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configuration producing pul ses of |aser [ight at four
to ei ght thousand pul ses per second or above with very
finely controll ed wavel ength and bandwi dth on a pul se
to pul se basis, and at output power |levels up to and
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SUMMARY OF THE INVENTION

A wavemeter and method for measuring bandwidth for a high repetition rate
gas discharge laser having an output laser bean comprising a pulsed output of greater
than or equal to 15 mJ per pulse, sub-nanometer bandwidth tuning range pulses
having a femtometer bandwidth precision and tens of femtometers bandwidth
accuracy range, for measuring bandwidth on a pulse to pulse basis at pulse repetition
rates of 4000Hz and above, is disclosed which may comprise a focusing lens having
a focal length; an optical interferometer creating an interference fringe pattern; an
optical detection means positioned at the focal length from the focusing lens; and a

bandwidth calculator calculating bandwidth from the position of interference fringes
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pattern; an optical detection nmeans positioned at the
focal length fromthe focusing | ens; and a bandw dth
cal cul ator cal cul ati ng bandwi dth from the position of
interference fringesin the interference fringe pattern
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c enal dngathedstgpof thesaratvgent @ Eghtwhi ch may errpl oy an
enbodi ment of the present invention;
. BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows MOPA configured gas discharge laser which may employ an
embodiment of the present invention; |
FIG. 2 shows a perspective view of a spectral analysis module according to
an embodiment of the present invention;
FIG.’s 3a-c components of a primary beam splitter according to an
embodiment of the present invention;
FIG. 4 shows a plan view of a spectral analysis module according to an
embodiment of the present invention;
FIG. 5 shows a schematic representation of a portion of the spectral analysis

module according to an embodiment of the present invention;
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splitter according to an enbodi ment of the present
invention; FIG 4 shows a plan view of a spectral

anal ysi s nodul e according to an enbodi nent of the
present invention; FIG 5 shows a schematic

repr esgiy ag| f bk an ReaRest LAl 18Raltyst & modul
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i accerdingtu 48 énb@limbigwe tlee gesphinyéntidye per f or mance of

he' pr BGent ShAGE A PBR-ViPT & SRt S a1t drfofiter detal
eh QBRI S (UMb BN G t#h frschtiBffordet ai | accor di ng

to an enbodi nent of the present invention; FIG' 8a
and b EKds 8hend bushnwethpdluceempatern loa the diont amdibackckl a beam

of .beam splitting mrror.according to an enbodi nent
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per spepiG.veoy a8ivb sHowaPerdstictisé alve 6ff &4 adjus@blethitr mounting
according to an enbodi nent of the present invention;

Fregording to ayhesmbosdmpenti of tg PIasPBbEIVERIATS of t he
adj ust e Mo nt i 0 in_ E ' - Dy Wi .
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lines 10b - 10b shown in FIG 10a, excepting that FI%‘\ )
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| S15 R o5 Pah LTI 5600k B PO e o
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enbodi t.of the present. invention; and FIG's 13a-d
Show aPkr 1 shassnleyic aBbe aROHGE SRHora B PO SR et the
pbfgg@rﬁtm\;eﬁﬁgﬂ.t i on. DETAI LED DESCRI PTI ON OF PREFERRED
EVBODI MENTS
FIG.’s 12a-c show another optic mounting according to an embodiment of
the present invention; and
FIG.’s 13a-d show a slit assembly according to an embodiment of the present

invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

This application relates to satisfying the requirements for a spectral analysis
module (“SAM”) metrology subsystem for a MOPA two chamber laser producing
laser output pulses at over 4000 Hz and at up to and exceeding 30mJ of pulse energy
and also controlling wavelength and bandwidth on a pulse to pulse basis. Those
skilled in the art will appreciate the extreme demands placed on such a MOPA laser
subsystem and its function, inciuding many of the sub-modules required and their
functionality, in order to satisfy the performance requirements of such a MOPA
laser. The present invention is explained for purposes of illustration only with

respect to an ArF MOPA laser operating at a nominal 193.350 nm wavelength, but
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produci ng | aser output pulses at over 4000 Hz and at

up to and exceedi ng 30mJof pul se energy and al so

control ling wavel ength and bandwi dth on a pulse to

pul se basis. Those skilled in the art will appreciate

t p h I

O L e ST e P e Sy B NOPRTE ERRbreg laser systom
Sjulot avoxiell.es required and their functionality, in order

to satjsfy the performance . r.equirenments of ch a .

| aser ThedolageB Aer Rt o sl g gehal by, pp dadowing
o{ne;n{i{l%gs:tration only with respect to an ArF MOPA | aser
operating at a nomnal 193. 350 nm wavel engt h, butcan

beTapp¥Acwdyms wBkfipitiong., for a KrF or an MOPA gas

di arge | aser ,system | as _well. The follow ng
ac‘g'gﬂyrrs used iéﬁﬂ?@”léﬂp%ﬁuegﬁ?on shal | have the

f oAbew ng neani pgslog T aigtACdoaRyterDef i ni tion ABF

Ammoni um Bi Fl uori de "ADC Anal og to digital converter
Anpmpnper es of Aumessolagreningl e of | nci dence ArF

Ar Fl uori de AR Ant.i.-Refl| ection (a coating to reduce
Fr%@gel refl ectﬁgﬁépolfgnrﬁger?cgpti cal surface) AWR

Absgl ut e Wavel epggdh Rebedence BARO Baronetric station
for_alignnment, calibration and test of npdul es Bl ur
CoMBensat i on f adtbirReflsation ¢ eastips he sdace Sresneldslegtignrrom an
Sagﬁtfégfﬂ;rfagé)f ect BW Bandwi dt h CaF Cal ci um Fl uori de

AWR Absolute Wavelength Reference
BARO Barometric station for alignment, calibration and test of
modules
Blur Compensation factor used to compensate for “bandwidth saw-
tooth” effect
. BW - Bandwidth
CaF, Calcium Fluoride
DD. Diffractive Diffuser
DFM Design for Manufacturing
EWCM Enhanced Wavelength Control Module
F, Fluorine
FCP Fire Control Processor
FD Focal distance
fm femtometer
FRU Field Replacement Units
FS Fused Silica
FSR Free Spectral Range
FWHM Full Width at Half Maximum. A common metric for laser
bandwidth.
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fentometer FRU Field Replacenent Units FS Fused Silica
FSR Free Spectral Range FWHM Full Wdth at Hal f

Maxi mum A conmon netric for |aser bandw dth. G&D
Ground Gass Diffiiser KrF Krypton Fl uoride LAM Line
ceaksy Anal ysi sgMididl@ia és'\fyﬁ*u DNE Li ne Narrow ng

Mo u?:a/ Li ne Narrow ng Pa e Magnesi um Fl uori de MOPA
MeKtler Gsci l | atKryp@mmEmoAdqal ifier NI ST National

Inﬁé'b/} ute of Standards n Te@P ogy PDA Phot odi ode
Ar PDM Phot ot®&ERist 0@0 coneter SAM
SpeRi/aNpAnal VSLﬁlewe@wvﬁng\Eﬁ,d\ﬁﬁyﬁhé SRkrowigE PRREENY BOX

The netrol ogy subsystem o MOPA | aser system as
deBlgkh bed aboveMagnesiuiFieprde SAM  can, perform

cr functio vvavel engt h,
ba th and p agté’rggglﬁvrg?wﬁfggtppﬁgt out put from
t hR1ddOPA.  The oNgfighdl IdERAe 57StatdarddarkENedhfolsgeEn i n
viewing FIG 1. These perfornance

Photodiode Array
PDM Photodetector Module
pm picometer
SAM Spectral Analysis Module
WEB Wavefront Engineering Box

The metrology subsystem of a MOPA laser system as described above,
including a SAM, can, e.g., perform crucial functions, e.g., measuring the
wavelength, bandwidth and pulse energy of the light output from the MOPA. The
overall MOPA system 20 can be seen in viewing FIG. 1. These performance
characteristics of the laser system 20 can be critical, e.g., to controlling lithography
processes, often the end use for laser light produced by such laser light systems 20.
The requirements for lithography processes in terms of, e.g., pulse by pulse control
of , and even finely controlled modification of, wavelength, bandwidth, pulse
energy, pulses per burst of pulses, etc. create significant demands on any control
system for such a laser system 20, and the metrology portion of the control system is
similarly put to demands for performance efficacies and efficiencies not seen in the
industry even as few as one or two years ago, and they are getting even more
derﬁandmg.

The MOPA configuration, as seen in FIG. 1 has facilitated much smaller
bandwidth than, e.g., applicants’ assignee’s previous generation laser products, e.g.,
the Cymer 70XXX series of, e.g., KrF and ArF lasers. Consequently, as an example,
the currently required bandwidth is beyond the tracking capability of, e.g., a 7000A
wavemeter and the architecture has required the function to be split off to a separate

module, the SAM. In a MOPA laser system 20 as seen in FIG. 1 a first laser
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| aser light systens 20. The requirenents for

l'i thography processes in terns of, e.g., pulse by
pul se control of , and even finely controlled
nodi fi cation of, wavel ength, bandw dth, pul se energy,
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ardgifeéringd $OkS (“WBB3L AL Hs| YotedS irARh&XeBBPE GefddifRed co-pending

currently required bandwi dth is beﬂélc‘;nd the tracking
c Apalisatiops, assigned ey applicanish exigngee Mdiedreaning thénepassed to a power

ar,chi: 1 th peti.on to be splijt of

¢ GELERE WS 43200 R RC oM 6. R 8 ot insinfhe MO
2bean is eeostly nlifetted idtoahé ipbwer hapRfiGh@FAEY pddion 90€0f the MOPA
mast er osciIIaH%r ("MJ), is very finely tuned, _
utdser sysiegn 2@ 1 the B4 postion 4P thasery MQdreatpeat or v meapthe desired
i T, -3 i f ' j ratin

(e pBt o Bndu Bt (LAl T R 30, By B Tead? o8 BhisBEttroneh
i mhe(t:i gelen h@dmlgawhi&:h,fomimrnha A Fwih thodid ogw bg@n rdeZ%cto@BRaﬂ.

see er beam 62 with a_very narrow bandw dt

cent er Z@le SHEH @ga%équ]?@}gé R‘%‘/i%?n pQ ohthegystgmpifsthemn passes back
t RgoRgMmRa AN %ﬁlothg P%@X\;ﬁ]%/%g Bhd ei%tpgcl R @&3}%61‘6 each

62 i s then sent roug wav engi neeri i
bex the'angrt pulses obide hotrp d4iin strétehealoxg in ad eptivat delay unit to, e. g,

co-pendi pld.cati ons assigned to _applicants' .

- SaPNE e ik P R pmRatsy, sRch, Bty a5 i, Bossaien styfbe pyader in a
WEEhogZaphi de{poiet BET €gt DldtorlihidBn PNBLEr, aHING1s8t B&fain other
things, the MO beamis nostly directed into the power
afTRgterastics » pi the pperfirmangn off at lstepMIrscanes elithogsplyn tool in

2 he P [t 50. the seed MO beam at or very

ng%rf&?ﬁgga"ég B RO GE PR BH N and bandw dth s anpl fied

i n tTie $AVEQ6, Bed inl FHESD, daftbeab Bhdéd it softhen&Bhtical part

medi um which forns the PA 50 with the aid of 'a beam

r 684 8&-oforgprenforming the function of a bandwidth (“BW”) meter, and an
electronics portion 74, e.g., containing the logic assembly part. The fundamental
optical aspects of the SAM are similar to wavemeters used in the past, e.g., in
applicants’ assignee’s 70XX products, i.e., the LAM, with a number of critical
variations which form, in part, an embodiment of the present invention. The
bandwidth-meter optical layout involves, among other things, using a shorter FSR
ctalon with a longer focal length imaging lens, as explained in more detail below,

requiring, e.g., beam homogenization in the first leg of the etalon optical circuit.

Like the wavemeter in, e.g., a 70xx LAM, a photodetector module (PDM) 144
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out put pul ses of the beam 64 is stretched, e.g., in an
optical delay unit to, e.g., inprove the This inpacts

such things as the dose seen at the wafer in a

it hography exposure of, e.g., photoresist on a wafer,
anfortosPtHe Sl R éi‘le%yh Ghd ﬁfl‘ﬁﬁd@g LehéSiHotoi e %g@?atl for  diagnostic and
performance of a s epper/ scanner |1t hograp

pémm@gm'un@seSe g., the not ed exposure The SAM 46 as
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agseriof yhep [ enesufa el shesm ai FK‘ptZ s@wm pEOiasy btfant klitter 80,

Sl rgé W%lhg'i hel K2alfiRP #}E § %&g(}-{g{o or% Z}% S@]ﬁflegnclosure 76

i n appli assrgnee

LAmwwm mrca nUwhiek padses Hirbiy {he\@ﬁhﬁ?llféﬁhﬁ éﬁﬂh&hsé Ql'icm:he beam
an enbadi ment of t present invention.
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fast p oto I ode signal for os’tl
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I ttached to an optical nountin

¢ PEUREE fadthof o parugyiian Wiiea ey Bruin B aderend. The
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ows a primary beam splitter 80, his receiving
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t he rear of the SAM encl osure 76 as seen in
b&ERple hegnilAd epiat themripmry heans kplitker iSA iftbGhe denignder of the optical

g%‘hﬁ%&g{ﬁrﬁg re%léshelé:déseo'f S8 i6h €TRE io%%cr)éite S of lallel éatn%rle beam
passage 98, within the interior of the base 90 may also be covered by a window 110,
through which a portion of the beam 64, reflects from a steering mirror 102,
mounted on the steering mirror shelf 92, and into the sample beam passage 98.

FIG. 3b also illustrates the primary beam splitter mirror 104 mounted on a
primary beam splitter mirror mount 100. It will be understood that in operation, the
beam 64 exiting the PA 50 will enter the primary beam splitter 80 from above along
the vertical axis shown in FIG. 3b, which is also the propagation axis of the beam 64
from the PA 50, normally in the horizontal plane. The beam 64 is partially reflected
by the primary beam splitter mirror 104, and approximately 5% of the beam 64 is
reflected onto the steering mirror 102, while the remainder passes through the

primary beam splitter mirror 104 and on to the PA WEB 42, as shown in FIG. 1.



beam splitter purge cell base 90, which may be, e.g.,
machi ned out of a solid piece of alum num to form
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steering mrror nmounting shelf 92 and a primary beam
splitter mrror nmounting platform94. The platform 94

and the bottomof the cell base 90 may have forned

therein a beam passage openi ng 96. The base 90 may

also h ' i :
it o g Gaasly SALLORUR el R R AR SR ptiver
s aniptoe 104 &nefipetnd fignOifie syrite mircavid2 et abyungle séingidence of about
beam exi t. Wi ndow 112, through which the sample beam 4

exi>s end FEtSIhe REFIPTHRE Spiticf p@ Hreeeh wingowhd 2128 semplgdeam 114,
Ofanh tilr?to s %eﬁﬁlin%fj g;F ﬁ{e%%l\r/lql%' alg eﬁ%ﬁﬁg@ Er?m%l:e &JE%%§§‘84V4 Et will also
The opposite end o he sanpl e beam passage , Wthin

t e undestdodrthaifthé beanh 62 drofOtheay Odl2s entess iatvthe @A HY fram the PA
wi_ndow 10, throygh which a pqrtion of the beam 64, .
r WEBCA2 yodighal, s PGATY rRSAMY BRlitteRgiiHEd L ¢h 1R HBe opposite
SteRbh i, r IEA 980538 dethe in med
AERLARR T PR EERA 38 s B JTAD A GORL B0 30 Bain medium
s pvitht theM@ibeamr62104 nounted on a primary beamsplitter
mrror ugt 100. It will be understood that in_.

oper at 1100 3¢ AROWs din eihasy BERRG P WRRES Qi sy cover 116,
t hﬁcmmg&rﬂan%s AR IBY EdrnEL B0 thO Pudb QYRerd|RNBwE B€ the PA 50, as
vertical axis shown in FIG 3b, which is also the
priopbg@xplamedxé.g., of the pbovtsaaferdued empending ARliSations.

par 1 a8y e BaEt o0 Bl PRy R G pitpam 72, it that

- Mg hdked QA frafd tRPRERXbdRRL 64 Yoy peinath Beaﬁﬁ%?]iﬁ& fnfrror 104 and

reflected onto the steering mrror 102, while the
r gaReoRfe fropn e stoerng uairor hd2pexitieg yhe) @aimasy lbeamesplitter 80 as

m.r a t , in. F

T Seafleg BB, DT Sunley BARTER B nE PSRRI Righ Pl she fron
prantaest suefacessetl dnl froatet obte of Q@4etcmdasf beaat gditler 002 dh&ributed
steering mrror_ 102 at an angle of incidence of about

25vidHe 1Bgihagdpitth gpeienSf pbdin SPiNl4erto goed hveugmparate internal
t he %%ﬁ%ggﬁlgs exp %I ne r%o%ﬁggé_’g?g?] &)Eglogw : t vm[}ffnmdent
al mothb esecordierysberma splitetr rhiner Hdé s G&fldctainuith e@hMod2Rctor module
enj, Anto the PA fromthe PA VB 42 through the
sg(nﬁﬁﬁér ) ey &b ﬁ%i& DR Ul ss7ev] e, Eo@}w to the
di i &Ebh RS Paékage 74 29 WM H ph 6014 S10nAS TREbhnRFidi\Greuit, explained
seeding of thé PA 50 gain nmediunmrw th the MO beam 62.
in more detail below receives the principal portion of the beam 114 from the steering
mirror passing through the mirror 140 acting as the secondary beam splitter. Due to
the thinness of the selected primary beam splitter mirror 104, the Fresnel reflections
are overlapping, complicating the problem of keeping the fluences on certain optics
in the SAM within tolerances, i.e., below the damage threshold for the material of
the optic. This beam 114 is involved in illuminating an etalon 162, as explained in
more detail below, which produces a fringe pattern that is monitored using a
photodiode array PDA 182. From the fringe pattern the FWHM bandwidth can be

calculated, according to an embodiment of the present invention, to under 0.01pm

precision, using simplified mathematical calculations that increase the speed of



FIG 3c shows the primary beamsplitter 80 with a beam
splitter cover 116, including a flange 118 for
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as further explained, e.g., in the above referenced
co- pendi ng applications. As shown in FIG 4, a plan
view of the SAM optics subsystem 72, light that is
pi cked off fromthe main beam 64 by a primary beam
| i t lL.e 0 h rin
%CSFS?H%@GGXIRM op t eﬁgﬂ%rll%:zré? gl g g.i% %V;Ff)lt’ Pl?l WSS(? computations at
sA0pdIed alesyovd 4. The sanpl ed beam 4 has the Fr esneI

refl ections off the front and rear surfaces of
uncoat dde Sy #6san meaaue Hepbapdyidih vty the péfmun@ﬂthe PDA 182 and

'éﬁé gh@gég&%&%@ dul t%er naIIUI 4 O3 AR 46“%6%&01 28 can

separ unctlons of
b amteimhcdt o the tlaer 8&taidl syhemSAM Aﬁan‘?,awmchfsubtﬁquhﬁmrbii@es the

i nci.dent on the second eam splitter 140 is

r @FECERFobrhasedomRtoldet s%lbaf frot pEopE r@@mr) higgs, these metrology
beain,j42 for pulse energy neasurenent, and output to

the el ectronics package 74 as a fast phot odi ode

si gnal AsHhewnandiid4,Hhe bea ilﬂ4 exiips ﬂiawdomdmryrba:m splitter 140 is

oaiiep 7 Al AGRALE el R [, AR (B8l e gulAnt pindrical

MitglERbpi %Qe@mmrﬁaﬁnwwﬁﬁp@ NG Yo REARN 130! dnlittRén i En optics
to the t hi nness of the sel ected prlnanébbean1splltter
t

mcpmbrnamom unithlS 2F vduete bs esplamed i in rmaorgrastasl anitharspipact) fo FIG. 7,

cating,the ro emof eep e fluen
TR Briet 7 B o (RS & M R {8222 and o
bq*b@l\émtgmensimmgﬂrhé Béﬁﬁ hak dhéopastdsethfiripRrd eodf sthfediffuser 160
optic. This beam 114 is involved in illum nating an

etaﬁprohe@szeﬂ%véedes&ﬂ ofi areadipsiable M2 qairter | 156 Bhe bogin dhen passes

[ ' ' [
DA0aF 3 Bl 10° O G50 Bk GRTPD) LS B D Tnen o
F\Abi%rb a6y ﬁtﬂbcté@@ﬂb&f s bdjubtable V3 anieor dibAgatdomd generally the
enbodi nent of the present invention, to under 0.01

prce@ia% pban clpsigaigd sMﬁﬁ"Pqefiuﬂéa {FAAIAR FRIETOE dﬁ%%ndcgmtattherﬁsce of an
h t h
BB, SR P 0 EPERIRRS TR LB B Cheb Rbneca

4@;@&4-Bff®md1eamwandr b@rtlsﬂlv&‘ﬁtﬁ: Iﬁﬁﬂ)r meastd efftofandaechljekidble M6
with the output. of the PDA and the pul se energy at
t RerBYt igeidense migror P aild&aclmetosr}wqueh@imlge of 4l mirror 166

| Ahg rfflﬁﬁg it ‘Bncﬁ&% lASHE FE9) t1'@39' E;Yc%b? (09t 1 & 8Whirrors, though

whi ch su sequent y provi
adjustable in some sense, e.g., durmg mstallat1on, are not field accessible for

adjustments, whereas M1 146 is field adjustable.

The function of the SAM 46 according to an embodiment of the present
invention is to provide a high-resolution measure of, e.g., bandwidth, e.g., the
FWHM bandwidth of the laser output beam 64 at the PA 50. As a consequence of
positioning the SAM 46 at the output of the PA 50, the energy density levels seen by
the optical elements within the SAM 46 can be very significantly higher than, e.g.,
the corresponding elements, e.g., in the LAM 28 and/or in prior lasers, e.g.,
applicant’s assignee’s ‘70XX products. This can, e.g., significantly increase the

lifetime risk, e.g., to the primary beam splitter 80 and a number of other optical

10



active control, based upon the feedback from anong
ot her things, these netrol ogy nodules. As shown in
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splitter 140 is incident on an adjustable M mrror

146 and directed into a front cylindrical telescoping

| ens 204 contained within a |l ens nounting 150 and then
into an optics conbination unit 152, which as

e [ j El W i e

RErRaREts Wl SARL R, Lrbidd; LEIRGR Atk Sy dapuage, e to
f ithesprigbBgiscadi §pliee 80,282 SHM modude U6 ihag beandesZard, ddeerding to
beam 114_t hen passes through a second stage diffuser,

160 embedimgnl qf the Mresente 1venoL WHR thej Rrabay| liffer mirror 104
m Ly R I

Vit 0, AR RERBEPSERLIVMAD Sefiliy meora 50
t Aihdubhds bdea ohbsdnoto tRerlsy reefibe dicefluaicé 1ofelafpendntsbyblfactor of

MB mirror 64, and onto generally the center of X )
e"BAGEIETPREF) PRedC 29 pﬁ#ﬁ@%ﬂ@iﬁt /f% geergid _@ﬁf!&m fluoride
aglgs faaeepih @kcadl asthaicMbriarkiaRlr ichGicd&BL §elg%c§(¥ %g?s of the

. The fringe pattern’is then refl ected back
t lopticd, glg.-1h dlrecbgaor hdmegeoizatioresaieme ovithin GheaPdMot ¢ aagbrding to an

ano hgr a?j ﬁ@lt abl e Nb n(%r mal i ncidence mrror 180 and

b &POSFR PR e PLISPIHIRAUIBy t i on of the mirror 166 and
finally_ is incident on the PDA 18&.8%fept .or M 146
the mr rfgﬂuqeﬁwﬁﬁt%%lpmfﬂf%fqrﬁ 5 AEREHNg to g embodiment

dyfri | b ad kR, todi a Lale ;
e L
f bebtrdenr] 98£2 tbHE3 SAivh,46clathabihdiSAgMimodarie éfrialdl furetion ofit to either

e e vl g el etttk EtaiobBits with
ofthd KRAhR BN caPABlO UE mBRAPIE HaddwidliEoCApRRews (ghot by shot% basis,

consequence of positioning the SAM 46" at the output of
t hed PAPESe endray eniingythel @is iSO yof] M aiistosEemlbyhea fedule providing

PP HE gl bk s AR B i banawice
el(RAFMEDlutB®nbis  refiirddn® bAW.GRA X?({n%isioﬁ RGLPED LASRS Bandwidth

e.g., applicant's assignee's 7 products. This can,
e cglcplasibgrhahdwatil [A)i accureasef + B4 pofi, 65 reypired sleaswed)against the

o BPFERRICI Gy RO APEh G B GRS SANR s 2 pandeidth
M 1 d -Gk ehd HnBe §s g&fuﬁ@&] t§3EBRIE pnf <YAL 483 pm, FWHM metrology,
requiring that the SAM rﬁodule 46 be able to track the bandwidth over the range: 0.1
pm < AA < 0.3 pm, blur compensation precision is required to be < 0.02 pm BW
difference between innermost and outermost fringe positions, (comparison of 2
averages: BW readings at 3 points, 0.02 pm apart within 0.03 pm of either side of
the fringe jump zone; and Bandwidth Accuracy vs. Fringe Position is required to be
< % 0.02 pm delta from the reference (e.g., LTB) spectrometer, as well as the
capability to scan through one full FSR (3 pm) at 0.02 pm increments starting at the

central wavelength to compare BW against deconvolved spectrometer values.

With regard to power and pulse energy measurement for the specified pulse

energy range of 10 mJ to 20 mJ (15 mJ nominal) the system must meet all optical

11



the primary beamsplitter 80, the SAM nodul e 46 has
been desi gned, according to an enbodi nent of the

wWEe@smesds2é nvention, with the primary splitter PCT/D82004/030340
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104 oriented, e.g., at 70 degrees to the beans 62 from
the MO 22 and 64 fromthe PA 50. This has been chosen
to thereby reduce the fluence |levels (per cnR) by a
factor of two as conpared, e.g., to a beamsplitter

O5pEEEH AL g aRES G BT WAL, iy aobeston o

s glogfitifld] PAGS 1000 L cofinuess opergtion)] KithhealBeA®n based on NIST
honogeni zati on schene within the SAM 46 according to )
pRbdRI i corRereipl PRep radienst Withv@R? i wat rripdutiongudersy monitor

Arag
At |- f S - di 1o
ORISR B8 AR 8.2 50 L SRUSESAGE] B Qo%tion e, o

Vanekerd tWitheveheraiil foper aletdd Gverihe foffind) 8hys e a Iar das test,
to 193.5 nm such that the SAM nodule 46 will function

ouith 08 iwatiaiesdwidons find pewerlindatiny ehl (08ride corinuaes rll within =+ 1

| tit] 1 0Q Hz,. with th .
A AU A S bl Bt R aORR ok ool o Waured wie
W fovted! haHg. it 1i 1
D e hucegh IS gy ot e I ittt cogy

piead ivanshje ppstitipnitate peed gk @it s over the range of
pul se energies. In addition bandwidth (D) resol ution

i'S requ . i,8i i.r f _the .
bandv G0 s il R B REI R ol P Bt Rifuired to be
0.1034 wpits msx,r eguivsled miraasimechsagdi insh lake BHRBE! ARORILF to an
(e.q.,,.an é}%ﬁ used for calibrati %t he .SAM nodul e,
aﬁHl%BQH’a%t TRAESHH EnRtion. angEng SV epesifeaionnsetiog pt 15 mJ
m r .
P S0 bt L TR YeLS ol rinb A et e s TRy, Fringe
r apgeietrd.id rquonred B be:éDS g fgnge thmo oeztcpﬂménagi {;1‘?1@6 symmetry = 100
recision is required tq he < O. m BW di fference )
b 5t JREEREAKH e BR-a Rad-oiic siolon 167 4 vidsedrvelsdheth Ioft and right
( rj : s i Oh Rt .
b PRARR hRAL ot ShYERAEREnts WY RTEES NEhs Shae 1003 Fotes min, as
f maageredl unm lasereframag dacBandihvy tt im Ambodiaeyt v .thd:plieﬁﬁgﬁ invention,
Position.dis required to be < 0, delta fromthe
- Grishh auV, wegiticighpnd gatemat 5 Fhat 4 PAasS Chput. Eneray
CaRMMot i1y sighab (R8I £thf53ﬁﬂrbﬂ§éeenfe}%yl mfisthbd &5 RTADR nfdx 3ad 5 K

pmincrements starting at the central wavel ength to
cdfamanBW agai nst deconvol ved spectroneter val ues.

According to an embodiment of the present invention, certain reliability
specifications are required to be met, including, e.g., target mean time between
failures of, e.g., = 12 B pulses; target mean time to replace, e.g., < 2 hours, with field
replacement of SAM logic assembly: 15 minutes; field replacement of damaged
primary splitter: 60 minutes including re-calibration of energy monitor; check etalon
fringe pattern to correct possible low video or fringe asymmetry: 10 minutes; and

equipment dependent uptime of > 95%

Maintenance requirements include, e.g., logic assembly 74 replacement

requiring access to unit 74 while in the laser frame; primary beam splitter 80

12



Wth regard to power and pul se energy neasurenent for
the specified pulse energy range of 10 J to 20 J (15 J

wows3ders t he system nust neet all optical PCT/US2004/030340
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| specifications; energy nonitor 144 calibration
accuracy is required to be < 3% (at nom nal 15 nJ,
1000 Hz continuous operation), with calibration based
on NI ST traceable commerci al power nmeters with 0.05

: r Qy: ' [ bration i ft, must
50k PRI TN 60 S B AR} Bl vy
puhsteshowas comesteddd the flange KGnRequira! repovwelr offtRE efodalefiom the

tgenrrinal hots of a_laser s test, with 0.05 watt
r e8%T h?-nfgﬁ usgiRat of ?ﬁ@&rhﬁg rngg syppgiryand height, through two

Fg@fi%r% QHSdul&lchbve Bdkdo decch@l4/64 HEnInd:S héag %ﬁﬁentn%rews 170

watts, 20 J is 20 watts, as neasure

weslmwic boFKd Podweingnieserophesids. A gps pbaeutl lis helerdetyyired when this

specification faor co ant energy and vari abl e
retﬂaé{lﬁef’?%ﬁlsr‘i?nglﬂéléeﬁ%gt apply. Etalon starting raw

video levels (both left and right peaks) are required

to be InQd¥ioibhsSad¥Bilindtan/@hbsdifent ofthe FRASH! i8Fertidndhe design
| aser. franme, according to an enbodi nent "of the present

i oeites dhat Topéig R Maowasislecd,i exshanga ofgbe adduly 46 a0 calibration

at t bei n fined as

7 SubRg of Sty Bth by AEBONF YL Be SSnRRIaR o €8 Fo howrs ot
bex ddnencyf of] a.gs 12 bililieh pyilsss, 3bd RRDM | MUe STRRED ¥nce per year,
1%% x (left peak / right peak). End-of-life etal on 16?2

r AFORIERS 2 |havist s (both left and right peaks), nust

meet the requirenments of A) 2.5 volts max B) 0.3 volts

m n, asibeedesigneef tha AMadeis faquired tacoahielignpktascem to facilitate

e [ 0 he prese inventi o et | B .
spe@?fr?@g)%?lo%f {ahr? dmgglglféa | ﬁra T elglsgefm ?ﬁe EB\%S@%SfSp grecluding
Erepgpenmiuhtiig ddd igstARebn e vie) superskbcrird)UGaede8"@4RY, or stops

must be 15 K ADC max and 5 K ADC m n. According to an
e FAYd DRrepfOVisied t e ngPRssait to Agcliieieo handling: andh prevent damage to

:r%bil%gileh{g&ylgﬁg}egééé%%%pns are required to be net,

mean ti ne between failures of,
e.g., TheBMAMpif, sesirdingrigah embatdinidni®f tige ?ﬁﬁ&rﬁ@l@uention, will be

S A b LSELSCETE of SAVLOGLC L
g][ohg?@elgsgﬁlﬁl r%ﬂﬂsfe?%ﬁls @gﬁgég%@fe)?ﬁa grﬂc%%ﬂ'df)gco 3806 &' %ﬁﬁ,'e%], a focal
length of the imaging lens 224 shown in FIG. 7, and a free spectral range (“ FSR”)
of the etalon 162 of 3pm along with a pixel size in the PDA 182 of 0.025mm
horizontal by 0.5mm vertical and a PDA 182 with an array of 1024 photodiodes
(pixels), one can use using the fundamental interferometer equation that deals with
the intensity distribution of the etalon fringes, i.e., A = (2*n*d/m)*Cos (8), where A
is the wavelength, nominally 193.350 nm, n is the internal index of refraction of the
etalon, d is the etalon mirtror spacing, m is the order, the integral number of
wavelengths at the fringe peak and 0 is the angle of incidence of the light path to the
interferometer axis inside the etalon. The above can be rewritten as A =

(2*n*d/m)*Cos(R/f), where R is the fringe radius, e.g., 250 to 450 PDA pixels, each
pixel being approximately 25um, and f is the focal distance from the lens to the

13



fringe pattern to correct possible |low video or fringe
asymmetry: 10 m nutes; and equi pnent dependent uptine

w@B005/0856% Mai nt enance requi renents include, e.PCT/USWQ4/@30340
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assenbly 74 replacenent requiring access to unit 74

while in the laser franme; primary beamsplitter 80

12repl acenent, with access to nain splitter 80 through

the renovabl e cl anp assenbly (not shown) connected to

t gL e. sl qui.r . t.he ul rom

| DA B AR RS2SR 5 OB o v

s Yol ofthafoculizigdbs, 22uhiqtghlly W0. 53¢ RRbkeRstADsd] € cover
hol es to access 5/64 inch hex head adjustnment screws

170 (shown_in FIG 7) during | aser gperation. A_gas )
panel HE Rdirdo rdléaluWF B gf?cbﬁl%a? Saifningthe heam; poigfigefollowing

| ihd Berofth&ldh oflthe RHM R withGEAELdish 16, ¥ gfg?%gfglg‘ffg Eieal with

of the present 1 nvention the design require

t HengAdibnot, ®, 4gherehahedije Thérefdre, odRte:d4f) @6D/2f. since the
cal.i bration energy of ener%y,neasurenpnt by the PDM

147085 Wik ey 8 RGeSty olebagdWwidthwiHe lighhpotic passed tpugh the
of & i d e R

oI 202, uE she SBAIAC L AR el MK S, lnown, the
d elsfifgrenaef intthe wapdledfihd salcdapad fadthe dnrenahd eugtidikneters will give

ilitat i.d renoval .of, the modul e 46
£ i on b aitonab: At br o, aEs Jhcka TR PR the PDA
td i 1N 1 tEuctur e . _
N0 SR B SV LSS BIME B F, gigmor=

t @2**refdith)*Cak €DRAATH bddBoA(dtap dRyRiNér) dapagel/hp RAIYDRIRNL Since
or injury to personnel. The SAM 46, according to an

edBodidmenttonsf Ad h?eNpE(éQﬁeﬁ_Hdm/Eﬁ\re fob R/ ¥ Cb)ef(De/@lﬁ)i, médre Do =
2P TionT?, Fisthiis i oot dapdvidlt Bt o bud S amye
N M

aite rdsemie irspaiién ak loagos (e &) AQfis tWithiet @b 88Zhe guess
of 3pmalqong with a pixel size in the PDA 182 of o
0 (RFsWRPtey Andsrnsequshtly nejther g innug Alonaihe [AMIR arghe utilization

R L RS R D T—

d&hk spreviolisly determined bandwidth may be utilized as a calibration value,

however.

In order to preserve critical processor time, therefore, the above equations
along with the small angle approximation results in the equation AA = Ay [Dop> —
D] / [8F — D). The resulting error in using this equation over the prior art
approach over the range of the detector is negligible, i.c., < 10” fm. The small angle
error is essentially 0 over pixels from about 200 to 800 and increases roughly

linearly from those points to the ends of the detector to about 0.0005 fim.

Treating Ao as a constant value of, e.g., 193.350nm, the bandwidth
calculation, for a range of from about 193.200 to 193.500, i.e., about .3nm, the error

in bandwidth will remain within less than 0.1 fm. Dgp will equal, e.g., 325 pixels
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the intensity distribution of the etalon fringes,
i.e., | = (2*n*d/m*Cos (q), where | is the

W(v\mﬂe,iomgmh nomnally 193.350 nm n is the i nP@r/Hsi004/030340
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i ndex of refraction of the etalon, d is the etal on
mrror spacing, mis the order, the integral nunber of
wavel engths at the fringe peak and q i-s the angle of

i ncidence of the light path to the interferoneter axis

30000 Sl 107 pBORYS89D, Dl SIS S S5k, it £
e.6d 280 pielstwiddis@s PRfaped ebave. each pi er bei ng

appr oxi teI 25mm .and_f is the focal, di stance from

the | eddiiz3ng RECPREPIGN D SRS JYPICHIEY Bl go 1oy, anafysisgpssuming
PiiX@lpeiit h§ar1a'ble§ and-- &ﬁ/grléﬂtz%éﬁﬂs 'afb te'ﬂﬁnﬁ&?@' a:}(f" N@idding the
of the focusing |l ens 22 nom nal a 1.bmtfoca

| engtriputiemso etror ﬁmdeffarmng gaalquamtum efﬁs:@ncy/rmpdsma ibetareen pixels

ot et BacidE: GEeeEota Pwith <! &L rgHng Gmm prouminea constant o
DTO%EIG A Ret @ tﬁ%%e tg@ fE 61‘199(:0%&%%?;1@ lop » IB/Q% E@ﬁtﬁgﬁtmn to the

han radi 1. Therefore,
t ﬂD@ndWldﬂg erron ﬁkbrhsheafoealaimammfe;vcnﬂd hamtw bdtléss Qﬁaﬂ' Zmé‘plxels (.e.,
assed t hrough the etal on 162 with the

I§g 5 SERY hSMmRE: Wi @P%ﬁbleeq»rgmqr SoptribyE R to g error in
%}1 @ﬂ’? ﬁg%lgtrlrltg[fglrlé@& %ﬂag e%r 0D g\g%lggrhgﬁf? ‘teog Bet{er than
ASﬂB‘H oftp piwel. PElEK Serifiest dp@h&ﬁm& seleBgon S£B8 cbﬁtribhﬁoﬂﬁ%sed upon

82 only as two separated peaks al ong an axis of the
r |fﬂ<‘ga1 length distrnceicaREst @}d) the (fpinge ¥amet@d§e%serezfept8at@donnr@ze the

( %ﬁcﬁfaﬂ ﬁ?@lte%(a%d\yléllf Q &Qspﬁiggn Sl nce t)gnt |

wher e DBleente Rl)s/ o2 theafidt biaps diffueer 22!29 a@d%?dlﬁg t(b&'ﬂ ébédithent of
related to by | = (2*n*d/ m* Cos(D_o/2f . In these
edafatiresaat Hﬁ’eg‘ih@é shaye baea Tustheyifoppiginedt by rsingea cylindrical lens
f
ag?g%:()ﬂg fat % Qéﬁﬁmggg%nd %“fﬁrﬂ%ﬂgg glo?g Stlléegl%g g%lrs] )o'i}ﬁle bdaam 114

Cq»ammgjﬁmblhgh ‘r]IE:I ﬁrbesta@difﬁmtt 212 @mdﬂpesddﬁﬂ\dl Wngh sbh&ical lens.
Ilzgal on of a portion of the pixels in the PDA 182

. heFepiing decrease i SRIRY dgpsitics hseHamatioply rpiused dhesplyances of
debRap Redl Wgﬁﬁc‘gtﬁt}gﬁ%@ SN k! &&dp E}aﬁ%ai{of BBy beam

val ue; however. In order to preserve Cri
plsph‘eersnnrdnll@é whererfbfence]evtls eoaldoreectegjuatst 2hisnl/cm?, e.g., when

operating at 40mJ output from the PA chamber 50. The energy density level at the

primary splitter mirror 104 is closely tied to a number of system parameters and the
ability to alleviate the problem purely from the design of the SAM module 46 design
is limited.

In order to be able to measure bandwidths down to 0.2pm and lower, the
bandwidth tracking capability of the currently used wavemeters, e.g., those in
applicants’ assignee’s 7000A laser products is inadequate. The slit function of the
20pm FSR etalons used in a standard wavemeter make it difficult to track bandwidth
variations in a reasonably consistent manner. The inability to make “better” 20pm
etalons, with improved finesse severely limits the ability to make the necessary

bandwidth measurements with the existing configuration. Consequently, applicants
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along with the small angle approximation results in

the equation DI = - / [8f2 - Do2]. The resulting error
WO p008®338g6 t hi s equation over the prior art appPOEUK2004/030340
over the range of the detector is negligible, i.e., <

5 fin. The small angle error is essentially O over
pi xel s from about 200 to 800 and i ncreases roughly
linearly fromthose points to the ends of the detector

to_about 0. 0005 fin. JTreating,a tant val ue.of .
o 1% Sadtbigan oy 1R ARBTa R 1Bl Bow Gpuleaton st
I FfioRf dnfofRerR0IngdO$ocdD0ei@h 1ifdeaf}0 lers- Ro, inBROW the linear
.3nm the error in bandwidth will remain wthin | ess
t Wigperion pf dhe ptatennispectroggter 162, gircuig Agclpiling| the 12§ahd182). A

s 8y S Oy O s v

5 expleatcdeitl adr@bi@atidd iwittz ian@.gy OFagabhia@ihgOlens) fdiich together was
typically used for_error analysis, assumn .
gliaékmg over the range

i faEpRimsE e rrefucarhedesiivd caprhaly At bapdpirih
eloﬁrg.%aé.@gica?ggngpwﬂg the contribution to error from

varying gain ant um ef fi ci ency/ response between |
pi xel s IinpravemeRDA t82talbhd 62 rstibfurction asd8inearl Gisgersion provides

resul ti gfromassym ng constant. over. the | agser's
¢ ditaBreally awagzvea&f’ﬁgy 19 sk Bpdvight Mothapt BoHES fgEseEnio 2 so-
t Qafifte“DGNAVAcRoRT I Phert SAM ke £ AC& 1HishiBRes Mo Grrection”

have to be | ess than 24 pixels (1.e., about 0.5mm.
Sibetduae Ithe differerwe dorthappirirent dandwidéh betweenithalt ineasuted from an

the ertr.or in bandvvitdt . fromihe Irin e di ac[r&ﬁe?r Thi b

RS Y TSR U AREE 52 B° B AT 2% K -8 This can be as
Pi1%8E -as TAMNSstVAE! dnitieS cABPbhdRRfer tREbAIWION BbasiPhent accuracy
contributions based upon focal |ength distance errors

anequited dfrthe §AM inzoreeaccarshing) toedte pmbodimenpef thezwesehieinvention

cal.culation of the bhandw dth. i.e,,. by assum. o be . .
15 fonob Rl o Bk St It mEuBRRITIG, 1S Benawiam

dichfcuk€bn.222, according to an enbodi nent of the
present invention, have been further contained by _
usi ng abeymprgyrpenitor 144 dn the SAMHe acerrdingdo gn embodiment of the

he
de- i i a [ -k j
peSreit i RRer Bt R EReafbR iy SO HE ofibo P bearn
asphigraaicbrs ©041and d4ttapbeiviee alsmdatingercehtyage o€ $he mbindheam 64 to
decrease in ener densities h‘ﬁzf dramatical ly reduced

20 t Hee CREIRY BB AfthgEAT 2 2 PHEriEione SRy n Useskigsnel’s
4QqusticnS Pk WS RaRSided thitRe BblafBAtYorP&AGivity of the energy monitor

144 to the input beam is 2.85:1:: Horizontal: Vertical.

10

A faster photodiode array 182 may be added to the SAM, in which event,

e.g., an automatic adjustment circuit could be provided for the lithography or other

25  user of the light source to, e.g., trigger to light out in, e.g., a sync out circuit that
could be provided. This could eliminate the for certain measurements, e.g., with a
diode instrument for measuring pulse length (“DIMPLE”) and the need for
adjustment when any of several modules are replaced.
Bandwidth numbers from the LAM 28 could be used in combination with the

30 value reported by the SAM 46, e.g., to accurately determine “in-spec” and “out-of-

spec” conditions. The different relative sensitivities of the LAM 28 and SAM 46,

16



splitter mrror 104, where fluence |levels could reach
al nost 25 mJ/cnR, e.g., when operating at 40m) out put

wo cssdees PA chanber 50. The energy density | eR€l/Us1004/030340
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the primary splitter mrror 104 is closely tied to a

nunber of system paraneters and the ability to

alleviate the problempurely fromthe design of the

SAM nodul e 46 design is limted. h order to be able to

neas U oY e

ban dvvf Ogtth E @t rac karllgEggggthF qells% g@?}rt%%gseélgpféﬁ alloa;v the use of
wesy Enestr enogbirgatign, oftthegwoimparppl valees; s'g. atssdegmmha accurately the

l.a d t d Th lit f tion
o R 35 b5 BB sBet it ol s S e pac il s o1
nmake i tTiY dthlof Ul stRctell 36K OV £t Bf y@ﬁir %tf'aﬁ%aéeﬁ firrors 174

reasonabl consi stent manner. The i nabil ty t
e Bi6h M ef Exohspacingt Miersprasiiestions ﬁesﬂs@etsbuéﬁé aye driven,

et P2 O oh Qo Gt G RERERE 0L RORA 162 under e
erp@@mg atanetérd Potedabose, Ja@mgeotuag,r agRdinoahe feirémefts for an

2 wwth a shorter FSR (to narrow down the etalon slit

fﬁ&ﬁd%} fesins Qfébls'&om@ﬁgw floe a¢le¢t@chgarnn1pwﬁsginmgmcbﬁg, e.g., free

i sion et al
sp céftrome %% &hgzg c?%cweh%oﬁclnﬁhl ﬁ%c Y]e "ﬁiﬁe fgz‘ig g 25 overa
r el Ogirh Vieptureg lafd ek QvinSiniskionUgtid OR tBS Hifs bk pRot8-electrical
a 3pm FSR et al on conbi ned was sel ected in conbi nation

wi signabandsthg mpul P@ih sigred) ofgz $®nst 1993 im nogesd ltre:ndmvaes

determ.ped. to he desi red abi,l i

bandwt AR 2eB! R H60200Fm 5 haGan SReE g Yes opsicgl glements of
0.tBe BAMYH optieH) HOGRIETT bdtWede @Hk@BIc R ro? M1 146 and the etalon
function _and |inear dispersion provides for greatly

i 2o e this pmbedinent the tgtekcapsrfenut dmk 169 oABLT. mthgccnmbmatmn
gt Th ti
LSPEE AnBEH B £ BB RSP B Sl mounie

t Heanad 260g rvﬁtlﬁ&eitéleid@pe &RAIRE 0D 26atwindl n RehyRAn 1 §0a&kached to
nmeasured from an |nner fringe Versus an outer fringe

c dhe peunting age 268Q by @ nepuntipg sensyR00TWhish @lse seeveato hole in place
| al gf ég%ﬁﬁhrgg% \R’Hl%h %‘idsrtﬁe %r(sof04bﬁid19§%e {n\(‘){ts{ #%ﬁjgm frame 150.

banc rement accuracy requi
miN ithim the nmuﬂtnnm frtume 200 emd‘mﬂimnmnﬂae @Ienidn% ¢frths esthbined optlc 152

ently, e. bl ur correction”
g{)‘ltﬁlélicl) E{(gof i e%gs%%é‘ﬁﬁrdl@%s 220 and the first stage diffuser 222 and
the spherical lens 224. The telescope rear lens 220 may be held in place on the

mounting frame 200 by a mounting screw 246 and a circular spring clip 242. the
spherical focusing lens 224 may be held in place by a pair of mounting screws 240
and associated finger spring clips 248. The second stage diffuser 230 may be held in
place on the second stage diffuser mounting frame 160 by a mounting screw 236 and
a finger spring clip 238. The mounting frame 200 may be attached to the plate 122
of the optics module 72 by mounting screws 210 and the second stage diffuser
mounting frame 160 may be attached to the plate 122 by mounting screws 232. The
etalon 162 may be attached to the plate 122 by mounting screws 170.

The front telescope lens may be a CaF, convex cylindrical lens, acting in

conjunction with the rear telescope lens 220, which may also be made of CaF, and
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cal cul ation. The energy nonitor 144 in the SAM 46,
according to an enbodi nent of the present invention,

wWorenps4038626 a pol ari zation sensitivity because tPEI/US2004/030340
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uncoated beam splitter mrrors 104 and 140 that

deliver a small percentage of the main beam 64 to the
energy nonitor 144, can have a pol arization

sensitivity. Using Fresnel's equations, it was

deir b8 Beshab iRt cfihArbal REd 20t ¢ Stht ity 1 8, 11810 make |
eEJesr%gf);/E womngé\%lcﬁﬁtﬂr&e?h%{l%npu?&%ggﬁyi S 2,85 1; » Ur 0 make it
HemiaHeninatrodesertiom| Tha diffstctve diftitsed 22 enagralsoy b@ ndy of CaF,.
be added.to_the SAM jn which event, e. a

ARG Rbvticah fetiSpades 22 BeY flSe 56 RAds TS BR deY o fogpd leneth

ligehogr pBRYeta%. ThbefaldtSRS2 Rhy b8 Fab@PiPefR¥tdéh, %, having a free
e.g., trigger to light out i'n, e.g., a sync out

cispeafiat ranigatof eboitB pe grdow fidesse of lgreater dbdrd22 bt MWHhATEnm. The

| GO RS AL, g SURLeF Sl CoTfRCE S GRPDA 182

t Resen8al baly &d] BmppE HonVIRN tRH YinfrmDsl fteferBMRBUHRSs, with the
are replaced. Bandw dth nunbers fromthe LAM 28 coul d

bdringes covaried atsentallyonll witthe phetodigdee (pisple) tre thebgrrayh ealthough

.‘.S (gu rg’g.% spfng ;.deglte% d(ﬁtc {t‘ﬁjerr%c%lrﬁgqg%f ]E)gzeﬁe anc'ri gtpg Q\?lath 8f BOD for the

spec onditi ons. erent ative

SeNsdrinbsti bf @R Bfo tHegdsAlded Svany ths IAMUIRGIth 1HE/d8. cented Wihklength
FWHM and E95 of the | aser spectrum seen by each, can
alVBB#-t he use of a |linear conbination of the two

report Y : . ] I

PP on EoBEFRy Biffeer 922 \ALEH By HARGHE B Rl p2F grade fused
spéich) sdrvahtafdesnogthize ehabern, 1GRultie éc hadhifoan redissibation of the
e.g., .0f a paif .of air-spaced mrrors. 174 (shown in ..
Pt Jrlgﬁbl?&%- x@&s SHRTISHE? ©Bh@ REPREE ir?lmgtq%lﬁssnaaﬁl ipfpgmation in
et BfnPo ALEhd _rliﬁlﬂfsﬁ%thg ﬁ(gge ang?/[hé @é}fﬂérrvﬁﬂgfeﬂlﬁfé teﬁﬁel(faltaﬁ'tewavelength

proper functioning of the etalon 162 un

opeschttioncand dhrighitesy. s Approxtnath spexifications) fatdueh g, binary diffractive
i ncl.udi th equir ng.s f an ended |ifetinme of

¢ HEESEh Ao e, e GETSHYR S ThPL A BPeEayS PhAPbx 10mm X
€ 2%hm, Jult RERIhAde BaNBRRhgulr, Jero-03d@ BledBRudh o D1 %, full
effectiv@ﬁfpi%nessseg%ef, €. g.c, g‘éS o‘i’}’é’r a 10ne?n apegt Sr e, %,
andgyealiverganeninsihe diorigomhl of b0° + B °fand igeheeakical of 5° + 0.1°

phot o- el ectrical signal and the_input_ peak signal) of
> Thgypaterial gelecethae %ﬁlﬁmbe iCReIMeE fser, grade Cak.

The logic assembly 74 (SAM 46 electronics) resides in close proximity to the
SAM 46 optics module 72 due to close interaction with the two modules 72, 74. The
PDM 44 according to an embodiment of the present invention can be located within
.the SAM 46 optics module 72. The SAM 46 and PDM 144 contain optics and
electronics to perform fheir tasks; the logic assembly 74 contains only electronics to
perform its tasks.

The SAM 46 may be mounted vertically to an optical table (not shown). The
module 46 may be mounted to the bulkhead 122 with three captive thumbscrews 78
in the module allowing for easy module replacement. Sealing at the interfaces may

be provided that is free of elastomers.
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Turning nowto FIG 7 there is shown in further detail
the optical elenents of the SAM 46 optical nodule 72

wheddesds2d he adj ustable mrror M 146 and t he BPCHUSI004/030340
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162. In this enbodiment, the tel escope front |ens 150

of FIG 4 and the conbi nation optical elenent 152 of

FIG 4 are shown to be all contained in a single

nmounting frame 200, with the tel escope front |ens 204

cont ai ne [

rame Sofnpye el tBhudt defnl SEL kD FE P e . via n
t dodabhetwank pulr aterset fportger thegSAMg4de| iThis c/dmmecttldnohalﬁ btheg., for

l ens 204 in Iacelnlt unt.ing_frane 0., Wthin
| RO, FoBmangubid SR ROaR e rBn A0 s Corppetion from

t g sﬁznmélaﬁe&glﬂo%elﬁan§ B&Mbl rp])fbc%!;s@r (“hCP”) that caﬁbﬁrowde a high-
tel escope rear "l ens 220 and e first st age dif

2 3peedndatahetreaph exfi matrollogy]svam_m foTheset &l dlsc opatrolealgorithms for
| ens <5?0 }r'%y be h 'Qn place on the nounting frame

2687} he JPﬁeFFPég W 246 and a circular spring clip
242, the spbigr isadeel aF s M@tibLse 284 coM¥mBBLOE! Adl Psses from
pl ace by a pair of mounting screws 240 and associ at ed

f phepeptiarpby m}ygcm, phe Jaser. bepme pgdicnthesnedide diofhay be eged. A

g?ﬂrr%%e npe%l“a E%Ctgl % %r)f ? pfjtt W%@%'b&ﬁpﬁgglded e.g., such

f iti@er nisPEEm Quﬁg‘el das &B;&zs i300) ﬂﬁ@llm WEBf@aﬂEolﬂgQOthﬁﬂﬂteHSr of the
attached to the plate 122 of the optics nodule 72 b

bt eara seliger Boanghig thepeexdagad typugiethgimurgeseytlet Yine at the
i tt I .
oo e e -

t ltee priratrg be2@ shlitterdfiangpe mgs Baoeneted/0. The front

tel esc e Iens may he a convex cylindrical |ens,
acting SRIURE OPEES W e é%’éd ‘ga(buﬁ QUi e pwige cell of the

| .
cyﬁ%a‘é? %ﬂ? P 8§?“@28%§ﬁ1.“’? in, 306, MRSl ERVENE to the
makeelule 46 vad hditting tlroougs ﬂwecncilc:snre The ThiefdnckstrieVE may have a
di ff 222 e mad T her i cal
C BURRR e e by hE SndP et b8 Sad 1TmiB ARy 1 fuveer lave) of not
| et Bl 5 p ?mg withla ﬁaﬁ?&t@rf& thy]ﬁm%{r?%@é}n 6 ﬁttéf%r?eeceﬁl of, e.g.,

Fabrey Perot etalon, e.g., having a free spectra
r dnge sﬁc/saﬁdﬂﬂkgapV@(rmesamfel nesse of greater than 25 at

he, et al he f ocal
are” sol BEraie g RrioOdned MG b Wisbe Qate ol cqmipio wnder

ORigh wveflﬁdr?b@gs $hd COF grivgart, Barh RPRHEFBOtmirfdk 804 BALRE Applicants
rings, wt
to utilize the 70° angle of beam incidence noted above. The internal optical layout

of the SAM 46 is modified from prior wavemeter versions accordingly.

In a prototype configuration of the SAM 46, fluence levels at the primary
beam splitter 80 mirror 104 were estimated to be 52 to 105 mJ/cm?, assuming 20 to
40 mJ pulse energies, a 9mm x 3mm beam size and the primary beam splitter 80
mirror 104 oriented at 45 degrees to the beam propagation direction. This compares
to prior fluence levels seen by the primary beam splitter in applicants’ assignee’s
70XX products of approximately 13 mJ/cm® assuming a 12.5mm x 2.2mm beam at a

5 mJ/pulse.
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fringes covering essentially all of the photodi odes
(pixels) in the array, although there is sone degree

w@boosobse@ance, e.g., 5 pixels, and the w dth oPCT/U820041€30340
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outernost of the two fringes does vary as bandw dt h
and/ or center wavel ength varies. The diffractive

di ffuser 222, which nmay be made of ArF | aser grade
fused silica, serves to honogeni ze the beam resulting

in a u%ltﬁ rarpe(gr aﬁlfoal ok%l'fflé %ﬂ?mglfg ]Z}CQI% ép'fl@(g% %nujtrt%gltmbﬁ@ﬂué to 70°

Thi s can ensur e

| Hhe&RE MPd tedlictidh 6thﬁe ﬂaa{ve&omerpammtrﬁ eplhtteg hirrd mzhfo HRYE25 to 51
and the center will have equjyal ent wavel ength

;é@%‘ﬂﬁt i dicenetilbremgainn asask ahpWbite farz @@&gef‘i"]@ﬁhll@ﬂﬁé still be
e%%c&ﬁgﬁﬁf ]?)r tﬂmr{ﬁé 3@6%%1]‘ rRGL 'd)é%%l‘ijééf SW8tn (% ?rh%h(&r#rﬁnﬁl)?date either

active fuser I Mensi

1@, »r Mgk, neitdralit pattern shape being rect angul ar,
zero-order .bleed through of < 1 % full angula
di ver gé??é@mgqaﬁ@rﬁlaﬁﬁez%yﬁm Wi riwe&"«btqthgdasqrrmtﬁ@ 20, e.g., as

V%Eéﬂ Hakc0% ét111£n% aggﬂ'll'%gkﬁ bbakdingk %gifrﬁ gyl d;al 584 be, e.g.,

be exciner | aser 0ogi C asse 74 (SAM 46
eltkeias@rbiean) propagaties diracting fhe »paxix ithd Vc;ttitajlytltpsvaﬁi\ﬂdré&on and

optics nodule 72 to close interaction th the
OBb Sl thes nd pefis Rttt T €BF B Bhhstr et such a
OfcobiignaRl SREM, th@)?ﬁﬂfa%;pﬁl%f‘ 30 enilBF ﬁia%%e%ﬁcﬁla? 4bhen B4Mnat is,
46 optics m)du e he SAM 46 and P contain

optg.cxmanthiéd sut is oneunted suchabatithe anglb eboutttbe kaxisttrd0®, the angle
l o agl c assenbly 74 contains only electronics to perform

owtahg Z-axhg=Satiusererals Bea ekl ttigdacraent egrhewe@@ gehter by a

B8 § PHEsBE RIBN s I TONB, BTPIgE® o e, o

t hhatodat r@ws 1756)1'8@ @S ninycl ltﬂeebairﬂ disphugerherits eeitty reypetiilte the co-
repl acenent at the interfaces nay be provided

t paglinpte SYﬁi%dGEm%i?g’é’ﬁ’BW beigA 1ink to the |aser

control systgm m%Eovvn) may be provided, e.g., via

a | ocal netvvork of ethernet port on the SAM 46. This
connection may=be.3%¥mer, for non-tine-critical

conmands and information. There can also be a

covirese it iwges apsusteditha tsaiiacive index 0fNz & liaie F 1,006
cont r olp PISES R Qerial, il rdirdc Ao 1%RAR RoRY HlCaifeclbeVFRESheation
has to be first determined. Given that the refractive indices for the ordinary ray, n, =
1.4305, and for the extraordinary ray, n. = 1.444, and assuming that the optic is cut
with its flat surfaces perpendicular to the c-axis, the refractive index in the direction
of propagation along the z-axis within the medium reduces to n = 1.4362.
Consequently, the beam displacements are given by:
Ax =+ 0.0 mm
Ay. =+1.29 mm
which is not very different from the displacement with CaF,.
The beam separation between the centers of two fresnel reflections from the
primary splitter mirror 104 would be given by:
d = 2*t*(tan6;)*(cos6;)

for ;=70° and using the material properties listed above,
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data stream of netrol ogy val ues for use in the control
algorithns for controlling the | aser system 20. To

warmsd3dadage to the optics due to contan nat i PCT/ESZH04/030340
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| osses from absorpti on by oxygen, the | aser beam path

in the nodule 46 may be purged. A purge interface,

e.g., for the primary beamsplitter 80 may be

provi ded, e.g., such that a nitrogen purge gas flows
fromthe PA 24thr the interior of the primary
beam spl i tteférﬁrr_g%)l%}%l%to—lhll'g1 t hen exhausted t hrough the

pur ge ot | etfot Mig€,,at={ BenrPA 50 chanber w ndow ( not
shown),.i..e., within the bellows (not.show). to ich . .
he ot KSRl T e & PO b ALty phai Sbiter i
re%m;nm'fyng optics in the SAM 46 (but outside the purge

cell of the primary beamsplitter 8Q)2rmy be bat hed

in, e.g., ddy ni t:rlogb{ﬂ?m(ﬁme(%? {be Ji2d0t}d0 t he nodul e

46 via a fitting _thrgugh the enclosure 76. The

encl osure 76 may hd&¥e®a nitrogen purge rate for the

encl osuieer®fP, & the réflefiity o Hpalarigedy Hﬁl’ﬁ heye|degleefQhgle of
nore than 5 ppm with a |eak rate for the primary beam

spheidense, huisgae sdensitgiof lightyreflegted frgms the/frong surfgw ofphe primary,

. y ' ; -cal.l ed "whi.t

P NFORSARR 161 gHL%, B0 SRl o Shefon Bl Aty .
to the primipy- tganh9@hd i Ugr 189 (Piy’r or 104 has | ed
applicants to. utilize.t of beam i ncj dence

he 70 angl e ] ]
not ed JBBTel: iEe infersityof light %lfgmg thefeant fage afiee mameesplitter
i Spamdiihi ' t er s . i 3
R Sl AL St SR S S g A Shior 104
| éheltstabintenkity flieoted yntb dametpdlogyt mod@e 46iim beam 104 isvgven by:
estimated to be 32 to 105 /cn2, assumng 20 to 40 J

pul se energies, ak9mMmx18 beam si ze and the primary

beam spbitt gp 8P, M rrerodfrssapi ented at 45 degrees to
t he beam propagation directi on. This conpares to prior
fl uence>| evdbsMgEsn by 0.08633rThyrary beam splitter in

applicants' assi e' s 7OXX products of . appr.oxi mat el
01 o RSN SIS, DA s AR o ST 4 PR 44 o the
1Mol ndonfiteP 144 Nk PérkPatidh i§ QARNAKA IR derIB&8AMi S ik L1veh by:
mrror 104 from45 to 70
L1 =S4 I+ 1)
Ly =Sus (i +Ip—Tn) — (Sas)” (L + iz —Ly)
where I; and Iy, are the intensities of the light reflected to the energy
monitor 144 from the front and rear surfaces of the secondary splitter mirror 140.

The fraction of the incident intensity that is reflected into the energy monitor 144,

for horizontally polarized light, is given by:

Ir = +1p
= for CaF,, =0.0137 Ioy
= for MgF», =0.01454 Ioy

The fraction of the incident intensity that is reflected into the energy monitor
144 for vertically polarized light is given by:

= for CaF,, =0.00756 Ipx

= for MgF,, =0.00702 Tox
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there is a reduction of the fluence at the primary
splitter mrror 104 to about 25 to 51 mJ/cnR2. There

W@ Ri0s033626mRi NS a risk of "white fuzz" danage wWETOSI004030340
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still be accounted for in the design. A re-designed
nmounting could accommobdate either or material.
Defining a co-ordinate systemw th respect to the

| aser system 20, e.g., as seenin FIG 5 utilizing a
ri ght - Rae - j s { .
. o ORL LR QLA e h Resly ek odith? pfifihy e mirror
t 164 aad thecsbbndanpsmitidr 440 edserme of anyl Wit ws-cgedditipha secondary
horj.zontal towards the user, i.e., out.of the paper h
SEHTS S8 Gt dess et (o D) Aiastd 8O fere are two
Mih @Swd R0 BRI F17 GHA @%té!z@iﬂ@rﬁih%& 10D Btwesn tiR: ;Qima:? HEWhn splitter
thick and 1s oriented such™that the angle about fhe

x naixios 16420 théeccanddry rbousplitiee 140,awhich 3@l 1t the calculated
results i.n a total, displacenent of.the beam ter..b

- TPt dd RrPudrielo R TRTDOg e PP R Gt itdespect t
Mithd BrizbAth] aXig 'of tHR Wbam, FBA QhryRlg dratfl; wiH Bol@iZRRAM is known in
t he beam di spl acenents with respect 'to the coordinate

syl &t def i ned above would be: Dx + 0.0 mDy = + 1.33

nm wher.g i S . a t.hat the refractive index of

o 1 a0t s TR pt e P Rl e iSed GE s §h e boam
alfestgribinen thersphittéronirtdr 10UaRERES.i The Kiagitibe iPRirther Sémplicated by
determined. Gven that the refractive indices for t%e

oftlet Yeqpijerpenf that primesy splities aniprer 194 o B SAM 8ihaa i ageaipmodate
0 : : I . . _
r(t ddfhe B PRTUEIE? AP vy Mt bl 34 ingi it Bull Say), as i
r ghowaa tih \FEGI’nideand i Theebetint aizes, arpahtiqr apdaailé an dafinshby the
the z-axis within the pedi umreduces to n = 1.4362.
C@M@%‘&d@hﬁr?‘iﬁa@ﬁés%‘%@hﬁbﬂ Bacenents are given by: Dx

+ 0.0 .2 ' S N y different from
pRath ¢ R E0L e

the di eam separati on between the
centers of two fvesgivel proéild ect i dhSmfiom t he
PA beam horizontal profile 5.0 mm
vertical profile 11.0 mm
Center-to-center separation 3.72 mm
Tilt between MO and PA beams 6.7 mrad

FIG. 8 shows the beam footprint on the chamber face 104’ of the primary
splitter mirror 104 and the shutter face 104°" of the primary splitter mirror 104. The
hatched areas 105 indicate an approximate “keep-out” area used for mounting the
optic 104. The 32-mm diameter circle serves to allow for some margin for the
available space for the two beams. At the chamber face 104’ of the primary splitter
mirror 104, the MO beam 62 and PA beam 64 are positioned such that the midpoint
of the line 105 spanning the two beams 62, 64 coincides with center of the face of the
optic 104°.

At the shutter face 104°’°, facing an output shutter, e.g., in the PA WEB 42, a
beam shift of, e.g.,, 1.3 mm is observed. However, that shift is more than

compensated by the face-shift of 1.88 mm due to the 70-degree perspective of a 2
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primary splitter mrror 104 would be given by: d =
2*t*(tanqO*(cosg ) for qi =70 and using the nateri al

w@e@pesisees |isted above, 20= for CaF d = 1. 1nPCT/I/82004/030340
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MF , d .2mmfor |ight polarized purely along the
y-axis, the reflectivity of the splitter is given by:
In = oy [{P70 Cos (0)} + SSin (0)}] I y where is the
reflectivity of p-polarized |light at 70 degrees angl e

i n f f
) ﬁtgh?ﬁig%ﬁ%@ﬁtﬁ fg%ré#ﬁ)étt hggﬁ‘s%hﬁéhtﬁr tﬂ o{n(? o!f QHé ﬁgigélﬁﬁ‘ing the
amd'olha:ambas 005‘8 inhe fh)m ttzaommdrqu tbelshnﬂtezd'dcd IKM defithe optic 104.
li y % J[ where is the
i ﬁ? m}r fb&htwp@?twé\%r ifigt lﬁels fVFﬁh ittle ge@peofor fpjgrating alignment
Prligpry splitter mrror 104 after reflection fromthe
rear surface of the primary splitter mrror 104. The
total iAsemwsiaiy viey Ioédteegbrieml @ptibrasl lmmlt o stpyvomindkilGe 54 6FIG. 5
i n,_beam. 4 i

t BpOR el BS ontitat B bt Brilr bR et oyl Ui e reflected
r efohf 66 S6& i%asrtéer&f 1ﬂt8't§e bpE pldhebsBiie ]\ﬂ‘é‘vehfétetrr\%ﬂ% the steering

enérgy monitor 144. Its orientation is such tha
r efirter t183. Fomhnt amgle gfviegidenge af 70 epsess|with- a1Gah, prunars splitter

| 1 + 112- 121 |
e 107, & et of Beldnda A e Gfcrinadfinton, 1015 207 AbStming a top-
e'Pﬁf B HID %ftlﬂénswdléﬁfaml&h acJogsome Bach bAA! i SURIRES? 1951‘5 equal
the secondary splitter mrror 140. The fraction of the

i aciodetite ¢ntire bsam;pathw gor the hea] @ (36dni nomindh e)ulsn @ngqu for a 9
g})nl Lo 14§éarrf g%%lln%u%] tﬂ%en AP ea;r)rllr%lgr%if slphgcer ﬂmrror 104 is where
the incident beam 66 at the chamber side primary surface 104’ and the beam 66’
- reflected from the shutter side secondary surface 104°” overlap (FIG. 5, being
schematic and for illustration purposes, not showing any beam overlap). This

maximum fluence can be estimated as follows:

Incident beam fluence = Cos(70)*30.0/(0.9%0.3)
=38 mJ/cm?

Reflected beam fluence = Cos(70)* (0.0389)*30.0/(0.9%0.3)
= 1.48 mJ/cm’

= Total fluence = 39.5 mJ/cm>.

For a range of 20 to 40 mJ/pulse, the fluence range is 26.3 to 52.6 mJ/cm” at the
primary splitter mirror 104.

At the steering mirror 102, the maximum fluence level is given by:
Fluence from front face reflection = Cos(25)*(0.0424)*30.0/(0.9*0.3)
=4.27 mJ/em®
Fluence from rear face reflection = Cos(25)*(0.0389)*30.0/(0.9*0.3)
= 3.92 mJ/cm’
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IRI1 + for CaF , = 0.0137 | for MgF , = 0.01454 | The
fraction of the incident intensity that is reflected

WO ni0s/083s26 ener gy nonitor 144 for vertically poP@r/Ugmd4/030340
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light is given by: for CaF , = 0.00756 for MgF , =
0.00702 2 1This anal ysis assunes there are no | osses
between the primary splitter mrror 104 and the

secondary splitter 140 (absence of any w ndows or

addi ti onal conda [ 1.5 ergS) j t ween), however,

in the enbogiﬁrrent Jg%{t%gﬁ%éé%% ggzo{lllg/ctﬁﬁére aze t wo

WFadomngd 02 @4 0lid/pubadtha flateerramgy atitlier sieerih@2nibet (eedinlectric

the primary beamsplittey mrror 104 and the secondary
b@%wiﬂrt}éﬂﬁﬁﬂbl-&mﬁ/% ‘wi || reduce the cal cul at ed

I nt ensiy g ﬁffin QX W11 Ho%eal ' 1 ioal! t
pol ari ztg [ gﬁ?q\%@{ %’ rt%@élggéét tjog t%zﬁ (giﬂvg%ﬁ%{g?& axi s %Gf optical
t bertior &) is slmwviv ahy notgd gbaat the light fromahe piimaty sphittasmiirsor 104 is

k in th t. The 70- le. of inci .
raaeit it She hitioah Sl B S G kria ealinit ot B approximmate
ORuéARs P kel \tza@foumogﬁ% eldMensUIch@iRg up 1B ehS bddsal is@ie IdSftuser 160

further conplicated by the requirénent that primary
spdi e egstimatedgreontimuing witle tSAREBTiiReSs traadsc skaveoddhe range of

t he daoubl ass. (MO be 62,00 and. PA_beam 64

olnss ey Rstegl Rl Ao 20 20JRTRHRY o oRE Aiyitag 2 22 e
ThRghieRMiG 2819, alGRPRE Abrgodkiastithamgim 138 Wil NedindMcdlRelescope
systemray trace are, as shown in FIG 8. MO beam
hevthp@amatedmbere:l e 2.0 mmvertical profile 7.5 nm PA

b Lgont: file 5. i cal fil
SRR PSS o TOSRIERT « Phet ween M

0- cen It between MO
amedleRApb &rims 1dhs 204 ad 5.8 to 11.7 mJ/cm’
Telescope rear lens 220: 11.8 t0 23.7 mJ/cm?
Diffractive diffuser 222: 10.9 t0 21.8 mJ/cm?
Focusing lens 224: 7.6 to 15.3 mJ/cm*
Second stage diffuser 230: 7 to 14 mJ/cm?

As a consequence of the overlap of the two fresnel reflections from the
primary splitter mirror 104, the fluence levels at the telescope rear lens 220 and the
diffractive diffuser 222 can be considered to be considerably high, with a possibility
of damage. In order to alleviate this applicants have, e.g., incorporated a cylindrical
telescope and/or utilized MgF,.

Turning now to FIG. 6, there is shown the output signal levels from the PDA
182 in the SAM 46 for differing levels of fluence (20 mJ/pulse, 30 mJ/pulse and 40
mJ/pulse) and their intersection with the 1.5V signal output line. For a 1.5 V output
for each respective level of fluence noted the incidence angles are respectively 65.9°,
70.8° and 73.2°. This is assuming a, e.g., 10 degree or so cone angle diffuser 230.

During life testing of a pilot module of the wavemeter portion of the SAM
46, applicants discovered that there was evidence of damage to the first stage
diffractive diffuser 222 after accumulation of about one billion shots, in a design

likely to see a much lower fluence than in the embodiments described in the present
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FIG 8 shows the beam footprint on the chanber face
104" of the primary splitter mrror 104 and the

W@ hwsnads2d ace 104" of the primary splitter m rPOr/USDA4/030340
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The hatched areas 105 indi cate an approxi mate
"keep-out" area used for nounting the optic 104. The
32-mm di aneter circle serves to allow for sone margin
for the available space for the two beans. At the

p S r LQr ;
NSl B, s SRR kit 2Ty 5 Afhgp e
t Rensidedfine rﬂskoéf fdb@a%d eord Mgl Fhlhde fevielze filsed s}i)lmrrsptlcs were
62, 64 coincides with center of the face of the op

10gemedafo prabakliiiat die ble &0 Poased sines 9 Tagncsulepels greater than 1
SMW thger%rsr%] ofsd%%%ggfvgg‘ (Mglovveve ?ﬁg éélﬁr fsfgnfﬁcant Different

t Ipaﬂ;ﬂﬂé) splatisad prdsdny thidnesehas ¢o giei likelibbod. oB8armagedioethe dlffractlve
he .7
t d}effl@gr g%g r1&[6 pe(rg%ﬁg alr Vse {fglaslﬁqua%s t2 g?lfsc K @:ﬁhtqtg esﬂlca 1s one

S RAGE! ngAthﬁ f‘@ﬂo%%@%ld 30158 gméee&%é e Qﬁagn@ﬁca%n of the
the shutter- ace 104" of the optic 104. Under such

t icginbingfiar ©f cbn s&cmmtcibscope Hese204 anérthe ltélescope seapplens 220, to

fortol rat.i n err rs. S tic.ulew

{ RTERA IS 7Dt PP b oL Bl FHRT e S P2y tereby
Srl‘éﬁ% {he rﬂﬁén@@&)lﬂy ct.han ofdagiohad icembRfatibA &fPhé 'TWB}’ or even the
splltter mrror 104. The reflected |ight 66, 66

stselecton ofrathertpvesiblst fusesd 81b¢aameteuﬁ18taﬂm1gmﬁb d@tneargmﬁqahon of the
;%eﬁﬁé}%&l’naﬂﬁ]ﬁeéo ;ﬂé: 1S q‘)pelheﬁ r%l r1sr Pssr}gﬁqﬁ% other lifetime

angnititiohs lafisindeRed admidectostigedid ﬂ@banbpﬂi@fl eléBerits c%ﬁld be also
Assunmi ng a togmat profile of intensity distribution

a@PI@Q‘éedt wih e th, Fpr examplg the Gpnt talgscopg dens 22Ormasbe large
ﬁo L ﬁa&e@&ﬁ%% fif ke D& %ﬁ%@?% sitla mgtgﬂlﬂpabomparable
pul’s or-a TR XC 3mm beam e maxi mum

ener gy

f Iflneneeledd]s ineglcpt onragyounf|gldst diffuser, sach dsOscorsd Mb@cﬁfﬁlser 230,
the inci, dent beam 66 at the chanber si de pri mar
s RAYabe ignaed BRGIUEH SOBBATHOB6YPF dlmage da thy HFTFE would not be

ST ) 5 SCHCATL AR, PALHRLORSRL T oo s
s hidffiser) 2aﬁ3mdgehmfmmaﬂl ap}. flaf piscenaik glassnwithue prainded sheace to
eStAuce &us?gn fW ch can then, e.g., be etched by bathing the surface, e.g., in a |
bath of ammonium bi-fluoride (“ABF”), which, among other things, enhances the
diffusion uniformity.
Applicants have chosen in one embodiment to make the front telescope lens
204, the rear telescope lens 220 and the first stage diffractive diffuser 222 and the
focusing lens 224 all of CaF, and also to de-magnify, though the embodiment could
also include other variations, e.g., the front telescope lens and the focusing lens
made of ArF grade or better (from a compaction standpoint) fused silica. These
choices are dictated, at least in part, by the question of whether compaction from,
e.g., up to 20 billion shots at even marginal fluences (1 to 3 mJ/cm?) incident on a
fused silica lens, e.g., being used in a non-imaging application, is drastic enough to

warrant a change to calcium fluoride material.
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I nci dent beam fl uence = Cos(70)*30.0/(0.9*0.3) = 38
ml}/cm 2 Refl ected beam fl uence = Cos(70)*

W@ 010888826 30. 0/ (0.9%0.3) 1.48 ml/cm 2 Total fPURHE®E4/030340
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39.5 m)/cnR. For a range of 20 to 40 mJ/ pul se, the

fluence range is 26.3 to 52.6 m}J/cnR2 at the primary
splitter mrror 104. At the steering mrror 102, the

maxi mum fl uence levelis given by: Fluence fromfront

face ref] 1.0N = 25) * 4) * ( * =

1257 e RHSAE e, SRR BAtod SRR FRuPe (e AnBncd 16vels at the
Cagrtra&)ve( AiffAse P02 36.g O btithadil0bp Phangthe) 2.gnihe d& nignifehtdn ratio
fluence 8.2 mi/cnR. For. a ran(\%e of 20 to_40 ml/ pul se,

t REthe tgleprape Pagdysessonsiderableaientipl henefiGr Mogeenes| plipangs have

' iS5 8401 0 [
e84 59 SOHLEbet 8ot BAAELOILE T (ELIEL B8 R o e
ojidnisesalwontit b csucll Zhatsorpoia. lods axot efl tldbbvan tlHewbilghget de-

fromt imary._ splitter mrror. 104 is_.refl ed |nto
tﬁ@%’é{eﬁc ohs By Bre Riondt diefifiradtive ik e 342 Vel bE lower
QRARHE a&élle’sﬁ@ﬁ@éor%istﬁlg ?f‘éﬁ&ﬁil&%ﬁh&féﬁl Eﬁées%e%ﬁ%ée%ttﬁe fluence

a
| eading up to the second age diffuser 160 can
estn hatbeter sporadi avmise ghantactanghler slsapa mftthe dfuved222;3 vdtkeits long

The. range,.of f]| uences l.ist.ed. bel are for 20 to 40
nﬁ?{lﬁﬁf’@gldé‘??ew&i" ﬁo%amgggﬁﬁbﬁ@ngﬁlﬁ: 2 demagni fication

rati o afdfer the8sible Ndnbbdihet! cdulte eR@AMethotiicNBe delescope system
cylindrical tel escope setup, as noted above: M

adPhsiUbileogether.oA dugbadk fromohayicg aw cxtierderiedoasesopeident on the

290t GB 22l Bl E Bhpe) 1 §RFERE 85 g eround

t @lass AFAERE 230 get steeper. The ground glass diffuser 230 that scrambles the

angular information in the beam is not perfect. As the angle gets steeper, its ability
to uniformly scramble the angular information in the beam 114 degrades. As a
result, the whole source beam 114 may not be uniformly sampled by the etalon,
thereby leading to inaccuracies in the metrology.

The implementation of the embodiment utilizing spherical lenses,
alternatively, can be further optimized by expanding the beam along the short axis,
e.g., by using a prism. For example, allowing for a 3x beam expansion could result
in, e.g., a 9mm x 9Imm beam incident on the telescope system 204, 220. After
passing through, e.g., a 1.8x de-magnification telescope the beam could be reduced,
e.g., to a Smm x 9Imm beam, with further reduced fluence levels at the diffractive
diffuser 222. However, such a beam expansion could result in unsatisfactorily
increasing the separation between the two Fresnel images, e.g., causing over fill the
diffractive diffuser 222. The short axis of the beam 114, e.g., at a 30 degree angle to
the horizontal, could result, following a beam expansion, in the light in the beam 114
being directed along a skewed angle requiring additional mirrors simply to get the
beam 114 back to the necessary height above the base plate 122 for entry into the

etalon 162. This is, however, a possible, though perhaps more complex option.
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Focusing lens 224: 7.6 to 15.3 ml/cn2 Second stage
di ffuser 230: 7 to 14 mJ/cn2 As a consequence of the

wor@sisgs2of the two fresnel reflections from tPEI/US2004/030340
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primary splitter mrror 104, the fluence levels at the
tel escope rear |lens 220 and the diffractive diffuser
222 can be considered to be considerably high, with a
possibility of damage. In order to alleviate this
applic S Y ' ca :

o esoapt 2R ard pfr i ERRLE A8 Rpflafld HIUAEFY 14 sizg ot he
| slifffactive difeusetiRPRL egi, ginalexpadalgs ter bearh hdoDihel Siort axis and
the SAM 46 for differing, |levels oEquence}%,ZO, .
mipdusingthe boampigs alang Kn Prs@xis Wih e isepigestingical lens pairs for
| 0 . I .

1 SR R hOfl ok SEra s A RV plehREL o wilha 187
ndeedagnifécatine atbagdke bnglass ade I.85pmapnifiedtyontdory theBh@t axis,

and 73.2..This_ is assuni a .,. 10 degree qr, s .

c e beiraisizecionid:Ber <830 B K gt heae gt i cRRd ke an ideal
PisQbm MBH & e fexfaﬂfsidﬁ‘?él@x’i?ﬂﬁ IshORakisWduRf alsdircRAM 48 separation
appl i cants di scovered that there was evidence of

déeergpenttoe theFasndtrefeciign ihiagdsr G 06V avhei filaident o 2l aperture of

0 BRI YRR T e B ctdtiofel B Hpckhel e of e

eIFhQAbIRiteSs 8656071 Hesvéver,twigh Blecsett-te4arpl dcpatation between the
Since the first stage diffractive diffuser 222 in the
SAwp Feeshalcdemgendlsitde ceming qut ek thetprigaars gelittar $fh iz ghbout 5.3mm,

o BRER Y EhgtHRRCoT b 25 65 RHEHE HPRTRA LS. 06 may b

use

| efEicslt,gtheagie mot hidoabldN Fortxhi@le; iaS#esidn dapiegientatiord could be
due to conpaction is very significant. D fferent .
P8R8, WEh (hice inspy LoV eIRBEFet YauEettls spiia with a spherical lens

[P ' f 19{@&? ' #].?5{ j: i.f 221

I\/HHET%%%%? ﬁgwgiciy fracti \lléelzlg%slt (If;k?el?géed:{’ or%lel{ﬁ%rﬁ ga‘%&gﬁ {hfﬁﬁsgla"s could

Siréduttdn iegspamnnclimigome afiseind erdeahagiiBcation latbnigehd other.
decrease_ t he. magni fi cati&g of. the conbination of

the PHISAEDES ekt npraneneny inih qofodimaenis ehpe Rrgsgpt mvention
| €08t B iﬁlﬁ‘obﬂl%rtﬁ@%?ﬁéié}ﬁ:y%%fﬁf:aéh& @e%ﬁphaﬁé%eél)i/zation include

incident on the diffractive diffusér 222, ther
r echpoivingg thieelof quemten péficiey ¢hthadtDAi B2 esed diobifmzgei datection.

of the.t r even . .the sel ecti on of .ot her, possibl.e. ]
{ Twgrpid the, SiefF retfieCadoraid Bl et POkt Sriftiely high
t BRiences in the whole train of optics in the SAM 46, and also in the LAM 28,

particularly beneficial in retaining fused silica optical components. However, if
constrained to the same PDA 182, the above-mentioned optical improvements could
be necessary.

To summarize the possibilities one could, according to embodiments of the
present invention use a diffractive diffuser 222 made from calcium fluoride; use
spherical lenses with the de-magnification ratio changed to 2.0; use cylindrical
lenses with de-magnification ratio 2.0, remove the telescope; or use two cylindrical
lenses and one spherical lens with 1.87 de-magnification along the long axis and

1.87 magnification along the short axis. Various combinations of materials and
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beam may be utilized. Applicants believe that it is
possible that other lifetinme limtations arising from

wael20v898362® fused silica optical el enments coul dP@EUS1084030340
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achieved with in this effort. For exanple, the front
tel escope | ens 220 may be | arge enough to have
acceptabl e fluence even with fused silica material.
Conpar abl e fluence levels incident on a ground gl ass

di f h dif £ , .
P e Hh0e8R AR5 BB o atRCh e i B o of e

wertiidulaetoigorexpected to dramatically alter or affect

its diffusing properties. The second stage diffuser

230 nmylvpEng 8pwee FAE. 8 9% pad bandcagmddy, ygth TG H Of being a cross
ar. 3 imdu i ffus W

o sOURRE o bl 20, g iRl 10 S0B 1, 798, |G Rexcept hat
balich enibodinmenni innFleh. - {0ubad diee @IABF264 vdnhwied), ateregis shown a

ot her things, enhances e diffusion uniformty.
ABFISPEAINE 19150 therliodn ﬁleéﬁek BRI KBRS FTRRRteupig 260 and
f tel e t r eaf; I 0 I 2
e PR e e Rl S 0 e R0 has an
f adustablg mens 2@dntg fiameald, avlsch tnoaydeempugse By upper foot 270

t hough. t he enbodi nent coul d al sa i nclude other .

ERE P e Tlvglrom e R ds oY FoHSU,goriqe 261, along
f Qiksh Nowdrefst 1ot efofthind Sbaleaee tRf va8Ed Yorfidd 061.2 As shown in
conpaction standpoint) fused silica. These choices are

diMeratdetdil intF1Gebeh, thwestieal potipnt26d agdetstuppar frfot A ateattached
IR At o B8 S BrE R Pl PR B ot

Shlb%:;ﬁ*afobt_é‘ﬂﬂ) afid GerticlleBbrufi®ehting FRrtié261M84H Béhd with respect to
application, is drastic enough to warrant a change to

c&hechowst footid7.der agnarentef the Sree2t4gmpwged pa the mount 260 in the
i LAt d f : :
| HRABMEBRAEBr SR GIR AEE ! LSRR8} AL horzoa

c hagifnig: flexwge 300.nn slkliticag the fro@tthap263ad1 the @brtichleportion 262 is
t el escope groduces consi derabl e potenti al benefit.

VsRasbiped fo apYs the shtfacedfifcbiased dwrmbaut &1 edt gperdss far there to be a
C)él)r'ls'@dgl{tl sg@ln%fﬁf%e%’ thg" XRJ?% g?é grﬂf pu{p?l)geﬁor%% gﬁ]at' qtclfgl‘i)r%f 9 constant

t he 1 ens e suc X1

t Rprienclddingail dijgehetenmagni fied. As a result, the
fluence_ at the di,fgraqtive di ffuser 222 would be | ower
t han t AA€ THEOR ORtiE 204 % Blounted {8 jagterssy i thasragy sige of the vertical

S %Bﬁ{oin%ll Ahf7$ ﬁl‘ﬁexéﬁetng%oflgfg G MEDGR clamped in place by a circular
spring clip 310, shown in greater detail in FIG. 10c, which is in turn held in place by

a plurality of spring clip mounting screws 312. The indexing may be performed by
utilizing, e.g., a plurality of spherical tooling balls 314, one of which is shown in
FIG. 10b, which may be placed in machined openings in the vertical portion of the
mount, e.g., 261 in FIG. 10b and are aligned to engage the mirror or other optic
being mounted, e.g., mirror 264 in FIG. 10b on the opposite side of the mirror from
the spring clip engagement ball, e.g. 340 shown in FIG. 10c, so that the holding
forces on the optic are balanced and do not result in inducing stress into the optic.
Such stress may, e.g., cause bi-refrigence in the optic. The embodiment shown in

FIG. 9a uses a plurality of finger spring clips 320. The mount 260 can be mounted
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can be better spread across the rectangul ar shape of
the diffuser 222, with its long axis coinciding with

wWa b@siosasgs axi s of the beam 114. Anot her possi bP@I/US2004/030340
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enbodi nent could entail renoving the tel escope system
204, 220 altogether. A drawback from having an

ext ended source incident on the diffractive diffuser
222 could be that the beam 114 angl es incident on the

ar [ f . e - T [0 .

OFAUL ISR U8 PRuE P SRR v B8 e oo
| idatraval kahpivotelie aligathd Birf@t26den fiechorizdatd PRnandlties incident
gets steeper, .its ability to uniforar?v% scranble the
aR§Undpol frogmyatibsdovwel peoprais I0antbiiedose] pusitgeceives (not

r . | i - .
< SEvE), o, B RO R O, DEATION e FRIexBR o HE i O Htion of
i thd bpticuk piank afthe dptic,i eyl erierot 264.oThef is) héer nixo dowelngin (not
utjlizing.spheri.cal | enses, alternatiyely, can be i
£ SPOWEK OB dRODiIecdDErlaP RGP E Al the JRGRE riadexed in the
S hsdnta% 1 %0 & & pre@iéel&*sﬂhe%lénep[t' SPu1d8E, @.g.g:@ﬁefflhalso aligned if

allowmng for a 3X beam expansion could re
e pginting @metirn,difnadyesizhle noi thehexisn The dowlebpooped its receiving

system 204,.220. After ssi ng.t hroygh, ,e..0.., a 8x ..

S UBHE P aFe e ST Een BAEY 1 gt Hnr e ikne s b dptic, e
e nfirror D64, @n&mwmr%mﬂzbﬁ@n}f;ivwhﬁgz iffﬂégﬁif&lt reduced

fluence l'evels at the diffractive diffuser 222.

HoweverA ®otath adjbdemenicpeking osereyo ul, r extanding nthrough a rotate
unsatjsfactori | i ncr.easi t he separ ati bet ween..t he .
+ il Socking sbrewopsiing 904 e drpet foot 2p 3 2°Sinilar Gpening
di2bp iaeid &edtfdok Q9B randdgto abhec&hasit (naiitewal) it i NE3ND2 of the

14, e.g., at a 30 degree angle to the horizontal, )
codd fosad heldoin glicaPya abens@RWamsr shownh fixge the dierizontal

i N e 1 ' di . .
QBRSO ol 0 Kk PSRNV ANhS cvnding
1 1Hrobgie k threadel @paiag 28a iy theaipghit foab2Mearidteavizgsebgll @p engaging
122 Ior entry into the etalon 162, This is, however, a .
o a5 0Bes Foqt A gHn Peruidiped iy e thefilsiof dheoprtiéan Popiey 26 1sand this
par Lk I . ' _ o

g i A S R
expdnatijuguehtd otlangrsatwogetihg 265 or the apper fast®@ 70edd dntng threaded
t he hea 1z | ong. its long axis with the use of

cyPFHE# %éPn&Si%WﬁgP?ts for each of the horizontal and

\{eg t7 ixcadheae&ﬁ%dirﬁé&um PG 16y SRR b C@hilgeHRnbS Fom which a

mirror in the form of a circular mitror has been removed and on which is mounted a

circular spring clip 310, shown in more detail in FIG. 10c. The circular spring clip
310 can have a ring portion 320 including a plurality of mounting screw extensions
322 in which are formed mounting screw holes 324. The circular spring clip 310
also has a plurality of spring clip 330 attached to the ring by spring clip connections
332 and extending through spring clip arms 334 to a terminal extension at which
may be placed a spring clip engagement protrusion 340 in the shape of hemisphere
to facilitate engagement of, e.g., an optical element without damage to the optical

element.
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de-magnification along the long axis and a 1.87x
magni fication along the short axis, the beam size

weowba3ses e.g., 4.8mm x 5.6mm beam Thi s coul BCTEHE®0H080340
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i deal system However, expansion along the short axis
could al so increase the separation between the two

Fresnel reflection i mages 66, 66' when incident on the
aperture of the diffractive diffuser 222. This can be

avoi de e qf ; t RERPhe :
66, 66&%%3%%]}}%11@%%@9 cfgﬁt el? %Soggsee%ner slgpar a? ?@%r Ptror
bethove A5 h.ﬂ’llbh\ﬂ drmdsmiel thoseeagd3GB6 9 a6 Ocrithongthewippearf and lower

I b 5. 3mm
E‘Eﬂ £ I 4 ' épf@fqdu%@ Qg fﬂhagtaﬁgtﬁ%m&r DRy, F%s frg| secondary
f%felmﬁ Ph&a514@6 ’Sh@@n 1H‘§IG bselzjd $ §d aPHl'oﬁnt negwat 0 d Cou ynting frame

undoab exanpl e, design inple
bd 52 cfmemoentmg, thwr:ombmh‘u@eoptmak ebmeatsg;hpwnngxl, \ni Figi 3 FIG. 12a
s in-.betwee

o STPRE Piecar B e S TR L EgER B ) COFHFSiRS igleope rear lens

othe 'IleldTlﬂ| pace DladefafiSng Elig o PBamed Qﬂth%'c@ﬁﬂuﬁﬂ@n @ﬁﬂl@mountmg
and a de-magnification along the other. O her tics

r Sty pappbmeratingsaews bet. eRo di2beshiows dlhe bzh:é qmiezfém mount

P8 Su RrsBh el ohBae TRE S0k REpBRLHHEREY Aafe meunt 360
I (] eqyl@ﬂﬂiﬂj?rbﬁﬁhgﬁl spriay clips tHae ai%DﬁtaZhétBﬁ)dthfe @ioufnt | 'bFIGLGplurahty of

detection. |nprovi na t he detector efficiency cou
5

r SRRIDANE ﬁéreWé é&2t &Tgs B2br ghoxisi the moupt withfthe écn?@éiens 22¢emoved
\A%g/l g \i’rtﬁlé agg tde(ﬁ%%t'iJh {1 & Moa1q qﬁ]gla%g %&hu{] tﬁ& fecess by a
5 &6 icral

ene I'nretarnin

s |rbtammg3 th afthchedrp ahe miuntibl\BB0Eby al fairc 0N sdtdiaing edipt Mounting
t he sanggPDA 82, the above-nentioned opti cal
i fpE¥PEfent s coul d be necessary. To sunmarize the

possi bigyhts C Je

Phe: pr oot 882 4R8OSl ORGEARcED BFARARIRIER Bhond sage

nelifuser, dre.,cldi0csusoivh in HlGe4. e sip lamembdaj nioemsix@fmme 1390 may

the de-magnificatio at.i o changed t

oS PR Bt pasrably v bSegetionsd o iy movatias §ame 390 by
I GRRVGT d P 684168 Q,@O @nd ereéf)%@a\]? gcm‘:éﬁ+ AFHER! sctHRR on a front

and”one spherical lens wth de- magni fication

alveritgat p@“tllonrﬂ@l ai tl;e ahﬁaﬁsxablynm iaf iveedlt asom sile iy 40Becxtending

short axi.s. r|o s of t rlal nd .

>y esal i beiEn SOT R B B0 Rreima e i gustment

t RereGO6C eTHS fréiRide of the slit assembly 390 faces the etalon as shown in FIG.
4. The slit assembly 390 also includes in the front vertical portion the slit 394

attached to the slit assembly 392 by a pair of mounting screws 396. FIG. 13a shows
the slit assembly 392 in the down position acting as an aperture for the second stage
diffuser 230, between the diffuser 230 and the etalon 162. FIG. 13 b shows the slit
assembly 392 in the retracted position for alignment between the diffuser 230 and
the etalon 162. FIG. 13c shows the vertical positioning screw 412 threaded through
a vertical positioning flange 418 on the mounting’ 390 and the second stage diffuser
230 held in place by a plurality of finge spring clips, with the slit assembly 392 in
the down position. FIG. 13d shows the slit assembly 392 in the retracted position.
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particul ar solution. Turning nowto FIG's 9a and b,
and 10a and b, with FIG 10b being a cross section of

w0 b@sosise®©r nount 260, along the lines 10b - 1BGI/U82004/030340
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FIG 10 a (except that the enbodinent in FIG 10a has
the mrror 264 renoved), there is shown a perspective
view of the front and the back of an adjustable mrror
mounting 260 and mrror, e.g., mrror M 156 and the

Cross tiQn | e T o u
cr oos IR e T T B AR
f adfus@ndht escdrendidy vathedw! |slbtf411m1ﬁ Q&n%IﬁHﬂ/théerabdeﬁﬁﬂy 392

mrror rmuntls&? g)ortlon 261 Ionéavmthalower f oot
ngcomrasa%twg isuds protipmel sapvidal Hheradiesimeniscrens 406 and

Q?%ayl ts up p:ﬁﬁpo OF Jz\goggr%)o glil bthgg Vél%{ %ﬂet @Sltﬁ)%\ﬁi\&é' &nche slit

f (aSEtenﬂbY}Z?a 9% tonapiesllydlign thbslit. riead sorely 406 1 Dyasfshewny @ay have
o) t‘gﬁl%{the u er foot 270 and vertigal mrror

mlh@r 5 B1ps S ECLiHO APV ER > FRsHe justgeptrench
| ower Iﬂgiﬁe?aagn it %ﬂlaﬂ)é Qﬂ&@&%o@fthétht‘ﬁe rgeferc%'a refitbw w1ﬂth of the

nount ed t he nount in the vertical plane of
[ munwembeamewhtt(:n otirrgth tﬂmye,sulrcmg In thei fresnelhipflattooms dvhléappmg has
rizo s of .t re 300.. | n addition, .
1 Bt SdBised i 2 BbRisnt 6 thrbroian msiBg e il § pgidence
t FoBotE th' I 2D fRGRt 283r Béas 69 AR tROPUL 5o?outP§t laEbr(HegﬁarM has

for there to be a constant spring force in | exure
3beerf selegead podesat déastrﬂl)hmalonﬂan go cadequed¢lprrotegir iha gprimary beam

for durin ilt ust nt The mryor, opti 264 i
SRR iRl 100 o Rioveh Sroling the Guiea Brehold of fuence
p%lt 'e%n Mgﬂzz alman&mgciﬁmn& Qodrh %x.‘"@ich'ﬂ%gnﬁ feacs ;ﬁﬁkdthrough

cl anped | ace by a circular spring clip Si shown
i rﬁhq;mmeﬂofﬂ stithont fhe aEeapf ibislengehpE thei beaims Guaml hé lintersecting

B e Mool eyt Hou s et pRL PP gt e P
a behd mady 4nd @Bstslﬂdé%f d& aVerlaPPhrd'® proVids ad HiniRia di’fdlsplacement
which is shown in FIG 10b, which may be placed in

meé Hieradh offanPAgkeann64. hat {16 setne simepeauigh ol dfe hopa 64 is reflected
m%ﬁltotthe gfagemetgr oél rhgn g{" &i Slpgfgl Z?é‘t% ) lte%iae 913%? IMP aﬁ"c{] gﬁ%el 82 to

the mrror ng noun

2 @dndtion lﬂnﬁwdb% abﬁuﬁtteompln%gﬂaemﬂhﬂe gQﬁadéqiﬁtdﬁlgﬁa@ fo noise ratio
fromthe_ spring clip engagenent ball, e.g. 340 shown
i o pp qseipd vithin, thenghove gelcrrarer p@mﬁcatlons on a pulse to pulse basis).

Further, the 70° AOI of an embodiment of the present invention enables the
secondary beam splitter to avoid exceeding its threshold of damage due, e.g., to high
UV fluence level through the optic, even with exposure to the .overlapped fresnel
reflections in beam 114. There may also be a maximum angle of incidence
depending on, e.g., the overall size of the mirror and the respective beam 62, 64
footprints at incidence on the mirror 104 and desired tolerances. Differing materials
used for the mirror 104, e.g., if material with higher thresholds for damage in light
with DUV wavelengths and below becomes available, and or used in the wavemeter
portion of the SAM 46, PDA’s with more pixels per the current pitch and/or more
sensitive/accurate detectors forming each of the pixels, may also result in reducing

the AOI at the primary beam splitter mirror 104 to somewhat less than 70°, but the
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forces on the optic are bal anced and do not result in
i nducing stress into the optic. Such stress may, e.g.,

w@2ws®e3see refrigence in the optic. The enbodi nRCE/USTVOW0B0340
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in FIG 9a uses a plurality of finger spring clips
320. The nount 260 can be nmounted 28on a dowel pin
(not shown) extending into a dowel pin opening 304 in
the bottom foot 272, and pivoted to align the mrror

DG ' : . Lo
R L e i
r degineither(linvt thbowearall owtputipavesr mequiteettnonof heerplaatcgding to an
i S W B 0 Sl hamoer 2

‘é"@ﬁé}ftfgriﬁe Q@a‘fﬁble&hﬁa&é@ﬁﬂﬁéﬁﬁﬁ’{ﬁﬁy Heiim! PBALL Strdrniod. t he

owel "pin opening 304 the  mrror indexed In the
mount i Ape260on $62 slippfuactiiaedlyng Wathghafecal tengthoofl e fegusing lens

e..d,, when also al.igned, if, poi.nting direction, if .
a &?6 g\feé%feéeq%# t.[orfgllhvgrx ogl_le R]?.fgo%lg)é\%?r?%ﬁ ?.fr tgﬁ gb%t ]SSi essentially only
I QLintbithsPABH Bﬂthg%’oert%ﬁﬁéeeéﬁfeﬁl 81@h48 bIShé etafdh, bich also can
aligning the optical plane of the optic, e.g., mrror

2b4 created byl atherf eptichloinfezrisraradtensi ot Bragngs, falsogyuingeslit Aunction,

% o, BRLBPICER e PR 7 e e Y SO0 e R and

URRRElch@Btudng of it 1ases itoThdva at (RENOIRGOIARE twé irtéi€erb@éings with
foot 272, and into an arced slot (not shown) in the

pivetich tppdetesming thegringlawsitignt ohBredesnsciiynl mgpy irgordgipto enable a

S W .sho il . i - I ' 0 o
SRt S ChHSDN SRR 0N AL P By i
eytsureingintthe augbmetet Micastocksegreni ng 280 in the upper

foot 270 and having a_ball tip engagi ng the_ | ower foot

272 carbserimatyibsan ynbitield 04 Rasses Fie wast pdonf qli the output laser

i i hl i .
PREGA) ) B0 308 BB it i i may
t ivaty suthavdtatrbaed lupokisnch thingsws ppenr reguizé@ents ahé dluampgedimits in

f oot and | nto_a thr.eaded.openi 274 in t L ower

t Gba SAHR DR FEH A BTG DRR e G Ukt e DR ¢ to the
2&\ NI RaPeatsh IﬁherBe'éfno;g)li'tt@r 1 0@ if Qe Rlenfetdriih G 8AM 46 reflects
mrror has been renmoved and on which is nounted a

cithevAsamagpity,rege. chpppo:3taiels ffwrofite fimst emalé paitionili4 pf the beam

O A T TN N —

exdrafshk Aeeded by the PDM 144 and fluence limitations in the SAM, but the

remainder, approximately 5% of the first small portion 114 of the beam 64 forms a
second small portion of the beam which passes through the remaining optics in the
wavemeter of the SAM 46.

The above-described embodiments of the present invention are intended only
for explanation and illustration purposes and are not the only embodiments in which
the present invention may reside. Those skilled in the art will understand that many
modifications and changes may be made to the described embodiments without
changing the intent and spirit of the present invention. For example, the present

embodiment contemplates a detector employing an array of photodiodes. However,
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322 in which are fornmed nounting screw holes 324. The

circular spring clip 310 also has a plurality of
waEpoosmspeed i p 330 attached to the ring by spri nBCTUB®04/030340

connections 332 and extendi ng through spring clip arns

334 to a term nal extension at which may be pl aced a

spring clip engagenent protrusion 340 in the shape of

hem sphere to facilitate engagenent of, e.g., an

Opfd t
OB PhoBLAFROL IR PR 0 il OO
splgl,t OMOS1 o1 @CDrodeviices5uldvbec luseds amtniwhen the tefros effectlvely

in FIG's 9 and 10 MAthOUt he upper and | oywer feet
o AP inasiR gach PROtodigds (19 gy pheAdGR aé@?’dét‘%?ﬁ%i\gt spREBplates the

”@%@(ﬁtweﬁlﬁmgaﬁeﬁ of BN gl?tﬂlyfoﬁﬁé BT pRotbIsEitiveAemahte Win hildition,
FI s 12a-b 1s a nounting franme, e.g., nounting frane
16@rrémly cmnmnplmigd tlh ¢o gidwrbinatet the rpregeni embodinent phetodiodes over

shown, e.g., 7. FI 12a shows th inatio
ﬁwrc chm R ERIRRL 35 (baTiG: Y B EE8Pe ARBfiotes or
?rog’gfﬁeﬁ]t@ li el tRé HGRAINY ndisk BURY JTtRdr Ghtbits %631&%511% Qefective
he conbi pation optic mounting 360 by a pair of
nmhlmnma@om dn@mngm ﬂhumnam \Ehi@hsprpﬁ@eba@k agerptably accurate

hgﬁaag%ﬁpt Ptﬁlgtomglhalg} ?%% gﬁgtrﬂlset%%%wﬁgﬁ n§6%g e %}%ﬁodlode that

P a1l aéﬂable Headursigatt PN amplituds éfhede mt@saytatﬂﬁdhgm at the
the mount by a plurality of nmounting screws 372. FIG

1 prtishlanphetescayitive clgment)t hEher ssene of Eiespresont iwveptier therefore,
£ t f
o R0 P e o AR B o B Bl o e Bl e
to the nmounting 360 by a pair of retaining clip
nmounting screws 382. FIG's 13a and b show a slit
assenbly, e.g., for nounting the second stage
di ffuser, i.e., 160 as showmn in FIG 4. The slit
assenbly nmounting frame 390 may conprise a slit
assenbly 392 adjustably positioned on the nounting
frame 390 by way of a pair of slots 400 and a
respective pair of adjustnent screws 404 on a front
vertical portion 401 of the slit assenbly 392, as well
as a side slot 402 extending vertically in a side
portion 403 of the slit assenbly, along with a side
adj ust ment screw 406. The front side of the slit
assenbly 390 faces the etalon as shown in FIG

10
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4. The slit assenbly 390 also includes in the front
vertical portion the slit 394 attached to the slit
w@s®enddeye 392 by a pair of nounting screws 396PCTHUS004/030340
13a shows the slit assenbly 392 in the down position
acting as an aperture for the second stage diffuser
230, between the diffuser 230 and the etalon 162. FIG
13 b shows the slit assenbly 392 in the retracted
position for alignnent between the diffuser 230 and
the etalon 162. FIG 13c shows the verti cal
positioning screw 412 t hr eatieAlIMSr ough a verti cal
positioning flange 418 on the nmounting 390 and the
s &OVR Iﬁ’ge di ffuser 230 held in place by a plurality
of i i e . ! :
¢ e db B B e Pretitb el B Al IR g ey butput
392arh motnpeising tipatsté duiposof greaicr BT heemial to IdpehpergpuB@dsub-
may al so be .adjusted side to side by.horizaontal . .
- AFRR e BId ures TpEs RUISHR g7 SpRptoetE it
t BEeASGEIN ¥nSHeRPAMBIRS Bhh e £Bulaby ?a!ng@, 50k AriRE
sCrew 412. The adj ustnent screws 406 and 412 have a
v baydwidtieompa pelse toepudse bakis ak puUlsS tepediierbiatas o ¢ePGH dndeabove,
positi.oning of the slit assenbly 392 to optically”
al’POR™'Re sl it. These screws 406, 412, as shown, may

have h%ﬁo&i&ing%nsilﬁh%ig &®chaBgetho facilitate rotation
with, e.g., an adjustnment wench. In operation it wll

be unden$ptieal intheeronister sedating an interferengeiiagapadters; he
primary_b i Jrr | [ Nt i
P omern REPa Blekiet BEafibdath i Hoc deitbl k0G (hedcliEng s

an enbadiapgwidiptalédigtopestadating bandnidib fronlihe pasigbe odf

i ncidence for both the MO 22 output |aser beam 62 and

t Aateriarenee Bingpiin the e fopanes fingspaitepriasident adhe gpticsl getector,
at 0. d . [
pelshfidBin 17D ahda Bloprihe s GpBHRM U hoks BEQILELh phi e Bt BRI

t herdtanagibetheeashmiidofabcdrdufeingebdders ie thg. inteafactnce fringe pattern

al lowing suffjcient roomfor each beam 62, 64 tQ pass ,
t GRS ofdharnfersreneo patjgra andiacesrding e sheformpla e[Dop™ -

F LY STl SRy = B AR E R ol OB S D o~

Pash)/BRsd Ths thegoddNchg@m may and nost |ikely do
overlap) and to provide an mi nimum of displacenment of

the path of the PA beam 64. At the sane tinme, enough

] | AL th |
o tRE SRR 0 4al EhieBe febiRe 2% PoA 182" 10

the optical detector is a photodiode array.

3. The apparatus of claim 1, further comprising:
the optical interferometer having a slit function;
the slit function and the focal length being selected to deliver to the optical

detector the two innermost fringes of the optical interference fringe pattern.

4. The apparatus of claim 2, further comprising:

the optical interferometer having a slit function;
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function (provide an accurate output signal wth,

e.g., adequate signal to noise ratio to be useful
wowakiosseedhe above referenced specificati ons onPEI/psios€030340

to pul se basis). Further, the 70 AO of an enbodi nent

of the present invention enables the secondary beam

splitter to avoid exceeding its threshold of damage

due, e.g., to high WV fluence |evel through the optic,

even wgt h osure the I esnel ;. .
refl ec#feosr%igﬁ&rf%%%é %ffg ca“'ﬁe\él%[gl %’Q‘?ﬂegﬁ%"%@‘%‘e’ dgh‘ﬁ%rf? Fpuerﬁptlcal
adeteetoptheitiWoiifieR@OstIHALRMHYE SPticakingerierdnide fidvrpattbrn.

size of the mirror and the respective beam 62, 64
footprints at incidence on the mrror 104 and desired

tQl ' i Lal-s used for the mrror
1&?&%‘%@3%?@%5%@%1{]%?&&%%% T thresholds for

damage theopticghdetstt drivobigvising e laang bfi pixaB daliehavingd e he ptsand
avai | abl. e, and or. used in,&ge wavenet er portion of the
SAfithend tigeriayfavineidP@l Jid®i s per the current pitch

and/ or L i C egt ]

of e “BrhanEE Aok b AN Bl e SRh Ty RLRb el SeREY

t epuptingtertiye dgaal spErfar¢eetend portion 004 beam o Hiehttsaffidiag for the

than 70, but .the 31A0 of the primary be itter .
wonipuoF i Spcel st 3 oaiyes B paficR Gl i gvet the heigh
| 3sesch thfRbtinehikfer have the overal | output power
requirenents of |asers according to an enbodi ment of

the present invention nor an output 62 of an MO | aser
chanper 22 sharin aval | abl.e surface of the

p:g'r ﬁ?@’%"‘éﬂﬁ ‘g{pﬁl?lgltée F8PPEYAE The etal on 162 slit
functi eme @tRADdMM Joﬁ@ri&ﬁg@h_ahﬁ? oF pixefs dabiehdveedis héight and
| ens 224 were selected to deliver to the photodi ode

arvidih anfl thesrpirving2 tetadeidthal [y only the inner nost

rings | rferenc thern. -

Gt af on 30 ghift B 5 LRLEREHP R &E oGl SRbAT oMb Wecrively

| Rt R epttcal Bitdferorgétat 4 parsion alf 8 dedra \oif ightasusfidiént for the
function, so that the PDA can he assured over

th
r it of the watienhinederometss i Liranaia the optigelefesiar ﬁgerothe height
t _t&? eéc%srg%q%ag@ﬁ@%at@ggé}teast one of the two interference
[ 0

rings w eterm ne the pixel positions of
the respective fringes in order to enable a BW

cal CH| ation. T&j .ba? wi dt h cal.cul ati on has been
si/np % RPRAERTEOk CRIM 1. TUHReT SPBPESLEENG i n the wavenet er

! PRSI gt LY I S8 PR
width and the array having a total width;
an aperture at the optical input to the optical interferometer selectively
inputting to the optical interferometer a portion of a beam of light sufficient for the
outpuf of the optical interferometer to illuminate the optical detector over the height

of each respective pixel height.
8. The apparatus of claim 4, further comprising:

the optical detector comprising an array of pixels each having a height and

width and the array having a total width;
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beam 64 fromthe PA 50, i.e., approximately 95% the

exact anount of which nmay vary sonewhat based upon
w@o@k/0sdseegs as power requirements and fl uencePCT/IB1084/030340

in the SAM and reflects the remainder, a first snal

portion 114, of the beam 64 to the SAM waveneter. The

beam splitter 140 in the waveneter in the SAM 46

reflects the vast majority, e.g., approximately 95% of

the fir I rtion.

14g. TRIEP %ﬁ%‘% atrr@lg O‘E}J‘é‘?@ “i%“ﬁ%’ﬁ%%%’la@%a? ﬁﬁ%@é’é’ﬁ%f %@%Cgtg'ggjs

t hgpuatinpUo ttheobptidabiterfre@detelr Hyortibe oPDdEald 41 Bgial shiffiessia dor the
limtatjons in_the SAM but_the remainder, L
aFpigk P#é? gpijcat optepferometer fq dumingle lrﬁﬁaewml&%te&t% pver{ge height
b ﬁgﬁﬁb( smal|l portion of the beam which
pg)ggaécgé}?{yggug tﬁlg&?éeh?fai ning optics in the waveneter '

of the SAM 46. , The above-described enbodi ments of

the_present inventi re intended only for
egpirg‘?@?ﬂa@ﬁusa?%??lm ﬁg'}rﬁlﬁf?%ﬂprﬁm%)oses and are not the
only eniaogi Bl hforicPobibCh oh a1 esent i nvention may

resi de. Those skilled in the art will understand that
many nodi fications and changes nay be nmade to the
descr bed enbodi ment 1t hout changi ng the intent and
sglﬁr he appagaiys lerczag@rﬁsﬁ%%mp&%ngmr exanpl e, the

pr esenthEsfiRdl iBifer GGt ENBh 8lah. 2 det ector enpl oyi ng
an array of photodi odes. However, 32other

phot osensitive el enents could be used, e.g.,
photosensi tive 4 nt. ' its, e.g., CMOS or CCD
dggig@%gﬁgén§(ggmﬁgg%ﬁéﬁgu%%gﬁﬁ e termeffectively
11 um nigd dpiigakiachfcpdinétocis adetaloh. a phot odi ode array is
used it contenplates the effective illum nation of

ot her such forns of photo-sensitive elenents. In

addi 44 : Ls to illumnate the
pggSz%%a%ﬁ%%%#ﬁg%%%ﬁﬁ@?%%?%%@%Eglér their entire

ver ti cahe epticehinterfer@netedis an etalonbut nore effi ci ent
phot odi odes or inprovenents in, e.g., the signal to
noi se ratio of their outputs could enable effective

| 1RO R SRR R ARl ddrnbfFishat | on whi ch produces
an acceptably accurate el ectrical” output signal from
t he phohosmsivsl inferferehgarintn el , t he phot odi ode, that
wi || enabl e neasurenent of the anplitude of the
intensity of the light at the particul ar

Phat PhSSpatdniVst BlifBitther dd§praRPpe of the present

i nvention, therefore, )
the optical interferometer is an etalon.

15. The apparatus of claim 7 further comprising:

the optical interferometer is an etalon.

16. The apparatus of claim 8 further comprising:

the optical interferometer is an etalon.
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shoul d be considered in light only of the appended

clains and | egal equival ents. 33CLAIMS | AVECLAIM . A
wanssdeeds for a high repetition rate gas di scCP@Er/Uy§2004/030340

| aser having a | aser output beam conprising a pul sed

out put of greater than or equal to J per pulse,

subnanonet er bandw dth tuni ng range pul ses having a

f enpt onet er bandw dt h precision and tens of

f W -range, for neasuring

bgggxﬁgsﬁg%ﬁugagﬁFQQSF%ﬁ%ﬁﬁéﬁg Ads at pul se

repet i tthogtaloatiesn ethloAMaOig aaie figlotivie of BMARF 1e8$ MY a Anesses of

focusing |l ens having a focal |ength; an optica

i APET i creating an interference fringe

pattern; ' or positioned at the foca

Iengthq??gﬁfﬁggﬁggihgﬁkg&%éns; a bandw dt h cal cul at or

cal cul ati ng bandwi dth fromthe position of

interference frjnges | he interference fringe
pg%t ﬁ“ﬁalm?@tﬁse?ﬂc[fagw ]tﬂrér%ﬁrt‘_?o@%l?ns&@f ector, defining a
and a [DhtafoRgs M&%ﬁtﬂagﬁg%' s$it ARCASn Qfﬁﬁeggme@s Bai g fifldsses of

first fringe borders an etween a pair secon
f 20rmgerdatarpgerds in the interference fringe pattern on

an axis, of the interference pattern, and according to
t he fo?%foﬁalgf’n— 18 {%P? ISDp2], where is an assuned

“constant wavel ength and (DOD - D )/2, and f is the
focal length. 2. The apparatus of claim1 further
c dRpFhsanpgratyshel cpymi ldal{ialrfheltmmrsmgs a phot odi ode

array. 3. .The.a ratys of cl.ak.m fust her
conpy | iR ERETER Btk ST boflen o SHGH Iegs sy ipesses of
f @9Gkrigpdateridiel slit function and the focal |ength being
selected to deliver to the optical detector the two
i nner nokg foeal; lageth isok.5 meterspt i cal i nterference fringe
pattern. 4. The apparatus of claim2, further
conpri si ng:

20. The apparatus of claim 12 further comprising:

the etalon is an etalon having a slit function of 3pm or less and a finesses of
25 or greater; and
the focal length is 1.5 meters.

21. The apparatus of claim 13 further comprising:

the etalon is an etalon having a slit function of 3pm or less and a finesses of
25 or greater; and -

the focal length is 1.5 meters.

22. The apparatus of claim 14 further comprising:

the etalon is an etalon having a slit function of 3pm or less and a finesses of
25 or greater; and

the focal length is 1.5 meters.
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the optical interferoneter having a slit function;

34the slit function and the focal |ength being
w@eiososmeb t 0 deliver to the optical detector tPET/USZN04/030340

i nnernost fringes of the optical interference fringe

pattern. 5. The apparatus of claim1, further

conprising: the optical detector conprising an array

of pixels each having a height and width and the array

hawi ' ; aket t the optical input

tg%f?geggtlgﬁoqgﬁgﬂxzﬁ%ﬁ%ter]ggﬁggtively I nputting to

t he opttheeahlonng ax ételoaietiag aslipbmetiomobIpm obeasramf a finesses of

light sufficient for the output of the optical

i et kvl to illumnate the optical detector over

t he heigdtocaflefarhlk 7.€5ReGE1 ve pi xel . 6. The apparat us

of claim2, further conprising: the optical detector
conprising an array of pixels each having a height and

wi,gt h, and t he a i a total width; an aperture
atzg't Ege S%Wa@_éﬁ gff"i%%& W%ecogaqs%‘ i nterferoneter

sel ect itneétdlonAPatt thidg hbPinkR.1iPRINCES of Sk of REOART £findses of
portion of a beam of |ight sufficient for the output

of25t@resii &l i nterferometer to illumnate the
opti cal t Y hei ght of each respective
ERLECLOkn BES s

pi xel hei apparatus of claim3, further
conprising: the optical detector conprising an array
of pixels each having a height and width and the array

havt e BPRAERTY OfGlaitnnl 7 BFhEFOMRIBZEAL the optical i nput
to the Ok fiftled: AbRIEREATRLBN GRESPLibHEL YL QRKL T NO 1O

the optical InterferonBter a portion abeam of i ght
sufficient for the output of the optica

i nterferoneter JdlJum pnate the optical detector over

- b ey @&%ﬁw@s‘%%g?ﬁ GPEIBISE height. 8. The

appar atagsQdifffilRidBivbrink Wdah8l SRATRF 1ighid thd aﬁloﬁpt | cal

detector conprising an"array of pixels each having a

hei ght and width and the array having a total w dth;
27. The apparatus of claim 19 further comprising:

a first diffuser delivering a narrow cone of light to the etalon.

28. The apparatus of claim 20 further comprising:

a first diffuser delivering a narrow cone of light to the etalon.

29. The apparatus of claim 21 further comprising:

a first diffuser delivering a narrow cone of light to the etalon.

30. The apparatus of claim 22 further comprising:

a first diffuser delivering a narrow cone of light to the etalon.

31. The apparatus of claim 23 further comprising:

a first diffuser delivering a narrow cone of light to the etalon.
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35an aperture at the optical input to the optical
interferoneter selectively inputting to the optical

WO niosnsseo©nMet er a portion of a beam of |ight seET/U81084030340
for the output of the optical interferometer to
illumnate the optical detector over the height of
each respective pixel height. 9. The apparatus of
claim.1 further conprising: the optical interferoneter

i §na a%i '!hﬁi@ﬁﬂ of .claim2 further
c?r%‘p?llmg%}%lg %%f%é% I'cal 1 g{%&lﬁjglrsg{ﬁét er is an etal on.
11. The fappdiffaied slelifermigal mrdwl cont bétightaoplid halog. t he

optical interferometer is an etalon. 12. The apparatus
of claim4 further conprising: the optical

| ngeffief ofi&aiﬁms%?éh&rbonﬁﬁismgﬂe appar at us of

claim5 further conprising: the optical interferoneter
i s an enapenture bdtweth éheafipbdifiiises anfl thel etalon Geliverinido the etalon a

conprising: the optical,.interferometer is an etal on.
131528'#{3’ %%B%P?H%‘gc%e%llﬂhﬁw 7 further conprising: the
optical interferoneter is an etalon. 16. The apparat us

of claim8 further conprising: the optical
i BéeThermpambes of claimtelugtherrcongssing: The appar at us of

laimQ furth [ Sing:.ot lon is an etal
i no 22 LrPSpeREER ARSNGB BeCllaled Byl Bl caton.

ofthid3tr@ ofthe ddresw candoftipt.f ocal length is 1.5 neters.
18. The apparatus of claim 10 further conprising: the

etalon is an etalon having a slit function of 3pm or

| O3S TR RArdrhd G 2 fufiBePlonPrRAle" - and

an aperture between the first diffuser and the etalon delivering to the etalon a

thin strip of the narrow cone of light.

36. The apparatus of claim 28 further comprising:
an aperture between the first diffuser and the etalon delivering to the etalon a

thin strip of the narrow cone of light.

37. The apparatus of claim 29 further comprising:
an aperture between the first diffuser and the etalon delivering to the etalon a

thin strip of the narrow cone of light.

38. The apparatus of claim 30 further comprising:
an aperture between the first diffuser and the etalon delivering to the etalon a

thin strip of the narrow cone of light.
39. The apparatus of claim 31 further comprising:

an aperture between the first diffuser and the etalon delivering to the etalon a

thin strip of the narrow cone of light.
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the focal length is 1.5 neters. 19. The apparatus of

claimfurther conprising: the etalon is an etal on
whawsspe2s sl it function of 3pmor | ess and a fPCEESHE4/030340

of 25 or greater; and the focal length is 1.5 neters.

20. The apparatus of claim 12 further conprising: the

etalon is an etalon having a slit function of 3pm or

|l ess and a finesses of 25 or greater; and the focal

| 509D Bk FELEE S e pespeY afus of clai m 13

he ‘eta an etalon having a
sI it fu]m@pdrmﬁe bétham}mrﬁrktm(aalmﬁﬂum dndhs sdorodeliRBring to the
greater; . and the focal |eng é{] 5 meters. 22. The
aﬁ%@&@@%ﬁpef@erﬂaﬁﬂwf‘ml?ﬁ Ig}tionprl sing: the etalon
iIs an etalon having a slit function of 3pmor |ess and
a finesses of 25 or greater; and the focal length is
145. AwtagemeteBit2 8. higiheepejiiar mtegss disclargé lasénhavingra laser output
c ri sing: the Ion s. an .etal on having_.a slit
£ Be pombring R 5rd pEBut OF divusSi g p 15dn per pulse, sub-
OLeRedter BARGwidRe tnPeAy % PElEd Ha¥ink aFeiBioRicier bafdwidie

apparatus of claimfurt conprising: the etalon is
apresissgnomdiens of; g"exap@metters bmxiwrléfﬂil a@f:uramange fersmeashting

mipar gt = Al lna A R 2o PGy SRk gy pPAROCREL dndodve,

cgamf,hﬁhg}g a first diffuser delivering a narrow cone

of li1ght to the etal on.
a focusing lens having a focal length;

an optical interference pattern generating means for creating an interference
fringe pattern;

an optical detection means positioned at the focal length from the focusing
lens;

a bandwidth calculating means for calculating bandwidth from the position
of interference fringes in the interference fringe pattern incident on the optical
detection means, defining a Dyp and a Dgp, the respective distances between a pair
of first fringe borders and between a pair of second fringe borders in the interference
fringe pattern on an axis of the interference pattern, and according to the formula AA
=o [Dop® = Dip’] / [8f* — Dy*], where A is an assumed constant wavelength and Dy

= (Dop — Dip)/2, and f'is the focal length.

42. The apparatus of claim 41 further comprising:

the optical detection means is a photodiode array.

43. The apparatus of claim 41, further comprising:
the optiéal interference pattern generating means having a slit function;
the slit function and the focal length being selected to deliver to the optical

detection means the two innermost fringes of the optical interference ring pattern.
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26. The apparatus of claimfurther conprising: a first

di ffuser delivering a narrow cone of light to the
we@e@boss62@7. The apparatus of claimfurther coP@F/USi004030340

a first diffuser delivering a narrow cone of light to

the etalon. 28. The apparatus of claim20 further

conprising: a first diffuser delivering a narrow cone

of light to the etalon. 29. The apparatus of claim?21

fupther. conpri si ng: i kst diffuser delivering a
ng{}‘r v OBRE 5f°%lcpagtﬁt4at %K@ﬁ%ccé?%fsgé' 30. The appar at us
of cl ati® optichlintchRiencOpMicns piiBtatBgihidagt hekihg sl function;
del i veri n?. a narrow cone of light to the etalon. .

Th
appar atheslis funstiap anctheiogal feagthdasing Selioeg: o 4ORYer e the optical
diff L ver ] TSG04
PRl DY Bnfld RN AR flertsh RS il plefin.

conprising: a first diffuser delivering a narrow cone

of light to the etal gn 3. The apparatus of claim 25
fﬂ?-t?l@fapé’éﬁﬂ}sio:ficﬁaém an F?%@l%‘g&:v\een the first

di ffus t j ¢ : :

hi ' s0hs G Qs bR n Gt Bl h e T DRI e nfving 2
appightandswiith aidathern28y havingetotadd onpthi si ng: an aperture

between the first diffuser and the etal an delivering,.

o t nesaearge & wpenied Ty Bribe paSeliuT bRt wectvely

| ipikting3® thd fticAPRAL RthRe Phttdth @bMBraihel HEdnl @Mportion of a beam of
conprising: an aperture between the first diffuser and

t ightséficentdert the eniputof e itterfererdeqatiernt denerating ingamsfto

the narr cone, of |ight. 36, e, appar.at ys_of ¢l ai.m .

o atifotsdbe B feratish B Sor A BRI Bt e feofy SRt heient
dizhd vebtapWsdthhe etal on delivering to the etalon a

thin strip of the narrow cone of light. 37. The

apparatus of claim29 further conprising:

46. The apparatus of claim 42, further comprising:

the optical detection means comprising an array of pixels each having a
height and width and the array having a total width;

an aperture at the optical input to the optical interferometer selectively
inputting to the optical interference pattern generating means a portion of a beam of
light sufficient for the output of the interference pattern generating means to
illuminate the optical detection over the height of each respective pixel height and

the total width.

47. The apparatus of claim 43, further comprising:

the optical detection means comprising an array of pixels each having a
height and width and the array having a total width;

an aperture at the optical input to the optical interferometer selectively
inputting to the optical interference pattern generating means a portion of a beam of
light sufficient for the output of the interference pattern generating means to
illuminate the optical detection means over the height of each respective pixel height

and the total width.
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an aperture between the first diffuser and the etal on

delivering to the etalon a thin strip of the narrow
w@ewe/08d62¢ | ght . 38. The apparatus of cl ai m 30 PCF/UR®N4/030340

conprising: an aperture between the first diffuser and

the etalon delivering to the etalon a thin strip of

the narrow cone of light. 39. The apparatus of claim

31 further conprising: an aperture between the first

di ffuser and the etalon delivering to the etalon a

thin strip of the narrow cone of |ight. 3940. The

agf) aha tappar@ius of elatim 32, furthérdvempesingr i si ng: an aperture

between the first stage diffuser and the etalo )

del i vetbepgliea deleetion BEYH QUPHSREANATY Of PRG fﬁg'? hayipe a

C |i- gt a high repetition

r%@@i t%égwlg@c g?%eearfa;g%yﬁ—@ti%%&g&lhéser out put beam

conpr i &i agpriargatitseobtizal jput tofthgepnbnterfraometer sdgetivelyo

15 ml, pergful se,. .subnanonet er bandw dth tunin .ra(ﬁ. e £

oippus iRy BT s es B eTL AR AT BB FEPDIPTNg Peam O

| £0% s@ffidh PR STRREWi G ERerRe @R Yook B mbAs to

uring bandw dth on a pulse to pul se basis at pulse
r Bimetindte tire opticelglotdctia® 0GRRs eived thedwight of erpbrrespepigye pixel height

focusin e havi ng a focal |ength; an optical
i?ﬂ‘ﬁ&’?é‘%@ﬂw‘@gﬁbattern generating neans for creating an
interference fringe pattern; an optical detection

means positioned at the focal [ength fromthe focusing
| éhstheappanathaiod claire 41l duitharicAgPHe®As f or cal cul ati ng

bandwi dt h f.rgm St £ e i nges in
the i ntSrPEFEHR gﬁ%eﬁ%eg%attﬂggrpgeglﬁ ﬁdt]%%glﬁ%g%% onet{lﬁllé'
optical detection neans, defining a and a the

respective distances between a pair of first fringe
bé9-dehepap@tusf whaeh 43 fpdhgr cePPESREnd fringe borders in

e L

i nterference pa cor g to the formula D

51. The apparatus of claim 43 further comprising:

the optical interference pattern generating means is an etalon.

52. The apparatus of claim 44 further comprising:

the optical interference pattern generating means is an etalon.

53. The apparatus of claim 45 further comprising:

the optical interference pattern generating means is an etalon.

54. The apparatus of claim 46 further comprising:

the optical interference pattern generating means is an etalon.

55. The apparatus of claim 47 further comprising:

the optical interference pattern generating means is an etalon.
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= DD2 / - where is an assuned constant wavel ength

and - (DOD - DID/2, and f is the focal |ength. 42.
wab@sageas at us of claim4l further conprising: PCTES2004/030340

optical detection neans is a photodi ode array. 43. The

apparatus of claim4l, further conprising: the optical

interference pattern generating nmeans having a slit

function; the slit function and the focal |ength being

S ted to deliver he opti.cal. detecti on neans the
t%eﬁ}?ﬁ@%@‘? O%F]ia’r?éé%%%t%hefﬁ%&?)’ﬁ%l?%al interference ring
pat t er the optids -in@ﬁ@rew@hugenefaﬁﬁg alcahd R anfettibmer

conprising: the optical interference pattern
generating nmeans having a slit function; the slit

f i Q nd t I Lhg selected to
dg?.ﬁygra&}?%a&ﬁg?glsirﬁ%glﬁl@ie?gé{{gﬁﬁb%e two i nner nost

f ri ngemeetaldh aartdlemhavifyg £slitfusnion ofi3pe @dtdseind a fiesses of
The apparatus of claim4l, further conprising: the

op? PESCAEEEBEL i on neans conprising an array of pixels
each hgayi | ght wi dth and the array having a

t ot al gvll\é&?%;l?ear\%ﬁialggfst%rg%mét the optical input to the
optical interferonmeter selectively inputting to the

optical interference pattern generating neans a
pgé-t?@rﬂpB?raﬁlsﬁzﬁmgo%’@Fﬁ‘C%‘g?lFlEg'ent for the out put

of t h?tHe%a@&LfJaﬁ%@ﬁoﬁ’ﬁNiﬁ% B sIRE0RE B! JFBpPA 18sstad a finesses of
illumnate the optical detection neans over the height

o5 engleateespécti ve pi xel height and the total width.

46. Th atys. qf_claim42, further conprising: the
opt | caﬁ‘egg&iifi‘qgﬂhlsﬂesaﬁ’géﬁsonpri sing an array of pixels
each having a height and width and the array having a

total width; an aperture at the optical input to the
op?i Treel appanatns fof claimp t5é rfuldr sempusing: i nputting to the

optical, interference pat.tern.gen t n
port i ohjeoeltalgn E?eagrﬁtaglfm ol agllﬁ |§|{O§ncif%% B{rrg rtqﬁ%S %gtapfbrfesses of
oD5bhgrehiet;@mfier ence pattern generating neans to

the focal length is 1.5 meters.

60. The apparatus of claim 52 further comprising:

the etalon is an etalon having a slit function of 3pm or less and a finesses of
25 or greater; and |

the focal length is 1.5 meters.

61. The apparatus of claim 53 further comprising:

the etalon is an etalon having a slit function of 3pm or less and a finesses of
25 or greater; and

the focal length is 1.5 meters.

62. The apparatus of claim 54 further comprising:

the etalon is an etalon having a slit function of 3pm or less and a finesses of

25 or greater; and
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illumnate the optical detection over the height of
each respective pixel height and the total width. 47.
wabh@sageas at us of claim43, further conprisi ngPCT/082004/030340
optical detection neans conprising an array of pixels
each having a height and width and the array having a
total width; an aperture at the optical input to the
optical interferometer selectively inputting to the
optica r% e rn generating neans a
porti okhefésaeil nggkr?nﬁglfs ﬁ‘%ﬁ sufficient for the output
of the interference pattern generating neans to
illum nate the Of;éslcal det ecti on, neans over the height

oP3 cthapppaapsofc herSogWrisigd the total width.

4148. Iﬂ%eeteflelg A A HFlof ﬁnaﬁh%h@hf"ﬁnctﬁdﬂ 5% &qgﬁrdnﬁ'a%esses of
the optical detection neans conprising an array of

p2Xel gree@chandavi ng a hei ght and width and the array

havi ng a f ot al dth, an aperture at the optical input

to thet F%lj‘i’nglm]’tse]r$ Bt er sel ectively inputting to
the optical interference pattern generating means a
portion of a beam of l|ight sufficient for the output

ob4t Hee appaetﬁselfemmﬁﬁaﬁlttbmogmlematl ng neans to

i1 lum theo ti.cal detec over t he ‘hei

of | oachit SR FRAIG baftSh & ERa iR B el Mo es of

495 of BRaftPRAdat us of claimfurther conprising: the
optical interference pattern generating neans is an

et al onthescalitrstiajspla? metpss-of clai m 42 further
conprising: the optical interference pattern
generating nmeans is an etalon. 51. The apparatus of

Clo8i Thedapphtatisheiclemir fogh&ontphigingpt | cal | nt erf erence
patter nlfgener ati n%l nmeans is an etalon. 52.
appar agusteiifages dphiveaing amapew s HE Pgbrtﬁ@thetqt?éo%pt i cal
interference pattern generating nmeans is an etal on.
53. The apparatus of claim45 further conprising:

66. The apparatus of claim 58 further comprising:

a first diffuser delivering a narrow cone of light to the etalon.

67. The apparatus of claim 59 further comprising:

a first diffuser delivering a narrow cone of light to the etalon.

68. The apparatus of claim 60 further comprising:

a first diffuser delivering a narrow cone of light to the etalon.

69. The apparatus of claim 61 further comprising:

a first diffuser delivering a narrow cone of light to the etalon.

70. The apparatus of claim 62 further comprising:

a first diffuser delivering a narrow cone of light to the etalon.
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the optical interference pattern generating neans is

an etalon. 54. The apparatus of claim46 further
w@ovps®eag: the optical interference pattern PCT/US2004/030340

generating neans is an etal on. 55. The apparatus of

claim47 further conprising: the optical interference

pattern generating neans is an etalon. 4256. The

apparatus of claima48 further conprising: the optical

[ e P L.hg:..peans is an etal on.
597?'e%eegpgg%arsa%qﬁga%%%@gﬁ%n g{i}?ﬁr her conprising: the
et al on aifsstadiffeden deliveniayg iangrrawsdont of tigieitto die evilo@pm or

|l ess and a finesses of 25 or greater; and the focal
length is 1.5 neters. 58. The apparatus of claim50

fypt | Si.NG: ' n etal on having a
S??tfﬁ?’@tl on %}C?%grﬁ{?ranﬁ%?so rﬁigﬁlgfi nesses of 25 or
gr eat em;firsintiffudee délicaing laeragbly dose bf Bglneo ¢hesctals®. The
apparatus of claimfurther conprising: the etalon is
an etalon having a slit function of 3pmor less and a

f r3eppespafanddrUaill X ufher RRPrisH: focal length is 1.5
neters. 60. The apparatus of c¢laim52 further

conpr i shapgerturhbetwiegh dre first diffusar ahd thereialpm delavesing fo the etalon a
functjon 3pmor less.and a finesses of 25 or
g%@ﬂ?émoﬁh%ngﬁwf’%eaﬁ}gg gth is 1.5 neters. 61. The

apparatus of claimb53 further conprising: the etal on
is an etalon having a slit function of 3pmor |ess and
a 7fi Hessapparags ofslaam Gprfagheroomysiginghe focal length is

-5 met %%perture between the first diffuser and the etalon delivering to the etalon a

thin strip of the narrow cone of light.

75. The apparatus of claim 67 further comprising:
an aperture between the first diffuser and the etalon delivering to the etalon a

thin strip of the narrow cone of light.

76. The apparatus of claim 68 further comprising:
an aperture between the first diffuser and the etalon delivering to the etalon a

- thin strip of the narrow cone of light.

77. The apparatus of claim 69 further comprising:
an aperture between the first diffuser and the etalon delivering to the etalon a

thin strip of the narrow cone of light.
78. The apparatus of claim 70 further comprising:

an aperture between the first stage diffuser and the etalon delivering to the

etalon a thin strip of the narrow cone of light.

45



62. The apparatus of claim54 further conprising: the
etalon is an etalon having a slit function of 3pm or

WO e®s/033seb a fi nesses of 25 or greater; and 43tPer/is284/030340
length is 1.5 neters. 63. The apparatus of claimb55
further conprising: the etalon is an etal on having a
slit function of 3pmor less and a finesses of 25 or
greater; and the focal length is 1.5 nmeters. 64. The

B0 LB SR APl 517G e etalor

an e Ving a n of 3pmor |ess and
a fi neaf@perafre Botween Hegabiatiffusnend tie dale@beliverigp o ihe etalon a ,
1.5 meters. 65. The apparatus of claim57 further
c SHp eIty ofghe narFew genciffliziser del i vering a narrow cone
of light to the etalon. 66. The apparatus of claimb58
further conprising: a first diffuser delivering a
N80y Dhe appasatf oflciint 72t farthdrecoetpaisimg: 67. The appar at us

of claim59 further conprising: a first diffuser

del i verABSTETR RFERR @&@Sf&ﬁ#ﬂ?@g ARd the sfaien delgicRg i ctalon a
T j further conprising: a first
dﬁﬁ?gggﬁgﬁéﬁﬁ%@&r%@aﬁggﬁow cone of light to the

etal on. 69. The apparatus of claim61 further

C rising: first diffuser .de]jvering,a nar,row cone

o T pghthitbomeashiing Brndvii of HEbtasBRidar g Adnet e ffeate eas
f widchRbe CRBMMAVEIglase ohipufbedth EdS®din &}ihl‘éé‘d biiButdf greater
narrow cone of light tothe etalon. 4471. The

apharaitegualde 16 izl per @8lsé.srbmanomeiapbandividih tening range pulses

di f f.user

oty B 8 3 Blot AR iR gptoFRAT B ot FEplcls Banawiatn
C QBRIrhEi Bfge, for measuring bandwidth on a pulse to pulse basis at pulse repetition
rates of 4000Hz and above, comprising:
focusing the light in a lens having a focal length;
creating an interference fringe pattern;
detecting the interference fringe pattern in an optical detector positioned at
the focal length from the lens;
calculating bandwidth from the position of interference fringes in the
interference fringe pattern incident on the optical detector, defining a Dip and a Dop,
the respective distances between a pair of first fringe borders and between a pair of
second fringe borders in the interference fringe pattern on an axis of the interference
fringe pattern, and according to the formula AA = Ag [Dop> — Dio’] / [8F — D¢?],
where Ag is an assumed constant wavelength and Dy = (Dop — Dp)/2, and f'is the

focal length.

82. The method of claim 81 further comprising:

the optical detector is a photodiode array.
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a first diffuser delivering a narrow cone of light to
the etalon. 73. The apparatus of claim 65 further

W@ 9p3Be6g: an aperture between the first di fPCEES20841030340
the etalon delivering to the etalon a thin strip of
the narrow cone of light. 74. The apparatus of claim
66 further conprising: an aperture between the first
di ffuser and the etalon delivering to the etalon a
t Rian ' f r . J.ight. 75. The
arp?gérrrg%%{gﬂlg Oé%%?%@?%?fﬁ%&ﬁm drising: an aperture
bet weertr¢dtiag fhe imterfbirdnica patteraidan bygtical mkerferolabiel Baviimga slit
to.the etalon a thin strip of the narrow cone of
| ity 6. The apparatus of claim 68 further
conpri syag: t : ' | r :
Che. et o O R PR QLR KPR Bl
t hietaction vwamsathe twé idneghost fringes B theappiaaldhigsferrhceting pattern.
69 further conprising: an aperture between the first
di ffuser and the etalon delivering to the etalon a
t [ANTRE fiethodfofchem 32! fiRWef@Rfprting: | ght . 78. The
apparatus of claim70 further conprising. an aperture
bet weerfreaiag the igterrange peficrn irsan opfivel inkrsfesorabtonbaving a slit
defluril%%ri_ng to the etalon a thin strip of the narrow
cone or | | ght. 4579. The apparatus of claim 71 further
conpr i shagit faictdaeht diefobatlwaen béing séledted teddivesRthabstical
the etal on delivering to the etalon a , thin strip of
t Kistastor thadwodreeratost rigges ofgbe omtical iserarenaggingrpagtermi m
72 further conprising: an aperture between the first
di ffuser and the etalon delivering to the etalon a i
t 1850 Thé micthodfof tlagm 84| fiethecauigpriding: i ght . 81. A net hod
of measuring bandw dth of |ight produced b gh

a hi
repet i ithe,ppticg getgcggr comprising an array of pixels eacl¥ having a height and
width and the array having a total width;
creating the interference fringe pattern in an optical interferometer;
selectively inputting to the optical interferometer a slit portion of a beam of

light sufficient for the output of the optical interferometer to illuminate the optical

detection means over the height of each respective pixel height.

86. The method of claim 82, further comprising:

the optical detector comprising an array of pixels each having a height and
width and the array having a total width;

creating the interference fringe pattern in an optical interferometer;

selectively inputting to the optical interferometer a slit portion of a beam of
light sufficient for the output of the optical interferometer to illuminate the optical

detection over the height of each respective pixel height.
87. The method of claim 83, further comprising:

the optical detector comprising an array of pixels each having a height and

width and the array having a total width;
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di scharge | aser having a | aser output beam conpri sing

a pul sed output of greater than or equal to 15 J per
wW@sm3363ab- nanonmet er bandwi dt h tuni ng range peCBHES2004/030340

havi ng a fenptoneter bandw dth precision and tens of

fenpt onmet ers bandwi dth accuracy range, for neasuring

bandwi dth on a pul se to pul se basis at pul se

repetition rates of 4000Hz and above, conpri sing:

f ocusi : i . i | i ca th;
Looutt nckfey fHinko fhd RSN pOfBH A beam of
i iight fusfieianiefof thengtpupaf theroptical intarferpiictatto kindaatothe optical

posi ti.oned at the focal length fromthe |ens;
o aklsglion W@nswgﬁaﬁzeélﬂgm P%)?ﬁ ﬁ%sps%wemvaﬁ hgjght.
interference fringes in the interference fringe
pattern incident on the optical detector, defining a
arsd. Ahdethotllnd clags Bdcfurther clingranees bet ween a pair of

first fringe rders and. bet ween a_.pa of, second, .
1 nae o EA DO T o R R B Ay T PRl s ch B aF  hgight end
aRyigh sdehe by RRLRY S RELRG&NK] ri nge pattern, and

according to the fornula DI =1lo - DD 2] / [ f2 -
Do2], whleplavelsinpnttingso thedbptiorlsnigreromeiesiashig portianof ¢ bemn of

- D) 2 f i h | ..length. 82 Th t f .
o P PERCo s plaE b e Bpriesiablogilgs FE fignsg T optica
plieteetbroaRa@s dvay thehBihht ol ¥Rh mﬁbaﬁzequ& haight. 81,

further conprising: creating the interference pattern

in an optical interferoneter having a slit function;

t ' ' . | ength being sel ected
t :)k@ d‘gH 1EI/IgIrh%? %tfk: %@133?‘.@2\1‘1@ Cé%%g%:]fl%bn nmeans the two
I nner mesdatihg tegarfofent & pattepd ircal ethloh GE¥ieg @ REEfuhtich.

pattern. 84. The nmethod of claim82, further
conprising: creating the interference pattern in an

ORYy! PR mielHof ok ELAHRE Hirt kR WbRGricing! | ¢

creating the interference pattern in an etalon having a slit function.

91. The method of claim 83 further comprising:

the optical interferometer is an etalon.

92. The method of claim 84 further comprising:

the optical interferometer is an etalon.

93. The method of claim 85 further comprising:

the optical interferometer is an etalon.

94. The method of claim 86 further comprising:

the optical interferometer is an etalon.

95. The method of claim 87 further comprising:

the optical interferometer is an etalon.
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function; the slit function and the focal |ength being
selected to deliver to the optical detector the two

w0 novsisassé fringes of the optical interferenceP€T/N§2004/030340
pattern. 85. The nmethod of claim81, further
conprising: the optical detector conprising an array
of pixels each having a height and width and the array
having a total width; creating the interference fringe
pattern in an optical interferoneter; selectively
inputting to the optical interferoneter a slit portion
ob6 arteaasmhed of tlgfh 88 tirttee canprifing: t he out put of the
optical interferometer to illum nate the optica
det ect thaenisalistesipeamaterds Apghn. of each respective
pi xel height. 86. The nethod of claim82, further
conprising: the optical detector conprising an array
0f)7 piheahsthed o clamy 8D durthehevightisiapgd Wi dt h and the array
having a total w dth; cneatigg the interference f(}n%e

inesses of

pat t er #5 sialgn I §7R'9P hpYipe A UL GReiq of 3par eciersandyp

i j tpqthe optical interferoneter a slit portion
o?§g¥ eeg%r’oé?ldl ight sufficient for the output of the
opt i calthd focarémgtlomet. 2metaps.i | | um nate t he opti cal
detection over the height of each respective pixe

hei ght. 87. The nethod of claim83, further
CORPTheSBBod bRElaRR YO Fdthed 86BpARg.CONPri sing an array
of pixels each having a height and width and the array
havi ng tle ¢taloalis au etelon havisgrebt fupelign ¢fipm of less and a firesses of
o? i cal 'n,t\elhferometer a slit portion of a beam of

I Er‘?{ BEHFi®%nt for the out put of the optical

i nterfeﬁ@mglqm%@ig'j_s wiwgpat e the optical detection
means over the height of each respective pixel height.
88. The nethod of claim84, further conprising: the
ophL| t . Y array of pixels each
hgé'l ?‘géré’ gﬁég?faggwﬂtﬁe}lﬁggﬁgﬁ?ﬁ " array having a total

Wi dt h; tixedtelohiis/al stalon hetihg AGlit fantiien ofBpne &t less and a finesses of

interferoneter a slit portion of a beam of
25 or greater; and

the focal length is 1.5 meters.

100. The method of claim 92 further comprising:

the etalon is an etalon having a slit function of 3pm or less and a finesses of
25 or greater; and

the focal length is 1.5 meters.

101. The method of claim 93 further comprising:
the etalon is an etalon having a slit function of 3pm or less and a finesses of

25 or greater; and
the focal length is 1.5 meters.
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light sufficient for the output of the optical

interferoneter to illumnate the optical detection
wore@s®3weer the hei ght of each respective pi xePCTIEsINL/030340

89. The nethod of claim81 further conprising:

creating the interference pattern in an etal on having

a slit function. 90. The nethod of claim82 further

conprising: creating the interference pattern in an

e havi n sl u Lon, .91, The nmethod of claim
Sga#‘gﬂ}eﬁg?th%%ﬂg?l?ﬂ %%‘nﬁ%}eéognp?rllcag‘ interferoneter is

an et akietal8 is sl @alok hiadg aklicfudttiorBdt Fpii bhREs and a finesses of
conprising: the optical interferonmeter is an etal on.

935 orpeeateEtddd of claim 85 further conprising: the
optica '@Egrlgr%&@{gelt_ghwité&an etal on. 94. The nethod of

claim urt conprising: the optical
interferoneter is an etalon. 95. The met hod of claim

87 further_ c rising. the optical interferoneter is
aﬂO%tg}edﬁ?thﬂ‘ggg‘?lamhggﬁ’éﬁ%ﬁorgl?n%’il%i m 88 further
conpr i ghd\@aioh %e%?agﬁbﬁ ﬁhvihgagﬁ{ RO §ﬂ‘r|§pﬂ1ﬁ o@fés@ér?ihegﬁnesses of

97. The netho aim8 urther conpri sing:
etaloogreater;zamdet al on having a slit function of 3pm or

| ess and finesses of 25 or greater; and the focal
| engt h?li‘est%i?‘lée%‘?ésr]s? I5-The et hod of cl-ai m 90
further conprising: the etalon is an etal on having a

slit function of 3pmor less and a finesses of 25 or
grl@4t Bre; methdd phdainp 8@ furthengethpriising. 5 neters. 99. The

et hod tl?ef etg'llo% Iismatngej’[alfoH %591%5, a SR RinCaon 'S¢ 3pm or less and a finesses of

25 or greater; and
the focal length is 1.5 meters.

105. The method of claim 97 further comprising:

delivering a narrow cone of diffused light to the etalon.

106. The method of claim 98 further comprising:

delivering a narrow cone of diffused light to the etalon.

107. The method of claim 99 further comprising:

delivering a narrow cone of diffused light to the etalon.

108. The method of claim 100 further comprising:

delivering a narrow cone of diffused light to the etalon.

109. The method of claim 101 further comprising:

delivering a narrow cone of diffused light to the etalon.
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the etalon is an etalon having a slit function of 3pm
or less and a finesses of 25 or greater; and the focal
wo ewgosBeee 1.5 nmeters. 100. The net hod of cl ai PEPRS2004/030340
further conprising: the etalon is an etal on having a
slit function of 3pmor less and a finesses of 25 or
greater; and the focal length is 1.5 neters. 101. The
nmet hod of claim93 further conprising: the etalon is
a |on _havi . ' .on. of 3pmor |ess and a
f?Hgéggs %#b%%ﬂ%?gbﬁ%%¢g%%n%%gggHl'focal length is 1.5

met er s delh@1dg a ndirewsdhs ofldiffus&] laghitthefethldher
conprising: the etalon is an etalon having a slit
function of 3pmor less and a finesses of 25 or

g 8. : I i5:1.5 neters. 103. The
n%?ﬁgg{eé?&@?da&r%q@ép@rﬁuhg%%%% ing: the etalon is
an et allelivehiay amgrrawslont of difitntédliptnto Bprtaden.| ess and a

finesses of 25 or greater; and the focal length is 1.5
meters. 104. The nethod of claim96 further

C@imrmlrﬂa?o& e 18hA] ArutBeddnfiRlgn having a slit
function of 3pmor less and a’finesses of 25 or

gr eat edelivenidg kmerrbwcahe bédiffubed lsght iGthewtaders. 105. The
met hod of claim97 further conprising: delivering a
narrow cone of diffused [ight to the etalon. 106. The

el hophe@bpahl OF 8Birh W03 Rethef B6Mpishd1g: del ivering a
narrow cone of diffused |light to the etal on.
passing the narrow cone of light through a slit aperture.

114. The apparatus of claim 106 further comprising:
passing the narrow cone of light through a slit aperture.

115. The apparatus of claim 107 further comprising:
passing the narrow cone of light through a slit aperture.

116. The apparatus of claim 108 further comprising:
passing the narrow cone of light through a slit aperture.

117. The apparatus of claim 109 further comprising:
passing the narrow cone of light through a slit aperture.

118. The apparatus of claim 110 further comprising:
passing the narrow cone of light through a slit aperture.

119. The apparatus of claim 111 further comprising:
passing the narrow cone of light through a slit aperture.
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107. The nethod of claim99 further conprising:

delivering a narrow cone of diffused l[ight to the
wer@bns862d08. The net hod of claim 100 further PCT/US2004/030340

conprising: delivering a narrow cone of diffused |ight

to the etalon. 109. The nethod of claim 101 further

conprising: delivering a narrow cone of diffused |ight

to the etalon. 50110. The nethod of claim 102 further

c Lsing: del jveri arrow cone of diffused |ight
tgﬂ? ge@{ﬁ% .soﬁiliu.m$'ﬁ7e%eﬁ(é%fng?s%$'ai m 103 further
CONPr i pisBihp tHEhArMRY bt oF 1At fhevughlit @pertliré.f used | ght

to the etalon. 112. The nethod of claim 104 further
conprising: delivering a narrow cone of diffused |ight

t l.on. . f claim 105 further
Cg%%lﬁ?lgﬁhggrg%ggéf}lﬁigmgggln%%??é%bg%ﬁg of light through a
slit ap®edmmerrovkdrdin tHhgathppicdicas tefore tai optit@lanferfeionsster;
conpri sing: passing the narrow cone of ]ight through a
slit apspaonddiffuserbetyren the bspymaaoner @idingprideal misrisemeter;
conpri §j.Ag.; Hﬁﬁ? ] ofolal | :

slit a%ié ?’t%%e. Wé?néﬁcgw% Bp[)lgér)ez{\gt us gl%eq%laaflir?nmfb%ﬁ%ﬁ irj?{:se%cmd
caxipto sonfiorm firdsamgrads aectamnriovhedape of the sepond tiffisagh a
slit aperture. 117. The apparatus of claim 109 further
conprising: passing the narrow cone of light through a

shaj, ﬁﬁ%ggaaﬁls of 4Bim 3N SuARPREADHSnGS ¢l aim 110 further

conpri Si passing the narrow conée of |ight through a

slit apbeammerrowdin tithpathopthedteam before ith aptitallinferfetdmeater;
conpri si ng: sing the parrow cone of Jight.through a ,
S TE aperin BT eh Bestvosy R s aH RR8G Lnd he Bhice] kiR et

f ur t hefheQRART daBlo@t narrowing the beam more in a first axis than in a second

axis to conform the beam cross section to the shape of the second diffuser.

123. The apparatus of claim 35 further comprising:
a beam narrower in the path of the beam before the optical interferometer;
a second diffuser between the beam narrower and the optical interferometer;
the beam narrower narrowing the beam more in a first axis than in a second

axis to conform the beam cross section to the shape of the second diffuser.

124. The apparatus of claim 36 further comprising:
a beam narrower in the path of the beam before the optical interferometer;
a second diffuser between the beam narrower and the optical interferometer;
the beam narrower narrowing the beam more in a first axis than in a second

axis to conform the beam cross section to the shape of the second diffuser.
125. The apparatus of claim 37 further comprising:

a beam narrower in the path of the beam before the optical interferometer;

a second diffuser between the beam narrower and the optical interferometer;
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passi ng the narrow cone of light through a slit
aperture. 1 The apparatus of claim 33 further

W@ 9p03Be6ag: a beam narrower in the path of theChEs2904/030340
before the optical interferonmeter; a second diffuser
bet ween t he beam narrower and the opti cal
interferoneter; the beam narrower narrow ng the beam
nore in a first axis than in a second axis to conform

the be i ,
e, boaR 685 TRt 180ab Al RELhTRRR O R SAERAM in 2 sccond
C @N{3rtb somprmahdieam rass seesdon torth¢ Stexppaf the@tecdﬂmehffem

before the optical interferoneter; a second diffuser
bet ween t he beam narrower and the opti cal

| NbE! TRl ﬁiﬁ?{a@ﬁs’oﬁcp&n@%aﬁﬁtﬂércroﬁiﬁfs gar row ng the beam

nmore i n rst axis than 1n a'second axis to conform

t he be arheammsroswec fu the patrh dftiee daapleefofe thdeptiat bltniferometer'
di ffuser. The.a t s of cl ai Fi‘f? furth

conpri m%aon iffusE DRE s e RefowsL e fe opfiea algierometer;

bef or e thdeeBPhirER er 'nﬁfr@ﬁfﬁl%rtﬁé@éﬁﬁ mofe ﬁlec{:ﬁ‘l@ga)gb faHS£h second

bet ween t he beam narrower and the opti cal

i axesrtd spoloon dhe baahecrbssaaeriney todheshapa of theisacpndrdiffbseam
nore in a first axis than in a second axis to conform
t he beam cross section to the shape of the second

dilhf @Mappa?aeus offe@niR B9 AhstcoRprigingt m 36 further
conpri si ng: beam narrower in the path of the beam

bef ore athqrémd}momr inj the pathef dhacheam beforsdlewopticd] intareemeter;
bet wee [ t C .
't or  rsradE AR Beis Rl ol ol e gotivd imenfppometer

nor e i nhébdant Sirrdwdr hatrbihgl the Beade BRACinaxfist £ds GRATIOABRcond
t he beam cross section to the shape of the second

diakise epnformdhe begen gpgsaegliarsiodhe &haap af the speandishiffuser.

conprising: a beamnarrower in the path of the beam
before the optical interferoneter; a second diffuser
bd28cElre aﬂperabsatﬁctaaﬁxerhamdrrtphieingpt i cal

i nterferoneter; 52th ar.r oner rrow ng t he beam
more i BEAR agiowg ?ﬁa o thespesBichsieredlis e e fegRrCr

the be %@e%rﬂstﬁﬂﬁéae? bLiQReh ﬁletﬂ%ﬁtn%%%vef’ fnd f2 ﬂ? ?ﬁﬁeﬁ Bterferometer;

di ffuser. 126. The apparatus of claim 38
conpr i shepgam narrower narrowing the beam more in a first axis than in a second

axis to conform the beam cross section to the shape of the second diffuser.

129. The apparatus of claim 73 further comprising:

a beam narrowing means in the path of the beam before the optical
interferometer;

a second diffuser between the beam narrowing means and the optical
interferometer;

the beam narrowing means narrowing the beam more in a first axis than in a

second axis to conform the beam cross section to the shape of the second diffuser.
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a beamnarrower in the path of the beam before the

optical interferoneter; a second diffuser between the
whe@sssses ower and the optical interferoneter;PChESveamMm0340

narrower narrowing the beamnore in a first axis than

in a second axis to conformthe beam cross section to

the shape of the second diffuser. 127. The apparat us

of claim39 further conprising: a beamnarrower in the

p f the a f Lgal. interferoneter; a
sgéz(gr@e&i’?’ ﬁ%‘g? Blgfmmgﬁe%%gc%gg}rhﬁén%rromr and the
opt i cah bedth @eafrewhiFahéns it the phthaofitiobeapmbsioreahe optical

the heamnore in a first axis than in a second axis to
cBYFIE7PEE beam cross section to the shape of the

second, didohH §ffuserl bwedd he BERA B%U@irl&:]mﬂqng iagg ?}% o&)ftical

further conprising: a beam narrower the
baaerfdremeteg t he optical interferoneter; a second

di ffuser .between the beam narrower B and the. optical. )
"t or 1 OHeQRGROPHEE BAGAIM P FURADC GRSt i § FE B fhan in a

[Tﬁe@g%ga Bxi@ t ESrtbrr@chehMMods ReRion @6 AN SF the s&dnf afffiser.

eam cross section to the shape of the second
di ffuser. 129. The apparatus of claim 73 further

c ri.sing: b narr.owi ng neans in the path of the
bggﬁ]%fal?ﬁ%mﬁ‘ﬁé’%%?glf‘#ﬁﬁrg?‘PB’P?}ﬂ%t er; a second

di f f usgbelifthnBEWiHchBed?s MTHRPahOYH tROLERABS of We bptEcal
optical interferonmeter; the beam narrow ng neans

nanterdspmgter;ne beam nore in a first axis than in a

second_axi s ;to..canfarmthe,heam cross tion. to ti
shape. orcicnd TEERNASG T (8RRt TbE08RLRERE AR detnt 08,
ClréiMRrdhefertr t her conprising: a beam narrowi ng neans in
the path of the beam before the optical

i nt er f ErAPEREIATON RS BIGHI RATPPREhe Berere ithe i gxis than in a
CRCEBHSDY RIS, 0 1, el U ARHORFh S i
first axis than in a
132. The apparatus of claim 76 further comprising:
a beam narrowing means in the path of the beam before the optical
interferometer;
a second diffuser between the beam narrowing means and the optical
interferometer;

the beam narrowing means narrowing the beam more in a first axis than in a

second axis to conform the beam cross section to the shape of the second diffuser.

133. The apparatus of claim 77 further comprising:

a beam narrowing means in the path of the beam before the optical
interferometer;

a second diffuser between the beam narrowing means and the optical
interferometer;

the beam narrowing means narrowing the beam more in a first axis than in a

second axis to conform the beam cross section to the shape of the second diffuser.
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second axis to conformthe beam cross section to the
shape of the second diffuser. 131. The apparatus of

W@ k@s033626 f urt her conprising: a beam narr ow NngPOEEIR04/080340
the path of the beam before the optical
interferoneter; a second diffuser between the beam
narrowi ng neans and the optical interferoneter; the
beam narrow ng neans narrowi ng the beamnore in a
first axis than in a second axis to conformthe beam
cross section to the shape of the second diffuser.

1324, THeeppdrpras of ¢18ind 78 Elrllieitd@pfigihg:her conprising: a
beam narrowi ng neans in the path of the beam before

t he op®iean npmEeEInEaResne ibthe pathsaldbmbram beforedhe ppticaben

tt}?er eggﬁktgprrowi ng nmeans and the optical
interterongter; the beam narrow ng nmeans narrow ng the

beam makesond diffifser Isdtwaeti the bhan nhftfowingaaennd aad tie dptical
conform the beam cross section to the shape of the
sBEIHIOMEehuser . 133. The apparatus of claim 77

furthe (R=TNaTk : ' .' J .
eGSR Ao RESEORIN By TSP 1 PR no
s sewond axiis td cxdornbtieveam dréws sbetm to dver sapagf thre serend diffuser.

the optical interferoneter; the beam narrow ng neans
narrowi ng the beamnore in a first axis than in a

S?@S?”ﬂme%%éfaﬁl@oP@lerﬂWQ“fﬁﬁ}?er%ﬁE}iﬁﬁ Ss_section to the
shape of "the second diffuser. 54134. The apparatus of

cl ai m #®edmmatewingongans & thg path dfdherberan befniaihe nplagsd i n
t?f?‘@fat h of the beam before the optical
i FOME¥Et er: a second di ffuser between the beam

nar r oW, RecolB AnSuserbetivier BB bksid natrbiveipf BEMRBALE e optical
interferometer;
the beam narrowing means narrowing the beam more in a first axis than in a

second axis to conform the beam cross section to the shape of the second diffuser.

136. The apparatus of claim 80 further comprising:

a beam narrowing means in the path of the beam before the optical
interferometer;

a second diffuser between the beam narrowing means and the optical
mterferometer;

the beam narrowing means narrowing the beam more in a first axis than in a

second axis to conform the beam cross section to the shape of the second diffuser.

137. The method of claim 113 further comprising:
narrowing the beam before creating the interference pattern;
diffusing the narrowed beam in a second diffuser;
narrowing the beam more in a first axis than in a second axis to conform the

beam cross section to the shape of the second diffuser.
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t he beam narrow ng neans narrow ng the beamnore in a

first axis than in a second axis to conformthe beam
wee@s®3®ecti on to the shape of the second di f f BEEDS2004/030340

135. The apparatus of claim79 further conprising: a

beam narrowi ng neans in the path of the beam before

the optical interferoneter; a second diffuser between

t he beam narrow ng neans and the opti cal

odah DB ECRR bt S P B R S econd i s to

conf or MatrbRildeBebeme befoseatatdi the ididiteradtapattah; t he
second di ffuser. 136. The apparatus of claim80

f ur t herdiifiesing theinagowed Beaaminasacend Adfusetans in the path
of the _heam ' i.nterf. [

second HPFikare borh e B SEL aiPHEk £k b s conform the
t headeidss atctiontte Heashaped tthe sédoad dfarenar r om ng neans
narrow ng the beamnore in a first axis than in a

second axis to conformthe beam cross section to the

S SEEM it BT HSEE #&&n .The method of claim
1?291‘65%%%@8%0npr?§i1gg: nar r%m ng %he beam bef ore

cr eat i mgrrbwing the bedne befocecrpaingghea intetidréncsipagernhe

narrowed. beamin a second diffuser;. narrow ng the beam
nore i I@Wg%nﬂpge‘gﬁwwgcglé‘igﬁﬁls%fxi s to conform

t _he be&}iﬁr%{?vﬁ%;thé 86drh Aibrd th 4 ARt %@%n% 2588n8 88RNY conform the
di ffuser. 55138.

The nmet hod of claim 114 further

c bepmicsoss gectivarte dwi shgpe dicthe didfnsbief ore creating the
interference pattern; diffusing the narrowed beamin a
second diffuser; narrowing the beamnore in a first

axp,. ThexmethBd df SBERN U6 Riiter ESmpMhAT M the beam cross
section to the shape of the second diffuser. 139. The

met hod ngfrowing the bedn beforheeatingthe inferfrgence pattern;
diffusing the narrowed beam in a diffuser;

narrowing the beam more in a first axis than in a second axis to conform the

beam cross section to the shape of the second diffuser.

141. The method of claim 117 further comprising:
narrowing the beam before creating the interference pattern;
diffusing the narrowed beam in a second diffuser;
narrowing the beam more in a first axis than in a second axis to conform the

beam cross section to the shape of the second diffuser.

142. The method of claim 118 further comprising:
narrowing the beam before creating the interference pattern;
diffusing the narrowed beam in a second diffuser;
narrowing the beam more in a first axis than in a second axis to conform the

beam cross section to the shape of the second diffuser.
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narrow ng the beam before creating the interference

pattern; diffusing the narrowed beamin a second
wa@lrdobi3seg narrowi ng the beamnore in a first BXI/BES1008080340

in a second axis to conformthe beam cross section to

the shape of the diffuser. 140. The nmethod of claim

116 further conprising: narrow ng the beam before

creating the interference pattern; diffusing the

nar, [ & FHERE oW ng the beam nore

iﬂ4gprﬁgggﬁggkgg?'agh§n a ggg@ﬁ%&QQQS to conformthe

beam crmaswigrthe bearh befolecrsitdpethe intedfere rn;

di ffusey,. 141, The nmethod of claim 117 further

conpr i é{lﬁ@‘?m&@ternéﬁf’W§éEF?énH’e%ﬁ?cBB Ql?fé"seliieati ng the

i nt er f GLERGAPAE HEAR mdts I 4R Pt BRI BNEE RRAT bR the

second diffuser; narrow ng the beamnore 1n a first

a)begmtcness section te dlroshdpaed the second diffirser.t he beam cross

section to the shape of the second diffuser. 142. The

met hod of claim 118 further conprising: narrow ng the

baam Pef AeMol beakin 920 Agt-ptohpREigHCE pattern;
di ffusing the narrowed beamin a second diffuser;

nar r owinatrowiig the hpambetorg ereatirfg the intentersnaetmamtteing a

second (ﬁélkls t@_l conf\gvrﬂ)t he.beam C‘Zgﬁlﬁsemi on to the
shape o e SeLGHAVET PYUL & 2 58195 FRe met hod of

cl ai m hbfolwinig the befn Mvre & Deist BAE KN NG sbORIRRATH conform the
before creating the interference pattern; diffusing

t heamarossiectionda tha shape ofdtbe seponsl Heffuser.; narrowi ng the
beamnore in a first axis than in a second axis to
conform the beam cross section to the shape of the

s da6Ttheligpatisey of claddh. 25SThghemdohgdisofe: ¢l ai m 120 furt her
conprisjng: narrowi ng the beam before creating the .
i nterf éﬁ%ﬁ@é diftisereqorpriges 30 rhrg srawndhglasssiidsep delivering g cone

S@RERD sk S8 fieen degrees.

146. The apparatus of claim 26 further comprising:
the first diffuser comprises an etched ground glass diffuser delivering a cone

angle of less than fifteen degrees.

147. The apparatus of claim 27 further comprising:
the first diffuser comprises an etched ground glass diffuser delivering a cone
angle of less than fifteen degrees.
I
148. The apparatus of claim 28 further comprising:
the first diffuser comprises an etched ground glass diffuser delivering a cone

angle of less than fifteen degrees.
149. The apparatus of claim 29 further comprising:

the first diffuser comprises an etched ground glass diffuser delivering a cone

angle of less than fifteen degrees.
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narrow ng the beamnore in a first axis than in a
second axis to conformthe beam cross section to the

W@ b@pm3whe t he second diffuser. 145. The appar apCBUST004/030340
claim25 further conprising: the first diffuser
conprises an etched ground glass diffuser delivering a
cone angle of less than fifteen degrees. 146. The
apparatus of claim 26 further conprising: the first
di ffuser conprises an etched ground gl ass diffuser

del ivering a cone angle of less than fifteen degrees.

149, Theppapases oft farth¢rrpoptprisingt her conpri sing: the
first i 0 i an .et.ched groun | ass,. .

ai 11 ud BB R RS B0 R el B e By  cone
degleaddess 1. fifldaa dagpey. at us of claim 28 further
conprising: the first diffuser conprises an etched

ground gl ass diffuser delivering a cone angle of |ess
taq! ﬂ']%ﬁgﬁ] . aratus of claim 29

fur ?Eeéré on'prs;j(g%ag':%Sgtlhfg')uéJf ?rrcspj%al??’f%ijser conprises an

et chedhgfiot ddfugbramptisésS arsachedgrowel §106 dffeRndclargng a cone
of e than fifteen degrees. 57150. The apparatus of
@ngﬁ§@§SBHW#%%?ngﬁﬁﬁ?ﬁsing: the first diffuser

conprises an etched ground glass diffuser delivering a

cone angle of less than fifteen degrees. 1 The
dpparhe appastusgifziam3? ffuhdrlvempeisimgr i si ng: the first

di ffusgr_.c i ses _an. etch roun | ass_diffuser,

el | vt 5T QTG OGE reirhed Sroid, el b Biser deliesies 2 cone
hagle of s BRI RENe@besC! @i M 32 further conprising: the
first diffuser conprises an etched ground gl ass

di ffuser delivering a cone angle of less than fifteen
degrees. 58
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