WD 2006/ 096674 PCT/ US2006/ 008003 GAS BAFFLE AND DI STRI BUTOR FOR

SEM CONDUCTOR PROCESSI NG CHAMBER BACKGROUND OF THE | NVENTION 5 [0001] The
present invention relates generally to sem conductor Manufacturing and,

nore particularly, to top gas baffle and distributor for delivering gases in
sem conduct OYORYE¥8H ng chanmbers. [0002] Chenical vapor F&&gS3%ePERY cvD) is
a gas reaction process used in the sem conductor industry to formthin

| ayers or filns of desired materials on a substrate. 10 Sone high density
pl asma (HDP) enhanced CVD processes use a reactive chem cal gas along with
physi cal ion generation through the u of .an RF generated plasm to

enhance the fiInldepositiéﬁAga&éFplé%g IﬂgTEHE“gE§ﬁ$#W§Ry charged plasma
ions onto a negatively biased substrate surface at angb&s near the verti cal

to the surface, or at &EMIQQ@@I&GE%HRDCA?@SJNG&&H BER ecti onal

bi asing of the substrate surface. One goal 15 in the fabrication of
integrated circuits (1Cs) is to formvery thin, yet uniformfilns onto

substrates; at a high throughputckGHanND actemsINVENeIToas t he type and
geonetry of theomﬁomer source and geonetry, the gas distribution system and

rel ated exhaust!00®}pdie gieeent imueption iFlalvseradlyith e iedRgermagistrpe #idon,

desi gn, and synuhebintcul&BRASH bds®RBARN dilRFRET Bl ali®erE@NhieRn Of chamber
surfaces, and material build up in_ the chanber, nust be 20 taken into

consi der ati on VR&itoRdPSIonBIOrSENaCIg8Ess system as wel | as a process which is
perfornmed by the system [0003] Uneven gas distribution is one problem
encount ered i n [8&RI c éhduiseioraporfdgprsitoal ¢ ¥R) iswishohacdiph process dedasihei on
uniformty. In : i 0N, . . i ovi ded
around the perfﬁ@?@?ﬂg¥pgﬁg?@§§§§§2@£F%%%gﬂﬁgﬁéfﬁgggﬁ@%@+§§&g%h§§ﬂﬁ%zz|es
ext end radi l | yomekaghdieysityplgsme (idR) apbses] €VD phesedist p ataetiwwhémicd gash
challenge in s I.gn. | I L but ses t he
substrate surfé%%gggmgﬁg%&ﬁ%?gm&%%gx?g&%%gkg%%gﬁﬁggz%%ﬁgﬁgﬁﬁ%ﬁi%edge of the
substrate than dnbame ths filthdemsiive by gfradtiiheof thepsttivaly eharded Ppngasnswozl e,

Posi 1 oned di G cRANNE: 108 RURRLL AL B gRYRRPY RIRTS mo sSA0 BF 150 1O

i nprove deposi ti
preferred angles to the surface by directional biasing of the substrate surface. One goal

15 in the fabrication of integrated circuits (ICs) is to form very thin, yet uniform films onto
substrates, at a high throughput. Many factors, such as the type and geometry of the
power source and geometry, the gas distribution system and related exhaust, substrate
heating and cooling, chamber construction, design, and symimetry, composition and
temperature conlrol of chamber surfaces, and material build up in the chamber, must be

20  taken into consideration when evaluating a process system as well as a process whicli is

performed by the system.

[0003) Uneven gas distribution is one problem encountered in semiconductor
fabrication, which affects deposition uniformity. In one known chamber configuration,
a gas plenum is provided around the perimeter of a processing region and a plurality of
25  nozzles extend radially inwardly to provide gases to the substrate surface. A challenge
in such a design is to evenly distribute gases across the substrate surface so that more
gas is not provided towards the edge of the substrate than towards the center of the
substrate. A top gas nozzle, positioned directly above the substrate support member,

can be used to improve deposition uniformity.



1 WD 2006/ 096674 PCT/ US2006/ 008003 [0004] Despite the inprovenents

obt ai nabl e by using of a top gas nozzle further inprovenents and/ or

al t er nat iwe 20@ndeé7ques are desirable for increasing unipernstyeodsoogas

di stribution on the surface of a substrate. 5 BRI EF SUMVARY OF THE

| NVENTI ON [ 0005] The present invention provides techniques including a

met hod of introducing a gas into a chanber and an apparatus for processing

sem conduct 8[‘0604] Mo &pitd e Eﬁﬁl‘élvé}ﬁédfs o‘tﬁﬁ%@é Em;n% dha t&ﬂ"%ls Rb2AERkthknVent i on

are directed to increasing uniformty of & process onto a substrate in
a sen1condudﬂ@ﬁ“@ﬁ@@é§§ngﬂ@ﬁﬂﬁﬁ@@dﬂmnw$@@d@%mbhf@ﬂéﬂ@%ﬁﬁﬁﬂﬁ@nmﬂxﬂfthe

present |nv§$@ Qﬁmuﬁo&§§ﬂ1s&&%k%?&&ﬂmﬁ89|Udes a body having an upper

surface ada to outwar irect gas away fromthe body and a | ower
surface opposite the upper surface The | ower surface has central portion
and a recessed peripheral portion separated fromthe central portion by a
step surfSace. The body fLBR]MFrSUMMARYOG’H{]QNVENTEDN a plurality of gas

outlets dis t he step surface 15 and passage, cQonnect.ing the
inlet to thg[(aﬁ(fsﬂr aﬂ1 eRyesgRt ipvention proxides teghnsey mgﬁﬁ%ta AR R INTEYIHEIRE rent  of
the present §gens h@ﬁhm&r&htbz&idp@h@tu@'f&%%‘céésﬂ% semtRABRiork. "Klopdes an

encl osure haV|ng a ceilin d si dewal | a substrate support capable

of supporti rft‘j’né‘éulﬁﬂﬁs?m‘fé’@énenk Wfdhe rpssntinpRtion aiedlinseied to igpressingamifeanity above

the substraig p%!:@ﬁcgaﬁ ontbA&uBEatedh §E5ﬂn@&ﬁd95tofzﬁgpés§1§% Rihrydpody including a
baffl e having an 20 upper surface adapted to outwar Iy direct gas away from

the body, Oanﬁr @(ﬂ&@grﬂ% &ﬁbocﬁ’@gﬁtg)z#{e%re? rgﬁlﬁ%h ion, & g &s el 1ncf‘111[1?s a gpposi te

t he upper s and- gpace e éu strate su ¢ | ower
surface hasIavmgmnnmuxpmﬁmee&m&mdoammmnﬁﬁémdugaﬂmmpm&nmmebahnmﬂm separ at ed

gas il et AopruPERacpPR S Tupe dReToddu ettt e Res, and a
25 gas passagesedpbgsierd gotion smiaeéd ftdin thaRemtallpadibh ¥y aktefaerfRul TR s. BRI EF
AT XN TN NN O
of a gasi5di sdnfl aRps SHssaa6 eOrdbinte th®inB to the plurality of gas outlets.

[0007] In yet another embodiment of the present invention, a substrate processing

chamber includes an enclosure having a ceiling and a sidewall and a substrate support

capable of supporting a substrate. A gas distributor is positioned centrally above the

substrate support. The gas distributor comprising a body including a baffle having an

20  upper surface adapted to outwardly direct gas away from the body and towards the

enclosure sidewall, and a lower surface opposite the upper surface and spaced apart

from the substrate support. The lower surface has a ceﬂtral portion and a recessed

peripheral portion separated from the central portion by a step surface. The body

further includes a gas inlet, a plurality of gas outlets disposed in the step surface, and a

25  gaspassage connecting the inlet to the plurality of gas outlets.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Fig. 1 is a cross-sectional view of a previously known gas distributor;

[0009] Fig. 2 is a cross-sectional view of a gas distributor according to an

embodiment of the present invention;

30  [0010] Figs. 3A and 3B illustrate a gas distributor according to an embodiment of the

invention with clean gas passages;



enbodi ment of the present invention; 30 [0010] Figs. 3A and 3B illustrate a
gas distributor according to an enbodi nent of the invention with clean gas
passages;wd 20/i@666/ 096674 PCT/ US2006/ 008003 [0011] Fi ge1/vdsooandsodB ar e

cross-sectional views of a gas distributor according to another enbodi nent
of the invention; [0012] Figs. 5A, 513, SC, 5D, 5E, 5F, and 5G show vari ous
views and cross-sectional views a gas distributor according to yet another

enbodi ment d00itje FigyéAtandAB abe §rO8313dtidnbIGrevs dflal 448 BisBibBtr dcdofifEioSt €p gas
di stributor according.to ap enbodinent of the invention; [001 Figs. 7A

and 7B are ct"g€t B4 P (e ysulm; o step for a gas distributor according
embodi ments of the present invention; and [0015] Fig. 8 illustrates an
exenpl ary prl88Esiligs. EAatbC. ARy S Faagaiss stiost varibus vews 41l Gesseediong t o an

embodi ment O\Iie\%@%ais%/s%uitoqgc o i(é‘%:ohﬁp ar{:c))"?h%(r:eern ﬁ}%\t@%‘a&%}/%%gql ON [0016]

The present i1 nvention provides I ques” I'nc i nt roduci ng

a gas int r d.apn apparatus for . processi.ng sem conductors. Mre
15 parti c53| ipﬁ}?%oﬁﬂw{é a51°% fiep %Sélésg?'rﬁ“qrﬁﬁ@ﬁ‘blpgw apnbediaat ey o

i ncreasi ng uh¢ fn@entiohy of a process gas onto a substrate in a sem conductor
processi ng chanber. [0017] Fig. 1 is cross-sectional view of previously

known gas di[gb141butiey 7AQhd 7689 C | L o WS a gas

di stri butor [100]_hav%g a g;s%ggeﬁ%gggﬁfﬁgﬁ vgéﬁg‘og?gte?g%r d;%ag dgabbzlgoqdi stri butor
face 104. GHscdngesmbpdigentsef the presan inyentidngesl a 20 pat hway for cl eani ng
gases during a chanmber clean process. C eaning gases are directed by
cont oured sUPIEN e Fig3 itlustiatee ax breamipdary pevlcssing rBimstaed hafinga gasaBitrigiter support

menber (not sho | ocat.ed. direct|ly bel ow the gas distributor. The gas
di stri bulg’or af%(\%%%o Topmedims tf’g&lg}/né’ﬁ‘g}?ﬁer wal | at a proximal portion 106.

A deposition gas can be supplied to the gas distributor 100 at the
proxi mal end 108. A set of apertures 110 are 25 di sposed on the gas

di stributor face 104 t pgehings DESERFITIORTDE FAEINIENTFIONCVD

[0016] The present invention provides techniques including a method of introducing
a gas into a chamber and an apparatus for processing semiconductors. More
15 particularly, embodiments of the present invention are directed to increasing uniformity

of a process gas onto a substrate in a semiconductor processing chamber.

[0017] Tig. 1 is cross-sectional view of previously known gas distributor for
semiconductor processing. Fig. 1 shows a gas distributor 100 having a gas deflecting
surface 102 and a gas distributor face 104. Gas deflecting surface 102 provides a

20  pathway for cleaning gases during a chamber clean process. Cleaning gases are
directed by contoured surface 102 to the chamber walls instead of a substrate support
member (not shown) located directly below the gas distributor. The gas distributor 100
is connected to a chamber wall at a proximal portion 106. A deposition gas can be
supplied to the gas distributor 100 at the proximal end 108. A set of apertures 110 are

25  disposed on the gas distributor face 104 to deliver deposition gases during CVD

PYOCCSSES.

[0018] Fig. 2 is a cross-sectional view of a gas distributor according to one

embodiment of the present invention. This diagram is merely an example, which

should not unduly limit the scope of the claims herein. One of ordinary skill in the art
30  would recognize other variations, modifications, and alternatives. As shown, the

present invention provides a gas distributor 200 for introducing a gas into a



processes. [0018] Fig. 2 is a cross-sectional view of a gas distributor
according to one enbodinent of the present invention. This diagramis

merely anwexasmues74whi ch  should not unduly limt the segpasedosiobsnos! ai ms
herein. One of ordinary skill in the art 30 woul d recogni ze ot her

vari ations, nodifications, and alternatives. As shown, the present

i nvention provides a gas distributor 200 for introducing a gas into a 3 WO

2006/ 096674 fﬁT&on&q{rQ&mhaﬁgép m@@igﬁ{bqforaweﬁlso%l rﬂaie%haﬂ)ﬁﬁtam@as

di stributor 200 can be made of any suitable material such as al um num
oxi de ( Al1203nateEglshshrsralumipyn gside AARYs), dpminsmrmiike 164’43@ sifiegin@prbidei r coni um

R L T e M T Y

single piec as a ectlng surface 202
and a gas disngl¢pigcor face 204. Gas deflecting surface 202 provides a

pat hway for cleaning gases during a chanber clean process. C eaning gases
are direct ed00m9]t hGascdigttibweor 2408|hh$a 'gatmieﬂ&ﬂhngfsurﬁace Q0bsid aga didtiitortfaceenber

(not shown) e |rectl Owlt di trlbutor . _gas

o T ooy B el GefiiehiGe busthod 0 P ety oI i35 By t i on 206,
During a 10 (RMRbEY d&@PFocess. ctﬁ&@ﬁigtgagya afbABrebt®d SAP bhashet Fralldi@st@aBor a
distributor 200 at the proximal end 208. This deposition gas flows through

gas di stri butigsiraspniresi memher (Bet showplosated dreetly below therges distributest Fhg e
posi tion on Lheiaihalnad & SHRRRI Y FER®er wh® 820 oAl hdrkis] 5@ ashind 2F1 9. 2,

apertures 210 are di sposed on the gas distributor face 204 at a tep 212,
a rai sedlOsur¢¥Perocssse p doposition gastis pynpéied ohe sdsalissiibugr 200et e proeiﬁ?efrl &bcl y, 15

a cireular | gyehmaihcasdl al nbBfudha6eadlt bpYid bl PLGgSLE

di aneter. The di'aneter ca range 00 i nches.
Step 212 carendawmi ssubsteatd paseion loeitlgsubstratessuppormemberabout . 60 | nches to
about .75 inches, and have a slope in a range of about 90 deg to about 15
deg. Step 212020]prAyviiastgdsl ifl P 0 dpattin$2 10f ar@ aiSposed i thelydd @iktriBO@r fabd
particular, the deposition can be dispersed further out to the 20
peri phery of*¥ibagEpets &tr@S%ébﬁm StRprA}é can Oy ap QX# lpveb pr, groppprofemably,
Defr 939 ™0 th@rctlaPRRcl o ga’ HBRIbAMDL fb DO MRVl SREISEmidE doRstdroOWaE ds t he
out si de

diameter can range from about .01 inches to about 3.00 inches. Step 212 can have a

vertical height in a range of about .60 inches to about .75 inches, and have a slope in a

range of about 90 deg to about 15 deg. Step 212 improves gas distribution of gas

distributor 200. In particular, the deposition gas can be dispersed further out to the

20  periphery of the substrate support member as a result of step 212. Decreasing the slope

of step 212 further disperse the gas towards the outside.

[0021] In specific embodiments, gas distributor 200 can have 4, 6, 8, or more
apertures 210. These apertures 210 are evenly distributed along the circumference of
step 212 or, alternatively, weighted to a particular portion thereof. The placement and
25  number of apertures 210 can be tuned for a specific application to achieve uniform
distribution of deposition gas unto the substrate. Likewise, the diameter of apertures
210 can also be tuned. The diameter can be in the range of about .005 inches to about

.250 inches. In a specific embodiment, the diameter of apertures 210 are 0.060 inches.

[0022] Figs. 3A (side view) and 3B (top view) illustrate a gas distributor according to
30  an embodiment of the invention with clean gas passages 314. Clean gas passages 314
permit a portion of the cleaning gas during a chamber clean process to pass through gas

distributor 300 to gas distributor face 304. Thus, gas distributor face 304 can be more



[0021] In specific enbodinents, gas distributor 200 can have 4, 6, 8, or
nore apertures 210. These apertures 210 are evenly distributed al ong the
ci rcunf erwoQeosioss7dt ep 212 or, alternatively, weighted toTaspasioosus ar
portion thereof. The placenent and 25 nunber of apertures 210 can be tuned
for a specific application to achieve uniform distribution of deposition
gas unto the substrate. Likew se, the dianeter of apertures 210 can al so

be tuned. Theadiymhel TRk ;Q@eﬂgﬁtdléhﬁ g&@ﬁﬁﬂ@ag@§3ﬂhﬁ%s §M2BiflcREMESinde, about

.250 inches._In a specific enbodi nent, di aneter of apertures 210 are
0.060 inc hesHOWT‘GDZQPIth%%’C ewhodigprfethy P\é‘%?eféﬁﬂleng?(StPGiﬁa@?SéW} tM@strate a

gas di stribufygpy %angbﬁgfhre%%té'af%ﬁ@ﬂh@&?a@agé?ﬁllb Qy&t@tdsqaa it h cl ean
gas passages 314. C ean gqfseﬁﬁ)assa es 314 portion of e cl eaning

gas during aZ2&mghesde abowe @@?éslﬁaltlng?ﬁatb@gftsmaﬁulgmrgfw%ét stri but or 300 to
gas distributor face 304. Thus, gas distributor face 304 can be nore 4 WO
2006/ 096674 [BODIUSAGOH ROSHEOS-seation iviey afl asgran é@tribiitoe 460 @d’c@rcﬁig}b tanagth@an gas

314 in thi fi L grnat
Cmhoa! mont . BT 6} Roreh o AL Raeean e b b i i SFRRE S0

passages. Tharficametad a@hs @iagibutol ReUDIATG R AREEGEr Add id Bnide@ddiio 206 t 0 about
.25 inches t Iow La efficient cleaning of the gas distributor face 204.
5 [0023] Fi gc LePERemalortion QP VrEle o Ve RfacestiadiepesiiAngias 00

accordi ng t oy %'ﬁgdft@the g%H@EQint%BHOOJJt theRodiMMEdI408. THis @%ﬁlt%%ﬁgﬂw
distri but or 4 has a gas defl ecti surface 402 and gas stributor

face 40410 Gabroypls g3s disviibpont9, ¢xdtingch Aresiieny 41 @ and feedbgipetlonenid ongaa a pr oxi mmal
portion 406. to the gas
i st i butor 00 ST o SRR SunyyRRATE (P ARY, 3 nahld it

t hr ough gas 4B, gperiunest4d anObspossd ani thegastdishpertarfaeesto4 10a stepl4 Fe entl feed es 416,
and onto a & t t ot shown).
As illustrat egég 8% dlgﬁ%%llg altaat%elgr{ ﬁfeenéygfi% ?r‘c’% %%@éeﬁgg?%ﬁéigas

di stri but or fracode ﬂﬁ)zﬁhcaetasai cbpa@tw&ﬂa?the&dgbsfoéﬂcé submﬂamoédlﬁplahmtdpﬁnmed at the

| at er al f. gas. di stributor400. Fee 16 ovi de ncreased
deposi ti on a"flgtf?tlg‘mé%aggmmbu?ﬂ% FEWS%B ?ﬁr’?ﬂ i “ﬁ‘%re%?ﬁger?f pah e&? 410 for
uni f or m di st4li6lud apstturcklago nwntbetumedﬁblaacpammar apptd:aﬁm csheggge of feed

hol es 416 an erture rticylar a Ilcatlon In
mq)oaﬁnent, gas glstrﬂl)utor OO 1nclu(ties t feed h&es Z? 16 and four apeIPuees 410

one specifi
In other embodiments, gas distributor 400 can have feed holes 416 without apertures
410. Alternatively, gas distributor 400 may include apertures 410 without feed holes

20 41e6.

[0024] Figs. 5A-5G show various views and cross-sectional views a gas distributor
500 according to yet another embodiment of the invention. Gas distributor 500
includes clean gas passages 514 and two steps, steps 512(a) and 512(b). Steps 512(a)
and 512(b) on gas distributor face 504 can each incorporate a set of apertures. The

25  increased number of steps allows further tuning of gas distribution to improve
uniformity. The number and position of apertures included in step 512(a) can differ
from step 512(b). For example, apertures 510(a) and 510(b) are not aligned in a radial

direction from the center point 518.

[0025] Fig. 6 illustrates a three step gas distributor 600 according to an embodiment
30  of'the invention. Gas distributor face 604 includes steps 612(a)-(c), each with a set of
apertures 610(a)-(c) respectively. The three steps provide three zone of control for

increased refinement of gas distribution. In addition, due to the shorter length of each



enbodi ment, gas distributor 400 includes eight feed holes 416 and four
apertures 410. In other enbodi nents, gas distributor 400 can have feed

hol es 416woitéwugte7apertures 410. Alternatively, gas di ptriusesosnoshod nay

i ncl ude apertures 410 without feed holes 20 416. [0024] Figs. 5A-5G show
various views and cross-sectional views a gas distributor 500 according to
yet anot her enbodi nent of the invention. Gas distributor 500 includes

cl ean gas pagzagesthddidmaneof WeriteePR. cad be palubeiXopimprorbdalsttution St eps 512( a)
and 512(b) on tgras di stri bytor %:Fgce 504 can each i, ncor por at? a set of
apertures. Tif8EToL I ARG el chbefigentogas dstitor 008 i Womisrs Pl &y of gas

di stributi onsyh@dibERbERY Ehat bk éﬂi%ﬂfﬂentsﬂi‘%e‘]ﬂé’é@ﬁtrm%ﬂoﬂ@aﬂ iht18de Dfs. gRErtures
included in step 512(a) can differ fromstep 512(b). For exanpl €,

apertures 5100®peARd 510(b) are not aligned in a radial direction fromthe
center point 518. [0025] Fig. 6 illustrates a three step gas distributor
600 accorXi ni§0t@ drigedBodiBrare cr@8G-seftionhlevi¢wsdatgapdistriBapr dieg tecoblingr f ace

604 i ncl udes C S ertures. 610(a)-(c)
respectivel y° Sbf)ﬁgnetn‘r% é(tﬁe?sqré ehfm 61\%9131%111_%‘? Z@ %g (fh(s)tfl%{é)tc%ft?p nc]lug?sa i ncreased
refinenent ofeadasrtidh ahd ahkﬁrlpﬁﬂl.onloﬁ agaddiktiibutor Hoe Th‘erishﬁpcﬁ'ﬁ@{lfney’bé engt h of
each 5 WD 2006/ 096674 PCT/ US2006/ 008003 . apert ur ter

apertures 61@@3&“’%@ fodle fead pegion Wg@é@y&fg}%gﬁe&l g\ngk’%f’@ﬂ ellnn one
speci fic enbaeiBabs abg@Dtcgickd BUbE: 180 Qedréesa It WRcilic @FBodhRAY Mgld Mo Shoul d
be noted that ot er enbodi ments of the present invention can include 4, 5,

6, or nidte 8elgyE4S degrepsodp apprgue ovt&egﬁadlﬁsblg%fa% sslispersdiondhetiseyi ews of a

gas di stri byl pfiorsdrRi AGEL Al &m@ﬁ%@@bﬁmﬁlﬁ 19 thelrl38r GG EMAvihOURAbION. | N
Fig. 7A, a gas distributor s g includes a tread portion and a riser

portion on aPceesdigilar tojths misst éhe mﬁ@lmli&@frthwlﬁ mere meywitelesper pendi cul ar

to the tread;RALL) QP a1 e 544)7 be in
t he range of 2[81 t) ggtg&at%% dto C%out F%gﬁ%ggraen %OAOQ gecizgj%ﬁgir;r}bodl ment ,
angl e 710 1Cexempkbeoge #4én dbopt d&degrées tagmut 1id0edegrees.ne gas di stributor face
is disposed on the riser portion of the step. The aperture is

per pendi ul 80027 tHig Filleffatdd @h kkipl4rh pricBBinktBariBdr@ystem having a gas
distributor 811 according to an embodiment of the invention. Fig. 8 schematically
illustrates the structure of an exemplary HDP-CVD system 810 in one embodiment.
The system 810 includes a chamber 813, a vacuum system 870, a source plasma system
880A, a bias plasma system 880B, a gas delivery system 833, and a remote plasma
20  cleaning system 850.

[0028] The upper portion of chamber 813 includes a dome 814, which is made of a
ceramic dielectric material, such as aluminum oxide or aluminum nitride, sapphire, SiC
or quartz. A heater plate 823 and a cold plate 824 surmount, and are thermally coupled
to, dome 814. Heater plate 823 and cold plate 824 allow control of the dome

25  temperature to within about = 10 °C over a range of about 100 °C to 200 °C. Dome
814 defines an upper boundary of a plasma processing region 816. Plasma processing
region 816 is bounded on the bottom by the upper surface of a substrate 817 and a

substrate support member 818.

[0029] The lower portion of chamber 813 includes a body member 822, which joins
30 the chamber to the vacuum system. A base portion 821 of substrate support member
818 is mounted on, and forms a continuous inner surface with, body member 822.

Substrates are transferred into and out of chamber 813 by a robot blade (not shown)



perpendi cular to the riser nmakes the machining of the hole nore true with

| ess vibration) or, alternatively, as depicted in Fig. 7B at an angle 720.
Angl e 720woanee/doeg74 exanpl e, range from about 15 degreegctrasaisobsod0
degrees. 15 [0027] Fig. 8 illustrates an exenplary processing chanber
system having a gas distributor 811 according to an enbodi nent of the
invention. Fig. 8 schematically illustrates the structure of an exenplary
HDP- CVD sy st tafougH fh ingertitereaiodldipsing (not HoGn$ #StheMISIHanGLreS 1 5 fiaanber

813, a vacuum system 870, .a urce plasna system 880A, a bias plasma
syst em 880B, (rrl]%t %8%’%‘15? Fagsed 9‘@ 1 [owerpdamdernibe confralefiagneyprelsa nobsheahni ng

system 850. tb@QR8 hekaBstdRARIm BRSSP B1a0E atGRIFHEN0E3, doRGibH4§P 103 19QEE 814,
which is made of a ceranic dielectric material, such as alum num oxide or
al unmi num ni tAFPLEESINGRASHIeN Be0 ingyideh the sehsirrte s place oatsHbsHaterecedAte partiom col d
pl ate 824 suy10RYRibstrBSuRbR . ivi - ter plate
823 and col d pl at e.5824 zf?l ovrﬁe?g}%??io% )Sgp%ﬁéel% gﬁggggﬁtgggmla%%lgltugggﬁt o wWthin
about 10 C degépstatiodingle82dfthatiseqnres ixosubsitate RG0bCateBopport Bambat @8 nes an

upper boundaf.y rocessi region 816, . Pl asnma processi regi on
816 is boungiéuﬁng%\ub?ﬁﬁeue g%trcrf?s Sir?rlﬁb;?/n %ﬁﬂgggrﬁ%g@b%dlrnF%ttséle)tf&%S?B W’H&’Sr @%7 and a
substrat e suppeds fromabelnBhBn oxi6oAOdluniineml corsatic matetiblon of chanber 813

i ncl udes a body nenber 822, which joins 30 the chanber to the vacuum
system A bgee30porvdicoim Slend B7GibialidsabnitRHRRPRES, MG ousd Winliladgount ed on,
and for a ﬁron%i n o%g i nper %grface W th, bod4v) menber 822. Substrates are
t r ansf erfed PR 2HG 560 R0l ataelrhiorsatevalvg322 apgso-mplsedaymyar &8okn) 6 WO
2006/ 096674 sheilil HSRARBHAOBRAR bdd rsgysﬂe@ﬁmﬂﬁﬁf&us&mt{?ﬁ@@g&'ﬂo%m ng (not
shown) in the side of chanber 813. Lift pins (not shown) are ralsed and

t hen | ower edllgwesrmmeiec pyaping| Gaie valvad bean(isdlato pyrop 82hGem)throtils bodye t he
substrate fr, I ifhon 857.to a | owner
Procesel ng g T ea BaRlorRbi ARl RAsUERTrL A, I8 RERLLART it g, Tt o
recei vi ng povhepdnotsle galge 826 is bt apan.e Thampogement nhide t184@le vanbhJateatabre,

receiving p | : i L}luﬂﬁe n _ elect t.at i huck 820 that secures the
substrate t %ﬁé hlglg'q[ &é&%‘hs g oratﬁloﬁfeac Ut %g%%ble control of cﬁqam%er pressures from
between about 1 millitorr to about 2 torr.

[0031] A gas delivery system 833 provides gases from several sources, 834A — 834E
chamber for processing the substrate via gas delivery lines 838 (only some of which are
shown). As would be understood by a person of skill in the art, the actual sources used

20  for sources 834A — 834E and the actual connection of delivery lines 838 to chamber
813 varies depending on the deposition and cleaning processes executed within
chamber 813. Gases are introduced into chamber 813 through a gas ring 837 and/or a
gas distributor 811.

[0032] In one embodiment, first and second gas sources, 834A and 834B, and first

25  and second gas flow controllers, 835A' and 835B", provide gas to ring plenum in gas
ring 837 via gas delivery lines 838 (only some of which are shown). Gas ring 837 has a
plurality of source gas nozzles 839 (only one of which is shown for purposes of
illustration) that provide a uniform flow of gas over the substrate. Nozzle length and
nozzle angle may be changed to allow tailoring of the uniformity profile and gas

30  utilization efficiency for a particular process within an individual chamber. In a
preferred embodiment, gas ring 837 has 12 source gas nozzles made from an aluminum

oxide ceramic.



during substrate processing. In a preferred enbodi nent, substrate support
menber 818 is made froman al um num oxi de or alum num ceram c material .

[ 0030] Vawounacwsszem 870 includes throttle body 825, whipch/dsessmssons

twi n-blade 10 throttle valve 826 and is attached to gate val ve 827 and
turbo-nol ecul ar punp 828. It should be noted that throttle body 825 offers
m ni mum obstruction to gas flow, and allows symetric punping. Gate val ve
8ﬁ7 rrtC)an i sol [aom]pblxmm rﬂ%&BTJranqhﬁsm%nfali@hdr@dmizfe?g&,noaﬂeh &Zl@r(oﬂmﬂe @pﬂt rol |
chanber pressure, restrictin e exhauyst ow capaci.ty en throttle
val ve 826 i sVRgh }Sf}!‘%‘@n‘.’v{“?ﬁ@ %ngEfﬁfG@ﬁ%lh?&{@Pn&aﬁ%cq'ﬂP&rﬂlél apd shyater thake val ve,
15 and t ur bosoiRk @edHhdrlcP8E aiitl Qe BHEMTALS raRileThaRbA HolPbleim Of, Chamber
pressures from Dbetween about 1 mllitorr to about 2 torr. [0031] A gas

del i very systoBinegmadinesisiie desifable softp arix saes gasesand pidizer gmaybeforg34E
chanberfr'gﬁggstg- ! e 1yl LMery: ly sone
of which sgr elHj’es hown!)3 g&,gésfﬂvﬁ\bﬁﬁgg I{asqghcliélpglteg%gbcg@hgﬂf%g)r(g?ﬁp%% aﬁﬁ?‘flfr&rn t he
art, the actgamaybamizel mioet in@cting the pasecioty @@dber-818 by prawiding rertarss ual
connection i i r,.813 i ndi.ng on the
deposi tion %&%k%ﬁ%ﬁé%ﬁ gg%@g%slﬁ gt}(cg%g?% p\llan ?%‘i rIl1¥ %%e%gﬁg%%gbr%ases are

i nt roduced ifiotuth,@hd ik gasE08reed BAG 834D gavsl 838D aBB(hirdanld furth gagisy

distributor 811...10 I e enbodi t.. first and second..ga our ces,
§39A and 93ARMtue A7 rs phd SR0E RERART Y hay ledly sy uSgaEn g
83513', Ior ovAdibtigabvalvesy utigagB48BLOhkNVal&S not shognBHay ¥hnit ofBgs Gehitkery | i nes
838 (only so of Wﬁich tgreai%%vm). Gas ring 837 has a plurality of source
gas nozzl es CqugRfiers fBe §emfiSF-ch i s shown for purposes of illustration)
that provide a uniformflow of gas over the substrate. Nozzle | ength and
nozzl e angl dOf34}bdnerkadimgnis svharel fampnpabld, Xl gr estropive gageb A% i yof i | e and
gas 30 utili ki [RH. . rd l gl ar: I i £ i Qs Fndi vi dual
chanber. In %%f)l?dg%e?% reg i‘%%b%%%f%{eaﬁa?ggla%é g#rﬁigfl‘éeg%ﬁg%?ﬁ%ﬁ g%hgggrnggﬂs]gnozzl es
made from armay kerAcaemplishsd whingoet-way galve suwd 200l 6985 7d isPBT WB206EY1608003
[0033] Gas 14 g o FRr:R 38R Indd Vol ALY 18 8984 & AREuf 5P SR, 840 (Only

one of

example. As shown in Fig. 8, other similar valves, such as 843A and 843C, may be

incorporated on other gas delivery lines.

[0035] Referring again to Fig. 8, chamber 813 also has gas distributor 811 and top
vent 846. Gas distributor 811 and top vent 846 allow independent control of top and

20  side flows of the gases, which improves film uniformity and allows fine adjustment of
the film's deposition and doping parameters. Top vent 846 is an annular opening
around gas distributor 811. Gas distributor 811 includes a plurality of apertures in a
step according to an embodiment of the present invention for improved gas distribution.
In one embodiment, first gas source 834A supplies source gas nozzles 839 and gas

25  distributor 811. Source nozzle MFC 835A' controls the amount of gas delivered to
source gas nozzles 839 and top nozzle MFC 835A controls the amount of gas delivered
to gas distributor 811. Similarly, two MFCs 835B and 835B' may be used to control
the flow of oxygen to both top vent 846 and oxidizer gas nozzles 840 from a single
source of oxygen, such as source 834B. The gases supplied to gas distributor 811 and

30  top vent 846 may be kept separate prior to flowing the gases into chamber 813, or the
gases may be mixed in top plenum 848 before they flow into chamber 813. Separate

sources of the same gas may be used to supply various portions of the chamber.



which is shown), which in a preferred enbodi nent are co-planar with and
shorter than source gas nozzles 839, and in one enbodi nent receive gas
from bodywplemudse7un sone enbodi nents it is desirabl e potr/useoosionsosoUr ce
gases and oxi di zer gases before 5 injecting the gases into chanber 813. In
ot her enbodi nents, oxidizer gas and source gas may be mxed prior to
injecting the gases into chanber 813 by providing apertures (not shown)

bet ween body[0p3énuSyseiccogas!ldristy citdmiine ofefatdA®f (d81emh a ptdértad, fourth,
and fifth gas sources, 834C 834D, and 834D , and third and fourth gas flow

control | er s, EPegEmenhgontallsr 864 npyicse mepeory §64suSh 351adWirhdisk drivsas fleRnyi ver y

lines 838. IfisAlflictthQ@RAdwY e SarSHEN18BshBFAPduplcl el 2 ¥RLYES g8t TRbOWN) , may
shut off gas fromthe flow controllers to the chanber. [0034] In
enbodi nent s SAffkeek MRy AoRHAN @ singlstoard compEsE (SBG)veoighews), gpalogpmddigiek may be

desirabl g t Al I Nyl I I ver L fter a
deposi ti gsn. qn'l'ﬁlwsompﬁg?/ cgqg%tggrrp )l’ gl%g%bél]%%a% (g&%%’ %@I%@?Eﬂgﬁ%ﬂﬁas val ve
843B, to i soloatrellarhariemosd®wh) Thesysternlchmterller anfianB 3@ e dfetsathNdodudant

delivery Ii 38A 1 cuum f.orel 4 or . exanpl e. shown in Fig.
8, other si %&e%éﬁ%ﬁéﬁ Sga&?ﬁrda‘gﬁgh@%ngsngdaéé@&d Cﬁ%%?gg%coﬁn?@%rr por ated on
ot her gas ddimeedighslahdigpes. [THIIBYE Rahdard hlsg defGms thetbas Fngtur8as lhaghdn- 813

al so has gas .distributgr.811 and to vent 846. s distrjbytor 811 and top
Vet 846 o NS Sn dt R Dar "Bt Pl sol chedieS pidstie GPrar gases.
whi ch i nyr oviesniputedptopidnostoiet yn erthasd di vl of Ehraeihshereshp@ér pro@arhb,| M s

deposi tion and dopi ng paraneters. Top vent 846 is an am ul ar openi ng
around gas dUsh s B5pgams Stﬂ??ge ‘éaio’lgldbi!& de SPREAeaE GictHeufdl ity of

d ogRdege
apertures i nxampR! @B tidfed hih otfgasaﬂ RETRAR 1R8Ik afd othf1SaPnes8Rbrd Nventi on
for inproved gas distribution. n one enbodi nent, first gas source 834A
suppl i es souteEulpagrogessz TeeingzBeabrivems ywer anddhe yplgmaonigalier issdut ce nozzl e

M-C 835A' ¢ &fif?)k%u%g%'&m%ém?ftu&%scﬁﬁéi YA %hggen‘source gas nozzl es 839

and top nozzle M controlfs the anmount o S delivered to gas

di stri butor .m|arl t M-Cs 835B.and 835B' be used to control
The f1owsor o o b Risrdesortos® ol e is B ARG R b e R B3R RY 40 T om &
si ngl e souritisstafivosfiapplicatisnscdf tlegprimoipies of BiddiBventibe agbmesy &hgpl i ed to gas

f"hzt g'ag utor ﬁnf% ]égllalil%nﬁdl?{)‘}%?ldt 2 iﬁ’cg{i'ér{s%é? D it SR e hay BS oy 1,08 h9 1 ow ng

scope of the invention as defined in the claims. The scope of the invention should,
therefore, be determined not with reference to the above description, but instead should
20  be determined with reference to the appended claims along with their full scope of

equivalents.



gases maybe m xed in top plenum 848 before they flow into chanber 813.
Separate sources of the sanme gas naybe used to supply various portions of
t he chanber. 8 WD 2006/ 096674 PCT/ US2006/ 008003 [0036] System controller
860 controls the operation of system 810. Ina preferred enbodinent,
controller 860 includes a nenory 862, such as a hard disk drive, a floppy
di sk drive (not shown), and a card rack (not shown) coupled to a processor
861. The <card rack may contain a single-board conputer (SBC) (not shown),

anal og and digital 5 input/output boards (not shown), interface boards (not
shown) , dﬁﬂé§%édﬂeﬁlﬂﬁﬂd§; control l er boards (not shown). The system
controller conforns to the Versa Mddul ar European ("VME') standard, which
defines board, card cage, and connector dinensions and types. The VME
standard al so defines t Regddsstriiutardbuuse iras phoasssing charhber. thi igaddis@bbies and

24-bit address bus. Systemcontroller 860 operates under the control of 10 a
conput er PFBEP A% stored on the hard disk drive or through other conputer

progranms, such as,RH@@hT®g $iHPsQ60 Qtidn ESMRURBLE bEESIpledTbigh @@m&bﬁlfv Eogram
dictates, for exanple, the timng, m xture of gases, RF power |evels and

other partadeise ang &dlsﬁﬁéch? end aﬁerﬁlﬁb@%@ exfendingrheerfeadhe lﬁ'é‘td\ﬂé‘é?f:cﬁ(’m&@r and
the syst ethrﬁ]i glsta fragjﬁlét\eel[’t&)(sig_} P%h‘?hcl mlls,tugg %n 09 shﬁg?ts aﬂ%’ g’agbp& LCRT)

and a lig pen 8sery enents o #us and
met hods asxendip efirgugh tht ustadad Bebaoﬁ)flndamplcerﬁaﬂl BeZmSn Oiﬁnntehmglhe pas iplee® tbé thi s

i nventi on and many ot her o i ments and nodi ficat.i on be made w t hout
depar t i ng¥TRERht H@S Qstetsi &heingy wihgiaclyding ﬁéati:rﬁvéfﬁ&él&?sa%gaéﬁ?'ht@a%?ﬁwﬁ@

cl ai ns. Ebﬁlﬁ%gg%eqfenfrﬁ%eétmﬁemt?'lé?&alss}é%xqsndmrgr&%fv@cr@ﬁr%m e bg@)t fdMdugd not
with reference to the above description, but i nstead should 20 be determi ned

wi t h ref eeapliey potht eseralysendderel thc pgntral @ngomnthdcquca\wﬂ)t Ctsfwb@s of
equi val e St ri

o bceas: e DAl e NoMERe bisr borfn@S s el S budvaha B dh oy

and toward the distal face, and wherein the distal face lncludes a continuous surface having a
central flat portion and a recessed peripheral flat portion separated from the central tlat portion
by an inclined step surface, wherein the central flat portion extends radially from a center of the
distal face to the inclined step surface and has a diameter of between about 0.01 to 3 inches, and
the recessed peripheral flat portion is recessed relative to the central flat portion and the plurality

of gas outlets are disposed in the inclined step surface.
2. The gas distributor of claim 1 wherein the gas distributor is a single piece.

3. The gas distributor of claim I wherein the gas distributor comprises at

feast one of aluminum oxide, aluminum nitride, sapphire and silicon carbide.

4. The gas distributor of claim | wherein the inclined step surface forms a
circle on the distal face, and the plurality of gas outlets are evenly distributed around the inclined

step surface.

5. The gas distributor of claim | wherein the plurality of gas outlets and the

inclined step surface are sloped at about the same angle.



a body having a threaded section configured to be coupled with a gas supply,
the body also having a distal face and a central section extendi ng between
the threaded section and the distal face, the body further including a gas
inlet, a plurality of gas outlets and a gas passage extending through the
t hreaded section and the central section connecting the gas inlet to the
plurality of gas outlets, the body further including a | ateral seat disposed
bet ween the threaded section and the central section, the |ateral seat
extendi ng outward fromthe body to an outer perlphery of the Iateral seat
wherein the centra@ secthieoss distives s alagohodgeiythe gpyayclyserved ¢py ddlerting
surface ext endi n A f outward from
t he bodysmén “towa égHL&ngcg%é% g%%hgRﬁéxﬁﬂgﬁgﬁﬁm#ﬁ%ggggbéﬁ&%ace i ncl udes a
cont i nuous surface havi ng a central flat portion and a recessed peri pheral
flat portion separated fro he centr.al at rtion an inclin step
surface, wherein the ceﬂ?er%ﬁ dfsfr&’[“t%&ff]ia%]M&hﬁg‘ef%ﬁaé&/llyf”fvregﬁf‘%de A of
the di stghtac&rid tBGﬁ/ehr&QzlléaHﬁ]‘é g8l BRaystibh aGELARE N sh?ﬁorﬁm‘éln%@ﬁt er of between
about 0.01 to 3 inches, and the recessed peripheral flat portion is
recessed relative to the central flat portion and the plurality of gas
outlets are disposgd in.the in A . i i or of
claiml wherein thg gagrﬁi%¥dw§ﬂ¥&”q?§&§9é?ﬁlFﬁQgsmée?ngygﬁﬁ%pggi&hﬁy
di st ri buison a@ingelofibbout Y0degredsio bbeut 486 delirsdsr | but or conprises at | east one
of alum num oxide, alum numnitride, sapphire and silicon carbide. 4. The
gas distributor of claiml wherein the inclined step surface forns a circle
on the distal faceg andrﬁe%slalsw&kdrwcrafmqmew é&“%fﬁ{eepl@r\éﬁ@lo\fgﬁlé Sltfelsbut ed
around the inclined step Surface. 5. The gas distributor of ‘claim| wherein
t he pIuraknnyrm@egﬁahnm90éuaﬁandahhe20dﬂ@t%nedr@t@p surface are sloped at
about the sanme angle. 10 6. The gas distributor of claiml wherein the
concavely curved gas deflecting surface is curved to direct a cl eaning gas
towards a wal |l of the priecessistduediambrrm | furththeogpssial stledsboicdleanfgacl ai m |
wherein the concavely curved %as deflectiqg surface is curved to dévert a
cl eani ng p@sg@gea«thﬁv%m Betygesihe specaxely suived ssmsecting surfaes yddhadisel osfit or  of
claiml wherein a slope of the inclined step surface is in a range of about
90 degrees to about 180 degrees.

1. The gas distributor of claim 1 wherein the plurality of gas outlets includes

at least eight apertures.

12. The gas distributor of claim | further comprising a second inclined step

surface and at least a second plurality of gas outlets through the second inclined step surface.

13. A substrate processing chamber, the chamber comprising:

an enclosure having a ceiling and a sidewall;

a substrate support capable of supporting a substrate;

a gas distributor positioned centrally above and extending towards the substrate
support from the ceiling, the gas distributor comprising a body having a threaded section
configured to be coupled with a gas supply, the body also having a distal face and a central
section extending between the threaded section and distal face, the body further including a gas
inlet, a plurality of gas outlets and a gas passage extending through the threaded section and the
central section connecting the gas inlet to the plurality of gas outlets, the body further including a

lateral seat disposed between the threaded section and the central section, the lateral seat



9. The gas distributor of claim1 wherein each of the plurality of gas
outlets are in a range of about 90 degrees to about 20 degrees to a riser.
10. The gas distributor of claiml| further conprising at |east one cl ean gas
passageway extendi ng between the concavely curved gas deflecting surface and
the distal face. 1 1 . The gas distributor of claiml wherein the plurality
of gas outlets includes at |east eight apertures. 12. The gas distri butor
of claiml further conprising a second inclined step surface and at |east a
second plurality of gas outlets through the second inclined step surface.

13. A subd{snding %P%gé@ﬁh@e EAdnoen outeh BergHE MR the BigsH issatnyhersin teheangalur e
havi ng a T i ; : : Fng a
Subst rat o g A B g SRS e A CRRE o R Ry o

t owar ds tthelasadstatauevard tippotht bédyomdttineardehd distgl, fatchendjaberdirsthe distad tace
conprising ,a, body havin t hreaded section .configured to .be ¢ led with a
Gas” suppt Jeitsia Bafigiour Sy Drage & R Er b e e K SidpuperSaHE pfior

ext endi ngepahine @B nt e céiifa AstaRd iRy MNn@fdd diep b@kack a0Roreih B LOEH! Mddhbhieh
including a gas inlet, a plurality of gas outlets and a gas passage .

ext endi ngexiddptaghlly Hiiom heedried theebittaldpcedn thetindined sigp sarfacgand hane dismaiee el ng
the gas i t | ur-al.ty..qf t t - i Lhg a
aterar sonfeenBul M Be iR PR e PO i3 LR oo R

t he | at er@htraldat pdriioexitcthdiphgalaybigasduflets aretdigokmidy theoinalimedusteprsugeei phery of
the lateral seat, wherein the central section includes a concavely curved
gas deflecting surface extending fromthe outer periphery of the |ateral
seat outward from tjhe bqeysapeal QvReskidn@ambst@lcldiaas, fudng cmFﬁﬁh@awye
distal face includes a continuous surface having a central flat portion and
a recessednpdppgpkrraind 4 pertipopt the hodsansalelinied an pomilareas passegeatayfadanteder t i on
by an incl.i.ne f it t flat portion extends
radially +%%%%5%%§ﬁg§%£Sgﬁgﬁgvgﬁ§§%?m¥%@8&?%SpﬁgmincIined step surface and
has a di aneter of between about 0.01 to 3 inches, and the recessed
peripheral flat portion_is recessed relative to the _central flat portion
and the plurality df- gad NeS{HSERE PEcEssHIeGHa® H‘ﬁﬁhWHé3PHEWTﬂ§H5§¥€ﬁR§HFYace.
14. The syhshpRtfecdr ocessing chanber of claim 13 further conprising a top
vent di sposed around a portion of the body and defining an annul ar gas
passageway adapted to

16. The substrate processing chamber of claim 13 wherein the gas distributor

comprises at least one of aluminum oxide or aluminum nitride.

17. The substrate processing chamber of claim 13 wherein the inclined step
surface forms a circle on the distal face, and the plurality of gas outlets are evenly distributed

around the inclined step surface.

18. The substrate processing chamber of claim 13 wherein the plurality of gas

outlets and the inclined step surface are sloped at about the same angle.
19. The substrate processing chamber of claim 13 wherein the concavely
curved gas deflecting surface is curved to direct a cleaning gas towards the sidewall of the

chamber.

20.  The substrate processing chamber of claim 13 wherein the concavely



direct gas towards the concavely curved gas deflecting surface. 15. The
substrate processing chanber of claim 13 wherein the gas distributor 1is a
single piece. 16. The substrate processing chanber of claim 13 wherein the
gas distributor conprises at |east one of alum num oxide or al um num
nitride. 17. The substrate processing chanber of claim13 wherein the
inclined step surface forns a circle on the distal face, and the plurality
of gas outlets are evenly distributed around the inclined step surface. 18.
The substrate processing chanber of claim 13 wherein the plurality of gas
out | et s andvedipes defleciimeslirce p comvefl acdivant e chopg dasawabioun therrabsieatesuangt-e.

19. The substrate processing chanber of claim 13 wherein the concavely
curved gas deflecting surface is curved to direct a cleaning gas towards the
sidewal | of the chanberThe 26bstrdib@reufisiy dib@beracesai ingyviehdanhsiopebt tkai m 13
wherein the concavely 12 curved gas deflecting surface is curved to divert
a cleanld@cQﬁ@S@Révﬁﬁﬁdhmﬁﬁ@”%ﬂﬁ§8?%ﬁ@C@&BS&P@.mﬂﬂdeTﬁ@e%ubstrate
processi ng chanber of claim 13 wherein a slope of the inclined step surface
is in a range of about 90 degrees to about 180 degrees. 22. The substrate
processi ng chanber 20f cﬂhéBM$BMWmaKe$mu5aambcﬂﬁkh@nlﬁhwmaﬁhtymaﬁﬂgas outlets
are in a rang gf about 90. de reeﬁ?% %gqgt 15 d to atrjser. 23. The
subst r at &'YABYEL SPRYUERAH Y2 BPECH PR ﬁrrefshté’r n@sqeﬂeﬁﬁ % "%ast  one

cl ean gas passageway extendi ng between the concavely curved gas defl ecting
surface and the distal face. 24. The substrate processi ng chanber of claim
13 wherein the pl ufal i tJ h@nsutgagte pesessEteschpmberpd sipimt! 3| falgr camgrsinapldeastr es.
25. The s f I W@ﬁ{ i but or
further égﬁé%%@g%”% S B?ﬁ@l 3&%$éggéﬁ}$£§§ an %ﬁ%eggnggﬁggg%hé
pIuralltyh@ﬂwga&c@utlets t hrough the second inclined step surface. 26. The
gas distributor of claiml| wherein the central flat portion is

24.  The substrate processing chamber of claim |3 wherein the plurality of gas

outlets includes at least eight apertures.

25. The substrate processing chamber of claim 13 wherein the gas distributor
further comprises a second inclined step surface and at least a second plurality of gas outlets

through the second inclined step surface.

26.  The gas distributor of claim | wherein the central flat portion is

substantially parallel to the recessed peripheral flat portion.

27. The gas distributor of claim | wherein the central flat portion is disposed

distally from the recessed peripheral flat portion.

28.  The substrate processing chamber of claim 13 further comprising a
plurality of gas nozzles positioned along the circumference of the sidewall and surrounding the

substrate support, the gas nozzles adapted to flow gas inward toward the substrate support.

29. A gas distributor comprising:

a body having a threaded section with a first diameter, the body also having a



substantially parallel to the recessed peripheral flat portion. 27. The gas
distributor of claiml wherein the central flat portion is disposed
distally fromthe recessed peripheral flat portion. 28. The substrate
processi ng chanber of claim 13 further conprising a plurality of gas
nozzl es positioned along the circunference of the sidewall and surroundi ng
the substrate support, the gas nozzles adapted to flow gas inward toward
the substrate support. 29. A gas distributor conprising: a body having a

threaded gpel t0aNd 4 fendraf detBdn Sit@MigtetwdeRehddda etidaMidnBe distallBicéitsd al
face and a central section extendi ng between the threaded section and the

di stal fabedy furiber ipdeding geehisletiadyrakiiy od gas Qpulsts; #1det gasyaiﬂagﬁ* atendineghroygl
outlets, i he
contral s Do B3 ARS A0 BTt EA AR L LRRIER, LUy IV EPAEPIFREL PR

t he body ﬂmﬁbbgﬂuﬁmthuﬂdmgaambaﬂamamsmﬁaﬂbdm&@nmedwhﬁkmeamohhedﬂhneadﬁd
section and .t he central secé on, | at eral, seat extendb g($ﬁ rd from
the body tUgh MU seit rpradije i re ther by Lpagt outenfireipRYY of His 'Mewt 14t
section i Qebidpafe Serf@NGRANE! MclidEVLehnoAR Y& QCtak am&%%a&%c%k@n@lh%ﬁ%w om
the outer periphery of the lateral seat outward fromthe body and toward the
di stal f athe-ougnderiphiserfithe tatﬁealdi%@toalwamtremth@bW@@daowa)dttherm@ialsfa%amchce
havi ng a ec e 0

Capar at od TH it LS AL RPE il AR, PO SRR hev PR PN et by Blo R s

t he centr pdriphkat ﬂqaqrotrucmnseﬁa«htemdsrrrtadbaitﬂayﬂitrp@moa tﬁ/emtmlmﬂ stebeuldacst\aheréiace

to the inclined surface, e central ortion having a second
di anet er Gr&sREY Wt“%’h%?‘t?’]drséﬁd'agiyaﬂ%? ércem%frpﬁ%ﬁsta fé&f‘e@éaﬂmﬁ@aqdpwr al flat

portion ig,f.e€ Q@é&ﬂtraﬁha@bbmnm@v m%g s&%ﬂ& afalnetelr ?Feaﬁ?’fﬂa’n@ﬁb ﬁ‘:@@'d 1Erlﬂgteplah'cﬁ Bl ty
of gas outlet's are di sposed on the inclined ep surface.

recessed peripheral flat portion is recessed relative to the central flat portion and the plurality of

gas outlets are disposed on the inclined step surface.
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