MOVABLE M CROCHAMBER SYSTEM W TH GAS CURTAIN FI ELD [0001] The present

di sclosure relates to mcrochanbers and in particular to a novable

m crochanmber systemw th a gas curtain. [0002] The entire disclosure of any
publication or patent docunment nentioned herein is incorporated by

ref erence. BACKGROUND [ 0003] Conventional process chanber systens used in
seni conduct or nEM@\&ABLE MICROEHAMBERSYSTBEMr\WETHGAS CAIRDAN y and need to
be filled with far nore reactant or gas than is actually necessary to carry
out a particular process step on a wafer substrate. Further, sone gas
species are caustic while others are kgwi c, and therefore using m ninal
anmounts of such gas is preferred. [0004] To this end, a m crochanber system
has beelP09al e(Tbporesant difdesups erlatentamBrogharbiers Nl inBpagrplayéa a nouable

m crochanber, system has g relatively small-vol une chanber ("m crochanber™)

t hat segﬁ'go%{"ﬁ%&%erﬁﬁ%g?ﬁwr?% ni crochanber for processing. [0005]
Wil e the m crochanber system has proven useful for conventional

sem contf992br The sefe@s%@'czf’arer@feadwwgh@ﬁlom@ﬁﬁte@ﬁﬁe%vmtéventmeéémem is

m cr ochanber S éhemfcannot be used effectively for high-tenperature

sem con'(ﬁ]ﬁ%rtpgfa% Xé%greé‘ﬁ& I cations, such as | aser annealing of wafers,
which require elevating the substrate tenperature to activate the annealing
process. In particular, the thermlgagigRbog | on associated with a high
substrate tenperature will cause the air bearing used in the m crochanber

system lt0‘50§]ai kom%r%%%rocess chamber systems used in semiconductor manufacturing are
relatively large and stationary and need to be filled with far more reactant or gas than is
actually necessary to carry out a particular process step on a wafer substrate. Further, some
gas species are caustic while others are toxic, and therefore using minimal amounts of such

gas is preferred.

[0004] To this end, a microchamber system has been developed as disclosed in U.S.
Patent No. 5,997,963. The microchamber system has a relatively small-volume chamber

(“microchamber”) that seals a process gas within the microchamber for processing.

[0005] While the microchamber system has proven useful for conventional semiconductor
processes carried out at room temperature, the same microchamber system cannot be used
effectively for high-temperature semiconductor process applications, such as laser
annealing of wafers, which require elevating the substrate temperature to activate the
annealing process. In particular, the thermal distortion associated with a high substrate

temperature will cause the air bearing used in the microchamber system to fail.

SUMMARY

[0006] A movable microchamber system with a gas curtain is disclosed. The
microchamber system has a top member with a light-access feature and a stage assembly
that supports a substrate to be processed. The stage assembly is disposed relative to the top
member to define a microchamber and a peripheral microchamber gap. The stage assembly
has an outer periphery. An inert gas is flowed into the peripheral microchamber gap to

form the gas curtain just outside of the microchamber, i.e., adjacent the outer periphery of
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[ 0006] A novabl e m crochanber systemw th a gas curtain is disclosed. The

m cr ochanber system has a top nenber with a light-access feature and a

stage assenbly that supports a substrate to be processed. The stage

assenbly is disposed relative to the top nenber to define a m crochanber

and a peripheral mcrochanber gap. The stage assenbly has an outer

per i phetthe stage assemplygdbeigas urtaie sulistandiatiy ereyents serstiye gag intbe pabirat gap to

formthe gas curtain just outside of the m crochamber, i.e., adjacent the

out er p&PHEIEISESR epiring fig dickachampey Wheh dheeet e bly Botsrshival y

prevent ghd gAGhéMBedas in the ambient environment fromentering the

m cr ochanber when the stage assenbly noves relative to the top nenber

[ 0007] pect. of .t disclosure is a,mcrochanber systemfar, processing
B fiastet e TSt a e s e PR R R At e et oot

a substra expos reac gas

The sys{@iRbliespdshieRo ARERRIe BAYirBd M arhBast erfiiBnmeBN TRCG SR hRaf thpe. The
system al so has a stage assenbly supporting the substrate. The stage

assenbl ynenbedihgpos etllend| cnkeilight-b@etdfeatuogp Trendystent alsalbéd agtage assembbhanber
and a peripheral m crochanber gap. The stage assenbly has an outer

per i phefYPPRRING theisHbsimte Fiag dpes essembiviedisepseserigtye torhe tap srasebpiiper

contain . j i [ t Ctl no
st anps MEEmcBHafbef hlt S peloafilc SRR, Bln. e JERGIAHERSRE 00
suppl y syt paRipHER ah® isPNGIBRL fefodivk Yo NG Gh&@HbEr0 ThBenisloaBamB&s@mbdiNs a The at
| east one gas supply systemis configured to support the flow of the gas

f r om t hgasatavingzitheomeelecisamaunp b theyrsadiveigas or ndsubstantiphematintmfechechanber

gap to forma gas_curtain adiacent the outer periphery. The gas curtain
Subst antSPRIYSERT cipérvaerThas ab gt ane xS suRalY e Batdngiematicdikent 1rom

ent er i ”&ﬁn@&e@t&"tﬂ&ﬁﬁ%@ﬁse%ﬁz’.‘ ﬁm?%{c Eetgé‘tg@ﬁseg%%% OBy s%?é’rﬁ% cro??\'fig&rie\{i%t o the top

menber. [ 0008] Anothér aspect o sure I's the m crochanber system

as descguppert thbflvw, of thegai frorh hike af lehR @8k gadsupplydybtedTings the maiphesal i ncl udes
at | east one of a through opening and a wi ndow. [0009] Another aspect of

t he di s®icoadnaebiesgamto formraciah awiain agiaseelthg o utkrReriphery- Birogas cuiiaiy ei n t he

at |l east ,one.light-access feature is configured to al]low at lLeast one | aser
bear 1 oS00 e SR HE B dreia et amOR T 4 REMS L SO L TOB0] Aot her
aspect @lcrddhGmibes Ghes WEsthge SREMBIYThOFRFERATe &Y HeaBD AfentiisC! i bed above,
wherein the gas is one selected fromthe group of gases consisting of:

" 0000t SR PR s 50RO AR EIRR ek H e oy .

€em as descCri a ereln re

oxygen.wih&eihthe A Rlbesn ARG Ecedd featlfte thchid el St st Shel 4T tRSURTPRARGangY St em

as descri bed above, wherein the at |east one gas supply system supplies the
gas to aWwmdoiwcr ochanber

[0009] Another aspect of the disclosure is the microchamber system as described above,
wherein the at least one light-access feature is configured to allow at least one laser beam

to pass through the top member and on to the substrate.

[0010] Another aspect of the disclosure is the microchamber system as described above,
wherein the gas is one selected from the group of gases consisting of: nitrogen, argon,

helium and neon.

[0011] Another aspect of the disclosure is the microchamber system as described above,

wherein the reactive gas is oxygen.

[0012] Another aspect of the disclosure is the microchamber system as described above,

wherein the at least one gas supply system supplies the gas to the microchamber.



[ 0013] Anot her aspect of the disclosure is the m crochanber system as
descri bed above, wherein the stage assenbly includes a cool ed chuck
assenbly. [0014] Anot her aspect of the disclosure is the m crochannber
system as descri bed above, wherein the top nenber is cooled. [0015]
Anot her aspect of the disclosure is the m crochanber system as descri bed
above, @34 inokerasprrd of thadisalgsurgistheimicrachambgr sesteraas drsaribied apaye,
defi nes thh%imtcer qchanber erilpcklleral Pegl\%h Tkhe st age assenbly includes an
array of" §peﬂimg%a%%%ﬁse'§8§ﬂ%cr'f TP 6F“ TREMYHs fromthe at |east one
gas sup Ial systeminto the m crochanber peripheral gap. [0016% Anot her
aspect 1Ahe Amothar 3sped of therdisclasure is Shaarmirspchaynhies syshem @6 desaribed abo/ e,
wherein . i i.crochanber gap has a width in the range fromO0. 01
mmto 2“}"“m§fe"f)§831'3‘?§‘5\%48P er C%Og% ict of the disclosure is the m crochanber
system as _descri bed above, wherein the peripheral mcrochanber gap has a
wi dt h iqulﬁi Parireresraet of therisclasure isthe micseehamban ssterp aaéswbegfagﬁ\rﬂe

di scl os J: i her j rein t st age
asserl Bl e ol £ A0 TR S RO AT SERAL IR RS R Rt o r e
t he gaspedjtrirain@pl TR sadd BbahBlly iftlfdeaahanag of Bg¢hiNdshat AapomeheflbivorVG
wherein VG < Vm [0019] Anot her aspect of the disclosure is a nethod of

pr ocesstheggas froohtteraiteasipndgastsupriysyitay intocths mistochareberpesipheat gave gas
present in an ambi ent environnent outside of a m crochanber. The net hod

i ncl udepogaPpAhbiheg atgeet stibstdisaiosu@ s thamicaddhamblengtan 3eTBcyibedabde,

m crochanber. The m crochanber is defined by a stationary top nenber and

t he nmovabeEisthegerigbsahmiciochpmbeangorhnd @wsitgg"etmgsegﬁ)ﬂrymﬂh@l Bt fmymmenber
that defines, in conbination with the stationary top nmenber, a peripheral
m cr och@ot2l gapthefhspest afpbe assiorinle)is tHesaichachambensiisesm pedéqetibedy abdee

met hod further includes introducing a first gas into the m crochanber,
wher ei nWhefgirt theperigharahmicreshapiier gep Bapa wigdih imathegapgmirom0.1 Aen fehstmve gas
or has a select ampbunt of the reactive gas. The nethod additionally

i ncl udel®oL8kt r Adeithiengspeckefbadisglasurieris thetrhierqubrinphesyatermb s dechibedasovgap
through the ring nenber to forma gas curtain adjacent the outer periphery
of the Wo¥5l Bestaggassearinhpsg e MmprEurR VRIgE Y e (17T tadBe topPeRp e @ dnovabl e
st age Ly .1 LV [ r . rtal

or event TR the s BlieNBe bR BB HE Wi b AR BIE s IR B R

m crochayper during the noving of the novabl e stage assenbly.

[0019] Another aspect of the disclosure is a method of processing a substrate without
exposing the substrate to a reactive gas present in an ambient environment outside of a
microchamber. The method includes supporting the substrate on a movable stage assembly
in the microchamber. The microchamber is defined by a stationary top member and the
movable stage assembly. The moveable stage assembly has a ring member that defines, in
combination with the stationary top member, a peripheral microchamber gap. The stage
assembly also has an outer periphery. The method further includes introducing a first gas
into the microchamber, wherein the first gas has either no substantial amount of the
reactive gas or has a select amount of the reactive gas. The method additionally includes
introducing a second gas into the peripheral microchamber gap through the ring member to
form a gas curtain adjacent the outer periphery of the movable stage assembly. The
method also includes moving the movable stage assembly relative to the stationary top
member. The gas curtain prevents the reactive gas in the ambient environment from

entering the microchamber during the moving of the movable stage assembly.
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[ 0020] Anot her aspect of the disclosure is the nethod as descri bed above,
wherein the first and second gases are the sane gas. [0021] Anot her aspect
of the disclosure is the nethod as described above, the nethod further

i ncludes processing the substrate with at |east one |aser beamthat passes
fron1thig§£8|ent environment into the m crochanber via at |east one

light-a fAnptherespectofthe @&'%ﬁ%ﬂhe [Mstied asstesenhad aboyacvheseinthe

di scl os crlbed above, wherein the at | east one | aser
bean1|ngV§ géségﬁwgggg“%ﬁgﬁ%% |ng | aser beam [0023] Anot her aspect of

t he dlsiloswre |s the nethod as descri bed above, wherein the at | east one

| aser b 1l e it0khefiaspedt 194 thedlizrdqsugs ihe methadasdesgribegabove, th?é“ethOd
m cr ochaher, lﬁc?%@%eé%s%ngtﬁgé&%yr?ttg%\gtd %qgaa's]t o ?aslé'retl;e he%g{pa%)sg(%‘%ronbw&

di scl osure i1s escr ere n

|'i ght - agasent RGikoHRerthtloltee TickochAAISdr i 1845t Bné NEMLEEBe BFEAURYoRAE &b
w ndow. [0025] Another aspect of the disclosure is the nethod as descri bed

above, westksrn t he novabl e stage assenbly has a maxi mum vel ocity Vm
relative to the top nenber, further providing the gas entering the

peri phefad22in enoehanibedct githevdisdbsardgisshe/Rletidias décerieahbbb@twhérein thebt
[ 0026] Anot her aspect of the disclosure is the nethod as descri bed above,
wher ei nlegpieonsdpsashepmlinglydasc feasbere aealieglasenkiedth in the range from 0. 01
mmto 2 mm [0027] Anot her aspect of the disclosure is the nethod as
descri bEp®2abowapthenasmkcnof the difdsplds ale miethodcRalebebedapobg swirereindhdat N t he
range fromO0.1 nmto 1 mm

least one laser beam reacts with the select amount of reactive gas in the microchamber to

modify the substrate.

[0024] Another aspect of the disclosure is the method as described above, wherein the at

least one light-access feature includes at least one of a through opening and a window.

[0025] Another aspect of the disclosure is the method as described above, wherein the
movable stage assembly has a maximum velocity Vy, relative to the top member, further
providing the gas entering the peripheral microchamber gap with a gas velocity V¢ such that

VG <Vm.

[0026] Another aspect of the disclosure is the method as described above, wherein the

peripheral microchamber gap has a width in the range from 0.01 mm to 2 mm.

[0027] Another aspect of the disclosure is the method as described above, wherein the

peripheral microchamber gap has a width in the range from 0.1 mm to 1 mm.

[0028] Another aspect of the disclosure is the method as described above, wherein the
first and second gases are at least one gas selected from the group of gases consisting of:

nitrogen, argon, helium and neon.

[0029] Another aspect of the disclosure is the method as described above, wherein the
movable stage assembly includes a heated chuck. And the method further includes heating

the substrate using the heated chuck.

[0030] Another aspect of the disclosure is the method as described above, the method

further includes cooling the movable stage assembly and the top member.
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[ 0028] Anot her aspect of the disclosure is the nethod as descri bed above,
wherein the first and second gases are at | east one gas selected fromthe
group of gases consisting of: nitrogen, argon, heliumand neon. [0029]
Anot her aspect of the disclosure is the method as descri bed above, wherein
t he nnvz&%géstage assenbg¥ includes a heated chuck. And the nmethod further
i ncl ude t iHptheTsReM &Y thg UsqRiUARgisPHBethad P& AracRERNE a substiate itk yter
aspect " i LS.t t s descri e, .the. nmet.hod
Ui SEOARE S b Pedll B8 R AR ERIBrE A s S PRt R

further 1nc S cooll age assennly an

[0031] AvieobeimBePaab ndthddmcRIdes suippertind the3ubRENOEn AfmOFBRESSENSEsEmbly
substrate w thout exposing the substrate to a reactive gas present in an

ambi ent iretheimisrasbambent Biedeicafchamirecis defirerbler a statienarg tdyooheinber aodshe
supportin he substrate on a novabl e stage assenbly in the m crochanber.
The m cpﬁgﬁé'ﬁﬁﬁgeiaésed@?'}"nybe 'P??V%abiei ﬁ?g%ﬁgvbﬁ’dﬁsﬁﬁﬁﬁ@r PER@NEENIVIA e
stage a : . I ] d a
i ng. monna et G TR AR A ARG ATREIR B, FReRh L BE AR B T

nni cr oc Maerbeth@bforthEhmchidbhfdming & RRUunne tve@scrbambeg. ahoaethdn i n the
m crochanber. The nethod additionally includes introducing a gas into a
per i phep@ditipnalydedhedasantredysing gasdirtotaeriphacpl misrbelramberizep thrauglashecting ai n

dj t t i f th bl e, st nb]y. Th dt
For m ¢ hir<giker S0l FER.RaR ydrcenb e BeFer i IPbe ol PO Bistase st o gas
or has fhsSglsakbd BRI thelzal AftdifRgd éi*’lﬁ;%@?ﬁb&gﬁiéf% elrdlg} bf‘thtehga(ﬂ?é/gr gehamoer

serves to draw a portion of the gas e perip m croc er gap
i nt o t hieasd et hanoloet of theeeartivh gak. afheaatnah it mievdchgmbbesdrmasabldeawthage
assenbly relative to the stationary top nenber, wherein the gas curtain
pr event RO'tIRB of tiecgasyeony the pesinhgeal grigioemmmbangep dtadhe microshasmesy Thg t he

m croch [, 003 Addi ti,onal features and, advant s will be set forth
"t e DRElS aleo RS BBV BE M R i MARE SRR AEPk T ienaciisi y

appar enfetrdef, WfeReif thé batkurdid fravant thd RMGNEAGS fd Hhbiem QlvidoRRRANI zed by
practicing the enbodi nents as described in the witten description and

cl ai ms frévorembéringabe witroclammbdre appended drawings. It is to be understood
that both the foregoing general description and the follow ng Detail ed

Descri pobsz] aneditiensllfyataxsraptadyambgesatie be RbEfod®dn tike DERWEE BeaRipBYRT Vi €W or
framewor k for understanding the nature and character of the clains. BRIEF

DESCRI Fipillops TrEinDRAVWNGS 1e0diB33ppBhentda toseakilech in theaw ings the e | ncl uded

to provide. a. further understandjng and are incorporated in and constitute a
part ofdeéfﬁ'%“%‘p%ﬁ‘f‘qg@&@agﬁ.Pfqeﬁ@nagawew@equnﬁ%esr Séra'bﬁfgmdhewfeen

art of _ _ il -
or i moi p e o 8 AERE IRl b el AF IS B IRIAHAP W £ BE[WEeri@of P &1 7

di scl oshatebarhlthe fieeguivg ganeealldebdrptiondmeshe eloingwétared DédcOpiiagateet ai | ed
Description, taken in conjunction wth the acconpanying Figures, in which:
merely exemplary and are intended to provide an overview or framework for understanding

the nature and character of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The accompanying drawings are included to provide a further understanding and
are incorporated in and constitute a part of this specification. The drawings illustrate one or
more embodiment(s) and together with the Detailed Description serve to explain principles
and operation of the various embodiments. As such, the disclosure will become more fully
understood from the following Detailed Description, taken in conjunction with the

accompanying Figures, in which:



[0034] FIG 1A is a schematic cross-sectional diagram (in the X-Z plane) of
an exanpl e enbodi nent of a m crochanber system as disclosed herein; [0035]

FIG 1B is an expl oded cross-sectional view of sonme of the nain conponents
of the m crochanber of the m crochanber systemof FIG 1A; [0036] FIG 2A

is ato view of the exanple mcrochanber of FIG 1A which has a

li ght - ai%?é fFé%twéaé?h%%lcr%?srﬁ%ﬁt'%aé#ﬁgwa@ {imERsLgR PlasehPiRp efmMMe t op
menber ; en{bgg&]‘]dt%ig%ﬁl%ch;mg?igﬁt Aoy ér%oes\é’d(ﬂ rnot her exanpl e m crochanber

as sho ncl'udes a |light-access feature
n the throu openi ngs 038 IG 3 s a detailed
Lross-sl‘g‘{% I'é%é&/a%?xﬂ Gﬁ‘iref'so%ﬁg?r%ﬁgr‘"eg‘i@fiéme& f the pyaimgompaenety ofthes, 43\
and 4B f f rations of a chuck assenbly an
aring ﬁ{éﬁé’é’?&%%ﬁgfé @Y%)&fgﬂégg‘glt%%zgdugﬂcr oss-sectional view of a

portion er show t he top ong with

D s, i 9 8 B IS Mo g e XaTpbe i Ei-hayn Bela? Ho T Mebdias o 0041]
FIGS. Sfihiticaud aﬁ&réh%hé?&?%“s‘r‘ng?éﬂ#oé(he b .mﬁemp%%nanber syst em of

FI G BSovvlngt e novenent of age ass relatrve to the top nenber,

] d b AR 0042 i | f th
PR eVl A BT R “@ae(aﬁaer{"e'&na%@abﬂ“r’? 25 obOWBit B o or
SLM f ophdidid ﬁ{eQBF n’{!rﬁ'ﬁé}stném%ﬁas aﬂ%ﬁ?—h&'@es@fe%tlﬂ@ln he¥ofof 9N<§t g 8 mMmand 1

mm wth an exanpl e maxi num stage assenbly velocity Vm ( ) |nd| cated on
t he pl ovpedngs; dashed |ine at 0.5 m's; and

[0038] FIG. 3 is a detailed cross-sectional view of the microchamber system of FIG. 1A;

[0039] FIGS. 4A and 4B are top-down views of example configurations of a chuck assembly

and a ring member;

[0040] FIG. 4Cis a close-up cross-sectional view of a portion of the microchamber showing
the top-portion ring member along with an example channel and opening at the upper

surface of ring member;

[0041] FIGS. 5A through 5C are schematic side views of the microchamber system of FIG.
3 showing the movement of a stage assembly relative to the top member, with the

movement indicated by arrows AR;

[0042] FIG. 6 is a plot of the gas velocity Vg (m/s) versus gas flow rate (standard liters per
minute or SLM) for different widths Wgs, namely, 0.2 mm, 0.4 mm, 0.6 mm, 0.8 mm and 1
mm, with an example maximum stage assembly velocity V\; (m/s) indicated on the plot as a

dashed line at 0.5 m/s; and

[0043] FIG. 7 is similar to FIG. 3 and shows an example embodiment of the microchamber
system wherein the microchamber includes a light-access feature in the form of a window in
the top member rather than one or more through openings.

DETAILED DESCRIPTION

[0044] Reference is now made in detail to various embodiments of the disclosure,

examples of which are illustrated in the accompanying drawings. Whenever possible, the
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[0043] FIG 7 is simlar to FIG 3 and shows an exanpl e enbodi nent of the
m cr ochanber system wherein the m crochanber includes a |light-access
feature in the formof a windowin the top nenber rather than one or nore
t hrough openi ngs. DETAI LED DESCRI PTI ON [ 0044] Reference is now made in
detail to vari ous enbodi nents of the disclosure, exan‘gl es of which are

i | | ust r 8788 OF fike teferapeaoiynRes Ad ayabRIngLe used dhrovehoyd s pEvEngs iReetesdore or

like re ol s ar used r qughout the

refer tf(t)ﬁ{%%sarre%%%ﬁl §1di§ '4& R g?eces il h( Zglﬁo"ind e 5(@58 9%36 scal e,
and one wilkidcbgslzd Wh&ﬁa&h@mam% harv@%@gngmlmei&.uh&eat@rtmw& Baxeshgen
sinplified to illustrate the key aspects of the disclosure. [00045] The

cl ai ns disclostref ort h bel ow are incorporated into and constitute a part of
this Detailed Description. [0046] Cartesian coordi nates are shown in sone

of the [00A8] eTheRhairhf1gs SrkertPbelb®iRE Hr6HARANDIHiD arr\atcohmtafwheslart Bf s
limting as to direction or orientation. [0047] FIG 1A is a schematic

cr oss- sPetdiled Besatipignam (i n the X-Z plane) of an exanpl e enbodi nent of a
m crochannber system ("systent) 10. FIG 1B is an expl oded view of sone of

t he nai [o0d6p@areiisn 6dordiatesard Shdin inl somelof thé BgurA fbistha shikPoflevdreNdeew Of
the system 10 (in the X-Y plan) of FIG 1A wth line 1-1 showi ng the

cr oss- satd Aremot dkendddso e Imiting as odigictivher oyientetip0 has a Z-centerline CZ
that runs in the Z-direction and an X-centerline CX that runs in the

X- di r eclo00d’] TFige 18ysé sthehhtic @Edseiesctionabdiagriabi Gﬂtheeﬂxlbraﬁéhﬁrﬁn dabippd may
include at |east one reactive gas, such as ox¥ It may al so include
non- r ea®NPedimeat eba micrgehamber sedaMdrsvaiegth 10oF IGs LR sl an exalnsied viaye of some

nitr O9€8¥ the main components of system 10 of FIG. 1. FIG. 2A is a top-down view of the system 10

(in the X-Y plan) of FIG. 1A, with line 1-1 showing the cross-section taken for FIG. 1.

[0048] The system 10 has a Z-centerline CZ that runs in the Z-direction and an X-centerline
CX that runs in the X-direction. The system 10 resides in an ambient environment 8 that may
include at least one reactive gas, such as oxygen. It may also include non-reactive gasses,

such as neon or argon, or stable gases, such as nitrogen.

[0049] The system 10 includes a top member 20 having an upper surface 22, a lower
surface 24 and an outer edge 26. In an example, the top member 20 is generally rectangular
in shape and has parallel upper and lower surfaces 22 and 24. In an example, the top
member 20 is cooled, as described in greater detail below. In an example, the top member
20 includes at least one light-access feature 30 that allows at least one laser beam 40 to
pass through the top member 20. In an example, the at least one light-access feature 30
comprises one or more through openings, while in another example discussed below in

connection with FIG. 7, the light-access feature 30 can include at least one window.

[0050] The system 10 also includes a chuck 60 having an upper surface 62, a lower surface
64 and an outer edge 66. The chuck 60 is generally cylindrical in shape and is centered on Z-
centerline CZ, with the upper surface 62 adjacent and parallel to the lower surface 24 of top
member 20. The upper surface 62 of chuck 60 and the lower surface 24 of top member 20
are spaced apart by a distance D1 in the range from 50 microns to 1 mm and thus define a

microchamber 70 with the distance (height) D1.
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[ 0049] The system 10 includes a top nenber 20 having an upper surface 22, a
| oner surface 24 and an outer edge 26. In an exanple, the top nenber 20 is
generally rectangul ar in shape and has parallel upper and | ower surfaces 22
and 24. In an exanple, the top menber 20 is cool ed, as described in greater
detail below. 1n an exanple, the t menber 20 includes at |east one

i ght - ad@Qad fibgtupper Sufach 4L Oéphl&h&%a%cq@ayteddﬁéum@éa sy@md@ctpb pass

t hrough _t |.n _an e at acc

f oat ur o MOt D TEERE 1 2B ol B0 WBRR R e sl Rlver StFice Shone alvi SR arp
di scussed. RehP¥kaihIENEeHskAle ¥b Ish FilcGh whfert FRe Eu&*e.tar@@@eﬁﬁbé EﬁFdHu%h?’o can

i nclude at | east one wi ndow. [0050] The system 10 al so I ncl udes uck 60
havi ng a\mfergpetrhasuunﬂa@nézromsdlm\mcreuefsem&:oﬁduanddamceelahéItha&dgbbenﬁ@ The
chuck 6Q is generally cylindrical in shape and is centered on Z-centerline

cz, wit Furthes Ripgseredsiy thy dasesbeaaplc he substrajsa?is skown as @ Hasheglime cirglefince 24
of top %%gtdo%% VJ\B%#%O% ?nugrt %?agnfqg tﬁe cﬁuclli% |6§eé’%n9f3hcrllel? lgﬁ@rgﬁe surface 24

of top are sp ace apar Istance 'rom 50

M cr ons ekdmdle rm&ﬁcguwwﬁ) Kk tﬂbes@sm&rmbaarv@ﬂér teinplrhtard RE of i tRRESUt

(height) D. [0051] The upper surface 62 of chuck 601s configured to

S uppor t 460°Ce i emeximenierths labte'astaare l§ses lbbamr%)tcehyprb'é)s bravomgoenerunepkirg lasarf ace
wer surface 54 a gﬁﬁoutgr edge In an exanple the substrate

30" i 5 abeis LhnonsPEROr RSerRhRGt BB PeERINE PEMBR AR REECARRIrcih e RET A
under goBg sBEPPS@?ﬂJ%Qmﬁ;%éﬁf)ﬁﬁrh%uﬁm&md“m or devices and that is being

further processe aser beam'40. The substrate 50 is shown as a

dashed- cle.in.the to Vi e n .an exa t he
Chuck. 6021 1 ahf siearqb Mg B di o ad e 2 e BR Py P 28 SPBEHUERCE ne
subst r age aﬁQwEPSLﬁ‘fa‘é@fS@ranH SRR dAEE séfWrﬁ)é thtépmsﬂnan&mg ! ﬁeQ%O id Srr eﬁxarfp' e,
the at [east one | aser beam 40 conprises one or nore anhealing er beans,
i.e., oinenediately &ljic@aethddewsssurfiat 6¢aif cinekicorsothst taanieerhiahthsplatagiset N t he
substrate 50, such as, for exanple, dopant diffusion. [0052] The system 10
al so i ndd sdethesmakrammunication taterervgth dy@xaragleﬁatbph@erml tmpletm&l@wera&lssz a
| ower sur 4 and an .out The t her nsul atin 80 is
arrange ?%ﬁﬁ% atet'y Hd s Lt aﬁ?”?eih% i 8\%@? N9 g n%i th? iifntel %ﬁe g% fhat t he
ther mal th'eﬂﬁbl'rﬁédlzﬂ&g'l@é‘?@o%oin |I§tlm5‘tetc|3ﬁfa@ﬁlmtﬁqm&%wf9& élh@frc‘ﬁWHE fo. I'n
exanpl es, the thermal insulating Iayer 80 is made of a glass or ceramc

mat er | atb Sﬂr Jl'i?e %/éga%) 10 L\Bo %l&&é@%‘%o&. ré@e%lc%% crglm ure?oc\?\g}sezrmoiyhzagmsgal of

|nsulat|ng | ayer isrnintimate cormact Wt

chuck 6{dat gérQ‘;QE'@B bRe SN Skl ahQ L \HRuéd BCthdIR3r Be£RADILRMgSME&R UPBN the
configured to thermally nmanage heat generated by the chuck 60 and by virtue
of t he subsisate[3@am dichiledchigelowc Ademe mpleaootingdevidesqQ iatled&0an apedesdaddbed
beIOMLéég exanple cog%iqg deV|ce 90 includes an upper. surface 92, a | ower
sur f ace 203 IO SHHaeR PhAnEafyautss dehm 6. B SorlnaidsvicedWincludes 7 ERseswo& hgbss 98
that i ek recess 98
i's COH?I gﬁr{e@ to ag@OE%Hggﬁalt zHoai g?ﬂglsﬁ@gu atl ﬁ%&ll@g 'i?&g%ureyc}%t he chuck
60 so tahedmmbatatetthetmwanmsulaﬂagxlaaérsrgadcawerchaa 6GsStAP e &6k terthBEe support
surface 100. In an exanple, the inner walls 102 of cooling device 90 and

t he out'eﬁulaétﬂvgé%veséompeerteﬂ by kg suiportrssitfioes wfg Ihapexa®pleatis: iohercalBo

defi ne urther exanp (0] n evi n S one
or mrelﬁéggg?cﬁl&%d@ﬁﬁﬁﬁélagd Togoytrne %ﬁscﬁ?@(ﬁ@ 6% 035@ '%fag\/()sh 'Hg?at’/ hgéﬁ suppor t
sur f acenddlsg eflia® 4 RWEL, Mfﬁﬁﬁe earfifle! fhRlcoBlifAfevrd | ber
70 that enters theéggp Gl can SMI%U?eOf tﬁelnlcrocﬁgaﬁeéggﬁﬂkﬁﬁgﬁgﬁ t he
cool i ngasiﬂnwccbau&ﬁblsaloztﬂtet bmwe asga“sffm:apzaﬂ frohinehd duppbrlsuifasai Gl totpel ayer 80
can also be an air gap OOSﬁi The system 10 al so includes a novabl e stage
120 hal@WWy sffaepikso E!WF?@@%ZQ @taﬁmaropmbersmﬁhateﬂtfmhetneGsl;pgnélm/vlo

further ulc gf:’tlhléqﬁ%roch mber ﬂ}a{?\boughlt%g c%cr)lrlr?gn vnce AR }ower surface 94. The

thermal insulating layer 80 can also be an air gap.

[0054] The system 10 also includes a movable stage 120 having an upper surface 122 and

a lower surface 124. The system 10 further includes a ring member 150 arranged adjacent
-8-



the outer edge 96 of cooling device 90. The ring nmenber 150 has a body 151
and includes an upper surface 152, a |ower surface 154, an inner surface
155 and an outer edge 156. The conbination of chuck 60, thermal insulating
llayer 80 and cooling device 90 constitutes a chuck assenbly 68. The

conbi natj on of chuck assenbly 68, npvable stage 120 and rlng menber 150
const i t dheoutergdemiotionlies ﬁ%‘é@rﬁﬂ yihezme ”‘I?f@b‘?roléorf@ﬁﬁ@@@ andinglydenar y

| at ¥, :128. . The t 128
nas.an’ S0tBPRCTEEY 20 & YRR R R ah A% sulidts IV AN SUBREHESRE g, "The
outer edg@biRBioRbf EnUME cOEIHRAhallRQatidgdAR? BoEhE caaw@ﬂe%.cﬁfg@%n&?tgte%téppor ts

the cooling device 90 on the upper surface 122 of the novable stage 120.
The novablak assegldy 620 The caplinatidry obdwuinle etsechbiyoc & muoableistaperi 2026 deingf | gur ed

to cause the movabl e stage 120 to nove and toﬂp05|t|on t he novabl e stage
120 as Hbeé‘{‘}%d %FP%“&P%E& PPYUE $gee AEepBY 1380 heftor ReMiasy 2Blisstatiensy 120

relativeg, (J:tat%eatortﬁ% FSRA6E s [REReloN IB@ 'm)evnﬁgvﬁ)flesgtgg{@%g%b'l ARgLably

supporte aving i upper su manner t hat

al | ows bbg.d@cpea.hmeusizsgmﬂcmnbﬁ eRENMBlelifddfiiRdXn Yaflb@ife o&t@%@ e TdEeof fer
surface 24 of top nmember 20, outer edge 156 of ring member 150 and upper
sur f acemepesfl5@| at en 130 define a gas curtain region 158. [0057] In an
exanpl e, the novabl e stage 120 and chuck 60 are integrated to formeither a
uni t ar y[(mssp dbamavablearaiet1 20BvpRdres thiauellinddivideDoanrthalipyecanretiedof 0 t he
posi tioner 126. The top nmenmber 20 is sufficiently long in the X-direction
for thetheHneyebbostege eTheéha\ﬁbJﬂeSt?gﬁ 120ds pperahbyrAgenected twa ph%ltlomdfelZIGaser

beanms 40 can expose the enti u surface 52 of. substrate 50.

fro o rrlegBE e UF sipiblersaflod Mo B e o ehsh 86 SuenIB Sizehantor

150. Thgs r‘ée'ade%rsojtmkl'nétﬁé Bmfjofrtﬁbﬂdv‘éﬁle s@aée@OCrQ@H/é‘ SRMLGRI0 such
that the inner surface 155 of ring nenb is adjacent the outer edge 96
of cooIpcwglcde\ﬁheen@@biﬂ”ﬁiagiaeﬂmeswnabmsnpbmmcgamaGﬂatéMH@Iﬂmﬁwmnupﬂem an
exanpl e, he annul ar gap is vented to the outside (i.e., to the anbient
envi r onté ?2'n%maﬁn%rﬁaﬁb@'@vv%th@mvab'ﬁsmz 18P tamnyean thegbYedenes in t he
range fromO0.5 nmto 2 mm As best seen in FIG 4C, the upper surface 152
of ri ngO0ABGlbelhd BWveandrfaceidrofsap freemabe? 20pbuteopdgeelfitef rid@ niefiberel 5® and

peri pheral m ¢rocha a aving a width W&3. In an exanple, the width
WS is ‘i'prPefﬁ‘ér??CSring’@q?P[?ﬁg gio(ﬁ‘?ﬁﬁe@ gasieH{taifepienila8anot her exanmple is in the
range fromO0.1 nmto 1 mm The peripheral m crochanber gap G3 is so

desi gndf8¥7lbeltrcansexattnde, fee moteblalstage d20 ehdninixki60gap irGagnatatstodpou eitherhe

eri her of m chanber 70. The s stem 10 al so, i ncl udes at | east
gne gas GppPy? @%ﬁ@fampﬁaentdﬁaviﬁ)?ea@!%ﬁh%hse ReSBPIY PN P e LOEHPYED. 10 an

exanpl eyga fiid1sh ngé}ﬁbegr%qv\}"é’tffﬁé’n@ﬁ o%g% iR >@9Pé twggﬂtthfe%h%ga d flembie gas 202

to the m crochanber e ano gas supply IS configured

to prowveteve bethgasp 20@nber 2008 thatthe REbBEaMSH0 cdmexpase eeadipire uppdrodi nent ,
different gas supply systenms 200 supply different gases 202, while in
anot hersUeRempt of wivsdaierh®t t hey supply the sane gases.

[0058] FIG. 4 is a top-down view of the substrate 50, chuck 60 and ring member 150. The
ring member 150 is arranged relative to the cooling device 90 such that the inner surface
155 of ring member 150 is adjacent the outer edge 96 of cooling device 90 and defines an
annular gap G2 therebetween. In an example, the annular gap G2 is vented to the outside
(i.e., to the ambient environment 8). In an example, the width Wg, of annular gap G2 is in
the range from 0.5 mm to 2 mm. As best seen in FIG. 4C, the upper surface 152 of ring
member 150 and lower surface 24 of top member 20 define a peripheral microchamber gap
G3 having a width We3. In an example, the width W3 is in the range from .01 mm to 2 mm,

while in another example is in the range from 0.1 mm to 1 mm. The peripheral

-9-



[ 0060] In another enbodi nent, a single gas supply system 200 is enployed to
provide the gas 202 to the m crochanber 70 and ring nenber 150. In an
exanpl e, the m crochanber 70 contains the gas 202 and substantially none of
the reactive gas present in the anbient environnent 8 The phrase

"subst ant al L%/ Qo reactive gas" as used here neans that there is _not enough
react i véNigRSNIBOERRR &P is s designated beGapstheieripherabmicedwmner gap €3rpned out
in the %ir&fn%h@:ﬁpﬁﬁhezfgo?ﬂwi&gﬁnaﬁrﬁﬁ%bate 50. An exanpl e gas 202 can incl ude
one or nore I neft gases, such as neon, argon, heliumand nitrogen. In an
exanpl e, ‘H%i s 202 conﬁi sts gf one or nore inert gases. I n anot her

exanpl e 0 € sygom; I0Alspsaciudes Ftdeast opmgasuaplisyeeRA00 anda lapst 89§ gen, in
a selec IR el t. i ] i |-Gt f a
reacti vgogas suhghl sggggxé/sé)'er'ln ?ﬁe?ﬁﬁ&ga@%&&ykpﬁ S?Setgﬁizﬁ@s's %Hrﬁgtégh c[lotrcl)g t he
same r epedvidkethggas POEELNe rhibrdchemBeil e ihile AMbthe P B ¥upBIyisy aeerdoas i ng t he

m crochanber 70 so that the amount of the reactive gas within the

m cr ochaefiguretbto rowde the gasr29a.to lthe g enesrher 450.t Inneaixanplearobodiment,

oty RPN el B O A SEER PR

contr ol ehlggdﬂ‘,ﬁé;,\@/tpgy@gﬁwgggsgrﬂ&gagege peri pheral mcrochanber gap G3 to form
a gas curtain 202C adj acent the outer edge 156 of the ring nmenber 150, as

shown i . DA through .5C and.as described in greater detail bel ow. Each
ool ant [R9EBE v S5 er B PEnE Sl A5 acP B GG P AROEREPIYSS Bt PravEsgan
252, sSUgdy &R t%ﬁ@ﬁ\i&f)d?arﬁ&treb'aghYﬁl?rnﬁé?nl!;@r)ﬁ-SO[ APS3bxahhifle StHE WEF oL aRb SO

i ncludes a control unit 300 operabl'y connected to the gas supply system 200
and coof@mntginp phie/gas\OR ent 26iistantihllg onhé githedebdaive@at padsenttie tiopamatenon of
these systens 200 and 250 to formthe gas curtain 202C, as described bel ow.
The sys§Bfonment 8. Thephiase “substanally np (eastinfaasy 3t éspddwee preanwihat share j
connect 1 i b | east one.gas-f.| ow
channel "Rk Eeled SEBRIFE 2 SassiubhglcFioh ft Borb BRI ARG B

m cr ochanbsdhakiber 70 BAEKY sublstrate3s0. SArRe i Re 884 B2 @ iSGOREHd & HbRAREM of an
exanpl e enbodi nent of the system 10. The system 10 of FIG 3 includes first

and secgnses, sighasreooeargoh drtiumeand3ikogerd 1B@B exampleptfengan20® comsigisighone
openings in the to%é nber 20. FI%:tZB is simlar to FIG 2A and is a
I

t op- dovitl VP&t 88 AhsriRrapiele=ths sas 20K 40! Staltlgeaﬁ Png reaiivesias oigh

|1 ght - agcsSserd G WIES g{gﬁ gnd 30B. In an exanple, the first and second
Iight-accezgef'eaturesa OA"&nd 30B are centered on X-centerline CX on either

i f. 7= | . _[.0065], | le, the first d s d

"l oht - dB8EC " HadiPEuEnavaRa suiok HaDHT ! Peeciig Brsri oSSRt FRES shape
d i . . .t . . 24 of

o sl g S e R e 2

30A andr@fBnaarimgshe evcrbchapatss 7Disbshatahd aseuandf thasesctheasswibih thed 408
through the top nmenber 20. In the case where the first and second | aser
beans 40iAroshamhen’Qisaof alkergdntn ahexample.dpe selpBamaut of reastivgasdn the gasi ve to

Z- cent e li t respective angles of the firs d second |ight-access
featurgzg%g%tsacﬁgh§g%aata°nrpe§35errré88mt 9dnedity thg SH%lsttrcahe?ﬁ'e first and second

| aser 2eami 40A and 40B incident_angles. It is noted here that the first
and secd® ringrpe@ber Lo is Fefigsned tnepnimbthedipw el gasAtldatodheso t hat

first %quﬁgrgpﬂ%ré)@l%ﬁ{be‘)@%3%9 Pbrﬁpggg'soﬁr%Yneﬁéﬁpaa%cetnp theoll (Sert éaagteew%oo'f
the ring member 150, as shown in FIGS. 5A through 5C and as described in greater detail
below. Each coolant supply system 250 is configured to control the flow of a coolant 252,

such as water or a water-glycerin mix.

[0063] The system 10 also includes a control unit 300 operably connected to the gas
supply system 200 and coolant supply system 250 and configured to control the operation

of these systems 200 and 250 to form the gas curtain 202C, as described below. The system
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[ 0066] The ring nmenber 150 includes channels 162 within the body 151 that
are pneumatically connected to a plurality of openings 164 on the upper
surface 152 of ring nmenber 150. In an exanple, the openings 164 are
arranged near the outer edge 156 of ring nenber 150. FIG 4A is a top-down
vi ew of an exanple configuration of the chuck assenbly 68 with the ring
nenber 180@Isgindldas@ivaguymeysbem 60 sagematicaly cemmicterytodbe imigrogmmbgret®i n t he

cool ing device 90, and the rjng. e r.,1 are circula Fl 48 j.s . simlar

Lo 1 G oa e dh SRR PR oot SEiEuf Sitimesetane (5P ey  ce
90 and KB URRIHBE MieRchsMBer™y € rectangul ar (e.g., rounded square) shapes.
In the exanples of FIGS. 4A and 4B, the openings 164 in the ring nenber 150

are arr e 0 dge ;156 t han i r surfagce 155 of
g mefiusar E553% ook UBiaReh SoeReR chitbab ¥fah bReshB G SRS, of
por ti ons@terhNO. $HSERAAA0DRAE BohddiRs it aRAkEEMNA 18ht-hddass faBiREs 39Dl ong
with an exanpl e channel 162. The channel 162 runs around at | east part of

t he ri ngOBrivtbe forbbof thAdugh apeoimgs imthEltGp methhies 20nEIGRBrgdimilpt ® GSA ags 164
that connects, the channel 162 to upper surface 152 of the ring nenber 150.
[0068] 157 QR Aot Oégmvgﬁ%%q T Ters shawing fhf firetrangrseqens lahtereesar e

bet ween i L.nC i I I f

opent ng S B¢ 3O APSH MR REEmpI the 3: FRERELRY B Rpects REFLEE 0B gplidPe, , .,
exanpl earersentlirs®bih X-ceatlirgacK shpphet sBDf 2redfPline'Cd.udes a gas source 204
pneumatically connected to a flow control device 210. The fl ow control

devi cesiob] ATPapBEHTRL haklf R0RGAUTHh ki FEOmhAmherog yesuch as on

opposite sides o irst and secon t-access tfeature 30A and 30B, as
shown baectsmgulaf crexasgatienalnhipdanBarelangd ixamfteam thdepddrisaifacah watend gas
sources 204 are pressurized and supply the gas 202, such as nitrogen,

ar gon, |Bwer syrfacet2d.of tep @ﬁrr&ea%ﬁvret,hetmgptan@w kefitst and sropnd dightoacgessr e mass

fl | | | . [.0Q701, | le, |
y ot enatabhies TR RLa0 Y sP Ot S nasskBAaRY shipla S RIS uoh dRa AR, RUBRN Y
third afs 188 RN 8! BMHeTaBRHERthE it dt dnB QBARRELSRr beahb 8ok bAgadBARer 150.

In particular, the third gas supply system 200 has a third gas source 204
pneumatincdéntyorctheteg rethken 28 at b boglé relativotot 2-cdnteldive €2, tha0espehtivharighest ur n
is pneumatically connected to output channel 162 of ring menber 150. In an
exanpl & thalrst and gecgad lighlarccessioatures 30Aand 39B4ag beaadaiggeneslly matgas 202,

whi ch i : i . I Vi 0 [ |y
oyt omts a0 SR GR e fock RERDEAEN BT 4B kR bile e b DBLAt AGE 1HRTNE HAR, Yo &
gas senm@rsedotfll idhdlacdeds tdati@es 304a8d 36MesH bdeatligdrad oAbt filBaktesecwhd hi n the
m rcochanber 70. The gas sensor 270 is configured to detect the presence of

a reactlasee bgarns A0A gnd 40K pymriap, atwhe sbstrate 3§ st em 10 i s designed to
substantially prevent fromentering the m crochanber 70 fromthe amnbi ent

envi r orjoess] 8rhd fik/AEmber 850 @XAbRY €hanhbi 162RiithHi tHeiddy3BA thatcdreides a
digital-to-anal og (D)A) converter 304 electrically connected to a
m cr o- Pneseatiodllyconneded ta a plunaldy otepanings| 164 on the Oppatwrtalzdefmng er 304

T R R RN S (G DR T
sensor Zdfb&Nol §REIMES a fop-dd@in view of an example configuration of the chuck assembly
68 with the ring member 150 surrounding the outer edge 96 of cooling device 90, wherein
the cooling device 90 and the ring member 150 are circular. FIG. 4B is similar to FIG. 4A and
shows another example configuration where the cooling device 90 and ring member 150
have more rectangular (e.g., rounded square) shapes. In the examples of FIGS. 4A and 4B,
the openings 164 in the ring member 150 are arranged closer to the outer edge 156 than to

the inner surface 155 of ring member 150.
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gas sensor signal SG representative of one or nore gases 202 detected by
the gas sensor 270. [0073] In an exanple enbodi nent, the top nenber 20

i ncl udes one or nore cool ant channels 256 fluidly connected to the cool ant
supply system 250. The one or nore cool ant channels 256 are configured to
circulate the cool ant 252 through the top nenber 20 to cool the top nmenber
20. Thel90644 HRGAs astosanya ceassiseeipnabviewef apoeianpfithe pystemilishewiiedhe

channel £ | ui conne d, to their respective ol-ant, su syst ens
550 and enaeel S BRI 156 S8 e BB B BT n R R R B 0
and t he aeARldi R Gadeyare 8f H@-ringAReifther 150t NG ARBIVALIA PG, AE iSod Ghdifiple

m crocontroller 310 initiates the flow of gas 202 fromthe respective gas

suppl y speitiegsléaddbai cannetth¢hattanoehkbiteruppr amthce 162 of the rpermedheeal 50.

m crochanber gap G3. This is acconplished in one exanple by mcrocontroller
310 sengoosg] a It bih SkarkiplBicbAligF M &l the lrigqunoSﬂé? 150, thee: HedebRBMES bed 5304,

whi ch converts the first digital control signal S1ID to a first anal og

cont r ol ogeénjngd pesinth. Pneexhbinpst sizer(dlaoteten of thel opsingngall646isAn itise pngw ifrbet0.02 t he
first and seconéj flow control devices 210, which regulate the anpbunt of gas
202 t hal"PFORL-93 BA¢he first and second gas supply systens 200 to the

m crochanber 70. This serves to fill the mrcochanber 70 with the gas 202.
The gas[0968koin 27examplegsabodinerdnédchiges suaply fvstem A@ivkledes agahionreen2Ds

m crochanber 70 .is constituted by th as_202 and does nqt .include

Subst anbTam gl Ser g ethinarburcahaial e Ve 3t ane Havt il Bryede D o07s)
Meanwhi ] I ; ol Sk anal
520 To bR T O R D o e D M s

si gnal <2bnd bgle-xeess fichtareed Mgarai3UB, o stivgniey wo2 8F exbhrple m0G.8B.anainog cont r ol
signal S2A is provided to the third flow control device 210 that is

pneumat PEANIS t@%ﬁﬁééﬂ‘éaeqoadtgﬁiesqqrmj 204rse pressgizedand supply the gas 208gicht e t he

amount of . that,. fl o fromthe, carrespondi as urce 204 to the
o oc e PR 3faghi ARl Y. aPhip e B 0 B deTREs 2R B ok e
202 t hadonerdliibs RPERIIAGSs. 164 flows into the peripheral mcrochannber gap G3.

Most of gas 202 that exits openings 164 and flows into the peripheral

m crochaphey gam, e%niodéeﬁ@g’ag@g%@?@g{yﬁe%maqgﬁgmgperawégéﬁ@gafgzgi [thghé nto

the gas curtaln regi ormng e gas cur n S shown
i n Fl GSnickashbfiberad), viHde a third@astudply $yStem@isqfheliMaticdifdbonhé@ed 8GR g W dt hs
WE3 for the peripheral mcrochanber gap G3 is much greater than the width
of an anembeatithgngapicuibar, the toind gastsupplylsysteor PHwsiadhird gahscmsce 1@ one
disclosed in.t q& af or errgnti oned_ U. S. Paﬁten,t No, 5, 997,963, wherein the

ai r beardY 5N QPReTed Eha thied Bipwepntse! devige 2LBnxhigh indyrn ispaedmatipallyy | ng of
the '9 i I rQXxi.m i a
combi nat T ed to pMB SUARRI 162 JraMETREMEE: B9, R gl eBnfolll B ikl ¥t D3

pul I'i n@0a ivpssimzedbhd oupiiet te gisRoReakichth gogkaafdi€rsthararé E8Cdd supph@y t o

i sol ate the m crochanber fromthe surrounding environnment, its primary

f unct i dY the other gpowinddy wysteimsA09g gap via the use of pneumatic pressure. The
air-bearing gap is formed by bal anci ng between the force of the pneumatic
pressuf@ozr}d hhe dxempi: @hbddimensehie sgsparh 10 alEbénd@fesiasgagearesoablVytheery snal |
and can be reduced in size even further due to surface inperfections and

pr essur®lyqdasagaasenser hparh777 thpheesides avithip thenyirgashambepd?.i aglsensor

m croc e is,determ ned by the nmechani cal spaci fori menber
Tso and P nERler g bR e i e Mo n B Bt Cbr Rk B bitifber gap
&3 is MuGddsin@aito kisaldbFeRABfbRAGdding frenicrdWambbAsd fRbmtheabout 100X
Al so, the peripheral mcrochanber gap G3 is substantially independent of

f | at nesmbientieaviromsemtr8.sur f ace i nperfection of the top nenber 20 because
such flatness variations or inperfections are only a small fraction of the
wi dth Y§g¥29f ipanicRfiapr) tHe heehambeoo E\@l@ld@adigﬁt@ﬂtlﬁinaTcﬁ%J@/Arfbrﬂ'bftebml ng
requires the pair of interfacing surfaces to be extrenely flat and uniform
t o avoetectritelly corfrectes toamiant-pregessod cartnallyr (igniemchnwolet). 3100 Thad/ances

wh i hanb i th ir b i I bj ected t bst antj al
e SRS el Bhhe iR bk iobe PP ¢ cces
of thetgj Fnigs%dtﬂglse?gﬁb B%ls]ooé?&%ﬁcm'c%ﬁé&eé {Beth'éeggykér%gr H@Erﬂ:ﬁrse%eﬁ;g?a to

thermal distortion
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[0079] Meanwhile, in an exanple enbodi nent, the mcrocontroller 310
initiates the flow of coolant 252 in the top nenber 20 and cool i ng device
90 by activating the two cool ant supply systens 250 fluidly connected
thereto. This activation is acconplished using third and fourth digitals
53D and S4D, which if necessary can al so be nmade anal og signals by sending
t hem t hBBLANSPHHESY 26 EeRfoantativesy one PHOmIE Sa5¢S 2A2 ERtEFIAdDYIRBBas FRNSET t he
vacuun1§¥§ten1260 is used to create a vacuumin the mcrochanber 70, and
the gas 202 is flowed into the peripheral mcrochanber gap G3. The vacuum
created in ﬁhe m crochanber 70 serves to draw a portion of gas 202 into the

m croch&H&1 7021 KM RleieRPadieeHe e toBMembatiZgnerdespre poteseslanhe

i h 74 f j f 2 0081] On th
| ow of chattte el foltidcteH Ghe S8R0 RUBBLY s 0r We ont B ok E¥isnd °
nni cr oc BigdrRls 258 r&Confisubst RidceRedthandolafe257 thesigd theRo® bt 30t o €841 | S

established in the top nenber 20 and cooling device 90, positioner 126 is
act i vat te top raerobert 20| Theirggahersbey 156 amdweolingdavive6l absosindgde fiR0cooldme f i r st

d d | 40A d 40B th h th di
ot - s e R B orRcieddo 0" acaive CPp REL SRty YO PODASE M ars 40A
and 40Bg§aa: Q¥ Slow FFoskdhf %gfiffégu tgﬁgmgtrﬁé%&ﬁgO%“ﬁ th® cémﬁ\gg%gkagﬁot he

substrate 50 relative to t Irs econd |'aser beans n B.
FIGS. 5 0 5C are schematic side vie t he syst 10_ shqwi ng t he
rr[)verr\enﬁmg?f t b’lfgn}%‘v’ﬁfﬁtéo"s‘fcféé%g'gs@eH%?rﬁc‘lrﬁg’%é?iﬂ |’\')téat?%§‘teﬁg"‘f %fpﬁaﬁg%er 20,
with thg I ; st age
assenbl yoﬁg@gﬁ%gﬁ%dﬁg%@g% éﬂﬁ%g‘?hf'é‘ﬁ eeég&;}%gwﬁ?%z@%ﬁﬁﬁégﬁ)eemve back
and f or périghelra@nivechambdrezapdis. Mibidie accdbhplisihed igame202mpledwsmicrauantider

openings 164 into the peripheral m crochanber gap G3 and then away fromthe
mi cr oc h¥bnding a firgl digital santge! signal Sirtogbe A sonvATHATI3OAL whish cenvexistthe t he

peri pheg m. Gr r &B.and flows .into t g urtain region 158
ther o ciiat slisB5MBIREE P2 TePLEh af st oD Mhe Bt kSl of any
reacti VegS10fs pdaigsd tdthkhRstamiiseEn dob(l ESHIB AkviBes MRA MM BguIsQReOf the
gas 202 in the mcrochanber 70 flows into the gaps GL and &, which lead to
t he antirepunterigas 20thtinat fl@ws fremi the disttraat sdcachgentpmpabysyerby2@he the nor e
gas-flow ch nn%ls 104 shown as_pneunmatical|ly connected to the annul ar gap

Q. [ 0088[OPPEPER0.sHyhaeryereforfhrp Mircorhajabars i {heigng 282. Ahpgas senstr P1
and novjgs hgbdttﬁgof]?ﬁ'nq'tiaggltéé g@qo&@am o RS fic, BRI OB 120K AR 0L N9

i nci dent near t eft er surrace 52 subs .
shows tthe goY@bARI dde3got ARfRRRLYstiRTI AncUnROSH UnvRiftdPreattiilioidbs, ki 45 ddl e
of its scan still moving in the -X-direction, with the |aser beans 40A and

40B i ncydegit: upon the upper surface 52 of substrate 50 at about the m ddle
of the substrate 50. FIG 5C shows the novabl e stage assenbly 128 at a

posi ti oo aMebhwhitd)dh®midrbconsier 3 1heinds bRecdmMagitR cohtprgtignsFsMloy 128
decel erates, stops, and then accelerates to a maxinumvelocity Vmas it
noves ithe Phd copester 884.dvhiel eanygris ithie seconddligital enntead sigoal)S2DTthiasseperstess i s

al'so r %Rg%tgecgngtol sﬁ)gonsall gi.Ao.nThienseE:gned grpaﬁ)ggséc}n?roqisiigr?éitsizgri]ssbrovid%g to the third flow
control device 210 that is pneumatically connected to the ring member 150. This serves to
regulate the amount of gas 202 that flows from the corresponding gas source 204 to the
microchannel 162 and out of the openings 164 of ring member 150. The gas 202 that exits
openings 164 flows into the peripheral microchamber gap G3. Most of gas 202 that exits
openings 164 and flows into the peripheral microchamber gap G3 flows away from the
microchamber 70 and spills into the gas curtain region 158, thereby forming the gas curtain

202C, as shown in FIGS. 5A through 5C.
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[0084] In an exanple, the novable stage 120 is configured to nove the chuck
60 in the Y-direction so that the | aser beans 40A and 40B can scan a
previ ously unscanned portion of the substrate 50. The novabl e stage
assenbly 128 noves back and forth, accelerates and decel erates at the end
positioz&g@& and P3, and reaches the aforenenti oned maxi mumvelocity Vm

|

during et §Qgted herg thaiitheransgiof widths Wes &dhe perivharal misrashambegaap

curtain : j : eactive ses present in
The. ambiant Ty BGRB8 B S e e BT SR s G M BT o B R et T o
of the rBeH 484AL Ak ARtbYediMtRé afRdmbBhEorddads. RSsRNR. ¥ b2B63! WRers] QRidiv VG
of gas 202 that exits the openings 164, and the wi dt h W33 of peri pher al

m cr ochardring-grpowids iseh@he 6rdes of 5 phiotonebr $cheThgasr heariog iof theV@63 phtent tharssus
gas flowrate (standard liters Per,ninute or SU@,for di fferent wi dths W3
namel y, StPREHIPP 0183612000 Blossiproing tnwaingricombinptianef seantenmHingeiosedst y vm
(mMs) o : . i S 1L.hdj 1| 0 dashed
e at B ety iR er SSE B pirky bl BB BTt BEo Bl lorids 882
t he anmbeffadtivenwdyrto ok tife nicoerRARE faeh theeufoGh@itE alafsnnidht, ksridas
velocity VG nust be.ggeater than the maxi mumvelocity Vm of novabl e stage
assemnbl WnEhgn ista@redier a ofdirg gap \da thedise &f eseurhatic Hressuse.nBha aitheadiggsptiy Vm
of 0.5 ms, th i dt h 3 of ri pheral m crochanber p canpot be

gr eat er Fgrﬁ‘gﬁtbéfg’é'r%‘npc'@__gé’\é\ﬁq‘ﬁe”[tﬁgg‘?r]cgS?m?eo”teﬁgfaﬁ'ﬁﬁesé‘f"egag‘g tﬁ_ggorF%_o h | ess
Lhan t e e THRELPS dEREAADLS ShNIGYRGn b rSHREEM 3 eJehdlithe: §ld £C! S
due to accel eration and decel eration are negligible, and no noticeable

di f f er enwoBseimpédfiectigas afid prwspattfestraser.e observed during the starting and
stoppi ng of system 10. [0088]FIG 7 is a schematic diagramof system 10

si m | arjoo97F! Fhe dze ANEANIWY I?ﬁbehﬁl%rﬁﬁﬂic?ﬁchb?nﬂ@? g%@?%%eft%i%@&éw and 30B

bei ng defined by first and second through openi ngs, top nmenber 20 has a
si ngl e wpdrnim! spaaingios risg alemtbanilch aad womohewm b22 20.Thiee vizenGhauthd RV d; f
substantialI¥¥tnansnissive at the wavel engths of light of the |aser beans

40A andPYPBeral migirchambryiear Grie MMCh FFgErFhan an AcheaBns B 8- Y fastor Phe
[ i f . . I i nd 2.0 1 le, th
coo 'n%)bg)rut;g@(.%g@% ﬁgrépﬁwerr¥l(?§lc}:o%{1§|%8eréarﬁg(?y\‘sguﬁs\tl’ygr?‘\:lall lrgde?aggﬁ%ﬁtgcg gO, €

top ne can i’'nc ferent type i"ght<acces

€. g., OMRnéNINaNGOMRREBIMSeARDerRREiIH SAWtSZmenlfeP88beddiisé sd@siigReaf W ndow
32 of system10 in FIG 7 is suitable for a | ow | aser-power application and

has t hevapetieds ar imperfectianisage galy acoreddrgotiponf tiei widthpwey otiperiphardii gher degr ee
of protecti nﬁ%o t he substrate 50. It is also useful for applications where
the gad"StPSNPRPEORAREH into the nicrochamber 70 may be harnful to humans,
the wi ndow 32 serving to restrict the anount of gas 202 that can escape

f r om t HA0T8]cr Betsambar bewringrdavinesahe ineir afbsiterfaciegistirfasanterive Strenf@p8aq | t

will be apparent to .those skilled in th rt that various nodifications to
the pr GraNGa BHBAM iR SrBres tritastiE 50 dPmagtoegagt PINsEd BT aNFEseiFBe made
Wi t houty HRRAKEMBEr itAEh LS 3PhE | _tsug{ecﬁe(aocg%uggtami‘ﬁ aﬁb%ﬁl(so Gt A% defbped in
t he appended cl ains. Thus, the disclosure covers the nodifications a

vari at itemperatarei gladletdthehe iatertacinigtshifacdsiut tiscgippefringtdaa nappendechiclaa the and

t he equi val ents thereto. _
required flatness due to thermal distortions.

[0079] Meanwhile, in an example embodiment, the microcontroller 310 initiates the flow
of coolant 252 in the top member 20 and cooling device 90 by activating the two coolant
supply systems 250 fluidly connected thereto. This activation is accomplished using third
and fourth digitals S3D and $4D, which if necessary can also be made analog signals by

sending them through the D/A converter 304.

[0080] In an example embodiment, the vacuum system 260 is used to create a vacuum in

the microchamber 70, and the gas 202 is flowed into the peripheral microchamber gap G3.
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What is clainmed is: 1. A mcrochanber systemfor processing a substrate

W t hout exposure to a reactive gas from an anbi ent environnment, conpri sing:
a top nmenber having at | east one |light-access feature; a stage
assenbly supporting the substrate, the stage assenbly having an outer

peri phery and beln di sposed relative to the top nmenber to define a

mcr ochgﬁﬁé?c%ﬁﬂcrﬁ t5drin roghapybse RA peyues E?db’a‘é{ri*oo%'@?%gf gRyRBliRtortepat i ve
to the , n ither a
el ect TR R 0 B80S &Pl RERIANE Bls 22D RS i Ao dRMRE Bract i ve

gas; anom a differ@it glaeaﬁjmpgygt@.ago@uppl y system pneumat ically connected to
the stage assenbly, which is configured to support the flow of the gas from

the at g 1 IR IRS édd%?h%{ mhmhe%gmtcn gﬁoo{h%r Ao meg%%naaw gap to

forma urtarn a | ace St age asse y ou y and t hat

subst antii@btharpie\sapGs it bQalbIRAed bN@tHEaSrcalatibh of @dﬂ»arﬂrztszeaﬁysltétmaﬂ@dm theom
entering the m crochanber when the stage assenbly noves relative to the top

menber . tap M¥pden2@ mtmhbeldewyg%mogmoobalzﬁ li activaggcbhbyna toreraltsighelssD tone

{N: %ggwarcnco%g ?hg r%%z/élbrlg stlageC ll%j e‘Fheaft rs’l aerﬁadS sFecgrrmlc? Iaser beatmhsrll%l,&gar?\dolﬁ)eBnplars]gth?gSgha
the corresponding light-access features 30A and 30B and the first and second laser beams
40A and 40B scan over the surface 52 of substrate 50 due to movement of the substrate 50
relative to the first and second laser beams 40A and 40B. FIGS. 5A through 5C are schematic
side views of the system 10 showing the movement of the movable stage assembly 128

relative to the top member 20, with the movement indicated by arrows AR.

[0082] As the movable stage assembly 128 and substrate 50 supported thereby on the
chuck 60 move back and forth relative to the top member 20, the gas 202 flows from the
openings 164 into the peripheral microchamber gap G3 and then away from the
microchamber 70. This flow of gas 202 becomes turbulent as it exits the peripheral
microchamber gap G3 and flows into the gas curtain region 158 where the gas 202 forms
the gas curtain 202C that blocks the ingress of any reactive gas or gases in the ambient
environment 8. Meanwhile, some of the gas 202 in the microchamber 70 flows into the
gaps G1 and G2, which lead to the ambient environment 8, as illustrated schematically by
one or more gas-flow channels 104 shown as pneumatically connected to the annular gap

G2.

[0083] FIG. 5A shows the movable stage assembly 128 at a position P1 and moving in the
—X-direction, with the laser beams 40A and 40B being incident near the left edge of upper
surface 52 of substrate 50. FIG. 5B shows the movable stage assembly 128 at a position P2
at about the middle of its scan still moving in the —X-direction, with the laser beams 40A and
40B incident upon the upper surface 52 of substrate 50 at about the middle of the substrate
50. FIG. 5C shows the movable stage assembly 128 at a position P3 at the end of its scan,
where the movable stage assembly 128 decelerates, stops, and then accelerates to a
maximum velocity Vi, as it moves in the opposite direction (i.e., the +X-direction). This

process is also repeated at position in the opposite directions.
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3. The m crochanber systemof claim1, wherein the at |east one

| i ght -access feature is configured to allow at | east one | aser beamto pass
t hrough the top nmenber and on to the substrate. 4. The m crochanber system
of claim1, wherein the gas is one selected fromthe group of gases

conprisipng: nitrogen, argon, helium and neon, 5., The m ¢rochanber system of
ol al m 1008, dp A" ERenPlEc mva§ thge tplljgeantisuged tpROYA e sEHe R 854t em of
claim1,g, e - ' t he. . to the
o o e AR Tl 5280 08P U SYERILATRLL B0 R I05,

assenbl yhd apktidess Thedh@Rbruisde AS&APNI1YS nfbved beckindrfoah psdeslerat¥sh@m of
claim?7, wherein the top nenber is cooled. 9. The m crochanber system of

cl ai m 1degdhenatdsat theeerst pasitians P rabb\P3i arel iedefwesahe afogementiered:imatimum par t
defines the rT\i/cr ochanber E)eri pheral gap and that includes an array of

openi ng¥C!PHL% Vi BBHoE 7 8¥HRS%ow of the gas fromthe at | east one gas supply
systeminto the m crochanber peripheral gap. 10. The m crochanber system of
cl ai m 1[008Rkr dha abiity pfsivstemetGito fgep thagaseurtiait 202Chwhith seevegto keemer® @1 mm

to 2 rrmmore reactive gases present in the ambient environment 8 from entering the microchamber
70, is a function of the maximum velocity Vi of movable stage assembly 128, the velocity V¢
of gas 202 that exits the openings 164, and the width Wg; of peripheral microchamber gap
G3. FIG. 6 is a plot of the gas velocity Vs (m/s) versus gas flow rate (standard liters per
minute or SLM) for different widths W3, namely, 0.2 mm, 0.4 mm, 0.6 mm, 0.8 mm and 1

mm. The maximum velocity Vi (m/s) of movable stage assembly 128 is indicated on the

plot as a dashed line at 0.5 m/s.

[0086] To keep the one or more reactive gases present in the ambient environment 8

from entering the microchamber 70, the gas velocity Vg must be greater than the maximum
velocity Vi of movable stage assembly 128. The plot of FIG. 6 indicates that for a maximum
velocity Vi of 0.5 m/s, the width Wg; of peripheral microchamber gap G3 cannot be greater

than about 0.6 mm.

[0087] Since the mass of gas 202 is much less than that of the moving mechanism
involved in system 10, inertia effects due to acceleration and deceleration are negligible,
and no noticeable differences in the gas flow pattern were observed during the starting and

stopping of system 10.

[0088] FIG. 7 is a schematic diagram of system 10 similar to FIG. 3, except that instead of
light-access features 30A and 30B being defined by first and second through openings, top
member 20 has a single opening that is sealed with a window 32. The window 32 is
substantially transmissive at the wavelengths of light of the laser beams 40A and 40B. In an
example, the window 32 is made of fused quartz. The cooling of top member 20 serves to
cool the window 32. In an example, the top member 20 can include different types of light-

access features 30, e.g., one through opening and one window 32.
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11. The m crochanber system of claim 10, wherein the peripheral

m crochanber gap has a wwdth in the range from0.1 nmto 1 mm 12. The

m crochanber system of any of clainms 1 through 11, wherein the stage
assenbly has a maxi numvelocity Vmrelative to the top nenber, and wherein

t he gas ri he peripheral m crochanber gap has a gas veI ocity VG
wher ei n [6@9 \#ﬂs‘g%fﬁn 02"%&?%3 2 8f systese 4 & H§- g'séﬂﬁélf'ﬁé?rea W’r'ﬁ?ﬁﬂp%om ng

t he sub t Vi. I O t outside
of a m%})éﬁ\{?‘? %P?hgj?a’\% He%gflggfsregugﬁgeggs c'onsm?t%}?\ivﬁ pr%o a‘u{grepfqgﬁ'on a
novabl e dsg@gaf@saecmirytoltne&lblﬁstmt@s@cmsrmﬁfuseM%@dan&é‘t%nwe%b@‘g%@ronS
defined by a stationary top nenber and the novabl e stage assenbly, the
nmoveabl entSQda@éd ide él‘m)wrmm’@r a0 rfmytt@rhapmfulp@bumaandhammndmgv 32sdreingtdat
defines, in.c natjo he statio a_ peri pheral

m cr och&BEst tg%ﬁmount Ofngaslzh? AT GaD ReFaRe r° Yhedﬁ'?qCHb'BE’?'héo ﬂ"i“%‘t“g‘b er,
wher ei n ?s]'nft'eF\ﬁPorgﬁéqt%as ei ther no substantl al anount of the reactive gas
or has a select anount of the reactive gas; i ntroduci ng a second gas

into t h h th b t
R P T AL TR
nmovi ng b"@eﬂ@d’%b@dﬁé’?ﬂgﬁoﬁﬁé%ﬁ@io){urreeals%ltekéfﬁ)eﬁ@le]:é?ﬁcﬁ B B8 Wthod r’renber ;

and wherein the gas curtain prevents the reactive gas I n the anbi ent
envi r ondepdrtihg Gometheapiringr tdupemfche)d:hcansdmees adldefined it tree appendgd olkinidie novabl e

stage assenmbly. 14. The nethod of claim 13, wherein the first and second
gases arlus the @gﬂ@ug&a@overs the modifications and variations provided they come within the

scope of the appended claims and the equivalents thereto.
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15. The method of claim 13, further conprising processing the substrate
with at | east one | aser beamthat passes fromthe anbient environnent into
the m crochanber via at |east one |ight-access feature of the top nenber
16. The method of claim 15, wherein the at |east one | aser beam i ncl udes at
| east one, anneal i | aser beam 17. The nmethod of claim 15, wherein the at
| east onf¥h3tds Wnﬁggﬁ1reacts with the sel ect anount of reactive gas in the
m crochanber to nodify the substrate. 18. The nethod of claim 15, wherein
the at |east one |ight-access feature includes at |east one of a through

openi ng .and w ndow. , 19. The nethod of claim 13, wherein the stage
agsenblg “has Wgﬁﬁ‘ﬁ?(/ﬁstﬁfri‘ F‘V PURGESENG P uRsTiatE WHBOYIRXPREHBEP 2 reaftivRer

PLOvL ) 85 5 eSO e5ipRlRgel ot charber gap i {h 2 gas
a top member having at least one light-access feature;
a stage assembly supporting the substrate, the stage assembly having an outer
periphery and being disposed relative to the top member to define a microchamber and a
peripheral microchamber gap and being movable relative to the top member, wherein the

microchamber contains a gas having either a select amount of the reactive gas or no
substantial amount of the reactive gas; and

at least one gas supply system pneumatically connected to the stage assembly,
which is configured to support the flow of the gas from the at least one gas supply system
into the peripheral microchamber gap to form a gas curtain adjacent the stage assembly
outer periphery and that substantially prevents the reactive gas of the ambient environment
from entering the microchamber when the stage assembly moves relative to the top

member.

2. The microchamber system of claim 1, wherein the at least one light-access feature

includes at least one of a through opening and a window.

3. The microchamber system of claim 1, wherein the at least one light-access feature is
configured to allow at least one laser beam to pass through the top member and on to the

substrate.

4, The microchamber system of claim 1, wherein the gas is one selected from the group

of gases comprising: nitrogen, argon, helium and neon.
5. The microchamber system of claim 1, wherein the reactive gas is oxygen.

6. The microchamber system of claim 1, wherein the at least one gas supply system

supplies the gas to the microchamber.
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20. The nethod of claim 13, wherein the peripheral m crochanber gap has a
width in the range from0.01 mMmmto 2 mm 21. The nethod of claim 20,
wherein the peripheral mcrochanber gap has a width in the range fromO0.1
mmto 1 mm 22. The nethod of claim 13, wherein the first and second
gases are at |east one gas selected fromthe group of gases conprising:
nitrogen, argon, helium and neon. 23. The nethod of claim 13, wherein the

st age assenblyy i e Ck . r LS| tin he
substratsl e usiT)r:]Sn? gyﬁagg?%cfo%%&cﬁcg@}f “*%tg'ére sé%@%rﬁg&%\q%?esfa ucg’to eéjr
conpri sichgckczodrblg. t he stage assenbly and the top nenber.

8. The microchamber system of claim 7, wherein the top member is cooled.

9. The microchamber system of claim 1, wherein the stage assembly includes a ring
member that in part defines the microchamber peripheral gap and that includes an array of
openings that support the flow of the gas from the at least one gas supply system into the

microchamber peripheral gap.

10. The microchamber system of claim 1, wherein the peripheral gap has a width in the

range from 0.01 mm to 2 mm.

11. The microchamber system of claim 10, wherein the peripheral microchamber gap

has a width in the range from 0.1 mm to 1 mm.

12. The microchamber system of any of claims 1 through 11, wherein the stage assembly
has a maximum velocity Vy relative to the top member, and wherein the gas entering the

peripheral microchamber gap has a gas velocity Vg, wherein Vg < V.

13. A method of processing a substrate without exposing the substrate to a reactive gas
present in an ambient environment outside of a microchamber, comprising:

supporting the substrate on a movable stage assembly in the microchamber,
wherein the microchamber is defined by a stationary top member and the movable stage
assembly, the moveable stage assembly having an outer periphery and a ring member that
defines, in combination with the stationary top member, a peripheral microchamber gap;

introducing a first gas into the microchamber, wherein the first gas has either no
substantial amount of the reactive gas or has a select amount of the reactive gas;

introducing a second gas into the peripheral microchamber gap through the ring

member to form a gas curtain adjacent the outer periphery of the movable stage assembly;
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25. A nethod of processing a substrate w thout exposing the substrate to a
reactive gas present in an anbient environment outside of a m crochanber,

conpri si ng: supporting the substrate on a novabl e stage assenbly in
the m crochanber, wherein the m crochanber is defined by a stationary top

nmenber and the novable s e assenbly, the noyveabl e stage assenbly having
an outer per i’?)%"é'?%/t?‘éﬁ‘aov tb&lgﬁﬁ@ger%ﬁ‘l‘féz’%tr ﬁ'é?'ved@f%ﬁé?,t'of‘ﬁrVGBHﬁl‘%l?qrbﬁ”% th the

p : s . . b
top nember, szh%‘?é:hi?lt{'@é?slnctu??ggf CDATDAl 23Ry ﬁgmp{ep]r%iagrhb\{g]&%%mrbpm%ﬂgfﬁ%@r gap

. e
m cr ochanber ; cing a gas Int eral m croc

t hr ough eht@ingithg ni@BERIMBe? duBh gt B36ing Bf thal odblE&8sY adksbB@bRUt er peri phery,
wherein the gas has either no substantial anount of the reactive gas or has

a select anount of the reactive gas and wherein the vacuum serves to draw a

ortion_of t as, fromthe_ peripheral mcrochamher gap into the
Iron'croch& er?ﬁ’ﬁ ethod °PC|3%3£W¥ﬁ'§ tﬁ%@&ﬂsﬁagé?cggg gé%%@ﬁ%mf’ 81%83%ve to the
stationary top nenber, wherein the gas curtain prevents the reactive gas in
t he anmbi ent environnent fromentering the m crochanber.

15. The method of claim 13, further comprising processing the substrate with at least

one laser beam that passes from the ambient environment into the microchamber via at

least one light-access feature of the top member.

16. The method of claim 15, wherein the at least one laser beam includes at least one

annealing laser beam.

17. The method of claim 15, wherein the at least one laser beam reacts with the select

amount of reactive gas in the microchamber to modify the substrate.

18. The method of claim 15, wherein the at least one light-access feature includes at

least one of a through opening and a window.

19. The method of claim 13, wherein the stage assembly has a maximum velocity Vy
relative to the top member, further providing the gas entering the peripheral microchamber

gap with a gas velocity Vg such that Vg < V.

20. The method of claim 13, wherein the peripheral microchamber gap has a width in

the range from 0.01 mm to 2 mm.

21. The method of claim 20, wherein the peripheral microchamber gap has a width in

the range from 0.1 mm to 1 mm.

22. The method of claim 13, wherein the first and second gases are at least one gas

selected from the group of gases comprising: nitrogen, argon, helium and neon.
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23. The method of claim 13, wherein the stage assembly includes a heated chuck,

further comprising heating the substrate using the heated chuck.

24. The method of claim 13, further comprising cooling the stage assembly and the top

member.

25. A method of processing a substrate without exposing the substrate to a reactive gas
present in an ambient environment outside of a microchamber, comprising:

supporting the substrate on a movable stage assembly in the microchamber,
wherein the microchamber is defined by a stationary top member and the movable stage
assembly, the moveable stage assembly having an outer periphery and a ring member that
defines, in combination with the top member, a peripheral microchamber gap;

forming a vacuum in the microchamber;

introducing a gas into a peripheral microchamber gap through the ring member to
form a gas curtain adjacent the outer periphery, wherein the gas has either no substantial
amount of the reactive gas or has a select amount of the reactive gas and wherein the
vacuum serves to draw a portion of the gas from the peripheral microchamber gap into the
microchamber; and

moving the movable stage assembly relative to the stationary top member, wherein

the gas curtain prevents the reactive gas in the ambient environment from entering the

microchamber.
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