PYROMETER FOR LASER ANNEALING SYSTEM COMPATIBLE WITH AMORPHOUS CARBON
OPTICAL ABSORBER LAYER Inventors: Jiping Li, Bruce E. Adams, Timothy N. Thomas, Aaron Muir
Hunter, AbhYA5R098/M3854%, Rajesh S. Ramanujam BACKGROUND [1] ThePqEUSR9e&4E894Eis required
in the fabrication of silicon and other semiconductor integrated circuits formed in silicon wafers or other
substrates such as glass panels for displays. The required temperatures may range from relatively low
temperatures of less than 250C to greater than 1000, 1200, or even 1400C and may be used for a
variety of processes such as dopant implant annealing, crystallization, oxidation, nitridation,
silicidation, and chemical vapor deposition as well as others. [2] For the very shallow device features
required for advanced integrated circuits, it is desired to reduce the total thermal budget in achieving
the required thermal processing.The thermal budget may be
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BACKGROUND
[001] Thermal processing is required in the
fabrication of silicon and other semiconductor integrated
circuits formed in silicon wafers or other substrates
such as glass panels for displays. The required
temperatures may range from relatively low temperatures
of less than 250°C to greater than 1000°, 1200°, or even
1400°C and may be used for a variety of processes such as
dopant implant annealing, crystallization, oxidation,
nitridation, silicidation, and chemical vapor deposition

as well as others.

[002] For the very shallow device features required
for advanced integrated circuits, it is desired to reduce
the total thermal budget in achieving the required
thermal processing. The thermal budget may be
considered as the total time at high temperatures
necessary to achieve the desired processing results

(e.g., dopant activation level). The time that the wafer
needs to stay at the highest temperature can be very

short.



considered as the total time at high temperatures necessary to achieve the desired processing results
(e.g., dopant activation level). The time that the wafer needs to stay at the highest temperature can be
very short. W20BBEBEH8543PCT/US2008/006616 [3] Rapid thermal proc®§iAgpI$096¢des radiant
lamps which can be very quickly turned on and off to heat only the wafer and not the rest of the
chamber. Pulsed laser annealing using very short (about 20ns) laser . pulses is effective at heating
only the surface layer and not the underlying wafer, thus allowing very short ramp up and ramp down
rates. [4] A more recently developed approach in various forms, sometimes called thermal flux laser
annealing or dynamic surface annealing (DSA), is described by Jennings et al. in U.S. Patent No.
6,987,240 d@9torporBepitkreimdnymeicrence ésitd votir€RT Marklecdescabeaatdifferent form in U.S.

Patent 6,531,681 ang J awaryetgd “UQ%"%{E@E‘QT v-PuPRIRR 8/ 4215, dpl 1BeEQRIngs and

Markle versions use CW diode lasers to produce very intense beams of light that strikes the wafer as a
thin long lirendfratikgionatied live b theh sehanae slecthe Hugfach anrrwafel inl & @ffrection

perpendicular 4a the jong dimeasien g dhe, g, beam SUMMARY 20ns) laser
pulses is effective at heating only the surface layer and
not the underlying wafer, thus allowing very short ramp

up and ramp down rates.

[004] A more recently developed approach in various
forms, sometimes called thermal flux laser annealing or
dynamic surface annealing (DSA), is described by Jennings
et al. in U.S. Patent No. 6,987,240 and incorporated
herein by reference in its entirety. Markle describes a
different form in U.S. Patent 6,531,681 and Talwar yet a
further version in U.S. Patent 6,747,245.

[005] The Jennings and Markle versions use CW diode
lasers to produce very intense beams of light that
strikes the wafer as a thin long line of radiation. The
line is then scanned over the surface of the wafer in a
direction perpendicular to the long dimension of the line

beam.

SUMMARY
[006] A thermal processing system includes a source of
laser radiation emitting at a laser wavelength, a beam
splitting reflective member arranged to receive the laser
radiation, and beam projection optics disposed between
one side of the reflective member and a substrate support
capable of holding a substrate to be processed. A

projection optical path for the laser radiation extends



[6] A thermal processing system includes a source of laser radiation emitting at a laser wavelength, a
beam splitting reflective member arranged to receive the laser radiation, and beam projection optics
disposed be¥fetBleMitle of the reflective member and a substrate suppdttE4pR98/BGedtding a
substrate to be processed. A projection optical path for the laser radiation extends from the reflecting
member, through the projection optics and toward the substrate support. The system further includes a
pyrometer on an opposite side of the reflective member and responsive to a pyrometer wavelength

range of regpase hand. AP pyigateretical pat.exiending tpugh e sflegiivs member and to

the pyrometer. An amorphous ca optical absorber layer covers the surface of the substrate being
processed.ante systemduither incibaes alsremere Passbhamefiltersis € Hybhiedar optical path -

having a nqrﬁ%@&égbadn%ly%g&\gay)q{egg]th(yigﬁgg\gtbgt\ggg% thedaggremission band and an

emission band of fluorescence of the optical compaonents of the projection and pyrometer optical
paths. The p§fdracter passisameEiite Bfbcks SROTNGAreS cERcet e RVSSIIREESH the pyrometer optical

path. The nasian Byioetetenlies passhandindovelienin avalepgihdaRge wihin winich the
t

amorphous carbon layer has a’substantial extinction coefficient on the order of or exceeding that of the

underlying fREd1eRdd Birdiit fRafpES IMmuURiprOHIR filth PaZst bRy TitdriMBBR S ForABRr optical path
blocks the leset gmissjan AL EOM the PyRITEISs eptiealnadh [OBTlIRane spibockmen the source
ude

of laser radiation inc s an array of laser emitters.In one embodiment, the beam projection optics
projects a liFRYISdarf Of PadfatfdifoftHE fae? vlveldfytif BRI 3tBsthae Pfane over the substrate

support, anghthesystem furthes ingludasa ling-baam sGaRNngaPRaraiys Siaxinga fast axis transverse
to thé line beam, BRIEF DESCRIPTION OF THE DRAWINGS WO 2008/156543PCT/US2008/006616

passband filter in the pyrometer optical path having a

narrow passband lying in a wavelength window between the

laser emission band and an emission band of fluorescence

of the optical components of the projection and pyrometer

optical paths. The pyrometer passband filter blocks the

fluorescence emission from the pyrometer optical path.

The narrow pyrometer filter passband window lies in a

wavelength range within which the amorphous carbon layer

has a substantial extinction coefficient on the order of

or exceeding that of the underlying integrated circuit

features. A multiple thin film razor edge filter in the

pyrometer optical path blocks the laser emission band

from the pyrometer optical path.

[007] In one embodiment, the source of laser radiation
includes an array of laser emitters. In one embodiment,
the beam projection optics projects a line beam of
radiation of the laser wavelength onto a substrate plane
over the substrate support, and the system further
includes a line beam scanning apparatus having a fast

axis transverse to the line beam.

BRIEF DESCRIPTION OF THE DRAWINGS



[8] So that the manner in which the above recited embodiments of the invention are attained and can
be understood in detail, a more particular description of the invention, briefly summarized above, may
be had by rdf&}éMElfeIhe embodiments thereof which are illustrated in theP4IpEPRIEs Wealings. It is to
be noted, however, that the appended drawings illustrate only typical embodiments of this invention
and are therefore not to be considered limiting of its scope, for the invention may admit to other equally
effective embodiments. [9] FIG. 1 is an orthographic representation of a thermal flux laser annealing

apparatus ed in the present invention. [0010]FIGS. 2 and 3 are orthographjc views from
different pei?paegc%ves og-lgpf%'a 1(g:oiécnlﬁcl)%nrenreiltrsmo the épﬁ%@?us S?'l—gngﬁngO%l%T%?t£%#s an end plan
view of a pertiondfreesarsicorididter laseeartdyin theeappatatusefFEBAL.§ed1HFIG. 5 is a schematic

magﬁnnOf@ﬁ%@?ﬁ@&%ﬁ“%ﬂggg%?@?yegQ£g¥%8p%f%icular description of
the invention, briefly summarized above, may be had by
reference to the embodiments thereof which are
illustrated in the appended drawings. It is to be noted,
however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore
not to be considered limiting of its scope, for the
invention may admit to other equally effective

embodiments.

[009] FIG. 1 is an orthographic representation of a
thermal flux laser annealing apparatus employed in the

present invention.

[0010] FIGS. 2 and 3 are orthographic views from
different perspectives of optical components of the

apparatus of FIG. 1.

[0011] FIG. 4 is an end plan view of a portion of a

semiconductor laser array in the apparatus of FIG. 1.

[0012] FIG. 5 is a schematic diagram of a system
including the features of FIGS. 2-4.

[0013] FIG. 6 is a graph depicting the spectrum of
radiation presented to the pyrometer optical path,
including a laser radiation peak at 810 nm and a

fluorescence péak at 950 nm.



[0013]FIG. 6 is a graph depicting the spectrum of radiation presented to the pyrometer optical path,
including a laser radiation peak at 810 nm and a fluorescence peak at 950 nm. WO
2008/1565490CH)8/598138/006616 [0014]FIG. 7 is a graph depicting the exBREOYFEMGENt of the
amorphous carbon optical absorber layer on the wafer as a function of wavelength. [0015]FIG. 8 is a
graph depicting the response of a razor-edge long wavelength pass filter used in the system of FIG. 5.

[0014] FIG. 7 is a graph depicting the extinction
coefficient of the amorphous carbon optical absorber

layer on the wafer as a function of wavelength.

[0015] FIG. 8 is a graph depicting the response of a
razor-edge long wavelength pass filter used in the system
of FIG. 5.

[0016] FIG. 9 is a graph depicting the response of the

pyrometer bandpass filter in the system of FIG. 5.

[0017] To facilitate understanding, identical
reference numerals have been used, where possible, to
designate identical elements that are common to the
figures. The drawings in the figures are all schematic

and not to scale.

DETAILED DESCRIPTION
[0018] One embodiment of the apparatus described in the
above-referenced U.S. Patent by Jennings et al. is
illustrated in the schematic orthographic representation
of FIG. 1. A gantry structure 10 for two-dimensional
scanning includes a pair of fixed parallel rails 12, 14.
Two parallel gantry beams 16, 18 are fixed together a set
distance apart and supported on the fixed rails 12, 14
and are controlled by an unillustrated motor and drive
mechanism to slide on rollers or ball bearings together
along the fixed rails 12, 14." A beam source 20 is
slidably supported on the gantry beams 16, 18, and may be
suspended below the beams 16, 18 which are controlled by
unillustrated motors and drive mechanisms to slide along

them. A substrate 22 to be processed, which may be a



[0016]FIG. 9 is a graph depicting the response of the pyrometer bandpass filter in the system of FIG.
5. [0017]To facilitate understanding, identical reference numerals have been used, where possible, to
designate id¥MRIMBEARSTENts that are common to the figures. The drawings F& THESASale all
schematic and not to scale. DETAILED DESCRIPTION [0018] One embodiment of the apparatus
described in the above-referenced U.S. Patent by Jennings et al. is illustrated in the schematic
orthographic representation of FIG. 1. A gantry structure 10 for two-dimensional scanning includes a

pair of fixed, patalls)rajls 42 19,Twg pacaiel gauty peausd, J8.axe fised tagathercaset distance

apart and supported on the fixed rails 12, 14 and are controlled by an unillustrated motor and drive
mechanisnPlsitetdre raliens sivbat B ngsaodther Alvhgrefixe@¥direlZd4. A beam source 20

is slidably syppprted onytheganiryeams 16,18, andgay pe suspepded-belgwdhg beams 16, 18

which are controlled by unillustrated motors and drive mechanisms to slide along them. A substrate 22

to be procedauawakithynsy beat SHcdR Wasdrazefdr bkamphd i Bfiofamy $85psHed below the
gantry structyee 10, bhe begmsaiuce, 28-nciudes.a ase! Hghtranese.and oplicstoyreduce a

downwardly directed fan-shaped beam 24 that strikes the wafer 22 as a line beam 26 extending

generally pafallent fesp@drand 32 124, id fvhat s eBHveniehitG RBRNER#RAIOW dfetl6és Although

not illustrated heza Jhe gaply sirygture furthesinmudes.a Ziaxis stagedar moyving thadaser light
source and optics in a direction generally parallel to the fan-shaped beam 24 to thereby controllably

vary the diSIaR&e Befldeirthe eahit 8bdies 2bnmidesviref 22 5ha 1K€ 86ntf@ he focusing of the
line beam 26,01 the waeri2ss Exempiary divarsiens hthedinedieam 25 iaclude ailength of 1 cm and

a width of 66 microns with an exemplary power density of 220kW/cm2. Alternatively, the beam source

and associdRRFGRES AR BE StbnbR White HAVEFRESLIRARITh & tageSAREN scans it in two

dimensionsontrollably vary the distance between the beam source 20
and the wafer 22 and thus control the focusing of the
line beam 26 on the wafer 22. Exemplary dimensions of
the line beam 26 include a length of 1 cm and a width of
66 microns with an exemplary power density of 220kW/cm?.
Alternatively, the beam source and associated optics may
be stationary while the wafer is supported on a stage

which scans it in two dimensions.

[0019] 1In typical operation, the gantry beams 16, 18 are
set at a particular position along the fixed rails 12, 14
and the beam source 20 is moved at a uniform speed along
the gantry beams 16, 18 to scan the line beam 26
perpendicularly to its long dimension in a direction
conveniently called the fast direction. The line beam 26
is thereby scanned from one side of the wafer 22 to the
other to irradiate a 1 cm swath of the wafer 22. The
line beam 26 is narrow enough and the scanning speed in
the fast direction fast enough that a particular area of
the wafer is only momentarily exposed to the optical
radiation of the line beam 26 but the intensity at.the

peak of the line beam is enough to heat the surface



[0019] In typical operation, the gantry beams 16, 18 are set at a particular position along the fixed rails
12, 14 and the beam source 20 is moved at a uniform speed along the gantry beams 16, 18 to scan
the line beaM@&PEEPEHdicularly to its long dimension in a direction converR&TMY2AREAOfedofast
direction. The line beam 26 is thereby scanned from one side of the wafer 22 to the other to irradiate a
1 cm swath of the wafer 22. The line beam 26 is narrow enough and the scanning speed in the fast
direction fast enough that a particular area of the wafer is only momentarily exposed to the optical
radiation of bl hearg 26 pul ingintealiv oL the-aeak oligdipg beaghis eoygb o heat the
surface regiori to very high temperatures. However, the deeper portions of the wafer 22 are not
significantlp hehieenandfurthee avedsea hdat sink tequickiamwof dreasurficehregibadoned the fast scan
has been complgted, heganiry:beams 16, Hatemoved pignaths fixed Lailsi i dddto a new position
such that the line beam 26 is moved along its long dimension extending along the slow axis. The fast
scanning iss@@herforfie@go HigdidRst n6ighBoRag skatofpBREEL2R. THE alternating fast and

slow scanning, are,repeated, Perhaps in AserRYRtNe.RARPS the beansource 3Q gl the entire wafer
22 has been thermally processed. [0020] The optics beam source 20 includes an array of lasers. An

example is HHtHoRyrapMeailyRmistiateninSEies. iataid s, ihiRfckhrasr Aidtormavasdut 810 nm is
produced iR pp-RPticaksySeN 3R e iasehan s1acks 32oRAe ohwhishds ilkistrated in end plan

view in FIG. 4. Each laser bar stack 32 includes a number of (e.qg., fourteen) parallel bars 34, generally

corresponditi tdf & Ve rtREP pHGActoh ihhEs aRR SepHs U tRoristielird t&xtBnding laterally about 1

cm and sep aathby aheut:8 Mmoo FyRinallyy dvader caolingtayers atedispesetsbetyeen the bars 34.
In each bar 34 are formed a number of (e.g., forty-nine) emitters 36, each constituting a separate

GaAs lasePEflitfrg tesperive BlarR& SedctPsEd T FravRgraiAB Rt BivBrgEntR ¥hbidiSn orthogonal
directions. gherllustratetbarsaid aepasdioned Wit theirdaeg dimtansionvexiending aves multiple
emitters 36 and aligned alon%the slow axis and their short dimension corresponding to the less than
1- micron p@ﬁ%péfﬁﬁrﬁ‘z?ﬂe]r AIIBRET SRR he fast axis. The small source size along the fast axis
allows effective collimation along the fast axis. The divergence angle is large along the fast axis and
relatively s ng the slow axis. [Q021] Returning tg FIGS. and 5, two arrays of cylindrical
lenslets 40rg$§é;(})1itiotrf1l8§ a%%téjtﬁg I(ail)s%?llﬁa?s? 3% ?og cgl imate tﬁ%glggeral%h?lrnrg %a?rgw beam along
the fast axisaEhey mayrie koradgolwith adbetive gndipd jaset stackd B2 stndadligdedwith the bars 34

to extend oy &E"ne ?mitté'n%arc?? 3611[100‘%121 Tge oapsti0§ bea(rpisaocu.rg?1 29 can f%ﬁtéer %Iude

conventional optical elements. Sdch conventiona op?icalréemen%s can incl%%e an interleaver and a

polarizatiommuitiplexerdaltteilighrthe selgetion dY the skitled 3driteraf stisk elensentslisamot limited to

such an example. Inthe example.of EIGS,. 2 3 tle% lwa gets Ofé)r?él fgglm\;iﬂ%vtwo bar stacks
i 1

32 are inpu?%gg%slnté%éa\?er}eﬂo,fv%‘fc lhéaﬁs a%niﬁnﬁplesbeam sgitterrl type of structure with specified

coatings oritwd iifternél diajendl faeess e.dparefletivk pdrillensdnude o selavivedrrediéct and

transmit Iiglz ,h igg%lgg &Isyar _ggm%rfiagxgyaggtele 5@&&5@@ ch Electro Optics (REO). In

BT
the interleaver 42, patterneg metallic reflector bands are formed in angled surfaces for each set of
beams frons e 88®dadstacks 82 audle tiat ranBfRomirs 32nidhe3sid@bthe stack 32 are

alternatively ggflected or rgnsmitted. and-iberehy niesieayed with,beams harg 34,on the other
side of the stack 32 which undergo corresponding selective transmission/reflection, thereby
and separated by about 0.9 mm. Typically, water cooling

layers are disposed between the bars 34. In each bar 34
are formed a number of (e.g., forty-nine) emitters 36,
each constituting a separate GaAs laser emitting
respective beams, each beam having different divergence
angles in orthogonal directions. The illustrated bars 34
are positioned with their long dimension extending over
multiple emitters 36 and aligned along the slow axis and
their short dimension corresponding to the less than 1-

micron p-n depletion layer aligned along the fast axis.



filling in the otherwise spaced radiation profile from the separated emitters 36. [0023] A first set of
interleaved beams is passed through a quarter-wave plate 48 to rotate its polarization relative to that of
the second ¥R 89U3tefidved beams. Both sets of interleaved beams are inPGTtES3098141¢sHtion
multiplexer (PMUX) 52 having a structure of a double polarization beam splitter. Such a PMUX is
commercially available from Research Electro Optics. First and second diagonal interface layers 54,
56 cause the two sets of interleaved beams to be reflected along a common axis from their front faces.
The first in rfgcg Sél if t)él:g)i%aljlgeim Iezrgentbfg as aﬁgiglegtréccingg(rflesregﬁﬁgl‘:[qer designed as a hard
reflector (H WhIS tJhe second mterface 56 7 iﬂwp emented as a dieléctiic interference filter designed
as a polarizdtibeadicane sphitldriR8S) an thellasgr wheel€agth. As issresulththe first set of interleaved

beams reflected from the first interface layer 54 strikes the back of the secand; interface layer 56.
Because o%%hegﬁoqgrrllzéaetio%gr%g‘%ioﬁasmt%og}&%d%iyotﬂ% q%%?te%%vsé%eapﬁte 49’8?t e first set of interleaved
beams passes atrbugh vhesmeddndaihtertacthayes 58y Thristensity of a source beam 58 output by the
PMUX 52 is doubled from that of either of the two sets of interleaved beams. [0024] Although shown

separated in the drawings, the interleaver 42, the quarter-wave plate 48 and the PMUX 52 and its
interfaces 94 &L hs virgitasraddigorias fikdisShamay berattazhetive irfpuk ard owfput faces are

typically joiped fagetheryy 7 plasiiencapsulant, such as,aLly syahie epoxys toqupvide a rigid

optical system. An important interface is the plastic bonding of the lenslets 40 to the laser stacks 32,
on which theamaudtbé aligifebltbniaé dardh 84 THResoUréa beaN5@ iSBassed thBh a set of

cylindrical Ignggs 621,684,860 fogussthe sauce RegmR8 alongdhe slownads92%)A on

one-dimensionallight pipe 70 homogenizes the source beam along the slow axis. The source beam,
focused by%he cYfisdricad letcks 6226216, ThicrBeRe Wdiitpibd 7oRARSa Aflitd Convergence angle

along the slow axis byt substagtiallyigallimated alang the fast axis. It has a short dimension along the
slow axis and a longer dimension along the fast axis.

[0022] The optics beam source 20 can further include
conventional optical elements. Such conventional optical
elements can include an interleaver and a polarization
multiplexer, although the selection by the skilled worker
of such elements is not limited to such an example. In
the example of FIGS. 2, 3 and 5, the two sets of beams
from the two baf stacks 32 are input to an interleaver
42, which has a multiple beam splitter type of structure
with specified coatings on two internal diagonal faces,
e.g., reflective parallel bands, to selectively reflect
and transmit light. Such interleavers are commercially
available from Research Electro Optics (REO). 1In the
interleaver 42, patterned metallic reflector bands are
formed in angled surfaces for each set of beams from the
two bar stacks 32 such that beams from bars 34 on one
side of the stack 32 are alternatively reflected or
transmitted and thereby interleaved with beams from bars
34 on the other side of the stack 32 which undergo

corresponding selective transmission/reflection, thereby



[0026] The source beam output by the light pipe 70 is generally uniform. Anamorphic optics 80, 82
depicted in FIG. 5 focus the source beam into the line beam of desired dimensions on the surface of
the wafer 22V {DWP3{1A%8ht embodiment, the same optics that focus the lasd{SBLRZEFGRODH the wafer
also direct thermal radiation emitted from the neighborhood of the line beam 26 on the wafer 22 in the
reverse direction to a pyrometer 60, schematically illustrated in FIG. 5. As will be described below, the
pyrometer is responsive to a limited wavelength range, which is referred to in this specification as the

pyrometer nse band, the center wavelength in this band being r d.to ig this specification as
the pyrome%s;Pwé\r/lgerl]é]th‘F e v% ?’Wﬁf(?nt#f%geeé] 5£a§é %r%lé}agsig%ee tlol|c‘)gas%s]£:%iz1 pyrometer
wavelengtitinespeptivmdibts polartizzion. ¥he optics are generally reciprocal and thus in the reverse
direction detect only a small area of the wafer 22 on or very near to the line beam 26 and optically
expands that image to an area generally having a size of the emission face of the bar stacks. Although
with small 1888RBdamAanhealirig, sledreds sighiffcahe aaidstidpesivsirfase i@@s &mperatures even in the

immediate E‘ﬁ%\?&fhoé)%%fé@% gge_z ‘pggg %@,atgg nagure of he blagkhqdy radiation spectrum causes

the hottest areas to0 dominate the thermally emitted radiation. [0028]The variation in temperature
across the Bfdasf.thetiaBr HadutEe byhs paterrd| lBBer FRCHEE $#i5e® from the presence of

different featyres 9B S wafes srface thatahsotsthedaserradinlign &y difiesent rates (because they

have different extinction coefficients) or have uneven surfaces that reflect in different directions. In

order to obidiPAtmbR @niRFPAAHEEREIFTREWhFERARHRthd DB Jase? ahA&AIR, the entire wafer

surface is covered with agropficabaisarpiion layer aaIde lasemanasaling e opfigshalsorption layer
in one embodiment is an amorphous carbon layer because it has a substantial absorption coefficients

at the laserfNaveldSgtRQBIE Af) Hntvatdie by fihétef MNeRFBRAETR, 536 A xceeding those of

the underlyggintegrategicicuit featuses-om theawatesnEherefore rhe awifoeny &ieat alagorption of the
amorphous _carbon layer predominates over the non-uniformities of the underlying integrated circuit

structures. MoreBYSE tHe SlatMso BAadiatibn tRFEMIGAitel 3% He Bfhd?fhous carbon layer at the
pyrometer wayelepgthpredenminaies emeiciadiatios emidiad tydhe nepdmifofaces. The

first interface 54 is typically implemented as a
dielectric interference filter designed as a hard
reflector (HR) while the second interface 56 is
implemented as a dielectric interference filter designed
as a polarization beam splitter (PBS) at the laser
wavelength. As a result, the first set of interleaved
beams reflected from the first interface layer 54 strikes
the back of the second interface layer 56. Because of
the polarization rotation introduced by the quarter-wave
plate 48, the first set of interleaved beams passes
through the second interface layer 56. The intensity of
a source beam 58 output by the PMUX 52 is doubled from

that of either of the two sets of interleaved beams.

[0024] Although shown separated in the drawings, the
interleaver 42, the quarter-wave plate 48 and the PMUX 52
and its interfaces 54, 56, as well as additional filters
that may be attached to input and output faces are

typically joined together by a plastic encapsulant, such



integrated circuit elements underlying the amorphous carbon layer. This prevents underlying
integrated circuit pattern effects from distorting the pyrometer measurements of wafer temperature.
[0029]The pY@AEEIS6DHcludes an optical detector 61, such as a photodid§e/ HiHP & Pestleal
pyrometer bandpass filter 63. The pyrometer filter 63 helps establish the pyrometer response band.
Conventionally, one possible pyrometer response band could be centered at 1550 nm. However, the
amorphous carbon optical absorber layer covering the wafer for uniform absorption, as well as the Si

substrate itself, dogp nof Abserb well (as 3 Jowsr exiingtion caefficient) at sush ajang pavelength,

and therefore d‘?)es not improve uniformity of absorption and blackbody radiation eémission. The
surface enfissivifjeatthisnravieldrijitt aize changes vethape rafeprdigeda@fe. Theérefore, 1550 nm is

not a good ghgice for thegpyrgmeter responsehand L00301ABgther passihle Shojeeds te genter the

pyrometer response band at the shorter wavelength 950 nm with a bandwidth of a few tens of nm. This
may be achiéwS@ ey pEsviding the pyroffeter pAsshapdFler BS 3ih B passtamasiter wavelength

near 950 ny, AY {iis Shouek wayelenathy the; amerphoussarien opfical gsarberigygabsorbs well

and therefore provides uniform absorption of the laser radiation across the wafer surface. [0031]The
output of tHeShcteHEE.tdP BAs 3fpPlikeng the slow axis.

[0025] A one-dimensional light pipe 70 homogenizes the
source beam along the slow axis. The source beam,
focused by the cylindrical lenses 62, 64, 66, enters the
light pipe 70 with a finite convergence angle along the
slow axis but substantially collimated along the fast
axis. It has a short dimension along the slow axis and a

longer dimension along the fast axis.

[0026] The source beam output by the light pipe 70 is
generally uniform. Anamorphic optics 80, 82 depicted in
FIG. 5 focus the source beam into the line beam of

desired dimensions on the surface of the wafer 22.

[0027] In one embodiment, the same optics that focus
the lasér source light on the wafer also direct thermal
radiation emitted from the neighborhood of the line beam
26 on the wafer 22 in the reverse direction to a
pyrometer 60, schematically illustrated in FIG. 5. As
will be described below, the pyrometer is responsive to a
limited wavelength range, which is referred to in this
specification as the pyrometer response band, the center
wavelength in this band being referred to in this
specification as the pyrometer wavelength. The two PMUX
interfaces 54, 56 are designed to pass the pyrometer

wavelength irrespective of its polarization. The optics

10



to a source controller 65, which converts the detected photocurrent to a wafer temperature and
compares it to a desired temperature and thereby adjusts the power supplied to the laser bars 32 to
increase or WELPBLEE R} optical output in the direction of the desired wafdtGEHPHMEMIPES1O032]The
GaAs or other semiconductor lasers have a fairly wide spectrum of low-level spontaneous emission
that typically overlaps the pyrometer wavelength response band. As a result of the spontaneous
emission, which the pyrometer filter 63 does not block at the pyrometer wavelength, the photodetector

61 would detect bol'g]he: ]g%)ltfe wafer. bllaglé%qdya@giag@ At lﬂr‘lle pyrometer \é@gelength and (b) the

portion of thé Taser source gpolﬁ?a?nléaous emission at the pyrometer Waveelength, in the absence of

additional fdtériﬂgtf_()@@fﬂﬂiﬁmemzroml@r permhhcepaﬁ beﬁnm@\/e(ﬁtfyﬁﬁlté’rmgoéumlﬂfe laser source
sontancong [afialan atihe syomelel viswelenslh Wil anqieh [ierSeplagra bebiean fhe bar

stacks 32 and the interleaver 42, or with a notch filter 68 placed between the interleaver 42 and the
PMUX 52. Thegmtdtofilkar 67reatheerectafliier 6366kt thesotRceofadidipnei s bofometer

wavelengthy; £.0 9530 R and passes.aideastihe laserradiation ah1q N, Joe ralaf the

transmission coefficient of the laser wavelength to thaf of pyrometer wavelength should be several
orders of niRfAdENA mikRPEYR réguifskaartiof $ha fili&3 162 6898tk tFEY BIBER wavelengths longer

than the lasey uavelengih {8 Gn./aroershan the laser wavelgnate8 Hinghithoygh ragiation at
shorter wavelengths does not inherently degrade the pyrometer.
the line beam 26, the nature of the blackbody radiation

spectrum causes the hottest areas to dominate the

thermally emitted radiation.

[0028] The variation in temperature across the area of
the wafer illuminated by the powerful laser line beam
arises from the presence of different features on the
wafer surface that absorb the laser radiation at
different rates (because they have différent extinction
coefficients) or have uneven surfaces that reflect in
different directions. 1In order to obtain a more uniform
heating of the wafer during the DSA laser annealing, the
entire wafer surface is covered with an optical
absorption layer prior to laser annealing. The optical
absorption layer in one embodiment is an amorphous carbon
layer because it has a substantial absorption
coefficients at the laser wavelength (810 nm) and at the
pyrometer wavelength (e.qg., 956 nm) exceeding those of
the underlying integrated circuit features on the wafer.
Therefore, the uniform heat absorption of the amorphous
carbon layer predominates over the non-uniformities of
the undeflying integrated circuit structures. Moreover,
the blackbody radiation uniformly emitted by the
amorphous carbon layer at the pyrometer wavelength

predominates over radiation emitted by the non-uniform
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The notch filters 67, 68 may be implemented as interference filters coated on either the interleaver 42
or the PMUX 52, although they may be implemented as stand alone filters. FILTERING OUT
SPURIOUSYWIYBE/IR$S4HE PYROMETER [0034]The pyrometer 60 experRnb&SH§Pofdoel spurious
background signal which distorts the temperature measurement function of the pyrometer. This poses
a severe problem in the closed feedback control loop of the source controller 65, since the spurious
background signal varies with laser power and wafer surface reflectivity non-uniformity. We have
discovered .'[h%t this bac grournd §Liggal IS I(r:lau%esd 8 aﬁeerQUgLrgsc rli:ee of ntp;% o%g%al components such
as the bear%nspﬁl &F 5, h&18nses ZeJB%f BB and other calmpgnen Silftistrated in FIG. 5. The
fluorescencaalbadgraaye signallis jpsrticdargndacte mdenlthe optical wegyzdredts are formed of a
fused quartz.material. Qne exampleg of such material.i tical glass r under the
registered tcréégrlﬁéFk %?r%egﬁé)nov%nge% 63# efgrgli %ﬁ%ggg gcglé%\/lng% is%r%tgﬁg is sold by
Heraeus Querswmnearigat £.10€C. @dfarrelatawpmiaddniate which may be more expensive than the
Infrasil(r) material may have somewhat lower fluorescence but nevertheless to emit fluorescence that
hampers temperature measurement. The fluorescence of the Infrasil0 material has a peak amplitude
near the cob@@R8dnal chBlee af pyemraster wellelemglvid59 mn, whithe@ah «drpibEetexteed the
amplitude cglttle blagkbody 5acgﬂt{'50crb1z§qrg&gt’e wafer gghgwigggteﬁwﬁ[g@g@ of 950 nm. Since the

Infrasil(r) fluorescence has a maximum or peak at the pyrometer wavelength (950 nm), the

fluorescenderdrassed by he pyfometel Bptiday ¥oBetsHe Bidtishg flirldaddackground signal that
distorts tempgrajyre g@lea&HJée'E9QI§nlt)é/ttQ§ Pysupeiesd0R3n he spestyumaldadiation presentin the

system is depicted in the graph of FIG. 6. The peak near 810 nm corresponds to the OW laser
radiation, ti9iB@nRisidf bt PWEIIRALSEn S FROBEIR cBARBoGPEIS nRearve 8 1S R skEording to the

graph of FIgs 6o The peak e @90 npnheorsasnqnddsds the Hueiesepcefithgwptiedcomponents.
This fluorescence has a dip near 1100 nm. Therefore, one possible ap%loach is to move the pyrometer

response bAAYSIheSeYShARE of iife MifFB3) f@ AbSR LRI MAPECHR Atich 3 thE fidorescence of

the optical gampgaerts. SUsh ar apEraache hewevel sentlists Wishepurease qhthe amorphous
carbon optical absorber layer covering the wafer. This is because the amorphous carbon layer has low

optical absoffHiBh &t ¥tid Mrige? Wavefhbitr & thefdord &rés pbRBAGNABT IRKEbty emission at
this waveleagth): aeg esetorel peyidastesaipriroyement sruiitoymity ob Bsotepiiesature
measurement. The situation is depjcted in the graph of FIG, 7, show%'n the extinction goefficient of the
amorphousPCbBh RGP A% AATHGT SPRaTEIERGhO Fhe EXBn A EeHiGER 1S 4X Indicator of the
efficiency with which the aslcsphails carbon aratagalsahsoths tadkatioaf BEKS. 7 shows that the
amorphous carbon layer extincti,Jgn coefficient fal t6) a ver sIovr\{ol%vel abov%a v%zioviecljength of 1000 nm.

Therefore, InPELiA Pnreepyrom tfgrﬁﬁa\?elféaﬁgt AbovEB50Ts nota%ra%?i?:al acpproaceh.
for the pyrometer response band.

[0030] Another possible choice is to center the
pyrometer response band at the shorter wavelength 950 nm
with a bandwidth of a few tens of nm. This may be
achieved by providing the pyrometer passband filter 63
with a passband center wavelength near 950 nm. At this
shorter wavelength, the amorphous carbon optical absorber
layer absorbs well and therefore provides uniform
absorption of the laser radiation across the wafer

surface.

[0031] The output of the photodetector 61 is supplied

to a source controller 65, which converts the detected
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WO 2008/156543PCT/US2008/006616 [0036]We have discovered that there is a 40 nm wide window
between the 805 nm-815 nm laser emission band and the onset of the fluorescence (from the optical
componentsy @ZA%BL845 nm or 860 nm. The location of this 40 nm windoRG3/PRALEEPHFIG. 6.
Within this 40 nm window, there is little or no laser emission and little or no fluorescence from the
optical components. Moreover, referring to FIG. 7, within this window (i.e., between 815 nm and 855
nm), the amorphous carbon optical absorber layer has a reasonably strong extinction coefficient, e.g.,

between abqut 0.05 and 0.1Q. Therefare, restricting th rometer response band,to fit within the
narrow 40 H%%Ov%ﬁﬁ%\?vr(ﬁ‘é . %’)O plaacggl %ﬁ aSC r%ra%%qrc% li%f/]e e?t?riti%ﬂnf%%é%lsen%%ft e ag;lnorphous
carbon layete ki fidoresrerosdmissioarfcor ke eptica adpnponehtseambinsignificant laser emission.
By restrictirlgli)hel@%rgmcecgertrﬁgpggsﬁeet%a%cg%a %eégi%% o%e&t'évgfg/ehigp egggg'éoaps oefficient of the
amorphous c rBon ayer, the amorphous carbon layer on the wafer absorbs more of laser radiation,
and therefdrb ¢tsunifohh Gbsomtiopwoniinatekepbvicked aemifoim tinaediiimedess across the
wafer surfa‘g,gf[&thgé?;(é%rpgttqgfgs_ponse band of the 40 nm-wide window, the optical absorber
(amorphous carbon) layer has an optical absorption coefficient that is at least at great as or greater
than the optical absorption coefficient of the underlying substrate. [0037]However, the 40 nm window

is too close[t@dggjaser eppissign pand Lcentgred argynd theslaser wayslength) fara typical filter used

to implement the pyrometer response band filter 63. In particular, the wavelength difference between
the laser rafifeitiohypeakda S309%H B4 thé bbgnirRyVsrlthaRRPTRRARYGW R 8ES hffis extremely

small. [t s gieforg ity biaskig laset sadiplon ALBLEN G giso blockiad yie desired
blackbody radiation (pyrometer si%lal) at 840 nm. This problem is solved by providing a razor-edge
optical filtePPP ¢ the 'y sterk @F RIGS ©F ahlS, EBRAINE LBAVEMIPELPRIsHERdFReFBS is not

required to plackibedaser fadiation at 42 8mh it fact Jbe respanse ¢fpheserwantional passband filter
63 may be such as to admit at least much of the laser radiation and thereby avoid inadvertently

blocking or FRYEAFEAI6Qind ife BBRAS ESctendtfis WPy T5Me R rBSidhse BRnd. Blocking of

the laser ragisgionds ®eripraedmsigad-by thecragar agdge fikepia: diedazowasgs epligah filter 72 is a
long wavelength(fass filter, and has the optical response depicted in the graph of FIG. 8. The cut-off

wavelengtPEfth&Raz &S detitet 92 i€ bt 556Ut BB m SPHE Pz 7 RAJETEP Y2 has an edge
transition frei 8 sressmittanaeeofmeadyd 08% (fuly rassyissionier the absence of

additional filtering.

[0033] The pyrometer performance can be improved by
filtering out the laser source spontaneous radiation at
the pyrometer wavelength with a notch filter 67 placed
between the bar stacks 32 and the interleaver 42, or with
a notch filter 68 placed between the interleaver 42 and
the PMUX 52. The notch filter 67 or the notch filter 68
blocks the source radiation at the pyrometer wavelength,
e.g. 950 nm, and passes at least the laser radiation at
810 nm. The ratio of the transmission coefficient of the
laser wavelength to that of pyrometer wavelength should
be several orders of magnitude. A minimum requirement of
the filters 67, 68 is that they block wavelengths longer
than the laser wavelength (e.g., longer than the laser
wavelength 810 nm), although radiation at shorter

wavelengths does not inherently degrade the pyrometer.
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transparency) above the cut-off wavelength to only 10-6 at (and below) the cut-off wavelength of 815
nm. This edge transition is extremely narrow, only five to eight nanometers wide. As a result, the razor
edge filter bYSOKHIREAIEEEr radiation at 810 nm but is fully transparent to thePSJr8REM81ReeIeIength
above 815 nm. Such an extremely sharp response is obtained by constructing the razor edge filter 72
as an interference filter. [0038]Interference filters are multilayer thin-film devices. They can be
designed to function as an edge filter or bandpass filter. In either case, wavelength selection is based
on the propﬁq%/ %f (jce%ru%Q\i%Iégrhg i#?r-ferg@c%aln %uechizfln filieerminr(l:i__déeé]t g%ht is passed through many
pairs of coated retlecting surfaces. ¢ distance between the reflective coatings determines which
wavelengthisdestfietivelgentéifétecarsd whithadavaiergthbare ihghasetandlwillugtimétely pass
through theo%oactﬂkgs_p&ﬂh?( 9%‘% ,beé"f{}‘:?%% reflecingguiacesiiz aqindin.of dielegliic material called
a spacer. It has a thickness of one-half wave at the desired peaktransmission wavelength. The
reflecting |®/keneal tohsissof several film layers, each of which is a quarter wavelength thick. This
sandwich of quarterwave layers is made up of an alternating pattern of high and low index material,
usually zinc sulfide and cryolite, respectively. Together, the quarterwave coatings forming the reflective
layer is calledld StAER & Rl Bd Gk mihé iter 7R @Y ACHIBVe the sharp cut-off response
depicted in fggp3 87 Such M@zg@%gg@a@@ltg}gﬁ@yﬂwg drom gepwoake 9f Rochester, New York.
[0039]Referring again to FIG. 5, the conventional bandpass filter 63 is Selected to have a passband
centered aEABUBAD HMACKS ratasbut s ednteh Fthe U HPLHRdENUhRIEE FREMTS. In one
implementafions e-R40 pmepassbapd fifer @%@agﬁrfyﬂé\é@th.hal&m%%@&eglg nm, roughly
corresponding to the response depicted in the graph of FIG. 9. Being centered at 840 nm, it effectively
blocks the figo1@EEemied rddhd&RisSirersn ife dpacat o BhtsIQRRPENERG to the 950

nm peak indhg gkaph-ehicke 161 JhugsthePremetaidesprisedRandis ertablisher within

signal varies with laser power and wafer surface

1CKS MqNe -t

reflectivity non-uniformity. We have discovered that
this background signal is caused by the fluorescence of
the optical components such as the beam splitter 52, the
lenses 62, 64, 66 and other components illustrated in
FIG. 5. The fluorescence background signal is
particularly acute when the optical components are formed
of a fused quartz material. One example of such material
is an optical glass material sold under the registered
trademark Infrasil® owned by Heraeus Quarzglas G.M.B.H.
This material is sold by Heraeus Quartz America, L.L.C.
Other related materials which may be more expensive than
the Infrasil® material may have somewhat lower
fluorescence but nevertheless to emit fluorescence that
hampers temperature measurement. The fluorescence of the
Infrasil® material has a peak amplitude near the
conventional choice of pyrometer wavelength, 950 nm,
which éan equal or exceed the amplitude of the blackbody
radiation from the wafer at the pyrometer wavelength of
950 nm. Since the Infrasil® fluorescence has a maximum

or peak at the pyrometer wavelength (950 nm), the
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the 40 nm window of FIG. 6 by the razor-edge filter 72 blocking radiation below about 815 nm and the
pyrometer passband filter 63 blocking radiation above about 860 nm. In an alternative embodiment,
the system @8 363tder includes an optional notch filter 74 that blocks theTA52PEH98ken at 810
nm. [0040]While the foregoing is directed to embodiments of the invention, other and further
embodiments of the invention may be devised without departing from the basic scope thereof, and the
scope thereof is determined by the claims that follow. What is claimed is: Claim 1: A processing

system for hemally pracessing 3 workeleqs, CRmPisis: Rasours,iage radiaignsuting at a
laser waveleng :
a strong spurious background signal that distorts

temperature measurements by the pyrometer.

[0035] The spectrum of radiation present in the system
is depicted in the graph of FIG. 6. The peak near 810 nm
corresponds to the CW laser radiation, this emission
being within a band lying between about 805 nm and 815
nm, according to the graph of FIG. 6. The peak near 950
nm corresponds to the fluorescence of the optical
components. This fluorescence has a dip near 1100 nm.
Therefore, one possible approach is to move the pyrometer
response band (the passband of the filter 63) to about
1100 nm, to avoid much of the fluorescence of the optical
components. Such an approach, however, conflicts with
the purpose of the amorphous carbon optical absorber
layer covering the wafer. This is because the amorphous
carbon layer has low optical absorption at this longer
wavelength (and therefore correspondingly low blackbody
emission at this wavelength), and therefore provides less
improvement in uniformity of the temperature measurement.
The situation is depicted in the graph of FIG. 7, showing
the extinction coefficient of the amorphous carbon layer
as a function of wavelength. The extinction coefficient
is an indicator of the efficiency with which the
amorphous carbon material absorbs radiation. FIG. 7
shows that the amorphous carbon layer extinction
coefficient falls to a very low level above a wavelength
of 1000 nm. Therefore, increasing the pyrometer

wavelength above 950 is not a practical approach.
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between about 805 nm and about 815 nm; a beam splitter having a reflective surface, said source
of Laser radiation being positioned on a first side of said reflective surface; 10a substrate support;
projection oPtR3WEBWSEH between said first side of said reflective surface Bhd/E8RIGV st Hte support
at least one of said reflective surface and said projection optics comprising material having a
fluorescence wavelength band onset lying at 15 about 855 nm or 860 nm and above said laser
wavelength; a pyrometer positioned on a second side of said reflective surface opposite the first

side, said F%%@& er belﬁ%b %%s‘;t vefo.a pyrometen y g\éelﬁb %tpén f&%%kﬂ'”ﬁ;@%‘é}!ﬁ‘én (a) the laser

radiation wavelength an uorescence wave ength and, 20 wherein said projection optics
images a regiodof shiettsidsratdiseifif %MIyirﬁﬁesbéa@ﬁt@m@Wnbm@a@d

the onset of the fluorescence (from the optical
components) at about 855 nm or 860 nm. The location of
this 40 nm window is indicated in FIG. 6. Within this 40
nm window, there is little or no laser emission and
little or no fluorescence from the optical components.
Moreover, referring to FIG. 7, within this window (i.e.,
between 815 nm and 855 nm), the amorphous carbon optical
absorber layer has a reasonably strong extinction
coefficient, e.g., between about 0.05 and 0.10.
Therefore, restricting the pyrometer response band to fit
within the narrow 40 nm window (FIG. 6), places it in a
region of high extinction coefficient of the amorphous
carbon layer, low fluorescence emission from the optical
components and insignificant laser emission. By
restricting the pyrometer response band to a region of
relatively high extinction coefficient of the amorphous
carbon layer, the amorphous carbon layer on the wafer
absorbs more of laser radiation, and therefore its
uniform absorption dominates, providing a uniform
annealing process across the wafer surface. 1In the
pyrometer response band of the 40 nm-wide window, the
optical absorber (amorphous carbon) layer has an optical
absorption coefficient that is at least at great as or
greater than the optical absorption coefficient of the

underlying substrate.

[0037] However, the 40 nm window is too close to the
laser emission band (centered around the laser
wavelength) for a typical filter used to implement the

pyrometer response band filter 63. 1In particular, the

16



a razor-edge filter having a cut-off wavelength edge transition, said filter tuned to block wavelengths
lying below said edge transition and to pass wavelengths above said edge 25 transition, said edge
transition by AEEIFER 10 nm wide, said edge transition being above said{dSEPIRRNeHGth and
below said pyrometer wavelength; a pyrometer filter having a passband lying below said
fluorescence wavelength . 30 Claim 2: The system of Claim 1 wherein said substrate to be
processed is covered with an optical absorber layer comprising an 20 amorphous carbon layer, said

passband gf.5Ald eximetgs Wial g & Bawarelanalh Lanaralwhigh paidRoRbigs garbon layer

has an absorptlon C C|ent at least as great as said substrate. 5
810 nm and the beginning of the 40 nm w1ndow at 815 nm is

extremely small. It is therefore difficult to block the
laser radiation at 810 nm without also blocking'the
desired blackbody radiation (pyrometer signal) at 840 nm.
This problem is solved by providing a razor-edge optical
filter 72 in the system of FIGS. 2 and 5, so that the
conventional passband filter 63 is not required to block
the laser radiation at 810 nm. In fact, the response of
the conventional passband filter 63 may be such as to
admit at least much of the laser radiation and thereby
avoid inadvertently blocking or partially blocking the
pyrometer wavelengths in the pyrometer response band.
Blocking of the laser radiation is performed instead by
the razor edge filter 72. The razor-edge optical filter
72 is a long wavelength.pass filter, and has the optical
response depicted in the graph of FIG. 8. The cut-off
wavelength of the razor edge filter 72 is at about 815
nm. The razor edge filter 72 has an edge transition from
a transmittance of nearly 100% (full transmission or
transparency) above the cut-off wavelength to only 107¢ at
(and below) the cut-off wavelength of 815 nm. This edge
transition is extremely narrow, only five to eight
nanometers wide. As a result, the razor edge filter
blocks the laser radiation at 810 nm but is fully
transparent to the pyrometer wavelength above 815 nm.
Such an extremely sharp response is obtained by
constructing the razor edge filter 72 as an interference

filter.

[0038] Interference filters are multilayer thin-film

devices. They can be designed to function as an edge
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Claim 3: The system of Claim 2 wherein said passband of said pyrometer filter lies in a wavelength
range at which said amorphous carbon layer has an absorption coefficient greater than that of said
substrate. 1YV E-IH BT system of Claim 2 wherein said edge transition BOEHIES/YEHE 8 nm
wide, wherein said razor edge filter is about 100% transmissive at wavelengths above said cut-off
wavelength and has an attenuation of about 1076 below said cut- 15 off wavelength. Claim 5: The
system of Claim 4 wherein said laser wavelength and said cut-off wavelength edge transition are

| id laser wavelength

wihin sepagateg by shouLS .20 ¢, Gl 6: The ysiem of Claim 4 uherel .
is about 810, said fluGrescence emission is in a wave engtﬁ range ffom about 860 nm and peaking
at about 959eimcsdidpasshambsefisaid pytometep fikertiesdetwest abotisz) Armadrid
- interference. 1In such a filter, incident light is passed

through many pairs pf coated reflecting surfaces. The

distance between the reflective coatings determines which

wavelengths destructively interfere and which wavelengths

are in phase and will ultimately pass through the

coatings. The gap between the reflecting surfaces is a

thin film of dielectric material called a spacer. It has

a thickness of one-half wave at the desired peak

transmission wavelength. The reflecting layers can

consist of several film layers, each of which is a

gquarter wavelength thick. This sandwich of quarterwave

layers is made up of an alternating pattern of high and

low index material, usually zinc sulfide and cryolite,

respectively. Together, the quarterwave coatings forming

the reflective layer is called a stack. There may be many

stacks in the filter 72 to achieve the sharp cut-off

response depicted in FIG. 8. Such a razor-edge optical

filter is available from Semrock, of Rochester, New York.

[0039] Referring again to FIG. 5, the conventional
bandpass filter 63 is selected to have a passband
centered at about 840 nm, i.e., at about the center of
the 40 nm window depicted in FIG. 6. In one
implementation, the 840 nm passband filter 63 has a full
width half maximum of 10 nm, roughly corresponding to the
response depicted in the graph of FIG. 9. Being centered
at 840 nm, it effectively blocks the fluorescence
background emission from the optical components
corresponding to the 950 nm peak in the graph of FIG. 6.

Thus, the pyrometer response band is established within
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25 860 nm, and said cut-off wavelength edge transition of said razor-edge filter is near 815 nm.

Claim 7: The system of claim 1, wherein said pyrometer includes a photodetector and a notch filter
passing saidVS2MFdnedtér wavelength and not passing said laser wavelenMaTERMSPITHE system of
claim 1, wherein said optics projects a line beam of radiation of said laser wavelength on said
substrate, said system further comprising: line beam scanning apparatus having a fast axis
transverse to said line beam. 5 Claim 9: The system of Claim 1 further comprising a laser filter

blocking w \ﬁelqu}hs within thevpagfb%%of %a| yﬁ]neweggg %8§S%ﬂ§| fl|t§£ %@Iaﬁfr filter being
located in an optlcal path that includes said source of laser radiation and salé
blocking radiation below about 815 nm and the pyrometer
passband filter 63 blocking radiation above about 860 nm.
In an alternative embodiment, the system of FIG. 5
further includes an optional notch filter 74 that blocks

the laser emission at 810 nm.

[0040] While the foregoing is directedvto embodiments
of the invention, other and further embodiments of the
invention may be devised without departing from the basic
scope thereof, and the scope thereof is determined by the

claims that follow.
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10 projection optics, so as to block components of laser radiation within said passband from reaching said
pyrometer. Claim 10: The system of Claim 1 wherein at least one of said reflective surface and said
projection optics is formed of a 15 fused optical quartz material. Claim 11: A method of
laser-annealing a substrate, comprising: emitting laser radiation at a laser wavelength between
about 20805 nm and about 815 nm; passing said laser radiation in a forward direction through a beam
splitter and projggtian plics| taiangubgteate, at least one of the beam splitter and the projection optics
comprising material having a fluorescence wavelength band onset lying at 25 about 855 nm or 860 nm
and above said laser wavelength; imaging the region of the substrate illuminated by the laser radiation
onto a pyrometdd thidugh: a pfropri€teespiic) pauts teaia Admittidtpravkation thr Qs saidgpy@ometer optical
path Iying\g}@ﬁ)y@ggteé gleﬁpqr@,er@nd above the laser wavelength and below
5 a source of laser radiation emtting at a | aser wavel ength
bet ween about 805 nm and about 815 nm
a beamsplitter having a reflective surface, said source of
| aser radiation being positioned on a first side of said
refl ective surface;
10 a substrate support;
projection optics di sposed between said first side of said
reflective surface and said substrate support at |east one of
said reflective surface and said projection optics conprising
mat eri al having a fluorescence wavel ength band onset |ying at
15 about 855 nmor 860 nm and above said | aser wavel engt h;
a pyroneter positioned on a second side of said reflective
surface opposite the first side, said pyroneter being sensitive
to a pyroneter wavelength in a band |ying between (a) the | aser
radi ati on wavel ength and (b) the fluorescence wavel ength band,
20 wherein said projection optics inmages a region of said substrate
being thermally processed onto said pyroneter; and
a razor-edge filter having a cut-off wavel ength edge
transition, said filter tuned to bl ock wavel engths |ying bel ow
said edge transition and to pass wavel engt hs above said edge
25 transition, said edge transition being | ess than 10 nm w de, said
edge transition being above said | aser wavel ength and bel ow sai d
pyronet er wavel engt h;
a pyroneter filter having a passband |ying bel ow said
fl uorescence wavel engt h
30
Claim?2: The systemof Caim1 wherein said substrate to be

processed is covered with an optical absorber |ayer conprising an
20



30 the fluorescence wavelength band; and blocking radiation wavelengths in the pyrometer optical
path below a cut-off wavelength edge transition and passing radiation wavelengths above said
wavelength edge transition, said wavelength edge transition being less than 10 nm wide, said wavelength
edge transition being above said laser wavelength and below said pyrometer response band; 5blocking
radiation wavelengths in the pyrometer optical path that lie within and above the fluorescence wavelength

band. a@taiphBlsTheamediod efyelaim ddi farthasepantisio coating flye sulesteatewitht @m optical
absorber IaYer comnprisig\%an 10 amﬁrphous carl?or\mlatﬁrial rié)r to ex sing the s%bstrqte to the laser

A Ve [o NI L vel ens%t [Auge a I C sﬁfl anof phoys carbon 1 ayer
radiation, sai %yrometer response bandlymg in a wavelength range at which said amorphots carbon
layer hash@s absor@lisicptffieient aefddst e neatad ssidtsubstrgecat as said

substrate.
5
Claim 3: The systemof Claim2 wherein said passband of
said pyronmeter filter lies in a wavel ength range at which said
anor phous carbon | ayer has an absorption coefficient greater than
that of said substrate.
10

Claim4: The systemof Caim2 wherein said edge transition
is between 5 and 8 nmw de, wherein said razor edge filter is
about 100% transm ssive at wavel engt hs above said cut-off
wavel ength and has an attenuation of about 10° bel ow said cut-

15 off wavel engt h.

Claimb5: The systemof C aim4 wherein said |aser
wavel ength and said cut-off wavel ength edge transition are within
separated by about 5 nm
20
Claim6: The systemof Caim4 wherein said | aser wavel ength
is about 810 nm said fluorescence emssion is in a wavel ength
range from about 860 nm and peaki ng at about 950 nm said
passband of said pyroneter filter |lies between about 820 nm and
25 860 nm and said cut-off wavel ength edge transition of said
razor-edge filter is near 815 nm

Claim7: The systemof claim1, wherein said pyroneter
i ncl udes a photodetector and a notch filter passing said
30 pyroneter wavel ength and not passing said | aser wavel engt h.

Claim8: The systemof claim1, wherein said optics
21



15Claim 13: The system of Claim 12 wherein said pyrometer response band lies in a wavelength range at
which said amorphous carbon layer has an absorption coefficient greater than that of said substrate.
20Claim 14: The system of Claim 12 wherein said edge transition is between 5 nm and 8 nm wide,
wherein said blocking the wavelengths below said edge transition comprises attenuating the wavelengths
below said edge transition by a factor on the order of 10-6. 25 Claim 15: The system of Claim 14

wherein gaidjlassr svavelengh lsadraaid cutadff stavelength sdue tioasiiongie sepagted o about 5 nm.
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said substrate, said system further conprising:
I i ne beam scanni ng apparatus having a fast axis transverse
to said |ine beam

Claim9: The systemof Claim1 further conprising a | aser
filter blocking wavel engths within the passband of said pyroneter
passband filter, said |aser filter being |located in an optical
path that includes said source of |aser radiation and said
projection optics, so as to block conponents of |aser radiation
W thin said passband fromreaching said pyroneter.

Claim 10: The systemof Caim1l wherein at |east one of
said reflective surface and said projection optics is fornmed of a
fused optical quartz material.

Claim1ll: A nethod of |aser-annealing a substrate,
conpri si ng:

emtting |laser radiation at a | aser wavel ength between about
805 nm and about 815 nm

passing said |aser radiation in a forward direction through
a beamsplitter and projection optics to a substrate, at |east
one of the beamsplitter and the projection optics conprising
mat eri al having a fluorescence wavel ength band onset |ying at
about 855 nmor 860 nm and above said | aser wavel engt h;

i mgi ng the region of the substrate illum nated by the | aser
radi ation onto a pyroneter through a pyroneter optical path, and
adm tting radiation through said pyroneter optical path lying in
a pyroneter response band above the | aser wavel ength and bel ow
t he fl uorescence wavel engt h band; and

bl ocki ng radi ati on wavel engths in the pyroneter optical path
bel ow a cut-off wavel ength edge transition and passing radi ation
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wavel engt hs above said wavel ength edge transition, said
wavel engt h edge transition being | ess than 10 nm wi de, said
wavel ength edge transition being above said | aser wavel ength and
bel ow sai d pyroneter response band;

bl ocki ng radi ati on wavel engths in the pyroneter optical path
that lie within and above the fluorescence wavel ength band.

Claim 12: The method of Claim 11 further conprising coating
the substrate with an optical absorber |ayer conprising an
anor phous carbon material prior to exposing the substrate to the
| aser radiation, said pyroneter response band lying in a
wavel engt h range at whi ch said anor phous carbon | ayer has an
absorption coefficient at |east as great as said substrate.

Claim 13: The systemof Claim 12 wherein said pyroneter
response band lies in a wavel ength range at which sai d anorphous
carbon | ayer has an absorption coefficient greater than that of
sai d substrate.

Claim 14: The systemof Caim 12 wherein said edge
transition is between 5 nmand 8 nmw de, wherein said bl ocking
t he wavel engt hs bel ow said edge transition conprises attenuating
t he wavel engt hs bel ow said edge transition by a factor on the
order of 10°°.

Claim15: The systemof Caim 14 wherein said | aser

wavel ength and said cut-off wavel ength edge transition are
separated by about 5 nm
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