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(57) Abstract

The invention provides a system for providing a flow of a short-lived, reactive process gas species into an RTP chamber without
creating ionic species. An RTP chamber (2) includes a transparent quartz window assembly (18). The window assembly has a first pane
(22) facing a wafer (8) inside the RTP chamber. A second pane (24) is-positioned adjacent a heat lamp array (20) on the outside of the
RTP chamber. A window side wall (26) joins the first and second panes at their peripheral edges to provide an intemal chamber (28)
therebetween. A plurality of channels (34) extend through the first pane from the internal chamber to the inside of the RTP chamber. A port
(30) communicates between the internal chamber and a process gas source. The window assembly also includes a reflective surface (40)
facing the internal chamber. An ultraviolet light source (46) is positioned to illuminate process gas flowing through the window assembly
with ultraviolet light such that the ultraviolet light alters the chemistry of the process gas. A process using the reactive gas species can be
tumed on and off quickly by turning on and off the ultraviolet light.
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According to one aspect of the invention, an apparatus for producing a
reactive gas in a processing . chanber includes a gas manifold that has
walls providing an 5 internal chanber. A first wall includes a side facing
a wor k pi ece, another si de faC|no the internal chanber, and a
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into the internal_chapbe ws qut through the
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t hrough the _gas _nan (gh% f%; Iterlng the chem stry of the 15 gas. The gas
mani fol d B4R eﬁéﬁ&@é efhﬁﬁ & surface facing the internal chanber

for reflecting thRTRI$syavémnseare emplgyied in semicondi@ikeéowakhipof the gas

mani fol d i se fat S second
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and arranged to illum nate (gas in t |nterq? er through a
wi ndow regpoﬁ% 7 9% Shay '2§°cq"?éntﬂrﬁ%\ﬁkﬁﬁ‘é? § %Iﬁu Niie ‘Eiﬁr'é}é? ed
bet ween t vafleir 3o prdvide a flow of a process gas to the wafer

15 surface. Radiant energy from a heat lamp array passes

through the manifold, which can be made of transparent
gquartz, to heat the wafer during processing. Spent process
gas can be pumped out through a vacuum port of the chamber.
Completely replacing one process gas with another

20 one typically takes several minutes with a conventional gas
showerhead system. For this reason, it is very difficult to
rapidly switch from one type of process to another at the
surface of the wafer, such as is desirable in creating very
thin layers or structures on the wafer surface. Some RTP

25 processes employ highly reactive species, such as atomic
species. In conventional systems, these species are created
outside the RTP system, for example, with an electric
discharge. The reactive species created by such methods
must travel long paths to reach the wafer with conventional

30 showerhead systems. Atomic species can also be created with
an electric discharge within the RTP chamber, but employing
-an electric discharge close to the wafer surface also
creates a plasma that can be detrimental to the
semiconductor devices being formed on the wafer.



second wal | s. According to another aspect of the inventi.on,
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fro he reflectlve urf [ it f. rent ectlons
i bR e i, shal b 'Plovib iReb thd ke RS el DTS
the pr oceﬂmdtgmhmd)@ort £lawse autt throsigdt thﬁgnhamﬂéetmndn@l ude one of

an “'sR{ & e t@f@w&wﬁe@y dipgchargaiaTee a0dhe sourde! fjavi ol et
| aser. The ravi ol et |1 ght "source can al so
structured and arranged to illuminate the gas flowing

through the gas manifold for altering the chemistry of the
15 gas. The gas manifold can include a reflective surface
facing the internal chamber for reflecting the ultraviolet
light. _
The walls of the gas manifold can comprise a window -
formed of transparent quartz. A second wall can be arranged
20 spaced apart from the first wall and adjacent a heat lamp
array, with a side wall joining the first and second walls
at their peripheral edges. The ultraviolet light source is
strﬁctured and arranged to illuminate the gas in the
internal chamber through a window region in the side wall,
25 the ultraviolet 'light being directed between the first and
second walls. '
According to another aspect of the invention, a
rapid thermal processing chamber for processing a
semiconductor wafer pdsitioned within the processing chamber
30 includes a transparent window. The window includes a first
pane facing the wafer inside the processing chamber, a
second pane being adjacent a heat lamp array on the outside
of the processing chamber, a window side wall joining the
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20 include,a controller for turning the illum nation on and of f, and

optical el erppbgeféssecting the ultraviolet light . . fromthepgtisdyrizeést
| i ght source to pass through. a transparent w ndow regi on of the w ndow
side wall into the i nternal chanber. If the ultraviolet [ight source is

a 25 laser, the controller can includ t ab] f h ing the
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i n¢l udes gﬁ‘g’e %?6' g?’%h%rhp\rﬁgl\ﬁ éilr%tg %W%Oews%fsng preghﬁgﬁaga?%em es into
a gas twanibeolidisiide @ fie RYQGeS PNt FhaRbefas SRX&t%s in the gas

mani fod d WigdhititdA%iH Hedwed thhartidridle didnbed Al a process gas

- 3= WO 99/6168 ) | i i nteracts with the precursor gas
speci es t GouTSs e 3pd a rﬁrfgtﬁfﬁl"fass ©s- TP fqrﬁmﬁ{btﬁﬂga]product gas
speci es  chamberigh s plivrdvilol f laipght Wesrden thepomird faried ttoyvar ds t he
waf er in the processing chanber. gPejlnggnatinq:can 5i|uﬂ##e reflecting

the ultradildrMBinatshPrRgess S SATHART ThaBIL PSR Y81 d so t hat
the ul travileeividigt lpagsesuch thHatugle tukt sl olet fldlghtrakeehanthace,

br ocebdi n ASI B e 7k AT SIS ot T ol 11 e (h 0 T i e g oeree The
The gas matidestts dadre iWdinpial et dnispiy eFubShaRtolR1lY Pagrliek wethed can
further inglude the fd&hPipdifad,| Nohd nto the internal chamber such
that the ultraviolet light reflects from the reflective
surface in a plurality of different directions within the
15 internal chamber.

In both the gas manifold 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

20 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. 1If the ultraviolet light source is a

25 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

30 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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waf er by shining radiant energy froma heat |anp array t hrough.t he
w ndow. 15 The product gas species, which is non-ionic and wll

typical Iy DS Nor®0% eactive than the precursor gas species, PCT/USZM206%:| ude
nitric oxide, ozone, an atom c species, or any ot her gas species that
can be produced by illum nating a precursor gas species with

uItravioléghtighterih@spw@@hcth20pgasuspetig&Scapeera teaetestegas species

having apbakliclibes apeleabodhaleTbiuhg Bhel BEBauce as specfggording to

still er as he inventio
process FRraugBnpcEAMgadaéry of ﬁPG€E§§Pﬁgl@héhﬁemannébMGesowaedstebe of

f1ow ng aatéfsangeae25rbabgsaa | BhenBak . ChQHEeilQﬁm§nQ§§ﬁ§BEéé0| d and
t hence ertures, o folg toward _a seniconduct or

waf er’ |niPﬁL“ﬁ?ogégiEHQIBHaﬁBEruiEBﬁY?B#FFn ightuPffadi seElective ght
sour ce tsurfEhuog bét ehehaahifsldgas mhablﬁhéhﬁlﬁﬁévzoleﬁBMiéﬁtd ¥kE8s

ultravio re I I plet 30 eracts wth the
first gagﬁ%OLg 588395 ggg%ggl& hb2d' @ mha%hOESﬁprP§8§e Y nbRCFBRAFE S peci es,
and fl owthg thtegsctadn w1tgashehpneghrshe gpsr speesesowarhet he

ffghfgndggeeﬁsgﬁasrcan be TREnPEL 18 NBY éaaLQSilaﬁs'Hﬂs Stopp'ngmébggl61680

secdifd gaélﬁvlééﬁﬂﬂﬁlllng the ultraviolet light source to stop
i 1'1umi nating theryd @ets gREn MdI R e meaidBN Wdhsparent&ifiRPd may al so

through THE GHE RERRPAI Gan RHEERCEntaghUsF Eha e Ry L
provideswafer by shining radiant energy from a heat lamp array
through the window.

15 The product gas species, which is non-ionic and will
typically be more reactive than the precursor gas species,
can includé nitric oxide, ozone, an atomic species, .or ény
other gas species that can be pfoduced by illuminating a
precursor gas species with ultraviolet light. The product

20 'gas species can be a reactive gas species having a half-life
of about a minute or less.

According to still another aspect of the invention,
a method of controlling a process in a semiconductor
processing chamber includes the steps of flowing a first gas

25 into an internal chamber of a gas manifold and thence '
through apertures of the manifold toward a semiconductor
wafer in the processing chamber, controlling an ultraviolet
light source to illuminate the first gas within the gas
manifold with ultraviolet light, wherein the ultraviolet

30 light interacts with the first gas to produce a second gas
which comprises a non-ionic species, and flowing the second
gas through the apertures toward the semiconductor wafer.
The method may further include stopping the flowing of the
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therefore 98 €mav1814bS r t A€ REO e.ghort-1ived
speci es céﬁgigﬂétp prgdﬁced gngﬂggF?gepgée§§gtEgésﬁéfggeggfsgl%éb rin

| ar ge EMOLRMC (BRRFEYt PBsthe WAkRBrethiouagh pheceasi mgniBpldul tiply

reflecting the UWan glivamddie dhergas d@didg id hhar ir tdds 42S
spécies is eggosed to_a.higher,inten |t¥ of uv 29 radi ati on than woul d

ot her wi se PRF&H PTREFESHPENERBOLARY aPPRFRFLE. E9Ri BXRAHGLREs highaver
quantiti esredct teet chemicalpepdotesgasnepading atoh£asspedRekham ¥t h
systens th o) e Lple reflections.,We rocessing with
short-1live %%é%?%%eggégfgpkggtgg%%EPY§Ve%F?Oﬁ?n?ﬁFﬁ}ﬁ&eahgrigurﬁPFFaviolet
light- on Antupthestadvanapgespfpshehenvenvioh is thae tkecpirveespeci es to
the waber ddeduid spPodtee! iBRic spBELERISahdomneputd, Do aglleyedyui th

prior art systens, _ eat ur precrse process fitrol and
rapid SRk cPf ndeBRgiBEnt proEEBSERNdRgtor devices beipgj §brDedconpt i on

of the Drayhé&gwafer with sﬁtﬁis%e553§_schenatic view in partial section of

a portion of rapi ¢ therm r.ocessi ng ch er according to the
i nventi on. %lan}p Oc% the reac%lve Sp&&%_ ormed acco%r@/c@lm

_ invention are short-lived, and therefore do not pose a

is disposal or storage problem. The short-lived species can be
produced and delivered to the surface of a wafer in large
enough quantities to enable faster processing. By multibly
reflecting the UV light within the gas manifold, the
precursor gas species is exposed to a higher intensity of UV

20 radiation than would otherwise be available from the same
source. This produces greater quantities of reactive
product gas species in less time than with systems that do
not employ multiple reflections. When processing with
short-lived species according to the invention, turning the

25 ultraviolet light-'on and off starts and stops the flow of
the reactive species to the wafer in much shorter time
periods than could be achieved with prior art systems, which
feature allows for precise process control and rapid
switching between processes.

30 Brief Description of the Drawing

FIG. 1 is a schematic view in partial section of a

portion of a rapid thermal processing chamber according to
the invention.



FIG 2 is aviewin partial section through line 2-2 of FIG i:
FIG 3 is a section viewsimlar to FIG 2 il nother
enbodi nment 8?9%);&1{535 mani fol d assenbly 5 according to the :ﬁ%ﬂﬁsﬂﬂo&

FIG 4 is a partial section viewsimlar to FIGS. 2 and 3 that
illustrates a third enbodi nent of, a gas manl fold assenbl

Det ai | ed Descri pii%®n 2f19 e YigMentR fpapial. sectiquidmquah t%lfﬁ @&-2, an
rapid thg@nphgpr@cess chanber 2 includes a quartz cylinder 4 supporting

an edge rin ich in turn orts a sem conduct or r 8 al ong )
its peripheral 2%39% Vg]tl‘?/\n‘?lp%’é ’(ﬁ'ﬁﬁg%lb'b?f‘t‘ﬁaﬁw tgpgndLar arr%mgiés 4re not to
scal e, buftilusttraadnar andchenr eobbdimeht olfl asprat manhéolldatssembdly t he

i nvention. lJi.nder. 4 ably supported fromthewalls of process
chanbeér ﬁ%glm tgegbﬁnénggéga }1 10. Magnets 12, which are nounted on
cyl i nder 4 haveFIagnetis & ueama aseekimavidw cﬁﬂg\\iltarie to FI@$| s2 of
process ghanber. h%tagﬁlhge&aeggp'echqr@agasbalkéneoofnaugaedpaaé§o&atatab'y
driven drive'rin ting drive ring 16 caused cylin

waf er 8 ta(sslembdb’e The magneti c coupling eliminates the need for a
vacuum seal ed drheies FEEE M Yeription of tHefBivddMdidiow al so to FIG 2,
a gas_manifold 25 assenbly positione I r.ect above wafer 8. Gas
mani $®1 d assenbl §eEeTTIRG urtfésF%ét ransHarEmR: id, rd'besgnﬁh iB9§ess

cyl i ndri edampesrhapaacliidesd aqguaatrr zniciydawdesd. 40Osupportingppasietigesi de of

o e S MR th, AE0EESS SUBERR <% By confub AR BLERY 2041 Nl

wafer 8 \ﬁ rsad energ rrent Il trated in
~and 2, ga-etmmrfl@lh@ral edﬁ?enblIy'— I’?-llls bl?el‘-‘@dWSFaﬁ’ﬁ &hasythe with tabs (not

shown) . .9% 2irdd nb? %O\élc@q% abﬁealmlge@aaearw agawnl8ocamdsz wal | of
process C a e QO her_ arran % can_be en'ﬁl oy%d to
-6-.1 illustrate the feature o e invent .

rotatably supported from the walls of process chamber 2 by a

bearing assembly 10. Magnet; 12, which are mounted on

vlinder 4 is

cylinder 4, have magnetic fields that extend through the
:walls of process chamber 2 and that couple to magnets 14
20 'mounted on a rotatably driven drive ring 16. Rotating drive
ring 16 causes cylinder 4 and wafer 8 to rotate. The
magnetic coupling eliminates the need for a vacuum sealed
drive assembly.
Referring now also to FIG. 2, a gas manifold
25 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. In
30 the embodiment 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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WO 99/:61680. hol d gas manifold assenbly 17 between |anp array 20 and

waf er 8. wo 99761680 W ndow 18 i ncl udes a bottom pane 22 and ap&pfispsRidecs

24 that are joined at their peripheral edges by a window 5 side wall 26.
Panes 22, 24 are separated by a small gap to provi de an internal

chanber 28 t her ebet ween. Two posts 27 | ocat ed near the center of w ndow

18 provi deheddi gasnmanifold agsembdly dipRATWIRN Weamp ]

A process gagesOwy.ce 29 |s coupl ed to a gas inlet 30 10 (not shown in FI G
1) in w ndow side wal l [

8{0&; 32 flg ato_l nt er nal
chamber 28 throughwimi@‘{” 3p inclu ?hﬁu HCFP@ P3ng| EasfRgt 8stQR 8AHSdi ment
With a singhe gt are ijoittedSGt whedow pdeéipierdic|adfesrye 4 haindde gas

15 park 2210 S PSS Ol Gk ORI EE ‘Sheniia by 9b €5 O
t hrough chamestisie3dn ainvemial aiginer Afrchewdsrtwaed aceTwo pdscs P2Dcess

0 o b R Ut S UL ¥ WPl fa provittid Sk ep ol er 1

rotated by rragne I'c coup
mani f ol d as$emsiturEl eﬁ‘-ﬁzpqrrfclhﬁfé@@ IRANAS r32hg 24 38 substantially

surroundi ng wi ndOV‘ﬁ-\.SBE{@cE’QH 935 s%i:é‘é 29 1%' EBuﬁ@eﬁaEOaahbﬁg fJ.h'l'e%h:%O
reflective surface 40 facin

c;g Jgleow sidé wall 26 and
faci ngt? nt el hewen FI 28-) A}%I"Utn |%l‘sp)?d’(ﬁ £ n r’fét%‘@‘??’h‘@ 3BSf or
9?5 i nl etl 22 (f:?.(bwsl M 59 zrrltﬂg:'rfh‘l aﬂrmnbemlwﬁwugmemm 49 1 hr ougg whi chd
ultra-violet [ 4 pro | ource 46 s directe
t hrough a \ﬁlr'fd}l‘i%%% ??8 @Tl dRﬁ Cgl herft®With 2 singlé gas

inlet 30, window 18 can 1nclude more than one gas inlet 30.

Thirty-six (36) small channels 34 each extend through bottom

15 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.

20 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

25 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 50, 52 and is thinner than the rest of window side

30 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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26 into internal chanber 28. W ndow regi on 48 incl udes flat faces 50
52 and is gggg?g than the rest of wi ndow side 30 wall
3

| i ght sourc n be enpl oyed with optical el enent s 54CTI8893(1?%6& UV
i ght 44 to shine onto w ndow region 48. In the described enbodi nent,
optical elenments 54 -7- WO

99/ 61680includei ackadbanguderanhabad- shapeiessasheelstybeef0t ube 60
connect og. ket een L-kiah! yFoNsg8: 4608t MR ahnd! ABE 8. ring Tybe 60 has a

hi gh- f|n| I nner ecting surface directs ght 44
t hr ough %»hﬂoﬁprbgﬁoﬁ h89hngénFﬁPePH§Fr reflaghpbag §9r§ﬁﬁét§%tFBFFy in a

plane thaj riecpagel hebhtoas cheaﬁaﬁ @2ndad aeglahSQSD@ﬁ@blehtéen&@fer 8. W
| i ght_ 44 enters |Bternal g? er 28 at _a_yariety of g&g#es within
that Sl aRBamBeTsRBWAUPRERPEIASLY UL RgRE2AS] ERREr FRgPAT2I{ft eFRal chamber

28 under garésnubti pheandf begbi pasaldel. folOafdd’ 8.44UV, 1d4ht’ ;4fron1
reflective_surfac C e t
reflecti BRCSEN FPgﬁngi §§%%5Q9 28 ag % GLk%QM? gfpgégl%%rgl an one tinme

or even skaerplane. t Aseshdwe to Fﬁ@ réfl@Htl@ﬁbtfﬁﬁnenéerenglve surface
40. internal WhahBBk ﬁé eﬁaeggggéfa&ﬂt959@e§éfgéét§8nswhéc my 15 be

a precursor gas specl es, erent nor e react | vé product
speci®s. 4¥he ﬁﬁffhpﬁé"'ﬁléépmoﬁ§fﬁéﬁ81Y8 surfage, 48seChABILAGer act i ons.

with ”D'GEEEEEleh Bhacgﬁing@§t32each peEDEBCiBher Nnav @hgﬁben428anthereby
i ncr easi ng BI’O uction _of the BI’OdUCt EEECI es ECUESOI’S may

be 20 IE§§st5?F8u9 e¥dndru: 18] BOT§, “PABsORE, @Fv@rtﬁgﬁntﬁgv

times 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

wm

reactive product species. The multiple reflections tend to
increase the interactions wiéh molecules of process gas 32
within internal chamber 28, thereby increasing the .
production of the product species. The precursors may be
20 less toxic, less unstable, or less corrosive than the
product species, and therefore easier to store and handle.

For example,

N,O + Av --3 NO + O (nitric oxide)
20, + hv --> 0, + O (ozone)

25 CF,Cl, + Av --> Cl + CF,Cl (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,
30 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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product species, and therefore easier to store and handl e. For exanpl e,

N[err]0 + hiesa + 0 _ (nitric oxide). PCEBESYRbesT
h[err] --> &%?9??%@0 : (ozone) 25 - CF[err]derr] +

-h -->d + CF[err]d (atom c chlorine) Nerr] + hu --> N
+ N quantltﬂéEOBECtﬁbtbQ@aﬂht species floGFtémolugh chamnells 84CF[ err]
(atom c fluorine n_addi.tion, the invention can be enployed to nake

ot her OBEBnPe §§e5u§§ac§u §-as atonic oxygen and atoni ¢ hydrogen, 30

and to make ot herwinex eche gprodect especit® s czelibghdikereantive product
speci es wi_t hout g | [ eci es
ar e typl CaPF§1§ﬁgng IE dq%&l?%!&e% ?{BQQKQ.§ '%letai&@i%s on Wﬁeﬁf Céikicit

having a half-life of a out a
m nut & or :lsesan blegmmmn@almon or off rapiddivakyi tGuenigd thHe rdHHuctt Peci es

flow throygh Ghanmn r@h%A' contr@ltl%:"‘@fser %Hrftaﬁﬂl%@: 56 may incliderad he
product speciés is |y react [ ve eC| es thgﬁcﬁr ttF;at es c%u ckly,
react i ons e3@ORIOSA Cs F %éh ur ni ng
UV i ght 44 opy theorel@ccft:r{dﬁ'iﬂg s’sluCtQ:IH rsrm:l erray56be Eupladd etro&ﬁ may i ncI ude
an el ectronlc svmtch | ed dlrect to W djgh our ¢ or
the el ect m&YiSdCadi tﬁ’eﬂf 8{299 aé‘a: t OE)tlcsphéy‘im céa?Is rg%lefh &

f or sy par trda‘atgqillecsm.&ii:orf o(rncexarmiwm) drterpmisedbire the rpati rm)ﬁ Ehown)

i nterposed in t pat.h ght 44 entering w ndow 18. uwv
li ght SOUS‘G‘@ Qéar?qtneziomﬂalr%dqj/ll i‘ght source B'V oducing W light of a
wavel ength and i nUénsightusetuicef 66 can pREYUERNgRYNEVoL Lgbite SOBLESt ed

lspec' es f oI, A SAIRFIRE LHhPIE s Svavd Dedd D tark Ui teedbi PRYus EEh LIdEoR WV
anp, a *

producing one or more selected species for a selected

i5 process. UV light source 46 may include a UV lamp, a
mercury (Hg) vapor discharge lamp, or a UV laser. Some UV
lasers can be tuned to produce different wavelengths of
light, which can be used to create different product species
from different precursor gases. In general, one would use a

20 wavelength tuned to maximize the production of a desired
reactive product species from a selected precursor gas. A
tuning circuit 56B may be included in controller 56. The
rate at which the reactive prbduct species is produced and
deiivered to surface 36 of wafer 8 depends on several

25 factors, including the intensity of UV light 44 within
jnternal 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.

30 In the embodiment illustrated in FIGS. 1 and 2,
window 18 is formed of clear fused quartz, for example, NSG
OZ 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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mercury (Hg) vapor di scharge lanp, or a W laser. Sonme W | aser.s can.be
tuned to pﬁ@, ? glfferent wavel engt hs of light, which can be used to
create differen roduct species fromdifferent precurs%?r H2065) |,
general, one would use a 20 wavel ength tuned to maxi m ze the production of
‘a desired reactive product species froma selected precursor gas. A
tuni ng cinchi t{136B may .be Bottondegdnen22oasr abbuvt 8608Thach (2ramg at which
the reacthyexpr eduCharBeouey sl apBuedyced aadn (2 AR x&&eﬁ"gpauggace 36 of

waf er 8 depends o Several, 25 factors, including the |ntensi W light
44 withi g8 is apﬁP&rﬁapacﬁﬁﬁﬁerzzgm theWaRePy arfe 48 BPécésylgéb 32 within

Internalaqbagba& 138w Ehdegaalill @@ bat aband the mﬁbﬁebIRQOOEm) andt Be

reactive i es neral roce araneters
enpi ri cal Cﬁ@Gss ot %%°uln tﬁg Ed#ﬁeﬁt"WélusF$39881?n3ﬁP63blfhand 2,
wi ndow l8aich hawverd diacecar bifisatboqualt262f anchxdtpbemmNSEre QZ or GE

214 W ngoueShde el 28 188239, OULEE ol ATEEERaTL of wiRGH' 13%88 T NONeS

i nch (12s8xmepncBotrdm peds zircdesbbaviogodiamenetrs afi) 1.732t hackest op
pane 24 u}4aaﬁyt 9..Q@si Baknes Wﬁb oy Ckg . QQQ 9ABhes (287'§m?b°§ 08 i nch

(2 ndow area 48 has a. alo g w ndow sid about
1.6 ¥hchdaches fip3amda §- Pﬁ?c&ﬁ&?@soﬁlgﬁoﬁw)e 25d|ﬁ055§812chﬁﬁ ChanneIS'
34, Vvh:jChzzo meach ba P@o&tdpaﬁgbgéaﬁh aFOEt?Odﬂéaetéehoflaﬁoﬁﬁ)Oabg

arraye ree_e ace a S_0 ow 1

concent r &€ ﬁﬁﬁtﬁeﬁﬁglégéh |n8°533 s 9B 217 7 g fﬂsﬁ 291 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.

[
Ul

. UV light source 46 and optical elements 54 will
typically be located outside of'procéss chamber 10, where
they can be serviced easily and be protected from the harsh

20 processing environment. Optical elements 5S4 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

25 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.

30 Metallic coating 138 may be deposited directly on window,
for example, by evaborative 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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(44 mn), 3.465 inches (88 m), 4.221 inches (107 m 6.063 10 inches (153

mm, 6.933 iWeeRidsd /6 M, ~and 8. 666 inches (220 mMm).  SwpenarsoomIss S
each have a di ameter of about: 0.08 i nches (2mm) and are positioned on a
0.84 inch (21 nm bolt circle. Gas feed-through 30 has a 0.078 inch

(2nmm di anet er ntral_c nel tal_ring 38 i rraeof | ess
steel 15 AHFEFEE @ Eﬁ%‘aﬂ rﬂfsﬁnﬁﬁr‘?‘@htrg{? LT g% as%f‘%\? {IBQIPE
posi ti onedomieid 1&51&rftoazgmcatmsap(e¢t8mm)nmlnwmtmﬂmciacoacmg 138. W
l'ight sou 6. _and o Yy ted

out si de 01&%& g’é" c%gér%orgeﬁgtf%‘{ Wﬁ’z 3541&% éla%%%g%égrgcg%c\hn ced Jélg.tgl ly and be
protectedwmnduwtﬂi&uﬂaﬂnnureqﬁﬂxﬁhﬁﬂﬂﬁfkﬁﬂﬁ*@ﬂﬁm#ﬂd lmkﬂiiﬁﬂl@ménﬁnth 54
can ingl U%e: rﬂa&msﬂﬂ{nf&nﬂf@fﬁ&p &ihrﬁsr'ﬁ . direct W

| i ght 24 source 46 1nto 1 nternal for
exanpl e, optic flﬁeifemféﬁﬁnt‘@w FenE&s, fluxéaw&herrrsmésﬁément ifr Porgas

W ndows angh{ihgsld l@ss%madozelﬁ{anweééla B Ber R f e&pé&ﬂ@i—@é‘ 8§ oggt her
|fabeamofUVI|ght 44 can be nade shipe directly into w ndow area
PGSR 78 LR

48, a bottqm RARR A2 5 haffot A hskenbly 102,
i |l ustrat gshdtedl Qeskribatbtaidve wintt i negfdBénos o FIGwz\dOV\Asgds wal | 126

fl f
Gepostbod ettt fd deineng £row of Rt Sa8 B Minded "adls: tron,
sputter deyiss téempdimentyy ametshesoaiping %b&tmrrgn@m erefleptivel

%.egﬁm S IR&race 4 s é‘x{'bﬂ{jé{@é‘tsdfﬂé@'eo@ él@ﬁ&a&ptéfdglﬁggt %%go

directs a%féaﬁﬁ%ﬁt@ﬁﬁb%t”lﬂﬁﬂr%h"? Lﬁl‘é’éf-%c?a%‘b‘? RRFPIEHtUV light

244 to enter internal window 218 through a fiber optic

15 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

20 276 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
fitting 260.

25 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

30 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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source 146 through an aperture 170 in netallic coating 138. The beamis
directed al -di agonal chord 118 into w ndow 118 t t he
refIectionsqgﬁagﬁﬂﬁgractions with 5 precursor gas nol ecul es ﬂ?h“%hﬁﬁﬁgrnm
chanber 128. Referring nowto FIG 4, another enbodi ment of a
gas mani f ol d assenbl 22 i n¢gl udes a pattern of apertures 234 in a
bott om pane 222 of% Vﬁﬁdbélﬁ 8iPRGt1PS simlar to the pattern descri bed
above with reference to FIG 2. A gas 10 inlet 230 permts a flow of
process gas into w ndow 218. In this enbodi ment, a nmetal coating 238
provi des a reflective surface 240 on an inside surface of a wi ndow side
wal | 226. An aperture 270 in reflective surface 240 permits UV |light
244 to enter internal w ndow 218 through a fiber optic 15 coupling 260.
Thi s enbodi ment al so includes a |ight defl ecting optical device 274
that directs UV light 244 in of f-di agonal directions to increase the
reflections within i nternal chanber 228. Light deflecting optical
device 274 can be a prism a fresnel Tens or the like. A netal ring 20
276 substantially surroundi jmmmﬂﬂ“lﬂym heI p to hold wi ndow 218 in
position. Metal ring 276 ma absorbing interior coating to

hel p stop stray W light from ¢ Fteakiny dut fromthe areas of gas inlet

230 and fiber optic fitting 260. 25 Gas mani fol d assenblies can
be made according to the invention with dinensions and materials other
t han t hose enpl oyed with the described enbodi nents. The nunber of
channels in the bottom pane of the wi ndow and the arrangenent of the
channel s can be changed to suit the size 30 and shape of the work piece
toward which the reactive process gas is directed. O her
enbodi nents are within the scope of the cl ai ns.
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wosscias (AT D AR WM rervsmmae

1. An apparatus for producing a reactive process

[

cas in a processing chamber, comprising:

W N

a gas manifold including walls providing an internal

chamber, a first wall comprising a side facing a work piece,
another side facing the internal chamber, and a plurality of

[¥1]

channels extending from the internal chamber to the side
facing the work piece, the gas manifold also including a
cort for coupling a gas source to the internal chamber, such
that a gas flowing into the internal chamber through the
port flows out through the channels toward the work piece;

O W w i un

11 and
12 an ultraviolet light source arranged to illuminate
.3 ~he gas flowing through the gas manifold.

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

w N

chamber for reflecting the ultraviolet light.

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

- W NP

adjacent a heat lamp array, and a . side wall joining the

n

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 gas in the internal chamber through a window
region in the side wall, the ultraviolet light being

m b wN

directed between the first and second walls.

S. The apparatus of claim 2, wherein the
2 ultraviolet light source includes a controller capable of
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a gas nmanifold

I'rst wall EGWP?%ZHE a

uﬂducing a reactive process

oviding an interRa , sa

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 of 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 comprised of a first pane
facing the wafer inside the processing chamber, a second
pane adjacent a heat lamp array outside of the processin§
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
process gas flowing through the window 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.



5. another side facing the internal chamber, and a plurality of 6 channels
ext endi ng fﬁm ol Nternal chanber t ng t hedyaidosnbwee,

t he gas nmani ong;'@ﬁ so including a 3 p Imu I"ﬂl‘ﬂlllwm gas source to the

i nt ernal chanber, such 9 that a gas floWing i'nt8 the Tnternal chanber
through the 10 po out 0 hanpel rd the wor |ece
11 and 12 {éd‘n ?a?/’f%tfé%g*ry%h?ﬁg%éﬁe gr?;fi 'g\é\gt ow%‘?f'ﬁ?ﬁ‘ng{‘

the gas fhmwraglbhemughgmhesgas¢#a#ﬂﬁﬂqxs the ultraVlOLEt Iﬂghunnnmmius of
cIa|m31 ? gg@eqﬁg%bgﬂgmg% cﬂ?%ﬂdﬁﬂﬂﬁg" é%dvyafgglri Hﬁ”faci facing

thé interna ectlng he ultraviolet |1

3. THe appiiects Sram &he Zef\?d?él’;él"ﬁ tsh’é-'ﬂﬁélq drp@ plu a®fmani f ol d
conprisse @;wradwf it tabons’ #igPanethe 3 nt@idd)Z charigond wal | spaced
fromthe first wall and 4 adjacent a heat lanp array, and a side wall
joining the 5 first and second walls at their peripheral edges. 1.

4. The agpar St us1of Ct‘hénpﬁoc@dﬂlsimgnchhmbﬁi‘ uEtc;aaimlhet whehélﬁouﬁéﬁb i's
structure nd arra umi t he _gas Jdn.t nt er chanber
through a ﬁ' &\ °lqu§d'%hr% i1 e Si 3:2' RS or%]eoi-{”atnr é‘@Tt(ﬁaEt 194%ht being 5
direct®d hampger tres-cunysidimchaggeodamgal land an ultravioled: laEwr appar at us
of claim2, wherein the 2 ultraviolet light source includes a controller

capabl e of ) - 13 )
1 12. The processing chamber of claim 8, wherein the
2 ultraviolet light source includes a controller capable of
3 changing the wavelength of the ultraviolet light provided by

-

the ultraviolet light source.

13. A method of processing a semiconductor wafer in
a semicondlictor process chamber, comprising:

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
light interacts with the precursor gas species to create a
product gas species; and

flowing the product gas species through a plurality
of apertures in‘'the manifold towards the wafer in the

O ® N 0 it W N

o
+ O

processing chamber.

1 14. The method of claim 13, wherein illuminating
includes multiply reflecting the ultraviolet light off a
3 reflective surface of the manifold.

15. The method of claim 13, wherein the gas
manifold comprises a transparent window, the method further
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3 changi ng the wavel ength of the ultravi oret—t+-ght—pravi ded by 4 the :
ul travi ol eRw%'wﬂFsosource. 6. The aHMHM l,adg 2, Wherein the 2
ultraviolet TiQ source includes opt/i's ﬂ nﬂglm’recti n§¢§ﬂ{Sﬁglzoss
ultraviolet light to pass into the interrfal tch& (g 7. The
apparatus of c¢laim?2, wherein the _ultraviolet 2 |ight source conprises of
one of aﬁ°ﬂPFF§&P€i§Fﬂ9ﬁﬁﬁ 9§e3Wﬁ§F6u¥y 3'_Eﬁéﬂg§agaﬁﬁF gneray diromavi ol et
| aser4 a8heaf lampd arfreymahrougheshengiabawer for 2 processing a

sem conduct or wafer positioned within the 3 processing chanmber, conprising:
4 a transparent wi ndow conprised of a first pane 5 facing the wafer
i nsi de the processi ngThdaneehod 2o0& eclbih 61 harehexk bt erlte gpimdict aggps ar r ay
outsigle gﬁegggspeg IRE Ri¢hamekiga W ndow side wall joining the first
and secon panes at their peripheral edges to provide an internal 9
chanmber therebetween, a plurality of channels extending 10 through the
first; pane fromife i THETREtncHAEHEELA T 1L, Whetdsh den Ol pidiud¥ 4ESSI NG
chanber, a port communicating 12 between the internal chanber and a
process §RECIEEr COMPIAFSS PEONLef| ective surface facing the interna
chanber; and 14 an ultraviolet |light source positioned to

'Hlug nate 15 pypcesy,gage (A4 &9 LIU Aoy [ Nhatadoved th sl Lraviol et
2 species comprises an atomic species.

i 19. The method of claim 13, further including
controlling'the processing by controlling the illuminating.

'y

20. The method of claim 13, wherein the product gas
2 species comprises a gas species having a half-life of about

a minute or less.

1 21. A method of controlling a process in a

2 semiconductor processing chamber, comprising:

3 flowing a first gas into-an internal chamber of a

4 gas manifold and thence through apertures of the manifold
S toward a semiconductor wafer in the processing chamber;

6 controlling an ultraviolet light source to

7 illuminate the first gas within the gas manifold with

8 wultraviolet light, wherein the ultraviolet light interacts
9 with the first gas to produce a second gas which comprises a
10 non-ionic species;

11 flowing the second gas through the apertures toward
12 the semiconductor wafer.
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16 light. . 1 . The pro “LclalmB wherein the 2
ul travi ol et wo9bki6geur ce directs u(ﬁ“m“m“ m“t‘ subst ant p@irh;sggmoag | el

to the first and second panes.

1 10. The processing chanber of cIa|n19 mhereln the 2
ultraviolet |ight_sour directs | t.ra |oI into 3 the interna
chanbet such that %fhe &?’Fr ﬁ\ﬁ%&o tkle R (-}fl orﬁqwlr%’f‘?%ctlve

surface i nstopbiridl thy DlowidgfbErehe slecendilgans hyt bontrbé lingethal

hamb 8 he 2
EI ? r a\e/|r30I e‘fl'f’f'ﬁ'ﬁ¥°£%ur%%gﬁi%cggﬁgéggﬁésé ﬁ?!ﬁg{}?%}ﬁ{?aéﬁle fl%g %S?cﬁri
di scharge Viwipinavide agas| manyfoldt | aser. The proceSS| ng

chanber of claim8, wherein the 2 ultraviol et | i ght source i ncl udes a

control |l er capable of 3 Cha% ng the wavel ength of the ultraviolet |ight
providéd by 4 th&3ult @ & QR 21, wherein illuminating

2 the first gas 1ncludes reflectlng the ultraviolet light from
3 a reflective surface facing the internal chamber.

24. The method of claim 21, wherein the non-ionic
2 species comprises an atomic species.

25. The method of claim 21, further comprising
heating the wafer by shining radiant energy on the wafer

W N

through the gas manifold.
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1 : '13. A nethod of processing a sem conductor wafer in 2 a

sem conduct or process chanber, conprising: 3 providing a flow of a
precursor ga¥OELBRs into a 4 gas manifold; 5 i | | unPERUS9Y12068
precursor gas species in the gas 6 manifold with ultraviolet |ight, wherein
the ultraviolet 7 light interacts with ?}2;3 precursor_ gas species to create
a 8 product gas species; and 9 | ow.ng t %oduct gas species
through a plurality 10 of apertures,ion the manifl;dt owards the wafer in
the 11 processing chanber. = 1 14. The t hod of claim 13, wherein
illumnating 2 includes nul tgpty-ref+ecting fthe fultrajiolet light off a 3
reflective surface of the r% | d. 1 The nethod of. claim

I

9

!
%D - Lo
13, wherein the gas 2 mani fgl@gonpri ges a tr@s@}gg w ndow, the net hod
further-: 3 conpri$i g;‘%ati ng [Te vt & hyl ZQ|ni ng radiant energy
from4 a heat |anp array tRr h the {wi ndow. Z %'EC 16. The net hod
of claim 13, wherein the product gas 2 sp@i‘eg onpri seswnitri c oxi de. o
L
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1 . The nethod of claim 13, wherein the product gas 2 species

conprises o 18.
pr oduct gaszvga Sorstend

controlling the illum nating.

The net hod of cIa|n113 wh
Speci es conprises an atom c speci es.
met hod of claim13, further |nclud|ng 2

L.acc

Féﬂ‘fgﬁlﬂﬁ?]s

ontrollin the rocessing b
2ﬁ3 g p g oy

The met hod of cl aim 13,
wherein the product gas 2 speC|es conprlses a gas species having a

hal f-1ife of about 3 a m nute or
controlling a process in a 2 se
3 flawing a first gas
and t hence through apertures of
in the processing chanber; 6
source to 7 illumnate the first
ultraviolet light, wherein the
gas to produce a second gas wW§ic

f he

gas,

flowi ng the second gas through th

waf er .

17
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1 - 22. The nmethod of claim21, further conprising 2 stopping the:
flowi ng of _th cond gas by controlling the 3 ultraviolet light source to
stop iIIunYVHassti%ot he first gas 4 within the gas manif ol d. PCT/US9912065 53
The nethod of claim 21, wherein illumnating 2 the first gas includes
reflecting the ultraviolet |light from34a reflective surface facing the

I nt ernal chanber. 1 24. The nmethod of claim 21, wherein the
non-ionic 2 species conprises an atom c speci es. 25. The

met hod of claim 21, further conprising 2. heating the wafer by shining
radi ant energy on the wafer 3 through the gas manifold.
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