FI BER LASER SUBSTRATE PROCESSI NG CROSS- REFERENCE TO RELATED APPLI CATI ONS

[ 0001] This application clainms the benefit of US Provisional Application
No. 61/ 1MoQdio123$20]1 ed April 20, 2009, which is incorporaras2iensgics2 by
reference inits entirety for all purposes. BACKGROUND OF THE | NVENTI ON
[0002] In sone 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 light source to rapidly heat a substrate that is held

Wi thin a processing chanber, sonetines under vacuum conditions. The high

intensity |light sou i Y st hi gh intensity

| anps, is located i ﬁ%é‘%ﬁ%i@@%ﬁamer and adj acent
to a transparent w ndow through which the |ight passes into the chanber.

I nsi de of the chanber the substrate is supported with very little physical

contact (usually ar gtk REFERENICISPOIRIELAPEPIABRIEICLMPNSAL Ur e can respond
quickly to the incomng light. The front of the wafer is exposed and
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substrates as commonly used in the manufacture of integrated circuits,
optical absorption is higher for shorter wavel engths especially at the
begi nning of a heating cycle when the substrate is closer to room
tenperature. Rapid silic@ACKGROEND OBGHHMINVENITDISNafter the | anps reach
hi gh tenperatures (about 3000C) at which time_ the | anps belgin emtting a

| anps .
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apparatus In a wafer 100 disposed in chanber 1051 s heated
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typically, tungst en-hal ogen | a d be b ht t i.ff t ..
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wi th which the | anps 125 can be turned on and off is limted with typical
heat | aeipeitsideiottbs gharsbdrang pdiacet to mbaetparrahwindow Hrengbsthieh Gedight be
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15  physical contact (usually around the edge) so the substrate temperature can respond quickly
to the incoming light. The front of the wafer is 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 evenly heat the substrate. Pyrometry

measurements may be made by monitoring light through windows 135 in the chamber 105.



to provide short pulse durations in order to stay within processing tine
targets. However these new alternative |light sources are not optinal to
satisfy neo2prooesesi ng requirements that include tinme requiuseonmwoss3t or
processi ng wafers that have been decreased to be between 50 nsec and 100
nms. Thergfare,. . stem and d r.reliahl . [ I i
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control M@f rédudts imiititatioraonaioe, faer A1dubsirate 0ardbe M&kdd. as dur ati on and
repetition rate of high intensity pulses of illumnation is needed for a
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Enbodi nent s “of t pres I nvention pertain to su rate processing

equi prrernb panddeiohqadsei dueaiops irmdhdagtol stayhtitlsio praessingdiiab tgppey.i Howenegependent
control of Ii g,ht1 ul se_duration, shape. a&d reP?ti tion rate. Enbodi nents
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[0006] AnsyhstidtiSe Péq%‘ﬁ%ﬁéh@ 9013}56%&&%'&3 REIAE @R AR Hkn ABEBaskl REbe bawBES t hat
generate optical pulses for ill'umnating a portion of a surface of the

seni condatsec aslilfStusaflbeteformpasyistent frel methibd dordeleabdy amliagidinpwcessing opt i cal
pul ses i ncl ude. one or re vel.en of light and.a sel ectapl,e.pulse
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in the formation of a filmon a surface of the sem conductor substrate.

Al t dOnatip peqdpd ferrrevasisty efdubgiiate processps-act i vat e dopants in the seni conduct or
substrate. Alternatively, the optical pulses can anneal the sem conduct or
substrate. The one or nore fiber lasers can include at |east one fiber
bundl e | aser. The pul se duration can be between about 100 ns and about 100

ms. The optical pul ses c%rmgg MMAQYW?EEWI@?I@I@OMUN or substrate by
iftu

heating the sem conductor substrate or sing atons in the sem conduct or
subst r at[@005TheEmbpéinientsarf thapresat itvieeti@ppéraal topubsese panedhmgsghpuicabhel and
can be Ies}s10 han about

MHz. The substr.ate processin tem further
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wavel engths of the one or nore fiber lasers.[0007] A substrate processing

syst em idecteaskssn itensgptofl dhimiasisembl y and a substrate support assenbly for
supporting a substrate di sposed within a processing chanber. The substrate
[0006] A substrate processing system includes one or more fiber lasers that generate optical

pulses for illuminating a portion of a surface of the semiconductor substrate to modify the
semiconductor substrate. The optical pulses include one or more wavelengths of light and a

20  selectable pulse duration. The portion of the surface has an area greater than ten square
millimeters. The optical pulses can promote chemical reactions which result in the formation
of a film on a surface of the semiconductor substrate. Alternatively, the optical pulses can
activate dopants in the semiconductor substrate. Alternatively, the optical pulses can anneal
the semiconductor substrate. The one or more fiber lasers can include at least one fiber

25  bundle laser. The pulse duration can be between about 100 ns and about 100 ps. The optical
pulses can be used to modify the semiconductor substrate by heating the semiconductor
substrate or diffusing atoms in the semiconductor substrate. The repetition rate of the optical
pulses can be selectable and can be less than about 1 MHz. The substrate processing system
further includes an optical pyrometry assembly to monitor radiation from the portion of the

30  surface near a wavelength different from the one or more wavelengths of the one or more

fiber lasers.



support assenbly of the substrate processing system can be noveabl e
relative to the one or nore fiber |lasers. The one or nore fiber |asers of
t he substwet2eipnrss2essi ng system can be noveabl e rel ati vecrasseée/ 03iebst r at e
support assenbly. [0008] A nethod of treating a substrate includes
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substrate and illumnating a second portion of the surface of the
subst r ateveibhercehativhdatheanbstracd sigport@sseimbing an emitted light fromthe first
portion of a surface of the substrate and determ ning an intensity of the

eni tt edjdoost ARBthod oPHERRES: SIMBH4tE irldNeHeWaN 84tRIBGH filseliRatRInQsTRs fealiibet OF | NY
wavel engt h can be different fromthe one or nore fiber | aser wavel engths.

[ 0009] chtahpmlsgﬂ@a@romot@@pﬂurf@%pmp@sy apd ﬂluﬁ@nmr@eeﬁtst potsien o8 asertageldf becone
appareng, Cfu%:{}a{t Hclq eattalagt %%}&tlcgltﬂ 1 ol%rl?{{ dﬁlde %Itl ﬁf tél?sre of 1tghtaﬂiorlad be

under st scri‘ption &nd sp eI e e
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only and are not intended to necessarily limt the scope of the djsclosure.
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nature apd, H@H{o@ﬁ%ﬁh?% gst}gte'a!a A A%t ys&sﬂa ﬁg}rnoa%@t@su;ﬁé@mﬂse to the

remai ni ng portl ons e specl |cat| on nd t aw ngs resented bel ow.
The Fi gsutegatar &he medrqalcnaahmﬂudmrtecaewilng adetrattécbhig}démﬂmtﬁrstrpopmn ofon of the

i nvention IS a Cross-secti.on sche c of a heating and
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systens in a substrate processing systemaccording to enbodi ments of the

i nvent i ororg HbardjseFveR:le3ph8B are fl owcharts showi ng exenpl ary nmet hods which
may be used to treat the surface of a substrate according to disclosed

enmbodi NRYW0S]  Further areas of applicability of the present disclosure will become apparent from
the detailed description provided hereinafter. It should be understood that the detailed
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

20  disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] A further understanding of the nature and advantages of the invention may be
realized by reference to the remaining portions of the specification and the drawings,
25  presented below. The Figures are incorporated into the detailed description portion of the

invention.

[0011] FIG. 1 is a cross-sectional schematic of a heating and monitoring system in a prior

art substrate processing system; and

[0012] FIGS. 2A-2C are cross-sectional schematics of heating and monitoring systems in a

30  substrate processing system according to embodiments of the invention.



[0014] FIG 4 is a cross-sectional view of an exenplary substrate

processi ng system which benefits from enbodi nents of the invention. [0015]
I n the apperdedi2Bs2gur es, sim|ar conponents and/ or feat eCeaScwy/0B®IE t he
sane reference |abel. Further, various conponents of the sanme type nay be

that b stPhgi Ka YR oL S DI MDA ME f a0 ' oo

r ef er encgedt aeedurfase 5£8hbktiatt Becos@agid dsabsenembdigmeascri ption is applicable
to any one of the simlar conponents having the sane first reference | abel
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| NVENTI nment's of rese rnvention pertain to substrate
pr ocessi hgeatUurgnembodintnosifhbe®mvemenr por ati ng | i ght sources which provide
i ndependent control of l|ight pulse duration, shape and repetition rate.
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illumnation. [00I7f I'n a & sclosed enbodiment, fiber lasers are used to
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can be coiled to maintain a snmall tool footprint. The | ong narrow | asing

cavi t i esdestriftidneis appisaabls te any bee ebibE siniles compphendd legvingthe samp drst ssfaishing a
hi gh optjcal. intensity, output. Continugus power fromcurrently avail able
PP olefRamshellR AMpatePhsedie 2he

fiber | Slates to very high peak powers
depending on repetition rate, nunber of pulses, pulse shape and duration.

Fi ber | asers, when punped by a master fiber oscillator instead of a pul sed

Nd: Yag | aser, offer grlﬁé‘;rﬁhﬁﬁ% ﬂpﬁgﬁfﬁgqﬁﬁﬁ@@gﬁﬁ@ﬂd al so enabl e

paraneters to be sel ected nore 1 ndepen rom one another. Miltiple
fiber | apdn6] mEyntodimanbofithe pteserdtanvanbon pasasn o subagete prodaeesing egiipmb@rand

bundl e | asers..[0018]. The surface of the substrate may be_.freated with
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surface of the substrate with a sel ectable nunber of pul ses and pul se

repetiti devreaaesis inensify dfolldmiaaon.The shape of an optical pul se may be
adjusted to provide, for
[0017] In a disclosed embodiment, fiber lasers are used to illuminate and heat the 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. Fiber lasers can be used to create
20  very intense optical pulses enabled by long lasing cavities which can be coiled to maintain a
small tool footprint. The long narrow lasing cavities of fiber lasers can be cooled very
efficiently further enabling a high optical intensity output. Continuous power from currently
available fiber lasers exceed 1 kWatt which translates to very high peak powers depending on
repetition rate, number of pulses, pulse shape and duration. Fiber lasers, when pumped by a
25  master fiber oscillator instead of a pulsed Nd:Yag laser, offer greater range for these
parameters and also enable parameters to be selected more independently from one another.

Multiple fiber lasers may be combined to form a class of lasers known as fiber bundle lasers.

[0018] The surface of the substrate may be treated with optical pulses having essentially

continuously tunable pulse durations between about 2 ns and about 100 ps. Pulse trains may
30  beused to treat the surface of the substrate with a selectable number of pulses and pulse

repetition rates of up to 1 MHz. The shape of an optical pulse may be adjusted to provide, for

example, more illumination initially to heat a surface to a process-assistive temperature and



exanple, nore illumnation initially to heat a surface to a

process-assi stive tenperature andthen descend to a lower intensity

suf fi ci enwoto1maBsai n a process reaction. For | ong pul ee€3/USeMmen3keD ns)

t he pul se shape may be selected to ranp intensity in order tolimt the
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substrat ef.ficientl Pul sed ers, are dop| ng a
core of pg?ltoblB&ilceglpr?ceﬁseF lgcm%lc{eé%l C%tﬁeﬁsusée (%O at“hzt ﬁigtgrenrlc 30 eyoglnll e | aser
cavity GPAEADBY, doeingmihicapdlse tpd,im)@dy% hkbdaolga@e bn\W3aB&rakd @’(Hlayéir otta gt ed
through the | aser cavity core and, for gh intensity applications |like

this on®e PHpUE WaskaigHyelthe (hedped n%?drke ssleetedrte peprente desiiableddinng t he
| aser %Y(%ct&(sfeg gp Sfor l@ﬁnﬁlesc%?&&%%%vsl%g PR rgsﬁﬂ%ﬁ Wik Qg{o?ef g garth

el enent 11tate sti em ss ut ot her optic ect s al so
pr ovb de eteetrbainitguasitibo whoght dnbahceg alrmctxbmpatev@h@whseleﬁgt}h hmydbes:hgsmnmb t hese
high intensity | asers ve nade | e new a |cat| | i ke renoving
mat er i alsMRFGRARRYRIAEAE faéha(jlon ‘ﬁ’étratéu’:‘\’/ﬁeﬁglhﬁﬂﬁ’gé ?%PJFH@)? MOfhese

appl i catek@ighityequire the beamto be focused to a small spot size in order
to achi eve enough heat to renove material. In enbodi nents of the present

et g 30 Bt SR BRI BB GRS
so the autHUbser cavity. The laser cavity core may be optically pumped with a laser whose light is
20  directed through the laser cavity core and, for high intensity applications like this one,
through a secondary undoped core bordering or surrounding the laser cavity core. The laser
cavity core may be doped with rare-earth elements to facilitate stimulated emission but other
optical effects also provide mechanisms for optical gain. Improvements in the design of
these high intensity lasers have made possible new applications like removing material from
25  workpieces (e.g. scribing, cutting and ablating). These applications require the beam to be
focused to a small spot size in order to achieve enough heat to remove material. In
embodiments of the present invention, fiber lasers are incorporated into substrate processing
equipment to process substrates, in part, by broadening the beam optically so the output
illumination is able to cover a significant portion of a substrate. Substrate processing
30  applications require a lower power density than melting or ablating so current power levels of
greater than about 10 Watts may be sufficient for many processes. Multiple lasers may be
combined in order to cover an even larger portion of a substrate allowing the whole substrate

to be exposed at one time or smaller regions to be exposed with a scanning motion or in



illumnation is able to cover a significant portion of a substrate.
Substrate processing applications require a | ower power density than
mel ti ng owoabloa2sszg so current power |evels of greater tPharusabowsicdd WAtts
may be sufficient for nmany processes. Miltiple |lasers may be conbined in
order tq.cover an n | arger, portion of bstrate_allow n e e
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the fiber |aser and the substrate nmay be provided by notion of the
subst r atkereafot i on of the output of the fiber |aser or a conbination
thereof. [0021] In order to better understand and appreciate the invention,
ref eren¢en21y madeddr@o bétfsbunddstand® bhddppedriate ehednogsionpefdranalis sedetat i cs  of
heating_and nonitoring systens in a substrate processing system according
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substrate 200. [0022] For pulses ow about, 20 m|liseconds in duration,
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measurenents of the thermal response to illum nation nmay therefore be
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to ilApr gieed Hdhedefacse S‘H%Sgétegzghﬁ%&%rtthg%tha%‘ig@rth‘? Hagspgrnt ‘Eﬁt"éi:%ﬂeﬁt&mé (5

di T T er enkswanelg Ao boABm!BHUGE o erHehas siE%‘é‘j;t/stéﬂx LRt RRedred Ledtirg or
scattered fromthe tfiber laser will be msinierpreted as being thermally

gener at edinfpapmt bhiecal epersure 23%8 agpars wb grerlat 22020 @hidhGORupittrctae fibkseyict r om
the fi b%lébllin%gsﬂ’S-Mheb t(?lelarrslalsrgs%l;)%seagf tge E)%ns?f ac B M at SEJQS%IEJtGI %H may be

monitored by pyrometry at a wavelength different from the wavelength(s) of light emitted

20  from the fiber laser(s) to improve the accuracy of a temperature determination. Detecting a
different wavelength can reduce the chance that illumination reflected or scattered from the
fiber laser will be misinterpreted as being thermally generated from the top surface of

substrate 200.

[0023] Since pulses from the fiber laser may be as short as 2 nanoseconds, the light

25  detected by a pyrometer may not be indicative of an equilibrium temperature of the surface.
Further processing may be required in order to determine the actual temperature of the
surface during or after the exposure. Alternatively, the raw optical signal may be used and

correlated to optimum properties of the resulting film, dopant or other surface characteristics.

[0024] In FIG. 2A the fiber laser assembly 226-1 outputs light inside the processing
30 chamber. In an alternative embodiment, the fiber laser output 226-1 may be located outside
the processing chamber and light is passed into the chamber through a transparent window.

In another alternative embodiment, the fiber laser output 226-1 may occupy a separate



detected by a pyronmeter may not be indicative of an equilibriumtenperature
of the surface. Further processing may be required in order to determ ne

t he act uavotzermpesszbure of the surface during or after tREeTASPOSOBE32
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the entire top surface 201 of substrate 200.

20  [0027] Indicators of the temperature of the illuminated portion of the top surface 201 may
be received by a flexible light pipe or fiber optic pyrometric receiver 235-3 which may be
affixed to fiber optic cabling 225-2 such that the fiber optic pyrometric receiver 235-3 and
fiber optic cabling 225-2 move together. This may be desirable to ensure the illuminated
(heated) portion is monitored rather than a cooler portion of the top surface 201.

25  Alternatively, an optical receiver 235-2 stationary relative to the chamber 205 and lid 220-2
may be used and controlled mechanically or electronically to monitor predominantly the

exposed portion of top surface 201.

[0028] FIG. 2C shows still another embodiment of a processing system where the substrate
200 is moved to translate the illuminated and heated portion of the top surface 201 of

30  substrate 200. Since the output of the fiber laser 226-3 assembly can remain stationary
relative to the chamber 205 and lid 220-2, the fiber optic cabling 225-2 and the pyrometric

receiver 235-3 need not be flexible. The substrate may be moved in relatively discrete steps



affixed to fiber optic cabling 225-2 such that the fiber optic pyronetric
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pulse of light is created with the fiber laser illuminating a second portion of the substrate
(operation 315). FIG. 3B depicts a process in which an optical signal from an illuminated

20  and heated portion is used to adjust the intensity of a pulse of light from a fiber laser. In
operation 365, a portion of a substrate is illuminated and heated with a pulse of light from a
monochromatic fiber laser. During or shortly after the illumination of the portion of the
substrate, the intensity of light emanating from the portion is determined with a detector and
used to monitor the effect of the pulse of light on the surface of the substrate (operation 370).

25  The wavelength of the detected light is different from the wavelength produced by the fiber
laser. The intensity of subsequent pulses is adjusted (operation 375) based on the intensity of

the light detected in operation 370.
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methods to monitor the temperature in different regions of substrate 405 from the underside

by collecting light through light pipes 423 and measuring the intensity of the detected light

20  with optical sensors 425 and ancillary electronics. Each temperature probe may include a

light pipe 423 inserted into a conduit that passes from the backside of central assembly 421
through the top of reflector 420. Light pipes 423 may be 0.080 inch in diameter and the

conduits are slightly larger to facilitate insertion of light pipes 423 into the conduits. Light

pipes 423 can be optically connected to optical sensors 425 via fiber optics 424. The

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

the substrate and the signals may be a system controller 462.

[0035] A processing region 413 is located above substrate 405. The substrate is modified
by shining light 412 from illumination element 402 towards substrate 405 which may reorder
the substrate and/or assist chemical reactions involving process gases and substrate 405. For

30  example, dopants within the substrate 405 may be activated or dispersed, the degree of order
in the substrate 405 may be increased or a film (such as a silicide, nitride or oxide) may be

grown on the substrate 405. An inlet manifold 473 is positioned in the side wall of chamber
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coefficients, and they tend to have greater transverse light rejection. As a result they provide
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 424.
Alternatively, the radiation sampling system could be an optical system that includes a small-
radius objective lens mounted in reflector 420 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.

[0039] Asindicated above, although only three temperature probes are shown in FIG. 4, an
30  actual system may use seven or eight measurement probes distributed over reflector 420 so as
to measure the temperature at different radial and azimuthal positions. During thermal

processing, substrate support assembly 408 is often rotated to even the heat distribution of the

10



coefficients, and they tend to have greater transverse light rejection. As
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410. Edge ring 411 has an outer radius that is larger than the radius of cylinder 410 so that it
20  extends out beyond cylinder 410. This annular extension of edge ring 411 beyond cylinder
410 functions as a baffle which prevents stray light from entering reflecting cavity 419 and
misinterpreted as being indicative of substrate temperature. To further reduce the possibility
of stray light entering reflecting cavity 419, edge ring 411 may be coated with a material that
absorbs the radiation generated by illuminating element 402 (e.g., a black or grey material
25  such as silicon carbide). To further reduce the amount of stray light entering reflecting cavity

419, a co-rotating edge ring extension 413 may be used. Cylinder 410 may be made of quartz

and may be coated with Si to further limit the intrusion of light into the reflecting cavity 419.

[0042] Processing apparatus 400 includes a system controller 462 which controls various
operations of apparatus 400 such as controlling illuminating element 402 intensities, gas
30 flows, substrate temperature, and chamber pressure. In an embodiment of the present

invention the system controller 462 includes a hard disk drive (memory 464) and a processor

11
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to 20  concentrations and profiles and may, for example, be a semiconductor substrate of the type
used in the manufacture of integrated circuits. Use of the terms "light", "optical" and "optics"
does not carry any implication that the electromagnetic radiation involved must be from the

visible portion of the spectrum. The light can be of any wavelength.

[0045] In one embodiment, a substrate processing system includes one or more fiber lasers
25  that generate optical pulses to heat a portion of a surface of the semiconductor substrate to at
least 200 °C. The optical pulses include one or more wavelengths of light and a selectable

pulse duration, and the portion of the surface has an area greater than ten square millimeters.

[0046] In another embodiment of the substrate processing system, the optical pulses
promote chemical reactions which result in the formation of a film on a surface of the

30  semiconductor substrate.

[0047] In yet another embodiment of the substrate processing system, the optical pulses

activate dopants in the semiconductor substrate.
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port4o ”néoﬁso} he, SPERbLIHAEMmbOEnlchPbE thE %s@@teﬂﬁofé@éﬁng‘@}y&n‘ir{% Puisé 894Bdn sn one

enbodi nent,  a substrate processing systemincludes one or nore fiber |asers
t hat gebetmate alopitil0@hs pud semt 100 heat a portion of a surface of the
sem conductor substrate to at |east 200 OC. The optical pul ses include one

or nor e[oiRYe! engtimotfer bn8BdinRAHoBhs ShiRehRYrecRMhS Sy<tini ahé Bpticappéiséshe

portion of the Surface has an area greater than ten square mllineters.
[ 0046] meddidhawemiernsiodionsuhistrate bytsaubhesamicopfedtessbsitpteyst em t he
optical pulses pronote chem cal reactions which result in the formation of

a fil m en5a] s facmotfer bBodaithe oNEE sl traeURStdssihg syt @D ARE opticay plls@not her
enbodi nent_ of the substrate ?rocessi ng system the optical pul ses activate
dophht smodify e seapsdHagE sWhstaighyrdifuang alonsin the sparcoIdBetARbEWHEd ment  of
the substrate processing system the optical pul ses anneal the

sem conf{issbr Is ybistnodtee empOdid@ht dfthy etbsanetfrecesand oyhitene it repétitidneraeuhst r at e

processing syste the one or_nore fjber |asers include at ast one fi ber
bundl e Flg:é@p_cal[mlg]gg}s ﬁleHﬁcﬁf’g{e' A5 RRTHORBHEIcAR ??eé?t Hé‘g%‘E}gsMh“%te processi ng
system the pulse duration is between about 100 ns and about 100 ns .

[ 0051] [M05¢kt Iamotdnethee ninbddiment olthe shisstrstgimocessing pystaresspuisy dype efthet he
opti cal 8ﬁtg<lfai}e>l§1§mdi flé(fttttlg sem conduct or substrate by heating the

sem con i A\ 10052] In yet another enbodi nent of the substrate

pr ocessi n% system the optical pulses ) )
15 [0055] " In yet another embodiment of the substrate processing system, the portion of the

surface is greater than one hundred square millimeters.

[0056] In yet another embodiment of the substrate processing system, the system further
includes an optical pyrometry assembly to monitor radiation from the portion of the surface

near a wavelength different from the one or more wavelengths of the one or more fiber lasers.

20 [0057] In another embodiment, a substrate processing system includes a substrate support
assembly that supports a semiconductor substrate disposed within a processing chamber and
an optical assembly which includes one or more fiber lasers that generate optical pulses of
one or more wavelengths to heat a portion of a surface of the semiconductor substrate to at
least 200 °C. A pulse duration of the optical pulses is selectable and the portion of the

25  surface has an area greater than ten square millimeters.

[0058] In yet another embodiment of the substrate processing system, the optical assembly

exposes one portion of the semiconductor substrate at a time.

[0059] In yet another embodiment of the substrate processing system, the substrate support

assembly is moveable relative to the one or more fiber lasers.
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nodi fy the sem conductor substrate by diffusing atons in the sem conductor
substrate. [0053] In yet another enbodi nent of the substrate processing
system awopepanigs2on rate of the optical pul ses is sel eeCahiseo10/Dbms32
repetition rate can be | ess than about 1 MHz. [0054] In yet another

nmbodi f th ' - i cal
pul ses TR0 dodfRitie oREnRiRT TR e SaP i o PePRe SLub R,

pr ocessilngrsy streablé Rgatpertd g sudktrdtb euppatifaagentlg. greater than one hundred
square mllineters. [0056] In yet another enbodi nent of the substrate

processi y : ;

Besondl y T Ehtel GySUFhEm. Mol of RELHE B SR RRIAG Th U AREL e,

wavel engtlectiig 4 pilendurbti @nof Miéeasnencarptionlrpeil wethiat peogdies a ofirfideeramess, and nor e
fiber |asers. [0?57] | .n anft her enbaqdi nent, substrate Efrlg)cessi n&igstem
i ncl ddedealing 9y Feapte? 00y Spbhtst BAESRST § Stkage of Bt ongueehs s Criby
substr ata?}éagtso%%gﬂcw e b BghI CGRMe %?ti@ﬂ%{ﬂ%@ bf AR iRu@RIdnE 3} nReSARY! ¥

whi ch i ncludes one Olp nore Tiber |asers that generate optical pul ses of one
or nor e luyeheclgidiss ¢roitled dtonaapoutpitorf adibea laser fsageblyfand He mendcofttieact or
substrate to at |east 200 RC. A Eul se.gduration of the optical pulses is
sel ect aSPHAEIPS CRETRA T SHOME P SEULEPHACEHSs an area greater than ten
square millimeters. [0058] In yet another enbodinent of the substrate
processilAg6Hy sineret andikereptbiodahendstbe risthpdand pertleerd ofrfecaliag & iseniconduydier
sem.conductor substrate at a tiye. [.0059] In not.her. emod] of the
subabr acdbiPl BUBR LS e Poalink B semiCritbie Qs BhiAng LB IR EATER .51 o

rel ati veoktoord SRhORETRE offtictehidd@budtassibstrdt®060] | n yet another embodi ment
of the substrate processing system the one or nore fiber l|asers is

nmoveabl aty. v, tfie SRR SHt : : ahqt her
enbodi P\?‘,%]a fﬁlg{%ﬁ%lg)t%%}%{r?}ggﬁ%g, tgesem @o&r{ﬁﬁor s%et?g%gg?élj}chgf udes
sel ect i mgbargulisthedmchtieorcefingtanleadted bgie fapt thedirsiporsen ¢faturfacondthes a

surface process, and heati to at |east 200 a first portion of a
sur f ace SSPIGREVSR B%Bcaﬂlg%e?ﬂﬁg’t“i‘%frém@ﬁnfﬁyngeﬁplﬁt@ﬁlﬁ%@ OPPYEAl pul se
of l1isghtyofiRgin@REVeRhEGAITHR Wr&@sOhohit@Hte WA dEBSis AR¥eerOiit fIRA ehef dRQ) | aser
wavel engt?‘ls emtted from an out put of agfl ber [faser assenbly and the

port i on méretiiver kgerfvaaveldngthsan area greater than ten square mllineters.
[0062] In yet another enbodi ment, the nethod of method of treating a

sem conqueéfr 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.
20  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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substrate further includes noving the sem conductor substrate and
illumnating a second portion of the surface of the sem conductor

subst r at evO[200612382bn yet anot her enbodi nment, the net hodPpofr/usedioosicst
treating a sem conductor substrate further includes receiving an emtted

l'i ght fg@géiﬁséiggipﬁgg%;ion of a surface of the sem conductor substrate,
and det i f sity of the emtted |ight near a process nonitoring
wavel engt h. The process nonitoring wavelength is different fromthe one or
norel fiber |aser wavel angbkisate pR6sking dysteml dongdrisingbe recogni zed by those

skllled in the art that, while the i nvention has een descri bed gbove in
term of preferrefnepisBaietihst Sseisdhat gengspte optiral @glsen iy iseba PEEPR OHE f eat ur es

and ASPecite S i 1en ARONEcdeapcihed huapshoremay be used [ ndividual ly or

join oug I nvention has been described in the context
of i 4 s [ rrpl errent atzvlhemn the apfpiedl putses emenivei oneomemire eadelbrgthpalilight amda

appl i cations, skilledq in the art will recognize that its useful ness
is not F@ﬁ#@%ﬂp?ﬁ% wWeBomidd9t hat the present invention can be utilized in

any gumber of envigheRIEMESoANM IR §FRRE 8l AN sedER Tt Ballid] Malkd St L A
substrate processing system conprising: one or nore fiber |asers that

geneT at enilbmtdteral pul ses to heat a portion of a surface of the seniconductor
substrate to at Ieast 200 0C mherein the optical pul ses conprise one or

mor e, wavel engt hs Qﬂgg&n%af% proc smggyés?e E&&% nqtilrv%erqu th aﬂhq X‘f%ﬁ{ls%' nt h.e

port}on of the su face area ten squar e m

The 3ubgtdn@ite cRICESSAdEOnS Whldhreailt 1ﬁ|t1&?é forthatiiesed filnk be a@ptfhcealf tipu| ses
pronote chem cal reactions which result in the formation of a filmon a

sur f hce sgpicppBickEFilosHistfuct or substrate. 3. The substrate processing system
of claim1 wherein the optical pulses activate dopants in the sem conductor

subsfrate. 4. Thessubs :Tﬁ@%&sﬂﬁfé 5&3‘3&9% Sy ¥ Ofhirk h &V HBrdin WRESRICA Sul&s

optical pul ses anneal e sem conduct of substrate.
2 activate dopants in the semiconductor substrate.

1 4. The substrate processing system of claim 1 wherein the optical pulses

2 anneal the semiconductor substrate.

1 5. The substrate processing system of claim 1 wherein the one or more

2 fiber lasers comprise at least one fiber bundle laser.

1 6. The substrate processing system of claim 1 wherein the pulse duration

2 is between about 100 ns and about 100 ps.

1 7. The substrate processing system of claim 1 wherein the optical pulses

2 modify the semiconductor substrate by heating the semiconductor substrate.

1 8. The substrate processing system of claim 1 wherein the optical pulses

2 modify the semiconductor substrate by diffusing atoms in the semiconductor substrate.

3 9. The substrate processing system of claim 1 wherein a repetition rate of

4  the optical pulses is selectable.

1 10.  The substrate processing system of claim 9 wherein the repetition rate

2 1isless than about 1 MHz.
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5. The substrate processing systemof claim1l wherein the one or nore fiber
| asers conprise at |east one fiber bundle |aser. 6. The substrate

processi /yoyrrss20f claim 1l wherein the pul se durati onpPC3/useammars3about
100 ns and about 100 ns. 7. The substrate processing systemof claim1l
wherein the optical pulses nodify the sem conductor substrate by heating

t he sem conduct or ;subs r | 1€ laim1
mhergin t he opticéf puﬁégéﬂﬁg.??%bgﬁéHgg%#%%ﬁgg%'o?%ﬁﬁﬁg?? ?é E?ﬁifgfusing
atons i thetdpeicslauiseondiebicablesubstrate. 9. The substrate processing system of
claiml1l wherein a repetition rate of the optical pulses is selectable. 10.
The substrate processing systemof claim9 wherein the repetitjon teis

| ess! than about 11z, T%? Sqﬁ?éragetm%‘fels%{f‘%SW%’&éggliaH@lé’gﬁ%ﬁﬁ&ffpo&l%ﬁ tﬁe
wher i n @Rk SEreSRAMGH 8he hlSirEPLJaA mAHIRRTs. | S Sel ectable. 12. The
substrate processing systemof claim1 wherein the portion of the surface
is greater than one hundred square mllineters. 13. The substrate
prockssing systemidf clThe mubstrhigrirpeassing aynténs iof glain 1 dptthar gompyisiagenr y

assenbly to.nmonitor radi.ation fromth rti.on of. the.surface ra
mve?gnéi’tﬁcaélp?rpg}egrﬁtasﬁfe%bﬁ}' %%@Oglﬁ%r rgélaﬁ%rggmt\}\}at\g(épgrrt\lﬁ r?g Hrur %ée %%ggor nor e
fibey | aaesiengthdiffdestish Rl el BGRE Sial€lesithd €the 0APOI Bbrfibe IBust I at e
support assenbly that supports a sem conductor substrate disposed within a

processing chanber; an optical assenbly conprising: one or nore fiber
| asels that generafte optIubsiratpBressssing SYSKE PR wavel engths to heat a

portjon of a surf g%git)s(?lfatet& pof %s%%%%%@%g?b‘x@ssﬁ §hi€oddhchr si:l?s‘%%%e A sOF,

wher'éin a pul se duration of the opti‘ca ses Is selectable and the
por t3 onwathint Hprosessingadhatnker;an area greater than ten square millineters. 15.

The substrate processjng systemof claim 14 wherein the optical assenbly
exposes one porti8%08?“$ﬁ$%§é§P§E%$ﬁﬁ%N substrate at a tinme.

5 one or more fiber lasers that generate optical pulses of one or more

6  wavelengths to heat a portion of a surface of the semiconductor substrate to at least 200 °C,
7  wherein a pulse duration of the optical pulses is selectable and the portion of the surface has
8

an area greater than ten square millimeters.

1 15.  The substrate processing system of claim 14 wherein the optical

2 assembly exposes one portion of the semiconductor substrate at a time.

1 16.  The substrate processing system of claim 14 wherein the substrate

2 support assembly is moveable relative to the one or more fiber lasers.

1 17.  The substrate processing system of claim 14 wherein the one or more

2 fiber lasers is moveable relative to the substrate support assembly.

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

2 selecting a pulse duration of at least one optical pulse that promotes a surface
3 process;

4 heating to at least 200 °C a first portion of a surface of a semiconductor

5  substrate with the at least one optical pulse of light;

6 wherein the one optical pulse of light comprises one or more fiber laser

7  wavelengths emitted from an output of a fiber laser assembly; and
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16. The substrate processing systemof claim 14 wherein the substrate
support assenbly is noveable relative to the one or nore fiber |lasers. 17.
The substwet2eiopnss2essi ng system of clai m 14 wherei n t he pamassesiomwrea2 f i ber

|l asers is nmoveable relative to the substrate support assenbly. 18. A method
of tyeating a se ondu tor substrat e.copprisin ul se
duration of at gg‘f’r Bht (QBFIOélaq t%eu usr%a%?ﬁg an 7' regtgrgl%slﬁr é@%}%pr ocess;
heatg ngnﬁmn@jterg_east 200 OC a first portion of a surface of a sem conduct or
substrate with the at | east one optical pulse of light; wherein the one
optical pulse of |ight conprises one or nore fiber |aser wavel engths
enitted froman olfput Tb?méﬂfthﬁfr"lql%sl@r ﬁﬁ@‘é?ﬂiﬁ@"‘s‘%dMer ein the portion of

the surface has ap ayf %qhggeqﬁtcgﬁd&cpg@u&@ﬁﬁsquare mllimeters. 19. The net hod

of claim 18 further cOnprising: noving thé sem conductor substrate;
illwmnating a sedbmingargd eeowd pdrhien sfifteaoefacfoftthesseinbmbotustistrate.
substrate. 20. The nethod of claim 18 further conprising: receiving an

emtted Ilght fropthe firs a.surface.of the sem conduct or
substrate; deternti ng g hl girﬂftck f"ﬁ@ BRYEPEE$ i ght near a process
moni$ ori ng_wavel ef&%ﬂmg’mﬁéﬁl‘tt@dhﬁﬁt %@%ﬁrsﬂﬁ&hbﬂbfﬁ]%ﬁ@é@f@&gth i's

different fromthe one or nore frber |aser wavel engths.
3 semiconductor substrate;

4 determining an intensity of the emitted light near a process monitoring
5  wavelength, wherein the process monitoring wavelength is different from the one or more
6

fiber laser wavelengths.
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