LED SUBSTRATE PROCESSI NG CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001]
This application clainms the benefit of US Provisional Application No.

61/ 171, 090 2bioies77Apri | 20, 2009, which is incorporatedpPoerseonobyi4nef er ence
inits entirety for all purposes. BACKGROUND OF THE | NVENTI ON [0002] In
sonme processes used in the sem conductor industry, it is desirable to heat
a substrate rapidly to reduce the tine it takes to process the substrate.
Typically, rapid thermal processing systens utilize a high intensity |ight
source to rapidly heat a substrate that is held within a processing
chanber, sonetines under vacuum conditions. The high intensity |ight

source, which may conS|s ty lanps, is |located
i nsi de t he chanber Jpgﬁégﬂgpgﬁﬂgxgﬂg*ﬁ%gﬁgﬁgggﬁﬁgcent to a transparent
wi ndow t hr ough mhich the light passes into the chanber. Inside of the
chanber the substrate is supported with very little physical contact

(usual I'y around thec%tm REPERBNGE P61 RBL A TESNREPPBICKAEIONS I espond qui ckly
to the incomn ght. The front of the wafer is exposed and receives |ight

from t hD0iLhh T glma@phpqt@nloéamg thefhracfibefddS Brevisem AmpHratipnia Gk 30,
radiato re

o oer DAl anp S bR IR s AR RO ekt L Gl BE bt S "2
comonl y used in the manufacture of integrated circuits, optical absorption
is higher for shorter wavel engths especially at the beginning of a heating
cycle when the substrate is closer to roomtenperature. Rapid silicon
substrate heating beginsIﬁ&CKKHUh@NEa@ﬁ§TﬂéH&HEHHQGB&enperatures (about

300000 ich tinme the | anps gin e ttln a si ortion of
hor ¢ wkDBRENGE FPris BecsSForear featiecabny Bhudeid Peanb e BEka fonal

vi ew of s@osfrbtgnglabyns réRRE thelthBe H@éke%‘@c%ﬂo@&;s%‘b@&é{é wypmlys lRapdd Webgsl 100
di sposed in chanbér 105 is heated by radiation froml anp 125 nounted on a
chahher ptacessi@rystehe utiinps hlghanfan%tﬁlm‘t wrcwtqramgbﬂmt hamhsgew thainpkeldnd may

be brought.to different ures even th t~pr l e of

subst r af ik pkeo Ry Hbr Sib@it Ty uRHER SARuREE TR ey SR ougn

W ndows sduée, Mhlcﬂﬂﬁaﬁb@{mw éxQ&rayT(b'@@}ain@eﬂMty lhrl\iyf’s; Bhoddiel 1|n§1EIBﬂlel<‘215m(baxn be
switched onis limted with typical heat |anps andresults in Ilnltatlons on
how f asfr eutsidpef thgchaher apd aﬁ@a@rédo a frapypaEant #andoyy throneh whieh pgilgdt dur at i on
using t gen. | oTeTiNy of the
filanenyggfoggh 5 Rterﬁaﬁgggn%igﬁt Sgﬁ%gggﬁ.gggeg%ul&gggﬁ%@gbgﬂﬁ@%gg

ef f1£i ephysiahdorttact pmauu]lyleroahmﬂte&rdgppsiosthe slmh"sa'aueomperatum cherretpond tgaickiy t hi n

rocessin i me .tayr.get Fl ash
P tot etincommg fl the front of tlhar;rxgl%er 18 exposed and receives light from the high

intensity lamps. The lamps are essentially black-body radiators and are heated as quickly as
possible (typically 300 to 500 ms) to operating temperature. For many substrates, like silicon
substrates as commonly used in the manufacture of integrated circuits, optical absorption is

20  higher for shorter wavelengths especially at the beginning of a heating cycle when the
substrate is closer to room temperature. Rapid silicon substrate heating begins after the
lamps reach high temperatures (about 3000°C) at which time the lamps begin emitting a
significant portion of short wavelength light.

[0003] FIG. 1 shows a schematic cross-sectional view of a flood type rapid thermal heating
25  apparatus in which a wafer 100 disposed in chamber 105 is heated by radiation from lamps
125 mounted on a chamber lid 120. The lamps 125 are typically tungsten-halogen lamps and
may be brought to different temperatures to even the heat profile of the substrate. Pyrometry
measurements may be made by monitoring light through windows 135 in the chamber 105.

The rate with which the lamps 125 can be switched on is limited with typical heat lamps and



provi de pul se durations of 100 ns to 1 ns, have a shorter pul se duration.
However, when using flash lanps to heat a substrate, the nmaxi num

t enper at we 20fo/2BE2substrate, or that of its near surfa®eTnsgeon314s
limted by the pul se duration. [0005] Hi gh efficiency |anps are |acking for
pul se dyrall angLAR0NE ABRW fadt MBrbst LR fﬁeat&‘f ey H&E@ﬂ%‘llhﬂntﬁﬂl?&tﬁﬁ’stee
illum nation sources which can provi de pul s ura i ons between about 1ns
and 1 seluraioa wagded:steBRIakFeeBUNMMRY abbut THEC dVENTE GMcfioD 6ie oEmtipoidiament s of
the present invention pertain to substrate processing equi pnent and net hods
i ncor porg§i4}9 Alt&ﬂ&tl\%rﬂéhtt 5B RIE Bedn B8 o YroldEMitRhEY aRl RGRSEIAY
substrat es. Such light sources offer a variety of advantages i ncl udi ng

hi gher eshbntmmlmwummnm@dmatplsthyr\wpom@esmge@ne rupee Riash lanpgr which

sel ectabl e | 1 i second but, can 0 es, up to and
exceddi Wéo‘ﬁg%m@%%raﬁfgﬁs‘)fgp@ﬁ}%? E ¢ ¢ Jortghd fe ‘:‘Prﬁ%‘?%gqg%‘g ?%p@hegven in
Ci r cunshaReetash adpsab hew J Lbgedte Qﬁ@ﬁl@ﬁ&lﬁﬂt&ﬂﬁ%ure?dfmﬁ‘@sulbﬁme rrekiio€itk i ght
wi th greater than 50% ef ficiency and tungsten-hal ogen | anps operate with

| ess t hawsasyr@aee regiamsylimitgDoythe aylse dvstioat e processi ng systemincl udes a
plurality of light emtting diodes for illumnating a first surface of the
subst r at[e083) oHigreffidemydamys blkeackidsior ptise duheosd z{boivb kbt riahs. ofihdrefore,t he
light em tting diodes includes one or nmore pul ses of ght near one or nore
wavel end#fsintepridy phgtaleiiymipption sprceshieh rg RIPYde @uEs whans Setyestear
surfigce S eg P&s%ﬁd%'ﬂpéér%%tégded-rhe one or nore pulses of light have a

duratii on can range between about 1 millisecond and about 1 second or can
range between about 10 m croseconds and about 1 millisecond, or can be
greater than about 1 second. The one or nore pul ses of |ight can have a
peak optical power of greater than 500 Watts/cnR. The first surface of the
substrate can be great er BRAER SIOGMeHRY OEHE INVENTION | i ght enitting

di odes can be fornmed on a single transparent substrate. [0008] In another
enbodi megpbesla BrbsdifEhe JIHRCHSSIND thveiséreperiaiCloutbstrale robsdsing!eguipnppotiid
assenbly for supporting the substrate disposed within a processi ng chanber,
and a fimehods igparperating hghwa@gah@@%L’giDS)ﬁ%ﬂﬁfmélﬂy PWO@ﬁ%Slr@rﬁuPﬁtr%s di ode

assngl SJcHrhgﬂFgo Lach gi? v?né?k gf" Qtwa}%g? 1n'cf|u|g értefﬁ@erﬁg%ggﬁld% aped

near first “surtace he substrate tlngt Irst s rfacein
or der tcremmlsé gtmbhePLﬂwmidﬂfstaae selb@atde dowh Itmnmdmtllrmﬂlsbccumwheaﬂ bghirlerg tti ng

di odes |n udes pu| ses ht n one o re wav ths.. The plurality
of i ghtp Pt §UFRE n%%ﬁ %91 @lbé aﬁf’e%ﬁe%%%}ﬁ? 5’0@“1‘55 E%O%‘Tn @H‘Sé??%ﬁ 8. The
pul ses afirclii@hhc&aRatRAYE 18n W HRSde@ing times, since LEDs produce light with greater than

50% efficiency and tungsten-halogen lamps operate with less than 5% efficiency.

20 [0007] An substrate processing system includes a plurality of light emitting diodes for
illuminating a first surface of the substrate in order to modify the substrate, wherein
illumination from the light emitting diodes includes one or more pulses of light near one or
more wavelengths. The plurality of light emitting diodes can modify a near surface region of
substrate. The one or more pulses of light have a duration can range between about 1

25  millisecond and about 1 second or can range between about 10 microseconds and about 1
millisecond, or can be greater than about 1 second. The one or more pulses of light can have
a peak optical power of greater than 500 Watts/ cm’. The first surface of the substrate can be
greater than 100 cm®. The plurality of light emitting diodes can be formed on a single

transparent substrate.

30 [0008] In another embodiment, a substrate processing system includes a substrate support

assembly for supporting the substrate disposed within a processing chamber, and a first light



bet ween about 1 m|lisecond and about 1 second. The pul ses of |ight can
have a peak optical power that is greater than 200 Watts/cn2. The opti cal
pul ses cawmoronii2g772he substrate by activating a dopant WRCThiSRolos1403
substrate. The optical pulses can nodify the substrate by diffusing atons

into th r E 25 Si a8 Yol | i de a
second ?‘."gﬁ{?g Eélr??% tg sl'sﬁ g Bg'l gﬁ%ﬁ%@?&% %ﬁ?ﬁ% ?chig r? §%§b§%c on gr %FLJFE 7r1 P{I/JP%#&I | i ght
enm t ti ngf iihndasttidp dpasedispesad naarseftieohsirface bathe sobsttabefos tbstinatires thefirst

illumnating. the second_surface of the sypstrate..[0Q0 | n_anot her
enbodi nBH{aceH ﬂ@?ﬁ@dn%ﬁfx ﬁyléét%%ﬁfﬁteawi‘ﬁ‘i?_é‘% HErun i fffg‘%gh%l%\& _‘Fﬁ’i?tﬁﬁg QIOdeS
subst r af 1,da€h@6Ld J19ight hdaPoRbIbSR o A QIEHRNA 1R phERiRWr Sigh Ghdie diydaf at

| east one optical pul'se sufficient to treat a substrate, and treating the
subsi r aten mpditly anedreagtceangioopt Fattrateu | 1de potses phighticaphavere dEDIGssenbl y.

The at ] east ane opt.i.cal pul se,includes e or,_nor ED wavel engt hs. {0010]
Fur t ner PEPESR BT LT Es IR O0R & HEOR-oLBme e St 80P T  PBRca
appar enpofEQiutih greqf& Hah B0 e sed it | THe d}fti@ﬂlic}ﬂﬂsis g globdl ey subkttatebpul d be
understood that the detail ed description and specific exanples, while

i ndi cat heftyating p dopans it the sulstrate: el hermpéiselayldes capupdidy & substiate Bt r at i on

only and..are not |ntende Q. heges il imt ot C . j sclosure.
R Er DGR B RS i N BB piReFisha BB Tufher it © R

nat Wy e asdn@lyinagls diddd Leerhblyendliding aBycdnd phealityaddighyemietdiey dods to the
remai ni ng portions of the specification_ and t_he‘drtgwi ngs, pr eser%t ed bel ow.
The Fi gdisaesedmgar wespmbyuatase of esubsiatgor Aynaigatnghe seond Subereat b of t he
inventigR [A012] FIG 1 is a cross-sectional schematic of a heating and
nonitorirng systemin a prior art substrate processing system and [0013]

2nd a | UR0) o eRohy OGN - BECONAT Hs Ry bDSaT e G prppgags 0 VSt eT
i nvent i gihstAR1H e Eh SR LEINpIB: 8612164 25Ba 8D hdftahtchsiREsB 168t Qe cbtishbst rat e

processing systemand a light emtting conponent according to enbodi ments
of the puisestfficient o063 sWis@ateqandstreptiog dassubsteate vinthlat fabfamgtopticafpulse of

bst ) i di to,. i t f the | tion.
Co016) - ERetrES B3 TS Rb LR aR R el PP AR e TR s e SR ER ' "
pr ocessiyagelsy@hem whi ch

[0010] Further areas of applicability of the present disclosure will become apparent from
the detailed description provided hereinafter. It should be understood that the detailed

20  description and specific examples, while indicating various embodiments, are intended for
purposes of illustration only and are not intended to necessarily limit the scope of the

disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] A further understanding of the nature and advantages of the invention may be
25  realized by reference to the remaining portions of the specification and the drawings,
presented below. The Figures are incorporated into the detailed description portion of the

invention.

[0012] FIG. 1 is a cross-sectional schematic of a heating and monitoring system in a prior

art substrate processing system; and

30 [0013] FIGS. 2A-2B are cross-sectional schematics of a substrate processing system and a

light emitting component according to embodiments of the invention.



benefits from enbodi nents of the invention. [0017] FIG 6 is a flowhart
showi ng an exenplary nethod which may be used to treat the surface of a
substrat evecooviddTig t o di scl osed enbodi ments. [0018] | npCnaSappescies!
figures, simlar conponents and/or features may have the sane reference

| abel . L hery ~¥af | Jaysint . Ladd i shed b
Fol T owi o8 e T e P OB oo G i S PR B TR Gy an e By
di st i ngliglshasttaguogpohent scairliag tc empodierhs. oflthie mméntionhe first reference

| abel is used in the specification, the description is applicable to any
one of tqRsp! FIGA i CLABAILRLSnall SRtk B¢ 2 SR ald &fr%esﬁﬁ[)%gs@aﬁﬁcdo@&lﬁ to
irrespective of the second reference | abel. DETAILED CRI PTI ON THE

| NVENTI @nbddioedls dEnfioidiversioins of t he present invention pertain to substrate
processi ng equi pnent and net hods incorporating |ight emtting di odes (LEDs)
for 4 he[gmb| Y mGOS @ssér0e-sehsid] #esof M@ﬂpnagmu&qwegme@giﬁggysaenyami@t y of
advant ages 1ncluding higher efficiency and nore rapid response times. Pulse
wi dt hs bensfisefremteatlodiraends elathe inyiggeon.o | ess than a millisecond to nore than
a second. LEDs are preferable to tungsten-hal ogen | anps even in

Ci rcuns{@Ngps Ribab isd Nowcharheviny Ace®aiphgy hidiagl which aeylbEDsedtoadac thel i ght
with greater than 50% effici encdy and tungsten-hal ogen | anps operate with

| ess t hawiasrspsplstaiarcomdpmiodisclpsgd gmbedigeat- enbodi ment, |ight emitting
di odes are used to illum nate and heat the surface of a substrate to

pr ocess [A(M8] ndathesappbaded figngdsosinofar torepsndosstandfog feafires miap bessths simel ude

formng filnms, freati dopants and reordering, the substrate. [tself.
Sub&¥r a_ff‘ef_erﬁpf)ec é%li % “Hg"s V?}gﬁéﬁ COFRBPAEYS ‘P%‘?‘% PP GRS e@§t1%§h?%§¥ he

avai | abigljidwin@theHBrekdedS1abNEly B dHRIePs RCIBBS ¥Rat WRYinBERRSsianong@he HR- LEDS
as even higher output intensities becone avail able. H gh-radiance |ight

enm tti ngimdlavdempomiRtd. HDShlyghe Erst sefersnecdlged inhsed indedpeefiprtivnets t he near

f i f . te. HR.LEDS.| ast | i
out put - ACEROP? § wBBEE RgDk e Rhusanuum i B B Gl ettt i,
out put  idpelicRRdction ok ihgRbcoRdirtfeidhge tibedes (LEDs) may consist of gallium

nitride, alumnumnitride, conbinations thereof or other Il11-V materials
gro on a transparent substrate constructed to emit |ight close to one or
nor e wavel engt hs determ ned by the bandgap of Il11-V materials in the active

regi on. A phosphor mapEdIAADEDEDBSERIRTIOMOONFEFHE AN VENTIOSD wavel ength to a
| onger wavel engt h, reduci rhg t he e.nerrﬁ%/ of an emitted vvavel.eng'éh. It will be
Q P& AR

under st &Y hdtm ‘Eb%le’&‘_é SEMeHaere ARSI RS ARIP SERYF S PTOFRSS! 58t #idgur es
may  enpl,qyh s QS RINingd Mgt elBkink Qiodes (LEDs) for thermally processing substrates.

Such light sources offer a vériety of advantages including higher efficiency and more rapid
20  response times. Pulse widths are selectable and can range to less than a millisecond to more

than a second. LEDs are preferable to tungsten-halogen lamps even in circumstances that

allow longer processing times, since LEDs produce light with greater than 50% efficiency

and tungsten-halogen lamps operate with less than 5% efficiency.

[0020] In a disclosed embodiment, light emitting diodes are used to illuminate and heat the
25  surface of a substrate to process the near surface region of the substrate. The processes

include forming films, treating dopants and reordering the substrate itself. Substrate

processing has been enabled for some processes, due to the availability of HR-LEDS, and

many more processes may benefit from HR-LEDS as even higher output intensities become

available. High-radiance light emitting diodes (HR-LEDS) offer advantages when used to
30  process the near surface region of a substrate. HR-LEDS last a long time and allow the

output intensity to be chosen independent from the wavelength(s) of the output illumination.



enhance absorption or enhance a chem cal reaction. [0021] Depending on the
chem stries involved, illumnating a surface in the presence of gas

pr ecur sorwoanioenbmace the rate of chem cal reactions bypCharse®/osrs0dt her
means. For exanple, the Iight may excite gas phase nol ecul es, adsorbed

mol ecul ﬁ%ht glrmtﬁ}{% @10%%?@11{ ok §J Jo)ﬂm%‘iﬁcgi g\%\ig{}ﬁlf] Bit 4D Shh &m bhRiRE, AR Rons

chem ca eaction on the ength of the LED may be sel ected
t 0 pr onteeeod@s bthablle Vi inkteripls geess os a hymsﬁaoant extahpleeonghogslitn gmat lighv el engt h
which is resonant with a nol | ar e ctr0| tra t|on|

enhance Q5§ L5 % r‘incfrﬁt“’éwel?ﬁ%ﬁ%\g 3’ anfeap Ogi h H?Eer?a%sdng%%%%lg &

absor pt ¥ rPfAtpﬂgsp'h@fj ?r'age bRYiséd® C%Hpé{ sRbRittcihereRYeakilsihet he substrate

nore efficiently. I ndi vi dual hi gh radiance (HR) LEDs are currently
avai § abmevelhigth, Iedumngrme@nt:ﬂgar@f 20 einditadswaielpatierlt wohbe mdﬂmﬂxyl thyhleEDs

avallablllt ever wers i s apticipated i fhe rs which
will endBicE S(ﬁ‘?_%ﬂ atngwlcglrcfeﬁéﬁ eerﬁfnggléng %%ﬁ%%‘%gﬁlp Bt @108&85 o ad§é> g%t age of
usi ng LERSanks abddabtidnlte efinBick athéBicaf reh&lm. al | ows themto be arranged in one
and two di nensi onal arrays producing high intensity sources suitable for

subst a”ié(@ékjy gﬁs ”%% N9 é%ﬁ{esa%%l%%d 6}11%9%{15@5 SurFidTh h?egﬁé’ééﬁ%é’ of ga

Sui t abl es are ose emttin tica

greater Iréitaﬂ,OZ&Qx é&hﬁé‘e/tﬁér?ate of @atrical tdratio0 Watntiz o othepmegisedtoer t han 1000
Watt s/ ch in different enbodi nents wi de vari etlyﬁf of deposition,

23
annd@l i SEAAPle Be Heht manexaiiceas Aase §10F1‘EﬁU? ‘]‘%’Fbéij@%%ﬁ‘\lﬁst P HEBm short
heating f%\é&!)ﬁt?alg’:%ﬁzﬁg RATBsRAS &)d[i{ha%ﬁie%eﬁﬂgal 9&%[1913 6n Yﬂetslﬁrfaé@ Sgpdur ations

in the ms time range ereas traditional RTP |anp based systens
oper at e wavtlengtilo$ ﬁlednﬂlatmayt‘me delxiad enm plonarid ddOObddonptecesTesayi, farenapRTP

| anps e power nt| nu a re bounded by the.respgnse ti o t he
| anp ann}l%rl'agraWSY %‘Clidgrf? B%?é‘gEY 1hATpR ‘ﬂ%é?c&foénw Iﬁﬁlﬁﬁllggr %t i ons
bet ween oy, Hck La'r&?cﬁ@ﬂ iiatél N d waea Qi mlaﬁlalsbmm@m@ ol BBso mrttfam@ousl y
fill in the gap between flash | anp syStens and traditional P lamp

sysf &ns radiEivn anthe lvalsserdtes fherebirhieativg o sestratsanerecaptiently. si nce they emit
short wavel ength radi ati on several m croseconds after power is applied,

al | ows $0022) r ahewidial RgRkadskER) LEPsQRS c@fertiyesidile ahehtemib@orehied for
pul se dur ations previously unattainable (e.g. between 1 mll.i secand and 1
second) .1 0PV aféseafstonsr sorfiyeuH st Eh%éwl@bwtnﬁf W’f SRRV ARt AtCBRGAE G t her

reduces 5{1&%% ;,Jgge\!vﬁmmﬁ% ifle B PEPRS FRSU R 15@419029@93&@%@38%4 he

throughpu S&m cond appar at us processin substrate. For

pul ses iadvintazel cdwseiggd Eids i hieat HEBmalr@m oﬁdlm\alwmuherﬂl@e BOamarged s omnds,

t ypi28al aﬁg l’t)v?/ct) Ehar;xgnsélo%gl Qr?atys ?)?o\ﬁ%c}nlg ght 1%te%gll’€§lf lscl)ul%ge%tsglti)?e %or subs?gntﬁhyt he
illuminating a surface of a substrate simultaneously. Suitable LED assemblies are disclosed
herein for emitting optical power greater than 200 Watts/ cm?, greater than 500 Watts/cm® or

greater than 1000 Watts/cm?, in different embodiments.

[0023] A wide variety of deposition, annealing and other heat treatments for Si wafers

25  benefit from short heating cycles. Flash lamp based systems can operate with pulse durations
in the 100 ps to 1 ms time range whereas traditional RTP lamp based systems operate with
pulse durations between 1 and 100 seconds. Traditional RTP lamps emit power continuously
and are bounded by the response time of the lamp and wafer. Since LED lamp based systems
operate with pulse durations between 1 millisecond and 1 second, LED lamp based systems

30 advantageously fill in the gap between flash lamp systems and traditional RTP lamp systems.
LED lamp based systems, which can heat rapidly since they emit short wavelength radiation

several microseconds after power is applied, allows substrates or near surface regions of the



substrate may be at a different tenperature than the bottom of the
substrate during the pulse. [0024] In addition to being able to control

pul se durwiDi2omy/i28Bpetition rate, nunmber of repetitions aod/tseaiensidsy, LEDs
will allow the optical pulse shape to be varied by sinply controlling the
vol t age | i ' : NGl 0 be
engi neersedglP {algqggfeglﬁ%tgggﬁgggsg?ué%ﬁ% %eﬁg@@m atf%%}%&’(g{[é r(%g'goegf %tgi lg%lggéicﬁna
deposi t edd fl iskemdpnProtbsingaf sbstieoe betdeen hgpillisetoads @1d & sesopt HrdssredpOB25]
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may be g@?é}aﬁ@ FRJC@QH@PQ%&%&P 'F@?f)ul%cias?hﬂthé RRCQNIST tROVWRDrangd) Belbiv@out

require oInitiatellumnation, wh may be | ess than 10 ni croseconds.

Thesé LED-20uhdkscpatst iypldaysubseatengo ndthapetise to eghilibracoscethe #orsf the ash | anps.
I n ot her enbodi nents n be used for | se rati.ons I th
ot e BRI & SR Rl S PERPHRS P ShABP TR A b e

vol tage which allows pul se durations and duty cycles unattainable with
flash | 4692 anld addisiantte heitg pblsde sonil prlse dyiatios, mpetkipapaicaryerof excit ed

states. |n. sone embodi.nent e i 8
oper at i SRV R a@%ﬁalggg@ﬁ‘é@earﬂotﬁﬁgﬁ%gﬁ%aqgg%ggﬁ, eﬁﬂBgvgr?% BBreé gg’abl eto
t ungst eroh@bltige thd itapdgsteito irnisdes) RuBe thwpigpsaiais thahtatapfrateitebey of

LEDs is at | east about one order of ma%nitude hj.gher than ”}ﬁ oper.at i onal
ef f i18i erfagingered imbrlenssParSaerlicaan ekl siress ghistients psifed IBPGERI RS bet t er

underﬁ%ﬂe%‘?h&@r@ﬂ{ﬂdaa%r"t epgi():%\égnti on reference is made to FIGS. 2A and

2B whi ch are cross-3ectiona matics of a substrate processing system

[ . l.i ght ittt t di t di t f th
nvont+ ARV Pt Sl by iRstiant P Precas §oasss) STRBE T BRCE ove
subst r at g, 200 fHA AmANSEBRA 12D 3ecolll €6 SdntAémbQIMeHts! DFBs B¢ bafuged t8d t hrough

a lid 220 which may al so physically support the LED assenbly 225. The
el ect ri qabduropnises Wntes 1 22dlisdedrids dowp sovte tinpe eegeived PDNjtigteiuayRagipn owhickps

which f t D nbly 225..A i lied. t nbl
25 i cF deeges i R ssceafs eRed PR s ReRdBY Clfiter Be bl RERp8°S50
some enmhQdiRe Bl SlasRRndsean 6fheAbmb&sientt OOEDERar Be iidell Uoh padeadhrftQd2 &naler i ng

processi ng, p)l/.r oneters 235-1 and 235-2 sense_t he ter@er a}%ur,e,of t he
subst r attharthe liatit of fashilanys- ofhe 1Heminagas tom LRPS bulasedon thegivitgyrtage 1 of

the sub @}E gll&gﬂ%?%@%at?y = aplﬁ dﬂﬁlﬁ%dycfe ungtltar?néﬁlﬁé %Ftﬂiﬂa?h%lﬂfps\éﬁa @Qﬁit&@hi ver ed

to the L asse am ca . Al'ternatively, enperature can be
used t o ldetewhicheeduire avepépdeioapyblck @tbdtstates. In some embodiments, the LEDs are

20  operated in a continuous operation Mode. For pulses higher than one second, LEDs are
preferable to tungsten-halogen incandescent lamps since the operational efficiency of LEDs
is at least about one order of magnitude higher than the operational efficiency of tungsten-

halogen incandescent lamps.

[0026] In order to better understand and appreciate the invention reference is made to

25  FIGS. 2A and 2B which are cross-sectional schematics of a substrate processing system
incorporating a light emitting component according to embodiments of the invention. A light
emitting diode (LED) assembly 225 is positioned above a substrate 200 in a chamber 205.
Electrical connections 224 are fed through a lid 220 which may also physically support the
LED assembly 225. The electrical connections 224 deliver power to each LED in an array of

30 LEDs which form the LED assembly 225. A voltage is supplied to the LED assembly 225
which then illuminates and heats the front 201 of the substrate 200. In some embodiments,

an area of at least 100 cm? is illuminated.



t he LED assenbly 225 for subsequent wafers. These two control

i npl enentations are variations on feedback control. The substrate may be
support edwai2otv/1281721 e cont act by support nechani sns 204 paraiseaobaoedge of
the substrate. Support nmay be provided in the formof a continuous ring in
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0.5 mmand 1.2 mm [0029] The LED assenbly can contain many nore LEDs than
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Optical diffusers may be nmade from precision ground transparent
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0.75 um and 1.2 um. In another silicon substrate embodiment, the LED assembly 225 emits

light below about 0.5 um and the pyrometers 235-1 and 235-2 may detect light between

about 0.5 pm and 1.2 um.

[0029] The LED assembly can contain many more LEDs than tungsten-halogen lamps,

25  enabling similar power densities to be achieved. For the same power output, LEDs generate
about ten times less heat than state-of-the-art tungsten-halogen bulbs, however, the LED
assembly may still be water cooled on the backside with a recirculating flow (not shown) to
increase the life span of the LED components. Power distribution to the LEDs within the
LED assembly 225 may involve free wires heading to each diode or wires affixed to the

30 diode assembly. An optical diffuser may be positioned between the LEDs and the substrate
to even out the spatial distribution of the optical intensity at the surface of the substrate.

Optical diffusers may be made from precision ground transparent windows.



side creating a voltage difference at the interface between a p-doped
galliumnitride layer 271 and an n-doped galliumnitride |ayer 272 causing
light to wez2emts®d fromnear the interface (the activePcegisenp/o3tHogh
radi ance LEDs may involve nore conpl ex active regions than the one depicted
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[0032] A representative element in the array of LEDs, in this disclosed embodiment, are
shown in FIG. 3B. Electrical leads 361 are attached to the top of an LED stack through
conducting pads 365 (two shown). A higher voltage may be applied to, for example, the
conducting pad on the left relative to the conducting pad on the right creating a voltage
25  difference at the interface between a p-doped gallium nitride layer 371 and an n-doped
gallium nitride layer 372 causing light to be emitted from the active region 355. Illumination
from the active region 355 propagates is not bounded from below in this case and will
generally emit light downward toward the substrate 300 of FIG. 3A. This architecture allows
a two-dimensional array of LEDs to be assembled more simply and typically with greater
30  density than that of FIGS. 2A-B. Both electrical connections are made from above and the
LED elements can be formed on a large substrate which may then be left uncleaved and used

as an integrated unit to illuminate and heat substrate 300. The transparent substrate used to



[0033] In all these exenplary enbodi nents, the LEDs may be separated into
zones each with different optical pul se durations, shapes and intensities
i n order wo2proomsTe even heating of a substrate. Porti oreTafS2@6i0lo3t4nat es

closer to the edge typically cool and heat differently than portions near
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20 mlliseconds. In enbo ts relevant for circular substrates (wafers),

t he zonesd arag bearstd toi idmeadhabaseicheanthditst 2hicef the euhstrhte 306 ntlet onde. t he waf er.
[0034] FIG 4 is a cross-sectional schematic of a substrate processing
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positions of pyrometers 435-1 and 435-2 are adjusted to provide unobstructed access to the

20  surfaces.

[0035] A substrate may be processed by LEDs in combination with other light sources, e.g.
tungsten halogen lamps. LEDs may be utilized to heat the substrate from near room
temperature up to a low processing temperature, sufficient for some substrate processes.
Additional processes, requiring even higher temperatures, may employ tungsten-halogen

25  lamps to achieve those higher temperatures. Elevating the substrate to the low processing
temperature can enhance absorption of the light emitted by the incandescent tungsten-halogen
lamps enhancing their heating efficiency. LEDs and complementary radiation sources may
be combined in one optical assembly, or a substrate processing system, or they may be

implemented in separate assemblies.

30  Exemplary Substrate Processing System




[ 0037] During processing, the substrate 505 is supported inside chanber 500
on a substrate support assenbly 508 and is heated by illum nation el enent
502 | ocatw0d 2diwiest’ky above substrate 505, in accor dance Pairtus2an/oenbddi ment
of the invention. Illumnnation elenent 502 generates radiation 512 which
may ent o]
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enbodi rTgnts neagi supstrate 505 is a reflector 520 which is nmounted on a
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pi pes 5ZBe maierebée ofrubstadté §OT amhihe tadofireflegoi Tl badersoefeddg cavidy farber
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rrgasure BWBE tlﬁ‘ge%ﬁ“s?’g V(S’?%‘i’ég %@% J%Sg %10 ﬁt‘?’%eéls Té(gﬁay be a
system ﬁ&ﬁeﬂ@&tbﬁﬁ(ﬁ@g% alsO 83 Aljubtedr BEEFSIMADsULEAtE @r&?e%m%isﬂs@ﬁ@,t ad gapove
substrate 505. The substrate is nodified by shining Idngt 512 from

i |1 Umi nanal ba betveasr aboB Gammomdr’dsmmbs detvarea abow It tdhainm sodifferent he
subst rate %ggd/ 0{§ assi st chem cal reactions involving process gases and
subst r at'8 or exarrpl e, dopants within the substrate 505 nay be
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chanber apte roma source of gas or gases, such
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light pipe 523 inserted into a conduit that passes from the backside of central assembly 521

through the top of reflector 520. Light pipes 523 may be 0.080 inch in diameter and the

conduits are slightly larger to facilitate insertion of light pipes 523 into the conduits. Light

pipes 523 can be optically connected to optical sensors 525 via fiber optics 524. The

25  temperature probes produce signals indicative of the measured temperature near regions of

the substrate and the signals may be a system controller 562.

[0039] A processing region 513 is located above substrate 505. The substrate is modified
by shining light 512 from illumination element 502 towards substrate 505 which may reorder
the substrate and/or assist chemical reactions involving process gases and substrate 505. For
30 example, dopants within the substrate 505 may be activated or dispersed, the degree of order
in the substrate 505 may be increased or a film (such as a silicide, nitride or oxide) may be

grown on the substrate 505. An inlet manifold 572 is positioned in the side wall of chamber

10



manual val ves and conputer controlled flow controllers 542. An exhaust cap
573 is positioned in the side of chanber 500 dianetrically opposite inlet
mani f ol d W@20emid3172 adapt ed t o exhaust process effl uent #Cfrruseoinios1403
deposition chanber 500 into a punping system (not shown). [0040] Central
assenbl i ! L i [t ugi | hOr ers 522
e R e R R e e v
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519 may formed in the top of reflector where |ight pipes 523 pass

t hr dughaddpeeditopxbdust precess fektbenty fréa the dapesifipy kharphgs 90 HRQ apumppisiysicehed
such that their uppernost ends are flush with or slightly bel ow the
entranc OEBhCE"éR:)h m crocavity 519. [0042] Light pipes 523 may be nade of a
hi gh optical index material such as sapphire. Sapphire |ight pipes are

gener al [894f1 efGeniralassembliidy 1 phedes a|cachipipy ciser inclufigigintegar ¢hambgey 522
coefficients,,.an r.tr J | Lon. As
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measurenent. The |ight pipes can be de of any ropri ate heat-t ol erant
and1@or pessmBh- 5@5‘?’%1? belpwrthe teppgraturg .Og.%?atafﬁ %‘%btsg?te%ﬁ gc %RE tenner e Rt centl

sanpl edg%%llib%éﬁqsg(ggttlgégfoﬁ%(ﬁgei%:eglb%gﬁﬁ&m'y t hrough intervening fiber optic

cabl es ternat Iation sanpling systemcould be an

Por | ect S0A3ho Sl regtSiesar ies 314 Py bR B ORLBSORAT o REBRRE A egice b
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| ess expensive than sapphire |light pipes if appropriate off-the-shelf

opti cal tlelt Swenippemnast andsi drafhigh with peslightlinhslopy thejeghangsitp sachaaiereravithde from
a twge gl}gt has a highly polished reflective inner surface. [0043] As

i ndi cat ‘above, although only three tenperature probes are shown in FIG

5, an actual system ms% use seven or eight _measurenment probes distributed
over ref0042] orligtpires 323 may bronads @ aHah prigsd mgey meatertal avgirassaphivadi al  and

22 S Ry P BT SRR s R ool
subst r ateeffivieps! indahsetealyo h@ gaatedrasvdrse ightegblteons At hesuli they gratidace
greater measurement localization because they accept incoming rays from a smaller solid
20  angle and thus a smaller area of measurement. The light pipes can be made of any
appropriate heat-tolerant and corrosion-resistant material, e.g., quartz, which can transmit the
sampled radiation to the pyrometer possibly through intervening fiber optic cables 524.
Alternatively, the radiation sampling system could be an optical system that includes a small-
radius objective lens mounted in reflector 520 and a system of mirrors and lenses which
25  communicate radiation collected by each lens to each pyrometer. Such a scheme may be less
expensive than sapphire light pipes if appropriate off-the-shelf optical elements are available.
Alternatively, light pipes can be made from a tube that has a highly polished reflective inner

surface.

[0043] As indicated above, although only three temperature probes are shown in FIG. 5, an
30  actual system may use seven or eight measurement probes distributed over reflector 520 so as
to measure the temperature at different radial and azimuthal positions. During thermal

processing, substrate support assembly 508 is often rotated to even the heat distribution of the

11



away fromthe light emtting diodes can be adjusted. Rotation rates may be
bet ween about 20 and 200 revolutions per mnute (RPM. In cases where the
substr at ewb@B10/23170t at ed, each probe actual |y sanpl es t reTius2QeNat403 €
profile of a corresponding annular ring area on the substrate. Substrate
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substrate 505. The material used for edge ring 511 may be resistant to
cheni caPUia preols apstzie $P7 fempnsrataedinfeimitpo4s5] Edge ring 5 11 i s desi gned
to create a light tight seal with a cylinder 510. Extending fromthe bottom
s ur f ace[@M4pdgdong ﬁ@ ibnet Hianseter afiedpaidng 6 a1 mpy Shapkedf bpwedgesdhiapd fonhi ch has
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radius that is er t he radius of cylinder 510 so that it extends

out beyEdﬂe nyg iShblbats BHedial Witk of apprbximatly 8r7Siineh. oﬁ‘oréd@eeofrnggnﬁg 311 meeyond
cyl i nder events str fraomentering
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reflecting cavity 519, edge ring 511my be coated with a materi al

absb? bsSﬂﬁ@awé?sur@w@ﬁt@éhr@ala@@&aﬁysqqmaamlwa%r«fﬁéldél ement 502 (e.g., a bI ack
or grey material such as silicon carbide). To further reduce the anount of
stray | [@A5] eridge iring 51 éfid Mtg'nlaq t€ereqtey 1phOtiglhtt sed-widi atylngleesige Eitagiing

t i 513 b | i 510 d f t b
et od T aPORan R SR FRE SRS TOMICHEASGPRbD Of Ft VWG HSPRECE ng
cavity §iSiaclRRAAL: (iGs Sltshnake: O SRARPIRG BYSHER btk LRbamdensfl G 5

i ncl udes a system cont r ol whi ch control s various operations of
subst r apevpniowdsgit iynsiysteding diredtlalsetweont ther¢diory dutdidedndanside thelcotredar 502

nt 54 i tSil(()e.sEdgqear?ng élolV\Eds a%l'(l)% etrrra&ms ﬁlgtng?grggr%ﬁaﬂ th%r}gdlgs gtn%/%ndgrrﬁqﬁség "t it
extends out beyond cylinder 510. This annular extension of edge ring 511 beyond cylinder
510 functions as a baffle which prevents stray light from entering reflecting cavity 519 and
misinterpreted as being indicative of substrate temperature. To further reduce the possibility
of stray light entering reflecting cavity 519, edge ring 511 may be coated with a material that

25  absorbs the radiation generated by illuminating element 502 (e.g., a black or grey material

such as silicon carbide). To further reduce the amount of stray light entering reflecting cavity
519, a co-rotating edge ring extension 513 may be used. Cylinder 510 may be made of quartz

and may be coated with Si to further limit the intrusion of light into the reflecting cavity 519.

[0046] The substrate processing system illustrated in FIG. 5 includes a system controller
30 562 which controls various operations of substrate processing system such as controlling
illuminating element 502 intensities, gas flows, substrate temperature, and chamber pressure.

In an embodiment of the present invention the system controller 562 includes a hard disk
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I n an enbodi nent of the present invention the systemcontroller 562

i ncludes a hard diskdrive (nmenory 564) and a processor 966. The processor
cont ai ns woprgi2g77oar d conputer (SBC), anal og and di gi Palr/usa@osmos put
boards 568 as well as nechanical interface boards. [0047] System controller

562 conpfiod Gnddis: ty%%&} Yid 4 5ot é%% StHRHrb @kor QB%E@ 2 sTb1SYSEE B mier Syst em

control l er execufes system control software, whi is a conputer” program
stored ($BQ), cuosipgtmt dlg&@ldamltéaunmﬂboms ﬁ@&tasaweléamndrayxlcaﬁmterfm@oa}rds64 may
be a hard disk drive, but nmenory 564 may al so i ncl ude DRAM flash and ot her

ki nds  ofooamorsysteMediRiry 118656 2RYitrdls 318 Reivaics Fficnabithife MocORMgQYstBM! ahkypes
of menory. The conputer programincludes sets of instructions that dictate

t he ti nbystgm poniralice exdeutga spstem chatntl spitpeees which, is & Gembeter p@@@@r stotpddn al anp
povey | eve!glutb N IS ?St)té?rtte unéglfc rt assrﬁorg)ll 4pR/?e|tn%ory%64%1n %B%f(%m% ers of

a parti &ub conputer ’ progr 43S “one stored

on anot B@ﬁmﬂiﬁﬂ@r%MﬁNy 8160 kmEidldd)Rl@M flash axicstidrekinds d‘flnwmyd iVsdtndaly 9amot her
appropriate drive, al so be used to operate s&stem controll er 562.
| nput / omapjatSO(he/a@OHaew@wf 988 0T MATLYAES 3 dﬁertl@m ﬁﬂéwP@@Pt@gpwgfqm trwéldes

equi prent, o fBY b AGhUAG: Hfg}%‘tbe@ﬁx@ﬁé arﬁ%uﬁ*@%f %H&lg%tgfpré‘s@u mya-tor, a

keyboard and a poi nting device ‘tem cont e connect ed to a
net wor ktdmpeﬁdthmy\lahfﬁmr domrts Mbsaate MDWCIIMSIS(ﬂgbIprOSWlSﬁ eandfonhmrtpammexer@ﬁt r ol
may_ al so be. d{?strl but ed. anong It| | e systemcontrollers 562 i ch

conhlini 8 RFEICY éprogeﬁet%okrspﬂot CFOPRUEET @F QI RNH D 26 SRE FOFeG ASHOHE bi 1 i ti es.
[0048] HeGiorf dév?tcéimt u‘ﬂi’tfgh ?thex%BW DEoARY &XEPALRNer %ﬁﬂ%ﬁgaﬂé@hgg ARyl used

to treat the surface of substrate according to di scl osed enbodiments. A
subst r abeusesl to aesfesysteth aormtrollaf iﬁrZode}sslong)uc Hénbéaviges |5é8,at1|ad¢11t16@©£) An

il lum nati ul duration and in are .chosen so (s) have
sut £1c1 Bty i o' et Ye6n P aR By B GRS FRE0ey ek b IS

assembl yhonWbi, @lkelSodpdbitd @f)mﬁtlﬁ% Bsticat @sﬁy&m&ﬁﬁﬂl@gswﬁlﬁyﬁb chiiebtediting

mul tiple LEDs il[uminates and heats a surface of the substrate (operation

6055 t ongtrvmélato Etlhxyv B¢ paitie] pomandengyi systemdipetioas u Contral 1pgy dpeber i s
used t °df§§§b%‘f§d rﬁ&lg%tuggtef Je/?uat &%tr%ﬂpét%?%t%ho&%rﬁ{lﬁl?ﬂe g%%) rfe%b&q the

anneal tenpéerature (opera oM t h
quant i t yrdef to dishridtiieaioneol detehsibéitiesa wavel ength which is d| fferent fromthe
wavel ength(s) emtted by the LEDs. Using separate wavel engt hs for

et or m o T e I P s el o AR aR APr et Con
620) anelurﬁztcoroéd shizstratk aaortdineg tdldﬁstckmeah embb@tnmtsn A Msa@tbustrans&rm@natow e and
tsBS% qui %Ie%tg&tc&angﬁgg O%Ireﬁltlapl %80)” eAV\ﬁ Vr\ﬁgatlo%Vp%Hse@L%atlon ana n en51typarrg c eoségn
so the pulse(s) have sufficient power to anneal a substrate (operation 603). An optical
assembly, which is part of a substrate processing system, including multiple LEDs
illuminates and heats a surface of the substrate (operation 605) to anneal the substrate to a set
point temperature. A pyrometer is used to detect radiation from the substrate (operation 610)
25  during the anneal and calculate the actual temperature (operation 615) from the quantity of
radiation emitted near a wavelength which is different from the wavelength(s) emitted by the
LEDs. Using separate wavelengths for illumination and pyrometry improves the accuracy of
the temperature determined by the pyrometer. A new power level is calculated (operation
620) and stored based on the difference between the actual temperature and the set point
30 temperature. The new power level may be used to process subsequent substrates. In an

alternative embodiment, the difference is used within a real-time feedback loop to adjust the

LED power during processing of the substrate.

13



alternative enbodinent, the difference is used wthin a real-tinme feedback
| oop to adjust the LED power during processing of the substrate.[0049] As
used her evo20Bul2steat e” nmay be a support substrate w t hpom/useathosit40d ayer s
formed thereon. Sonme or all the |ayers and even the substrate may be
patt er ngggqg }ﬂlﬁ RHPRYER u%ﬁb&%fateah?a o RBpaR shiailleal 9 op\tltﬁoawe%%%ga or of
a variety o opi ng concentratio and rofiles and may, for “exanple, be a
sen condikrt@r. Sulxsoradl the dﬁyetstmldteygethﬁcwwtrame inhp berpattdragt. Urle swppomt egr at ed
circuits., Use of the ter | i and tics' not Jearry
iy o Rieseroey e bRuer gt SorsgRORRY FadraEpe SR RSBE AL A fom
the vi sigad@ePHd MmN 16f extalip]S BEGLsEMBondi@or duBRtaté BNty Rfusddih M@Vvel engt h.
[0050] I'n one ermbodi ment a substrate processi ng system i ncl udes a

pl ur &l i tyangfachirghtf ingegrated nlgcujisoélbs Ofﬁwlt@mm'@lght f i'qpéltcalt" |ag¢ht'01t§ws't tktqsgloal ode

Poot e 2 e Gny Mol bt BR DG aab e RO AL IV E @l s BHY BT LS 9S>

first |ipgghioredfithd igegtréthOd@e eiBht Gandbeldffagy wakeleadtht y of pul ses of Ilght
energy and the second light emtting diode emts a second plurality of

pul ses g 0 ate
processﬁ{)tgédgyts&% O%@%ﬁ%édﬁe%g?%&?shﬂragl ?ééggbggg%?ses OQH?S%WB%RZ% hrtsecond

pl urali temlmtngmwc&emoﬁlfdlﬂtg' ghtst Ingmeermttdtgrcabcﬂ@andtat@t:omcshg}ftsmtmlngmhciﬂe thgual to
one second. [ 0Q yet _anot her epbodi frent of the substrate processing
systl8m Pthﬁéhﬁé(l%?l&h trg»lttatg ‘I’hP%‘Fﬁheé‘i%atftrﬁfrﬁg‘“ge Dk seRgo fé?ﬁ@\éltftraw ' apleptter n
that su apt inal.l p@l,lb(}* attern
can be ??gcgnt%eg% %:tllHrE(}:lF %{mﬂ%gﬁ? %lgmﬁetﬁgrfgﬁrpgg?put ﬁfse %}{Er%gé}lg gﬂ(g%h% | i ght
en tti ngedinddeht emiteagtiodomnéent se@nd iphohlEyedpulses «rﬁalughédnttrgy uni formy heat
the first surface of the sem conductor substrate. [0053] In yet another

enbodi mgpg519f ﬁq%oﬁtk!péhﬁ@dlﬁleﬂtrmﬁ§@H@ﬁa’t@ﬁﬁé&ﬁ@mé mtmttﬁeeﬁm% raitgencentric
circle near an outer edge of the sem con tor stbstrate 054] In yet

anot her pessedf lméﬁtand)fhetﬂq@orgimgtahm o psse e Behidiagy & deration hl@at i lessrthamet on

fro the gall{ COI% light emtting diodes nodifies a near surface region
of t san con or 'substrate. [0055] In yet another embodi rrent of the
substrate roceSS| ng system_the first plurality, of pul ses of t. and the

second pPeRZI .Itlwebtn%}eﬁ@gsboétrntrtt @ﬁthewab%raée H@P%Stswﬁwtamgthﬁ@hf%% bt 1
m |11 secand;, g%@cﬁglﬂ;e aJna% g(Pﬂldd %it{%??@ﬂat Ad% ur fia | A O?ﬁllﬁ'f@%%dthg@é}ﬁlc%d\fcﬂﬁ

substrate processing sys rst p
substrate. The pattern can be concentric circles, and the energy output of the plurality of light

emitting diodes on each concentric circle can be varied to uniformly heat the first surface of

20  the semiconductor substrate.

[0053] In yet another embodiment of the substrate processing system, the pattern is a

concentric circle near an outer edge of the semiconductor substrate.

[0054] In yet another embodiment of the substrate processing system, the illumination from
the plurality of light emitting diodes modifies a near surface region of the semiconductor

25  substrate.

[0055] In yet another embodiment of the substrate processing system, the first plurality of
pulses of light and the second plurality of pulses of light have a duration ranging from about

1 millisecond to about 1 second.

[0056] In yet another embodiment of the substrate processing system, the first plurality of
30 pulses of light and the second plurality of pulses of light have a duration ranging from about

10 microseconds to about 1 millisecond.
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pul ses of light and the second plurality of pulses of |ight have a duration
rangi ng from about 10 m croseconds to about 1 mllisecond.[0057] In yet

anot her ewbadiomest72of the substrate processing system twrhe/uscosospbural ity
of pulses of light and the second plurality of pulses of |ight have a peak

opti cal gﬁ’ggfr 19 ggtaatng{hef BaRo RNV Sk A gtﬁ[é)ggégﬁ]i?% g&s%/é?ﬁ, RO REH ?furaﬁﬁ?f@fﬂi ment

of the rate processing system t 0 Irst surtface of the
sem conguis¢saof Iphbaid the eedond ghwealitgrof phiaes Afdht tR2ve p POBOJptical pwter anatdrer
enbodi ment qf the substrate processing system the plurality of I|ight
enittinﬁmﬂﬁgaé¥m§¥%pforned on a single transparent substrate. [0060] In
anot her enbodi nent, a substrate processing system includes a substrate
suppor t [M$8knthh yettdnathes appoditentoftberdstrdisproressnpsystam.ghelirspos g fwhtt hi n a
processi ng chanber, .an first light emtti dbode assenbly which

i nclUdeSMRHRGHf sie‘i“g’z“’&g“%?‘gﬂ}bs%ﬂfﬁg ?ﬁaeﬂﬁh@ai@@?’ﬁcl uding a first light
emtting diode and a second |ight emtting diode, the plurality of |ight
emi tti niP0FPbddr yricmpthenembedimestipt the substrate pseseistipg avéarrthe plygalitppblighd ™ at

| east 2Q00.0C .The fir | ght .emiti] [ its a first plurality of
pul ses Slfmtgln%ﬁltolagsnaerregélg’r%%t%Ségggté%}ﬁ%%fe?%g&%grgn{%ti ng diode emts a second

plurality of pulses of |ight energé. The plurality of |ight emtti ng di odes
are arr 5981 il apotherqrahodimentt a SUPSERERIFCEFTINE BFEd ARFIYdes bt support

sem con j faidd it 1 n dify
o mear e oo e R D S P
canlav e fastdighatmdting dinde agefbbnwhibb includesilplirslety®fdightoenaitiong diddesecond. The
first plural.ity_.of pulses.of |ight and t second pluralit f pul.ses of
i ght cg%?ﬁﬁé%g Hrehbight f‘éfﬁftiftgaclm‘?)%ma e gt grading g a{}i{e?éﬁth 50" he
first p'eh'x'itﬁh% H¥ded e SESt Alrflce 9t saffohdtGaaneht ot Mast 000fC. PHhesRSt Of
| ight can activate a dopant within the sem conductor substrate. The first

pl ur al i lightofmigirgsHiedepgmilty gfirst phalith ef pelsesad ightierergx gndothe peosddighf | i ght

can diffuse at.0 into the sem conduct ar trate. Jh t

process FW&%% glog%eglétﬁ SN uriaﬁpl %u éﬁséas g gfé bn?\[(f n?rig ht! Eg ﬁ]ll?!iﬁﬁ q f g?@d e

assesbl ymithal diidegar@ «5asedin Pl paktai thyt absthatgiily @ifotrhiyngaditbdesnidisinosed
near a second surface of the sem conductor substrate tqQ illum nate and heat

the seceovhstsier {lheeluplitynd lighheraibirmdiodss wopaadiiyienca BUECE rseionpbtRer
mbodi . i nd.. :
s B B e

assenbl y suppor conductor subs In a
pr ocessniitlisedvmdhe ahoandeeordd ridte firtgiitrabg dftpubsgs df bgle aad stendskgnd mhratity

e s e B LSl L S8 SR B LS B
20  plurality of pulses of light and the second plurality of pulses of light can activate a dopant
within the semiconductor substrate. The first plurality of pulses of light and the second
plurality of pulses of light can diffuse atoms into the semiconductor substrate. The substrate
processing system can further include a second light emitting diode assembly including a
second plurality of light emitting diodes disposed near a second surface of the semiconductor

25  substrate to illuminate and heat the second surface of the semiconductor substrate.

[0061] In another embodiment, a substrate processing system, includes a substrate support
assembly that supports a semiconductor substrate disposed within a processing chamber, and
a first light emitting diode assembly, which includes a plurality of light emitting diodes
including a first light emitting diode and a second light emitting diode, the plurality of light
30  emitting diodes heats a first surface of a semiconductor substrate to at least 200 °C. The first
light emitting diode emits a first plurality of pulses of light energy including one or more first

processing wavelengths and the second light emitting diode emits a second plurality of pulses
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emtting diodes heats a first surface of a sem conductor substrate to at
| east 200 C. The first light emtting diode emts a first plurality of

pul ses ofwbixgtwi2erier gy i ncl udi ng one or nore first processiusgowasabengt hs
and the second light emtting diode emts a second plurality of pul sesof
i ght engy; té@fggﬁﬂaa- e OF O ScSRf A RIAGRRI AR R SRENNS of I
pIuraIitylg¥ fﬁ t en??gina d?%gescareﬁgr?aﬁ%ed in g patte?n thg? Qﬁ
subst anteimaiting dintief arerdryanpehins pditerrsthat wbstdotcdyrunsiobsty lep . thd femisoriskictoat e
pr ocessi system further includes at.|east one rometer that detects

i ght  nedteugte | Rt b ByPowEe s S RdVE TeBrt e o er e B eifer at ur e of
a porti Qgieefs 1zhen&eal LANGHE bPFonudSivh Al ErgtNREI@EMiAd 8 tedlpel R@Slof @PBrtion
pyronetric wavelength is difterent fromone or nore first and second

pr océssiohthosswedamdytthssubThiaie onkerein thoatdedst pse prrathemowantlgmeticie diffarent

wavel engt hs can i nclude wavel engt h _bel ow ahput..0. 75 mm and the,at | east
o bor Sl o f 0 R P R R TP e B Lo R TR G5 8%4 Heonf 2 e
or nor e phddeSdin@RevEendictapiAdedst Wavaievgh BEIgHvNHo6EN 75 NE ddeh@atBrebengt h
bel ow about 0.50 mm and the at |east one pyronetric wavel ength include a

wavel en@ymdoe &axgegth mobglemyayadawt ahayeahetierS wnbdde Reaer maraishod of
Npbel § o : t
el act | At SO RERud G aR o SN R A ETLERT G Wp RS LR tho et o

opt iioal l¢ust s udheticantvelengthrigdid@a santleaghubdvarabsubd®@ 50 atre, and heati ng
t he sem conductor substrate to at least 200 Cwith at | east one optical

pul se Of[()d(il@htlnfaﬁlgmefi&nﬁ(ﬁﬂn > Q%Qﬂ%od ﬁ.{ﬁeaﬂﬁ Lﬁﬁﬁﬁa@]ﬁ 108! @\Lidﬂ l;se
i ncl udes one or nore LED wavel engths. The r’r%t od can ?urt er I nclude
recei vi sgmaonduxitert sstisttdte iselettingnant hED guisealueatioh ahfle [§dhpaentdaisoy ofatbst r at e,

and determning an intensit f the em.tted |ight near rocess nonitoring
Ravel ongiit CRAF AP E PG R i B TG By SSHEE QBT B ent 1 om t he
one or RBhRohERINRNBHEAGINS leabt 2R {MFithhe18Mne QPHE balse SURSHtIRIE ag AN

i ncl ude anneal i n& t he sem conduct or substrate. Treating the sem conductor

subdfr atl&Elx assemhbi Ude adideptiugicrnptiddpatresndiddsione ohmosehiBoraistengthss dbst r at e.
100631 Lt cethd Lo 30151 8800017 8000 1 BOR 8 S bChullod BSnatd LORcquii | @
the i nvéntion has been described Above 1 ntter e of preferred enbodi nments,

it is naetibdtiarg, bedldétbediaing.anVatehatisoffteatmited lahthas peed@sohohin@ing
above-descrjbed invention may be used individually or jointly. Further,

al t hougVavRkEngthy WheieBthe REOCEEIRORIEE RS iR § gnath1p difEegent &som Bye ong gr more

i npl eneRtad | i i i i : pplications,
g o e R R A L L gt
t hek@t o samittonfiattort dubstpute sErbtingthestindrondagtotmbsttitt caeiciude diffusimgniopantef

envi ron s .and i.npl.enentations. WHAT IS CLAIMED | S:
%H}ln the semlcrg?lductor su%strate.

[0063] It will also be recognized by those skilled in the art that, while the invention has
been described above in terms of preferred embodiments, it is not limited thereto. Various
features and aspects of the above-described invention may be used individually or jointly.
25  Further, although the invention has been described in the context of its implementation in a
particular environment and for particular applications, those skilled in the art will recognize
that its usefulness is not limited thereto and that the present invention can be utilized in any

number of environments and implementations.
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L A substrate processing system conprising: a plurality of light emtting
di odes conprising a first light emtting diode and a second light emtting
di ode, thwopbwvabi’ty of |ight emtting di odes heats a fiPcItUSsmwianies of a
sem conductor substrate to at |east 200 0C, and wherein the first |ight
emtti ng,vﬁi qdR M\ inipd ki rst plurality of pulses of light energy and the
second de emts a second plurality of pulses of |ight
energy. 2. The substrate processing systemof claiml wherein the first
plurality of pul sds of A suistratapddetnssstng cpinprisingt y of pul ses of i ght

have a duration that is |ess than, or ual. to one second. . 3...The. substrate
proceéssing system of claﬁhr‘ﬁaﬁtyvﬂl}g‘rggf ?fnﬁﬁ[ég %)‘IO ?Saﬁomwlsgllgﬁgré%gg}btﬁ‘l ltttl?xgg di odes
are arr g'ﬂ%danh R sBeRAUIBE Bnithas dPHESh@Plukat) ¥f Nt fepfitiing diiRE Bedth@ first

sem conductor substrate. 4. e substrate processing system of claims3
wher ¢i n:sutfiee @fatsearspnidsctoonbemate icatdeast PASCiaand t he energy out put of the

plurality of light emttin i odes,.qn _each tr j ried
to ugi formy heat the f"rbr%%n glfrt?rﬁt(s:lég%éfe nﬁ?}igg?@o%%%ﬁaﬁ{ &girgﬂrﬂlgﬂ&ggf%ugs% s éP The
subsgr aliBhPEREBSHIdHe Sodhe HFE&T en@ittdigndiddenigitei fecohi@ppadlitgofipilsesaofdightent ri c
circle near an outer edge of the sem conductor substrate. 6. The substrate
proceéssiengrgsystem of claim 1 wherein the illumination fromthe plurality of
light emtting diodes nodifies a near surface region of the sem conduct or
substrate. 7. The ,substfat i - clial ; i first
pl ur t<%1I ity of pul sezz of 'Jl(h?:gsﬁlt)aggﬁﬁﬁg%gggé%ﬁgﬂgfgaﬁi1??/mggin\3ﬁ]@§§gﬁ%lgﬂlﬁ¥ght
have2a difipalstoof lighnghdthefseamdagihaulitylofipulses sEicghtdiatoa divetion thagisdensdha@ orThe
substrate processing, systemof claim1 wherein the first plurality of

pul sés &HAudlitgrpe 85599¢he second plurality of pulses of light have a duration
rangi ng from about 10 m croseconds to about 1 mllisecond. 9. The substrate
procgssing systempf cl@eBubsttiep@iesing@yéteinsdf cRlimrialhéryinahe plukalieg odf | i ght
and the second plurality of pulses of |Iight have a peak optical power

gr eafer light emitting diodes are arranged in a pattern that substantially uniformly heats the

3 semiconductor substrate.

1 4. The substrate processing system of claim 3 wherein:

2 the pattern is concentric circles; and

3 the energy output of the plurality of light emitting diodes on each

4 concentric circle can be varied to uniformly heat the first surface of the semiconductor
5 substrate.

1 5. The substrate processing system of claim 1 wherein the pattern is a

2 concentric circle near an outer edge of the semiconductor substrate.

1 6. The substrate processing system of claim 1 wherein the illumination
2 from the plurality of light emitting diodes modifies a near surface region of the

3 semiconductor substrate.

1 7. The substrate processing system of claim 1 wherein the first plurality
2 of pulses of light and the second plurality of pulses of light have a duration ranging from

3 about 1 millisecond to about 1 second.
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than 500 Watts/cnR. 10. The substrate processing systemof claim1l wherein
the area of the first surface of the sem conductor substrate is greater

t han 100 wm2010112377Zhe substrate processi ng system of cl acmus2eesadh t he
plurality of light emtting diodes are forned on a single transparent
substrate. 12. A substrate processing system conprising: a substrate
suppert assenbly tohat L; t i gy hin a
procgssi ng chanbetrg;' anﬁ%ggﬁ%%%@qrﬁgﬁ%lﬁg%ﬁlﬁgC%?{gge&gégggqn%ﬁsegg@%{)a%};si ng: a
pl ural i bypoiked afdipht emd the isegpndipbdelityod ppisesoffigeha hive sdurhiightangmigtftonrmg  di ode
and second light emtting diode, the plurality of light emtting diodes
heat aa§W#gpI§ FFQE@dBF’QﬁEi§§Hﬁ§8ﬂH§Ctor substrate to at |east 200 0C
and wherein the first light emtting diode emts a first plurality of

pul ses of light energy &RdubdRtSHERE ik Isgiibm clalirh NgvEkreid ehefiist flusalggcond
plurality of pulses of |ight energy; erein the plurality of |1ght

eni t 2i ngf dileereesl lighe art thasgesadipturalifyaif palsas ehaght Savsse pepkicptics] nemier sreaiey

heat tggmﬁﬁgi o&?ucior substrate. 13. The substrate processing system of
claimi1 erel' A YHE plurality of light enitting diodes nodifies a near
surface region of the sem conductor substrate. 14. The substrate processing
system of cl ai m 13 0wher@ierubdteitd prosdssipbgysabmtof ckimdulsesinahe dreghf thardastt he
second plurality of pulses of |ight have a durati,on ranging from about 1
mll i’-seéH‘”rf%Fetht%%ﬁ?ﬂﬁlc@délé@éﬁ‘éf’.sui@.ls greates a1l P9€8 pr ocessi ng system of clai m
12 wherein the first plurality of pulses of |light and the second plurality
of pylses of 1ight)jhaverg BERtORLE&SIgRIWEH Jfiflim! ISwBERUEE plubidity 600
Watts/cnR. 16. The substrate processing systemof claim 12 wherein the first
pl ur al i tighbémipungsdisdesfart fginedand sitge ewpagnpsubsadtet y of pul ses of i ght
activate a dopant within the sem conductor substrate. 17. The substrate
processi ng system.gf cl ai 2 wWherei.n the first plurality of pul ses of

| i ght and the seco1 d p|‘§F‘£SF€“€P6 Ceﬁ%?%se%S b ’ﬁo?néaﬁlltgln i ffuse atonms into the

semi gonduct or subsigiubiteate dipporthassembdp thattppprto e esaladwyatsamtnic dkpoised 12
further conprising. a
within a processing chamber; and

4 a first light emitting diode assembly comprising;:

5 a plurality of light emitting diodes comprising a first light emitting diode and a

6  second light emitting diode, the plurality of light emitting diodes heats a first surface of the

7  semiconductor substrate to at least 200 °C; and

8 wherein the first light emitting diode emits a first plurality of pulses of light

9  energy and the second light emitting diode emits a second plurality of pulses of light energy;
10 wherein the plurality of light emitting diodes are arranged in a pattern that

11  substantially uniformly heats the semiconductor substrate.

1 13.  The substrate processing system of claim 12 wherein the plurality of

2 light emitting diodes modifies a near surface region of the semiconductor substrate.

1 14.  The substrate processing system of claim 12 wherein the first plurality
2 of pulses of light and the second plurality of pulses of light have a duration ranging from

3  about 1 millisecond to about 1 second.

1 15.  The substrate processing system of claim 12 wherein the first plurality
2 of pulses of light and the second plurality of pulses of light have a peak optical power that is
3 greater than 200 Watts/ cm’.
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second light emtting diode assenbly conprising a second plurality of |ight
emtting diodes di sposed near a second surface of the sem conduct or
substr at ewbaoidi2sTmenat e t he second surface of the sem cendwstan/03u4bst r at e.
19. A substrate .processing system conprising: a substrate support
assenbly that supports a sem conductor substrate di sposed within a
progessing chanbeys angh aqfilisb otd @ineistehd OtAhPALWASIAMAL ¥ird QIRAIST NO: 2
plurality of light emtting (§I oges conmprising a first light emtting di ode
and 2a sefqmisds bf bt aaditlid sengndiplockdity ofieulpdswf dghtt getbfatd 4 domanewithinithg di odes
heats a first surface of the sem conductor substrate to at |east 200 0C
and JwheteaiePndngtop ?Uj%s{ratiei ght enmitting diode enmits a first plurality of

pul ses of light energy conprising one or nore first processi ng wavel engt hs
and jt he second light emhd fibeGatdipasteserl §yBteth 6€48IR01 Plvlie@id thy fiedt phithises of

| i ght energy conprising one or nore second processing wavel engths; wherein
t he 2pl wofatulsey obtightiagh thesacond plyradity depulsaseof dightdiffase atams iHather n t hat

sub tantei al(lﬁyugtni fu rs?at)é heats the sem conductor substrate; and at |east one
pyr met S fHat det ect light near at |east one pyronetric wavel ength to
determ ne a tenperature of a portion of the sem conductor substrate,

wheriei n the at | ed&t ofike pibsae torde@ssiay slsengdhclaisn t ffrthee ndmprisomg oane or
nore first and second processing wavel.engths. 20. The substrate processing
system wrow] hehheraipsdhedernseeRably GBS RS soeing hirgliy o i@ghﬂnﬁ?f&@g&%g

wavel en(ﬁﬂslgb%e&: Hg%?ra' S%@(hrﬂ el 6EL ReRRbo AR AUbsthit/ R iARE hB8eRhd! east one
pyronetrit wavel ength conprise a wavel ength above about 0.75 nm 21. The
subst r agwefape ot s semgosgsttemubstraté.ai m 19 wherein the one or nore first and
second processi ng wavel engths conpri se a wavel engt h bel ow about 0.50 nm and
the at | east one rometric wavel ength conprise.a wavel ength above about
0.50 nm 22. A me?%od Suhtéaé?‘Pl}?ﬁesgg]sges%s‘[grghaﬂ%s%gn%'ubst rate conpri sing:
provi ding a sem copehiehRrsuppdisidsaibly th&lseppdrich @mitddduptot sebsdutealisposedand a
LED pul se intensity of at [east one optical pulse sufficient to treat the
sem Tonditbinor rrecssing gbanbeieatd ng t he sem conductor substrate to at |east

200 lp Cwth at | egﬁg‘st%@ﬁt quitttiiﬁ:ga(kiode assembly comprising:

5 a plurality of light emitting diodes comprising a first light emitting diode and a
6  second light emitting diode, the plurality of light emitting diodes heats a first surface of the

7  semiconductor substrate to at least 200 °C; and

8 wherein the first light emitting diode emits a first plurality of pulses of light

9  energy comprising one or more first processing wavelengths and the second light emitting

10  diode emits a second plurality of pulses of light energy comprising one or more second

11 processing wavelengths;

12 wherein the plurality of light emitting diodes are arranged in a pattern that

13 substantially uniformly heats the semiconductor substrate; and

14 at least one pyrometer that detects light near at least one pyrometric

15  wavelength to determine a temperature of a portion of the semiconductor substrate, wherein
16  the at least one pyrometric wavelength is different from one or more first and second

17  processing wavelengths.

1 20.  The substrate processing system of claim 19 wherein the one or more
2 first and second processing wavelengths comprise a wavelength below about 0.75 pm and the

3 atleast one pyrometric wavelength comprise a wavelength above about 0.75 um.

19



pul se of light froman LED assenbly; wherein the at |east one optical pulse
conpri ses one or nore LED wavel engths. 23. The nethod of claim 22 further
conpri si NyoO 208¢eBVR2Nng an emtted |ight fromthe surfacepofr/ush@o/031403

sem conductor substrate; determning an intensity of the emtted |ight near
a process nonitoring wavel ength, wherein the process nonitoring wavel ength

s different fromyhe ane OF. /IRl folEDnPRYELANILSN 134Tl s ROH x@he Sl ai m

wherein treating the sem conductor strate conprises annealing the
sem zondiisttand seuwhé mr@iemngﬁavahgthMMSefa vavaliengtd belveatmiun Ot50eat amdthehe

sem conduct o
semi éonéﬂl@@ﬁ:ong égrz)tgr;egéicgwgggg ngt ggmgrllgef a{J \%Iaxpe eng%P r]otV% a‘é’loutm gb ; he

1 22. A method of treating a semiconductor substrate comprising:

providing a semiconductor substrate;

selecting an LED pulse duration and a LED pulse intensity of at least one
optical pulse sufficient to treat the semiconductor substrate;

heating the semiconductor substrate to at least 200 °C with at least one optical
pulse of light from an LED assembly;

wherein the at least one optical pulse comprises one or more LED

[o <IN e NV T NS B\

wavelengths.

23.  The method of claim 22 further comprising:

receiving an emitted light from the surface of the semiconductor substrate;

determining an intensity of the emitted light near a process monitoring
wavelength, wherein the process monitoring wavelength is different from the one or more

LED wavelengths.
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24. The method of claim 22 wherein treating the semiconductor substrate

2 comprises annealing the semiconductor substrate.

1 25.  The method of claim 22 wherein treating the semiconductor substrate

2 comprises diffusing dopants within the semiconductor substrate.

20



