbiled e axygen

radicals are introduced to the reaction vessel 20 202 and the TMA nol ecul ar
| ayer al r eady0abdorzRedt bHn, t et sif f heeP@Fsthke stdstPafea t 6T Be Hrldtdrsed is

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



oxi dized. As a result, an A12G3 filmof the thickness 2@SERNEMBRR 2006 ar

| ayer is fornmed on the surface of the substrate to be processed. 25
Further, in the step S34, the high-speed™ Pétary val ves 25A and 25B are
fully opened, and the reaction vessel 202 is purged while introducing the
Ar gas fromthe processing gas inlet port 13A. Here, it should be noted
that, in the step 34, the variable 30 conductance valve 15Cis in the

opened state. Thed@pssidy idad huanss Moc e Hdersdans i53P expl ai ned
previously, and thus, it beconmes possible to grow the A1203 fi| m one

nol ecul ar | ayer Z6SEHPTENBER 3D0resHE® 45y tdife BAGRIA 9 | IRl he

surface of the r i roce . ting steps 31 - 34.
According to the preseﬁ}?elrio%fergnt, t edEpl gllreﬁg ime in the step 510, and

hence in the step 5 S34, i rgdicethdyy, usdiegprdm=osivgernyasaditoad s for the
oxi dation of the TMA nolecular |ayer, and th efficiency of substrate
processing is°i npﬁ'lb%%g)ueﬁﬁjtﬁre‘?m e s‘fﬂajlu‘{ed ]bée rf’dtaedﬁ't%éfy?q%ssﬁl}gmgﬁ%r med in
the present inventint igoot1dd Missd th@ugrl Gl 303 ddddMndufeddel S

possible to forma ZrQ2 filmby using a ZrCl4 gas or an Hf 02 fil m by using
an Hf Cl4 gas. FWlhern the idlmrasidl ©Ff drhe et ag pas i SHurke®2 to

formnitrogen radj'té;zgll s,y pei c“?asces&ptpg 'd:%de v%%ﬁg&gi%g&gﬁnc s I N the
present enbodi nent, ‘as a result 0 pr ovi di ng e renote plasma source 62 to
a part of the evactmidiontisysiem-ddesd tetamused wo 2 Ivasiloiciofis riadi cal s
into the reaction vessel 202 in the case 20 driving of the renote plasnma
source 62 is fadehe 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 wvalve 15C.
In the condition of Figure 24A, it should
15 Dbe 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
S33 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 21B.
The oxygen radicals are then caused to flow along the
surface of the substrate to be processed and
evacuated through the high-speed rotary wvalve 25A,
30 which is in the fully opened state. In this state,

the variable conductance valve 15C is closed.

[SIXTH EMBODIMENT]



continuously in the process such as the process of th SAPFIEMBER 2806 Fi gure

22, in which the processing gas is introduced so as to cover the surface of
the substrate surface to be processed wtn“the processing 25 gas nol ecul es.
Thereby, there is no need of <controlling the renote plasm source 62 ON and
OFF, and it beconmes possible to supply the plasma stably even in the case
the substrate processing apparatus 1is operated with a short cycle. Because

of, the 30 substrate processiqigaamRAIS dhdidis mdainn per formthe
so-called atomc |layer CVD process with |arge throughput. Figure 24A shows

case of supplyi nuHfe 26 SEFTENBER 2D GPPar Bas Hlocedniy ifas-Sukh as TMA
fromthe pr Ocess'%%&t@rg?evﬁdﬁi‘?&ergcgrc}% ?ﬁ%%ntte A ddie JH ocgasidg, gas inl et

port 13A in step gure i'S case, the processing gas thus 5
i ntroduced from ttesalpa toB vithd i prioce ssipig iges] drdwitoysadryt 3B | ows

t hrough the processing vessel 02 in the direction of the prpcessing gas
0l of Cport 134, SRR TS RARUACIE (U ihe ST CORRA. SGTE 1R ough-t he
hi gh- speed rot ar yyaed M2 M Kdbd svilin K the dfrdd .y mpenadiisd ade. Thereby,
the variable conductance val ve 150£r ovided to the conduit 207b is fully

opened al so, and Teked rdBf tFige procdeiinghy#sate dvactat@d & ough the
valve 10, DS S o0 20 A S 2he e S gt et (e
fact that the processingtgasiain loglricpneemt,atd arufdtamste t hr ough t he
conduit 207b. Qtherw se, the processi n0g4A gas sruocvhidaesd 'I;I\(/)A arrsaytobeloo(g(ailtdei zed
with the oxyd@n transportation part 2 P
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
20 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
201A 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



20 radicals in the conduit 207b deposition may be causdSEPTEMBHER0E be
noted that the state of Figure 24B is an oxidation process corresponding to
the step S33 of Figure 22, and oxygen radP€ars are introduced into the
processing vessel 202 fromthe renmote 25 radical source 62 through the fully
opened hi gh-speed rotary valve 25B simlarly to the case of Figure 213.

The oxygen radicals are then caused to flow along the surface of the

substrate to be prpoessadand facualed ddyoughn it he Rahraneed raiary val ve

25A, 30 which is in the ful'ly opened state. In this state, the variable
conduct ance val veIBGlishay Purdigioxms ENRARDIVWENHND 6 ISERTENBER 2006 - 55

Figure 25 shows the Sonsl (et an plof. SUDSIALe. ALGRSSSIlg ARRALAY s, 60

according to a odl nent ‘o rese i NV erein those

parts of the drawify cpitdiyned pEweidisiy taree dr cdesisgmat erhdws tihe sane
reference nunerals and the description thereof will be omtted. It should
be noted thaf Fi & 35 Nows the state in which the stage 203 is lifted

to the processing position.gdindhe ;constd ucidnQfe FHBHE A5 a substrate
to transportation part 204A is provided so as to locate internediate of the

hi gh- speed rot ar pprEneg1250 afd FizBBe R emioupstsurg @ase 26 ett psumstrat e
Phe Subst Tate. pr GERsty Ao ararus 4 GHBlial Ted APey R e baeptd hat ¢ he
quartz reaction itgssels 22 o oiegs dpeddesiyrfaca lofed esn st rate 12
to be processed in the part corresponding to substrate 12 to be processed,
and a 10 25B, in other words, at the side closer to the
substrate 12 to be processed, in place of the
processing gas inlet ports 13A and 13B, and a remote
plasma source 82 is provided on the cover plate 201A.
The remote plasma source 82 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



20 flat, lowprofile gas passage is fornmed between the26 SRIEMERR209® t o be
processed and the quartz reaction vessel 202. Further, in correspondence to
the formof such a quartz reaction vessél 2202, the cover plate 201A is
formed to have a shape in which the thickness 25 thereof is increased at the
central part. By formng such a lowprofile and extrenely flat gas passage
at the surface of the substrate 12 to be processed, there occurs an

increase of vel oditghPla the Baiodd10W % RASH R OURN e saurifracieioft Hde
substrate 12 to be 30 processed in the formof the |lamnar flow, and as a

resul t, uniform dHBYREHE oty gaslebus Fourkdd ths eAEs Ugsh 3afe surface

of the substrate . i r ) t e . ive, vol une 26
SEPTEMBER 2006 -l]réeétsitr%%%gez gt}% 21%3 rcoog‘g{ses#%d \;Cte?’s s%g{iscgcd{fmf\gs q}fdgelg’(rgealsegsd,ﬁt he

efficiency of purRjiouxd s7. nproved and it becones possible to carry out the
atom c layer CVD process efficiently by sw.tchi t he processing gases in 5
short time. Fdrther, in t he & eg}t#l"ﬁcég’ﬁ r?épsgoaré’ﬁa%‘%t L%r%%?st# Fi gure 25,
processing gas in&li PG Sin &3 ANbAIRQY R ss iRpk AL qU Q4 ded at

the inner side of the high-speed rotary valves 25A and 10 25B, in other
words, at the siddalmseds tin thhe shiddstrlate 12 to be processed, in place of

the processing gas inlet RILS 2;32 at%?_hEJei?c’ﬁirea%, Jfiemte h_pSI as source 82

is provided on the cover plate enote 'plasm urce is
connected to the dygrylrsipead 750 amd B/ ¢ a2AB byl ddree cotldid togdhfiras Wil |
be expl ai ned bel ow and i ntroduces ogﬁgen radi cals or nitrogen radicals

thus formed ilft o 43 pHddedsg TYFde’s Yalve QPstih ASs P2 de Because

of this, valve opening 252B explained previously in the valve
body 252C, and the openings 252A - 252 C are formed
clockwise in the valve 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 gquartz 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 wvalve 25B to the remote plasma source 85 is
300 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



t he val ve 25B has an evacuation openi ng 255 connect ed ZOSEFdEMBIRRI06 condui t
207b and an inlet port 26C to which the conduit 85A is connected. The
rotary val ve 25A has the evacuation opefi A§ 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. Simlarly, the rotary valve 25B has the

evacuati on openi ng 261 Hanesied driatt hevside-gardpering e Jreacd it vessel
202 and evacuates the 30 processing space inside the reaction vessel 202 in
response to the rottdt itde FIrades Sidiv @dfodyr 1852 Pant thiB st raat e processi ng

appar atus 80 of i - r | .4 nl a. .| med 26
SEPTEMBER 2006 -‘E%‘g/ég%%gqg G GTtT crtal B &‘%ﬁn‘;eéﬂvga%%ga‘hﬁ gr%m de the
hi gh- speed rot ar yspeadevei ri2She ared weh @ §x adessidiy gas pradeaisingegarba i s
connected to switching valve 16B of Figure 7. 5 Figure 26 _shows the

adsorption précesleichiRed 3 11 ddstT et bt 655ty Wpardt®s 80 of

Figure 25 in the @éé‘sslinfféjaesf M o G & 26 s the M alespesd o ratary
val ves 25A and 25B have a 1arge valve opening 10 252C different formthe
val ve openi ng 25Z% arabsing \anace openidy 2E2BIwKp] aigretgrsMioussseh t he

val ve body 252C, the i hgs. 252A - C are farned _clockwise in the
R RIS S S 2 5t uf e MRl i <o in

val ve 25A, while openi are tormed i‘n counter
the val ve 25B. 15t hesrt i8BE haard efentsahodineidr i faciolafcdlhes openi ngs

252B and 252C has an elongate formextending_ in the axial direction of the
val ve body 253 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 coincides 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 quartz reaction vessel 202 is evacuated
promptly through the high-speed rotary valves 25A and
25B.
Figure 28 shows the part in the vicinity 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



simlarly to the opening 252A shown in Figure 11A. | n 16REPIEMBERR0Y Figure
26, the high-speed 20 rotary valve 25B is.fotated such that the |arge
openi ng 252B coincides with the evacuati on opening 255, wherein it should
be noted that another |arge opening 252C coincides in this state with the
evacuati on openi ng 26B conmuni cating with the 25 processing space in the
quartz reaction vessel 202. Thus, the processing space is evacuated to the
evacuat i on conduietnb2dibenhr gigh treepepenicngsh25BiGh-apeeds52Btakyrt her, in

this state, the co ni.cati on of the valve 25B.to th enot e pl asma source
85 is 30 interruﬁ?ggg 3% ffe SEBHAUACEaPFEN 105 StHe 6P§Cg§§ﬁﬁﬁep§ s inlet

port 83A s a|50thH%§r%HBt%§ocb@sHB ghat enleel pbirausen2és Nbcsheul de
further be noted that the high-speed rotary val ve 25A 26 SEPTEMBER 2006 -
58 is rotated st vhatrepa badgeodpénendigb2aresdnesirdasy witlivet BEB

processing gas inl I B, and _a __pr si.ng,ga [

i ntroduced in?o Wﬁgk g%ﬁ%S%ﬁntfhgﬂ$aﬁeg %giatEgoggh%FégggF%§e§¥Pﬁg%gas 5
inlet tube 25a feoEctheisn pebhicegsvalfveiyaBe PhHe apHoc@sSiohRe Faswishts
introduced is introduced into the processinggspace i nside the quartz

processi ng vesseltRe28¥aCHAGHGR CRENGPNFLRg22528 ARE PRECHSSLESsIRG gas

inlet port 83B, andcihgosoupaa MRt ehleabiFBkeeubs roinl@ntne 1BLACEsSINY gas
are absorbed upon the surface of the substrate 12 to be processed during

the interval inthki vhlveeZpBocbsoigd gas iveldesobenged 2BR2Euglithe

evacuati on opening.26B %nd t he.val ve 25B.. Figure 27 shows the state 2 of the
15 substrate %roég§§Vn§ 5pB§P§9&§'§ FﬁsfﬁgngfhggsﬁaspP8€8§§lﬂﬁéF@ it is

carried out foll @wengehhenpPbee8%S8 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
oxygen gas are supplied to the remote plasma source
20 85 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 wvalve
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 O* excited
in the remote plasma source 85 are introduced into
30 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 25A is set to



of Figure 26. Referring to Figure 27, the hi gh-speed ¥HERTYMBERZEIREB | s
rotated such that a |l arge valve 20 opening 252C coi ncides wth the
evacuati on openi ng 26B, another |arge val ve” opening 252B coincides with the
evacuation opening 255 in this state. Further, simlar state is caused in

t he high-speed rotary valve 25A, and as a result, the processing space 25
inside the quartz reaction vessel 202 is evacuated pronptly through the

hi gh- speed rotarynheakwes 28Aaakd pdeBtibhguike 128 t3ikows dhe Parigure g
vicinity of the high-speed rotary valve 25B in the evacuation 30 _process of
Figure 27 with edPgr §8& sxxoen raPérpilig thysSFighrednged farpredesdsieng gas

inlet port 83A is.far t it C er, .10 e ;) to be
processed in theﬁﬁ §s§§§e§6rgég$gwggggfogg% an QtE% 5%#%%%& 'ﬁﬁérespect to
t he hi gh-speed rahdey pvealtv@325Bras cexpkd fned fpoevithushyph ahe because of
this, the processin as inlet por BA is, located at, the upstr si de of
the hi gh- speed r BESLF S04 e "25858 A0en SPeLBBoE s Phd had RPN & the
evacuated in thesrevaeuatiipdn speeeesstalryFvadie 25a anénighe gasufdrawe to the
evacuati on opening 26 along the processing gas inlet port 83A of the birds

beak form and fl| oWs thet subsitgatsgl V& 25Bbehpgogh sk, vande copesi #§e252C. Wth
gas. inlet port ad SRBKiBy Stne coPORERY MGl PRRSLETe ARIot hocome
possible to evacuat@et Babseasticon2vessee 2Rddestsed.omrneffdbsi,entd y. After
t he evacuation process of Figures 27 15 and 28, the oxidation processing
shown in Figlfe pgcomes possible to avoid the decrease of lifetime
the radicals by providing a large area to the wvalve
opening 252A and by introducing 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 80 is set to the state 1 of
Figure 27 in the step 41, and the processing space
inside the reaction vessel 202 is evacuated. Further,
30 an Ar purge gas 1s introduced from the processing gas
inlet port 83A and purging is carried out for the
processing gas inlet port 83A and the processing

space.



is conducted in the state 3 of the substrate processi HSERFTBABRZI0E0.
Referring to Figure 29, an Ar gas and an oxygen gas are supplied to the
rempte plasma source 20 85 in the oxidati®h processing, and oxygen radicals
0* are fornmed by high-frequency excitation conducted wth a high frequency
power of 400kHz, for exanmple. Further, in the process of Figure 29, the

hi gh-speed rotary valve 25B is rotated such that the valve 25 opening 252B

coi ncides with the openingyg2gE, Ln &HESstéﬁaB%’sEEE yal venapeniag r332A
coincides with the evacuation opening 26B. As a resulf, the oxygen radicals

0* excited in theoresstagpkappruasvar8€ 85 aeé tnt tbdussdtentloo30 t he

[ i.nsi d h ' | _20 hr, h th I
bpeni ng 2524 andFUHE-CodBeuat Lon BPERFRGLIBEIPA EREFoBR0SI To gl recti on.

Thereby, the highnspeadceat ahyovakuet2bA vessell 0226rSEPTEMBER 2006 - 60
t he sane exhaust position as in the case of Figure 27, and the oxygen

radi cal s thusSi nPFe8AEEANEhEBEQRNERE PRF§hE3Becdrsehiy FAPY¥E 253 and the
Processi ng gas EQhEEdpQBEogééiQEEOSaggiqs%?r%hgmﬁﬁgﬁgﬂgg EgetﬁeproceSS'ng

vessel 202 to the evacuation openin Speed rotary val ve 25A
al ong the surfaceubetrthe 3dbstr htept2ctesbd.processed, and cause the

oxi dation of the source naterial,nnlgcules absor hed, on hhe gubstrate 12 to
be processed. Thereby, it 16%becdRes FoBEPEFESt 8LafbFR fHe §8Erease of

lifetime the radigaksaby 9&9&Eggmggaahgaggtage@ot@stQ@tu%hée t8PeRkng 252A
and by introducing the radicals throug t he evacuati on opening 26B.

Further, by tarrgtageodt ofh&iguaeudi/y oand the processing space inside

the reaction vessel 202 is evacuated. Thereby, the Ar
purge gas 1is 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 toc 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



15 process of Figure 27 after the process of Figure 2926 SERTEMBER28Meat i ng
the adsorption process of Figure 26; the evacuation process of Figure 27,
t he oxidation process of Figure 29 and T he? evacuat i on process of Figure
27, a high-K dielectric filmof a netal oxide, 20 and the like, is deposited
on the surface of the substrate 12 to be processed one nol ecul ar |ayer by
one nol ecul ar |l ayer. Figure 30 shows an exanple of the substrate processing

that uses the substkat espr eeessengx231appaeatusn8Ohekrebirfguaad2eheRef erring
to Figure 30, the substrate _processing agparatus 80 is set to the state 1

of Figure 27 i noPRE18Cep%%11a8nd ERBEPREsSIHAGUSPACECTMsi de the reaction
vessel 202 is eV?%FZ%% onﬁﬁggg%ghaﬁg 2B A RULGER %%%gbit‘@%@Qd%%%Qhkﬁgn‘the

processi ng gas ort purging is carried out for the
processi ng gas i nketapobee83Acantththetprovedsengpespage2526,SEBTBVBER 2006

- 61 Next, int tep of st 42, the substrate., processi ng apparatus BO
s set Lo {het st A0GC1A0F 3P GUPBO2ECUanaTE BroEE0S Ry JGas S UK LA0 ThA | s
i ntroduced into geaetieBnveFsehe2Q31hE0RLHRE 252pr PGessERY gas inlet port
B3B. Thereby, there is caused adsorption of the source nolecules on the

substrate 12 to EenpeetésseaarNexpali pft heepseesss gRsstapedds the
substrate procesg&agiaeaa&%tgﬁ éﬁgeSP%§E“EQGQhEOg%Qeinﬁgﬁg%ﬁk% 25f Figure

27, and the procéssing space 1nsi réaction-vesse i's évacduat ed.
Ther eby, the Ar apdr geagashesveiteotodgd2bPomst Heipeaceysichg gasoml et port

83B in the step 43;and BULOLRO LS 290089584 ang 258
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 construction similar to



for the processing gas inlet port 83B and the 15 proce3sYERTEAHHEL00Next , in
the step 44, the substrate processing apparatus 80 is set to the state 3 of
Figure 29, and radicals such as the oxygén6?aﬁical formed in the radica
source 85 is introduced to the 20 processing space through the high-speed
rotary valve 25B and the evacuation opening 26B. Thereby, the source

nol ecul es absorbed upon the substrate 12 to be processed undergo oxidation.

Further, the proeess gt 4hes siidsihetst epotbssidy appaad thk2@d fdd mnes for med
on the surface of the substrate 12 to be processed one nol ecul ar |ayer by

one nol ecul ar | apéevBPUPeFERCARG e SKEFPT42NaT42. SPUGGEe 93F ildng partial ly
removed cross- S%%Hn%%%'edd 129 %@g‘ d;*}%\eﬂe%%i Re ;2ubshhake 1 ecessiing n 30

apparatus 80 of the present e ment explai'nhed above“in the state the
cover plate 201A838 openedvalRef asr ishgwno iR guger2l 33i.t Icanthiee casen ctthat a

gas inlet tube 2 extends i.n the hi,gh-speed. r ry 26 SEPTENBER 2006 - 62
Ve 2 | i Eha het SRR a0 At drIaE, Sats BREY SBen RGEae has aT
general I'y circul giriger '@asC%Up?ﬁFi‘é@dit%&oh@ht heef 9imMe0h 3thancordld 854

Further, it can bee seen that the val ve opening 252A, 252B or 5 252C has an
el ongat ed form eXédénditnglignrehd axidala s@iureet 988 Glichheé sy dinkd :bedyTHR2,

e "or e paSShi T och 255k, g 18 0uEe s hins s Aviiad Lo o
by the notor 10 2mdpldeany hhafoulghe thal sed t2hAngnda2vB. 14%,shown in Figure 31,
the cover plate 20nesS BRI 202 3223 ubR108 RS T A T ne 958 freely
23c and the valve 24C and a source gas such as ZrCl,
or TMA supplied through the line 16c and the wvalve
19C 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 valves in detail.
Referring to Figure 34A, valve openings @
- @ corresponding to the valve openings 252A, 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 wvalve 25A
formed with the valve openings D - @ in the form of
a developed view diagram. Further, Figure 34C shows
30 the valve body 252 for use in the valve 25B formed
with the wvalve openings ® - @ in the form of a

developed view diagram.

Referring to Figures 34B and 34C, the



by a fulcrumnot illustrated. By using such a construt@SESTEMBER 2886 nt enance
of the substrate 15 processing apparatus 80 is facilitated substantially.

[ SEVENTH EMBCODI MENT] Fi gure 32 shows the ®hstruction of a substrate
processi ng apparatus 90 according to a 20 seventh 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 BpgHiags3@ an® 33f coris espondi 76B tHré heo paed sa®5a expl ai ned
previously are designated_mjth the sane reference nunerals and the
description ther B6EARFPFM1p8doRPELEAOT ¥15RoaI B BECRBEBANERal 1Rt Gur e 32

shows the,Stateshma@h%F EHetﬁEa%%a%Q3okSthﬁ@ée§4k9 @hep8§EEE9§ @
corresponding to the substrate in/fout port 30 204A and the Substrate 12 to
be processed i s tofmedichyeki fWtieh phrsp204BssRefespihng tloskdgurtée32, the

Substrate processing aﬁgaratus ZO gas a EOQ tguigion simlapto 26
SEPTEMBER 2006 PrB5°SPHEE &PSPhe $absPhate é? c&s8i RGRpP&ratus 80 of the
previous enbodi meBhmuBXegpkst hathatseupeeceasihpngaks ingennget-edsta,t he
processing gas inlet ports 83A and 83B vig a valve as shown in Figure 33.

In the case of 52PHeSpPFBCEB3EN§LGaSPPALRE HOICTEBIR Lo e Sl &ndan Ar
purge gas S“ppl'Sga%péggggrEgﬁﬁh&@ezggg gnd the %9%E§aF§%§ %geﬁﬁﬁ re 1 and a

source gas such as suppl red throug i ne a and the val ve
19A are supplied56hrough the switching valve 16A, 10 Further, an Ar purge
gas supplied through the Iine_ 23c and the valyve 24C and a source gas such

as ZrCl2 or'9MA supplied thr GBGhPERESPENE™PBELRRA Y hA Y QEPRE gas
(O3) is supplied to the processing gas inlet port 83A

through the line 16a and the valve 194, and

an organic metal source of Hf such as Hf [N(CyHs)»]4 or

Hf [N(CH3)2]4 is supplied to the processing gas inlet

15 port 83B via the gas line 1l6b and the wvalve 19B.

Next, an example of 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 @ 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 83A 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



19C are supplied through the switching valve 16C. Furt eSEPTEMBHRR2ME be
noted that the renote 15 plasna source 85 used with the substrate
processing apparatus 80 of Figure 32 is~n®% provided in the substrate
processi ng apparatus 90. Figure 34A shows the construction of the

hi gh-speed rotary val ves 25A and 253 used with the 20 substrate processing
apparatus 90 of Figure 32, particularly the construction of the valve body

252 used in theHespecticve val ves inidet aily, Reberys t @ ;Ehaur A, valve
openi ngs correspéﬁ??ng3to Fhe &alvegopen?ngg ZggAPfgggg, S 5 aﬁ%ei e like,
expl ai ned previ ousitpryavelfver 2ed iis trbcalieghtspebde potsdrtyonalivesyhidSA and

253, wherein Fi 343 .shows th | ve body. 252 .f i.n th | ve 25A
Formed wi th t he VREvEP6RaREEE P 1o K0 o OIS S UVt e Vi ew

di agram Further cohicgure 234G $hewso3@ biethal veehadys282 f@® use in the
valve 25B formed w th the valve openings gl) - 0in the formof a
devel oped vi efv dicogramicRéfS Mity RHYFPGuLtds PABCESE134CSPaElRE 28 SHRTEMBER

2006 - 64 openi - f I 5 re I a rnedet.erm ned
position with a F?%%gggﬁﬁgngéswgggﬁ% ?&gﬁ ?ﬁ%f Fkggﬁ%qgtgpg o] 1%%@&%3 34A,
the opening 0 cdsnmopet@idesn tthet begpniceseitad Spaced g de time the
processi ng vessel .22, such that the opening 0, conmunicates with the
processing gas i A€ & l@SAPtrQEHC§QCH“F%thFhQrGﬁﬁﬁﬁﬁﬁgbSéﬁﬁﬁhnicates

with the evacuationue@ndid 2QFes\Wiaqt BRsevaquat iR toper Ngn255. 10 In the
present enbodi nent, an ozone gas (03) i's supplied to the processing gas
inlet port 837 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 25A is
maintained 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 processing vessel 202 is evacuated to the

20 evacuation conduit 207b. Further, the valve 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 1is
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(D, @ 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

introduced into the processing gas inlet port B83A.



through the line 16a and the valve 19A, and an organi cZhERPAIEMBRR 2986 of Hf
such as H [ N(C2H5)2]4 or Hf[N(CH3)214 is supplied to the processing gas
inlet 15 port 83B via the gas |ine 16b an8%t he valve 19B. Next, an exanpl e
of 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 giAedNd e drRIYdind ?eadorim%%siﬁ&tsm id Mided he
quartz processing vessel 202 i's evacuate to the evacuation conduit 270a or
207b al ong the path 25 thatNgxdssds ttheowften v Fpaninggs3 I arfd @ Val ey of

the val ves 25A a rther, in.the.state of . Figur 3pA ening (Z
coincides with t%cejocﬁgr%o%ée:;isr} rt%glygaosﬁitrﬁéethslﬁg’r %p%f&l ollrog%é% in avne;;ngﬁ?he
val ves 25A and 25hd @tB ds aatesumdd el coess g 30 gase i38xt gpaits 83A

and 83B are evacuated thr ough the opening 0 and the evacuation conduit 207a

or 207b. Nexf iFitheTst DERAGUrE SB5E, Hite RTGIRSSPERY Yoty 44 ve 25B
is held in the stial eQf- 28 coFPTEMBER 2006 - 65 Figure 35A and the val ve
body 252 of the high-speed rotary valve 25A is rotated to the position in
whi ch the opening (1) comigxtcaties thigt s tdye cfvdcigatrico3 dondiia 20ree but

none of the openin = nicates wth . any of .the ocessi ng space or
the processing aogj%i %Se%) oﬁfoﬁ:t%%gﬁhﬁqehee ,rottl?elyyvéflavlevelgg‘z\‘ iy opened and
the organi ¢ net almsiolieaf ddf dhe tdeatd g Hikfudes 351 raaglcett ivdord he
processi ng space  through the processing gas inlet paort 83B. The 10 organic
netal sour ce 18f Ilﬁ‘ocbh@sf’g% At ddifced Foimeed rotary valve 258 is

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 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 upon the
surface of the substrate 12 to be processed. Thereby,

20 an HfO, film of the thickness of one molecular layer
is formed.

Next, in the step of Figure 35G, the wvalve
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 to 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
83A. As a result, the processing gas inlet port 83A

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



through the processing space along on the surface of PhEERIFIERER086 12 t o be
processed and absorbed upon the surface of the substrate 12 to be
processed. Next, in the step of Figure 35C°7the valve 15 body 252 in the

hi gh-speed rotary valve 25A is maintained 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 processing vessel 202 is

evacuated to the %@ﬁ%g@t&&m@@ﬂ@mésmi?@h tﬁ&'été‘@écuéf'ﬁor\{aé&l@dgﬁ i s
g

opened in the step of ure 35C and the Ar purge gas in the line 23b is

i ntroduced into tAe/pragebssin@rigsing Wetoporpieapes Asighrelkalt, the
processi ng gas inlet rt i Furd N&Mhed N e - Fi gure
35D, the valve Bjorg)ycez%%q%%%e lﬁlll%#r gjgocejfécd%?(?t'ary vahievlle‘ 21%% io?e%%et rned to

the state of Fi gi®ec3oMunaondtelewiphothsspngcspategi spade.the processing
vessel 202 is evacuated to the evacuati on conduit 207a through the 30
openi ngs (1), 50 &fFW fof ¥ RARSHEE SRS VIR TS RTIFITHEY the

val ve 24A is opengddd the sterrfcuddding 391 and dhie An RWMEKGas in the
line 23a is introduced into the processing gas inlet port 83A. 26 SEPTEMBER

2006 - 66 Ther éyip thremprdeessiong rgnédi ot €9 pbrougbAthe peegédg Wext, in
the step of Fi gu%eég?t%%r t Qﬁ}engga\fvoe %@ijsgfoégeg eacgyinoftﬁeggs&hé}ggoatspeed rotary

val ves 25A and 'S T'et igure and 5 the
processi ng space Finfirde 39 preCass Ty WResel ¥ id sevdciusd exBb Next, in
the step of Figure 35F, the valve body 252 of the hjigh-speed rotary val ve
25A is  mai nthi néd P duredtiate JMEFRARE SR ArRR § ! \ROTt 83B. "As

a result, the processing gas inlet port 83B 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 @ - ®

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 valve 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 valve 25A, through the



10 body 252 in the high-speed rotary valve 25B is rot 2t ¥ THEYRER28G e
position as Figure 35D. Further, the valve 19A is opened and the ozon

in the line

16a is introduced into the pré@essing space through the

processing gas inlet port 83A. Thereby, the ozone 15 gas thus introduc
fl ows through the processing space along the surface of the substrate

be processed and causes oxi dati on of the nol ecul es of
source of Hf abs

Thereby, 20 an
Next, in the stepRFCHitqurt® 3B ugvelvgare fligsudizsrtien He Hikgh- speed

rotary val ves 25
the 25 processin

oy the isdageaf dde isuhsty atierdkd teh be proc
02 f|In1of t he thickness of one nolecular layer is f

AL 2By i IS A e Do N RORESHID

S ‘evacu to the evacuation conduit 2

e gas
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Further, the vahﬁwdbb%ﬂﬁbmnnunﬁhﬂﬂlZdﬂa St oif ﬁhqnugeﬁﬁﬁ@séﬁhahhe()w
purge gas in the line 23a i ntroducqu{nto t pro essi ng | et

83A. As a resdlt,
the valve body 252w thenhizy ispeed S1darin \'f:EHeV%l%EPASJ detny

state of
2006 - 67

the opening (Z c
Further, the openi'ng

the pr ocgsjs‘ﬁtﬁ&rgaslq

port

9D t rt her,
to the

Figure 35A in the step of Figure 35H and thus t he 26 SEPTEMBER
openivieg & )2 Forhfurfinsates Wi itdn tive whigduaansn Q:fortdm t 207b

"@astc D WEN AN iRLACESSRG 933 h}g 55 e R0y %gaéc%

onmuni cates W th the process ace.

and

result, the processitig space dsisiglerddse1pradogs siny thees&alve’z(bbdﬁ Fmcuat ed
to the evacuation conduit 207b fromthe opening (c) or qg;hroqu t he

RBfrt Hetr S&the S diffe PAAE §i9Toidndd 94T Reistidh

openi ng E

15

20

25

30

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 83A, the Ar gas thus
introduced 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 normal gas flow direction
in the processing gas inlet port 83A and is
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 83B of Figure 36A or 36B.

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,
As a result, the processing gas inlet port 83A 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



Figure 35H, and the Ar purge gas in the line 23b is 1026¢ &Y H&ELPNt o t he
processing gas inlet port 83B. As a result, the processing gas inlet port
83B is purged. Further, by repeating the %?eps of Figures 35A - 35H, the
atomc layer growh of the HHO2 film is realized on the substrate 12 to be
processed. 15 Further, in the present enbodinent, it is possible to carry
out a nozzle purging step shown in Figure 36A after the step of Figure 35B

but before the q@@@eotoﬁug@&QHQQFScﬁ@ﬁhmgealqg is possible to carry out
t he nozzl e purging process showmn in Figure 20 36B in the next cycle, after

the step of Figure 35F butfuéhere ﬂﬁes§9éédobeFP@Gﬁé $5BL Réferring to
h f h-
Figure 36A, the ‘f%k;\é%sgo%r%mﬁll b oLRE S Q t%%e%%zz(itears%mﬁ@s‘i% %Einm'?m 2 tes

rotated to the position-i Sone of t he openings
with the processBﬁgcapabe mnnﬁheteﬁradessb@gope&sab 202, varid < RdAvdlnve body
252 is set in th h- sp%ed rotary valve 25A to the position of Figure

35A. \Wen the’val ? B8P STopdaddSi 1 ofhiredsPat éPErEFUHE IARTYAY 935t he pur ge

line 23b is lntrqell%e@hlempqoctea%ﬁ@%@%smqega@olrml @AROI B3Banplid e the Ar
gas thus introduced flows, as a résult of the function of the i gh- speed

rotary valve 25A, through SH@126 rSFPTEVBER 2OG6iblesgo Pegyes Siutg thes i nl et
port 838 in the girection, anpesite Ladthe ysual, gas flow di nectign in the

processi ng gas ifilet por I'S éVacuat §the dvacuati on
207a through the30peyi egend ngndh@. vald vieurtie ki tihn rele rex anpltereof F|gure 368,

the valve body 252 is rotated in_the hl%h speed rotary valve 25A to the
position in whi cBIRSHSSdgt g@s 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 embodiment 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 86A from a line
86a. Further, an oxygen gas 1s supplied from a line

83b through a valve 86B. Also, an organic metal



openings (1) - (c)comunicates with the processing spadeSERTEMBR ¥pocessi ng
vessel 202, and the valve body 252 10 is set to the position of Figure 35A
in the high- speed rotary valve 25B. Wen 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 25B, in the direction flows through the

processing gas iRbet-cRObE 83AikNstipe1ididr et k@a gpRASKHEE hBoh@echer mal gas
flow direction in the processing gas inlet port 83A and is 20 discharged to
t he evacuation cémdmi the2ozbnenhiéaghhrheghopbsi Ngsve2l9%ando( kheFi gure 37 is a

di agr am show ng f ure f ur.qi r SS i ” sing gas
inlet port 83A %E%ﬁfgggﬁngagrg ggkeongggPQZE%EeggrE%%g%tgfgﬁg%re 37, the
purge gas flows ofzbam bhe.regi on of small conductance to the region of

| ar ge conductance, by causing to flow the purge_gas throu%h th pr?éessing
gas inlet por? 83A in the A8 PECFPoRNOpPEEFEe B8t KBCUSREPIHES + ow

direction, 30 Asgadh@subt +nkheeREACEHENRIvIaS WRLekaROLE B3AurSs BgEIed
efficiently. In Figure 37, it should be noted that the small arrow shows

the region of smahld 386énductdemeé lwairke folrmedarige taer bwadhemseche otegivon of
26 SEPTEMBER 2006 _.- 69..Lar duct ance schemat.i cal |.y. Further, .t, should
be noted that thgalyg§e2§§ 63%9%%3 SPO% Ss "6FFER lﬁgzyﬁévgh Wﬁlﬁﬁ Eﬁgure 37
can be conduct ed agl $@.ebyaopenopentihgsvalbee 244 2528 .t erst ep of Figure 35C
and by introducing an Ar gas 1nto the processing gas inlet port 83A, for
exanpl e. 10 specifically, in the development™ view diagram of
Figure 38B that corresponds to the high-speed rotary
valve 25B, the openings @® - @ 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 -0
20 to have a slit form.

On the other hand, in the development view
diagram of Figure 38C corresponding to the high-speed
rotary valve 25A, on the other hand, it is necessary
that the openings ® - @ 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 -0
are formed such that, the opening ® communicates

30 with the evacuation conduit 207a in the state the
opening(D communicates with the edge part of the

processing vessel 202 at the side of the evacuation

port 25A, and that the opening ® communicates with



Simlarly, it is possible to carry out the reverse pur¥fiWFTEMREBI0G! t he
nozzle shown in Figure 37 by opening the yflye 24B with regard to the 10
processing gas inlet port 83B in the step of Figure 35G and by introducing
an Ar gas. [ElIGHTH EMBODI MENT] Figures 38A - 38C show the schematic 15
construction of a substrate processing apparatus 120 according to an eighth
enbodi nent of the present invention, wherein those parts in the draw ngs
expl ai ned previ otslky rade cddsisgnatced 85y ihhe hea ateefier emdemurier al s and t he

expl anation thereof will 520 be omtted. .R@%erri[lfgqto Fi gure_38A, the
substrate pr oce§§eﬁdn§p@r%ﬂ%urilfoaqﬁa% bty fd99P3T i Phrthe o that of

the substrate pregeseisidnaPRaikalkys 2090 expl ai ned previously, except that
the renote plasma 25 source 85 explained with reference to the substrate

processi ng apparatus 80 of IFi Gliee P25 sientc eabestiagntto itthehsgd fseed rotary
valve 25A via,a Goudu B840 9 ghLacky b the aubadigeni. ol Flgw ¢25 or
is p e ver plate

31, the renmof e pl'asma sour ce rovi on the 1A so
as to be opened aatzAleoss® fWwhedley ncattidan iAh gas iis Swpglliied .t hrough a

valve 86A froma _|ine 86a. Further, an oxygen gas is supplied froma |line
83b through a vaPf&ag6B. CAl §815an toeganite r‘h%}t 6%216 %Eﬁ?@l@g’lﬂﬁlmeth‘i 70

source of Hf is %%%%l&in%dpir%cte@% RogSenle eaROIIBAL glE0MH hed Ing LEa

t hrough the valv tto the processing gas supply opening 83A in place of

the ozone gas. Blisscshonnaisn iFE dinee c38A&, ofthé heperievgousD emB@imddwn i n t he

devel opment g%ewo%i% %a%E%ErF%%%%esi%8§s also possible to increase
the width of the opening D such that the opening )
communicates with the gas nozzle 83B in the case the
opening @ 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 O 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 39A - 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



and 38C in detail are forned in the high-speed rotary 2¢3ERIEMBERRIAOd 25B on
the respective val ve bodies 252 as the valve openings 252A and 252B. More
10 specifically, in the devel opnent vi ew di’ gram of Figure 38B that
corresponds to the high-speed rotary valve 25B, the openings (D -3 are
formed such that the opening (Z communicates with the gas nozzle 83A and

t he opening (a) communicates with the evacuation 15 conduit 207b in the

state in which t kg, OpHEMNIG POI Some@RTYM £tk Dgh WM AS thecedgeonart of the
processing vessel 202. Although the opening (I is for r@d in circular or

elliptic form irFamBlig |4f5ty fud noaensife the a1 id1%o Yoasdd to formall
t hese openings ( 0 it Q. t he i e
devel opnent vi ew%oé[?“ élgrrglacﬁ%%§1§?/€tur?eé§8(? %%%gessl%d%}%g@%b %%gaﬁ%hé-g%%‘%’d
rotary val ve 25Athen dtdieveotr dmruheridd isndhecessayanid hadtdhesopsre ngs (1)
- (I can comuni caé(eﬁg\n th the 2 Cge}:ftﬁji.cal squrce 85. Because of this, the

di stribution °thét IS e UG IV R 5 SO T h SRS in
Figure 38B. Thus,t{d p!:ﬂcgi{{sesﬁﬁj; dde ppanidgs (@3a - are forned such that,

t he opening (2) conmmuni cates Ogvvith t he "evacuati on conduit 207a in the

state the opening (D comuriifeataggasict naie ledife garnceofthive igroebszgtg

vessel 202 at the.side .of th acuation .port 25A, and that the ening (2)
comuni cates w t%%%@lﬁéﬁ%@rqceﬁlQ%eSprzaac i cagjlo% Bﬁff}:ee %%ri:)aﬁc he

state in which the apyimgd 1T anbd iR Wdd dhecredgel Jrardpadd t he
processi ng vessel 202. In the present enbodinment, it should be 5 noted that
only the soure gedfawy sidpi§ 6286}} Fhhe hfadnolecules of 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 O of the high-speed

15 rotary valve 25A through the opening @.

Next, in the step of Figure 39C, the valve
19A is closed and the valve is 24A opened while
holding the high-speed rotary valve 25A in the state
of Figures 39A 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 inlet 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 wvalve 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 39D, 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 @



nozzl e 83B while no oxidation gas is supplied. Becausa6tSEPEEMBER20Mere is no
need of conducting the purging process for_the gas nozzle 83B in the
reverse direction as in the case of the” p?%vrous enbodi nrent. 10 On the
other hand, it is also possible to increase the width of the opening OL
such t hat the opening comunicates with the gas nozzle 83B in the case the
opening T has communi cated with the edge part of the processing vessel 202.

In this state, theeReNidg ) vJaS.Lv(éO'E’Bdigl CRir@fnMddt dh e iR eiaid Rt icandui t
207a. In the construction of Figure 38 t he openi ngs (Jﬁ and (c) are

fornmed to have a Cﬁqqu#tor%@nd’ltahéh@péﬁ’aﬁgla(tf}qns SjeS o e & rcul ar
or elliptic formyi ligdt, n%‘n%la@e(?&%lh 18a€<9sfx9{%‘i} at%ljle 0&05@@19%@}&”95 (1)

20 to have the slit Torm Herei € process ormati on of an
by using the subsifr athe preoeess iplg sapparcatiee BX0  Ffr thegyr ehe38/A41ve38C wi I I

be descri bed vvit eference fo Figures 39A - 3 5 Referring tqQ Figure
39A, the high®sp ISoCRaRahISEY %f@ﬂeé’ﬁ’(flé’BBaé%etﬁW %&ﬁl

expl ai ned previ ousine Wdh 1rsefs‘%‘16§;fl(:1%ct @ity &c3rA A astrrhae S OPLESHNY space
i nside the processing vessel I's evacuated. 30 xt, in the step of

Fi gure 39B, the hi gh speedunsthety \dleveradBk i Ehdlsd dnenere st eirof  Fi gure
39A, and the vaIv y 252 insjde t rota alve 25B is
rotated to the p05| dﬂ |r?2fwhE:~l %&fﬁ%é%%g)% ﬁytt\fhe opec-‘hl ng (D
comuni cates Wit hth:h:e MbaQLsats@‘pll@mdw tthféomdmassmfge Rfs tdigpapeni ngs 0

and 0 comunicates with the proce55| ng space. In this state, the valve 19A
i s opened and%an "¥AhitSBretHitisdiige Purging of the processing gas

supply mouth 83B is achieved. The Ar gas thus
introduced from the processing gas inlet port 83B
flows through the processing 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 39E, 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 85A 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 is 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 alsoc as it is, and the valve 86B is
opened in addition to the valve 86A. With this, the

oxygen gas 1in the line 86b is introduced to the



5 of Hf is introduced into the processing space from 2EhEEREIRERING gas
inlet port 83A The organic netal Hf sourc; thus introduced flows through

t he processing space along the surface Lubstrate 12 to be processed to

t he hi gh-speed 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 frowehbeeopeabmg cbuetet B6 hbghtapeedith ebkampy ‘salsvén25A
t hrough the opening 0O in the step of Figure 39C, the valve,K 19A is
cl osed and the véhﬁelﬁgezﬁﬁaopéﬁédt%ﬁ.PéYGﬁa|a@ﬁgtPHé BRGRoSHEEd At ary

valve 25A in thesstalgecal BLouless394 8edaddBvaldodl se hakdongodhe state of
20 the high-speed rotary valve 25B as it is. As a result, gas in the

line 23a is intrgdsced thEOremgteppdeemslﬁgugas Bﬁbethp@etaB@Afoam@dthe Ar

th troduced fl th th I f
o the Subst At o TI%EG BECAFBNGsSed o ™08 ¢RUCHFoRSg08d JPOCAFy Vil ve 25

The Ar gas is thand @macuayg@nt @atheagyaouathas @penkAdaz@7anftreducke
opening (1) of the valve 25A through the opening O, and with this, the

processing gas i AREP §BFt PE3ASSSInguPgage 30 Rext Niph- EREest E9TETYFI gur e

39D, the high- speged rgggr val Y8 e2eBehs nbelyragd J@, t @Figure
39A, and the valvegbgdy 25 r|n tﬁe hE h ngeed r ot yt3§?3§Q%§ﬁ£§s rot at ed
such that the op@hengx&@eﬁE@ﬁEMBERsZO@Gthus?ﬁormednédows eiengalthe body

cormn oot o 0 B SYSEATL o8, cCOTANLL 2073, 113 i exseuatl on cpe g 755

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 86B is closed, the plasma
resource 85 is stopped, and the valve 86A 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 24A 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 of the
processing gas inlet port 83A is achieved.

Further, by repeating the process of

30 Figures 39A - 39H, 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 S@ASFRTEMEERZ06

simul taneously, and the Ar gas in the line 86a is supplied to the renote
pl asma source 85. Further, the valve 24B 73 opened also in the step of
Figure 39D and the Ar gas in the purge line 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 i HeRbmRer bB3Bbikl @ws stbpeegh the pHReeTsIsI®nSRICE to the
hi gh-speed rotary valve 25B and is evacuated to the evacuation 15 conduit

207b from the opémitey the) fddmopdnisng ormedvite e Crog&fiSng Xc)FaWéd®d, in the
step of Figure 39E,. tate f ihah- r ry -val B i

mai nt ai ned as i ?)I%lgtat%gno ?kle t\1/1% \Ttgti%ggl%g%%&?(ra%ﬂtehgtr%iaéﬁiégg\eégl 0 Orf(S)t ary
val ve 25A i s rot ategrd 1ssairht at Hfhabapehiedg upbor mhe cubisheatal e bedy 252
comuni cates with the conduit 85A %&l the renote Iaima soyrce 85 and t hat

the opening (¢) ESHNTTSER &Y WSERSt A& SpPFTEES ﬁj‘dgﬁé & NaNdng SEEOnS the Ar

gas including theAQadtadirCdowedd atlritvatred iW bRdohe s @rta Hilasm source 85
is caused to pass through the openings O and (c)introduced into the
processi ng space.sURPTess rihieh@ddiess obf ofi GHleizgr, uppa $het surdfacehef

hi gh- speed rotary,val A intai it i .and .the state of the
hi gh- speed rot ariléh\?alpég)c%%%l‘ln? %sr%teg“l %Z% %I%sg%glgaltrtedls’sw,lacgln(}ht@hecsavsa ve 86B
is opened in addift iueingo dthe rvalxieli&eA sWchh atshiHs) dheo, oxygen gass) n t he
line 86b is introduced to the 26 SEPTEMBER 2006 - 74 rennte plasma source

85 t oget her WPt h & CRINGaL L Fhe BE 9558 186a I2n FAhEoRFE T YGEs t hus

introduced is 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 molecules, 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 ga26SEPTEBERIME e pl asm
source 85, there are fornmed 5 oxygen radicals O* in the renote plasnma source
85, and the oxygen radicals 0* thus forned are introduced into the
processi ng space in the high-speed rotary valve 25A fromthe opening O

t hrough the opening Z. The oxygen radicals 0* thus fornmed flows along the
10 surface of the substrate 12 to be processed and cause oxidation in the
source nol ecul es absiorbest yposvidesl surfacerafetdrecsubstFaferd 2], As a
result, there is fornmed an H 02 filmon the surface of the supﬁégate 12 to

be processed in tHETR mBT orfe Tl FcuIRECY AUaE AGRZZ157 the* St ep of

Figure 39G the sidie s dhs.hi gh-5 rot afy prd e 25mand 25B is hel d
as it is, and the valve 86B is closed, the plasna resource 85 is stopped,

and the val ve 86Atecesdvvedl gad tiertletheodwt gath ixr chibedFuntidnw fleerar 20
predet erm ned _period. Further, in i of Figure_39 the .s of the
Pary' s Orn‘f‘%ﬁ? i soéég%lu$ e%df{)ohat‘ﬁledgtgat%éao&%iwhmdovggg&

hi gh- speed rotary ‘val ve gure and t he
hi gh- speed rotaryin vitleecAbR- islsted 2@ A heh sdatePorkdgnae 39Bhdurt her, 25
the valve 24A is opened in this state and the Ar gas is introduced into the
processing gas i AT PoriCEBe ¥4t purye 13 e 2, st Fe tht 3, 1Hur gi ng

of the processing,gas idll etndUL 34 1S aohieved, Erilglondunsensating the

process of 30 Figures 39A - 39H, an 02 filmis forned on the surface of
the substrate 12 the bepgriooesselh nol ecul ar | ayer by one nol ecul ar | ayer.
According to the present enmbodinment, it 26 SEPTEMBER 2006. -, 75 becomes
possible to §8ppress theiIﬁ%ﬁ%EﬁﬁQﬁ1?ﬁ gure ! eaé% of the "quartz

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, 1in 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
quartz 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 formed to 1% or |ess, by causing ox¢ERTFAPBER2006e

nol ecul es of the organic source of netal 2171ch as Hf absorbed upon the
substrate to be 5 processed by using the okxygen radicals having strong

oxi dation power. Further, it becones possible to suppress the adhesion of
oxi di zer upon the surface of the processing vessel 202 as conpared with the
case of wusing other oxidizer such as H2ZO or 02. Wth this, 10 switching of
the processing gahweardeneashiievedcoafds gioentibl Py usiorsh a Fiingd e pur gi ng
process. As a result, the process throughput. of the ALD process is

i mproved. Furt heﬂu%@hgfél&kf@éﬁarlé’din@aﬂslt&ﬂ@ Gs &t thf 6q & ISKERS on of

the source nol ecyey,nd By itddm 245 1ngeded for the oxidation processing is
reduced and the processing throughput of the substrate is inproved

further. In the present entiddithenmoneoo by trrioyidiggsisblrett & idamgntodto t he
reverse nozzle pyrgi ng 20 process _exp] ained previously wth reference to
Figure 37. [r%u h%ﬁl%@l%ﬁﬁﬁg%il&fr@%&hseh B en&%&ersu@ﬁ?’g}la a 25
substrate processiaup apaiafure 140 accendigigiatd v lynipit kkcxdiedj e of the
present invention, wherein those parts in the drawing corresponding to the

parts expl ai ned ipyen olaslly ofr &hge Sagn RESE Al v ithhe asadd 20p ef BFBNRE Auneral s
and the descriptignp tkergof ;i Ueizggﬁbgogg@LE&gdtoRggggﬁegt o Figure 40, the
as a

substrate processifig apparatus constructron ' simlar to that of
t he substrate prceoestiatg appdr atads cd1s26 SEPTEMBER 2006 - 76 expl ai ned
previ ously vvil%h reference to Figure 7,

[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 quartz 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 quartz 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

300 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 andé SBESEMBERIP N Fi gure
41 in place of the processing gas inlet port 13A or 13B. Further, there s
is formed an openi ng 20la having a quartz ndow 144 in the cover plate
201A in correspondence to the quartz nozzle 143A, and a ultraviol et source
145 is fornmed on the cover plate 201A in correspondence to the opening
20l1a. 10 Referring to Figure 41, each of the quartz nozzles 143A and 143B

has a flat form atommidiftalfianh qarfaddariad @Rd Ghows: thecharsdesi stics
in which the conductance decreases gradually toward the slit- form opening

at the gas out | et?&ate. By using the 1s nozzle of such a construction, the

processing gas is suppli e%éﬁgﬂqh£L%%J% SPAC Hdd hes desifed form of

sheet formng a lamnar flow It sho noted  that this structure is
basically the oneowmaldady ldyel B bsaksugtpestgasstozz|at artte hasr fdee fefat ure

that 20 the space .inside the gas nozzle forns a unitary space _.and only the
cross- secti ondl ara §\.§ps[q1réatg%2120&q fzﬁe R Y%t a}récfo%]ﬁcgaas%dt}i‘%ward t he
direction of the s gasQuUtdetchellHsari N AdCiistydidd o @f f1i gie &se 25

oxygen radicals 0* are formed by supplying the oxygen gas to the quartz
nozzl e 143A and farrtrgedsingr i9dndt Iahe ik (TA olastd dptd call ksource 145 in

this state, as %11{? ‘letd qroglﬁ(ctiﬁeat%cﬁ{'zfé 8t:‘{})‘e pirsoccfag_f%]%g t%asfi'&the quart z

nozzl e 143A. 30 y oXidi zing € nolecul es o source materi al
such as an organitthmmigh tdfe Hfamarel d$pwec-d ides;weatds arire dquipoiz thea stirdrace  of

h r 12 r in h n radi | * 2
e ey ol s 12k 1° IP°E5Ehe S AL NS RY YD SRLEA 5 07 20

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 scurce 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 formed, it becones possible to forma high quali 28§SERTEMRIZS? ni ng
little Cwith the thickness of one nnlegutgr_layer. Furt hernore, by
providing a hot filanment to 5 the gas passage inside the quartz nozzles
143A and 143B of Figure 41, or alternatively 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 nmade on a substraﬁégpm@ce§sbhgwappaéaEHSaiﬁanahd@r@bm@eb@ a tenth
enbodi ment of the present, invention with 15 reference to Figure_ 43, in which

optimzation is fie9%PnCG REs @It PafEaSprlPBLsiRg Appardtds "8G 1df thicgure 25

W th regard to thergapeGoretpeeryble guartiz E%a%%' Rockeseel 1202 and the
bottom pl ate 202A, and thus, the gap with regard to the surface of the

substrate 12 to sa@um@tﬁdo@e§§edheR€Mérmpﬁgcudesngwh@r¢3n tthe obj ect of the

present enbodi nment ptlnlze t efficien f utilizatiaq t he
source gas su%plge lzon?ﬁe 6roce§snngg§5§cgs|ﬁ§¥ 3 tﬁg Vﬁ% 7 rga%%ion

vessel 25 202, areckescegt epeedudestie oper guiaenal r@e&ttl@fn kg sequbstrate
processi ng apparatus, by optimzing the foregoing gap G, Figure 44 shows
the part of the @GQstP§F§u5§r6@§s§ﬂﬁ@e§§6aP§t QelBGOGﬁSﬁP@@r§P@§etH§t

I ncludes 30 the guaik neeAGH-RRN §%%59Eh%0%o§ﬁﬁetB% %%st&%b%s%%nbn an

enl arged scal e, wherein Figures 4 44 show the state in which
surface of the sspstceatert2spondse tor tbesged iGs D@c&b@doamemhéamﬁoce33|ng

position 26 ?FPT%MEEverglcal 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 value 1is,
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 simulation
20 for the case of setting the bubbler temperature of
™A to 25C and the vapor pressure to 1.5kPa (11Torr),
wherein it can be seen that the adsorption rate of
the TMA molecule 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 to 8 mm. In Figure 45,
@® shows the proportion of the TMA molecules absorbed
upon the substrate 12 to be processed, while ® shows
30 the proportion of the TMA molecules 12 discharged
without being absorbed by the substrate 12 to be
processed.

Thus, it is confirmed that the thickness &



- 78 formng a flush surface with the quartz bottom pR@SEPTEMBER 208ef erri ng
to Figure 44, there is forned a boundary |ayer B in such structure at the
surface of 5 the substrate 12 to be proéeggea and al so at the surface of

the quartz reaction vessel 202 in the case a processing gas flow F of TMA,
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, ofwigieigoburite iy QeESS B famaleces s it hthe
nol ecul es of TMA, transported al ong the processin gas flow F_ in the form
of being carried WPSHat % ity PfaProcessrd e Q?ﬁqréé@e& héhsubstrate 12

by 15 causing di ffusiQn; o By ar¥ ersly .+ e
t hi ckness b of sggké%ggt%&u d(aglﬁyyE I a?e?%%h%ggg%ﬁet %atph-emveal ocitty of the TMA
gas flow F in sedifizxirsmercft hdti ltilza ttilinclofesheb sonmarosases atherhe he fluid

velocity is decreased decr.eas 20 when the flui.d velocity, is increased.
Wt b deor bases | TG Shititndaa T TS B S0 EHAESP S thfer B (g f or & he
TMA nol ecul es relreasgd fgomndie vEMAnas f ko Rgpash drhhe=sw face of the
substrate 12 to be processed by causing diffusion through the boundary 25

layer B is reduced, and nof@® Ha& @iheguhéadreddh Hive cang ftdde TP the s
substrate 12 to t@feo‘}re%“see%s%ﬁ’t’lﬁe'}' N3 Heedef e fieq i me peyipd. 45 a

result, the efficiency of utilization of the source material is inproved.
30 I't should be noteedttheat Harel,f thw dloociviel ocdft yt fvef EWe gasifdeowds can be
gggfegsed by §ecr s ot NS LA Qerd8 B 0SSV FRICE: Q hence 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 velocity.
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 of the flow
20 velocity of the source gas with decrease of the gap
to the value of about 0.5 - 1.0 mm. As a result,
diffusion of the source gas is increased and the
efficiency of absorption 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 - 8mm, more

30 preferably 0.5 -3.5mm.

[ELEVENTH EMBODIMENT]

Figures 46A and 46B show the construction



26 SEPTEMBER 2006 - 79 Figure 45 shows the rel ati onsA¢ PEIEMRER200¢ he gap G
and a TMA gas supplying interval until the surface of the substrate 12 to
be processed is saturated with the TMA fioP&ctl es, wherein the 5 horizontal
axis of Figure 45 shows the volune of the processing space inside the
quartz reaction vessel 202. Because the dianmeter of the processing space is
mai nt ai ned unchanged, the volune of the processing space corresponds to the

gap G On the othgr thandupkd rhe dee%%'irl@xia?pﬁfralfiu@u% 4% showsd e time
of supplying the TMA gas until the surface of the substrate to be
processed is sat drodt édenirEr tt He g VAsliadiYe £t ibs FBSGAFSENITESSmal | er

this value is, t, h r e .unty . t-he t j
adsorption is ac rﬁt}@fzcd% &r tsﬁéf%g%?ettg%é%rlgf ilglntdreéctagl' i é%l%?mb]%he
proportion of thectgepltihed EMAigadant kainstasiatdused st s eadsdrsat iwdrtit o t he

substrate surface, is increased with this. Fi,gure 45 sh t result of
similation 20 fdFE &sé p§(§)ﬁqsﬁgmtgh@aﬁuﬁ'g’lﬂ§rec tpgﬁ.%e%g?ur BFEVERVA t o
2500 and the vapahepragawm thionl 3K dckkEamy) .gasmieneith gdrtC @B ey iseen t hat
the adsorption rate of the TMA nolecule is 1I3%in the case that gap Gis 40

mmwhile in the desemifdegap Gis 20 nm the 25 adsorption rate is inproved

to 14% Further, it can b ; t ﬂgﬁor ion,ra i Q. 30% n
the case that gap Gis redging%%{}&tr%at%% t%IE')L |g§%§’4§,he %J%d sﬁos%\sﬁgfk?teas
proportion of thenlMia marec#3es cabsaried tagporn thhe subsitgratspebBd t 0 be
processed, while (2) sho 30 .t he proportion of the TMA nolecul es 12

di scharged Wt hdrt 3l Vg a5 drbed 1By & KPSH S ad 128 §We "dFrisessed.

form formed to a part of the processing vessel, and a
pipe 83D 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 83D 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 83d, wherein the gas thus supplied flows
out from the space 83C via the bird’s beak form

20 nozzle 83B into 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.

25 Referring to Figure 47, the opening 83d is
formed in the pipe 83D in the direction opposite to
the nozzle 83B, 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 83D is obtained from the
nozzle B83B.

In the aforementioned explanation, the



Thus, it is confirmed that the thickness 5 26 SEPTEVBERS SRVGEMBERH06 of t he
boundary layer B fornmed on the surface of the substrate 12 to be processed
is decreased in the processing space by"d@gréasi ng the gap G and the
efficiency of utilization of the source gas at the 5 tinme of the film
formati on 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-dHBntONnddit Whaladadbn g fdiowyepeitye daddesource
gas 10 can reach the sonic velocit provi ded that the vacuum evacuation

performance i s sufdymdten o atrl"g%,gf’cénéifl@r PRePlifrriddde dfoveiee Bpddie
becomes not  pos .%fené:%rﬂe%[]tiérp itémrboccaslelr&ihcaetd Efbe tﬁ%fﬂrﬂ?nce of vacuum
u t a dec

evacuation is in 1 clent, ere can be as cause rease of the gas
flow velocity. Thusjat@ldrhqugltddweref exicdt s padapendencys yort diéouty adurim

evacuaton performance, it, is generall cancl uded that_there occurs a
decrease in tHe vﬁHﬂlﬁcaotflqnn_el% § a?@esro \L/tdqxh i e oo h%trf | ow 20
vel ocity of the spubricqigas W4 hsdacraase ofo,t ke 18ap e o, heiyal ugrefopbout
0.5 - 1.0 mm As a result, diffusion of the source gas is increased and the

efficiency of abstiigi dir0s fhtReaded.tion thkeother hand, further decrease
o {1 0 camot Prov.de SuggR, e ki Uaanal |
t hought that the datdtus afnd hehd I@ato rciersimyg hapage fhefpreaddnt set to
the range of 1%' > i_m/gemior%oreex lSaOi erdefheerraebtl(%/foor'e5 i_33'e5xn‘g?e e LE\{JEsl\el;rfl_lul in
EVMBODI MENT] P Y
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 continuocusly at low speed of 100RPM or less,
preferably about 10RPM.
In such idling state of the substrate

processing apparatus, it is preferable that the



Fi gures 46A and 46B show the constructi on 26 SEPTEVBER2QSKJGTEMBER[2006f t he
substrate processing apparatus 90 of Figure 32 for the part in the vicinity
of the processing gas inlet port 83B used3€herein 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 explanation of processing gas
inlet port 83Awll be omtted. Referring to Figure 46A, the processing gas
inlet port 83A comuylicat @F WHh drae ighsReed 10 ohat ary Maldg A Vi a a
space 83C of the cylindrical formfornmedto a part of the processing
vessel, and a piwewBBDstateed anid khat dahge shadee203f s matlel adpdrdiengs 83d
is inserted to thg _spac of th cylindri.cal_ f S S in Figure
46B. 15 The pi pe %fﬁ%ng%gﬁgglainesgovﬁ%taﬁl)aénp%(r%gsel%gaog C)((Iif;gm;%o rogg\@&aos‘fﬂt'hrough t he
val ve 19B or 24Bruattherhe itGds e esaplld edaft! ahe otlagentoo 3 he $pedee 83C
from the openings 83d, wherein the gas thus supplied flows oué fromthe
space 83C vi a5t héDidTy' L BPEHK N HLACEF nSEARE IEIB e S0 Ehé Hridlessiig space
inside the quartz Jeaction ¥e3sele 2ABdikrd RE foml & damimare) i) ow.
Figure 47 is a plan view of the construction of Figure 46A. 25 Referring to
Figure 47, the opdw mppr83dgas widimBdw f lichwe reitpe 183Ddien thiee di recti on
opposite to the nozzle .83B, and result, the gas that has flowed out

a
t hrough t he openiff§ E3F4i™Y é’(?l.ffﬁjzég i'n the cylindrical form space 83C.
Thereby, a uniform 30 | am nayrtileaw fwrge & rom fdrlé%telylﬁt 1Ry et fdrowmaat e in

the axial direction of pipe 83D is obtained fromthe
10 been explained heretofore with regard to preferred
embodiments, the present invention is not limited to
such a particular embodiment and various wvariations
and modifications may be made within the scope
described in the claims.
15

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 controlling 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 continuously,
and hence according to the used source gas. Thereby,

the ALD process is stabilized further.



nozzle 83B. In the afo
present invention has

rementi oned expl anation, the 26 SESEHNVBRHERI0E - 82
been explained for the case of formation of the Hf 02

filmor A1203 film However, the present §4vention is not linmted to the

filmformation process
possi bl e also for the
HSO film ZrSio f
substrate processing

i nvention expl ai ned he

of such a particular systembut the 5 application is
formation of wvarious filns such as a Zr02 film
ilm Ta205 film and the like. Further, while the

appanaicésdang thetpeogessend ARkRkRe@ioh the present 10
retofore is extremely useful in an ALD process in

which a filmis &EFESEEe@OGFIPAE tourn&EEIYFSt Re PEAESSEANE UG Shénst ocessed
one ol ecul ar '%%ric%ﬁsoﬁ%t.%o!aeg)g'o%s'tsg% " yebRBY 21 ¢ 3Rl h;m%'ﬁl%lo in the

filmformation process not Iimt

he "at om c layer gqr such as an

MOCVD process. Fepcherdirye byl msting @ase gafspeerd ngtihy vallst hatve ng

processi ng appar at us _t

h hi gh-
expl ai ned before? rPﬁ@Fggégnvééaﬁrbgg&aPFgﬁédFﬁnglG% S

uses .t he eed rotary valv ssaﬁé nd 25B
I

TR es 20

or rore between Bgfldnbar -00e dy0l-Ad ke ] QR1LE kg anex: drolspdibanuhi | e,

because the val ve body

252 is “rotated at high speed"back and forth

repeatedly wthAs @ gpscilft,edvargelyindangeasiich laprocesgriog tto X590

degree in the hi Qb%%%
there is a tendency th

%qnﬁoé%%yn%%%%%l%%AF%EOZ%%d u %n?%%ga%%%%agkp%HPUS|y’
at "th bearing “part “andergoes asymmetric wear. In

order to avoid thhe pudBltemtd ttd e preicesaklde thabddvmesalpesdiedye 252 is

rotated 30 ggntinuous

grow a

I%_at | ow_speed ,of 100RPM or |ess,
igh 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 t

he radicals are evacuated to the bypass line in

the state in which the processing gas is introduced

into t

he processing vessel and that the radicals are

introduced into the processing vessel from the

radical source only in the case of conducting a

20

25

30

reaction such as oxidation reaction to the processing
gas molecules thus absorbed. Thereby, it becomes
possible to drive the radical source such as a remote
plasma source stably and continuocusly, and there
occurs no problem such as the radical formation
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,
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 formaticon on the silicon substrate surface,



preferably about 10RPM In such idling state of the sulfsYEPAEXBER288%essi ng
apparatus, it is preferable that the 26_§§§gEWBER 2006 - 83 interior of

t he processing vessel 201 is evacuate to cuum 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 400V in preparation for resunption of the
process and fl owbyt heipgr ga gasrmwublbmwoptdwaﬂaseutnsidhatheanprocessing
vessel 201. Further,. whil esent vention, has en explalned
ner otof ore wi th PEGEPAT 6 BFafe P Yod e REAdPREREE L Phe Sore tR TRAGEAY on i s
not limted to sWghca particular enbodlnent and vari ous varlatlons and
nodi fications may be made within the scope described in the clains. 15

| NDUSTRI AL APPLI CABI LI TY E@G@h@ﬁngap@oﬁﬁénﬁré@eﬁ@a PEEHENGn invugation,
conduct ance of evac [ 0 [ rQyi 0 i.ng v el is
controll ed, |% aﬁ% %% %ggs%%gsq%%% %% gﬁ%?bstggh?%%%%§%|I%F %%%th by

swi t chi ng sourcepr@@&eslabteemabelﬁifm@neahuy by @ohpghn@peedaﬁataﬂy val ve
provided to the processb%g vessel . Thereby, a filmgrowh of one nol ecul ar

| ayer is achi eve@°St&bl By ec & F?GPPﬁnQaﬁhéocénBGEFaﬁée thE a specified

val ue. 25 FUfthe%anﬁa%Q%hr%b%%%%.EB%n%%Q@@CE%n%%et%v%%%atﬁ%&'%5%hlhb becore
possible to purge the interior of the processing vessel wth high speed,

and it becones p@@@h Blog eyasertdnm the Pirloeegsdwsh vestiedi eénd pywhil e using
an ALD procesg. E uc1%pc%%%|@%dﬁ%aﬁgeof the cleaning gas into the

processing vessel in a reverse manner direction of

the evacuation system.



30 present invention, it becomes possible to change th# SEFdRNRERLE. of t he
evacuati on openi ng continuously, and hence according to the used source
gas. Thereby, the ALD process is stabilized further. 26 SEPTEMBER 2006 -
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 valve having 5 a rotatable val ve
body provided with plural slit-form openings and by rotating a val ve body
at high speedaiM#s a result, by applying a radical processing to the
processi ng 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 atomc

| ayer. Thereby, by provi#liagbatraypassoteéneiconappaedtis, t nbaceataatied
systemto the radical source, it becones possible to construct such 15 that
the radi cal8Yare evacuated to the bypass line in the state in which the

processing gas is introduced into the Erocessing vessel and that _the

radicals are introduReB PREDStRE PFOERSSPRGVVERLel1FRof FhaIFadPEdt"Sour ce

only in the_case of conductigg ﬁazo reaction éuch as_oxidation reaction to
t

t he processFigrcgas® noteeofe sPEHREY HeES e Thar b5V FEapElofts® possi bl e

to drive thgvgadigal source sugh as a renote plasma source stably and
conti nuous! §V2aRd t R8rB° 66ct?S no probl em such as the radical formation 25

becores, nstall S evenal rbesCane LPaL IR PYRLSSILOE LiaEeERIL the,
processi ng ﬁfuréfpﬁPXSsting gases to saild processing vessel separately
in the form of a laminar flow,
wherein said evacuation port has an evacuation
opening 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 an opening corresponding to said
evacuation opening of said evacuation port,
said opening being provided so as to cause a
displacement with respect to said 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 said

displacement of said opening.

2. The substrate processing apparatus as claimed in
claim 1, characterized in that said opening is provided in a
manner continuously movable with respect to the said

evacuation port.



Further, according to the present invention, 30 it beXoYRPJENBERW0E to
carry out the atomc |layer CVD processing efficiently by using an
ultravi ol et radi cal oxidation processing apparatus used for the oxide film
formation on the silicon substrate surface, 26 SEPTEMBER 2006 - 85 by
using an ultraviolet optical source that sslan perform stable ON and OFF
operation, for the radical source. Further, according to the present
invention, 5 it becones possible to clean the interior of the processing
vessel efficiently by coupling a radical source of the cleaning gas to a
part of the evacuation systemconnected to the evacuation opening used for
evacuating the processingheessbbtantiebyrébesningdappagathe radctalimedf inhe
cleaning gas into the processing vessel in a reverse nanner direction of

t he evacuat Fbainydt eahaR6CSEPTERMBERN2008C 88idLpaBe Rodp sabspraed of a
processi ng apEaratus _characterized by: a processing vessel provided with a
stage hol di hglletiefebhndrsapst Fanbet ol BEMpH otesBeda ARdORIRENE: edNEt an
evacuation port; and a processing gas supplying systemthat supplies plural
processi ng §a8881P0S84afdVRt BBe8aFng €8§§EFO§eﬁﬁF5F%F§m FRatheapsem 8f a

| am nar flow, wherein said eyvacuation port has an evacuati on opening

ext endi ng iﬁoaaa??gcf?oﬁabgnanva FM%EP@%Et?ﬁ@beﬁerpendicuIarIy to a
direction of said lam nar flow, said evacuation port is engaged with a val ve
havi ng

4. The substrate processing apparatus as claimed in
claim 3, characterized in that said valve body is held
rotatably 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 opening
via a space inside said valve body, said valve main body
being provided with an evacuation opening communicating with

salid another opening.

5. The substrate processing apparatus as claimed in
claim 1, characterized in that said evacuation port comprises
plural evacuation ports formed on first and second sides of

said substrate to be processed.

6. The substrate processing apparatus as claimed in
claim 1, characterized in that said 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



a val ve body forned with an opening correspondi ng to s¥iSEPTEVMBERZ09ON
openi ng of said evacuation port, said opening being provided so as to cause
a displacenment with respect to said evacuation port in a direction
generally intersecting perpendicularly to an extending direction of said
evacuation port, said valve changing a deggree of valve opening thereof via
said displacenent of said opening. 2. The substrate processing apparatus as
claimed in claiml, characterized in that said opening is provided in a
manner contidwioust yvdmy abt 6y Mdd sesPecd £ ordhensdi secOvacsdd ¢ oa: port . 26
SEPTEMBER 2006 87 3. The substrate processing apparatus as clainmed in
claiml, chaseacsd extt zegid nfihet sadel aad vea hddyedsnd o heeel, ofasdd hol | ow
cylindrical nenber formed with said opening, and wherein said valve has a
rotati on necharesmndhagacatseslaping ot atiem fursedd dahd ois oyd i aderrsenber .
4. The substrate processing apparatus as clainmed in claim3, characterized
in that saiprevctselbpdyas sshepdy Poratrbdylided sovasakd npgeobddyldavehg a
bearing surface of cylindrical formin a state of causing engagement wth
sai d beari ¥Rl SuTHRRleraie cy? i PRIrPEaFe $ /I aBA| R} Y Hosyl Bet HESt f or ned

Wi th anot her opening communicating with said opening via a space inside
sai d val ve DORRLSSHIH 9% vieC nad hA bbHYS T baT g b 004 deklr Wi 1 B efaEtia®f on
openi ng conqruni cating wt sai d anot her opening. 5. The substrate

g ,
processi ng appr at R RRL c%a‘?‘?’re%il??lg Ehai il achadhetetf 2P hrehat T

evacuati on port conc*#)ri se% pl ural .evacuation ports forg,ad on fi rst.(?n(g
second si d&s" ¥f°° & d s‘—i‘r%?%o?% e protEssety ® 62U s%%rstfr%{%v Beessing
apparatus as, ol ajqef; 10y ¢l@m b sSharaeserizad 408 SRk dsgYaryYRLL on port
conpri ses

said second processing gas to said second evacuation port in

the form of a second laminar flow along the surface of said

substrate to be processed, wherein there is provided a

control unit controlling said first and also second valves

and said first and second processing gas supply ports.

7. 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
processing gas supply ports 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 processing gas supply ports; a second state in which
said second valve is closed, said first valve has a first
degree of valve opening, and said first processing gas supply
port supplies said first processing gas and saild second
processing gas supply port supplies a purge gas; and a third

state in which said first valve is closed and said second



first and second evacuation ports forned respectivel y HSERTEMBER:2086 de and a
second side of said substrate to be processed, said valve conprises first
and second val ves 26 SEPTEMBER 2006 88 respectively provided on said first
and second evacuation ports at said first side and said second side, said
processi ng gas supplying systemfurther gonprising a first processing gas
supply port provided on said second side of said substrate to be processed
and supplying said first processing gas to said first evacuation port in

the formofvauvd isd & asddendfdoyw & ong thevsusfacen@fasai dasabstrate to be
processed, and a second processing gas supply port provided on said first

si de of saiprqrocessd e yessed 1 anoostpphyd higes sed 1 secomad pp ocesss figg gas t o
sai d second evacuation port in the formof a second |am nar flow al ong the
surface of sas kendubsidaterso bheopeosesseths whepreln pdhet esisp by ovi pedga
control unit controlling said first and al so second valves and said first
and second r®cessi ng gas supply ports. 7. The substrate processing
apparatus as clainmed in claim®6, characterized in that said control unit
controls said first and second val ves and said first and second processing

gas supply ports between: a first state in which at |east one of said first
and second val ves has® a tegreePdiraval RECEHHEM MY 2PRA B2 buf g@s gas2i8ed ubhl i ed

whi chsai & Kooty VAR TS" B S50an St 17751 A bE hatn B FETREEoBgr ce of
¢al ve openi po and ool o f Lol RAOCERSI 0O, 825, SUPPLY, poLl suppligs sald
pur9e 9257 A NS G oL ADLEL SPLRELLSh abte oot oBean oL
sai d at least one of said first and second valves has a degree of
valve opening and a purge gas 1is supplied from said first and
second processing gas supply ports; a second state in which
sald second valve is closed, said first valve 1s controlled
so as to produce a predetermined processing pressure inside
sald processing vessel, and said first processing gas supply
port supplies said first processing gas and saild second
processing gas supply port supplies a purge gas; and a third
state in which said first valve 1is closed, said second valve
is controlled to as to produce a predetermined processing
pressure inside said processing vessel, said second
processing gas supply port supplies said second processing
gas, and said first processing gas supply port supplies a
purge gas.

9. The substrate processing apparatus as claimed in
claim 6, characterized in that said control unit changes said

first and second valves and said first and second processing

gas supply ports consecutively between said first state, said



processing gas supply port supplies said second procesHiS¥§TENBERZAY sai d
first processing gas supply port supply a purge gas. 8. The substrate
processi ng apparatus as claimed in claim®6, characterized in that said
control unit controls said first and second val ves and said first and
second processing gas supply ports betweggn: a first state in which at

| east one of said first and second val ves has a degree of valve opening and
a purge gas is supplied fromsaid first and second processing gas supply

ports; a segonsd State-d o €hi gsah drsesomd val ve is closed, said first
valve is controlled so as to produce a predeterm ned processing pressure

inside said processing vessel, and said first processing gas supply port
supplies said first processing gas and said second processing gas supply
port supplies a purgel@asThandubsthierd psbatesingwapphraaud bifrat val ve is
cl osed, said second valve is controlled to as to produce a predeterm ned
processi ng clhaiassdiren i ki de sai chypracessi zgd viesstehat sad dd secanda t pewcessi ng
gas supply port supplies said second processing gas, and said first

processi ng mast suppfgrpettasuppld ebimst pruide gassadd Jhes subse rae ebe
processing apparatus as clainmed in claim®6, characterized in that said
control uniRretestrd sid vilse bndosechird vil veslidmelvaaidt $or skorhd@second
processing gas supply ports consecutively between said first state, said 26
SEPTEMBER 2006 DDr secohif st'aierahdl Sald RTPFIF S I230SUAMEY sEBSEeTAL e
processi ng apparatus of as clainmed in claim1l1, characterized in that said
evacuat i on f\porieT SCIRTEtEat 3R LFFFSINSi WS ofuRR Y Rebst ¢ R ECYHIER at
processed, sahg val ve is,grov%ded in said evacuation port at said first

si de, wher 67 Sai L PHOCEELT Nyt g3t SuPPPSE eyt et BUrR hereTonpritds: a

processing gfﬁpf¥8£§ya”955é€ ggogég&gda%rocessing gas to said evacuation
port in the form of a laminar flowing along a surface of said
substrate to be processed; and a control unit that controls
said valve and said processing gas supply port between: a
first state in which said valve has a degree of valve opening
and a purge gas is supplied from said processing gas supply
port; a second state in which said valve has a first degree
of valve opening and said processing gas supply port supplies
said first processing gas; and a third state in which said
valve has a second degree of valve opening and said

processing gas supply port supplies said processing gas.

11. The substrate processing apparatus as claimed
in claim 1, characterized in that
sald 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 processing gas

supplying system further comprising: a processing gas supply



said second side of said substrate to be processed and26 SKPJEMBERR086 first or
second processing gas to said evacuation port in the formof a |l am nar
flowi ng along a surface of said substrate to be processed; and a control
unit that controls said valve and said processing gas supply port between:
a first state in which said valve has adegree of valve opening and a
purge gas is supplied fromsaid processing gas supply port; a second state
in which said valve has a first degree of valve opening and said processing
gas supply port supplies asasdidi sstopdosessiof gasg andsarsherdosbate in
whi ch said valve has a second degree of val ve opening and said processing
gas supply portesuppl ied sapdlprogessingsgasr ddcofifiepsobstsang peoCceSSi Ng
apparatus as claimed in claiml1, characterized in that said evacuation port
is providedsaidaevaegatspgeproftsandtheubstra®e @ oldeipapcéssedalenpdaval ve
is provided in said evacuation port at said first side, said processing gas
suppl yi ng sye¥Ense uPf herlidoPpPFETAaEe BOPPOCRERTHTYSYAS BUPpRyCOBL BEPTEVBER
2006 91 port provided at said second side of said substrate to be

processed ahtPSupplyF S aSfifstabye salond® b oeeest gl asIed SEBPYY eRaEbat i on

ort inthe formof_ a |amnar flo | ong, surface. of said substrate to be
brocessed: SRt aC QoM Pl Thik £ COPRA? L EoRT 0l B2 b4F R ORI oL anhT SaraS brBceasi ng

gas supply gort saij gggtrol_uni . CO trﬁl sai d valve and sai ocessi ng

d
gas suppl v ROPEY HeTheere LaeRT i 6F GHATE THO bR IR LATGIVERLE PAL'S MaSgtee of
| | | _ Sa | |
s OPen B0 A0d Br PLOGC 08001 2ng RPN £ ULET A8L o PLOSEPFLATLHBR SLPR! Y

port; a secon sal S

bredet er m ol PLOCERS! B0 BEESSYT Lol n3! o83k PLOGESS] RO NesReL and sai d

processing = gas suppfy” port es said first processing gas; and a third
state in whigch,said ¥§$¥§01§e&086r9£|€9_§8ﬁﬂ Ihate@et PEROSLET PLBELssing

processing pressure is forned inside sai
pressure inside said processing vessel and said processing

gas supply port supplies said first processing gas; and a
third state in which said valve is controlled such that a
predetermined processing pressure is formed inside said
processing vessel and said processing gas supply port

supplies said second processing gas.

12. The substrate processing apparatus as claimed
in claim 10, characterized in that said control unit changes
salid valve and said processing gas supply port consecutively
between: said first state; said second state; said first

state; and said third state.

13. The substrate processing apparatus as claimed
in claim 1, characterized in that said processing gas supply
system is located at a side closer to said substrate to be

processed on said stage with respect to said evacuation port.



processi ng vessel and said processing gas supply port 263FJEMBERZ2APE second
processing gas. 12. The substrate processing apparatus as clained in claim
10, characterized in that said control unit changes said valve and said
processi ng gas supply port consecutively between: said first state; said
second state; said first state; and saidythird state. 13. The substrate
processi ng apparatus as clained in claiml, characterized in that said
processing gas supply systemis located at a side closer to said substrate
to be processed on said stage with respect to said evacuation port. 26
SEPTEMBER 2006 92 14. The substrate processing apparatus as clainmed in
claim 1, characterizettinihatuRal e e RERSE TYL Ve sepa Fasus a2 § edbeEte thei ght
at a centr p - re j j S C hel d
on aai d st At e b ar it Ty EHBet I e A e LI o Ea Tor oy T s d
central pard.rdducdhehsidpst rat ea pracessl nop apparat est asoctaimedsaia cl ai m
14, characterized in that said processing vessel conprises a bottom part
formng a SUBSTEMIAITY 17 URFOGTT T Ehe T AP Q Quriake of4al Sutatrat e o
be processeg @nddieh e pset sk 2ae; cafthR &£t d 1ot Pasd i @PPost RG] teasai d
bottom part, a height of said ceiling part calculated from said bottom
part being decreased at said central part as conpared with said both end
parts. 16. The substraie c i cl ai in,claj 4
characterized in that%éi@%r%@%ﬁglg%gg%éﬁégsﬁg?igngés%@%u%a?% %ien nr]r%ﬁi part,
a processi non spbein 0f4 0. Shar8oe r hzddi Oint tloat ssa 14 spibst ¢ 18 end ovdespr ocessed.

char act er | 76 1t G U 7 OLBCE| FOTTFENEAR ~ et 1Rt b ( b $Bnt Vaf 2GRt
a processing spaces @ ted of Ss SN s et HYE ©h 1521 P SEbSEERAt Sng b on
processed. 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

sald both end parts.

16. The substrate processing apparatus as 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.

17. The substrate processing apparatus as claimed
in claim 14, characterized in that said processing vessel
defines, at the central part, a processing space of 0.5 -

3.5mm in height on said substrate to be processed.

18. The substrate processing apparatus as claimed

in claim 1, characterized in that said evacuation port is



18. The substrate processing apparatus as clainmed in 4SPREMBERP@ECct eri zed
in that said evacuation port is 26 SEPTEMBER 2006 93 forned at | east on one
end of said processing vessel, in each of said evacuation ports, said valve
body is formed of a hollow cylindrical nenber rotatable about a rotational
axis extending parallel to an elongating3adirection of said evacuation
port, and wherein said valve body is forned with plural openings each
extending in direction of said rotational axis. 19. The substrate

processi ng tpperdtals b2t abmedne i enelaf nsaid aheeerseingede$pet hain seaeh

processi N s P&péynacégéigrg‘oﬁgﬁtlféé,ﬁg&?f’é r@éfvé’%‘&%%of pozglg baving a slit

form opening erein S0 as romsal d evacuation port "toward said
substrat e tiopobeoprogessedi @l havbey sotchas betasost | £ +dvadt decd Pasess a
conduct ance raéaicgﬁ/ t owar d exi t %Lde slit o%leni ng, at fl side closer to
sai d subst raf IO IDLHr HLESs et oMl FeP YV 1A Y51 AgeC” wPt iS¢ E<Spect to at

| east  sai depyaciidOnoPer !t PEQVKlese Bt s @neh Dfe S8 dly PIoCcCLSShEG wiEssel .
20. The substrate processing apparatus as clainmed in claim?19,

charact eri Zebuial tdenbed e dieh' exberkitorim doredtlelidvehgsabild slit form

opening is Icotncjrlglcé eadl VMPS at least one supply line for source materi al
supply and a eas one supply line for a purge gas. 21. The substrate

processi ng apparatus as claimed in claiml, characterized in that, in said
evacuation port formed at |east at one end of said processing vessel, said

pl ural openings being §ormrd sanasrheci pebUegsahqgl 8pphranas26sSERPIENBER 2006
94 opening in such a positional relationship that, 1n a state in which said
openi ng commnitatesl W diha sadte i zé@abd ©er edWwlid processing gas supply
system includes 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 and having a
characteristic that decreases a conductance 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 processing

vessel.

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 material supply and at least

one supply line for a purge gas.

21. The substrate processing apparatus as claimed
in claim 1, characterized in that, in said evacuation port
formed at least at one end of said processing vessel, said

plural openings being formed so as to include at least one



part of said processing vessel, any of the other openi WgEPTEMBRR®at es with
an evacuation conduit that evacuates an interior of said processing vessel
and said gas supply port, and wherein said hollow cylindrical nenber can
hol d said openings in a positional relationship such that none of said
openi ngs make conmuni cates with any of saud end part of said processing
vessel and said evacuation conduit evacuating said interior of said
processi ng vessel and said nozzle. 22. The substrate processing apparatus as
claimed i rmompdrimg Lin chadlacd egé zedi oma I had ] a t ioresictp ofhsta) direvacsad tonin
ports, said plural openings are fornmed so as to include at |east one

openi ng i n wuich as Piosidpemialg redbrationsttigs thidth sarid attttest nrowhiehd sai d
openi ng comruni cates with said at | east one end part of said processing
vessel , anyattherf opeid nyeo cepvinmi Catesl miaty anf e Lt oh eRWELRYS t hat
evacuates an interior of said processing vessel, and wherein said holl ow
cyl i ndri calCofeRerCateds Holteh st o va higd i ¢P Wiosi thahatva¢ed &R s oiishi p such
t hat none of said openings communicates wth any of said end part of said
processi ng Ves¥eloamMf stitf RIS 1 CORRA ta’éi;aﬁﬂacﬂigﬁs sSRPINtRYTor of

id [ sel a| id le. 23. Th bstr at i
appar af Us. G b HITRRET 13 1 i 211 e el dVTbe 1 B et hg.
apparatus 26 SEPTEMBER 2006 .95 carri .@.raq%cal squrce OQ1S%£q3 rocq;sing
vessel, an JATEThort el Ty bt VT etk 1 il BV URTT on BT P EEC &% 1 7510 end

Perl 5" SO SIAPdin3n 8 L po,summl | HID Lodlgale ofrempn

ural openi‘ngs are for on sai ol | ow

cylindri ca{%f%@gi%t%:%y 2na Posidional, 1€ af i onshi P i&ééﬁég@ %ﬁi ate

in which o sa ural openings Is In comunication wth ( rst
end part, {heofdieroone of Sabck W@l vOPR sy 1$aid nSLTAINI cation with

said inlet port.

22. The substrate processing apparatus as claimed
in claim 1, characterized in that, in each of said evacuation
ports, said plural openings are formed so as to include at
least one opening in such a positional relationship that, in
a state 1n which said opening communicates with said at least
one end part of said processing vessel, any other openings
communicates with an evacuation conduit that evacuates an
interior of said processing vessel, and wherein said hollow
cylindrical member can hold said openings in a positional
relationship such that none of said openings communicates
with any of said end part of said processing vessel and said
evacuation conduit evacuating said interior of said

processing vessel and said nozzle.

23. The substrate processing apparatus as claimed

in claim 21, wherein said substrate processing apparatus



24. The substrate processing apparatus as clained in % PHREMBER 2006
characterized in that there is provided a gas supply line in said holl ow
cylindrical nenber that constitutes said valve body in said evacuation port
formed at said second end part of said both end parts. 25. The substrate
processing apparatus as clainmed in claimgg23, characterized in that there is
formed a nozzle of a bird s beak format said second end part of said both
ends parts, and wherein at |east one source supply line and at |east one
gas supply ¢ameldora arqpdirgel aseuconnectstid erom s oz ziesseb, dhel substrat e
processi ng acg)rgarbaet.us as é:ljgéen%ﬂj[ni n cé%cma .C\)/\Illneroei n E;saiégl ivfaté:uatri1 n port IS
formed at fi%st PEHP SEOh ! uaéirlly opp s'Jhg ephdrfpartfs 0 sa?depro%essi ng
vessel respeetived Yodtsh dedd rsdreyassiad $ ofb Py ts@hisl teseeDitd reyaeans i on
port, in each of said first and second evacuatjon ports sai d val ve body
bei ng for metE @t S ¥bI T3 €3 | TRIFTCM  RADEIC T3 10t atabl & HbeRt FERHRAT | onal

axi s extendi i I % 0 i i n

el ongat i ngdél re%:c%lrlngencpo r?s%afidd é\?%%% po(%?l,@alsg?e v%’f\%i@gd%/@%}giang f ormed
with at | egstsftirsigl secbndi@amship hin dtlopeni ngse respectivellyiextemdiag in a
direction of chlng]r roltnati onal axis,.at first, and. secon end.(Fansts tof s(%li d
processi ng S5 T et 4 e Provi ded TP e Ghd Fecbhd ndz:Y es* of - &£ Dird' s
beak form ata@r sitles cdOSEr &he Saf dssLdSiT @£l tepdreings ocessed and hel d on
said stage with respect to said first. and second evacuation ports as a

sour ce gas SUPPIA &st@mWikhyctrttatnkaf PFitst and second end parts extend
toward said substrate to be processed fromrespective, corresponding
evacuation ports, each of said first and second nozzles being provided with
a source gas supply |26e Bl sulpttgetgasrddemsing apparatus as claimed

in claim 23, characterized in that there is provided a gas
supply line in said hollow cylindrical member that
constitutes said valve body in said evacuation port formed at

said second end part of said both end parts.

25. The substrate processing apparatus as claimed
in claim 23, characterized in that there is formed a nozzle
of a bird’s beak form at said second end part of said both
ends parts, and wherein at least one source supply line and
at least one gas supply line for a purge are connected to

salid nozzle.

26. The substrate processing apparatus as claimed
in claim 1, wherein said evacuation port is formed at first
and second, 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 evacuation ports,
sald valve body being formed of a hollow cylindrical member

rotatable about an rotational axis extending in a parallel



in said first evacuation port, said first through thi?SEIEMBE2Mei ng
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, said first opening conmunicates wiblg said first end and said second
slit-formopening comunicates wth said first nozzle, said first through
third openings being formed with such a positional relationship that, in a
second stat@ierwWeehisaan $19R925109 -dbrenobehi fg STbdmeint ¢ad e50m R Bai d

first evacuatjpneonduida, none, of : sakdy second and, thi A oPENLOGSha ang

comruni cat es vmt any of sai rst part sai i rst nozz e or said
first evacuatioh guuids respeadidi setpnek earatiuad iion podiresaidn fof statdr ough
third openi %ﬁbe' n%lformsd with such a positional relationship that, in a
third state" WHPe &1 hi rd openi ng communi cates with a second

evacuation conduit that fEVaEURE@SsSabl idErport Hfosadsli Proessssnonyessel
at a side of said second end part, said first opening communicates with 26

SEPTEMBER Z09%5€ 07 sheee s@%rﬂr%wd%ril%% il o5 SRBH N OpehthgC Eotmuni cat es
wi th said second Q%gﬂfefo L g firsiqd heough third, ppenings, . being for med

with such a positional re atlonshlp that, 1n a ourth state 1n which said
first openlpngomnnnhla:raﬂelsewtdm said sieamlddﬁxﬂacmpmtcmdmid honet of
sai d second a enl n S conmuni cates with a% fm second end

> CONUTY .

dt
part or saf sseecco n%‘i OB KU SO VAT i 6 SHF-Chhe

substrate psosessidy ﬁﬁt@rﬁiﬂé?t asnd| sdd® dnd b B3 20yt SRAr 86t £Fd z&gh di n
that said first through third openings are fornmed in such a positional

rel ationshifRHGHACE TP P IREICSLAME FFOWH LIPSV ¢ hi P BPERIP PG NG
communi cat s, %é&éﬁ%f@@”&'a&?dof’aééld spf S NI § OPES B9 GOMMUDI AL £5

with said ra source
prov1ded with a source gas supply line and a purge gas line,

in said first evacuation port, said first through
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
sald 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 formed with such a positional relationship that, in a
second state in which said first slit-form 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 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 third
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



28. A substrate processing apparatus, characterized b SERTEMBERZ8Vng vessel
provided with a stage holding thereon a substrate to be processed; a
processing gas inlet port forned in said processing vessel at a first side
of said stage, said processing gas inlet port supplying a processing gas to
said substrate to be processed in the formof a lamnar flow a radica
source fornmed on said processing vessel at a second side different from
said first side with respect to said stage, said radical source supplying
radi cal s tosakd dseasubstend 03Bt bEnProcked sTREIH tPReF b dn PRI bGRFRF flow, a

first evacuat, pend r | 0 sal d%ﬁ?ﬂﬁNﬁﬁﬁ[ 006. ,. 98 i ng
vessel at ;kgllﬂcﬁpslér)ls(?nésl erg&)aﬂ%%%i()%’d %é\/%%iu%l;ll on openi % lerﬁzdorip%\r?%g?%
processi ng eissel £ @tmesdi wii stecaunch sa deg s ahicbrenl enalcatat ¢ osh By st leat coimext ed to

said first evq}uation gpeninﬁ via a first. vari abl e conduct ance val ve and

connect ed t PSRN Setohd 2vaEtEt | S peht By HE H'E ecIHE " vaT @bl &t th

conduct ancesyad Vés coher & dc e et @sndett | mdéhato sad £ i agk €ahd SOV Cenit$
connected to sajd evacuation systemthrough a third variable valve. 29. The
substrate PPRESRINECAPPEEEUSSas eI #d of s&ldi 18 28d chiad et eFi9ed in

that said r?éji-&aéeé% Cr?o%flé'" o) eé@fc? éé"g(grgcgle@@éﬁ%@ioﬁocoq@@it?PbSt rate

processi ng apparatus as clalne inclaim further conprising a rotating
mechani smrotating said substrate to be processed. 31. The substrate
processi ng apparatus as clainmed in claim28, characterized in that said

radi cal source is comect edet QubakdasubptratesphgcepphR8tus as claimed
in claim 26, characterized in that said first through third
openings are formed in 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 said radical source.

28. A substrate processing apparatus,
characterized by:

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

a processing gas inlet port formed in said
processing vessel at a first side of said stage, said
processing gas inlet port supplying a processing gas to said
substrate to be processed in the form of a laminar flow;

a radical source formed on said processing vessel
at a second side different from said first side with respect
to said stage, said radical source supplying radicals to said
substrate to be processed in the form of a laminar flow;

a first evacuation opening formed in said



apparatus and al so sai d evacuation system by a branchelf SEPAEMBER 28%i ng a
first branch and a second branch, said first branch being connected to said
radi cal source via said second variable conductance valve, said second
branch being connected to said evacuation systemvia said third variable
conduct ance val ve. 26 SEPTEMBER 2006 99982. The substrate processing
apparatus as clained in claim28, characterized in that said first and
second variabl e conductance val ves have substantially an identical
constructi gro@Fsithe wHsil aite qriateSistdtg Appsratus as claimed in claim
28, characterized in that said vessel has a flat formand wherein said
processi ng gas inl et pardcdrot msvacugiriocoesgiargirgast dimd ofn asdidt sheet-1i ke
forminside said processing vessel. 34. The substrate processing apparat us
as cl ai ned piaredsing 38 s sharactsrid exkdand ketdssaiahdr ocessi ng vessel

defines a processing space of 0.5 - 8mmin hei ght above said substrate to
be processed. 35. Thels st ¢4 el Pr ovesihgadpiFtadssas&l@ieetin claim
33, characterized in that said processing vessel defines a processing space
of 0.5 - 3.BHRAYIFIRE gieHgsl /1 &4 o SiistieEtieRle tf‘é’“ﬁjr%%%r%"e’ﬂ.v%‘fe s

substrate processing a par.a%us as claimed in claim?28, characterized in
Chat sai d POt TG Gae Hbuw STI9s 12 (Ui I TheT b Saiek Bibcessi ng

vessel . 37. A substrate, processing apparatus, characterized by: a
processi ng ‘(Fers]?gibleprco?ﬂ T Vaagjs‘f ge holding thereon a substrate to be
processed and evacuatm%deraetir‘?nchaervaacctueartilZoend PA{ tt;hazcﬁ sSaEiPdTErl\éBaEchazpos(Source

is connected to said evacuation system through a third

variable valve.

29. The substrate processing apparatus as claimed
in claim 28, characterized in that said radical source 1is a

remote radical source.

30. The substrate processing apparatus as claimed
in claim 28, further comprising a rotating mechanism rotating

said substrate to be processed.

31. The substrate processing apparatus as claimed
in claim 28, characterized in that
sald radical source 1is connected to said substrate processing
apparatus and also said evacuation system by a branched
conduit having a first branch and a 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.



100 a first processing gas supply nozzle formed in saib SEPTEMBER20¢p vesse
at a first side of said stage, said first processing gas supply nozzle
introducing a first processing gas into said processing vessel in the form
of a first lamnar flow, a second processing gas supply nozzle fornmed in
sai d processing vessel at a second side gb said stage, said second
processi ng gas supply nozzle introducing a second processing gas into said
processing vessel in the formof a second lamnar flow, a first evacuation
opening of a slit-for3adfdmedsulrst saie Provessing amssstas sai dlsgeahd

side, said first . evacuation openi ng,evacyating said first lLamnar flow
t her et hr ough? Czlasjé%ozra]éé UK T O B nlinngtlibéi‘t s C?tfdlfrosrtm %ér ied i said

processi ng wesisl@atcaadubfdnied ©d tees Sad vk SROMh n €VACUAT A 10N ORet gl
evacuating said second | am nar flow therethrough; a first evacuation
conduit corfffdtied’3o!¥aid first evacuation opening; a second evacuation
conduit connected to said second evacuation opening and provided with a
conductance variable valve; and a cl eaning gas source connected to said

q a o Cl ; 9 .
Spening and sai d conduet aRBG TAPERBFECVAFua e S PAERBER 2008 LI0LTSH. The
substrate processing AppY Al s, &5 £l fpd ndd £l W%Zsejf%é% eﬁff@d. In
that said cleaning gas source conprises a renote radical source ToFnng

L?_di cal s ofr$ah dhn &l GY O 9881 o 3% o dU Gy speed 1ol ary, val ¥ermeharacteri zed

processing gas flow of a flat sheet-like form inside said

processing vessel.

34. The substrate processing apparatus as claimed
in claim 33, characterized in that said processing vessel
defines a processing space of 0.5 - 8mm in height above said

substrate to be processed.

35. The substrate processing apparatus as claimed
in claim 33, characterized in that said processing vessel
defines a processing space of 0.5 - 3.5mm in height above

said substrate to be processed.

36. The substrate processing apparatus as claimed
in claim 28, characterized in that said processing gas flow

forms a laminar flow inside said processing vessel.

37. A substrate processing apparatus,
characterized by:

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

evacuation port;



a main body, said main body being formed with: a cyli r*@SEEREMBEREPHa|

space; a slit-formsuction port extending parallel to said cylindrical
internal space in comrunication with said internal space; and an evacuation
openi ng comruni cating with said internal space; a hollow cylindrical valve
body provided rotatably in said main bodypin engagenent with said internal
space; and a rotating nechani sm causing said valve body to rotate to an
arbitrary position, said valve body being forned with: a first opening
having a slit-form shapgireoryesponsimg ¢ saigh Sp0idHN POf $imaddia secodnd
openi ng corresponding to the said evacuation opening. 40. The hi gh-speed
rotary val verasesdaiqretedsselat m S8Orstthardetef izedd istddatl said first
opening is fornmed in alignnment in a direction parallel to an internal space
of said cybiowhszalg forsm surb tonprizes iiiretandhd curfhr opepr ogsss big a
slit-formeach extending in a direction parallel to said cylindrical

i nt ernal spEﬁEjJ§EP¢5' ameP OpeTi g BRIFRYL fior e betveeh safdrgthird openi ng
and said fourth opening in a position generally opposing said third and
fourth opentdlsndin fkpwiadial direction. 41. The high-speed rotary valve as
claimed in claim26 SEPTEMBER 2006 102 39, characterized in that said main
body conprises a rrenb%rse‘b‘?n%eﬁ%‘?%?ﬁ/l%l%% THRIAEHOF Dt tn HRFT®E AR her ei n

th | d | t | d wh d | f
RIS SRR lncf‘%%'%”%é{g” ?‘hef%$%ala%g%c%e?9ei{(ﬁ§n§%e# RUCRIGRE IR i
supports said val ve The hi q%rot r% al ve as claug§d in
claim 39 RN t%mee%swt%? SR A Yo dy 1ot SRS T ot ary

shafts at &%ﬁﬂ? 1ng él F%H&é ég]é(%¥0c§§gfkg(¥ég§%l 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 laminar flow
therethrough;

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

a first evacuation conduit connected to said first
evacuation opening;

a second evacuation conduit connected to said
second evacuation opening and provided with a conductance
variable valve; and

a cleaning gas source connected to said second
evacuation conduit at a position between said second

evacuation opening and said conductance variable valve.



shafts being supported by correspondi ng bearings at bot2¢ SEREEMBER 2804 d
square columar nenber. 43. The hi gh-speed rotary valve as clained in claim
39, characterized in that said rotation mechani smconprises a servo notor
44. The high-speed rotary valve as clainmed in claim 39, characterized by
further having a tenperature control nechhni sm 45. A substrate processing
net hod, characterized by the steps of: (A) purging an interior of a
processi ng vessel ; (Q% i ntroducing a processing gas into said processing
vessel froma first si¥e D aSsibst? e LT BT PR OCRRRZE Bl 2 evatadi¢hg,

af ter processi ng, gass 10l ecut 85 F £, a4spy badh ¢ 0s i g sUI L acen9f g5l dogubstrate
to be processed, said processing gas froma second side opposite to said

first side adnprisespectenotsaradsubbt satece of penprocesdedal ¢ O f pard ng,
after said sfgg)(gg, an interior of said processing vessel; and (D)

i ntroduci ngS~Atter° sAid step (C), radicals into said 26 SEPTEMBER 2006 103
processi ng vessel fromsaid side of said substrate to be processed, causing

oxidation in said processing, gas nol ecul es absorbed upon said surface of
said substrate to be Pt ockssed:—SafRA BRI Ry Evhttiat Fomr #FbRT $2%d R¥cond

side, said radicals being;fosged, byafa Al calospUs e SbiEadicah s bei ng

caused to flow in said steps (A and (C) to flow fromsaid radi cal source
to an evacuaylomdrsyasl emiagnslppbied; td shit-protcessthgovesset in said step

(D). 46. The substrate progessing. method as,claifred o of Lhe clalm 45,
charact eri Z&8" 7 %%%Ip%glgfrgdlcaf EQUr Lt TS Gt T VRS CORT T ntRRTST y dur i ng
said steps ¢Mmuni{dAtion 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
corresponding to said suction port; and

a second opening corresponding to the said

evacuation opening.

40. The high-speed rotary valve as claimed in claim
39, 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 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.

41. The high-speed rotary valve as claimed in claim



47. The substrate processing nmethod as claimed in cl ai#SEBTEMRER 30er i zed
inthat, in said steps (A) - (C, said purging step conprises the step of
evacuating said processing vessel by using a part of a path used for
supplying said radicals to said processing vessel fromsaid radical source.
48. A substrate processing nethod, charactzrized by the steps of: causing
to flow a processing gas in a processing vessel along a surface of a
substrate to be processed and held in said processing vessel froma first
side to a s%%orﬁfla%q@‘ée@p%ﬁﬁ%el?@ otfsfa‘afr 3G Sta i deodnd- TERBT $R)S a@ISERPRGon of

processing ga ggé’&?éxeé:}'l Sg dg&’ dgaf&rﬁ)fdéﬂr%éupﬁ%féir? wiOn bg
ri OI’ Sal

processed; purging an processi ng vesse nsi de; and
oxi di zi ng scaykhrpinmblngt@asahod;mmesamjsmémmm& SEPTEMBER: 2006u r f)de upon

said surfac said s| te to b rocessed by causing to flow an

ox! dat | on POUEST G T HE NS B CTE oy veter T ahG B arer SHiY ace of
sai d subst raterdee b@latprw@dsfgms\aépvéw&d side to said second side,
wherein there is provided a step of activating said oxidation processing

gas in said processing vessel at said first side by an ultraviolet optical

excitation process to, }glﬂ% ©ral eegafcplt%g; dation pr 0&%@% ﬂ@scj_%j[néw

caused to flow in sald OXIdI g step int formof a m nar
froma singe cchmxracztegltmed noz zt lea hava ) s Ingt hody ats srovidekewimozzl e

openi ng. 49. A cl net hod of a substrate SSI a ratus, said
SObot roi o UL T et (S ORa TS T BT ooteer ey vaRbd) FHFaLY dec
with a stagendwolgigwi ddes@dfodted by corresponding bearings at both ends

of said square columnar member.

43, The high-speed rotary valve as claimed in claim
39, characterized in that said rotation mechanism comprises a

servo motor.

44, The high-speed rotary valve as claimed in claim
39, characterized by further having a temperature control

mechanismn.

45. 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 substrate to be processed;

(C) purging, after said step (B), an interior of said
processing vessel; and

(D) introducing, after said step (C), radicals into said



substrate to be processed and evacuated at first and sé¢SRBTEMBER286i on
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 fromsaid second side to said first side and
fromsaid first side to said second sidegn the formof a [amnar flow,
wherein there is provided a step of introducing a cleaning gas, in a state
sai d processing vessel is evacuated at said first evacuation opening, into

said processiqRpsiessaledrloughrm of al & exightd v daiat i VP pering 9 rism  an
evacuation ' (o] ed ta said sec vciy__ag' . openi T

cl eani ng nﬁcﬁégcge%astseocc’l g&ﬁfﬁ%ﬁﬁ] O(c:))flaciﬂnt?ﬂ , Clq‘gﬂsfﬁaogt er é%%%ﬁ%%a%}q%%l?eo T éeggni ng
gas i ncl udesrgadicchligpor? 6 SEPTEMBER Q006 s4lithb hib s thite: s ubs tsater preacessi ng
apparatus as claimed in claiml, characterized ip that said evacuation

openi ng and®E £ Higkhi S Fter Yhet 1T 1S F 6t meEd Substrate processing
nmet hod as cl ai megd ;i ré‘diﬂiéﬂé%ei&&ljﬂrﬁp}nﬁ‘é& 728d 4 nddata salgh processing gas is

supplied froma first side of said stage along a surface of said substrate
to be processed d9aid he@digran a haimharapsed. t63f1quelgsubsi daséeppotlssi ng

apparat us ag, ¢l (%d”ecdo fl"o&!ﬁ{éﬂ 455110‘3“?3’\/3";&% o 'szo‘%%dé“ ddhat, said radi gal source
is deenerglzed during an interval 1n ich sald processing gas 1S

i nt roduced dydtensaird prggelsissdige v essiel .p ke s ubsd gal el iprocies s tup
apparatus as claimed in claim45, characterized in that an oxidation
processi ng as is supplied to said radical source and wherein supply of
sai d oxidation processing gas is interrupted during an interval in which
said processing gas is introduced into said processing vessel. 55. The
substrate processing &ppditsd usilest o ted matbcessing method as claimed in

of the claim 45, characterized in that said radical source 1is

driven continuously during said steps (A) - (D).

47. The substrate processing method as claimed in
claim 45, characterized in that, in said steps (A) - (C),
salid purging step comprises the step of evacuating said
processing vessel by using a part of a path used for
supplying said radicals to said processing vessel from said

radical source.

48. 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 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;

purging an interior of said processing vessel
inside; and

oxidizing said processing gas molecules adsorbed



in claim45, characterized in that an oxidation procesSb6AEPTEMBER2006uppl i ed
to said radical source, said first variable conductance valve is closed and
sai d second conductance valve is set to a predeterm ned degree of valve
opening during an interval in which said processing gas is supplied to said
26 SEPTEMBER 2006 106 processing vesseliosaid first conductance valve is
set to a predetermned degree of valve opening and said second variable
conductance valve is closed during an interval in which said oxidation
processi ng W i ishpplifeare wsaald rahdalatsofrede Feroqmesedibst r at e

processi ng Caéqpsaldggt " qu“l.aaérpe& 4 Cér?‘ A& dltm;{a(f%ser{r;egai@ that said

first and secon nce val ves ar opene e sane tinme when
purgi ng arprateydiorg ofeﬁaalj Pracessd iy sesSete G&F.sdie substrate {ps deessi ng
appar at us aS(H{%¥§£ in claim4b5, char cterlzedlrltha sa d radi cal source

is connectFdPq RPN SA ehaciiats MRt YIS hi e vari abl e
conduct ance val ve, angiwhereithsa did 'ﬂﬁvuﬁ&?%%t@@dof Méﬁjl@ﬁwt@éﬁ

val ves are opened at the sane tinme when purging an interior of said
processi ng ¥egkdl o6& r oRRS Subb tFat el iprovied Sy epparat s el cllaised in

cl ai m 45, Cﬁ“&le s%tcilg%ﬁr'%tﬁ‘f% SH ML d?ddppf% SOULES d S fon a;?df‘%’é 54 adi cal

source supp oXygen gas an UC|ng oxygen r sai d
radi cal s befogwn fradieth by, the steps of suppl ying sald oxygen gas to said
renmote radical source, (@nd driving said renote radical source so as to

produce sai d oxygen r3tih aﬂ’%ldas@lo“fﬁér%%ﬁ)%stlrréﬁ 3% olcesA WP Apparbtus
claimed 26 SERTENBER 2006 sd&y i @i fdp.ochargcierizethdh £hal & o

radical source is a renpte radical source supplied with a nitrogen gas and
single quartz glass nozzle having single, flat, slit-like

nozzle opening.

49. 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 saild first evacuation opening, into said
processing vessel through said second evacuation opening from
an evacuation conduit connected to said second evacuation

opening.

50. The cleaning method as claimed in claim 49,

characterized in that said cleaning gas includes radicals.



produci ng nitrogen radicals, said radicals being fornedé BFPTEMBER2Mps of
supplying said nitrogen gas to said renote radical source, and driving said
renote radi cal source so as to produce said nitrogen radicals. 60. A
substrate processing nethod in a substrate processing apparatus, said
substrate processing apparatus conprisijgs a processing vessel provided
with a stage for holding a substrate to be processed thereon, said
processi ng vessel being evacuated at an evacuation port; and a processing

gas supplying systemsuppinyd nghH thFle OGRS NGy LASHS 10 S8 - 0eRsSsi ng
vessel separately in the formof a |amnar flow said evacuation port
havi ng an emactlatindon , ofreid avgr extssdli g tineta gHirdect o athiese generad |and
intersecting perpendicularly to a direction of said |am nar flow fl ows,
sai d evacuatdioch quettirbeieyengegedl i tfoanval ve having a val ve body, said
val ve body having an opening corresponding to an evacuation opening of said
evacuation port, said opening being provided novably with respect to said
evacuation port in a direction generally perpendicular to an _elongating
direction of said evatuatiish Pt rats CRagess inhdirfi v & degreered Val ve
opening as a result of displacenent of said opening, said substrate
processi ng et Hbd Thafctat i SetP 3y 11 He'&h efist R 26 SEPTEMBER 2906 108
setting a degree of valve opening to a first val ue nd evacuatjng an
interior ofS&RSt IS ihg Vedsellds dh i TARUA TN porIVT e tting a
degree of valve opening to a second value , smaller than said first val ue and
SUpPl yi ng. 2 ProCELE g gast t3° S8 (T TEbsdl Ny sl 9 re o4 § prdtessi ng
gas supplying system 61. A substrate processing nethod in a substrate
53. The substrate processing apparatus as claimed
in claim 45, characterized in that said radical source is
deenergized during an interval in which said processing gas

is introduced into said processing vessel.

54. The substrate processing apparatus as claimed
in claim 45, characterized in that an oxidation processing
gas 1is supplied to said radical source and wherein supply of
sald oxidation processing gas is interrupted during an
interval in which said processing gas is introduced into said

processing vessel.

55. The substrate processing apparatus as claimed
in claim 45, characterized in that an oxidation processing
gas 1s supplied to said radical source, said first variable
conductance valve is closed and said second conductance valve
is set to a predetermined degree of valve opening during an

interval in which said processing gas is supplied to said



processi ng apparatus, said substrate processing appar attQSEPERHBER 2008g: a
processi ng vessel provided with a state holding thereon a substrate to be
processed; a first processing gas inlet port forned in said processing
vessel at a first side of said stage, said first processing gas inlet port
supplying a processing gas to said substo¢@te to be processed in the form
of a lamnar flow, a second processing gas inlet port formed in said
processi ng vessel at a second side different fromsaid first side of said
stage, sai bsecoul Py ocesse NG sgas fitet pardustppty i il @ Sec osklt processi ng
gas to said substrate to be processed in the formof a lamnar flow, a
first evacuatédrteorinddraegrésn chithrocassing wssetabd seadmdfirst side,
said first evacuation port extending in a direction generally perpendicul ar
to a directvonidflsaenduammes T3bve frombaied fdusinproresiagvaghsin
supplying port; a second evacuation port fornmed in said processing vessel
at  sai d setorh siaflel ¥R SERDRE LYRATUHRT R okt BRRhHEHgE? nS&Ld directi on
generally perpendicular to a direction of said 26 SEPTEMBER 2006 109

lam nar 1 @4 ordh sSRWF Second processing gas supplying port; a first valve
engaging with said first evacuation port and having a first val ve body,
said first valve body having a first opening corresponding to said first
evacuati on port; anqag S@ﬁong gagvetgnggggng with sagdagecogd exac%ation
port and having a setdnd vl vE°B6E) T sRF dCsaEond 9BPIE2b8ay “Ravi Ag™ Y
second openjng. cord epponding. 10, 5] &y seeand, eVACURLLON, POLfy < Sald i st
openi ng bei'ng movabl e ‘wi respec 0 sai irs evacuation port in a
direction gefiefaldhderpeiAleul AL {0eAly Al onaatdge dIRCT) o0, fys@ldy i rs!
evacuation port, sald second opening being provided novably w i espect to
said secong, emacatd O, Posdid Npeosid£otd o general Iy perpendicular  to an
el ongating direction of said second evacuation port, said first valve
changi ng a degree of val ve opening as a

57. The substrate processing apparatus as claimed
in claim 45, characterized in that said radical source is
connected further to said evacuation system via a third
variable conductance valve, and wherein said first, second
and third conductance valves are opened at the same time when

purging an interior of said processing vessel.

58. The substrate processing apparatus as claimed
in claim 45, characterized in that said radical source 1s a
remote radical source supplied with an oxygen gas and
producing oxygen radicals, said radicals being formed by the
steps of supplying said oxygen gas to said remote radical
source, and driving said remote radical source so as to

produce said oxygen radicals.

59. The substrate processing apparatus as claimed



result of displacenent of said first opening, said sec@dGEPVEMBEREHENGI ng a
degree of valve opening as a result of displacenent of said second val ve
openi ng, said substrate processing nmethod characterized by the steps of:
evacuating an interior of said processing vessel by setting said degree of
val ve opening to maxi num for said firsti@nd second val ves; introducing said
first processing gas into said processing vessel fromsaid first processing
gas supplying systemby setting said degree of opening of said first valve

to a first malaleanddy seitddage saish dagreaofsopenidigh ofl saitcsecoHnd val ve
to a second value smaller than said first 26 SEPTEMBER 2006 110 val ue;
evacuat i ng mamotd efdddircaf saitkproqgsksiad) wiessed byt regdn | gwgs sandl degr ee of
val ve opening to nmaximum for said first and second val ves; and introducing
sai d seconcypraoess] Nyl gasyemt vadiadall s preocies sia velss ebe frpni saned fhy st
processi ng gas supplying systemby setting said degree of val ve opening of
sai d secondtheadtars oofa SRy Mad v ahdhIoyr aan i gas sad os dedreemate val ve
opening of said first valve to a fourth value snmaller than said third

val ue. 62. TR&iMEBE redE §F octsS| Mgl WethotR §h et tfad eca brovesss ngP as
apparatus, said substrate processing apparatus conprising: a processing
vessel proiUREFHIE as%ltdagél‘?%?gerhoﬁlf? kereon a substrate to be
processed; a processing gas inlet provided in said processing vessel at a
first side of said stage, said processing gas inlet supplying a processing

adi cal "qour ce provi dedr ot SUESLERGCSPARCDr < bl A hPafielb R UBssERTE
provi ded a S i essi fig

di fferent f§£HE§§§fLJi§§p§%§%h§Vtégid substrate processing apparatus
comprising: a processing vessel provided with a stage for
holding a substrate to be processed thereon, said processing
vessel being evacuated at an evacuation port; and a
processing gas supplying system supplying plural processing
gases to saild processing vessel separately in the form of a
laminar flow, said evacuation port having an evacuation
opening extending in a direction where generally intersecting
perpendicularly to a direction of said laminar flow flows,
said evacuation port being engaged with a valve having a
valve body, said valve body having an opening corresponding
to an evacuation opening of said evacuation port, said
opening being provided movably with respect to said
evacuation port in a direction generally perpendicular to an
elongating direction of said evacuation port, said valve
changing a degree of valve opening as a result of
displacement of said opening,

said substrate processing method characterized by

the steps of:



respect to said stage, said radical source supplying r 24SERTEVBER2M4;
substrate to be processed in the formof a lamnar flow a first evacuation
opening formed in said processing vessel at said first side; a second
evacuation opening fornmed in said processing vessel at said second side;
and an evacuation system coupled to saixhdirst evacuation port via a first
vari abl e conductance valve and to said second 26 SEPTEMBER 2006 111
evacuation port via a second vari abl e conductance val ve, said substrate
processi ng net hod chareactierd zeddddee sifeps lofe @peaciusad g Anf i rdervalruof
sai d processing vessel by setting a degree of valve opening to maxi mum for
sai d first arahdweonod naardrabl ret ecoinehu ot fancel & gl vess s 3 int g odes ey Sieord
processing gas into said processing vessel fromsaid first processing gas
suppl yi ng st evdnyuassitarn mprt degree of val ve opening of said first
conductance valve to a first value and by setting a degree of valve opening
of said second vari afiet dorlurtETE Y D7 aly e orfstidgitl, t S nal $&FORVAIRLue
evacuating an interior of said processing vessel by setting a degree of

val ve openiipldfe sditt T igatd it Secthidie \alid sBIRP bl ahees i Vies 33°

maxi munm and introducing said radicals into said processing vessel from
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vari abl e condyctance valve to a third value and by setting a degree of

val ve openitg di"said first variable conductance valve to a fourth val ue
smal l er than said third val ue.

61. A substrate processing method in a substrate
processing apparatus, said substrate processing apparatus
comprising: a processing vessel provided with a state holding
thereon a substrate to be processed; a first processing gas
inlet port formed in said processing vessel at a first side
of said stage, said first processing gas inlet port supplying
a processing gas to said substrate to be processed in the
form of a laminar flow; a second processing gas inlet port
formed in said processing vessel at a second side different
from said first side of said stage, said second processing
gas inlet port supplying a second processing gas to said
substrate to be processed in the form of a laminar flow; a
first evacuation port formed in said processing vessel at
said first side, said first evacuation port extending in a
direction generally perpendicular to a direction of said
laminar flow from said first processing gas supplying port; a
second evacuation port formed in said processing vessel at
said second side, said second evacuation port extending in a

direction generally perpendicular to a direction of said
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laminar flow form said second processing gas supplying port;
a first valve engaging with said first evacuation port and
having a first valve body, said first valve body having a
first opening corresponding to said first evacuation port;
and a second valve engaging with said second evacuation port
and having a second valve body, said second valve body having
a second opening corresponding to said second evacuation port,
said first opening being movable with respect to said first
evacuation port in a direction generally perpendicular to an
elongating direction of said first evacuation port, said
second opening being provided movably with respect to said
second evacuation port in a direction generally perpendicular
to an elongating direction of said second evacuation port,
said first valve changing a degree of valve opening as a
result of displacement of said first opening, said second
valve changing a degree of valve opening as a result of
displacement of said second valve opening,

said substrate processing method characterized by
the steps of:

evacuating an interior of said processing vessel by
setting said degree of valve opening to maximum for said
first and second valves;

introducing said first processing gas into said
processing vessel from said first processing gas supplying
system by setting said degree of opening of said first valve
to a first value and by setting said degree of opening of

said second valve to a second value smaller than said first
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value;

evacuating an interior of said processing vessel by
setting said degree of valve opening to maximum for said
first and second valves; and

introducing said second processing gas into said
processing vessel from said first processing gas supplying
system by setting said degree of valve opening of said second
valve to a third value and by setting said degree of valve
opening of said first valve to a fourth value smaller than

said third wvalue.

62. A substrate processing method in a substrate
processing apparatus, said substrate processing apparatus
comprising: a processing vessel provided with a stage for
holding thereon a substrate to be processed; a processing gas
inlet provided in said processing vessel at a first side of
said stage, said processing gas inlet supplying a processing
gas to said substrate to be processed in the form of a
laminar flow; a radical source provided at a second side of
said processing vessel different from said fist side with
respect to said stage, said radical source supplying radicals
to said substrate to be processed in the form of a laminar
flow; 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 coupled to said first evacuation port via a

first variable conductance valve and to said second
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evacuation port via a second variable conductance valve,

said substrate processing method characterized the
steps of:

evacuating an interior of said processing vessel by
setting a degree of valve opening to maximum for said first
and second variable conductance valves;

introducing said processing gas into said
processing vessel from said first processing gas supplying
system by setting a degree of valve opening of said first
conductance valve to a first value and by setting a degree of
valve opening of said second variable conductance valve to a
second, smaller value;

evacuating an interior of said processing vessel by
setting a degree of valve opening of said first and second
variable conductance valves to maximum; and

introducing said radicals into said processing
vessel from said radical source by setting a degree of valve
opening of said second variable conductance valve to a third
value and by setting a degree of valve opening of said first
variable conductance valve to a fourth value smaller than

said third value.





