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continuation-in-part of United States Patent
Application Serial No. 10/ y321, filed on Jul y||m|m||"m‘||"||
2003, entitled OPTI CAL BAN METER FOR LASE

LI GHT, with invenimprdadaBandiidel Retimk¢isiiet No.
2003-0004-01 and is alsg a continuation-in-part of
United States Applicati &ebeerJ- Refac 10/ 109, 223, filed
on June 26, 2003, [ Q%EﬁPPARATUS FOR
MEASURI NG BANDMYDTﬁﬁgEATgﬁﬂﬁP§L¥Eggﬁ PUT OF A
LASHRjs afplicativayis Beokigiuaion-i2-paR -of Wnbted Siates Hﬂ)enmiﬁtﬂphcanon Serial

oy RO4]5 S2bnIed A A0S snbien Qi ikl BARGSVALRRT Barter For

LA\MEK: nIGHS hﬁ{hem&eﬁtep RaPR! Athd)YDb&eE NI 2803 0bb4-01 %d is also a
I'NVENTI'ON 15 The present invention relates to

cor@tetuehnmmparo iof @.fmtteﬂ Statpe dpphitativanSen Hon 1aﬂoa,223,aﬁled .on June 26,

208 R BT VL R PR A TS o YR, BB winTn o

AN OFUEAISOUTFUT OF & DABER, At@méli Dotk INY.€2003-0056-01, also with
instrunments (" spectroneters ) whose i npul se response

Rafagnas japniveetee bethdessianad denthieapssignee orfptbeapresent application, the

iRl AR ViR Bl B B T ot

I i ne-narrowed exciner |aser Ilght source for DUV
l'i t hography is not r@?. tant |nt|rre Wi | e
stability has greaFﬁ‘gﬂﬁ m?&n EWances in
t echmgl Rent ﬂﬁ'bﬁtﬁﬁf reldi&s Rﬁﬂl@vae@érﬂnﬁﬁi’fontﬁeché 'éﬁgcrtr'ap B&ldwidth of a
form (shape) the 25 spectrumis perfectly fixe
lasghe Mmsag@necﬁllySﬁ?@cpnesﬁnt shmlooh@i@@ss tQ)mhel amwm @phmctlon of the
rf.ar C b
oo UL 55, 19958085 B, RheGRNBLELE ¥, gy fnsmens
(“s@écthﬁhéterﬁ’B)XI Whiese ( "iEiﬁHM'e) railﬁm%(%flﬁﬁﬁb% eBavenesa@dwidth generally
"I9g% or "E95" or g%sti nmes referred to as
comparapletg or biagqrtﬂmthﬁqq G0 SRIESSREiBRmEaTuEehs on i mage
contrast, |og-slope, exposure latitude, etc., have
been found to be significant, as discussed in 30
"Contri but ion dﬂ‘A@KIQR@UNﬁ\GR:THIE INWEMEI@{N to opti cal
pro effec cont ext ,-of - UV,
it &ar% Ry SR rigg 8§£n nf R Ses (RCinRt RSerFlight pfource for DUV
litHdgedphy 34 Hibt Heruealy 1r§}im%°3%ﬁlb‘§ﬂabﬂ’i\:9tlﬁ§?§éﬁtly improved with

Technol ogy and I\/Ianagerrent G T. Dao and G enon _
advances in technology, neither the bandwidth nor the functional form (shape) of the

spectrum is perfectly fixed. The impact of spectral shape changes on lithographic
performance has so far been not completely characterized, however, the influence of full-
width at half-maximum (“FWHM”) and 95%-enclosed energy (“195%” or “E95” or
sometimes refefred to as “spectral purity”) illumination bandwidths on image contrast,
log-slope, exposure latitude, etc., have been found to be significant, as discussed in
“Contribution of polychromatic illumination to optical proximity effects in the context of
Deep-UV lithography”, A. Kroyan, I. Lalovic, N. R. Farrar, Proc. 21st Annual BACUS
Symposium on Photomask Technology and Management, G. T. Dao and B. J. Grenon
(Eds), Monterey CA, SPIE Vol. 4562, pp. 1112-1120, 2002 and “Understanding ch:on:xatic
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(Eds), Monterey CA, SPIE Vol. 4562, pp. 1112-1120,

ngd "Understanding chromatic 1 1111111 I]J!
W‘%/?ﬁ%"@l’?"i VITL ITi! 111! *G00002* WO 2005/ 001%5/”%2‘?]0}’%18944
PCT/ U82004/ 018944 aberration inpacts on |ithographic .

I magi ng", K Lai, I|.Lalovic, R Fair, A Kroyan, C
le
ab%%g)ol FT?}%ésr §Bh§& Plc():f 1%%7?%,' %r{“ a?ﬂgﬁglﬁ/lv%r c;{ Falf eA Kroyan, C.

Prd.giér N2, R| Eawar, D). Adpes] 0G- Aﬂﬂlﬁd,ZﬂOMzcrbMogt@(bj/ OWrBﬁzbﬁfcanon and

whi ch are hereby i ncor reference.
Miggasesietahc Kol 7. lpsue; 3, R Qoal lngza?)éem WFIQF‘F%@f whigh are hereby
m M%@b?l?éfbl(‘eﬂ material constraints at DUV
el engt hs nake some chromatic aberration unavoi dabl e

i n anexpdmtc on thendlemihamgKsiecomm Advides, thd@bapshyoptlcal material

r 'ceffetscnbemn
coRiatts at Pgr VBVRENEHE oaGodhEE, CHOBIICy Bieprebeottyoidable in
pré)EARMABNSRE fG KiFhd! AIFURBSaDRY WARRGhFdHRARAHREs dAf be minimized
conpletely i gnored, as discussed in "Mdeling the
widk 4 snecgallsf nassaoveddight @ourass @vebarpicamitep hrdadethuog o Bl iikumination

Sp fu f o;r ng F -ge &omer e?% V%IHI' L 8§] 815@65%9%%‘}& géfnrép ngleffecws of excimer
laséﬂ@ﬁld“ﬁhhlcﬁﬂlhth%lﬁblﬁb iperfognaiedy AXKkbyan, PpJ. #e8di&@. Semprez, N. R.
Mar ch 2000, the di scl osure of which is hereb
FafTfe &r-for Rowan 59 1 &r Mick, SPH& ob A0, (rbieeloliasolitiegraphy XIll,
pp%@@%@r %ﬁé&ﬁ@o@é fnB &L dIgkisd oY X}F‘Ql’s hOrebY & ﬁco%&?t%é by reference.

numerical apert’ure settings an ower v l'ues o
Th&'@ogcm bmo&mestdvan ntdre pe&ssmglas |tl|mg'felu§1r>omewes tesevar—hlghEr numerical

oo SRS ol P YR, 8 St S e iplage properts are

mdiﬁtﬁﬁxEWdl'm{ alBNdnOproclss WiR&sPaeks tHeRTodeNRerkh 1%%&‘6 “fportant to
reporting these spectral flgureso-merlt W hi gh

hayg dmstvarthynmefrelogim ifeadbgcka Arons tthe light ysoumgr tenelrtmgi ese spectral
. a d pl i e} i 8:1.0f

ol ANORACOARELLEAL) i GBI BTTALNR, o2 g in v

adeoued epplrtaammthmylformtiam camacsmaityi be lmclttdﬂ eoﬂtrcg hite workmgs of the

. source spectrumor otherws ulate its

ligBG SN cR. SOmP 313dh S8 cnie F‘GE‘“ZF e grﬁhér?ewesﬁfeetwral or otherwise

mARNHOT ARNERIWIRRE AL RDIsLiEH Ysc@Rirfishefle "B cdd &egebéﬁomance
optical -proximty (OPC) solution$ can be | magine

repeqtabilite natitained fragans vibat gdnerom opticdrproxivmgty {GRCY ysetutions can be

i ncl udi,n irements for hanced
1ma%m?cl ttl;/ng‘:t‘ {18 g&‘r éigfﬁtwe Caélﬁt %&msggﬁ SYEY E H?QQB% e.g., including
requit@fentsi fo€ .enharl®el Q‘Mlﬁ?ff@ striU’tE'SéUHt@l kbﬂﬁd\ﬁ;ﬂﬂpw&hﬁl\/ Sori® fdhge, i.c.,
t hreshol d. 25 Conmon| used bandwi dth netrics such as

mmnaﬁntamebeld%alﬁ@@be\femw thegsholdat e neasures of

SpPeidni orﬂpaﬁ’s%d ﬁ%@gffdtﬂl n¥triO &R SN EWEHSL gﬁ@%ﬁeﬁr%dn t always

al one. exanpl e, an 1 ncrease in the energy cont ent
acafrate haeefsaresvwmg:ectrﬂl ghappeedpediiaily anhesi githiek i is aohsigered alone. For

I ncrease the E95 bandw dt h v whi |l e | eaving the

exaDRIS HLingieasg I & §neray sQatentq éﬁe §a: wings of a spectrum can significantly
increase the E95 bandwidth value, while leaving the FWHM bandwidth vaqlue essentially

and effectively unchanged. Other spectral shape changes can, e.g., leave the E95 constant
while altering the FWHM, or can, e.g., leave both these metrics constant while changing
the center-of-energy of the spectrum or other performance-significant parameter of the
spectrum. These shape changes can often go hand-in-hand with, e.g., bandwidth changes,

with significant consequences for the design of spectral metrology tools and the
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and effectively unchanged. O her spectral shape

an, e.g., leave the E95 constant 30 L
Wé?%&?ﬁét he FV\HM or can, e.g., |eave both tﬁgg@%mwmwu
metrics constant while changi ng the center-of-energy
of the spectrum or other performance-significant

P O e AR R Rt R o SR CRRARRt etimation,

andvpatticuiaglyi i garinsc ovidenarentseesmiing evdnendlesprgvalexft where metrology

spectr trology tools and the 005/00
feqRBSiH MBORIF O Ga Ponsar FBF Gaticase SrauEsd R f OF @iBe by Ry basis a
reﬂe'ﬁﬁbﬁ raﬁég‘e%a\é?&%aﬁ]gufooaqwate bandwi dth estimation,

and particularly in-systenms, which are becomni ng ever

nor &/3piationd enthe defaded shaperapd dgndwidte db altie-remww excimer laser light
conconi tant contr ol gre required

b
soff S 8b PRt b Asegel of PR ek aPaPas TYRaAs B Veristion i

tecBiRaRd ungv@iHle, Had % YathéwhdtUTfective gmegefoabm@orﬁ@ RS in the past
and bandwi dth of ultra-narrow excimer Taser | i ght

hag beancteslegign thy light sewree ima manaer thatyis gengsaysepsianized to minimize the
hj s,V nical
efigﬁtg\r})g‘né %EBVan‘?gglg gé\éetg n%v\?%a@{ r?e% c\(l)gtr% %’r wever La\fge changes in

spamet chdpe dribandividth fe@an Qaﬁxtetmiaa%c&&&ihett@ 1&@%]@5&1 aih@ﬁment failure of
giht source | gaa manner that is generally optim ze
OPPBa (FPPRPRNSIES, 1oF &ailugs f-mpragsAimpgHpANtpApGess PYAME te\M‘%‘ fo the light
I
BSOS IRIRLE 1 KOUEYOH of b2 03008 bl gy pckan
conncptyoqdentlﬁl angraceuratelyf eipbrtrtbe dight sprdeczandeddthaneahatst may be used
as ftr?#tlg&)r ue%u ?,'g%]elftb rggélg&?% ggs? cgo%ar p?gglgvsstra% these shape changes,

a rilimBed (o )exarhpleb f tfpfcdl GPectfal Elﬁ‘@e%ﬁ@ﬁérﬂ séaRgfta @mer XLA 100 ArF
netrolo y ackage to correctly identify and

M@RAMa %b&r{f’qwré Amplifier3 jghtwursnntasted wish phigh-resolution
doH’lte- ogr%%h“é Eﬁtlg@%g&&l‘éﬂe‘f@raﬁ'@w P13, 4AED, This collection is not

s contr ustrate t hese

'exbmpiee,diMmgbdleﬁ& t@ bauydeal offa bglan;pbﬂs ofifthé ytprlrmlgeneratlon. The

daiR bionsTaliabesd 1o S AeBheReCRERb 19 £ gHeT Sutpison of the
spEERAs eh&dy Wistibwion! 8hd t°B&tds trbHBsent ‘i’r&ébin@egﬁ’ﬁ% d?&_'fr}ﬁil gﬁutent for an

gratin spectrometer are shown in 1 A
expefiureel, pgn 209 laser pulssshaust i ve, but |s beI i'eved to be

typical of a light source of the current generation.

The data has been nornmalized to equal total energy

content for a beSUMMARYAOFIHE NVENTRINSpect r al
energy distribution, and to better represent t he
i nt yrbandwiddiy apeter method @pd apparatis fosxmeasyries ghe l@ngmdth of a

spgémlrﬂ o ‘ﬁ?hhoé’xlnrctfaeg ot MARY i $ ut 'foftht Wﬂd@ﬁ@ttﬁgﬁ %cg{sﬂi, which

met er appar at us measuri ng
mayf canprXe apemtical bmmlﬂﬂghm)nem prosllifig arfirst dwtpetr representative of a

SN R o AV LBl e e
a skttt o@bﬁtﬂ%ref»e%@itﬁz%%ta%bdﬁﬂ PrarBeter which is indicative of the bandwidth
of the light emitted from the laser; and, an actual bandwidth calculation apparatus utilizing
the first output and the second output as part of a multivariable equation employing
predetermined calibration variables specific to the optical bandwidth monitor, to calculate
an actual bandwidth parameter. The actual bandwidth parameter may comprise a

spectrum full width at some percent of the maximum within the full width of the spectrum

3



20

25

30

+ ingfusmeat-sorielvrd spegtral i WHM baedw

first paraneter which is indicative of the bandw dth

jght emtted fromthe |aser and a se /
W(gg({o%ﬁs%epr esentative of a second paraneter mﬁeﬁﬁsf"é’“‘“”‘“

i ndi cative of the bandw dth of the light emtted from
the | aser; and, an actual bandw dth cal cul ati on .
i 4 {Hed! WdrTaSWidtl bWeeR o bOftsS
of FEPCARAS i e (VAT ) dr L b e e RO SR BB Spectrum
en¢losidg tsemei peeckneagei df the i amargyacfi thel faH sppetturhi of the sphearum of light

optj cal bandw dth monjitor, to.calculate an actual
e P e SR IR FHebArEh R oSN bh Caitareestalon and the

firffRRe %l%gerﬁamferlﬁ% 150 Jr%é'df_a\%i@lﬂibﬁi Qe Bf REHHEA %%ut of the

the maxinumwthin the full width of the spectrum

etald 2005VED1 583 a PEHth/IZ0@e0 189 4pbints o1 ght spedttune cenklosing some

t he | " FVWKM' i dt h bet. . i pt S

peicidied 3E el ameranes S ewd stistrmOf Tl ey bieg B B gypx ) and

theO§ecbAd® ofitput isSRpfeséntiti e of ft€lesP@6E 06 @ seford BWIX  Mart EXU’, where
fromthe | aser ("EX'). The bandw dth nonitor may

X40hmands ¥ #% bt al ln prasdmphited ¢alibeatiopuyagiablessmay be derived from a

representative, of | east. one . awdth of .a frin
P RERERY} bk vabih e aFCEha ARt St oyl B o 4088 standard
combldied tBeth¥rRBurkdMe ST tht Firdartd)SecoRE Gutpiitd €JCd @slibitgtion spectrum.
sone percentage of the energy of the full spectrum of

Tthe yalue ofithe extugl rhspdwirdsh |paeraretqrisxaleplaggdofromise sgedion: estimated

B P 0 R0 1 ] Sl U e M

refreseautpe o€ F WXM br &X’ aindway isahé escond yndasurdé routted répresentative of

,easurenent of the value of the actual bandw dth .
FW%; et B Ut i zapﬂfga@stap‘agteé@dsm%a%fraﬁlemeate o pdissy ltpography |
ligBPsJuF@e dnefdtlih Qﬁ‘ﬁﬁe%igteﬁ Recdit liflogApHy &RgONd out puts for

a calibration spectirum Tthe value of the actual
bandw dt h paraneter is calculated fromthe equation:

wher o w, = + RORE BESERIRTTON oF T DRAVIGGS 1 e

of MBS 0A-IB>$hoandariws irssgohsessefcths handakitii gpectral phiipe due to the
reE),r esentative of FWK"Mor EX''. The apparatus and
altpratinp gf W‘%@?%‘e&éﬂﬁﬁaopﬁawmaser li t hography 15

li g S g ) ' . : .
S s BB e BB i S o s
FI GFIGI A- dhostsoavspentiomeserr wijzons 8 afguldnalisperion df la single plane-
ectral. shape due,.to t alteration of certain
etald gif TREEL LT BESSIBHVENET2 shows an
enbagy Mpriho®s dnfd lof-tRaeffaeRde BEWRBEOLdigTBIRés afid orentzian
3 shows a spectronmeter utili Zlig‘tqht he angul ar

VerAusathepe panapetess gnunits of the

enhadi f the present invention; Fig. 4 shows
LOE%‘Sﬁmﬁ%gpﬁﬁsfyf erence between Voi gt source and

Lor ez i5agho ws SihiulatBd et A G YRcM e &P FOVHM ff ontours for ~5000

bandw dt h versus shape paraneters in units _of the )
experimental light source spectra, with two sets shown illustrating the effect of different
choices of the etalon FWHM bandpass v;

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

FWHM of an etalon fringe according to a simulation of a Lorentzian spectrometer with
0.12 pm FWHM bandpass convolved with real light source spectra all having identical

FWHM bandwidths of 0.11 pm;
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25 Lorentzian FWHM bandpass y; FIG 5 shows sinmul ated
l_on-spectronmeter FWHM fringe contours for - '
W‘E%@é@ﬁﬁéﬁt al light source spectra, with two 3325%2004/018944
shown- illustrating the effect of different choices
of the etal on FWHM bandpass y; FIG 6 shows how

| ea iy e .
21308 P RS AR50 BASGHA oo SR,y s 01
pra FWHMs atndadiffefene EQS rbant wi dilms Glb)amﬂ rtloermt@[vo\lmtdms withl2 Lorentzian

pm FVWHM bandpass convg{y\i_ﬁ% wth, ht sou&:e .
m%rﬁg@p], ngfipn jof O Fgpig pandp gihat thg cenvplved fringe
af]' vm&ot%ﬂ{sf?&@l?%ﬁ: E@?El'érl%%&oﬂe% i)%ctra{: ltﬁ@amgehtatﬁdd §:repancy
ow, respectlve Y, two neasur ed r spec ra wt

bemgesitownahs Q. Tl (Jpnvrhielvelifferdnadi fsf erge,nﬂhe E®Brdeacfiisystiiniegic error for

co S RS S ERRBIS AT KSR cang, o osribe

in tHeQiré3ht dpplic&iddn; t he convol ved fri nge wdths at
various threshofds are different for the two spectr a;

t he FA@BuBa- @fshqwmpmmts ob @i printsthepenF W Maestimagar| tnodel with

il Shaf L GREES] S ool BB SRl HORRG s, 75

ac€biéing @o 8 eRbOHAIMERD ap&xeqiﬁesaganvamod@aﬁnz]bgi g.] ®pdpiftation of ~5000
present application; FIGS. 8A-C show i rrg)rovements of a

SarBBlerWC@Ta@ﬁé mm%lstpilvﬁfwﬁewcf@pnwwn K&y Eo:wni dt h
50 %ﬁ(;g?/f{h% Uil Sf"ék uﬁéHtse s JXt n‘eéf: Efs%%mz!ltﬂcsse?ﬁ{ﬁ%ﬁgtof fringe

accordi ng an e rese

" pointsiapeirocdel ehtitnattonsgof E9@ 1q specprab sthapt i variatidn ﬂﬁmﬁéli by changes in

B AR et & In B oge 318 g Bercgp with ray squares

usSABRESTEW 3% hé i&ﬁJuE ahd B&cﬁ)éﬁ&l%m%t\isﬁlgsﬁ wwﬂ% @ith two or three
frlng 0|nt Sacf)em)e estimati ons o

distigelo Sloaes aivhreq ANSHENCE GRFCTNBIICRIngRPBAARg somesponiigcio different
sch%%i @ﬁdgg%uﬁ &ddt{thé’@&?he g., including some 3130

gray squares 15 using fringe
FV\B Fas0 |sh¢m$ pedittioha ok EO usingi adlisvauisitengity-thrag® -8 36%0+75%)

fth t I di st t sl dth di st t )
m(\?’&é &t Cméw@% @q‘d‘ﬁﬂ%&? ?"(':V“};gg ﬁ?@@ %Bgfg{an &Ogrg y d pqlgsaga:tg fﬁ(penments
cofffel! Trodp 6IP %o%HQS &l SofbertRBof alfh deldfed lﬁomo‘@ﬁmng, Group II,

predi ctions of E95 using a two intensity-threshol
no{Ayi3By/wad wormatb teling:f Geoupall vingiched duagliso mormhbﬁm rvgth shortened

VRS A SRR B SHDH Sf BRH e mose

of tRIGI DQancBA@tﬂpthl: linsef 6hdWing tRe diyeitidionedf tEchldggerrda‘» @(btpthe spectral
I1l, enrjiched F2, also normal F2 with shortened

pophlatiory, with £ 11gmes P 2-4 i, abawtohfnegf Weich ean be mqalsmﬁé @y the finite
sxg‘}lgmq{o?s‘é rhfo E’%’Nﬁ r)%'f %esom%bectrum.

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
single-oscillator, e.g., an ArF single chamber light source. With the addition of extra
fluorine to the gas mixture at constant total pressure, the bandwidth increases. In these
measurements the FWHM was found to stay constant within the precision of the

measurement as fluorine was enriched to 13% above the initial concentration. The E95
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of FIG 9, and with the inset shovving'the di stribution

ng errors for the spectral populatig W t h
W(gg@ﬁéﬁ]glﬁbf 12.1 fm about 4 fmof which can b'e:'CT/USZOO‘”OI8944
expl ained by the finite 25 signal to noise ratio
( SNR') of the source spectrum DETAILED DESCRI PTI ON

%ﬁ%ﬁ@w%%&p@gég&g l;/%efy tllééqnsf : Cﬁ%nrjcﬁ[rﬁnt This indicates,

e. gf |aJ§1gmlﬁeantGIhaﬁ@’ltd thiei ftmctm’nat freml afSehe spastri, thnot e.g., simply a
mast er-oscil | ator of A or the gain nmedium of a
ress@msi Hghe vaxelengthayis. Sy ”Ei larg OAFfFechhﬁ]eét ehthataser gas mix is not
hi .S t f |
tyﬂlig Blzlits&%ﬂcg %ﬁrrg%ltae?er{é%gvg?ﬁ? H)%Btl’ﬂgfl%a?)e(fgggl}eeﬁﬂa of 1th source’s
mtemablmrtltdis iandr inameys evenh ig Ilmiaeatlveretffsaylmmhsc t:lngMHMbandmdth
was foundhtm Staqu constapt within the grleci ion of the

sperirakshpnwith lesSeriperspien & (TEQINGGONISRE ! th lasses L the
i ni Ex&lngféqwl‘i‘(mﬂ #t FIRN-1BTiMRsERSs, e MR gﬁgé/&%ﬁgghstlc disturbance,
PCT/ US2004/ 018944 ~was not const ant, however,

e.g, ﬁhntaiatga@ssot,hrm%% the elecwedesgapedusingi lasereseil latiun. sAS evxdenced by the

tes a.signifi.cant .cha in
fack i 6% Snes 5, e spieiio? Sohdit e SURIC sy nlriCpeak gf g gpectrum
flaflens @@ 0adeny tief shape oheapedil Pprefiie $s sedHab cBadg@ﬁ@ @esponse to such
over-enrichnent of the |aser gas mx i s not pi C
a y9oalled hapdwidth émwﬁ Beakyevesf. alhey pideqtafi @sﬁ aaaiemaege in the
e nd. .
speZBP sipe Bs opMie8 Ahalorh? ArlViGd Blanill o 218, LATIn s case the
F\Wéhﬁhmd%dthsmemaseﬂ by H2Pe owet thel meamal ivalne eftsdined away from the

fI ine. ,ent in the, |l aser, chanb
o EDES Ksphihck [Sne e kg 8 asqustieiegsqncs; while the E95
ongq%@w.pb@yoaa Hﬁ@ﬁﬂﬁxﬂml vBh@: . Thees SOt ATSF trsgbﬁa&&la etd%@t can be
el ectrode 'gap during |aser oscillation. As evidenced

grqag}ytrﬁ@ceci aath eareful disehafgsghanefter drigns, but Isupreseafrid pome degree in
f e k t ct,
all nslnla)lﬁ dr‘aﬂ: s‘?&hg aahe aogcfué fﬁﬁ?{g‘ﬂ@ {C ;d?g%&ﬁr o?er?tmg laser
dlslchargeand tcmtplinepmm nepemtﬂﬁpmnse téraperatates ahdsotheﬂbhxedleters of laser
bandwi dt h resonance peak event. The effect of this
OPERUPR change in the spectral shape is opposite to
t hatgx@hold 8 JHORHIREIGEKE MlskraRE althfgeldu to bR G
t he * W?IM bandw &t h i ncreassea )?CSZ oeoverot hg nglrsﬁe f¢ error in
theveglatioe dipting € theadiaghafgeornsethian the igaia-roédifuni et fﬁ@Fdl)ambers of a

s e N

baivdWideh off i MA @ufut tib eimkClepeasdntanTids deh®6ér atheRfore somewhat
reatlrl% reduced with careful discharge chanber .

unigus it MOP f gystems {MQRBQrar¢hites s hpvgaclurther spectral complication due
to gélug*éoﬁﬁgﬁﬁd& bl iR %geﬁf&gd - rtng i ou?f;’)‘ﬁ?"ﬂ&ﬁ% ggcmator).

ferrng operating I'Schar ge

In mepm4li dpemationathesdeldye biteeeart dirimg afittle atvh echambenietohosenodb be that
| aser operation. 20 Exanpl e lll shown in FIG 1C
time [ SoFrgtRosdingcieatlfe Rt AfoMORAwYster glectsicalttoroptiesloponversion

efﬁcnency. 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 15+10 ns. When
the delay was decreased to 1o—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_bet ween two chanbers of a MOPA |ight sour
Wc’l’?ﬂ"%’“%ﬁ@norrenon arises, e.g., because the speE?Tlgﬁzoo‘Wl”“

shape and bandwi dth of the MO out put is

ti me-dependent. This behavior is therefore sonewhat

n to I\/EPA terrB Y es h a s s
tha# égherer% 8 & ts?eg 81}?[5)& C'ngqogel?g oggﬁgdgé gogi anﬂgﬁt source’s internal
cot@et iti on between the injected and free-running

nodes of the power oscillator). In normal operation,
t heThe fiagl qa@mpé@hv in FiGhg Doshavfscthe yespenserafahe laser sprefswm to, e.g.,
an Qralé&%avéf oRt cJ—rQ/a&PJ,r ?ﬂ?@ﬂé 'lllge Iegmtlﬂgr @leéagramlg-narrowed laser
- Sy steme ectrical “to*optical conversion
osoelleftmo(M@my singie-tHantherpseslilaten)e i thid exglesipeeny, e he surface figure of
dﬁl a t he ban%ﬁvh th decreasedmﬁé) about 10%.' n, ﬁV\H%/I
a gflgctingyopfic pas! HRRNYZWYE Sy?l%flle%éoar{' iafy 1¢@storted by

apﬂlﬁahc%h@ﬁm@&ahlk‘ﬁl fRtey ARGIafeRE REEAS of @ dEf%ct]r@e &ﬁnp&rﬁgt inside the

bandw dth was seen to I ncrease by approxinmately

' lasmnt)arrdlh@teffeamn@emgaltsham wad quitequofoued asedn tbe seen in the figure.

trol the bandwi dth A f
ThE R R RepebSife bors i R LA TG SRS B e change,
butl theé #95 Chhsped g5/ r&%ﬂ%’_ aGRRA." Thé sPEnRik) &F ti g;eefrﬁﬂnasas%so destroyed

t he | aser OUt’P his result al so serves to further
by this perturhatéon. 6T MpkgoH/\aoasuBisPoT hosed fay @ retixdesignedilight source,

butthay: b’eexl Hg%e?ve%{tg rﬁ%?'ﬁf%gtr @elfs Q@p oL 8?1%&%%‘3??&{1% O.Phlg due, e.g., to

farlur source’s er na control's
exdebgied tlfema’ploed]lny diffekdnfal ﬂlﬁnﬂﬂomepahhen thespxeneredlectinpeoptic and
| aser, spectrumto, e.g., an exaggerated wavefront

its OHYURG, S . g., inside the resonator of a
gr a'-ThEEE faﬁf llﬁiéf‘rgnérﬁst%rver ﬁ’leQﬁ)?th:ﬁtt%es(d\fQ B&tral shape variation seen
si ngl e-chanber oscillator). In thi's experinent, e.g.
in trmar@hrmatéewlgm@ltoeff@s ONERIDg | aﬁgamltca@m assigdes.t hBhey are but
n Wi b CI al | | storted.,b
it o oSl KRineh 0025 oA Sl Y Bocdl Wifenean resui
in efréreetnssmetromggl,eévmhlcm &leﬁfﬁand'w&itﬂﬁnﬁﬁespdciﬁiﬁﬁons whatever

v . The effect on spectral shape.was
are.ﬁemfﬁa thespegificatips swhen 'ihﬁ agtyal !rqnsm@h is mm lg SP%mfacanon and out

of % ?@%ﬂéﬁ%n HeNGIal ttﬁ ut ! ﬁ%ﬁéggb% Eg Egec‘éﬁ% ioh! T It.l?‘er case is

ape change, y near |
detaintelntad dto Taser sgparatiany mf theheeypdaglr uepatid®nalrate tightly controlled

walenabaheydt, dinduh g febiliot e atie ghineent operating

pax‘éﬂléfeﬁ? %eas.lauhehtaﬁldbc%&oplbaaﬁyﬁ%t& O THB RhAlRHige iid ﬁ)edefveloF metrology
., With a defective or failing optic due,

ondpaidser veembriadhe light scmgce i ftode ok il theicaent for the spectral
cha?rmégéntﬁéto Qo@@é%%aglv odl ? (ft ll&t%g%@ls'l{ ; ?ngmintcg of t{]?] elllumlnated

unti.ng, our I ONS cover

expisuicntaot, ahy pedo dlis agueedtelglin Spiapef, ¢y, chiahgs if ek functional form or
res? rch and devel opnent efforts ongoing at applicants
shape & gl?eg@ec'ﬁl‘ﬁ@y are but illustrative of types of

Speffdng! &H‘gﬁl&eéxl&h@f b&RWi AR mERutbthdif ! &BinfAtGH techniques for
whi ¢ an result -

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

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

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

appreciated in prior art metrology systems. For future-generation light sources, an ideal

spectral metrology solution would have most, if not all, of the following five features. The
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in erroneous netrol ogy, which can, e.g., report
| W thin specifications, whatever ar
‘Vﬁgggﬁkgﬁgpecifications, when t he act ual bandm?ggﬁ%?@ﬂml&M4
not in specification and out 20 of specification when
t he actual bandwi dth is not out of specification.

solEibh flay e §8ife, ié%'i ?@gg rHigee E‘ﬂe%tro&%lplcal%%luﬁﬁ r »ggfcﬁ Rah belrB&st more

very high repet rate tightly control’l
rigorouslly e e gt hbp anegwiricig hthab slred winpelse gesponke t(instrumemt function) of the

*splfoln nfechee Acfrrmuficdh a5, BRER Btvaleh BRI e ekt source

spdcBrufieV PhO@BolBbA M AB9Mso ARURLAE 8., WidEXspeitiin faRgt e wavelength (1)
i ght source that "does not fall to acCount for the

spaspedt has| bed sugastpdghatieven small dharggatin vied far iwipgecof the illumination
the illum

RS BB Es RHEEIGE L A BE e GHBRRA sitt

. nedRSRPRS direct Esnputiidd GMEYS, e Hﬁb@sfsedﬁéég'!})ﬁ ‘GiffecRf 95% integral vs.
n

vzﬁectrum_ Many exanpl es exist of bandw dth neasurenent
FWIHAM bandwidthi spacifisatinmis pudithegraphipinaginght A sKtavensl. Lalovic and N.
Y e . of,. accur,at nd

R £ SE1E VAP AR coPRIR Ml RrR R RR P P30 Moot the

distlpereidfivatiich & Berekg intefpdrated by Soférenee. STHé&oYution may also require,
technically challenging and at |east nuch nore . .

¢ & SRHATFHale dpdanbt a@wﬁfof Hisntaaglingddeesvghvang)dhe bandayidth of the

soxﬁ@@%?&'nﬁheﬂ-ohpﬂﬁr ir{g{mxﬁ&qt AREGA 99¥he9¥1§4c%§rete'§,05vhich in general is
future-generation |1 ght sources, an i1deal spectra

nomrptgliditlg ytos ebauring npraper dhedasirementst and fis ipetoming, inofeasingly more

J.ollow.ng fi features., The , 7 2005/ 001523 .
crificety OB0 4PUBotR SHRLT Yo HUSCY Gy Blutgn gising i, independent
meRsi@BmeReastt the $sdiinfent AsRtibh,| @ somtdoehoCmathRmatieA 3t tsemi-empirical
nore rigorously,. e. by requiring that the inpulse

modgk s gndbatqbiainy & sisriar rerylitar 6pmate. (The solienmaymisatequire, e.g., a
:5h |, [ il L1 a t P
P R o IR e A Y R R Sl e, s s
requrgd iforeperepulse, assestenent o epecirahquaditg and rhithepraghin gideess judgment.

A. ) 5 space. It has been suggested that even. snall
ot gbiEs TRN A T evieym OBICRr RO | PEHAL SIHBl S ek pstness,
whicH cadil HtHekb ARyt £, fHPasilifyUT cRbrafbn, rEBGRbi9RE MdaSfrement, and
this requirenment is simlarly necessary for direct
longolifis im. 8- omlidiogroby peosluetioreenyirenment. g. , in "Effects of
95% oral ;. : bandyu. peci fications .o .

1 o EoRE ittt (1 ABGORT o PSLpEBUI RS, ol of these
reqiiremafits awith Sittdnt Weehnolégy 6 MuldphssadratidC spelirbMe@rsaplgy, as shown in
X1V, pp.1244-1253, March 2001, the 10 discl osure of .
FIGih? e Provider @1sgllem sBrqstnsenpacirasglutien.cwidsdaspettien ranges, and ability
to SERHLOE UKIARS It Gumor thariol LRGP E o fller methods. As
shdoem dwFiG.1H2, sich hespectoumeter Apmay inciude, @rg. | dreentrsice slite2?, a grating

function .of the, spectroneter, ich in general is,
24 5 GG SRS NGE ARG 257 8170 Witk e wiemaiy detector 30.
HOARSEIshéh indErhfRalsat l‘)ufk?,r Bragild, ideh&dlly rdqUie MOVnE parts for tuning,
e.g., either be a direcf deconvol ution using an
and pafebehatdrte install, align, calibrate and maintain. Because of their low acceptance,
high-resolution grating spectrometers also require long exposures for an adequate
(“SNR”), rendering them impractical for per-pulse reporting of spectral quality. They are
also expensive, commanding prices that may reach a significant fraction of the total outlay

for a high-performance light source, e.g., a laser lithography tool light source. Grating
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15 neasurenent of the instrunment function, or sone
t thematical or sem -enpirical rmdel
Wéﬁéﬂsmg{)? ins a simlar result or estimte. ECT/I%ZOO‘”OIS%“
solution may al so require, e.g., a high
signal -to-noise ratio ("SNR') for a single- pulse
spc%grr%_ﬁ'xlé[ §S' Elle %‘grsl%l e@&@éﬂl? 'tocﬁs b sg%t?fgl d&ﬁigrﬁtfo%uér{ in re@harch roles where
veﬂyi ﬁﬁw@mpﬂnﬂ:sppmﬂ ehapg mdgmtrdf band hﬁexfgysiiﬂﬂblh’fﬁm mlsde accurately
QU|re ptical and nechanlcal sinplicity and
ch% e&%eﬁe@steﬂzé) q%mpewaé TR hnecRysURSHTY, ety | Thegrare not generally
prazhiglli | héwekt, Cf@l" Q{ll%dr@nred'l el @mé]éntg)(h ot)r bandw1ﬂth metrology
measur enent, ong-life in, hograp
mepsureiments,ong. emdnthazgrn;drytprodlﬂctma;apphcaﬂmhﬁ [ cuI t (if not

i mp to,simultane ust satlgi} al |
© cQUAPRARSRYS S, BRI e Fifmo by Ll HBack can provide an
alterh At Ve D LRRIC L TIRYRE€ bSticaBly 3impl@ aind RENBe infhde %@ha@icﬁﬁ"‘robnst with
provi de excel |l ent spectroscoplc resol ution, wde
nom@pagpmdm Smhg@specanmemumos @yslmvrt i Hét ghiey vecludege.g., a beam
h uen n using Four ger or
oxalpﬁlg}ze ?h%&%l itz tmg r a.g Jaging g lens 50 and an mteh51ty
det‘é@l@ﬁ} I5QTRéH¢h Erihynﬁk‘,ldd@ddgdea leteghl , plﬂ)ﬁb-ﬁﬂfdﬁ:aﬁﬁd@' Shi t The lack of
a grating 24, and a maxinmumreflectivity mrror

ne%snyaf% Agslikineqns, thap &e1 3 given ARRibs? iaygq;lwé&néfe cgp be obtained in the
n

GoEUEVEpr, YCHL IDFBARILS, W Lk of b i gy, s of

thikh arplariesminnert ethlon 44l cagncaptmt ubefak speatral mm»rrrtaabn from a single short

ec of .their . low gccept 30 hi resol ution
puf o iigmaien b s B U RE Aera Ry Cekpso b beams a
dlf@g}eﬁq@g@%ghs( SNR"), rendering theminpractical for
ul se reporting of spectral quality. They are
aI s e RPEREF V¥ith cEIAtRS BPeRIrgpRaters spurplat Ometjie rkasishof spectroscopic
resﬁhg%hf ?&&)ﬁ%{@oh qgn%ﬁge é& ca*%l r%.Héé @‘?’"SR]g ? hlgeh transmission, and
hléhl-ﬁﬂilﬁ%r qH)Yetaldnb ér’eQi”‘dquﬁ‘@dUCQ\ @n@héxﬁﬁll doubfe-pass echelle grating
2005/ 001523 PCTI US2004/ 018944 spectroneters are
sp¢¢#@rr@fférfgabseemtaoQU§/ fight @ysqeerm&!?a arhieyecafixed inshection range of 15

prl G503 FGBLEEIORCor 60K WIS ALEE wln SHERIEE n hih oncer
Toanatoh alie pyrfomitme e ofithr dnzeralon rspécmrometaf ars PSRt~ &6 paldndt a/fnesse of

l'ine asymmetry, etc. They are not generally
S i vedld, benesauired:, White Bripsindootr paxformanes isarputieslysirpassed for
lor%re{ ng\%g@'l ‘of og n%lt %Xctégﬁﬁ?%‘g PR %E%r r%xr cé I}'%gure (parallelism,

grap catrons.
flaBicad, RBughess)) LBARAiRHE cofting: imAgich8 QypicAlly e th@ t&a@lNfinesse to J
provide an alternative solution. They are optically
505|M|fmeamloemdp%@ gma@trmmfecmmycandmgduqmmy using a spherical-
coiﬁéaln&aﬁglrﬁl t is Co'?ieadeg er&te gﬁcta gl 1 gcgcﬁlsﬁlgovigec 'S¢ ti\e spherical

migrotd resEts iAG rlnedié dﬂﬁxete&ﬂhatlﬁbmlﬂ 485he AiirrbiNB@{a0¢ thedbs suPpressing
and an |ntehS|ty 10 detector 52, which nmay include,

thesnfluence ¢ agqgmﬂtmb Haperiestigne gy.u@gply,pﬁéh]sac@@ﬁgpratlon the inter- .
t
mlﬁgfg dla'ri }Sa n%lé%%dg% bg‘;@rﬂ%e& o E&[‘al %HQW@ MwhilR hn nke analysis

fai ned
of isolated short pulses or even of a few pulses in a burst of pulses impractical. Further,
for a given spacing the FSR is halved using this method, and the mode-matching

requirement also means that, e.g., the insertion loss can be prohibitively high for beams of

- poor quality. Therefore, the confocal arrangement discards many of the special
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detector pl ane, e.g., at the PDA 54, e.g., even in
poor beam quality. Because of th| s a

nggﬁ?@o 2ror etalon 46 can capt ure usef ul Spegﬁl‘g{52004/018944

information froma single short pulse of illumnation

by utilizing the a ngular discrimnation between

t d rep . .

oy R0 0 RO RpThronierertsd 18 Bile WEVELEN Sl Hctromerer-ike
pedbrnsgneet r oS ceopitar carbisign m’mtaam:l ﬁoﬂS@heIt isoherhest ehiatabbtain high

long free s ectral rangeé % h transm ssi on,
spegtie cqﬂl(gf?s?l'uﬁ%g.@ ézgge HSpeioa ranges ‘@3’&?‘?@6 arrAngements of multiple
etafsgrer ci al doubl e- pass echelle grating spectroneter

ror use in a DUV |ight source mght achieve a fixed-

[ ns;iespitfom)f rtkmgelimiftatib&s,za'r@pacadcplare-cttmlsmrapnammeters are often the

fu of 50 fmE ban ass
begy 1< or RN PR PR R h T Pl Bffring e largest
inspe@Ed SAMREE lor @gblﬁﬁghﬂén&m 1ﬁnd1eaDUVnex%§§)nﬁf>le Sor8mises can be
woul d be required ile this kind of performance is

reached imidese ayeaspukicogtaining theodrgised features ﬁgﬁ ,rwpemqr singlershort-pulse

rfa
SPEBA Bl OF s P SgBlihags vl e appsce ppppess s
reliabﬂity.atﬁdi’ spedtiap ingoditoying, é1gt of m&d@dpﬁﬁc fdohelhgRinatory plane etalons
éh The_finesse-10ss due to geonetric inperfections

FSRe fiogya de dOym airininealingsse valuey fromnl-8¢ gan be smployed. This
metahﬂha't ?hegﬁgé‘vlg@sga%‘ edlifa @?W@ﬁe&qﬁe f0% tﬂQFWﬁcﬁandeth of

of the spheri cal mrrors Tesults in a node di anete

- the $pettrometsrmmstrumenttfhactivinrto ehe bandfradth of ther leghy source specu'um is close

o SRR GRa YT i iSRRG o M THERs Sthy o fiscussed

ab&¥y, lhﬁ@be&ﬁiﬁ&)v\}netﬁgiabe MYAinePRgiblaRAGH vt fo R8T 6Rhe source spectral
anal é_g (Sh whi ch can make anal ysis 30 of isolated short

sh#ng @ ane{ts nF WHM, frafiding.ses.- i the SPBeiFaltPusity.piss-s dhe amount of

1n g@f gztnb%@lmt.lf ﬁlrséltﬁﬁ; sa JJQE gpd&krﬁﬁlnoéglﬁ% Q@ ol?(:t‘hé: @Qak'ﬁavelength,

usuzétytmeasnmﬂtaszﬂ 2396 oeRAS, wiiathe spegtral pukity mcmsmﬁg msnthb ®ddth of, e.g.,
Eg%aﬁg be prohibitively high for beans of poor quality.
FEP¥’e, the confocal arrangenent discards many of
t he APk akisculsddOaBRROH0 iR gaPSHAPSSO IO 18 4sources may vary
advant ages of the etalon spectroneter 40 in Trying t
siggbficantly.gpaticwlarly je casesnef defective coppetientsman sentrgls. These shape

Ich% : %? G"b‘éﬁé QF tl?ebﬁlgf rﬁent%n herf {Re EﬁenF§P1eger and influence its

spectroscopi c reso IOﬂ a

outpus. pqlhéieﬁcﬁel #pplieant \Wak deteahined tl@dtrspagslr@ﬂpr&s@fmm Ibtalpmelced on the
etalons. 5 |In spite of these |[imtatjons, air-sp

thigd erémsmo'wt%dp%wm?@@eéwhartbe reihiad R to pxiseate Hit b?@dmdth of
thd ?(?ur@é‘ @Eéc%% ?Bﬁi:meaétaﬁﬁaﬁ g@ ThsufedRAE be V&P alﬂl%t and free from
(0] t1o eso

ering the [argest I nspe n ranges or
sygiemeticerror cahsed Diy\changea sotheishepecaiithe sonrsespecaumbe

][ ggf dléilelnaél%g err“?uesg gﬁ g?‘i? B}MI? 1%@218{ %}%}3&9}1& &Fgeﬁgdoensésrtl%atlon of source
light bandwidth. A number of techniques can be applied to recover the complete source
spectrum or source bandwidth from a spectrometer measurement. The signal output O(4)
by the spectrometer is the convolution of the source spectrum S(4) and the instrument

function of the spectrometer /(1):
O(A)= [S(A)(A-A)A (1)
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SNRs and adaptability to manufacturing applications
h eguire physical robustness and 10 reliabili
w‘i&@’%@@@g‘%ral nmonitoring, e.g., of lithographi ECT@§¥OO4/018944
illum nation, plane etalons wth FSRs from2 to 40 pm
attaining finesse values from 20-50 can be enpl oyed.
Thi §hrdtBRABHo dHiTEnI Y PG cPold § BhePdrRWi
V\hefrgrt he ra?%]%teo(% t gnlgv\Hl\ﬁ]E%ndv(\)/i dét{ ﬁﬁg? th% i of a source

speeprant S@rgiven the spectromater fsignal Ogh). tlo wiliebehademstodidrbyothose skilled
the |ight source spectrumis close to or greater t han

in thei 3y thait ihe ARPuY élgmhanax he @galthmresvitiof the Agfectigngehiringes, e.g.,
froftSthdlo gﬁi:%ﬁ %iul'gf APOMRn YiAfe G?eeg £ }nghtg?b ?ﬁggg%ﬁ (:PDA”) which

non- n e sensitivity to
may pletdct, a’J g., Eﬂeaptenmtyhmstrllbham of tht\/lHdrallymdeSithg diodeg of the array.

Sutlhar G vRe Siaredtisn i shed Fo IEHBER: dil QOB HhaReaY s, Which
maﬂ'fenﬁd@i%alﬂ)yeaﬁsﬂgvg LeNGtdipolatikal ¥ ch¥igiefah €6k d8ed: QE/" f a digital

E95, with the spéétral purity increasing as the wd
pragessoe tqycompEe Sh@@satecasmsthe zﬁamf MSnsm@mdnam\ﬁeg a FWHM

or SN TRARLRE FyPYARR, & aramings Aad BEeRRioft in i ey of intensities

that QORANGB the BbuKRUT R 595 V4186 orSAREPS valeNeetheTRE. Therefore, the
"hi de" beneath the instrunment function of the

Ouwpé@gn%l ftthe detecior infthe &ererof asarrgyyehintensitine pelightalistributed, e.g.,
aloﬂgpa fuge%%ngﬁ%en‘?e%%l%f gh&‘sddléé@t S@%]%ﬁ% %%érsslgﬁgféﬁpgfsemauve

ace reqU|rehen ove,

of hhaﬂluet derivedtfiom thes bshdwidéhsddtembreoiitpat ﬁmeﬁkvm di(h), athield the overall
the squrce spectrumfromt he etalon fri nglil measur enent
sysim yelzasraphemaprrement of.reein F YV ardif or dhe ldke. cHhis ispne form of

an %(Y)IHJEJP g:'&gf“ﬁle' BanbRfis B@t@ﬁtoﬂha& lfk?ﬁéﬁi:éérﬁgtwceo@ﬁ{ Eé’rg?neter that in turn is

eration nust be act of
repsérgptative of ttei avtaital bandyfidthooefrthe light gimtceb an dwpdetshnta#&ve of the actual

F“r;[g er g techni ques can be applied to recover the
elf‘ source spectrum or source bandw dth from a

S peqthe @Bt E6mpRASIHTtREIEdHimonly Fﬁh&ﬂﬁﬂetl@% RU fufd2todflktion of the
t he s/{))ectrorreter is the convolution of the source

sigeple@ (A u iy S P(Arandtandndepsndentdatermingtion pbf(Abfa :ﬂh@lon to Equatlon

OB AR A SR AR e A A%

howeVerDBécaus R faYed] tHerelat iy Buict &pardsmifitat @(fnv%l\ie with /() to

source spectrum S(2.) given the spectroneter sign
give(thg sanm actindlloutpait siguar@iAp.oshibly it the sempletd 06, only dnslcaete portions

artt t he t put  si may ‘the,,r u

of ity FRcbnd i rcRfaerhgbBeer, T P54 e s 1468 rom “which the
valed Rft thef rePes@hiai R pldniehds Us S, EWHM 6f E@SDE&t Galéﬂxl%a by the

array ("PDA") vvhlchSmay detéct, e.g., the intensit

bagfwidil datedtensysteml i ght | ateral |y across the diodes, of
the (151?9/ s% cﬁ{l‘%?f}pl’t? fie h% énn dzéllttgI HRal'W »\)\ﬁh E{lﬁl%g 1rk1) eursfl%asurements and

pr o SI'tTes,
zeros in 1(/?.) and for a fine-grained spectrum this process can take a considerably amount

of processing time. For these and other reasons, this method is generally not well suited
for monitoring of the bandwidth of a light source spectrum on a per-pulse basis in high-
repetition rate applications. This method is still preferred when using high-resolution
grating spectrometer measurements for basic research or in light-source manufacturing test

environments, where very detailed knowledge of the average spectrum is required.
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mat hematically, using, e.g., interpolative techniques

_he uysed, e.qg., by a digital processor to_conpute

Wﬁﬁ@)ﬁg@g ion in the array of intensities amuﬁ?gﬁgzq%/,mwm

e.g., a FWHM or a FW5%M or FWB5% as exanpl es

and/ or the positions in the array of intensities 10

t hat [ n E95 [ .

val tho R iy SortlTER sl Ao i B R basis of
andlitéc agiredmationsioft the sburcenspdctram ard mytrahentrfusetiont i B ewhmple, in

[ight distributed, e.g_. , .along % | i near arrangenent. L
theggasemphere dhe srestral densilies Sf Ueand: K4 harsthoth perfeptly| Lorentzian or both

. \Vj . .

re SR SHRBE Bl PO b ARG, BEBEALURD socrum
S(A)asé @enyirhplyzelatedsto tthe bareivddthe &€ (Apand HAY. FolrS¥dMpd¢, consider a

E9S or the like. This is one formof 15 an output from
Lorentziymsmivgedspeciiemeandopstruagnt ifungtiopr wisle KW M, bargiwidths I's and T,
resEarta ter that in turnis representative of the

&Y bandwi dth of the light source, i.e.,

repriesent gtisge of the actyal FyHppor E95. The nost

S(ébﬂp‘l@t‘ewmm—)f'a is afull
decBridbol Wi sl ot Dt he  si gﬁg}z_gt’gzﬁfg/&gn Q(2) and(@n
i,ndependent det ¢rm natTomIpf/21(2), a solution to
Oy TapION Ao0M = tan et —& G5z UST nfs EdertBr or
ot he? nmet hods. %ﬁ(ﬁs—/ggnﬂﬁgg‘ig C’Rgl‘qzengi ng task,
HePOMEY Ghis c??@ S EWEIMOIBAAth e{nef%)% "THihd {3895 Subtraction of a
spectra S(A) that convolve with 1 to give the sane
comstdamiaTho BOpualue couwldibe Gagdlyd siilacly, becausee conpl et e
Q?.), only di SErete portions of which the bandw dth
r

det ect oF /2 mager | _i - Iy " s" and from
E[\g_,h(,phgt e (Tvahu §Fot$n(t0hg§%§e~?g‘ggﬁt at i vgggar anmeters,
e.g., FWHM or E95 are calcul ated by the 25 bandw dth

whaed %[ct.?)der@yeﬁttmmﬂsmvﬁythsﬁel@é btlaclea‘téd)fpteetraguﬁsttribﬁidmd e
to deal wt noj se I.n the asurenent s . Zeros 1 n .
(2 ﬁ‘éWoaI\do idgly 'i‘%%é-f@?tg‘?qwg @&é&ws&f*ﬁ _llgﬁtssog%cl@éléwm without
full 8EndolaRBR bABEARAK FIIRHEHS 2 Bld PLOG TR dilsd, bliPmofiffes its form or

hese and other reasohs, this nethod is generally
adgwe hdditional exgrrettove temms ttorredeceothet systelratidvrbr thaff regults from, e.g.,

b o B P BB o SO A PR cion

It iy eheéford ssiBPempizicAl il chiratRs Alndt tegdiregicalibraGon against a trusted
spectroneter nmeasurenents for, basic research or in ]
maapyREeRloulB e AEeAl atcenihghe dight sewoe ris B theoughhsanee series of

i il ] r '
ortEil S84 RS 05 ot U YRR ARBEH I B o
bahd®eidth qYeisapgrefalls deerihdit @atihg ahisategt iginEs el deén Wxternal “high-
the basis of analytic approxi mations of the source
resgpuion gitingntperrmetanant Fourife deepnvohsiondp hif Isemeqther rpgans). At

C . t i1 . A
CEHPHOSSE oy PO il Ml .
noted athbed, thib wuipnhcart beg efg/\Hht EFWIHNMDfrirngarvdiboh lo€ anfetaldrespectrometer

sour ce sge trf.lrﬂ .. . :
contained inside the light source, or some digital or analog signal representative of the
detected w. With this data in hand, the source bandwidth I's can be estimated from the
relation I's  f{w). 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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5 S(2) are very sinply related to the bandw dt hs of
1(2). For exanple, consider a Lorentzian
w&@%@@gﬁect rum and instrunent function with 52004/018944
bandwi dt hs Fs and 171, respectively: S(2) =1 Fs /2
1(2) r, /12 - =1it (A20)2 +(rs /2)2 it (A-20)2 +(r,

/ 2 - + . . = .
) %Og%klﬁ %A}]i\se Aﬁ%@nﬁéﬁcal Iﬁbge;l%)l%(rﬁérﬁc&étal4’ﬁth? %1§P%§Scéhmce of
mddhb Y\HED b EMAEMd bindvedthf esEiftionsis fthe ribjrationbyf an experimentally

subtrgctl on of.a 10 constant. The E95 val ue coul d be
detrpiged gonstant PEEety. because E 1 F/2 = r tan(O 95 T)

Z he—§3) 7r (A -20)2 +(r/2)2 2 V\:f‘(t%e El .

Sde gt es the E95 bandwi dth of the brack d spectral

Thil ﬁbﬂélbl'dtmﬁ’tﬁem&léaﬁl?ré;(a&n@ oM {Réy bb’ﬂhe@le 'T?%h'i‘ Qfurce rsPectrum and the
obtaining the i ghf source bandwi d out

instrument, Bingtipw 19f Itkgy sprstrameter Emjamebnbo@nm Rsds setenc irr Equation 2

b T Bhiefilin PRl i b ey e netia 3 BRhis very nearly
Lofe%?ii'éﬁ Sthreﬁ”ﬂlugtered abmkefl{ee%ecﬁ'gxfﬁugp?'&nﬁleaﬁw lith€ source is in

shape “of e source spectru nst r unment
gedepalatat ovell approdimatel dyeditherra Sianssienq Loreatizianrdisttibutit, and in fact
and req es calibration ainst a.trysted . .
cait 56 GUEATESIe 5 PRTATRIAT) ORLNEPIS B i ipiatig FASEWHM is not
cofistdht ! 47 DGR, 88N HoSBE ispect@fsho@RSh ﬁnglmelﬁoﬂaes a straightforward
conditions that cause its bandwidth to vary. The
ln@mwoéhﬂvﬂwszembanbmemtmFfssswgpta%seé-fg|ma}desleater T iedatio remains
co&l&{dtr}g 'ilnesg‘ a‘ﬁ S'\tlc lfgllxﬁ]sga Card b s@éh ?rét v glitlo | 9, etc. Therefore, the
resol ution I'hg spect rone

conﬁtﬁﬂﬂ I@ﬂ@étuﬁd)ctdll (Edquatiby 4$Wﬁﬂﬁg@bhﬂﬁmﬁ‘éﬁaﬁksmﬂ&te of ke s»ar® bandwidth
time, the output of the netrol ogy system undergoin
Tscathient o] dAystemptic srae depgnsenton éhe algtwlé oft Hiesspsetrguthape.  To

1llus?rate ﬁ)‘ls ?gl'g con gdf \AFLM fo hepggel\‘\%}ﬂ squrce {he %Pﬁ?ttélgx%o%(l) which is

pectro |ns

sh?éﬁﬂ'eﬁy WHatlgllikea \&ﬂ%ﬂ Iﬁﬁf ikl J0aloigt %I%ﬁ':l& @é’li aéivwotutith dffiRretfzian and
tected w. Wth this data in and t he source

%%M‘é‘ﬂ‘wﬂ@“ﬁ:@ﬁlfw@q&k%%&%@nﬁnbm the relation rs

f(vv) best choice for the sem - eng i cal nodel
2 f die f g2 i nspekt | an ofl (threAdhtla and/ or bq)g

re ou P1

Sel o Tmaihemt &b ,,reg OI2I nggsuchas noted
the TJus precgdglﬂzg par agr ap 12 WD 2605/ 001523

PCTHe2 Q00 1%%@6%1 shape is then completely characterized, e.g., by two
parameters, which are the FWHMSs I'. and I'=2¢/~ 2In(1/2) ~2.35¢ of the Lorentzian and

Gaussian components. .The output Oy(4) of an etalon spectrometer illuminated by this

source is well-approximated by the convolution of Sy(4) with a purely Lorentzian

instrument response [y (1), where the FWHM vy of this Lorenztian is given by the ratio of

the etalon FSR to its finesse 3J: .

0, (A)= ;[d/\(%ﬁ%{ Sy (4 - A)); y= FSTR (6)
FIG. 4 shows the difference between the FWHM of the etalon spectrometer output

fringe Oy(4) and the FWHM of the source spectrum Sy(4) relative to y as a function of the

two independent shape parameters 't /y and ['c/y. As ['¢—0, the difference 8 between the
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Looki ng at these sem -enpirical nodels in nore detail,
he_S| | est choice of nodel, e.g., for FWAM bandw dt
(égqo /l%ll"’ Bn is the subtracti on of an experi rrenfg 2004/018944
determi ned constant offset: I'S ~f (w) =w- S (4) 5
This nodel is mathemati caIIy exact, e.g., when both
gl & s &
e P AR SR RPN OROSPS, ol DR BB A g v
of lyras g pertédd nTlZis 1§bﬁ\mndmneieedrmed yeEquador e rBuress thawddth of the
an instrunment function 1(2) that is very nearly
Gaussigmeompanentinereasssi § Befs §m¥1@cﬁﬂéﬂb‘v§0ﬁsﬁé‘t'§§f§@tmﬂ¢ﬁl of Epuation 3
ght urce s i I I
WIQDBIHIOXI %N Yeo 8nb§/ccgfat(t)eh Sstima bf thd SO%lc2 b&%@lm lNlthm current and

dssian or "LoTentz
apgtiog¢Hin® Uict@cy aind téhsistdticy 1f2qaRemetts.quiThes dlhsfcflss'tchﬂ tis t @mewhat
paraneterize. The sinple- fact that the ratl o E95/ FWHM
art;fgc:q{(hut llystratesrthe vagatignobgiween Qmmqg)pasph@ J—fﬁ’é%ﬂman and Gaussian
| A-D, provides a straightforward
hgﬁp | ca Plghalfsat Gaussi an or Lorenztian assunptions are
[ nad’ecfuanaxceﬁﬂ the rcahstantroffsat nodelc cars bamhpfoved thyesgending it to a

anal ytic f]orrrs as can be seen from Equation 3, etc.
PO*Pﬁé grade the constant of fset nodel (Equation 4)
a |nperfect I mte of the source
Sbar{léw? subj eg?}to a systematic error

deperd 'int%[bpter}ﬁo&@ Ladrks weli fof ﬁleﬁﬂﬁ;%ﬁﬂeﬁbal S’\hﬁgﬁ spe-gﬁal distribution

il ustrat e this point, consider ypot hetic
Syéﬁﬂuhmee\teheorﬂpef:thewarﬁuétﬁbs I'whand chla'e cofapettdviar tynelr variation; for

nearly. ]ike a Voig rofile. A Vaigt profile'is a
exeaakmfd{wrsras Slineasdelaborsaie G el i Sty fnd th 45 FOR YRR, and the

ov%%.rl ﬂﬁgs@%@lv%ﬁ%ﬁ%ggf (g,g 88%9 Eé]t) (:ed)z/gﬁ%lo\]&%% alrﬁ ’S\hllﬁé\gever if the
spé‘dﬂﬁﬂﬂlﬁbe sisapéorlys cbhit\;]hlmhetpﬂﬁm -sibpr anddet i mg als®. guffer from
y two p neters, ich are,.the FWHVs |, a FG=2
macc&ruaﬁlef,/ “%; ch incregsing gre {Hffeormgemtelie i hisea 0t FWHM
esRATRA]) % Svorth afP iy (B piffordihnet 8F %séﬁﬁﬁﬂé 91'6@5!@ improves

I'Tumnated by This source is well-approxi mted
gretalulg vdenvbé HWTM hz:{nd&s@ f the inbtrement fenctiondAns ma%in very small. As
tru response |v. ((A),, ere.the F\WHMy of this
also R TaE PO S HARVRr LS h BHFEHI o GrPossild FuScdhayeoht plgge etalon
as§e9131fe§oféﬁ:ﬁ$ﬁ&ie§ate FSRABURDUY./ 2)z S(2 - A) | r= FR
(6) Ov (A JdA o (ir + 3 FIG 4 shows the
di f fhe rr@m@bbettm.eténa fW@sﬁvm@pf bandvadthiusingstalen spaetrometers will

nofhEbensdd, (5 PeratbLieh ot BRIRLOC) L BN figm that the oly
useful bandwidth estimation can come from rigorous deconvolution of spectra obtained
from a device with very high spectroscopic resolution. Further, it might seem that E95
estimation is even more untenable because it requires integration of the source spectrum
over a wide range of wavelengths. Fortunately, with a clear understanding of the
limitations of the technique, robust semi-empirical methods for bandwidth 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 esﬁmating the
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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two i ndependent shape paraneters |'i/y and r c,/y. As
the difference S between the 13 WD
Wéég‘*é/"Bg}%zs PCT/ US2004/ 018944 etal on fringe EQHYSAH/018944
the FWHM of the source spectrum approaches a limting
value of y as expected. This is the condition

m%ﬁga; tloR€91,0¥n FABLHA Ele 2obsetatits. U RfstMid Wigér %Eg:\%\"r[]{é\/l bandpass

I an component creases, S gets smal
y=EBRA&I aﬁthe@izﬂere,tthﬂnﬁeé th@fan@JEWHM 18 is influéndedibly dnergim ¢he wings
ofzhj_}raccurate estimate of the saurce bandwi dth with

Toure spRefral dipinbwineHiRg harcedisdesp)amgeaish &f e éhléwdth at X% of
oJhi S « o
pe AT RO 00 R o FUTRUER o o R Ml 1 KL e e -

w1dfh depesditmoaly @nthe Caergs Icaﬂtentl neghthesoetitee 6f thelsearck pectral line. As
er f ormance of the constant-offset nodel can be

XﬂQrf?’db%(fUIW@%t dapgndfgmore o the epIENcoBIEBhE HSdwings1f the source
7 wor k
SP%%‘?“’{ (w)bh ‘ﬁ ﬁ{%é Eﬁ:.ﬁﬁdtg‘éég‘ﬁosg’l‘gctgﬁsﬁ?’aP?? %“‘ %ﬁsvﬁe t0 a single-

os&Uad} orhwrllghombyrcbflsIMS@ﬁﬁm ef Hmitel m@Age,| f@nainEcases of
constral ned in their variation; for exanple, if there
pathologiqal aperationeprfailwfiipemalsampanepts. where mand b are

Con RgttﬁeseWntts NG miYeh Bém!iccai.g?&‘ljd’“hfjst Soeaphedt iR B nctl r1]ré tabletop

oes cover tbo a range. wever,

exﬂzé’rlrﬁms:t}ianllt shpgaeibles toptaptinyiz€bthet chaideast dthien bandpass ¥, the fringe
poi nt - sl opcgérmdel aan al so suffer from i naccur aci es,
m%ﬁ‘i“éﬁlephé? queg anf ethse bandwigthi sstinaphynedel | {0 ohtiR A accurate

&ﬁctf o df the §Bﬁr€@tat1 Xin Eércéxﬁa P tjﬂf FRiBuROk g‘ QFWpﬁ\II vhli@width, or

performance of t S | nprove greatly
at \sbmg Etnhb)se’d/\lemrgammaago,f e.gh eE%nlsmdumth thating rélativelyf nmune to
.S _made al so di scussed above, however,
SY{URPEUG ¥ IP¥? ‘Eﬁﬁ? S%“i‘“ﬁh%e‘»’s. ble to achi eve for plane
et al Qplicdft aAdIRIE | le8Sucdiha®y SBseFRAQRALRe FﬁB{quﬁ]E@wﬁw w(X%, 7)

A nore robust nethod for estimation of bandw dth using
of ah ztaben spetromemmhi WHM instrumebtal Harslpasssieidlunfigatediby lithography

|t S(2 t ht
lae eht[sﬁ&sms&elaﬂg%?&fe SIRRIFLER o5t mati on can come
WXV dexoupicconsok jyen ofs epeal pa @t ained from
a device w th v&Fy high spééfroscopl ¢ resSol uti on.

wheigé 4N 8f and T die @bﬁstﬁﬁ@tﬁat Héﬁen&% tB6 spstrofRtdrGisthinedy Gihction and
nore .unt enabl e because it gw res integration of the

the fraetion @pe@m‘ﬂwt vehiel the fwld*e theafghe ﬁfngwas/ sieasigedh snd Isource, Esource

Fart cl ear und rst
oxt e £ RAP AP} 96 S s, SRECChEL A0 Bheeuchy Phichin part is the
suBREN ijfihef QBO@P&W&&J&I E&Ehﬁﬁﬁﬂlféﬁn&f SePONbB. ’fW'l'Ub QQ@ @Qpphcant

using relatively wide ass etal ons may stil
Equption Bdsia furtiqsl geeratization dfithe mdbl@aigs,wsseﬂdmms,tta@medma account
the enl;%gcrience otf%{: htl;mgg %vsldtL ont g tscl)ur;glet éprt]zgtrum. When the ratio Esource/T source =
constant or Egyc=constant the point-slope model obtains, and when either of these
conditions hold with 4~1, the constant-offset model obtains. The coefficients of Equation
8 can be determined by computer simulation or calibration against a trusted standard. In
practice, it is helpful to use simulations as a guide in choosing the parameters X, y and the
functional form of the estimator model to obtain the desired sensitivity. The suitability of
Equation 8 can be judged for a given population of spectral shapes by plotting the fringe
width versus the E95 and FWHM of the source spectrum. The model can be validated by
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30 bandw dth of, e.g., DUV excinmer |ight source
S|ngthe wi dth of etalon fringes as t.
W@g‘?"%@#ucu on, these techni ques are desi gneHC?‘ﬁﬁz"O“/‘_’l”“
suppress or actively correct systematic errors that
ari se due to spectral shape change. Mst of the

pl&?ts d5 fj?r{ownlé}l e, %OQ"T:}{CQ@&I%%%PS) %E%U%OOM % l]r§t hstant over the

I nVes |ga ion rel'y on three sinple 6B%erV4¢ion

popila§én bhihthevdaiestill NR ENIMbDapResia (TVaEoF:s O f,v) ttﬁ@e dimensional
etalon, the nore the fringe F\WHM w i s influenced b

_Spame ﬂ'gx}s madel henaeti mgfgCt bat appears tuheld f@p@@s@' range of (Tsource> Esourcc Y)

Nf\’/f i on {(and. hence i tF‘ EES) . /trSecond if the
At 2 plagsalsp OOFRIBS VTR Eviietlyouee F\RRAEIaR)y SO fikiportant to
vef thb sertarvsd}gﬁml S dpeaH s&fpledRat Kas &%9%&&%%{ idn By tmsdrsho
pends nostly on t he ener gy content near the center
of ttoe exparimentaflpcdaterminédepectml skaped¥of tthe Kind | describied above,

d th th f th
apBIGRRE & B R AU NG, T8 Dkt s i oo S0%.  1f
y~§%§glei’" SNARSE- 564 %fa@h@in?aﬁd’hi% l]@a@u@ é’\?ecf‘oléﬁdi{h%[ AR5.5B. This

YHE “Solr ce 1’STEORSt ral Ned to a1 1mte

coRfiiefs the eRpetationf thapad thel FOYHOA lof ﬂ&ea@loh(iﬁstﬂfmérﬁllﬂmtﬁ@noff narrows,
I nt ernal conponent S. 10 Wth these points in m nd
thexfpngecaidth wra 0% vetéml@a@e@quq&e@y frggkdthersouess| speeipel FWHM in

at

spﬁﬁgf%%aggghér{gtgp A thc psa ggée;% e;e th9 @ﬁlbmnaéxgga Bpﬂns namely, ifa

pointslupie queiel mrmisetl he ekmnatmm H\A&ﬁw bmﬂwndtlmcﬂﬂhe stcmr@kntpactmm from
an accurate diction of the source at sone

WetMtoige eHon fnggaition wide g choiegphy ramed th hleeds through” the

e,
O 5 P GO o8 i i
instraumieat fumeson pullshenspeetgyafrormhhpwingdmb Itlha:mmtceeupdcti‘um into the core

o AR PR 7 255 PSS LG B v

indpehdentp At AeylRe deAdhAstdatdd loldd fMathe @15&Ms§1dds%80@m%stematlc error
| aser |1 ght sources is relatively well-nodel ed

capbxsgenty appersdn theestimate of thgy seugcey ) WHM, as, 1gusi;rag(dx%g yn FIGS. 7A
20 where A, B, and C are constants that depend on

the spectroneter instrunent function and the fraction

oIn desiging tay ethlowhspebtréieted, thé -avhilidible @hoichbe of =RER/J sare highly

measured, and |-source, Esource are the FWHM and E95

copgtraingd By thecavailgbility ginhighyqualitye eeflestive, epasingtliowhiopsrhigh-flatness
e
Sug%rahslcéﬁt %ﬁl%éygeﬁg\?’ tfigfr&{)\gw%g%e ahglppl ?H&%ﬁ)r@ q{]@%tlmal choices

arqumLalsmailhy 8vdilable dspediddly witk arranti gemttation ahd tfiwerenDUS Hght sources
g ussed herein, i.nt Q. acco

Bh BT BERTEbR PR P B HhEEAH doQotsA Geras e AgRlicant has

dls\ébee?e& howedks, ShdeSOrnfey 39 YhiS %ltﬁatl&lolﬁ§% BelfolMd, e.g., br?, adjusting the
Esour ce=constant the p0| nt - sl ope nodel obt ai ns, d

mmml]d garaimeter of fertegiyen spewtiiat mdth detsctiomiutifizetinin,a péve model. The
resg EI g %gﬁ{nglf Eg’r‘ite.g? gsell)loget:) 4 PG, 8Tﬂﬁjst%gtg tﬁelz gf‘feecrt]t& 119cfreasing X from
25% to 50% to 75% of the fringe peak intensity, e.g., as measured by the bandwidth

detector, and forming the bandwidth detector output, on the error in estimating the FWHM
bandwidth of a large population of source spectra with shape variation, e.g., when using a
point-slope model and y~I'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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8 can be determ ned by conputer sinulation or
[bratjon against a trusted standard. In p 1.ce,

Wﬁ?b(}szboﬂsé:’pful to use simulations as a guide i%%‘i"}[}58004/018944

choosi ng the paraneters X, y and the 30 functi onal

formof the estimator nodel to obtain the desired -
to .%%gﬁlotn' i%ﬁ'tﬂé’ baldfl& Sty bdth¥erPthe AR @th% dfafe ?@m:e spectrum.

judged for a given popul ati on of spectral Shapes by
Thid cart beglue,hegs 1to e fachithie maticed &7 snar¢eseEas than thrédh &f increases,

the source spectrum .The, n be validated b 15
beggyse RFSPOETS 25 Wlﬁmmm@ﬁﬁ”ﬁ l6e< <nsren g f%awmgs of the
soé@@%bcirﬁmﬁb@onéﬁbu%ﬁ ke EWE56@ddntp rtﬁﬁ‘F hce IS

not ‘constant over the population but the data still

| i e Agiptisantt basa fpirdne direct rapplicg®n BE dhiscey mtrology, e.g., to E95

t hr ee- di,nensi pnal space. i.S nmodel is not t,
O B P EFE B FS A RS SO S FBG can be clearly
difeeRid G the FWXRA dfem ethidheptiirmaeliaRe, & ARsRREAl 88, in FIGS. 6

when Esource/|'source = constant, so It Is Inportant
and @ AcandeB,i ifgicaths eimhthet ibis paskibly ta espaaterthe E9amithethe hegquired level

has significant variation jncsthis ratio. For .
of BTy s el Fabtbicibod Deie iy Shef sleBfm, prathpupgpcourse to
de€lgfelitiofdna lFaly tntegralipédtiRamt ofahel dfta s 1€ @drivs 3 WIRS mdaMe Equation 8),
found that A-B when y~Esource and X=50% If . )
for applisaftanegt 2 plpagottalon spprirommetergy FAWHM estimationdt 15 aften sufficient to

I ! A . i .
) SIS LR iy BEAHAETDy e gt
resohgionfahd fringealete@torye.pabRDys, which hi€a frésong@@nvdegedkiant in part on

at 50%.intensity nmore perfectly tracks the source
thes grapylasity ofyigls ¥f‘1°‘iﬁ§i1{‘ dheofrray) Al lableaiog dae infgasity mgasugements and
. , ey s, | 't
R S50 Rl LG Bl G ess 4 can e,
e.hanfwanditeg. ghe sénsitbvityrte shapsebangermah be smatl eeohwl befaceaptable.

et al.on inge with too w,de.a choice /, ne. E95 .
b1 d2RE shaTgHen. Ak Ve e iR P ot b chalEPEing Hgeuse it may
besRffitult o Gonstiubt £bdena®o wheteS4/BSis PAGAUSS thaMMMtvhDO still satisfying
with the 15 instrunment function pulls sone energ%/s ftrom
¢C

copFEAIniF Hip oginatreinsetlieraspepis of thrFrastremetss desige (dgectempssolution
ang%%lngﬂofnusggeqc. I f the FWHM (-core) and E95 (-wi ngs) of
t source spectrumvary independently as they are
denApdlicaiterd this cbdleagues hevaexamiasd theisefininess ofetalon spectrometers

systematic error. can b en to appear in.the )
forsppligtian dp RRECIOBYr B8 FRRM™S 1983 ¥ (amiRie dhey behpyjor of the
PSR and 204 g Sidhy SEBL BRI SRR i oM B
THis ghlay chesen,sd.g.abevadsediy gives acoeptabidehsitiyitpto the energy content in the

high-quality reflective coatings, L, '
wingsy of o918/ 39uERS- sPestHEs vithouh skeessively eomPrOmIsing atherc perdormance

. . oo
st M3 RANERIE AR o8 TDE ERGEe LSRR iR source was
overia madid ragee of edridiorsnwditifintand deyaidd its myirtnak operatixg ervebbpe so as to
with current -generation and upcom n i t hography topl.
sepugh sizmtias: VRBRR oA FasREoa By DSl oneARer Of its output
(cdrf@porliAg PR Ednditordsind virfatiBhd SNHERYpRE-MOHIGS - 1%-C).PY he light

adj usting the
from this source was homogenized and used to illuminate both a high-resolution double-

pass echelle grating spectrometer and the experimental etalon spectrometer 40
simultaneously. The grating spectrometer output was deconvolved using Fourier methods

and the corresponding E95 bandwidths were computed, and the etalon fringe patterns
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threshol d parameter X for a given spectral width

utilized in a new nodel. The results_of
wgﬁh@ﬁh %ggn e.g., as plotted in FIG 8 illust lpgir@s??%/ms““
effect of increasing X from 25%to 50%to 75% of the
fringe peak intensity, e.g., as neasured by the

oRARHINAGE Rg tﬂ@tﬁ?ﬁr%r spe@ﬁ@mét@f ok Plutd) Syd2@nghyf g%cﬂ and 1 separate fringe

det ector outp nthe error In estimtin
vaB@sbarans di.le.of the fringey EWIHH0land IFOV7 8% wduesgepatedct Tie results are

e A8, Y3 o g M W e B GRS s

E9Nef @asiedonme@fsou&mbe&ﬂm rétdfdedt by th@?r&‘i’ngt $pedtrometer. Viewed
reduction in the sensitivity of the width at

from @rpoisiskRpetsrspstibled 16 WO 2005/ 001523
EPCT/ USZO /Ob89614 to variati \(I)\‘;g in the bal ance of
Elr'fer ’he core and P1gs of the source

C ct th
ST R 19 Sk i . or o
ofsecandfudrire girichesst with onaslopelir, dat wspdndswiith a adbmpletely different

| ess energy fromthe wings of the source spectrumto
slopsn it Pt @2igst pRUrERAZIEYY, CBaesr duet'9 chempsapgogustc phenomena, a

n S [ c |
cofBfubfaor SRR o' hedfRid A8 3 ST and spectra
shapmassemstpé otithediffE@5t playsical proosssast wﬁ.h)lli’l&hamsexFWHM beéwt-fid éntercepts
cl ear discerned in the FWK% of _an et
b %‘5%8%%& o GfRperatioginofns bsredere. & lcant. hgs eprgduded from this
an@"¥her exPBHmBnts! tAAH £ AIERidie ngzasu:Exlﬁéﬁt atla hﬁgf&‘ﬁ&'ﬂg thr&hold X is
estimate the E9S with the required | evel ~of accuracy
ingificientfor rqbtuyt EAS Ma@uoe irethe presénce dfishipe wwiation
spe rec 10 _deconvol uti on and
ror fetBhigita B8 ne SERE Bfstdla 4apioaeh i Teaendie {oRptigant and s
cotiesltles (cbfisidéred ok, othérOfecﬂﬂﬁllldsCﬁhbt Esllovd fronp |the Erigtealvith model
spectr nmeter to FWHM estimation it is often sufficient

(Egratiopefe 1p ong teshatqueqvoptalon;spagtrogpriers sap &g slesignedosa aseto obtain
lar: u

suf@@éémllé’%\’ﬁ]é tcggft‘ﬂ(ﬂetrﬁse,.q By ¢ h‘g 29(9'}1 £ Js e{]fos fleUduibfidt BF an above

refeggnokd tpatamt chmhnaimmt Sem Iﬁ@,r 10/6h5 BBhengtlmnnmae idfyapplicant. Such

dIOd i n arr aailbef the . .

seReEnarey e s A s Tl pd i rerslel 10 ftpin two differen

frinpé RedvRs; |&1%bd IR tBbIerIBgAWidthd ﬁ{d%hE abi GFsix boeffisiehts &he system of
case, A/B can be, e.g., >5 and, e.g t he

twoanultivarablg linear shugsions mende sehiedifer tknamknewn gepree EWIEM or E95.

b 0 ver t he

TF IR hSweyd iy o @Rl e Bhec NI R s Mgy hagghe cost and

codip‘lémtyuﬂﬂsad\anmgél Sifr reqhiiriag Stmnedptamw\ﬁewl@a Ab&tiometBi€.h Simulations
l.ess t han ug%%tylltv\hl le still satisfyin constraints

indigale, Baweyieh (R FSPOFt VEEY 8EP egMaAB g betdi the FWHM and E95 of
thé8&ured if( e lc8etRlentsSRO LHEdeR rbrcg?e?ly%q c%hgﬂﬁéetéd?loﬂgo?ﬁreamts can be

etc.) Applicant and his coll eagles have exam ne
satisfesduanie ske sifbjast af e abpreotfeoenstd pstentfampllaénpim cation to

et SRR e e dbiite s b sal of fheimtessnt gyention, tha

caf pREVideTR RbBUst ws%ﬁ@a@to@&hwmceysﬁe%%%,Ceeé., using only a single

etalon, applies Equation 8 in a different way. In this approach, according to an

. embodiment of the present invention, the etalon bandpass y is fixed by the finesse and

choice of FSR, but the values of the coefficients 4, B, and C can still be changed in a
significant way by altering the intensity threshold X at which the width measurement is
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This y was chosen, e.g., because it gives acceptable

tytothe energy content in the 25 wn of

W@ﬁ@%é’é{#ée spectrum w t hout excessively conpr Bﬁ?@]isﬁ(ﬁ”m”“

ot her performance aspects. In the experinents, a

Cymer XLA 100 prototype |aser DUV light source was run
perfdried? PYr %ﬁa.\%n?f%g BorGlvo %9%5&19%%%5&%1&@ %tf BEYPithe dghiation can

nor mal opera envel'ope so"as to generate
besngerng‘atmmmnzycarl ations in the bandw dth and spectral

shaq, 1ts o respondj ng to con

t
var i'8t ﬁe%@“‘bf? H "%e?bé?g € PFqseRs INVFRYON, |aRD jan ant g his colleagues

t i SsS & I1R&EL] & 1S 0ude0
replep S JDERAN] S W the B3 HOARARR et pil‘g‘; B e g8 two

intemsity ithmgstopdsc tIn tine sesrof masmtmemwbc modak cllosert whsn

spectromst r 40 u 0 ating

spect r onet rourcemlﬁuf"?%gaémgégo %?@Jghg’{’ng Foufi0dr

nmet hod nd th rrespondi ng E95 bandw.dt hs
whgG ot kM A EeeEph FERSRR nd e ) BE i 8t the grating
spet80nieid FhehduRE Holie2 (pdétial 89440 thbtraddeed Withithig dhlifge, the source

gratl ng spectrorreter eﬁosure wer e anal yzed and
E9 quamﬂ@n REUIRRY oveslawidenange @f \ipectea] ghape; yasiations fesignificantly

0 \/ u
im l?réglgge{n %é%i Qg.,gﬁ; té@%?%{rﬁ{g?m%lhe rf%’&t’e’ R/me%ﬁwma{:la 10. In
acddﬂ@rké\mltmﬂfermbﬂg/l dfiE@mtioh &s applicans ahd dis Eﬂ&agiestlieheve that the
convol yed sour ectru ecor def the grating
CO%IEg’eP% e g ERe twrpéﬁ!ya%ﬁaﬁﬁg ’Q%Bﬁé‘eﬂg f@ﬁ&?ﬁqf\}l%e source
spé%%%l" efferdy Wstiifutidh i¥)the chre dnd) nehb %v1ﬁé§ mﬁxevgpg&l:hl flfPlU OFfs model

he source E95 bandwi dth change due'to, e,
thetrq:fmmgorre@tsf @etthcamsﬂepetndgnu veziagion iof tﬁ%HM whd tE9<5rte \slhlglp ¢he simple
S et fferent
onfiisgtisicrgt B sioed el ROBS S ENE, “Hiesf 5l FemBE B Systemaic
deyibesq BN ahe angix& chtregtrndistriblitiéh €ordihk f @vantpecyplepopiflation was
concomi tant variation in bandw dth and spectral " shape

reduged Oy abed afactrgiftvardisn appiyng the lmnsg\éeéisté%hr\merﬁ%ordmg to an
enbeSmké?ﬁ OF ¢ eTﬁ}@sel%?ﬁ{veBh(gn | Sirl SR rpz)hcghtaina‘?u%’ &lkeadfesdelieve that

function of operating point. Therefore I cant has
thecunecif uee duffrcmntlvhﬂmratam EX36 msaswerpents 7e mesbanldafudth detector output

wight mea¥unbolS GRS E R saftle rebt. MEAC uid GARR ki steidi 34 Separated

XRVERRE €6t ethe SIS B/ Aehsuitdrdéhts thxhEB&RBMHR digectdrddin EJ‘&‘fectlve in
si ngl e-t hreshol d approach is. inadequate, H%pl I cant and

dewmlnua;gathee%cgwéévae@wsiﬂuearéme%rdésxcﬁdwefvheﬂ@e s e-gaf WHM or

-E9f5 olié %Wdu%u% %H]Jﬁ &et[he eﬁ]eggtlum &ttﬁe hré tg E'gﬁ’sﬂr{té) gég)and i for a given

ohe on spec ers

insth@friefit) @Ck. SOpasichlar ethloa) 45 daurﬁﬁddcabenél $1rdilirf)e tigNtwo measurements
,cotifflm ents A B, C, for, each, as is also the subject
W1

5 ftalppyied @éf%lﬂgﬁwd%@ﬁ@ctg Senged> JRaYSRs onq\ﬁach of the FW
an&@/mégs@,g] i sg&gr we of applicant. Such 20
e

spectr ters may e operated sinmultaneously and in
par albal those siitled in theoad i willeappneciate that with a single width detection

apparatus, e.g., a PDA, the data needed to process the values for w), e.g.,, a FWXM or an
EX’, on the one hand and a w;, e.g., a FWX"’M or an EX’”’, where if both are FW or E,
then XX’ and X’#X’”’ is available. Then the two values of w| and w» may conveniently
and expeditiously computed simultaneously according to the operation of the detector and

its associated processor from the intensity values obtained from, e.g., the PDA.
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fringe widths; arned with these fringe widths and the

ﬁl% ?)f SI X coeff|C| ents, the systemof two
WP abl e 1 near equations may be sol ved PET/USRW4/018944

unknown source FWHM or E95. This nethod, however,

whil e potentially very successful in its own right

has : i t

oo e e oy O S By s IEX D] AT, oo SGbdier ringe
fori mek @atan ipuetoen, pdihtslopa oma(othcxepmdel ¥ven ybeg aude computatlonally
d est i.mat gs of both, the FV\gIM and .E95. of p Eour i f

SHARipge i 5 &ndQ thy dIERELER THIY rW affif! @gpieyatle. and improved
coﬁﬁ%hf’aﬁbh QPecdoRAloRsPchal TSP BRcuifPtd 8 i88 fbStHeNBtegration task,

ect of the above referenced pate application. An

maéslett is aatiable selution dit mayyed haye Qantamc@nbt@awgrhnwem‘r when it comes

to BFRRTH slali* et abd Bher S30cR Rtk SFectropiltr designy

onl Yt #ilb418@ b€ undfsteb@ tHap at BeaPihie @S tuEDbRdWIMh atdindler, e.g., FWHM
different way. In this {)proach according to an

or deuditgent the ultimatsr eulgnt of the mnparstust ped dnethed according to the
erBIHRAES 13 B A I DB 0 B ot 101
hostidr| tHeeacatahngled so farcas thé giser liglasbunse yind yts ahdagiireh@nt 411l control
intensjity.threshold X at which {he w dth neasurenent,
syytems i@vélt%ewpgo%fz@ REEORREIPRSY, H% ¥4 A thig apRijcaten, including in
the Bﬁm‘?sx "t‘lﬂ'@)‘l‘a%tuai’o{}alﬁé’\@f ﬁiéﬁfah&évﬁi?ﬁ Héaglrgri‘x@ﬁtg&}arﬁa&l Gleﬁle Sfstimated
a plane equation can be once agai n obtal ned
acmebtvahhﬁ greemsdanmhangﬁabtth meas énis fi naklyemltetecmmed value arrived at

ac& A élg #ﬁ is¢ 8seéiS em%c{xﬁ%&l glpégeﬂ Hbv[eg 10%8% |then relied upon by

theakdserofdhé @ ﬂ&xﬁ,aset}ﬁ best WAd closkéit ®@ghiivationr 66 el dSired handwidth
this set of neasurenents, the nodel chosen was:

meeglaemat PARMEYfH 368y EWHM jor £330t 1 systgm cap progyes avithin the
ts chscu%eﬁ ré;ﬁl i bration constants determ ned by the
fit o grating spectroneter measured source
sped:trmal th&abovep itt ‘hﬂl bodedersty¥d hy thuse skitlad g thet 4ré that in spite.of a
sour 95 estinmtion curacy over.a wi,de ran of .. .
vagely o ShprEqTings. AP SPRSHORIELeTS hayk fistingtadyantgges Tor application to
bandmmyaﬂetrmgﬁaéhbbardsqm,naﬁo@ed Bicitbe 1eshPesdur®@Bt ated in DUV
results, e.g., plotted in FIG 10. In_ accordance wth

lithagsaphyd eThese hgauwrms h@ve &p¢n sheayn toagrdhibil depeodensapfdabe detailed
| %
Sh%gr ﬁeéﬁms} Q%g eféﬂ{\:f [ rtl-g‘ epe n g{u? %gﬁcg%g 3 ?w:t L\QQ%{VE( S%émﬁcm%p erating

cosdidots. al Suehestaye Cbhahgdsbcﬁnl i]ﬂrddncd g€ Gystedatic e@@fs into methods

of the spectral J|n s model . therefore
00@8}09"236?%‘3 ditg Fste*ﬁéte%%‘ﬁ ? pen-neglizible myffonss af thehandpass
of tt}‘Re i’l‘@ir&lﬂeﬁthﬁn&'i&p&e r!tétléaf‘ @m%&fﬁf%ﬁis%ﬁhe&%%ﬁorﬁét&@ e)Fortunately,
IS insensiti here st remal Ns sone

thxsygh eppitcatxon dew smtplc)nt,aldmuﬂmgh width gmmilehfactdrdingrto an embod1_ment of
o e el B i R B 90 S8 vrions ar
prdpBRERV EWhEe GREY, e ReRHighdi0cdrOs@press errors related to spectral shape
variation by introducing measurement sensitivity to the relative energy distribution
between the core and near wings of the spectrum. Because of the sensitivity of the
lithographic process to the illumination bandwidth, management of this source of
systematic error is important to current and future applications, particularly those

involving active control or stabilization of the source spectrum.

20



10

15

20

25

30

enbodi nent of the present invention. Simlarly
‘3% i cant and his col | eagues believe that the _use of
w SOUFR? ci ent | y separated EX% neasurenents a8, 2004/018944
bandw dt h detector output 20 wi dth nmeasurenents can
have the sane effect. The use of the two separate and
Sep?’{]@flﬁgso ‘g}{ﬁérk‘tgédg khdst Skidled iYYH arGhAEA SUh &R BhSeptual level
int andw etec ors can be effective In
andehbodimann@ftthe mesentlinvrationi widiep 4o anbamdwidths imetet, method and

whet h FwW . FWHM E95 di
apbaTR RS Y CHEESe Hb ORI b SPATEE S R MRIEh M qofprise an
etdl 8 f? SaMPle, WHIGH BI4PREEs, the eBergyToRibristE i BHe l?éh@'oﬂfzbut 3% an light

descri bed above. Slﬂ1|ar|é the two neasurenents
sowcc,hwhllqb maybere.gsedajes D@ X savress o perhags IaatEéJV hght source, e.g.,

nsed e f e FW “ »
o 0ol R oo B PP 6P e Pt ot Bpsg PP
The iespafsiontdrveaty ﬂ{e&ﬁlt@h&l ghh at 1t$l\hithra€li walvElghgh \@ofath into a spatial or
detection apparatus, e. PDA, the data needed to

terppereledamain accarfingdo s Wmeleregﬂg distrabutippef dhe hght epsegy aygput from

o BT yefson RIS R oot

array,aithableordsh erespetivelyo theal spasalofor \M;enqnchl Wiarimipn of wavelength
conveni ent and exp ditiously co :
distribifiony Hz%ﬁfgﬁr%cf‘og Pl & 'a&gaﬁaeh%wme fRy recording light
inlRdi6&! Abn@ ke ekiefit 86 ?&Céﬁ)ﬁ‘gnd) ARG SRRY 'ﬁﬁl’fe? ?r&h@e an output signal
intensity val ues obtained from e.g., th 9 WO
baﬁ@b@yomoths 2ecordery ip@@@mr/ BrPor vartigre ifh@ outpnpsngaalumav comprise,

(EX0 0 the etal ectroneter
e. %”r Rgléaq? gxwéﬂhgs measur cI P gexb 8}’?? @16 LAy, Betpﬁeéel;ntatlve of a
spémﬂﬁ’a futBwidie ansnte p‘@fﬂh@bﬁtﬂeQﬂ@hinmn dﬁmﬁﬁﬁé ﬂgl, wﬂme of the spectrum
of %%tothemte ration required i s sti

ittsA &romy g lighpsoyyesi(F T and g,rfvggé\gd)soragnwdéq between two

ponfR€6hdhe ShRubhd ﬁéﬁntugé’ a c@ntgn oP@k's‘ﬁE@tEﬂré f Hélo&H some percentage of

Integration tas |s a via sol ut
therepergy edfi thafell spedtaimn oﬁdhmape;gsm oﬁdxghwamttevlmacvmme light source
Igg 3 cti&]:,l)?’ ude in etalon selection and other
8 he Spectronmeter design. It will also be
Und%ﬁ%ﬂ@@dﬁﬁbﬁt ofithebiaséntidnefua®ibt/édntéiapldies 0.6, that any combination
paraneter, e.g., FWHAM or E95, that |s t he uItlrmte

of @u{epﬂtm@fofﬂhﬁse Aplyss By e ased, bt thetwhen the ¢pmgination ffee.g., FWXM
anf R UPREXE apd WieB o EPnpANGS) €8, P8 Rk, towan

alRChehaldeMstdddED S thob@kiB&d feladSthat the Pafticae co@bidaton Lised and the
measur enent and contr ol systens, an / or I|thoHra phy

difgrencembsivueenonge e Xagr ¥sandi 't mpy be gppiricatly selected according
to’loéa?%ld # C}‘?ﬁe bf‘dxsﬁé}ﬁvgle WiZht tﬁ@ﬁ'gs %Eri ld?l%]uéaq o Ig?rlg% L, J,tbe, by SNR) of

neas renen parane
thaedcoadet andlthe llgh'eSalmEﬁ;I imcibding hibeh gypab layd peobabiities lof ©ccurrence of

finall et erni ne arrived .according to th
digipRions do dhee SREGHP lgﬁt ?'Hgteﬂrl?evsa‘r‘?th FBIERofEa Ry €ach be more

re%ﬁﬁﬁvé % 'dﬁ?crk‘x&%p@éfs %5 theEndr Sy HishibutidR 1ﬁ Yid @ﬁ@cﬁ% Yeltfy measured,
st and cl osest "determ nation of the desired
e.hatocthe aiidith at X% of the maximum or the width at Y% of the enclosed energy, i.e.,
generally speaking more responsive to the energy in differing parts of the spectra, e.g., the
center portion or the skirts (wings) of the spectra.

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

calculation apparatus, to calculate the width of the wavelength distribution of the energy,
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nmeasur enent paraneter, e.g., FWHM or E95, that the

tem.can produce within the Ilimts discussed

Wﬁé&éﬁﬁi’%grom the above, it will be underst oodPSWﬁ@%lsg“

skilled in the art that in spite of a variety of

shortcom ngs, etal on spectroneters have di stinct

; . .y q . _

AR B B ARIRE B, by bR TR SR empora
vaidifion of thegwaysengtiTdessrébutioghaf theleney feearded dgrthe kietentor, i.e., as
. 1.0 exhihit. dependenge .of the tajled  sha r . . .
indiad B s infegiy Qrmon o6 G dstscted by GG photgodiog (pixel) in

theCRkdrall PDAPSFYT | ThiQ BREdal AlatingOiidel 80DrdiRY ¢8 af R&MRdiment of the

changes can introduce |arge systematic erfors into
presenthindienticnomenne.g., \woprert sespedtiveiy dhe)apatial ot terdperak distribution (,

c.iG PRERTErU et Bt HSERER) By WS AR Boriin At o e

opfif prdpRitdsaIfthe Egbéruﬁa’_[i@étMment,hr&@ﬂ&&ﬁiiﬁiﬁg&lﬁ@&@% mdted width
sinmple etalon fringe wdth nodel, according to an
valugangl output these width yaleesent i nventi on sonme speci al

et I)\%@érd‘i@tto air&ghﬁ)%ﬁirﬁ‘%ﬂséﬁ lyee p%&%e th%‘f&%nggﬁ iaatsLé)(ﬂl% calculation
are propdsed. en used, ese “t echni ques can
apparpins,easlizsr atr kastebad ehest owkitie otahugl, sdpagpentaied ioft thenwavelength
by intraoduci ng neasurenent sensitivity to the relative ]
disgifaitigy Rith FREBY oo SLATRECROTHE, %sp?aéc@a{ad Bidhe firshgaleutation
apfHra h?,e aR@ &SPt thBRC A4S En Ozirgﬁ.tliﬁ;é‘ms QESh ! ﬂn\ﬁlt%ﬂérigélc g%kﬁjation having

I thographic process to the'illum nation bandw ,
prodeteayed ncalaffratidri svasiables especifics ytgt ereatopticar isource,s the dispersive

TR, L LA RS e G P, Tt s, o

nofedadidve Z &dcofdin® fto tadhcerBbudigentS o e’ prdbent GnWéation, the predetermined
2005/ 001523 PCT/ US2004/ 018944 It wll al so be

calipiaiens ¥alyes Bif tetemunedk fiome the Hse pba drystednsiandard fo mspgure actual
t yal [ t r t :

ooFRRGER l, LELEL coRRARE el e, DR R0 s e paricul

insupwent teus, thh particaiar etadgy speetrametep suahathhtywbésther sameewidth output

._instrument, i ch, may conprise an al on.for_ exanpl.e, .

s et fe HF Sivond dalehialoN albafhlon ofe A offhE iinaiap R TR SH with the

prévehipdtedOfali®ration WHriableS OMilIC Rturihthe afRYorP&seially . thé same desired
| aser DUV source, or perhaps an EUV |ight source,

wayelgngth parameter (W XM prgXa measwsed py depisestedpstanderd in the calibration

pr((%:ess. LR Qm%dix%egt' ?f: hﬁ?L&gseBE Wﬁﬁgn ﬁls@l%gai %bcggprePates t-lo-r\?sing two
I'Spersion converts e output I'ig N1 ts natural

suciawidtk mudasurdaignisnfromtthe firstRalcultionrappiretipobwtl asdrf@ndted, it need
[ to the | ength distrib f the lig

ccordjn tiogn o ht - .
ongnbg @R/feeﬁtoasff and cAHId Bpanare A Wy Rlso, thedimshachecesd calculation
ap éﬁﬁﬁl&eﬁcc‘aﬁfi‘ﬁ%{@ LAStRer e gcgdimeﬂt gleil‘ﬁtcér%gent Gnentioft m‘a%yhge the same

ot odi ode 10 array, t records, trespectively, _
calgplatipm|apparatusnp dhel muiltivarkblo gqudtionaisetahgitdd to calculate an actual

di st.ri bution of the energy, e.qg, ,.by utili.zing a '
bapdyigh, parammsiep desstPUxF oLy Sessil figtituiap of the Eney output by the
light suecel SeRcRYIFIM tRfgrblieFaay, BRE+al so may further

provi de an out put si gnal ) _

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

elements that produce the required fringe patterns or other bandwidth detection measuring
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based upon the recordéd spatial or tenporal vari ation.
h tput signal may conprise, e.g., a plurality of
W&fizgqsﬁf‘ﬁl 2% , heasured between pi xel s on the EFF%@)/S,ZOO‘”MSS"“
representatlve of a 15 spectrumfull width at sone
percent of the maximumwi thin the full wdth of the
pa%?éiérﬁ Ufﬁ%y QE dtﬂﬁ@cﬁ b%gﬂ'lg @QlJn"so'TSltnlﬂﬁarity' GdHous AHELS Bt available to
(" M) M) or a wd ween two .
armve athhe wpdib trmaaﬂmrdmfenhvahgpsaﬁrsmaﬂlbratecbfor tahé tlmnexsed umaperatxon ie.,

e RO CRET O GInESY 2P d1he- Ehirsbmert BHipHS function) and
wz| (hgﬁ“fun%ﬂtiﬁ ©€sorhe Bher FWaUhr(EXE%nd, e.g.; thd Cnst¥inRAPRAIdPER function)

the invention further contenpl’ates, e.g., that any
fommﬁbmn&tcmgnatm ofan lemdodimend offthe p@g@twavmwnnat}xebdlan e.g., the

o388l R PR, G GRAEL A i o e R0 e

 itselfidasEapposedtaf Being detived lffom proessigs Ufl drr BS Adgtehsityt PA6E€ otitputs,

skilled in the art that the particul ar conbination
e GrsRtingaporatioe adigite, ienab grasesspe 61PSR) dn thePRAg whichomay, e.g., be

I 5
SO, BRI AITUELE o SSLECUAASHRRAS i o
trigmmonready of tientike ettcuitrygfor poyceSiY ceftain tdspedte o coeverdnd of, e.g.,

e |ight ource i ncl ydi ng. t
Prif Gt YRS 10 b apil Griceirbibe faia e p N or e as 2 real time
ouﬁﬁ@céf Qhé’fbahbfwdth OfbteR6Y tappatalty AliE als;*,cﬂzlilcﬁedS Q:‘t‘rrcﬁﬁxg'peCSubsequent

.g., to each be nore responsive to different a
pr@sfessm& ofnegg\halpettinemiuequation for Hetesmisingr thetrsiuag parameter desired

mgﬁ Al g?%lr ?1 %0 B%IQE Lg%g\é\ésg}'oh églt)eéﬁ%/?,sgélsg hc?rb :‘}@m itS6lf. More

grzgﬁxal%hw J:am tsepertalléd ) thetiagd wRISH ﬂététtmf-‘oﬁtﬁutt 1th@Ebedf9¥ gl, increasing the
diffe rts of the spectra, e. the center

nuEieE PERIRER (I9S9RR ABara (9geh BpeciEoceBBEE A3 ingFease SNR. Other
chmg’%m ffaribh ?ndyné@d"ﬁé ﬁﬁd@l\/ﬁﬁ’hrp%ts@ﬂﬁé &t @1% ’apEerQled claims and

the use of a first” calculation apparat
thepriesant atventidreshoutit be inferpietedvmsaipersglely ﬂomtsuclbcllalmm of

Y T AT T —

hoWRS&E GhdséetRilled e thoadr ill Odppr&iEIO BAL ey inddlyl B iRdtances where
the wavel ength distribution of the energy recorded by

nopligeag clegns onay j appear A8 thenyprdation Bynctigs Fonteiningt yhe calibration

co ﬁ%fern %) uhl&n tﬁé fn%Sleegﬂl ?%’% @&Be@esg’rﬁbeﬁaﬁhre’l}{?%Botodﬁa%gsndths of

pi xe tera arra
laseabmtphahghtg)f delaiivedy narcew ibdhdwgidtig eqy, fertidigraphy ueds. tHi@vever, for

-5 resent invention na convert reSpeCtlve]
oty Jighp Spirs ShetechEIA ParddH dlemBiaon may e reahged, e.g, EUV

light @5@1‘@& b tysinB! ﬁfﬁﬂb} bedthe? fofifs o@%odo’&hﬁ)nfd?@%rg%hgr where similar

wavel engt h donmgi n according to the optica ties
inagtutahies dirs patrasiuges im sher meaniremente duebty ustrementnehacactehistics, the

prE e eB Pl e LS P s been eiven as o
thd B¥tefhingtiorof EeOlibfaof Woaffic@hts, but it will also be understood by those
skilled in the art that some measurement of actual bandwidth as determined by a so-called
“trusted standard” correlated against the 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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10 apparatus, utilizes at | east one these width
_Lepresentative of the wavelength distributjaon
‘V§25¥ﬁ@k%%ergy in the wavel ength donai n, as calfEa{Uzpq/018944
by the first cal culation apparatus, and applies them
as an argunent of a nultivariable equation having
demﬂrﬁheﬁm@ eeqro@a{;ﬂopaga%ante\mhaégl g3 SRRCHd: | &nt B Hfington, Data
optical source di spersive instrunent, th
Redlottéart and, EramdAnaigsmforl tha Bhysicad Seiededs, tralkicbe @&lhalsame order or less
ar&unent That to sa as_15 notedfabove

A FBLATSTe B & P BioB SRR T, (1 MBORIdth mishitor tha

ard x%gﬁéa@efd’ihﬂﬁgh tieeAhLRFVaFAK1 A fbRsatRnR gl ¢y ned from
e use of a trusted standard to neasure actua

mavelength of a spectra correlated to at |east one

Wi dth output fromthe particular instrunment, e.g.,
the particular etal on spectrometer such that when that
same width output - is input to the second cal cul ation
apparatus, the use of the nultivariable equation with
the 20 preconputed calibration variables wll return
the sane or essentially the sane 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 width neasurenents fromthe first

cal cul ation 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 appar at us,
accordi ng to anot her enbodi nent of the present

i nvention may be the sanme cal cul ati on apparatus. The
mul tivariable equation is evaluated to cal cul ate an
actual bandw dth paraneter descriptive of the
spectral distribution of the energy output by the

i ght source selected fromthe group FWK*M EX**.
Those skilled in the art will appreciate that the
above-descri bed enbodi nrents of 30 the invention do
not limt the invention to particular disclosed

enbodi nents. Many changes and nodification will be
understood to be avail able w thout departing fromthe
scope and content and spirit of the acconpanying
claims. For exanple diffractive optic elenents that
produce the required fringe patterns or other
bandw dt h detection neasuring 22 W) 2005/001523

PCT/ US2004/ 018944 paraneters nmay be utilized besides
etalons. Simlarly various neans are available to
arrive at the wi dth neasurenent values first
calibrated for and then used in operation, i.e., W
(as a function of some FWKM or EX and, e.g., an

i nstrument bandpass function) and w2 (as a function
of some other FWKM or EX and, e.g., the instrunent
bandpass function) 5 for use in the equation of an
enbodi nent of the present invention, other than, e.g.,
the process outputs froma PDA.. In addition, the
final outputs may be derived at the PDA
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itself, as opposed to being derived from processi ng of

P Lntensity value outputs, e.g., by
Wf’ﬁﬁ“&("ﬁ‘g’?é‘ti ng a digital signal processor (" DSS‘C)quSﬁOO‘”-018944
the PDA, which may, e.g., be specifically programed
and perhaps have specialized arithnmetic or al gebraic
vWE 3OafvVii gononmetric or the like circuitry for
processing certain aspects of conversion of, e.g.,
1. PDBaridwidthanetyr foalnesuring the bandwaitll ofia w@edtrunt b liflaremicttd from a
[a2: FV\XMtﬁr aa areal time output of the bandw dth
age et ©r %ng”ﬂ hmefACORRIEMSGt ed circuitry.
Subsgassithl bREBGRRS hitthitef ’pr@vi&ng 4 B8stP&ltbitNRiBtesentative of a first
equation for determning the acfual paranete c?esn red
pareanjeterhehich dg indidative of dlpabandavigthoafebe dighbemjstedhizgrs the daser and a

: h SP | [.f. 1 larity . b ded .
seqtie b iRtaeReH e ol BRSPS BERTLS P AR Ryve TR banawiath of

thé REHtRAHHEDrbMahe Rederd, of pi xel s (di odes) in the array
to both Sﬁeed processi ng and i ncrease SNR._ O her

charfgexstuah banfsvinth ealeulasionrappamtusgtibigingethe finktiutputiand the second
e . L. . .

ouif B8 ot Or A ARRHER <hLAHeAyink HeRIGRERY caliprasion variabies
spedifié tecthaiopcal Adwdwiddn@abhiyor, tohalcaidioah astadlbadéwidth padmeter.

involve nmultivariable |linear equations, 20 however,

those skilled in the art will appreciate that there
2. Tﬂé!a?;?arétﬁ%?&&iﬁ%l\erﬁ{e?coxﬂgﬂéih ear terns may appear in

the translation function containing the calibration

coefthé ectealt bandaidth, pardreeterrizoalispenttusn izl sviththeat some percent of the

o5 B L B2 R S0 £ RS e,

l i t hography uses. However, for other light sources

where narrow bandw dth determ nation may be required,
3. dhg apparaiys obclpiny bt fugtBer <@8WrisH®: usi ng sinilar or ot her

for e Qb GQ{BW‘%B]%Q%&EPY WRGHR BliWebRtwo points on the spect

[ nacc%r aglmgs are1 [y roducesS In tﬁle neasurgﬂepr?fgsé)ae teoSpec rum
definsigr ai pemtentcdfatha cpectig ieoslpsing somprpeseentage rofethe ieaergyeof the full

al.so bg. utilized..Fyrthernpre one il s have been
sptTn OLibe shec RO LA brTIE frh (BB TR0k br at 1 on

coefficients, but it will also be understood by those
skilled in the art that some neasurenent of actual
4. Fhe appagatys akclaiom &ferthes gomprising'o- cal | ed 30 "trusted

sta iy r [ st f . Lthe.

oL b AL ARl B RARNSE e o
one wf puvidticafa fringerdanwiptibal tdaeput pp thecailon at BWXwS dr dwidth between

and. Undey st ood stan?ard error propagatjon techniques.
twgyponts Q“rté‘?q SRECHU™Y FICIaSHE S98¥e RATrRRASS Of (the ergray. of therfull spectrum

: . \i I.
oftlfrgaﬂéJ ?@g&gftgﬁg glr?% ?asgx‘s(s‘Eg(g’é) V%tdgtg% g?&&%ﬁl?ﬁ?\ﬁ Q &p?éseﬁtgﬁve of at least
onPOT A lsS20A FNIX 884 4r ENeT ewhdre &3 X13 ambhX&eX 0. pr opagati on

techni ques, e.g., as set out in Berington, Data

Reduction and Error Analysis for the Physical

' : ~order or less than the

5'?2%32%?%}1? g}r@&{.{g? %%&nggﬁﬁﬁ%t al on neasurenents from

t he thabaiwivddth momitdras an letalon and the first output is representative of at least

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

one of a second FWX’’M or EX’”’, where X+X’’ and X’#X’”’.
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are propagated through the nultivariable

I tion equation(s) 5 24 WO 2005/001523
Wéé@%ﬁ]@%ﬁ/ 018944 |/VE CLAIM 1. A bandwi dt hPfd{(§p004/018944
for measuring the bandw dth of a spectrum of [|ight
emtted froma |aser input to the bandw dth neter
conprising: an optical bandw dth nonitor providing a
first output representative of a first 5 paraneter
6. Whe epparatus oftkilaiat 3 ferthef comprisingrdwi dt h of the |i ght

FeprbS BanfThanpivs Toen BRPCRE AR GpEHS representaive of at least
onk ra)ql b GRS aofrmtge ®f l@.ﬁ‘%?\%éi toRtgk of Hﬁ:eetﬁlbﬂ it PR G Sl between

the | aser; and,” an actual bandw dth cal cul ati on
twamoartapushmnemmmmgxctolsmgfsom pegeentage ofrthie thergy of thedfull spectrum

oSSR, RSl P 0 FEA B AT, PR o b

onk B€a 98loha FWXRaNBE BKN Nkre Re=X't enERE£Lxiat e an act ual
bandwi dt h paraneter. 2. The apparatus of claim1

further conprising: the actual bandw dth paraneter is
ectrum I wdth at some percent of the maxi num
7 %h? ﬁ?‘ﬁ”%tﬁ%oééf%lfn 'tﬁftﬁerocf)n}pﬁléln§pect rumof light enitted
f r othé precorap@ed (:alﬁiﬁ@dn) variabfes 3re ddiRved v 8 mtas@emehtdfithe value
further conprising: the actual bandw dth paraneter

of |ﬂ&e actygl a@md%étm@éﬁne%mplwm 3 trypted standgrde eqriaiated to the occurrence
t cl osi ng sone
Ofgge];%@{netﬁggsgco lﬁ@j t?a?éarra J&ﬁb%f&t‘é ﬁéﬁ #ﬁuﬁp spect rum of the
spectrum of light em tted fromthe laser ("EX'). 20 4.

e appar at of _c m | further conprising: the
8. &gﬁaﬁ%tlﬁs ﬂ%‘ﬁ‘?‘f’b? A‘QJ’%W%%%SH‘# and the first output is
r feprtﬁ‘egﬁr@ﬁé}hbﬁ’@d @Eltﬁﬁtxdlﬁ@aﬂable@'&?e &\%‘rw%d\ﬁdiiﬁ h ﬂas@eﬁ@hﬂ?qhe value

an opti cal out put of he etal on at Mor a wd
of ey ageienh a@d/vadﬁbpmrgetehumllrmnspmned ma@d@domrn@atsd) prethe occurrence

spectrum 25 of

Ofﬂ%rfﬁgp&ﬁgﬁ%f&fg 411?@%??(% hg;atl%?%%%% aﬁd t he second
output is representative of at |east one of a second
"M or C . Waere X#X' and X #X''. 5. The apparat us
9. E%XEPW?W%E&ﬂ?Ph@rA‘EBWFQTﬁ@g t he bandwi dth nonitor .
I's ape E{te@(l)rg%hté@gaﬁﬂ}&lgd *5a§'fabfé'§tapé‘3eriv%drffb9ﬁ ?%ﬁ%hgﬁt the value

at | east one of a fringe of an optica

of thet gntral (oanctwldtlepmmcteamxlﬁm dlrusmd wtadtiardpedrredatad to the occurrence

of the first and second outputs for a calibration spectrum.

10. The appa:atus of claim 7, further comprising:
the value of the actual bandwidth parameter is calculated from the equation:
estimated actual BW parameter = K*w, + L*w; + M,
where w; = the first measured output representative of FWXM or EX’ and ws is

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

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

estimated actual BW parameter = K*w; + L*w; + M,
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tmn poi nts on the spectrum encl osi ng sone percentage
f energy of the full spectrum of light emtted
w Fgéﬁttﬁfﬁgﬁaser ("EX"') and the second out put P§T/U52004/018944
representative of at |least one of a second FWK'M or
EX"', where X#X' and X #X"'. 25 WD 2005/ 001523
PCT/ MR20Q4/-0 &9 (oF=14 : r -
conpr|3|ﬁg ?ﬁ%ﬁéé aﬁgaﬁ %@n?t éfgﬁgwgé?gp%%hgﬁéﬁgﬁgndvn1s
the secend mespued dwputappreseatatveiof & WX "M of EX3t. one of a
width of a fringe of an optical output of the etal on
at FWKM or a width between 5 two points on the
IZS’Pﬁ§£§pdet§§‘&ﬂ&§h{@, f3AR% BRIpFRMgagde of the energy of
ful'l spectrumof |ight emtted fromthe |aser '
( EXhe yalaﬁndf thh ectslelclzamdwccuh patamegernepaleﬂand &onythe efuatton:

| east a se ' where X#X' and
X' #)g.sttmate Eﬁ& ra't std)f '\fICIwazi Eﬁt further

CONPVletd RG:= fH ﬁﬂaeneaﬁﬁmu@adr@eésbmaté BNFWAXMVEH! EXC and w; is
are derived froma neasurenent of the value of the

thexzecord mgasweed ertputgaprasaatative of FIW2%] MyomEX: Uist ed
standard, correlated to the occurrence of the first
and second outputs for a calibration spectrum 8. The
13appsandividth afeter far mebsuring rthébandoddthrdfai spgetnith off light emitted from a
eco ration variables are derived froma
laSRp 0 {%ﬁéﬁgﬂ@“ﬁ%@@}a YNPING he act ual bandwi dt h
par Qﬂeérﬁfcaptbhlltdv?l'dﬂg nﬁ)nﬁtBP FSHR gad"‘iiﬂﬁdout Q£ lré'éE?tQtﬁé) of a first
t he occurrence of st and second utp
Spmltulrrbwaith annﬁasmmenUm meﬁ;ure“ﬂﬂey thp paticdl bendwidth aiomitér and a second
rther,conprisin 20 t eco ed, calibration
spéstinl ffdsf HERGIBlnPeK e yted Ty Bh e SRR b Bt R R lor O
of tlRechml aatddaamdwlaﬂdnoaaerp@aﬁt@rmutztdg the 'l'ﬁstaodt wn@dhe second
standard, correlated to the occurrence of i rst

outp ag gat Rl oTLiiyesiableequation ‘F’BPlat’tnBrPfgft?é%fW%ﬁﬁ calipratiprevariables

BRSNS SR TR LA A

the equation: estimted actual BWparaneter = Krw +

he first neasured output
r d w2 is the second
14, THE aeafrg st T3 Cscrepeiong)

measghy E&uﬁlubéﬁdlﬂdtﬁpﬁa?ﬁﬁ&Eﬁté | %F&ftru%llvlwqath@f some3Percent of the
11. The apparatus of claim8 urther conprising: the

maxinyum within e fulwisth efthe spestmmpeflight ewittedgrara tha daser ¢ FWXM?).
fromthe equation: estimted actual BWparaneter =

Kwi + L*w2 + M 26
15. The apparatus of claim 13, further comprising:
the actual bandwidth parameter is a width between two points on the spectrum
enclosing some percentage of the energy of the full spectrum of the spectrum of light

emitted from the laser (“EX”).

16. The apparatus of claim 13 further comprising:

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

one of a second FWX’’M or EX’”’, where XX’ and X’#X""".
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WD 2005/ 001523 PCT/ US2004/ 018944 where w, = the fi rst
neasur ed output representative of FWKM or EX' _and
WO S0Pl cond neasured output representative BFTWOMOI”M
or EX*'. 12. The apparatus of claim9, further
conprising: 5 the value of the actual bandw dth
paraneter is calculated fromthe equation: estinated
BW paraneter = K*w, + L*wW2 + M where w, = the first
17.ﬁﬁwpp’edtummemrlamUﬁhmﬁomprismgof FWKM or EX' and w2

sec d nmeasyred out put resent ative of FWK'M
M%E JNOTALOfR, %W‘&F% gt é I OUFRMA Sy FePFRgeRtptave of at least

on@@f‘QWﬂjﬁlrbf%f fr@gﬁ g?\n G Bﬁﬁ@a‘i’fou lp‘ugbf tHRB 1628 IfWNd%r al \91%9{ between

I nput to the conprising: an optl cal
twd aoihid oht thenspectrem epclosingisomespefdentige o thru¢nergy of the full spectrum

o R G350 e (L ard RS A PEBSM IR 1

onéepméonépmf’mwmt’h WIRAS NL&MeRg ¥Eager ed by the
optical bandw dth noni'tor; and, 15 an actual bandwi dth

cal cul ati on apparatus uti I izing the first output and

the second art of.a nmultivariable equation
18.¢ &fég’é'?’:lrsnﬁﬁ@g' CIASI% i on vari abl es

Speﬂief bﬁldWthh o2k i£ @ eRRMAMICHhE R Yub Rk i is feBresentatwe of at least
cal cul ate an actual bandw dth paraneter.

onegbam@thsof@f fringe pfram gptical phput ebihsretalomat FWO(the a width between

[ |s a s tum ful |l
oS B crf B e RACB TR oo PR a® o e, P Ty bpeotrum
of tiplet apieled fom cHe lhs&f(t‘EHm)tah&dhé seuhd ldatpud erepfesénidtie) of at least
15. The aEMat us of claim 13 further conprising: the
ongef sacond dMhordaK Amathere XeXa' andXi et ween t wo

poi nts on the spectrum 25 encl osing sone percentage
of the energy of the full spectrum of the spectrum of
19 Thgteppartastdfethifmr lérfurther b@mpmsx(lgEX) 16. The
apparatus of c 13 further co . the _
o A RIPRPrBHEL ShtBration, VAR BIED AU ER 6P 3 ECSBRBER: of the value
of fHRRICRAPPARIWINEG ffaridtel @AHing AHuQRE s@fldzﬁ'd Wothelt®f toRhe occurrence
fringe of an opti cal outgut of. the etalon at FWKM or a

of thedirst apdtsarand outpas fosiarsekibrgtion prectpect r um encl osi ng
sonme percentage of the energy of the full spectrum of
light emtted fromthe laser ("EX'"') and the second

20 OThienapiparasus'ofRIABET, flrthee corhpading:east one of a second
FWK'"'M or EX'', where X#X' and X #X"' 7 WO
200800 gemPyedrraliboasing \arigbles arerderiveg éroap@a}ea%ua@neft of the value

of HeHcal BarldWilAGSar & RPN WA a trusted standard, correlated to the occurrence

of the first and second outputs for a calibration spectrum.

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

of the first and second outputs for a calibration spectrum.

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

estimated actual BW parameter = K*w; + L*w; + M,
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the bandwi dth nonitor is an etalon and the first
Qut IS representative of at least one of a wid
W%fzoazgmf”r’lzﬁge of an optical output of the etal oR€C ngSI%Q/WQII”‘“
or a wwdth between 5 two points on the spectrum
encl osi ng sone percentage of the energy of the full
SPeGiidin,AT= l'iegﬂtst flEh & ohitnl @?@J of F@S(M) oraﬁﬁ and w; is
t he second output I's repres nta Ive O east
th@iecand;meamded:WpMrepreﬁﬁ'tdtl,ve\mlﬁﬁNéXXMbr BRO’ X #X"" . 18.
The apparatus of claim 15 further conprising: 10 the
bandwi dth nonitor is an etalon and the first output is
r ﬁﬁﬁ% of a width of a fringe
2 ?Hé optt?%gy&gg{zp(ﬁ:fu%}ﬁt% E‘é‘ [é]?i gFon at FWKM or a width -
bet whewvalu¢ abthe cacuualsbandwtdtb peqaemltqrumaéndatoé ifnog therguation:

oot el D PR i iR ML he Second

Out RiHeré $v1r=€ﬂ{eeﬁ1%ﬂh@b$m‘&i @ﬁtpat T g@@%ﬁtaﬂ@é‘@f PIVAVSECERY and w, is
FWK"M or EX'"', where X ;4-X 15 19. The

thexspsancimeasused eutputTenrEsEntalive 106 F V%XHM PBEXG?. t he
preconputed calibration variables are derl ved froma
measurenent of the value of the actual bandw dth

24pThaspiaatusidf dlair Ilg fmltemshpﬂs:agandard correlated to
t he occurrence rst and second outputs fo

a
cal itht ¥alreAf @ﬁ@&@?h‘?ﬁnd%ﬂﬂz parameter apealeulatgd frgm %‘Féﬂﬁ%‘lon
L7, SiifabAackAlBW flrheiet D Ry copARYL Q. cal i brati on
vari abl es are deri roma measur ément of the val ue
of tvieera st UrathebBrstiwiedsured antpoe tepresantative bH WX M aisEXA and w; is
standard, correl at Lhhe accyrrence of the first
thea??&%@%hﬂ"%c[ﬁﬁa‘t%soﬂﬁa af E ation spectrum 25 21.
The apparatus of claim 18, further conprising: the

preconputed calibration variables are derived froma
25rBephoralivhesraplty lighe suasqcompsfsingie act ual bandwi dt h

par ap ffwidih Jn'el%l‘?&'t ﬁlg&%&ljﬁlgt aﬁigﬁ&x@ﬁﬁﬁ’ Cao ﬂe‘é‘ltré’ﬁnegf B%ut emitted

t he occurrence secon s fo
frarmb|ldseahmuntosbebmmth3ﬁetﬁ2coﬁﬂrslrzgapar at us of claim

19, further co d n t he. val ue, f}e act ual

bandut di oD gt BORi PN b RO Ul dapEentative of a
est i f{ref %ﬁ‘aﬁ@kk‘ HhidBVis RAAIBARICESS the aMAwititH-ofhe ik eABtddOrom the
2005/ 001523 PCT/ US2004/ 018944

laser and a second output representative of a second parameter which is indicative

of the bandwidth of the light emitted from the laser; and,

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

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

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

maximum within the full width of the spectrum of light emitted from the laser (“FWXM?”).
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where w, = the first nmeasured output representative of

FWKM or EX' and w2 is the second neasured out put
WO 2WPE8et ati ve of FWK'M or EX'. 23. The appaFgT/Et@zo(?ﬂ/Ol”““

claim 20, further conprising: 5 the value of the

actual bandw dth paraneter is calculated fromthe

I On. I araneter = Krw, + L*wW2

27 P GRS RS ol et o

r epties sotbalt bandwadth pakvheaer BXa width béiween twh@otircefdhe spectrum

nmeasured out put representative of FV\X"M or EX''. 10 .
encigsingrisemg Jisareatags rthe eaesgy of the fuil pectzegnmii the sgectiume of light

f les bandw dt h paranmeter is cal cul ated

emt?égumﬁ? éhéeggeggi%%ﬁ esti mated actual BW paraneter =

Kw, + L*W2 + M where w, = the first nmeasured output

representative . of F or EX ,and w2 is the second

28, L ATPER AR BORSITOGPIERE . 15 25, A | |
photyQd bdndQedERRYhilok $4n SQICAHIGREB it Jufislit iﬁre??eg%twehof at least
meter for measuring the bandwi dth of a 'spectrum of

on¢ pfyatwidthi aftaciiingé b an apticad entpunpfithetetalomat BWidMicdahwidth between

t i sing. an optical bandw dt nitor
ol B RS P SRS 'solis RERRIAEE ) LAEPLE ofythp fpll spectrum
of Hahtemited fidm efe laSeri (NEKTHtand @h®fedoR@ gy fpfesétativecos at least

l1Tght emtted fromthe [|aser and a second out put

one e sssend VX EMber BXE st BeaneneX 4 ch | s
indicative of the bandwidth of the light emtted from
the | aser; and, an actual bandw dth cal cul ati on

29 apidpphtasusidficldis 260futther donipiisingt put and the second
out put. as part of a nultivariabl eflgguati on enpl oyi n

pr edis andwidth monitog i3 amp@lanandthe | i

g
| Qugput p)%gqpqugntgté)ve of at least
ond Bfa QRUMCH 2 BBIWEIL B Ig&'l'i %‘i\t of theGRIGH hEF R or@GidR] between
anavvl thh %e 5 . '? app ? %5

par aret er . aratus of claim
twé poirteon tunspecsumgnclokiagsomegiercentagd wif dbéhenpagyaotthe full spectrum

t full w dth.at, t of th 30, .
of BBt Sraelitrom s, BeeTi(ER a0 NG PR LRt i3 RIS entativgif at least
on€ BT 4 5&8nd FWX U NEod BREY, hedrd/KMK) > and2R>0°2005/ 001523
PCT/ US2004/ 018944 27. The apparatus of -clai m 25,

further conprising: the actual bandw dth paraneter is

Wi dt h bet n_t Ints on.the spectrum encl osing

30'3 %apﬁgfag"ésn?\l% mﬂ@ﬁgerewg}pdvlq% the full spectrum of
t he thbidwidthGhonitod i an etalon and the first output is representative of at least

~one of a width of a fringe of an optical output of the etalon at FWXM or a width between

two points on the spectrum enclosing some percentage of the energy of the full spectrum
of light emitted from the laser (“EX’”") and the second output is representative of at least

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

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

of the first and second outputs for a calibration spectrum.

32. The apparatus of claim 29, further comprising:
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emtted fromthe laser ("EX'). 5 28. The apparatus of

l.aim25 further conprising: the bandw dth nonitor i
Wéﬁ&éwg}%ﬁ and the first output is representat PQEWOOA{M”“

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

of the etalon at FWKM or a width between two points

on PR ALY BTSRRI Mkeppy e v

of tHeeachuasb BandwilltK' pararactelr uitilézisgea aneted yiapdird] Sorrelated to the occurrence
representative of at |east .one of a second FWK'M or

of thefirst apqseeondioRtputs, ipr v calibration §peciMBL. appar at us of
claim 26 further conprising: the bandwidth nonitor is
an etalon and the first output is representative of at

33| Eleesdppatifuswofelam H), wﬁirdtehcoxhpfisihgi nge of an opti cal

output of the etal.on. at F th bet ween
ot T Praro SRR IAn DS A e ST B EHASEmBRE of the value

of HRCacRREbaNA Al marﬁahﬂ utfRAsd & %bte@fstahﬂﬁ'ht ctfEldtb b the @Burrence
the laser ("EX"") and the second output Is

of ﬂsrﬁret%\dtsacqndeomutaforIae:abbratlomepe@trum second FWK'M or
EX"', where X#X' and X #X''. 20 30. The apparatus of
claim27 further conprising: the bandw dth nonitor is

34aTheApPaitusagTit1dimes 1f, IfLEr&Ier@MhPthgS representative of at
| east one of a width of a fringe_ of an optical output

of threvalieeidhe astusihrmiwidth pojameter betaldated friam the ieduasion:
on %Ezﬁng@&%hw ‘Iﬁg}aﬁ%‘f&o—sﬂ(n& mg,* p+eM:ent age of the

ener gy Spectr i ight emtted fromthe
| asevhete' &X"= Pheafist mbsusabomduotetpmsentaﬁver epFosavit @t EXtand w; is

S o PR Pr B BB AL A NLOT K m 28,

further conprising: the preconputed calibration
variables are derived froma nmeasurenent of the val ue
35othe tpagpsusefi claianiBaiferther pemprigingr utilizing a trusted

P e 05 Sk BB 05 P5 bBapon
32 eﬂ"thﬂatm'bW@hmmanér <K awpmt+AFw,ftM, her conprising: 30

05/ 0015 CT/ US2004/ 018944 the pre ut ed
cal . 5 Mo 515 i irghmeasugsd oRans KF@BESF‘P%W{%O EWBMetraix” and w, is
th@gecﬁﬁlﬁm\éﬂu%@i &ltp Jtt} rB&chbfive ggﬁcor b oPEK enet er

util |Z|ngatruste st andar atedtothe
occurrence of the fi rst and second outputs for a

calibratio ect 33. The apparatus of clai m 30,
361‘?4’??’?@? a&%ﬁ F’r#g;%‘]f ither SPRRHMBE ed cal i brati on
var itV fee of the detihMREd MR paraiRes i &N@iMte®frohiBe ¥gdatidn:
estimated BW parameter = K*w; + L*w, + M,
where w| = the first measured output representative of FWXM or EX’ and w; is

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

37. A photolithography light source comprising: _
a bandwidth meter for measuring the bandwidth of a spectrum of light emitted
from a laser input to the bandwidth meter comprising:
an optical bandwidth monitor providing a first output representative of a first
spectrum width measurement as measured by the bandwidth monitor and a second

spectrum width measurement measured by the optical bandwidth monitor; and,
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of the actual bandw dth paraneter utilizing a trusted
ndard, correlated to the occurrence of th '

Wé%@b@g{?g%d outputs for a calibration spectrun?cﬁ}d{sg@f‘m”“

The apparatus of claim 31, further conprising: the

val ue of the actual bandw dth paraneter is cal cul ated

f r ot BAKHWIGH: cal &3t oRBHpRaraBMY/ ATZATFEhe irst ditMt atid the second

L*w2 + M where w, = the first measured output =~
outpap ae perttoftai msltivari FlKvqvatioemplayingpredetermiredseatibragion variables

d ' FWK" C e 15
sp330 1B ol b RR RPN bl BEp el i Pt
val ue of the actual bandwi dth paranmeter is cal cul ated

fromthe equation: estimted BWparaneter = K'w, +
38 Theappargtuspfelaimpd 7 furthpecqmprisingreasur ed out put

repr, tiV F ' ' . e
P56 SO0 b M BEr R PR 7 88 4 RCRE0 of e
makiv@umppialiia thes fublf widttad fethd Spectrutr dfdighe enjtted<rorg thet laser (“FWXM™).

val ue of the actual bandw dth paranmeter is cal cul ated
fromthe equation: estinmted BWparaneter = K*w +

L. = ::bst measured out put
39?,@%@%@3%%%?&%@@{ ﬁﬁmeﬁgéﬁahg%d W2 is the second
nmeashe ecualubqndiwidtbppaeaeeternis @ evidth Batiedh owo Epéints od7the Apectrum

hot ol i t hography |ight source.co ising. a ndw dt h .
eS8 PP HELTUeertl RCTBE G SEEoSBCRs O et of ligh
endittéfro@thé lagék (“BR”f.rom a | aser input to the bandw dth

met er conprising: an optical bandw dth nonitor

providing a first output representative of a first

' : . d by th
R B P BBl i i

meashe bamividtieasniteeds by etaivn sl ihe dirstoampiwiisltdpresentatios of at least
1523 PCT/ US20 018944

and, 31 WO 2005/0 / ctual |
ong 828\M‘éikh°fc3agt’l¥r? é’? 2B PPHFD R Q%h‘*l qtalop ﬁbg A yidth between
twB Yoitts oAMRe SR trERCARbsinR oY pderiietofthe Bnergy of the full spectrum
mul tivari abl'e equati on enpl oyi ng predeterm ned

of dight pmiteddromdhe lasereSEXSpeandfthe seqondvaltmibis representative of at least
bandwi dt bt or ®,cal cu ,an, gctyal bandwi dth

ong AP kol FRERGHP o1 mk® B GH BoE AR R O I e
conprising: the actual bandw dth paraneter is a

spectrumfull width at sone percent of the maxinmm
41ywlhéppparaes ¢f glaimng §ifusther camprisiggsct rum of |ight enmitted

fr OTfhd B&d»@é&rmsmf&\’%& etalon and the first output is representative of at least
one of a width of a fringe of an optical output of the etalon at FWXM or a width between
two points on the spectrum enclosing some percentage of the energy of the full spectrum
of light emitted from the laser (“EX’”) and the second output is representative of at least

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

42. The apparatus of claim 39 further comprising:

the bandwidth monitor is an etalon and the first output is representative of at least
one of a width of a fringe of an optical output of the etalon at FWXM or a width between
two points on the spectrum enclosing some percentage of the energy of the full spectrum
of light emitted from the laser (“EX’”’) and the second output is representative of at least
one of a second FWX’M or EX’”’, where X#X’’ and X’#X’"’.
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39. The apparatus of claim 37, further conprising: 10

h ctual bandwi dth paraneter is a wdth between
Wé&&ﬁ@gl%ﬁ the spectrum encl osing sone per cen?§6@58?04/018944

the energy of the full spectrum of the spectrum of

light emtted fromthe laser ("EX"). 40. The

apparatus of claim 37 further conprising: 15 the

bandwi dth nmonitor is an etalon and the first output is
43rﬁmaipammdf\omimMOafurtheasompﬂsiagof' a width of a fringe

of opt| cal ut . of th et aI$n aé FVWKM or a w dt

bet HRFPrECOmBi ﬁ‘gF‘ﬂt atigh yareb e @Ea FTiHed Aoy 3 Megswiement of the value
of raféﬁﬂﬁ B&?d»ﬂgthtﬂé?arﬁ&@ﬂ' @iRhe b %st@& |s{an§aﬁ'§ SldrkéMBtelo the occurrence

ight emtted fromthe [aser ("EX" d the secon

of thetfprst anidsecandraadmrig ﬁtrla\nahbtfatlan spmtn one of a second

FWK'M or EX'', where X#X' and X #X''. 20 41. The

apparatus of claim 38 further conprising: the
44 PPNt BT @4 1, SurBifer 8b@pAsingnd the first output -is

representative of at least one of a width of a fringe

of 4be preeemputedealipratians varisblestar dativad fopxameasurempritdl the value

0 0

of B LR nale Gl e 8 o FRESE MRBE LT SR pe occurrence
ofiHegh'Etz&ﬂlsétcﬁﬂ dutpns fdve dalibation Speétruin. and t he second

output is representative of at |east one of a second

FWK'M or EX'', where X#X' and X #X"'. 42. The ’

appa [ nmprising:. the
45band%@$§ﬁ%@r@ gﬁg%yg{”gpﬁﬁﬁ nd the first output is

r eprthaespmctanpuﬂed oflibmatidrneessiables @reoderivefl fmnwa didaswrémaent of the value

frin tlcal output of t at . FWKM or a
of et BeadRa it esar Wit 8 aoveled stbfecd B g oBeurrence
of RMrsPRIdGRAS Gt Mlts F?Q @NBFadivn Speciiugh. f ul | spectrum of

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

output is representative of at |east one of a second

o BB MR R B tDeaBe s e Joparatus o

cl aithe vidlue 6fitht hetnaldmnpwidth pgrantelrs ipeaadarpdifreh the equation:
calibrati 8 vari abl es gre derJ ved [rom a measur enent

of (eRUmH BV pgramefer K War th paraneter

uti ek 9y, a EHe%*s@&eﬁshﬁ‘&ﬂ Bhfdut FPrésehdli®dot PWoDI or EX’ and w; is

occurrence 5 of the first and Second out put s for a
thesecord meatredspuputirepresentativeied FAGSaMoUEXET. cl ai m 41,

further conprising: the preconputed calibration

vari ables are derived froma neasurenent of the val ue
470Thé E}@mchlﬁmMMﬁmmrnam@ﬂahgr utilizing a trusted

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

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

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

the second measured output representative of FWX’’M or EX’”’.
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10 of the first and second outputs for a calibration
spectrum 45. The apparatus of claim42, further

WRMSOPSRHg: the preconputed calibration vari aBCEdS104/018944

derived froma neasurenent of the value of the actual
bandw dt h paraneter utilizing a trusted standard,
correlated to the occurrence 15 of the first and
second outputs for a calibration spectrum 46. The

49 2R pab@litHogeiphg kédl MoMprising! t her conprising: the val ue
of the actual bandw dth paraneter is calculated from
t he adapgnlighysource SPMPHEEBA: BW par aneter = K*wi . + L*w2 +

M = the fi . qut pyt . .
M, Alffe e, Wipbh e TR SHARAIN bPU. pecp of i emive
froffea Ris¢rd Apwtud jphid bandpidih emdtetdowprioingFVWK"' M or  EX"' . 47.

The apparatus. of claim 44, further, conprising:

T, t he )
val ue of 2pptisgh bAndWAdtAJRPRIHIS B3QYILiRe: & Airst-oWRNt Japraseaptive of a
fro i . . i h: & * \AA .
5B rBRE A s FREA TSSO SRABIAEA T Bied om
r eplaseeatdid sacendfoufpikkdpreseiidtivanfia wecond patameetarewkioll is indicative

nmeasur.eqd oyt put resentative of FWK'"M qr EX"'. 48.
The® B‘ﬁ%"ﬂ#ﬁgﬂ%f’{;&%&i orgitted ffom, the lesspandsi ng: 30 the
val ue of ahQ@tu@?B&ﬁwi%%“uﬁtﬁn@?@iﬁISQItilizﬁlgcﬁE GH4tadu@Slit and the

fromthe equation: estimted BWparaneter = K'wi + _

L* weecenfl] owihel @swiart afhe mpltiyarighle sequetiom iampploying predetermined
representative .qf F 0 Loan LS. .t he secopd
rogetan et s o o, oBith Mgl Hiad R R cqpptere an

200%¢tQaN IR dwiRItH phigad@4/ 018944 49. A photol it hography
tool conprising: a laser light source conprising: a
bandw dth nmeter for neasuring the bandwi dth of a

soggrﬁeggﬁrpgﬁ&fo tchegmwmnh&@&mpﬁismg@m a |aser input to the

meter conprising: an optical bandw dth
monitheoactpal ohvandividth spafameter sua pprctmiep fudk svidthtat \semef pescent of the

e R GRE iV PUERY bE P e S et et Crwane,
out put representative of a second paranmeter which is

i ndicative of the bhandwidth of the light emtted from
51t Hee arpawtus ofisdpimi4P, Avrthes comprisiagidwi dt h cal cul ati on

app @{eagéfﬁaluﬁﬁﬂdﬁ(?tﬂgpaﬁ'gﬁetg (sS4 PidwRAf vl Zzoilﬁ? 6RHe spectrum
out put as part o mul t1vari abl e equati on enpl oyl ng
en¢glo€ide tsemn peeckntage of the energy of the full spectrum of the spectrum of light

emitted from the laser (“EX™).

52. The apparafus of claim 49 further comprising:

the bandwidth monitor is an etalon and the first output is representative of at least
one.of a width of a fringe of an optical output of the 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’"".

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

one of a width of a fringe of an optical output of the etalon at FWXM or a width between
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calibration variables specific to the optica
| nmonitor, to calculate an actual ba |

W‘gg&gm%g 15 50. The apparatus of claim49 fggm>&4/018944

conprising: the actual bandw dth paraneter is a

spectrumfull wdth at sone percent of the maximm
twiipbittdoh bR {peblrum BbidsBh SohR A&t e bhdiR ofetiBdpect
w%?om t%e I asﬂeér l'1(1 F.W(M'S)Tgs 51." The aggpar a? us giocl gi m pecirim
of light éroitted drore dhrplaiseri (X " 2Gntd ke sesond loutpan dswegtdsentative of at least

ajanet er _i.S.,a, M ,.bet wee | nts,,on the
O“gﬁé%?‘icﬂﬂﬁi le w?)ﬁ%ﬂsoméheﬁ%%@wggﬁ(ﬁ the energy of
the full spectrum of the spectrumof light emtted
fromthe laser ("EX'). 52. The apparatus of claim 49
541 Tinet dpparatwsngfrdlaimy: fudtbert dompyesirggM dt h nmonitor is an
etal on and.the fi.rst output i e esent at.i ve of at
e 8% oG ot in S ey 4o 156 T P Bt TepuensBiyngf ot leas
on@bf hREdAL & PRiME ofF WKWpREal duipiud bhtHR:NBE At FIWIOMIAR WRith between
on the spectrum encl osing sone percentage of the
twe peingy oo fthe spectruin| englpsingrsgme rercantaghtofdhe emasgly pf thefullepectrum

l.ase CEX o) [ S i y.e
o A fforh ALl SRR BN Y SRR ot s
oné@Bfla ¥ec¥nd FWBR’¥Bor ARE’ apiae X3’ #id XHAXm 50 further
conprising: the bandwi dth nonitor is an etalon and the

first output is representative of at least one of a

Ldt h of | : i f the etal
sSate s of UAER publhs 8hbhghels 005 c01523 © o

PCT[th&521@0¢kh P18 44libratieh Yxaiables atinddrived ivee b mbsisurement of the value
encl osi ng sone percentage .of the energy of the full

of Shseactyalh FRnBridth BATEmElST LTINS P G etansy cqreaiated fo the gocurrence

k §aeh : ' f at |east one
of MR HSEARIe S Bt dor Bl e o X . b

54. The apparatus of claim51 further conprising: the

bapdwi dt h moni,t.or 4 n lop and the first output is
s6¢ Eh¢ Bt PRl 4 R SoPeBRBlE W ain or " Fri nge

of akRe pRetodphted dhlibrhticrl virladlestadd dutivet fFofKlintas@reitiesit df the value
bet ween oints on the spectrum egcl 0Si hg sone

of e a5 ket PREBHET YIRS £ HESE F1angi orER e o the occurrence
of kHeOtst £ deb&iSH thglE]'ftE (e éaﬂﬁ?ﬁioﬁ ngétru)n and the second |

out'put I's repres ative of at Teast to one of a
second FWK'"M or EX"', where X #X" and X #X"'. 55. The

aratus of . cl.ai 2, further. conprising: the
ST B SRR P LR b P W4T SATPEBES ar e dori ved from a
MeasHE pHBGhpated ARbri@drPariables are derived from a measurement of the value
of the actual bandwidth parameter utilizing a trusted standard, correlated to the occurrence

of the first and second outputs for a calibration spectrum.

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

the second measured output representative of FWX’’M or EX’”’.
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of the actual bandw dth paraneter utilizing a trusted
standard, correlated to the occurrence .15 o

g f the
WG 2P0S0015Y second out puts for a calibration spBE?’Pé?HO“/OI”M

56. The apparatus of claim53, further conprising: the
preconputed calibration variables are derived froma

59 MBS tof%ﬁai}nfg% Yﬂ#?“‘?é@@?f“ ual bandwi dt h

par a er utiftrzing a us ndard, correlated to
t hetlzoaiuer efithe actdél bahd whith pamasietea isccabdaedifront theitquation:
a calj brg%i on spectrum_. 57. The aratus of claimb54,

f ur EHEpated BYY iparampter e W sdomadt e cal i brati on

var lahles, ar | MR P B ButR RYERARAY PEWN A KCand w, |

of the acfuaﬁleg@%ﬂd% %tuﬁ parglrlnst gr ut i |z(|)ng a trust edan w218
thesse coralam egsunsalr autpwt iremresentative oHERIX T ¥inarekEX 25 of t he

first and second outputs for a calibration spectrum

58. The apparatus of claim55, further conprising: the

60.Vﬁ£etkﬁ>tp9fatdshﬁfc%hlusﬁ, ﬁﬁﬁ&?%ﬂbhsi@%\; ameter is cal cul ated

fromthe equation: estinmated BWparanmeter = K*wWl +
L* wehewalne Githaaetnal bandwidth parhineter 1yaaianlatedifrom: theiequation:

represent atbikwe of EWKM, or ‘@ is the second
reastrned B Sensieck b e o Mive M or B . 35 WO
200 WHetkl 62 3 e THSEReA €L 8@Adt repfisenthtveaPRWH MSordE X’ and wy is
claim56, further conprising. the value of the actual
thesgrend measupul enipitaepresentative of EWY M emEXhe equati on:
esti mated BWparaneter = K*w, + L*W2 + M where w, =
the first measured out put representative of FWKM or
61 EX'phatotithegraphy 1ight freecmmmtisingasur ed out put

tat] f FWK"M o. ", 60.,.Th t f .
C1 APVt e feromeR-Sngdhe SRRV 8F g eRE IR AT ght emitied
FoP skl AR it lahfhel o e equat i on

esti mated BW parameter = K*w, + LW + M 10 where w,
= t88 gnticak bardwidie mogitoh Providipe e ErttaQutpY SPresypalivey of a first

' i e . .

spé%r eihup nglgdr% 1 %agge%?ﬁ%{ﬁ%}gfﬁwu E%g&i&li'k&%mdth detector and a second
sperimatrowidth agasprayient mddsured byake optival baidwddthaletzatodydndt h

meter for uring.the, bandwi dth of . a ctrum of

i gRP 3steE g%@_sw@%’ q%ﬂ%%tm aggeﬁatq%_? ing he EstipatRHkiaRd fhe second
ouffat 8§ p&@ W'l HulSarighle RQLATR erRFBHNE Prii Qi calibration variables

providing a first output representative of a first
spespiae tor thenopiici hamdvaidthr magitar, toscalnadateiareactgl bahdwislph parameter.

bandwi dt h detector and a second
62. The apparatus of claim 61 further comprising: _

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

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

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

emitted from the laser (“EX”).

64. The apparatus of claim 61 further comprising:
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spectrum w dt h neasurenent neasured by the optical
bandw dt h detector; and, an actual bandw dth
WQ 208190 8RF on apparatus utilizing the first out BGT/UaH§4/018944
the second 20 output as part of a nultivariable
equation en‘pl oyi ng predeterm ned calibration vari abl es
igle | fl') %thgg?rﬁgtrluggrh a‘ﬂf ﬂ,vg\fd;ula%] g%{bélkp% ész}epﬁc?ﬁentatwe of at least
ono?lbﬂﬁll’\r\r‘ilﬁtllilsofclic frizigaiofe® bpfictl bagt oDtRretalomat FWHEMae taudidth between
bandw dth paraneter is a spectrumfull wdth at_ sone
twe @PUENEN ¢he spestrumngiging samfi REFGeRtagr T thy enefgyyehthgffull spectrum
. T, £ m t
o . SRECLTAR e WG ERT S ST Db p oMot a o
on@6f algdcohd FIWK UtV o PBX ENBiiRe KX aMddX heXoet ween two
poi nts on the spectrum encl osing sone percentage of
the energy of the full spect rum of the spectrum of
I e - ("EX"). 64. The
65a1|2)}962§ FEQU {?ctl %dd ?’Hl onprising: 36 WO
ZOOW&WdﬁCﬁéW Q9 dn %Bﬁﬁ&hd the irsianmemnit @ fepresenthtive of at least
is_an al on andtheflr t outp is representative of
ong,pf Péf‘élgia‘ Sriefriee of ah gptica) putput Prﬂ’ﬁét%?“ At WistlYlegja width between
tw@ b oR'thd ﬂﬁ:cﬁ&ﬁl é?l@lo@fn UM 1k cetade G hh D&l MRR BF thE‘f“lﬁll spectrum
Ints on the spectrum ncI 0sl ng some percentage O
of hgbt ﬂnmegfrmﬁ thehaséruf EXSP et rthersecofid loutput isereptesendati veoofi at least

ong 8Fp ond EVEMbr BR™ ollerd RE0F bkl 22 vk M or

EX"', V\,here X$X' and X #X''. 65. The apparatus of
claim62 further conprising: the bandwi dth nmonitor is
66 chhecappamtuseiclained further compgising: s repr esentative of at

| ea?lheebag{&e ng{l? rg?rwlﬁxg?tag F 6‘0 gwggw? 1%%?%?%19tgtgve of at least

ongof atvidtinofl hftingpefian u»pnm ol 6fjthe@iEoper EWNMAR aokidth between
t he, ener of the full, spectrumof Ii ht emtted from
twe welnt%lgré% SREQITU EAGIPSING SORERSHEFNEARE P tthg gnergy of the full spectrum

of i [Egﬂtr @rﬁ%ﬁaﬁ'dr}( Qh@fasé}t “Eﬁaitand‘:{ﬂ@ s&foRa oﬁgﬁﬁ 'i’sdreg % t¥e of at least

ere X#X' an ar at
one bfin recodd FWXKHM ocBRPT i wheng X=K3’ ardeX i dt h noni t or
is an etalon and the first output is representative of
at least one of a width of a fringe of an optical

670 Pigpablrud BRIEAEO Rt EYiBiGg 2 Wi dth betveen 1o

pol nt on t spect’rum encl 6si ng sone percent age of
t he tempregympiited hehkirammn wwables am dayived ifpim a erdasuremertradithe value
e.sec

of rgcach Bhudwigth ety WSS § HAStsH %ﬁéaéoﬁoareﬁwé f9 th¢ ocourrence
of 8 first aMdeyeBonBtlitp@s ford dalbratior Spectrum.

68. The apparatus of claim 65, 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.

69. The apparatus of claim 66, further comprising:
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67. The apparatus of claim64, further conprisi ng the
(ﬁéecon%%ed calibration variables are derived fro
nt of the value of the actual bandWPETWSZOO‘Wl”“
paraneter utilizing a trusted standard, correlated to
the occurrence of the first and second outputs for a
cal | br at e of cla
Co! U B R 38 h or ltes SRR RS Ry Aot e vale
of Watdcall bandavidthdsarandeer dtilizinga rresed saadal, @ireldiel athel@ccurrence
of the actual bandw dth paranmeter utilizing a trusted
of wéﬁm,semwtwt%@rta&afmtl%émﬁCFr@wce of the first
and second outputs for a calibration spectrum 30 69.
The apparatus of claim@66, further conprising: 37 WD
70 20Kbd fpa bz fRGIMUS? G ted t@8gHdsing:he pr econput ed
calibratio ari ahl.es arge derived.fr asuLement

o ChRevRle Qg R aR i DIAMIEF i e atethEogy e Squation:
Ut T lekzrhBigd BW phRferst RPGALG +whOr Lel ated to the
occurrence fpt he first and sécond outputs for a
cal ivireat oI+ Heelust mmsuseWOutpﬁh@peq;paata\tmsf PWXMarmEX 7and w is
further co t he u 1 yal bandw dt h
the StpanEnefuel elptapertun e AR SiaEnT oot mat e
BW paraneter = K*wi + L*W2 + M where w, = the first
measur ed out put representative of FWKM or EX' and w2
71; The @HP@T%@C@F@& ﬁe@‘ﬁmr&@r@wpmmgepr esentative of FWK'M
cors vitpe S e ARRANE pHA ey AICHEE b hOBhvaron:
par asﬁhe&dlwwmat%ﬁ*év[ eh*vher Bjuation: esti mated
o SRR 1 5t DTS ERLERA QU PYBreBIRHRIop! BN 5 and w is
thd SeorkPm B aPGRRS BRESHIAL Qe FRIKLeBERENL At ve of
FWK" M or he apparatus of claim69, further
conprising: the value of the actual bandw dth

paf anet equation: estimated
72 @ée%pr a?at'tlse?fcqg%é‘é ﬁrﬁ%’g\/\é&gn%}f]g”zo where wl = the

fir she valas of the actubithind withh panicadriiyeal@flattdEbinathe Eqation:
and w2 is_ _the second Er;asur ed oult\/PUt representative

of  eybenpied B Ybparameter = K¥w; + L

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

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

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

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

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

parameter.
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73. A bandw dth neter for neasuring the bandw dth of a
s ectrumof light emtted froma |aser input _to
HaRPeh meter conprising: 25 an optical banHW@ItSﬁOO‘”Ol”‘“
noni toring nmeans for providing a first output
representative of a first pararreter which is
i-adi c he light emtted from
4 -ﬂ’ qugﬂa}’u%o? g%gg@gﬁ tx{brﬁ[n repr esentative of a
sec ghedaqoel abmﬂe/rdtmacémeta 1srwlspmtrumeﬁﬁr widiR at bamdvpeekteht of the
of the |light emtt fromthel ?g and, an actual .
maps eV Ein the full vadtharf thesaestrumyof light ergitted drom thedaser (‘FWXM”).
out put and the second 30 output as part of a
mul tivari abl e equati on enpl oyi ng predeterm ned
75 CHid dppatatusrof\céaimeity, 6athes pemprisiog:t o t he opti cal

banits il R dbraagovis & odfiobasd: two porns on tfe spectrum
en&g{{l%'%xgg ePekRBpe of /the eﬁ@&gmé FultSspREinfth Afhe 3pectrum of light

further conprising: the actual bandw dth paraneter is
emateslfeat thenla$erl('EXi Xt h at sonme percent of the maxi num

within the full width of the spectrumof light enitted

fromthe laser ("FWKM'). 5 75. The apparatus of claim

76./Phe éf;ipbﬁltah%roffémﬂﬁfuﬁﬁer donfpriRfigual bandwi dth paraneter
IS w dt h between two points on the s&ectrum

enc Iﬂtﬁsb?ﬁl&wé, Feneritaringtraenass of an plalonyndgiiie drsttqiéput is representative
of tolggstt %i% vﬁgkﬁ (?Sf %gﬁhggﬁg@ &0 éfrcg%uép@t'ﬂftt eegalo[}%&' %@}4 or a width

bemmi) ltws ipofyits bhehd apetevunti dsncﬂmmgt ame) gercegase OStharenergy of the full
et al on d the first. opt s.representative
SPICURE G e b s RS Jentthesoaid puRp is mpﬁ%fﬁntatwe of

at Rhst o€ ofh HBAAFWRVKMPEX® WAL X B0t YReR>Lyor poi nt s
on the spectrum enclosing sone percentage of the
energy of the full spectrumof light emtted fromthe

second. output i s representative
770’?1? g‘%f‘lmslcgg%"f'modﬁgp SHELComntiSIE: FEvk M or EX"' . wher e

X# X theaPghdrvidthinonitofihg mMéhs 3P RReRldiSar the lfRbtrBufput is representative
further conprising: the bandw dth nonitoring neans is

of ghleast ape Af amdﬁhmf arfringe ofoan quiical eutpetnf dheeialoniay EWIpH or a width
f
beg\hete% 3?78 91?% 09 @éﬁ: F1 %{%} rg Js&xgﬁpg;cwﬂgéeogﬁgtg%elpg rgy of the full

spéatvanpof lighs eﬁﬁuémﬁomphetasen”(f‘EKC’r)msd nke sammd petpotEin raggesentative of
of the energy of the full spectrum_of ht emtted

at fepgpne péa sepoad FWECM pr By i\ﬁ}éﬂrg&%d% St

representative of at |east one of a second FV\X M or
EX'"', where X#X' and X #X''. 78. The apparatus of
78cThe apparatiisusfidisim Thfupthers¢omgprising:

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

at least one of a second FWX’’M or EX”", where X=X’ and X’#X’"’,
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25 the bandw dth nonitoring nmeans is an etal on and the
first output is representative of at |east one
WAL a fri nge of an optical output of thePST/a]§%)°r?4/018944
at FWKM or a width between two points on the spectrum
encl osi ng sone percent age of the energy of the full
ect f t, e .he laser ("EX"') and
795‘2" spgcon ocl)cu%a%f}t% mr{rhtgg‘rdoe[éé&{&aé'i ve of at |east one
of thesgrecumptsikdybedtionXariablek erealeXted franvh tiedSktémend @f the value
39 WD 2005/ 001523 PCT/ US2004/ 018944 79, The apparat-us
of the actugl Rangavidth paramesterdyizings? H’Bste ﬂén%qr é‘@ﬁrﬁ[ﬁt othe occurrence
of&g'ﬂrgﬁa%'s%bn\ﬁ% Jhﬁﬁa%ﬁﬁb ﬁgﬁ %{F%Qtl‘tlﬁlom a measurement
val ue e actua dth paraneter
utilizing a trusted standard correlated to the

q_@;:urrence ¢ Laé st and.second out puts for a
80cLhe appatats L her emPHYE A hpar at us of cl ai m 77,

fur ttlﬂ'.e;? S&HMté@bdm)ratfotﬂevaﬂﬁﬁl‘éQ ARt ed P4 Alehfitement of the value
vari abl es are derived froma neasurenent of the val ue

of tfe atctual hmdmdthumtdt wilizingamrtrusted standard, qogrelated toghedecurrence
fﬁﬁﬁ“ goorroe autseg) t% ﬁhre occurrence of the first
0 rgea}? FECBG IR Fog 2 CAlRrAHP PRECITER “spectrum 10 81.

The apparatus of claim 78, further conprising: the
preconputed calibration variables are derived froma
1 rBegsanparpsi of staimnis, fusthgecompriifg act ual bandwi dt h

t t .
par g ér%?c?rgélﬁtjed Eél{f)g%tﬁ)e Ja&‘l%f)fég afet S ive ogxgnt:é) He%tfi‘&rﬁgr}t OZ the value

t he oc first an out put s
of tm:I acbra.‘hbamimdttqmramﬂer 111512&& a Tosted piaadatd umnelatgd @ithe occurrence
further co {, é‘ne .val ue of the actual .
°fB’§er\§\ﬁ Hdyse qr RUPratiPa FREFMom t he equati on:

esti mat ed actual BW paranmeter = K*wi + L*W2 + M where
w, = the first measured output representative of FWKM
82oFhepppagates efxlaim 79 furthes cerapisiagneasur ed out put

ci o TR0 Bl TRAM A piimetcr R e RO AL Ul

er co
ban d:mudhtl&d panualrmwe;raramaea# mﬂvatﬁﬁ*wi oi¥,t he equati on:
estl ted actua

ter = K*wl + L* + i .
vvher eFpL W T Hig ftl“‘Str TeagiEets ohtpht @Bfeﬁﬁﬂta?\@p?&wg{qrﬁ('oﬁnd w is
the SO Pekstre PRHpWEeprésentative of FWX’'M or EX’*".

83. The apparatus of claim 80, further comprising:
the value of the actual bandwidth parameter is calculated from the equation:
estimated actual BW parameter = K*w; + L*w, + M,
where w; = the first measured output representative of FWXM or EX’ and w; is

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

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

the second measured output representative of FWX’’M or EX"”’.
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t he second measured output representative of FWK"M or
The apparatus of claim81, further
W%?Pﬁ{ﬂpe%g the val ue of the actual bandwi dt hPCT/US2004/018944
paranmeter is calculated fromthe equation: 30
esti mat ed BWpararreter = K'w + L*W2 + M where wi =
r tati .
85 Egeoagiri]\gﬁi&lk egsébggghgngﬁlgﬁlﬁcgg ogtatségcttr%n giymt%'fmtted from a
lasE€ip e&emlﬁ@lbdn‘dw&lh sl ddniyrisimg’ ' . 40 WO 2005/ 001523
PCT. U82004/ 018944 85, A bandw Eth met er fé measuri ng
the ap RHGH hendwidth masietipg Mmeans FArghpvidinga Bt PPgH! afpresentatwe
l.a t
of gAY spfin, M RGBT FRASE-E AL efidhidl detector and o
seo‘omd Speattutrp width epeassienteat ineasuraf byatheiapsital dpedwidtindetectidn means;
measur enent as neasured by the bandw dth detector and
and, 5 second spectrum w dt h neasurenment neasured by the
Opt izf alcn AR BAYAWHdth €RLAGGHSD MARENGilizifd e s &&pehnd the second
bandwi dt h cal cul ation nmeans, utilizing the first
oumut patpaamdf ahaulbavable lmgap@quzagmpqnplommgapredetermmed calibration

TR RN g T e T T

actealnshaddidin parade@dri ng means, for cal cul ating cal cul ate .
an 10 actual bandw dth paraneter. 86. The apparatus

of claim85 further conprising: the actual bandw dth

ﬁﬁgc M dth at sone percent of
86%5?%%%%1 |nfu%tﬁgil‘§dd+¢n%%th of the spectrum of
| i ghhe actuilt Bhdfvidin ;tdnz&nd:taxsesr a (sp é'e)n\ﬂiﬂ\/lﬁ)ll width & AomEhgercent of the

appar at s of further risin th t .
e W i SOV BH $tths ShecifE SO e g %ﬁ}ﬁqéseg?"FWXM )

t he spectrum encl osi ng sonme percentage of the energy
of the full spectrumof the spectrumof light emtted
87f Thaenparatieefenlaifr @(ﬁ)ﬂh@@O%ﬂSmEe apparatus of claim
85 f LhSi 0 d r|
is é‘%}g?lon and dt?'hpeaq?ﬂn% sf ‘%gsg\a%h Pé}“{ggp}‘gg a% %Ratﬂé spectrum
en(‘)lf)sﬁig sofsSpercditagef ofathel ehiefpyodf ehef fulllngﬁcmﬁmadf matsp&ﬁi’um of light
Qutcﬁtjt of the etalon at FWKM or a width between two
eniiiechiremdhe taper (sE&ck r um encl osi ng sone percent age of -
t he energy of the full 25 spectrumof light emtted
fromthe laser ("EX'"') and the second output is
88r €he appardtet ofvdaiof 85 further comprising:

the bandwidth monitoring means 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*"".

89. The apparatus of claim 86 further comprising:

the bandwidth monitoring means is an etalon and the first output is representative
of at least one of a width of a fringe of an optical oﬁtput 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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at Ieast one of a second FWK"M or EX'', where X#X' and
"' 89. The apparatus of claim86 further

W%&?PBPP?,Z?]Q t he bandwi dt h nonitoring means i PG I/US2004/018944

etalon and the first output is representative 30 of

at least one of a width of a fringe of an optical

output of the etalon at FWKM or a width between two

poi nts on the spectrum encl osi ng sone percentage of
901 Tiee gyparatys offcldined 7 further copgmrisingm of i ght emitted from

nd the second, ou

Fop B4 agliorie Mol Bhah AKsbe SR cpipeLip ppresentaive

o Rt R 1 i AR AR o o

befweaen oo pointponghe gpecmum tmmamgalsdmmmcrmgm@f tire &emergiy of the full

- spéffrupy G by Besd Bomy e st B iR ARETERGRT G phicS pepiesentative of

at RUSRIAE 0Pf sédogd FwkoM 8t EXRYKMyKdre X% dhiky xBepet ween two
poi nts on the spectrum enclosing some percentage of

the energy of the full spectrumof light emtted from

t | aser t he secand output is
9 £€ M%?ﬁalﬁgfﬁnheéﬁg‘?’ PYMBEOf a second FWK'M or
EX 'the m%rﬁpﬁﬁ#a(calﬁﬁﬂlc?ﬁ vafiabled hre ddhived BidAd @tréasi@EmEntfithe value
further conprising: 10 the preconputed calibration

of \Vrm acausl bandyyidthoparametar pliliznga twpisd sepdad, errelgted (pthg eccurrence
of e APaRbiBle QROAMAILABLAGRE LeLudih] |1 2110 @ trust ed

corre occurrence of the first
and second outputs for a calibration spectrum 92. The

appar at us of ai further, conprising: 15 the
92 fg fé‘i@!’bgga%‘rgﬁr\?%m?ﬁﬂp%s are derived froma
measyd Fﬂ@%{)l‘ﬁfed Eﬁl?or%ft%d@anaﬁfestaﬁedé‘ﬁ’eﬂ HHonpP& %‘ﬁ%\.ﬁtzﬁent of the value

par ane |Z|ng a trusted stand ard correl at ed
of ttheeacmuai bandsvidth pasametieputilizing a smdted @taoda:tdomrmlatsd foothe qccurrence

atj on s tru ratus of claim90,
thﬁﬁlﬁg? dlsg %‘ﬁ?}‘bts ﬁ]f(? ?aﬂgraﬁlpgég%gmfrled calibration
vari abl es are derived from a neasurenent of the val ue
of the actual bandw dth parameter utilizing a trusted
935?8‘?1a%ﬂaéatu%‘bfrql%}ma?(bémﬂléfrtcﬁ'émﬂé@&rrence of the first

and (& ?ﬁ@&npﬁ%? H&l?brgt%n @ar%Lés brahdrRRd SRAEH %urgﬁen{r&}qhe value

apparatus o airm9 er conprising:
of viad asEuaifoandwid&cpaJalheﬂgantihmdg h tpatedrsmndard; eoroddtediteathe @ccurrence
e ion: .esti d_act BW par aneter =
OfQ’%ﬂsir ﬁﬁg"‘l ‘R}ftp%ﬁg?rea% [a'f’ﬁép‘?cll{?’g{ neasur ed out put
representative of FWKMor EX and w2 is the second

measur ed output representative of FWK'M or EX"'
94. The apparatus ot claim 91, further comprising:

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

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

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

estimated actual BW parameter = K*w + L*w, + M,
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30 95. The apparatus of claim92, further conprising:
e val ue of the actual bandw dth paraneter is

WQ&PMO& d8d fromthe equation: estimated act ué’FTgWOO‘”Ol”““
paranmeter = K*wi + L*wW2 + M 42 WD 2005/ 001523
PCTI US2004/ 018944 where w, = the first measured

out re E )
secov‘%H rgrres‘psufhgllléi u?%%ﬁ%sen vtgﬁ\c') !&-%&b@}d ?reEX and w; is

thds€cond m%sure’amtpmpapxetamato/fe ochFawm M%or EXrt.her
conprising: 5 the value of the actual bandw dth
paraneter is calculated fromthe equation: estinmated

962¢hd! pa@a\(ﬁﬁﬁmﬁ fimrther Yom rlg*g? + M where w, = the

first neasured output repreSentadti ve of FWKM or EX
and th@valse off the astaslovahdwixith maﬂmwnﬁwcm&tefﬂ&'ﬂ%e equation:
ource

EX"'. .10 97. %ﬁﬂpt olit hogr L
conﬁﬁ‘@f’tﬁaa"tg RATATAChet! W‘rfE » measuring the
bandyhedt by, of tiR ﬁﬂaﬁﬁ{eam&t)udpwmpres@ﬁihmeegf Faetdor rgﬁe bnd w; is

input to the bandw dth reter conprising: an optica
thersaednd vhetsupeshoutputi of & WEAM of BX provi ding a first
output representative of a first paraneter which is

i ndi cative of the bandw dth of the light 15 emtted
97t AQiRotdMehd gy 1iEhs SERBslcomipridivig: I epr esent ative of a

second paranmeter which is indicative of the bandw dth
of tahbaqdq“gﬁth BEICT (raANs rf@rnmq@éumrz&&}e bapeavidthnofae tspegtrum of light

I he first
ol SRR 5RO 8 LB, L Lo
mul tivar |aabbpt1ml1ubandmdthnp1dnytbngg pnedst érprositling a first output
callbratlon var.i | es ec:lfH:?totheo

al
band SR aRERANSR Of BiFHgP 'S g RaLPE oF e bagdsith of the light
act té%lm&ﬁﬁém e Was@?‘ﬁ @%n@rout;ﬁ@ repTQs%nﬁﬂpé‘BPﬁ Y&cofl ﬁé}aﬁ‘r';éi@r which

97 further conprising: the actual bandw d par a

is ds Q}ﬂé@tll’@ﬁf ﬂi@luandmvulﬂhome dighteepidted énem @f: lashe and,

maxi num it m
e it bl AR b0 G B P ana
of ckednd eﬁtpuf wist pat efoapmudtivagiablehequatibhladmplofidpd peletermined
par a IS wi dt h bet ween two p0|nts on the

ter
spe&@nﬁbfﬁ?“’%n‘@ﬂég eﬁgsl’%‘gié f9ethee Aptipe Rand Wffjéhe‘ﬁ@i‘lwmc&f means, for
the cfa}éhlatlﬁgﬁﬁtaﬁt'dm Pindmhigﬁﬁ{e'iéfm of light emtted

fromthe ser

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

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

99. The apparatus of claim 97, further comprising:

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

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

of at least one of a width of a fringe of an optical output of the etalon at FWXM or a width
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100. The apparatus of claim97 further conprising: the
handwi dth nmonitoring nmeans is an etalon and the first
B&PW represent ative of at least one of &GKYeff4/018944
of a fringe of an optical -output of the etalon at FWKM
or a wdth 43 WO 2005/001523 PCT/ US2004/ 018944
p0|
beB TR A5dfta R, e Seskld End Al St} PRECRTLCHr B FRerey of the ful

spedtaind oﬁﬁgﬂtteﬁﬁttéd fromt the [dsasEEX(™)RxXd 'the ﬁﬁdnd betpaeseagtesentative of
output is representative of at Ieas,t one of a second
at leagt'que @f asseond RME? M rekX anthore X! andsXieX' . The
apparatus of claim98 further conprising: the
bandwi dt h nmonitoring neans is an etal on and the first
100 UT e dppafatisagllcba g Sfurtier copiprBingt east one of a width
of a frin e of an optical qutput of the etal on at, F\WKM

or & ‘%\P%ﬁ Mm&%ewlﬁ@e efaipn and ‘%‘Eeﬁfﬁtr QHput is represemat“’e
oS A BB S lp FQSAR S il P Ko a v
betvb&naemopmints uunrlhe spectruap emslesmngasome percentdfe af theeerstgy of the full

one of second e X#X' and X
spaesmm of el sEuRet (oMo dsef R3S AN (esecaBi PPyl igerreipatative of
at RAGDNH s dtﬁﬁk”%%?ﬁ@@”'&h@rg 3@ gf gAdxhe first |
output 1S representative of at ast one of a width
of a fringe of an optical output of the etalon at FWKM

r wi dt h het two points on the spectrum
lognrgﬁ%%ﬁpﬁﬁat% lﬁd@’r&ﬁ'ﬁ@@@%‘? PSHE: ener gy of the full
SpeGhé BaARbidih ABhitGHd mBshsli§ @Metdiéh ﬁxﬁﬁ% firsEutput i8€presentative
the second output is representative of at |east one

of af leastame i@ vAdih' ofi aoﬁ'mgg('of an gptinaboytantof theletalamat'FWXNBor a width
e aratus o cl Ty [
befiisr Bh on g e Votodil SRS pERERpE R B, Gk 6t the fun
SpeaAash bélfglﬂttennfted fremvihk leer (EX Pleandaheisdcohd pdipud ishrepresentative of
arameter utilizing a trusted standard, correlated to
at {698t Qe arserrnd FWK IMer £ 5y Wherg Xsetoatd SUESUts for a
cali bration spectrum 104. The apparatus of claim 101,
further conprising: 25 the preconputed calibration
103aThabppasates ef ol mﬂjﬁirtltemanpmasgtr enment of the val ue

of the actual RQan W|dth rreter ti.lizing a trusted
st arfi&PEFcoRppted calirgtion, v i e@eﬁﬁ?raﬁééjmrw%??émﬁmi of the value

ofdhd a&ﬁﬁ%ﬂd@i&??iﬁm@% uahﬁag Iakifuateu QfhnRAC LS hted @éthe occurrence
The apparatus of claim 102, further conpri sing: t he

ofpheﬁtsmd sedondputpuistibrmcalipratiospectane der i ved from a
measur enent of the value of the actual bandw dth
paranmeter utilizing a trusted standard, correlated to
104hFhe aspardtenefelaiaf lOlhtmrfheli&bm?ﬁﬁngeCond outputs for a
cal i br ation sPect rum
the precomputed calibration variables are derived from a measurement of the value
of the actual bandwidth parameter utilizing a trusted standard, correlated to the occurrence

of the first and second outputs for a calibration spectrum.

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

of the first and second outputs for a calibration spectrum.
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44 WD 2005/ 001523 PCT/ US2004/ 018944 106. The
Ear atus of claim103, further conprising: the val ue
WQR04581533 t ual bandwi dt h parameter is cal cul at E§TRISHH/018944
the equation: estinmated BWparaneter = Kq*wi + L*w2 +
M vvhere w, = the first neasured output representative

d d
10f iebinpiel 18 b PR G C e s o

cl aithe vdde off tHe hérasl L@dWIdis birgineteh & cabdultediroinhiie agiatioh:
bandw dt h %%rlarreter I's cal cylated fromthe equation:
est ieptmnatgd BY paramaieret KEwkr ' wa 1My + M 10 where w

;X,t ng]ﬁgg %tﬁ Rap %@a&%cf’%&gﬁteﬁpleeg o%%éug@pa&ﬁ%kﬁﬁf and w; is

e second asure
the pombmpisatddi@utpit rEpiESeltanive bRKFWX'108or BXi®’.appar at us of
cl aim 105, further conprising: the value of the actual
bandw dt h paraneter is calculated fromthe equation:

1045r1‘ﬁe54ﬂ1pﬁ?%hﬁ%f%\%ﬁai NRi@kr Corfpri¥ingt L*W2 + M where wi

Irst nmeasured’ out put repr esent ative of FWKM or
EX thavhluof the atthel tmpdwitith parametes ¢ cmlmm,ted from the equation:

t f FWK
Lﬁg{egﬁ?fs?tﬁgbr\g%ﬁ%qtﬂht%gu?% “@on%g ising: 20 a
bandyfest W, FEHHRI fiRE ARasured oﬁri?a@tebtera&nmﬁe BERUN Mt &t ©X° and W is

spectrumof light emtted froma |laser input to the
thepseacnd mreasurrst AiPWaRpresestatiye oA VGRT Meal EXandwi dt h

nmoni toring nmeans for providing a first output

representative of a first spectrumw dth neasurenent

IO&STlﬁHemufaaﬁdiWahmeldSaﬁﬂWeﬂtdmpt&m@gztor and a second
asured by the optica

spectrumvvl Sureneg nme

bandif walre Eé?‘i“gln %‘gh parameteris calgylate frgin the Squation:
ba”‘%‘éﬁﬂ&ﬂ% ?Alraﬁ‘x‘iétél“— RRaNS LA, 4 \2i ng the first

out put an the second out put as part of a _
mul twheae matst éieefmbmeewr&rpu@yt regrasentgeve o WM or EX* and w; is

tn Foht Bleh et Aleb HefRae bR o X IMATERPE 2l act ual

bandwi dth paranmeter. 30 110 The apparatus of claim

109 further conprising: the actual bandw dth paraneter
100sAphetodichaeranhy dight sGUEeecOMPrisBge per cent of the

MRXIATHARANGN feld? mldds f{)i’“ﬁ%%‘]r?{g e ARGAEHUGE 2TspbdtBH 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 spectrum width measurement as measured by the bandwidth detector and a
second spectrum width measurement measured by the optical bandwidth detection means;
and,

an actual bandwidth 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.

110. The apparatus of claim 109 further comprising:
the actual bandwidth parameter is a spectrum full width at some percent of the
maximum within the full width of the spectrum of light emitted from the laser (“FWXM?”).
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45 WO 2005/ 001523 PCTI US2004/ 018944 111. The

appar atus of claim 109, further conprising: the actual
WB&EWE?@?\ paraneter is a width between two poiP&TEIS3pP4/018944

t he spectrum encl osi ng sone percentage of the energy

of the full spectrum of the spectrumof light 5

emtted fromthe laser ("EX"). 112. The apparatus of

clai m 109 further conprising: the bandw dth nonitoring
11 MERfRSappsrafid of lchlian 0anfhirthBecdmprisingout put i's

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

of & apualchandyidthpargnetenis & MEfBnbeveeke poings wndhe spectrum

. [ e 0 .
endiQsBE SPESPAIRIRE' & e Mheley o BB SPeBREN T 8 BPTEym of lghe
empted frad the sert(fEXMNaser ("EX"') and the second out put

is representative of at |east one of a second FWK'M
or EX'"', where X#X' and X #X"'. 113. The apparatus of
118] Pl HphdQudsWicheh 199TRftheét'cd 'rilﬁgt he bandwi dt h _
nonitoring neans is an etalon and the first output is
r epitlesbandatidthenomiforang hermstis emetatin andathd tiirstofutputfis repgesentative

of BLteh oRE Pl T8 tnde atrCouliel Se Bariit g LRIAM or  wiae

bef¥We @ Wb 3bent9 fontthe spararugy eftlosinkesdnkéd bercem@sd bfitheQnergy of the full
light emtted fromthe |aser rl('geEX and %éhe secon(fy

spestupuef light eapitedsispmahe laserdf EXaD) and dka sesprd ontput issepsesgntative of

o ekt o' B Seona FAPR. 107 Tildeian ey A

bandwi dth nonitoring neans is an etalon and the first
output is representative of at |east one of a width
113+ The apppragts affclaym 1d0tfuethgr comppisingof the etal on at FWKM

or M MAdlidAShRRide et i b fiod N ﬁu@e}‘;‘r&{ cﬂﬂb t is representative
encl osing sone percermtage of the energy of the Tur %
of apleastronmod i Widthitf adninge¢ efiarf omival ddplitasfahe ¢tale) at FWAXM or a width

bl TR S CRHL shehSPERISRL ALY oL oo Bl LR erdRS of the full
spddtRinf OPRgIR leHfitt@f frémah&abdrEXvntdndithe &¥BRd shtpd istréiftesentative of
reconputed calibration variables are derived froma

at leastaue ofrasecantl KX Wlon BX3owhdre X" aendi Xr#X¥3nhdwi dt h
paraneter utilizing a trusted standard, correlated to
the occurrence of the first and second outputs for a

118 2T heApphaiaBis TRAGH" UM futBer\¥ompPiafg901523 _
PCT/ US2004/ 018944 116. The apparatus_of claim 113, )
f ur tthee pandyyigth mppigpring means is an etalon and the first output is representative

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

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

115. The apparatus of claim 112, further comprising:
the precomputed calibration variables are derived from a 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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the preconputed calibration variables are derived from
neasur enent of the value of the actual bandw dth

W‘Sé?“&%’éé% utilizing a trusted standard, cor r ePGTA§2004/018944

the occurrence of the first and second outputs for a
calibration spectrum 5 117. The apparatus of claim

116 Mhe a&ﬁ!&aﬂx@%f‘&%ﬁmﬁil§,idfﬂgthexfé?>%1pﬂfs mput ed cal i bration

variabfes are derive roma neasurenent of the val ue
of tHeeprecdmyaitedbealitwitdinhvapiablesreteaterived friom @ gheasurémirited the value
standard, caorrelated to.the occurrenc of the first
of %&C%Lgﬁtﬂi%ﬁtﬁ*mﬁ%ﬂ?@rmal% 7 BHsIpd dandgsdctorigiatedr g the gecurrence
f tHaGir&PRA Bt Ritpuftd A DeAlPratibiEedflmeonpri sing: the
© val lJe 0 St he actpua:li bar?dvmégtlh pﬁar angter i s cal cul ated
fromthe equation: estimted BWparaneter = K*wi +

* + where.w. .= first. measured out put
ll##@f@%%ic\iéﬁw I#WEWWWEH@'M is 15 the second
Meaghy Rectphied cAlppitRReAiabley Greeriv¥¥KihP4 nfe¥suremdrkDf the value

The apgarat us of claim 116, further conprising: the
of thgl agtnabbandvddthqagameteraunttizing & trpsted aandard; eorsldted foghe gecurrence

of {hrp MEStiarﬁﬁ/lsg%%f/é%l?r :és f\}ﬁ%&;h@tgﬁ?? %Vc\/cg.eﬁ@ﬁm er = K*wi +

r’st measur ed out put
representative of FWKM or EX and w2 is the second
nmeasured out put .representative, of FWK'M or EX"'. 120.
1 &nkhegpparatits o clsimd |l §; fyrthercompsisiigar conpri si ng: t he
val f I ' j I .
G S s e R B g
L* westimated BV parantkter =t Kewf +I$wreldsur ed out put

represent atiye of EVWKM or ‘cand w2 LS cond,,, .

reaSFEC o0t 6t TPLBPEVER, APV eBrSHTBG o F I or Y and wa s
the/seBERY kAsuRRAGT AR Yer@RhtaGOEBE FAXTIM ordOx e’ | aser i ght

source conprising: a bandwi dth nmeter neans for

nmeasuri ng the bandwi dth of a spectrum of |ight
ot . ' .bandwi dth neter
11%‘or&n%raﬁ’g?‘%‘%ﬁl%%g50@%&?&@"’5 US2004/ 018944 an
opt itlcavalizasftthe dethalrbandtvaith parameten s dabsulgiedfronh the equation:
first.out representative qf a first paraneter which
o il B RS SR oo e he 1| ght
where w; = the first measured output representative of FWXM or EX’ and w; is

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

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

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

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

emitted from a laser input to the bandwidth meter comprising:
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emtted fromthe | aser and a second out put
wée@rg(ﬁsnt ative of a second paraneter which is
APe%Ptve of the bandwidth of the l'i ght em t PEHUPFUA18944
the |l aser; and, 5 an actual bandw dth cal cul ati on
means, utilizi ng the first output and the second
out put ag,p f; | e L
el oyi nar pubiisaf el Blle? miahE Hor SHSTIA 8 first output
S petelpfesmthtﬂ)vd bfea fipt pammelea whidtdishindioati veosf the bamﬂmﬂth of the light

for calc latL ? an a t ual bandvvl dt h paraneter.
122¢mifed o Ahe fager SR I QDY EpFRSFNIEEY AP %.S?rgmd parameter

t newARhURlndXARANLAIR bRAWHIR Bf the Tigfht SRACHIHIN dlihser. and,
wi dth at sone percent of maxi-mum w t hin the feulaf1
vvi dt h of an Iaetuabbmtdvuduhoéawulqm ereany, edilizingmhe Herst astpnt and the

F) WKM! ) he a rat f claim 121, furthe

Pag hiteud 35 pivd Of v BiAk e HSatk piaployine predetermined
W. d&alb@ﬁtdﬁeeanme egecmcs t&thé NEptRAIE BhAIIE RS DHAY means, for
sonme percentage of the energy of the full spectrum of

t hecalgdatingan astudl bagpdwiddrparanaeter.r om t he | aser ("EX").
124. The apparatus of claim 121 further conprising: 20
the bandwi dth nonitoring nmeans is an etal on and the
127 iThe tappathtas bf tlain ¢RI sttt sdmpisingf at | east one of a
width of a fringe of an optical output of the etal on

at theweotenl bandyvisitin papeieiids & mcgemnfl%l Witk 196 semegeraght of the
I fi »
ma &Rl Witkéh fh%'}ﬁll %&tﬁ%ﬁﬂt@@% ?t]i'urﬁ e Hgﬂf%ng%tf:@ ?I:pk?( c)lééglh % FWXM”).

spectrumof |i1ght emt rom-t
the second output is representative of at |east one

second wher e X#X' and X #X''. 25
12@5‘@&3 a?ﬂaéaﬁlﬁﬁgvgmﬁgfgxl’%rﬁ?%@%rther conpri sing: .
t hetHaadighvd] HaRdWRIth tpafdnwermeamsnatﬁ &@w@énalv%‘ pBiMs bmhe spectrum
first output is representative of | east one of

enclpsifg, sene Peraeniige obfthesnergy iof dhe dull ﬁasctmm 1 éhetsmc@wm of light
emﬁ{edﬁ"w&rla?enr 5 bet ween two points on the spectrum

encl osing so percentage of the energy of the full 30
spect rum of Ilght emtted fromthe laser ("EX"') and

second oyt resent ative of at |east one
12‘{)&?‘5388%%0 léf er COMPESIBEX4#X" and X #X'' . 48

VWO #0%hERIRR %fﬁh@%é 18Pk on g thé_ @i@st%ﬁﬁﬁ # Kpresentative

of claim 123 further conprising: the bandw dth
of atdedst on¢ o widthof p dringe oftan| apticalrntput of theratalonat bWMs»r a width
senta easyi one o
betyB8 RO R RS BF s sl “FRlosEaeBle Bl & ood enfral R e
speR lunesighvemeddrTism eiie fake (SEXTY) ahdtiRetas Agp@asRepresentative of

per cent age of the ener of the full
at least one of a second FWX’’"M or EX”’, where X#X"’ and X'#X"”’.

125. The apparatus of claim 122 further comprising:

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

at least one of a second FWX’’M or EX’”’, where X#X’’ and X’#X’”’.
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5 spectrumof light emtted fromthe |aser ("EX"') and

the second output is representative of at |east ogne
WQR005/082Hnd FWK' M or EX"', where X#X' and X : B&FAUS2004/018944
127. The apparatus of claim 124, further conprising: -

the preconputed calibration variables are derived from

12%&?@2@?%@{{1@%&Fg§mﬁ§§ﬁyra{eyg?rgélqsi . the actual bandwi dth

ati'rzing a trus standard, correlated to
t he tleclandmvidth enomiforinp endans & arnetdloneandrtble Gt putit ivrepeesentative
calibratign spectryuym 128. The apparatus of cl 5{);1155 )
of at Jeash gpe egwﬂﬁé i%:%n%&?eozfapéw&ﬁﬂt& t@iﬁ?ﬁ}fﬁ%}?? sﬁ‘E or a width

bethREh ¥ %gilﬂé Bnd %ﬁé@%&faﬁlo@iw Feretttad?f oft e @Y S the full

15 of t act ua andw dth paraneter utilizing a
spectrust efdight amittaddrors oher lefeat(&dXt D and thecsecond @npw is ofpreshatative of

first apd sec yt put s.f,or .a cal iLhratjgn. spectrum

at lfaﬂé.on?ﬂga é?fﬁﬁ&gtq@g @?%‘??éi mViEEe Qf'%et ?ﬂéi’ﬁc?& rising:
the preconputed calibration variables are derived from
a nmeasurenment of the value 20 of the actual bandw dth

12 parterappenatustaf claz g4 Afuttherstoatprisirgndar d, correl ated to

o PR TP PO R Ao e s P T e R o] the value
of {HerdcRRM baRIREhSiaREnettN@ilzlgietradted Bandrl UdreR@ddhdi tHE Becurrence

parameter is calculated fromthe equation: 25
of tetfiraeand se@ndpuitputefos p calilatipn spectrym. + M where w =
the first measured out put representative of FWKM or
EX and w2 is the second neasured out put
128.|€n{e%©nﬁaatsifdfelaﬁﬁ IEWMarcoE}ﬁHsingBﬁ. Thle app?r athus of
claim 128, further conprisjng: 30 t val ue of the
act (s PretTaRyted FP";‘i’é%t&?e‘taé'Pi"i% a@éfeewfitfr@al % mspsurergent of the value

of gﬂ:a?:gda%én:dvtﬁﬁ{e}li %@Qeﬁﬂl%{é‘mﬁﬁ Statfdl, corfelat&d b the ggcurrence

t measured output representative
of gxistoandBErcondmiitnes fog a calibratier spedtrumasur ed out put
representative of FWK"M or EX''. 49 WO 2005/ 001523
PCT/ US2004/ 018944 132. The apparatus of claim 139,

129 UT R ¥ppa@i¥uticHimnd 26 fueth¥idosgprizing: he act ual bandwi dt h
paranmeter is calculated fromthe equation: estinated
BW (36 Brseeraputed palifration vagjables gre dstiypd fionya meagusement o the value

of Iffgaa%ma? @aﬁﬁ%iegﬁ %ﬁﬂ&@ﬁgﬂgﬁg}iéﬁ% tﬁ'u&E:d SRR Q! co@é'lat%!?fé; Ft@@p,c\ﬁurrence

e secon asure representative
of tre fixxt'dnd sé@shd Atpmhofarlaicahgtiap kyectrught sour ce
conpri si ng: :
130. The apparatus of claim 127, further comprising:
the value of the actual bandwidth parameter is calculated from the equation:
estimated BW parameter = K*w, + L*w; + M,
where w; = the first measured output representative of FWXM or EX’ and w; is

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

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

the second measured output representative of FWX’’M or EX’”’.
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a bandw dth nmeter neans for neasuring the bandw dth of
gectrum of light 10 emtted froma | aser
WQFRQ BYAHAi dth meter conprising: an optical baﬁ%ﬁd{lﬁ%oﬁ“‘””‘“
noni toring nmeans providing a first output
representative of a first spectrumw dth neasurenent
as neasured by the optical bandw dth nonitoring neans
and a second spectrum w dt h neasurenment neasured by
132."Ehe@pparamb obalathii1 39 Murtherdohptising: means; and, 15 an
actual bandw dth cal cul ati on neans, i lizing the |
firde v@memheamw hendudinepremtiep oalss s HoBpthacquation:
mul E%Wtécf"ﬁl\)\? %F#@%uﬁﬁw‘;tmhoy' ng predeterm ned
cal i bration arla es speC|f|ctothe opti cal
banehiertt W, Frothe st measuedneytpdtaepresdntativet of IGWaM artEig] and w; is
bandw dt h rameter. 20 134, , aratys of claim
thejsgeo f%g&a&&mF@fﬁpt%lﬁﬁoggﬁg%,% dth paraneter
is a spectrumfull width at sone percent of the
maxi mumw thin the full wdth of the spectrum of |ight
133m phadlithographnbghtaource Compising. 135, The appar at us

of cla 1 urther
Dt acret e B ek e L, smecqpym of light
emfithe ﬁ@ﬁ(étlzis‘émnpaﬂﬁi 188 baglvigEmeer esnpragge:of the energy

of the full iJectrum of the spectrumof |light emtted

f r o oRHcal § léﬂEmowtoq%mewrawsmgaq fisst optpst EPReseRgtive of a
ﬁrgtugptelgt% Cﬁm 'rﬁ%ﬂ?ﬁn?é?t LoenRandY gf hiLar bﬂgivﬂﬁfﬁn thonitoring
1S an e on an e re

a I rst out put resentative
meahs ahd laesegbnd speatfuna widdit meafureménti mepsurd by tlepoptteal bandwidth
out put of the etalon at FWKM or a width between two
m%’éﬁoﬂﬂ%“@ﬁnﬁ’ﬁ’é 'spect rum encl osi ng sone percent age of

t he ;gnenay bhdvideh Ealbhlatid mabhs QRIMZHZ1BE HKirst output and the second
PCT/ US2004/ 018944 spectrum of [ight emtted fromthe

outpatt@s ;(artEocf a)mahtyanh@le é@@@heqwmpuqmpl@ymeppréé@tmpcd/@ahbratlon

e e
vallieSSapxclo, 10 ofieaP bRTRANS ROROARL rietys, fof (b Raf an acuua
bafdWidtH sdravgete® t he bandw dt h noni torl ng means is an

etalon and the first output is representative of at
| east one of a width of a fringe of an optical output

13QTTE«%§) QfaﬁJch%mﬁ%hﬂlRﬁerQo ﬁgtsf‘ﬂgr bet ween two points

on t spectrum encl osing so centage of the
enerty aahalt bendfridth pasqmeierr ism @pedtnughfulbmidmeed somgnperpent of the

| aser econd output  isS. neatl o)
mwmu@t&mg&g %lﬂ g S BE SER R b, PR R B
and X #X''.
135. The apparatus of claim 133, further comprising:
the actual bandwidth parameter is a width between two points on the spectrum

enclosing some percentage of the energy of the full spectrum of the spectrum of light
emitted from the laser (“EX”).

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

between two points on the spectrum enclosing some percentage of the energy of the full
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138. The apparatus of claim 135 further conprising:
< idth nonitoring neans is an etalon a -
W#’?E%@%gsgi‘mput is representative of at |east o%gT%[{gg%mlsgﬂ
width of a fringe of an optical output of the etal on
at FWKM or a width between two points on the spectrum
ERGhOSH 1Nt SATRdIRS A UM BYG (CEXTH B8 MY S¥ofd ol i WdrestRtative of
Spspectru?%glogmlight emtte (fromijt ﬁe Iase(r) (QE?C"I) a#rggl auve o
at leh@t one obadecont PIWX1’M oeBKES emtcat XeX’band Hf=X'dast one
of a second FWK'M or EX"', where X#X' and X #X''. 139.
The apparatus of claim 136, further conprising: the
rﬂ&%%ﬁg g2l rlggifﬁrrﬂ.,éf%{n BLigs: are derived froma
l31?:'13asu nment 0of atlﬂe val ue 2'Oisofl ?he act ual bandw dt h
par almebardwidthl hanitoging reans tiven statondanddthe dostr@itpittasl repoesentative

ot BB S0 S b RSP BB i

befwtich &l [P ohshé Spectiifh HRSMIPLERE peabAtREAbT e energy of the full
vari abl es are derived froma neasurenent of the value

spaxrupf of light goviited fromribevage(“BXr artnd dhe sacpnd eutpyt ig representative of

rust ed .st andar. correlated o occurrence of the
at fepstane of g SE@&%MU%B‘E E%f mwgerﬁg]?t?ﬁr ﬁ?éjgﬁt pect rum
141. The apparatus of claim 138, further conprising:

the preconputed calibration variables are derived from
138. Hesappaeatmsaf ciimt 138 fuxthgrigempgigingt t he act ual

‘bangw dt h er. utilizi. u . .

cor 101 Bl AR i S AP LD i gopresentative
of atifepstione fof b vidthalfialfringé ofars@sivihl outputodlf th:tAMn=t FRIERBor a width

PCT/ US2004/ 018944 142. Thff apparatus of claim 139,
bepRenBio BB ONSTRgPeCtHEn GanleRth PO BeTseRtags O MiscRRetmtof the full

| . 59 ] :

RS ATEL B i) S L O DRI ol Tl o
at heastsoneed acetandtF WEHM se BKAY | where (XAXAKnhd X°£X'’.and w2

is 5 the second neasured output representative of

FWK'M or EX'"'. 143. The apparatus of clai m 140,

135UTh S8parRRge $diRdi36t RethéakdRp®ding:he actual bandwi dth
paraneter is calculated fromthe equation: estimted

BW phe aresomputed galjpration vagiablesigre dgyiveddraen wmesasergment of the value

o ST S LGP 530 AR g comen

of Qe fdKanld @comdoutputd 4¢t.a chllibratippapedttien.of cl ai m 141,
further conprising: the value of the actual bandw dth
paraneter is calculated fromthe equation:

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

of the first and second outputs for a calibration spectrum.

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

of the first and second outputs for a calibration spectrum.
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15 esti nat ed BWbararreter = K'w, + L*W2 + M where w,

= the first nmeasured output representative of FWKM or
WRRLAMI2%2 is the second measured out put PCT/US2004/018944

representative of FWK"M or EX''. 145. A nethod for

measuri ng the bandwi dth of a spectrumof light emtted

r L A8 [ Rapdw dt h et er
14%.019”%‘ra|$g| ngs%afl%ﬁ?zl?g’;fug%l&o%??péa bandwi dt h noni t or,

pr othediah@ of the actnal bahgwidth ppamsenisataiondated fram the eqation:

par anet er ch is indjcatiye of the bandw dth of the

| i gRetireaed ﬁgép?r%}‘?fetrﬁe{(?‘é{sél ¥ad Ma second out put

rep (5 &g,péan r ' ' ’ :
[ ndﬁvggfeiné\yg ot gtﬁﬁ‘gt I?}g:m Wi d?lﬁ%o?%?t?tﬁhﬁmwe% ]%)r( o?r”nrld w2 1S
thet sgeoridamensyred maifpu Sepreseatatisie pEW X aMdwi X1’ .cal cul ati on
apparatus, utilizing the first output and the second
output as part of a nultivariable |inear. equation

143?.”ﬂ1e_cb¥>b£lﬁtul§b@dﬁlrﬁflﬂb,nﬁﬁheﬁcﬁirﬁﬂifsﬁ{g':On vari abl es _
specific to the optical bandw dth nonitor, cal cul ating

an #he e ofshmastial thandwidinparameten s calmilated Famdhe gquation:

met er,. f qr i _he, bandw dt f a spectrum of

lig %m’é‘%e? Egg%gl{ag%gﬂghﬁar%% BAnd'Ti ght source input

t 0 therdoanevihdtfiistiBessurabomputsiepesertativepdf EMXM or EX’ and w; is

bandw dth nonitor providing a_first output
the, sSpPIETBRASHECK\AMRI representative ﬁgF‘a‘ﬁét MrorgXch is

i ndicative of the bandwi dth of the light emtted from

the light source 52 WO 2005/001523 PCT/ US2004/ 018944
144rithecapparatinaf olaipud 1y Bmhesemprisingg of a second

par anet er jch is., ndicative of the ndwi dt h of the
P GRS Ve, o1 o et i Bl oS By be Gy
bandwidibd BW philaict? ™ BRPRAFAIUG +Uk4, | | Zi ng the first
.out put and the second output as part of a

mul tYheEs WaBl @e difslameatirehpitays iegrosprigétcephi HetM or EX” and w; is
th%%%lg%f @tteisgfédvcﬁﬁﬁlﬁ% ésen%ti%@%?l:w}@”ﬂlpo}}ff”om i cal

nmoni tor, to cal culate an actual ‘bandw dth
paraneter. 147. The apparatus of claim 146 further

14§ 80eod Pin etk 1 DEBRU e Ch RECeB FLlEgrom a laser

inphit kdHR bhR@vitt metek €éMpRéinghe spectrum of |ight emtted
fromthe |light source 10 ("FWKM'). 148. The apparatus
of citifizimg pa@ptitalrhandwidsh mpomiitor,rpyoviding abrst antpuhrepresantative of a

ar ter . wi.d n ADOd A t
el BB L5 VE RSl B BBy fop g foser an
a seOdTRl EpReepragatative lofa seeidparahetthwhictlis indidatise o€ thelbiindwidth

Of?}zeétjgrgx?_ex%?t?e%tf{o%nﬁ?eflalsgr?gd, emtted fromt hg i ght source

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

bandwidth parameter.

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

parameter which is indicative of the bandwidth of the light emitted from the light source
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149. The apparatus of claim 146 further conprising: :
ndw dth nonitor is an etalon and the first
W%Eo?»ygfl Igs representative of at |east one of gé%ma%qq4/01s944
of a fringe of an optical output of the etalon at FWKM
or a wdth between 20 two points on the spectrum

an@@céeeéh@%uﬁﬁlmeﬁegeqmivegef fsebdift ﬁ&%ﬁyer%hfchels itliicative of the
spectrumof light emtted fromthe |ight source

bar(dveisith' of tkmkﬂgltthml@@b@ﬂm tb@hghttsoumerm esent ative of at
| east on

X3 200t EBS AR aPuReF A liD It Gt and the second
oul?ﬁfﬂ?sf p&t Bfa rﬂ@ltlbﬁ%bﬁ’@@@ﬂtl@h Rniéyih® brécﬁte@ﬁu%adaﬁﬁraﬂﬁﬁl variables

he first out IS representative of at |east one of
spegifig taithe eptical g andmadth aronater.dp crleulateoun gntmal bandwidthepasimoeter.
at FWKM or a width between two points on the spectrum
encl osi ng sone percentage of the energy of the full
14$pleetappﬁfatu@fofblaghtl4emrtﬁeedofhpﬁﬂhghe l'ight source
and the second output is representative of

at

| eagte %ﬁﬁ'éal drangwidil PRERTSR" i1 dosPeeirum fulhaiidth gt somgrpercent of the
el i 851 SURUeESRPIASh of A SARIEASH: e s
“FWKM)out put |s representative of at least one of a

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

at FWKM or a wi dth between 53 WD 2005/001523
148’@%%1}&2:@%/0@&1%%?46 fi¥heP@bMpasiAR: L he spectrum

encl oSI ng sone percent age of the energy of the full

s pether aptwal drand wigith pemrmqterdlsm widthHetveghtwe pointe on the spectrum

deiﬁ Eé(t %or%lger})q nﬁe§ ecnrgg'tgéj{:l 1%% L %&E %@F élgé%;#&ee eréeﬁ'ay Yof the full

spetritpf’ oﬂth@skaﬂ:um'erlgﬁpaﬂit&H fionothed giht saukdOCEOM t her
conprising: the preconputed calibration variables are
derived froma neasurenent of the value of the actual
14@@1{1 L3R Xkt 246 mﬂer%bagnangf usted standard,
corre ted to the occurrence the first and second
out p‘m@nﬁmdﬂa nycliiob isaarni cmlosptadtth@ ﬁrst D@tp15$s reptesentative of at least
rthe

ond BER ML TiBef b &7 Povice APt EECRIASH AT Wl gyigis betveen

two'Bain GiNEHR! speétnith @nvlabidg so@k ékﬁenﬁ t Mlthéo@f&@gy 8t fhe full spectrum
fE)arameter utilizing a trusted stan ard correlated to
o

ight eguiBied fromcibe light sovecer (EX()and thesesand outpplitsgeprgsentative of at
lea%gclf)e%?%t WhITRESE M T XS ’%ﬁera%ﬁ(’a%@@#ﬁ{&’ of claim

er conpri si ng: e preconput éd cali bration
vari abl es are derived froma neasurenent of the val ue

of the actual bandwidth paranmeter utilizing a trusted
15QtHerperatus of FBimtldd fergher sempHgings ence

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 light source (“EX’”) and the second output is representative of at

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

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

one of a width of a fringe of an optical output of the etalon at FWXM or a width between
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of the first and second outputs for a calibration
spectrum 20 155. The apparatus of claim 152; further ,
W%g’ﬂﬁp‘?lg?:’ng: the val ue of the actual bandw dt hPET/rUtSZOO‘”018944
-paraneter is calculated fromthe equation: estimated
actual BWparaneter = K'wi + L*w2 + M where w, = the
tw RB'%ES (ﬁ?ﬁ’é%@&nﬁﬂ%ﬁéﬁbsiﬂg REmE PRERhia¥E 0P ther MMMy & full spectrum
a dl W2 1S he second neasured output represéntative
of ghtEewitted FromREke light®uted ‘EXHY aag the secasd ofitput wirepreEatative of at

further conmprising. the,val ye Jhe l,, bandw dt h
leaﬁaﬂnﬁrﬁ’Z?éch Flc‘gjtxcﬂflﬁfgg( fr\ﬁ'ﬁ‘?r{sﬁé‘ q@ﬁ‘?%&%g ‘esti mat ed

actual BWparaneter = K*wl + L*w2 + M where wl = the

first neasured output representative of FWKM or EX
1 5Arithe\Apparstus 30 claime 148 cfurtiemmasyuisag: out put

representative, of, FWK"M or. EX"' . 157. .The apparatus aqf

o afth PrespmAusd FRUPRHSRYa b gy arcidsBVEd gl & FepHSTER pd the value
of f#RAEWalbdhdRAdR ﬁﬁetérsutg&li%ué fuaed §tadarl herRiéd i0QRe occurrence

54 WD 2005/ 001523 PCT/ US2004/ 018944 estinmated BW
of {harfastend secongoptputs forazalibmtiomppectium; = the first

nmeasur ed out put representative of FWKM or EX and w2

is the second neasured out put representative of FWK'M
1sszrmé)é'bFaraﬁxsb$81ai:ﬂ1$1nrfﬁi\t\}iedbbmpﬁtiag: conprising: an

optically dispersive, instrunment, djispersing the ener%y

confhe BpeRnRuted ealibsaiionprariablgs pregerived fromka mepgiirgment of the value
of FRELA| b@larl B Fho SN A L FANEL Sk QoA RO b Soureence
of thetfersttand secomdautputgfor nealeration ghegtrutnhe spati al or

tenporal variation of wavel ength 10 distribution of

the energy and providing an out put signal based upon
154 Mehe’ DpRHRGT SRhI 13, fubthed &IMRRIsRlg: vari ation; a first

cal culation apparatus, calculating the wdth of the

wav hecprgeamplited ealibnatiasvagiables gee demiyved jrom a gisasyrpmentyof the value

o 0B PR RGO« BOSEA AR, KGR L bcurcnc

of thedirst dndtseamdafutphefoenaalyration spedadmby t he 15
detector, and converting, respectively, the spatial or
tenporal distribution into the wavel ength domain

15 8CHRY HhRGnidfiEmaBY] fdthePéRRiddgs of the dispersive
Instrunent; and a second cal cul ation apparatus, ]
ut i thezvahep ofithe ectual bandwidtl paramieter krecalenlated frgmithe equation:
estimated actual BW parameter = K*w| + L*¥*w; + M,
where w; = the first measured output representative of FWXM or EX’ and w; is

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

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

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

157. The apparatus of claim 154, further comprising:

" the value of the actual bandwidth parameter is calculated from the equation:
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di stribution of the energy in the wavel ength domain,
C ed by the first calculation apparatu
Wég@r’@bﬁ the at |l east one width as an ar gurren?caﬁ%éommsg‘”
mul tivariabl e equati on 20 havi ng predeterm ned
calibration variables specific to the optical source,
theeﬁixﬁ&&fﬁWFﬁa{n@%W}+L&%mz ector, and the at
ake

| east one wid n as an argunent. 159. The
appahateus; of the [fastrméds8redusutprgrrepresqtativienef FWBEMfarrBX and w; is

cal cul ati on .apparatus and th | Gul ation
thea*ﬁﬁfﬁ%df‘??émﬁpé’%?% r%"é??é?“tag’ée egfgﬁfgb?l?%ﬁ%gppar atus. 160.

The apparatus of claim 158 further conprising: the at

| east one width is at least two widths selected from

158.e bandyvigthooetpr ¢asnpriging: spectrum ful | width at sone

percent. .of. the naxi.oum w thi.n t [l width of.t
b e % PR Rt et P i et GarraBsipedfe output of
an (ightA8ck iR d spafVer Mmporalndbniaiivactiobding to\eRvdvelenBdi ditEbution
on the spectrumdefining a content of the spectrum
of the energy 9§ thedight paredint age of the energy of the full

PR ARSI P S AR vt
disHiBEEon BB (HARN2AHTA ¢ EA3inB Gl ouGR0 Sighfl HaSetiupdhhe rebhrled spatial

appar a}t us of claim159 further conprising: the at
or fegipofal yaHal@ht h is at |l east two widths sel ected from

t he G QURICHRRBH appAIatud, cafRBfing e Width oMiEhhavRleng @ Bstribution of
percent of the ximumw thin"the full wdth of "the

thesgmergyy, taspectivelfy, ini théspasaior timg dommin, thased ungint respastively, the spatial
"EWKN' ) .and (& EVWK M d i dt h.bet t i pt

or {5z e ¢ heeen Hene R BhedhntloR o (R CaRES iskatBe B Y e

det@Brok, @it REn ety PE¥pEaiieRE the Sphtiding tanpsraYdistribulién frit the

spectrum of the spectrumof l[ight emtted fromthe
qupl@agth@@magbaccerde)g to-t}]e epm{a-l pyeperties ,o.f thsehgpessive ingtpyment; and
X": Becodd c%@ﬁlatizm eap?ﬁﬁ sl E &/ lléhgp B wistht f¥ethe wavelength
erein e I i ab

conpri si ng: mul tiva e equation is
distritaltioat efcthe enemlycinl tieevarleangthuddmaian dalcudlated Ipya thenbise calculation

descriptive .of the ctral. distribution of the.ene .
ap R ion Db gPRYiBe e BT g aviclL Rt BipumRlPt A g G equation
haVih¥Vprdetdained ddlibifiibn Jﬁﬁb%ﬂ%é@ﬁb&o Qhe ©pfitdD sbbfte, the dispersive
. further conprising: wherein the nultivariable equation
instrimeph thdasertery alacgth@@lt keagt ang vedihtakenasramargdment.

par anet er descriptive of the spectral distribution of

the energy output by the light source selected from
159 TEhegdppaats\OKeMimEDs 8 furtRér cbbiprisiige apparatus of claim

160 further conpri sing;
the first calculagign appar%.tus and the second calculation apparatus are the same

calculation apparatus.

160. The apparatus of claim 158 further comprising:

the at least one width is at least two widths selected from the group comprising a
spectrum full width at some percent of the maximum within the full width of the spectrum
of light emitted from the light source (“FWXM”) and (“FWX’M”), and a width between
two points on the spectrum defining a content of the spectrum enclosing some percentage
of the energy of the full spectrum of the spectrum of light emitted from the light source
(“EX’’ ™) and (“EX’”’ "), where X=X’ and X’#X""".
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vvherei n the multivariable equation is evaluated to
al cul ate an actual bandwi dth paraneter descri

ve
W%F"‘Pﬁ’@“&iﬁectral di stribution of the energy outpﬁﬁ' 569)4/018944

the light source selected fromthe group FWK*M EX**,

wherein X* may equal either X or X and X** may equal

either X' or X''" . 25 162.  The apparatus of claim 158

further conprising: wherein the multivariable equation
161 sThevappaatwsdftctindlSe furber campaisingal bandwi dt h

e T gt G ity o st MM LGuTgeeted BpePE @ Rosgmprising a
spéc'&%ngﬁlg’l;'\gldﬁm %l'nel-:ﬁérc;ené %gﬁ@%ﬁlﬁgﬁﬁhEQH@ﬁ@Mﬂﬁ bf the spectrum
of light emitted from the light source (“FWXM”) and (“FWX’M”), and a width between
two points on the spectrum defining a content of the spectrum enclosing some percentage
of the energy of the full spectrum of the spectrum of light emitted from the light source

(“EX” ,,) or (6‘EX’7’ ,’)’ where X¢X, and X”¢X73’.

162. The apparatus of claim 158 further comprising:

wherein the multivariable equation is evaluated to calculate an actual bandwidth
parameter descriptive of the spectral distribution of the energy output by the light source
selected from the group FWX*M, EX**.

163. The apparatus of claim 159 further comprising:

| wherein the multivariable equation is evaluated to calculate an actual bandwidth
parameter descriptive of the spectral distribution of the energy output by the light source
selected from the group FWX*M, EX**,

164. The apparatus of claim 160 further comprising:

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

may equal either X*” or X*’.

162. The apparatus of claim 158 further comprising:

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

may equal either X’* or X’”’.
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