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PCT/ US98/ 2095%0 99/1953¢ I nt roduci ng Process Flpardiser/zn9s1
Rot ati ng Substrates Background of the
| nventi on The invention relates to processing substrates.

Substrate processing systens are used to fabricate sem conductor |ogic and

menory devices, flat pane L spl.a CD & an f Lees. During
processi ng, such subg?&gégc n%@{locﬁgs isitqu (Yfrego%gmghseu%g%gftgvapor
deposition (CVD) and rapid thermal Backgrowndaf@ssiaserdtiohP) , such as rapid

t hermal annealing (RTA), rapid thermal cleaning (RTO), rapi d thermal
CVD (RTCVD), rapid thednyemiongelatss ioopfogassing subsiates-api d t her nal

nitridation (RTN). - ysyal ' . ' : med
from for exanp ét,raéig&g% oY g;cmérar}pe;l?s{e%?fgﬁncghgﬁ%ég? ?ovnglbyg/lgﬁe %Jiﬁqe
substrat e thr anehozry deivizles,flat panel displagsyCESR Odisyamblather deVices yiBummgsproeassiag s o

i ncl ude one or re other optical elenents, such. a opti cal |
reflective surﬁ“&ngé“ehsgf‘team ﬁbbJadFA mi‘ﬁmﬂ%‘} YR fi?ﬁépslfé’?ipmaﬁh rqmci.tl%én.nal
backsi de of 1 NgosdBsiRGPS, sﬁ&gasqgﬁid%%'girﬂf shreRidCRIT A SlaBRliREmal SleadiRAGVTEY)T

the tenperature  of the substrate I Nng processi n%. The substrate nmay be
rotated to i nprapidghermal CVD (RT@YVDyrapid tlermal dxidation(RA0),aod rapid thegmalace of

the substrate. . i.n i n a process as, na i nj.ected into
the’ processin &‘%‘8&@% glgﬁ’ Sl?ﬁ‘%’?ﬁ @sﬂgﬁ%mﬂf’g‘é@ hgqtﬂgﬁéen%%ﬁ E‘?P‘&? é’r_om,?orwany
processi ng prohAehé ohdbt mbfy lainps viiél AARLIOEy hBg the fbbad thréwphletighed form y
processed. o or this reason, it is often |l;2:>ortant that the substrate
surface be heglfangmissiveoringwaRdT systems map slse dnalivderasepr noreotheropiicalalerseniss .
Summary of thesu!gﬂ‘é??é]'o ?ca]u% reflective surfacd fbr%@ﬁniﬁé%fﬁg\g xteﬁgctivg\égvi Wth g_\eeat ures
an appar at us -and- net hods I processing a S rate. I'n accordance
with this invebdckside 8f1ihgstutmtrateind a8 8 MoresspieslRletectitd for ifthsuring the temperature

rotat ed about a LOt ation axis in a, processing chanber 88% process fluid is

i nt r oduced.i :nt ©f the substrats duppg peacessing. dhs sehsirategnay bsrfalatd tadmprove the
characteristic g{@g : ' S Lol KinGO. bdsed
al ong a di rectlﬁgﬁret at %Fkgo@&t};s{lgoﬁ'? ?l{z}ﬁﬁgﬁ %e];drfgféﬂscﬂb%%r 9’%‘ ‘gﬁé;\begiéaﬁh%"é’ 5‘15{09 étshat
is normal to tgm mayisinjeatedinte the processing system tareagtotithethe aigfaee of tielsabstrate.

i nvention featyres a substrate pr ssin tu Vi fl.uid deliver
system ¢ hao PP CE RS opp S Pl R e EAC g1 0 Fperat g e
-, + For this reason, it is often important that the substrate surface be heated uniformly and
exposed uniformly to the process gas. '

Summary of the Invention

_ In one aspect, the invention features an apparatus and methods for processing a
- substrate. In accordance with this inventive substrate processing scheme a substrate is
. -rotated about a rotation axis in a processing chamber, a process fluid is introduced into
: the processing chamber, and one or more characteristic parameters of the process fluid
- ., are selectively controlled along a direction that is substantially perpendicular to a plane
that is normal to the rotation axis. |
In another aspect, the invention features a substrate processing apparatus having

vzt fluid delivery system that includes a first fluid injector constructed and arranged to



I ntroduce a process fluid into the processing chanber froma first position
and a second wb4hsbssg ect or constructed and arranged to i ntr oplcryeser2pIsocess
fluid into the processing chanber froma second position spaced fromthe
first position along a direction that is substantially perpendicular to a
plane that is normal to the rotation axis. In yet anot her aspect,
the invention features a substrate processing apparatus having a fluid
delivery systemthat includes a first fluid injector constructed and

arranged to ,introduce a progess fluid into the, processing chanber, froma
first positilBHOGHS BPIOEES rfﬁ“& inie dhg H‘]"E%‘P’S‘g_°§§H§%r%@?&h§ﬁa°sé?%ﬂbdeﬁ to

| ntroduce a &E%ﬁfﬁﬁidfibﬁbﬁf!c%ﬁnfc&ﬂ DHLARISING HaIREa frosss AukEHRd the
position space romthe Tirst position along a direction that is

subst ant i al | propessingriiambérafromm secphdipesitidraspaced fromnthe firs posdiop Mg dn axi s.

The first and second f.luid injectors havye respectjve. ou ri zed
by respecti v%‘?"é‘ﬂ@g\‘?‘d? TSR BFTBA ‘?‘é%"pté’cat 3 haﬁgsnot}ﬁg{ é)at?‘gqé)%{riéifl el to
the plane thgfisis normal to the rotation axis. The |ength di mension of the
second fluid injector is greater than the |ength di mension of the first
fluid injector. Inyetanothar aspsetadhe inypnsion, feathees jarubstiato RIOCESAINg appargtus
substrate processing. t ' | yi Y I ncl udes
S First 1 o B earif BBEEED Mo e ftudes d it iy Ricko KoL edaha. 0
fluid into tfieanpedceedmiodgce aprbess flnidint the psdcessirsd thamben fivmaa iestgrositibh ui d

I nj ector constructed and, arranged to introduce rocess fluid iptq.the
processi ng, ciithdascond shud injectomepnsisusied and %’[5%6@ t‘? METRCHER3 PTGCSES rﬁ];‘Hgi"ﬂti"on

al ong a diregti ' td ' “%?rﬁ Ofitst Bb@nsn bldab 4 S
normal to t hg{er‘g?%%slgg cgé'flg l’Fem’\f éle?{)sr%&/%%gf@g%g%% uit |ﬁnj @ct ors hagea
respective odirgution thites achsearitiaByl pespendicular to a plane that is normal to the rotation

axis. The first and second fluid injectors have respective outputs characterized by

respéctive length dimensions along respective lines that are parallel to the plane that is
1 .

normal to the rotation axis. The length dimension of the second fluid injector is

L .
R S TR

) g_re_até_r than the length dimension of the first fluid injector.

Lot

. o Iﬁ_ another aspect, the invention features a substrate processing apparatus having

a fluid delivery system that includes a first fluid injector constructed and arranged to
introduce a process fluid into the processing chamber from a first position and a
.. second fluid injector constructed and arranged to introduce a process fluid into the

processing chamber from a second position spaced from the first position along a

[ I

~ direction that is substantially perpendicular to a plane that is normal to the rotation

3avy .

- axis. The first and second fluid injectors have respective outputs characterized by
HL ¥ RN :

i 'iiéé;;ective width dimensions along respective lines that are perpendicular to the plane
e that is normal to the rotation axis. The width dimension of the second fluid injector is
o m_lg_ater than the width dimension of the first fluid injector.

s Embodiments may include one or more of the following features.

Process fluid may be introduced into the processing chamber by a fluid delivery
sysiem comprising a plurality of fluid injectors. The fluid delivery system may
include: a first fluid injector constructed and arranged to introduce process fluid into

the processing chamber and positioned a first distance above a reference plane
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respective width di mensions al ong respective lines that are perpendicul ar
to the plane wQa&919586 normal to the rotation axis. The w dt h JdPEBREIROBf
the second fluid injector is greater than the wi dth di nension of the first
fluid injector. Enbodi nents may include one or nore of the

foll owi ng features. Process fluid may be introduced into the
processi ng chanber by a fluid delivery systemconprising a plurality of
fluid injectors. The fluid delivery systemnmay include: a first fluid

i nj ect or Congﬁﬁs%&i%ﬂ gaﬁitaf?ﬁﬂgamg%%ét&%é QEFREUGR DERERS Aufd ijedtdr RbAstnicha
processi ng chanber a positioned a first distance above a reference plane
-2 - . and asabgddatotintmbdugce pooress flnidgintohthe pudressing chamher ané spasad above

Thto the produbtHE BT 40 g e apen reerer LeE MERRY 4RETES The' ¢
second di st anfr Ak GHiettdr Ha§Heonbdled AR drkdndbd & FiRBE&R fldiddnfol thet fluid

i njector may be constructed and arranged to introduce fluid into the
processi ng cipsedsesing chamberifions @ firsispasition, and thet seeonske@wd dniestar maydieect or may

{roma secondoBBRIctR Arospavet 1o BoRke Fiabolpe Pletaielh Sl 8" Ronth fngRe "

that is substpasitionlsp¥ceRdFdie el fittt Pbsitién aloRE ANErecligd thab isTsAbe@AtidlY t he
rotation axis. One or nore of the fluid ‘la(ggiectors may conprise a _fluid port

that has an ®cmegdicaler ¢ aplaiedhat ionerma! taheraiationraxis. | Onejor rjose obthe. g

; oyl ) T j 1 uid ini .
Firet iud SapEOiRES sttt PRI udh¥ e} pihn blolbéled BnRatBh, The S or
i nj ector has the flaibinfectdrslnthy @ohiprist alsla-sHagddeed porh artrdirer fleidi iajetlopmayr ea.

The characteristic_fl area . . e
have a first Hl\{\lld port with a characteristic flow area and the second fluid injector has a

second fluid port with a different characteristic flow area. The characteristic flow area
of the second fluid port may be greater than the characteristic flow area of the first
fluid port.

The processing apparatus may include a third fluid injector constructed and
arranged to introduce fluid into the processing chamber and spaced above the reference
plane by a third distance which is greater than the second distance. The first fluid
injector, the second fluid injector, and the third fluid injector may be spaced apart
along a direction that is substantiaily perpendicular to a plane that is normal to the
rotation axis. The first fluid injector, the second fluid injector, and the third fluid
injector may have respective fluid ports each with a different characteristic flow area.

A first process fluid may be introduced into the processing chamber from a
position spaced a first distance above a reference plane substantially containing the
substrate surface, and a second process fluid may be introduced into the processing
chamber from a position spaced above the reference plane by a second distance which
is greater than the first distance. The second process fluid may be introduced into the

’ g;qqessing chamber from a position that is spaced apart from the position from which
" the 'ﬁrst process fluid is introduced into the processing chamber along a direction that
‘ .__‘_is_substantially perpendicular to a plane that is normal to the rotation axis. The first

process fluid may have substantially the same composition as the second process fluid.
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of the second fluid port nay be greater than the characteristic flow area
of the first WOMI95fort . The processi ng appar at us nmapPaniiNsassh
third fluid injector constructed and arranged to introduce fluid into the
processi ng chanber and spaced above the reference plane by a third distance
which is greater than the second distance. The first fluid injector, the
second fluid injector, and the third fluid injector nay be spaced apart
along a direction that is substantially perpendicular to a plane that is
normal to t | By : f Ay d

I nj ector, )ﬂge hﬁs[‘ | rdﬁﬁ SJ?E‘J’Je%:tH gir‘erédt %ﬂg{)/%ﬁ?{éts}%géltlél %oﬁfﬁgﬁgséor‘?g each
with a-diff®he ﬁtstq:lnmeas:ﬂard may comnprive @t@mentration of redtive |spqusrand€h$ sdcbnd d

b trod to th hanber f t
i st di St AMOBSRIIA F2, GRS CuEMA PEeTIU AR OF 9 iRt R The

substrate sgfd ée@oes@ﬂdidam&}ee&ﬂ i Pa@st.f THL deddRY phsebfiiiadnarebmptise 4 he

processi ng chanber froma position spaced above the referencé plane by a
second di st m@VQ/\meGWS |89d dheefirse prachssriluith Glﬂb’l besaubetasuaélwdeee qff@)’sl’émiwd

process flu duced nto the. essi ng cha osition
that is spa%pd apaﬁ} sfe P’ﬁ&csséiéﬂ‘ifw Fr %f“iﬁt? Wfrlares atplI;O RfI ui d
i's introducssbut B0l fifies RE®ERSEI100 iR ThE §pesd @ @hithdi ?&‘fﬁhbﬁﬂréé‘@{ of the
substantial ly g_erpendl cular to a plane that is normal to the rotation axis.

The first pmhs» 3¢ traviglscrbent/a kuowasyn os shn subbtraje rofatesaiie SREtA MAYAC as t he

second proc I
The first pftgt%tgé & P? ?ﬁtlecf fn%’lrs‘l)gmhav %Ial?c%ué r2 é(r)] rgor;rphgsﬁrfc’t BReFh ﬂu"{ ﬁ%d fshgcond
process f| uketond peodess Anhidnnay be $ntfdduceﬂll ity the Piguebsity chahthee anfibat gpedtsof
reactive es and th econd

v Spgetlwegn agout O.FS ?n/s and about 15 m/s and, more preferably, between about 0.4 m/s

and about 8 m/s.

Among the advantages of the invention are the following. The temperature across
the substrate surface is maintained with a high uniformity as a result of rotation of the

substrate. The substrate surface can be processed uniformly as a result of selective

O

]

control over one or more characteristic parameters (e.g., injection velocity, volumetric
flow rate, and composition) of the process fluid along a direction that is substantially
perpendicular to a plane that is normal to the rotation axis. In one aspect, the surface

of the substrate is uniformly exposed to process fluid as result of the rotation-induced
reorientation of the vertical stack of process fluid, whereby process fluid is distributed
\inifonnly across the substrate surface.

Other features and advantages will become apparent from the following
dcscriptiop and from the claims.

~ Brief Description of the Drawings
Fig. 1 is a diagrammatic cross-sectional side view of a substrate processing
.. System.
Fig. 2 is a diagrammatic view of a process gas flowing over the surface of a

, . Substrate,

Fxg 3 is a diagrammatic view of a process gas being injected from three fluid
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process fluid may conprise a greater concentration of the sane reactive
speci es. The ywohwshosagocess fluid may conprise a diluent. The geemRogAbHCESS
fluid may conprise a reactive species and the first process fluid my be
substantially free of any reactive species. The second process fluid nmay be
introduced at a flowrate that is between about 0.01 tinmes and about 100
tinmes the speed at which a peripheral region of the substrate travels about
a circular arc as the substrate rotates. The substrate may be rotated at a

rate of about, 50 rpmto about 240 m The first process fluid and the

second pr ocSBIECIqry IR0 BeRIORSSING ChamBer-cpniainipgs A HRHRG SWSERSy chamber at flow
speeds -bet ween a .3 ; ; ,

bet ween about O. Zﬁ#} ggalr%?% m?ﬁgat%quMewoﬁhéw%ﬁgn%rﬂg&{sﬁgpgﬁfgﬁ% %S of the
i-nventi on ariatrobeceddntooapropessitigclambpe fratrua duak ingetortpositiondsb atrdiffereaur f ace

I s mai ntaine witha?) hi gh Bniform&%\é as a result of rotation of the
subtrate. Th S@ANERS 3OV R ASYPTERLR S be processed uniformy as a result of
sel ective contr ofjgOVeY isQN@aglaniiRitie sideayidw ot flow bifeaRfin8dTRirey ?roéé‘ss @as .
injection velocity,” volumetric flow rate, and conposition) of the process
fluid al ong mtndidnesd:intma phocessing chanstien fitommaflhid injeetopethdt arelpasitipnedaatpl ane

that is nornmpl.to . the rotatign axis. In ope aspect, the surface of the
Substrat o | < PO RATelibri 3t Bie e ifpdietiaye p slfirate e iine
rotation-induced FROSiACRt AdiagRn@hatichdew O tal Al deliverl spfterRl 0Cess fluid,
wher eby process flwd is distributed uniformy across the substrate

sur f ace. Fign B isaagrassessctionsl s aigvagb e bigdk) diffuses fer thp fhuiddelivierom
the foll ow n Bl 19N | ai ns.
Bri ef Descri %{SFL%?IBEFP%‘P?%‘ @g%tﬁégﬂa EE%BC Fig. 1 is a diagrammtic

cross-sectional sFife 50 Bw dibgrantndiict frorit &iqw of ¢ebilock diffite@efining fluid Fig. 2
Is a diagranmatic view oép,g pr.ocess gas flow ng over the surface of a
substrate. miectors for the fiui delivey systehAithis 3A-ew of a process gas being

injected from threpdf kNIEE are diagrammatic front views of face plates defining different fluid
injectors.

Fig. 7 is a graph of film thickness plotted as a function of radial position across

* a substrate surface for two films grown as a result of exposure to a gas introduced into

a processing chamber using the fluid injectors of Fig. 6C.

Description of the Preferred Embodiments
Referring to Fig. 1, a system 10 for processing a substrate 12 may include a
processing chamber 14 that is radiatively heated through a water-cooled quartz window
18 by a heating lamp assembly 16. The peripheral edge of substrate 12 is supported by a
rotatable support structure 20, which can rotate at a rate of up to about 120 rpm
(revolutions per minute); support structure 20 preferably rotates at a rate of about 50-120
1pm, and more preferably at a rate of about 90 rpm. Beneath substrate 12 is a reflector
plate assembly 22 that has an optically reflective surface facing the backside of substrate
.+ 12 to enhance the effective emissivity of substrate 12. Reflector plate assembly may be

formed from nickel-plated aluminum. In a system designed for processing eight inch
(200 mm) silicon wafers, reflector plate assembly 22 has a diameter of about 8.9 inches,
the separation between substrate 12 and the top surface of reflector plate assembly 22 is

about 5-10 mm, and the separation between substrate 12 and quartz window 18 is about
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-4- I njectors into a processing chanber containing a rotating
substrate. w0 99/1983¢). 4A is a diagrammtic top view of fl owrtveEasRosses
for a process gas introduced into a processing chanber froma fluid
injector positioned at different distances above a substrate surface.

Fig. 4B is a diagranmatic side view of flow streamlines for a process gas
I ntroduced into a processing chanber fromfluid injectors that are
positioned at different horizontal |ocations at the sanme di stance above a
substrate surface. Fig. SAis a diagranmatic view ;lf a fluid

del i very sys#emm. Inasystepdgsigaed f%P@CQSS@ﬂé‘NQ]ééﬂ“@r@@O WY SUIFPR WSS a bl ock

diffuser for (E}B&onf tete s&%ﬂ#’ assa}’éikx%ggef’%fhée@' Ocﬁbtg;{sgpgs%%ﬁgbp BEtwekh OB

Fig. 5Cis a dragr VI ew ining fluid
injectors fosubt;ﬂﬂﬂeﬂl?.landiﬂxéabp mf@cesﬁteﬂemqﬂaﬂéiagserrﬂbly 22 is about 1Rinym, ardAK6C ar e

diagrammatic front views of face _plates defini different fluid injectors.
Fi gg 7is a &Pa‘fﬁﬁ%;éewef’?rﬁ‘ftﬁ%‘ﬁﬂ@g@ﬁP‘szt‘?é’dP %&’qg‘? 2hout Jé@ﬁmbfﬁ%iﬁﬂ%ﬁate

posi tion acr assmBlyDMs todhRd DH el vit&r-dobled bl 53, wmhqg fpaby nﬁu{tﬁﬁw at 20f

exposure to a gas’'introduced into a proceSS|ng chanbér using the fluid

i nj ectors of tepipgrat@e.of about 23° C. Substrate 12 is loade®inge progessing Cbmnbtréhmsh arred
Enbodi nent s ! e'{)errl ng to Fig. 1, a system 10 for processing a
substrate 12 %3 ﬁf& te a processing chanber 14 that is radiatively heated

through a wat er - CgRe Rfhpekibired atb&uliowd fBioRY oﬁsubaﬁa&é MDarke dEAs@eS BYRblurdily The
peri pher al ed e of substrate 12 is supported by a
of temperature probes 24 which are positioned to measure substrate temperature at

different radial locations across the substrate. Temperature probes 24 receive light from
inside the processing chamber through optical ports 25, 26, and 27, which extend through
the top surface of reflector plate assembly 22 (processing system 10 may have a total of
.'tén' temperature probes; only three probes are shown in Fig. 1). At the reflector plate
surface, each optical port may have a diameter of about 0.08 inch. Sapphire light pipes
' 29 aré'connected to optical fibers 31 for delivering the light received by the optical ports
" to respective optical detectors (for example, pyrometers), which are used to determine the
temperature at the localized regions of substrate 12. Temperature measurements from the
optical detectors are received by a controller 28 that controls the radiative output of
heating lamp assembly 16; the resulting feedback loop improves the ability of the
processing system to uniformly heat substrate 12,
In operation, a fluid delivery system 30 introduces a process gas into processing

chamber 14 and directs the process gas toward a rotating substrate 12. The process gas

flows across the top surface of substrate 12 and reacts with the heated substrate to form,
for example, an epitaxial silicon film. Excess process gas, as well as any reaction by-
products (such as hydrogen chloride given off by the reaction with the substrate), are

. wit?ldmwn by a pump system 34 from processing chamber 14 though an exhaust port 32.

' As shown in Fig, 2, during processing a process gas 36 that includes a reactive
" “species 38 (e.g., trichlorosilane or dichlorosilelyne) flows over the surface of substrate

12 and must diffuse.through a boundary layer 42 before contacting the substrate
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rot at abl e support structure 20, which can rotate at a rate of up to about
120 rpm (revolwoisgngssper m nute); support structure 20 pref er aPpcynsst/2008s
at a rate of about 50-120 rpm and nore preferably at a rate of about 90
rpm Beneath substrate 12 is a reflector plate assenbly 22 that has an
optically reflective surface facing the backside of substrate 12 to enhance
the effective emssivity of substrate 12. Reflector plate assenbly may be
formed from nickel -plated aluminum In a system designed for processing

ei ght inch (200_.mm silicq rs, reflector plate assenbly .22 _has :

di ameter of aBBfpcede §°ri"h€'tfg§‘\,,% ﬁ"eg's 8?)‘%"&? PO et gﬁegﬁgfgtspgﬁlgs ig r%ﬁ‘i% yith
top surface Oihers%&@ﬁ%%fme%&cm%mu% AaSr@ BRRalS pROUUTEY. RadetldAShy-
separation between substrate 12 an uartz w ndow 18 i's about

-5- prodBctaid dre sweplyawanbyl tei fipve df processrgas d6dowardt axbpnst -3i2n chhe( 300

mm) silicon wafer reflector plate.ass Ly 22 h a giarreter of .about 13
i nches, the s'@é%Pg?V?‘tF %lg[ &Q%‘p‘ﬁjﬁ% the “Eégi)aﬁélﬁ‘ﬁiacf ﬁ!%p o ug%,fa&%ago?tger
reflector pl afRtcsssthivknbis of thiRlsdehd&9 1898 taodet Michapatiat ispeciel 'Rt
substrate 12 and quartz w ndow 18 is about 30 nm Reflector plate assenbly

22 i s nmount eddiffise apdites tempsratereinidbe sbstrolpiat the tsagtin; el |1y agacton Tatsd at  a
ermer ot e gkl e Wt dheacind  MRHE 0 8) 96 R,
regions of subsifsmtiey dctoss the sudfacer eftthe yutatrpdelirlala transpdrt tiatited rregictep ther obes
2 o 2 BRBbAeP el PRTBe b Son e BTG BB o5 St S0 T
from inside thgopf Sl SRR e nchBIRUED uiRbiA8) oPRE bSudBiry Ber Whed .
over the substrate surface. As described in detail below, substantially uniform film
growth has been achieved in a transport limited regime by controlling the vertical
distribution of process gas introduced into the processing chamber above the surface of
the substrate.
4+ -Referring to Fig. 3, in one embodiment; the vertical distribution of process gas
" introduced into processing chamber 14 is controlled by selecting characteristic
parameters (e.g., injection velocity, composition, and volumetric flow rate) of the
' process gas respectively introduced by a fluid delivery system having three slot-shaped
fluid injectors 46, 48, 50, which are spaced apart along a direction that is parallel to
the axis about which the substrate rotates, Each fluid injector 46, 48, 50 introduces
process gas into processing chamber 14 along respective flow paths 52, 54, 56 that are
(at least initially) at different distances above the surface of substrate 12. As used
ht;.rein, the distance above the substrate surface at which process gas is introduced into
. processing chamber 14 refers to the distance from the centroid of the surface defining
the end of the fluid port to a plane that substantially contains the surface of the
> substrate. The fluid dynamics created by the rotation of substrate 12, reorients the
vertical stack of process gas flows 52, 54, 56 and distributes the process gas flows to
= ¢ r different horizontal locations__ over the surface of substrate 12, This horizontal
pgdistributipn of process gas can be exploited to control the supply of reactive species

across the substrate 12,



the top surface of reflector plate assenbly 22 (processing system 10 may
have a total W 9%/8336¢ enperat ure probes; only three probes ar cPEHUNME2DPIIFi g.
1). At the reflector plate surface, each optical port may have a di aneter
of about 0.08 inch. Sapphire light pipes 29 are connected to optical fibers
31 for delivering the light received by the optical ports to respective
optical detectors (for exanple, pyroneters), which are used to determ ne
the tenperature at the localized regions of substrate 12. Tenperature

measurenents fro : {: : | |
that controls t he Famamelitay HJRAIINeApRUERIELIRR PhadboRlR hiEboRd
resul ti-ng f &egenerk), tho fluidndeliveryssystem edn haveat ddastt tee fluid dgsstbrsgosated stm t o
uniformy h substrate 12. I n_operation, a flyd, delivery system
30 i nt r oducdUTerent Brigls shole theeubsgraiswEteRPrEIRE AR otber A TR vl

process gas iduRddiatdne Amé oP Aifftb5 Hefth®s ddve Iﬁhﬁsxﬂ'&@ﬁ@ $5 allftéve ditfeMa; acr 0ss

the top surface of substrate 12 and reacts with the heated substrate to
form for epseRsssing gffedtpitaxial silicon film Excess process gas, as well

as any reaction - ts (such as drogen chl ori de .given of f. by the
reaction with th?ﬁ §'u‘g'gs‘? ﬁ%sgrg%,s‘ ?éesb\ﬁi ﬁ€¥§W%§r ﬂ“ﬁ'ﬁ%‘ﬁnsoﬁ’{%cﬁsﬁﬁasch’o

processi ng chreahiinesliftrodeoed Hrotn feur Rla tinjpétbds pditioned at differdst dl3RWEesidbotd J.
2, during processi n%rﬁg‘ rocess gas 36 that includes a reactive species 38

(e.g., tricthopEsimguriaee (8.8 mmr bSimmy 0emms aadd-Gwey. (Hus sguiatios s
Phe b upstr o R ugBicd a8k St Rniont e inhydRSEen i o' o Chandrd 1HeRper RO M
introduced through a fluid injector with a flow area of 0.15 square inches, and a
substrate rotation rate of 85 rpm. Assuming the substrate rotates counterclockwise
' when viewed from above, the shorter the distance is between the location at which
¢ Sitokess fluid is introduced into processing chamber 14 and the substrate surface, the
more the process gas flow streamlines are displaced to the peripheral edge of the
““?rotating substrate. Process gas introduced at a distance of 1.0 mm above the substrate
surfade supplies process gas primarily to the peripheral edge of the substrate, whereas
pfbééss gas introduced at a distance of 6.0 mm above the substrate surface supplies
" "‘Process gas primarily to the central region of the substrate. Process gas introduced at
intermediate locations above the substrate surface (1.5 mm and 2.0 mm) supply
process gas primarily to regions between the peripheral edge and the center of the
“** ‘substrate. Thus, the distribution of process gas across the substrate surface can be
controlled by varying characteristic parameters of the process- gas introduced into -
* processing chamber 14 at different distances above the substrate surface.
) Fig. 4B illustrates the results of another computer simulation in which process
gas is introduced into processing chamber 14 from six fluid injectors 58-63
‘ﬁ‘él‘i"zbtitally spaced apart and located at the same distance above the substrate surface.
‘I‘ﬁls simulation was based upon a flow of trichlorosilane in hydrogen at 40 sim

. S§tahdérd liters per minute) introduced through a fluid injector with a flow area of 0.15

square inches and located a distance of 14 mm above the substrate surface, and a
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surface to forma film40 (e.g., epitaxial silicon). After reactive species
38 reacts w WD99/19588 substrate surface, reaction by-products pECrAe9&20951
typically produced. Reaction by- products 44 are swept away by the flow
of process gas 36 toward exhaust 32. The rate at which film40 grows on

t he substrate surface depends upon, anong ot her factors, the thickness of
t he boundary | ayer through which reactive species 38 nust di ffuse and the
tenperature of the substrate at the reaction site. In a reaction rate

LLm ted 1 eOhiBratk Biatph LAEL B'RY rPin fALTHOME Rubstral Afolfieodufiitkafaiage DY the
tenperature uniformty across’ the surface o? the substrate. In a
transport | when eitweddrore abovis the procéssigas ingrodiiceddi from ghuddirjedter S&isgel vy

controlled by.the unjform.ty of prgcess,gas flow across the suhstrate
surf ace, in&%/%ﬁqgmtthﬁpﬁ‘?ﬁh%?lrﬁdgg°gﬁ‘°t§‘}_ég¥?6%nhg? qucﬁifeﬂasﬁ’_?ﬂ"?fg‘ﬂe&]g&% ®t he
substrate spmbAnRid iﬁf:&ﬁ@ s0.i63ad abflectit @velk ute%rg(xj%ss $HOAbA ! dutd wpbdior 58 L' I'm

grow h has been achieved in a transport [imted regine by controlling the

verti cal 0 & substantipbdistanceamye dbe spbstratasuifashgcand dontributesditide bxthesi ng
chanmber aboye the surfac f the substrat.e. s Referring to
T one. clBelih et b8 RibsGate,pisdfe FHRIFHIS Y someihutigp deomt Peghroetd gad
i ntroduced inffoduddofemnsiiid ifeasPss. i oiher GoREs! #l hedarbingsRbMe tHe@action of
characteristic parameters ( i njection velocity, conposition, and

e.g., § .
vol unetri c Pros@ssrges ayithothersybstrate girfrse dslargely deminatedibyethg flomt dythniesdoby a

fluid deli ' A .S| ot d fluid i,nj 46, 48,
5. whi oh aPSteR RSB by dliP hidiat 5o AR Sanrot bichfle WRRRBR ", | 2
axi s about plucess gdacmub tier subsirdt® bafRs is Hedfore! sidmiificanile ¢intited4@. thid8, 50

I nt roduces rocess gas into processing chanber 14 al ong respective flow
paths 52, GATangeEmMeht are (at least initially) at different distances

above the sur facqnots UPSiich foddds ehis!{iffhuced b GhitesellPclhtlep 75 g aDOVe

t he substrate sur procCess gas IS In ced 1nto pr ocessi ng
chanber 14 saléatedsd that e phosdsagee floworeldcite at et pevipteral edgeenfahe Satserakdafi ni ng

the end of the flyid port to a plane that substantiall ontains the
surface of f%‘@hb'ug’.gts?‘g’f’é’.rdeﬂfg’f‘ Hﬁl‘a_ga%@mseged& F@anﬂi}f{‘rfgg? e on of
substrat e 1gabstieRl dsGPtctatedl e Ror eXdaipIL, GRE pokaS/gaflis RHBERRA 83w PHE tiod is ©4
56 and distributes the process gas flows to different horizontal |ocations

over the suPreierablyfbeswesnt sbene0.02 tinmsiapd abeutzidattithes and; awire preiferablyon of
process gas L4 trol the suppl f..r .1l,ve .speci e
2cross the ls)ﬁtg%fg g?gﬁiiﬂzf) tih&ed 2h8 B8 f0%mdd e sptpea af whictl & %g}lf)heral g16n 0

- the substrate travels about a circular arc as the substrate rotates. Thus, for a 300. mm

Fi g.
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diameter substrate that rotates at a rate of about 50 rpm to about 240 rpm, the process
gas is introduced at a flow speed of about 0.008-0.04 m/s to about 80-400 m/s, and
more preferably at a flow speed of about 0.08-0.4 m/s to about 8-40 m/s; the process
gas is preferably introduced at a flow rate of about 0.15 m/s to about 15 m/s for a 300
mm substrate rotating at about 90 rpm. The speed at which process gas is introduced
into the processing chamber is measured at the output of the fluid injector, and may be
determine_d from the process gas flow rate and the flow area of the fluid injector.
Reférring to Figs. 5A-5C, fluid delivery system 30 includes a face plate 70 that
- defines the outputs of fluid injectors 46, 48, 50. Fluid delivery system 30 also

» ;.. includes a flange 74 that is attached to processing chamber 14 and a block diffuser 72,
‘which receives the process gas from a gas supply and produces a uniform process gas
flow. Process gas is respectively delivered to fluid injectors 46, 48, 50 throngh fluid

-9.



The fluid delivery systemin the enbodiment of Fig. 3 has three fluid

I njectors. Iwogemesdal , the fluid delivery system can have atpCBUSYS20950
fluid injectors located at different heights above the substrate surface;
one or nore other fluid injectors nmay be included at the sane or different
hei ght s above the substrate to achieve different processing effects.

Fig. 4Aillustrates the results of a conputer sinulation of process gas
flow streamines introduced fromfour fluid injectors positioned at

di fferent di ﬁ.ﬁﬁ{&% ﬁb%e Eatcﬁ%uﬂjﬂﬁ%c'i&t clﬁc'i‘ers a@@?\%njf whi ecéiv% ;ggr&%esslg l‘ggsnm N

and 6.0 nmm). fhi's Simulation was ow 0 ric

hydrogen at fOnsbme 6f faiddapats|76] @8,S800eAs shdwﬁ ) Figi SBJ pduese gas flows dfona f 1 ui d
i njector wt a flow area of 0.15 square_inches, and a substré_gmef rotatlon

rate of 85 rHHd mput, g9, through asnmgaé%%mf&ea@asx%am@rlm &t 1apd Swally ghrpugh
viewed from utt Senach ﬁegtgrtsbe qué@%% ha tRRLEESbIe n%'ae %ﬁ@% dsvghg&d

which process tlUidis Introduced intdo processing cha
substrat e sudiffiser 72 hes through-bdles m,cﬁefos rrg;aﬂmfg bmtssﬂhuela sécureefacaphtad?® phdiced

to the peripheral ge of t otatin str. cess_gas introduced at
a di stance opeii 2% ?‘ge&%ﬁlﬁ?‘?" 5’6 esé Iff”eg" g’ﬁ%@%‘?"lj’g
primarily t oSmBSn o8 r:!d@*}ﬁﬁxa&xaﬁx@&? s%oﬁ Bﬂ,séa@ss torfiicBs 8IGFLR BiaReRr @8 0§aS

introduced at a distance of 6.0 nm above thé substrate surface supplies
process gas pbwfémﬁ%ﬂwb, aﬂdethcempﬂéﬂ Ofr%lgd(menbrsv}ﬁe4§uﬁ)shmm elpngatedss gas

and 2.0 mm - SEBEDoctaBoucE R PRl P D Peq e bl AR eRE SsePrer al
edge and t heapabbgra diftahdeesS WTsbbat BOS Iiaus,lntah&héa éﬁtﬁd&uémms@ﬁed)f&cess gas
across the substrate_surface can_be
growing epitaxial silicon on 300 mm diameter silicon substrates, orifices 82 have a
diameter of about 0.062 inch and the outputs of fluid injectors 46, 48, S0 have an
" ‘elongated dimension of about 1.25 inches, a width of about 0.14 inch, and are spaced
apart by a distance of about 0.08 inch.
¥ Referring to Figs. 6A and GB, the fluid injectors can have oufputs with
different flow areas. This allows the volumetric flow rate at different distances above
" the substrate surface to be easily controlled. For example, as shown in Fig. 6A, the
'O\i'tputs of fluid injectors 100, 102, 104, which are defined in face plate 106, can have
that same width dimension and different elongated (length) dimensions. In a processing
‘chamber designed for growing epitaxial silicon on 300 mm diameter silicon substrates,
the outputs of fluid injectors 100, 102, 104 have a width “w1" dimension of about
0.07 inch and respective length dimensions “t1", “t2", and “t3" of about 0.5 inch,
about 0.9 inch, and about 1.25 inches. The outputs are spaced apart by a distance “s1"
of about 0.15 inch. In contrast, as shown in Fig. 6B, the oufputs of fluid injectors
110, 112, 114, which are defined in face plate 116 can have that same length
dimension and different width dimensions. In a processing chamber designed for
growing €pitaxial silicon on 300 mm diameter silicon substrates, the outputs of fluid
“injectors 110, 112, 114 have a length dimension “t4" of about 1.25 inch and respective
"~ width dimensions “w2", “w3", and “w4" of about 0.135 inch, about 0.09 inch, and
about 0.045 inches. The outputs of fluid injectors 110 and 112 are spaced apart by a
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controlled by varying characteristic paranmeters of the process gas

i ntroduced i NW® 99/1883%¢ssi ng chanber 14 at different distances a@icaxrsot/ioesi
substrate surface. Fig. 4B illustrates the results of another
conmputer sinulation in which process gas is introduced- into processing
chamber 14 fromsix fluid injectors 58-63 horizonttally spaced apart and
| ocated at the same di stance above the substrate surface. This sinulation
was based upon a flow of trichlorosilane in hydrogen at 40 sIm (standard

liters per m «lat roduce hr qugh fluid iplLector wt f ar ea of
0.15 squar gh gﬁ%ﬁés‘dgn‘) al%ggta@é "écq’di%ﬂ‘il gﬁc‘@ﬂﬁlﬁs EEJ“HM DG h@"%{g& Pt e
surface, andspuced apart by a distance “s3" of about 0.15 inch. - 8 -
substrate rotation rate of 85 rpm Assum ng the substrate rotates

count er cl ockwi se Referiipgip Fige B it puothermmhodimens, Puiddnjsetorsat20 andr Puared

fromfluid ipj r ' fhected to the peripheral edge of th
substrate. Tﬁig&%egctgggtr%d}g © ipﬁ?c(rzg'dhglé n‘%r%rﬁﬁsﬂgg ¢ amgefr héra‘??%ﬂa‘vi Rﬁﬂ'&c‘ﬁi‘fr S
59-63 i s def heecitatifferent distafcdaraboes theQsusfatd 6fkbs@ife fIRUi MuidihRelo®y 12Band 1O
a substantia i stance, above the substrate surface and contributes little

I
to the r é%gtaf%ﬁ’aﬁfq parhalong puliretion that issubstantiallyipeependiculas taa plank tihati on
fromthe progessSint k 1 d .LalLactgr. 58, wor ds,
in this arr anger_ren'?l % m?eax?%%t{:otﬁ?gﬁﬁ%f &%%Hb%éaggc%sréageg's I\a\nﬁ‘fi ﬁﬁ{eﬁéeopssg%@ﬁ?g’t e
surface is | 42§ednd idnare atrengddytot iarodiceprobesafliidsat Afie same PistAAES5hoF8 She
i ntroduced by f.l uic} Igé ect E:E 5%8, The control over the distribution of
process gas SHRAFELL RSttt 2 as {idinisctrd20s t herefore significantly Iinited

in this In operation, characteristic parameters of the process gas can be controlled

along a direction that is substantially parallel to the rotation axis. These parameters
can be controlled in different ways to achieve a uniform distribution of process gas
across the substrate surface. Process gas can be introduced through the different fluid
injectors at different flow velocities or at different volumetric flow rates, or both.

The process gas introduced through different fluid injectors can also have
different compositions. For example, a diluent gas (c.g., hydrogen, helium, and argon)
can be added to the reactive gas species supplied to one or more of the fluid injectors
and undiluted process gas can be supplied to the other fluid injectors to achieve a
uniform growth rate across the substrate surface. In the embodiment of Fig. 6C,
reactive process gas can be introduced through fluid injectors 120, 124, 126, 128 and
130, and an inert process gas can be introduced through fluid injector 122. This fluid
imtroduction scheme has been found to compensate for the experimentally observed
increased film growth rate at the peripheral edge of the wafer when process gas is
introduced from a horizontal array of fluid injectors positioned at the same distance
above the surface of the substrate. |

Referring to Fig. 7, the solid line represents the film growth uniformity that
results when the same reactive gas species (trichlorosilane in a hydrogen carrier) is
introduced from fluid injectors 120, 124, 126, 128 and 130, with no process gas
flowing through fluid injector 122. The dashed line represents the improved film

‘ growth uniformity that results when the same reactive process gas (trichlorosilane in a
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arrangenent . The rate at which process gas is introduced into
processi ng cReMPUISI& | s sel ected so that the process ga®CHUWSBREPocity
at the peripheral edge of the substrate is roughly the sanme order of
nmagni t ude as hytiroganeentinier is ntrodaced/ih@rmbeessige cidmbidre 4 from Sluid irfjedtars 420j t

R L R i
preferably, wocéﬁﬁx‘é%@m%@xo?& f@nﬁﬂﬁi‘dﬂﬁﬁg@?‘ﬂzﬁbﬁ%ed &bmﬁtt’&nﬁﬁ%ﬁ d¥n

whi ch a peripheral region o the substrate travels t acircular arc
as the subst riatEgr 4Aattds beligngd thitdhe hydsogen ganflow isddefloeted to thetperipheral edpst

rotates at a rake of .about, 30 rpm. bout 240 rp t he.process as is
i ntroduced at%a"fI% &;tgageegrbd g}eregggajl{u?e& ?65"6253#5}‘?"8%‘5‘511@ %wdj@@mr#lg, and
nore pref er abfijm growithf datvatIRE petigheratle@gd. 0. 08-0.4 nf's to about 8-40 nls;

t he process gas is preferably introduced at a flow rate of about O0.15
nm's to about 15 m Thigrthaindehtive apparats aibinetbds detitiadigreni p@bidisele@tivepm
The speed at which process gas is introduced into the processing

chanber is neeenireddvertone e moere pharacteristivepatdnistets i(eg £ dhjectionavetboityry valemetric
det er m ned frﬁmthe pr&cess s_gas flowrate and the flgw area of the fluid

i nj ector. ow rate, angceposition)tal ths process Alughralopg g;direglaon that {5 swpstantiallyo
includes a fa : i s MR

a6, 45, 50, rroPe ey 4 pahe trat is frdfD HEEALEH Suith the Hbfel PlERREE
attached t o plooussipedt, ticasuoface b therstibsirald 13 alifdithfyuseosed2p processliidhas

receives the process fr.om a,gas. suppl nd ptoduces uni f of m process
gas. " * 11 ow, PR aL agSflioniSeg BtienisBl ot voBieasaat of piogess i boreschrg,
48, 50 througBrdckds Sisid is distributed uniformly across the substrate surface. -9-

Other embodiments are within the scope of the claims.
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process gas flows fromfluid input 8 I|ty of orifices 82,
into a plenum 8 %ﬁdﬂaingf? Jy through the output of f1uid i njector 50. Face
plate 70 has thr 86, 88 (Fig. 50 and diffuser 72 has

t hr ough- hol es 90 ace plate 70 and
diffuser 72 to f ange@%pﬁfﬁﬁgydﬁggogg%m h&%% élgiln ned for grow ng
epitaxial sili co;n Qg chamkbranet er si | | con substrates, orifices 82 have a
di aneter "d" %out 0.062 i nch; and the out puts of fluid injectors 46,

48, 50 have an eam’tgableduhﬂrmemsppnn lotétedivithinthe pfocdsSingichainber,and wi dth "w'

of about 0.17 inch, and are s&ﬁ ced apart by a distance "s" of about 0.05
inch. In argsnsErciediogaiatethe aterabgut arotagiopdkisgandhi t axi al sili con on 300

Mch and the: out DS WRTY 3ren Pisnepl inGamigsdihnfdfE spredin g
di mensi on %t@ﬁ’xg }oc@ssﬁﬁ hQﬁ'B@:Sanggo E‘ﬁa‘ﬁ}}&eﬁ@h@é)&ﬂk gvjc?oﬁélﬁ'h rg_nd are spaced

apart by a |sta ce of about I'nc erring to Figs. 6A and

6B, the fl uglthractrivtit paramereis 6fthiepRuéss fufd albigha dirdction €t isfsubsariialias. Thi s
allows the volunetric flowrate at different distances above the substrate
surface to pependicular toeplancithatis nofmel textbnmtationagisshown in Fig. 6A the
outputs of fluid injectors 100, 102, 104, which are defined in face plate
106, can have that sanme wi dth di nensi on and differ ent eI ongat ed (I engt h)

di mensi ons. proc esi r |tax silicon
on 300 nm di arret ?ﬁes#r#gm&bs ‘%u@g g‘fﬁ@'ﬂffig ¥°r¥ rH %t*’SF‘s 100,
102, 104 haygra F'ﬂthld'if{j@c"toﬁ'féﬁﬂﬁb&ti% fprodet i il}8 th Bagtﬁ Emt' ve
Iength di rreirjtlgl ons "t1", ""t2", and n%p@&g oltljlt 10 5 e|nl5r\{cch about 0.9 inch,
and about 1.25 inches. The out puts are spaced apart by a distance "sl1" of
about 0.15 inch. In contrast, as shown in Fig. 6B, the outputs of fluid
injectors.110, 132, 1The anpsrates oficlaimds wheseinit ﬂ@péeiebmy systers corprisesve t hat

chanber | desi 3%25”%5%}% <l s TRt NP S6° AFRFRARAIR, | con

substrat es, }En%fe £ne? 1 ength
di mension "t 4 %gaﬁélou 5%&&%#;#02%%&?%&%3&%%&%%% fﬁérg I’lSI Fons w2,
"w3", and " wibs @ixambmmﬁnéa&guamteabﬁué aad09 i nch, and about 0.045

inches. The outputs of fluid injectors 110 and 112 are spaced apart-by a
- 10- a second fluid injector constructed and arranged to introduce process fluid into

inputs 76, 78, 80. Each fluid inject I enum whi ch receives
process gasosiossy one of fluid i nputsjﬂ!’lﬁ mﬂﬁ OWPCTVUS9B/20955B,

the processing chamber and positioned above the reference plane a second distance

which is greater than the first distance.

4, The apparatus of claim 3 wherein the first fluid injector is constructed
and arranged to introduce fluid into the processing chamber from a first position, and
the second fluid injector is constructed and arranged to introduce fluid into the
processing chamber from a second position spaced from the first poeition along a
direction that is substantially perpendicular to a plane that is normal to the rotation

axis.

5. The apparatus of claim 2 wherein one or more of the fluid injectors

13-



di stance "s2" of about 0.11 inch, and t|jE Py Luid injectors 112
and 114 are aced apart by a distance | aim}lﬂ'@ﬂﬂ ‘L 1151
Referri ngwf’é’g 56‘.5 6C, in another enbodi o * ct%?@ﬁ%f&osgrlld 122

are arranged to introduce process fluid into processing chanber 14 al ong

fl ow pat hs ¢dugyirises & flatd phirf thetrlmstin dioagaetdimendiove t he surface of substrate
12. Fluid injectors 120 and 122 are spaced apart along a direction that is
substantially perpendicular to a plane that is normal to the axis about
which the substrate ig, rotated. Fluid i,njectors 124, .126, .128, and 130 are
arranged to intrgducefﬁeﬁﬂ? squﬁ"aéfngt‘”lfé‘i"énQﬁ‘?‘r‘é"ra??t%ﬁ?ghg%g\’/éé:tqrﬁe surf ace
of substrat gy @S afsldf-isﬂasﬂeﬁjfﬁﬁ&g&t.lzo- In operation, characteristic
par anmet ers of e process gas can be controlled along a direction that is
substantially parallel to the rotation axis. These paraneters can be
controlled in different ways to achieve a uniformdistribution of process
gas across the sibst r Zheappardtescf claimSodlsseigdlse firanfinid injentordus e &dst fluidough t he

different fluid.,injectors at _different flow velocities or at djfferent
vol umetri c PPGWithes charactsristic,flow area and the-ppgond fhudsiniectps bas %WB@:@@GPPN ough

different fluhd i.Ri r .akso have different conpositions. For )
exanpl e, a 5&?%%%@5§§é§?%péﬁgxﬁ§8¥ﬁﬁ%n, hel i um and argon) can be added to
the reactive gas species supplied to one or nore of the fluid injectors and
undi | uted process gas can be supplied to the other fluid injectors to

achi eve a uni for 81 gr o¥hé@apmisussiiokss 7 Wikersinhd ¢hataetesisid fiew arch bf thee

enbodi nent of Fig. 6C, reactive process gas can be introduced through fluid
i nj ect ors 13¢rond flgid portis sreager sy theacharagteatistio flowarea of theclstflyd posan be

i ntroduced through fluid injector 122. This fluid introduction schene has
been found to conpensate for the experinmentally observed increased film

growth rate at tie pery,pheraly e59%:if Al Bhfhisih it RGAITH85 | S

constructed and arranged to introduce fluid into the processing chamber and positioned

above the reference plane a third distance which is greater than the second distance.

10.  The apparatus of claim 9 wherein the first fluid injector, the second fluid
injector, and the third fluid injector are spaced apart along a direction that is

substantially perpendicular to a plane that is normal to the rotation axis.

11.  The apparatus of claim 9 wherein the first fluid injector, the second fluid
injector, and the third fluid injector have respective fluid ports each with a different

characteristic flow area.

12.  An apparatus for processing a substrate, comprising:

a processing chamber;

a rotatable substrate support located within the processing chamber and
constructed to rotate the substrate about a rotation axis; and

a fluid delivery system having a first fluid injector constructed and arranged to
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I ntroduced froma horizontal array of filswisglimng ositioned at the
same di st ancevaelyduesié he surface of the \m‘mmmnﬁ““‘ﬂm Ref eP@T/H8P812095K] ¢.
7, the solid line represents the film growtch unif or'mi 'y t hat resul tss)evv_hen
t he sanme reacti | sed I OSd ' Yo
I ntroduced fro mﬂfrlogﬁﬁe ?ﬁ?gégtg ?)IF? 1511208?% Q‘é’ g&%ggﬁm&%é ?rg %Q{}%SE &\}\f C?'L&dr(\l (;cdr p?%n?es S
gas flow ng thr @uighinfebwt coristrpced aid dkAdgedidentebiabes plocis IRPIESES bfock g
improved filmgrowh uniformty that results when the same reactive process
gas (trichl or osFhamhker figmpa second positibmegesed drom ihelfI)s»ztlpssx’ngr:5 alo?%gddecntgmclﬂgg is .
rocessing chanber 14 fromfluid injectors 120, 124, 126, , an , an
gn i nert groces§“ tatip Eﬁ’B‘?j@fﬁu?qT@Fﬁ%@%&hﬁ‘&@dlopﬁ%ld?%@'@é‘@i‘ﬁ’@?cha.nber 14
fromfluid injector 122. Based on the flow stream ines shown in Fig. 4A it
is believed that the hydrogen gas flow is deflected to the peripheral edge
of the substrate andisher abppirkiit 65 friiRshifAE LitGa@A0nRREEN Fati on Lo slow
down the filmgrowh rate at the peripheral” edge. . hus,.the
i nvent i ve appar at us aprbcassingetlambgscri bed herein provide selective control

over one or nore characteristic paraneters ¢(he..g:, injection velocity,
vol urmretri c fl ow rat ea reipigblesnbsirate support lokcateth svithinabe procédsingdhamberand

he. axi o about GRFCHOBRE SBS e HEAE S0hER BRoRmBhBkhapect . t he Surface
f th bstrate i | J : r fluid as result of a
of e substrate | < WlAIR RO R0, AASRRSRI! Bt wihedt o
wher eby process idttdduék 4 prodess fidintofle probéLin r(}:ﬁ?rﬁﬁé'r%?nﬁhf'sft ﬁﬁi']‘tz(grg ?fgl% rTsigacond

surface. Q her enbodi nents are wth e scope o
fluid injector constructed and arranged to introduce a process fluid into the processing

chamber from a second position spaced from the first position along a direction that is
substantially perpendicular to a plane that is normal to the rotation axis; wherein the
first and second fluid injectors have respective outputs characterized by respective
length dimensions along respective lines that are parallel to the plane that is normal to
the rotation axis, the length dimension of the second fluid injector being greater than the

length dimension of the first fluid injector.

14,  An apparatus for processing a substrate, comprising:

a processing chamber;

a rotatable sul;strate support located within the processing chamber and
constructed to rotate the substrate about a rotation axis; and |

a fluid delivery system having a first fluid injector constructed and arranged to
introduce a process fluid into the processing chamber from a ﬁfst position and a second
fluid injector constructed and arranged to introduce a process fluid into the processing
chamber from a second position spaced from the first position along a direction that is
substantially perpendicular to a plane that is normal to the rotation axis; wherein the

- first and second fluid injectors have respective outputs characterized by respective
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processi ng awmsﬂz\th 2? l:zmglr ?Is rﬁg e l |!II“J ml‘l “I‘!I "llsl mlllappar I?(t:'i‘J/lSJSJS?zEwsx

width dimensions along respective unes that are perpendicular to the plane that is
normal to the rotation axis, the width dimension of the second fluid injector being
greater than the width dimension of the first fluid injector.

15.  An apparatus for processing a substrate, comprising:

a processing chamber;

a rotatable substrate support located within the processing chamber and
constructed to rotate the substrate about a rotation axis; and

a fluid delivery system having a first fluid injector positioned a first distance
above a reference plane substantially containing the substrate surface and a plurality of
other fluid injectors each of which is positioned above the reference plane a second

distance which is greater than the first distance.

16. A method of processing a substrate, comprising:

rotating a substrate inside a processing chamber about a rotation axis;
introducing a process fluid into the processing chamber; and

selectively controlling one or more characteristic parameters of the process fluid

along a direction that is substantially perpendicular to a plane that is normal to the

rotation axis.

17.  The method of claim 15 wherein characteristic parameters of the process
gas are selectively controlled by:

introducing a first process fluid into the processing chamber from a position
spaced a first distance above a reference plane substantially containing the substrate
surface; and

introducing a second process fluid into the processing chamber from a position

spaced above the reference plane by a second distance which is greater than the first

distance.

18.  The method of claim 16 wherein the second process fluid is introduced

- 16 -



a processi ng chanber; a rotatable sub ] mcat ed within
the processi WP W&ser and constructed to roiﬂllmmﬂﬂ“mmm e TUSBYHPS
rotation axis; and a fluid delivery systef constrdctéd and arranged
to introduce a REPHRPPodessimglciariver frb dPoRidA hal s spAcHiPhrt Foch the fpagmbﬁ &rom
sel ective control over one or nore characteristiC paraneters of the
process fluid aivhith the filist protéss fluidhiaintioduced lixsto #ret pradessingehapiberialong adir¢ation

pl ane that is normal to the rotation axis. . 2. The apparatus of
cl ai m 1 wher ei nthehis spbstardially perperdiculgrde aplans thatissroyma! t91the Ftation axfs. £ | ui d

I njectors for introdycin roces luid into th rocessin hanper ...

3. The apparatus of cl ?ﬁﬂi‘%ﬁﬁé%‘ﬂm l‘lf@h?rﬁﬁ‘itge gfﬁ‘?’i?&?? ggﬁ/gﬁse‘gg‘?mp?'ses:
a first fluid ipj ra G : t to introduce a process
fluid into the @F?@%‘gs‘f‘ﬁ‘ﬁggﬁg etﬁ?ge%ﬁﬂ% §|E%|le§gid a first distance above a
ref erence plane substantially containing the substrate surface; and

a second fluid injector constructed and arranged to introduce process fluid
into the processing 2hanb&he mathop of claino b herkimbe fifse proedss gasitas aplifferenta
second di stance whi¢h is greater than the first distance. 4,

The appar at us oforepesttiandhaththe spepndpeogessuids | uid injector is constructe

and arranged to introduce fluid into the processing chanber froma first
position, and the second fluid injector is constructed and arranged to

L nuroduce f1uid 0t ogihe PRORREBHBECHIATEGhel AN At HHRAL MRPLHAeFRACSC

fromthe first position along a direction that 1s substantia
per pendi cul ar t gorteplr&idd of hectivéspacied@ld thOsdched protest flid cdxipSises a greater

concentration of the same reactive species.

22.  The method of claim 20 wherein the first process fluid comprises a

diluent,

23.  The method of claim 16 wherein the second process fluid comprises a

reactive species and the first process fluid is substantially free of any reactive species.

24,  The method of claim 16 wherein the first process fluid and the second
process fluid are introduced at flow rates that are between about 0.01 times and about
100 times the speed at which a peripheral region of the substrate travels about a circular

arc as the substrate rotates.

25. The method of claim 16 wherein the substrate is rotated at a rate of

about 50 rpm to about 240 rpm.

26.  The method of claim 16 wherein the first process fluid and the second

process fluid are introduced into the processing chamber at flow speeds between about

-17 -



5. The apparatus of claim2 wherein one or nore of the fluid injectors

- 13 - woowpesises a fluid port that has an el ongated di Eﬁ@i%ﬂwsl
mli d

6. The apparatus of claim3 wherein one oer“H“ lmu ﬂm i nj fect?)rs
Ll tus of claim

conprises a sl ofy- lg%?l fi éi)drﬁt%ﬁ%t

3 wherein the first I hj ector has a first*flbid port wrth a
characteristic flow area and the second fluid injector has a second fluid
port with a different characteristic flow area. The
apparatus of claim72%her é’hnmd&mdcurfalaanﬂémhsxamthtfm/pmceﬁfbﬁdumethe sesonthd
fluid port is greater tHan Ihe characteristic¢c flow are%eof the first fluid
port. pepeess flui are.igragduced into, the progessing thambriat llowiAprqdsibatvesn eheut g
fluid injector qL8 arrangedtorntroduceflurd|ntothe
processi ng charrt(g)grw agl pog?rﬁr}g/ned above the reference plane a third

di stance which is greater than the second di stance.

-18-
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13. An apparatus for processing a substrate, conpri sing: a
processi ng clvanby19536 a rotatabl e substrate support | odaTAPBIHRPAI n
the processing chamber and constructed to rotate the substrate about a
rotation axis; and a fluid delivery systemhaving a first fluid

i nj ector constructed and arranged to |ntﬁ%% Bce a process fluid into the
processi ng chanber froma first position and a second fluid injector
constructed and arranged to introduce a process fluid into the processing
chanmber from a second position spaced fromthe first position along a
direction that is substantially perpendicular to a plane that is normal to
the rotation axis; wherein the first and second fluid injectors have
respective out puts characterized by respective |ength dinmensions al ong
respective lines that are36arallel to th ghl ane that is normal to the

rotation axis, the Tength th on Lnj ec

greater than the | engt h di nensi on of e-fqqrst fluid injector.

14. An apparatus for processi a s rate, i Sing:

processi ng chanpg¥; a rotata Subsirate suppor ocated within

t he processing cha 7
rotation axis; and ' ' ' O f’

i njector constructed and arr

processi ng chanber froma first position a second fluid injector
constructed and arranged to introduce aﬁ['é uid into the processing
chanber froma second position spaced fromthe first position along a
direction that is substantially perpendicular to a plane that is normal to
the rotation axis; wherein the first and second fluid injectors have
respective outputs characterlzed by respectlve

- 15 -
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wi dt h di mensi ons al ong respective lines that are perpendicular to thesPI ane

that is WORYVHAB6 to the rotation axis, the width di nensi EFTGS¥HE
second fluid injector being greater than the wi dth di nension of the
first fluid injector. _ 15 An apparatus for processing a
substrate, conprising: ' a3p/r§cessi ng chanber;

a rotatable substrate support |ocated WIBCTIONPPRPCeESSIi ng ch gr and
constructed to rotate the substrate about .a._tatation axis; an

a fluid delivery systemhaving a fi.st~fluidd4 njecior..gositioned a first

di st ance above a reference~pl ane subsflantially com{ai ning the
substrate surface and a plurality of .her fluid i \ect ors each of
which is positiong ref erense a setend < di stance
which is greater i 300 mm16. A net hod
of processing a s W’&FE’\Q ng a\substrate

I nsi de a processi g . \

i ntroduci ng a prog ng chanper; and'\ k)

sel ectively contr gl i stic pa“rsqrret er s:of th\eg
- Ils substantsally p\gr pend"\cul ar
b 3
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to a plane that i tion axl Son0 mm \
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17. The nethod of claim 15 wherein characteristic paraneters of the

process WO 819536 ¢ sel ectively control |l ed by: PCT/US98/20951
introducing a first process fluid into the processi ng chanber froma
position spaced a first distance qppée a reference plane

substantially containing the substrate surface;
i ntroducing a second process fluid into the procegsgi
position spaced above the reference plane by _3
is greater than the first distance.
claim 16 wherein the second process fluid is

froﬁféso

i stance whi ch
THe net hod of

-16- . into the processing chanber fron iI|s spaced
apart fromthe position from whi uid rsli ntroduced

i nto.the processing chanber alo ¥on I s substanthally
perpendi cular to a plane that 4 Otation axis. z9.
The nmet hod of claim 16 €ss gas has substanti

sanme conposition as thef&s
claim 16 wherein t 80|
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Z

T

86 faz | 88
Ce®:%:°e @@@

E R olrrnrrrvng >
] Ce®e®e”6%6%) £

\.

. SN FIG._5C -

F

.

SUBSTITUTE SHEET ( rule 26)



conposition than the second process fluid.
claim 16 whewgydgpnipbss first process fluid conprises a

21. The net hod of
concenPERUSIRR08T!

reactive species and the second process fluid conprises a greater

concentration of the sanme reactive species.
claim20 wherein the first process quid5déhprises a diluent.

22. The net hod of

23.

The nmethod of claim 16 wherein the second process fluid conprises a
reactive species and the first process fluid is substantially free of any

reactive species.

24. he nethod of claim 16 wherein the first

T
process fluid and the sgﬁvnd‘prvt§§ | re introduced at é%pM/rates
that are between abt@4~0Q.01 tines and about {100 tines the gpe at which. a

peri pheral region
substrate rotates.
substrate is rotat
26.

a0,

between about

THe substrate travels dbout a circul ar

arc as the

The nethod of c) aim
process fluid are ifntroduce

: fWtl ai m 16 wherein the

rate of about 50 rpmto about 240 rpm

| I rst process fluid and the sézghd

1 profcessi ng chanber at flow speeds
. - 17-
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0.15 m's and about 15 m's. 27. The met hod of claim 16 wherein the
first processwa basiodseand the second process fluid are introdulSHUSIHAhe
processi ng chanber at flow speeds between about 0.4 nis and about 8 nis.
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(S7) Abstract

. A substrate processing scheme is described in which a substrate is rotated about a rotation axis in a processing chamber, a process fiuid
is introduced into the processing chamber, and one or more characteristic parameters of the process fluid are selectively controlled along a
direction substantially perpendicular to a plane that is normal to the axis about which the substrate is rotated, Characteristic parameters of
tl}e Pprocess gas may be selectively controlled by: introducing a first process fluid into the processing chamber from a position spaced a first
distance above a reference plane substantially containing the substrate surface; and introducing a second process fluid into the processing
chamber from a position spaced above the reference plane by a second distance which is greater than the first distance,




