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BACKGROUND OF THE INVENTION

The output spectrum of a line-narrowed excimer laser light source for DUV
lithography is not generally constant in time. While stability has greatly improved with
advances in technology, neither the bandwidth nor the functional form (shape) of the
spectrum is perfectly fixed. The impact of spectral shape changes on lithographic
performance has so far been not completely characterized, however, the influence of full-
width at half-maximum (“FWHM™) and 95%-enclosed energy (“I95%” or “E95” or
sometimes referred to as “spectral purity”) illumination bandwidths on image contrast,
log-slope, exposure latitude, etc., have been found to be significant, as discussed in
“Contribution of polychromatic illumination to optical proximity effects in the context of
Deep-UV lithography”, A. Kroyan, I. Lalovic, N. R. Farrar, Proc. 21st Annual BACUS
Symposium on Photomask Technology and Management, G. T. Dao and B. J. Grenon
(Eds), Monterey CA, SPIE Vol. 4562, pp. 1112-1120, 2002 and “Understanding chromatic
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n such scenarios, the enhanced spectral perfornmance
modpatat itbi bardyvidtht ai e dunleasenariest tpenenkhanced spectral performance

opti cal - pr.oximt C) sol utions ,can .be, i ined, t.hat
R e HELES VB b el AP GYaRoEAaos {3 ondRS can be
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ability to strictly control bandw dth within sonme :
requiregeents fog. enhededvabslispreo tstricslyhednirob bendwisith sipthine semppgange, ie.,

hr eshol.d. n sed. bandw nmetrics such as
beif\ﬂlﬁﬁrﬁ%h“@gﬁaﬁﬁg aJr?étaB%Ye\/\sé))I/%et ceg’ggrﬂgt e measures of
speatédmotiliai®d BaRIAHE Métidesuchi ANEWHSI and Habenednot always

al one. For
accurate measures of spectral shape, especially when either is considered alone. For

example, an increase in the energy content of the far wings of a spectrum can significantly
increase the E95 bandwidth value, while leaving the FWHM bandwidth vaglue essentially
and effectively unchanged. Other spectral shape changes can, e.g., leave the E95 constant
while altering the FWHM, or can, e.g., leave both these metrics constant while changing
the center-of-energy of the spectrum or other performance-significant parameter of the
spectrum. These shape changes can often go hand-in-hand with, e.g., bandwidth changes,

with significant consequences for the design of spectral metrology tools and the
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nmeasur a hl@? resol uti on doubl e- pass echell e

CXPPBELY ng A&FEPESCSar e shown in FIGS. IA-D. This
collection is not exhaustive, but is believed to be

typical of a light source of the current generation.
The data has beeSUMMARYZQH TREINYHANTHINl energy

content f or: g bett h
di st Igﬁtar tenéetﬁ%c{mag{lla}sﬁ%grragusseﬁc%re{nﬁgs%?lhé gl!htre Z%Lﬁg%dth of a
spERAfh roall ga@ B0l f:Oh ADseXB N?_ﬁtufoeth@fban@wmth 208 gl dgselosed, which

puI ses. SUMVARYOF THE | NVE
may comprise an optical bandwidth monitor providing a first output representative of a

first parameter which is indicative of the bandwidth of the light emitted from the laser and
a second output representative of a second parameter which is indicative of the bandwidth
of the light emitted from the laser; and, an actual bandwidth calculation apparatus utilizing
the first output and the second output as part of a multivariable equation employing
predetermined calibration variables specific to the optical bandwidth monitor, to calculate
an actual bandwidth parameter. The actual bandwidth parameter may comprise a

spectrum full width at some percent of the maximum within the full width of the spectrum
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FIG. 5 shows simulated etalon-spectrometer FWHM fringe contours for ~5000
experimental light source spectra, with two sets shown illustrating the effect of different
choices of the etalon FWHM bandpass v;

FIG. 6 shows how leakage of energy from the near spectral wings broadens the
FWHM of an etalon fringe according to a simulation of a Lorentzian spectrometer with
0.12 pm FWHM bandpass convolved with real light source spectra all having identical
FWHM bandwidths of 0.11 pm;
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FIG 3 shows a spectroneter utilizing the angular

di spersion of a single planeetal on according to an
werodirsent of the present invention; Fig. 4 sSPONSES2004/018944

contours of the difference between Voigt source and

Lorent zi an i nstrunent -convol ved spectral FWHM

bandwi dt h versus shape paraneters in units of the
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i denti cal M bandwi dt hs of 0.11 pm FIGS. 7A and B

in thetpoesent apphledtidnyel y, two neasured | aser spectra with
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fringdﬁétiﬂﬂfﬁﬁﬁasﬁrﬁﬁﬁht ﬁiﬁ iﬂf:re@si?@ intenkiyHVhizahelds dX#=25%, 50%, 75%
i ndi cating_ that the convolved fringe.w dths at I.
acoqriingdm en gEbadiencat pf dedhesRigRventions Widhe Gt < pppation of ~5000
samgféos#ﬁgétraofa. gﬂ!i&’&fti@ﬂqg GYosR SN TBANE RS wtH X 14;) . Whi ch
Ifterence’is, e.g., the source of systematic error
f oIFIG09ssmms- ridltetf axpbrinmingt il bisuating-yWidmasites ensiiretyt of fringe

. tral sh h d ' in.th .
poi RS AR FOBRGETS GAERS T SRRV B b FIGEet by changes in
lasePBh&theiRd ORRIANIM 85 tihdRiRE sorREI 8l 30Mrebsuréd BgRtM Hith gray squares

measur enent at increasing intensity threshol ds X%25%
usingOfvingd W <6 @5 dipvg and black sirploiflsrisiitg Binge HaV hri@s avith two or three

. .invention ilizing, .e d. ' ~ .
G SR o Gt i nPL Y RRERL Bl o aitrn
speGRIMIRS e sBBseM fthEl&al6; FIG 9 shows results of

experinments illustrati n% systematic, sensitivity o%

f r iFGe 1pshaws rasisions 96 E9 3singa Mahitepsitpggeshpld (FW35%+75%)
ectral vari: at i i i e .
o5 RS APAEL 0P 350 e 204, pphseetprinen
coniBR@&l r@bup plg aioimal B, t dongermation usitle sleleyied gVIOPI AN gemigg 5Gsoup 11,

as_ input an lack circlojds usjn ringe FW5/.0, wit
norgh Fprand pamal it%qlpﬁcpr%Pngsené‘ﬁ e‘? I'ﬁa’eélsgi ﬁtﬁ2 vt Shortened
MOPN EhGEP Wwitheh iR RRA Batity bERE RRROINEH CinpRedicd bMESIope model
i
Spectral - shape subsets” of "t he dat a;
of FIG. 9, and with the inset showing the distribution of tracking errors for the spectral
population, with a sigma of 12.1 fm, about 4 fm of which can be explained by the finite

signal to noise ratio (“SNR”) of the source spectrum.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Example I in FIG. 1A demonstrates the impact of greatly enxiching the fluorine
concentration of the laser gas in the master-oscillator of a MOPA or the gain medium of a
single-oscillator, e.g., an ArF single chamber light source. With the addition of extra
fluorine to the gas mixture at constant total pressure, the bandwidth increases. In these
measurements the FWHM was found to stay constant within the precision of the

measurement as fluorine was enriched to 13% above the initial concentration. The E95
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FIG 10 shows predictions of E95 using a two
intensity-threshold (FW5%-75% nodel of a bandw dth
weuwanisey show ng 3250 spectra from 4 separ at BCT/US2004/018944

experiments conbined: Goup I, normal F2 concentration
with del ayed MOPA timng; Goup Il, normal F2 and
normal timng; Goup Ill, enriched F2, also normal F2

was Wbt donstant, heweebr MiRAndreased by 16¥4 for thevsaatei comichmont. p&hiStiydicates,

better rol | ed - .
c 0. GO 1 HRQUASBE EREW e SRR BTSCP o0p SrE ol 2
rescﬁl{r%‘%?‘tﬂ&w%{lélgﬂ h b, 1Sgh §ﬂ>ﬁgé 6%r—d?19i|@1=ﬂn§ﬁﬂ &fthe Whdel g@s mix is not

m  about fm of which can be expl ai ned
typiday, butecduldhibe erepne@armtlvteooﬁmuhgeothamaé forlgrRnyde it Hdight source’s
1nter$pgggr S ect E%{n%%ngsa%lc ve . olg s‘yf%glg: I?[l%tlc d(é}}f%lr%etsrlgt bandwidth

spectBsHapPath 18kerdherdadeY ireMidrafel dcbﬁtelhhﬁl thb Weet ¢lamber.
concentration of the |l aser gas in

ma$ixemplesiE s]llc}vm oy Fl6t. 1B ilpsiratess e{ghéh@ gﬁf@pt 96 an geepsticgdisturbance,
e.g., tgﬁ%c e- 08l %Q&le efs?ag?de (ﬁrﬁ%fl]a&g p cdfg{l’t?(ﬁg e&s'e‘vﬁféﬁced by the

fact 4R the X\lhhig’seofaﬂhe GpeGiuan kerhaih dlxeprvasitunhe, cehtral freeidof diehspectrum
i ncreases. | n these neasurenents the FWHM was found to

flattensepdeidensatie sWaphphiherfpegra eradil 615 ST (1 ENHES St BRI to such
a so- g’allfeh L‘t%ﬁh{\]/?dtmgspﬁlgﬁ&g g&ﬁ% LRnd 3P1RborE toemid kA 4 change in the
ntration. e E9

conce was not constant, however,
spedtial Elepsdd opposi@iofthat dfhihe gaemoenesanipie of FIGhilA. In thls case the
i_.ndi cat es

FWHhoeronaln fisrarsel oY b 9u: Himomnal Nk apigmed g ffom the
timeof- ﬁ&ﬁ@g“mnzfresbﬁﬁlc\é’a&ﬁleﬁﬂgé Rndwh 8s astshc fesbAsBEe, while the E95

over-entichment of the |aser gas mx is not typlca
onlybrise & belydnd the pomsmahtvatueye Tbe sizehgipibe NEQF eegonfaase gffect can be

s Feafieh oA ) ARGE St shalad A bR, e degrc in
all ﬁ%ﬁqwﬂ)éi{ftﬂansﬁ&ctsyﬂém§ hadecad bbcur eﬁﬁ@(lsmlyn @1’ Qlﬂfeﬁﬁng rbperatmg laser
fluorine content in the | aser chanber.

dischgarand routput, pUlR TepRiiden ztess ter@p@ahﬂqsr@depﬁ@w%m%tﬁrs of laser
gustic disturbance, e.g., timed to pass through the

Operglﬁg%trode gap during laser oscillation. A S evidenced

by E:fagplall sHoal intHig. W\kaylasmfestahhalsghechtertu a0 vieesmdarge static error in

fixed while the central peak. of fhe flatt
the Ealefivei tERE, Of (R TSHERES B1Set Wethgpgé’é’t’inﬁﬁ? G5 bitipen 1o sBabers of a

MOPA $BANYGurke. N THS gﬂ{%ﬁgmhﬁ?ons Ugkesa é‘%) eaddusd tﬁ’@@iﬂ%@&lh shape and

resoffance peak ev e effect t hi s shape change
bandwidtth ef e MO aiutmhapelme}dmpdmtt eThis lttehavloloﬁs tih@refore somewhat

cfpg {,{ﬁ@ﬁe;ﬁg’?@a@zéPﬁ g /eocgg«!éslp h%v%?%ﬁeﬁ yec@gﬁ lEgmphca‘uon due

to g8t ﬁtlaﬂ\’@&v&feﬁzﬂ PRd 7 cﬁéd%dqfe'efﬂuhﬁhﬂg ntodeSof the power oscillator).
resonanc ot herwi se known as acoustic resonance
In nﬂmmhbopdnaldﬁg ghe delay between firing of the two chambers is chosen to be that
time 1y corresponding to the peak of MOPA-system electrical-to-optical conversion
efficiency. In this measurement of shape versus time delay, the bandwidth decreased by
about 10% in FWHM and 25% in E95 when the delay was increased to tp+10 ns. When
the delay was decreased to To—10 ns, the bandwidth was seen to increase by approximately
the same amount. Changing this delay can be used to control the bandwidth in a MOPA

configuration, but such large offsets from the efficiency peak introduce trade-offs against

controlling other properties of the laser output. This result also serves to further illustrate
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only rose 8% beyond the nom nal value. The size of the
TOF resonance effect can be greatly reduced with
w@2008fei523li schar ge chanber designs, but is preBEnUS1004/018944
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~to gain conpetition between the injected and L.
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by thilg'ﬁgc/lonﬁrgatfo i M"l%@?iél%%o aﬁaﬁ%ﬁis"iﬁ? ontnli‘eﬁ 64 a¥elMBSsigned light source,

reased t + ns. en the delay was decreased
but hds®etn obsetdns marifestiismetine.gt, Iwithos defeetivet or failing gptic gye, e.g., to

excespEb (esL I9adis: SOl DRt St hone & iefitctihe Gl and
its mog&ggﬁ%gw. ation, but such large offsets fromthe

i ency peak introduce trade-offs against o
c @heseofoui dipstatiers qvophetdossinatt typrs dfshectrglishape. varigfign seen

. result also.serves t.o further |l e e.

0TI ea%ffg%‘é?}%rp? I etﬁ‘%spg nEoRe eétqtujile‘*?i)gfecé& %otra%%?ﬁem gnbeyf are but

illustrBtivd %&ﬂbﬂ %@étﬁal ichixrgled @lat cantiid s quitd1e flennmlcuewhinhl @n result

) IVin G |ID shows the response of the |aser. _spectrum

in erregous mgtrolagy, Whishgenat-sdrepavidrEndwidth yytap Fpecifigaions, whatever
i NSsi h . i - r: .

e o] g =ETEANINCE) b BpAPLLRGZANTY SHES, bthaponand o

of sp@lﬁ@ﬁioﬁmh%n thegactud] Hemdwidtade nbt gut ef speecificefibectEithgr case is

_optic inside the_ |line-narrow subsystem was .

detrinagnalf {01 IaseFy OBSTRUSSY (1B Ith5y EPpINEARHLISP nikh gl controlled
! 0 H&idih &9 C HSseOftaBilile bR At bther 60 ti

e SRR ITABAD S OIRGE sfamiphag v, sompptehring

paramwis mesistienenbimlicihirod resjuramente. e rchallengreisttpglgvelop metrology

Thjs i d
e e RSB GAETRL: TN A B ey e
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o destroye
exposure tool, and to do this accurately in spite of, e.g., changes in the functional form or

shape of the spectrum.

Many examples exist of bandwidth measurement and estimation techniques for
DUV light sources. However, the development of accurate and robust spectral metrology
on a per-pulse basis for a high repetition-rate excimer laser source is very technically
challenging and at least much more technically challenging than may heretofore have been
appreciated in prior art metrology systems. For future-generation light sources, an ideal

spectral metrology solution would have most, if not all, of the following five features. The
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by this perturbation. This kind of variation is not

normal for a well-designed |ight source, but has been
woebsenysedt o mani fest itself, e.g., wth a defPC/Uy®00018944

failing optic due, e.g., to excessive thermal | oading,

differential thermal expansion between a reflecting

optic and its nounting, etc. These four illustrations
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rigofa; i &Y deQTERECa iy 1RpReDr e, Ser ARG Hplion) of the
spedibRREer ChoSIBaHvE @l bAIdAGESmAtAtimeaBmane: Man dhittf tbE light source
occur which can result in erroneous netrol ogy, whi

ch
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to devel op netrolo on- boar external to the |
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ornmance o he I uwnna sure to

soud® sbbitfund Gromi dieeinstrumesiphitnetiof of ehg specubmeg:e,swhmhtlhegeneral is
functional formor shape of the s

t Many. .
nonRaEbISs 1 ARG PIRRAGRICHCTRERS Pélrih CoCTB gL e TraTipgly more
crltlgﬁc hnigy ecct)uflcpr guveﬁdi& hbe SOURGES deddBNion ﬁﬁ an 1ndependent

evel opnent dcurate and robust spectral rol og
measmremepteoﬁ ﬂnalmzﬂnhnmnt fuﬂomlpnaomogmﬁ $cufbetp maﬂmmatlaale)r semi- emplflcal

XCi me ser source is.ver . hal
% & Tt 36 8 SR Syt bR T el R AP e, c.0. 2
h1gli"§ién£l%%@§e%ﬁo heyRRPERR aaﬁﬁgléfﬁu@deaﬁeasﬁr&{dnﬂf I&dally, e.g., this is
metrol ogy systens. For future-generation |i

reqlsmdrfeeswr-amist’p assabsnapé of spectish gpaity gpd éﬁh@ﬂfﬂgﬁc REAGPE$ judgment.
The??pégeﬁmﬁ%y ﬁfs 68151 alué g e%“&ﬁ : dolneQPMﬁxlﬂgh sis p@%: ] %r fobustness,

oscopl Cc
whﬂ:l@ 881 & h&Rssaiy) IeCéI tbﬁétablhty @itmlbrambh,erepéagﬂnhmsifyneaeu@ment and
{1 requiri E}g‘lt hat the_inpul se response (instrumnment
long-liffcin; @@ a peeducHpiR ERYIMsHF-d have a bandwi dt h

gggg trbé}""%&rﬁlﬂd&f Lgltftlgtﬁnnﬁ Elbl% tBhﬁﬂuﬂtQﬁEou§l9u§éfﬁfy all of these

require,
requireiieed with cuaageedhnolugy e Il\émigtms:{ gl)atln@ alwtromtemas ggea@ rshown in

Fic B0t e Ve S Lchangce, | oL oS Sy i
to R8SIRlve tHRERIBAAPS  the GRirukBhSfuh&EH USRS uried oS bthts MEth¥ds. As
shown in FIG. 2, such a spectrometer 20 may include, e.g., an entrance slit 22, a grating
24, and a maximum reflectivity mirror 26, along with a spectral intensity detector 30.
However, such instruments are bulky, fragile, generally require moving parts for tuning,
and can be hard to install, align, calibrate and maintain. Because of their low acceptance,
high-resolution grating spectrometers also require long exposures for an adequate
(“SNR”), rendering them impractical for per-pulse reporting of spectral quality. They are
also expensive, commanding prices that may reach a significant fraction of the total outlay

for a high-performance light source, e.g., a laser lithography tool light source. Grating
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necessary for direct conputation of E95, as discussed,
e.g., in "Effects of 95% i ntegral vs. FWHM bandw dth
W@ p@siooisexnt i ons on |ithographic imaging", A KeCHES2004/018944
Lalovic and NN R Farrar, SPIE Vol. 4346, Opti cal
M crolithographyXlV, pp.1244-1253, March 2001, the
di scl osure of which is hereby incorporated by
specﬁr@rheﬂefsrme indl$pensableutoprforaysterh sjpalifietion end & tpsearglnroles where
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detecteﬂplane,rmglt at &a ®PDA13g; bigf,evem in ep1g: Qf ppolr |bpmg1uabhry Because of

duction enviragnmnment | £
s el Hgh S i AR LT R &9l ispatigr fCg bingte short
pulsé B8 H ISR SbyMiti s e @bulhf 6RBPMEBYIon bbtwlebn BAAsitted beams at
grating spectronmeters, e.g., as shown in FIG 2 can

d1ffqm¢n:twvad'eleegfbsl | ent spectroscopic resolution, wde

ti d
: 2 |°E§?H}§ n]% egrfitll]rg%n FB&I%IO e? i@nggcﬁg:{ﬁ% E%E :](?f spectroscoplc
resogitllaﬁ ranmiiﬂsb@&ﬁ)n iAersinqutg e fpeGralzangUCRSR)S bghttranmaiseron and

may include, e.g., an entrance sljt 22, a grati
highpfinesshdSa ealonsnarer ensed. vid ycommpersial dpublerpasg %h?lge ggrating

e RGEIS o DL AR o SIS ¥ s e of 1

pm ARY ki hshament fuBttidilof 5@ ﬁnmmab@ahﬁwﬂeﬁ OperBMgiiﬂ high order.
align, calibrate and mai ntain. Because_of their

To match mlamréonnﬂngm withsw eielon SPeftiRmey %E%Rmh%P@r%ldaq fppsse of

requi r I on Q at e NR
5 ki BB R b3 0, ORI R R Ry gpsed
longeP %@Rhﬁﬂb‘ ait' i Yoot Bi‘&iﬁcﬂl’ f HMeSDIBRPRAGE Vﬁrfa@@ {(pagallelism,
prices tRat may reach a significant fracti on of the

flatrtesd, abughmety pnd axirrar ho@hlgpianftatmmnmacallyglmm@b@ tq;a;l finesse to I <

50. &riifinegsssbes o BT LGSO B THHGR by gpine o spherical
com?%&lt Qﬁioﬂuﬁiat fid aRfdeqid ?éﬁh‘ilatb NpERBEA I fdcakias offeef @f B¢ ¥pherical

talls of spec shape and out - of - band ener gy
mirmssteslbzuini aomode diamster sbasiis amellyn the mirror surface thereby suppressing

the influence of geometric imperfections. Unfortunately, in this configuration the inter-
mirror optical path length must be scanned for spectral analysis, which can make analysis
of isolated short pulses or even of a few pulses in a burst of pulses impractical. Further,
for a given spacing the FSR is halved using this method, and the mode-matching
requirement also means that, e.g., the insertion loss can be prohibitively high for beams of

poor quality. Therefore, the confocal arrangement discards many of the special
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characterized in terns of spectral purity, line
asymmetry, etc. They are not generally practical,
whowewers23 f or onboard real -ti me wavel engt h or Pamntsiods/mso44
metrol ogy nmeasurenents, e.g., in lithography
producti on applications. Fabry-Perot etalon
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besti sHoaeH &rcuta@bud speehthneashiremeithiasidet &¢hibr npl affering the largest

. e.g., at the PDA 54, e.qg.,. ' it f b
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reacglﬁcﬁrtj{hgse{“a?r@ésu\?hﬁ ﬂ%@ﬁﬁiﬁ thAR(IR FdapRed, LY s"i’lﬁéﬂl&% le-short-pulse

_ ulse of illumnation by utilizing the angul ar
SNRE st aduptebilitpro benuiseturing apphications! thae senmiratphptsitdlgpbysiness and

.wavel ths. To conpete wt rati A
V) S et SR s e S FREGHGRI S ene cons
wit}LP§R§ FHnPB tb HoSHH %ainhﬂg:ﬁnés%@ QaleBe GbiAp0-5aRaR be ehiPfoyed. This
I gh transm ssion, and high-finesse (3) etalons are )
meane thuit thede devicesnre nsidain adsgivhewpersshestiel dfdhgyF BttiMdgpandwidth of

spectroneter for. use.in | i.ght £ ' .

e SRS RE b E PAoRR sB Lo s cioss
to drNEbAtbiMRAL dniyCt Inothi®teghble f the IV FEWEDA SEngd @nidth, as discussed
- operating in high order. To match this perforpance -
abov, thas émene@Imwtoglye@tm@r@gbglbleawnﬁswy to detgils ghthegource spectral

| nas . | L equir ' | i, nd, Of
ol D55 Sl WAL SIRURECUS e ML, L5 KL o o
intepavel @regyhwithintsohe et ofpthaspectrain omeitlive side\df thepea wavelength,

surface fjgure (paralleljsm flatness,. roughnes a
: h sq %t‘)ﬂa&l of, e.g.,

usugl TIgHSUES LS i o D2t VB &% PSP ERIPUD inFacpip e

E9§&£ﬁ%%%.to < 50. The finesse-loss due to geonetric
I mperfections can be reduced by using a
sphts iveasl disoissahlabevealition spevial iSbapmég-lﬂIéMeHEh‘taS@}rces may vary

. because the cusi ng eff.e f the spherical mirro
sie G s PreURGdB GRamat JEiehs POrBRAT ofFopfibfnd Tl shape
chafgts BeE“HifeT BR¥ath URP IREEMEE: fuhetiddbf e Rpetdmepe Ame tififlgence its
i per flections. Unfortunately, in this configuration

outpitie Theraferei apmicaniphassisterpined thetripeeiahemsphasis e heataced on the
i S BSOS LS ARG AR e i o
the RBin%t Pbctitth TREn ithPetldn Gdlge mudsuledient be dependable and free from
systematic error caused by changes in the shape of the source spectrum.

Consideration must be had of the impact of spectral shape on estimation of source
light bandwidth. A number of techniques can be applied to recover the complete source
spectrum or source bandwidth from a spectrometer measurement. The signal output O(4)

by the spectrometer is the convolution of the source spectrum S(4) and the instrument

function of the spectrometer I(4):
O() = [S(AI(A—A)dA (1)
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for a given spacing the FSR is halved using this
nmet hod, and t he node-matchi ng requi renent al so neans
W b@bt/00¥23). , the insertion | oss can be prohi bi PCT/EE2004/018944
hi gh for beanms of poor quality. Therefore, the
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systéth lﬂil%%‘§§?ngltﬁ&9ﬁﬁ%meﬁ?§f, DECTVIRIG: 95 Ha%e like. This is one form of

non-negli g e sensitivity to details of the source
an eppat frath théhpelvatthetetecharthittis répnpivntative lofi dipatpmagergthat in turn is

t he spectral puri.t i.e. ..the anount .of |nteaqrated
reptsnray it B Ao of i Bl FRURH IR ohPEFEM e fhe actua
FweiMidegopeak wavel ength, usually nmeasured as E 95% or

E95, with the spectral purity increasing as the w

dt h
of - e wost epmleibof senimomy geiod ssbaisata U deopgiution of the
sigliqﬁ) Zyr&t} ?bbvsﬁ?lﬁ(g&) g:gc} %e'g«%}%ntf cgel‘tl%rggé tﬂ)%%/of\gg/i)g% tscl)l\tllt(:)ion to Equation

1 cEPBRABAAL, Se.Of uSiaBtFoRkiSr off BERE nSdtBRE. CTRRGRE WY chilléging task,
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o e o] BB PSRBT B2 AT, B oions
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Usually special efforts must be made to deal with noise in the measurements and
zeros in I(4), and for a fine-grained spectrum this process can take a considerably amount
of processing time. For these and other reasons, this method is generally not well suited
for monitoring of the bandwidth of a light source spectrum on a per-pulse basis in high-
repetition rate applications. This method is still preferred when using high-resolution
grating spectrometer measurements for basic research or in light-source manufacturing test

environments, where very detailed knowledge of the average spectrum is required.
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Consi derati on nmust be had of the inpact of spectral

shape on estimation of source light bandw dth. A
wovbee1sed t echni ques can be applied to recovePCT/lig2004/018944

conpl ete source spectrum or source bandw dth from a

spectroneter neasurenent. The signal output OI) by

the spectroneter is the convolution of the source
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ect rone %
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spectroneter” si gnal ). be under st ood by
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S g\/mlch matlhe/fat i cal | y(d}wl ing, g. ¢ interpol ative

echi 9ues +a@n/ DE "use e(g ;tot)§/+a1“ﬂ/123?tal proces( or

toepon'putethelocatl WI'n e array of |nten3|t|®s

0(/@&0 )m_t (‘1 E MI) a I:\/\Fé_-QAMmr IF\ABE(%M as
es and/ovr thelpdsi(TonE,)/B)t he array of

|ntenS|t| es that constitute the bounds of an E95

Henaal methisocrasartheEFE’VHM bendvatht Fie of iSk&. isTierdfust &y suhigaction of a

t.p e .detgegt or. he formof an array
congrrmt ﬂ'{hg?gg C8Pfdlr17 d%ﬁ HI%B%% ¥ 9., along a
lijal near -ahrangement of ph}gto di odes, is converted to

edpiaa@edft-a) k8. 7a1, a val @@ derived from
% - @ahd%(dﬂ) et ector o%tput function O(1), which the

overall system.utilizes as renen

WhepEh o e BF EDR @end Rt e Dregkaab oror Al SREHSHE: put
fromg;he aﬁ?‘aﬂ#&j L ddGE®6E F5r SWtahidgSthE SRAE W@%dnﬂ%&fl without

aparamster In turn I's representatlve of the
full aletarerolubian degins fwithf Equatiohs glhnd Saw rad'a,st guees, Jbut modifies its form or
ative of the actual .FWHM o

t
wadt GHSTERR. GrHEReS (OO g 10 HEHBS s Lt PO from. e
impEfeQ rﬂigéiﬁﬂﬁtio%‘ aBbutlthesitipd '@)@'thecldu}oe speotfiin @d/br BREu@BNt function.

i ndependent determ nation of cﬁ a solution to
It iEgherefoon semi-gmpirical onn@hara,cteg an §¢Chl§feﬁd@hb@?lo@ raggigea trusted

el RER " E RepB ) Q0B RN s s of
opetHidl BOAK0bY Eontlifidhs! the) che its bandwidth to vary. The source FWHM
bandwidth T's is carefully determined during this test using, e.g., an external high-
resolution grating spectrometer and Fourier deconvolution (or by some other means). At
the same time, the output of the metrology system undergoing calibration is recorded. As
noted above, this output can be, e.g., the FWHM fringe width w of an etalon spectrometer
contained inside the light source, or some digital or analog signal representative of the
detected w. With this data in hand, the source bandwidth I's can be estimated from the
relation I's ~ fiw). The best choice for the semi-empirical model f can be made from
inspection of the data and/or by recourse to mathematical reasoning such as noted in the

just preceding paragraph.
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the systematic error that results from e.g.,
The source spectral shape is then completely characterized, e.g., by two

parameters, which are the FWHMs I't, and I'¢=20/- 2In(1/2) ~2.35¢ of the Lorentzian and

Gaussian components. The output Oy(4) of an etalon spectrometer illuminated by this
source is well-approximated by the convolution of Sy(4) with a purely Lorentzian
instrument response Iy (4), where the FWHM 1 of this Lorenztian is given by the ratio of

the etalon FSR to its finesse J3:

a1 vi2 Ay} ., TSR
oy(z)—_idA(ﬂ a0 S, (A A>], = ©6)

FIG. 4 shows the difference between the FWHM of the etalon spectroameter output
fringe Op(4) and the FWHM of the source spectrum Sy(4) relative to y as a furaction of the
two independent shape parameters I't/y and I'/y. As I'g—0, the difference 6 between the
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spectrum and/or instrunment function. It is therefore
waewsHoerspi ri cal in character and requires cal i BPCHUSZIN4/018944
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estimation is even more untenable because it requires integration of the source spectrum
over a wide range of wavelengths. Fortunately, with a clear understanding of the
limitations of the technique, robust semi-empirical methods for bandwidth e stimation of
both FWHM and E95 | using relatively wide bandpass etalons may still be obtained.
Applicant and his colleagues have studied a number of techniques for estimating the
bandwidth of, e.g., DUV excimer light source spectra using the width of etalon fringes as
input. By construction, these techniques are designed to suppress or acti-vely correct

systematic errors that arise due to spectral shape change. Most of the methods under
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shaped very nearly like a Voigt profile. A Voigt

profile is a convolution of Lorentzian and Gaussian
wale@snotses | ons havi ng equal energy content: / EU/USD04018944
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consi stency fequirenments. This discussion i somewh
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w(BYL, ) ~ P69, COVBXPA )Ry, Je+ E(Kawgp. (Hovever, if the

spectral shape I's poorly constrained the point-slope

wherede|B, cad Ghmsaossthifite thdtrdepend on the spectrometer instrument function and
the fraction of intensity at which the full-width of the fringe is measured, and I'source, Esource
are the FWHM and E95 of the source spectrum S(y), respectively, which in part is the
subject of the above referenced patent application Ser. No. 10/109,223 by applicant.
Equation 8 is a further generalization of the models discussed herein, taking into account
the dependence of the fringe width on the source spectrum. When the ratio Esource/I source =
constant or Bouee=constant the point-slope model obtains, and when either of these
conditions hold with 4~1, the constant-offset model obtains. The coefficients of Equation
8 can be determined by computer simulation or calibration against a trusted standard. In
practice, it is helpful to use simulations as a guide in choosing the parameters X, y and the
functional form of the estimator model to obtain the desired sensitivity. The suitability of
Equation 8 can be judged for a given population of spectral shapes by plotting the fringe
width versus the E95 and FWHM of the source spectrum. The model can be validated by
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dis@vEicdBhowevEpdbht 4 eeradilyatorthrsitaaiiest aiag be found, e.g., by adjusting the
threshold parameter X for a given spectral width detection utilized in a new model. The
results of a simulation, e.g., as plotted in FIG. 8 illustrate the effect of increasing X from
25% to 50% to 75% of the fringe peak intensity, e.g., as measured by the bandwidth
detector, and forming the bandwidth detector output, on the error in estimating the FWHM
bandwidth of a large population of source spectra with shape variation, e.g., when using a

point-slope model and yaT'souce. An improvement appears as X is increased, which

applicant has attributed to a reduction in the sensitivity of the width at increasing threshold
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prediction of the source at sone percentage of the
maxi mum e.g., FWAM bandw dth, or at sone encl osed
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standard. In practice, it_is hel gful to
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spectral shapes.by ploiting the fringe w dth versus
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ThixXy5@%cchbgen, e.g., because it gives acceptable sensitivity to the energy content in the

wings of the source spectrum without excessively compromising other performance
aspects. In the experiments, a Cymer XLA 100 prototype laser DUV light source was run
over a wide range of conditions within and beyond its normal operating envelope so as to
generate significant variations in the bandwidth and spectral shape of its output
(corresponding to conditions and variations of the types I-IIl of FIGS. 1A-C). The light
from this source was homogenized and used to illuminate both a high-resolution double-
pass echelle grating spectrometer and the experimental etalon spectrometer 40
simultaneously. The grating spectrometer output was deconvolved using Fourier methods

and the corresponding E95 bandwidths were computed, and the etalon fringe patterns
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g ESource/ 2"rsqurce X=50% applicant and his
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satisfied, as is the subject of the above referenced patent application.

An alternative method, according to an embodiment of the present invention, that
can provide a robust E95 estimate of the source spectrum while, e.g., using only a single
etalon, applies Equation 8 in a different way. In this approach, according to an
embodiment of the present invention, the etalon bandpass y is fixed by the finesse and
choice of FSR, but the values of the coefficients 4, B, and C can still be changed in a
significant way by altering the intensity threshold X at which the width measurement is
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Applicant has found a direct application of this to
nmetrol ogy, e.g., to E95 netrol ogy. The fact that
waomsoersgpect ral E95 variations at constant FVHM/US2004@18944
clearly discerned in the FWK% of an etal on
spectroneter fringe, as illustrated, e.g., in FIGS. 6
and 7A and B, indicates, e.g., that it is possible to
perferstadndtos exaroplEd Srwivo suffisiently gliffereat ¢hojess off Xag @lang@giuation can
and stabil.ity of nmeasurenent, of a |ight source
beogﬁ%%?FUﬁ? %hout recourse to deconvol ution and ful
| NtRGkea thid embbBiRiendlof tthe peat. inventier, rpplifcaht endribdie olleagues
(Eguatl on 8), for application of a plane-etal on
repegisd cthe GHBeERERtS FRMHWIES thenEPd Ghtimator el Rl IER 11p sEn -2 WO
.. 1o K a I Lcal i .to the
e TRGod ap W st FROAEHRE WERRALLALIERR: oD of
the fri T‘gESOQ§t“~eKt9{35%,-79+,L-av(?5%57)’\*‘M,h has &10)
resol uti on“dépendant in part on the granularity of
whepd #¢| B, (i el aslibratibhecastanty) detemnihed |ty ther hdse fit of the grating
intensity neasurenents t herefore, f sych
speqHRPIsETTER IS BICd GI98FCst %PS?@Q%% 1t p}B?‘f&H o‘&?thl ﬂ“% Gh#peg. the source

E9501%§iﬁﬁti&'1 %cﬂﬁﬁ‘cf@verea Yide fange YPpe@rdl-shapd & aPi@AShS isviibNificantly
to shape chandge can be smal'l enough to be acceptabl e.
impfeved ES5canshd saenj oxg,, Hyotheesperimérgalsiesuls, iecgs > pdgttest in) FIG. 10. In

be chal |l engin ec it i fficul t .t .
s GEaE OF SHaRSSTH b e S Ko e ey e e
comMtakin DFid 4., &R FOWRemEqRelly Blentes™ ilRipesd @i dhahesi of the source
ot her aspects of the spectroneter design (detector .
speqted chergy distabutiosi igrihe cors ansh vear vangs pf %{p@pﬂrm%ﬁ@i liggg This model
his col | eagu haye e ] . I f .
therdyly el B By ARE AL PRSIh T PN B2 TR0 o S simple

oneldRh e GRY (ﬁbinteéigp‘ﬂ') ! ihnsbehiine. oThat stilerdnVi8h®sa@and systematic
FW5% fringe wi dths of an experinental spectroneter .

dCVWIt)h. Tyt N SEeomy oE dhe. errey; gls'gl%gn o thengiven gggec%gc]éct@éatmn was

redllictﬁd ?)h\e/a%%utﬁag gﬁ:@ 2 GroSeRsH ﬁeﬂp\ﬂ/ih% tiePinh v ?étcgﬂli(ﬁi%néc%ﬂfding to an

of the source spectrumw t hou

emmxﬁﬁﬁaﬁidfeﬂlqpmm rinvansibmg SohHaty meplicenthandclei sagpleaguss betieve that
the experipments, a LA 100 pr ot ot | ase
the PG Ve GUFEEe T SoPorA eg&éf%dn%%@“‘r%aﬁgaé 4 Bapfidip ghetor output

widH fBAddr GG PENORT ¢ ithe sdne 8fBdct.OMBE abd BHHR MR 146 afd separated
to generate significant variations in the bandw dth

X%anttes fercdithat F¥heml mehsirements ippthe bandwidds getegiaig campbe effective in

conditioons and variations of the tvy -Lof Fl
dersfRisge et graba i B S B ERG o  JE g WEM or
E954 865kntifhg! dnllH6h fit @nb@tibn 8f the @Ppropaialelonsin toKIDL @apa 34 for a given
~ échelle grating spectroneter_and the experinent al
instomagndre. g pe pertisiar efalony as dergribechakays \Simigdyg he fWpymeasurements

wit BCeIBBhad £ W Rt R S REQERLaNS el NG bW & each of the FW

and E variety with the same results. .

Also, those skilled in the art will appreciate that with a single width detection
apparatus, e.g., a PDA, the data needed to process the values for wi, e.g., a FWXM or an
EX’, on the one hand and a w, e.g., a FWX’’M or an EX””’, where if both are FW or E,
then X=X’ and X°#X?’ is available. Then the two values of w; and w, may conveniently
and expeditiously computed simultaneously according to the operation of the detector and

its associated processor from the intensity values obtained from, e.g., the PDA.

19



10

15

20

25

30

and the correspondi ng E95 bandw dt hs were conput ed,
and the etalon fringe patternsobtained during the
w@e@siomg2Espect ronet er exposure were anal yzed aPdiI/UuS2004/018944
separate fringe values w and M2, e.g., the fringe
FWB5% and FW/5% val ues reported. The results are
presented in FIG 9 as a plot of the fringe width at .
g haVhilecthe nemepstetign ohareeteogiwidie (EX%) o themgon ppectiemeter fringe
econvol ved, source.spectrum r.ecor the ti :
for usse@p rBMAREE O\R é?ﬁérbtp MREmh 9 elrn{ngggo gée/n 6’2 r g%é%tcf)g%matmnauy
demS8RIEE MM Yo thieb inté@htidih eeduiiledge i @ilh afldevable dnkie improved
source E95 bandwi dth change due to, e.qg., A tim ng[,
compétagen spasds fnd/or sneciak MISECHFBIEY & hoRFHBIZeq dgFethgintggiration task,

responds.with.a [ e :
SR DA SO S S Bl vt it comes
to laBRRIB Qﬂﬁt?ﬂ)ntsale@ﬁdjls @tﬁdlﬁhéleasgéct:t hét(];ld ispdotmoameter idggigs. of

concomtant variation in bandw dth and spectral shape

as dovilbaleyberrderdped babalbeghis petpl lzﬂng%ﬁgé’%r%eti% fE, FWHM

or I?JBG HP?&‘P % ﬂ;rleT'E?tiIHEt%.t oilbht bBURE -‘Fﬁ’@ %d% MNP MMREY Roring to the
unctron of operating point. refore, applicant has

embf@dilﬁ}ﬁdntl d€ thef presant ireenton disclsed bipar, iisrentysant ¢stimage thexeof. It is,
ul I -wi dt h, nreasurenment _ at a single intensity threshol

o s TR S 2l AR St FRETR o R 8hE control

i hatd 2CAGNAIAhi§ Bgplidalién, including i
B SRASEgBAStal AP CAOBAIAL Dl iphing
the tasns; did ‘Gagulsvatensf thertaddwishie measisemeriqtrmaeieson that “estimated

follow fromthe fringe,w dth npdel uat ] . ) .
sl oS L DRl B BBl vl amived a
accd@b AP ek 8BclBSed ambdidkhts Dfftiid Fesdit nyvediibh @né iten relied upon by

coefficients A, B, C, for each., as is also th

the sesbjodhe ostem asnbecbastrad cksed ieranRatigBopl et fiebepandwidth

No. 10/615. 3 int ' Crs
e RerEP AP g o TElR e B> SR EEeisuE S grguey, vitin the

limi@diﬁdulsﬁdﬂefii@.bt ain two different fringe widths; arned
with these fringe. w dths and. the set Si . .
Codomahebere. dwilkhs patrgpod b e ke i e ar s g spie of a

uad | b [ :
T L
bandwiitlesmbublogy ornt®asivlineigpmowedasxdimer clightt smdees used in DUV

.. coml exj.t i sadvant age of requiring .t sep t .

s 9P b BB S B SO\ SR (BB e it

shapd8f flidcti6Rll foRAVH th¥RloLitSACPe@ed, B! 8ge & chRdih spbfic operating
VWHM and E95 of the source if the coefficients are

congihiossn &;ohpdrapy chadgese camiiniragice detge rsyssmetie s4TFrs ipke methods

e satisfied,. as.is th ubj e .

con}nécprgy gﬁe@eta eﬁ\g]pgt%tbaggmcﬁlag ¢ Jg)ﬂt?’l% Rﬁﬁg%glzglﬁgﬁf@%enﬁg toﬁ gae’a bandpass

of ttﬁﬁ ﬁ?fﬂiﬂéﬁt fiRcloh eNpRdiice rmbolinidies of deenipetmomateisorf-ortunately,
a

through application of a simple etalon fringe width model, according to an embodiment of

vari

Qd

the present invention some special methods that are less sensitive to these variations are
proposed. When used, these techniques can suppress errors related to spectral shape
variation by introducing measurement sensitivity to the relative energy distribution
between the core and near wings of the spectrum. Because of the sensitivity of the
lithographic process to the illumination bandwidth, management of this source of
systematic error is important to current and future applications, particalarly those

involving active control or stabilization of the source spectrum.
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can provide a robust E95 estimate of the source
spectrumwhile, e.g., using only a single etal on,
wa@ppbioes2Equation 8 in a different way. |n thiBCT/US2004/018944
approach, according to an enbodi nent of the present
i nvention, the etal on bandpass g is fixed by the
finesse and choice of FSR but the val ues of the
c odf Willoilembesunderst@d binthoss gifedsin the apdhatighp geate cancgptual level
signi. fican b Lteri.n i Dt ensi r I
o Gt ohat o Cb bR ks I ARl AR BRRR! fietbod and
appd@Xa§ilae mdyQfoniphe Sf dptichiby tlspedivefiastambent, hwhick snaf cotnprise an
Plane equation can be_ once agai n .obt ai ne

a L on ) j To test .
etalarhfos esarmplgi Mibieh @sparses the €aWAY CPAPERY Brihe dight PeigHt of an light

nd_hi e 1i8ht
souf S L2 A0 E REPRLGLOLAG, BRERSPEL POV it s .
eithdrnit@inBistaylasderpesthekd plasinn (tHRE’) vet difchage prodacehplesma (EOPP”).
. - 0 - 0
he e T ot 155 S el Vil oo Yoo
EddH b8 % BRSvaldidngd! alsiibullbn of fE 1R ehepiRLGit fr
tem %\ls%%%?g%%%#e@g%ect ra éléél 5 to the model . Wt h thi sgjfu .Om
the ligiangercet HEhesimmertenERSthes tontanpletes. ac guratsjectoree-ga aphygodiode
range of spectral .shape variations is signifi.cant}y
array,miiiah, Egordss rgsaqqc%%elgezlﬁ sggtéa_tl, obytefwgra X%%}aitl%n{)g!wavelength
distﬁlﬁﬁi&ntéﬁ the- QaerEg}E’lé?é.} 8¢ tizHgGa 13@ral | phobsicied@afde retotding light
the nodel of Eduation™ 8, applicant and his col |l eagues
intetmifi¢sealeng et exthiet ebhthisi aveayi anl also reaygfurthenprovidesr Oupant signal

artly. "senses" ipdependent . cha S .
ooy SERRFS, wH BB SEARERS Bl hOGEUE Py comprs
e.g. M PESalRY of Redthfacs | AleadurétEbethaérs pieliadn thbaray orepresentative of a

corrects for the i1 ndependent variatjon of FWHM an{j E95
speateyfillcwidihat somepresceah el tie rerdmemaytiup dhe fllswidiegt the spectrum

3 3 j i j i T <) 7. (4 ] 29 e
or T AT e PSP bl LS AR Pt v
poirfl$ &h thdspectromf dufininpea gortent siihe tspedtrupo pudlating romea percentage of

reduce y out a fagtor of two en appl yi the,.
the ERESED AL SOh APCRIET OE RUPRG IR S e BRI OB fight source
« ﬁraeﬁgﬂ&(c@yent)j on. Simlarly applicant and his
col Feagues bel'i eve that the use of two sufficiently |
seplr anbodiEXys nd teuineengionsfugthen ¢nntdyaplaish.ci- &, thet ey epmbination

out pyt wi.dt h nmeasurenents can. have, t he sane. ef.f ect
ot et et SERat BT R o P A St B SATRBAF Fog . Tovc
andf Rex: FYY Qhef tHLSTHGRNRA 8, 6.8, e’ RanBW dt R>>=X>>". Tt will
etectors can be effective in determ ning the actual
alsoblzemahwieritdodplay thoet slrilletbii the dyt thivethh garticvlep corbingtien used and the

FVWHM or E95, d ' L, Lh T .

TGS JPED: Ein SRSk a0t r5pY  gpleleally SiedibPaccording

to, é. %.§ e b5 diSpdsive 8leRRht, ithdHyRE 2B abcWacydmedined, e dby SNR) of
a

ove. Simlarly, the two neasurenents
the recorder and the light source, including the types and probabilities of occurrence of

distortions to the spectra of the light emitted by the light source, e.g., to each be more
responsive to different aspects of the energy distribution in the spectra being measured,
e.g., to the width at X% of the maximum or the width at Y% of the enclosed energy, i.e.,
generally speaking more responsive to the energy in differing parts of the spectra, e.g., the
center portion or the skirts (wings) of the spectra.

An embodiment of the invention also contemplates, e.g., the use of a first

calculation apparatus, to calculate the width of the wavelength distribution of the energy,
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with the etalon used for calibration and | ater

actually sensed, may be one each of the FWand E
wa2200500023M t h the sane results. . Al so, those BKI/UE®O4/018944

inthe art will appreciate that with a single width

detection apparatus, e.g., a PDA, the data needed to

process the values for \ , a FWKM or an EX', on
respt:d:ts/etm o thersgacend tanqr@om@lngbaseg LB TdAPOTtivVEHY, e spatm»l,ﬁgrt@mporal

var1%tf.fgh ﬁ ar & F?vagﬂb élés’trbtfu%on (??&hﬁ%ngr)g)}sc%( %ci}"gér:]c? ggvtﬁé ld@@gﬁr i.e., as

indiEAREHY ttheoﬂﬂﬁén}zhtﬁ aIFRidEdn D ke Lighitedusted @th(jihﬁg) diod¢ hgixel) in
operation of the detector and its associ ated prqcessor

the fammh PIRA. aravenBhis yiirgtagaladatils: daviee 2gcorHe &0 gn embpdiment of the

pesFRELPA G, HOS, ERTRAB S0, SRR St hisin (

e.g. ath@ Qbrded Sighpmtedkitiel lilethel’ﬁﬂize) inta Ithdtma\mlmgch domain according to the
onput ati onal | y. demandi ng, due, to the
optiFal epeattscht the firpPiatre PETtuen e yaiioriyaipg dhe shqe noted width
vallePRE@YG TR Ak vapeeds, and/ or speci al DSP
g., optimzed for the integration task,
nakz:accbfdmg do varalenebogihenti of thd tpresegt mntlmavae seemidaicalculation
advant g wever , en i} comes to
appFEIso Htlgéqseﬁttr 5t QR t Sﬁewl‘élé Hes gﬁpr?qqg ag‘ﬁeecqijr @ﬁe\{vgyelength
dlsthﬁéﬁ Nof the eﬁéxjg% iRkROwRE14HRee H&h@iﬁdai &@éulzﬁ&d 'Bgfﬂﬁe fil€ calculation
act ua bandw dt h paraneter, e. g. t hat
apparstushend| appties ethent mst anf anghmenipwar at myltamtablét pption having

cordn he errb i ment .of th t n n
prec& E’I“Efgeg: ﬁ@rpﬁ?l}] Varr? 51 PG P, ﬁ%‘%)e(’p 5e‘lx 8ot r\ég ttheo gJispersive
instRENEY,8he détB&oﬁ@h&l e dt dadCoreOwidet taRén 4 drgcﬁlﬁéntl nglht is 10 say, as
source and its measurenent and control Ssystens and/ qr
notdd abrygr apnwdlggépeadn enbodiisa phdlp Prsenidaentions fhespredetermined
[ [ h [
N
wavelmpther ed spetrd atorretabdi eo aateledst echel mldih Cdsw;pge fbhy theo particular
mean this finally determ ned value arriv

InStRERRALR- grgﬂ’ted’ el elpb st remsa et dhen Rt FATRs @idth output
is i gﬁg ‘?(mﬁe%@c Léi'x?dﬁoh%gb&%ﬂ%@ Ry of i Iﬁlﬁﬁjv'/aﬁ)afblé ation with the

tem as t cl osest determ nation of the
premtmpmmj cdddmimrdvmarwasswrlb mentn her samet er essentiplly mvmr@r desired

e Sk SR 30 BESH 5 D Dgabbbd e cttrain

proé@éger&{ eRBoMnehh 85 S frekdR dnidhtibh @liRIdsed ABbvd Rl tctusing two
a variety of shortcom ngs, etal on spectroneters

sucln af\aéthdmsasurmené&jﬁfamtfélgé'srstf eplcudgion apRatabls, bt Mabtaingted, it need
onl{agg &9 :l nbo$ %«g%l:d'b%emor%.llhgnwﬁg? eﬁh%omﬁ{e hf’sggfl §&l6flg %ﬁlcula’uon

aphy ese sources ave
appaReN ab@r&infithidnothep enbeditgend fof tth]@ petsérti iheehtion may be the same

calculation apparatus. The multivariable equation is evaluated to calculate an actual

bandwidth parameter descriptive of the spectral distribution of the energy output by the
light source selected from the group FWX*M, EX**,

Those skilled in the art will appreciate that the above-described embodiments of
the invention do not limit the invention to particular disclosed embodiments. Many
changes and modification will be understood to be available without departing from the
scope and content and spirit of the accompanying claims. For examp‘le diffractive optic

elements that produce the required fringe patterns or other bandwidth detection measuring
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shape or functional formof their output spectra,
e.g., due to certain specific operating conditions.
wEawk/ostsape changes can introduce | arge syst ene€T/US2004/018944
errors into nethods commonly used to estimate
bandw dth due to the non-negligible influence of thie
bandpass of the instrunent function of practical ]
parametdro diayehe sititized hesidess gletons.onBinailarly Foripuhanespy are available to

._through | ication of Y e | o i i d S
vt o B R Ry e Bl sA nErEL B B P Bl e tbration, i
wi (ad BEHHLADISEAR BPWRM ak FXehihdsy.! hatinahentresandgas iftmotien) and
to these variations are proposed. Wen used, these )

w, (as @ Emetigu e§ saanothepPWedy adieprd,r @ BatheinsBugsaichangpass function)
shape varj.at | F NEL.oduci - Sensht Mt

o w8 Hb Db M, BROSH SREALGRERSLL Lt Ve,

proceddButPERI frovh nOBDA!  Ihaddithac; tthe! fim aBeagpise nefy ehderived at the PDA
sensitivity of the lithographic pr

) ) oces 0.the, .
itself; 39 eprosed FOReBEMETIVER lﬁr,OHhBFP&a%%ﬁtOfofﬁe 1A igitevaipe outputs
' Or 1 S ¢ bt
ca. BY AR08 Al SlTRARLR COSPA LI 2O, DAY Sy, .
specificuilyr @rogramatedbihd zprhaps béve spestlized spdoteatiomot talgebraic or
. wll  also gg.understo d bg t hose skilled in {he ar t. £
trigonopgirie T dherike CHEWENPIOL AMCIERE GteUhBdRnCifeft “ETV e oF 8-

PDA Qﬁtﬁﬁ valtReERtd 20, 8k a3t 5 it e eMaAtHWRRY @F Brehfiadeal time
and apparatus that may conprise an optically

outpudi speheibandimirdh r detesior, aphiretus nemdc esgociatesl sircuity} onSubsequent

f ar exanpl whi.ch di sperses t.he enerqy,conpl.i ' .
proce s FE2AE. St Bk SBpC LARRDS 5 LG BASE SRR Bl desvn
may Fhdh ocdlr! @S 8T sephidteS PriceSsor At p@ﬂh?@smw dothd IDBR itself. More

source, e.g., either utilizing a |aser.produced plasma,

granu@ataribPegn by addedite Siediagdwisith detsei@ TR R terppspet) e.gjiereasing the

di sper.si.on. copv.er i Lddad
R
chan@s @ad dhétifitAichhrayalve be ngidb wliliirthbstomnobthetapperided elaims and

energy output fromthe |ight source he i nvention
the pregent Fevention shawki bt Buerprtegl n scoRg pRlely ng_ugh clagms.

ph&&&ﬂ{;ﬂﬁf?}, #hd @%bo#iﬂéhts_r ESRHBY IhEIRE GhiiGhablé MRear equations,
spatial or tenporal variation of wavel ength )
howetess t thodeuskitlad dh thieare neitlggpprecigte that theid im@yne anstances where

Jateral photodiode .array recording li.ght intensities ... .
nonligegn TN T8N L APREZh 10 I PPRIgH Ot el n By e, 2 alibration
coeffRIE. da138) @ teRifodihdi@haRabesh diRe¢titdaein fRIQloked bandwidths of

spatial or tenporal variation. The output signal ma

c . y
laser cutput light, ofaelgtively narrawahantdyidih, euigetfis lithoggaphymses uHayever, for

between pixels on th [ r 1 ' .
ot BASE R TR A e e SERHATEI B b, o, EUV
light Wolifte® ahBeusing kimadtdt sthert fitms ROL istiochforhitgirapleyriviticesd similar
fromthe light squrce ("FWKM') and ("FWK M)

inacopfagies ayetingedicenn Jbe MSHITIERE %@épr@ﬁﬁrw@ﬁlilﬁ%h?ga%erisﬁcss the
presen? M eRfiod Inagrha?soslpeeﬁttiﬁiém SREESHhOE, SOIR R%LEEINA%ReR given as to

the determination of the calibration coefficients, but it will also be understood by those

skilled in the art that some measurement of actual bandwidth as determined by a so-called
“trusted standard” correlated against the occurrenice of the two values of the first and
secont bandwidth monitor outputs can be made with the application of well known and
understood standard error propagation techniques. What is required for the performance

(accuracy) of a “trusted standard” is that the random errors of the trusted standard, as
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the energy of the full spectrum of the spectrum of
light emtted fromthe light source ("EX" ") and
W@ 2@X/001523 . An enbodi ment of the invention furP¢EDS2004/018944

contenpl ates, e.g., that any conbi nation of at | east
two of these values may be used, but that when the
conmbination is, e.g., FWKM and FWK' M XX' and_ when, t he

determingdi HHRE oTqTs propagationFiechaigueseye.g., ag' se¢ out jn Rgrygton, Data

<o . g

R

than BhetrueRm eog.for tKepdg, Kalodrmedsugpatn frormaye kendwidth monitor that
enpirically_selected accordinhg to, e.g., the type of

are prppagiedsihyuigh) thermtivaiglle fipp 0%1"&‘&98%%%5)( neasur ed,
e.g., by SNR) of the recorder and the |ight source,
i ncluding the types and probabilities of occurrence of
di stortions to the spectra of the light emtted by the
light source, e.g., to each be nore responsive to
di fferent aspects of the energy distribution in the
spectra being neasured, e.g., to the wwdth at X% of
the maxi numor the width at Y% of the encl osed energy,
i.e., generally speaking nore responsive to the energy
in differing parts of the spectra, e.g., the center
portion or the skirts (wngs) of the spectra. An
enbodi ment of the invention also contenplates, e.qg.,
the use of a first calculation apparatus, to cal cul ate
the width of the wavel ength distribution of the
ener gy, respectively, in the space or tine domain,
based upon, respectively, the spatial or tenpora
variation of the wavel ength distribution of the energy
recorded by the detector, i.e., as indicated by the
intensity distribution.of the |ight detected by each
phot o-di ode (pixel) in the lateral PDA array. This
first calculating device, according to an enbodi nent
of the present invention may, e.g., convert
respectively, the spatial or tenporal distribution (,
e.g., the sensed light intensities in the PDA) into
t he wavel ength domain according to the optica
properties of the dispersive instrunent, i.e., by
determ ning the above noted w dth val ues and out put
those width val ues. According to an enbodi nent of the
present invention a second cal cul ati on apparat us,
utilizes at |east one these wi dth val ues,
representative of the wavel ength distribution of the
energy in the wavel ength donain, as cal cul ated by the
first calcul ati on apparatus, and applies them as an
argunent of a multivariable equation having
predeterm ned calibration variables specific to the
opti cal source, the dispersive
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instrunment, the detector, and the at | east one w dth
taken as an argunent. That is to say, as noted above,
wa@ewsnaisey t o an enbodi nent of the present i nvRCIL/USI004/018944
the predeterm ned calibration values are determ ned
fromthe use of a trusted standard to neasure actua
wavel ength of a spectra correlated to at | east one
I/WE WLAIN:out put fromthe particular instrument, e.g., the
articul ar etal on spectroneter.such that n .t hat
1. & il aienchor pires R i B g o L et e SR from
laser iﬁﬁ%ﬁ%@@andk’ﬂ&hlﬂﬁ&e@on{ﬂi@idgm tivariable equation with
the preconputed calibration variables will return the
s aneopticale barshwifthl mpnitere peyiding @s firsh Uil srepisgfative of a first

ranet.er ( EWKM or 1 he
paren e SR ) MO REVE af (i) ARt o8 Y LbAerh i it he taser and o
seconli RAtHAE BpRREntAVEST 4 SRRofld pahmsrt whitbMe iditaive of the basdwiith of
two such width neasurenents fromthe first cal cul ation

the light pmittadisom et lagey; #be noted, it need only be at |east

ong ’ac@lgggﬁ%glwig@bc%ldﬁ?e[ﬁ%ntag?é}afu%ﬁli‘ﬁngoche e wu? tﬁn@ﬂ{é second

secon i on apparatus, according to another
outpu€ ﬁlb pdxit gt maftivatisblp reqaaeimli: émp&leyih'g (pnedﬂﬁ]mﬁm:dt dabibmtine variables
_cal cul ati on,  appar.atus., The ivaria equation is
speciayit 16 OBUPA BARHIAU DB Ari0AIER HhANA GRS FaF LERBRer
descriptive of the spectral distribution of the energy
out put by the |ight source selected fromthe group
2. ThEpgakdtuExf clainl h fisthes kohpesing:n the art will appreciate

that the above-descri bed. enbodi f..the i ti
d &b a¢tup GRRREHE THUBRE B CORSBARL LT b oS QR of the.
maxiRIROHINR IS fulMRFYh 6¥B8 gﬁ%ﬁﬁ%@t Ernfreddi fRdin \d 1hseh € FWXM™).

understood to be avail e Wi thout departing fromthe
scope and content and spirit of the acconpanying

cl ai ns. Fpr. .ex le diffractive optic elenments that
3'Th§?@ﬁ%%85?ﬁ%mpégﬁﬁpggxppﬁﬁgggpatterns or ot her
bang wiihhbaibaeth paamerRs i b Ngdtr Betatket swogpilte on the spectrum

utilized besides etalons. Simlarly various. neans are
definingzn Ferpet elothsrspperEIm enelnEng; satog RresediRes firfhe Faprgyof the full

spect{}é\'ﬁ ?f th%%{p%égxﬁfgi gfdhélﬁ;enﬁ’t@ééi fr@@&t’(h&l%@é} ipceperation, i.e.,

as a Ion” of sone M or and, e.g., an
i nstrunent bandpass function) and W2 (as a function of
sone other FWKM or. EX and,. e.g., the instrunent

4-ThB&WﬁE§§§°£ﬁﬁ%@ﬂéﬂﬁm?GPmﬁggngh the equation of an
te h'YHQ A RRkHChoh7A6: B8 RN AV R tﬂr%ué%_ith@ kegréRhtatie Of at least
e

process outputs froma PDA. In addition, the final
one ofatidtls offringe afeni optidalatutput of Bsetalos at FWIEN erppwisily between
t 0 bei derived from processing of PSA, i it
twio RpipR@ngilc ot notpI g SRRERFROFa of i eltfy bEHRLRY spotram
of light eRRERCforh tRSRaskr (EXMearddDfie sudbndroutit is espesentaive of at least

one of a second FWX’’M or EX"”’, where X#X’’ and X*#X*"’.

5. The apparatus of claim 2 further comprising:

the bandwidth monitor is an etalon and the first output is representative of at least
one of a width of a fringe of an optical output of the etalon at FWXM or a width between
two points on the spectrum enclosing some percentage of the energy of the full spectrum
of light emitted from the laser (“EX’”) and the second output is representative of at least

one of a second FWX’’M or EX*”’, where X#X’’ and X’#X"’.
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specifically progranmred and perhaps have specialized
arithnmetic or algebraic or trigononetric or the like
w@eposotsey for processing certain aspects of CPCWESRDQ0S944
of, e.g., PDAintensity values into a w and a % n the
formof an FWKM or EX as a real tinme output of the
bandwi dt h det ect or apparatus and associated circuitry.
Subsequent processing of, e.g., the pertinent equation
qQr t rameter desired may then
6. nglgaﬁpar%n a glgﬂlgr?’a hé?}r ocC géog or perhaps also on the

DSRhé ﬂ)ﬁﬁdl\fﬂdtﬂ\/blbﬁlt@f id rau&ltﬁbm tiyd &ﬁrﬁrbﬁoﬁﬁﬁte'd rémedehmtive of at least
bandw dt h detector output in terms

, e.d. i
one. Hr Wikl ﬁgaif%erﬂfrﬁ@éfrph&al Pitpeid ﬂefa?tél@@sa} PR Mher HPidf} between
t Rihe full spect
v GoiSIch BB SR BRI AL pLPOLARAT (B Snoleh R the fll spectrum
of lgho remm)éd frbom thp pesad €EXCT )aamistha rsdcdrdeoytpSe dpresenetive ohat least
shoul d be .interpr et ed in sgﬁ@g sol ely f,gom such
onecaf# segond AWt N 94 > Phere deAtAt EXdescri bed
i nvol ve nul tivari abI e i near equations, however, those
skilled in the art will appreciate that there may be
7. Thesippaers ofbkime 4nfintheneanprisigrs may appear in the
translatlonfunc n containing the calibration
c oelhe PEscappated g %ra’up)h é(aléeﬁ% %@ QR ajpegsurement of the value
of tﬁ lb&\ﬂd{)v ?Ln%%de%rﬂ ulifiziAg rﬂiqi‘\ﬁs@gd%alﬂfard A5RE1aRH4E We occurrence
|g narrowbandvmd th, e’g., for
of the ﬁharbgnchgﬂwyndl9e1$utskﬂomevdrbxatfomrspe¢then | i ght sources
where narrow bandw dth determ nation may be required,
e.g., EUWV light sources and using simlar or other
8. THerdpPartius OFBRAA B! AFePEsARNIngher e sim | ar
I naccuraci es are introduces in the neasurenents due to
i nsthe presomputesrcalibratips vadables aie dpiessldliemarmessuresrenial the value
of i SRy B aulel W R s T G Bl o B hcurrence
of B €itdt bfid 84tbad oliplitsi fbr secallbratimaspberumder st ood by those
skilled in the art that sone neasurenent of actual
bandw dt h as determ ned by a so-called "trusted
ls2k 66, .he occurrence of the two
valaa§ %O%Efahﬁ%st gﬁg&g con' bandwi dt h nonit or
out matpseaompulml aatithetion tvarighies ap deitivalt from agheasetdmdanofihe value

o G eI 5 O A 1 R PR S 0B e

of th Firg hed s&:toﬁ@@étgﬂts fofa EAMrattespb@RdeM errors of the

trusted standa asdet er m ned u3| ng error propagation
techni ques, e.g., as set out in Berington, Data
ductio sis.for the Physi cal

10. e@ﬁe%rgusﬁﬁg 1”52 %Ff“nﬁf’ OIS der or | ess than the

I angig RaRieloP e dcfiial bAeiwidthtparar@étad i BaldBRedRITR HeSequhiish:
t he bandwi dth nonitor that are pr onggMSed t hrough t he

nul estipzatedagsitenl BVE peraaaiert biiwedddin )1/ VE CLAI M

where w; = the first measured output representative of FWXM or EX’ and w; is

the second measured output representative of FWX"’M or EX"”’.
11. The apparatus of claim 8, further comprising:

the value of the actual bandwidth parameter is calculated from the equation:

estimated actual BW parameter = K*w; + L*w, + M,
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1. A bandwi dth nmeter for neasuring the bandwi dth of a

spectrumof light emtted froma laser input to the
whandoddeh neter conprising: an optical bandw PETIUS2004/018944

nonitor providing a first output representative of a

first paraneter which is indicative of the bandw dth

of the light emtted fromthe |aser and a second )

outwhere mepT Beelishicomiret owtpylersorrgeniali et BWXHi @hEXsand w; is

i ndi cative of the bandwidth hee Light.. emtted from
the ﬁeﬁgncf@gmeg?}&? Uﬁa{ RPTSRSPIAve 95 Egvv?nE d&orc%ac ul ation

apparatus utilizing the first output and the second

out put as part of a nultivarjable equation enpl oying

12. Pheapmaeated efedaiond.ifvitharicompyisingabl es specific to the
optj cal,. b i ' l S
bty depCR e SR ROY R patih bR £ Bl BoBEbE Phuation:

f urdstimated BV pagdnieger = Kéwaetltay, befjdw dt h paraneter is

i ORI B 119 FrsgeniTe ouRL pEeRARToPt FRGRT bt aed we i
the %Jc8€%hﬁ§s&&f&ftg&t"rgm%ﬁaﬁvg'of FRexanpay ]%XUS of claiml,
ur t t

er conprising: e actual bandwi dth paraneter is
a width between two points on the spectrumdefining a

13. g oh BorPE e ST B e o AT Cated fiom a
lasek ;IQ%F 1B bhffvifi oMb SorhBedhe: (" EX") . 4. The apparatus

0 aim1 further conprisi n_g; t he bandwi dt h nonitor
i s amnoptical dandwidth meonftor proddingua firs ewpwietaprasartatiee of a first

t lea one of a wdth of.a fringe.qf an. | cal
speipEn SeaBr e ea Bt iy P R GenERitR bRy nd a second
spe@Rin #EdH indab@refRACIEALNR NS/ tBS bpidcab BARIvGhaROKIRE Sartef,
t he ener )é of the full spectrumof light emtted from
t hean| @@@? endwyidthy calgidiationeapperabisoigizing theifigst output and the second

repr.esen . of.. " )
outaffis TR il foton Ao Mne TS RAGRH My lon spriabes
spedifit tdrehe optioglbagdwiglth inbeitbra tdwilelidte amaéthigirbandwittth ptuatneter.

and the first output is representative of at |east one

of a width of a fringe of an optical output of the

14.2%@%%&&5 M9 3 AurtMeftdin §ﬁr9§en two points on the

m encl osi ng sone percentage of the energy of
t hethé wkctuak pamtwidth pdraineightis ersptetaun fiuldrwititheat spsag percent of the

o i e NI B Sy AR el o)

X X ".6. The apparatus of claim3 further conprising:

15. The apparatus of claim 13, further comprising:

the actual bandwidth parameter is a width between two points on the spectrum
enclosing some percentage of the energy of the full spectrum of the spectrﬁm of light
emitted from the laser (“EX”).

16. The apparatus of claim 13 further comprising:

the bandwidth monitor is an etalon and the first output is representative of at least
one of a width of a fringe of an optical output of the etalon at FWXM or a width between
two points on the spectrum enclosing some percentage of the energy of the full spectrum
of light emitted from the laser (“EX’”) and the second output is representative of at least

one of a second FWX”’M or EX’”’, where X=X’ and X’#X’.
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the bandwi dth nonitor is an etalon and the first

output is representative of at |east one of a wdth of
wa@2dosiomges of an optical output of the etal on aPCHUKND0018944

a wdth between two points on the spectrum encl osing

sonme percentage of the energy of the full spectrum of

light emtted fromthe laser ("EX ") and the second

output is representative of at |east one of a second

WK'M or EX " . e XX' and. XVX' ". 7. The apparat us
17'—5?6 PRTAHSPL iy eﬁ'ﬁé%rr%’ﬁpﬂsﬁl&f t he preconput ed

C akgh b AdnRMh RSP e saRndeki tHe dirdt oatpul iyRpradE@AR of at least

of the value of the actual bandw dth parangeter

one of pIvidibref aafringe of e opticah @uinyt ok e ctaler &l VKN ipg a width between
occurrence of. the fir u
two SR PE ARG LipblEntiofily B REGADE. BURE bifere, bt s ful spectrum
of ikt éhRfed TR thesiang: (“ERE’) pihe cherpecorad oamlut br @piesentative of at least
vari ables are derived froma nmeasur enent of the val ue
one of a s¢rond FWRA] Memidiii dtwhesakatet @d X741 'zi ng a trusted
standard, correlated to the occurrence of the first
and second outputs for a calibration spectrum 9. The
18. BROASALHSs 6ff cldial fubthed domigiBinggonpri si ng: the
preconputed calibration variables are derived froma
me ke pandvidthanonites iy an gialosy andribe kst PaEPub AErRegepfative of at least

one %ﬁ%%[)iﬁ{heéf Al E{# Q? o@ti#e{l léﬁ{t'p%g oP RNAAL A at BRHOG! R a8FidiPbetween
hé ‘bccurrence o h I'rst and second outputs for a

two GRintd oA tthe spespant enalosingGonEheremprar atf tise edergy af the#pll spectrum
further conprjsjng: the,value of the actual bandw. dt

of Hgh SGIeGrIne tos o6l (ESa YFRBrnE RoBd Qb ToBBEPHAEGcT ot Least

PP » = JGE W oF »Jowhere W = the

Qne??tFlg?Aorr%easur e%ﬁ%ut’%‘# é%ééﬁt%}ﬁ%e%f "FWKM or EX

and W2 is the second neasured output representative of

FWK' M or E)% 1{1)%1{{5? ag aratus of claim8, further

19. Theprnasithgorl (e Val S LOPRESEE ual bandwi dth
P artﬂé‘?fe%mg&eg ah1e8HhEd e tarfab RNk Eer RN Fon® B meASikrbRBAtest the value
actuatr BWparaneter = K*w + L*W2 + M where W = the

of tlid acdtal eadwidédpaamptet utikzpng s énstat istaadartl, conpalated tortke occurrence

and W2 js th econd neasur.ed output representative of
Ofﬂﬁvg(‘smse ‘E‘?‘ﬁli‘fs ?Oﬁ?ecaglg’ﬁ%‘roﬁtsﬁ%ctt ‘claim9, further
conprising: the value of the actual bandw dth

paranmeter is calculated fromthe equation:
20. The apparatus of claim 17, further comprising:

the precomputed calibration variables are derived from a measurement of the value
of the actual bandwidth parameter utilizing a trusted standard, correlated to the occurrence

of the first and second outputs for a calibration spectrum.

21. The apparatus of claim 18, further comprising:
the precomputed calibration variables are derived from a measurement of the value
of the actual bandwidth parameter utilizing a trusted standard, correlated to the occurrence

of the first and second outputs for a calibration spectrum.

22. The apparatus of claim 19, further comprising:
the value of the actual bandwidth parameter is calculated from the equation:

estimated actual BW parameter = K*w; + L¥*w; + M,
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esti mated BWparaneter = K*wi + L*W2 + M where W =
the first nmeasured output representative of FWKM or
wEX005@00323\2 i s the second neasured out put PCT/US2004/018944
representative of FWK'"M or EX ". 13. A bandw dth neter
for measuring the bandw dth of a spectrum of [|ight
emtted froma |aser input to the bandw dth neter .
conpwliese wg: = dre Bist measuredh AdipvHraprepeniative obF BXMi orgE¥’ and wa is
first.output,represen Y £ pectrum wi dt h
the 3ecopd Eﬁég%re%g‘%ﬁ%téﬁ%rrege%ﬁ%&y%t"ﬁgvg%t M ERE G dt h
nmoni tor and a second spectrum w dt h neasur enent
neasured by the optical bandw dth nonitor; and, an
235 dhe appasrdiof deim ¢hifetheacPBRTIS B ar at us utilizing the
fir Sthe Ol gf th%%gtutc\ SA e ?aﬂ.‘tﬁe@éftis @%aﬁé‘t@& fl‘afn Be equation:
mul tivari abl e ‘equati on enpfoyi ng predeterm ned
cal i dstimfatedracual BRbpasmspeeildiw, -t D*the Mpt i cal

bandw dth nonitqr, to cal cul ate an act.ual i dt h,, .
par afarem: ahe f?rwé %%?%PE@%?GP&?S&W@%O? EW or EX” and w; is
th€ SXB3hd ﬁieagjdfx? Bﬁtﬂpgtﬁ‘ﬁﬁéber@ﬁﬁ%f@wpm 8PEke*r IS a

spectrum at sone percent of the maxi num

within the full width of the spectrumof l[ight enmtted

fromthe |aser (" M). 15. The apparatus of claim
Zﬁé?‘efﬂ?ﬂr%? Ogﬁﬁ’é‘fgmertcﬂ@pﬁ@flgal bandwi dt h par anet er

I's anuigihb oPalc-wRRAl baMawhdh PhnRfertif Bal&llfed M the equation:

encl osi ng some percentage of the energy of the full

s pectstimmatedfactiab B8pparameter 5K twighl *emittMed from t he

| aser, ("EX") ., 16. The apparatus of cl ai Vf)k'l(lt Efy .

corrp‘iy]iléf’ ﬁ)&:—tﬂﬁeeggg%e\%ﬁslg%o Pﬁl?fec?rr eslelsléagﬁpg{lgl on aﬁrdﬁ%(hgn d w is
thé kécohd erapubd betphEETORENMbE ¥X°0f at | east one of a

width of a fringe of an optical output of the etal on

at FWKM or a width between two points on the spectrum

C ' tithe energy of the full
2 AR s S b O g (" EX ") and
t he séamhwidduhpetsr fos nreeprigetht dfandeidih ofita $peastmoofelighit emitted
a second FWX" r ', where XX and X' X' ".17. The
fr%fﬁﬁé'f‘s&( gpupto _[@‘/IF gﬁ‘?‘iﬁ}(ﬂ"hfra?%%qmgbﬁﬂﬁ:i sing: the _
bandw dt hy{"Bpi &P hahdwidth floaltONpRRsHiADE Akt SitpQUittsehtbtive of a
representative of at least one of a width of a fringe
of afirsbpaaggter otiguts iodicetine ef thie dandwidtvedtherlight windfted from the

Dot R At 2RO R SRk I FOGHER R RE h incicaive
em tifafle baRwitiheriiasesht emfed fronEe fa8&; afpond out put

Is representative of at |east L
an actual bandwidth calculation apparatus utilizing the first output and the

second output as part of a multivariable equation employing predetermined
calibration variables specific to the optical bandwidth monitor, to calculate an

actual bandwidth parameter.
26. The apparatus of claim 25 further comprising:

the actual bandwidth parameter is a spectrum full width at some percent of the

maximum within the full width of the spectrum of light emitted from the laser (“FWXM”).
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one of a second FWK"M or EX' ", where XX' and X X ".
18. The apparatus of claim 15 further conprising: the
whandoddeh nonitor is an etalon and the first PCL/Ps1004/618944
representative of at |east one of a wdth of a fringe
of an optical output of the etalon at FWKM or a wi dth
bet ween two points on the spectrum encl osi ng sone
27. Pley appataageofafait S, frthegyorprising ful | spectrum of |i ght
emtted fromthe laser ("EX ") d.the second out put
is ﬂileeﬁ?tlé%lel?ﬂ“gm@g H?fm%?térl ’éaast“) lgﬁgb%?v g g‘@% é?lodngvﬁ{ij k;?eo gpectrum
enclBng soMfeSfeBcetitige ATh& efergy HSthe TR spRORUMAIMIS Y sdc@um of light
16, further conprising: t?;e preconput ed cal i bration
emityert fremn|thslasgrd B8P ). ved from a neasurenent of the val ue
of the actual bandw dth paraneter utilizing a trusted
standard, correlated to the occurrence of the first

28. BRlapiR o fldipul sSfuttBer congdlsidgs at i on spectrum 20. The
apparatus of claim17, further caonprising: the

pr dewhandvadthanonitar 43 pw atalosy andiibe drg IR i$ eRresguiativg of at least

f : ' i
o TRSSHRBTS e Gy V1 o Rk PESIATEP it e

two tfo@nt9 66 Wlid §eeaunf erchgingi soste mnckntape arfdho egnglysofftbe fall spectrum
calibration spectrum 21. aratus of claim

Th 18,
of light .@Iﬁ'g‘fedcfg?fﬁr‘t %}aﬁ%r EXe )rﬂnéég?rg‘gie’@@ output is ceprgsentative of at least
one\éfalfsﬁc@nﬁ%ﬁke 6f byed fromaxregsienent of the val ue

e actual bandw dth parameter utilizing a trusted
standard, correlated to the occurrence of the first

and second outputs for a calibration spectrum 22. The
29. Ahpapnaratas of claimpi o furger ¢QmBTHERe: conpri si ng: the val ue

of DB RGHHR mBARAYS 9h ReaRd ABME FirbSoutflGs i‘éﬁl}%gevfnftitg\m of at least

the equation: estinmated actual BWaraneter = -
one lof \ABwidtHVb i Eriregewif ah foptial rostputnefitheretalonat BWMXM or a width between

representative of FWKM or EX and W is the se d
oy FERER DB SRS G5B FOSHS RSB AEROAS PIESRY-Ol 19§ full spectrum
of 1ibRE cARRA RéHShOTased EEX B0andf tHE B@d UL IS FBfFesddiive of at least
val ue of the actual bandw dt hparaneter is
one @ h sedoatl FIWKOM ohEXEGuabdro X285 andX{6¥ " act ual
BWparaneter= K*wi + L*W2 +M where W = the first
measur ed out put representative of FWKM or EX and W2
30. The b "§t§§9ﬂ9aiﬂ?@’$ﬁfrﬁ1@r &thprding:epr esent at | veof FWK'M
or

the bandwidth monitor is an etalon and the first output is representative of at least
one of a width of a fringe of an optical output of the etalon at FWXM or a width between
two points on the spectrum enclosing some percentage of the enexgy of the full spectrum
of light emitted from the laser (“EX’”) and the second output is representative of at least

one of a second FWX’’M or EX’”’, where X=X’ and X*=X""".
31. The apparatus of claim 28, further comprising:

the precomputed calibration variables are derived from a measurement of the value
of the actual bandwidth parameter utilizing a trusted standard, correlated to the occurrence

of the first and second outputs for a calibration spectrum.

32. The apparatus of claim 29, further comprising:
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24. The apparatus of claim 21, further conprising: the
val ue of the actual bandw dt hparaneter is
we 200600 e df rom t he equation: esti mated PCT/US2004/018944
act ual BWharaneter= K*wi + L*W2 + M where W = the
first neasured output representative of FWKM or EX
and W2 is the second neasured output of FWK'Mor EX".
25. thepmhompuned h@lgvramryvana@ms as@dmcedcfmmpammaﬁwmant of the value
dth

of RGOV e REie O bt oo sBOBEHY it e e ocourence

of tRAREVAKH fecoR Qltp @S TR d GlliBktioR Bp&yriut al bandvvu dt h
nonitor providing a first out put representative of a

fIrSt paraneter which is indicative of the bandw dth
33. $he BB OO 08 34 Gufe B AGaEaser and a second
? f épresen ive o a‘second parameter which is
l ndh@ iéfdcwmpﬁﬁcedfchl@orbﬁmﬂmﬁﬂblbs@ie ddrevedifginh a emdaktueshefit ofithe value
the | aser; and, an actual bandw dth cal cul ati on

of thpprvaltasdwidtl paramgter Hilizing §ttnet?é;§t?edarﬁdcqrrﬁéat§é il occurrence
r uation enployin
or QU n P Bl o AN SH @R 07, 2P, o 1
opti cal bandwi dth nonitor, to cal cul ate an actual

ndw dt h r ame 6. The a aratus of claim?25
34. &3???@1”‘;%&%?1?@ tgtg fmitﬁeé CREPHE™ gandvvi dth paraneter is
Es 95159 Hfthelat;tu\aa ﬁa:rﬁvﬁ&th?%e@é%ﬁé? ENtulRbd g MR% TN

inthe full wd he spectrumof light enitted
frmﬁlﬁh@dl&‘éf@arqrnﬁwwwz% L*Phet Mppar at us of cl ai m 25,

o W "B st S BT DG R eL it P RICRIBEF Ry Pand v i

the §a>6ﬁd BREGRE &ﬂ?uﬁfe pleBéht@RRIAYF WK "Migr EMFT. spectrum of
t he spectrum light enmtted fromthe [aser ("EX").

28. The apparatus of claim25 further conprising: the

and the first output is

3. ?@Bg&ag%}s {S‘P@Léﬁrg afpnﬁé}a %rl%%)lg@gof a wdth of a fringe

of tha valuk bf te aotiiapbdndofidth parapicadrdn caltulbekiont the egbatibn:
bet ween tvvowpm nts on the s ectr encI 0Si ng sone

perfE,SE1 pagafaeteiia Ky spectrum of |i ght

em $i&d o romd ARt In?e??ﬁreé E’éu‘t }%ﬁgﬁnfat]@e SECENP L PEK and Wy is

'S represent ative of a second FWK'M
the E&¢ohd nwlasured dXixputmeprexentative of FWX"’M or EX*”’

36. The apparatus of claim 33, further comprising:
the value of the actual bandwidth parameter is calculated from the equation:
estimated BW parameter = K*w; + L*w; + M,
where w; = the first measured output representative of FWXM or EX’ and w» is

the second measured output representative of FWX’’M or EX’”".

37. A photolithography light source comprising:

a bandwidth meter for measuring the bandwidth of a spectrum of light emitted
from a laser input to the bandwidth meter comprising:

an optical bandwidth monitor providing a first output representative of a first
spectrum width measurement as measured by the bandwidth monitor amnd a second

spectrum width measurement measured by the optical bandwidth monitor; and,
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29. The apparatus of claim 26 further conprising: the
bandwi dth nonitor is an etalon and the first output is

WO epsesses ati ve of at | east one of a wi dth of BCT/DE299€018944
of an optical output of the etalon at FWXMor a width
bet ween two points on the spectrum encl osi ng sone
percentage of the energy of the full spectrumof |ight
emnttedl bandmidthealcakdion @ppaatuy utitiging Haedasbaepstiegsl the second

repr . :

oo e SR BSBOLylpoh R pacRs R oM Ohies
speciffdtof tHé bjxedal BaHUWidthiridhitor/\e calralvd 4if dvtwalbandividih parameter.

etalon and the first output is representative of at

| east one of a width of a fringe of an optical output

f_th t ] -W.dth between two points
38. Tgenaﬁpﬁ%t@poygﬁéﬁgﬁe%%gs\qo%{dj rggl#é per cent age of tﬁe

engy gatudlf banbdeidthparspaeat suamspdetiuingfifll ewidtt ed sémerperdeat of the

laser, ("EX ") and the second tput js resent at i) v
maximamayithia i ol AadBrof Ahe RGBT PBiiqedrom 4 S Jiser 6 TWXMD).
XX " and X X ' ' . 31. The apparatus of claim 28,

further conprising: the preconputed calibration
39. Theasppatitesofatamd; fuddr Comprisingreasur enent of the val ue

of the actual .bandwi dth parameter utilizing .a trusted
otbhagHe, DEGrIGR RS P OCLIFEREL (6 DRELY PP 3pS Spectrum

enclofif s8Rk ecAtioRWSthE %egy%l* fhBrlli GRcEPACOE YRR sPetruldef light
apparatus of claim?29, further conprising:the

emittgt Bromrthutaset (CEXKbr ati on vari abl es are derived froma
measur enent of the value of the actual bandw dth
paranmeter utilizing a trusted standard, correlated to

40. Thé hfpaPRe 6 RARE3 PlurthBecdmprisingand second out puts for a
calibration spectrum 33. The a%par atus of claim 30

f uhe hendvidthpnewiiaids ap Kialqs alohp SrEPUERrY Igpresentative of at least
i . t
one of A 6% B LT KPe QP TREMABTRR s B v

€ actua lzing a truste
two poiindarnik spotriel akckdingosonid geramtagerafithe ambrgyhel therfll spectrum
i brati.on spectrum

M TR AR SEEe  E
one o?% gé&%dma![\/[ BRRg ds]i/%:r %@@%&H xb8xeal culated from

equat1on: estinate arameter = K*wi + L*W2 + M
where W = the first neasured output representative of

FWKM or EI X. .and is the second neasured out put
41. The BPRA&HY %{qlw i &Wr FABRIEHE

the bandwidth monitor is an etalon and the first output is representative of at least
one of a width of a fringe of an optical output of the etalon at FWXM or a width between
two points on the spectrum enclosing some percentage of the energy of the full spectrum

of light emitted from the laser (“EX’”) and the second output is representative of at least

one of a second FWX’’M or EX’”’, where X#X"” and X’#X’”".

42. The apparatus of claim 39 further comprising:

the bandwidth monitor is an etalon and the first output is representative of at least
one of a width of a fringe of an optical output of the etalon at FWXM or a width between
two points on the spectrum enclosing some percentage of the energy of the full spectrum
of light emitted from the laser (“EX’”) and the second output is representative of at least

one of a second FWX*’M or EX*”’, where X#X’’ and X’#X’”".
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35. The apparatus of claim 32, further conprising: the
val ue of the actual bandw dth paraneter is cal cul ated

w0 e@s00tse3 equat i on: estinmated BWpar anmet er = K*RET/HS1004@18944
+ M where W = the first measured out put
representative of FWKM or EI X and W2 is the second
nmeasured out put representative of FWK 'Mor EX ' ' .
36. The apparatus of claim 33, further conprising: the

al ue of t .ac %I bandw dt.n paranmeter is cal cul ated
43'T¥? BPRY S%%E%%P%%djn: %ﬁricﬁ%]ﬂ)g n%V\par aneter = K*wi + L*W2
+ thé prdaemputdll caliiritod varflbloieas ArBRA Db measurement of the value
p g
representative of FWKM.or EI X and W2 is the second

of thereciual bepd widthpparamelst Balirng g tipsted rstamygrrd, coprefaied to they ocgurrence
i ' S OUT I sing: a bandw dth
Ofther.ﬁég{egﬁi%?&%fe%g rtlS Edgr%th{?lelﬁ%glﬁg\%o %?IIEEB%T a spectrum of
light emitted froma laser input to the bandw dth
meter conprising: an optical, bandwi dth nonitor
44. The annamtngoielainy &k fgthss GempEsingsent atrve of a first
S il Ra I AGH GATRA BEARY £0mPY nich t of the val
bgﬁ%{%@%ﬁ%ﬁ%g@ and a sieeg%?}%l spectrum Wmﬁtﬁ:remen ot e vatue
of theveasal handwidtinpasmeted utilyzihp e tosted st daad dhorcdtedrionthe ocgurrence
apd, an, actual bandw dt h cal cul ati on appar at us
Ofthehﬁ’fsf pd Wﬁoﬁcﬁ%ut?‘i‘tﬁ qr ao‘i?llillbf??ioﬁﬁaecttwglsecond out put as
part of a multivariable equation enploying
predeterm ned calibration variables specific to the
45. Topeprradtupeiadainodl twlrdricomprisimgcal cul at e an act ual

bandw dth paranmeter. 38..The apparaius of claim 37
¢ (B¢ HisomgREn dirgton eiaplet BB ElMavrd pe st qrghe vatue
of thd@adid Qd*aﬁ&kﬂidﬁu*)érafﬂ'et@f itiRting @RisRArstandar®f corfeatedd iy Becurrence
within the full wdth of the spectrumof light emtted
of the firshpndheecpripyts fepawalibragion spe@ruadpar at us of cl ai m
37, further conprising: the actual bandw dth paraneter
is a width between two points on the spectrum
46. ThaapmeatngoScidim 43 foeiragmpeikinghe energy of the full

spectrum Qf the spectr of light emtted fromthe .
| digvalpe eﬁthf.ac fb@ﬁ@v"ﬁg]@%qﬁ% opaiCplgted ot egtion:
C QIRKRIdTEW faiEndtandwi-gr h- 1mpj £ 8f is an etalon and the

first output Is representative of at |east one of a _
wi wihdre of; = thier firstyenea$urad ooipui cerresentzpive off FIVREMeeraE¥h and w, is

the sgcor'ig\’rgll\c/elag)urre&el 01\1I¥‘p1(1itt rgpr%(seén\l[\ﬁlevré of FWX”’M or EX’”’.

47. The apparatus of claim 44, further comprising: A
the value of the actual bandwidth parameter is calculated from the equation:
estimated BW parameter = K*w; + L*w, + M,
where w; = the first measured output representative of FWXM or EX’ and w; is

the second measured output representative of FWX’’M or EX’”’.

48. The apparatus of claim 45, further comprising:
the value of the actual bandwidth parameter is calculated from the equation:
estimated BW parameter = K*w,; + L*wy + M,
where w; = the first measured output representative of FWXM or EX’ and w; is

the second measured output representative of FWX’M or EX"”’.
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two points on the spectrum encl osing sone percentage
of the energy of the full spectrumof light emtted

w0 e@s0otses | aser ("EX ") and the second out put PGI/US2004/018944
representative of at |east one of a secondFWXK'M or
EX ", where XX' and X' X" ' . 41. The apparatus of
claim38 further conprising: the bandwi dth nonitor is
an etalon and the first output is representative of at

I one width of a fringe of an optical output
49. Adgl qﬁﬂéh ?‘éfﬁo%lcf’m@%ﬁﬁgor a width between two points

0%15!&?1@1@%&{&%&@%&@ ng sone percentage of the

ener gy he full spectrumof l[ight emtted fromthe

| askandvidik’ m;teamr mh@sugeg chel b@ml\pulth f & cpedsantodtlighé emitted
st, o condEWK. "M or EX ", where XX
from aflaa?ﬁ’ijmk &Othe Qandwﬂtﬁ mﬁi"é LBPAPEs of claim 39 further

conpr i sinngptichhBaddandm MbhitdrOptotdling & Bt Sughud rie;&ﬂderitahﬁ/e of a
first outpnmt is representative_ of at |east one

w.fu@trmamatelr whichds ardieativenti the bapdwigile ofthe Héhb%ra}f@ﬁ fgom the
FV\XM
e r%%ﬁeo g3 sg%o\rﬁgq)p g)d? ?%ﬁ?@s%ﬂtattlpg tor? 91'(;@%031&?8 et&%ﬁ%ﬁ Fﬁnindlcatlve

S REChe lbuiikiaﬁdth lo@ te Lipit éﬂn&tédfﬂd)mthdﬂasdr,aaﬂd ("EX'") and
t he second out put IS r?present ative of at a ne
a secorfit 3ol bandyyidghyealculatioyanparaus utilizing tge %rst output and the

A'é%con-[lh SuRPHs2hite & aChditVafiQole! HcFJahfd’n %ﬂ?%&lﬁg edetermined
€ preconput ed callbratlon vari abl es are derlved from

a cﬂhbmum neeribbles spémdfiv ad ube opticdlebandividih bzordier.dtc calculate an
par anE% &%I i Zi n a trusted standard, correlated to
t M3 é’afﬁmec?fe first and second outputs for a
calibration spectrum. 44. The apparatus of claim 41,
further conprisin the preconputed calibration

50. The ppevites obelanys? I%réﬂdr ¢ompnisingreasur ement of the val ue

of ,the a ndwi dt h ar aneter I

st'Hn &8?181: B?:‘lﬁirvpg aé%m?tgr ha& B ﬁ%l(i:e 4tﬂg‘h§°ﬁeﬁé‘{rg&t of the
maxifficth WRERMNHe AUl Widis of Be s?eo@ﬁhi &ff laght emi spé Ciohvithe ldser (THWXM”).

apparatus of claim42, further conprising: the

preconputed calibration variables are derived froma

51. THE 35 I%LH?Q%({IQ!FH &@%ﬂ@r%@ Els%lﬁe actual bandw dth

par-ar 1zZI’ng a tru standard, correlated to
t hite @etial bembedhf patrhﬁefer fist width beiveeh o poirgs foartha spectrum

calibration spect m 46. rat ys of aim
enclosipgt s PERRFASS Hhey neripah reon Her<iairD ot T ey i of light
emlﬁ@&lﬁ%ﬁ}?&lgqasbls(c@gd»guI ated fromthe equati on:

52. The apparatus of claim 49 further comprising:

the bandwidth monitor is an etalon and the first output is representative of at least
one of a width of a fringe of an optical output of the etalora at FWXM or a width between
two points on the spectrum enclosing some percentage of the energy of the full spectrum

of light emitted from the laser (“EX’”) and the second output is representative of at least

one of a second FWX’>’M or EX’”’, where X#X’’ and X’#X’"’

53. The apparatus of claim 50 further comprising:
the bandwidth monitor is an etalon and the first output is representative of at least

one of a width of a fringe of an optical output of the etalorn at FWXM or a width between
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esti mated BWharaneter = KXW + L*W2 + Mwhere W = the
first neasured output representative of FWKM or EX
wW@e@sHeI5eE t he second nmeasured out put represenPEl/US®04618944
FWK'Mo r EX ". 47. The apparatus of claim 44, further
conprising: the value of the actual bandw dth
paraneter is calculated fromthe equation: estimated
two [Raoarthe epectrury griclosing: samerpavpeniggsr & te energieof thesfull spectrum

o SO B TR S S S P s

one o7 alsedofid FWA8M bhexappahat 0s:0f afd APATAS, further
conprising: the value of the actual bandw dth

paraneter is calculated fromthe equation: estinmated
aranet ex .= Kiw L*W2 +.M_ where W = the first
>4 Tﬁgvggw%gs 8{1?151&}5%58?{{1%??1 i of FWKM or EX' and W2
| Sthé BenEAaeEhofRGSH 8 GtQoH Pt tHeeseSaipudlid wpratntdVe b at least
EX ".49. A photolit h%g'! aphy tool conprising:

one qofag‘éidﬂ_n phaitingsuaiea apiisprauinu of te galeawaid WXt %@ﬂth between
: : !
ovo RGP b RRORA S ple B ERLEALER e il specm

of ligh® epiittei figm tae lBpi (“Ead " hantihle dbdondonitpat igrepuisditagvaof at least
first output representative of a first paranmeter which

onequspmdéa\ffP@M@rE%e,Wb@fe\Ri@ﬂ AnGK tRe }ight enitted
fromthe |laser and a second output representative of a
second paraneter which is indicative of the bandw dth

55. Thk appeatul ghilaierb2 tfadhdrroompiisimgt aser; and, an act ual

bandw dt h | cul ati t tiljzi [
oﬁ%ﬁ&ecgm%%ﬁ;gg%@ggrg V%Eﬁ%aargéerg\g:dlhé%nng Irgeggurgllnrégtt of the value

of thﬂ+th%%h@mtﬁ EQH% fe& ARLSAR Qs RIrefRl S MREd to the occurrence
callbration Variabl es specific to the optical

of thdfrstlandlsdeond nutpots, fot Dcaldkativhaspectanm.act ual bandwi dt h
paraneter. 50. The apparatus of claim49 further
conprising: the actual bandwi dth parameter is a

56. me%glsdrmt)pahnﬁvsﬂ,_tfnnﬁérc%ﬁﬂs@isﬁ@fcent of the maximum
within the full width of the spectrumof light emtted
f ribmprdeemipatedrealibmtipmvvyriables arg Heriegolpliioat & segpuremgnief the value

of thg' gétugllgatnﬁ%dtﬁ 8Q1pa{n|e o rﬁgiizing a trusted standard, correlated to the occurrence

of the first and second outputs for a calibration spectrum.

57. The apparatus of claim 54, further compﬂsing:
the precomputed calibration variables are derived from a measurement of the value
of the actual bandwidth parameter utilizing a trusted standard, correlated to the occurrence

of the first and second outputs for a calibration spectrum.

58. The apparatus of claim 55, further comprising:
the value of the actual bandwidth parameter is calculated from the equation:
estimated BW parameter = K*w; + L*w, + M,
where w; = the first measured output representative of FWXM or EX’ and w; is

the second measured output representative of FWX’M or EX’”’.
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the actual bandw dth paraneter is a w dth between two
poi nts on the spectrum encl osi ng sonme percentage of
wo b@semseyy of the full spectrum of the spect rpem/v82004/018944
light emitted fromthe laser ("EX'"). 52. The apparatus
of claim49 further conprising: the bandw dth nonitor
is an etalon and the first output is representative of
59. dthe lappasatup péclefm 36yfugther eotnpaisingi nge of an opti cal
OUtt% tVal% % e a%h% Qnﬁldt \c/ér@érgerter%s %lgﬁlgteg% \Qﬁﬁﬁ eth?uon
poi n s on e sp ec rum-en percen

theesﬁﬁﬁtt@inWfpetrEhﬁeﬁ‘et:lHK"S@eBLf\UmM Ilght em tted from
the |aser ("EX") and the second output is
r epwbere Wiat ithe ﬁeft BeRSIEH QT GRS PSRt o d VEVM ONES; and w is

the g%onfi %gd x&(tlp ?ﬂgeﬁ%atl\% of FWX’*M %g gxthe apparatus

conprising. the bandw dth nonitor
is an etal on and the first output is representative of

| east on h of a fringe of an optical
60. 3‘&»@,&9?%6@189 %lal%]fl |3$+n§?r ORRVISHIE 2 wi dth bet weent wo
pOI ﬂ% Salki otfﬂ?e a?: %{H{@Ylgﬁ BHhAEr 18 ARLRRHGRI AR 89£t10n

"the energy of ectrumof [ight emtte from
t heestiasatad EWEpérat)leiand K'tve sbtentl Mut put is
repr sent atlve of at |east one of a seco
MR 6 S AR U3 TR NG PR AN SE R pd W is
the§écofnbl"rﬁé&§l!ire&6{1ﬁ>'ht fdphdenthitee S Ay BRIt or is an

etalon and the first output is representative of at
| east one of a width of a fringe of an optical output
VWKM.qr_a .wi dt h between two points on

tal
61. %%h"qg‘é@%raﬁqﬁyen%lf‘gé"ﬁrﬁe “¢% nsm%r centage of the energy

of 4 bendwidth seat fod fﬁl@EuﬂngtHe el Jfr orpdcham aSEpht emitted
EX ") and the second output is represent ative of at
from@dgﬁtermt&ﬂlabe% ideh mofrr cCUPBESIER " where XX ' and

tical b%iﬁwﬁlcﬁ AL sLie]§ 1C gf% lﬁfsfnoﬁt%ug frr(f:ﬂg% ﬁ{at1v$ of a first

conprlglng e preconput ratlon v
spedienrn wadth memuzenira a5 esarntd by tltehnqatma]l hemdofdth ldeteatot aad a second

bandw ar ameter utiljzing a.tr ndard
Spee%vmérﬂg{héa Syrepat 3@&%}??%&@%&@%5 fw@l diteF e tihd
out M&&ueilq{an@vvﬁﬁlll CRCALHSD aﬁﬁ?&cﬁ HiliZin® the '8t SRPA’ AldUSe second

of claim53, further conpri'sing: the preconputéed
outpat] dstpaat v nwdtivatiblesequatione g pmdw:tarmma@ oaléhwetinn variables

f. th I f th tu d
spefiic Sl Pogvafio B SONEN e dPBRT R Pl parameter
occurrence of the first and second outputs for a

calibration spectrum
62. The apparatus of claim 61 further comprising:

the actual bandwidth parameter is a spectrum full width at some percent of the

maximum within the full width of the spectrum of light emitted from the laser (“FWXM?”).
63. The apparatus of claim 61, further comprising:

the actual bandwidth parameter is a width between two points on the spectrum
enclosing some percentage of the energy of the full spectrum of the spectrum of light

emitted from the laser (“EX™).

64. The apparatus of claim 61 further comprising:
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57. The apparatus of claimb54, further conprising: the

preconputed calibration variables are derived froma
wore@soseent of the value of the actual bandw PETIUS2004/018944

paraneter utilizing a trusted standard, correlated to

the occurrence of the first and second outputs for a

calibration spectrum 58. The apparatus of claim55,

f uthehtemdeddthmsiiteg is thetalonl and tbé first@utpt isateptraerdeii et of at least

one E% gqugtﬁgg{f@;é@%‘%ogﬁlll %ﬁgz\l,\%ﬁg%%f‘ %ﬁ %?aigr%/\i?to@x/?ﬁ\gtoi; Irart?vt%lgﬂl between
two PORRUEE theOdpeBitim AR08 HE Hofel peeceiagk \WRMOEnkRy ofthd MR spectrum

is the second neasured output representative of FWK' 'M
of light @xitted from 8% lavtie“BXparaat dbe sfcond aptpub &, repigseieiive of at least

C rising..f, val,ue aof t ct »_ Randw dt h
one ng‘g‘??ﬁfl%?%{% &g? at"ghelr‘? h"énL@é i on: estimated
BWbaraneter = K*wi + L*W2 + M where W = the first

measur ed out put regresent ative of FWKM or EX' and W2
65. The apperatesodivihi dr cumpising: epr esent ati ve of FWK' ' M

or ot 60... Th t f. ¢l ai > 7

ool Pt itph 15 ot BRR A ERS i g B sl tbhlfte of at teas
one RELIABIEST d §inga o€ th dpaehl ot bhtheasitlah bORW3EdtdrrBvidth between

BWwaraneter = K'w + L*W2 + M where W = the first

two ozt pre heotepvm e losiarfoate Resceptage wKvhopney ohig T spectrum
of lfgfﬁ éﬁﬁwﬁ%‘g{%ﬂ QIEF%%%:%E%{ ﬂ%ﬁl{hﬁ gs/cquﬁg %ﬁ[ﬂu@ﬁé I\égre%ntgtwg (l)\ﬁ at least

o : ograp I ght “sourc
one ©9HBédosH FWX aM aNENE dl where XedX *f aid XBaeemi ng t he
bandwi dth of a spectrumof light emtted froma | aser
i nput to the bandw dth neter conprising: an optical

ndwi dt. h Ri.t O Lding.a first output
66. ?@%?@%aﬁ?saé?c\}%ﬁo 3 {ial{r@l)% g(inq%bsgng rumw dt h measur ement
as thebsdvadihbyotite ioph ietddn hahitheifittstroutiatt éc tepresantetive of at least
second spectrum w dt h nmeasure t asur t he .
one @b i veiglfh ofettiviea R aa@pge%lw_,tp‘%ggr AR L fR R wich between
two Gt bR thE eRRRA é}fci’&irgét dnheZpeFeridde dfiths bn@b B thedfl spectrum
t'he second "out put as part of a nmultivariabl e equation
of ligip bmyttedgfrqn ehie tasemn( G cadi the acdond ongnit abtepseseptadye picat least
to the optical bandwy,dt ilor, .10 ¢al culate an
one gt pgegong Vit o Hrg an¥ %r?%n . a%g pparatus of claim
61 further conprising:
67. The apparatus of claim 64, further comprising:
the precomputed calibration variables are derived from a measurement of the value

of the actual bandwidth parameter utilizing a trusted standard, correlated to the occurrence

of the first and second outputs for a calibration spectrum.
68. The apparatus of claim 65, further comptising:

the precomputed calibration variables are derived from a measurement of the value
of the actual bandwidth parameter utilizing a trusted standard, correlated to the occurrence

of the first and second outputs for a calibration spectrum.

69. The apparatus of claim 66, further comprising:
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t he actual bandwi dth parameter is a spectrum full

w dth at sone percent of the maximumwi thin the full
woR@sose3 t he spectrum of light emtted from t PET/USRE/018944

("FWKM'). 63. The apparatus of claim61l, further

conprising: the actual bandwi dth parameter is a width

between two points on the spectrum encl osi ng sone

pertbe pte&genpgfedtcﬁbbrehem g@ﬂftbﬂestﬂﬁ@ de¢niyad fsgre etmenmsenhef the value
of tﬁg%&t g\{\’ld%h ?rmq%{ag‘,}r rl#lg% CE s{eelraesét:agl%gx?ll gcgrrgggt ﬁgo 91% occurrence
oftb@ﬂﬁ;%m SecoBdblitPlitsifor @éhl@ta&ioﬁrspadtﬂnﬁ he first output is

representative of at |east one of a width of a fringe

of an optical output of the etalon at FWKM or a wi dth

' rum encl osi ng sone

70'g@%%ﬁg%ﬁ@gﬁ?e@@%&%@ﬁ% “full spectrumof Iight

em tht ealué b thetdomal bﬁﬁllWldthE:Xran)etand cdlbdated Condthelgpation:

is representative of aﬁg %/[of a second FWK ' M

or gskmeted W parameter = d‘“)?' 65. The appar at us

of ¢hab r\Qq ﬂflé'lfﬂaﬁli] %E]ea o ﬁJu‘ﬂge r&é@ﬁtaﬁ@@ AMVERHRMBPER®and w, is
is an etalon and t rst out I's representative of

the a¢cohé astswnd omnpu‘arepredd:ﬂtatufe of FI‘WKh’@é opEXAn. opti cal
out put of the etalon at FWKM or a wi dth between two
poi nts on the spectrum encl osi ng sonme percentage of

71.trlﬁe ﬁﬁ‘ﬁﬁiﬂyopélaﬁﬁ‘%fﬂiﬁheﬁﬂﬁﬁﬁ s of light enitted from
aser ") "and the second output is

r e pthe yelut @% ihﬁeac@fal b@ndlvseétbtpameet@ﬂs salgdeigd dromyghieraquation:
X apparatus of claim
63 ?SHP%YE&%?W%%@ tHe ga Wllﬂg’t h monitor is an

et alvhdte and=tthe fifdt Sdas@rdd Putpult $e1fr@§éh@&eél baFWEMbr 81X° and w;, is
| east one of a width of a frin of an optical out put
the ggconf eneasyrd Auippt EppeReEative ofik two points on
t he spectrum encl osi ng sone percent age of t he energy
of the full spectrumof light emtted fromthe | aser
72. (ThEXpparatan df tlaen sRclortheraohuisings r epr esent ative of at

| east one fase ndF

andbsvaticof the ae g%ﬁ“&f%’ﬂfi}%f Topelgplaierh e tr i
Con&hhﬁl'té’&l%\vl!&b?axﬁét%ﬁgwleﬂL J’r@)iat' on variables are
derived froma neasurenent of fhe value of the actual
banethérdtvin pdhe et encagtried ionipwy representtize of FaM¥M dr EX” and w; is
orr

ted to th §, and d
the G R Bl B R AT o6 B e appar at us

of claim 65, further conprising:

73. A bandwidth meter for measuring the bandwidth of a spectrum of light emitted from a
laser input to the bandwidth meter comprising:

an optical bandwidth monitoring means for providing a first output representative
of a first parameter which is indicative of the bandwidth of the light emitted from the laser
aﬁd a second output representative of a second parameter which is indicative of the
bandwidth of the light emitted from the laser; and,

an actual bandwidth calculation means, utilizing the first output and the second
output as part of a multivariable equation employing predetermined calibration variables
specific to the optical bandwidth monitoring means, for calculating an actual bandwidth

parameter.
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the preconputed calibration variables are derived from
a nmeasurenment of the value of the actual bandw dth
w@asoanetses utilizing a trusted standard, correP@r/E2000018944
the occurrence of the first and second outputs for a
calibration spectrum 69. The apparatus of claim 66,
further conprising:the preconputed
74. Tied dppratisaf\ciimaBl fegharcengeisinged from a nmeasur enent of

D B, S L RO SHIBSEATRH oS Rafor
maxirhﬁﬁ vglﬁﬁf}' HRERARA AW $HebRimdtiahi Shikl GRSPBGUAS T “FWXM”).

e apparatusof claim67, further conprising: the
vaI ue of the act uaI bandw dt hparaneteris
al cul at edf equat i on. .esti mat edBWpar anet er =
75. 1S gpparan t“W%I CUMPYSITE | st measured out put
r e@l’ieeﬁﬁﬁilaﬁdn‘dﬁn&ﬁ Fayihdter isEXwidthdbetWedrs twaé qbomts on the spectrum
secondneasured output representativeof FWK"M o
enclaging Fhese avpceanmgeso dhe eneiigih egthe figH (st en i rth% |SH§°m¥fh of light
aI bandwi dt h paraneter is cal cul ated
emﬂ%( oﬁ?’flﬁ% eaelf ti olr:l) esti mated BW paranmeter = Krw i +
L*W2 + M where W = the first neasured out put
representative of FWKM or EX, and W2 is the second
76. ﬁh%@na@ausmf%m%%lr@ rec‘rwra%r}w of FWK''M or EX
72. r a0 4:fBihe FRES S 1 repk fntative
valt}&eQ%}d%% Igélﬁg)é ban dtglﬁegar anet e? 'S ca}Ii{:u ?tpg
of af Ie@fﬂdnh ef e guidihi ofra: friengd of'eat adicB\Voysputarfiheestalon kit WWXM or a width
wher = t he cfll LSt nmeasure

+
betwespBRARNHE POdD PP TIEIISE S Drasief L gy of the ful
specggn}gymf Réht Qi fer%RB@ %‘é‘&t @EXY 2afl RNEcHhPbutpX is repfésentitive of

h meter for neasuring the bandw dth of a
at leagtamie rofimsedonkd iKWK Mot EXY’ f winere XAXg5 emd XipXit -t 0 t he
bandw dt h nmeter conprising: an optical bandw dth
noni toring nmeans for providing a first output

4 furthkf & ter which is
77 ?ﬁp?@ﬁ%?foélﬁﬁi bandwi értqﬁ%gf?g?he I |&12t emtted from

t hehe h&e}méﬁhdnan%umnjeamup an ctadyy axbiie firftutpt iy representative
of ag %%)tnrpgle F}? amll ftat 1:51&? P ?‘H ?IF] gcafgﬁtgﬁ/t of(%fle é@ﬁnbd‘? ?’Mﬁf &‘ a width

and, an act

betWAGModSdinis *InCk dbémTeNSsing! brhé pbﬂ&gnt‘ag’eof thesdnergy of the full
out put ‘and the second
spectrum of light emitted from the laser (“EX’”) and the second output is representative of

at least one of a second FWX’M or EX’”’, where X#X"* and X’=X’"".

78. The apparatus of claim 77 further comprising:

the bandwidth monitoring means is an etalon and the first output is representative
of at least one of a width of a fringe of an optical output of the etalon at FWXM or a width
between two points on the spectrum enclosing some percentage of the energy of the full
spectrum of light emitted from the laser (“EX’”) and the second output is representative of

at least one of a second FWX’’M or EX’ "’, where XX’ and X’#X’"’.
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out put as part of a nultivariable equation enploying
predeterm ned calibration variables specific to the
wopisoals2hbandw dt h nmoni tori ng nmeans, for cal cuPEL/USZPOHNS944
actual bandw dth paranmeter.74. The apparatus of claim
73 further conprising: the actual bandw dth paraneter
is a spectrumfull width at sone percent of the
79. Wax appanatws ofhdlaint He finther coingtisingf the spectrum of |ight
em.jted fromth ser (. The f
ol Ah s mped oA vraPIE R 30 AT BRRGHEHHR o he vlue
of tIRA&HIR hahdwiRltitpshdbier BEliMRE ! tused RRIndAd, élﬁ*rdlzt’[ed to the occurrence
spectrum encl osi ng sone gercenta e of t he ener gy of

ofthqwférsf@nd segptéﬂcwtnw&rat%@ HHEB 5P light enitted
fromthe laser ("EX'). 76. The apparatus of claim73
further conprising: the bandwi dth nonitoring neans is

80. The eprirgas afelaibh®7, ffurtisdr combprisibgi s representative of at

| east one of aV\ndth of a frin of .an optical output
of theprespmPBigd &tihkrrv(m HiriahlopioEh ﬁerﬁ@é@é%g%%anﬁ?&%&he value
of tﬁx{@c‘rﬁaﬁ %%f:ﬁli\f) Luﬂéﬂep ﬁﬁﬂ% g Rsfed rﬁaﬁ grd0fortd1fe& ﬂieﬂhg Yccurrence

trumo t emtte fromthe [aser
of tife' st dnd mdnd dn&pxstecfmmbahbtapun spectiuepr esent ati ve of at
| east one of a second FWK' "M orEX" ' , where XX ' and
XX ' ' . 77. The apparatus of claim 74 further

81. ?H@Bﬁﬁa?étﬁgof&% PRk B ?Hﬁ‘ilnkor' ng neans is an

etalon and the first out put is representative of at
| eatht prcempfited callhrahomvarwbiqslan@éerufedefwr@ pmiesiremgninfithe value
Wi, dt

o 5 AL, B ST B B 8 3 s

of 1R ﬁf-sh&n& sHcbn® p@pits Yon Ddalibigidh spedtivned from the | aser
(" ") and the second output 1s representative of at

Ieast one of a second FWK'"M or EX' ", where XX" and

im77 further
82. f:f%%(pP? aggtﬁs Og{lgln?@%%ﬂﬁ%%ﬁ&f%@n oring nmeans i s an
et ahoralas df tHeeacfual Bandowdth lphrametdfrep caedatd fionethefeqadtion:
| east., one ogﬁ? wi dt h of aé{ Q[?ir of %2 opti cal out put
of HBaRACBR BtY PRARWCHSF Peiwlen two points on
t hewﬁé}@ %J“r@leeﬂfslt ORdafig: §9H§up %éﬁé‘s@ﬁt%ﬁ?e ef FW@@EXY and w; is
of the full spectrumo? mtted fromthe |aser
the g¢daxd 'MWeasured vitpusepeachtaivempdtt WX M pr BXEAt ati ve of at

Ieast one of a second FWK"M or EX'", where XX" and
X X ".79. The apparatus of claim 76, further

83. qqaefaﬁpa%atﬁg of ¢16%n RO, TEARREbLRPrIS Ei bration variables are
derived from a neasurenentof the val ue )
the value of the actual bandwidth parameter is calculated from the equation:
estimated actual BW parameter = K*w; + L*w, + M,
where w; = the first measured output representative of FWXM or EX’ and w; is

the second measured output representative of FWX"’M or EX"”’.

84. The apparatus of claim 81, further comprising:
the value of the actual bandwidth parameter is calculated from the equation:
estimated BW parameter = K*w; + L*wy + M,
where w; = the first measured output representative of FWXM or EX’ and w» is

the second measured output representative of FWX’M or EX”’.
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of the actual bandw dth parameter utilizing a trusted
standard, correlated to the occurrence of the first
wapassesend outputs for a calibration spectrunPCB0S20041€18944
apparatus of claim 77, further conprising: the
preconputed calibration variables are derived froma
measurenment of the value of the actual bandw dth i
85. Aédradwidgr meter forzneaguring theshaadwisdthod aspectmanof|light gmiteed from a
I the ocgurre cetgf the fi rf%t and second outputs for a
aser pptdp g BARASALR MIFHCOBPTS PR, appar at us of cl ai m 78,
fugh Ibgficaﬁ QAR W R Gionitbend hREM T tpRlvidRlg] DERét @nput representative
vari abl es are derived froma neasurenentof the value
of aofirst Fpecimy avidhameasuaerheny Asamaesred, by | the ibr?gldéi"lfl‘x’ué?té?f"f and a
standar QLT : [ . .
secolf P6 T Eh e SuPLeRsh b RE L e ERE ekt Sl agon means
and,apparatus of claim79, further conprising: the value
of the actual bandw dth paraneter. is calculated from

t henegtal ibardwidth palenlaiomnmeans. Wiz st cuipatgnd,the second

* + . V., .= t 1 . . 1.b .
oute} 4 e AR M 1 e rlacpirnied cattrain
varifiasspeeificaotthel bpti@p basbrititht mositaing=mansMor caxulating calculate an

83. The apparatus of claim80, further conprising: the
actug]alnggwg%tﬁpﬁr@mgarum bandwi dt h paraneter is cal cul ated

fromthe equation: estimated actual BW paraneter = Kw
i + L*W2 + M where W the first neasured out put
86. Tepamgsettoof olamo§S favikes emExingand W2 is the second

measur ed .out put. . representative of FWK' M.

Thanepar o AR ¥ 4 Sheckart B MR B sopp blrcent of the
maxyRbsSwlhin tRE Mok ide ofxBe sWctih Jfaighieinitedi fFosathe lhsat EFWXM”). -

fromthe equation: estimated BWparaneter = Krwi +

L*WV + M where wi = the first neasured out put

res j ofs VKM " d W is the second
g%pd’rag%ﬁsgﬁ%%fn §r5épr esegé%lﬁﬁvlgg:gf FW<'M or EX"'.85. A
banAmiaciuhl bRidevidthoparareest is agvitithebdtarewitetichpaimtsaon the spectrum

spectrumof light emtted fr a.laser inpu o th .
enclﬁalﬁavﬁomehp%%%gec%frgﬁ GFHY Oéa)lﬁqe li Sngetrgn G&Atﬁ‘? ﬁpe&rum of light
emi{{p&lh{,&rthggasgp(ggguior providing a first output

representative of a first spectrumw dth nmeasur enent

as neasured by the bandw dth detector and a
88. The apparatus of claim 85 further comprising:

the bandwidth monitoring means is an etalon and the first output is representative
of at least one of a width of a fringe of an optical output of the etalon at FWXM or a width
between two points on the spectrum enclosing some percentage of the energy of the full

spectrum of light emitted from the laser (“EX’”") and the second output is representative of
at least one of a second FWX’’M or EX’”’, where X=X’ and X’==X""".

89. The apparatus of claim 86 further comprising:

the bandwidth monitoring means is an etalon and the first output is representative
of at least one of a width of a fringe of an optical output of the etalon at FWXM or a width
between two points on the spectrum enclosing some percentage of the energy of the full
spectrum of light emitted from the laser (“EX’”) and the second output is representative of

at least one of a second FWX’’M or EX’”?, where X=X’ and X’ =X""".
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second spectrum wi dth nmeasurenment neasured by the

opti cal bandw dth detecti on neans; and, an actual
whawdnddeh cal cul ati on neans, utilizing the fiPGI/US2004/018944

out put and the second output as part of a

mul tivariable |inear equation enploying predeterm ned

calibration variables specific to the optical

bandw dt h nmonitoring nmeans, for calculating cal cul ate

act ual dwi araneter. 86. The apparatus of
20. ?gea?% usf(g?"?aﬁ%lrﬁc%ﬁﬁ?ﬁ CHG* " Bre actual bandwi dth
PaRTBARKVidS Ao REBE HEANE 4 hn iatrhardll the 918t epaeitrepfesentative
the maximumwi thin the full wdth of the spectrum of

of at legtitone pf & rédhiof erfripgreod apsaticpk Eyprof thegstalorige FWXM or a width
betv%e%ﬁﬁ\r/wﬁgﬁcﬁntgfoncthglts rc?rllrhén é&%s@%scﬁ%{%ﬂg%ﬁt@%oﬁ ‘&1@ t@rgérgﬁlof the full

pararne poi n
spedthién sPegit eit@nbashaBisaqEXpyrand thageond otthet Emeprpsentative of
of the full spectrumof the spectrumof light emtted

at lepstommetofi @ spepnd FWXEN pr EXE’, whee sgar aadX'#% ¢l ai m 85
further conprising: the bandwi dth nonitoring neans is
an etalon and the first output is representative of at

91. TR &iparites 6 clanves) el camprisinge of an optical output
of the etalon at FWKM or_ a wi dth between two points

¢ hdbe precemnwed AelibsaiaRgyasishics 36t SaTHed GO R RSS! the value
o 8 bl EEALAD Gl g i St SMAEB curenee
of theest arehecaid cutpws forch daliltativh opecEXdnd., where XX

andX X ' ' . 89. The apparatus of claim86 further

conprising: the bandwi dth nonitoring nmeans is an

92. @h@h@m{mmmw %ﬂl&éﬁk@h&?riéﬁgfepr esentative of at
I f f a

east one of a width o a fringe of an optical output
of théprecombuted aelitFwtin variablasiage derivet\fenom amgsspoimend o the value

o S R S BT B AT AR 5 g e G oo
of the 26t and 206nd HEpse EQNQUipioh spectf@pr esentative of at
| east one of a second FWK"M or EX' ", where XX" and

X =X"\90. The apparatus of claim87 further
risi.ng; ' qﬁm t i toring means i s an
93'33%%%5%\%%0{%%&}%3 outcgﬁgpllg%%'repr esentative of at
| eait proeempfhited culitatioro fartablesi ang derdfeddrom ptiaatraneguf the value
of the etalon at FWKM QE .a width between tV\ﬁ qunt on
of thpyactud handwidte Rarmsicr ytligae aseistedriangardy porgiate t&%@ occurrence
of 1B fifsf&nd Sebnd outputs for a calibration spectrum.

94. The apparatus of claim 91, further comprising:
the value of the actual bandwidth parameter is calculated from thie equation:
estimated actual BW parameter = K*w; + L*wy + M,
where w; = the first measured output representative of FWXM or EX’ and w» is

the second measured output representative of FWX’’M or EX’”’.
95. The apparatus of claim 92, further comprising:

the value of the actual bandwidth parameter is calculated from thie equation:

estimated actual BW parameter = K*w; + L*w;, + M,
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spectrumof light emtted fromthe laser ("EX ") and

the second output | s representative of at |east one
wo@booaossebnd FWK'M or EX' ", where XX'" and X X PCT/832004/018944

The apparatus of claim88, further conprising: the

preconputed calibration variables are derived froma

measur enent of the value of the actual bandw dth ]

pavhareewer theiflrstzinpapueedt quipitagpreseniatare of FOV KM gt &K tand wa is

t he occurrence of the firs ~Secopd,Qut puts for a
the segofd 1BrasHieg Py ETPFW”E&? oﬁ'ﬁg}}gplglgorra{g%s of clai m 89,
further conprising: the preconputed calibration

variables are derived froma nmeasurenent of the val ue
96. Thyt appheatusctf GimPBn Ewther eOPRIAPEt er utilizing a trusted
st,andar d 0 i f ' S
A R G T
appanatdisctod] BWajanaer £ KriherLbwspriVisi ng: the

preconputed calibration variables are derjved from.a .
mERSTR Wirenihe Jirst Measpeady AIBYE KeRESSERRUP afﬁ’éi%?\épﬁq& and w; is
the se? C?lﬂggsﬁfedl&%@tg%ﬁmn%&sggda standard, correlated to

e ‘'occurren rst and second outputs for a
calibration spectrum 94. The apparatus. of claim91,

further conprising: the value of the actual bandw dth
97. A phptohighography lig T%E‘F%CQHIPHS%tti e equation: estinated

aGt HaliwRWR 3h P hflans 6 WeasurlngWhe "o Mdviagl @f W specidif of light
first neasured output representative of FWKM or EX

emittahilond® laser inpet tethe handvadthumetdr ecempuisingepr esent at i ve of

FWK" M or LU 95.. T a ratus of claim92... furt
conpr | ?Pngl?’%l‘iaﬁ ebaﬁPngEﬁo@ggﬁ@%tlﬁ%@%gﬁﬁvﬁra}”ﬁmg a Bt output
PR¢RERhRKIvE Of & Hr§Uatdn@der Wiith i indicetiatdfahe besdwiddi efithe light
act'ual BWaranmeter = K*W + L*W2 + M where w =_the

f iemittedrisamuthe dpseuie perond epines eapEeseRiadIvVEfolppagPRt Pazrmeter which

and. B . tatjve of
Gl e SEERORARL B Y i RREREI
conpr i sihngtudl andwidte caitulatien andans| ubitinohy dhehfirst output and the
paraneter is cal cul %t ed fromthe equation: ?st.i mat e .
RGPeRIN BVPh 8 BATE 012 epltvaTighlg, Sligtion SMPIRYIRE BiRgetermined
fi ' r6PesS i idfVN RforiBE means, for
IR kN T S
calculating an actual bandwidth parameter.

98. The apparatus of claim 97 further comprising:
the actual bandwidth parameter is a spectrum full width at some percent of the

maximum within the full width of the spectrum of light emitted from the laser (“FWXM?”).

99. The apparatus of claim 97, further comprising:

the actual bandwidth parameter is a width between two points on the spectrum
enclosing some percentage of the energy of the full spectrum of the spectrum of light
emitted frém the laser (“EX”).

100. The apparatus of claim 97 further comprising:
the bandwidth monitoring means is an etalon and the first output is representative

of at least one of a width of a fringe of an optical output of the etalon at FWXM or a width
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97. A photolithography Iight source conprising: a
bandwi dt h neter neans for neasuring the bandw dth of a
wGap®snerses of |ight emtted froma |aser input POT/UR®04/018944
bandw dth nmeter conprising: an optical bandw dth
moni toring neans for providing a first output
representative of a first parameter which is
betwaen divogtointe oofthe meecbramwcmsmgowmmerpﬁgmgeaﬁth@ SHey @¥nthe full

specttblg} Qolér]éﬁsng ren‘g\%efc’de ﬁorin Sh‘f %ae?r t‘]tE gragg éb‘ﬁﬁ Qth 1§‘ ?e?p?(%%ntatwe of

at 1eaétlo%fof§r§wohaqbvtfxom bhEXtaS#licre M” aﬁdac’wm bande dt h
cal culation neans, utilizing the first output and the

second out put as part of a nultivariable equation
det ed calibration variables specific
101. é‘ S%tq%(‘fgq ‘Eftclﬁ)n%ﬁnlgml ng means, for
c Qhé? Yartvl il BOnitfingaheddangwh dfalordaidating fifst o9fput Theepresentative
apparatus of claim97 further conprising: the actual

of at lsasine of b idthanfetfeings of an epiisat euipntiaf] he fitalph sk WogHeor a width
t
e B s TP M LB phich iy Sk o e s

specti€ofgarcatiticd fbmchalagQFEX Yrantialie secquid @itpy:is tépeesentative of
actual bandw dt h _par amet er is aw dth bet ween two

at leagisingtof agecondd WEEM prXencvae sy XS oadpeeent age of

the energy of the full spectrum of the spectrum of
light emitted fromthe laser ("EX'). 100. The

102. "ﬂ]@é)%fp@fdﬂ@s ffclamdTTudRed donigidingconpri si ng: t he
bandwi dt h nonitoring neans i s an ;gqal on_and the fir

ouhp bendvadiheppribaieameans 1an gtalensand thn §oupigiprpentative
of at ?eagtrdn@ %g Q{}d@ﬂ) %gl)f ﬁf’(tﬁx%ﬂbtal Qut%%tt Seuktahion aﬁpm\@r a width
th ween t S oOn

pol e spectrum encl osi ng
betwemrtﬁwgﬁnme rhafe spécttune emrlesiny sahe phreeentdde ofpthe tenargyodff the full

BT TN T A I
at leaEthﬁer% g@dfFurt N O K ”’a@HeMX” abb e appar at us

claim er conprising: the bandw dth
m)mtorlng means is an etalon and the first output is

representa east one of a wdth of a fringe
103. ‘Ehe appagy ‘t‘ﬁ aIB’U{ %urgqertgcpfgpréstlggon at FWKM or a width

beché\glee@oﬁﬁﬁﬁteg %hﬁﬁﬁtl@t{‘vﬁr%le‘é@?@%ﬁ%ﬁﬁghﬁ hiddsiEement of the value
ercentage of the energy of the full spectrum of | i ght
of themtua;lehancﬂwxdﬂl piremktes gtilizingEx' tm)stedrs,tmﬂ@@g edin thgtoccurrence

of the | Brst S seeomnt g&tlpl\l/t% for]c a calibration spectrum.

104. The apparatus of claim 101, further comprising:
the precomputed calibration variables are derived from a measurement of the value
of the actual bandwidth parameter utilizing a trusted standard, correlated to the occurrence

of the first and second outputs for a calibration spectrum.

105. The apparatus of claim 102, further comprising:
the precomputed calibration variables are derived £from a measurement of the value
of the actual bandwidth parameter utilizing a trusted standard, correlated to the occurrence

of the first and second outputs for a calibration spectrum.
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at |least one of a second FWK"M or EX ", where XX' and
XvX' ", 102. The apparatus of claim99 further
w@eoopoiseng: the bandw dth nonitoring neans i SPEIUS2004/018944
etalon and the first output is representative of at
| east one of a width of a fringe of an optical output
of the etalon at FWKM or a wi dth between two points on
106. Theappaetis of plaim dI0d sfunfeswmprisérecent age of the ener gy

of, the f spect.ru f.light emtt r i
(e dhthe FREALEHN By et e B paSitalea i M o pty
|@ﬁﬁhat@@BW%a@n&@&W*ﬁW'ﬂ*Mﬁ*MEX' ", where XX ' ad
Xvx ' ' . 103. The apparatus of claim 100, further, )
cavhsrd wi mgthetfhat mﬁmsg@wé@r renres i atve of yaV Kb s 35y and W is

derjved fro : & »»0f the actual
the Seﬁ%rhddt\l/lvlgacftu ﬁedpc;zy} r%eq?% ?éé&%%?? Ez)]l? ﬁg’% hﬁé&g?g&g st andard,

correlated to the occurrence of the first and second

outputs for  a_calibration spectrum 104. The appar at us

107. Gte appasamms 06 tlaim 0f hBYheLEARETSIREG: t he preconput ed
c . )
o7 el 40 XOEARBL0F Brdlt t LOmL 5R et
Utestirhatied § Ve paransterd= Ktwnddr‘dy, €My rel ated to the
occurrence of _.the first and secon ut put rra , .
c JThers % izowes%ré'.i:{nreﬁﬂﬁre‘{l@‘ét?ut'ﬁ?greﬁ &?15? L?g LA ti@ 11aqrrﬁ)i0?}d W2 18
the seb&id %E%su%tb&'r@ﬁés&tb@iv@ beERULES: 3P hrat i on

var | es are derived froma neasurenent of the val ue
of the actual bandw dth paraneter utilizing a trusted
t andar orr.el at.e 0 the occurrence of the first

108. p?@@g%oocfcgiﬁ’ﬁﬁg’ meﬁcoéﬁ?rilsbl?gati on spectrum 106. The
apRyALISE @E abtudl BandARdth bavaiRes iceietiatdd@omtthe eyattion:
of the actual bandw dth paranmeter is cal cul ated from
t lestimgfigd B W parasegtenrakKew: BW paraMet er = Krwi + L*W2 +

M ere W, = ' t kel M1 wo i

or RN or e s oBFAEERRSA R (PRSI 2K 48t v i
the sdcefd geastiral outputatpleWkitative of FWEX'M or EX’107. The

apparatus of claim 104, further conprising: the val ue

of the actual bandwi dth paranmeter is calculated from

. %ﬂﬁ%@ml bidpded cameter = KW + L*W2 +
109 %‘/llb%\(/)\ﬁere 2 Bhe T rst %gﬁ ed output representative
ofa BatidMidth fXter aneny2foi snaabering tenthandaslih exf wpeaitum of light

emitt&f Bgr%saelggea}%ﬁ/u t(? &e%%dv%d?h 1rneJL%>r< 'c:)r'nprising:

an optical bandwidth monitoring means for providing a first output representative
of a first spectrum width measurement as measured by the bandwidth detector and a
second spectrum width measurement measured by the optical bandwidth detection means;
and,

an actual bandwidth calcuiation means, utilizing the first output and the second
output as part of a multivariable equation employing predetermined calibration variables

specific to the optical bandwidth monitoring means, for calculating an actual bandwidth

parameter.

110. The apparatus of claim 109 further comprising:
the actual bandwidth parameter is a spectrum full width at some percent of the

maximum within the full width of the spectrum of light emitted from the laser (“FWXM”).
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108. The apparatus of claim 105, further conprising:
the val ue of the actual bandw dth paraneter is
w@alosnbEeed fromthe equation: estinmated BW paP@ESmn4/618944
KW + L*W2 + M where W = the first measured out put
representative of FWKM or EX and W2 is the second
nmeasur ed output representative of FWK"Mo r EX ".
109. A phot ol ithography |ight source conprising: a
andwi dt h er aps.for neasuring the bandwi dth of a
1. Eheeanp Soqrf%ﬁalnélh]t%e et ¥ om= | aser input to the
bandwidhinbaredthCRRhbEl R0a viathopitiveal than@dwitslidh the spectrum
moni toring neans for providing a first output )
enclosing rsegerpaaedniageot! thergnergy efptbetiullaparaNm ofcths pmssnm of light

... as. e by t-he bandw dth detector and a second
emm%‘%%%??ﬁér#a\%gétﬁxngasur enment neasured by the optical

bandw dt h detecti on neans; and, an actual bandw dth

cal cul ation nmeans, utjlizing the first output and the
112. Bhecanparabi g ilaims! 09prthegcompRsing; var i abl e equati on

e | r | ' ' i tSREEhidsentati

¢ oy PG SRR e OF oh el Al TS0 R SRAClosEntative
of at astauk af b vg dthrofaciingt obanoiticdl tutperafitet etrlonit T WEXM or a width

e R o B SR AL SR 8005 NS ALY e

i hHREWER ) dnfehd sdcbndVbipht Rfrebh@entative of
e BREGEThyTIRASUCHI ) S0 Wl B i

at leaSirmeayf pacatndF WK’ ™ ar BX109whdra 1€l acdi¢XSi.ng: t he
actual bandwi dth paraneter is a wi dth between two
points o n the spectrum encl osi ng sone percent age of

i f th t f
113. Fﬁﬁ@%ﬁit&yoﬁlalhpﬂdﬂhheﬁ%%ﬁiﬁ%@&") e spectrumo

mtted fromthe | aser . 112. The | .
aphabandyeidtf mohidnmgldearfsiis ehetaleroagst theifirgt oyt 1s representative

o at B3R 2 BB L PP DS S e L R B By o i
betw&n tvd pdiR@eOfhe dpe@fink eadloginl Bothe pbrckhiagebalkieneadrgl\0kNhe full
or a wdth between two points on the spectrum

spectame b6 Ehigraitiad fioey e hsarye B "rand thpsicghd optpuhes Yeprgsentative of
spect rum of 1. =Yg df 5 | »_LEX ") and

at leatgtﬁ ° @Ogﬁ%m}ﬁlﬁ G I\I%S(? I?Eéf)r ég{é%t@g%%}?e a@&%fkl east one of
a second FWK"Mor EX' ", where XX' and X' X ".

114. The apparatus of claim 111 further comprising:

the bandwidth monitoring means is an etalon and the first output is representative
of at least one of a width of a fringe of an optical output of the etalon at FWXM or a width
between two points on the spectrum enclosing some percentage of the energy of the full
spectrum of light emitted from the laser (“EX’”) and the second output is representative of

at least one of a second FWX"’M or EX’”’, where X=X’ and X*=X""".

115. The apparatus of claim 112, further comprising:
the precomputed calibration variables are derived from a measurerment of the value
of the actual bandwidth parameter utilizing a trusted standard, correlated to the occurrence

of the first and second outputs for a calibration spectrum.
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113. The apparatus of claim 110 further conpri sing:
the bandwi dth nonitoring nmeans is an etal on and the
WO poosHosed put is representative of at | east onRCDUSH04/018944
width of a fringe of an optical output of the etal on
at FWKM or a width between two points on the spectrum
encl osi ng sone percentage of the energy of the full
116. Thpapparatus of claingfht3, efudthdr@dnﬂprieinngt he laser ("EX' ") and

e oo LRI 3 LRGeS SN AL VP8l Ahel8RshotSt AL value
of the %1%14,1&1 JhewaRR %ﬁh&ﬂéﬁer‘iﬁlhﬁin@ dfirdsted §téi{dah!3 rcoﬁ@lﬁtHd & thg:occurrence

he bandw dth nonitoring neans is an etalon and the
of the ffirstsind seopd ouipsityfeps eddnatin spscigimat | east one of a
width of a fringe of an optical output of the etal on
at FWKM or a width between two points on the spectrum
117. T8RGhAEHAS of BREN &4 TeAkagenpkisinge ener gy of the fuII
spectrum of |ight emttedfromthelaser "EX " %td
t the mreeosmntes gabibiatios vedphleserdstivebirgm aaPeil%EgmeBh thp value

a ! il " el: €
of the fﬁ%ﬁ?g g‘s %‘% 'X%a?ﬁet@ﬁfémm}@ﬂaﬁ sté@%tg.l?%b?ﬁl éoﬁglatec%%o’sthem urrence
of the@irgGaaRedond obgutdioat icalibrution sdebesmar e derived froma

measur enent of the value of the actual bandw dth
paraneter utilizing a trusted standard, correlated t o

118. ]tll%ealpg tﬁlro?@féﬁanwtﬁlﬁhéﬂdb _Iprﬁﬂfé second outputs for a

n spectrum 116 he apparatus of claim 113,
f thet Vatbue efdhpactsal |‘bgndwildd1 paramoleplstaattubaied Bemtthe requation:

var | ablgg\ﬁre deri vi i::k urenent of the val ue

o SHIRYe RPramgig i t‘ﬁlg ARetEr utilizing a trusted
starfald = #eriel AbAIrddonitp& RpRusHiaRecoOF WL bf EX and w, is
and second outputs for a calibration spectrum 117.

the seTirel mpgrarest apuwrepesehiativg of FMGF {Medr B6npri sing: the
preconputed calibration variables are derived froma
measur enent of the value of the actual bandw dth

119. PR ppBiadls ofcldimnil 6gfuethtr desipetbigt andard, correl ated to
the occurrence of the first and, se ondﬁégggX s for .a
c dhg yolug elohe §@%1tha9¢fw1 1118ara11‘1ﬁt§r§pfﬁ§€r“éft e AaRran;
fur %GWE ygl«ge jof7 t he actual bandwi dth
pa?ttggre Iélfa':;}lljlL cul atg‘g frorﬁw%t rneé equation: estimated
BW¥Heas anet the frstindisuted sWButireptesentatiter ef FWEML e B rand. w; is

nmeasur ed out put representa ,or EX and W
the sqeend mgassiERMHP HESRIGaHt WEPEEWX e%’r%r\s/l\"lék/i ative of FWK

"Mor EX ' '

120. The apparatus of claim 117, further comprising:
the value of the actual bandwidth parameter is calculated from the equation:
estimated BW parameter = K*w; + L*w, + M,
where w; = the first measured output representative of FWXM or EX’ and w; is

the second measured output representative of FWX’’M or EX””.

121. A photolithography tool comprising:
a laser light source comprising:
a bandwidth meter means for measuring the bandwidth of a spectrum of light

emitted from a laser input to the bandwidth meter comprising:
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119. The apparatus of claim 116, further conpri sing:
the val ue of the actual bandw dth paraneter is
waealosnbEeed fromtrie equation: estimated BW pBCHIE1004/018944
= Kw + L*W + M where W = the first nmeasured
out put representative of FWKM or EX and W2 is the
second neasured output representative of FWK'M or
EX' ", 18RO optited hqudwéthumomtonn&mﬁqnsr fof yprowiking a first output
n t

PRttt a8 IRt e edugidsy gfthe et
B\Mlﬁﬁédi ke the-lakerViind ta 5¢LWEd duldut \prfeeemratwe bhe sfebdrﬁit parameter
nmeasur ed out put representative of FWKM ar and

W2
i svhipleissadisaaverridhubang vadth o the laght efé?éﬁfteﬁtﬁ% ﬂeﬁflam@m
or EX" | B%nﬁ@vﬁftﬁ’lchfcﬁﬁﬁf)ﬁ‘%é’an%oqgﬂfzg{ng esﬁﬁg ‘outbut and the

| aser Ilg source conprising: net er ans
f GecoRlb@uputeg Iialnteoﬁ)z&nﬂl\M\dhbblefhmaB ﬁzquammemﬁoldyu@]predetermined
emttedfrom | aser ut tot th neter
c SiHiPialPR gvasR lc?ﬁtﬁpé%lfﬁc i pkealdn ‘g‘?’ﬁdﬂ“g ReRiRfmgomeans, for
PrQYduiiRg af ablubfbanai afafRi&sent ative of a first
par arretleg V\ﬁIECE l?asn [ nchi)atalﬁf/ée of the bandw dth of the
light emtted fromthe | aser and a second out put
12 {rﬁgresent at 1 Econd arameter which is
- - ROPRPEFANRC au('nh 518 he |ight emtted from

t hRe laagsr bmwdthaﬁarﬁﬁuéﬁhs Rapehaht hﬁﬂmﬁ&thadﬂs@menp@s&n of the

utilizing t first output and the second out put

maxipraint Wdhmethq:rﬁilk widdln pithie epectmianef lightisamigied digsn &fi lﬁgﬂ (“FWXM”)
predeterm ned calibration variables specific to the
opti cal bandwi dth nonitoring neans, for cal culating an

123. ¥Ré biarRadedlghhl DafatRt esmpdddg: The appar at us of
claim 121 further conprising: the actual bandw dth

pathamstugl bradveiddppapmgier ivpl Wigth PREWEeTs e ROEYE O thefspectrum

e, ) UL b S, B s 0, of i

emittad frdrethe $asef (“EX&).m 121, further conprising: the actual
bandwi dth paraneter is a width between two points on
the spectrum encl osing sone percentage of the energy

124. ?ﬁe %}\B}%ﬁiﬁ% g%czgﬁpiil%tﬁér dSoripget rum of 1ight enitted

the bandwidth momtorlng means is an etalon and the first output is representative
of at least one of a width of a fringe of an optical output of the etalon at FWXM or a width
between two points on the spectrum enclosing some percentage of the energy of the full
spectrum of light emitted from the laser (“EX’”) and th.e second output is representative of

at least one of a second FWX’’M or EX*”’, where X#X >’ and X’#X"”’.

125. The apparatus of claim 122 further comprising:

the bandwidth monitoring means is an etalon and the first output is representative
of at least one of a width of a fringe of an optical output of the etalon at FWXM or a width
between two points on the spectrum enclosing some percentage of the energy of the full
spectrum of light emitted from the laser (“EX’”’) and the second output is representative of

at least one of a second FWX’’M or EX*”*, where X=X’ and X’#X""’.
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124. The apparatus of claim 121 further conpri sing:
the bandwi dth nonitoring nmeans is an etal on and the

WO poosHosed put is representative of at | east onRCDUSH04/018944
width of a fringe of an optical output of the etal on
at FWKM or a width between two points on the spectrum
encl osi ng sone percentage of the energy of the full

126 SPeecdpparatwsfoflciagmt]1 28 fintthes ¢ofposinghe | aser ("EX ") and

LG BSERTA R e AR B R O A s
of atl R8st RP AF AtHEhQF aGliabddAadrogtichl AaputeIniy ¢talon@t FWIEM or a width
bandw dth nmonitoring nmeans is an etalon and_ the first

betwrenguo 1odnts eprthe SPRCALIT, enchysing sqran perceHascop! the\gngtey Qfrthe full
fri of .an [ B . .
ool 5B, PRl A g g B Ao

at |3 REL GEHNATBVEF M be EBIe  @iere AN 1e afidiKP=XPeCct r um of
light emitted fromthe laser ("EX ") and the second

output is representative of at |east one of a second

FWK' ' M or ere XX ' ' .126. The
127%}5%?%?8‘150?@3&% %15’511%(%(? e &npri sing: the
banrENpEbmpoRE talibragoreaiadlds Sraderbled fom anttatirementrafithe value
output is representative of at |east one of a ‘W#\%Qh of
of the satual hendwidgnpapmrieantibzing atrused shadadarrrlaed maRROgrITence
of s sl RELNPERLURROLMbEER ect rum encl osi ng

Softe percentage o he ‘ener gy the full spectrum of
light emtted fromthe laser ("EX ") and the second

output is representative of at .least one of a second
128F e ama&m@é?dmm, Mek%’mpﬂ%l% XX 't . 127. The

appRgé féé§mgﬁtealc_§fi%ﬁ&4var§éﬂésfb?é d&RRIficth BSheabi@ment of the value

precofputed calibration variables are derived froma
of theastual dapdwidti parhmetentibziog atttvsted standprdpeereslitad o the occurrence

ﬁaéarret r utilizing a trliyfttEd standard, correlated to

of the,drshard geam gutB’FtS&Wea?eﬁ OB IR°Se8Nnd out puts for a
calibration spectrum 128. The apparatus of claim 125,
further conprising: the preconputed calibration

129v§h¢am%uaﬁﬁlwg%@lﬁhe@ﬁﬁapﬂ%agur enent of the val ue

of the act b B taid d zi
o S ) RALSTE e o o o o
of tAdcteAlandwilih partamefep ntiliziaglai thrstedi stamdsile comrelated 1@ the occurrence

The apparatus of claim 11\2;)6 .further conprising: the
of the Hesbapdisesand antpris 4oy verlPRcRPEd e derived from a
measurenent of the value of the actual bandw dth
paraneter utilizing a trusted standard, correlated to
130; e apaatneafeaim 127, further comprising:

the value of the actual bandwidth parameter is calculated from the equation:
estimated BW parameter = K¥w; + L¥w, + M,
where w; = the first measured output representative of FWXM or EX’ and w; is

the second measured output representative of FWX’’M or EX*”’.

131. The apparatus of claim 128, further comprising:
the value of the actual bandwidth parameter is calculated from the equation:
estimated BW parameter = K¥w; + L*w, + M,
where w; = the first measured output representative of FWXM or EX’ and w; is

the second measured output representative of FWX’’M or EX™”’.
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of the first and second outputs for a calibration
spectrum 130. The apparatus of claim 127, further
w@owpniseng: the val ue of the actual bandw dt hPCT/US2004/018944
paraneter is calculated fromthe equation: estinmated
BW paraneter = K*wi + L*W2 + M where W = the first
nmeasur ed out put representative of FWKM or EX and W
is the second neasured output representative of FWK'M
r EX " 131, . T ratus _of claim 128, further
132. ﬁ’&ﬁﬁ’?‘f‘r&?“ﬁ@ Seirn 93 BRRE Ao beRlng 21 ML 220 i
P & MBieedf thS adtad] dh@wrieh parafeiehB clpudiddfiomesd equatien:
BW paraneter = KW + L*W2 + M_where W = the first
nesigngted BY ppametes friesent & Pod Mf FWKM or EX and W2
I S.the sec WY1 Y N ;
or” hgg Wi 13@2%#@%2%%%?% ué"p[g% p%?ﬁ{t%ﬁ%gﬁgﬂf furt E%r w2 18
the se€éiiphésurd: outig refatasatatdte bHEWACt Madr B¥&AdW dt h
paraneter is calculated fromthe equation: estinmated
BWhar aneter = K*wi + L*W2 + M where W = the first
. +ye of FWKM or EX' and W2
133'@ﬁ%gﬁ%g%gﬁgHglét;sggﬁcgggg%?%ﬁ "representative of FWK'M
ob Eakdividth 3BeteAnpdans dbi trieegwimghthe | baghwidih fce spectruma of light

. comprising. a bandw df h ter neans.for neasuring the
emlﬁiﬁ‘atl;i;g"waj?sﬁg H’fpuétostgggf“?‘{ﬂ‘ifl@;?mﬁebmm@rlﬁlﬁzed fr oum 13 Igaser
Lgﬁ:ﬁ\)}i&ﬁ Hah@w RN Abind Bl &is SovRIeSd Akt odipuPRiptiattative of a

dth nonitoring nmeans providing a first output
first spepremewidih i measofenzent jas smeaspeask byirthevi aptinalnbansdyvidiye pronitoring

as asured by the opLical bandw dt j ' . .
N i L e O S
monifofife @Rbhgahdbandw dth nonitoring nmeans; and, an actual

ban%lvvi dth cal cul ati on neans, utjlizing the fi

rst -
ownastuahhendwidth selewadoninepny, wWidizpg the dfrsgoutput and the second
Ltivariab . P . . o

R
varialengpdctfiditordiei éistidahpamizeidth, mbaitordisd mekas, ifoy caloulatngiadn actual

bandwi dt h parameter. 134. The apparatus of claim 133
bandwidih pRspmEShpri sing: the actual bandwi dth paraneter is

a spectrumfull width at sone percent of the

134. The apparatus of claim 133 further comprising:
the actual bandwidth parameter is a spectrum full width at some percent of the

maximum within the full width of the spectrum of light emitted from the laser (“E'WXM”).

135. The apparatus of claim 133, further comprising:

the actual bandwidth parameter is a width between two points on the spectrum
enclosing some percentage of the energy of the full spectrum of the spectrum of light
emitted from the laser (“EX”).

136. The apparatus of claim 133 further comprising:
the bandwidth monitoring means is an etalon and the first output is representative
of at least one of a width of a fringe of an optical output of the etalon at FWXM or a width

between two points on the spectrum enclosing some percentage of the energy of the full
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maxi mumw thin the full wdth of the spectrum of |ight
emtted fromthe laser ("FWKM'). 135. The apparat us of
w@b@snvb38, further conprising: the actual baneeud/tis1vo4/018944
paranmeter is a wdth between two points on the
spect rum encl osi ng some percent age of the ener gy of
the full spectrum of the spectrum of ht emtted .
spectfunoof kighs ehaget frérpxe )aseﬂféEX”’Dt@@délpﬁp%ﬂCQ@ Qumﬂt is| rgprasqgative of

st eagi g PP SRR T U Pt B oubIIE o<1 BB} SBhr &t fve of at

| east one of a width of a fringe of an opti cal out put
of the etalon at FWKM o r a wi dth between two points
137. Blteaﬁparwtseaftctamléﬁdhﬁhﬂwgm’p@ﬁmgper cent age of the

" 366 Piadige SinerBE i st Y 8 ek ol Rlebfentatve
of at I%Est%e')g?ﬁiildfmﬁ‘ adtinge Sﬁ@r%}ﬁlcﬁl/%t%t(ﬁf thetalon\ad ETW)QM or a width

137. The apparatus of claim 134 further
betwesnrpioi mmtg ontthe speatiei BRdlosiem perBe PRGeRiagme! the gpergy of the full

spectTeutélglgf ﬁ%lﬁ %thf frf I fl%:] la%glI (QH?( Sanrd%fg ?&8}?& gﬁt:p sofeg?ésentatlve of

I‘'nge or an op

at leaQtforIehﬂ’a%E@hﬁfFWX TOKMERT > awiiérd Db DR b BN<X WA poi nt's on
t he spectrum encl osi ng sone percentage of the energy
of the full spectrumof light emtted fromthe | aser

s representative of at
138. JF%%%RP%"H%S (gffctl secoﬁggm%%ﬂ , where XX and
X tie ‘bandid8th MbgiteRpamainsSs ah eedlai andl 8l first dutpnt is representative

conprising: the bandwi dth npnitorin S .
of at leesfi e of aavidtheotra frigge gf ppoptical opigpt %stget"éfq Fgﬁ”%h’l or a width
o)
betveshHhlo.Bfis e AR enctotily SR BerrBliaRPbl SR At o the full
spectiune of fightt emitred frotmothi tayes (X Pearciethe agpend butpt1e reprepentative of
of the full spectrum of llgg tedéi3 the | aser
at leagt que of)a sgprpdi NN X SR & %o ut P ?re eﬁP@ ﬁ%ltlve of at
Ieast one of a second FWK'M or """, where XX' and
X X", 139. The apparatus of cl a| m 136, further
139. Thepppasatagof dliiem Iﬁéeﬁﬂﬂmbmdpﬁsih'g bration variables are

derived from.a asureme of ue of the act
baHB RGP sAPraHon Vi1 ‘fsrﬂﬁe 1y adpeaiHagent SHite vatue

of th& Qétﬁﬁl H%h?@ufﬂ? péllaﬁleﬂa? QH[i£i8P aarRted Mdhid, SbrrdRddS@aRS Bccurrence -
out puts for a calibration spectrum 140. The apparatus

of thefirst hiad sact8d putbuistfbre calibrgdionspagjrun. he pr econput ed
calibration variables are derived from a neasur enent
of the val ue

140. The apparatus of claim 137, further comprising:
the precomputed calibration variables are derived from a measurement of the value
of the actual bandwidth parameter utilizing a trusted standard, correlated to the occurrence

of the first and second outputs for a calibration spectrum.

141. The apparatus of claim 138, further comprising:
the precomputed calibration variables are derived from a measurement of the value
of the actual bandwidth parameter utilizing a trusted standard, correlated to the occurrence

of the first and second outputs for a calibration spectrum.
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of the actual bandw dth paraneter utilizing a trusted
standard, correlated to the occurrence of the first
wapassesend outputs for a calibration spectrunPCI/w32004/018944
The apparatus of claim 138, further conprising: the
preconputed calibration variables are derived froma
nmeasur enent of the value of the actual bandw dth
142pEhampestusutficddin 13§, firtheueeraprigngindar d, correl ated to

the, occurrence of the fiyrst an t n:
carPoradtt b dedel trbfnidh BB F R HaC R de kiufn
f urdsh@hted BWPatdnidder £ Rewy al Liev,0f M,he act ual bandvvl dt h
paraneter is calculated fromthe equati on estimat ed

BWpharavete the=first gieasured pptput mpr%ﬁetatévw EWORM 5 E¥¢ and wa is

rreas red ou t Wdor EX and W2
the PO glegeconglﬂhe%sﬁlregegﬁ%{h@gg r epr esent ative of FWK''M
or EX " . 143. The apparatus of claim 140, further

conprising: the value of the actual bandw dth
143pZheyapnastus of claip A0 futher FORPEHBE equat i on: esti mat ed
BW.gara g@%?{he actﬁa%an'ﬂdrétﬁ%af’an{\éter\’i@@ﬂ@u%yed Frolhefe gﬁa?tion:
measur ed ou representative of FWK W2
| s dsﬁma&dmcbamaaweﬁ*wﬂpﬁﬁw;rem esentative of FWK' M

EX ". 144. Th t f cl 141
corfﬁ}f*?% ig: ﬂteh-é Sy algeie opjRuY 5@’%??%’ PN 8”&%&““ EX" and w; is
theg ﬁﬁ%e%gurb&oﬁtﬁ{l%bﬁ%&gaﬁ\fe%ﬁlim agyagxon: estinmated

paraneter = where W = the first
measur ed out put represent atlve of FWKM or EX' and W2

is. the seco out resentative of FWK'M

144 &hmparaf&%t% Clﬂ“h@%ﬁhg‘&ﬁf%lc g%t} ing the bandwi dth of
a S{EThiEEY e det@barkiiilithgArdnicaen is chlasiatediffopy thetequitivh:
bandw dth neter conprising: utilizing an opti cal

banehtinted BriyparanetenT &/vding™ w2 +iMst out put

repr. sentatl e >

ENBSETYEL 0 L b e R S B PO gt v i
the%&ﬁbnﬂ@ﬁ@ﬁura@ du’@uﬁrb@fﬁs&ltmepnﬂFWKp’li\é&eEﬁ(ét’l ve of a

second paraneter which is indicative of the bandw dth

of the Iight emtted fromthe laser; and, in an actual

| 145b ut an ?xhe a céoﬂ% 1RRRR AL 6% a bthhﬁ'o@gtght‘@mftteﬂsﬁom a laser

out put as part of
inpﬁUﬂotth&/bﬁﬂd&bcﬂthrh@tMﬁ@tt@l on enpl oyi ng pr edet er m ned

utilizing an optical bandwidth monitor, providing a first output representative of a
first parameter which is indicative of the bandwidth of the light emitted from the laser and
a second output representative of a second parameter which is indicative of the bandwidth
of the light emitted from the laser; and,

in an actual bandwidth calculation apparatus, utilizing the first output and the
second output as part of a multivariable linear equation employing predetermined
calibration variables specific to the optical bandwidth monitor, calculating an actual

bandwidth parameter.

146. A bandwidth meter for measuring the bandwidth of a spectrum of light emitted from
a narrow band light source input to the bandwidth meter comprising:
an optical bandwidth monitor providing a first output representative of a first

parameter which is indicative of the bandwidth of the light emitted from the light source
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calibration variables specific to the opti cal
bandwi dth nonitor, cal culating an actual bandw dth
w@asoanetses . 146. A bandwi dth nmeter for neasuriPQI/UR®04/018944
bandw dth of a spectrumof |ight emtted froma narrow
band |ight source input to the bandwi dth neter
conprising: an optical bandw dth nonitor_ providing
and af sacend outyptitrepregantationt @ff \secaid parkmeter Whitcnit éledIWfﬂV@hOf the

tive dth of the light emtted
bandvy iyt bbb P eap el Shdsirdbt put
I R OSSN AW @h RhlcBlatios QPFarRRk @ﬁfﬁhﬁg tihfiabt dwtput and the second

i ndi cati ve of the bandw dth of the ht emtted from
output hephrt gﬁta rgultivesable Aanation cRRleMng eSS PR & EPHen Spiebles

sp601€<ﬁﬁt%§b? ogt écagél ld'v%{;ltﬂ%n&ﬁ ,{ 1.J\c/> g?fcu%}éteeel:%catga? ﬁg?]lagvﬁtﬁggf‘eﬁmter

predeterm ned calibration variables specific to the

opti cal bandwi dth nonitor, to cal culate an actual
147. Beerpprptgius Oéﬁ]faérﬁfél“érﬁm}lqﬁompﬁém&ppar atus of claim 146

Fyrd Q&{l @ﬂg{w}uﬁh#&a{xﬁa& RS YadcrRRNEWM AidIPaf 86MRE Yerdedt of the

a spec percent of the maxinmm
maximidnhivithinhte ffulll widttd ofi tled spdctrumpeﬁhghﬂwmfttw gitom ¢lag lightdsource
“ fromthe l'i ght source ("FWKM'). 148. The apparatus of
(‘FW&Mini 46, further conprising: the actual bandwidth
paraneter is a width between two points on the
spectrum defining a content of the spectrum encl osing
148. Bonapppetcarficiage 1 66, futkerenmpyiyingf the ful | spectrum of

the s t light emtted t he 0
(1 SRS A O T L Slol] BTEDS s bPhpPYs e specrum
deﬁnﬁ@@ EbbR%f thB %p@@ﬂﬁﬁ‘i\ﬂeﬂélbmﬁg Rbin@rpercentige ebA kignemsrdy tofiehe full
Tirst output i representative of at |east one of a

spectwinglpfithe spectiu @’r‘gl@héﬁmaﬁﬁdofmméhﬁ light spiee b EXAE et al on
at FLVXM or a wi dth between two points on the spectrum
encl osi ng sone percentage of the energy of the full

149. $H@E§?pfawﬁﬂls?<ff dlalﬁh146ei’inth&1ad>nfprﬁmgt he light source

| dhe b@ﬁ%&gﬁ@gg%ﬁ%@gﬁ IEI’\# @p r - ur euS %%tﬁ%folg\ége&gtfweaof at least
one o?%deof a frmgﬁ o]f§19 i ﬂ??t it rmnﬂﬁéset&ltm ‘élt PWM?)rfa%idlﬂ?between

conprising Itor is an etalon and t
two Ifdnlits fonahi ppﬁctrurrsertcmsl@mnmaapfvm@tage oftth¢ emg}b@%th@ffug spectrum

ol o L et AL SR S St
least tﬁﬁeg 8# {I ﬁ&ﬁ&‘?“@@"’pﬁow Qﬁfe?@ﬁ&ﬁg’ean@f}(’t#b@’ ener gy of

spectrum

150. The apparatus of claim 147 further comprising:

the bandwidth monitor is an etalon and the first output is representative of at least
one of a width of a fringe of an optical output of the etalon at F'WXM or a width between
two points on the spectrum enclosing some percentage of the emergy of the full spectrum
of light emitted from the light source (“EX’”’) and the second output is representative of at
least one of a second FWX’M or EX’”*, where X=X’ and X=X "’.

151. The apparatus of claim 148 further comprising:
the bandwidth monitor is an etalon and the first output is representative of at least

one of a width of a fringe of an optical output of the etalon at F'WXM or a width between
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of light emtted fromthe |ight source ("EX ") and the
second output is representative of at |east one of a
wG@e@snadisBAK ' Mor EX' ", where XX ' and X X ' PCT/US2004/018944
151. The appar at usof cl ai m 148further conprising: the
bandwi dth nonitor is an etalon and the first output i
S representative of at |east one of a width of a
two poiritnge tluf speatramt dnekisinguropist pesdentdge oftthesmerdy wikgifall spectrum

. W dth f weent 0l Nt S:QA»{ h t '
o i PSR IR OO 75 DR PR EREE LT SoBL L% e o
least 688 tt-fchbioPwihav drHK s Qe ReX£X BXnd )X 84 t.he second

output is representative of at |east one of a second

FWK'M or EX ", where XX' and 'X ". 152. The appar at us
f claiml1 Jurther .conprisi.ng: the preconputed
152. @éﬁ ?pé’la%so%g%ﬂﬂa I’g‘?hgf(gbo r?slm sd from a neasur enent
ofthd pRc¥Bbued hlilrhordedriadles Random vdt Hroparnehtirement of the value
utilizing a trusted standard, correlated to_ the

of thepaatual bendseids parpacter Hekizinga teied iandandh Fowrelased o the occurrence
calibrati . . @QH?ratus of cl ai ni 50,
Ofthefﬁrrgt ﬁléiﬁgeggﬁr?p?lﬁgﬁ%gw%aég%glgggﬁ%ut ed calibration
vari abl es are derived froma neasurenent of the val ue

of the actual bandw dth paraneter utilizing a trusted
153. hegnparaius felaiml gl SYrthey QORPTSEEr rence of the first

ange glee%&ﬁ %t%&tc y r%ﬁi&&(rar@abfe%lai}r{’?ch'#e@rﬁ&ﬁe&ﬁfeﬂmrel%éﬂt of the value

The apparatus o alm 151, er conprising: the
of th#eao vandeddtic pArbinett utliziug e italsied staaderdieoinetded tootie @ccurrence

asurenment . of the valye of the actual bandw dth
of th ’i%\?‘%f@fso%ﬂ ?‘I‘tP‘it?%%r aacat[l]sE?g]f’E&p%q%ar d, correlated to
the occurrence of the first and second outputs for a

cal i bration spectrum 155. The apparatus of claim 152,
154. The spperateorimlaimi Wy, further etnpasing: t he act ual bandwi dt h

paraneter is.cal.cul.ated.fromthe. on; '
Db, Ao ahaplsin RO SR g Fp R AR D SRR the value
of thé hdt8dl bARE@WINIE Paranifer Litii SR @gaRicdtstandand, dovéMted tdie occurrence
and W2 is the second neasured output representative of
of the-fgst apchsecemdcoutputs £gr. a qakibrafiop Pty of cl ai m 153,
further conprising: the value of the actual bandw dth
paranmeter is calculated fromthe equation: estimated
155. Thé wpdardBipell cdaiat €52, furkfenicomptidil® + M where W = the

;:,;ég {y@lgg giﬁ ‘leeea%tu%%gl%ltwicrltﬁ%ta?a%eert]ér% Icz\ill(ceul%fted: %M t?lre egzl(ation:
estimated actual BW parameter = K*w; + L*w, + M,
where w; = the first measured output representative of FWXM or EX’ and w; is

the second measured output representative of FWX’’M or EX’”’.

156. The apparatus of claim 153, further comprising:
the value of the actual bandwidth parameter is calculated from the equation:
estimated actual BW parameter = K¥w; + L*w, + M,
where w; = the first measured output representative of FWXM or EX’ and w» is

the second measured output representative of FWX’M or EX’”’.

157. The apparatus of claim 154, further comprising:

" the value of the actual bandwidth parameter is calcul ated from the equation:
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the second neasured output representative of FWK 'M or

EIX ' ' . 157. The apparatus of claim 154, further
w@owpniseng: the val ue of the actual bandw dt hPCT/US2004/018944

paraneter is calculated fromthe equation: estimated

BWharaneter = KW + L*W2 + M where W= the first

nmeasur ed out put representative of FWKM or EX and W

i sedtinentsEB BhphramawuFdd ot pliva réydr esent ati ve of FWK'M

or ‘", 158. andwi dt.h neter conpri si ng; , :
opwgé?fl ‘P’y=c}§§@égsrf‘?ﬁé’u’ferqs%l%ﬁ?{esen}@gérosl%i% ng the g%(eraélf} W2 18
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158'%%@9@3&?&%@5‘?{%&%vvavel ength distribution of the
engs eyt dispensive ingnanerodigittsisg theahelggconpripiag theheitput of

recorded spatial or tenporal variation, a first Ce .
an light| soutcgtintors sapipal 104 tqaporalLomain peEling i the aﬁap{elgpgtp [istribution

ofthl\é%\ﬁ%gg%%}{é lgh2%5+?yt ion of the energy, respectively,

spac e domai n, based upon, respectively,
~ t hg depaior,abcordingergsmacilely athe apatiahonfentposl waniaicamgtwavelength
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dist 0B O thr<PPTEY, Aol GS UL FBIOYIPUE GRS Loy g Bpgrd ppatil
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orteg@triola}ta#%ﬂgﬁﬂpr operties of the dispersive instrument;
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one w dth of the wavel ength distribution of .
the CRTEEREREF R\ B e ATt A pPopes L R thpata
or tc{lfmﬂdc{%éhllﬁiht%h Spe %%'l%n%tﬁldimtwnﬁﬁ thdeneddy teeaded bythe

as an argunent of a nultivariable equation
detehtav; and cpmeating respaeitv el ithepatirlon tomperaliisibyferintg thet o

the optical souyce ' Ve RSt At .
wartBrg B OihT 1 b Baflet RS of R GURRre iphRneats and
ar guegRBhd chRflatibheappaparsatutitiziof atl Bash dfe8widtht dfethe wavelength
~conprising: the first cal cul ation apparatus and the .
disteoumo I CURED: B hapaYeAEY: PBAin GEeHaI Aty i BT Griculation
’ i " ' T i fabl i
onfl: 5L il HRp008 BP0l RSt 3 A0 ot i
havitighprbdetatlinat editfration vireabigscappcifiortprtheioptical sopecet thendispersive

instpantapa et Sl e e Lot e Hiah! S bR 1t he

159. The apparatus of claim 158 further comprising:
the first calculation apparatus and the second calculation apparatus are the same

calculation apparatus.

160. The apparatus of claim 158 further comprising:

the at least one width is at least two widths selected from the group comprising a
spectrum full width at some percent of the maximum within the full width of the spectrum
of light emitted from the light source (“FWXM”) and (“FWX’M”), and a width between
two points on the spectrum defining a content of the spectrum enclosing some percentage
of the energy of the full spectrum of the spectrum of light emitted from the light source
(“EX’’ ) and (“EX’*" ), where X=X’ and X'#X’”’.
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of light emtted fromthe light source ("FWKM') and

("FWK' M), and a wdth between two points on the
w@p®snerses def i ni ng a content of the spectrum ePCl/US1004018944

sonme percentage of the energy of the full spectrum of

the spectrumof light emtted fromthe |ight source

("EX" ") and ("EX'" "), where XX and X' X ".161. The

apparat us of claim 159 further conprising: the at

ast one W east two widths selected from
161fﬁ ‘Hﬂ%@?&ﬁ%§%§£gﬁe@gFﬁﬁﬁfuII wi dth at sone
Perpe ﬁf le%t 5&3%1@[%2(13%! st td widthe séledtbd Wodt the Prodh€omprising a
spectrumof light emitted fromthe |ight source

spedtiuERENE yidth @t gonmyperent of sheomaxiwiugh wnb@ttheéwl wigh 96 ther spectrum

o Qe PSS RSy £ g Ry PRSBUla berves

twoﬁf?ﬁ’l% bﬁ%@ﬁpécﬁﬁnﬁd&ﬂiﬂglmb@{teﬂtl of hhe qmctrtlﬁcbnfcro@mgtsbme percentage

ht source S %1‘
of tls(e energmf theh & bwammwsf tbf: SE%qum Qﬁbghtﬁmlﬁé?‘ from the light source

«n & T o To N £ Liyvaksi abl e equation is
E&,ngg? Vyhg?" Bg}ﬂa a%c 5thal bandwi dt h par amet er
descriptive of the spectral distribution of the energy
output by the l[ight source selected fromthe group
162FW(6 nppadtas of deim 1 Shrthppeamarisngsf cl ai m 159 further

ev ar@ fﬁéggfélg M]l?(’gjl a% Q&ua@dht \é@{illugtg gféﬁfa'teogn 'aétual bandwidth

cal cu e an ac par anet er

par&le&ef dégchp@veof)f theepsqet disuihdiont ofi thel ‘ene:rgy obitpub by élmelighyt source

out put by the |ight sourge sel ected fromthe group
selqetgdfim the-groun EXVXMeEd par at us of cl ai m 160 furt her

conpri si ng: mhereln the nultivariable equation is

eval uated to cal cul ate an actual bandw dth paraneter
163d&“heapmhtueoﬁélaMé5%ﬁE&Er edmplisng:i buti on of the energy

out put py _t-he ht. .sour sel ect ed fro

Py hprebdbe TykiaRatte Sty TS STAEER (1 SPlckiy B B8 pandwidtn

¥ ﬁﬁ@é LiHch@bct?tl d¥triBution dfoBe ehb@y BRAL B Whe Dt source
parérlgﬁegalsé%gfur?her t‘%o?rgrl S|%g 10v\n,her eleﬁ ?Eg i a E

selevtdd framtheagionp EFRTMoFX*S. eval uated to cal cul ate an
actual bandw dt h paraneter descriptive of the spectral
di stribution of the energy output by the |ight source

164 ahe appatatul oftiaiie 160 ﬁ.tiﬂwFWiﬁMmE@(**, V\her ein X* may

equal either X or X and X** nay 'it er X' or %(
“wherein the multivariable equation is evaluate to calculate an actual bandwidth
parameter descriptive of the spectral distribution of the energy output by the light source
selected from the group FWX*M, EX*#*, wherein X* may equal either X or X’ and X**

may equal either X*” or X*”’.

162. The apparatus of claim 158 further comprising:

wherein the multivariable equation is evaluated to calculate an actual bandwidth
parameter descfiptive of the spectral distribution of the energy output by the light source
selected from the group FWX*M, EX**, wherein X* may equal either X or X’ and X**

may equal either X*” or X*”’.
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