EP 0 296 891 B1 Descri ptiom Thi's invention relates to self-cleaning
processes for reactor chanbers such 2BP@R¥EIRcribed in our EP-A- 0272140,
entitl edTHERVAL CVD/ PECVD REACTORAND USE FORTHERMALCHEM CALVAPOR DEPCSI TI ON
OF SI LI cofets"®®DE AND | N-SI TU MULTI - STEP PLANARI ZED PROCESS The pr esent

Invention repates.t, relatesafagc Qi3 AR dIBL BOGS 1 QB i el diiﬁ 2140
in-situ mhﬁt.g% Croh AN i e Eunl ity
CVD, T asBloRpEAGS lfu AL S PHRNAR dgs@h ’ ' i m

The present +3\pRBdnk Rtbnitn$ékidstd Aebdr aRY mﬁﬁe%&ﬁg ShoRare mfsm Adple .rﬁég?aib%nrcun
diel ectri ‘brdcé!s)éiﬁ‘ﬁ Sofdindiuding BemlaPEVD:; bldmaldnhaedd@hémical Vapst Abdokifidtl (BEGVD), Rfd fih @R RYAkK.
I nvent i on Taé gréseht@ivétisialsh Riath 16 pfot 643 Sobto g dehiiRS, plaktr diGigdtrk fagdremititddBited BiRuit wafers.
react or i nn garticulanthé pressht idv@ntionl bise ARBE 16y pictedsisequasas tobself-okaning ithegeactor in-situ without
t i me- c¥ns wisiasgmbljng the daried dr ysidgam&pdmnmmenﬁdmmwedus wbtebamicatpleariiige r eact or

descri bed hefheirgactorrlespribgdtherdin fs@daptad verg eiyaligrenelry devigerthicly ad@ery susesptile to
whi ch ar e syesysyaltameurpef vasy gnal aar'@v'etﬁs §¥mv9 apergles g eglajivelithigher pressure than conven-
parti cul atiiel reagiars, i ergies: ipnodived sereieg Which ey sifldgpogit in the P’&‘PWW H'i' P dewnejrea gxiagst
t han conve“YF“’"i‘i%' ’i%i‘P"‘?‘@Ei‘e i“fﬂ“!? "a"fet Thys, @ithpugh "’Paﬁ? “1"1 ‘R/'E%P’ P’?Pﬁ*h nveptiopg!

deposi € i °8RE 2pda) ?'ﬂﬁ'e © % t?'g% rf%f%:gi ber
to the thif no;{gg;nve e g,gst TR PR Bl Rl S st
is cl ea“er o8did'ch -a|v£ rPcﬂ tdiddfd st&Jﬁ@ﬁﬁUuﬁ'Qtu&@Qun & LHERS
less freq %@E a}(wberjs Br ﬁPE bglﬁér)fh o & ls%g Qa ﬂ\e@l %mﬁé& &@@ v&cjﬂﬁ}n 59%% ngagement
chanbego arfh e 4@ g UAELRNSIhEREER R IBASFSHe pS\ﬁH?JdEHQcch% {oRhbd®d protrude trom said base member into
parti cul atsgig srmbér! 4t ¥eBst SHERYrdundbd QIEBYoHY oY tofpRsirudd Hdmistid B4bS WoMbdr MtCbaki @hdMber, means
o} p er at i on 1@ fintrBNP B MhSsaRLBAMDAEG art Slextricd) hetivbrk Rimved o/ @eatebllidred BBtk fidld Bb@Bn
C alsaid pgweed s Posankisait grodnaedxectralb, avirlych plagmé i Mekted in tdkbehambes by thie interaction
cI eam ng of sald¥ad/AndisaithBF tidivh sdicniasme actiffRE sttkelnwanter depdsitarfivenrtis imermmii otsiaid ghamblras e
menber 25 or meldS-4-45294Hdiseloges g metherhef sleaning apeppaitug tarfiermingtderdBited filmi anla sulfstiate toaeiave)
end of t héhastbsiAress atiaghediethe nsidanall plaetietichamber inthegeursast e tomationnf dappsiiediih prote
sai d base SH'%F‘FB%'PV Sfhing Wil plagma mactierd whichia gpsraitire gfsarbeyytefiafipeds aé‘l’ %ﬁqndfd’éeq‘aé iRt

t trud ﬂ‘?"g Jeiejied E‘F‘°ﬂ°?ﬁ" °§’éf °'E?'P& rea 9 s
o S wbefgwp FEEr§ bRl i E% & e
g n'h r?a aPE" gr ounded

frequency et vv'e'é’ﬁa"é" %ﬂﬂ%%?bea e 8’&
ofd g

el ectrode, émls dam.smrakgfemsaﬁa sﬁkg@m@mﬁg@ﬁ“ a&asroaaag. foh S8 an
of said 9%§soé\£l r% réc@ incIgdi st Bfbnfalve d%&n% HEMﬁhQJ& fﬁi}%béo'?
f'rom t he iggieiiondad a-a§s?dt ofc Qhich 0&R be perform &thisitipl %ﬁﬁ&s Sequence.
net hodssof cliega Irmedaﬁ,eamm o ladrf redcRr gamagard@mséss Cédhrfolobﬁﬂ%ﬂ isthp S & lsitAbiBout
t.0 renpve disheserhtiiigdr fanfoaing dhbrit Bdoretst he i nside wall of a reation chanber

I n the cour sleis afurtiidn lafe bisjEd to providd a ke ps 3dr tiemhing intsho, bia sinflecaptindsisipabess Baguence, both
et chi ng wiatrércot chamiger argidts bxhaust systemhi ch a gas mi xture of carbon tetrafluoride
and oxygen i Bhisiiyenfiomprovides ipradess (EReliclq@pingd dartar effamber which has a bas\niet tianifelf! elecirede and
met hon ofan adicpot ataiig wWefey supped eledirerle theareing betvepnilismdeingariusielie, thegrogess comprising one
suppl i ed tstep inphick B gaHBIUS Femtising, liRtinatep "é'a'cwt%@ﬂ %aﬁ@efqﬁéherﬁﬂ {rjebgnifold
and waf er ®pAdFE E°"f?f's‘fpﬁ\'-?de Pgasﬂ?tma"'f ﬁ"fﬁ?’?‘al 9&9"?“’98' "E‘E’fbﬁrésé%a'"éf""ed

sel f - cl cagth ﬁg 9f°fe§aﬁ5 9 iema g“@ﬁ‘% prepRpRt ?ﬂi‘m
S sel or hin de Tom atl egas 1t electrodes; and
used tg ?Eﬂﬁf o 93 f:isn%: edl qsth éwaﬁaﬁerﬁ?rﬁihﬁ 00 i Vo Bt & et FF
invent | 0” \9er ﬁ REBL& UGS QEning bR&FoPth&fiorinated
reactor a'ﬁ @nst%%%b@tk@ alﬁm Jd' ée@dn& )fre& reWmBﬁﬁa%%hlaﬁ'st'p%éuﬁ’Qb Bent (48 bidRihg plasma
chem cal  ViaaRhoufBe Bambér@Rd thd nasiidB @Rortfibcedhre YRRRINedIR BASIohd aciwy teater
pl asma- assnaﬁtrﬁdrseéps&ﬂga&bmh,uguusémnmmb@ghaa%emamdr alone and in-situin a
mul t i pbee pr oa&s spesituglyeaid @ne sidp of etchingldbpokits fram ith@lgad islel nel¥oRiEnd tvaferBuEpsit eiectrades may
pl asma r eae tatedsetfifst oloadibyriigs step oahing theoghoalttegyiamtler. ch | s applied in-situ
wi t hout di saBwedvirtiomasoencompasses aTgethok athusibg arcidimpumred tegctorichaniber havifig i gal énvfet manifold
rel ated olgpeavacuun putiehsystm, ampieying esliscleaning, e¢repsisiiohiysti depesitingiat lqapf acsilisanpyidelayer on a
cont i nuousulsige aesiioned qumchamaerwna spegnclyy epPlyias lap BV lopRlicleaning eiem Eurthermorps one o
Thi s |ffver??‘f°@h 'Pwlﬂuse%epgﬁﬂ% gnddesal cfegn segé?“Fesd‘l‘aééﬂP b&'°’P€8*Bf*\9r'°°E'f?!§ﬁ‘b%ﬂd fRTded,

h °| °‘H"ﬁ’l’ﬁef P e follwina dpositiqn jo Fcl p rea
Suppor{ el g PRIIRE psiePr e Be el LT AT bl o R e g

conpr|5|ng one ep in which a gas mxture conprising fluorinated gas is
comuni cated into the chanber via the gas inlet manifold el ectrode, RF
power is applied between the gas inlet manifold and the wafer support
el.ectrode, the chanber is nmaintained at a first pressure to forman etching
plasma of the gas mxture and the gas inle§ manifold and wafer support

el ectrodes have a first spacing selected for etching deposits fromat | east
the gas inlet manifold and wafer support el ectrodes; and 45 another step
in which a fluorinated gas is communicated into the chanber via the gas
|nlet nanlfold electrode mhllst RF power |s applled betmeen t he gas |nlet

o Y o o




The fol | ow ng i s a descritpion of sone specific enbodi nents of the

i nvention in conj unctr on with the f@ﬁW@Q‘GFaV\A ng fi gures in which: 2
EP 0 296 891 Bl FIG i S ato'p pl an_vi ew of preferred enbodi nent of the
conbi ned S S'EY? fergpdiomb %ﬂ?{?fEFﬁg“‘{"}?%CMP’SE%YR reRqiRy K$ 70 indtRSticg difn
with the 08(73‘?"“8‘685'?" with e Govar Pt t i cal cross-section, partly in

schemati c, @5%& vgjl %ﬂgosu,s&ﬁonzpa%g ]gnrls'grll: éghc ék n‘%ché}mg ?E |nq'-?é/ § I’wit‘t;l lth%%g\gr clJ: 31is

an el arged partial depiction € process gas and’purge
gas BStri Y bR neHEhe BadladdicfRR bfiia qzeéh@an\g th@;'ﬂ'&efé arfll duie aasQﬁslirfbhtﬁh systems in
enl arged bggg@me@.hand view of the gas distribution head or manifold. 10 I.
CVDI PECVD Sel f-d eani ng Reactor A. Overview of CVD/ PECVD Reactor 15
The descr i jptd. 8B a@hrtial ehlaiged boltéin pian viewad thel g dls@ib@ior Idad eredahiicldat € under st andi ng
of the present react or sel f-cl eaning process in its preferred application.
olfeftiganing Reastor and et ch processes described here are
applicable to ot her reactors and can be understood by referring to Sections

Il and | QY f CYD/ t Section I FIGS. 1 and 2 are, respectively,
ato pfpl aan ew O"°f‘ ts"E rh react 10 vvhr IS sege ressent Li{qpéocess

prefe red i

cover p| ("%rfs :r:éegéf’g“c ' 8“'?)’ ?ﬁ s ect l"o??es(??s%d A 3":? (55 apRllgable ig other

Englr:lénf?,,?p,ﬁﬁJ@% ?;regﬁ?s yre%%og’ie ch ¥ e%%én%gé?&%ﬁﬁ&& a
defi nes an mu@R pﬁrfaﬁwmesﬁ’" AR los, I tec Pdlsy ammnbasmln&memmnmgémb&ﬂ-

The r eacfsidaiysniib efBiukdhum| wh Idérrﬁbdat%e@ammﬁaﬂw 18 kHathad H piadMlpidcesk g AGEN 1. The
uni que Wehdidr systorND[aR6 tnclades aavatedbolding lsiaceplar 16 Britta dnité WalerIranepbrt $y6t8:h?18 (Fr ipdakie
waf-er s Uipgh@ied vefticallg abwibig Gafarsdppsit rgers PWdnd Suspgpr $uppartrliegerss22 243 deskbed hRPrA-G222l 40,n
EP- A- 02 74hl h(EP-20083214Mh eftRedMDIBNUNAmber ttagratel Baicdsd System]) these@hgerdvespeiatetwiligareexeial
Procéss reyatic biade 24 (@ 4 Hofintiadusing wefers peinta the piapaséiregion as ghagberd # antiSlepasiitadihe wafdrd 13de
24 (Fl G Ot spespptori® forriRgessing theafempdnalim watersd5 frarth pigii6 prcihashareher 2hRatsastor1 4
and de po@!ﬁ‘?m h fue*nracowarser %P'&‘!?ss(ﬂ‘ffgf Hes f%au!%"é?bib@r 2§ 8‘969" §§ﬁ il P“’Q"Pﬂ,ﬂ‘is tothe

from the

Feacto e tr;%sr 'an PATeMES e ; ageg TEE" ik a%s'" %r spssgplontp
26 t h t § t| on ewae elam 6 | stemrsd scrl mE i1 refEren | pllca |on
Supply ot s%ig 8"" drﬁk %ﬁ °'° 3 irreﬁm e

d od
pl asma f%ﬂéﬂth Frode Ay raliElf ot ﬁ h£t9r1§tb§> %b; ?ag? %ﬁ.%krb&h \g&%rand
suscept O pirge AB Spe) a@ﬁn tradebR | pkd léﬂflo WRRAIBHERERPEARE of the Wiéra s bt b3 the top and
deposi t i giorRiRbiBof id 2ebetmiidfy olimihite ddpadiien Bre@hd wikBin)INETREMANSI 618626 Rtk dnimiséeizaTe
in the rgkeaapaRtcMERg itdetallin tRasiabicedyWiigictaA parénNpatdnt pbatabl y, hi gh frequency
RF power of iiduid cobiin/biatemss4 daneds thb teinpérature bt thaomp@ieds of tieithddbet Bdttiudind) & pgaisular,
mani f ol dth@dmpesatgra ot thaddas anavifeldcpr Box(26.0the temperatdre piihe gaspaxscodipartents isisbleaat te pliptinaim
32 (Fl GPrerpatuigndbpsition Within thesgag| baximgnitold 26 gpstreanyironties giecessehambged. evenl y radi al |y
out vvat‘? dI aleq regeter gyplemRinglydes Suniaye. i (gprfeas-tergush deyisp B&(FIG: 9 thakaupriissprecas %ﬂ”&e

he ﬁ%d@’ﬁ'eﬁﬂs :gﬁ@'da?‘fdm@ﬁf‘ electrcally %Iﬁl’é‘t"% Apamgatrq Wt%é?r'ﬂ?

_ ed em .9 the wafar res @g icounte rch makes
SUbSt ant? ?'t%;%oﬁ;ﬁ%? 8la ﬁ s t e is ecﬁ pgié pleF:Bmd Otglzctgcg

|ona
26 a /sus ?or ﬁﬂ(ﬁ b%g’fgl? d{l gﬁ control
én Hlag c!fie s Grebt rﬂpmﬂd ﬁMﬁhees'ﬂé

referenc(e, ce

GBREY o}
control ScebidCi6ly ﬁ:ﬂrﬂﬁ& Alsb, rﬂ%f trdlh @W@lﬂﬁnﬁufﬁeﬂb Qaddd thb Bérhd Ak fidde paian
particul s%rery ctarh& e f? MHy Plodss8 g&¥intd A6 cramBer iR drainbbr arha.tso Xhe?&pabTh@o cBI P péVieriot
of the 0fsgdlmanitRINPORB PbsibleIdeSSite A liRreit@anBdnkydf Righ Fotddtia? AR bpbriond fisad & dbpdEition
Wi t hisn  t f3mg ashidaX fes®iRioligh) bl {RHuNitDE ddsigaontiierfasmhtiirbugh, INhidt &ress tied R iveshtial dveniylflong
The r eacthekenghys the faed-Brough; thucieevedingimplapme distRrgg aithirt TediFidas feertjtrouhb 16 & desBiied in
(FI G 2)detshi intthegefprpiced Wanmred @ eayent patent gaplioggiongas to the RF-driven gas manifol d
26 froman electrically ground supply Applying the RF energy to the gas

box or niifias Menifold 86 and HssopiateRigtabution Bysiem t he waf er residing on the grounded
count®®r el ectrode or susceitgor 16 V\/nl ch makes possi bl e a h| de r

of
pl asma Cr9r8t /s5B a 'B'I' ag%" “Ffe°f F’ ffu 5:;”;:;'
applied ¥t aﬁ%ﬁ °“? ﬂ‘gﬁw .
har dwar 98" gec"'hanr%&'alnfa" %' ?an' : 'or(i prer: SiRce P Copn ghtbutes
I sol ati on between Wafer/susceptor and chanber I S not requr red (or
permtted). Tenperature nmeasurenent and control of the susceptor/wafer in
the presence of high frequency electric and magnetic fields is greatly
sinplified with the sus- ceptor 16 grounged. Also, the feed-through 36 is
rigid, elimnating flexible gas connections and the purge gas flow path
safely carries any | eaking process gas into the chanber to the chanber
exhaust. The capability to apply RF power to the gas nmanifold is made
.possr bI e (despr te the |nherent tendency of h| gh potentral RF operation to




The gas di stribution system 32 is structured to provide a uni que
conbi nation of at |east four struct (FRP29&881Bls. First, the gas manifold

26 |s one- haI the povvered hal fgrggét aqr; el ectrode pa| r The owered :
mani f Wﬁ
distri butt%gt”g f}'ﬁt‘@, % "

0 296 89f KIS i.&r,rrte 08 L gﬁ‘;% M ‘t% °?ecaﬂi.ng
decofmos'dg oSHA: THItE B8 s rﬁaﬂfbl&%aﬁd?j% Gl ket ab HoﬂdetaQ Hdurth,
syst ent unst.,rcaa&h:ta SrednkibtentiB) ﬂ@gaarﬂacaaﬁemegepaaeao s%ts i a.orlasa , outside
react ant y@a@RPortiEiReds ¢ s\Mticée hin€ QR GRS syaergsunates 5 C and al'so
deconposes The abafehtGre¥\biighs distibi@n yfsteh 32late@Bpididd ldsArly it REPIBI 2bdrica séttion vibwGind
[err] . THe@IGeRbreargeaiverticalsiodtion vibwt THA P& niEh RUIdRE bR sedbikteddistribltion eys@m arelpart §f @6 hdusing O
prevertt heradepiiigpivotablpinounted ioythe hpasing it 2 byl pivbianease(sat sigpwo)aqiedlittesaccebbionte, intdribiedt
gas nani fhelhdusihg, inpldingichemiptr $3, plpdmatprooess shamberrt# 3 gseagiafed Btepnalcbmponenta ahthp wafanand
deposi ti GPPG_?PA Q5 elevator megheniams (4448k | ncor porated circunferenti al urgl ng gas

f1 ow preventhe P@wﬁsﬁfstﬂ%h"“bm fopaiarough 36 feclirested inip tag qoves B bygrlet hera & Wh'°“é°mm""'°ates
out si de dredgypjo, tgﬂ%m‘f"ﬁ?"é‘?“ﬁ'a'l’e’ 8armee VtW%@@aaW'?%%;%M'ﬁtﬂydﬁwned

i l??'faa%‘ﬁ%g" TR "&de ol 9QjbyJpean oute the
o A R T e e @Eg?@r

grfrrnageggfg a.j? P AEPEng ;ﬂ“ar?%edhe r;f%%pﬁ ik

e§nd
enl arged v ta 3

ot fd%fjllqmd such as
distrib Utdb %ﬂum{e%ﬂnaﬁtﬁmg Eth Sﬂﬂfl Eh i Q%hﬁb%z nuldr Shaffel &g Aﬁ& Eﬁnﬂe?ee Preferably,
pi vot Ab| YhidFiol RdeBélnd Acd Pt dé%ﬁﬁ &hrrdwrah6, 84, 6P CBBRPE S drddPlo anly Beposition on the
faci |t atRe kL mhiols Miich B bpoiediio 18 prishﬁ i HHaRd i A pb&(ﬁfrdldrhﬁ@orﬁhra giRfREe chs create
pl asma phpataits eRtaraist BelavoiddtdalsSHeflowirdiaablyhbies bailb SLWIhPaPRAaHgS, nidkt pkdReabyaritis
ans-&usc QFIC5° & hogerbra Intemadepasitia s cdndehsation of loMvepdd pressars progaas gdsbsoanc as FEDS e to
f eed- t hr pregint GGompesititinmadreantions t gasdsisech@e VERS £0 olppe. iPishsstnolecaueh d@Bositipn is directly pro-
commufdi c abrtianalg tirme, temperature ¢1,T). fTeusciiBe Yant amall garf ahautiof264 xi10cHa Bi5eE x OF rhareni@d tdi2
t he aper inghaskbetygen thepleies H4@nd 97 algp deagases Any fandgnsy FW"M@FQ}H%‘G" 15 baf f | e pI at e
94 is nnunt"éd’"\ﬁf“’{'r'?lerf" P’I'?é" &°§ aPRét?ﬁ"‘P'U'I“’G""&WQ?r%PS“QOd

(not sho '6'°‘rftf?ﬁ‘t a*ﬁ*?aﬂl!?f’fd"ets %@ %q‘i f b
baf f l :é% g T’eilﬁro 81 a %ff? t}f‘lmgtke ) tr;tz ;réjéé cmdené;atrlac?rfof :ﬁ%t

the afer L > oda@ sute “gsia s%e

14 abov p%?lk I 153& as rdq&red for
heat ed ( Q arﬁ&t%r\' é’éﬂg’s pr@&sérﬂn %J& erher érgHé iﬁHRﬂ t@ﬁalntaln both the
de-ioni zggh SARND eletBring itk est?th fatd’éei d Rhpbrii@$, channel 82,

annul ar Chalalﬂéﬁlaraﬁ‘lh@ﬁi&e&lghiﬂbw igdAg 91&6&necﬂﬁ|@ﬁ§hﬁﬂ5ﬂ§ o 882Hto makioR cﬁdmw do a8dify

t he f ace opvartigto¥id odhe dnbaifle®4 Britt akcDiid thebagie periPhetl; to the battbm thetebf, taérchadially iIBwardBhetwden

that any tréepite$4and the anibld@lafed6 endyut Holee 9Gy26sntoTthe plbaplagproskssiofirepien Bhapos ¢ water tshe

pl asma i Sheflowgpnat of thd deposiiongse emérgihgiframdiolee 86-38ris geherally sadialyauwardiy aeress dmtwafer.

parti cul at g adgiign, theismalnglime bidhepajuthabeesalchamber 14@nd thehiohpiselplshagiperpréssireiznge of

baf f 14 9abant @.666f x § 9F&Um*(A§ o) temear-ajmosrhericprassy rwlqonpwlbse rtth tepdgnqy teR@fie a uniform
Khr nal ﬂerer GJ@'V P‘f"fﬁf" féﬂ’“ theRepre P 1ae Wiy 12with I"EJW "?/"&B‘EFF'%R" gand PU@M‘“%%"Q%S““"

s uc

t d Ll d {
TECS and oz ﬁ@a"' gs g%ﬁgn o<l ﬂggrgiﬂto %’I ity C&%ﬁﬁ "‘Q\O ?h% A U manlfold

above t?n‘e a ou or kg
onto

drsc
porti gnale Fadls E it E d
0. 254" [ S lnealily hatbun depeetion ﬁ?&\egf nbrily mﬁgtwﬁués %6, The

pl at es 94l|sﬁ s Qé’wah a&;acdafaﬁgamso 140 Ypelc REYSI S8 Sprdxihatel) leQUal) d kHRRS-hdiedBacin Witk
exanpl e, ohdh ringi@ apgrSiiicl )l Howdlel, 8 phitfbvialakel aglidsii taghBide 56 hit@B mdfe thenltvEatihcent
di oxi de, nee(erebme difidbelaaad nidnbeRak biheddafall TR ik, Medbled ih BEYAFRIBIBUMbIThIREA s dality
chanb®r %gaced onelidesiethe poleiscatione dorot Dmbadid straighilings] théraby 2Gstabishliydecrpasing Peposition on

( 0. 5- 200 te@as gistibotich plateitself mahanbilding unigne gasfiow et degasitiosonttheovafer. \WaAf er 15 i s

heated to Eeprre]worl@g dorfigyratiole appesimaieltl 340@tholes 96106 are usediiihe hele lemath i8Q254 X187 10]0.981bx
[err] is19RMmeresL) tﬂ%ﬁ dbhingthe bale digmeteris QG K E0-F GRBISX IREENstres (2028 t<9<2°3&t'n )84 the

to pr ev e MdialyAfERAY ﬁararocetmeorrmw'm% ?26812«’3% pm eat%o !I‘) @T“?’ These d"“e"s'°"s
( De- i Bni gq)th%mfatepgomgl@lo B‘a’ft'é"ytd de
and de-i t 5 4 e ter I mtyat as argeas
et st (LR e e faa r:r:r .grp 24 S"“::“::,tiu'::e“
deposltlon rocess an hem try or ot raneters
i n order to mai nt ai n both the |nternal surfaces and the external surfaces
of the gas box 90 at desired tenperatures. 35 To reiterate, the

process gas flowis along path 91 defined through inlet bore 88, into

‘mani fol d chanber 90, radially outwardly tp the edge of baffle 94 and around
the baffle periphery to the bottomthereof, then radially inwardly between
the baffle 94 and the nanifold plate 96 and out holes 96-96 into the plasnma
processi ng region 14 above the wafer 15. The flow path of the deposition
gas energing fromholes 96-96 is generally radially outwardly across the



hol es ‘(or some other selected number) are aligned radially. That is, the
holes in the gas distribution plate BPOR96884B4I |y 50 spaced on circles so
the hole locations do not formradial straight |ines, thereby substantially

decr easi ng Befg'oeq ft“'t"l@hto 61F- Bree inglsateddyy dhearenp ol Fladrsd uprces @I’Qe gah IPWeRTHRIS RIoY, %‘r’e" i
uni f or m ¥ PP 41 6’§'|'stP ?1"°l”h’8m\ﬂ7§ an ?‘?’"U '"'Bdﬂ‘ﬂ‘ F‘gg.ljfd ?°$5?f
appr OX| r W Bad gr}ngs Bf |det |fo mber m{a turner 1 4 |s
g Tfo
th

0. 381 °°"‘l';° E i) n fal
%, ar&*@ ook ﬂt Yol e o i rari:ﬁ« ok

hol es are KRl @l @Wp@ b HEidsQ be108 akbfreho¥d difiilafyl to B blofsis §dd h &QOBﬁbérn generally
centers. &h&éﬁtﬂc HoSBRe@Pscoda apﬁ&%atei}%qmmg@d b 8 heOwithinrihgHolelRpdMb @ @slétted
uni f or m f doanu thaloketiond ofhél pisigEdlos 08-S loin dagérediadal IRB0S), 40 tRad n®fvo bbljgcontpingd Fdidd
pl at e 192. ard fiengjarradizt ire. Fobtha 4bove-fiedtribpd &keinplarg méniiol8, thepas is AIBIAbUea] fdmGibauneaoebles\and|
ac.conmodatheiolivwing purds lstesdraansiors sird waed;) betwen-titg Pdcing 0{0226Y 10rfgbatress(0/090 i6.); ihole Yiameter
Lar ger wed-@8§x tatméjees (08T v eadhdigjengh Qrigk M2 mefrea (1040 9&ér nani f ol d 26,

susceptor 1 Beferlneql%e £. 21 p sgrendelpwes puraediow path 108, WA Ofriapreyided vip inletboref1i 4y pamed ry theepjds
and b al ¢ te heyging W’I"‘Ei' NAYERY feadsdnio %rsa"d& e'}ai“l?e‘d2 F@G' BengE|yponcantrical lt‘)‘“?%"’

891 B Re?‘*&‘PF berd 3F'F'Gb the g %823 'B\ﬁ%‘h 3’9 39*’39" a
first, g%' weg g rralegtv ha e” A ;P ee ] mr
Tmﬂet | Eor jﬁ%‘éﬁ ‘"" i %féq 9’%8 ':r Rg%%mme ol s,

ooves chﬁé:el rs'oohnedtgdlr)la ore%ﬂo Qﬁnm @écmgﬁ " : £§2m o y rf13:blrs1h1ess

COVGF conﬁ@mrunmmmt cl@dﬁ@eda\al@&xh RV spdnflg=8kland Slﬁ‘raih aé'f&&iu tQ
(arrow 95) . admedtierdlidedWict B A& lppdiQrirgb Gad oW RLtRELGR MRESY (hFdwasa), br)énmrstho noz and 106
mar-+ol d (akaet 95), Eefout Plrg@ig afenes 108-1PE@ing s &ltherleinuppdr odgdbl Bé prbdes-fosifioneEwaMr
t he mani f 18l simolanactidha(beedinn 125 thb Bwbiparga gasuibwie thedughniniet 11d @iovt 101)tahearinbisreing DR a@6ss
rows & ahequatawisioh 08 sweepibdibe wadowiclbardamivalD3), 185D upwesdistbiean the ioweF péBiphefal bdtthre edge
pur ge hol athe wler 15@Brow 1e5).iefoaingtodFIGs Brthd ugpdrgndtlewer gps poRliows 87 anpd 408 Tudrgst th Baldrd6
i n gener a4%ganddiag eviwarly. ag indieaied b, arowai0¢ acspss dhecplater 114 ash tyryghndhediolps Ei§iherein into the
ring-to- r‘?“ﬁ'da‘d’l‘"? saﬂeee'ﬁwsomﬂmchaw “ﬁféﬂ"’@o% !ﬁ:?)n isjugpesand iowpraperging fiow pattem
the | ggat b “B?F’s EIY’ gow 1 '&%’ %@“f SFR?P participtgs, gte., out of

e. . %_?m e 1 t% lo ﬂpu ara% to}h ger g
!thg abgse}'—““ w?? r urfac naé\F F bcumﬁaﬁwa ro ge an§ greve C{r?%ﬂtr;an%:e&pée&srfes é?nualﬁ(lyl,i%\i
600 hol es aB%a an u%rﬁlgd@r %ﬁwr Azﬁékﬁq%%m StrB ?E%gggr% Hyg-4 é‘ﬁhus

1 J]

Q_-Q

spacing G vein dédibgr, WidhaRTorfnek iR AR dibthb h%gJ les 116
net r ess ( Qoolhhanidald ito tharr&ilgeh Sdnt iR ExhhuE:- cﬂeréq 1 hrrmtrners dobheBtddtolthe vacuum exhaust
Ref er r i ngpulnindbysiemia tife SHryRQIITLt cdnfdblidh 1211 ITEE cHahrM1B a&&rrarga dondukcfideelrOiBtivb o the holes
provi ded M6-a16bada@ie dbiRir@atilelylroryiafjeNBlGnd, WhichproviBésdRifomh puiripig Br@llsdintGadially fronftheGiafer,
connect s wih te@izghlicity ¢f ta@ingle pain pumpaconnedtiem ivedomBidafior wiith theainitpen gas sidw gistribution inlet pattem
concent r i pevideqbyarzoiteld 26 ks Unifans radiapumpiegrravides upifonh bes flpw apcesthe wdie i Bl ISsyressind,
above @ hethugusiter degositionevenGat veTithigh chrmbarairesgutes sichas PARIGA % 193Nkm? (80dory eveabout
ewower r 8§, e menitoli78 iscuszhifts an qlectriede fr@uiniioAn elpw discherpeRiasta pidiavsypl high Prestigs.
he O\Ner"‘”}!?ﬂre@f’t?'eﬁ%“ PaYendlghidgrogiiansaie andifie efiectivePyragfitdow 70 (see arrows 103),
around t he | ower f - arr .105) and across hori zont al
quart z, co @Pleﬁ"é"fzg%fﬁm%ﬁa@ﬁm@ G er 13 just bel ow the wafer
pr OCESS' ng ‘frﬁL f}ﬁﬁ”ﬁ% f 1'0r\'glu@4 ol ognng(g r&n Eof é?élﬁ Jsz‘éurSQJAE% gkﬁlcéi'l
annul ar palds ?g;;; et i bifefil | St ilstm.oﬂqrs
outl et chagiiglverhddh theddibetroddd &abarame o SndGORERS 1@dvnl‘{ba?an@||elﬁw £l (39 BmBeraigré cdnflol
aconvent |&mﬁ}mmgmgr§hgugimanﬂ,mmgc5yn (not shown), which establishes the
vacuum W t hirke sbbi@ feafamelaphr £uaah rangh sfpmkdssibd vapabiil Mithed@&B1061 0 ploay) it lcait Baralbhifiese
product s that@en drdreenCinporistito eadls typeest biocaaaith forswhizh Fe Gres@h) (eadtdt @as lippre tsefh LBpeptficalip Sor
flow is tdel-clerging ibalwite r&@e (icavailebie §Blatingrinessunes apd 1he Variatil® Blosarsdacih 6f thaeleatodes frlst
t hen out manifeiE92ranthgpsegpior el withparkilism @8twoal thompreBlportant fedtsesout er upper edge of

t'he process-positioned wafer 15. Sinultaneously (see FIG 2), the |ower
pur ge %Hadl PF'@ﬂquPSS“PhW'P'PQQBMMMS&?F and annul ar ring 112 across

25 the quartz w ndow 70, vw)e % t he. wi ndow c| e&edg,arrow %’{%3
upver dly £ QRAAEHED FiaRAce Ultla floe Pracessing fegiancad descthed e 0.
105) . Ref SPPIRGCReGORE PR SORARE 5318%”5 oA T aRe? "'°§as°usr“° PR dY éi' 6’8"
nerge at the wafer's edge and flow outwardly as |nd| cated by arrow 107
across the plate 114 and through the holes 116 therein into the annul ar
exhaust channel 118 and out of the chanber along path 109 (FIG 2). This
upper and lower, merging flow pattern notgonly keeps the quartz w ndow 70
cl ean, but al so sweeps spent deposition gases entrai ned particul at es,
etc., out of 30 the chanber 13. The conbination of the dual, upper and

| ower purge flows which are confornmed to the inner quartz w ndow chanber

surfaces and to the cr rcumc erenti al wafer edge and the very h| gh chanber

T N TN\



whi ch ‘enabl’es bot h the very high deposition rate and the effective purge
flow. C. Rel evance of Certar n Key Fe%Rﬁ?&”ﬂcPWUI t| pI e Process Capabr I i ty

45 The ke features o tor 1|O inc m'e y P€g§' e
[2r”nga§r3{t§ R ; s rwﬁg fi S i
distri butron '(cif)m % afbcfces ose s acr ng bet ween the el ectrodes (inlet gas

mani f ol dA9§zdapqlE§ér$,¢9e,p,;|gnogﬁéonygrrt,a{psgﬁr allelism and (5) tenperature control
of i feer naﬂm—gﬁs_r'm'e't_—‘ﬁ_f'& d surfaces. 50 The above

f eat ures i nmabion@TEUSHRsduaKIEERIceitidhIsDE MipAELpERAReNcbvoly hatlifpréve@highiasridrhal £ 490%)
Typi cal | iicod tioki®asatedsatifdsale fGimed byasethdnfidl EHémRE) vadoPdep6yitivn bf IHeGdakiamé THOS £ 6ddne
type of prrelesigiowtenipomtuskiusiy idisnt atrgadyirovids aokaiar teyifatuied Bbdusa®oP.C - 500°C, and high
Speci foi c atekspres bOY3.98 @102 tg RaSHA xI10f N/tné(woe@eorr) anheefgbbhoabait 153,82 2108 pct59.68 P2 N/m?

pr essur e$40:18¢totrh Eheqapneddwers the| ae@/etloe eifhereadtiprekingtios end forthe silicon eipide witimthe TEPSY
92 and s@theeetyely pyempertirep afreawta,qo € two of the nore inportant

f eat ures. %mmerc'a@)ﬁ(?"ﬂ'@b'%'ﬁ'bBVPﬁsP’S-rWQﬁ%Id'm?’Sq %ﬁml i usey W“M'Va%fa'ﬂt"fﬁ “Sh
Proce S S Tﬁ'@htﬁ r tloreAlgct, sﬁ:q-, l@grd tetraethy

descrl beo""ﬂ‘g ite g °8%'£§c"i | g °Z’ ‘:°’
nul ti pl ef’?i % tﬁ “ 5% 8 'ﬁiﬂ ‘i/cé)atﬁ'g lgdnt %‘@ﬁ’s 3982'6 pther
and TEOS N r&' bodlm rs &MQB@ sﬂ'?thg:}%?umeg% s flow rate is
et ching, sg sln? hE Hambé} pte&u%'rééﬂ 351 {o 15@@“ fe gmperature
uni qual y rs@?&bﬁ-rzb‘iﬁthe IRV Bihg a Ridhy cOHISHRA Sritofbid SidoR Sibidd o&@ﬁg%t Yidpbsitidffat¥lof 50b R RFE

of usual niﬁ}gbdoh_d (rsmangst@ﬁqymtnq practice the process sequences in other

react ors, iUshgtrdirdagloSioNnad @espiity cartinpla@e (ieflibfioa ¢htd Aty lothGhelivtn g VaridHESEOS) is
Thiefral @Dt 9D sGorié Hsimicerh e BtajdarBleaidrentimeFE@Brinats;ath -ostardard terp peintiriumh Thesozone,
based i n Opdip¥ is preuidedtbl the déraposiios Pl th 8 weightiparentedoni ingprtggrriiswing atrmadte ¢f-alk@OTZP scom to
si i c¥®n AP g The tdtrheasfoweiet nohigtuding the pergmgagesplypicaliyecan browitia thecanger?Q0sem o hapgim.
deposi ti gn e oastsistrpulige enifeld (crEiSibsiaLPoLY A esagter 1P |ceritPipe Py detignjged walprot tamreraiuse
usi ng r adp-ahe °'FP€B¥’19 r'ﬂg’a%ség F'EV!"&%“%‘%F%F‘”{‘% é‘r"é’t ‘O? qas giptribiton 28 W'“‘ f‘ rro¥goe

hi gh 10 °ped ﬁg °o “ﬂ) ! Eg%g{%%}%q' ﬂﬁactlon
pref ablb%}ﬂb to as dlst riougorg rate 1 hrzalbl a
t

| owers tlg e ls nc om ure { rmabe one
di oxi de griiellsh Ag’ff% ' srrx.eﬁ rm@mtggs rgti‘of ﬁ (ﬂl &
[err] A gdqmggrocpr,@ tMep@éﬁ%h or m,@m, corona di sc arge ozone

generat or i ddscAsbalaBove, HMzMnearEﬂits)ﬂeHﬁaﬁfcﬂj sﬁ)semwrarty hiZR ki6pREtion @RPBEr dréEurds:
I N OX%geprebdareb b@raaaorytht fehdt bR8IBDK 102 NIn2Q10 t%ﬁ lahdidNaBaut 26.681x 10215 266%64xUbbI/Ae (20-200
t hr ough hdmparb dtiliteet Evaethd Yowerlportior @@ thishargb Isiowen beetinfed bfkidr than thaeadad) piegstretnbitnallytiized
and supplinprdchedlitilizity FHOS TBeiughprebit@Bndreasdshies delssity ¢ available réeotive lRgecig@and, thus, provides
di st ri butdbigh dapbdition Fete. ozone and TEOCS gas m xture. The highly confornmal

silicon di dwiteranase shejuprpr high pressiira enables anifeptive nutgs. 75 bightbure ey rated paihhabiity|to
i rreglll aremovenesiggeses. H@@@BQ/P P'dﬁi?sd%" d’“@qyb@t\'%ﬂ*ﬂdldwqu’ (9%“'%%“&’“3%? ageg The ii"P°¥ﬂ'R§
ex npl ar §eri@ ?ﬁﬁ?ﬂ? flow $ %‘P‘é’p‘S'f‘”a?' {Tge lott ﬂow i) [a"y

el i iReELy ‘3&% : °"Pﬂ'P : %d

ol r the mo y o I

pr essurethFeth( ésts st wcﬁ %9' Jﬁg m SWSprt fgﬂf gg

t errpe&at Hﬁrg ) may b§ I]n to't $ith & th 609&1‘1 fl arﬁ %’i? 0 slm
Si 11 con duesen ey pE s 10 i 2 wrthout
(3,000 AGQI%Btan{ﬁEbmoth deposiiad G aibthin uén%afﬁs 9,5 of watdﬂe pr esent | y Cont erfp at ed
useful fl owWne abdRe-tickBi6d Gt fiéw) EnalBéripkbauibasnd (rdslifng@Ranibeetbmperiiurd FaProvided @ Bifudh di-
100 sccmokifs depdition raté 6Hbbut B. 351G 666 £ 1051 en/@edt (508 Arigetrdir@min to 3.00€ Angsirdfis/nin.).

st andar d | i witie ssepbdeptsition tais of SJ3re10020a6.66 VR rint/e@sond $50D are\400l Ahsitynsine) have been
conposi t iaciievefat dorlegpofiingdentplatatupee oI200AC apd SA0EC, ithe depogitinmnaté peai at gboat 3780 Cric@0RC. Ghe
about 10@ecsazegdrtiepagitiohabove BAd lediaw theTteek is & tanbeayense ¢f|ugfayopiaklereagion kineieslat e mjaqene
pur ge gadesubstaip Feriitaugly. dremeaidemppratiiers #*el%@emmwmsmotemse@mf atppye

di st ri bufar aHMiAYmPINtsIniG Mmykirle epnducior Hiysterps. émve of4°?°ﬁeh"r'°é'$§é‘t’6r'“ gninuen. Abaye r P é"d

by de®i oflrEem oeiensr of te erature err u ? assa es trlte ein to
i ntai éﬁﬁ% @r%as .‘Zfﬁ‘f?isa a;geerb 35 i3 aﬁg&m oo ‘b ger'h'es fhrwof
range of

pr event ecorrposr 8°t°" aﬁt ° %edgc |oncl8£@€e ozo‘r'reéy
and above [err] to prevent condensatron of the TEGCS i nsi de the gas
distributor. 30 The di stance fromthe tenperature-controlled gas

distributor 92 to the substrate 15 is preferably approxi mately one
centimetre or less. This distance of onegentinmetre or |ess confines the
pl asma or gaseous reactants between the gas distribution 26 and the wafer
15. This increases the reaction efficiency, and increases the rate of the
reaction (deposition) and hel ps to prevent deposition everywhere except on
the wafer. As descri bed above the ~ozone TECS thernal CVD process uses

~ - o Y -



scri bed bottom purge flow sweeps radially outwardly across the bottom side

of the susceptor wafer. The bottomfﬁB\Ray9§5Pthed by an upper purge flow

that is directed dovvnvvardl at t*he vvafers erl&? rled streans
ewrrﬁfaérossamp

f1 ow radi 'Hlej re t?rﬁgecreases

/i g 02 N/m2

depoet 1 Sé,% B ﬁ%’ “39 :ﬁj }? e ,55%, k) ﬁ% .aj e
e}étu or nc i en b

top ptﬂ‘ 0Cedd mrédq,\r/ds @ln
si m awd m purge gas owrae agaln nitro

20 sim The?ﬁhhbrhﬂh 1Ris RI§SsbhRmalty Sderbdehrbvitlo® udifdRndREH &b E&&mgél&mnrwar%cesses
unwant ed mmmm&bmamlme%aﬁe&mw:waﬁe@ﬁ pNdspHEUE br bdioh BdpiAb (pRkplidaficatéplabs) PSG:,
deposi t i chorogikate@iasd, BEd dihd tordpiidspHiofiiath Oigss(HPSEIG loweriiireflow ampdaditare ©uttRG@HICIB roc-
gas f ["ow, ese kitmviates temeasion reflowiagn ehdr thasthe usecpf E8GBSErant BRERE arait assoeiathd preblgnisceuchckad
a si | i corelghinumegiradion. dieweysi if desired irpduetheinal B pioce8s, Bie xonkPwel oxide c@.B1 b@ Boped {o@ilaw]level
nm seconde(e3D0 WRighiercontta 19 weightpgreant oighosphayustandierdiomen hy ncomd@ting reactaifp pyck as TMP
usef ul defsyanathyiphosphitelandir TP @atfﬁmechOfa]B) dhellog cewentratior defingrierelwatid pepvids sifficiantd
400 Angst’PWF‘?‘f?‘i‘P"?"%ave been achi eved at correspondi ng tenperatures of
[err] d% err thed Jofe \/' Qrat e peaks at about [err]. The decreased
deposi ti ofi=& A A-E- EPowte=peak i s a consequence of unfavourable

reaction Kipgf #E%%% 6{’[&&%% a‘i;laﬁna%&h\%&#oﬂh%os f‘%,éggl;‘; |h PASHbe g%g%oﬁ’%‘ém
t e”per at W Qiidesite Sch Qs ?hu& Shiferptésdite 1%{363 %b'h
[err] 2 oryy H%ﬂHH&&%&&.‘) 3h B gdhtol b o@f HGbOdcor o 11086 SHeR San infBR BXfor gasl (ki)
hi |1 ocks fomtdi di forfobl il Bot Boorf B BNRyas fiow@itd (hot inSlRiing e pmguasesﬁ@éobeaﬁuodm féls/g9dond
(ozone ang.sms gamiruteg bhd MR dolverts thaertse4 k 802 Metidh (~26 ih.) fiandidr Bas@istriButdiicathddie bIaBslt 200
0ZORE i N -@RY\GRS. Pover Sénsityldethauas distdbutoskathodd26B abduttovatiep@isiddion taldutics Beiquaskpatsiel
at 500 x pflate echfignficheBadiuagt ¢ngrg B Giredied &1 thepsusdeptonfrom elowdy the anvivier aray eSwdica lagps to
106. 6% x geperatd a (@0siticn plegma and beajvhé wafersurfabeio @ tamparplareat W0 ¢o 590°C. Bp(fitrogensilua felam
TECS t enpeiktarp)and befom (eiiragpn orvw prrgmap werates offito (05 SIgGnA3DIP 2B 8im, fespepiively, igterusedswith
at hi gherrepp@ivapiplereed tqpapg off 6§ gimeand iP 'E-rngse agrangiers grgvide }%rdﬁfj

80 °S&%'bra@ opt 3%|é sﬁ?n? sfsnin) t e

gl Ogor g) Sb%b ﬁ% uon g theie grﬁgﬁlég(th%s rgtng{jnf ar(di?zﬁ%sfu aptor) is

t t 1 te

[gpf]ef ;’;1”;* 42%% D108 pésé‘sgi.éel'ﬂﬁw Tféﬁé?p el §4xwh§,éflnle ]i}. : ﬂé‘g’ax
.Qés{; and)

h 16,8
Lerr] (1% b vraf%ﬁ@rnbmae HG barddte ltron
control | ef- é‘&u&@%‘éb Rihsk MR 16 a gaﬂmn@rtawae&nnac@a&aﬁs Ialdf0.4 & uen
flow mat e bu.te dblIELES, 115 BEVe-COR A0 A proddBro FERVD ITEDS Prokes Rr deﬁwh@ardamm isfabed
hi gh conf @esreEOsigis dhovistfyatEhab SmiF Kuvdifd Rt chisimbe Geduindhibpie as thedzohe TEORjrodeskor depositing
Convent i odeaibrrardisxias, SrakesUlsauss effthevadstily chamben ool onlyipessihie pauspréferdble) ecdase aheshber 10
| ncor por atae pglomstEkiqIresssse. boron dopi ng (phosphosilicate glass, PSG
bor osi | i cat hegplressrs PEGEGECSuddsiopasitibrapsqsbas piovides mpeovinh depesitioBR8(Gracking rpsisianee, pHye
ref | oW t eeghendaglectrical praparties i@ YRfepcaipy! siieenstioxidiayer. drepresprt invantianélso praides aigipovad
ref | owi ngneihd for dappaiting giligan gjaxisle whergbyimprauertsteg Gevepasind lower siese ard higher grapingfreistance
such”as o tiPeRaied Brer seiobAnedovever, if desired, in our thermal CVD
process, {& ontor rrg{lﬂ'og),gl gee coul d be doped to a low level of, e.g., 1
wei ght, perc&ﬁg—{l@—%—m—gﬁ—percent of phosphorus and/or boron by
i ncor porat i pg, r&asgnsaam ﬂﬁéhaéonu\ﬁongrn%roamtplaxér.ahfap&r choflios Ao for LfRple, con-
(tetrametuy &k usi R Wads QRS SR intidldeiditéhmh Bh-bde el woul d provid
sufficient g JI&W@ME&;@&&B omipligas first iR UBe of e A8dVB-uéebiaNs8 I%TEB%(IM&&IOI{%@QS
The PECVRo gupktEitiaff@RASIZS & BBledic RYESISIoWSELy, sdcdibil halisd & biBélropit @toddrniSich, Pré@biyat
and a seargHighletch@®, tdbdnipleithaptahdtiRation Rodded. ThaeaitihatiinefihaaBovaebictined 0zbhé TEQScOd@®S!
uses a degxids idépositionGill asrfbaction wits eriowd vaet of dnp isotepio tch Ste3Bovited en ujexpeote@H cdibrmal,
102 20  flapenizpd didecirio fayer whictedayes well B thegmeal) geometryanujtijeval nidtalimatiprastrioctares that enaciaieatiyt
100 sccm heipg deveiopd gudtwill begeveloprshin thefutpne| Qescribradbeliow is b prgpantif Areinired gy isoltgpic fiehniacesO
to 1,500 Whishren betpedornecfngiufin hasame: multviRpchaRel 19di ngt he pur ge gases) of 200
sccm650 041 liters/second (2.5 liters permnute), and RF powertothe 15.24x
[err] net r%ww%@%?%asdl st ri but or cat hodeof about 200 - 400 wat ts.
Power densi as {ributor/cath [
based on caltrpc(‘r;ffr fsocﬁ@g?orggtsf quasr a %{?asfq' °E?e ?refe%%%]%é? atio X‘éﬁ%}; %‘:J"I”Y veing
energy is directed to the susceptor from beI ow by the annuI ar array of
vertical lanps to 26 generate a deposition plasma and heat the wafer
surface to a tenperature of 300 to [err]. Top (nitrogen plus helium
m xture) and bottom (nitrogen only) purgeygas flowrates of 1 to 15 sim and
1 to 20 sim respectively, are used with respective preferred top and
pottom purge gas flow rates of 2.5 simand 10 sim These paraneters provide
Si 2 dep- osition rates of about 83.33 x [err] nnlsecond (5,000
Angstroms/mn )- to 166 66 X [err] nrﬂsecond (10 000 Ang- stroms/mn )

o o o o, o o o " -




35 ' in te obviously, the above-descri bed high pressure, PECVD TECS
process for depositing oxide, whichEP939888UBLpon TECS gas chemistry and
has sim | ar but dlfferent charrber requi renent s as the ozone TECS process

for depd8? ?qweéﬂ'ﬁp” 2l ogjdndeposit ‘°LF§ %’%?Pl"?"é'“%ﬁ‘é%‘@’f’”y '10

us qu c ly
B?E)C Ce)glsgs b‘q bove d scrl - ? :Bs a pre i he[) ‘]Z%hth%?n% %xp%fuds dgln Itlf:; sst:lzo )
| npr, OV' 9(91‘5& tb 9 E'Ia n‘gffgéme ﬁ\ é {e@!% th rinate gases
el ectFi CAL aifRed SubBS HoRimPo safinz6RBD PSS %n&abér%ﬁa ?Jrnte?é: §inltiaaige of BBt RiceS @t
i nvent i ofbo®) 8 pldieRbly SR8 300 CRFEWR ShdREXSH chrite indSpGd1b 1B gabdsiwiPRe Sk ) T3
wher eby  tolIeSMadods progucfy Besdases Wil u&emnﬁre IrSt'hé 1aide oPdbbut 02681102 KA floB BEIx 102 N/m?2
resi st an@ep rtfto 20herr) dmnp pafetr@ianga yeaxes 12 Nida? @il 5183k 10EN/mP\ED0 it B0 fokr M totalghs fidw
Procegs rab ofthepigsmacdiids dptsrminable bypthae ehiieth tefartddowen tan opezeble marbéof 8 sdcanto 3.5 sim
pl anar i zhasbees jobnduesiul iy thedpdagussiscibsed ip thefefarencodanvitible procoes CVDIREGVD oactér. Tiveprefercs
usi ng spiealgsnfioylraieis frepmaboptd Fscer tod .28 simo Be usafihrapgetiay the (NEhotfaEd gastiay i from about 10
pl anar i z¥em §0&3sen it lae refafRdiraneabejnp frep abopti @1o2aQscep. Thﬁ%""’é?ﬂ@”)@” rgie §'cihe dopipp gas.
ozone TE?SG"QSR‘?" 'é’gH%"P ?‘1°6‘r1° @é%%%s"t' ﬂ‘dsﬂﬁﬂ%'i‘b&nlqoé‘l’c Iney 3, PP‘% d%vs'a. obgbai 5 ¢
| ayer® f7

g\tlml ﬁnopl,él%tp str f<5 0°C
.ﬁ)_rh:f ggﬁgwggﬁ ere alrv?ly & jﬂ&n r Egs gsed th nfoun r%i ;g éé?c [}&:%eg&%’%g. LE §)%d%s
TN enarne Meh

o 1 mrcrometre
depos' ti m‘Me h.é(@ rsaw

roplc etc

proviggles aWhMﬁ§ R&fob€ &4 seful% " {of 8Emplb, Sor Rirrhihd rhethl @Mﬁctsvmé Eel'r\rcularly
serves V@bl fbrBrolifify mlcbmrgreﬂsr@g digp b lay d@%&ﬁa@tﬁgﬁhﬁhﬁw UAfdrd higSrate
t hat ar eisdigpic &ENHay thb Edvarliagd @VRLIRMENY pRIGizivg thé subantiely bl corout witech frastitsfdm the

ri beslopsbesition.s a presently pr ef erred dry isotropic etch process which
can be per flas higidraierisoapicleich istep wasedopain®itu imthie tsames leaqtor adee fidy the tidDabo@EXlesdribed silicon
Thr eé& St dqxidPHepasition staps Arr donsgguencs. il prefemrdsequonce puKigrsian btograted insitu thibsten pgess
| ayer of forférining & plangized sitiren di di fawarfnyveaﬁonaplamrmerﬁ-emramg@ma'rggpreetws'ereeotrﬂﬂvfys
usi ng 7 ste. Incpmiginationwit the TB@ F’H’é’Z?i‘B@%ﬁ?d Iﬂ@'ﬁ@ﬁ"@é’&"@ﬁ'ﬂ [eidedepesitier PRS

deposi t i 8% PFB‘"? ?iﬁ'dﬁf‘%lmﬂﬁ' ‘Pﬁ%ﬁ'f‘e °'E“?’ﬂbPH?’?% ﬁ' f’t
an I %B'r cg P |c ’?5 %ESUF?? E?t?ﬁepﬁm am er oar:tr er.
p| ana“ z %rdnb le‘ eﬁt@e\z‘% (i prgfr?e(égr% odln?enl%f our planari-
preferr %l [ Se6ea Yor lﬁJonaE C% d ;};% ation with
pr ef or 1 e UL .ee&eraoat.hgse.nd e i otn,r,.@ Bl e Fb.l prearheoi e i i 0
CONI i SefedtsBaRL Khighl) Sortonna iidd8 diSlidslcEaliy ohi s @Rde Eificds Mitribdr Silidsh B§AMRdd &7 biErd
f r omsgasgigigirie ay@skoied By CYTESr by Rl Mathodd[dAE the Festiihg ieibataRtialjpBAsizéd laydr @A P Ache@BS
such as dygdnatipdg@ptylugiig diter, PrefeltBly Ribi@atEPdry (., Mlasiapsriver cherhicahisbt@pit atctrhatiogs. iAlBo,
t he r angge Wiee atbalol the grodebs dad bg wsed ih adifielen bréérandidy rapedtetto givel tioe desired fesul{ Hel i um
and/ or oxygen can be incorporated to formgases wth the carbon.) The total
gas chanihchambarSystereSéliRlegningse gases will usefully be in the range of about
0.266%x [err] to 26.66 x [err] (200 nt to 20 torr). The referred range S
0,66, x [ 1 MR venonpopaies g ey ferior ot Sy aw'°|°r19é°at°8 oy T b
of qiyeee I"H%‘Hﬁ‘c’?/ﬁ“fpls °'bséq‘8%‘1°é "?‘ht iode spacing of
o e %&éﬁgmﬁr I
forthe a er d sﬂsfh%p% lmﬁ "' PSR R TS process
J eaCt or. 81§ iyt rJaQtBﬁlt |s§arf|JuQm @b&%e&z Q)r A& ﬁagét&rQO :kvh%ﬁ’
sim The sl+§e% dA d, s || gbclely adIiRSs, Whilhhrd Sustebfti 18 BathHge A&lis@OsyM
to 500 SEeidhiatd¥ I\Iﬁlo&&%eﬁéa@{oﬁfor o@&até@ﬂ%tlw hitBer pFe@éﬁrﬁml&nvZﬁloﬁéDreQ&Qs R G6dheiddie
i ndi Vi duddy dfdafd\nkNe8 sptkied Wfich@vksitig) the AScuurhl Sinalst $ystbrR biduitiownbtiehm R uiding §/8ted Beni
10 seem ponents tGand inBludigthe tHadttvaveathuy, whilk 848 orsetion df the pressint Paact&RF0 is Clvameér treke crmirdntjonalf
about 0. feacidis and Whikatetrsiig daebe Jonevass frequedtly, thé aality toveléan both the aaruump exstem ahd thaveadier
| anp nocdkikmber @pigly end fbquentlya noodssary, istvery desimblerinprevesting particulate corfaminatipniahgin ensuring
pr ef er r elengttermpespertoperatiop pf cprapangnts supheasite thrgtp valeect r ode spaci ng of about 1.016
x 10-2 et Feasloqalized sqifrglepningosten Spprocess uspsruflupepagion gas ajchishemistiy.d %?'!é'fl%n%%s%%eﬂ,
it h& pektyely eiemapqcﬁa%’etweagiha elgcrogs 46 andi92 fherspasin 'sé'{'l'!"d o%g‘gﬁ tip) I provide
di oxi de tf‘%d"éE‘E’(f'f?B Pio& RS SRR Riasme 4T (4§ ookt fra pladtr §" aparpy ghgmper

nn secontf 1 exten e?SoF i % %JDS%I} cQQﬂ? E\%%es; 9seg‘a rg?aﬁ\;egmger ;ﬁasglgg o BH&\E%?&L&f ?)ctrode

obt ai ned erern the'e or nred ‘and sno

While this isotropic etch process is also useful generally, for exanple,
for formng nmetal contacts, it is particularly useful for providing profile
control of [err] step-coverage |ayers, as described above. In particular,
this uniformhigh rate isotropic etch hag the advantage of additionally

pl anari zing the substantially planarized contour which results fromthe
[err] deposition. This high rate isotropic etch step was done in-situ in
~the sanme reactor used for the two above-described silicon 25 di oxi de
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up faster ocaIIy, e.g., on the gas manifold 92 t han at the nore di st ant
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25 (400 mls), and 13,56 MHz RF power of about 125-500 watts to provide an
RF power density of about 0.5-2 watt&EPOR968bBE| can both the entire chamber
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and the greater electrode spacing fatABLEt@edpedxt endi ng or spreadi ng the
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the etching plasma throughout the chanber and the manifold and wafer
support el ectrodes are nuaintai nedepip 206 8¢r8Nd spaci ng greater than the
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