0 9 MAR 2001 GAS DI SCHARGE MOPA LASER SPECTRAL ANALYSI S I\/LI)XLE | ELD OF
THE 1 NVENTI ON The present invention relates to very hi gl‘ﬂ fe i Wén rate
gas discharge lasers in a MOPA configuration producing pul ses of |aser
light at four to eight thousand 5 pul ses per second or above with very
finely controlled wavel ength and bandw dth on a pulse to pul se basis, and
at out put power levels up to and exceedi ng 30mJ. RELATED APPLI CATI ONS Thi s
application clains priority to United States Patent Application No. 10

10/ 676, 175 enti W e r_Spectral_ Anal ysis Mdul e"
filed Septenbe(?‘k‘gg),m : K LSER S ALXSISMGBULE)/ 676, 907
- entitled "Gas Discharge N@Apmﬁgroﬁm_mv]ﬁgg{ is Mdule" filed

Sept enber 30, 3003; and United States Patent pl'ication No. 10/676, 224

entitled "Opti cal TRROBASEIOH iRvention refusmAo veryehighMapetitivrerate fdsldidhSgplasker 30,
2003, the di; Lch are. 15 Jhere I ncqr por.ated by reference.
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Nos. 10/012,002, filed on Nov. 30, 2001, entitled VERY NARROWN BAND TWO
CHAMBER HI GH REPETI TI ON RATE GAS DI SCHARGE LASER SYSTEM with inventors,

Know es, et al., published oREXATEEARPLIRRGRONSD. No. 20020154668, and
10/ 026, 676, filed.an 25 Decenper 21, 2001, entitled FOUR KHZ GAS DI SCHARGE

LASER SYSTEM  wi 1'HS iaRpHaAlien clayms priorisy ta| Unitesl StateshBetentnA pplivatis N@003,

LN SeiRcTed St G iRl “CasEitioBt dobly Eieef RuddBh Ankins madienall) |11 o
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10/ 141, 216, f.il.ed o 7, 30 2002, entit
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Decenber 19,1R2Q25taRY Patd) : . 624, .. Ser.. :
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MOPA Laser Wavemeter” filed September 30, 2003, the disclosures of which are |

15 hereby incorporated by reference. ;
BACKGROUND OF THE INVENTION

United States Patent No. 6,317,448, issued to Das, et al. on November 13,

2001, titled BANDWIDTH ESTIMATING TECHNIQUE FOR NARROW BAND

20 LASER, based upon 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,
2001, entitled VERY NARROW BAND TWO CHAMBER HIGH REPETITION
RATE GAS DISCHARGE LASER SYSTEM, with inventors, Knm'vvles, et al,,
published on October 24, 2002, Pub. No. 20020154668, and 10/026,676, filed on

25 December 21, 2001, entitled FOUR KHZ GAS DISCHARGE LASER SYSTEM,
with inventors Wittak et al., published on June 26, 2003, Pub. No. 20030018072,

and 10/056,619, filed on Jamuary 23, 2002, entitled LINE SELECTED F»
CHAMBER LASER SYSTEM, with inventors Knowles, et al., published on
October 24, 2002, Pub. No. 2002/0154671, and Ser. No. 10/141,216, filed on May 7,

30 2002, entitled LASER LITHOGRAPHY LIGHT SOURCE WITH BEAM
DELIVERY, with inveniors Klene, et al., published on December 19, 2002, Pub.



TEN KHZ, OR GREATER GAS DI SCHARCE LASER SYSTEM wi th inventors Wtson, et
al ., published on January 16, 2003, Pub. No. 200300122?&@& a%gRng; No.

10/ 243,102, filed on Septenber 13, 2002, entitled TWO IQ/B F2 LASER 5
SYSTEM W TH F2 PRESSURE BASED LI NE SELECTION, with inventors Rylov et al.,
publ i shed on July 24, 2003, Pub. No. 20030138019, and Ser. No. 10/210, 761,
filed on July 31, 2002, entitled CONTROL SYSTEM FOR A TWDO CHAMBER GAS

DI SCHARGE LASER, with inventors Fallon, et al., published on February 13,

2003, Pub. Nl(\)l 20030031216, and Serial No. 10/036, 727, filed on Decenber
21, 10 2001, NendQ020E 6hfaandSecdiRoY1 8733 6TiHied CRAMBERS, COGY, PhSRdSIET OL ASER

SYomoubtss TERRARCR Bttt Gl popialed o WvrEl IRE, | 10

present appWatsatj eral, plpﬁhiishéd @xﬂa&mmw@@eosilmhﬁagmobm%% ad seaveget er s
| asers. The above referenced

and ot her é‘ﬁgﬁ%éﬂ %I ces used with such
patent and 1 P r’?§ ptengher 1ds 30gheantitled (IBOCHAYMER oF, LASERr esent

appl i catison re y i ncor ated by
ref erence. T%g?'gp"em sts & neecﬁmgé I pF OVW%T@B& ﬁ’t’ RX{O Vgas
di schar ge |q§érpukd;shechom mgyau 2008, Peipas.1I00B0 1380 BE adaseymeqiomovbﬁ above
ref erenced afuﬁﬁ%%&&d tﬁond those rates and- especi ally for such
| asers conf?@ﬁﬁi MWR@HSYSP@%%& W@rCH&MEEB
avai | abl e. SENNARYCEAR IN@IQ d. rpet:had nea rlng
bandw dt-h for a high reégtltlo rate gas ﬁ’hfi'ftrag’epul al%% E’out put
| aser Ibean cA98r Pub. r@oa2@{lﬂ0§§tﬂlﬁuhﬁl€eﬁﬁl Hbem/GM 7%5 fﬂ&iﬁ@n@ec@ﬁbféﬂ 210 15 m
per puls nano tunin range pul ses having a fentometer
bandwi dt@ prslg@rla BW@nﬁEMﬁﬁ@ %&’ﬂ&gﬁ rT?VQa ER GaAS @Be, for
measuri ng bansegplt S rat es of
Rty erem, %Siﬁvéf?orglﬂr%vb&sil Pﬁﬂhsﬁigé? %gjgé #dggspﬁléw oo %

4000Hz and above, is disclosed which nmay conpfise a

focal | engt Yo aﬂ@%@ﬂ%é? Whlleecrtcepbfasettmrre&rmbdi p@letndt prief éxetceﬂhs réséﬁtnge
pattern; an 38 ?% det ectj.on rreag p03|t|oned at the focal ngth from
t he focusing PPAFLIon , iscuss” BXisting Bes digrhiaieeat] BT APE UWATTTRRIE apitfni 4R from

the positi omngfolbgt Q[Efri@é@%é‘d it G6sh lgsazgt ecltﬂlﬂs QO refelt E%EF :*téle;f dnd' €NG€

fringe pattern_incident on the optical nmeans,
15  applications are all assigned to the assignee of the present application and the

disclosure of each of which is hereby incorporated by reference.

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

20 with the higher power outputs available.

SUMMARY OF THE INVENTION

A wavemeter and method for measuring bandwidth for a high repetition rate

gas discharge laser having an output Jaser bean comprising a pulsed output of greater

25  than or equal to 15 mJ per pulse, sub-nanometer bandwidth tuning range pulses
having a femtometer bandwidth precision and tens of femtometers bandwidth
accuracy range, for measuring bandwidth on a pulse to pulse basis at pulse repetition

rates of 4000Hz and above, is disclosed which may comprise a focusing lens having

a focal length; an optical interferometer creating an interference fringe pattern; an

30 optical detection means positioned at the focal length from the focusiﬁg lens; and a

bandwidth caloulator calculating bandwidth from the position of interference fringes



Dm and a DOD, the respective distances between a pair of first fringe
borders and between a pair of second fringe borders in Q):BeMiARt?[m erence
pattern on an axis of the interference pattern, and according to the
formula a% = X0 [Don2 - D1 / [8f 5 Do2], where X0 is an assuned constant
wavel ength and Do = (Don - Dm/2, and f is the focal |ength. The optical
detector may be a photodi ode array. The waveneter may have an opti cal
interferoneter having a slit function; the slit function and the focal

| engt h bein detector the two_innernost

elected to.deliver to the optical,
fringes of gﬁgheo’ﬁger%ﬁm? FREes Eqﬁ‘délcﬁd?ﬁg)“g@?@ﬁ?ﬁl defsetiofynpans defingca or may
conpri se 10 I 2aaeo, e keslative Faliay bByedn ASLHNE AR r@gﬁ'lﬁ%tl{}%&é[}g zhdle array

having a total w dth; an aperture at the tica e optical
interfer orretb€FWf%?§3? pogn afsetand| fingé hpuderstin thdimtearfrénca lpatterh @nfarsiesfabe a

~ porti f f light sufficient th tput_of, the gtalgn t
7] un nat e CHETREb At o sroriing: oy e RGN Al hedBoo’ r dapadiF0e-pi el
hei ght agd PR ' jnterf 1 i,se_15

ctalon havi h B or R R breaRed kel St o e G T

greater; andba freal feogthl Thengtibalndeyediar haypbeBipRbHdiole $QGPNhE LARBmEf f user
may be pl aced between the  first stage diffuser and the etalon delivering a

narrow cone 257 13V§Rp ophcaliategeromster kaving aalitivestion; shardlitvfurgiionrradsbe ond

st age -di f f ugesal 36kttt Beingt Luer.to th tal o thin strip of
the narrow cqr?e of” Ii g’ﬁ? ﬁg%&ggﬁéﬂ%géﬁltb‘%'loaﬁlc%ﬁ%r&ﬂwﬁcﬁn%&I shows
MOPA conf i gdiieges gd shedopticahinger féaramerringhpaer e The ophay d@i%cto?ﬁﬂ?fﬂo@ﬁ%e of the
pr esent bnv ntion; ctral "anal ysi s

El 2. .shows a perspective view of a spe '

modul e accofdirhg ngm% e?ﬁ’sl@%‘&&ﬂ height a5¢ wiflth anddbeamay having 4 total Wi ' s 3a-c
conponent s @hd anPipeffdeYat BRAGH BB Of 19 odi aent of the
present invention ;prI G 4 s %ws aﬁgﬁgﬁ’a@%ec\gﬁq%@ ]zliﬁ%%g&c}??tgﬁ%ﬁaﬁ%&g&??%dul e
accor di ng t &R to diopticat itterdéromber pr patio of v baiki o ligBOsdffiGenbfoytAys a
schematic r tation of ortion of the spectral analysis nodule
according t §9‘§’§§§’ﬁ6§ ie%é?ﬂ t‘b%“‘%ﬂ@a{ﬁ g%?eﬁi’“qah\ﬂ@ toprpves the deighik of gagh

respective pixel height and the total width, The optical interferometer may comprise

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

focal length may be 1.5 meters. A second stage diffuser may be placed between the

first stage diffuser and the etalon delivering a narrow cone of light to the etalon, and

an aperture between the second stage diffuser and the etalon may deliver to the

etalon a thin strip of the narrow cone of light.

20

. BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows MOPA configured gas discharge laser which may employ an
embodiment of the present invention; |
| FIG. 2 shows 2 perspective view of a spectral analysis module according to
25 an embodiment of the present invention;
FIG.’s 3a-c components of a primazir beam splitter according to an
embodiment of the present invention; '
FIG. 4 shows a plan view of a spectral analysis module according to an
embodiment of the present invention;
30 FIG. 5 shows a schematic representation of a portion of the specral analysis

module according to an embodiment of the present Invention;



FIG 6 shows a graph of the performance of an el enent of a nodul e according
to an enbodi nent of the present invention; FIG 7 shows a{]pgq\mwggwof

el enents shown in FIG 4 in further detail according to an enbodi ment of
the present invention; 5 FIG's 8a and b show the fluence pattern 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
adjustable mrror "nounting according to an enbodi nent of the present

i nvention; FIG's %R}a Cs show adcil)ihtsig al e‘%oodi ments of the adjustable
mrror 10 nounting sh WIHOVR % 88Dhs ol they perfarmange. of rasy Plement pf @r modmw wi t h
FI G | Ob bei nepcardity @35 aoklirRdh ey ; J10a, along the
Cross-section Iir?ggglob - 10b Sﬁ%&%@#}ﬁése%l%?enﬁé , excepting that FIG 10a
shows the nountingtiét Frlmwsioplau viewt b eleinentorshotanBVERs. UGkt SBQNS

anot her optic r,di n an enhodi ment of the 15 present
i nvention; FI Es @%%%@96‘%‘?&‘29@?%&4@%9%% ng according to an
enbodi ments of  t heFil, 8s8andnd BB RN e pitGn’ o aéaﬁ&ﬁéhﬁg% ﬁ%t[,eae}gsenbl y

according to an _enbodi mrent of the present ™ 1nvention.
DESCRI PTI ON CGPUPREIRIIE peronbopinannsbofimhent ap fHel predenbinvestioa es to sati sfying

the requirenents f pect nal ysis nodule ("SAM'). netrol ogy .
subsystem for a I\/[gg?v% %ﬁa%ié?‘glpg’égé?cnﬁ?m R an|a§g1§§ai:]5l}p.5{pg pRHISBE at
over 4000 Hz @nordidg topan embadithepk 6286 hRgen? HV8nQbn.PUl S€ energy 25 and al so

controlling wavel t.h ?Qd bandwi dt h" on a pulse’to pul se basis. Those

skilled in the artf%% F1 1 e ethont @dditienalx embodingatsanfsthp| aijestbin Bk a

MOPA | & tian, I. di. f. t b- nodul
Fequi rod and § e e Purach T P55 b8 s Gl e SRk Bl pci Rrmge.

requi rement s asdsssectioneoNIBAs Jaan€a, Albie &E%&%ﬁlscéﬁb‘ﬁ%ekQ%Zloﬁxs%%%d for
aser

purposes of iklustration only with 30 respect to an Ark
operating at %@iﬁ%ﬁé@%&%@@ﬁﬂ%@&s@ tieunting of BIG DaMER 280airror

removed;

FIG. 11 shows another optic mounting according to an embodiment of the
15 present invention;

FIG.’s 12a-c show another optic mounting according to an embodiment of
the present invention; and

FIG.’s 13a~d show a slit assembly according to an embodiment of the present
Invention. ‘
20
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
This application relates to satisfying the requirements for a spectral analysis
module (“SAM"”) metrology subsystem for a MOPA two chamber laser producing
laser output pulses at over 4000 Hz and at up to and exceeding 30mJ of pulse energy
25 and also controlling wavelength and bandwidth on a pulse to pulse basis. Those
skilled in the art will appreciate.the extreme derrands placed on such a MOPA laser
subsystem and its function, ncluding many of the sub-modules required and their
functionality, in order to satisfy the performance requirements of such a MOPA
laser. The present invention is explained for purposes of illustration only with

30 respect to an ArF MOPA laser operating at a norninal 193.350 nm wavelength, but



can be applied as well, e.g., for a KrF or an F2 MOPA gﬂsgija %mge | aser
system just as well. The follow ng acronyns used in thi's %fi cation shall

have the followi ng neanings: 5 Terni Acronym Definition ABF Ammobni um

Bi Fluoride ADC Analog to digital converter Anp Anperes of current AO

Angl e of Incidence 10 ArF Argon Fluoride AR Anti-Reflection (a coating to
reduce Fresnel reflection froman optical surface) AWR Absol ute Wavel ength
Ref erence BARD Baronetric station for alignment, calibration and test of

15 nodul es Blad b RAsatdan f acsor #3egd L nsate for andw dth saw

t oot h" -ef fect BW Bandwi dtdn ’&J@zﬁ’%% Ci u%n@loﬁfmg g%glgﬁargg T SET PR

Di ffuser DFMWBkasiwell.f or Manuf act uri ng EWCM Enhanced Wavel ength Contr ol
Processor 25 FD Focal distance fin

Modul e F2 FIuori?ﬁ FCEEF.ire Control Proce .2
fentometer FRU Fi-&f (PURETRS Aarrams (Wapd & Ipsapnlisatiorssliall baveShe Foliewisgect r al
Range 30 F\/\HMeE{uhés;Wdt.h at Half Maxi mum A commpn netric for | aser

bandwi dth. 5
5 Term/Acronym  Definition

ABF Ammonium BiFloride ,
ADC . Analog to digital converter
Amp Amperes of current
AQI Angle of Incidence
10 ArF Argon Fluoride
AR Anti-Reflection (a coating to reduce Fresnel reflection from an
optical surface) |
_AWR Abéolute Wavelength Reference _
BARO Barometric station for alignment, calibration and test of
15 modules
Blur Compensation factor used to compensate for “bandwidth saw-
tooth™ effect
. BW - Bandwidth
' CaF, Calcium Fluoride
20 DD Diffractive Diffuser
DFM Design for Manufacturing
EWCM Enhanced Wavelength Control Module
F, Fluorine
FCP Fire Contro! Processor
25 FD Focal distance
fm femtometer
FRU Field Replacement Units
ES Fused Silica
FSR Free Spectral Range
30 FWHM Full Width at Half Maximum. A common metric for laser
bandwidth.



0 9 MAR 2007 GGD G ound dass Diffuser KrF Krypton Fluoride LAMLine
center Analysis Mdul e LNM LNP Li ne Narrowi ng Mdul e/ Li nefl SaMABW2MY Package
5 MgF2 Magnesi um Fl uori de MOPA Master Oscillator Power Anplifier N ST
National Institute of Standards and Technol ogy PDA Phot odi ode Array . PDM
Phot odet ect or Modul e 10 pm piconmeter SAM Spectral Anal ysis Mdule WEB
Wavefront Engi neering Box - The netrol ogy subsystem of a MOPA | aser system
as descri bed above, including a SAM can, e.g., performcrucial functions,

e.g., nheasuringgbhe 15 WaYﬁE&gc?{}T ﬁi@@y dth and pul se energy of the |ight

out put fromthe MOPA. The over Stem 20 can be seen in view ng

FIG 1. These K& fornmance Kahpioa®heyigeti cs of the |laser system 20 can be
critical, e.g to controlling |ithography processes, often the end use

for |aser IigWroduced by-ng gerter AnalystsiNjodulsyst ems 20, The requirenents
for |ithographymragesses ikt far€:9... pulse b ul se control 20 of ,
and even finely controll edl[%?dll%l c'a‘(E{ﬁ%“%’??fL%gﬁ@FQWﬁaqfa%a%m dth, pul se

energy, pul seMglar burst oMapubsies Fleddde Create significant demands on any

control syst % r such a_laser system 20, and the netrol ogy portion of
t he control sg\g{) is si mvaskr Pspillator Bowenamplifitor per f or mance ef fi caci es

and efficiencinggTnot seen Ng%&gm@&ggf.%%ﬂ%ﬁ%n@sﬁ? V\()Ias one or two years

ago, and they are getting even nore REPA configuration,
as seen in Fl&DA has faciPhotatliede Amely snal |l er  bandwi dth than, e.g.,
j ous generation | aser products, e.g., the Cyner

applicants' asgshgnee' s pre

70XXX series‘%ibge.g., KnggﬂB gggton Modyls. Consequently, as an exanpl e,
the currewtlyphequired banﬂm@%kgﬁis beyond the tracking capability of,
e.g., a 7000A 30 waveneter” and the architecture has required the function

to be split ofAMo a separSpetrahBdalysis MddaleSAM | n a MOPA | aser system 20
as seen in Flgpd a first fasel . 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
15 wavelength, bandwidth and pulse energy of the light output from the MOPA. The
overall MOPA systern 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
20 of , and even finely ~controlled modification of, wavelength; bandwidth, pulse
energy, pulses per-burst of pulses, etc. create significant demands on .ainy control
system for such a laser system 20, and the metrology portion of the control system is
similarly put to demands for performance efficacies and efficiencies not seen in the
indgstry even as few as one or two years ago, and they are getting even more

25  demanding, |
The MOPA configuration, as seen in FIG. 1 has facilitated much smaller
bandwidth than, e.g., applicants’ assignee’s previous generation laser products, e.g.,
the Cymer 70X3XX series of, e.g., KtF and ArF lasers. Consequently, as an example,
the currently required bandwidth is beyond the tracking capability of, e.g., a 7000A
30 wavemeter and the architecture has required the function to be split off to a separate
module, the SAM. In a MOPA laser system 20 as seen in FIG. 1 a first laser



6 0 9 MAR 2007 chanber 22, the master oscillator ("MJ'), is very finely
tuned, utilizing, e.g., a line narrow ng package ("LNP")j 84MARNZJINdi ng,
e.g., adiffractive optic, e.g., a grating (not shown) to produce an

out put after some resonance in the MO chanber, through an output coupler
26, of a seed |aser beam 62 wth a very narrow bandwi dth 5 centered about a
wavel ength that is at or alnost at the nom nal 193.350 nm wavel ength. The
MO out put beam 62 is then sent through an MO wavefront engi neering box
("VEB") 40, achambterd ithe f r ef ced co:pending applications
assigned to %{) li cants' agg?%gféﬁtofﬁmﬁﬁﬁvgrytﬁ%ﬁ’% atlizing.ce.poadine
“anplifier WEBEFSWAMGPickegn (‘RATRE) 04, moﬁfmg}@.g.w@%Fﬁ?&m gather things, the
MO 10 beam i qngp&&){y%{l % re&t ed into the power anpli |ern(g1 chg"pao 50 of
the MOPA |aser Syofd BRUF A oRpupaftgrotomeonss@Bncet thehesMEcHIBHeE aRoaLh OF
very near thendesgpitecoupléVey dwi dth i.s anplified in the PA 50,
by at |ea e pthroﬁgdgg& Fﬁ?%ﬁ?‘ﬁ%ﬁ%‘m%"%ﬁi%We%naﬁowﬁ@nmm with

t two passes
the aid o? acﬁ%tﬁ’r%ﬁr@qué@t Bevamgid thathis eubPUmbeam Bd fnil, elgﬁéﬂgrﬂtmi on 50

of the systeRafichifgn back ~ 15 t hrough the SAM 46 and B 42
and into a pul se stret @ﬁ%ﬁ@o‘?&%&e@%é@ws nisoed Gudught alp MG ewafirohhe beam

64 is stretchegipesing. bot f‘(“WE tiga unit o, e.g., inprove the T15.
Thi s inpacts_sych.things as tBrTz ddsés ggg%ya eal?ﬁa'Fe’fe?qr?P"&d fe-pensiipgaphy

exposur e of , ZRPHatonsastigpedstospphicants’ aafignce. ATk Bdasp; ' [

characteri sthﬁﬂigérm&eﬁdo%rm ce of égg?eepper/s?gglr?ﬁtgéﬁ ?"?‘th%‘g%drquR‘f/"& ool in

20 perfoaﬂr;i ng, e.g., the not ?}33955‘6%? AMS, Bhere anBng athes ddngd, theIG 2,

can be stib- dbsan sdmbstiyodidettedpingy | / wnabl, €.9.. for performng

t he functionlagf a bandwi.dth ( 3%%62%&3%91%%&gﬁ’;ng@g,@mQ@eM@Pmn 74,

e.g., contaiArAgYTHE 2o dn thedihs portion SPatte. sedh®IG bk!hﬂﬁéf%i‘%@x'ynegpﬁ:'{e%gém%s pects
N

of the SAM a¥gveldrdst net er sed in the past, e’g.,

appl i cants' égssi ;r%ﬂe%d W&?ﬂﬂlaeﬁi mndhe PAHD, byast least twio passeshesuhf

critical vdhe seinowslivhiwdbichf g thi ® ADEE Ly di ment of t resent

i nvention. The bﬂ%dwi dth-neter optica a?%%%?%ﬁ%h?%ﬁ?ﬂ%% “her

things, using a shtrHPUtPen dof|thmPai ndrtian 5O e s@geﬁlzoltﬁ@,ggggsgmi{ng

| ens, astsexph@upeéhd £ ?[Qileﬁ by requiring, e.g., am

honogeni za_ti%%jlﬁ the‘luf:}i:)‘jr;ése eg?&ww@@&fi ogulssatretchercal), twheBedchke t he

vavemeter | ®7e Qipuulexsl habkad 6A1OLPHBARC LY, i B el dT u'h, e g,
ummprove the Ty,

. This impacts such things as the dose seen at the wafer in a
lithography exposure of, e.g., photoresist on 2 wafer, and also certain other
characteristics of the performance of a stepper/scanner lithography tool in

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

The SAM, 46, as seen in FIG. 2, can be sub-divided iﬁto au opto-mechanical part

72, eg., for performing the function of a bandwidth (“BW™) meter, and an

electronics portion 74, €.g. containing the logic assembly part. The fundamental

optical aspects of the SAM are similar to wavemeters nsed in the past, e.g., in
25 app.licants’ assignee’s 70XX products, ie., the LAM, with a number of critical
variations which form, in part, an embodiment of the present invention. The
bandwidth-meter optical layout involves, among other things, using a shorter FSR
etalon with a longer focal length imaging lens, as explained in more detail below,

Tequiring, €.g., beam homogenization in the first leg of the etalon optical circuit,

30 Like the wavemeter in, e.g., a 70xx LAM, a photodetector module (PDM) 144



7 0 9 MAR 2007 nmonitors the pul se energy, and provides a fast photodi ode
signal for diagnostic and timng purposes. The SAM 46 i §} GoMARI Zi@d within
a SAM encl osure 76 which is attached to an optical nounting floor (shown
in FIG 4) by a plurality of thunb screws 78. The 5 view of the SAM

encl osure 76 shown in FIG 2 shows a primary beamsplitter 80, which is
receiving the beam 64 fromthe PA 50 on the side of the SAM encl osure 76
shown in FIG 2, which passes through the primary beam splitter 80 and the

beam 64 aftepopRags| l.all hrough the primary beamsplitter 80 exits
the rear of the SA e%@?%é%e?@r ’)7('%& REOWEE R fept Hhotadicle simabfor kidgnbstict i PA
VEB 42, as shommgpupdses.FIG 1 As illustrated in FIG's 3a-c, the primary

beam splitter 80 n%m| se a beamsplitter purge cell base 90, which
may be, e.g., machi 6 isfcoptaingtivdthin 2 SAM eicledutt O WHich iLatf3RE i L1 N

the interior gftich I ase a.steerjng mrror nounting shelf 92

and a pri g;tar y%ga%ﬁlggﬁiﬂ%egr& 81%03’8? %E&t‘p ?&)PB’FEF of tmbrbarews 78] &fHeor m 94

and the bét t ovicwfoftthe SAM kndlases 96 sHEwn f therein a beam ssage
TR SPRR PR S Wb Rl f0

openi ng 96. . 'Q;he I1;1)ase 90. rr% al so_have forned in on
sanpl e beam eXI {" GpERTHGE 48 beam ehfomshs BASfomie FUGoBihe SAM naRBle 7eam

openi ng 98 magoRs if Er 3 Iee/gbtg m exi t wi ndow 112, through which
the sanple %%aqrﬁylm ex?’gvﬁ%s%g)a%r%%f’ AEERAY beasn sglifter fi0cndhtbe bearai nder
of the optic T pashing partialyniheorhel® Blithahlf blalEspid 86 o5, 0RR0Si L e end
of the sanpl %Aﬁam ijass%gaes 98, ,v]\;i%thhi nBt h(g%{ ntaglref or oﬁéteﬁgs ﬁ?s‘%g‘bﬂhﬁﬁ‘ﬁy al so
be covered by a wi NEOWS1/P0AS Seeh i 3@, diand fhack oo thieoPd GVEBNED, hRamb®f in

refl ects 1bromI@ steering mrror 102, nounted on the steering mrror shelf

92, and into the sanple beam passage 98. FIG 3b also illustrates the

primary beam spl i #seillustratedoin BIBY 316 tBE peith fmr. m.splLitter
mrror nount é}i‘&g mzt WHN %ﬁ under st ood hata%i’ P\g%%)géa. og\r?,lg?ﬁgomggﬁerﬁm
exiting the Bt Pl Putss: ¢l hase 9Br Whish ynayelaone g machined 8t bf @ELEH PG al ONg

the verti cal ofxlumisiOe foln Fife; couhich.js al so the propagation axis of
the beam 64, fromthe PA 50, J“n%(j:)nr arr%llfl%%ofﬂ’& PHERS; S rhass O ladfesring mairoram 64

i s partial | ymosniing shelf Sbend heriptarybeam kewwa: Sl WL a
appr oxi ngy el laﬁp({&gf%th t?le m 64 is 30 re?l egt edogrﬁtﬁf)m%%ps t“t:é%’r%illgnd'g Jﬁrﬂ‘?ror
102, while the remal nderpLLEeD ohihgisgH hase 90 may have formed therein a beam

passage opening 96. The base 90 may also have formed in one sidewall thereof a
sample ?eam 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
20 and electronic clements of the SAM 46. The opposife end of the sample beam
passage 98, w1thm the interior of the base 90 may also be covered by a window 110,
through which a portion of the beam 64, reflects from a steering mirror 102,

mountec‘i on the steering miirror shelf 92, and into the sample beam passage 98.

Y

FIG. 3b also illustrates the primary beam splitter mirror 104 mounted on a

25  primary beam splitter mirror mount 100. It will be understood that in operation, the

beam 64 exiting the PA 50 will enter the primary beam splitter 80 from above along

the vertical axis shown in-FIG, 3b, which is also the jﬁropagation axis of the beam 64

from the PA 50, normally in the horizonta] plane. The beam 64 is partially reflected

by the primary beam splitter mirror 104, and approximately 5% of the beam 64 is

30  reflected onto the steering mirror 102, while the remainder passes through the
primary beam splitter mirror 104 and on to the PA WEB 42, as shown in FIG. 1.



primary beam splitter mrror 104 and on to the PA WEB 42, as m\l\agqulgn FI G
. 8 09 MAR 2007 The approximtely 5% of the beam refl ecl &d 0 he
primary beamsplitter mrror 104 is reflected fromthe steering mrror 102
at an angle of incidence of about 25 and exits the primary beam splitter
80 through w ndow 112 as sanple beam 114, and into the remainder of the
SAM 46 as explained in nore detail below. It will also 5 be understood that
the beam 62 fromthe MO 22, enters into the PA 50 fromthe PA WEB 42

t hrough t he sane ' itter.mrrar 1 in_the opposite
direction, i.e. %ﬁmﬁﬁ?’ﬁ%%gyé% Oggﬁep]&‘?ﬁfn ¢l %@&@FWWYPW%@ gai n

medi um Wi t h mireor NI berefie6iad ﬂﬁhﬁhe%emﬁr&hﬁzaf' ook 580, 80
with a beam sg)s;,iba%éer_ cover 116, 10 including a flan ge%gapér%egg%ﬁoéltion

tﬁ thg pur ge. ﬁ%‘%#"eﬂlpma@rbqancesyfﬁms&q thaslghmm&dr}ﬁﬂlbwéaﬁw%mﬁlm,i in

t he above re - i i.cations. As shown in FIG 4, a plan

vi ew of the Sﬁ{leﬂqg%t%ﬂ %%%‘%%g%f@&% 45?@1%’@?%%{%111m@eﬁp@ﬂé@h@ﬂr-ﬂtm&n&o he

mai n beam364 tpywderstdoduhat thebams v} fbishe M QQ,rerft&é} i:ﬁE'ﬁg: ﬁﬁfsb%g&n?g}%gm t he
S

steering rrirr% 1% xiting the primary beamsplitter 80 ‘as d beam
114. The sanp B Béathrongh sSaite PRmegh bkam esplittet inginsr A8 inhehef bHFYsite and

rear surfacesiiRbt@) 14n ti . of a, secondary beamsplitter 104
distributed wit et i Hcew‘%%rﬁg%‘mg Bfno et Bt 85 grscptibie QRMheiBALY g amedivsn
separ at e i nt éviftathe MQbearndds of the bandwi dth neter 88 of the SAM 46. Part

of the beam 114 ig‘ﬁédgnt on the secondary beamsplitter mrror 140 is
reflected onto photddet ERAVEy thawaimasy bemy spiitter B0 With abedmeapiitlet Zob@r 118yl se

ener gy nmEasuhigi®ihe the .el.ectronics package 74 as a fast
phot odi ode si gnal .g%%%ﬂ%ﬁx%%ﬁtﬁg%‘?p%ﬂ J}hegy{gcaﬁyﬁt@an bqﬁﬁ“ﬁ&féhﬁ%am apel ow
recei ves t he fthenekplainegarg. j mmh@ibobhfbf&@ﬁdw%&ﬂ)eﬁaiﬁghﬁ@&a%&?ri ng mrror

r

passi ng through tggsgi nor, ﬂ:il‘g acting as the second beam splitter. Due
to the thinness REN R D @ e vawyofieaSAMpbptidsenbsyisteno?2, 10t thahe

the f Fheﬁﬁléﬁﬁgggﬁfﬁg%??? S5 BB 1 o Riee T ) ol Ecodron 104 mndhol ow
S e b TR
PDA 182. Froand fear hirttee oPat bildada et WY RENAMLALD C20:P2 1 04 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 beam 114 incident

on the secondary beam splitter mirror 140 is reflected onto photodetector module

20  (“PDM™) 144 as beam 142 for pulse energy measurement, and output to the
electronics package 74 as a fast photodiode signal. The bandwidth circuit, explained
in more detail below receives the principal portion of the beam 114 from the steering
mirror passing through the mirror 140 acting as the secondafy beam splitter. Due to
the thinness of the selected primary beam splitter mirror 104, the Fresnel reflections

25 are overlapping, complicating the problem of keeping the fluences on certain optics
in the SAM within tolerances, ie., below the damage threshold for the material of
the optic. This beam 114 is involved in illuminating an etalon 162, as explained in
more detail below, which produces a fringe patten that is monitored using a
photodiode array PDA 182. From the fringe pattern the FWHM bandwidth can be

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

precision, using simplified mathematical calculations that increase the speed of



30 cal cul ated, according to an enbodi nent of the present invention, to
under 0.01pm precision, using sinplified mathematical dphcMhRt2fits t hat

i ncrease the speed of 9 0 9 MAR 2007 processing the output of the PDA 182
to better allow for pul se-wi se conputations at 4000Hz and above. The SAM
46 can neasure the bandwi dth with the output of the PDA 182 and the pul se
energy at the output of the PDM 144. The SAM 46 & LAM 28 can 5 interface
to the laser control system (not shown), which subsequently provides the
active control, based upon the feedback from anong other things, these
metrol ogy modfAfeesng fie aitpief the BDA5182 to betteribiamnfarlpulesxivise rRemphatisRcendary
beam spl i tter«jb@f)lzi?ﬁd B{f%l dent on an adjustable M mrror 146 and directed
into a front cylindrical = 10 tel escoping |l ens 204 contained within a |ens

mounting 150 and tTerSAMI4S can nffkise Sheomiithh WO Hh utfjpgs e%hﬁ%aaaﬁd

explained in re.detail with respect to FIG 7, i1ncfu I'n order, a
rear tel escoptggé’“isér@eﬂoﬁt the fouimatt oftthg PTIVF 144 Sihe28ANVEKMd & LANCOSicag | ens

224. The Bbeany I h a second stage diffuser 16Q after
bei ng reflect edgﬂ%?éf Qg@egﬁs@r;g?%lﬁo? gg#gml\éoﬁﬁ%ro?‘@?’ ‘i}@%ﬁ sypReawsbn rpefesiisses 15
t hrough an etagtioncdB2l, bekel dponndie fesbhed Bo& gﬁ%ggpmgrg%? L%Sg RetBR

through the etalon 162 is reflected off of an adjusta mrror =164,
and onto gené:P uIl‘if"the center of an elongated M4 fixed 45 training mrror

166, and onto the f; | NMB,.normal i ncidence mirror 168.
The fringe patter ﬁ& Siaésh%t %Fﬁfﬁg%ﬁ%ﬁpgg%%lgﬁ {bﬁfge‘quga?yﬁifﬁ?l-%gﬁﬁ Y¥Orisi on of
the mirror légidend af fn cidiatablehdf]l aliestals 8ndVBird@ed GhiZEL fr&:ﬁi@?ﬂ&? aF” rror
180 and blgckt%nto Ih(i | eft-hand portion of the mrror 166 and |na(f y is
i nci dent ‘on CHECPPIRE 1605 204, compamedovitn a1 legs meamiing 150 end thenuglo amadtitiest abl e
I N some SenseomBirti [ | ' re not. fi.el d accessi for

adj ust ments, wher eggn %/Iﬂftllgg’ 'S ??%a% %%%%Jﬂﬁds (%S defal Wil aespaet @Fll:lﬁ'u& SAM 46
accor di ng t o ieshudespidordenta ofar tthlesqupigelvns 29, N8N 51208 diffudep MHOMIgs a

hi gh-resol ut if&” n'egsur% of . g., bandwi dth, e.g., the FWAHM bandw dth of
the |aser outBit T Besh 64 akheg Al 4 then ggsses danughya eeradstagepbffuter 660 ng t he

Sl 46 o, a0 s RLNABTHAGY LS RS
e.g., 15 through an etalon 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
20 normal incidence mirror 180 and back onto the lefi-hand portion of the mirror 166
and finally is incident on the PDA 182. Except for M1 146 the mirrors, though
adjustable in some sense, e.g., during installation, are not field accessible for
adjustments, whereas M1 146 is field adjustable.
The function of the SAM 46 according to an embodiment of the present
25  invention is to provide a high-resolution measure of, e.g., bandwidth, e.g., the
FWHM bandwidth of the laser output beam 64 at the PA 50. As a consequence of
positioning the SAM 46 at the output of the PA 50, the energy density levels seen by |
the optical elements within the SAM 46 can be very significantly higher than, e.g.,
the corresponding elements, e.g., in the LAM 28 and/or in prior lasers, e.g.,
30 applicant’s assignee’s '70XX products. This can, e.g., significantly increase the
lifetime risk, e.g., to the primary beam splitter 80 and a number of other optical

10



the corresponding elenents, e.g., in the LAM 28 and/ or irh gri or |asers,
e.g., 30 applicant's assignee's ' 70XX products. This canl 8 WAR 2007
significantly increase the lifetine risk, e.g., to the primry beam
splitter 80 and a nunber of other optical 10 0 9 MAR 2007. conponents
within the SAM46. In order to mtigate fluence driven danage, e.g., to
the primary beamsplitter 80, the SAM nodul e 46 has been desi gned,
according to an enbodi nent of the present invention, with the primary

splitter m r g .y, Ak 70 degrees to the heans 62 fromthe

MO 22 and 64 tger 8%1%%&&5%%%@%@5&@5@&6%E‘?'}Egar'i‘églé‘FPcteémtVﬁ% wpRLer eBub®e t he

 fluence | eveltse pmmarydrepmbgplistef 80;tthé SAM modBleafs ; ' eam
splitter ori ent?epgl?@tﬁﬁS degrees. Cal cium fl uori %%nﬂ;g%g?ggg%ﬁ%ggﬁﬁns%}ogct ed

as the opticdf et gresentt isvensione srithd then esimafy tsplitter apirtars]ode. g. ,

" in the beam hegemgen i beER M L hiothe SAM 46, according tao an

enbodi nent of the Ef%%gg%ie%\%entio%é%%%r{gorpmafﬁqu&gﬁ?lﬁéh%éﬁmers

for the SAM déisoradibegn thosan tetioetiyrredice thé fﬁa@ﬁceﬁ@@&?@écﬁic@’?? igqgct&nsé udeha
.2 to .5 nm  suc

wavel engt h W@%§| eng{tﬂh oper at iq}% range of between 19
that the SAM TDAUFE BESHi ¢8- FuhEeamw spliftar orientel ahdp degreds. ofalctuen Aaerideengt h
range, a | as@hs Blb HReh QPRLEA | f 10,4000, Hz, with the nodule
46 capabl e of r.reasuri(_en bandva\‘ngg%%%gﬁcagnb% rél_gévﬁfgc O SB&‘?"@&&P?S padles, 15
and 2 pul e, ERrap ekt Ve ot homkgeiioh I0xiywidin e SAM KRR B an

vi di . u Y u i es.
addi tion bangl\%ﬁg%%em(‘gﬁ%w&%l?mv?qu required to be 0.001 pm precision
required. pof the ﬁgdvvl df h, cal cul ation, bandw dth (AX) accuracy of 0.04
pm is ré@ui red g trauged eRaraing napaneterp font the M mcdoedigg fo anemb@imesed f or

calibrating phepeS : dw dt h.20 .neasurenent range is required
to be 0.1 pm bgmmﬁgfg%dgl "%ﬂ?‘@\%ﬁ?)@a?ﬂr ‘(’)V?‘@é’iﬁgth r"@d’&fep Op¢iaHng FZSAM nodul e
46 be able t ckOX hio Winklwindéveh dhe the S¥aMr R5&A¢: 48 ﬁEHEE 5 pm
bl ur conpens [ is required to be <_eo.g;ﬂlpm \%\?ég(ﬁtlpfeglrl%nce

atd on, precisi o 3
bet ween inne?zf‘ﬁ)%ﬁ] gﬁ@‘%‘%’? AeRgEe, & daseigpulpsorepetitiomsraty e hbEr o900 Gz, ith
aver ages: BWheeashu ' : Q. apart within . 0.03 pm of either
side of 25 the fri Eg?j ﬁ%e?g%%g b%é%‘gl 51?121,38@6?‘%‘?835%83’ FIEC?% 8S1Bosi t i on

i's requited g peulse enbreh2exitingihletBA 50060 107enl Rf 86 NS Shd Brclule M{%ﬁ,
spectromet ery, %ﬁr'&é‘;ﬁ” as the capability to scan through one ful §R (3
pm at 0.02 PRI SHERUEDERTS OVFtpe gangehef pulse energies. In addition bandwidth

(AA) resolution is required to be 0.001 pm precision required of the bandwidth

caloulation, bandwidth (AL) accuracy of +: 0.04 pm, is required measured against the
spectrometer (e.g., an LTB) used for calibrating the SAM module, and bandwidth
20  measurement range is rg:quired to be 0.1 pm S A < 0.3 pm, FWHM metrology,
requiring that the SAM module 46 be able to track the bandwidth over the range: 0.1
pm £ AL < 0.3 pm, blur compensation precision is required to be < 0.02 pm BW
difference between innermost and outermost fringe positions, (comparison of 2
averages: BW readings at 3 points, 0.02 pm 'apart within 0.03 pm of either side of
25  the fringe jump zone; and Bandwidth Accuracy vs. Fringe Position is required to be
S+ 0.02 pm delta from the reference (e.g., LTB) spectrometer, as well as the
capability to scan through one full FSR (3 pni) at 0.02 pm increments étai‘ting at the

central wavelength to compare BW against deconvolved spectrometer values.

With regard to power and pulse energy measurement for the specified pulse
30 energy range of 10 mJ to 20 mJ (15 mJ nominal) the system must meet all optical
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central wavel ength to conpare BW agai nst deconvol ved spectroneter val ues.
Wth regard to power and pul se energy neasurenent for th(ssat gpﬁmquggﬁ pul se
30 energy range of 10 m) to 20 mJ (15 mJ nom nal) the sy m nust neet all
optical 11 0 9 MAR 2001 specifications; energy nmonitor 144 calibration
accuracy is required to be < 3% (at nomnal 15 mJ, 1000 Hz conti nuous
operation), with calibration based on M ST traceable commercial power
meters with 0.05 waft resolution; energy nonitor calibration drift nust be
< 2%peak to e?.k variation over 100 mllion pulses, as 5 neasured with a
conmmer ci al i& freioms: gReaey meaitpoMdrrglibetion scairacy ik asmire@asbd €3t3% (ati t h

0. 05 watt reslgg | Lpnearit t Hz_conti nuous, all
within 1 wat tnﬁhhp[]smf&pdl@g WatPELOupRS ﬁééﬁf@ @Svﬂg’t galibrajign fipsqds o BIGE! ¢

as neasur ed vﬁrftChablwananmmmll esbviee\REtefteivath 0080%at: | AR kG, | én&?grx%ﬁit .
specification r constant energy and variable repetition need not

apply. 10 Et GeURratien drifirusthe pleek/’eul peakbxanbud)refﬂrer&lod oiillphtpupegles) are

required t9 hg as neasured in a |aser frane,
accordi ng to a%asgrggb‘%g“%o Clg]‘rPeo tOVFWi]}‘éﬂP‘FDé‘?‘?‘l shete of #ipse\gps test,

specificati omnﬂpé.loatwemgreaﬂuﬁéﬂ, d %/ezt ]ﬁfeapémmltmtﬁyg Ontl&ﬁ P]ﬁsgg?%&g e'-}- ileI ng

defined as raw peak m nus floor. Fringe iST€
fringe symmet¥as 1@sm) aﬁdofwamgéSS;meelfr waﬁs 1WOmI Ss 20(wast a@%ﬁsu_/redr Wt

peak) . End- ofy, n wwde vels (both left and right

peaks), must rfdéel{&oﬁedaéqﬁ %\tﬁreﬁ ﬁ? gﬂ@%m@lfmﬁo:sfor@oastwwwgm n, as
neasured in ana&aﬁﬂibléﬁéﬁtmﬁ%@ﬁé@d%t,fg%d}an enbodi nent of the present
invention, nmeetin speci fication ‘operating at 15 mJ at the PA 50

out put . er gy |tor 144 signal |evel at 15 mJ pul se energy nust be 15 K
ADC max and 5 K lopetagting rapevidealemes (tla tefeatindghrepbksy brel rBGuiRa €5 8t

invention, carg s’ Il specifications are required to be net,
including, e.g., ?sérlgé% aamgakgls bgs[ FReasreq 4n) 3 laser drames ageording topam

pul ses; tar g@mbnémentlofrﬂnet cSedP iiBeMiore nike
repl acenent o{ ﬁ]\/l 8g| C algrsenbl y: 105n?m nﬁ%?%/?ﬁ&{:@carﬁ‘é%}og {r]’rfé%% 1gfm'élarraged
25 primry st et SO sinatn Vickiags lewels deing definechhs lamepdabmniafs BR@T Fying®Ni t or ;

gg)e/?nlfreﬁ )e/ll oggy%nﬁﬁ&?es%ahﬁgé%%%%%rect 0SSi bI e I ow Vi dgegs or fri n?OO
15 x (left peak / right peak). End-oflife etalon 162 raw wdeo levels (both left and right

peaks), must meet the requirements of A) 2.5 volts max B) 0.3 volts min, as

measure‘d in a lasgr 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
20  ADC min,

According to an cmbodiment of the present invention, certain reliability
specifications are required to be met, including, e.g., target mean time between
failures of, e.g., 2 12 B pulses; target mean time to replace, e.g., < 2 hours, with field
replacement of SAM logic assembly: 15 minutes; field replacement of damaged

25  primary splitter: 60 minutes including re-calibration of energy monitor; check etalon
fringe pattern to correct possible Jow video or fringe asymmetry: 10 minutes; and
equipment dependent uptime of > 95%

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

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

12



Mai nt enance requirenments include, e.g., logic assenbly 74 repl acenent
requiring access to unit 74 while in the laser frame; primary .beamsplitter
80 12 0 9 MAR 2001: replacement, with access to majjr§ #4R tzﬁagr- 80 t hrough
t he renovabl e cl anp assenbly (not shown) connected to the flange 118.
Requires renoval of the nodule fromthe |aser frame; and adjustnent of
etalon 162 fringe symmetry and hei ght, through two separate nodul e cover
hol es to access 5/64 inch hex head adjustment screws 170 5 (shown in FIG
7) during |laser operation. A gas panel is hole required when this

mai nt enance is done in the field. In addition, according to an enbodi nent
of the pressplacamupwithaccetdio msis spiiter BEGHEIER SelrbiabvabRIcldolPastiiyrodul e 46,

the. POV 1440BE BRI Pafcstedad M fdes, 1€ Rsgiies crned oftoe wopHledomiay of | o. g,
12 bilThon btk sens @0dgiuleA dddh e S5k BRI AIREAEoiBR v o >0

taking 2 hours. The design of the SAM 46" i € qui ck access
to facilitaftBerate gadale congsholesop acerss Hod inck hef hbadadjushmers wabwml20. Thi s

i ncl udess pr grdwidin "8G, 4 tng and installation in the.
superstructﬁr_e. Qui evs], trg?éssemgér}édso bﬁgg%Epaﬁanyﬁ'B%ﬁm}ﬁeﬁgﬂwﬁgmﬁecessary to
facilitate Manghdnpgis dont ipttefisld. danage to equi pnent or injury to
personnel . The SAM 46, according to an enbodi nent of the present invention,

will be requir . r.e £.9.,.bandwi dth to an accuracy of, e.g., at
| east 10 fent omﬁ%&rdguogg%%grdbﬂtﬁ t&ﬁﬁ?“’ﬁ@%@%&%ﬁ@ﬂﬁ&iﬂ lﬁmmﬂg@(ﬁﬂ&l%nd even up
to 8000 Hz.reiiteh thabfoy the SAMDaRkI2A6) &tBinge Of tHetBodulBE8 G LEBRLGR4 Shown in

FIG 7, and a frge lEsg;)),ectral range (" FSR’%ﬁﬁof the etalon 162 of 3pm al ong
with a pi xeP & PE0erpY mhrasuspspent 83 therPLM ds4bawonmplstableing eip., thip IouBtn verti cal

and a PRA 18Rt} o8s30 ANHOH pSe oI AHIOE B LIRS Gl pRLCN U5

usi ng the fyndanental “interferoneter equati t he

i ntensity Asotakingdhages. of the etalon fringes, i.e,, %= (2*n*d/ m*Cos (0),
where k 25 is the wavel ength, nomnally 193.350 nm n is the internal index
of refraction offh¢ Hesigneefatho BANM 46sis réupired @l ambleiquickracedaes R@ilitAz i S t he

order, the j er of el ths aj _the fripnge peak.and 0 is the
angl e of i nf]g gg%@%&%e@&&ﬁﬁ%@ﬂ%%”ﬁ%@ EQnP@W E’F]g‘a%‘tﬁrfeché@ﬂ‘& i nsi de the
etal on. Themppeuencatingand @utallbficNindBe fiperstructure.  Guides, tracks, or stops

15 may be provided as necessary to facilitate handling and prevent damage to
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

20 length of the imaging lens 224 shown in FIG. 7, and a free speciral range (* FSR”)
of the etalon 162 of 3pm along with a pixel size in the PDA 182 of 0.025mm
horizontal by 0.5mm vertical and a PDA 182 with an array of 1024 photodiodes
(pixels), one can use using the fundamental interferometer equation that deals with
the intensity distribution of the etalon fringes, i.e., A = (2*n*d/m)*Cos (8), where A

25 is the wavelength, nominally 193.350 nm, x is the internal index of refraction of the
etalon, d is the etalon mirror spacing, m is the order, the integral number of
wavelengths at the fringe peak and 9 is the angle of incidence of the light path to the
interferometer axis inside the etalon. The. above can be rewritten as A =
(2*n*d/m)*Cos(R/f), where R is the fringe radius, e. g., 250 to 450 PDA pixels, each

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

pi xel s, each 30 pi xel being approxi mately 25m and fis the MARc2Blidi st ance
fromthe lens to the 13 0 9 MAR 2007, PDA pl ane of incidence, e.g., 61280
pi xel wdths, i.e., 1.532 m25m in the focal length of the focusing | ens
224, nomnally a 1.5mfocal length lens. In order to deal wth, e.g.,
mechani cal drift in the beampointing following the introduction of the
interference within the etalon 162, it is preferable to deal with 5 fringe
dianeters, D, rather than radii. Therefore, X = (2*n*d/m Cos D 2f. si nce
the fringe WPHI5lane &f tcilRASH e, O f

t hrough the et algon 162, wthﬁeélgggl%%ﬁhgﬁﬁ h'lt jez%zﬁntlﬁp%waq@% ngth IS
a known, the en@ﬂ?qféh@f@ésmmlmh&%mal@ﬂigﬁﬂsﬁmﬁioaweagthdeﬁsor the inner and
outer diameters will give the raw bandw dth val ue Assumi ng two peaks in

t he sane ring, se he PDA.10 182 onl. arate e al ong an
axi s of thia ?I ng, {ﬁ‘é ?onﬁ%arl%Afhar?Eg{ etP?‘:% %ﬁfﬂﬁ:ﬁé gm(ltﬂ g@ﬁ’épg?ng
(outer di anetieriptreduclibn botheliftederetdeoihidh the cBIIHE €62, A¥Ss pre’f@i‘able:)ﬁé? @eal AL
[Cos (DIDf2f) - Cos (DOD/2f)] / Cos (Do/2.f), ‘where (Dm )2, and

Xo i's thes|i fengeabaTasteIS RISt than gadi e:eherefoxeok wzmﬁ/m@os /9 *smc@ﬁﬁe

(Do/2f). In atlons sufficient in the
enbodi ment OF&%GW p?rgseﬁ]teaﬁuﬁggﬁg?l?ﬁﬁ“g ﬁ)%‘@ h&i‘t spes Pptpsf thagugl thg  ni n
0.5nm of t hee’glms$62 (ashu tagg{ﬁh t t u rom
the LAM 28 or_the utili zaﬁéon lapghﬁ?:ﬂgﬁ%e? évaéT&i)g@?EIaﬁ'ktn gﬁp 182

for a cour sedlﬁf;’éf‘@ﬁ? éﬁrﬂmwﬁffelﬂmhﬁ saigulattd for thetenepaad |outm |dyarakeérs rill vk

bandwi dt h ey, calibration val however . rder to
preserve criftl caW pr ocess?)’;%F r‘%ﬁsm{”ﬁgratgf’é’%ks ’P%ﬁc %Q/Em%qi?alﬂl ﬁﬁé ﬁ%ng

W th theismal$2 angl & RRPSAIHE I " DOD2 -
Dn)2] / [Be - Do2]. The réggiultll?lﬁﬂfa??% a?ﬁa’%ﬁ?ﬂg’% gy Sl Sinffhr)rL

prior art af¥m ma*@vs@uwae améri@s(mftextdimme:t)eqlz@m*d/m)ml blzlf)e,smcee, <
error. is_essentially O over pixe from about 200

10"5 fm The @ aﬂgl e
to 800 and iffre @es Ity@&h'r}o [€gs I@m@&fﬁ%@m@%é&q@c@of@ tvherd By ends of
t he detector Treat,n a.cons e of, e.
193. 3500 tﬁ%mb?ﬁa‘eﬁ 2o 5 e e”?%ﬁ“’ﬁ‘?é“ﬁﬁsd&ﬁp&’é’%a SRy 200% o
193. 500; Cos It?’ﬂl@%e S8 qucs's B¢ @i@rﬂg‘i\@ Hifcithf th the FBbOaeLPLP | ess
thanOlfm equal ,"e.g., 325 pi xel

15  the present mventmn as long as the actual Ay is within 0.5nm of the guess

(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 Ay is needed.

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

however,

20 In order to preserve critical processor time, therefore, the above equations
along with the small angle approximation results in the equation A% = Ay [Dop? —
D’} / [8£ ~ Dy?]. The resulting error in using this equation over the prior art
approach over the range of the detector is negligible, i.e., < 10 fm. The small angle
error is essentially 0 over pixels from about 200 to 800 and increases roughly

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

Treating Ap as a constant value of, e.g, 193.350nm, the bandwidth
calculation, for a range of from about 193.200 to 193.500, ie., about J3nm, the error
in bandwidth will remain within less than 0.1 fm. Dop will equal, e.g., 325 pixels
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14 0 9 MAR 2001 and DIDw Il equal, e.g., 300 pixels, with Do b&en equal
to 312.5 pixels, with f = 61280 pi xels w dths as expl aline MUY
Utilizing propagation of errors typically used for error analysis, assum ng
i ndependent vari abl es and covariant terns are elimnated and ignoring the

5 contribution to error fromvarying gain/quantum efficiency/response

bet ween pixels in the PDA 182, the error ago / is < 8 x 104 resulting from
assum ng a constant A0 over the laser's tunablée range. For a conparable or
| ower contribution to the bandwidth error fromthe focal distance af woul d
have to be |msisDigaill 2dualieqe] S00 pixels, withtythed. dol to HAE bixelsy withof =a
conpar abl e ol{ I8wer contribution to the error in 10 bandwdth fromthe
fringe diane 1280 pixels Wi, 36 explaingdeli¥ehave to be better than 1/73rd of a

pi xel . This verifj : | ' | i B d upon
focal length di stgﬁgzetag%%%gﬁgoﬁdoﬁsﬁtﬁg ﬁ’fﬁgaéﬁ’fﬁ‘%eﬁe oﬁ%ﬁ%g@%&%ﬁ&%@@%
optim ze thendepgndertavanablest andecovamiahni thrins  bree elimbyatals Sudi oAby the be a

known constant. ..Fl gence | evel s at the first stage diffuser 222, according

to an enbodi TEHPUSPT 19 Srrph Hom Vatying Sqindumt B EiF SRy BERoRsT BYWRG PRSIt ai ned
by using a GylthoEniac l/ascope .t : e- i fi

col l'i mat es al ong tﬁeﬁﬁzétl}%r&grgf éﬁé?ﬁgﬁe%%gﬁrﬁgﬂ%gg% %%@ggﬁgﬁ8%$fi rst
stage di f f useer 2B lases's dppbiethnga UBiNg canpaiibld 68 low&Nsontriddienr @Skt i ng
decrease in enﬁrgi/ densities has dramatically reduced the chances of
damage to al4amgH ﬂéﬁff%ﬁfo%ﬂ@%foﬁﬂlt%a@AMfM}ﬂ%b@@ﬁ@ bpdeshthen 2 @ixah@.epri mary

beam 20 spli ' (Y r uen | evel s coul d.reach al npst 25
mi/ cnR, e. g.%bb%g%(}gerséﬁﬁgy\gﬁ %E)%’T%ﬁp%&ﬁ%u?relpwgﬁmc %%llbglfmcﬁ)a%e‘?ﬂ%d? The
ener gy densitiaydividtelfront tHelTeingdPfiafBley nflbirbheht, B Wtld bk ioShebselnt i ed to
a nunber of Sﬁgem paraneters and the ability to alleviate the problem

purely fromlhe @tspipsl oThis NeriSsmpplichmtsd sdléctitesofghe comributions ddsed2fpohn or der

Facki oo I SRRE B ok R S e R O
appl i cants' catsilgRa9f theiA0@AASE! b?&ﬁﬁbh&?iﬁkdt%bie%%g%%ﬁsta&he slit .

function of the 20pm FSR etal ons used 1 na standard waveneter make it
difficult to tradiuérsndevietital tho/fust stageodiffuser 2225 smeniiabloyamcanisidimentofmanner .

The inahility to make "better”" 20pm 30,etal ons, ,with inproved. fi e
Sover o511 e el TPt Yaye Titbl SoSr Gegaesd Py Using ' oyfindrical Tens

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

20 splitter mirror 104, where fluence levels could reach almost 25 mJ/ocm?, e.g., when
operating at 40mJ output from the PA chamber 50. The energy density level at the
primary splitter mirror 104 is closely tied to a number of system parameters and the
ability to alleviate the problem purely from the design of the SAM module 46 design
1s limited.

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

30 etalons, with improved finesse severely limits the ability to make the necessary

bandwidth measurements with the existing configuration. Consequently, applicants
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bandw dt h measurenments with the existing configuration. Consequently,
applicants 15 0 9 MAR 2007 have upgraded to an etalon 162 't? shorter
FSR (to narrow down the etalon slit function) and use aﬂﬁbﬁ@@r W@Ca

| ength imaging lens (to inprove the linear dispersion of the etal on
spectronmeter 162 circuit, including the PDA 182). A relatively very narrow
slit function etalon 162, e.g., a 3pm FSR etal on conbined was 5 selected in
conbination with a, e.g., 1.5minmging |ens, which together was determ ned
to produce the desired capability of bandw dth tracking over the range of,

.g., 0.151t9.0.3 EVAM | t inth t al 16 it f ti. d
(i et di spePaT SR Be0 oG 152auth § Shors? SoB BRI JOD the IR Blihcw it h
wi thout havi figdidn) @6Qr dsc! 8 o0~ folhl Sl donaShoPEnE ol BEH00 the ThiRRE Sti !

exi sts a need to inplenment "blUr correcti ecause th ference In the
appar ent bandifigtsipnbef ke atatonatpenteerseicr d 62 rarmi includingy tHer PRde 182k sus an

fri : | . . g..,;.0.025 hi b |
R R T VR M B
required of bélectSANhNBsliBatRRC @] Q,ge.}ggl ﬁ@nﬁfimé’gih%fﬁleﬁsﬁ Qihibi Qo SRS CRbs

i nvention 15 and consequently, e.g., ur correction® is incorporated into
t he bandwi dt Hetegained (taprasiace theedesied ggpahbity 6 bandpidibrirackingSer 48, raageor di ng

to an enbodi t i nvention, nmay have a pol arization
‘sensitivity l@ggﬁi’%liﬁgo‘%ﬁé]mbeam splitter mrrors 104 and 140 t hat

deliver a small peémgetage @fthé BRIGRIE BRAMBHod Snd Bndab QiPBRAIRY piovides OF
144, can havgﬁa pol ari zation sensitivity. Using Fresnel's™ equations, it

was det er ni né’f Eisally improped abilivata tracks bandwidth withot hevisgdneaespyt oaiscor 144
to the input N | o riz .. Vertical .. A faster, photodi oge -
array 1829ma3c/ e aSIl eego?%c%%e' giﬁfe ?‘ﬂj %"ﬂf’t@ﬁ lé?/eggtp,lm%@. .I% e%EHPéi‘BfF%° I C

adj ust ment checausé theodif@irenee BY el dparend baddiidth btResPRAY nRhs@éd Hom &8 USer
of the light source to, e.g., trigger to light out in, e.g., a sync out

circuit that MOShEdgseeps AR ater frimgescandie as latgersnag 00REDM oFhig can he as

o) ol fis allbh e enfleKifor MRteEH MR The 1o JRAD AR R RS |

r _epIhaCﬁd. Barwirdd lof then®&Ns mbigimakbgdinfNb 28 @hidinge o SIRdpieber Afifintiah i on

wth t he
15

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

20 the energy monitor 144, can have a polarization sensitivity. Using Fresnel’s
equations, it was determined that the polarization sensitivi'ty of the energy monitor
144 to the input beamn is 2.85:1:: Horizontal: Vertical.
A faster photodiode array 182 may be added to the SAM, in which event,
e.g., an automatic adjustment circuit could be provided for the lithography or other
25 user of the light source to, e.g., trigger to light out in, e.g., a sync out circuit that
could be provided. This could eliminate the for certain measurements, e.g., with a
diode instrument for measuring pulse length (“DIMPLE”) and the need for
adjustment when any of several modules are replaced. a
Bandwidth numbers from the LAM 28 could be used in combination with the
30 value reported by the SAM 46, e.g., to accurately determine “in-spec” and “out-of-
spec” conditions. The different relative sensitivities of the LAM 28 and SAM 46,
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30 value reported by the SAM 46, e.g., to accurately determ ne "in-spec”
and "out-of- spec" conditions. The different relative sprisiMARvizBifes of the
LAM 28 and SAM 46, 16 0 9 MAR 2007. e.g., to the FWHM and E95 of the

| aser spectrum seen by each, can allow the use of a l|linear conbination of
the two reported values, e.g., to determ ne accurately the FWIM or E95 of
the spectrum over a range of different spectral shapes. The etalon 162

sel ected can consist, e.g., of a pair of air-spaced mrrors 174 5 (shown
in FIG 7) of fixed spacing. The specifications for the etalon 162 are
driven, e.g%g E@/Wéﬂﬁlﬂém%s bbihetldmer spactmarsebnbe tdchndanaliow thdreseatfal on

162 under th eratln ters noted above, anong ot hers, including
t he requi rener]i'tnggf of lﬁﬂg‘ng Igﬁgga"’lrlef’%ﬁt‘?dr%ﬁ S, £ stodka‘ﬁ&%rﬁcc & 98l ect ed
par anet er s NBEWHNMC: s, ofgae%pectf'tﬁﬁ@verméer ﬁ'dd}‘%-@%%%%gtml Qla?eg 3 pmat 193.36

. nm effective finesse of, e.g., >_ 25 ovéer a ure, and peak
transmi ssi on (rat toe efrlonHé2fselenisd opw akmsitioe. g, of ephir |o£a1Ir-spas>B@n:aiToxarid4t he

t % at  193. d t
Ha o, Seinn Bl 7 of B Rinacig; ”P?Féﬁ?%‘to%g%c' diieni &R S o 46
optical nodut.g., Mbﬁmﬁanﬁshgra@bu?b t I 1g é\ﬂthje4§faﬁﬁd152h§n§éra{hgn 162.

ron ens

In this enbodi nent, the tel escope 0 of FIG 4 an
conbi nat i on ARFTRE REMDEE metad abeye, (ﬁfmmg@thets,ameluéimg\ﬂm tequilnmmjtd for@ant ai ned

in a single w th-t he .t coefront S

cont ai neg i né%%%ﬁs&em@%ﬁ?ﬁ%%%at%t%%?ﬁ%@t 3'&] tsﬂﬁeiﬁ‘ﬁ %WBC]E%% %?
nounti ng scr 246 bpm ,I $ [ I ng
clip, which sﬁjgtlsds ﬁlme I ensgazo?n:ggfYﬁgggﬁ%ﬁgﬂiﬁoﬁﬁ%?ﬁd%g 99? Ov%P%Wt hi n

t he mountd ng Qm@n@%@,la@dcmketmmasm @hmlﬁtthe cﬁnﬁngehpeakqfdotmeldcmmll c 152
20 shown in

| 220 d the f
di f fuser 222";%[}%133‘?%%8?%]‘0 )ec#esr?o 4 at %f‘g‘i% glr‘]”fdét&?eel eln;StZZSt ﬁgg
or ool o BoP ace Dhmidihow BTG, Pherd Bod G R BRUR NGRS R ALANd, 2

circul ar sprlng cli he spherica ocusin Keld in
pl ace by a. tha r‘\Mﬁﬁmtlmllmcgiukc?kbﬁwaélﬂtheaﬂphsaBRQﬁmt el I46rwﬁrthéataloﬂg clips

tage di11usRE ABUF CROHFATG BecoronPrs TBkies a0 Bgﬁﬁv%%&éﬁﬁaiﬁégi‘d
3!‘0 r It Rg gipSIt Pc@%dﬁ?%e%wg;bﬂ%ﬁ\??%% Sglgﬁgv&r%ybf b%I @&gﬁ ﬂg sec o%% 9%%@3 2
di ffuser mdiaee AQ0.fwitintheTelosaony fivet ks 20h ednthimed heitphmbat IV tHayhedont i ng
screws 232. tﬂ_g' Slountmg frame 200 by a mounting sctew 206, which also serves to hole in place
a finger spring clip, which holds the lens 204 in place in its mounting frame 150.
Within the mounting frame 200 is contained the elements of the combinéd optic 152
20 shown in FIG. 4, i.e,, the telescope rear lens 220 and the first stage diffuser 222 and
the spherical lens 224. The telescope rear lens 220 may be held in place on the
mounting frame 200 by a mounting screw 246 and a circular spring clip 242. the
spherical focusing lens 224 may be held in place by a pair of mounting screws 240
and associated finger spring clips 248. The second stage diffuser 230 may be held in
25 place on the second stage diffuser mounting frame 160 by a mounting screw 236 and
a finger spring clip 238. The mbunting frame 200 may be attached to the plate 122
of the optics module 72 by mounting screws 210 and the second stage diffuser
mounting frame 160 may be attached to the plate 122 by mounting screws 232. The
etalon 162 may be attached to the plate 122 by mounting screws 170,

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

conjunction with the rear telescope lens 220, which may also be made of CaF, and
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etalon 162 may be attached to the plate 122 by nounting screws 170. 30 The
front tel escope I ens may be a CaF2 convex cylindrical Ienﬁ, ﬁ‘%tiﬂﬂgi in
conjunction with the rear tel escope | ens 220, which mayﬂa s@ e“mde of
CaF2 and 17 p g MAR 2001 also be a concave cylindrical lens, to demagnify
the beam 114, i.e., to make it smaller in cross-section. The diffractive
di ffuser 222 may al so be nade of CaF2. The spherical focusing |lens 224 may
al so be made of CaF2 and have a focal length of, e.g., 1.5 neters. The
etalon 162 may be a Fabrey-Perot etalon, e.g., having a free 5 spectral

range of abo pmand a fi.nesse.of greater .than .25 a 93. 350_nm .The
etal on par an%ukts%ﬁ)s? EX0 (s aiah cfyh.gti}café t %’ 3?%“ e@?e@%ihﬁéﬁe\?eﬁ% fngﬂ‘% At PDA
182 essenti ahhNerdfl dtodshiectionl NURS diffRAive P 20D wfvmﬁ bé MREfET@IGe
rings, with the fringes coveri ng4essent|ally all of the photodi odes

(pi xel s) in The seheriggl Toapsimplenh 224 mey eldodesmnde efdgioandthavor deeahdagthe. g. |

f5 pixels, a t i f the,10 ter t . t he fringes
does vary asggacfé;\?\]’n'%mf%&eg%%%%?é% u%g\p&afﬁéﬁ;{nﬁ% treltac'eﬁsn?’ e%‘fé{agpfl}gfd’r%g% ve
di ffuser 222gpastrbiclanp®yvf SieoufBden @hd ArfnekRSE gredtad®ah 0Sed 195850 am. Tl ves to
honogeni ze the beam resulting in a uniformredistribution of the input

| i ght beam %#@lon parameissuped the fpcal lengtho prer selestechip GelivaidosthatPlap 182

i nformation | 3 . t i g a . er

wi |l have eqhgl%\?ét?agﬁ\{]&\]/\lg\?g?]eﬁag%%hﬁrnels@?uét“}ioo{r%hgﬁ%osmﬁ 8 nlg%esﬂg%%gr%otﬁxﬁﬂn%t e
speci fi cati ofiingedrcoseridy esstitialy yalldpff fheastotottoded i (bixeBPin 2R atriig | dlthengle. 9. ,
diffractive &i@f fuser 222 dinmensions of 10nmm_ x 10mm x 2mm out put pattern
shape being HEE: e degrse 05 -teleraee, 1 2o @S tHixdtigndothe width of Do) for thgigul ar

01| IR 40 s e s MBSl 2

The material selecte crmer [aser gra 0gi C
assenbly 74 ¢&de¥l 46 el ectronics) resides in close proximty to the SAM 46

optics nodule 72 &,Be tQ close _interaction with the tw nodul es 72, 74. The
PDM 44 accor di ng ¢ it 288, vWhichgpas bamadeef Astolase gradefused at ed

and 25 ol oct Poneer s b EPRERRHE Rl bendl e, e e

only el ectromposhglt bepmr Thisvanteasitraslis, a floperSAbidSoMthy sireiahimfioredion in

vertical lly ' aaeabréan%ps}oi e?tl thé ﬁgﬂiteat Taoetdgg 21?(5\1,\”{1]1)3-061-1221(6 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 béing rectangular, zero-order bleed through of < 1 %, full
angular divergence in the horizontal of 10° + 0.1° and in the vertical of 5°  0.1°.
20  The material selected could also be excimer laser grade CaF.,.
The logic assembly 74 (SAM 46 electronics) resides in close proximity to the
SAM 46 optics module 72 due to close interaction with the two modules 72, 74. The
PDM 44 according to an embodiment of the present invention can be Jocated within
.the SAM 46 optics mgdule 72. The SAM 46 and PDM 144 contain optics and
25  electronics to perform their tasks; the logic assembly 74 contains only electronics to
perform its tasks.
The SAM 46 may be mounted vertically to an optical table (not shown). The
module 46 may be mounted to the bulkhead 122 with three captive thumbscrews 78
i the module allowing for easy module replacement. Sealing at the interfaces may

30 be provided that is free of elastomers.
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nmodul e 46 may be nounted to the bul khead 1.22 wth three captive

t humbscrews 78 in the nodule allowing for easy nodul e riegl HARN2ET. Seal i ng
at the interfaces may 30 be provided that is free of elastoners. 18 0 9
MAR 2007 A link to the |aser control system (not shown) nay be provided,
e.g., via a local network or ethernet port on the SAM 46. .Thi s connection
may be, e.g., for non-tine-critical conmands and information. There can

al so be a connection from the SAM 46 directly to the firing control
processor ("FCP") that can provide a high 5 speed data stream of netrol ogy
val ues for use i nAtlink tothe daskr edotrot systams (dadrshowainap bk iphgyiddice bassd asyst em

20. To avoid damage to the optics dye contam nation, and | osses from
absorption g‘?”ﬁﬁ%&?ﬁ‘ th ?fagtenoﬂb%ﬁaepé@w o tihes sRsmettionsBainesy el Wiir ged. A
purge int er fRgetime-clticall Qfnrid@s Rid 586 ! | iRy ded.
e.g., such 10 that a ?}itrogen ?)urge g%ﬂesagg g\}/@%er%%n%gsﬁg&%%qﬁﬁ @#‘ough
the interiortheSAMS diractintosthh Gaing spitidl tpesceidr RCHS taheam mutide s high-t hr ough
the purge outle ine .at th 50 chanmber w ndow (not shaown), i.e.,

Wi t hin tﬁse bsé’FF%vdsm( HF2B eg@(?g%h\’aé‘f?s F%e“sﬁr FI‘rT\xgg’e fo‘btééniﬂg?ﬂ“h%nﬁe%rf | ange
118 i s connewigdllingiBe 8&BYREAG00Pt i cs in the SAM 46 (but outside the purge
cell of the 15 prinmary beamsplitter 80) may be bathed in, e.g., dry

nitrogen that mayl®evorl demaghéo thodptics 48e vioacentdminhtiony ahdirlossgh frdm

encl osure 76; | gsure 76 ,may, have .hji.tro rge rate fqQr the

encl osur e o?a,b S%‘lﬂg“’%ﬁf %iyl%el?f tz?ﬁéassl%bmé’@ﬁl foethg mg‘ﬁﬁﬁ% ]g%i;’% PPW&&' E&ppm

with a | eak puageirtefade.ohfoiie prid@abesh shlifér FHEASG b‘éeﬂrinleéda e%.Jsuch | X10-5
so-cal | e

scc/s at_ 100, kPa overpressure. 20 The potential for - d "white fuzz"
damage (Yue the) & sifpraenimwgeugascflowsnfrgm e A YéEBe)2 thooughethCaFeriqr oftiey beam

R i R U
nodi fi ed fromrsoio@amwwmawgfnmedhamns.e@}@v@iﬂﬁﬂitﬁ%éﬂovdsrtn@t sBoRhPioyRhich

configuration of the SAM 46, fluence |levels at the primary 25 beam sputter
80 mirror 10k pEmenEkeahepligar flange 183 copnandBl. m)/ cnR, assuming 20 to 40 mJ

pul se energies, 2 aitlR ERMS ihE SARE 46" Bkt iR aR*5ies Reh ' $e8ne O

15 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.,
1x10° sce/s at 100 kPa over pressure.

20 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
to utilize the 70° angle of beam incidence noted above. The internal optical layout
of the SAM 46 is modified from prior wavemeter versions accordingly.

In a prototype configuration of the SAM 46, fluence levels at the primary

25 beam splitter 80 mirror 104 were estimated to be 52 to 105 mJ/cm?, assuming 20 to
40 mJ pulse energies, a 9mm x 3mm beam size and the primary beam splitter 80
mirror 104 oriented at 45 degrees to the beam propagation direction, This compares
to prior fluence levels seen by the primary beam splitter in applicants’ éssignee’s

T0XX products of approximately 13 mJ/cm? assuming a 12.5mm x 2.2mm beam at a
30 5 mi/pulse.
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mrror 104 oriented at 45 degrees to the beam propagation direction. This
conpares to prior fluence |levels seen by the primary be@n%s%%gt%gf in
applicants' assignee's . 70XX products of approximtely 1 C assum ng
a 12.5mmx 2.2mm beamat a 30 5 mJ/pulse. 19 0 9 MAR 2001 Wth a
reorientation of the primary beamsplitter mrror 104 from45 to 70 there
is a reduction of the fluence at the primary sputter mrror 104 to about 25
to 51 ml/cnR. There still remains a risk of "white fuzz" damage whi ch nust
still be accounted for in the design. A re-designed nounting could

accommodat e eit hek,. .5 CaF2 or. nmat eri al . fining a zordi.pat e.system
with respect to tﬁ%lﬁ gg@peg?é?%/ﬁf%@,pn@a&'?e%%éﬁnﬂ rgﬁ%‘fm%fjdsu?? ?‘i]zi ng a
ri ght - handed igpe RrateMain o HeSMentd'& Be ﬁﬂmﬁry%?ﬁﬁ& B8ror@ 08 to abduP®5 tAser beam
propagation direction, the x-axis the vertically upward direction, and the

y-axis the hetlicwnt Thereowidlr woeitsea uiskrof ‘white, fuget damaghwhizhpenst stll such a.

10 coordi nate_sys th rimary ,splitter .80 m.rror be ci,cul.ar 40mMm
flat chat s aocoi Ton by Sl ol ¥ AtRedesgBed matption i orme e B out
the x-axi s O€%P, of MgFam@etial. about the z-axis cp=0. This results in a total

di spl acenent of the beamcenter by a distance d after going through the
primary splitter McfipEg aoeordimmte system witharespeaide dhe e system) 26,08, &

193nm), the i sp tS . Wit spect.. 1 he cQ- or di e system
defi ned abovgge\%or%%&ébgeﬁﬁﬁ%ﬁ% afl%t&’ gnn@ﬁ% ‘%y(i@mfg%%'s%ﬁ’ %ﬁee%" g"lgtc g&g?e’a% ‘umed
that the ref tacClaber ®eiri Rdpagitidilditdctidn, ahék axis. (B0 Qrtickidy uphdrd divetiedn, ahd t he
refractive index along the direction of propagation 20 has to be first
det er i ned. &S Erixishafbet hnsizentpl jewarde the wseed-ef, oputt ofe ther anear yIor sigh & =

1. 4305, d f.0r 4 eséﬁ a i_nar = 1. S ] t he
optic i fsqgu_t ¢ Wt _'Mi S ﬁg{edﬁsr,_r ‘ié@gg%egrbg%‘ﬁﬂ clﬁdsg?e ?%gfl%e%% E%?#é _'
refractive i I&%G;&ﬂnﬁﬂhi&aﬂﬂﬁ@@ﬂdnﬂﬂ sueh tHat ERAG31d Houfihe ROai@=7)° aké Bngle t hi N
the nmediumreduces to n = 1.4362. Consequently, the beam di spl acenents are
gi ven by: 25 apputthe g.agisrpr0°. Fyis resilt®dn artotal displacement of the beam center by a

distance d after going through the primary splitter mirror 104. For, e.g.,, CaFa

et

material (n = 1.5018 @ 193nm), the beam displacements with respect to the co-
15  ordinate system defined above would be:
Ax=+0.0 mm
Ay=+1.33 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
20  has to be first determined. Given that the refractive indices for the ordinary ray, n, =
1.4305, and for the extraordinary ray, n. = 1.444, and assuming that the optic is cut
with its flat surfaces perpendicular to the c-axis, the refractive index in the direction
of propagation along the z-axis within the medium reduces to n = 1.4362.
Consequently, the beam displacements are given by:
25 Ax=+0.0mm’
Ay' =+1.29 mm
which is not very different from the displacement with CakF,.
The beam separation between the centers of two fresnel reflections from the
primary splitter mirror 104 would be given bsr:
30 d = 2*%t*(tan6;)*(cosB))

for 6;=70° and using the material properties listed above,

20



which is not very different fromthe displacenment with CaF2. The beam
separation between the centers of two fresnel reflectiofsy ifRm2ile primary
splitter mrror 104 would be given by: 30 d = 2*t*(tan0)*(coser) for 0 70
and using the material properties |isted above, 20 0 9 MAR 2007 for CaF21
d=211lmmb for MgF2, d =1.2mm for light polarized purely along the y-axis,
the reflectivity of the splitter is given by: 51n =1loy [{P70 Cos2(0)} +
{S70 Sin2(0)}] = loy P70 where P70 is the reflectivity of p-polarized
light at 70 degrees angle of incidence, Ill is the intensity of |ight
reflected fromthe frdotCauyd adelrafn t he primary, splitter mrror 104, and

Joy that of the horizqntally .po]ariized incident Tight. 10 112 = (loy -111)
P70 - (loy -111) I%P?O %%éq@% the intensity of light exiting the

front face of theuPhipiBicYarseh gyfxfeﬁr g}o@{%{@?g}a&%ﬂﬁf ﬂe%cetfx?%'tcg%é 9}?‘112&6‘?:9{“ the

rear surface of the primary s 104. | Intensity
reflected irgieente netrol ogy nodul e 46 in beam 114 is given by: IR

=l11+112 15 for CaF2, .= 0. 0¢ l oy L1 for F2,..= 0.08632 oy A secondary
splitter °140 then ref Il%cts”ig)ajﬁ" %‘?S@ﬁgﬁ;ﬁ"\’/gm @H beam 114 to the energy
nmonitor 144. |Its orientati e:qoip,%such that the reflected light is given by:

121 = S45 (11 + 112) &711.1 20122 = 545 (r~11+112-121)- (545)2+112-121) where
121 and 122 are twWerd Broekss fhei medlectivitshef [pruplarized flight tae JOt degrivs mgle of

mirror 10, AEch S b Bty 6 BB o s FEaCRERRE B herfiita i nio
T ge:? gi i %Zrmnﬁémmbﬂﬂodf, ah®@l, [t b MR hatibohtAR! RIdrEed iddidat lights 9i ven by: 25
10 : T2 = (loy — I11) Po - (oy— L) Pro)”
where Ij; is the intensity of light exiting the front face of the primary splitier
mirror 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 giv;an by:
R =yt
15 = for CaFs, =0.08133 Iyy
= for MgF», =0.08632 Iyy
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:
i =Ss i+ 1)
20 Ly =845 (g1 + T —To1) = (Sas) (g + Iny ~ Iny) ,
where I 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,
The fraction of the incident intensity that is reflected into the energy monitor 144,
for horizontally polarized light, is given by:
25 kR =+l
=2 for Cals, =0.0137 Ioy
= for MgFs, = 0.01454 Ioy
The fraction of the incident intensity that is reflected into the energy monitor
144 for vertically polarized light is given by:
30 = for CaF,, =0.00756 Iy

©  forMgP,  =0.00702 I
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for CaF2, = 0.0137 loy b for MyF2, = 0.01454 loy The fraction of the
I ncident intensity that is reflected into the energy m)g %m Ay . for
vertically polarized light is given by: 30 for CaF2, 6 Tox for
MyF2, = 0.00702 lox 21 0 9 MAR NOT This analysis assunmes there are no

| osses between the primary splitter mrror 104 and the secondary splitter
140 (absence of any wi ndows or additional secondary splitters in between),
however, in the enbodi ment di sclosed above there are two w ndows 110 and
112, and a steering mrror 102 between the prinmary beamsplitter 5 mrror
104 and the seconils yndi)ﬁmassmhbiﬁﬁ[‘e dré Qo 1¥d3ésetvabenl the pHbRey dplideCirea| at ed

I ntensities ﬁ%eaq% Lom mately 10% assum ng vertically polarized light with
respect to JPe SSRREY Bditter JA0(plsersenfann Wendpsisyr ﬁédigpé%ltsmnth

pol ari zat i ONypB§tedsSin AR T 0 dence
dramati cal | yp;ﬁngrseases t érgm{ééé'%%?ﬁ‘tﬁe OE&E%S%; g)ts%?%fv {hdf *he spP| tter
mrror 104 swmfawe!lThed $12, watisomedringfmirion €02 betweka ﬂ:&tpi*ﬂnh’y beilh%phtter
require mrraor 104 in the S has

h |
accomodat t i @%ﬁe‘% ég I“%%%B@ﬁhﬂ@ﬁt%ﬂé 0, @Chﬂﬂlllﬂ\dlﬂfé’athf’ @alcglateﬁg t he
ot her WaY) @fenkiBies &héﬁ@i’oﬂlﬂia{:eh}gi 0%, Assthith ﬁemmﬁ)éga%%eﬁ K mah&@ﬁﬂ’g@tlt?on and

angl e as defined by thé systemray tracé€ are hown 7 n
beam hor i zorthahomqmtalIaElSZJfﬂnenbnanuemﬂ|varyhng3graét1yl\e1t}7pélaﬁmuoﬁlhsmlam“hnhl zont al
profile 5. Otgm&éertlcal profile 11.0 mm Center-to-center separation 3.72
mm 20 Tilt berden MO and PA beans 6.7 nrad FIG 8 shows the beam f oot pri nt
on the chanmber fang g NELPInETARA% drah

ang {{l@ﬁ itic%flf {nfgjg ds e}&ﬁ 0?&%% areas

shutter face 104" of the pripary splitter mrro
105 i ndiX®at doatpriaben Eei sphitter Lugutfane. e Fhaisieoitibw is fuothat ccrtgpltcb’ed bopti c

104. The 32- tﬂg]réjdﬂ%%ten IPE'.I%&?Y SSS{I eerSmJI:rr%r ?b-’-‘li ICI)].WthL %Aﬁ 42‘:]‘1&8 to gccgm];:c%rdattehe .

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. 8:
15 MO beam  horizontal profile 2.0 mm
vertical profile 7.5 mm

PA beam horizontal profile 5.0 om

vertical profile 11.0 om
Center-to-center separation 372mm
20 Tilt between MO and PA beams 6.7 mrad

FIG. 8 shows the beam footprint on the chamber face 104° of the primary
splitter mirror 104 and the shutter face 104>* of the primary splitter mirror 104, The
hatched areas 105 indicate an approximate “keep-out” area used for mounting the
optic 104. The 32-mm diameter circle serves to allow for some margin for the

25  available space for the two beams. At the chamber face 104’ of the primary splitter
mirror 104, the MO beam 62 and PA. beam 64 are positioned such that the midpoint
of the line 105 spanning the two beams 62, 64 coincides with center of the face of the
optic 104’

At the shutter face 104", facing an output shutter, e.g., in the PA WEB 42, a

30 beam shift of eg, 1.3 mm is observed. However, that shift is more than

compensated by the face-shift of 1.88 mm due to the 70-degree perspective of a 2
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25 avail abl e space for the two beans. At the chanber face 104" of_ the
primary splitter mirror 104, the MO beam 62 and PA beafh SR éﬂ@ﬂom tioned
such that the mdpoint of the line 105 spanning the two beans 62, 64
coincides with center of the face of the optic 104'. At the shutter face
104", facing an output shutter, e.g., in the PA WEB 42, a 30 beamshift
of, e.g., 1.3 nmmis observed. However, that shift is nore than conpensated
by the face-shift of 1.88 mmdue to the 70-degree perspective of a 2 22 0
9 MAR 2007 mmthick splitter mrror 104. Consequently, the m dpoint of the
l'i ne spanni mymtthisk splittebesmer 164. 0C5$eqmﬂtlwpthet1hﬂpcmhbéthedﬁlet#panmhglttheer face

104" of th tic_104. d t th
Tt e scopd Poteer| s 0Tt S Pl Metfuietcnt Bf St e r@g w eBGs 0F  he”
gener al’ opt itGader katOMntish &éﬂ@ﬂ@ud;ﬂts%@-e R ve }iﬂﬁue@: ref | ect g%@ignﬁ@hi y the

orientation of the primary splitter mrror I04. Th |1 ght 66,
66' is steer®®¥-nto the opt| cal plane of the waveneter with the steering

Cpl i Cter o mirror Aogeits ngRS s Bt aafic JRBor Ranbrad G m A0S 105 i s

25. Assum nghawk 6¢hehidtibaly e ofibhtaticH of té Eﬂﬁiahb’s_pﬁtt&tﬁdrﬂﬂtmﬂ’ NTRE ksTRbtelihe beam
path, i.e., nore or less equal across the entire beam path, for the beam

64, 30 m) ngiBbh&b, 6 ESeSt@Qi@i dftoftbe oRtiG! phane of tenwavemeier ith thexdteptingf I uence

at the pri lght r 4 the ingid be

chanber p5| orlrgﬁﬁ%rro? %a?yﬁgérggéélglﬁﬁmdéé ﬁ)b%%eéé’v lﬁl P e(?#é&r%aar? ggﬁ&etr
shutter si denBRgQ08ahY afisls baaRidtde at&ﬁ@étk&&g(zﬁin%r 162 1m°nﬂssléaﬁga%ﬁt ic and
for illustration pur oses not showi ng any beam overlap). This ~maxi mum

fl uence Wan sé peaftle r@&tm@na@ fistribotien atnesd thenbeatrepathf 1. uenmee or 1688 equal

Cos( 70 *30.0 . 9*0, / Re ted bea ence = 70) *
(0. (()3829)*30 %B%&B‘%ﬁb" &@3 ?nﬁ‘ﬁé’eﬂ“ﬁ%‘{e;ﬁ% ‘?’f& P“ @e%efﬁﬁ/f%fn"eg FZar a
range of 20 @ #Ombah SRe ioRBnich YRRE® At aRDFrith@ry2Blifler BirRg 164 WikeR at the

25 primry stgl itter mrror 104.
e 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
15 schematic and for illustration purposes, not showing any beam overlap). This

maximum flnence can be estimated as follows:

Incident beam fluence = Cos(70)*30.0/(0.9*0.3)
=38 mJ/em®
20 Reflected beam fluence = Cos(70)* (0.0389)*30.0/(0.9*0.3)
= 1.48 mJ/cm®
e Total fluence = 39.5 mJ/cm”.

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

At the steering mirror 102, the maximum fluence level is given by:
Fluence from front face reflection = Cos(25)*(0.0424)*30.0/(0.9%0.3)
=4.27 mJ/om®
30  Fluence from rear face reflection = Cos(25)*(0.0389)*30.0/(0.9%0.3)
= 3,92 m)/cm?
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At the steering mrror 102, the maxi mum fluence |evel is given by. Fluence
fromfront face reflection = Cos(25)*(0.0424)*30.0/ (0. 9*0%%)}\4 5 3302_7 mJ/ cnp
30 Fluence fromrear face reflection = Cos(25)*(0.0389)*30.0 ([l .9%¥0.3) =
3.92 mi/cn2 23 0 9 MAR 2007, Total fluence = 8.2 mi/cnR. For a range of 20
to 40 m/pulse, the fluence range at the steering mrror (a dielectric
coated optic) is 5.5 to 11.0 mi/cn2. Returning to FIG 4, the overall
optical layout within the SAM 46 optical 5 portion 72 is shown. As noted
above, the light fromthe primary splitter mrror 104 is reflected into
the optical plane of tRe waveimddluense h@amlldd. The approxi mate fluences

at the variogs optica enent.s .| eadi up to the second stage _diffuser 160
can be esti nggreadr?ang%ﬂﬁ(ﬁ{ﬂ d“i(P‘Elﬁe’ M‘%E‘%%?BS? Hrike saerangmiie (@ dgkcinge of
fluences |i stegedasitRWis £td 00 AY/ch®. 40 M/ pul se energies, and assuming a
2.2 de 10 magnification ratio along the long axis of the beam 114 using a

cylindrical tel esBepemingde FiG. dsthaaverilatmiicel laybutastjthint thel SAMI 46 optidd6: 4. 1
Fear e oogrtion 73§88, Asiied B0t B g 00 e Bary seitep mi o s o
cons! der e | G2 CSHERR Sor P ey i, (57 St LRa JOBFE. dHEGRIES Phor der

to alleviat efidnces HptRd iteRAM Srehdy 0. 8. 4D mIjGe’ RRFALCdnd a@é{ﬁﬁjﬂg l £8l de-
tel escope and/or_utilized MgJF2. Turning now to FI'G "6, there Ts shown the
out put slynaregufieationsraterpions theang a8 of thetrremSKiM wsing o cylitidtitalrtelespapevel s

of fluence (%%P?Eé{?#g&% 0 m}/ pul se and 40 25 mJ/pulse) and their

I ntersection w “signal output line. For a 1.5 V out put
M1 adjustable mirror 146; 4.1 to 8.3 mJ/em?
Telescope front lens 204: 5.8 to 11.7 mJ/cm®
Telescope rear lens 220: 11.8 to 23.7 mJ/em?
15 Diffractive diffuser 222: 10.9 to 21.8 mJ/em®
Focusing lens 224: 7.6 to 15.3 mJ/cm®
Second stage diffuser 230: 7 to 14 mJ/cm®

As a consequence of the overlap of the two fresnel reflections from the
primary splitter mirror 104, the fluence levels at the telescope rear lens 220 and the
20  diffractive diffuser 222 can be considered to be considerably high, with a possibility
of damage. In order to alleviate this applicants have, -e.g;, incorporated a cylindrical
telescope and/or utilized MgF..
Turning now to FIG. 6, there is shown the output signal levels from the PDA.
182 in the SAM 46 for differing levels of fluence (20 mJ/pulse, 30 mJ/puise and 40
25 mlJ/pulse) and their intersection with the 1.5V signal output line. Fora 1.5 V output
for each respective level of fluence noted the incidence angles are respectively 65.9°,
70.8° and 73.2°. This is assuming a, .g., 10 degree or so cone angle diffuser 230.
During life testing of a pilot module of the wavemeter portion of the SAM
46, applicants discovered that there was evidence of damage to the first stage
30 diffractive diffuser 222 after accumulation of about one billion shots, in a design

likely to see a much lower fluence than in the embodiments described in the present
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for each respective level of fluence noted the incidenc a?ﬂieéiﬁ
respectively 65.9, 70.8 and 73.2. This is assum ng a, &.U egree or
so cone angle diffuser 230. During |life testing of a p|Iot nodul e of the
wavenet er portion of the SAM 46, applicants discovered that there was

evi dence of damage to the first stage 30 diffractive diffuser 222 after
accunul ati on of about one billion shots, in a design likely to see a much
| ower fluence than in the enbodi nents described in the present 24 0 9 MAR
2907. application. Since the first stage diffractive diffuser 222 in the
SAM 46 f acespplieitiohdesiabd ¢he ﬁfsk £ %edﬁfﬁﬁﬁ‘vé agrmsed gt fih UBN SAM esMelfimed used
silica optics were deened to ably not be able to be used since"at
fluence | evepasigerable sk n&ﬁamagmﬁrpwghhﬂum@kle@ﬂs dassdgailice ogtics Jifee t o
conpaction i 0 sent

t hensel ves td%e%ﬂﬁé ){? %k&ﬂ%l& A B ab?a#agée%?éd ?]ﬁge gts%lﬁérnggtﬁ ?J\?gst é‘%&% Sﬁsaglrlezzz

Maki ng the dafémbdic Nk G&szim@e,regl; @nt@aEampmio@a@ vefy §ipsiidarsi |Diffréns one
choi ce. Anot her, chojce could be rease the magnification of the
conbi nat i¥on I@FSIIPII%FOWJBP\% DPregsng §?§8}§§1VP%W§112 d&c%@q Hedamaze 4¢ Higedt VEens

220, to i ngj ?2&%51\4%\5? t@&%@ﬁ?ﬁ@@%&‘hdﬁ@aﬁfﬁ&@%‘?f ﬁgﬁgﬁﬁéa{ 1§%héve

di f fuser 222 ere ucin uence
conbi nati on ohmcehe Atother (Hhoﬁ:ﬂeda)uld”lé)e oelegt idacreas‘e ﬂiehﬁragmﬁsmdﬂ of fﬁlsed

silica rraterlals al on th de-magnification of th beam utlllzed
Appl i cants FembRAtiop tfwﬁfrqng tﬂssggmle@st% angt sy tﬂ‘qumﬁa ’F?éfn? t?ons

arising fro q{;#j]g

achi eved \M{%& ?gﬁgf ort é@o?ﬁgggﬁw%tﬁé&ﬁont t el escope ens 220 may
be | argeao0l5 raim@ﬂ:teoﬂlhm{\ze panc’epﬁmlaﬁéxtxbhmumabmmm of e ﬁmsem‘ sichi tha

mat eri al . Conpar,abl fluen evel.s incident on a.ground glass d user,
such as secdftfCUPRHES F’ﬁ‘l?%?gﬁ tj?%fé Sﬂ“ﬁd‘y"aﬁ%‘ﬁ Gisesthdemagnt Qéﬁthﬁn type
damage to t I @Sg%q I | §efimer
affect its glﬁ?tfﬁu%agg p%%ggt pgﬁsplﬁﬁﬁg%gggﬁlgﬂg?gmgﬁ %fgﬁage%%Bl% rrlrély be
formed of a lohitetions ecisingf fromadmnaget to fused csumaiedptmal fehnmntmc@ﬂdibﬂjalse

di ffusi on whi be etc athln rface I n

' bath_of TS it Gt oAgEele Tk oG B RLD e ez

enhances;st heénoﬁ’gﬁ fy hh&é‘aéé@bt&‘&& Mdelee AR o MuSed aitiea Qﬁkﬁéﬁﬂ i Oodpiable
embodi nrent to make the front tel esco e l ens 204, the rear tel escog0 | ens

220 and t he fhienes levelsgwidtit 6 agrouné ghiss difliser, 82 assecandetage diffuser 2

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
20  induce diffusion which can then, e.g., be etched by bathing the surface, e.g., in a
bath of ammonium bi-fluoride (“ABF™), which, among other things, enhances the
diffusion uniformity.
Applicants have chosen in one embodiment to make the front telescope lens
204, the rear telescope lens 220 and the first stagé diffractive diffuser 222 and the
25  focusing lens 224 all of CaF, and also to de-magnify, though the embodiment could
also include other variations, e.g., the front telescope lens and the focusing lens
made of ArF grade or better (from a compaction standpoint) fused silica. These
choices are dictated, at least in part, by the question of whether compaction from,
e.g., up to 20 billion shots at even marginal fluences (1 to 3 mJ/cm?) incident on a
30  fused silica lens, e.g., being used in a non-imaging application, is drastic enough to

warrant a change to calcium fluoride material.
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25 focusing lens 224 all of CaF2 and also to de-magnify, though the

enbodi nent could al so include other variations, e.g. t@e$fmgﬂnﬂMElescope

| ens and the focusing | ens nade of ArF grade or bet t er (froma conpaction
standpoint) fused silica. These choices are dictated, at |least in part, by
t he question of whether conpaction from e.g., up to 20 billion shots at
even marginal fluences (1 to 3 mJ/cn2) incident on a 30 fused silica |ens,
e.g., being used in a non-inaging application, is drastic enough to

warrant a change to calciumfluoride material. 25 0 9 MAR 2007 Redesi gning
the 111un nation ReARTElP HeeERdiR fhiuRCR IR foafdale 19 uatld ve

di ffuser 222, e. orimarily by changing, e.g. de-magnification ratio
of the tel eséiBactive 228 resg. cprimblily homhangmg,l e@ethefdetmagmﬁceuoamho

applicants h h tel esco C ndr | | enses her ef or e,
the or ent at Phe FURRES efahis BBSGAGANe bbbt PEREE Ymep i asni SR BT o
the beam 114chsuh G Gfdscolf witRUWihAGEh 14%ed hiS Wdefolehehd bHEMSFMALS the
diffractive diffuser. 222 woul d be lower than that with a tel escope

consi stiny ofensssponld besueh dhat qné&hib%loﬂgemﬁ ‘dﬂhé?eﬁinuéh%WOUrb@ugebdebet ter

spread acros e i f us 22

axi s coi nci dlﬁlr:'i1 quﬁ%ﬁ@’ %Sﬁgg#m?fgth‘g@ gﬁc ttltqg 1.\131 22,&%0‘?’?1@? bﬁﬁe‘é’% e
enbodi ment cthah dhat it 4 tole308péi dogsib gy &iedxﬁlﬂﬁpqﬁleﬁ&’ﬁtlﬁﬂbs %%useal@ falehgget her .
A drawback from having an_extended source incident on th diffractive

di ffuser 222C%0P% Beth Spread apmqes @eaﬁ@tmlar@ﬂap% of thei ditnger aaZ,tﬁéh dfis dome
gl ass dlffusg}dsgéﬂc?&:g hfﬁg% ax-irshoefth ouni(lj‘ ass diffuser 230 that

scranbl es the angu or mati on |n is not perfect. As the angle

gets steeper, ltsA.abuhbt byssillﬁe mbuﬂumsat Bbildsedtalbdreovidle t@tsadpel ffsRidmat i on
in the beam %@ gr ades. result, the whole source beam 11 may not

be uniformy eﬂ&*oss‘;th%eAéwaﬁ@k frqmh dexing Fnecxdended s@lrpm@&ppa@nébc inthe
et ol 00y, Thgeh Rk SRALEL: 9Bk tARsPEROULIPTY UL 300 SBNL! g8l enses

alternatively, can be urt ptimze xpan

short axis, glag éxf@!se;r ;h’i}O gﬁlst@pér. pl’[lhsrgtmfr@r gl@%‘sadﬁﬁfu@er ZﬂO' N Ekﬁaﬁlﬁres &h@x beam
expansi on coul d a.9mm x 9mm beam i nci dent on the tel escope

sylst em 204, % @atl%ﬁﬁﬁbéaﬁh?% erfecty As the anglp gais-stasgen 1 ebiliton
o eocopes e BeiieYbE BEUBRE ifirfluiol 8 BN PTRCBERRY

further reduced fluence
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,
20  e.g., by using a prism. For example, allowing for a 3x beam expansion could result
in, e.g, 2 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,
e.g., to a Smm x 9mm beam, with further reduced fluence levels at the diffractive
diffuser 222. However, such a beam expansion could result in unsatisfactorily
25  increasing the separation between the two Fresnel images, e.g., causing over fill the
diffractive diffuser 222. The short axis of the beam 114, e.g., at a 30 degree angle to
the horizontal, could result, following a beam expansion, in the light in the beam 114
being directed along a skewed angle requiring additional mirrors simply to get the
beam 114 back to the necessary height above the base plate 122 for enfry into the

30 etalon 162. This is, however, a possible, though perhaps more complex option.
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di ffuser 222. However, such a beam expansion could result in
unsatisfactorily 25 increasing the separation between thé MAB Widsnel

i mges, e.g., causing over fill the diffractive diffuser 222. The short
axis of the beam 114, e.g., at a 30 degree angle to the horizontal, could
result, follow ng a beam expansion, in the light in the beam 114 being
directed along a skewed angle requiring additional mrrors sinply to get
the beam 114 back to the necessary hei ght above the base plate 122 for
entry into the 30 etalon 162. This is, however, a possible, though perhaps
nmore conpl ex opt ilbs pardénlrlP atidartiof) Gbwelver, its optitifideciit dehy ¢ tsizacttitie,

however, to tipmze.t.he m 114 size at the _diffractive diffuser_ 222,

e.g., by exp@ﬁfﬂcﬁ%‘a ﬁr@?SSIé?ﬁ?aFénng [FEPE G B xP%ﬁ@ngr@HL@Pﬁg‘”‘f%émbeam

size along irbdudilhe Behh sidel dlofd18s W Ls Gith OGR! iiﬁd}&afl%ﬁ ?ahfs%r each
of the horizontal and vertical axes. "Assum ng a symﬂ);\'trl cal setup wth a
1.87x 5 de- reaginpf the Aotizomtal|apd yerticel 4%0ngAssuninga dyamétrBasetmpgriitf 4 LATH on

| th ks t i | . e.g.,. 4. .6mm b
Thi < courd raebedhificion bt J6E g oh 0 s e Bramadislionilig Hododihs axi s
coul d al so ithe beas eideheous®Ba akl, MBmBek WestBm! N8nd, ALK &RME hakehh §&dal ON

i mages 66, 66' when incident on the aperture of the diffractive diffuser
222. This cawstea. Heveyed expangion donghiheshim grio weuldfaltohincittseRhespetatibmages

66, 66'. Ho i h enter-to-cent egparatio etyween the .two

Fresnel i rra\g%iéﬁ%g,ﬂ%%% gﬁeg?e gre%% HOB pIAges ﬁ i6ﬁa$’§e% HC?C{;PE?I" apgregge of ooyt

5.3mm i nplteerdiffrectiveatifRpar 220, € s Rho ok ABRIAS egh%ﬁﬁéﬁlﬁg ongfdrags i ons
e

66, 66' may l;be difficult, though not undoable." or exanpl e, a design

i mpl emenfat iTaFebimages 66, 6fndovwever, witlh the ceheeto-bentgresparatian hetwesndhei ng a
symmetric s i ldeC lens, 15..i n-.bet we t cylindrical |enses
ori ent ed pe?%’gg:éiggg%}]qg?‘ggﬁ&gggh%?ﬁl roilt ?ﬁThE PPB%?F%SP%EWP-EY@& ) n al ong

one axi s andmaledenting ah fipeaineon Hbengnd be 1ol Frknel CeNEtiofP L CEH6 N BARHE
i nprovenents_.in the enbodi ments_of the present invention relating to

i nprovi ng t HESRK Bough poh nadesbls. c Foy esprmpleam designgiomilementaion; ewald e

i nproving t W, icien . the PDA.182 used.for.fringe
derect i on. 30T b ot R Rk Sl o8 By ipb AP RS e P el e o
use rel ati vah-petwegh twd lcytimirial lensdsheriented gerpendicii@fto el @Ber MHHEouFAM 46,
and also in %SHB.LAM 28, articularly beneficial in retaining fused silica
optical conpBHEAR SXPHISRRPENE GoF aXi8 R4 o dsiAemiiication alosg the A 182, t he

above- ment i onedePbhEA! relat QYRR € R Uhd 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.

20 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,

particularly beneficial in retaining fused silica optical components. However, if

constrained to the same PDA 182, the above-mentioned optical improvements could

be necessary.

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

30 1.87 magnification along the short axis. Various combinations of materials and
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be necessary. 25 To summarize the possibilities one could, according to
enbodi nents of the present invention use a diffractive @iﬁ‘imﬁe?mzz made
f

fromcal ciumfluoride; use spherical |lenses with the de*® cation
ratio changed to 2.0; use cylindrical Ilenses with de-magnification ratio
2.0, renove the tel escope; or use two cylindrical |enses and one spherical

lens with 1.87 de-nagnification along the |long axis and 30 1.87
magni fi cati on along the short axis. Various conbinations of materials and
27 0 9 MAR 2007 enbodi nents between CaF2 and SF coul d al so be avail ed by

the choice of th articul ar. sol utign. rning nowto FIG's 9a and b, and
| Ca and b, wPROETENS) beyeRh 2&“‘&@%2%‘?“@@@9i‘aﬁ1amﬂe@h@y Hher phsicenslifie 260,
al ong the |i pagichladBlutioldb in FIG 10 a (except that 5 the embodinent in
FIG 1Ca has the mrror 264 renoved), there is shown a perspective view of
the front and theTwabkg ndw o FHG] % widlbe and 1 9oandrinuiih BHG.2600 teig a absy or

st abl ¢ mFeTSH SHRRIE SPn o e Ereoigh im0 4 o Bt BBt 270

ext endi ngs | atier ahbadikesMia ENeI0al haé He! tirf! 26% &Eﬁéﬁéﬁ?,“ﬂfe}é“gs RR&WA G 261,

along 10 with a I ower foot 272, form ng a base for the”vertical portion
261. As showRCTFRECtXDYieWatthe frohthand|t®: baBivf at hdjustebleimantor pomunting26Bandand it s

el et vely niindl e $aofs% ol e BB et iatiewo T RN 56, B T
m rror nount bdjgstase trhiefor 20dwbRg Rans 260 WhicBSREE leokPrist B8 é@é@%&oﬁo 2172,

for alignment of the mirror 264 nounted on fhe mount 260 in the 15 verti cal

pl ane of t he¥tFRAiReE fterels frqma et geieebln) verticab mirpi wauinting qiodiian 26k dieng zont al

axi s of e fLexu addi.ti the front. face,.26 f the verti cal
portion 566;2 %tﬁxarrg@ﬁ?gg‘g d[’}c?’ hav j‘% %gj a&%f‘%‘&{%%"%’ﬁaﬁl’%sﬂ%g- afﬁ%g}%ow? n3in
order for thbfoee Getaibin BIG.CIOBSheNertRal hotGord D6ICEd s hbier Fo Y0 ArSRRAchY

pur poses of maintaining a constant spring force during tilt adjustnment. 20

The mirror oftibg lower fost Ahdi Ry depanh ofia this edetively namow dlexursi 309, 66 thahéhe

tical ' | Syl to th Ki f .and cl d i
bl ace by a oyach ot 2703 YotuoA MREEmoyilioo ot BB el SR el ST o
which is in tedowdbot 272, foratigniynt ofl thel itk R6¥ nduntlldnNBe Slouft THOUA R

screws 312. The indexi ntg may .be %erfor med by .
15 verfical 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
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 maintaining a constant
spring force during tilt adjustment.

20 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
spring clip 310, shown in greater detail in FIG. 10¢, which is in turn held in place by
a plurality of spring clip mounting screws 312. The indexing may be performed by
utilizing, e.g., a plurality of spherical tooling balls 314, one of which is shown in

25 FIG. 10b, which may be placed in machined openings in the vertical portion of the
mount, e.g., 261 in FIG. 10b and are aligned to engage the mirror or other optic
being mounted, e.g., mirror 264 in FIG. 10b on the opposite side of the mirror from
the spring clip engagement ball, e.g. 340 shown in FIG. 10¢, so that the holding
forces on the optic are balanced and do not result in inducing stress into the optic.

30 Such stress may, ¢.g., cause bi-refrigence in the optic. The embodiment shown in

FIG. 9a uses a phurality of finger spring clips 320. The mount 260 can be mounted

28



utilizing, e.g., a plurality of spherical tooling balls 314, one of which
is shown in 25 FIG 10b, which nay be placed in nmachi nedgcg:)emmdﬁ[ﬂiin t he
vertical portion of the mount, e.g., 261 in FIG |Cb and are aligned to
engage the mrror or other optic being nounted, e.g., mrror 264 in FIG |
Gb on the opposite side of the mirror from the spring clip engagenent
ball, e.g. 340 shown in FIG 10c, so that the holding forces on the optic
are bal anced and do not result in inducing stress into the optic. 30 Such
stress may, e.g., cause bi-refrigence in the optic. The enbodi nent shown in
FIG 9a useson apdawehpir fhoo Ehdvirl)gtendiipi i £HdwE pi2 Operihe 30D i he Hfoman be
nounted 28 g %%@5@%007. on a dowel pin (not shown) ekxtending into a
dovel pin op&MtdsFe4 BiYotedfo #légn hamirrgoe6binthe hagzontal plang af sheaivpigantt he
mrror 264 i i t -Of hRgI m.( not sho . The
dowel pin opg‘?\%%&ggﬁbﬁ% ?iﬁ%aé\g%:lf]ﬂ&p %}ﬂ:ﬁ% hp!ggg‘i?\%sd?qﬁ%tpug ér}ﬁg?/ﬁln‘ﬁsmﬁ chis
nmount ed on t Beowl)awkich A2 nametedrutethe gldte 12 ereriadesed a6 tROfighirep&itida éhe

optical plLang of .the .opti- e.qg,, mrror 264. That is, when the dowel pin
(not sho(%vn) ﬁ'!esol?tﬁge?l_f”g _Ofﬁ’teool-’g}?e e GoIBITOp R4 o Pt iy vdon thedoviel pipnotndexed
in the mDOUNEAAYeN)2R OinbdriddMinBs §6L SR ﬁ)?leggj&ﬁzg 30k B fhgefeOin ahen

al so aligned if 'pointing direction, abl' e at “axi's. ng dowel
pin and its moyeiing 360 ippemireniseB0dhe phee éf shiomld dey e gaSwherk 8o taligadd @ni ng
the optical pl.ape af the apti.c, d.,, 10 mrror 264, and also for,

hori zontal pfvo %3{‘6’?@% &Fllué@.gleAmr Qitaﬁta?élsadj'[g%tqm N RN ECEENE290,

extending thg 04, HeRdfBre S%Rie%j[ﬂgé}tmQ%E&iﬂtﬁwgﬁ%&{ﬁﬁﬁg&’iemt he

upper foot 270 and a simlar opening” 2 0 amt into
an ar ced18] omiecA64sinsaigo fonhotizongd] ptvetit@ Af mhuirkd:  SAM 46, and held in

pl ace by a cap screw (pot ,shown i xes the hgrizontal, 15 alignnment of the

nount 260. A vertf&cé?tg‘ tiafl-‘cu)g%’%uiofﬁ’@ﬁt S?EWe%Q‘??X@S%@’@EdWQUg I dolgie a

t hreaded opesd;fgmeQotlfing B& ; : i oot gi ng
iogugiNotiig hacrashkon 2 18 A 0D e Pk Bl

et

the | ower foot 272 can be utilize the verti rtion
261 and t hi s29%ithe jayrerifest 27Reandomtd i emdedyloa(not sovar)jin thenplate 10D okilRg Screw

upper oot 208 bl BAd R i BRI DB SR pos AR (HES IBRAETPGREL The
The formof g Elreul ar mrror Aot becn raron dbeiat e 72 el ) 2
ough a threaded opening 280 in the upper foot 270 and having a ball tip engaging
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
20  opening 274 in the lower foot.
The embodiment of FIG. 10a shows a similar mount 260 from which a
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. 10¢c. The circular spring clip
310 can have a ring portion 320 including a plurality of mounting screw extensions
25 322 in which are formed mounting screw holes 324. The circular spring clip 310
also has a plurality of spring clip 330 attached to the ring by spring clip connections
332 and exfending throngh spring clip arms 334 to a terminal extension at which
may be placed a spring dlip engagement protrusion 340 in the shape of hemisphere

to facilitate engagement of] e.g., an optical element without damage to the optical
30 element. '
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circular spring clip 310, shown in nore detail in FIG | Cc. The circular
spring clip 310 can have a ring portion 320 including 4 pl MARIZBY of
nmounting screw extensions 25 322 in which are formed nounting screw hol es
324. The circular spring clip 310 also has a plurality of spring clip 330
attached to the ring by spring clip connections 332 and extendi ng through
spring clip arns 334 to a term nal extension at which may be placed a
spring clip engagenent protrusion 340 in the shape of hem sphere to
facilitate engagenent of, e.g., an optical elenent w thout danage to the
optical 30 el enedbe ezdoBirgenirdkoR@oin Fihel kribadidrendars hewmn splitted Girrdd i s a

secondary be | £ .M rr ol nt 3 ich js simlar to those in

FIG's 9- and%ﬁg\%#ﬁt&”@fcqlﬁ@n@%g?&fﬁﬁqsﬁ%%?g&o WO (thsper and lawer

fixed and noteshdnddleainei.él & ied BRU Mon jfitabld AfrGiGHGAAAL Y, BEAEhRAL LU 1
e.g., uRting fra

140. Shown in FIG's 12a-b is a nmounting frane, 5 152
for mounti ng PEFB seldiesil Hht Phawn it FIGals 18a-drie atwoustingframe, gg., momtigdrare Fl G,

12 h t ' ' B N f 360 .Sl t
rear Tons’ 230" PN BRbL A AR GTR Bkl Hep B BiouBs ot b L oion g > P
conbi nat i on elpwthewembinagon 3péc h)bu@tiﬂ@hﬁnﬁhméﬂiﬂrﬁﬁlgfacfe‘?éé@o_ Oar BAS 121,

shows t he bag}j ﬁr’id_of the mount, 360 with the sphéric focusing | ens 224
hel d in pl acé?{ Reld ip Blagasky ¢ retainiag wlin 363 a8omied th thescopihinationtoptio okt r

spring clips t a plurali.t f..mountjng
screws 372. Ef’d&% f%aﬁscﬁgﬁmgﬁﬁ%ﬁg sér%artrs]? %\‘/‘\hn%ﬁat h@?@@%ﬁ? gﬁgk %‘?ZO‘?@W@BJ‘ to
show the fir 860 stitaghe sitiefical fobwingdiechs U5Lheld3n phiek th h Relbefembinidihh3ddne
recess béoaI Pret inj.ng clip attached to the nmounting 360 by a pair of

c

retainin b iRt RS fngsr eppingsdips thy ars aftacked frm thermiotnt dyophiradity of
assenbly, e. W s - ' stage, di.ffuser, .. 160 shown
in FIG 4. T%lgmsﬂfi ; asse%?gl: fr@oﬁ%?%ﬁ%”?@&r%g%év lﬁa@e%g%?ﬂ?s?eﬂare?waf
assenbl y 392teshousthalfirst spagei diffometion diffisee 22D HAR iR Plideaimhid 3 R¥essWiYa Of 2
pair of slots 400 and a respective pair of adjustnent screws 404 on a front

vertical por [FOHREFIPHitaehed 1 fhe meurtiag 36032 2 pair wi¢lainingacly dwusting 402
extendi ng 20s¢@5dit@al ly in a side portion 403 of the slit assenbly, along
with a side adjustnment screw 406. The front side of the slit assenbly 390

faces thés etal on BES.ShiGarendrb fios a sht aEe@bY, ielg. a5 eXeMyind AL sdcssd ktagd udes
in the front di\ffﬁgéri Egﬂ I&Oarxst éh%r\]vnt EFFI%I I-4t. %l?ells]it assembly mounting frame 390 may
comprise a slit assembly 392 adjustably positioned on the m;aunting frame 390 by
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
20 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 inclides in the front vertical portion the slit 394
attached to the slit assembly 392 by a pair of mounting screws 396. FIG. 13a shows
the slit assembly 392 in the down position acting as an aperture for the second stage
25  diffuser 230, between the diffuser 230 and the etalon 162. FIG. 13 b shows the slit
assembly 392 in the retracted position for alignment between the diffuser 230 and
the etalon 162. FIG. 13c shows the vertical positioning screw 412 threaded through
a vertical positioning flange 418 on the mounting'390 and the second stage diffuser
230 held in place by a plurality of finge spring clips, with the slit assembly 392 in
30  the down position. FIG. 13d shows the slit assembly 392 in the retracted position.
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attached to the slit assenbly 392 by a pair of nounting screws 396. FIG
13a shows the slit assenbly 392 in the down position a@td¢afpg(§in aperture
for the second stage 25 diffuser 230, between the diffuser 230 and the
etalon 162. FIG 13 b shows the slit assenbly 392 in the retracted
position for alignnent between the diffuser 230 and the etalon 162. FIG
13c shows the vertical positioning screw 412 threaded through a verti cal
positioning flange 418 on the nmounting 390 and the second stage diffuser
230 held in place by a plurality of finge spring clips, with the slit

assenbly 392 in 3the ket dpeﬂmgoqsutm@y\ aldol G 2BRGtINOME tbhhds byt haregmrbl y 392
in the retracted position. MAR 2007 “The slit. opening 394 may al so

be adj ust ed aijustmens sergw A6, hmﬁhz@?ﬁ alot 2441 g nibet topc 0bviha oBseblyh3he s ot

414 in the t ti n of
sorew 412, TheoobafBRie RNt Ao BEEOVNT. (BT ShGudl RS TR O g
M4 x 0.50, e4f‘l&tﬁalvag vesy find pitd, poSM4 R 050 eiblib ee@;lﬂﬂepﬁsmaﬁmgbfﬂw&m to
optically align the slit. These screws 406, 41 as shown, nmay have

" hex-nut or tajeemblgaot Hpgpttcaﬂtf align the shfe Thesasaraws 446 #12, @sghomﬁnaa'd]aﬁ%t ment
wrench. | n openak bPmheiice Wslto %1&5&9%%@09@5}5 %, &l r,égﬁ{,ﬁﬁ%ggncﬂar row wdth

of the primary bean splitter mrror resnel
reflections over IIapcpper@olnaB witiesn uadhistes@@hhtlmeaeleeﬁmmnmm]ﬁ dfhhe pr esent

i nvention. The angl e of .inciden to for bqoth the 22 outp beam
62 and the PAIBHY g’ﬁ?‘bﬁﬁ‘ﬁ%é’@F%i@H@ﬂmﬁéén theafagn ]e‘lNEE‘tt’é’Bs PBengP]&Biﬁaéast 70
in order to iRk dihe | I from
damage throu@%ﬁgg%tggé | ng a{itﬁgﬁgan&ggggﬁ@l’rﬁoﬁﬁﬁ% tgjpuerﬁrklltggﬁg i 11961de5@é MyF2

and al | oldi n(fos bbthi the M0 Momﬁplﬁdaseeheﬁm 62 aml 62 PA4SQ outptdsser Iheam@ﬁ has he

mrror 104 'thou{e 8 rea of incidence of the bheans 62 and 64
i ntersecti n\g;gef?) serersaga h%t legst SR in Pé‘ﬁqréEtﬁdS%‘éat@Y et the PrFREs Bep® nd

refl ected paL:i 9:']&11:9({1- t nd to
provide an %?%lhrrum 0 ?A #@Wt thé ?ﬁ%tﬁ’%%@am gﬁénc t t he
sanme tine, conugh, Mgk had laﬂawmgébufﬁmdsmfrbcﬁﬁtf&deachrﬁeamt@e vty passt througbr t i on

of the SAM 46 tao enagle the PDM 144 and. PDA 182 to functlonpé provi de an
accurate out'PatErHAGt Withont the gea Oﬁ%ﬁi?a%eeo’%ﬁ{?n%ﬂanﬁﬁzn@ds@ ISEEDE o be

uoel ) VLl 08Ul SRt R R 0P B bR
enabl es t he besmcmayl amd/ mvsialifedyplo chEIap]l m&uxprdvﬂn@ﬁenﬁmmlmtof dishlaesthaitd of
damage due, o tHhs paﬂt:x %f Bllegth 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
function (provide an accurate output signal with, e.g., adequate signal to noise ratio
20 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
reflections in beam 114, There may also be a maximum angle of incidence
25  depending on, e.g., the overall size of the mirror and the respective beam 62, 64
footprints at incidence on the mirror 104 and desired tolerances. Differing materials
used for the mirror 104, e.g., if material with higher thresholds for damage in light
with DUV wavelengths and below becomes available, and or used in the wavemeter
portion of the SAM 46, PDA’s with more pixels per the current pitch and/or more
30  sensitive/accurate detectors forming each of the pixels, may also result in reducing

the AOT at the primary beam splitter mirror 104 to somewhat less than 70°, but the
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UV fluence | evel through the optic, even with exposure to the overlapped
fresnel reflections in beam 114. There may al so be a maﬁrﬁmmggqg@ze of

i nci dence 25 depending on, e.g., the overall size of the rror and the
respective beam 62, 64 foot prints at incidence on the mrror 104 and
desired tolerances. Differing materials wused for the mrror 104, e.g., if
material with higher thresholds for damage in light wth 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 current pitch and/or nore 30

sensi ti ve/ accAOhbtderieeirpbean §liHepgile ghifR ult in
reduci ng the, AO1 tqﬁrhe o bea#n ?glml}?%ler maﬁ o@i rﬁx@ﬁo@rﬁ)‘i’v\%@é | ess
than 70, but PHeneither have ﬁq&m‘z 1 outgy pmertmeummﬁmms@rdmgeo ani | |

still be si gnighpd@Rble, h rior neither e the
overal | out put p0\/verr:111tr0(=.§‘tﬁ'lg?err%ntrtlt”gV o$ 81?35%?%0 %’8@5% oﬁﬁnméﬁﬂ nt of
the present ishedng fhervaitablesurfatd pthe flnafy BanMpliRsRirghauber 22 sharing
t he avail abl e surf@fe of the ﬁrl mary beam splitter mrror 104. 5 The etal on

162 slit function H%fiRionileR sitmetimpalong mathrthe fosh iengthcafghe fpcueing ler@24
| ect | tiall
only “the.i nar el aEs kgt @1 PREAGISRAotthe RDA (R wietbpfiy ey Y

et al on, whi chbelimermest ringe oﬁﬂ:eamfeffeﬂ&nc@pm eRbic8 dy thd LBlohSHAMRRdcS0ane- J-
gratings, al Q hayi a.slit functjion, - so that thé PDA can be assured over
the range of ¥Hfé&® %@ﬁ%a@m%ﬁkm teRlgrometonn @ B e BHIRES, i hgving atshib fusation, to

nave al | easboonat oo B WD ULERLAT ASSREl A Yridh, I G Lo deternir

t he pi xel positions of e respective fringes n or

cal cul atil8n. W@lengﬂnd\mmgbf dimllm&aiham& it dasO@RILIThEDld Mt fbrdie FRAGS iwhtbat e
processing i 1 “}Hﬂ verreter m.croprocessor. The pripary beamsplitter 104
passes the vad ¢ FLermyng the el Rosigoms P%@érrespfstlﬁt?e&mmnfqr@ntp lealiinas0,

i.e., approxigwt eilvuidBsa. s eXARLid mgﬂm&‘%ﬁ%ﬁﬁ%&éﬂ{?ﬁﬁ %Oﬁagc\l\@ﬁt based

upon such things as power requirenents an and
reflects thepr@mﬂmi@rthea/afmmmrm;irommn on 114, of the beam 64 to the
SAM wavenet er. The,heam s I|tter 140 i n the vvaverreter in the SAM 46

refl ects the vast Tgpary \pearg spliftery B%S%Fbél‘@sbg%%ﬁy ohéher pyiput losaal |

Que 10 such thiage oot he Amcuie R Faned oeon e piet RuBRt gt
fluence |inm Vamiomewhat based 8pon suphtthinge 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
the vast majority, e.g., approximately 95% of the first small portion 114 of the beam
20 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
wavemeter of the SAM 46.

25

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

30 changing the intent and spirit of the present invention. For example, fhe present

embodiment contemplates a detector employing an array of photodiodes. However,
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remai nder, approximately 5% of the first small portion 114 of the beam 64
formse a second snall portion of the beam which passes ﬁrﬁrﬂgghzmtpe

remai ning optics in the waveneter of the SAM 46. 25 , e above-descri bed
enbodi nents of the present invention are intended only for explanation and
illustration purposes and are not the only enbodi nents in which the
present invention may reside. Those skilled in the art will understand that
many nodifications and changes may be nmade to the described enbodi nents

wi t hout 30 changing the intent and spirit of the present invention. For
exanpl e, thethar @betrsensiivioclimaents conbhbengsdate.gs phoednsitive integrpled giragjtsan ar r ay

of phot odi odes. ver, 2.0.9 MAR.2Q01. t her photosensitiye.el ements
coul d be us%ég," e&g&% Bﬁoq(aéeﬂ%‘f“feisvgoql%?@gﬂlé?(gfai Wgﬁﬁ‘j{ © tezéng _,CCT@%% or CCD
devi ces coulituBpatiagtagdnhulaends he 4 sﬁ&baa_foﬁeca&fay%msea it epiteRblafed tRECh

phot odi ode in_a _photodiode array is used it contenplates the “effective

i |1 um nat i orefisetive Hisminpgion of othes sesh fobros of photeisensitévecdlements. sIn additiaadi t i on,

5 | i 4Q il um th t i ment
ot od odes S BRBHRRIAR, b do el tnd sreicel ERBEMnchl BAolbMBR ovip: o
ef ficient phbéipdinoige Sveftical igXRnQVREEIT.S tafh, Butdmord NEnSkEAN ghotb@iode B8 ratio

of their outputs could enable effective illumnation (neaning an
i |1 uni nat i oRtBRFAVERmMeBdl festha pigad de peisbrafionf dheinewpute cowltd ehatds efbestivet

signal fromyiihs:R o) "?HEQ i ﬁl g Q. , the photodio th 10 will
enabl e rreasdfflerrenpgé)f [ he grr%[f i'tu rer%ﬁ%ﬂ tvﬁ%‘glll rﬁr«g%%cle yano%g?eﬁg“%}x Sﬁ%%aé{‘? t he
particul ar hatricatenput bigtaler@neld photdieRsitive REntint,t g, BHeLHRddibdey &Rt ON,

t her ef or e, é}}sd@oul d._be considered in Ilg\ht only of the a[%pend_ed clai ms and
| egal eddi varidneaeble smegsupement ofothe awphjude intonsity of pthgclighieatethef or a
hi gh repeti ty t b I r..navi a £ . QUt

co?rpri s!ong ?a%il}lug%c}ﬁ 88)?%39{12% Q%%rggtt)'e?ﬁ} hsgﬁs%Pngu%JF&?l gmlv Ht?r@]’p%‘lf}g%u ’se,

sub- nanonet ehoulidedohdddied inrlighgonlangtheppharizd BRyhs Sndichsrdgmivelegts. bandwi dt h
precision and tens of fentoneters bandw dth accuracy range, for neasuring
bandw dth on a pul se to pul se -
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basis at pul se repetition rates of 4000Hz and above, conprising: a focusing
| ens having a focal length; an optical interferoneter creating an
interference fringe pattern; an optical detector positioned at the focal

| ength fromthe focusing | ens; a bandw dth cal cul ator cal cul ati ng bandw dt h
fromthe position of interference fringes in the interference fringe
pattern incident on the optical detector, defining a PMarch@d®@7a DOD, the
respective di stances between a pair of first fringe borders and between a
pair of second fringe borders in the interference fringe pattern on an axis
of the interference pattern, and according to the fornula AX = Xo [ DOD -
DDz] / [8f - Do'] where ao is avLsssunmed constant wavel ength and Do =
(DOD- DID)/2, and f is the focal Ilength. 2. The apparatus of claim1
further conprising: the optical detector is a photodiode array. 3. The
appar at us’/\WE GtadMm 1 or 2, further conprising: the optical interferoneter

havi ng a sl L i i I bei ng
sel ected Itsé‘ &é%‘{eﬁd{g}g% fofgl h‘tg‘f‘]ge%?)‘g{"%l E:aé% ﬁ!a@%%s%l%%eqysgr aUI%F a(?a%?fnorll1 fringes of
t he opti ceempiisieg? pelpedrmutouf ofi giggeer gan eequal @, 15 Tidepea pplas: althmn@ﬁetul aims 1-3,

further o@nmiisl g Hage Rt 68l f S YSRbALCORREIG ARiA Bl &) A1 pi xel s each

havi ng a hei ght an e array having a tot an aperture
at the oprmE’meterSnlmtiwndt& episacy pageafor M@S@r!%bm#mdér ons & [pulse FovBlse | nputting

to the Omabl§§t|puls@¥e%&fti%ﬁQa'i@%toﬂiﬂ()@lipﬁfdtab&@ QhpAsi bgam of light sufficient for
t he out put of the 9 March op tlcaP interferoneter to illumnate

t he opti cal déﬂ@@?@gfﬁﬁﬁW“¥ﬁéxﬁ@P§ﬁb of each respective pixel. 5. The

apparatus of chabfalinteZerodet@f créhting dlihiB@draROFRGE Sdild@; the opti cal
claim5 further

LQLS;Tgrgg?tS%Q%%F%P%%%%ﬁggﬁmgﬂé ﬁﬁﬁggﬁﬁﬁ%gié ?FWWHﬁE?Fon of 3pmor |ess
and a finesses m‘ndﬂﬁtlpdEalcugfoeaztlﬁﬂatmgrbmdtnlnm fromahe pRNGH S ingerfbrehcemet ers. 7.
The appar%%ge% i ;he(intg‘rlferr%nce B-%%E pa%trern mc%)enl on {%g ‘optical detector, defining a Dyp

and a Dgp, the respective distances between a pair of first fringe borders and between a

pair of second fringe borders in the interference fringe pattern on an axis of the

interference pattern, and according to the formula AX = % [Dop’ ~ Din’} / [8f — Do*],

where 2, is an assumed constant wavelength and Dy = (Dop— Dyp)2, and f is the focal

length.

2. The apparatus of claim 1 further comprising:

the optical detector is a photodiode array.

3. The apparatus of claim 1 or 2, further comprising:
the optical interferometer having a slit function;
the slit function and the focal length being selected to deliver to the optical

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

4, The apparatus of claims 1-3, further comprising;
the optical detector comprising an array of pixels each having a height and width

and the array having a total width;
an aperture at the optical input to the optical interferometer selectively inputting

to the optical interferometer a portion of a beam of light sufficient for the output of the
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a first diffuser delivering a narrow cone of light to the etalon. 8. The
apparatus of claim7 further conprising: an aperture between the first

di ffuser and the etalon delivering to the etalon a thin strip of the
narrow cone of light. 9. A nethod of neasuring bandw dth of |ight produced
by a high repetition rate gas discharge |aser having a | aser output beam
conprising a pul sed output of greater than or equal 9 Blaich20d7per pul se,
sub- nanonet er bandw dt h tuni ng range pul ses having a fentonmeter bandw dth
precision and tens of fentoneters bandw dth accuracy range, for neasuring
bandw dth on a pulse to pul se basis at pulse repetition rates of 4000Hz and
above, capptdl Sitdd@ionfeRE SIEndid@e bhtBA deteBroPovefils hdigV bi@ciarebREdL | engt h;
creating an.interference fringe pattern; detecting the interference fringe
pattern i%%n optical detector positioned at the focal |ength from the

| ens; cal cul ating bandwi dth fromthe position of interference fringes in

the inter enc frjnge te l.nci dent. on the optical detector, defining
a DD andsf'gki’:#%%attu%%ﬁc?aggé’g%é I:Jl{;{é?urgafrsc[ogwgggg.bet ween a pair of first fringe

borders and behawntiral intqpfaiomenf isseetalodl fri nge borders in the interference
fringe pattern on an axis of the interference fringe pattern, and
according to the fornula Alv = 20 [Dope - Dip ] / [8f' Do'], where a.o is
an assuned The ameeanef dgiw é fethgt demariginddo = (DOD - D10)/2, and f is the focal

| h. ; ] | ai s  th
engt 35 9 Nﬁé@tgo@igglyetalt&gh iv;cl);g% sfﬂ%xﬂ:ﬂgu 953{)91 of}?]e%agldia#g%sg%;of§$&p“ sing: the

optical detector 1s a phot e array. 1 e ne claim9 or 10,
further cBs @ g follenaliipdSmeters nt er f erence pattern in an optica
interferoneter having a slit function; the slit function and the focal

| engt h beiqg selectep to deliver to the optical detection neans the two

i nner nost /- fF FREFRISPT 48 S SHHHECRMPTREr f erence ring pattern. 12. The net hod

of clains 9- 11 firkuhfRR@dep@ARY 4 Mi0g cold B 1igRL @akaldgt ect or conprising an
array of pixels each having a height and width and the array having a
total width; creating the interference fringe pattern in an optical

I nt er f er o$rdhe kyparatus of claim 7 further comprising;

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

strip of the narrow cone of light.

9. A method of measuring bandwidth of light produced by a high repetition rate gas
discharge laser having a laser output beam comprising a pulsed output of greater than or
equal to 15 ml 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 puise repetition rates of 4000Hz and
above, comprising:

focusing the light in a lens having a focal length;

creating an interference fringe pattern;

detecting the interference fringe pattern in an optical detector positioned at the
focal length from the lens;

calculating bandwidth from the position of interference fringes in the interference
fringe pattern incident on the optical detector, defining a Dyp and a Dgp, the respective
distances between a pair of first fringe borders and between a pair of second fringe
borders in the interference fringe pattern on an axis of the interference fringe pattern, and
according to the formula AL = Ay [Dop” — Dip’] / [8£ — Dy?], where ) is an assumed

constant wavelength and Dy = (Dop — Dyp)/2, and f is the focal length.
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selectively inputting to the optical interferoneter a slit portion of a
beam of light sufficient for the output of the optical interferoneter to
illum nate the optical detection neans over the height of each respective
pi xel height. 13. The nethod of claim9, 10, 11 or 12 further conprising:
creating the interference pattern in an etalon having a slit function. 14.
The method of claim 13 further conprising: the etal orf Merchi2087 al on having a
slit function of 3pmor less and a finesses of 25 or greater; and the
focal length is 1.5 neters. 15. The nethod of claim 14 further conprising:
delivering a narrow cone of diffused light to the etalon. 16. The nethod
of claim15 further conprising: passing the narrow cone of |ight through a

slit aperture. 17..The aratus. of claim@8 further conprising: a beam
nar r ower Ilto'anlfehrré‘a’thﬁglt°f1;|1_2‘(‘)11En gtafﬁrgheﬁ%%nﬁlg?ore the optical interferoneter; a

second di f f usebe dpatahdatgriar ke phetadindeaarrapwer and the optical interferoneter;
36 9 March 2007 the beam narrower narrowing the beamnore in a first axis
than in a second axis to conformthe beam cross section to the shape of

t he seconld: Hicmayadof claig 9 oTHE, famthehednpoifings| ai m 16 further conpri sing:

nar rowi ng. t he AN RELRIE . BAIGNG b BRIGNKEIGLAGRRRL IR Rleondi f Tusi ng t he

fick
narrowed beamin a seqondedf?fuser; narrow ng beamnore in a first axis
than in a secdhislixprstion adohe deesl toneh bsparrleriosy dbiveritonbe epticle shape of

the second di fdeldomh med® theltiB iRRV:AiHSs Of thEbicdNinferfebtntd Vel pa@Rr | Si ng: the
first diffuser conprises an etched ground glass diffuser delivering a cone

angle of less than fifteen degrees. 37
12. The method of claims 9-11, further comprising:

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

creating the interference fringe pattern in an optical interferometer;

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

means over the height of each respective pixel height.

13. The method of claim 9, 10, 11 or 12 further comprising;

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

14. The method of claim 13 further comprising:
the etalon is an etalon having a slit function of 3pm or less and a finesses of 25 or

greater; and the focal length is 1.5 meters.

15. The method of claim 14 further comprising:

delivering a narrow cone of diffused light to the etalon.

16. The method of claim 15 further comprising:

passing the narrow cone of light through a slit aperture.
17. The apparatus of claim 8 further comprising:

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

a second diffuser between the beam narrower and the optical interferometer;
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the beam narrower narrowing the beam more in a first axis than in a second axis

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

18. The method of claim 16 further comprising:
narrowing the beam before creating the interference pattern;
diffusing the narrowed beam in a second diffuser;

narrowing the beam more in a first axis than in a second axis to conform the

beam cross section to the shape of the second diffuser.
19. The apparatus of claim 7 further comprising:

the first diffuser comprises an etched ground glass diffuser delivering a cone

angle of less than fifteen degrees.
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