;N_a3e’]| (26hT?E 1 9 NOV 2002 GAS MANI FOLD FOR UNI FORM GAS DI STRI BUTI ON AND
PHOTOCHEI\/I STRY Background of the Invention The invention relates to a

‘met hod and apparatus for producing short-lived reactive spe gzmvnmrapi d
t hermal processing (RTP) system RTP systens are enployed in uct or
chip fabrication to create, chemcally alter, or etch surface structures on
sem conductor wafers. In one type of system an RTP chanber includes a gas
mani fol d, sonetinmes referred to as a gas shower head) positioned above the

surface of the wafer_to provide a flow of a process gas to the wafer
surface. Radi ant er&ﬁ%% ‘ogﬁégf’ﬁ-&glﬁm t he mani fol d,
whi ch can be made of transpar <! t he waf er during

processi ng. Spent process Baskagasuhé ofinphe mgt'ehbﬁ.oggh a vacuum port of

t he chanber in PEgces anat her on
typically takesnpjék‘/% %’%ngg'{h?és %%ESS Egnveﬁ??‘g%gl a g a?ﬁ@\ﬁ?r’:?féagofystem
For this peadacingt s&mr\terlyvchd‘ fHeadtive spauidy Iwid atapidntioeemiype of
process tq.anQ @%\ t(RtIJﬁ e of the wafer, such as is desirable in

creating very thin-layers o structures on the wafer surface. Sonme RTP
processes enpl oy &T@hﬂﬁﬁé@étﬁﬁé eppépred inchemdcandnctozpebiips. I n

ConVe”t'O'f%'bﬂk%tt‘i% cfoh%%eeawc'&feﬂ QA RePULSE de e fagystem for

exanple, wth an electric dischar e reactive species created by such
met hods MFFEUCTEAFES (O FaRRndus {'r%d'fﬁfﬁféswaﬂeﬁ Qe ntYRmveht Fyskem,

shower headmsmtper&manﬁmm:sm&mﬁa s aﬁmﬂﬂ&r e@é@hﬂhéa ﬁé\f@f@&ar Ic

di scharge within the RIW nbe but, e IH’}? e%ectrlf di sc e cl ose
to the waf&r 3ufx £3%F & s%f’ B °‘6ean et FrGent I % the
sem condusiaferdand Eaeoviddenca fﬁrcvecbbratpsneommésrgas to 4tHe Swakdr 20~ Sunmmary
of the Iny n Ac t t o] paratus for
pr oduci ng Z‘l ea%cetl ve%%g“'ﬂsé}?cn %‘e%[@: lg?erﬁ]g (C:greérg érﬁ% %’&%’é %gﬁ%&gmam fold

t hat has wdldagiv mhajlmaguaﬁpldbt ertniath ctamies . maidélcbﬁttm¢pam1hudes a side

L?E:r 2?| ?y%tﬁiaﬁ% s}?éeg)ﬁ éifer om tﬂ:ﬂné tﬁ%r na I%’étrrber e S| %e

faci ng t h&agrdanpike Qurperd gast i oush &l rcwwe| pers of p@h@ ¢b¢~mb©npl ing a

gas source to thechpy bié&éh#%@@&&x&%@n@hgm@e&@ gfa'so%.% lao® Hehte
i nternal chamber thrg e port flows, ou rfégu?t e chanpel s_.toward a

surface ofPhhdYRHg2 380‘?? kg %ﬁ‘f‘?’é‘?ﬂr driRutegH cEOP¥eRE 24 9¥8 and

arranged tsmdv}ématat@jé&mgasmf ovhig ieasogh ihelgaeeﬂyndiﬁfdc\fmt to

altering the chem stry .of _the The S rranifo can h

Fof oot v RIGRESYIRTR T FOE o YRE FRomBaress, CocfiobREr dE fne

ul travi ol etutfiage .offhchevawdfenf shehgas mandésidable innprestiagwradpw

f or med of 0 I b ed C apart
ﬁ?%\?\%&% n%PaéEEuct?ufSQ 8 E‘ﬁé waf8r sué!’fééﬁg sé@é ﬁ‘fF P

fromthe fir adj acent a heat arra a si
joining t r@rq¢¢%$e%m%@ﬁnbl%leraPCFhBFr saer-‘rsﬁer §HCBdgEsatpmac

ul traviol egp ééﬁé‘é SOIh'iC@theﬁéwﬁ&llr 8¢saBflsar eaaeed ecubbuareateetabedgas
in the i nterna] génber ~hr ou

ndow_r egi on_|, de wall, the
ul travi ol e‘?“‘['?b‘ﬁ? ¢ TR Fgﬁgﬁﬂ' bﬂ’ﬁegﬁapﬁgef i ?"%E ﬁ‘& 52'85’??5 1Gal |l s.
Accor di ng disetratder a'ShecreaétLhe speeiesonreatedpby shehrmlethodsessr ng

chamber for %%ggg%@% 918n3°Eh . ﬁHdHSt %ba f@hep%kf%%h%@h E:?;Rr@n‘i;'l

processi ngne Fansparen & oW L heT-ag
first paneshawengeadesmtemr nsAtiomike specidessicay eissbbe, Ca'egé@dnﬂllrwne

ge:M“g dggvl agA" nt18 FE@ 3i‘EBh§Eg§waEhE|ﬁe el RITHE cBlanias ,PHute SHip1Gyahaber .
an electr:.c da.scharge close to the wafer surface also
creates a plasma that can be detrimental to the

semiconductor devices being formed on the wafer.
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- 2, 111 19 NOv 2002 first and*'second panes at their peripheral edges
to provide an internal chanber therebetween, a plurality of channels
‘extending through the first pane fromthe internal chanber td 9 N6Vi 2?8 de of
t he processing chanmber, a port comuni cating between the internal chanber
and' a process gas source, and a reflective surface facing the internal

chanber. An ultraviolet Iighs umameofstgesmhweﬁedo o illumnate process
gas flow ng throu ﬁ ht such that the

ow t t
ul traviol et Iight ;‘Lﬁ%rrsl\th%g‘ T sﬁgeg + TR ul traviol et
| i ght sourzpparaecs sfohepnbdnaungl at rbaghuveugasamnl aI byon&rsdﬂr@ to the

first and p d| L r C ch_that.the
ultraviole %Lﬁggf ?zg??ud S h‘gﬁ%?ﬁgc??’%g g%rg?g'é%i# P 5’1&’5}3 ta}" of
di fferent mtecnabnshmﬁrn thefllmsér wallchasbudes| a bote tfeigas amnif ol d
and the pr S ha u 0 ur, [ de one
of an ul Pr‘gé?glgﬂgfg HHSE%}SFCE??e }EEEEKP ltﬁE Ehemﬁng? C?ﬁ%{'&%\% oﬁgl&ladser
The ul travPbreeliryhe s@baaeeéaneapsadiﬁa ﬁa’@matbénﬂnﬁﬁlrellalf @hamben mp t he

i11um nati @Heog1a@dfaéingaeae0%mablel:errentrﬁedgsg%hﬂmfi% Wytdpvi ol et
l'i ght fromthe ul traviol et ght urce to pass through a transparent

wi ndow r egtBRlIBEeEhd RPHHO&P& GOURARPIi At §2EHEOHKEES HQI thgairsernal t he
ultrg?/l ol fe&hiﬁinséi» §QURCEhAS a ba%ﬁfl?WhﬁgCQﬁtbothér meam@qi %uﬁ:défdngr .
capabl e of changj ng t he wavel engt travio tprove y the
| aser . Acc'b?ﬁ?ﬂg{" ghﬁe‘?oﬁﬁo?h«g?’ga?ﬁgcf;ha h Sﬁv& PBFrl tr?é‘{arﬁfij

processi ngsarfacecofiduheowonif piece.a Aamidtrdvibdetpldehts sdw&wrxs

i ncludes t f o] 0 c 0 a cies into a
gas. mani £ of G orEREseraRing e pleel thor d1 ot eI aChat EATRERS o o1

wi th ul t ravhobeghl tghtgamwaanmﬂﬁefgn a&vacneg the chemnigthigV of |thght
Interacts wykh “fﬁepgsg%aﬁ&fe@a éaﬁchﬁahaecaegéelgce&%ugh&%%épeC' es,
and flow ng the prod gas speci es rough ura ertures in the
mani fol d t BAGEES the WBEEFNRA FH@“‘EPBC€9§| ng énsﬁraes t euilmm:rcaltqmg can
include refkggating the ul travi oI et light off a reflective surface of the
mani fol d sothat t uItravr%é roughthe as_mani fol d nore

I | ht ass%il ﬂsmh
than once, therebyt Bt P tHRPT & %r%o}"lﬁggw
speci es. Tbemedcefstngnsparbathnamlzl edAbgecontr alallilngau'hebe Idmngﬁd ng.

The gas ”HQ#:Egggt gggrknmg che rfi%{&ﬁg‘%'itl ‘éthﬁd%gﬁ%@ﬂtt e A

further inC eat ing ra nt e er gy
froma heaarrayp mlr-hyat sidegwaidie Jmlﬁd@@ thige fpm@ugndg@sop@hw,lsm ch

i s non-ionjg ,a_ggﬁw El” §¥Becahl kd g@srmrerhree%qter\aenb'i%e GHGHY QIS 4as

speci es, can inc r| C oxi dé, ozqQne, an atom C species, or any ot her
gas speci eSTFHEFUEERA B@dpPSJ&@G&db)Fq RLRHREESy tz?epfgétﬁjr’ébr s species

with ult Laynebehatu ehhmbzhet]pmgw aqaﬁrmm?mreglw ibe the evamé Vif‘amﬁ | |
speci es av €e.0 ut nu or O_StlI
aP\ot her asB ugFrFKéoh’ﬁ% AeS e ?8‘ 9'5% %gr?te é‘ieleinné: pﬁ”ti‘%%%s R

sem conducbecopdowaiisng chanber |ncI udes the steps of flowng a first gas

into an internal %nﬁ @ogéﬁof:‘ﬁ@ffysﬂe@@dﬁf hengeei hPEALIB apeartures of

the mani fol d t owar onductor wafer in the processing chanb
control | i n§apdduthezvedl ProcegRing Ghedheyr ifqx RuRfassing 3 r st gas within

t h;a gast ”ag“-‘f“ﬁ'c?’ﬁ%]?%ﬂ %&Z\é'x:?lpféisﬂt:g@ﬂed \Mlﬁtfkﬁdgl dHe %&d@éﬁ@%h&ﬂﬁér
interacts wi e firs S to praoduce a on nprises_a
non-ioni c $PELNSES Qn&rfalngﬁal’r'&“t:hé" 3@? lt"ffé‘é‘g%?t%r £T¥bwar d
the senm copednet acdnbertheTlva frsxt hios indey n‘hzr tgrcdswinglecisdmiper ngat he

flow ng of sterc]:%nd pane being adjacent a heat lamp array on the outside

of the processing chamber, a window side wall joining the
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-4 ., 19 NDV.2~ second gas by controlling the ultraviolet |ight source to
stop illumnating the first gas within the gas mani fold. The nethod may

al so include heating the wafer by shining radiant energy on tA&8 NaY 02

t hrough the gas mani fol d. An advantage of the invention is that it provides
a wafer processing nethod and apparatus for producing highly reactive

chem cal spiefd©sand Nséeshd gpariesn £ Sﬂ@@iﬁspefiﬁlﬁl&i'@ﬁsedjé@ﬁleiéué o8
reactive, and. | oegglgar-l | verﬁbé)rems. A furt he{ adJ\./ant a(ge of. ﬁe I nventi on
is that t R YRR YERTRET or CTYRTR. sHeRtEIL g Pherarprelseduces
the risk aixwamdond o liteugient oo nticsorpaey i £26m behe 01 ivd FRsl ofnhhfiBeyafl er

with such species. M e ctive species forned according to the
i nventi on & eé}%o}xf's-*?é\//ecg% %ﬁn%l é%g?%%%lr%édo %@?ef)bs% RPNt sposal or storage
probl em Twnwhordatingdspeednstivant btepralluckamber] aked i aepedcésst §as

surface of er_ |l &P@gﬁg LLi I rocessi ng.
8y nulti plsyall'%?‘% 'eca%ljllalngé ?{]%P{N Ight wt %?\étﬁgc}gg%eér}l?%if%;f%?&?%epprecurso?
gas speci eshambexposiyl Y- zaviQirt ligkhsseyres 18 rpesitionedhan woul d

ot her wl Sesﬁgfx?ﬁ{ﬁ‘xé@@'ﬁrééé’ﬂt SEIGw SR €RrodGh St Ré qdﬂq&ﬁw%fe er

gquantitie react1ve, product gas species In Tess tinme than wth systens

that do notlterdyigles| tighte sush dehabnshe vpberaybebeki highk taltasst theved
speci es acouii S8ry ot Nené NYedde 98, g4l Ni Mhe t HEL BA¥ISVe©! Bight 98bueReaNd
off starts, and stog tltg]: flowof the reactjve S\EEC es to the wafer i n nmuch
shorter tiFereREF ole (HEF TR el TERF eTRDShRE "TaierSrP%’F?]-%?%tEﬁs)'—hﬁhich
feature alfimst fandpgecdsd paneessandninod and apethaslv ¢ndnbBgrbgtivaen
processes._.Brief, De Lot f ' I [ enatic viewin
parti al se%l'f?tont%? %f%%ﬁ%%gegfl%%% %ﬁgtrzgra&%%o%%%gfigfﬁﬁg%gr

accordi ng surfaeei nventpsrality of difHferkneodLrétiGionsiwivhihenhen
artial.s | r tne 2-2 of FIG . FIG 3 is a partial section

v T Engf (e g F

view simlar ustrating another enbodi ment of a vas nanifold
assenbl y accor di ngnt othe theyeasi Mnifold and the processing chamber,

the ultraviolet light source can include one of an
ultraviolet lamp, a mercury discharge lamp, and a
ultraviolet laser. The ultraviolet light source can also
include a controller for turning the illumination on and
off, and optical elements directing the ultraviolet light
from the ultraviolet light source to pass through a
transparent window region of the window side wall into the
internal chamber. If the ultraviolet light source is a
laser, the controller can include a tuner capable of
changing the wavelength of the ultraviolet light provided by
the laser.

According to yet another aspect of the invention, a
method of processing a semiconductor wafer in a
semiconductor process chamber includes the steps of
providing a flow of a precursor gas species into a gas
manifold, illuminating the precursor gas species in the gas
manifold with ultraviolet light, wherein the ultraviolet
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FIG 4 is a partial section viewsimlar to FIGS. 2 and 3 that illustrates
a third enbodi nent of a gas manifold assenbly. Detail ed Description of the
‘Invention Referring to FIG 1) an rapid thernmal process chanbery ¢ NowiRizles
a quartz cylinder 4 supporting an edge ring 6, which in turn supports a
sem conductor wafer 8 along =is peripheral edge. It will be understood that
t he dravm'n?ﬁ% €; cgh ] r r . st illustrate the
features o ‘ﬂge Jl'ﬁ@%ﬁ%?%% @fxi Egérbgéf:gf‘rgg?agaagl %\gsgﬁé'%osﬁié’d FEHMS e wal |'s
of procesPrORUBergashsrachesri aAgdatiewbng the ppdsics TAs \epecies e

mount ed onppybigdes giubayecyrgrebpertliekds ihhahe f eMalls
of process ‘g%;éa\f‘rggr Zéaﬁd t ha coup?erto nagrjigtsthﬁ%{}%to& %%% attvl\geol y
driven drivweferngni1BheRBFacrrA§ aEi GB2MPRY - 16 Thguddd udnatdas £amd wafer 8

to rotate.jJbpuaBgpeEleceoHpl tRE &ltFhavabeect haghred o FaaguEmgeal ed
drive assenbly. Ref grrsbng now a&go s mani fold assenbly 17 is
a :

to FIG 2, a_ga |
posi ti onedSYF+2CEI § FemARLEP s%agf‘ﬁﬁnltgﬁl FLEIESIHALet 4 ighd RASSes
transpar enthroudit ehei ghbymanl folldi merky tahapethce, use’ @l tihickdadawgls. On
an opposi tﬁgSi de_of %ngow %g[’ ﬁHtSi de of ﬁrocess chanber 2, .is a lanp
array 20 tHAt hBEPE2RAEFRE 81Wft h°PaBF STHTERE §7S SPSHE Senbdditrent
il lustrateproce&sBg tannble2cogasohbadf blyd cansenilliny7? titse hel d by | anp
array 20 V\Q_Hl‘&\?ggtg_ﬂét shown). An o-ring 19 provides a seal between w ndow
18 and a walT of "procéss chanber 2. OQther arrangenents can be enployed to -
6 9 N OV 2002 IWheal gass mami fld carseintlude setverspazept awvingo’) and

vafer 8. WRQowhd8nl ddeana et he® paRe 'i—f‘%?; re

j oi ned at V%ﬂgi ghég?\iéﬁ%gr_al igdges by a vvien(‘j%\/gv ?irp%e%v’\;/aﬁ%lo o% aﬁ'erg]?}‘,eam are
separ at ed W9L&rsh¥l FhdBANEo FBRFNECRRY BN LXFM ach@dferl amp E¥a@dbet ween.
Two posts ZHrbagat eHeneandbhe center of w ndow 18 provi de additional
structural support_betwee anes 22, 24. A process gas source 29 is coupled
to a gas inlet 30 T(t}ﬁ)tp%q{gﬁﬁt 9SS BeCHeS n \%‘%%W’éi B aPRI262NA ‘ﬁ%iess
gas 32 flowgpioadliynber mekeclreabeivadtbanouple iprerturddr Adapwridss 2
illustrates_an,enbodinen it in as _inlet 30) wi ndow 18 can i nclude
nore than S5AB QQEYF%FQF”‘%E\%TEF??%! S|8>%8F%61a %1° armhel & 81 &FcifBkt end

t hrough bobtherpgas 2pecPescebstgasn3Ref praduged fhyormlilntmemadinghanber 28,
t hrough ch , i . o@Ngk \afer ce RS 9as
32 becomsﬁggggfi‘?ggi gtgrgl Ehtggéegc%gg&g eraqé\t??'fegc_ési t:\{;\I'In.er'llgh\%a eri I'S rotated
by the nmag@@fi EPESEBEi RGNt BedRi YEAFFAYe16asCaParfs daying anihial f1rd ifieso

i ncl udes agpegpbuti AOm3Buseboanksal.l y surroundi ng wi ndow si de wal | 26.
Metal ring 38 has a high-finish reflective surface 40 fagiﬁng t he out si de of

wi ndow si de wal | ZECSHRRIRRITY Fret RO ReFHarPest AEsFBe 3BVPRLAPBYi ded
in netal range8Rotionfgasntmiodlifg. aMptralcesisng.rB3& dem cordumtase an openi ng

42 t hrough i r Lal.et . iLah 4 nr C - W] ght 46
is direct eﬁ%h%gﬁghga%v#n 8\% rlé\‘.?l.gh'e 8tto vﬁttl'r?3 ovx(‘%’?dée::lyo\/\‘/g)fry¥ ft&gﬂiﬂin so%)lu% %r nal
chanber ZBiandowin&gmﬁ14@hiaﬁglea’d9§ A &2 mani Bold sndnthenrce hi nner t han
the rest ofhybidAapedeutllsl o2 chl/ haghils I CRvahid CRMNs &ifi ESRRAES: Wi t h
optical elenments 54 to direct WIlight 44 to shine onto w ndow regjon 48. In
the descri B@8de&nB8dithenProGsSsine g gpntrol hang &% whieaYiRgke a
rect angul ahghepe&us:tai tloe 44 lumiaateultheSE iammeards ngi tie neeine Was ght

source 46 and, | ri_ng . 0 a hi.gh-fini inher.re ting
surface 62“‘?‘9&?%3% Y ﬁ%rga&ti%jg@t %:1%@1 %%%&e%?%nuggr?% c(g)i??lternal
chanber 231ighst amtiexialors wikhpltinee fiilvet igapdral prdéduce pangesc@dd gasand

al so paral | el £to0 sy | j ; : d Nt I r

vari ety of L'glﬁé: oS '?rﬁ"ls%st \hé!itﬂ p g’r?gﬁcis S c;l\/\%g"l ﬁér@éf%@ﬂ%l?gﬁt%ﬁé’nd
entering i G8Sr Shirongintide 2partdicfodPHRNY e Femicenduasorevager. 44', 44
", 44" U irnbl aldeheld fRly RS HEr G AU b ping i €86t EDBwaAg SRt Ehei th
each reflection. WIlight 44 can pass through w ndow 18 nore than one tine
or even several Mres due to the reflectiaens fromreflective surface 40.



Wlight 44 can transform process gas 32, which nmay be a precursor gas
species) into a different and nore reactive product species. EQF
"reflections tend to increase the interactions with nolecul es Hgg

"32 within internal chanber 28, thereby increasing the production of the
product species. The precursors may be less toxic, |ess unstable, or |ess

corrosive §desnd §rapluebn&&ema ane thEerQereaih.%htt Sopheee and
handl e. For exa nlthlc OXIdg)RpS 0z +Av-->0 + O

(ozone) CF2E3SR 31} g a@lnagleg wchEF%é:IrsEaEBﬁ WiLRLBr FRE) papifold> N + N
(atonic anh@gﬂ@ﬁhéE may#\also>15ci:u6§ heatangc theuaaifee) by Lsmﬁdﬁl;tl on, the
i nvention can_be e §§d tno ﬁa theghato Fr% ecies 2 3 lgz atom c
oxygen andkﬁ?bfrﬁ‘é]ﬁ? erfi' 5 8@3 I hnufPHg e(rg;glfaé“ §:;:} &i i@;’he

rocess makes e Ay AN SRR | emelom@ |yhaonic s

Klthoughtp o] Eg it ca tgllov )o 1D?ztsrr?havmg
2 hai 111 1 ASEPE B SRERLIRCTEES KB° bl aRaL, ol BEbaRINg’ 1 55T

quanti ti esrsac:h@epﬁbémés:aépé@uesseﬁl. ownpﬂudggs ehamicl spetiest,o f\mﬁer
surface 361ewea?agereﬁedU%Ssp%he§ﬂva 2aBH0NbKaERATLINE PREChes Al

di ssi pat es_qui ck reacti ons on wafer surface can on or off
rapidly byAt G?ﬁFh@rV\?FiVQﬁFa&!& & GF’EOFFV6§Fﬁ@“a1§oﬁPP§I Ité'*le pEocesst rol | er

56 may inchyds ABtepestueeri Gopwict %beéﬁésqouaaedhéh:é%&by rte@u\A@s' ghle source
46, or the el ect%ogl cC_switc coug gd to a '%hyS| C%{D swi tch that
t

h
forms part=ofKof §m3§)1n190tth§x§ﬁﬁ‘llé°n§“f:59 V& C%Sr PERTEn
i nt er posed-he whepawhthf s\elh gipecdésent eri ng vm ndow 18. WIight source 46

can i ncl ude any Wil ght, pautge, BLOMIGL b WL 0¥ o @ yEYSLENGL N, 21

intensity useful for prodUC|ng one SpecT es
process. Whightieource AFGOMylllNcldudenei leeamﬁora dor cety polsg) avapor
di scharge L ?sQ'i 6r\/\é'c6§%be 59\%%1%\{?' as%\% cABrRe lvagd g ;p%cgle%d%%%

di fferent wavel engths of [ i ght can used to crea feren
product spBEPEYceRoAndi frdLETes: SQuESSr sg§§é§e P& gewafgr, isndawgel d use a

wavel engt hehaagﬂ E;Qaﬁ&&'tfﬂeée tbh%anQ@U(fh'sQ@rObr@c@%%'lhgd r%@CHu‘i% il g,duct
speC| es from sel’ect e?\g‘trec;irlﬁﬁ]I gléltn ci rcult 568 nmay be”i ncl uded
in control Irélf 86tipFet iC 1Ff‘?énr§ preddet gpddites i s

pr o?uged apdedalrlswer ga st Gp&ldn}‘e&CQSBQx@‘osw eo & mheugemd-s :.Oite‘i'ts\dﬁlyaloﬁ;] mfj or FI
i ncl udi ng ns| 0 t hin I .28, the dwe
time of pr55§§‘§g %‘vr\"n I“’ﬁ’md ererﬂll é’hg v’i; a@:fihe gas f oevv PgFe and
the hal f - Lepuyrgr. thé‘hﬂ-§a@tri0¢e!°§§e9r9§telrn cxg:@mnallesmqfcgsasaq@amet ers woul d
be set errpbgbaguty akn srp%fe@qqf TRl 'tlz.ln*éStcrlﬁtneqﬁ'é:rl‘i gézfé(?e:&s &h 2. g ndow

18 is forne ar fused _quartz, for exa r GeE 214. Wndow
side wal | DEthEEPARYoMUSL I lengedd est 1o58ut f@%amﬁmwyﬁh and a

t hi ckness @ho%bomthd5sp&@:1e5"a%dH@d1 d tHe ((hAehuidn, Bmztrgm ame 22 is

s 0 ST Ao BRI Aot A B

wi ndow si deheakleaztivie spediels Gd rediee waf4&r min) munh & Hdr e asimeof about

0. 2S inch a i t ab 062
inch (1.6 g%ﬁar@eg grhrgglye Qh% Eqw ea\eMHelaett}’a yls%g\cbercf'%cfda%a S % %V‘VQ‘R on
si x concentfeature @ldiows & mavmfgtﬁﬂ RACESS Font b and HeaRP{d 3. 465

i nches (88 g@ikcriné? bdtwdws ed88g. 6. 063 inches (153 mm, 6 933 i nches
(176 mm, and 8.666 inches ( each have a di aneter of
about 0.08 inches (2nm) &¥eS SRCRIiOtIg . e t21 mm) bol t

circle. Gas feed-thrGugh 38 hascheﬁaoia vmeh @anpﬁrdua&eiselcment odl a

"ef ot | ng BEHHARRD ofo 8 RIS e o g cenat S tfre g SRl R e

mi  bel ow wihedamvESition.

gas

®cted

() O'




Wlight source 46 and optical elenments 54 will typically be |located outside
of process chanber 10, where they can be serviced easily and be protected
fromthe harsh processing environnent. Optical elenments 54 cahgiNpy Mg any
sui tabl e means or conbination of nmeans to direct Wlight 44 from W I i ght
source 46 into internal chanber 28) for exanple, optic fiber elenents,

| enses, fixed and pmyabpe; 4 reféw mnsaﬁ@lamdséaelbhk%rmgg filml mants
54 may be ellmnated altogether if a beam of WIlight 44 can

shine di r eB€l ¥ Ifnt é -wi ndow area 48. In another enbodinent of a gas nanl fold

assenbly 102, ill ustgatedis naF;b&tsalaseetabhl ¢ienabing1d28cen ragy Rdow
si de wal | S? provides a reflecti urface 140. Met al llaﬁc coating 138 may
be deposité CEEERP ANRRESWE eI PR [ A 2e9e8PYon)

sputter depegickridang Ql’o ahe anvenoiRiml coati ng t echni que. QDtI cal eI enents
154 in this enbodi nclude_a_fi b Eg c_el ement . 163

NOV 2002 directs a o*s\ﬁlﬁ’ﬁﬁf'li 45? MR YaR¥HPETE §5r tWI I&ﬁt szource
146 througlanaln aamalatuué.lh'smrialteraataaldhxrd:cmnbdtg.rﬂé}& ofhea lpsen msnilf s bt ed
along a non, a%cinal chord 118 into wi ndow 118 to increase the reflections
and i nter a8frons Wit h precursor gas nol ecul es within internal chanmber 128.
Referring now to FIG ta : apvenbibal d assenbly 202
UEESF%§4 !Ln é‘n@&%ﬁ Qi—‘mZEZprcgs dow 218 t hat

is simlar to the pattern %ESCI‘I

includes a pattern,of . 2PEH

above er ence 2. A gas
inlet 230 poambey 2 AINGAYSE SpRo BT (Fa LY Insey rﬁjcﬁmpacartmemmsedge
enbodi Ment g Rl AhGRH IR0 3% HUBHIIRS & rAinRdidate sy acLe 40 1oAY
i nside surfacé of a_w ndqow Side II %é? An aperture, 270 in reflectlve
surface 246 FePRrEOPRFEFEAIS24 1 R ERAS SR P 8RB ough a

fiber opti ammp,lgsngr%@xotTMczs serdiedi g mmamdweﬁ-wmwtbdﬁl ecting
opti cal de\u e274th | i ght of f - di nal d|r ctlonsto

i ncrease tr’f rué':‘ftl FEEE gk’ 1%%5‘% I\éﬁ]t et?ﬁ:a %h@r%% $ s, a(% d fing

opti cal demome.tabdycesmlplp@r&ew |fs'rqm & Her oeidls Iceﬁ15pmcet31='e ¢ha<mben 2reb1al aring
276 subst apti gl I q%&% GAN Ael ok M 218 i n
posi tion. %et al:L Salésrf%@?aq have t” “absor bi ng |é1n?{laé{|l or@%oatl ng to

hel p stop §mlay=dm |4ghthaMeoma|gémm¢g fdlﬁlés dhathexhand ©Yireagh shet 230

and fiber QRhilg et iHrete2i0 cHanbel fald affeddife G wegrneds agcording
tothelnventlon w th di nensi s dmaté:ilals Othe:a]téh osee | oyed

with the d8QURYS 9o di Thfe Jdtth |nR?'H% bRt SRt Bene
of the w ndQWgamt idatisy a:ygejmr of drie wdbemned scearotecehanged to suit

the size and s r |ve Ss gas
is directed® 9(3 r%“gjg'%r?g elilg‘\r%ca\;eﬁ ?he és':?cgﬁpct(’er ot f% faf gré?gg

1 9 NOv 20@Q1W‘aataa5t§rr¢ﬂa! qed is: 1. An appar atus for producing a reactl ve
process gas in a ppEEEssing ABA™RELo to FIG. 2, a gas manifold

assembly 17 is positioned directly above wafer 8. Gas
manifold assembly 17 includes a transparent, substantially
cylindrically-shaped, fused quartz window 18. On an
opposite side of window 18, outside of process chamber 2, is
a lamp array 20 that heats wafer 8 with radiant energy. 1In
the embediment illustrated in FIGS. 1 and 2, gas manifold
assembly 17 is held by lamp array 20 with tabs (not shown).
An o-ring 19 provides a seal between window 18 and a wall of
process chamber 2. Other arrangements can be employed to
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conprising: a.gas manifold including first and second walls providing an

I nternal chanber, the first wall conprising a side facing a work piece,
‘anot her side facing the internal chanber and a plurality of {laNO¥I 2002
extending fromthe internal chanber to the side facing the work piece, and
the second wall having a side facing a radiation source to direct radiation

t hr ough trmhdfg éjmggffgfa ggg%&g@y {9eb¥9w5e9| ghe ga%%nanlfold al so

i ncludi ng a port o cou a process gas source to ST Erhal Bﬂanber
such that awafexe8s gas flowing into the internal chanber through the port

fl ows out through hqu%ﬂaﬂ%ebﬁcH%W%rd t%%tW%th%!%P% ang %n Itrgﬂ{olet

| i ght source arranged to illumnate the proces | OW ng S he gas
mani fol d. 24 TtRatppte aleined &t fheir peripherahnedoes bnrahexndnwludlng a

reflective sswé assliaﬁsng biges ”iff“f’i &P@r@sgﬁ%ea%e&téﬂ }}ggag to

ultraviolet [1ght . The apparatus of claim erein the
second wmIEFQNl@ﬁea@aénﬁﬁﬁP¥5lﬁh%%hﬁﬁl%% sheFaBetveer nedTWe PeaRspafent

quartz, andiscstée M@af teentegréhect i wshdawdisegeodiael bedat ibR8L T
peri pheral edges ratus of claim S? reln the ultraviol et
u

a
light sour c&% °E?Fﬁ£tﬁP888§ P e e RRRGS | ate the process gas in
the internal chanber pxtoomssgh gasmsmdnwer ed drs icoupledsitde avajals, J.trilfbt 30

ul traviol et n ct the. fiLr ng.secpnd_wal

1 9 NOV 2~ Z“%$9T%%g§%pg?a E@ o?Fcf th%é%né%kg 9§tra BF%?EFFgﬁFS
source_inclhﬁeélawsonnpolLetenn@hb¢bambe§ha&gthgovgb haletemgth of the

ultraviol eta] i QhtgRr pY&ded by1hSeratds ahobRbodiment with a single gas

inlet 30, window 18 can include more than one gas inlet 30.
Thirty-six (36) small channels 34 each extend through bottom
pane 22. Process gas 32 flows out from internal chamber 28,
through channels 34, at right angles toward wafer surface
36. Process gas 32 becomes evenly distributed across wéfer
surface 36 when wafer is rotated by the magnetic coupling to
drive ring 16.

Gas manifold assembly 17 also includes a metal ring
38 substantially surrounding window side wall 26. Metal
ring 38 has a high-finish reflective surface 40 facing the
outside of window side wall 26 and facing internal chamber
28. A slot 31 is provided in metal ring 38 for gas inlet
30. Metal ring 38 also includes an opening 42 through which
ultra-violet (UV) light 44 produced by a UV light source 46
is directed through a window region 48 of window side wall
26 into internal chamber 28. Window region 48 includes flat
faces S50, 52 and is thinner than the rest of window side
wall 26.

UV light source 46 can be employed with optical
elements S4 to direct UV light 44 to shine onto window
region 48. In the described embodiment, optical elements 54
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| i ght source.. 6. The apparatus of claim2, wherein the uItravioIet l'i ght
source includes optical elenents directing the ultraviol et gpt to Eﬁ?s
‘into the internal chanber. 7. The apparatus of claim 2, mhereanNWH
ultraviolet |light source conprises one of an uItraV|oIet | anp, a mercury
di scharge lanp, and an ultraviolet laser. 8. A rapid thermal processing

chanber T Olnpigaesal %c%ai?@l%%%%‘o%rd WAy tdaned gdidy the
processing c conpr i a transparent w ndow i ncluding a first pane
faci ng t heCABPEFLRAT] H’@tm'lpr%’ceéﬂhﬁg sevdifigerd 6 ancbaweth banenqdj@éicent a

heat |anmp appayefuhaisda %flgtnh%leﬁ%essid& Gl o1 iy W sige
joining the first and_second panes at their peripheral edges to provide an

i nternal cRARBEESt H¥r dighvedd, CRIOMNGaMINEQH Z9a8knTel48 edemdinkermabugh
the first pragpéromst fs@uSmtaeftwn%a@%r ﬁl@d&e;wartsu@ drd e Progessi ng

chamber, a port i catj nq bet wee e |nter chanber_ and a process
gas sourceP gﬁﬁﬁ ggmgeéﬂd\/é rlflég ?rnt%'r natV chi#fer44 and an

ul travi ol eenteght muemlp«matmhmedat @d Ial uzmmaétty D PrNeEESs gaﬁtﬁi@vw ng

t hrough th |de wi .t h_ul VIO| The processing
chanber &8"‘% g?gn% ﬁht%@ dt Wol et r]’g:ou‘lr‘fce ’g’c‘?

ul travi oI en.nteghalsaham«m 28 yundzirgides rrtuit:t:]rdef I resft) el sves ol panes. - 13
1 9 Nov 2093 1044The ngcegs%qg q%@gg'éy;(ﬂéﬂg@é%e\gyﬂe%ﬁh$§¥aultraV|oIet

| i ght source Hirects
direction and path with each reflection. UV light 44 can

pass through window 18 more than one time or even several
tames due to the reflections from reflective surface 40.

UV light 44 can transform process gas 32, which may
be a precursor gas species, into a different and more
reactive product species. The multiple reflections tend to
increase the interactions with molecules of process gas 32
within internal chamber 28, thereby increasing the
production of the product species. The precursors may be
less toxic, less unstable, or less corrosive than the
product species, and therefore easier to store and handle.
For example,

N,O + Av --» NO + O (nitric oxade)

20, + hv --> 0, + O (ozone)

CF,Cl, + Av --> Cl + CF,C1 (atomic chlorine)
N, + Av --> N + N (atomic nitrogen)
CF, + hv --> F + CF, (atomic fluorine).

In addition, the invention can be employed to make other
atomic species, such as atomic oxygen and atomic hydrogen,
and to make other molecular species. The process makes the
product species without making any ionic species. Although
the product species are typically short-lived, many of them
having a half-life of about a minute or less, significant
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ultraviolet light into the internal chanber such that the ultraviolet |ight
reflects fromthe reflective surface in a plurality of differgﬁ&]gbraﬁ%ions
within the internal chanber. 11. The processi ng chanber of cl rein
the ultraviolet light source includes one of an ultraviolet |anp, a nercury
di scharge |l anp, and an_ultraviolet laser. 12. The processi ng chanber of

claims8, wikaRki-ige %ft?%%lB¥%@“¢?gﬁ?e§b9$c§1PHcFB§Q§ga cbannelksed4capabl e

of changlr@hggmhagwfﬂgﬁgfg¢@f3ghe ultraviolet Iight provided by the
ultraviolet light sourc 13 n apparatus for producing a reactive process

gas in a processi Hpeh&h r SPEF3eSh Ifad il FeartiNR ng first and
second mal§§e@&@yl@h£© @Dstﬂb3t6§| ﬁh@ﬁb?[ réaétibhgtoﬂabhbeCEHg&ﬁﬂea si de

facing a wor C anot her _si de nt ernal. chanber an

plurality of %ﬁ%ﬁﬁ%l%uEQ?%na?nﬁrf? g‘éﬂYeLHaF“EH&HBePVt ight 4fiden
faci ng t heomwos kf pieceg andothOBBeﬁndsmaltohﬂrbmme& SBan&thQQuaeraﬂlatlon
source to d regt radlgﬁig htgggu? ﬂ tern # nﬁs 12 g onto the work
pi ece, theSyES-hEAT F80° bﬁ?f ¥ E8u A90FoEBYE gas
source to 4ég mntehaa¢lehan©au¢ sunhChh&EAampyobessogpieﬁl@m ag into the

internal c h t o] 0, uf, et e n ward the
wor k pi ece;, %r%@#g?h 9§a9h¥$§%%r§%rgrégngégggg %P|u%?%a?§ Fﬁg%pr 8cess
gas flownngothtdhbh mhérgas(ﬁﬁhl$b¢ﬁn)ahdtﬁﬁanseﬂo#nrthepamMQOﬁlUan|oIet

l'i ght mnthlggﬁ@e44négggginghagggéw 144 .AAA ANRAAAA.A
Ae. AU. Ay. AhyT AFl . An

. Ar CDgxy| wr | ga[ V] 83U e SRUEAG A& @R ingiude AN 4 chighh) $29%e8 ca] ca] ¢
a]ca]ca]caig@&@@iﬁ@]@ﬁ]Eﬂéﬁa]Gﬂ]@Aaicéaéﬁéﬁhcahaa1ntensmt§luseful for
e

l{upkfa\Vq% ca ca]ca% EL% éca&cakca]%aLca] LcaU]ca]ca]ca]
TRF LG RALTR g ec ct
??L%§%§Zégﬁﬁzi@@i££££WILBQB&LiouioeT46 may lnclude a Uv lamp, a . . .
cal cal ca% éfﬁ?%%fﬁ” fﬁ%f chEBLeoaEoLaaLan] S OB) RO aRkEn] Cobheoby @l "
=(= Fiﬂvﬁﬂnh@ANTeé?Ga]daF§aFGaFcaP&apechaFcaFca]ca]ca]c

a ca ca ca a cgkcC (o a HoLpL
350 ] 19%%@ ]“%%’%?%%%&%%ﬁ%ﬁ%@%ﬁ?%ﬁ%‘a\am?*’é%%% PELALCT EE

]caLﬂca]cafEﬁTcﬁ}€§fE§PEaPE§FEEf€5]Eafﬁﬁ}cafBa@FBSFé&]c&F@aP@&P@aP§&]éaU]ca
| Z7ZZ0[ [ >\ &rﬁ'ieiéfngth ciiwkwwmmzzﬁuaki:abuh}:eabaabcfa]aca]e@a]rea] ca] ca]ca

| callcal calgal eal o eahial cabhealekeaheal saheakedl galadhatioghal ol cal cak
' T nd 10%I'T&Lx(1).n§, Ekraui0VFsR (pyShexintloaRirin) cSnithmilled B&.() The #109d &
()-MOW& (Lie" 3e QELIOREZENL) 421 &e( broduct species is produced and

delivered to surface 36 of wafer 8 depends on several

factors, including the intensity of UV light 44 within

internal chamber 28, the dwell time of process gas 32 within

internal chamber 28, the gas flow rate and the half-life of

the reactive species. In general, process parameters would

be set empirically.

In the embodiment illustrated in FIGS. 1 and 2,

window 18 is formed of clear fused quartz, for example, NSG

0Z or GE 214. Window side wall 26 has an outer diameter of

about 13.68 inches (347 mm) and a thickness of about 0.5
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10T 10T 10TU®109%& ()-9710%4& ()-!{ ' 109AT& ()-S, - z[PE 10z 10z
10z, 1 510%& () -! c03&Y" 10%z& ()-Z. ! "03&Y" 10%z& ()-Z. 3&Y" 10fya§ ﬁ Z. 1 A3&Y"

109 ()-Z. 1 }[9PE: ! <09%0% | & ()-G ! "9%40%} 4| & () -G ! QQY0% | & 0%4|
& ()-:10%4 & ()-M  10%tede& ()-e =!11" F'10% (& ()-F.!11° F" O%m&' ()-F.
F'10% & ()-F. $9@0% & ()- 104| 104| 104|y510%| & ()-/!~ =P & "10%& ()-
& "109& () ( % 1O & (
F" 109% (& () inch 1@?% 2’%%)&&0&% 758 %/i % %%?"qio? 03 inch (2 mm)

thick, top pane 24 is about 0. inch (2 mm) thlck and gap

28 is about 0.08 inch (2 mm). Window area 48 has a width

along window side wall 26 of about 1.6 inches (40 mm) and a’
thickness of about 0.25 inch (8.2 mm). Channels 34, which
each have a diameter of about 0.062 inch (1.6 mm) are
arrayed on three equally spaced diagonals of window 18 on
six concentric bolt circles having diameters of 1.732 inches
(44 mm), 3.465 inches (88 mm), 4.221 inches (107 mm), 6.063
inches (153 mm), 6.933 inches (176 mm), and 8.666 inches
(220 mm). Support posts each have a diameter of about 0.08
inches (2mm) and are positioned on a 0.84 inch (21 mm) bolt
circle. Gas feed-through 30 has a 0.078 inch (2mm) diameter
central channel. Metal ring 38 is made of stainless steel
with a high finish inner reflecting surface 40. Wafer 16 is
positioned about 0.15-0.3 inches (4-8 mm' below window 18.

UV light source 46 and optical elements 54 will
typically be located outside of process chamber 10, where
they can be serviced easily and be protected from the harsh
processing environment. Optical elements 54 can include any
suitable means or combination of means to direct UV light 44
from UV light source 46 into internal chamber 28, for
example, optic fibér elements, lenses, fixed and movable
mirrors, windows and the like. Optical elements 54 may be
eliminated altogether if a beam of UV light 44 can be made
to shine directly into window area 48.

In another embodiment of a gas manifold assembly
102, illustrated in FIG. 3, a metallic coating 138 on a
window side wall 126 provides a reflective surface 140.
Metallic coating 138 may be deposited directly on window,
for example, by evaporative deposition, sputter deposition,
or any other metal coating technique. Optical elements 154
in this embodiment include a fiber optic element 160, which
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1092& ()- @f #@.O0Y%EE& ()- 10b 10b

10bS510%& ()-!q Ynmi' 10%b& () -, - OR2222223z0dY: ! &$10% & ()- 10Z 10Z

IR c ey S\ o RS Cry
21 10( ST BEFE o8 Y, ioPh PR IOrph B oraLe (LEERS (Uil IgRE" )V
sE199§g§gf§°$ic%!l@?@%@;?@9@9§2.afﬁggﬁfe1Dg0v®n"me@akxi¢?ifitshg"10®K<&'()—
10(1 " sF" 16513% é%?a'?’ ! %/ésfa:%%%/%'e? ) 2008g., %051/%"]'( é?&é%ﬁ 15°8190°

10° 510% & Y{)ndeHHOHEPQHRF IRRSS 1bhe (refiegtiors(ynd! ynteraopoans) with
"10%0& () -prdedPER fas molecules within internal chamber 128.

Referring now to FIG. 4, another embodiment of a gas
manifold assembly 202 includes a pattern of apertures 234 in
a bottom pane 222 of window 218 that is similar to the
pattern described above with reference to FIG. 2. A gas
inlet 230 permits a flow of process gas into window 218. 1In
this embodiment, a metal coating 238 provides a reflective
surface 240 on an inside surface of a window side wall 226.
An aperture 270 in reflective surface 240 permits UV light
244 to enter internal window 218 through a fiber optic
coupling 260. This embodiment also includes a light
deflecting optical device 274 that directs UV light 244 in
off-diagondl directions to increase the reflections within
internal chamber 228. Light deflecting optical device 274
can be a prism, a fresnel lens or the like. A metal ring
276 substantially surrounding window 218 can help to hold
window 218 in position. Metal ring 276 may have a light
absorbing interior coating to help stop stray UV light from
leaking out from the areas of gas inlet 230 and fiber optic
ficting 260.

Gas manifold assemblies can be made according to the
invention with dimensions and materials other than those
employed with the described embodiments. The number of
channels in the bottom pane of the window and the
arrangement of the channels can be changed to suit the size
and shape of the work piece toward which the reactive
process gas is directed.

Other embodiments are within the scope of the
claims.
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What is claimed is:

1. An apparatus for producing a reactive process gas in a processing chamber,

comprising:

a gas manifold including first and second walls providing an internal chamber, the first
wall comprising a side facing a work piece, another side facing the internal chamber and
a plurality of channels extending from the internal chamber to the side facing the work
piece, and the second wall having a side facing a radiation source to direct radiation
through the internal chamber and onto the work piece, the gas manifold also including a
port to couple a process gas source to the internal chamber, such that a process gas
flowing into the internal chamber through the port flows out through the channels toward

the work piece; and

an ultraviolet light source arranged to illuminate the process gas flowing through the gas

manifold.

2. The apparatus of claim 1, the gas manifold further including a reflective surface facing

the internal chamber for reflecting the ultraviolet light.

3. The apparatus of claim 2, wherein the first and second walls of the gas manifold
comprise a window formed of transparent quartz, and a side wall joining the first and

second walls at their peripheral edges.

4. The apparatus of claim 3, wherein the ultraviolet light source is structured and
arranged to illuminate the process gas in the internal chamber through a window region in

the side wall, the ultraviolet light being directed between the first and second walls.
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5. The apparatus of claim 2, wherein the ultraviolet light source includes a controller

capable of changing the wavelength of the ultraviolet light provided by the ultraviolet

light source.

6. The apparatus of claim 2, wherein the ultraviolet light source includes optical elements

directing the ultraviolet light to pass into the internal chamber.

7. The apparatus of claim 2, wherein the ultraviolet light source comprises one of an

ultraviolet lamp, a mercury discharge lamp, and an ultraviolet laser.

8. A rapid thermal processing chamber for processing a semiconductor wafer positioned

within the processing chamber, comprising:

a transparent window including a first pane facing the wafer inside the processing
chamber, a second pane adjacent a heat lamp array outside of the processing chamber, a
window side wall joining the first and second panes at their peripheral edges to provide
an internal chamber therebetween, a plurality of channels extending through the first pane
from the internal chamber to the inside of the processing chamber, a port communicating
between the internal chamber and a process gas source, and a reflective surface facing the

internal chamber; and

an ultraviolet light source positioned to illuminate a process gas flowing through the

window side wall with ultraviolet light.

9. The processing chamber of claim 8, wherein the ultraviolet light source directs

ultraviolet light substantially parallel to the first and second panes.
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10. The processing chamber of claim 9, wherein the ultraviolet light source directs
ultraviolet light into the internal chamber such that the ultraviolet light reflects from the

reflective surface in a plurality of different directions within the internal chamber.

11. The processing chamber of claim 8, wherein the ultraviolet light source includes one

of an ultraviolet lamp, a mercury discharge lamp, and an ultraviolet laser.

12. The processing chamber of claim 8, wherein the ultraviolet light source includes a
controller capable of changing the wavelength of the ultraviolet light provided by the

ultraviolet light source.

13. An apparatus for producing a reactive process gas in a processing chamber,

comprising:

a gas manifold including first and second walls providing an internal chamber, the first
wall including a side facing a work piece, another side facing the internal chamber and a
plurality of channels extending from the internal chamber to the side facing the work
piece, and the second wall having a side facing a radiation source to direct radiation
through the internal chamber and onto the work piece, the gas manifold also including a
port to couple a process gas source to the internal chamber, such that a process gas

flowing into the internal chamber through the port flows out through the channels toward

the work piece;

an ultraviolet light source arranged to illuminate the process gas flowing through the gas

manifold; and
means for reflecting ultraviolet light within the internal chamber.
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