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oxide (SiQO ), silicon carbide (SiC) and carbon doped 5 silicon oxide
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devi ces. One approach for formng such silicon-containing films on a

sem conductor substrate is through the process of chem cal vapor deposition
(CvD) within a chanber. For exanple, chem cal reaction between a silicon
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solid phase silicon oxide on top of a 10 sem conductor substrate positioned
within a CVD chanber. As another exanple, silicon carbide and carbon-doped
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film. Also, in some particular CVD processes, thermally unstable organic fragments of

sacrificial materials need to be removed.

20 [0003] One common method used to address such issues is a conventional thermal
anneal. The energy from such an anneal replaces unstable, undesirable chemical bonds
with more stable bonds characteristic of an ordered film thereby increasing the density
of the film. Conventional thermal anneal steps are generally of relatively long duration
(e.g., often between 30 min to 2 hrs.) and thus consume significant processing time and

25  slow down the overall fabrication process.

[0004] Another technique to address these issues utilizes ultraviolet radiation to aid in
the post treatment of CVD silicon oxide, silicon carbide and carbon-doped silicon oxide
films. For example, U.S. Patent Nos. 6,566,278 and 6,614,181, both to Applied
Materials, Inc. and incorporated by reference herein in their entirety, describe the use of
30 UV light for post treatment of CVD carbon-doped silicon oxide films. The use of UV
radiation for curing and densifying CVD films can reduce the overall thermal budget of

an individual wafer and speed up the fabrication process. A number of various UV



curing systens have been devel oped which can be used to effectively cure
films deposited on substrates. One exanple of such is described in U S.
Application No.: 11/124,908, filed May 9, 2005, entitled "H gh Efficiency
W Curing System™ which is assigned to Applied Materials and incorporated
herein by reference for all purposes. 5 [0005] Despite the devel opnent of
various UV cur Fyripechisinmdehave begn devsloped wpich ¢ sgd fqeffestively mys fdmn ¢
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support, the lanp configure traviol et radiation
substrate positioned on the substrate support; and a notor operatively
coupled to rotate at |east one of the ultraviolet radiation |anp or

substrate support at |east 1HRIEHSUMMIARYORTHEINVENEIINOt her. The
substrate processing tool may further conprise one or nore ref%ectors
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to generate a s y uniformirradiance pattern if rotated. [0008] A
substrat e pr ocessigdjelecdt macralsdising o radmtipher enbodi nent of the invention
conprises a body defining a substrate processing region; a substrate support

adapted to sSuppeD7| A SUBBBAE Biotesding Moo aédogdifidint @inBodifRAESBIpiges Ligiden; an
ul travi ol et (U\é) radi ation 25 | app spaced apart fromthe substrate support
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conprising a source of UV radiation and a primary reflector partially
surroundi nd5 t hparsfyomdle substeie supgprttholampanoufigurediodragsmiy ulteaivjodes raghation to
positi oned between the pr.inmg ref.l ector and the substrate, su , the
secondary refl é‘éP%SFaEd’é’g'P%“{%‘ the HESEAE SUpo 1%nrdaavlfl((’)tf’re?pcfagﬁlggtclogﬁg‘g k’at woul d
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or more reflectors adapted to generate a flood pattern of ultraviolet radiation over the
20  substrate that has complementary high and low intensity areas which combine to

generate a substantially uniform irradiance pattern if rotated.

[0008] A substrate processing tool according to another embodiment of the invention
comprises a body defining a substrate processing region; a substrate support adapted to
support a substrate within the substrate processing region; an ultraviolet (UV) radiation

25  lamp spaced apart from the substrate support and configured to generate and transmit
ultraviolet radiation to a substrate positioned on the substrate support, the UV radiation
lamp comprising a source of UV radiation and a primary reflector partially surrounding
the source of UV radiation, and a secondary reflector positioned between the primary
reflector and the substrate support, the secondary reflector adapted to redirect

30 ultraviolet radiation that would otherwise not contact the substrate towards the
substrate. In some embodiments the secondary reflector comprises an upper portion

and a lower portion each of which includes opposing longitudinal surfaces that meet at



a vertex traversing a length of the |ongitudinal surfaces and opposing
transverse surfaces extending between ends of the |ongitudinal surfaces.

[ 0009] A substrate processing tool according to another enbodi ment of the
invention conprises a body defining a substrate processing region; a
substrate support adapted to 5 support a substrate within the substrate
processi ng rega @emexanderamg ialaigth df thelopgisdaabairaparand opposirtgteansygnsst r at e
support and co ured to transm t U&?rerdi atti.o tﬁ a substrate positioned
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substrate, ving an 1nn SUTFALE and at
| east one hol ethetougy esfletting fanel Haeing adtwth reflative heficanrr isavyrhmeictothehe out er
surface; and a |l i h detector positioned to receive UV radiation |ight
generated by t Hlé‘ GEHYE Srfase | anp 30 transnitted through the at |east one
hol e. [0011] A substrate processing tool according to another enbodi nent of
the invention [W3fpr Aswbsteatdprdeessiag ool angomlingib snotherempodiseent ofithe mygition; a
substrate SYPPRSL, pr‘lfals(ékle P ngy ée?ining a substrate processing region; a substrate support adapted to
support a substrate within the substrate processing region; an ultraviolet (UV) radiation
lamp spaced apart from the substrate support and configured to generate and transmit
ultraviolet radiation to a substrate positioned on the substrate support, the UV radiation
lamp comprising a source of UV radiation and a primary reflector partially surrounding
25  the source of UV radiation; a secondary reflector positioned between the primary
reflector and the substrate support configured to reduce light loss outside the substrate,
the secondary reflector having an inner and outer surface and at least one hole
traversing the reflector from the inner surface to the outer surface; and a light detector
positioned to receive UV radiation light generated by the UV radiation lamp

30  transmitted through the at least one hole.

[0011] A substrate processing tool according to another embodiment of the invention

comprises a body defining a substrate processing region; a substrate support adapted to



3 support a substrate within the substrate processing region; an ultraviolet
(UY) radiation |anp spaced apart fromthe substrate support and confi gured
to generate and transmt ultraviolet radiation to a substrate positioned on
the substrate support, the UV radiation Ilanp conprising a source of UV

radi ation and a primary reflector partially surrounding 5 the source of W
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20  of which has a reflective surface that includes at least one parabolic section and at least

one elliptical section.

[0013] A method of curing a layer of dielectric material formed over a substrate
according to one embodiment comprises placing the substrate having the dielectric
material formed thereon on a substrate support in a substrate processing chamber; and
25  exposing the substrate to ultraviolet radiation from a source of ultraviolet radiation that
1s spaced apart from the substrate support while rotating either the ultraviolet radiation
source and/or substrate during the exposing step. The exposing step in some
embodiments includes generating a substantially circular flood pattern having
complementary high and low intensity areas which combine to generate a substantially

30  uniform irradiance pattern during rotation during the exposing step.

[0014] A method of curing a layer of dielectric material formed over a substrate

according to another embodiment comprises placing the substrate having the dielectric



according to anot her enbodi nent conprises placing the substrate having the
dielectric 4 material forned thereon on a substrate support in a substrate
processi ng chanber; exposing the substrate to ultraviolet radiation by
generating a substantially rectangular flood pattern of UV radiation with a
UV source and primary reflector and reshaping the substantially rectangul ar
fl ood pattern imatesahfosmbd thareon ah laysulgsitnateshpgort ih @ subspratetpsagssiig emben; adi at i on
with a secondar ef | d the
substrate suppor?gs}rtgdgelg%s%q {5%{‘@? %ﬁ%%%aéeﬁgraﬁﬁé y?Jb\étaE ?em ter fg‘lgt%{g}]raf erial
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UV radi ati on generated by the source with first and second reflective

surfaces that Sp@ﬁﬂlaicéllplgpﬂsurround the radi ation source and are asymmetric to
each other. A nmethod of curing a |ayer of dielectric material formed over a
substrat e accorf0i15y bdomemncbbhemngrahawyﬁr otditlectanpratesabfopheatovey atstilestratajxhé r at e
having the dielectric materi

15 fornmed therepn.on a subst ort in a
substrate procéss WQCOEWE%EP&:Q&&*‘%%P qutenlej’v"‘tgﬁﬁ glﬁlggt(lfgiaéef{ai)ﬁwtfﬁlaﬁ%gh on by
(i) generating dhheubsdtetuppin Wats|ﬂb§t}ai§ﬁro&@§n§%ﬂ{b@r WYd ex5R5in g e subdtiale to
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second ref 18ct iU\ ragliptipp by genenaing sheer aé@?@mﬁﬂh pielopgatedd iV sewres angdygdigastng ne t o

concent rate  * e WY AAMHEALARE v9 uld 5PLoltal biflink iy SHAR EALAve llhcld | 1)

redirecting UV ra 1 on ener secon source w Ird and
fourth refl ect aha patially arrmuad;;lmmdmtml sotroe emtdre afyimenetanth caombihae A o

trate th di at | d half of ‘the substrat te th
Firet hatf- [ oOBodEt BRI oL i g o fied 406 LRPR IS ARy f or med

over a subst r atagothaCénitodiniht ESmpriket prEing HeQdbsiRitthaCinl e Gi€lsctidt Afaterigl t he
substrate having the dielectric 25 material fornmed thereon on a substrate

support in a8 spereddbeseqiranceibptric SRR EY 2 SURHIPI@ RISERSSIAG Chanebes Apd erpasgt o LV
di b d
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redirecting th ation gene source wth opposing first
and second ref Isemtcwel)sedufeam@UVhadlatpmrgenahﬂey by cherfustrldiv stece widh atst amd sour ce

where at |east_on % firs g se o fa es I ncludes
| east one par at??ﬁo"g Cs[u E Z#’ﬁacﬁ g%&as)/@%?‘c ?18“§ ef)f"? c%ﬂm A Picghrentr ale
the UV radiation on a first half of the substrate, and (iii) redirecting UV radiation
20  generated by the second UV source with third and fourth reflectors that are asymmetric
to each other and combine to concentrate the UV radiation on a second half of the

substrate opposite the first half.

[0016] A method of curing a layer of dielectric material formed over a substrate
according to another embodiment comprises placing the substrate having the dielectric

25  material formed thereon on a substrate support in a substrate processing chamber; and
exposing the substrate to UV radiation by generating the radiation with an elongated
UV source and redirecting the UV radiation generated by the UV source with opposing
first and second reflective surfaces that partially surround the radiation source where at
least one of the opposing first and second surfaces includes at least one parabolic

30  section and at least one elliptical section.



5 [0017] These and ot her enbodi ments of the present invention, as well as
its advantages and features, are described in nore detail in conjunction
with the text below and attached figures. 5 BRI EF DESCRI PTI ON OF THE

DRAW NGS [0018] Fig. 1 is a perspective view of a prior art UV | anp that
illustratively depicts an approximate irradiance |evel of |ight generated
by the |anp ovBlOl'g]n Thgse a0¢ ether-esebodimapts1atheprgsendinyentigngasiyall Hiited depi cti on

of the primar y%ﬂ‘é{,@ saaﬂﬁ?eagﬂ%%g%&e@ﬂbgq ngjn&% dtah in &Mg&:ﬁfmn @Fm thel LR e

| anp-t o- waf er ances; 1 I'S cross-sectional perspective
view of a UV | anjmttackbdlfegutdsat i ncl udes a secondary reflector according to
one enbodi nent of the present invention; [0021] Fig. 4 is a sinplified
depiction of the irradiance pattern of UV | anp nodule 30 according to an

enbodi nent of the invention; Ooa%]s Fig. 5is a tog erspective view of the
secondary r&flector 42 depi @&&EF FRFTIONSOE THERBAWINGS 6A is a
sinplified cro Cki 0 i : | i : W | amp
modul e 30 of oBRaeh HET R abereskBlledio Pl S gRanaly Bhrmnh ARTAEIaGAH v

| anp nodul e acewnaghroxgmae isadianwh davehafrlighogentatedhry abeelampioverantexposurd @6R24] Fi g.
6B is a sinplified cross-sectional illustration along an axis |ongitudinal
to 20 W | anpomep! gig39 iA simpifédBdepicabh 6Ctht pAimpatifadibide palerhat b ptibraift
generated by a UV | anp nodul e according to an enbodi nent of the present

i nvention; [00Y% lampgsdifferenyBmprieavaleridiftanceed cross- sectional views of
primary reflector 36 shown in Fig. 3 depicting selected reflective paths
gener ated B9 t [0020kf Fixc 8 dy crassesoctitinalgperdpectiva eviesntfod darnp ofoduleghat imgbides on; 25

[0026] Fig. 7C.includes a sinplified per ctiv cross-.sect.i onal and
partial expl od& 0"4)%‘%\99?18?‘05&%&%‘9 OPg?rPé(g“t‘e'B?mtoﬁg‘[e pf??&?td?iveeé&'gn’r efl ective
surface having both parabolic and elliptical shaped sections according to
one enbodi nent [M921} hEig Avensimphiied drpcripn pf dhe irpgdignge patisympf YV jlapp module

Cross-sectiona i : Lve: pattern of a parabolic section
136a of the re??géé:t%}éﬁr"?é;ﬁ’\ég\k’n%g'?btﬁmé’?eéw%%?fnlé’g%g28] Fig. 7Eis a sinplified

cross-sectional view_show ng the reflecti pattern of el liptical sections
136b- 136d of t kl(é)\éhﬁf I'l’gcs a52 &Hmp?cﬁv?_-yl&v #&e secon%ary rettlector 45 d‘é:)plcteél n l§1g.

15 3
[0023] Fig. 6A is a simplified cross-sectional illustration along an axis transverse to
UV lamp module 30 of several reflection paths for UV radiation generated by a UV

lamp module according to an embodiment of the present invention;

[0024] Fig. 6B is a simplified cross-sectional illustration along an axis longitudinal to
20 UV lamp module 30 of several reflection paths for UV radiation generated by a UV

lamp module according to an embodiment of the present invention;

[0025] Figs. 7A-7B are a simplified cross-sectional views of primary reflector 36
shown in Fig. 3 depicting selected reflective paths generated by the reflector according

to one embodiment of the invention;

25 [0026] Fig. 7C includes a simplified perspective, cross-sectional and partial exploded
view of a primary reflector that includes a reflective surface having both parabolic and

elliptical shaped sections according to one embodiment of the invention;

[0027] Fig. 7D is a simplified cross-sectional view showing the reflective pattern of a

parabolic section 136a of the reflector shown in Fig. 7C;



[0029] Fig. 8 is a sinplified plan view of a sem conductor processing system
in which enbodi nents of the invention nmay be incorporated; 5 [0030] Fig. 9
is asinplified perspective view of a tandem process chanber 106 shown in
Fig. 8 configured for UV curing according to one enbodi nent of the

i nvention; [OOSMH %2 10 is a perspective view of secondary reflector 40
attached to a dPe2812138. TEHan sismplibied srosheectienal wewshowing thareflggye pattase o ot at ed

W th respect t%llm]tg?]l%gaﬁ)rng @gﬁ)_pﬁd[bgbhg%%]&&qgm itng:ri%]ycif;adi ation according to

one enbodi nent o e I nvention; Fig. 11A hi'cal |y depicts the

i rradi ance patt of .. U¥ .l a ndul e 30 cordin 0 an _enbodi nent of the
vant on: | 00d0VBE JiE BinR SEREES Pl AR RE P TR TR R Fi g, 11
A al ong bot h axiiciénbodiideraxbfhe ivertfon[ntd3Iélindoi@ratéd;| C gr aphi cal |y depicts
the irradiance pattern of UV | anp nodul e 30 when rotated during UV exposure

accordi ng ta anoepyod;ent E?%nﬁli??%béa}ﬁgégm@v%w of 991%5%18 bk&kessichinB&Riggt s act ual

radi ation | evel's shown in g axis 86; 36] Figs. 12A-C are
sinplified top spbemindrigvl cnpéigureg fartl vi gurilrg ageording e omesgrabddiment obthat i ng dual
WV | anp nodul es spch_ as nodule 30 shown in Fig. 3, according to 20 various
embodi ments of P8P hvention; and [0037] Fig. 13 is a sinplified
cross-sectional view of the tandem process chanber 106 illustrated in Fig.
8. [0038] Fig. [9931]s Eig.d0inp persregtivg e of gsepndapuiellgstandQattaghed ja p djsg g2
chanber accordi | JR N A 1 bHan: [ 9]
Fig. 15 is a bc}?%grrﬁbg Sgﬂ@r\??ggv&g% Ian{aésﬂpjl)%géﬁgl@i%hégﬁig@? %Hﬂ irggb%igtg.bg% ;

[ 0040] Fi gsl0 16xp&sedtaliNiradihtion ateidimg to bwe dmbodihent obthp anivieation; of porti ons of
W cure system 400 depicted in Fig. 14; [0041] Fig. 19 is a sinplified

cross-secti onal[00329W Fag. 1d Adiiaphidallyidesitr MHeGfradiafe paitdif of UV [aRgtmiriuledobodi nent
of the present invention; 7 [0042] Fig. 20 is a sinplified perspective view
of secondary r @CFUdingfo ayembydimentohthemvgntiod t hat ||l ustrates a possible

| ocation for |ight pipes that independently nonitor each of the UV bul bs
and primary ref[08¥} orldg.dfl B¢picisrastuglradianoniigvelaghowndi Kig. tl bA alvag bethtzaiitfent ;

and axis 70;

15 [0034] Fig. 11C graphically depicts the irradiance pattern of UV lamp module 30

when rotated during UV exposure according to an embodiment of the invention;
[0035] Fig. 11D depicts actual radiation levels shown in Fig. 11C along axis 86;

[0036] Figs. 12A-C are simplified top plan drawings depicting drive mechanisms for
rotating dual UV lamp modules, such as module 30 shown in Fig. 3, according to

20  various embodiments of the invention; and

[0037] Fig. 13 is a simplified cross-sectional view of the tandem process chamber
106 illustrated in Fig. 8.

[0038] Fig. 14 is a simplified cross-sectional view of a dual lamp chamber according

to one embodiment of the present invention;
25 [0039] Fig. 15 is a bottom plan view of lamps 410 and 412 depicted in Fig. 14;

[0040] Figs. 16-18 graphically depict the irradiance pattern of portions of UV cure
system 400 depicted in Fig. 14;

[0041] Fig. 19 is a simplified cross-sectional view of a dual lamp chamber according

to another embodiment of the present invention;



5[0043] Fig. 21 is a sinplified perspective view of secondary reflector 440
including 1light pipes to independently nonitor each of the primary
reflectors and WV bul bs of UV cure system 400 according to one enbodi nent;
and [0044] Figs. 22A and 22B are sinplified perspective views of a portion
of a secondar reflector according to another enbodi ment of the present

i nventi on. 09871 FRD2OBIcRPHfledipespective VierAEaoapary adlesior fiyshowniig g
[ |
perspective V' g% 4 trdt ﬁ’lg%/tgﬁrtes ﬁorsadllﬁgciwﬁé’ oH\{%ﬂtg ﬁ%yﬁtﬁﬁ%npgng%&ﬁ @fively

depicts an irr ance I on gener over a
substantially ewbtoﬁﬁgdﬂ%bulbxpndspmearamfh:ctomfw\icum nydtend 480 agrondingigated UV
bulb 12 nDunted .thin a housing 14. Housing 14 includes a reflector 16
that faces W BIHP T%“tZLZ and directs W radiation into a fl ood pattern 18
over a substrate 20. Reflector 16 is placed inside a resonant cavi ty, whi ch

limts the 8i zE043H §lﬂaBb'S@fSWh'éflqdéFrS@€‘t"dF viepod seqondpy Ireflector AR ingluding
reflects the ”B?m (!J e;;ex t&{r],dﬂﬁg?&hg%nﬁw da0h Bt é@?ﬁ&faﬁ% YR heNOVsulbstop ety

strikes its sur pattern 18 oneralat|on escapes the
refl ector surf aere spsen 80 dcomlingsto dee embodimentdandi es of pattern 18. An exanple
of such 20 radiation is illustrated in Fig. 1 by radiation path 15. The

intensity of rpe04a}i @igs. mnafdazsz@yinipﬂﬂm pédspearive wéwdifna paribnaflasi de f | ood
pattern 18 is illustrated conceptuall nplified nanner) in bottom
portion 22 of pgegndary reflsctepgpgprding toamtzfamemeahofzbe PESFEt INYERIiPBi ty of LV
radi ati on generated by lanp 10 is essentially (or close to) uniformwthin
t he boundang of flood pat tIHi’hAEED(DE&@RWm@NZETHBdNWENTdDaIti on 25 falls
out si de of regi %5@81: an anount ecreases. Wt p@el ﬁlba]éage fromthe
boundary as shé& S (])bse?jpcirfﬂ"?émﬂ‘“%f’ 4 PRGAT,IIGIOXAVS ¥ ‘TR ches zero
as shown by ||11ﬂﬁtr&5vcly{&9fk?s]an%{adlm l¢velaf redatidnidehératel Oy iR Temp @vérave been
used to cure dielectric materials deposited over substanti al |§ r ound

seni conduct or Sehsentiatygsctangydar sKpasPEs Areas d-amptlf ingledss as elongaigde ¥ buly 2 ¢ hat
because of i1 AR vibih PRdiShglie, HERIREI REWERLI AISTGPRMEL By SUSL rat e

the substantia rect angul ar eéxposure pattern generated by anp 1
necessari | ySpr dalandaéimtSdéYtrmianoanmg atflood pattedi &8 oven atsmraieszoo&eﬂe@@ lt6he

boundar i f b il hi cal |
i Fig o whi ORCHE ela.a retSﬂ%ani PVt ek Bl B AT sy HERE R aPer ™1 o e

di stances. As 5[5]0%\2“ Whlle reﬂector I%freﬂaéc{s?llljenrgajggglsc}f I;z?citlzﬁlo%B(w1th1n selected
wavelengths) that strikes its surface within flood pattern 18, some radiation escapes the
reflector surface and falls outside the boundaries of pattern 18. An example of such

20  radiation is illustrated in Fig. 1 by radiation path 15. The intensity of radiation
generated by lamp 10 both within and outside flood pattern 18 is illustrated
conceptually (in a simplified manner) in bottom portion 22 of Fig. 1. As shown in
bottom portion 22, the intensity of UV radiation generated by lamp 10 is essentially (or
close to) uniform within the boundary of flood pattern 18 (flat line 23). Some radiation

25  falls outside of region 18 in an amount that decreases with the distance from the

boundary as shown by sloped line 24 until the radiation level reaches zero as shown by
line 25.

[0047]) UV lamp modules similar to lJamp 10 have been used to cure dielectric
materials deposited over substantially round semiconductor substrates. One problem
30  with such use, however, is that because of its shape, in order to expose the entire

semiconductor substrate, the substantially rectangular exposure pattern generated by



5 is positioned relatively close to lanp 10 (position A), portions of the
substrate (e.g., portions 28a) fall outside the primary irradi ance pattern
18. Moving the substrate further fromUV |anp 10 (position B) can result in
the entire substrate falling within the irradiance pattern but will also
result in a substantial portion of radiation in the primary irradiance
pattern falli nipmputlspegessamy PRSYA A Geaan gmopmof s3dindiop ghat 1s opfsidedhero1 Anot her
problem wi th syghdusS& dfshd fBlrfyen where the edge of boundary 18 is nmatched
with an outer edge of the substrate, radiation that corresponds to sl oped
line 24 (Fig. d al.so fall outside. . of t ubsirate.
Cenerally it i Q&&égl\?:i‘églpé()bﬁ rBlsclb)lﬁséretlnetdrgé%pglcé@}?Wubffz%g&ggJi’h%(})]rJﬁP '6@%‘#“;‘3‘? gh%{;%n over
the surface of otdlige sidifférandwatr-tp-lamp distahees. A6 Bh@anAUdg. @ ifatbaid abarases28
possi bl e. The prob] ens, descri bed above in 15 cqonjuncti ort] with a prior art

| anp run_ cooint &Posiioagtilagiely gloge toé%'BBéglFfé’?‘t'P@OQ’d’Pr‘F‘?”j o @eisgbsér_ra[%%'gsecti onal
perspective Vi guihs #8aY¥all @iRdME HhiRargQrradiSRE Phitdn 18. OMRIngIROGbERIY of the
present invention that includes a secondary reflector 40 “designed to

i ncrease the i furthesfrom WY lasere FQ)(positien B) eantresylttin thy esimssubsirate. falliagpithisdul e 30
al so incl udes . . I . ] np)
naving an 20 erS2R pdesh Byt el i SR Ko B CABK B
reflector 36. pamahowadiancefpagern falling easidelthe pouralatiescdfobe shbstrate. posi ti oned
between W |anp 32 and a seniconductor substrate 50. The |ower edge of the
reflector has FocdopmmRthel PblehSwRlTEIch 8 i Bafeven wHeRRE Bdge®f bbhiRIagUIBSE M at e
so there is no optical gap between the secondary reflector and the outside
di amet er of t henatahbd withtas oxisr ¢dgevwé thefspioptratchadiglipe thal eonresondhie siepap lingxt
[0051] A WV trapspar. in (.£. 0. r i nd ' sitiened
between [|anp ggzaﬁd& @E%érf? a \éxué eéﬁed&ghg%%ﬁfaagbsﬁégst@g)]%é&\g%nde%lh%ﬂbot tom
of the secondatyconcafttaecisanuchnalifbine U¥\fadindonspar tnsurfaca dbvhetsobsadnkially f or ai r

fl ow around the, se]condaré reflector. | n.bin enb@ﬂi mecrllt thg gi st.ance between
t he upper surf SEEPFSCLILS: fl‘l‘%‘?ré“?)%ratetaﬁgf’ssf e'gg"ﬁﬁ CEY W‘t?e_ dPAtGBn and the
bott om of g6coRERENctioR WifiCH fHor 4R lanifus Rodfler td Gl HAB Sddah&polire kness of w ndow
48, is approximately 1.5 inches. Because of the snaller dianeter of the

| ower reflector e red.. s Lal I .| i ght
to the subst rat2pe e AIEMREL BEbE fealaiand b B ) fogyls S 3oching |
refl ector has a ahanbrelimeg o fHegedsentdfiveatidr thet ihdludeadisedondary réfctor wdul d

ot herw se fall outside.the boundary of the primary reflector's floo attern
Cerg T ad: at EEaes IF et b4 sty Rhsnets dhvatido paHe Tttt age mEol Ehe
substrate bei ngisbligatdesla UV lamp 32 (e.g., a high power mercury microwave lamp) having an

20 elongated UV bulb 34 partially surrounded by a primary reflector 36. As shown in Fig.
3, secondary reflector 40 is positioned between UV lamp 32 and a semiconductor
substrate 50. The lower edge of the reflector has a diameter that is smaller than a
diameter of the substrate so there is no optical gap between the secondary reflector and

the outside diameter of the substrate as viewed from the direction of the lamp.

25 [0051] A UV transparent window 48 (e.g., a quartz window) is positioned between
lamp 32 and substrate 50 and a small gap exists between the bottom of the secondary
reflector and the UV transparent window to allow for air flow around the secondary
reflector. In one embodiment the distance between the upper surface of substrate 50
that is exposed to UV radiation and the bottom of secondary reflector 40, which

30 includes the thickness of window 48, is approximately 1.5 inches. Because of the
smaller diameter of the lower reflector edge as compared to the substrate diameter, loss

of light to the substrate is minimal despite the spacing.



thus increasing the intensity of the energy distributed to the substrate. As
shown in Fig. 5 4, secondary reflector 40 alters the flood pattern of W/

|l anp 32 froma substantially rectangular area (e.g., as shown in Fig. 1) to
a substantially circular shape 49 that corresponds to the substantially
circular sem conductor substrate being exposed. [0053] Referring nowto
both Figs. 3 afP53] Vbt s¢condarpreflogiopkassysbanncling effestrefipctingd £ radhatipn that | ect or
40 depicted in _Fi r fle i ortion
41 and o 1 over "SRk s Tof FERRERE Sob il R e T MIRELPEABRRRRARS B | O
i nterior peri meddationflSrieFiget) wrthatGuchUpgietionparpingesupbh thegibsites bengeeatad r cul ar

t-out 46 t | I, bstructed fl f lar | i ir. U ti 41
al s0_i nol udes {45 MBS g EARINGR s Sty i S s ATTONE By

| ongi t udi nak sur {cReRfaryHefeABU0 Mers tRONCSY pagerwoawmfngazswni A6estaftddly
Transverse surfaces 4I'b are generally vertical and 15 have a convex surface

al ong t he trandsesangnlagared g s shewhigi Higd)) fad substaptiply sirgular shape 4%bater al | vy
| Fret i _ = oh
concave al ong tcgtﬁs?f}%%:tg H{l'sgﬁétan‘i‘.'agfg}duﬁ?Zef%lQQMLﬁol—g}eﬁgﬁatzPB&g%g%& . Which is

positioned dire ow upper p I on Inclu ng and
general |y out | Qpi.ng (fromthe_to rfaces 42a and .two. Opposi ng
general |y out ﬁ{"ggil %kﬁg“é ?%%W%E‘géﬁ)ﬁﬂaﬁe?%&g&wﬂ PERRSBNBIG Nt 20
shown in Fig. Ieandaryreffedior a6 8&pidedindig 32thededoRdiat§ esflediog IR ludeLirpdppye to the
vertical) than surfaces 42a. Longitudinal surfaces 42a are generally

concave al dfig tPREIONGA@nd adpweaiportion 4@ pichrmegh pY acvesiax fhthabexiends arangber al | y
convex (w th afiﬁlgﬁa%ﬁm%é?sp}epg&o%. ri&p%ﬂ;[ﬁr&&{ ﬂeipaué‘éé a%ﬁfc%ﬁglgfcdt%%

portion of surface a neets e | owe ion of surface al ong the
transver se di r ectllonundstridé@bidw dSlampicoaimg airr dfppli gpstion34 laalsb ivcludeaawndar y

reflector 40 represents a c | ex hape.t hat can, be. custom.zed, t o

Dt iUl ar OV 1ORBTHE 450 Seni BLm A SRR bg foBLioppidingl e 4 aRad Pt of
40 can al so be @F&ﬁmgmeckr(dsﬂrfﬁ&@hmcrﬂamweMEMA@éd AMBraye pedketaBlyverisal 288 wWhen
used) to particular irradiance profiles and uniformty [evels dependi ng on

the requi rlénelee pfonyex sistice alapg e trapyerse disgrbice, Longitdinal WHBEA*heares
reflector 40 c n@ﬁ{f&m f\éiaﬂfhﬁ%éﬁng{ﬁﬁ LBdiRcAbn. €dge high irradiance profile
%Q) te for a t

in order to corpens eater ermal profile that is center high.
Al so, secondar ﬁl ctor 4 vvi%l ner al. . aﬁ 1% (rjbe igned to.generate
i Trerent 111 adPot ok OBt PATRR el RE et fisesy Pecv e radionith”
stationary or nfdlides BRAbpgosiNp ad® géheflly SERArdQbMHE (ftdROME llop) Rerfacay 87H MES
desi gned t he enbodi nent shown in Figs. 3 and 5 using a )
two opposing generally outward sloping transverse surfaces 42b. In the embodiment
20  shownin Fig. 3 and 5, surfaces 42b are at a reduced angle (relative to the vertical) than
surfaces 42a. Longitudinal surfaces 42a are generally concave along the longitudinal
direction while surfaces 42b are generally convex (with a notable exception being in
corners 44 where the lower portion of surface 42a meets the lower portion of surface

42b) along the transverse direction.

25 [0055] Asevident from Figs. 3 and 5, secondary reflector 40 represents a complex
shape that can be customized to a particular UV radiation source and primary reflector.
Secondary reflector 40 can also be customized (in conjunction with primary reflectors
36 when used) to particular irradiance profiles and uniformity levels depending on the
requirements of an application. For example, in some embodiments reflector 40 can be

30 designed to generate an edge high irradiance profile in order to compensate for a heater

thermal profile that is center high. Also, secondary reflector 40 will generally be

10



commercially available Monte Carlo raytracing sinulation program TracePro
by 5 Lanbda Research Corporation. The inventors arrived at the final

optim zed design for the secondary reflector using an iterative process
that sinmulated one mllion rays generated by a radiation source. Persons of
skill in the art will recognize that a variety of different sinulation
programs and otdhsignedde Beriecpledificeent iadiation paemsdepandingpa vehethsaitds used with

secondary refl %%Iaﬁf”é%?glé roirt)aﬁioggqérgp%%%\E@fgeﬁﬁ?e]%wparti cular UV radi ation source

10 and primary re arrin one enbodi ment secondary

reflector 40 i ricated from fouy,h separate chi ned gl uni_num pi eces 40a,
40b, 40c and 43@%& € thgnie ‘gg?i{ql%'ggo‘g?’e'ﬂ)‘isgg‘@%mnlzefé%%a?ﬂg]sfﬁlé’ggefi ne
opposi ng sur f aggmntbkcial B alHROBIoNE@ Cadb raAERGIng Situlidd prdpgarh/ MacePrsby f aces of
pi eces 40b and 40d define 02p05|ng surfaces 41b and opposi ng surfaces 15

42b. Each of siambdeResearch Compratipra Thpénvaparspyiatedah breyinplrptiized depigbfari cal | y
smooth finish @éﬁc%@?g&v@%ég sin AlGeLRR ?r%cé@’s tHat ﬁmqla?&‘lr(ﬂa‘fniﬁf&tréﬁg sim | ar

to that descrit% respect to e primary reflector. I'n other
enbodi nent s segemgtated by efddéstioosourdd) Reasvnbef skiltlim thpard vilhmecegnaze tha wemrri¢than

four pieces and.,in.sone enbodi ment s econdary. reflector 40 can be machi ned
from o oi ngl o Bf SRS SHITEPNATOEHTS aGRRE cchalthisatbe ane o edif erdfe
reflector 40 i pafiRdRr Sdcomdaay RITeetoNAxt if @ppropiRte forh Fﬂﬁ&dlMﬁJszﬁtmemrﬁ@at ed
with a dichroic coating. [0058] Fig. 6Ais a sinplified cross-sectional
illustrati df al2Bhgrimaryrsfesisingsi s of UV | anp nodul e 30 showi ng sever al
reflection paths for UV radiation according to an enbodi nent of the present
i nvention. Fig.[068]i dnansempddimemdemndas reftector 40l fahridated from founsepdragl ong a

| ongi tudi nal axj s, of A dul il ustrati dditional reflecti
paths. for Uy rEEnaes BmBER PR OR. SR s S AP O e P e A TR ent 1 on.
As shown in Fiss ancﬁmcaduﬂinéB%posﬁ.@@ﬂﬂﬂkwraea‘nhe@p@ing@rfaédsm@ and kirtimeti al |y

y

all UV radi ati on generated bulb 34 to be directed towards and i npi nge
upon a subst r atseraws ghriress gk and#dsisfing epposiye sariseRbh ANd oPPRsingopEaces
enbodi ment s;sa qYgr iséchv\ﬁfr&%%e@&laﬁw?,h% b¥a 42% gt RRBRARENes 3R ol o1 Ch 1S
not shown in either Fig. 6A or 6B for ease of illustration, may be present
bet ween t he | oimishswd farceptivhalipplhdoated Bvithradlichubis coaiing sBiilanto tatsdesiribed above

with respect t [ i 11 [0059]. Fig..6A sho radiation fromla 4
rpi ngi ng. upon EBEIReaRgs e BmbiFen e Dot PR BRant Py HBeE.
path 45a that strdakesmaddsep ofrhered faher b lfyur\pidcboand in some embodiments
secondary reflector 40 can be machined from a single block of material. In another
20  embodiment secondary reflector 40 is made from quartz having inner reflective

surfaces coated with a dichroic coating.

[0058] Fig. 6A is a simplified cross-sectional illustration along a transverse axis of
UV lamp module 30 showing several reflection paths for UV radiation according to an
embodiment of the present invention. Fig. 6B is a simplified cross-sectional illustration
25  along alongitudinal axis of UV lamp module 30 illustrating additional reflection paths
for UV radiation according to an embodiment of the present invention. As shown in
Figs. 6A and 6B, secondary reflector 40 allows substantially all UV radiation generated
by bulb 34 to be directed towards and impinge upon a substrate 50 positioned below the
UV lamp module. In some embodiments a quartz window or similarly UV transparent
30 window, which is not shown in either Fig. 6A or 6B for ease of illustration, may be
present between the lower surface of module 30 and substrate 50 as described above

with respect to Fig. 3.
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being reflected fromeither primary reflector 36 or secondary reflector 40,
a path 45b that strikes substrate 50 after being reflected by upper portion
41 a of secondary 5 reflector 40 and a path 45c that strikes substrate 50
after being reflected by |ower portion 42a of reflector 40. Fig. 6B shows
radiation fromlanp 34 inpinging upon substrate 50 by one of several

addi ti onal exe[ﬁQﬁgfythaﬁﬁ§h0‘&S @ypriTTpmamp 34 mpiaging 4pen suhgratg MY oneef 50

di tl ith ; ff it ' :
irectly withoytegts mreg(uggﬁfg%%. fa r#a%fh BalthR Strikkd gmgtyaté%hﬁ&h?amﬁ@mor

secondary reflector 40, t strikes substrate 50 after being
refl ected by 1Beinppflectpdfrommithdriprindry sefleotat3¢ gr seedridantrefleciqy 4@nalpath 3h h 45e

that strikes sybstrate el ng ted hy.. i 42b of
refl ector 40. tﬁtﬁ?gﬁ’ts()sugsgraﬁfﬁgé}eaﬁéf g%‘ ﬂﬁ?‘% uPp%éP%%lgﬁégg?f%g%ggghovm in
Fi gs. 6A angl GRfiRéior SXx & patly 4 Rathhstikek yutBtste S0 aftertring refdédnabyrledtrect i on
paths will be generated b secon%ary reflector, 40 inclu inrg some relatively
conpl i cated paPP&on 423 refeqterdiOatis @B skoveradiation OE‘BG‘HP ¢ TIPiABIBE BBt s of

the 15 secondagyysft 56y Bhe 8Ssevéral additRAR cRempBY fighst RRe&RAPaiuSh that adi at i on
first contacts wupper portion 41 in an area near the conmer where parts 40a

and 40d i nt er setcikes subgcaOJO diedcdy withgutdhging reflecridpff of eitherepriseasy Fedlgetor 364r| ect or

enpl oyed in sone nbodi nen Qf ..t | | yed with
any of a nunbe?ecg?(?ar%llre?’f’gﬁre%@ alﬁ\?qiﬁnﬁ%&ﬁ%ﬁcg{#gméaﬁgg%%%g ‘ﬂg?{hﬁ{&?é?ed in
Fig. 3, UV10anppg? poriohddesf secaitlasy rflb@orciOcng atpath 43¥ thmu btnikSslsubstehteaSQai r - of

interior reflective, panels 36 positioned i opposi.ng.and. f aci

ori entation spé’i"éd’ef“t%dﬁ&t?fﬂd yég‘.verlifé’é‘l‘fmr Iogéet?feﬁ@r g‘gn&‘s‘ é’eé‘%‘eéﬁﬁ%cnﬂat the

| ongi t udi nal | yﬁahpm tolaSe KRN iR Fds. Sh%n&VBQ#éleQeﬁPleir)i ﬁgs'{&@ﬁarﬂ thAMEAYe i nner
, |

surface that has an optically snmooth finish. No Fig. 3 shows panels
36 as a pair opbthesfastionepaths doH he eensmtgshhiesesorfdary retlecsordi0 ingludiag some on,

enbodi nent s of | | . 17 .

embodi mont s, r SPTSSRSPHLAR Bl 1 Bl M £ e e ¥ch ph o ifbtsof e
conponent tlhat sevaydary cdfledier bs) farsxamplapaay ber tbe casb omhereradibti@vfisiocoatattow ai r

fl ow across the bulb.. 9136111‘ Ref | ect i veggangl s 36 ‘ﬂiﬁf eét4 %he I rradi ance
profile across P& PPY A AL ER NeR e cREigT WBerE PR HEANE 4P Inteisechet | ght
non-uni formty (irradiance along the lanp is a 30 function of distance from
the center of {0080] afsferringbagkéo Bighddhereaendary rgecor canpdoYediesany | anp 32 i s

used to irradi %Bo&lm%*fﬁ@%? frd ‘?eseﬁth?vembr( ca\?lfbereﬁir?:leo%lg%wgtgiaﬁgeﬁ ﬁmﬁ@erﬁg"e

Opposi ng symmetric reflective surtaces. n Sso nts of t
i nvention, for diffexenplVelanipenint the embodimes itlvstraed imBige3, WV lamp3? BAudesa used to
irradiate 30° ugﬁtglreaeioen’gate& %JV bulb 34 and a pair of interior reflective panels 36 positioned in an
opposing and facing orientation spaced from bulb 34. Each reflective panel 36 extends
longitudinally along the length of the UV bulb and includes a concave inner surface
that has an optically smooth finish. Note, that Fig. 3 shows panels 36 as a pair of
separate unconnected panels for ease of illustration, embodiments of the invention are
25  not limited to such. In some embodiments, reflector panels 36 are connected as a single
U-shaped component that may include holes or apertures above bulb 34 to allow air

flow across the bulb.

[0061] Reflective panels 36 affect the irradiance profile across the lamp and are
designed to compensate for direct light non-uniformity (irradiance along the lamp is a
30  function of distance from the center of the lamp). In one embodiment in which a single
UV lamp 32 is used to irradiate a substrate, the pair of reflective panels 36 have
opposing symmetric reflective surfaces. In some embodiments of the invention, for

example when two or more two or more UV lamps 32 are used to irradiate a substrate,

12



asymmetric pairs of reflective panels 36 in individual UV | anps are used as
described nore fully below Reflective panels 36 may be either elliptical
or parabolic reflectors or include a conbination of both elliptical and
parabolic reflective portions. The inventors have found that elliptical

reflectors can fit in a snaller resonant caw%i%/J for the 5 sane wi dth of
light beamt hatsypuRearopaiss of gflegtivediagels 3¢ indagividualdU ¥ dampsase Ussp @8 AoFribsdght

uniformty as ﬁlefmﬁnfgelw RRAGIRL pnelld @9}&réeherTélﬁpﬁdav&rﬁaparb%n@amectaﬂsso
found, however | ective panels having both i ptical and parabolic

sections al | owofigelude heomfrinaiion of bﬁthéﬂipbpal|at1<§/P@Iﬁb€thCéeﬂquhge patipasctlbon patterns

tailored to anm%grﬂh s%%é 354 thgﬁlb%fl Lig FP m%ﬁ{g[ {1) E@cgwﬂgl %ebel OW.

10 (0062) As use ereln, an e nee rue or
perfect ell$ pssameshidpeof lighslbdaadharapdrﬂfoﬂlerECtotshﬂlﬂ chmslmaqjmvbmﬂmrmr light

sem -el liptical shape that does no early de |ne point is
al so referred ’t"b‘? Ptéiﬁs E9mRa5Ed to para i"élfq rgﬁ?c(g rS. Jgf“?ﬁnlvg‘f‘?? a‘éFai?ang'EfJol
reflector needpf\pdveh @y r@eaﬁ\&eepaﬁas R&VifE6th mFam b Epat ARG sechiBid KRR foa
reflector that has b&?rtla or sem -parabolic shape that reflects rays

that are not esba(gmayas xihiliy|in ¢ating raﬂgcéloa @méermSetall@réd tpsanapphgatipey i c
refl ector. [00?&% n%E%s'e{gglngl%%dﬁmgreFﬁxﬁ baowl N€ interior surface of each
B efine Y

reflector pane y a cas quartz lining coated with a

di chroic coating. Th rtz.lini cts iation em.tte f om W
but b 34 T8 alie?hr & daiinefrin b e s feéisd el Fiveah reroa Bt Flmecompos ed
of diverse di ektﬁh@“ln@teﬁﬂita%ﬂééto‘i (KM MAS Wpadtidl OF SdileMeptichiGRapetHat28ed Wivhave a
refractive indices that does not reflect all of the damagi ng heat-generating

infrared radi eleabndefimpdifocakpointdealen reframd tsas3e ellipticel refleciy. ity #i nor. A
W lanp 32 S“'mbﬂ?lho%c r@f?erctolm‘%@ed’\‘}\cfoﬂa\?erhetn%oo‘?ggﬂ?éct E}\AGJlfc's%% Hﬁ(&% %%ﬁ'gggpl all'y

purchased fro exanpl e rdson oratfon i n 10 or
Mltec UV in SthavkssagartiaMar sehriparabolic shapeethatrbfbattsayd thatldve hcaraspac:BlX/ pm'aﬂéludes a
singl e el ongate In 25 ot her enbodi nents, UV |anp 32
may i ncl udé 9 lsealls(?r{ﬁfg-k"é‘gtolﬁa%{ﬂbf?gl 'i"’bf"ﬁ%rd from two or nore separate

el ongat ed buI bs, any array of UV _bul bs or other configuration. Enbodi nents

of the inventi 63} eRﬁ@F"}& beck edbig o3, shepatetipicgyrfaee af\gachrefleder panels36s pe .
0064] | £l
[ ] In Somsd&m%%g %%%\M&Ezhﬁ i %drﬂli’g%lh?z{;c% fﬂr@xc c@&t&g" g ﬁjtzslm?f%nxgﬁgcts

designed (in conjunction ector a sec ary
reflector is et ngeidn ¢nittdd fromddy dubrB4i rThadichriiecqaaing emmpmshaa pcrmdiaal | ored

A L N
refl ecti vezpan@ivsrefctfalindices AR doEradt fePleRNQT BHeRlatAging ma&llgaﬂ&@m%nmfrmle&
radiation. Thus, reflector panels 36 function as a cold mirror. A UV lamp 32 suitable
for use with the present invention can be commercially purchased from, for example,
Nordson Corporation in Westlake, Ohio or by Miltec UV in Stevenson, Maryland. In
one embodiment, UV lamp 32 includes a single elongated UV H+ bulb from Miltec. In
25  other embodiments, UV lamp 32 may include an elongated UV source formed from
two or more separate elongated bulbs, any array of UV bulbs or other configuration.

Embodiments of the invention are not limited to a particular UV lamp or bulb type.

[0064] In some embodiments of the invention, reflective panels 36 are designed (in
conjunction with secondary reflector 40 when a secondary reflector is employed) to

30  create an irradiance pattern that is tailored to a particular application. For example, in
an application that rotates the UV lamp with respect to the substrate during the

treatment process, reflective panels 36 can be designed to generate an irradiance profile
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13 having conpl enentary high and low intensity areas such that when the
substrate is rotated the conplenentary areas conpensate for each other to
create a desired uniform irradi ance exposure as described with respect to
Figs | IA-D. Qher applications may enploy an exposure pattern that
conpensates for non-uniformproperties in an as 5 deposited f|Im|n order to

generate a fi nB3vingeomplernentary Righiaad [WisiavbRreasi speh W?'t‘?ihenliﬁ? substraledsl e, in an

appl i cation i nyfiifite BmpRmARRARSIrERdompdrthi: %&%&I therttBlcfdate(d deSired ifbtdh M t hat
has a thickness in the center of the substrate that is greater than its

t hi ckness near inadancgexpophe ps/des¢ribed avidupspeetde Eigs 11 AfP.eOthey appligaéians ™88 can be
tailored to ge ]%ﬁ nsity in
the center ?’ﬁéﬂggg%ds %%g%%ﬁg@bgﬁﬂéé&{u% {]'I?n& é’% &P 5rlﬁe§¥ %r
deposi ti on. 5 S| teositddyfiimi in oader apg:lneuaa:ta fomal ,wheed dilinthaving kmpromed traformity. For
particul ar reglo f . a deposited fi has .nor e latile | abjle specigs than
ot her regions, % & ?}%ﬁﬁ%{’r?él"é b&ﬁ]aﬁés %BOFI(S‘?de@mt‘BCEEWe[E-‘g é'e’r‘?% E i ance
pattern that hag AnfkeRei the BRI the substiaRehALeatsir @hn fOBickHES healie
corresponding to the greater |abile species. | Oggl] In one particular

0

enbodi ment enpPerifthagy a(the substeass), reBeqtive panelspiorran be tgloradHe genprye an jadiape t he
interior sur fagS‘t?enPIh ARRGH %%Pm':e% SFnehéle %I B%hg'sd‘dsﬂhéa% %&g%tottﬁéj from

W bulb 34 int equa angu fect Ions WI e space tat by t he
resonant cd@it yreawhgreaeredophsidaogUSimilagydn amappﬂleqlromsﬂrctcsuishexoszanmtarmunt of

energy emtted by Rhul b 34. uch i.s, illustrated i,n Fi

wher e reflectopa%é'@?ﬁ%ﬁgn%ﬁ R’t%fr}‘lﬁq:%saoﬁ ‘i‘tgﬁfalbf]%fqe&?fW“@@eéfeé'%gﬁovm
Section 36a isrdReti@ el Garl 1&f thidsitd id\eharbicah iiPiiaide bavias gt ke @Rt er of the
substrate. Each successive section 36b-36k is then designed to reflect W

radi ati on j ust indenssy Hethe psa(s} efthespbsisase eqrenspanding) tp thet greaterdabile species. 7b wher e
sections 36a-36k are shown to redirect UV radiation to respective portions
50a- 50k of t h§00sb6ps i ateepabi®ulaf hmbddimgutiemploydegdiliptivhkbrefledtol5iiacls 0k, the a

function of .the |st ce bet ween the su trat the r nci dence
angl . the 18 r BT YRR isridt pitERee A Renes TBis ARherded P AP\ e KRG hoor
continuous el | iuM buleB4 Hit®EduaBangalse KecBonst widtin Hl2@pateidictatkd B?the?&oﬂzmﬂc;vﬁyl s

| ess sensitive to reflector surface inperfections and reflector _ alignnent

accuracy. Wi | &hegegach angulapsection fepregenty the sameamaint ef ensegyemited Bebuly 341 vi ded
into el even di fstla{mimb%aﬁﬁen?ﬁ%m&ﬁéa%ﬁ@dvm@m PJﬂeEJ&?TécHMx?sr@da%k@fé{d des

panel 36 into forty equal angul ar sections. I n anot her enbodi nent
each refl ect or elipti¢ahcdfigctos 3are Sbwwrlro‘ie@tl@aﬁ@b@ﬁtmgneéItxapﬂdctslé‘étadm@nand one or

more el li ptlb Callowan?sqﬁe center o% e substrag Eaccl“n succel“slssl% ge:[c ion 36k 96k is then designed

to reflect UV radiation just outside the previous section as illustrated in Fig. 7b where
sections 36a-36k are shown to redirect UV radiation to respective portions 50a-50k of
the substrate 50. The length of each interval 50a-50k is a function of the distance
between the lamp and substrate, the ray incidence angle, the direct light profile and the
25  reflection coefficient. A smooth continuous elliptical profile, such as that shown in
Figs. 7A and 7B is less sensitive to reflector surface imperfections and reflector
alignment accuracy. While Figs. 7A and 7B illustrate reflector panel 36 being divided
into eleven different sections, one embodiment of the invention divides panel 36 into

forty equal angular sections.

30 [0066] In another embodiment each reflector 36 includes one or more parabolic
shaped sections and one or more elliptical shaped sections. Fig. 7C illustrates such a
combinational parabolic and elliptical reflector 136. A UV lamp 32 may include inner

and outer elliptical reflectors 136 arranged around an elongated bulb 34. Furthermore,
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conmbi national parabolic and elliptical reflector 136. A UV |lanp 32 may
include inner and outer elliptical reflectors 136 arranged around an

el ongated bulb 34. Furthernore, 14 inner and outer reflectors 136 may be
asymmetrically shaped in order to nore particularly tailor the irradiance
profile to a particular application. [0067] Fig. 7C includes a perspective
vi ew of refl ecimer ampuigy r@fﬁ:@tqr%;% M e aspmPpEtricRldy shapeginordes tomgEs - sect i onal

vi ew of ref'ectp%éai A.gy onttlﬂﬂr‘i]adqjﬂllcceﬁr%ﬁﬁt@gtpgﬁﬁbﬁp%%h%tﬂﬁs 5 sectional view

of portions Al "an ector 136 on the far right. As shown in Fig.

il pti ol sel3he Fidh ol GrRBREv R RS GROE iR B S

shown in the eXghrdetrossieetioml vla@r&kam¢t6213d=iartﬁ&midd¢e eﬁlﬁ(ahlemodéﬂ&ﬁoslsef | ect's
radiation to a selected area on substrate_ 50 as

Elliptical Sectfdirealyisnolipasipnsdy] "é‘étAqudFﬂaqcfocSr{3? 8“ H‘ef@f rt‘ﬁhl‘ng é‘?ﬂwns'él ect ed

area of subst ”ﬁge 700 eﬁ%c@p@@']nélﬁ‘de': 'agmg%'-:pafdﬂgil@séch@ﬂ 135al288 vl IS elfiptical Ot
shown in either Fl E for clarity). Each reflector 136 is

designed in c@mnonat?rﬁbnl%ctand tﬁﬁdo\uhlblsqum aameéléteé\wmpys shominda therexplodedaki ng
i nto account whe CtWhO OI‘IlOn x&'?t PatrQ)Oh ectlgm3@rgﬂéc?% l%HQ(lgl‘[ t(g)\s/a:‘%r;éé{egtaﬁ?gﬂ rotated

during the curé pro R enera
intensity yet Rilghy SOmBElQMn MO IO, GEmpmciEsesmdlstlBﬁi-Bdi{}eﬂém ezl ationriomali ment s
may include a different g#mber of paraboljc an el | |£)t| cal reflector

sections tH4n &It s¢leqted areaolpubstrale SUa55BYN 18 g 73? (ngteghal [GHBFrRYSEEF Mt an

view of a sem QHMPﬁlté?t%eer%sﬁlb%979Y§rtc?dﬂy§0@aémreﬂwbxcﬁ6qm g s of the
i nvention may be incorporated. System 100 | ustrates one od| ment of a

Pr oducer TM pr ocesbinadonsyishk By, budlesriseand |smon9aravﬁlep@bﬂ(étaiqn@mtA@pcrqugleze@her
Materials, Inc. ‘or ngtft{]eSBQ/tlgrn?n?o'a?ﬁ agﬁllol' gu%Etpdt@Is rg)trafgﬁ %ﬁﬁﬁ e %MI%H)?&?C;SQQ Is a

sel f-contai ned = system hav € necessary proces I es supported
on a nai nfrane gshdrate & patern ﬂ}ﬁﬂ.prol?rdecemgh mgersygyﬁrmgmﬁ)mngrcabbgura orcl udes a

front end S agl 02 wher substrate cassettes re.s ted and
subst rat es 1ar e SP &a@?’%i hérﬁﬁﬁ meataa%aa "Fﬁa'bq‘ﬁ PfFrS‘atd]“H{bﬁ ﬂg%ﬂfgo
transfer chanmbeipliddl réfetor B&tiBnSHAS thosH & rédtbr 886,113, a 25 series of tandem
process chanbers 106 nmounted on the transfer chamnber | 1 and a back end

138 whi ch housganep‘ %995 EmH:‘i;hla& #l'a§§lealecﬁ(Z§gm Bha2lrp B,ggfhg[%gggeé%gm 100,

such as a gas and a i stribution anel ach of
t he t andem pr ocdsch enlitsodimeenss dfOEe nnm:itlud amytbamcprmmeﬁm&)gterrem%mstrfaas one
E(r)(r)n(’:rg?lSI ng the Sltl)bgltmre%{[ o (?ucerTﬁ p(r:,ocesm g sy;l;er% éovr\rll)m rcmﬁ)? gvsalllggle %1 Rppﬁleghar €a
20  Materials, Inc., of Santa Clara, California. Processing system 100 is a self-contained
system having the necessary processing utilities supported on a mainframe structure
101. Processing system 100 generally includes a front end staging area 102 where
substrate cassettes 109 are supported and substrates are loaded into and unloaded from
a loadlock chamber 112, a transfer chamber 1 11 housing a substrate handler 113, a
25  series of tandem process chambers 106 mounted on the transfer chamber 111 and a
back end 138 which houses the support utilities needed for operation of system 100,

such as a gas panel 103 and a power distribution panel 105.

[0069] Each of the tandem process chambers 106 includes two processing regions for
processing the substrates (see, Fig. 13). The two processing regions share a common

30  supply of gases, common pressure control and common process gas exhaust/pumping
system. Modular design of the system enables rapid conversion from any one

configuration to any other. The arrangement and combination of chambers may be
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30 supply of gases, common pressure control and common process gas

exhaust/ punpi ng system Mbodul ar design of the system enables rapid
conversion fromany one configuration to any other. The arrangenent and
conbi nati on of chanbers may be 15 altered for purposes of perform ng
specific process steps. Any of the tandem process chanmbers 106 can include
a |id accordi ngjtares f95 parpesss of parfasming\seerifioprogess sferse Ay thrdppAsm PrRERSS

includes one OFnalffiel 106 R RGE b 16 WAordiRFRSshs oS iin(?e[xﬁ‘ioﬁ% BesBfiaBRRpwWOl 2

low K naterial on the substrate and/or Tn a chanber clean process. In one
enbodi nent , al thaGintldesenefor troe: tlaadelnt RINVOdasps fohesehe p sure@sodessaf albw Kanps and

are configured _as . uri.ng chapbers to run . in rallel for i
t hr oughput . [06‘?%{1'51?/%1 tgﬁsuehs&%t‘? ﬁ'écpit))r\)g ag}ﬁ%%%ﬁrﬁ%ﬁ pl% eesrzél'ek"no eegmog@%(enpﬁem t andem
process chagrbetsee k@ tandent protdsg tliatbesss 06Maca U Vigmpdaidiaes Sonfigyret arUV00 can
be adapted with one or nore of the }andem rocess chanbers having
supporting chafiiEie hamberarerugdn paralieh for maxHmyry thig dat e various other
known processes such as chem cal vapor deposition (CVvD), physical vapor
deposi tion (PV®070kt bhan aliethativeemhbadsmertavhersiwirpll ef the tapdera prores chambdse
configured wt n f. £t and roces . r for
deposi ting mat 2?(?%{?5 ,nﬂs%lg‘%i agsrﬂ \gc'l‘)rbn cﬁféP%%?{tgmégﬁg%aq%tﬁe%P ftﬁ%]gggﬁ t he
substrates. Suealdreofabafandunt plocess chanibenshavmgaeppoetigarhambertthrdleare hoipment
fabrication 15 utilization and, jf desired, elimnate exposure of
as- deposi t &8  KNOwD foGecRmPagatoyasious ?‘SB‘?“I’PWﬁipche@e? weh agchemcal vaRer ner spect i ve
view of one of d%@@ﬁi%ﬂk@VD‘},_Tpﬁ?si&d?@%&ﬁépo’sQ@n (BVBYVRtch Narfdi tBe like. tHdRExdnile,

a

configured for curi ng. hdem process chanber 106 includes a body 200
and a |id 202 system tQfhcapdelspriiguged with one df tandempoocessmbpmbers 106 andea CVDd 200

are 1o Nous! iy 408 gk AN 695 01 T AR SRR Y b S 208, Tor

20 passing cooling air rough an interior o ousin he cool i ng
air can be at sutgo#red eSqeknabifigraionappmaximiz resegrchwad iyvelopmedefabeasiof’e| si us.
A central essuri zed L source (not shown rovides.a sufficient flow
rate of ai to“f‘\‘@"P‘hF“éﬁé{ dsgjgeds glim §'6Fép°sb‘?e&%égd?ﬁéﬁleé}tfi'18ﬁ QAMOSBIESy | anp
bul bs and/ or associ ated power sources for the bulbs. Qutlets 208 receive
exhaust air fr¥7theFizoflss nyjmplified pergpeetiveivieveef ane of Badgy peocessiehonbes 1 @xhaust

system ( not shﬁxmg ; Sy . r entially
generated by the Blﬁgg égp(g)?\lglgﬁr\jl'gdgoﬁ%ﬁgrﬁlgélégﬁngﬁgx%;gﬁ%ﬁ@%emnt
i ssues can beimgldedebodyy200aod ahid 202 ehat camybe hiviged taotky Yedy 200e €onplel ke gas
(€ Q- N LT ogeq 8 00N houdits Wi iar 22 Siclide Hhieid 266 Sohg Vi DieS20d13r can Pe

used in conjun
20  passing cooling air through an interior of the housings 204. The cooling air can be at

room temperature or approximately twenty-two degrees Celsius. A central pressurized
proper operation of any UV lamp bulbs and/or associated power sources for the bulbs.
Outlets 208 receive exhaust air from the housings 204, which is collected by a common

25  exhaust system (not shown) that can include a scrubber to remove ozone potentially
generated by the UV bulbs depending on bulb selection. Ozone management issues can
be avoided by cooling the lamps with oxygen-free cooling gas (e.g., nitrogen, argon or
helium). Details of a cooling module that can be used in conjunction with tandem
process chamber 106 can be found in U.S. Application No. 11/556,642, entitled

30 "Nitrogen Enriched Cooling Air Module for UV Curing System," filed on November 3,
2006 and assigned to Applied Materials, the assignee of the present application. The

11/556,642 application is hereby incorporated by reference in its entirety.
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process chanber 106 can be found in U S. Application No. 11/556, 642,
entitled 30 "Nitrogen Enriched Cooling Air Mddule for UV Curing System"”
filed on Novenber 3, 2006 and assigned to Applied Materials, the assignee
of the present application. The 11/556,642 application is hereby

incorporated b ce inits.entirety. 16 [.00 . Each h [ ng 204

i ncl udes an up @rﬁL %éah'bo"ﬁ'i’@ Zb% ‘Wﬂ'\dﬁﬁa’h‘}/ﬂ.ﬂef]}f 5@1%‘?’]&9’ awﬂ%“%?ucpés
placed and a | ey 30)QUsIhded ard 4 ldwer Wohsidy ZSI&Q@WH@hBéedoﬂﬁir?GéﬂHcto{lQOhsﬁpliiﬂediCed
Sone enbodi nents of the invention further include a disc 212 havjng

plurality of Seaesmbadiseptigf thginysntion Brtherd pelds afshelhayingia Rivali Ofn Fig.
9) that coupl e%eetm dis¢ §{}ga@ ées?_ﬁﬂd‘ﬁjé BeltZR& sHOWE th Eip dé)qm cb@pl&ptﬁée ?‘%és el y

coupled to a notor not conbi nat1 on of “di'scs
spi ndl e 2165andpintle @i 6 athichvin umnesrophlauwlyng@apkﬁooemr (nmhwn] aiﬁps mount ed

Suppor . bel ow (PR0B05M g7 et E SRdF Al gl Bafen iR~ ©

| ooki ng per speglid Ve Iathg\in@inted théeteingid &c‘rbﬂfedz}&atmdoasﬁltbsﬁatea;banom aecondary
reflector 40 is attached to the bottom of respective disc 212 by brackets
220 mount ed t o StRsHASSRAOIREIMEG2QF parts 40s and 40c  via screw hol es 218
(also shown in Fig. 2B). This allows secondary reflector to rotate wthin

| ower housi ng 2a0734I o’ﬁghwh/nhlfibel(l.lp'pmh ihgupwagd eakinglpelspeptive viRmtadei ng t he
UVIarrpre t|v ein 4t n rmty of
exposur e 1 acrJre CC%{EQ ? ?a 1&° % r8f%%r4 n agtﬁgh engﬁlﬁrbrrgﬂ Enthe w

| anp can be r otrgpedivaidisc mmsy brh&&tsﬂmrrﬁ@mwdeb &teldﬂ&rt@fatch@fﬁﬁh&%ﬁ@ﬂ@el ng

exposed. I n other enbodi ts the can he rotated 27 rees,

full 360 degredd SFevhbles @deimhoz@ laﬁgegﬁg, Husellawssecondarya Blférent s
the primry anq\uﬁmﬁﬂé}%ﬁﬁdﬁsm"géflh%Bhg&&h%&l@@ﬁldmﬁgaﬁ@U@qﬂﬁbétl@otBﬁr&hh@nd | ow
irradi ance areas that conpensate for 20 each otheéer during rotation thereby

provi di ng a uniyblampradtizg fodhe pistrate beingrexposedamprayes the gniformiyy of expsisigal | y

d h
of "the i vt | GRoe HE Frfice Bl sh AR R WicSpfRaBRAE AL 8 bl Bk kAdl 1O

secondary refl ecasorsomgﬂaemlame gahesubsratabeing exposeal iIo otheatmbsdimemathe N udes
areas 66 of relativ g&g{) |ntens}:®yﬂ6b{§?out 950- 1100 WnR) and areas 68
of relatively I‘HWé?a“ rP‘r"ﬂe feereespd @S BHT200 WnR) al ong opposi ng

ends of the outer periphery of the flood pattern generated by nodule 30. A
| arge area 67 d907d¢| aisialrsadiedsiseribed.in serm¢ embodimenisithe pomagomd\seermydarys

distributed acrgg Pt aigdelfo FnehcHigh M SHRTALACE aREL Bt compensate for

20  each other during rotation thereby providing a uniform radiation pattern. For example,
Fig. 11A graphically depicts the irradiance of a UV lamp module 30 according to one
embodiment of the invention. In this embodiment, the UV lamp, primary reflector and
secondary reflector combine to generate an irradiation pattern that includes areas 66 of
relatively higher intensity (about 950-1100 W/m?) and areas 68 of relatively lower

25  intensity (approximately 500-700 W/m?) along opposing ends of the outer periphery of
the flood pattern generated by module 30. A large area 67 of relative medium intensity
(about 800-900 W/m?) is distributed across most of the area of the substrate being
exposed. Higher intensity areas 66 are positioned in substantially the same annular
region as lower intensity areas 68 and can be said to be positioned at respective corners

30 of an imaginary square formed within the circular flood pattern.

[0075] Fig. 11B depicts actual radiation levels shown in Fig. 11A along both a

horizontal axis 69 and vertical axis 70. Fig. 11B shows the complimentary effect of
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exposed. Hi gher intensity areas 66 are positioned in substantially the sanme
annular region as lower intensity areas 68 and can be said to be positioned
at respective corners 30 of an inmaginary square formed within the circul ar

fl ood pattern. [0075] Fig 1lB depi cts actual radiation |evels shown in Fig.

| 1A al ong both a riz . axi 69 a is.70. 11B shows
the conpli mant &g SF S vihin il SiSTER A glsga oS Herinditriaiad i EGPRRT 1 and
al so shows t hahjohf ehe\GiffdraitiaRia in fhelcéritﬁiﬂl's’gitﬁﬁ)fll@d QBgradie gebally eddaedd a8xi s in the
central region of the substrate is greatl reduced as conpared to the

vari ance al ongCempargsbio;jthhearianess alongahe pesipheryiof the ybsteffe- wien UV | anp nodul e 30
is appropriately rotated, the areas of relatively low 5 and high irradi ance
depi cted in Fi {076] | Wllwa\lé‘t’my@quul@BQ)'s@ppmpltiite!ymmdﬁednhé: arcaschfaelatévely lewel
correspondi pg to, area 67 exp erienc t he ubst r te Fig

e o aont ot 1 g BrlpR o e T Y gl fraPRo Sflas 5 the AU G ar ed 150
degrees duri ngleva\éo@emuirngtca@xessmxpgnmeaayerehmjomrafa@ﬁbstrhte Figver(tl on,
while Fig. | ID depicts  actual radiation | evels shown | C.al ong

axi s 86. The d&faghigalhy deapists the irpadipgce patiermes Fagd 1@ whep rwageddéﬂ a%af?t“édlua?& er

exposing a sub [ e $ Whi I Qs one in
Figs. I I A an Va@%‘&%é{)‘%{“{lﬁ%ﬁ% egm&@%a{r%ﬁt%? ?rg{nogt ed%g Hde%e?zcgg during

t he period of e&tpdsarhalqmdawdmédwnm RiggblC alongaxangp. | The data depictbdnn Figs.oC Fi gs.
| 1Cand I IQD arsl(gﬁ)@ gﬁ?COArCF[C&JVf er, CgBO (iil%'g:a Sal.lgS[I'a%gtOO ?a lEﬁlSOlIJ] u%ger ti‘lq Sag]XpOSI ng the

substrate t rance ltevel across ItsS entl re

surface. 15 [Oeaﬂdmd}qsraua@&rm@igsdl A etdenB dxee mhaf teU' dinfowasidaatkdt I80r ot at e
the W lanp nodule relative to the substrate. |n so odj nen he WV
{ Crapd by hsiien

| anp can be heP&eTPss daripg theperiphal Pxparirmetsaredrie Figspd ¥R a

substrate suppids {ft@ind ADAt&Singthe OWNEMp dEAROKPERINE feshiRA JWxﬂoﬁﬂEt&an be
rotated while the substrate renains statl onary and in still "other

ermbodi nent s botsubstrale tQR/sybsieptialycdinéfabs irradiance lgnelmerospitpensice suifeee.exanpl e in
20 opposite directions. [0078] Fig. 12A depicts one particul ar enbodi nent
where two dbsc$0073Da Aandntedohdiffareat Bétmiquet batbeaised ®irmateahe UV lding amdalé 2
depicted in Fi Bel ts 252a _and 252b are p vel oupled_to each
respective di sgelﬁtﬁtﬁéo Fubstigls- Amgome %‘B‘i’m%“@g‘ﬁﬂ%ﬂ axﬁ ngl‘l‘bﬁ\ﬂx‘?dn Fig.
12A, belt 252appgubiiwhite tlﬂ@&hﬂslr@t@‘?s%l%d%H'a@%s@ra?e@ﬂpﬁdﬂt tRatdbale€’ BIYthegS> verti cal
pl an than belt 252b For exanpl e, spindle 254 may include two groves, one

above the ot henembtbqhmsu@rﬁthVdarmlea@rberr@t@pédthﬂvéhebs@bttraitesremms stsnmanamdyn each

of discs still other embodiments both the UV lamp and substrate can be rotated, for example in

20  opposite directions.

[0078] Fig. 12A depicts one particular embodiment where two discs 250a and 250b
are shown that are similar to discs 212 depicted in Fig. 9. Belts 252a and 252b are
operatively coupled to each respective disc 250a and 250b and a spindle 254. While
not shown in Fig. 12A, belt 252a would be positioned on spindle 254 in a different

25  vertical plan than belt 252b. For example, spindle 254 may include two groves, one
above the other, through which each respective belt is run. Similarly, each of discs
250a and 250b may include a grove around its periphery for the belt to run. In other
embodiments, discs 250a, 250b and spindle 254 include a plurality of teeth around the
outer periphery of each that mate to a plurality of teeth formed on the belts 252a, 252b

30  asshownin Fig. 9. Also shown in Fig. 12A are guides 256a-256d that help maintain
proper tension on the belts. The single spindle 254 shown in Fig. 12A allows both
discs 25a and 250b to be rotated by the same motor. UV lamps and secondary
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250a and 250b may include a grove around its periphery for the belt to run.
In other enbodinents, discs 250a, 250b and spindle 254 include a plurality
of teeth around the outer periphery of each that mate to a plurality of
teeth formed on the belts 252a, 252b 30 as shown in Fig. 9. Also shown in

Fig. 12A are guides 256a-256d thaj h | nt ai roper tensjo t he

belts. The si néqﬂéc@ﬁicﬁHS’éa ECCLW 5?%&#@? Jf?‘ii'%éﬂl 6\%56%’8?‘}50 ’&'rg(?:gﬁ%?)a and
250b to be rot glaefbr Bxseloh AluSRARONINCH 50aU¥50baardshodMths S 8HRRABIY dis8 whekliect or s
can be attached to discs 250a, 250b described with respect to Fig. 10. Note

that for ease 8¢w3lupgigrembodisents whese hediscs ars ppsioned baERAN e WY Hnand sol i d
di sc where in | | &l B9 1RarBIGW PO gt
bet ween t he Ws%%@éhgﬁﬁ&g%%?%@i{ﬁﬁi@%%g n%i(f@%ﬂave)qaatwi n‘gg\?v or lo;l)eni ng
(not shown) 5t h&t paa$ fromshiovglr thelidest ifom the UY lpmpso fhesnbstiateo vy bmbdrbmeits wefer om
the UV lanp to the substrate. |n enbodinents. wer Lscs or. simlar drjve
mechani sns are dl%%%t%ﬁ*’é@&\‘/’% ﬂeﬁléa"tﬁv‘sﬁé%“é‘ii’zﬂmw ﬁ'ﬁé‘% ?ag}pesuﬁ}bfm"dﬁgé érs%’g{r y.
[0079) Fig. 12Beddeqaiycts another arrangement that enploys separate spindles
254a and 254b dedicated for the rotation of each of discs 250a, 250b

respectively. '[6079ff g\ié(i’%%gie@&'s %n&tﬁergﬂgﬂg%ﬁﬂe}{ﬁhé{t Cf%ﬁﬂ'@]s%gpatrﬂe ?pioﬁ&az"s% gnd"ot or,

this arrangenent a Iscs to € rotated I'ndependent each ot her
whi ch may be ugéfhdedicated fenthepitajoniof ehof disss 250a2h0b aespertivelyedfigacke di f f er ent

curing ti or ratational speeds,in the chanbers served t | anps
esocat eq W ¢ RPadle drpRvel BOGEL 0 bk AR S ShhiReny Mavislfe s F e
embodi ment whewbe raatéd imdegenb&t of eRR otepRRich iy ubdfel, Pk ANEIE Yif plocach of 15
di scs 250a and 250b driven by a single spindle 254c. Wiile Figs. 12A-C
depict three SEREPMENS EARG { quting tigiep QEIOt3ONalSPERdS & the hanery ssrygd

relative to they sy iahi asébeidll witleatlh oPHissP80Y, 256b. Figl 1D Apicdseyy | |
recogni ze that a variety of other arrangenents can be enployed. Al so, a

person of ski | langthertembodimentivhére asimgledieh £62 tdops arenrththe periphery efreachnefenent s
illustratedc<i n Fi 24 i i.ta f af ik S iated 20
wth a tanggm 8}88%%550 8 Jﬁl&ﬁ%ﬁé fV%Is] E’g Sﬁlglegﬁg%ezisgélo%}hﬂg nggiﬁge d@%étﬁ%e

enbodi ment s of spdcifee drravgerhéntntoeffpttaptatian afinthaUVamp slativen® theRabstrawf @it € a

single W lanp for singl e . chanber tool. 0080L Ref erence is now made to
Fig. 13, whi oh PREOBOTSFBRD Kk dhe it wlGERonies (hay b agiety BLQIBRHATRRETERS upper
portion of theci mnggbgab@nao, QpelsBifofl SRNOIA AP APl At AL chiPof (RO
illustrated in Fig. 8. Fig. 13 shows a partial section view of tandem
process chambe@rangements illustrated in Figs. 12A-12C is suitable for rotating UV lamps associated
20  with a tandem process chamber, such as chamber 106 in Fig. 8. Other embodiments of
the invention employ motor driven systems that rotate a single UV lamp for a single

chamber tool.

[0080] Reference is now made to Fig. 13, which is a simplified cross-sectional view
(except for the upper portion of the right chamber) of the tandem process chamber 106

25  illustrated in Fig. 8. Fig. 13 shows a partial section view of tandem process chamber
106 with the lid 202 and housings 204. Each of the housings 204 cover a respective
one of two UV lamp bulbs 302 disposed respectively above two process regions 300
defined within the body 200. Each of process regions 300 includes a heated pedestal
306 for supporting a substrate 308 within the process regions 300 during the UV

30  exposure process. Pedestals 306 can be made from ceramic or metal such as aluminum.
In one embodiment, the pedestals 306 couple to stems 310 that extend through a bottom
of the body 200 and are operated by drive systems 312 to move the pedestals 306 in the

processing regions 300 toward and away from UV lamp bulbs 302. In some
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106 with the Iid 202 and housings 204. Each of the housings 204 cover a

respective one of two UV | anp bul bs 302 di sposed respectively above two
process regions 300 defined within the body 200. Each of process regions
300 includes a heated pedestal 306 for supporti ng a substrate 308 within

the process regi ong 300 durj t he 30 ex rocess. Pede | s. 306 can
e made {1 om cEPRMIEERH i SRR 312 CAF (1 B AN or e B dh SRR Ao
pedestal s 306 ¢oiY 18 flthed bR dffolhidy o@@bﬁmk 116meHag6n. aA?QEtB&H‘poQﬁorﬁrﬁ'ge body
200 and are oper ated bP/{dI‘I ve systens 312 to nove the estals 306 in the

&

processi ng regPbihs Pedry s&%@aabaﬁcfoa\n%!ffwla&#wqbar%o% prd pymee andiclegpges 19
embodi ment st heyog) gda&@m Eliaen%é%nﬁm 4daiidh %o nﬁas’f{tfar fﬁmnﬁlg%rfﬁmtdaﬁt@edest al's

306 during curin urt enhance uni f or substrate 11l um nation.
Adj ust abl e posurtradnammly,velebn tmummldspdad@g@namﬂ magure ohthe dightofelivaat i | e

cure by-product urge a ean patterns and residence tines
in addition to%sgl ﬂ‘? °PF‘§C“"1‘?H§| ?Oca igl %ant W 5 irradiance |levels on

t he substrate 308 dependi n? on the nature of the light delivery system
desi gn consi ded81bhndn generp 5@@6’&9“‘%Oéﬁlj’[’h"e“['%gl‘iemmatﬁéﬁ)épé(l SOUECR ¥l 3ent s

of the inventiqn Goy hashﬂeear@ﬂ}ﬁg%uﬁg&lﬁ&x%nwgha%s oﬁﬁ?f@ff&néﬁh&(}&”ﬁgﬁ? arc

| anps, pul sed xenon h-efficilency emtting diode
arrays. The UVematipg buﬂbsrr&sZTm svgempewbps@zsmsmdusasmum fvuetihwibmee 10 or
nore gases ,such_as_xenon ation b

cour ces (ndD " SrBRR SR Fashon ORAS ik st R 8GR hY BRuo BT ot or
that can i ncl udkovai)e Predérabig] the ﬁagaebuﬂremm( mivrowde\weneraoth that€aminclndé ne
transforners (not shown) to energize filanments of the rra gg)tr ns. I n one

enbodi ment havich§ok fP%&U&EfP“Sn(Pe‘rSBM%a“(‘NW or Mefgdransfgrpes o by energize

housi ngs 204 i ngddidesofake ARGIelbAS lﬁeh@&ﬁmlxﬁé}ﬁ hPAKEKil WS GRS e (AW)ecei ve
up to about 6000W of m crowave power fromthe power sources to subsequently

generate up t o pawegourced\padrofithe haugings 2Q4angledes lan apertueadiapenisthgpower| n
anot her enfy d' Tikes th Ee%en#g tub?%Poog%dbﬁw?’&%n%?or@va\/@gwg?ro%th%l ‘8%{ s%q?ceQ{?/ or

filament ereln suc ower sources represent cuitry an
current s uppl i ashsequently ganerale tipotaboutr I06W of (UDC)iglatrfromm ko obf BXE, bulbks 30R.eln

el ectrode. 20 [00 h ower rce or,..sone enpodi i ncl ude
radi o frequenc “?tgé'F'])em-LQﬁ G “%Co@?g E‘Héﬁ §0§rc@n WeHE6 128 eggt ‘éf?(ﬂr ?’E*l"i‘et?h of the
gases W thin thgerddyshchtRatd fower Frces FepReseirc@ithy ahd/Bicu@fent fuPplids, fkhd at i on

in the bulb can be capacitive or inductive. An inductively coupled plasm
(1CP) bul b can dyectgywent{BC ¥ pudsed Q. o theeleetseds. bul b

20 [0082] The power sources for some embodiments can include radio frequency (RF)
energy sources that are capable of excitation of the gases within the UV lamp bulbs
302. The configuration of the RF excitation in the bulb can be capacitive or inductive.
An inductively coupled plasma (ICP) bulb can be used to efficiently increase bulb
brilliancy by generation of denser plasma than with the capacitively coupled discharge.

25  In addition, the ICP lamp eliminates degradation of UV output due to electrode
degradation resulting in a longer-life bulb for enhanced system productivity. Benefits

of the power sources being RF energy sources include an increase in efficiency.

[0083] Preferably, the bulbs 302 emit light across a broad band of wavelengths from
180 nm to 400 nm. The gases selected for use within the bulbs 302 can determine the
30  wavelengths emitted. Since shorter wavelengths tend to generate ozone when oxygen

is present, UV light emitted by the bulbs 302 in some embodiments is tuned to

20



brilliancy by generation of denser plasma than with the capacitively coupl ed
di scharge. 25 In addition, the ICP |lanp elim nates degradation of UV out put
due to el ectrode degradation resulting in a longer-life bulb for enhanced
system productivity. Benefits of the power sources being RF ener gy sources

i nclude an increase. in efficienc 83 Pref b Y, bul bs 302 em t

| i ght across apﬁpﬂ@ﬂ‘aﬁ%&e"@fm?ﬂf?ébéﬁgpﬁsl g%‘? 't‘h’ﬁ"e mﬁr’r‘? ?Bo“iﬁf?“ﬁﬁ?“eﬁﬁ? gases
sel ected for uggrify &M probdigesbul bs 302 can deternine the 30 wavel engths
emtted. Since shorter wavel engths tend to generate ozone when oxygen is

present, WV I| ed to
20 predom nantl'y ggneraﬁét%%gwégfaoﬁglh%y l1g t ove g%%qgwgésgl\%?e&ﬁdggone
generati on duBDanty pusmgﬁro@s&mdow{ﬂ@&d@pow 1h aprturesiin thedd J020in ofee UV | anp
bul bs 302 epters,t ces i Y. pass throu h w,ndows 314
di sposed i n>ap&MPpd B@Etltﬁ m—:d ?a ZE% %ﬁog gf{fﬁﬁ 'H}’?rlg:nquaf'ﬁe w4 8AE 314
are made of an sgiflcleh@Bickiddt RehhiGitafiiatidn gllltﬂ&ﬁ cadaﬁmeavenhesuﬁ 6ne<:dnwa,t1mtdm ckness
to maintain vacuum wi t hout cracking. Further in one enbodiment, the W ndows

314 are fused dhewisdowndid are &ﬁ%dﬁlb@ twtqapgwfs ‘é\ﬁwﬁh&wne{b?ﬁM?w@eleU%o nm
Since the |id %ﬁ% Si6@! e f.@zéﬂ%m@?&me%%g m; flomﬁ&e se'aree t§ﬂ‘1@|h@d to
t he O provide vo

the lid 202, processi ng regions unes capabl
nai nt ai ni ng pr @83,uheprotessing idicans PO@ piomEe eb}ylmts Japable o mapyaining pmsseltqs f®50

Torr. Proc SII’] or. c ases .enter e ocess regions 300 v

respect i vqu mf\%’tei?%ngﬁgﬁgg%pé%?a'fﬁ'éso%ﬁg 3’5%%“'%%%% ?{gcgeaBIIﬂg@f’%%ﬁ?tﬁg gases
then exit the pie6&Sss fe@nOBE0 VLA réspértite 6RIBMWO Mt fREsapey 3163 The processing

Addi tionally, the cooling air supplied to the interior of the hou3|ngs 204

circul ates pastor cledunggaspssthemexit the,propess reging £8Y) ViRAGHMIME QHlEReES Begi ons 300
by the windows iliftionky, E&Q%éimgmuggnéd\fowlheﬂoﬂ & thShduRiHBD P04 QculdRls Bhst

mol ecul es and vari ous Ot her specie be outgassed or oOtherw se rel eased
fromthe fil m dhre bvdlyssiORabut heisolgted fromdhoprocess tegwns 800 brhe yandnwescilés tend to
col l ect on various exposed surfaces of the chanber, such as w ndows 314,

and can redgce [0085] efDuriag @ yuridg it i§ €orinos & Svatek ndlemiles and harioub bihkdspegiesf
t hese species and maintain a high efficiency process,. periodic cleaning of

20 the surfaced0 b&opigassed omlerwew#e;asefdm@ﬁé#e or A erighbelng FURAl as

descri bed bel OWrocedbdOThde btled fnd td DNe@fond aRbNisd& p8Ra surditedloftfie SagbRr, OF
anot her noble or inert gas or other suitable gas, may be provided across

the irradiat ed sstrasagedays ilﬁearmsiwbsrqdmeethbeﬁfqun@)refahenrocqse daradpceothe gassed
speci es out of bLﬁ(?—uS Qm&rspeggeanhmiﬂﬁﬁ afhkg%vgfﬁagn&m%gs?pérfo%m c"i‘eaning of

20  the surfaces, such as after every 200 wafers, may be employed as described below.
Also, a laminar flow of a purge gas, such as argon or another noble or inert gas or other
suitable gas, may be provided across the irradiated surface of the substrate being treated
to carry outgassed species out of the chamber. The laminar flow may emanate from a
pump liner (not shown) operatively coupled to inlet and outlet ports 316, 318. Details

25  of a processing region 300 having such a pump liner are in U.S. Application No.
11/562,043, entitled "Increased Tool Utilization/Reduction in MWBC for UV Curing
Chamber," , filed on November 21, 2006 and assigned to Applied Materials, Inc., the
assignee of the present application. The 11/562,043 application is hereby incorporated

by reference in its entirety.

30 [0086] UV lamp bulbs 302 can also be activated during chamber clean processes to
increase the efficiency of the chamber clean. As an example clean process, the

temperature of the pedestals 306 can be raised to between about 100°C and about
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punmp |iner (not shown) operatively coupled to inlet and outlet ports 316,
318. Details 25 of a processing region 300 having such a punp liner are in
U.S. Application No. 11/562,043, entitled "Increased Tool
Utilization/Reduction in MABC for UV Curing Chanber,” , filed on Novenber

2L, 2000 20 Sek A B HMLSHLENGILA B dfore s DB el ABRORI 2L o

reference in iglgvaed by thé dhtrodlctiof @B e clddniha gws ibiel theregda thdgadhs e act i vat ed
during chanber clean processes to increase the efficjency of the chanber

clean. As an eRapagee3 LG, Bunhhighespaessure faciitatesiegitransir é"%‘?“hf"l‘ﬁgs Heslapiaes 306

can be raised B%VQ%W@\%M%HQN o%&{l%eﬁé?ﬁe@ﬁ%&ely?ﬂsnﬁgggho@{ ﬁtﬁaa&bwctﬁpout
400C. Wth the pressure in processing regions 300 elevated by the

i ntroducti oh obarnhécocdneairﬂchgggasUNrap@vatlhecme@ ipwodusedbintrhthe peocpssingtregiggs sages
316, this high 1858 re.facilit S S

cl eani ng operg OI (F))I; g‘(’f’ ‘%lssgna{ th @z%ne ué)tﬁér%g‘ftgcgmﬁﬂ g‘fmﬁglg;gg%{hﬁe?%od
such as di el eché¢atedl. 3n hﬁrcﬂdaﬁrptdbefsoﬂamditsl(dmg@ereMs With hgiréoastione anderbdne

i ntroduced into the processin

regio The, ozone djssociatesg into if
and 02 upon cofResies thaf "l“ﬁpf?%%‘“%@d’é‘f’ssﬂlﬂn%es§gg‘ethPé‘FSSH’tgéeg‘ﬂ'ésai Z’d qrﬂlﬁaﬁ’ el ean
process, el emﬂbﬁ&@&iﬂ@d&:&%@%ﬁ@%mm @ﬁ&&@ﬂ@@ﬂ&e&ﬁﬂxs&@ﬁm{i\%h he6@les that
are present on the surfaces of the processing regions 300 to form carbon

nmonoxi de ah@d cpebdB. dilesting hetpedestalniPobehilsicapiealling the pedestehspasinarleangatigh t he
outlet 10 po”ﬂ§&§ate,}$§5@ré§%éh&a8§é§? 5 Bhdion e Mivbé: & érﬁﬁ'okg& dhliifhepedestal

spaci ng, clean gas fessure enhances e reaction rate

bet ween el enentaitamixygenThawdsilfaat vort:nrlkt @attaaansl colfaminapsiard pintped@uedfi the
reactants and contam nants re unBed out of the processing regions 300 to
conpl ete the cP@ﬁ?fS‘ﬁ‘lgé%?é%%S g‘ﬂ’ fth R5UR3P PISeSncr ease the irradiation
generated by the W | amp ( 15 nodul e 30) and thus allow for
shorter exposuf@®87] rrésoréﬁrdommwhﬂmgatpmgmﬁgmy the $briamprfpgditheldmp of t he

| nventi on ggpl %d{ﬁ! P ﬁ'ld%hﬁ%lllom shfoﬂgli &@8&9& @ﬁd&@h‘%{/wafgf ME&RRHRY " €gi on.

Fig. 14 is a si Cross sec I ona I ew o source,” "single
wafer WV cure schmrd:mluodcﬁﬁ&taoﬁhe chvatidnempivey ramibpldlumhmpsffondaeh smgllemafeon I n

Fig. 14, two cylindrical hi power m cr. I s 4 and 412 are
50 host 11 onad. PRFEFIEreEoT denTiol Rem ek s eclssel V6w of ALER LI soBaG: ¢ o5 402
and 404. Lanp sl wafé UM esre @Rarfbe? 10RhRErdiAg t6 8hberdBtiBadtiof #eliventisd. oMnded by

a non-focal elliptical primry reflector having an outer reflector 420 and
i nner refl ect oFi&4dh twgﬁwhndgfgl high power mercury microwave lamps 410 and 412 are

20  positioned parallel to each other within respective resonant cavities 402 and 404. Lamp
410 includes an elongated UV bulb 414 partially surrounded by a non-focal elliptical
primary reflector having an outer reflector 420 and inner reflector 422. Lamp 412
includes an elongated UV bulb 416 partially surrounded by a non-focal elliptical
primary reflector having an inner reflector 424 and an outer reflector 426. Slits 430 and

25 432 between the inner and outer primary reflectors of each lamp 410, 412 allow for

lamp cooling air introduced through inlets 406 to flow across bulbs 414 and 416.

[0088] An aluminum secondary reflector 440 is positioned between lamps 410, 412
and a quartz window 448 on the atmospheric side of the window. A substrate 450 is
located on a vacuum side of quartz window 448 and positioned on a heated substrate
30  support (not shown) within a processing region such as region 300 within a pressure
controlled chamber as described with respect to Fig. 13. Substrate 448 can be located
about 5-20 inches away (6-11 inches away in another embodiment) from lamps 410,

412. An opening 442 on the upper portion of the secondary reflector allows lamp
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i ncl udes an el ongated UV bulb 416 partially surrounded by a non-focal

elliptical primary reflector having an inner reflector 424 and an outer
reflector 426. Slits 430 and 25 432 between the inner and outer primry
reflectors of each Ianp 410 412 all ow for Ianp cooling air introduced

through inlets 4 ross bul b 4 008 A um_num
secondary refl 5%? ge 321‘.'4{6 ef’é Wﬁﬁ&?‘{"{’% Hé%?"ge{} E)st &?Ofélﬂl]%p ”‘Zi.‘%]i ang n&}%ar tz
W ndow 448 on tdiRc@tsAasPhAdichiStdan®én thbie reﬂe&d\il:vs{urf&ces m&aﬁnatm&ﬁ&m S

| ocated on a vacuum side of quartz w ndow, 448 si tioned on a heated
substrate 30 stpsevYityindie JSBIQO‘WH)“"?/\PWE ASShRYR ELE; ﬁ‘g'"ﬁ'é‘gPHHC%‘ach%J%mP egi on
300 within a peggitsion Ctﬁ@héd%idg%@sdéﬂﬂe@%ﬁfh 13SpSeRCAndaed exehdy vegsiaard to Fig.
13. Substrate 448 can be |ocated about 5- 20 inches away (6-11 inches away

i n anot her &nbeullinenf jubstrasertianps 410, 412. An opening 442 on the upper
portion of the secondary reflector allows lanp 22 cooling air to exit with
m ni num conduc[(msop IEfasle&mpAMth @tf adsbeatpd priradry refledtoss delindas YV radiftionad or s have
a dichroic coating o helr efl ective urfaces to ?n ure maximm
reflectivity i APR" ’é‘ h Al ihfnyafer- Abe dipchfadiafiop;(gon- Tge‘ftﬁﬁtt?ﬁt oWt i cul ar
two lanp conf Itmmsétfamastameghlapmsénmy 2506 calt@df Wel WarbaiRBat HOw A8k ke
extends beyond the 5 outline of substrate 450. [0089] Each lanmp, with its
associ ated pri rilh%delf tefcpmpensals forthisi Naht seflexted Hemahe sHeeters igiopussd optheedge one
hal f of thgywafe 4 t t he
substrate has a I g“fEZr ﬁlﬁtt@gg?({ %nlggérrgt 6élnc nt ng({r;’ ge taﬁ)eS J&/g?éhrocft ﬂﬁa‘ﬁqaltté t he
waf er's edge. ahd4iXlee differao opeatsss eudhohatltﬂu mimdry giflectossfdf eathdaemp pmdud:d]e

reflectors is focused an.the edge To thi.s end i nner
o oot or pr § g SPaRe B inatlangs Bonlin Sibich e 6VaSradifng® i3 oiekbeebing on
curvat ures suchyafdrahd tHeei %H ebtTBAdiance fid £ ele®dge 6f thedaler (ia s prhBsHiment oaer
asymmetric irradi ance ile in which the lowest irradiance is in the

center of the TiKEWFs n§H36 RieHBaetricrtp SeRhpHes a§ are nef W@e‘éaﬁé‘Z%PHQ‘F\?é‘)V\/afer
(in this egodigeng sﬁ’d‘wsetﬂe irtad alngé:]t)é?tre (ﬂéﬂ%lﬁﬁ@ afl€ Butf G tlo

other as are inner reflectors 4 15 Fig. 16 shows t e |rrad| ance
pattern of the fmnihﬁérlamdlbu%sesrhopnumﬁigyl& efiteeprimary reﬂz'4§0r42(6proﬂunes lnmdlaacq:) 412.
As shown in Fi uter pri . ar 426 oduce di .

orof e 460 hadfole e B bbb e G eI RAE Br b BB B, e
substrate whil énnet mmarymsﬂemmzu gfddecds drfaddedde prroﬁm&ahhgaﬁihﬁﬂﬁﬁm@hé@fi l e 462
havi ng an area.of hi al on% the periphery of the substrate.

i ghe i nt ensi
I rradi ance proffifRsdy gg’@g Hepernphery 8hie subsuges Bradiager iratiles Ao wid o4 compigi ance
profile 4640t had plo@YR Sconftite@XirimimRt Yrofiesdaahdt c8¥ers approximately one half of

substrate 450 and has an area 466 of highest intensity along the periphery of the

substrate. Each of profiles 460, 462 and 464 is taken along diameter A-A' shown in
Fig. 16.

[0090] Fig. 17 shows the irradiance profile produced by lamp 410 combined with
25  lamp 412 (including bulbs 414, 416 and primary reflectors 420, 422, 424 and 426). As
shown in Fig. 17, the lamps produce a convex irradiance profile 467A along the lamp
axis and a concave irradiance profile 467B across the lamp axis. The curvature of the
primary reflectors is such that static irradiance profile 468 (profiles 467A and 467B
combined) has a “Batman” shape as viewed along and across lamp axis B-B'. Once
30  rotated, however, the complimentary areas of high intensity and low intensity combine

to generate a significantly more uniform profile as shown by 470. -
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substrate 450 and has an area 466 of highest intensity along the periphery
of the substrate. Each of profiles 460, 462 and 464 is taken al ong di aneter
A-A" shown in Fig. 16. [00901 Fig. 17 shows the irradiance profile produced
by lanp 410 conbined with 25 | anp 412 (i ncluding bul bs 414,416 and primary
reflectors 420 , and 426). As shown. i [ I S, produce a
convex irradi ampg%ﬁr %ﬁi"é“ %—fﬁ?%f%ﬁgpwﬂém}a%P5£)9?glf%fﬁ&glg CEB%%F@ [h%)woadi ance
profile 467B aglepwsy lahPs W30 réachShe ﬂ}hecézdfrsuwmafeetsof Thbﬁradmnbérpfbmercsiﬂeect ors
is such that static irradiance profile 468 (profiles 467A and 467B

conbi ned) has gireqslightdna ceyrhighdome. J\Nsarlmaahrgflﬁﬁﬁ%rsgh?&@@ diA24439 B-B' .
Once 30 rotateg rg'ﬂ% g)r triptd Mfie Qrﬂgtnh'oﬁﬁ %ﬁhlﬁ%ﬁﬁ%uﬂﬁra@ gﬂt}évmeﬁlnﬁérﬁﬁn and | ow

intensity corrbl rate a sig cant nore uniformprofile as shown
by 470. 23 §009de]lysW¢ﬂﬁngst l"aanyi r&fsdcendamy seﬂeappﬂﬁbancnaasest the irsadiaykce by aleut arl i ght

emtted by the %w?qargg"% ére%%tﬁbrglﬂ lbaﬁ uld ogher\%lusr kaf utsnéle tﬁugﬁ)ts{r %e 450.

The irradi ance? cen

prinmary refl ecbadkSo tHe3Ubdaes) suafack. (s%ﬁéﬁézﬁ)/atumnmnwmbyuﬂcepfmet he amount
of light reaching the substrate. evident froman 5 anal ysi s of F| gs. 17

and 18, second&pndasy Fedleeisr allons fPWEFr‘é%"e%‘OP Freiradiancs Ripids apesspbrgiabays-
addi ti onal 50/"1‘@); éf(c‘?lqiq{lgﬁtésﬁ&latl ?%scl,fhlgihtacﬂl@ﬂﬁg AR it @hRRPPEIRE af Bt Ldg?‘éff si de

t he substrate to the substrate surface. Specific curvature
refl ective 18ur thecwafef withnat excessoredesses todightciordiancsl [Figad 8 Shawsbe affest thection to

i rradi ance profi [l usef ul
in achieving a 94 4t ?frsre godl al crgﬁi%:?og]g X fas! -fghllt‘eﬁntag) pg‘!fﬁﬁiégqeﬁﬁgf\@fﬁh the t hout
excessi ve | osséanpsand ipghiary IreﬂecdcbranAeshdﬁrgn Fg IShMamd&@r@ﬁlé em hdshasimigatdi t i on

of secondary reflector 440 he |rra|ac oflle ted by just
the |anps and PA'MARr ali’ee*fslpé‘gfflﬁf‘gs g'ﬁ@‘%ﬂg %er‘i‘éﬁns ZH’E%C Stile

472 has_ a si M ls@londarP dfI¥Bidr 450'éHaBled ftradlantd ﬂ)a@teﬂﬁﬁmt?b'be Qéne?atéd <aBh mapamﬁ y
hi gher intensity level. Furthernore, secondary reflector 440 enabl es

i rradi ance lpat tr@tatndm:mdlwetpeofgeﬁ”éfr iateen moreniform thappefile 4. r ot at ed,

irradi ance profile 476 is even nore uniformthan profile 470. [0092] I n one
particul ar enb@ed92Enln ofie panculdrembbdiarent dfaheiavehtion dasipd4 D @ 1L ardmear | anps
inside a rectangul ar footprint that de]iver fer. with

. i.ght tg.a 12"
e e | oo mansige oty ulen ettt Seliver bBHe b Sp2nalr woh eomavBb | cal
system (I anp, wsésrﬁa&agmp}a&sﬁ&m@mumf&%iy%tw3‘»% The 6ptic] HRRAD@MPIO00 are
designed to take full 20 advantage of |anp rotation. As shown in Fig. 18,

the |anps and PaflaBcangrsscangayirgféectass) of cure chamber 400 are designed to take full
20  advantage of lamp rotation. As shown in Fig. 18, the lamps and reflectors combine to

generate a concave irradiance profile across the lamps and a convex irradiance profile
along the lamps. Then, after rotation high and low irradiance areas compensate each
other producing relatively flat profile. Each lamp produces an asymmetric profile
because each lamp covers approximately half of the wafer, therefore the internal

25  primary reflector and external primary reflector of each lamp have a different shape.
Also, the primary reflectors have a non-focused elliptical curvature, without local
extremities, which makes them less sensitive to manufacturing accuracy and alignment

accuracy.

[0093] The second component of the optical system is a secondary reflector 440.
30  Secondary aluminum reflector (440) serves two functions. First, it increases the

average irradiance on the wafer (in one specific embodiment by about 35%) by

reducing the light falling outside the wafer. Second, the secondary reflector allows

further improvement to irradiance uniformity across wafer. In some embodiments a
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[0095] Figs 19 is a simplified cross-sectional view of another embodiment of a dual

lamp system 480 according to the present invention. System 480 is similar to system

400 shown in Fig. 14 except that first and second UV lamps 482, 484 are mounted at

opposing angles to each other in order to allow the lamps to be positioned closer to the

center of the substrate being treated and allow more room for cooling air to flow

through the lamps. In some embodiments, the opposing angles are between 2-25

degrees relative to vertical and between 4-10 degrees in other embodiments. Other

configurations of lamps can be used in additional embodiments of the invention. In

system 480 shown in Fig. 19, the design of the primary and secondary reflectors can be

tailored using the techniques described above to compensate for the angle of lamps 482

and 484 to produce a desired irradiance pattern.

[0096] The efficiency of UV lamps, such as lamps 410, 412, deteriorate over time.

Some embodiments of the invention include irradiance sensors that allow the

intensity/reflectivity of each component of the UV lamp to be monitored separately in

order to determine a replacement schedule and attain high light uniformity over the
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10 1 = sinulated result 2 = neasured result TABLE 1 [0095] Figs 19 is a
sinplified cross-sectional view of another enbodi nent of a dual |anp system
480 according to the present invention. System480 is simlar to system 15
400 shown in Fig. 14 except that first and second WV | anps 482, 484 are

mount ed at Opp?igeu Dﬁallgr%ge??%aﬁg\feQPh%nchgsg ?ﬁlb% m%L reaPQedm%Hps to be

posi tioned cl oser e su el ng and al | ow
nore room for mnidesngphira'hty of Hdlaswr slbtsr(mmﬁmmdsecfbmem heteun ssdipght pupm)m ment s,
t he opposing a t ween, 2-2 relative t cal. and

d
bet ween 4- 10 dg'gfné éhar{"ﬁg f3EORIARY ?‘ﬁcéﬂrte g{a%tei%ﬂgpasﬁﬁlgélbrﬁ% 'tﬂc[iﬁ B RPeL | anps

can be used i ncaflshid 4 OVadadi@i&1OEHNEGR M8 mhsubdd@hd iMABIty GMtadihifon lssy.assaemdwo shown
in Fig. 19, the design of the fp@l mary and secondary reflectors can

tailored usPngvendensi AIEe(fes. WOAODINFERS BFOWeE BnEbTHshE A 22%s2q0pm, 458- 3€tﬁgl e of
| anps 482 andﬁﬁzd S0P A 865- A gGH) ;saQQn%(h;&%hwl wgipber n. [0096] The

efficiency of anps, suc as |lanps 41 Iorate over t| me. 25

S mbodi t di | th
ntensl L/ ror | SO7L; 1€ eRian Bimpativieh! R aw{%cqewﬁé‘rsaﬁﬁita W fored

separately in deeffihe WMicHehdVididSight rafPdenea¥a Mont & hafrhskeantiradigh enighi gh
light uniformty over the 25 lifetinme of the Iargh To achieve this function,
§

one enbodi ment PHE t@ Frach thesenspoii-c.. thearerptagceuangle of4hg kight gipeh oFach light Ripe s
t f d
(sometimes pe %Esngrﬂdwfd?%r éc”ﬁ(ﬂécg%}ig eac%@ﬁﬁ%ﬂ%o%s%k%ﬁé”Hn?;}bQth(@%vér?eCO” ary

reflector. RadiatTon passi pi pe contacts

radi ati on sensdamp hidb oneesnimasy tdflectontie he moyitayéd mgldpeaticmnflhq othesel ected 5

wavel ength range (e. nm. o rrover ran rim
280-320° nm 35BS s CpealE iR R PREH ceh AR PHE R He

[ 0097] The |ocateilman@aado@asrselsxbugmth@b;pbhehismg:lytonwlmx gtrteﬁatdi whartreflecedd its

| ength determ_ ne which individual gg r K %gneratedfromalarrp make it
through the |i &R thefgsared Sompenent E‘ﬁ%’s Prsbythe Jight pipeitp thesepsopt 48R BiPfgl e of

the Iight HBpe)mayEﬁ\fsh)e coB§iller® PEirdchodd) fileSthANAGwS emfy%ysqro%p@ﬁmlmmaccept ance
angle that allows one | anp conponent (e.g., one bul b or one primary

reflector) to Wiedionite be passiditiyetherdtltenf the ot her corrponent s. Generally,
the axis of the light pipe is coincident with the angle rays that are
i ntended to pa$e0IBhr @egéndidpeonpthp ehickhbdsof Wr\seamidyrylrefifetor e the redi@darby or
reflected individual light pipe is formed, the length of the light pipe may be extended by
inserting a tube (e.g., an aluminum tube) into the hole or slot formed through the
20  secondary reflector. To reduce the effects of reflectance within the light pipe and
ensure that only radiation rays within the particular angle of acceptance a light pipe is
designed for reach its sensor, the interior surfaces of a light pipe may be lined or coated
with an appropriate light absorbing material that absorbs radiation in the wavelengths
for which the sensor detects. Alternatively, the interior surface of a light pipe may be
25  treated to have a high roughened (e.g., by scrubbing with a steel brush) to dissipate, via

multiple reflections, unwanted light that contacts the wall of the light pipe.

{0099] In monitoring an individual component of a UV lamp, it is desirable that the

light pipe allow only rays generated by or reflected by that component to reach the

sensor at the end of the light pipe that monitors the component. In some instances it
30 may not be practical to design the light pipe such that 100% of the rays reaching its

associated sensor are from a single component and instead the light pipe is designed so
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fromthe desired conponent passes through the light pipe to the sensor. A

| ight pipe 15 may thus be considered a directional filter that allows only
rays froma particular direction to be passed through the filter. [0098]
Dependi ng on the thickness of the secondary reflector in the region an

i ndi vi dual I|g fornmed, the | f

ext ended by Ea%"‘pﬁlély igh psieepiagy €8 gﬁg"g(f%ogm?%&guysqp%[nagﬁ)?fs'u l-'f’\'llol e or slot
f or med throughfrbllﬂqhezgomﬁﬁmQOné;gflector. To reduce the effects of
reflectance within the light pipe and ensure that only radiation rays

wi thin the parjgige] aFoaROLY Qfe %@ﬁﬁ%fWQ4as1)l Hi#fetenPlipf pipes cAlEsd idaegedfor

reach its sensor the interior surfaces of a light prpe may be |ined or
coated with ampapmlwppnmr@a¢h of iV hbbed bt ang %@éﬂ’ﬁﬁlﬁs eashtof HISEEY r adi at i on

in the wavel engths t e
interior su%fa b 8Pr5§ap1 %tg'%laﬁg%rzrg Bgr%é%% gg@é& hgl\%%l\é?hgfeﬁhr oughened
(e.g., by scrubillesg Simildtlyarefleeted rdys o) eatlooftths pnqnattyeeﬂmt(as 42:&”4122 gIZé and

reflectl ons, unwanted | jght that contacts th e. [0099
In nonitoring 4 *aHQiPQ/fi'é%éﬂm RS HRecdagy T Clmén{l))m'ﬁgttﬁ'isg"%@% gnt hgt th]e

l'ight pipe all %re;s}lave Fa?Yrﬁc19§51%"gﬂitlrﬁgl$ﬁétl&{ oflath ﬁ%{@@behurohgathe@@dm@mnt to
reach the sensor he end of the pip t nonitors _the conponent.

In some mstan&é‘bcrpt C@Cberﬂﬁsiﬂ"nm?d Hhat ?ﬂoél‘éteﬁ‘édllghf alpe&m@wtqrr?@epproaﬁﬁé such
that 100% of the rays reaching its associated sensor are froma single
conponent aod '[olﬂll]aaﬁefektencé isglotv padeao Fsgsdmedngdédllﬁdl areﬁemprativaviswis ofabl y hi gh
per cent age,

0% qr of th eac ensor e from
t he moni tored g‘?fﬁﬁ : ectoyy {%)(Bre‘li‘&‘fs E’@re Bry%ft ‘g?u qdfemﬂ hCS| X

different i ghﬁnceip%%oﬁ aﬂhgﬁ pi;iaS?ldJrﬁl@@lacbﬁuaryseﬂaéta:t iy, 200AbWOTocadmb 501-508V
bul bs 414 and 416 as wel|l as each of the primary 5 reflectors 420, 422, 424

and 426. Directn &eawammﬂw&rwé@taéwhxcay@ six Lghé pipss todnemiloF Histserasslg| es.
Simlarly, reflgg E&QP{S%%ﬁleQ”h% p(PlF:'na RAIP&bIRARY, 42 fAﬁCR%)%aéEQ 422, 424

and 426 | and on erent spots o e ‘'secondary re l ector.” Using this
knowl edge ahd aositiaepr hmatlanESOIAyartdrSQéAmge @rappesing exadSIOdeEtSEmd@rfy rdhch)rl i ght
pi pe through the secon ect o[, _can hat each
| ight pipe to %q.ﬁrfavre H‘ééﬁoff’f ﬁ%gﬁ%h}agare fffl?ﬁg&ﬂ{fnﬁ g?le?lr r80§ 8W made to
Figs. 20 and 2iadidtiot hefRc@d BRUSBE pEimdey réfle s mfereb;z altowig oyl yr difeb eradiationt 40
previously shown in Fi rior to and Sgé uent to the_ _incorporation of

14
| i ght pipes in rpﬁ@@@égwaaﬂ ?ré‘flpé‘bf"%fﬁ _.‘hr?-‘*i "§PFOW/¥ lpge 419 SrRoswigReds 06 i n
secondary ref | g¢dQhe it Raftl pIbEbF elihdfiytefidcBRU4PhPR S 1hid JIPIH iLr20tA€ L3epar at e

20 lamp 412 is positioned over the right hand side of the secondary reflector, a light pipe
to monitor direct radiation generated by UV bulb 414 can be placed at location S01A
and a light pipe to monitor direct radiation by UV bulb 416 can be placed at location
502A. Locations 501B and 502B are alternative locations at which light pipes may be
placed to monitor UV bulbs 414 and 416, respectively. Additionally, a light pipe to

25  monitor radiation reflected by outer primary reflector 420 can be place at location 503,
a light pipe to measure radiation reflected by inner primary reflector 422 can be place at
location 504, a light pipe to monitor radiation reflected by inner primary reflector 424
can be place at location 505 and a light pipe to measure radiation reflected by outer

primary reflector 426 can be place at location 506.

30 [0102] Fig. 21 shows light pipes 510-513 that have been incorporated into secondary
reflector 440 at locations 503-506, respectively and light pipes 514 and 515 formed at
locations 501b and 502b, respectively. Light pipe 510 monitors the reflectance of outer
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conponents (bul bs 414, 416 and primary reflectors 420, 422, 424, 426) can be
15 positioned. Locations 501A and 502A are on opposi ng ends of the secondary
reflector and are well suited for light pipes that are designed to filter
out all or nost of the radiation reflected fromthe primary reflectors

thereby allowng only direct radiation from.one of 'bul bs. 414 416 .to pass
t hr ough. Wen ?‘Pf@arWﬂeéPPﬁ‘é(M"RessI}S&Q“Etf’@ﬁléeo‘e e PRpnpIRmary FYle8E $42%n of

secondary refl got 612 AdRitckS thelreficdtah@d & imek pliMalyi Bflecté} 420dndip2813 MRtk 2 i s
posi tioned over the right hand side of the secondary reflector, a l|ight pipe
to nonitor dirdereflesanes ofoutegerimpryreldecky 42% bighbpiness 10a1d 543 prederaedat

I ocation 501A frﬁﬂf!)ggne{bés%ﬁ;oug%gmg-réffeCMUmEe HihE&of ALY RNEQS: iRYoddoRWoR 416

can be placed a ocat 1 ons 501B an 02B are alternative
| ocations af waidci06| iegpectipilpekightepipdses 1 1 phdaf@oare formed froor opeinpsithianght e and

416, respectively. . Additionall | i ght  pi to 2 N d-Rr_radi aiion
reflected by o[ﬁn\é?“"ﬁrsflﬁﬁ‘iﬁf?%sﬁo@?%ry r%%ﬁt 5érﬁl% A1o8F g%‘ggnéﬁqg({%sg? ‘lgg’ﬁ Y503, a

| ight pipe to Reasigrdlyl aféxadrsion it feddad ehoh dfimetiol@rih MaajorseiOl asd 505 622 can
be place at I|ocation 504, a |light pipe to monitor radiatjon reflec_teéi by
i nner primary lcagthereash lightpipe3) 319@5;5? tocfurthgr filige autirgthatiggdhay ignol apsogipted i pe

to measure radiat! i 1 R 5142@neR Arci®opP! ace
at | ocation SO@BE@fgﬁgﬁﬁéﬁppr%ﬁg% “Igi{hgﬁémip %&B%%-Sls tha’fﬁ have been
i ncor por at éd i fitted with oxtdesan tubasf nenjtog thedn@naty of 4¥abulbnsl 45094366,
respectively and ILg t pipes 514 and 515 forned at |ocations 501b and 502b,
respectively. f_elsﬁef‘ffl ?I.:]V'pe 510 nonitors the reflectance of outer 27 primry

reflector 420, pipe 511 nonitors the reflectance of inner_prjnmary reflector
422, pipe 51210081 + Spme emBodmena el e eBton iRt prepRRIGLY EIdIBRNSESH and

pipe 513 moni t fleSnd bii€ach %%iéﬁ%é%daiméfﬁ@ TtheinvETod K 186 bRE orkBre ok iraht
pi pes 510 and 513 are for from openings through the reflective surface

of the secondabtly lamplogsubsirate duiingthe cum Pra8os, Boveavdr, BEG use fesisethan gad Sﬁ.nsqzic ght
i 511 d 512. f r i i
P! PES 5 Per%rrgg{ ﬁgé.oﬁgee(}am{)lg%%gﬁg@%@ﬁg&%\’%@gﬁm mrogl{lla \?/sgrfa{ﬁe‘a 13y ace

of the seconhdary Ctor Tn tocatl respectl
Addi tional |y, degresstdaring tie UVibare ipsocéss] tived)V cadéami sedsotsivan bohed. iAnfilsocat i ons

504 and 505 to |engthen each |ight pipe 511 and 512 to further. filter out
radi ation that s‘?"éorrfg‘fy 66508?%609 %fgﬂgﬂﬂge%ﬁ %Q%rpaé%%t%m“ﬁgﬁ‘ggtpé@éoci at ed

with. Light piBes 594 4ndsdh wHilk a 8BdfaReoPmaY 8O pdsitidnell t kot ki 8%h BRASInGN
tubes, nonitor the |nten.s!ﬁ;tﬁ%l of WV bul bs 414 and 416, respectively. [0103]
Sorme enbodi menthsough lighepipendit §1om 513 dh gaethef esampleaa Bnglk/senseri raay barise@diosor  at

20  detect radiation passing through each of light pipes 510-515 providing the lamp module
is rotated a sufficient amount (e.g., 270 or 360 degrees) to allow light passing through
each of the light pipes to contact the sensor during the cure process. Where individual
sensors monitor multiple light pipes, logic or control circuitry (e.g., a microcontroller or
computer processor) tracks the timing of the rotations and the data samples from the

25  sensor and uses the timing information and the known rotational pattern to determine

which light pipe individual sensor readings are associated with.

[0104] In order to reduce noise detected by a UV radiation sensor, it is desirable that
the sensor be placed as close a possible to the exit of the light pipes. In an embodiment
where a single sensor is used to detect UV radiation emitted through multiple light

30 pipes, this may require extending the length of certain light pipes relative to others to
ensure that all light pipes operatively positioned to work with a particular sensor have a
similar distance between the end of the light pipe and the sensor. As an example,

reference is made to Figs. 22A and 22B, which are perspective views of one side of a
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the end of each |light pipe. Enbodinents of the invention that rotate one or
nore of the UV lanp or substrate during the cure process, however, may use
fewer than one sensor 15 per light pipe. For exanple, in an enbodi nent where
the lanp nodule is rotated 180 degrees during the UV cure process, two WV
radi ati on sensors cap,be used. A fir n itiQn f.or

! et o deteIEF 34 SheP BT S SoF HESRER QR By pReecis: G40 BEWOG g 512

while a SeCOﬂdh%Blglﬁgds 618Y6 1RGP @34 trMBEth x’égoﬁlﬁdeﬂéreﬂédbladaniaraBltaﬁhH}g t hrough
i ght pipes 511 513.. I n anot her ex ingl e sensor may be used

to 20 detect r éi%ﬁl%[tslabwhﬁhélgh‘d@jp%srﬁlBuﬁﬁ ae&gff‘ e fqmgﬁﬂn piigeter $4 Reflscipy ovi di ng
the | anp nodul ees)
to allow |light %%@%%iﬁfcgﬁgﬁﬁ%gg b tﬁp(?%(gsp% theg:grg%’gg%} Sitggg
sensor duri fg theerefenta. ;Regme%S mmmeea t:tndctd/sucﬁaed 55051bm1@s & cyrmatittegadinal t i pl e

l'i ght pipes, r UI Font r

conput or " pr ocess5T 1o BRRE aTichd bioteb P10, D2 B s Bk BBl sanpi s
fromthe 25 sere&fbr @bdsmsmmﬂahs opermmgy pd@fti@héﬂaﬁolda&calnu rhdia.dﬁrpamgr foagh onal
pattern to deternine which lig e |nd|V|duaI sensor readi ngs are

associ ated wit ﬁaCh[inml]"l?sr?sé?‘i?éﬁarﬂ66&6903‘5) is&0aed-det ected by a UV radiation
sensor, it is desirable that the sensor be placed as close a possible to
the exit of t hd01054 htHayingdully descabedeatrodiembadimentsof éle@r@bmgh‘eensiemsmanyi s used
to detect ion.em h mul ti S may
Fequi r o extiinatst FHEERst HESRIE SR, diobnini S butth BUBS RO il e o7 o
ensur e L hat al |ac¢drgtig tmap&smm\ﬁhmmm uaﬁ;spdrmm?hotdﬁkvml kin Weta. <’i"ln¢as<e(r]I ti (r:]ul ar
sensor have a sim|ar stance betwe e end of the |ight p| e and the
sensor. As an éﬁ%‘ﬂﬁi“’és a"‘Jr eubyalaniseary g“"r?aﬁie‘otbS' Yyled withpn the gcops gf h\ﬁ/IRfeé‘T'{“ar e
perspective Vi g\enfddn.ONe side of a 28 reflector 540 according to one

enbodi nent of the invention. Reflector 540 includes |ight pipes 610, 612
and 614 formed in regions of the reflector conparable to the regions at
which light pipes 510, 512 and 514 are fornmed in reflector 440. Reflector
540 is notably thicker than reflector 440, however, in an outer peripheral
region 545 of 5 the reflector. Region 545 includes a curved surface 550 that
has a curvature radius selected so that the end of each of |ight pipes 510,
512 and 514 is equally spaced to a sensor (not shown) that is operatively
positioned to detect UV radiation passing through each of the holes as
secondary reflector 540 is rotated. (01051 Having fully described several
enbodi ments of the present invention, many 10 ot her equival ent or
alternative apparatuses and nethods of curing dielectric filns
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according to the present invention wll be apparent to those skilled in the
art. These alternatives and equivalents are intended to be included within
the scope of the present invention. 29 WHAT IS CLAIMED I S: Secondary

Reflector 1 1. A substrate processing tool conprising: 2 a body defining a

substrate pr ocm@m.a substrate support adapted to support a
substrate w t ht " 4 processing region; 5 an ultraviolet (W)
radi ati on | anp spaced apart fromthe substrate 6 support and configured to

generate and t @& Qi olet radiation to a substrate 7 positioned on
the substrate support, the UV radiation |anp conprising a source of U/ 8

radiation and a primary yefl egls@hstRRprdcdising toollcompasthglg t he source of UV
radiation, and 9 a secondary reflector positioned between the prinmary

reflector add the 10 subbedyvadelinigsgbyiratemipcesdvaicaigly ref | ector adapted to
redi rect ulgraviolel radiglishie bty abaied B4 fhoRl bR IBh EORbAGR: 1 e

substrate towards the substrate. e su rate processing tool of claim
1 wherein tHe ProcBssimpdegibn,on | anp generates a substantially rectangul ar

flood pattern of UV radiation .a t he.secondary.reflector alters the
flood pattern to a subst%fh\’lfrﬁY'PGgﬁq\?)crﬁ?'ﬁ?or\‘ella%épfg? R o CBS.ULSH?C substrate
processi ng '600|suﬂfoncdnaic6ﬁﬁgu‘fﬂﬁ6%klﬁhrit8anﬁt@ﬁ'@ﬂﬁi&ﬂt}’avicﬁetl’raﬁétﬁﬁlttaI’a sGyfatei ses an
upper portion and a | ower portion each of which includes (i) 3 oppasi.ng

| ongi t udi naf? swesitiered onyhg subaigate sippart g V¥ radiatiopdamp sempritipgh g tavresof the 4
| ongi tudi naly syt diAc&HSnd dPfnfay 9&{9:%51' ShAORARE e RUFERE R £AIAH LAY
bet ween endé3 0?5 léfoﬁﬁagdlq%ngﬁ);uﬁpna surp%gces. 1 4% The seubstratea pr’gcessi ng
tool of clai9m 3 wherei n &beohdanyiafiectonpdsitioRed batveandbe pfimpaytrbflectas angiher and
| ower portians of the secondary reflector ar eneral ly 3.concaye ng the
L ongt t udi nd qisPRwpRanBREe B Yhet oSl aflsieslE BBy Wil ge Rt erTh
wher ei n t he 10ppasitdi@herdidermdnsontdcs theSulistrae eswarlls thBeubspmer and | ower portions
of the secondary reflector are 3 generally convex along the transverse
direction. ]I 6. The subsErate rocessi ng taol o] l.aim 4 wh.erﬁiﬂ t he
opposi ng . The substrate processing tool of claim 1 wherein the UV

2 radiation lamp generates a substantially rectangular flood pattern of UV radiation and

3 the secondary reflector alters the flood pattern to a substantially circular flood pattern.

1 3. The substrate processing tool of claim 1 wherein the secondary
2 reflector comprises an upper portion and a lower portion each of which includes (i)

3 opposing longitudinal surfaces that meet at a vertex traversing a length of the

4  longitudinal surfaces; and (ii) opposing transverse surfaces extending between ends of
5

the longitudinal surfaces.

1 4. The substrate processing tool of claim 3 wherein the longitudinal
2 surfaces of both the upper and lower portions of the secondary reflector are generally

3 concave along the longitudinal direction.

1 5. The substrate processing tool of claim 4 wherein the opposing
2 transverse surfaces of the upper and lower portions of the secondary reflector are

3 generally convex along the transverse direction.

1 6. The substrate processing tool of claim 4 wherein the opposing
2 longitudinal surfaces of the upper portion of the secondary reflector generally extend

3 inward from a top of the reflector to the vertex and the opposing longitudinal surfaces
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2 longitudinal surfaces of the upper portion of the secondary reflector
generally extend 3 inward froma top of the reflector to the vertex and the
opposi ng longitudinal surfaces 30 4 of the |ower portion of the secondary
reflector generally extend outward fromthe 5 vertex to a bottom of the
reflector. subst.rat roce t 0ol cl aj g at | east
two 2 uItréw%“B‘E E’P"zf&?%‘t"f’%ﬂﬁthgﬁﬁgn %&%&C‘gb%wmf‘ C%eﬁgmg(éwar@%g suppor t
and di sposesl afiég to 8 bbbk Vf thel@flectoher ei n each ultravi ol et radiation | anp
conprises an elongated source of 4 UV radiation and a correspondi ng primary
reflector partially surr undlc,Igl t he elon at ed t he at St t

ul traviol et! radiation | ahps YRSAG PEY ﬁ‘&ﬁe‘f’%ttoés%ulﬁl S8EPpsPE (Q}rlf:f‘w{al

ul travi ol ety r aglabibR0radeibn latnpdispREd Sshrt fedkR S ubdi@teSsubpdrt ﬂtdejtﬁjdml(abbve 1 8.
The substrate processing tool of claim7 further conprising a Wi ndow

separ ati ng 1 hethswirdovat Cfiﬁ*’b@ébé‘l‘ﬁg@%@ﬁ%‘oﬂ PR RPTIEES ?'b?i%‘tgat%o‘ﬂf:‘t? avi ol et
3 radiationla B dibrPARMIS Y RotBR thdGordaRad
pattern of 4 u tra(\j/llg{; ﬂdrh mt%ﬁlq?grtrgﬂgrﬁ&tt@ﬁﬂt ?oug ntﬁ]teg Wi n?joé\?v prior
to reachingst hmmbmbraateest twaumravfﬁleerasltatisn ia@nm cpmbmegtprggnetratgb flopd patiginm 7
wherein the_at 2 ultrawviole e nounted facing
each ot her &t 8‘%‘38@‘?&‘5‘ réﬂ'ét“é%thfue'fsg’trf‘i}eedt(f’gar§ Esitra?ngapllo 0. A substrate
processi ng system conprising: 2 a body defini ng first and second processing
regions that are separat& andrhe3ulbstiaRqeddessing tookofatuimVebrthet camprisisg a
substrate support adapt pport a substrate within the fi

processi ng fegMgK Oé’rﬁﬂp%fa%@c‘gﬁﬂ’% ‘HEPP&?S@“&E%QRﬁoracﬁlécp?té?fstwoé’dbaﬁ’borl?t
substrate Wit hifjatibn idMpsSRRGBH th VHAS® i shsltREEPHich tha theiffodll phiéri i at i on

| anp nodul e spaced apart fromthe first substrate 8 support and configured
to transm t4ul oltviolst sadiatigdiistransmitted thropghrthe windowtnrior £ 1saciing heathseHe. 9 t he
first substrate support; 10 a second UV radiation | anp nodul e spaced apart
fromthe segond 11 substgate ’ﬁHQMITat &Y B thih KRS Hetar 1ehchayi ol et
radiation to a second su %strate eﬁ (ISJq[eI _one[lg on the second s?uabsttate
support; 32a ﬁltnasiol@mdmwarl%mm@fd mommd faois eachrosiztr beeppesing atglesirelagye toV | anp
nodul e %{g substrate support and adapted to redirect ultraviol et
radi ati on t at

ot

10. A substrate processing system comprising:

2 a body defining first and second processing regions that are separate and
3 adjacent to one another;
4 a first substrate support adapted to support a substrate within the first
5  processing region and a second substrate support adapted to support a substrate within
6 the second processing region;
7 a first UV radiation lamp module spaced apart from the first substrate
8  support and configured to transmit ultraviolet radiation to a first substrate positioned on
9 the first substrate support;
10 a second UV radiation lJamp module spaced apart from the second
11 substrate support and configured to transmit ultraviolet radiation to a second substrate
12 positioned on the second substrate support;
13 a first secondary reflector positioned between the first UV lamp module
14 and the substrate support and adapted to redirect ultraviolet radiation that would
15  otherwise not contact the first substrate towards the first substrate; and
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15 ot herwi se not contact the first substrate towards the first substrate;
and 31 16 a second secondary reflector positioned between the second W
lanp 17 nodul e and the second substrate support and adapted to redirect
ultraviolet radiation 18 that woul d otherw se not contact the second
substrate towards the second substrate. 1 11, An apparatus for eneratr ng a
substantil® |y circul ar afseesd SW@%Y reflegtopposifjanedpetyeen the seroad Lohlamphe

appar at us;7COMREdHY i iyesddbnd YblPHd QlpBbr b aahddli e Bbk AIRIAGTRA RN AN

el ongat ed source o atron nd a primary reflector partirally
surroundil8g ttha vedt:dﬁrgaemlsesmmwcofhemmna sulntiatattowards thh seond sobsbatel ongat ed
source of UV radiation and primary reflector conbine 6 to generate a
substantiglly rect angul r fl ndary
refl ector e}spaced apart fr omAt hgp%%%rgorr§er?er?t% atsgggtgﬁi ﬂ?glré\ggrti og p?@e%?edr rect
portions Qf tdfalksddleradihion, fhle@pphmaitcﬁnipixsm‘g WV radiation that 9 i npi nge
upon the secondary reflechor,oiog Sterate iﬁ?‘ subst anti aIl y circul ar fl ood
pattern 0 of WV radi &PUOHYV et {YV) pdjatiop RAOTRRI GG & qggted sepreeifel ect ri ¢
material f,0r B¢ Q¥SonBind2 gs s} fefib&or ,satt«ra g%t.r}aqm%gmé Ehgdled shuRled¢ U0 t he
substrate having the . dieléctric materi al rmed thereon on a 4 substrate
support i a tadubsomabtherqm be eloopated sshuznsiod UV Bdiakipo sndprimary refldstor cembine o

pat torn ot WORAA RaREERTL ARl e SR LR el SFaRROC & cna

reshapi ng 7 he substant IaEdeJ:thE@Qémgﬁlsﬁdced hmﬂrcnﬁtﬁeq)“dma_ryttaleatoswb‘ﬁt antially 8
circular flood pattern, of radtj ation with a secondary reflector positioned

between t e 2apled tRfegdire pprtionyef thsfectapgnlanflpod pattem of Biordiation thatet r i ¢

Primary Rejl egdgigel ééthe%eédrasryrr@ft&m?t&ge%atme ttnﬁtanﬁamoarcsrapﬂood %atl@mb()dy
defining a subst rate rocessi ng region; a substrate support ad

support alGubsftW¥radiationhi n t he substrate 4 processing region; and 5 a first
UV Ianp spaced apart fromthe substrate support and confi gured 6 to

transmt UV radiation tj9 a %UB%B&P&&BE gfjm@r@cth@ Fnatat 3 el g&*o%?!gpor t
the first UWW 7 lanp conprising a first Iation source an
refl ect or 2oar substrdts, tieumethodcormgising:

3 placing the substrate having the dielectric material formed thereon on a
substrate support in a substrate processing chamber;

exposing the substrate to ultraviolet radiation by generating a
substantially rectangular flood pattern of UV radiation with a UV source and primary
reflector and reshaping the substantially rectangular flood pattern into a substantially

circular flood pattern of UV radiation with a secondary reflector positioned between the

O 0 3 O b

primary reflector and the substrate support.

Asymmetric Primary Reflector

1 13. A substrate processing tool comprising:

a body defining a substrate processing region,;

a substrate support adapted to support a substrate within the substrate
processing region; and

a first UV lamp spaced apart from the substrate support and configured

to transmit UV radiation to a substrate positioned on the substrate support, the first UV

R - NV S O SUR )

lamp comprising a first UV radiation source and a first reflector partially surrounding
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32 8 the first UV radiation source, the first reflector having opposing
inner and outer 9 reflective panels, the inner reflective panel having a
first reflective surface and the outer 10 reflective panel having a second

reflect i vey SUpE &8 UV kit SSHEEITH ik ibflcctdifilink Shockiheifiler id outey surface. 1

14. The substrate processing todl o aiml er ~conprising a 2 second
W | anp sacectflagivetpahal s het ineergefiestiveapanekhaypgra firatrefleatine surfacednd the bntansni t

W 3 radiation to a sybstrate positioned the .substrate ort, the
second. oM et hane 87nE A SeBBd rleBe e P S KRN CoTHERRL o

refl ect orjpar teflattive sefidepundi ng 5 the second UV radi ation source, the
second refl ector opposing inner and outer 6 reflective panels, the inner
reflective panel having a third reflective surface.and the 7 outer
reflecti vel panel havi nSMa f o SHPSIaTe REGES SRS @Bi%a?iaémﬁﬁeﬂ';ﬁ?%r caspMtEtic to
the third 78 LRbhEOV INRp SpHcbRESart ffont the shbRrablPporbhfll RRASRES totehnkAR IUVOT
claim14 further conprising a 2 third reflector positioned between the

first and 3ectsdittipefq asubsiraje pefitiqned on thesubswitate sYpperp thersecongléyY damp t he third
reflector j 1 N/, i.akl j : trate. 1
16 The subat FRRIsGHE L SebReUG Tl A00RE bl 50 RHbRLARANS sty | 210

separ at i ngs t hethesedomt UM eadjation esace) thersegindneflactmoppasirfg insdr aadidutsecond UV

| anps, 3 wherejn.the window is position such that_UV radjiatiaon is

Lr Ao t Ceb & FSCaHT FoRES ARG R PARED T BHECPHE FeEt BEprea e, 17 The
substrate proggesreflective Phne? hatih %h outth AREGE Surfab&that i alyniNetrid td BEThiddS
mounted at an angle of Dbetween 2-25 degrees relative to vertical and the
first 3 an8l stefleptivessyriperetric refl ective surfaces are adapted to generate an
irradi ance pattern 4 that conpensates for the angle. 1 18. A nethod of
curing a layer of diele riog{;as;] j , : e net hod
conpri si ng?l 3 placing tﬁé subst rg{dgfg %ﬁﬁgﬁgWgygcé?gclﬁrilﬁgpﬁg’%@%ﬁgpé?orrred

t hereon on2a thirdseflstorglositiongudetween theafirsuddiseaind reficctoesaidrtbe atbsindter ; and 5
exposing the substraje to .radiation b ener at i the radiatigqn with 6
an’or ongat a4 DNPREBLP hEeiae P FrsEtr fdpe Byenira LY FOfRIgB s BVSEE B (e Ov
source 7 W thkydstratet and second refl ective surfaces that partially surround
t he radi ati on source and

1 16.  The substrate processing tool of claim 14 further comprising a

2 window separating the substrate processing region from the first and second UV lamps,
3 wherein the window is positioned such that UV radiation is transmitted through the
4

window prior to reaching the substrate.

1 17.  The substrate processing tool of claim 14 wherein the first UV

2 lamp is mounted at an angle of between 2-25 degrees relative to vertical and the first

3 and second asymmetric reflective surfaces are adapted to generate an irradiance pattern
4  that compensates for the angle.

et

18. A method of curing a layer of dielectric material formed over a
substrate, the method comprising:

placing the substrate having the dielectric material formed thereon on a
substrate support in a substrate processing chamber; and

exposing the substrate to UV radiation by generating the radiation with
an elongated UV source and redirecting the UV radiation generated by the UV source

with first and second reflective surfaces that partially surround the radiation source and

0 ~N A L AWM

are asymmetric to each other.
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8 are asymmetric to each other. 33 Light Pipes 1 19. A substrate processing
tool conprising: 2 a body defining a substrate processing region; 3 a
substrate support adapted to support a substrate within the substrate 4
processing redhPPmes an ultraviolet (UV) radiation |anp spaced apart from
the substrate upport and configured to generate and transmt ultraviolet
radiation to a substrate 7 positioned on the substrate support, the W

radi ati onll anp conprislthg aA<$BRsIale PEcesIns tBOLCRMPHSINGN and a pri mary
reflector,partially su %n&ﬂ t of: radi ation; 9 a secondary
refl ect orzposi tioned bé%’ en lt ﬁlg agrg})ﬁnfaatgﬁﬁcg%l%% er)ﬁhnd the 10 substrate
support cdnfigured to aeshstratelsippott adapted tosbproticr subsirata within shessubsttate secondary
11 refl ector _having an inner and outer surface and at | east one hole
traversi né; t RETSIELES'8» 12 fromthe inner surface to the outer surface;
and 13 a ki ght detect o&n pleavibie0(18V) fadiatiGCiampepadyd apli fedrh @t subghite gener at ed
by the 14 W/ radiation_|la transmtted through the at |east, one hole. 1
20. The sfibstHRRCE a3 68%@%1‘%‘%86’&‘3‘6P“‘Hf%{lsm“i’é“?"éﬂl?tﬁéqlat&?ﬁﬁ Riselsirals 2

plural i ty70f pblighed AU RE LML RatE UppBRRREENMdibord 1ARpRbMEALiRE ¥ sQiredFILAP
traversing tr?e 3 reflector, each 1 ght detector p85|t oned to recelve W
radi at i on8| i gidiatiparasd atpeignaby reflaetor partiall yrsanipundingrthd soupretof 2S radiatient t hr ough
one of thg pluraliti esaof hgl es, 1t 21. . The ﬁL{vvat I te.lglroce Sitn%{}é al of
claim 19 Conprising a sis?ﬁgf’ a:yéeqelcamos&éqng% %reed’o f PSR Y &' e W
radi ati onol i ghbstr@Rnappdrecbnfiguied to k¥udediphtlobsoutside thesgbsiritanBésdcb@IAnt hr ough a
plurality of the holes traversing the reflector when the 4 secondary

refl ect orllj s reféactpr bgving ap innerrpnd cutps syrface andhit deassenehgler tiryprsisg the wflpgtarg

wher ei n §oSUrgAs e Mne? strfifee ROILE 05%@%%;@?# he refl ector has a high

roughness that dissipates unwante at 3 contacts the surface of the
hol e by i3l ti pl e refl eatlighrdetector P8sitidiied tarebeive HVeadinthanclight geperasasl byathe ¢l ai m
18 wherein a rface qf the hole traversing t reflector is coated with
a |ight a%gsor@?ﬁﬁ%@?gwgﬁa?%{tecg‘bgoé‘g%gmaé%%%f‘%?‘ﬁ%n in the wavel engths for
whi ch the sensor detects. 1 24. The substrate processing tool of claim18
further canprising a 20. The substrate processing tool of claim 19 further comprises a

2  plurality of light detectors corresponding to the plurality of holes traversing the
3 reflector, each light detector positioned to receive UV radiation light generated by the

4 UV radiation lamp transmitted through one of the pluralities of holes.

1 21.  The substrate processing tool of claim 19 comprising a single
2 light detector positioned to receive UV radiation light generated by the UV radiation
3 lémp transmitted through a plurality of the holes traversing the reflector when the

4  secondary reflector is rotated.

1 22.  The substrate processing tool of claim 18 wherein a surface of

2  the hole traversing the reflector has a high roughness that dissipates unwanted light that

3 contacts the surface of the hole by multiple reflections.

1 23.  The substrate processing tool of claim 18 wherein a surface of
2  the hole traversing the reflector is coated with a light absorbing material that absorbs

3 radiation in the wavelengths for which the sensor detects.

1 24.  The substrate processing tool of claim 18 further comprising a
2 hollow tube that extends from the hole to further limit the number of light rays that
3 contact the sensor.
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2 holl ow tube that extends fromthe hole to further Iimt the nunber of
light rays that 3 contact the sensor. 34 Elliptical + Parabolic Primary
Refl ector 1 25. A substrate processing tool conprising: 2 a body defining a
substrate processing region; 3 a substrate support adapted to support a
substrat e w ElipiicilhePaaladicrPaingary Reflestoressi ng region; 5 a first UV |anp
spaced apart fromthe substrate support and configured 6 to transmt W
radi ationlto a substrat?e pody UPHFARIPIOFESSIAG taPl BIPPRNNE: support, the first LV

7 lanmp cogprising a fir, | at.l C&; a first reflector

parti al l y%s)urroundi ng a%%gﬁgeélﬁgé?g%(\g/%tggfb%t%;lc?%qg%g?’ce, the first reflector
havi ng a Befl ecti ve surnfsabstratersapporhadapttd o suppait alsemsrateovithiptheablpdtiae sect i on
and at |east one elliptical section; and 10 a second UV | anp spaced apart
fromthe SubFPEEEETBIBrt and 11 configured to transnmit UV radiation to a
substrat e spositioned on firfkey s SpAL&! SpdR PR the sdxﬁnhtbeuw cbhiguaddp

conprising a second UV radiation source and a second reflector 13 partially
surroundi g tthdranspibHY 1adiatien o substralopgsitioned pe the substyatersappast therfirktdlY ng a

14 reflecty v [ . j ' i onp. and at
| east onet7el ﬁ?‘%? icéglﬁgs‘& g?égémﬁgﬁﬁog&dr%%taﬁgﬁ r%@éc@o&%}aﬁ%lli?&%ugrﬂm f

di el ect ri @ mathefirsalUVf radisedn sauece, the fdstyefesctor Abeing b hefleovtdsncfacomprindideg: 3
placing the substrate havjng the dielectric yaterial formed thereon on a 4
B Lbst r 2t & Joupfh " Ok ARG o e 4 S UBREABEROTGRY 5. exposi ng ¢ he
substrateg o UV radi atiogcdhg W%ﬁ%ﬁa@&l dpAR ffoathhd bhiRRaWishpportan@n €l ongat ed
UV source and redirecting the UV radiation generated by the UV source 7

Wi th oppokli ngeonfigured imanseitda radisticade pvebstyatiefpagitienedastthesnbsirate syppettr r ound
the radiaf) O%%ﬁec%&?’fﬁﬁl %&gﬁhgl;%%ééo R %iahpx?s&ﬁ&oaglh’l%efdnﬁs gy second
surfaces 1'ncludes at 1 east on paraBollc SECti on and at reast ome

el |'i ptical3 sepdrtially.suf¥bunding the second UV radiation source, the second reflector having a

14  reflective surface that includes at least one parabolic section and at least one elliptical

St
W

section.

26. A method of curing a layer of dielectric material formed over a
substrate, the method comprising:

placing the substrate having the dielectric material formed thereon on a
substrate support in a substrate processing chamber; and

exposing the substrate to UV radiation by generating the radiation with
an elongated UV source and redirecting the UV radiation generated by the UV source
with opposing first and second reflective surfaces that partially surround the radiation

source where at least one of the opposing first and second surfaces includes at least one

O 00 3 O L D LN

parabolic section and at least one elliptical section.
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