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sem conduct or manufacturing and, nore particularly, to
top gas baffle and distributor for delivering gases in
sem conduct or processi ng chanbers. [0002] Chem ca
vapor deposition (CVD) is a gas reaction process used

in the sem coGAS BXFFIIANTY DISTRIBUTOR Feyers or
films of desired materials on a substrate. Sonme high

density pl sEMICERDUOTOR PROVESSIIESEFFANBER
reacti ve chem cal gas along with physical ion

generation through the use of an RF generated pl asma

to enhance the filmdeposition by attraction of the
positively chargé%A%K §ﬁ&ﬂﬂaﬁ? ngEﬂgggﬁively.

bi @y ésBhtanveAfibrtitdlocARlES sBRRbndd R Wbl f6@ting and,
to the surface, or at preferred aqgles_tq the surface

by DRI PEEICHIgH %It BIPE8F h@fﬁéﬁm% digribyps1or aeliveng gasewin One
Q%Jnido?dﬁcl?&\}afr&ggéi LARe9f I ntegrated circuits (1GCs)

is to formvery thin, yet uniformfilnms onto

S G g e B ORI L8

g esetiidonguctdrhimdugag todfosh FHid1ilyére br Smstofdesed nfagdrialses a substrate.

exhaust.,. substrate ing an ol i ng, chanber, .

c ﬁaeﬁﬂ@% Jegay @%%?ag&'ﬁﬁ’é ﬁal%gﬁﬁ(i%f’ﬁy,mce%ﬁw ATegftive plpmical gas
t ellRR AL sie b Sdnefitio hedia ihesidb bASERF sanehtfBS18nAb
build up in the chanber, nust be taken into

c siasnge theri s fleppratirndvatiastiomerl the pesiiivslicchaiesd alasma iogeppto a

ASeatiVeRARRSd Whskhte 5§48 hif AEIXE Hede YhelaRi 5148 R Bur 00834
Unevenﬁgas di stribution is one problemencountered in

s eviefeertingles o thaswifaca by dinectiahil bisinfoé esubibiptssiitihasn One goal
unp ﬁ%rf%l{&étioﬂ o iglrégrakeﬁ %%hdfé 'Eﬁ;'é? £'o ?o%f\}e% t, g&%ﬁgmg ffins onto
pl'enumis provi ded around the’ perineter’ o

prsobstRtsisrag a higdhi throughpdt. aMpihyuiactbist suchfis the ryplee@sd gadnsatgy of the

308 MR R R 5E0 A oL QHBORR S

ditshtingoant] eo@age&lambem&sdm&on; \dbsi i, ?h@e sﬁmmét@? €ompositivatand
re S i s nat ovi ded_towards the edge of the
C Gesiaie Prlf o Bltse Satre e g aper b bt Mmper, gust be

t Qe Ao BOFZZdctatioR Kboh bRINBENE L pRGEIs ¥yARRUEWEINEs a process which is

substrate support menber
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
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.



can be used to inprove deposition uniformty.[0004]
Despite the inprovenents obtainable by using of a top
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techni ques are desirable for increasing uniformty of
gas distribution on the surface of a substrate. BRI EF
SUVWARY OF THE | NVENTI ON [ 0005] The present invention

Pr[0804J € Dl %n%@vérﬁ’&ité%tﬂ%bﬁ: Hyaish@%f@ftoﬂ s mBAME Fbler

a gas into a chanber and an a paratus proceSS|n
s e‘H’iPE‘Uﬁ’G‘S%tE ghdéor alfs F’é“]f?a‘ﬁ?hn&%sa?f? 9681@%6@ 1ﬁ@ﬁ45§186¥mf?ﬁ@ty of

Pr &8 8RELUAMES 1O B8 oflh kidshfd to increasing
uniformty of a process gas onto a substrate in a

sem conduct or processi ng chanber. [0006] In one
enbodi nent of the present invention, a gas distributor
i ncl udes a bodyIﬁﬁ@Fﬁ@D&Mﬁﬂﬁ@@F1§ﬂ&ﬂ@%ﬁNﬁmﬁﬁted to

PYELE A poefE imERRo DR Bl oo ol Fiogocing

hassgas @it & ahanflief bhddh ppstafis FoR pEREREheREidBh@Icrs. Pvlotd ON
SEggggggd fromthe central portion by a step surface.

Y gioderents R thigprargniinysation pedirectgd {9 la?rs4smgymeff>nnlty
g aQricklchs Bhtd RGBS alelin h B@niss RIBCISLPrbeGEin 3 Rthnibeglas
passage connecting the inlet to the plurality of gas

OUBAGRY S In LQQQZﬂ:odlnﬁer}f %?3%?%51& EnvelRRdh st utéglggludes a body

present invention, trate procéssing c
| rheving es upprer ewréice gdap@dhawtmgrdéy diedct gasgwan drom the tedyadnd a

e S B R o RS D9y
ahmeeseﬂ periphetd porive sqglaamdrﬁom fhb e?r??lg pﬁgs? Ey betkp Eurfaé:era. The
C?Pnﬁ%\ 'hgﬁaﬁﬁ&ag)éé' %2'51 911%9? gsougels dﬁﬁ%ﬁﬁ@ﬁﬁf@héurface

bady a gabdawateimetthe tﬁ@ﬁle@ﬁﬁh@ mﬂewﬂ déas otk a | over
surface opposite the upper sur ace and spaced apart

f 170607} hen Sethabhat &nb%'dﬁﬁ’é?ﬁ bf thd. Pﬁsén@%% e@g{é %@nﬂélgm@essmg

central portlon and a recessed peri ortio
s epapkar élydenpn erstoseiehpyial p@hl@g ol atﬁ)dewaﬁtaefb asulrsfrate support

TI?: alB [gf g‘tﬂga éuﬂ a't{éj e$ﬁ cg%zbdt&] i§ %Omtﬁ)n@b H%%lahg Xonffe the

gas out pose p surface
pasisage summtedthle |ggs dhlstabutni @mprising adopy inchdinigya hafﬂajmmg an

bR 5B S Sue b gy ke a7 BB BECP RRORH=gaD

dies¢lodubadidawall] BROObwet @rfade op@oateah@@@esaﬁiab@m spu¢eawpart

C)ffro‘rrin t%ggub%{rgtte rsﬁp%%}'to I:l“ha ocw:iv%g gdrpage ll‘las aacréﬂtral 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

gas passage 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;

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

invention with clean gas passages;



enbodi nent of the present invention; [0010] Figs. 3A
and 3B illustrate a gas distributor according to an

weonhadveemt of the invention with clean gas paBeagss006/008003
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[0011] Figs. 4A and 4B are cross-sectional views of a
gas distributor according to another enbodi nent of the
i nvention; [0012] Figs. 5A, 5B, 5C, 5D, 5E, 5F, and 5G
sHO0L 1} arfigugAvnéwB asndlogsrsesionsletdvisutalgay ditbufdr 8&Srding to
di st ibqu%kg%goigin to yet another enbodi nent of the
i RPEHET BRCO% %ﬁ ﬁpgﬁmgmfllustrates a three step gas
di stri but or according to an enbodi mrent of the

i 0@ dfigs POOYHSU-PRsE, K. andd Grdboararievodewsansidresatctional
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enbodi nents of the pre I nvent1 on;

8 i std. at n. ex | ar roocessi ng chanper having a

oAU SRR N BT 860 o8 BRRIRmathoRRE "o ppdiRtentof

i niemyémion, DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[0016] The present invention provides techniques

| mob14qli egsa7 ARAD P aff crd R isEREHA Vs 38 oK o R dRATRE

and an apparatus for processing seniconductors. Mre

pdFEarding smpodiments abtheresent swentivs; pidesent i nvention are

directed to increasing uniformty of a process gas

o0 5h Juh Stilestrates an exesmilvrg prodessing chqutee bedngg gas distributor

c O%ﬁ| ' s cross-sectional view of

p?§%g§g§F§gknowﬁg§%§° P%FWFgﬁ?br for sem conduct or

processing. Fig. 1 shows a gas distributor 100 havi ng

a gas deflecting surface 102 and a gas distributor

face 104. GaEEANLSH DRICRINTONOEPREANTENIGONE

pﬁ@@g@y for cleaning gases during a chanber clean _

p s . Thepesset Hy cyiendsovydes tephpigesdaclpding amedied of introducing

S Weh@ffo 4 OAndber 4ddenG { fofBlobSssind §E .

sué%irate support nenber (ﬁ%?hgﬁﬁmg)]?%g%?%g@%ﬂ¥%%tly

b@psanlede cgbedigiestsof thetpaesent Tiventiersard distatédoa tireasing ungdormity

c . | . roxinal portion 106.

ACHEBREES bty £ ORRRE 1 Biemi Pl E Ry BRbhef

di i but or .100 at the proxjmal., end 108. A set of

a;g@rl?t r ZE & iisocrgsrs'ege%tfogﬁ]o‘g%vﬂ © e‘f‘ﬂ'és%l&?“@i %6 AisBthuty 9race

1Gémicondielor pi@tessiap.oBigt 1 SidwEAAS didtibuidd 16 vIIOL 85 A88ecting
surface 102 and a gas distributor face 104. Gas deflecting surface 102 provides a

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
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
would recognize other variations, modifications, and alternatives. As shown, the

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



[001 8] Fig. 2 is a cross-sectional view of a gas
di stributor according to one enbodi nent of the present

wonvaywéaom. This diagramis nerely an exanpl e, pomiusk06/008003

10

15

20

25

30

should not unduly Iimt the scope of the clains
herein. One of ordinary skill in the art would
recogni ze other variations, nodifications, and

al deffi dbathh S procdssif BUMber! TRs BIsRBHARE 200V Vel rdlle R By Sfdble
a gas distributaor 200 for introducing a %as into

aSEAFED SeRicE SRR 8%i6s (2@ ettwaiumaiEidg (ARY); Bhigoscabisty

CaRie7iFRASMD uA DY sepphital e MR 65 (Al cx3HGR, 8% AIHHETEIB0 is a

oxide (Al O), alumnumnitride (AIN), silTcon carbide

( Siegle pigéer coni um quartz, sapphire or the like, in

this exanple, gas distributor 200 is a single piece.
ooyl Gas distsbutod00 des 286 defisctiag gafacd 802 anta gay distributor face

[

0 d di st.r.i but f 204. & }
G Aa s Al Tecle R e Tyt el HE e R v g
gahambelvldan Gravessh @R2BINg Ghes ArefdlirRcies to thébiRAbeN Fallkingsad of a
are. directed to the ch&g&sr wal | s inst

S e DBLTHBaPP BRI D OB Geal et bpioy The

beJ9 sttt 280 dicehidcRU ) chakiber GAS atd prbLiAVS RHior?885, ITSuring a
connected to a chanber wall at a proximl portion 206.

DU YR@reseevxsienositien 83 is suppliphioiths g digiibuias 260 pihe erexingal end
t hRyg0ahisUepdsit ot 9{1&9%%%5&6&%%@0 &aﬁlng’-gggerw}é@lo,

deposition gas flows t gas distributor

exantionty subsipts pagities o2 1@, subsidiecupreramenbest r at e

position on the substrate support nenber. [0020] As

i 170024 r aA<idlustratdd ig Fig2?2, appeured 2 Wsar@ diSpaedontlihs gasdictribmor face

X REHETENE TR, SR ES

prefiruableyel oa gab distibator ey 204 1R ingaSprédctdrminet URinckea C Ehe
204 having a predeterm ned di aneter. The di aneter can

r SHYBCLPTERTASE GO UG- Heineles {datob PO Bioby. iSipmds. cashays 2
2 52rtCANh AN & RravBd 66 bkt .EFInBI td &bodt 78RO bnPRRYE s10B0in a
i nches to about .75 inches, and have a slope in a

r siARES Apbeus ordegdp ehoyt 1oodegh Stap 218 ingprgvesgres gisribption of gas

| S : R I .
AT FERRHANE e RiheiofER Gh B WPl i ond B

f uretibleary ofithe substrite syppoit piearber ofa rehdt sppt2i 2t Pegeppythe slope

g?oqgi%é 6?%@ rﬁ(?l%}#rse%oel éats O addne Baghgasi ng the slope

er persethé gas towards the

0 |.de. 00%&% I.n specific.enbodinents, S

ai DT b Spe Bt pe e Qg 200 %leaéf% doerk grmere

21 QertkBETID. AWML ApbiRSe? O 22¢ & eRN RNt EdSISdHE Eiecudl fBRske of

the circunference of ) i
step 212 or, alternatively, weighted to a particular portion thereof. The placement and
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
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



step 212 or, alternatively, weighted to a particul ar
portion thereof. The placenent and nunber of apertures
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uni formdistribution of deposition gas unto the
substrate. Likew se, the dianmeter of apertures 210 can
al so be tuned. The dianeter can be in the range of
aheatmy ahed. NRASart GigRfaMah gas’RidsagBEIRSH tHifspReiFBefibbdifent.
odi nment,_the d|a (%%{ of apertures 210 are 0.060
e, i gliepatipe grbodmeRtstheBUm P Rf Cl5HbB2 BATSEETH CFF RRYP (0

| | Aot 9033a8saBesd Ahe AiaBicter Qﬂéa@ﬁ cR&E Qa[s‘i'ia&ggé 1438 about .06 to about
enbodi nent of the invention with clean gas passages

3143 inchesd allers fq5 gficieps sleaping ¢fdhggas distrguiarifens 26f t he

cl eani ng gas during a chanber clean process to pass

t HG2EJh Fg'g,slﬁdissxtcrcisb-lawibnﬂ OBwt of aggas didirbutor BOA mcolfdargeto another
304., Thus s.distri or face

c eSS nlleny BHeReeci At EELN AT G et

t |’Buﬁfa®p®(2laf1d e gaﬁrﬂlﬁtdblﬁmnﬂ‘ace Hdwelae distribitod |40@ fsrodhneceed to a

t he nunber. of ¢l a assages can.be u
BTt pateaForiendof DRges CoP e kR R i
pasap@gﬁ tS Ak gasdistRibuor 4@ﬁit m pa&@mm end20B NTHig aelsc@mh lo@lows
d:[a‘refflment cl eani ng, of gas_distributor
2

ouglygasiistyghror 494, ¢xdiing a¢ ?R?g@reg 4LY rshised hlesd 1éf ang G2
di saibdtiaRUsRioft 84 a@ﬁ&%@sﬁ@mhqn&m& Rk slﬁmﬂl? di eRRkstrRbd g,

invention. Single piece gas distributor 400 has a gas

detB, epartuiey 4 0 feabiwoaaionghrigas dighrsbutirdaaeidfd e sttt ar@hfeed

i
ARt L0y o ROANEGH B iy 100N o7
depedds foo mcgasedl depesitpyml 4t thet etlgﬁs tolf megabstvateso porbpﬂlmmt 4fftures
a}qélrlg Egrhleufgﬁn b%P gu?@‘% nh%_;g gﬁc mef]ﬁl(:cjtallal gircg {ﬁlcees zfﬁ_e(ﬁl holes
amd6famﬂa abdnmfeegm&zﬁ; beetmmbdcfm a)paancsm;dwpplﬂ:hﬁorpdﬂlohe specidic a

sub r.at e i1l ustrated

Apg ot SRR buPER a0 il Gpbhuer B won g aertites a0
dlIﬁbﬂieb@ihﬁfdlﬁlaﬁﬁ gé%stabutar Ai0efn ﬂ% fe@libldserd vidbRSapbrhfies
are d| posed at the |ateral ends of gas distributor

e2vRl. Sadigriprign 4 Wemaygpcipdeanssamss 4 HopHRqu fogh holes
amighe edges of the substrate to conplinent apertures
410 for uniformdistribution. The nunber, placenent,
a I G
U L SASRE Bl AL 3 AR AR BURL RS o
S ;5@@ aédocdingroaai am)rtite,'r eghsligegtof tlbun@ntldn’) OGasniituioiesr 500

el S RSB S 90 B 03, Ao, BBt

4]aﬁd Wl:t(b))(bﬁ gﬁ [ﬂ&tﬂbmltc&fao@1504 ca‘ﬁ da€li iRbdipute/a seffdSapertures. The

di.stri but or i nclude apertures. 410 wthout feed
h d{m‘é;gasety number P steps allows ILIJIIZ?ICI' mg 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
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



416. [0024] Figs. 5A-5G show various views and
cross-sectional views a gas distributor 500 according

woaoyaveamot her enbodi ment of the invention. GRET/US2006/008003
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di stri butor 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

i reperyre;tad dameteedf apért&'rpm 2uag be reibeedi focineaswed disttineion

of steps all ows fur r tuni f distribution to

iR vIe T e PR b o e Bt moee plenuti” o
aRbi1d be Soted ﬂiaﬂ&ﬁ& enibodin@Rts2E Hedrese@inentibreéanfihétidest, 8P6, or
512(b). For exanple, apertures 510(a) and 510(b) are
ndPWEFW@%ed in aradial direction fromthe center

poi nt 518. [0025] Fig. 6 illustrates a three step gas
di [8926] b igs 7600d Beey dbssgetionalrviersyd digsedistribitor bep according

1%%‘& ni’éﬁ;s PR gﬂés%{l{ LhPéﬂl‘u o, tﬁggge aﬁ‘gré E{‘(@éﬁ‘i@lﬁ%}i § ié%&)udes a

r esqaéd poitive lalyd a fiisee porhios en atg@ahstpblﬁw fdee. tTTreesexzp:m&omhay be

ol SR SRR R MR Bl

eagmm%er (?ﬂabeut goiaegﬁg@ﬂgab@rt 1g<b dedpes! uf@ijﬁa, Emeadiniaﬁt angle 710
reduce i nprove istribution confro

speehq ¢ > dosist e ABRPETIESAN U SpS JiHHPYPT Berls déspaseflvee the riser

Pi ReRonIreRLRp. Mhe 3pRHslisPerpbRtiQbhrid le rRENBEtion (having the hole
enbodi nents of the present invention can include 4, 5,

6, Peprendiilar tetlgyiser pgkrs dlie machiningf thinhply mogg tane with less

c r&&%ﬁ&ﬁ ) 'aﬁ&ﬁﬁtl%lﬁ‘é\@déﬁfct&l i85 G531 &l PigiO0S tA%%le 720 «can, for
accor di ng ‘enbodi neats of the present invention hi Fig.

7 Rxamplgarengti fsam pbavt &f dearess t¢ shoutitidslegrees.ead portion

and a riser portion on a gas distributor face. The
rijee27] pd?ig.iSQﬂumyes be emimam ﬂfocedsmg chambdngydtene Aaling a gas

poy.ti. r e. 71 le 710 ca

plisors fipbtfe Roanbogmalbein Tionn ik & sgmaliiy

dagneates tHe%trﬁdSt&l%l cfflaﬂ e a BB CVBNRghtem 810 il Snetddtatindeht.
erture on the gas distributor face js

de
'ﬂﬂﬁégﬁéﬁnéw imRldes %@xmasrr%léowwurfl sesteR &40, apAwrce plasma system

apgR0AUL Biaé Slaitd %@f&ﬁi §80B2% odsQelitt@y by sRBI 83?50 aﬁd Qfen{ol&amam
the hole perpendicular to the riser nakes
5t 88he hole nore true with |ess V|brat|on)
or, alternatively, as depicted in Fig. 7B at an angl e
7200284\n dihe uppH poai’a)n off draneben i3l ie¢luden ragbnfer&im willncluts nddsle of a
[ ees abou 00 Fig. 8 . . s
" TS b BaRE Rl v iRt 8¢ bruflisu ipidpppptive Sic
hastiqugtza Ag%ter 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

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
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)



di stributor 811 according to an enbodi nent of the
invention. Fig. 8 schematically illustrates the

webkowsawed7e of an exenpl ary HDP- CVD system 810 PAT@IS2006/008003
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enbodi nent. The system 810 i ncludes a chanber 813, a
vacuum system 870, a source plasma system 880A, a bias

pl asma system 880B, a gas delivery system 833, and a

r hotigh msamonzhiemmalrmgelﬁygﬁﬁmlﬁ'ézﬂ) in[teOA 8 oﬂ&h@mﬁ&fﬁB Lift pins
po t g_ éf cha 1%13 |nclud a done 814, ch

oI TR Ao loniered it ool %f&e%otars(also not shown)

aI tol md%l feG¥bsi@tedFonathe MoHdL Bladd Atfah Gper IeHARIY PoSitiodBS7 B'a lower
quartz. A heatgg%Plate 823 and a cold plate 824

s UTFOfSERRE Posivign Weifthilie sybstiefe i Rlgpef 90 agubgirayTaceiving portion
Hemnb @F sibls@4i€ supgert aldehbeP$ 1@, @h@éheatcsf%é]elﬁh 819 BbiulEs an

the done tenperature to within about %g&hggover a
r SHgEoHaticahack 820¢knt @@ute@ theopbgete Denps8Esupmi| mesbe 318

u

LR O o0op 1 05008 CRSRALEN, HSOLOL B gy 1
bys made Werp en akyoyifuae exidd orplwuipsmrcatamiShatesnd a
substrate support mnmenber 818. [0029] The | ower portion

of[oasoa mb&cwBi Systenc 8Masluaesbmdwemaa§aezs 8&zh hokiées win-blade

ol GLESRD A alishol o SERe 180 BRI eHE P 1

f Ghotad Be S616Y ThBUBIOS1d HHAP B2 S S SniMiub bbsBRENMn W@?%%w and
822. Substrates are transferred into and out o

c RUPTR sYmEeitig pumpIRg hgete pixel 827 sbtisolsionime R2biiem thnttle body

| I

(RS BbeR 48R aRaLogk AP 8 B PAE ey

| d‘(k)é?l dyotilp gelye $Huis éldl’ytqpsn e aranpenant &ths throitle valve \wale valve,
dR¥bo- fnt‘e ﬁ%&gﬁh@%{}ﬁwfarcgﬂ%n% gﬁ‘d &9&9 Eonkgllo?(ojtech%rtnbgrtnprgso REL from

oadlng posi t processi
8betwican gltviut hmillitorstolsbout tterri s placed on a substrate
receiving portion 819 of substrate support menber 818.
SUeNSt T atdegas delbieyyt ngteﬂm%ipmvlc&l%aéea GlothdeSerallbources, 834A — 834E
l(jﬁctro tatic ChUﬁ 20 that s ures the substrate to
S

l?,ea 9 pgﬂfﬁﬁﬂﬂgt Y3 ga wﬁg' ligga 838, (gmly some of which are
PERSAD S AR GrouldbeamBérstb8d b 8p SR sREBING theSHOBH 818! sources used

port nmenber 818 is made from an al um num oxi de or

AR G13PYEFR AR arTAE e dreiogiust PoOBEPn Verdslitiery dipss &3 tg plamber
| B 3 WHRS d&ﬂ'éh@ihé [)1? tﬂé%ﬂosﬁ%ﬁ'anﬂ\’@fe %ﬁﬁ?@%é&g‘es e‘% éﬁlvﬁ

hrottle val ve I's attac ate v
aﬁ]@Fm%hﬁ’F B r@sewﬁ aﬁméumré i1gQ ghanibter gtﬂonhmgbe gm@s Xheatl/or a
?&gﬁ&h nggg 825 offers m ni mum obstruction to gas

ow, an

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



allows symmetric punping. Gate valve 827 can isol ate
punp 828 fromthrottle body 825, and can al so control

wohaeoshese7pr essure by restricting the exhaust fPOWUS2006/008003
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capacity when throttle valve 826 is fully open. The
arrangement of the throttle valve, gate valve, and

t ur bo- nol ecul ar punp all ow accurate and stable control
of [0033:1 n@as ringess 8 alse basf a pimaligtofleridizabgastnozzlen 440i(6dy bnd &

o s sh il whiph B bR Bl SHRT: S5 e shorter than

c ke gad lﬁfzzllai gaoesal ilGné Bxﬁb&iﬂﬂ@ﬁtrr&ieﬁ/e\gb@ﬁgtﬂf’ooﬁﬁbleﬁtﬁﬁ YIn
lines 838 (only of which are shown). As. woul d be

u r?&E’F%BWtS a1 g?sgawe B! 13 IiK FOUrep gaRe aaf PXidizgEeases hekore

S QHfe6t@e tHS Bbed iBfo hOMb&RI 3834 Hthier &3HaiAMs, bRRIARL LB source
connectlon of delivery Iines 838 to chamber 813 vari es

d 338 AV g Bk IHer @ep@gﬁlrtgi thngaspoing C@alﬁbﬁgg 1p by prayiding apertures
xR %@\gng)vﬂew&ﬂ bG as ﬁ’ﬁg gﬁn S’ %ﬁﬁ'f?&n‘t %pd

chanmber 813 through a gas r and/ or a gas
d i fourth, lsod 6fh 86181sou1[0% 8¥C, I8ﬁ4lamd§ﬁélad pdethird alﬁd fostth gadflow

and fi
o %8{11] 16956‘%3 OW 233D ?) e?gg?togt?éxplcg e é%%éde 1ve|r\_611ne(§ 838.

g a"sdchtmnal vuj;vqs,l seciuas §48Bdather vahgs 83 Ahvwa), gag shie Iolfﬁ@s from the
es 8 of which are shown). Gas ring 837
PV° %SP%FFC{% gqa@%rce gas nozzles 839 (only one of

vvh| ch is shown for purposes of illustration) that
pri8%i4he 18 emhpdizients Phers fmnapkle, toics of gpErogiyp §ase g used, it may

Nz ZloSirdb RN thmaal A9Zalmhif @l R gmei@@eryﬁ@éa%gr 4 @pBtiliY This
tailoring of the uniformty profile and gas
uthay beaacrasrplished @i%m%rwﬁblfal‘aea prahtas yelve B43H. de isglstaghember 813
3 s
2l SORTREL vl 1 SHE55 04 ST e 15
aleamplemAe shale: indig @i @th@roiﬁlﬁfqu velyss, siahcps 837A ahd §43¢H snag be
1HJO%Lor£th ﬁn Otg?r gamégwﬁ%als nozzl es 840 (only one of

N preferred enbodi nent are

wi.t h and orter han source g nozzl es
g0 N ertibnailiin d R Be b aS e BB and top

pPlveRLB®s. IGas &@ﬁﬁuﬁﬁ'@ﬂdéﬂaﬁaﬁ Sent B46 SlodeRiisRRIRt Bfirol thtﬁ ¥nd
source gases and oxi dj zer gases before’in ectlng th

gailsdlopiiof therpaseporhig mproves Sl spifemmpandeievs lw%smqnt of

g ¢ e
S5 A6 MO, G e AL kg g

s eyl gpedistebiondldy Gak émrfnumn g1 gmslurlﬁsr@plpnabmmapmur@sne a
e QEB %:&;%ﬂlg 1 4N e'irﬁabdlment of the present invention for improved gas distribution.

In one embodiment, first gas source 834A supplies source gas nozzles 839 and gas
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
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.



fourth, and fifth gas sources, 834C, 834D, and 834D
and third and fourth gas flow controllers, 835C and

wOe2bidbyeqnovi de gas to body plenum via gas del PCEMUB2006/008003
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lines 838. Additional valves, such as 843B (other
val ves not shown), may shut off gas fromthe flow
controllers to the chanber. [0034] In enbodi nents
wHeo3s| f | Syseaidoatrolled $6@ cormblscth)a‘ opRedtior ofHSRm SI0e s pebferred

it . be i mnate S r.emai ni in.the
et s Rpsehhiluges s TSt sfF Spi gt Hier S foppy
ACH R vie SR Ghaid) ehd@ odravadk (ad shewnPébbleaso ¥ Blo¥s&43B, The
to |solate chanber 813 fron1deI|veré i ne 838A and to

v AT @el MR pQntain A gingledhrard GORRREY (eqtishevm senaloggpd digital
JoStpuf Boa R FUR shé‘mﬁ' BterfBee BaRRI(ntIsAWAT andikep §pmotor

u as 843A and 843 may be incorporatéd on 0

gaonigeller begrgs anh@gwnl d@@@}’St% Fentraligycondaing tq e ™ egea Modular

8% ﬁéﬁ\étg’lr)fsgau? 10 an%]s’r 1'{(%3& %rﬁt%%ﬁ ?qtnﬁgcté’ ent

i e pesiobe atd types ridie \G\ﬂEEmpdaa(hdscs d@fmeﬁ the\bas sifuctuneas havmg al6-

whi fil i f
ggisitﬁ a r%lrsll C(E] ?Jl Fﬁ 38‘%%% rlﬂ.lé %‘g{éﬂ 0% §Iq oaed% e%léﬁ%r 151e control of
p ar @ueE fro gi’é@rpstmm bn %&M(Bdlﬂ{ﬂr%rw tasugh it Btgnplrtﬁi#ﬁﬁgrams,

gas .di stri butor g stributor 811 |ncluglFF
D iFSFS LB S £l Pagne bl ke 75 ECBRHF DG dietes, for
eriadpeEmE tiffing, Rextiie®F Sivks, RIVRRMel RRelk Qlid dtAFH MBI HAST a
di stribution. In one enbodi nent, first gas source 834A

s 3P IceE Progeps c Ehgpimterfaesbatwengderand thpaystamsonire)ies ifrvia a
8 Idoni e Wi GasRAadbEe My B IR T §oa[}11araq ot 3%4}16 anount of

gas del'ivered to soufce gas ndzzles 8 and top nozzle

Q7T o ARl TR e B sht ot S Ry

b ellumdvet af applmatloxis df e Iirinonlvles bf ﬂ)wgmmubm afgbiimt afperv ent

846 zer,.gas _nozzl es e sour

o PR et o i 8 or P o Bl Ve BB R e

g a;Sopélcﬁ' tthie ibvn€ion BSldeﬁaétdmttKDepclMﬁm Tﬁéﬁzoﬁayf the iveption should,
a teggrlor to ro the gas o chanber, 813

gegerwélg)edﬁ)@t rpq,pett% cg;pgo% fingtead should
t t’b@)életfel-rlei’l‘ﬂ’ed WHR rérerandRes th%%ﬁpen@&?élﬁﬁis%lo?@ WiftageiPfulllsB6pe of
samne, %gs may be used to supply various portions of the
clegwnelents.0036] System controller 860 controls the
operation of system810. In a preferred enbodi nent,
controller 860 includes a nenory 862, such as a hard
di sk drive, a floppy disk 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), analog and digital input/output boards
wonoic/wbgyen) , i nterface boards (not shown), an@CTUSp@eN08003
notor controller boards (not shown). The system
controller confornms to the Versa Mdul ar European
("VME") standard, which defines board, card cage, and
cowrpct &CcOAmMERS[@ns and types. The VME standard al so
defines the bus structure as having a 16- bit data bus
and 24-bit address buys.. Systemcontroller 860 operates
I under the cdntro g@?glét“@%}%bfﬁﬁelﬁradﬁ?%?ﬁuﬁ@ﬁ@é“oﬁetgh%
2 hadighislitsicogipriv@gor t hrough ot her conputer prograns,
such as prograns stored on a renovabl e di sk. The
3 conput er pr 8§pdnmingiuding ndsfflefhgying smppries surfase adaptadrig outwardly
m I
o e BlveBah e oy BRI lovcP KR B NE BB AL Th6 lower
arftirfpdechagipg remmited nortioh bed a yesesvédepesiphayali pogion ssparitedifom the
c , " [ . .pen. [.0037]..Th
A ot ol 3 S the Oyl MR oot LoDy of
args metetd dispols¢dus ttireatt¢pvaariode, apld gas ahdsagesconfiectihgthe inlet to the
pri nci.t&%ﬁs of tthi s invention and many ot her
e RISET N E% W& nodi fi cati ons may be nmade wi t hout
departing fromthe spirit and scope of the invention
as defined Bn tha gas distributod bixldmoptartbér cohrising e sleévantisposed
2shoul : tp[eref:&{ , bﬁ eterm nfd not with refer(?nc to
¢ o 3 partipa s hehor et 1 FipalaE stk Rapas vpsisgapted 1o direct gas
3 debwiinds bettle wpgel sureker ence to the appended cl ai ns al ong
with their full scope of equival ents. WHAT | S CLAI MED
I'S: L A gas,distributqr for use .in_ a,processi . .
chanber, th& gashﬁﬁ %aﬁﬁ}sg{?ﬁlﬁf OEE}WBH ?P'r%ﬁl.nt e%?&@%mbu‘m 15a
2 i niglediieg. a baffl e having an upper surface adapted to
outwardly direct gas away fromthe body and a | ower
surface oppgsite_the r supface he. | ower surface
I having a ce%‘c r al Lo ﬁ%ﬁ%&mo CI?lgbjeg'ggamﬁ]éer gasKisfutor
2 PQbinpAses aLREt b6k Aimittiindgide MuhRbimPRRiaE, Bphre and tifon
surface, the body further including a gas inlet, a
3 plcﬁlibéireity of gas outlets disposed in the step surface,
and a gas passage connecting the inlet to the
1 plurality of. gasTieuak efsibuidr ofcl@ias! Whékihitheidte sudfice forms an
claim1 further conprising a sleeve disposed

00 N O n AN

—

2 oval on the lower surface, and the plurality of gas outlets are evenly distributed around
3 the step surface.
1 6. The gas distributor of claim 5 herein the oval is a circle.
7. The gas distributor of claim 1 wherein the plurality of gas outlets
2 and the step surface are sloped at about the same angle.
1 8. The gas distributor of claim 1 herein the upper surface is a
2 curved to direct a cleaning gas towards a wall of the chamber.
1 9. The gas distributor of claim 1 wherein the upper surface is a
2 curved to divert a cleaning gas away from the substrate support member.

10



around a portion of the body defines an annul ar gas
passageway adapted to direct gas towards baffle upper

weundeavei743. The gas distributor of claiml wheCegius2ak®08003

gas distributor is a single piece. 4. The gas

di stributor of claim1l wherein the gas distributor
conprises at | east one of al um num oxi de, al um num
nitride, sapphire and silicon carbide. 5. The gas ‘
distri Ibut or 10f |C1l“Hé #0s Jiiswltitﬁlt@io!ﬂclhighel ﬁ»&l@&llrﬁdﬁlléﬁ(‘{ﬂ' tﬁe}fﬁtdﬁsurface
an oval on the r surface nd the plurality of gas
ouf et Bngh & agwr?ﬁ@%%fﬁgsttp aboit 480 dresihd ¢ he ot ep

surface. 6. The gas distributor of claim5 herein the

1 oval is a cit.cl eThe/gas Tireritges oftlsint 1 bt t8é dglositith as

O 00 3 O v bW N

—_
_ O

wher ei.n thg lurality of gas outlets and the step
sUPFREESEEYE oped at about the sanme angle. 8. The gas
di stributor of claiml1l herein the upper surface is a

curved to diz.ect Tke gdsdabibugr@aslaind WavherSintcavtabt the plutdligy of
chanber. 9..The gas@gistributor of clgin11 wherejn the
uppe Puldy e et faseeofafef @l degregs o abut 20 degetith e gier-
away fromthe substrate support nenber.10. The gas

di stributor1®f cTid gas HiswiRtRonclaingl apBePéonigiBinglaCRast one
surface is in a range of about 90 degrees tq about 180
o 7B 885 PAFPEeTRHESXSng bepyeep Hegippegrand fosyshsuriagier ei n

t he deposition gas conprises a silane. 12. The gas

di stributori14of cridgns GistRieoncleat hwhbreintBe plukilia) ditgds outlets
of, §Q§ outlets are in a range of about 90 degrees to
adBdyaes

Bt lgash pighiePEUEhe riser. 13. The gas distributor

of claim1l further conprising at | east one clean gas

passageway extentihdigs BRI of N8I PREEreRNBe bR stributor further
surfaces. 14. The gas distributor of claim1l wherein

t IFEMBFIEFE 215p30pd steP §aréacs gnd dileast hierondadurghity|of gas ougletgrough

aRBS §bRiSstepsRrfackne gas distributor of claim1 wherein
the gas distributor further

16. 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 the substrate support, the gas
distributor comprising a body including a baffle having an upper surface adapted to
outwardly direct gas away from the body and towards the enclosure sidewall, a lower
surface opposite the upper surface and spaced apart from the substrate support, the
lower surface have central portion and a recessed peripheral portion separated from the
central portion by a step surface, the body further including a gas inlet, a plurality of
gas outlets disposed in the step surface, and a gas passage connecting the inlet to the

plurality of gas outlets.

17.  The substrate processing chamber of claim 16 further comprising
a sleeve disposed around a portion of the body defines an annular gas passageway

adapted to direct gas towards baffle upper surface.
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conprises a second step surface and at | east a second
plurality of gas outlets through the second step
weundeanei7416. A substrate processing chanber, PO®US2006/008003
chanmber conprising: an encl osure having a ceiling and
a sidewal |; a substrate support capable of supporting
a substrate; a gas distributor positioned centrally
above the substrate support, the gas distributor
1 conFr i si ng as.bgdyhé SuB ki pglgcea%ibgéﬁah@eh@ﬁdm@ 1@][ww¢aﬁﬁ1e gas
sur.face adapted to outwardly direct gas away fromthe
2 bdﬁﬁngﬁﬂuféﬁBSHQK?ﬁe encl osure sidewall, a | ower
surface opposite the upper surface and spaced apart
1 fromthe subgtralTke sibgRds procdskife tiowder Slulfimcles Wigydn the gas

ceptral portion and a recessed perjpheral portion
2 séﬁ%?‘é‘tt%l}c)@f”rp&ﬁﬁstaﬁ AL OR¢ Pfg‘ﬁmﬁ’&%‘{l’i %ﬂf{e a];“%‘?‘gﬁn % ace,
the body further including a gas inlet, a plurality of

1 gas outlets2glis pvﬁﬁﬂlﬁbtmté Ilb‘rﬁcéiiiﬁ@c}&h beellap@f cllaamd 6a¥@@éin each of
passage_connecti the inlet tot plurality gas
2o ?%Wlltnef.gaw&ﬂ%%%ﬁaa%gemf geagSp AgereTsapslut 35 dghress i the
3 1Gqskprt her conprising a sl eeve disposed around a
portion of the body defines an annul ar gas passageway
adapted to direct gas towards baffle upper surface. 18.
The substrate processing chanber of claim 16 wherein
the gas distributor is a single piece. 19. The
substrate processing chanber of claim 16 wherein the
gas distributor conprises at |east one of alum num
oxide or alumnumnitride. 20. The substrate
processi ng chanber r of claim 16 wherein each of the
plurality of gas outlets are in a range of about 90
degrees to about 15 degrees to the riser.
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