WO 2009/ 131889PCT/ US2009/ 040809 METHOD AND APPARATUS FOR EXCl MER
CURI NG CROSS- REFERENCES TO RELATED APPLI CATI ONS [ 0001] This
application is related to a co-assigned U S. Patent Publication No.
2007/ 02950%2 20e9463188Ped " Ni trogen Enriched Cooling Air MYETUE20044080y
Curing System" 5 filed on Nov. 3, 2006 and assigned to Applied
Material s, the assignee of the present application. The entire
contents of the related applications are hereby incorporated by

reference for a\iEPHOPSAND AAPARANOSFOREXCYMERWMURINGD2] The

present invention relates generally to nmethods and apparat us of
sem conductor 10 manufacturing process. Mre particularly, the

i nvention provides CTROSSIREFERENOBSMTE RELATEDARPRITEATIONSNg. [ 0003]
Mat erials such as silicon oxide (SiOx), silicon carbide (SiC) and

Fabr i catlDOfHlof b ARIGRACE Ity Ceesrehe! Usof BEASPRTRBNR mg' Such

silicon ZDQWOQQSUIQQeIfnlﬂbdrBN%gén Eﬁﬁﬂ}ﬁ@ mdunﬁgmu Mty Pt TV Surdiip Systemtjgh
the process of chem cal vapor deposi.tion D%‘ 5 within chanber For
fi

exanpl e, filshenNeyy 3, QQ%QWSIW@PB%M#%}? PrEehg @SBF@@‘ and an
oxygen Qﬁ%@ﬁbﬂg'rﬁ@&{tﬁ- cOR¥nts SO Letdtll pROAIoE AR Hefeb$ MobEhorhabsy

silicon e on top of a sem conductor "substrate poSiti oned within a
CVD chanbferencdforall puiposesexanpl e, silicon carbi de and carbon-doped
silicon oxide films may be formed froma CVD reaction that includes
an organosil ane source 20 including at |east one Si-C bond. [0004]
Water is often a by- produBACKIGROIENDVIF THEJNVENTIONI ganosi | i con
conmpounds. As such, water can be physically absorbed into the filns
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bond. Ei cor pora |on re genera

undeg r abm.faoaﬁmgrpﬂmgd. Momr}ﬂﬁimraﬂlyl the itventiajroddesxdacthods and tammnatdsfor
such as 25 water are preferably renoved froma deposited
car bon- CHREHTAPA%E-film Al so, in sonme particul ar CVD processes,

thermal |y unstable organic fragnments of sacrificial materials need to
be renov@d03] Materials such as silicon oxide (SiOy), silicon carbide (SiC) and carbon doped

silicon oxide (SiOCy) films find widespread use in the fabrication of semiconductor devices.
One approach for forming such silicon-containing films on a semiconductor substrate is

15  through the process of chemical vapor deposition (CVD) within a chamber. For example,
chemical reaction between a silicon supplying source and an oxygen supplying source may
result in deposition of solid phase silicon oxide on top of a semiconductor substrate
positioned within a CVD chamber. As another example, silicon carbide and carbon-doped
silicon oxide films may be formed from a CVD reaction that includes an organosilane source

20  including at least one Si-C bond.

[0004] Water is often a by-product of the CVD reaction of organosilicon compounds. As
such, water can be physically absorbed into the films as moisture or incorporated into the
deposited film as Si-OH chemical bond. Either of these forms of water incorporation are
generally undesirable. Accordingly, undesirable chemical bonds and compounds such as

25  water are preferably removed from a deposited carbon-containing film. Also, in some
particular CVD processes, thermally unstable organic fragments of sacrificial materials need

to be removed.



WO 2009/ 131889PCT/ US2009/ 040809 [ 0005] One conventional nethod used
to address such issues is a thermal anneal. The energy from such an
anneal replaces unstable, undesirable chem cal bonds with nore stable
bonds char WOZY3HE8® of an ordered fil mthereby increasPGYU$AIR/040809
density of the film Conventional thermal anneal steps are generally
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vari ous didratlutbivatisy ptoeess. have been devel oped which can be used to
cure filns deposited on substrates. [0007] Usually, an UV curing

system hagos) t BRstheMEGMhe YPRRIress BERSisQles TBEAL uftAhiol? raRaRd toBkGH Y
| anps powered by m crowave generator. UV | anps generate |light across
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lanmp to e gas to 1l lumnate an exci i ght having a

narr ow riangkbanfl off smaveleniths, frora d 70 am ta §0hnm. Hopgveren UVdamps nsualipbaviern
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inventio rovi, des an appar at enerating exciner radiation. The
appar at L!gecﬁ’i‘Fél‘YlgbtgeHmFﬁi‘g‘ggﬁﬁ #Sé@‘?ﬂglgmﬂ%usi ng wal | . An electrode is
configured within the housing. A tubular body is around the

el ect r od@008fheAeqondingly, imwagverenisie prisfing (AY, comgyysigarsané metheds #hner

wal | . Atdelsﬁ'?oslé. one inert gas is between the outer wall and

20 BRIEF SUMMARY OF THE INVENTION

[0009] Embodiments of the present invention pertain to apparatuses that provide bengﬁts
over previously known processes and apparatuses by employing an excimer lamp to excite an
inert gas to illuminate an excimer light having a narrow range of bandwidth, such as 152nm,
172 nm, 193 nm, 222 nm, 248 nm or 303 nm, for curing dielectric materials. The excimer

25  light can bave a desired power to cure dielectric materials even if its wavelength is under

about 250 nm.

[0010] One embodiment of the invention provides an apparatus for generating excimer
radiation. The apparatus includes 2 housing having a housing wall. An electrode is
configured within the housing. A tubular body is around the electrode. The tubular body

30  includes an outer wall and an inner wall. At least one inert gas is between the outer wall and



WD 2009/ 131889PCT/ US2009/ 040809 the inner wall, wherein the housing
wal | and the el ectrode are configured to excite the inert gas to
iI'lum nate _an excimer light for curing. [0011] Another enbodi nent
provi des aWOLSPARMBASs for excimer curing diel ectric mat BET/H$2009/048809
apparatus includes a chanber defining a substrate processing region.
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simlar conponents. Wen reference Is made to a reference nuneral
wi t hout [6pKEYi fTheas anshother embodiments af ghesigindion long withgnanyad iy edvantpges

refer 10, Qlrlaru¢ e Mlchibbd & RbT'deAl if QJ}BB{EB% With the text below and attached

20 figures It should be understood, however, that the invention is not limited to the precise

arrangements and instrumentalities shown.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] A further understanding of the nature and advantages of the present invention may
be realized by reference to the remaining portions of the specification and the drawings

25  wherein like reference numerals are used throughout the several drawings to refer to similar
components. In some instances, a sublabel is associated with a reference numeral and
follows a hyphen to denote one of multiple similar components. When reference is made to a
reference numeral without specification to an existing sublabel, it is intended to refer to all

such multiple similar components.

30 [0015] FIG. 1is a simplified plan view of an exemplary semiconductor processing system;



30 [0015] FIG 1 is a sinplified plan view of an exenpl ary

sem conductor processing system WO 2009/ 131889PCT/ US2009/ 040809
[0016] FIG 2 is a sinplified perspective view of one of exenplary

t andem pr oWEs¥0XRA#Bers: [0017] FIG 3 shows a partial BEEUPHAY MR
of an exenplary tandem process chanber; [0018] FIG 4Ais a
schemat i QOFg)OSBIG: 2G4 4 SiRplifivd E&Fsﬁgcu%\w@@&@ﬁ@ﬂi@of@ﬁﬂnﬁﬁfy taBdeRn proBéss gur ed
5 at a sidewall of a chanber according to an enbodi nent of the
present 4bawbersi on; [0019] FIG 4B is a schematic cross-sectional view
of the exanple exciner |lanp of FIG 4A along section |line 4B-4B;

[ 0020] HO®E7]5AFKG 3ahewhepatialsectiansdews efan exeniplavy tandesh pracesschapbes;
excimer |lanp configured at a sidewall of a chanmber according to an
enbodi neob18]f FITE 4Rrie & e¢Heniakly SRtist-Suttiodsd vie@ihh eﬂ:ﬁialeEBclmﬁr Anpabefipired
cross-sectional view of the exanpl e exci rnerﬂéﬁ FI G ,5A al ong
sect i%on #tpfilenpll oha chayghep peqordins e cebadiseare gBreé?”cSé‘g’eg'é‘E’bl onal
view of an exanple exciner |anp configured at a sidewal| of a chanber
accor di §01y aGe¥Badsla mlntnabtﬁ criobesegtienabwiewi of thermxeple excimer yasgf HGG

6B is a ctional view of the exanple exciner |anp of
FIG 15 %%mﬁfl%ﬁe& 1%% i’ ne 6B-6B; [0024] FIG 7A is a schematic
Cross- sect Il onal _vi ew of an anpl e exciner | anp ured at a

si deval | 98301 I 3Bes 2 SeBIAlF REPsy-secenal WAL AR ﬁFmBrPleF GGt laap, ronfigured
i nventiopy s[d@@rg.ﬁl)f E J:lﬁmb%?aéc%rcﬁn@%@ibbﬁmféh?%@ pfekd® NdlentidreW of the

exanpl e exci ner 7A al ong section |line 7B-7B; and 20

ngﬁﬂgur@;ns g‘gsg;lgga g@lgaqas L &L UD0:c N L EKEMBERLY tamp of FIG.

DESCRI PT3 /Ohloff scbtibn mwmslao\l

[0022] FIG. 6A is a schematic cross-sectional view of an example excimer lamp configured

at a sidewall of a chamber according to an embodiment of the present invention;

[0023] FIG. 6B is a schematic cross-sectional view of the example excimer lamp of FIG.

15  6A along section line 6B-6B;

[0024] FIG. 7A is a schematic cross-sectional view of an example excimer lamp configured

at a sidewall of a chamber according to an embodiment of the present invention;

[0025] FIG. 7B is a schematic cross-sectional view of the example excimer lamp of FIG.

7A along section line 7B-7B; and

20 [0026] FIGS. 8-10 are schematic drawings showing exemplary configurations of excimer

lamps within a chamber.

DETAILED DESCRIPTION OF THE INVENTION

[0027] The present invention relates to apparatus for curing dielectric materials such as
low-k dielectric material, spin-on-glass (SOG), or other dielectric materials deposited over
25  substrate, such as silicon wafers, liquid crystal display substrates, solar panel substrates, and
others. The apparatus excites an inert gas to illuminate an excimer light having a narrow
range of bandwidth, such as 152nm, 172 nm, 193 nm, 222 nm, 248 nm or 303 nm, for curing

dielectric materials. The excimer light can have a desired power to cure dielectric materials



[ 0027] The present invention relates to apparatus for curing
dielectric materials such as lowk dielectric material, spin-on-glass
(SOG, or other dielectric materials deposited over 25substrate, such
as siliconVR0e¥B188P| qui d crystal display substrates, sBEEHPSII8HEPS0Y
substrates, and others. The apparatus excites an inert gas to
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a sem conduct or processi ng system 100 in which enbodi nents of the
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Appl i ed s AL ara roceSS| g system 100
is aOSeIﬁrodE@siﬁQuﬂilﬁtés smﬁ:ﬁaﬂ bmmamjrahfeestrnetumsl@ar Yrobessprecystemi 196 generally

utilities s orted on.mai nfrgnme, strycture 1 ocessi t
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casset t g3e QGBS i RRAVIQTIEN JoaURE Chahls 182, 8rahsisfi@inbet Dl 1aising
unl oaded from | oadl ock chanber 112, transfer chanmber 111 housjn
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support ut| e or operat

I es need system 100, 15such "as gas
pandl5 1GBclamcgap pamal 163 au&pdamrndmlplemapa@tbmﬁ [ 0029] Each of tandem
process chanbers 106 includes two processing regions for processing
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bel es one or nore éexcl se 1n a cur
process spécific j)mw:sK steps. eAn;abf tha tandem $|:d3:s$src&1maban di(ll@cani incladehhdrbepording
cl ean process.

nb t and
oo o b TS o o e LA o
curing GRaPLEwe bdckdRdfhTow Rl Bhtefhl dnQhe St BAd/GHi0 W @GRRHber clean process.

In one embodiment, all three of the tandem process chambers 106 have excimer lamps and

25  are configured as excimer curing chambers to run in parafle]l for maximum throughput.

[0030] In an alternative embodiment where not all of tandem process chambers 106 are
configured as excimer curing chambers, system 100 can be adapted with one or more of the
tandem process chambers having supporting chamber hardware as is known to accommodate
various other known processes such as chemical vapor deposition (CVD), physical vapor

30  deposition (PVD), etch, and the like. For example, system 100 can be configured with one of
tandem process chambers 106 and a CVD chamber for depositing materials, such as a low

dielectric constant (K) film, on the substrates. Such a configuration can maximize research



[0030] In an alternative enbodi nent where not all of tandem process
chanbers 106 are configured as excinmer curing chanbers, system 100
can be ada&t ed with one or nore of the tandem process chanbers having
suppor t i ngWOrAEISAar dware as is known to acconmodat e YaF P88 4H0#Er
known processes such as chem cal vapor deposition (CVD), physical
vapor 3Qndeeasbimnan fibRVilon 1ilieftionAd, i Besited efimifds expoautp bas-depatie
100 can be configured with one of tandem process chanbers 106 and a
CVD charfes t¢ gmogdlissai t i ng materials, such as a low dielectric
constant (K) film on the substrates. Such a configuration can
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housi ng eafikty.n Whi ch an excimer |anp (not shown) is placed and | ower
housing 214 in which a secondary reflector (not shown) is placed. 20
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spindle 216 and motor allow upper housings 210 (and the excimer lamps mounted therein) to

be rotated relative to a substrate positioned on substrate support below lid 202.

25 [0033] FIG. 3 shows a partial section view of the tandem process chamber 106 with lid
202, housings 204 and power sources 303. Each of housings 204 covers a respective one of
two excimer lamps 302 disposed respectively above two process regions 300 defined within
body 200. Each of process regions 300 includes heating pedestal 306 for supporting substrate
308 within process regions 300. Pedestals 306 can be made from ceramic or metal such as

30 aluminum. Some embodiments, pedestals 306 couple to stems 310 that extend through a
bottom of body 200 and are operated by drive systems 312 to move pedestals 306 in

processing regions 300 toward and away from excimer lamps 302. Drive systems 312 can

t



202, housings 204 and power sources 303. Each of housings 204 covers
a respective one of two excinmer |anps 302 di sposed respectively above
two process regions 300 defined within body 200. Each of process

regi ons 300020V 3é88 heati ng pedestal 306 for supporti nBCEUERIY Ko
308 within process regions 300. Pedestals 306 can be nmade from
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consi dera |ons suc engt 003 I'n general, enbodi nents
of the |wmetmgtd1rsp@rmﬁ¢a§wt ﬁ@leexamyleekﬂnnn 172 ouy tH mﬁﬂa&%ﬁéﬁ gaigpr 303

hel i um neo ar enon flash | t C g ate
radi at i d’ﬁnv\ﬁ% "\?&%EP%EQE/% g@@@“?l cay P/RaE 54 5%{@)?(255&%% %ﬁhﬁ?&&
nm 1093 Kiptor 8xehbh fod4fcitlionby %G@emurcE%BCDmrefcﬁatﬁbs p30& saneed 214 aard
with one or nore gases such as_helium neon, on 10 krypton o

xenon f gadig,fepueiey GRE)sensainey Tedtlenermtors CW@F‘ i frsauensyREfvesy {’%s

214 ar e gagtLaldBEUARE MR in &%Qﬂibé&ﬁ{eﬁt eIdm%flﬁEug@g;ezoaMmeg afferture 305
generate frequency between about 50 and about . _I'n one

enbodi medjacensde powtr shngss Hijsio 284ive An ll'\’dfd@sveaﬁém RPPET émsceaépéc ent to
power sources 303 to receive an RF power from power sources 303.
[ 0035] Eﬁ&ojﬂ”]e rEachmad a3 fP3G2aan emiitt anaexcienet ligiitrhabing latmatrawiraggeaf bardvodih,

25 T cRSuR 157nE. y088. BRERh nib ot S A0R . TR e siai B o,
can det gjsBwin é&@m‘i@‘l’ﬁﬁ[ﬁm Ran 8&tbintiRglthe WilvblkRpths &RIEE MUNMAR cddVerdtidaml
that emts an 1% avi ng a_ broadband of wavel en hs from 170 nm

to 400 rAY laswethabem ﬁlgeahwadbﬁ%@ wiaxpiangths Temy 10w T4

bandw dt i
(5151 b ﬁ%ﬁg??g é’%'%‘@ e eé%fgﬁﬁdm.ﬂ@%ﬁ%é il o
silicon- lmadltug enérSies @) sibepnaglicon (GuiBid sdw@n@cwgqndsnf@b,@llican-nltmmh (SisN)

oxi de, bj LN I erial,
or her®™ gio @8? %Q%{séﬁﬁg? asa%xcgp erfiégl&%}%?ri@ns? l[egglzg%%na%%%@\% ndm%%ési red
Sowler O Wixphitridt, camafldelcemgmhg dmwﬁc mhanalabmmexzkﬁﬂem fxratengyr Exgmer

ie ectrlc materials ng the excimer, |a curing di ctric
mat er i all2BpE 02N PERYide ‘#P ‘ieRﬁQ’l‘quu‘ﬂ?ﬁt(aér‘Y aéfFleE@-ﬂ"P I ehﬁ]@%g‘a‘@’é.ﬁb‘g’a@f“
achi eveqyih aRIRERH ARBIAs. B Esifld e @RGfer lamp, curing dielectric material such as

low-k dielectric material can be more desirably achieved. In embodiments, the distance

25  between excimer lamps 302 and substrate 308 can be between about 1 mm and about 200

mm. In other embodiments, the distance can be between about 1 mm and about 60 mm.

[0036] Light emitted from excimer lamps 302 enters processing regions 300 by passing
through windows 314 disposed in apertures in 1id 202. Windows 314 can be made of an OH
free synthetic quartz glass and have sufficient thickness to maintain vacuum without

30  cracking. Further, windows 314 can be fused silica that transmits light down to
approximately 150 nm. Processing or cleaning gases enter process regions 300 via a

respective one of two inlet passages 316. The processing or cleaning gases then exit process



25 between excinmer |anps 302 and substrate 308 can be between about 1
nm and about 200 mm |In other enbodi nents, the distance can be

bet ween about 1 nm and about 60 mm [0036] Light emtted from exciner
| anps 302 WRx28pK135¥88cessi ng regi ons 300 by passi ng t hr oBgHUSRORUG ORI
314 disposed in apertures in lid 202. Wndows 314 can be nmade of an

CH free S¥pAI0 a BMANDE o port 308 RadiBoalllyf the bdlingtalt salspleedso the interior
mai ntai n vacuum wi t hout 30 cracking. Further, w ndows 314 can be

fused sidfihousings204tcitelaies past pxcimer Lawpn342 buldpiseletadediam progess regigrs 300
Pr ocessib&gwi%o‘% phi ng gases enter process regions 300 via a
respective one of two inlet passages 316. The processing or cleaning

t i 2009/ 13188 11S2009/ 040809 i 300
o comiBme L ahe FBRament eaid i R Hepe o st AP AR SRR ¢ o
t he isnt efekiféd 9 cROGEID F9ingBb4 Goatedivith @ Hidhesit fikw.cQuRtz liingss3 030 echlight

is isolated from process regi g&i 300 bé wi ndows A, 314. LOOS? I n pne
enbodi metitted:Eem e¢imen Ipmns G2 sodare shapgd tssutboththe CrisPIoRessep af Yell as the
surface fd M : ' artdiiainee 864
film Q%fif‘g% ‘%1%?%%%%%3%3? P@iﬁaﬁéﬂtﬁg@?ﬁeﬁ?ﬁgﬁtﬁ%ﬁmr Famee” 302
and ar e istogpewss wgoos 80k dtdr some embe tsopege inimgs 34 adjust to hedtersudtpaet

cl ean processe sed an th : excl ner -l j i.r d by
quar t 2" IEEROE e et Pl BB PERR R Snd lerol tindhe b Bt Y
quartioz | AdiitigallgQfkaad |itisgs 304 daatdesirabbuirdnsmitdighpemitted by excimersliimpy 302
novi ng and changi ng e ape, of the interior parabolic surfac 10
A £ orie 1 hectekrils Bien The Gotigue fusaLy rausy e » ZRCRS mifREr BIR ¢ oo
by exci nBfpbeRT dRRékeWiledt®c AR ritls GhViRE &ltdradtiy hightandiloW kéttadtivd infex.
usual l'y constitutes a periodic nultilayer filmconposed of diverse

di el ect rSincerthe eqatiag is noavinetgllis) misravave mylitiogHrommpov@ovses HBthatds

i ndex. § . i i - i } radl:at:i B
pover s aehdIf SRRk APk s BELE! ok e 30RUGes'BELBGRN R Bac,
quarltsz |with, ogget3Bsbromitsy, fetmeiuipted layantndis readdy trewsniiBedvfor fonizing Hetas
absor bed b%. th§n£p9@§ated | ayers and is readily transmtted for

i oni zi ng"f LEMPR“E%ci mer | anps 302. [0038] In enbodinents,

rotating or otherw se periodjcally noving quartz |jnings 304 dur.ing
curing iﬁ@ﬁgdr 18| cBdRAimRy i FRAHEEST ORI IP%?D%CP{}Y B’P"}niglciﬁgﬁ%lé‘ilf‘%sr? 4 the
substr atcﬁmﬂg Bifng Aﬂafaf%ieaﬁ@gfg c&RORMi Rty of NhundifatRAYS tHAGEbAALE plane.

rotate or t ate perio al'ly over substrate 20 308 while quartz
|'i ni ngs I18@4t amothes embodimantyentire hoysingp 384 ratafe exicansiate pesiogicalbpover pybstrate

Subr e e SRRETRE 1R Gt SRR AL b AR 0, Bt

subst r atapofBBBerabuliraxt woeitioh anpaicdiAranslatiohaf anbstidtd 308 viapedestalzi3d6
curing uniformt 0039] For cur r.o ses, pedestal 06 ,are
UM T FEA RS = M e )

illumination and curing uniformity.

[0039] For cure processes, pedestals 306 are heated to between about 100° C and about

25 1,100 °C, preferably about 300° C and about 750 °C. The pressure within processing regions
300 can be between about 500 micron Torr (uTorr) and about 500 Torr, preferably between
about 500 mTorr and about 5 Torr in order to desirably cure substrate 308. During the curing
treatment, pedestals 306 can rotate substrate 308 between about 1 rotate per minute (rpm) and

about 300 rpm to uniformly expose substrate 308 to light generated from excimer lamps 302.

30 [0040] FIG. 4A is a schematic cross-sectional view of an exemplary excimer lamp

configured at a sidewall of a housing according to an embodiment of the present invention,



25 1,100 C, preferably about 300C and about 750 C. The pressure

W thin processing regions 300 can be between about 500 m cron Ton
(p. Torr) and about 500 Ton, preferably between about 500 mflorr and
about 5 ToWOI2q0%B¢8P to desirably cure substrate 308. DREFT/HER0pHE0809
curing treatnent, pedestals 306 can rotate substrate 308 between

about 1 piel 4k % @ﬁh,eﬂiaﬁ%rsss(sreaﬁenaaﬂéw@@wth&a@eresaahiemau{zﬁ SfIIG] A apgse
substrate 308 to |ight generated from exciner |anps 302. 30 [0040]

FI G 4A sedfion lige 4 C cross-sectional view of an exenplary exci mer
| anp configured at a sidewall of a housing according to an enbodi nent
of the goesgntiniRiGedd ) owimer R B0DIhdI3d&3HMeCTAd SN 0Flcoiv0 82N afd BbulaB | s

hemgt i - ti . Vi h ' N f
3 a1 onges 800 R FosB s roBd Beckife iR ThRoEREL D il Sus Ve
i ncl ydexoplagg inefiwalt 404, Ackhs choined 38s sughds HufI¢, a4r, Koahd XOR. filledland ar
body 400 is around, el ectrode 410. Tubul ar_bod ?Jggl ncl udeg ut er
val | 5 segledhevreispensal] 40fmnd onfer Pl 02, _qcﬁg geronBgRd adjageat tone,
Ar, Kr %@e@fgﬂv 422 forhirfithr 808, SRR 1eechitt ¥REANbE BRstNBhily Sdthndadaut er

wal | 402. ector 420 is "configured adjacent to outer wall 402 of
t ubul ar dietipdeldld) caRdiiceupled with BFqowebeousessiBdshaval inyIgr Dutn gewdte ingitigas

el ectrod 10 c¢an be coupl.ed. wi [ .sho i
5 o oxibs {4 Smfi 2P G mEP BN Sl b b Rln RO o BRGNS bubRE0 b b
rang® of4obanebaifiginted tlaoughisidevenll Bowfkisrhonaidy. BfhzédGacusmdbngésghid attached

t hrough si dewal | 430 t he pousing. Brazed vacuum fl anges 450 . .
At t achedo s HarbagaAaP siscay e BteTLT el Bl G P e -8
and | anpegli@EmSicARa wilhis b BBodS8f digevBN30 9! Qetaihy sbil PhethdBEIAR /6
sidewal | 430 to desirably seal the housing and/or maintain the

pr essur anaintaiy the pressurewithinghe hqusing. Hds pefed e shapgnd tyular bady 400 s aaYy

400 is Py S h?ﬁ‘ﬂ% i I ) bR A%
have an;1 S Jg&ﬁ%%ﬁh@%ﬂ@%@ﬁéﬁl y %d: ggg%gn?%)c athé&%?gjct r%de 4010. ifaBty
[ 0043] ExcimmeoddiaepctBE2 4480 excite the inert gas to illum nate
excimer |light by applying a high voltage to el ectrode 410 and

subst antfpgd]y Excanadkmg 302 tiresicns thd 26kre@s teiliuhonsd aginédihaby apbidng a
The exciner light can cure dielectrjic materjals sucig(?]as | ow K

di el ect rhigh yaliage lolectrode 41Rand sbsigntialigtoundive sellfcior 420 AdeiouFpe t he
di el ect rg&wIRU8H! ¢he cxc%gel]ilfgﬁf@z]ndéu?e &Bieat %’f@frﬁls, Wich&s fohie despied

wth electrode 410 1s configured within tubular body 400 and is free
f r om beimajerialy dsdesirably iemoteamolistiresand densify erdielectioglaterials.
configuration can desirably prevent generation of plasma within

t angdem qoo43s Inchdodiatents)&ird Ue04 eupled wHihgplecolié tfeis appfigueet] widhinitubalar

410a and substantially grounded haqusing si.dewal |l 430.. Additionally, a
pr essur &OR¥ 4P} ﬁﬂf{ 1§ g@e Ry W%Weéedﬂﬂpﬂgmd"@ BEFPH & mﬂli?fd@ﬁ d lT?‘ﬁ ner
wal | 25 AQdxfftidnuanldasirBRAe ADP genthfioR bE fRMhE withinRthrtih TR ey Eliniteai06

plasma is substantially free from being generated within the space
when el et tothe highovodiage srpfied tn wire 410 anf arstangpliegarnded hgugipgsidewall
confi gur t i i

exarpt o, S OPRERANE b Brishe SHLBRE M lpaed ity B AR pibncs
pr e2sur elviof hibnlahboidy 40). 2l presbaresis proviBedZuch Yhat plagiid |s substaitially &8¢ from

et | eCt QoG A DS RS S Heh Y1eS 0l 418 ah et} 450 At oLtk 4965
are configured to generate the excimer light. The pressure can be, for example, about an

atmosphere pressure, and different from the pressure within housing 204 (shown in FIG. 3).

[0044] In FIG. 4B, reflector 420 can be substantially semi-cylindrical around outer wall
30 402 of tubular body 400. Reflector 420 can desirably reflect excimer light emitted from
excimer lamp 302, Reflector 420 can be substantially grounded. One of ordinary skill in the

art can modify reflector 420 to cover outer wall 402 to generate a desired radiation for curing.



30 402 of tubular body 400. Reflector 420 can desirably reflect
excimer light emtted fromexcinmer |anp 302. Reflector 420 can be
substantially grounded. One of ordinary skill in the art can nodify

refl ector WORPMEHer outer wall 402 to generate a desP?E’HSQ"&%‘P“ﬁ@Pon
for curing. WD 2009/ 131889PCT/ US2009/ 040809 [0045] FIG 5A is a

schenmat i[9o45]0S8GS sgtlé Qaaiem\sh@m@g‘-seafb@m@w oAl eﬁ@fﬁpmrexhaiwmp
conflgured at a sidewall of a housing accordi ng 0 an, enbodi nent . of

the pr es:@nﬁgurnd/@tmanéﬁwallmf@hosm @ccardsnﬂfe R EMbodPREQILhe PTOsFRAINYERLAR: of

th
5[ 00as) T P & 4 apona ORR. St allien b ALARAPRR Rl SRTESN dlope

Partiti cactwamlline 5808.cont act i nner wall 404 and outer wall 402.
Partition walls 403 separate area 405 adjacent to one end of tubular

gogy 528310‘"}‘9 M fatHIer S%B%athéﬂfxe?ﬂjlagy eiﬁldmblolaf'nbe 024 isﬁmem @fantmwm 403
0 y nert gas IS | and Seal e N area
opt i onal Cotlﬁa‘tmiﬁé” a3l {04 2nd putsy Wéﬁ A% %ﬂg%ﬁ%wﬁbéﬂé iSPRagRie é"ﬁﬁlﬁ g? adj %‘%?P%t&

in area o‘}%gd 5’?&5&1&1} VIR ot QR e Bia A7 o3 {b@&{t@@ﬁk%h{eye@didaﬁﬁﬁn&bba yto

si dewal | u3| ng, [0047] Partition walls 403 of exciner
| anp 302&)05émms60@rsetaledcand fscradﬁﬂ \antluamw% Gliés entions! that gas sush eir oy gider

Zgg, bﬁof%ala E%rt e%\{:fti Qlﬁnd%r seale%qn afe:-a]éﬁ? nﬁarﬁ%(igﬁ {v'a %403%5% bne%g&%stﬂ&ﬁlll&:& nﬁEeﬁl‘?

y “eXxci ner I S generate e gas area
407.100- rtb sdewal) 43@of theholeshigi abl y free from being subjected to exci mer
light fromarea 407. The life span of O-ring 15 460 can be nore

desi r ablpgoert emgshn anIIs' 409 Sf 4RFmeABmE 8824 @eplmes&@d 407 TR 28 408 Gas

[0048] FIG "6A is a schematic cross-sectional view of an exanple
exci mer dtkenghandndrt gasrcen bafilled withiageea 403s Daring gxqiting new 8agtiogn aesa 405,

anot her %@g&%ﬂ& eQJlm%Pﬁg@Eeéegl% B e m%gs %@4&)}959-ﬁn§4§(5} mRtic

cross-sectiona rrp e excl | G~ 6A al ong
section desmnﬁﬂeﬁﬁom:b@n{g&ﬁuj@@tedto dxbither Bight ﬁmmﬁ@? Ehehfslspanyofd-cinger

| anp 302 d 302k h |
1078 Souch0isen Bt St Gl Syiod, P At 0P s pre iy oo enolThE Lce of °

brazed vacuumflagge 45Q (shown in FIGS. . 4A and 5A) IS .op tlonalgﬂi
si dewal [0043 JHF gwmhepwﬂwe%es@eﬁl?@} Viewr$ an §nplp excimgilamp gonyigured

conf i gurg lge\t.vﬁn Br ShAR E’tfrflfng% BQyisdr BbYEihenPdh OB YR e FIG.

body 40 ousi n Wth dielectric material area 407a, 25
no exci r@' islaisghematiarerdse-sepsionalavievdof the pxasantle excimen lawp of ElGrdetlpug segiiarn
407a when %géégrsr | anp 302b generates an excinmer light. In addition,
si dewal '™ n substantially block exciner |ight generated from

! ner ; ga[(SJOfS’?G I\rllvlf«‘tI(r_“lI t?A at£1e(33 gthgp eSxem%Iarr;( Q)?c?mér gmi) ioﬂaolls p?(l)Jv%e%(.:t E}gcir?lgy lamp
302b has dielectric material area 407a such as glass and/or any solid dielectric material. The
use of brazed vacuum flange 450 (shown in FIGS. 4A and 5A) is optional if sidewall 430 can
desirably hold excimer lamp 302b. O-rings 460 are configured within grooves of the housing
wall and between tubular body 400 and the housing wall. With dielectric material area 407a,

25  no excimer light can be generated from solid dielectric material area 407a when excimer
lamp 302b generates an excimer light. In addition, sidewall 430 can substantially block
excimer light generated from inert gas 406 within area 405. O-rings 460 is not subjected any
excimer light from solid dielectric material area 407a. Accordingly, O-rings 460 can be
desirably prevented from being damaged during the excimer curing process. The life span of

30  O-rings 460 can be more desirably extended and O-rings 460 can desirably seal the housing,

[0050] FIG. 7A is a schematic cross-sectional view of an example excimer lamp configured

at a sidewall of a housing according to still another embodiment of the present invention,

10



excimer light fromsolid dielectric material area 407a. Accordingly,
O-rings 460 can be desirably prevented from bei ng danaged during the
exci mer curing process. The life span of 30 O-rings 460 can be nore
desi rabl y Wot28efd8dB88nd O-ri ngs 460 can desirably seal tPEI/HBAI83/H8309
[0050] FIG 7Ais a schematic cross-sectional view of an exanple

exci mer gramp ?somdh%a&dcraés RotiddEviRl lof e e%mhﬁl'é%kﬂ&eﬁﬁﬁ@r@m 1R akh | |
anot her "enbodi ment of e present invention.

2009/ 13s8gtRdiReUE2099/ 040809 FIG 7Bis a schenat i c cross-sectional
view of the exanple exciner lamp of FIG 7A along section |line 7B-7B.
[ 0051] I{0ofNG In'H[G. BA, aexembhryexeimerianp Bedvis B ided s pkIeu | i7dgekciher

FIG 7A, exci rrer 3 has .i nner 404, whi ' ted

fr om out!®®pwaeg b q§ ngf” aﬁé@“ @Bfﬂbﬁ S%rﬁﬁcth?m@#liw@h%a%liémgf g?o&xgqﬁag?nt
body 540G, M&1s &ﬁmﬂodg}a@o | /e BRIERAN B30 i Yulgtauatestonidellop Abithg Hor
generating excinmer light, electrode 410 and si dewal |

subst antdeagtingsxsime light clegeede 4Qqng éltimelhﬁfﬁorﬁi*érsuwéﬂmﬂaﬁb%%tﬁ dhedpert gas
wal | 40 04 &

gl on S R B, D e
el ect r o441 theaeglosadjaseat fo end@1fcanhdesirattieprskientigenerating plaosdy drcasle
8-10 are, sch W n exerrpl ary configurations of

exci mer ‘1@ gn@f"f"@%oﬂ “‘93‘?%% \Mb lgFI G 8, excinmer |anps 302 are
subst anti aI Ly parallel configured within,the hoysin One, end, of. each

of eci teP52]arkf&Sa8d0iaze schemati FravinghPongRe Sie ponfiggiptigngroh grgimer
ot her eQ. Gnpd wRAGM msﬁgcmsbaéﬂeﬁné%ﬂs%o@a?é ﬁastaﬁﬁa@l@pafaﬂemhhgdé@b

I n enbodi nent's, excinme may be configured adjacent to the
cent er o#ithih dueﬂmusngg()naandrcbfeaaduc&ﬁwm lasspsi 308 1is ¢Q§nﬁﬁ§reétﬂgow“faﬂ

FIG 8 i f lg, M t ed
t hereto. 4§ (g{‘h%m)r en%)dh‘gf{]ééf mp%)?;ﬁﬁeﬂaﬁn 305'??@5@}((:% g@e‘l’g%}]%u rﬁéd
Wi t hin telmaaohﬁmaits; gxdifnet aeph 80Bmagbe amnf@umimﬂpdatt(&o ﬂlbeemwﬂfehe lpfusing.

Can o GHEBEReR SR PR gtoin et Bonerim@nalsl o Bl

descri bedyRhgy & Add lifell tHeedtd. 00n¥\bit Horke tkaa: twdAxciafdr lﬁ'ﬁ;s 329 cafisk coAfig@ed
be optionally used. [0053] In FIG 9, both ends of each of exci nslé
ch

| anps 30%ithin éhedmuﬁmg tfrtb*tihftllﬁm&f@h a%qoa@mme@mm & R XPINE lamps, 32

end of CtflIRherk @ Muiler bt Al 1o voblodh 13 £ BaTTRM 180 dS
of el ectrodes I n eac e excinmer lanps 302 and sidewalls
430a ancExtaidr latOpmﬁZ @dﬂ@ﬁ@cﬁ&qﬂeammdwaWm cojundion withddGS. 44, 5A, 6A,
confj gur ati-qn of s.302 in FIG 9 can desirably 25 prevent

i oni i ng™gd ‘iaﬁbter?gp%f‘?g%l&?d I n embodi ments, exciner |anps 302 and

302a- 302
[0053] InFIG. 9, both ends of each of excimer lamps 302 are configured through sidewalls

430a and 430b. Since each end of excimer lamps 302 is not configured within the chamber,

H.

ends of electrodes 410 within each of the excimer lamps 302 and sidewalls 430a and 430b do

not generate plasma within chamber. The configuration of lamps 302 in FIG. 9 can desirably
25  prevent ionizing gas in the chamber. In embodiments, excimer lamps 302 and 302a-302¢

described above in conjunction with FIGS. 4A, 5A, 6A, and 7A can be optionally used.

[0054] In FIG. 10, excimer lamps 302d-302i can be configured with a substantially same
space between each other along housing wall 430. For example, excimer lamps 302d-302i
are configured such that one end of excimer lamp 302d substantially faces one end of

30  excimer lamp 302g, one end of excimer lamp 302e substantjally faces one end of excimer

lamp 302h, and one end of excimer lamp 302f substantially faces one end of excimer lamp

11



descri bed above in conjunction with FIGS. 4A, 5A, 6A, and 7A can be
optionally used. [0054] In FIG 10, excimer |anps 302cl-302i can be
configured with a substantially sane space between each other alo
housi ng waMO A4BI31EYr  exanpl e, exci mer | anps 302d- 302i g?yuﬁtﬂ’ﬂ?"?ﬂﬂlged
such that one end of exciner |anp 302d substantially faces one end of

30 exci mani,| Bimaedgips B00I-302¢cHf berxg ol bf dx@ifter Jaes 302088 3024-303cy
faces one end of eXC|ner | anp .302h, apd_one end_of exciner |anp 302f

substantqeaﬁ?fll’s@dtaﬁ%‘@slné%%’&né‘ﬂ@)l@s&q B9 b Exci mer | anps
302c1-302i can be any one of excinmer |anps 302 and 302a-302c

descri bd@03¥ovBaving d@nqlbndcsbmai embodinminGsit Wil be Betog@zed bintdosea! skiflos gie
Havi ng arf t%gtlt tzmousS l%e-t\é(? ﬁ.a%tlons a tetl'nggpe %mFt!r&ct }%A lanrp gqauﬁ\fa(l\’&%éﬁge lps%d Wﬁlﬁ

of skill e ar varl ous no i ca erna
constsru cddpﬁmag ﬁaﬂﬁhe qnint/aﬂ the inserition. b*eidumdllwatnlumbbr & vedplarowinpgodessesn

the spirit nve dditio nunber.. of. wel.l known
PR AR, I e Py L AR L et T L
unneces Sgidgti¥n 0!&%@&&1&1?@ ﬁlleebweefe%ﬁ tioR Vigild £51 be AkeR asihmgtng thet ftgpabove
description shoul d be taken as I|n1t|ng the scope of

i nvent | dheivewB8] Where a range of values is provided, it |s
under st ood that each intervening value, to 10 the tenth of the unit
of the | [0086] | Wiete arahgess values is@ndvedetd, itliaaa:tdblgstodﬂd:lt@bm intehvening yalue, to

bet he and nmts,of ,that ra specifically
o o 05 0 e FntheR T A o B st ittt o Bomeet Gy e e o PR b
val ue | Nthéw d;sﬁeamﬂlomﬁn@maaﬂthmg&lb%o sperifRallpdist1béedr Bach sigallentange i n
that stated range is enconpassed. The upper and lower limts of these

smal | er beaﬁqeenwasateﬂ AR OR A B Rlia iR a ale I9pSSANS Y etheT Hateher
range, ﬁﬁg xﬂgrﬁrxg%?ﬁé?t’tﬁt%& BanBk fs%f:omﬁﬁéédh e Appd2Qhd ldvt'e'inllhﬁts F fhese

I ncl ude ranges-1s al so encorrpassed wth
i nvent i cmnallslﬂapgasnnmnmn@éy bt inshided orsxsluddé i the mnge, amdteh@l repge ed

ran Vere.: he St ted g

fa nglg s X elrelaa }Hs& ngl bg@qgré s A€ angﬁﬁ%ds @r}ﬁ% St al%?tdﬂ]ggg 15%1{%8 ehéo%a%?%d

i ncl udedwithin the invention, sub_]ect to any specifically excluded limit in the stated range. Where the
stated range includes one or both of the limits, ranges excluding either or both of those

included limits are also included.

[0057] As used herein and in the appended claims, the singular forms "a", "an", and "the"
20  include plural referents unless the context clearly dictates otherwise. Thus, for example,

reference to "a method" includes a plurality of such methods and reference to "the precursor”

includes reference to one or more precursors and equivalents thereof known to those skilled

in the art, and so forth.

"nn nn

[0058] Also, the words "comprise," "comprising,” "inclade," "including," and "includes"
25  when used in this specification and in the following claims are intended to specify the
presence of stated features, integers, components, or steps, but they do not preclude the

presence or addition of one or more other features, integers, components, steps, acts, or

groups.
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[0057] As used herein and in the appended clains, the singular forns

"a", "an", and "the" 20 include plural referents unless the context
clearly dlctates ot herwi se. Thus, for exanple, reference to "a
met hod" includes a plurality of such methods and reference to "the
precursor” includes reference to one or nore precursors and
equi val ents t hereof knomn to those skilled in the art, and so forth.
[0058] Al so, ..t.he.wor ds conprlse “conprising, " "include,’

"incl udi ng, " V@ IS?HEPGQ 25 when used in this speC|f|cat|on and in
t he foll ow nk A apparatasdor genenatenp excigpwerdigtio¢heapsence of stated
features, raiegemprisgrponents, or steps, but they do not preclude
t he presenceaﬁéuﬁg N&ﬂ?n of one or nore other features, integers,

1. A
2832?2?3220%612)&5?%%%&6 e i S ea?f%ﬁioqaqeada%%@qlgt us compri si ng:

a housing wal | 3‘%‘?’%6@ c‘ivéroq nalong §1FF‘a|d€alS’F a el ongat ed
cuboi d havi ng dimessi ﬂlﬁ(ﬁkillmted:mﬂegmr al ong the nmaj or di nmensi on of
t he el ongat eah rebbigatedrelectrodd dinpated persiddlr rdehelimposed parallel to

the maj or di nﬁnﬁ;{e@mo@foﬂm@e% fgﬁee@jrlgeﬁdor and a tubul ar body
around the e} ﬁm% wfﬁlﬁ@% eflo aﬁe& ié Bﬁi 4idi ng an outer
wal | and an | f ere 1 y a first end

ext endi ng out t! lﬁ% a}n Ef‘Pel i ereﬂd a second end
ext endi ng i nt dRgAUPHaE 06‘%’ %? SBFH ﬁét%}gﬂé% 4 9f BRd wherei n at

| east one |ner1011@91;5waﬂpéﬂwm%mmswmldﬁnwewnd the i nner
wal |, wher ei n ingentelamngéerad regivhexdithe appatatiscamd whgedind el ect rode are

conf i gur ed t 0 @ ieist end idertigae disposed betwiekh Wi atewan agdci mer i ght,
wher ei n the tttﬁeh@ﬁertwgu Maef %ﬁe@l Eﬁ{fe‘dtfeﬁ@ Blgs@ lahd tﬁebstant' ally

o i on ) RIS BRAHE e BB RARO TR AT Pl g °

first area adj ac
wall froma s % &5 AR EUBHT =the second _end extending into the
interior reg¥ ﬁl'enh W\]?Féllaé ody We ‘%delsﬁﬁ)aﬁllté%l‘f"@ lfsubstar-wi t h a gas t hat
does not genertially adjecenrta thehhousihgmedlh thabsepaaigatthd el ect rode i s
surrounded by tubelat bodyaintdadirss aesa adjaterithe wedhgaead el ectrode and
t Qren eLolngc'r:]léI red exedders ot @lfethe MoSSiRar whe fﬁﬁﬁ&ﬁﬁéd&@ﬁea\tf\g?r \%lﬂl t gfe he
S [ [
t ubul a)r/ body, Cﬂiﬁmﬁggﬁ%§ t%h Eﬂf QFBQ{I ﬁﬁo%{‘x tlﬂég%%onf igured to
refl ect the edg ﬁi@l rem Shrel ealsﬁ edw1lagas ha
oes not genlerate excimer light;
wherein the elongated electrode is surrounded by the tubu-
far body such that the elongated electrode and the elon-
gated reflector are in separate compartments,
wherein the semi-cylindrical cut-out surrounds a portion of
the outer wall of the tubular body, and
wherein the elongated reflector is configured to reflect the
excimer light.
2. The apparatus of claim 1 wherein the elongated reflector
is electrically coupled with the housing wall.
3. The apparatus of claim 1 wherein a pressure is provided
within a space between the electrode and the tubular body,
such that the electrode and the housing wall are substantially
free from exciting gas within the space.
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2. The apparatus of claim 1l wherein the elongated reflector is
electrically coupled with the housing wall. 3. The apparatus of
claim1 wherein a pressure is provided within a space between the
el ectrode and the tubul ar body, such that the el ectrode and the
housing wall are substantially free fromexciting gas within the
space. 4. The apparatus of claim1l wherein the partition wall

contacts the impefppudhls &nelatnbq QHEBH W8 |dart@font WE1 T UbuUl ar body. S.
The appar atdjsadlthé ol AREED el B bERY hdLIPAG, | ncl udes a
di el ectric MRl Apakfl Of O Mo HBRkiEAdC Bl ASEH; 1O the housing
wal | . SincfifdeAPH: fe_@&%éﬁgité’lﬁ%?éﬁégfﬁivi&#ﬂ Kfde gﬁ%e%?t ric mterial, the
appar at us £gf Pbﬁ@ﬂgwmﬁ chanper® def i nimg a-subStrate processing
region; a qu%ﬂ&g é;gy%ﬁgrg.%anngrgﬁ%mk%pln}gqg at a bottomregion
of the chanbef: BRYIGE egsP'5ﬁg %I ic| ?ﬁp eparated fromthe
substrate @gﬁgﬁggm SWénfi qured to generate and transmit radiation
to a substr SEARCILS %@ fate pepc %ﬁjﬁtrf’%lf’%’ upport, each of the at
| east one excPHRSFAEAMBPRS G W1 éP%ﬁ@étgﬂgﬁmectrode; a tubul ar
body around t K&l SEReT ey ode, the tubul ar body including an
outer wal | afhdeashonsREgimgRlamp separatec fiope theyybFEde body has a first
end ext endi ng S]éﬂﬂortcﬁﬁldtqﬁ?éﬁ%a‘%% ngedte ang tranganitglgdigr at us, and a second
end ext endi ngtiphtaor aisirgie pesibenodeyprihe ofbstrife sepneak at us, and wherein
at | east one eadraf thpat lefistpussexdirbertlowp nompisiogit er wal | and the i nner
wal | ; and an ehelegaatedieleetfddest or in the shape of a el ongated cuboid
havi ng a semawoyhlanthdycaduieithe elohgatedelgettdue, thmjndiu- di mensi on of the
el ongat ed refl| éntlardy imtladmigrant dieerewealhgad ad ek lveedk, or i s di sposed
adj acent to thevleuiethewathdlarxdfody hes 4 fibuéatexiading ostaer ei n the refl ector
and the el ect r ofithechwasingnhllglitedppaatxcintl@ sédvddiendért gas to
ilTum nate an exwehdigp into ghintédor regioh ofithe Bgpagatas,@aadri c materi al,
wherei n the tulwhessin Bolbgst onel e gad dispodetitbetmcanathé, substantial ly
adj acent to theutpusiingdwsd lnnett Wall; apdpar at es the tubul ar body into a
first area adgleagnéd taflettoe id thieshagnof £xloagsledguisnid of the housing
wal | from a geehpdaasesi-adindaedlt ciitomit hgosgaBBdmed extending into the
interior regidimensitofdheletingatcieefidctsr] wherem the efonk | ed with a gas that
does not genefabdderefugbine didpogdit adjasedt 10hBE eier WhR ogemi - cyl i ndri cal
cut -out surrabgtbukr Bedy, wdaredh tHeRefl«etirahd Rl dleclodé he t ubul ar body.
7. The appar afrélsoffigeéRidekeiteNBE @hdtt fasPioSiEEMitatd &n Provi ded within a
space betMeenﬂkﬂﬁxéiﬁﬂﬂﬁbﬁﬂngﬂﬁﬁﬁﬂ@ﬁﬁc@ﬂﬂaﬁmﬁ t ubul ar body, such that
t he el ongat gHeRhffé ibdRr Ba) ihdlade fheatadvdleblgehor are free from
exciting gas tiyNdjacehetcSR@ARusing wall, that separates the
tubular body into a first area adjacent to the first end
extending out of the housing wall from a second area
adjacent to the second end extending into the interior
region, and wherein the first area is filled with a gas that
does not generate excimer light; and
wherein the semi-cylindrical cut-out surrounds a portion of
the outer wall of the tubular body.
7. The apparatus of claim 6 wherein a pressure is provided
within a space between the elongated electrode and the tubu-
lar body, such that the elongated electrode and the elongated
reflector are free from exciting gas within the space.
8. The apparatus of claim 6 wherein the tubular body is
around the elongated electrode, such that the elongated elec-
trode is free from being exposed within the chamber.
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8. The apparatus of claim6 wherein the tubular body is around the
el ongated el ectrode, such that the elongated electrode is free from

bei ng exposed within the chanber. 9. The apparatus of claim®6
wherein the tubular body includes a dielectric material region having
an edge adjacent to a chanber wall of the chanber. 10. The
apparatus of claim®6 mherein the second end extends through the
interior regi Q.9 %?mﬁ@ﬁeHQBeQﬁmﬂ sing wall in a
dlfferentJéh e% LS ﬁ i paratus of claim®6
wherein the i% né§ ? e es a irst excinmer |anp
and a se05 ecf

Wal r t exci aving a first end
ext ending o 9 @?&%‘i‘;&?} s‘?f f)laWél hﬁm&n fiie §?Celugn§ on on the
appar at us SXihds EAIPT ESE QY %aR nter of the
chanber, éhvh@ﬁ@ugwé%nuaé&%?%%#mmaﬁa h%@“%e$ rst end extendi ng out
of the houslhgThmippaaiva ofedainy 6 whereintheoplplsestt ene he first | ocation,
and a secenrdnmendaegtisdddena tioseerdinerlaognaet ackcdilte chanber . 12.
The appar akcisiedflampaitine Girsthexcener ldnep dhvingastfirgnendexci ner | anp

conpri ses eftehilingto@xgitheholsanpwalidit a Becogicexehder | anp, and the
first exciappiratugahdedsecohe eféerRddiexabwrid thadpntaf €f subst antial ly
paral | el  gIdHgiHeR hnti ihd RBoADNERMEF 1a8p KNtpCh@Rbals  13. The

appar at US leen&ir;%‘o%‘t éﬁth\éﬂﬁ%ﬁﬁh ﬁaﬁleatia'sé&)tndQMﬁE%gtW and the second

exci mer P 11 548 !&gfuerelnt LR b n&ﬁgF % ]%]et he chanber. 14.

The net ho eﬁ’r t%% e excl mer as a range of

bandw dt h s ent %awhg nﬂheaabtofé% t15112e urn, 172 inn, 193
urn, 222 |n 71? st o
exciiner amp comprlses rst excimer lamp and a second

excimer lamp, and the first excimer lamp and the second
excimer lamp are substantially parallel configured in the inte-
rior of the chamber.

13. The apparatus of claim 12 wherein the first excimer
lamp and the second excimer lamp are configured near to the
center of the chamber.

14. The method of claim 6, wherein the excimer light has a
range of bandwidth substantially concentrating at about 152
nm, 172 nm, 193 nm, 222 nm, 248 nm or 303 nm.
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