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BACKGROUND OF THE | NVENTI ON The present invention relates to sem conductor
processing. Mrre specifically, the invention relates to a nethod and
‘apparatus for formng dielectric filnms over high aspect ratio features at
tenperatures greater than about 500C, with the dielectric fiQmgsJinavag | ow
nmoi sture content and | ow shrinkage. Enbodi nents of the present invention
are particularly useful to deposit doped di%l ectric fil nms, such as

ohoonhoot eut EER GEHTRRRG TR RNE ol e BN EE AT RIRL RARAGES 5 o
used, for 0 Bavdh LZQuh XHaevanebwired Siveedideishian, Srinivas Nefiasi, Blli@yichhannel

stop diffusions in shallow trench isolation. In addition, enbodi nents of

the present ind®hCRENIPRE/IISEds epsinyertars; andikpenscurrensiyclaledand eemmorlys i | s
used as prenet gdsidheg! il ) enk; 7 i | A 15kt i | MD)

| ayers, or ot hgirSl%Fglpg%H;ii@hlﬂa%wr?!"a%ﬁr?%ﬂ%ﬁ l?reﬁﬂég?Pﬁeﬁ%éesent

i nventi on may DRAQETING AREMETALRIEISHEGTRICILA¥ERIAT SUBATMOSPHERICUch as

undoped silica I ' LlLow tre /SO i filling
oxi des, insulati n]g *ﬁ?%?é@%f%ﬁ@@@@oﬁgoﬁﬁw& %%s*ﬁo@ko%f‘he
primary steps amd SetivacNemag lisededsicosiaventsrsdane rcod@urently filed Amd ongomly
dielectric layer, on a sem conductor substrate. As is well known) such a

di el ectric | ayayigass PREnRppHcItiog£ntilled NMETHODS AN ARRARATUS FQRVD). 1n a
conventional tRaaTRlOWVEREN b : ] i

substrate surfggeAm\%hoer e heate-l nguli:}(e c 'e%g‘élgg%?%aﬁe?lé?fg%o%ggé\hegﬁ@v%sr

het er ogeneous) Neakai liftedcss ¢ominyensarsc endhtodensicureehtlyi fiiled and commonlyeassignrdal

Feact ve spect EutwgBBlGHon EPuled SEbrTRS i ME A RO FBRC ORI AN &
thermal and pl FHBTEMPERSSHSRBYOF RPeVAPOR DEPOSITION ARPARATUS, "did@ingr nor e
pressure, and reactant._gas flow rate.

of the follow pg: ter?g_éqaqtt)re

Seni conduct or fhap kg 19techas YGRIOH rande cenqursenty filedand commanly e sj nce
such devices ' i [ : rrggﬁ%@q% ' -

i ntegrated ci \rl\ﬁc%%tnéd E?&rg %&%gﬁﬁtlgﬁﬁgﬁe t he tm?g?aﬂglgtg Ffs(ibﬂlggRrEul e
(of ten cal | ed SEABHIZED BIWASMuiGENERATEON FOR MICERQWWAE 6LEAN i ces whi ch

will fit on a i ever Wwo years. Tqday's fer . fabrigcatjon
plants are rou?‘? kg‘}@%ﬁgﬁ%cﬁﬁé"’é%rﬁg&ﬁdﬁ %‘%ﬁ%?.é?)_%"%ﬁf’f’%_ e gﬁ“_’zdeas

devi ces, and t egvirivemotss afd eésncafemiyMileld ang cBRMbAB ék@igﬂéﬁ/Fﬂeﬁt applidafigneven
smal l er feature sizes. As vice feature sizes becone small er and

de
i ntegration defiited "METHQBDAND APRARANI{S FOB/FOBMING USRS HALLQW al by
the industry a REGH f lg%1i Fi ar ViEIEe S t h
i ncreasingly thrlliE?%t egrgﬁo%ﬁﬁmgﬁqgg elgtt ures \if\}l%:rﬂbhi %ﬁg%f%@gzygﬂrfpl e,
greater than abbQunXia, Paul fiee) ambs Pang Ngaptendisted (adspoeioventersi Eack of gfei abode as

t he hei ght-tospacing,ratio .of two adjacent st . | ncreasi ngl y_stri ngent
requi renent s f%?erﬁ?%geaggfé?“i’?ﬁ YE5P5E itﬂd{‘fpi’gggiw%ﬂs ?‘?ﬁ’e@?&ﬁq@ﬁeﬁiﬁ%es
are needed in preskdk invenior)dind @adt 6hthe UBbVe Mefedenced applictiong a8 \efdbly onal
substrate processing systens are becom ng i nadequate to neeting these fl
3.1U 2~ 4 retﬁ‘e?ﬁpef?é‘ﬁ{@f refgrengeequi renent is that the dielectric filns
formed in the process of fabricating such devices need to be uniformy
deposited over these high aspect ratio features w thout |eaving substanti al
gaps or voids. Another requi BAGRGRGUNPaOFITHEANVENTIONed to exhibit | ow
shrinkage so that subsegpent heating.and/or wet etching steps. do.not cause
voids to open up in the §fet“é<5m’1eﬁﬁ‘9ﬁ reldtetet) SFmICop \'fé%t?r(?ﬁ%fim%u P¥at e

processing sysépeomiciliatithd ivemadn iatRRO S thettlb®h@E hpgagathd Fo¥Fomhing @igletd ur es
| ess than about 450C are unable to produce |ow noisture filnms having qu(‘)od

gapfilling capHls ever &ighgspess atio fraRiresatJerpRaramas Areasey @an abous 2R de ¥

heati ng and/ or : i { t a vl ds may
contribute to ?ﬁ@?ﬂ?‘g@? or ﬁ%‘ﬁ@éloﬁﬁrﬁl ghig ibllhtf}l;r@mb‘gt er p# bm?@%%@

Di el ectric filofsthapesientfioventivampd partiadafPVisedul tb Mepositydoped idielsmid fithessi ces
need good hi gh_aspect rati -fi]l ¢a ility to avoid pr caused by
t hese gaps or WSF‘&.%O pﬁﬁﬁ*’?‘ﬂ%ﬁ&%é{?ﬁg% flflg‘st B, S’ﬁ@?‘%lglag%ﬁ%aﬂn@gisi’ 8h into
the wafer duripipspiiRiliRbRGRES I(PIGH HBRS B8 (HfdHhKAGhA TR 8Pl &BRINS usdd!, Gort t S
and other problens in the devices. As is well known, conventional substrate
processi ng systens using in situ plasma during processing experience

physi cal sputtering of ions which attack chanber surfaces) such as al um num
wal l's, resulting in nmetal contam nation of the substrate. Use of in situ

pl asma is therefore undesirable. An inproved substrate processing system
whi ch does not use in situ plasma, is needed to provide dielectric filns

with the desired characteristics of |ow noisture, high density, |ow
shrinkage) good high aspect ratio gap-filling capability. In addition to
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processi ng systens nust be able to neet the higher demands for formng

ul trashal | ow doped regions, whi ch are necessary for high integration
«devices with shrinking devi'ce geonetries. Wth the advent of smaller device

geonetries) ultra-shall ow doped regions in seniconductors afd@ el for

various applications including, for exanple, source/drain junctions,

channel stop diffusions for shall ow trench3i sol at i on) etc. For exanple) MOS

devices with cpg e hs, of .l ess than Q.8 of t.en .r equi source/ drain
junctions havi Efgﬁgjz%t Sssgg}ecg@rilﬂéwczlﬁ%?r ‘?5%“ em?&‘}éﬁgs‘?‘?fgﬂi‘ sﬁ@}owagg te
devi ce perfor maoadon.Fon addifios, enibvdimeRPof Mk presbiyt invention mBOodIsd bodsed to
structures of about 0.35 umdepth, ultra-shallow channel stop regions

. P \ ¢
havi ng a dept hdenesit dapesk diglectsic fHms wsedias premetd dielectiic (RML) fayersi idsameabr 0
3 JUL ~ s appl} i jok-d r ?c'?fi\% dopgth ! i tocl
inportant to p?%&?ggw?jhrﬁl?gr r#%&r‘gadr%éréi?es!trl !f??%h In tehgglggpe nersé)ggidgens and
good control opresentanveotiondmay Hurti@nrbearsed topgaposic hedoped diebecriinfjlms, tsuch- ashal | ow

doped i h,as. i [ i d i.ffusi . :
magequate i n WO St E RSt RUSC! Pl e SRl g pRidesi 1 1

to control dopagilatinglayerdsUtdppihgalagers,UstCithétNagbept h is limted) especially as
t he doped regi ons becone_shall ower. Wth an approach |ike ion irrFI antation,
control I'ing dopant di st r PRuET 81§ Drimasy §eps i fapé‘ﬁittngdﬂﬁd% S?'ﬂ’é‘"l‘ﬂ&'!c Of - up
concentration @évide@'??f&ﬁxéﬁag‘?dﬁw&rﬁcﬁ & orf § GertiEMdueRdd Yo RaeTBAST @k Al SO,
ion inplantation causes mage to t é sem conductor surtace) and nethods
for repairing kioven, suthsé digjestritalaperecanftieedeposited biytchemicl dagoridepdsitiano cont r ol
dopant distribytJ nd junct.i 0 ept ultra-shal | ow doped reqions. For
exarpl e tons. SorBkr dba chivepbpial el GV pidnish g ParQirusie SRSt FE S ey o
tunnel or chanadktri@senas Wikee hedtlifquiey chémicAlBrefitiond (fntbgendsus oflamage such
as point defects. These point defects, which miélal ead to |rre‘g;ul ar and
nonuni f or m j unkat¢ragengapy) kake plese wepreduced deyiredfilmy Inpycanyentional plasray

sem conduct or i I r ; O
Anneal i ng the ﬁ}%ﬁg’n?go Soé%h?gaﬁhﬁgg gé(%{r‘r:gttgﬁlf%?ﬁ oé\eg{l/(gﬁ)g]@ﬁrrhégagﬁératc ﬁge?

i ncrease the | species enpoddptehthbalgsired filat [rdgevieraddreattidnhrates inpiermakind i ke

gaseous diffusi,on) controlling dopa istribytion and junctiop,depth is
G out to cuRtapressmay g BREeddy iobisdtns s ¥ e a8 eBIPERignol ooy
progresses to RwpBrafitd| pressuftS QnBirbactMe s B6w raB. al ternative approach that
is able to control the dopant uniformty and junction depth in

ul tra-shal | ow doped r egi ¥Ricondugiopdevice gepesrissi haye dramaticalin decsspses podize

regi ons, one al:.ier i ; ,pAaC

i npl antation géri g%gfégggc%f\w%%nwgaﬁgg%gﬁ% ng%gég"gd I glqé%dt' ?‘iﬂggr? tFfim as
a dopant di f f ugiomsts diever ganerally folowedtheawngeanvimifigipe ose ften cdbied dMdpeelectri ¢

filmis deposiied,ont.o a substrate and used.as a.sour of dopants.which
are i ffused | Hib oo fath Bet e uiben oCicidR ot Bl B fea PR oo
exanpl e) dopedevdhretwes védrs. Molaxes Wa&r%wiibﬁglaats dre MRRInelyUpro8udigs . 5t fran
sO00C in a deposition chanber, and subsequently heated at tenperatures
greater than sOBCEVER 0a31msfaature sizchdamices) ansdlomomrowah PRl SaPR Wil beir nace, to
performthe do %% j Jeqgi —on i

t hi ckness, uni@g?ltrlﬁlt b Hgéﬁgﬁ@gse{‘lglﬁ gené{gﬁttgﬁ?l%gs#etghe&%%ege ?[gl-éegc%grgi c film
i's inportant ibecemEismatert dnd integritiog dehsiryainsieadeb oissuts medprevidusly Tohsidered
junctions in the .slgm' ondyct or ngteri.al . S&eci fically, contraol lrd ng t he

Lhi ckness and GFRGPHITE MBS 5e BEGRRE of Eiealss GORRECH oot PRRCHRT ks MRS
sone control oyefeadingly HighidtegpitiodRRANEShAY dbdradel vithoighl(fok UgArple, fdettef | NQ
the thickness of doped dielectric filnms used as diffusion sources also

hel ps to increhseab@rd:l ohfddgsnest rasips.s 44pegt theipds idefingd 3sahel heightstequent
etching) tine. Ui eposited filmw th even dopant
uniformty canSpggég?%fgagf %’rgj%:%hﬁ%qsﬁed di ffusion of dopants fromthe film
into the substrate. As ilacmedihgliknaimgennisitamients for poguessesliiefabricating thedens

reacts with do ts to.bind.themin a crystal structure, resuljting in fewer
dopants avai | a@g IIEgTalen foydses Arg Aessied i Oughiq PLadics gg&“ﬁ%“éfﬁﬁ%‘(ﬁegé‘ﬂﬂons.

I't is desirabl@nventibng dOReMHe gt&l:g%gr%@temslaﬁr@ bERYING 1fadb QIR Hiédding these
content, since these filns have nore dopants available for use in the

di ffusion. Several problens are encountered with conventional substrate
processi ng systens when using a doped dielectric filmas a dopant diffusion
source. One problemis that it is difficult to obtain a high degree of
control over filmthickness and uniformty when using conventional systens
to deposit the doped dielectric film Another problemis that it is often
difficult to ensure that adequate anounts of dopants in the doped
dielectric filmare available for diffusion into the substrate to formthe

A r - " -, T o Y .




di ffusion sources to formultra-shall ow doped regions, the problemof being
unabl e to control thickness and uniformty of the deposited doped
‘dielectric fil mwhen using conventional deposition systens js of particular
concern for two primary reasons. First) the inability to adfdudVklZontrol
t hi ckness and uniformty of the deposited doped dielectric filmusing
conventional nethods and apparat us undesi r &bl y results in a di n1 ni shed
ability to control the dopant uniformty and unct th.of

It r o Shat | o GEBUSTEES: G tAHERmETEar I s, e FRRed i thscarocess of
sequential CVDftRB&Y such devided hcdliQo rb@%hﬁoﬁﬂg@ie?@ént%d ek ﬂhéﬁ\/fﬁbﬁ adpREQUEH
various portions of e chanber. In each porfion of the chanmber, a | ayer

0 8 JUL 2~ 7 ha&&atuies yltbemtlaavma wb@qanreasamagr tidsde posthertequirement i tat tiese he
deposited fil I I e rovi des
limted contr cr)r}ﬁm%urt hé%ﬁl@gn Xkaeg?as?ﬁ}éﬂ%Hﬁﬁﬁ%%ggE%ﬁrg g’ lorv%ut%%hﬁgr mty
of the filns detepsds adt msejwénﬁercemenvw inrthe depoditéd filmul tHomaar Fohwribnalg t o

control filmthickness and dopant concentration using.b speed. That is,
Che. t hi cknes se SUBHAEHEOfBS FRAMS e PBALG A0Sk SRECHS Birts HESPORInd be
unpredi ct abl e Jest @i aBBut 450485 £E uhab1¥R Frodtidd’ Bl lﬂ@isifu‘ré Yilmssﬁﬁ@rfgjéo& egdpg abl e

to control the thickness of the deposited doped dielectric I'm even for
very thin fil rrﬂllmgscaaelyllmb\v@quoppm axblsmeu‘wﬂ|V@icbnwu!aqunhb¢aé@geadmaf er

t hroughput . nt,_on roa hes hav. i

form ng doped g@yg ? ?I IAﬁsls\?\%egﬁa{e’hl C S8 D % V%K}Jn mgﬁg&l“ﬁﬁﬁgﬂ%uvg%nds
of Angstrons (A)rforﬁdaaoc umtblwmytybmd(ttlﬁe‘rlmwlémi omemalﬁrlmk heed! fiorcdsampte, of
the deposited fi ) possi bl e using systens rel elt speed
to control thi e&k@@oameyerédsév%#wﬁ I?Feq/ﬂ‘%/%‘ fugh éﬂ’éF‘y 8r$§p bosited
conventional | ycapabiliey 80D probiems @esed W‘Qx@k ga?s%lrfvfame A Blréhel h&qtﬁx‘éhﬁh{ ate,
since they have greater distances to travel ore reaching the

sem conduct or rﬁatgetrmaqal contapinatiaminiathe ovafen during the pedeessingnstepse minimizedpant
ci ffust on sour Padia S0 Tnd WBRE oL AFHN B ALER. | REELAEPRNODE (012
time to process the ha ng pressures on ranur urers

i nprove effici esrvgntioral sxﬂ:sdmngr@dbksing @ysfdmsmsﬁﬂgemmmasmaedmmgrprocésmgn as
thin as possible in or to decrease the tinme age b‘g‘gosm and t hen
renove the fil FPEFENGESP é‘§?lr§£’HF%mEgo°@1'Q%W5m|1?e"tnﬁ °é|§ e ASt can

easi |y contr ol afuhfndndinalifegsuiang u{jﬁiﬂé%oﬂ!ﬁ}hfrﬁﬁ&rﬂbﬁ the QlibstrafloPede 6f gl @@t ric
film(less than about 500 A thick at tO wei ght percentage dopant
vari ation acr osbsmms tharesory undesirabls. ummxmowdd@pme processing iy stemu mdwch

Anot her proble ing d ed dielectric fi AL f

sources for ul ra- ogagfﬁ%ﬁ%!o@g éﬁf‘%eﬁgé ‘%Pf%ée%g%fg%ug?@’% rrt')%n ldg%"%gopants
nmust be avai | abitaeacheristids bf Losw mdisturt Ohigh dessitys lovasigrinkkgé, ngoodihiigh sspedh rapant
concentration are_.gften eded to provi de adequate anmounts of dopants for
uni f orm di ffusg@nﬁﬁ%é’al’%éh@ubst rate to formultra-shal |l ow junctions.
However, moisture absor ppj mlmﬂm%&@gmg sitliefPqRFGRATSubBLR! | ng ! o
adequat e dopant availability . electricC , especially those

wi th hi gh dopaprocessingesystems inuss be Bblndomeattcdnghemmamsefos ferming uliat er a

waf er is expos j ek rml e in a cl an T t.he wafer
i s transf erredgtg}légnm SEYEr acfﬁé'ﬁ‘beé?ar% ﬁé[%ér???rgﬂev&?e?t%l
JUL 2002 s dopﬂﬂmﬂ:irgl Mﬁdelgeofrielrmsl CW&hdlhd‘icﬁzEﬁlﬂdf Mmeeamnmgmr for the

next processin in.a nultjple-step process The absor bed i sture
(HZO then reag %ﬁf‘ﬂw dRREASRINRS dn SemicpRAugioE %‘Et'}eF‘?Fdffi%F (YRriQUS, AP nﬁ&’"t"ﬁ% film

to crystallizeinclddéng! ort SN, %B@Jceﬂ?iﬂ?ﬁdéﬂ@n@'cﬂ%ﬁgstbﬁﬁlmﬂﬁ@t@r WMallpwn the

film these dopants becone unavail abl e fusion into the substrate,
even after a sUBRFE(ISRIAEOTH &L | ﬁgl‘ examrﬂm MESedevipps mighi channed lengthsf desssBamg or

annealing in apqgt ure absor pt.i. he anmount
of dopants for83‘ ‘pﬁusﬁl%g%%ﬁ'fe SOPF% ‘féﬁ‘BéP?g ﬁ%&%"w %s &Hﬁ% Olhrml sture
absorption pr OM(Pﬂﬁnomﬂ@ﬁmhﬁﬂ)r(aﬁeqiﬁ&adﬂv&efﬂe@mmﬁmd0Feﬁltrﬁnﬁdtmtsepa:ratédI m

al so may occur_ in subsequent heating steps. These doPants di ffuse out of
the filmaway PYHfMeMisolatin strupnares phabaut Opd) #m deathe Bltdotialew chaanel 88Pe t o

be diffused Ineglangqlasmgsata@hﬁo &J@ﬁg@b'éﬁdnare%@%'f'nﬂwar@qgsweqhm peven if
adequat e dopants are available for diffusion, the problemdf native oxides
remai ns an i nportant consideration when using doped dielectric filns as

di ffusion sources. Native oxides existing on the substrate surface where

ul trashal | ow doped regions are to be forned prevent effective and uniform
dopant diffusion into the silicon. Therefore, native oxides, which act as a
diffusion barrier layer to the dopants, need to be renoved. Renoving native
oxi des has been done using conventional techniques such as wet etching
u5|ng I|qU|d etchants and dry etchlng u5|ng an |n S|tu plasna Fbmever
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0 3 JUL 2007 9 circuit devices is also inportant. An inportant way to

i nprove quality and overall efficiency in fabricating devices is to

<cl ean-the chanber effectively and economcally. Wth growi ng pressures on
manuf acturers to inprove processing quality and overall effidy gy 2002
elimnating the total down-tinme in a nultiple-step process w thout
conprom sing the quality of the wafers has hecone increasingly inportant
for saving both time and nmoney. During CVD processing, reactive gases

oney .
rel eased i nsi d@PRIFAUISTEQUENG Sltrarsivlew dopechyagiansr ¥ IS IBPPIEREt 9 PIO¥PA oxi des
or nitrides onyhit§msHé i ; r i ki
oxi de depositi (L)ln occurﬁsﬁgl&ssg&%g?lz%?Ektoﬁggdcs/%l%}%pag?;gﬁﬁg,%%%hwg?&?lgﬁph@har ea
bet ween the gas mi xi ng b&wrranidappacachiésstorfobuing adtrarshailbw| dbpedregéanisy sgthasi de
resi dues al so may. b osited in aor..around the exhaust channel. an e
walls of the piovEERI AN Est el AiBI Al tebfsaliEc Stm€ ML Rho ik
failure to cl estiesé berrem approactes Orhe tab it M drpfdR dapans ditritemion aadi jurtibm

degraded, unreliable processes and defective substrates, Wt h&ut frequent
cl eani ng procedtRtBds hﬁ’ﬁ‘ﬁ‘br‘?st’?%lyf ¥soifs dared iegions eqma shallower, YWiid anvp

appar at us can ghoHahelilNof i Bﬁn%%ﬁ,t6&1&8&11:1%][5%8%&&?&6?&&% i 'WRME Idifres)e agaIsi ng

damage to the devices on the substrate is articular concern wth

t oday' s i ncreatd Hglbpilsupicbnegairation ofi innnati the surfaieef )theosamicynsueter matatiabnance
is inportant fqn_t .operation of substrat [.OC i | as
resul Ting 1n 1 ouS TRSISRRY GRuah o MR B SET AN Ty Hes
Frequently, peforo@pairiadaiheubsorhratanags ohied nRke ifhoreaiifficaly totomy rdppand
wafers is needed to inprove CVD system Performance i n produci ng high

qual ity devi cedIStrHugon ang gungHor denth fferltra shaloays dersd T5818NS: a FOL$ XA, dABher
and/ or substr aygm| b ; i @‘F‘E Attalok EXarbl t he
devi ces producggrpb?ﬁedadﬁﬁa?@%@t%@ %@ﬁagﬁgpéua iﬁcfﬂgﬁut he0

above- di scussethrotginthe semicendrictaysmgtetial aind aeseciamageisudhoast pdimtedgkdcesg These

vacuum seal ), g Lve i nt enance chanber ¢l eanings. [ vacuyum
seal is br okenggﬁl}/g%%é\tf’nﬁg’t%hénaghﬁﬁig)rml'eg‘&laf g" H%H%@ﬁ?;}lg% ‘§%%8§6‘Hm§ [P%’egeu
chanber) are p€ikédbyrandaihyvRNimpldritdddethidtRducct makfianidiiglc tepgrtargss O t en,
perform ng the necessary preventive nmai ntenance chanber c| eanings, involves

openi ng t he ch&§eaer thag abowy 99HYCht Aapealing tscimplanteds sanye@ndyrigh MalRsidl,r uct t he
lid) which is LR 1 | Iy i :

pr oZ:Iucti on pr ogg‘gés\lmg'gﬁﬂ? g !:f gﬁdﬁ%g%uﬁ%ﬁ#?%ﬁw %&o@ﬁﬁﬁ%&\}%ﬁ. m@%\l&led

met hods, syst eappraanil likepgasedus liffusiom eonteallifig dopkmp distributign ded gunctibmdepth is

Gap 11 i o caBtbr  sBBobl Rntte fenbdlo¥ AR BB ndOReL, ar o
wi Il al so provpegrassharder sxﬁhmrgebhkﬁ*' ldevicese aglaltemati wmhgpaddchanhatlismbleed
nmet hods and apparatus are al so needed for form ng doped die|lectric filns as

dopant di ffusi BPPED Hhecdepaptynifarmity and juncgian depihin yiea-sheHew doged FRgiRNS AR
appar at us shoulgqpg capable of efficiently renoving native oxides to ensure
effective and uniform dopant diffusion fromthe doped dielectric |ayer

wi t hout causi ng signi fi cdntfosuing adtea-shaitagaloped tdgionsi bne alternaiiverapproaeh ker )

for sone appligations, it is.desirabhle to provide multiple deposjti and
cl eani ng capabP}% P8t fRproaches, @“dﬂ%ﬂ@f‘gwa{‘ gﬁsegﬁw‘éﬁf{&ﬂogds g%sulséﬁ)?go
mnimze the tdopedcdiélsciiedilinGs adddpast @fusibl BOGcOf 1€ kS RitdtgRive\dpptoatss, a
needed, therefore, are systens and nethods that are capable of hjgh

quality, efficrened dielegsrc fdmps depasited gripssubsteate andiusadiasd ¥nrce fdaprus
cleaning. In p J C i d to be
compat | i o wi | Hsncitt Bituctd G16 U ShEER, A RPURA R RAC Ubta RaFRE | EO0,
aspect ratio fesmplesjopaddidientrid fitms arg depositad ahEnperataep dads tagi HASC IBIMVARY

OF THE | NVENTI The present invention ovi des systens) net hqads [« PO
apparatus for %\ij*ﬁ“’f’aﬁbé‘r'ﬁ r_waﬁé]@ se‘ﬂ‘@é‘g?%ﬁ% Bt BEweREY _gfﬁP‘fo‘{:g?é‘i’@Q ein
sem conduct or Waiffdrént chEMBEH, ¥BEH & £ addeSliny RSMIRE, ioPeeftirinORe dBSdnY deffiByat ens,
nmet hods and apparatus which enable nultiple process steps to be perforned

in situ in thetostoma the daprs regivny edomteolling Wickpess c BBIEITAULY: ARG MAHUE SOBKBLr e

high quality pBPﬁ@Sd%g:ch Bfe?éfcﬂ'fcoﬂl‘ﬁ??s n@r}g{%?%{mﬂhee%agﬁ@nfo%ﬂ Cﬁ&a-@ﬁﬁéid@d&ﬂeah

aspect ratio feature ertorm ng e process stepsint sane
chanber al so increases the control over process paraneters, substantially
reduces noisture content in deposited filnms, and m nim zes devi ce danage
due to nmetal contam nation or process residue contam nation. In particular)
the present invention provides high tenperature deposition, heating and
efficient cleaning for formng dielectric filns having 0 3 JUL 2002 11
relatively thin filmthicknesses. Enbodi ments of the present invention are
particularly useful to deposit doped dielectric filns, such as
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Met hods according to the present invention include depositing dielectric
films by CVD on a substrate in a vacuum chanber having a pressure between
*about 10-760 torr) and heating the substrate to a tenperatur gj@am t han
about 500C. The substrate may be heated for a variety of pur%gse , such as
perform ng refl ow of deposited dielectric |ayers for planarization, or for
driving in dopants from a deposited doped fielectric | ayer. The process may
be carried out.in.a single ste e. g. .. depositing.and,ref| ow. the film
on he vater anfighs & I Buttudbepderal, “SEEY RGOS ikt e
(e.g., deposi tudi@rinke of ithedepdsitddedopad alelediric Rl provides eSme esmrdivaer #1@0C and
then heating the filmon the wafer after the fi|mhas been deposited). In
either case, MO ffepanisvailphle fersdiffugion.s Limemgshe didkaess afifoned r enovi ng
the wafer from;tjagryanmy ot 3l MPRAIRAHSeYse A B ouFRbSL Y ©
absorption in tlﬁe gi gﬁéc%fd;@ﬁﬁm%%&%sgﬂ ten%%r atur esepr ocess?drggbalﬂs%
enabl es i n sitavigplepodition(anl sdbgequbnt erehing) time. fMbresvesi ahunifappliyrdgpbsigdr s t o
advant ageousl y_.reduce outgassi ng of. dopants fromthe d d.film | ower
ol ot ur o cont Sl Wit B8 B nRferircRaRyvios B anek SE Bl cilthich B Fopafla 1o
the substrate gomfitA€ Gimie tRe @Airate AL B AvethRibvwid Imdiface! indfoped aieRciicace to
produce the dielectric film Additionally or alternatively, a controlled

pl asma may be flSISTERFY Withaoppnts 40 hind thery o a epistal SrusuRss resHiting 4R dewere

Speci es. [0 an xREl At SRR h<RlaRClo! fofm 'dobél Eegichs! i p doped
filmused as a dopant dﬁﬂf{ﬁi on soulrnf:ea?c?r arzl‘ uﬁrot roa-sh ”0%1]_ unction. The
filmis deposidesitati¢ to esepdopad videcte Simehavingan low oeistge@onient, sinck ¢hese

oref er abl y-gr crBriarh afpra pfens +5TRsa Byt 838 diSBbn °7t U’ Gonants from
the dielectric layer to deveralpefldnyd 418 efictumteréd ¥ithRefiventiohdlGubshatedeposi tion
and heating steps in the sane chanber provides better control_ of the

t hi ckness)  uni BTesessing syseras wies using acdopeddielegtric: film arop depant diffision; source| m

| mprovi ng the ' ent f il L ne NEnRYP LY Stk

avai l abl e dopaq{?ésslltogleﬁhgso@%ﬁ 1r?n§s %?%eﬁosdb%@%irﬁg%ea %%dvgm ageouls for

f or mi ng ul t r a- thivkhéssangl uniformainswhen tsimh conventiprat systentietoi depesit tha daped her

aspect of the ji.nventign, renot e pl as syst [ rovided for e ﬁ‘g g

undesi r ed depoi‘?lF%mS ! e‘X"P?‘Fﬁ rp’\RBeF’s'SgEattlﬁg @EBME@X% reaﬁl&t %%: %)[Eents

of the appar at4ifoungét dopan|ig @ duped AldlecariORinlate aadaklt e diffasionl io flioom t he

sem conduct or wafer prior to processi 24%5 A gentle cl eani n%)lt echni que usi ng
£

a renote ener gbars txfarm he ailtza-shellowdoped yagipnsn i dahes Preplem iy 8%t i onal in
situ plasma prQg ARt aly: 6o 1 i Hhenot e
pl asma system %ﬁ%@?gtgg "geﬁ%g‘gs’ p hééshrr%& g%%gﬁe?g?%eg%c f ﬁﬁ%?ﬁg nﬁsgg? cal s
from t he pl asndiffasieg &b ehet subswmate ifronh checdvped diejecwid fim,i an substndtelqurfaces

t emperatures, and provide entle, thermal cleanin t he chamber. Wth
the remote pl a‘gg&fe é%?lgmsﬁh&qeﬁ@rﬁeg‘gm F?a@ﬁ?eotﬁg“%‘geqﬁﬁelqrg@améﬁff t he
probl em of phy&idusdedSAYLEREri dethilcddi@gt s are elimnated. In contrast, with
the use of an in situ plasma systen) sputtering effects attack al um num
chanber walls, which mayDespite thesadyantaggseaf psingslopadridislactrisnfiims asopaftocessed
wafer. In the t.her i I ' et t he
radicals dir ec{lgﬁglgﬁlts %&% ﬁe Ctﬁ%nﬂ%ét?f@%ﬁogﬁogg% ?@g?r{f (Eﬂé e@gﬁhﬁs\/\% e %%glc?si ts
and resi dues fwaontrblethfuknéssand unifotrhiey ofichetdeposived Idepedndiclettais felnr wheti ns

renote or exterior to the chanmber. Anot her advantage of the remmte plasma
systemis that S FARERHAnALdeROSIHOR SYSIGRY 15i cgrp[apyuﬁaé%‘gg%ean &?roW{Q[ Rt er to

effectively enghidis eIHiRE  th tabllfly Whdenatblyonitbl thidihessiaad unifofminhef teped
dielectric layer without causing significant surface damage to the silicon
waf er. A furt hiapositedaioped)dielsctrichBlm asing eopientonal syeshadmand appasRiut he system
may al so be confi S ik L v, I I : i nput
gases as neede .de%bgﬂf){se e?’ragaﬁxg%%g%f%dé%?,tbtcﬁguge%tﬁ lé ptggjrt}féﬁrg e%nr?i ng
systemis a m jonaavieppl oSt ubtys s eiio wodvped) negioh famed odiecexanpledal 2 ver a

sel ect species (such as fluorj chlorine qr other radicals) to the
processi ng cha‘??%‘@?‘?“oﬁﬁaleseﬂlé%’tale&gl%g?@“bﬁs%é SHAE G 88 ad?f?e"é‘)dbtffv Scrowave
radiation to Chedfh variBhapstiond bhelchib&. r RtaRIpdrtioRRSTahé cRadhtley. a layer

m crowaves are created by a magnetron or ot her O 3 JUL 13 suitable energy
source and directed through a wavegui de systemto an applicator tube, where
a plasma is created. Reactive gases are then fed into the applicator tube
and energi zed by the m crowave energy, which sustains the ionization of the
ignited plasma to produce a flow of radicals into the processi ng chanber.
For cleaning, the radicals interact with residue fornmed on the chanber
walls to formreactant gases that are suitably discharged formthe chanber
by an exhaust system The m crowave plasma system nmay al so be adapted to
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an endpoi nt detection systemfor indicating when the chanber cleaning has
concluded. The lack of plasma in the chanber can make it difficult, using
cconventional endpoint detection systens, to pinpoint the time at which the
cl eani ng has been conpleted (i.e.) when the |ast process gaﬂs3r~ﬁl:~l.i @ in the
chanber has reacted with the cl eaning etcha./nt so that it can be discharged
fromthe chanber). This is because conventional endpoint detection systens
typically rely I iLhin t 1.5Si ons
fromthe in si thgﬂfol% g?ﬁgﬁﬁoﬂgéﬁégrﬁﬁie%tﬁagﬁg' oﬁﬁ?@g&c eaﬁ?%&gﬁégﬁgﬁl n

t he present i nberbitoeli]edchy cnadgiog nhe bidt peed,omhials peovidey linsitedaopireld Furtlidne gas
outl et of the processing chapber to deternmi.ne.th ndpoi nt of the, cleaning
process by det 88??‘?39“8?1&‘5@]‘5@@%5 PP‘SH?PaPhP@F&WS‘/ oc%ﬁ'g‘f g@ﬂ%ﬂﬁpo&ﬁf@ ?rbd'%lerem
absorbance of Iwagdtt iddiffidud wditatehring & aoheiA FilrhaARkm3s and a%;faht as SiF4. In
yet anot her aspect of the present invention, a nmethod provides gettering of
any adsorbed clcergsngationsusing alt spsed.| Thay inethefthisknesses of ther depesited flmsmver

wal I s. Accordi r i i . i kSt Gl j ont ai ni ng
fruorine i s i neRssc e Py sy B UhiidaicBple, idlink AL D0 2 i g
chanber of depasrediabifity. eSecthue, being sisle el carlith thenbiciasss iof thehdapositedrdaged ed

into the processing.chanber after the residue h een r ed wth the

first cleaning &é?&‘%ﬂ@"s"é’ffi%_ﬂr E‘Tréé"ff‘r{g’_“@’a’é q‘%‘ﬁ’&i‘e@“cﬂ"&'&ﬁiﬁe& CFESitite formed
by the reacti ofindp&ds¥e Rafet Mirobhihpht. HoRRVEM GoRRsiticRM aFﬁeaq,ua& QveOdnlp Bedraces of
t he processing chanber. Renoving or gettering the cleaning residue fromthe

chamber provi dé3paklerfnforpingrdoped diglesHicslilnmgyithe tickseses pp the ordes of thagsands
enbodi nent of EoHRNEAY N ti 'un[et%r ' : j ed into

t he processi ngtogﬁ‘g%er t%A)r' e)r%\@’ehﬁﬁagi %Augll?ﬁéstljc rg%hél ?’8?&6%%?%@&@ 0 3 Ju
2002 14 by f or depugited Sl ias ¢hin fak possitde ugjag systanucdying oo beit spgedrtpednaolay fr om
chanber. After the f] i ne- bas ch r..cleanin rocedure, a adsor bed
fluorine on j[hgugﬂ]:fsa%g&lg?}egqgetgﬁigﬁbyptﬁ&pflgﬂmné%epﬁ%gﬁtfc Vﬁg‘i‘?/ﬂagg’ 1% %r act
Wi th, or be ingepey mhy ehkeNbier th QifiRP ffid tRtsubbtrdi?, OdindenBeynRave gredter to be
processed is gettered. In an alternative enbodi nent) the gettering may be
performed by sédistansesHg tiavel befareeaching thy spicondipias-matadzlat ddsoatrempyal @y gen
and a silicon rLa: [ L gakd L ' O, L Q@Hﬁpdn to
trap any adsorglg%if%%k%%gggeﬁ Spa?%@éh{]dl{éﬂg%lp}é%lﬁgﬁ) %tcgpﬁt?{e&gedgsequgﬁtly
deposi ted fil mefted nerqasessthatotaliraato procedsthe pafey) d¥ith geowiag présents pesi st ant

and process-conpatibl e conponents_for high te ratuyre progessing. Th
system of the %@E@ﬁ?’fﬁfﬁ%nﬁwfaﬁe F l‘?l‘eﬁ‘ﬂés‘géts ‘gFé’g_Etﬁed% Y& B’Fdﬁpﬁf)ﬂ‘ﬁﬁﬁ sﬁlm
having an encl gguif a8 BSRBK o HRALE td\8kecPeald HeQRHE HELdEl 3TB&osit BRE uRRNBMALSIS

i ncludes a heating assenbly having a pedestal/heater for heating the wafer

t o tenper at ur esheuftim.oltaip dedirablroROTiee aTheshesk ardsapparagiscthal ¢ap) aasiboeqtiol &g o
material that i ' - i.Stant ' | S
gases and 1o dhaReARdbn dnifoFRlg 8 acbly BEREHc T iy ol ool S6FE
about 400 C, drck pr ¢DeX ebight pdrcéreageadophntrvasiatign herosshthel twabé) <10 BCQused ras a
addi tion, the pedest &h{spref erably conprises a material that is

subst anti al |y A@RANEALRSIONSOURCERi hg at hi gh tenperatures (i, e. , 500-800
C) by the fluorine radi cahSthen bFddiat K4thi i3 doped QRAZRES fiy dsdbpahedffusion | n
an exenpl ary enbodi nent, the pedestal/heater conprises a resistive heating
el enent i mbeddéeirres far uiraashabowedoped edgjons s thahadequataiamonnis af depyis must be
preferably al up i 10 T at ass: . i ion
Purther 1 noi udaciliBierist BetRiondi> PERbistaistr D windiigh Bt PREheAd iR | O
t he chanber andfttoneddedisé prpvidecadequrs smoynte b ddpancafor aoiforac tiffusontiertbe o.

The support shaft preferably c rises a cetamc material .that is
di f f usi on- bondé‘bbsffgtet‘ﬂ o -%gﬁﬂ‘éamw% ¥V e MPIRFUEAPYRESR 300 ¢ hi n t he

shaft. This vaguigaisafadre alvb Pecbitde rdifigQ¥ ddbqute @pafi avallgbifiial Dopad be

mai nt ai ned at anbi ent _tenperature and pressure during high tenperature
processi ng, whiiglecpicofikms, sspegially|these vothehigh dapant icenceairaians; tead t@ @hsoERt i ons
from corrosion {r t r S . cl.ean.qga . W N C

addi tion, pr ovﬁﬁﬁgeéﬁg?ﬁn&gﬁe%%EB e\/’fP?ﬁ%figo ?ﬁ%ne‘éﬁé{&g@u&ﬁﬁ%@%@g?rgi (hgz'f rom
the power sour odhet hiteowafler tsear3edrtcdrifiiihe @dpokifion hahbert aftep degositionaafshor t he
outer walls of the shaft. 0 8 JUL 2002 15 In still another aspect of the

i nvention, a chanber liner is provided around the pedestal/heater to

i nsul ate the chanber walls fromthe heater.




Preferably, the chanber liner includes an inner portion conprised of a
mat erial such as ceramc that is resistant to high tenperatures and to
‘deposition/clean reactions, and an outer portion conprised j g, maﬁi al
resistant to cracking. The inner portion of the liner insul % UWh hanber
wal l's to reduce the wafer edge cooling effects which m ght otherw se
adversely affect deposited filmuniformty.8 The outer portion of the
chanber liner is substantially thicker than the inner portion to bridge the
gap between t hdopgss diglegtrig filmeto\gadifferent pocessingi chrmper (9§ the BRXK PFR{ESHIECTERT ght
ot herw se occur, W : | elat. | G ' [ . n

exenpl ary enboclilll %‘é\?flﬁfﬁg'ﬂ%%ﬁéboﬁei %ﬁ‘!’f’éf& ?-L?géfﬁlrtéﬁg?g} ﬁ’gbdgag%s \gidri] llgeaps to

i ncrease the i depdngt inathe dietectritefilninycauting klienfiltn to erysthllizé. dueuo tieecrystsipect of

the invention) a |id.assemyly is prayided for the enclosure assenbly. The
|1'd assenbl y ) AEMRIESTIEIGR e HopRR G e - SRS CEBEANA WoTS OREMBPIE oY o
cl ean gas passagafioadioohe sdistraiR] @vall SEe® SSsubRJuORIRAGRSofl BE WabsretyViapld
process and cl ean gases and for delivering these gases into the chanber.

ne or nore valhesmalprecessipgionapneghingin pratherichamberanMgissirp Absoapféon s t he
process gas pa Q. r £ gas

m Xxi ng bl ock. %@gﬁ%gﬁﬁéﬁﬁéﬁ’g%f@a@@gﬁ ﬁZ“‘%’ %‘i%@é\&% 'egﬁgﬁ?glhﬁ%wgﬁ of

t he present i nweistarerablorpadr problemn, tduegasgipnofidemntsdframitiik dgped niikeledtfic Girent | y
swi tch between Er ocessi nlg. ang cl eamgn(?Ii whi chpiaencr ea;rs{%s .rrgle thrq(}.utﬁh@ t of
the system | n?aR &SR ORBBET MEATRE YHRE- | se JORARGy Jirtuss Pyt U6 0iMges o
base pl ate haviawgy érogPtheisibstfate, GEsult@fpCinieWer @ipAnQ avATldble BASCHiffREEd iatodhe
distribution plate includin |urality of holes for dispersing the gases

into the pr oce§‘$bsﬁgtedﬁefﬁﬂ@ﬁ?tra%rh2"¢‘f/dioa eging. i ncl udes one or nore bypass
prssages 1 The e pl skl el R RIGE sy il e

the gas distribution hol s’ g or exanp

portion of the nativeasxidey regmasms anitnpotas Sohdidevatiin when inypadepep akiedeayes films
directly into the, chanber to increase the speed of the cleanin rqcess,
thereby decreadt ﬁﬁ 8 SABRRAS-t BV PX ?Fee’ﬂﬁ’é‘ﬁi?é‘rtpe?ﬁ%mﬁﬁp%‘éfﬁé‘%ﬁ‘géﬁg?hbl y
i ncludes a conkkalowSycped %gé@ti&czﬁe 38 b frMledravesd: afféive Al ufifornt @opanar tial ly
or conpletely closing the bypass passages to control the gas flow through

the gas distri Hiffusion g the silicom Fhgrefore.ouptive ®xidesswhish acoasredifiision Prrmsst s
descr bed i n /e SERResd® B to B rdshovel \RHARRENANE iR Hehenle
figures. BRI EFuiihgChtiventiénil echiigtesiise\aiNGet etching ludingdiqaid/etchanesaland dry
Flos 18 s o SPRBENSDS o BRI, HHOUGE MR Eeliet SR RIRIRdS. 10
;Bp:r g}tjluts i (i gainﬁﬁruoi YAd ekly rebudr inldvebdidifg (rRtsBBstAed € BB sAlated \(Rdt \HaPdVntve CVD
oxides cleaned by conventional methods such as wet etching have shelf lives of less
than about one week before native oxides begin to form again, making it desirable
to process the wafers shortly after the native oxides have been removed. Using dry
etching to remove native oxides with an in situ plasma results in plasma damage to
the surface of the substrate. In addition to causing surface plasma damage, in situ
plasma dry etching may undesirably result in more metal contamination, as
discussed earlier. Accordingly, it is important to efficiently remove natuive oxides
without damaging the substrate surface so dopants may diffuse into the substrate
uniformly for ultra-shallow doped regions.
In addition to providing dense, low moisture dielectric films having

uniform thickness and high aspect ratio gap-filling capability with low metal

contamination, improved quality and overall efficiency in fabricating integrated




relation to a gas supply panel 80 located in a clean room Fig. 1D is an
illustrative bl ock diagram of the hierarchical control structure of the
‘system control software, conputer program 150, according to_a specific
embodiment; Fig. |E is a block diagram of an exenpl ary heat & 3t 2067
subroutine; Fig. 2 is an exploded view of a preferred enbodi mrent of CVD
apparatus 10 according to the present i nveftion; Fi g. 3 is a vertical

cross-section) .partly.in.schematic, taken alo line 3-3in Fig. .2; Fig. 4
is an enl ar gedc'gcr%(')tsdsé-('écgﬁfsl "gﬁo fpporagt, gdﬂlgﬁg?fgg"%‘855‘@5?"%‘1“35‘3’%\9&0"5&8[1lt he
appar at us of Fefficiedty fn @brifating daRicexi| 6 dadn \heeytadiben efesivelysdndi but i on

systemfor the apparatus of Fig. 2; Fig. 6Ais a top, partially cut-away
view of a |id $EO8eRFRLY of W BVEFOpe PERSEHTES N Manpigehiress [ ENR5BYS PORSSHE t he

oo o ) DL B AR R gt Wl el i impigesggect o
appar atus 10, pnecess yothaui eampromising the quality of the wafers has become increasingly

important for saving both time and money. During CVD processing, reactive gases
released inside the processing chamber form layers such as silicon oxides or nitrides
on the surface of a substrate being processed. Undesirable oxide deposition occurs
elsewhere in the CVD apparatus, such as in the area between the gas mixing box
and gas distribution manifold. Undesired oxide residues also may be deposited in
or around the exhaust channel and the walls of the processing chamber during such
CVD processes. Over time, failure to clean the residue from the CVD apparatus
often results in degraded, unreliable processes and defective substrates. Without
frequent cleaning procedures, impurities from the residue built up in the CVD
apparatus can migrate onto the substrate. The problem of impurities causing
damage to the devices on the substrate is of particular concern with today’s
increasingly small device dimensions. Thus, CVD system maintenance is important
for the smooth operation of substrate processing, as well as resulting in improved
device yield and better product performance.

Frequently, periodic chamber cleanings between processing of every
N wafers is needed to improve CVD system performance in producing high quality
devices. Providing an efficient, non-damaging clean of the chamber and/or
substrate is often able to enhance performance and quality of the devices produced.
In addition to improving the quality of the above-discussed chamber cleanings
(which are done without breaking the vacuum seal), preventive maintenance
chamber cleanings (where the vacuum seal is broken by opening the chamber lid to
physically wipe down the chamber) are performed between multiple periodic
chamber cleanings. Often, performing the necessary preventive maintenance
chamber cleanings involves opening the chamber lid and any other chamber parts
that might obstruct the lid, which is a time-consuming procedure that interferes with

normal production processing.



bypass conduit for cleaning gases; 0 3 JUL 202 17 Figs. 7A and 7B are
si de cross-sectional views and bottom views. respectively, of a chanber
+liner, in accordance with an enbodi nent of the invention; Fig. 8 is a
partially schematic, cross-sectional view of Fig. 3 taken afj@gyl i282s 8-8,
illustrating the punping channel and the gas flow pattern in the exhaust
system of the CVD apparatus 10 of Fig. 2; BEPg. 9 is a verti cal

cross-sectional view, partially schematic, of a heater/lift assenbly,
according to an embodi meh® light ¢fifhe F‘Wénﬂmbfﬁ"eq:m@‘hoiﬁ) systemp apch ppRagatgs are

cross- sect i onalpede8WoPfie Sm%tdgmepw& ot didi& @ﬁhﬁﬂvlldxftﬁul?ﬁlzater OS? t he

Fig. 9; Fig. 11 1s a si e Cross-sect| na vi ew of a pedest al
assenbly of Fi gnd Ehlghaﬁspcmdatnggapeﬁﬂmg&aﬁxbdltwentOmﬁ'naﬂhethewemmm mpthgds 12 is

a bottom view gLy bHe RESGRN 3lso Beidd a chimd dedh With Bw'8&kFLontamination.

Improved methods and apparatus are also needed for forming doped dielectric films
as dopant diffusion sources for ultra-shallow junctions. These methods and
apparatus should be capable of efficiently removing native oxides to ensure effective
and uniform dopant diffusion from the doped dielectric layer without causing
significant surface damage to the silicon wafer. Further, for some applications it is
desirable to provide muitiple deposition and cleaning capabilities in a single
chamber with a simplified design to minimize the time consumed for different types
of cleanings. What is needed, therefore, are systems and methods that are capable
of high quality, efficient, high temperature deposition and efficient, gentle cleaning.
In particular, these systems and methods should be designed to be compatible with
processing requirements for forming devices with high aspect ratio features, and for

forming ultra-shallow doped regions.

SUMMARY OF THE INVENTION

The present invention provides systems, methods and apparatus for
high temperature (at least about 500-800°C) processing of semiconductor wafers.
Embodiments of the present invention include systems, methods and apparatus
which enable multiple process steps to be performed in situ in the same chamber to
reduce total processing time and to ensure high quality processing to produce high
integration devices having high aspect ratio features. Performing multiple process
steps in the same chamber also increases the control over process parameters,
substantially reduces moisture content in deposited films, and minimizes device
damage due to metal contamination or process residue contamination.

In particular, the present invention provides high temperature

deposition, heating and efficient cleaning for forming dielectric films having



coil; Fig. 13 is an exploded view of the heater/lift assenbly of Fig. 9;
Fig. 14 is an enlarged view of one of the electrical connections wthin the
‘pedestal / heater of Fig. 10; Figs. 15A and 15B illustrate a @oé] g%n t he
pedestal /heater for receiving a thernocouple and the therno §I
respectively; Fig. 16 is a sinplified diagramof a renote m crowave plasna
system for cleaning the wafer and/or the pHocess chanber) in accordance

th mbodi t f th 7A-17D hemat
G agrams of a EVRRDEDREbETRotSt o ERGH SR Wit Rt RER 4 ( an

enbodi ment of chmm;s a&Hfull t9\RPbdiOdopedidikleckic fifing sEH® bdrbSibsphosilicate
cross-sectional view of a sem conductor device nanufactured accor di ng)to an

enbodi ment of ghE HFSE films nberpsilieate slapyBSGISHmsopr ah@phqsﬂwwfgl@sa (PS
Cross- Sec“onahhﬂé Qg t&frorﬁ{‘ar?iimh@éﬁv ﬁBﬁé ﬁ%?foh% PQ;? a&gxdram

apparatus of t resent I nventio Pow 5 urce
junction; Fi gswnﬁtﬁ)dthﬁ@s &hanrel stpp idiffusibns nmsta{lswcﬂremhaiolanoa\/\dnmﬁdamnt her

fe éfﬁpl ary appl I C u(r)lgnt(s) fof eeprgge%p ?nver?txo% %E)P a]rs esusé) to cpepogtg dlélgc\{relc[] tion
films used as premetal dielectric (PMD) layers, intermetal dielectric (IMD) layers,
or other dielectric layers. Further embodiments of the present invention may
further be used to deposit undoped dielectric films used as shallow trench isolation
filling oxides, insulating layers, capping layers, or other layers. '

Methods according to the present invention include depositing
dielectric films by CVD on a substrate in a vacuum chamber having a pressure
between about 10-760 torr, and heating the substrate to a temperature greater than
about 500°C. The substrate may be heated for a variety of purposes, such as
performing reflow of deposited dielectric layers for planarization, or for driving in
dopants from a deposited doped dielectric layer. The process may be carried out in
a single step (e.g., depositing and reflowing the film on the wafer at temperatures
greater than 500°C), or in multiple steps (e.g., depositing the film on the wafer at
temperatures less than 500°C and then heating the film on the wafer after the film
has been deposited). In either case, high temperature processing is accomplished
without removing the wafer from the vacuum chamber, which advantageously
reduces moisture absorption in the dielectric film. The high temperature processing
also enables in situ deposition of doped dielectric films with capping layers to
advantageously reduce outgassing of dopants from the doped film and lower
moisture content. In a specific embodiment, reactive gases are delivered to the
substrate surface, where heat-induced chemical reactions take place to produce the
dielectric film. Additionally or alternatively, a controlled plasma may be formed to
facilitate the decomposition of the reactive species.

In an exemplary embodiment, the dielectric film is a thin doped film
used as a dopant diffusion source for an ultra-shallow junction. The film is
deposited at temperatures greater than about 500°C onto the substrate and heated to

higher temperatures, usually greater than 600°C and preferably greater than about



ultra-shall ow trench isol ation; 0 3 JUL 2002 18 Fig. 21 illustrates the
rel ati onship between NF3 fl ow and m crowave saturation power that gives
‘optimal cleaning rates provided with renmote mcrowave pl asma gsySfyenes®® in
accordance with a specific enbodi nent of the present invention; Figs.
22A-22C are graphs illustrating experinmental results show ng the dopant
profile of the ultra-shallow junctions forhed usi ng capped BSG fil ns

oo oraphe 111 (04 Far? SRS HORE B e ik BREo DO LR vieBpant
profile and shbefformntifg te depbsition ahd)Beatihf s@ps bihe Qdink WhahbaFoVidés eS| Ng
different capped BSG.filns according.to anot her enbodi nent of the present
i nvention; Fi gSomipAof the thigknessprifosmitippndimaishue contenPlithdeped digledtiic ed gap
fsiplalci fc;’algabi it (R Afnpfoving ihk TRoislEROGnteq oAthe GHRCnERa R G HANERs ¥F 1Aildble
dopants in the film, which is particularly advantageous for forming ultra-shallow
junctions in high integration devices.
In another aspect of the invention, a remote plasma system is
provided for etching undesired deposits on the inner walls of the vacuum chamber
and components of the apparatus, and for cleaning native oxides and other residue
from the semiconductor wafer prior to processing. A gentle cleaning technique
using a remote energy source is preferably employed instead of a conventional in
situ plasma process to lower metal contamination. For example, the remote plasma
system provides a remote plasma and preferably fluorine radicals from the plasma
are able to enter the chamber, which is at high temperatures, and provide a gentle,
thermal cleaning of the chamber. With the remote plasma system, only chemical
reactions are utilized and the problem of physical sputtering effects are eliminated.
In contrast, with the use of an in situ plasma system, sputtering effects attack
aluminum chamber walls, which may then lead to metal contamination in the
processed wafer. In the thermal cleaning process using the remote plasma system,
the radicals directed into the chamber can effectively clean unwanted deposits and
residues from the surfaces in the chamber while the plasma remains remote or
exterior to the chamber. Another advantage of the remote plasma system is that
native oxides can be efficiently removed from the wafer to effectively ensure
effective and uniform dopant diffusion from the doped dielectric layer without
causing significant surface damage to the silicon wafer. A further advantage of the
remote plasma system is that the system may also be configured for use to deposit
films by using different input gases as needed.
In a preferred embodiment, the remote plasma cleaning system is a
microwave plasma system configured to produce and deliver a select species (such
as fluorine, chlorine or other radicals) to the processing chamber. The remote
plasma system energizes gases by microwave radiation to create a plasma with

etching radicals. Specifically, microwaves are created by a magnetron or other




enbodi ment of the present invention; Fig. 24Bis a sinplified diagramof a
section of the structure shown in Fig. 24A; Fig. 25 illustrates the FTIR

- spectra of a PSG fil mdeposited at about 600C under exenpl agy. process
conditions) according to a specific enbodi ment; Figs. 26A :h@ g4 ﬁpe

phot om crographs denonstrating the relative gap fill capabilities of

TECS/ 03 USG fil nms deposited at about 400C &hd about 550C) respectively)
after heating at, agout 1050C and a subsequent wet eéch @r ocessi n '

. in
accordance w t fPROEFIETH| LUK disred Hiropsfea srayeate Y5Eahio %h%PP%F@Qr 27 is

a photom crogr ape, WREEMSHIAGd RErédi&, IREactive baesRADINeh o R0 theldpflidardrm
deposited at about 550C after heating at about 1000C and a subsequent wet

et ch processi ngibeiand auergizediby shenmidrowaepaerdyi, ovhichaustainsrihe éfnizatien pf dwent
DL 20 g Bk et Reb A TAREM BB ph gy o
enbodi nent . BleZnind lthe@ Oddicals interact with residue formed on the chamber walls to form

reactant gases that are suitably discharged form the chamber by an exhaust system.

The microwave plasma system may also be adapted to deposit plasma enhanced

CVD films by delivering deposition reactive gases into the processing chamber.

In another aspect of the invention, the remote plasma system includes
an endpoint detection system for indicating when the chamber cleaning has
concluded. The lack of plasma in the chamber can make it difficult, using
conventional endpoint detection systems, to pinpoint the time at which the cleaning
has been completed (i.e., when the last process gas residue in the chamber has
reacted with the cleaning etchant so that it can be discharged from the chamber).
This is because conventional endpoint detection systems typically rely on the use of
a plasma within the chamber to check emissions from the in situ plasma to
determine the end of the cleaning process. In the present invention, an endpoint
detection assembly is coupled to the gas outlet of the processing chamber to
determine the endpoint of the cleaning process by detecting changes in light
intensity that occur due to absorbance of light by the exhausted clean gas reactants,
such as SiF,.

In yet another aspect of the present invention, a method provides
gettering of any adsorbed clean gases, such as fluorine, from the surface of chamber
walls. According to the present invention, a first cleaning gas containing fluorine is
introduced into the processing chamber to clean the processing chamber of
deposition residue. A second cleaning gas is then introduced into the processing
chamber after the residue has been removed with the first cleaning gas. The second
cleaning gas removes cleaning residue formed by the reaction between the first
cleaning gas and the interior surfaces of the processing chamber. Removing or
gettering the cleaning residue from the chamber provides a number of advantages.
For example, in a preferred embodiment of the present invention, fluorine radicals

are delivered into the processing chamber to remove residue. such as silicon oxide.



19 DETAI LED DESCRI PTI ON OF THE SPECI FI C EMBODI MENTS |. CVD Reactor System
A. Overview of CVD Reactor Enbodi nments of the present invention are

- systens, nethods and apparatus used for depositing dielectr} gatil I at
tenperatures greater than about 500C. In particular, such sb Vs t hods
and apparatus may be used to deposit undoped dielectric filnms and doped
dielectric films. Such films may be used t&*formultra-shall ow doped
regions, prenetal dielectric Jayers) internetal dielectric _|ayers, capping
| ayers, oxide PYIPTFHEE Pé&}@PE‘,A‘JB?/‘g%S roﬁwg‘rﬁgqh ﬁipg'rnprsﬁ\arvgy éro\s%maim;bsr-)
crosssectional AtieeVeflud?iie-ba5dA0HaIBEL c1e4nifk - frétRRO UM 4dSorbd AGEMLbNthet O a
specific enbodinent. In addition to being capabl e of "depositing dielectric
| ayers) the appifase of thecehwmbenyatles whivh migbtetherwisey imtaracsrvithaor the gh

tenper ature hegt.| Y [ rform.ng.r of ited
dielectric | aygl%g%Baﬁg% aériadrulE gg‘qug%fﬁ@ OBE}?C @“S‘.‘ \)‘lgﬁed [Pg’ecﬁé‘l’acg%gg % g%ﬁé’?‘
deposi t ed dopeth gh eiterndtiveenitdditienohdbe gedriighfayibé perfornadd| tyvéednig thegi ons.
Further) the apparatus can provide efficient cleaning of various CVD |,
chamber conpon CE HE{Ng NG e-genefapd AtoRYiG pXYRER angarsiligonSpuEcE Lo deposit a

provi des t heseiy kit R @xRIRRAR {Helch&fbér Yo Stap'hnly hdSorBed AliSriNe fdgber 15.
Accordingly, multiple process steps may be peffornmed i n a single chanber

wi t hout havi ngcantaminatiasy oft the sathsequently dlgposiséd films. chanber into ot her
external chanbers. This lts.in a.lower noisture content.on the wafers
by elim nating opportuni ﬁ%ére%%“érbvs%?%n %rg? gfod?dssfv?'rd?Hst eggg’r%l ah agi r and,
advant ageous| ypiooess eampatitilé eonipprdnts foehihtte@perafird pcelsigsi Tiedsydiet] efcthei C

| ayer. In addition, performng nultiple process steps in a single chanber

[ | . .
saves tine, whPFEFR HVEBHQRENCIUIES 8 \VapQT| dePesiiQn APBIATUSOIAVINEcAENGIASYLE
Referring to F , ggﬂ:,)% : jancCl . 00
housi ng a vacutsﬁ%rg!r)]lgnl%)er g%\ﬁa{cﬁ&gééiés?nﬂrcgag?l |go pi‘?tggqﬁ%ﬁ)&%a@ggﬁﬁgéx?{%ﬁti on
plate 20 is prhbavinged pedestabhedter fgndeatingahé vafearte sen@ritares adipgpabsitf§or eact i ve

Pasts on a vor MOGr) I BeReCOntcll) et oonRetE f S b el

support pedest @l readtions WGBPthe iprocess\VEAsed R tatdéposifior by roteds gasdest a
heater/lift assenbly 30 for heating the wafer supported on heater 25.
lieater/lift aSTWREIMFesEl 3 least abont(90conmndRrriRmblY ALERCHBIIGRM Al her

| oadi ng/ of f - | o&s_88D°ROStE ddAkki i position
i ndi cat ed by dgﬂgetg) IQ?nEantéld?e,m\l/ﬁllr'1 g‘#ﬁsbsdé g{pgﬁsrg%&g;gjégrg ntestagn%feé#gh a%gs as shown
in Fig. | A A sbsantallyogsistatitiotetchimgiar) highh tampgesurse Gisor §09-800 161 dyi e ng
information ongthe position of the wafer. i scussed in detajl |, ow)
neat er 25 1 not Qe adions Mot e Beompb i bisiefia an 1 Semelih o
preferably al usthbadiment| tHedsdedtal/ iRt XEMPlis W resifd@i isatihg eRmensinbeddszisinof

heat er 25 exposed to vacu,uL’n chanber 15 are nmade of a]tyc ramc material, such
as al uni num ox? 8&2K FEET3 S_H‘Frhﬁ% ?1‘55““_8#‘“ axideon araferably; Aemingpepitiiiest or 25
and the wafer are in prOopsalafifie BASib}y8r e brdsitvinddrfion thARki RGN
chanber liner 35 along the |n5|%le wal I's 17 1[ apparatus 10 and by an

annul ar punpi nippportishaft forGupparting thebpedesialrtizater withér thehamberaandofor pousingon of
chanber 15. As, discussed,in.detail below the.surfac f. ch r liner 35
preferably conffirseesaLy fgefgfﬁa ¢ ‘zé‘?‘i"éﬁ‘,‘d‘%‘acﬁ“’éssuai’?fﬁf‘%i‘ B?%g%ﬁ%icﬂr&ﬁﬁses
nitride, whicha seameismaribDiharl istdiffudievpided v ehegiedeltsirieatee to\pVide a

resi stivel y-heated heater 25 (hi %2 t enperature) and chanmber wal | Sﬂé'z‘ﬁ whi ch
are at a nuch Y&{em sedlnpithin thg gha IE@F\Y@C‘{“_B‘ #é E‘@PWSZ@F_WES&‘PR‘?BO% arrier
gases are supp r : .

O orocky oA BERHBRRRE o G bl 3,8 AP G ekttt
del i vered to ppracessipg, whind protects ghdelectfodss amd prherf electbical eondecsions frpmt ni xi ng

bl ock coupled to_a. proce as supply line 43 and tq a.cleaning.gas conduit
a7 ho i 1 beteATBicEER e, BiheesS R staen,ghies e thes SoB, “BF e
control | ably opeviimSaribigm! ftessale/RitRi@Ghd EHad mimizes ERAQS BoMhthe Powér sdnaze
two alternate sources of gases are sent to plate 20 for dispersing into

chanmber 15. CotERieh the holigve rotesoffhe akaft socnpvwen leads o the oytempalls of the sl e

pl asma system 55, which has an inlet 57 for receiving input gases. During
deposition processing, gas supplied to plate 20 is vented toward the wafer
surface (as indicated by arrows 21 ) ) where it may be uniformy
distributed radially across the wafer surface, typically in a |lamnar flow.
Purgi ng gas may be delivered into chanber 15 froman inlet port or tube
(not shown) through the bottomwall of enclosure assenbly 200. The purging
gas flows upward past heater 25 and to an annul ar punping channel 40. An
exhaust system then exhausts the gas (as indicated by arrows 22) into the
annul ar punpi ng channel 40 and through an exhaust |line 60 by a vacuum punp

e e o o, o Y o S



In the representative enbodi nent, the chenical vapor deposition process
performed in CVD apparatus 10 is a thermal) sub-atnospheric pressure
‘process, often referred to as sub-atnospheric CVD (SACVD). ﬁ?‘,g@?%ed
earlier, thermal CVD processes supply reactive gases to the rate
surface where heatinduced chem cal reactions (honbgeneous or heterogeneous)
take place to produce a desired film In apparatus 10, heat is

di stributed by resistive)]y-heated heater, 25, as.discyssed i.n detail A bel ow,
that is capabl e of reach‘%ﬁ'rﬁt F AtR5F e éﬁ megHo} A %ﬁﬂ@?r BY- 18 aHIded ch
heat di stri but airetndtheviedesalthehePfdMnsilaeithe ER@KIFRIwae Fom theHeadehe wafer for
effecting deposition) reflow and/or drive-in, cleaning, and/or .

seasoni ng/ get t Brefeiabl¥ tischamber lingr inglndes gn drnep perioascomprised of # magarishdech 15.

Al ternatively, reQhl: W Bge% ] . r by
RF ener gy appl ?Sgc %}g&g[ggt lg??ss?gr(iﬁ%g? Prd&g tﬁlpg?rté8£ P g?ndgﬁ&%i?n%%?/\%:}g géﬁ%p 'y (not
shown) . | n enbardi areodter paition comptised dfavmagrial resisvent (Rferadkagt r Bikeinnethe RF
power supply can, .supply either single frequency RFE power to ate 20 or

m xed frequenchR" gg\%‘% insulafes L_g‘bcwe?ﬁ”é FW“%F%I%W%@ CPS&%hance
the deconposi t éffeetsOWhicR aeikhtVRhdriVEe! RVersély PRCRP i RE il GERSSItF AN utelS-
In a plasma process, sonme of the conponents of vapor deposition apparatus

10 woul d have PstipR ofihei shamber linesde ehstaatially thikerthap tle ipper pastion & bgdged
bel ow. Renpte m I i s - ' i
apparatus 10 i@%g%ﬁﬁ aﬁf)éga ?{c?réﬁplér o??ﬁnﬁgj%%@%ﬁcgﬁgl‘g@%ﬁlﬁg@ghéf

undesi r ed deposth¢rwise ooesr ehith of singte viztatioely thiokperaarit finexf Imhandemplasy
including walls b17.as | | as other tgﬁr’r'[f.onentls. Furt hert?D renote m crowave
pl asma syst em BBOQUIREY D quiarcnortion pLUAlAgT Bicludes HF S8PSP IRFER %X des or
resi dues from infflatios pracRe@bytthelingf er, depending on the desired
application. Al though gases Input via line 57 into plasma system 55 are
reactive cleaning gases Mgtilly Eﬂwhypactmfabwvml% Alidjessemblyis peovided

chl orine, or Gl t 1 RGRTa : I be
adapted to degfggﬁe% gisfﬁr% %ﬁﬂ%ﬁ%ﬁ%ﬁkﬁ%?ﬁ@éll nput#%&gigg%%%t@gr?w
reacti ve gasescaupled tepae emnigse ciean igappdssdges enddne Gemereapriogess igasipassages

m crowave pl as system 55 recei yes gases . via, input line 57). which are

enor g1 26 by niOE FORIIEE PRAES 0 RS edies 4 Tor SAAEHRE HePhSBEL A% adi cal s
whi ch are thenctagiber.VOhe @9 Mbik valvés AR providREbS RRerithe eluﬂhtﬁﬁlzﬁsﬁ%@@oﬁ the

chanber 15. Specific details of plasma system 55 031 02 22 will be
di scussed f ur tPYEfeshERDLPASSABSHEO sqiertivelymablow gab to flost tirqughtotheagasaniking ncl ude
a radio frequ (RE: Lem provjde.in Si ability.
Mot ors and optellnga' @Se&bgﬁﬁecﬁ@c%@aﬁ% &gr% %“%é:fjaf'@gﬁrﬁo%/@oﬁé\%&gg{%?@ﬁ ne the
posi tion of nowmwditionoyclileningthe apparatak i@ quiskiy hand e ffidieratyt dvdtchdeweceay st em 63

and heater 25. The .heater(lift assenbly 30 tor te val ve 280,
throttle val v 85 BeB ,C{e MRBt E{ﬁﬁﬁd?‘iﬁgﬁé%u’ﬁ@@fﬁﬁ@?g&qﬁ F8TYnd ot her
system conponents are antahcéxleﬁglali’y eRbOGHARAO thdRd Q¥embROfkther inkiudesa Bse Of

whi ch only sone are shown. Processor 50 controls all of the activities of
t he CVD nmchi ritlate Aayingq gas inlgefosyreceiving one pomoes gasps aades gat diswibusien plates

system control; fwar j ' onput er.. pr 0 [ y 70
coupled to pr o%@gé%ﬁﬁ?rawgﬁdé‘%ﬁ @r %B"%BP? @gg%’gé?’g}éﬁ% %@?ﬁsﬁﬁgﬁl%%e,

but of course Thentid ysséfiblyaiyiclndesodrieeor nioredspads passapesyin ther basddilate almt toffea har d
di sk drive (e.g.) nenory 70).) .C/D apparatus 10 in a preferred enbod nment
includes a fl olgi)“yreﬂFtéﬁced‘Pi QO)'@ Sy ‘Qa’gﬁ'l"oga?éiésk‘f‘bqﬂroéié’&ego%'g@‘% £ W% Under
the control Ofexfaﬂ@lé)éﬁle‘im&gdﬁibﬁ"of?&fctlé’!ﬁ‘ﬁ:&, gadé¥ @i pAYS lhdBgh Bty pads
instructions that dictate the timng) mxture of gases) chanber pressure,
chanber t enperR2fiages disgctly Jarg\ihe ghateber |te jrdrease shespsed of theS¢aningProegass ot her

par anmet ers of Lt ; r t s those
stored on ot he@e@rgyngééasg{ﬁc@ég@%é?"?%p@g éﬁpgrﬁg%*' g@‘%"ﬁ’%@@%ﬁﬁg&gt her
conmput er pr ogriachugescdentrol ngseerh esichns a valvekandra sontrotlegtfbepardply opri at e
drive, may al so b(? ase to L%pgrate processor 50. System control software

wi Il be di scusOBPISElY flasiig the bypass psrasesdp gonmeikthe &t HpwLhoough e &aspoar d
conput er, anal figrigisbndhdéd al 1 nput | out put boards) interface beards and

st epper notor controller boards. Various parts of CVD apparatus 10 conform
to the Versa Mdul ar European (VME) standard which defines board, card
cage, and connector dinensions and types. The VME standard al so defines the
bus structure having a 16-bit data bus and 24-bit address bus. The
interface between a user -and processor 50 is via a CRT nonitor 73a and

| ight pen 73b, shown in Fig. 1B which is a sinplified diagram of the system
nonitor and CVD apparatus 10, illustrated as one of the chanbers in a

mul ti chanber system CVD apparatus 10 is preferably attached to a mainfrane

T ] . oy




In the preferred enbodi nent two nonitors 73a are used) one nounted in the
clean roomwall for the operators and the other behind the wall for the
service technicians. Both nonitors 73a sinultaneously display the sane
information) but only one |ight pen 73b is enabled. The |igHi 3pHiL 208
detects light emtted by CRT display with a |light sensor in the tip of the
pen. To select a particular screen or functiton) the operator touches a
designated area of the dis agl.ﬁ screen and pushes_ the button on the pen 73b.

The touched area changes it Y1 qHopT SERPOLBREs ofsthe Preseqt IRKsNioBy aswelbah | s
di spl ayed, conf ity fvaftagea i Tesiades Odte RBICMBEN if Bord AR iPEhj@Reloh bﬁm%é R
screen. O course, other devices, such as a keyboard, nouSe) or other

poi nting or conbelow ead pwached figussy. may be used instead of or in addition to
light pen 73b to allow the user to communicate with processor 50. Fig. 1C
illustrates a general overview of CVD apparatus 10 in relation to a gas
supply panel 80 located in a clean room As discussed above, CVD apparatus
10 i ncl udes chanber 15 vvith ter 25 as _mxing box 273 with inputs from
supply line 43 and conduit O Ok DM% §ystem 55 with
input line 57. As nentiongg mqye,veﬂeﬁt Rrosb-SetiBA @Jéora é@:b ?Ra&atts and
injecting deposition gases) and cl ean gases) or other gases) rough inl et
tube 43 0 3 JRoeordmgQo ke presenidnyspdensssi ng chamher 15. As seen in Fig. 1

bel ow chamber 16 v th oot 15 47+ g (Rt B e SR fupr dalih
val ve 280 and geppamatusilOginkomuRiéBamberspstard; above chanber 15. Simlarly) gas

supply line 43, which cogp g@ al on si de chanber 15 t as m xi ng box 273,
is provided with reactive'&a é“‘tﬁtfé $ A gsaeraboveryfewrof; a@ﬁ%ﬁ%ﬂﬂw panel
80. Gas supply RAGh P ghiiGlpdlPBarkl 86 focka 4id Man!rblill d suppl y sources 90,
contai ning gases or liquid R may vary dependi ng on the desired
processes used for a par tHigulRirs a!pdluscaiuedtioclmggrsup‘pﬂh}lepmbhlsﬂ deagol

X0 SYL o ARl hr BESELUSES SAORRL s bult B 200, REMRLGESES,

box 273 via |i npedific embsdipehy | i ne 43. Generally, supply I|nes for each of
t he process gases includ ,éiiﬁshut of f. val ves 95 that can be used to
automatical ly or manual | 3: hif 1% plogk diagragyoban srespriay Realer LRl i ne 85 or
line 57) and (igyhrotBas flow controllers 100 that measure the flow of gas or
liquid through the supply |lines. Wien toxic gases (for exanple, ozone and
the clean gas) are used |antiha§ ap‘rmpéndsd vidve ofs @ peaferireds emboedimentofl G¥B 95 nay
be positioned aon_each g ﬁﬂ@ édé i n.conventional configurations. The
rate at which tRBIAESJY ErYRIE caP'iﬂFeé‘r‘ VEBUA e udi ng, for exanpl e,
tetraethyl orthosilane (THEWR)) ishelértioal (chissksedivd, Paflydgachemdtic, aken aphg onal |y
triethyl phosphate (JTEPQ), triethylborate (TEB), and/or other dopant
sources, are sUfBIF 2 Fi8-das nixing system93 is also controlled by Iiquid
or gas mass flow control |F?§ S4 {MiCEarg &P Eros RN %F‘g/s%lcgﬁddé?dr\ﬁ&e@ﬂﬁ’é
shown). In some enbodi mentS, gas mxing system 93 includes a l'iqu

i nj ection syst ehamber Qiatperapmrﬁgs pEH® ant |iquids such as TEOS and TEPO
According to these enbodi a re . ineludi sphor us
source, TECS as the sili F'qgr%s?)Suar"ceemlgaﬁg Mo Og? g%?gutgggg% s“%‘gg%rgtﬂgsour ces,
such as oxygen apparams o6 Fpne2;(O-)) may be for med with gas m xi ng system 93.
The TEPO and TECS are aII Jdiguid sources that al so nay be va |zed ?é
conventional boil er-type F38 Huibbi &0 PRRIAHY CULRNAYS View th%’éq a% ’dl(nce A
i qui d i nj ect | GBosyss 901 Ufus@iGldrihat hé oY AVIrlGRoMLARAL control of the
volume of reactant liquid intr into F e gas mxing system The
vapori zed gases are then Fnzsxé@ and GCh dlugaate i fromgresgseasionvantd (2 QP va8W.i er gas

such as helium dellve dto i ne

recogni zed t hatresg)g?ttgvre?y% tegtau&%[tgmsgr,nbgvi fll m ARRY %’%}g{ar{’%ﬁgﬁs?ﬁ

used. fl 3 JWyp9@3ndist Md:lletahmgaéake{é) gas supply panel 80 includes

swi tching val ve 95, which under the control of processor 50, can
selectively send the clean gas with NZ al ong process gas line 83 to gas
supply line 43 or along clean gas |line 57 to renote m crowave plasma system
55. Wien processor 50 causes switching valve 95 to send the clean gas with
NZ via input line 57 to plasnma system 55, a plasna renote from chanber 15
is formed due to application of mcrowave energy and cleaning radicals are
produced for transfer to gas conduit 47. Processor 50 can al so cause

anot her valve 96 to send ozone through line 83 to gas supply line 43 and to
send the deposition and carrier gases fromgas m xing system 93 through
heated line 85 to gas supply line 43. In alternative enbodi nents) valve 95
|s connected at |ts output only to I|ne 97 and selectlvely alloms clean gas
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performng reflow or drive-in steps can be inplenmented using a conputer
program product that is executed by processor 50. The conputer program code
‘can be written in any conventional conputer readable progr@8ndUlg 208nguage
such as) for exanple, 68000 assenbly |anguage, C) C + + , Pascal, Fortran,
or other |anguage. Suitable programcode is entered into a single file) or
multiple files, using a 0 3 JUL 2002 26 Konventional text editor and is
stored or enbodied in a gonp ter-yéabl e .medi um such as a nenory system of

the conputer. If the entBBSdtabh/Paxg sif crass-secHpal| vigs andbayeayEe™s he code
is conpiled, at@@pethﬁé\%,eéﬂﬂ EiRiibe? BIRBY, lif hccorthRcd VichM@renioalRéh: Wk ke an obj ect
code of preconpiled ndows |ibrary routines. To execute the |inked

conpi | ed obj eclveit@8; t he system user invokes the object code) causing the
conputer systemto |oad g.he i RV f _}g/g‘j. r and
executes the code to peré'g'r%q%)%ga{lﬁlslg‘s; dé%\lfﬁérggeg .r‘n&’Pthg’r%‘f{émﬁﬂ%‘. 1D
is an illustratlongelitds@s8, itlustgnimgthé phhpindicRarmerimdche gao Abwqlattetnr inahelr € of
the system control software, conmputer program 150, according to a specific
embodi ment . UsY @“Sésﬁtedﬁt"fﬂgncyﬁm%@)l of Kigr Zenters a process set number
and process chanber nunmbgp oRd 241 Se& bigly LV SdHARadio Sof 4
response to menus or screénsld?ggﬁ“gygcgg%zset ﬁgﬁ%:\}?’ rrg?#ﬁt o#l. Tﬁ]g p'r%ﬂcess
sets) whi ch arheagridificasssmblneatconling tof anperohosiimerp aof abeeineertionecessary to carry

out specified processes,g.are i dentifi redefin n rs. Process
sel ector subroutine 153 Iflg'em |lea}neésm?rig%jﬁ%gs'ge@g??aéd'eg‘ggfzgégn c’ﬁ%ﬁ%@f‘ )oFf)adr?ligj
(i1) the desi riedtesiift sfeniblpo€Fig.Br anet ers needed to operate the process
chanber for performng tlpe Eesi red process. The process E’i/ranet eéé\ for
performng a specific prid8eskiSafide srosyssssrgrad yiew ghaipedesil/heaenof8e 1 or
exanpl e, proceggenty of FIE 5 lakéRlindNE ahleAWolReAS of IHRTREAbNS € Pressure)
pl asma conditions such as magnetron power levels (and alternatively to or
in addition to high- andFigol? fsrabertem yieRFofipthewpeddstal/beateranldustrating a heater

| ow f requency Clgll:l,frequency) for enmbodi nents equi pped with RF plasm
systens), cooling gas pressure, and chanber wall tenperature. Process

sel ector subroutine 153 Rigni3 &l s expisded witav of thermeaertift(adepnty bf Pip. waf er
cl eani ng) chanber cl eanil{ﬁg, chanber getteri

t rﬁr}g reflowing) is perforned at a
certain time in chamber 14 | anosplargedh ¥igwiRfrfing of ithi¢leCthigd) OBNGEHPRS t han one

process sel ectyinif W QideitiPheald ®f Hi@CRSS Paraneters are provided to the
user in the formof a recipe and may be entered utilizing the |ight pen/CRT
monitor interface. The dHighdiS4 dngr 1 5Biliustoate adlehwithinghe pedestablhgstarforied by

t he anal og i npyt.. rd.and digital .input board of the systemcontroller,
and the si gna|‘§éeﬁ‘§§gégh?m‘8f?‘flﬂ§a %@cp %E@%gupé?’efemj’%tﬁ‘y’on t he anal og out put
board and digital outputFipobs & DiimplifediRpam d0a reméie Inididwa?d PRasia dystem
process sequences, sybroutine 155 conprises program code for gccepting the

f

i dentified prdCeSEanng Msevatahand/er theiprofest elambshr IBASEUAINCE M B ocess

sel ector subr Quidodfneke3r utstededt ifRRG4P! | i ng operation of the various
process chanbers. Miltiple users can enter process set nunbers and process
chamber nunbers, or a silfigd.d74sEID emnschematic diagriams|of apaleaningsendpeinhunber s

and process ch [ n ers, so,sequences subrouti 155 operates to
Schedule & he SBRegtn YT IS acc bR VAR R aamPd L sl e toRl BBy
sequences subroutine 15Fighr8 isdesimplified afvsEdbonad vita¥ bPh Rerhitonducapleoice (i)
nonitoring the operation of the process chanbers to deternmine if the
chanbers are 083 cﬂgé‘g?cﬁoﬁ“}‘g iR eRbpdiment pithe PreseRidBEENQRe peing carri ed
out in the chanmbers bei rrq%w@si,-wgre(guh ﬂﬁc%xﬁgéét-%&%rfah@ie%%fraﬁd:x&hﬂﬁﬁs5
based on availability of process chanber and the type of process to be
carried out. Gpplestionofishe methoddsd @pparams vbthermeseheinyentioasfor ghaitireshallewn be
used, such as Sggchjdngﬂ.V\h?n schedul i ng which process is to be executed,
sequences subrou FRe 188L8R pe desi gned to take into consideration the

present condition of the&igy QOASHG B iMplifie] frdsdisetoral vEEsrans®er Wi t h t he
desired process conditions for_ a selected process, or the "age" of each

particul ar usé&X¢BRRBY aRplicatinreat the gnethod ansk apparagus) Qfihe Preset(iBYengor yof em
programer desjik£shaiidw délcHd& iy det erm ning scheduling priorities. Once
sequences subroutine 155 éeternlnés whi ch process chanber and process set
conbination is going to be executed next, the sequences subroutine 155
initiates execution of the process set by passing the particul ar process
set paraneters to a chanber manager subroutine 157a-c which controls

mul tiple processing tasks in a process chanber 15 according to the process
set determ ned by sequences subroutine 155. For exanple) the chamnber
manager subroutine 157a conprises program code for controlling CVD and

cl eani ng process operations in process chanmber 15. Chanber manager

o A g — o o N T o o
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0 3 JUL 2002 28 chanber, sone enbodi nents include all of the above
subroutines, while other enbodi nents may include only sone of the
"subroutines. Those having ordinary skill in the art would readily recognize
that other chanber control subroutines can be included depeh@iJy @powhat
processes are to be perfornmed in process chanber 15. In operation, chanber
manager subroutine 157a sel ectively schedul8es or calls the process

conmponent subroutines in accordance with the parti Cmﬁé rocess set being
execut ed. Chanber managédi8sthHbsiteethegeiatiaushpdRarueen; 3@?%8@ EPHIBhent

subroutines mughrdaG o ek Gies %Hgﬁemémgléés%ﬁbﬁde& Rfth Wrh6R RitRAMaSE
chamber 15 and process set are to be execut'ed next. Typically, chanber
manager subr outlasma sySEm $hil acdemiastecwith afspenific embodimentef thepresens chanber
conponents, delk“(;ernrriionj ng whi ch conponents need to be operated based on the
process parane SO 7t he process set to be executed) and initiating
execution of a chanber @gPQEIARI2GC bRl GaptisnRustRALAG BSpecindneal rébaltroowiag i ng

and determ ni ng steps. eration of particular chanber corr%onégftB

subrout i nes wi‘f¥ IPRARR BEPTHke ot Hieptaa-shallowr jupetioss furmed ysing cappsd B diima: e

posi tioning sybp@itkd 'a@comﬁg@f%mﬁ&mﬁﬁg&f@%?&% ih@¥miepnt rol I1 ng chamber
oad the su a

conponents that are used to strate onto heater 25 and,
optionally, to lift the Rgh2B8Aa23F are graphe silustrdting fuyther expecimentad resuBs t o

control the spacin tween t substrate an ST p ifold 20.
When a SUbStl’asﬁéqu% "F%g\é\ﬁ YRR e6?%@Eggreéﬁ‘i@eg@%?'l%}egla@?&igﬁlts owered to
recei ve the subshédnisingdidferdn®BagpeatBSG find scomirpedd dnotheh embedimeadofithe ght .

I n operation) substrate, positioning subroutine 160 controls novenent of
heater 25 in rREESHBNEREAWNpr ocess set paraneters related to the support

hei ght that are transferﬁig.dzhéxmgmmﬁbmﬁ@&ﬁorﬁﬁ the 36-ddpvited PAPHRSS

gas control subroutine 16 as program code for controlling process gas
conposi ti on arrapabilitiesoftRSES filnodepositagoat 6607E imacoordanes Mithet spegifisontrol s t he

open/ cl ose posj ti fety shut-off valves) and al so ranps up/down
t he mass flowéc%ﬂr??rﬂgﬁqﬁfté’?g‘eet%%%eﬂt ‘évﬁ&mle desired gas flow rate. Process gas
control subroutine 163 iRgiMBledsikylifieediaganbef a sariegef teutrustire sisowirb7a,
as are all chanber conponent subroutines, and receives subroutine process
parameters r el Bifde 34t he desired gas flow rates fromthe chanber manager.
Typically, process gas qapliolshBEoite IFAR! BePSr £PS6 tin ARBSIeAC WBouIaS
supply lines and repeatedly (|B readi ng the necessary nmass flow
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chanber. The apaddped diefécrric fifmd drel ddped dieleetricatilngs. iSacis Glms mag batused tot foem
chanber pressur&a{hﬁ@ desired |evel in relation to the total, F?Eo,cess as
flow, the size“Wf-allow dgpediegionspremstaldiglecic 1aYREYi W&@E‘PEB‘F trig la¥eLy)r e
for the exhaustappymd Bfers hiade Ellﬁx%slh'*é?s,cd?’&ﬂé?!laﬁk@r o1y i1Deiskbveriical | crygked,
the desired or target pressure |level is received as a paraneter from
chamber managepecsioni Jigw A& onsgmbodimentnfeas SI¥1R apparatus|10agenrdingitpa spemfic

th ' - [ o] P ' I
ot assur e manoncnednnt e RRSRF o iR GrbRREbF detRRallard it BOBKTRE D00 e

to the target pppasauy sccorddiignionthe Prédeftpinvgmoioh ihashigh tempergiued heasing)
differential) values corresponding to the target, pressure froma stored

pressure tabl e?apéﬁﬁl“ﬁ%l}‘ifg‘{lsfgf RerfoTing qu@“ﬂl‘_éq depositedFHelFFtHC d4YeFhOT Pl D val ues
obtai ned from pRg.PRESS YWiStol ARV g iftdopdrifrbie] YepoRh&BEdped drdtifiClayer
subroutine 165 can be witten to open or close the throttle valve'to a
particul ar apewhen éorgiingultna-shaliow doped: degiops.e Futther, ithe apparatesrcanproide he

desired | evel . [ subr i 67.CO i for
controlling th%&%@%@r@% 8Pg?é°§8hea éﬂ%ﬁ%@ﬂpﬁﬁgé%g{e‘?%ﬁggfsﬁg ively
heat heater 25srfaces. aQyVI> apysiratas ¢0 phdided hese Raflbple icagabilhiek iy sitil i) a kiegleer
control subroutine 167, which is also invoked by chanber nmanager subrouti ne

157a) recei ves YaFuamshagles & gdycrandingdy. fnultiplerpcess stePs, WAk e Perrormein a5 o

i nput (step 58Qhgle!cRamb&Pw s hQﬁﬁ%?ﬁe &oxet Er%sfé‘r'élH &thfrlﬁatjeQZmHﬁaigtU &ferd he

current tenperatlre of heater 25 by neasuring voltage out put of

t her nocoupl e | exemakiciambresat This 26sultTfirea dawaraneistuemeantent ondhe wagends ed T(k),

where k is the gcurrent tij tep of heater cantraql | 167. The
control |l er obt %"ff‘ﬁls“a Lﬂ%o‘fﬂe‘)ﬁg‘ﬁlﬁ’ E? bs?( Ylofsgucgﬁl?{%%eh%}r‘mn%@;%ﬂp g'vol tage by

| ooki ng up t headvantagsquelydinti@ades Mped@iatir @tentioR irs ther dxgosied igledudn ldyabl &n or by
cal cul ating the (#@?r?er ure usi ng a fourth-order pol xno ial. In an .

exenpl ary enbodf " PeHaHPiBE TRYHP RAroceshteRs Nresingle chamRsra3vesime Y Righ at es
the tenperat ur ghceialdrthe Ebﬁ-aﬂQ}%ﬁglﬁiu%?m%fﬂreéess_demt ed Err,~"~, is

determ ned by the equation Err,~",p(k) = Tda-T(k) . In step 584, heater
control subroutine 167 wReferring wcFigoha, &VD appacams 1O linciudgs ah ehelgsuBaised on

the absolute v foBrl (k). 1f the absol yte. val f . rature
error is small ggrsg'shlgnzog %’Pg'ﬂétae‘fa%u?{gcfh%ﬁ%dl r"y‘/”dérargg?,rgﬂcﬂépﬁreeéﬁ g? %c Bt r ol
subroutine wi | Hisgbugei pRd BOREFralide® abB@tha ey readtpa dreh 16 (ot diperdfs and

588). This algorithmprecisely controls the tenperature at the %e[ii red
t enper at ure) TERRCtive gases through”perforated holes in plate 20 to a wafer (not shown) that rests

on a vertically movable heater 25 (also referred to as a wafer support pedestal or
susceptor). CVD apparatus 10 further includes a heater/lift assembly 30 for heating
the wafer supported on heater 25. Heater/lift assembly 30 also can be controllably

moved between a lower loading/off-loading position and an upper processing



0 3 JUL 2002 31 If the absolute value of the tenperature error is greater
than the boundary error, heater control subroutine 167 wll rﬂi&!ﬁﬁ:@
~tenperature ranp control algorithm (step 590). This algorit t s the
rate at which the heater tenperature will approach the desired tenperature,
Tda, i. e. , it controls the rate at which the tenperature changes. The
tenperature regul ator algorithm (steps 586 28nd 588) uses feedback and

feedf orward control to,update . the power delivered tog the heati el enent
enbedded in heéioé‘lnoﬁf%“‘g%ﬁ%fgg)f dottrd lt‘ﬁeal%wg’ﬁh ‘%&ltof“j}‘l_tagl%‘??béq B'lalfr&? aySRgWn 55
close to Tda asnmagsidl & cddi& SR [ Wdwh)GRALAER! sehddrd fbr DréVidiag lidBihation
estimates the anount of power necessary to maintain the desired tenperature
gi ven the anmpurfd @a@ositigr obthegrafer. | Ay disqussel-indatail belayp heaser 2inclvdechanber .
The feedback cap{; § S ] - |. nt i i (Pl D)
control o ms. (o aelRARdoRNRkd, HREN b 0Bl etcPin) Eliptilh Kbl
dynam c behavi dn aofexemplatye ampboditmente alrsurfades b€ heatér, P k3jposéd 0 wowim ehambert he

type of algorithmused in conventional heater cantrol sy ms W t hout
ebard to Che vt Tote & CEARE AT BERAF AFRDYR Geide) G e ShER o
control the tenghmbm BerlRMPWhEY Beatdd Y ant the wigdri € h?pﬁdcé@tlgﬁaﬂoxitiﬂﬂ 13da( 5)

and then enploy the PID controller described above to track this desire
t enper at ur e t r gheycargsyrronnded by pehagbat linervdnalpug thetigside walo b7 0O hppadtuol® i ne

167 preferably S r re.r [ | aqr i t 590)
to control pom@g&g%eagg‘gﬁ:gﬁﬁgﬁ %th#%r%l 3@’2@r‘ﬁ?‘£5¥/§}‘%1"3"%f “F}egg]é@f‘ﬁ‘?l’z error
IS greater tharpottivn dfochachkbery 181 rAgrdisclksed imkerail ibelom, alnsurfacs of chdmber Wnech i s
the rate of ch e of the tenperature, T(k at_ti ste . The rate of
change. of  t enpasdFeiPEoLEAMEBS A o FleHabeRish 8 & and, B miisen BB e
made of a cer anvHicH®Ereds! Bllower¥hk Gémpediute’ @adiehtheWeR leSigiveR)-h&iCheatet 25he
tenperature changes too quickly. The ranp control algorithm uses

f eedf orwar d andhighd¢raparaemiand shamberkwallsnt7s awhichoare ah 8 machitowgy tempergture

pr edet er m ned i ate function) T dd(T). The desired ranp rate is
mai nly a funct ?glgh%efegt%eg&?ézrsrber ature of the heater and is based on the
thermal shock resi st ance Rehctiveandeatrier gdSesaire Wipplied shroeghpsupplyulires43 ihous,

the desired ra rate may continuously change, based on the current neasuyred
t enperature of gﬁ@“’ﬁ@&t"g (orpgas; mixipg blpek) ¢ ?E{g 3)'&59%'? ey aasgéféefahlyafmxcg

mnimum rate thgdetied ah®WeBRILOD OﬁlﬁteaZOQi @ad Bﬁ(h?boﬁb@l% prefeRibly b ldBalriapee Of
tenperatures of a particular 3 JUL 2002 32 process. The control _

al gori t hm al so rixingdjeckaconpled rta @i pracess gas supplydinet 4feandqtoa Jeaningagrsecopduipower
supplied to thg-he A r i d

oscillations i 2'7i a@rgpgﬁlgpg.d gggrgﬁ&r g] ?%Ar/@)?q%t gi??%%%f Sm*%‘gaﬁﬁa@@%%yr ate
by tracki ng a topemtestacgapevalvel280 (Figj Sctoashposet whiels of ciiese omd pltarnate anirees ofhat

a desired tenperature, Td i |.I he achieved at s ine. K.in the
Future, The: avaRsrsdrs s Rlte B tor (RerindBia Fhagiosh | SorCBHGER TN | be
T' da. However, gh&g ft&ﬁhﬂﬁﬁt@iﬁpkﬁﬁdt@hﬂcrﬁgvgfé"@%ﬁa S’yfstén?%’.e&iﬁfgﬁrhﬁs In (dide yRY

vary widely during that interval. Consi _the case in which a disturbance
causes the temfer gceiviagtiopyteasasn Buring depiositios prasessinge igasibupplied tavplateed(kist han

K. The controll i e t o as. qui.ckl ssihle. "cat.ch up” to
the desired tr gjgét(e:%&r\%’/arzfzg{wgl&fﬁgcfa@%"}déﬁqu?b r&/rf(ﬁis ?lﬁhgv h?‘r‘ft l(tarniléiglb%duri ng
whi ch the cont naifbmly idéstdbdted radgailypacresk ltheo@afgr eafase, typivally in ddamihbaflow.

scenario could result in thermal shock fracture, By controlling the ranp
rate directly, ‘UFENE &S DAY bp HGNEYﬂrF%W‘%GWrtlﬁiféo‘Béf‘éﬁlﬁ Bgrt QES‘&?&KP‘&‘.

Referring to Fisgowh)hrodh IEBRGH YWall IR nEBREE AseRibYOII0. h%é’"bﬁt‘gir%?ﬂs%ws
described. After the deSired tenperature, Tdd Is Input (step 580), the
current tenper a&pward paskheater feandutocnt gnoulap pEdRing charnel KG. tAMEhaUSt YR r or

i s determ ned e t . rol_al I C . ual
amp rate Tk EpERRaRE me clf (STRIGRRT bl ARl 320 i) B Bt Bfipi Bai
dza':(;ar i ngs Lhe 40end terduglaap exledust lire ﬁl}ibﬂ'(algf)a&du(nﬁ)ggmd s?f(terhhﬁomhbwam E\xhi:juse of
T , and the error inr rate) Errs=T da(T -T steps 592 an

594). The act ugPSes ZRP 1§ "gy?re(k')e}qréblﬁéﬂﬁff:% wp %Wr%‘é‘&g?%ﬁp%ap‘ér ature
T(k) over a ramgBugt etRIRAIRIIY £ IBESHRIRM by 2 ThidTe vdile SARS 88,

T d~, (T(k)) may be any continuous function of” tenperature ’in various

enbodi ments. In the specific enbodinment) T d(T(k)) is set to be a

predet erm ned constant value. The calculated ranp rate T' (k) is determ ned
by sanpling (i. e. , neasuring) the tenperature at a predeterm ned sanple
rate (e. g. , 10 tines in a power update period, 1 second, in the specific
enbodi ment). Then) an average of the 10 sanples is cal cul ated and conpared
to the average of the previous 10 sanples. The difference between the
averages of the first 10 neasured tenperatures and the previous 10 neasured

.y o I M T )




O 8 JUL 2002 33 rate T (k). The ranp rate error Err, may then determ ned by
taking the difference between the constant-valued T a(T(k)) and the
calculated ranp rate T (k) in the specific enbodi nent (st 8 594) . The above
enbodi ment is an exanple of one nunerical differentiation that
may be used) but other techniques that may be nore sophisticat ed al so can
be used in other enbodi nents. In other enbébl ments) ot her sarrpl e rates al so
may be used. To el aborat n step 596, an ry, control nctl on used
in the specific enbodi nefﬁ (e SepRevRafAtNG ef“r‘?@ nPdﬁt ﬁ@ef@aﬂa‘ep% ePRFioR) =
"~a~i [ T(k) ~T" fobeds) performed (nf CHOT hppatands (Kisla eRRA, kub- &nb??zeﬁ@rp‘?&mret' me
step and k+ 1 is the next tine step. P(k+ 1) is the tgower hat w Il be
suppl i ed to therasess eftemrefensed wea@tsubramaomhem CMR-SAGYVR) Aqsdj@cp@gcp)e]arl)er
which is a fun?ﬁe’rﬂgl @{’Pt @%c&?&' gglx @e{gﬁvg%g %'qh %Mtggm‘tfa%gWe% H{a‘?
sone nodel ed appr oxi nma ecessa power aranp ra
T d(T(k)) at aindengkctemica rdackipns Hpmogereouooi h@érogalenua)mﬂetpmte tbipnoduce a

V\atts/(C/secon t defi ned. and . lti. ied with

error Err, g %‘F&dgﬁ@c ﬁ’l gég)n"fﬁ?af%n& Ehpat ‘g]é[ edTbydEeﬂsR)'ﬁl]' %Egﬂ%ater

appr oxi mat ed aas PiKdiscub$tdSin 4Rl el s\t this 'cﬁde{‘ér(Sﬂ r‘éhﬂtﬂ% rdpetbfurbPhs KilghWs
syst ens such as the resistive heater wwth l'arge thermal mass of the present

i nvention. The2eB14PB1800 Unc Sueln heas distabutiopproviiessunsl@rpy rapid thegmaldigatieg of
equations: P(k )

| Qp* [ T d( T k))m]f)‘(?;f)ef ko fﬁ%ﬁ%e&"t[’h’g ‘I'é?e}c}ﬂgeag‘gt& %Ert‘é 1eearnB|(é< W there is
a | ag bet ween séasoringrgetyeving rsteps mdjrmﬂneld-smpcbrbdfess in gie wmmnbétel.‘adj ust nent
produces the desired result. Foréﬁxanpl rature of heat er

is stable and PHETREYFYY e coUrRlled plasmamay,hg %W‘@g agﬁggeé?lthreo‘f'afﬁ P’( ncrease

power to the h@ﬁ’érgj’ appiitd tb%@@fsﬁ’iﬂé’h@n‘ﬁiaﬁ 20'@om NP REVIRFwer istipptdl (et Showwii). se
according to the desired ranp rate control will then at the next tine

step further iHpabedmsaradditionally havingontawen&E elestradee iscRl GRRET HRPIY Cathe
d d | d
e mich gr eat oS PpsSiER sinefirédiEhey R BouldE A fife 20, mBUARIEN UL pog ot

ranp rate w || tocplatei 2Quandt the iloweercRB elebeydmrd; dérhancdahé dexmpabitien of éastives

cal |l ed overshoot.. The c oller wll b ucin ower sl ow y
the ranp rate chiesd‘é‘&‘?dg‘ﬁ INtQRFASESS Fham ertl'ﬁe Z’bi’ttp %WP@?O@%S E‘Fo? & er than
the heater, socéhpotehis df‘i/db‘&edeggmén t@&ramé)t@wwld #d¥e 20 3¢ ndditiece@d the ranp
rate will decrease beyond Its desired value. This ~s oscillation. Over
time) the nagnRecgamasiate; the R¥Senergyatas gligsussed belgwer ease and the ranp rate
will reach a constant, s B nder go
smal | di sturbances, therié‘gr\?lv?%élrg ?3 é’lag%gnsglgﬁﬁtﬁ%e géﬁtal{yafrgwgﬁgxf@m

val ue of | Cp deppararunéS is prefesabiy aoéptédtfbr(p\iﬁbﬁﬂnngtpeaoﬂk tleening efdydesired e
error. If Kpig lar the systemw || be nor tor but

st eady- st ate ea‘? \??PI’FS’% ég‘ﬁ Yariopy quqegmé’l%éﬁt‘mg’etrh@ 6?5%%5‘3 yafly 17 ag,e
Typically, Kp Gan ab%tﬁearcsﬁpbﬁ&@wﬁu@?ctl Meidte GriBWhveOplasiad speem 58 dait Qlsdanp
the system s responsel) . reduce overshoot and oscillation. Steady-state
error can be réemr@ucsmpngtchmg@émauvq:@ndcrsmr resjéweStfmrg Ll‘%ﬁt!ﬁacﬁ@fm%rease
over shoot and I f av,

algorithm In tglaféé hﬂ%h&’ﬂg@?%&a ?S\?/%ch tro¥ |5Aq*hh§ t}kﬁt GQQHCOJ-/
require nuneri pabhy sysém 55 airé r@cﬁ#&acleﬂﬁmgtgasdefor\meatmg aqﬂammatotmpﬂc at ur e.
Because the si ﬂnal -to oj se r %I o of the therm)cou%]e Si naI % its
second deri vat V%H%r? THE Hr QUae-radicals g remgte FHErpwa B'P%IP rEfen éa&péggnt
i nvention usesp@alighdrolRpb&t pIaSHE EntiheRAy vVE: ﬂﬁt?s 8 nBhutiAR UeoskainUdeddtiven
function (step 598) instead of derivative control 'to danpen the system
response. The 8aeuimMe spyien Jactia puetifiesT. mwaﬁzh@mgtemlqrnwamplﬁsm@ such
that 1Cp is in i onal , ring the
transi ent port}(}%he%glts ¥ e%g)sg% T T4 %“BS'nlé vmgﬁc}e?%eoerng%% ar c;row%]é

over shoot can oxifasion to heeam‘ i ptn‘smu @\/lgﬁétﬂuhg; r&iicld which asd emdysemt\aa eondaitrdyr s
are small) so he effective | is |ar The exe aturation fungtion
used to darrpen A APE RS LntehePlate 28|‘9éﬁ"”59“t"r§e %Pﬁnﬁltfvéeﬁ"’dfseﬂd’a‘tsi"&n SEy
598). For these equations, P(k + 1 ) refers to the power defined by t he
control equation given above. P,(k+ 1) is the actual power supplied to the
heater. P "",~ is the predeterm ned maxi num al | owabl e change in supplied
power fromone tine step to the next. The exenplary saturation function is
as follows: if ~ P(k+1)-P(k) ~ >P' ", ~



then P, (k+ 1)=P(k)-P ""x for P(k+ 1) > P(k) and P~(k + 1) = P(k)-P" ", ~
for P(k + 1) < P(k) else P, (k+1)=P(k+1) A new term | Cp~~,{k) can now be
defined as the effective gain of the controller at tine ste‘g kJ Clggﬂrly, if
P, (k +1) =P(k +1) the effective gain at tine k 03 éL% 35
equals the gain Kp. But if the saturation function is applied, K~ (k) is
defined by substituting P(k + 1 ) for P, (3 + 1) in the equations above

and conbining themw th th uation:, P(k+ = P, ~~ [T(K), da(T(k))] +
KP*[ T' da( T(k) )% ‘(%&f?“sﬁaﬁef%f‘g%n‘?ﬁb@!{ P se"é@dff{ﬁ?%%?gpﬁsaf&sx@ o3 _3&0 |
K~f ~(k) *Err, ~(ikeiud&afradi reglency _,(RFbeasrﬁﬁ KysterBYo PRIVidROintshtE phdshRCapatdiigai n
smal | when the ranp rate error is |arge) overshoot and oscillation in the
response are mini m zed BYotors andsentigalasensnss {ngs chowm. arq e todBeeeand: he

| i kel i hood of -l

Accor dingly,  1TRaE 58 pbiifof S nfkaf ME-RRlal sAERLIE SRSl walve. 167
danpens the sysystem 63 arekipares 25vr Tienhdaeerdift assembly 30 metarer gatoedue 280,her eby

resulting in re.efficient erature control. A pla ont r ol

Subrouti ne. 170MAHE AL BT B o IOG B IFB R A N Sk oS Y er

llevel s and nodgnigeléms aRUWonasiled by pAicR6N 8 bvé& RRREDIRERMYSS oh@MidhGbnRF Pl asma
systens, plasma control subroutine 170 al so coul d include program code for
setting | ow aomerarg shdwmquency RF power |evels applied to the process

el ectrodes in chamber 15alth s cobfibhldithrHe aliiids RIHERVD RRchipeauency
enpl oyed. O course, sone enbodi nents nay have one plasnma contro

subrouti ne 170Aamgcsfthe systemm ovmradlepoprecesiar\Vl exeautes syseiheontl asfitwareont r ol

brout i 170 d f RLF | ls. Like t [ ly d i bed
Chanber  ComportiEh &b PRI HROPHg eI B AEPETS (hr LS PGS Pnyoked by

chanber nanagepreferddlP Uhem6ryl 70/ may De Rl ASATBIsE ARivE ObutSIfRbAE imitencky Q0GRAYOEd Ses
program code for setting and adjusti~ig the nmagnetron power |evels and node
(CW or pul sed)otharrkigdst ofiHemenye itiondn ashapd disk grive ke g1 aBemoRy &Y e ¥ P

pl asma contr ol i L r r tting
ove and_ i gh- FrAanSAD) A AriRel hubBitidh, WRRldi0E ARPBPUAREREBMA Bleal | (00

i n chanber 15,rackidPfaressoet50ioperated andervwhé cemtrod rof thd¥ystetre cpmrad yofewpe owhidh O

course, sone enhodi nents .may have_ on | asmg control subroutine ;|70 used
for nicrowave nab\&s SF@}F@I‘ES Ho @ftkfgi"gﬁﬁl %HE%W&’CQBS?SS&? bef 70 used
for RF power |Hvgh®; chirfert&iRpdth@yd, Qhidtowade PEWEPRIeIS NAREDEorGRRIBA S Ad
subroutines) plasma control subroutine 170 is invoked by chanber nanager

subrout i ne 157her|paraspasersiofarnagtiqwiariprecesnt Othesicompep programheucastthess 0 3
JUL 2002 36

stored on other memory .including, for example, a floppy disk or other computer
program product inserted in a disk drive or other appropriate drive, may also be
used to operate processor 50. System control software will be discussed in detail
below. The card rack contains a single-board computer, analog and digital
input/output boards, interface boards and stepper motor controller boards. Various
parts of CVD apparatus 10 conform to the Versa Modular European (VME)
standard which defines board, card cage, and connector dimensions and types. The
VME standard also defines the bus structure having a 16-bit data bus and 24-bit
address bus.

The interface between a user and processor 50 is via a CRT monitor
73a and light pen 73b, shown in Fig. 1B which is a simplified diagram of the
system monitor and CVD apparatus 10, illustrated as one of the chambers in a
multichamber system. CVD apparatus 10 is preferably attached to a mainframe unit

75 which contains and provides electrical, plumbing and other support functions for



subroutine 170 al so i ncludes program code for opening and closing of gate
val ve 280 to coordinate with the setting/adjusting of m crowave power
‘levels. Alternatively, the system software may have a sepamaée ate val ve
control subroutine in enbodi mnents having gate val ve 280. A n’&’go' det ect
control subroutine 159 includes program code for managi ng endpoi nt
detection by controlling a light source and3a tight detector, receiving
data fromthe Iéliwght det eﬁ)og for use jn conparing light intensity changes
fr om absor bancé™ P38t {On&XFRPLRDPRINFIME HiBILE CUBPALNE 1ith dkes Ylugtsisive
detecting a pregfbeimennerchi ' hrleY. aamg li£i

i ndi cating the _endpoi nt OF tﬂﬁgﬁpgll‘dg%sﬁﬁékpc%@g@&c En gééh?ﬁég?%%?gggntrol
subrout i ne 159 Pascddoma00Fkarnidnthe Kisdtuiy 52005 hdystemseney exppiied Mantriate 186 7.

Endpoi nt d | ine 159 is included for those embodi
i hg. e endnoiip aBe SRR, I8 mlclamast s B Be.copOTd JRRER tha

enbodi ment s notwalferbengeearitseamdmbentwidue biehiifg SheStRAUMARH Avitidlt REAEE {0 Use
or have endpoint detect control subroutine 159. Optionally, a gettering

control subrouf¥RRSE {REgWALEY 1, mojshire 9B QHher Fetaminants Ouisidedhe Mmulichamberer
manager subr oukygiénl " : d 80 r.agram
code for controlli ng%gﬁvgﬁﬁ%gbgp%clg@ggﬁ%bﬁg% %Hb@gtuég@mbggﬂa(&:*ﬂ%rﬁn@rﬂg
seasoni ng) posmudtichamber systermmay bt tused fog difédrent punpasestin thereotlierprotess. For

gettering contr broutine 169 can invoke specified software bujlt into
the clean reci 5’8‘1:?%9’f%1{c%i %hflpif‘émﬁ&félﬁd;g?r oy sﬁlﬂ“ ‘?tjnoxé‘z?ﬁb?'??\é\ﬁqrd?ﬁy wsene
cl ean recipe uﬁc&d'apiiihherﬁdeﬁqcsisﬁ?, das Ged fothen mal aeaiRbE oradd@¥eeclesnin®i Thy for
general illustrative gyué oses and should not be considered as limting the

scope of the pPESEHtMALRORESdoHRINtUDted Sithinthe mewtichamber system.; thergby
singl e-vaf er vaeyeifintanelinion! i Warkie MRy (rast W ar e
mul tipl e- vvaferachanber.systerrs may abe use?hlﬂrl]g%t ge?&g‘lr?bo |§rxg{r?1igs of the
invention. It BeWEeR vaFious separate dudlyidhalvebembdrs t(hettin al mbltichgmbee sysi¢m) fozat ur es
of the inventi escribed as part of a CVD chanber in a

mul ti chamber p?fci:{:egésngi‘)ag??@%?g%}egf he invention is not necessarily intended

to be limted in this mahngde prefsiéd eMbodifend tWoekibhitdts ¢ ateeused eshei owhted
variety of prog}re&gitcregﬂchanbers such as etch chanbers, diffusion chanbers
i

or the like. Joorn wallofog g epeansars and dhe qtjiex bohind e wall fo5theat i ons i n
desi gn, heat er s&i@igé SehnicRaa! | : t re
operation and .sstruct'ure, ﬁsﬁﬁec@?ﬁ @Ba%g;?? multgfgéggﬁ?ndx%{l;a}ghgg tg\/\\gre
subroutines. informagion, byt zbly G kighipeyddlts emblefl. gEte light pen 73tn detects dight

v equi prent SR8 REBpB LR 4RRO st i of decyeni TERISD
devi ces, i nducpardeulgosepsenchrRimdtionh tdespeidior BLarR deMphatey heeof ues displgy | i ke
may be enpl oyed. The dielectric |ayers and_methods for form ng such | ayers

for use in theSErOANPUshAsSRE PRROTSER the PepgBbnhedteushed pregechangsisd t o any
specific appargy Hadd b QS i i mrfithi in
Figs. 2 and 3, %V app%dr?%tﬁl?g a?%%g*é‘%*é‘?g IL’y |n8?ﬁ!aa§g%'n&§§? E%)r@lc}(rae ass%ﬁgm
200 havi ng ver batwegn the lightipéncardethe displayasteen.s fpmutsep othes tiedicesr swwhsaisept or)

25 for supporty seni conduct or wafer w thin a.vacuum chanber 15. Process
gasesy arer del KBoRd” FIOHE® R Hiied oo g or SEmmuishyoH TSP, quigos: fied e
etching steps offortinedddibfrto 1iRhOFh TBbSorailowt the Rse 16 tcBmmiidicaler Wl pratedbr
di stributes prg)cess gases fromgas sources 90 (Fig. 1 C) onto the wafer,
and an exhaust ststem 210 (Figs. 2-4) discharges the process gases and
ot her residue fromchanmygp 16.; P ; | e

Ei églllllgxgtegfi 1%n@1:aﬁgvér91ew5ft@9b :g%tﬁ}aﬂg g) ?lor

heater/lift assenbly 30 ( t includes h er 2

heating the weltlationrelafgas supply pangl 80 docateden augiewr memi. nAe discysset elssieng
position wthi . integral .penpte m crowave. pl asma,system 55
(P gs. Ta and Q5P B8GR tt ot iRyt i eatir 25 86 P 80T o0 BB haner
cl eani ng) waf einpwik émni supplyolinglePand tomi@itsA7eRAd rédSors Mgvddwale biagma 3y stéav35
apparatus 10 further j.nclyudes a |iquid cooling system215 for delivering
cool ant to var‘i"%é“pc‘}bh‘ﬂ%ﬁz-nt%s Bentioned abRtishars MEIRHDRHAT3 t5hfes aiziggesthent s
during the highijet i [ LAy | J s[xﬁ)tug : to
decrease the tejnpgfgg;ﬁp?gﬂgfﬁ g’?ﬂ@?@ﬁ%ﬁ%é&“%rﬁ?&%@ﬁtég&?g mn m@éﬁ&g‘gg; red
deposition onto these conponents due to the high tenperature processes.
Liquid cooling system 215 includes a pair of water connections 217, 219
that supply cooling water through the heaterllift assenbly 30 and a cool ant
mani fold (not shown) for delivering coolant to the gas distribution system
205 (discussed below). A waterflow detector 220 detects the waterflow from
a heat exchanger (not shown) to enclosure assenbly 200. Preferred

enbodi nents of the individual systens of apparatus 10 will be described in

o, = o




fl 3 JUL 2D02 38 Referring to Figs. 2 and 6, enclosure assenbly 200 is
preferably an integral housing nade froma process-conpatible material,
‘such as al um num or anodi zed al um num Encl osure assenbly 200 includes an
outer |id assembly 225 for delivering process and clean gade8 JUhr &83h an
inlet tube 43 to an inner lid assenbly 230 within assenbly 200. Inner |id
assenbly 230 functions to disperse the gase4 t hroughout chanber 15 onto a
waf er (not shown), supported on hegter 25. .sh in Fig. 2 alid cover
233 provi des adfRSPPEETHE CORRITrEN: 45 5™ R BofC of e MECAFAYRaM I y 200
(i.e., outer |isgstamsTniglivegdlly AdSiH @hslnddnRIcwp ehaiter 151with eordgrWre to
hi gh tenperatures duri nf; system operation. For SACVD processes) |lid cover
233 pref er abl y GoRdpg R 3l0ag%da elismbeBdS e sate | valve A8 And ket Mixing bp¥ 243 dapaied 37
t hat ensure gasg) ' f & L r y

remai ns cl oseds‘lgggsit ﬁggﬂﬁ%}s/tlg'pr%@g%@%ggppﬁpgéggt ﬁgﬂé@ﬁ%ﬁgg}‘g:ﬁ@ﬁgﬁ%ed, for
exanpl e) to perchamberal proegas miixing boxi 273 ¢ isaproeided suithereacrive gases yia lilsrdsband

breaki ng th d bringi he, ch t g at. her | L Alid
i nge 299 1 ol AReon H0 PPkl Bhe o RRIn PETAI SR I GO RSR  ERrE 1VI cover
233 from falli ngpply eedes 96 c%h@mndg Paskd OF liguideihat MGy varydddpendihy o @@ def i nes

a vacuum | ock door (not shown% and a slit val ve opening 243 through which a
waf er | oadi ng &SSESIOPrOCeshrstused, &urd partigannpligation, Bas supplyRagelfbasss
chanber 16 and | QffS s | QasH mbly is
preferably a conve tF%kg{gle%r%@?itrgce%gh%\?%?ﬁsﬂ?@ggsegqﬁdt hi nrark’qiqéz(%gf er
chanber (not shaperjzedfliquids) fromt sontraside fopmixies sndhsendingttegas mixing bab2@3
robotic transfer ass ly i escribhed in comonl ssigpned U S. Patent No.
4951, 601 o NI BT el it £ enralyr PEY e 87 GaEh oh et e
herein by ref erigied (iReuebff valvek 95thfiTan Bk uded torhuddifatiCBlly bP thahalydBuiedf|

245 of encl osure assenbly 200 around chanber 15 is covered with a chanber

liner 250, whi dbe Hewiof pspress gasdnto lme8%er brecdbanddiihBaes ey conrollesh iobher

i ner 250 serv [Wala] I o) r . | QWG t k skdde of
the wafer. In g%éitr?elagﬁ)g dgé ﬂgg (ﬁgg?éf ﬂ?@ﬁﬁgjsohw r?aﬁap%l? qﬁ#gne\?%rnqtaﬁlgﬁ 4

encl osur e asserffuryexafple, bzonerandihe cleim fpash aret ised fih dhe prbegss,othe sevegal shut-afél ow
heater 25 to the, | ower rtion, of , chanher 15. Accor.dingly, undesired.

deposi tion ont d’a{vﬁ%&g&ag'g?ﬁ Resitioaed gp %ﬁﬁd“?ﬂ%qPS%FO%'Sﬁ??%ﬂc%ﬁ 8%r 15
is mnimzed. Fetri@rat whidhethe depbsitidVindearridtefabd! intl0&inp Afdr @Ratipleveen the
alum num wal I s of encl osure assenbly 200 and the edge of the wafer on

E_ea’:1 er 25, 0 'grastylorthosilags (TROS) chalivmo(He) eansritragene(N:b gd QP_S@MIW?_ during
bt ovent s oxcos RpRSBARL LEEPOY PRt LACLAMNE Sl B6GRP \diecs, ST 250

25 (e.g.) aboutsupied 60@a) mixing kestearn @B as alseicomrolidd roy sfuidhbregaswmaisk Sloge. g. |
about 60C). Wt hout, |i 50, the heat,K effectis at the ed of the wafer
may adversely &PTElery mg%a&‘ﬂf shoym) ﬁBa/Hf E’% v @F%&m Plﬁ%w‘@/a%rsogﬁd lead to
non- uni f or m depamodin®hts, khdMixind Gyskine DS iAdMdés QAR Bfktion sysiemeforpor ti on 253
formed of a process-conpatible material that is well suited for high

t enper at ure pr ORRYFIRE reactant) ligidsasueh ag AEPSaanduTEBQG 0 @jccoring ko hpiey) i nner
portion 253 of .nA&: 0 i i i faum
Nt do, al uni SapOEmeRRy o R ARty SEACS Ph RS fis SUFE TR AT T

| nner portion 3BRomisdurce;samedldng dnanere gasdous kxees sofrcehouch @s dxygen 10Prmeh and
pref erably about O. 0.0.3 inch., Liner 250 preferaply. c | se Qut er
portion 255 tha?%o%eo@i'irg@'sg%%m{egr"f‘gl 3SR Syfﬁ&%u&%m @df"BE‘@?ggél ng
than ceram c) sldfyuiBsoardéditindMsoGHiyebe Patiotiz& by ebnvefifibrial BBileepd o2 Bubbldr-
encl osure assenbly, and includes an annul ar | icg. 254 for supporti n% i nner

f

portion 253 of tYREot boxes. injqthes egthodinaamtsar Ayliquidindqction SESigBAS PEFRTCIRAStibY

portion 255 in aq?g I | hal ks verd |
struts 257 thaﬁ) t‘de I r{ﬁele #énr;tré)?hjglr éf{f g‘%p@%% ﬁé&g&gé ull&élr{l?&gg&gﬁ}c{)@n&% %%Fi gs.
7A and 7B. Air nyaing sg§emf cfhel vdpatized gused akeithen mixetihie thengasrmixangt systenm2&8h of

liner 250 from the.outer chanber walls to.increas fer te r re
uniformty (ot ﬁecraW%egaf’h%'CE&ﬁng‘F{“éﬂgéefB'fe being 'fvé?"%ct\éﬁ‘leﬁw%i‘f}?%&\?éf%éset 0
the surroundi ng ighesdpaizedvalat otRIBAIradsUsrIopifits Coilidoh, GAObxygRhaldoaay Be ik,
heater and wafer tenperature). In addition, air gaps 259 provide thickness
to liner 250 so that it can bridge the gap between the outer chanber walls
and heater 25 while mnimzing the cracking or other thermal damage that
may occur with a thicker liner 250. Quter portion 255 of |iner 250 usually
has a thickness of about 0. Sto 2 inches with an air gap 259 thickness of
about 0.2 to 1.5 inches" and preferably about .9 to 1.1 inch with an air
gap 259 thickness of about 0.6 to 0.9 inch. An annular cover 261 is
positioned on the upper surface of outer liner 255 to formthe | ower wall
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0 3 JUL 20Q2 40 In an alternative enbodi nrent (nQ@ shown)) liner 250 only
conprises inner ceramc portion 255 resting on shelf 252 of enclosure
-assenbly and annul ar cover 261 form ng the bottom of punpi ng channel 40. In
this enbodi ment, outer portion 255 is replaced with an air E3RuLn202 shown)
bet ween ceram c portion 25S and the inside wall of enclosure assenbly. The
air gap insulates the high tenperature wafé? fromthe cooler walls of the

encl osure assenbly ) and,it. prayi des thickne to, ljner.250 tqg bridge. the
gap between the chanber @391“5"@ dgﬁ@g\fp@?y %".e?gq e eﬁs‘glt%f'%t"ﬁ?ﬁ[)g, QEICP‘
Referring to Fufder tRe adtiirodof prdcessot 50, 255 e¢idtiveR2zng ettedledn gasiwith Ndewsng | id
or base plate 265, a coolant manifold (not shown a clean_gas manifold 270

. : ) .
that includes EFASARi&2s4ins 8349 23F RwApYy 4> pnalogg CWRGH{J“%& thfeERA% ng
process gases) gga.g g FESE t i t essi ng
chanmber 15, and a S’?{“ga@gﬁgé 280%¥br‘wslée}rglj§tc#s\g/%[ﬁ§/o (Eﬂ#lgﬁ ﬁﬁbc?l?ﬁgﬁgﬁjr)u&ng
and/ or process sepdsthe clean gaswith ¥ riga linput U757 CF plasrna system 55 s hplasaia vemeteear | y

under st ood t hat. gat,e val .280 i g optional , .and. that outer |lid . ,assenbly 225
can be. modi 1 oiORLCBEEE {5 i 4BF 1o, Aeas it R RamtE e A dIAEREY (o
box 273 W t houtadicatsadre praduéed forStranbfeyso ik donduit 47. Ja6celiori 0GR QtsoZAdse Cl ean
gas manifold 277 and gate val ve 280 are greferabl y fastened, e.

bol ted, to the3Rhersiairesetogtend g3enethegugh Jige 83t 1233 supply %%@%g’éscﬁﬁé%ges
83, 85 are nou o LQr Ha{i:ﬁn I it i Xi ng
box 273. Gas pgésalgt;lgg a&@?a%}gg%cﬁ ffg{llgggl n et%ﬁ’?bﬁ"?g%@%%%g'fa‘éﬁ’ l?gggcs)ttj{nces
90 of gas (seeg# fppplyGine 4uch dernativa embodioEntsT FAGE 9as connectad fat dgewtpuc| ean
gas, or the lik and tlets, (not shown) in co ication wth. axxing
aren 63 wit hi nons535s ¥ ndspler iy RIS ear s B WS B Dl Jind 8
through inlet pwitchifBvalng 008 (ot ishaver). | Letara € AlPoynt 28fe td inl&BTUdnd remioteot ed
that for plasm ?rocesse_s, . CVvD api)ar atus 10 will further include a gas

feed-t hrough b&¥Eicha?, SHEERINE Yabves | Giginghese smbodiseentgwouldhe; conpsciad; te ipkk

appl i cation of i HRSS : j Hg)t'dt' breakdown)
and w t hout gagwélcg%ggﬁ%l on .“'ﬁ&? E}g%%gsgfl@stggf’gﬁ?lpgggs%&gt m l,Iblxgggg’s'crhﬁ:pti on of
an exenpl ary gsgecifiecumtodimens) gatexvaten28=mhy badontrolldd b3. prBedssort SANowvithd, 872,
947 to Wang, the C%@ls te giiscl osure of which is incor(gorlat ed, he eir by
reference.  0™8TYS g’lﬂ@? 1% SYNEMIQEWATS CPIRUIET RIQETAm, LQ, SEIEEL S1her thE §iean 7

i ncl udes condugdsed ér &QrdeFeﬁgd,ﬁ/'ng GRA6W intbrcmbér B8, 290, and directing
t hese gases) through a fluid passage 293 into gas m xi ng box 273. Gate

val ve 280 includes a val leeandugmotiofromytbeslean saam where ¢hamber 43 9 aPpagafus or
selectively al i r i f i hr sdieh uit
47 into gas m il(?’#gl@%aégd 5@5%@?29&6#%%8@&2&1%6%@ %agﬁ%gf}?l;}tsbper at esg&g

act uati ng handl ) p®yjdeppoyet © thalmagn@sm imergmiote plasma syistegni SHy Quooates b, 50.
During cleaning (discussed bel o at.e. val ve 280 is configure o allow
the clean gasegppﬁ\g%ﬂ?gfra@n%yg%m%gcqﬁ “ﬁ%‘ggs m;?%{obquv@9§?0 @)r’ieaﬁﬁé are
directed through useheht lebdi®nd df ithe RuedeaIDEr InlothkPe@bsdimehs, %ﬁﬁeﬂ‘rsupﬂytlﬂe

i nner chanber walls and the other conponents of apparatus 10. As shown in
Fig. 3) clean #skozoaator &3 maye; lgcatesh iy the clean rogm afhen thap being remptelyan of
encl osure asse 2 i i '

appropriate beﬁighg?' %glrn\i}ér?’? %‘ﬁ%ﬁ%‘ggv%:} 58%%4 uéfglg? Qeélkg%ﬁ%rgs f%(.uor
Conduit 47 of mmhiplotethd® hitrawaenplagmeasystemsnis mulfipesageatonst id§raad Implfiple med
within a side wall of lencll ﬁsure asse%l y 200 of apparatus 10) which may
becone heated BUETBPRIFE H_ dﬂa)igenﬁ@r” fres at whi ch heater 25 operates.
This passage is equi ppedThd plocesdes for Aepaitirlgl the Film? perfdtading @lc¥af, 4 pr ot ect
the inner surfaces of the passage in enclosure assenbly 200 from corrosion

and et chi ng f r Paffarméngredlan ofadriveaidi steps $ap he amplegenied WsiRg aa¢AMBUGTtRIPETRTY e
292. Liner 291 o] [ ' ' C gas.

O ean gases arBONR A Y BRS04 Pho SASMGR: Fopfint BRTAE,

Radi cal s are cwdgerth imyoconykstionabeseputérreadaple pregramrhinp dar@@2gdosuchiasr forave
energy radiated from netron in pla system SH) which

advant ageousl| ye’iaH}Pg‘i' Q%&m@%@h@n@a@%@gﬁ%h asak h ‘Erﬁﬁ%%‘?%‘age'
assenbly 200. Jhigbleosrapiagicste i§ ¥alehd M AtinglREiIPOSL AikRle ARPAIsAgUs 10
facilitates servicing of chanber 15 for preventive mai ntenance cl eani ngs)
repairs) etc. In particular, opening the lid of apparatus 10 in order to
perform preventive mai ntenance cleanings is easily done, since the
bott om nounted renote m crowave plasm system 55 is not |ocated on top of
the lid of apparatus 10. M crowave plasma system 55 is discussed in further
detail below. As shown in Figs. 3 and 4, inlet tube 43 preferably includes
an i nner passage 295 for delivering process gases into chanber 15, and an
outer, annul ar passage 297 in conmunication wth passage 293 for directing
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42 The cool ant mani fold, which may be fastened to the top or side surface
of base plate 265, receives coolant fluid, such as water or a glycol\water
m xture, fromthe heat exchanger. The coolant is distribut e& gmkﬂ@

cool ant manifold through an annul ar cool ant channel 93 (Fi gs® ) in
base plate 265 to convectively and conductively renove heat fromplate 265
and the conponents of inner lid assenbly 23@Q during processing (discussed
in further detail below). As shown in Figs. 2 and 5) inner lid assenbly 230
general |y i ncl udaeentiasat gt @tiRor26fd i} stordd GCéABoddd @ascahmparsable niddaing, 301
and a showerhead .or gas distribution plate 20 _for di %Fg%ﬂsi ng pr.ocess and

cl ean gases i nj(SBCtb‘i‘Fa moig§ys¢qr%p§g\ewmpu§@. af @efﬁ"é‘?’ latacdul highym a
process- conpat ijkee 1Bl #le dodatls éoﬁn&r}eamoemgfregmtm%mwgo&' i9then linked
tenperature processes. For exanple, p ates 301, 20 may conprise a ceramic
mat eri al such a¢thaaruehienseods pfipreopmpiladnVindomsilibraml oyties))  Toogxequtagheal , such

as al um num or i | um Pr ef er abl .1 h | at es 1. 20 conprise a
metal, such as @F%&nﬁ legr%gﬁggﬁee@eafyﬁm% "fv(?E?ﬁD[rIllFr%% e§§§°é15e' %uﬁglgi fon on
the surfaces ofcompateesystdd tg 1020.thd coda ipaidnmaty)] AoMywhicke tier CRU resdsamidnent ,

gas di spersion gl ate 301 conprises anodi zed al um num angérgas di stribution

plate 20 conpr (¥ ol§riP ReHorR;tag fasis idenHied iR tRERrogFa8her si on pl at es
301, 20 are each direct! yid a3} @nafiifustrAlive 1k dibrid G2 o hieAscnitd 8bRra165.
Preferably, gas distribution and dispersion plates 20) 301 are affixed to
| oner surface 6tugareeofghesystens Sontral sofiwpteu camputer program ¢5Qicagcordingttorag

ol ativel y 1 ohpeEEAREMMENY, BB IBRpar bR e BB E B et of gas

di stribution amdmbersary procdss phahber nithbestilo alpesdessidlecedrysubmneing e9®in sur f ace
of base plate 265 to facilitate conductive heat _exchange ,%]ggr ebet ween

(di scussed in §FSBIRE 0 ARATYS OT STFens)dispiayed ppuhe CRS TOREREs prpcesd S onpri se
a process- conpaidl fe PédRtd . EQ¥ry 1o e Ipecttedt he
like. Referring to Fi dr?;é. ,?@%%d%ﬁgbé??%?éf?iﬁ%‘ﬂﬁ‘fbﬁﬁ‘% ey 10 AR e
substanti al | y fPregessps.aare identifindiby mgedaﬁnmseenumbmgégs%s viledtorasubrawtiagi t y of

hol es 315 for SRR ntj n crews 305 to i ] t he
cont act sur f acaSSRAsBHE (DR qeliRe SHEAS clipmodroaf B dERIRETRbrolles |
pl ate 265 incl paiamesns aedded t@operh@Ithe paaeks ThimBertfot paifosmiag el ¢mived

distribution plate 20_fromthe bottom surface of 265 and forng a chanber
317 (see Fig. BJOCBEt WERHDRORESS PAFARRLIGTS S9rcRerfopming; & pReCHICRIOqsE relats 4@ BEOCKSSS
0% ,!I'L 2002 :4tiiticHtsf ' i [ dpddt i on hol es
315 onto a sem’ccorﬁ?}létsg?ﬁﬂa\/\%ffte)lr:l.E %'mrgét:#égﬁ/%&nag“%?s%tngi%ia(lgér%’pI ate 20
may conprise atapenatgicapedsuteyplasng partditgine\smoh dsamagngtranpemwer &vels (aidsposed

cavity defined . Sk wal_| d ase | . -.The. si r t of
gas o stributi SAar R Bl 1Nty TS alfinor HSRL 16 BT el AN HRER
characteri sti céow-FrequencaRH frpqichey,hfol embadifnenn \eqhipped withrRIF plaspacegerhs),

q quenCy quIpp
provi de a uni forrpdi stribution of gases onto the waE)er. On, the oh_ger. hand)
hol es 315 rmay GEC!HSrBa3RIESsHR 9nd r 338l 'ePeIAYER, Pracegetsiecion SURIGPUHLE 315
will usually h i ! £ fna o i iaberably
' the: range of b R e o e S

are designed t ehambengedering, froflowing) tfpedioproed ati neertain timg is ehiobsrdifct by

waf er. The hol e as |l as . the manifold tenperature, .discu . ab ) are
al so desi gned E?S)“‘ée‘a‘lbé@?ﬁa‘sf g}eﬁ%{qa&ped?oraé%gr}espr%eq Rgie rn?u?%ﬁlgmg'u?fgﬁ
(bottom surfagecastharimietPdlaré ptivided tb QhePliRY @ithet fofm dFRORLIPE @nd afayshef t
deposits on that surface which could flake off and drop onto the wafer

during and af t 8Rtefsdgttidizing ihe light paa/ GRE APy INGHRSEI ment, the hole array is
one of generally concenth¢ ({5hM@%0LCho %rﬁ% Lﬁégroczﬁearg'g%ﬁ&% ﬁ’@ta‘ﬂﬂ%?

adj acent rings (ring-to-ring spacings) ar€ approximately equal, and fhe
hol e-t 0- hol e sprput heardiandidigimbaipur borgd iof tepyystemi ¢ratrollgr, agd dhe signalpfos

conpl ete description of a suitable arrangenent for th j sLri ion
holes i s descrr rle“cP?FIF\g %&Pﬁ%‘fﬁsilags%qrﬁﬁé’& tﬁf @al%?létﬁ't“ W%r@%?%g%ﬁgh 5 Wang,
the conpl ete dbssriegW@eDastwhii wh has previously been incorporated by
reference. Gas dispersion plate 301 is a generally circular disk 321
including a plurality of gas dispersion holes 325 for dispersing the gas

t heret hrough into the chanber 317 forned between outer stand-off 316 and
gas distribution plate 20. Base plate 265 preferably includes a second)

i nner stand-off 318 for spac~ng dispersion plate 301 from base plate 265
and for allow ng gas passing through base plate 265 to disperse into a
chanber 320 (see Fig. 4) fornmed between stand-off 318 and plate 301.

Al ternatively) gas dispersion plate 301 may define a recess (not shown) for
form ng chanber 320 rather than stand-off 318. Dispersion holes 325 wl|
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0 3 JUL 2002 44 directly from base plate 265 into chanber 317 of gas
distribution plate 20) in other enbodi nents. As shown in Figs. 4 and 5,
base plate 265 is an integral, single-piece elenent that functions to

del i ver process gases) to gas dispersion plate 301 and to fbarlULt B®2entire
inner lid assenbly 230 to the mainframe unit of the processing chanber. In
RF plasma processes, inner lid assenbly 23@7w || al so i nclude an isol ator
(not shown) that electrically insulates the chanber Iid fromground and

i sol ates the chanber body: prosesstsagueRFergabraysine (4D EOBAGILS Programesedenitrary | i d
assenbly for u ki - ﬁﬁﬁ i SGI | I . t .
4,872,947 to V\zn%é%%lgé@glldgllg oS rrgéegfgﬁ I Cﬁaﬁ%g&po?ed\%p%gsst){/}a@ggﬁ Erﬁ@cﬁg%rsg?ed
by reference. Aslestoosubroutirfei 53, 8nd barson@biting opératibisf thel various procésace 321

t hat defines an_ anpul ar punpi ng channel 40 for exhausting the deposition
gases (di scussé&a‘F‘Her&ethéﬁ‘lpggé%sg‘ﬁ/)?m@‘eé RERGRSS; §§¢ RigRers and, pEpcess °§‘é§‘gerpl ate
265 defines a Gbibedl ohQlsthghPuset Barf SABLAURRDId HOcdds & Aupifets AddPsrofeds F O
receiving the m xed processg@gasseesm?rom gasﬁ)m' Qﬂl&r‘ig box 273.s Hol e 32% is also
i n comuni cat i chamberhumhses so 3¢quenéergubrouiing &S opanatps to ssh@dde therseltceder si ng

t he gas across pl 301 to holes 315. Base plate 265 further fines a
cool ant passagev[g %%E%zsi\}'il Hkg? %ﬁmf fespees &ﬁ%raﬁﬁy’gﬁﬂe@ferﬁgm@éﬂfﬂl %chud?ﬁe
cool i ng syst emp2ddrathasodelits perforigtheatdpd of (i) Inwnitotihg eeadpepmiohiofnke plocgkat e
215 to convecti éel cool the'se,{)&rti ons of plate 265, Fz{eef erabl& cool ant
passage 93 is {ORRBRISJ§ A¢fFrming if the charpbers aeecbelnepsed o B defprmining What ot j vel y
close to mount ippgresses anSbeiB carrid®dut ihthe chatfibdrs baihg Ss&d) AHY ¢if) ¥Recuflfg tHRY
through contact surfaces of dispersion and distribution plates 301, 20 and
| ower surface 3pgredfproeese bpiedton avaiabilityrafracprocasp chambetasd thetype of grocess

exenpl ary desi for. cool a e 9 an be. n%b'n | gned,

co- pendi ng app??@%tc?%lﬁﬁ g‘#'i aﬁonﬁ%ﬁﬁg‘@/%ﬁ?ﬁﬁ’ﬁ?ﬂoﬁg érmo%%g‘)lﬂ%g%?%ﬂ b

(Attorney Dockesed\auchl 83g9lling.h&Vieeangehedutingl mhidhogracess of tovde edecitsd, sequencer

i ncor por at ed her ei n,leJ%l eference, and in comopnly assigned U.S. P,a,tené No.
n

4,872,947 to WEHYOU o7 Rt destgned (ke dntg congidesation e praseRleBiipiope

I ncor porat ed byhd £o8¢s§ RESmbdrYefify hsad ih Cofibstisor wiltPhe deéi?édgpraée‘és Conditisis
defines an annul ar recess 343 surroundi ng central hole 327 and an annul ar
cap 345 di sposder aseledted processsondr "age't efeadh partisnkie upirenterabBquesbver anyol ant
passage 93. Pr | a i ~. U 5 to upper
surface of bas éhﬁ g%léwya%@?o g ap{)'g@lgg%%ga"@?{tde&% %On\bgﬁg%)gogsdg\é%ngﬁﬂg t her eby
effectively prestedulimgpderiticant | eakage from passage 93. Wth this

configuration, passage 93 is forned relatively close to gas distribution
and di spersion plates 200n8®scquencesgubroning | Padesergunesvhich prasesscchambery
formng a gr 00%Rd bRkl pBingjt RGBi 6fe sbQRhERKuBRGAAS] NY
t he cost and conp:?e.fi tyeo &ﬁn%lnu i?%?%gtogﬁzeﬁg&t%&eé’r@ﬁé (ﬂgw touFi gs. 6B
and 6C, an al t ddhanitigtes exesutidmedthe progesmsat by ipdssingsdripasticRBO pregerd sehow be

descri bed. Sim ious embodi ment , <4 5Se . {.ncludes a
base pl ate 26&%%%‘%%“&?5@%@5/? a%g%ftsg'g%m‘in%r]ia+aégé‘§zc dégglkrr%}séﬁglflglﬁ pl ate 20
for di spersi ng ppicesstristasiidinQl rabesg dR&fibdrnitSoacebrdiigeto thé processasdcldétemiihedbys e
pl ate 265 includes an annul ar coolant channel 500 for receiving a g ol ant
liquid, such aSCIHERGEF SUbtQuLRR|STaEer aa&tpéc»zb%cmenwnasﬂeﬁubwﬁﬁ% s of
l'id assenbly 238mori #}hﬂ | BBl t ' yges an
addi ti onal annglgglrm?e:sg)ir c a"?ralglqg%OZ eg%’%ﬁ%?ﬁg‘i ngr&(;el?ﬁgécﬁergﬁsgl%%%@Z%
above gas di sp@resessrchamber 130 Chambermahageysubgotingt 157 alse eangroppoaxeswionsif base
pl ate 265 i medi I ve gas di spersion an s di stri buti 325,
315. | nner |idg%§é‘§r%’ﬁé‘%§’36°‘g‘f%8%%‘§5°“ oy h’f‘lﬁﬁicgf}l“%lfo%%‘é’gs&p%gg%ﬁal’%gb?510
ext endi ng froncempodents 2essigt @ty us eheplefcRd Hpbeeas sk g eBxattiptgsasfhamber at e

301 to vacuum chanmber 15. Bypass passages 510 offer a | ower resistance to
fluid flow t hafOBBLAS S{REPUINGH absneubgaAE @PYHPHAR EYRsAUTHS| KD, BEagessaag control
Accordingly, aghidb@ttnePRi3t st chifoI%@Brdutiféi84) Heie? coRtPsIRGbrodal 167,! pass
t hrough bypass passages 550 directly into the vacuum chanber 15. In an
exenpl ary embo@lasmatcontrolisuprositing 43¢,aandpoifit detent eopirelf subedutipe 4 pAcand gettering

circunferenti al round .base, plate 265 tq unifornly.delive into the
chanber 15 ( Segélﬁfog'sggrgyt'mq ig‘ga PFB?’EW%‘&“ ﬁ@é%‘f‘ﬁ? ﬁ?%ﬁ%bo& #e@i?)%i@? eani ng
gases, such as NF3) pass into chanmber 320 and through gas di spersion and
gas distribution holes 325, 315 ) respectively. In addition, a portion of

t he cl eani ng gases pass through bypass passages 510 directly into chanber
15 to facilitate the delivery of the cleaning gases into chanber 1 S . In

t his enbodi ment, vapor deposition apparatus 10 will preferably include a
control system such as a valve coupled to a controller (not shown) for
preventing (or at |east inhibiting) gases from passing through bypass

S o . o o e o - - M



8 JUL 2002 46 through gas distribution and di spersion holes 325, 315 to
uni formy disperse onto the wafer. Thus) the valve will be closed to
‘prevent the process gases from passing through bypass passages 510. Wen
t he chanber is cleaned, the valve will be opened to quickly 88IJUle2003t

| east a portion of the cleaning gases into the chanber. This increases the
speed and efficiency of the cleaning procesX¥ which reduces the down tine
of apparatus 10. O course, it will be recognized that process gases may
al so be del i ver @@MbRF.cOHK ambedimenininsige gl o1 the atove suhrpudnes cwhilhethex haust
stem Referring {yddifenes ?ﬁag)inc?rucﬁugm¥ GOt of nﬁv\gﬁ%ro@}ﬁiﬁ%ﬁs?ﬂos@)ﬁtﬁfnhQ)rrd'hgra'CVD
apparatus 10 provides vacuum pressure to draw bot e process and par ge
gases, as wel | skill iretheduewouldutadily retognize rthdt wtizandthamberugpintrahsublautingsiogn ng

channel 40, where. t re di scharged from appar,atus. 10 al ong a djischarge
condutt 60 Ac ESsbiliYa, Bsegting PRVET arod &R ARBR. peRfobed pidechs Fhinee:
exhaust ed radi al3.yIipopetatich, @HAHbdrRanspéresubMutiid 99T Lectivél9\8bhedbiky of BAIRUGH
an annul ar sl ot-shaped orifice 355 surrounding the chanber 15 and into

punpi ng channel tha @rocessComRORERt, suBTaytinesHa FeePTa#nce With Bs papicylag PEQFES €40 ar e
preferably defi&%% b f r | i ndrical
side wall 17 (inc %lbéﬁ%@?'nner pgﬂ&\lﬁo eég@rgﬁﬂ}e‘ﬁlgéﬁgﬁggggpﬁ%rce%o) see

Figs. 3 and 4) cmponérg sobtoutnesahudinkke sehadnee?Gibrodtine rhSh sehedulep whichcpracese|
40, the gases flowbci@\%un&erenti al%ﬁ around channel T40' Slfhogn Eé/ arr ows
357) and t hr oud@PEHoIM ARG BIATCS,SFEAAI A §e GRCURISIER] o THRIFAILY, £ERMBET MARAGHY s hut
of f valve 363 (stbaaein®28Ya ingludeLiiepsadtl tionitdiring ths @atiots Icharhbe dogip@hertfianber
body), and into discharge conduit 60 which connects to an external vacuum

punp (not showrfetermining Wwhighcamponenpneadoarbe:apsratesl based PR e uRROCEHS PapsaIcTe
punpi ng plate ( i r.akit: I i

communi cate pr o@gréhsesﬁgﬁgﬂ 5ér}q§$ %x?%&%dd rarlg{i ﬁ%ﬁ%tﬁqgn%g?mg)& (ﬁ?&n&!{aﬁfbgpgé cﬂe%{rtent :
t he gas hol es awubranting mspensevet toath¢ ynonjiedmylaml daterchining sepsit r al openi ng of

t he chanber to facilitat eothe. uni f orm isg?}gg e of Broceﬁs aas t.hl;ou g t he
hol es. To accommodate t he”REHHY P i Of CATHROBEY SHARY s ai 30‘\8 S
hol es may ext endéséribed wittlteféredceOdM@r D diguBstkdt® Podifictiing Blbeédtinea60ut | et s

relative to central opening. This radial orientation of holes also
contributes to E@MmAses pAeeTam Fodeyier cortralling ehambge compeneatsghcase yseint@ 1pd ge

domprote. 03 Jtrsns G et e oBURRREPL i PRSI & ettt o

found i n commorihykhambérgiferd comprehtherspacippbéteatn de sBbstrasd afidogasGBstGHBia®80,

filed February 26). torn Docket . . 978)) the co te discl osure
of which 1 51 naBTStLeL, Fhirc Aymeds B Riskbss PSR REer 35 dha 3. a
val ve assenbly 16ivBre@ttd receal the ssbstraRnd Ihch haatdr V3ES raifed Hah@tiésed \halghe 371
and a throttle val ve 373 di sposed al ong discharge line 60 for control]ling
the flow rate Jf APREtGRsBIDSEIHE @eaﬁoxpazrﬂmgurmawﬂeqon%ls MeNeMsReeshAAET ORI n
processi ng cha I i ] i eag]@

(see Fig. 2) a%gﬂgg#? trOIOI?i'IOe 9%&%@%@@9&@8% (gﬁw C gcs“g%g (E:{F %hgggrlc?tga}'g%ﬁgfé
conduit 60 wi t Hramhrcbarmber malager QibSoutinPriéfer ably ) processor 50 receives

from manonmeters 381, 383 .signals that,indicate e chanber pressure,,,.
Processor 50 conpares thé’Sr é%ﬁ?se%P"HPla§‘Q’6‘P‘i§"\9a1|6§QBNP{%’%‘EFPE%F%COBF8'§‘§‘Ere
va! ues entered ﬁ?&ce@pgisaédﬁigﬁosﬁi@ﬁtanﬁ h’fb\bﬂx_)a)esarﬂoéé%ts gﬁiﬂ:&@ﬁn Tsx'ﬂﬁptﬁtﬂfeeﬁsar y
adj ustment of throttle valve 333 that is required to maintain the desired

pressure wit hi rroaHalsies opesy/clpserosisionrof slite sagqty yhutzft salyess ape also SAHRS

t hrough a contral ter | t.or | diptdsde
throttle val ve L@%O%%noégﬁ%atrsgggrﬂésd&y@l% té’gpéagg%gf]&&iﬁ#g %ag\qﬁ]‘%rhs[%t - pol ﬁst gas
pressure val ue.cobuol subtautinkrl63 tid mvekddvipstht chamber mandget hbrautmseida, asvasat i on

are described i 0 nly assigned, co-pending appjication Serial_ No,
08/ 672, 891 ent iarlﬁl W%¥W“%59%W% pa&ﬁdeﬁsg‘ieﬁgﬁgf°%?e ISR ST Br ocess
Chanber Pr essurrefatedAb thd B@re®ak abwNates Rl (HeHbinber MBimgkr.f Mypidaklynfrodss

1996, the conplete disclosure of which is incorporated herein by reference.
| sol ati on val vedag7antalysuboutine 463 oparates by epgning: thesgas [supRIE fingsand, GREAEMHY

vacuum punp to i nj i t J er.. : :

punpi ng action (9}&@195 %&%ﬁe{s%&ﬁgﬁs%“@é@g@ﬂg}% 15"?@8‘3@#@? Lgméjfeﬁ&? ﬁgr gf %hlee

val ve 373, may al so be used to calihrate the nass flow controllers (not
shown) of CVD apparatus 10. In sone processes) |liquid dopants are

vapori zed) and then delivered into process chanber 15 along with a carrier
gas. The mass flow controllers are used to nonitor the flow rate of the gas
or liquid dopants into the chanber |15. During calibration of the MCCs,

i solation valve 371 restricts or limts the gas flowto throttle valve 373
to maxi m ze the pressure increase in chanber 15, which facilitates MC



fl 3 JUL 200 48 D. Heater/Lift Assenbly Referring to Figs. 9-15,
heater/lift assenbly 30 will now be described in detail. The heater/lift
-assenbly 30 functions to lift the wafer into the processi ngﬁogm Wi t hin
vacuum chanber 15 and to heat the wafer during processing. t set)
it should be noted that heater/lift assenbly 30 may be nodified for use) or
directly placed into, a variety of processi’-%g chanbers ot her than the

exenpl ary SACVI er descri b and shown herein. For e

heater/lift as Esrﬁ?a;}?%r%"eﬁ"év frgm; Gha 8? RPAgET SUREOY r@? ?rﬂ)a(t'”)gener at es
pl asma wi th RFa@jusdHgCthe WRVEraRRWI the Bash®pply Ha¥Paé NeedEdant NFORRBIrmoRE, RbASS
conventional or nonconventional sentconduCtor processing chambers.

Referring to Figagscongrohpebrodinenkédt ioeludeststeps feempnijoryg e gay BpWyaten&rudes a
resistively-he d r r (R Te per
and | ower suppglf'%ge ﬁﬁ{s an@é‘%mgé%&ee S%ﬁf%hu? 06{]‘?%62 %‘l?egcaﬁrrlltscrl %ﬁ?‘%ﬁoﬁ’&
shafts 391, 39detacteldr Pecdeks gasadontroPubgoutine 163 lalse caasdaﬂhwga&&@nipomlon and
vertically novin the he ter 25, shafts _20

ube 2 Wt in
chanber 15. Asﬂﬂ Sales Serclean gasesiag welk s fgr 88&‘%?“ E?S‘ei B‘“E f%@ !
supported ther gaRbssC@RaR®r Q@ﬁﬁsft%l(ﬁ-mﬂerm‘iﬁg seRtmge rl\l&rhzﬁ’% lembodiments
| oadi ngl unl oadi nq position where they are substanti all gned with slot
243 in encl osufeuld hg¥arimote moam@rwnssmp@cnmldgb@ynnwi;bsqat:h gbroine£18 gas
distribution p heat er 25
i ncl udes an up%géneo“%%eg 'S:g&%ﬂc &Pg Jc%ssﬁég SUF ?%tpuﬁgg% lllarge}'an annul ar raised
perineter flange 405 so Ithectmd: bmcwséseranumeragaswuah al yitfogembedrgduris figwed

processi ng. Wafer ort sur f ce 403 has a di aneter approxi mately equal to
t he di ameter 01‘“‘9\/55@"? Iéttotsﬁ’e’ Y 3B% PSS 1 éﬂgmﬁ?f '3':'? edeacu&?p cess
tenperature raggedaref Tn&BHI?JQQUtFo%QQésg %ss&“[ﬁ'oé@s@@% Ednudt kbbréutRieCRBliy be
about 6-8 inches (about 150-200 mm Iarge size wafers and about 3-5

i nches (about PBIgI?anPﬁT}O fnsluds step$ fori &@Vlmmgleﬂ(ms e cbambestlicfor apf er

si zes such as ( igkﬁ t d be

wi thin the scope o‘? (wt{éﬁ?ﬁvenw 'ﬂﬁﬂz a%p?*%?'ﬁgsléﬁr?b g}:ital%g?\ho %he
chanber, the ckmpﬁbehafscmbem atyve sduldbecatippond AdditienalyS whEn pprodeshgast isrto 25

f bl k d f I t | ,that i
Capabl o of it REVARIARS o8 AT ettt irGeRelen EOBarat BEe ol e, up

to 600-800C or skyraiktfie- 168NGod1& bE WirRtenSh GhIcHeAER oL bﬁlﬁﬁin?taadéﬂlvér? gi@@@éﬂ 4d on
fromthe reactive chem stries associated with the ? enperature ~ 3
JUL 2a02 49 depdim mm\)gkaté\emmd precyreayi u;taawbbteo agseath mg“bWQQﬁ‘émBédﬁ@éﬂs in
t he cl ean gas. Su eat e £

aluminumnitri§ ﬁ §utcﬁ‘ ﬁln‘?ﬂ’g b‘i'“{eﬁgm? W %nughy ni ggﬁé&éggrﬁﬁsc is

the preferred rmfeexf lp&bceésorprcbdees W&o?ﬁxbhﬂﬂx&&&&lrég&tﬁ&s ihegh“t bietheal
conductivity, gqy)cel | ent corrosion resistance, and excellent tol ergnce of

ther mal shock. J8HEE) £3%, e PRAPSIS ) e (bybbet g i DU dPMBSTAMIG HeOTdft 10 e
outer surface ghuirané aésu%'é FrO¢HRs g%eﬁo@'r&t&l NN dNcli§sed Abovd, WHE dudied bidckéde has
hi gh tenperature capabilities an h resistance to fluorine and ozone
cheni stries usé&# flow c¥esirgrtransferied go @fOCa-'iSlBﬂS [eQNLrel; subraeine 463 é%ﬂf?&ﬁéd to
stainl ess stee (o) I ck5|de
metal contam nh‘i‘ﬁg{é‘ﬁéuwhnfﬁe ;?rq‘%ceesdsgécﬁ%\éﬁs Cront}rgggsuuhtaﬁleamgqng?%s rse

devi ces. | n addbtining, thenecdssurndeiveds ghoflowaate, buﬂsmertﬂrressﬁfw(and lbebbiant al ni ng
conpounds typical | used in cleaning ase?lato forma | ayer of al um num

a
f1uoride conpolfPetatye %weéiﬂéh%awsﬁsw WUBteNHA9CESs %?‘Prqdrff‘nl?}et he
chanmber or ont dhecuss@dne n further
detail bel ow). eoéiodr}gltn?ﬁfﬁp%cggs?ﬁgbﬂg%gfgkg ﬁg&é&%‘}ghﬁﬂ?\gl 'ltu?l de effectively
el i m nat es t hi 8eqgssah vatugs are m@mnqdoﬂlediﬂwwg gak gloml rage, brbbler preasiragad n to

Fig. 7, drive in [l

i ncl udi ng a pnm{mk%ger? fd Pr/ mgg}kﬂr 619 g}??eedﬁé%{%é)t‘%crqgétat?ewﬁ %eaq‘lalaﬁ@?er ably,
a stepper not oaccédflingipupl ed to the heater via a suitable gear drive 409
operates to vertically drjve heater 2 shaftsh%gl 393 and |ift ?be 395
in controlled increment s BRPHERIE CAYNY é%FPHEjI}% COMBRSCS REPBHID CB4S FH
positions. Dri¥GnRnsf the Q rb@lzlethélll
413 attached bet \Atgzln thE)be%g&gﬁh?hba?@3%gQgr?zg'?%galggg?tom\sg‘iuthe processi ng
chanber to allow for substantially free vertical novenent of heater 25 . In
addi tion, bellows 411, 413 all ow sone angul ar novenent to ensure that the
gas distribution faceplate 20 and the heater 25 are substantially parallel
during processing.




Referring to Figs. 4) 9 and 13, lift tube 395 surrounds the | ower portion
of upper shaft 391 and assists in insulating upper bellows 411 fromther nal
~energy radiating fromshaft 391, heater 25 and the inside of processing
chamber 15. Lift tube 395 usually conprises an al uni num shaf@ 3418 $002n
annul ar strike plate 420 resting on the upper surface of shaft 418 and an
annul ar flange 422 that nounts plate 420 tgoshaft 418. Fl ange 422 and
strike plate 420 are preferably formed froma material capabl e of

wi t hst andi ng hthgortle evalyerintthe exxhaus sghieraof aheuctiamber.niThe iagerture size®f3heJUL ~ so

al um num oxi de in its ceram r alumna form, .Flange .422 and
Strike pl at e adBot SAiverts sl SEREHTfe Ahacthet Preifuse B S e REd i o

m ni m ze war pi thg total prozesigpadifloshalid sidel 8f the preurbLchasibaf,tandQhe pimpidgtsbe
process chanber. In an exenplary enbodinent, lift tube 395 includes a
spring (not shBOWY Presyeh forsthe, exliayst sypiemngWhen Rerseire SPRERFUPTONHAR 1025 and
strike plate 43Qok&, MeY&Ritkd OF 1 %lp‘?@s?,ﬁre'lgﬂs'll?d feckidéd ?g \El‘\gaﬂfneié??ro?ﬂ“ ke

pl ate 420. As shown in Figs. 4 a 13, a plurality o fer-support/lift
fingers 430, ushambey managessybroutine dith. pFlkef pressureycdntepd subrpetingl 16¥abéasurgsunt ed

wi thin guide studs_ 432 spaced about the periphery of heater 25 Fingers 430
ext end downwar B°FEFS eHB&?@Tg?SP“gEy {5 P‘gs%eio[gé“ 593“5‘;8 VedMGage fingers
430 and lift thsionRboy Corirettet! 29 &e chdinba; Rofiparks diecmeadrd Pdlud(Hadi the) tadged

unl oading wafers. Lift fingers 430 are preferablg made of a ceram c

material ) suchreaiire Qhainy FiL tpraportignal, degsal gpnd diffrential) yaluss eorrgspordingd
cone shaped he sé}@%g | i r i e

pref erably not Eiﬁtrllllé ?%F% y di 9set Er';?@u{ ggfeggi(g%s%m{e htﬁemﬁ'e%rfﬂeq}ﬂgss &Eg?oﬁ%g‘{ag{:d form
a rectangl e hawicarlirg to et Dovadues iobitairted from shenprdssure table. t Alematidely,of t he

robot bl ade, whi ' ically a thin) flat bar (not sho round which
the lift fi ngePéegsE}%g?ﬂﬁdﬁs rPPM?%béév]ﬁPe  WER o?ée&ﬂré:iocfe\é&) ?%%ta?‘ ?%itvg ©
fingers 430 ar g panicoldedperiite size N esgulafes3the @ ih&hamnberel /tot the dksitbddewd er
of about 100-200 m |, preferably about 150 m |, and a relatively short

|l ength of about 1-3 i nchi&3temeasiust shrgutine; 1§d romprises PrOgTam sqderfop geptradlingdi ng
to the heater re) i t (o] oYa" I (

transfers the %ft%@%rgﬁﬁ?ghgﬁn%re%l&?é@%7 en&% f?egg%%{gelfﬂgg t{&é’&f %513%@ %[nly on
opposite slit awsSuqtertherean)alRdfgrringso Rigl By hehtet cOutfyl subitovtinwai@h, which is

supported initj,all if1 f.ingers 430, whic re |ifted, above_h er 25
W !to E stri ke pl %!f% “%’Sg‘%/d %Cﬁg‘ﬁ‘?t{e’?’i‘%éﬁfsﬂh{?&“ﬁ E%ﬂaIrf)%bveamatq’\’%'ﬁ%daﬁﬁe%géstf t hey
encounter a st ggin( empeafiephranter T, A6 adIngiR Métey 58G). t I stepS$82, hedtbe

processi ng position opposite _gas distribution faceplate 20, Lift fingers

430 sink into SAREGLsubrogtine 97 mpasuies theeenreant semperuie R igater 23 by measEEng ed
onto wafer sup ﬁ%?m il geTd PG t:he
waf er from char%g{earEe ?g{p(l?ﬁfeaaa ov‘g&;s@leéglgaa%wehg%erapémd I né"rrree&gﬁgse. Refeelrgri ng
again to Fig. @notedrE¥k),swhere khiealieecurreni timesstapndf] heated Gontgolsubrostinervl 6hi n

heater 2s for ansferri heat to the r.durjn rocessing. Upper and
| ower support t{ﬁea?cf’%ro 5&‘?&@%%éﬁﬁﬂ’cgffa“{’%gj(ﬁe%?@rthﬁg‘egrﬂac%Bf?s‘é&?ﬁeeBgecessar y
3 JU 212 51 elogringiupahe comespondify Seriperith® ifQadiered @Bhversiss &bl yr B0 Wi thin
a hollow core 445 (discussed bel ow). Upper support shaft 391 is nmade of a

cerani c nat er i $AlCWalingihe temMperatureusigR FRprth-qrdsr RALYRPIHAl KN eXeEpiay
tenperatures. ghsddimeft! Yeat& " @ntroP ' i | 33 Gfkufatedthe temperature

di f f usi on- bonde[g al uf@nﬁhuen% nit rnl}'rge;ailbvr\%t% lg?eéggpsﬁgepoglfati one oerrlr%?g) as well
as attack by céreori sThe tesnpesatureienrorhderioted Brf,.pf is dereemiried diyr thel equation

el ectrical cong&ct wg WLII(%I n shaft 391 that m ght otherw se occur if the
alum numnitri e ot ‘present. Shaft 391 is preferably diffusion-bonded

to heater 25 to provide mg%ﬁssd,giaﬁteﬁé'@iudp@w@@cmehﬁﬁmnl Zhectdbe shewsd 391
such that the hollow core 445 of shaft 391 is at _anbient tenperature and

pressure (pref@ngsl gleaxihmsiased en grecabselute, valuecof) Ergo(k) oIf thsrabsolytenyalue) of

ot her enbodi ne f 0 e 1. 2
atm and a tempay SRS € SRe e AR Ry orfiy e e
t enper at ur es ofongbl bubaeitingbwilit selk00a témpenatuser regwatoe sl gofitkah dsteps2i86randr 388h.0

about 600 torr....This .configuration helps to protect the el ectrodes and
other el ectri chps élgﬁﬂ ip{)% e%r%"rﬂ“@@r*‘géqwr?‘\“&rﬁtt %dﬁuﬁgé%'gpeéﬁ(amd@ah
gases within chanber 15. In addition, naintaining the hollow core 445 of
shaft 391 at anbient pressure mnimzes arcing fromthe RF power source

t hrough holl ow core 445 to power |eads or the alum num shaft. This arcing
that m ght otherw se occur in a vacuumis thus avoided. Referring to Figs.
9 and 10, upper support shaft 391 extends through




an opening 453 in the |l ower surface of enclosure assenbly 200, and is
coupled to a base 455 that provides a gas seal between shaft 391 and
chanber 15. Upper support shaft 391 is fastened) e.g., bolted) to | ower
support shaft 393) which conprises a suitable process-conpath $8Ln&02ri al )
such as alum num or an alum num alloy. Lower support shaft 393 is
preferably a water-cool ed al um num shaft. Bpwever, |ower support shaft 393
may al so conprise a ceramic material, such as al um num oxi de or al um num
nitride. One oif thonrbsadwalvalg ofithebemperbizy eerog is) gréntenthah the boyndsiyt droored

bet ween shafts, 391, 393 to mmintain .the gas seal between core, 445 and
ohanber 1o o heiiehsonat pbpoitige 18y il EI6HER 1P 485 ol CAIRG RN e
vertical ly novadbye BhipRpRbEHHS Eofblé tHe ateas SRTIEH the Heftef RmpERIhrBGvilIne shafts
391, 393 and heater 25 between the | oading and processing positions. Shaft

393 defines an2PRiAh Bedesired temasrarire. 463, pers b srpiralsohe sate aewaichdhe i cal
connecti ons t oemetdife dnimgssat e these connections fromthe high tenperature
of the shaft. Coolant channel ~ 3 JUL 200 52 463 has an inlet 464 and an
outl et 466 coupl ed to waTke temperatereirogidatad Figotthen (steps 586 tand SB), use§ | i qui d

cooling system.,215. . Coql.ant. channel 463 serves to i.ntai relatively | ow
tenperature i nn}'eteﬁéacf(&grfee %541‘:%&[@5% P %ﬁ’&&ow§g§?lfvﬁée%?‘ﬂ‘éﬁ§3[m§57. I'n

an al ternati veelefofdénibudied eRdatr 25SaFb YnatitamQAAP Eurséft émpdri@le; TeRRfaE (not
shown) that supports_heater 25 and extends through the | ower opening 453 in

encl osure assef9F§/t02ba. 25109stibles Hiet feedfarwayd centerldn ihin algositun estyn érs 457
woul d not be u i .4 iS¢ i . i a
t enper at ure of %&qtg'ﬁ?%@%ggﬁeks 0%‘%‘8&\@8‘ ;ﬂ%dce g%%?ﬂp%{é‘i\gg gg&rn 2%‘ g\ﬂgg Gréltbout
20 C/nin. Refend typg of gasflgw.and REpawdrXuppliedt torthe chdmbes.s dhel fgedbdck contlolides
a heater coil 4 e d into the ceramc.he 25. The rout. of the
heat er coil | 47&57%r?%ggacfggﬁrf’%érﬂﬂ'éalﬁgtﬁgréﬁbﬁ%%wféﬁE)l?{a‘foélggbfeymﬁf%gﬁgjhggh% singl e
coil 471 that bkstigtanal fabdfonear@|potiet besati onQhé dgianfid BeMEair dfhibe Cedipetdturef

heat er 25) runs bacE{< ang f§rth al ong one side of heater 25 towards its
perimeter) ext &mofs Bhemp(kl: ST EPRIERLS thsr tyne of algorithm ysed ipgapveniinmal HgRIkr angd
forth toward t%&?@ﬂrﬁ@&itﬁ&ﬁr?{ar@%ﬁﬁ VAIRSSARE téth ?&tﬁ{ecéﬂorp st 474
This | oop pattern provides heatihg to maintain a generally uniform

t enper at ur e acraugiges: seek wh dortradfthe tempptaatre rashp Irae athey wiilh glefing a higwt varyisg es.

Preferably, heater, cail 471 wl vi de ni formtenperature distribution
of at |east abiluikh ne ‘g@ EIPPIA%(}% ghg cgqtrql@a?gscgﬁg@gbogp_toé@c t[m%g?f(‘fegcross
waf er support euipettie4dfecdryheater 25. In an exenpl ary embodi ment, heater
coil 471 will have a greater power density near the center of heater 25 to
reduce the thermal gradi@rihe Presaatriavanspnsheater cootrol subroykaeAo7 prafergblyis,
heater coil as i und

pl ane el ect rodgﬁgggyglgﬁgrg@%rg%@{ ga%aa/ ﬁd&l‘%?%‘ééd@? (Sg%grglﬁgfg)r néﬂggﬁg/;\nkvgre{sa 475
whi ch ext end theatan@d wheaf the 3ldsolyte value wif terperatetecertori is Freagarehayythe donndary Mesh

ground pl ane el enent. 473 is a nolyb m nesh el ectrode whi rovi des the
ground path and pr atWﬁaf%’ﬁ z&ﬂﬁté(ylf %e@x’b%ggﬁé% rﬁ’ﬁé’?égﬁ?ggs‘?rﬁhgrocesses are
used. Lead wi rempéraburdy Bfkgr altknte @te?mr | Pl A ONEHaRgd Yetefivefinirelshédlatbecan

wi thstand rel atively high process tenperatures, such as nickel, copper or

the |ike. In afPnERleshberaysechateaiar a2 canbe madel ofa cermamic maggrial ewhish mayk el

W res coupl ed qﬁieq.gl . LNse 7 | : ﬁjﬂ% ered
into el ect rodeﬁﬁc%e?g&gvm %g%a%}éﬁgu%g%@éeer%ﬂgeeé%ﬁé% ‘8%’131%}%‘!% (m? nserts 477
pref erably congpmirekalgoritirensealfeedforwaad amd Ridpoeionakcfeedtack lcentnall to erpadisi on

match to al um nitride, such  as 0 8 JUL 200 53, enum shown,
t he nol ybdenurrﬂlP R@s[é?rat Breg??“%‘%&]gﬁsért‘?dfré‘gi’éﬁﬁ ,“cél.‘mg;fz des ?gﬂ? ,es‘tr%dagmp
nol ybdenum pl ugite Imaiiifyi £ fantSor HEthe RérAZ@stuteOof @@ theiter ndtiéased bn @l t he

wires of the heater coil, whether primarily resistive or primarily
conducti ve, ar'Bedrad shorkdrepistapteeofcibp theaiernods 2y Yasioua tGIPRETABESS| nkhus s g esised
descri bed abov e i r A

casting of theﬁgllp\llj\pranlenﬁﬁ E#?E@Egslﬂgg{hg%%g%gﬁ Jlééf% g‘r’??‘n@é?‘é&&%'té‘pé‘%,&’@%% and
15B, heaterl | ithe hagermoliym39 be el atdesonshant emad onraninmumuelupitds 404 f or
determ ning the t erature of heating.coil 471. Thernocoupl e 491 i ncludes
an el ongat e tu%‘guetgg) ﬁ‘ﬁ\#ﬁ{f“ﬁalsg’ﬁgﬁw ‘%‘%S‘E EpRee Cg)te?‘ﬁ%ré?‘f%sagga%aam‘é‘flﬁr in
contact with the underside of heater 25 at a distance of about 0.25 inch
fromthe bottomof the wafer. To that end, heater 25 includes a

t her nocoupl e guide 501 (Fig. 15A) brazed to heater elenent 473 for
connecting sensor 495 of thernocouple 491 to el enent 473. The thernocoupl e
491 is held in place by a slight spring force froma conpression spring 503
(Fig. 15B) ) and provides a control signal for the tenperature controller
(not shown). Sensor 495 is preferably disposed in a well 505 which is at

o o " o Y N o o,




transfers the wafer to the chanber | S when the heater 25 is in position
opposite slit 243 (or actually just below slit 243). The heater 25 and
wafer are lifted into the processing position by drive assenbly 400 and
lift fingers 430 sink into guide studs 432 within heater 25 gpatfgt e
wafer is deposited onto wafer support surface 430 within annul ar T1ange 405
of heater 25 (Figs. 4, 9 and 10). Process gases) such as TECS and 03, are
directed through gas passages 83, 85 and m xed together in mxing area 93
of gas mi xi ng Ipoocess7 3Tl eqnti@il glgorigimatio @mploysa saturasibngfasction ermeig rate of a 3

~u~ 2002 54 del yer Jnne e f.lLnle e nd

t hrough cent raICh%@'egqféggg%gé&;%pPg& gﬁ;g% ggn’?pgthgh%%%'lgrrteﬁ‘%%p eab‘g@g?éeéigces

di spersi on pl atoeciBatibns \wheangp tdte.di sper ses outward and fl ows through holes
325 into chamber 317 aboxjg 'gﬁ?ﬁ di stributi on& ate 20 ésge Fi g_s. 4 and 5).
Preferably, the gas is ufPREPYArS it aHSMBFIP dEEUiHE SR FY& Y dFking B hol es
315 onto the S%Wﬁ?@jéeﬁ%\?&ﬁ beéttah onlyOMAtantek \Rar £IRfed dthferRrel IT%,,(Y@BI er

on heater 25 is typica above a mhi num deposition tenperature by
heater coil as#dlibeyachigvedsas somgttimhK iprthe Suregahesaverage ramp cate oyerthh dimeat
the wafer surf pto.a.l ayer fhereon., Specifical ectric
current is di r@@?%g‘n?fh'?%% %:Vcl)l?]lgﬁ?%(‘b‘r W%Vserﬂ@? "Fsganrmé’se:‘\s '%ayde‘)tg%}aﬁéﬁ to
heat the waf er témperathrePek)ahay earyfwidbigduriag@halQategvahc Conslderghé oasefif evHidhc
enbodi nment s. Inr‘%ﬁhe referred enbodi nent, the ten};tefreature_i S co(?flr_ol | ed by
a feedback confridiIDIueFapTes s IEMPEFAUIE 30 semAR Stale: foF SQIBf inteAvalfifime isshe

167) that mai ni@nnge. tThe coarPidratifl @&?@&Enﬂﬂ tb Q?qﬁi@fd Gh@tpoﬁﬁﬁ'lﬁ%ﬁ&l‘x‘h?“ tdtnehe
chanber. During this process, inner |1d assenbly 230 receives heat from

vari ous sour cegesifed|tiadhcrayy tThe(kdyaJde rpmp satadorn the timehingarvgl during which dg
sem conduct or n : 2r - heat i Ng, soul ce [0t al :
conponents of [ c}?d;l’gggsr%t émﬂ%@?(ggﬁi Bﬁ/eg?%éer%%ﬁrﬂ?h 3?5%0% I on&%ug?n%ge}rﬁgtlﬁr e and

thereby avoi d gmsmaleshotk frastufl dBdepagoltihg theaamphageaditeotlpothe ruifrentainedamioant
liquidis introdu&e&ii nt o cool ant channel 93 to renove heat from base plate
265 and gas di 8YHFHENS RRICHRGSEAPRr si on plates 20) 301. During the
deposition process, the R@ﬁm fﬁilgig. 'tlﬁé%?kkéﬁ?érlﬁ?,&ﬂp%ﬂ&&ﬁil@o?{tﬂﬁﬂwm now

pressure wi thin punping cha , reby draw ng the proCess gases and
pl asma resi duebedescoibedyr dftes diendpsired tamaperatiret R.pisghpw H{step §B0) Oheagriresk haust

port 361 (Figs | n_addi t.i on r S LL.ec rally
upward into pr 6%“@3%4@5%%5%‘8&%?%@?%38??’gﬁ%%a%@é?&%%%@ﬁ&@%?%ﬁﬂ@s and
i nner portion Zp §684) theeimp*Ontrdietgdrithdiecaipatatedi the attaslrampak@dE (bf uspigocess
gas into the | ower ,%Erti on of apparatus_ 10 and facil i‘;nat es .the renoval of
the process gaSUPFHGgHTesetatian echpique. , Itaisosgetsrappgs dhe Aesitsi4a8P JREs na

systemFig. 161hS(Rkp! BReh ohGfle ShidéH: ViR of T (kf IRA SnelrisCitRfipRa@S ™ SySt em
55 for cleaning The wafer and/or the process chamber, in accordance with an
embodi ment of EfeuiTEsdB(k))-HUkhsteps. 59%and S8V e The agtval ramptiraie 5k)ps oduces a
0 3 JUL 20b~ 5 r e fromprocessi chanmper f e ~n
efficiently et gﬂ?‘#\lgég?mgf g’&%ﬁuﬁ%{ %%%faﬁre?ﬁkg‘%gﬁﬁergpq%oé% P g{atdggrrponent s of

chanber 15) anthepsuseahdit arthples.USR geersie MOS(TkPnhay B4 anyovaviauplsafanetigysft em 55
i ncl udes applicator tuhe 292; a plasm i ?ni tion ,sysﬁ}r;m ér(ljescm?g( ;)el ow); a
m crowave wavelfTRTEAYS JP ATIPURIRbOdiEN S TR HiE, SPERTIF P e N Ketdi ng
an inpedance ngy gdh PebdE¥EhRIEY %Qﬁstmhfalhermvhg' AubEG AhpOoRtd PNR) iskidtsined

detector 703 for enbodiments requiring feedback for automatic inpedance
mat chi ng) and by éamplingafi ¢r. MeBumng)the témpedati@ 72t azpredeserminpsesample rate (e.8.,

Megnetron 711 4§ het ¥Rh HRlwelBHANE bOfod 1keSSnd IR AR Pellhic RRORINED. Then,

an average of the 10 samples is calculated and compared to the average of the

previous 10 samples. The difference between the averages of the first 10 measured
temperatures and the previous 10 measured temperatures is then divided by the
power update period to obtain an average measured temperature. The derivative of

the average measured temperature is then calculated to arrive at the calculated ramp



bet ween about 500-2500 Watts for continuous wave (CW or pul sed out put of
m crowaves of about 2.45 G gahertz (GHz) frequency. Magnetron 711 is
-power ed by power supply 110 (shown in Fig. 1C which may be renotely

| ocated from magnetron 711. O course, other magnetrons may B8 JUli I220ed as
well. Mcrowaves from magnetron 711 are transmtted to the m crowave
wavegui de system which includes various | &hgths of straight and curved
wavegui de sections 715 717 which may be connected together at joints 7109.
| nt er sper sed wratiln(k)h @@guate@r@y%&m‘aw ten idatermingd by éHdng Biet hat wor k
to provide | ow ' ] 2 rANSHSSI i Yl ,
reflection | osé’gg?%’ﬁé%ﬁ@ﬁ@@@aﬁa@n@@%@? ?gdr:{h agr?gag&egu@n?grqtree}“ I(%)ct ed
power. The desar ihetspemfibembudimehd Giep SO dhsiabexdt ambodirhemiis af exanplovhves

from magnetron 711 .t d applicator tybe 292. In speci fi c .enmbodi nent,

ni crowave pl as Hﬁmgvgaﬁ)gﬁ?eg@tﬁﬁgn IFagmaLs gﬁ[ V‘fi%EdﬁFfb?{“éﬂﬁFb ‘CEF'?‘HH?Sa Yrmaos
with | oad 707, basnoré euphistidatkd diso t8n bEubddUindtRer effboddhdr\SIrPsthyr f or war d

m crowave transm ssion from magnetron 711 toward applicator tube 292. Load
707 absorbs an§mpedigentshathensagiple pses alsq @may &g usetck from t he wavegui de
system toward nmagnetron .k C lead O I i t

m crowaves in the formarﬁ&%fapé}égﬁ grlr']gtgﬁgg%'r%} %&p}é’gggg@%nﬁ]%%ﬁﬁégﬂ%gﬁage
from refl ect edspeoifieremiiddimentas giverr 6% tofollesiny ¢quatienzegui de section 715 t hat

i ted to ph d 03 id ti
775 Phace det ector 703 KT D e bab L. oot Ls0b e o S el DeE Mg de O
section 717 towhBRLINA thyRYRE i i §@§hﬁd3ﬁ+7131’5d&aﬁéxﬂﬁn@tiﬁﬁhpdﬁtuﬂh'i!ﬂ: or

mat chi ng system 701. Tuning system 701, which may use stub tuners or other
t uni ng el enent BOWe B34 Widkbersupblied 1A e berioratsihe mexh gre Greph Rukd TADL 1 ity to
mat ch the | oadrat e seetl S]'HF &Q%Zr 6 fu
characteristi cTi"ﬁgan)gEggmo lstfg&l\%\gé\}leafugggse. uni gaséygﬁtﬁ#gﬁzﬁgg@lbg?o%de
fixed tuning, sesouel modetédnappraximatieroofithe checassdrp powar togise agamp rateexfi f i c

enbodi ments. FQg di ments usin utpomat ed tuning, pha detector 703 is
a 3di ode array?\mhﬁggﬁc?éf‘éﬁrpgerf“f‘fée gﬂ‘js arﬁoBgrBC\é‘Vlggmgsf@?@Hi tted for
feedback to natnds/IICHEYSInAM thitlis uvdtidefined Al muARpNkd WithNHe eati A€ atrby

mat ches the | oad appropriately. In the specific enbodi nent) wavegui de
sections have Efat.andlithe spepibis smbedimedhs Prbaalifl (i R T(R)Hean be approxmate al so
may be used. N 4. Ei 16, j t timzed
wavegui de sys?gsmﬁg(?é ??Sa!rl:psp(r?ﬁ) %@ggoﬂsgﬂn%%%& %ﬁ\%ﬁﬁ%gﬁgﬁgﬁghqgﬁ to

appl i cat or tubeesBfife hedvar witla Iqnge theemalsmass ed tthelprefgplinveatior. Thbeo®8! has an
i nput feed Iinﬁl 57 that receives re@c&iﬁ/\ée ases that are energized by

m crowaves froMATHYE: PehaPPrexipated by the fOlOWIng £MAMOPEm and ot her opti ni zi ng
el ements. Applicator tube 292p(s+8 &i P& IaKP([qrdupt(nng'g{)pss-secti on) tube
made of a conposite or ceram c nateri algj pref erab 1 na, or other

|y al um
material resistant to etchi ngPé+ihdPdals Kpﬁ["ﬁ'héTih){)agKBZ]- according to a
speci fic enbodinent. In i fd qrelels] : [ t 29, RS a
| ength of about 18-24 i n%ﬁ%‘s‘gegtﬁ régpgrr‘%ss- sgégf?#%rnlgl% |’at§r§!t%g§ aé gebtoufn 3-4
i nches. Appl i cdmerpoimebés RiPikstddsardi the visrredwhdir the gbjus@eng prodaeceseh¢ desred21,

which is open at one.end for transmttin i crowaves apd i er,m. nat ed at
the ot hor ond (R FORERAMPlgAIT e RIAERILIE S (5 BAeion SAPIEAT S HONIPR SO s 1 eq

through the opgie @NsbsRfve VBéQaHIrsIEwiEEle@s Poideritd theeRdatdrY ETHEASMPeratite Gl
applicator tube 292, which is transparent to m crowaves. O course, other

mat eri al s suchnels haweyssi inemediatelyrisg aseordingdofthe desired irpmprater e coppPl Wit or
tube 292. |n oliafry GIENRG TR ARRL) HRkAL SoE. 20%ITRYdHRY So FudkBisdlpower
exterior and an interior nade of a conposite or ceramc material and

m crowaves i n uatiehe iekired aamp ame 72 meenByritha twheydewetbrr, ohigbupphied paverr ¢agtd of
applicator tubge 292 to the, exposed . nterior of tube 292 to en ize t
reactive gases?® R gEealgsdhan &‘é‘ 'é‘??ﬂffgfon’é’ﬁ‘c",ta’%uﬁl ‘%’é%&m FREC | 3???6%’8*’ lsg;}g
plasma igniti Ol ¥sitBilk W ifcheakd B4 Sisalesidéd VA Oals i§ kMled sv@pshésdl Thel a W
power supply 733, which may optionally be nmounted on the netal wall of
wavegui de sect FOHrotlen wilbreagoby seslucing power, andsiowly 21BS rave rae “ih 4aréFei n

vari ous ot her ' ' t I .. POVe!

supply 733, WP&%E%%?%@# egr t9 %ég(lnﬁffi{@alﬁh? }{)\%i Azeg{ell?’ogr/]gelgsq Pﬁgddp'):ll-}so%wﬁot hi n
applicator tube 292. ~ 3 JUL 2002 57 Mcrowave energy then sustains the
ionization of the ignited plasma to produce the flow of radicals that enter
inlet 290 | eading to chanber 15 via gate valve 280. Due to changes in | oad
wi thin applicator tube 292 fromthe introduction and ionization of reactive
gases within tube 292, use of matching system 701 optim zes the m crowave
energy coupling for efficiency. In preferred enbodi nents) matching system
701 includes at |east one stub tuner under the control of processor 50 or a_

r T —




As di scussed above, applicator tube 292 is nounted from and connected to
the bottom of the body of chanber 15 such that applicator tube 292 outputs
plasma radicals into inlet 290 of encl osure assenbly 200, as_ seen in Fig.
3. Radicals are input through inlet 290 into the passage in 23U
assenbly 200 which is equipped with |iner 291 ) preferably nmade of

pol ytetrafl ouroet hyl ene (PTFE). PTFE, whiciyis commercially avail able, for
exanple, as Teflon" PTFE is resistant to etching or deposition fromthe
reactive chemni wuelyandhihgtramp ran|veill d2e@asel hayend 9 tegired\ahies Thisior osaidlatienti cal

ecom e o0 b AE ARG 1 ShTMReRLEFTRR3Rs e b 60O

fl uori nated poteyetes somsnln, acadiFsfatd WAli€ h Because pIblrsarBystansTohdergtOsrhdlp
carbon-fl uori n&stgﬁﬁkbone of pol ytetrafl uouroethylene resins with a

per f | uor oal kox _ Beesp Hers wilf p B_erﬁasFBH S&aﬁij’ﬁ@l‘l“e‘?rﬁ?ropyl ene (TFE), or the
ike. The passage s prefify alte/oCk! GilindsInE 508 Sr PRELVMOOY arilBET LyPE Of
cross-section to match the cross-section of inlet 290 and applicator tube
292. From t hi sst¢adistatpemgengf Knisdangk obea skstem seittidleymogmsciatgrivebut adi cal s

flow into condyiti,4zasd } §-0l 0 e , n gas
T o d 250 | Mddy e Brlt SATpO TR M kDls ol L‘f‘es°%$°é'?%?—éﬁé¥f'f§?pq%ﬁ”§a2§ng
appl i cati ons whaartke latgedrecnse (Crdivadvescontrel qanosktucsed to idamp ehgsysenty rspowse, PTFE
is resistant to etﬁghi noQ, b{‘ fluqrin, r,adiga!%ff. O course) both clean gas

mani fol d 270 ahd FRYFECVEEROPRARd psci - oPteHHAte FHOE £ PE redueed DY SR ose

ment i oned aboveydepdl coh®8l] baPthis) el oNndfe dvetshb@ tind dReiliforPaidlis cul ar
chem stry depending on the reactive gases used. In sonme enbodi nents, gate
val ve 280 i sol prefesabinavaiieshin thisoroowelealgdritbm. t ethibeqasss i deriyativgravpgkis ot as

bei ng used 1 or VRS 1) Ry R RigPcally LEEMRAR: GeJagh BHLEERTRET | 1° 12

cl osed positi oempgatee.vBevause Bk fgev-ehsisatio ofl ths tHermomuglei signdl isused itk or

cl ean processes from contam nating the wafer during_depqgsition processes,
2o el | 8. T ecErHGRAVEIEARon 6 CalFBIatA TERAI 11 NS o B eseRe e oA
deposition. |f,@epaspt kG REduRE SRAGY-Gite *brob Ghia&RnARRM! furdfon (§Ep 598y occurs
with gate valve 280 open, deposition may be caused in applicator tube 292,

| eadi ng to conmsipadef desivative consrod teedampryp the 6Y4ess deSPOmEt o1 Reasasatik80 | s

For Tinor 201 nopcateutel soufuiedine ik, S RES Rinkd%E pRePRIart, Co”

the cl osed val e rafip reteierioe, Efg, [ € Butiny ehecli@iticht porivnfof ale gerdiicspahse, 1 n a
preferred enbodj nent, gate valve 280 is a particle-grade gate valve. In
enbodi nent s usWhRR ¢ETE ars, irges apd @versheay C@\hé?F“éhM%C‘i‘?P gadn 5smpll ol o waf er
cleaning st ep fdadyiate 2rhaghoimdl, oM irdchvoR iPLARA does gate valve 280
open) allow ng plasma radicals to flowinto fltid passage 293 of gas nixing
box 273, as seen in Fig.Ti® exampiasysataration fnstien ubed WoREPEABHEMESHPNGAS e

alve 280 is . . Dl di : oWt
val ve 280 15 "BlstBPabngh e ORI 097 £ o IANMRY Pt igue)
Di stribution pheapewgddefmedalyl thasomesl iequiopditen afovehdntier!) iStharaentahus

cl eaned. Residues and used cl eani ng gases are then exhausted from chanber
15 with the exdPNFESURRIEH MR E@éﬁk%&@b&?&?@?&%&@?@%%&@&é% chanber

15 and the cl e@}ﬁhglginoiupﬂﬁéof;ﬁoﬁé%rff&ﬁ%ﬁeﬁhﬁ HpSEUSS et NTIRESRinpldp e ks RWkatibn
Endpoi nt Detection SystemFigs. 1/A-1/D illustrate a cl eani ng endpoi nt
det ecti on systRIAsLEMOS g folldves owave pl asma system s5 according to anot her

aspect of the present inventi.pn. gi us above) apparatus 10
preferably enploys a thernal lgﬂe%(ﬁﬁ'r} 'pg@clh%ﬁﬁﬁ“é' using renote m crowave

technol ogy) instead of a conventi akedl P(k+ 5y R(kpPagforP(keess P(K)o | ower
nmetal contam nation. In the present invention) the gentle Ig eani<g%
techni que using renote microwave pl asmandPs&amh) sE0E s EA Y <Hkhi cal
reactions) in contrast to usiJgg p \ibRLasma processes where physi cal
sputtering effects may react erv‘&gt H(k[‘ﬁe) al(um' zum in the chanber walls and
lead to al umi num netal chmewntemat,ak)ican nbe berdefiosd a8l theadftectivg gain joé the

cl eani ng proce ing renmpte. pl syst S5pdh l.a 1S -
renotely f romctszoﬁgrgfgéerraqu&sﬁ% kt h(g]t%ar}?%éygt(g%]a{ﬁfp %E?) %F é:? iIeg?tzli 51 %?Pr{rr%gttdﬁg%of

0 8 JUL 2~ 59 fluorine radicals, is directed into the chanber where the
gentl e thermal clean occurs, but the plasma remains exterior to the chanber
(i.e., within applicator tube 292, see Fig. 16). Wile this process has a
nunber of advantages for cleaning a wafer in chanber 15 and/or conponents
of chanmber 15 (di scussed above) ) the lack of plasma in the chanber can
make it difficult, using conventional endpoint detection systens, to

pi npoint the tinme at which the cl eaning has been conpleted, i.e., when the

o, o Y o o o o



As shown in Fig. 17A) cleaning endpoint detection system 800 includes a gas
det ector 802 positioned al ong di scharge conduit 60 between isolation valve
+371 and throttle valve 373. O course, gas detector 802 nay_be positioned
in other locations within the exhaust system of apparatus 1@ 8QbL &anpl e,
detector 802 may be positioned downstream of throttle valve 373, as shown
in Fig. 17B. In another enbodi ment, detectes 802 is positioned along a
bypass |ine 804 that receives a sanple streamof gas fromconduit 60, as
shown in Fig. $qulsthg gein K,. Bgt § thesarpation Bmcuor iscipirtied. Kiaylais slefinadedys 04
may include a : : : ' nr ough
The 804) or t o oauare fOy ¥e) KR P o WAt REATR v and RORAZINAR shll
exanmpl e, duri nehegamammocBest Hg=al . TS, . MEN] # KT LLERRT' (KRef Ehe terg t 0
Fig. 17D) a prgwe‘@(r)ed epbodi nent of gas detector 802 will now be descri bed.
As shown, dete 8% 1%8PMfdes a housing 804 defining a through-hol e 806
in comunication with condui tp60 < ar @4y Necyt he gases and ot her residue
from chanber 15 to pass therethrough. A paif of flanges 808, 810 preferably
attach housing 804 to condui t Ke@k) FReuwEme.lle}l | s of housing 804 include a
pair of infrar i 8 h are confl p far-IR
| ight to pass f% r[éil@% H\qg%?ﬁiﬁ\%rﬁ gaé‘?]ts'%%]lgé‘lh ﬁgv‘h(gl ren&t‘%&s%’gﬁ‘?gﬁggt@é%%ﬁl‘"’%8
~cm | R wi ndowsscilla?ion 84 Bhearespapaiasedminimized én gk satueatidn furettion s redugesi se a

terial substantial. t to far-1R |ight h th :
Subst ant i ai 1y T iRl SEEAREERT e feaisd Gropbaoss Al W EonE 0D ACTAnE)
addi tion, the' tkRaitiprdauoBdidonithihlel Heate® thittol SHBYLEARD 86 PAAREMS tROFRRM DI €,

inert with respect to the process and cl ean gas chem stry and the

mat eri al shoul EFSROASE HtHeNAAASA ARMBP (TAE erformipccur, thersby resulting inimeare efficiest i ne
radicals are ugg et‘z&'iretcgﬁtr@l eani ng process, w ndows 812 and 813 are
resistant to fludrine. eférred materials for IR windows 812, 813 incl ude
germani um) cal ci um f | uor Addasnar cdntrd] kubireutindd 76 chapeisescpropsams bderfor setfingy.

17D, det ect or %2 furlther ‘ivnciﬂtd es ﬁ?ﬂ{?ﬁ‘r’#@ I anlﬁ %}4 Isu' gabligc coupl.ed to
housi ng 804 f ol °BHEFIRT RGVFarrYFRAP S or pHEsm [P RYcmafive §p tHF ough
wi ndovs 812) 8AiispRENAdsuta1ysleir pladihe 26iird| RBUAHROL T0 BB ol et ect or

816 is coupled to housin 4 in position to receive and detect the far-IR
| i ght passing PIPgEARyKOdg fod 5aitiag Jowpansk kighrfrequency RE poweinipveds apphigy tthea
tungsten | anp A J ! I kﬁ €

invention is i E&‘Séééf‘el%@hr%a%l g’a‘%l%ggtagségg@gﬁﬁ gseltt ge {é‘e)‘&gﬁﬂ*‘ﬂg‘&@ ?@?‘?@%ﬁ“@%

al ong conduit 6&@plkyel.t Of cogise hsimee EfiGodihernde mag thave 86 plabma cofkrdl anfrodline

transmts far- | i t hrough wi ndow 812, through-hole 806 and w ngdow 813
) Where it s VO BRTGNE Poperaesl s AW BNTAS20E0LS PRSI E he

cl ean gas Si FAude@dst RPigowet NORR. I EACItRNpRviolsl dbscribed Sharmb@hmpbadakb a
portion of the far-IR light) which reduces the |light intensity received by
det ect or 816. Yuhsoytingprpiznajennirohsubrawingr 1y0tin invoked pPRchambar mamagsref or e,
when the far-1RJ iahk shjensity detected increases up to a reference val ue,
detector 816 sends a signal to a controller (not shown) 0 3 JUL 2002 61
indicating that the concAnjlisnia eontrof subiréuting 490 icomptibesoprgpraapomtie for Edtidgas
substantially dimpi shed or conpl etely, stopped, j i ndi cates that the
cl eani ng endpp?’?@ﬁ%ﬁém&r‘?‘i {ragneun Rayes lﬁYSlsri‘t“,g mqﬁgh@ﬂt(’f&“?sg&sﬁhﬂ?%“
appropriate si gfgddifentd mﬁﬁgw pfabini Qystdn@S Pl9mh RoH@bIVRbeRHeind N0 aRo RbEMENt
further etchant gas fromenfering chanber. In the above exenplary cl ean

process, endpoinsfudg@regsamande jor efirgdownand hizhJregyencycRB pawepleyelpapplied and
detector 816 t , - el § S . S cl ean
gas reactants &@gtp?%%fsc !&gf)dsdé%g? |g";gfllm9‘t #dgf% &é@‘@a%lﬁget ﬁ%?éﬁﬁgﬁqo ~.m
and fluorine, frbquehcybmployed.l iQfftoumse! konte evabwliraegs mayf haxbone phs@a Yomroll n

ot her enbodi nent s) so e 8 and detector 816 can provide |ight at
di ff erent wavef”&)ﬁ%ﬂ"ﬁg,%ﬁé‘ﬁ“éﬁérrfﬁlcwac"ﬁé’OWFbﬁf’eléB%raB%‘ﬁﬁrep At g?ﬁ[@ i stics of
the specific chipsumad70ea&d ARRE pbivkd B6&s.| NikeBe PréAcusYAGesPfiRGeSamber

component subroutines, plasma control subroutine 170 is invoked by chamber

manager subroutine 157a. In embodiments having gate valve 280, plasma control



By way of exanple, 1~ is the intensity of the far-IR light when no SiF4 is
flowi ng through conduit 60 and the detector 816 receives the full intensity
fromlanp 814. As SiF4 flows through through-hole 806 during cleaning, the
far-IR light is absorbed and the intensity received by detoaggtm' %@g (1) is
reduced, given by the expression: I/lo = exp (-X*L*C) where |Ls e
extinction coefficient of IR windows 812, 8343 or a filter (not shown)) L is
the | ength between wi ndows 812, 813 (see Fig. 17D) and Cis the

concentrati on eibrSitit yAsdionigclubesoprypragetaiet for opdiing 4wl ¢lpsing appatoaelves t he

value 1, the Si concent rat.i,on is_dim.nishi . whi ch ans.that the

cl eani ng endpo?g(? 9 §°°z5§'6?‘8a“<’:‘ﬁ1 R‘ﬁ .Setfllqémgﬁlﬁwgo&ly TRt ‘%’E‘lgﬁzﬁvﬁgrmni tors I/la
until this val witeppvelaciheSystemwbitetre may BaleeSsephate gdie valveamiry sebrdn@het
has arrived. Wile the description above is in terns of a CVD chanber for a
mul ti chanber pibeBRIMENs hayingate;vajsd89 be possible to inpl enent certain

f eat f th t | i | '
eatures o € presen Aﬁ‘éﬁaﬁdnﬁpdéééc}t ?ﬁ%&%ﬂbﬁh%@%ﬁ@ﬂgﬂ%@gﬂﬁg%@for.

physi cal deposition chanbers or the ere scription
and il ustrati 819agingandpoins detetiombe pontrollingnd tightgoutce agd apighdfietetter,pr esent

venti on 15 ngceiih giahf BBBERERGeqRRlor s tasibabind 4aB: PRSH HBBke anc
shown in the efrohpstsdrbdnaniandsptibilyaxsppitizahe tidgnih$ pckdscuponl dércnig & he

present invention could F),e installed into a batch chanber tegat . 0.3 JuL
2002 62 si nul t BIEEEERPeS fightiatepsitylexel grapising aflag ipdicaunsg the endeqins ofithe ¢ he

i nvention woul giefing prdceq! eErgogyglirHE@teEPccﬁmHPMbir&ltﬁe%§%isocrﬁgy][@@invbi?&if by

sequentially perforns indivi _processing steps on each t he waf ers.
| 1. Hi gh Tenpecrhamhes managershbrogting | $7a0 c Esdpoint dsientcantrel SUMoREgCliSris Syst em

A. Exenglary S .es d l i ions Fig., 18 1| ustrates sihnplified
Cross-sectiona c\&/{ll% Eééllvforf thg% ﬁ?@g}é@%ag’% P}?u P%}Bbd%{%cg‘c?Pcf?/%{gmt“?“‘i‘H’gg pr esent
invention. As bélown, It isteeggnidedctha enghtidim&@@Ondtitavinges dNiibSinadétedtiviSystem

transi stors 903 and 906) which are sg&arated and el ectripaljﬂég i solated from
each ot her by ¥OPidNay ngsd peuse giare opdpons dateet aRtobsubroyinedlati on of silicon

(LOCOS), or other techni ?t}@“gﬁﬁ?%ﬁ‘q‘%‘}“ ofitro §u‘6ﬁﬁkﬁ&%§ mﬁa@@m&&@ﬂﬁ?y be

separated and el ectrical m each ot her by ow trench
i sol ati on (not carhisnimyvokddehy ¢thaanrber stapager 30Brontime DR, aGettenimg conuSubroutioe h

PMOS. Each transd stor, 903 and 906.conpri,ses a source reqi 91 a drain
Thoion o3 andied Pty BibeBitt otk rox SREHDES et e wnteere (PR by, el
separat es tranghaibef SeddfdngNsbsBORar Nlastineicterihdy@E. 34 Gome ehbediniRast i ons
bet ween netal |ayer 940 and the transistors nmade by contacts 924. Metal

| ayer 940 is oB@lesngrgnrolfubeoutingya? saminyokespecifiod 49fraare touls into the cleadd i n
integrated ci r?éégjj'e tg%iliﬁécélltt%€|:oﬂt?%‘?ﬁ coftBinadttwit? Mk c1BdifredibE uséd.

separated from adj acent neta ers by respective inter-netal dielectric
| ayers 927, 928, and 929ThengVEX syrstemrdessriplicry presentadeabove nemrindy tar sgagrekt ed

openi ngs by vi | VA tal | .ar e pl I

passi vation | a@@?@gg’ﬁdﬂ?@% Ealﬁpg{r%gﬁjgo 1 Cr%%/'g%gé asgfe]igut?ﬂ(g %‘gﬁo%%téffzt |ﬁ ns used)
for exanpl e, apreRivipihvayeon. 9The kxdryplahya@WDssysidh 101 sifigle 92der wicupassi vation
| ayer 930. CVD apparatus 1Q al so nay be used to deposit oxide fi|lin

| ayers for shaflagier sm: iHayeyer qiihen ¢ ViBrsyptems ghae are mufiipe@afss © 5 field
oxi de region 9 gtelx}ﬁnrﬂﬁ)hﬁ ufé&qmtﬁer%%dﬁgﬁuﬁgﬁ Y Thv3RRG . 2shodfd pescri bed

above is form trda-shall ow source a ain regions 912 and 915 shown
in exenpl ary i mdegteade doweveruitat 9lGough cBitgin faBures\ppilieciaversionafe shoavmpands ent

Sour cel drai n 1 BHFOPE PRCODE A SRERRr o & el ot BT B i o) wi e
Fi gs. 19A- 19E. invention is not necessarily intended to be limited in this manner. That is, the
invention can be used in a variety of processing chambers, such as etch chambers,
diffusion chambers or the like. Variations of the above described system such as
variations in design, heater design, location of RF power connections, software

operation and structure, specific algorithms used in some software subroutines.



0 3JUL 20't 63 Fig. 19A is a sinplified cross-sectional view of a
partially conpleted MOS transistor. Merely as an exanple) the MOS
‘transistor 1000 is a PMOS transistor. OF course, NMOS transistors al so may
be fornmed. For PMOS transistor 1000) a doped dielectric | ay@r3 JoOSmsed may
be a BSGfilmas the P type dopant source. As seen in Fig. 19A a gate

el ectrode 1002 overlying gate oxide 1003 ha§ al ready been fornmed on
material 1004. In _the present exanple, material 1004 may be an N type
substrate or arfoRfigwrntior of gasdnlenlinessand stavgs candritbgromendifigasions giecpessible06 al so

have been forng d h I J ST (%E&)S).
The regi ons mhe’gdeé?%?r?%lg"-a é‘ﬁga)rl ?lgéjvgadgg?dg%gﬂlé?'ﬁ)ékgﬁggr%Qcélcebsnl &8@*‘%@3”%@? ef i ned
ugi gg admagk.2 I(ECRP)@flqsrrﬂsceViD d%ﬁﬁas)liﬂductibecmqg%dmg l?ghadcgmuy @?&ﬂa&}V‘DL elgi ons
1010 and 1012, put of course the regions e defined tg formljghtly
doped drain (L )"CF%@r&"&!‘kWﬁQeFﬁ@lmﬁ) ;ﬁé&‘?}?“%ﬁy@?ﬁ H’_Ss‘E?tP%pf%bove
with process rqgiifg ESRYSS Tk bk i Hblesdif iifinich SRARIGIRLAGLT) 6e! aver
1008 is formed over “sourcée/drain regiohs 1010 and 1012 on a wafer resting
on resistivel y-linitadetd ang spesifi@gpparatisoor toany spexific) pldope éxaitatipe atettiod. | ayer
1008 over source/drain regions 10 and 1 he surfage of ur drain
regions 1010 and 1012 ma?gbs O¥Pdl égf'2fané%]%‘é‘?@pgﬁtﬁéqgﬁeﬂ?ﬁﬁ’ggcg%ﬁénthat
may exi st eithencloyureabsambly POEEVEngd Adrti®dlyliovabiClidaied (FaRe suppotpedestdifod
fromrenote m crowave fl sma system 55 descri bed above or %ug&ggﬁa
thermal NF3 vagBiePl %g’ftSH_%Poal%ﬁiSﬁQ'CBF%@dlﬂ er Yihig 3 eyim s W be
opened to all O\PrfaéédQF&s'@&) hRddRERd il BhhRBe NP iolpe i afiots i&foskidahEr 15

to clean the oxides that may exist on the surface of source/drain regions
1010 and 1012. emhingnstens antbe evaferi dagaadisgvimitian syvtem GO LFigs eX0) distribitasn of

regi ons 1010 atersneReS bt fissPiREs PRIRearE phd e hERF ST SRS |
used to clean 1230i(Figso34yldischiarged thé provessefasesnardh@hdraesidiue froim dhambetd esni ng

procedure, heater 25 may he adjusted to a posjtion where the flyorine
radicals are o&e‘(%PPVa B118 fP <l léﬁHder?et_‘%Eqra’é%as\ﬁﬁ'PWS@p @%éﬁné'ﬁﬁé‘“ﬂevi ce
on the wafer. Riahdusaph¥r 2§ mrsheaﬁﬁgﬁﬁ%xd&drﬁ)mﬁd @k St wak@Pin@ sl the
deposi tion of doped dielectric l'ayer 1008 are performed in the same chanber
in an in situ PEYASESING prsitiasf within chober HesAniipegrabramaetp micravase pBsEY oi ds

noi st ure absor Rl vk e I oy Sd ARy r i S not

br oken and theg&gﬁgrﬁi%ﬁgb# ex(aolséggg @gc?f)f#g/?dg\éaﬁrOnéﬁgﬁ%@%ﬁio&?ﬁ_oﬁﬁ 64
Al ternanvel y, ¢hatesérrciehning), daserroieantig, of degpusilingrseepst he wafer by thermal |y
breaki ng down NF3 vapor in situ. Wth this al tern%ti ve | uori ne, . radicals

W f.
are produced in situ in é:hewn inEih 2, iGYPopaeang [QFurthes inglades Al
200- 1500 stand i i " . 1 f ar 500
t1 me, chanper c & cemppne woegntng € rocg r an
maintalned at_ 3, fLESIYTEqh BELIESH ARAL R F9R- & ARImBLELSIARLY 400 tOrT,
whi | e heater 25°7TS space‘c‘j g%%sﬁ b outPe r—9‘6 m I, preferzﬂ) y about 600
m ) from pl at enidlnizd bikdesiréd@epositioA ©Rfo hEseSnipdatts due g tgihigisteiipitinaad

1012 can be cl eaned of _any native oxide barrier. After the cl eani séﬁ)
gate val ve 280 PFifessire Lé‘ii%‘é)&?‘?*ﬁ’rﬂt%’s‘ﬁﬂ’u?’cﬁ pelugdes ByYr £ Wéf?ﬁt‘:o%‘l?P“%fﬁgﬁ”qr"e ive
gases used in i ' Y, 805t £RPa toQMGRASIOIdY
and depositi nghghﬁtsgﬁgﬁ??gzzgs@?%{ glg%dﬁttﬁéﬁlgﬂ Heaiakesrgmz)?gjl:so ?/voul_d tbe noved
into the appr ofindtahewpy for dsEvaripgposiant wnthargds Histribution systdme 20 édibquissed

tenperature in,the vacuum of chanber, .15 according,to.the ir S
reci pe. Doped Fglwébt iw@[ﬁrg?/‘grd%fﬁﬁ’é 2?@ diseRs eo?"ﬁ%%“é’? fﬁ?li}lgﬁ%? erﬁ’a‘era%‘?@?P
(about 500- 600Ghow) tolemclodlise apfeaibal 260. Itfeaed dadodiniad dahewndiWididlaytteran
native oxide barrier, dopants fromthe doped dielectric |layer 1008 forned
on the wafer n@y 2RRATAUEALWIY b&rﬂis‘iﬂh"ﬁdﬁrﬂ@h%éieﬁflit\?g’r‘l"'i nto the substrate to
formultra-shall ow source/drain regions 1010 and 1012. After deposition of
doped dielectric layer 1008, the wafer remains in chanber 15. The
resistivel y-heated heat eA.2Enclosirgeseambljer eon are then heated to a hi gher
tenperature (about 800C) for a specified tinme. The heating step drives
dopants from doped dielectric layer into Ntype material 1004. Doped
dielectric layer 1008 is used as a P type dopant diffusion source for the
resulting ultra-shallow junctions 1020) as shown in Fig. 19B. O course,
gate valve 280 remains closed during this drive-in step. As an alternative
to being heated in situ, the wafer nay be transferred to an anneal i ng
furnace or a rapid thernal process reactor (preferably within the

mul ti chanber system) to drive-in dopants from doped dielectric |ayer 1008)
whi ch acts as a dopant diffusion source. Diffusion is perfornmed by

o o ~ . 1




950- 1100C for between about 1-3 minutes) and preferably about 1000C for
about 1 mi nut e) in these other enbodi nents. After diffusion) doped
‘dielectric layer 1008 is renoved by dry or wet etching techniques or other
removal technique fromN type material 1004. CVD appar at us 1(93ra‘jd all#d be
used to renove doped dielectric layer 1008 by using renote m crowave plasna
system 55 with the appropriate etching chemg stry. For this dielectric
renoval step) gate valve 280 woul d be opened to allow the renote plasma to
etch the |ayer 1008 unti Refesingval Figs 2candpd, ednehb)sumrmseelnbx)ﬁ%éstweﬁcadb%eam80 is

cl osed. The re vaI erformed in nsferrl N9 t he
waf er from heat'ef rajgx%hsgéﬁ%é%&onﬁg PrOkFYS ‘i%‘é&af 6%I‘93te‘[1?'}e Z’ "fm‘&"e’p may be
perforned in anmdired abiminber ) Erteti@odseintilp 200 ehodedes iafi oufvidalssembly D25 férhe
same mul ti chanber system as CVD apparatus 10, which al so avoi ds exposure of

the wafer to tfPRIVERDS PESASAN SlRag egses through an imlelombe A (oA innen ifsssemblis ¢ em
Fig. 19C il | usi3gedRBint | | bR, er
renoval of dopze{joadﬁgllnedg%rnﬁgy tzggerlﬁe?%ms%k%é tE r ansrfcgtalzi)kfﬂoscfl rsg%@%r%&“&s gate
el ectrode 1002thzovghewtj chamber thantoey wafar (ot syivemssupparGedven heatear2s. As

For the conpl cteeiABHTBRE wRERORS i Reostan i Rlngks Bp SRR SV

waf er (or sevesmlosi@f B5cmbli200 (heCBuRf (16 AsRRBI J' B2); adritseldd theodpefavd? from
apparatus 10) a chanber.clean may be perforne Af ter_ processi ng of t’l?rf

waf er is conpl SPEHGR i tE‘F?B?\‘B%‘F"sl‘B‘““Brfe‘,‘s‘Wﬁf‘@qut'@“t B S YRR Pregssssinghif! si ot
243 which is thger yypyrerrerharjhﬁaude@at&tarﬁlz!? t@%@ommam@af&ql@awsﬁzw al I ow
t he chanber cl ean process to be performnmed usi ng renove m crowave pl asma
syst em 55 unt i that ensurgrgastietegtiny of thaaphaenben 16pddd fcpeert 333rasnerally ireraninnelosedby

t he endpoi nt t in
Figs. 19D 19Edc§‘}rrie:n prgﬁtg%ééeds”} a?‘%s}r’ﬁ‘% epsa{?g%te Ysb%pgﬂ?d)dﬂog@%npig 3%2@ gﬁ\ggoped
dielectric | aypevenfio8 maintémanoe chamter claning ethdredy iréakirigohes vidilth amd 1012 and
gate el ectrode 1002 g}g een in Fig. 19A, a capping |l ayer 1030 such as USG
is formed overPRNSRE @ama?retpea@ppwee%p@rsumos\ I rl’é‘fgérZQBIWClP‘??sér’rlO?}ﬁn%l tu
process withi r ) gate val ve
280 woul d ren&aﬁnglnéggéehéagnkgr? fto eeier&gﬂ??git) idvtelr %l%?lfﬂ“* FaXl?r{ ég%g may be

heat ed for diffusion of z@lbpimmmfl?xgrﬂ,dwmum asbmle@OIdaﬁxms a1 geBumiock

sem conduct or 04 S ussed. a fo rnativel

) the wafer nadﬁgzﬁdrtgh%‘égs rfda r?boeol’;mfgl}%%ﬁou% g’ggrr]ﬂa ia(§al i ng Y

furnace or rams@bmmer(nmlshawa)ceaspdsmmrerf\vrmw process @hamlferclrsmﬂtlsadsrom
doped dielectric |gyer 1008 a di scussed above for Fig. 19B. Preferably,

the substrate YiEeryoeQ aWéﬁ Theavaten loadipg assembly tSrfﬁC%léﬁw fripRveRticndber
systemto whi crlab&litame@:ranﬂsﬁ] &M{S&E@vﬁﬂiﬂ?é’trﬁhﬁé@%b@r krﬁ:Y?ﬁoergQﬁ §d cappi ng

| ayer 1030 were deposited) is a part. seen I n 19 dopants fromthe
doped di el ect rmultickapeher pOG@ssing systewer |Aystmgblcapbcbtwearnsfp@:aesemuelsouesmbséd

}nct  ans. 10200 gty eisined Y5 bRenaq sl B EREMAPHL MY &inBEL o7 " hen

etched away asdisbicsatessfarthizthdy tncbpopitelhét€ingy iefabheg. conpl et ed PMOS

transi stor 1000) as sho in, Flg 19C, ready fqQr renmaini ag?roc }Pé‘g
steps. For about a 0.25 B&{F@gite igsednst r)and; 1 uhe <595V aAlbiPhobaiRseor m a
BSG film thi Cl‘dﬁ&%?ol?@b%?dhn&*%ﬂ%?&% R QQvéred NP it AnkiSESC, wma.tprests

bet ween about 100-200 A and results in a junction depth ranging from

bet ween about @ @shelf Eﬁ&@fqrgtn;ureoass_emmwﬁoec&dmmbnglm@ PPeseores ¢l indifiodi nent s

for PMOS transj 0 e NB'/% ansi st or. 1000 | u

el ectrode 100fr§¢1eg£ g%ﬁﬁ%’é" r'a ?SV gr‘831‘eo 15(5‘%0&5%‘8 “ﬁf’(ﬁef IO add%oﬁ ?l%e Réthet

ul tra-shal | ow 35uttastal omellerdjanieterf tBimeidstret &x6erblly \200, Hﬁdﬂbﬁndﬂbtts)mermiverr al
1004 using a doped dielectric film1008 such as a PSGfrImb{

ar seni c- doped @lﬂr?@éﬁ 835G aelowr heaier 23 to e l98isERPTIOHAH HamaRtc di“ﬁif’rfi'ﬁgb't' her
embodi ment s Ofunhbﬁreﬁrcﬁ?%ﬁod BB thd &B onf of ¥&fter B S»Hd @k 13084 YN BEcantdet YPE
substrate or a orned Iin a substrate. For about a 0.25 ~, m device
geonetry, a P98 rSqummxncd:kﬁesberbenwez&@ pxbmdts teema0asuationcheavedBGhe i | m

e conduct or “MRBARL s el Rriy blk e RBBERT dRobitel Bkt %0 4

Vim according to preferred enbodi ments. O course, it is recognized that
ot her doped silicate glass filns may be used to provide the N type or P
type ultra-shallow junctions depending on the application. Another exanple
of a use of the present invention is formng an ultra-shall ow doped region
as a channel-stop in a shallow trench isolation structure




~ H JUL 2002 67 between devices. Application of the present nethod for
form ng an ultra-shallow channel -stop region is discussed with reference to
Figs. 20A-20G Fig. 20Ais a sinplified cross-sectional vi e@/ osma, wrti ally
conpl eted shallow trench isolation structure fornmed in sem 3 t

material 1100. As seen in Fig. 20A) a trench 1102 is forned in

sem conductor material 1100 using anisotra® c etching techni ques incl uding
reactive ion etching) plasma etching, or other techniques. In the present
exanpl e, the si@fresHawrEesnt wafesefigg cooliop dusiye bighdemperppae prasssingt eDeninga P
wel | formed ing &H@ﬁ Ky i nel
stop region i nnmglhe gﬁ[‘?‘tg@f?@gﬂﬁﬁ ll“é%gg? i’ﬁgéérg p‘%&#ﬁﬁgﬁé ggggégs?gﬁ‘ Btges&l}ép

di scussed i n chelges Of thelwafgr @an hexoerd2 Sdieqd. eatiout 650-69GNC)1d Qe txoldrasurmdndivgr
trench 1102 using,mask . 1104. Hdielectric | r 1106 provi des a source
of dopant aton%’a&BerdW?lllsu eg'aﬂ%&%ﬂn‘gg &*ﬁ&ﬁﬁbﬁl}‘g%ﬁ, H’ﬁé]eﬁ‘g&rf%&i %r’rﬁ"‘ug"&ﬁ to
prevent a condifahé Rafepahdy ddverselyodffech@mpefanie infEMhiBLEcrbsd e Wake@ ey tdagr
material 1100. For P type material 1100, doped dielectric layer 1106 may be
a BSG fil m as oHenpnifora dgpgsitinn. sbinerc &30 prefeszbly somprises 48 igagsarorinne? Bet ri ¢

| aver 1106 oV epnhd@HED pickB%:colifyiB bl Har i¢ GO RuitelOfor Wih Bfplrafif0ed of
any gate oxide or native oxide that may exi st by using rerbte m crowave

pl asma syst em frbcesses [fe.@v, greater thanabouteS002(@). c Bieferably ainmenpéreiopl243 wé liher med

[ ti h NF3, di d. bel ow. During th eani
Step) gate valvl ORFTRE bEGAT, TRl MLy IRBIRELREAIS SRRt Y O

conduit 47 thr»@iﬂﬂbluﬁﬁhﬁ@ﬁeiﬁ?ﬂié' prefePd8 1k ial 9 T Poktin02 I3h@IP@ually hitieda
distribution plate 20. Heater 25 with the wafer thereon is lowered into a

position for tthEkaaseahnbrtdol thhtinahrandforeferablyeatoyti) Zato0.3 dgche| ear the waf er
of the unwanted oxides t ' : I t . § hout
damagi ng the substrate. eranl n;g@%&haéotl e9<gr§1<é%§sé§glopgé&§ogfo#0%5§q§§nc;o?@%éﬁ5
drive-in of dopaetid thatdslaiopesdeptibdd exctracking e cebfii6 subhs Rkinfioume Duarer

trench 1102. The,.cl ing st the depositi of .doped dielectric |ayer
1106 ar e per f GPRAEH 37 BRODETE G0 PT IR prsgmioad SRgdes B auffsg e
enbodi ment s) tisa fot ﬁﬁjgb RéhgSinfdt pomio 25 eNEnde 250 he i Iphitichraeig gré@re@wn  NF3
in situ, as discussed above. The fluorine radi_cals.fpromth_e NF3 pl asma or
vapor then cl esbodpeensyouerspartion 2ahjnciydes e phmalithof Sirepmbcsensially spacgh 1102,
In further al t@gf@hktﬁﬁsgw k'&@ﬁﬁé@grr zﬁfﬁ?ﬁsais@ tﬁ&%ﬂ&%erﬁ%és@&wﬂ%%hamer

system descri be ove nmay be used I's cl'eaning step. SInce sture
absor pti on by 7A en&37BUIAIRZ @ags B faoditaaimsulatien af/ tedeuntripprtimt 253 efalnen@50 he
vacuum of chanber 15 (or alternatively of the nultichanmber syste .t he
surface of trgtiﬁ% the, gpaer %h"‘Fh’QEWGhS !‘%{%’{Féseow Ef%%ﬁef?%‘ics‘?m{&f‘f‘_éy (?LH%%Vd €eani ng
step is perforfediesadR oahy vabdLouR &oPaSin dif¥ tdétsuirBendind thEntRKivaa
barrier, dopants from doped dielectric |ayer 1106 may nore easily and

uni fornmy be dfmDRIAtrGtWhichE engbselatiitectotee hestan agtwaesISBIPFBMIEINdRi ons used
as a channel - - EGH ' ; : [R=YolFr-V o ie" 25
W th the waf erCHorcar ol STRAVIATLRIRS Bk 23610 68 FHEShalif Ein oo o
hi gh t enper at teegeefabo obted Citmied G)alls and tepers1d while afinimiyieg thel @6cking der
deposition of doped dielectric |ayer 1104, the wafer NS in ch er. 15
for the drive-TiFrebumal epse, u B5aertr anth hiteirp ey 29 cORRapErosL RSt
heated to a hi|gRED5H BETAAY Hallh RhicRARIY bf HHED. 5 (B ireR&! Wil afGaUSap 2597 a

specified tine that depends on the desired junction depth needed for the

di ffusion. Al tthickeess o&afout OkktonhSdnchesy and oreferablyrabauf & ek Livchaithamall i ng
furnace or a rgpi S [ eagt: ( f bk hi. s

mil ¢ chanber SBCant st oPARRERS (€55 h. (RRERHRE et 25T pfllbred on
type materi al thel Gfper Boffact off @li@cliter @55 &y eormlheGower waledf apumphhgt ghpenedldfant

di ffusion sourge for, the resulting ultra-shal|ow channel -stop region 1108)
55 shown i n_ Fi(@custid belpy - ATnubT Bovec A RRICED B orIgIeh® 4081 SRETRl L {y e
regi on formed suth ¥ AP bRKE dr alub¥HumAidRE, & dhidlg iRnalusaRedosteepatibsii C

| ayer 1106 is renoved by wet etching techniques or other renoval technique
from P type nedérafdinen 350 fropy progesstgases and dhenhgag withithpmBINE shamshfer 15 so
that gate valve 280 may be opened and radicals fromrenote m crowave pl asma
system 55 may etch away | ayer 1106. O course, reactive gases input to

pl asma system 55 depend on the type of doped dielectric layer 1106. Fig.
20C illustrates the partially conpleted shallow trench isolation structure
after renoval of doped dielectric |ayer 110. As seen in Fig. 20D ) trench
1102 is then filled with an oxide 1110 to formthe shallow trench isolation
structure. In a preferred enbodi nent, a high quality USG fil m deposited at
hi gh tenperature may be used as oxide 1110 to fill high aspect ratio
trenches. Oxide 1110 also may be forned using other deposition techniques.

AL 2 o - - o, .
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O 3 ~uL 20t~ 69 1114 each include a gate electrode 1116 and adj acent
source/drain regions 1118 and 1120. Thereafter) remai ning process steps for
the conpletion of the device nay be perfornmed by transferring the wafer to
anot her chamber, preferably in nultichanmber system After 0:JUBI282 s
transferred from chanber 15, a chanber clean nmay be performed using renote
m crowave plasma system 55 with resistivel40 heated heater 25 adjusted to a
cl eaning position and gate val ve 280 bei ng open, as already described above
in connection with Figs.[n@apmliernative smbadiment, F@@“@Vfbb’éﬁ"r’?éﬁto,m)ﬁ@wl%hom
in Figs. 20F-2 (e j | eg‘%, oped
dielectric | ay@&%g%m?sgo?%drmngsf {)e\E/LZrEg ?lrrl ?ﬁ%gﬁ%déﬁéﬁﬁg“éi 1 iﬁaé&{sué%n in
Fig. 20A) a cappengdd! &rminglthe bogomhofammpb@ ¢lanficrddedn thivembodigeoio pedr

depos 1 on of BTUH Ag° KBRS Hin 53 Aladfimpbordinty pESEREEamerRuRSe 23S
substrate is hanithel insideswilliof enctddaredssemblyf OThedpgdpt inslilatee therhiglor di f f usi on
of dopants from capped) doped dielectric layer 1106 into sem conductor

mat erial 1100 ‘&glpﬂ’lgg@ﬁé‘@&! frama ke eaplerpyalls ofghe enqlosurenasssmblyyand K Proidesy nay
be renoved fr : i pid
thermal pr oceg@cﬁggsg? g?‘“%‘?r@?‘é’r%\%ﬁ}m %ﬂ% %t?%ﬁgﬁm%n\%ﬂsmggg}e% Q?’or
di ffusion of dopants from capped, doped dielectric |ayer 1106 into

sem conductor materi al ]%O%a di scussed above for Fig. 20B. As seen in
Fig. 20G dopants fromth ot ¥t | ayer 1106 with overlying cap
llayer 1110 have di ff usecRdfedring6Hign it Qroutd iRy disedmbll} Q5 tgendraltyrincludes
ultra-shal | ow cg nnel - st op regi on 1108. Ca(g | ayer 1110 m nim zes the

out gassi ng of ¥ gaﬁ ase pia - f # SRPlaRfTBRPitAI (not shawn)) & Flean g3y gRnifold By
resulting in ; L b u 'r}gixgg/\gb' I i i@l 1100.
After the di f]yﬁéflgﬂggﬁ;%% |d§'t BZ’r dgrme gzidtie%\c/)fgly\?gx %g%ﬁ f's’ﬁg‘gédﬁg%’s‘?ﬁﬁ bot h
the cap | ayer gas(es) anddclermingigasies) droughcinleayube 481108herpsocedsing chamber 1 Zvanyd

using renote njcr ve sma.sy.st.em. 55 w t h, appropriate etchant.chem stry
Lo provie. part A ITBIVE g0 REX TR lRE Rinioiioe eRDE B o CRERL o RE, o
20C, ready formixugy B&XEII)i O cHErdE, it Shaidd ¢ eRarlP unddrgtsod #APg2e FalviéV280 i¢ he
wafer is transferred out of chanber 15, gate valve 280 is 1n the c|osed

posi tion. A chiptioasl, and it guter Hd aprembis22nean: ieemodified &e selecivelysistipE at i ng
the plasma sy ; . | :

i sol ati on bet %gﬁ%ﬁbﬁ%&%@gYﬁQQymgﬂsau %’E v ?3.1'? g', @#é‘t’(&'ggggc ig- 4,

di el ectric filgasmigggriwx 278, aleBSas mhmfold@77 shdightewatve80rare peefgablyl. 2002

~0 isol ation bgtween P ransjstors i.n an.N type bstrate.(or i.n N wells
of o6 ci 1 oui BRPRERr e bl g o Suneite ot hse B A BEFE e oonit B, "o
ar seni c- doped isdaige83%, H @8 Sndunkd® toRthé s8R 61 plate\26s CatEOt®id infsg/uUCh as

| ess than 0.35 ~m havipng a trench 1102 with a depth of about 0.5 ~cm
channel stop rBHiRENbOKIDB . cBanpessaged 83, 83 gaghuhave iniats SRIRDLY FeNPledator WHFRSS
using a BSG fi t I a i ngp%

t hi ck, accordidrgg;bti%agg?%@ ?é%ﬂgs#@.éé?meé&g@f @gggg{r’f?% nv Egtil 86%91 %Aats'
shoul d be underghedike,tdnetousleshot shewn) it exnmumdatvinrwith a ng®dgiased 83 within

| ol erent  t he B2 anDr RS Bees BT oo sy sbfoul TRl bpEd e sty o

such as m cr ophnsreRisasemBiplocat i on specific integrated circuits (ASICS))
menory devices, and the |1 ke, Further) the present invention rraxl he applied
to PMOS, NMOS, CMOS, bi gbshould be nee f@FeR)F%%PrONSF%L%‘FPGPP?%-§H§I‘Y‘ﬁw
sour ce/ drai n | ARl BA3ICR Yat kel aRRALh BV (AR IS uSink s BRRhdcs sl 85 %0 ar €

di scussed above, the present 1 nventron al'so may ‘be us I h other

appl i cati ons wineble tienapplicationsdtahipiy wollageeRIF pewento the gaebox withodttgas pr esent
invention als be used.for form ng. undoped oxides.as well as. doped

oxi des for us r&%f}ﬂpi ﬂfg‘”?"é%rgés idﬁpqsﬂlogglpéﬁeegasccf<1§tgﬁpl3011dg’\§}eg}as?\ ﬁ’eﬁ:&‘ﬁf}b“.“ng
PMD, | MD, pas Sdﬂa@tdx@mplaey\?aﬁ@mﬁea@ be¥ EdnSbe fouRdRl 81 Y. PAERING.|£8TT, 047
deposi tion) and chanber cleaning processes for in si or individual
operation w t HP Vg tisopomplets disciqsurenes; whish dy insemporgdoligreinbyateéssfnce to
vari ous enbodi nents of the present invention. B. Ceaning Native Oxides
Prior to Deposition In accordance with a specific enbodi nent of the present
invention, native oxides that may exi st on the silicon substrate or region
where an ultrashal |l ow doped junction is desired nmay be cleaned prior to
deposition of the doped dielectric |layer that may be used, for exanple, as
a dopant diffusion source or as a PVMD |l ayer. In these enbodi nents, the
native oxi des can be cl eaned by using fluorine radicals froma plasma
formed with reactive clean gases |like NF3 by renote m crowave plasma system
55. Use of in situ processes in one chanber or alternately in chanbers of

o o T e e,




0 3 JUL 2002 71 as well as providing for dielectric layers having | ow

noi sture content and | ow shrinkage. In a specific enbodi nent, chanber 15 is
- mai ntai ned at the deposition tenperature, a tenperature rangi ng between
about 300-650C, and preferably at about 550-600C) for the erf @rJylci2eani ng
process. Chanber 15 is maintained at a pressure rangi ng between about 1-2
tort) preferably at about 1.5 tort, while mmintaining the tenperature.
Heater 25 is noved to a position about 600 m| fromgas distribution plate
20) while gate val ve 280Asshoprireligafd, chean gae ananifold MFdcludesi qondwit 4 dor i nt o

T oduced i nt ok buftsl R Bles 330 Piveif s PR AL ERMGHT b magee

stabilize for aBdidto aseixinglsobelDr Gatd il 28EineRdeDy vaive Rl (nedsHoan) he NF3
in applicator tube 21956‘;‘] M cr ov?vgb_power_ of between about 500- 2500 Watts,
preferably bet f&¥5Y WBbDPaI9eR 29560y splectively pHQIHINGQG PERVERENEDE 23358 T ng i n
CWrode s thepaapglthRilgh @bnddRUH inky ¢4 ABHY Bk 2781 EGRe VaBIn#Y be
transmtted fromnmagnetron 711 through the wavegui de and optim Zing system
to enter appli Sanealy epseatgbby aetmatingrhandle 281ndogate aalvei280 usayeke contrplied by | anp

731 ignites th kNe s.A.n. appl icat ube 29 0,01 m ,
with ionizati oﬁr%§§§é§g'eéﬂlg§12t%é C@S%éf\%%"oéﬂékyg;ﬁag"n aé\h %ég gﬁBﬁfl—l@é?‘ir%t ube
292 at the w ndtow theh@ledraglisesafromf pigumat §yStePS3 tepass Mo HOR 278 wheteithey are
applicator tube, 292 are u,tpﬁut to flowinto inlet 290. The radicals flow

t hrough t he Iiﬁ%ﬁF‘?ﬁ’a@’é‘é‘@g‘ t Bibe 43 sintochambendt o stoly theowaighauthe iBerof ¢l ean
mani fol d 270 t [y @hkeb “talﬂgﬁg@%e&haagg% BREME of Sbatdtes 11t 0 outer annul ar
passage 297 to enter chamber 15 an (?Iean native oxides off the wafer. Used
cl ean gas reactants and &xisbevn gsFiguds clrar gashmanifolth 236 isepnsunacted intepaatger 15

via the opened oo 1L oI [ her 15
wnich has.a € o 8o Bt B eiies AegBhRERY ARSH oL ol of 10 E Gy
val ues may di f agproptége beiidgr cutvé frensihe eoptovary e side ofhetahiber US.eCanduiotifer
enmbodi nents. In_.a S| ific enbodi nent, wth chanmber_ 15 nmi ntai ned, at
pressures | owneff | 5@88@518&@@09%% lm%bipassamralm?oma%w@@ pide vl
occurred, resubfbiioshife ﬁ?&ﬁbl?'%@@fﬁg drfab1bSwhith hd}PBHBMe HeBES 4uE T Hegher
than about 1-2 ton, reconbination E/ occur due to’collision |osses, as
wel | as causi nbigbvemperamresqt avhichdaateg @ Staperatesl | This passagebis egoPpedCvithisgr 15

api dl'y r emovell T dub AL Ao e Mor-bledmer s 5 3605 0
appl i cat or tubenckdredaseemblgt200fadk cotrbsic aRd ewohing iffopn Uik, cléanegas hadites
pressure may be linmted by the physical dinensions and mat eriﬁj of

appl i cat or t ub&nteWRg ML 3RAPLFYRRIEE 8% Lined 29d;aktp Byt EECOPRINAIALRL: £ ¢

embodi ment, t hgydRARASHURE cle gm't&aﬁ%ss& %P@in%%auceﬁhﬁﬂacir?gﬁémse DOMEYor S

applied) may be about 3 tinmeS as nuch as the optinal nber pressure. \Wen

di fferent appl i imesrS7 uBadicady areisseatedifrom clednf gasesin applicatorabs 292 B opt i mal

apl i cat o -t ubmsste RS ragibedl U mp Bo RIS BINRE ST 5, R 0T e

pl asma is for nedvan@agéduedosdted evar@ftRrbottdn of dHambee o8 in ¥itldshteosssersblyadi cal s
in the plasma are able to reach the wafer to clean the native oxides from

the wafer. As #¥ht ilBh&FaHOESYSIERESE petaibegom: of Rppriatus rlAfRcilifates FeTECIAG
about 5-10 secgngsnd i ; i j ' ess. PRwiar20 A
The above cl eaﬁ?ng sbtg Feégef%%ﬁggédrﬁlg? %démg&afhgé:egﬁgt%%}, :}g@g’@ b?éa_ggu‘? 2 o

~cnm i nut e. O opemngstbe lidnad apparafus tli0ne oodertth@edbmmpravgniitecmaigienartds on t he
t hi ckness of the particul.ar, oxide t e cleare ff the.wafer. W renot e
m cr owave pl asaﬁa@ t'ér%a%@ "c?f‘ep?‘a%"e %H%ﬂ?%ﬁﬁdoﬁgiohgn%ﬁ‘iv ‘éesp%!r,rﬁ%t her

oxi des may be gisehess agbipbasedPortiopagahd ddtofappai®s 10s Micedwad. plasrtahough

t he above wafer cl eaning process conditions are exenplary fqor th ig{fftesent

enbodi nent, ot Wtk ends disssedninyfutherglegdl belew. AsmeoyBdd gk Scindst i

di scusses NF3, (B US| pfe@BpANInEKBEPAEinnk e B sFol Beliverg PrdteSy Sds€dMnto

avai |l abl e from Appl idef?j Ma'?glrnl al s %rﬁntnelgp (s)ar?eZOO- nm S\Af ergt15 a§ d%}St he

vari ous deposi thaorbedé§candotn aner, hehwer passage\297, in cohegrunidation wid-pae¥aeeI2A3 ng
or chlorine-coptajnin ases, such as NE3 and N2, NF3 and argon, NF3 and
@) a dilute F adgﬁﬁtll%(éﬁ%“ng(%?fgs 1%}% 5 etc., may be used as well. C
Exenplary Silicate G ass Depositions




According to the process of the present invention, dielectric |ayers used
as the dopant source) PMD | ayer) IMD | ayer, oxide filling |ayer, capping

1l ayer, or other layers may be fornmed using any of several different
processes. The process recipes of a BSGfilm a PSG fil ns, 03 8050 | m and
a USG filmare set forth bel ow as exanpl es of doped and undoped diel ectric
| ayers used in the present invention. O c®urse) during the bel ow described

deposition of various diglectric 0 3 JUL 202 73 fil ns, a_gte val ve 280
remai ns closed (unl ess rERpERIN manifoldy shich may pe f’ﬁéqnggt‘h dop 8F side

deposi tion, I nyageOLHBREE Mk 2B ARcAVELLAABN VGiCRRIATRRED or ?gc@mme} ary
processes may be performed In CVD apparatus 10) which is a cldsed,
si ngl e-waf er, SAOUR, fipgt tenheat gxckdnger. e The nbaahitriedistribu@dDrempbe eaalant 10 al so

may be adapted_wi. i fferent and/ or, additi | 4. npyt .S ly s es to
Gonos: t - Boac, M thiobl &R ot Rhiah b ARV H anf (8] i WhRE s 285 66

| ayers as wel | con@kctively &) conbiaiReyf remodé Aedt frodk blate 265 dddeth@cbmpbrients of
under st and that ot h(fr process recipes and other reaction systens |ike

pl asma enhancet® pEmONY) 2 HPedurimepsogsasing etiscqussed dp Sughier dp@il delaet ri ¢
films. Exanpl es of boronagesyvafi Figs! 154%1 9 Haned iid Eﬁ&xﬁﬂl‘y%@%ﬁexﬁ@@ciudes
di borane (B2H6), and other simlar “conpounds. Exanpl es”of phosphorus

sources i ncl udease plate R§3.shidlegheator gasTdin@rsion platt BYY pidos phdweshead OP gps
tri nmet hyl ph . T , i hyl ph hi iml
cglrrprrgun)ésl.o ??\p&a‘%ﬁ%lé%wg %fsélr ?f*ﬁélﬁfﬁ'ﬁ%ﬁé E'idr é‘gﬁégsﬁ%g{é‘g Co%(ril;b%'r sl gl‘o;n a?;eni C

silicate gl assPlaws30)], 20 are preferddly themed iffontla psdcess-cdmypatibleanmbsal thatlis qui d
source with an arseni.c _&I(F)ngo_und, r an arsenic sgas iluted in arg ,&ﬁs
exanpl es. ExanfiPade of withstapding bigh temperanzs pepsesses. o far examals, pl e a
simlar silicomapesthplise #B&taMIMSRriZOMCE &9 alubfihtf Sx{de or&fuminum nitride

m cr owave- generated atom ¢ oxygen (O, or the like. In the descriptions

bel ow, flow r atAdN)f@ra metpli ﬂlcg@ﬂﬂmman@r pnedizedealuminum.| Preferably, gerplagnut e
(mgm while g fl p [ N st ' [ rs per
m nute (sccm ?ﬂlh zﬁwgé@gﬁégﬁeﬁ%t ?‘%ﬁsa?%ﬂf'ﬁ@@ @%@@%&‘FE‘?@%‘%’E’B‘@ ze lﬁgi ng a
Preci si on Li qugad deppsitidrl om theysatfadss ofipthtes 301, d0f |1aVa parti@dariynprefptieday be
converted to gas flow rates in _sccm b¥ mul ti plyi n(%,éql i gku d flowrates by a
factor of aboutmBodipentsgas gispersionplateat(icompaties,anqdined HumiBEMASE 8A%i ng| y .

Preferably, staQtigudaPsded®ldpsts aliitEn, "&hs l&?sufiwtﬁﬁcﬁnﬂiiaﬁgis%&%oﬂ- ECS/ 03
chem stry in a SACVD process to formdamage-free) uniftorny doped
ul tra-shal | ow platag B0brkD ara egeindirentiyfastenedite a lpwensurface ofrbasti plga26). a | ow

noi st ure dope Lel.ectric,.fi. may .be fornmed using.,LEQS/ enistry with a
SACVD pr oc essd%rgge ?Jbgf’e%asidﬁs%bgﬁogp%‘&rcgﬁpﬁgsq’o‘g{?%s B@oé‘?‘d%“’ﬁ‘é’f‘%ﬁa%“z’ 5

i nsul ati ng | aysaefapd dbhbdse Pllat@ 2P olithr Aplutaligyapf thirdaded nwvundhy soréag @03, 308, net al
contam nation) and |l ow fluorine i ncorfa)orati on, a ~ ,fut. 200Q 74 1.

Exenpl ary BSG rFf'HeFrS"tﬁibo_@i‘?q“GHg Agrerys 38 y30a5_npf8)(‘éﬁ19l "é!a“_f’ﬁ‘éé U886 SPFRSR@eposi ti on
reci pe descri hggrafekstact %e%@ﬁ‘%ﬁa&fsuf'f%é@o@%a%_d?%uftibh Thd Hﬁber@ﬁl&p‘kﬁesuﬁﬁf ul

as a doped dielectric layer used as a dopant” diffusion source. Of course,

t he reci pe may3Qde respedtivalyd epé taiver gurfacet dfebaga platec265aro facibitatereonduetivedicar ed
qualities of t r.. A PSG | ayer for o] iel. .6l ayer
used as a dopa%? h%'?? fﬁﬂtljeg?%ﬁw%egugggusé%% f'bgrﬁ[ﬁfnﬁqzr’???e@évq f glr% (rz}erg "ﬁ%‘:ﬁgtﬁ&{eﬁé

reci pe bel ow 308, apHromprise € pyocedskrdirphtible ngatdriad, slehpantnickelrEateyams, enpl oyed.
The exenplary BSG hul k filmis depo$ited by heating the wafer and heater 25
to a tenperat YT BERIHS: about 200-650C, preferably to a tenperature
within the range of abouierdPfsG¢5p20 tra® UR{rRABh Y1d® 26 RON bubefidfallyand
mai ntai ning this terrperateure ?an%&fh%&‘%é&? tﬁgddep)gsi tion. Wth ,gz.atytaal

val ve 280 cl osfiad plashahbbaving an suenilangs hiddwith agplynabitysefrhwlesi 3118i far zecelyinge of

about 10-760 t . Preferably ) th ressure i.s,_naintai it b range
of “about  400- CO0TEBE et P Sfedati o tue Rinihel s Yot 20 9en
ton. Heater 23owsr aeficticdbed we w65 1 HisSpMtd1245 fncRidegas odtes hrnubidtstand-gff at e

20 and is preferably positioned about 250 m| from plate 20 rocess gas
i ncl udi ng TEB H§ hatespacss aas distritygpn platerphirogs thethonem sugtace, pf %?Aﬁ E'&"o?c?,"“aﬁd 03

as a gaseous | H‘ﬁg:s i I fpl ; T ERC ad ECS
sources are v;{%g{n isgregﬁaﬁgé/? Eggr?')c?gan%i%ne swﬁ'??lgghésifgglﬁigﬁ%rgﬁlrg?g? El?ai’se?uch as
hel ium The liquids are vaporized either by liquid injection systemin gas
m xi ng system 93, which provides greater control of the volune of reactant
liquid introduced. The flow rate of TEB is between about 50-550 ngm

dependi ng on the desired dopant concentrations, while the TECS flowrate is
bet ween about 300- 1000 ngm and preferably about 500 ngm The vaporized TECS
and TEB gases then are mixed with a heliumcarrier gas flowng at a rate of
bet ween 30006000 sccn) preferably at a rate of about 4000 sccm Oxygen in

- rr - 1 . T . I PNONLNLN NN\ s



0 3 JUL 2002 75 surface where heat-induced chem cal reactions take place to
produce the desired film The above conditions can result in a BSGfilm
‘deposited at a rate of between 500-1000 A/m nute. By controlling the
deposition tinme) BSG filnms having a thickness between about ,50-500 and
preferably between about 100-300 A may be forned at the pr 084Uk tions
descri bed above in about 10-60 seconds. The thickness of the BSG film
deposited may thus be easily controlledsy Preferably, the wt % of boron in
the resulting BSG fil mranges between about 2-8 w % and preferably is
about 6 W ulfiformly teoR@R lagiliralfCofbdsraisoap@sdnt hales A5 omoel semconduaopl e, the
PSG fil m depagsition reci pe described below is capable qof formng a PSG film
that may' eafersdligrmasively, pardisyiparion pfate o may coppeiss @dishsshagga B%"‘?Fari ed
dependi ng t b ‘ S| | d:&d SG Layer.
O her dopegﬂ%}i S@Fggf?%déﬁ#g%?tgﬁ @e@?ﬂ ggdqggésfc}e?ﬁgd %g? %‘?&é ﬁgggﬁlgtéq%ﬁ/g | ayers
by using siwall.ar recipes to the recipe below and appropriately substituting

t he dopant (s) source . gases) | oyed. The exempl ary .PSG hul k. filmis

deposi ted by heating Tﬁﬁé%@fr@gmem% rgaéélsgﬁ"ﬁlogé}?gérﬁgu‘?’@ Y'Y bet ween
about 200- Geféndiryf 6 edtbdest @hatadiefitRE 2lHor Rxihplel the! iffes” IF0MapP be abOUL

400- 650C and nost™ preferably to about 600C, and maintaining this

t enper at ur anifargly spacedugipsavide aamifopo siistiimnionwftgasegaenso vhe wafep.g®rcthesed,
chanmber 15 |.s i ntained.at _a,pressure wthin r.an . 10+ 7 torr.
Preferably ofhefﬁ‘gnﬁrkéoégsu éa ay r‘?ginﬁf‘é\’inﬁgﬂn Wﬁ?ﬂ?“ﬁ?"%ﬁg‘g ‘g? QSE%SU?H %gg 600
torn, and rStwilngiglyekive d diainstefid Heatai@oiboab SLI004RI ah@preferabBtiar 1 S is
positioned about 250-350 nmi| fromgas distribution plate 20 and is

pref er abl y thoEnge ehabousHPut0 milo Pueferablyngas| digtabytipn holes Jeare designed udi ng
TEPO as th : : o] ihhf , d 03 as
a gaseous 6@?%%8@%%& S# %Pr?&ﬁ.&.@ é%?ﬁénﬁ%ﬁﬁgggrt Egé‘PEB%?%n ECS
sour ces ar as\ipmanifeld terypdrhsmrd,i distusked apewd) iacs alsy siesigneantd avoiintheonbi ned with
an inert carrier s, such as_ heliuy The flow rate of TEPO i s bhetween about
10- 100 ngm%mwa?oiaeyommﬁmﬁid BUDARAM) FHEACS FPes i RASH lf%‘bé%t 24
ngm depen ré\&npﬂletd%?oﬂﬂéﬂ B?Et)fg&ﬁfb'?ﬁs 60 Bz MirfRk | wiich Wil 91akO@ff arfd 3 JUL
2002 76 TECS flow rate is between about 500-1500 ngm preferably about 1000
mgm The vaitep prieche Fakrauding BRD affers pocedsing. alincamgexeaplary embadimant..the carri er

about 2000 TSBeHTCR et edSerkll Paanie o bt et Tt ofuldh® o
oxygen) is ddm:érﬁdmg@driﬂg-t@«rth @paciispaef appesxivstelyaduudl, anBQRe holeQo-olem and i s
preferably introduced at a flow rate of about 4000 sccm The ,gas ] Xxture is
i nt r oduced SPHiRS ¥ithiRkach Tingris 3RPIgAIMAKIY At SRPTR CamBIesdgsgr teprggya
reactive gagfshi r i ribedUA dnfridEy cal
reactions tagé) %Fg&iﬁggﬂgﬁdﬁ%gastsﬁéﬁ%gg?q‘gﬁﬁﬁsrﬁi& _}_tﬁééa gbove condi tions
result in asPHGdfUISnRitgmd No. dd8722,947 wodleng,ftheibomplee7deciggung afiwvdichBips
controlli ng)rtvr% ﬁiie oesi.ti on ti rEE%y ,tat‘]e t hi ckness of the PSG fil m deposited
may thus be east1y CTontFYPPRES B BY¥FM5ty, the wt % of phosphorus in the

resulting PSG fil m r agugefispesdidepRtead Uk aZzeBeratly Yirauldr piskf3el amiyding aabout 4
W % .

plurality of gas dispersion holes 325 for dispersing the gas therethrough into the
chamber 317 formed between outer stand-off 316 and gas distribution plate 20.
Base plate 265 preferably includes a second, inner stand-off 318 for spacing
dispersion plate 301 from base plate 265 and for allowing gas passing through base
plate 265 to disperse into a chamber 320 (see Fig. 4) formed between stand-off 318
and plate 301. Alternatively, gas dispersion plate 301 may define a recess (not
shown) for forming chamber 320 rather than stand-off 318. Dispersion holes 325
will usually have a diameter of about 0.02 - 0.04 mm. Of course, it will be
recognized by those skilled in the art that dispersion plate 301 may be included in

preferred embodiments of the invention. However, the process gases may be passed



3. Exem~l arv BPSG Fi| m Deposition As nerely an exanple, the BPSG film
deposition recipe described belowis capable of formng a HPSG fil mthat
may be useful as a PMD layer. O course, the recipe nay be varied dependi ng
on the particular use for and desired qualities of the BPSG I@ﬁeﬁ@ m
exenplary BPSG bulk filmis deposited by heating the wafer an a\'[er 25 to
a tenperature of between about 100-800C, preferably to a tenperature within
t he range of about 400-650C and nost prd&#erably to about 480C, and

mai ntaining this tenperature range throughout the deposition. Wth gate

val ve 280 cHigexsly, fremdusroplates2§ssingmehambiendd’” #f gas grseibstips phite RO ningotheinge of
about 10'768mé§c8fnien£r eferably, the pressure is maintained within the range
of about 150- ofr, and nost preferably it is maintained at about 200
torr. dHeat er ].:LS i sI poak tshowe din gtgsgtl ah8 (-, 4ask yliliatce ZGSOiE}agaﬁtegiaii.t singledpiena pl at e
20 and is prefera posi ti oned about 300 m rom pl ate 20. _A process gas
i ncl udi ng TEBMgR! ‘?‘F\éﬁ@(ﬁmrﬁé(’@l"h%r%%es? ER(sS) 40 ERLAISPRTSIOR Piate Bﬂbéﬁ%b‘? us,

TECS as the : S gen i s
€ motHl ﬁ@_egﬁreslt ércl_?_déaﬁsét_ﬁgllg%?jé)ﬁ% Lﬁfzﬂ?ﬁﬁ?ﬂﬁe S bE EheObrolesyidg

fornmed. Being |1 quids, e B (5 sources are vaporized by the
| i qui d i nj echambersyistRénplasmia phevessesninnerclid adsemblyn230neilk alsainclusie agas such as

helium O cours i is.recogni zed that other, squrces, of boro

phosphor us, 1soFaHJr§.hgt %Oﬁ'ni&é eg{;trgcla Y&‘?H&ateé § ﬁ(i I@%‘nrﬁigurﬁpe;"l?sed. The

flow rate ofsolbe3 thé ciinfte@baBY Yroae tHERRP pad Bbk (ﬂ&QhM.Mexaxhgla qw rate of

TEPO i s bet ween about 10-100 ngﬁn) preferably between about 35-75 ngn) nost
RASMA

pref erabl y agemblytor ysajvithdike pseressee itidescribed modahtPatamdEnt rati on,
while the T f h [ : h ' TEGCS,
TEB, “and TERO Baiado vRfk. 4 BRRUERE oF SRt mIEHo B ek Rl BBRIATER TOCS,
rate of bet vefereni000- 8000 sccn) preferably at a rate of about 6000 sccm

Oxygen in the formof 03 is introduced at a flow rate of be%gg about
2000- 5000 sccm and i sASSBPER abF{e. & hassplae 263 hag af lowgr surface Yut 4000

scem The ogéries Ehihiéie: GeiibAb RRall] U530 albiking dbaufostiopisan. The gas

m xture is introduced into romagas distribution plate 20 to
suppl y reactdissyssgddrdetad beknov)s ubs shawreirsBigh.a¢ andvb e basetdate -26Adigtines £heni cal

ti t ak d the desired.fi The. ab iti
oo O Bl alhB gl S BRI alioR wioinle? By e HFeBBB HeBBR t oive. By
controlli ngpida@sscgamSﬁréxhc%'als tn;ljiﬁﬁ% HoRe78Ni BKIRS2T i9hish e cBmunicalion deRosi t ed

(0] ed.

may thus be easily contr he resulting BPSG fil mhas a boron

concent r at i Easessedd| ofgas idisparsion plag 3K fos disperaing e parogonessqdate SAL tait i on

| evel of be - %.. £s.n.th SG
processes ahéﬁfglfhea#e?@v% 7[953% 5@%{:@%5% R%lﬁpépag%@g%é%agﬁg ﬁgﬁgﬁ 3Sllfm' ting
to the cl ai amd afFoutle2)33Abepled ke thercestng systene 25 dor disecéihg coalppd fldidbl e t o
silicon oxide filnms doped with_other dgpants .including, for e | e,
arsenic. AsﬂHﬂW'%%a lats %qﬁéOFPB‘(&CUQ&&@@O@%&?@%@WJ&;}@Céggf y for a
chamber out prdférablyf 6012%Grabda¥aB 6§ formH twilly pohioh§ bf BaREstE 285 QRattdhe type
or size of the chanber used. One of ordinary skill in the art can al so use

ot her cheni EdativelycHaseniormentingesceems 303n 30T oddist faeititatescropgertive €oaling | ar
films. It i i n?‘E ' RARAYY agt0ryqi 1 4t

avai l abi |'i t;?/hr Qféhdgo‘éga%{ I"a Oﬁ%bf gi‘sﬁ{gi%ghéghs%t%&pﬁt%s ﬁllr%g a?'grlggﬁ fusion
into the sesirfad26tofibaseeplatei 265. Sanere abmpiEtid aeksripion opeewpldry |desighabi ity
and inprove_the ability tg control dopant diffusion from {hese doped
dielectric f31 WQE‘PHPFS%/&?e&s%q&oﬁ%HB‘gFgFOWP@M%Fgwér £OTRTHLEE RRHBHON Each
net hod desciehadNdTR8/@51 , 902, ffRETREriP 16,21 99BRA%OLHeS | B6ckel No! 20%), thef ter the

| ayer is deposited using a recipe such as one of the exenplary deposition

reci pes deseempleld dissdesure ¢ whighrisrincerporatechbergin byerefieserce, and in commonly
assigned U.S. Patent No. 4,872,947 to Wang, the complete disclosure of which has

previously been incorporated by reference.
Referring to Fig. 5, base plate 265 further defines an annular recess
343 surrounding central hole 327 and an annular cap 345 disposed within recess 343

fastened to base plate 265 above coolant passage 93. Preferably, annular cap 345 is



0 3 JU. 2002 78 described bel ow are with respect to treatnment of a BSG (or
PSG film the nethods are equally applicable to any doped silicon oxide
film 4. Exenplary USG Fil m Depositions a. Oxide Filline Material O

I nsul ati ne Layer According to one enbodi ment of the present @RV@iit iogp. an
undoped silicate glass (USG |ayer can be deposited in CVD aﬁ)gara us 10 for
use, fo'r exanple, as an oxide filling material for filling a shall ow
trench used for shallow trench isolations O course) the USG fil m al so may
be used as an IMD | ayer) an insulating |layer, or other layer. The exenplary
USG reci pe cNeddedsisenpptretusiacpodbasdasiaa 268ty plevide a aight seal bogrrpaksagen9adhi ch can
survive anneal in t tenperatuyres of greater than 800 e i, ni mal

shri nkage. %eqfsﬁ?qqlp@y %YCEH“%F%‘ﬁ?'&ggﬁgﬁ?:&%m“%pg%Y\W‘H’b bility for

i gh aspect chhgutarkdr PalsaEOBRLTormEN rAlbiiRIF O % RRVELAbuRE I OCesSes at
very uniformetch rate wThout opening up any voids in the USG The USG
film also dispersiomuplates R@n3Q®lal Imadstitson, paksapo OB dh fabgic{t@l/PBy fpimsingrai grabveon

wi t hout openi up _any . Vvoi or creases in the USG The wafer and heater 25
hre heat oa b U HBep S o st w36 ThesthyeOreaai of Sesd 2nE beblsat
preferably bensmamcapngtplfg0- 650C, and then naintained at this tenperature

t hroughout the deposition. Heater 25 is positioned about 250-400 m| away
from gas di stri buti on Refeiriag nowaadips. Peanthf§, an aligraative3mapadiment\aft h gat e
val ve 280 cl; : U ' 5 d.S..0Ri [ t alevel of
bet ween aboﬁéh% ggld f(%%%ftgi ??6&@% g‘?‘é%?f/dgg c?ﬁé' éd%llglglrop&’ gﬁ%&%@ess gas

conpri si ng empgdimeandidsassernbly 230UimARles @ babd plracku2E5d ai gak dispbsichepiari 3010n
chamber. In a Bref grred enbodi ment, the silicon source is TECS and the
oxygen sour @Bd g $apgistuhytion plate 2Q fpr dispersing preeess and flean gases gie shambes

addi tional gkli ¢gpPRifQ 1(5@ T l'eoSialli , and ot her
oxygen sources such agﬂ'%e g@g&‘zﬁ; u%%%%\%g&éé}gcgﬁgﬂa{:%gngm@§oxygen) and
sim | ar sourensivingal coolantuiqud,ofuch he waremetoadood baserplite 26Aaind thelothehen TECS i s

used as a silicon sourc a rier. gas such. as helium o Ltrogen is
enpl oyed. Tﬁgmf)g?eings %ﬁ“CS%‘)SF'Bbﬁ' 'hﬁ?%éﬁﬂ’&oﬁt’]‘t’?ﬁ?f’gﬁ(?ﬁ?m? iﬁisnﬁ‘m’ﬁﬂt is
preferably hefwienanabdiibn-d@ndlar fitR MHRhhIH02 (Ricaling|20dural cehlt® K6 Q9SS
reactants will vary _according to the geonetry and design of the deposition

chanber. Thab@¥sgas|dispesionoplatg30d for exchgnging hegowith e postiercaf baseddaier ol t he
deposition r i LS: Lnir At akes of between
about 500- 2%8%%%2%}?%&%%5 g{r§ g%%?h%d?%g@%gﬁﬁg{ﬁa%h?gv%gfg 5e' of about
20U0 ngm 03 (bet weenlmieotid dssehibly230% mzdend plusalitniof bgpase passhges Fll0ow r at e

f bet bout. 2Q00- 10000 fer ab) t, 5000 Hel j
o e vecr ARl % 0. 385 ol B A O R AT
bet ween 200Q48R60ceHeY 359 BYpalSFRAMpYs igfusag@@&vé‘f%mmﬁ&%'ddd floke total

fl ow of gases into the deposition cha | I vary between about

5000- 20000 &hadrgas dispersiontang gab ditringpooiescids, Bhle Accondinghoveelacgendi t i ons,
deposi tion f Q 1 e e i .crphe flow
val ues abovgag'r%z1 (gourl@g&gﬁ%@%g\"\}@&efu%g%]ra%@e‘r”gc[iﬁ%g\?\nﬁﬁoﬁét\l/g atsgggsg%%ﬁ?nsgﬁon si ze
of chanber direclyaimb theracnim vhimber I3. Iagrpéxeghplarf-eatbodiassmt,dibppass 0 anot her
enbodi ment of the ﬂbesent i nvention, the _deposited BSG (or PSG | ayer may
be capped wPRIfA&ESIHPre BErferAbly sPagse qitsymferentipdly aseyndass R 29110 i s a

stabl e fil myhifedmi¢@eRve? i L _ T , ppi ng

| ayer provides a ﬂ 'drBp%%{sgﬂguéggggﬁ%qtsg%bﬁrg %g) Bgiéﬁ(p(;%@%g&é)% gser t hat
prevent s noithjis embogiment tleanimgigasesasiribeast NFy, grssiatonchaatbeo B dnd tirougthe BSG

(or PSG fil . her por the WUSG cappi liayer is rel atively dense
filmthat i .ﬁgg_egilgég g 'glr?gﬁa)g%)r dlﬁﬁﬁ’gﬂ%&@sggﬁgﬂér% Sﬁ?cufﬁ@' Lﬁé%tggboﬁ’i )rég | ayer
thereby facpbitioatofshe oleiring p@s Padsithifough b9pasiPassagdFI0tdirRkayintbn t he doped
dielectric I&\;’?r ﬂgwnwar_d into the sem conductor material . W.thout the USG
cappi ngdl a%/§ ; 2";5 _‘SIfacgr;éFedBﬁfglt‘V%i’GWenﬂM& gﬁgfl%meéﬁﬁgfrolmthe
sem conductor materia ; . S s r

process. Thus, the usen of gﬂg%pp?wg%%{;g#ﬁg%%ﬁ%tagg lt({)a@!)g{rol Il')lIE‘ﬁg t he

di ffusi on amgludae qomtrot systemiequch as ThalveSGuplag ¢o acantrdier deposbbwelifarn a

t . h . f. he BSG PSG~ | but f bly i
o 2 an PSR GF AR iyb e} Bikes o, Rissio® FrshEl Biuas® Bissfilss 102 2, ' °
:DSG) | ayer &bs pilc)alnqﬂwdlﬁﬂlg pebeessiby Si€ is (FpIRMIIPHeSRAIRR thoprdeedsngases passappi ng

ayer are possible.




The follow ng process for formng a USG | ayer is described as an exanpl e.
An undoped silicate glass |ayer nay al so be used not only as a cappi ng
‘layer) as described below, but as an insulating dielectric |layer wthout
use of an underlying doped dielectric |ayer. 3JU ~ 80 T g?@fze@zand
heater 25 are heated to a tenperature within the range of abou 00- 600C)
but preferably about 500C) and then maintained at this tenperature

t hroughout the deposition. Heater 25 is gositioned about 250-350 m| away
fromgas distribution plate 20 and preferably at about 300 m|. Wth gate
val ve 280 cligsesh %ssmstﬁbeﬁ&um HiRper§iofBles B25i 3198y difdr@ddidperse bewel of
bet ween about 50-760 torr) and is preferably at a pressure of between about
200- 600 t or the Wwafst. Jhus.cthgyplveandihe dowditeprevent fhediessss gisss EORpPISingg

oxygen and s I. % h Nt u i Lt er. In a
preferred e%gé{éétpn% ,QSUP%EE%:SI%ilgbn\{J gg“uﬁgghfgggt&ﬁ?ﬂg@fﬁke%ggg\‘geiﬂac{s;gur ce is
03, but thosperelitblgaitklynddliver ar leastial porti®re 6 thezetednliviyt gaedinto thieadhambks.con

sources such_as, silane, TMCT or simlar sources ) and ot her oxygen sources

such as 02, THSOnCIRRYs dbrisrerdiang efficigncy of tagelerning pracessovhigharediges the so can
be enpl oyed T, j Ll Sfhiz (! h as
hel i um or np?%ggr}]e fﬁgﬁ r?%\t%%s/g(g. @\Fﬁguég’t !tgﬂgfb%gﬂ?%{:t 0 ‘I‘}EC%Qt '3@‘{5% g%s mm
about 2-17: ilsolbatdeligerpd dlirongibbypase passages MOuif d@sibedl. The optimal total flow
of the gaseous reactants will vary according to the geonetry and design of

t he deposition chanber. The gas flow al so can be varied to control the
deposition rate. Typi ¢al fHe EXE&dat s$té,ﬁt roduced at a flow rate of between
about 500-1500 ngm and i s preferably Tntroduced at a flow rate of between
about 1000- 1250 ngm ®efernng weFigsabduta Mums(ngt shovwRydisneped exerinrroda¥Pd at a

flow rate of - 100 o r I ccm
Hel i um or nit g%‘ﬁ%?ﬁgﬁgésu\ég‘g&%)?%ﬁg‘%§§§ idg%w g)é)g{ @ﬁg)?l’%égsa?%]élgéggg%?’at a
flow rate ohs bellvigaesidi) oG0S chambs a5 dnd tHEbeghnimnglar paripinOfHansel ci0,

Usual ly, the total flow of gases into the deposition chanmber will vary

bet ween abotthesodeY 2rodischasiad from apparaws Oalong 2 dsplases canduitG¥aefst he” above
condi tions, (gaRPH Fi A : éa%@aq ATl re
at t ai nabl e. SAt sgicﬁigggbosiﬁgﬁtlggtg é@?ﬁegn %%%k'}age?%&a%?@da outly%%%oﬁigcan be
deposi t ed i theapafiecoW fshopinyby?@rrswec 3fijshrotpk ahlaomulenbloeshaptbowficr 855 or a

200- mm waf er_ chanber  .an 111 vary, dependi ng,on si,.ze . of chanber ysed. and
si ze of waf SYTTOURGINg hF |°g'€75\f,\'h3' HG@Z@%E@W%%BPHCE@@ T%éé“&@ﬁrplaﬂ‘gs BSEr are
descri bed asrigi¥@ 8P4 efd cliinbed0 ¢ prefRkdbhRHéfaRa by the ghﬁ\bet»dégﬂ;ﬂfeaﬂbgkﬁkﬂé s of
bet ween about 50-500 A, and preferably between about 100 and 300 A. A

person of  chamberlg cylipdricad sidsrwhlh b7 (ingluding innerieetion 233 efotiie ¢hambeg; liner

| i th i I f. di i d
dopend ng of Tl £ THEY £ i, e bOGOrR T shofl GHASRS, PR Ge HMIMEL o i ng
on the appl cbhaineb40,ahel ggep flomzescuniershiidly iroend elpmsaelt 40(showmby sarmessesd ) it

may be pref bl e, .al t hough not ,essentjal ) that e cappi ng and doped
dielectric S%Se‘%l HEOuED 2 fqWRyardly |sxpending gap Wia?fa$ea55/€¥’.s‘)as&£§a°gf"|]i’es b%Heposi t
and the timyaive 365 ¢Whawode'ie pf&&usxzqnﬁgfmr@ﬂhm folief kRimbeRYRAP), ahie USG
capping layer is deposited, and both the USG | ayer and the doped dielectric
| ayer are etnip@ischargk condui &) which copnesipiozandexteraal wiceyra pump @appiond)| ayer s

such as other simlar . X} i ANy e doped
dielectric |ayer. Furﬁi%?&b?ﬁlg’ Egé %@6%{/@“@2%”@@% %S‘%@%ﬁ%@%pg‘gped
g\; elj_ect ric glalteb(mt dMImﬁmg?ﬁbwmﬁaf fEECMD) s that h;%dptgommqnimmegméeslsﬁp\/:l

i scussed, above,. use of chanber or.in situ performnce of multiple
process st eSRAMREr o with pumping changel 4f. dgéhléfeﬂiw HaEBEPOEyEem i n which
vacuum i s nefrcithfek&itialy spaeed afhing s carab bhshingbehe RAAMBE o fadiliQtesthe hanber s
in the nultichanmber systemis also preferred. According to another _
enbodi ment Yniferse diselases of progesstgas through the helesy Tosascommadaie| the relaive ayer s

formed on a i Cl 4 il ur ni s . ce ar the
phosphor us £ gﬁ?@% ?*{ulg{e&bée@oérheufe%so g%%jliqlésowg%g 9[5 fe?{lj E)ns |El '? ?déﬁ%&nﬁ?%%ggﬁ | ayer.
I'n this enmbdeimrimdts d balenieldtive 1ol opaehl Gb'ﬁaiiﬁg.t Mihis tadiakoriemationasf 1HES (or PSC)
is formed as, descrj bed above. Fl ow of the dopant_source into chanber 15

then is stoplfeFONRIORES tha subaniially naiferm dischaser PhtEProcsss ahd BYEF EP¥al

per i od of - beYE@uied eshEP Rt (RNFHGEARL Ynarhlhf ISICATRbrelBABION CON | nUES
for about 3-10 seconds. In this enbodi nent, the dopant source Is stopped by
closing a valve on the source's supply line so that the thermal reaction is
mai nt ai ned wi thout a dopant for at |east 5 seconds.




O course, stopping the dopant gas source nust be coordinated with the tine
it takes the gas to travel fromthe point of the valve to the gas m xi ng
‘'system 93 and then through the faceplate of plate 20. In nbost CVD nachi nes
several seconds is required for gas to flow fromthe injectio I to the
deposition chanber, so the valve should be closed suffici en&@#‘ﬁ ance
to allow for these delays. Thus, if TEB is the boron source, closing the
val ve on the TEB supply line several segpnds before conpletion of
deposition of the BSG |layer results in a thin 0 3 JUL 2002 82 USG cap

whi ch pr eved&%&n;ﬁféﬁllffﬂﬁ@‘i?peo&f ﬁmﬁplag %lé't@é‘a%' be FRSE"A l@sﬁhmmysw Becdbgor ption
and out gassi ng phenonenon. in Situ deposition of the G cap formed on

t he doped oneedlagtapplacaluayéenﬂleblgl 9&/60ﬁ889rpﬁbdé’@b8taebb264 19396a(rzi’dtomnyum ty to
noi sture a Lhutes to | r.oved. cont r9 di ffusion
that forns k?} N §ha7$ edé) 5‘291 tpéf'éﬁcgoﬁgre n 19181&&5 BFoPra ﬁd ﬁ%rai"thl?yon to the

use of a USefegaepi ng | ayer) a plasma treatnent of the doped dielectric
| ayer also may be used to reduce noisture absorption and inprove stability

in the doped diel ect rRedemringdp Figh % indsd araiueipssembly gbigttispeivesysemy RE

| t f wh |
amge ©5 (10 indiluc 4 Sotdo SRSE obF ahd @ RrfRELITE S {ipoRq wRiG AN B @2
deposi tion daﬁchaxgapmeeﬂmﬁoesomﬁahglthetm rab @f théSPAes dayugdtepanpihg chankl t o

provi de a dgnsg di el ectrlélffllm The i nproved stability of the
pl asmat r eat ﬁ%@@s%‘ir%l‘”é WP@CFséy’érChé@t??rri%tﬁ@meﬁe‘i‘ r‘F{\;?’o‘EFBEF’EB‘Fﬂ rol of the
di ffusion trnﬁ{orﬁe%gr@.si h?sz.u{saé F*Bma}'am bftARfd el r?ﬁag mglﬂﬁwtt‘??ssjs@ctio%al

1- t he ma densi

mai nt ai ned at bet ween ‘abou torr during I catlon
treat ment . arga of cpnduit 6l wich ggottlelvabvedd73a Prefesaldy f mmaﬂous(ﬂ megeives Emot i ve gas

h f i H3 i s,introduced
it ShamodPu A S S80: GRE SR B e 8RBl S0t ey b
used, a reaphipdfes 3RS nizhRedprebfire Slalllx@twﬁ@xdsléil?gmt gréiﬁﬁe Nalle§enexgtsym 93 at a

rate of about 1000 sccmmxed with heliuma 0 sccm RF plasma systemis
oper at ed, foPEratSrakpetcshown), a@ﬂﬂdimﬁﬂﬂm@le ercessaoudjunmenef throfde &alF@:

(reauency oyt RRRINBIG BNy TR R hdaE LY BHARRE 15

whi ch may Hvelayonm adjustmeahatignal through: contrbHere385Tioea fties matdrr(aatt nent t hus

densifies t dd| lectric film re dopants.in the den5|f| d doped
0o bt r 1 o POMRY HPE RORES Hirofiet vahie 375 thes KDDL IR © Boa | b ¢

for form aneFf)ﬁnPbrEEs%rébﬂh& OWuihB1E tHBRR - valdes 'f&aﬁder\ﬁm?ﬂi}cﬁﬁﬁﬁﬁuﬁ@ﬁudm Situ
Deposition And/ O For Reflow CVD appar at us . has hi gh tenperature
capabi | i t i eae dedcoiedin eommankyi atssngmiatcpfpgn@ngppmlmanowsngald*l@te%é'll’t 8%in

process on ¢t or at fe eposi ti.onfyeflo ess, or an
in situ heaﬁnﬂﬁadsa{nrgpﬁ\gge@ﬁ B$¥8WP a{‘m%%%’g 5?98‘50151% %geffﬁ_w%%% process
on the samPregtir” (AworeydDecket Blos.d8H10DCVIDRIN/ MBE) Ofilefiriane3s, 19961 these as a

PMD | ayer forned aqver high aspect ratio transistors or isolation trenches
an undoped G ?)SHC'GF‘EF@&“Y}}‘%“ 5 ingRrPerated hereimEy)refsFeneh r equi r es
pl anari zation whi ch ifgolh#BPv41861871 &a?%Erﬂs&Qtd RbBRY GHods ehirfiblr 1 54RYhCeEs.
Pl anari zati on of a doped dielectric Tayer nmay be perforned by refl ow ng the
| ayer at hithé vaawpepump te minipuzed timem:dugtlombf olranabes pressurerdusuodke t o i nprovi ng
gap-fill of the deposit il m .especiall h a ct .rati atures
on the waf Sl RPE 8‘3\%‘5 éqg%g‘éippng[@?téoﬁ‘svall d’y 3 de ﬁ%&e‘%ﬁ rvﬁggggoﬂﬁdawg P?’cat i ons
al so may bempeik@bersed 1 daMbratd BRmidssd FlokOconlidflefsQinbOstioR) be@Vng procedure
di scussed bel ow serves nmerely as an exenplary heating step which may be
used for reAPPHFMUSHS: B 981e Progessesy liguidslopamss areoyaparizesjapd thep deliversae
appl 1 cat | Ogodfroldls cmxnﬁér BU41BAS S0 AriciAfhs DOrlAss RAF 5tk e
speci fi c enbodi nent, two-step dépositionlr F1 ow

used to monitor the flow rate of the gas or liquid dopants into the chamber 135.

During calibration of the MFCs, isolation valve 371 restricts or limits the gas flow
to throttle valve 373 to maximize the pressure increase in chamber 15, which

facilitates MFC calibration.



process is described below. Wth gate valve 280 cl osed) chanber 15 may be
mai ntai ned at a pressure of about 200-760 torr. Wth the wafer and heater
25 in the processing position between about 200-400 m |, preferably between
about 330-350 mil, fromdistribution plate 20) the wafer and —Gc;at er 25 are
heated to a high tenperature of between about 500-800C, prefe bml- 20 ween
about 550-650C) in chanber 15, for deposition processing. Stopping reactive
gas flows, the wafer may then be heated aygbetween about 750-950 C,
preferably between about 750-850 C for about 5-30 m nutes, preferably

about 15-20 m nutes, i nDordedier/Difi &kdeily he diel ectric layer) according to
a specific enbodinent. The reflow tenperature, may e sane as or higher

[ / . be the s
than the deposition tenPefering © Figs:%dS ¢ hepestlfpasgsemblyst) wilippweie, desenibe
mul ti pl e- St epdenfp | ThoBEdi&Dtifd YsRMBHF S6 furichibnd Rt Wafr ’iTi?X tf?ceﬂ{o%é'}g from
the deposition tenperature to an I nt'ernmediate tenperature (or ihternediate
t enper at ur es) pdsetionr withiai vaguuna chambdrol & érel todfehothetveafpreduting procékingouAsthe t he

t] dt t fqr .th ] i ffer depepdi th
e i cul ar - aptRal hlh e o e b s SRty o BaF bf cirdied By Sfe o ng
formed. Accor girdtdlytplaced beh vaR&y! dfipto ch@f¥ers dthe EnasiltB® exemplary

deposition/refl ow process Is desCribed. Wth gate valve 280 cl osed, chanber
15 may be mai HBAGVE:ahambes desczibed and showa bereinz 0Bor7eample.rheatgrlift assemblaif er

and heater 25,4n [rocessin iti.on, between about, 200-4 il,
preferably be‘t‘%@&%b‘%ﬁ@‘%%6‘-"33‘%6%1),‘:“@8% é’f‘%g?"}efﬁg S’l%lﬁsrﬁ? gf@%@”t he waf er
and heater 25migrewhedp@etr! @ ntetal OVD AEVE)RBarBerhbg BtiRP @uiVentieng & dbhr € of
bet ween about 750-950C, preferably between about 750-850C, in chanber 15,
for sinul t aneCRNYERHQIBL samisondyR@r PEacessing ERADSES. ng to occur. OF course, the
time and tenperature fo Ltd f ' pendi ng on
the particular |ayer be?%%nﬁﬁﬁep%?k'égﬁé g%uieggcrﬁ gﬁ%\i@??&éﬁ&# ﬁe waf er

wi t hin the sameludbaariesistivelyfheatecwafempsuppom peddstal pr heass 2$ apached d sppecposur e

f th fer to, th i i st ray be.absor bed, ,and
Cont ani nat | ontByloNEp SHRRETCRARE 491 visB, 3hb0F 498 TBHmHTLEE FIRPOIL SRR, at
t enper at ures gg e 398 untbrABach Hekter §§Q§d Qafiverienflty 400 $6r HicalydhoviHgkhet ¥

films which do not formvoids when heated. Deposition of the deposited
filns at thesheatasrideshaftsra00, 205 and diftwbe 26 withiraghamber 16hakpdiscussed in

Cl eani na/ Seasgni .n; etteri ~ Processes After. the processin or

mul tiple pr ocg‘%‘? Ra{oggﬁaé?r %&Wda ¢ t“ﬁi“e‘}% egrtberg x@pcsaﬁgaes%o&grg g%bqg%c{ygsl
have been per bawegitla (dwdrl6adiad/@hlohding PasTed where the atsadubstantiallyr Aigaéer r ed
out of chanber 15 for _subsequent process steps as needed. Wen the vacuum

| ock door is WitBSkY 243 dmEnciesush asssmply1 200,And-ELYPPET RECEFSIRPORInehensah
chanber 15 mgas%ﬁﬁf)ﬁ’ﬁbrﬁpﬁ@?@@'i €12 HI RE inf Big€lhi Mkdia £5 fRRASS hib ON
process residdes such as undesi r%d oxl des and/ or nltlgl des from portions of
chanber 15, i nppenvafier suhportisurifave 03 samoundedaiyl an ammuidngaisedwperiperet i on of

hanb , f 2 | | h h .
o ensur e el B bR BF fafer i Aoyl i orand o Chrabel iR WA EERBPET o

any residues Kiifdct 40P hds!h idignététCappedimatel yosqual @CEE FefnetdeSwafee W dugs can
be cleaned from chanber conponents by using fluorine radicals) for exanple,
from a pl asmadROSIHER tENPATatHES Gt 8 v Al & IEBREryREaangiPe feamy akouZ0PSRAVe: pliisma

system 55. Dug; J ' It | ¥ ' iokisg@Nn oxi de
can be remvedl%t#h@ll%@%r ietg‘=(r:1{16(§)¥‘i g*s‘}‘)f&ﬁ&g}g%‘ﬁ‘rb?g%g?mfﬁ lﬁ:‘gys e punped
away out of chafebeandi&houThe inbhasiiebout |76al30mymp farcsathllr sizedivefens s O coetisew nay

or el orr o embaREhRART SEES Moo K oBRk 15,15 SR SR BlanfferSobuid, " 2

to provide the it ihB8cspRAIIAE Snvehrtiéh MitupploptiBianddifiatidhaffahe bhambeses
renote mcrowave plasma system 55 to deconpose NF3 gas and generate a fl ow

of F atons i nths DABReFlNIAg 25Qsandsuapent he#temneS.cheni stry with renote
i 0 3 JUL 200 . i i
m crowave %pﬁg{ﬂl&&ﬁsyéfggdgﬁ)g?orﬂénsw% d%keﬁﬁﬂ.i/ fr’.oHlVf Pidcds-

advant ageously has | ow i'C ener oes not have physical "sputtering
ef fects or forompatible whtethlathgi isgrapahde bE withstanding sldsivelyukigh Ipyoadesiagsi t ed

film conpared to in situ plas sses. Furthernore nsistent. with
envi r onment al g:r' ,ﬁfﬁn?rg?felne['sgﬁ’ & g@%@@@%%ﬁ%ﬁ%ﬁﬁ%’ﬂ*’dﬂéﬂfﬁe‘?@,a?SPh N AN =
does not genetmdposifiyn fORYHe réfdive hbmttid-Bsched Vidrdle Righdetfiperauied ensur e
the best clean efficiency) the F flux as well as its cleaning




uniformty should be optinmzed. At a certain NF3 gas flow, there is a
threshol d m crowave power setting, above which the generation of F atons
are conpensated by their reconbination. Fig. 21 shows the relationship
bet ween NF3 fl ow and m crowave saturation power that gives UI‘@JBLQ t
clean rate w thout any excessive hardware costs, in accordance Wt

speci fic enbodi nent of the present invention. As shown in Fig. 21, the
m crowave saturation power ranges from betfoveen about 1300-2100 Watts for
correspondi ng NF3 fl ows of between about 500-950 sccm according to the
speci fic enbddposaidn. aFovellaspesientr toci@niin by mtentadotialsdusbedlemegamv Puitdbde

m crowave saturati OF‘HF}}O?\IZ‘\H Es about ., 2100 Watts fo w of a out 950
r

sccm  The cl SUACTAlS “eaff bEAESt Sty aédalwmt‘,’ﬂbﬂ’ﬁré 6ﬁ‘5§’§ﬂ?‘e X el | as
heater spaci mgs (iRt mlﬁﬁmwm xﬁhn&ad&rﬁﬂl.bqﬁhet[b}efé?ﬁar}nizéﬁﬂ fBAtHe ek 28 gas
speci es and punping profile. As discussed earlier, since the highest
pressure thateease Behas digh themual pndussivishosnsetiéns comesion eesissaticaeand of

I I
e . MRERRCa B e Yoo PR B AR ReRb BRASURAFEL, o
t ube 292, botﬂln: Etirs utee sarfstesqfaraeg 20RYmpeis¢sSAGmirunt hitridd. earmmmufrpmmdey

optim zati on. Rtggn exerrgll ary chanber cl eaning process, chanber 15 is

mai nt ai ned af3% F"ecquéhﬁinﬁ@)a%hI%éﬁS’&Bthomﬂ@S@ﬁ? OFPR%e preferably
at about 550600 ErIU e [

enbodi nent s. I\/bstS prsq#era g%?\%ﬂb@er}gﬁ@ﬁ‘%ﬁtﬁgengs %lﬂbtﬁ%g?g taunless

t enper at ur e ateelvbii aihmiriuen pmtdrlatsu if@rr heater @Ssalsd Bashlessrigickside metat hanber 15. For

exanpl e, chanber cl eanél;grocesses woul d be nin._ at 60w§ n1qtehose hanber s

used, as an ERUAMRAUGR LY HERIACestrd water, orres%%m FiOFfy Visgs-aft 600C. W th
the throttle H&tYR, AaRRRch V, mxﬁ? i

posi tioned atz)lout1 100- Zggi méﬂjds gf‘teeggrgkﬁy ut %E’ggm I %ﬁgo‘ﬁés Fpically

di stri but i on uptdainecleaningogasemato fgpam adlager ofozut alumUpInaﬂeome ccynpmmdeuatupay D 8

occur . Thi s RLarealy WiiRaly G bl B uBiRelie Bnis e i Bellnl ™" *°

preferably akonthminasion ¢distussedif Furthrafetdir belewyl Cogarucgng uid kaaear2s st i nal |y
stabilized before the clean is perforned. During the pre-clean

stabi | i zat i odluRiBm ‘Eﬁﬁlﬁt?gFCtl‘Gllbe‘FP%Ieﬁ ﬁué Iﬁ(ﬂhl%fmﬁ@ Teastion-AuTEg cAfanfigessur e

| evel s, which are al so f; ci es
are not rapidly rermveé&%ﬂ ?ngﬂg??fgbte @égge‘grg;[l g@%%y Hﬁﬁig%gﬁé}?cl ean
st abi | i zat i oof driging ro¢chatiems 115clnudmgra)p@lutnatlo cylupﬂee,smmmallhtﬁe wexor abthat 1- 2
ton, preferabl out . 1.5 torr, with atev anber
15 mai nt ai nezl!kgt %?Pg@br @s“‘?p@\ﬁrefmﬂfa a‘I?tB‘che 1t° ihet g"rafer Vr‘%lg SH“"’IbXV?“rﬁ?/aeTI CI]rb
fluorine spedDeoperayité @enicilBsdtivd Rehrdr NIRAFCIANION a6 ¢ifNiubE 308l ts. At
chanber pressures higher than about 1-2 torr, reconbination may occur due

to col I i si oncPpEalled ingremppts betueen shesioading(uataading ang PagResHBgTROUIeNS.
applicator tyhs, I i strihuti.gn plate 20
to a di stance Ofeza%(%%lg%bgggéﬁnﬂg%%ﬁgr I; VJe génili 4%6(?15 § Uﬂeg‘ll The

cl ean gas) NB8twees thd eml ofithafi 39¢ erid ahe botraan ef dfe med:emagl chioobxr (6Gllow100

f I bou I h I
Sl 1| 2at | oneamei oS VB Bhvem ol Bereicet ofediies ehant LG T3

seconds bef orRowi soiRViAYBIaPMOPEme t&RRYrE thad l:&Iel £ dxhﬁb&wm@éplﬁé 28mngt ep I'n
t he chanber clean step, the pre-clean stabilization conditions in chanber

15 are maint é‘i‘%@iwfit25aaf9r5@‘§§ﬁ§mé“)r arrglleldusimg\psesessinput 1-2 ton, preferably

at about 2 ton. Wen t Py O r power
of between about 500- 2%&%?@5?%8 %’p%ﬁ?%&gt ldﬁé‘g% %%a{%&“f&bﬁ{c §ggre
Preferably, Ipagmatafoxppirlslhaﬁrwu adassife i induldbingdppatitetiownves frnd thesmal
operated in ‘g ut 2&58 Watts for the &referred cleag?e__gL hlrgow of
about 950 scEH?’g*H%d'ﬁtl“bgr BRI AP L. hqater i anddgie Ansife QfeRIACASHIBR © ough
the wavegui de.ifhgheoss mxmyﬁeorﬁyﬁsfe@ahta&n%ﬂ&ﬁrsh%nhs CaH %uwt;el@@awmgugh

t he wi ndow) as di scussed above. UV | 1i1gnites the reactive gases in
appl i cator t @&ing9R the uppsr sueags| Qfsﬁhaft 4\AIBtaInd iapriinpuiat Gange2ahale@OowRIS t he

m cr owave en p t b 9 t e
chanber clea ag%/éﬁ?to Hﬁgﬁlge%lgg 5%'2 },#ér grrh%et ﬁlaf’é 1@2%%%%?%’1 Br‘iﬁlg%gﬁoiﬁgator
tube 292 to antnahoapzchlmufewitanm@mohjgﬁdemp@tamFansxidhoas/ dlimnmughniajidenad gat e
val ve 280 and into chanber 15 to clean surfaces of undesired oxide
residues. Since the plasma is formed upstream of chanber 15) only the 03
JUL 2002 87 reactive fluorine radicals in the plasna are able to reach and
renove the residue built-up portions of chanber 15. Therefore) various
portions of chamber 15 are cleaned of deposition process residues while

m n| m 2| ng di rect pI asna damage to the chanber 15 The chanber cI ean | asts

o o, oy o o, A~ . Y T T o I




performed. During the post-clean steps) chanber 15 is preferably naintained
at the above tenperatures discussed for the above deposition and cl ean
processes. At the end of the chanber clean step, clean gas flow is stopped
and m crowave power is no |onger supplied. Chanber 15 is punp@d@ JUL r&fove
nost of the F residue atonms. During this post-clean punping step) heater 25
is noved to a position of between about 1500-2200) preferably about 2000
ml, fromgas distribution plate 20 while 4phe throttle valve is opened and
gate val ve 280 remai ns open. The punping step |asts between about 5-20
seconds, pr ef aluatihymalxdet (Al Siadan@dsamidepanghing formf. hElaagowll and steikean gas
reactants and resiiiue exhausted out of chanber 15. C ean endpoint detection

€ i f
system al so mRipH2Q inspiatectde plmigumeshaft 418 dFim thenhgater 1 iSRS MAMRING 6F t he
post - cl ean pumg; iyl i e e L are
removed from (@é%gf%g .4%&&? Z?eg{tghéﬁﬂ %%lfg’%‘e&@gg’z%éééﬁg’?@é@cﬁga“‘ﬁ?ﬁ%‘%%
procedur e, thembodimenhdiftrbe 39dsncipddsanspringgabi shew) umichae aspavei speingn t he

surface of th hamber | s, ose t, er he wafer would be, located
when the next ?‘Efgf)‘gg?‘?’f%ﬂ P%"cégsa’?iwg%wa%&i@ Pl@)‘f?md)ér%iqaf‘i ‘Gﬁ‘bﬂr%ﬁ@%)
the fluorine gfelsitikeplatend®y.act or be incorporated into the deposited

film causing filin sensitivity at the surface. This filmsensitivity
mani fests itself as a rdsghoworin &dgs) 4vamdcl3, meplutaditypeOwrignaupporwiift fingers

tol erances requhr i ntegratdon, devices)., .resulting.in devic

mal f uncti ons. qyf?’e‘%%? H 8{“&9 tgosﬁ?‘? !pﬂf_e'ﬁ‘gyz%élé' ?rﬁ\?gﬂﬁﬁ%ﬁﬁoﬁw \9i“é‘él¥ tgﬁiggabi lity
to getter anysadsdBbephckd uboutnke périphebyn6f Bestdrad®e PingeRatB0asxiand| dosvriward
several nethods, di scussed bel ow.. After the post-clean punpi na st ep,

p . a
seasoni ng may PHEWREaEE29ex9 that stk it 20 mpy £pgage Hinggrs430sangylifp theppabove
chem cal reacty { : : t hy: i kicon
ox e (Si O SebrRf shARRRirNEaleh 25 Tor RabilE A0 MRBHNarErsl WIRUBRR 4IFD
performed for areepretarahjy mede gf arderarhie ratenia sunh asreduRinnomoxddd, and gederally

subsequent | eposi.t filmns. timall tween t ost - n_punni n

st ep gnd segsgﬂ{)%% dg'l?tgﬁ ‘ﬁ“&cﬁ%%@rﬁg@e&ﬁ%ﬁa@i Sﬁﬂwg?gﬂpﬁ uéﬁbﬁ?’}glegg“n@ﬁa?mer
pressure and g@ds ﬁBP{é&@ftﬂféfér&bl BEUREGHMY dBRibuiddoatidas thel Ratet 05, bltensieasoni ng
step. In this stabilization step, gate valve 280 is closed and chanber 15

i s mai nt ai ned ferm a regtangde havieg ableasiooe sidbdhat igGuidey thay the widdr eff thp Irgb®0

torr. Heater LS t.o ] f t t - il

preferably abégatdk’sgg'lcﬁﬁf %%}(creag%ag%@, gﬁgb %rl ﬁ@[ %)oﬁp 'ﬁr gﬁ)gﬂ%%&?ﬁ%mgq%p@eﬁnc

enbodi ment, t 480 smas liftithg wafeep Theetrdin shddershie ilifefingeses3®@aenounded. TENS with

hel ium as the carrlftgrg h%as to season chanmber 15 for, subsequent silicon oxide
)

deposi ti on. OfiDgEFs ¥¢ Adplagyedy thigk diamstes of @bowt 10020048 oprefrgably gbout

pr e- seasoni ng 114 Fa P g@a@ L 0 p i xi de
deposi tion desli?,.(cr)gg!' dlnﬁaa?ﬁgﬁ[‘)@g?sgggslo I ngﬁgl%lgltt)?ﬁ izﬂé}?f%ﬁgf%&ys% iluzqcﬁl?% t?’EOS at
a flow rate omipmigeEngeariunding 0Othe heagmjlupnge pracatsing. about 300 ngm) i s
vapori zed and transport wth aheljuymcarrier. gas .flgw ng. a rate of
bet ween about 4000- SOOO?QE%%LR%FO&PELQ#Voéfg%‘ﬁ@u arg&-(sb et E%?‘S chanber
15. Gas fl ows chaybdrel S whernthy GRatet RS @5 mhgudhidh oppositedslit 12@3 ior aomdallyrjhat s used
for deposition or vja af)pl i catgor tube 292 wi thout application of .

m crowaves. TREOWHERARIzdbf tafesiie sunpasied injdalliel lififineerst s widoprgdifted
preferably ab%?&vellﬁea&?%'\gﬁh s@ﬂgﬂﬁe h%@. 2Rax0fh s%@msgawngavim hdadr3,

i ntroduction of the oxygen source to begin depoSition of thé seasoning

oxi de onto chaleyesncadnter nstopdnatisbown)l. dedsuen Ay centipwes tozuiseetoj the pracessingc ed

at the flowr . . rt.icul ar 0Si.t i . .{e ,
about 5000 scORTHET OPResRE ghe AR oBRa R IR DA B SRR it idsanlts

di scussed abowe} withimbedsér 25084 the Gvaféros depadited paiol wefef alppBiiGuefeqo4d3 i on
process at 600C di scussed above) for between about 10-20 seconds,
preferably abduthin annudarflagge 405 Jopsaoye ghe; water fropushagibegilp; tsabgyg §eps
(e.g.) the ex hePRSHhfRY i position process having about 12.5 wt %
oxygen, or thgﬁcré peri ngr%{ljgﬁgeg%(? deposition process having about 8 wt %
oxygen) onto surfaces i Referfin®agdih (@52 989a césisnive hedtsr cadliasseryblydOsieasoni ng

step, the ozone fl.ow..Ss opti |y consi.stent wi.th the deposition process to
mioni ni ze any PPEEHJYHIR RSt ggh‘ﬁe“%'%%‘%ﬁ“&%@én‘ﬁ%{ F‘bW.Pg g@ﬁ?&‘ﬁ’?hgﬁ eznber
15 thereby camnd léerfsupgdrt B f@t390E 39N aippoRhd A¥ReDER IndRARE Bdneoedsaryt he
surfaces of chanber 15. Followi ng the thermal seasoning step discussed
above, final stabilization and punping steps may be perforned. Optinally,
these final steps are also perfornmed at the deposition tenperatures

di scussed above. In the final stabilization step, the throttle valve is

opened periodically to allow the chanber pressure to adjust to atnosphere,
while gate valve 280 remains closed. Heater 25 is noved to a position of

I T NNSN A NSNS Y T T I T ~NrNN - o -



I n enbodi nents alternative to those di scussed above, the pre-clean
stabilization step discussed above may further include a ranping of the
nm'crowave power froma |low m crowave power to the final clean operating
| evel of m crowave power, allow ng pre-clean stabilization of —‘ﬁéf@iumand
m crowave plasma generation. In a preferred alternative enbodi ,
pre-clean stabilization step discussed above may be substituted with the
followi ng pre-clean stabilization. Allowgq)g for sinultaneous stabilization
of pressure and m crowave power, the step of ranping up the m crowave power
to generate aleblfichiosordbstfins itd eiel headas )cofl QR@RHIY G40 Rvithine a GoRaw @asdased)
pl asma provides a | ower pressure shock profile on applicator tube 292 upon
NF3 pl asna géfisqusteddislowln Heperwapers shaft B9 hissipads ¢ff & cempirimatenial capableowave
power |evels { . g‘%g‘;} . U= i power
supply 110 rrggaﬁéghgg?lhgtre uﬁ%égﬂtﬁé&ééhﬁg o peg?tﬁ%rs b;%rgfsegzrpo]gjo. aﬁé@“&(@ﬁpl e,
t he m cr ownav e fpabeatedefyorh diffwsigreHorided Aluntin@mtritrisie| esédh prevenlooddposifion WAt t s
(or some ot her power |evel bgt W(gen, 0, and the final g%}gan oper at i ng power
| evel ) duri nGPha@s Helfifs|atack by chemispries ysed inmdRmbsT 32 9 REHCPdes 9 ¢l ean

step) 1O provied@ical EBneettbndWdlin s?t 39TBhas indgt lotirefivise BcBUOR @Saluminum
Specifically, after the heating step, heater 25 1s noved to a position
about 600 mi Initfide wergasotdirssent. b Shafo 39 blisaprefezdbly diffudion-boridad to Herteardato a f | ow

f bet bout , 100- 40 f er abl t .t | i cat
Cube. 265 " waBre e s peh Ea RePoed teaftat aRg sbe 330 sBEC By R URUBRGoRE e s
cl osed. Afteu4soghafb3SERONAMbid Rethpirftite shdvpredtrd fprefeibpfamitpltrice val ve

280 is opened) allow ng, 8ressure to stabilize for the next 5 seconds as
chamber 15 i Praspwsaghe.. /60 tors af| leatm) prio wshes epbedimants, hablewtcorel 445 mayrbei n a

speci fic enbqd] T in diate |evel I Q) p bet ween
about 2004002%{5%&%“&02?@?%?#9 la%gé?ng%ﬁ “M“f%‘}“ﬁ §{ %ppfilgwgc’a‘gp %cat or
tube 292 to fthimber IS2mpy b6 ARtedperdigret OE anRAdt abowe4lONdsandFARresstiiee ofi@akbutd
seconds) NF3_is also introduced into gPpI i cator tube 292 while the

1

m cronave poiErMOE g about 6Xhiosty ThistqeBNgwraten helpeio Prafrct the; depioges ais may
be i ntroducedudt efclrRhEcdibdRms fﬁ@ezm&ﬂ&ilﬂr% &gg%ceeg SAEER YasBd RWihind50

sccm into applicator tube 292, Il'e the mcrowave power |evél 1s ronped
up to the fi chimbdrciSowdn @dgitine; mainteming preer dilomgcdreidh offshafb 38t apardbiemat t s.

Then, NZ flow is st d and. pl i ted usj NE3, , al | ow
for st abi |1 5 SresSHE GRARRges o B3 e, BRI sniice SEpRe, Btidk o4 ubar 5°
seconds. Frompoivet Ra@Pbithe allifinGmeshaf TePhiPsRfRaHat MizhtodeHsRedcakang. | n the

above di scussed al ternative enbodi ment, both pressure and plasma generation
are stabiliz&acuym Brthubaydador i ng the cl eaning step with the NF3 cl eani ng

pl asma. This alternati :?F'ﬁ' r r i 4d1zat. ast
for a total time peri og{%;f)re %?%E% Eeﬁ?agghﬁéf%g%?@(f%%ﬂséegclo%{ﬁésﬂ\?viugﬁxggch
power | evel ampenipg db3 at thedowar ayface f ieatiesust iassembty 200venflrip noupthel toi are
period. Accordi ngly ressure shocks from I dj at e), one-st.e

appl i cati on o g&hﬂ‘ﬁ‘ip?:r%m%é gﬁﬁ\?\iﬁl %Etfwc?F“ é@g}rlﬁ%”d‘f Mtﬁr Bg qu‘%rwat ts) on
appl i cator t yigpo?Oshaftl 31tib Esstéted] étlgz,%uea,et%ubtvwmpganamafer_;b_a,nwﬁﬂh! i fespan
for applicator tube 292. Al though the above described enbodi ment is a

t wo- st ep powsPMPHEEEs|a ywtaple nypcess-pempasibleomateial Suchngs HHMENURYOF pPRBUEAYR
ranp- ups (for a ) 5 her, a

ol owave podied hawen sufrdf shah 353 g plefprich S fhgP Seled Bl A,
performed betHuevet, Hewedsuppori ghgft 382 thag| atsdrconipeise andranne mpastial agch asunpi ng

step. Two-step ar nultiple-step ranp-downs al so are possibl e _for other
enmbodi ment s. 3§MIBYHREE ?W‘Pé“’l“gﬁ‘m WSR%;PTB@&BW&Sﬁ%}H@g’}"’%ﬁ’?érﬁﬁse-éf* iscrete

steps) or a Gpghi ﬁatfpbgﬂoﬁéa%&%en §Hafes SYD $sShahEinteht @R dagvéul deleeR lcam®
system ranp- ug and/or ranp-down of RF power |evels may be perforned for
precl ean st a¥th iapdchanbest SpsAsishown imFign 9s lawer shpearh shafiaifiels naousigd o used,

in accordanc 1 r i g{bos i i

di scussed abgl\?@c%lgs? B@éf%ﬂgggﬁ@gg&fﬁﬂgﬁﬁ%gls?&@gtI on@?ﬁl&é@n{eﬂr&@g%{gﬁﬁent S)
t he speci fi c 308 aeds hemyr b% betavee e thealoadifg bid pkedsing [misarioink.i Shnft A3 wWafindse
combined or elimnated to reduce tine. As an alter,n?tive t.o the thernal
chanber seas@Ri'My* &Pg%ﬁ%%ﬂnﬁﬁés&as%“&ﬁﬁ%meﬁ%%‘fﬁ 8RS OB Sy ed

whi ch uses TE#RlaedthefeconeRRnk 285 ﬁﬁ%gﬁ?e){nﬂe?atﬁﬂétdﬂlﬂé@m.l Cbelafit\@ahe 15
via inlet 43 and gas m xing box 273 or using the bypass passage in the |id.
The 02 is sent through applicator tube 292 for radiation (for exanple,

bet ween about 500-2100 Watts, preferably 2100 Watts) by m crowaves from
magnetron 711 of m crowave plasna system 55, to produce atom c oxygen. 02
may be introduced into applicator tube 292 at a flow rate of between about
50-200 sccn) preferably about 100 sccm while gate valve 280 is opened and

o o o, a ”~ a1




0 3 JUL 2002 92 val ve 280. During the silane purge procedure) chanmber 15 is
mai ntai ned at a pressure of about 1-5 torr and a tenperature of between
about 300-650C) preferably between about 550-600C, with gate val ve 280

cl osed. Purging chanber 15 absorbs the F atons and results irg ghgLf eapati on
of SiF4 gas, which is then punped out of chanber 15 via the exhaust system
The endpoint detection system as described above in detail, then all ows
the systemto deternine when the chanber sl eaning process is conpletely
done. As a further alternative to seasoning or to purging chamber 15 with
silane, as daswhsb&du@éaooéa,ana%t&ﬁkngemauphw RCRaeY eshreytidiis M 7dppy active
hydr ogen i nto chanber 15. Hydrogen H2 or other hydrogen source) would
be used as t KsPectivelyn 0§ézgu1d§@9bngfsmgéSath@larmGwrmaté %ferb@tkﬂe@ﬁnaﬁbut

"nto appl | onfaraiTHE Ty ARl BEIR e nbE hrefu pRctber ARG HERKEG P
at CW node at5a mmmraltémm% ahbédtiness heaBoO wsernbly- ﬂﬁ&ﬁnbﬂsﬁk asinglestafer a. bl y

about 1000 Watts q%r ovi de m crowave ener% to applicator tuybe 292,

t her eby prod&%‘?‘r‘ibo‘&“ ASTHRPPTE hedter 25TaRd ewiends dhiopah dielo™er SRFAIAR 43T s i n
applicator 2 W 0 gk ﬂlg%fdﬂ, c4H/sure
assenbl y Zooegﬁgéﬁ?n%%e%g uth %&F%@ uséitvlg‘r%nthblogﬁxge as?g ecggl?’ses? for
syst ens whi clwosldootibealsedle RF pl asma systens) hydrogen may be introduced

into chanber 15 and RF,gnergy.,applied,in. 15 to. rowdethe tlve
hydrogen. During the g&Ff%&t ?%’éagigﬁ’bgdﬁ‘k&s @H‘gg‘brgfi tqgrqvg {RRET R
pressure of adeuibokt 200-800°CAlidchadibet T8 at ¥ ra@ioflabBut HWPLPRid.| ReferHip &) at ur e

of about 300-650C, preferably between about 550-600C with gate val ve 280
open. The actigse lhyad dgeheatarzoilsassembly 1448 includssischpater goHi478 empegdestinie

hydrogen flu R r f. 15. An
endpoi nt det gkg:et %gar'{“s_'ygse %ﬁ]a?bpma%pﬁg‘?%h?ﬁﬁﬁggfggri Egp(é?%%egdgﬁpﬁe Zénrdpm nt
syst em Descr ibae2sapreferatiiyiprévadeted sififle cbanrgeshdtbekinglat ohatletsicalycontaet t 0
absor bance by_HF, may al so be used. Yet another alternative tq seasoni ng)

pur gi ng chantd¢ ngay ‘\RFICFP‘%‘i phabrater 25, qunsnlpck @pd Jerth glong 9Bf side Lfthsatsr dvi de
ammoni a i nt 0 (KRAFORE éx%nct@frra'EHrﬁsQ Fﬂﬁ)otﬁ@%& @feh 2¢9525nd Bfen rohEBEKIAAR

supply source I n gas panel at ow rate of et weén about 50- 200 sccm
preferably alforth towadd sltaccenteawdl hsaxnt 2§mmaswmdreﬂa¢gloahbmqels4| nktas &opl i cat or
tube 292 via_inlet 57 Fi . 10). netron (11 i.s at de at a
power | evel (B’fm%tp\‘/'\%vé g’t’]’? %ﬁ@a\gﬁmrgl y Jpiform EFS"RF&"’@ 3'§r(3]S§JI_d!;re12)002 93
about 1000 V\a¥ilth dehé)Fmél ﬂﬁﬂéfmd@mg\f@r RAEIddYes! OPrRFRABIEAhéakertoall el 7 Wil

t hereby producin asma therein. The ammonia fromt he plasma in

appl i cat or 29povigaa amtfmtemnsvammrcbsjghutmeoﬂ 4trieast phoys aye 2°R %ﬂ@pog @ﬂ@

assenbly 200

gettering prgg[eé ﬁraggﬁc%gngd& Bﬁé&} ?%ﬁ%&%@eﬁgm%ﬁ%@s‘éﬁg 12#[ about 1 2
torr and, optanrathplarya¢mbdidimermp hsitén aoil 4HNWHI Biueregmﬁtebpbwexedermbpmear

300- 650C) preferably be about 550-600C with gate valv open. The
amoni a r eact GG Ofﬁ‘ﬁatﬁﬂggr“bé‘?ﬁmf:? rhern (Sraﬂl‘%g’é’é‘ heat %fnﬁ’ﬁﬁ% £l uori de
conpound and HF vapor WiisebwhaY Figlem, heabremesssaubly f40qiteftbdly ifeludek an
course) for systems which also incl ude RF plasma systens, ammpnia may be

i ntroduced i smbeddsdr iz mests geavad mianeraiecpde 473 cerneried doarmherelivsoft o provi de
t he ammoni um C det

operating on ébdr#e déﬂgagr\?ﬁ% p e\sv?dalg1 Ee @‘8%@9 B?af{;%‘slt@n%e (g]jel{sagfr}l%ée(cgﬁ‘gﬂzve but
det ecting | i ghérgy sbwme.i Meshfgiﬁng&ﬁpldb@elbmeﬁbtﬂcr1banﬁelyb§ermm1mnshjciedti‘qmri de
and HF, may al s Al t hou t he cl eanin r.ocess  condi tjons
described ab %aprgv % 51 81Pund: Bzﬁptaﬁ‘é Plsma LEYSUH JRe WEH?““CB{Sh‘@berE(PWI“tal ons
may also be yeedssed AR WROV & edE SHifds 75 PrefdtadGH iaF3condBéBleymasri@nhat
example) in a Gga Fill' Centura charrber avai I able from Applied Materials
fitted for 26an withflandredativaly highipresess temperaguresstsyth esomqh@ C@@eaerme
various depogjti wever ni ng
o chl or i no- ae: AR afEacbbih) STiedRl |GE WSz ale Elepyaial iy CORpEl 7 0

Oz) NF3 and a¢ eltwwodex43ehy gereedldhseet 437 m'atclmmamerpdi aamlecysuewsm a\dndl ute
Fz, CF4, C3F SF6I|)> CZF6, Cl,) etc. nia be used_as well. O her

besi des t hos @A PSINERR CoRTS apd JBetalny Inserts A prefsrabiy, SOREFG Fﬁ’b"qﬁ‘ ocedur e.
Al 'so, pre-seastni FdatileR0d1bieZ@bined e&bﬁﬁ%n%éﬂ:t@ 1o/ Ahidled aRdia suen a¢ he
particul ar type of seasoning/gettering process selected fromthe va~i ous
alternatives to the above discussed thernmal seasoning. The above
descriptions for cleaning) gettering, and seasoning are stated to occur at
preferred tenperatures (for exanple, about 550600C), but it is noted that,
nost preferably, chanber 15 is maintained at the sanme tenperature at which
the partlcul ar process |s be| ng run |n chanber 15 . Of course dlfferent

M o, o o N Y L - o




0 3 JUL 2002 94 111. Test Results And Measurenents A. U tra-shall ow Doped
Junctions To denonstrate the operation of the apparatus and net hod
according to enbodi nents of the present invention, experinments were
performed nmeasuring the sheet resistivity and junction depthquUUL
ultra-shallow junctions forned using as exanples BSG fil ms manufact ured

w t hout a USG capping layer and formed using BSG filnms with a USG cappi ng

| ayer. The uncapped BSG filnms were about 130 A thick, while the capped BSG
films were about 150 A thick with about a 200 A USG cap. Both capped and
uncapped BSG hidlytrienne Aesiosid, ehe mdlydbdenin igeits U7V iateyedshyfperid| egon waf er.
Sheet resistivité$and junction depths of_ultra-shallom/kunctio

, for med
usi ng the unclAFES Briumelbdernnaatier4dlmihigdy i thembrazedto fead Wite 'déBc%fi t ed
in chanber 15 yaf wDoAMRHeaEH S0l Ow ' | BsiglRleady! pritRAN§ dcofdiceivé 2hrye
280 is closed duvrvi ngot he fei I me%lepog‘fiﬁ??ﬁd@?gfgsrgggggr Jipng to?acospecivfl cr
enbodi ment . Askeatiedpn sheesntinuous inswiatingucoating ifsuch es elepeibedvhew) avlichas
foll ows. Specifically, the BSG filns were deposite t t enper at ur e of
hbout 2000 andIBELNEp SruRriGs R dp SaueEnS Fing, st ot s UpURTE BiAh bEu el
suscept or andpp@i fol d was about 300 mil. Gas flows in the experinents
i ncluded introducing TEB into the chanber at a rate of about 200 m

i ntroduci ng TECS at a r Reterving abbigs. 8005Apnd 1Bt heaterdlift gssemplyed0 imdydeat a

rate of about i cihg th | jum carrien . rate
of about 8oooa§%g%1°§‘%ﬁt@%‘gﬁ°§g"é"€g%g?¢]’i%"%"P‘Egépfee{c?g}pﬁ&%g&ﬁﬁ%@e%%‘si %d at
a rate of 700 Thérmauouple 40 eincledeint stohgdzGube 403 having atsehsok @9S SFiY, Sabout 150
A for a process time of about 15 seconds. |In experinents where a USG cap

was used) the MSSRPLAKHNFY in sgriact,with theryndarsids eirhepier £ ah aslignesof about
| mmedi at el y abiay iR eroRkide doubi GYEE Wil OP0 Uk Rd! nohlle igliGa¢c

enbodi nents use a c er that Is a closed system mnimzes noisture
avai | abl e to rtheambcauplchguilie SBSEigi 1 5A pbfaoed:todiqaces i dienmant df73 forecdd8&togppi ng

fil Th t heat ed t t f about 5Q0 t.h hanb
wns e nt ai nedepr 495 PLuetmucaplectstl o Borri gy Thedbemiboude 3t of Beldn
posi ti oned abyie 89 dight kit oR® 86 sohhnkin Phing™s03 (Blgl1SBFGRd 0zone

and heliumwere infroduced into the deposition chanber at Tlow rates of
about 500 nympPre&UMES 2a¢antred cignal fonthertemperatire ¢pytrollen énatisbownic obenser 49 is

resulted in a Oy . 2~ il m.deposi . {e.o

Almnute. A ugg‘%&al“‘r% (ngc?%gl_%? g%ﬁesfsoé vgpflgggso ta@g?%gnggirze%ﬁﬁ%’r %(t:ﬁgg % I r(rztgapof
about 15 secomisesheabDurhfisfer bstwedn the heairg Slementt478 andahe peemeculipla¢fled BSG
films is achieved bé heating the filmusing anneali or, a rapi % t her mal

i n
process. For SRkl & moge AeIFe t“FﬁQI“}ﬂal The E?E%Ear?r@rcoeﬁgg@c‘éﬁdgc‘%' 8V#it trogen
(N2) anbi ent  Feopoksial imeg?anadigweﬁ&mctmﬂ?@éd&o% @h&ﬂtanﬁ(@fgmw% AcipeRepdi ng
on the tenperature, time and dopant concentration. The paranmeters used in
t he experi nenthichsamqabBsGofdckumsansihalierdthaaespossd ¢haractaristic of thechealesites as

descri bed herejr e rdi nar Ki i h r .
chem I(:al S) chgﬁrgg%t?ig&alr"g#e etglglpgﬁéﬁglqlfés‘l}le';%ﬂb%%ﬁg\ {elaggﬂsb ?‘J(S’ﬁg? g‘g@.‘cegﬁ%g&rfi | ms
or other fil mtheslowler 3sppdiGhaR39S is afade @longrihe sibx gerfaceRsfishafvsp® (narstiowhed

usi ng uncapped BSG fil nms of about 200 A thickness having about 6 wt % of

boron. These @R$HEPANEEHPNS to|hepst wireeendh a1 hand theythergnacguplf @herendsHal 36w
junctions usi Rgh{B ' iodepant source for a subsequent diffusion
step. At boron co%?ea%?&rsgﬁﬁ%&gggggdi ng 6 wt % boron, uncapped BSG fil ns
deposi ted at tenper at ur hdnethe prasemt iaboution 30 us€, & eob@dlade (hecshowninst abl e

and to crystalli it hi ours. tione bove,. crystal.lization .
reduces the ar%ﬂ'?zﬁrso egg?egnogtﬂeoﬁg??%eg "g%ﬁeag?rf%sugi%ﬁ’of'h?% OPH%S%giS % con
substrate. Depasi(bi sutually jBRGefiw ERNUB) AtThe Gagf 280afd wakanrénaed imb@ke ar e
believed to provide stable uncapped BSG filnms with boron concentration of

more than 6 wPTORESSIRBPOSNN P driyoaseARyrA00edH! HBere AP sink RS BHdRTS ( han
6 W% bor on A IREA AthierBRG] irhfhe WakeP RP54iEBlohito ARPShpBHiArAcLB 111 m

to prevent crystallization.
within annular flange 405 of heater 25 (Figs. 4, 9 and 10). Process gases, such as

TEOS and O,, are directed through gas passages 83, 85 and mixed together in

mixing area 93 of gas mixing box 273 (see Figs. 3 and 6). The mixed gas is then



By preventing outgassing) the USG cap al so provides the ability to control
the direction of fhe diffusion of dopant atonms into the silicon substrate.
The USG cap therefore prevents nore boron atons from being | ost so that
nore boron atons are available for diffusion that may be direqgd

easily into the silicon substrate. To denonstrate the further advantages of
using a capping | ayer over the doped dielectric |ayer for sone
applications, further experiments were conddcted using BSG fil ns having
about a 150 El1 thickness and a 6. 131 w % boron, with about a 200 A USG
cap deposited deleverechtur®sB innémpasTadge 295 fafirinlbebe ¥deandrthrough icentrad tholet 227 ble

ability to formul tra-shall ow junctions using.capped BSG. il s as .the fl
3 JUL 2002 96 g]ﬁs_ﬁa‘?ﬁ‘e_s%gr%’ Patodr 330 Syt LirpPRLY r_alatego_épfvhgﬁe@f“sperseé
resistivity andujwai@ah®flodeRhfoudh hbRE 305 ind chiAberod 7 abdat igagisiriutiesl plhed ng
uncapped and capped BSG fil ns were neasured. These experinments show t hat

subj ecti ng t he2B$wefkigsm4 andaSy Rteferablyr disi ghstin unifenmly digubuedthrewghugas10S0C
provi des the c i ]d trol, the.sheet ESt] Vi d junction depth
of ultra-shall g\{/}va‘jpdt}]lrﬁ‘gb%ﬁgﬁneg ﬁgﬁr?v{s%lhvﬁ FHREn ﬁ"\ce“r)lr ?Efeéé% Sﬁ’ﬁ"ﬁ?m one or with

the BSG filmw th USG cafThe férfiperardzePo2he watervort Readtdrf 28 ivaypioallyalsad abdveea
effect of the USG cap .on the junction depth and dopant uniformty of the
di f fused regi off4NiMyA dERQSHIOR: SMPperature §y hestomcoih assomply #ilsa, Bt B hERresSi ng

solld state Megaut SRMeadt doRelEP At teokarkl SurhRE G36'dRPodiCR lagbAMEROR! O 1 5, as

is well known o those ski in the ar rrier concentration i s shown
as a function Speaifrgally, ar eleptricr @preas éndisectadethrmgh wosductareizest 454 loonesistive

boron at a depth ured fromthe silicon supstra face nd an "N
represents thec%g‘zg‘?%heﬁfd%iggtqé? iade“B?ra?’ﬁ%oﬁla?%ésgi%ppc@hac)_%%é‘fgr'é’te at a
depth measur ed ghdciti® éhiBodiinkht OMn ShOpleféted hdd@aent, HeCtemPBakur® s Eilolled S
defined as the position where the dopant concentration equals the substrate

concentrati on. by fepdbagk eortmal systpmr(dessnibed abdve for heaterncantioh subaewtingskéd) had a

substrate conc rat 1.0 ut.. 1, 6x10' 4, carrjer She, LSstivity
of the diff usegﬂ'& é‘gaut“lé‘%@s %eo‘\%%‘oq Itr?tel:P‘bsg‘.} OEEIAC %\?@é%{’ﬁ/asmﬁeeg’sﬁ% géﬁﬁig}hg
four - poi nt prolDuringphis preedss)i ianeslid sserably 230 recdivesvireat frotnhasivus kourtesd i n
the art. Fig . 22B.illustrates the total Hﬁgrlty profile of the wafer of
Fig. 22A as neddndige By ga8es pastie ehexpsbroygl thethrergd gemiconductor water, and the

secondary-1 on- Whké [Raffd SAREOPYo(mliltan O cERpbRertOSl Hd adsimbBr 30 CUIAW he
precision profile measurenents in hig -conceRt ration or shall owjunction

di ffusi ons as imsninein depasitiont tempéragize shd tHeeabyi avoichgasaneactioBpand flépnaition,onFi g.
formed af fer a Hraat PREIERG, adophg: Bgd inupudatie (R Shardrl oF Higadie
cappi ng | ayer. hdiieréi®®abd piteVmsS A0k disﬁ%lﬁiohmnalﬁiﬂia@kidmgjaiéés@opa@pi ng | ayer
deposited on top of the BSG fil mwas about 200 A thick. The heating step
was performed by a rapi d Quisigrihe depasisionpreesss, £Bo YACUMN BWBP Ayactiyated pout

e e AP LG Sl g et o

22A) the resul Igl ng junctio as a i con
substrate, and gases addpiasmapesiflid eutaqfpracessifigachdmybennliSf tarawgh Thanneh#d aodn

concentration of, boron i out  6x10' 9 carriers/cm. The sheet resistance
of the resulti AEPHEHETF gL PGS 50 By T Sdisd. FueR s o o reps il

it/cm. The 4pF&P$vBﬁﬂmd BrocedsAipCchaMiBer I aRbligtiht Qap Betd@H tsustpioSZh @Rd innér t h
the summation of dose ions in the P type | ayer nmeasured (1'p) being 1.6x10'

carriers/cnz. PPHionz2 ¢ff lings 2501 dhetrvagedgasaninimizgs leakaesrqf|nEoGess gesaisiy B8 by
SI'MS for lower portion of apparatus 10 and facilitates the removal of the process gas through

port 361.

E. Integral remote microwave plasma system
Fig. 16 is a simplified diagram of a remote microwave plasma system

55 for cleaning the wafer and/or the process chamber, in accordance with an

embodiment of the present invention. Microwave plasma system 55 produces a



an ultra-shallow junction described in Fig. 22A. Fromthe surface of the
silicon substrate.to a, depth of about 100 A fromthe surface, the
concentration of boron ranges between about 2x10'8 carriers/cnB to about
1x102' carriers/cnB. Between about 100 t~ to about 300 A fronutah‘ﬁn_sqmgace
of the silicon substrate, the concentration of boron ranges between about 1
x 10Z' carriers/cnB to about 3x 102' carriers/cnm. Bel ow about 300 A from
the surface of the silicon substrate, the @gncentrati on of boron, silicon,
and oxygen di m nishes rapidly indicating the bul k substrate. The steep

shal | ow j unct i phasmhoemoterfrdth pro@2dng emaymist ritfes uschm efipmntly erchogporcdanong

i bl di ng t, nbodi ment _of th i tion. Fig. 22C i
G aph showi ng. EHETSTORATATIG TS PRVRT COAPYITRID! COAMPEt AT RBHO PR 1
Wi t hout the heaépdimions.c Midfdwie plfmbdsysitin 56 Bofadeaysplicady inie 202U2G 18I Ng

| ayer. The BSG fil mwas about 150 A thick and the USG cappi ng@ésayer
deposi t ed on t ity sysEIBUSsITibeth bilew)ap auicToxage Avavaguide system édasempdst ep was

perfornmed. The and. f tri .Chi j . As
Ceen i n Fi g, 2oR0v st el icfoghie drP Rt s L s BT, 12
formed despi t emahdndiadkabptionat phdse getop 70N Radmbddiments hequiting fdedbvack aBr
formed due to the high dopant concentration of boron in the BSG film

di ffusi ng i nt o3YtAm@at¢ uppesiancs matchinge apd, a sirgplates 05 ieadoadg’qs andai n st ep.
The maxi num co gﬂéntd?at.ﬂ” of boron is about 7x10" carriers/cmi. The sheet
resi stance of t resulting junction was neasured to be about 55 n/cne)
with the summati on of doMagnemsn Vhi ishetyBical/ magheanonrso@fce)capahle of dp&adiy’
carrierslcne. Fig. 2 i showi nq. t he dopa rofile.of the
junction for rregetaﬁe?'h_a °‘“§Q612_388;W%‘§ @5%‘3"5’9@8?"6@%%%@5 ed qyert Bhving a
USG cappi ng | awfiErowaVd- of2abBui 2.43 GigRittz(GHY ttedferche M@gﬂﬁonmqfis Bwerll t he
junctions formed with the sanme heaeing step'using a 6.131 w % BSG | ayer

having a USG chppower suppdi 1 Hheshawngnddg 1) whigs@ayaecremosaly necazedUsmncappi ng

| ayer, in order i llastr t he fect of dopant conceniratijo n

| et § on dept nmagfegton 553" G Golrs, Ehisiesrblray BRY veitlrel b RSy ReBRvaES e
heating step oOfronimagherondANtdie AAesiNes e Ble micPowavdtUikaveiglide 38stérsivpichvi ty,
respectively. Fi (IZJS. 23E and 23F show the effect of the tine of the heating
step on juncti ¥ludepvaricnsdengtheef straighitang icugyed veayssuide geqtigns The Hrwehigh ng
resi stance proty J St iYd nﬁﬁ% Of o Fi 0

wer e perfor medHlil ?%g&gg‘fci%ﬁ%%%glsg h*ngérr@r% an kﬁegél}?%mtmé;?gg%guﬁﬁﬁ»ygéﬁ
measur enent s. BEfegoptid82ing slemaptsathat whtknorgrovide laie pesst maxinfiirh eniofowame

junction formed wi t.h.a heating st si.ng,an 8.084 wt % BSG | ayer having a
USG cappi ng | ay&PSTIEHn WP%H{Z\‘?@EC’JEFSB losgg and (iR PEQeet HA° Fﬁén{ﬁ?&; tlfg(épri ng
| ayer deposit edaxﬂ?etm ©frefiiReBpéweér. | The\@cARPIH bed®P LW @k defirdteditdctian

step was perforned using a rapid thermal process for about 60 seconds at
about 1000 C of migroma(ssfiem wwEneirpnd | haveard mpplingtad e 292-et chi ng

Lechnique As seen in Fi gy 280in@Bmibdi2ns WAL QML BSkh QbR dsHea depth of
about 0.12 ~mwas fornmed w th goo opan{1 unrtformty. The nmaxi num
concentrati on ofagharamn?ilscanpeated foc&io@iaar 705ewih dodd. 707h as sheven ir Eigl. d6ance of
the resulting junctio nmeasured to be about 145 .Sl 1c o with t

St on of d SRR 08 R BB oy s Gl rarsmisP RGO RAERREPT, P
resi stance was g dpglitatc? tie 29MULoR6707 AtssBibs anly powds Ehat fflﬂgﬁt Behrfléaaant

profiles of the junctions formed with a heating step usin i fferent boron
Wt % BSG | ayer $aqk ffomhe wayeguidessystem (awasd maangraps?l lnt Cirgulpigyi7Rg angsénad

cappi ng | ayers: Al 50, i

P S |y er & 797 Merdhy e icBifes iR RIRHy dipddion ahl Blorddimdghifbfty

t hi ck. The heafiongdahage fpan frefleorell pagera Cidguldlort NG5 cmineqs oc easeduide sebert 60
seconds at abo 000C. As seen in Fig. 23B, the resulti j uncti.on depth
o the 6 osa Jlis VbEqRcied B Bhate Sl 10} senmegies, W anqihe YRR Hertion
junction depth7{9r phiie dekdk M8, b Bidfzed | i Tougledfia dPbedeRevegdide aEQicAIANNS

showi ng the effect of heating step tenperature on dopant profiles and sheet
resistiviry) réspraghar\vedvpguide seasion 315 haviBgattadhedsuniag oniagb@ecwsismd!.

| ayers. The BSG, fi r,a ick and t i S
deposited on t(?%g%lkq?ﬁgeﬁg@é %&?\QP% éat@?)&ne‘foﬁ %H%erhtlyc g%&nﬁ%gkﬁ%&steps
wer e per f or med plasmagnieromape dystére Siaitlp thedigy t® masdhatit 16Hd = ecavegisdasection
tenperatures of about 900 C) 950 C, 975 C, and 1000 C . As shown in
Fig. 23C) the junction forned after the heating step at 1000C is about 0.1
~,m conpared to the about 0.06 ~cmjunction fornmed after the heating step
at the |l ower tenperature 975 C. The sheet resistiviry of the 6.131 wt % BSG
fil mwas about




"0 S JUL 2002 99 180 n/cme for the heating step at 1000C, and about 600
n/cm-"for the heating, step at 975C, as seen in Fig. 23D. A higher
tenperature heating step (beyond 950C) results in a deeper diffusion depth
for the shallow junction fornmed. Figs. 23E and 23F are gr aphsﬁam—n?ﬁ he
effect of heating step tine on dopant profiles and sheet resiSt y
respectively, for 6.131 w % BSG fil m havi ng USG cappi ng | ayers. The HSG
filnms were about 150 A thick and the USG gapping | ayers deposited on top of
the BSG films were about 200 A thick. The heating step was performed using

a rapid thernpd; @rsecgsteathambRvisid GHdah@ ofodie Wave£Lis&C onaEn@Resiérar7oabout
60 seconds. As shown In Fig. 23E) the junction fornmed after about a

40- second healMpngroyvidepfixes @pingt maned ninp, hiutemane QinGtaceerding wededfier a

60- second heaf jng. [ ~cm_ T T eslisti Wi he, . 131
ot 56580 111 renbRLES, s IRty uchy e AERACTIuBE AN Mol vod 14 2§
about 150 n/ caiddahrtrey whivh dzfeceethe pHadeestt mivgowd vep traAsmimedifogfegdbdck tbs seen
that the length of tine o7f the heating step.,may determ ne the diffusion
depth in for n?‘ﬁ'@RWStSV%@@hé’llb&Wﬁmw&"ﬂ%mgy aﬁé?é%%l%%@& t183%f BSG used

for ultra-shalg ?éﬁbrfi‘t'b‘?ﬁdflh m&dgemcf&mamaﬂ faGeghl SRRGH HIRE flotarfpRlaexanpl es

to illustrate aspects o resent | nvention and should not be considered
as |imting tdéressseopenspbut dtheprypseof wavegaideialso. mBy bP8&d-or PVD | aYe r To

denonstrate the operatign of t apparatus and. net hqd agcordi ng.t o
enbodi nents of the pr esg?lfeeinn‘{} 81 ,mlé’k?)"é"r"ﬁrgf‘f?‘ge gu%eﬁlpapﬂg‘azqdo deposi t
a PSG film f@iveuRieRy@imate FrabiYired¥Rim pﬁ’trphfln{vaaéguxda%emlt {oodpphitatBiSG

filmas the PMD l"ayer,; the wafer has typically been subjected to multiple
processi ng st@pe 203 whereja mlasmaiscongted. dpphicadreybe 39 bas yx input fed ding| 5K,

isolation tre etc. In the experi . he. P i r ited
in a resisti v@?{;l-%ﬁ%lﬁse%aﬁwéagaﬁﬁ ﬁ‘apifgncg’g%tézség hbélnlg'grr%\fe% If@%%§§?g em9 avi ng
a total vol uneaahe abwghide dybtesyr andadtBeroaptiniking @lentents? OAppiioavafabs 292 is a
manuf actured b lied Materials, Inc. In the experinents,, K pre-deposition

Y App :
steps were pe?‘%l‘iﬁ‘llar‘réﬂr pepFropysecHampbe made Of arompesits @ CaaBIssMRteHAl pr essur e
and to stabil} g%ﬁﬁgi WAl : RAghd i : o as a
PMD | ayer on %é%@gf? doél}l;t;stfeé?r rlh?&lﬁaslbl%&%ﬁ@t @UL 20%3?%&0%e5§§ ﬁiﬂzliesgi af hat
pr e- deposi t i oaccstdingstonaypebificveambogiiméntonintthe sfeeifovemiBxiimentt applicatdnitete i s

nmerely an exe r ecific e | rent as is optinal. for different
deposiyt i on re@p@g}/a éﬁ% o éf’a‘é‘g@?{ H?He%?'gp% crroéﬁfﬁf;g‘oﬁﬂ?#éﬂ%‘ ‘é?{/atl?é‘bg%l tion
on chanber w/ainhﬁesandpp?ucmrmtzg'zbfdtd@sgbskdymm}an@avugiia@rsé&idﬁmm, whithiibes for
the deposited filns. Before any pre-deposition steps occur, a wafer is

| oaded in vaceRematwacsed farsransmitting mietowases andois derminated; aciharathes qrd agtr
whieh 1S L0e%s Gt S, ToRhBhade dié aftfAkEd R, &?rﬁhﬁ&edoﬁ&d@@?pggg&?m%ﬁt ure

of about 600(:2,i i s nmal ntai ned roughout e pre- n steps, the
deposi ti on st wpveznietshaionoRXl- Wapasive igasesSheies applicatar fubest9o2pmérickesosi ti on
step, heater 25 is at a {)ositioncﬁbout 60Q m | frﬁm gﬁs dis ribllltion | at e
20. Wth the FHABEEMOVRICIRVYSEN YdOUEHoQineE MAkEBiAUCh A3 SIRPHER'SY PR rat e
of about 4000ueaqs) thenfefEr 8f apblich@Wnitdt®20f InaliHendddinéitts; Mpplicatbriub®duced
into chanber 15. The neutral gases, heliumand Oz, are introduced first

into chanber 3% may batveed metal ewteriar a8d ap inseritsi madesofl TPRIBROSIE O CERAMIE of
heli o and CEngR O RRGA 5 SR 15T SREPTfR i ok 7
exterior of applicator tube 292 to the exposed interior of tube 292 to energize the
reactive gases.
In the specific embodiment, a plasma may be ignited by plasma
ignition system which includes an ultraviolet (UV) lamp 731 and a UV power
supply 733, which may optionally be mounted on the metal wall of waveguide
section 721. Of course, UV power supply 733 may be mounted in various other
locations besides on the metal wall. Powered by UV power supply 733, UV lamp

731 provides the initial ionization of the plasma within applicator tube 292.



pressure in chanber 15 is increased to the deposition pressure. The second
predeposition step | asts about 30 seconds and allows the pressure, which
may initially fluctuate sonmewhat around the desired deposition pressure, to
stabilize in chanber 15. Heater 25 is noved to the processin osition of
about 330 m| fromgas distribution plate 20 in second pre-d& UL i R st ep.
In the third pre-deposition step, when the pressure in chanber 15 has
stabilized to the deposition pressure of a§170ut 450 tort, liquid TECS is
introduced to allow stabilization of TECS and heliumflow. Wth the TECS
flow rate at PRLI: - gl L j um
carrier gas fg?@lét%%aﬁ? Qge‘?g%%‘gggé%% (ﬁé 1@%3{%55?&9 %?gé‘rﬁgggﬁaé%ftgﬁws@ég%

bef ore t he defflosi ¢of mdicalsahat.enkdanvinleg22q dadingzedhamberc aniaegatepvalws 8@, Due
tenmperature, and TEOS/ hel i um gas f] ows) a% g&éus ed the position, of heater
25, deposi ti of® HPANEES ¥} Iogd vthin, appligatoptube P2 tram; the, dntgqquct i PREAIR 8D,
QZ flow is tenfHchaé akes biithih Eibd 29D L1 dMhhRHIAE’Ystdh 1M GPrighisds BPOUt 24 ngm
and O- (about 8 wt oxygen) is introduced at a rate of about 4000 sccm

Bei ng |i qui ds miciowvavepmray ¢ouHog fooefficéencyr dn\pagferred embpgiments, magahing

Lot on oYL AT RBES e s et e BB S0

di stribution [@bﬁtﬁ'@lé&rﬁt@oﬁHlﬁﬁﬁﬁteﬂ&@ﬁh%.veksgﬂéﬁi?oﬂeﬂ abbve, \oitfee comventians where
heat i nduced chemni cal reactions take place to produce the desired PSG film
The above cond$RipHAEMERS Ao may he psed inimackiaps¥seBd0dt a rate of about 1780
Almnute. By controlling.dt Lid ] J i t hi ckness
of about 5300 Ais formga\(f (ggcu?!%g%%%%g@gh%%%dﬁu?fgﬁgl%}glg@t%gﬂgﬂg%@ve in
about 404 secenomectedhe the bétiami of thesttdgrafschambeheS suhuthati apglica®es fube 202 s

about 4 wt % . After depositjon, a terpm nation step | forned. that .is
optim zes the *StPAH ?lf’ W'?ké“@e‘&@féﬁ?&d’ Igg%o:fqrp ﬁ?#g‘bfyr gﬁ'&é gl 1 Hige 3and
crystallizati qadicBRi a2¢ e thrbilpt et 290 Thidahd PaksEeSR) endfoiserd a'sﬁﬁb‘}Y hoo about
3 seconds, the deposition conditions are maintained while TEPO flow is
term nat ed. Thehicheisragnipped withtlinsr 2R &y preferablyl epadsiof polytevs@ovrgspivirpel ayer in

an in situ ma {n mber .15, by the,gas. m.nat.i on, net di, d
above. The US?Bp Tg?/}erpﬁ‘?ivg ht'ﬁicﬂ“%}fﬁﬂﬁlrl’gavﬁngg{ehéortWhees?gbrgﬂ °th§ PSG
film After t hesidhio dlerafgt dradepasifiot/fioni@RGeddtive thehBR$ infuoat irdam®oi ti on
steps are utilized to control the canping down of chanber pressure and to

control gas sHdRerch] prexengfluprine fadicrlereporabiaation ine passagmenring ¢igan he
post - depos| t1 QRoceb@Ps 1R libf 11 PEFRANhLCIA LGS HRAY v il find'ifRH A RE Can
cause wafer contam nation and danagé . |I'n a specffic enbodi hent, three
post - deposi t i ewateriad pacluding fluernhted polyiersfsuck s P&t (vdgioisi a palymet egmbining

imediately fqgll ow ng.the above term nation ste TECS .flow is term nated
whi L e heat or 38 FROHBOugFne b kbons oS Rl ierrafihsdtocliydennrsips B gaeriivsto-
distribution phiaks sk chingOfudritedhimiiédesprépy e (TFEPOP & IDRT | TR pakdge 1o

al | ow chanber pressure to gradually ranp down during the first
post - deposi t i dhPEeferpbly \gircelar imenoss-sestion on Sthee eped cross-se¢ionda deaieh the

post - deposi ti %%ﬁ%@&iontd?EimteE%Q% %rlko‘re%ﬁﬁi(lg%gr hﬁae%?nekﬁjroﬂle{hﬁsoﬁeﬁgﬁ%%ﬁ%?ﬂ ranp

down chanber pressure for t postdeposifion step ing step),
as hel i um f | owncloswe aksemibiyr 200 plsntacradicalatflodv byo perdpitrdy intcléanrgas gimnafold/pass

| ve. Heat is_al 2 d to, it bout 999 .nj | at
50 duri ng t he 200dbRaRsa0E U GCleR g wanfoldnb an Sa SpEpaR et PR BTEE. °1
the third posts gripaedd fopRleahiBp apphidatibnd daée RIHPWE radieAE RAsrodddae i lieot t 1 e

val ve is opened and 03 flow into chanber 15 is term nated by punping it
t hrough a fi nalasyg) giace PTEE3s r¢sigtant to etching by fluorine radicals. Of course, bo

clean gas manifold 270 and liner 291 may be made of other materials (such as those
mentioned above for liner 291) which are resistant to the particular chemistry
depending on the reactive gases used.

In some embodifncnts, gate valve 280 isolates the clean processes
from the deposition processes, as discussed above. Gate valve 280 normally

remains closed while chamber 15 is being used for deposition, reflow, or drive-in



102 The above experinental conditions for the deposition of PSG suitable
for being used as a PVMD | ayer are optimal to provide the best filmaquality
wit h high throughput. By enhancing surface diffusion at increased surface
tenperature, the thermal PSG fil m deposited using the TEGCSI 03 e‘gﬂftm at
tenperatures of about 600C exhibited excellent step coverage, r
cross-linked structure, and nore stable oxidization structure for P and Si)
whi ch yielded excellent filmaquality. Thggdeposited PSG fil mwas hi gh
quality in terns of flowlike step coverage, high noisture resistance )

hi gh br eakdowspsvold ageilosedpotition Ufadte0flve D8O priveAE Gabtididdia dohdEit 47 RS M|
damage), and_no fixed charge. The deposited PSG fil m exhibited good film

t hi ckness unfar@lganRFocessss SEom cepamynaring itheywafer RABE SCPRMHWB BIPESFSES49S pt . (1
Q at about <- i e f | L : e ed be
| ess than abg)vﬁlt:f ai.’E@‘k@.g&ﬁg23%“?5”%‘“%%?)?%%&’1‘:4‘%g"?ﬁ’%ﬁ*"ﬁr@?‘ ?5{5? ﬁégsuicﬁé o

as- deposi t eddepmpitionlat pesguaks bf bereserpibdiSE0-760s0rd @ponts tveth gdte GAOE2BO
accordance wi th speci fic enmbodi nent of the present jnvention. In

par ti cul ar) PP BEROYHAN Ay BE SPUsed 1B APRISAIer MR Lo FRAiRE BeFoRABiBAHOnGT
fi11ing hi Ohugshaming fobsdanGal341ve0sd iNBdiablthaddsk PTPEJE! ffhilal)

w thout the formation of voids, as seen in Fig. "24A. Fig. 24Bis a
sinplified dmatgrials siobias shosewdiscussed abave fof liners2Qdt ansinmaeifaléh @ 70 ntoeyindmize
circuit strugture sho in.Fiqg. 24A. . As seen,in . Fig.  24B, .substrate 1200
has stacked %gcstprqj\ﬁ?:gp%go,n g’ﬂ}ggql? Flosgd, ‘ﬂf"?\‘:ﬁ %@Wﬂﬁjg’smii%tw ERERISEISE ¢ en
silicide (SthmCeunduit 240, Infopreedrdd@itRRimeN g iviRre! 28045 abaﬁﬁ,le-%rad@@@@l ted
onto stacked aﬁte structures to formhigh aspect ratio gaps with h of about
0. 35 ~. m andv#Vof Ias@mbediments using gate kilve ¥8Qoanle avhenchambersl Sisaised form gs.

24A- 24B. Fi . | hi gh
copect rat | QWP SIcRAESIH & WRAPL EdAler 3icafng iE HBinle 0del Bhifl B 450 01 07
gsed as g Pllg/ﬁbdnaylﬂg\éir?qnmﬁaz gdicats htagtwt inﬁDﬂ(ﬁldlqaismgﬁtm qireat afixiag borci pe

. b .  bi t . t high, " e
F1IT capabi | 215 BB Fild. s Beptioned 20614, o o SBbORimciin s vakp agD
750-800C, WhisChht uSedPdtt A1 Tﬂéﬁﬁ%ﬂé‘cﬁfalé’%fi n&d}cﬂﬁﬁixﬂaﬁ Y ahrulH pasdage @E

budgets. In addition to having excellent gap~fi capability for "hig

aspect ratiosnd Pgcchidmbes 1§epia gat distribuitiarbplate 2D 0 Distdbutinnopjato Xl as welbaslense
films that exhibit hi esi stance fo I St ur bsorptiaon. . Misture
absor ption of aqqlr)'r‘é P&Eﬁ%@ icfuggﬁq_r, ¥F socg%(%ﬁi't S@BES ?&%ﬁﬁ?@&aﬂ@grﬁses are
convent i onal thef ekhatistedrfedif fcBimfibdrnfs Rtk ¢he exthaus? syétéh dbdsstdAbswECThOSCOPY
(FTIR) techniques, as are well known to one of ordinary skill in the art.

Fig. 25 il uSEaHRSErcRs ofahamberctt prd de cleaping afi wafed P§ arg discusssdin 600C
under the foh‘%]tgi%glg“@xerrpl ary process conditions. According to a specific
enbodi ment) the exenplary process conditions include TECS fl ow of about
1000 ngm TEPO fl ow of about 24 mgm heliumflow of about 6000 sccm and

ozone (about 12 wt %oEy%nﬁ flgw of. agout 4000 sccn) at a pressure of
about 400 torr and spacl 1 “_ & between heater 25 and gas
di stribution plate 20. Figse1P5®7DeiN0s¢tatd 90lchhifi en@soiAtdiddctioR Qysi@f 00 For As

seen in Fig. 25, the FTIR spectra of the PSG Til m deposited at about 600C
denonst r at edM@OWAYEPlagp Rystem Adiagearding terahethen aspeds drthe prssent ARkention.

nmeasur abl e ¢ i i St i : S
artor deposi i augputsfd FBOR, bfRrs 0 BheEL I e ERs BEhaCdeiing adigld

peri ods. As usin®nguotaimsEdrowavé-teghnddyy,tihsteadegfoscdrventRB@ fn $imn plssmiense,
resistant to absorgi noi tlure. Dl_l?%.osifi n of a PSG fil gg\at qi ﬁ(} .

t enper at ur esPT¥FEY %(E’%ﬁféne Copamnaiign. Inthe presgat ingention, BEEEUS firaNBE st ur e
that night bgcrllgey sl rdhide mieroaléThlabRs Wsid 351 UtilReIOM§ @hérhicah As a dense
film the PSG filmdeposited at high tenperature has the advantage of not
requiri ng anTeRERRNS; She@nuasily yskig in itk (plasmgdmagesses avhesh PRYsiqah sputieNag The
dense nature Ji il [ i misgnas a PMD
| ayer whi ch gg%lcr‘{)@gﬁﬁga%gﬂ@e egﬁﬁ@%g};ﬁ% z’%gllgéﬁﬁ'gq%)%dn%ggltg gﬁ(h a

t enper at ur e gewdcentamimtiomfrotie ptO@8Ed veaferpr ef erably by a CWP step. In
addition to noisture a@s&rp ion resistance, the present P filr’?de osited
at hi gh tenperatures i< RfISPEEFAFSHUSBG I PHASTA; SYRABSS (IF PIAYRA ISy as
wel | as goodp@dpcddi feovelf fout ca@ibeRl 5 QictOfhay @le GecHaht gﬂ%?‘greff& rthéddy oFan
cause subsequent device problens. The high tenperature PSG filmis
particularly useful as a PMD | ayer as it provides good phosphorus

i ncor poration (between about 2-8 wt % phospr.~rus), which is inportant for
gettering or trapping nobile ions such as sodium (Na+) ions that m ght

ot herwi se m grate and cause shorting in the device. The above description
of experinments depositing and neasuring characteristics of the deposited

NN~ " o o, o, v o o o I Y =N



C. USG For Oxide Filline Layer In Shallow Trench Isolation To denonstrate
t he operation of,the apparatus and nethod according to enbodi nents of the
present invention, experinents were perforned to deposit a USG film for

exanple, as a high quality oxide filling |ayer for shallowtrglngh
isolation. Prior to the deposition of USG filmas the high qu b-‘}*“—o%e
filling |ayer, the wafer has typically been subjected to nmultiple

processing steps to fornm) for exanple) gase el ectrodes, oxide sidewalls)
i solation trenches) etc. In the experinents) the USG ftlnms were deposited
in a resistiviorineaatieals Gsghrekied htoGae tharber hetrdre the( gerncle aBarchag ylstrem havi ng

a total volune of abouyt liters and outfitted for 200-nmm wafers

manuf act ur ed W”ﬁp%ﬁ éﬂ Ty HEFads qRifcior |y %%&%ﬁ’ﬁé?i-ﬁem@}" fJ‘_?Pé’_-‘%‘@bB&et i on
steps were pesgisEReig qepr g Ees%%awnhmefis_ﬁhm@lm BPRSYI idaffhgPy €Ssur e
and to stabilize the gas/liquid ows betore depositing the USG fil'mas a

filling | ayerwafer én okaivher 16fandurcospongnts of chaodgnil2ddiscusaed ghavedahosicki on

steps may be varied from the bel ow description (which is el y. an

exenpl ary spe%ﬁlfi%“%f?b@aich@m’ﬁr, caéfsmfc“? lbsifﬁﬂgﬁ ‘Fgﬂg Ccﬂ"fv?’g}oélﬁnf&}:?@ég@i tion
reci pes. The @dectidapPserhs, 00 pihgist the didfzeat WHISE R SA¢aninteR3Hekh 0dmpletedhanber
wal | s and al so contribute to yielding uniformdepth profiles for the

deposited fil e, VbR dheclasiRropss 2ae frstue iip thes¢hambep hag Feactgd wthethe icleapipg ded
in vacuum ch t C - which is
t hen cl osed. %&%05 Qgplhgcaﬁg)gtag%fhgée@gFot?IEg{}pérhgglgggi %ﬁ?éxﬁ%&lﬁ@ﬂ%mﬁ? about
550C, whi ch i detenniontspsteras tytpicadiygbiyudn theeisp b a pdgsami within thé elpsnbet laad

deposi tion st&g and  t he rfwost-de,posi tion steps. |n first pre-deposition
step) heater Z5chemissions fromteAigsitl riasmario deterpineghe epd of pidlraningrPrpseste 20.
Wth the throttle val vergp : , ' a rate of
about 7000 sccm and OZ at&ghppﬁ%\/d\/g{rag?%l %fségﬁ%l#%%%hisglgbmﬂgpéhimﬁ’?‘)rlg(g'duced

i nto chanmber m8y bFheechwith reitheryars mssituhphsmanoan cen@te piasmai suahosuprevidéd byt
into chanber 15 for t‘ﬂei r flow rgt to stabilize . Ihese flow rafes, of

hel i um and CZPIFEVRAYE MESRH D P 3L IS GRATRE: 1t RELAFTRIEY PROLe% JHOIPR t he
second pre- depgd ghPR WBEE R rdabewith S0} pdvderIrasidieSinah® SRanBdrdo tfbign RIFBSUT €
in chanber 15 is Increased to the deposition pressure. The second

pr edeposi t i ongass ahiqhais dsawe gut efichambpodl with the vacisn AWAP al Wheis subs@ntially

pressure, whi -Rit]all c t qar t desi

deposi tion prgggﬂ@eé,s'pbids B |%§r éalé%egﬁégwa?f}%iﬂ%ec%gegb%? c&@.ﬂ)tl—bater
35 is goved ta:latth\eitlpmc&id %itmmrﬁosim Qﬁsdtafd, aieofiiorfetbased gdsrmay begn to .

i stribution ate 20 during the second pre-deposition step. In the ir

pre- deposi ti o&%ﬂ?tequﬁﬁrﬁéﬁﬂr’%ﬁ W"&hg‘?ﬁf‘é‘@mf?'ﬁg%alé‘ P WA Eioio t he
deposi tion pr@x@%ﬁﬁxﬁbé}ftoqgﬁh'tan_@mn?ﬂﬂr flddriiei ImpE&RL. 1 Eohstiquediycedist 0 al | ow
stabilization of TECS and helium (or nitrogen) flow Wth the TECS flow
rate at about IMBEBNhYrdetermine, i APProxémaEEsippiny arithe §oiRk ehwhish theelastuPiOp or
nitrogen) cargl fQr u nds_durj thahr ition
St ep, o or 1t 5he W8S sl MR be JuRRRR IR EpL Bit Mo RS RERIGERRE. (T
t enper at ure) puedent Eashdrefluovine gadicdls fom) ermeringactansbieedSt hes disaissddofiarthér heat er
25, depositi oFﬂBroce Sj n% can begin. At the onset, of {he der&(l)ési tion step,
02 flowis tePHPKabRWPOMhCFEcHn patanBi0of hepresspipyeRion qelermites SBfuced at a
rate of abouteRpefht %Fﬁraeaﬁgg'}ﬂoéésﬂldy Qeteblfy Jﬁﬁ&sﬁiﬁq{gﬁemt&uwmb@aﬁ dug the

liquid injection systemand then conbined wth the inert carrier gas
hel ium This 9 3bsorbangesof light by the exhansted cleampas reagants sWehgessSilfi-st ri buti on

plate 20 to supply reacji ses. t h fer f i nduced
chem cal reactions takeA%)¥lgocvg'?§lo§i§’ ga/hcgle%\ﬁgfgréf#l&t?@%g@rf%ﬁﬁ%ﬁ??ﬁ% above
condi tions regiludes @ gas déardr §0Npshaded aREg Aischargaicondiit 60 betvedr BOlation

[ t he depaosition tine, a USG fil m hayi a thickness

Al m nute. By cqnt | i n [
of about 10%06‘3)59 52{ F%{]a‘ﬁ%‘ﬁe d?lvﬁrﬁg?pr%%seeéﬁﬂﬁﬁtFﬁ%s_ ey ibSé’gs‘HBB‘iﬁjemi n
about 414 Sec%gﬁlocﬁfén@rwi&@pﬁﬁ 4 s 'sggeén %g%b’éa?fmgwp Fo? eREhpR! A&Ecbhat s

optim zes the stability of the posi mto provide noisture
resi stance. | 802 may bampgeitienaspdowstream | ofishrottfeoval webdid, a8 shewiniEig. tIAB. In

the. UG qeposhtsh pefidtel gy P8 Ponfora e f Brighe IR BRIES 1S

receives a sample stream of gas from conduit 60, as shown in Fig. 17C. In this



are utilized to control the ranping down of chanber pressure and to control
gas shut-off. By, adjusting the pressure and gas shut-off, the

post - deposition steps help reduce particle formati on which ot herw se can
cause wafer contam nation and damage. In a specific enbodi msntn t 1©%m02
post-deposition steps were used. In the first post-deposition s?

i medi ately follow ng the above termnation step, the carrier gas flowinto
chanber 15 is terminated by punping it thggugh bypass val ve. 0 3 JuL 2~

| 06 Heater 25 is noved into a position about 600 mi| fromgas distribution
plate 20, as é¢heodifemt blgasy dihy 804 snayPiatde pebhwell wivd §06 © girpdunhhyurntifp
down chanber pressure during.the first post-deposition step, which |asts
about 15 secoh®¥ PaisHg W@‘@Egéﬁcﬁ(&)@f 1 epyBlctelorFass &9 ﬂ?‘ﬂé“‘?”ﬂr'@‘tp@fse“%l ve is

opened per | O04Alrhy edathiOh b Spak 3Bl 101 LR WREin RECSBAR, and 03 1 ow

into chanber 15'is conti nued. s al so nove ower to a position
about 600 m | from pl at Ref2frimgutoi Fig. 172, secaferdedembodimesi of gas deteemr 802i ch

| asts about 15.seconds, In the third post-d sition step, ich_lasts
about 3 secon‘dgl,sn?‘ﬁé’e_tdl‘?f’%f(bfz e AP, geﬁﬁ‘é’ﬁggfé‘?‘r‘g“d@?,aﬁ}%‘%“g%é c@ﬁ‘ﬁ’f%é‘r 15
i's term nat edmyghLHEN 886 inl conth@Meatiod With@bndu! 60Pfor ANEWRIZANE g8elk Yhi HRrkr al

conditions for the deposition of USG suitable for being used as a high
qual i ty oxi derepidi¢ ifrogn thapher fl§rto pass thergthroegic hAi paitt off flangeaB88.0Ptd mal to

ide the b ' ity W hi gh . hput . | | . h
el aton appb Eicati LAl e ot 2ol 80 96 Bl RunRE et e
voi d-free gapa piir bof (dfydred €R) Wwindows 81271813/ thangd orffigupdtdtet alfdw far-IR light to
addition to being a very dense and uniformfilm The deposited USG film
exhi bi t ed gooRAS %Fﬁ\lghﬁi ém&bgmmawwwgmwg pcahony 10 pm. IR pyiadewes s

uniformty (4&Ptera, 0 LG : ' SG
filmwas rreasglrzg lt3 0 %5&% %(g{s)y tq ﬂg'lrlg%g"o%& @egﬁ@( SQEIBE%TA&‘ gﬁ%gergzg%ﬁglly
phot om cr ogr apirspatenttosfar-ER light ¢uch thalzaio vesupstandallyl litdapéilhd lightds of

TEOCS/ 03 USG fi.l osi ted ut. 400C and ahout 550 respecti.vel y)
after reflow %Hsgi’ﬁg ‘i’@g@‘@ gi?daﬁ%(i Ip addition, Qﬁa&?"ﬂgoé’t %#'(Sggé%‘e‘iwr{
accordance W ¢HauRl SaPprotdsszoRphesle BBk with ¥éa§ecp ECBRProbddy 8Ad tREa ghd
particular, Fig. 26A illustrates a trench structure having about 0.35 ~, m

\l/vi dt h aﬂd abothenostyo and theimptenial shiovid nczt;D chntagypeate the?ﬁlim) Qappr?ﬁlimnﬁ wh:)elrti ng
i ] i 400C
1050C. P, oAdbrR dakicpd AERER 8 the o ibbror P wliobEa 2y YR o g

that the USG fesisamdepdsirired Rreferded thatd@AS forSIR'Winde®% 81de8ER itdieappears to
have been prone to, shrinkage. Even after a reflow at a tenperature above

about 1000C, ERTERUERFalREIR fipgride, 9sthe fiken t o some extent, the USG film
deposited at the tenperg{ Hfh%m‘a{icﬁgoslﬁbwﬂqg%%slmtde}'&%tmrﬁﬁh@ﬁﬁﬁcﬂﬁ&sa not

survive the high tenperature anneal or a subseguen etch processi ng
wi t hout openi fatrIR darpi8di4 suitably conpded worusing $04 T6BgariemtingLfat-FR tight atdr uct ur e

havi bout ~ M i dt d about 0.45, ,um dept bout 2. 5:1 t
ot 0 gap i SaeEniGipE st bt ARRueR oy Ao T O3B e MRt hasfesdpuBBha o
about 550C  Kbid 806 A20MR ddiectongi®ls cdvuprl!te Woming2B®Uin JiRida @NEcdive and

subsequent wet etch processing. The USG film dgﬁosi ted at about 550C is
capabl e of fi 9915t ghenfagiR dighbpassingtthrpugh yandgw Bt Preferablyy fartiRolemyr 83doi ds

after refl ow mH?'bi: ‘3%1\% nflg}ngssggﬁgqﬁiy} gﬁjo 'cafl%}?h figr. seen fromFigs. 26A

and 26B. After etch processe t very unitormetch rates) USG fil ns
deposited at about 550CWhen gienpresent inveondar isdn usd,ape cleer gageeaviantiadelg. openi ng

O e s Ao SRR AR5 BhaCBo BhPTrASBGRe 5% bPgdRRe! b1 P
phot ori ¢r g alMpdSIADsHAS RICIR fighiGriduEh WindoAPB1 ihicgBholeleeaa0Rintion USG
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In addition to having excellent gap fill capability for high aspect ratios,
USG fil ns deposited at about 550C advant ageously are dense films that

exhi bit high resistance to noisture absorption. Misture abso&ﬁéion %%Zthe
deposited USG fil m deposited was neasured using conventi onal RUL
techniques. Fig. 28 illustrates the FTIR spectra of a USG fil m deposited at
about 550C under the follow ng exenplary process conditions, according to a
speci fic enbodi ment. According to the spegjfic enbodi nent) the exenplary
process conditions include TECS fl ow of about 2000 ngm) helium flow of

about 7000 saqadipatmgcthaz@ieofceb@ationldr SiFVbakingxstgsigh cohduit 60 hadaublstab(A0
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sensitivity effects, resulting in uneven deposition, which is undesirable.
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reci pes, but they are not so limted. For exanple, the dielectric film
formed according to other enbodi nents may be an arsenic doped silicon oxide
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0 3 JUL 212 110 WHAT IS CLAIMED IS: 1. A lid assenbly for a vapor

deposi tion apparatus of the type having an encl osure housing a processing
chanber, the lid assenbly conprising: a base plate having a gas inlet for
receiving one or nore gases; a gas distribution plate incIudidb3aﬂﬂlGﬂBlity
of gas distribution holes fluidly coupled to the gas inlet for dispersing
the gases into the chanber; and a bypass passage coupled to the gas inlet
and the processing chanber, the bypass paggage offering | ess resistance to

fluid flow than the gas distribution holes for allow ng at

| east a portion

of the gases dimulyRassy phecessas adiigialiiybert waersholeadditidm thd mvemambesulddbe The
lid assenbly of claim1 further corrgri sing a plurali tﬁ of bypass passages
B h

coupl ed to th¥itahle fphpset inghmuitiple WaisE SBaMbRy his§RUGN} I

seHgmmssindjyidual ges

bei ng spaced &BE&HHE%{e‘ﬁgtohaéakﬁ’o?[rﬁqpﬂe}she gas distribution plate.

II. High Temperature Multiple-Step Processes Using the CVD Reactor System

A. Exemplary Structures and Applications

Fig. 18 illustrates a simplified cross-sectional view of an integrated

circuit 900 according to the present invention. As shown, integrated circuit 900
includes NMOS and PMOS transistors 903 and 906, which are separated and

electrically isolated from each other by a field oxide region 920 formed by local

oxidation of silicon (LOCOS), or other technique. Alternatively, transistors 903

and 906 may be separated and electrically isolated from each other by a shallow

trench isolation (not shown) when transistors 903 and 906 are both NMOS or both

PMOS. Each transistor 903 and 906 comprises a source region 912, a drain region

915 and a gate region 918.

A premetal dielectric (PMD) layer 921 separates transistors 903 and

906 from metal layer 940 with connections between metal layer 940 and the

transistors made by contacts 924. Metal layer 940 is one of four metal layers 940,
942, 944, and 946, included in integrated circuit 900. Each metal layer 940, 942,

944, and 946 is separated from adjacent metal layers by respective inter-metal

dielectric layers 927, 928, and 929. Adjacent metal layers are connected at selected

openings by vias 926. Deposited over metal layer 946 are planarized passivation

layers 930. CVD apparatus 10 may be used to deposit films used, for example, as
PMD layer 921, IMD layers 927, 928 and 929, or passivation layer 930. CVD

apparatus 10 also may be used to deposit oxide filling layers for shallow trench

isolation structures used in place of LOCOS field oxide region 920.

Another example of a use of CVD apparatus 10 described above is

forming ultra-shallow source and drain regions 912 and 915 shown in exemplary

integrated circuit 900 of Fig. 18. Application of the present method for forming

ultra-shallow doped junctions in forming the source/drain regions for a MOS

transistor is discussed, as an example, with Figs. 19A-19E.



3. The lid assenbly of claim 1l further conprising a chanber between the gas
distribution plate and the base plate for distributing gases to the gas
di'stribution holes, the bypass passage being coupled to said chanber. 4.

The lid assenbly of claim1 further conprising a cleaning gas(;d)sgﬁﬁg
havi ng an outlet coupled to the gas inlet and an inlet adapte MI I ng
to one or nore sources of cleaning gases. 5. The lid assenbly of claim4
further conprising a process gas passage lgving an outlet coupled to the
gas inlet and an inlet adapted for coupling to one or nore source of
process gases, and a cofitg dPAeis of amphfiedcossredcyiond] | view 0f agnetiilphicaigldieg t he

rocess gases eqni ases fromentering the bypass passage. 0
g gut ~ %11 6. [erg{?si?%&gsseﬁ%?fgcﬁ’ eé‘F‘QPﬁF\’ ihe\/\kﬁéefrgmt‘%‘é" e!S 3| é)M@Sig
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for receiving heat - exchangi, na fluid, a fluid outlet for schar g1 ng
heat - exchangi hfg’ﬂr Bifloged Aielestniq [ayer HP8susge mayrbeeal BSG film us dresP ofpetdopainase

plate in comyyur&at | i £ het h lyid inlet a he fluid outlet. 7. The
lid assenbly of . WO e g oA E?ﬁﬁl%f?rgggggg}eoxg pg guie oxids, ]LQPélt\aEy of
channel s f or n&ltkaiy betrefdyaee onl mireridloro04 edaiié PeeséntERampll nidiaietboouph to

exchange heat \Mtgl t he hase plate, 8. The |id assenbly (_)f claim1 further
conprising a adl i YBE sWrsHAte AN valhfsmed e o \aubsirath e Figld oxids tregibug i on
plate and t heldpassoPhaveDeet fSmRaH i i GRYAR! y mount ed
to the base plate and defining on %?’gﬂrr%)rﬁesggég‘& 2‘%"2%@@@?“3%’ ﬁgﬁ%éc n
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di spersi on hoj resistapce to fluid flow than the

bypass passageegﬁle(?miﬁg 'a"MHask. gfnet.%té eprrcsent example, the regions are source/drain regions
1010 and 1012, but of course the regions may be defined to form lightly doped
drain (LDD) regions. Using the CVD reactor system described above with process
recipes discussed in detail below, a doped dielectric layer 1008 is formed over
source/drain regions 1010 and 1012 on a wafer resting on resistively-heated heater
25.

Prior to forming doped dielectric layer 1008 over source/drain
regions 1010 and 1012, the surface of source/drain regions 1010 and 1012 may be
cleaned of any gate oxide or native oxide that may exist either by using a plasma
formed by reactive gases such as NF; from remote microwave plasma system 55
described above or by using a thermal NF; vapor. During the cleaning procedure,
gate valve 280 would be opened to allow fluorine radicals from the NF, plasma to
enter chamber 15 to clean the oxides that may exist on the surface of source/drain
regions 1010 and 1012. Cleaning these oxides allows a more consistent drive-in of
dopants from doped dielectric layer 1008 that is formed over source/drain regions
1010 and 1012. The fluorine radicals from the remote plasma may be used to clean
native oxides from the wafer in chamber 15. In the cleaning procedure, heater 25
may be adjusted to a position where the fluorine radicals are optimally able to clean
the oxides without damaging the device on the wafer. Preferably, this native oxide
removal/cleaning step and the deposition of doped dielectric layer 1008 are
performed in the same chamber in an in situ manner. Use of the above described
CVD apparatus 10 avoids moisture absorption by the wafer, since the vacuum of

chamber 15 is not broken and the wafer is not exposed to the environment.



9. Alid assenbly for a vapor deposition apparatus of the type having an
encl osure housing a process chanber, the Iid assenbly conprising: a gas

nm xi ng bl ock having an outlet coupled to the processi ng chanber and first
and second gas inlets; at |east one process gas passage havi ﬂ% in ic)%et
adapted for coupling to one or nore sources of process gas a HL et
coupled to the gas m xing bl ock; at |east cleaning gas passage having an
inlet adapted for coupling to one or noresources of cleaning gas and an
outl et coupled to the gas m xing bl ock; and a val ve di sposed on either the

process gas PARIRAReR uhfRired PR [HeDth9aR NEIREIR Be @@ﬂe?@%ﬁfﬁﬁhﬁéll%' | owi ng
gas to flow through to the gas m xi ng bl ock. 0 3 JUL 202 112 10. The lid

assenbly of dreakingodawn NiFevaparriprsitai nYith thigaitemative. fiupuisk sadicds aree val ve
o7 e ot R BRERL O A S8 RN BB 208 S o
S standard cubic centimeters per minute (sccm), preferably about 500 sccm, and

optionally O, at about 0-1000 sccm into chamber 15. At the same time, chamber

15 is heated to between about 500-650°C, preferably 600°C, and maintained at a

pressure of between about 60-760 torr, preferably 400 torr, while heater 25 is

spaced between about 150-900 mil, preferably about 600 mil, from plate 20. Thus,

the surfaces of source/drain regions 1010 and 1012 can be cleaned of any native

oxide barrier.

After the cleaning step, gate valve 280 in some embodiments would
be closed to shut out any reactive gases used in the doped dielectric layer deposition
process from entering and depositing onto surfaces in conduit 47. Heater 25 also
would be moved into the appropriate processing position and heated to the specified
temperature in the vacuum of chamber 15, according to the desired process recipe.
Doped dielectric layer 1008 is then formed at high temperatures (about 500-600°C)
in the CVD apparatus 10, as described below. Without an native oxide barrier,
dopants from the doped dielectric layer 1008 formed on the wafer may more easily
and uniformly be driven into the substrate to form ultra-shallow source/drain
regions 1010 and 1012.

After deposition of doped dielectric layer 1008, the wafer remains in
chamber 15. The resistively-heated heater 25 and wafer thereon are then heated to
a higher temperature (about 800°C) for a specified time. The heating step drives
dopants from doped dielectric layer into N type material 1004. Doped dielectric
layer 1008 is used as a P type dopant diffusion source for the resulting ultra-shallow
junctions 1020, as shown in Fig. 19B. Of course, gate valve 280 remains closed
during this drive-in step. As an alternative to being heated in situ, the wafer may
be transferred to an annealing furnace or a rapid thermal process reactor (preferably
within the multichamber system) to drive-in dopants from doped dielectric layer
1008, which acts as a dopant diffusion source. Diffusion is performed by annealing
or a rapid thermal process. Preferably, the diffusion is performed using a rapid

thermal process (due to better throughput) at a temperature between about



positioned al ong the cleaning gas passage. 12. The |id assenbly of claim9
furthér conprising a cleaning gas manifold having one or nore inlets for
recei ving cl eaning gases and an outlet coupled to the cl eaning gas passage.
13. The lid assenbly of claim9 wherein the gas m xi ng bl ock, “Pe‘"’ﬁ'l oy Ng
and process gas passages and the valve are connected to the enclosure. 14.
The lid assenbly of claim9 wherein the valve is a gate valve. 15. An
apparatus for fabricating an integrated cigsuit device conprising: an

encl osure housing a processing chanber a gas m xing bl ock attached to the
encl osur e and 958vi109°@roobdtivedn amupll edmiimutésh ang peferabiynapoah dB98C fondbduir st

and second gas, inlets,; source of cleaning gas fluidly coupled to the gas
m xi ng bl ock; MU da ‘gqseﬁ:dlféég’sboﬁﬁ%mﬁ'ui dly coupled to the gas m xi ng

bl ock; and a’val ve coupl gert sl fign Aped AEIAFiO19EK 16¥ isTehBedd biekiy b ui dl y
coupling the source of cleaning gas and the source of process gas wth the
gas m xi ng bl owdt etchingetechrigquesioy othdr gemoval dedhmigugsmws Norypsrmatesial I984es into
the processi “%GB%B%%M 10 may also be used to remove doped dielectric layer 1008 by using
remote microwave plasma system 55 with the appropriate etching chemistry. For
this dielectric removal step, gate valve 280 would be opened to allow the remote
plasma to etch the layer 1008 until removal is completed, whereupon gate valve 280
is closed. The removal step may be performed in situ without transferring the
wafer from heater 25 in chamber 15. Alternatively, the removal step may be
performed in another chamber, dedicated to dielectric removal, within the same
multichamber system as CVD apparatus 10, which also avoids exposure of the
wafer to the environment outside the vacuum of the multichamber system. Fig.
19C illustrates the partially completed PMOS transistor 1000 after removal of doped
dielectric layer 1008. PMOS transistor 1000 includes gate electrode 1002 and
adjacent source/drain regions 1020 which are ultra-shallow P type doped junctions.
Thereafter, remaining process steps for the completion of the device may be
performed on the wafer.

After every wafer (or several wafers) have been processed in
chamber 15 of CVD apparatus 10, a chamber clean may be performed. After
processing of the wafer is completed within chamber 15, the wafer is transferred
through slot 243 which is then vacuum locked. Gate valve 280 may then be opened
to allow the chamber clean process to be performed using remove microwave
plasma system S5 until the chamber is cleaned to specifications, as indicated by the
endpoint detector system.

In an alternative embodiment, steps shown in Figs. 19D-19E are
performed after steps described for Fig. 19A. After doped dielectric layer 1008 is
formed over source/drain regions 1010 and 1012 and gate electrode 1002 as seen in
Fig. 19A, a capping layer 1030 such as USG is formed overlying doped dielectric
layer 1008, preferably in an jn situ process within chamber 15. During the

deposition of layer 1008, gate valve 280 would remain closed. Then the substrate



'O 3 JUL 200Z 113 16. The apparatus of claim 15 further conprising: a base
pl ate having a gas inlet coupled to the gas m xi ng bl ock; a gas
distribution plate including a plurality of gas distribution holes fluidly

coupled to the gas inlet for dispersing the gases into the Cﬂ%ﬁr;ﬁd al
bypass passage coupled to the gas inlet and the processing ¢ L e

bypass passage offering |l ess resistance to fluid flow than the gas
distribution holes for allow ng at |east g portion of the gases to bypass
the gas distribution holes into the chanb § 17. The apparat us of claim15

furt her CO”WP%}‘S IBQ h@atﬁe VacﬁhixSBn BPP{?&% £rBm!dY %}g%{ %lle\f{tufl@[ 5%:‘9 nYcP' y
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annealing furnace or rapid thermal process reactor for dxffuswn of dopants from
doped dielectric layer 1008 as diSCl’lSSCd above for Fig. 19B. Preferably, the
substrate undergoes a rapid thermal process in the same multichamber system to
which chamber 15 (where doped dielectric layer 1008 and capping layer 1030 were
deposited) is a part. As seen in Fig. 19E, dopants from the doped dielectric layer
1008 with overlying cap layer 1030 have diffused into semiconductor material 1004
to form ultra-shallow source and drain junctions 1020. The cap layer 1030 and
doped dielectric layer 1008 are then etched away as discussed above to provide
partially completed PMOS transistor 1000, as shown in Fig. 19C, ready for
remaining processing steps. For about a 0.25 um device geometry, diffusion of
boron atoms form a BSG film thickness between about 100-200 A capped with a
USG film of between about 100-200 A and results in a junction depth ranging from
between about 0.05 um to about 0.1 um, according to preferred embodiments for
PMOS transistors.

Of course, an NMOS transistor 1000 includes gate electrode 1002
and source/drain regions 1010 and 1012 where N type, ultra-shallow junctions may
be formed in the P type semiconductor material 1004 using a doped dielectric film
1008 such as a PSG film or an arsenic-doped silicate glass film as the dopant
source, according to other embodiments of the present invention. P type material
1004 may be a P type substrate or a P well formed in a substrate. For about a 0.25
pm device geometry, a PSG film thickness between about 100-200 A and a USG
film between about 100-200 A results in a depth of phosphorus driven into the
semiconductor material that ranges from between about 0.05 um to about 0.1 um,
according to preferred embodiments. Of course, it is recognized that other doped
silicate glass films may be used to provide the N type or P type ultra-shallow
junctions depending on the application.

Another example of a use of the present invention is forming an

ultra-shallow doped region as a channel-stop in a shallow trench isolation structure



19. The apparatus of claim 18 wherein the base plate is an integral,

si ngl e- pi ece base plate for sealing the opening of the enclosure, the base

pllate defining a |l ower surface for positioning within the seal ed encl osure,

a gas inlet and one or nore nmounting elenments for nounting to,the

encl osure. 20. The apparatus of claim 18 wherein said cl eani n§ &ddL & age

includes a fluorinated material resistant to etching by said cleaning gas,

said cleaning gas including fluorine. .A32;A A .A A As", As?. A .AL.A
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conducting path from forming between devices in semiconductor material 1100.

For P type material 1100, doped dielectric layer 1106 may be a BSG film as the P

type dopant source.

Prior to forming doped dielectric layer 1106 over trench 1102, the
surface of trench 1102 may be cleaned of any gate oxide or native oxide that may
exist by using remote microwave plasma system 55 to provide a fluorine radicals in
a remote plasma formed using reactive gases such as NF,, as discussed below.
During the cleaning step, gate valve 280 is open to allow fluorine radicals to flow
from conduit 47 through outer annular passage 297 and into chamber 15 via
distribution plate 20. Heater 25 with the wafer thereon is lowered into a position
for the cleaning so that the fluorine radicals can clear the wafer of the unwanted
oxides that may exist on the surface of trench 1102 without damaging the substrate.
Cleaning these oxides allows a more consistent drive-in of dopants from doped
dielectric layer 1106 that is formed over trench 1102. The cleaning step and the
deposition of doped dielectric layer 1106 are performed in chamber 15 in an in situ
process. In alternative embodiments, the cleaning step may be done by thermally
breaking down NF, in situ , as discussed above. The fluorine radicals from the NF;
plasma or vapor then clear the oxides that may exist on the surface of trench 1102.
In further alternative embodiments, a separate chamber of the multichamber system

described above may be used for this cleaning step. Since moisture absorption by



b-/ Hg~ytoi d_ZU] ca] ca] ca] cal] ca] ca] ca] ca] ca] caU] ca] ca] ca]ca] ca]ca]c

a] caU]”ca] calca]caU ca]calcalcalcalcalc aUc a]ca]ca]ca!g{8J.0;>

t1 11" zupke [ V]] ca] ca] caU] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] cal] ca] c$a] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]cal] ca]ca]ca! [ "" W+H+S+V+--01444456:

j <====>>@gFi Ft FWFGGzupj e [ V] ] ca] ca] ca] cal] ca] ca] ca] ca] ca] cQ] 3B a] ca) ¢
a] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca! GInLLPPP" P6 RUUXXX
XYYYRY] 6" bbbbKf f 1111 nn~ytnid_Zje [V]]ca] cgd ca] ca] cal] ca] ca] ca] ca] ca] cal] ca]
ca] ca] ca] ca] ca] cal] ca] ca] c”a] ca] cal] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca
nNssBuuuuuX X Gh¥ar Ré hvaiddicoy<her brvhiiky @m %L@xﬂ]&&hﬁabaalszedﬂmhm]vsg]&al ca]
caU] ca] ca]j ca] cal ca‘t% cal ca] cal] ca] ca] ca] cal] dgca] cal ca] ca] c”® M. 48;
>S5yt oj d_ZU] dbg canal] walean] i) wrriare af sranghc blQ2aisjfteg]of dabixg exidea] ca] ca] ca

] ga] caj c”al Cadaﬁfi‘érEa]A‘i?Jr‘iﬁé ERAiRY SR GebERM S SMVERACAN s ided Wikdgip] cal ca
2] cal oa] ca] caheajibal oadd batien] phas il agjasdbientiodhnald0blms] mejcabis] cal

h ~ hc?Y
Z]UJC?L]C 23&02&%@ ]@é]b ]@:ﬂ @i\tsg?ldﬁa%gaf éﬂ‘]’%‘é}ec@] r]@apdm -shatlow) uasrops Uiedt a3 8aU ca

] ca] ca] c"a] cahgrlefato t id trench jsolati eater. 25 with the
111 d9% ++++- 1¢35555& |r5 jon 38 mv’5 e&a@ysgﬁn&: X0 a on V]]]c 5] caw(l:’\a]lcg]aca] cal ca

U] ca] ca] ca] caherar &] ma]'&dal]luaalﬂ]eqn@m]mg\boa]lma]mh]lemq wdjighhtemagerathrea) calU] ca] ¢
: ngyq aoaL AU PRI MNPy depositipnofclanen 406i o zj e [V]11] ca] ca] ca] cay] ca] ¢
aU] ca] ca] ca] ca] ca] ca] ced fect] depblificel 6RUSpRUCHEIEATE At 2] 06] th MadrcRImaalsifa] cal

cajcalca Il Enm

qMyf vhvsvvv &ybpmpbersl & farghe drive-a step.] [Gateryalsg B&QJ}'@&QID&]‘-‘QS@] @njl detenBedy

%] call cal ca) Saheaks s Ul aAle abeRl b hdheRlCdEac R SbeaAE 2 ¢
al] c a] ca] ca]tind aal degdhaads dlecdsriredjirliolepth G\@&dhﬁ]f@ﬁtﬂec‘(ﬂffﬁﬁbﬁa ao \v@-0

s A]atsdafﬂggaq%z‘g@aﬁaﬁ% sheal sl cal oo calgai ol

e 5 ) PP sl ] ]l o

| b), !'! $9% wr ntdopaite fiox] fdgedadicladtriajlnye} cm])datybem]ata-]ata]m@] Oxjped ldieddotad )] ca] ca]
OC/M%/;_? ]n;: a]Ec i}l(@%/@%bg \}S:LL%gg] ca] lg?;pc a&lo %J\tcg %glgl SO rcc ?or the resulting ultra-shallow
W * 2V ABBBBKdubAf@DEp e Bt 1708, A haah ¥4 caud. C el eabmabradiaiindlsesbalegahcal ca

] ca] cal ca] caUI] ca] ca) ca] ca] caj cal ca cal caJ ca] ca] ca] ca] cal] ca! XT,
V=VHVKVGXXg" g’tutmeu regionformedsin/k fype| mptatidd] Mi08. ZU] c] cay] ca] ca]calca]c
2] ca] caul caj cal cal "] ot AN SR B9LF ST VoHbisd bl ool oo ca

{{L]qs| ]C\/zi | D}zan@kﬂga{ebi]&qwdsqft?]dm]rembva]te@}m]sdmxﬂn @?t]yDlgahma:]rtaa]m@q.ca] ca] ca] ca]
cal] ca] ca] ca c ! ,
H} xsni cAYkf a[l%f%ecﬁﬁ L‘)]ag%{]fea]ﬂ &F%B‘]‘Jéalgj ‘}‘E‘agaé%]' A 33@]“&3(] ReRReRed ca] ca

] ca] ca] ca] Ca]ﬁl@%diéﬂl@@ﬂoﬁﬂ}&l?dtéﬂll%]&% A& dyserR?$3 may etch away layer 1106.
dLNW #hPR] a toj d_ZU] ca] ca] cal] ca] ca] ca] ca]'ca] ca] cal] ca] ca] ca ca] ca] ca] ca

U] ca] ca] ca] ca@g@q%a} dedctixg geseh mqucsq Qb]m&}smrnﬁé]dﬁaﬁmmgzzn& #epedoj e’ [ V]
} g:} g:} g:} gg}dég &g} g@ﬁca CL??%;%@# @thsa&lg@éﬁh?%]o&%]eﬁ?d] GaliGwaléRl! cal cau
{v ]ql g ]b] X] 1] ]C?baﬂa}mﬁs}tmhnahﬁai reajoval Gfadc?ﬁ#ii ;d@dé&&md tagtc \lj\llﬁﬂrl:ha] As sea lggﬂlg g] gg] gg]
ca] ca] ca] ca] cg
ca] ca] ca] ca] c2 }eé‘ié\} gi%ﬁ ‘gg‘}gg}‘g&]@ “c@]‘@a @fﬁﬁhéﬁ%%}aﬁg}"léﬂ“@ ] ca] ca] ca
] ca] ca] ca] calishRici e W Atrerélbd ]efn%b F?:gﬁ%lxﬂ ) a8 G fimAepadieal cal ca
] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal ca ? ﬁc ] ca] ca] ca] ca=i ]g?
at high temperature may be used as oxide 1110 to fill high aspect ratio trenches

g

Oxide 1110 also may be formed using other deposition techniques.
After completing shallow trench isolation structure having
ultra-shallow channel-stop region 1108, devices 1112 and 1114 separated by shallow

trench isolation structure may be formed, as seen in Fig. 20E. Devices 1112 and
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1114 each include a gate electrode 1116 and adjacent source/drain regions 1118 and
1120, Thereafter, remaining process steps for the completion of the device may be
performed by transferring the wafer to another chamber, preferably in multichamber
system. After the wafer is transferred from chamber 15, a chamber clean may be
performed using remote microwave plasma system 55 with resistively-heated heater
25 adjusted to a cleaning position and gate valve 280 being open, as already
described above in connection with Figs. 19A-E.

In an alternative embodiment, steps shown in Figs. 20F-20G are
performed after steps shown in Fig. 20A. After doped dielectric layer 1106 is
formed over trench 1102 and mask 1104 as seen in Fig. 20A, a capping layer 1110
such as USG is formed overlying doped dielectric layer 1106 in chamber 15 in an in
situ process. During the deposition of capping layer 1110, gate valve 280 is closed.
Then the substrate is heated in situ in chamber 15 for dopant drive-in for diffusion
of dopants from capped, doped dielectric layer 1106 into semiconductor material
1100 as discussed above for Fig. 20B. Alternatively, the wafer may be removed
from chamber 15 for transfer to an annealing furnace or rapid thermal process
reactor (preferably within the multichamber system) for diffusion of dopants from
capped, doped dielectric layer 1106 into semiconductor material 1100 as discussed
above for Fig. 20B. As seen in Fig. 20G, dopants from the doped dielectric layer
1106 with overlying cap layer 1110 have diffused into semiconductor material 1100
to form ultra-shallow channel-stop region 1108. Cap layer 1110 minimizes the
outgassing of dopants upward from doped dielectric layer 1106, thereby resulting in
more dopants diffusing down into the substrate material 1100. After the diffusion
step is performed, gate valve 280 is opened and both the cap layer 1110 and doped
dielectric layer 1106 may then etched away using remote microwave plasma system
55 with appropriate etchant chemistry to provide partially completed shallow trench
isolation as shown in Fig. 20C, ready for the remaining processing steps of Figs.
20D-20E. When the wafer is transferred out of chamber 15, gate valve 280 is in
the closed position. A chamber clean of chamber 15 can then be performed by
operating the plasma system 55 with gate vaive 280 opened.

For shallow trench isolation between NMOS transistors in a P type
substrate, the doped dielectric film 1106 may be a BSG film. For shallow trench
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isolation between PMOS transistors in an N type substrate (or in N wells of CMOS
circuits), the doped dielectric film 1106 may be a PSG film or an arsenic-doped
silicate glass film. For smaller device geometries such as less than 0.35 um having
a trench 1102 with a depth of about 0.5 um, channel stop region 1108 of about 0.1
um junction depth may be formed using a BSG film 1106 about 200 A thick and a
USG capping about 200 A thick, according to preferred embodiments of the present
invention.

It should be understood that simplified integrated circuit 900 is for
illustrative purposes only. One of ordinary skill in the art could implement the
present method for fabrication of other integrated circuits such as microprocessors,
application specific integrated circuits (ASICS), memory devices, and the like.
Further, the present invention may be applied to PMOS, NMOS, CMOS, bipolar,
or BiCMOS devices. Although ultra-shallow source/drain junctions and ultra-
shallow trench isolation applications are discussed above, the present invention also
may be used in other applications where an ultra-shallow doped region is desired.
The present invention also may be used for forming undoped oxides as well as
doped oxides for use as various layers in integrated circuit devices, including PMD,
IMD, passivation, and damascene layers.

Exemplary wafer cleaning, deposition, and chamber cleaning
processes for in situ or individual operation within chamber 15 are further described

below, in accordance to various embodiments of the present invention.

B. Cleaning Native Oxides Prior to Deposition
In accordance with a specific embodiment of the present invention,

native oxides that may exist on the silicon substrate or region where an ultra-
shallow doped junction is desired may be cleaned prior to deposition of the doped
dielectric layer that may be used, for example, as a dopant diffusion source or as a
PMD layer. In these embodiments, the native oxides can be cleaned by using
fluorine radicals from a plasma formed with reactive clean gases like NF; by remote
microwave plasma system 55. Use of in situ processes in one chamber or
alternately in chambers of the same multichamber system permit enhanced quality in

the ultra-shallow junctions formed in accordance with these specific embodiments,
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as well as providing for dielectric layers having low moisture content and low
shrinkage.

In a specific embodiment, chamber 15 is maintained at the deposition
temperature, a temperature ranging between about 300-650°C, and preferably at
about 550-600°C, for the entire cleaning process. Chamber 15 is maintained at a
pressure ranging between about 1-2 torr, preferably at about 1.5 torr, while
maintaining the temperature. Heater 25 is moved to a position about 600 mil from
gas distribution plate 20, while gate valve 280 is opened and the clean gas NF; is
introduced into applicator tube 292 at a rate of about 600 sccm. The clean gas is
introduced into applicator tube 292 and the pressure is permitted to stabilize for
about 3 seconds before microwave energy is applied to the NF; in applicator tube
292. Microwave power of between about 500-2500 Watts, preferably between
about 1000-1500 Watts, from magnetron 711 operating in CW mode is then applied
for about 5-10 seconds. The microwaves are transmitted from magnetron 711
through the waveguide and optimizing system to enter applicator tube 292 through
the window, as discussed above. UV lamp 731 ignites the reactive gases in
applicator tube 292 to form a plasma, with ionization sustained by the microwave
energy entering applicator tube 292 at the window. The radicals from the upstream
plasma formed in applicator tube 292 are output to flow into inlet 290. The radicals
flow through the lined passage in enclosure assembly 200 to conduit 47 of clean
manifold 270 through the opened gate valve 280 and into outer annular passage 297
to enter chamber 15 and clean native oxides off the wafer. Used clean gas reactants
and oxide residues are then exhausted out of chamber 15 via the opened throttle
valve. The present description is for chamber 15 which has a total volume of about
6 liters. It is recognized that flow values may differ depending on the size and type
of chamber used in other embodiments.

In a specific embodiment, with chamber 15 maintained at pressures
lower than about 1-2 torr, rapid removal of fluorine species occurred, resulting in
poor cleaning results. At chamber pressures higher than about 1-2 torr,
recombination may occur due to collision losses, as well as causing overheating and
damage to applicator tube 292. Chamber 15 should be maintained at pressure levels

where fluorine species are not rapidly removed, recombination does not occur, and
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applicator tube 292 does not break. In some embodiments, the chamber pressure
may be limited by the physical dimensions and material of applicator tube 292,
when microwave power is being applied. In a specific embodiment, the pressure in
applicator tube 292, when microwave power is applied, may be about 3 times as
much as the optimal chamber pressure. When different applicator tubes are used
with different flow rates, the optimal chamber pressure will vary. Of course, any
pressure may be used when applicator tube 292 is used without microwaves being
applied.

Since the plasma is formed upstream of the wafer, only the reactive
fluorine radicals in the plasma are able to reach the wafer to clean the native oxides
from the wafer. As mentioned above, the cleaning step preferably is done for about
5-10 seconds for a typical native oxide of thickness of about 90 A. The above
cleaning step etches native oxides at a rate of about 2 um/minute. Of course, the
total time of the cleaning step depends on the thickness of the particular oxide to be
cleared off the wafer. With remote microwave plasma system 55 of present
invention, native oxides or other oxides may be etched and plasma damage to the
wafer is avoided.

Although the above wafer cleaning process conditions are
exemplary for the present embodiment, other conditions may also be used. The
above description discusses NF,, merely as an example, in a Giga Fill™ Centura
system available from Applied Materials fitted for 200-mm wafers, as do the
various deposition descriptions below. However, other fluorine-containing or
chlorine-containing gases, such as NF, and N,, NF, and argon, NF; and O,, a dilute
F,, CF,, C,F,, C,F,, SF, or Cl,, etc., may be used as well.

C. Exemplary Silicate Glass Depositions

According to the process of the present invention, dielectric layers
used as the dopant source, PMD layer, IMD layer, oxide filling layer, capping
layer, or other layers may be formed using any of several different processes. The
process recipes of a BSG film, a PSG films, a BPSG film, and a USG film are set
forth below as examples of doped and undoped dielectric layers used in the present

invention. Of course, during the below described deposition of various dielectric
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films, gate valve 280 remains closed (unless remote plasma system 55 is being used
for deposition, in accordance with an alternative embodiment). The exemplary
processes may be performed in CVD apparatus 10, which is a closed, single-wafer,
SACVD system in preferred embodiments.

CVD apparatus 10 also may be adapted with different and/or
additional input gas supply sources to deposit BPSG, arsenic doped silicate glass
(AsSG), or other dielectric layers as well. Of course, those of ordinary skill in the
art will understand that other process recipes and other reaction systems like plasma
enhanced CVD (PECVD) may also be used to deposit the dielectric films.
Examples of boron sources include TEB, trimethylborate (TMB), diborane (B,Hy),
and other similar compounds. Examples of phosphorus sources include
triethylphosphate (TEPO), triethylphosphite (TEP,), trimethylphosphate (TMOP),
trimethylphosphite (TMP,), and other similar compounds. In addition to BSG or
PSG films, arsenic doped oxides or arsenic silicate glass (AsSG) also may be
deposited using, for example, a liquid source with an arsenic compound or an
arsenic gas diluted in argon, as examples. Examples of silicon sources include
silane (SiH,), TEOS, or a similar silicon source, and oxygen sources include O,,
O,, microwave-generated atomic oxygen (O), or the like. In the descriptions below,
flow rates for liquid sources are provided in milligrams per minute (mgm) while gas
flow rates are provided in standard cubic centimeters per minute (sccm). In these
descriptions, liquid sources are vaporized using a Precision Liquid Injection System,
and liquid flow rates in mgm may be converted to gas flow rates in sccm by
multiplying liquid flow rates by a factor of about 1.923 so that flow ratios may be
calculated accordingly. Preferably, stable doped dielectric films may be formed
using the TEOS/O, chemistry in a SACVD process to form damage-free, uniformly
doped ultra-shallow junctions in some embodiments. In other embodiments, a low
moisture doped dielectric film may be formed using TEOS/O, chemistry with a
SACVD process conducted in CVD apparatus 10 to provide a planarized insulating
layer with high aspect ratio gap-fill, low shrinkage, low metal contamination, and

low fluorine incorporation.



10Ts*T 1090& ()-M 10%4& ()-}rg\= 10"s@O0% ()- 10z 10z 10z* @ 10%& ()- !
109& ()- 10%& ()-!- .10% ' ()- caBg\= 100 @109%& ()- ! &@ 109a4T4& ()- &@
109& ()- " &@ 109& ()- mlO% ()- Y10%&' ()- bPQRS c~ @

1010908 () - 109%0& ()-f#@0%& ()- 10 10 10Ls*10% ()-! @ 109, ) - i dE~_@

74

1. Exemplary BSG Film Deposition
As merely an example, the BSG film deposition recipe described

below is capable of forming a BSG film that may be useful as a doped dielectric
layer used as a dopant diffusion source. Of course, the recipe may be varied
depending on the particular use for and desired qualities of the BSG layer. A PSG
layer formed as a doped dielectric layer used as a dopant diffusion source could
similarly be formed using the recipe below and appropriately substituting the dopant
source gas employed.

The exemplary BSG bulk film is deposited by heating the wafer and
heater 25 to a temperature of between about 200-650°C, preferably to a temperature
within the range of about 400-650°C and most preferably to about 500°C, and
maintaining this temperature range throughout the deposition. With gate valve 280
closed, chamber 15 is maintained at a pressure within a range of about 10-760 torr.
Preferably, the pressure is maintained within the range of about 400-600 torr, and
most preferably it is maintained at about 600 torr. Heater 25 is positioned about
150-300 mil from gas distribution plate 20 and is preferably positioned about 250
mil from plate 20.

A process gas including TEB as the source of boron, TEOS as the
source of silicon, and O, as a gaseous source of oxygen is formed. Being liquids,
the TEB and TEOS sources are vaporized and then combined with an inert carrier
gas such as helium. The liquids are vaporized either by liquid injection system in
gas mixing system 93, which provides greater control of the volume of reactant
liquid introduced. The flow rate of TEB is between about 50-550 mgm depending
on the desired dopant concentrations, while the TEOS flow rate is between about
300-1000 mgm and preferably about 500 mgm. The vaporized TEOS and TEB
gases then are mixed with a helium carrier gas flowing at a rate of between 3000-
6000 sccm, preferably at a rate of about 4000 sccm. Oxygen in the form of O, is
introduced at a flow rate of between about 3000-6000 sccm and is preferably
introduced at a flow rate of about 5000 sccm. The ozone mixture contains between
about 5-16 weight percentage (wt %) oxygen. The gas mixture is introduced into

chamber 15 from the distribution plate 20 to supply reactive gases to the substrate
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surface where heat-induced chemical reactions take place to produce the desired
film.

The above conditions can result in a BSG film deposited at a rate of
between 500-1000 A/minute. By controlling the deposition time, BSG films having
a thickness between about 50-500 A and preferably between about 100-300 A may
be formed at the process conditions described above in about 10-60 seconds. The
thickness of the BSG film deposited may thus be easily controlled. Preferably, the
wt % of boron in the resulting BSG film ranges between about 2-8 wt % and
preferably is about 6 wt %.

2. Exemplary PSG Film Deposition
As merely an example, the PSG film deposition recipe described

below is capable of forming a PSG film that may be useful as a PMD layer. Of
course, the recipe may be varied depending on the particular use for and desired
qualities of the PSG layer. Other doped dielectric layers besides PSG films may be
used as PMD layers by using similar recipes to the recipe below and appropriately
substituting the dopant(s) source gas(es) employed.

The exemplary PSG bulk film is deposited by heating the wafer and
heater 25 to a temperature of between about 200-650°C, preferably to a temperature
within the range of about 400-650°C and most preferably to about 600°C, and
maintaining this temperature range throughout the deposition. With gate valve 280
closed, chamber 15 is maintained at a pressure within a range of about 10-760 torr.
Preferably, the pressure is maintained within the range of about 400-600 torr, and
most preferably it is maintained at about 450 torr. Heater 15 is positioned about
250-350 mil from gas distribution plate 20 and is preferably positioned about 330
mil from plate 20.

A process gas including TEPO as the source of phosphorus, TEOS as
the source of silicon, and O, as a gaseous source of oxygen is formed. Being
liquids, the TEPO and TEOS sources are vaporized by the liquid injection system
and then combined with an inert carrier gas such as helium. The flow rate of
TEPO is between about 10-100 mgm, preferably between about 5-30 mgm, most

preferably about 24 mgm, depending on the desired dopant concentration, while the
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TEOS flow rate is between about 500-1500 mgm, preferably about 1000 mgm. The
vaporized TEOS and TEPO gases then are mixed with a helium carrier gas flowing
at a rate of between 2000-6000 sccm, preferably at a rate of about 4000 sccm.
Oxygen in the form of O, (having between about 5-16 wt % oxygen) is introduced
at a flow rate of between about 2500-6000 sccm and is preferably introduced at a
flow rate of about 4000 sccm. The gas mixture is introduced into chamber 15 from
gas distribution plate 20 to supply reactive gases to the substrate surface where heat-
induced chemical reactions take place to produce the desired film.

The above conditions result in a PSG film deposited at a rate of about
1780 A/minute. By controlling the deposition time, the thickness of the PSG film
deposited may thus be easily controlled. Preferably, the wt % of phosphorus in the
resulting PSG film ranges between about 2-8 wt % and preferably is about 4 wt %.

3. Exemplary BPSG Film Deposition
As merely an example, the BPSG film deposition recipe described

below is capable of forming a BPSG film that may be useful as a PMD layer. Of
course, the recipe may be varied depending on the particular use for and desired
qualities of the BPSG layer.

The exemplary BPSG bulk film is deposited by heating the wafer and
heater 25 to a temperature of between about 100-800°C, preferably to a temperature
within the range of about 400-650°C and most preferably to about 480°C, and
maintaining this temperature range throughout the deposition. With gate valve 280
closed, chamber 15 is maintained at a pressure within a range of about 10-760 torr.
Preferably, the pressure is maintained within the range of about 150-600 torr, and
most preferably it is maintained at about 200 torr. Heater 15 is positioned about
150-400 mil from gas distribution plate 20 and is preferably positioned about 300
mil from plate 20.

A process gas including TEB as the source of boron, TEPO as the
source of phosphorus, TEOS as the source of silicon, and O, as a gaseous source of
oxygen is formed. Being liquids, the TEB, TEPO and TEOS sources are vaporized
by the liquid injection system and then combined with an inert carrier gas such as

helium. Of course, it is recognized that other sources of boron, phosphorus,
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silicon, and oxygen also may be used. The flow rate of TEB is preferably between
about 150-200 mgm. The flow rate of TEPO is between about 10-100 mgm,
preferably between about 35-75 mgm, most preferably about 24 mgm, depending on
the desired dopant concentration, while the TEOS flow rate is between about 300-
700 mgm. The vaporized TEOS, TEB, and TEPO gases then are mixed with a
helium carrier gas flowing at a rate of between 2000-8000 sccm, preferably at a rate
of about 6000 sccm. Oxygen in the form of O, is introduced at a flow rate of
between about 2000-5000 sccm and is preferably introduced at a flow rate of about
4000 sccm. The ozone mixture contains between about 5-16 wt % oxygen. The
gas mixture is introduced into chamber 15 from gas distribution plate 20 to supply
reactive gases to the substrate surface where heat-induced chemical reactions take
place to produce the desired film.

The above conditions result in a BPSG film deposited at a rate of
between 3500-5500 A/minute. By controlling the deposition time, the thickness of
the BPSG film deposited may thus be easily controlled. The resulting BPSG film
has a boron concentration level of between 2-6 wt % and a phosphorus
concentration level of between 2-9 wt %.

The parameters in the above BSG, PSG, BPSG processes and in the
below USG processes should not be considered limiting to the claims. For
example, the present invention is also applicable to silicon oxide films doped with
other dopants including, for example, arsenic. As another example, the flow values
discussed above apply for a chamber outfitted for 200-mm wafers, but may differ
depending on the type or size of the chamber used. One of ordinary skill in the art
can also use other chemicals, chamber parameters, and conditions to produce
similar films.

It is believed that film stability may be a factor in the availability of
dopant atoms in the doped dielectric films for diffusion into the semiconductor
material. Several methods to improve film stability and improve the ability to
control dopant diffusion from these doped dielectric films into the semiconductor
material were investigated. Each method described may be performed on a doped
dielectric layer, after the layer is deposited using a recipe such as one of the

exemplary deposition recipes described above. Furthermore, although methods
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described below are with respect to treatment of a BSG (or PSG) film, the methods

are equally applicable to any doped silicon oxide film.

4. Exemplary USG Film Depositions

a. Oxide Filling Material Or Insulating Lavyer
According to one embodiment of the present invention, an undoped

silicate glass (USG) layer can be deposited in CVD apparatus 10 for use, for
example, as an oxide filling material for filling a shallow trench used for shallow
trench isolation. Of course, the USG film also may be used as an IMD layer, an
insulating layer, or other layer. The exemplary USG recipe discussed below
provides a very dense and uniform film which can survive annealing at temperatures
of greater than 800°C with minimal shrinkage. The USG film, which provides
excellent gap fill capability for high aspect ratio step coverage, can also endure
several etch processes at very uniform etch rate without opening up any voids in the
USG. The USG film, also can endure chemical mechanical polishing (CMP)
planarization without opening up any voids or creases in the USG.

The wafer and heater 25 are heated to a temperature within the range
of about 200-650°C, but preferably between about 550-650°C, and then maintained
at this temperature throughout the deposition. Heater 25 is positioned about
250-400 mil away from gas distribution plate 20 and preferably at about 350 mil.
With gate valve 280 closed, the pressure in chamber 15 is maintained at a level of
between about 10-760 torr, preferably about 600 torr.

A process gas comprising oxygen and silicon sources is introduced
into the deposition chamber. In a preferred embodiment, the silicon source is
TEOS and the oxygen source is O, but those skilled in the art will recognize that
additional silicon sources such as SiH,, TMCT or similar sources, and other oxygen
sources such as O,, H,O, N,O, microwave-generated atomic oxygen, and similar
sources and mixtures of the same also can be employed. When TEOS is used as a
silicon source, a carrier gas such as helium or nitrogen is employed. The ratio of
O, to TEOS may range from about 2-17:1, but is preferably between about 2-6:1.

The optimal total flow of the gaseous reactants will vary according

to the geometry and design of the deposition chamber. The gas flow also can be
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varied to control the deposition rate. Typically, TEOS is introduced at a flow rate
of between about 500-2500 mgm and is preferably introduced at a flow rate of about
2000 mgm. O, (between about 5-16 wt % oxygen) is introduced at a flow rate of
between about 2000-10000 sccm, preferably about 5000 sccm. Helium or nitrogen
may be used as a carrier gas that is introduced at a flow rate of between 2000-
10000 sccm and preferably about 7000 sccm. Usually, the total flow of gases into
the deposition chamber will vary between about 5000-20000 sccm, preferably about
15000 sccm. Under the above conditions, deposition rates of about 1450 A/minute
or greater are attainable. The flow values above are for a 200-mm wafer chamber

and will vary depending on size of chamber used and size of wafer.

b. Capping Lavyer
According to another embodiment of the present invention, the

deposited BSG (or PSG) layer may be capped with a thin, separate USG layer. The
USG capping layer is a stable film that does not readily absorb moisture. Thus, the
USG capping layer provides a hydrophobic surface on top of the BSG (or PSG)
layer that prevents moisture present in the ambient from being absorbed into the
BSG (or PSG) film. Furthermore, the USG capping layer is a relatively dense film
that impedes boron (or phosphorus) evolution. The USG capping layer thereby
facilitates controlled diffusion of more dopant atoms in the doped dielectric layer
downward into the semiconductor material. Without the USG capping layer, some
of the dopant atoms may diffuse upward away from the semiconductor material
during the subsequent anneal or rapid thermal process. Thus, the use of a capping
layer contributes to controlling the diffusion and the junction depth. The USG layer
can be deposited in a separate processing chamber from the BSG (or PSG) layer,
but preferably is done as an in situ process in chamber 15 where deposition of the
BSG (or PSG) layer also occurred. Of course, many processes for forming a
capping layer are possible.

The following process for forming a USG layer is described as an
example. An undoped silicate glass layer may also be used not only as a capping
layer, as described below, but as an insulating dielectric layer without use of an

underlying doped dielectric layer.



10z 10z 10zy2- 10%& ()-G 1 109X& ()-tl 10%& ()-t! @10% ()-- bbCs
9@LYR ()- YL0%& ()-"@0% ()- 10g 10g 10g- 10%g& ()- 2l 10%g& () - bV-}ASH=5
10 10 10sS2109%& ()-F!'s$@10% - & ()- s$S@109%& ()- ! @ 10%te#e& () - @D

109 ()- @a?1=5 10@@ 109%@& ()- # ,

10%@& () - #! 109%& () - 10%@& () - 10%@& () - @@0%a& ()- HggE=5 108y XM
109 ()-s@10% u& ()-10% u& ()-&L0% u& ()-"@0% u& ()- 10@@

80

The wafer and heater 25 are heated to a temperature within the range
of about 200-600°C, but preferably about 500°C, and then maintained at this
temperature throughout the deposition. Heater 25 is positioned about 250-350 mil
away from gas distribution plate 20 and preferably at about 300 mil. With gate
valve 280 closed, the pressure in chamber 15 is maintained at a level of between
about 50-760 torr, and is preferably at a pressure of between about 200-600 torr,
most preferably about 400 torr.

A process gas comprising oxygen and silicon sources is introduced
into the deposition chamber. In a preferred embodiment, the silicon source is
TEOS and the oxygen source is O, but those skilled in the art will recognize that
additional silicon sources such as silane, TMCT or similar sources, and other
oxygen sources such as O,, H,O, N,O and similar sources and mixtures of the same
also can be employed. When TEOS is used as a silicon source, a carrier gas such
as helium or nitrogen is employed. The ratio of O, to TEOS may range from about
2-17:1, but is preferably between about 2-6:1.

The optimal total flow of the gaseous reactants will vary according
to the geometry and design of the deposition chamber. The gas flow also can be
varied to control the deposition rate. Typically, TEOS is introduced at a flow rate
of between about 500-1500 mgm and is preferably introduced at a flow rate of
between about 1000-1250 mgm. O, (between about 5-16 wt % oxygen) is
introduced at a flow rate of between about 2000-10000 sccm, preferably about 7000
sccm. Helium or nitrogen may be used as a carrier gas that is introduced at a flow
rate of between 2000-6000 sccm and preferably about 4000 sccm. Usually, the total
flow of gases into the deposition chamber will vary between about 5000-20000
sccm, preferably about 15000 sccm. Under the above conditi~ns, deposition rates
of between about 500 and 1500 A/minute are attainable. At such deposition rates, a
USG layer of about 100-200 A can be deposited in approximately 20 seconds. The
flow values above are for a 200-mm wafer chamber and will vary depending on size
of chamber used and size of wafer.

The following processes for forming a USG capping layer are
described as examples. Preferred applications will have USG cap layers of between
about 50-500 A, and preferably between about 100 and 300 A. A person of
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ordinary skill in the art, however, will realize that capping layers of different
thickness can be employed depending on the specific application and device
geometry size. Depending on the application and gap sizes in which the deposited
film is used, it may be preferable, although not essential, that the capping and
doped dielectric layers be relatively thin. For thin layers, the time to deposit and
the time to etch away are reduced compared to thicker layers. The USG capping
layer is deposited, and both the USG layer and the doped dielectric layer are etched
back. It is also recognized that different capping layers such as other similar stable
oxide films may be utilized to cap the doped dielectric layer. Further, the USG cap
layer may be formed over doped dielectric films deposited by APCVD, PECVD, or
LPCVD, in place of SACVD. As discussed above, use of chamber 15 for in situ
performance of multiple process steps is most preferred, with use of a multichamber
system in which vacuum is not broken during transfer of substrates between various
chambers in the multichamber system is also preferred.

According to another embodiment of the present invention, an in situ
USG or similar cap layer is formed on a doped dielectric film by turning off the
boron source or the phosphorus source just before completion of deposition of the
doped layer. In this embodiment, the initial doped dielectric layer such as BSG (or
PSG) is formed as described above. Flow of the dopant source into chamber 15
then is stopped while the thermal reaction continues for an additional period of
between 1-30 seconds. Preferably, the thermal reaction continues for about 3-10
seconds. In this embodiment, the dopant source is stopped by closing a valve on
the source’s supply line so that the thermal reaction is maintained without a dopant
for at least 5 seconds.

Of course, stopping the dopant gas source must be coordinated with
the time it takes the gas to travel from the point of the valve to the gas mixing
system 93 and then through the faceplate of plate 20. In most CVD machines
several seconds is required for gas to flow from the injection valve to the deposition
chamber, so the valve should be closed sufficiently in advance to allow for these
delays. Thus, if TEB is the boron source, closing the valve on the TEB supply line

several seconds before completion of deposition of the BSG layer results in a thin



JO- *}A=~ @ 10 - 10%&' ()- & 10%&' ()- & P- 10%

& ()-& ,10% ()-,L$410%& ()-G f, L$410%e& ()-G+, -.;>]bCs 10 @

1092& ()-1910%& ()- @@0%& ()- 10 10 10<f 109& ()- :109%& ()-]w rS45
11 910%&' () - #@ 0% ()- 10zz 10zz 10zz!&S 10%z& ()-&S 10%& @3 Y@ 20
109 ()-t@!!!1}~SH=5 1 10 10

82

USG cap which prevents occurrence of the previously described moisture absorption
and outgassing phenomenon.

The in situ deposition of the USG cap formed on the doped dielectric
layer results in improved stability and immunity to moisture absorption, and
contributes to improved control of the diffusion that forms ultra-shallow doped
regions.

Instead of or in addition to the use of a USG capping layer, a plasma
treatment of the doped dielectric layer also may be used to reduce moisture
absorption and improve stability in the doped dielectric layer. In those
embodiments equipped with a RF plasma system, this plasma densification treatment
may be used where plasma damage to the device is not a significant concern. In
some embodiments, the deposition at temperatures greater than about 500°C may be
sufficient to provide a dense dielectric film. The improved stability of the plasma-
treated doped dielectric layer contributes to improved control of the diffusion that
forms the ultra-shallow doped regions. Chamber 15 is maintained at between about
1-5 torr during the plasma densification treatment. With gate valve 280 closed, a
plasma formed using a reactive gas such as, for example, nitrogen (N,), ammonia
(NH,), or argon, is introduced into chamber 15. As merely one example of the
plasma treatment that may be used, a reactive gas such as N, is introduced in gas
mixing system 93 at a rate of about 1000 sccm mixed with helium at 1000 sccm.
RF plasma system is operated, for example, at a power level of about 450 Watts at
a RF frequency of about 350 Megahertz (MHz) to create a plasma in chamber 15.
The plasma serves to passivate the surface of the doped dielectric layer, which may
have some nitridation on its surface. The plasma treatment thus densifies the doped
dielectric film. More dopants in the dcnsified doped dielectric film, which is
resistant to moisture absorption, are available for forming the ultra-shallow

junctions.

D. Heating Processes For In Situ Deposition And/Or For Reflow
CVD apparatus 10 has high temperature capabilities allowing an in

situ heating step following a deposition process on the same wafer for a two-step

deposition/reflow process, or an in situ heating step concurrent to a deposition
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process on the same wafer for a one-step deposition/reflow process. For use as a

PMD layer formed over high aspect ratio transistors or isolation trenches an
undoped or doped dielectric film, such as PSG, often requires planarization which is
important in forming integrated circuit devices. Planarization of a doped dielectric
layer may be performed by reflowing the layer at high temperatures. Performing
reflow also contributes to improving gap-fill of the deposited film, especially for
high aspect ratio features on the wafer. Of course, heating steps for other purposes
and applications also may be performed in CVD apparatus 10. The following
heating procedure discussed below serves merely as an exemplary heating step
which may be used for reflow, but other heating steps for dopant drive-in in some
applications or for other purposes also can be done.

According to a specific embodiment, two-step deposition/reflow
process is described below. With gate valve 280 closed, chamber 15 may be
maintained at a pressure of about 200-760 torr. With the wafer and heater 25 in the
processing position between about 200-400 mil, preferably between about 330-350
mil, from distribution plate 20, the wafer and heater 25 are heated to a high
temperature of between about 500-800°C, preferably between about 550-650°C, in
chamber 15, for deposition processing. Stopping reactive gas flows, the wafer may
then be heated at between about 750-950°C, preferably between about 750-850°C
for about 5-30 minutes, preferably about 15-20 minutes, in order to reflow the
dielectric layer, according to a specific embodiment. The reflow temperature may
be the same as or higher than the deposition temperature in the two-step process.
Further, for a multiple-step deposition/reflow process, the temperature may be
ramped from the deposition temperature to an intermediate temperature (or
intermediate temperatures) before being ramped to the reflow temperature. Of
course, the time and temperature for the heating steps may differ depending on the
particular application being performed and on the particular layer being formed.

According to another specific embodiment, a one-step
deposition/reflow process is described. With gate valve 280 closed, chamber 15
may be maintained at a pressure of about 200-760 torr. With the wafer and heater
25 in the processing position between about 200-400 mil, preferably between about

330-350 mil, from distribution plate 20, the wafer and heater 25 are heated to a
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O°C m chamber’ 15, for simultaneous deposition and reflow processing to
occur. Of course, the time and temperature for the deposition/reflow step may
differ depending on the particular layer being formed.
As discussed above, keeping the wafer within the same chamber 15
for multiple in situ processes prevents exposure of the wafer to the environment,
where moisture may be absorbed, and contamination by impurities. Further,
deposition of dielectric films at temperatures greater than about 550°C can provide
dense and high quality films which do not form voids when heated. Deposition of

the deposited films at these temperatures also reduces shrinkage.

E. Chamber Cleaning/Seasoning/Gettering Processes

After the processing step or multiple processing steps, such as the
exemplary steps discussed above, have been performed on the wafer in chamber 15,
the wafer is transferred out of chamber 15 for subsequent process steps as needed.
When the vacuum lock door is closed, sealing chamber 15 without a wafer on
heater 25, chamber 15 may undergo a chamber cleaning process to eliminate
deposition process residues such as undesired oxides and/or nitrides from portions
of chamber 15, including the unlined chamber walls in the lower portion of chamber
15, the bottom of heater 25, as well as other chamber components. To ensure
reliable wafer-to-wafer repeatability, the chamber clean removes any residues built
up during the deposition processes. These residues can be cleaned from chamber
components by using fluorine radicals, for example, from a plasma formed with
reactive clean gases by remote microwave plasma system 55. Due to its high
reactivity with F atoms, residue silicon oxide can be removed by the formation of a
SiF, gas product which may be pumped away out of chamber 15. The chamber
cleaning procedure discussed below may be performed after processing of every
wafer or every several wafers.

In a preferred embodiment of the present invention, NF; is used as
the clean gas to provide the fluorine radicals. The present invention preferably uses
remote microwave plasma system 55 to decompose NF; gas and generate a flow of

F atoms into chamber 15. Using a fluorine chemistry with remote microwave
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plasma system 55 of the present invention advantageously has low kinetic energy

and does not have physical sputtering effects or formation of charging species in the
subsequently deposited film, compared to in situ plasma processes. Furthermore,
consistent with environmental requirements to reduce global warming effects, the
use of NF, does not generate any long-lived perflouro-carbon (PFC) products.

To ensure the best clean efficiency, the F flux as well as its cleaning
uniformity should be optimized. At a certain NF, gas flow, there is a threshold
microwave power setting, above which the generation of F atoms are compensated
by their recombination. Fig. 21 shows the relationship between NF, flow and
microwave saturation power that gives the highest clean rate without any excessive
hardware costs, in accordance with a specific embodiment of the present invention.
As shown in Fig. 21, the microwave saturation power ranges from between about
1300-2100 Watts for corresponding NF, flows of between about 500-950 sccm,
according to the specific embodiment. For a preferred embodiment discussed
below, the microwave saturation power is about 2100 Watts for a NF, flow of about
950 sccm. The clean uniformity can be controlled by chamber pressure as well as
heater spacing, both of which can adjust the mean free path of the gas species and
pumping profile. As discussed earlier, since the highest pressure that can be
tolerated by the above-discussed embodiment of applicator tube 292 is about 2 torr,
spacing was used to optimize clean uniformity. In other embodiments using
different embodiments of applicator tube 292, both pressure and spacing may be
used in the clean uniformity optimization.

In an exemplary chamber cleaning process, chamber 15 is maintained
at a temperature ranging between about 300-650°C, more preferably at about 550-
600°C throughout the cleaning procedure, in preferred embodiments. Most
preferably, chamber 15 is maintained at the same temperature at which the
particular process is being run in chamber 15. For example, chamber clean
processes would be nin at 600°C in those chambers used, as an example discussed
above, for depositing PSG films at 600°C. With the throttle valve opened and gate
valve 280 closed, heater 25 is positioned about 100-250 mil, preferably about 150

mil, from gas distribution plate 20 so that gas distribution plate 20 is heated up.
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Heating up gas distribution plate 20 allows a faster clean to occur. This heating

step may be done for between about 3-10 seconds, preferably about 5 seconds.

Then, pressure and clean gas flow are optimally stabilized before the

clean is performed. During the pre-clean stabilization step, chamber 15 optimally

should be maintained at pressure levels, which are also used during the clean step,

where fluorine species are not rapidly removed and recombination does not occur.

In the pre-clean stabilization step, chamber 15 is brought to a pressure between

about 1-2 torr, preferably about 1.5 torr, with gate valve 280 is open. With

chamber 15 maintained at pressures lower than about 1-2 torr, rapid removal of

fluorine species occurred, resulting in poor chamber cleaning results. At chamber

pressures higher than about 1-2 torr, recombination may occur due to collision

losses, as well as causing overheating and damage to applicator tube 292. Heater

25 is moved away from gas distribution plate 20 to a distance of between about 450-

700 mil, preferably about 600 mil. The clean gas, NF;, is also introduced at a rate

of between about 600-1100 sccm, preferably about 950 sccm, into applicator tube

292. This pre-clean stabilization step lasts between about 2-6 seconds, preferably

about 3 seconds before microwave power is applied during the chamber clean step.

In the chamber clean step, the pre-clean stabilization conditions in

chamber 15 are maintained at a pressure ranging between about 1-2 torr, preferably

at about 2 torr. When the cleaning procedure is performed, microwave power of

between about 500-2500 Watts is applied to applicator tube 292. Preferably,

magnetron 711 provides about 2.45 GHz microwaves and is operated in CW mode

at about 2100 Watts for the preferred clean gas flow of about 950 sccm. The

microwaves are transmitted from magnetron 711 through the waveguide and

optimizing system to enter applicator tube 292 through the window, as discussed

above. UV lamp 731 ignites the reactive gases in applicator tube 292 to form a

plasma, with ionization sustained by the microwave energy entering applicator tube

292 at the window.

During the chamber clean step, fluorine radicals from the plasma

formed in applicator tube 292 to which microwaves are applied may then flow

through opened gate valve 280 and into chamber 15 to clean surfaces of undesired

oxide residues. Since the plasma is formed upstream of chamber 15, only the
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reactive fluorine radicals in the plasma are able to reach and remove the residue

built-up portions of chamber 15. Therefore, various portions of chamber 15 are

cleaned of deposition process residues while minimizing direct plasma damage to

the chamber 15. The chamber clean lasts between about 30 seconds to about 10

minutes, preferably between about 60-200 seconds, and most preferably for about

160 seconds. Of course, the chamber clean time may vary depending on the

thickness and type of oxide residue in chamber 15. As mentioned above, it is

recognized that flow values may differ depending on the size and type of the

chamber, as well as the dimensions and material of the applicator tube, used in

other embodiments. The above-described clean process also reduces backside

undesired residue deposition behind both the blocker and gas distribution plates.

After the chamber clean, additional post-clean steps may be

performed. During the post-ciean steps, chamber 15 is preferably maintained at the

above temperatures discussed for the above deposition and clean processes. At the

end of the chamber clean step, clean gas flow is stopped and microwave power is

no longer supplied. Chamber 15 is pumped to remove most of the F residue atoms.

During this post-clean pumping step, heater 25 is moved to a position of between

about 1500-2200, preferably about 2000 mil, from gas distribution plate 20 while

the throttle valve is opened and gate valve 280 remains open. The pumping step

lasts between about 5-20 seconds, preferably about 10 seconds, depending on the

amount of clean gas reactants and residue exhausted out of chamber 15. Clean

endpoint detection system also may be utilized to assist in determining the stop time
for the post-clean pumping until substantially all deposition process residues are
removed from chamber 15.

After the fluorine-based chamber cleaning procedure, there may be
some adsorption of active fluorine species on the surface of the chamber walls,
close to where the wafer would be located when the next deposition process occurs.
In the next deposition process, the fluorine might then interact or be incorporated
into the deposited film, causing film sensitivity at the surface. This film sensitivity
manifests itself as a rough surface, which may be problematic with the tolerances

required by high integration devices, resulting in device malfunctions. The present
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invention provides the ability to getter any adsorbed fluorine from the surface of

chamber walls by several methods discussed below.

After the post-clean pumping step, a seasoning may be performed to
recombine all free F species by either chemical reaction or trapping the F to the
chamber walls through silicon oxide (SiO,) deposition. The post-clean pumping and
seasoning steps are performed for reducing both particle formation and F content
inside subsequently deposited films.

Optimally, between the post-clean pumping step and seasoning step is
another stabilization step to stabilize chamber pressure and gas flow and to move
heater 25 into position for the seasoning step. In this stabilization step, gate valve
280 is closed and chamber 15 is maintained at a pressure of between about 20-70
torr, preferably 50 torr. Heater 25 is also moved to a position of between about
300-550 mil, preferably about 500 mil, from gas distribution plate 20. In a specific
embodiment, the seasoning step presently described uses ozone and TEOS with
helium as the carrier gas to season chamber 15 for subsequent silicon oxide
deposition. Of course, other gases may be used in the seasoning and pre-seasoning
stabilization steps, depending on the type of silicon oxide deposition desired. In the
pre-seasoning stabilization step, liquid TEOS at a flow rate of between about 200-
400 mgm, preferably about 300 mgm, is vaporized and transported with a helium
carrier gas flowing at a rate of between about 4000-8000 sccm, preferably at about
6000 sccm, into chamber 15. Gas flows may be introduced into chamber 15 via the
normal inlets used for deposition or via applicator tube 292 without application of
microwaves. This stabilization step lasts between about 5'-25 seconds, preferably
about 15 seconds, before the seasoning step begins with the introduction of the
oxygen source to begin deposition of the seasoning oxide onto chamber 15. In the
thermal seasoning step, ozone is introduced at the flow rate used for the particular
deposition process used (e.g., about 5000 sccm for the experimental USG deposition
process at 550°C discussed above, or about 4000 sccm for the experimental PSG
deposition process at 600°C discussed above) for between about 10-20 seconds,
preferably about 15 seconds, to deposit a thin layer of silicon oxide (e.g., the
experimental USG deposition process having about 12.5 wt % oxygen, or the

experimental PSG deposition process having about 8 wt % oxygen) onto surfaces in
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chamber 15. During the seasoning step, the ozone flow is optimally consistent with
the deposition process to minimize any fluctuation in ozone flow and concentration.
Seasoning chamber 15 thereby can trap fluorine atoms that may have been adsorbed
onto the surfaces of chamber 15.

Following the thermal seasoning step discussed above, final
stabilization and pumping steps may be performed. Optimally, these final steps are
also performed at the deposition temperatures discussed above. In the final
stabilization step, the throttle valve is opened periodically to allow the chamber
pressure to adjust to atmosphere, while gate valve 280 remains closed. Heater 25 is
moved to a position of between about 800-1000 mil, preferably about 999 mil, from
gas distribution plate 20. TEOS flow is stopped, while helium and ozone flows
remain the same as in the seasoning step. The final stabilization step is performed
for a time period of between about 5-20 seconds, preferably about 10 seconds,
before the final pumping step begins. In the final pumping step, gate valve 280
remains closed and heater 25 is not moved. All gas flows are stopped and the
throttle valve is opened. The final pumping step lasts between about 5-20 seconds,
preferably about 10 seconds, before another wafer is introduced into chamber 15,
which is now ready for the next deposition process, heating, or wafer cleaning step.
It is recognized that final stabilization and pumping steps also may be modified and
similarly used with the particular seasoning step or alternative gettering step
(examples discussed below) selected.

In embodiments alternative to those discussed above, the pre-clean
stabilization step discussed above may further include a ramping of the microwave
power from a low microwave power to the final clean operating level of microwave
power, allowing pre-clean stabilization of pressure and microwave plasma
generation. In a preferred alternative embodiment, the pre-clean stabilization step
discussed above may be substituted with the following pre-clean stabilization.

Allowing for simultaneous stabilization of pressure and microwave
power, the step of ramping up the microwave power to generate a N, (or other inert
gas, depending on the clean gas used) plasma provides a lower pressure shock
profile on applicator tube 292 upon NF, plasma generation, in accordance with a

specific embodiment. Microwave power levels applied to magnetron 711 from
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microwave power supply 110 may be adjusted under the control of processor 50.
For example, the microwave power may be ramped from zero to a level of about
300 Watts (or some other power level between 0 and the final clean operating
power level) during the stabilization step, and then to 2100 Watts in the clean step,
to provide a more gradual, optimal stabilization process. Specifically, after the
heating step, heater 25 is moved to a position about 600 mil from gas distribution
plate 20 and N, is introduced at a flow of between about 100-400 sccm, preferably
about 300 sccm, into applicator tube 292, while the throttle valve remains open and
gate valve 280 remains closed. After about 5 seconds, the throttle valve is closed
and gate valve 280 is opened, allowing pressure to stabilize for the next 5 seconds
as chamber 15 is brought to the clean process pressure, about 1.5 torr in a specific
embodiment. Then, an intermediate level of microwave power between about 200-
400 Watts, preferably about 300 Watts, is appliéd to applicator tube 292 to form a
N, plasma during the next § seconds. For the next 5 seconds, NF,; is also
introduced into applicator tube 292 while the microwave power level is ramped to
the clean level. Specifically, NF; may be introduced at a rate between about 600-
1100 sccm, preferably about 950 sccm, into applicator tube 292, while the
microwave power level is ramped up to the final microwave power clean operating
level of about 2100 Watts. Then, N, flow is stopped and plasma is generated using
only NF;, allowing for stabilization of the NF; plasma generation stabilization for
about 5 seconds. From this point, the clean may proceed, as discussed above. In
the above discussed alternative embodiment, both pressure and plasma generation
are stabilized prior to performing the cleaning step with the NF; cleaning plasma.
This alternative pre-clean pressure/plasma stabilization may last for a total time
period preferably between about 20-30 seconds with each power level ramp-up
allotted an appropriate slice of time from the time period. Accordingly, pressure
shocks from an immediate, one-step application of high microwave power (for
example, from O to 2100 Watts) on applicator tube 292 are thus minimized,
resulting in an enhanced lifespan for applicator tube 292.

Although the above described embodiment is a two-step power level
ramp-up, other embodiments may have multiple-step ramp-ups (for example, from 0

to 300 to 1200 to 2100 Watts). Further, a microwave power ramp-down step
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optionally may be performed between the above described clean step and the post-
clean pumping step. Two-step or multiple-step ramp-downs also are possible for
other embodiments. Of course, the ramping may be continuous, a series of discrete
steps, or a combination thereof. For CVD systems which have a RF plasma
system, ramp-up and/or ramp-down of RF power levels may be performed for pre-
clean stabilization steps where an in situ plasma chamber clean is used, in
accordance with further embodiments. Although specific times are discussed above
for each part of the stabilization, in other embodiments, the specific times may be
varied and parts of the stabilization may be combined or eliminated to reduce time.

As an alternative to the thermal chamber seasoning discussed above,
a chamber seasoning may be employed which uses TEOS and O,. Vaporized TEOS
may be introduced into chamber 15 via inlet 43 and gas mixing box 273 or using
the bypass passage in the lid. The O, is sent through applicator tube 292 for
radiation (for example, between about 500-2100 Watts, preferably 2100 Watts) by
microwaves from magnetron 711 of microwave plasma system 55, to produce
atomic oxygen. O, may be introduced into applicator tube 292 at a flow rate of
between about 50-200 sccm, preferably about 100 sccm, while gate valve 280 is
opened and chamber 15 is maintained at a pressure of between about 1-2 torr,
preferably about 1.5 torr, and a temperature of between about 300-650°C,
preferably between about 550-600°C. The atomic oxygen is able to react with the
TEOS in chamber 15 to provide a microwave-enhanced chamber seasoning.
Alternatively, for embodiments having a RF plasma system able to provide an in
situ plasma, vaporized TEOS may be introduced into chamber 15 where the RF
plasma system can create a plasma with which the atomic oxygen may react for a
RF-enhanced chamber seasoning.

As another alternative to chamber seasoning to provide gettering of
fluorine atoms from chamber surfaces, SiH, may be flowed at a rate of between
about 50-200 sccm, preferably about 100 sccm, into chamber 15 to purge chamber
15. Silane may flow into chamber 15 via line 85 into chamber 15 from one of the
other supply sources 90 (Fig. 1C) to gas mixing system 93 with closed gate valve
280, via other purge inlets to chamber 15 with closed gate valve 280, or via

applicator tube 292 with or without application of microwaves and with opened gate
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valve 280. During the silane purge procedure, chamber 15 is maintained at a
pressure of about 1-5 torr and a temperature of between about 300-650°C,
preferably between about 550-600°C, with gate vaive 280 closed. Purging chamber
15 absorbs the F atoms and results in the formation of SiF, gas, which is then
pumped out of chamber 15 via the exhaust system. The endpoint detection system,
as described above in detail, then allows the system to determine when the chamber
cleaning process is completely done.

As a further alternative to seasoning or to purging chamber 15 with
silane, as described above, gettering may be achieved by providing active hydrogen
into chamber 15. Hydrogen (e.g. H, or other hydrogen source) would be used as
the "clean gas" supply source at a flow rate of between about 50-200 sccm,
preferably about 100 sccm, and sent via switching valve 105 into applicator tube
292 via inlet 57 (Fig. 1C). Magnetron 711 is operated at CW mode at a power
level of between about 500-2500 Watts, preferably about 1000 Watts, to provide
microwave energy to applicator tube 292, thereby producing a plasma therein. The
active hydrogen from the plasma in applicator 292 would then flow through the
lined passage in enclosure assembly 200 and into conduit 47 for use in chamber 15.
Of course, for systems which also include RF plasma systems, hydrogen may be
introduced into chamber 15 and RF energy applied in chamber 15 to provide the
active hydrogen. During the gettering procedure, chamber 15 is maintained at a
pressure of about 1-2 torr and, optimally, at the deposition temperature of about
300-650°C, preferably between about 550-600°C with gate valve 280 open. The
active hydrogen reacts with the adsorbed fluorine to produce hydrogen fluoride (HF)
vapor which may then be pumped out of chamber 15. An endpoint detection
system, operating on similar principles as the endpoint system Aescribed above but
to detect changes in light intensity due to absorbance by HF, may also be used.

Yet another alternative to seasoning, purging chamber 15 with silane,
or using active hydrogen, is to provide ammonia into chamber 15. Ammonia (NH;)
would be used as the "clean gas" supply source in gas panel 80 at a flow rate of
between about 50-200 sccm, preferably about 100 sccm, and sent via switching
valve 105 into applicator tube 292 via inlet 57 (Fig. 1C). Magnetron 711 is
operated at CW mode at a power level of between about 500-2500 Watts, preferably
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about 1000 Watts to provide microwave energy to applicator tube 292, thereby
producing a plasma therein. The ammonia from the plasma in applicator 292 would
then flow through the lined passage in enclosure assembly 200 and into conduit 47
for use in chamber 15. During the gettering procedure, chamber 15 is maintained
at a pressure of about 1-2 torr and, optimally, at the deposition temperature of
between about 300-650°C, preferably between about 550-600°C with gate valve 280
open. The ammonia reacts with the adsorbed fluorine to produce an ammonium
fluoride compound and HF vapor which may then be pumped out of chamber 15.
Of course, for systems which also include RF plasma systems, ammonia may be
introduced into chamber 15 and RF energy applied in chamber 15 to provide the
ammonium fluoride compound and HF. An endpoint detection system, operating on
similar principles as the endpoint system described above but detecting light
intensity changes due to absorbance by ammonium fluoride and HF, may also be
used.

Although the cleaning process conditions described above are
exemplary for the present embodiment, other conditions may also be used. The
above description discusses NF,, merely as an example, in a Giga Fill™ Centura
chamber available from Applied Materials fitted for 200-mm wafers and having 6
liters total volume, as do the various deposition descriptions below. However,
other fluorine-containing or chlorine-containing gases, such as NF, and argon, NF;
and N,, NF; and O,, NF, and atomic oxygen generated by microwave plasma
system 55, dilute F,, CF,, C,F,, SF,, C,F, Cl,, etc., may be used as well. Other
gases besides those described above also may be used for the gettering procedure.
Also, pre-seasoning stabilization steps would vary depending on the particular type
of seasoning/gettering process selected from the various alternatives to the above
discussed thermal seasoning. The above descriptions for cleaning, gettering, and
seasoning are stated to occur at preferred temperatures (for example, about 550-
600°C), but it is noted that, most preferably, chamber 15 is maintained at the same
temperature at which the particular process is being run in chamber 15. Of course,
different temperatures also may be used in other embodiments. Further, some
embodiments may combine, add, or eliminate some portions of the cleaning,

gettering, and seasoning steps described above.
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[II. Test Results And Measurements

A. Ultra-shallow Doped Junctions

To demonstrate the operation of the apparatus and method according
to embodiments of the present invention, experiments were performed measuring
the sheet resistivity and junction depths of ultra-shallow junctions formed using as
examples BSG films manufactured without a USG capping layer and formed using
BSG films with a USG capping layer. The uncapped BSG films were about 150 A
thick, while the capped BSG films were about 150 A thick with about a 200 A USG
cap. Both capped and uncapped BSG films were deposited on a low-resistivity N-
type silicon wafer. Sheet resistivity and junction depths of ultra-shallow junctions
formed using the uncapped and capped BSG films were measured. For films
deposited in chamber 15 of CVD apparatus 10, described in detail above, gate valve
280 is closed during the film deposition steps according to a specific embodiment.
Actual process conditions used in the experiments are as follows. Specifically, the
BSG films were deposited at a temperature of about 500°C and at a pressure of
about 600 torr. Spacing between the susceptor and manifold was about 300 mil.
Gas flows in the experiments included introducing TEB into the chamber at a rate
of about 200 mgm, introducing TEOS at a rate of about 500 mgm, introducing
oxygen (O,) at a rate of about 5000 sccm, and introducing the helium carrier gas at
a rate of about 8000 sccm.

The above conditions resulted in BSG film deposited at a rate of 700
A/min_ute. The deposited BSG film had a thickness of about 150 A for a process
time of about 15 seconds.

In experiments where a USG cap was used, the USG capping layer
was formed in an in situ process immediately after the bulk BSG layer was
deposited. The preferred embodiments use a chamber that is a closed system which
minimizes moisture available to react with the BSG film before deposition of the
USG capping film. The susceptor was heated to a temperature of about 500°C, the
chamber was maintained at a pressure of about 600 torr, and the susceptor was
positioned about 300 mil from the gas distribution manifold. TEOS, ozone and
helium were introduced into the deposition chamber at flow rates of about 500

mgm, 5000 and 5000 sccm, respectively. The above conditions resulted in a USG
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film deposited at a rate of about 700 A/minute. A USG film had a thickness of
about 200 A for a process time of about 15 seconds.

Diffusion of dopants from the uncapped and capped BSG films is
achieved by heating the film using annealing or a rapid thermal process. For
example, a rapid thermal process for 60 seconds in a nitrogen (N,) ambient may
result in a junction depth of about 500-1000 A depending on the temperature, time
and dopant concentration.

The parameters used in the experiments using BSG films should not
be limiting to the claims as described herein. One of ordinary skill in the art can
also use other chemicals, chamber parameters, dopants, and conditions to produce
BSG films or other films such as PSG, AsSG, and others.

Experiments were conducted using uncapped BSG films of about 200
A thickness having about 6 wt % of boron. These experiments illustrate the ability
to form ultra-shallow junctions using BSG films as the dopant source for a
subsequent diffusion step.

At boron concentrations exceeding 6 wt % boron, uncapped BSG
films deposited at temperatures less than about 500°C tended to become unstable
and to crystallize within hours. As mentioned above, crystallization reduces the
amount of boron atoms available for diffusion into the silicon substrate. Deposition
of BSG at temperatures greater than about 550°C are believed to provide stable
uncapped BSG films with boron concentration of more than 6 wt %. For
applications where boron concentrations greater than 6 wt % boron are needed,
BSG films may be optimally capped with a USG film to prevent crystallization.

By preventing outgassing, the USG cap also provides the ability to control the
direction of the diffusion of dopant atoms into the silicon substrate. The USG cap
therefore prevents more boron atoms from being lost so that more boron atoms are
available for diffusion that may be directed more easily into the silicon substrate.

To demonstrate the further advantages of using a capping layer over
the doped dielectric layer for some applications, further experiments were conducted
using BSG films having about a 150 A thickness and a 6.131 wt % boron, with
about a 200 A USG cap deposited over the BSG film. These further experiments

illustrate the ability to form ultra-shallow junctions using capped BSG films as the
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dopant source for a subsequent diffusion step. Sheet resistivity and junction depth
of the ultra-shallow junctions formed using uncapped and capped BSG films were
measured. These experiments show that subjecting the BSG film to a 1 minute
rapid thermal process at about 1050°C provides the capability to control the sheet
resistivity and junction depth of ultra-shallow junctions formed with either the BSG
film alone or with the BSG film with USG cap.

Figs. 22A-22C provide information about the effect of the USG cap
on the junction depth and dopant uniformity of the diffused regions. Measurements
for Figs. 22A and 22C were performed using solid state measurement equipment for
the spreading resistance profiles, as is well known to those skilled in the art.
Carrier concentration is shown as a function of depth. A "p" represents the
measured concentration of boron at a depth measured from the silicon substrate
surface, and an "N" represents the measured concentration of the N type silicon
substrate at a depth measured from the silicon substrate surface. The junction depth
is defined as the position where the dopant concentration equals the substrate
concentration. In the present experiments, the silicon substrate used had a substrate
concentration of about 1.6x10'" carriers/cm®. Sheet resistivity of the diffused
regions shown in Figs. 22A and 22C was measured using four-point probe (4pp)
techniques, as are well known to those skilled in the art. Fig. 22B illustrates the
total impurity profile of the wafer of Fig. 22A as measured by the more elaborate
method of secondary-ion-mass-spectroscopy (SIMS) which is useful for providing
precision profile measurements in high-concentration or shallow-junction diffusions,
as is well known to those skilled in the art.

Specifically, Fig. 22A is a graph showing the dopant profile of an
ultra-shallow junction formed after a heating step using a 6.131 wt % BSG layer
having a USG capping layer. The BSG film was about 150 A thick and the USG
capping layer deposited on top of the BSG film was about 200 A thick. The heating
step was performed by a rapid thermal process for about 60 seconds at about
1050°C. The BSG and USG films were then stripped by etching. As seen in Fig.
22A, the resulting junction has a depth of about 0.06 um in the silicon substrate,
and the dopant profile appears fairly uniform. The maximum concentration of

boron is about 6x10'° carriers/cm®. The sheet resistance of the resulting junction



10\ 10\ 10\@10% & ()-9'V_'abo}rg\= 1 1!# @O0%& ()- 10H 10H 10H&,
10944& ()-! 109& ()- 109%H& ()- 'Oy 109 ()- or}[9g\=1 1111 @10% ()-!l @
109\ & ()-!'1 @109 ()-'9 10%\ & ()- 9 109%& ()- 110% & ()-a~ @1
U5R - 5L - i
111 Y109%& () - &$3@0%& () 03 JUL 20

97

was measured to be about 685 Q/cm’. The 4pp sheet resistance was measured to be
about 222 Q/cm®, with the summation of dose ions in the P type layer measured
(Xp) being 1.6x10" carriers/cm?.

Fig. 22B illustrates the dopant depth profile as measured by SIMS for
an ultra-shallow junction described in Fig. 22A. From the surface of the silicon
substrate to a depth of about 100 A from the surface, the concentration of boron
ranges between about 2x10'® carriers/cm?® to about 1x10%' carriers/cm®. Between
about 100 A to about 300 A from the surface of the silicon substrate, the
concentration of boron ranges between about 1x10?' carriers/cm?® to about 3x10?!
carriers/cm®. Below about 300 A from the surface of the silicon substrate, the
concentration of boron, silicon, and oxygen diminishes rapidly indicating the bulk
substrate. The steep shallow junction shown in Fig. 22B demonstrates the dopant
incorporation possible according to an embodiment of the present invention.

Fig. 22C is a graph showing the dopant profile of an ultra-shallow
junction formed without the heating step using a 6.131 wt % BSG layer having a
USG capping layer. The BSG film was about 150 A thick and the USG capping
layer deposited on top of the BSG film was about 200 A thick. No heating step was
performed. The BSG and USG films were stripped by an etching technique. As
seen in Fig. 22C, it appears a junction with a depth of about 0.025 um has formed
despite the lack of a heating step. Apparently, the junction has formed due to the
high dopant concentration of boron in the BSG film diffusing into the silicon
substrate even without a heating drive-in step. The maximum concentration of
boron is about 7x10" carriers/cm’®. The sheet resistance of the resulting junction
was measured to be about 55 Q/cm?, with the summation of dose ions in the P type
layer (Zp) being 4.9x10!" carriers/cm?.

Fig. 23A is a graph showing the dopant profile of the junction
formed with a heating step using an 8.084 wt % BSG layer having a USG capping
layer. Fig. 23B is a graph comparing the dopant profiles of the junctions formed
with the same heating step using a 6.131 wt % BSG layer having a USG capping
layer and an 8.084 wt % BSG layer having a USG capping layer, in order to
illustrate the effect of dopant concentration on junction depth. Figs. 23C and 23D

show the effect of the temperature of the heating step on junction depth and on sheet
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resistivity, respectively. Figs. 23E and 23F show the effect of the time of the
heating step on junction depth and sheet resistivity, respectively. The spreading
resistance profiles and sheet resistivity measurements of Figs. 23A-23F were
performed using solid state equipment and four-point probe measurements.

Fig. 23A is a graph showing the dopant profile of the junction
formed with a heating step using an 8.084 wt % BSG layer having a USG capping
layer. The BSG film was about 150 A thick and the USG capping layer deposited
on top of the BSG film was about 200 A thick. A heating step was performed using
a rapid thermal process for about 60 seconds at about 1000°C. The BSG and USG
films were stripped by an etching technique. As seen in Fig. 23A, an ultra-shallow
junction having a depth of about 0.12 um was formed with good dopant uniformity.
The maximum concentration of boron is about 1x20* carriers/cm®. The sheet
resistance of the resulting junction was measured to be about 145 Q/cm?, with the
summation of dose ions (Ip) being 7.9x10' carriers/cm?. The 4pp sheet resistance
was measured to be about 96 /cm?.

Fig. 23B shows the dopant profiles of the junctions formed with a
heating step using different boron wt % BSG layers (in particular 6.131 wt % and
8.084 wt %) having USG capping layers. The BSG films were each about 150 A
thick and the USG capping layers deposited on top of the BSG films were each
about 200 A thick. The heating step performed was a rapid thermal process for
about 60 seconds at about 1000°C. As seen in Fig. 23B, the resulting junction
depth for the 8.084 wt % BSG film is almost twice as much as the resulting
junction depth for the 6.131 wt % BSG film.

Figs. 23C and 23D are graphs showing the effect of heating step
temperature on dopant profiles and sheet resistivity, respectively, for 6.131 wt %
BSG films having USG capping layers. The BSG films were about 150 A thick and
the USG capping layers deposited on top of the BSG films were about 200 A thick.
The heating steps were performed using a rapid thermal process for about 60
seconds at temperatures of about 900°C, 950°C, 975°C, and 1000°C. As shown in
Fig. 23C, the junction formed after the heating step at 1000°C is about 0.1 um,
compared to the about 0.06 um junction formed after the heating step at the lower

temperature 975°C. The sheet resistivity of the 6.131 wt % BSG film was about
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180 Q/cm® for the heating step at 1000°C, and about 600 /cm* for the heating step
at 975°C, as seen in Fig. 23D. A higher temperature heating step (beyond 950°C)
results in a deeper diffusion depth for the shallow junction formed.

Figs. 23E and 23F are graphs showing the effect of heating step time
on dopant profiles and sheet resistivity, respectively, for 6.131 wt % BSG film
having USG capping layers. The BSG films were about 150 A thick and the USG
capping layers deposited on top of the BSG films were about 200 A thick. The
heating step was performed using a rapid thermal process at about 1000°C for about
40 seconds and for about 60 seconds. As shown in Fig. 23E, the junction formed
after about a 40-second heating step is about 0.06 um, while the junction formed
after a 60-second heating step is abut 0.1 um. The sheet resistivity of the 6.131 wt
% BSG films was about 230 Q/cm? after the 40 second heating step and about 150
Q/cm? after the 60 second heating step. Accordingly, it is seen that the length of
time of the heating step may determine the diffusion depth in forming ultra-shallow
junctions.

The above experiments of BSG used for ultra-shallow doped junction
formation are presented merely as examples to illustrate aspects of the present
invention and should not be considered as limiting the scope of the present

invention.

B. PSG For PMD layer
To demonstrate the operation of the apparatus and method according

to embodiments of the present invention, experiments were performed to deposit a
PSG film, for example, as a PMD layer. Prior to the deposition of PSG film as the
PMD layer, the wafer has typically been subjected to multiple processing steps to
form, for example, gate electrodes, oxide sidewalls, isolation trenches, etc. In the
experiments, the PSG films were deposited in a resistively-heated Giga Fill™
Centura chamber (a closed system having a total volume of about 6 liters and
outfitted for 200-mm wafers) manufactured by Applied Materials, Inc.

In the experiments, pre-deposition steps were performed to bring
chamber 15 to the desired deposition pressure and to stabilize the gas/liquid flows
before depositing the PSG film as a PMD layer on a wafer. Of course, it is
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recognized that pre-deposition steps may be varied from the below description
(which is merely an exemplary specific embodiment), as is optimal for different
deposition recipes. The pre-deposition steps reduce unnecessary deposition on
chamber walls and also contribute to yielding uniform depth profiles for the
deposited films. Before any pre-deposition steps occur, a wafer is loaded in
vacuum chamber 15 onto heater 25 through the vacuum-lock door, which is then
closed. Heater 25 is heated up to the processing temperature of about 600°C,
which is maintained throughout the pre-deposition steps, the deposition step and the
post-deposition steps.

In a first pre-deposition step, heater 25 is at a position about 600 mil
from gas distribution plate 20. With the throttle valve open for about 5 seconds,
helium at a flow rate of about 4000 sccm, and O, at a flow rate of about 2900 sccm
are introduced into chamber 15. The neutral gases, helium and O,, are introduced
first into chamber 15 for their flow rates to stabilize. These flow rates of helium
and O, are maintained throughout the pre-deposition steps.

In the second pre-deposition step, the throttle valve is closed and the
pressure in chamber 15 is increased to the deposition pressure. The second pre-
deposition step lasts about 30 seconds and allows the pressure, which may initially
fluctuate somewhat around the desired deposition pressure, to stabilize in chamber
15. Heater 25 is moved to the processing position of about 330 mil from gas
distribution plate 20 in second pre-deposition step.

In the third pre-deposition step, when the pressure in chamber 15 has
stabilized to the deposition pressure of about 450 torr, liquid TEOS is introduced to
allow stabilization of TEOS and helium flow. With the TEOS flow rate at about
1000 mgm, the vaporized TEQS gas mixes with the helium carrier gas for about 3
seconds during the third pre-deposition step, before the deposition step.

Having stabilized the chamber pressure, temperature, and
TEOS/helium gas flows, and adjusted the position of heater 25, deposition
processing can begin. At the onset of the deposition step, O, flow is terminated.
Liquid TEPO is introduced at a rate of about 24 mgm, and O, (about 8 wt %
oxygen) is introduced at a rate of about 4000 sccm. Being liquids, the TEPO and
TEOS sources are vaporized by the liquid injection system and then combined with
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distribution plate 20 to supply reactive gases to the wafer surface where heat-
induced chemical reactions take place to produce the desired PSG film. The above
conditions result in a PSG film deposited at a rate of about 1780 A/minute. By
controlling the deposition time, a PSG film having a thickness of about 5300 A is
formed at the process conditions described above in about 404 seconds. The wt %
of phosphorus in the resulting PSG film is about 4 wt %.

After deposition, a termination step is performed that is optimizes the
stability of the deposited PSG film to provide moisture and crystallization
resistance. In the termination step, which lasts for about 3 seconds, the deposition
conditions are maintained while TEPO flow is terminated. The termination step
therefore deposits a USG capping layer in an in situ manner in chamber 15, by the
gas termination method discussed above. The USG layer is very thin compared to
the thickness of the bulk PSG film.

After the PSG deposition and USG deposition steps, post-deposition
steps are utilized to control the ramping down of chamber pressure and to control
gas shut-off. By adjusting the pressure and gas shut-off, the post-deposition steps
help reduce particle formation which otherwise can cause wafer contamination and
damage.

In a specific embodiment, three post-deposition steps were used. In
the first post-deposition step immediately following the above termination step,
TEOS flow is terminated while heater 25 is moved into a position about 600 mil
from gas distribution plate 20. Also, the throttle valve is opened periodically to
allow chamber pressure to gradually ramp down during the first post-deposition
step, which lasts about 15 seconds. In the second post-deposition step, the throttle
valve is opened periodically to ramp down chamber pressure for the third post-
deposition step (the pumping step), as helium flow into chamber 15 is terminated by
pumping it through a bypass valve. Heater 25 is also moved lower to a position
about 999 mil from plate 20 during the second post-deposition step, which lasts
about 15 seconds, In the third post-deposition step, which lasts about 3 seconds,
the throttle valve is opened and O, flow into chamber 15 is terminated by pumping

it through a final valve.
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The above experimental conditions for the deposition of PSG suitable
for being used as a PMD layer are optimal to provide the best film quality with
high throughput. By enhancing surface diffusion at increased surface temperature,
the thermal PSG film deposited using the TEOS/O, chemistry at temperatures of
about 600°C exhibited excellent step coverage, more cross-linked structure, and
more stable oxidization structure for P and Si, which yielded excellent film quality.
The deposited PSG film was high quality in terms of flow-like step coverage, high
moisture resistance, high breakdown voltage, smooth surface, no surface damage
(i.e., plasma damage), and no fixed charge. The deposited PSG film exhibited
good film thickness uniformity. Specifically, film thickness uniformity (49 pt., 10)
at about 1.2 um thickness of the deposited PSG film was measured to be less than
about 1.5.

Fig. 24A is a photomicrograph demonstrating the as-deposited gap fill
capabilities of PSG films deposited at 600°C in accordance with a specific
embodiment of the present invention. In particular, the PSG film deposited at
600°C was shown to be capable of filling high aspect ratio gaps having a height (h)
and a spacing (w) without the formation of voids, as seen in Fig. 24A. Fig. 24B is
a simplified diagram (not shown to scale) of a section of the integrated circuit
structure shown in Fig. 24A. As seen in Fig. 24B, substrate 1200 has stacked gate
structures, specifically electrodes 1220 with tungsten silicide (WSi) caps 1240,
formed thereon. An oxide layer 1260 is deposited onto stacked gate structures to
form high aspect ratio gaps with h of about 0.35 um and w of about 0.08 um shown
by dotted lines, as seen in Figs. 24A-24B. Fig. 24A therefore demonstrates an
exemplary structure with high aspect ratio (about 4.3:1) gaps that are filled by PSG
film 1280, which is used as a PMD layer. Deposited at about 600°C using the
preferred recipe discussed above, PSG film 1280 exhibits excellent high aspect ratio
gap fill capability without the need for a reflow typically done at about 750-800°C,
which is often inconsistent with increasingly tight thermal budgets.

In addition to having excellent gap fill capability for high aspect
ratios, PSG films deposited at about 600°C advantageously are dense films that
exhibit high resistance to moisture absorption. Moisture absorption of the deposited

PSG film deposited was measured using conventional Fourier Transform Infrared
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spectroscopy (FTIR) techniques, as are well known to one of ordinary skill in the
art. Fig. 25 illustrates the FTIR spectra of a PSG film deposited at about 600°C
under the following exemplary process conditions. According to a specific
embodiment, the exemplary process conditions include TEOS flow of about 1000
mgm, TEPO flow of about 24 mgm, helium flow of about 6000 sccm, and ozone
(about 12 wt % oxygen) flow of about 4000 sccm, at a pressure of about 400 torr
and spacing of about 330 mil between heater 25 and gas distribution plate 20. The
PSG deposition time was about 600 seconds. As seen in Fig. 25, the FTIR spectra
of the PSG film deposited at about 600°C demonstrated no water spikes indicating
moisture absorption, and no measurable change in moisture absorption was seen
over about 155 hours after deposition, illustrating the PSG film stability over
extended periods.

As demonstrated by Fig. 25, the deposited PSG film is dense,
resistant to absorbing moisture. Deposition of a PSG film at high temperatures, for
example at about 600°C, tends to drive out any moisture that might be absorbed
into the film, resulting in a dense film. As a dense film, the PSG film deposited at
high temperature has the advantage of not requiring an additional step for further
densification of the film. The dense nature of the deposited PSG film makes it
compatible for use as a PMD layer which can be planarized either by a subsequent
anneal at a temperature greater than about 1000°C, or preferably by a CMP step.
In addition to moisture absorption resistance, the present PSG film deposited at high
temperatures is able to provide good film thickness uniformity, as well as good gap
fill without formation of voids or weak seams that can cause subsequent device
problems. The high temperature PSG film is particularly useful as a PMD layer as
it provides good phosphorus incorporation (between about 2-8 wt % phosphorus),
which is important for gettering or trapping mobile ions such as sodium (Na+) ions
that might otherwise migrate and cause shorting in the device.

The above description of experiments depositing and measuring
characteristics of the deposited PSG film demonstrates its suitability for use, for
example, as a PMD layer. However, the description should not be considered as

limiting the scope of the invention.
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C. USG For Oxide Filling Laver In Shallow Trench Isolation

To demonstrate the operation of the apparatus and method according
to embodiments of the present invention, experiments were performed to deposit a
USG film, for example, as a high quality oxide filling layer for shallow trench
isolation. Prior to the deposition of USG film as the high quality oxide filling
layer, the wafer has typically been subjected to multiple processing steps to form,
for example, gate electrodes, oxide sidewalls, isolation trenches, etc. In the
experiments, the USG films were deposited in a resistively-heated Giga Fill™
Centura chamber (a closed system having a total volume of about 6 liters and
outfitted for 200-mm wafers) manufactured by Applied Materials, Inc.

In the experiments, pre-deposition steps were performed to bring
chamber 15 to the desired deposition pressure and to stabilize the gas/liquid flows
before depositing the USG film as a filling layer on a wafer. Of course, it is
recognized that pre-deposition steps may be varied from the below description
(which is merely an exemplary specific embodiment), as is optimal for different
deposition recipes. The pre-deposition steps reduce unnecessary deposition on
chamber walls and also contribute to yielding uniform depth profiles for the
deposited films. Before any pre-deposition steps occur, a wafer is loaded in
vacuum chamber 15 onto heater 25 through the vacuum-lock door, which is then
closed. Heater 25 is heated up to the processing temperature of about 550°C,
which is maintained throughout the pre-deposition steps, the deposition step and the
post-deposition steps.

In a first pre-deposition step, heater 25 at a position about 600 mil
from gas distribution plate 20. With the throttle valve open for about 5 seconds,
helium at a flow rate of about 7000 sccm, and O, at a flow rate of about 2900 sccm
are introduced into chamber 15. The neutral gases, helium and O,, are introduced
first into chamber 15 for their flow rates to stabilize. These flow rates of helium
and O, are maintained throughout the pre-deposition steps.

In the second pre-deposition step, the throttle valve is closed and the
pressure in chamber 15 is increased to the deposition pressure. The second pre-
deposition step lasts less than about 40 seconds and allows the pressure, which may

initially fluctuate somewhat around the desired deposition pressure, to stabilize in
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gas distribution plate 20 during the second pre-deposition step.

In the third pre-deposition step, when the pressure in chamber 15 has
stabilized to the deposition pressure of about 600 torr, liquid TEOS is introduced to
allow stabilization of TEOS and helium (or nitrogen) flow. With the TEOS flow
rate at about 2000 mgm, the vaporized TEOS gas mixes with the helium (or
nitrogen) carrier gas for about 5 seconds during the third pre-deposition step, prior
to the deposition step.

Having stabilized the chamber pressure, temperature, and
TEOS/helium gas flows, and adjusted the position of heater 25, deposition
processing can begin. At the onset of the deposition step, O, flow is terminated
while O, (about 12.5 wt % oxygen) is introduced at a rate of about 5000 sccm.
Being liquid, the TEOS source is vaporized by the liquid injection system and then
combined with the inert carrier gas helium. This mixture is introduced into
chamber 15 from gas distribution plate 20 to supply reactive gases to the wafer
surface where heat-induced chemical reactions take place to produce the desired
USG film. The above conditions result in a USG film deposited at a rate of about
1450 A/minute. By controlling the deposition time, a USG film having a thickness
of about 10000 A is formed at the process conditions described above in about 414
seconds.

After USG deposition, a purge step is performed that is optimizes the
stability of the deposited USG film to provide moisture resistance. In the purge
step, which lasts for about 3 seconds, the deposition conditions are maintained while
TEOS flow is terminated.

After the USG deposition step and purge step, post-deposition steps
are utilized to control the ramping down of chamber pressure and to control gas
shut-off. By adjusting the pressure and gas shut-off, the post-deposition steps help
reduce particle formation which otherwise can cause wafer contamination and
damage.

In a specific embodiment, three post-deposition steps were used. In
the first post-deposition step immediately following the above termination step, the

carrier gas flow into chamber 15 is terminated by pumping it through bypass valve.
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Heater 25 is moved into a position about 600 mil from gas distribution plate 20, as

the throttle valve is opened periodically to gradually ramp down chamber pressure
during the first post-deposition step, which lasts about 15 seconds. In the second
post-deposition step, the throttle valve is opened periodically to continue ramping
down chamber pressure, and O, flow into chamber 15 is continued. Heater 25 1s
also moved lower to a position about 600 mil from plate 20 during the second post-
deposition step, which lasts about 15 seconds. In the third post-deposition step,
which lasts about 3 seconds, the throttle valve is opened and O, flow into chamber
15 is terminated by pumping it through a final valve.

The above experimental conditions for the deposition of USG suitable
for being used as a high quality oxide filling layer for shallow trench isolation are
optimal to provide the best film quality with high throughput. In shallow trench
isolation applications, the deposited USG film should be capable of void-free gap
fill (typically at a nominal angle of about 85°), in addition to being a very dense
and uniform film. The deposited USG film exhibited good film thickness
uniformity. Specifically, film thickness uniformity (49 pt., 1) at about 5000 A
thickness of the deposited USG film was measured to be less than about 1.5.

Figs. 26A and 26B are photomicrographs demonstrating the relative
gap fill capabilities of TEOS/O, USG films deposited at about 400°C and about
550°C, respectively, after reflow at about 1050°C and a 6:1 buffered oxide etch
(BOE), in accordance with a specific embodiment of the present invention. In
particular, Fig. 26A illustrates a trench structure having about 0.35 um width and
about 0.70 pm depth (about 2:1 aspect ratio gap) with a filling layer that is a USG
film deposited at about 400°C after a reflow at about 1050°C. Fig. 26A shows
large voids in the deposited USG film, indicating that the USG film deposited at
about 400°C is not very dense and appears to have been prone to shrinkage. Even
after a reflow at a temperature above about 1000°C, which can densify a USG film
to some extent, the USG film deposited at the temperature of about 400°C is not
very dense and does not survive the high temperarure anneal or a subsequent wet
etch processing without opening up voids. In comparison, Fig. 26B shows a trench
structure having about 0.18 um width and about 0.45 um depth (about 2.5:1 aspect
ratio gap) with a void-free filling layer that is a USG film deposited at about 550°C
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after a reflow at about 1050°C and a subsequent wet etch processing. The USG
film deposited at about 550°C is capable of filling high aspect ratio gaps without the
formation of voids after reflow, unlike USG films deposited at 400°C, as seen from
Figs. 26A and 26B. After etch processes at very uniform etch rates, USG films
deposited at about 550°C retain their superior step coverage without opening up
voids.

As further evidence of the high aspect ratio gap filling capability of
USG films deposited at about 550°C, Fig. 27 is a photomicrograph demonstrating
the gap fill capability of the deposited USG film after an anneal at about 1000°C
and a subsequent wet etch processing, in accordance with a specific embodiment of
the present invention. Fig. 27 shows a trench structure having about 0.16 um width
and about 0.48 um depth (about 3:1 aspect ratio gap) with a filling layer that is a
USG film deposited at about 550°C after a reflow at about 1000°C. The trench
structure of Fig. 27 has a smaller spacing and a higher aspect ratio than the trench
structures shown in Figs. 26A and 26B, illustrating the superior gap filling
capability of the USG film deposited at about 550°C.

In addition to having excellent gap fill capability for high aspect
ratios, USG films deposited at about 550°C advantageously are dense films that
exhibit high resistance to moisture absorption. Moisture absorption of the deposited
USG film deposited was measured using conventional FTIR techniques. Fig. 28
illustrates the FTIR spectra of a USG film deposited at about 550°C under the
following exemplary process conditions, according to a specific embodiment.
According to the specific embodiment, the exemplary process conditions include
TEOS flow of about 2000 mgm, helium flow of about 7000 sccm, and ozone (about
12.5 wt % oxygen) flow of about 5000 sccm, at a pressure of about 600 torr and
spacing of about 350 mil between heater 25 and gas distribution plate 20. As seen
in Fig. 28, the FTIR spectra of the USG film deposited at about 550°C
demonstrated low moisture absorption (less than about ! wt % moisture). Further,
Fig. 28 also illustrates that a moisture increase of less than about 0.5 wt % moisture
in the USG film was seen over about 160 hours after deposition, indicating the

stability of the USG film over extended periods.



10\ -10\ 10\$S 10% & ()-,!" 10%\& ()-!" 10%\& ()-LCavk@ 10:: 10M 10M 10M

10%v&' ()-f10%v& ()- 109w ()-m~ 109& ()-  109%B& ()-LJEVK@ 10::

1010% & () -

410% & () -y 10% & ()-&10% & ()- YF10% & ()-"$F, 10% & () - 2z YAEVK@ 310 2002

10310% & ()-10% & ()-S10% & ()-f10% & ()-10% & ()-S, 10% & () - Y~ZdEVK@ 10::

10&10% & ()-Ss$10% & ()-L!I10% & ()- 10% & ()-S10% & ()- 10% & () -4h' 345dE: /

i%%lgz\ (2)@ -1800/%/5&1&'( % ) ff L 10% & ()-5710% & () 1% 00 & ()-56@) [ xY: /

10\ Y1098 () - 10%vE () - Accordingly, as supported by Fig. 28, the deposited USG film is
dense, resistant to absorbing moisture. Deposition of a USG film at high
temperatures, for example at about 550°C, tends to drive out most moisture that
might be absorbed into the film, resulting in a dense film. As a dense film, the
USG film deposited at high temperatures of at least about 550°C has the advantage
of being less prone to shrinkage that might result in void formation after an
annealing step and a subsequent wet etch processing, compared to USG films
deposited at lower temperatures. The dense nature of the deposited USG film
makes it compatible for use as a high quality oxide layer for filling trenches used in
shallow trench isolation applications. Due to its high density, USG films deposited
at high temperatures and used as oxide filling layers can be planarized by either a
subsequent anneal or a CMP step, with minimized likelihood of opening up voids.

In addition to moisture absorption resistance and good film thickness uniformity, the
present USG film deposited at high temperatures provides excellent high aspect ratio
gap fill without formation of voids or weak seams that can cause subsequent device
problems.

In general, high pressure O,/TEOS USG films may exhibit pattern or
surface sensitivity effects, resulting in uneven deposition, which is undesirable. It
has been seen that problems with uneven deposition are worsened with higher
O,/TEOS ratios. Advantageously, deposition of USG films at high temperatures
such as at least about 550°C requires use of more TEOS in order to achieve
adequate deposition rates. Accordingly, the O,/TEOS ratio of USG films deposited
at high temperatures is low (less than about 5:1), thereby eliminating any pattern or
surface sensitivity effects. Moreover, the film quality (e.g., density, shrinkage,
etc.) is high for USG films deposited at high temperatures. Because of the high
density of these high temperature deposition USG films, plasma densification
treatments or plasma oxide caps are not needed, thereby avoiding any plasma
damage to the wafer. The lack of a plasma from such treatments in the chamber
thus reduces possibility of metal contamination and potential shorting of devices in
the wafer. Compared to low temperature thermal USG films, which often require a
plasma densification treatment or plasma oxide cap and may shrink to open voids

after an anneal, thermal USG films deposited at temperatures of about 550°C
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exhibit excellent gap fill capability, minimal shrinkage, and uniform film density,
and low metal contamination, without plasma damage, in accordance with the
present invention.

The above description of experiments demonstrates the suitability of
the deposited USG film for use, by way of example, as a high quality oxide layer
for filling high aspect ratio trenches for shallow trench isolation. The same CVD
apparatus also may be used to deposit USG films at temperatures lower than 500°C
for IMD applications. Of course, the above description should not be considered as
limiting the scope of the invention.

It is to be understood that the above description is intended to be
illustrative and not restrictive. Many embodiments will be apparent to those of skill
in the art upon reviewing the above description. By way of example, the inventions
herein have been illustrated primarily with regard to a USG, BSG, PSG, and BPSG
process recipes, but they are not so limited. For example, the dielectric film
formed according to other embodiments may be an arsenic doped silicon oxide film,
or other doped film. As another example, the deposition of dielectric films has
been described using carrier gas such as helium, but other carrier gases like argon
or nitrogen, may be used as well. As a further example, dielectric layers have been
described for particular applications, including doped junction formation, PMD
layers, IMD layers, oxide filling layers, capping layers, etc. Of course, it is
recognized that the same CVD apparatus discussed above may be used to deposit
dielectric layers at temperatures lower than about 400°C, as well as temperatures
above 500°C. Additionally, various aspects of the present invention may also be
used for other applications. Those skilled in the art will recognize other equivalent
or alternative methods of depositing the dielectric layer while remaining within the
scope of the claims of the present invention. The scope of the invention should,
therefore, be determined not with reference to the above description, but should
instead be determined with reference to the appended claims, along with the full

scope of equivalents to which such claims are entitled.
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comprising:

a base plate having a gas inlet for receiving one or more
gases; a gas distribution plate including a plurality of gas distribution holes fluidly
coupled to the gas inlet for dispersing the gases into the chamber; and

a bypass passage coupled to the gas inlet and the processing
chamber, the bypass passage offering less resistance to fluid flow than the gas
distribution holes for allowing at least a portion of the gases to bypass the gas

distribution holes into the chamber.

2. The lid assembly of claim 1 further comprising a
plurality of bypass passages coupled to the gas inlet and the processing chamber, the

bypass passages being spaced circumferentially around the gas distribution plate.

3. The lid assembly of claim 1 further comprising a
chamber between the gas distribution plate and the base plate for distributing gases

to the gas distribution holes, the bypass passage being coupled to said chamber.

4. The lid assembly of claim 1 further comprising a
cleaning gas passage having an outlet coupled to the gas inlet and an inlet adapted

for coupling to one or more sources of cleaning gases.

5. The lid assembly of claim 4 further comprising a
process gas passage having an outlet coupled to the gas inlet and an inlet adapted
for coupling to one or more source of process gases, and a controller for selectively
allowing and inhibiting the process gases and the cleaning gases from entering the

bypass passage.
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6. The lid assembly of claim 1 wherein the base plate is
thermally coupled to the gas distribution plate and defines a fluid inlet for receiving
a heat-exchanging fluid, a fluid outlet for discharging the heat-exchanging fluid and
a fluid passage formed in portions of the base plate in communication with the fluid

inlet and the fluid outlet.

7. The lid assembly of claim 6 wherein the fluid passage
comprises a plurality of channels formed in the base plate for receiving a coolant

therethrough to exchange heat with the base plate.

8. The lid assembly of claim 1 further comprising a gas
dispersion plate disposed between the gas distribution plate and the base plate, the
gas dispersion plate being removably mounted to the base plate and defining one or
more gas dispersion holes communicating the gas inlet with the gas distribution
holes, the gas dispersion holes offering a greater resistance to fluid flow than the

bypass passages.

9. A lid assembly for a vapor deposition apparatus of the
type having an enclosure housing a process chamber, the lid assembly comprising:

a gas mixing block having an outlet coupled to the processing
chamber and first and second gas inlets;

at least one process gas passage having an inlet adapted for
coupling to one or more sources of process gas and an outlet coupled to the gas
mixing block;

at least cleaning gas passage having an inlet adapted for
coupling to one or more sources of cleaning gas and an outlet coupled to the gas
mixing block; and

a valve disposed on either the process gas passage or the
cleaning gas passage for selectively allowing gas to flow through to the gas mixing
block.
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10.  The lid assembly of claim 9 further comprising a
controller coupled to the valve for selectively opening and closing the valve to allow

gas to flow through to the gas mixing block.

11.  The lid assembly of claim 9 wherein the valve is

positioned along the cleaning gas passage.

12.  The lid assembly of claim 9 further comprising a
cleaning gas manifold having one or more inlets for receiving cleaning gases and an

outlet coupled to the cleaning gas passage.

13.  The lid assembly of claim 9 wherein the gas mixing
block, the cleaning and process gas passages and the valve are connected to the

enclosure,

14.  The lid assembly of claim 9 wherein the valve is a gate

valve.

15.  An apparatus for fabricating an integrated circuit
device comprising:

an enclosure housing a processing chamber

a gas mixing block attached to the enclosure and having an
outlet coupled to the processing chamber and first and second gas inlets;

a source of cleaning gas fluidly coupled to the gas mixing
block;

a source of process gas fluidly coupled to the gas mixing
block; and

a valve coupled to the gas mixing block for selectively fluidly
coupling the source of cleaning gas and the source of process gas with the gas

mixing block to selectively allow cleaning gases or process gases into the processing
chamber.
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16.  The apparatus of claim 15 further comprising:

a base plate having a gas inlet coupled to the gas mixing
block;

a gas distribution plate including a plurality of gas distribution
holes fluidly coupled to the gas inlet for dispersing the gases into the chamber; and

a bypass passage coupled to the gas inlet and the processing
chamber, the bypass passage offering less resistance to fluid flow than the gas
distribution holes for allowing at least a portion of the gases to bypass the gas
distribution holes into the chamber.

17.  The apparatus of claim 15 further comprising a
controller coupled to the valve for selectively opening and closing the valve to allow

gas to flow through to the gas mixing block.

18.  The apparatus of claim 15 further comprising a
cleaning gas passage coupling the source of cleaning gas with the gas mixing block,

wherein the valve is positioned along the cleaning gas passage.

19.  The apparatus of claim 18 wherein the base plate is an
integral, single-piece base plate for sealing the opening of the enclosure, the base
plate defining a lower surface for positioning within the sealed enclosure, a gas inlet

and one or more mounting elements for mounting to the enclosure.

20.  The apparatus of claim 18 wherein said cleaning gas
passage includes a fluorinated material resistant to etching by said cleaning gas, said

cleaning gas including fluorine.



