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VETHOD AND APPARATUS FOR MEASURI NG BANDW DTH OF AN

OPTI CAL QUTPUT OF A LASER assigned to the assignee of

the present application and filed on the sane day as
this application (Attorney Docket No. 2003-0056-01),
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BACKGROUND OF THE INVENTION

Spectrometers are well known for use in the measurement of both
wavelength and bandwidth of light sources, e.g., lasers. The output of such a
bandwidth meter for example is actually the result of measurement, e.g., utilizing a
photo diode array (“PDA”) as is well known in the art to measure, e.g., the
bandwidth of an output from the spectrometer optics, which is actually a convolution
of the actual bandwidth of the light spectrum input into the bandwidth meter (the
actual bandwidth to be measured) and the response function of the bandwidth meter.
The bandwidth meter has its own response function that modifies the spectrum being
measured during the measurement of the bandwidth.

If this were process could be accurately represented as the mathematical
convolution of two analytic Gaussian or two analytic Lorentzian spectra, the

bandwidth of the laser light could be determined from the response of the meter with
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are not in such sinple analytical formnor are the

response functions of, e.g., optical dispersive

bandwi dth detecting instrunments, e.g., etalons. The

spectroneter optics, particularly an optica
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ebabdwidil drburdl thavepassaveiength, the etalons used for such measurements
are becoming much closer in response function to the bandwidth of the laser light
itself, the traditional delta function no longer applies. For, example on a recently
released product of Cymer, Inc., the owner by assignment of the present application,
the XL A 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



about 0.12 pmand the | aser provided an out put
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distorts the neasured laser light, e.g., in bandw dth,
in ways that now make or will soon make measurenents
of, e.g., the full wdth half maxi nrum (" FWHM")

i nsufficientlyaccurate for proper input into
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customer laser and to expensive to maintain one at each customer site.

If that were not enough, there is a growing belief in the industry, e.g., for
semiconductor manufacturing at sub-0.1 micron line width manufacturing that the
real measure of bandwidth for proper control of purity is, e.g., E95, which is a
measure of the integrated energy within the laser output spectrum that constituted
some percentage, in this case 95% for E95 of the total energy in the spectrum,

limited by some finite boundary on the roll off of the energy on either side of the

peak(s) to zero at +/- infinity, typically about 10pm.
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nmeasure of the integrated energy within the | aser

out put spectrumthat constituted sonme percentage, in

this case 95% for E95 of the total energy in the
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spectroscopy of liquids or gases, critical dinmension

c hinepiroscAPY el udRIcIases phetad Hinndsipngentyol iatsemiqopductor

Vﬁﬁé&oﬁ@hﬂ’gﬂaﬁhﬁ?@s’ for exanple when the spectrum of

t he source arnd the spectroneter inpulse response are

accur alrelary sepple saws,odr &cinkpld whandleywpeari@austhe 30uroé and the

bot h by anal ytic Lorentzian f uTct i ons, ége ebf fect of X

t ﬁ]éecgﬁé)@{elr Hﬂé'fléff reﬂ?ﬁiﬁ? age accurately represente oth by analytic Gaussian
or both by analytic Lorentzian functions, the effect of the spectrometer impulse
response can be easily accounted for using simple algebraic equations for most
bandwidth metrics. The output spectra of most optical sources, e.g. lasers, do not,
however, have such a simple form, and the impulse response of the spectrometer
may be similarly complex and/or unknown, or may vary over time or in varying
operating environments. Further, the detailed shape of the spectrum of the optical
source itself may change over time or with changing operating conditions.

A common method employed to surmount these obstacles is to employ a

spectrometer whose impulse response has a bandwidth so narrow in comparison to

the expected bandwidth of the source to be measured that in the convolution of the



response can be easily accounted for using sinple
al gebrai c equations for nost bandwi dth netrics. The

woeipes2spect ra of nost optical sources, e.g. PEHESHN4/021259
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do not, however, have such a sinple form and the

i mpul se response of the spectroneter may be simlarly
conpl ex and/ or unknown, or may vary over tine or in

varyi ng operating environnments. Further, the detail ed

s lsapatrunt beihg m@pmred amd the impdsopspaat f derandwidts détbctonyptics,

th ch .
c JRb i EHE ottt Pt s Syt Srstibred dnpe prgisible
ObiHaBf! @i shectloeBi RGN ]s@ra et hTElcSppiiasStel TH Yl sifiple

response has a bandw dth so narrom1|n conpari son to
t h@ath&p@wb@hm@a‘mwm Haopevehdt is oot aiwampﬂaetlm aseneagossible to

nth co tion of th umb measur
& it B spdafal BRY DUt oh a Berr bW SRRERIAH TR TR aigs. Pafticutarty
Opftenst muftdeinafrbwaneemphriddngo Banthoe @‘ﬁ&h QQ{ 186 WhidHitdeBinay
may be considered to be negligible. That is, the

s pEcKHeRely derphiins of funipartess ordpssm appravigiasealt)by a
sinpl e Araf, gﬁl Ca &%at%ré@o h&'sQ% e&ﬁ%etﬁg)&gf\ﬁ%h()nlgftllséds not

al ways “pra or evenh possi ain a
S mppﬁomnﬁatﬂﬁle wpdcrosietd impulat respersa ghvitidh nd Mzloske spectrum

SRR B b i e, i oy vhich e
MRYreBg o%&r{v%[{ﬁ onvaaﬁﬁ% g&&&f&n&é R Mgg{eggea iR S S

on a wavel ength scal e) segon some
s opdthagnaticak tetmsredh nded e‘mmnthys is mﬂnapmauky argd;c&isappheqmatlon

S B FERTRI Cr ORI b D 5 LD gl giengably for SRS ypes

L@f@a\ﬁdamam méRYS SCABula®bn B XRGrdl YREIwidR] méhics Budhh® 195% can
effects of convolution within the spectronmeter can be
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the output of a deep-ultravio
the FWHM output of the instrument is found mathematically to be simply the sum
of the FWHMs of the laser source and the etalon spectrometer impulse response. In
this approximation, then, the laser bandwidth is estimated by the FWHM output of
the instrument, minus the FWHM of the etalon spectrometer impulse response
(determined in independent measurements). However, because the ratio of the
FWHM bandwidths of the source spectrum and impulse response function is close to
unity, this method may lose accuracy in the event that the shape of the laser

spectrum deviates too far from an approximately-Lorentizian shape. For example, a

narrowing of the central spectral peak of the source spectrum with a concomitant
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etal on spectroneter are assunmed to have an anal ytic
Lorentzi an spectral shape; therefore, the FWHAM out put
of the instrunent is found mathematically to be sinply
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| i ght pyodhodand epppratupior measuring bandwidth of light emitte(f from a
laser is disclosed which may comprise: a first and second wavelength sensitive
optical bandwidth detectors providing, respectively, an output representative of a
first parameter indicative of the bandwidth of the emitted light as measured
respectively by the first and second bandwidth detectors, and an actual bandwidth
calculation apparatus adapted to utilize these two outputs as part of a multivariable
linear equation employing predetermined calibration variables specific to either the

first or the second bandwidth detector, to calculate a first actual bandwidth

parameter or a second actual bandwidth parameter. The first actual bandwidth
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solution that is conputationally sinple to execute,
i.e., requiring a mninml nunber of instructions and
thus conputation time in cycles of whatever processor
is utilized. SUMVARYCF THE | NVENTI ON A net hod and
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three di nensi onal plot may provide a solution:

( Propdyy TgRBpRR Jelecteddp de mychanerp sensiti tp dgtthan to
Ih;gﬁklvtnom value of FWKM)) + (b/e* (calibrating input
| i ght known value of EX) +c/f; and the actual

bandwi dt h cal BRIEFIiDESERPRTEON ONTHE DPRAWINGS i ved
equation: (first actual bandw dth paraneter) = ((b *
(second output)) - (e (first output)) + ce - bf) / (bd

- ae), Fgy. ltsl_18w§ glﬂ@r&é&ﬂfati@@ eeRfsle BEL Hake &%&%ﬂﬁl%lot of the
paraneter) = ((a (second output)) - (d (first
response of a laser bandwidth meter of the prior art to laser light varying by known
amounts in FWHM and E95, as measured by a calibrating source of laser light
which is relatively precisely adjustable in FWHM and E95 utilizing a constant ER;
Fig. 2 shows a representative plot of the type shown in Fig. 1 fora
bandwidth meter according to the present invention having, e.g., an etalon that is
relatively more sensitive to change in FWHM than to change in E95;
Fig. 3 shows a representative plot of the type shown in Fig. 1 for a

bandwidth meter according to the present invention having, e.g., an etalon that is

relatively more sensitive to change in E95 than to FWHM,;



output)) + cd - af) / (ae - bd). FWKM nmay be FWHM and
EX may be E95. The transfer function of the first

wW@piosoed299andwi dt h detector nmay be sel ected t oPOEUN004021259
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nore sensitive to FWKM than to EX and the transfer
function of the second optical bandw dth detector nmay
be selected to be nuch nore sensitive to EX than to
FWKM BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows a
r epr es ey, af théee i Xeovi € seHenitit BIRR dHgi@n 9 8 Bandvial ot metkr 10
the response of a l|laser bandwi dth neter of the prior
afecorgng ge ap embggiment pithg grasontidpvptioanount s i n FWHM
and E95, ' ' 1
ant o SaTEe R e i kA CLRREENal bRl
antlifid thet predent imge@iomonst ant ER, Fig. 2 shows a
representative plot of the type shown in Fig. 1 for a
bandui dith OBpws H&é&ﬁ?f&fﬁ& of Blettr?eﬁlﬁeégr@ﬁ ptikiZ{)e Hheiserent
haWeRBon:€- 9-, an etalon that is relatively nore
sensitive to change in FWHM than to change in E95;

Fi g. 3FghGvilusiratesphessmiatd wackplgef ESFS wthizingygleandividth meter

in Eig. 1 for a bapndw dth ter accordi.ng to the

oPeds Ateardipg R ofmRasinet of b Presi MYeIiOR ¢ hat s

rel ati yel B iMBdtRtEERSIrAdkiey drforfangfulafed BRIWAIB IMERr made
FWHM Fig. 4, there is shown a schematic bl ock di agram
oficeprdiag tnhmembediment afhepreserdiinmgngensan enmbodi ment  of

the present.inyentj i.Q. . i.ndj i .
the SublE ProRy EakiRd st Cduvafl R B Rk LG P arious
t hpupseeanat i nvention; Fig. 6 shows the superiority of
the tracking error_utilizing the present invention;

Fig. 7Fig110shews aslepp aprpximation of thesumplstpdestalpygutputs shown
u%j:j&z'gng a bandw dth neter nade according to an

enbodi ment of the present invention; Fig. 8

i |1 ust PEISILER DESCRIFIG O OFf PREFERREDIEVIBODIMENTS
bandwi dt h .net er de cording to,an enbodi nent of .t he

or esent SHOBATY AN T B gireg MO qhia AP Al BBOETed

f EdspERseWIAHANSWRIBS ek (Wikke hoter)\MRAVINgUS g |, B UltraIPRGddde etalon,

e.g., as made by manufactured by Coherant, and utilizing the prior art correction ER,

as the values of FWHM and E95 are varied as measured utilizing a very accurate
spectrometer, e.g., a grating spectrometer, e.g. as manufactured by Laser Technik
Brelin (“LTB”).

It can bee seen that the etalon wave meter using the prior art ER exhibits
roughly the same response to both E95 and to FWHM, both in pico-meters. The
illustrated correlation gridding response when smoothed out by any of a number of
well known fitting techniques, such as the Levenburg Marquardt multivariable
minimization algorithm, exhibits a response function A*x + B*y + C with A =
0.64495 + 0.0166, and B = 0.20797 & 0.01105 and C = 0.22983 = 0.00719, of which
in the prior art the A term representative of change in FWHM and the C term
representative of some constant offset are utilized in setting ER for any given wave
meter at the factory during the calibration process in manufacturing. The B term is

not entirely ignored, but is averaged and incorporated into the constant C.



Fig. 10 shows a plane approxi mation of the sinulated
etal on outputs shown in Fig. 9. DETAI LED DESCRI PTI ON

WOROPRERZERRED EMBODI MENTS Turni ng now to Fi g. BCT/O8164/021259
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is shown a three dinmensional plot of the response of a
bandwi dt h nmeter (wave neter) having, e.g., an ultra

| ow wedge etalon, e.g., as nmade by manufactured by
Coherant, and utilizing the prior art correction ER

as t heTvalitesowto FAHDAIassisEQowanaha dirtchsimanplasefiedmulated
utilizing a very accurate spectroneter, e.g., ‘i )
gPardwigthspeier (vetve master) thahutilizes g imeptipebbpndyidth seasuring

T ' rel.i . ) @ ol :

SR 2 Bkt oo o AR ERREGRHEiE . ot

r bangivigitht dfehsmpet Inees pightsey davedtimphhEBWHVIbf tadrifkiHvbated by the

b [ [ - . The ill d | i
o FRAARR IgIeF 60 PERS VRSO HIOBUTIOBSS Ry ot hssbee
Ofn s tkRMObIdkG il Ik GG ORI AHRSy mOHCRn@fvd change in FWHM

Levenburg Marquardt nultivariable mnimzation
altlporto thangeex BPHi The respa@sp equationuderivediomitke sm@sthedrowt plot

40 A 5% G R B -

t griom veproegenbati ve of change in FWHM and the C term
representative of _sonme constant offset are utilized in
set t i nduBRng sew dnYigyd vhare wshewnattbee dimensiangl plat @f ¢ simulated

dur i h . : i . o
YPGB R gRE RS, L. FROMIF bR e
I devicq@l Al #inteffetonidier, €. gnaidanilofinteferomgtenomhitin efd. gdetétts

three i.s shown a three. di nensi ona of Si mul at

o RHRAHTYO 1B By ks Seeetatoqipdhe f MG < TngE Cregipd by the
0 i . i . .
B RN LI TRASHS LRGSR ALrDar), T o
e ugjlizesded. 2 prg2 bpimehvhaddprsef Thdeesponsatindiceesr thitithhbaridyvidth

det ect.i ng .t he FWHM of...a fri nge created et.al on

o Pl it Bty e g At SR VAR G TEe Fponse
(‘elpbNoh-defib&l fr8MRRNSBodAEH G lpdst showh ih PRy Dacadws ti A = 0.14483
neter is relatively nore sensitive to change in FWHM

t HAOL b enchRed 1 600004 hand EspoA&0% 040N der i ved

L oM A RREE 04 ORI B B B A el Ror

0 diffkdid bad WiMISkheters, e.g., one relatively more sensitive to change in E95 and
one relatively more sensitive to change in FWHM, i.e., with different finesse in the
case of bandwidth meters employing etalon optics to measure the bandwidth, and
using the second values of A, B and C, noted above as D, E and F in two separate
linear equations:

(first output, e.g., etalon 1 fringe width value) = (a * (calibrating input light
known value of the full width at some percent of the maximum within the full width
of the spectrum, e.g., FWXM)) + (b* (calibrating input light known value of the
width between two points on the spectrum defining a content of the spectrum
containing some percentage of the energy of the full spectrum, e.g., EX) +c; and

(second output, e.g., etalon 2 fringe width value) = (a * (calibrating input

light known value of the full width at some percent of the maximum within the full



Turning now to Fig. 3 there is shown a thee
di nensi onal plot of a sinulated bandw dth neter (wave

woreaosn)s2dhat utilizes, e.g., an optical bandw BETIUS2004/021259
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measuri ng device, e.g., an interferoneter, e.g. and
etalon interferoneter, which, e.g., detects bandw dth
of the input |aser |ight by detecting the FWAM of a
fringe created by the etal on projected optically onto

aRviath! A YheOpepthah Oc. £l EWEGM?) PRA" ():ahbTQtﬁhgﬁ inf [gdhi Rown value of
utilizes a 0.7 pm 20 pi xel bandpass e resgonse
ﬁbﬂ wﬁhebetmm twm@mbta@a\xh@%mctﬁ@ndﬁﬁn@gr@oatem ef the practrum

9 h
aer |Rc/eql %’rﬁ?‘i %e O@Pﬁee gr‘%@ gotqﬁlté oy @@?Mtf‘l{‘] e“’s% eEﬁ?‘Ft?ﬁhen
F'ﬂ@ achu bmﬂ"‘?ﬂm calolztio apgedBias Garﬂﬁ)elprbgra&ﬁﬂec&o—?oﬁfelﬁédéiived

00041, and C = 0.67263 0.0002. Applicant has
de¥8iP8r ed that taking two such response pI ots for

each Ofﬁfswctﬁ’dlfbfaﬁdﬁmh aduede ={(b%: (se¥ output, e.g.,
ange | %

rel atlve y nore sensitive to'c
rel at i esllon Zrbnimeesadthi \taihwe)if@: t fastgmitpu, é:g\!-bnalqn. lefrmge width

with dif egent fJbTS ﬁ?‘ﬁ the case of bandwi dth nmeters
enpl oyi'Ag* {'af%n Z 5o measure the bandwi dth, and

usi ng LRtexRaMvh: val ues of A B and C, noted above as
D, E and F i'n two separate |inear equations: (first
out put (seeory actea] Hpedwidils parargetemiedt.HEXet ((@)* (secoad output, e.g.,

(cali br i f the full.wdth
ot - somsepsel EHIRS R ANRLTRLR AR dlfind pb Pilah e Wlan
of t he valeptr¢dn af/ae—~ YKV ) + (b* (calibrating input

i ght known val ue of the wi dth between two points on

the spdRthedrotgapsaifinerss vhsrr EWRrs thed WHSE valuerpnd EX is E9S
CARd & Qo gﬁ%f %%rﬁ"r@pétﬁgﬁ gﬁé éﬁ(}g)éeﬁecﬁg Xut?{lt Jfﬂﬁe §dtbhd etaton

spectrum e. d out

etPdlAgrihéh XrH zﬁ‘@&fﬂl\/ﬁf b*E9 tte ndX( & d*F(MéM {ﬂneﬁEi%]gL fi agput
li.ght. known value of the full width at sone percent of
t TR mum within the ful [width of the spectrum

e.g., FPKM =1 00" cbsal bor 8ty i 4 fuind | ght known
val ue of the width between two poi nts on the spectrum

defi ni #§5a colﬁf!*éﬁt—@*fxﬁ‘?é—@ﬁé(ﬂemhﬁ)cont ai ni ng sone

B <o TRpaey i o RSl iy o AR cuctory

apipgr dftrghutanurd and cagbiasdito & basdiidth hber, 3. ity @gerate in
first actual bandw dth paraneter,

leéfa%@(t e eon(t@élgb Iew;cwf:(b gfloweca@ be programmed to utilize he two

outputs with the previously determined calibration values for each bandwidth meter,
e.g., a—{f, and the two outputs measuring the bandwidth of the same laser output to
solve for either or both of FWXM and EX. That is, full width at some percent of the
maximum, e.g., FWHM or FW75%M, and/or EX, i.e., the width of the spectrum
within which some percentage of the total energy is contained, e.g., E95% (“E95)
or E97% or E93%, can be solved for by storing the respective coefficients n memory
available to the processor and providing to the processor actual outputs from the
respective bandwidth meters, e.g., etalons during actual laser operation measuring
the light output in the two respective etalons in parallel to provide the inputs to the

controller. It will be understood that if other than the current standard FWHM

10



etalon 2 fringe wwdth value)) - (e * (first output,
e.g., etalon 1 fringe wdth value)) + ce - bf) / (bd -

wW@e)05/0a8293 he equation: (second actual bandw dtPCT/US2004/021259
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paranmeter, e.g., EX) = ((a * (second output, e.g.,
etalon 2 fringe width value)) - (d (first output,

e.g., etalon 1 fringe wwdth value)) + cd - af) / (ae -
bd). In the nore specific case where FWKM i s the FWHM
Vvahdier BIis feXbé hebESiPeddid chlibsitddor atthe Bictad¥ tHehauth btikr

et al on PDA and X is the output of the second et al on
Prdue(Ehwil be the gnesgapinst W Eb@h%utawde &, etalopdppggmeaguement,

Ealgl Be gkostt@&] ds gllgﬁ.&gédoa{b?)vg &Wvg t]%’va?ﬁleg of%a ¢ 7 g:e' ] bL?j;

‘Ther ef Qumingeaoi toFigt hAehdraidshiotinla sthematic black diagram of a

calibprated at  the factory at.  tjme of nuf acture.an
g%ﬁbm&ﬁ} el Gagsgrding &/ ?%ilme%t of the prgseph upvaption- nlhe
PB4 RWi8th ARG 118 9@5&%@&@ neadlinS GRS EwRRA 81% li§Rbels 14

programed to ut| I ze two outputs with the

pprevucasdshyya ketree.gi, pdighaailieqromter excimat lsesr, €.gr, apdgh MOPA dual

bnd'dt net er . - f .. and het uts
et b o sstnsBinisth At a1 g g o

S BANMBVifi®Iof Sésk g 103 pAQE b@ﬁdﬁ‘&ﬁ%@ﬁﬁc%qﬂ?@ﬁﬂénﬂ &+ O ob bpm.

w dth at sonme percent of the maxi num e. FVWHM o

Fiie baser lightibeam B, Whick may: hig., b utlhzeéfasﬁhﬁehgﬁ SQUIEY fﬁr e.g.,

et e ot FiplRL £ RREBERS, ool ShPni AT ickfgn of
S ﬁitég&ﬁteﬁ efrcﬁ;sblﬁﬁ@bma@nhﬁ@enmsmdﬁtoﬂogéesc oetht like e nt s n
to t
Bl diostarh oL 46 A b8 BUFBL10 VEIhAABAF ARHRo
ggﬁs% ¥ost Sf ’be%hQLl%ﬂé rSHct Demae &Hﬁonl &8 ClesPh qt’/& beam 18

asuring t [T ght output In the two es ective
e tvhiadtsn |pasqcthmlgh alsectamdﬂnewwghttdzrr?@ winiply tnaytbo sethte reflect and

Rty deatial OB RE R PO a4 PR e

apsksedibsdt a4 edch 6f which ehr b aghedtive tasivilCeRt BEr34. The
val ue(s) w 11" be the ones agal nst whi ch the out put

eb@ndméﬁlan@tﬁrsﬁob ymaranedudecananticalaniwisish pleaturing agparatus,
%ci %ﬁ%?a%r?l%? %Ieea{lﬁ)g ﬂﬁ{éeyﬁla{ E}% 11\{&}!:&{91% o(ffthe%andtmdth of the light

measured and an electrical circuit (not shown) e.g., a PDA for providing an analog
or digital input to a controller 40 which may, e.g., be representative of the
measurement of, e.g., the fringe created by, e.g., the etalon. The etalon 30 may, e.g.,
be selected to have nominal bandpass values of, e.g., 0.12 pm FWHM, a free
spectral range of, e.g., 3pm at 193.36, for an ArF laser bandwidth measurement, and
an effective finesse of > 25, e.g., over a 10mm aperture, and a peak transmission
(ration f the fringe peak photo-electrical signal and the input peak signal) of > 50%
at 193.350 nm normal incidence. The etalon 34 may be selected to have nominal
bandpass values of , e.g., 0.7 pm FWHM a free spectral range of, e.g., 20 pm at
193.36, for an ArF laser bandwidth measurement, and an effective finesse of > 29,
e.g., over a_mm aperture, and a peak transmission (ration f the fringe peak photo-

electrical signal and the input peak signal) of > % at 193.350 nm normal incidence.

11



Turning now to Fig. 4, there is showm a schematic
bl ock di agram of a bandw dth neter 10 accordi ng go an

wepdsmisrent of the present invention. The bandm™Uk2004/021259

10

15

20

25

30

nmeter 10 nay be set up to neasure the bandwi dth of a
light bean 14 produced by a laser, e.g., a high pulse
power exciner |aser, e.g., an ArF MOPA dual chanbered
| aser producing light at a nom nal wavel ength of
193. 35@ wim tRnthdarskad didtdkib tife dfesisbritidcdd b3 dpléytd with other
bandw dt h accuracy_ requirenent of 0.02 pm The | aser
| bapdwiddianeasutemen @ﬁtrﬁmynts thag are sgeceptibleite the sametop similar kinds
I| Rosi ng phot oresi st through a
?ﬁ%@ﬁ%%%aéﬁLﬁ&ﬂr§m9ns §1cron fabrication of
i nt egr &tvedl ke u’rﬂldﬂsf(ﬁ)d frone ﬂmmha: thasapplieaa-hae cﬂeaxelamgxpdSal
or e |like ("photolithography" be split, e,
a%fr jddrmeasrsing %Qpal%u%\ﬁﬂnéﬁg%ﬂl) %%maauﬁ@%ts ﬁB%%’e%? of
t iendeam R Evély
EnPeaTAduat bl o S BRIt e 1ty ah®
bbamdvmiths; using 28, W ethlommyf figniSieanttyadiffefihgleandpad. Jas $wo

T b ol AR B b A Bl i
e 'Eﬁeeéne%yr RRRACHS hE isfird df@ﬁ@ige@t@tm Bding @sured. The

bandwi dth neters 30, may i nclude an optical
ban@w‘- @Iﬁemclrmﬁ@ﬂ@ tva @aaafﬂphb@ﬁmdth eegsuringrppperatusne.gothe FWHM

tin re |nd|c tive qf.the bhandw d
o 0k Ot el PEecl Ry bl B B flons o
S h@y&ﬁém@flmnulﬁn&[ﬁ% lil@r[eaf)éqmudnmamaﬁahmtea to €h@hlgabd
input to a caontroller_ 40 which nay,

. b
« et siERRtRRI0) S1egtotah EWHMARIGSe Wishs %ftase aseright beinge
C E&%Lﬁgdw e ?rg@lﬁnt dfife ﬁ]faﬁg,%r%a gemqh@ a%hgrfflé( Eg§ Sgis 1s very

be selecte ave no ass ['ues o
0 sdiitpmté-id\talan fvedge, $pe td ﬂmlﬁmmg{ee pbandpasy)., SiBpharlagtthe

193. 36, .for F Iase ba dth nmeasurene and an
SRl i inHe 25 B8 g 10 B TP B R P o
and a pRaktaképs fﬂeslﬁéé%ﬁreﬁﬂe%w a{?lﬂ sfmﬁlaﬁor{srlllﬁﬁ%t&le@i in Flg sl

phot o- el ectrical sign he i nput pea na
>—50%easuretighe EWandd%%% wnth@lu Vgenhesasitive endahlsﬁkym hrated

eIe nom nal ban
oS58 SR EorRe P B e PPARERP - 85 i, and
Piloas oﬂiaase%ere ke apaifstithd @ﬁpﬁt di,aen gy\ea;ﬂhhesma@wamﬂt
and an effectlve finesse of > ., over

aprpswing lighhrom. p&ak %Qoﬁﬁsqafp@z‘ﬁré@ﬁe( @rawrm XLAH@UWPW laser,
Peak, A Ailh are products of the assignee of the present application, for sets of

resonance scans with a variety of fills. Applicant collected a large sample of
spectra, e.g., from an XLLA-100 during pilot manufacture and obtained an
approximate actual laser spectra by deconvolving using Fourier methods and
calculated a response of a theoretical etalon circuit, choosing the nominal bandpass
values for one etalon of 0.7 pm FWHM, 20 pm FSR and F=29 and for the second
etalon 0.12 pm FWHM, 3 pm FSR and F=25. Also simulated was a line center
analysis module (“LAM?”) as appears in the assignees products, utilizing an etalon
wave meter, but with a higher resolution imaging system to avoid pixel aliasing, i.e.,

having the same resolution of the other etalon, e.g., on like that appearing in the

12



electrical signal and the input peak signal) of > _%
at 193.350 nm normal incidence.lt will be understood

wao bat/ood205 type of calibration can be enpl oyedp@/uk2004/021259
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ot her bandw dt h neasurenent instrunents that are
susceptible to the same or simlar kinds of frequency
dependent response issues. It wll be understood from
the above that applicant has create an opti cal

askebie6s proRR&UN ARPeckdP ad éﬂ§m@@ﬁl§ i(NWAMD), 9k., PR0Yik&S in
rreasurerrents of a beam of ht, e.g., output froma

I E%ﬂMdﬁtMéFWMH Ly enredns & and very narrow
band ' f
a9 LT3 R Lt

mswalbrygap@mﬁmated?oy\d}ﬂm sexfacdickuldhg froreht ilgke dimensional
sensitivity to the energy content of the Wloocgs or
sRIott Erog wanemelss i Ways 1BeichJlomes e pRRIICantidsog{isgayered that the

e )
o B B ROy S LS SRS Wness, g i
e ap;lshca&tsqmchdmbﬂm the snn@tanemﬂeaqaaipmrsmtﬁtabommtmﬂd berased with,
to a system of. si # ou biIina% uati ons that el
88 Pl L TR S0 16 oS Gativs e 1o paralle
aﬁieﬁﬁirerﬁé’}ﬁﬁ/bﬁﬁ@ bRV Qfdl'}?ro@iﬁe ta*?ﬁnéh@ﬁﬁ{ mleésﬂﬁhg Qﬁbdﬂ&us

nmeasur ed he gradi ent of the pl ane, g., shown in
Fegplaying Tbﬁ gretchleulaw calibration cwfﬁylest@ nsd fhevseparatetoutputs of the
et al on d to t bandpas

Shib PRAHE s iy o opblofn WTRESodelieifags L RRIHDRR Bl two
t ekdavicaanblesf eithber wetv e BO5aThe twhatigutsak en fiodd the iwo
rreasur ements and sinmul ations il ust rat ed,

Ftglons age congegipdiby)p dgear hansipppationg usng %wr@q@?%ﬂw} y
SOk NS @Qﬂe Jﬂyaﬂf{wm%h Ro3LAHeVANG e%‘{ﬂmh %_ngrﬁw@&
. aser ecC

grating spectrone as nmade b
Bbalhdplass ﬂmdfed) hotsy mhich ]am shope & f]nad?éNHMaaXls that the one with the

out each respective et.al on sur }

| P ?W?rqt@ﬁfipaég ghich AgEDY BE e St s 87 R TARrings shown in
X'F& éo%tﬁ YitdsPBf thk @é%[twlt%aa%?ea@fng\’iﬁ e toAs@ndl i}gﬂh@eﬁuaﬁfon

t he assi gnee of resen lication, for sets of

r eiéfm‘ang: ; egdah@ely\btdad@r hﬂadp@s ypcwrcrum off this sﬁm]dm@ém
XLA Looeraitege s e Raet rper P e ahthegis s e lea acking of

apRidtedetectsis, Wil ., hsAsCF WM Goftabiliyy @b@%ﬂﬁ@kweﬂglgmmdagﬂy
Fouri er met hods and cal cul ated a response of

t rebFEe? medplogy andioard 3 bl@hﬁ)ovv@hbkgbmbsetrﬁé nAgAY bandwidh
fﬁ%? ﬁ&é@gﬂ &Jog fibiE)] ViR, ap 36’{ fufl wWiafB: 5N R than

and the sec
half maximum, i.e., FWXM is a better measurement and/or an energy of something

other than 95% within the spectrum, i.e., EX, is or are more optimal as bandwidth
measurements, e.g., for certain applications like delivering very pure light for
photolithograpy remains to be seen. In addition the optimal choices for, e.g., the
differential in bandpass for the two etalons remains to be determined. However, as
discussed below with respect to Fig.’s 9 and 10 this can easily be determined to be a
maximum ratio of bandpass to bandpass for each etalon that enables, e.g., the

parallel etalon bandwidth detector according to an embodiment of the present
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etalon 0.12 pm FWHM 3 pm FSR and F= 25. Al so
simul ated was a line center analysis nodule ("LAM') as

wappeare9i n t he assi gnees products, utilizing BCT/ESR0GR1259
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wave neter, but with a higher resolution imaging
systemto avoid pixel aliasing, i.e., having the sane
resolution of the other etalon, e.g., on like that
appearing in theassignee's products in a spectral
amateytibs tonfndetion dCCGAMILY, e.¢., produce @0outpitaignal thaF¥kikufficient

rat her than the ~ in current LAMs. Applicant
dis {/thI’QH;etr?‘F%i}ntPtﬁ’@aﬁ‘élﬁét\‘?{dpe%We@he out put of an

et al on eauhgdnb& 16 ?Pgs‘ér%ﬁéfla ¥s e%%llmﬁqoﬁm em\ﬁﬁm tracking

surface resulting fromthe three dinensional plot
Frcapabilétics ofre simnulated wave mmrepqorﬂuogm@m gmhpgibieonof thapsasent

dISCO ered that th | o of t | ot. on the

CASRGERL T e fetys b at s atatcon e F N
appkkiag @froﬁ@ﬂ"(ﬁé bigRllatbd davd RRted] SHBWIRNEAUSh BEHAdrQASance
not ed above coul d be used W|th e.g two etal ons of

v érgung jafrpeanangchixengp ts@ 0 rod thel awbxdan@e foutlasre (e emt of spec
u%aﬁ%&é%ﬁ%ﬂ ?elgmngﬁiéj&ﬁp%P gt’?tte%ff b%n&m% n(gete gﬁp gypaﬁat% Héuse on

provi reasuf i ng appara

praesltoddyab eterestihie FWHM whef bothi IFGWFHM antE9ere already large,
separate outputs of the two parallel wave neters,

e 1§ WheR STTeHEargia i rflwgn%efTﬂlrlan RO to bigs dithige foshopmean
T 9, B EROYF LY @@F%bﬂreﬁ;ﬁhng%fta@%ulg Maﬁﬂwﬁ%’? detg&f‘on a %r)elltug

outputs, e.g two etalons are connecte
| ianeading nmﬂsfpmsemt ingentions iMugnitdrowiteEw). 8 uhat ﬁdshown an
to.the re 95 v,

d
C a0 DA (et oy auuRa oy crigh apparatus

| ac@REingkOBR gréhehﬂﬁVé:IWdM RAhstrddiathd R8s MR nibinfidhe
narr ower ban ass in turn was nore sensitive on

t he E9f usmingNosstogtighthers isspwiea rqmetShntﬁtm ofthe amermalized

:%gxz otljvedI ﬁ'l%%? i eC? exce%ts Igemt}lg % %\r‘;p:t ap cg ﬁlljle E% 0 g&a §3t1ca1

S rbaﬁd\mdfh @étetshife \&ﬁﬁ@snﬁhp&ﬁ s’pbﬁ:ﬂa coﬁ%‘e@édjﬂol’tﬁe h@ulRRlues of input
di scl osed _enbodi nent of the present invention tracking

ofSP‘t?éWHMF WM aed £9p olhe S%thlmeS geprpegnting fhesimilatsd) quinpt of the
f
Ql%te'cf&) Wt‘ﬁ%ﬁre%'(t)l\?\gl:y %aﬁ@ﬁrg . ua[ns st ERa a{Bddsht des representing

oard a hig rate narrow
exlm smnlalteaismtputsof ﬂmmepmsisiebdcmr hdieg laaelatively unnoré nhtrow

msthl her t.han hal f. maxi M

" bondpd B B Thrbeus PR BPoSERo e

Ol HRilated BR3pSIRUL WdwH 1A Fl%@. SIPe&1 bdiBen fin Big. 16-that HR Bponses of

are nore optimal as ban
the first and second detectors vary roughly linearly and have differing slopes.
Fundamentally, for purposes of an embodiment of the present invention the slopes
should form an angle 6 that is as large as possible, recognizing that at some point the
angle O is so large that the Afringe becomes so small relative to the fringe that signal
to noise considerations come into play and interfere with the accuracy of the output.
That is, e.g., as the broader bandpass measurement is made with a broader and

broader bandpass, according to an embodiment of the present invention, the benefits

of the present invention increase to some limiting point where the relative difference
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measurenents, e.g., for certain applications |ike
delivering very pure light for photolithograpy renains

wo eoobeoeen. I n addition the optinmal choi ces fPRPCT/US2004/021259
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the differential in bandpass for the two etal ons

remains to be determ ned. However, as discussed bel ow
Wth respect to Fig.'s 9 and 10 this can easily be
deternmined to be a maxinumrati o of bandpass to

b &eithras shed mndpass lof edchl afithe twat detavadad ésparelle) caudeb signal to noise

paral Il el etal on ndw dt h detector according to an
er‘?ﬁ@&’i(ﬁ\tﬁﬁ r‘?ﬁor’torfgﬁep?cggr@ﬁi’ Pg%ﬁ’t‘l&% to function
accept aralifeddringEHAEH RcAS nREAPHE afio8REby SRk the o,
sufficient signal to noise ration to be accurately

mé el Meel tha dningerry cersi theol WitV of thetimpalse sesphusarofaine etalon

<oRtab By e by B e BT T RO Rt heen g oo

prxagplt Thavend.gon. Turning now to Fig. 6 there is
shown an illustration of the FWHM tracki ng error of

t Aormphzaddfringe-wadtk exeassr, (FOHEV Irines - MVEHMheespenser
vrﬁrﬂc BEP1ALH R 1R IR, closer to 0.0 and the
SRRt of

avol I ers Way(g ut of spec readi ngs which
seem i Thisreeteianatlewt os¢ @t @ngfard) @pdwheltdriaioh ef theamo

apparatus in use on |asers today to. overestimte FWAM
WRERFISBERFT _ﬁgmegwap_ﬁg §ndhesagersealgy Mgsgeand; 10 thergfprenrepresent
SRR bpf HIhELIHIDn. Th6iL Bl Subhi-4.800 &g&ﬁy

is shown an ustration of the E95% trackrng of
s inmabure@ grabiagdpecditometietspetiadiona p plififerents laaers og.gli, pidott > A-

t resent.inventiqQn. Turnjng,now to Fig. 8 there.is
SR SR o, B O i CieB AR, e Fsprveived pne he

S igfatingtspettidaitimt sthbasdRie6spo At MARRIANAS PRERE Stdfdr@ method.
the present invention, nmeasured in the tens of

f die dnspeetiongegion pheard lagsnsraestrrmgvasol & e mads. sThik dsnfcient to

r S [ f ' . val
BRSSO 2ot N HORTHLL B0 RNl o ggome
t whthedaggrs. Tekd gqrbctri areinheih borvelvedsyit e raspoh@Uanttitpybf two
spectra,coppared to the actual values of .in

t
s PRt FRAVPSHE R SS, HRAudng theeifroipaf %léiﬁ?lg’g’éﬁﬂeﬁ@ra e.g,a
t p@) S el BeCfmBMidAW a0 sideBomble ha%%&%ﬁhﬁé %ﬁ%ﬁ&ms‘%f 0.12 pm
e dashe

relatively narrower bandpass and t 1T nes
r ¥RYBYenSipmy FERevidh frndsst 20 ang 0t70qgfim FMEHMeEaA ¢m FSR with

det ect or.,havi.n rel ative e _arrow bandpass..
TapEeR g 28 A e St dn SRS B aing Fgarettion method
apathaxdoiReldtion radiug 64 for ikl RAlrBehelFYRAREASI0A NP biit dhbBses to
9. It can be seen in Fig. 10 that the responses of
grid the data affects its appearance; in the plane approximation (second plot) the
lines should be perfectly straight, but they are not. This is an artifact of the gridding
method used. One could likely fine tune this to make it work better in producing
straighter lines. It is, however, representative of a planarized fitting, sufficient to
demonstrate the concept of an embodiment of the present invention.
The term "fitting," mathematically indicates a "parametric modeling" of the
fringe width data. Taking the 4,800 data points of the surface measured by the

respective etalon spectrometer in simulated response to the different actual input

spectra, one tries to model this data with a plane z=ax+by+c. This reduces 4,800
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the first and second detectors vary roughly linearly
and have differing slopes. Fundanental ly, for purposes

w@booanoeepodi nent of the present invention thePGI/Upm®84/021259
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should forman angle g that is as |arge as possi bl e,
recogni zing that at sone point the angle q is so large
that the Dfringe becones so snall relative to the
fringe that signal to noise considerations conme into
phayib&s e ju@ﬁ ®r Going firirh Figd. ao AGC U0 aay cldost,heg.pul hﬁnt function
That is, g as the broader bandpass neasure
ilbmgiupes ®REEBFIhTEV IRy dridda dhe plarer Pfh@ oy 2

aPhl—sﬁggrgh gﬁﬂgt & ﬁHaﬁ?lﬁ) ru%?&fﬁ i égg S)gn?%%%]e oiI %?Eif]jc}l:“c’) and R?,

pr esen Inventi’onin Soine

p@deﬂleﬂ\hﬁﬁlmlhhmgrtﬁisaﬁeritéulddtiﬁ)flem &f&&ﬁﬂ@td&meﬂslbﬁlﬁo obtam the so-
bandpass of each of the two detectors in paraII

ca%lgeéé‘bgﬁtﬁmarwt% | 8eBrand; Gristhg: ei> HeksVeRdFE Mﬁé“afdt
aﬁ%ﬁgﬁfﬁe&g i B8 BSeft ram%oaeﬁ%g@dak& sﬁn&ﬂw ﬂ; gg%x&xc ess

f bpﬂllg&a&mamﬂﬂes, hxcellFKﬂHMnoﬁ theheet. i Tmlsé sldlleéspthass vail unterstand

etalo ectr t.er, divided by .the nmaxi num val .

Bk piliaby this &Pt aljeatiehofsippan 4108 EshAgFe uneiiep that
' Svori&-With (HRNQK BB ZRSersheMAE v AoRs SXGRSSneto niliEvhis
Fringe - FWHM response function)/(largest of these
d apﬁrexmmgs)whfm thonsands of ddtd puistseae be desc‘fuhpiabmuSéthgee

t he w3t elgsgbé/%,gg %P%mapglné)?%gﬁgﬁgﬁ %g%&bei? ﬁ%ecgr Psﬁagpé)suh%%tpf’)hcant

r ﬁé)sr SEeRtd te itk MorloVdrp welldbr $feetrs thavh@trklativel Byrhiheic
simul ati on, roughl y 4,800 actually neasured

glabﬁqtﬁgﬁ%tﬁé@? nmeter spectra from®6 different, |asers,
e.g., DS

pr esent ap%‘f I'ca fl%tgl,qwﬁv\}g?gt%é{i%ﬁbgﬁvg%%ﬁg&ﬁ&nﬁ%&ﬁgm of the
gpsedsentgnepaoh paomidesoveratiemprived predspahael dcumt tradnng(eog ~a

a Fouri ransf.o hod. The |ns tio re i.on of

o AP SarieBiaE £ F B TS Ve gnd s R Sk PRk putien

teh ﬂéék%lgaerﬂﬁ‘)@' %S aiPlPachlal EDS cR&IAIN tﬁ@ %fetaﬁuea Héhttﬂéﬁm The

| i'ght one woul expect to come out of | asers.

Tpmeltsmnm alse igéves lgegatly ampoived pomlnhtytdf go¢llisisoisdetween
functions of ated.etalon spectr.oneter

| PR ool 2ot BpSfich QR SR BT et gorjohmept and

PEAmeab Frandd§esirdliiasibititye tIAhIOs apant tb OfRt & RfSryh‘aﬂsonably

response functions of 0.12 pm FWHM (~3.pm FSR wi t h

f Berasafe oafbozlsi)E%@a@m&(e@m#ﬂ@Aﬂan)zéllﬁmgFﬁgF@t\ngttwhnology, e.g

etalons in parallel.

Those skilled in the art will appreciate that an aspect of the disclosed
embodiment of the present invention is that the method and apparatus may be
applied to calibrate the wave meter to provide a calculated output indicative of one
bandwidth parameter, e.g., EX, where the measured parameter is not the same type
of parameter, i.e., FWXM, which may be easier to more accurately detect and/or
more computationally simple to compute from observable information, e.g., fringe
width, e.g., at FWHM, as measured on an array of photo-sensitive diodes (“PDAs”)
as is well known in the art. In addition according to an embodiment of the present

invention the outputs of each of the bandwidth detectors may be in, e.g., FWHM and
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finesse of 28). The data were gridded on a 69x69
matrix using a correlation nethod with a correlation

wo awsnes2ef 4 for the purpose of visualization. PGDUSIINE021259
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chooses to grid the data affects its appearance; in

t he pl ane approxi mati on (second plot) the lines should

be perfectly straight, but they are not. This is an
artifact of the gridding nethod used. One could likely

f ithneoutpme)ftﬂid entir© baralked thtdewotol nba@rtlieeiﬁ FWIX M, @amsﬂm@ other than

t te . is, t at 0
> s Ehatd QiR miaiiin DR 15 OB he Qimisal bandwidth
cqe&%%s By 80 iLrWodiBiHer o HH @I\xﬁgﬁﬁ&%&dﬁa}ﬂa%&@r The

term"fitting," mat hemat | cal i cates paranetric
rr@dlé)bdmgéntofthctpeesﬁnhmwtmndth data. Taking the 4, 800

data pagj nts..of the_surf neas the r.espec

et a1 oh ASREI TG RORISE FBrhrR; adns Biepn e eptcR e cabibration
dichéfBicRAts @f by @lstehﬂi%& ufiRAGE, reag PO NI FWR MPHBLre X and X
this data with a plane z=ax+¥by+c. This reduces’

4 agoigveudiferest paycgniages 8f th@@lllerxgmﬁm peRiFgY 73%Nbarid| BHWV2iBM, i.e.,
0 S nction that res the
PRSP BnensFhndPhiot i 82, b Pl TR RSyt of
( LTS DFWB%Mi onsstiédiogidoghibdxisadddal B DFWL5%QN on the other as
utilizin c2/ Degree of Freedom ("DoF") and

aRAmpPREA %Mlﬁu %19111 Fingg Wigthgneasprement; adsoja fome FW@W@h gven EX
diRASL %Srg:&%ng’%ﬁ@fnr{gé %ﬁloiQS Bk luﬁﬂnat?l?fﬁ.{t%lfzéc{ in measuring actual
, B, and C, using, e.g.; the

par anet ers’
L éncédune sjgpoivh imjuser aftthevedndoddth iiector) andessisldsetabid tosolve for the

B SR Pr i WoO ¢l T MERRR e Bos, providsdabat the
s Iﬁrétld@féctoﬁl id ﬂéfan%ﬁy bk 'seﬂéﬁ%rt§ L)Y {hah 13504 htd Mg sEddnd

techni que, along Wi th choosing an etal on response
f delectoois r@havelmnm; SWStth/ettth &% tlpado EWHYEer spectr al

Va1 2L s AL 05 1 TSR PR LTGRO

t Eﬁﬁ@dlﬁﬁhﬂﬁﬂh@ beseMVihVentioh] BWRYn BOtoidfed 0bedhd detected
possi bl e spectral shapes, the applicant has observed

{ aRdwidthpsameaspien byeny badwidfhodetegirrand B3 Wh an by eonsidered to be
 eleAlek Bl dban gmﬁ %% @e@ﬁ%& ds?thg %@éo{nﬁ mth %«Qgptor in parallel.

appar at us an accordi ng o esc
e rmsmBWgrwn be colmddgpedtodeta finsy/emidivddth @iammaﬂﬁsz)f dveineikdent beam,

roved cted and actual trac (€ ; . 8

¢ B QHE BHDY SR SarinGh 55 ke PP Gy B O bt or an

I eRGRS u&ﬁ@ldlé%‘(q‘]?@vcﬁlagr tl?éﬂ td dRfSa tcf‘bet tnesdtdagafi ?W4 can be a

e.g., due to actual 'E95 changes in the neasured

beeaond Fheh bandwidth parameter of the incident beam that is desired o be
measured. According to an embodiment of the present invention then, either BW3 or
BW, may be calculated from the outputs BW; and BW, and precalculated
coefficients, as described above, provided that the measurement resulting in BW; is
predominantly sensitive to BW3 and only somewhat sensitive to BW, and the
measurement of BW; is predominantly sensitive to BW, and only somewhat
sensitive to BW3.

It will also be understood that the “actual” bandwidth cannot be precisely

measured. Even perfect calibration constant coefficients according to an
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present invention also gives greatly inproved
portability of coefficients between resonance scan

w@ a00si0e8293 on and operation with, e.g., vari atipPCEUSI¥04/021259
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gas enrichnment and franme-to-franme spectral

variability. It also appears to offer a very

reasonably accurate on-board E95 tracking (e.qg.,

0.015pm wutilizing existing technology, e.g., etalons

i empadialenedbf thé'bmsentsik\'rdntieni wionld leve at teastithd erag@fdle rmtasuring

t t t.he dj di I of t
o LB POHEH 8 ST R e ARBR-SEhEP RS $E B PRl be in
bﬁleafﬁﬁkd Ridtdr QarfpR! TRERF e Eﬁ&eﬁﬁvﬁtﬁfﬁtb%ﬁd\kﬂtlp’ra%\ﬁbé@n%he

cal cul at ed out put indicative of one bandw d
papey:rfeqaaon ard glmmsaxfermh@bmd@wd@a@muweqoﬁvmnm paralied inputs
not ara ter .e., E whi ma

Bh i Pu Ao BB PR Rttt ity a6 s pdheeel Wa¥e meter
c ERUIRhisOMald i¥ n&i ‘FRhuel thaneRTam that fsereH0hsRE HaRlvath prior art
information, e.g., fringe wi dt h, e.g., at FWHM as

nba@iyﬂdﬂl ctﬂtﬁcmis,a@sp@yalldfm ﬁmmg@esh@ussed@bwq)’@ess g wavelength
(BRS¢ B ARl pacin

t bﬁ"eay m@m proaburradly inkrfedeavitame abilitih tcdﬁil%teﬂi’sﬁngm)ﬁv@ﬁleters
, FWHM_ andt he tput of the entire bandw dth
é‘ﬂ%‘é%?e%ﬁ%?ﬂb%egr?ﬁ ﬁ\m&f densgef Hrpgatinndwhag a%fn@aﬁered to the
wiegtehorat, DRlifmof the maxi mum  Further, the outputs of
thet{Ihm opt |lzgg[ bandw dt h detectors may be in FWM
r at her ThhserskiltedriiM atwdl appngzlate theat tteheppatisadd methods fof the

th t th nbodi nent
oPrishe ThveRlioh fhefils AR S DB sRafots g SRR uEgods

C aixt BRke eleapphRfd sihple ltczhﬁaslem@nﬁlsmg%%{\éh@feﬁvﬁ&\%ig%m and does
where X and are two different percentages of

ARt Teawie éet@ded kmopdedgr af thepyegoalshapeef the inpwl sngrcp ne impulse

t [ Lon
resBon e (R B B iRl e e Bt ol B
L'ﬁﬁ)raﬁyﬁguﬁﬁﬂadﬁaﬁlfe&)f@h&ﬁscrﬂa@l eigdach et df thd hresedt Alvertion is that

fring ? th measurepent, also_at sone FWKM (or even
EX 35 felathaly ampuiriionally, sipple. invokying single mathepgtigad operations.

ul ti matgl yp W deg{r%dl gﬁéhgét &é‘?fés!é’ﬂt lﬁl&bﬁklgﬁ—‘ e i intended only

spectra i n use of the ector) and st
alibrexpnstodnvandfiinsttation @utpoaets and eirdigottths gy erdofiikts in which

auftaresset meSntngpi G flenghomusn 0 b WAl et sang By many

Edb dafitatibReartiehansks may be made to the described embodiments without
changing the intent and spirit of the present invention. For example, other
bandwidth detection apparatus besides etalons may be utilized to provide the parallel
bandwidth measurements for calibrations and incorporation in the calibration
equations for determination of the precomputed calibrations coefficients to be
employed later with the actual readings from the two bandwidth detection meters in
parallel for measurement of actual FWXM and EX. A wide range of differential
bandpass values for the two parallel bandwidth detectors may be utilized and certain
ranges may prove better for different applications, varying requirements for

wavelength, bandwidth, etc. In addition, while the present invention has been
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detector is relatively nore sensitive to E95 than to

FWHM Those skilled in the art will understand that as
w@2@enes29d | zati on of an enbodi nent of the presPC/US2004/021259

i nvention, BW can be considered to be the detected

bandw dt h as neasured by one bandw dth detector and

BW2 can be considered to be the detected bandw dth as

neasured by the second bandwi dth detector in parallel.

AL g Pai BABwRR An BRAbE@RENERT18And BvdRaldn kpdctlonteansmdiivd plane

parameter of the incident beam_ e.g., the output of an

emofletarit nax be possitge to impderagnt the inyentionatilizing g2y threges four

or, an_extrene ul. ' ) et t I: :

PP LSRRl B o, ircilpobuhBEhng Bk L of mpeline

baiffdyénd GorPRE prmt e£aotbytbg d. ncotantlatieemsicpit sindaces, e.g., a

desired o be nmeasured. According to an, enhodi nent of
5t prsabplicspiacy, AoRSAAIG P W thesspesied vapations Tpthe SeHiFe g

C .

BRI o LEATATr QLR & the B0 o T g Of the presen
pineeihtited theheforet tmubdscomsiteret] in Eghd dnilyigf tha apindied claims and
pgﬁdonina tly sensitive to BWB and only sonewhat
s8Rl a9PPBlE- BW and the measurenent of BW is
predom nantly sensitive to BWM and only sonewhat
sensitive to BWB. It will also be understood that the
"actual " bandw dth cannot be precisely nmeasured. Even
perfect calibration constant coefficients according to
anenbodi nent of the present invention would have at
| east the error of the neasuring LTB spectroneter,
which is small, but finite. Applicant estimtes such
error to be in the fento-neter range. Therefore the
term "actual bandw dth" as used in the specification
and clains refers to the bandw dth cal cul ated fromthe
parall el inputs and the precal cul ated calibration
coefficients for each of the two parallel wave neter
instruments. This is not "actual" bandw dth, but is
much closer than with prior art bandw dth detectors,
especially in the ranges di scussed above for, e.g.,
wavel engt h and bandw dt h, where changes, e.g., in the
operating E95 and |ike error producing effects nore
pronouncedly interfere with the ability to utilize
exi sting wave neters with the necessary degree of
confidence of translation of what is neasured to the
"actual " bandw dt h.
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Those skilled in the art will appreciate that the
appar at us and net hods of the present invention

w0 p@baek2ss mat hemat i cal approxi mati ons and cal | BCHUSN4/021259
nmet hods that nmake the apparatus sinple to inplenent
usi ng straightforward al gebra, and does not require
detai |l ed know edge of the spectral shape of the input
source or inmpul se response functions of the
spectroneter(s). Those skildledIM8 the art will also
appreciate that a feature of the described enbodi nent
o&&’ﬁ&%ﬁ‘%@ent invention is that it is relatively
. , . y Ly B i . _
oo R hiclr J B0 UG TP el R Rhited
pfeseaiasemvputtd dre Eandwidib erttedomptiyingor expl anati on

and illuystrat. rpases and are.not .the onl .
enbodi ALTER RSN o B R LA SHPNEPTesiye of a
Thasen bt iviigisiifdib R e dT ktheenbiwitiE 6F Sleafplt &fidied TRAY the laser as
nodi fi cati ons and changes nmay be nade to the described

eabwdilymeasired bhdetlirgtthandwvidgh detectomt ent and spirit of

the present Jnvention.. Eor exanple,..ot her bandw dth .
dot ot Forc g sRAE rem B BB Rhan T agtepsptative
Plo@y Ed@n{eﬁﬁ vaglalsligdichne dbaidwitRast heigitemift@l from the laser as
calibrations and _ incorporation in the calibration

egeiaailppsasused brethe speondtbandvidih detecter: eebnput ed

cal i brat.i W . . '
Che ocinerieL GRBMAE LaBkEOPaRERIANE] © Bl Mt Bk ourpu
mahé i secomplanaputek pho of meadtivaeiabletlinefir eyobiicl erhpliiingnd

EX. wi de range .of differentjal handpa al yes. for

t R %ﬂﬁ&#&ﬁ@ﬁ%}ﬁmfb sperticio Biher ey bapdvidd; dejector or
anek &ebAPHIhdWANE USteBRY, 16 CRAYRlaRe I Ryl QindWi&tlil‘ifa%}i]eter.

applications, varying requirenents for wavel ength,
bandwi dth, etc. In addition, while the present

i @Vﬁﬁéi or;lrt%aso efelnef({;ul i ned wi.t.h an enbodi ment

uti |Z?I?Pg o't al'on @Sﬁf%%ﬁl%%s and two pl ane

nodel s thd dctii YakBvildSsirdther i aispRdtemenill width AtbeaRtjesnt of
utilizing, e.qg.,, three or four etal ons/spectroneters

i g madnym WiBin the Arlbwidile eEthg speciimrboldight emidfaddresn the laser
WW”di fferent fromthe plane z=ax+by+c (, e.g.,
ot'her "rel’atively sinple surfaces, e.g., a parabolic
surface, depending on what the spectral variations in

t he.source are. expected to be what kind of
_sgegg? M%P%O%Fﬁ@ghggﬂndlﬁfé€9m?ﬁéln§bope of the present
I nvent igacnldl 8hTvAkR: papdtRthdis la%lﬁf?fb%:t\g@ernecqro' points BRthe

only of the appended clains and | ega
egpéoiairede g AcovEent of the spectrum containing some percentage of the

energy of the full spectrum of the spectrum of light emitted from the laser (“EX”).

4. The apparatus of claim 1 further comprising:

the first bandwidth detector is an etalon and the first output is representative
of a fringe width of a fringe of an optical output of the etalon at FWXM; and,

the second bandwidth detector is an etalon and the second output is

representative of a fringe width of an optical output of the etalon at FWXM.
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I/WE CLAIM 1. A bandwi dth neter for neasuring the
bandwi dth of a spectrumof light emtted froma | aser

WO p@anod2es t he bandwi dt h nmeter conprising: a fiPGI/US2004/021259
opti cal bandw dth detector providing a first output
representative of a paranmeter which is indicative of
the bandwi dth of the light emtted fromthe | aser as
actual ly nmeasured by the first bandw dth detector; a

S 8 CDICapPptan@alf chandiuethr dbei@iimgr provi ding a second
out put reapresent ative of a paranmeter which is )
i ndi cathevEsigrandwiciindetesions ansialon gt the first catpuf reprssemative of

I : ek, d

(R R Pk TP AR UG Bk RECANA LR,
appar athesseastaifaadwidoh détettbzi anleealdn ast the s¢qoud oatpdt tshedtringe
second .out put _as part_ of mul_ti iable Iinear

e &%giogﬁnéﬂtb‘?aéwtﬁgt ?frtgﬁ%ﬁa&%th&@\é@gl i bration vari abl es
specific to either the first bandw dth detector or the

second bandwi dth_det ector, to c_:al cul ate an act ual
bante atiparaper efebtimr3, fubtherfdvanmppa: at us of claim 1

further, c ri ging. .the actual .bandw d paraneter is.

S pecER T v it eroe P Stiayer B oL e sghive of
W ifth g Widlth bl frindt OF Bn Bptidal Sut%ﬁﬁéﬁthél Bfakdn ok FRIXME ahd,! ed
fromthe laser ("FWKM'). 3. The apparatus of claim1l, .

f ur t hethesseqnd kandyyidte Heteeter isan iriprioncthn sprond eltpst isjafringe
2 il R EHHES BubHPLARL B0l pifiR)EPECE T UM def i ni ng
content o e spectrum contai ning some percentage of

the energy of the full spectrum of the spectrum of

light emtted fromthe |laser ("EX'). 4. The apparatus
of - Ehexanpatatys pfickaim 1o SPMGUSIREe first bandw dth

det ect gfe ﬂr@cc@l@b@%@égﬂ?r 13 Vtaﬁ;ﬁolfeé.hié HeMHdPSm laShree élinmensional

representati ringe wdth of a fringe of

opldt caireseutipg rthe difrsttolgpue vhthedirsttbardwivth detelstort ingelstiominda

bandw dt h. det.ector .is an etalo nd the .second out pu
RS 8 e R Sfe AR b AR ER I fteRtler ana
0WF Rudcoll abtifl Rhawiith phramé¥M dad e a ARPERMASI0RA] lbtRI M

2 further conprising: the first bandw dth detector is

afereesghong dageqond opipus of Bigspesndbapd wisidhdaieqterdngelation to a

calibrating input light with known values of a first actual bandwidth parameter and

of a second actual bandwidth parameter.

8. The apparatus of claim 2, further comprising:

the precomputed calibration variables are derived from a three dimensional
plot representing the first output of the first bandwidth detector in relation to a
calibrating input light with known values of a first actual bandwidth parameter and
of a second actual bandwidth parameter, and from a three dimensional plot
representing the second output of the second bandwidth detector in relation to a
calibrating input light with known values of the first actual bandwidth parameter and

of the second actual bandwidth parameter.

9. The apparatus of claim 3, further comprising:
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a fringe width of a fringe of an optical output of the

etal on at FWKM and, the second bandw dth detector is
wa@eooshed2oh and the second output is a fringe wdt/nSmwh4/021259

an optical output of the etalon at FWKM 6. The

apparatus of claim3 further conprising: the first

bandwi dth detector is an etalon and the first output

representative of a fringe width of a fringe of an

opti Cathe %b@c@tﬁpu@:ﬁ chlieragibal ahbids akdMdyived fichm & feesdiarnsional
bandw dth detector is an_etal on and the secqond out put

i Blobrepraserjmaihertirst ovtpanofohe fiesh barsyrigth dedrctarie reé%%ﬂnotﬁ a
éalﬁw i yut Tl%ﬁt SRR RhAL §alg£s &J tﬁ% st acttlﬂrﬁaﬁﬁ&rﬁth arameter and
conpri's ) gp t'he bl es a

preconput ed cal 1bration var
def the eetohd acmal Hahd@ﬁltld paremsien ek fmnma thre@dmnnonaig)lm e

first output of he fi rfs ban J&Ha ctor
r EPERSPR e tBe secen PBTPHW rtée ?q‘fe th et a5 ﬁfbtﬁ%ﬁtmn toa
Vel ‘ﬁagm% tfhggan iR khoh vRIaBIYHAL BrRalRIESR8wRRd p&hmBter and

seco w dth paranmeter, and froma three
dofmasewndlacmhldiandwmtbpaamewg t he second out put of the
second bandwi dth detector in relation to a calibrating
input light with known values of a first actual

b@@dlvuectbpare%%frsltaﬁﬁ4aﬂﬁthefc@nﬁwd actual bandwi dth
parameter. 8. The agg‘ﬁpat us of claim?2, further

c onpr i gxe;pgecomp@tqdrce on @@rwdoéers: a5e derived fiom p Appedimgnsional
oL S0 55 O R Rl SRS 1

I edlibrating 1hplta1ghﬁt>vitb kabwn galuspol the ifigh tactonl Bankwidth parameter and
values of _.a first actual bandw dth paraneter and of

se%tlstﬁ deewad agivalhandwidih Rasgmctsmengd fron ﬁ&hlﬁ? émelswﬁﬁleléot
t@‘%ﬁ%\s\ﬁ Qéoftghd ﬁft&hﬁéﬁtﬂé kQQnll 'B%acﬁz%ﬁ@%té%%r@ﬂ telaﬁont e

ector in relation to a calibrating
i napiihratirigghput\llighhwkhmn ahluesodthe fing atfunhandwidihparameter and

wi dt h par d of he second actual bandw dth
i Sisteond B Sl paBieldy Crarm 3 furt hor
corrprl si ng: the preconput ed calibration variables are

derl ved froma three dinensional plot representing the
|1lsfhwpmaws®fclaﬁe5tﬁlfﬁlﬁr eRIRiiiRE'h detector in

)2 AR R L 8 i

val ues " Of°" 115t paraneter
plot representing the first output of the first bandwidth detector in relation to a

calibrating input light with known values of the first actual bandwidth parameter and
of the second actual bandwidth parameter, and from a three dimensional plot
representing the second output of the second bandwidth detector in relation to a
calibrating input light with known values of the first actual bandwidth parameter and

of the second actual bandwidth parameter.

12. The apparatus of claim 6, further comprising:

the precomputed calibration variables are derived from a three dimensional
plot representing the first output of the first bandwidth detector in relation to a
calibrating input light with known values of the first actual bandwidth parameter and

of the second actual bandwidth parameter, and from a three dimensional plot
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of the second actual bandw dth paraneter, and froma

three di nensional plot representing the second out put
wo@Rooshes2skcond bandwi dth detector in rel ati on POI/ES2004/021259

calibrating input light with known val ues of the first

actual bandw dth paraneter and of the second actual

bandwi dt h paranmeter. 10. The apparatus of claim 4,

further conprising: the preconputed calibration

Vv egprasbhifigy the secded bupdt &f thesecohth besdveithedesdotorah relhtodn to a

representing . the fjrst output he first handw dth
d%ﬁébé%t&g IPH‘%rl’élthVit HOPEN Y aﬁ‘ﬁ? ?ﬁ‘&%tﬁﬁ’i &C"i“ﬁ];tiﬁ“gm%ﬁnﬂ’a’iﬂfr’teﬁr and

KPR ¥ &Sl bdnifidth pafanfReual bandwi dth paranet er
and ofS tﬁle sel:lconagl act ugl bandw dt h paraneter, and from

a three dinensional plot representing the second

Olllépﬁ‘tr of tﬁg ?e onc} apdwi dth.detector in relation to

a - at THPRETHRY ﬁ%ﬁff‘ ; T H ¥ own val ues of the

first afdisd acRANSMdRiBhRArREREESE a 3psttn FWVEKNMeFdRkpectrum of

actual bandwi dth paraneter. 11. The apparatus of claim
5 light gmitted fromrtpe lasemgnd.t he preconputed cal i bration

¥ epr cobmcRu e PR AR g TF BRSO Bt Glen

dein@edda¥orh the'lededt i On to a calibrating input Iight wth
known val ues of the first actual bandw dth paraneter
and of the second actual bandw dth paraneter, and from

a EL'ZEE j .ing the second
o&%.%lfe%g% t e%ggggﬁgghg[nhgﬁmg%?ﬁ% etector inrelation to

a cal i thedfinstaptiahpadwiddpgaranhdtér ik nepertwal B8 Mfoftthespectrum of
first actual bandw dth paranmeter and of the second
ab:‘gﬁta‘?mlﬁtﬁ‘xg‘\ﬂﬁotgﬁ_aﬁ%rrﬁ%ter. 12. The apparatus of claim

6, furgelecodiRidad batiwilithGaPh@Ie TR A BX SRhé BFRirAIof light
vari ables are derived froma three di nensional plot

r emitéssleern ey leges. first output of the first bandw dth
detector in relation to a calibrating input light wth
known val ues of the first actual bandw dth paraneter

ans. pie 4pperatscdnihincl Aathebandpiigdhs paranmeter, and from
a three dinensional_ plotrepresenting the_second, output

of t he theddishastush Rendvadth rstraciergs aispeqamyl WoRMQf the spectrum of
Cﬁ%htbﬁrﬁb%@%omwasg.gm w th known val ues of the first
actua andw dt

paraneter and of the second actual
bandwi dhdsepardoaviiabbandwidth parameter is an EX of the spectrum of light

emitted from the laser.

16. The apparatus of claim 10, further comprising:

the first actual bandwidth parameter is a spectrum FWHM of the spectrum of
light emitted from the laser; and,

the second actual bandwidth parameter is an EX of the spectrum of light

emitted from the laser.
17. The apparatus of claim 11, further comprising:

the first actual bandwidth parameter is a spectrum FWHM of the spectrum of
light emitted from the laser; and,
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13. The apparatus of claim?7, further conprising: the
first actual bandw dth paraneter is a spectrum FWKM of
wao b@ssaees rum of light emtted fromthe | aser;Panus200he21259
second actual bandw dth paranmeter is an EX of the
spectrumof light emtted fromthe |laser. 14. The
apparatus of claim@8, further conprising: the first
actual bandw dth paraneter is a spectrum FWKM of the
spect r tha setord ghial Baridwiéth faremmatértie ah 8Xeof, thagstetridnef light
second actual bandw dth paraneter is an EX of the
spegicdfrmthalaght emitted fromthe |aser. 15. The
apparatus of claim9, further conprising: the first
actual bandw dth paraneter is a spectrum FWKM of the
s p&cTheappadatdsiofletairerti2s fuedhef commprisiveg: | aser; and, the

Spect « Ui gk P AR f h by FWERM ofe spectram of
aﬁ?ﬁﬂ‘(ﬁlﬁiﬁédﬁt)m% gidd@nd f urther conprising: the first
actu

al bandwi dth paraneter is a spectrum FWHM of the
spect r the sséorid aghtal baridwiddh farasnatertie an ot theprictrupeot light

sec ctual, bandwi dth paranmeter is an EX of the
sﬁ@g?e%ﬁ?%&qlﬁsgeﬁt emtted fromthe laser. 17. The

apparatus of claim 11, further conprising: the first

actual bandw dth paraneter is a_spectrum FWHM of the
s p@cthaappamtysiofislainankds fusther pIMRHSNE: | aser; and, t he

seoons el BN  BR IR B5 G O e
appar a(fisst edtpuat) &i(an* {2slibratirghiaput dighpkiosimgalud bk Wixid}) + (b*
2SR LD POCATEL 1 Vil sBeptUm FUFRM of Lhe
the second three dimensional plot provides the solution:
(second output) = (a * (calibrating input light known value of FWXM)) + (b*
(calibrating input light known value of EX) +c; and
the actual bandwidth calculation apparatus uses the derived equation:
(first actual bandwidth parameter) = ((b * (second output)) — (e * (first
output)) + ce — bf) / (bd — ae),
or the equation:
(second actual bandwidth parameter) = ((a * (second output)) — (d * (first
output)) + cd — af) / (ae — bd).

20. The apparatus of claim 14, further comprising:

the first three dimensional plot provides the solution:

(first output) = (a * (calibrating input light known value of FWXM)) + (b*
(calibrating input light known value of EX) +c; and

the second three dimensional plot provides the solution:

(second output) = (a * (calibrating input light known value of FWXM)) + (b*
(calibrating input light known value of EX) +c; and

the actual bandwidth calculation apparatus uses the derived equation:
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the second actual bandw dth parameter is an EX of the

spectrumof light emtted fromthe |aser. 19. The
wappane2os of claim 13, further conprising: theCtUSED4/021259

three di nensional plot provides the solution: (first

output) = (a * (calibrating input |ight known val ue of

FWKM) + (b* (calibrating input Iight known val ue of

EX) +c; and the second three dinensional plot provides

It he hs O£ﬂi§ﬂ #Rfial l{)aﬁbﬂ?@& ntinatér) =z((t( B (decald drtpdt))nrg(el nibivst
i ght known val ue of FWK + (b* (calibrating input
li ght R¥BWHY Jvﬁ?ugﬁdf(bﬁX)ae c; and the actual bandw dth

cal cul ratus uses the derlved equati on:
(first eltaﬂcl:tgggl?aq’ggndw dth paraneter) = ((b * (second

out put §secend(aetutal baindmdthqmtapn&t@r) =4(ac’e(secdafd)outpythd- (d * (first

ae), or th atio ond actual bandw dth
par amePUPyt +?¥ ﬁ@%ci’ﬁg output)) - (d * (first
output)) + cd - af) / (ae - bd). 20. The apparatus of

claim 14, further conprising: the first three
dl’lhé?mlappaiamsw@clapnd\ﬂ ﬂE@lelt mnrwma'u on: (first output)

rat.i n ht k aI ue of FWKM)
¥ (b* hf?g‘%i“ﬁ £ dirgensio biol bt qes BRBuRhL S of EX) +c;
and t hef 1@@&@@&)Lga @chiib@ﬁxgllﬁmﬁ'hgﬁﬂ lﬁiowﬂf@\hlldj@ﬁ?Wb(M))+ (b*
sol ution: (second output) E(D? * (caI i brating input

| (cghibrafing igput Helirdnemvnppiig)of EX)(ies agtal i brating i nput
i ght g{é%@& YiGhi€ d ?&er@gnafﬁlioﬁgﬁglcfegﬁle Gl bandw dt h

cal cul at1 on apparatus uses erl ve equation: (first

act ual (deesrdvaudiput) pda &fetlidegting igf light leecandlous W EKM)) + (b*

(e * (first output)) + ce - )/ d - ae), or the

&?5?5%‘}% g%‘%‘“ﬁ%‘?’ﬁ’éﬁ i Iar‘S araneter) = ((a *

E secon ﬁle%éﬁﬁ}‘ﬁgﬁdwmt(&afcufafubﬁ %f)pfﬁ’éﬂl?ﬂfie)s Yhe'deefred eghatioh:
(first actual bandwidth parameter) = ((b * (second output)) — (e * (first
output)) + ce — bf) / (bd — ae),
or the equation:

(second actual bandwidth parameter) = ((a * (second output)) — (d * (first

output)) + cd — af) / (ae — bd).

22. The apparatus of claim 16, further comprising:

the first three dimensional plot provides the solution:

(first output) = (a * (calibrating input light known value of FWXM)) + (b*
(calibrating input light known value of EX) +c; and

the second three dimensional plot provides the solution:

(second output) = (a * (calibrating input light known value of FWXM)) + (b*
(calibrating input light known value of EX) +c; and

the actual bandwidth calculation apparatus uses the derived equation:

(first actual bandwidth parameter) = ((b * (second output)) — (e * (first

output)) + ce — bf) / (bd — ae),
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21. The apparatus of claim 15, further conprising: the
first three dinensional plot provides the solution:

w@ poosmes2etit put) = (a * (calibrating input |ighPCROS24N4/021259
value of FWKM) + (b* (calibrating input |ight known
val ue of EX) +c; and the second three di nensional plot
provi des the solution: (second output) = (a *
(calibrating input |ight known value of FWKM ) + (b*
(cal i bosthe Bgudtioput |i ght known val ue of EX) +c; and

the actual bandy dth cal cul ati on apparatus uses t

((j(e[) i ve&e%@eﬂcr%ﬁ%“@%@tpmﬁ (:dgﬁ{?z‘aea?}ﬁi (E}‘S&Ii)"ﬁ T@%) (fizst
* ﬁgﬁdu _ e * I rst outpu + ce -

bf) / %@t@ : ag?, aw(t%ebgéuati on: (second actual

bandw dth paraneter) = ((a * (second output)) - (d

(first output)) +.cd.- /| (ae.- bd). 22. The

aé%éﬂ?taﬁgmfé?s&)féﬂamligz f"‘%&?%’rt‘ﬁ) PIESteor i )si ng: the first
three gdieMRRShRBAmBNsKnaPpIRY pidRick AR so@ltishi on: (first
output) = (a (calibrating input |ight known val ue of

FWKM) ) (firsidarpytyai(a B ealibregingnprt lighglrowanaiee o WEMY + (b*

#C:._and econd r inensi onal plot provides
F@@llgﬁlﬂg ?D(PH? Hgl@%’%’& V&L‘{ép"gt%)ﬂﬁ?%n Ci (calibrating
i nput  {HegBéondname dvatnstoraf ploVWiyides tHelsbhtival | br at i ng
i nput |ight known val ue of EX) +c;. and the act ual

:

bandwi EReReISIERHEATI(®  (cabibrating dapyi dight knosvnalys Rl WXM)) + (b*
i s Lt i - t = b *

?%@%ﬁ‘g’ﬂ%b‘ﬁ%ﬂl% @%%’éwf%‘??%?@ﬁ'%%aﬁ?; e o )( y (bd

- ae), tre dchal bapdatidthrealcieion appaatiisiases iandbaiveld kquation:
paraneter) = a * (second output)) - * i rst
oot put §rsbactin! b ege S b Shsccabouppal s s e
clai m §fpuf)piicbernreomRUp)ng: the first three
di mensi onal” pl ot provides the sol ution:

or the equation:

(second actual bandwidth parameter) = ((a * (second output)) — (d * (first
output)) + cd — af) / (ae — bd).

24. The apparatus of claim 18, further comprising:

the first three dimensional plot provides the solution:

(first output) = (a * (calibrating input light known value of FWXM)) + (b*
(calibrating input light known value of EX) +c; and

the second three dimensional plot provides the solution:

(second output) = (a * (calibrating input light known value of FWXM)) + (b*
(calibrating input light known value of EX) +c; and

the actual bandwidth calculation apparatus uses the derived equation:

(first actual bandwidth parameter) = ((b * (second output)) — (e * (first

output)) + ce — bf) / (bd — ae),

or the equation:

(second actual bandwidth parameter) = ((a * (second output)) — (d * (first

output)) + cd — af) / (ae — bd).
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(first output) = (a * (calibrating input Iight known
value of FWKM ) + (b* (calibrating input |ight known
wo a00am0s2p5 EX) +c; and the second three di nensiPOEUSPO021259

provi des the solution: (second output) = (a *
(calibrating input Iight known val ue of FWKM) + (b*
(calibrating input |ight known val ue of EX) +c; and

the actual bandw dth cal cul ati on apparatus uses the
derived equation: (first actual bandw dth paraneter) =

((b (second output)) - (e * (first output)) + ce - bf)

/ Si-ﬂéle-apa@ﬂus OF clapd 1@ futheromisii@ond act ual bandwi dt h

par ameher.) ol s x : i

e ST gyl PRSI R TN gl o

c haahbafdwiidts phremeteoisiWEM gnd thhealibmsng npoekght known value of

dipensi onal plot provides the solution: i rst output)
TS EbFaas s b BN R B Ge of Pvkh )
+ (b* (calibrating input |ight known val ue of EX) +c;

and the second three dinensional plot provides the
s @b .Ukleappargse of nkin A0 pligrthercofeprisingz al i br ati ng i nput

i gne ERgao R ot e Vol of KPR R e
CadiGallahdwidiapRanall s IWED hitetidenlivatn@tipat lighknown value of
(first actual bandw dth paraneter) = ((% (second

oBXpaEPS and the secqrid gesal benrdyudth)paganaggeris 5PP. /| (bd -
ae), or the equation: (second actual bandw dth
parameter) = ((a * (second output)) - (d * (first
00V pIie)gpparaad of chiith 21, {udther cdmbrisfg: The appar at us of

1 ot Risadibisingres DEaeera vebior SEhS TPt A8t be g
bﬁaﬁéﬂ' HihGw R g'r?l:ﬁfn@fer iSrWiVLADN el BBbGahE Bt [iR8 KnBRHYvalue of

I rght known value of EX Is E95 and the Second act ual
b &XcheiBE96 lang dreasweoret adtuwl Baglwidth parameter is E9S.

28. The apparatus of claim 22, further comprising;:

the calibrating input light known value of FWXM is FWHM and the first
actual bandwidth parameter is FWHM and the calibrating input light known value of
EX is E95 and the second actual bandwidth parameter is E95.

29. The apparatus of claim 23, further comprising:

the calibrating input light known value of FWXM is FWHM and the first
actual bandwidth parameter is FWHM and the calibrating input light known value of
EX is E95 and the second actual bandwidth parameter is E95.

30. The apparatus of claim 24, further comprising:

the calibrating input light known value of FWXM is FWHM and the first
actual bandwidth parameter is FWHM and the calibrating input light known value of
EX is E95 and the second actual bandwidth parameter is E95.
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26. The apparatus of claim 20, further conprising: the

calibrating input light known value of FWKMis FWHM
w@easois9$ i rst actual bandw dth paraneter is FREVUS2004/021259

the calibrating input light known value of EX is E95

and the second actual bandw dth paraneter is E95. 27.

The apparatus of claim?21, further conprising: the

calibrating input Iight known value of FWKMis FWHM

ansd. Theagparats @faﬂajail%ﬁltrdmi'r dcbrhp:pangnet er is FWHM and

the calj brati n kno
and théﬁ%fé%ft?i‘;'ﬁi 8|° R‘f%\ﬂ m@%ﬁﬂaﬁ‘gﬁ’éﬁeﬁeét%%e Q@d to be

TheuARRGEALASH RS 1o FVAKNY #dn td EXIRAMLCR 'fér%ﬁkgront(ﬁ ®he second
cal i brating input |ight known val ue o FV\XM I's FVWAM

argtic dahdwisith deseater is belectod titte paclametessensit va-1OHRK dird to

tmﬁé' brating input |ight known value of EX is E95
second actual bandw dth paraneter is E95. 29.

The appar at us of cI ai m 23, further conprising: the

cal i brating input ht known val ue of FWKMis FWHAM

arid- Theeariparades @fcsﬂa;m Up rthar Gthplp%n&rret er i s FWHM and

the c altﬁ@{r%ﬁ%%{ﬁ%ﬂ%f Itﬂeglf}tst ﬁﬂ% ahdw cﬁlé ?etec OE§’§6F g%d to be

and the secon par

Theuchppareatnisitivafto Q‘WﬂXM hin td BXtdhetheRapférSingiontdTehe second
cal i.brating i n&% " i.ght known val ye of FWKM i s FWHM
e

agtied dandwyidth S peldvH e paThameteatensig vetadK dive to
Wﬁ,&.l brating input |ight known value of EX is E95
n e second actual bandw dth paranmeter is E95. 31.
The apparatus of claim 19, further conprising: the

tr,gnsfer functi of . t i rst o tical bandw dth

R T ot gtk A R e S ena 11 v 1o FWKM
than t ghdXardRg flkt@ioh bR BRS Mkt Jﬁﬂféﬁﬁﬂaﬁﬂwﬁfth H%ct%?&%@ﬁcted to be
optical bandw dth detector is selected be much nore

s ansihinete sersitie to FANXMotheppaEX3md thm%arzsﬁqﬁumt@g ofthe second
t [ t he Ll ansf er.
¢ B Pdpa A8 SRR e PRS- Bl Rk Bl
MEWIXVhr e sensitive to FWKM than to EX and the
transfer function of the second
34. The apparatus of claim 22, further comprising:
the transfer function of the first optical bandwidth detector is selected to be
much more sensitive to FWXM than to EX and the transfer function of the second
optical bandwidth detector is selected to be much more sensitive to EX than to
FWXM.

35. The apparatus of claim 23, further comprising:
the transfer function of the first optical bandwidth detector is selected to be
much more sensitive to FWXM than to EX and the transfer function of the second

optical bandwidth detector is selected to be much more sensitive to EX than to
FWXM.

36. The apparatus of claim 24, further comprising:
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opti cal bandwi dth detector is selected to be nuch nore

sensitive to EX than to FWKM 33. The apparatus of
w@b@sn2ey further conprising: the transfer fuPCr/UsW00621259

the first optical bandwi dth detector is selected to be

much nore sensitive to FWKM than to EX and the

transfer function of the second optical bandw dth

detector is selected to be nuch nore sensitive to EX

than t ﬂle%Mer Brhctidinef tap fHiast dbtical ®hndhidthndedet:torfisi dléred to be
conprising: the transfer function of the first

b ENEAIER SepsKtie o F WM oroh ap tsdramsieh s hen of the $Eond
S ?ﬁ?‘{%ﬁ béﬁﬁv&h ’ﬁé%%yjltoté gﬁa%g)%%g%g@%% § N8ork saRadRto FXOGhA @8

e secon etector 1s selected
t BW¥&Mnmuch nore sensitive to EX than to FWKM 35. The
apparatus of claim 23, further conprising: the
transfer function of the first optical bandw dth

d?‘?.e&%)ﬁétohﬁloéfabﬁﬁhggt s%ﬁrc@%ofﬁ?ﬁ@m re sensitive to FWKM
t ha

e transfer function of the second
opt i cah lasankighitdotrceteindct or is sel ected to be nmuch nore

it th t FWKM ., 3
ST o B bRl nb R f ooty o BB pEitn Shigyt
t BRittddrfedm @it lhser ingra acie Ghidvigteater cdrﬁp@sexhgect ed to be

much nore sensitive to FWKMthan to EX and t

t r ansf afirstoyrveleaathgensitie epticahbandpidth épteﬁahﬁmvmmg a first
! B ARt A BISRSY BORSIRL ek e

c tiphyensittad) from tha&ser dsiaghiallg measeed h;n the farstizandwidth detector;
neter for asur t he .bandw dt.h ect rum of.
| g ht BAFIoNedVave ﬂgﬂiwanﬂé‘éfeqpmﬁblzﬁﬁw?bﬁ eBtQhB’WH{“Pg a second
%ﬁt &?f@éﬂt%\;&)f the fikst ﬁﬁraﬂ’@ﬁé@ LWRRGLE iiRBASIvE bY BarRRi MBS the
detector providing a first output

r hght@mtte@ﬁpmethcﬂasar 4si acmallp arcaspte by Wi sgporidsbandwidth detector;
i Qﬁ'& cative of the bandw dth of the

an actual bandwidth calculation apparatus adapted to utilize the first output
and the second output as part of a multivariable linear equation employing
predetermined calibration variables specific to either the first bandwidth detector or
the second bandwidth detector, to calculate a first actual bandwidth parameter or a

second actual bandwidth parameter for the light emitted from the laser.

38. The apparatus of claim 37 further comprising:

the first actual bandwidth parameter is a spectrum full width at some percent
of the maximum within the full width of the spectrum of light emitted from the laser
(“FWXM™).

39. The apparatus of claim 37, further comprising:
the second actual bandwidth parameter is a width between two points on the
spectrum defining a content of the spectrum containing some percentage of the

energy of the full spectrum of the spectrum of light emitted from the laser (“EX”).
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light emtted fromthe |aser as actually neasured by
the first bandw dth detector; a second wavel ength
W@ 008008292 optical bandw dth detector providi NBCEHUS2004/021259
second out put representative of the first paraneter
which is indicative of bandw dth of the light emtted
fromthe | aser as actually neasured by the second
bandwi dt h detector; and, an actual bandw dth
cal cul ati on apparatus adapted to utilize the first

out put and the second output as part ofa nultivariable
| fOrelhie appRratus of clomp B & JIHFT SPRREEBE N ned cal i brati on

vari ablsy, ididth H&e&hg % gl\fbd g{éﬁoﬂc dél{dscﬁe Rap Q%{‘ﬂgﬂ{ {d representative

detector or the second et ector,
caf z frirpeevidthf dfrastinge o el ofsmaldwitpiitiof plzr ctaben et FWIXM; and,

d t ual, bandw d t f he |ight )
o Lt eerpao BT iLE petedSa! TR sllon Sishe Secopd Bhguisas
f 1 QBhta G RODN d $inB8widthrhh 'b?ﬁca@%%ﬁ% ofBB St FWXM.

paranmeter is a spectrumfull width at sone percent of

the maximumwi thin the full width of the spectrum of
li emtted f.rom laser ("EWKM'). 39. The
aég’gfrhe?talﬁ’gar&ﬁlsﬂf8%%%?%”?@??%’&”‘816’%ri sing: the second
act ual iR EesabETs and efaloM AHdhd Gtsteemut whresentative
points on the spectrum defi nL&% a content of_the

P

s pbe fiinge vddih afiadringe ebareoniicabaipagd tyy ctelas abRWREL #1d;

the f t . . _ .
e e RSN RSPRS00 ST v
f widthef an optical sutpgt ofttheethlonstt FNEXMA dt h detector is

and etalon and the first output is representative of a
fringe wwidth of a fringe of an optical output of the

ehé‘."ﬁ{baé‘:%ax%%“&fc?aﬂﬁwtﬂiﬁh&%ﬁ{ﬂﬁsﬁ%ndw dth detector is

an et al and the second output is representative of a

f ri nge thwi fiksthbapfiwadih detectonls andtepalen afd thi Eirss oulpyhregtesentative
F .41. The ar at us_ of.. ¢l ai,m 38 further .

bty o AP RRREL el PPl s SR EWGO ardyr

and t hend debsiid ambRith BeREes RHhakdlvieaf tha sédond @atp fitahfringe
f a fringe of an optical outt%ut of the etal on at

0
Fyigih of g Optigpd oupabefdhe sialem AtV ¥ ™M ect or is an etal on

and the second output is a fringe width of an opti cal
dut put of the etalon at FWKM
43. The apparatus of claim 37, further comprising:

the precomputed calibration variables are derived from a three dimensional
plot representing the first output of the first bandwidth detector in relation to a
calibrating input light with known values of the first actual bandwidth parameter and
of the second actual bandwidth parameter, and from a three dimensional plot
representing the second output of the second bandwidth detector in relation to a
calibrating input light with known values of the first actual bandwidth parameter and

of the second actual bandwidth parameter.
44, The apparatus of claim 38, further comprising:

the precomputed calibration variables are derived from a three dimensional

plot representing the first output of the first bandwidth detector in relation to a
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42. The apparatus of claim39 further conprising: the

first bandw dth detector is and etalon and the first
wo@uiopos2eepr esent ati ve of a fringe width of a PCT/DNE®00621259

an optical output of the etalon at FWKM and, the

second bandw dth detector is an etalon and the second

output is a fringe wwdth of an optical output of the

etalon at FWKM 43. The apparatus of claim 37, further

C eAlibrhtiigi@puti iyt pitk kaowhtvelhes af ihb fadtiacthaMieunidoidtk paaneter and
derived from a three_ dinensional plot representi nIg t he
f P the segang getugk bandwidth parameiss @iddrem gdhuge fgpensipnal plot

rel ati.or oRERE bFe L S -
RS O SoF LALLM L A
t balitsatbnnidpadighatvithandwh dtiepaf trdirsiractuahihrtinidth parameter and

t hree di nensi opal pl. representing the second out put
ong'ﬁée‘é%‘é@ﬁHla %ﬁ’&sﬁ“&gﬁa@&e&?t or inrelation to a
calibrating input light with known val ues of the first

actual bandw dth paranmeter and of the second actua
bapdiiecpparaarsarietagm 394AnthTheonappangit us of cl ai m 38,

e R Ry AR BE S B ) i
I SRSt BSREehiMtl the Firdticuffut OFHhR HrstWan8WRIH HétSdtodiareatioh b a

detector in relation'to acalibrating input light with

k ﬁai\i/hx?mmhi@e@t light wiith knpyvgtvabies afithefpicsivat baodandthwerameter and
| .
ggf ‘hh% seéod}:‘a a%ﬁl%i’ﬂa%d]@&%t}{g@a%@&"‘ﬁrﬂf ?orﬂ%rtﬁ:%g tdgé%%sﬁcg& 131%9 m

ree nensi ona représenting
owdrpesentifg the secmd @nthub aftheiseliond dahéwiddt détectorcih atlation toc

a calibrating.input Iight with_kno val yes of _t he

£ Fidhrati RV ligh &Wﬁ‘d‘ﬂlﬁwﬁé’@g%%ﬁw% gl ot parameter and
A8 Rl BARC A Bl FhAmedS. The apparatus of claim
39, furthe '

r conprising: the preconputed calibration
vari ables are derived froma three di nensional plot

representing the first.output of .the first bandw dth
adPoERE R e Sty 65Emisteing | nput 11ght w th
known viad presorbutédeulibididh vamhblad ar AeHV irbim RahRERAEsional
and of the second actual bandw dth paraneter, and from

a Pldi repsesgnives Biediast| ouitug of thegiraidwndwiigh defectsingaligtion to a

0 .of. t he. ' t ' Ak

UL R SRR 55 ) Bl i

f iof e sacdndadctiabbsheivddth pasmenet eid Aol a three dimensional plot
representing the second output of the second bandwidth detector in relation to a
calibrating input light with known values of the first actual bandwidth parameter and

of the second actual bandwidth parameter.

47. The apparatus of claim 41, further comprising:

the precomputed calibration variables are derived from a three dimensional
plot representing the first output of the first bandwidth detector in relation to a
calibrating input light with known values of the first actual bandwidth parameter and
of the second actual bandwidth parameter, and from a three dimensional plot

representing the second output of the second bandwidth detector in relation to a
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of the second actual bandw dth paraneter. 46. The

apparatus of claim40, further conprising: the
wEe@sno2es ed cal i bration variabl es are deri vedrET/082084/021259

three di nensional plot representing the first output

of the first bandw dth detector in relation to a

calibrating input light with known val ues of the first

actual bandw dth paraneter and of the second actual
bedbrdtihignPaniaiekah knewd vilneywfahe fire actdalindvitiapapineter and

rggresenting t he second out put of the second bandw dt h

det the sesond gctpal hendwidth parameteri brating i nput 1ight with

known val ues of the first actual bandw dth paraneter

and of the second actual bandw dth paranmeter. 47. The

apRaretapparafus of alaim 42, fufthert doerprisongor i si ng: t he

preconput ed calibratjon variables are ived frqoma .

P hr co TherErRSRBIiAR Bl bRPE SR GUrttoe T e dppasional
Ogllo_i rdskhtile REREWAL SEHE Tt QbahdWiti] @ltdc@sY ih Peldtion to a
calibrating 1 nput light wth known values of the first
acdlibadtinganpvilighhwish kaowh ealuanof tbé firiectveldwmdwidth pajameter and

bapdw dt h .par ter nd froma .three di nensi onal, gl ot
- Bbie seinbe R AT SR aes et g & el B S Ra et
dRiRGERing e 5&Joal bafput 6f 186 8¢dohdl Bhndvadibnbkctdriif Rélatidr 18 a
known values of the first actual bandw dth paraneter

aealibsttingriapedigbhwith knoan vBlaasiof e firy actakhand width parpmster and

a ratu f i m 4 ther conprising: the
pgf;@lg%clf?’ggmgg %?g?(ﬁ%ﬁ vare?egbl es are derived froma

three di nensional plot representing the first output
of the first bandwidth detector.in relation to a
c 49 Hhearpagtusoh GRImidg ntorhet ¢PRIBNRE val ues of the first

act ual g{%alﬂgf"icq}atp bﬁmgﬁgﬁfan?&& i96 shQgrusErRndviafiidpectrum of

bandw dth paraneter, froma three dinensional plot
r Ephtessitted figntthelssecend] out put of the second bandwi dt h

det ect [ | at i | i ti ' t Light wi.t
Cet o B ot A B0 R SR L a0 R el i
apghitedd e ugaeend actual bandwi dth paraneter. 49. The

apparatus of claima43, further conprising: the first
actual bandw dth paraneter is a spectrum FWKM of the

S gs.cfﬁeuarﬂpglfatdsi of '&1ai1%r£i4f {“u?gle; EO%risjﬂr?g: laser; and,
the first actual bandwidth parameter is a spectrum FWXM of the spectrum of
light emitted from the laser; and,
the second actual bandwidth parameter is an EX of the spectrum of light

emitted from the laser.

51. The apparatus of claim 45, further comprising:

the first actual bandwidth parameter is a spectrum FWXM of the spectrum of
light emitted from the laser; and,

the second actual bandwidth parameter is an EX of the spectrum of light

emitted from the laser.

52. The apparatus of claim 46, further comprising:
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the second actual bandw dth parameter is an EX of the

spectrumof light emtted fromthe |aser. 50. The
wappane2os of claim4d4, further conprising: theCtUSED4/021259

actual bandwi dth parameter is a spectrum FWKM of the

spectrumof light emtted fromthe |aser; and, the

second actual bandwi dth paraneter is an EX of the

spectrumof light emtted fromthe laser. 51. The

appar athesiref aclabbmddhdthfpardniedsr i€ @ gpgcminBWHM e ther spectrum of
act ual bandwi dth_ paranmeter is a spectrum FWKM of the
s pektemifiedirop thplasghni®ded fromthe |aser; and, the

second i roi i
et SRSkl SRR AR s LRSI eclf of g

apméttedtfitan dfe ledeai m 46, further conprising:the first
actual bandwi dth paraneter is a spectrum FWHM of the
spectrumof light emtted fromthe |laser; and, the

S&3OML Aphidels JPRMSHAIAY! furihef @RI Rind:S an EX of the

t
spectrum of |ight em.fted fromthe laser. 53. The
appar athesfirst actiah bandavidthf paranheser is o spedteinngWHMeofthe spectrum of

actual .bhandw dt h,paraneter is a spectrum FWHM of the
sﬁgféjtternﬁil ecggro dtéﬁ#{%gnﬂl 'ed fromthe laser; and, the

second tiaGiebdd Randvhdilddaaimiteris b EXnofftie ofectri of light
spectrumof light emtted fromthe |aser. 54. The

apmattas foem dfe lasesi m 48, further conprising: the first
actual bandw dth paraneter is a spectrum FWHM of the
spectrumof light emtted fromthe |aser; and, the
Sé4 0Ttk pphratls diaaini48t furthar comppriding:s an EX of the

spectrumof light em.tted fromthe |aser . The
appar et a%tfaéﬁ?m%siﬁmr%%?r i§ BFpFILS EVR?M Pt spectrum of
light emitted from the laser; and,
the second actual bandwidth parameter is an EX of the spectrum of light

emitted from the laser.

55. The apparatus of claim 49, further comprising:

the first three dimensional plot provides the solution:

(first output) = (a * (calibrating input light known value of FWXM)) + (b*
(calibrating input light known value of EX) +c; and

the second three dimensional plot provides the solution:

(second output) = (a * (calibrating input light known value of FWXM)) + (b*
(calibrating input light known value of EX) +c; and

the actual bandwidth calculation apparatus uses the derived equation:

(first actual bandwidth parameter) = ((b * (second output)) — (e * (first

output)) + ce — bf) / (bd — ae),

or the equation:

(second actual bandwidth parameter) = ((a * (second output)) — (d * (first

output)) + cd — af) / (ae — bd).
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the first three dinensional plot provides the
solution: (first output) = (a * (calibrating input

wo p@hvoeeown val ue of FWKM)) + (b* (cali brati npCT/nR2004/021259
i ght known val ue of EX) +c; and the second three
di mensi onal pl ot provides the solution: (second
output) = (a (calibrating input |ight known val ue of
FWKM) + (b* (calibrating input Iight known val ue of

EX). T appadtisitg cRih 58| fbtedydmiirsigal cul ati on appar at us
uses the derived equation: (first actual bandw dth

par arref@rf}m:th{e@@imé@é%@ép]@bémﬁef the solutiony f j r st
t t + _ .- a1 ] Qﬂ:i %
?g eg g n rg[c?]'ggtft) Eg{%\&é aé‘t(bgg‘é%r@%théﬁkﬁé’%( a ¥ %fs enng)

0 (dapibtajipg inpudliglit knetvnoatyeuid) X )+Hcdnd af) / (ae -

bd).56. The apparatus of claim50, further conprising:

Che {1 Hsrscemddbrea chrapa Plobpqu&ﬁg%ﬁsegél%e

sol uti eReqddfd Qut PULNibE ot Gdhd j | b #
l'ight E%g%d (%/lg 1}29 gé I‘g{i/%(hl\%r%tﬁl% u(l%lg‘t%giéﬂallgjifogfﬂa\t%ig%ég [ nputM)) (0
| {qghibraking wpuy HilutknofvnEMjueiaf EXnidk; tlk second t hr ee

di ' t i th | ution: d .
out put JHencpua? b Ang et pER e FSRAE Favaionsy
FWKM ) (firsf %udl ©ahdviaee paemétBi s (b + glkokdhomputypl tes alrst

EX) +c; and the actual bandw dth cal cul ati on ‘appar at us
uses t ABtpEe)} ved byUREr$). (first actual bandw dth

par anme f{h%eéé%iogﬁecond output)) - (e (first output)) +

ce - b ae), or the equation: (second actua
bandwi (deborpiacamt beddwigth( faparfietéd ec@nt (@udmlisytput)) £ @ * (first
(first output)) + c/d - afz) /| (ae - bd). 57. The

appar aPB®uB} +&fl ziak) /Hge —d)t her conprising: the first
three di nensional plot provides the solution: (first
output) = (a * (calibrating input |ight known val ue of
F@KMBe appétatus of claim 51, further comprising:

the first three dimensional plot provides the solution:

(first output) = (a * (calibrating input light known value of FWXM)) + (b*
(calibrating input light known value of EX) +c; and '

the second three dimensional plot provides the solution:

(second output) = (a * (calibrating input light known value of FWXM)) + (b*
(calibrating input light known value of EX) +c; and

the actual bandwidth calculation apparatus uses the derived equation:

(first actual bandwidth parameter) = (b * (second output)) — (e * (first

output)) + ce — bf) / (bd — ae),

or the equation:

(second actual bandwidth parameter) = ((a * (second output)) — (d * (first

output)) + cd — af) / (ae — bd).

58. The apparatus of claim 52, further comprising:

the first three dimensional plot provides the solution:
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(calibrating input |ight known value of EX) +c; and
the second three di nensional plot provides the
waelsnigams (second output) = (a * (calibrati ngPCTIps1004/021259
i ght known value of FWKM ) + (b* (calibrating input
i ght known val ue of EX) +c; and the actual bandw dth
cal cul ati on apparatus uses the derived equati on:
(first actual bandwi dth paranmeter) = ((b (second
OUt put Jfirstouksuty = (4  (&llibeainp d;)ul lightdgownfalud of(FIRXM)) + (b*
or. the equation: (secan actual bandw dt h
péaahh@ﬂ@g jput klghi knowcyébmf@ai gead . (d * (first
out put par at us of
claim ’sea%o&?ttﬁre? d%:néé'rpn@sr(?lg} %lop&)owdésthre;g? ﬁltt’%?'ee
di mensi onal pl ot provides the solution: (first output)
(a * (calibratin npyt .kno valueo
(b* (clesaauimg %%Echlﬁlbﬁw ghtdmeamra @@%MD + (b
iR al t provides the
sggﬁ%?@%gﬁﬁggglﬁgEgﬁPgEFEQ§E9§ & %%glibrating I nput
| i ght #eowmal/bdndsvidih cEM¥Igipn aep;(duettuq eszb ither derivad) equapion:

i ght f
Clalgcm o%hﬁbﬁ%ﬁg@?%%é?rﬁe% ega&{éﬁlﬁm&o nP\M &{rg
(firstg hﬂ)ﬁ#c@aw(@aha@wamter) = ((b (second

output)) (first output)) + ce - bf) / (bd -
ae), opr‘thh@CP&i@atlon (second actual bandw dt h

out put {7-opeagtef ppnc TERTRRYGD A kb bl (@ et
cl ai m bGpufu cherafo@pribd).ng: the first three

dinensional pl ot provides the solution: (first output)
= (a * (calibrating input Iight known val ue of FWKM)

sébﬁﬁ(a%ghﬂaﬁfsgtf'cgﬂn'sapﬂﬁthkfw}ﬁ Aggun val ue of EX) +c;

and t econ ree di nensio ot provides the
sol ut i tw:first three dimensional plot provides the solution:
(first output) = (a * (calibrating input light known value of FWXM)) + (b*

(calibrating input light known value of EX) +c; and

the second three dimensional plot provides the solution:

(second output) = (a * (calibrating input light known value of FWXM)) + (b*
(calibrating input light known value of EX) +c; and

the actual bandwidth calculation apparatus uses the derived equation:

(first actual bandwidth parameter) = ((b * (second output)) — (e * (first

output)) + ce — bf) / (bd — ae),

or the equation:

(second actual bandwidth parameter) = ((a * (second output)) — (d * (first

output)) + cd — af) / (ae — bd).

60. The apparatus of claim 54, further comprising:

the first three dimensional plot provides the solution:

(first output) = (a * (calibrating input light known value of FWXM)) + (b*
(calibrating input light known value of EX) +c; and
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(second output) = (a * (calibrating input |ight known
value of FWKM ) + (b* (calibrating input |ight known

wo a00amos2ds EX) +c; and the actual bandw dt h cal pCi/E81004021259
apparatus uses the derived equation: (first actual
bandw dth paraneter) = ((b * (second output)) - (e *
(first output)) + ce - bf) / (bd - ae), or the
equation: (second actual bandw dth paranmeter) = ((a *

gsecon%g;aéﬁo%gttﬂrzle_eh din(léilsf‘onélfﬂlbﬁﬁr?ﬁdésmhébbluﬁofd - af) /
ae - . . e apparatu .aim 54,
conpr i &Férpd oupEIYT (ot (akipriing ?%gé%ﬂgapwaw JGE?MBQ) + (b
Che-solut bon: .. (£.i D . librati ,
L L D Sy RN S
Id! ght fheaw?ahlladllltciezidih c_ﬂgmlaﬁim:rl] a@anbfthmuse&mmvhd eqguation:

i mensi onal plo r.oyi des t ion: d
out put §first aciiat E%nff%%maﬁﬁmﬁﬁg ﬁts(&l %é??g%%aﬁg 2‘[ Ge st
E;/(\);(M)()lﬁg&tg)*_‘— Qgﬁ*bbb/r(%i—"ég),i nput |ight known val ue of

+C; an

the actual bandw dth cal cul ation apparatus
uses t bethdequated: equati on: (first actual bandw dth

par ane = d_out - * ' ¥

b s e AT Vi il o o
secon @plwﬁ L ydp t = * d

out put) )tﬁ?ﬁ)}(ﬁ ((1f i rst out pﬁ?; ?rr?- 5{1) - ag § a/ (éze?ogd) .

61. The apparatus of claim55, further conprising: the

caligrating. in .ihE% of FWKM i s FWHM

aﬁh‘ ’ﬁﬁeappl guts Oggabrglsgban \?\npéég?)ﬁ&%g@grreter IS IF?/\HM and

t hg ?ﬁkﬂeﬁfaﬁbﬂaggg (100 }ig}lé,ti @bm?ahwmf\lﬂmm oFWHRM snd0s first

an e second act ual i .anet i s..E95. 62.
TReualgpadeidis PErEieaTH Wﬁﬁﬁs Eﬁ&%{l@%‘-%g ingo Bgﬁ“ﬁ%@m value of
C gyt i@rE@'S'falﬂg thd Rond AGRA bERRVRIVRkHEetef is KM i s FWHM

and the rst actual bandw dth ‘paraneter is FWHM and
the calibrating input |ight known val ue of

62. The apparatus of claim 56, further comprising:

the calibrating input light known value of FWXM is FWHM and the first
actual bandwidth parameter is FWHM and the calibrating input light known value of
EX is E95 and the second actual bandwidth parameter is E95.

63. The apparatus of claim 57, further comprising:

the calibrating input light known value of FWXM is FWHM and the first
actual bandwidth parameter is FWHM and the calibrating input light known value of
EX is E95 and the second actual bandwidth parameter is E95.

64. The apparatus of claim 58, further comprising:
the calibrating input light known value of FWXM is FWHM and the first
actual bandwidth parameter is FWHM and the calibrating input light known value of

EX is E95 and the second actual bandwidth parameter is E95.

65. The apparatus of claim 59, further comprising:
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EX is E95 and the second actual bandw dth paraneter is
E95. 63. The apparatus of claim57, further

w@owpniedfg: the calibrating i nput |ight knownP@HUS®00621259
FWKM is FWHM and the first actual bandw dth paraneter
Is FWHM and the calibrating input |ight known val ue of
EX is E95 and the second actual bandw dth paraneter is
E95. 64. The apparatus of claimb58, further
conpr i gien@libiatiag treduit Hpktkinogmi vapust o HVIKIM 16rTOMEIM ahdithedfrst

 SOURANIACE ARSI 10 TR Shaltcal PRHAE RHURACTPa¥nplue of
EXxi 8 Eﬁg%ﬁ% geesn&&@@ﬂ@?ﬁgfigﬁl rgag%ﬁ&y dtgysparaneter is

E95. 65. The apparatus o urther
conprising:the calibrating input |ight known val ue of

F is FWHM and. the first actual. bandw dth parameter
i%&kﬁl\ﬂ@ﬁ@“{s claim; 4% Q'Fﬁﬁbcc?’ﬂ?fﬂﬁmg'i ght known val ue of
EX i's BR%:afBfhtind enpte GeMdAGnuUalucarwikal ik mREVIRh@helfist
E95. 66. The apparatus of claim60, further

c estpali bandyyidth herameter iy RVIERY ahd thetcalibrpting knpodightdingenofalue of
F S <FVEM and t he first.aghual bandw. dth paraneter
X A el PRl AR R R RS 2 Aot
EX is E95 and the second actual bandw dth paraneter is
E95. 67. The apparatus of claim55, further

c Srphesanpgratusiaf claimpot BrthereRIMPEHNGT the first optical
bandwi s I .

sens! t eSS Rtioh 8 AR o RwB BB Pls seloped to be
ofmuchenwe sanitivepd FEX Mothanive BXKland ehetcdmsfer ifenctioh ef thedsecond
to be ch .more sensitive fo EX than to FWKM The
aﬁafé?aéguﬁ%fp‘*&g%&f%%rs% §el?<i5?<f e RRIPPIS; Sﬁﬁs.ltlY%fé?GESX than to

t pangfer function of the first optical bandw dth
detector is selected to be nuch nore sensitive to FWKM
than to EX and the transfer function of the second

opti-cal  bandw .d tor is sel.ected to be rmuch nore
Sgg'_SI q@@%ausﬁtcy%gﬁfgfmmwmgrhe appar at us of
cl ai m 6, trdndfer f@ictio BP tHeSirBGptical bandwidth detector is selected to be

much more sensitive to FWXM than to EX and the transfer function of the second
optical bandwidth detector is selected to be much more sensitive to EX than to

FWXM.

69. The apparatus of claim 57, further comprising:

the transfer function of the first optical bandwidth detector is selected to be
much more sensitive to FWXM than to EX and the transfer function of the second
optical bandwidth detector is selected to be much more sensitive to EX than to
FWXM.

70. The apparatus of claim 58, further comprising:
the transfer function of the first optical bandwidth detector is selected to be

much more sensitive to FWXM than to EX and the transfer function of the second
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the transfer function of the first optical bandw dth
detector is selected to be nuch nore sensitive to FWKM
W0 bs/00829EX and the transfer function of the sePCDOS2004/021259
opti cal bandwi dth detector is selected to be nuch nore
sensitive to EX than to FWKM 70. The appar atus of
claimb58, further conprising: the transfer function of
the first optical bandwi dth detector is selected to be
mopticalrbimlvadthsdetdcwr it seldedMo the amucdham&rX saisititd e EX than to
té%g}ﬁ/gr function of the secondoptical bandw dth
det r is selected to be nmuch nore sensitive to EX
than to FWKM 71. The apparatus of claim59, further
conprising: the transfer function of the first optical
b dhdllecppachatsedtctaimi5®, fethectmupristnde nuch nore

sensitive to.FWM.t hap,,t nd.the transfer funct.i

ot he e AnReT StHnn o the i opE R A deiads deteShk S0Euad b be
t @RR nfB#6 Bed¥RIVR t6 EWEX M then IPEKnl M trd R Wilriod 8 thEREcond
apparatus of claim60, further conprising: th

e
t phiie bandwididt degastasfis sehesctdd tode naypshi roere shagitdivel tatHX than to
dﬁ%&ﬁ r is selected to be nuch nore sensitive to FWKM
than to EX and the transfer function of the second
opti cal bandwi dth detector is selected to be nuch nore
sensitive to EX than to FWKM 73. A photolithography
t 381 Theppasalysiy clamdRo fusthes sRIgpTisng; | i ght source
conpr i : E A HBREHE
bandw g’%e'r}g%’f&é ?@&gé\ftl ?E%egﬁ gtl%lrp é E@ bem tt edhé}?cgpnﬂg SFlg%tgcri to be
i npeh niare sdmsithanc WWIX N thed er EX angd thestrangfer durfcitiva of the second

wavel th.sensitive optical bandw dth detector:
DB PO et as e e S e SR P SBF g 1y fhan to
pag@gwter which is indicative of the bandw dth of the
light emtted fromthe | aser as actually neasured by
the first bandw dth detector; a second wavel ength

SSRh SRRk SR ol Proy S
whi ch aphbtolithoatdphe light dan@dwWodiphisig: t he

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

a first wavelength sensitive optical bandwidth detector providing a first
output representative of a first parameter which is indicative of the bandwidth of the
light emitted from the laser as actually measured by the first bandwidth detector;

a second wavelength sensitive optical bandwidth detector providing a second
output representative of the first parameter which is indicative of bandwidth of the
light emitted from the laser as actually measured by the second bandwidth detector;
and,

an actual bandwidth calculation apparatus adapted to utilize the first output
and the second output as part of a multivariable linear equation employing
predetermined calibration variables specific to either the first bandwidth detector or
the second bandwidth detector, to calculate a first actual bandwidth parameter or a

second actual bandwidth parameter for the light emitted from the laser.
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light emtted fromthe |aser as actually neasured by
t he second bandwi dth detector; and, an actual

whanddstvh cal cul ati on apparatus adapted to utPCT/ES2005e21259

\

first output and the second output as part of a

mul tivariable |inear equation enploying predeterm ned
calibration variables specific to either the first
bandwi dt h detector or the second bandw dth detector,
to calculate a first actual bandw dth paraneter or a

second actual bandw dt h ﬁararreter for the |ight
erftt Hgprpamsis delamgiauther copwprisigar at us of cl ai m 73

furt he”thecf?ﬁpﬁdt&dl 'Bgnddnﬁﬁl éat{\ﬁét\%alg Iaﬁﬂlectpﬂﬁ‘ﬂm idth at some percent

paraneter is a spectrum sone percent
t lo€ theamaxnmommwvithinrhe fudl WidtH ofithel sfrecofimt dfdighperattred lfnon‘f the laser

|thedfromthe | aser ("FWKM'). 75. The
[S 9 of claim 73, further conprising: the second
actual bandw dth paraneter is a wi dth between two

poi nts on the spectrumdefining a content of the
sﬁécThmapp@mﬁmsmfmﬂan@ Bofretheeeaep© sigs of t he ener gy of

the ful] m h ectrumof h

from ¢ e RREE} AL Fond WG BERRAGTS B i R ER G Hipgs on the
f ypddn@in eammgd $tdi@ent b thefshédtiun asiiin o sodRREdAtagh Sf the
and etalon and the first output is representative of

f energe ofihetibll specirupy ofithesnertram of pightemitiedifiom ﬂ’@flaﬁphé‘EX”
etalon at FWKM and, the second bandw dth detector is
an etalon and the second output is representative of a
f 76rlee appeltatusadf céaimdf3tfurthér contppisingof the etal on at

FWKM  77. .Th f cl 74 furt . .
Compr | LRt B ORath SEign AT SH b SR AhG TSV G R ERRative
a@gatﬁhﬁgef wAast opiifrﬁfgts of %PB&&%[‘B %hﬁ’&f +RE et@lofnra't POEVE: dhd)

of a fringe of an optical outpu t he etal on at
FWKM  dlrrdsecotykebandwiodibl dbfacrdmscunh:taiem end the seeondmputgtuaison

R Bl 85 Bl By PR

claim75 further conprising: the first bandw dth
detector is and etalon and the first output

r dpr Baceanpatatireofsiaim Fritriher opmprings a fringe of an
opti caly OlsPHinaRidth AEteEbR s Hh Bt GYNM 1B Bt output representative

of a fringe width of a fringe of an optical output of the etalon at FWXM, and,
the second bandwidth detector is an etalon and the second output is a fringe
width of an optical output of the etalon at FWXM. |
78. The apparatus of claim 75 further comprising: '
the first bandwidth detector is and etalon and the first output representative
of a fringe width of a fringe of an optical output of the etalon at FWXM; and,
the second bandwidth detector is an etalon and the second output is a fringe

width of an optical output of the etalon at FWXM.

79. The apparatus of claim 73, further comprising:
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t he second bandwi dth detector is an etal on and the

second output is a fringe width of an optical output
w@booskes2es al on at FWKM  79. The appar at us of cPEi/Ds2084/021259

further conprising:the preconputed calibration

vari abl es are derived froma three dinmensional plot

representing the first output of the first bandw dth

detector in relation to a calibrating input Iight with

known viad presor@putéhealibtativh vaghblad arb@sdve Oifrbim RahediBénsional
and of the second actual bandw dth paraneter, and from

a Pl F%@S&pﬁ%&%ﬁeéﬁ% ougph pf ﬂl@;ﬂrétsk@ﬁfiww@h defecteripgpiation to a
AL RSN L e RS Gl Byt R e

f of tte samndadctdaabaMuddm ppmnmmt &id 2o acthree kiémemesimiatiplot
actual bandw dt h parane p rat us, of claim

7 ECPTeSTPHR e SEEARA SRy ol fhsecor éﬂ&n‘gm%@a deftepaeiadon o a
v REliRt 1n§ﬁf311%1§ With8GotheaRs bHe &irel déﬁi&?béﬂ@%d‘tﬁlp@fameter and

represe Ing t first output of the first bandw d

def thetseeonidractual bardondthpamneddri br ati ng i nput ight with
known val ues of the first actual bandw dth paraneter
and of the second actual bandwi dth parameter, and from

aghhTiees Sifeladn 7, AlthePRiRS@Md:ng the second
out put of the second bandwi dth detector in relation to

a cal i Hreamrmfgnmﬁgwalubra@ﬁn vatiahlesarewWarives e aghreg imensional
o%tr gﬁv\% %}? rfﬂ‘Xi" ao(ri{l t??{h% rfﬁ‘gt%r ijdﬂ?detga T i?lerglglﬁc g) a

e apparat us m

7 Bahl:fralmﬁg'lﬁputllfghv IW11$1I kagwntvaRiep bEthe st that Bandoridhipaiameter and
variabl es are ﬂerl vegtpf roma three dinensional  plot

r 8pthssesndragtuah andvi r, gd frora arthyeg dipensinmabplet
d ?ép?égeﬁﬁng the rs@écfﬁh'o thuk Bf e %@édng b%%angl\t/\}lli %\?ﬁrﬁoﬂ ih90hH] 1

known values of the first actual ar amet er
an@llhrﬁtlltglmps‘fdagm withdinowh vlahnsiwf ‘dlbiﬁrﬁtaicmahbmd,wwlthd)afmr and

ee di.nmensipnal esentlng t he second
% te%‘?ndtaﬁg“ LE@%H‘HE% h detector in relation to
a calibrating input Ii ght wi th known val ues of the

first actual bandwi dth paraneter and of the second
aél ublic appatwhiscielqva TanBuder cappristhgs apparatus of claim

76, fu Eﬂegﬁ{ecogﬁ) éd cc'al ggaftloh ngngtglgsc a?rg'%gxtn?eqi f%ﬂl' gt{axae '{¥fensional

vari abl'es ar erive roma ree di mension
plot representing the first output of the first bandwidth detector in relation to a

calibrating input light with known values of the first actual bandwidth parameter and
of the second actual bandwidth parameter, and from a three dimensional plot
representing the second output of the second bandwidth detector in relation to a
calibrating input light with known values of the first actual bandwidth parameter and

of the second actual bandwidth parameter.

82. The apparatus of claim 76, further comprising:

the precomputed calibration variables are derived from a three dimensional
plot representing the first output of the first bandwidth detector in relation to a
calibrating input light with known values of the first actual bandwidth parameter and

of the second actual bandwidth parameter, and from a three dimensional plot
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pl ot representing the first output of the first
bandwi dth detector in relation to a calibrating input
wo p@hooszdi h known val ues of the first actual beemuszD4021259
par anmet er and of the second actual bandw dth
paranmeter, and froma three di nensional
pl otrepresenting the second out put of the second
bandw dth detector in relation to a calibrating input

| ir€paésemiitithis sesumd\oatpie 81 ik stdvadfbandwidacdetedtodianelwiict o a
paranmeter, and of the second actual bandw dth

p&playang inpgight pathmennsalyes e thefifptactupl bandwidihparameter and
cgp'ﬁ{eisgj: :ac{daiabﬁ{d% ] a‘flget&?‘l i bration variabl es are

derive roma three dirnensional plot representing the
first output of the first bandw dth detector in

r ion to a I.brati.ng input . light with known

vgbu W%%%h%?&;%ﬁgﬂefml%ﬂgh par amet er and of
the segondeafhpaéd LABMoALAriRRERLR 46 ve PREM faltRI% Aimensional
three di nensi onal plot representing the second out put

oflat mepressoimgithis fivshwivgirth ol thedirstdrandwidtle fete¢tonintrolation to a

cali.brating imnput .Light wiith k val ues. of. t first

- Srlh B A 1 bt bl P G T el BT pafenier and
ban he sdédhdrrialBirividiBdarahiterdfitBfrdhSthk dethénsiBnéBplot
further conprising: the preconputed calibration

v &nressnidre teseepadiopinpt pf Bxmsecandhard widthAeiedierin rplptien to a

r T

QSRR R oHE o 1Glou Rt 0B i dehlaf bR dhter and
kiofte seedndestuat baddevidthrmtansetérual bandw dt h par anet er

and of the second actual bandw dth paraneter, and from

a three dinensional plot representing the second

0@l pife Hpatdd® FTRERAD AR M hpdgiector in relation to

a calibrating input Iight with known values of the
first &utpraconpuietiwalibrativarvarielles araddrivdd fréme agbreeimensional

S5 RRB B REIATF s SRR e

P AKIHTRAERY inb6it @%ﬁ Pehiindmn KIS of tHelTR stsHeGl batiwedth| gatiiteter and
emtted fromthe | aser; and, the second actual

b &k theisgendpstushbansvidiy paranteropnd femayshecedimensional plet

e %ﬁ%s%ﬂtiﬁ%&@s&&%dl obgiStt of 88 s RRARIA HSeQhr HrALTDER a
further conprising:
calibrating input light with known values of the first actual bandwidth parameter and

of the second actual bandwidth parameter.

85. The apparatus of claim 79, further comprising:

the first actual bandwidth parameter is a spectrum FWXM of the spectrum of
light emitted from the laser; and,

the second actual bandwidth parameter is an EX of the spectrum of light

emitted from the laser.
86. The apparatus of claim 80, further comprising:

the first actual bandwidth parameter is a spectrum FWXM of the spectrum of
light emitted from the laser; and,
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the first actual bandw dth paranmeter is a spectrum
FWKM of the spectrumof |light emtted fromthe | aser;

wapashiesecond act ual bandwi dt h parameter i s BCI/EX004/021259

the spectrumof light emtted fromthe |aser. 87. The
apparatus of claim81, further conprising: the first

actual bandwi dth paranmeter is a spectrum FWKM of the

spectrumof light emtted fromthe |aser; and, the

secondidgédbali abRBIngvitith paafRte is ArSEHMf B spécthhﬁ of light
spectrumof light emtted fromthe |aser. 88. The
appiicafips BE lasehi m 82, further conprising: the first
actual bandw dth paraneter is a spectrum FWHM of the
spectrumof light emtted fromthe |laser; and, the
SET.ane appirtak obelaini il fartharcamgtrdingt s an EX of the

ZBSZ? DG rack AR Parteds 16 R BT Al Hesppetrum of
% %km @c{lgg\qn%ﬂlaggr%ter is a spectrum FVWHM of the
t

trumo emtted fromthe |laser; and, the
s econ dtlmcsecumld ab’anabbmdvvlndth armmeters isEXrofithe spectrpm of light
spectr ht emtted fromthe laser. 90. The
appitedt g?:l %im 84, further conprising: the first
actual bandwi dth parameter is a spectrum FWHM of the
spectrumof light emtted fromthe |aser; and, the
s 880l apparatils o ahuwSamn’tbatrcmmr@mg s an EX of the

spect” 0oL RN S RO ISl BBy oFOR e o

tngmnﬁum}ﬂsmnalasa{ aihd,pr OVI des the solution: (first
output) = (a * allbratlng i nput,

I J
FWKN) ) the seepndactiial bandiwidld nagqsrgten 15 @ﬁg%&fg o%&f’f@@uogﬂl%&f

Dﬁ)rllﬁ%]fr&f;%et]gseg‘.econd t hree di nensi onal plot provides
e solution:

89. The apparatus of claim 83, further comprising:
the first actual bandwidth parameter is a spectrum FWHM of the spectrum of
light emitted from the laser; and,

the second actual bandwidth parameter is an EX of the spectrum of light

emitted from the laser.

90. The apparatus of claim 84, further comprising:
the first actual bandwidth parameter is a spectrum FWHM of the spectrum of

light emitted from the laser; and,
the second actual bandwidth parameter is an EX of the spectrum of light

emitted from the laser.

91. The apparatus of claim 85, further comprising:

the first three dimensional plot provides the solution:

(first output) = (a * (calibrating input light known value of FWXM)) + (b*
(calibrating input light known value of EX) +c; and
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(second output) = (a * (calibrating input |ight known
value of FWKM ) + (b* (calibrating input |ight known

wo a00amos2ds EX) +c; and the actual bandw dt h cal pCi/E81004021259
apparatus uses the derived equation: (first actual
bandw dth paraneter) = ((b (second output)) - (e *
(first output)) + ce - bf) / (bd - ae), or the
equati on: (second actual bandw dth paraneter) = ((a *

(Secon@le@é@o@bﬁtﬁr}e dinfeéhsfonblf ploSirovidePe splutiogd - af) /
(ae - bd). 92. The %)aratus of claim86, further

conpr i éeengd outpiX T (ast (cakibating FI%BEWH%PWBIV@W"W WY HAE) + (b*
t ut i on l'i brat

R g G BRI B0 P Py 2t g Pt
ldl ght Kﬁ%ﬁﬁ%ahﬂ?dn?ﬁndiﬁ cﬁéﬁ)ﬂaﬁ@a a@’afhltﬁdﬁﬁes draledvedeqmtion:

i mensi ona 0 r t
out put §first 9(031%* b‘{@él‘lp l‘i%\élrpé%%%?‘f‘éerSnffgh S:eg‘ig]ﬁd Wsec n_\O/k‘?}l*u(é“lrﬁf
FV\}(I\/p+) outg&tg) Egalbpqégé Lng i nput |ight known val ue of

andwi dt h cal cul ati on appar at us
uses t bethdequated: equati on: (first actual bandw dth

R O e e L R
(secon b, L t = * d
(seconluathpabs bapphadLhapar amet er) -<<a?)  (Fecen

bd). 93. The apparat us of claim87, further

c sin ee di nensi.onal plot provides
ﬁgn@'tﬂ %& 50 f“{a}lg u’i‘}om_pﬂsu? (cal ipbr at ipng i nput
| i ght m}ﬁttﬁfﬂel&n@ﬁmdﬂé&ﬁd prbv(d%ﬁ tecallutionat i ng i nput
i ght known val ue and, t he second t \‘f&
di mens{({iitoutpity (@?‘&w@e@n@n@p@éﬁgmmm Yaéléec%t% M)) + (b*
nga}l{}g (néfbt hgﬂtqéllo'vx@lr\%der&]i’)@% ahél ght known val ue of
the second three dimensional plot provides the solution:

(second output) = (a * (calibrating input light known value of FWXM)) + (b*

(calibrating input light known value of EX) +¢; and
the actual bandwidth calculation apparatus uses the derived equation:
(first actual bandwidth parameter) = ((b * (second output)) — (e * (first
output)) + ce — bf) / (bd — ae),
or the equation:
(second actual bandwidth parameter) = ((a * (second output)) — (d * (first
output)) + c¢d — af) / (ae — bd).

93. The apparatus of claim 87, further comprising:

the first three dimensional plot provides the solution:

(first output) = (a * (calibrating input light known value of FWXM)) + (b*
(calibrating input light known value of EX) +c; and

the second three dimensional plot provides the solution:

(second output) = (a * (calibrating input light known value of FWXM)) + (b*
(calibrating input light known value of EX) +¢; and
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(calibrating input light known val ue of EX) +c; andthe

actual bandw dth cal cul ati on apparatus uses the
walerswestoequati on: (first actual bandw dt h parBeEUS20)4/621259

((b * (second output)) - (e (first output)) + ce - bf)

/ (bd - ae), or the equation: (second actual bandw dth

paraneter) = ((a * (second output)) - (d * (first

output)) + cd - af) / (ae - bd). 94. The apparatus of

cl ai m @&, acfual b&iefvieEplcubitibg appdigtus udes the dviged equation:

di mensi onal pl ot provides the solution: (first output

2 o™ pispacuint Rendhg R paameteg (ko SO HBSY - VDAY
+ (b* ' i @ imput light known val ue of EX) +c;

and th(e)ﬁ%g{eg%ggt %e/e(%gi rfagkisi onal plot provides the

sol ut i enthe(cgaatiomd out put) = (a * (calibrating input

light k I F b* | ibrati '
i g (Gnsu v BB Mo (hE Catebe BN
cal cul g4 Rf) ARPATA Mae USRS, the derived equation:

(first actual bandw dth paraneter) = ((b (second
output)) - (e (first output)) + ce - bf) / (bd - ae),

t ion: . ( d t ual . bandw dt h t =
(o4 e Gl st PR TRE: out put)) + od -
af) / @Refirst 1ebe- diBensidie pRIP pRYvaicd Shedfol@loat m 89,
further conprising: the Fi rst three dinensi onaI“/%(II\(/JI%_F(b*

g efirs )
provi défirst preped Fe i* deplibratingdapwdigbtdmovn yue of F

(cal brati.ng i.n ' k val of FWK + (b*
(g%ﬁh:bh Pé‘ri“%%%‘ ?‘ﬁ%ﬁ{“":“%"g‘%{‘“ N0 16 of EX) IVD+2:; asmd

t hle se&lwuﬂ:gbﬁ&mﬁegdiimemdn;m plog ptavided Itlf:els'k?dhﬁii)nt he

sol ution: (second output) =, * (caljbrati [

Pount ! Citsand wenda—dh *Reokbrine Tnene LeRbkn L e of B + 0
[ +Cp . actual bandw dth

. @gﬁﬁgﬁggﬁ@ ggﬂﬂq%n%ue SRR, bhe actual bandwi

aratus uses the dérived equation:
the actual bandwidth calculation apparatus uses the derived equation:

(first actual bandwidth parameter) = ((b * (second output)) — (e * (first
output)) + ce — bf) / (bd — ae),

or the equation:

(second actual bandwidth parameter) = ((a * (second output)) — (d * (first
output)) + c¢d — af) / (ae — bd).

95. The apparatus of claim 89, further comprising;:

the first three dimensional plot provides the solution:

(first output) = (a * (calibrating input light known value of FWXM)) + (b*
(calibrating input light known value of EX) +c; and

the second three dimensional plot provides the solution:

(second output) = (a * (calibrating input light known value of FWXM)) + (b*
(calibrating input light known value of EX) +c; and

the actual bandwidth calculation apparatus uses the derived equation:

(first actual bandwidth parameter) = ((b * (second output)) — (e * (first

output)) + ce — bf) / (bd — ae),
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(first actual bandw dth paraneter) = ((b (second
output)) - (e (first output)) + ce - bf) / (bd -
w@egos00820he equati on: (second actual bandw dt hPCT/US2004/021259

paranmeter) = ((a * (second output)) - (d * (first
output)) + cd - af) / (ae - bd). 96. The apparatus of
claim90, further conprising: the first three

di mensi onal pl ot provides the solution: (first output)

= (a *ofBlehRdtrfnt Ng i nput light known value of FWKM)

+ (b* (calibrating input |ight known val ue of EX) +c;

. )
and t héseeansastnal hansbvidihraramaseri = (4 bseprnshauiem))rh@ * (first
sol uti Qn. nd -0 u = (a * (calibrating input
i ght §ﬁ‘8&ﬁf§§?u%ﬂo¢&€m§k&) + (b* (calibrating input
i ght known val ue of EX) +c; and the actual bandw dth
cal cul ati on apparatus uses the derived equati on:
( Po-r e apprghts ob skemio8: Further covetising: = ((b * (second

Out put Y frsftfiree dtglfnéﬁs‘fén(agglg)g 1ded tli%esokué:% 3M / (bd -

ae), or the equation: act ual dth
par amefis) owtpyt] & (4 * (sdibeatohg oyt ligh) knowndvaldd ofSEWXM)) + (b*

tput)) + cd - af) / - hd). 97. Th tus of
8?9%?1%%)&% R llﬁlétﬂ(fzsésvﬁp".gf@i %&B&*ﬁéa‘&%l brat .pﬁS” iangat °
I'ight Kpawpongahie &B@tﬁ%@t OAMea et Sohfiok! rst actual

bandwi dth paranmeter is FWHM and the calibrating input
li ght kssownd eugputp=d# * Koelibsatimging dighhismoyecobe eldi WAIM)) + (b*

bandwi dt h. par ter is E95. ...The apparatus of claim
9??a?1¥}n{i‘?lf‘%élfpué ﬁgﬁtrl?‘é’iwﬁlg‘?aﬁ%eh"éc e et ng input Iight
known gl deiad barfdWidiihi calcltidbh apshratieudds tlsd dexbied @tjuation:

bandw dt h paraneter is FWHAHM and the calibrating ip&ut
li ght Kitfsbartued bardwidtbmarameten s (G (sagand eeano) ats Lirst

bandw I apet hg E9S. 99. The apparatus of claim
93, fugﬁﬁggﬁé%%rﬁll @g F‘%Z’ calibrating input |ight

known wvatheeqodtlddkM i s FWHM and the first actual
Dandui gt P AT S e 09 08 SRLLRI ShbG © BPPtes
output)) + cd — af) / (ae — bd).

97. The apparatus of claim 91, further comprising:

the calibrating input light known value of FWXM is FWHM and the first
actual bandwidth parameter is FWHM and the calibrating input light known value of
EX is E95 and the second actual bandwidth parameter is E95.

98. The apparatus of claim 92, further comprising:
the calibrating input light known value of FWXM is FWHM and the first
actual bandwidth parameter is FWHM and the calibrating input light known value of

EX is E95 and the second actual bandwidth parameter is E95.

99. The apparatus of claim 93, further comprising:
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EX is E95 and the second actual bandw dth paraneter is
E95. 100. The apparatus of claim94, further

w@owpniedfg: the calibrating i nput |ight knownP@HUS®00621259
FWKM is FWHM and the first actual bandw dth paraneter
Is FWHM and the calibrating input |ight known val ue of
EX is E95 and the second actual bandw dth paraneter is
E95. 101. The apparatus of claim 95, further
conpri &iemglibﬂaﬁﬁ% &@i#'t hg}ﬁtldnogmivrapmltofmmM 1 TOMHM ahdréhe dirst
FWKMis FWHM and the first actua andw dt h r amet er
i actpaibondwiith paramgier KRV amﬁ] ﬁmcaﬁbrgﬁflg m&ﬁ&ﬁ@a‘é{n gplue of

f Ha@ o ; paraneter is

che B {g] M DG PREAN SRR e BRAN I RORE
conprising: the calibrating input |ight known val ue of
F I,S FVWHM anng he [first actual . bandw dth paraneter
i 40%\ide 2BRRratus o1 ELaip BTG SRS ght  known val ue of

EX i's BRRafBGtihd ehpue GOMkndehlialucRAMIVKEL 3 IRHRIRE Eheiffst
E95. 103. The apparatus of claim 97, further

c octpaliteindiyidth parameten & BWHM aod thsreabibrating irfput §ghtdmpoatalue of
b wi di.h tector, i | ect. to _be mu mor e
sgﬁgﬁsﬁé’é@nggheﬁﬁmq %Ci?ﬁﬁt%gn@ﬁg‘r?@r%%eli??r’?ssf er function

of the second optical bandw dth detector is selected
to be nmuch nore sensitive to EX than to FWKM 104. The
apphrBrewdroptuscAriHm &S, fugthehemMIBIRg | si ng: t he

t r ansf A OF . i EQWP"‘V%: r}gkm' g&
det ect %?e {a;iﬂxgatgbgc pglgh%%tq%ig% nor e sg&r)lgi trve ?%d Mﬁt
t hetnal landXidaln gattimetetr i aWIHEV] ahd et datibratihg fidyert Helotdmdwn value of

optical bandw dth detector_ is selected. be nuch nore
B ietiosand dhasecpmbieHea) PRYIRKR FomraTFE ﬁé%ér atus of
claim99, further conprising: the transfer function of

the first optical bandwi dth detector is selected to be
ml6P. Norappaetisiof iclagmtdo, ftidet edmaprising: EX and t he

transfer funct.ion of ..t second opt.i b dt h

det oot e BB RE Judh el RN AB A R BT e g s

t Ramal BNV parameter is FWHM and the calibrating input light known value of
EX is E95 and the second actual bandwidth parameter is E95.

103. The apparatus of claim 97, further comprising:

the transfer function of the first optical bandwidth detector is selected to be
much more sensitive to FWXM than to EX and the transfer function of the second
optical bandwidth detector is selected to be much more sensitive to EX than to

FWXM.

104. The apparatus of claim 98, further comprising:

the transfer function of the first optical bandwidth detector is selected to be
much more sensitive to FWXM than to EX and the transfer function of the second
optical bandwidth detector is selected to be much more sensitive to EX than to

FWXM.
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106. The apparatus of claim 100, further conprising:

the transfer function of the first optical bandw dth
wWa@lei08008205 i s sel ected to be nuch nore sensiti VECT/OSTOOOA1259

than to EX and the transfer function of the second

opti cal bandwi dth detector is selected to be nuch nore

sensitive to EX than to FWKM 107. The appar atus of

claim 101, further conprising: the transfer function

0f10§ 'T%efapﬁeﬁﬁtuglafblﬁaﬁ ohaentHopiteet or is sel ect ed to

be much nore sensitive to FWKMthan to EX and t
t ransf the tramf@r ﬁmﬁu@n of the s OpHer! bpndwidih deierdon! la ﬁfﬂected to be

dete tor

¢ FE e et BB R P o BndP R e ERP bl b kecond
C opidfal BarddgvidthiiRtdctor isdetoctddun bk inaurhahork Bensitivesd BXpthian &b
bandwi dth detector is selected to be nmuch nore
sEM&XMive to FWKM than to EX and the transfer function
of the second optical bandw dth detector is selected

to be much nore sensitive to EX than to FWKM 109. A
baﬁ@l\iﬁ}ﬂtabpm’alsuf blagmfﬁa,rfarthm'rcom'singt ng the bandwi dth

BN M T A
Vayueh GRet E‘en%ﬁﬁ/%'t& EVEXOPhht & ER 3R Wi sHetaftionh ofBRRscond

for providing a first output representative of a first
papmwrdwnmhmmcmrumhlmd tpdeahuahtraots sarpiii vt e 1of thapdo
hg\p*ﬁmtted fromthe |laser as actually nmeasured by

t st bandw dt h detector neans;a second wavel ength
sensitive optical bandw dth detector neans for

provi ding a second o representative of a first
é%ﬁ&ee@p@mﬂ@wfpbalmdaﬁ)cfalfthwoa?prﬁa}gdw dth of the

l | ght %{Q%}“% g@m&%{%% l-{e%‘f‘rgtro Al diy d&@%f‘fs%gle@%d to be

t he secon ector neans; and, an actual
b amtiWn@Hrh sesitougl tatFWSKMlﬁaam 190 Elranduhd trarzstar dundmenfof tigtsecond

out e. second as rt of
w sm&s@ﬂl dsorons aelest eern!E ngsemﬂé‘é%wp‘%%g&nm
tion variabl es speC|f|c to either the first
bandw dt h detector neans or the

108. The apparatus of claim 102, further comprising:

the transfer function of the first optical bandwidth detector is selected to be
much more sensitive to FWXM than to EX and the transfer function of the second
optical bandwidth detector is selected to be much more sensitive to EX than to

FWXM.

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

a first wavelength sensitive optical bandwidth detector means for providing a
first output representative of a first parameter which is indicative of the bandwidth
of the light emitted from the laser as actually measured by the first bandwidth

detector means;
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second bandw dth detector neans, calculating a first
actual bandw dth paraneter or a second actual

whandnistvhr paranmeter for the light emtted froPeCT/082004/021259
| aser. 110. The apparatus of claim 109 further
conprising: the first actual bandw dth paraneter is a
FWKM of the spectrumof |light emtted fromthe | aser.
111. The apparatus of claim 109, further conprising:

the se @Q%nd&ﬁd#%len@@%ﬂ&ﬂﬁd‘bpﬂﬁﬁ%@ﬂ%dth SeRBtoEhehiefor
spect r.um of ght emtted fromthe |laser. 112. The

ayﬁﬁfa’#faflglé S@qonéloamw 1RPOeSPRIPE YRRt sclvhpatamalgr Whish is indigative of
q{}pofd[ﬁé fi ﬁt%ﬁ} g??@e & e ﬁg?reats %l:ﬁgmggﬁgdggd éﬂr pmr%its%%ogd

pu I's repr nge
ofoamlvV1dﬁtde¢e3:Itoron|éamsrtarﬂf the etal on at sonme percent of

t he maxi num |nth full w dt he first output;
and, tﬁeagt@@% Wi o APt dPT h‘él iFethe Bt eitayigd the

a@éi:ohﬁ ufaf Qé‘ﬁarpé&taotﬂﬁltfvﬁnilﬁ@ﬁﬁéa‘f RE&ito }ﬁ%nﬂﬁoﬁn%ﬁg@&ﬁputed

dth of "an optical output of the etal on at
p ealdﬂaﬂuom‘fartahbs specifmutm eshertthe firdt dahdwidthwileledtorofieans or the

SRR TS SRS Bl P S o

eh%é&iﬁd%@ﬂlﬂ lsqﬁld%c[tﬁ?)aﬁﬁieﬁéitfoﬂtﬁB nlgﬁteaﬁ%a ¥®nPhedasks. | Nge
width of a fringe of an optical output of the etal on

at sone percent of the maximumwi thin the full w dth

Ofllb hﬁlefalpi:\) Qﬁﬁm 1@9?% c&%ﬁ%g}ggbandwi dth de_t ect or

means 1s on an € Seco tput is a fringe

w dt h die 1?11§t a;]qojatl bathdvﬁdﬂmﬁe;]rﬁéteﬂ 1Ea I%JVKIM)f & Bfgfe ﬁp@menmf hof light
percent of the maximumw thin the full width of the
sEPtRY Bompkr laseraa. The apparatus of claim 111 further
conprising: the first bandw dth detector neans is and
etalon and the first output representative of a fringe
wildit H'lefappahtismgelaoh 189, fophercampoisingut of the etal on

at so erce th Xi mum Wi .t hi e full w
of ¢ he e e per T Rt s A Lok i ap e of ght
deimeddofoiBldesdrS an etal on and the second output is a

fringe width of an optical output of the etalon at
sonme percent of the maxi mum

112. The apparatus of claim 109 further comprising:

the first bandwidth detector means is an etalon and the first output is
representative of a fringe width of a fringe of an optical output of the etalon at some
percent of the maximum within the full width of the first output; and,

the second bandwidth detector means is an etalon and the second output is
representative of a fringe width of an optical output of the etalon at some percent of

the maximum within the full width of the second output.

113. The apparatus of claim 110 further comprising:
the first bandwidth detector means is an etalon and the first output
representative of a fringe width of a fringe of an optical output of the etalon at some

percent of the maximum within the full width of the first output; and,
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within the full wdth of the second output. 115. The

apparatus of claim 109, further conprising: the
wEe@sno2es ed cal i bration variabl es are deri vedrET/082084/021259

three di nensional plot representing the first output

of the first bandw dth detector neans in relation to a

calibrating input light with known val ues of the first

actual bandw dth paraneter and of the second actual

bandwi g Reqrmtdardwidth @netidraeans is it @rlodiane sl seoald qitoit is a

representing the second output of the second bandwi dth

dnge vadthrafan optieal oaipat pighe etglon at sping PIcERiPL thppximum

lj i I e first actual bandw dth

pg%gﬁné e?ﬁ%ﬁwfﬁé@%gﬁ%ﬁ‘gct ual bandw dth

paraneter. 116. The apparatus of claim 110, further

conprising: the _prec ted calibration variables are
d?sﬁ?\fé‘é aPP%ﬁﬁuéofHP’é‘é?gfﬁ'E%ﬁ HAPIHISt representing the
first &%tfﬁéitbaﬁﬁwfdiﬁgd&é&&t mPARGVLH L2188 LEE LR firdESut N

relation to a calibrating input light with known
vadpresentafive dfie frings tvidth tofi a ifrimgenefeindpiticganuéme o€ thegtrdopft some

the secand act.ual bandw d r.a er., .an rom a
 reEtar Aoroiam Boe ebreRa re o e %0t put

of thegzacen hansdwidifedst @eimris i aRon MdHR gcb@hodtput is a
a calibrating input light with known val ues of the,

f fringe veidthueflanisptionliogtit phihg sialer atsamedrraepoldhe Bgyimum
actual . b wi di hepar 17. The apparatus of

ch?{}ﬂ tﬁ%,ﬂ?%(g{jﬁgﬁqegg&n%?%gpr%: t he preconput ed

calibration variables are derived froma three

di mensi onal plot representing the first output of the
f 13 tTheapasrees of gaina dPdr FOMPHSINgt ation to a

cal i br ﬁ-%'atﬁgcvd PRI dalliBfki Wi B{ OB Q¥ S0l thidE dfrfilérﬁional

act ual Lh paraneter and of the second actual
b plod vé pi¢sentiag thedire routpan df the dirstdatdwizsléh détectorsineansiin plagion to

B Car s B SEE e SRl of e P SRR B AR ol
| Bgdhbf 1k kb ohA QWRaMSHNH RRIR bathBRtdr] 4nsitfr@f bitlee BRRehsiogibplot

paranet er and of the second actual bandw dth i )
paapagsenidng the seconttientnub phiha seepndbandwidgh detectormeang gp relation to
conpyl Si- Ng; 2 DI | i ' L afl.
TR i A R R o Mt Utk DR R Rt

f bhid bf G spsdndabtuaheantlividih phandvérdt h det ector neans in
relation to

116. The apparatus of claim 110, further comprising:

the precomputed calibration variables are derived from a three dimensional
plot representing the first output of the first bandwidth detector means in relation to
a calibrating input light with known values of the first actual bandwidth parameter
and of the second actual bandwidth parameter, and from a three dimensional plot
representing the second output of the second bandwidth detector means in relation to
a calibrating input light with known values of the first actual bandwidth parameter

and of the second actual bandwidth parameter.

117. The apparatus of claim 111, further comprising:
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a calibrating input [ight wth known val ues of the
first actual bandw dth paraneter and of the second
wa@edaabs2bandwi dt h paraneter, and from a t hree PCT/US2004/021259
di mensi onal plot representing the second output of the
second bandw dth detector neans in relation to a
calibrating input light with known val ues of the first
actual bandw dth paraneter and of the second actual
bandwi gielprcdhaiiddedalibilion vatieblapadatvs fodm altlaeendiblhsional
further conprisi ng[: t he preconputed calibration . .
valot sapressntingsthg Srstpstpuf phihe Airstbaadwidihdsiestonarang iy elation to
; i N £ ,
(PR Bl Kb Wil tnoRH R BF ki1t dch AN Falmeter
| bghof the séeokd avtnaMeindesdti bataimetet | andtfreans b tlake Bamohwiodalplot
paraneter and of the seﬁ nd ac

al ‘gﬁﬂ}d g\n dt h n relati
P gﬁpgq‘,%{l’fg}% t gﬁgcopfi@mpélt ) seqpn ﬁgql eﬁ?c&?r means 11.1 relation to
r QQEI‘?&%%@%W@ it SREAREWAWaRIE oPThelfst RBHPDEhIDANH WatinReter

det ect or ns in relation to a calibrating input

| ayhof the sécold avmal/andwidth patatoetefri r st act ual bandwi dt h
par anet er and of the second actual bandw dth
paranmeter. 120. The apparatus of claim 114, further

CONPriR é{pﬁérahﬁ%f R84 QNP UufiHerCdhigiisaigt On vari abl es are
derived froma three dinensional plot representing the

first thegresonafutechenlibration veeipflen are Hedeaddlzem @ thisg dgnensional

relation a L.br at | i t L ' . .
Bl b e o BRI PRl M ErlotRE, fy rfpion
t heabieannginpat light vianicwinat valyes o et fast acawad bindwidtéh parameter
t hree _di nensional . pl otrepresenting the second. out

bndmidh

ofnd pbths seqomd asarbbadividta epEch At et lpogbplot
?fé@ééeﬁfi%g%%g%&n%ﬁug%% ggﬁhe%wﬁd%ﬁmidﬂghé@&o%e&ﬁgn relation to

t ac araneter and of the secon
aatcakibrabag thputtight peithelretver valued f thenarstanieal hendsvidth parameter

cl ai 15, further. c ising: . the first actual
bﬁﬂ@i% ﬁe%ﬁﬁg?Lpaq%g%%chpﬁﬂ%ﬁt%f t he spectrum of
light emtted fromthe |aser; and, the second act ual

bandw dt h paranmeter is an EX of the spectrum of |ight
ertil 1+ Ba dpparaiustd claamdrl3, fupther comeprispigar at us of claim |

o 0SSR o 0, 5 B PO D csions
plot representing the first output of the first bandwidth detector means in relation to
a calibrating input light with known values of the first actual bandwidth parameter
and of the second actual bandwidth parameter, and from a three dimensional plot
representing the second output of the second bandwidth detector means in relation to
a calibrating input light with known values of the first actual bandwidth parameter

and of the second actual bandwidth parameter.

120. The apparatus of claim 114, further comprising:

the precdmputed calibration variables are derived from a three dimensional
plot representing the first output of the first bandwidth detector means in relation to
a calibrating input light with known values of the first actual bandwidth parameter

and of the second actual bandwidth parameter, and from a three dimensional plot
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emtted fromthe |laser; and, the second actua
bandwi dt h paranmeter is an EX of the spectrum of [|ight
wepdosvestof rom t he | aser. 123. The appar at us of PCT/E52904/021259
117, further conprising: the first actual bandw dth
- paraneter is an FWKM of the spectrumof light emtted
fromthe |l aser; and, the second actual bandw dth
paranmeter is an EX of the spectrumof light emtted

f kpRsehitnd @8 86cond Jétpul BEtha BRWA bifdwititiCdeotoriéhns in relation to
further conprising: the first actual bandw dth

parcalibredng npuGkEhE VI Igovinraluep o thedistariyal rndvadihpegupeter
f L4 e s‘l-:cl%ﬁﬁ auu%ﬁ%eispecgr actual bandw dth

par ane umof light emtted
fromthe | aser. 125 The apparatus of claim 119,

further conprisin the first actual bandw dth
paf hniedppaigtugof 1&# éiﬂ efs%@f&ﬂsm%f of light emitted

fromt g #2f&k%ual ﬂ&ﬁi i & 1@G6h warxResHnE dhddtrum of light
TRrede

pararreter 'S an the spectrumof light emtted
emmntetdrfeorha]ﬁe]aser:mﬁ The apparatus of claim 120,

e

f cRMdd Boh @Ehserand, the second actual bandwi dth
paraneter is an EX of the spectrumof light emtted
fromthe laser. 127. The apparatus of claim 121,

ng hlghreeapp 'gf)bifc 1mif'§ 'ﬁe%tco}nh{lgﬁgd' mensi onal pl ot

st O0h = (a*
(cal i brigd fiRdPadtind rbandwlgﬂi pataOwS! MahmM 6MKYspdctriuteof light
spectrum) + (b* (calibrating input Iight known val ue

ofemEtledsrompke Bepeandym) +c; and

the second actual bandwidth parameter is an EX of the spectrum of light

emitted from the laser.

123. The apparatus of claim 117, further comprising:

the first actual bandwidth parameter is an FWXM of the spectrum of light
emitted from the laser; and,

the second actual bandvﬁdth parameter is an EX of the spectrum of light

emitted from the laser.

124. The apparatus of claim 118, further comprising:

the first actual bandwidth parameter is an FWXM of the spectrum of light
emitted from the laser; and,

the second actual bandwidth parameter is an EX of the spectrum of light

emitted from the laser.
125. The apparatus of claim 119, further comprising:

the first actual bandwidth parameter is an FWXM of the spectrum of light

emitted from the laser; and,
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the second three di nensional plot provides the
sol ution: (second output) = (a * (calibrating input

wo c@bhvoaown val ue of FWKM of the spectrum) +PCDES2004/021259
(calibrating input light known val ue of EX of the
spectrum +c; and the actual bandw dth cal cul ation
apparatus uses the derived equation: (first actua
bandw dt h paraneter) ((b * (second output)) - (e *
(firstteubfhd)attual bdwidth)patanidid is a@EX ofake §geetrum of light
equation: (second actual bandw dth paraneter) = ((a *
( swtAdrosuthedeses- - (d * (first output)) + cd - af) /
(ae - bd). 128. The apparatus of claim 122, further
conprising: the first three dinensional plot provides
t h26. Sl wpparatus of clash 120 tfpuhdr comfpaisthg( cal | brati ng i nput

i ght kna val of .FVWKM of the s + (b* .
(cal i bR M SAARERIE ' 88 BOVH i ot g of lght
S P&t Om fife laRtnlihe second three di mensional pl ot

provides the solution:(second output) = (a *
(cal i bthetseemndiaspat baridghdthipasuweterds ae B offthixspeotrumivd light

spectr + (b* (calibrating input |ight known val ue
o%n§§dggh%ﬂ5”é%@ctrun) +c; and the actual bandwi dth
cal cul ati on apparatus uses the derived equation:
(first actual bandwi dth paranmeter) = ((b * (second

ou2 plkheyappargis of ¢lpjm 421, durthercpmprising: - bf) / (bd -
’ t L ons i dt h
e amoths 1S ik M Oitiontf BEPRENRES MRl oA F10,

out put Yfirstrowtplut) =4 ¥ (éalibaeting itnsljt.lighPhowhealwpgiali WIXIM obthe
claim 123, further conprising: the fir ee
BRI (" egbrpfigg sl ShewR Yelve AT EZ#Q%%% SREGEPR § <
= 4@ * (calibrating input light known val ue of FWKM of
t he

the second three dimensional plot provides the solution:

(second output) = (a * (calibrating input light known value of FWXM of the
spectrum)) + (b* (calibrating input light known value of EX of the spectrum) +c;
and

the actual bandwidth calculation apparatus uses the derived equation:

(first actual bandwidth parameter) = ((b * (second output)) — (e * (first

output)) + ce — bf) / (bd — ae),

or the equation:

(second actual bandwidth parameter) = ((a * (second output)) — (d * (first

output)) + cd — af) / (ae — bd).

128. The apparatus of claim 122, further comprising:

the first three dimensional plot provides the solution:

(first output) = (a * (calibrating input light known value of FWXM of the
spectrum)) + (b* (calibrating input light known value of EX of the spectrum) +c;
and

the second three dimensional plot provides the solution:
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spectrum) + (b* (calibrating input [ight known val ue

of EX of the spectrum) +c; and the second three
waleovsnes2ohal pl ot provides the solution: (secoPdI/US2004/021259

output) = (a * (calibrating input |ight known val ue of

FWKM of the spectrum)) + (b* (calibrating input |ight

known val ue of EX of the spectrum +c; and the actual

bandw dt h cal cul ati on apparatus uses the derived

equat i @gecodd d>u=tpltt) agh tmd:alibaendl\gimﬁm light laretrevaluesofl {WXM of the

(ng‘@?rﬂgafﬂ (el )é%a‘tl%w @%3}3@@ itk of ESCRiipeectra) o

parameter) = ((a * (second output)) - (d * (first
output)) + cd - af) / (ae - bd). 130. The apparatus of
cl ai m iactfalibarvevidthaajzulagiongpparites fisasshe ddrrved equation:

(o T ael P R i Sarblip Ol B
t he sp%g{pqlgm.)ce+ HEP (bacade),br ati ng input |ight known

val ue of "EX of the spectrun) +c; andt he second three
d| rrensmti@leqpatmn provides the soI ut| on: (second

i br atl

Uit i Banat B RLD R A Elfech gAY ity +
kKrawy f)/ hele baf. EX of the spectrun) +c and the act ual
bandw dt h cal cuI ation apparat us uses the derived
equation: (first actual bandw dth pararreter) = ((b *
( ) f Do t ce - bf) / (bd
-%gg;)ﬁgeoa%&s%'}%%é)fﬁglflgrzlg 1?l&gcon l% bandw dt h
par anmetlsr firstthfdeadifnef s ezt pbt putvmulﬂs)tl)e solftebn( f i r st

8|u;|pumt )iég?oﬁtgpté h=3|fal)* (zaﬂéh?gtg}_gﬁgg\gthgﬁg I%ﬁova-lg] vala® BFF M o?fthe

spectrum)) + (b* (calibrating input light known value of EX of the spectrum) +-c;

and

the second three dimensional plot provides the solution:

(second output) = (a * (calibrating input light known value of FWXM of the
spectrum)) + (b* (calibrating input light known value of EX of the spectrum) +c;
and

the actual bandwidth calculation apparatus uses the derived equation:

(first actual bandwidth parameter) = (b * (second output)) — (e * (first

output)) + ce — bf) / (bd — ae),

or the equation:

(second actual bandwidth parameter) = ((a * (second output)) — (d * (first output)) +
—af) / (ae — bd).

130. The apparatus of claim 124, further comprising:

the first three dimensional plot provides the solution:

(first output) = (a * (calibrating input light known value of FWXM of the
spectrum)) + (b* (calibrating input light known value of EX of the spectrum) +c;

and
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the first three dinensional plot provides the
solution: (first output) = (a * (calibrating input
wo c@bhvoaown val ue of FWKM of the spectrum) +PCDES2004/021259
(calibrating input |ight known val ue of EX of the
spectrum +c; and the second three dinensional plot
provi des the solution: (second output) = (a
(calibrating input |ight known val ue of FWKM of the
spect r ¢¥)skcond(thfee (Mratbidiorat plogpionjuies tHe hitioknown val ue
of EX of the spectrun) +

cal cul &erend ppH sas (¢ gati%ggm%ig ilig?ét&’uogah‘g}%]eg# W of the
[ el e

aend or the equation: (second actual bandw dth
paraneter) = * [ second out put - first .
bt put Ji° devehbéifyrigthiealeglEon ghfared vses Wi Sy epasions
clai m 126y adiil bASdwRARIARSBY = (Be ({dcbid obtPhGR- (e * (first
di mensional plot provides thé solution:(first output)
= (a * opipat)) hreatitdly (bdpae)l i ght known val ue of FWKM of

t he spect,ru .+ (b* (calibrating input |ight known
val ue fhﬁf%%%MFhe spectrum) +c; and the second three

di nensiRpehd Mredl beidviddesarihees el (4 ¥ Gecofse@pin) — (d * (first
out put) = éa * (calibrating input |ight known val ue of
FWKM oPuted) 3sdctafuniey —bd)-b* (calibrating input |ight
known val ue of EX of the spectrum +c; and the actua
bandw dt h cal cul ati on apparatus uses the derived
eqeatTherapphfatussif chiruab, foatheivdortiprispayr ameter) = ((b

(Second, UL DUL)) e o Sl g g 8 | (2

gﬁ: Sﬁ;(r;?fsi omtplif) & (a (AR AHbRUIgh! knovidlvallié 6EFWXM of the
spectrum)) + (b* (calibrating input light known value of EX of the spectrum) -+¢;
and

the second three dimensional plot provides the solution:

(second output) = (a * (calibrating input light known value of FWXM of the
spectrum)) + (b* (calibrating input light known value of EX of the spectrum) +c;
and

the actual bandwidth calculation apparatus uses the derived equation:

(first actual bandwidth parameter) = (b * (second output)) — (e * (first

output)) + ce — bf) / (bd — ae),

or the equation:

(second actual bandwidth parameter) = ((a * (second output)) — (d * (first
output)) + cd — af) / (ae — bd).

132. The apparatus of claim 126, further comprising:

the first three dimensional plot provides the solution:
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cd - af) / (ae - bd). 133. The apparatus of claim 127,
further conprising: the calibrating input |ight known

wo 2008008205 FWKM i s FWHM and the first actual barcimisions/021259
paraneter is FWHM and the calibrating input |ight
known value of EX is E95 and the second act ual
bandwi dt h paraneter is E95. 134. The apparatus of
claim 128, further conprising: the calibrating input
li ght Kievghipa)l € 6fcdivdding snfovhiaa@winheldd sEtWAA ufithe
bandw dt h paranmeter is FWHM and the calibrating input
| SREtruR *Wghlikrating pRru lightlsmovan yelps e B ibe sreeiiam) ¢
b wi dt h paraneter is E95. 135. The apparatus of
clalm 129, further conprising: the calibrating input
l i ght kieewtondahiee dhediivl plst prokideatict sohsiohi r st act ual
bandwi dth paranmeter iis EYWM and the calibrating..i
i ght (&ReERNS QPipERR=6# +Eslibeing g e oL BN G LR of the
b : - e
S e R b e
| eght known val ue of FWKMis FWHM and the first actual

bandwi dt h paraneter is, F\MWHM and the caljbrati i nput
Tant B, B lebltop gt pied meidhit udaH
bandwi e RaiABBABYidtSpE@Reter 31 (b FhcaRPaiphdS- @f * (first
claim 131, further conprising: the calibrating input
| i ght kuous) vakudibf (bEWe).i s FWHM and the first actual

bandw dt h par ter is FWHM and the calibrating input
li ght %P q‘\l/a[igélé of EX is E95 and the second act ual

b adedum didiuad Baedveitie param&8) = (B8 (sedbwed ayapat)at (* (frst output)) +
claim 132, further conprising: the calibrating input

| e hddaen bdhl ue of FWKMis FWHM and the first actual
bandw dt h paraneter is FWHM and the cali brating i nput

i ght known value of EX is E95 and the second act ual
baasWitdtdpppatadchimi 187 sherd@®mprifhe: appar at us of

claim 133, further rising:.th f ctiQn

o 21 e 146 calibrHsi Pt SR K etV S 1 WH B % gy

b & MR IR Eh pEARictdr VEF W{M{&Ed 1Y dalivtagih b idfut H8MEknown value of
e

percent of maxi numthan to t| i
EX is E95 and the second actual bandwidth parameter is E935.

134. The apparatus of claim 128, further comprising:

the calibrating input light known value of FWXM is FWHM and the first
actual bandwidth parameter is FWHM and the calibrating input light known value of
EX is E95 and the second actual bandwidth parameter is E95.

135. The apparatus of claim 129, further comprising:
the calibrating input light known value of FWXM is FWHM and the first
actual bandwidth parameter is FWHM and the calibrating input light known value of

EX is E95 and the second actual bandwidth parameter is E935.

136. The apparatus of claim 130, further comprising:
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content of the spectrum containing sone percentage of
the energy of the full spectrumand the transfer

wo eovsnisaes of t he second optical bandw dt h det ep€DUS1084/021259
sel ected to be nuch nore sensitive to the content of
t he spectrum contai ni ng sone percentage of the energy
of the full spectrumthan to the full width at sone
percent of maxi num 140. The apparatus of claim 134,

f ur t hethecalipratiag igput tiflg knbanshkie of TVEXMOIZ FoVHMend the Sirst
optical bandwi dth detector is selected to b

h
S BFUTAPEVIIGh DHEMESE |5 KON 26d DrssAEbEpe Bt behtRagIAlve of
t BansHo5LAG ﬂfe%{é&&ﬂf achilal BB@%@?@?#%&H@ g@kni ng sonme

percentage o e energy spectrum and t he
transfer function of the second optical bandw dth

d or is selected e. much nore sensitive to the
C Z#]fglﬁle Agparaiis OZ ﬁ]nt?b‘? rlg }on %)Jah?rzﬁoﬂ}ﬂ’iﬁm% me percentage of
the englo1iBfatihy Sagud likht%%@z‘ﬂ)%[ﬁetdfmm {stew i hndMhd st

at sonme percent of nmaxi mum . The apparatus of claim
138 palfhandwisith poapeties ingVHM end thereslibratihg inpui bghtdfhowhealue of

e FP g BB PREM T P B B 5 Bome. per cent
of maxi mumthan to the content of the spectrum

cont ai ni ng sone percentage of the energy of the full
séé&ﬁhgmpa@réwtswécltarrar1§2e$rth@r¢@mpéﬁmgf the second

opti caly. b kAL k .ector | Iq@ﬁgﬁ I
sensithﬁggpg%%ﬂénlgﬁpgﬁ¥ggph$ﬁ§%§bec rgégcon a|§@%ggfﬁ“
s atmmaliandeittiagsankter ek WV gud dfe dalibrating inpmipBglitrkmown value of

t , the full wjdth at sao per cent, maxi mum
1%%.” is s = ,5%8&9%%\4 wuaéﬁamﬁ*ﬂg@@zar%rﬁ?ﬁ%%éonpr i si ng:
the transfer function of the first optical bandw dth
detector is selected to be nmuch nore sensitive to the

f UBY. Miedpharatusof slaimd B3 eiuttherfcompeismgm t han to the

The. ondrgpoi faBaey e MegBt i dRad PR BrEdEr P8t o b

f wiieh in@ite 8dnstthie t6 @Ol vaBthi £ 8dmb perdvhtdifn Hehe®ttin tohe
sel ected to be nuch nore sensitive to the content of

t Rentsped thaspeelswn spppiingwe Rroseatage sy sheomergyeofdhr gy
gfgg%:gﬁ{ﬂ‘ A4 S REGILUTR N Sld6nd b’ﬂtica%&tdgzicﬂh(dﬁﬁ%r is

selected to be much more sensitive to the content of the spectrum containing some
percentage of the energy of the full spectrum than to the full width at some percent

of maximum.

140. The apparatus of claim 134, further comprising:

the transfer function of the first optical bandwidth detector is selected to be
much more sensitive to the full width at some percent of maximum than to the
content of the spectrum containing some percentage of the energy of the full
spectrum and the transfer function of the second optical bandwidth detector is
selected to be much more sensitive to the content of the spectrum containing some
percentage of the energy of the full spectrum than to the full width at some percent

of maximum.
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of maxi num 143. The apparatus of claim 137, further
conprising: the transfer function of the first optical
whanndnistvh detector is selected to be nmuch norBCT/US2004/021259
sensitive to the full width at sonme percent of maxi mum
than to the content of the spectrum containing sone
percentage of the energy of the full spectrum and the
transfer function of the second optical bandw dth
detector is selected to be nuch nore sensitive to the
content of the spectrum containing some percentage of
t hél. élih@ra@par@mspﬁ@lamﬂ?ﬁ JpehercOmPIERE t o the full width
at so
claim ggmg #ﬁgfrlmggﬁhrl Si néﬁé@ﬁé&ﬁﬁ@%@é ?ﬁ%gélfcg%d to be
ofnuich éndré E&isitivptted t}alfulb andihiat sémel preaitof niaximeh ¢ned theo

be nmuch nore sensitive.to the full w th at so

pé‘?rtt%‘ﬁto f e PRYTH FPRARNS S9MCHREETHEA8R t° qnﬁ%gysoggleﬁ lim
Al 4 ¢ 69 PR GRMALE 1R scb BRI GARAOYanAvidtR Getettbt is
ctrum an e transfer function of the second

0 petlec:ted toﬂmrd\mlﬂmhrechensuvfmo the cogegof €t specthem gonthiningrsome

sensitive the co t he ec ong.ai nin
S BreeeFCeh P eT of e T Sreg U OERE PR SRRk percent
tggﬁmkgmhﬁe full wdth at some percent of maximum
A bandw dt h neasuring nmethod for neasuring the
bandMAdth of a spectrun1of light emitted froma |aser
S|n tile gth sensitive
gtlc gﬁgy ﬁﬁf ?%@ior %6x%$%§ gg a first output

r epr es e @drisfee fiiction bf fietfirpeoptiorittandwhitle Betestor is selected to be
i ndi cative of  the bandvvl th of the light emtte frog1

t Fach Qe sepsitiyerto the il yaddy at é‘emsye&%t Of iR
d b

BRI, s o
r epasmﬁnamit thy grandferafuhétiomt oftlae mcemdsoptwml bdndiwgdth detector is

ca i ve of _bandw dt. t mtted fromt

| asriebts S Pt Ryt Sl 5 comena B bt Ree some
d %El%@ﬁt@%e oPRE endtizl bf fleT6l] SpecathtiBhn RAME Wh1vitith at some percent

cal cu ion device, utilizing the first output and
of maximum.

143. The apparatus of claim 137, further comprising:

the transfer function of the first optical bandwidth detector is selected to be
much more sensitive to the full width at some percent of maximum than to the
content of the spectrum containing some percentage of the energy of the full
spectrum and the transfer function of the second optical bandwidth detector is
selected to be much more sensitive to the content of the spectrum containing some
percentage of the energy of the full spectrum than to the full width at some percent

of maximum.
144. The apparatus of claim 138, further comprising:

the transfer function of the first optical bandwidth detector is selected to be

much more sensitive to the full width at some percent of maximum than to the
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the second output as part of a nultivariable |linear

equati on enpl oyi ng preconputed calibration vari abl es
wG@p®sios2est o either the first bandw dt h det ect PCT/U820041621259

second bandw dth detector, to calculate a first actual

bandw dt h paraneter or a second actual bandw dth

paraneter for the light emtted fromthe | aser. 146.

The nmet hod of claim 145 further conprising: the first

agéntatt opardipbetihiin pedtaiBictoniepetcembldlodthetdhersyREClia fulh
of light emtted fromthe Iagper 147. The rreg?hod of

f, smctﬂlwd the wransér Tersioniof thegecomieonsisaldiadwidth detector is
A AR Ay i LSRNy Ll some

f pedcbretgecethe erserggof the fill siettrvarthia wtithe ﬂrklt\eidﬂoat soB@Ipercent
is an etalon and the first output is representative of
aOf PRRKFEMN dth of a fringe of an optical output of the
etal on at sone percent of the maximnumw thin the full
width of the first output; and, the second bandw dth
détect bandmdﬂnsnetasuxamg @kthiod rﬁoxandasuhag thedandwisith plia spestrum of
ﬁg{;ese ive of a fringe wi dth of an optical output
0

O HASESREPHE 8ent of the maxi mum within
the f UI\ﬁlh%i'hgh@irﬁfwéveﬁnglﬁcs@ﬁﬁi‘n%’éﬂ%b} bakARidtl deteb®t ftostovide a

of claim 146 further conprising: the first bandw dth
d@m ottt repeasentpiivesef adliral pasameidr Whishfis indicabyg pifhe bandwidth

SPSILEHIN B AP Rt o008l

rraxﬂeammvmthln the full W|dth of the first output;
and, the second bandw dt h detector | is ala et al on )
and t hetiigasadgecond piaveleagth SP’Fﬁl%eeORHCaﬁ?? ndyvid{h dgigetor tg provide
0 .Q

o opitnd B S Ay ALt SOREPRIERAL AR i BRI GFRYL BFndvwidth
mef tiedight emiteidfrobd thefleset Aeactedlypnessineg bytthesdcond bandw1dth
bandwi dt h .detector neans is and etalon and the first

0 Tﬁ& ’rat?ﬂ’resentatlve of a fringe wdth of a fringe of

an opt luﬁﬁkmg dh ﬁéthaloéanawﬁu@&ﬁbﬂau@{ dSAR uiRLAE He 6t duut and

maxi umw thin the full width of the first output;
aftlee; second output as part of a multlvanable linear equation employing precomputed

calibration variables specific to either the first bandwidth detector or the second
bandwidth detector, to calculate a first actual bandwidth parameter or a second

actual bandwidth parameter for the light emitted from the laser.

146. The method of claim 145 further comprising:
the first actual bandwidth parameter is a FWXM of the spectrum of light

emitted from the laser.
147. The method of claim 145, further comprising:
the second actual bandwidth parameter is an EX the spectrum of light

emitted from the laser.

148. The method of claim 145 further comprising:
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t he second bandwi dth detector neans is an etal on and

the second output is a fringe width of an optical
woeopnes2ed the etal on at sone percent of the nBXI/DSv04/021259

within the full width of the second output. 151. The

met hod of claim 145, further conprising: deriving the

preconputed calibration variables froma three

di mensi onal plot representing the first output of the

first denibef eintbwitkh detector nmeaimssis an etakinadridahe figst @autput is

calibrati.ng input light wth known values of the first
C RS0 S Hhep A1 SRt Sy ARG A QA oSt 8T il ot some

b ek AREAIRLEWithANHe lIPMdEn bIhE irdiJiBRR £Ral pl ot
representing the second output of the second bahdw dth

det ect the sseendsbandwidsh deteetnr ears is a efaltamt andghé sggand output is

ool S et Ru R bl i affion & ol Beent o
pafean®tiffuml®Zhin ThefulBlfaatoOthe Sdcdhdodeps. furt her

conprising: deriving the preconputed calibration
vari ables froma three dinensional plot representing

thgo FHESHR BBl dBhLl ShyARdw dth detector means

inTrelation to a calibrating i‘nputclight with known

val ues tleffirshentiwidh daettoamehiaricvh dalonpadahe it oapdt of

t he second gf%ﬁal bandwi dth paraneter, and froma

t FpEeserieenal pimee prdit of 8 fraseek anmpticaleo R of theptiglpr at some
0 . : [ . ation to

o pelcPR RO BARC W InCRIEH|RY o R MEsr ol iy o

first #otseadnddmndwidil Hetpetoamesreris ametalif andehs swondloutput is a

act ual handwi dt h par ter. 3. The net hod claim
ey R RLATE o i oot e Tt estbnple Ergimom
C alithi @k ifRNwWYERR bfte@Scdndmputt hr ee di mensi onal pl ot
representing the first output of the first bandw dth

detector neans in relation to a calibrating input

| | ghtrowi v/ a the first actual bandw dth
p%?@%}“é“é%g%%%@%@mi‘#e@%ﬁ%wg r59€ bandwi dt h

par anetlerfirsitvadividiind e tior @eard iseind ttalvalanp el first output
represent.i ng tg,e second out.put of the second bandw dth

dEPETERAt Nl Ainge Mafthaf ritipge of anantisalautpr of Hisitalon at some
! g&la&mmﬁe %&amrﬁ/ﬁ{tﬁﬁ%wﬁgf W bf i ﬁ?%toﬁgtluﬁ;ba%ﬂgw dth
p andw dat

rameter and of the second actua
par anethersecaBidandvaltird¢thadr mbars| igamretabd, anfluhé $eeond output is a
C%Eipgrezlv%hﬁlgdf an optical output of the etalon at some percent of the maximum

within the full width of the second output.

151. The method of claim 145, further comprising:

deriving the precomputed calibration variables from a three dimensional plot
representing the first output of the first bandwidth detector means in relation to a
calibrating input light with known values of the first actual bandwidth parameter and
of the second actual bandwidth parameter, and from a three dimensional plot
representing the second output of the second bandwidth detector means in relation to
a calibrating input light with known values of the first actual bandwidth parameter

and of the second actual bandwidth parameter.
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deriving the preconputed calibration variables froma

three di nensional plot representing the first output
w@Rooshes2p3 r st bandwi dt h detector neans in rel aPCDOS1004/621259

calibrating input light with known val ues of the first

actual bandw dth paraneter and of the second actual

bandwi dt h paranmeter, and froma three dinensional pl ot

representing the second out put of the second bandw dth

detector nmeans in relation to a calibrating input

l'ight with known val ues of the first actual bandw dth

PR SRotOH IOt 46 B TIECRBP P bandui di h

par amepgkyind %mrg&%ﬁ%ﬂb&ﬁioﬁ b%iiiﬁéésg@?mfa%feg Qimensional plot

conpri si ng: ving the preconpute al'i bration
veaprasbhtas the dinstautput efthd ifing hendmidth gdtedtorregems s rdlativg to a

BB e s e
VB 8 Se@hdeifhaf binlidt biAmcRRANSN S oNAR RBA S RATpIG!

the second actual bandw dth paranmeter, and froma '
t repeesenfingeths seneall opiput of thp secvnd brndyidiedetesterdeans ipptefation to

oh b SERR ARG SRS B bElgP et et

f b 6f A6 betdhd RenalbAtRidRpanRkss. and of the second
actual bandwi dth paranmeter. 156. The nethod of claim

150, further conprising: deriving the preconputed

Ccak4 ' ' .ee_di mensi onal pl ot

r Z%%?rshgﬁﬁ%ﬁ%a/?’f{gﬁﬂ f@f%%ﬁ{%g?ﬁ’g’?ﬁg le first bandwidth

det ect derivimgtig precongiuadd @ilibtadioa vadhbléy fasm aghien@irhensional plot
light with known val u he first actual bandw dth
piEbERTERERE BRd g Ui oLibe gfﬁﬂtba&mtb det i s 1 efaon to a
PaAIfIRIE inp@ ht Aot VaRieS bR Hir&nRbuaPbRidwidth garameter and

representing the second output of the second bandw dth
def thetserondegivel bandmadthtpammete, andcladmlarthter diménspanal plot

light w.th, known . val ues.of the first..actual bandw.dth .
oo tie S Ao FRLERE 86 ot e pan Pl Gy B0 ehaion
Pakalimb@ig inpbilight Rethielh@d atfes of GieMirdtukiual Viddvadth parameter
conprising: the first actual bandw dth paranmeter is an

Fepdplohe serond getwal bandwidth pgismetari t t ed fromthe | aser;
and, the second actual bandw dth paraneter is an EX of
the spectrumof light emtted fromthe |aser.

154. The method of claim 112, further comprising:

deriving the precomputed calibration variables from a three dimensional plot
representing the first output of the first bandwidth detector means in relation to a
calibrating input light with known values of the first actual bandwidth parameter and
of the second actual bandwidth parameter, and from a three dimensional plot
representing the second output of the second bandwidth detector means in relation to
a calibrating input light with known values of the first actual bandwidth parameter

and of the second actual bandwidth parameter.
155. The method of claim 149, further comprising:

deriving the precomputed calibration variables from a three dimensional plot

representing the first output of the first bandwidth detector means in relation to a
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158. The nethod of claim 52, further conprising: the

first actual bandw dth paraneter is an FWKM of the
wGap@snesns of |ight emtted fromthe |aser; andPCT/ii82004/021259

second actual bandw dth paraneter is an EX of the

spectrumof light emtted fromthe |laser. 159. The

nmet hod of claim 153, further conprising: the first

actual bandw dth paraneter is an FWKM of the spectrum

otalibiragghig iepattlightiwith ko vh@aluas ef the &inst atinel edoidih patatieter and

bapdw dt h paraneter .is an EX of the spectrum of |]jght

off f?*? SePoPA aRAhen idiR parpnstering frn Rdkres firesaiomrlngat
SPROSHERKSGh T o SSong sl lgs i pion o
f a omhibriténg iapefrljghamith knhenselendf tetfrstlachahbbaidsitidth parameter

par er is,an of the spectrumof |ight emtted
f?ﬁ?ﬁh%schgg?.cm%dﬂﬁgh H@If{ﬁlﬁ@r'of cl ai m 155, further
conprising: the first actual bandw dth paraneter is an

FWKM of the spectrumof light emtted fromthe |aser;
ahib- Theanateacbelcrlaiot L), fsthetiopraptisingir aneter is an EX of

the sp . f i It romthe. laser. 162. The

e oAU T o T 35 s IR s

atdptabnthantwified bupat anbe st bandmdfVidwadr héteis SPREEHoRD a
ight emtted fromthe | aser; and, the second

fl | . .
gah?%%m@aﬂﬂw lightwih kasrn dplups olhe st getuaklandpidih paemester and
b F@J&l bEal SRAWIdE phdfifter, adFron] %ﬁ?gﬁﬁ&s%aﬁél?f m

, turther Cor‘rpr|3|n8. the Tirst three dinmensiona
pteptesputing ttle sedohé ogtputivd the secphd bamdveidthpdetdctor ienn in relation to

(Bl LAl it Y it 1B S ARAD o B Yt el B nidth herameter

and of the second actual bandwidth parameter.

157. The method of claim 151, further comprising:

the first actual bandwidth parameter is an FWXM of the spectrum of light
emitted from the laser; and,

the second actual bandwidth parameter is an EX of the spectrum of light

emitted from the laser.

158. The method of claim152, further comprising:
the first actual bandwidth parameter is an FWXM of the spectrum of light

emitted from the laser; and,
the second actual bandwidth parameter is an EX of the spectrum of light

emitted from the laser.
159. The method of claim 153, further comprising:

the first actual bandwidth parameter is an FWXM of the spectrum of light

emitted from the laser; and,
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spectrum) + (b* (calibrating input [ight known val ue
of EX of the spectrum) +c; and the second three
waleovsnes2ohal pl ot provides the solution: (secoPdI/US2004/021259

output) = (a * (calibrating input |ight known val ue of

FWKM of the spectrum)) + (b* (calibrating input |ight

known val ue of EX of the spectrum +c; and the actual

bandw dt h cal cul ati on apparatus uses the derived

equat i the:s¢dandsictuakhandividih pesintitdr ipan E;f;aifehe) spect(n&r?)of /light
t e * (first output + ce -

(%8&838% &%ﬂ %%e et(quatl S)n (second actual bandw dth

pararreter) ((a (second output)) - (d * (first

ut)) + cd - af) / (ae - bd). 164. The nethod of
cl - rhhe gthad efickrim 154 hgtmnprzsmn rst three

dlnens sol u rst out
(o <R B vBOR BB E OO g SRy b
tﬁﬁﬁ&ﬂéﬁﬁﬁﬂﬁﬂiwﬂaﬁb* (callbratlng i nput |ight known
val ue of the spectrun) +c; .and_the second three
di menst ﬁ%qonﬂlasftualpb%@w&t% PRtsEess|isan B:of thesspsefaum of light

0 calibrating input Iight known val ue of
A ronhglésl%sgétrun)) + (b* (calibrating input Iight

knovvn vaI ue of EX of the spectrum +c; and the 3ct ual
dt h .cal cul ati ratus,usesthe derive

g{}aﬁ% ﬂ_t(ﬁ ’g‘flalgbf %a A8 H % ar amet er) = ((b

(seconmewgtrauﬁﬁl)bmd@edtﬁ phifabdefdr 1O PWENI ’fﬂfees ecétml-)é ﬁhght

(bd - ae), or the equatlon (second act ual n
p?imétﬁétf@mthﬁk(seﬁand(second out put)) - (d * (f| r st

(c:)lu;ip umt t){% éecoglu e i) Qang‘ﬁ%c&ﬁ RRTAEY er is an5EX o??he specl}rum o% light
emitted from the laser.

162. The method of claim 156, further comprising:
the first actual bandwidth parameter is an FWXM of the spectrum of light
emitted from the laser; and,

the second actual bandwidth parameter is an EX of the spectrum of light

emitted from the laser.

163. The method of claim 157, further comprising:
the first three dimensional plot provides the solution:
(first output) = (a * (calibrating input light known value of FWXM of the
spectrum)) + (b* (calibrating input light known value of EX of the spectrum) +c;

H

and

the second three dimensional plot provides the solution:

(second output) = (a * (calibrating input light known value of FWXM of the
spectrum)) + (b* (calibrating input light known value of EX of the spectrum) +c;

and

the actual bandwidth calculation apparatus uses the derived equation:
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the first three dinensional plot provides the
solution: (first output) = (a * (calibrating input

wo c@bhvoaown val ue of FWKM of the spectrum) +PCDES2004/021259
(calibrating input |ight known val ue of EX of the
spectrum +c; and the second three dinensional plot
provi des the solution: (second output) = (a
(calibrating input |ight known val ue of FWKM of the

spect r (figs) actual bandwidthi garahétad = ((@p b (sdeoghdutmomn(evaifire
of EX of the spe trﬁg) +c; andt he actual bandw dth
cal cul S¥PBR) 5;9%5 US4 aded the derived equati on:

(first o@ﬁﬂéléahat%pdw dth paraneter) = ((b * (second
output)) - (e * (first output)) + ce - bf) / (bd -
ae), ofsetdérel astpabbimiwidthgwconden et ((rat (Wanmwidudput)) — (d * (first

paraneter) .= a* ec output)) - (d * (first

out put f)ltpl!t)):ﬁ%- _ﬁﬂ/ e(g’gsj'- bd). 166. The method of
claim 160, further conprising: the first three

di mensi onal plot provides the solution: (first output)
=164 T*he(r@%thmg@fatlmmglﬁ&aﬁuther pemprifimgwn val ue of FWKM of

t he spggt +.(b*.(calibrati i nput. | i ght known

val ue g%{%eet%%g%sbéngf #’fgg?%}r’%d?egé edé%r%@nSecond t hree
di nmens (fasedutphtpE (HF GdtiliBesink e S Glght IdWn (SRCENUWV XM of the
out put) = &qk * (calibrating input I|ight _known val ue of
FeDaciem) h S(selélrating nput light knewn velna of By afikrisperivgn) +c;
kgoyn val ue of EX of the spectrunm) +c; and the actual
bandw dt h cal cul ati on apparatus uses the derived

equat i tw:seddrdrthtee dohersiotahpldnptvilep dreaobtien) = ((b *

= e, Coronrdla 4 & atipibion SR Seldimontitsivantiy WM of the
PFREBESY + (5 (ChiRoratidSRHRNELHY “hWA Value of BX oflhd &pibtrum) +c;
and
the actual bandwidth calculation apparatus uses the derived equation:
(first actual bandwidth parameter) = ((b * (second output)) — (e * (first
output)) + ce — bf) / (bd — ae),
or the equation:
(second actual bandwidth parameter) = ((a * (second output)) — (d * (first output)) +
cd —af) / (ae — bd).

165. The method of claim 159, further comprising:

the first three dimensional plot provides the solution:

(first output) = (a * (calibrating input light known value of FWXM of the
spectrum)) + (b* (calibrating input light known value of EX of the spectrum) +¢;
and

the second three dimensional plot provides the solution:

(second output) = (a * (calibrating input light known value of FWXM of the
spectrum)) + (b* (calibrating input light known value of EX of the spectrum) +c;

and
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output)) + cd - af) / (ae - bd). 167. The nmethod of
claim 161, further conprising: the first three
waleovsnes2ohal pl ot provides the solution: (firseCDUSOLD21259
= (a * (calibrating input |ight known val ue of FWKM of
the spectrum) + (b* (calibrating input |ight known
val ue of EX of the spectrun) +c; and the second three
di mensi onal pl ot provides the solution:(second out put)
=h( a > tl(eCa%ltd%b;)@{dvﬂgthi d(awullatilgh gblbarktn@ms\ﬂ&f Mﬁ&ﬂ fﬁwmﬂnof
the spectru + (b* (calibrating,input i nown
val ue éfirstaetedl HeRarayeipr) -l?c((g %W%P% O‘é"g’tlé)ﬂ' (e (first
bandwi | cul atd a ratus uses the derived
equatigﬁ&u§?ﬁ%§tqg%$@grgggndmﬁdth parameter) = ((b *
(secondr tigtequatjon: - (e * (first output)) + ce - bf) /

éggegé&g? gq)it}al 32@4@%&6%%{3%}%{3 :=o(&$ g %oe;]:?ncf glt(tﬁgtb) —? ?CF ’? ?r%rgtt orhtput)) +
oulpulr )ad-¢d).- af) / (ae - bd). 168. The nethod of

claimi16 further conprising: the first three
di nensi onal plot provides the solution: (first output)

= * (calibrating.jnput, |ight .known val ue of FWKM of
tHggs%ﬁl%ﬂé)fﬂrla‘@gl6@%&?‘?%@@148%11put |'i ght known
val ue gfie st Bfed difiefifBRdl PlprovidesaRdsdilorsecond three
di nensi onal plot provides the solution: (second

out put Xfiest putput) =dal* (ealérating inpwdisht kegwn kelsoat bRXM ofthe
FVKM. of_+t h 1 (] i_hr At ichge | ' :
o SBonl) A%0 S RAAbIUAL ol B 406 Bhu RISk bR pdc AR +o:

bapdw dt h cal cul ation apparatus uses the derived
SERIE R MR Ea (L
(bd - E{?e)cond output) = (a * (calibrating input light known value of FWXM of the
spectrum)) + (b* (calibrating input light known value of EX of the spectrum) +c;
and
the actual bandwidth calculation apparatus uses the derived equation:
(first actual bandwidth parameter) = ((b * (second output)) — (e * (first
output)) + ce — bf) / (bd — ae),
or the equation:
(second actual bandwidth parameter) = ((a * (second output)) — (d * (first
output)) + cd — af) / (ae — bd).

167. The method of claim 161, further comprising:

the first three dimensional plot provides the solution:

(first output) = (a * (calibrating input light known value of FWXM of the
spectrum)) + (b* (calibrating input light known value of EX of the spectrum) +c;
and

the second three dimensional plot provides the solution:
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or the equation: (second actual bandw dth paraneter) =
((a (second output)) - (d * (first output)) + cd - af)

W0 2¢08008299d) . 169. The nethod of claim 163, furPCTEs2004/021259
conprising: the calibrating input |ight known val ue of
FWKMis FWHM and the first actual bandw dth paraneter
is FWHM and the calibrating input |ight known val ue of
EX is E95 and the second actual bandw dth paraneter is
E95. 17©sec6'ﬂ[tb01rtpd1tb1 Gda C5f(caiibmtmg]iﬁ1§ht light kdvsvn Mmqamﬁ E‘,Wh@\zi of the

OV T 5 (Rlitepba gt bt Koo RS B ERGIIRC SRRy

the calibrating input light known value of EXis
E95 and the second actual bandw dth paraneter is E95.
171. Thke avtiahbandyfididl calcnlalleﬁ apparatub esesdlongarivsil sguatione

oot oDt Syt Db B = 06 ¥ o outB b {5 st

t he cabuiugh +re IoTpUbdHght known value of EX is E95
and the second actual bandwi dth paranmeter is E95. 172.
The meph% egpatiqnaj m 166, further conprising: the

lib
and ¢ neepRRL bt SRR 2 Rlogtrd b W e
t he cabutpug) irrd —i afpliae Hbdht knovvn val ue of EX is E95

and the second actual bandw dth paranmeter is E95. 173.
The nethod of claim 167, further conprising: the

caks brith&8od BPMbin! | @%tﬁﬁg{% yaliyg. of FWKMis FWHM

and the first act ua par nmeter is FWHM and
t he caIthEblﬁlatﬂhm} dimpusiodal glot pkxvodm theadoltionf EX i s E95

dth ty dwi.dt t 74.
The motFBoGPIAT 4 iSSP RBHBIIIST e oA ofthe
C %éc%ﬁi)) AgbH RRMbratih@pukInEhMin¥eth ¥8luelof Ew thSs eWﬂMn) +c;

and the first actual bandw dth paraneter is FWAM and
tBedcal i brating input |ight known val ue of EX is E95

and ¢ Doy Leal AL AL LARP LI RRL LRl E95- 175

The met a| m er conprrsin
(second output) = (a * (calibrating input light known Value of FWXM of the

spectrum)) + (b* (calibrating input light known value of EX of the spectrum) +c;
and
the actual bandwidth calculation apparatus uses the derived equation:
(first actual bandwidth parameter) = (b * (second output)) — (e * (first
output)) + ce — bf) / (bd — ae),
or the equation:
(second actual bandwidth parameter) = ((a * (second output)) — (d * (first output)) +
cd — af) / (ae — bd).

169. The method of claim 163, further comprising:

the calibrating input light known value of FWXM is FWHM and the first
actual bandwidth parameter is FWHM and the calibrating input light known value of
EX is E95 and the second actual bandwidth parameter is E95.
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the transfer function of the first optical bandw dth
detector is selected to be nuch nore sensitive to the
WO 2iok/008208 h at some percent of maxi num t han t oP€T1ES2004/021259

content of the spectrum containing sone percentage of

the energy of the full spectrum and the transfer

function of the second optical bandw dth detector is

sel ected to be nuch nore sensitive to the content of

t A@0.sPranethod cbcisiai hod durdmrepaprsdngage of the energy

of the  full., spectrum.than to the fulJ_ wi dth at sone

per ce nfheoci"all . P%tﬂﬂumfg%t. W& Vﬁg{ﬁmﬁ? V{Q(%}SéTWM aud the first

f BsthTan @RI pahMSier ISEWHENABSA Bl Jaﬂ&%ghg thpf li%qﬁqg%%lue of
0 be ch nore

optical bandw dth detector is selecte

s Erfsis tHN @nd ghet sgeorfd Adtuahbandwidth moameetpeis &6t of maxi num
than to the content of the spectrum containing sone
percentage of the energy of the full spectrum and the

t 12anstemdthcsf diinPf63, Rateeeangriqnsi cal bandwi dth
detectqor is selected to be nuch nore sensitive to the

cont enthesplibrating pwwt Hehhkaonmarhiered FIOXM jsdtWEM augbthoffirst

t - | than .o the full width
PRy B LE L SAFAAMIL Gy e bl e
1EX, is 196 shé theceoqtd mivag baridvdihrpansfee: s wost i on of t he

first optical bandwi dth detector is selected to be
much nore sensitive to the full width at some percent

Of 73Tt TSI G L14ifh 1% Gt Sélﬁggéén .he spectrum

contai ning sone percentage o nergy of the ful
spect r theicalibratimg inpobhighftdmotvo ivalue @fl FOVXMhis FSeHMahd the first

opt.i gal bandw dt h det is,selected to be. h nore

OB e R bRe eI Ay b B8 e iriug gt ko velue of
SBREs PO5 afditRG8coHd dchl BARKENh PardnltRed iy Eb5 Spect rum

than to the full width at sonme percent of maxi num

178. The nethod of claim 172, further conprising: the
t i f oAt first optical bandw dth
[ ANghe 'inefﬂldﬂlc&f c?dglfngl C?7f gﬁ%‘tgr %écl%nso

detector 1I's sele ot e sensitive to the
ful | wihdichlitattispimpuplgt knbwo fvaliie vt FWX N8 FWEM &8l the first

content of. the spectyumcontajning _sone percentage of
t ?Fé“ag ﬂ?@?‘g}vd pargpaeteyasit WHME pd the splibratirg mphiight known value of

fERGS £95 af tHeREcohRGRRAI ORldWIdh pRAREML L Rodet ector is

174. The method of claim 168, further comprising:

the calibrating input light known value of FWXM is FWHM and the first
actual bandwidth parameter is FWHM and the calibrating input light known value of
EX is E95 and the second actual bandwidth parameter is E95.

175. The method of claim 169, further comprising:

the transfer function of the first optical bandwidth detector is selected to be
much more sensitive to the full width at some percent of maximum than to the
content of the spectrum containing some percentage of the energy of the full
spectrum and the transfer function of the second optical bandwidth detector is

selected to be much more sensitive to the content of the spectrum containing some
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sel ected to be nuch nore sensitive to the content of

t he spectrum contai ni ng sone percentage of the energy
w@booshes2pul | spectrumthan to the full w dth aPCHUS®04/021259

percent of maxi mum 179. The nethod of claim 173,

further conprising:the transfer function of the first

optical bandw dth detector is selected to be nuch nore

sensitive to the full width at some percent of naxi nmum

t bememtaget bftthe emdrgnvf e folhepesrant thamtocthe fidl widilyatssome percent

centage of the energy of the full spectrum and the

tP ’H@F’é‘?‘g"f‘unctl on of the second optical bandw dth

detector is selected to be nuch nore sensitive to the

content of the spectrum containing sonme percentage of

t heo.elhemgsthed of dainf LUT0, figpee comprisingn to the full width

t t

o ar o s FrhoR BT cpcal by BRE AR Stlpend to be
Ofnuich endré E&sitRRb Bl fuld 3ekHi 4 kding F&&sﬁt%ﬁf aXifi@hekded tho

be much nore sensitive to the fu w dth at sone

peewtentof dfe pgsirer erRiRmng @mmrwtﬂgemﬁ“ thefenetgy of e fdlum

c r h full.
CSRRU 98 PR R B9 05 SRR Abud Rtk
opdlectad tdd&nfdwﬂmbrwbehﬁﬁtr@ro the c@xﬁbﬁ&ifelﬁb gpecttém B RiniY Pme
sensitive the content. of the spectrum containing

sa?ﬁeerﬂégec ageersy of he tdhenegirumrthamio the full wisdde FtrS@Fﬁe percent
t BaRak@ndhe full width at some percent of maxi num

177. The method of claim 171, further comprising:

the transfer function of the first optical bandwidth detector is selected to be
much more sensitive to the full width at some percent of maximum than to the
content of the spectrum containing some percentage of the energy of the full
spectrum and the transfer function of the second optical bandwidth detector is
selected to be much more sensitive to the content of the spectrum containing some
percentage of the energy of the full spectrum than to the full width at some percent

of maximum.

178. The method of claim 172, further comprising:

the transfer function of the first optical bandwidth detector is selected to be
much more sensitive to the full width at some percent of maximum than to the
content of the spectrum containing some percentage of the energy of the full
spectrum and the transfer function of the second optical bandwidth detector is
selected to be much more sensitive to the content of the spectrum containing some
percentage of the energy of the full spectrum than to the full width at some percent

of maximum.

179. The method of claim 173, further comprising:
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the transfer function of the first optical bandwidth detector is selected to be
much more sensitive to the full width at some percent of maximum than to the
content of the spectrum containing some percentage of the energy of the full
spectrum and the transfer function of the second optical bandwidth detector is
selected to be much more sensitive to the content of the spectrum containing some
percentage of the energy of the full spectrum than to the full width at some percent

of maximum.

180. The apparatus of claim 174, further comprising:

the transfer function of the first optical bandwidth detector is selected to be
much more sensitive to the full width at some percent of maximum than to the
content of the spectrum containing some percentage of the energy of the full
spectrum and the transfer function of the second optical bandwidth detector is
selected to be much more sensitive to the content of the spectrum containing some
percentage of the energy of the full spectrum than to the full width at some percent

of maximum.
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