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TI TLE Met hod and Apparatus for Measuring Bandw dt h of

an Optical Spectrum Qutput O A Very Small Wavel ength
w&eoog/oNspy ow Bandwi dt h Hi gh Power Laser FlI ELD BET/TUBEH04/019962

I NVENTI ON The present invention relates to the

accurate estimtion of bandw dth of a source, e.g.,

the bandwi dth of a laser emtted |ight for |asers

emtting Iight at narrow bR dt hs. BACKGROUND OF THE
MABNEN SDRRPRRS R T GLSLL BalPvdck OPAR it SBsctfurh Chutput Of

sourAc¥ery Bmgll Whedeargth Velrg Nowt @u BaoflwidthiHzhiRovcon Idtsr

neter for exanple is actually the result of

nmeasurenent, e.g., utilizing a position sensitive

detector, e.g., amPigPyol PHE NVEXTIORDA') as is well
known in the art. The bandwi dth neter has its own

r espbs pleaesqéru rimrdn@inﬁ trélates o dief acesrate]t\@stiméi@n rog ﬂvgﬁindgl of a source,
e spgta it of f sk ST RS oor® R BRIy baagviats.
g

dinmension |line features on, e.

U tra-Large-Scal e-lIntegration "ULSI") i nt egr at ed
circuit fabri cBﬁ‘HﬁG&&EP&Fi EANYENTIQNCr easi ng

Cri ty [ [ f g
SR IPES G kol BRI sl o ALY 0ngt
baridvkitith cdfitighEscuresre.gl tasayi Thebdbutput dWdeh a dantwidthhmpter for gxample
. defi :tg b ery narromy contr.gl.led bandw dth .around

18 qq%allg' Fé%/S“;(Ea YT ’h%g-etug\ﬁ%‘ﬁg 3 ROsiqnysensitiug detector, e.g., a

phdt Me?ﬁ‘i%?t(smé ) RESQMINEhRHLR HDEA. e HAREWRINE nleRr has its own

error due'to the |aser bandw dths required approaching
respirese Sanatiobdhatpasdifias ther spectirua bemgaheasyradruing. theoreasurement of

xanpl g on a recently rel eased product of Cyner, he,
theﬁ%@@%ﬁbr by assi gnnent of the present. application,

t he HSkAvVd08s tlRTeQrdaiHiod anwinsli-bw Beitiesl difnehdid® tin@features on,

etal on with a bandpass of about 0.12 pm and the |aser
e.gpr Gliradetrgetcdlatipgsratiem e AILSE b dpige@tedardigit 0 fabrisatiem gare  ever
. di.scount | ind c L oo
incfers el o SR AR e SplPRERD L R JeERRRIN e LI it partcule
shat Yavelénythh ddebpl Ukttayviolet VAYSVY had Ertematikgavdole-“EUSHPand with

B AR P LR T T
etalons used for such measurements are becoming much more susceptible to error due to
the laser bandwidths required approaching the same bandpass as practical etalons in use.
For, example on a recently released product of Cymer, Inc., the owner by assignment of
the present application, the XLA 100, an on-board bandwidth meter utilized an etalon with
a bandpass of about 0.12 pm and the laser provided an output generally between about 0.1
pm and 0.18 pm, discounting bandwidth resonance. The convolution then distorts the
measured laser light, e.g., in bandwidth, in ways that now make or will soon make
measurements of, e.g., the full width half maximum (“FWHM?”) insufficiently accurate for
properly monitoring laser output.

Currently the output of the bandwidth meter used as an indication of the bandwidth
of the measured laser light bandwidth is, e.g., a measure of a fringe width, e.g., at full
width half maximum (“FWHM?”) of a fringe produced by the etalon optics less some

constant error value sometimes called Etalon Resolution (“ER”) or Etalon Correction
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properly nonitoring |aser output. Currently the output

of the bandwi dth neter used as an indication of the
whandnddh of the neasured | aser |ight bandw dp¢r/iUS2004/019962

e.g., a neasure of a fringe width, e.g., at full wdth

hal f naxinun1( FWHM') of a fringe produced by the

(“Pi(taé)li glﬂn%?l FQE%%’I %g;ﬂ% ogrsékgg]dt 18;{, }%?%Fl\éﬁclaeugf f (e)q:)?esent invention
ungé}rtﬁ@ ﬁﬁrh@sﬂ&fl ﬁg-'jOOO R EIM SRS ingBI¥ewake fheterd, MitilidHg aSslope and
y the a33|8nee of the resent invention under

mt@meptnanmyla@bmmﬁ Dty PEMH empHBireagt WtBViha &, with A and C

Ll a_sl ope terc nmul ati on of
callaféin bl Shofe, CR Y pg it o htiRbach L T 2

cal qukrtied nbdd, thegefotddontn Ghpover@sthodslogy., at the tine
of manufacture. There is a need, therefore for an

i mproved net hodol ogy. SUMVARYOF THEI NVENTI ON An
appar at us and ”Eéﬂﬂﬂw&ﬁiyQﬂﬁﬁiﬁ%ﬁ@@Eﬁgﬁ r systemis
a bandw t

di scl osed whi ch may conprise meter, i.e
Spedin appRians axadjamtlmdl for meEdRing aamserrﬂymmwbdmdmedt\hhlch may

of .a spectrum of ht emtted fromthe laser, which
oY GRS I raﬁtf:? RO M Hy TFAspre an unknown
ba@ﬁk@la;‘}ﬁéf L QpReM] GL1igR AMitted R 1R 15&@8&5&3 RAf @B an optical

IS | d| cative of a paraneter of the unknown
bahdwiditi uhedsudhg this adgeed taprobisicag amontput @mcaauredparmeter, which is

in et pSROERS of e oo e tidE of THh Gyl AR hifured; o
repiRiel dpATRnstef Q:@rr@@lﬁﬁg ding addptddh o fcohipteda B@@@éd ?@@rameter of the

Par anet er * (Measured Paraneter MPY) )
uninovih b vi thh‘éf SE?F@YWPb%lFlé meagyred é@%@mgg@éh%fomula Reported

a tc an are deternned
P aééeg ulggr? g] |{3Ni %ﬁ%ﬁ% %{leﬁe (olgl‘tiki &I Cgandwi dt h
Wﬁﬁfiﬁﬁ uhid Rg amndi NP Mre netifferesetybe of pughtetedfand nhewsalued oA and C are
of RP. The optic band dt h ng.unit ma )
defegmier! hgseghupait @«P et rhe oavcagﬁélﬁal gﬂ‘vpé‘%%‘flpg &pit MP response
foi RS MTRHn vaHER O?RPanTI?eI @t&ﬁl l?afnd@mﬁﬁ %éagﬁml\%)umt ma% comprise an

sp%ct roneter. RP may
1merfgromeﬁW( 7] dwdpelswen o}itlcak msRmnmy sm;he ag. an aettalED(%)larﬂd grating

SPERATIEES ) 60 besioui 1 S ERLCBY e bl M gpein X =X

RPAAGWE U D antd, nl NEP $¥SIHRMN o, at FWXM.

ERIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows a schematic diagram of a laser bandwidth monitoring system

according to an embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The applicant has discovered that the coefficients A and C referenced above in this
approximation can vary with changes in the detailed spectral shape of the source, these
changes being anticipated with operating condition or age of source.
Turning now to Fig. 1 there is shown a schematic diagram of a laser bandwidth
control system 10 according to an embodiment of the present invention. The system 10

may include, e.g., a laser 12, e.g., an excimer gas discharge laser, e.g., an XLA — 100
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according to an enbodi nment of the present invention.

DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS The
wappbkioesms has di scovered that the coeffici ent BCEUSI004/@9962

ref erenced above in this approxi mation can vary with

changes in the detailed spectral shape of the source,

th chan anticj pated w th erati .

UG PG DEGE BHCGAIARE DG RGO SLAger ey emita beam
ofhEl@crlQ eg , TBRNMUIE o8 COL OB Wb vAtPgbaIvAltha L] @820.1 — 0.3 pm.

bandw dth control system 10 accordi ng to an embodi ent

of {lhe bpareslérmay hf:/mqtdeohupowebeﬁys sitien 06 fdych may pass, e.g. almost

99|/ g%'ihequhg bmlég ffHB]&lgr ! é}n[ yaxgda |ﬁ;e gﬁ%%{tg‘ﬁyt Re rest of the

lighSini B Beudhs b&ﬁ‘n R eBekih 221Phy pdsedt thﬂ'di%maaﬁﬁﬂw[mtj detector, e.g.,
emt a beamof light 14 ., homnally at 193.368 nm
disppisiyezpr paigEomeiobandaidih deg;ctpr e.9, gn wfonﬂﬁle apgreate, e.g.,

a gg%ﬁébl%ﬁ%c 'pg%{g) g:fﬂgg%a)ogﬁfﬁgé th{;ltﬁﬁ% X hMT]beam 1§|mct1on of the

wavelengthg oDeetighOirathd spatiuacst tas bemm 20,122, theewiddsof thé peaks being

alstegi@%%?o?)fﬂ ohi he%%ﬁaw%sggﬁé”@%éf@?%%@t G B e
4 I%i e REh bk Qn&@éﬁg\ﬁ%(q{ 4h & ho?ocﬁtecto?@ &L, PhBMd-diodes

, can create . ean1h§%|ng peaks
(a (‘PDA”hg &idie) pliotodiodes gnotr ShDWl’l) r@sthwlﬂth 38r enaprbdwrst mgn a current

ngég#tgae Q{\%Igsvlg!ﬁ %?%H% ln{[,ﬁnalgjth hg I%Téit[ &CE@Q Elgslﬁ Ecrtsﬁrpgg‘gl%\e photodlode in
thd BDAL 3@NTAE vhﬂl@s Bﬂﬂﬁ%cﬂﬂaﬂes‘%aﬁ Be cﬁﬁ%feﬂltmd@gltal P@ré%ﬁtﬁﬁons and

in the beans 20, 22. The beam 28 can be incident u
pagged amy aybucsOB?ofto [hproerseere 34,091 theeanglog wrsios- efi Bigerol ge for each

phB%:> Qg)d)e mayh&e 8&9&9 9)' t%g zﬂ;'(%c(e&v\}j] 3% gﬂm))n‘%rtehqﬁ tf@éip@%s&gﬁh or in an

a nmeasu

1nﬂeff£1w1§1lot yh(ﬁfln)ttbethé ngh'fessoﬂ G dﬁhﬁi di@l@hvﬂu@fi@e@ﬁel hyea processor 34.
phot odi ode in the PDA 30. The val yes of the voltages
TheeRfosesE iy @moaa othsr dhiges. anay, b Hilized: iqrcommate® aﬂea%tg%% galue for

t he anal og versi on
A AR :

the vo ode may be passed to
t he Theoomsmoatiddmandalcotheeformd cigy ohe detaymémsion fBein ghe voltage

n an interface (not homn) to the. progcessor
valieg R b VEERE of Brpealocty by priptuBoRisgt phgotiotd o called
pB;!'eP§ QARRE s3fhilyanBng valub OF tHehk RY SurreBYoepiMtli ik 128 thah @ preceding
onpute a neaSured val ue for the bandwi dth of the

pl@etnmumvehmx iredi¢péimgsthe Qorice 2pixglhwag onpeakatfoBerverypyt Wiging the
phtopo%icfd% (et ‘\%Ilues%gr ﬁxggtog re%@rastiéleog]f tBE %ggkt, I&%.,Vioi(s 8&%13. Utilizing
any of a number of well known interpolation algorithms the processor can determine a
value that is, e.g., half of the maximum voltage value and also a location along the
photodiode array, at, e.g., a sub-pixel pitch, of the occurrence of that half maximum in the
spectrum as sensed by the photodiodes, on each side of the maximum, and thus determine,
from this separation the FWHM sensed by the PDA 30. This is sometimes referred to as
the fringe measurement at, e.g.,, FWHM. Utilizing, e.g., this FWHM bandwidth
measurement, the controller can, e.g., send a signal to an operator console (not shown),
e.g., indicative of the computed estimate of bandwidth of the light in beams 20, 22, e.g.,

being out of specification.
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val ues of the presence of a peak, e.g., by conparing

adj acent phot odi ode (al so called "pixel") val ues
waeoosabizyo until a value of the, e.g., current PET/ES2004/019962

pi xel is |less than a preceding pixel current val ue,

indicating the prior pixel was a peak fol | owed by

util t he odi ode_  curre ues for pixe

o t e st (Betnuo bt g Sty 4 il SpeuPogs o Eppn spectrl
baRdWidef oPtHRWIRAFuN® bf Wed.| thK N4xen eﬂn‘iﬁe%ﬂlﬂ%lh% HRNbAIE P0I b NERcording

the processor can determne a value th Is, e.g.

to halorpe @hd titercapixiormmaibVi éﬁg@, M WEIMITAG! @ringe ineesardneamt (e.g., at

t ho odioearr a su
BHRDE- G ROl B il peorkdy Wil g catbration
Vaﬁi@§€d & UVhith rﬁ@}nﬁedetbﬂ/mhéiﬁfoﬁi G e WeRSmeteN aleBe finkl dcfan@fufacture.
the maxi mum and thus determ ne, fromthis separation

Theprevatygnish 8¢ & B9y bedetpmpingd e grnbsscalibrajioneyiflhlight sources whose

N S Sy SR RTR B, A of s

applcitionltheevaleautilized gn calieattbngegi, FFVEHM of the spgeruat af the calibration

hggonsli,&pé‘(egzpegjg%m Rgggﬂe@hi%aggrb%t%{ ! )fﬁe %fé]élﬁ,é,lt h% CO(ITE)Zéetermlne the
baﬁchgtdth REi MY BPon of RES bhhdAuiP QettB®r RE ARE Ssﬁé’cftriﬁﬁ%tf light being

shown) I n the controller 34 may conpute the unknown
mepaed iyl thg bactiwidthhdetdctarheetepedl barafated to.ay.the Measured Earameter.

Thg%t ed?#d !P?r%{-né:#eg étﬁﬂ t%]e%fams@% %‘wﬁzptiz%ecg S19¢ ?rogg\ﬂﬁj Rem)rted voltages

frdoh Fl RIS A MBDASEH %ﬁﬁﬂétel@&o ﬂeterrﬁine %Mlﬁghﬂ'ls%f tHd A g AR8width and to
and intercept, A and %,lkiﬁl e.g., re det er m ned
iHashr

previfle genirol Etrvetionse thfelager if mxpt et u)eqr@raﬁngéﬁeeﬂmatwns
a g'A/c%gr %? te%ﬁao@i‘ine%i Sf { eéjent (Ii}R}%H{lgf? gﬁtgl%anthﬁ%e discovered

val ues o

thatailipbsasdi mfdmnaiibel mfgﬂhte b&ﬁmm&s dmhasﬁ dEéAHNbd abcmeamaiy bé achieved
W th a yvery accurate bandw dth nmeter. For purpgses,
whegs Gegalibiatian velHes #E d@*&i‘lﬁ’é‘eg o113 Mlsesuiorl Rapmgeat o) That i other

th%x i% l%fggyf@d PrafBfr @@@5 A ﬁ&] b mg)ﬁ]se iCAE LRk 'tlﬂﬂaéél gmis looking for

referred t e Reported Paraneter.
an\RIP o€ FIWHM thenl thia)S}d‘etreil@mmddtbhe:ahhmbbdi atiitsbmeﬂnrtg‘iése e.g., FWXM,

VIFGRE ety MEstPAdTY RS ko Lo bbcwRt B fbefion of the

baWidddipBett@bei Be i t@as dohe atMRBRASHAGG R PWBLE! ¢ 5. TPW?’S%M This
Measured Paraneter is, therefore, the conputed val ue

mgst kavetthe bRegiisial @&e%tdhmali;‘é@ Stabbmepthe IPEyscagitive exjother variations in

th‘% lb%%d%gﬁi%&e ]%OIS pr OVI fgdtnth?cﬁahg& ; ?{rm%c?ge h&g&l %%2}11 operating
env@s@heritf ot iy bakes sdn81t1m®to vhdnBédinaiiidrglatangeters of he spectrum of the
lasSéP eli%cla falsct%gl lgsnei'life grows, e.g., EX%, e.g., E95% (“E95”). That is to say, a
measurement of the purity of the spectrum, i.e., narrow bandwidth, from the width of the
portion of the spectrum on either side of the peak of the spectrum containing some
percentage of the total energy (or at least some reasonable approximation of the total
energy, e.g., £ 10pm on either side of the peak) of the spectrum. This could be E95%, or
E95.5%, or E93% as examples. That is, 95%, 95.5% or 93%, respectively, as examples of
the energy in the spectrum existing at, e.g., =10pm on either side of the peak.

In operation according to this embodiment of the present invention, the processor

in the controller 34 may be programmed to utilize the same interpolation algorithm to
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According to an enbodi nent of the present invention

appl i cants have di scovered that inproved perfornmnce
wotooshersbandw dt h det ect or descri bed above mayPGBUS2004/019962

achi eved where the calibration values are determ ned

for a Measured Paraneter ("M") that IS other than the

EiRBA BOCVAY. e (soRURGP & Cdin BEPIGRS ROIePHER i Rpolsied values
eqﬁMﬁ‘%]e%%oof: @Hél glaQeat GRd 'p@ﬁl@to?(-th@ts &Qﬂiﬁ{ Bhnegth%i‘ %ﬁle 8f the max, as
where X i s other "than 50% max) ,

indiyatsdavly thedutrhets ofl the photodivdos int H@ BEAdWi) dtThlftl e'a]elctmay then be

g0 AR B R L2 XYMy e 10

FV\F@IMIMﬁy tte R@ﬁcﬁteﬂePﬁﬂaﬁie’t@ trpoy f&@ﬁldVBdS IEX, elgs E95% and the
t he bandw dth neter response due, glf to changes
Measared| Paramgter chiylg® sopld b@ét\ﬁtﬁl\ﬁge &nvi WiMenin operagigy then the

caﬁﬁralu?t% 3t i nﬁ'{:{w 'gy ?n tn?an%Fa%ﬂgg gxéo % &tnpgs g ﬁﬁ‘({ ﬁ%g&%re otOtLe t?)'%:indmdth

spec r dim Of aser

deeecr,at EXVKMG .efs., FWIY0t6" hﬁﬁﬁsﬁectrﬂ' hth htghlt}lmc&ﬁ‘ytel}ameasurements of
measur enent _of the q@\g& of the spectrum
ag

ESfRator SRPTBHRRItectabtest ipdiihe sooeier gbovGHBR thp &eported
pﬁﬁﬁ%&{ﬁﬁ%@ﬁgﬁhhggﬁnﬁkpe of the peak of the spectrum

contai ning sone percentage of the total energy (or at
| easRP gefit8oreaAs (niapd meaguperroont EWDAV))of Ct he t ot al

S pedtly ks Hiriner,cORT blbeiegnspuid, bEad EHISHRT pih e, reibonse at
FW2 S99 6B the Haadwidth dfleter rﬁéasﬁréwgai%&ﬁgm %ﬁl@ﬁ&ifﬁ FOIIIM Bidwidths

exanpl es of the energy in the spectrum existin
and the protegsen irthe conirallers B4 @sqdftOtrhteorbelattthe Rnp@tfdr%ramﬂer according
t0§ Cq%rdl g to this enbodi nent of the present invention,
Hp&?essor in the controller 34 nmay be programed?

t 0 WP (FWEINIe Ag‘éﬁfi&?xgd: ﬁte@ftﬁahattl(tawwygﬂ})m @m t oconput e
FW59%M i . e. he nunber of pi xel s bet ween

t he Iprt‘tle‘ihﬁb%'t(é’dm@lﬁl of dae rgeeat tmsntmélerfowelaw b the
h
Praselne Ang pman Ay enrt g D2 T 8

i ndi ca urrents o odes in t he
PDA Applickit Iss\didcorecredithat htelnzlh@ erg,p]bWé%M mepheed i;ethe zhandwidth

aelfire it slons #q dPRoebl FOPRORGS (1 PARS ML oY s doplaukidtly used

ba%i@trﬁcﬁh Q.@te@é?s e gg wnﬁ%/glfeeftatt hﬁt%&ﬁ@dﬁ@l (F@tmbﬁ e.g., an XLA-

coul In operatlon t hen
IQOh@a@e by ﬁh@ﬂﬁ&!ﬁﬂeamfﬂh@ pt@@mtomph@@uqm raufeé@thmemkumdwty to, €.g.,

sp%%égS éﬁ]eed ﬁ@ﬁqﬁ/&?s eqo%éh{e%iyp%? (rjaa O\lﬂf %b]/d hwgﬁ?‘g change in resolution,
i.caAcelatiat @b itk acdlé. e eRtigliefed that the effect will be to reduce, e.g., FWHM
tracking error by about a factor of two, e.g., for resonance-induced bandwidth excursions,
e.g., significantly reducing the probability of reporting out bandwidth that are our of
specification when the laser light is in fact within specifications for bandwidth, and other
problems. In the particular embodiment of FWHM as the Reported Parameter and
FW75%M as the Measured Parameter utilizing FW75%M on the output of, e.g., the
photodiodes in the PDA 30 may, e.g., yield a Reported Parameter that is less sensitive to
energy in the spectral wings of the spectrum being measured than if FWHM were actually
used on the output of the photodiodes of the PDA 30. Depending, e.g., on specific spectral

shapes, other bandwidth metrics may be utilized in the measurements based on the outputs
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E95 to determ ne the values of A and C, and the

processor 34 will output the Reported Paraneter based
waip@s/0013e9 f ormul a: RP (E95% = A*(fringe measuP€nBRf1004/019962

(FWKM) + CIn like nmanner, the calibration could be

at FW5%Mv and the response at FW5%M of the bandw dth

Of el GG PATATHES Hid e Sb el RRUST BiEPS: 11 obisp! beipgyto vield
’cheitc ‘Be§te?éa}f6nﬁlgﬂé(el:%uﬁ@? ot ReboFled 2Bl @P%@ﬁdﬂdﬂg\?t &vér e widest

or M. HV) = A*(fringe nmeasurenent (FW5%/)) +
baglwidtharogehand astipipdtedeatiatidn inthe deteidasiapestral sharieon, t he

formil a A RP.(E9R) = A*(ftinge r .
(P of Jled R pG s o st o 08 S fBRA SR o spgodiment
of €hedpresemVIn A oxEiR St @ik hahdivitEh Beshtow illizedl 6h €6 oo sMdslof the slope
sl ope and intercept calibrations also made at,Z FW5%\
ang jntercapy §qugtenl nBethan b Fhegwemeciype.s 2 kettgr appypximgiog of the actual
s RGEUL g BREAE B S A e B ABR fr i
refoRtdd Gatagittdr | themsirid dedsiryd fon repriing the pandwidth &XhS spectrum having
bl eed-through.is.possi ble by up to about 50% w thout .
the; Halengavn bandBadshyiq gterent drom the mes Rt RAHPSIEN a%teglpyemeasured in
' L e e i i |
(o HeleBtop gy HF oy BTRLosS bl upef &P Stpofoliaecs from the
phetogiqdes of, er@sthrdiias-IMdug.e BPoiarkif atd V@ iouF WitByisgr RP in FWHM

. Sk gl b tl [ t babi | i.t f .
anfl 1 i TS0t 5 R Tt B ol eesnggiys M value
anWhBO atihds bRER shhp@BE tHeSpdsibleagikndivh NipBettP@ei defiad bfd Seasonably
for bandwi dth, and other problems. In the particul ar

sysiempatiiabhs or physiFalvsenstrained se ot thedponetaspiection HARP v. MP can be
W 59 . Measured Paraneter utilizing FW5%M on
de{eﬁlg?né‘glta%%%l{lg%d' e.g., the photodiodes in the PDA 30
may,Tie. dbove Verithed ehbpainicats Hathapeésent invanhtidrsartedatended only for
sensitive to energy in the spectral wings of the . )
explgaelionu A STusgen FUFRASCY. Anth 21 DRV O emaRodigeity in which the
pr%ﬁfj iR Rntife 1‘9%‘ RLigOf Tllﬂc?s]g POGHiQdiPdRS £ ienAAR: that many
pendi ng, e.d., on specific spectral shapes, other
mddificatiods hndrebariges nrayybebeadet ol the descrihed hmbodiasntsemiiniug changing

based t h tsof . .e.d.., the PDA phot odiqdes. . .
EFSE A% RSB beRl 5 et e RSB AP Beccion
apphi8hd bheicbeshlone hey MNGRILAC e RENdOTthe eResshRd parameters for

esti mate of bandw dth) over the w dest ] ) }
computing the reported parameter. The scope of the present invention, therefore, should

be considered in light only of the appended claims and legal equivalents.



bandw dth range and antici pated variation in the
detail ed spectral shape. Those skilled in the art wll
wae@sostsand t hat an i nmportant aspect of an enbpdi/DEI004/019962
of the present invention is that the bandwi dth netrics
utilized on the two sides of the slope and intercept
equation need not be the s e, a better
approxi mati on of the act ua‘?ﬂgm dt h bei ng neasured
VWE @&f Ap®. capabl e using this techni que where the netric
for the reported paraneter ( the netric desired for
1.1 epoh tdseymphigoringraystent poroprisikgs spect rum havi ng t he
unknown bandwi dth) is.di.fferent fromthe asure
par drepa POt e adabicd b bR RS oh LSRG UEREROEb g a speptrom of
ligheaithy fidie iy legeSeaiprlaged upon the out put vol tages
fromthe phot odi odes of, e. % , the PDA 30), e.g., RP ,
i n EoPphgd hopdwiltiroywepsusing rpitiadapted-o prAvidy/es amowppEyappasured
 ded. . . : . .
poPLALS PR o IRy EBLA B ERRof e bR A Rl g spectrum
beidpanezasidbl e unknown spectra are defined and

reasonably systematically or physically constrained so
t hat? ICRY UGS} RPCtS R wWRYtER uptt apgpted togompute pesported parameter of
I et gT=Tal el sB&Grum ﬂ?ﬁ‘%it .

thgéjrrboél)i nment g@gtflhg EEJGS esent%ﬁégﬁ%{l&%ﬂ@a}gg I N 8%3%50“38}%

f or Repottad Retaoeta(tRPT) Fus tr(Mdasured Beposts (GviIB”)areCnot

the only_ e iments.din ich.the present inventipn
whedin i 800 3 85 AR meati e O Pl g he by o K C ae
detdtlinddBHAYedBUnf dafiBiatiON 51 BB Spa & BERSVIABYmBRAuARS Bnit ®1E RSponse

descri bed enbodi nents w thout changing the intent and :
foglightiof kpewn valugd eéERRt i nvention. For exanpl e, other

bandw dt h detecti on apparatus besides etal ons may be

utilized to provide the neasured paraneters for
2.CONPIHe dp@aiahies of epixnticfirtharodmpiieing: The scope of the

present | nventjaon, therefore, should be cqgnsidered in .

lig Hhe BWF%?I b@nc}m@th@@gmu@f COIARIISEH AN }rgegrgqrometnc or dispersive
op@igé{iiﬁﬁhﬁl'ﬂéﬁ: CLAIMS I /WE CLAIM 1. A laser nonitoring

system conprising: a spectronmeter neter adapted to
measure an unknown bandw dth of a spectrum of |ight

emtied fromthe lLaser,, conprising: an optical
3-pand ecﬁpﬁaﬁ‘?g}ﬁ rc}ah‘aslutﬁ#t{leré:& ¥et o provide as an
out AHt optidHEBSMIVAEth measuring unit comprises an etalon.

b

The apparatus of claim 2 further comprising:

the optical bandwidth measuring unit comprises an etalon.

5. The apparatus of claim 1 further comprising:
RP is at FWXM and MP is at FWX’M, wherein X = X’.

6. The apparatus of claim 2 further comprising:
RP is at FWXM and MP is at FWX’M, wherein X = X’.

7. The apparatus of claim 3 further comprising:
- RP is at FWXM and MP is at FWX’M, wherein X # X’.
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paraneter, which is indicative of a paraneter of the
unknown bandwi dth of the spectrum bei ng neasured; a
WO 2@s001Bd9 par anet er conputing unit adapted to POIPH1064/619962
reported paraneter of the unknown bandw dth of the
spectrum bei ng neasured according to the fornmula:
Reported Paraneter ("RP') = A * (Measured Paraneter
("MP") ) + C, wherein the RP and MP are a different
typ f AAGihE es.,0f A and C are
8'det Gezrrﬁr%ﬁar?g%ra asggragggn cal |cgrﬁ1§tﬁ?%§ of the optical
band¥ dtat FREaMLadgP unattF WK’ Ve syberesie Xf-0K’.| i ght of
known val ued of RP. 2. The apparatus of claiml
further conprising: the optical bandw dth neasuring
9.Uni tTiROBBLLASS Bfih 1 BAEGIBRRIEIG, O di sper i ve
optical "fnstrunent. 3. The apparatus of claiml
f ur tR2Ts at &X36 iasd MP. isthEWOPVA. cal bandwi dt h neasuri ng
unit conprises an etalon. 4. The apparatus of claim2
further conprising: the optical bandw dth neasuring
10uNi ITIOFPRIaAR DT BRIB DEUARer complidfgappar atus of claim1
further "conprising: RP is at F\/\Xéland MP is at FWK' M
wherRF is gKE oaII@l\’?Pl‘iﬁ@tEB@éMat us of claim2 further
conprising: RPis at FWKMand MP is at FWK' M wherein
X X . 7. The apparatus of claim3 further conprising:
11RP i 'Bhetdppindii¥lofioityB fush@tcolPkisMg: wherein X X .8. The
apparatus _of claim4 further conprising: RP is at FWKM
andNFP isat FXrppd MP igseF®RMx X' . 9. The apparatus of
claim1 further conprising: RP is at EX% andWP is at
FWKM 10. The apparatus of claim2 further conpri sing:
12RP i Bheadppirdfits anfi dlelin idfustherfeéd¥iyirising:

RP is at EX% and MP is at FWXM.

13. A spectrometer for measuring an unknown bandwidth of a spectrum of light,
comprising:

an optical bandwidth measuring unit adapted to provide as an output a measured
parameter, which is indicative of a parameter of the unknown bandwidth of the spectrum
being measured;

a reported parameter computing unit adapted to compute a reported parameter of
the unknown bandwidth of the spectrum being measured according to the formula:

Reported Parameter (“RP”) = A # (Measured Parameter (“MP”) ) + C,
wherein the RP and MP are a different type of parameter and the values of A and C are
determined based upon calibration of the optical bandwidth measuring unit MP response
for light of known valued of RP.

14.  The apparatus of claim 13 further comprising:
the optical bandwidth measuring unit comprises an interferometric or dispersive

optical instrument.



11. The apparatus of claim3 further conprising: RPis
at EX% andMP is at FWKM 12. The apparatus of claim4

WO eoosloer3sozonprising: RP is at EX% andMP i s at PUWNE2008019962
A spectroneter for neasuring an unknown bandw dth of a
spectrumof |ight, conprising: an optical bandw dth

asring unit .agdapt to provi.de as an output a
15n|’r§a:ﬂ}eea&’%6rgpuasr?£tcea}rg lmﬁericgnﬁpﬂﬁlingative of a paraneter
of tihe optidan BaviviamdiéGdinDinit fEnsRes bk sAldAei Ng

nmeasured; a reported paraneter conputing unit adapted
to conpute a reported paraneter of the unknown

andm t tEEHﬂ'@ | neasured according to
lét?he%%?lgusﬁgg%?@gg arg%gtng?im RP') = A * (Measured
Par airebptical bitdiidth nteaSuringetietoinprives HPealaMP are a
different type of paraneter and the values of A and C

are determ ned based upon calibration of the optical

andm ' i :popse for |ight of
lenodm#es{f?ueg S)EHFEQ%Q 1?%&%%500%1 E‘%‘rﬁ tus of claim 13
f ur tRR s at GIWiX MsamigviPtik et BWX’ Mg whestl i €K, measuri ng
unit conprises an interferonetric or dispersive
optical instrument.15. The apparatus of claim13
1§, Ur VAR appORisioR ket 1T phfiphisigndwi dth measur ing
unit conprises an etalon. 16. ﬁe apparatus of claim
14 fRIP ishee FWXNDaridSVIRGs at FWXOM, mdeteibXneXr dt h measuri ng
unit conprises an etalon. 17. The apparatus of claim
13 further conprising: RPis at FWKM and MP i s at
WK j : X ratus of claim 14
19?urt%r%?ﬁﬁsﬁgﬁﬁéﬁlg%ergpﬁg and MP is at FWK' M
wherRP is 2K FWKXM drll MPhie atdpWwad’ B, weheadin 8l -aXm 15 furt her
conpri si ng:

20.  The apparatus of claim 16 further comprising:
RP is at FWXM and MP is at FWX’M, wherein X = X.

21.  The apparatus of claim 13 further comprising:
RP is at EX% and MP is at FWXM.

22.  The apparatus of claim 14 further comprising:
RP is at EX% and MP is at FWXM.

23.  The apparatus of claim 15 further comprising:
RP is at EX% and MP is at FWXM.

24.  The apparatus of claim 16 further comprising:
RP is at EX% and MP is at FWXM.

25. A laser control system, comprising:
spectrometer means for measuring an unknown bandwidth of a spectrum of light

emitted from the laser, comprising:



RPis at FWKM andMP is at FWK M wherein X X . 20.

The apparatus of claim 16 further conprising: RP is at
WORKMoansgo VP is at FWK' M wherein X X . 21. TPE€T/US2004/019962

apparatus of claim 13 further conprising: RP is at EX%

andMP is at FWKM 22. The apparatus of claim 14

furthecg Nl E{‘nl si.@g: RP is at % and. .\MP i s at Fg\XM d

2. theptieal i gpeakyrlnd oS Fon A ANE iy 3R utmyh 2 mgesure
parsmeter, BifelaRdndiEative otk phdiidter o4 thelBnaRA BEAIWAHAS the spectrum

¢claim16 further conprising: RP is at EX% andWP is at
baingayeasped; A | aser contr ol system conpri sing:

spec [ known bandw dt

of ot B EbaRAF od Bt TR O GHhtRE0 R opBl Blablclrof e
ukoopnibahdygiddnoht seetrutietethid ttdsursiasosidhig ER B rhalk:

providin gs,an outpuf a measured parameter, which is

i ndi %RQF%Q &%al%et‘aa(rgﬁét—ef—\ oMeagared derrsnateri aMEW bt K- of
whélEinSRERPTAMMNIE 'a#}:% dERRH f?ﬁé of’%a{rgﬂﬂgtre{' &k MBYAREL 6F A and C are

conputi ng nmeans for conputftng reported paraneter 0
detéreningikiraseduanchlibotion of thelvgtisyd dahdwiditbmicagring agit MP response

according to the farmul a: Reported Paraneter ("RP") =
f%ﬁg&(ﬁ‘é@‘d?é/&f“ﬁg%%ter ("MP") ) + C, wherein the RP

and MP are a different type of paraneter and the

values of A and C are determ ned based upon
2@ al | Breaanperatustolichedmaist fughgr dompeiisingt h nmeasuring unit MP

- |4 f K lued of RP. .26. T .
PRt Bpotd Bl Btos i Rt S arRes Mo opispersive
ofialdwstelithenteasur i ng means conprises an interferonetric

or dispersive optical instrument. 27. The apparatus of
claim25 further conprising:

27.  The apparatus of claim 25 further comprising:

the optical bandwidth measuring means comprises an etalon.

28.  The apparatus of claim 26 further comprising:

the optical bandwidth measuring means comprises an etalon.

29.  The apparatus of claim 25 further comprising:

RP is at FWXM and MP is at FWX’M, wherein X = X,

30.  The apparatus of claim 26 further comprising:
RP is at FWXM and MP is at FWX’M, wherein X = X’.

31.  The apparatus of claim 27 further comprising:
RP is at FWXM and MP is at FWX’M, wherein X # X".

32.  The apparatus of claim 28 further comprising:
RP is at FWXM and MP is at FWX’M, wherein X = X’.
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the optical bandw dth neasuring neans conprises an

etal on. 28. The apparatus of claim 26 further
w@omsndsing: the optical bandw dth neasuri ng nREIES2004/019962

conprises an etalon. 29. The apparatus of claim 25

further conprising: RPis at FWKM and MP is at FWK M

whergin X X aratus. of claim26 further
33Corrp esarpﬂ?@rauﬁrgfcglrﬁyg%\}&ﬁﬁpé‘rﬂwsmgz at FWK' M wherein X
Rhis aflPxeappanat 14t efvehai m 27 further conpri sing:
RP is at FWKM andMP is at FWK M wherein X X . 32.
The apparatus of claim28 further conprising: RP is at

347 VWK ndI\/P n X X .33. The

appalvlr‘ ta&)gargus&%glaﬁ%\{\?g%qrﬁgplpmswﬁri sing: RPis at EX%
andNEP issat #X % WMMIBHA.at Fiexeppar at us of cl ai m 26

further conprising: RPis at EX% andMP is at FWKM 35.
The apparatus of claim27 further conprising: RP is at

EX% ﬁ@l ratus of claim?28
5furtﬁ{%d4¥gaollﬁ%lrsﬁ)t£|c§§§%z i'S a? %@818 hd MP is at FWKM
37. P sy @00 ard ®P isat FREAsUri ng an unknown bandw dt h
of a spectrumof light, conprising: an optical
bandw dt h measuring neans for providing as an output a
36TE S RARRTR LRm 28t kricBmpRdihgat i ve of a paraneter
of theeecg)ﬁknom ban%vm%lg >F mh gectrum bei ng
rreasRﬁ’Eda;tEé(%ap@MféxSapEM@fM;er conputi ng neans for
conmpute a reported paraneter of the unknown bandw dth
of the spectrum being neasured according to the
37 or mlkgectibaRe: ¥&qn8@,m%@wﬁnxdb%"wan&wﬁth of MERIHLBDS light,

Paraneter ("M") )
comprising:

an optical bandwidth measuring means for providing as an output a measured
parameter, which is indicative of a parameter of the unknown bandwidth of the spectrum
being measured;

a reported parameter computing means for compute a reported parameter of the
unknown bandwidth of the spectrum being measured according to the formula:

Reported Parameter (“RP”) = A * (Measured Parameter (“MP”) ) + C,
wherein the RP and MP are different types or parametes and the values of A and C are
determined based upon calibration of the optical bandwidth measuring unit MP response

for light of known valued of RP.

38.  The apparatus of claim 37 further comprising:
the optical bandwidth measuring means comprises an interferometric or dispersive

optical instrument.

39.  The apparatus of claim 37 further comprising:

the optical bandwidth measuring means comprises an etalon.

40.  The apparatus of claim 38 further comprising:

the optical bandwidth measuring means comprises an etalon.

11



wherein the RP and MP are different types or paranetes
and the values of A and C are determ ned based upon
w@adosloospd on of the optical bandw dt h neasuri nBCT/OB1004819962
response for light of known valued of RP. 38. The
apparatus of claim37 further conprising: the optica
bandwi dt h neasuring nmeans conprises an interferonetric
or dispersive optical instrument. 39. The apparatus of
4| ai ThedapphrabishEiclG@BT fusthéiTonipigingpt i cal bandwi dt h
measuring nmeans conprises an etalon. 40. The apparatus
of cRBivatF3VXIYE andeMPois apk Wi’ g whebgin &t IX3al  bandwi dt h
nmeasuri ng means conprises an etal on.41. The apparat us
of claim37 further conprising: RPis at FWKM and MP
41.s arhdIpRarbsiFicRiin 3% further bdpriting: appar atus of claim
38 further conprising: RPis at FWKM and MP is at
FWK' RE isiti gTVEX I 26d P is 48F WRE M, apdseeimUus X8f ¢l ai m 39
further conprising: RPis at FWKMand MP is at FWK' M
wherein X X . 44. The apparatus of claim40 further

43?0Wﬁ&@%aﬁﬁ%ﬂc&hﬁ@9%%ﬁmﬁ%ﬁn‘g$ at FWK'M wherein

X X.

The apparatus of claim37 further

conpRP & st g WRM qugl MP iEx0F Wad MywvliegeimiX #1KM  46. The
apparatus of claim38 further conprising: RPis at EX%
and MP is at FWKM 47. The apparatus of claim 39

44 ur t ey app@RiRisi oFicRiin 48 uttBerdonfpti¥ngnd MP is at FWKM
48. The apparatus of claim40 further conprising: RP
is akP Bk Mvind MPas arFjiR, M gvhercimet w1 &3, f or
controlling a | aser, conprising:

45.

46.

47.

43.

49.

The apparatus of claim 37 further comprising:
RP is at EX% and MP is at FWXM.

The apparatus of claim 38 further comprising:
RP is at EX% and MP is at FWXM.

The apparatus of claim 39 further comprising:
RP is at EX% and MP is at FWXM.

The apparatus of claim 40 further comprising:
RP is at EX% and MP is at FWXM.

A method for controlling a laser, comprising:

utilizing a spectrometer means for measuring an unknown bandwidth of a spectrum

of light emitted from the laser, by:

providing a measurement of a measured parameter, which is indicative of a

parameter of the unknown bandwidth of the spectrum being measured;

computing a reported parameter of the unknown bandwidth of the spectrum being

measured according to the formula:

Reported Parameter (“RP”) = A * (Measured Parameter (“MP”) ) + C,
12



utilizing a spectroneter neans for neasuring an
unknown bandwi dth of a spectrumof light emtted from

W0 b@sloarsey , by: providing a neasurenent of a nMREEUSHA4/019962
paraneter, which is indicative of a paraneter of the
unknown bandwi dth of the spectrum bei ng neasured,

0 [ a orte araneter of the no
wESTRRE ¢ M e VE Sttt e R Brant Ay and C e
detdimidedriiid BuponeRRbiageh HethadBlied band¥dih medufing MEASY RSponse
Par aneter ("MP") % + C, wherein the RP andMP are a
foglightet &nown yplae@pf BBr amet er and the val ues of A and C
are determ ned based upon calibration of the optical

bandwi dt h nmeasuring unit M response for |ight of
Sknoviihesabitied odélaid49 Bfthed bampidiied of clai m 49 further
conprising: utilizing an_interferonetric or dispersive
opt | WaiZinga ipieRierAmataG ondsRauN VS gPHgebinsunen for measuring the
o&i@ﬂ%ﬁ%ﬁthsl- The net hod of claim49 further
conprising: utilizing an etalon for neasuring the
optical bandw dth. 52. The apparatus of claimb50

further c ri.sing; uytilizing.an etalon for neasuring
Sk he ﬂmme%ggsj_sﬂ_aw?a? ﬁﬂ.ﬂlsé?o Wt hod of claim 49

fur tlh_ﬁfziﬂ;%oﬁpe’tél%h R md3Bulissy BE op¥VbandiMan. s at FWK' M

wherein X . 54. The nmethod of claim50 further

conprising: RPis at FWKM andMP is at FWK' M wherein X

3. B5. The nethod qf claim51 .further conprising : RP
s KU D RPEHREe n . 86, The. et hod

of GltRizifghsh dtalbh Rmeeimiid tht BpticdBahdwiath. FVWKM andMP i s

at FWK' M wherein X X . 57. The nethod of claim49
further conprising: RPis at EX% andWP is at FWKM

53.  The method of claim 49 further comprising:
RP is at FWXM and MP is at FWX’M, wherein X = X’.

54.  The method of claim 50 further comprising:
RP is at FWXM and MP is at FWX’M, wherein X # X’.

55.  The method of claim 51 further comprising:
RP is at FWXM and MP is at FWX’M, wherein X = X,

56.  The method of claim 52 further comprising:
RP is at FWXM and MP is at FWX’M, wherein X = X’.

57.  The method of claim 49 further comprising:
RP is at EX% and MP is at FWXM.

58.  The method of claim 50 further comprising:
RP is at EX% and MP is at FWXM.
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58. The nmethod of claim50 further conprising: RP is
at EX% andMP is at FWKM 59. The nethod of claim51
WO eoosloer3sozonprising: RP is at EX% andMP i s at PUWNG2060019962
The nmethod of claimb52 further conprising: RP is at
EX% andMP is at FWKM 61. A nethod for neasuring an

nk WN ectrumof |ight, conprising:
Séjutll Q‘?Wﬁﬁﬁﬁ\/\%g}ﬂ%g ﬁBHWEﬁPIBPHSIH%aSUH ng means to

Pr oVRE s AF 3% a8 MIls A FVERRUr ed parameter, which is

i ndi cative of a paraneter of the unknown bandw dth of

t he spectrum bei ng neasured; conputing a reported

ar I . U 0 handwi.dt h of the spectrum
6(2 aﬁﬁén@g%lﬁéggag%g?wr%m%’ﬂ% "%or nul a: Report ed

ParaHEﬁ@itHX%%blmﬁa*tFMmured Paraneter ("MP") ) +
C, " wherein the RP andMP are different types or
paranmetes and the val ues of A and C are determ ned

sPased Rk, ﬁ)?kﬂe%g@ '&%% ﬁélé&pg %thv{r g@' ofgasggm Bf

measuri ng unit NOWN va
comiiprRihg: 62. The nethod of claim 61 further conpri SI ng.

utili anlnt rferopetric or dispersive optical
st o 3R BB oA IR 2 an output a measured
pd¥RASHEE, SfHRH is uﬁﬁcatﬂ;g ®f Qg&fﬂﬁféteﬁ’ of Hetinh&in baidWIBHh of the spectrum

conpr|3|ng utili1zing an etalon to provide the optic
bayagrareisitdd; neasur enent. 64. The et hod of claim 62

further onpr.i si utilizi et al on i de .

opt | e SRR ettt et SkaShananauitnber Wp el beine
méélsufddrdcb(ﬁﬂlrf‘gQHﬂ[d fghﬁ@a RP is at FWKM andMP i s at

FWK' M wherein 66. The apparatus of claim62

f ur t Renorted &,gfair@tqié“RP”) A * (Measured Parameter (“MP”) ) + C,
wherein the RP and MP are different types or parametes and the values of A and C are

determined based upon calibration of the optical bandwidth measuring unit MP response
for light of known valued of RP.

62.  The method of claim 61 further comprising:
utilizing an interferometric or dispersive optical instrument to provide the optical

bandwidth measurement.

63.  The method of claim 61 further comprising:

utilizing an etalon to provide the optical bandwidth measurement.

64.  The method of claim 62 further comprising:

utilizing an etalon to provide the optical bandwidth measurement.

65.  The method of claim 61 further comprising:
RP is at FWXM and MP is at FWX’M, wherein X = X’.

66.  The apparatus of claim 62 further comprising:
RP is at FWXM and MP is at FWX’M, wherein X # X’.
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RP is at FWKM andMP is at FWK' M wherein X X .67. The
apparatus of claim63 further conprising: RP is at
WO-RKMoansgo VP is at FWK' M wherein X X . 68. TPET/US2004/019962
apparatus of claim64 further conprising: RP is at
FWKM and MP is at FWK M wherein X X . 69. The
apparatus of claim®6l further conprising: RP is at EX%
and MP is at FWKM 70. The apparatus of claim 62
67t ur tTherappaais iof clagn 6RPurtiser abmpi8imgnd MP is at FWKM

71. The apparatus of claim63 further conprising: RP
is & Eﬂ/ﬁmdil\ﬁp ag At My wherpieXah¥ar at us  of

claim64 further conprising: RPis at EX% and MP is at
FWKM

68.  The apparatus of claim 64 further comprising:
RP is at FWXM and MP is at FWX’M, wherein X = X.

69.  The apparatus of claim 61 further comprising:
RP is at EX% and MP is at FWXM.

70.  The apparatus of claim 62 further comprising:
RP is at EX% and MP is at FWXM.

71.  The apparatus of claim 63 further comprising:
RP is at EX% and MP is at FWXM.

72.  The apparatus of claim 64 further comprising:
RP is at EX% and MP is at FWZ{M.
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