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4

SPECTRAL ANALYSIS MODULE FIELD OF THE | NVENTI ON 5 The present inveéntion
rel ates t oweloys/bysgdy repetition rate gas discharge | aser i
TenpheRelatieun,

configuration producing pulses of |aser light at four to €i

pul ses per second or above with very finely controlled wavel ength and
bandwi dth on a pulse to pulse basis, and at output power |evels up to and
exceedi ng 30mJ. 10 RELATED APPLI CATI ONS This application clainms priority to
United States Patent Application No. 10/676,907 entitled "Gas Di scharge
MOPA Laser Spectral Analysis Mdule" filed Septenber 30, 2003; United

.States Patent Ap@ASBISCRANGE MOPOT A ' ﬁgﬂ ' A
Laser Spectral. Analysis Mdule"” filed égggpr%gr : %P‘S?ngﬁi]gﬁbﬁed
States Patent Application No. 10/676,224 entitled "Optical Muntings for
MOPA Laser Waveneter" filed Sepie r t he di scl osures of which
are hereby incorporated by ref '[@ﬁgﬁgﬁ%%ﬂﬂ%ati onis related to
Attorney Docket No.Th2@eeR0idSeibnalaics k& dery hidH detats; ] o] A
o BB epRUuMI od Mhchie ISES

Laser Waveneter" and 2003-0002-01 entitled” Gas
Spectral Anal y&pMNBAusentigumsion rrpdusthgopulsesef Jaave lightyatafour tohéightARPhdagat i on,

he di scl ] i f . 25
BACKGROND O TSR TeboEhr ke S s ERe BRbledov dengivmadandvissuen (o
Das, et al. onphiseenpese Badis, afP8loutpit pbwer BANDYY BTﬁdFézk%fﬂ]% TECHNI QUE

FOR NARROW BAND LASER, based upon an application Ser. 05, 615,
filed on Septenber 23, 1999, and United States Patent Applications Ser.

Nos. 10/0%g,002, filed on Nov. s tifl: VERY NARROW BAND TWO
CHAVBER B BH REPETI T ON | RATE CRELA R ARRLIEA STEM with inventors,
Know es, et al., WhiROiplioRa6Ew 5laR6s /HHSRE04 03938 b P she oRgy .24,
2002, Pub. Nolgéggé&l546g&“gnd 10/ 026 296, filed on I%ece%})@;ﬁc%?l J@8’01,
entitled FOUR SCNSCIHR iselurge MAPrETRser SneptralnAmaiysis Modilet et
al ., publi shede Q8 3. 0030018072 10/.056, 619,
filed on Janua?ﬁ;? 23, ?Oggg ’gﬁjtqléttilégt%@ﬁ%%tsé?gﬁﬁﬁ % 10/6%3975 entitled “Gas
Discharge MOPA Laser Spectral Analysis Module” filed September 30, 3003; and
15 United States Patent Application No. 10/676,224 entitled “Optical Mountings for -
MOPA Laser Wavemeter” filed September 30, 2003, the disclosures of which are

hereby incorporated by reference.

20 This application is related to Attorney Docket No. 2003-0088-01 entitled
“Optical Mountings for MOPA Laser Wavemeter” and 2003-0002-01 entitled Gas
Discharge MOPA Laser Spectral Analysis Module”, both filed on the same day as

this Application, the disclosures of which are hereby incorporated by reference.

25 BACKGROUND OF THE INVENTION
United States Patent No. 6,317,448, issued to Deas, et al. on November 13,
2001, titled BANDWIDTH ESTIMATING TECHNIQUE FOR NARROW BAND
LASER, based ﬁpon an application Ser. No, 09/405,615, filed on September 23,
1999, and United States Patent Applications Ser. Nos. 10/012,002, filed on Nov. 30,
30 2001, entitted VERY NARROW BAND TWO CHAMBER HIGH REPETITION
RATE GAS DISCHARGE LASER SYSTEM, with inventors, Knowles, et al.,



5 CHAMBER LASER SYSTEM with inventors Know es, et al., published ¢gn SEFOI00R

Oct ober: 24, 2002, Pub. No. 2002/0 1 5467 1, and Ser. No. 10/141,216, filed ™"

on May 7, 289cs0sbit! ed LASER LI THOGRAPHY LI GHT SOURCE W TH BEAM

DELI VERY, with inventors Kl ene, et al., published on DeceRBEUSH94/0320%2,

Pub. No. 20020191654, and Ser. No. 10/187,336, filed on June 28, 2002,

entitled SI X TO 1o TEN KHZ, OR GREATER GAS DI SCHARGE LASER SYSTEM with

inventors Watson, et al., published on January 16, 2003, Pub. No.
10/243,102, filed on Septenber 13, 2002,

20030012234, and,..Ser. Nao.

SELECTION, wi #h P e S T PORIRERmAASO Kb op
, Wit r . I . Pub.

No. 2003013801%?&2%51[1%2? ?O(E% .68%7(2%8?}%6%?’?%5 E)ggcﬁ%ﬂﬁh i/’@E,R SYGIEM,

entitled CONTROth 8BSk MGRaIAT YY) RISAMBRERN Sve 13, SO0A

i nventors Fal l oa, é@bﬁﬁkmﬁﬂ%i shed on February 13, ’%3%%93%%672’

20030031216, &R /w3damuzyy 33, | 202 nemsldnbENE 2SELECIED, F,
entitled ThM NGLAABHIOL T GAS DI S LASER SYSTEM with
i nventors Ershov et al .I,'E%%I ?\gﬁeg dn ymélglg%oﬁcl:%ow b. 6t 24 N§iblished on
20030099269, Wtober 24,2003 PiloiNd. Be02/ef 62N cad SR 0/1491 18T 4104 ofMa $p the
present appli ﬁ@#l Ont-’ai‘?/ct%g]:’?s(i tin as_di scharge | asef's and wavereters
and other  nef o IHEY T\H&I}ﬁéﬂ%lh@ﬂ . SRR GBoWEITIEEf BEAM ed
patent and apEIIVERNONGHRLS, .0 t e assignee, of th resent
appl i cation and the discl osgrﬁ{e&so?%gtﬁke%f’ %?li@hc‘i?%n P%Be'gﬁfi lﬁcggﬁ?)gr%‘%bed by
reference. 25NPh3P®R0IR1 &34 and BereNof HI/187356) ¥l dfﬁhfnelzggyo(ggbﬂgggg s gas
t

di scharge,,l a raf i etition rates discussed In e above

ref erenced" apgﬁﬁm@ %@%ﬁ%@me&w SSEEM With fuovensare h

| asers confi gWaeshni bt 4., i I r L t pu

avai l able. 2 WO 2805/ 033625 h%%%%%izuo 45%%@9@%%&%2%%4\%WP0\| A

spectral anal Y243, hAufled annSentetibry 13, 2A0RM&itRIed TWO THAMBEREPLTIAlGEN rate

of areator rnaarom S BReSSTER ISk 1 IR e oot 6y obentamiRyidy

tuni ng range galspebishbévh Maly24f 26030 bR Ao, BRABEN Bhho prgg&%%{l Hg@ﬂo{tﬁgsl of
an y ul se

femoneters bgpdwi dt h accuracy range, for neasuring
to pul se basikledronplwly 81y 9% ientited CONTROL SYSTEM FOR A TWO CHAMBER

GAS DISCHARGE LASER, with inventors Fallon, et al.,, published on February 13,
2003, Pub. No. 20030031216, and Serial No. 10/036,727, filed on December 21,
2001, entitled TIMING CONTROL FOR TWO-CHAMBER GAS DISCHARGE
LASER SYSTEM, with inventors Ershov et al., published on May 29, 2003, Pub.

20 No. 20030099269, while, except for the referenced patent, not prior art to the present
application discuss existing gas discharge lasers and wavemeters and other
metrology devices used with such lasers. The above referenced patent and
applications are all assigned to the assignee of the present application and the
disclosure of each of which is hereby incorporated by reference.

25 There exists a need for improved metrology equipment for gas discharge
lasers operating at the repetition rates discussed in the above referenced applications
and beyond those rates and especially for such lasers configured in a MOPA system
with the higher power outputs available.



rates of 4000Hz and above, is disclosed which may conprise a primapy b@;?mw-;p
spliitter in the path of the | aser output beam of the gas discharge”l aser LUie
operative t e vast mpjority of the output beamand to reflect a
first smal I%é@?@gﬁégf the 10 output beam the primary beBr/EpIP4/4930p39
oriented at an angle to sufficiently reduce the fluence on the primary
beam splitter, and creating overlapping fresnel reflections in the first
smal| portion of the | aser output beam a secondary beam splitter made from
a material having a damage threshold sufficiently high to tolerate the

fluence created by the over| appYIMABY: OFSFHEINVHENTI@Nnel refl ections in
the first small porii : put.laser beam, the secondary beam

splitter reflecti r]ght e@‘:t\g%;%l Qﬁsﬁjg’g}ofa#%’ ey a?”????etgr 4712 B gh repetifion ratee
output |aser bgmrdisohergedsel having 5 REONChiRITDhmRIMPRA G uFSJgg oug}d{ gfu% liaser
beam a tel esctg%ng\ﬁgﬁt]loc in the path of the second small portion f e
out put beam op@fatd b iy ddihperyPilse sybwenemetan bhndyadihi mningf rahgee polsésput

beam onto qa fy t efof U -ecel vi.ng th emagnifi ed second, smal |
portion of thehdggﬁgoat ﬁﬁoﬁi&eﬁ%@g}ﬁ]&ﬁté{é&%gﬁaa& i%fl%gg i%wt%‘?t‘é"ét gﬂpdt“(idﬁ"eep

the fluence i recchmacy wnge) fappieagrihg bamividthesd £p4lORSpuldd Halle af ﬁﬂg}gﬁg In'r ot

portion of the put er pbeam bel ow the damage threshold o

stage diff userr?&fh‘gu%%*o@cﬁ‘ﬁfﬁbwﬁpt‘ﬁ disgiesed advighymayycomprisag ariinsryobednine
second smal | liktkOth 9k ddfeof I re han a,short axis of
t he second smatpi?ll portionﬁaof % E{Sgggf{ﬁgﬁ’ﬁ gg%?g{){eﬂa%n%asr&é%ﬁ%ﬁg? 1956t PREGRIDI Tohe

fluence of thdasetherdssmalorityof theanitmft beid dnd 16 refidt B YrstRGHM SEGQE Sf fHae
ortion of the first stage diffuser from

first sta I ffuser to keep an

exceedi ngglt% he%élépr]fﬁ &My tﬁ'? é’gﬁfﬁwg’%ﬂ'&ﬂw&r Araenied af|anfangle toimuffinientipreduesthest age
di ffuser is ngRRnce b tHeAsm WetA| f A .| portion of the

| aser out put beam may be ref : eciﬁfelgb%{%?ba%&&gétyg&c@g&mg grﬁs%&‘&e fong 1B e ond

stage di f f usethavéigst emalhppriignaf therlasnoupnebeain;a s36oridasitsat ARG
i nterferoneter.

portion of th t put . beam.before the beamenters an

3 WO 2005/ o33§iﬁ%ﬁ%§§%@4‘?%§§"§e déﬂf%E%hi Iogh t\fotraty e HRAVY NEBed| G 1
shows MOPA cobithe bed]pametosedhod O |G V, n.__enbodi ment
of the presentj(i nvent i%ﬁ; ggj FIG 2 g%g\&ﬁéi ég%gﬁts}%sre%tthggm\#éﬁﬁ&mbms?fg‘bﬁaI
anal ysi s rfdduPBPyE dasetibeainit e sagondatyctiameslitet refheting elsetdst I @RY | The

first small portion of the output laser beamn and passing a second small portion of the

output laser beam; a telescoping optic in the path of the second small portion of the
output beam operative to demagnify the second small portion of the output beam
onto a first stage diffuser receiving the demagnified second small portion of ;:he
20 output laser beam, the demagnification selected to keep the fluence in the
overlapping fresnel reflections in the second small portion éf the output laser beam
below the damage threshold of the first stage diffuser. The telescoping optic may
demagnify a long axis of the second small portion of the output laser beam more
than a short axis of the second small portion of the output laser beam, redistributing
25 the fluence of the second small portion of the laser output beam across the first stage
diffuser to keep any portion of the first stage diffuser from exceeding the damage
threshold for the material from which the first stage diffuser is made. The vast
majority of the first small portion of the laser output beam may be reflected into 2
power detection module. A second stage diffuser may creating a narrow cone of a

30 focused second small portion of the laser output beam before the beam enters an

interferometer.



FIG's 3a-c conponents of a primary beamsplitter according to an 4 g
enbodi nent of the present invention; FIG 4 shows a plan view of a %Be
anal ysi s na)g,%l 8 §ccor_di ng to an 1 o enbodi nent of the present invention;
FIG 5 shows V&M i c representation of a portion of tRETIB2004r080339
anal ysis nodul e according to an enbodi nent of the present invention; FIG
6 shows a graph of the performance of an elenent of a nodule according to
an enbodi ment of the present invention; 15 FIG 7 shows a plan view of

el ements showmn in FIG 4 in further detail according to an enbodi nent of

the present invention; Fl BRIEBDESURPPFION GReHE peOCR TR ern on the
front and back of a beam splitting mrror according to an enbodi nent of

the present invention; FIG's 9a and b show perspective views of an

adj ustable mirror meEat § RPowe rdi g.an. enbodj nent, of the present
invention; FIG's 10 a-c g%wow%@gdf%Ogﬁgﬁ%eér%%gfsgéaﬁ%%iaﬁ?r Which gepy eepisy @n
mrror rnounti emboliovant bfthEp@st idantionwi th a circular nmirror, and wth

FIG | Qb beLng a c%xf@szsfcti on of FIG's 9a or 10a, along the
cross-sectidn |ines 19~ 2P BASHGFUVA View of a spegiral anadwsist mndple hatoringto 10a

shows the rmunhﬁBﬂ:b@ﬁﬁﬂ%h@ftﬁ@ﬁre!@xﬁlihx}eﬂﬁom rror 25 renoved; FIG |1 shows
anot her optic nounting according to an éertbodi mrent of the present

invention; FIG's 1¥H3& Saewcampbhwerts opft iaC phiBiah! iREmASSIHeL RGoidn o an
enbodi nent of 8&‘& diﬁ%é&@é invention:. and 30 FIG's 13a-d show a slit
assenbly accor di § o] GRGHORENENENt he present  invention. 4 irot

2 }}
st 5 TR B R SR T2
requi reneni® fepbedimsatafitkd praseal investiomyodul e (" SAM') metrol ogy subsystem
for a MOPA two Chan?ﬁ}(. SI G35 a%%gnglja%gcnrgprescntaticn of a portion of the spectral analysis
module according to an embodiment of the present invention;
FIG. 6 shows a graph of the performance of an element of a module
according to an embodiment of the present invention;
15 FIG. 7 shows a plan view of" elements shown in FIG. 4 in further detail
according to an embodiment of the present invention;
FIG.’s 8a and b show the fluence pattern on the front and back of a beam
splitting mirror according to an embodiment cﬁ' the present invention;
FIG.’s 9a and b show perspective views of an adjustable mirror mounting
20 according to an embodiment of the present invention;
FIG’s 10 a-c show additional embodiments of the adjustable mirror
mounting shown in FIG.’s 9a-b, with a circular mirror, and with FIG. 10b being a
cross section of FIG.’s 9a or 10a, along the cross-section lines 10b — 10b shown in
FIG. 10a, excepting that FIG. 10a shows the mounting of FIG. 10a with the mirror

25 removed;

FIG. 11 shows another optic mounting according to an embodiment of the

present invention;

FIG.’s 12a-c show another optic mounting according to an embodiment of

the present invention; and

30 FIG.’s 13a-d show a slit assembly according to an embodiment of the present

Invention.
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| aser output pulses at over 4000 Hz and at up to and exceeding 30m) .0f.,.. ...
pul se energy 5 and al so controlling wavel ength and bandw dth on a pul set Gl

pul se basi wo -599/5 Skilled in the art will appreciate the extrenme demands
pl aced on S0 A | aser subsystemand its function, BGTAIS30040§033Rny of

the sub-nodules required and their functionality, in order to satisfy the
performance requi renents of such a MOPA |aser. The present invention is
expl ai ned for purposes of illustration only with 10 respect to an ArF MOPA
| aser operating at a nom nal 193. 350 nm wavel ength, but can be applied as
well, e.g., for a RETAILED DESCRIPTIDN OF PREFERREDEVBOSIMENTSUSt as
well. The follow n [ORYIE US in this application shall have the

fol | owi ng neani nggthﬁgpﬁlé?tmnﬁ{gfagm%g; HﬁgtlB%FPqABﬁnﬂ#ﬁﬁ@ﬁ asneRird apelyside
ADC Anal og t onabdulé &tSAVRER@Ebey ABVAERERES u Angl e of.

I nci dence 20 _ArF Argon pl uori d%y AR X\nti - Roef Ilg?tP%oﬁ{((?gﬁa@gb%il%sﬁgpﬁoﬁlgﬂﬁce
Fresnel ref | ed3PBAUPRIOMISA 2L Q¥sr HOR0 Haund atep tohR chbmdingt3OnMbguR Ghitgy

Ref A |G Stati i t, | j brati d test of
25 modul o5 8l (e asnannsfing AERAeind bt el o onloehan Bhane cav
toot h" effect sEBVeBimthsiae will ppfediatatiel é;t@eﬂe‘&%ﬁ'iag@s plg’(%dl}gggégbﬁ Lrl%i’kvlgser

Di ffuser DFM Design for Munufacturing 5 2 9 ; )[:=
2005/ 033625 PEIIURSBONdoOBRdievEniElingmay ofathe Iseingtodulee tequited MadUuhelr

functionality, in order to satisfy the performance requirements of such a MOPA
laser. The present invention is explained for purposes of illustration only with

10 respect to an'ArF MOPA laser operating at a nominal 193.350 am wavelength, but
can be applied as well, e.g., for a KrF or an F, MOPA gas discharge laser system
just as well.

The following acronyms used in this application shall have the following

meanings:
15 Term/Acronym  Definition
ABF Ammonium BiFluoride
ADC Analog to digital converter
Amp Amperes of current
AQI Angle of Incidence
20 ArF Argon Fluoride
AR Anti-Reflection (a coating to reduce Fresne! reflection from an

optical surface)

AWR Absolute Wavelength Reference
BARO Barometric station for alignment, calibration and test of
25  modules '
Blur - Compensation factor used to compensate for “bandwidth saw-
tooth” effect
BW ' Bandwidth
CaF, Calcium Fluoride
30 DD Diffractive Diffuser
DFM Design for Manufacturing



F2 Fluorine FCP Fire Control Processor FD Focal distance 5 fm fegtion‘:gt,.‘erww
FRU Fi el d Repl acement Units FS Fused Silica FSR Free Spectral Rarge -FWANILE
Full Wdth_at Half Maxi mum A common netric for laser 10 bandw dth. GGD
Gound G as¥O %882  KrF Krypton Fluoride LAM Line centBrT/psmbyeaiossoModul e
LNM LNP Li ne Narrow ng Modul e/ Li ne Narrowi ng Package 15 MgF2 Magnesi um

Fl uori de MOPA Master Oscillator Power Anplifier N ST National Institute of
St andards and Technol ogy PDA Phot odi ode Array PDM Phot odet ector Mddule 20
pm pi coneter SAM Spectral Analysis Mdul e WEB Wavefront Engi neering Box
The metrol ogy SEWENt em of @M&dlwgeéle%@ggﬁ@%g&ﬁgri bed above,
including a SAM can, e.g., performcrucial functions, e.g., nmeasuring the
25 wavel engt h, ¥andwi dt h an hﬁﬁﬂ@e energy of the light output fromthe

MOPA. The over MOPA syst e seen in viewng FIG 1. These

per formance c?adf‘Pact eristi c?ﬂc‘%‘?@%ﬂ%@?rgga’;%yst em 20 can be critical, e.g.,
to controllingHDthography Residlisses, often the end use for laser |ight
produced by su | aser |ight systenms 20. The requirenents for |ithography
processes i°n t of, e.g. ,fmﬁ Thy pul se control 30 of , and even finely
control |l ed nodigpitgati on of, I 1dwi dt h, pul se energy, pulses
per burst of quTKs[gs, etc. c%?gegggélﬁ?qt% demands on any control 6 WO
2005/ 033625 PCFSUS2004/ 0303%F8sed Silica

FSR Free Spectral Range

FWHM Full Width at Half Maximum. A common metric for laser
10 bandwidth.

GGD Ground Glass Diffuser

KrF Krypton Fluoride

LAM Line center Analysis Module

LNM/LNP Line Narrowing Module/Line Narrowing Package
15 MgF, Magnesium Fluoride

MOPA Master Oscillator Power Amplifier

NIST National Institute of Standards and Technology

PDA Photodiode Array

PDM Photodetector Module
20 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

25 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

30 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 I aser system 20, and the netrol ogy portion of the gont s ojﬁgm_._
systemis sinmlarly put to demands for performance efficacies and”™ = ' &b
ef ficienci 85030803550 in the industry even as few as one or two years ago,
and they are ge {5 %5 even nore denmandi ng. 5 The MOPA conPCHURZM¥/039339aS
seen in FIG 1 has facilitated much smaller bandw dth than, e.g.,
applicants' assignee's previous generation |aser products, e.g., the Cyner
70XXX series of, e.g., KrF and ArF | asers. Consequently, as an exanpl e,

the currently required bandwi dth is beyond the tracking capability of,

e.g., a 7000A syriewefnstsach alaskrtshetemrdOn add g Widtro bR f ion to
the SAM “ﬁ%ﬁp a wopﬁﬁ%é‘ﬂ‘?’°é§%?%ﬁm%zo as

be split off t eparate 10 dul e |

seen in FIG Isq%l%?‘ﬁ-‘f@fl{ f‘i)a Wﬂdggﬂrméo@mceﬁﬁ@amgm effisnktieamot sdenMDte, i s

very finely tufnggktryUtvdn 49 R 28 Be- ' r Qwi package ("LNP") 24,

i ncluding, e.g., ary;i ffractive opfiocr?t‘%d gg‘“'s %@%ragﬁ '?ng a(‘?l(ﬁeg%ow pgre

produce an outciﬁmaﬂdmger sonme resonance in the MO chanber, through an
r.beam 62 with a very narrow bandw dth 15

out put coupl er 26, d | ase

cent er ed agout a vva@teﬁ mcﬁéﬁwﬂo%t“oﬁee‘hwﬁ~ hthas fecilifeteidnmiicl 9821350 nm
wavel engt h. Theand&idiitiad! e BEaFRIRAnts S , -t hr .an. MO wayef r ont

engi neeri ng box ("WEB" 4%? g_lgﬂ not edasits%%'?%gﬁg%boégg%e?%oé’n@@% RBd4GEn BiEng
appl i cati ons dR&vymen’ X sptisscafne.g:, Kak and)Ael lasdrie eyt hesh B@,ﬁ-@,@éﬂ to a
power anplifi nd.firomithere to a SAM 46, where anong ot héer”

t hi ngs, the NBE%SME&Q&@%? ““r?%s"?‘l"é}]"”&ﬂr ggiﬂéfanf thedracliag senedilitiiof) ¢4 e 70QOLA" )
portion 50 of wavembiePind the 2€dhitSMEtENRs 20y ntion o0, the seed MO
beam at or._very near the desi red mve?fleurﬁxl&aﬁﬁgﬁﬂgﬁégngvacﬁpﬁt Pgt%ﬁﬁﬂ?aﬁt%d in
the PA 50,'0byRdufcedhe SAM plass dOPAr beghsystehe2@ ab Resreeh FIGWI £ rdi Qigzp t he

PA 50 with th i : ref.l.ect X 54. The out put beam 64 of the PA
portion 50 of %?%29%%2{ gl%q%%?%rﬁgﬁhgtgggg&&&w’rﬁgn?lﬁrt@a‘gﬁghuﬁﬁéngm.4ﬁliamd t he
of the boam 64 5 Strotened arg R Rl £afthoil dbif, il Rbnlte °°

i nprove the TP sheyR) tpméaéeélﬁ?ut &ﬁmgsmasesbhmedﬁsﬁleﬁﬂ@rblﬁlnb%ﬂ‘iﬁm-@é}?r in

s SO IR ot sAICLRERGE (o 200 ST

tool in 3D pestaredriabgut e.waveldnigth Mok 6 LXROSM R af the \ﬁoﬁihal%&gsbt %m
wavelength. The MO output beam 62 is then sent through an MO wavefront
engineering box (“WEB”) 40, as noted in the above referenced co-pending
applications assigned to applicants’ assignee. The beam is then passed to a power

amplifier WEB 42 and from there to a SAM 46, where among other things, the MO

20 beam is mostly directed into the power amplifier (“PA”) portion 50 of the MOPA
laser system 20. In the PA portion 50, the seed MO beam at or very near the desired
wavelength and bandwidth is amplified in the PA 50, by at least two passes through
the gain medium which forms the PA 50 with the aid of a beam reflector BR 54,

The output beam 64 of the PA portion 50 of the system 20 then passes back

25  through the SAM 46 and the PA WEB 42 and into a pulse stretcher 60, where each
of the output pulses of the bearn 64 is stretched, e.g., in an optical delay unit to, e.g.,
improve the Tis. This impacts such things as the dose seen at the wafer in a
lithography exposure of, e.g., photoresist on a wafer, and also cerfain other

characteristics of the performance of a stepper/scanner lithography tool in

30  performing, e.g., the noted exposure.



WD 2005/ 033625 PCT/ US2004/ 030339 The SAM 46, as seen in FIG 2, n be
sub-di vided into an opto-nechanical part 72, e.g., for perform ng hel 2005
function o i.dth ("BW) neter, and an electronics portion 74, e.qg.,
cont ai ni ng{,vt eoﬁﬂg%}é‘%, assembly part. The fundanental opt i*ATUSRAYLEES of 1 he
SAM are simlar to waveneters used in the past, e.g., in 5 applicants'
assignee's 70XX products, i.e., the LAM wth a nunber of critical
variations which form in part, an enbodi nent of the present invention. The
bandwi dt h- net er (}glt is%?\lg Iéyout I.nvol ves, anong other things, using a
shorter FSR et al'df 0410 2 &8 dR Figchican bagibhdividedintg ahepto-mashasicgl patned
in nore detailybelow g L1004 L a0, . DE 0 enl zatj.on in.the first

l eg of the et a7ljgn‘L %btﬁpgﬁg%ﬁ%}gi fhe T‘glcf_llmge%}a%gg’é& tg‘ﬁs’vﬁ{} et and, apgy
LAM a phot odetlettonres rpodtidre 74,POl), chidinin@id Rigk dkembly p&t eNRY fidarddial
provi des a fast t'pgiOt odi od(ﬁ. tgi %’:@lﬂ for .diagnostic and 'tinming purposes. The
SAM 46 is cont@ERARETHIN e eHE| Bilne o7 waypmetprsi usedt inatbhgust ¢.garin

opti cal nouynt imgliédn@Orastish@n 7t hal L5y of thunmb.screws 78.
The 15 view o _tlhe SAM 1% oggggf?g}dgé%ngr %‘%k‘éﬂ’zwsl%o%‘m&’ ot ioﬁnﬂ@"ﬁam
splitter 80, \i#igtorsswhisheformngnt hat,bamreafbbdfniam éthePArdathtomvihiRns iTie Of

t he SAM encl osure 7 shown .in FIG .2, which passes through the prinary
beam splitter %ggﬁg"ﬂ‘?&r t?@g?ﬁq layout dnvolves o ampng ofhsr things, yisingraoshgtter KSR

Bl G 2 and back im0 ne A en e aRfaghy it e SRLEBLOSAE AR IRSECa (1
FIG's 3a-c, UPRSIDAG, eg.ybtsemiompEetizationsi e firstolep rdf She RtalBe 8PP Lirtier
purge cel Imba %(39%1 whi chtma. be e.,&)., mi ned out of a solid piece of

al uminum to formwi t Al tHe™ frer P of Xt pabYfedierter mpseleoPiME déer i ng
Dl At orm 4. The 35 bt At or g S fiByiel ER BRUPADAE SIBuhl BF JBRHGLC A ave
formed therei HOHNHBRRPSeassage openi ng 96. The base 90 nay al so have forned
FI'G 3b, “the sampl o TBESAN 45 SE T iaal a5 Ao loatsy o biths egedie exi 1
wi ndow 112, tbpﬁwijhlduhﬁﬁ@_ﬂbbﬁ(shémh@Iﬁ?aﬁb}ﬁa‘lpégﬁég%o% fhg%e%réc?@d}é’?q?e%ﬂé

splitter 80 into the remai nder of the optica (roni ¢ el'enents of
the SAM 46> THEWRHIHSE S Menelogiret Heshownph F1Ge Ashowaa yaiyeard Beamisphita Sohe

interior of t Wﬁm@ﬂ? ?ecngzil{EtXe Béaﬁ'ﬁ) GQ%O%)H]%%@ 56) Xn %evgigled&w th% JSOMM enclosure 76

shown in FIG. 2, which passes through the primary beam splitter 80 and the beam

64 after passing partially through the primary beam splitter 80 exits the rear of the
SAM enclosure 76 as seen in FIG. 2 and back into the PA WEB 42, as shown in

20 FIG. 1
As illustrated in FIG.’s 3a-c, the primary beam splitter 80 may comprise 5
beam splitter purge cell base 90, which may be, e.g., machined out of a solid piece
of aluminum, to form within the interior of the purge cell base 90 a steering mirror
mounting shelf 92 and 2 primary beam splitter mirror mounting platform 94, The
25 platform 94 and the bottom of the cell base 90 may have formed therein a beam
passage opening 96. The base 90 may also have formed in one sidewall thereof a
sample beam exit opening 98. As can be seen from FIG 3b, the sample beam
opening 98 may be covered by a sample beam exit window 112, through which the
sample beam 114 exist the primary beam splitter 80 into the remainder of the optical
30 and electronic elements of the SAM 46. The opposite end of the sample beam

passage 98, within the interior of the base 90 may also be covered by a window 110,



8 2 9 SEP ZUU6 WD 2005/033625 PCT/ US2004/030339 through which a portion of
the beam 64, reflects froma steering minor 102, nounted on the stdedibig’ i

m rror shelfo9dsosdsds i nto the sanpl e beam passage 98. FlI Gpc%sﬁl)ﬁ(% 139
illustrates the primary beamsplitter mrror 104 nounted on 'a prinary beam

splitter mrror nount 100. It will be understood that in operation, the 5
beam 64 exiting the PA 50 will enter the primary beamsplitter 80 from
above along the vertical axis shown in FIG- 3b, which is also the

propagati on axj e, beam 64 romt he 5Q0,.noymally in the horizontal
pl ane. The be;ﬂrh&’é%ﬁi%ﬁlﬁ r3 PRSP ngtﬁ%é’f:@a g‘@fegﬁ‘és e yieprang ey (08r
mrror 104, andoappd o theatetig adref sHeﬂ@Z?ﬁﬁﬂh%E%amﬁl%fblefﬁﬁé%%W&O the

pr

steering mrror 102, while the remai nder passes through I'mary beam
splitter mnor 104 Pé{ﬁd 3bralgopiliupizatpnthapBimay basmsiplitter mirrdrl 184 rhourfébon a

apor o Tl s 0 SO S0 o BT B e
| nci dence of a4 tianthe @t 56 vilent I1EBEnobP BEHA Bl B0 Ak LN YBRe

w ndow 112 asntﬁangl_e beam 114, _and into the remai nder o
expl ai ned in r8f &Healaxis shawavp FIG. 30, whichiisalsa thepropagdtios txdodf hhatarh K& beam

62 fromthe Spd : S50 fromt RA 42 t hrough the
same pri nar ng%ﬁlrgnthse;e)fln"l& f[g ?,e:}dr%fa?}r (H)l?ﬂ'fg@ nlz?]nt?lwgmac?pp i jegm I,S@eqtr@ﬂy,,relﬁ%ptgd,
toward the PAbyOhaspripmry bedm tsplittesanitiond 00f aﬂd%p?&iﬁﬁ%eg)aij% SeEdlt %E'ém"mtiF t he

MO beam 62. FI ?qc shomﬁ1 the primary beamsplitter 80 wth a beamsplitter
cover 116, 26°Hsefed aRgthy steesingeming 192, wiokmele romaindert prsses uthopmigh ythe em

bel | ows ofygt hgy : - Xnliai o iq T he abov f erenced
co- pendi ngmapg’l i cast': ?%aﬁg@%gygrﬁrg%l%gfbg%&{e@qg‘@% 43’1 %3\/9%8‘?’“1“}1@[(% M opti cs
subsystem 72, | i ghtThehpproximsatplycié of tief beamomtiedied FRtH§RIMB¢bli¥n ?poﬂz%{ek mary

beam splitter mrr 5 104 and reH}ect ed fromthe steering mrror
exiting the ptn?lﬂzﬁ’ﬁ bisdrilesid frem thasieering migrox AR pian anglaefinciderth of ammpl ed

beam 114 has bvke ' of fot.he front, and, rear rfaces of an
uncoat ed opt i g bo#%%ﬂggﬂéen@é&g&g%%@%ﬁ%ﬁoe Opgh Wipdey ilg%?se’ﬂmpiﬁ AP ldhe
bandwi dt h et end Bo tife remein8AN{4ke SAM 268k dpRisRPiamade deRleeRd 1t vaﬂgﬁéd} ons

14 i ent

of the bandwi gth et er 8{{31 f the SAM 46. Part of the beam 114 inci on
t he secondaryPHUBHRERPY thattheeam 621 fiomithe MG R2canéats o thepho 50 deheihe BA

nmodul e WEB 42 through the same primary beam splitter mirror 104 in the opposite
direction, i.e., toward the PA 50 as part of the seeding of the PA 50 gain medium
with the MO beam 62.
FIG. 3¢ shows the primary beam splitter 80 with a beam splitter cover 116,
20 including a flange 118 for connection to the purge system bellows of the PA 50, as
further explained, e.g., in the above referenced co-pending applications.
As shown in FIG. 4, a plan view of the SAM optics subsystem 72, light that
is picked off from the main beam 64 by a primary beam splitter mirror 104 and
. reflected from the steering mirror 102 exiting the primary beam splitter 80 as
25 sampled beam 114. The sampled beam 114 has the Fresnel reflections off the front
and rear surfaces of an uncoated optic of a secondary beam splitter 104 distributed
within the bandwidth meter 88 of the SAM 46 to feed two separate internal
functions of the bandwidth meter 88 of the SAM 46. Part of the beamn 114 incident
on the secondary beam splitter mirror 140 is reflected onto photodetector module
30 (“PDM”) 144 as beam 142 for pulse energy - measurernent, and output to the
electronics package 74 as a fast photodiode signal. The bandwidth circuit, explained



30 ("PDVM') 144 as beam 142 for pul se energy neasurement, and outpuf to the
el ectroni cs package 74 as a fast photodi ode signal. The bandwi dth Ti“r ¢t Luui

expl ai ned o Yes4943%4 033625 PCT/ US2004/ 030339 in nore detail bel ow
receives the principal portion of the beam 114 fromthe stEeEPFHEY03433%r or
passi ng through the mrror 140 acting as the secondary beamsplitter. Due
to the thinness of the selected primary beamsplitter mrror 104, the
Fresnel reflections are overlapping, conplicating the problem of keeping

t he fluences on certat%lg O{E))tics S5 in the SAMwithin tol erances, i.e., below
the damage t hrB&FF5¢ GetpE Peloperencives the pripgipalmeeionmfithe beam &1 hframthidtedrmg

I nvol ved i n i lphigde ﬁs'ir{'ggth%ﬁ ted QF ined in, nore.detagll below,
whi ch produces a f?i nge patt@érn ?ﬂ#}ggrq%g a%ma)nngﬁg{rhg(feg%nldﬁ‘abe?ampﬁ%?‘?fd%‘ffetoarray

PDA 182. Fromthhthimmesngbthpselected prianhidv Santnidirbr 0@n therreaal fflediGl
according to an. em dinment of.the present invention, to under O O pm lo
precision, usithg®STRBPIPE; @iRlicet ircoltlers aidgrring dhesflednges omearmirs eptidse

speed of  procesis SAM Rethatidltins, itd low far .
pul se-wi se conputafions at 4000Hz laﬁ?eg%\%é%%ge%%%d?%&ﬁ@?@m% ¥he
bandwi dt h wi t e ¢iico Figsbeam 1{fhés PRAlvedBh Aluhinithg gudtslen 262y &¥exlaidedan
out put of the - Ihe S 6 & LAM 2§.can 15 interface to the |aser
control systeﬁ%ﬂo#&gkgﬁﬁ% WFﬁwrQ%Q%&ugﬁiﬂeyPWi%slstW@nmci wsingoat r ol |,
based upon t hehéteéidbaalcai POA 18IORH K inbE] ﬁﬂg{’,ﬁ%f ) dul es.
As shown in FIG 4, the Z’?)(_aam 114 exiting t epgg%gnthgf?y earﬁngbvf(ﬁ%{tcﬁqngﬂo i s
i nci dent on afRledptads 2aspeding torvin ewbodinnaof thei presene thvienfien, ao fuh@#0.01pm
cylindric e i ans 204 contained within a | ens mounting 150
and then ?({)’lt oIg %ﬁ‘%g"é}t i%l%g'%c%}%ﬁlhﬁﬁii%%é?mﬁlcaqggﬁ“\ﬁﬂ?% thes tasepassi the spped obr e
detail with rp=pesingtthe bhtgut 7t the PO VLS, beklr D SAY: opi.ng | ens
220, a first ﬁégge di ffustg1 222 and a focus? ng g°r¥ﬁ§%4. Sﬁ'h@‘ﬁ%@ﬁ“ﬁfﬂ t hen
passes throug r?@o‘é‘%-age di ffuser 160 after being reflected off of an
adjustable M2 mrr the sses 25 through _an etal on 162.
The fringe pattern?é:er égs/leﬁé-g% %gisﬁen e?ﬂﬁ%@%@%@ﬂ?ﬁéﬂw@mwm is
reflected of fthefpulse argysuaiieobButmbNefe 2641 130d TRA Mem@ﬁlmt{gec center
€ fa

of an el ongat ed fixed 45 training mrror 166, and onto t ce of an

adj ust abl & MeIfSRRRLO ek rostiol sysiem (o8 shawm, whictgmbsapertypiosidel e

reflected active control, based upon the feedback from, among other things, these metrology
modules.

As shown in FIG. 4, the beam 114 exiting the secondary beam splitter 140 is

incident on an adjustable M1 mirror 146 and directed into a front cylindrical

20  telescoping lens 204 contained within a lens mounting 150 and then into an optics
combination unit 152, which as explained in more detail with respect to FIG. 7,
includes, in order, a rear telescoping lens 220, a first stage diffuser 222 and a
focusing lens 224. The beam 114 then passes through a second stage diffuser 160

after being reflected off of an adjustable M2 mirror 156. The beam then passes

25 through an efalon 162. The fringe pattern created by passing the beam through the
etalon 162 is reflected off of an adjustable M3 mirror 164, and onto generally the
center of an elongated M4 fixed 45° training mirror 166, and onto the face of an
adjustable M5 normal incidence mirror 168. The fringe pattern is then reflected
back off of the right-hand portion of the mirror 166 and off of another adjustable M6

30  normal incidence mirror 180 and back onto the left-hand portion of the mirror 166

and finally is incident on the PDA 182. Except for M1 146 the mirrors, though
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back off of the right-hand portion of the mrror 166 and off of an?tﬁq{m o
adj ustable M6 30 nornal incidence nmirror 180 and back onto the |eft-hatd Ut
portion of wdeeshii 166 and finally is incident on th . cept
for M 146 the 0217'0rr6gﬂrr s, though 10 WD 2005/ 033625 PCTI US%%%%@%
adjustable in sonme sense, e.g., during installation, are not field

accessi ble for adjustnents, whereas ML 146 is field adjustable. The
function of the SAM 46 according to an enbodi nent of the present invention
is to provide a.high-resolutjon neasure of, e g,, bandwidth, e.g., 'the 5
FWHM bandwi dt r?ab‘?k%%ﬂ“’e " EBP %e&Pepu“rg-b@HPMnﬂ?H%gf}?@ Bre B9t fiedd acessibleqiemce

of posi ti oni nadilsené&Myhviferat MINRsas ER a0 fscbne PA 50, the energy density

| evel s seen by the optical elenments within the SAM 46 can be very

si gni ficantly hi ghdmet fptioneofthe SAMe 46 accardpentdi ag eelbedinttns of €hgpresént t he

LAM 28 and/ or ;| ol |l S, e , licant's signee's 70XX products.
Thi s cag, e. g.ul,“'%glB éfrl]ilg iR rt(8 fl@eiang%ggg%oﬂ) I 15aHe éﬁf ﬁ{égrli’%ll@}“@hg.&,ggt@e? he
primary beam SWHM banR@dans the RIHRREN@Tbesh BT 21988 PEA40 RQ%EBH%@B&FEL&M n

the SAM 46. In aorder to mtigate fluence driven damage, e.
primary beam SBPHPRIBE thegRyAM HeatdhovwuiputinfsheBA 158s thoenergyl densitydenelaeenbgli ng

to an enbodi _ i L on ith the.prinmary splitter
mrror 104 onarpiad. el SR e B ACCun B hevisadicents b e, 1822
and 64 from t e Pér&Pondibg TelérserltgSe. Lean BHOBAM 18 LAVEERY giRdUE&L NEy
fluence levels (B:er ,cg!ég, by,a_factor of two as conpared, 'e.g., td a Beam
splitter ori eARRIFARYS A8SIgReETse dOXX CaiPdudisn This osande. 2 -hsignificantlh émneaselthe t ed
as the optjcaljrdigiefikiel o of [ £ | ectedoanes of the ics,.e.d.,
in the beam holnngenlﬁglgtﬁ' ’nt(g(r:}ﬁelrre %ﬁ?ttﬁ?—% i‘ﬁﬁé-te ﬁﬁﬂaﬁ’é 3, BUBPHi ﬁ@g'iiaf gpfical
embodi ment  of cethporpnisseititin ithevSAVi 480 . In 386 e g FIeshceRETaS hé}ﬂag%?é.grj% ers
for the SAM agcordi ng,to an _enbodi ment of the present invention I|Include a

wavel engt h wat&lRE b&ﬁ‘_@rsgl‘ft?fgsor g%?gw mogile, stggn Aetignedlg Becording tsuch
(hat 02" St oot 1 AL kR0 T S Sl e G101

range, a |aser pulse repetitioh rate ul e
46 capabl e of omevglieigngt BAdemeaitth therbeamp 6L Semh 88 NISTD add64SRah hDBSise, 25

d I r xiting the PA 50 of 10 mJ to 30 mJ, the nodul e
SP oy?_diplrjlg%e bgﬂfﬁ\ﬁ%f e%&%‘%?%%%_@w cpiee fluprse levelp(nes emériey gifesgor bfi
addi ti on bandm&wcorﬁﬁ%édﬁre%i%% béath {ptitfeP OHLAES of 95 B Red OdaRLPRESLS! ON

requi red of the bandw dt
has also been sclected as the optical material of choice for selected ones of the

optics, e.g., in the beam homogenization scheme within the SAM 46 according to an

embodiment of the present invention.

20 The required operating parameters for the SAM according to an embodiment
of the present invention include a wavelength wavelength operating range of
between 193.2 to 193.5 nm, such that the SAM modulé 46 will function out to either
end of the wavelength range, a laser pulse repetition rate of 1 Hz to 4000 Hz, with
the module 46 capable of measuring bandwidth on a pulsewise (shot by shot) basis,

25 and a pulse energy exiting the PA 50 of 10 mJ to 30 mJ, the module providing

- bandwidth measurements over the range of pulse energies. In addition bandwidth
(AX) resolution is required to be 0.001 pm precision required of the bandwidth
calculation, bandwidth (AA) accuracy of + 0.04 pm, is required measured against the
spectrometer (e.g., an LTB) used for calibrating the SAM module, and bandwidth

30 measurement range is required to be 0.1 pm < AA < 0.3 pm, FWHM metrology,
requiring that the SAM module 46 be able to track the bandwidth over the range: 0.1

11



cal cul ati on, bandw dth (AX) accuracy of 0.04 pm is required rns*a%&e&o[;P S
agai nst the spectroneter (e.g., an LTB) used for calibrating the Ul

nodul e, an i 30 neasurenent range is required to be 0.1 pm<_ AX
< 0.3 pm wlgpv\%&%rrég??%l ogy, requiring that the SAM modul &A@V o
track the bandw dth over the range: 0.1 11 WD 2005/033625

PCT/ US2004/ 030339 pin 5 A% <_ 0.3 pm blur conpensation precision is
required to be 5 0.02 pm BW difference between innernost and outer nost
fringe positions, é@orrpari son of 2 averages: BWreadings at 3 points, 0.02
pm apart withif& 84 Dr-dPreblyisompensation predigor is mgergdlioTbezo 0612 HABW

Bandwi dt h Accuyy; P ition is requi.ted to be 5 < 0.02 pm

delta fromt h?‘?@%ggiﬁégef@%&;ﬁ%ﬁ?“‘g ;S’é‘iet‘P’Sﬁ‘e € Dositigas,| (camparizon of 2

capabi| i ty to svemget BWughliopeall3ibbink58. 003 thad i 0 Bl BPLANENS of
gal ns

starting at th central wavel ecnpgth to conpare BWa econvolve
spect romet er VA ffige jpppropes gad Pandwidiherccanady sl Fsiage Rositiyn eeguiraente f or

th i fi-ed | f~10 mj, t m (15 m) inal) th
Syt om must wint 097 BN, £819Fe St (eued ) nekiramoioria yel1satne
cal i bration acaputility tb Scdnahitdupkené iIPESK (3 %?{Qg(aﬁg.ﬂz@@rﬂﬁ{er&eﬁtsn% eulxggﬁwgz

conti nuous operation), with calibration base racea rcial
pover neters WFRFRIGVAYSlengihto pemprire BV ngainstalegynvived spdctromaler balags. on dri ft
must be < 2% peak to peak variation over 100 mllion pul ses, as neasured
wi th a commrerci al r r e, nom nal shots of_ a | aser,_gas test,
15 with 0 05 watt rome |oﬁ), palie aB%@Fselﬁ"ﬁ’@é{r‘}’?aﬁ?m%ml@bémwe@&ﬁ@ PRiseus,
al | vithin 1enegy rangbQfitd i td.00 Wit (13, md Sl thd 3ysteh st el bfiidd
watts, as neasured with water-cooled power neter heads. Inplre P nearity
speci fi cat'? onSPEHIGRYARE ZAETEE MODEYT 14thcalibarticidceurepiztrediiied t6 &k & (2ROt

apply. Etal on i ka igdeo |evels (both |eft and right peaks) are
required to bg‘%ﬂg{‘;}'Il frggm\‘;’omo\sbl %gﬁfmﬁr.“%"%%e?‘w , With, calibratignebased qa
e

r
frame, accor diragable asmmeri®dpowRit meferd RAHPOABE Wari AYSRLLQN | na BW
specification operating at 15 ml at the PA 50 out pu%(aﬂ%r?t%{lf IEer\llogﬁgr bei ng

defined as raSivaionngrit 51081 bk = 2% pregle to pyakredriation svercloithglod ﬁulb@héSIS: 3)
fri t .and fri t = 100 | ef t k /" right

beaky . Ead of aebE i Ao IS SR et et thernsenitel bots bimdase giiogs
eaks), nust wWBRIQ.0DRak i - B) 0. 3,val.ts, mn, as
p ) att REUEEABAE DoRkr Medity r%\c{)g!c)il?o'rsr% f’%’(’BFa"P'f‘Fe aB\r%‘E‘&?]FT

measured in a laser frane, according to an €
i nvention, watt, 10 mJ is 10 watts, 15 mJ is 15 watts, 20 mJ is 20 walfts, as measured with

water-cooled power meter heads. Implied linearity specification for constant energy

and variable repetition rate need not apply.

Etalon starting raw video levels (both left and right peaks) are required to be

20 1.0 volts max, 0.6 volts min, as measured in a laser frame, according to an
embodiment of the present invention, meeting BW specification operating at 15 mJ

at the PA 50 output. Voltage levels being defined as raw peak minus floor. Fringe
symmetry is required to be 115 < fringe symmetry < 85, and fringe symmetry = 100

X (left peak / right peak). End-of-life etalon 162 raw video levels (both left and right

25 peaks), must meet the requirements of A) 2.5 volts max B) 0.3 volts min, as
measured i a laser frame, according to an embodiment of the present invention,
meeting BW specification and operating at 15 mJ at the PA 50 output. Energy

monitor 144 signal level at 15 mJ pulse energy must be 15 K ADC max and 5 K
ADC min.
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meeting BWspecification and operating at 15 m} at the PA 50 out PUf 4 EHF}F%
noni tor 144 signal level at 15 ml pul se energy nust be 15 K ADC nex “and’ 5¢ 6
ADC mn. 1 ' sh WD 2005/ 033625 PCT/ US2003/ 030339 Ac ing to an
enbodi ment xﬂ(})ézgoﬁ@%rzge]sent i nvention, certain reliabili ty%é%@g%o?ﬂ@éﬁ?ons

are required to be net, including, e.g., target nean tinme between failures
of, e.g., ? 12 B pulses; target nean tine to replace, e.g., < 2 hours, with
field replacement of SAMIogic assenbly: 15 mnutes; field replacenent of
damaged 5 primary splitter: 60 m nutes including re-calibration of energy
noni tor; check et al gﬁc"r PR g e?h sFbefinant of dhe eesertoiemian, |cortain tbiebility
fringe asymetgnscifitdidh iad i dept uptine.of > 95%

Mai nt enance re(ﬁfi re%éérﬁsg& Fﬁg?lﬂﬁeg toe.gg%&1ng{$?ug%%§§e%r?bf&yg#in?aélpf%e ten
requiring acce@gures ofimig., F 12 Bipulses; targeh@ehasaE td fegﬁ&é, eS| SBhYLRERM HBlgl Lt er
80 10 replacenent, wt cess.to main splitter 80 through the renovable
cl anp assenbl yreP%S‘lfm%‘HM‘g%fﬂ%%%ﬂlb&tWemilmmgé'lelLdlszplaEetht of damagedal of
the nodul e & r RS %ﬁ@{ggg - a4l ustaent etalon.162 frin
symetry and ﬁg}%ﬂﬁ,spitlﬁébﬁ% t WO mgiggﬁl%g%%g%qne%c&?@ I’Fl‘?ﬂ‘é%’ ‘fbﬁc‘éE’g@gs

5/ 64 inch hex fhoged pat§mgo wantctgosshke lb%vidé@bﬂ%gie&sg&xﬁetr}) 10/ ¥ibigs; | Ager
operation. A qﬁs. anel is hole required when this 15 maintenance I's done
inthe field fenspdent uptimg ohg 95¢% an enmbodi ment of the present
invention the design requires that for the SAM nodul e 46, exchange of the
nodul e .46 and cal i ' e measur.enent he PDM 144 be
conpl etabl e in, e_._ggl %h%e\%\l%wﬁoﬂbﬁ{slgg?gﬁ%e@ &ég%e%é\y gec @ss ,,BK’1§4b‘ieP argpent

pul ses, and t equedhg Bdcesheo amiti B4 avieitt onelee Reer #OAE; prigfr?besnt $itBI 36

hour s. Thewdesi n_of Héhe SAM 46 is required to enable quick accéss to
facilitate® r AP aCTsHbYYh 2peessHa maln spister $0rthrongh the removaiie empTassanbly

i ncl udes pr ecligst Shgwn) j ' | atipn.jn th

super st ruct ur e( . QUi gg}s%rgggiémgrﬁdsnggézg%n%@ﬁgsg}eﬂf&g@ﬁﬂ% eé’éo‘ﬁ'é%g%’afp? to
facilitate hamser fgmanahdmdinsementdeetaden 162 fifye QMR Hihd Yeightl tHfo¥gh Bwo

i an enbodi nent of the present Invention,

ersonnel . The_SAM 46., according to
\F/)\A' Il be gep%rzli\(lc module Cover hotes to access 5/64 mch hex head adjustment screws 170

(shown in FIG. 7) during laser operation. A gas panel is hole required when this

15 maintenance is done in the field.

In addition, according to an embodiment of the present invention the design
requires that for the SAM module 46, exchange of the module 46 and calibration
energy of energy measurement by the PDM 144 be completable in, e.g., two hours at

a frequency of, e.g., 12 billion pulses, and the PDM 144 be calibrated once per year,
20  also taking 2 hours.

The design of the SAM 46 is required to enable quick access to facilitate
rapid removal of the module 46 ﬁ'om'the system 20. This includes precluding
improper mounting and installation in the supersiructure. Guides, tracks, or stops
may be provided as necessary to facilitate handling and prevent damage to

25 equipment or injury to personnel.

The SAM 46, according to an embodiment of the present invention, will be
required to measure, e.g., bandwidth to an accuracy of, e.g., at least 10 femtometers
on a pulse by pulse basis at over 4000Hz and even up to 8000 Hz. With, e.g., a focal

- length of the imaging lens 224 shown in FIG. 7, and a free spectral range (* FSR”)
30 of the etalon 162 of 3pm along with a pixel size in the PDA 182 of 0.025mm
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required to neasure, e.g., bandwidth to an accuracy of, e.g., at Iztegsgi;ggo?m-}g
fentoneters on a pul se by pul se basis at over 4000Hz and even up 80004
Hz. Wth, &u@a00s al length of the imging lens 224 shown in FIG 7,

and a free speocta@:é(s?fange (" FSR') 30 of the etalon 162 ACHBBROM/GAPIW th a
pi xel size in the PDA 182 of 0.025mm 13 29SP 2(1(1t3 WD 2005/033625

PCT/ US2004/ 030339 hori zontal by 0.5mm vertical and a PDA 182 with an array
of 1024 phot odi odes (pixels), one can use using the fundanental
interferoneter, equation that deals with the intensity distribution of the
etal on fringedorizongal by,0.5mm wigrtigahpnde PIIA)]82\whiith @n Arraiy soft F024vshoeddaes h,

nom nal ly 193 8 i | ptegnal index qf refraction of the 5
etalon, dis t@’g gj{,‘g}n S%Bﬁmﬁ%‘%ﬁﬁg gltgi %angtﬁént?ﬁ%roﬁ?e&ércﬂu%tw that deglsavithunber

of wavel engt tie iatentibediribagen BLee cdloh &irces tihe jan G of, the
light path to,the interferoneter axis iélsgl%séiel t’he g%g*g{\mj*%éqggg@gmc%n be

rewitten as Pthe wayelepsth nmigaldy F93.350 mhen & tRe imembleinfie pU@FBaHSE (he. J. .
250 to 4505 PDARinX €y a pixel hei ng approxi mately 25m and f is the
focal dist ancéta&rn’o% t g?el géral!sont %)rmirﬁre SH‘T?"%DARp‘Fatﬁ% Beer; thg iripgral numger 051280
pi xel wi dt hs, wavelengths £38 fngBREAK Al d RS BEA of | find & TQgusing | ens
224, nomnally a 1.5m foca?#%e%gt h | ens.QhéI n oroellpsgtagﬁ‘%eoalth%ﬁﬁﬁ,pa@t@tgg
mechani cal dr inferforometie dxisanmgdda theé regplérol | Thé ngbove hemi BE T QUL 0% of - he

interference w.thin.the | an 2, it is preferable to deal wth ri nge
di aneters, D, aJfr gt‘#{g‘? (?Wﬁﬁ}fiéﬁ}qe.]ﬁﬁg}emfé@dw, &g.( 25(htodt59) PITA i feactsi nce
the 15 fring m,gldggﬁ%g ; f dwi dt.h _of.. t he |ight source passed
t hrough the e%t al on 6%‘,%0w t Eaflﬁgﬁggsaﬁﬁpﬁlso ¥ %%Qfdls%’@c?:gﬁ’gb?:hev@vélt‘éﬂtﬁ his
a known, tthe PRAfflareesticidendehe. gya1eb®paensidiad Gyl at lguner and

out er di amet Slrs EAH ive the rgaw'bangwi th\ val uéa'%gs%?ng%{]t%v\othepgoﬁﬁls in

the same ring®n ogusngHe 224gnominklly ad.Stwipcsldpagthledd. peaks. al ong an
axis of the ring, ALD (inner dianeter)= 20 (2*n*d/ m*Cos (D D/ 2f) and AOD

ter diameter) 3, (240*%d o 2() . Si A=X = Am - A0o, AX = 7°0
(oue 07 1A 3 LR b B Bl 1
7,,0 is the |thnintwdndtien dfalndistetferenice Wahartnt eialR 1, ﬁfis]f?&?e?%lé’{cﬂa{ahw%ﬁs
e

(Do/ 2f). In these equatigns, a guess at the A0 is Su clent 1In
enbodi ment  of T HaPelete B ratherdhan todiiaTherofoge, ds= (Ha*dei)uBds DI2g. kgcapbhi n

0. 5nm of Jkhe BhgsRidhs 652 WBLLQ Ve bal80idh0 0F S RRN dhurce paseed rongh the O
etalon 162, with the assumption that the center wavelength is a known, the
difference in the wavelengths calculated for the inner and outer diameters will give
the raw bandwidth value. Assuming two peaks in the same ring, seen by the PDA
182 only as two separated peaks along an axis of the ring, Aip (inner diameter)=

20 (2*n*d/m)*Cos (Dip/2f) and Aop (outer diameter) = (2*n*d/m)*Cos (Dop/2f). Since
AA = A - Aop, AL = Xg [Cos (Di/2f) — Cos (Dop/20)] / Cos (Dy/21), where Dy =
(Dip + Dop)/2, and Ag is the line center bandwidth related to Dg by A = (2*n*d/m)*
Cos (Do/2f). In these equations, a guess at the Ay is sufficient in the embodiment of
the present invention as long as the actual Ag is within 0.5nm of the guess
25  (assumption), and consequently neither an input from the LAM 28 or the utilization
of a portion of the pixels in the PDA 182 for a course measurement of Ao is needed.

The -previously determined bandwidth may be -utilized as a calibration value,

however.
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AD s

of a portion of the pixels in the PDA 182 for a course neasurenent, ?f A is
needed.  The previously determi ned bandwi dth may be utilized as a¢ ¢ ok 2008
cal i brati og, owever. 14 2 g-p 'n WD 2005/033625 PCT/ US2004/ 030339
In order to%?dé)g@?%pcritical processor time, therefore, RHEISAE0339
equations along with the small angle approximation results in the equation
AX = 40 [DOD2 - DID2] / [89 - Do2]. The resulting error in using this
equation over the prior art approach over the range of the detector is
negligible, i.e., < 10-5 fin. The snall angle 5 error is essentially O over
pi xel s from about 2D0oder BOPreasrye icritiea gwecsssastight, ytherefarg atht wbbveoaqatiose
points to the he detector to.about 0.0005 fin. Treating A O,as a
const ant val uea?%lgg?wgggt&? Slfg _aggt?nﬁﬁpr?wa%%fhfﬁﬁ}iﬂgﬁwthgagqgﬁ}%qk 7 A Bova 1 ange
of from about D83 2(6F toDF93. Ti:0reshltiBe erdP O bisiBB Thist I j d}m i dt h
wWill remain wthin P;e;zss thzzn 0.1 fin 5D wim gqulaﬂé,h%é.%‘?fa{’%’z@‘@ Rt
and DID wi || eguedach evey the goge pf sheldstectar ismepligibie heoguid” fm THednkallpingRl S,

ith f = 61280 pi: i xpl ained ab Utjlzi tion of
orrors Lypicaltyuscarriie ol SRS 3a ualn 4o i nd Rubrsecs bl oo

and covari ant linearpfrafethesd poimatetie 308k {ARORdEGor BAboGUNd0sH. i on to error
from varyi ng gai n/ quantum effi ci ency/response between pixels 15 in the PDA

182, the error aao / AQD is < 8 x 104 resulting fromassum ng a constant AO
over the laser's tUAGSINE Aangke.2 Fonstantcvalparebl egor1930360nms otht r bindwidth t o

t he bandw dt f e f.ocal di 6f | d. have to be | ess than
24 pi ol s (1, caiculafiby, HP Rk orieih atorf 1 855 o LOLHIG 4 atiout . ghecrnon
contribution tiwbhidwidth @ill kdinaib Highih Wb M ae Bl Paegliades e85 i

measur ement, 6D woul d_have to be better than 20 1/%@3 8‘%"{35 p’xf(se%5 PIFEIS S
verifies afpl @Badte willetqual icegh, 30 pixelsc sithr Do thencagualbms 2. 51 pixels, fadthaf =

| ength distan : . dianmeter neasurenents to optim ze the
cal cul ation oﬁ?%ﬁdeﬁlg‘gﬁ(ﬁmag?%‘,pg}liﬂ.l‘l;élb?@%?v&ssum' ng AO to be a known constant.

Fluence | evel s at thilizing piopagatiof ¢t érfds§ Pypicdld, usd F0F Lhbe by KL Ment
of the present_invention, have been further Contained by using a

cylindrical | &H¥penssnt eyasiabispeaithfovarany. terme- anagelifimatedandd cighbiing the
At LS e G R
15 inthe PDA 182, the error o3/ Ao is < 8 x 107 resulting from assuming a constant Aq
over the laser’s tunable range. For a comparable or lower contribution to the
bandwidth error from the focal distance o¢ would have to be less than 24 pixels (i.e.,
- about 0.5mm). Similarly, for a comparable or lower contribution to the error in
bandwidth from the fringe diameter measurement, 6p would have to be better than
20 1/73" of a pixel. This verifies applicants’ selection of the contributions based upon
focal length distance errors and the fringe diameter measurements to optimize the
calculation of the bandwidth, i.e., by assuming Ag to be a known constant.
Fluence levels at the first stage diffuser 222, according to an embodiment of
the present invention, have been further contained by using a cylindrical lens
25  telescope that, e.g., de-magnifies and collimates along the long axis of the beam 114
passing through the first stage diffuser 222, as opposed to using a spherical lens.
The resulting decrease in energy densities has dramatically reduced the chances of
damage to all the optics within the SAM 46, except perhaps for the primary beam
splitter mirror 104, where fluence levels could reach almost 25 ml/cm’, e. g., when

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



The resulting decrease in energy densities has dramatically reduced the
chances of damage to all the optics within the SAM 46, except perBapis! f 2
the primary _beam s&)litter mrror 104, where fluence | evels could reach

al most 25 mfPAMPS0335%5  when 30 operating at 40m) out put RCITS2IE/0BYS39
chanmber 50. The energy density level at the 15 WO 2005/033625

PCTI US2004/ 030339 prinmary splitter mrror 104 is closely tied to a nunber
of system paraneters and the ability to alleviate the problempurely from
the design of the SAM nodule 46 design is limted. In order to be able to
rreasgr F band¥w M’ﬂmryjepﬁttdrimiﬁoﬂw arodosebyiyd, totahmmber bﬁ@jﬁbﬁéxﬂtpbm}ﬁc@ff;ghﬁmme
capability of the. current used .waveneters, e.g., those in applicants'
assi gnee's 7006‘5\31%g°e71%b’f36%@8tp§° I%mipHgF&é%W&ttB‘? destagn ofjthe SAMh srodyle 46fdesign
20pm FSR et al onslimged i n a standard waveneter make it difficult to track
bandwi dth variations in a reasonably consistent manner. The inability to
make "better" 20pm letwsdasits bewibltd menawe daddwiddsalosey ey 0Rpml ind fowet, @e

ability to k ecessary._10.pandw dth measurenments with the existing
configurati gﬁ . %E%Jr@gg‘uéﬁf & C&B%‘ﬁ%’a#t[m ¢ Farent p_@?"gg@év%fﬁ?tafﬁa éteal thesa dn
with a shorter apSiRaffs0asiigncey THODA 1hie RIRLRMs %dcfef}%afté'.nﬁjié ﬁﬂ)ﬁlﬁé}%nuosfgtpg t he

| onger focal length imaging lens (to inprove the lrnear dispersion
et al on spect r ofBFRFSRegtalons vigdtin a standard iwayembier PBke it @XficulAto fradkeand®idt Ver y

narrow slit fuggtj I e a 3pm FQR etal.on conbined was 15
selected in co%dﬁ%g 7 %I;’lgvi\-ll ‘#H&%?y 8(-}[8%?&“1 H@HB ?rrfﬁ@?eﬂ’@ag%%fo thbetisgeltmm was
deternmined to prbuscithhinpiendr fikssa Bkl it HRaf N ' the
range of, e.g,, 0.15to 0.3 pm FVHM | np_jr(ovemant I nmtyﬂe g{afé?gﬁé ﬁgc?%}s’aﬁt
function ahdl | bansyidifimepshesmentsridy theeaxistihg configmstion. i Cmseyeshtlgapplitants 0
track bandw dt i j 0 sort 1.0 a s@- ,20 called "sl ope )
correction". e‘}r@e&p% f Q@% g@g}na légévd{ht%sqoﬁﬁ Eﬁ%rﬁ" RFFQYY SBYS’F‘ i ¢talen slit
because the di fihetiaf)cend rust he lapRareed RaseWiidnd etneed irﬂﬁ’xlovg‘atﬂég[r%g%f rom
an inner fri nge versus, an outer fringe can be as large as, e.g., O. pm
This can be as®iSPafigR AsthglGiRlse spraraamsisrr b6k cirouit,bindiydingf tre Pha bag)dwiAdt h
Measur enent acgURRE i . . M modul e according,to an enpodi nent
of the present Hlve%t‘ﬁe%%@%g?%%%gg&%@& ) ©&: 6?3;)111,%?}3;%&%9 HEHWas s
i ncor por at &d issatddhin kandwiatbh witklagW.@f i1k imaging lens, which together was

determined to produce the desired capability of bandwidth tracking over the range

of, e.g.,0.15 10 0.3 pm FWHM.

Improvement in the etalon 162 slit function and linear dispersion provides

for greatly improved ability to track bandwidth without having to resort to a so-

20 called “slope correction”. There still exists a need to implement “blur correction”
because the difference in the apparent bandwidth between that measured from an
inner fringe versus an outer fringe can be as large as, e.g., 0.025pm. This can be as
large as almost the entire error budget for the bandwidth measurement accuracy
required of the SAM module according to an embodiment of the present invention

25 and consequently, e.g., “blur correction” is incorporated into the bandwidth
calculation.

The energy monitor 144 in the SAM 46, according to an embodiment of the
present invention, may have a polarization sensitivity because the uncoated beam-
splitter mirrors 104 and 140 that deliver a small percentage of the main beam 64 to |

30 the energy monitor 144, can have a polarization sensitivity. Using Fresnel’s

16



The energy nonitor 144 in the SAM 46, according to an enbodi ment gjﬁt}éﬂe,j s
present invention, may have a polarization sensitivity because thé dn 'é’ét-@dﬁ
beam spli ' rs 104 and 140 that deliver a small rcent age of the
nmai n beam @gﬁogﬁ?ﬂg%&z?he energy nonitor 144, can have a po?grﬁ%éqof”gﬂn”
sensitivity. Using Fresnel's 16 29 SEP 2006 WO 2005/033625

PCT/ US2004/ 030339 equations, it was determ ned that the polarization
sensitivity of the energy nonitor 144 to the input beamis 2.85:1::

Hori zontal : Vertical. A faster. photodiode array 182 may be added to the

SAM in whi chS@YAlpns, it wag detegngd, thatdhg polauzalion sersitiity efthe epengy dndodtor

provi ded for et inkasH 8RR 7 801 D Bloriz By S9Lriafy the |ight source to, e.g.,
a sy Cl

trigger to light out I'n, e.g., nc ou rcurt that could be provided.
Thi's coul d el i mi natefastee photodiode tamap 182 anay beraddes, tocth) SAMI which Hveste

I nstrument for nmeasuring. pul.se |length ("D MPLE") and the need for
adj ust nent mgﬁ"fﬁf%qm%%%%n d%lclé’é cgpld begyspidedfor ghe litiogtaphn enbies fr om

the LAM 285 couledl dTans!Sighk §durdeOBDERA 98 Wh t int 0,val ye reported. by the
SAM 46, e.g., to accur %?tel y_deter %’neg&ir\r%s% gé%aﬁdg'gb%t% -Ougﬁlé%mgthay
condi tions. Teeuldibefpspeided. rBlimeduld chimirsite thei for esrtaif nidasurbAbhRSe ANHBAM 46,

e.g., to the FEMHAM and E95 of the |aser spectrumseen by each, can allow the
use of a li nglgrdccglﬁ%?rﬂ%ﬂ%i gcﬁ BfasnEst Rﬂsggﬁﬂtggéwpﬁg) adgthe peedideer mi ne
accurately t hedjudf¥ie wherBY ¥hevieh nfiB s plégda 2 1 ange of different

spectral shapes. 15 The etal on 162 selected tan consist, e.g., of a pair of

ai r-spaced m rr or sBaglwidthgivenhers frommitie LAM 28 child belusdde cogbinitien with the

speci ficatj on |.o are driven .9.,. by. requirenents for

the pr ope?d f u;‘?la(:i ‘?(F)el?%) ﬂgd gi’ %?ehgméf é?’oeng"l ety Sﬁg‘m‘%e%ﬁeﬁg%r%“r@ﬁer s

noted above, RENgomiiti@iss The MEkERNBIatDE sERANIERNThS 1IN z%“ané%}xﬁzi‘g&d
e, e.d

lifetime of this conmponent. The sel ected paraneters may i1 nclu S, free
20 spectral ra&gt be FWHY angE¥hohthe iser gectmm sedrf mceachiecahiatiewshe afe ofe. g.

? 25 over a . eak transm ssion (ratio of the fringe peak
phot o- el ectri %: g%ﬁg‘%ﬁ@%ﬁﬂﬁ% Q‘fvﬂ &RO‘%ga‘f%lhﬁsgﬁév §t° gFtermB’G%ca‘ffa*P@B thes5nm

normal i nci deFW&M BuESS pgtheapediontbier a?aﬂgla%&“aiffe%erﬁﬁgémai dhabtl ther detail
the optical elements of the SAM 46 optical nodule 72 between the
adj ust abl ¥ ni rror Nie efalen A3 selpeted can enmsisR®.21,60f a pair ofiisspavbd diimesst74t he

tel escope frq@fod:RSFiEP G}) o ﬁfﬁld%paging.n?‘hé Q;?ecﬁﬁ:ggion%afto} fhe etalon 162 are driven,
e.g., by requirements for the proper fimctioning of the etalon 162 under the
operating parameters noted above, among others, inchiding the requirements for an
extended lifetime of this component. The selected parameters may include, e.g., free

20 spectral range of, e.g., 3 pm at 193.36 nm, effective finesse of, e.g., = 25 over a
10mm aperture, and peak transmission (ratio of the fringe peak photo-clcctrica‘]

signal and the input peak signal) of = 50% at 193.35nm normal incidence.

Tuming now to FIG. 7 there is shown in further detail the optical elements of

the SAM 46 optical module 72 between the adjustable mirror M1 146 and the etalon

25 162. In this embodiment, the telescope front lens 150 of FIG. 4 and the combination
optical element 152 of FIG. 4 are shown to be all contained in a single mounting
frame 200, with the telescope front lens 204 contained in its mount 150 éttached to

the mounting frame 200 by a mounting screw 206, which also serves to hole in place

a finger spring clip, which holds the lens 204 in place in its mounting frame 150.

30 Within the mounting frame 200 is contained the elements of the combined optic 152
shown in FIG. 4, i.e., the telescope rear lens 220 and the first stage diffuser 222 and



optical elenment 152 of FIG 4 are shown to be all contained in a Sé,rb,gl“f” o
mounting frame 200, with the tel escope front |ens 204 contained i s A1

nount 150 %6%%9%6%0 t he mounting frame 200 by a nounting screw 206,
whi ch al so 'sefves 16 hole in place a finger spring clip, PGHD2904@30389 t he

|l ens 204 in place in its mounting frane 150. 30 Wthin the nounting frame
200 is contained the elenents of the conbined optic 152 shown in FIG 4,
i.e., the telescope rear lens 220 and the first stage diffuser 222 and 17
29 SEP 2111 WD 2005/ 033625 PCTI US2004/ 030339 the spherical |ens 224. The
tel escope rearthpénBermablopa22Be Fet thliscopsl mae lown 220emayTbeibeids §lETn 200 by

2 ount 0 SCTMR A 3055 LA 400, S Pt ol S
RO SR O Mo kWA
210 and the svend"Sr el Fredurh s sRiniag PRS00 miye D e eaitend: o
the plate 122 dfngeoupinggist3e WEh2AduniHlLtadt 200 ihal 82 ameg% Al 869321 0

the plate 122 l%y mounting screws 170. 10 The front“tel escope [e may be a
caF2 convex cylith@oPtss modnls, 7 byimgunting woryuAte iacd the sécont estage adiffuser

t el escope | ensg, | S 0 and also be a_concave

cylindrical | en%%gf’% ﬂéleﬂrram gﬁﬁﬁ%@‘%ﬁé@!ﬁ%ﬁﬂa@ﬁ?bmwwg screwsdag) [1de in

cross- sect i on etaldrel @ thiy bedttackedtofltheplate @%%yﬁﬁ?’urﬁhé@c@%s Tgge of CaF2. The
Ca

spheri cal : ocusi ng erlfgo 224 may al so be nadé o 2 and have a focal
length 15'8f, e.g. Ihg Tontdslescepe Jove maabon G ey eh eylindembl eyis, Reting in

arater than’ SEOSMABIILER reBRGRiddRe RTER, SRa e e o Gl anangt h
are sel ected alsodel & wencave dyliadiRBA 1482 to Qﬁﬁﬁﬁﬁiﬁa'tﬂé’b%ﬁmhhﬁe.f td GRS {rom
the two innernost i.nterference rj ng(sfé_ with the " fringes covering

f

essential |y aff#of P HEOSHEEHE ot StesdiffuseriH3 may algo belitsughCam. t her e
out ermost of  he hncr ot §a0224 Ml D e nY of RS nlgBa o lengtn
wavel engt b5 vef egs. 1. STteterk.  Theattalow ¢ 62 nfafy beer Fab2d-Patbh eliloflByg DRwvitdenel A F
laser grade fyps’eggal range of about 3 pm and a finesse of greater than 25 at 193.350 nm. The
etalon parameters and the focal length are selected to deliver to the PDA 182
essentially only the fringes from the two innermost interference rings, with the
. fringes covering essentially all of the photodiodes (pixels) in the array, although
20  there is some degree of tolerance, €.g., 5 pixels, and the width of Dgp for the
outermost of the two fringes does vary as bandwidth and/or center wavelength
varies.
The diffractive diffuser 222, which may be made of ArF laser grade fused
silica, serves to homogenize the beam, resulting in a uniform redistribution of the
25  input light beam. This can ensure, e.g., a proper mixing of the spatial information in
the beam so that the light at the edge and the center will have equivalent wavelength
resolution and brightness. Approximate specifications for such a binary diffractive
diffuser 222 include, e.g., diffractive diffuser 222 dimensions of 10mm x 10mm x
2mm, output pattern shape being rectangular, zero-order bleed through of < 1 %, full
30 angular divergence in the horizontal of 10° + 0.1° and in the vertical of 5° + 0.1°.

The material selected could also be excimer laser grade CaF,.
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silica, serves to honogenize the beam resulting in a uniform 78 SED onn
redi stribution of the 25 input |light beam This can ensure, e.g., %f}roﬁé%
m xi ng of wWie2wpaisesd information in the beamso that th i he edge
and the center will have equival ent wavel ength resol uti ?néféﬁ%g)%‘?o%&% ness.
Approxi mate specifications for such a binary diffractive diffuser 222
include, e.qg., diffractive diffuser 222 dinensions of 10mm x 10mm x 2nmm
out put pattern shape being rectangul ar, zero-order bleed through of <1 %
full 30 angul ar divwgrgepce. i.n,th izontal of 10 A 0.1 and in the vertical
of 5 0.1 The mat v aReSnBLE Lo R RS reidhin qless@roxima éo ther2.

18 2 9 5-=1' (EM ASRptROSIAARERANRGT L LI SEANALAANTET Lo .o ADSAITLY 74

t he 5 ob

(SAM 46 el ectrgnics) resides in close proximty to I'cs
M4

modul e 72 due & AsEoTdiede At arehedithent of ke presenhinvehtes) &R be TdcateBheithiRDM 44
according to i resent,,.Lnventio n be | ocated within
the SAM 46 opt@:ﬂs cgmngg{?@[fi%ﬁ@gggme‘% Sﬁy ﬁ%\?r“f4§1Dgﬁllﬂ"éicﬁmé}&t oRiiES #Rd 5
el ectroni cs t clepboiios to pdifinin theis ksks;the1d ROk S ABIG AN taifs o(hggpélé‘ét%c%f}},y t

y to

el ectronics to )ggerformits tasks. The SAM 46 may be nounted verti cal
an optical taBFEOTHEEaSkown). The nodule 46 may be mounted to the bul khead

122 with three capt t in.t modul e al l. ow ng for easy

nodul e repl acenment Whégéﬁl\lq #g%a@k%h\l@m;ﬁ?deﬁrg‘é%@t OPP‘E??B%’??) shoae) RBE i s
free of el ast oweluk. 46dmby bk nicuntddeo |tmmmat1uglwiwﬁ&%ﬁ@wmﬁ%%& Y be
provi ded, e.g Vi a cal] network or ethernet port on the 4‘%. hi s

. |
connecti on maj! B m ‘?"d‘? ,aﬁ?‘ﬁ'l“g fabeasy imedute replasemento Realing it siredintenfacesnmby on.

Ther e can 18l sBe BRVHARNECELOLF he SAM 46 directly to the firing
control pr ocessgr ("eFCP") t%at %%Sﬁgﬂﬁ?r%)‘vi de a high 15 speed data stream of

metrol ogy val ues fdrlintse the lndee contrdlrspbteml @OF sHWB ha be ﬁ:%ﬂidw'é_:%_ngia@e

| aser system E{%.] To ayoi d danage to the optics due to contam natTon and

| osses from 4&5&cPPFPENH 8‘?98%‘?11 oprle BAdd 46pcthis sanrteciion tay bepdgl, o6 may
be purged. A ndWFiRR-dritesl loRGE o o e imary beam splitter .80 may
be provided, e.g., such 20 thﬁdggg%il?iplg{é%t%&pu%eeﬁaégﬂﬁ g@\é QB?W‘?IHQOF% WEB
42 through th@eigﬁ‘&Mr‘i&ﬁHe@ﬂy ththe fipiigreanyolymracess! (FECET) 18R cal roviel 168

hausted.th h tlet 1i t th
exhausted,{ ré%,'-ég@ RS sBréant “of’ %mtr%&ogyl \rr]a u(?s for ﬁse in the control algorithms for

controlling the laser system 20.

To avoid damage to the optics due to contamination and losses from
absorption by oxygen, the laser beam path in the module 46 may be purged. A
purge interface, e.g., for the primary beam splitter 80 may be provided, e.g., such
20 that a nitrogen purge gas flows from the PA WEB 42 through the interior of the
primary beam splitter 80 and is then exhausted through the purge outlet line at the
PA 50 chamber window (not shown), i.e., within the bellows {(not shown) to which
the primary beam splitter flange 118 is connected.
The remaining optics in the SAM 46 (but outside the purge cell of the
25 primary beam splitter 80) may be bathed in, e.g., dry nitrogen that may be fed to the
module 46 via a fitting through the enclosure 76. The enclosure 76 may have a
nitrogen purge rate for the enclosure of, e.g., 4 L/min and an oxygen level of not
more than 5 ppm, with a leak rate for the primary beam splitter purge cell of, e.g.,
1x107® sce/s at 100 kPa over pressure.
30 The potential for so-called “white fuzz” damage (due to compaction under

high UV fluence) to the CaF, primary beam splitter 80 mirror 104 has led applicants



PA 50 chanber w ndow (not shown), i.e., within the bellows (not shown) to
which the primary beamsplitter flange 118 is connected. The r emel BlﬁgP 205

optics in tyg 260805465 (but outside the purge cell of the 25 primar
splitter 80) may be bathed in, e.g., dry nitrogen that na 'Hg‘s?‘)éﬂo%é”t he

nodul e 46 via a fitting through the encl osure 76. The enclosure 76 may have
a nitrogen purge rate for the enclosure of, e.g., 4 L/mn and an oxygen
| evel of not nore than 5 ppm with a leak rate for the primary beam

splitter purge Ll X 10-5 scc/s at 100 kPa over pressure. 30
The potenti al etl t&&ﬁe%”%ﬁ%?%“? iRcidenpea nelge abense The intama aiptioal layuer

hi gh WV fl uencgﬁthggAg\IQg Cakd ter 104 has |ed
applicants 19 2 9 SEP goos dmeh%?%%@%@%kﬁfﬂé%&?%@b to utilize
the 700 angl e of belnaipnetdypncenfigtraiibrabpie. SAME4s, MEHBA VR 11GAL ok lﬁ%?}'t

of the SAM 46 %ﬂ}ﬁ%ﬁlfl @ froml@gl or waveneter versions accorcsl nglp

prot ot ype configut HiEh B ATRE W@@Stmat?éﬁ@éeﬁédellﬁamJ/ctheasnummgy() tdbeam
splitter 8G mM40 a8 pfid YRFEeE£ %! HiR! t 5 ml/cny, ass 20
to 5 40 mJ pul se eF#gr gi esﬁ a n%ﬁfgnm%?gg%r}l%ez%da § ARy F‘i‘“}ﬁrsyluﬁ"éaﬁq
splitter 80 mlﬁlﬂorll@& qmen@dtaééﬁ degrdds tdelys inam pmpié%ﬁoﬂﬁﬁaétmxppﬂﬂﬁédrﬂéh:e
direction. Thisg ures pri Oi’ fd’%ence | evel s seen the primary beam
splitter in appl | e L%F'arf‘éaﬂ Y U REEOSFIO Bieast §pld¥erap@pph¢amf @ksigied’s

ml/ cn2 assumi XX ﬁ Saf@bxagpraﬁmabaﬁ'i@ H/cEn? RsinR %d?e%ﬂ}% ﬁl{}b&?@ ataner o

reorientation of the primry beamsplitter mrror
is a reductior ®f/pulse fluence at the primary splitter mrror 104 to about

25 to 51 /crr*Z Wﬁpe still r$.| ns a rlsk of "white fuzz" danmge which

must sti || ac oI @dserisntatign dhsjrdmagy b eﬂmrS@hG@'smgTC@dOHfrfmm HBYtocTasl d

accommodat e EIt}ﬁéieli feabeidy fjnin c0-0 ate system
sa 1o oﬁ%ﬁuéﬁ%&%ﬂh@pm@gﬁgghn} Or, %to Bo‘&t 5| stllng a

Wth respect to t | aser system 20

ri ght-handed &/@Rdi ddes st;llstmmst hG‘ISk-@ﬂ(i‘\shl@mZd Qﬁmage Shich hitst bApee beam
propagati on d| 50%91@ o, 69\/3 axi s the vert| caIIy upward direction, an t he
y-axis the hofizontal f béidesign 4 &5-designed m@mtméfcomhbampemdatmeshmh a
coordi nat e sy€hByor MaB, phtp@ly splitter 80 mrror may be circular 40mm fl at
that is,

Defining a co-ordinate system with respect to the laser system 20, e.g., as
seent in FIG. 5, utilizing a right-handed co-ordinate system, the z-axis could be, e.g,,
the laser beam propagation direction, the x-axis the vertically upward direction, and
the y-axis the horizontal towards the user, ie., out of the paper. In such a
coordinate system, the primary splitter 80 mirror may be circular 40mm flat that is,
20  e.g,, 2 mm thick and is oriented such that the angle about the x-axis 6=70°, the angle
about the z-axis ¢=0°. This results in a total displacement of the beam center by la
distance d afier going through the primary splitter mirror 104, For, e.g., CaF,
material (n = 1.5018 @ 193nm), the beam displacements with respect to the co-
ordinate system defined above would be:
25 Ax =+ 0.0 mm
Ay=+ 133 mm
where it was assumed that the refractive index of N; at 1 atm = 1.0003.
For MgF; material, the refractive index along the direction of propagation
has to be first determined. Given that the refractive indices for the ordinary ray, n, =
30 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

20



20 e.g., 2 mmthick and is oriented such that the angle about the )Q-ng;fs};
0=70, the angle about the z-axis rp=0. This results in a total o
di spl acenenyoQbod/dzgsieeam center by a distance d after goj t hrough t he
primary splitter rri?llraor 104. For, e.g., CaF2 nmaterial (ni’ﬂ%y_sg{gfgﬂ)@s
193nm), the beam di spl acenents with respect to the co- ordinate system
defi ned above would be: 25 Ox = + 0.O nm Ay=+ 1.33 mmwhere it was assuned
that the refractive index of N2 at | atm= 1.0003. For MgF2 material, the
refractive index along.the direction of propagation has to be first
determined. G Vel PRAgEqH @lqng; ﬁ*ﬁcﬁaw irc dke frogdiyrnerednatisnar y\n Fayl,4362= 30
1. 4305, and foCobdiguéinlyl AR Mt Men G Tiky b and assuming that the
optic is cut with its flat surfates perpen(ﬁ CUl’ar to the c-axis, the
refractive index in the dkrFedtfam 20 2 9 SEP 2911! WO 2005/ 033625

PCT/ US2004/ 030339 of propagation along the z-axis within the medi umreduces
to n = 1.4362. Consequef¥y,1.3%H@apeam di spl acenents are gi ven by:

Ax=+0. 0mm Ay & ' is not very different fromthe
di spl acenent WW?%h%a@.vwhdef%}eg Qs%%‘ r@?ﬂlﬁ?ﬂ%@ft@ﬁaﬁ‘he centers of two
fresnel reflectionsThd syand parafiéi BEes Ble dehRfs O o0k leen
by: d = 2*t*(tan0;)*(cosor) for 6 70 and usi ngstheomﬁsé%ﬁgpgﬁirogf)leﬁ%tng’éhg
|isted above, Praary splferapifror 104 wauld begivenbyr MyF2, d = 1.2nm for |ight
polarized purely along the,ysaxiS« the reflectivity of the splitter is
Qiven by: In =10y [{P70 COSSPBI €0 Sin 2(0)1] 15 = 10y P70 where P70
is the refl ethbif/Gi&YO“Hndﬁrsﬁxg|ﬂ?éﬂm§t@ﬂa]|ﬂr§%}tfi&t1iszg%ha‘ﬂ8?{ ees angle of incidence,
the1r

I, is the intensity of light reflect rom ont surface of the
primary 10 = for CaF,, d=1.1mm

= for MgF,, d = 1.2mm

4

for light polarized purely along the y-axis, the reflectivity of the splitter is
given by:
Iy =Ioy [{Pr0 Cos*(0)} + (S Sin’(0)}]
15 =Toy P20
where Py is the reflectivity of p-polarized light at 70 degrees angle of
ncidence, I); is the intensity of light reflected from the front surface of the primary
splitter mirror 104, and Iy, that of the horizontally polarized incident light.
Lia = (Toy = I11) P70 - (loy — I1y) (Pro)*
20 where 1, is the intensity of light exiting the front face of the primary splitter
mitror 104 after reflection from the rear surface of the primary splitter mirror 104.

The total intensity reflected into the metrology module 46 in beam 114 is given by:

Ir =Iy +1s
©  forCaF,  =0.08133 1,
25 = for Mgpz, =(.08632 on

A secondary splitter 140 then reflects a part of this light in beam 114 to the

energy monitor 144. Its orientation is such that the reflected light is given by:

L) =845 Iy +1;2)
Ix =8su+ha—T) = (Sas)’ (1 + 112 - by)
30 where by and I, are the intensities of the light reflected to the energy

monitor 144 from the front and rear surfaces of the secondary splitter mirror 140.

21
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splitter mrror 104, and Joy that of the horizontally polarized incjdent; .-
light. 112 = (10y - In) P70 - (10y - lii) (P70)2 20 where 112 is tHe¥ Y- £utu
intensity wio dooghitzeexiting the front face of the primry i irror
104 after reflection fromthe rear surface of the pri mry@ﬁ#’ﬁtzb‘?“réq}“%rror
104. The total intensity reflected into the netrol ogy nodule 46 in beam
114 is given by: IR =111 +112 b for CaF2, = 0.08133 IOy 25 b for MgF2, =

0.08632 Joy A secondary splitter 140 then reflects a part of this light in

beam 114 to th.‘{a-h §n rog%qfngni.to 144. Its orientation is such that the

reflected |ight™ aéf tRy Incydsht intensaty thatiis refleptey] intpothe SA&Eg tonitor 144,

+112- 121)-(54%2ﬁ&1%ﬁ@1?ﬁ%;&e§ﬁgmp§%@vén and 122 are the intensities of
g nit

the light reflected to fhe energy or 144 fromthe front and rear
surfaces of the secondary spllktterki#idgr 140. 21 29 SILT 200U WO

2005/ 033625 PCT/ USZ,QO4/ %%05%% The_f(ggiti on of the incident intensity that

is reflected into the e noni {0 31741,0y for horizontally polarized

light, is given by:=le FH2UpF22 '=§.0{4 2, = 0.0137 JOY 5 for MyF2, =
0.01454 1q. The fraction of ‘the incident I"ntensity that is reflected into
the energy nonitor Thedmction of/ée inaidént yntendiyrthatdsireflegsd irits 16 sheryMonifdr f OF

CaF2, = 0. 007%4%91‘Ve%i{aﬁrgP%ﬁrﬁ%%@fgﬁogiggéps"%rl?o?hi s anal ysis assunes there

are no | osses between 104 and the secondary
splitter 140 (absente offoramyF,W Nndevpo@®is634di tional secondary splitters in
bet ween), however, in the enbodi nent disclosed above there are two w ndows
110 and 112, and a%teerf‘Perng,rroFOlWOBéﬁxween the primary beamsplitter

mrror 1045and the-gacol g,gnésst%glam I itterI 140,b which will reduce the
cal cul ated 15 intensitl &3 By  Appr oXT HATEH]/0ptssdetiesn MerRyimary splitir uyirror

pol ari zed i gti04 whd thersesdidaty sphttert 140 (aB¢eng0 Bt Ay ibhiswObr I ER Mo,
varying greatly wth polarization as is known I'n
splitters in between), however, in the embodiment disclosed above there are two
windows 110 and 112, and a steering mirror 102 between the primary beam splitter
mirror 104 and the secondary beam splitter 140, which will reduce the calculated
15 intensities by approximately 10%, asswming vertically polarized light with respect to
the horizontal axis of the beam, and varying greatly with polarization as is known in
the art.
The 70-degree angle of incidence dramatically increases the size of the beam
footprint on the splitter mirror 104 surface. The situation is further complicated by
20 the requirement that primary splitter mirror 104 in the SAM 46 has to accommodate
the double pass (MO beam 62 one way and PA beam 64 going the other way), as is
shown in FIG.’s 3 and 8. The beam sizes, separation and angle as defined by the
system ray trace are, as shown in FIG. &:
MO beam horizontal profile 2.0 mm
25 vertical profile 7.5 mm

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
30 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
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the art. The 70-degree angle of incidence dramatically increases the $:;'t;ze}{mq
of the beam footprint on the splitter mrror 104 surface. The situat Lgn e

further cowplzoesdsesby 20 the requirenent that primry j . .tyor 104
in the SAM 46 has to accommbdat e t he doubl e pass (MO bea%elg}?%%(ﬁém%y and PA

beam 64 going the other way), as is shown in FIG's 3 and 8. The beam
si zes, separation and angle as defined by the systemray trace are, as
shown in FIG 8: MO beam horizontal profile 2.0 mm 25 vertical profile 7.5

mm PA beam hegj f1d. ) vertical profile 11.0 mm .

Cent er -t o- cen?%irCEés)d;%%%salt??%r@%%}g agm%gﬁqxﬂmﬁt& %@@ﬁo%aﬁ%“slﬁﬁ foe masmBng ther ad

30 FIG 8 showpti¢ H64beBira Bpaimrdiahen cirbR ©RATNBIaIfode &rlie H‘Iarpéiﬂ?‘?PEﬂemr y
splitter

splitter mrror .@4 and the shutter face 104" of the primary

mrror 104. THEUaSk sgpce dor thedwmbsamss 3bpthe TS foc4I BB OS A prahatyeplingeas
105 indicate LB be: P "\ area ypsed for unt i he . optic
104. The 32- nﬁ“ Erlaﬁfnﬁefﬁ Ci r%?aéFggragg?At @e*‘éﬂ F%Wefpé’FR’?B%S%értgﬁ%ﬁ}“? Brdrag

avai | abl e $pactthedinetl A spamningeherbvo Béarhd 62, Ghasheided #08 c404r ofthe BRE oPfHMBI Y
splitter mrror 4, the MO beam 62 and PA beam 64 are positioned such
that the m dpSPthct ‘of the line 105 spanning the two beans 62, 64 coincides

wi th center of theataeahlftethe 10801 15404, .. Al Lhe shutter, f 4",
faci ng an out shutter, eer- g., (?ﬁ’tflglce g%‘ ﬁ@uh%uﬁgr’ eﬁedﬂ]ﬂ%ﬁnﬁgw,ﬂe?g. ,

ut
1.3 mmis obsgtwfedhiﬂ—mfev@,, 1 Bhaim sisi bbsereedrHowd\an thaP RENSat86ebihah e

face-shift of (1. 88 ue to the 70-degree perspective of a 2 10 nmthick
splitter mi rr%?fn&eﬁﬁagggcg%?éﬁf?@ﬁ'ts it of L3 megdierto the 7Pnlester persppetivei afq 2he

two beansid s SrbhicfieMdibg: f6Nt Song ;4368 104" of the optic
104. Under such tigh‘_’t(1 space const%Pﬁé{q‘é%ﬁ?ﬁyﬁ@oﬁr@%ﬁf 'p¢ SPARBIGLDE o
tolerating al Mgnbesms isdryfomsm fans tiemttercofvihe whoertfie® RNEbAkhORCR4.

layout i's showp;d.n, 5 tcl.;\‘ghtSSpacFel c%nst?aints, there is very little scope for tolerating alignment
erTors.
A schematic view of the general optical layout is shown in FIG. 5. FIG. §
15 shows schematically the orientation of the primary splitter mirror 104. The reflected
light 66, 66° is steered into the optical plane of the wavemeter with the steering
mirror 102. For an angle of incidence of 70 degrees with a CaF, primary splitter
mirror 104, the angle of incidence at the steering mirror 102 is 25°. Assuming a top-
hat profile of intensity distribution across the beam path, ie., more or less equal
20 across the entire beam path, for the beam 64, 30 mJ nominal pulse energy for a 9
mm X 3mm beam, the maximum fluence at the primary splitter mirror 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

25  maximum fluence can be estimated as follows:

Incident beamn 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)
30 = 1.48 m)/cm®
= Total fluence = 39.5 mJ/em?.
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15 shows schematically the orientation of the primary splitter n?rg gwmlg_z_l.ﬂ
The reflected light 66, 66" is steered into the optical plane o éf s
wavemnet er Wybhodshgsg@keering mrror 102. For an angle of jngj 70
degrees with a CaF2 primary splitter mrror 104, the angF§$@g§@§{§?°3 nce at
the steering mrror 102 is 25. Assuming a top- hat profile of intensity
distribution across the beampath, i.e., nore or |ess equal 20 across the
entire beampath, for the beam 64, 30 mJ nom nal pulse energy for a 9 mmx
3nmm beam the maxi mum fluence at the primary splitter mrror 104 is where
the incident beam 66 at the chanber side primary surface 104" and the beam
66 reflect edfdd PRnBOF DOUBIRT mI/RReS age1 104, overlap (Fl G

5, being schematic tgr_ld for ill ustp?af’l g’%qg‘%%%‘s?gg fsno?‘?’ it?lf)kvzvl()ﬁﬁﬁ[gﬁ'y af)é}?fm
overl ap). Thi senmRgysphitterumicior heéhce can be estimated as foll ows: |ncident
beam fl uence = Cos(70)*30.0/(0.9*0.3) = 38 mJ/cnR Refl ected beam fl uence =
Cos(70)* (0.0389)*30.0/(0.9*0.3) 30 = 1.48 mi/cnR b Total fluence = 39.5
m)/cnZ. 23 2 9 SEPAt thOReeNiR RADS MB36R RN HFRO04/ . EQLy-2 Tange of
20 to 40 mJ/ pul se, the fl ufgl%ce range Is 26% to Egﬁxgc ggérﬁ??%agggpyt he primry
splitter mirrdfuangg from fentface refleetrdong FCos(25)*MORL24) 180,019 *08Y f | uence

| evel is given by: Fluence fromfront face i‘gﬁﬁﬁé&i}%n =
Cos(25)*(0.0424)*30.0/(0.9*0.3) = 4.27 mi/cCi e fromrear face
reflection = @iedneb)ivhreaRRO) Fe¥RofMdr 0. ¥ Bods)*® (38953 @r@ Tot al
fluence = 8.2 ml/cnR2. For a range of 20 to§é43 Cr?ﬂ/pu%sg?yf heofl‘ﬁuence range
at the steering mirror (a dielectric coatedXindjni’s 5.5 to 11.0 ml/ cn®.
Returning 0 FIG 4, the,overa tical_J tswithin the SAM 46 opti cal
portion 72]toi s shown. AS%I?IO'[ ed gjﬁta\? flellcﬁé“é'?éﬁ{é”fromthe primary splitter

mrror 104 is Foth ramklof0esl40 Aiifpuldee tHFhueh @ ramed thellieding MRVE (BLiSlctid DEam
114. The approxi mate

coated optic) is 5.5 to 11.0 mYem?.
Retuming to FIG. 4, the overall optical layout within the SAM 46 optical
portion 72 is shown. As noted above, the light from the primary splitter mirror 104 is
15 reflected into the optical plane of the wavemeter in beam 114. The approximate
fluences at the various optical elements leading up to the second stage diffuser 160
can be estimated, continuing with the assumptions made above. The range of
fluences listed below are for 20 to 40 mJ/pulse energies, and assuming a 2.2 de-
magnification ratio along the long axis of the beam 114 using a cylindrical telescope

20  setup, as noted above:

M1 adjustable mirror 146 4.1 to 8.3 m¥/cm®
Telescope front lens 204: 5.8to 11.7 mJ/cm?
Telescope rear lens 220: 11.8 to 23.7 mJ/cm?
Diffractive diffuser 222: 10.9 to 21.8 mJ/cm’
25  Focusing lens 224: 7.6t015.3 m.‘f'/cm2
Second stage diffuser 230: 7 to 14 m/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

30 of damage. In order to alleviate this applicants have, e.g., incorporated a cylindrical

telescope and/or utilized MgF,.
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fluences at the various .optical elements leading up to the second stiagey 7
di ffuser 160 can be estimated, continuing with the assunpti ons nmade above.

The range ofo 260sus3sees |isted below are for 20 to 40 ml/ p l.es, and
assuming a 2.2 de- nmagnification ratio along the |ong axigéglﬁszﬁﬁﬁg&g}’egm 114
using a cylindrical telescope 20 setup, as noted above: ML adjustable
mrror 146: 4.1 to 8.3 mJ/cn2 Tel escope front lens 204: 5.8 to 11.7 mJ/cn®
Tel escope rear lens 220: 11.8 to 23.7 m)/cnR2 Diffractive diffuser 222:

10.9 to 21.8 ml/ cnP 25 Focysi 224: 7.6 .10 15 3 .mJ/cmP  Second st
diffuser 230: 7 Lo {%ﬁﬁ%ﬁf‘g"@ﬁgl&a%gg‘r%%w@ﬂ% “b%j"‘gtﬂ‘é‘ %Mﬁ%’ﬁlsd?o?!?ﬁg RoA

fresnel refl ect82oinsthé SN tdsefor diffempg Mewl o A (20 80/pk04, 3
| evel s at the t@l escope rear |ens 220 and the c%ffrac?’?ii ve %F?/ Eissgglﬂgg'g can

be consi der ed PYPBEC)BSthels imBTssetion grith thieths A sigpelouipit line. For afl. U¥rmgest | n

order to allevg t hi | have ., .kncorporated a cylindrical

t el escope and/ %?E%thi rPélp;: 8@%@5@%& 39% %@?@3@%@@%@%@2@6&%@%@9@-%

Turni ng now t o70E8°Gnd&3.2°hahe kS t [ - r t he PDA
’ Ty TR & RO p R,

182 in the SAM 46 for differing levels uence ml/ pul se
and 40 ml/ pul se) dringhbifertestimgeofsrpilotanoduils bf tHeewivemétai radn 6L GANL Ne.

For a 1.5 V O%6pl.ét I.fo ach respe %Lve | evel. of fluence noted the
i nci dence angl s AP & gss BEY %fghag ge wasy gvidencgn 7‘31_.1‘233 hithe ifisst stageni ng
a, e.g., 10 deiiffeeties dFRuseOrE ang &cﬁﬁnﬁfa%ﬁ@fé%%ﬂ %%5{31113% ke iﬁ%icfeléln of a

pil ot nodul e of fhe waveneter portion of t Icants vered
that there wadikelytaspea michdawayBuanoe thae if trestmistdaments dedctibed iri fiie pebsérdtuser

222 aft .ation ef -about bi L.i hots, iJ).a. desi | kely t
cee & mich T ouBpiRbAn  Singd TR et e, bt i oire D2 olhel A6 fraskont

10 appl i cat i oronileratle thiek bf fdainagé FBsea Hig rfﬁj‘éhéev?ei‘/@isf FH4e8 sl Zoétﬂst\l}&e.SAM
S

46 faces consjderable risk of damage from high fluence |eve used Silica

optics were dsenedita sroheblyamntybendhic e bahised sincbat flmentesiends pedatek Itheant e

| evel s greater . e risk qof damage, e.g., due to conpaction
i's very signi %ﬁ?hklﬂlﬂéf%%éggpgggi@g? §8V’B?$Llﬂ’?s’sp‘%&‘ é’rﬂlﬁ_{cﬁ@rm@lf Bgtt o
t he |i kel i hoogossiblelantagend pretdie tihdskhas td MR likelihood of damage to the diffractive

15 diffuser 222. Making the diffractive diffuser from CaF, instead of fused silica is one

choice. Another choice could be to, e.g., decrease the magnification of the
combination of the front telescope lens 204 and the telescope rear lens 220, to
increase the size of the beamn 114 incident on the diffractive diffuser 222, thereby
reducing the fluence per ¢®. In addition a combination of the two, or even the

20 selection of other possible fused silica materials along with de-magnification of the
beam may be utilized. Applicants believe that it is possible that other lifetime
limitations arisiqg from damage to fused silica optical elements could be also
achieved with in this effort. For example, the front telescope lens 220 may be large
enough fo have acceptable fluence even with fused silica material. Comparable

25 fluence levels incident on a ground glass diffuser, such as second stage diffuser 230,
may be ignored because compaction type damage to the element would not be
expected to dramatically alter or affect its diffusing properties. The second stage
diffuser 230 may be formed of a flat piece of glass with a grounded surface to
induce diffusion which can then, e.g., be etched by bathing the surface, e.g, in a

30 bath of ammonium bi-fluoride (“ABF”), which, among other things, enhances the
diffusion uniformity.
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15 diffuser 222. Making the diffractive diffuser from CaF2 instead,of. fused
silica is one choice. Another choice could be to, e.g., decreasée b ezt /-
magni f i cat i @0 2065/a438625 conbi nati on of the front tel escope | 4 and the
tel escope rear lens 220, to increase the size of the bea%%ﬁ?%@?‘ﬁé%t on
the diffractive diffuser 222, thereby reducing the fluence per c2. In
addition a conbination of the two, or even the 20 sel ection of other

possi ble fused silica materials along with de-magnification of the beam

may be utilized. Ap 4.6 | i that it i.s possible that other lifetine

linitations arisi ng%ﬁrp g@n&{é‘glr]r%geedh[%g&f B eg}thoflgﬁgrﬁﬁ? meke the Bemtriclescopelasbe

al so achi eved204.ttheireart talescopt flarst 220k tﬁéﬁ?ﬁ%'sﬁ‘agetd?ﬁ'a@ﬁﬁ’@ﬁif{ﬁ%&?ﬁozg% t:hens
1€ets

220 may be |l arge_.enqu to ve acceptable fluénce even w Fica
mat eri al . rrpgqcéfﬁ'inéq?%h;ﬁ‘* %ec&lFe\?E@ 8lsp he deroragniy, thoughomhs @nBbamsndiddlaser

such as secondasé | : be ignqgred because conpaction type
damage to the el eqngﬁ? &'émfgmége"%gfgtﬁg‘g °'g§é€%%é’&91t%e§%%‘fr§%sc%d| t}aegﬂémgo}ens
affect its difmede vf AnFogrede bebeu&r(eoﬁe@@aﬂlpaétﬁﬂﬁsmmgoﬁiffﬁ{seé%gicgﬁym%&

ce to Induce

formed of a fI%EO.gei ece ,of gAaﬁ Wi th a grounded surf
di f fusi on whi cHIUER A EIFtalh Gt leaglingpart, by thy questionraf Winthes wohmaeionefrem, | n

a 30 bath of a¢1ED p 4201 BiflloH Ak " N ich ng o} hey -things,

enhances the di ffas_i on ljrllﬂiof %P%Q? §%V§§Eaf)gﬂ?%@€eﬂ%?g§b§m§%§anadm on a

PCT/ US2004/ 030789l aipips levare.s, h@ngusﬂddaamdnﬁ'nﬁlgﬁ]g%ﬁgﬂgétﬂﬁ[lgg &ﬁst%ﬁéﬁ%géﬁ‘%
the fti1r

front tel escop‘??_r}ag,‘gsc 204, the rear telescope | ens 220 an St age
diffractive difFiass chaneetn qalciym thyosidsanaterialens 224 al | of CaF2 and al so to
de- magni f yle t hough R&RsRARGHhEENLMGRH L nclude ot her variations,
e.g., the front tel_escpfpe Pens and mégf%@%ﬁ?r‘%% s the ‘&Fé‘c?)ﬁc‘ﬁlq:a‘gmfde or
better (from &ifeHue diftiesi2ndigaiprinariiy s dhaiding 2.0 TREIL-m Hic%ﬁér* S
di ctated, at “ﬁﬁﬁt e!]égc(g)art bcé t he, %i on of et her conpaction Trom
e.g., up to 20 BT 15 SRORHEPLIKS cony pftendial benpdiic doreavercarplivaltcinR)e

i nci dent on a chésened tslebdopd Wi SviikirQal N ED_ a.non-i magin
application, is drastic ggou h to w%?}r gcﬁtgésaggﬁgtﬁgrgﬁr% g @?Wﬁ“%ﬁf%rﬁhée
TSk e e i Ag L e ) businate dung SHATO! U badoRdl Ubuld pane
the de- mag]ni f in(l:a%l{ oe# r a% }{‘ge 3 hleh_ﬁuet“@? égg’éﬁgmaﬁéﬁu@bﬂ& denkbbelower
potenti al benéfantthatWpitle@\telescopdBddsGans 8f NaNBir spherical lenses, because the fluence

can be better spread across the rectangular shape of the diffuser 222, with its long
axis coinciding. with the long axis of the beam 114.

fa

Another possible embodiment could entail removing the telescope system

20 204, 220 altogether. A drawback from having an extended source incident on the

diffractive diffuser 222 could be that the beam 114 angles incident on the ground

glass diffuser 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

25 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,
&.g., by using a prism. For example, allowing for a 3x beam expansion could result

30 in, e.g, a2 9mm X 9mm beam incident on the telescope system 204; 220. After |

passing through, e.g., a 1.8x de-magnification telescope the beam could be reduced,
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chosen a telescope with cylindrical |enses, and therefore, the orientation
of the lenses would be such that only the long axis of the beam 144 (bl g
get de 15 mpg@mdokiossias As a result, the fluence at the diff ' | ffuser
222 woul d be lower than that with a tel escope consisti ngﬁgﬁbg‘%ﬁi‘/&a@%
spherical |enses, because the fluence can be better spread across the
rect angul ar shape of the diffuser 222, with its long axis coinciding with
the long axis of the beam 114. Anot her possi bl e enbodi nent could entail
renoving the tele coge Sé(séem 20 204, .220 al together. A drawback from
having an ext &iidelf &TFR&E TR Rrahy YOI fusder gdppsdifiuense lewelsr atghe diffiactivsul d
be that the beiffusetd2@angkRsev&Cis EH%n:{ n I 1 ffus 30 get
steeper. The ground gl ass di ffﬁsg‘fmgso t gtgp%%frag uécgr?sﬁig ﬂa{r'lrbﬁlsgémgny

i nf or mat i on i ADGIRRS UMM sEparafian hsbwéencthe tws Fréseelaingiges, ggf , casdige padr fill the

abilit to L .01 SEra e-the a | ar .information in the beam 114
delgriadgs. AsugIl c{rﬂé%/cllj ,Ser'ﬁgg' m%gléorg%fuﬁ E’éﬂ"lﬁg’ﬁﬁmﬁﬂ’l ‘Fr&‘yl"trﬂﬁo freragranglertal v

sanpl ed by st heheh@iatal, dolirrrenilt, FaRiRGa borh BASHYHACSRe Jight | L qgy.
The inpl enentatjon _of the enbodi nent uﬁ?zi:l I zi ng spﬁe’r’?c%h&éﬁlﬁsﬁgg’é&%qlg

al t er nat i vel y bengrlifssted plenges skavtedrangkedregyirimgpaiditiong] mireorbsamplakoner thee
short axis, , [ L.sm, Far. exanple, allow for a _3x beam
expansi on couigggflelsI Hﬁa'égégighncaneé&%siy }éeléﬁtﬁ%ﬁvgﬂ?ﬁe%‘a "‘F%(’:Eggﬁtenﬁ'ﬁ ipjoethe

tel escope systwio2l. Tadis, Riweer, aPossbladthbigOpdRapsendte cofnitx 8%t
de-magni fication tel escope the beam coul%hbe recgé)_ed, 65% 5 )é%étllz%l'ZUllG WO
2005/ 033625 PCTI US20t547 by giractive; howewmniox optimizb eherbeam tih4 fsizet dicthe

reduced flyyen | 5; | ffractjve, diffuser 222. ver, .such a
beam exparllgli o%ﬁggﬁ lr?lefg%ﬁ B?Zﬁdéu%sggi s’{‘pg‘g?lggiﬁi’?%qaﬁ’cfl Bgitﬁgﬁﬁ% axiHandit i on
bet ween the t ralubingsthe bednvaizeslong.ig. long a¥is iviith éaise foff ciliddiRal 19hd SHACKHE Ve

di ffuser 222. The fs@g{lt .axis of the beam 114, e.g., at” a 30 degree angle to
5 the horizonf2ah of¢lgherizontal pad vertigal avgsn fAssuimings sxpaetsicd metup withteel BTxght i n

t he beam 114 LG #ldlf; . ngle « L rin ddi ti onal
M ore s ol §° TatieBRE bRy feld BuS SFT DRI ralERla oo ROt e ¢ ne
base plate 12theflpranesize \conldt te, telpe, 4.8inad an5.662n bEithS TiSs BOWMe af ideal .

possi bl e, .t hou erhaps nore conpl ex option. It is particularly
attracti vé}, h r %P%"%FWP%H ploag Hheathortaxiseondd aﬁo fiecase iediepdratiant | ve

di ffuser 222, pb&wden tHRwSMBRL RALiH DRERN 86,9410 28 8085 24 apaerlli%re of
the diffractive diffuser 222. This can be avoided, e.g, by blocking one of the

Fresnel images 66, 66°. However, with the center-to-center separation between the
: two Fresnel images 66, 66’ coming out of the primary splitter 80, e. g., about 5.3mm,

20 implementing an aperture to block one of the Fresnel reflections 66, 66’ may be
difficult, though not undoable. For example, a design implementation could be
done, e.g., with three lenses, e.g., involving a symmetric setup with a spherical lens
in-between two cylindrical lenses oriented perpendicular to each other. This could
result in expansion along one axis and a de-magnification along the other.

25 Other optics related improvements in the embodiments of the present invention
relating to improving the efficiency and efficacy of beam homogenization include
improving the low quantum efficiency of the PDA 182 used for fringe detection.
Improving the detector efficiency could reduce the need to use relatively high
fluences in the whole train of optics in the SAM 46, and also in the LAM 28,

30 particularly beneficial in retaining fused silica optical components. However, if
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reducing the beamsize along its long axis with the use of cylindiical.-|ens,
pairs for each of the horizontal and vertical axes. Assuming a symiet¥i ¢al’
setup with e-magni fication along the long axis and a 1.87x

magni f i cat m%ogﬁléisnghe short axis, the beam size coul d Bd/U0/03039gm x
5. 6mm beam This could make an ideal 15 system However, expansion al ong
the short axis could also increase the separation between the two Fresnel
reflection i mages 66, 66' when incident on the aperture of the diffractive
di ffuser 222. This, can be avoided, e.g., by blocking one of the Fresnel

i mages 66, 66°°NSHBiREd & theipmp PDRe 1 82 teerbave-roentioned emisalr iatpiroventrstsiemhd t he
two Fresnel ipaggssff, 66 comng out of the primary splitter 80, e.g.,
about 5.3mm 20 inplenenting an aperture to bl ock one of the Fresnel
reflections 66, 186 sumayrike thedpbdsitlitics, orichevrglh, Bbordiid eRlRhdodintEraIRL €, @
design inplenentati.on coul d be .ﬁngon,e, e.g., wth three lenses, e.g.,

i nvol ving a sHAHeY Ftentier se i 4iffractivp Klaifhser 22 apade irom neloiwse rfluonisle; use
cylindrica | Lhaent ndl . ther., This could. result
1 expans; on T onct censts Fh B REREA Ao 1o Wtk 3h 2 O, ERlidticsl

Ot her optics lerdedtvith derpragniinativnsratio 2t() @era oo the TEIBcSpd for LBE 16 efktrical
invention relating.,to i roc\éilrp thﬁéeffici ency and efficacy of beam
honogeni zat i ofTnd e nﬁﬁ? ier%cj Witk L1&wdermsarifisation aleng theylong axisearRbA 182
used for fringg7 ded J [ 3 . L cie oul d reduce
the need to use r elggffiid\?g% alhoilngﬁhg:‘élhﬂg na%:%g S%lt% ﬁgegé\%@}%ﬁ@rs aé}?\%g%ng#gt El"%dg in
the SAM 46, dmbasiments betviren Cal.281d SB quaild iabsul e hyailb@nef ihei doideNof Biedi Ni ng
fused si If’ ca opti cI‘aI ﬁ@ﬂgonents. However, if 27 WD 2005/ 033625

PCT/ USZOOQ/ o3t A EBYPY-ai ned to the same PDA 182, the above-nentioned
optical i mprovenenfimgubd 1oGNEO8886Y and PoSAHILKAI S0P RIS Libld ©9

one coul d, accmdi&g to enbodi ments of present I nventron

di ffractive d¢r¢tiQiselthe pprromuewitr26h dlahg thenhifes U0b i-d€b i FEG. B & [dxeeptabat

| enses with - i.fication.ratio changed to 2.0; use cylindrical

| enses with ggr?ag’gbrﬁg%q%étlinoﬁﬁaﬁaoﬁﬁ dhe gz@h?n%"é’f?@s dbge: isophayge at wo
cylindrical pempsaseansy onthe TRIMEEAE e HaSRSE ¥ 5 9151{ f '%Cféoi al ong
the long axis and 1.87 magnification gl ong t%@u%ﬂ%{;{xﬁ%ﬁ%- tarJ ousaglla

conbi nat i'éns THTOfRR-&+ IHITRr 156 pitb thenerngsssdptionad avevCa FRe ametoSH 56 diak dnal so

be availed by REsENRLSE Rfcomtxth}leg frihe d Ivgh%lcﬁrmésyoclzount:ﬂr?sg' an upper foot 270

extending laterally from a generally vertical mirror mounting portion 261, along

with a lower foot 272, forming a base for the vertical portion 261. As shown in
More detail in FIG. 10b, the vertical portion 261 and its upper foot 270 are attached

20 to the lower foot 272 by means of a thin relatively narrow flexure 300, so that the
upper foot 270 and vertical mirror mounting portion 261 can bend with respect to

the lower foot 272, for alignment of the mirror 264 mounted on the mount 260 in the
vertical plane of the incident beam (not shown), i.e., pivoting about the horizontal

axis of the flexure 300. In addition, the front face 263 of the vertical portion 262 is

25 machined to have the surface 263 biased by about 2° - 3° in order for there to be a
constant spring force in the flexure 300 for purposes of mainfaining a constant
spring force during tilt adjustment, |

The mirror optic 264 is mounted in a recess in the rear side of the vertical

portion 261 and is indexed to the working surface and clamped in place by a circular

30  spring clip 310, shown in gréater 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
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Turning nowto FIG's 9a and b, and | Ga and b, wwth FIG 10b being a cross
section of the mirror mount 260, along the lines | G - | Ob in BIGSHO &l
(except thalo 20bdae338xbodi nent in FIG 10a has the mrror t here
is showmn a perspective view of the front and the back o%éiﬁrsggﬁ?k@f%%l e
mrror nounting 260 and 15 mrror, e.g., mrror M2 156 and the cross
sectional view. The mrror 156 has an adjustable mrror nounting frame
260, which may conprise an upper foot 270 extending laterally froma
general ly vertj.cal m nor unt i ortion 261, along wth a |ower foot
272, formng gt1]§%g% t&r atﬂi‘gra(;%’r&gscl’gf’“%rt?ql% 2288 31Asongnefuwhich is sbewn det ai |
in FIG 10b, FiG M8 Whih mPPbt peRe®SlnABdndd ; 79 ,8Le attached
20 to the |l ower foot 272 bepmegnseof a ?ﬂ?n L?peeﬁg. | \%Fh%o‘{legr%?ag%oﬂogxoufﬁ@e 300,
so that the "opRk 02612 M0FKRdlGbeand aml alighebto amgagt ithg @6t boOBEHES bpan
bend with res t.he | ower t 272, for alignnment of the mrror 264
nounted on t hlgeqﬁn%un{r?t%nfgoe‘g'n Rt E@‘ﬁﬂ%@ﬁﬂ%p&ﬁl@e HPopiffesifle of themairior &9M not
shown), i.%.,thpispaigng entdh® b & 20B4@khovi i FRE, f0R€ of ! In
addition, the_front fagz&_‘gg% of the vértical0 portlFIoﬁn lt2 28{)%&%3}'%&1?%?%% to
have the sur f&REes 2esthpiontie areshalanseditang do 1@t resulbrinlérduting stieey itd thehmptia,

constant spri f | e flexure.300 f.or, purpos of mai ntaining a
const ant spr‘“f;l"%l%1 S?%%%emguér‘g‘hﬁ ST %’jgﬁ%‘ierfﬂﬁli“?o ﬁﬁ"r FEPodpent shogvn jng
mounted in a FI&CGamisesn phealitgar figpeta ﬁf)gfciéﬁ_ YRS tTieahout YehiQR bﬁ%&gbgi s

i ndexed to the working surface and clanped in place by a circular
spring clip o2 dewshpmi(Roigthesme extgadiag intora duv@l pirOopenivg 30% insthirbottomn hel d

my bo pert or oot ahd i Gis ORI L bR e BSHRL e of s hgacs o° 4
plurality of tephefiot showmol Tireoddved! lpsn 3achingoB®s Sd M{Eid%b.rel ?hﬁi‘??%i&e@ bl G

10b, which rrae% be placed in machi ned openings in the vertical portion of
the rount, egWn)Jguch is mpunted op thgplate B22aate dursded b thegageredhmsitionrafr or

ot her optic ' Bl LT 2 in, ElG |0b_.on,the qpposite
side of the ﬁf'ﬁ?ﬁ% 5omteg&ttﬁg 02’8% ﬁ'[r:% (E:rﬁlﬁﬁr g?ﬁ‘baggﬁ"'e’ﬁ’t wb‘éﬂ fhe %‘“’&5 H%‘ggn%thom
in FIG 10c, sbownhat insestedhahidi tig déwelcpia epenidpe 30Phe ndik@r hadaRaed @rd do
not result ini n(ilucieﬁsg stress jnto the optic. = Such stress may, e.g., cause
bi - ref ri dénc&FHHPRSYptsi B Preriselsnthe dilirenit shiwldnbe, re.g.FmBen Sdscughgned if
plurality of ghi I disdbi b 9;4CA 4 e u 2 an. be unted . on a
dowel pin (ngt rgﬁgmgl)?&ggl?’eﬁédﬂga?bz%gnatil;%owe' thne gg‘@?ch RE 34 FeEHE B0t t om
opening 304, therefore serve as a key to aligning the optical plane of the optic, e.g.,

mirror 264, and also for horizontal pivoting, if required.
A rotate adjustment locking screw 290, extending through a rotate
20 z.ldjustment locking screw opening 294 in the upper foot 270 and a similar opening
292 in the lower foot 272, and into an arced slot (not shown) in the plate 122 of the
SAM 46, and held in place by a cap screw (not shown) fixes the horizontal
alignment of the mount 260. A vertical (tilt) adjustment screw 272 extending
through a threaded opening 280 in the npper foot 270 and having a ball tip engaging
25 the lower foot 272 can be utilized to set the tilt of the vertical portion 261 and this
position may then be fixed by a tilt adjustment locking screw 266 extending through
a tilt adjustment locking screw opening 268 in the upper foot 270 and into a threaded
opening 274 in the lower foot.
The embodiment of FIG. 10a shows a similar mount 260 from which a
30 mirror in the form of a circular mirror has been removed and on which is mounted a

circular spring clip 310, shown in more detail in FIG. 10c. The circular spring clip
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to foot 272, and pivoted to align the mrror 264 in the horizontgl pl ane of
the incident beam (not shown). The dowel pin opening 304 and th ‘dovel 2pin
it recei vewd r@k/o33siown), which is nounted on the plate %ﬂﬁoif&q%ed to
the required position of the optical plane of the optic, mrror 264.
That is, when the dowel pin (not shown) is inserted into the dowel pin
opening 304 the mrror indexed in the 15 nounting 260 is in precisely the
pl ane it should be, e.g., when also aligned if pointing direction, if

dj bl e i 30
Theref ore ser d o Be3y g Baf Bo0indydng s @a[@‘éqefam%m&mg%%%%%ﬁww% 0

mrror 264, aB@?2ah swhidhodre Tormhetiombahtiny ¥Rdw MBlesi T24! SR &
adj ust nment Ioct<§| ng screw 290, exten(]jlligng throue§h a rot atlg&ﬂafgphg% 310

| ocki ng screw?Spéas agluwdity Pf\sﬂfﬁB WippEI0 dttachedXPOharidg &y spring elip cxpmad:tmgs 292
in the | ower d slo not sho in the plate 122
of the SAM 4%993%%%&1@9? f’%églg‘byg g %&B“%é?{e&\? rigEIE W%%my’nsrw@swlﬁlﬁ%

hori zontal 5 ahiagrbegtdcedfa sphieg ehipRhga@thenfpro&ibi bﬁ@lz;o(,ﬁlﬂl,gg crew
272 extendi ng %hrpu gh a threaded a;ggm ﬁgp280 1| n the uppehr ﬁgb?ﬁ&%@ﬁcré

havi ng a bal I & {35315 sgasgment #lh -8 o ppicsbeleaeat wathobtedarhagei toable bpticabt t he
tilt of the vggtipgal portion 261 and this position may then be fixed by a
tilt adjustnment | ocking screw 266 extending through a tilt adjustnent

| ocki ng screw OpenTlmg e@bG8diment BRowppar Fk3oi1 3@ @@gnda@ q,egmt i%fi‘?ﬁrror

opening 274 in bﬂ% r.foot. The enbodi ment of FIG "10a shows a simlar
mount 260 fr off® éﬁ whichas similapio thesq mdICos M asg 19 ‘Eﬁﬂlmllllﬂmumeramﬂobvas been

renmoved apd oOfe i n | p.,310, .,shown jn nore

Gotar i n 1 e Aok T % Fhed and hEf WS 0r Gagfhe d B gises

2005/ 033625 Fimm@memmmgmaﬂmeammm @nfohﬂ%@ﬂé:hb@%%guﬁ tif g @
e

plurality of g‘%uintl n%{!scr{?jl ensions ., 322 in which ar ormed mount | ng
screw hol es 324.* F&P B’FF‘H’@OEWW%'E’@WmSébQWHh%\s aIElGJﬁaIHIGylZn‘

spring clip mwttﬁ@g@ﬁgngﬁbnt r connecti ons
ext endi ng through spring cli p(krglrcrrxlhslgg%g}étﬁ%é g(r}%o P& % etﬁLcF%‘WeaTFar Sch 5
may be pl aced?Zd heptinmdaceibym retawalmﬁé:bmotmm tothe I8MbiriatibhA SpSOAREniRH
hem spherﬁ tﬁ f.aci | i ta e en ement &I gl an optical el enent w thout
damage t o't he gpl% '3, pgir o screws 364." FIG. 92b shows the back end of the mount

360 with the sphencal focusmg lens 224 held in place in a recess in the mount 360

by a plurality of finger spring clips that are attached to the mount by a plurality of
mounting screws 372. FIG. 12b shows the mount with the focus lens 224 removed
to show the first stage diffraction diffuser 222 held in place within the recess by a

20  retaining clip attached to the mounting 360 by a pair of retaining clip mounting
screws 382,

FIG.’s 13a and b show a slit assembly, e.g., for mounting the second stage
diffuser, i.e., 160 as shown in FIG. 4. The slit assembly mounting frame 390 may
comprise a slit assembly 392 adjustably positioned on the mounting frame 390 by

. 25 way of a pair of slots 400 and a respective pair of adjustment screws 404 on a front
vertical portion 401 of the slit assembly 392, as well as a side slot 402 extending
vertically in a side portion 403. of the slit assembly, along with a side adjustment
screw 406. The front side 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

30  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
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The enbodi ment shown in.FIG 11 is a secondary beamsplitter mrror, nount

350, which is sinilar to those in FIG's 9 and 10 without the uppéerand Ut

lower to fwem@boosmsbstd exure, i.e., a fixed and non adj ust gheudshidedhssgount
ng

e.g., for secondary beamsplitter 140. Shown in FIG's 12a-b 1s a nounti
franme, e.g., nounting frame 152 for nounting the conbination optical
el ements shown, e.g., in FIG 7. FIG 12a shows the conbination optic

nmounting frame 360 conprising a telescope rear lens 220 held in place by a

ot © of " wount | iitst: B30 Weillod b M ESTOAT B 6B B TX B o8 k@it 360
with the spherdsgably G6Rsinige fetraste@ Pdsitieh dor 4)ighhREELRedh HRCEET ek Qﬁé higq mount

360 by a plur IitP/ of finger. s ring clips that are attached to the nount
by a pluralityBofalogd§dt iFrlé- L3g dpwsahoverfisabpositening svewi4a thisaded thiough t he
focus | ens 224, y&60Y8Gsiti | hst st hffraction diffuser 222
held in place wt hi nﬁtgﬂg&?ggggé\é%{ﬁagigér%%?lﬁg r%gb & cli %’eas[eF ?fetcfﬂﬁ-'t‘sr?é
mounting 360 3B0ceshinrplae byes piunality oflfinge BEriny d1ipg, withrbys1i3R%mtT 92 $n 132
mounting the second stage " diffuser,

d b sh [ nbly, . e. f
?.ne. i68wa§ zh%éﬂﬁﬁoesﬁl‘ FJ& %ﬂsﬂ?(l&ﬁrstthfaﬂ'éé%mymﬁﬂ}rﬁlith@efmﬁ p@EDOTAY

corrp,rise a slit asggabdiy Rdpyst | L the .pounting frame
390 by 25 way of a pair oﬁ%éf‘%sgyﬁolg@aﬁggg%r tgg%gtgﬁié\;@e ﬁgi Srldeo yalmr%é)?{f?gnt
screws 404 on agdjiusiment scvey t406al wishr theostot Gl 40in tthe tepi bf aks ealdmbIF9292 as

well as a sid%cglot 402 ex qtnd%fggra vertjically in_a side portion 403. of the
slit assenbly 2 ZERYPARNE 51 10;SHls RONORIAsFRW 45% r Ehe 2digstmenb sarewnfOG ik of

the slit assemih%adODvE9GRE pitdE £F & _ the iominS oSl L
assenbly 390 al so i ncYurges .iptl%l thé;éTir\%ﬁlkt@\glg’f%ﬁlg%ﬁa}}g%ﬁ?&%ﬁoéﬁ%ﬂ%ﬂ)&’ﬁéﬂt 30
attached to t @&segblt3%Rstomptitally3dignithe ditpTheseatrews ot 12, scstRwg, 399 havd G

13a shows th |t ) I 92 i.n. the down position acting as an aperture

for the secon e%biétgog%ﬁ%)gﬂggéﬁ%ﬁm [SGEEPR 3388 S patt Adjusiotsnl wmalso di f f user

230, between the dif byefio 80w belifieRidhORa 2 sdlRa harly SHAHE of i S! 1t
a . e ai

assenbly 392 in the retracted position for | gnment between user

230 and the @mERDNbeRBZPliGranitRE 19 semitingenvibe fresel rqflestitisonierigpmng By 412
E E;eggggnfﬁ?;?gg@ aéilﬁ{%%gdte frrlca?ll en?o%sd%én %If?}ge &Ls%ﬁ? S}Vg&tﬁ)n(.) nTlgchaE.}ngrlrggtn iglicirc]igncigo and
for both the MO 22 output laser beam 62 and the PA 50 output laser beam 64 has
been selected to be at least 70° in order to adequately protect the primary beam
splitter mirror 104 from damage through exceeding the damage threshold of fluence
for, e.g., MgF, and allowing sufficient room for each beam 62, 64 to pass through
_ 20 the mirror 104 without the area of incidence of the beams 62 and 64 intersecting
(though the fresnel reflections of both the passed and reflected portions of the PA
beam may and most likely do overlap) and to provide an minimum of displacement
of the path of the PA beam 64. At the same time, enough of the beam 64 is reflected
into the wavemeter portion of the SAM 46 to enable the PDM 144 and PDA 182 to
25 function (provide an accurate output signal with, e.g,, adequate signal to noise ratio
to be useful within the above referenced specifications 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
30 reflections in beam 114, There may also be a maximum angle of inciden‘ce

depending on, e.g., the overall size of the mirror and the respective beam 62, 64
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5 230 held in place by a plurality of finge spring clips, with t%{gst;;t:b 08
assenbly 392 in the down position. FIG 13d shows the slit asse i"y‘“BbZ‘i%'

t he retractwd 2p%38429n. The slit opening 394 may al so be i ( de to
side by horizontal adjustnent screw 406, with the sl ot 41ﬁ8?)}{§%§£{9§9%°§% of

the assenbly 392 accommodating side to side notion of screw 412. The
adj ust nent screws 406 and 10 412 have a very fine pitch, e.g., M4 x 0.50,
enabling very fine positioning of the slit assenbly 392 to optically align

the slit. The : - 406 412, as. sh : . hav hex-nut or the |ike

tops to facil ?g(gﬁlgﬁt?\éfgltcf%rqc%%? e Rgr ?@ﬁ“%ﬁ%&@ﬁan%ﬁeﬁbﬁﬂmw@p@ahti on

it will be undesdsfopait thiabr 10% o8 i€ GkRGiaD 3hONEN Shsifiad £ dmﬁ%e”%r%’gthea”
F1appi n

splitter m rror_g%84 resulting in the fresnel reflections ove as
15 been addr e¥EBPVN Wavelensths andihelayy bechmepresiabte, ami enisedin thEhevemgleg Of

i nci dence for 0 uf . l.aser beam 62 and the PA 50 out put
| aser beam 641}%3{50H Oggg% sei ?gfg 0 xa?relpénéeg% p?‘OT%Fr?uHF‘HéFtCP@ﬂ@/@éﬁgﬁﬁ ely
protect thé psénsiivg/abanate deupdctdrs Sormithg ERA o?QHN% Efx@l@ dRTBUS ﬁeN]PHﬁ%PE&ﬁ e?i ng

the damage threshold of fluence for, e.g 2 and allow ng sufficlen
room for each™§edf siothe pmmasy haam splittasumiirop 004 hesomewlet 1650 4hani 10ROkt thée

f incid 62 d..64. i nt ti (th h the f |

et ecti ons. of ot R i 3RER HRuB\H e st bres aRdopmo et oy
d t |ikethwt deittey ik Gtall ' ne i t_ of
and most | i kethyt deitley diab@phe 3vetall QuipuP pbhHe: éﬂuﬂ&rﬂéd&ﬁ%‘g?&cﬁgbggﬁ&egg%nﬂ o

the path of the PA beam 64. At the sane tine,” enou t eam
reflected i nEBbedi@eRRicthsirsesepbinyensionglor th @uSilI62 ®ftan MOakbe chhab&DM 144

ard 7D 190 ! Bk WNCLIEN. (RRAVL (G ShyRcTLAL e UL S gnal (0 e g

adequat e sign noi se rati ove referenced

speci fications on Bheethbm 162 s)iﬂfﬁﬁﬁtibﬁlaioﬁ%-wiﬂfﬂ%tm@dl der%ﬁ?oiyﬁ’lg"f@usﬂlf B

enbodi ment of .t he present invention enables the secondary beam spli
avoi d exceedi 7 VE's selepted o Helivsr taithewhetodiode amayyof the ®UIA g2 edsdiiallly v@Rce

| evel throu ] LG RV i sure to oyer| ed.fresnel 30
reflecti onsgihtr}IIE %gnaei;}nﬂgéf%n § ﬁgghe%e?feg%ﬂggp %{:Ler% cﬁﬁ%%ﬁxﬁﬁ@ﬁg‘?@%l@rﬁéﬁ%@%e
dependi ng on, beecreated binethey eptidal imérfsombteds héé%f ' ABEs ang Habglgra%%%ﬁ}chx beam

62, 64 3i]3 2 s< SEIP 2%%6 WD 2005/ 033625 P JS2004/ 0303 footprint’s at
i nci denceon Phihithe §PA N b aphussdr evert e arbge of . theiFWenicagremdng rdndl S

3; ﬁg g]:a oir nt P?g\ﬁit\fele‘ﬂéth]tgﬂingeof Yhe labdr t5BAR dt MastBrle A ThIRGS it ESSRO lri(ljlzs Lr?ti
which to determine the pixel positions of the respectrve fringes in order to enable a
BW calculation. The bandwidth calculation has been simplified to facilitate
processing in the wavemeter microprocessor.

20 The primary beam splitter 104 passes the vast majority of the output laser
beam 64 from the PA 50, i.e., approximately 95%, the exact amount of which may:
vary somewhat based upon such things as power requirements and fluence limits in
the SAM, and reflects the remainder, a first small portion 114, of the beam 64 to the
SAM wavemeter. The beam splitter 140 in the wavemeter in the SAM 46 reflects

25  the vast majority, e.g., approximately 95% of the first small portion 114 of the beam
64 to the PDM 144. This also may vary somewhat due to such things as the amount
of light needed 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
30  wavemeter of the SAM 46, '
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wi th DUV wavel engt hs and bel ow becones avail able, and or used in the
waveneter portion of the SAM 46, PDA's with nore pixels per the £&rSeft 205
pitch and/ wo?gagﬁs;ézssensitive/ accurate detectors form ng each of the

pi xels, may al'so result in reducing the AQ at the pri ndfGI/DREMOSIMIPtt er
mrror 104 to sonewhat |less than 70, but the AO of the primry beam
splitter will still be significantly larger than for prior |lasers that
nei t her have the overall output power requirenments of |lasers according to
an enbodi nent of the present invention nor an output 62 of an MO | aser
chamber 22 10 sharfhsgbenedesgabedasmbodimenttact thefpresest jvémivhyrd ReMIEDbRIL €

mrror 104. T i unction alpong with the focal |length of the
f ocusi ng | ensquZ%%ﬂvI\%p%&g@ gﬂ(‘:]%tgé%fofl (?HH%‘?SF’V%@O?I% nP‘h%eﬁﬂ Febslraendy payyhish t he
PDA 182 essentheapreyerdidventiéhMal r3RTNOHos | f Lintek ern
created by the epal on, V\Eilch a"llso gan g%klil?ida{?letgtegi;c%1?@9@%%?@?%8%&

i nt er f er onet efdifgeagions gpd Ghapges mass be madenty thesddstribadnembodimeds ichduat
the PDA cag b £ of the .BWneasurenment and wavel ength
t uni ng of theerl1 a%e#g tﬁg @%@Ea{é@gﬁ’ Jélggg %%engmii‘?neitl%enﬂ%' i T SPERPEn & PRHHE Wit h

whi ch to det eembndinidnecqitemplapeaidetednt efipldyity HEERACLS PRtddibdi e Hol der
to enable a cl?é%ggfecul atjion. The bandw dtph cal cul at’i onﬁhﬁ)as1 dé%g'nﬁgzwgrr‘ﬁ ified

to facilitate QUeSENSYVE flemeats cayldne eaednt.gs photosssitive intefrafEh eirpuitsirar y

beam splittere04cRasses 'dteh Vv Jority of the output, | aser eam 64
fromthe PA 59,é i .e., approxi rﬁ%?%leé;%% b%éhélseg( ?‘3 e d?“'r\‘M’ﬁﬁgﬁ“W
vary somewhat llvasinatingp eachspludtoditnden 5 aaphddeiBde hREY i QERNGS: henge
limts in thefSAl\/%-]ilnd.refleKc/tﬁgthe remai nder, a first smal ortion 114,
of the bedhn e Ve Allmiaaipnaf other wich fomms ofcphetosprnsitiveclenats. intaddition,

wavenet er in §leen a : : I.Of 1.t e..d.,, .appyoxi mately
95% of the first gﬁrrgolﬂépﬁgﬁt%&(;gg %ﬁﬁg Hn?ﬁ\éﬁ%é?%gﬁ%%ﬁ%hf‘%gm%i‘g&? OTHi s

al so may var ytheismestirat veitiealt extentic h.et,hDiSgsnmas biuh emereD efffcien®f plot@iddetegded by
the PDM 144 and fluence limtations in_the SAM but the remainder,

appr oxi mat el y"HYS TR F-Bs teeStEne! toqise ratio of hesoutimts eouktherphlefefieotivea
second smal | jpafdina@idn Of médheh wWhiishicRa r h_the r ining optics
in the 30 waveneter o¥ t he gggﬁ/lmgG 32 OQE%E%Q)(S@%%O%%&%E&%Y BoEttad

PCT/ US2004/ 03dedacat matpat signal fewr thb glioeshisitiveeslementf clgl)ah® pRSSMbdad, ANt | on

are intended \Qﬁ'f ¥nable measurement of the amplitude of the intensity of the light at the

particular photo-sensitive element). The scope of the present invention, therefore,

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

20

33



for explanation and illustration purposes and are not the only enbodi ments
in which the present invention may reside. Those skilled in t he 3r$ERM3Mm
understand that nmany nodifications and. changes nmay be made to the

descri bed enbodi nents without 5 changing the intent and spirit of the
present invention. For exanple, the present enbodi nent contenplates a
detector enploying an array of photodi odes. However, other photosensitive
el enent s coqgg%ﬁg used, e.g., photosensitive integrated circuits, e.g.,
CMOS or CCD %s could be used and when the termeffectively

illum nating each photodi ode in a photodiode array is used it contenpl ates
the to effective illum nation of other such fornms of photo-sensitive

el ements. |- ddweetra analysis modnlel ipchdingearyheanesteri fradigh tepetitivatratetdae pr esent

nbodi : i hei ' i.cal i.e.., 0.5
but ror e et ERhe FEES nEAFE 5 JsBE bleofhids) aiBRetSE h polkeq Suneh oF steghty (o
noi se rati o tidn dhejual aull Puilspaqiills, enBhmondtéCodndvedth ithlibgrrall Rilsel Meani ng

an illum nati on which produces an acceptably accurate 15 el ectrical output
signal fromP@RESphdeBloaessrt bapdwidth mrpgision and tenmof famtasasterdcbangdpidth wi | |
enabl e measyrGERAL rfhoe! ks -khe 1nt ' the.li t the
particul ar phot o- séér?]%e’t %eﬁggmg%ng%ﬁ%tﬂs%ﬂo%e&ggé ﬁé)%é)sfeﬁs%hs{ a?%lgﬁti on,
therefore, refettibalrdies efehiodde eebabiove) dogirisy: y of the appended clainms and

| egal equivalents. 20 33 2 9 SEP 2006 CLAI 1. A spectral apalysis

modul e, i ncl udi nd E“W\Yﬁl??@f“ésrpi“%ﬂn Senpyh ‘?f(’\agétlﬁef SHtnuhbearg £f thgigsshar ge

l'aser havi nQidhdras SheiUePitive l?cfﬁé&@l%‘%{si hlafddit opﬁ%%ﬁ%u%aﬁyﬁn@go Bi&ARt er
ul se, sub-n andw dt

than or equal to 15 m) per p anonet er tuni ng range
pul ses haviariystasthalhpomen of thaoapitdbdany rtke psimary beuth bgitter ofiefitedtabart er s
bandw dt h agguracy..range Qr .neasurin andw dth on pul se to. .pul se
basis at puPR&c® g%fglc}epﬁésﬁe({u&?&e @qengggglzge BHg ALy RspaL-s %raflgicﬁegj‘.hgé pri mary

beam spl i t t everdppidpefrdnélteMctibhein BS st SMhR ?Bﬁ%%’ﬂl%flakp Bu@dbead;ScChar ge
| aser operative to pass the vast nmgjority of the output beamand to reflect

a first small popteesmdeny hepm splittprumadrefiom a meterial vaing dhdmmagephicshald

oriented at . Le .t fficiently reduce the fluence on the i mary
beam spl i tpgl?ﬁcgngggf%a@i t?l)gié mteé'\?/%er ﬂgﬁﬁcf’ r%e#?(@%g}e ‘?ve#lfi%?g Qﬂglqnn‘)ftpthg first
smal | porti €esad réfleetibdsianthofispsthaldgéion of the output laser beam, the secondary

beam splitter reflecting the vast majority of the first small portion of the output

laser beam and passing a second small portion of the output laser beam;

a telescoping optic in the path of the second small portion of the output
beam operative to demagnify the second small portion of the output beam onto a
first stage diffuser receiving the demagnified second small portion of the output
laser beam, the demagnification selected to keep the fluence in the overlapping
fresnel reflections in the second small portion of the output laser beam below the

damage threshold of the first stage diffuser.

2. The apparatus of claim 1 further comprising:
the telescoping optic comprising a cylindrical telescoping optic oriented to
demagnify a long axis of the second small portion of the output laser beam more
than a short axis of the second small portion of the output laser beam,
redistributing the fluence of the second small portion of the laser output beam
across the first stage diffuser to keep any portion of the first stage diffuser from
34



a secondary beamsplitter nmade froma material having a damage threshol d
sufficiently high to tolerate the fluence created by the overl appd §gSEP 2008
portion of the fresnel reflections in the first small portion of the

out put | aser beam the secondary beamsplitter reflecting the vast
majority of the first small portion of the output |aser beam and passing a
second snal [exgredingdhe damagechresheld for the enatdyiah frpmawhieh et stageapffiseri n t he
path of the '§§’fﬂ?@d smal | portion of the output beam operative to denagnify

the second sha ‘portion of the output beamonto a first stage diffuser

receiving the demagnified second small portion of the output |[|aser beam
t he demagni f.icati on selected to keep the fluence in the overl appi ng
fresnel ref Pedds arparatys efipbaimc Bisdreseamprisingit i on of the out put | aser beam

below the —damagend HLanolfly O dd'frs ifolll ARSI B huepfe niPLgRRaT At US
of claim1 further conprising: e telescoping opticC conprising a
cylindrical reéfideesidntiagwepdetection modwld to denagnify a long axis of the
second small portion of the output |aser beam nore than a short axis of

the second small portion of the output |aser beam redistributing the

fluence of UhensEEARRLSITRIdimPPRIhE ciprddify. | aser output beam across the
first stage diffuser to keep any portion the first stage diffuser from

34 2 9 SEP 2006 adrowsidikegs iththedmttagbthehseasidainthllf portidd ef that kasdradutfut om whi ch
the first stage diffuser is de...3. The ratys of claim2 further
conpri si ng: %F%E é%&sfn o%ef’?fir}laﬁma]tl ParHqy, %fﬂgfiﬁﬁr%ﬁamt RN ao?ecf’ﬂé Sjage er
out put beamdbfisefcresth |aeﬂéhl%‘édiséﬁo%d_%nﬁﬁ%ftidﬁ]§‘6f%é!a% oiRRtb&m:4. The

a

apparatus of claim3 further conprising: ocusing lens in the path of the
second snal | por theoweetd stage diffusar i themath obiba fodusedisicony shall pedtionaf sl |

portion of e l.as monto a second st.age diffuser creatin f ocused
second snal IhneploarS %i @,ﬁp@?@ Phe qf‘%gg(fongﬁ?ﬁ?t 31%@%% Cr?%@gsae%‘ﬁﬂws(foélﬁe&cfg?f user in
the path of fédused Rcormbhabs@tion sklasePbith@begth; the | aser output beam the
second stage diffuser creating a narrow cone of the focused second snall

portion of the | adeoptigaltipterfepmagter tnthsppate o thememrewr eometady the foewsed pat h of
the narrow ¢oRR4 Yhall B6rtiof ¥ #%econd small portion of the laser output beam.

5. The apparatus of claim 4 further comprising:
a slit in the path of the narrow cone of the focused small portion of the laser
output beam selecting a relatively narrow slice of the narrow cone of the focused

second small portion of the laser output beam for passage into the optical

interferometer.

6. The apparatus of claim 4 further comprising:
the gas discharge laser being an ArF gas discharge laser with a nominal
laser output beam wavelength of 193.350 nm and the optical interferometer having

a very narrow slit function and a very narrow free spectral range.

7. The apparatus of claim 5 further comprising:
the primary beam splitter comprises a partially reflecting mirror at an angle
of at least 70 degrees to the output laser beam for a beam having an output energy
of at least 15 m).
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second small portion of the second small portion of the |aser outﬁlét \lagar;?]
5. The apparatus of claim4 further conprising: a slit in the pat ofS hélllh
narrow cone of the focused small portion of the |aser output beam
selecting a relatively narrow slice of the narrow cone of the focused
second smal | Eorti on of the | aser output beam for passage into the optical

i nt er f er onetdelhe gpafites ofptramat fusthof compismgd furt her conprising: the gas

di scharge | aser laii ng an.ArF gas di.scharge, | r.wth a nomnal |aser
out put beam wavel"&i§ rSFﬁ\’fﬁg%ﬁsﬁl e&hfb‘%f‘q?e‘%s Pcal interferoneter having
a very narrow slit function and a very narrow free spectral range. 7. The

apparatus of claim$5 further con'ﬁri sing: the primary beamsplitter
conpri ses a9phhe snperajusraiclaimty fugthed omprisingan angl e  of at | east 70 degrees

to the output |ager amf . beam,havi an _.out energy,, of at.least 15
v 158 Vo eep SUG sHE0k o et ) Rl huehls o ihsy ouiGal: t pe
mrror of theenferonetey asdhi thesame sinteteinafiafeothe full Yertithice:@@Rnadfacipf cl ai m
5 further co riﬁi ng: t?e size of the slit is selected to mnimze fluence
to the opti €hl2 Rlyrelty 6f ophatediodssgitta thhetodinde eqrae costainadamiithine thee ful |
vertical extgpshag, of each of a plurality of photodiodes in a photodiode
array contained wthin the waveneter. 10. The apparatus of claim?9,
further conprising: an etched diffuser between the focusing |l ens and the

mecro slit idin r.e] atively narrow cone angle of diffusion into the
mcro slit. Ré.ﬁhe&pggrg&spgpfaaﬂgr 5’!%? FRIGRIISEE i ncl udi ng a waveneter, for a
hi gh repetition bRtRheda¥fdbreRéditht 23R5indRMlsMddnd ARE6 sBHHBVIGRER™
conprising a pul sed output of greater thanh or equal to f per- pul se,
sub- nanonet &latbghowirgwhcangringly of diffsioniutosbe nhiereishiy a f ent omet er bandwi dt h

precision and tens of fentoneters bandw dth accuracy range, for neasuring
bandwi dth on a pulse to pulse basis at pulse repetition rates of 4000Hz

and above, G¢DNArsp&EtAY analysis module, including a wavemeter, for a high repetition rate
gas discharge laser having a laser output beam 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, comprising:

a primary beam-splitting means in the path of the Iaser output beam of the
gas discharge laser for passing the vast majority of the output beam and reflecting
a first small portion of the output beam, the primary beam splitting means oriented
at an angle to sufficiently reduce the fluence on the primary beam-splitting means,
and creating overlapping fresnel reflections in the first small portion of the laser
output beam;

a secondary beam splitting means made from a material having a damage
threshold sufficiently high to tolerate the fluence created by the overlapping
portion of the fresnel reflections in the first small portion of the output laser beam,
the secondary beam splitting means reflecting the vast majority of the first small
portion of the output laser beam and passing a second small portion of the output
laser beam;

a beam narrowing means in the path of the second small portion of the
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a primary beamsplitting neans in the path of the |aser output beam of the
gas di scharge | aser for passing the vast majority of the output lge(prg@m%ﬂa
reflecting a first small portion of the output beam the primary beam ~
splitting nmeans oriented at an angle to sufficiently reduce the fluence on
the primary beamsplitting nmeans, and creating overl apping fresnel

refl ecti ons output beanf for demagrefyt thp sedondsmell pbiinl odsler outputtbearh oheafirsa

secondary beam splitti ng nmeans. made .from, terjal havin damage

Chr eshol 4 SGRFF SRRy e e e Tecouhsea Lpariotel g Stmer
over | appi Ng 1asB0b&dntthe ldehlgnificR el dchdd RCkdep e ITTichffin iHeSdveRRBig PO Li ON
of the output |aser beam “the secondary beam splitting neans reflecting

t he vast maffigsel yeflsctionseinfthe secopdwiniall podtian efithe foutpue lasert hratm belewthdeam and
passing a s nd smal |, .partion of the output |aser beam a beam narrow ng
means in thgg‘ﬁ%%%tﬁﬁﬁsf‘?lﬂé’?@c%%?%%%’{;ﬁ“%}‘&e‘lﬂ?- of the 36 2 3 SEP 2908

out put beam for demagnify the second small portion of the output beamonto

a first sta?e di f fusi on neans receiving the demagnified second snal |
portion of tRelhsapparatusiod skimydd fgtherisempesingni fi cati on sel ected to keep the

fluence in the oyer ' fr | refl. i.0 [N || portion
of the output | a}é%rﬂ%gg}r#g%‘f%%qﬁ%zls cgglﬁggglégtahﬁlgg Sofoé %%p%?xﬁ%@r?g r%g? nét age
di f fusi on nesisef theXecdiiesnagipparabn 81 Bk outpit Msdrlbdatt! bR the® BEkdrs kxigof t he beam
narrow ng ns conprising a neans for demagni fyi axi s  of the

a fying a | on
second srralnﬁlep???‘fqdosrm%]f parHen g theutnus daser %T?%ﬁtégﬁwfhﬁ%@ﬁWOfém s of
the second goBhb KM b LS fiteg UL | he
fluence of 1o Sant hb i et ol pedfiy Rp 38 Hnk FbF ihith iinl ° e
first stagetakdepimyqporteaothe tfvstiotae diffysigontehmnfrom dxoeeding the datmage
di ffusion an rom.exceedi t he. e threshold for the material from
whi ch the Fﬁ?@‘%o@[fgﬁgled?ﬁt?‘ﬂ@&%w ngfg‘gg(? 1shifage &?&S‘o?ﬁ?—?aﬁ%ﬁé‘?%us of claim
11 further conprising: the vast majority of the first small portion of the
| aser output beambeing reflected into a power detection neans. 14. The
appar at us ofl3.cThgiapparatus wff chaém 1¢ dwyther somgrisingf ocusi ng nmeans in the path of

the second smal| RN r%gjo%fty to? ﬁlel fint gmﬁij%ggllon of the laser output beam being

reflected into a power detection means.

14. The apparatus of claim 11 further comprising:

a focusing means in the path of the second small portion of the laser output
beam for focusing the second small portion of the laser beam onto a second stage
diffusion means creating a focused second small portion of the laser output beam;

the second stage diffusion means in the path of the focused second small
portion of the laser output beam creating a narrow cone of the focused second
small portion of the laser output beam;

a interferometer means in the path of the narrow cone of the focused second
small portion of the second small portion of the laser output beam for creating an

interference pattern.

15. The apparatus of claim 14 further comprising:
a selection means in the path of the narrow cone of the focused small
portion of the laser output beam for selecting a relatively narrow slice of the
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beam for focusing the second small portion of the |aser beamonto a second
stage diffusion neans creating a focused second snmall portion of;tghegg,)aszm
out put beam the second stage diffusion nmeans in the path of the focu éd
second small portion of the |aser output beamcreating a narrow cone of
the focused second small portion of the | aser output beam a

i nt er f er onemerroweans dfnthe Hecysad seafndt dnealhpottiow sfothe lader toneput deataefdr second
smal | portion of the second snmall portion of the | aser output beam for
creating anPassAgRinfQihe Famel ;i€ The apparatus of claim 14 further
conprising: a selection neans in the path of the narrow cone of the focused
small portion of the |aser output beamfor selecting a relatively narrow
slice of thd63VheappaSER dfeldm Iidnrtiew compesing: t he f ocused second smal |
portion of the Ig;ser 0 t&%} am.f or i nterferoneter means.

b into th
16. The appar at us*o#3Scf§ ngl%F‘?fr[?eI‘Hagr E@ﬁ?ﬁ%:%ﬁ%ﬁgaﬁa@@i SOARHe | aser

bei ng an Ar kase@sutfhteamr Wi oléahgstf o938 58 e Bhd e infePeRimcdtinidahs RSARY
wavel engt h of 193.350 nm and the interferoneter neans having a very narrow

slit functi éveahprwdityunsionend & very napewt fred speetrajeange7. The appar at us of
claim15 further conprising: the primary beam splitter conprises a
partially reflecting mrror at an angle of at |east 70 degrees to the

out put | asen7bBgnappefat dTeBAMNS uBerabmPtiipg! energy of at least 15 m.
18. The apparatus of ,claim 17 further conprising: the mrror of the primary
splitter is nadethspriagry beamgplitterecogppisesa pastigly rafleringimirrqs et peangle

conpri si ng: J (N I 1”13 f t he
optical i n'? }e‘?@g%(t)zrggt(%%egag) %’% O%lﬁ%ﬂsag%ebeeg %‘en@r%%e%?fgg}lngg 2 Obl ﬁ)gl?? ﬁffrfg?verti cal
ext ensi on obfadedst 1HmJa plurality of photodi odes in a photodi ode array
contained within the waveneter. 20. A nethod of neasuring bandwi dth for a

hi gh repetition rate gas discharge | aser having an output |aser bean

conpri sing agpPHlSPaAuisRIlRh 1978 & copRBing” equal to

the mirror of the primary splitter is made of CaFs.

19. The apparatus of claim 14 further comprising:

the size of the slit is selected to minimize fluence to the optical
interferometer and at the same time to irradiate the full vertical extension of each
of a plurality of photodiodes in a photodiode array contained within the

wavemeter,

20. A method of 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, comprising;

splitting the output laser beam of the gas discharge laser and passing the
vast majority of the output beam and reflecting a first small portion of the output
beam, the primary beam splitting occurring in an optic oriented at an angle to
sufficiently reduce the fluence on the optic, and creating overlapping fresnel

38



15 m} per pul se, sub-nanoneter bandw dth tuning range pul ses havi ng]:a
fentoneter bandw dth precision and tens of fentoneters bandw dth a lﬁrﬁ’cﬁﬂﬁﬁ
range, for neasuring bandwi dth on a pulse to pul se basis at pul se
repetition rates of 4000Hz and above, conprising: splitting the output

| aser beam of the gas discharge |aser and passing the vast majority of the
out put beanmrefledtions iheled firzgsmalf poridn shihk laspositputrbead; t he out put beam the
primary beam splitting ocgurri in an optic oriented at an angle.to
sufficiently redSRdtipgég fisb el aﬂﬂpﬁ@fdg? oBtpu dercbeamn gt 8R4 MadHi ng
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| aser out put 0Eheama sp??%‘{”?%éh?ﬁééfl ré?%l&gnsgﬁ&%(ﬁtl}l n OCP t he out putel aser
beam in an ophaied bdee ofertappimgnpirdon alf thefresgelareflactinge it the Shretl sinall
sufficiently high.to tolerate the fluenc created_.by. t over | appi ng
o t1 on-of - PO Uikt Rehanh diq seatnry G aRting s fasEhfRR no

out put Iasebfl@l@eamsttsﬂmlsﬁ&ﬁ&%fﬁéahstphi 1R6r b&inh AGH ifaskind 18 asdd smaority  of
the first small portion of the output |aser beam and passing a second smal |

portion of ppw@iopwf theoutputdgseleeam ; narrowi ng the second small portion of

| acer boam and aPRFQEGRs RESRONP ol eeroE SRR Lniier bR K Brienlt) o, pul

| aser beam il gecdhd fstBllOporapd iof thd Batput eases Bedrh Caidi diffusiag abé edrb@ckeep the
fluence in the overlapping fresnel reflections in the narrowed second

smal | porti 8eFopf small oearpon ofadhe avémith leetolete i aretiusiom repdisol the of ¢ he
di ffusion Oﬁ&lnggniﬁgation selected to keep the fluence in the overlapping fresnel reflections

in the narrowed second small portion of the output laser beam below the damage
threshold of the diffusion optic.
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