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WD 2005/ 033361 PCT/ US2004/ 031424 GAS DI STRI BUTI ON
SHOWERHEAD CROSS REFERENCE TO RELATED APPLI CATI ON
wQ 0®83}33¢he i nstant application clains prioritRCHESA04/031424

continuation-in-part of U S. nonprovisional patent
application No. 10/057,280 filed January 25, 2002,

which is 5 incorporated by reference herein for all

pur poses. @1%1\&1@5 N RAERYY Hi gh
tenperature chem cal vapor deposition (CVD) processes

st ryCRESS e GRS R e ARSI onal
[0001] VITBWitan? apPICAEOH tRRHM plﬂﬁﬁ? hath UsntimhtiReint b ng.shi gh
t enper ature chem cal &or deposition. 10 For purposes

nonprogsionglipgtent applisatior-NG, 10/ ¢ &gnupiyAds 880% whitheisent
t o scal e. [0003] Apparatus
1ncorpo %il%?p%tfrrggcee} e\R%P(%OI a%$%\€€05%§st ructure 104 housed
wi t hin dep05|t| on chanmber 105. A wafer 102 may be
pI aced upon SBAQKGRGUNICOHTHE MVENTIQY substrate
cessing. 15 [0004] Gas distri gutl on sho rhead 106
[0002] 18l EPHRCEHWE chepia! iRre feppsBioadt Vil Peesssse SBatP eeppFred
w1despfé@cf fide 1;1% Qfﬁfmgﬁﬁiugtor %stgﬁglzl'd YaesnBlvs Q% dﬁilﬁé?ircr@ss -sectional
particul ar application nay be control by adj usting
view oftafoenh@lt@hal apipave@afsefor parfopmitg sgh tﬂnmstraurb @hemmiabvaperdemsition.

ead 106 For e | e, during conventi onal
For purggR ot HSHS BB e R oSt e R CioR ary nqt drawa to
scale. gap Y may be greater than about 300 mls. 20 [0005]
Gas distribution showerhead 106 conprises process gas
[0003] | Apperatusel O0rpompgises Welehsnpnpid strneweiOg honsedskighin gepasdion

cambe} s R0 PR B Pr S3ip P ATSRIL OGPl e

processiﬁgce plate 114 receives a flow of process gas from
ker plate 110 and flows this as t hr ou h hoI es 116

[0004] ¢ s}aﬁéfsﬁb%m shpwgiipad {49 ig posiHensds P‘éedWﬂ%f 9% and s geparated
from waf&f f@dbgp%eg); YV anmﬂ O-.b(fé]sof% %@8%5 é)glftlc{lﬁ? %ﬂlﬁ‘éﬁ&{ may be

proces es [70 ows a
controllpé by pdjastingethe |he1ght)6f wifer appue strucimal 104 adamiveslb rshwieshead 106.

For exatply, dpEn i SrFRtrRLdeRsoIoT ChundaRe ATEa s elash AU GLaterials, gap

Y may B @kfer fibffabbiB 300, onl y one exanpl e of the
distribution of holes 116 on a face plate, and nmany

[0005] ofGaedistritrudiegshewerbent 1oatoamrises profess gaspinket 40% frefluid

ssi bl R ri-n t th
commufyfEiniufh plosRe o8 VP aB3R8 419, EaSuishytioRfefePifte 114
is p031t1bﬂéipd6vﬂﬂ;tlﬁﬁlﬁfiﬂ%ﬁ)cﬁéﬁp1§t% neanFidcdh1ay el 4 tdeivedh Bowsdfeeockss gas
14a of face plate 114. Face plate 114 in turn

from blegkex platsuk @@rﬂﬁb‘@éhw@$ %wahdi%%ddéé@ wafeid 02.oFayer 118 of

deposity Ml s R Bls ot A 2o G PO TR edes e

[0006] oFIE@XRshoves 4 Bottoni ﬁerﬁﬂrdaﬁ'i/eyyi(éiNSdethdJchﬂrﬁdntfdn@l/\gz&fdlstnbutmn face
plate 11%&?%&5}31&9 gi%?%’rmgld)%g@g l%llja%!‘ali tb%/arfgl%?rrlbu%g'd%v%ﬁ’ tI?eespu? ace otd the face

plate. FIG. 1B shows only one example of the distribution of holes 116 on a face plate, and

many other arrangements of holes on a face plate are possible.
[0007] Referring again to FIG. 1A, the role of blocker plate 110 is to coarsely distribute
incoming process gas stream 120 over the inlet side 114a of face plate 114. Face plate 114 in

turn distributes the gas stream to produce a uniform, finely distributed flow that is exposed to
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[ 0008] The conventional high tenperature deposition
apparatus shown in FIGS. 1A-113 is effective to
wonre@ta3sir uct ures on the surface of a sem con#aTiUsS2004/031424
wafer. One type of structure 5 ' forned by high
t ) ;
vt 2R R YR 5L LR IOt 0ol SE g i
quality 12@@ I 8afi |dngosxtedm1atmdlﬂstfmme§t ovm'mafasl(]zoz such as

aciive trans ctive s onduc
10008] 55t fauehBD L PR R R e bbb BB ShouRS Sas. 1A-1B is
effectw@fb@r@ﬁé stYctirbd o tHe WGEALERT a A UmieSRIct ot ider r@ﬂ&%é of structure
fi d wwth dielectric material such as undopéd

formed by higbé@repga&ls@CVDssyhallw trepedopolatien 63 Fiyc Flf5 b shave an
enlargeci/\gr%gée Qecggnag%zeé# g@%/aftgﬂzcﬁ);bge'&ﬁﬁ% sgfﬁ?co‘iﬁgctgf ?g]cle gc%?rg% % f’;fmh as

active trafistbiSG AdjacdepRsivé shiomelicloialewike 202 stendeddroni@iily isolated from
erature process, including wi_thin the trenches,
one ano[ljsg §EB sirgciire L AAGOmPTiSIE i peflpdwithdiglectric material such as

renoved by etching or chem cal
und()pe(ﬂm E]slt (FD)I shing (CWP) to reveal the final STI
[0009] sSTDstrumﬂrss arﬂ: %ﬁr&ﬁb@]méﬁhﬁgmcﬂmg agposag p@gmrhsmf shafento

| A-1B has beens ul ly. utiliz
create tra%%%. hesresk F4h remorELa et peice g ‘i%ﬁtvm%%rsusmg ahigh

temperaﬁi?é Pl%zbssaﬁfélt@irfge&lﬂﬁﬁ Bld (RALROASUS Uod’éﬁgﬁfed JUIRIOYEHR Mefiches
design of the high tenperature deposition

may su‘tapxpanﬁy bs raneved b sichaty @ chégricad veavhhmcalipolisking (OMP) to reveal
the ‘5%]? ast er deposition rates may be achi eved by
© Hna ®he showerhead closer to the wafer. A faster
[0010] d‘?ﬂ@éddv'eﬁtﬁbrfa@ﬁﬁaaﬁt&é sh8 I EEGE I AN REK beh sub&ssfafly utilized to
deposi tion Bgar atus, thereby enabling an operator to
deposit mgtegialgisuelkas G@bhﬁhémmegat@req@ ferchE g)tlaﬁmpphcatlons
v [ e [
Howeveﬁh‘&%&lem gsrlhlr'tllg (ga? g\k}%‘f’tthe t{%ﬁ‘} :lf%c’lﬂgg & ﬁ%})og gﬁ)%rdggilf&@% ard

desirablé.nBor edappid, itds kindvrethaefastexde fisitidigrate’d evgrbd aibdgyied piy\gpacing
visible as spotting or streakjng on the fer. The
the showyeshragrodgss ytootﬁe Wﬁfeér Aafﬁsteréiﬁagstt@a raie vl aphanesetbroughput of the

dep os1t1f$‘%‘£ ar%ﬁs 011%EP es or%sﬁﬁ@ ?ag%epl aoge%{l %?%OFP%%Stsgf A- 3B

purchasmgen{bh[ﬂlﬂgma@”ﬂae dé\hmt rating the results of dep05| tion
mat eri al

[0011] _HpiESghr goser BBARR L B eaans (o phoerRa] Gangesultin the
deposﬁeﬁhﬂétél%l%ﬂﬁlbltﬁﬁqﬂb%t (Y?iﬁlry PRI Adspdtt i étﬂeﬁhn on the wafer.

deposited froma conventional showerhead with a ace

The topegraphy- afonatefiddepgsited aigud clpe mafer-toThewattfead spacifgsingy
ignific ots and 30 streaking. [0013]
reﬂe“t%ﬁ&cg @ ge ﬁﬁél?e F%’# ‘'showi ng a wafer bearing a USG
[0012] fFIGB.d@PsB iateshotdo@dphs ilGRAHAS theOrahlt bdieiafl oMlaterial at
face plate-to-wafer spacing of 50 mls he wafer of

close waferto famplatpspaciageviliznga W@Qﬁ@@cﬂpﬁﬂf@ﬂﬁ AgGadd is a photograph

sy S5 Gerf AR e

plate-to-sitaferGpasing oP®S mils.t ThgwaRpdi BaGi DA sbéwpslgﬁﬂ‘&anmomas
at a close proximty to the surface of a substrate

streakingy e desi r abl e.
[0013] FIG. 3B is a photograph showing a wafer bearing a USG film deposited from a

conventional showerhead with a face plate-to-wafer spacing of 50 mils. The wafer of

FIG. 3B shows even more pronounced spotting and streaking than the wafer of FIG. 3A.
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SUMVARY OF THE | NVENTI ON [ 0015] Enbodi nents of gas
di stri bution showerheads and net hods in accordance
Woi2005/0858815 present invention allow depositi onPOT/US2004/031424
uniformy thick films over a wide range of showerhead-
[0014]  XchGriflel P ALY Snd btfudGe’ ﬁ)@ﬁﬁﬁﬁﬁ%’hﬁﬂlic@ﬁ&m 8IpedédRRicases at a
of the present invention, the nunber, wdth, and/or
close prozimity tofthosurface efa subisttte tage dhgirdbdc epl at e may be
reduced in order to increase flow resistance and
t hereby el evat SSHF & facepl at e.
Thi s el evat ed Sgﬁﬁeam g’%};@ﬁaﬁ ow pﬁgggﬁfe in turn

[0015] I Eehibodiinetdd bfBdak dibtriibutioh ehv@lefltially aef method$ iromedrdance with the
t hrough center portions 10 of the showerhead rel ative
present inyepiefeal sy deromiion of By yiBicki fHEs aYPF HFiM fpngsof showerhead-

vt BHERESR ke Dy SRS DR SpGESrcr

width, anefdndepthiof deificsiihien thnfaephite nnyydeatducedat erdentd iayease flow

.. of terial having a center-tQ-edge thickness
resistangendPISRY & V@t@/msgt}reggatrmﬁ% ﬁgeetg?ep&ievfﬁﬁsr? vgieggpstream gas
flow préf&@leih Rt tQRcEARERIE B thaWeRi drithe Hpeee nabiatiedkdiigdttions

a nunber of inlet orifices having a 15 width and a
of the shieptrheadAglatieat edga poxsipns, Hbersby fenswing urhrmityiin thickngsgiof film

..depth are confiqured t.o create uni form pressure
depos“%‘f@bt%Fd%ee‘f%‘gr?gﬁtﬁﬁmélﬁr}%ogﬁﬁ Vf[aﬂ%ﬁr r as gas is flowed
[0016] t AQUHEHbIBHER of 3 MEIERIVIREPHSiEing 0% Aenditihdus©e Maddrey lager of

sem conductor wafer is provided separated fromthe

materialjaying seqnidsoicdge thickapss yasiabpn £ génor legss comprisesywpigviding a gas

I ] | .
ason SO LRSTR B S5 RN A B35 b o Bl Bape
width aAha degahdiAntiakt ok of tigasgifitiesiumibdr] with fadelepthadre coifigured to

accordance with the pr es]ejg}%F %.i nvention conprises a

create afugfarip PERserp JERP HAFIvYGN Sriedd HIF phetigs Alowfsritupough edge
Lot oy . : di
and cenfls s Rlor ¥ fabffite, AREMMSrRIACR TR(BNE pEbRR! dpartled from the
gas distcibutfdngfacaphte by e gemt Gasis flowedt throughsthe faeplatpbaly and across the
({%et V\tﬁtﬁnl about 0.8 anq 1 Lgr r across edge and center
gap to deRTIgAE laypr RiRatPRY Y Bt WA gas is flowed through the
[0017] | AnSimidirhéR@F a ghs LiBrbERSA Falf pldR iNBERdAice HAROHE bRAent
at an edge of a wafer varies by 3%or less froma

inventiqnidopipmisesa fite platedradyihavinepotiickaysadelmingn nember oftiplst orifices

. waf n.th fer i [ fromt fa te
rving 505 g 55 T BB RLE LR 08 dSigupla)
configufddlte didaR e urbford prekstiedred o betich APoweR® and 1| MdnGdcross edge and

mat eri al ‘of uni formcenter- to- edge t hi ckness on. a

center regipnscafiibrtacenlatnas 87 is downd theanshdbainistiosicay 4 thickupsspt
. | . .
ot ERISH 10 995, o AL U 5, 93 LA s of mater
depositédeat apleateeo Lthe ataés, whdrothe paBsisrseparegil drono ther face plafedry, a gap of
i s velocities in the | ow pressure region over a

Wi th
betweerghoyt 936‘% Wmihd a wafer edge sufficiently uniformto
[0018] " B3WrtbddindRRP S nfdtIRNA FprEmloBNE dePdsitiG &f m&ﬂeﬁamn@%n%emer-

center-to-edge thickness variation of 3%or |ess. W
to-edge 2P 0IS1e68 3B 6 SerMCIHAUSRD Ofdd 3 ta@priFess senstmetingtaow of deposition gas

throughfeaen%g Lsg'gbnutéﬁa ?gce%ﬂ?e. KL ?eséﬁﬂgngl Er\égsrll.ltrle 8rr}>’p a%?os\év%lllel fagesplét% Treates a

low pressure region over a wafer, with gas velocities in the low pressure region over a wafer
center and a wafer edge sufficiently uniform to result in deposition of a layer of material

having a center-to-edge thickness variation of 3% or less.
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sonme potential advantages are described in nore detail

in conjunction with the text below and attached
woi2005r083361 BRI EF DESCRI PTI ON OF THE DRAW NGS 5 PO02581004/031424

FIG 1A is a sinplified cross-sectional view of a

(vv1y} comvErnaensr ehibginicRP or aiclprésenti@POsidn, 98wsW Sk @8 ¥eatures and
IBis a_bottom perspective view of the

ooz
some p t%@}%ﬁi‘éﬁl&ag&? ate s EYRISA YR detagdn corjusetiorhwith dhre text below and

attacheSfipes head of the systemof FIG 1A [0022] FIG 2
shows a cross-sectional view of a conventional shall ow
trench isolation 10 structure. [00231 FIG 3Ais a

phot ogr aph BINGHI INGS GRURTEIN AT HEDRAVEBIGE | m

d onve tional ower head wth a face
[oz0) ¥ ROSIA 8% hngiha ied crassrgegions il 2 CopYoipnp ligh Smncsature
depositiphleysm@n.aph shovm ng a wafer bearing a USG film

deposited froma conventional showerhead with a face

(0021] pF <R i§-ARetiem nepwerthye (gfevssq)f the iface pl@e pOdR5onFérGEondlizas
dlstnbuﬂlén GhoWeRhi bERL s g&?ﬁs’ofsﬁﬁ @nal view of a high

enperature de o] systémin accordance with one

[0022] eEIﬁJda shews a@iostsh@cti@hﬁii ®fthw by &dtivietional RARN frbifeh idatich
tructurd top view of one enbodi nent of a face plate for a gas
SIUCIY st ri buti on showerhead in accordance with the

[0023] pFlQ}S Bl is 'a'i)\ﬁ%ﬂ;glr S {)V@qgg L w%lfé%b ?&# 386 H ecfeﬁ%s?t%d ¥ro

one enbod ace or a
Convent@n@ltShprl&lﬁth% @vfmehﬂatb-tonwafec Spadarpcef ’NS Ihilst he present
[0024] i.on %OOZSb gl G. 4D |§ ;n enl ar

cr os BJg & Phi0gtaphshow e ¢ waler dearing aa %ﬁlmﬂ%’S“ﬂfd\ﬁQB a
Conventlbﬁﬂ%ﬁbw&lhgad HhhhTakd a%t@%%p iﬁa ﬂ@f er bearing
owe

G filmdeposite from a n accor dance
[0025] vﬁIﬁh 4éris a sivapli findrerossfsectiengdvisvenf a hrg\hetampamum tibpagition

c of 7 mls. 25 [0030]
system liﬁ-?%% @I@@é glltgl%ﬁ)lﬁm%fgar%’ﬁg&sqﬁn% R§® MFB?OIBearl ng a USG
[0026] fRIGI¥Beapasip Eewiof 0t @mbslMetbeadadepias q&réigéhccﬁst%ﬁt%n

enbodl ment of the present invention wth a face

showerhm%apécw angeath thp presAgt BvesPmi |'s. [0031] FIG 6A s
| e beari bot h hol es
[0027] ?g@néﬁgﬁ%}% ?ﬂe ighi ﬁ[?&%%cgm %@@:ﬁ?&%t@‘f & @i W & el

distributioh shogerhgad ishaovdrdanca with éic fresht ﬁgreﬂudiSG film
a conmposi t

ted from shower head, havi ng
(00281 HIEORLISEn GlRER crost P ErHonal viaw Ql4be Braplis of HrA4B.
0029] FWECHAGs PHhokBera
[0029] G0 585 EhiBeradh 1%%3%\%;%95%%&%6%3(3 fim, donosjted from
showerhegd diveergrdanga fuith apesbodimanUsEhé preserdépvsition dwﬁf ©fficé@plate-to-

havi ng a conposite hol e/slot configuration,
WafersP;cEl%gﬁ rgﬂspl ate-to-waf er spacing of 50

[0030] FIG. 5B is a photograph showing a wafer bearing a USG film deposited from a
showerhead in accordance with an embodiment of the present invention with a face plate-to-
wafer spacing of 50 mils.

[0031] FIG. 6A is plan view of a composite face plate bearing both holes and elongated
slots.

[0032] FIG. 6B is a photograph showing a wafer bearing a USG film deposited from a
showerhead having a composite hole/slot configuration, at a face plate-to-wafer spacing of 75

mils.
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mls. [0034] FIGS. 7A-7D show sinplified plan views of
face plates in accordance with 5 alternative

wenhsdssent s of the present invention bearing #ctfuse@mn3i424
patterns of elongated slots. [0035] FIG 8 plots

[0033] Ejg%? Zi'g iS5 ABhbR ap‘gt%ﬁgﬁ?%g%f&llﬁﬁﬁné QU Bim gﬁ&élt@@ ol a

ositio rent tenperatures an
shower}maéhamn@a; conPeae]hole/Sot Sorfignraticahe plosfare plate-tt-wafier spacang of 50
. broad range of face plate-to-wafer spacings. [0037]
mils. £ G 10 plots % filmshrinkage and wet etch

[0034] S ?K% AT D YEHh R st fi GESlaR Vvl d Omddb18tes id SocdRBRLAFithor
deposition processes at different tenperatures and

alternatiye emqulwnts[df OisgjrefeinEsiventian deeting Bffstrphp pitanogf eptgted slots.

0 ecti.ons of sha e ch sol ati o
10035] QiAo ol vap g P Rl PR S Lisg dgposition
atdlffer@ﬁtltbmgér@@re% aﬁ@@,\/@gﬁﬂegnal shower head and a shower head
in accordance with the present invention,

[0036] r BKp&alpty éPEOSl‘{l@UB% oyar@, broad fnge of bk elatertwtyaf gepings.
[0037) IBRE 1f0' s YE Tl S afgg%ﬁ Wt @ J@Feeﬁ?ﬁ ﬁ%rg&sf iiag%ﬁlﬁ]telt%-wafer

Or tV\D tetOV\/aer Spa
spacing Fbr&IS G depdition Iﬁosdsﬁmd atfdifferent eapertmes ﬁmhj)revémw of an

[0038] dgﬁé qﬁ%esﬁgtb FAMEI AN AR A o ﬁﬁ@i%wrench isolation
structur?%ﬁﬁ‘éd d| S}%E]r %JS@d QiR GG &hlvaddrdl m@ﬁv%rhead

| ow versu ance fromthe center of the wafer for
and a showedeadlinf fceomiatced witle thd ptesenp imfenties,. reﬁ:@c{l@fﬂ%Z] FI G

1 t
100391 § Pt SR it RSy B s B o e (St rsspiesag e
wafer f(ﬂﬁo @dc%?[dt@% “vafer bpeankat e feat uring outlet orifices.

[0 G 15B shows a sinplified cross-sectional

[0040] vFLﬁv 16|shgws aatrnpig”ledm,rO$s -gpstional yaeyw of #ir @l@@hatavegmbodlment ofa
high teng#g%rgle %és(i)tg(frf %ay%{%gl ?Itéecc:,c])?da%gg W’iﬁﬁﬂg ﬁre%‘ér{t 1m%r1]1t10n

Fnventio eatu

[0041] OFIG Iquﬁot@Ealbtﬂdttd%ddsd fieass BOw[veostd [didtrice fﬂcﬁn niecxteatet béthe
tio of the thickness at the edge and center versus
waferfthréﬁdltf%remé%wﬂaé%ér%fﬂ%. ng for showerheads having two

[0042] deé ngnsrha 1&%1?%?& EloSs-sépddal VIg\!vq:‘HusJﬂ%ﬁ‘n% Iﬂ%‘gf];f’oxg gf gases

Ccross-secti onal
throughalmhmntlpmltgas dlstrdfutl@ndbmpéate tt‘camahng‘ atkpbeafiees. [ 0046]

00431 EF BN S ShP esan S2LS e w ngpess

through @ P9 distRftioR FacRplhRGePrlRbRlahfe WRE QR ‘éﬁﬂ)‘%ﬁlrﬁ‘érﬁ _f iHSpresent
present invention. [0047] FIG 18 shows a

lnventlomrfwmmﬁ@ﬁalfradue@d@lfzeone enbodi nent of a facepl ate

[ C nce,.w es ven 0048
foo44] ' BiGA5ER0E HE Epeol e BHBEE e B R0 RS bt
faceplatk B}f)dﬁir@ foll $howRiiBdads hieingdwpldiffeent e BRMpaLe, for two
ferent faceplate designs. 5 WO 2005/ 033361

[0045] PEIG.Ug20h0me 3sapplifiebag] ertaged sonsspaionahbyiewniiea ogflefportion

ofaconvent%%%lttace%ﬂémber of inlet orifices for a face plate

[0046] FIG. 17B shows a simplified and enlarged cross-sectional view of an outlet portion
of an embodiment of a faceplate in accordance with the present invention.

[0047] FIG. 18 shows a cross-sectional view of one embodiment of a faceplate in
accordance with the present invention.

[0048] FIG. 19 plots the pressure drop across the faceplate shown in FIG. 18 versus the
depth of the top hole, for two different faceplate designs.
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design. [0050] FIG 20B plots gas velocity at the top
of a slot versus the nunber of inlet. [0051] FIGS.
wazdeshssteow uni formty naps of wafers beari ng Payaiss04/031424
deposited utilizing a 5 conventional |ow resistance
[0049] fm@moax SlotsHPeksGRRRSH Vefbull tHel iubh g o itlétdHETcet &StiaSthedplate
faceplate in accordance wth an enbodi nent of the
design. pr esent invention. DESCRI PTION OF THE SPECI FI C
2
[0050] deS| goq%w-ég[g I\o’%lwlltepom t%oﬁf% 19*11"‘#9‘95 tﬁ? gunl %&ﬂnﬂ flo
t hi ckness_over a w de range of showerhead-t o-waf

[0051] sﬁ%‘ﬁ g - Nishow Ao HBity: dn3psof Vs SEHHE rusre dswosetﬁ% utilizing a

t b & highbt fek

conven PREFRYLs LG 4L 16,954 A4 4120, iBEL B ERt et

accordamgedwithn e exhyoﬁhfenabﬁh@pemnfmvbntidme regi on i medi ately
upstream of the faceplate. This el evated upstream gas

flow pressure in turn reduces variation in the
veI ocity of gas flowed through different portions

ensur [ ngﬁi‘gi?@%%gbf%?ﬁfsﬁr@g@w&ﬁ% dégg;ietb)éd

in those regions. A Slotted Faceplate [0053] FIG 4A
[0052] sAas distdhyiionishpwerheadoissdesigned émallow deppsifongifeilms of uniform

thicknes§ rgg&dE{ &?c{étral\?\% t(ﬁf ?E@E@h‘é@h oI s qgﬂg? ' lt_n' LA FL e\mﬁlbgne

accor dance resent 1 nv par at
embodira e itlsesrese0 invahtson, ﬂf&cmrtﬁgmmicﬁmf omﬁcbs lmhe faceplapeoart

structure 304 .and houys t hi n deposit.i on chamher
recuced o nerqes Taw ey B 01 LR EIRAN 23 Bufegin SRR g Brianediately
upstreang egt«ﬁ% M@éro@a&e Zf@@ls atkd Lﬁ)@ﬁ@irﬁ‘tgﬁéjﬂfﬁv%ssﬁﬁflﬁ &m%%d&vés variation

Gas distributi on shower head
in the vajosifyrafgas ﬂpw@d Qgguga@ffqﬁtrmpomc@m (nef edgedvs. center) of the

oSO SRR S SiRh L 2 R YRR PSR

body 315 of thi ckness Z |s p05|t| oned dovvnstream of
bl ocker plate 312. Face plate 316 receives a flow of
p$l9ét@dsl*‘agmlater om bl ocker plate 312 and flows this gas

[0053] [ E{S_ggﬁ% 1q_ho %erstu%r ﬁﬁe&)’é‘r?)sls A cg% Xl 1?11]35/ 0 P@?ﬁ?oéﬁ?&l} 8f a chemical

I pur poses o ron o

vapor d@a@mn 56 ap pedodd dnse vx&'t}gthe @Aeseﬁt isiv & oinf iﬁqii)arattﬁs Hoswmprises
ertures 318 having a constant crqQss-sectio

wafer 3 igreopiact wihapés support suctine: 304 agnd }pg\g%wltm deposmon chamber
306. Gdbditdodfih shGREIRAL Xo@%fg&pﬁﬂleh%bbﬂ(? aR? BENGEd fsegé}sted from

I nstant application oses ue o
wafer 303 gt gapaYPert ures exhibiting an increase in

R TR RO Ry o P A S

commutﬂ&tioﬁ vt PBckedphaté B Ehdvirb gél‘ﬂfreQ@ﬁ e@@@b%ﬂhoﬂ’ Fack dEfe 316
plate 316 for a gas distribution showerhead

having aelmdorﬁdé rvcf higlrelss Zh@pwmgmdt davwnssieained blaokes plAt@ 318. &ace plate
16 recslf iR B pioPls sibof boFG R A LR TERRE AT B Broleh®e
apertureélgﬂ}@ﬁﬂlﬁﬁﬁ@ 16itb Rvaf&i0Rr esent i nventi on.

[0055] For purposes of illustration of the entire deposition apparatus, Fig. 4A is simplified
to show apertures 318 having a constant cross-sectional profile. However, United States
Patent No. 4,854,263, commonly assigned to the assignee of the instant application, discloses
the value of face plate apertures exhibiting an increase in cross-section transverse to the

direction of gas flow.
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5 [0057] As shown in FIG 4B, gas inlet side 316a of
face plate 316, receiving a flow of the coarsely
wdizedsro3kaet ed process gas fromthe bl ocker pl at eCT/US2004/031424
includes a plurality of discrete holes 318a of
d .
f00s6] SERTZHED stop (s TIRYICD o ol oAPRARRRL B bI £ P11 Ros
distribum)m d&mﬂmﬂ if a@nrdahes f;\af}ethe atasetntantdgiona FéqG, 4¢ icirudelerside

uralit cont us el ted slots 318b o
(sas oufiafe b ot pRheiER of Hos piste § IRy ot pebuiicaSypdsad in
accordaﬁ&Jv{tH'Eﬂe'Hi‘Es%nhB@éhtféﬁe di screte hole 318a. It has been
found that provision of elongated slots having a

[0057] | ésrsghhwn 1roFICat4BL gassmlatrseddwbllﬁa of lﬁ@ssetniatg Rhegsceiving affloyeof the

coarsel}P %llgtgg)uf' pm]cgsssgﬁs ﬁbef glpalger\ﬁi%t(s rm%\lﬂufl be o7 | %%Pﬁﬁscrete holes

318a of destért 2 d ABBAGIM & FIGO 4E>dak buﬂettgmmtsgd)ftfmqgétaemﬁ SRhveying
features such as spots and st reaki ng. [0058] One

the finelyglisteibuted progessaas fiem vhe ﬁqeenlﬁie dx thegxafes, igaludes a plurality of

continuglfspquljng%a%a H{té %189 J}q%lg‘cﬂ eng gﬁkd slzsiss 381%8% }hr%"élgée ans flow

ace I'S varl a

from more g dre. dls‘Bm@hcﬁlb Gagd.yIt ha@ @eén ﬂjmdmlﬂattphmsiaﬁ ef elongated slots
proximate to facepl ate openi %S experience

having ¢ leagl i pipt deashmghialt thedhtskness sk ﬁ%a%PlaE?r%h% Ao fhc plate 316
I

o ve gk Shad ol KO L5605 ARELNSnd BBy Bl

exhibit mmﬁedstepd)gra:ptad:al \feaawesfsuetnas:ﬂuotsea;ndmmeakmg 1700a of a

ot SRS P a0 L B bAFAD R o
showerlﬁ@&é 4t e HcepRR-OUY AT sﬁidllfcl)%sﬁﬁ%ﬁﬁ% in BA@v4186ia. | SPecHically,

these isovelocity |ines in turn correspond
portions of theowafer pegipaaks fa&m@t@mmrr% u’gﬂgxmm@ce fga$ fravaling pghigher

fer en de
velomhwﬁlg} pﬂ&}g% (%l t%%ggf stal[)@{ flcegFag? o%eénng/se ﬁglzs c%f?e%g gs hown in
Figure IW'ZN Wﬂﬁﬁ@o@l@ a@ﬁﬂ;ﬁlﬂdﬂ&ﬁmﬁﬁt@iﬂbﬁiﬂ wWHol ah Buﬂ'—étgi@ftﬁ)n 17082 of a
be contrasted with those shown in Figur

conven%ﬁakf@caﬂ%tﬁ a4 ﬁﬂ@rq1%l%9V§iq9wulmieé 470Ddimipigh at lsaéeé%lu digtgnces from
t
the posﬁ{g%\é? fgr??getwwitqﬁgé gﬁﬂ r@%ﬁ’é@ﬁ@ﬂeﬁ%ﬁ%olny‘% 1eg 47(3 would in
turn corrdsporm todenticedfeaks amso 2@ Gonghst wezwﬁhauma exhibitingdifferent
e facepl ate 17011%3 | ows azi nut hal diffusion of
thknestsﬁ%W PhdRpgsifpdon waten ce prior to the gas exiting
t | A f

10055) | Hfic pRARR, gk velblify RAHIGRE ot Tl GTharEhidl SR Figure
17A magbe momﬂnastetdmnh/‘é]bma;myvm irskFigittsut 1B rwinéh garsmpondsde hisirgplified

cross- seié-;«lrga\fla urf Cﬁﬂp@g ﬁgﬁ&f}%%%é? l'gngI s %ﬁﬁg‘; g{ti-n lttpné present

mvenuo@iet@b&lﬁbzﬁiyomqse Préschi® dfR$18tseTho G BN bistldt hoffn 17®1a of the
advant ageous to ensure a 1|§)ressure drop of a certain

faceplaterd goi allaves azimetbal diffesion| ddthafiewedistsde copmmangn prier torthe gas
exiting %1% ec%é%{e (;l“hlg1 gddgp%ﬁgn{%lﬁdﬁg%$§wg§ ?&gf{%ﬁg k)?\%e e?e)ljleget%'cg 4t slots
1720 seA@S & @heﬁgiuy theelocitd Bistibutiorasf @idtafegeting tessafeeairfaoaal
view of the face ;S)I te. 7 WD 2005/ 033361
promotipg-¢erosson AFf A7 4> of upifern thigkness- FI G 4D shows t hat
f
onco {858 pRT | Sgripcl bl oy R
ensure a3fréssuse drops 0bHs Catain mhgmpitnde ecrosrthoml¢thuad outlet portions of the

faceplatg,l tg%sele)i ?‘?St&bggg?miw %egltogi ' W fﬁﬂglgg)f egn e g%ta%d%%rsl%r portions of

the faceplate. Accordingly, FIG. 4D shows an enlarged cross-sectional view of the face plate
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of the present invention may utilize elongated face
plate slots having a ratio of X /X of 2.25 5 or
wanrestoasdcl [ 0061] FI GS. 5A-5B are phot ographs PCT/US2004/031424
illustrating the results of deposition of material in
ofFIGsa@AOJ@aPKF 4 dwh @ﬂ?&%mtp%n@éulér%b%ﬁﬁ@rﬁtﬂwéﬂeé%t bl%Qs-
I's a photograph showng a wafer bearing a
sectlonaﬂ Nldthdépﬂ@ltseﬂ Saooflaw shleienrtiemd] fanra sehatadiatly mart halamw than

fthe rese i nvention, W t.h ac .
cross-sefGRR WA o el o el P S 0 S P et P 16 Bt diments
of the pfefent thv@xRoDIa uEHRSEIRRELBRY Ifcel a8 smm&atvirgga i@ of X°/X of 2.25

streaking than the wafer resulting from deposition at

or greatgthe same spacing utilizing a conventional showerhead,
[0061] Egﬁw\@ ﬁ‘)'AnSEI % o'%‘% a;golgygﬁius‘t!: {1}?@ t?xglrésﬁgéopg gg{oﬁ%q’matenal in

accordafidvOmigl bmaddmrenacvf ff;l{d?lpft@entvm‘tdmtlaﬁ FI@CBB fﬁeanlbhdmf)grhﬂﬂ%howmg a
wafer b?ﬁn%g gn@(:}gi\fg%leg%é\négag sfhgégrhgg? Eg;e(qﬁcgfqa\é\lgg \%Ethség%(r:r{bg iment

of the I%HQﬁtlﬁ%hh@x# LWt ?ﬁlﬁe ?ﬁ[‘: b %f&@%golﬁg 8f AP MRS Gthe wafer of FIG. 5A
resulting from depo |t| on at the same spaci ng
exhibitsisubstatiatly less spoitiegnand a‘abalsmg)than eeadlafer sisulimgifronFtéposition at

3B. [00631. Du f th t
the samy A i7ing Ao pUI el PRt sheanfh I B
[0062] CEIY.SH isQotd}RdAShaRin GghW@J&dnﬁé @Uﬂﬁﬁﬁ@@pm@dm a

utilized to deposit USG on a wafer FIG 6A shows a
shower@adrm adcoustanes 'aﬁh vi evbodimentof dhagresant mvendewwith adacrggate-to-

wafer spaglﬁ)@e ﬁt%?g‘ﬁiﬁ S 32 ﬁﬁf(’é r539 q]_lblt 5s%bstau Jléélg/ lggscsgrc])gmg than the

wafer res@iging lﬂroﬁﬁ@epobﬂﬁ@h uthihegsaglepgéing duﬁkmg 3 céﬁﬁeﬂtiﬁmal showerhead,
accordance wi th enbodi nents of the present invention.
shown ingd@43B.F1 G 6B is a phot ograph showi ng a wafer bearing
a f
10063] 2ppify iR S HE bl Ao Ao BR8 YBAS BRI born
conventfein@l hdé€s ansl eéongatadtshm@bdspeah@mwag uahmf terdebeat US¢ an 4J8Gter.

fil mdepo ed froma shower head havin osite
FIG. 6Ahowp ) SH{IP%%%R@W&W oft hlsaqm%msgegh cifeet £t i coniptises
first regﬁﬂ%@?ﬂcl&ém% Qoi¥ehBondAdlesd 5@SanPHso @6}9 Bes rs@ééﬁﬂ' re$iBAUS6

mat eri al 402 deposited through the el ongated slots
includingyelinigated skt itaimtacedridpnce wish tehbodinamtgefabh gprQShldnnventlon

oot PB4l 90 SFRERAS it BOREaF B R g0 8 v

composité ShvRShdallof FIG 26 £ aBa FaR LRy dTepheielg of Pb Wikl IHIG. 6€ is a
conti nuous, 30 concentrically oriented slots on its

photograplt shewing aiwafer hpaingas USCufilin depasited foa # shpweshepskhaving a
PL&
compos{tg Héjlﬁfsgo? a?ﬁ( H‘QF S % 2&t§tpkg¥ ?(F gx{agé} gg%lgg gté 5% Irn% 55 )]/38&1, FIGS. 6B
and 6C ﬁivdalttlme masérmaoh aqﬂ)s\i\&dlthkoug]ﬁrﬁienalwgatudmldth exlabﬂ@mb@fantiauy
the present invention. 006641 FIGS. 7A-7D s %
smoothegitgneranby dhasomaisrrhAQdongsitech o the %QHVSB??IF% olgp ofthe
f alternative enmbodinents of gas
composg?gdcg%ltﬁl on face plates in accordance with the
[0065] pWdslerthe Sbo®ROGSAIDBIREA a B &BRA0Eafi8 g 4 Plutahityerftcdontmuous,

concent GRG0 ¥ BT 4 LD ETERAL 6 BB PR Rotpeapizea by
the presutRh¥n@bh.t DiRk cmﬁgﬁ&ﬁm&gﬁte@tmﬁ Bcu1@ bl @AfpRsYelNardl the

circunferenti al
showerhead would remain within the scope of the present invention.

[0066] FIGS. 7A-7D show simplified bottom views of the outlet portion of a variety of

alternative embodiments of gas distribution face plates in accordance with the present
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direction. Face plate outlet portion 664 of FIG 7B

bears a plurality of non-continuous slots 466
wonrp@seediin a radial direction. Face pl ate ouPC®US2004/031424

portion 668 of FIG 7C bears a plurality 5 of

inventioRCoack BedrinpUD ESresl dichtabidhistoiatongited €kotd. Usdce el ite oifld pbRdn 660
nei ther concentrically nor in a radial__direction.

of FIG. %@éarﬁ pRlwabityqf @pnsentinusiissioss 692 priented v »eispumigrential

directior; ]%’L‘{%:@kﬂatrt]% gﬂiet ggxq oﬁ%g% ggﬁ‘g$67ﬁlb%%%ﬂ;ﬁﬁr%bgof:&l?&&%{l&ﬁ slots
466 orieafef atathﬂsimnﬁbmﬁtahe)ﬁkate oudetqoriian6ees of FIG. thbqars&slﬁntahty

i nventio r a nupber of benefit For exa
of non-cpigguogs éﬂ@ﬁ@ e85 ?&C&%W%W@H%‘ie d et & CONGTEFIEA q@dmw aradial
\ b BHEESE Abn-
dlrectloﬁ(’j"?lia?[e Pgdg?ﬁtl A n_gg?g)tnlljd?gggﬁﬂgsV gégrﬁgiv\lgﬁt i3 8f %(?n continuous slots
674 in compinsiion withpooomaserd holesd6i ng at 510C or 540C, a

10067) {EEpEGEEnl iR it rirlBiSin SEREAY wiE RSP s frtion

offer a nﬁﬁﬁ@@é‘ﬂ"l&‘e%@ﬁﬁt Fol 8&&ipld, 3U€. 8qhat% RepSsitle! Rite $686d ABSplate-to-
[0068] FIG 9 plots USG deposition rate over a broader

wafer spaging éor(@wzi@gosﬁmrsgroeﬂssef%@teilﬁpr@matemp@r&t@temﬂ(ﬁ 8 shows that for
deposﬂ:l?rEProc s%%sao E:u%n at g%" EI %2%1(* E ?&8&%&%&?&5@1& |tc gs?a\ﬁg‘ sgacmg
results in B¢ rRBSi€e iﬂﬂd{iﬁ@tld@ﬁm [ Thﬁﬁe]ﬁﬁbﬁshqi ischeggirosqaced gsloser face

and also indicates a nore pronounced effect upon
plate-to- @5 $PRGIRSF- rat e at cl oser spacings. [0069] FIG 10

| -
[0068] PERS® qf?.étfs Ll a%gfﬁ%ﬁgagg o é/%goa%elcﬁ Gg@gpog(t%% ) Y& Sate
to-wafermpwngs 90 confifner thatestidispé FEGUS everdhid hpowks tngs.
.. F 0 20.indicates tha filos d ted at. both

Specificq @G TSie SRR rEB A T SAReH R R Ip e P age also

indicate@4 m% nsﬁ’&fed RFfBdte: B@dé@@ﬁﬁoﬁﬁﬂ&hﬂﬂ@ser Ihdcegiat a
I ndi cat es ormatlono denser higher quality film

[0069] aFIGsI18gdots frabilm glmnlqag@am]l wehetcluseleetaty vrasus fage plpigrto-peafer

spacing goé[}?ditlﬁ ?tgﬁn%éiorﬁlcqsrgéelésnegg %fg?rel%tqglpgera egs:J §1Scf r}éssuresI HE v
indicateSPEEUS Gofllluls)depbificd bi hotk Sd@N0ahd s40°T e)ﬁiﬂﬁl&sﬂr low%nhl@ég% when
pl at e-t o-waf er spaci ngs, exhibited a wet etch

deposneéétt elesq {ace plageiosyaferspacigiash Thisydass indegabgstfprmatorof]a denser
higher qﬁ?@ﬁ‘l‘% al'Alo?Q 1]%@ show phot ographs of cross-sections
| :

I'solation structures formed by high
[0070] tElpeetadtet @thSG"IﬂE ﬂO&btretHleswhisl ﬁmiimgoﬁinqi‘rovmi tneditly offlayers

accordapce ~wth the present ent i e USG .,
deposited @ laps F6mPHOLEYY L GHM En SEPE cally P e dopasisga at closer
face platglt@‘*‘as%félI sp%ﬁﬂgseé)@ﬁﬂifeﬁ% vt éé@&leéﬂv‘it@ ct)ﬁéiﬁent with higher density.

to-wafer spacings of 75 mls’ The 30 phot ographs
[0071] sHIGS. thd 4u8G1Bi slhbwdahslmgramiw afrcegssisestianssif shalbova fremoh isplation

sructurd ot D e P FHAE s @ lsparan Bb feiaER Yol rtadn qefprdance

with the'p%eseﬁ‘tquﬁﬁi%ﬁ ik WSA@pRERTASSTobds 8EGPH SRRTES . W1tAhand 11B took
nmbodi ments of the présent invention as conpared vvlth

place at mrmme@sl)@s o€ A Gy with fase rpaef;wfpdmﬂer spacingp o e milssiTgs .
2005/,0 2004/ Q3
photogrz%/\gﬁ @&ﬁ%&#&ﬁgﬂa%w tre 81 s]tru%%ur %&%o%g dg@o%ﬁfonaa'ﬁgeal at

accoFuance vv|
1050°C {0260 Riin0 FIGRE1 1A &l NP sHowithad compiakble quahty in gap fill is

achieved with the process in accordance with embodiments of the present invention as

compared with processes employing conventional face plate designs.
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utilization of a slotted showerhead face pl ate.
Returning to FIG 4A, one consequence of the close
wonrosiogssy of shower head 308 rel ative to waf er PBDASEY/031424
be an increase in dowmmward 5 fl ow of process gases
ar t es of the wafer. The resulting increase in
B. g%“?&?\f\’/c?(g ?Sh waf er edges may give ri ge to
[0072] | Bﬁlb@@ﬁﬁdtsﬁd géecordtinck neadsthd 2oesenf indlemtingil dre dlsombelimited to the

[0073] FIG 12 plots_cal cul ated added mass fl ow
utlhzatl%vfsalﬂot&ﬁdssmwe@ew e Dile  BateRIng o 1@ 2Awgmercopsaupigs of the

close pr§>a&%y%'f§ﬁ&vérﬁeavaa§o% re[BBIE 1 %fer%bzt@owﬁyﬁgﬁeg%ﬂ' doWn¥rd

'ate-to-wafer spacing of eposition

flow of pubdesd gnwes nedd theveddeadf itlse wefeat The kgsultmgsnatasetin fmagsiflowdo the
enter 10 of the waf to,the e . wever, at a

wafer edggs PNV eHEEA0 Bicxgase g Wﬂgﬁ%&%ﬁﬁ@%ﬁ%gﬁeﬂﬂhéﬁ

[0073] PERE2PISN BAIRhIERd AddERT KRSk ﬁ@kdlvtets%e AlstdRE %oﬁi @W cbfter of the
peri pheral regions of the wafer. This added mass fl ow

wafer fomtwyo €ace plage-to-wafee spagfngse p‘btsﬂl@ ednvmtlenal a‘Yldﬁ face plpte-to-wafer

spacing f’tg QZQ ?lg n&epﬁagéli?&c%gcrg?s& 3‘@% ok re%ﬁtltvg s1stenp1%om%e center

of the waféb attheedie. Afloweveh ca\ﬁ@rﬂae@dv@ffadelmatert@smér SpﬁMﬁQbel‘ﬂS” the
15 may use a face plate having a tapered proflle to

process avfgbl@s 3 merked §é@ltlé@f§ anassi flown ksperipherd praensaf t %‘é{@@i i Bhig
added m%gs +v9 ?rﬁdg é:?ga?e 2 a%lgocttc?%)v(‘@'{t&{ nﬁf@ﬁi E:gglhg g.&ﬁfr Z at | @@X@r

Cross VI EW 0
thlckneseribﬁsietd],jemthaﬁfat&lelmbghr tenperature deposition systemin

accordance wth the presen nt at 900
(00741 cApreisel, mplamas cRbameB A eRaRd O Higpaetent invention
may uset %Ué:%afe%gl é E]Se%r Fd 1110 86 Sy il Gkt o PASH ﬁi&ﬁes‘éhﬁﬁpﬁd’sﬁed

shomerhead 20 908 Ts positioned
matenala Iamlesevfacﬁeeplateaa veafct spsicegpaF a@ehB $hows ammehﬁ%(zmbgfsegapnal

0075 s distributjo 908 co
view of g Biesbalng AR 353 T N O R YT i pforance
with theSJr@s‘éKﬁhv&itﬁhe A&%ﬂraﬁﬁ@ﬂlﬁc@%ﬁﬁeg Werg)bﬁ in €&&act with wafer support
stribution face plate i's positioned downstream

smctm@904ﬂ1@m0éﬁlop¢@ml®porﬁ@@ chpaber Y8 Gascdstibytion sfhogmrhead
s BRIl o AL ARG5S

[0075] d@agdﬂsmauabmsﬂﬁbaa QUBanpHsevpidtedsl gas iMét, 912Ha fuidse
proximty of the face plate relatjve to_t

communigaioniwifhtblaskes A Skdibaying pArEL L6, oG%SffES‘é‘gﬁ’é%n e phate 918

is pos1t13‘@éd] ownst%%‘}xg Bf:jf) BELkey pbéitg@lg ol f%t9 1%'}9?6’?‘%3'21 ﬂ#:dv@of Prdcess gas

udes ate havi ng tapere pro
from bldsiecplite ®d# layd ﬂev)zg ¢hipgag ﬂmuu@ﬂ]&demﬂ(f @moeafpt @12 918 i s
cessed relative to center t|o 18b of. f.ace
00761 pRadecobed dral COFGPEOm W A oo leseangrion fiart th oo
plate relQﬁfvétB?héjWBfe? ﬁﬁs}‘i’@sultrin 30 etnﬂhl‘f&(ﬁﬁﬁv BEMARAB th ek bﬁih% wafer.

center and edge, may range from about O. o about
Accordibgly, thf @aibaflinTne slumel iof FI. ddgndndes fabeiplatsrd @Hmmwanered

T N S O T —

918b ofSRSCH G138 T ABpdE ﬁm@%@@&mmgﬁgwd@ﬁnécabyethet&iffsﬂ@ﬁ@asm
uni formty, and thickness range for materials

thicknesg dpEesen é@e@datg petergd edge, aslomay, grmes fiem abouh §. 57 4p abaugy 5°-
[0077] aTHe lf,tée%tf afgag ﬁlsHJilﬁlttlgﬁ shdQefad 9&%1%?23&161}11&%"%&@6%

uniformity of deposited materials at close face plate-to-wafer spacings. TABLE A compares

deposition rate, thickness uniformity, and thickness range for materials deposited at spacings

of 100 and 75 miils, by tapered and flat face plates.

10
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PCT/ US2004/ 031424 GAP SPACI NG (m | s) TAPERED

FACEPLATEFLAT FACEPLATE Dep. RateDep. Rate (A/min)l a
wanbdsRasage( A/ m n) 1 a uni f Range PCT/US2004/031424

7519507. 312. 7200013. 420. 5 10016004. 67. 618908. 713. 3

[0078] TABLE A indicat epatdiat adeposition utilizing the

tapered face plate results in_formation of a |layer of

GA#t erilal having a nore uniform center-to-edge
SPACGINKEkness. Wiile the 5 data collegted in TABLE A

(mitsgf | e¢t s depoBEREDIFACERIAITE) t aper ed anELAirincﬁEpEATE

plates HaviRag | €f ongatjed ST ots, tctg%ﬁeq{a}@( e ptateg

O

accor da@u Ml\%t 1,}‘%{'89.?' memlianl%%nfﬁ Nﬁﬁ@ Eventfimcn Range
|

TR
734 c“:lzzt S 1§S¢Icu’°t &d a é;;c:‘]'gs?gaf zl\'\?: s @us Hé%@f 20.5
lopr om-the 15@011‘ er ng-éthp waf 6P for 1t hid8204i{f pr&% flacel3.3

plate profiles. FIG 14 shows that the peak-to-valley

[0078] V'ril‘ABil E |Rg§dl§%9} Qx&@&%@%ﬁﬁgﬁﬁﬂﬁﬁ{%QEg tet&)EteédV@ée ;gate 6?%@ in
formati@nef DlaPa®@f matasaddeting @h}breﬁhﬁfoﬂ&&:eﬁﬁ‘er—tc&é@e&ﬁwﬂcﬁé@ Whlle the

ate str t r in accordance with enbodi nents of
data Colfeﬁ@drw TABE Avelent SPoRHP I HHiRe ‘g pad fled fgpe plptes having
elongatdPUGE | ¢ er&?ya%é ﬁla%qﬁ Bidotdgh R %g{"éﬁlﬁédlﬁﬁgfs%f _j[}ée present invention

cent er-to- edge t hi ckness o A or
are not Rguinekid Mﬁdehngdted:siotspl ate Inl et Orifice [0080] The

a descrip s, focuged on the prese of
100791 5B G4 a6 pRuleEARmRRRGH Ve it BoRt PiseRienof the
wafer for A8 Hﬁ?e‘?erﬁ? &de éJle&e bfbfﬁ&s WS 11 RS Bisat Y ﬂe@k%-tvﬁlléf‘vanatlon
films deposite cl ose facepl ate-to-wafer spaci'ngs.

in added@mross thereafer Wemmdq@ésbyraij%tﬁ@de%&b by tapeting Gregapdy 0 025”

w004 BTG L0 B SO, A SRRORNS oL BBy °

embodirhéits ofithé pﬁéﬁ@ﬂﬁn@erﬁﬂoﬁﬁhdyfﬁe@dlt &ﬁ&@ﬂi@ﬁieﬁ df na@érdiayers exhlbltmg a
illustrating the effect q process gas flow velocity

variation rcepiesdegiee hidknes addeR “nAtilesent er regions of a
conventional gas distribution faceplate 1500
positi oned downstream of a bl ocker plate 1502.

C. Sﬂediufekid\a?hdtjm of Waceplatedalet Orificapport ed on heater 1506

| f | 1500 b
100801 Bt s e 9oL pBin by boPEd ot Bresiiaoeros bl Roemiaty slgtgrandor
the use &¥'d tﬁb&@@ falzé;ggt‘é ﬁr@ﬁl@ Lo 6lsale %@l&ﬁes&éﬁ?orhﬁty%ﬁ &g 'd@ﬁbs%t'é@ t

upstream of” facepl ate 1500. The process gas then
close fattenlaztmghwafer spastgs.1 HoGwver, wihtiré¢qhninwes onybea @mpll@ted t<1 m@re the

oGS0 R RO b S SR LA s
[0081] tHIG: HBASSEOW‘S aGapesiddadhdmbhie 4 %?arﬂ: ﬂhﬁ&ﬂ&‘ﬁ%@ BlefBXIT process gas
i in

Iocallzed gas velocities reac t he water surface.

flow velegity andwpssgre astesa gles #nd qanjer regionh @f & powentiensd gepdistribution
faceplatg ijg(ﬁ) stﬁilo:hed downstream of a blocker plate 1502. Specifically, wafer 1504 is

supported on heater 1506 that is separated from overlying faceplate 1500 by spacing Y.
[0082] Process gas flows initially through orifices 1502A in blocker plate 1502 to

region 1599 upstream of faceplate 1500. The process gas then flows through orifices 1500a
in distribution faceplate 1500 across gap 1510 of length Y to the surface of wafer 1504,
thereby depositing film 1512.

[0083] The thickness of deposited film 1512 is dependent upon localized gas velocities
reaching the wafer surface. Gas flowing through the edge of the showerhead to the edge of

11




WD 2005/ 033361 PCT/ US2004/ 031424 the wafer encounters
arelatively |ow resistance flow path to the chanber

woubds@336By contrast, gas flow ng through thePCemiS2I04/031424
of the showerhead to the center of the wafer

the waf@HHOOIRHEE 8 rélatiREIoRI reEBEInSE ABGEpaih WAhp@hiimb&Soutlet. By contrast,
stacks up_ behind the wafer edge gases flow ng out of

gas flowipg threwglyibe pentaypfitha shenvarheadrip dheregter of thensaige paponpists 2

i RS 05, A5 S8BT B e or s
chambeg a¥ adatimiin thitknesgfithd depdsiee fhilatbetvedtpahe (MEr cemesatrl edge may

.velocities of gas passing.through the faceplate center
be attriu{gd) prinpidy & f@sglffqrwem%%ﬁ figas PW%&%&% fageniate edge

36064 AT inle iRoh 38 1S BRSHAR cHhBP(AOY ?3%
(Ve) vecentgegclgn gtggg%sg{rn %g@%ﬁ o? thiﬂf accepl apz.g) F%%%él ,ﬂ"AV
velocitias Viphnd Veth tael dapendepurp tHeati fiesng gassuve hwpi dcyosartit: center and
ressyre.is.qgiven by Equation (1) 10 15 bel ow V =KP,
edgereggﬁré“r(gﬂ%ﬁﬁac‘wlg‘e'gas velocity; K = constant; and P -
[0084] =Ns§‘1§?Hﬁ&i rel88R%p BIwR %R LA $E108tY Ald freSured rgliz&éﬁd@ Eduation (1)
variation in gas flow velocity i's given in guat’i on
below: (2): cy,g(lie) %AV=AVI Vavg=APRI APFP= a 4 \WWere (2) C
Vav d %AV = percentage change in velocity om
§/\’/af ergK%’eWZleer?' to edge; 20 AV = change in vel oci(I1§ from
\\yaf_er cen{oer to edge; Vavg = average velocity between
Wafer8E&REY:and edge; APR = change in pressure from
Kafercaginieand o edge; APFP = change in pressure across
K aceptrasseret rom center to edge; C = first constant; 25
C = second constant; Y = showerhead to wafer spacing;

[0085] apg exﬂre?si&ﬂ Meerﬁaﬁﬁtuﬁ@%?%ﬁﬁt?orﬁhi gfa.h $®w velocity is given in
Equation (2):

Y%AV =AV IV =AP,/AP, CV;vg(l/Lz)
oAV = avg — By FP—C,(VZg/d‘,),Where 2)
oAV = percentage change in velocity from wafer center to edge;
AV = change in velocity from wafer center to edge;
V., = average velocity between wafer center and edge;
APr = change in pressure from wafer center to edge;
APgpp = change in pressure across faceplate from center to edge;
C = first constant;
C' = second constant;
Y = showerhead to wafer spacing; and
d = diameter of faceplate orifice.

[0086] Equation (2) may in turn be simplified to read:
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[0086] Equation (2) may in turn be sinplified to read:

12 WD 2005/ 033361 PCT/ US2004/031424 C" d4 9D V = Z ,
wohers®3gs) Y V-.19 %AV = percentage change i nPeeluseioup31424

fromwafer center to edge; Vavg = average velocity

bet ween ser center and edge; C' = conbined constant

(PP E amlesecond constants); 5 Y = showe(3djead

to wafeX paci ng; and d = diameter of faceplate

¥
orifice. [008 Equati on (3). suggests a nunber of
b T = B3R Rerr et ST wohte TSR M sinieh i ee:
?@Jgoci’wt%/ d\féﬁa\é): velRgtyaepk &%C\bafélscél_r%eri aﬂﬁreﬁg‘{s,ﬁ_ o
Cepl at e- t -.waf er n . However, is may be
G ractic mqﬂ%n ?%“52 gﬁ?‘gi?ﬁ&nﬂﬁe‘f%’é“’ﬁpﬁé’é@k, such as
the néed TOWeHicaH Q&< PrIRSPOd rates | eading to

dor r espondiamgley ofi Fagleplatrodrifider oughput . [ 0088] Anot her
possi bl e techni que suggested by Equation (3) for

i oGV i [ Lth fl t )
o0 S A R R M e
velocityd@EAVYD Of®ffiréath ik $o itresé ﬁdcgﬂﬁtetl@fvd%f $ading QY?.?HE)?/E%L this
imting

of the tqol, for exanple feed pipe dianeters |
may be ympragligal dyig foconstsamts mhe piopessnsuch ve the need fprdgglofieposition

%é%i ird possible techni que
rates leaflijlor r gﬁﬁgép%ldﬁ}%@gﬁ@ft 851:12{?&%1%‘51& he di aneter (d) of
[0088] oAmnbiberpossibld techifigue phgested b @qabyon (X) feasingng WAV is to
. pressure drop across the faceplate. This approach is
increasc{h gearpas dep s ENaie )-c Blomgvetnthey apprasi, may st imprectical due to
oss-sectjonal viewillustrati ng}the fl ow of gas
T

.C
constralfl{ﬁ iy ayélﬁtl%g dwarearphigsetyrg gf fhgé@(bll, example faed/pipg diamesars

limiting%n% fvéleéiﬁeslé%lﬁ ebrthigdiegd size in accordance with an
e e

odi nent of present invention. 20 FIG 15B shows

[0089] t RawationdBjcsvigaests that héhivd possibdd teohnifjne fos réduciiz %AVIiBE reduce

. fac e.constricts flow . of processing gases
the dianjefes E@gﬁl Fifiess 5’&@8Icflﬁ‘ieé’?at%Fg%fF'i’BhﬁlCF%éﬁ“éé%%Heﬁ%u&%@P @crogs the
faceplaté.€QhieAppioah isiiMuEtEited Sh¥meRSdIRAAMIGT 1588 SRGEREALBss-sectional
This u essure increase in turnlimts the

L stream pr ease |
view illysgiptipg {f»y flow ofagre $hiqughackag distsmtiondadeptatg | 3 ichaving inlet

. t] . u nd a |l gw pressuyre reqion ..
orices SRLICIONRePH 220 s YL R Al B8R 1 b Femion
FIG. 15Bahews tdgedactibndarthe widB @if ofificebinkx bd iotthdiglat®Estricts a flow

¢ uni form vell&%iti es. In this manner, the reduced flow
of proceysing gasghiEoughihe fagsplate, crpling dcscased pigstuse invggiond 599

. . . ' rm.ni.ng. over al
e AP PSR bGRE Pl Sl L FERG Pyl b
velocity pf gases flowad ecrbsstinei fatepdate, atredinga pressarairop andvh Idw plekéare
. 5B, er al as, flo elagities are governed by the
resion b3 BV O 3ot B O o o o e o
exhibitirgGRbre@iforth ReloBRicBOhY BH¢ HARR: {111@ GERIRH Fl]obvl Ijeéi%ﬁ%t &geﬁéhced
0t f1'ow of gas

connection with FIG 15A, 3 e overa
by gasesjesceymjesingdtie wyfedicidige plays dsss ofia pole $is determining overall gas flow.

[0090] Sriiih %%Ce%ldbo%}/mgﬁsof the present invention illustrated in connection with

FIG. 15B, overall gas flow velocities are governed by the pressure drop across the entire
faceplate. By contrast, in the conventiona] faceplate illustrated in connection with FIG. 15A,
the overall flow of gas is governed by differences in pressure drop experienced by gas
flowing to the wafer edge, as opposed to the wafer center. In the former case, material is

deposited on the wafer center and edge at more uniform rates.
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flowng to the wafer edge, as opposed to the wafer
center. In the fornmer case, material is deposited on
woheoswasst center and edge at nore uniform rat e6T/US300WIB1424
2005/ 033361 PCT/ US2004/ 031424 [0091] Figures 21A -N
[0091] S h@gﬂr&m 1%&%%\”%&«,1&%& UnifolRRS n{a?ﬁ £8 aOIBIHfafI‘xH/ 5f/3obfm1%%fers
fers bearing |ayers deposited utilizihg
bearing dwwsedﬁpps;tﬁl utﬂllzwggazsrfvlenmpnaé bms gamnidew frmmicatfecephm Imaying an

intet didfffer s, BAEkTH pftrafity B A0t mAlndB p AR i deboled

ut1llzln§1dt Higﬁér @@Sﬂoﬁx} RY¥stafiel fEice ﬁe 15%6&&3@1{0@ with &€ &AbSEMES: of the
an _enbodi nent of t present invention, having

present awenmrbtllawnaﬁmré¢t diggmgter m‘f Il@. mﬂsAgL@@ Beb oy swmmarizoscthese
results, LN€S€ results. TABLE B FACEPLATE TO FI GURE NO. | NLET
"ORIFICE | 6 (Edge/ Center)* 100 WAFER SPACI NG (il )W DTH
(mil)(% 6021A2910.3122.1 21B103. 92107. 3
7521C293. 18104. 9 21D102.26102.8 10021E292. 6298. 8
21F102. 36103. 5 1252191 345 9 21H101. 70102. 2

F\?A%}%I’E%igﬁlﬁéw (ﬁé §9 ¢ -%g%fmb Oﬁﬁﬁ ;3“)9?9 E‘Eid(’;jge/Center)*loo

16 nlotc t!n

('D

U I rygur T Mot o T O

60 t hi ckness (xl(&&er_sus_f_;agpl_al_e_t_o-_\oa 3% Izz-ilng

for the resul {21Biven aboy#0in TABLE B | &%ur £0%3

75 shows that red2d€ion in thd9 di aneter of 3tlBe| 804.9i ces

of the facepl akéDresulted|i® a nore consR26ent02.8

100 thickness of tthegfilm depggition fromibg2waber

center to edgeezqyer a muchig der range DQ.36 103.5

125 Waler-to-tdcephyge 29 1.54 |96.9
21H 10 1.70 | 102.2
260 211 29 3.78 | 915
217 10 0.64 | 101.5
350 21K 29 499 |90.7
21L 10 0.63 |100.8
450 21M 29 5.59 |88.2
21N 10 1.01 |99.8

[0092] Figure 16 plots the ratio of edge/center thickness (x100) versus faceplate-to-wafer
spacing for the results given above in TABLE B. Figure 16 shows that reduction in the
diameter of the orifices of the faceplate resulted in a more consistent thickness of the film
deposition from the wafer center to edge over a much wider range of wafer-to-faceplate
spacings. Specifically, the faceplate having orifices of diameter 0.010" in accordance with
the present invention exhibited a variation within about 3% over a spacing range of between
about 75 and 450 mils. By contrast, the conventional faceplate having orifices of diameter
0.029" exhibited a 3% thickness variation only within a much smaller spacing range of
between about 90-125 mils.

[0093] Moreover, over this smaller spacing interval the value of the edge/center ratio for
the conventional face plate varied over the full £3% (6% total) range. By contrast, for the
faceplate in accordance with an embodiment of the present invention, the edge/center ratio

remained greater than 100%, within a narrower (+3%) total range.
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spaci ngs. Specifically, the faceplate having orifices
of dianmeter 0.010" in accordance with 15 the present
wonvesreswn exhi bited a variation within about BeTmser4a3id24
spaci ng range of between about 75 and 450 nmils. By
[0094] C Wﬁdeatﬁ& exeﬁﬁiﬁe ARDYUERETHeA latea el %E@oﬁﬁlet B fiREd fdviriSa width
di anet er 029" exhibited a 3% thickness vari ation
of 0. OlQi'n bl}abwmemﬁs ofl fmplatcsﬁmdtms gp@condgncmﬁ@l@ thef prespat mentlon are
this

not lim A iniCrireRs B LA ither B AR a0 S shibiplo; e iffbutey and

* added ekfdnse d¥otiBRd GAMMERih®RAfabfiaae aidifibeal iambes cﬁ\{ﬁl%t bifices may be

full 3% (6%total) range. By contrast, for th
reducedryciizéneen fapepdate design élévmgtahfe‘émr Bl ok shghthy lafgwé holes.
00951 DG SR OTA H By RERERSEIE Al i TP ot i

having rnilm Qeificdsdo B RA0G1 D3 336 29@‘51&;3@&&44&@ dicjPderb @84 humber of
ile the exangle just described relates to the_ use of

inlet Onrﬁﬁf:seﬁor iqcriptae desagin LG 2NBRIRts 9 velogiyat the fepyef éh@ﬂ&%ersus the

numberfiflacRHat e structures in accordance with the present
invention are not limted to inlet orifices of this

[0096] oF 191[1@/2@14& Rleywsthatt ccmilioé ovei the dediwd peosame|deop ttress the faceplate

can be %Chleff %@Y [%*e and add %‘E’E?r‘]rf? e%f IISH?FtF B\é%fﬁt"p”sg@%t tﬂ"g‘{ﬂoc‘t}’
of gas aPheTop SLHHE @Qt R)Y ali*abépilit'e% oftfit &CHN.Gutoe d‘i’eﬁﬁét@@mﬁ@}ibﬂ%aﬁof a

ewer nunber of slightly lar hol es 009
faceplatadgving Orbi0y silamegqrrlegﬁt o0¥ics, sthew the pmdzﬁameter orifices number
abmn1665¢acteristics of a faceplate design having inlet

I'tices of width 0.012". FIG 20A plots pressure drop

[0097] VEABIE Chelowsddgsares thel alribluted oif tooeatibml 16w fgas fowlradistance
desug FI G, 20B plots gas velocity at the t@P of a
faceplates apd tpesnlates mr?écorﬁawe\w Bithg pregant giveptioih @s usest togoegsps 300mm
diameter 5HEegOA shows that control over the desired

pressure drop across the faceplate can be achieved by

limting the nunber of inlet orifices. Figure 20B

shows that the velocity é@&ﬂ%€§ at the top of the slot

for a facepl ate of orif ik 0. 012" di aneter natches

PROCESRED Of a [ INGEaRORIFICEV [ NUNBER Ord! amet PESTINIATED

rifices, t he 0.013 fig
]\;V{;:Fl\f]ﬁ%'&#é 19, O@?B [0097] W&Q%Eqr@%ﬁ{ ow Icolrr %REQS')%DROP

acuora Uul.b UllVCllLl Ull VV uao ]lUVVj llC
ﬁﬂxl__tacepLaLes_ggﬂl_tacepLatcx 75 accordance w 98- 4He
300 present i dv@dilon, as usad480process 300hHS- 149 anet er

300 substrateq.I2mBLE C PROCESS80) | NLET ORI FI @8NUR/BER OF

200 ESTI MATED |\28rRR W DTH 2977 0.2-0.3
200 10 mil 5491 0.8-1.0
200 12 mil 4141 0.8-1.0
D. Reduction in Depth of Faceplate Inlet Orifices

[0098] As described previously in connection Figures 15A-B and Equations (1)-(3), it may .
be advantageous to elevate the pressure drop across the faceplate in order to ensure even gas
flow velocities across center and edge portions of the faceplate, with resulting even
deposition of material on center and edge portions of the wafer surface. The configuration of
the faceplate inlet orifice may also affect the character of material deposited utilizing the

faceplate.
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| NLET ORI FI CESPRESSURE DROP DI AVETER () (nil) (Tory)

30029 mi | 75000. 2-0.3 30010 mi |l 145000. 8-1.0 30012
woiRbasadeD. 8-1. 0 20029 m | 29770. 2-0. 3 20010 PCT/US2004/031424

m | 54910.8-1.0 20012 m|41410.8-1.0 20 D. Reducti on in

[0099] @%oﬁgsslh%% %l%l §%1sﬁseég %’%Ir% g\}] Eﬁ%gél}%ﬁ%g §ﬁ’|]:3qua I ons

faceplaté in ac(:&)dandad witlayhe pxk&@erﬂﬂx\lx&:tntlageﬁmptane e8viatdehimlet orifice 1802
) essure dro t

of widtHghmnafiepth ko Epe Semieicon 40 cuslef got il egalidt fia

depth LY qutohgﬁ‘ $ht&ime Pﬂ%e Bﬁﬁepkaﬁﬁn 1906 'Ba{hﬁg %Hﬂhn e,z GMEReRR 2. Inthe

de osTtion o materi al on center and ed ge portlons of
embodlmbm shafein Bignfeat®, thd heesemnefof ghe iatdrovdiate orifiee faatiep] $6ds

s S 5 S o e T o e SRR Bt v
an onﬁc%Q)Q%%@vlea@I % 93 ¥z dedtR Q9 211 +Eb 9 WhEchli® 0328 the case

Cross-secti onal portion of one enbodi nent of
of one emboflmeeyp bfis &ceplmmmlnzabdrtc elehwqr lgasdsebpyethesurfaeaeia 3Wmm-
di ) ac&gl ate 1800 includes inlet orifice 1802 of w dth
iametepyateyq depth L1, in fluid comrunication with outl et

[0100] SFRlurdBOF0af thdhHdsBul@ e serosiantabepidte vieRsuo U@ depth of the inlet hole

i nternmedi ate orifice ortlon 1806 _having width 02 and

(L1), forjesyst difflerent Fageplhte @s&m bavimginleteraligesiof md@dﬁbé) ai).0}¢y@nd

o012, BE53FRES, b3 b Fh VR b GR RSB b5 o

(L1) of e iflef 61@fide reRGIAdInRY 1i1@eiﬂ§é¢h d@ypressufadiop Gaioss tlﬂrfaceplate
orifice of the narrow w dth cpl having, the full

Figure Gralionshons thalFerpapios oGt the et doledgiralgy ipsfgased TR pressure
drop am%g?ﬁ’lg f{%gfate()f 11?1'1&%9?)9“&%&8%' tlzé}éj?cglets thafald ﬁ’tﬁfze@ ?ost?réure even

SUT ace o waf er .
gas flow OdlOStieFhagureen the qehiet and h(égemoeﬂwctf thlcp ﬁmelalateowu]amg in

f pl at t th LI
homogen‘é‘(?u%traﬁs G dehor e qtapapali Hesenfn et Edes S Twplst
[0101] OOt S&fscmpédeﬂrﬂm(sqgf)th@f)reQerQ 17enBbA arddsHO%A and described in the

respectively. Figure 19 shows that for both faceplate
instant diecslosgm; Onmshoukd understand dapths preseny ingentiopeisicapable of use in

various gﬁ}eagétg?lhg (]la'lngf:ae eg&ggﬁmlﬁﬂt%&g(g%sl@pn?lte%? ﬁ&r%§tﬂfﬁ(?{n%ﬁﬂﬁatlon
within tH8§dopaof i iMbciittve@ontdie ekpﬂe&fed Ihetetn.dBGi ¢xabiple, lapmaamdnd
the pressure 15 drop across the faceplate. Either

methodg gt agcerdanqreniéh eEbRAIBELS OhlY PEECRICRYH108 Ao 0
processﬁlgr%{emlc%%ﬁuétl)roxﬁﬁfe?é SF4 r*}) a}f‘zﬁtugﬁﬁ zutui1 Erech%gfu‘f FordBhieHastor

i'ons o ace res
fabrication processes involving 200mm diameter wafers 300mm diameter wafers, or

semiconductor wafers of other shapes and sizes.

[0102] And while embodiments in accordance with the present invention have been
described so far in connection with the flow of silicon-containing precursor gases employed
in high temperature deposition of undoped silicate glass, the invention is not limited to this
particular embodiment. A showerhead in accordance with embodiments of the present
invention may be used to distribute a wide variety gases useful in an array of semiconductor
fabrication processes, including but not limited to the chemical vapor deposition of doped
silicon oxide in the form of phosphosilicate glass (PSG), borosilicate glass (BSG), or
borophosphosilicate glass (BPSG).
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honogeneous rates of deposition of material at the
center and edge of a wafer. [0101] Only certain
wenhsdssent s of the present invention are showRCamg2004/031424
described in the instant disclosure. One should
upgde &
R g R
with an aﬂﬁﬁodlﬁldha patHegpredentinaagion iavkhdeyilit bieamt liatitedws,t hi n t he
e.of the inventiyv nc Xpresse erei
tetrsethlqaepilane GbRASAIHEEY PRSI RSD. 1 Gty sHie TRBL e
mventloﬁrfpﬂéjc'lﬁﬁﬂéc‘f toocﬁ.lsttrﬁﬁtlﬂ% w bfﬂy\g?ﬁﬂs&ngﬁéﬁ aR®tod 1l BE h@&i to flow
processing semc uct or ers of any particular
carrier g'asassuc}alasi Harand Methai dd wot dienily participatsrin afCNIP ireastionn
p e i.nvol vi 200 ter fers OO
01041 BAGHET Etep i pecordfhes st of Tk Sirut gy iopapay also
be used &'AH® %ré&ﬁfso“r' g?@ S fol hieUImANsh dhthat6rifFBae} SEBdBoifes, including

accordance w the present invention have been
but not lamgc,d tObimtaére nitades, rané onyaibidesn Awdtwhlhﬁbe shayygriggad is described

above i II} %q%u&p %}S)gl g}%rll)%F ’ 81% %rg og% %sse ﬁ%n‘rs IH a@éogﬁance with

emboditBMe B il prieSend Cﬂvehtlm hﬁg* b%@ltﬂhhedsto ﬂlﬁﬁ gasw hadither types of CVD
enbodi nent. A showerhead in accordance wth
processesnaishiafatesnaenhenecd shegusa! vapen depetition Fhfay Dharogesses eub-
ul in an array of
aimosptE S HA LIS vl o Bl B e el uding bt
[0105] nEmbbdmnemtsl it accbhdanchrenthahd presqd ﬁn@aﬁms ateiadno ot lidvisd do use in

conjunctllfnlsltggtgn ox] d |leg<g{cgepa;1§§1r§n p?@g%ﬁosga Ov%e':r iea %til’? ac%lo?ga%ce with the
present BREMRI Ofdo! HeGthSlo P PRS1VBERE in difeMbh el reidaddctor

PCT. USZOO /031424 [ 01031 Exanpl es of gases that maybe
fabncatxd)ns)mqebsnse suolntasldrz pnplaame letohergiacksses- acco r dance with

th r.esent nventlon'
1061 2P RIReIPRTS ey SesPRRRE T REA el pitEmebiery of
embodifabht H%drﬂﬁﬁ&ﬂé}@ﬁletl{egﬁ ivalaitsl ahd hledriipives avig withEBg understood
The invention is not imted to distributing the flow

obviousshagges endguedifeaitons apmumtandad i bringlded pathin hgseppe of the
rrker gases such as He and N2 that do not directly

P“*entﬁgﬁ?“é§ pate in a CVD reaction. [01041 A showerhead in
accordance with enbodi nents of the present invention
may al so be used to flow precursor gases for the
formation of materials other silicon oxides, including
but not limted to netals, nitrides, and oxynitrides.
And while the showerhead is described above in
conjunction with a high tenperature CVD process,
enbodi nents in accordance with 10 enbodi nents of the
present invention may be utilized to flow gases in
ot her types of CVD processes, such as plasnma enhanced
‘chem cal vapor deposition (PECVD) processes or sub-
at nospheric chem cal vapor deposition (SACVD)
processes. [01051 Enbodi nents in accordance with the
present invention are also not limted to use in
conjunction with chem cal vapor deposition processes.
Shower heads in accordance with the 15 present
invention may al so be enployed to fl ow gases in other
types of sem conductor fabrication processes, such as
dry or plasma etching processes.
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[01061 G ven the above detail ed description of the
present invention and the variety of enbodi nents
wdeswsrosksed t herei n, these equival ents and al t ePaatliS®g/031424
along with the understood obvious changes and
WHAT"TS%]&A@'F pRe are intended to be included within the
SCOpe O he 20 present invention. 17 WO 2005/ 033361
PCT/ US2004/ 031424 WHAT IS CLAIMED IS: 1 1. A gas
di strijoutio a face plate
A ghE R BbR ESPRLL Shiifrieifed

body haV|ng ckness er of inlet
ori fi cefachplateighdyhaning aihhkaassd daﬁdmgtahxurrﬁiar bEiat onfiees having

S AN L INETI X e

a umfoﬁﬁ %re]ss&‘ér&oﬁ‘Sf E’é%e@rg&f‘ou@l? [ a‘rlﬁrlt Bérr LGB e Bhd éerﬁéﬁeglons of
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distribution faceplate fl <I:1 X
having a center-to-edge thickness variation of % or less, the method comprising:

providing a gas distribution faceplate having a thickness and defining a
number of inlet orifices having a width and a depth, at least one of the orifice number, width,
and depth configured to create a uniform pressure drop of between about 0.8 and 1 Torr as
gas is flowed through edge and center regions of the faceplate;

providing a semiconductor wafer separated from the gas distribution faceplate
by a gap; and

flowing a gas through the faceplate body and across the gap to deposit the

layer of material on the wafer.

7. The method of claim 6 wherein the semiconductor wafer is provided at

a gap of between about 75 and 450 mils.
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15. The method of claim 12 wherein the deposition gas flow is constricted

by faceplate orifices having a width of between about 0.010" and 0.018".

16.  The method of claim 12 wherein the deposition gas flow is constricted

by faceplate orifices numbering between about 2000 and 17500.

17. The method of claim 16 wherein the deposition gas flow is constricted

by about 10000 orifices and the material is deposited on a 300 mm diameter wafer.

18. The method of claim 16 wherein the deposition gas flow is constricted

by about 5000 orifices and the material is deposited on a 200 mm diameter wafer.
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