W CURE SYSTEM BACKGROUND OF THE | NVENTI ON [ 0001] Materials such as silicon
oxide (SiQO ), silicon carbide (SiC) and carbon doped 5 silicon oxide
(Sioc,) filnms find wi despread use in the fabrication of sem conduct or

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 exanpl CUORE SYSTEAt i on between a silicon
suppl yi ng source and an oxygen supplyrng source nmay result in deposition of
solid phase silicon oxide on top of a 10 sem conductor substrate positioned

wi thin a CVD chanber. As anot EE{cRZRORIND OFSTHE GIVENTIGNde and car bon- doped
silicon oxide filns may be formed froma CVD reaction that includes an
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deposi ted car bgr emip, Rhégicallredclibn BéteRen 4 $1li6R pplgingiscutc@indMdIEELEsses,
thermal |y unstabl e organic fragnments of sacrificial nmaterials need to be

removed. 20 [ 0GBEAlyiEe sowehmanreRwt Molepesitinn of solidiphase licqrdridasanierof & a
conventi onajy t @%fé@{mucgﬁ@%kmﬁemgueﬁ@ whhid § VIS HEMBN AVARMer EERHALES

r
unst abl e, undesirabl e em cal "bonds “vmth more stabl e bonds characteristic
of an ordered fsilicom tdrbidelapd carboredaped gilicoreoxiémBimsymaydfe formaed froma @HAvent i onal

ther mal - anneal SichBtual AoRGAShAktoSlont AL HBnk S0, AR Oond e, 0 OF Len

bet ween 30 nin 't onsune"si gn rocessrng time and

25 sl ow down the ogverall fabrication praocess. [0004] Another technique to
addr ess these il802bs Water 5528@1aby-P&W&Oéfherfz‘dPaﬁcsﬂn ploorgangsiligon eaapqyads

treatment of CVQ gkl ivead} c%bé@ysﬁ'hlh)i £20rbed i e AR aCAbRARe SARESpShiel CON
oxide filns. For exanple, U S." Patent Nos. 6,566,278 and 6,614,181, both to

Appl i ed Matléri amtg the depositgd dilinae §i-Qbk chemirablonde Eetherrnd ¢hdse fasing of watehei r
entirety, descrj . Livgh . . .

car bon-doped s il+‘%%§%) %ng)? i‘%%gﬁe{a#g gn#lergﬂdgeg%%o?w&ﬁ}e{lg IE%.%B%I’@P%’ lrcgi;tﬁoﬁ;il}{%ndan d
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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

herei n by 1 ef epangeyfiahs e tpl BRSRSed ShEROATe ESR dftchitty divslment of

various WV curing-chanbers, I nprovements in this 1nportant
t echnol ogy ar edepasiedemrsubsmatess Dpe beinmie sfoughis desdpiRpEm SSvRRRiYcatpn NelE
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ul travi ol et (U?/g/1 ure’ h%‘é%Wanﬁgég]’g'c‘)'!r“?eé‘urﬁf‘%hgﬁé‘cﬁ!“%f gct ri @g%%fnﬁ 2@5‘.‘ gposed
on a substr at eassipded © Ao datafals andincogpodite leedin by refererce fat &l pposgs. UV

radi ati on. [0007] A substrate processing tool according to one enbodi nent

conpri ses as boghosHe b i thedeStiBHhER L VRIS €SS cRENBE, farusddbst rat e
support adapted to support a substrate within the substrate processing

regi on; an ul t ineppyimantsripdhinimpertantdpghnelogy aga a%s capanuously eing seughtibst r at e
support, the lanp configured to transmt ultraviolet radiation to a
substrate positioned on the substrate support; and a notor operatively

coupled to rotate at |east {0l iation | anp or
substrate support at least 1 3%@§8méﬂ&;¢§¥@ﬁv§m ot her. The
substrate procgmesNIEMBBdiniERY of thetifhtisiRild SRe@N$ to & uliravilet @ Vamtor s
adapted to generate a flood pattern of ultraviolet radiation over the 20

substrate tfat chambee orprarendiglegrinmaterighdisposed e 2ibsiraty and wqeethedsof conbi ne
to generate aclﬁﬂﬁﬁﬁég&ﬂifﬁhéérihl%gi%wFa&i@ﬁ&ﬁnce pattern if rotated. [0008] A

substrate processing tool according to another enbodi ment of the invention

conprises a bo fini subst.rat e. processing regipn; a substrate support
adapted to sugﬁp@g Q%’E%%a SHPESWY {%Ohgc?lr m§3%g ?%‘P%%‘P%‘E:‘é%@’?ﬁ%esrag’é’?%n; an
ultraviol et (USfinigdi aibsedle ploctssiip redit; @duipate tsupposradapred eisappsrath € suppor t
and configured to generate and transmt ultraviolet radjafi ?n to a
substrate posi PYbSEE VHIN the subsisae prcessingseeien: an pHeaviglet radigtion;layap spagst,

conprisingjg SoMGRorR theldybdtafd appd) uRNEmA cBifiglRidMo r8AdnRECb1BhviBRE Lalatiby to
surrounding the source of UV radiation, and a secondary reflector

posi ti oned bet agdstrathpogitionedop thewbsieats PPRIH@nd AEosrioPeiatively seipleskte, t he

secondary 1 ef | aahoh iBARBES diebieGhiadth hblAKRLEL bkl iag fghat woul d

ot herwi se not contact the substrate towards the substrate. |In sone

enbodi ment st hdegsees aclataveyto eah| cglir o The ibpirats pocesing pywd map durtheo comprisg oae | ower

portion each of, whi.ohd NSl HARa DRI, hoahd 1 ElaS il B8RRI R, et 2t 2
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 uitraviolet (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 supp t T HP strate
processi ng reglgo%n&q?agtegq\gia?g?gﬁ ; gwn%g@déﬁg&?cggrtﬁdm ggglﬁ%gmgm%g%)rate
support and comirfzgw@ﬁbrtdblgtbemmendwthﬁdnatUdmﬁl Quefa@téssubstrate posi ti oned
on the substrate support, the first UV lanp conprising a first UV radiation
source and a f (00®Y] r &f Jubsitans pmedstlhgtdoymurdﬁmguodhmgertelne)oﬁimemt ofUYe irevelintixini on
source, the first _reflector. havin 0si ng i nner l](’jbéouter reflectj

panel s, the i nRFPHSEF pBEYY %‘“ﬂ’&r?eﬁ"g?ff?P DFRYn&areRIoP st SHOSHRIE SYRROE agﬁprt?da@e and

the outer refl geijoia sHBdMGle \bmh i sBbstREQN6LERd BEiohVd k(180 QarhfPacdds
asymretric to the first reflective surface. Some embodi ments furt her

i ncl ude a seconprrUvorh ghasubyetespagrhand gopBayretie bt LY eadiatisp & 2 subsigate
configured to o)

subst rat o suppSeEiEHeh dhEesb R bRl ik AuCub Hrpldmpiiia L ARCOVIRIARE |
source and a semncmlandeifﬂretatmctqaaxamaa}/ blyrcmﬁdiglnhecfusldﬂﬂgadmgmssem@ndhwst

radi ati on sourc second .refl ect gHter reflective
panel s, the i nﬁeg}wroéngvé‘lgt ORPSiAg HIOFT W%\?uﬁeppecah%ftﬁ rp(?"? e’fq"e i ?rvrgHescEiP/ f %nézk and
the outer rnefl ﬁg\hhg/sf,rsafwlectm\smgceamﬁwduterrrafebmtpamel awvingacecdndatfléctive
asymmetric to the third reflective surface [ 0010] . A substrate @g cessing

tool accor di ng StEACa B KAsyBmsgiterihe iy reflagive swifacs | Same rPodiRgL €fa body
defining a subsidifeq sPERATHS b HRHIAPar RomURShubRtLe SIpBHR hhd @&@.@aﬁa td O
support a substrate within the suostrate processing region; an ultraviolet
(W) radiati ontranmppra@enbna@parsubsma@mosmen@iwbsh«? atbetrmnﬁipmptt haeeconhbVgur ed
to generate an sitioned on
Pe SULSCT at o g lﬂﬁd{) O;ﬁf 3 a‘éfbn%"d\? atlo§‘9+u?$e Al 4 sgco%d%ﬁe%wrg%la@ ey
radi ati on dad aumnd’mgyhersetcbreldﬂwraq@aaroh|sadrbg4 tlmsecmdrtdﬁlefeg)rbﬁpdsslnfg iamrraaé of UV
radi ati on; a second ref ct or. positioned ween f. refl ector
Tnd the_Subet ; SV8" CHUEF P tiegobe sefes Venn For g e St e st ese B
substrate, thehesRe?RERENV RinkIGRVRE alfoNtHE 1edtive Bilfice @ilisidBmeqietd afee and at
| east one hole traversing the reflector fromthe inner surface to the outer
surface; and athifdggtlectixe stfase: positioned to receive W radiation |ight
generated by the W/ radiation lanp 30 transmtted through the at |east one
hol e. [0011] A[Qﬂlb]st Aatubstatopressiing taobadcomlingap dnothertembadmdneof herboedativant  of

the inventi npri s a,hody defining a substrate ocessm r,eqgi on;
g op 8 pIj; ﬁéﬁﬁ%‘@' qeglmr}é a sugstralte ;%ocessmg region; a subsPate suppo dap(%]edO to

substrate §
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 radi ati on Iarrp conprising a source of W

radi ation and a |mar refl ect rtial surroundin

radiation; a sé‘&g’ﬁﬁérﬁ‘) steafq widhip f epgggﬁ[ﬁafe(ﬂﬁ%%s%'égt%‘gﬂ ?“rfg"?)vt’?lﬁla(}{j\g @?tl'oé’ct or

and the substr Pn®p §P4EAUphrt §RAT the it att Supped W@ cdrifightedt@génerdé sidieantii
substrate, the secondary reflector having an inner and outer surface and at

| east one hol eU“@Wé\‘ﬁél’%ﬁ'%’@"t‘%éS‘F@FNE@P%‘I‘O“F?Bﬁf'terf'ébsi“ﬁﬁeﬁu%?ﬁ eV radiatiod out er
surface; and a pg&tmﬁlg ngcatsgﬁrce BBV L @AGsh 4@ alpRiniry R NEMof SHidty sARohd Y

gener at ed by e W radiation lanp 10 transmtted through the at | east one
hol e. [0012]5 Atlwbgntccaf Evpndja@@snamgcondmy rﬁl@@tormsngm@@b@twe@m@t? pemBodi ment of

the invention (SRR pcftzlgé\{&{?g% sggg)ohry c{ucé" g Ho3 R Fde’Eersruﬁalra?é’ a

substrate suppor re a hin t stratée
processi ng regnl&mgccmﬂdryaaﬂetkdrmavmghetnnérLM)ioureashr%eomﬂzitadsqst epdokd apart from
t he substrate su%ort and. conf.i

d tult | et
Fadi atfon to aleURSRE UESTGER(oUhEE Toh RS aRY pr e Ttsper o gt * °

radi ation | anp pe§iidteld $b Rgeide BWURERLIGH li L%I;Wgér%ﬂdtﬁibﬁﬂe anvdradiafbh Medpy 1 ef | ect or
partially surroundl ng the source of radi ation, the primary refl ector

havi ng a rdf| etepspittedihrqugh shehdpasiongbpl§es at | east one parabolic section
and at | east one elliptical section. In one enbodinent the primry

refl ector conpleHa} immlstram;iroocs'sieg tcrodaﬁctcerdirigvte apathel esntedhen2 Of e inventede has a
reflective surface.thatb i, N u es ﬁ‘ﬁét g one Farabo i,C stectl OH ?ng(ﬁt | east
one el |iptical “¥BREEHA Doy f?]mgﬁ? ff?edpr8?es%ﬁ$ SRIPIA PURSHEFE SYPPFtEAIARIES o c
material formedusposira sabgttambmah ¢he sabGAlero@sdifg @B LaNdeE iulEVioleqUI | ses

pl aci ng the substrate having the dielectric material fornmed thereon on a

substrate supp&dation lamrirsesd apag fipmyibe sehsiege st SRd copftpusad ta genseatsand he

substrate 119 ukbrawit QkGliolefRAURlbRR 4 fuBAe SRIAE & thikiBsaleQlfort @diaL | ON
that is spaced apart fromthe substrate support while rotating either the

ul traviol et radidiatiopdampeamprisingradtonree ofibYtredintéorcandiarpgimang reflegios pargallst ep.  The
expos g Step il 3R EIRAILIPHLUIRLAIRS ARIO LA LAdAaPRhANLL 2l | Y

circular flood pa avin conpl enentar y areas
whi ch conbi ne torfapemer atcides audmstmtplaabbl;c ssBriondntiar lenst onalilipricaé sqeibdi. €lnn

during rotation durj t he exposing step. [0014] A nethod _of  curi | ayer
of i 6l eotr1 oA SPPame g hecR g relecior p ey he and Oue?fefectve pancledh

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
is 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 pri rrar¥ reflector and reshaping the substantially rectangul ar
fl ood pattern imatgahiarmsd thepgon . onapubstiate spBROrtin 3 SHbHRIERIPGESHRS W%@e‘ﬁadi ation
with a secondargy 5sﬁ{[gl (BE L UROT 116Kt RELUGESY fdneralhd ABiéah6hll yoretakguind the
substrate suppor?. 0015] A nethod of curing a |ayer of dielectric material
fornmed over a dJloedpatareof UNaadigiamgith & BiYporee apd pitmanyieflectns asd shapinedheavi ng
the dielectric Ll I : . I

substrate procesggsﬁaﬁ%]hc g%é@gaﬁﬁgggg%gfﬂgat bnggta{)lft rlg'?%}lﬁgaa adﬁ@ (?e%\l/ ation
by generatiig tradiaticadvitt a saondanhrefiected posigianasicbetiees sl pramaryi deflestdir pedtheng  t he
UV radiation genira}ed b(%tthe WV source with first and second reflective
surfaces that SB Sl’rlaleaSI"P@/ surround the radiation source and are asymetric to
each other. A nethod of curing a |ayer of dielectric material formed over a

substrate accorl®¥i?y rbmetdoheringair pedieleelbrprasBligpal pyrg ashesiaiGnéer at
naving the di elyaghdd GnfFRLGE pRkirkind QTRH: FARRAADIRRCAHATL AifeaURRBRL [ n a

substrate processing chanber; a exposing the substrate to UV radiation by

(i) gener ati ng onlasubsitdiessuppart ini & substiatasproepssing ehwaobdr; @d exposing i, supstiaje to
redirecting,UVv jatd t . t.he fi §10(}'i1'(7 i Lr st and
second ref ?lgct iQ/\ggAsd %&'{’g@ éggﬁa{@ggﬁleegg?%mml .E“ié‘t" Il(%)Jé{léac g?‘ﬁr\éér ngjn%hl(r:%%% ne to
concentrate thie UV radiaticut geaeraed by tHe ¥ tsoured withfirst hed sotyst refe@ive amthees i 1)

redirecting UV radiatjon 20 nerated by the second UV source with third and
fourth reflect o4 Pestaly Sripvad fradipian sobrge L BORTPTR b REREIRE 20

concentrate thendhbd Fduahg #Ryerbfdid@erdatbiddl fortedoher a shbfibdd /cBrdaipnesi te the
first half, [001611 A nmethod of curing a |layer of dielectric material forned

over a subst r ata@otherceadhodiment emprifss plaging Has Substratstharinethe dielectie mateHal t he
bstrate i i Cl o i : rate
subs hgvi rfgnﬂe'a?héi‘é&'& Hdbﬁrat@%? nbg{ 4 &'g%& ée ggéesklhgtzrt?@gbeg&ga eXpHRA

support in a substrate processing ; osin strate“to W
radi ati on by gehesubstratgtotlhé radsatioatblydi) generdtingnheefadingert with fidyasbsecore G¥d

redirecting the UV radi alion erated by th our, Wi t h 0sin first
and second ref |88%rf?s\,,§85r%<¥1 g%lggpﬁgcﬁatboé'rgte?{%?tf@bgh\ﬁre?g%lr}%& PHET ‘ggﬁ?ﬁfsfgfffpsour ce
where at | eastsecond reffecti Vessuefageashat gref dsyrainetio do e42h ott@dr snd doathirse toRohdefiese at
| east one parabolj¢c 3 ectio n t | east one liptical sectiaqn.

P the I!J% ra 1at?on ona f?rst%a?f o(’% the sugstrate, and (?1Ji) redirecting U radiat?on

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. | is a perspective view of a prior art UV |l anp that

1 Fustratively (6i0) CUifecc o BRRE S0 ABEL b AEDACAE h g, B b g goner at ed

by the | anp ov exposure ar ea; I's a $i ed depiction
of the pri naryaijvanmgesame‘emartes eredesériteed o more detail mbhhjhaxmpnatuhdhef feat haw

| anp-to-waf er di tan e 10 [0020] Fig. 3 is cross-sectional perspective
view of a W IQPFE “trﬁsat includes a secondary reflector according to
one enbodi nent of the present invention; [0021] Fig. 4 is a sinplified

depi ction of the irradiance pattern of W lanp nodule 30 according to an

enbodi ment @f the inventiongREPHSIRIBTION OF BHE DR ARSINGSCt i ve view of the
secondary rgflect or 42 depi ct eg cilﬁg 15 3; [0023] Fig. 6Ais a

sinmplified crog8018gctFiprias ap¢rlsmtlvfaww®nf apowgarddVaamB that diwstyatively depictsUV | anp
nodul e 30 of several re | on r n uv
| anp rodul e acé’Bf’@?r%’"}aLe 'gﬁ ‘50 lgveir%fslfghgger{%tedabgetgéelﬁ’ |%\%g§ ig’} %§L Féﬁ%ﬂ] Fig.

6B is a si rrpllfled cross-secti onal |Ilustr&e| on al on an axis ggltudi nal

to 20 W |anp 9B3L g i siemplibied depictionof é’ﬁ'"ﬁéﬁﬁ? rare wewaqf. Topft

gener ated by awlan{m,ff@gyhﬁn@@c‘%@d]gaﬁc@s -an enbodi ment of the present
i nvention; [0025] Fi gs 7A-7B are a sinplified cross-sectional views of

primary r ef 'oefﬁgdzog £ (e Igol\sMaross secti al gergp%ptll \}upvg eb%&ﬁg 61# %‘E:L‘%ﬁét chFfu §h hs

generated b accor one ‘enBodi me e |nven i on; 25
[ 0026] Fig. 7Csédmhar§iee]eatosa¢m}dltﬁg temnpemls@ﬁm‘em\w,thecpre@ﬁusemxmnal and
partial exploded view of a primary reflector that includes a reflective

surface having (heip 14 ahoh sinphfidd dghéaoafor%Imﬁ)mega@&ﬁbfgvsaﬁgmdkng to
one enbodi nent of the T nventi on; Fig. 7D is sinplif

Cross-secti onal30\?P‘ém¢1§81mﬂrﬁjnhoﬁén%Pf@QMVV@I%attern of a parabolic section
136a of the reflector shown in Fig. 7C, 6 [0028] Fig. 7Eis a sinplified

Ccr oss- sect i onal[0022¢ wFsd 6\is appteespe@ivk e ofehqpatorelary oflecter 42i depicedlin Bigct | ons
136b- 136d olf5 tt}e reflector shown in Fig. 7C

[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; [00 is a ective view of secgndary reflector 40
attached to a 3&@5 %gg %gﬁ%ﬁ S‘E’r‘?ﬁﬁ?‘z&’f%c‘r’%‘ﬁl ‘88‘?8{’0”&%%\7 {‘%/f © pgt eHéOf; ot at ed
Wi th respect t@yiphealsediivhs 836b- 138U dYthe HelleWP HfRh ihFig)Vr adi ation according to
one enbodi nent of the invention; [0032] Fig. 11A graphically depicts the

i rradi ance patt of of the
i nventi on; Fooé@fﬂk Fl%iéggﬁjﬁ?gbgggﬁgl@%g%gﬁ%ﬁt& \?/(g \%\%\gﬁl?{r’] Fig. |

| A al ong bot h asiich édgbodemehtsaofitiee iNPentibs njag OB Afjcorpiogated; | C gr aphl cally depicts
the irradiance pattern of UV | anp nodule 30 when rotated during UV exposure
according tg@ aTﬁO(BmPOCHgTBﬁiannpﬂlﬁed paryrotiveoniéw of HQ38dm biogess thdntepdet s act ual
radi ation levels shown in Fi.,g. 11C al ong axi s 86; 0036],. Fi 9 12A-C are
sinmplified top SpP¥HiIndig Wg&gwé?)qut‘%‘ﬁ@"fm&ﬂe@r%&rﬁ esmpodigpent pifhey | ng dual
W Ianp nmodul egyyeqtiGh as modul e 30 shown in Fig. 3, according to 20 various
enbodi ments of the invention; and [0037] Fig. 13 is a sinplified
cross-sectional w he tand Qc 0) i Fig.
5 To03e] Fig TS bk bR BE R e R s QR M R
chanmber accor dithg endbdbsmlﬁbereﬂédmthn&m la@ip tb berqmasenh réspsce g the subsitate HEIAG 9]

Fi 15 is botto I ew of s 410 . 412 icted in Fig. 14;
[0840] Fi gsI 16"3@%&’@9 Q‘Jé fiop aﬁ‘éﬂS tOt‘H’é c&h%fgﬁgﬁ’tvf'é‘fqﬁ' of portions of
W cure system 400 depicted in Fig. 0041] Fig. 19 is a sinplified
055 Sect | onall0iiZbw il 144 e cally eritiaihe aradyse peimr VY Jemp migble dRbod ment

of the present Hb\z&?%loo%éléjbohggeq@])ftﬁkEwegtg)fl s a sinplified perspective view
ec

of secondary re own I'n 4 that illustrat es a possi bI e
I t f d t t t
and primary et LDl OrtE 3aﬁ%epleﬂ.a%grﬁ§lgg¥%“mn4 t5peyin R 0 Bivee bhabistien

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 Jamp 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. 15is 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 accor not er enbodi nen f 1t resent
Chvent o 1010342 it s CE APt ERpobe e R T8 efor ] Sl
per spective VI Rig.Qf titat filusOited posﬂrbterlomwefddugh@rphslﬁhtﬁﬂtﬁpend't:ﬂnlwmbmain vely
depicts an irradiance radi ati t ed b over a
cubstant a1y Each g kS bolegod b el ST st ot ainaDo afr Bk Bk L
bulb 12 nount eghbsiiiniend @ housing 14. Housing 14 includes a reflector 16
that faces UV bulb 15 12 and directs UV radiation into a flood pattern 18

over a substrat f whi ch
"o te the o1 odouSh FIE 215} Smphed doregRl @R Shtol Bl ol ERRG Mo Ll
reflects the najgbrpipss toﬁndepmhdaml)ano:(lmt:ddwfﬁmlp@mtaeyjreﬂwvelaed@kwsglbs<bfalﬂV
strikes its surface wt QP ‘ﬁ 0patte n.l18 ({ns radi ati on escapes the
reflector surf&8E SYHEPARP PECORTIPE fome £y O‘Bﬁ’ﬁf‘n‘dﬁ'} es of pattern 18. An exanple
of such 20 radiation is illustrated in Flg %/ radi ati on path 15. The
intensity of rd®04Hi dites- g&hanrdiZdapyinpliied persesstive ViPyholr RAsHOLRA S| de f 1 ood

pattern 18 is 'sudaaarwffe@mﬁ%a&ﬁpg t6ahbified drfboingintBY the bRSedT BRIy, | N Dot tom

portion 22 of Fig own In bottomportion 22, the intensity of W
radi ati on nerated by |a uniformw thin
t he bounda?@ of flood pat F@Fﬁ‘gm ﬁ?§?ﬂﬁ}yﬂé@%§%@o@e@rﬁ@%§%| on 25 falls
out si de of regi[0045]8 Fig) 185 a perepHdtivé Viaw of & prieaBeRicydvidve tUeladipstoaigte from t he
boundary as shown by sl oped |ine 24 unt|I the radiation | evel reaches zero
as shown by |.'H'étr2§veh[ drpacty anvrafiangs It of radiadongangrated by the3mPEVELY e been

used to cure d's%s%ﬁn%llfrecﬁﬁ(%xﬁ&r‘e%&su?@ﬁ@as'ﬂaﬁff) mwsauéégfa%m%m% Uy lSu%Ji‘Zj
sem conduct or substrates lem 30 h such use owever, 1S that

because of its mdvaid within @h@émgtlé dloyeing 14 insludes 3 reflectoni Q:tbhlcfaQﬂSdJrV bulbst r at e,
the substangi al 1'(71%115 SHANGY! ré‘&xat?&%p%%?oog%&egﬁ g% ﬁﬁi?&eb)b. QQP 6;8
0 ra I de e

necessarily produces a certaln anoun |on t I's outs
boundari es of tpheedinbslt na¢senart 00AG] whideh simiits el sezang shdpk v the a¢fedtogr aphi cal | 'y
in Fig. 2, which depicts the irradiance outline at different wafer-to-Ilanp

di stances. As qo@48) iWhikd @flector li6frefecisaE thapHBEradiRioh&within 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 lamp 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 su [ ' L b }adi Ll .4k feadi ance
pattern falli ngg%ﬁgg:n gsgﬁy%gﬁhﬁgg? ?g‘gtﬁﬁ@ tebﬁgﬁ%%ﬁnz;?é.lg%ylf%gﬁm Anot her
probl em wi t h suhndesies pEthe adistratgen where t he edge of boundary 18 is matched

with an outer edge of the substrate, radiation that corresponds to sl oped

line 24 (Fig. [#)48)0ultis ploBlenigkllus@atédgrdghitadig idBign2larhictodepidieths ibalianas €.

Cenerally it is desirable to_concentrate as much unj forr,rtUV radi.ati on_over
, 1

the surface of QUHieadidfersnt waﬁer—gp—lag]p,d&y_}nﬁ?s. ﬁﬁhemém’éigo% fhf?é‘f‘ﬁi é‘{bét_r%{% 28
possi bl e. The ng ghliedHed HasiRiyRaske AORKS lotpARIGADL BIGhALT Bl Or art

| anp run counter to such an i"deal exposure. . 3 is cross-sectional
perspective vi engrigins 28Q\fall aurpiderthgprinagoiradientediafigm 180 Movingthesibsssie of t he

present | nvent | @fd Bt UIALNIT0 hREAGHIAN KeliElh EoLRE. ARuAeRyASHuL

i ncrease the intensi ributed to a substrate. nodul e 30
al so i ncl udes ah¢Nradmnge Bite{nchug will alsdnregilt jpasebstansiatporiiompfoadia@en|tizenp)
having an 20 el ongated UV bulb 34 partially surround by a primry
reflector 36. ASTEYIfFRdiacEpyjtern %!lﬁ)@é’ﬁtéﬁa OPg‘iqr‘gﬁ?gtgeﬁlé’nggposi ti oned
between UV | anp 32 and a sem conductor substrate 50. The | ower edge of the
reflector his d084%nedeqtheriperblns withsqhaise isibat exen wheapriheedeoef honadasy, bisr at e

so there is no I itHaR, VAN : si de
di anet er of thergzghlt)egﬁlét e ggg%?%\?\gdﬂ%ﬁjg%%ﬁe |U>r68(t:lts:ad:ct (E)ﬁ-?ég?&;{d%g@ T]gﬁrfég.qmggk

[ 0051) A WV tr dfggpd) eotldalsndadinwgdd the oyndaryapli thetsebsuiated dveneially prds desiralried
between lanmp 32 and substrate 50 and,a .small exi sts between. t.he bottom
of the secondartf'} COIFCSPtIr%{E?So’Fm%hn‘H" Oﬁrgrﬂ&fafj'ragﬁ'éﬁ‘éeggﬁtsu%%aoi\}\?ets aftoWfor air
fl ow around t hecigslapseadiconductorl ubsttated as possitla e T froblent® Aésctibel dbosd mnce bet ween
t he upper surface of  substrate 50 that is exposed to UV radiation and the
bott om of skcorf@aRpetioR Wight BROrAY, lamp rnroypses RSk deal eXRAHEKness of w ndow

48, is approximately 1.5 inches. Because of the smaller diameter of the

| ower reflectorl08¥e Hg Ziowpnss-exstionnl perspesuitpstiewva Hivalmmpanodulegi¥saccasflingi ght
to the substrate | 1.l spiie .t . i n 5 Th ndary
reflector has atggﬂgrr?ﬁmé(ﬂfn% Oef?lfee‘%tgse}r?tep F“’E‘é‘? Fﬁ%{ lﬁ%u‘rjegsdal[ s%??“é%rytr g?&&\%gul d

ot herw se fall desigsédie idneasd thigrintersity of erelhgy disttibmed/torassfubgtateo rlLasnf hodude Fat t er n

(o9, e hadiatl on A8l P 578 & I isll R RN TR S St t
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 semc t ' e . Refer[ | to
both Figs. 3 aﬁ@égg? %ﬁegﬁcl%?'égrgg?qjggt%lﬁg?gsapaé?:@?e@gg Sﬁféé:\?vpeo Lu@ee%g rﬁ%"é&% H?QWI ect or
40 depi ct ed i n vaudd otBerwtisedfalé eatsidel dreybonefat yeafith priimarly weflestoas flogpeattedOefgar t i on

41 and a | ower rti A2 which neet at. a vertex 43 that extends aroupd the
Htertor per mabgmas13iafidd) Sy magoch Fiafor Birtesn dopr PRy ERE BERe BRART cul'ar
cut-out 46 to tRlslifeasimphné ntdbiedoff thOsmetdy dianputeelthdx@batrdte. ApfiRfvneFid on 41
al so includes two opposing and eneral(lg(f/ i nwar d_s| opi rﬁf{éfromthe t op)

| ongi t udi naP s feserdaryellediarQ ists the Heod ragem ol AN lappa32diem 3 sehstantiplly

Transverse surfag8s,hi bred(Ee IRNGHh IVFiYEN o § AlbsARGuARiRaMesHRpE MK sur face
al ong the transverse direction. Longitudinal surfacés 4la are generally

concave al ong tcheespondsi to thti substantial cir¢udar serpigomictor subsiratpbeing oxposed. which is
positioned directly bel ow upper portion 41, includes two opposing and
general | y out wqoes3$| ®uféreing howim bdike Fige B andufr, fvhichss #4dp pangectivewieoy@osi ng

general ly outward sl opi transverse surfaces 42b. In the enbodi nent 20
shown in Fig. ée%ﬂaaafg,fe Wé@ggp‘ﬁtﬁ‘_i"’aﬁé 3aaheée‘f°é‘éﬂc¥é@{]eﬁ??§)I"E’ﬁ*(dre%?’h‘fﬂp% to the
vertical) tipan pofilonfaaGaa adeter poRidainUehidharhecs Ui § @R 49 Bt St€rddARRRAHeY
concave along the longitudinal direction while surfaces 42b are generally

convex (with a ipefenneamsies epreflesiondl). léppenporiemdl igcldesgrspécixchiar Wit 4@or t i on
of surface 42a i Jr f ansver se
i rocti o o5 (BBELT uhdunElioR B birBidoBlng ! NARE,poidll 4 PUPECRS (BT EY
represents a coppbsing andigeperalihiaivachsiopneg Eost tbertape thngwudingd awrfaces 4 randuvo

radi ati on source and primary refl or.. Secondar efl ector, 40 can gl so be
cust oni zed. (1 n BT UL RS Al R PERE SEFLA (o EsrAlySerargd
particul ar jsrr adi@neshvex irfdce sloag thewahdversaidiryctiofY Bbsgidiapandivfagesana hiae

requi renents of an application. For exanple, .in some enbodi nents refl ector
40 can be 30 de&srgAbHCangaGARNEICIAgIUIHGEIIFCHPR-i 1 r adi ance profile in order
to conpensate for a heater thernmal profile that is center high. Also,
secondary refl d0@95d1 4@wer portige Adrvelithyis pesitianed daeaglyddlovouppenpartioed i f f er ent

ot ati anal | ami RS LS BERERIRP Bt B el O Bl BBk R
enbodi ment showro oppdsingsgen&akiycutvatdsiapingaransverse surfaces 42b. In the embodiment
20 shown in 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] As evident 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 recogni. t hat .a.variet of differept sinulation
programs and ofjﬁsé$"39é%ﬁ?ﬂefﬁgee‘i'ﬁglgﬂhﬁrgdléﬂ%q %%t/tgrci'gtd gPegding pa Wz?%{?]ﬁléir?tlﬁméﬁ a%tﬁ)
secondary ref| @ta@bndriai rottionzlnamPphs ditcsdedbelawparti cul ar UV radi ation source
10 and primary reflector pairing. [0057] In one enbodi nent secondary

reflector 40 i ds&ﬁrhﬂ@m@musmifgﬁwm@@%@h&t_sn@\ﬁhimgs.@Iauaﬁsmbmgei eces 40a,
40b, 40c and 40d where the inner "surfaces of pieces 40a and 40c define

opposi ng sur f acemmérciallyaveilableMents & aglardysreeing sigwlatign @ragkan, TipeePro Bur f aces of

i eces 40b and ' ' |- SUr 15
25, Each of stinaas RN RRRRhRS, T LREsE ke A PR A BB R o 1y
snmoot h  fi ni sh tiendcadaryopfiéctoralsing ab@caoet pdcass that smdiatdrone enillioatayng si m | ar

to that described be]Jow with respe to the.primary reflector, In other
embodi nent s se@ﬁ??d%{?‘giw %fal\gl@élf’ﬁfourg%cﬁ@ésﬁm%% sﬁﬁﬁ'@ t%a%wllffﬁ?oegn&ﬁ B ReP ¢ han
four pieces andr iffeRAMEmAIEROA pFIRRing and ©tRAGENIqUes tAEld éiipléfdaadedye arachi ned
froma single block of material. |In another 20 enbodi nent secondary
reflector 40 i Pamiguer seeondapigflectonthatiingprropsiate fpes pasigulard)V sadigtion sQirgHat ed

with a di chpoi g,§ %ggt}geﬂt{cqgigi}in ig. 6Ais a sinplified cross-sectional
illustration al ong a transverse axis of UV | anp nodul e 30 show ng sever al

refl ection pat r UV radi ation accordi to,an . .enbadi.ne 0, pr esent
i nvention. Fi g.rﬂ&%sg?i é“ 3"%7“?7?)(1%?[??"236(:8 PELEILEE %(ﬁlélfaqqcf“ﬁg#rro gltr}ltogrngeﬁégtgl ong a
| ongi t udi nal axhaghiaéd Almlirmppisted DS, 480, 40k lanid §0dwheirg thadihier swrfieks ofgiidcect i on

paths for UV radiation according tqQ an enbodi nent of th resent invention.
As shown in Fi4§§?“ Caﬁﬁn%gepowgawgawlraeaﬂﬁeemoawgéerf%ﬂeﬁ S0 203 Beingit | o | y
al | WV radi ati Qarrgeasf fbRd 400¥ndutdiciffe bppobif Qiﬁa%estﬂg a]h@‘&@?diﬁ]g%ﬂﬂad.egpi nge

upon a substrate 50 positioned bel ow t he | a nodul e n sone

enmbodi ment d5a d¢dbr Eachwif sedages# 1as b, 432 ind 434 preferably arcdydes apoptiaalysmoathi ch i s

not shown in ei r.Fi y -Qf . A pr esent
bet ween the | omﬁ/té'%ﬁgﬂ??%c?qﬁﬁ%%oégéﬁ%?l%a %Hagfhé'.’s%laggw tgg@é?l %ee% above
wi th respect t belewgwitlBrespett (oQDSHfimésy gefleGiar.s maoalser embibditrieots séqondary aeflectdd

DL, o B 85 S OB s S T SR P 1

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 lower portion 42a of reflector 40. Fig. 6B shows

radi ati on from b(fﬁ? i )

addi ti onal exerlrp He 6?1%}162& g%é%lﬁg@m lﬁﬂgg Em?ﬂ’]glﬁ%é S&Leg f glt?éeOfSO
directly wit homhwcbéuffng:nr efcmplary datbs: faprlh éiattharstrpqes mhsyatr: 60 daedtlyrwig®uor
secondary reflectaor b i ng
reflected by 10°7B)% 30538?{ |"?)?1’n’£i ”m%’ry ggé%egndgggaec#?éa}@{ zfgr anatp% 8 h 45e
that strikes susttrikessubfiratabo merbe;mggeﬂeeﬁeﬂeynppkrlpynioﬁMa ofecséridary 42b of

reflector 40. It_is to be understood.that s.45a_to 45e shown in
Lo o and cekedr dhenlr B 455 RS s T B2 06t ¥ loPFct i o
paths will %n%aﬁz%fkne&epwqﬂg 6B b€ fddpiiioft Sroh NG g B RSpHeHB upbie! ati vel y
conplicated paths in which radiation is reflected upon nultiple points of

the 15 secondamsybstrafel¥dycme o6severst adsitionpl exemplagy prshs: Heseeenslepaitiithadhat adi at i on
first contacts r 40a
and 40d inter sggp(gpg{bélgaéisb&}?éh} r\{"% a(?:].E%tl&l?—&l Of}gﬁel&% secon a‘ta(rgt;(l)p?ée lIsect or

enpl oyed i n sonecondarh ocliarmns, aqfatlt#f&i tpmessrdm subat\rae]ﬁo ofterdeimghefleemdlbyyed wi th
any of an di ff the e [ |IIstra din
s %3, 2 Baryeees roffian b S secgasy oL Al alh B0 ‘B Ploan s BRMESEa o
interior refleghbMRinaRabdedy PASH pdraHIEL4Rb oF réflectoPPPORIING RAAdErs6bd Ghat the
orientation spaced frombulb 34. Each reflective panel 36 extends

| ongi t udi nal | 'y PathsAge torfoeiskongt i Fgs. bAent B axcarery PRbyRY 2nd baiealve i nner
surface  that g RORM Gl 'qu% Ohdlaibd B &0 £flediB3do iftifding sGOWS panel s
36 as a pair o?’ gepgr at ncolnne tedatpaﬂ}le sm}dcé!ir;}I eagé of llﬁi: mgrsatl on,

enbodi ment s of rclhtéeveimmnhcamd aatbs ovhidt rafiation saeflagted wphn mUHlpé@m;ms of the
enbodi nment refle tor _Dba conn ed_as 1R S I

conponent . tar Sriy ot Rar BT S eGPl Ry B bE Caf SuRrSaR B s EARE, i
flow across t he;pbulpbmo[n()ﬂﬁﬁ}an Heh hesthewdrzangts pafs 404 2dta0l Inﬁerlserdt.adl ance
profile across the |anp and are designed to conpensate for direct |ight
non-uni formty [(MOF ati A16Ry BARNIFL rg(;@ th@gmoﬁcﬁrﬁeﬂé’»&oﬁéﬂmwe@@n &mdi stance from
the center of the lanp). In one enbodi nent in which S|ngeUVIarrp32|s
used to irradi gmbodimegyf ﬂmmesenthevq@apm capfbereaiplayed Wi apseba suiBerivhy e

opposi ng Symmtdﬁf‘fe‘}er{t%{\!' Fa?x] In%&ﬁﬁxem';[lus?r%{grﬁ it f gﬁ',wlr‘{ﬁn%gi ié}%ﬂﬁesa

i nvention, for Wo or are used to
irradi ate &0s ubmtgreat-ll(mgated IJV 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 porti ons The inventors have found that elliptical

fl f i f
|r |eg h'? CLg;rsn f ﬁg_ﬁsykltgptléﬂgpfu&s r esacl)]g%r}, i d1v1 ua Br\’ lhmﬁvgeﬁl@e@asv&g&l@eg ht

s and ‘can al so ac e superior
uniformty as cwipaNgbelody. rRﬁﬂabt(Nel pan¢leBb eray be sithef bRiptical enpmlsolhaemcwrs o}
f ound however

, , Lt ref|ective i.n oth elli tlca par abolic
sections al | ow®f B’FR’%‘E ﬁé"‘&l"é‘ﬁ‘t“ﬁ’s‘?fbgﬁbﬂ Qﬂclafa[ Pg‘f‘?gf}lr’cerﬁﬁf’ﬁt‘f rp8'f[1°8§aﬂlfh patterns
tailored to an@RRiokaivE B5tnd tR@Elibaed &Iﬂeé’t@ﬁ%d:%n asindestdllePReoraal @vityfdryhedel ow.
10 [0062] As used herein, an elliptical reflector need not have a true or

perfect el | Ppsé&ameidiof ight beaseithap prigbglisaellsctarnand qeaglsq aphiete superinr light _
sem -el |1 pti cal, nﬁ&%ﬁga%*aﬁnpﬁe@?o ;?}?z;bon?}’e‘?le@torschﬂ@ﬁﬂv\énl@?sfﬂa'o@glsé %ﬁh point is
ne ptical ref

also referred to as ector. Simlarly, a para0|c
refl ect or need hnwtvenaha reﬂﬁcnuepmlsrhevrhgbothpﬁrpabdIan(t psdab&pm se¢tinns ebely fax

reflector that, has a r aho eflects rays
hat Care not e ry b BRGbyR infeaRGE Rl Pdplerps FIPRS 18 AlndlFisH | o
reflector. [Oomlcﬁiafﬁeas aodeb@ited mordfully bdlowt he interior surface of each
reflector panel 36 is defined by a cast quartz lining coated with a

di chroi c cqati R@p62] NAsANEd hekeih! 44 eMEhticl A&t neddhdt RS irilorgt bl @dipkd oM WV
bul b 34. The dichroic coating conprises a periodic nultilayer film conposed

of diverse di elseaper iInsteadiaerefledter thathiang partieler semi-ellptidabshapniatdper ooy have a
refractive | ndl el blila 905 pdlRtis B0 Hiteah bs B i FRABALN SiAG Ay doner ati N0

i nfrared radla panel's I on as mrror.
W lanp 32 sui tpmlabehc I‘EﬂéctMSEedmditﬂlat(ehﬂrﬁH@Sperﬁ:ctlpambulhd shape alinstbal, a oefieeroci al | y

purchased from exa n Cor ion in West i 0.0r by
Mltec W in St l@?g %F §ﬂ“%f CS}B‘H% hﬁ‘f‘?ﬁ?ﬁf that gye I“&ﬁ“ﬁi‘a?g}?aﬁ%‘e[]des a
si ngl e el ongat qgalwefgfregwggﬁﬂgom kdfR6tor.l N 25 ot her enbodi nents, WV |l anp 32
may include an elongated UV source fornmed from two or nore separate

el ongated bulb u I i Hhodi nent s
of the inventi zn %Pe ng‘{t‘-ﬁ%{% QJC{(WF égﬁe g‘h@%%rgwaicg&rgbfégﬂrop@melbﬂf@pe.
[ 0064] | n sone defifrddiyrasmastsjuaftz lieg comahwitlomdichoid @atings elgajuettslidbg seflects

designed (in npunction.Ww.th s efl.ect.or 40 when.a secongdary
reflector is eﬁf&(%’@éa@?n ity f‘EE’Fé@ g’f‘]&?’r }gcdlcg‘ﬁ%“éc g SPRPHIES A PRROGIG; I or ed
to a particul ama@pydr Gilshicompode@lof @aiPUiRlecirid madétiad{iRingalib@atindph it at es
the UV lamp with respect, to the substrate during the treatnent process,

reflective andP% r%@c'@aean@é%dh@.d@Ffe%Ptftz{legkea%'eqfé@fedaarﬁgmrlﬁerr%merétlw iBfrared

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
apn 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 | I A-D. Oher applications nmay enploy an exposure pattern that

conpensates for non-uniform properties.in an as 5 deposjted filmin order to
generate a fi néi"{‘"%ﬁﬂ‘%‘de'f‘?']t tl?é\é;‘laﬁa IOV IR LY ATGE 6T ﬁ{gﬂ‘/!‘e'ﬁg? S"béggﬁ’bﬁ e, in an
application inryted he@bmpRniaResirtREombti¥hie ForcRtH Gther tbicedate(d desired @hifokthm t hat
has a thickness in the center of the substrate that is greater than its

t hi ckness near 1Fafance,exnopHe Ay deseribedavity iespertdp £jes 11 8P Othey @aPRICARINS M3y can be
tailored to ge Ishfefiti@n &Rt cORPINSAES foPASn-MBfrA oA i B{ &SIty in
the center of ?ﬁgﬁgﬁggiﬂ?dgggq%gfrﬁeségnd% n? tt oﬁ)t _hen 10 ar.erg of Srl.eat_er

deposi ti on. 5Si depasited/filmi n oader sppdnetate 4 Grelvoheaddilinthaying kmpraved priforgity. For
particul ar regi . S j ] i ile s | t han
ot her regions, e)(()E;r}ne*?q %’é@f“lg%%?%!gﬁl@ﬂgwgyﬁag?fi %Sg?dé@hﬁ% Clalgﬁljel?f}a%%( él%’naot?lﬁrtg‘ i ance
pattern that hass athivkgésein the véraarsifithe substtatethatrie giester thhn iththidmbstneattike
corresponding to.the greater |abile species 065] In one particul ar

erbods ment . eapPaRtG e Bhen. webe B Rty e Destored o BRserff op iTadigee ¢ ne
interior surfaeeger®ihaPRRelBghRPintdnsBeman@éepttr By thdisvbstaRGofrasponding tdwe from
W bulb 34 into equal angular sections within the space dictated by the
resonant cdfi t yreaghercatcedaprsifipgudignlagdipdr pp applisgicaseierait iymoyathat anppunt  of
energy emtted_hy . cl: i iS4 i j 7a
where refl ect OIPQQS{](C%‘?%&{ Igﬁlgﬂgga iééG lto llgﬂgggejf}o{g?gql?tggfdbp!é??e%%?glﬁqgg{léﬁg%snﬁ’ovm.
Secti on 36a i s reflesiigrmdels oarr b thdared td\generdiean iiwadi&le patwan twt bdse logrerer of the
substrate. Each successive ction 36h-36k is then designed. to reflect W
"adi at o | et WLy Guny AR S TG Pt P S e Sl RIS 7b wher o
sections 36a-36k are _shown to redirect UV radiation to respective portions
50a- 50k of t hé06ghs it eepasitrular gmbedipsnt ergployang.¢lliptinabefigetotppaeisgr. the o

function of)st Ng HiSLANE rerREWBRES S Hand188DisAREErRLP B BR dng fa)€erhAd iBm dence
angle, the direct light profile and the 25 reflection coe%fl cient. A snooth

conti nuous el | Y bulb P4 pntoEquabangylas kections Wighin diespeacei dictatpd by theZgsopand caByi s

| ess sensitive r e S i rf i r Lgnnment
ncour acy. i | StresEtH SRAEE ) RBRbIPRE 6L oAy BRI R RGRP b ol ST T e
into el even di Sterandmigdihénd issilluonedénbipdiaehdre edfletloe sdcrivasBoadok df w des

panel 36 into for.t ual _angul ar sgctiopns.. 30.[0066] _In ot her enbodi nent
each reflector® ’6’"?%(5%@8‘8?%?1‘% Sh?w?m %t‘%?%dﬁﬁ?%g"e Y gﬂasl&f"}déﬁﬁ’é’“and one or
nore el |i pipcakowhnecsntgiof fRSubsma@. Eah duckddsilé §clSn S6U-B6IAis 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 p j i ¢ k L rspective
vi ew of refl ec? éﬁrér%g%g%ﬁﬂ?ﬂé&ﬁg?%@%g 'E) ‘?%ﬁyﬁe@%gy Z}ﬁp Sﬂﬁe@%ﬁgﬁgg&s&- secti onal
vi ew of refl ectmrtichB#lyitailor the irradieiice psoitle e paxipsiubad epplispiors 5 secti onal view
of portions Al and A2 of reflector 136 on the far right. As shown in Fig.
7C, reflector 18667 ndfigdesinaludéstPetsppalvalvizini ¢f refbetdrddé ba Giee laft gomivh of ke

elliptical sections 136b, 136¢c. and 136d jch forma ve |jke surface as
shown in the effﬂ”&“dé&’os\‘/'FWB*’?q Vt?b”r%irﬁ)%cm\f]@é)ﬁ‘rtaﬁ&“ggée : eéﬁj o&boF5f | ect s
radiation to a gaidal Re 3 FéHiORs A PAISAT 81 RN&LoraS 6 DN MWW fat ATl As sKévn in

Elliptical sections 136b-136d reflect radiation to a 10 different sel ected

area of subst r dtig 0 reflecon thinplades apinglgparshelie sectign 136 andimyltplg eHipdcal ot
shown in either i r i o I j
designed in cor goﬁlgtllg%or\ 15\”&t%dd\§/§%&fﬁ{?g?§ﬁ{ Aa%%‘)eshekggﬁﬁgéegsrs eﬁrg@tt%e?& 0'%lteglki ng
i nto account whé¢wnef pordon A2t Parabolidedtrng 36metllib@s sadittion taiteddctedtageaian r ot at ed

i endi ty yet REGHAP DByt Bupbebr ek SeliptPae 3SR i slai et

may includejoa diifféresteBlectod BiRe bf Qibstpa¢ SO shéwaNFiQr 7E @lotd that dirbt ra@f drefstor
sections than those of ref|ector 136. | [ 8is asimplified plan

0068] Fig.
view of a semi cHANBE Fhepeldies Py 7@%&%‘1%@#%&%{5:?@@%6%%& s of the
i nvention may heiniaabR R A busY 4 £10 LR Ay rdFRc IR 1O Sk ntoSTRY Ewg%lﬁer()f a

Producer TM processi ng system comercially available from Applie
Mat eri al s, | nc.qr nof th&dit lam@imagdule a@dior pubsinata is rovatedalvsing thespet moeesO® i s a

sel f-contai ned system having the necessary.processing.utilities supported
on a mai nfranme &t rrﬁt('::talfragemfffg. rqg%dgcszggls% ﬁ’ge'isi}gty%ﬁﬁ“@ﬁb“g’é%’?r%{ﬁ%“’? Atl udes a
front end sisagisnbstarecs). XRerdathodimentsasdyr iatladecadisfeichemuntie® ofipaatrilip pad/bed and
substrates are | oaded jnto and ug%oa}%edgf rgm 3 | oadl ock chanmber 112, a
transfer chambet!iPHE TRHeriqrSeetions iga thoss of rrtleetardP9113, a 25 series of tandem
process chanbers 106 nounted on the transfer chanber 111 and a back end 138
whi ch houses t H80&8)Ipd6g8 iseisimplified plaa dipaoffaseminoaduatorgrossssingsysem 000n  such

andem pr bcess ananr eyt G lRERIR LR AARE A0 S el O BB o ng
the substrates dpsedimdat of a Rijiuceieprocssipy gystems congmeregily avaikhiifmnaAppiadon
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 111 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

27T accor di ng PRt S puaioR F pelrtihE AR BHAES s "RATHFRE i AR 11e

i ncl udes one orchambes UOE caaihahdeta l(d Mroldmgps adpects ofthe inveatiauasalegribedbdowf a

low K material on the substrate and/or i nber cl .
embodi mont . ai 109 eigs St urtion? by la@eS AR SRR 6 T0M Kmpe and

are configured mfieddYon SHersub@rataalde inSa émambertidan phstesy. [18lond embetdMemtaTl
t hroughput. [0070] In an alternative enbodi nent where not al| of the tandem

process charbertiree e sndem pracespshagbers 1@ahave Uihgmen apdhare sonfigresdanbo can

be adapted wi t hygReciimbeRE furth phAfeltiBPASMRAMAERYghiamber s havi ng
supporting chanber hardware as is 10 known to acconmodate vari ous ot her

known processe h ,as enj.cal osi.t 1,0 i por
deposi t1 on ( vty dfn SRGTHR e lep REE o P el RSS! Gt
configured w t hoenae @hfifasd et proafiss chaaibarspgse mld cande adapidd widhaetoer f or
depositing materials, such as a lfg\é\/ﬁgi el ectric constant ggt)uefi | m .on the

substrates. Sudhorg OEBRIANGEMP9EHS SRS WPPYLinG FRamber Hard¥ete 48 fhent

fabricationgl5 abivhitd &cbRhodd vadidus @@t kfvn Rbiedicd 3@ LERERIEIS aPbr _
as-deposited filnms to atnosphere. [0071] Fi g 9 is a sinplified perspective
vi ew of one of deperitéam (EVdDeBysichlaveperrdepas@n (ENEUwet¢hs amd e lige.t Ferrexpmple,

configured for } T i 200
ond 2011 a 209 Neet 00 Bk b RRAEIRLAR RS pE AR S ockEchaplih B3nda bRt 200
are two housi ngha@ibet fodepostmgmatagdalsidech asladow dR0Etrad comgpanti (K fibotdnahs 208 f or
20 passing cool i air . throu an.interior of the _housjngs 204. The.cooling
o oon be ot shBSmRECHi e RBroR AR ma s s Rt DR ol 1 .
A central prsessiliz2Re andiif d&aed, CEmimed expbvdOf J9rdepdsited filnssid fhafrhesippdre. 1 ow
rate of air to the inlets 206 to insure proper operation of any UV | anp

exhaust i1 11 oo Pho TBce) neeIgHS BERpeRls HE oPHeT apdpinebied: ARRob B8 et
syst em (not shoheyn ihEig. &dnt is neifigdeeddos@V ebiieg. Tanderaponcessehamberp®bent i al |y
oenerat o0 by gl 0PRSS RR TR
(e.g., nitrogenid 200@entworhousiags 204)that Bedhdndisdedhiles 206 along avitinatibw 20$1&dr can be
used in Corgouncp}ags?nng é’(\)jo}ir?g gi? trtllcrio%gl an interior of the housings 204. The cooling air can be at
room temperature or approximately twenty-two degrees Celsius. A central pressurized
air source (not shown) provides a sufficient flow rate of air to the inlets 206 to insure
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

| ntubes an upyBoUerRGous 17 ilideh Shtimst Paps hen R SR Iy W¥f o

placed and a | Qugp 3DQYplas@ 2884 ld)\lﬂer\Hﬂhﬁﬁg SB!CxﬁMﬁih}éedftﬁnﬁh@ﬁ’é@d’ct(#amﬁpl@&eaced
Sonme enbodi nents of the |nvent| on further include a disc 212 hav

plurality of tSogEmPeImantiAl te inyenbior Brihesipeines %@S‘b%l%h*’("l‘ﬂﬁta%' qfn Fig.

9) that couple ' tB a@orespBhdIAY Belhbt sHBWh th Fig. 9)4hat cbd I@dotﬁéais!:\(ﬁiy
coupled to a né%%lpﬁl(%(;?ﬁsgl ny e§8 ﬁlé(:orr%(l nation ofllg )ls{cs c21P2 belts

spindl e 216 5anc$pmdtﬁc2rl6wﬂlmnmwp&0mwgﬁlmggum€£ﬁ0(am0f (tﬂhbshwﬂ) aThﬁs mount ed
h b
Cherel ) 10 be AR (ELALONS 1t S0 BhABRPLIAFIA Rty OB

| ooki ng per speahé¢ U¥ lampssmoiinted théreind td Eciorred4Bladvedtoa sdbsmteZbRitioaatdn secondary
reflector 40 is attached to th@ l}g#tom of respective disc 212 by brackets
220 rmounted to S afﬁf‘f’@?"r‘s'ﬂﬁj‘?‘ﬁ d parts 40s and 40c via screw hol es 218
(al so shown in Fi This all ows secondary reflector to rotate wthin

| ower housi ng zlﬂw%é| oﬁrﬁgshmvvhnmel(bp\@errh-hau@%dm&lnwe{samevmqﬁ ng the
v 1 amp el @l | vendcriBGnd HRE DR, SadlElhIRNROREELATRY RMERed B RIRII [V Of
exposure 15 across the surface of e substrate. I'n one enbodi nent, the W

| anp can be r otredpedivatdiscl2é¢2dy bia8Retsl22fr mewntadab dhiel ongertsarfadeef sm%an¢4(h;e| ng

d. | h d 27
PAPPoSe0 dogr et Bl T Gk Bonntn g 2By Bl Al R TR S Bt e

the primary andvigfeRRdahnyusidgefihaingmathaheuppeshaniag ahd@ UseRgpat Rowiiggthand | ow
irradi ance areas that conpensate for 20 each other during rotation thereby

provi di ng a uniYYlamn ghtize lohe prbstrale Reing-etPogsdimproyes ﬁeglqurmtygqf&psmszé%ﬂ |y

depi cts thesir fa%f!}s@m%m%fce%fwsb@éﬁﬂate”@ﬁ%eeex%dﬁﬁ&wtﬂé 09 1hfp L&iEbe BERAG, mTent
of the invention. In this enbodi nent, the ' anp, primary reflector and

secondary r ef | deasbl80dsgtseneelatiye ge&heﬁlmsﬁatahemg exngsed: i loothsnembodimentatheilh¢| udes
areas 66 of r n 100 WnR) and areas 68
Eiln% 5ar§r&§yrloa e%%b d%é}%:& §h¥lly366%? LS (g‘g'rgqréio ) .

of relatively I'o n ensi'ty® (approxi na 0 Wn2) al ong opposi ng

ends of the out erj e rood tern enerated by nodule 30. A
| arge area 67 J&S’M aﬁﬁp f{} Sffl’ﬁeHn‘Péﬂ%‘FF? Q%&fh%ma@ww arys

di stributed acregidiPat dedigiddo géRpudhigh BRI ISWRRhIAIR aRAL Tt 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 coners 30 of an imaginary square formed within the circular

flood pattern. [0075] Fig. 11B depicts actual radiation |evels shown in Fig.

| 1A along both as 6??12{%8)@#@[11 a1 r@gcloﬁmjaﬂ’dézﬁw G8lvs fhat fhe 4Qriatfondn irlsiBnsdiovs

the conplinentary effe o] 1/ areas 67 and 68 within annular region 71 and
al so shows t hatalanigahevdiffergni axis inrthd qentaaliregierof the snbgtrathés gieftiyaedused axi s in t he

tral [ f : ' : dtoth
vari ance. al ong DHEATITHRIMAET ool BE RN S GRsRRe o Oy arp mociul & 30
[ i at el t d, .relati. | S5 and high i di
dapioted i n Fi dOieTA e uldemamoaiis b Sriee Flap iy 1 afPancsiray ¢

cor respondi g tad AlgBarrfdaR¥ REpiteA GEFig N A HRrdgBo@ didsk t@theandaillds irfaaladee Fi 9.
11 C graphically depicts the irradiance pattern of Fig. 11A when rotated 180

degrees duri ng lexgleasgspending taats Odicperieaced by drodapril aspbynie. ifigdiion,
86, The data adpicaly derih HRlnridiplce phon LENE /S IR cldba s degiols B0 P
a substrate to UWWexpdimtacamding tean enitwdgaane of the mdentianwhds FigohBD depifti gs. | | A

and 11B except th he l.anp was .t o ed 180 egre uring the i od
of exposure nee?ﬁiﬁ’?];@a‘iaﬁorl%& ?g@i"@ lﬁﬁbﬁ'ﬁg?aﬂgg & ggn?ﬂq‘?az?‘r?epﬁtﬁoglp i%CP g%d
11D, rotatimng tdhe 1LY waspllddtediafgr €ppsifgli subsesttd BY radiatopnogenge bdise

substrate to a substantially uniformirradiance | evel across its entire
surface. 15 [ocprditignsasdaes indtissyil {4 aPEHB excephih iU ¥dampagiied B ot at e

the UV I amp nodidhRes difindlthe/Seriof of B§oSid frlehaird in IFilzsS PIEEaRMIP dA BBl Fbm UV
| anp can be held in a fixe position while the substrate is placed on a

substrat e suppdtigs. § Hagnd bilatretsgting the dvhlamp dupipg ennosyre sesulied ogxpesing tkaan be

rotated while tsﬂﬁsttﬁgét}%rsﬁtgsﬁ%ﬁig%@u I%tiﬁlu({i%@ﬁééegﬁg?c)rsgﬂa {:@51;: Ln}rfa%.her

enbodi ments bot strate can or ‘exanpl e ih
20 opposite dir ons. [0078]. Fig. 12A depicts one partic enbodj ment
there” tvo. dlsscdOB5Ba & s tiflerelt s han eisdt & v he L roceoialey
depi cted in Fi gelafve Behd sibgtRed 18R6mE eiBodients BRAIALdnYSean be deRlifd fiked each
respective disc 250a and 250b and a spindle 254. Wiile not shown in Fig.

12A, belt 252a PROIIPR WHHe fesHbstiBicdaPlarrdnpiafiburaesppert Baigiotatesr &nethars verti cal
plan than belt 43¢ fmﬁﬁrmﬁp?fgﬁhgggﬁﬂé & Wit tﬂ%b%tpaﬁé }é%iﬁsv%ti%zﬁg?r?dyipone

above the other, through respective I's run. 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 asshown in 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 guige 256 2 that. h nta| RLAPEL on ~0 he

belts. The sindl Fg z"dfﬁ%ﬂ agtg%' ﬁ%\c}\}rslcsl r?Bla’—i biefﬁgb Ak ﬁt°¥d ggs%f&a and
250b to be rot ahadomsetdsfellmﬁommsarzsowwlaﬁpshwtdassmmgldsmgd di& wiekd @ct or s
can be attached to discs 250a, 25 g]%égri bed vu'.thée ect tQVFifﬁ' 'é‘P Not e
that for ease GrclUalysidy Frbodimenys ¥iere scs gegsuippedbeivgendie YVdpmppd o) j g
disc where in @gdiae thé!88cs WilliabO sl wiRIBWSor Wp&tifg fnb?skﬂbv%?ﬁmﬁilﬁ)“@m?dd%@ﬁl

between the UV |l anp and substrate the discs w have a wi ndow or openi ng

(not shown) 5 hae passifewsthrapgh shfi disq fsrm thetlV fampstofthembstiate Ugiembedimgnswere om
the WV 1am to gl opUiihf #iR mdcafliROME IRAES Wk e GV ki AlohShilbdardlhdrV e
nmechani sns are locate ove t arrp suc ows ar necessary
100791 Fig. 12Bedsspargts anot her arrangenent that enpl oys separate spindles
254a and 254b dedicated for the rotation of each of discs 250a, 250b
respectively. IomgctFig028riepitscanbhepffingément that eapipY eitphratedpmaRaRsdacangot Or
this arrangenent_ allows the discs to be rotated independent of each other

whi ch may be us@rtbdedigaed fgx thegptation of egphypfclises 2?%3?%%9%‘@%&%% di fferent
curing timeg Orspfrﬂiéﬁgb AlveRPS gﬁd kdla §c§§raféhﬁ6f9ﬁ'&§s§l% Eflent WMok Dehe diécd RTPS
associated with each o d| sSCs b. Fi 12C depicts still another
enbodi nent wherte rata@dmgiceermehttofzm ¢tb@p@1®rm«'¢m@ ushial, pfelrQXpmplcylf@rOCeach of 15
di scs 250a and 250b drj 5 i

depict three sp TaR il enés r§ lllrb)élemsn tgg']"%)g tﬁ'ﬁ?sr% tr&‘rio?n;‘}’f Spg‘\a’rﬁ&o?ﬁl hg%?f %g&"e’%
relative to thebyathIeramps asdociqred &ith each ofddcs 260y, 2%0b! Fig. h2€ depiets stillvi I I

recogni ze that a arlet of othe r e can he enpl oyed. o, a
person of skil 2" ef ¢mb ‘PC%WH“Frea?psb?gé%aFeg‘tgsgw a@’éﬁ&ﬂqﬁfpegﬁléeryag?aﬁﬁlﬁénents

il Tustrated)s n diéc@250alad-2586dfivenyi & ¥IEspindle zmawm&rggé h BARS deépis fzéeat €d 20
wi th a tandem process chanber, such as chanber 106 in 8. O her

embodi ment's of SPEHEC AFAREANERH lastschiptation et}thaHW@mpggxlg@\@rfﬁ thenwbstra at e a
single W Ianp Jepsron%fé}dnﬁ fskll?nﬁﬂp% wilPRlognt 24801 \Bﬁ&? e BGE: alfaogawi@de to

Fig. 13, whichis a si Ied cross-sectional view (except e upper
portion of the qanghbmplwacd)eﬁl)so of perdoe ofdnhienmpammﬂapmmmt dA0b of b

Iplr ng;;azﬁgnl)gra@aggcmems 1hgstragé?d in Elgs 17A- P% 15 su1tab?e ﬁ)r ro?ﬂm\éll.?\\;vla%pstassoma{n d

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 supporting a substrate 308 within

the process regi Qi meahc@sygdaﬁs%%rees&%ufoetraﬁ@g@ﬁé peﬁ’é%:;%ss@l@nﬁgfi can
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in addition to potential fi ne tuning of incident UV 5 irradi ance | evels on

the substrate 3[%@ 'sk‘éhﬂ 6dqﬁfﬂlﬁ8f~'t5§w%ntt ogg in'eﬂuﬁf i 'U‘@Eyur?i%gﬁ &n

desi gn consi derat oca engt I ments
of the inventi memmymm“aweaxaﬂgm}tﬁ/p@sndrmeorsﬂash lamsps ardbigherfficionayrldWdight ar c

arrys. The: Uv Taftpestiith g ey Batblo 08 b en dapt Pats fledihtoel o or
nore gases chrbraﬁorxgmglsl(cxea); xEfonTEE CoHnyeréurg [HE)T6r @ Rhticht ByQrdwy sduese (not

sources (not shown Preferably, the power sources are m crowave generators
that can i ncl uddoBnbk Preferably g‘erP&&ﬁé%quEﬁ%afEﬁ'B?m@’HWe@FR{S Bakcagrin @ne

transforners ( n&tm&@%ﬂeti:o‘ﬂs EHOE ST and 6%%%%&1%&&&&@&%&&%6 enérgizé)ne
enbodi ment having kilowatt m crowave (MAN power sources, each

housi ngs 204 i riglhmerts obthe appenatione bndana@@hodmhet lpmeﬂulwa%omr@@svet(MWéceu ve
up to about 600 1 [ sequently
generate up to Bt rotebu T YuB B Eines Ol ok e Rimper A Ui iy P

anot her enbixdi nenices tolreceiMé dpaopbduu bbmwmﬂnﬁaﬁwiu&qiouﬂefram thd podier eolacesito
filament thereip such that the power r r esent cu d/ or
current suppli esé‘gseélﬂ?:‘ﬁlya%’“era‘leﬂ’% ahoy ?‘@W f@%)hggffr%le@gh"flﬁ% lg %/%r]n

el ectrode. 20 [£Q8R} ertb&liRONEhe $MULMPDulbE BOS FENQGTROM BNo8e SPMamBa! ude
radio frequency (RF) eneb‘gy sources that are capabl e of excitation of the

gases within t htéerw sugthihabifif Bawer3orcesTRpeseshifcy LiFyANA(R Curent BepPRES, syclias at i on
in the bulb can V. i nductively coupl ed plasma
RO M SR S

(ICP) bulb can i ncrease bu

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
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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 bei ng RF energy sources

| gt acr oss o AR At ERGAang ERERRy e 208 o sk f seblitRnalfin il o
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Torr. Proceggi ”&Ffb&uﬁdtéﬂ'm teaﬁmxﬁmew 6500 er. PrB&RSRg LAt AT A0 eMiep @
respective one Of two inlet passages 316. The processing or cleaning gases

then exit the phopwssss reegﬂin@ﬁQO 3Be r@ﬁipactae@omﬁmoomlm Rassagey 3163 {Rpe processing

Addi tional 1, (e GOk LA, Abh o BHRRLKRES il NS 0h Sl dimdll odlepdipsinl nos 202

ci rcul at es past RS rom pr GCRsSs regi ons 300
by the w ndows dedUonth [tRO&D])ingeir sumhdzMoahHmregor of the hasings 204 crculadsegast

From the 111 dhe WPoHRaPoiis PG domG Pocess ebea ot bHne AT ds cond & o

coll ect on various exposed surfaces of the chamber, such as w ndows 314,
and can redidce V85 efPurngdi¥ guring it lscommen derevatargngleqplgsand erious gfhersRepicd |

these spect &5 a0t BRRLA & bbb ALRLEAARS MRAGSHTerPELhodie gf eani ng of

20 the surfaces as after every ye
descri bed bel ovmroceﬂdedoTh@selsmnmaﬁmdftcb oweoifonavapgusgv(pg@sl swam;hoa@e ahaglﬂn:r,or

anot her nobl e or |nert r her ., sui.ta rov de&Facross
the irradi ated sur?sa“(':lgdo %]% A gtr?dgfe {hﬁeﬁiﬁlenﬁ 3"‘%‘%8%"%58 gassed

speci es out of Hullg-uplofess spedibearldandiimnain afH@Wffi&Vn@@dStﬁt@ pérli(mih @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 "I ncreased TooI
Utilization/Reduction in M/\BC for W Curing Chanber,” , filed on Novenber

21, 2006 and assj.gned Lo Ii ter n
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spacing, clean gas flow rate, and pressure enhances the reaction rate
bet ween el ementcantaminagien The d:svlltpelt velaile mm@tm@ coTpgnipansy Are anmpsdodud of the

reactants and cpgocte% rggr@gtoﬁs ﬁ{°§8§$‘?&?8 eaglf &ggs processing regions 300 to

conplete the cltean p {0 Tncrease the irradiation

dhortor - exposul B it SRt iRk hadfe aqq%fgaa”%%%%ﬁyi A e G5 LM of 1 e

i nvention espl Q¥odié 30) BhEthball AT shdier 8pburs limed MAIBEIRE wafdr @F6Sshbivg I €gi on.
Fig. 14 is a sinplified cross-sectional viewof a two UV source, single

wafer WV cure éﬁ@ﬁﬁ@bodlmma@&@lﬁdﬂwgmtftﬁf@m@’ @ibilsi Uk Pampstfor eaeh singlewafesn. | n
Fig. 14, two c loh" B PAP}é'%fsuH@{fféH ebsTh iRV RW S0 tMP @@, 412 are

20 positioned ara o each ot her in respective resonant cavities 402
and 404. Lanp sigk wafcﬂ U¥esrezhambarifa nexdrdifg towinb edibddipant dfahd mvetion.olinded by

a non- 1 ocal ! b PYsClo eyl Mgk SIS HAbur BB ATa il B0 bl 55k 420 and
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 lanp 410, 412 allow for I|anp cooling air introduced
through inlets I r 414. Qﬁ%b, %mrt}um
secondary refl ecé?@rg[ﬁ4% Qw“ﬂ@s@@?‘%‘ﬂ%g@“?‘%ﬁﬁq&nﬁg Oéflg%?) p égln a quartz
wi ndow 448 on trbifecairsrbaplaadichrois coatingon thedr reflevtivewurfacesubshsuat maxislim s

| ocated on a vac ide o tz vvind w448 .a ioned on a heated
substrate 30 sdﬁ%?ﬁ'f'ﬁ’( Ho ei%@%"%ﬁ"ﬁfn 2% rocre‘gégl Rg %‘5 lcgfféﬁw%s?mlpegi on
300 within a pressgirgiontMhehoodiheshsediacdwith Rfpdestindotid ertenls begspedie to Fi g.
13. Substrate 448 can be |ocated about 5-20 inches away (6-11 inches away
in anot her enbdWHieR SubsHEmM*P%nps 410, 412. An opening 442 on the upper
portion of the secondary reflector allows lanp 22 cooling air to exit wth
m ni num conduct(898% I@Gé@mmltholfs agsoeiafsdiprimesy rafierterecishiviers YV raditiettoor s have

a dichroic coat, p Pxﬁfaégp%%heh%ﬂ REWLME ﬂérc{]n%& r§d15t999 (3§Hie§1e%é i Pontac

reflectivity i P nm range. I's parttslcular
two | anp conf |tgw1mtsura1ahastar113glke®memgy ass dei cantedofithd Wwafeatips avith® wafeds ddige.
extends beyond the th its

5 outline o ubstrate 4 Each_| a
associ at ed” pri nPJAEF I OmpepTale tf"EI@H‘SI 35‘?@6%9‘ agﬂf‘g‘?‘fz eplgrs is focp |°i‘?\é\1l‘ee‘FC¥geone
hal f of thejgnaf@ine witer. did diklend AR MhériRd beNpriMmiry e6ie)s sffvath 6MRMpLAd® the
substrate has a higher intensity near the center of the wafer than at the
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(in this enzodiFEni sBowSthe intafidrRe pattetn didRe MmAet zhd GuRF BridyryITefidctdis 421, @26 h
other as are inner reflectors 422 and 424). 15 Fig. 16 shows the i rradi ance

pattern of the PhHélrlalandl%u/t\whwuﬁﬁrsylé@Preéeltl@a@ 1gfhector 426 prodyeesifadiange 412,
As shown in Fi 3:rof11§46@h'£ﬁﬁ aEH dr gsh%ﬁt'lﬁteﬁs‘?t t66EdPhed é‘r%f'tﬂersﬁt%tﬁ&c\gl?uet "

profile 460 having an area of intensity towards the center
substrate whil ennqr pnexarmleﬂcmrw%@tcbdm@drracﬂme prcxfrlm@@shaivmgamam@éhmlmti l e 462

havi ng an area. 2‘6‘ i nt nS| | 9 er| trate
| rradi ance pr of' | y% % thedpeﬁlg “eo nﬁ}e%n %te mﬁ% 4%6 i (pn‘g6 arif’ i ance
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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 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. [0090] Fig. 17 shows the irradiance profile produced
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addi ti onal 35%Thys teemhiquedd esperidlhyeuskfuyhitachieeihg wdlat radiaher profle af thk kdgeuifsi de

t he substrate ack to.the substrate surface.. Speci.fi urvature of the
reflective Qur 3 algE Wiht e’_é"é"é%YFd]BfS;?S Pﬁfafhb&asﬁan 'I(i:l&rsl%fs_ﬁ?‘f’%@fa a&f)‘ill(ﬁ@cti on to
i rradi ance profjgh@oRef 8sfdahPRAcAU40 has thihirfa8Rh&Y ;qymegsn@&e&sy st e usef ul
in achieving a flat irradiance profile at the edge of 10 the wafer w thout

excessi ve | ossdampseandipgimary reflgeipin&é sheymyin Hg 18heiadiapeeanrafiledd? basaesimierdi t i on
of secondary re 0 4 t LI i . il e r j ust
the Ianps and Lﬁ‘lrﬂﬁl%rglhaﬁ%% éa}gftﬁlgr@.%ggmlg ﬁWC%@I%CQS%%ﬁit?%g i gﬁggergeégdfi |l e
472 has a si m |sacondirgatfiertvt 440 eqmblea sirpiiante patedt8/daabe geneaated guab thag avtich y

hi gher intensity |evel .. Further e, second refl ector 440 enabl es
i rradi ance ’gat tréﬁaﬁgﬂf‘?ﬁd‘f’%ceﬂ’é"igg 925 Rt @B’E,‘W"Eafhé{‘ ,thaMé(ﬁ‘t‘e 10 rot at ed,
irradiance profile 476 is even nore uniformthan profile 470. &0092] I n one
particul ar enbd®9%%ntin gpe padcylaneawodigent ofthemventionglamps 410 anded 1R jareduiear | anps
| nstde a rect angh ShobORtdlnpiaf 08forifthat liver i@ 1o b3 whier wifRnihintnd
m ni mrum | osses a gca‘il fllagﬁt far aéllI aﬁ%g non- uni {olgrri ty %el ow 3% Thle opti cal
system (|l anp, lpssesvndyighhigradiencermdarupifomhitycziay 3%. dhe optial systemb@mpl00 ar e
designed to take full 20 agvant f | anp, rotation. shaown , i ig. 18,
the |anps and rpma&?rbdrzsgc%] A; rﬁ@gfodg of ciraehambet 400 fre cfg‘sslgne% 0 take ?ull:
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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generate a concave irradiance profile across the | anps and a convex

I rradi ance profile along the |anps. Then, after rotation high and | ow

i rradi ance areas conpensate each other producing relatively flat profile.
Each | anp produces an asymetric profile because each | anp covers
approximately half of the wafer, therefore the internal 25 pripmary reflector
and ext er nal p:}f FrEFAN Qi a'lpré‘g_ﬁ%ICPﬁﬁcﬁloﬂgeségz?"GFtI"? ! rlgﬁa‘;ﬁ@ap)Al S0,

the primary refdagekO®bs dOiRWS shaptofodifEdivR df ik lséddhif ke fledfoY.aBYhGrindk daut
| ocal extremties, which nmakes them|ess sensitive to manufacturing

accuracy and alseeppdamireflestarshayedichrgp oegting inaalloncd st siflestencsfin thee opt i cal
systemis a secppfialaohfihfel or 440. 30 Secondary alum numreflector (440)
serves two functions. First, it increases the average irradiance on the
wafer (in one L nmbodi { about 35%..Db reduci ng the |ight

[l ng out o adgR \ErBPPREL TR BHR" BLh sty h BB Pur ¢ ner

i mprovement t o dnbodihhenticof theinb@itidh that agrtssvorahg rotatidhabetiiqueliepicrem s a 24
final correction to irradiance profile (correctign hased on actual film
shrinkage map) Figdd alpwed pEedyehinn iBguisiimsdonpiontk Bip from ¥ mimiesdet ondar y
reflector. Bot hydphhiP5iheRN4np $6 9RMAREYwiE [HeQGhE hverARAmAhARKARL GngOat i Ng to
allow at | east 90% refl éct ance in the 200nm 400nmTange. 5 [0094] As shown
in Tabl e | bel oignificastl simproveagyfilmshrinkage nnidersnitdenonstrate that enbodi ment's
of the invention that use the two | anp rotational technique depicted in

Fig. 14 allo
for stationar

d a reduction in cure
y single lanp, to 9 m

ti f

nut'€s

of,_a | ow kSinglem
e e

Rarmenga

f romua> n
er Rgatidg | M

nut es,

shri nkage and

Isimg Midtancafadrh Wafeapr ov

d isfich|

h shrxdenk

e 10481 f ar m t&8" Uni

t

Stationar Sing

llampPawer ¥y Rot atin Rot

at Whg

Laop D

St 0ve f

r OAMWAADWET

i nch

10. 66" 10.8" 8§

I84dianka Iye@ganmrw Mé9 0 W

QMM (

V9368V

r r aglicanc]

e

AN2Br ag

e on

Wafer Wntt2 36

Arriadimedt QRBrmity'r adi ancd:

nf ¢

rme6% 9

.6 544 2.6 16radi

ance:

Range' % +1-2

Inhdiabde: Ranggd' UV Treat 1

rents Ti

e+ 2

o 15148

Fi | mv-8hri nkage

Non-uni form t

-UVA Ratthedt. T3ma. O

min

25

15

9

Film Shrinkage Non-uniformity”

%

5.6

43

3.0

10 = simulated result

2 = measured result
TABLE 1

[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
15 400 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
20  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.
25  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

nounted at opposin I t h [ i.n_or I s to be
posi tioned cl oglzertm%o&? %eeﬁ%géﬁto %?ﬁg‘feolbﬁgunsclﬂgg’?o r g'? @b%(glm%aé (?\r,t\fé%i{aggl@% al | ow
nore room for cabideng phrality of Hdiesver slohyr (sergdintd eefemes. hetain solight pipbg)di nent s,

t he opposing angl eg are between, 2-2 de es. relative tqg vertical and
betveon - 10 4EAERLTIPRER PR SoRIEL I E SUORE P EC R EBRPST | anps
can be used in ggldhid h OVeladRNBOSENEE A nithsuidi@hd MBIt Sradibiion i%SERME480 shown
in Fig. 19, the design of the primary and secondary reflectors can be

tail ored usPng vanelengil Fanee (e inRer PR et BngoTsBAs AIG260rmi HE-32Agl e of
| anps 482 and ﬁ?zé_gg(pﬁrgq)pggsé? (o) éaggri%(h;%%gqﬁlﬁlg%l,g?fpger n. [0096) The

efficiency of anps, suc anp Irorate over tinme. 25

Sone enbodi men e invention include .irradi ance sensor,s that allow the
ot enst tor r or 1 ot T2 RS A ekt ot % iehl e 6 FarfidBige R ety {or ca
separately in deedsine WhicHehdvidual@ight fagPdeneRlER Tions & hathhskeantiraiigh Bielight gh

light uniformty over the 25 lifetinme of the | antp. To achieve this function,
one enbodi nent PEE @ FRach thgsprseni-e. theacerpaacyangle pidhs tight gipehoFach light RipGiss

(sonetines jpef qeigfqtordiqls éd?fﬁa%c Jg%t& a %pﬁiégﬂlo%ﬁﬁk%ﬁ wn%babntg@%vé&condar y

reflector. RadiatTon passinhg tl ro eac t pipe contacts
radi ati on sensdamp hdb oneesprimesy rdflectiontte hs moyitatd mddpeatiéns of the othesel ect ed 5

wavel ength range (e.q,, 200-40Q, nm.or narrower range. s as 250- rim
280-320° nm 356881 i Cperan et R PR H cch BRR FHE e Fpis TR

[ 0097] The | ocatd iarnédido Ghssakiotghthe bipe N ®hisivgittonpi It géresatel @ treflectdd i ts

| ength determ ne which individual |ight rah/s_ enerated froma | anp nmake it
through the |i §ioM thpgsiret Gomponent 1?‘1%%’3331% rthe light pipetp thesensopt 4GB BIPGI e of

the l'ight pispe)nayfasihbelcofifiliert Pirdchiodd) fiflesth&n@EwS Bnily QhysdrchP & padib@a@cCept ance
angle that allows one | anp conponent (e.g., one |anp bulb or one primry

reflector) to ldEestonite be passqdibieoyemthediltebf t he ot her conponents. General |y,
the axis of the light pipe is coincident with the angle rays that are
i ntended to pa$e098hr Megéndidporpthp ehickhbsdsof Wr\seanldyrylrefidetor ge the regi@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 regi on an

i ndividual light pipe . js.formed the |

ext ended by iﬁ?é?f‘ﬁtﬁaiyj‘ Igh RFACERs 8 a?r m rtu?nnte rf)’és)qm” rho e or sl ot
f or med t hr ough floh&the thosesromeanponestf | ector. To reduce the effects of
reflectance within the light pipe and ensure that only radiation rays

wi thin the par T[mtq aFo ARG LR Qfre HEEAPLANE. Q4asd( ugtttenm,gﬁ piffes cAEBd BERded tr
reach its sensor he interior surfaces of ght prpe may be lined or

coated with aﬁemﬁmibmohmr@a?h of iV dulbe A ﬁtj‘HﬁtaéMeHIaS eachitof hesimay r adi at i on
in the wavekengt e t \,
interior su%f ageeﬁ g iﬂ?t’ ay &@%yﬁ%‘g&égﬁtaﬁgg&g éhggsg%gélf?hmehénr oughened
(e.g., by scrulahglesqy SA\mtlh‘rlya, reﬂeeeti rdys i) eacho ofiths primatyarefledters 4aﬁhl412i2p426 and

reflections, u ted I.jght that contact [ 0099]
In nonitoring %gﬂﬂgf’viﬂtﬁ&%ﬁm E%Qfﬁ&fﬁec%d% gﬁﬁqt%{nqugtthlisi(na\ggpgca%dé‘mt hat the
l'ight pipe all qypropHidte fa@ylacﬂg@ﬁfg?drmlb&ueﬁ omtlhﬁ fitgabeiroufiR theGoca@AeNt t O
reach the sensor at the end of the lig pip at nonitors the conponent.

I n some i nst an&dlgcior cadbegiermimed ghat ﬁlww@alpgm Blpﬂé%l“@ﬁ“‘trh?é‘elof@?{tlpfﬂie?}é such
that 100% of the rays reaching its associated sensor are froma single
conponent aﬁd 10194 b a®Refelnanct isgiotv rphquiFégsdmszingdédvtﬁdn arEﬁentspmivaviswisb&bl y high
per cent age, 0% eac ensor, .ar,e from

t he moni tored g?f ‘gaﬁ ec‘f’b{%b‘ire\"—%?s XW@ Eﬁre B?%r (g?u Eyqyent{g theg;
different Ii ghtnclam@eﬁloﬁaﬂngﬁ pipes irgle secbRdarp RABE L. EHiY. JDRRbWOTocRRmE S0f-508/

bul bs 414 and 416 as well as each of the primary 5 reflectors 420, 422, 424
and 426. Dir ectn sesQrdapivgflecion 490mapirhich the siy light pipss tognemier gistsepassig| es.

Simlarly, reflgg g&?%t{s"(‘ylﬁbgé{lqnhg@ﬁ-@p‘?l&]&%%ﬂ@&b by, mftz%ca%)%aé%’ 422, 424

and 426 | and on erent spot e secondary reflecfo Using this
know edge dhd aesitieqegr bmatlaDESQlagmrtdrﬁé)aAngp cpm:pgpang eraiSIot')datscmd@rbr rehsh)rl i ght
pi pe through the $€CO ecto hat each

| ight pipe to m)nl 3 no“n‘é %hmgc?es ﬂ’tagare Tﬁl%nﬁst&ﬁnﬁ grenc SW made to
Figs. 20 and 2iadidtioa Ifefa:t:ed hensthe ptimuey reflevas m‘erebgenm:dgbylyrdeﬁebmdlmiomm
previ ously shown in Fi rior toads o the_ _incorporation of
|ight pipes inf Hbo@éégwaéévp réklp & pass threy lpmyp 419 rRosgREds 06 i n

secondary refl gedrahe KA Ramt poMibEor st:ttﬁtdﬁy&eftecwmwhm% 1518 oUPRI K20t LSepar 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 501 A
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 allown chtgre@i)oplﬁg ljﬁltfng Ior; lrh ffggtgnc%fcﬁ%ﬂep ?l{lél%.é’ gﬁecll}c;rQﬁo Pass

t hrough. Wen t posi |one over t ortion of
secondary refl @;iecﬁrlzzimltas thd reﬂectdmedf maér primary pfle@0r azﬂcladd\pqibOSlBammtdmZ is

o moni tor i r SRt PE GanEYaY Bhenyr B9 banh rrcs s L e o pralaedy © e

| ocation 501A fﬂﬂdolﬂznldggmro?hﬂﬁe ieﬂemelsﬁrwcedfthe@écohaﬁy@éﬂdafbrhyloh&ﬁobym 416
can be placed at |ocation 02A. Locations 501B and 502B are alternative

| ocations a® wingé A0S respectivelye d-ight pipeeS | ynd Sd¢areJommsd frasp opspings thygughthe and
416, respectiVvelye iMdifatOfaht Yec %/eo@da}y .thct&up?ocwm%%oaana ts@s“ rek h@éx%gg

reflected by outer primary reflector can be place at |oca , a
| i ght pipe to rebigionelly,adiestension wbé iSé“tttEéCb dagh pithe holes mria%ﬂoneﬂ“e@ﬂém@Z can

be pl ace at | ?gﬁ?h&ﬁ{%&ﬂ}gﬂlplpe ggp % cpéleqo I‘u?th (’Inlketr%%lt ra@ﬂk@‘g{hgp a ngl}c sgo%La?eq} by

inner primary e place a

to neasure radivth tﬁardﬂeétbewcﬁﬂnﬁays fddcidted With. nlangljt p’;ﬁfslsec'ra@d Sv&@hﬁzanmnbﬂsqal ace
at location 506, 30 G%0102 Fl 21 shows I| fﬁg g éo 513 t hat have been
i ncor por at 6@ i ritsd ¥ (S’l’ﬁﬂ’aflﬁ?“‘ F'E’Btt%’rthﬁﬂ'@“ fy‘P Y orbsé 1 bend £ge
respectively anglighfy pi pes 514 and 515 formed at |ocations 501b and 502b,
respectively. Li (5ht pi pe 510 nonitors the reflectance of outer 27 primry

eflector 420 (B Shhneob ettt B dsRS! ANESe §daBRE VAR schGELECL o

422, pipe 512 nce o0 nner - primar and
pi pe 513 noni tQheendtdneadhafgheplpanEmbaﬂlmem ef thpinvertion thafrbmtetone ofi &fore dfitgght
pi pes 510 and are fo fro enln gsEghrou hthe reflective surface

of the secondary fa51R ¥SH raferfj“F‘BE OWENFT.PRY USE &t Lhan0F §Enses gt

pi pes 511 and %Zn@ﬁ?p%onraﬁacaﬁfpfemmeﬂmaeﬁnehhmagh]etmp nichleqstdtated mor f ace
of the seconda;% reflector in locations 504 and 505 respectively.

Addi tional |y, dalegessdwiaidie Y Visarepsodeps, iUV gadialign sspsorneanthslused. iAfirsbcat i ons

504 and 905 10wl PALDEDNEARCH B caRREIG Tk AR FAPod B Wb ichl iper OUt

radi ation that I's no ocl ate e reflector eac soci at ed
wi th. Light pipé8, Hi4ndnil2 Blhic a sdeomhseasoe naly Ho pmﬁuéneﬂttedetmttrdtdiaidr@asnr@n

Lubes, om0 AR G e B B SRR e )
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 WV cure process two WV
radi ati on sensor an he us Afir . or may be po |t| for

! et o detERects D aedB e SrOpHFBRUN (e g BEeAr ORIl ER G 512
while a second liighﬂﬁigés GRY 6 [PPard 4 forafea th ie@melebfaﬁé r&ﬁ&bﬂ&dr@é’hrm&ﬁﬂtlﬁ@ through
i ght pipes 511 513. I n anot her exa i ngle sens%%‘%gé be used

to 20 detect rd88iaRs ¥avhighdighhpipeny Gugi? @ééﬂ%re fpvrgqﬁlnmfffé@ré c{9F ovi di ng
the l'anp nodul 6540'1§nategr?hﬁ&eﬁuﬁyfréﬂeeroﬁm ﬂswwar ucsneuter pefPh&h1 r388n @@95@95)

to allow |light passing throu each of the [ight pipes to contact

sensor durirfg tthereflaeter. ﬂims@S iffedes arcnmrﬁd/r;tdtaadr 55Gbades 9 cnn'niumradmrl tr ple
l'i ght pipes, I ral uj fr rqQgont r

conput er pr ocessglegﬁegts? @%Eghe teﬁd O‘Jteragl? ﬂéh%’f g’llpﬁ 0? "gnjgﬁésne . 1n)é dz’atosaarrpl es
fromthe 25 sersendor aivd shisay tian e dpenitingy positione@itd detecally ﬁabﬁu&npamng tradghonal
pattern to deternleg ich light pr e |ng vrdual sensor readi ngs are

associ at ed mﬂtrﬁmT e holphasse mﬁde KdP@ddet ected by a UV radiati on
sensor, it is desirable that the sensor be placed as close a possible to
the exit of thedOM9htHpyiinpmlly describedssetierali exehotimantsef gheapresenyineentionsoanyi s used
to detect t, i S may
requi o ext o, At BB et adphdVe BBk b PhEnbd tcurly RERERS S, 7Y
ensure that allactording tepthegscsenpenniivrewill l;mﬁ;paremnedmkosmmdqn\madm arheser t i cul ar
sensor have a §iml.ar distange betwee %h enq QF | i ht p| e and the
sensor. As an XGHgHYes ang 8‘?‘8?{3@?{5%3’? s"“FF@B 1 R5 RS C%’f@ Iefintar e
perspective Vi gWeenbnone 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. (0105] 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 proc%iﬁbﬁg§g§%g3ﬁg?iga substrate support adapted to support a
substrate wthi "4 processing region; 5 an ultraviolet (WY
radi ati on | anp spaced apart fromthe substrate 6 support and configured to
generate and t iolet radiation to a substrate 7 positioned on
the substrate support, the W radiation |anp conprising a source of W 8
radiation and a primary fefl egts@bsuRproRbding [gylrcroag,ﬁg.lngg the source of WV
radiation, and 9 a secondary reflector positioned between the prinmary
reflector add the 10 subb@%@e&nwmo%b%tratqmeceé%gmwny reflector adapted to
redirect ultraviolet rad t he
substrate tgmards t he su%g%ngg%m%%géh$ﬁgygﬁg®¥$%?§%%%%§gggﬁﬁgpg%gﬁﬁ%f claim
1 wherein tHe WeRssimghegibnon | anp generates a substantially rectangular
flood patter.n of W radlatl secondar ers the
flood pattern to a subst AhHi% ﬁrngﬁ?gkﬁﬁﬁvm}agBap%%? ?4Fb"1h%§’ Y& substrate
processing T600|su@for@dnﬁlcﬁhﬂgm%leﬁbrhthQn@@ﬁ@ﬁﬁiaﬂty‘avuﬂetl’r@cﬁlbl@(ﬁit@l’a sabgifatel ses an

upper portion and a |lower portion each of which includes (i) 3 opposing
| ongi t udi nal’ sepitierad qnihe sw?é@%te syprartytbs V¥ radiatiqrelamp sgmprisipi g soprest ot ™ 4

| ongi t udi nalg sysdiacsSand %gﬁjm(aH' )eﬂ@&BPﬁdrt'i‘ﬂlytsﬁﬁ&ﬁMﬁ{fﬁﬁe Skdeat @8y R2lBDRI NG
bet ween ends of 5 the ngi t'udi nal ‘surfaces . The substrate processing
tool of clai%m 3 mhereln ahgmh@ngnﬂbdpnannmmaébﬁwguebegﬂmbovhﬂwMEau@ﬁ@r and
| ower portigns d t e . > ng the
| ongi ¢ i nelt aisFestltGuBR Be ooy s el aBlfeddB AR i ABNERATorthg
wherei n the loppmlmgheransterrmnsmm Ghesullssilatee&vﬂﬂs mlaeuhspater and | ower portions
of the secondary reflector are 3 generally convex along the transverse
direction. % 6. The subsErate pro ?'ﬁ% t ool 05 l,.ai m 4 wher L Oy t he
opposi ng The su str ate processing tool of claim 1 wherein the

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.

P—

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 3. 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 frontthe 5 vertex to a bottomof the
foo 2 0l travi S BP TRt BShlcR o HR B E R At e etk Bl A b SRR AR B ot
and di sposed aba%atoabbhenwﬁﬂdomﬂamhereln each ultraviolet radiation |anmp
conprises an elongated source of 4 UV radiation and a correspondi ng primry
reflector partially surroundi . t wo
uItraV|oIet?rad|at|on Iaﬂps eﬂ%bpﬁﬁﬁﬁnggg%%ﬁgmoffﬁﬂﬂ I003¥pat é}%&ﬂgk%f

ul travi ol et 2r aditaviotsd rztd‘tatonllanptl spacet @part Homaistssubiteatesauppont atddisposabatiove 1 8.
The substrate processi ng tqol claim7 further co risi W ndow
separating fhe' tsetrb'g§? ‘%“%‘?‘BE@E‘&]W‘QI%‘QIF%?‘POF‘HW f‘Ppr &eS F'égl\gt‘gat“ifffoﬁ'icf’ ngi ol et
3 radi ati ongl anpBradi6h Shdla td}eswn@quwrmr)oeﬂbabwlwﬁhotmtg th&8lohgsad
pattern of 4 ultraviolet radiation is transmtted through the wi ndow pri or
to reachi ngSt heouser sherasdaast twe ubravipdes radiasion dames qembiriag;ioragneraisia flspd pptidrin 7
wherein thecat £$@$ e nounted facing
each ot her at gtgﬁéglﬁ}emdlal%oy el E\gtlrlg%/tg& 1ot ﬁltE/ées(ratB ?& R&io A substrate
processi ng system conpri si ng: 2 a body deftnlng first and second processing
regi ons thatl are separat® andThe3ubstjatecingessing wakofaimimhefurthey compprigigg a
;Egi;;gf ﬁgs eg%é‘ﬁ]dog”gsa B%r%g t?legw)sg tetpro%fesssyng r%% ﬁoWd %tri%as{]t%vofdl{rf\}lol?
substrate wat hlrziﬂlatﬁmtlhﬁp§%&i&ﬂ1 thé WﬁﬂSWIlﬂgosﬁtEgbd)Sucthatlfel flovtd pbl’téén afli atl on .

| anp nodul e spaced apart fromthe first substrate 8 su configure
to transm t 4ul Pttéi\)’loéﬂ‘éﬁdl?@ﬂll%\'ﬁ‘ﬁﬂmteg l'amf@r@f wdnglos prigr & ‘%6%‘1‘?5 BR&WPstRe 9 the
first substrate support; 10 a second UV radiation | anp nodul e spaced apart

fromthe seqgond 11 substgate BheBstatedpttcesgind ogléfethiln0 Whe€ih the at Waktiayi ol et
radiation to a second substrate 12 positioned on the second substrate

support ; 13 2a Flitfaé’tmf‘é;é%ﬁtﬂ’arl‘;m?se%’? Berwed (iR erdvsber gboRRosing apgles elaive OV | anp
nodul e dytieasubstrate support and adapted to redirect ultraviol et
radi ati on t at ?l

[—

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 lamp 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 otherw 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 ot herw se not contact the second

substrate tpwards the se toat s r ting a
subst anti allgy circul ar f%%g%’d;%??ngfiﬁ’ rggecc})qfr Jpé?l{:(?i%ﬁ)g%e{eﬁ‘&%}eéﬁdol%@ﬁt%
appar at us adnpmiogitlegnd theancont tsutsstraeiseppoftlddl adaptidab iratirettaripavddapnadigtiiong an

el ongat ed urce of 4 UV radiation and a prinmary reflector partially

sur r oundi nzgt hg‘aé?”Bﬁlﬂa?frlfﬂw R ) t%\fec%“dpsﬁh?“é?f%%ﬁ?“\iﬁ?rsgf‘?{ﬁtsﬁ SU8fongat ed
source of UV radiation and primary reflector conbine 6 to generate a
substantial hy rectangul arl.f| osslagpatansrfor gghetaling @islibafantdaily ciradlar’fléeodgaaendar y
refl ector sgaced apart fromthe primary reflector and 8 adapted to redirect
portions of 2t h&f piErayiglshiadighon. t?PPR3tUSs EPRPETNE) radi ation that 9 inpinge
upon the segondary ref'%ﬁﬁfraﬁ@le@@\?&ﬁ&iﬁi&nhm eERpgd A dlongateti Gred off | 00d
pattern 10 of W radiation. 1 12. met hod of curing a layer of dielectric
mat eri al f of ned\oxadiation ard apriysany agflector partiphbt w@umbn@%ﬁglqngme@swmf&b\’ t he
substrate having. | el. ri ' o0 ; : 4 ate
support in g nggiéatntagt \ghegélgg%sésl?nﬁg% g Eédr{gée?f;l% p@%ﬁltgg ?h‘g&?rﬁg&sru escttorrés:? Q’ﬁ{n(%

ul travi ol et 6r adh gdnerare dynbsterntialls réarmgalabtilcndymtiemtof &IV sadiagon;andul ar fl ood
pattern of radi ation with UV_sour ce gnd imary .7 reflector,and
reshapi ng the substanti af ?eﬁo‘?cg& ’ﬁﬂﬁﬁ?rﬂa@a%ﬂp%%’f’%wmﬂﬁe ‘Wad antially 8
circul ar fl @oda@shddab feddbctPériichd bfithk adtranzlibr BocigRABEIE YV Rtla86A Bat POSI ti oned
between the 9 primary reflector and the substrate support. Rotating Cure 1

13. A subst Pat énpipgroepesitheseeonsiarcighentordp geperatothg sphstantigldy ¢irruleg flaod patisey at e
processi ng |hegdi,Piiy radidgiGuUbst rate support adapted to support a substrate

within the substrate 4 processing region; 5 an ultraviolet radiation |anp
spaced apart fromthe substrate support, the 6 lanp configured to transmt
ul traviol et Iradiation tolZ subgweihedef puingta layesdf dinlectiie nateriahfnrmad evesapport ;

and 2 substrate, the method comprising:

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 00 N N W bW

primary reflector and the substrate support.

Rotating Cure

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;

an ultraviolet radiation lamp spaced apart from the substrate support, the

lamp configured to transmit ultraviolet radiation to a substrate positioned on the

~N N W N

substrate support; and
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32 8 a notor operatively coupled to rotate at | east one of the ultraviolet
9 radiation | anp or substrate support at |east 180 degrees relative to each
other. 1 14. The substrate processing tool of claim13 further conprising
one 2 or nore reflectors adapted to generate a flood pattern of ultraviolet

radi ati on ogyer the 3 sub i f i LNt ensit
% & hlo®r gp\gﬁt‘f\?ﬂgcuo%g{ég hﬁ&g{&% @l l%aﬁrm?&rbf@mullr%lhn y

areas that conbine to generat formirradiance pattern
if rotated. 91 1&liatibhdarapbsiubsitate pporeatdeast! 80alskrees reddtiae ta da¢hwhher.ei n t he
ultraviolet 2 radiation |anp conprises an el ongated source of UV radiation

and the one,or nore 3 ref}ect i : i raf 1
] {4, ﬁ(essuﬁaf%&rl ﬂé"é&%%ﬁg 36 SR Nm" 18 Rfdr Rom g&%%g.}é gf

surroundi ng the el ongat ed source. € substrate processi
cl ai m 15 wh@r eionntorerefletors addtaudp gemegdté @ foad patteow af mésravidetpadigtém qyestbeondar y

reflector pgsitioned, between the prinmar 3 reflector and the substrate
Gupport . and wiEREAR WaRBE ST PREPS PR TR g o LG ol BRCcomtiaig ahert

ul travi ol et 4r adisabdtanfiafly oiifdrivdrradisicaph®in Footae@. t owar ds the substrate
support and 5 the secondary reflector is configured to reduce |ight |oss

outside the substrate. 1 17. The substrate processing toal qf claim13
further combrising a Iid!52 COMBURPoHebog o s agvdm heran dudrpinte
processi ng hegirffation18mp _bé}ntgri‘s@é helé 16 atd SoWVe OISO 34difTvAtind RRVEhe loR hofibSt T at e
processi ng region, wherein the wwndowis 4 transparent to UV radi ati on and

di sposed beBweetilaciss epmpsisesat rrimayp peflectoppaitipliyesurmunding te ieloingated sQdrest i on
source. 1 18. A nethod of curing a |layer of dielectric material forned over

a 2 substrgte, the methggd Comgusétageprécegéiﬁg%egoﬁcmmsllswe&aﬁ&ewwg the

dielectric material forned thereon on ‘a substrate support in a substrate
processi ng @hamhawe reflsctexsgoshangomprses aberondare refloctat pasiticned betweendthepiimaryf r om a

source of 6,ultravjolet radiation that jis spaged apart -fromthe substrate
Sonert Cuni e, peiRHeR at wh Sibsfide Sihodtnd BB FEBRRRY el allinatg>r &
substrate au | eafdct diGAvidkpfadaton fbaitheradiaforedutte Sowdriiethe dubistring siipportanposi ng

step. 1 19. The, net hod of _curin | ayer of gj | ectrig terial set forth in
2 claim 18 wher®§ %‘?C‘EBQWerﬂEf“trH%g%‘?‘ébmé&fég‘&F ’§?"al° %FZ‘EF YOS r cul ar
flood pattern 3 having conplementary high and [ow intensity areas which
conbine to generate a 3B7.  The substrate processing tool of claim 13 further comprising a lid
2 coupled to the body to cover the substrate processing region, the lid including a
window aligned above the substrate processing region, wherein the window is

3
4  transparent to UV radiation and disposed between the substrate support and the
5

ultraviolet radiation source.

1 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;

exposing the substrate to ultraviolet radiation from a source of
ultraviolet radiation that is spaced apart from the substrate support while rotating either

the ultraviolet radiation source and/or substrate at least 180 degrees relative to each

0 ~I O W bW N

other during the exposing step.

i 19.  The method of curing a layer of dielectric material set forth in
2 claim 18 wherein exposing the step generates a substantially circular flood pattern

3 having complementary high and low intensity areas which combine to generate a
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4 substantially uniformirradi ance pattern during rotation during the
exposing step that 5 conpensate for each other during rotation thereby
providing a substantially uniform 6 radiation pattern. Asymmetric Primary
Reflector 1 20. A substrate processing tool conprising: 2 a body defining a
substrate processin egi.on; .3 a s I - SU tQ [t a
substrate vm'4t hi%%tﬂ%hf&%g ¥ fgtlgaé}ﬁncg?%%eégéﬁhné rggglg)%%‘?rﬂ%ﬁhee%pgg? ? F@Fﬂﬁ&/ | anp
spaced apar 5 f reompédsatefodxath ather dudipp esthtichnberelyngrogiding@ substdrmiatly amorint UV
radiation tg a substrate positioned on the substrate support, the first U/
7 lamp conpfi si’f’l‘ga“aonfﬂaft?f" W radiation source and a first reflector
partially surrounding 8 the first UV radiation source, the first reflector
havi ng opposi nAdyvmaekriaPemayRefleQor ef | ective panels, the inner reflective.
panel having a first reflective surface and the outer 10 reflective panel

havi ng a second reflecti ye su/&f ce that is asglrmet ric tothe first 11
reflective durface. 1 2120TheASHBLREHXHIMBEIRULOARTINE of claim 20 further

conprising a 2 second W,hadpdetmafzacsuBiiatd prbdesding Rgionlbst rat e support and
configured to transmt WV radi ati on to a substrate positioned on the

substrate sdpport, the sesymtaRNPPRFHRIaPRGIRSHPRIASURSERR WHEINRE SURsTAR | on
source and S . 1 partially surrounding 5 the second W

radi ati on sgur?g?&%%@e%g}ég’nﬁﬁref | ector opposing inner and outer 6 reflective
panel s, thesinner refl ectifive (Paheilp shaoed apprefrérh thedsubsfatcemppareasinonfigwedind t he

7 outer reflective pan having a fourth reflective rface th LS

asymretric to ttﬂéra'ﬁ[’)i‘?'Pﬁb r@‘%?té(fnlqgérsll gra?l?lo?‘g%'lf.% op t]fZS.U%éliFF‘ée %W?Bgrt[’ﬁg? Qrs’t uv
processi ng t700lja@p cohphisgal fifst OV iediaodEpiics hitla Brst RflbQbr ghriilyl sefbWiding
positioned between the first and second reflectors and the substrate 3

support, whér eithe BreUVHpdigionesopeces B fifssreflecion ieping SPPesifeianed@nd QiFat i on | oss
outside theg 4 spbsiL gén%ls, the Zrdrer FERBctRA Batel fivindd ARERBEAN esBRhceQhd Bledfuftr 21
further conprising a 2 w ndow separating the substrate processing region
fromthe filOst refieftisepanebhaying asepend refleciesuefage thaeis wsymeioetrie to theirsti oned such
that UV ra 'atirgﬁeci[i§e§l{rparc\esm tted through the 4 window prior to reaching the
substrate. 34 '

1 21.  The substrate processing tool of claim 20 further comprising a
second UV lamp spaced apart from the substrate support and configured to transmit UV
radiation to a substrate positioned on the substrate support, the second UV lamp
comprising a second UV radiation source and a second reflector partially surrounding
the second UV radiation source, the second reflector opposing inner and outer
reflective panels, the inner reflective panel having a third reflective surface and the

outer reflective panel having a fourth reflective surface that is asymmetric to the third

(o B = LV, B - Vs 5]

reflective surface.

1 22.  The substrate processing tool of claim 21 further comprising a
third reflector positioned between the first and second reflectors and the substrate

support, wherein the third reflector is adapted to reduce UV radiation loss outside the

DN

substrate.

23.  The substrate processing tool of claim 21 further comprising a
window separating the substrate processing region from the first and second UV lamps,

wherein the window is positioned such that UV radiation is transmitted through the

SN -

window prior to reaching the substrate.

34



1 24. The substrate processing too) of claim?2l1 wherein the first W 2 lanp
is mounted at an angle of between 2-25 degrees relative to vertical and the
first 3 and second asymetric reflective surfaces are adapted to generate an
irradi ance pattern 4 that conpensates for the angle. 1 25. A nethod of
curing a layer of dielectric material formed over a 2 substrate, the nethod
conprising: ;3 placing the,subgj/ @b@uﬂ@iﬁk %s&?‘?oo‘i'bﬁélﬁﬁ{ﬁ&h&&mﬁ ngﬂstﬁvr m?d

t hereon on a 4 substrate support I n su ate processing cha

exposi ng the Slempnsameurttcﬂ dt\in magle af lbe@wednﬂ Zjedagrm rerhvglveh@vmmlandmnfmtt h 6
an el ongate ﬁourcg and rte fECtI ng dt n.generated, gt

sour ce h 3P PEONS A UREBR I e Yee ffiag%ar&?p? nee s?gteﬂéf’ parYd ?qc p ff"f' ound
t he radi at| an sipaticempandtes foraliccangiey et ri c to each ot her. Light P| pes 1 26.
A substrate processing tool conprising: 2 a body defining a substrate

processing region; 3 a sybpstrgte su rt. adapted to support. substrate
within the substrate é?oce?&‘?‘ﬁs ‘f&gﬁ“ﬂﬂ%ageﬁrrf%@?e?‘?cé‘\ﬁ 'g‘f“é’f‘al PRAed Y8l 4t i on

| anp spaced ﬁpagubstfaﬁ@metrh&hmﬂr@{ng 6 support and confi gured to generate
and transmt ultraviolet radiation to a substrate 7 positioned on the
substrate support, the Uvlackgithe subsiraiabayingdhpiiclsstig matesiglfosmedthergon oga

radi ati on a di ng the source of W/
radi ati on; gpaq%gégnda 96 1#%%%9%%9@%%#?#%%@1 gé?ﬂgen the primary reflector
and the 10 isubst rat e suppprsingabansubgmatetd lﬂ‘érardmﬂmoéylge@nandgobesradmlen wéht he
substrate, e seq ondar 1 reflec havj ng..an..i bner an uter..surface and
ot Tenat - ond noRE T PR Sy ot Fereatiigbe By 3adip b dendiaied B SCuT BB T o he

outer surface; wifiksari Jeb@itref@tiO€ §u@facQBat phdiaBYsirfoun@ BRI r@atidh soasdt ahd on
l'ight generated by the 14 UV radiation lanp transntted through the at

| east one hdl e.arq ayymmethetosapether e processing tool of claim 26 further
conprises a 2 plurality of light detectors corresponding to the plurality
of hol es traverg?ﬁllg;iﬁgge 3 reflector, each light detector positioned to
receive WV radiation I'ight generated by the 4 UV radiation |anp transmtted

t hrough one of the pluralities of holes. 35
1 26. A substrate processing tool comprising:

2 a body defining a substrate processing region;

3 a substrate support adapted to support a substrate within the substrate

4  processing region;

5 an ultraviolet (UV) radiation lamp spaced apart from the substrate

6  support and configured to generate and transmit ultraviolet radiation to a substrate

7  positioned on the substrate support, the UV radiation lamp comprising a source of UV

8 radiation and a primary reflector partially surrounding the source of UV radiation;

9 a secondary reflector positioned between the primary reflector and the
10 substrate support configured to reduce light loss outside the substrate, the secondary
11  reflector having an inner and outer surface and at least one hole traversing the reflector
12 from the inner surface to the outer surface; and
13 a light detector positioned to receive UV radiation light generated by the
14 UV radiation lamp transmitted through the at least one hole.

1 27.  The substrate processing tool of claim 26 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.
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1 28. The substrate processing tool of claim26 conprising a single 2 light
detector positioned to receive UV radiation |ight generated by the UV
radiation 3 lanp transmitted through a plurality of the holes traversing
the reflector when the 4 secondary reflector is rotated. 1 29. The substrate
processing tool of claim?25 wherein a surface of 2 the hole traversing the

reflector has a high rougfinessnd fuBiiralt HoéRahEROLSVERINETS dokr?mmgaainglﬁ
contacts the surface of the hole by nultiple reflections

substrat e pRocdightdeipctas @psivened|iq reseivs UNiradiation light gererated i the YV idiatien e
traversing ghe héietraveRi iR RAedBE Ghdrthe  hat
absorbs 3 ?adll%'ﬁgﬁﬁﬁgﬁedﬁﬁm\?\gﬁ gﬁagﬂft*&tﬁ%r Wmach t%e sengor det ec%s. 1 31.
The substratte pewmodayireflpctoosirorafedc| ai m 25 further conprising a 2 hol |l ow
tube that extends fromthe hole to further limt the nunber of |ight rays
o ot e Do o noeroon. £ Thb e frpbRURLROI & i B hcRBh SEERE of 52 A
substrate processing toof conpri'sing 2+ efining a substrate
processi ng negittgtolStravessiiisthe mcmummrmgmdagmesk that dissipates inwargerblight diae
within the substrate. 4 proc region: 5 an ultraviolet (UV) radiation
| anp spaced3ap§P'Eta?‘F3ﬁ1s’t“ﬁ ﬁ? mg?@"%ﬁltlgﬁﬁﬁzﬁ“‘t‘o‘&nd configured to generate
and transmt ultraviolet radiation to a substrate 7 positioned on the
substrate sypport, the USpr adTid duBktrdtpbedssinpidoboMgaim 250Mlici€in @fsurfhée of
radiation and a primary reflector partially surrounding the s&@rce of WV

radi ati on, theth@o& fraMersing e reélfﬂsf lsr?a%tp%y“aa#léht|aévéqrp\¢é ngiriah that ahserds

i ncl udes at 3l eqgdiaaGn E}f%r»@ﬁ@iehgtﬁﬁﬁh}h% théélnéﬁ?%t@&ts' east one elliptical
section. 1 33. The substrate processing tool of claim32 wherein the primary

2 reflector conprises opgom ng inner and outer reflective panels each of
whi ch has al3 reflective3bur f Bewsubpieate praggssiaRtoobef dlaims3S fyn fﬁaﬁlﬁﬂﬁipﬂ%

section and,at hoﬁ@ﬁtﬂrb%%atgg tf‘ro%?the leﬁgﬁﬁhgphmﬁ%e]nu:@uer -ﬁ'ﬁ'

processi ng tooI erern t east one f sectlon
has a non-f Gcusentaalthe gghsaral curvature. 1 35. The substrate pr OCESSI ng tool
of claim 34 wherein the at | east one

Elliptical + Parabolic Primary Reflector

32. 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;

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 the source of UV radiation, the

O 0 N N B W N e

primary reflector having a reflective surface that includes at least one parabolic section

—
(=4

and at least one elliptical section.

1 33.  The substrate processing tool of claim 32 wherein the primary
reflector comprises opposing inner and outer reflective panels each of which has a

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

SN

section.
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2 parabolic section reflects rays that are not parallel to each other. 1 36.
The substrate processing tool of claim33 wherein the reflective 2 surfaces
of the inner and outer opposing panels are asymetrically shaped with
respect 3 to each other. 1 37. A substrate processing tool conprising: 2 a
body defining a substrate processing region; 3 a substrate support adapted
to support @ substrate w4 hi NnThdRbsEHRSproedssing tboP6RIAMSI3INGhdr€lf ikt Idast@dné i I St
W | anp spaced apart fromthe substrate support and configured 6 to
transmt UVZr agllipticdsestion hasype-fosused sHipticdl SWealEn t he substrate support,
the first W 7 lanp conprising a first UV radiation source and a first
reflector partially surreyundiTige aBstdieprbidssihg k¢l bBcdhiat 3400heTH et Idalionk i 1 St
reflector having a reflective surface }t)hat includes 9 at |east one
par abol i ¢ s@&ct iperabeliriseation refeats myethat ar¢ petipaeallekte ea¢hotherand 10 a second WV
| anp spaced apart fromthe substrate support and 11 configured to transmt
Jv radiatiof to a substrage pepl LbaraehBisite Ry BRGLiRE 5 PHRARNMe redfive he
second WV | anp conprising a secon adi atton source and a second
reflector 23 pexfadesbf the suer andnuitergppdsingpacesaredsymmeliriaaliyoshapeduviderespebte
second reflgct o hgvi ng a 14 reflective surface that includes at |east one
parabol i ¢ séct fOFRBEYht | east one elliptical 15 section. 1 38. A nethod of
curing a layer of dielectric material fornmed over a 2 substrate, the nethod
conpri sing: 13 pl aci ng t ha7.subAtsubdtratelmodessing toel ahimgirisimpr i ¢ mat eri al for ned
thereon on @ 4 substrate s rt in a substrate processing chanber; and 5
exposi ng thé substrate tBb?}i;P‘E'g'd‘i‘%taisb’ Stﬁff@%??é?‘%?eﬁtj’“t he radiation with 6
an el ongated WV source apgduysadies@sfortidapiéEio\dWpporcd aibbtedle aRMIEE &stRye t he WV
source 7 with opposing first and second reflective surfaces that partially
surround thé r ®cgssingyegioBour ce where at | east one of the opposing first and
foiogf'i i;{fgggfl :)RC' g‘;esa?ﬁ}stWE}np%Bgced%pé}?fr&R%é SbstBEd {BPoBth FhfibGeFt one
6 to transmit UV radiation to a substrate positioned on the substrate support, the first UV

7  lamp comprising a first UV radiation source and a first reflector partially surrounding
8 the first UV radiation source, the first reflector having a reflective surface that includes
9 at least one parabolic section and at least one elliptical section; and
10 a second UV lamp spaced apart from the substrate support and
11 configured to transmit UV radiation to a substrate positioned on the substrate support,
12 the second UV lamp comprising a second UV radiation source and a second reflector
13 partially surrounding 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

15 section.
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38. 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
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parabolic section and at least one elliptical section.
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