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BACKGROUND [ 001] Thermal processing is required in the
fabrication of silicon and other sem conductor
integrated circuits formed in silicon wafers or other
substrates such as gl ass panels for displays. The
required tenperatures may range fromrelatively | ow
tenperatures of less than 250 OC to greater than 1000,
1200, or even 1400C and nmay be used for a variety of
processes such as dopant inplant annealing,
crystallization, oxidation, nitridation, silicidation,
and chem cal vapor deposition as well as others. [002]
For the very shall ow 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 tenperatures
NBEYRGMETERt BORC LASER ARNEASING: (B YSTRM RONMRATERLE { €ITH
(e.g., GMOREHQUS i CARBON OPTECAL ABSORBEB LAXER he
waf er needs to stay at the highest tenperature can be
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off to heat only the wafer and not fhe fest of the
chanber. Pul sed | aser annealing using very short
(about 20ns) | aser 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.



pul ses is effective at heating only the surface |ayer
and not the underlying wafer, thus allow ng very short
WO 2008/18g54aNnd ranp down rates. [004] A nore recROL/UF2008/006616
devel oped approach in various fornms, sonetines called
thermal flux | aser annealing or dynam c surface
annealing (DSA), is described by Jennings et al. in
U.S. Patent No. 6,987,240 and incorporated herein by
reference inits entirety. Markle describes a
different formin U.S. Patent 6,531,681 and Tal war yet
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i ncl udes a source of laser radiation emtting at a
not glee Wagereérgna, wafssamtopisi ediley iner [Veaty e ieirbedmp
a n t cei the | aser radiation, and beam
upp%%?e%%ﬁ%ngggﬁigé¥§Féposed bet ween one side of the
reflective nmenber and a substrate support capabl e of

ding_a substrate to be processed. A projection,
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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



wavel engt h range or response band, and a pyroneter

optical path extending through the reflective nenber
wap@stisssthe pyroneter. An anor phous carbon opt PCHEIS2008/006616

absorber | ayer covers the surface of the substrate

bei ng processed. The system further includes a

pyronet er passband filter in the pyroneter optica

pat h having a narrow passband lying in a wavel ength
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optatabepaths. 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



understood in detail, a nore particul ar description of
the invention, briefly sumari zed above, nmay be had by

w0 edosnssse® to the enbodi nents thereof which arBCT/US2008/006616
illustrated in the appended drawings. It is to be
not ed, however, that the appended drawings illustrate
only typical enbodinents of this invention and are
therefore not to be considered limting of its scope,
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embdicheQpsof wavel ength. [0015] FIG 8 is a graph
depicting the response of a razor-edge |ong wavel ength
pass filter used in the system

[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.



of FIG 5 . [0016] FIG 9 is a graph depicting the

response of the pyroneter bandpass filter in the
waeymsasisa FIG 5 . [0017] To facilitate under BCBOS2008006616

i dentical reference nunerals have been used, where

possi bl e, to designate identical elenents that are

comon to the figures. The drawings in the figures are

all schematic and not to scale. DETAI LED DESCRI PTI ON

[040H8] Grecs en‘woﬂsnant;rafsaht hepappanat ushcdesatimadi o
t he above-referenced U Patent by Jennings et al. is
coeffiient e@f i RhehamsERBANS €agPPRogPARIIEd absorber

1a){eePrcg§e{‘ﬁétd¢£P pf 4 E1 G £lnpedogantr %aﬁﬁerllé%o(#’{ e 10 for
mensi onar scanni ng includes a pair i xed
parallel rails 12, 14. Tmo parall el gantry beans 16,

8 are fixed % ether Eet di,stance apart and
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on rolTers of ball bearings together along the fixed
of rai¢s 12, 14. A beam source 20 is slidably supported
on the gantry beans 16, 18, and may be suspended bel ow
the beans 16, 18 which are controlled by unillustrated
[ooméPrs apdcdr bvesnechanpansleba cslinde t&ie:)llgastphﬁ‘l‘@e Af the
substrate 22 to be processed, which may be_ asil |con
pym%*%elzzb%ﬁipéﬁanﬁﬂiteffs 15t dheosastep Sfogoqed bel ow
the gantry structure 10. The beam source 20 includes a
| aser light source and optics to produce a downwardly
[OQﬂTbctedTéaﬁashh@édtbeanﬁ2¢sthadi99nimﬂﬁnﬂﬁcwhfer 22

reBS: &L NS.R88M 26, 8xLendino ggner hl LA flie, 1o
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



to the fixed rails 12, 14, in what is conveniently

called the slow direction. Al though not illustrated
wheoos/15¢she gantry structure further includes aP@Fa%1088/006616

stage for noving the laser |ight source and optics in

a direction generally parallel to the fan-shaped beam

24 to thereby controllably vary the di stance between

t he beam source 20 and the wafer 22 and thus contro
silieor ccasé NP df foheekanplbeams26tan ibha nidfvers\Zhorted
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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



further act as a heat sink to quickly cool the surface

regi on. Once the fast scan has been conpl eted, the
w@asnyesheans 16, 18 are noved al ong the fi xedPCBUBR08/006616

12, 14 to a new position such that the line beam 26 is

noved along its |ong di nension extending al ong the

sl ow axis. The fast scanning is then perforned to

irradi ate a nei ghboring swath of the wafer 22. The
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an array of |lasers. An exanple is orthographically
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bar stack 32 includes a nunber of ée.g., fourteen) .
along abt 2l 1 prg sdBmengener rERESPEedpondi HGa §lov axis.
Thé“¥§ééx%c§ﬁﬁihgngg'QHthg@rfﬁéﬁegegbcQW¥£35§ e a

structure, extending [aterally about 1 cm an
nesgperaieg dyatboof 6h8 wafeTypRcal Mhe watterrnedolriqigfast

%2¥ers are di sposed betmegn the bars 34. I n each bar
angS1ow $INRHNE ARfbEFPERCES! gPELPEPEy i Re)® FHT ey

patdb o LaEhe COASHI t8hirRE aosepatatetkeASntasr weifidd 121 has
respective beans, each beam having different

been vidrgyere bl ingresepAcedrt hogonal directions. The
illustrated bars 34 are positioned with their |ong
di mensi on extending over nultiple emtters 36 and
[0G20 gneThal opgitbebehowsaxirgeal® includes an array of

lasers. An example is orthographically illustrated in
FIGS. 2, 3 and 5, in which laser radiation at about 810
nm is produced in an optical system 30 from two laser bar
stacks 32, one of which is illustrated in end plan view
in FIG. 4. Each laser bar stack 32 includes a number of
(e.g., fourteen) parallel bars 34, generally
corresponding to a vertical p-n junction in a Gads
semiconductor structure, extendiﬁg laterally about 1 cm
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.



their short dinmension corresponding to the | ess than

1- micron p-n depletion |ayer aligned along the fast
w@x008/13¢5¢3 snal | source size along the fast axi BCHUBZING006616

effective collimtion along the fast axis. The

di vergence angle is |large along the fast axis and

relatively small along the slow axis. [0021] Returning

to FIGS. 2, 3 and 5, tw arrays of cylindrica

Thé edted Bl Ssd@rdé espesi hilengdrakomigsthaxliasen larss 34 to
collimate the laser light in a narrow beam al ong the
effectivxicol eyt ey peopen8be WRER adiési vdhén the
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el ements. Such conventional optical elenents can
include an interleaver and a pol arization nultiplexer,
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el enments is nof limted to "such an exanple. In the
cybmnpiceabfl@nsﬁeta 403agadpresitikactve losds tdfe Hessmsr
the L bar, st ks 32 _are.input. taq | terIe ver
baﬂ§q£%h ¢h m?llmaﬁulgg eaﬁeanﬁéﬁﬁgtﬁgr t%%ého St

aleidg uqtetrfay\tttijﬁpecu theg meg:t bagdodr el ittt efdradsive on
di agonal faces, | ective araIIeI bands to
th%eﬂ%ﬁﬁ#v%?%ckef?%cﬁngnélﬂﬂéﬁgnWﬂt §W€ &h 34 ‘to

exté}‘i&r&\?@fe{ﬁeaéﬁlféemr s&eggy 3gvai ' abl e from Resear ch
Electro Optics (R In the interl eaver 42,

patterned netalllc reflector bands are forned in
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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). In 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



transmtted and thereby interleaved with beans from
bars 34 on the other side of the stack 32 which
waie@sns4xor r espondi ng sel ective PCT/US2008/006616
transm ssion/reflection, therebyfilling in the
ot herwi se spaced radiation profile fromthe separated
emtters 36. [0023] Afirst set of interleaved beans
is passed through a quarter-wave plate 48 to rotate
fillsndolartgat boRerrlaki ¥patedt hatiiak ildhe pyecaind stionof
interl eaved beans. Both sets of interleaved beans are
the nyrpa¥ated peraktea8i 8A-nul ti pl exer (PMUX) 52 having a
structure of a double polarization beamsplitter. Such
a PMUX is comrercially available from Research Electro
[omxﬂlcsA First and sécdndedﬂagwﬂd bieptrey fiacpd ss@t s 54,
cause the two sets |nt rleave to be
th?%ﬁ?%c?e@u%FBﬁﬁ ﬂaggnﬁgﬁtﬁxﬁ fPofP ﬁg ont faces.

polldei Fd séni pbestace B4 thatypircahky sle'é@rﬁj'f%’gted)ﬁs a
dielectric interference filter designed as a hard
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t f
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i nterl eaved beans reflected fromthe firs terface
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opt BY&! 5§1r@@caﬂéesezoheed@eb@hb&a&hQ@ﬂfadgIxayers 54,
|ntroduced by the quarter-wave plate 48, the first set
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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



[0024] Al though shown separated in the draw ngs, the
interleaver 42, the quarter-wave plate 48 and the PMJX
wo200ansbsks s i nterfaces 54, 56, as well as addi P€DNS2008/006616
filters that may be attached to i nput and output faces

are typically joined together by a plastic
encapsul ant, suchas a UV curabl e epoxy, to provide a
rigid optical system An inportant interface is the
as [ a8t i cubaibte ngpokyt heol peslvétie 40 rtigitthedtaiser]l styascten.
32, on which they nust be aligned.to the bars:$4 The
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the slow axis. [0025] A one- di nensi onal light pipe 70
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the slow axis and a | onger dinension along the fast
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[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
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limted wavel ength range, which is referred to in this

specification as the pyroneter response band, the
wa@eosaseswavel ength in this band bei ng referredPtDUSI008/006616

this specification as the pyroneter wavel ength. The

two PMUX interfaces 54, 56 are designed to pass the

pyroneter wavel ength irrespective of its polarization.

The opticsare generally reciprocal and thus in the

ard eyeisea Ui y ecét Opréebechnankyiud saakheareaeafsd he
wafer 22 on or very near to the |line beam 26 and

diggrtien |9eexpaneRlyhat SPAddedr62aftaltbg yéderalqddy on or
vel;gftv O 3§51 e oii{uPerHm%oanﬁasstqfc_atlhe, gl SHACKShat

ough with sma aser - beam anneal ing, thére is
imajgnid i smreargaheoaldlyy bavfiageal ayee odnpidreatamrisssion

even_in the i di at e nei bor hood of the . line b
fad Of Hohdubat (S ERCRRe DRLERBOE) M ac B s peRT g ean
ank@BaSg | hendipé t est sagﬁaﬁtcan@oxria@_atae_ibhe_otfh%rufeﬂacsé

emtted radiation. [0028] The variation in tenperature

laygy oseperea b eas ot VeRelatBe HMpgRiasLedsighigeerhood of

ser | ri.ge r e, ,of

engPfile e odbur bBE AEPLE LRCE ok BTaEA B 3 on
spdderlmsesusasi aheohoatedicf berast tratiemifecaude t hey

have different extinction coefficients) or have uneven
thelpd hbe e hhtef eF PR A di fferent directions. In

order to obtain a nore uniform heating of the wafer

during the DSA | aser annealing, the entire wafer
[0@2B8T ace The conrietiant hAnafeoperesurgbacresisortNeyarea of

enfhSfek L B3R pAPERChL Ry b ARG AR o d e
aridedasremstbst paesahcabsdr plifderent 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
heatipg 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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coefficients at the laser wavel ength (810 nm and at
the pyroneter wavel ength (e.g., 950 nm exceedi ng

wo besas@is t he underlying integrated circuit feBtT/USROLONG616
the wafer. Therefore, the uniform heat absorption of
t he anor phous carbon | ayer predom nates over the
non-uniformties of the underlying integrated circuit
structures. Mreover, the blackbody radiation

intey £ OF &6 Yo ERE G €de b¥mbRe sanBEBROYS ngakben drdygshdls t he
pyronmet er wavel ength predom nates over radiation
cagpn tkavey- t hBhenPUAVEBERI HhEgravaadeilnd@dradieshent s

- l.yi e 0 a Iy '

o e L e BB o IO or PRy L R

medb wtaméntng ¢hewpyeoneempereasueenents of wafer
tenperature. [0029] The pyroneter 60 includes an

optical detector 61, such as a photodi ode, and an

[o@Pj cal PyE ogplehebaRIBASSnEILHRE @3 oPhE A MBItor
filter 63 helps establish the pyroneter response band.

61 Conveimtd onal photodeéogessiebbe apy polecarl pesjsoreseeband

could be. centered at,, 1550 nm . However, t r phous
oS Eh Bhl Teal ©absorBer EVAYRP tEov g™t NS WATEE T or
estHb I s ehs op ptoaBLeas reebbnas bhedSi Shstigradionally,

itself, does not absorb well (has a | ower extinction

one gePFFEPERLRYRPMEHER °FBRYSRaPerengrlchiRf (4RiF et at
158985 NOLabPBLOYe AL GhlbRAk 2BIQURL IR Ak apsorber

body radiafi on em ssion. The surface emssivity
lapgr tdqosenanel ehgt Radleso folmanged owint labisioe phifagy, as well

oo LEFPELE 15 TIELEL0E, 150N Lo Dok doat IOl
loPossébt enéhobsechberr@ceenter athg@uch a long wavelength,
and therefore does not improve uniformity of absorption
and blackbody radiation emission. The surface emissivity
at this wavelength also changes with the wafer
temperature. Therefore, 1550 nm is not a good choice

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

12



pyroneter response band at the shorter wavel ength 950

nmwth a bandwi dth of a few tens of nm This may be
wa@elwsasadas by providing the pyroneter passband PECT/US2006®6616

with a passband center wavel ength near 950 nm At this

shorter wavel ength, the anorphous carbon optica

absor ber | ayer absorbs well and therefore provides

uni form absorption of the |aser radiation across the

phoedeirseiif ace a (883%] tEhperutput ahd kemptadetteciora
61 is supplied to a source controller 65, which
degbrfdrfenpaba BBt 8c RBAPROESERYr 8/ WSS Sa Ll dower -

sué\;ﬁ%?%%é”@hé”?agggpﬁ 28 kb tQ @m@l‘i%ia%%d o&f%ﬁééﬁ&

ereby adjusts the power supplied to aser
thdar so@2itali octpaseiar ttecdeasettilom rofopthec ale siutgulit

n the direction of the desired wafer tenperature.
Wa%%@s@?mﬁﬂﬁaﬁﬁﬁg'or ot her semiconductor |asers have a
fairly wi de spectrum of |owlevel spontaneous em ssion
that typically overlaps the pyroneter wavel ength
[090¥2bonseThandarasca pebgirt semicioadysdtranasifgrs have a

em Ssi 0 ' e_Rpyramet filter t k
fa Sl 7ot SRLER ISRy MRS e, SR SRR REaL e
thaout Yo tesd ety bothlapa) thke pyalorke thlracihedye gt ate gponse

at the pyroneter mavelen%th and (b) the portion of the

bapdserf8otr E8SEhbnPaNESEs SEANSSNGR VAmetiefch the

pyMeyet epgEicLp bheqaksenee 8fi Uit angl Jyddnetdng.
[0033] The pyroneter performance can be inproved by

wavelerging ooe phetbdséectiour 8 spordcaesiect duitdhi oma)
th%f%%ggrp%iQQEBSEy“@%%E%%Q%%‘QJ'%H%'H%é%%ééééfﬁaéﬁiength
and (b) the portion of the laser source spontaneous
emission at the pyrometer wavelength, in 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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bet ween the bar stacks 32 and the interleaver 42, or
wth a notch filter 68 placed between the interl eaver
wd200ansbsehe PMUX 52. The notch filter 67 or theCTOSDN8/006616
filter 68 blocks the source radiation at the pyroneter
wavel ength, e.g. 950 nm and passes at |east the |aser
radi ation at 810 nm The ratio of the transm ssion
coefficient of the |laser wavelength to that of
ThPYiSrEH ef i hey ek eyt heshaulydbbe implemnanterderss of
magni tude. A mnimumrequirenent of the filters 67, 68
interiereneheli br8ER ﬁﬁ@’é?@n@f‘h@lfcaﬁg‘ert%&ﬁltt%qaa‘é%? 42
Iﬁ@@ih e. e a he S10,
Orm§¥§ th%%ghg%g ?o%hgp Hﬁnggrq 3é*§¥§%§2g%%es d
alome finheeest!|y degrade the pyroneter. The notch filters
67, 68 may be inplenented as interference filters
coated on either the interleaver 42 or the PMJX 52,
FItERONghotheyporyobs Nopkenrint edrap yRomuh e one
fifTters. FILTERTNG OUT SPURITOUS NO SE AT THE PYRONETER
[093bB4] THee ppybRREERr660eRBPRIFEREES Sa ahinglgh hasfel

splflg%%ér’;r?agﬁ‘&iﬁgﬁ%”g néhg‘ﬂabh‘ﬂ‘tah“cll@f't%&%” Scyhltrégﬁcﬁme;;erature

ur e’ neasur e i'on>of the
medﬁmfemmmesfanSEyeneoﬁrcbbepymbmbherclos&dxiQﬁﬁhazka

control Ioo of the source controller 65, ce
SRR i B la%rekg%taha silgrgh ¢arrlec Fm%rsoelrrﬁpfb% rohnide
sofBder St fareetebbectiinicky tRRN B OUE B ME-NaY.

di scovered that this background signal is caused by

Si(lllh@lf‘i'@m;esc‘em;b besehepopeircandc wadenerstus fagsh as t he
co PSR L Bon S8 EDEaLeeeu% b AR AL Al
thbaickge pypsusd gsabnks 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 ean 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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particularly acute when the optical conponents are

formed of a fused quartz material. One exanple of such
woriosns@h3 i s an optical glass material sol d uneer/Usives/006616

regi stered trademark Infrasil(r) owned by Heraeus

Quarzglas GMB.H This material is sold by Heraeus

Quartz Anerica, L .L .C. Oher related materials

whi ch nmay be nore expensive than the Infrasil (r)

£ 1 Uit &4 ¢ @hcérays h@éi@sé@n’@?h@hd pyebrklteer eptares My become
nevertheless to emt fluorescence that hanpers

a $ighpRd tRiel peashrekgREOUNThe igngdr £6@éncd skt
ted Qﬁ%ééf& Q?wgféfn@htgaﬁ tﬁ%%ag) TRleltyde near the
onven

ronal choice o omet wavel ength, 950 nm
whi ch can equal or exceed the anplitude of the

ckbody radiatjon fr e waf t th t
10GREE  engl e oFPOSBHM O8 e Pe LSSt 110 the System

1sf<hég9{ee@@n9§ E'ﬁé 8 rHBXI meFQ'G pgak athel hrdwy ruEt 610 nm
wavel ength (950 nn) thef | uorescence i s passed by the
COPNe PR @B b@ttbe CWolbee@maailettﬂ@@g dhds Rl ssion

back un i gn d r
be RSSO Q. &' 80R0 ADIhCTLRRELS LEIPR HdY S anq 819
nm/) adlt @b+ @hnPr esedhei arobd SYSFE®.i . .definet gedk ndwer 950
graph of FIG 6 . The_peak near 810 nm corresponds to

nmt?@?(ﬁ??%@%? FadFH?léﬁquﬁﬁ§%ﬁW%éﬁoﬁ*ﬁeﬂﬂf g¢hin a

cogEdle ¥k NY @ﬁwe@mu@%%e%% mRsanRd A5 W8 r acess dimd
to the graph of . The peak near 950 nm

Th@n¢f@s@ondsetpOShebﬂEu@p@§©@ﬁ@el@fUQM@Qﬂﬁlﬁhﬂ pyrometer

fl h
o SREPET aP B b BoBENBPE BT odtR (4 e tmivd (1 PIt

11@(yr1€>fmeteds sespansmachand (hiee fgmmrajérm‘e tdte fhe t@stical
63) to about 1100 nm to avoid nmuch of the
conpepeRrEEenceUsh fReagprioggh, 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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conmponents. Such an approach, however, conflicts with
t he purpose of the anorphous carbon optical absorber
wo ayensesas/eri ng the wafer. This is because thePCT/US2008/006616
anor phous carbon |ayer has | ow optical absorption at
this | onger wavel ength (and therefore correspondingly
| ow bl ackbody em ssion at this wavel ength) , and
therefore provides |ess inprovenent in uniformty of
[003€] t enpies dhave dbasuveredt thike thietreatiisora 140 depivcice
in the graph of , Showi ng the extinction
windey fhetesen ?h?héoan’ﬁ‘?‘pﬁéésn&‘agﬁéﬁq &YdrS Sy band and

thd %Wéé@nopftr\ﬁ@vﬂsegegce}m@ FLHRC khan oiﬁ%.fcfélm ent is
an indicator of the efficiency wth whi

companeiioss @ardoouhaBebi am abs@ﬁ@snmadl&hamiOdaUEOUYOf
sho t hat. t he apor us _car,bon I er xt| ti.on
en ool 4T et PGy T LS B toaf BT en Favel Smoui il this 40

nm wai/rech&mgt thé&fe 10901 ngx 1&hereheor QasleliC @A i Rend
yronet er wavel ength above 950 is not a practica

ll'fatbb? o P 0DBBPrOEChRRGE HroRolbre@PLHER 1t KEMPANEH $10
Mofggyﬁge F%ngﬁﬁggtﬁﬁeelbhe780%1@ 1%1%HTQ|#¥ﬁwa

em ssion band an e onset o e fluorescence (%rom
betweeopd 1 tahmconpoBBht ak) at takoamogdphows @ra @6t ropt ksl

| ocation of this 40 nn1mﬁng Wis |nd|cated in FIG 6
abS R h TR ST A S ROBRPPRSr 8o EAt T M | msor

coft 581 &R and 4i t thetQeeROabbuer @sesnead romd he
opti cal conponents Moreover, referring to FIG 7

Thewe FPPe t hieSWE hgbhAgi Lhe, PHEORNSSSR I8 IS SATER] 1885 g fit
w1t1bln a{@%p}gggﬁ &aEBOH{nI ﬁ&bﬁ%b 6{'%51 rb%r én?ﬁea{’cgkaslta in a

Feasonably stron ctron coéeffici
re@pdnesen Hb@utthQﬁcamanCbefIhﬁeaﬁowf UhEHJm&ﬂpH@ps
ca%ggnp £$g§Eeio&e%gggigsgggget%ﬁ&gglon 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
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within the narrow 40 nmw ndow (FIG 6), places it in

a region of high extinction coefficient of the
waewmspheus carbon |ayer, |ow fluorescence en sBCDUSIN®MG6616

the optical conmponents and insignificant |aser

em ssion. By restricting the pyronmeter response band

to a region of relatively high extinction coefficient

of the anorphous carbon | ayer, the anorphous carbon
walal@igian dhefenérceabsowbenmhe dhskasendiadiiain geak at

and therefore its uniform absorption donj nates,

810y i R Dot Re UPFFORREBANGEI THE APoBEs¥1RO08s &Y IR ndieris

extsfjé'nﬁ@%‘? sthanihe pyrometge rbespanse rkapdief ek the
e W ndow, the optical absorber (anorphous

las&mwﬂﬁﬁ1¢Eqmm aas8aa opt Wwéahoabsedpbi od ocdafrfd dilent

that . i.s, at at eat as or reater th
de et I SHRT Y| bACBEEPTc BHEOBE CERe SHATA il 840 nm.
ThSdihstsstem {9H0384] vEaweyeprotvhaifg @mﬁwﬂaiﬂédqbtdptlcal

close to the |l aser em ssion band (centered around the
filegrer’ bl ehgt aysEem aft fpleal 2f pPfed us&d thpt

co%%%er%ltagﬁ%gﬁaemteegragnie hard fddtige $3o |k§‘lock

cul ar ewavel ength ference between the | aser
the ath s onageakiah 8108ﬂ1m and t e lﬁegrtnnrtﬂr@ ofegsgmnskd of
nm w ndow, at

15 n e mel y._smal |
thq R b a7 L1 P CPEBoEr Sl oEnE 3 Hedr Bebdiuah diF i
adid Am Y‘é&@@uﬁru@hS@fbltﬁékllﬁgeEhQa@Q%lltrl% kirac khasheby
radi ation (pyronmeter signal) at 840 nm This problem

aveid shradve byept byi brlﬁgkanga@ér paggé adpty ddioghinerty
pyf&hé@ S%;& f%RétE ﬁ? fi tegyggme%%ﬂjyg(ggﬁée and

convent |ona I's not quire
Blddlotkg t He tlaeeitasedl abddatabn8i6 @mrflorrnf@btz,nsttt@d by

théegfggfeeg;e 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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the conventional passband filter 63 may be such as to

admt at |east nmuch of the | aser radiation and thereby
waresdsismadvertently bl ocking or partially bl oPRI/N§20081@06616

pyroneter wavel engths in the pyroneter response band.

Bl ocki ng of the laser radiation is perfornmed instead

by the razor edge filter 72. The razor-edge optica

filter 72 is a | ong wavel ength pass filter, and has

filher opt i s@ahdpesporsetdepi cheeiithelrtheageaphvapfe gt .
The cut-off wavel ength of the razor edge filter 72 is
selgchbont i815ana PRethgz B OBEEE Yf Olft e sErusdsivm et

mEéf‘f‘éféh@é‘ from QuEBaQS?‘ﬁ‘t@QCG fc iR Bdlqupc/f’l(J Ydssed

transm ssion or transparency) ‘ab ove the cut™of
thyawvegh enghph paionl pflGoétatl (arfdeclocliow) adnfanﬁsoffThe

wavel ength o ‘ edge transiti
01 ST eRONG CHEPP oRNCORES LA Eg CoPGRE A B ST e dehich
wa?Slén§erY! dest bactazen yedae efriflber akloeks dihevdwsedngths
radi ation at 810 nmbut is fully transparent to the

argyionehesenand| sadlhudbsrately passSidi avhexilienel y
cosbﬁla 85! eSPRESEa gsbg%g' SRRy LERTRLY "1%3 fgqtgo%gcse]rsazog a

| ter s an I nter erence
thimtEiiﬁrﬁﬁCéléEEEEESCamatﬁmhbﬂ|@wﬂiddﬂa1§pdGBﬂEVIEEShaS
They can be_desi ned to function as, an edgefilter or

a B%hﬂb%%%sfPft@Pe Paléi WREE eds&handlrs P ecti on

tréﬁsﬁ§§§909nwébglgﬁeﬁﬁrtyTﬁE dRe$tGhinge 1ld H#its can
interference. In sdch a filter, incident Iight is

conassdefhseughahaﬁylmaﬁaye@s,c@@qajqﬁﬁWh&ﬁhr&ﬁ a

o SE Lo Rea L0 SOER Do IR 3% R
lapdfs Whk Clhadavapepgt As 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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are in phase and will ultimtely pass through the

coatings. The gap between the reflecting surfaces is a
wo boos/15dskan of di el ectric material called a sparer/US1008/006616

has a thickness of one-half wave at the desired peak

transm ssi on wavel ength. The reflecting |layers can

consi st of several filmlayers, each of which is a

guarter wavel ength thick. This sandw ch of quarterwave
thé y@romi8inade uvp efTcan cablyernat inagopatddryen ifldeghy2

and | ow i ndex material, usuall éﬁZI nc sul fide and

ble¢kingteadiatpert PeaPYy. aPeyét B0, Nhé@nGudme RyRmeter

pa§§ﬁ§ﬁ@g§hi9é91@9 Eﬁecmqkhegga&%th%%e%aa%éxysaﬂkf%so nm.
st ack ere may be many ‘stacks in the filter 72 to

In ahi @lee that shar pmbodiokht; espensy stepi cifedi® B G 8

h, d t I fil .' j f
Fugh D ke HIARS ABSPBT LRGN POEE™ [OOSSTE it aringt Fooks
thagp &et Oefrl &516n, athg100nweNt i onal bandpass filter 63

is selected to have a passband centered at about 840
nm i.e., at about the center of the 40 nm w ndow

o0 0Lk L g prb Bl KT LI U ey
of nhe rmugélhylonr r espemdlangi tfa rithe rr esfraasienateps omédthma

t he graph of centered at 84 nm
1“%&?%%??v%?¥ B?oé§§lFﬁ€ wﬂ&%P c ENOE Ty the basic
sc@[ﬁé seh&PebEOM KR toR! ise@peC QMRORIH S ertﬁe%nq@mécﬁlw Othe

the 950 nmpeak in the graph of FIG 6 . Thus,
claymenelheat fesponse band is established wthint he 40 nm

wi ndow of FIG 6 by the razor-edge filter 72 bl ocking
radi ati on bel ow about 815 nm and t he pyroneter

passband filter 63 bl ocking radiati on above about 860

nm
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In an alternative enbodi nent, the systemof FIG 5

further includes an optional notch filter 74 that
whb@shksesuthe | aser em ssion at 810 nm [0040] WWiT/@S100€006616

foregoing is directed to enbodi nents of the invention,

ot her and further enbodi nents of the invention may be

devi sed wi thout departing fromthe basic scope

thereof, and the scope thereof is determ ned by the

cl ainet thatcfolhow. Yat is claimed is: 1 . A

processing systemfor thermally processing a

wor kpi ece, conprising: a source of |aser radiation

erri]} ting ﬁfo@e%éﬁéj waxeLrnghh: tReRPRAMSPIHAIdNGing a

reflective surface;, said source of |aser radiation
wo eceositempnesding: a first side of said reflective
surface; a su%sirate sug o%t for at%ubstr%}e t.0 be
Chef et 155 SheLR8T PFOfBEtPBn Bt eodipcsdd oot
waRElaeetm said first side of said reflective surface and
said substrate support, at |east one of said
r efd degayesrLi t bEteganEfar8ipropEEtiags oftdick source of

1a%eopgi+&i£‘@igﬁt§mg. gegkegoﬂefd' dar 8S¢406e wavel ntdy g
an yI ng above sai aser wavel ength; a pyroneter
refoset iomeshofia@ae second side of said reflective surface

opposite first side, sai.d pyrongter bein ensitive to
a pfyrometeraWavearRRgFh fRTabEHASIYANG (& Wsert (e e
préd@sgsed adi ation wavel ength and (b) the fluorescence

wavel engt h band, wherein said grojection
projection optics disposed between said first side

of said reflective surface and said substrate support, at
least one of said reflective surface and said projection
optics comprising material having a fluorescence
wavelength band lying above said laser wavelength;

a pyrometer positioned on a second side of said
reflective surface opposite first side, said pyrometer
being sensitive to a pyrometer wavelength in a band lying
between (a) the laser radiation wavelength and (b) the
fluorescence wavelength band, wherein said projection
optics images a region of said substrate being thermally
processed onto said pyrometer; and

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 transition, said edge transition being less
than 10 nm wide, said edge transition being above said
laser wavelength and below said pyrometer wavelength;

a pyrometer filter having a passband lying below

said fluorescence wavelength.
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optics imges a region of said substrate being
thermal |y processed onto said pyroneter; and a
wo amensadye filter having a cut-off wavel engt hPemys2008/006616
transition, said filter tuned to bl ock wavel engt hs
| yi ng bel ow said edge transition and to pass
wavel engt hs above said edge transition, said edge -
transition being | ess than 10 nm w de, said edge
transitiDine beisgembo¥ecsaifl Nasteredvelsenig s et ow o
said pyroneter wavel ength; a pyroneter filter having a
bed%@%ﬂ%%%e@y%ﬁgcﬁgﬁéﬁﬂsﬁﬂéhfPUoP@§é€ﬁée%R%RQQﬁﬁﬁ4ﬁ$?F
; em, o n S
At R R S o e e
sapdnpyrenage anf albephéysngaibon Wayed engdibld yrassbeantd of
i d ggroneter filter h¥in% in a mavelenq}h range at
| A" ARBP BHEUS 2 ERPBon Y & eP i Pad aEdt Pt bn

cosPeidichenit aleheastsagrgheabsasasal dupsidwade. 3 .
The system of C aim 2 wherein said passband of said

pyroneter filter lies in a wavel ength range at which

saigl a 0 b a sQr.ptj
coctT | o LRE U ERRDBR, LIUEh DORnRRetR ] Mhosbapa of
sailheppysthereof fClaem 2ivkeial A saive ledge ht narsjd iaon wisich

pbetween 5 and 8 nm wi. de, erein said razor edge_ _. .
Sa¥q | 38 T PROUB R TRADOG-E Y ERS RSS Phe AR5 P AIGSh LIRE SHohRnt

gr&ai & CeilaRf fn¥Avekesgth andshagcan attenuation of
about 10~6 bel ow said cut-off wavel ength. 5 . The

systemof Claim4 wherein said | aser wavel ength and

sai gl C“tﬂ%’%f sg’gXS{neth Bygdge ot [ARSLLOL ANE MJdin

separ at ed by ou nm
transition is between 5 and 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 107® below said cut-off wavelength.

5. The system of Claim 4 wherein said laser
wavelength and said cut-off wavelength edge transition*

are within separated by about 5 nm.

6. The system of Claim 4 wherein said laser
wavelength is about 810 nm, said fluorescence emission is
in a wavelength range from about 860 nm and peaking at
about 950 nm, said passband of said pyrometer filter lies
between about 820 nm and 860 nm, and said cut-off
wavelength edge transition of said razor-edge filter is

near 815 nm.

7. The system of claim 1, wherein said pyrometer

includes a photodetector and a notch filter passing said
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6 . The systemof Caim4 wherein said | aser
wavel ength i s about 810 nm said fluorescence em ssion
wo so0sns@4xvavel engt h range from about 860 nm anBCPESH00810P6616
at about 950 nm said passband of said pyroneter
filter lies between about 820 nm and 860 nm and said
cut-of f wavel ength edge transition of said razor-edge
filter is near 815 nm 7 . The systemof claim1
py e el i i s Pygonebad hoel pdesiagpbatiddetagetror and a
notch filter passing saidpyroneter wavel ength and not
waykan @i sai d | aser wavel ength. 8 . The system of claim
1, wherein said optics projects a |ine beam of
radi ati on of said | aser wavel ength on said substrate,
saifl. syBtensysitéeheofcobpimsiingwheiree nbearids cgriniasy

apparatus. having a fast axis.transverse to said |
Pr S & Le RURTeRToF 2R ATAPE Par R G sing
waJéE%HgﬁH|é@rs§i@05hﬁgt%@¥8Legﬁﬁﬁssv%kghﬂfbﬂQtﬂﬁSSband

of sald pyroneter passband filter, said laser filter
comyel yRphdcated in an optical path that includes said

sowce S ati ai j ectd 1S,

so 5% PerBortahihnpRaat g 3t B E

traed e passhansa f dohineabbhng said pyroneter. 10. The
systemof Caiml1l wherein at | east one of said

reflective surface and said projection optics is

forgred ofn@ §ySeenoBEi eakiRUAr kA rARLS iRhnpribiny a

met hod of | aser-annealing a substrate,
laser filter blocking wavelengths within the passband of
said pyrometer passband filter, said laser filter being
located in an optical path that includes said source of
laser radiation and said projection optics, so as to

block components of laser radiation within said passband

from reaching said pyrometer.

10. The system of Claim 1 wherein at least one of
said reflective surface and said projection optics is

formed of a fused optical quartz material.

11. A method of laser-annealing a substrate,
comprising:

emitting laser radiation emitting at a laser
wavelength;

passing said laser radiation in a forward direction
through a beam splitter and projection optics to a
substrate, at least one of the beam splitter and the
projection optics comprising material having a
fluorescence wavelength band lying above said laser

wavelength;
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conprising: emtting |laser radiation emtting at a
| aser wavel ength; passing said |aser radiation in a

wo eoosasa4zli recti on through a beam splitter andPCT/US2008/006616
projection optics to a substrate, at |east one of the
beam splitter and the projection optics conprising
mat eri al having a fluorescence wavel ength band |ying
above said | aser wavel ength;inaging the region of the

subsidagdt ey i theinkagied by the kapekrhadi allilemionited by
pyroneter through a Eyroneter optical path, and
theydkd 327 ntp ¢ BRIF b1 oANEAr BuPH L SRPECSHY EHFOLEN FpRYzameter

- l.yi [ - b :
oo D T B G e R Y O et
py st e bl ooki ogl rpdt At Lghngaysel englylrsmier etrher epyoraores drand

optical th bel -of f I th _ed
2P nidft i IP ehd  pRSSPRG PadPd: PotoRayBrengLie SaRREe
wavdl chedgeodra@nsition, said edge transition being |ess

than 10 nm w de, said edge transition being above said
| asekoqlaing engy@ ha hhanbepYRL sapghpy Aomster PRI Rt h;
n I ' iatiqQp_ e [ er.
op G DA o [ 34 8 LOP FYeL SO0 D0l LR P Fion
and | ps €5c@ need Wav ebrnghhebandthehabelby tsaidefddye a

pyroneter response band |yi ng above the | aser
EraRaet Byt hS Ak BB FABSE FuBRebELRGe Jﬁa?\?eltg}?gﬂ h-bdHd.

wide; dfy n@cﬁ%‘é’dtfgngeh%lﬁe&l’lbt ek veomRisiNG Loat i ng
the substrate with an optical "absorber |ayer
wavelength and below said pyrometer wavelength; and
blocking radiation wavelengths in the pyrometer
optical path that lie within and above the fluorescence
wavelength band, whereby to define a pyrometer response
band lying above the laser wavelength and below the

fluorescence wavelength band.

12. The method of Claim 11 further comprising
coating the substrate with an optical absorber layer
comprising an amorphous carbon material prior to exposing
the substrate to the laser radiation, said pyrometer
response band lying in a wavelength range at which said
amorphous carbon layer has an absorption coefficient at

least as great as said substrate.

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.
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conpri sing an anorphous carbon material prior to
exposing the substrate to the | aser radiation, said

W@0s/1ed5e3 response band lying in a wavel engt hPEBO§®OK006616

whi ch sai d anor phous carbon | ayer has an absorption
coefficient at |east as great as said substrate. 13.
The system of Claim 12 wherein said pyroneter response
band lies in a wavel ength range at which said

anur phoushe as ponehagér Chasman2abherptinosadaefddags ent

greater than that of _sai ubstrate. 14. The system of

trapsitian WhePerWeshi a aa e%tPQngﬂpﬁonwﬁ§rﬁ€fMé¥ﬁ“£1and

b1& AN dee WREE BERGEALILRNBGKsAE 4t Regenalengtiisodel ow
said edge transition conprises attenuating the

congwies @h g hisebed bingakicedguet eagshsi belioy SHigttasigon

trthe.,é)rder of 19 gtb 1gh T g %% %%nb%flgLain1l4 wherein
K Ve *%%e?ym%ve?eng{h and sal'd “cuat -of f 'wavel engt h edge

transition are separated by about 5 nm

15. The system of Claim 14 wherein said laser
wavelength and said cut-off wavelength edge transition

are separated by about 5 nm.
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