TI-TLE | nproved Bandwi dth Estinmation Robert J. Rafac RELATED APPLI CATI ONS
5 This application is a continuation-in-part of United States Patent
Application Serial No. 10/615,321, filed on July 7, 2003, entitled OPTI CAL
BANDW DTH METER FOR LASER LI GHT, with inventor Rafac, Attorney Docket No.-
2003-0004-01 and is also a conti nuai}w n-part of United States
Application Ser. No. 10/109, 223, fil June 26, = 2003, entitled METHOD
AND APPARATUS FOR MEASURI N @gﬁ&;ﬁdgpmﬂgﬁhc& OQUTPUT OF A LASER,
Attorney Docket No. 2003-00 1, also with Rafac as an inventor, both
assigned to the assignee of the DMGMJMCC&UOH the disclosures of

each of which are hereby inc o] d ref . FIELD OF THE | NVENTI ON
15 The present invention rel m&%ﬁﬁgﬂ‘g&@&ﬁmﬁ on of the spectral
bandwi dth of fy;s gﬁl‘?éanoMH sc&ﬁnﬁ{aabhxnipaﬁ PN RERASthBY PALAOApFIRkAbR Setigl t he
accurate estimati he bandw d an optical source u

S
i nt er f eMdoret0/615,821, diled mackily &, 2063, rmlﬂndsDPT %@AHW@H‘IMJEBM@%UI se
respons t. have .bandwi gener al | r than
hat or TemeBE T R e aten, Rafho iR e er e dof R Bl e
out put  SRAGHEHONCh-Fard bﬁernnadi rened AppEbatRin $@s &Vo. | 10g109,290y! fitel 6IOUUM6
|l ithography Is not 'generally constant in tinme. While stabilit hafﬂﬁgreatly

i npr ove @03 hntithel, MITEHOh ANIRhABPARATHE KORr MEASYRRY BANTHY D

fun i on h fact f O‘S%dﬂ LWapact
éect Iégﬁg%éﬁ%ﬁé}ﬁj Qnﬁﬂ ﬁl %‘%ggrﬁé%h ﬁp?rogg%tnlggc% 3a% so é%[)een not

COWD' et ERé;fa@ flx@raﬂtlﬁ{zérﬁ@d bdipvisyighed ttbethlenﬁésl@meeoﬁ)tha‘ pfdsentv\apjﬂimaaon the .
(hal f - maxi_mum (" FWHM') and 95% enc] osed ener ¥) (rrJ,:? 5% or "E95" or

sonet i mekisolesuggsiaf gaglpohwhiohane here “158}:1?‘3("9“"’3 YEFSHRTSt i on bandwi dt hs on

i mge contrast, | |og-slope, exposur e | atitude, etc., have been found to be
“significant, as di scussed in 30 "Contribution of poI ychromatic illum nation
to opt i caI proxi mty effect FIRLD IQF TEHE ENVENTIONep- UV -1 i t hography", A

ShotSmskc Too PSR To 5 s b 0 defetiindifup 8¢ o2/ Spbbtra) BAHRORA B

laser. More generally the present invention relates to the accurate estimation of the

bandwidth of an optical source using interferometric or diffiactive instruments
(“spectrometers™ whose impulse response functions have bandwidth generally
comparable to or larger than that of the source being measured.
. 20 . .
BACKGROUND OF THE INVENTION
The output spectrum of a line-narrowed eicimer laser light source for DUV
lithography is not generally constant in time. While Sfabi{ity has greatly improved with
advances in technology, neither the bandwidth nor the functional form (shape) of the
25  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%-énclosed energy (“I95%” or “E95” or
sometimes refe&ed to as “spectral purity”) illumination bandwidths on image contrast,
log-slope, exposure latitude, etc., have been found to be significant, as discussed in
30 “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 chron}atic
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(Eds), Monterey CA, SPIE Vol. 4562,. pp. 1112-1120, 2002 and "Under st andi ng

chromatic 1 aberration inpacts on |ithographic imaging", K Lai, I|.Lalovic,
R Fair, A Kroyan, C. Progler, NN R Farrar, D. Ames, K Ahrred J.
M crolithography, M crofabri cat ion and M crosystens, Vol. 2, Issue 2,
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light source in some way, so as to stabilize the light source spectrum or otherwise

20 modulate its bandwidth. In such scenarios, the enhanced spectral performance
repeatability obtained means that generic optical-proximity (OPC) solutions can be
imagined that remain effective and consistent over the system lifetime, e.g., including
requirements for enhanced ability to strictly control bandwidth within some range, i.c.,
below some threshold but also above some threshold.

25 Commonly used bandwidth metrics such as FWHM and E95 are not always
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

30  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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20  spectral energy distribution, and to better represent the integrated spectral content for an

exposure of, e.g., 200 laser pulses.

SUMMARY OF THE INVENTION 7

A bandwidth meter method and apparatus for measuring the bandwidth of a

25  spectrum of light emitted from a laser input to the bandwidth meter is disclosed, which
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 outpui 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

30 thé 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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alteration of certain parameters of laser operation;

20 FIG. 2 shows an embodiment of a double-pass grating spectrométer;

FIG. 3 shows a spectrometer utilizing the angular dispersion of a single plane-
etalon according to an embodiment of the present invention;

Fig. 4 shows contours of the difference between Voigt source and Lorentzian

- instrument-convolved spectral FWHM bandwidth versus shape parameters in units of the
25  Lorentzian FWHM bandpassy; .

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 Y;

FIG. 6 shows how leakage of energy from the near spectral wings broadens the

30 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. 10 shows predictions of E95 using a two intensity-threshold (FW35%+75%)
model of a bandwidth equation, showing 3250 spectra from 4 separate experiments
20 combined: Group I, normal F; concentration with delayed MOPA timing; Group II,
normal F, and normal timing; Group HI, enriched F», also normal F, with shorter_1ed
MOPA timing, with deviation from parity better controlled condpared to point-slope model
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

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

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Example I in FIG. 1A demonstrates the impact of greatly enriching the fluorine
concentration of the laser gas in the master-oscillator of a MOPA or the gain medium of a
30  single-oscillator, e.g., an ArF single chamber light source. With the addition of extra
fluorine to thevgas mixture at constant fotal 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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of FIG 9, and with the inset show ng the distribution of tracking errors
for the spectral population, with a sigma of 12.1 fin, about 4 fmof which
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I n FIGOPegtlllustrates a change due to a very large static error in

20 Example III shown in FIG. 1C illustrates a change due to a very large static error in
the relative timing of the discharge onset in the gain medium between twe chambers of a
‘MOPA light source. This phenomenon arises, e.g., because the spectral shape and
bandwidth of the MO output is time-dependent. This behavior is therefore somewhat
unique to MOPA systems (MOPO architectures have a further spectral complication due

' 25 to gain competition between the injected and free-running modes of the power oscillator).
In normal operation, the delay between firing of the two chambers is chosen to be that

time <o 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 to+10 ns. When

30 the delay was decreased to t¢—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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the relative timng of the discharge onset in the gain nmedi um between two
chanbers of a MOPA |ight source. This phenonenon arises, e.g., because the
spectral shape and bandwi dth of the MO output is tine-dependent. This

behavior is therefore somewhat unique to MOPA systens (MOPO architectures

have a further spectral conplication due 25.t ain co I.tion between the
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(application of nechanical force to sinulate thte effecj@?l. of Igt def ective
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pr of oun - L Ny:ke i A 8ail SG0N defReaAP optivRade t he
FWHM \/vagj‘“z:ﬁEé 1g§2§e1€r§2}1§8?€?;{1%,?%ﬁ%§n§1 gﬁgﬁg%le&cyﬁgﬁgg,&i‘g but 9? he Egé)@ changed by
near|y dtstolduntingTéte. syrmetry of the spectrum was al so destroyed by this

perturbation._ This kind of, variation js.not nor f | L |

| ght sour ce, Thepg fous, uﬂéaé’r?nﬁﬁ%?rvtg‘ﬁ #@lﬂ%i%essggﬁ i g{r?l%h‘éﬁé Llalq@ﬁtrﬁ&gﬂ
defecti V8 1@eabdH lahfIdRIdfndh Cofftsd ongdifly @Xamsiivauts hdsgnenl [Theglianeg, but
differential thermal expansion between a reflecting_optic and .its

mount i ndllusstative of types o6 spesiial changss that camand do grite v8en GRFHAMIICh g Lespht
spectr al, L.at,lon ' e -al: : Lo WBatengoi Ng
at appl i%éﬂ? ggoél\égfl%tgéelégy’fﬂg@?g?%%b%t &%?#%%@\%ﬁggg ypé%#ig)f .’s pectral
changes atdetiosem forahe spkeifigstions,ofiemrthe ectual bunidehidthan nptisuspecification and out

20  of specification when the actual bandwidth is not out of specification. Either case is

detrimental to laser operation in the very high repetition rate tightly controlled

wavelength/bandwidth, bandwidth stability, dose stability and other stringent operating

parémeter measurement and control requirements. The challenge is to develop metroldgy

on-board or external to the light source that does not fail fo account for the spectral

25 changes that could negatively impact lithographic performance of the illuminated

exposure tobl, 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

PUV light sources. However, the development of accurate and robust spectral metrology

30 on a per-pulse basis for a high repetition-rate excimer Jaser source is very technically

challenging and at least much more technically challenging than may heretofore have been

appreciated in prior.ari 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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I n erroneous netrol ogy, which can, e.g., report bandwi dth within
specifications, whatever are chosen for the specifications, when the
actual bandwidth is not in specification and out 20 of specification when
the actual bandwi dth is not out of specification. Either case is
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exposure tool, and to do this accurately in spite of, e.g., changes In the
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basi s f @eceysdiy Fbr dieRRcobdpRtitioal T BDSC hdBIsclsBSE e.& Ol “Terfdcls ¥EUMs igesral ¢al | Y

chal | en%:“gﬂ and at | east nuch nore technically chal | engi ng t han nmay

her et of Whbendyeidih spasplieations ed lithogspphde imagingdtAoKoepans | Jrabomic ambiN.

future- i Fgh b | -,S r.al t I.on
woul o iy s T Vet BE R (Rl R REET b PR g 200, 88

E ol wd i odiseRyuressfuivhith ie.llﬁreby\/’mbiyrpbt)@‘d Epeabnreﬁs&oﬁm sroﬁstﬂjmmh Alsowdgwike,can

e recast nore rigorously, e.qg., ~requiring that the inpul se response

(i nst r ufBntatfasreraicoad buptyaethod ey gﬁﬁwlngﬁgm%mav@gﬁhggm@ﬂm By
times s lspdddih b ABiohd r spe The: 0} ut, i y
hl o r e peE spectli AR S bfuhed Hn G 60 el SRERTIMr WHGEIELBIITRY ||
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spectrum.can si.gnificantly i ct .the aerial image .properties; this
requi r eff8HE s B% cf%?‘?]’y e'grregggirarbﬁ P oI ¢ nX‘ng'BE’E‘a $ige B peppendgot
di sedisspidasiefient diNthe BhitRGhéntHinSRM, oP5E8E Bbrt\T: mafhMiiMtibaANIWefli Rmpirical =

speci fications on lithographic imging",- A Kroyan, |. Lalovic and N :
Far r ar , modek exgo| thatsdisins eysimian resplE poestimaseyr Tpe yoldtion may alsprequire,ssg., Mar ch

2001, e ORI R C3NE) oy RO HRRERRALRY, Wl Sip e

di sent areghirad fédperepuisd wssesymérheoftupaetvil djuilinf add ithogeaphie psirest judpmbniom t he

O e e Sl o oy ngl

m{j%peﬁguginc{h%h-beméssa@; k., r StabilRy bDSAlivRRidh, Hetfabild) 0P RYbitbingfl, Had Ng an
long-life in, e.g., a lithography production environment.

It may be difficult (if not impossible) to simultaneously satisfy all of these

requirements with current technology. Multi-pass grating spectrometers, e.g., as shown in

FIG. 2 can provide excellent spectroscopic resolution, wide inspection ranges, aﬁd ability

25  to deconvolve the influence of the instrument function using Fourier or otﬁer methods. As

shown in FIG. 2, such a spectroxﬁeter 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,

30  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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15 neasurenent of the instrument function, or some sort of mathematical or
sem-enpirical nodel, e.g., that obtains a simlar result or estimate. The
solution may also require, e.g., a high signal-to-noise ratio ("SNR') for
a singl e-pul se measurenent. ldeally, e.g., this is required for per-pulse

assessnment of spectral quality and_ |ithographic process judgnent. .The
sy E te {n ﬁmﬂt@rzr?tﬁrs _@Eﬂjhlﬂﬂéspe’é‘-‘.a@.e, tog}st foE éYSt%{% &“ﬁghﬁ’ém%“c?ét‘fl ‘iﬁiﬂa??l i’@;iﬁbﬂe .
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simul taneously satisfy all of these  requirenments with current technol ogy.
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5 mbhsudifren vavelepgths; n | j t hogr aphy production applications. Fabry- Per ot

etal on spect FITRL &S .@vi%]- Fg/a?illgsg}%éﬁohﬁte% GurdlyCom the Obdsfbeoﬁrsfaeafdsecblﬂat ive

solution. They are"optic npl e and can be made mechani ca I_y_robugt
with neesobutiongnddnspectiGuintersals pangt fregapeeiral gengeS FSROWRIgIsmisSsion g

include, .e.g., homogi ni 2, |1i i 4
a0, " e higheisess ) GRS huotan b e dtitssh =i 5 PorikiRL SRoIERRs fenefle Eafhg"
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slit meahs that for a given input, a Iarg/? i rradi ance can _be‘og}%i ncad in
the20 pm and an instrument function of 50 fm FWH gh order.

bandpass when operating in
To match this performance with an etalon spectrometer, an FSR ~ 15 pm and a finesse of
I ~ 300 would be required. While this kind of performance is routinely surpassed for
longer wavelengths, it is not practical in the DUV, where surface figure (parallelism,
flatness, roughness) and mirror coating limitations typically limit the total finesse to J <

25 50, The ﬁnesée—loss due to geometric imperfections can be reduced by using a spherical-
confocal etalon that is mode-degenerate, because the focusing effect of the spherical
mirrors results in 2 mode diameter that is small on 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
30  of isolated shoré 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

S




detector plane, e.g., at the PDA 54, e.g., even in spite of poor beam
quality. Because of this a plane-mrror etalon 46 can capture useful
spectral information froma single short pulse of illumnation by
utilizing the angular discrimnation between transmtted beans at 1

5 .
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pm and a 6&strurrent function of 50 fm FWHM bandpass when operating in high
order. o match this performance with an etal on spectroneter, an FSR 15 pm
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E95 decreases.
20 As was discussed above the spectral shape of DUV light sources may vary
significantly, particularly in cases of defective components or controls. These shape
1chai1ges may “hide” beneath the instrument function of the spectrometer and influence its
output. Therefore, applicant has determinéd that special emphasis must be placed on the
~ third requirement listed above, namely, that the method used to estimate the bandwidth of
25  the source spectrum from the etalon fringe measurement be dependable and free from
systematic error caused by changes in the shape O.f 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)

30 by the spectrometer is the convolution of the source spectrum S(1) and the instrument

function of the spectrometer I(4):
Oy = [S(AI(A-A)A 1)

10




reached in these areas while retaining the desired features, e.g., superior
singl e-short-pulse SNRs and adaptability to manufacturing applications
that require physical robustness and 10 reliability. For spectral
nonitoring, e.g., of lithographic tool illumnation, plane etalons wth

FSRs f 2 to 40 ttaini fi | f - b d.
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above, nanely, . that the t hod ed.to esti e 1 dt .he
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applied to recover t coppl et r : | firom a
spectro PeYa?ﬂ%égﬁY%‘ﬂg‘ﬂFl_ H-}%h%ang}wéﬁgl&%&%ﬁ@ﬁ%{lﬁgﬂn%O%?fﬁgﬂggg% g{?r’r‘lgf?l er is
t he cony@lisrhiu@imized ad the nseHdlieenPER kUM SHN oalB95tdrehd hisd. r Tinie it onef formtdfon of
the spectroneter 1(1):

aﬁz !S(A'?gl (a- A dA 1%11) 1k(0) Three mélte ads _are
comi®n| o emtpusfenin e bandsyidibnd@teqier thahhieBreseilye Qhf, PREMELS ?r‘Hi‘P‘@(’f)
given th ' ) 1% IBd edprtRahtivy of Hasstsdi | | ed
in the 5$Qr§%§%%{vtg@%§%ta%3g%ng%(ﬁh%;ﬂl{)g,ghdeéogg%’ ?'Eé%rpziul t nof 0t he detection
of frinF8HMOogE?S. fromthe optical output of an etalon by the use, e.g.,

of a photo-d iﬂ%emgsrtrc%ﬁlp(lételz I(:))fA;l?e cvt\)'hrrim%:ro]nly applied methods is a full deconvolution of the

signal O(4). Given O¢1) and an independent determination of I(4), a solution to Equation
20 1 can be found, e.g., using Fourier or other methods. This can be a challenging task,
however, because in general there are many source spectra S(4) that convolve with I(4) to
give the same actual output signal O(4), which is the complete O(L), only discrete portions
of which the bandwidth detector imager, i.e., PDA, actually “sees” and from which the
values of the representative parameters, e.g., FWHM or E95 are calculated by the

25  bandwidth detector system. |
Usually special efforts must be made to deal with noise in the measurements and

zeros in I(A), 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-
30 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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5 may detect, e.g., the intensity distribution of light laterally across
the diodes of the array. Such intensity values may then be used to produce
a plot of the intensities, which nathematically, using, e.g.,

i nterpol ative techni ques can be used, e.g., by a digital processor to -
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1(2) to9§)vel¥e/Eant) act pat— o3 I'wrilerFs the conplete
QA X), only dirscrete porti o bandvm dth detector imager, i.e

PO acHu R SOPAT WUADART, GBS, Sl el SRR

systtem cdissteait] The pO6 ivalueebiihl iesshandédd dim:laﬂyl,e:ebmﬁeal with noise in the
nmeasurenments and zeros '}n 1(2), and for a fine-grained spectrumthis

process £dn t akel'A2consi der.abl f proce ng tinme. For these and
other r g,o(?g*ﬂt u,sl—r@th éjem Vﬁ& wel | émted for nonitoring of

t he band of a |ght source spectrumon a per-pulse basis in high 3o

repeti twhere' Bl £ a¢Hdltdsahé E9P HandWidth BEIRCHadkStedtspbdtrd) dBHEH RS, When using
hi gh-resol ution, gratmqg spectroneter neasurenments for basic research or in

| i ght - sour ce#nthird useeésrpeth@ﬁ\ipf @bﬁ#ém&thwméw@pwaaémdth erdithout
knowl edggy @écohﬂﬁuﬁéﬁﬂ) ‘Pi‘ohé 544 é[’shéjf'lbslt é‘u %Qdﬂtﬁ%gﬁ't@'f&lﬂﬁ or

appeal s to mat malc argurrets maeon ana
appsoxi arblsi aditionfal tdoerestine teems piectaduce ahﬂjsysn&namn‘br ftlwtc:tesuim fibar, exanpl e,
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imperfect assumptions about the shape of the source spectrum and/or instrument function.
It is therefore semi-empirical in character and requires calibration against a trusted
measurement. In a typical scenario the light source. is run through some series of
_ operating modes or conditions that cause its béndividth to vary. The source FWHM
20 bandwidth Iy 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
és detected w. With this data in hand, the source bandwidth I's can be estimated from the
relation I's ~ fw). 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 cases where the spectral densities S(A) and 1(A) are both perfectly
Lorentzian or both perfectly Gaussian in distribution, the FWHM and E95
bandw dt hs of the source spectrum5 S(A) are very sinply related to the
bandw dths of (A) and I(A). For exanple, consider a Lorentzian source

spectrum and tru t function. WI . bandw th b8 r :
respectively: L@?ﬂ)g eﬁ% SF‘?“'F{“R}“"‘& fn?—a ig POk &33“;+ S?I%!ES choice of

T(A- Aa) %?’c(cf 1/ g%z fo2)F WM Gand Wdth | dstimAlian Jis (thé Subiractions&f BA-dxperithentally
(A-A0) Z+((r,’+ry72)Z Hence, In this.case the FWHM bandwi dth Fs of S(A) is

f ound Jldstenbmedwbnstamtof&et of a 10 constant. Thé E95 val ue could be handl ed
simlarly, bec?use r%l r/2'-")=12.71r, (3) ; Qﬁ Aa)2 +(r/2)2 rtan(o.95
] 2 vvhere”E dee ot es the E95 bandwi dth of the( racket ed spectral

di stribytion del th f t.so0urce
bandwi dttfsods f V\f(!% %/ gn %egl ﬁ%hvm %tcﬁ gggﬁg}rﬁdﬁg@ tgg a
first gm%mé%tfuﬁﬂﬁéhf ofethel dpect@neOhre ﬂtﬁe@dnsremtﬁhd |a@nalseﬁmm Equéticn Rer ns
to reduce the systematic error that results fro | nper.f ect

assunpt labmse ahmﬂtaltohespsttaqunet@f makhage @ﬂd@s@pﬁmt%mmf thak 4y vemreneerly

function. Is therefore se ric ha e uires

cal i braﬂ:PBeﬁlt%I@'él gk ag 1 ‘#We‘éd%%g@ﬁr%ﬁéﬁwﬂ ‘%@J fa@‘ﬁ @Wi@éﬁgﬂ“gf TR i ght
source | é d&th&aﬁ AEtSE LY 8Rh&fa GARGIA drCorBRGRM RtribaieH, lnans fadiat
cause its wi dt 0 vary. e source FWHM 20 bandwidth rs is carefully

det @6 mi e beltqmmg:hfﬁmdt toeiramsterigg. dhg.simple @t thahshe ratighE9YEVGTME 1Scm)t

grating spectro er and rier deconvolu £
the samSOR§iFRe; 2 nﬁp V8hpnt 5’5& ﬁ% %bﬂ %‘3@1 fe‘lrgn m%g?‘g&%?ﬁé&%%ﬁ fgis'g% on | s
recor de%dl&%onﬂﬁﬁﬁd}a@?ﬁﬁiﬁ or tﬂi‘irélzﬁﬂﬁ REdurgiibndeare nglequitee Thiblvhfio iraaing dt h

w of an etalon spectronmeter contained inside the |ight sou\rlﬁe, ﬁi sq%Frre
di gi t al Comstmaﬁ%gh@egﬁd‘@ﬂmce fores ast eni be sem R Bqugliqneds elg- wihspplioge.;

data in hand aekdhi on
e 1 () ORH8F BRYTBAARINIMR five G npaIER CUIRAE SRR banl it O

| nspect rRhs@hjedth dadyate&mdkomd&ydaqﬁﬁmmm tiee wiataiie neft theaspecealsshapag $ach as
noted in the just preceding paragraph.

illustrate this point, consider a hypothetical light source the spectrum Sy(4), which is
shaped very nearly like a Voigt profile. A Voigt profile is a convolution of Lorentzian and

Gaussian distributions having equal energy content:

/2 1 1 A—-,:.'Jz |
Sy {4 di’ exp| —=| ——1| |} &)
() I ( A% (T /2)° ‘o2z p[ 2( o D
20 The source spectral shape is then completely characterized, e.g., by two

parameters, which are the FWHMs I'L and I'¢=2¢/-2In(172) ~2.350 of the Lorentzian and
Gaussian components. The output Oy(4) 6f an etalon spectrometer illuminated by this
source is well-approximated by the convolution of Sy(4) with a purely Lorentzian
instrument response Iy (), where the FWHM v of this Lorenztian is given by the ratio of
25  the etalon FSR to its finesse 3: | '

0,(4) = I [ T SV(A—A)]; =2t ©)

FIG. 4 shows the difference between the FWHM of the etalon spectrometer output
fringe Ow(4) and the FWHM of the source spectrum Sy(4) relative to vy as a function of the
two independent shape parameters I't/y and I'g/y. As I'c—0, the difference 3 between the
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12-Looking at these semi-enpirical nodels in nore detail, the sinplest
choice of nodel, e.qg., for FWHM bandwi dth estimation is the subtraction of
an experimentally determ ned constant offset: rs t.f(w=w8 (4) 5 This
nodel is mathematically exact, e.g., when both the |ight source spectrum

dth ' ; ti t t | .ent zi ,
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functioge i(zé)exb&ﬁéd.' Tgﬁusuh@ea{diaon bEYcRBES bi"Equﬁ'én as Bdtlaléstﬁ‘f igsl ahpye the
spectrum S(2) of the 't ght source Is In eneral not well approxi mted
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assugrrpt |a ns 2']?;'J{{rngé ?Jrzl"g%%&qﬂa% €. Ckf‘ﬁggstgﬁéa?}t ?gql%%?r}n{@eﬁgg Jggi%s fl 1(agﬁ‘tlésfcle)lr '}% hsggﬁe%“glr%l ytic
f or s aartifiztel et Skeswratdsotite Batiation beBveetlimitihh araeésoo £ Lotdneziar and (Guuksia f set

nodel (F uation 4) will give an inperfect estimate of the source bandw dth
15 | ' s, lghfifopeses e5ady.syst emati c error dependent on the details of the

spectral sha Hanck! r hj ' [ k I ght
source the sggrg?r um(:lg;vd(f‘é?i E c&h@gﬁﬂ)@s&%%égﬁggb} yﬁ%‘gﬁ@%ﬁ%ﬁ&%#t&{o #
prof i | epoiAt-Slopgimadebfile is a convolution of Lorentzian and Gaussi an

di stributions having equal energy content: 1 r /211 (.,-/,12]). Sv (A =
JAAY x12 (k=783 - 2vc exp[ A7)6 ) (5) _ml f 20 The source spectral

shape is thep,conpletely characterized, e.g., t .paraneters,_ which are
Che FWHWS r L 1@ -_S%Pe-m?%ﬂ(ﬁor 8w lg.ré%gﬁwtﬁ%@a ol svestrel AHoIHbRER | an
conpone t %ﬁ; ' S ?ﬁ%k EARE NI . this
source ?}ﬁ )\A’elﬁ%é’ggr"w et 6 %@E‘teﬁfeb g%%\i}glrrﬁ iﬁg?\&% v %1;.‘1 vtxgl ét{ﬂwgg%ﬁ&%é%r

Lor ent zéxmmplé,nif thenrizd lines peladenship (fFmIvHE veherden fiHaye odostdhits; ahdtlenzt i an

is given by the ratio of . 25 the etalon FSRto its finesse 3: Ov (2) = JdA
1 yl12 ooverd] bapdwidgly variafion efRSw(gbyloeg ypt pover (99 Midepaange. s filorevendf the

di fiser eéb%gtrgegﬁ\ﬁ?en it hﬁooliw'lwoﬂétraﬁg@d Thél }S’Jlntisﬁgﬁé " ABEIC Cal? Ui Lsuffer from
inaccuracies, which increasing are becoming intolerable. In the case of FWHM
estiination, it is worth again noting that the performance of these simple models improves
greatly when the FWHM bandpass of the instrument function I(4) is made very small. As
also discussed above, however, this is difficult or impossible to achieve for plane etalon

20  assemblies of even moderate FSR in the DUV,

A more robust method for estimation of bandwidth using etalon spectrometers will
now be discussed. For an arbitrary light source spectrum S¢4) it might seem that the only {
useful bandwidth estimation can come from rigorous deconvolution of spectra obtained
from a device with very high spectroscopic resolution. Further, it miglﬁ seem that E95

25  estimation is even more untenable because it requires integration of the source spectrum
over a wide range of wavelengths. Fortunately, w1th a clear understanding of the
limitations of the technique, robust semi-empirical methods for bandwidth estimation 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

30 bandwidth of, e.g., DUV excimer light source spectra using the width of etalon fringes as
input. By construction, these techhiques are designed to suppress or actively correct

systematic errors that arise due to spectral shape change. Most of the methods under
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fringe Ov(2) and the FWHM of the source spectrum Sv(A) relative toy as a

. function of the two independent shape paranmeters r /y and r c/y. As
|"0->0, the difference 8 between the 13 etalon fringe FWHAM and t he FWHM of
t he source spectrum approaches a limting value of y as expected. This is

the conditiaon descri bed b uagtion 2. .But as t wi.dt h, of .an
corrponed{quﬁg'f‘té%{'s 8’43’ og 6’6%"5 E@?éﬁ@ﬁelaﬁfdo‘}sheﬁg%g%ﬁflg‘%ﬁ eﬁﬁ&ﬁ\gelfe&gggssl
Fquat | on_fopyklof ol AlikichOuflibreAfle RS PVEIS) [BHBeRedlbiensatriashORARY dth
within current an approachi ng accuracy and consi stenCy requirenments.

This di sfubsiamcd speaabiiaibutian t(ufd hérek ilSUHS). Sesundaibthe tthid-width attXbrof
between limting cases of Lorentzian and Gaussian i

X ht | ly.
Por f or el THENTECENEVENe: STWSOY hetitie Eas be MeAEace By LR BN ¢ to

a pQint-slope del : .10 Es =~ f = AL - h; MO kS
et 51 orERRoRAt st Op W sre hatPescit PBfReRBF e Sl GRROERLRNAMDRES |
i f the pardyet@ESfufflwitt dEferisan6RNGH ) aigdgy Bohtbal In tirr wdidsost, theaource
exanple, if there is a linear relationship Fa mL+b, where mand b, are

const antspectama t Feird,other spiate o rinilwidihs and speetrel shasks 2gcesribls 9ot sEBlr t oo
i d Ho i.f. the 15. N j h
IR TG e e

I naccur acl es, ncreasi ng are

becom n%alﬁ&:‘l@%@ﬂ%@éﬁﬁoh'&rfaﬁﬁn@@ﬁﬁﬂ@ﬁaﬂ%ﬁﬂl}ﬂon@@tﬁ mation, it is worth again
noting that the performance of these sinple _rmdogl s i npyr OVGEP r,eatl¥ when
t he IFWHM bandWithsthete peiats s mrodresnplicaicindohis| qoieaguesaays @P‘? ig fghlFtoras

I'so di d .h ol s e sadi Efhcult Qn il ' ' '
For ol anebanarn g i BERIE o “Spiat B e bl gl MARIRg, 1, AEleC "

r obu;t gﬁéé@@&ﬁegf tlezgiﬂi@i?é,i Q’gl ?ﬁe u@dmldv\ﬁidrzlt?hesnﬁﬁdtgr ehadedntos }mbtain)i oqmtaepw?]w N
now be dil scussed. or an arpitrar I source spectr I t seem
that theredigton %@p;ﬂouwgrﬁa\ﬁp@meé%/qﬁfa@gtqfdhe %ﬁ@%&peﬁ,w&?ﬁé@mﬂ% or
deconvollshiil HdPs by RhetliStt, 44 Bb3 HRHARK MHaP 1Y #EtiI P immune to
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et al ons may tai ned. _
laser light sources is relatively well-modeled by

W(X%, ) = AX%, 1), e + BIX%, ¥)E e T+ C(X%,7), (8)

20  where 4, B, and C are constants that depend on the spectrometer instrument function and
the fraction of intensity at which the full-width of the fringe is measured, and ¥'source, Esource
are the FWHM and E95 of the sourc_:e 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 ﬁlrther. generalization of the models discussed herein, taking into account -

25  the dependehce of the fringe width on the source spectrum. When the ratio Esource/I source =
constant or Eguce=constant the point-slope model obtains, and when either of these
conditions hold with A=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

30 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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Applicant and his coll eagues have studi ed a nunber of techniques for
estimating the 30 bandwi dth of, e.g., DUV exciner |ight source spectra
using the width of etalon fringes as input. By construction, these

techni ques are designed to suppress or actively correct systematic errors
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respectively, which part 1st ect "of the above referenced patent
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and when either of.these
and B.

20 In designing an etalon spectrometer, the available choices of y=FSR/J are highly
constrained by the availability of high-quality reflective coatings, low-loss/high-flatness
substrates, and cavity sbécers with very low wedge angles. Therefore, the optimal choices |
are not usually available especially with current generation and future DUV light sources
and with current generation and upcoming lithography tool requirements. .Applicant has

25 discovered, however, that a remédy to this situation may be found, e.g., by adjusting fhe

| 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

30 bandwidth of a large population of source spectra with shape variation, e.g., when using a

- point-slope model and y=['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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conditions hold with A~1, the constant-offset nodel obtains. The
coefficients of Equation 8 can be determ ned by conputer sinulation or
calibration against a trusted standard. In practice, it is helpful to use
sinmul ations as a guide in choosing the paraneters X, y and the 30
functional f.orm of .the,estinator t ' e desi - [kl ulity.
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Applicant and his colleagues have examined the usefulness of etalon spectrometers

for application to metrology, e.g., E95 metrology by examining the behavior of the
FW35% and FW75% fringe widths of an experimental spectrometer with y=Max {Esource}-
This y was chosen,- e.g., because it gives acceptable sensitivity to the energy content in the
25 wi-ngs of the source spectrum without excessively com'promiéing 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
(correspoﬂding to conditions and variations of the types I-IIl of FIGS. 1A-C). The light
30 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 outﬁut was deconvolved using Fourier methods -
and the corresponding E95 bandwidths were computed, and the etalon fringe pattemns
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25 di scovered, however, that a remedy to this situation may be found, e.g.,
by adjusting the threshold paranmeter X for a given spectral width :
detection utilized in a new nodel. The results of a sinmulation, e.g., as
-plotted in FIG 8 illustrate the effect of increasing X from 25%to 50%to
75% of t . : Be Lat-ensd b L dth
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sour 6e dpmotarpoint-sidpe persgectibe due, e.g., to the fact the ratio A/B

I ncreases as the tﬁg eshol d X i ncreases, . because the process of convolution
with | A wea ] Gl (—f‘éé')’éﬁergy fromthe (R ngs of the source spectrumto

contribute to the. EW5% conpar ed t he % .5 Applicant has found a
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that sowrfe: aRPALSRe ERithhint AR MpethBltaBEpdnAbV;

di scerned in the FWg)/o of an net al on spepct rometerp fn}g?nég?gg%ﬁpﬁﬁg?irfgﬁrgﬁ
e.g., isldpeGs =6m agdingA sancte BE9S nchiange edye do gchartbeat atdustis plessidehe, to
estipate the E95 w.th t required. |l evel . of accyragy and stability of
meadtir eﬁgﬂf‘fquﬁ?cea& ﬂb‘anthfeé‘iﬂic Spelk FORAFMItANE Y3TatieR 4B haadwidth agd spectral
deconvolshhpeOsysadistell With diffeR@h Phydiéf ptdtaies WitHilehdBES: ThHe &R ibrck

nmodel (Equation 8), for application of a plane-etalon spectroneter to FWAM
est i mat iboHse varyasef fuaatienof dpdrating peint. nbiezefoye, applioait has sompuhadedi feah thisd

I ncreas th i | e mited by the anqul.ar .resol utj of the
fringe glé@(é}(t: o r‘ix%gggi?é?%;@%?ﬁ%m{%%h rﬁ%assmff’ %‘é&t a0 dgtﬁgﬂé’aa?fesﬁﬂidggrlﬁ on

t he gr amasuéficient fof rabuselEss édlingdlion ih thel fiescté af shapediatiapbe for the intensity
measurenents and 15 therefore, for such mathenatical operations as

i nt & pol at i orecPEuZingnthat thes singlerthreshpldppprogehyts inadeuaiey applieant andehis
Pt W 2] E95
sensi ! ¥blishghes %Hﬁs‘i&er?{:%ﬁﬁ G@Br &%hﬁ@éés %fﬁ?f’fﬂﬁﬁ“i fo ﬂ%@@&lﬁh m&?{l o

esti mation, however, e situation engl because 1
be dif f (EBguationd®)c dnsine dethniques bva elatonvdpecteodéBri sambee Hedigased soharto wibkdiy

while stild.sati Ln cQnstraint hat orjginate in other aspectg of the
spect ro%ﬁ#‘l‘gﬁﬂﬁ&tﬁﬁreﬁgépg@@bﬁnﬁr éSﬁlﬁll %’ﬁ eaﬁfé’ g alsgrilir spBIsRbPEan aboye)
Appl i cafafe@nebmitpateﬁeldp?ﬁwm Bay eNexauigIsB2heh UseTddhitess Hhli€dm! 0Buch
spectroneters or application to nmetrology, e.g., E95 netrol ogy %y

iiferent

exaffl ni FRFCERBICHER 076 be gpergied simultaneously ‘and in parallel to obtain two d
fringe widths; armed with these fringe widths and the set of six coefficients, the system of

two multivariable linear equations may be solved for the unknown source FWHM or E95.
This method, however, while potentially very successful in its own right, has the cést and
complexity disadvantage of requiring two separate etalon spectrometers. Simulations
25  indicate, however, that it can report very good estimates of both the FWHM and E95 of
fhe source if the coefficients are chosen properly and certain detection constraints can be

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 2 single
30 etalon, applies Equation 8 in a different way. In this approach, according to an
. embodiment of the present invention, the etalon bandpass v 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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FWB5% and FW5% fringe w dt hs of an experinental spectronmeter with
yyMax{Esourcc} This y was chosen, e.g., because it gives acceptable
sensitivity to the energy content in the 25 wings of the source spectrum
wi t hout excessively conprom sing other performance aspects. In the
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froma pobnistialaelon REGSPEQvEY e EEOkKEEe-ofspedtos¥shage varlation®)s Figeificantige
width follows the source E95 bandw dth change dye to, lﬁ@ I\@D(‘,,)A\7| E¢1m ng
of f $&t HNErOVEdORS FRR BRSPYh Pt DXviherimanip desylts. By BAyhilaElGy th o
e Bbote ok Sk the HSMP ol ERUIA0R! ARICARRGL HEIRAAN beliodo i ahiarb ot
(acoustic ﬁhenomena, a consedquence of the different types of conconitant
vari at i eombinatianafj alg.htveo & VEX¥cterms parlydisenses’s independdnighangesi affthe sprroe
physi cal. processes w thin the |laser. The best-fit.intercept al ary
as a fuﬁEEF"itrG cpgrEy shiEpritep Bbfhﬁt‘?orﬁ'ﬁﬁ &FRY gmg@fp%tltﬁhggﬁ?cq?zgm(%:bn@flgéé%d rom
this aplrohheroRsdRe thimBtifddpeadent vathlioof FWHRASHE BY6Tb valiich the siptye
intensity threshold X is insufficient for robust E95 estimation in the-
pr esenc enotlimerspenal 4poiat-slone) madekds dusensitivg. khesg stilhecmaipg Feme FYESRag
approach_i.s..in t |4 -hi I S a1 ; ot her
Foenni qsaahi SR F oled oh b 2tpr ARGiBon 7 BEIFHE uRERR! B GSiaP TR
t echni qualuctdvdyeibalina fsnecs woeetvbers applyingethd dsipgosed technaguet ascotsting ko an

Subj cot SBPORimEmR e pEpedAvEHopa Ay PP LS ofE & ootRpeerchebut B3 |
the nang,OfscafivoC@ficietiiparated EX% measurements as the bandwidth detector output
20 width measurements can have the same effect. The use of the two separate and separated
X% values for either FW or E measurements in the bandwidth detectors-¢an be effective in
determining the actual bandwidth parameter desired, whether FW or E, e.g., FWHM or
E95, depending only on the generation of the appropriate constants K, L and M for a given
instrument, e.g., a particular etalon, as described above. Similarly, the two measurements
25  with the etalon used for calibration and later actually sensed, may be one 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, €.g., a PDA, the data needed to process the values for wy, e.g., a FWXM or an
EX’, on the one hand and a wy, e.g., a FWX’M or an EX’*’, where if both are FW or E,
30  then X=X and X’#X” is available. Then the two values of wy 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.
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20 spectroneters may be operated sinultaneously and in parallel to obtain
two different fringe wdths; arned with these fringe widths and the set of
six coefficients, the systemof two nultivariable |inear equations may be
solved for the unknown source FWHM or E95. This rret hod, however, while
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for two sufficiently different choices of X . a_plane equation can be once
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shape variations is significantly 10 inproved, as can be seen, g., by the

exper i ma¢roading de ghe disclosed empbme@@ ¢ﬁ1th|=|p@5640mvmtloraémbt@ﬁ@bﬁ@xppw brie
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the sounresurspent pabnﬂfﬁif €., dFWHMbmt EO8, ﬂm tthe spstem anﬂ pfteme wiitlgs thé the
spectral. l.ine. This npdel therefore corrects for the i ndependent vari ation
of FWH l‘é’h’éd@??sﬁeéi’ﬁﬁ‘%h the sinple 15 one-di nensional (point-slope) nodel

i s insensitiygomtHehBowd it il %E%H@rsﬁ)%ﬁ%gsdﬂ&eeﬂaﬂé& in ‘Eife"érfﬂ‘EHaPEh sﬁt&t of he
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variety of shortcomings, etalon spectrometers have distinct advantages for application to
20 bandwidth metrology onboard line-narrowed excimer light sources used in DUV
lithography. These light sources have been shown to exhibit depeﬁdence of the detailed
shape or functional form of their output spectra, e.g., due to certain specific operating
conditions. Such shape changes can introduce large systematic errors into methods
commonly used to estimate bandwidth due to the non-negligible influence of the bandpass
25  of the instrument function of practical embodiments of these spectrometers. Fortunately,
through application of a simple etalon fringe width model, according to an embodimeat of
" the present invention some special methods that are less sénsitive 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
30  between the core and near wings of the spectrum. Because of the sensitivity of the
lithographicr process to the illumination bandwidth, management of this source of

systematic error is important to current and future applications, particularly those

involving active control or stabilization of the source spectrum.
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reduced by about a factor of two when applying the inproved technique
according to an enbodi nent of the present invention. Simlarly applicant
and his coll eagues believe that the use of two sufficiently separated EX%
measurenents as the bandw dth detector output 20 wi dth neasurenents can

have t he sane effect. The use of the t epar at e, and se ar at ed ov | ues
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width (EX% of the etalon s ter trln u nafl a
poi AP - slagﬁ& dhatyaprard %D&’épeggfﬁ ‘e rsgaté%n‘b)uttﬂn onaél ?& n&rﬁdgﬁg{’kg@h
e.g., tQ;ihgudidt g,g AL iepBrg QY B utilizirigS a Staiekdl Iﬁ@m&w&hﬂay aechrimgr bgted
;'corrput at I on spee

s and/or special DSP circuitry , Q timzed far tlhe
i nt egr atiensities klongStheesatent ifsthe apfaybansd alsp Jﬂt*lbﬁ”ﬁ}ef PRRN) "e\?ﬁfn WRYERSIBRHt ai n

ANt g T Y o RE0 splial DRyl VRHMAHEOTHE ofiit SnBohes oRipraas

ot her a ometer 8e gn. 0 be understood that
at best etdiea phird g&aﬂmgjbm pﬁéﬁnﬁtdebetweetg p;xel%\mmhemrraeg&prmatatlwg Oﬂ@e

| t t t put th t t hod t of
ey entnm ek i s sans oee e R Survy byl ey R o
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measur enen control systens and/or |ithography system are conce d.
As used goints tmsthampbatnan idefiningrec temdemigol the spn@ngngpqa}ngsmg [fere REFEFANAE ue

Used | B CRERSCORY T TeRreRpC R Fisefthd OF HeRe EhiRUCFomk g soluee are
accordi rthXe)’ Hhhedgsghosrd enbodi nents of the present invention and then
el |2§d Hpon Xn embodiment of the invention further contemplates, e.g., that any combination |
of at least two of these values may be used, but that when the combination is, e.g, FWXM
and FWX’M X=X’ and when the combination is, e.g., EX’* and EX°”’, X=X, Tt will
also be understood by those skilled in the art that the particular combination used and the
differences between, e.g., X and X’ or X*” and X** may be empirically selected according
25  to, e.g., the type of dispersive element, the type and accuracy (measured, e.g., by SNR) of
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., 10 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.,
30  generally speaking more respottsive 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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15 the rest of the systemas the best and cl osest determ nation of the
desired bandwi dth neasurenent paraneter, e.g., FWHAM or E95, that the
system can produce within the limts discussed herein. Fromthe above, it
wi |l be understood by those skilled in the art that in spite of a variety

of short L . spe o)
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vari ati @alulayamchbmtpdwhomwrmhsmmesrent sensitivity to the relative energy
distribution 30 between the core and n ar w ngls of. the spectrum_ Because of
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st abi li rzlmtmlm’uoofoftthe epengyde tbqawtfciangthziomam,vasldalca[&t@i bse thenfisst stiloolatlb;x
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that mayredemPhinkd WiGREbLE a%ﬂabﬂéss R@écﬁﬁ&etd NGk’ gpRedl, sddibeh thaydisgrmvkse an
etal on for exanple, which disperses the energy conprised in the |ight

out put Bistrament, gh dgeaion ape thatileast piegy Wiskih takeg as ap argigeent liyatis o 64, 281
per haps t r
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or L n according,to,the eI en i stribufion  of the i ght
oner gy DRFEEREtR Ohit TSR GICILEh B eet TS PG ORISRt REm Hon PREPE oo,
e. 0., ajfdehfrhOk.g. Shd partfulitAeh @E&tr%ﬁae@érrs%)fh thdl Ay hen RSN Sene %ﬁﬁﬁ%ﬁﬁiu‘{e' Y,
the spatial or terrporal variation of wavelength distribution of the

ener gy, isenpyt tofihe aedond zrisylationapperatuspihetusdiod des mukitsarinblecquption withtthe
20 precomputed calibration variables will return the same or essentially the same desired
wavelength parameter (FWXM or EX) measured by the trusted standard in the calibration
process. An embodiment of the present invention disclosed above relates to using two
such width measurements from the first calculation apparatus, but as here noted, it need
only be at least one, and could be more than two. Also, the first and second caleulation
25  apparatus, according to another embodiment of the present invention 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 ontput by the

light source selected from the group FWX*M, EX**,
Those skilled in the art will appreciate that the above-described embodiments of
30 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 contetlt and spirit of the accompanying claims. For example diffractive optic

elements that produce the required fringe patterns or other bandwidth detection measuring
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intensities along the extent of the array and also may further provide an
out put signal based upon the recorded spatial or tenporal variation. The
out put signal nay conprise, e.g., a plurality of widths, e.g., neasured

between pixels on the array, representative of a 15 spectrumfull wdth at
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thquvl dEHEZHORGES O & eqﬂn(;éx‘%l#u%%%? hfbck &%Q ‘?‘X)S fltétqﬁfe encl Sglgo?fene?gy,

i . e., 3@mensfatity vapeakiog wpagl uespanhe fern ofahd?wmg:y B2 agliafreal fimg

t he center ortlon or e skirts ( f the
spect r a.outpuino ﬁb%dbﬁ#’é]ﬁ‘flg@f detsstor nJRRAAt ’h %quﬁs%’ﬁf?%‘eéjwﬁl‘zﬂ’“é@’ §"b5%%1 g use
of a fir %9@6 et GibratiBinks e Wceliah anidi!@* aesreliengt h
distri b (Iggrs]ﬁ%% thetglegﬂtiallre Ze?ilttlr%lsl%tg% ively, I nm:gheesgace%{ time domain,
based umoay, thespectr irelay sepatase smacérsacbr oF pezhapsralso amtheaiYh liseits pdlore

wavel ength distribution,of. t a
st g oo be Al o e bR ASERL Rltoin il £, Bioredeih e
phot o- didfhet B pBlels (dloddshin ihatzeraglto BoM syeed\procEsisg tind fricrezat ShiRat Otiger
devi ce, according to an_enbodi nent of the 5 present flbnventlo

conver t chasgsserdvapdificatin w8y plsq| begnade wibathe geeks PHBE iABReN dgﬂmﬁﬁé‘g
sensed 'thg{}lf shifRibh Solil He ek iDLk BElHANEaNEh Blagagi n_accor di ng

to the properties o di'spersive instrunent, i. by
det er mi ni ng tAdditboally, rth¢ echbaidtivénts wlaisqnésdanﬁolmtlpultwwﬁé@ 1WF§’[ ?ﬂ‘%ﬁﬁpﬁ%s

20 however, those skilled in the art will appreciate that there may be instances where
nonlinear terms may appear in the translation function containing the calibration
coefficients. Also, the embodiments have been described in relation to bandwidths of
laser output light of relatively narrow bandwidth, e.g., for lithography uses. However, for
-other light sources where narrow bandwidth determination inay be required, e.g., EUV -

25 light sources and using similar or other forms of monochromatography where similar
jnaccuracies are introduces in the measurements due to instrument characteristics, the
present invention may also be utilized. Furthermore, some details have been 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

30 “trusted standard” correlated against the occurrence 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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According to an enbodi nent of the present invention a second cal cul ation
10 apparatus, utilizes at |east one these width values, representative of
t he wavel ength distribution of the energy in the wavel ength donain, as
calculated by the first calculation apparatus, and applies themas an

ar gunentdetdmeined luisingaeirab | Ropapatvn oRclidyidy e.£f edet@r funed Bt DAk

>

vari abl ‘ggecific to the optical source, the dispersive instrunent, the
det ect ort ediistion gad Error dqlysinier siredt ysicak Spicagesamust briafihe samisardérsortlesssay,

as 15 n i Lent, of s th esent .i nvention, the
pr edet e?&nﬁgte qg}é(gﬂnll gﬁgg%ﬁ ﬂ\%a%%é%q%{rggg%e %r%%e %aﬁ'(?rlngl?ﬁo@%"ﬂé@ %?"léorttg@st ed
st andar cir¢ prapegsied thragdhhb midvaidigirinsfématdpeglitogdr rel ated to at | east
one width output fromthe particular instrument, e.g., the particular

etal on spectronmeter such that when that sanme width output is input to the
second cal cul ati on apparatus, the use of the nmultivariable equation with
the 20 preconputed calibration variables will return the sane or
essentially the sanme desired wavel ength paraneter (FWKM or EX) neasured by
~the trusted standard in the calibration process. An enbodi nent of the
present invention disclosed above relates to using two such wdth
nmeasurenments fromthe first cal cul ati on apparatus, but as here noted, it
need only be at |east one, and could be nore than two. Al so, the first and
second cal cul ati on 25 apparatus, according to another enbodi nent of the
present invention nmay be the sane cal cul ation apparatus. The nultivariabl e
equation is evaluated to calculate an actual bandw dth paraneter
descriptive of the spectral distribution of the energy output by the 1ight
source selected fromthe group FWK*M EX**. Those skilled in the art wll
appreci ate that the above-described enbodi ments of 30 the invention do not
limt the invention to particul ar disclosed enbodi nents. Many changes and
modi fication will be understood to be available w thout departing fromthe
scope and content and spirit of the acconpanying clains. For exanple
diffractive optic elenents that produce the required fringe patterns or

ot her bandwi dth detection neasuring 22 paraneters may be utilized besides
etalons. Simlarly various neans are available to arrive at the width
measur enent values first calibrated for and then used in operation, i.e.,

wt (as a function of some FWKM or EX and, e.g., an instrunent bandpass
function) and w2 (as a function of sone other FWKM or EX and, e.g., the

i nstrunment bandpass function) 5 for use in the equation of an enbodi nent of
t he present invention, other than, e.g., the :
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process outputs froma PDA. In addition, the final outputs nmay be derived
at the PDA itself, as opposed to being derived from processing of the PSA
intensity value outputs, e.g., by incorporating a digital signal processor
("DSP"E in the PDA, which may, e.g., be specifically programmed and

per hap G&AdMecial i zed arithmetic or algebraic or 10 trigononetric or the

 nt enst vy R et G e i BepAHESH & et kaboeruleasidan (el
tine ggérgﬂlgut% tHd WanBaneWirstby &%ﬁﬁﬁ@r apparatus and associated circuitry:

Subsequent ~ processing of, e.g., ‘the pertinent equation for deternining the
actual par afetophicdebiandeddthnmpnitiie prooediug a Aird wepar wpesprtaitesobra frstper haps

| t he, DSP.i,t sel f,. 5 i . b d t he bandw dt h
et oot BrPEBeER s i el O e S S yERNATERTERR e dsprmia
(di odegdoohdotiper @He@yma@véo@ft&ﬁ%sﬁ@gg%%ﬁmdms acAie 't aath bR atorer

changes and nodification may al so made wthin the scope of the appended
cl ai nsthgdight emidtedfoge the lasarpatd, on shoul d be interpreted in scope solely

fromsuch clains., Additionally,. the enpodi.ents. described invol ve

i 11 var i abPs A RISt B Rlshioh S RBe AN E e B SR L AN 0% HEoRE w1
appr ech@bt Aadrt b8 Bulf®¥ridife b@%ﬂ(&%@wﬁﬁg SrediQiHniRAAaIbRAIOR VHRMbRRPEAr 1N
the trans|ation function containing the calibration coefficients. Also,

t he entisdifivgnthe ¢rticel bandividibaneiimedoicalonklear atual babdmidih parhmetst. | aser
output light of relatively narrow bandwi dth, ‘e.g., for |ithography uses.
However, for other light sources where narrow bandw dth determ nati on may
be req]_zJjT]ﬁchppgams,ofﬁ%%ﬁﬂbgpgoﬁ%@s and using simlar or other forns of
nonochr omat ogr aphy where 'sim | ar inaccuracies are introduces in the

measur enent ﬂleoﬁf@% dapdwidth merameitraisa spactrom 5dl widik at promweparcémividiibeon may

also b |1 . r ARr sone, det ai,l 5. ha en..qi,ven . L he

et or ekl S8y TSR thand SRR gk SREA RED ol RA (AN
understood by those skilled'in the art that sone neasurenent of actual
bandw dth as determ ned by a so-called 30 "trusted standard"” correl ated
agai ns%-ﬁ?@%é@ﬂﬁﬂgﬁmawf%Pvmés of the first and secont bandw dth
moni tor out pt.g; ?ﬁmgﬂtﬁé}eﬂt 13% GPB! GALEAN 3 MRk JiNGUNL,2 |
under st ood standard error propagation techniques. at s requrre or the
- per f or defnirg a(caotnt af \the specauidt enddsinp strmageranttgs dfithé ehbrgyrafnglerfultrrors
of the trusted standard, 23. det erm ned using error propagation

t echni SFEEUMHI the SP&E“%@tOfg:%Pt?Iﬁltﬁgﬁ%%ﬂ?sebzt@%)Reducti on and Error

Anal ysis for the Physical Sciences, nust be of the same order or |ess

4. The apparatus of claim 1, further comprising:

the bandwidih 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 etalqn 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 ai least
one of a second FWX’M or EX”’, where XX’ and X*=X7"".

5. The apparatus of claim 4, 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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than the randomerrors for the, e.g., etalon neasurenents fromthe

bandwi dt h nonitor that are propagated through the nmultivariable
transformation equation(s) 5 24 I/WE CLAIM 1. A bandwi dth neter for
measuring the bandwi dth of a spectrumof light emtted froma |[|aser input
]E_o t he léaﬂami@phranstcirclaimﬁgrﬁ]?hmrgm@nisbmi cal bandwi th noni t(c)i'r provi di Pg a
irst output_representative of a.fjrst paranete c s indicative o

t he bandwi dt fRecrlye ?@Wgé?ﬁ”@%%:hwqtﬁésg%%& Iﬁtﬂf’s%’éﬁﬁmout put
represent ati ¥g;of ern i .S J0di cati ve of the bandw dth®
of the li gh%( em"t?(?g %%ﬁéﬁ agerl?ﬂghﬁ?' gﬁyalg?ual bandw dt h cal cul ati on
appar at us. ut whezi wy =t the first sicanuéd otiipan teprésentdoo nd FWHIM - RIS pah v, ¢f a

mul tivariabl e equation enpl oyi ng predeterm ned calibration variables

speci fi@eﬁﬁ@ﬁ@%@éu%ﬁ%ﬁﬂﬁa%mffw DboEE¥CuUt at e an actual bandwi dt h

paraneter. 2. The apparatus of claim1,further conprising: the actual

bandwi dt h paraneter is a spectrumfull wdth at sone percent of the

maxi nuMWiA Bidawile hifer f Sbiughe b SRREth WNaGhebthghtof @aht érafltet fum khe

-laser ("FWKM'). 3. The apparatus of claim11, further conprising: the

act ual lbzemdwiud ththsdeadeidh mgercommisindet ween two points on the spectrum

defining a content .of the.spectrum enck.osin o) e f et ner gy
of the ful | P SORE A EFOTOBUEt PUMORZI1 G APy SR Paatyp of| D ost
(‘sfeXinim wiith hbueppakausuel bgthaiopuck] bahdwitithewongorged h sécpmyt outrive repeepRINGIYR &f 2 second
monitor is an-etalon and the first output is representative of at |east

one of specleniwidth messurergentancagwred pyiteapptisat pandvidtyeniiainh at FWKM or a

wi dt h bet ween t in he s : [ of the
ener gy of 1 Fr Rgeth Rlsln Rpah g e MR E A BARRIT R RReY

t he secsuiplitQist it of 8 melivessilé ajinpnodmployingastdetemnsned caitsatibondardblés’ M or
EX"", where X#X" and X #X''. S. The apparatus of cl.ai 314 furtfza?r

conpr i speeficiie thapnicahbrndsddibanomiion oty abpeual hapdgitth PaFssgm a
measurenent of the value of the actual bandw dth paranmeter utilizing a
trusted standard, correlated to the occurrence of the-first and second

out put s 9f. Gheappahiusrodiciaim 5 plcthetenmprising:

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”).

Q . The apparatus of claim |, further comprising:

~ the actual bandwidth parametér is a width between two poinis on ﬂ:@ spectrum
enclosing some percentage of the energy of the full spectrum of the spectrum of light
emitted from the laser (“EX). '

iC. The apparatus of claim "1, further comprising:
~ the bandwidth J:;ionitbr is an etalon and the first output is representative of at least
one of a width of & 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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15 . The apparatus of claimb5, further conprising: the value of the actual
bandwi dt h paraneter is calculated fromthe equation: estinmated actual BW
paranmeter = K*wW + L*W2 + M where w = the first measured out put
representative of F or EX, and w2 i.s. the second neasured output
repr e;er‘lf- hwpw%&ﬁsﬁd&erf%&ﬂﬁaﬁdm dth neter for neasuring the
bandw dth of 4a p?Qﬁﬁn%étﬂga eilibr@dt vambidsete f&pMRdaroth aSREasafytint b teh@alue
bandw dt h nmeter co I'sing: an optical bandw dth- nonitor providing a first
out put oftheastnt haridraddf paaméter stilisipg ettrustedwitandardreageleteddn thaacovEgses ed by
t he optical bandw dth nonitor. and.a second output representative of a
second ogﬁécﬁ% W@%%?%W% LPEF WY t he optical bandwi dth
nonitor; and, an actual bandw dth cal cul ati on apparatus utilizing the first
out put and the second output as part of a nultivariable equation enploying
predeterm ned calibratiqn variables specific to the optical bandw dth
moni t or ! 2.t khecmpaiug @ dHmddy BEABRIAER paraneter. $. The apparatus of
claiml1 , fu CHRE bSaio; LHgletDa0 it gt dFRdA RS &fuatisn® Spectrum
Funl Mokt e LI At Chenf i Pbifot B0 MR ATRGATR Sfualiona SPECL
spectrum of kitjhited aitublRIW paamelee=11ey +L*WWKNV) . 9 . The apparatus of
claim1, further conprising: the actual bandw dth P m%er i.s awdth
bet ween two POFHtY! ontheHESSHERIIehPUBHE B SHY2EGHE E P& GRd tHetSener gy
of the ful EQEEJB%&{SH{QdQI Wk ol or Efptted fromthe laser C
Tr'). to .S e appar at f?ﬁg?&%?%:ﬁtﬁrﬁdﬁ?& urtherorcorrpri sing: the bandw dth
nonitor is an etalon and the first output is representative of at | east
one of a wdth of a fringe of an optical output of the etalon at FWKM or a
- width betwee two points on the spectrum enclosing sone percentage of the
ener gy dﬁ%@@ﬁg%%%¥ﬁﬁt38\mﬁ°§wpnéﬁ%tted fromthe laser ("EX") and the
second out puly b, dGRfPERR: Yok et W BAldwiBCorh shos@EANt M dhioed EX'
where XOX" anad X #X'. /b 1 1. The dppar at uémof cl ai% 10., further '
conpr i sifrgm afléser pipet onfbo eodwdih ety icomprisingabl es are derived from a _
measur enent of the value. .of .t act ual bandw dt ar ter ilkzing a
trusted standard, _%PP%‘?%tb@Bd‘tvﬁ%l‘ ﬁéo%%ﬁﬁf?‘@ﬁ%aﬁfgt%ggﬁi ]i'eg{eg%tnn ‘éee?:g%d
outputs for &eapirRididr QhislP @Cindititive 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 o the optical bandwidth monitor, to calculate an
actual bandwidth parameter.

% . The apparatus of claim 3, fiwther 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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12.. The apparatus of claim 11, further conprising: the value of the actual
bandwi dt h paraneter is calculated fromthe equation: estinmated actual BW
paranmeter = K*wi + L*W2 + M where Wl = the first measured out put
representative of FWKM or EX and w2 is the second nmeasured out put

repr esant ahk W25 E WK rsEé"?. .phot ol i t hography 1ight source '
conpri si ng: aE%andvm' df%ét'ér 6‘3¥§%§1§§$§hg t he bandwi dth of a spectrum of
light enittelle dtminbantdeikll parpudtert B 4 hedbabetwiedh hwiBbents @APhE SipB&u@N
optica ndw dth nonitor providing a first output representative of a.

| b
first &%@ﬁ?ﬁﬁ%?%w@% ditbaepogy A threul asmegiramhoBrthe spedtrughtofehghtt ed
fromt hegginld d output representative of a second paraneter
which is i nd?l?g%%\e/gaﬁgf?ﬁg' bandwi dth of the light emtted fromthe | aser;
and, an actual bandw dth cal cul ati on apparatus utilizing the first out put
and thi I'j_gccmd out put_ as gart of a nultivariable equation enploying
or edet &PniAeaPPEaPS BF it NS RISOmPTSEEE i fi ¢ to the optical bandwi dth

nonitor, to , . ual ndwi,di h rameter. 14. The a ratus of
claim13, f u@?h%@g%pﬁﬁﬁtﬁgs ﬁ%@gtaﬁgﬁﬁ%gﬁ%ﬁu@% 1%5?%@?1@&*{%8&%@% rum
fall wiode lof atwisldmef  &ieenés af ofthal oiRundMhE Ridod ReF IV Wr Atwided biMRen
spectrumof light emtted fromthe laser ("FWKM'). 2-1 15. The apparatus

of cl aifVfP PeInts GRithe secEHBr PRIlPYNG Spime aetosaiach ofdbw gnirgyaelatiretfall spectaumi dt h

bet weepst; [ Job closing s .percent age of .the energy
of ¢ he o pnt Bl hOTEPEILETnd B RRGHS SONR PRS0 g

(" TX) . ohéof a Ttvond HWKaMSr GfX°Cl, dihBretBxfWrderscenpri sing: the bandw dth
nonitor is an 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 the spectrum encl osing sone percentage of the

ener gy 9f Thdgpfadhtlss SPEETH YO fug@lef&gﬂfgﬁgmzt ted fromthe laser (EX"') and the

second output is representative of at |east one of a second FWK"M or EX"',

where X#X' &dhelpcaniputedialibration vappbles taesdenived feimme b cafurember oftthapmiwi ng:
of the actual bandwidth parameter utilizing a trusted standard, correlated to the occurrence

of the first and second outputs for a calibration spectrum.

\8 . The apparatus of claim {7, further comprising:
the value of the actual bandwidth parameter is calculated from the equation:
estimated BW parameter = K*wy + L¥wy + M,
where w; = the first measured output representative of FWXM or EZX’ and w; is
the second measured output representative of FWX’M or EX”””.

19 . A photolithography light source comprising: _
a bandwidth meter for measuring the bandwidth of a spectrum of light emitted
from a laser input fo the bandwidth mefer comprising:
an optical bandwidth monitor providing a first output representative of a first

spectrum width measurement as measured by the bandwidth monitor and a second output representative of a second

 spectrum width measurement measured by the optical bandwidth monitor; and,
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the preconputed calibration variables are derived froma neasurenent of the
val ue of the actual bandw dth paraneter utilizing a trusted standard,
correlated to the occurrence of the first and second outputs for a
calibration spectrum 18 . The apparatus of claimi I, further conprisi ng:
the val ue i aéthel MHﬂﬁdthmtﬁhmpp&FaﬁﬁﬁitﬁMgsth@ﬁmloaﬂqad dohre tsbend
equation: estimated B Wparanmeter = Kwl + L*wz + %re wl, = the
firstoutpasan part ofie pueltivagsbie @ﬂr@qwﬁpmﬁmwdﬁtemﬂeén@l oo YHEblsCong
measuyye e ntative t hography -
i ght™ gllgl?%é%geo t},d%%ﬁzﬁﬁm %rtj‘!t:\/gélc & ml;&m%}ééjg%‘?qr?gﬁl PE Eltér{dvvl dth of a
spect rum of Ilght emtted froma | aser |nput to the bandw dth neter
conprising: an opti cal bandvvl dth nmonitor providing a first output

r epr @Serfhgtappearabts of claimdil ﬂ@bmmmmm&;th measur ement as measured by the

bandwi dt h d..outp t
i dth moasPPeHE ede DS FoByRRe DR P TPl Sl PECR e BB
act Ughapadiitaitn gl fal haliheT B Bfcitsoflidht baiithed fifven e laterqFPMMEN t he

second output as part of a multivariable equation enploying predeterm ned
calibration variables specific to the optical bandw dth nonitor, to

cal c an ac L ual aranet.er., 20. The apparatus of claim
19,f32r ;@P fﬁ%’mqﬁne%egﬁ?mﬁgﬁ% dth paraneter is a spectrumfull

wi dth at sm@a@@uqeﬁauﬁmtﬁamwrwmﬂmﬂ Betvebh etvial loiivs dinhtief spdoruspect rum
of light emtted fromthe |laser ("FWKM). 21 Theaparatus of i@élmlg
f ur t FEclasing potse mgreentage oftthal eopegydod BehifasnevEner qfs

poi nts ncI osi.ng sone percentage of - the energy of the full
specterlmm 8%}}%?@9?%%65 ram light emtted fromthe l'aser (EX ). 22- The
apparatus of claim19, further conprising the bandwi dth nonitor is an
etalon and the first_out is representative of at least one of a width
of a ¥3ilhgepparaty ob slamd] @Hbﬁ‘iﬁo%ﬁnm etalon at FWKM or a wi dth between
tWo pol Nt Sy 1&??%?:9?6 Lschi@ivenNgTgYeall the
full spectr%%a'tﬂgg @%@%ﬁf%%@%%@ ase i Saend t he second

out pusnel &f & amthﬁmf'mhgwef ai ogticd] eagiut orﬁrti&a gifiloa &eﬁ%’ﬁﬂ\m Mtidth Exveennher e
X#X" and X *

two pom‘rs on the spectrum enclosing some percentage of the energy of the full spectrum
of hght emitted from the laser (“EX’”) and the second outpuit is representatwe of at least

one of a second FWX’M or EX’”°, where X=X’ and X°#3XC

23 The apparatus of claim 22, further comprising:
the precomputed calibration variables are derived from a measurement of the value
of the actual bandwidih parameter utilizing a trusted starndard, correlated to the occurrence
of the first and second outputs for a calibration spectrum..

24 The 'appara:tus of ¢laim 23, further comprising;
the value of the actual bandwidth parameter is calculated from the equation:
estimated BW parameter = K¥*wy +L¥w; + M, '
where w; = the first measured ouiput representative of FWXM or EX’ and w; is
the second measured output representative of FWX’M or EX™”".
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23. The apparatus of claim?22, further conprising: the preconputed
calibration variables are derived froma neasurenent of the value of the
actual bandw dth paraneter utilizing a trusted standard, correlated to the
occurrence of the first and second outputs for a calibration spectrum 2y-.
The apparatus, of clainR3, further conprising: the value of the actual

bandwf at PBatoligkaearrydoelpomnrisigd from t he equation: estimated BW

par anmet er = 1K:w: > + M-where wi = the first measured out put

r epr esent a?ilgg%gﬁﬁ%oﬁon&s nd w2 is the second nmeasured out put

repr esent ati lvgdofidthViKeNt dor ¥asuring the2SandAvifthobdla theguaply ligholemitted
conprising; a laser_light source conprising: a bandw dth neter for

meas uFPHYE 1aRer 1Endwithe hansiidtbopeler ¢QmAPBNg] ght enitted from a |aser input

to the bandw dtl I I8 ng: ..an -h-cal j ' -praoviding a
first output r eg’%l e@gn%?l aﬁ%@qgﬁl %I%n*t&r gf%%]ggr?e?g?p%tﬁlﬂ I%B;Q%e%\l%nggtﬁée of
the bandw @4t kathéter it isaniichiee §f o hdhawididsof tlanbgla Geigendrattthelt '

representative of a second paraneter_ which is indicative_ of_ the bandw dth
of the |i ghtsclenid & secondomtpii aeprassetativernd, 2 spsonet RAARIBIEA kel iF igdicetivat i on

appar at us_ bl ehAfidh o i Bl MR s BACL iger segond output as part of
mul ti.vari abl e equati on _emt?l I'Ng pre%e ermned calibration variables
specific to the agpichdbakapidi cilbuldiei heparatus vadizug diefian ougnitumt the

bandw dt h paraneter. 26. The apparatus_of claim 25, further conprising: the
act ual bandgoadhop@rhmst Bartief & spdievarighls wapratapat ARoYERENPTBsBENDeS] t he

aser (" PO JpttabichisHhciag o E GRRE] Bl SR € BB e

act ual bandwuslt endaidhmasindtar. a W dt h between two points on the spectrum
encl osi ng sone percentage of the energy of the full spectrum of the
spectrumof light emtted fromthe |laser (EX). ab The apparatus of
cl ai ngd fdr ORI 295 I’ﬂJQF°$ﬁ§9 Lgth nmonitor is an etalon and the
first outpu ?fsarepresentdtlve ot t% ast

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”).

37. The apparatus of claim 25, further comprising: o

the actnal 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”). -

28 .. The apparatus of claim 25, further comprising:
the bandwidth monitor is an etalon and the first ouwtput is representative of at least
one of a width of a frings of an optical output of the etalory at FWXM or a width between
two points on the spectrum enciosing some percentage of the energy of the full spectrum
of light emitted from the laser (“EX’”) and the second owtput is representative of at least
one of a second FWX’'M or EX°??, where X#X°? and XX,

29 . 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 outputé for a calibration spectrun.
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one of a wdth of a fringe -of an optical output of the etalon at FWKM or a
w dth between two points on the spectrum encl osi ng sone percentage of the
energy of the full spectrum of light emitted fromthe laser (TX'') and the
second output is representative of at |east one of a second FWK"M or EX'',
wher e 30 The apparxtusiof cla 23, firthenppapssing: of claim A, further conpri sing:

t he preconpyted, calibrati variapl es are .derived fromg neasurenment of .the
value of t VM%&%&%&W@&W@I&% FWP?%@AQ:OP} e@Haé‘?%ndard,
correl ated éﬁﬂﬁgdgwﬁé%ﬁ%?%ﬁmﬁgﬁéﬁt and second outputs for a

calibration spectrum s of claim 23, further

conpri si ng: whtte wakuhedirst ieasiedd attphnrghiesehtatinar ahBWEX M or B ’catldatveds f r om
the equation: estimated BWparangter = Kwu + L*w2 + M where wi = the
first Hesecendmessursdioutay representative of EWIAPHEEX - and w2 is the second
measured out put representative of FWK"M or 31.. A photolithography |ight
source conprising: a bandwi dth nmeter for neasuring the bandw dth of a

spectruymof Jlight emtted. froma |aser input to the bandw dth meter
conpri ‘@P%%%%PET@Q?WE%&W“&WWH%- providing a first output

represent at iy @aRdwRith ithSter $HealehstiAng Gk haREaRll @fen spasumeas lipedeyitdde .
opti cal bandw dth detector and a second output representative of a second

spect r ufromiadeser g de Srebandvadtbunetar ¢ompIHENGpt i cal bandwi dth detector; and,
an actual bandw dt al culation.appar td ld Zj WS , and
the second %PBﬁfgaéaﬁwaﬁﬁogﬁg Iﬂr?ﬁg{rﬁ%a%!ﬁégﬂeé{ﬁ%tgf g%ﬁg%ﬁf%& %ﬁ Q.LEISB
Pr @datal Pamehkac@bhdt AhoRuYAsy t?@{));ﬁi%a bARES lich iGedi @ ahd'£scRRdi Bl pradithtitelvf a second
moni tor, to calculate an actual bandw th,pa-rggraat_er. 32. The. apparatus of :
cl ai m 3wectrmwidth measmemeniTgeastbrs bycthe aptisal bandwdih delpdaea®®: i s a spectrum
full width at r @éhm; k.1 D WPt @Eodde
spect rum of ﬁ%%%nae%a%{d?ﬁg&#{?%%ﬁ%ﬁoél ser ( %?ﬁ%&?@%%ppar qt?Js of
cl ai m aputphtist fiet of ennltbiafighletdypatial smpldyipimiedetermied welibmtion varighles h
bet ween two_ points on_the.spectrum encl Otfli n so%%gg%fea%%gft t he energy
of the $nerificdpden priinadbandrsldihwontonioraleylgen ag v fraser C
Tr). ,
32, The apparatus of claim 3| 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?).

33, The apparatus of claim 3! , 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). '

3% The apparatus of claim 3!, 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 2C#X".
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3*. The apparatus of claim 31, further conprising: the bandw dth nonitor is
an 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 the spectrum encl osi ng sone percentage of the energy
of t he FUlThe spSEhiub oY cRim/ighirteartetkpdsihgom the | aser ("EX'') and the

second output is representative of_ at leacfpg'i gr}% of a second F%I\‘/; e EX"',
where X#X" athd precprapuiedealibeatiopvariablsa AEr REIVGH 9 ARASUFTHY gor?grl si ng:
the pre ut.ed .cal.i brat i j . ol aLRANE aplbRaRBhceof the
val ue WH@%CQ%QW%@Q&%%%E{%%%&%?%ﬁ? |§f§1§§&gﬁt rusted st andar%l,

correl aifafe Fet hh@ s@oadonghteforef calibetibn ssdctiand second out puts for a
calibration spectrum 36. The apparatus of clainB5, further conprising: the

val ue of the actual bandw dth paraneter is calculated fromthe equation:
estimated BWparaneter = K'w + L*w2 + M where wi = the first neasured -
out put 36 epheampatadms ofeclafn FBpvther @EPERE W2 is the second measured out put

representatiyve of FVWK'M or EX'; .,31. | IBk-&h thekquRRaUr i ng the
bandwi dt h off V@%%%W#F?Wd%rﬁa{ﬁ%%%gﬁ [aser inp%t to the
bandwi dt h nRLef,.e8BWipkdifctePR KORY SBFwhaMdw dth moni toring neans for
providing a first output representative of a firs &3} met}gg, vm&ch .S

e

i ndi cative ofhertien ratbwfict messuch outpHepEmnatyg 45 of Bde M Xid a
second out put,representatjve of a.se r B> Wwhi ch is indicative of
t he b&lilfo“ﬁ%ﬂ’i‘%mﬁgmmio PUNCPERPTE Y frﬁomEhe iaggr 7 and, an actual

. bandwi dt h cal cul ation neans, utilizing the first output and the second

output as part of a multivariable equation enploying predeterm ned
calibration variables specific to the optical bandw dth nonitoring nmeans,

for cadbuhdendrydih metre fommepanig the handyaidined afpecopm oflechi sputied 8@ ¢l ai m
37, fu e 1:S1.NQ: . dw dth paraneter is a spectrumfull
wi dt h %%&s‘%&%&%gﬁec‘i%ﬁg%@%”ﬁ%tgf%@%uﬁﬁ% thin the full width of the spectrum
of |ight enis bpted tamiihah dadforinghidds)for pRFidind efirgppatpat repraeniatios m 3- 1,
further conprising: the actual bandw dth paran?t eri.s a wdth b&tvl\een t wo
poi nt sobxfirsi® rrwhich 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, 7

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.

' 38. The apparatus of claim 31, 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”).

39. The apparatus of claim 3}, further comprising:

the actual bandwidth parameter is a width between two points on the épectrum :
enclosing some percentage of the energy of the full spectrum of the spectrum of light
emitted from the laser (“EX).
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encl osi ng sone percentage of the energy of the full spectrum of the
spectrumof light emtted fromthe laser (EX''). 32 40. The apparatus of
claim 31, further conprising: the bandwi dth nonitoring neans is an etal on
and the first output is representative of at |east one of a wdth of a

f ri ngevof Thaappptdteadf cdaitpil figthet bempiisihgn at FWKM or a width between two
points on the spectrum encl osi ng sone percent a%ge ﬁ;ﬁﬁt he energy of the full

spect rum of G pARdvadih PaRgREERRS 15 A9cFalon prd ot dp pghereBEti L i s
i : { ; T “and
ke - B bbb B8 b o Hiah SR, OB of un BpBER it YUMo Fwiicsess ity B0C

cal i br attivenn tadi ppibhte Snathe spestiune enéibsiip soneasucettaget ofohe tehergyadfitke fidl t he
actual bandw dth paraneter utilizing_.a trusted standard, correlated to the

occur r EPREEUILEL g eppitted framdthe deseh T Eatit pardbthe SpCORA NP HS TTROFFCEFEYE Piim 42,
The apgﬁ?gt%ie% géc%in . f%ﬁﬁéh %%%j{ékngaﬁd_tﬁ}yal ue of the actual

bandw paranetér s calcula & équati‘on’  éstimated actual BW
paranmeter K*w + L*W2 + M where W = the first measured out put
representative of FWI or EX and w2 is the second neasured out put

repr eslgp.trpﬁgg@apgmfyygl 0, "'erc%ﬂpﬁt@ié%a”d""i dth neter for neasuring the

bandw dt h of spectrumof Trght em't ‘froma laser input to the
bandwi dt h néheprecompuied caljbration vatidhied arb asdwedirbmraomietore¢ment rod dins vdlos

provi di a . first_output representative of .a first spectrumw dth
AR S LSRR R A S S R SR B SR Y
represSf‘ﬂ@ﬁr‘é@aﬂse@oncﬁ&ﬁﬂBQf&r%&fb&%ﬁ 'S%Qmﬁﬁasurerrent nmeasured by the

optical bandw dth detection neans; and, "an actual bandw dth cal cul ati on
means, utilizing the first output and the second output as part of a

mul tivariable |inear uatiqn enpl oyi n redeterm ned calibration
vari a\éTa)e. PRFFYS (tf(??%(:]“ﬁ‘e le) |°°%3£ﬁa_39i€3t h nonitoring neans, for
cal cul ati ngueAleW Hife 8Gualdhiaial PRAM ALNs BAEAIREG om the épition:The

apparatus of claim43 further conpfising:. the actual bandw dth paraneter is
. a spect rum ¢siithated dtthaldd Wepmengier ediatwof Life + 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”’.

W3 A bandwidth meter for measuring the bandwidth of a spectrumn 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 spectrﬁm width measurement as measured by the bandwidth detector and a second output representative of a
second spectrum width measurement measured by the optical bandwidth detection means;

and,

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

actnal bandwidth parameter.
4. The apparatus of claim %3 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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maxi mumwithin the full width of the spectrumof light emitted fromthe
| aser ("FWKM').. 33 4.5. The apparatus of claim43, further conprising: the
actual bandw dth paraneter is a width between two points on the spectrum

encl osin one percentage of the energy of the full spectrum of the
spectr&ﬁggielaP%Fmsé‘gF@@&%me%ﬁ@nP%mi CE) O). 46 . The apparatus of

cl aim4o0, fi Sy : dwg ' ' [ on
and the fi r%g?&%{m%ﬁ@%%}sﬁ?%ﬂ%e g@ a% Ie%]gs ohe o% %g %e?fbr?go a

fri nge aatleamgogine pbreontpelof dhe tcherggtafl e fll fpddddornfahuispediramedigin t wo
poi ntslﬁmgﬁpspﬁl%térum;ncl 0osi ng sone percentage of the energy of the full

spectr ghtoedasef {ddi Drom the | aser (EX "") and the second output is
representative of where X;f-X and X :;~X at |east one of a second FWK'M
or EX*' " tv"l.. The apparatus of claim416, further conprising: the

pr econmiét &te epparbivaboff cirirn ibjfahhasoaieisteri ved from a measurement of the
al, bandw dth paraneter utilizing a trusted standard,

value of th ct (
correl at ed tfge &1%%3‘6@(% POBHEENE SReanp és 11 elglonagl @égctifr?a OB IE SeprgReniative

cal i br g ! SAm s g:mg %QQ . ' .t ROFrRP LShag:

t he vaﬁﬁgg%ﬁﬁ% %ct uaﬁtﬁgfa% w dt pgglpgl%g}ts%@?tgdfgg cuﬁlé#g%l?from tHﬁ%kvﬁhﬁll

equat i dretwesnstworpdiath ac theadpeBiMipasmeiteigy somdprdcentaEvel theMneydieofthe full t he

first nmeasured ?l;éé ut. representative FWKM or EX. and w2 is the_ second
ot aitle Depd €

lmaa?]ur SHEITHD PP ﬁtﬁm #@dlaferrﬁk‘ﬁﬁé%]icw” e second oUAPWHS aprﬁﬁqﬁs]@w@
banavi GRS o B uB PR R o B oL T Do the

bandw dt h nmeter conprising: an optical bandw dth nonitoring neans for
providing a first output representative of a first paranmeter which is

i ndi cag VEheodppiatetudaidsindtd) fofhdrhenprigite: emitted fromthe | aser a second
second _par anet er, IS indicati of .t he

out put representative of L.ch
bandwi dt h ofi W@cwawgéﬁﬁbr@w Vezdhigsae |d§§8¥gf trgich MERSURETERE Ob VAR h

* cal cul g %@;ﬁrgkﬂ b&hRgre} ﬁﬁuh‘ra%%%tm%@é&u@m dolBlatei 8 OBk QtubihcdS

part of a nmultivariable equation enploying predeterm ned
of the first and second outputs for a calibration spectrizm.

9. The apparatus of claim*t1, further comprising:
the value of the actual bandwidth parameter is calculated from the equation:
estimated actual BW parameter = K*wy + L¥wa + M,
where w; = the first measured output representative of FWXMI or EX” and wo is
the second measured output representative of FWX""M or EX*™".

4%4. A photolithography light source comprising:
" a bandwidfh meter means for measuring the bandwidth of a spectrum of light
emitted from a laser input to the bandwidth meter comprising:
an of:tical bandwidth monitéring means for providing a first output
representative of a first parameter which is indicative of the bandwidth of the light
emitted from the laser 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 variebles specific to the optical bandwidth monitoring means, for

calculating an actual bandvﬁdth_ parameter.
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calibration variabl es specific to the optical bandw dth nonitoring neans,
for <calculating an actual bandw dth paraneter. 31li So. The apparatus of
claimtF9, further c'orrpri Si ng t he actual bandwi dth paraneter is a spectrum

full EE?E Bt mvvithinthefull wi dt h of the
spectrum’h?ea%plp emtted ?’romthe 5gsegu( "FVWKM ) . |. The appar us of
claima4-9, fhwhkesl b ket tee inct qmcﬁbmnﬁundmﬂpaiéﬁgteewem%nap

arjwidtl pgranie

of { R EOE A Bl HEh S PEAraE o FT LR PRA FPO ?rﬁe‘?”%%}f?g?y-

52. The appar at us of claim49 further conprising: the bandw dth monitoring
nmeans is an etalon and the first output is representative of at |east one

of a wisgt theippardiné e i Yfuethes @abprisitgut of the etalon at FWHIv1 or a
wi dth between two gm nts on the spectruym encl osi rrlilgl{sorref[ggerc E%%SSF&ID t he
energy of tﬁhﬂﬁaﬂuﬁl anpsbidily prgmefrgista RANEDNTHEC %e

the second .out IS I t Qe oFfthe FEgh or
EX", @P%mg( ?fcﬁet%%f@%%gﬁéﬁ%cggp%grfgyug of claim 52®€f urt her

conpr i %ﬂgedﬁbﬂtﬁé%gﬁpm@q_ calibration variables are derived froma

measurenent of the value of the actual bandw dth paranmeter utilizing a
trusted standard, correlated to the occurrence of the first and second

outputs_for a calibration rum _S.. The apparatus of claimb53.,, further
conpri s5£1 fhet‘ﬁé’%%% ﬁﬁ%é@eﬁ&f)m@gﬁgl i dt h paraneter is calculated from
the equati onpe pERdv ARt SHRYYBE LIRS §F arT clélod amdtthwzrst Mtpuhe epastentativee
first neasured output represeltative of FWKM or tgl V\%\mt he segond
measur ed ableagumercfpresinvfis firgeott awptivebputpst of @5" R I%@vggﬁﬁl
~light source conprising: a bandw dth neter neans foré]?tgsurl rég e sl
bandwi Getiveeh taogéuts ounthefspétghn enclebing samer BFFF G188 figat ey &t the

bandwi dt h nete comrbgé%%gjgégﬁ c]%b”?g#@ edgéboﬁgmlﬁﬁ@ﬂlggeﬁ@s%ﬁﬁufverof

provi dlsﬁzjm%iﬂfi) a first spectrumwd
measur SRk S oFBIURAT I o It dWivlieh, HeRETAnd JRE Y - second out put

represe 8T Ve 0 second spectrumvm dt h nmeasur enment neasured by the
opti cal bandw dth detecti on neans;

53, The apparatus of claim 52, 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.

S¥.. The apparatus of claim 53., further comprising:
the value of the actual bandwidth parameter is
estimated BW parameter = K¥w; + L¥w, + M,

where w; = the first measured output representative of FWXM or EX’ and w; 1s

calculated from the equation:

the second measured output representative of FWX’ ‘MorEX.

THh. A photolith.o graphy 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:

ut representative
an optical bandwidth mont pitoring means for providing 2, first output rep
resentative of a

of a first spectrum Wldth measurement as measured by the bandwidth detector and a second output rep
€ans;
second spectrum width measurement measured by ‘the optical bandwidth detection m

and,
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and, 25 an actual bandw dth cal cul ati on nmeans, utilizing the first output
and the second output as part of a multivariable equation enploying
predet er m negh, gakhPEaldwRRHY eﬂbﬁr}aﬁ@& thean§PERIAHE the file cibiCAld BRNgAbAY h
monitoring nmeans, for cal culating an actual bandwi dt h paraneter. 56. The
appar at aigpuf ascpa't nf 85nultivatitde eqompm splyyinghereaictaraingd calibrdtion p’éﬂ&bﬁé& er

is a spectrumf t.h me percent of t ioum w t

wt den GPeEHg BbepliRtich e RAPREGE TIoBH i qlilsing Wﬁg‘"’y bangmgth e
appar at}gﬂ}ﬁﬂé Iar m SS further conprising: the actual bandw dth paraneter
is aw etween two points on the spectrum enclosing sone percentage of
the.energy of the full spectrumof the spectrumof light emtted fromthe
| aser 5%)( D. 5%.. The apparatus of clajimb55) further conprising: the

. bandwi dt %ﬁuapmmorﬂe@n@?r&, fyrbertcompnis@gd the first output is

representati one f a wd e t put
of the etal ﬁl%a?%f—é\]/\%w %ﬁ e’best M@%%% %%liwtls O%P%%ﬁg %g%eﬁgi%tﬁé'
encl osi gxisaife vidit #RLA0 vih éfrtﬁe gﬁ&&% off ight eerhitlel] frepeke taser OTFWERDY).
emtted fromthe |aser C EX"' he second output is represent ative of

at | east one of a second FW' M or EX"', where X#X' and X #X''. 5 ~ .. The
apparatus of claimSS, further conprising: the preconputed calibration
vari abl es are derived froma neasurenent of the value of the actual
bandwi & h. ‘g 2praratys of ¢lainy Phg farthenpormgisigandard, correlated to the

ocourrence gf oL bhiaki A LaBBEIR%: o WAMh Sl flerP B NIEI 0B

The apparatus o arm ef ‘conprising:. the ue o act uaI
bandw réhhlopmgasmeepemsmagé erﬂ ltd ederfgrymfrﬁleefuleqpe&trm of thstspatrach BMight
paranmeter. = Kwj _+ . Wwhere w, = the first measured out put

repr es@ﬁltl’é@ciﬁémdilehf’ﬁqvﬁé‘?’)Ex and wz is the second nmeasured out put

representative of FWK"Mor EX'"'. 36 b | . A photolithography tool
conprising: a laser light source conprising:
©Q. The apparatus of claim 55 further comprising:

the bandwidth monitoring means is an etalon and the first oﬁfput is representative
of at least one of a width of a fiinge of an optical output of the etalon at FWXM or a width
between two points on the spectrum enclosing some percentage of the emergy of the full
spectrum of light emitted from the laser (“EX’”) and the second output is representative of
rat least one of a second FWX’"M or EX’”’, where X=X and XX, |

59 .. The apparatus of claim 58, further comprising: _

- the precomputed calibration variables are derived from a measurernent of the value
of the actual bandwidth parameter utilizing a frusted standard, correlated to the occurrence
of the first and second outputs for a calibration spectrum.

bo. The apparatus of claim 5, 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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a bandwi dth neter neans for nmeasuring the bandw dth of a spectrum of |ight
emtted froma laser input to the bandwi dth neter conprising: an optical
bandw dt h nmonitoring nmeans for providing a first output representative of

a firsy, par ter which is indi.cative of the bandw dth of the |ight
emtteé‘f'?a‘ogﬂ‘%ﬁgtho Yﬁ?fﬁcﬁmi’gﬁ%'ﬁd out put representative of a second

par anet er M%f 115 doliflleGRknyiginef the bandwi dth of the light emtted from
the | aser; an %Pg a%?t ugl bgn wdth cal cul ation nmeans, utilizing the first

out put and &hendsadthnteten typesns dor pasasunfig ahevbendwisith afflae speslzam efdight on
enpl oyi ng predeterm ned calibratjon variables, specific to the optical
bandwi @P—%@@(ﬁﬁfﬂ@ﬂﬁ%m@é%ﬁh@%ﬁdw@éﬁlm%ﬂoﬁ@néw ctual bandwi dth paraneter.

(, 2.. The apparatus. o %&%ﬁxﬁdﬁégﬁs%%m&sﬁggﬁiﬁéeaaﬁtsyagquﬁndvm dth

paraneter is a &pet ne per cent maxi num wi t hi n

the full wdtheQbitdI6r 5 Bes phismdl: Whights piicitee 6f trmtehdwidther e BYRM ) .
63. The apparatus of claim6 % ., further conprising: .the actual batmdvm' dth
par anet er emiteedyfromtthedasseend awiscpod upubRePIECHBEYE OfA SSERLE 88T "Yone

per cent age of .t.he ener f the full the, of ight
enitted frW%@H@W@?ﬁvg%f%?'gwﬁﬂéﬁ%g%ﬁ? lis o§ eIy m%g@%,k&?t%t’he({ﬂﬁ
conpri sing: the,han Shhdwee bakhRgoneaams] Sutitizires dieofirsinglitphieath

output is representative of at I_ea.s? one of a width of .a fri %e of an
opti cal ouSqund@utHUh@S@taHIQfm mﬂW&?@rh@ﬁw Ao & @Hng%ecga TS on tpe
spectrum engl,0si ng_so er cepnt age,.0 - : - £ U ctpum o
Taht e ¢ FLTRIGh e S SRrTLe it 15t QhAH RS by mads,

repr esent atAiM@a@hg athethfdahd€iEh phratet@cond FWK'M or EX"', where X#X' and
X #X,". 65. The apparatus of claim44- , further conprising: the

preconputed calibration variables are derived froma neasurenent of the
val ue, of-the actual. handw f&l,.utilizing a trusted standard,

\ cor r eb 2 dF°BPEHR 8@8@@%‘6%&%0%@%8?{% and second outputs for a

cal i brat i ofmeSREGAI bHdwaIth pBamdibe inpppeetus Hfll stidfbnatcSymé perdest of the

conprising: the value_of the actual bandw. dth par t IS C d from

C e crpauinon witds el e i e SRS o Kol St ot thp 1etef C FWARES)

b3. The apparatus of claim A , 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™). '

GY . The apparatus of claim 6\, 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 ora 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"".

5. The apparatus of claim &% , further comprising:

the precomputed ca]iEration variables are derived from a measurement of the value
of the actuai bandwidth parameter utilizing a trusted standard, correlated to the occurrence
of the first and second outputs for a calibration spectrum.
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where Wl = the first measured output representative of FWKM or EX and wz

- I's the second neasured output representative of FWK"Mor EX"". 6~ . A

* phot ol i t hography |ight source conprising: a bandw dth nmeter neans for
measur i t he bandw dtth trwx af. light emtted froma |aser input
to 't he drecRPRarAbiseet da E?Félerﬁﬂmaﬁf"ingal bandwi dt h nonitoring neans

provi ding a fid sluOt fl gtag{;ﬁjto[?]e i (b B calchlo84d S@AHE aodt h

measur enent as neasure andwi dth nmonitoring neans and a
second out putestirapicd BWtRtinseof KX vaeichi, spdet rum wi dt h measur enent

measured by the opti cal bandwi dth_ nonitorin ans; g aAN-ac I

bandwi dt h caIVél?F%thcm e megsiTed AU AR O t%ﬁ?&én%r}i‘?ntgﬂgev oRd
out put gs. par guatd-axcenpl oyi ng predeterm ned
cal i br a?’reoﬁ%co geasjh‘ggem feg&ﬁoﬁﬁ:‘ga%% qg{lt bandw dt h noni tori ng neans,
for cal cul ating an actual bandwi dth parameter. The apparatus of claim

67, further conprising: the actual bandw dth paranmeter is a spectrumfull
wi dth at® lsdwphoiekithestandy lighbsouseGampAREhi n the ful | width of the spectrum

of light emitted frg@hlgg%éllgg L& é%@%ﬁl‘% D8 APREIR NS ngecﬁhﬁﬁ%ﬁil

further COITDFIS t'Uat - ban arameter is a width between two
poi nts étﬂlﬁdﬁlai'@:ﬁQQEﬁdﬂlﬂlptﬁm@ﬂ&SjaﬁgwﬁﬂMMDﬁf g:% of the energy of the fuII
spectrum of the spectrumof light emtted fr Iaser {?P X?ﬁ)frﬂlll

The appar at ugn@pn@a’léqa@ﬂmdthmnmﬂ@epg@weﬁupé@\ﬁg WE FPHSHATE S

neans | }j%légjﬁxl t lljm one
of a w sgnsgg&gﬁr?\r I nge %]P an O&{.tl cal Oou }e%@%gﬂg%ab%%“gt@ﬂlF%Rﬂ O{
Wi aeans dné e wrserd quigrt mrem@tl@moftahecoeéa@ﬁrweﬁtm%?fﬁ’@e@ givesusd P 85 eaige! brdvii

energy of the full 3g spectrumof light emtted fromthe laser (EX'"') and
the secBWRilatby Jeans; adpr esent ative of at |east one of a second FWK'M or

wher e ﬁécnﬂﬂq)aé ﬁ?&ﬂé -cafchiation rheall3® uﬁBEﬁFaﬁh@&ﬁI@ﬂc oftbat Bd e, seboid her

corrpr|5| ng: e preconpu calibration variablFes are derived froma
measur egwtput @b fane ofal umltivdrisbleelinedr uajuation dwiploying aprafeieraningd icaldration

trust edvasrga% gsaggec ¢t e togtdmaﬁ %angmﬁﬁ' CHonif: or}x%a% means, for calculating an actual

bandwidth parameter.

69. 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 ("FFWXIM™).

. 69.. The apparatus of claim €71, 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 spectrurm of light

emitted from the laser ("EX™).

“10. The apparatus of claim 6;[, further comprising:

the bandwidih 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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of the first and second outputs for a calibration spectrum 12_ The
apparatus of claim-11., further conprising: the value of the actual
bandw dt h paraneter is calculated fromthe equation: estimted BW

paranpler = 1 EndifiiPed Y kidoRl W e&hrOstnpitive of

repre gﬁ?'ginio\%%e%%?m&d%%@%gi)saﬁdtkkﬁgssgcon rreasﬁfbed out put

r epr egeflstbhd 8f 5oV BWRF NEXT EX° 8, whemdB{-a0Ud shaf’#asuri ng t he bandwi dth of
a spectrumof light emtted froma laser input to the bandw dth neter

conprising: utilizing an optical bandw dth nonitor, providing a first
out put representative of a.{inrst parapeter which is indicative of the

bandwi d1-hThs appesatis ghelasni (@ SYthpisprtié t&Eser and a second out put

representatjve of a se | §h¥ed fidifl h Gadasiieénttdfechbanihw dt h
of the IigH eé’ﬁ?ctc’f“epdﬁ?‘f‘garrfnﬂ eﬁaéa@%ﬁesﬁf%ﬁd, in an actual bandwi dth

cal cul @thofcraRPREaRIsh pafdrhétal wilidilea fiuset stadpd comeatereto 1§98 OSRUTERT U as
part of a nultivariable |inear eqguation egl oyi ng predeterm ned

cal i broftthofirsi apd apoad opfads for @ cabbrakan SRS bandwi dt h noni t or,

cal cul ating an actual bandw dth paraneter. ‘A bandwi dth neter for measuring
the bandwi dth of a spectrumof light emtted froma narrow band |ight
source input to the bandwidth neter conpprising: an optical bandw dth
noni t o7 2pThy kpfiangusof ¢legn  Dutfyuber @ESEH at i ve of a first  parameter which

is indicativye of t bandwi, dt Light - fedihee drobd himetjlreidnk ght source
3~ and a se@BNAS g‘%ﬁaﬁbé%npgl%@m%%#%gmﬁeg?csecond parameter which is

i ndi cative &ﬁiﬁa@BﬁaﬁM{d@ﬂ*ﬁrheﬂmhﬁmm tted fromthe |Iight source;,
and, an actual bandwi dth cal cul ati on appar at u§ utifl' I8 of B fhASt, put put
and the secwhere wutphe fust marsurest OHPRUTPTPEFIRHEY & équatT on enpl oyi hg

predeterm ned calibration_vari Qliﬁg vhjer E3Cthe optical bandw dth
noni t ofbe sgep é?%aﬁpﬁfiéju%“qé%wﬁ%ﬁ% ang\fm th paraneter. -1S. The apparatus of

claim14-, further conprising: the actual bandw dth paraneter is a spectrum
full width at some percent of the maxinmnumwthin the full giﬂgth o%?the
spect r UROfA hiegitkl BFirhéasdrifg dm bielwidghe! & epecwm OF peRhFFIHOFHIR§dPE: us of
claims further comprising: the.actual bandwi dth paraneter is a wdth

bet weerinpyido s brnsvaA RS FIBPHRE | _
utilizing an optical bandwidth monitor, providing a first output representative ofa

first parameter which is indicative of the bandwidth of the light en:ittgd 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 oufput as part of a multivariable linear equation employing predetermined
calibration variables specific to the optical bandwidth monitor, calculating an actual

bandwidth parameter.

4. 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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defining a content of the spectrum encl osing sone percentage of the energy
of the full spectrumof the spectrumof light emtted fromthe |ight
source (- EX'). Il . The apparatus of claim'1ltt further conprising: the
band%gtgsgg;fmt QitpliS réfeRntitie e debend piratnetart witich sis risgicesenchithge of at
| east  one of a \Mpdth of a fringe of an optjcal output of the etalon at
FVTXMandwiithofithe Hgbt emitted from. thelightsoniee: 3 spect rum encl osi ng sone

t f th he flaijl _ . ! .
Praht s oureeaquabieng i ofiral:08p ohirea BT e Hxsk ol B theseonbo et
one %ﬁtﬁ}tfaﬁgéﬁﬂgof%%%ﬁ% cquAMhRr enpiéiing pnetickriiied calibraijopavasiables of

claim onprising: the preconputed calibration variables are derived
f r omspesifiase teropritaldfandiwed hahomtorgfo qal?@laé%%&?t“*ﬁg?ﬁﬂé]‘ﬂdﬁh B er

utilizing a trusted standard, correlated to the occurrence of the first
and second outputs fora calibration spectrum -19. The apparatus of claim

16, fypt E]gﬁ%in@%ﬁfgﬁhnq‘ﬁfﬁﬁﬁ&%oﬁipﬁkgﬁi actual bandw dth paraneter is

cal culate e equation: estinmat act ual .BF'W?par aneter = K*f/\{;th L* w2
+ M wher etheractual henfiwidih preaseieeds osppunt Spil sddHR AL SPEOPEEEMOMEX and

W2 is the secqnd red out.put repres L L8Rk aRWGHMERY 1idR 'sourdd0. A
bandvﬁ%@%t@@l@&%ﬁﬁi‘ﬁ&m é’%%%tsp%%'ﬂ%ggl%%g}é@ﬁ% i'nStTUment, di spersi ng
t he :@Wmnprisi ng the output of an light source into a spatial or

t enpor al ‘donmai n according to the wavel ength distribution of the energy of

the light source; a detector, recording, respectively, the spatial or

tenporal _variation aof wavelength distrihbution of the energy and providing
an Quﬁgutn@iaﬁﬂgﬁmﬁé’g&l@@p it elerrceoéncﬁr‘:fé]%é?spati al or tenporal variation; a
first cal cylasdi@ RRRMANUSaradles 4b atwitth bhevasndiho gioipiseomaive FRasium

distribution of the energy, respectively, in the s e or ti OR®{ N,
baseddeffming ar espat tafythe \spetthan FalosHIg soFic PERPYRT ‘\Eﬁ&\ea‘?qew gf ﬂ_t‘dangﬁi

wavel ength distribution of .the. okOed e ~Jet ector, and
convetR F@F‘?@éf)@i‘:@[ @‘%g%ggfﬁg?ﬁ%‘?ﬁ errpor%ly( Tﬁ%’t}rji bution into the
wavel engt h domain according to the optical properties of the dispersive
instrunent; and a second cal cul ati on apparatus, utilizing at |east one
wi dt h bt Theeappesatiserigiaim AhsFirihsneqBPEREt he energy in the wavel ength

domai n, calgul ated +BYmbiod isTSl ciSBh GHA #d BAt 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 light source (“EX’”) and the second output is representaﬁv¢ of at
jeast one of a second FWX°M or EX””*, where X#X"* and X°# >

1%, The ainparatus of claim 17}, further comprising:

the precomputed calibration variables are derived from a

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

measurement of the value

of the first and second outputs for 4 calibration spectrum.

~19. The apparatus of claim 718, further comprising:
the value of the actual bandwidth parameter is calculated from the equation:
estimated actual BW parameter = K*w; + L*wa + M, '

where w; = the first measured output representative of FWXM or EX and wy 1s

the second measured output representaiive of FWX"Mor EX”’.




apparatus, by applying the at |east one width as an argunent of a

mul tivariabl e equation having predeterm ned calibration variables specific
to the optical source, the dispersive instrunent, the detector, and the at
| east @ee Abaitividth keterapmprisinggunment . $1 . The apparatus of clai m 80,

furth I sjng: .fhe first | cul .ati t . .
cal culat | onIReRLY GSPEFIe SR CeRrOE I S A A B EaREEe
appar af g iso &L et ?glga%t{ezg roi: F%%}‘J&Qmﬂaﬁh REcoriiAe téthd wasdlerpiiedisiribulions at

| east two W dths se the group conprising a spectrumfull wdth
at songftheeseny obthelight soaxcaqum within the full wdth of the spectrum of

light emtted fromthe_ light source ("FWKNP' ) and (" EFEW 1 dt h
bet ween - t wha§8FRE §ec8FﬂJPﬁete§%&VP]@[n?bgéP?tﬁﬁl}lﬁ5 )[653395?”@&%8%{ Wg%siﬁ rum
encl osk:0g; - al hided Ubdn £R46¢drEEY Yatibhe

~ spectrum gﬁaﬁaﬁ&%rﬁn ggd ?%Vrﬁhit}%eaﬁli tsgz’(fé)lurceB (bEI;( ") and ?j EX' "),
wher e ot-t¥mpbrhl ¥arifdeH]1 83.. The apparatus of claim 8o, further conprising:

wh i th [ ti i.abl ti i | t | | t yal

bandwi dth - BEF USRS gae sodb e ST PR e ner oy

out put tthg%nélg‘yz, 46&}%'3&%&2,%%& sl @ Rtk ddrRAth ! BiRedhipi) r&%ﬁ&ﬁdﬁiﬁé‘ spafidl $. The
us o cla m t he

appar a ., fiuther conprising: wherein mul tivariabl e
equat i eniehpory ahtistoad it vabelehgthelistribetianed the aratar sroerdeddydhet er

descriptive of the spectral distrjbuti.on of the.energy. by the Iight
Sour celeledbe B oI eTiRe HoPBT O A e esiempoh SRR b 0 1 TS (her x
or X gadeiéioth dFRYinGREGIS) (8. offficprapertiestifhe dispersive instrument; and
a second calculation apparatus, utilizing at least ome width of the wavelength
distribution of the encrgy in the wavelength domain, calculated by the first calculation

apparatus, by applying the at least one width as an argument of a multivariable equation
having predetermined calibration variables specific to the optical source, the dispersive

instrument, the detector, and the at least one width taken as an argument.

Q1 . The apparatus of claim 30, further comprising:
the first calculation apparatus and the second calculation apparatus are the same
calculation apparatus.

Q2. The apparatus of claim Bo, 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 foll 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 ‘ligh't source
(“EX” *y and (“EX’”’ »), where X=X’ and X=X,

93.. The apparatus of claim 80, further comprising:
wherein the multivariable equation is evaluated to calculate an actual bandwidt_h

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

Yl




B The apparatus of claim 82 further comprising:

wherein the ﬁlulﬁxraﬂable equation is evaluated to calculate an actual bandwidth
: paraméter descriptive of the spectral distribution of the energy output by the light source
selected from the group FWX*M, EX*¥, ﬁherein X* may equal either X or X* and X**
may equal either X°° or X°7°. '

M.




