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There exists a need for improved metrology equipment for gas discharge

lasers operating at the repetition rates discussed in the above referenced applications

and beyond those rates and especially for such lasers configured in a MOPA system

with the higher power outputs available.
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than a short axis of the second small portion of the output laser beam, redistributing

25 the fluence of the second small portion of the laser output beam across the first stage
diffuser to keep any portion of the first stage diffuser from exceeding the damage
threshold for the material from which the first stage diffuser is made. The vast
majority of the first small portion of the laser output beam may be reflected into a
power detection module. A second stage diffuser may creating a narrow cone of a

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

interferometer.
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The following acronyms used in this application shall have the following

meanings:

15 Term/Acronym  Definition

ABF Ammonium BiFluoride
ADC Analog to digital converter
Amp Amperes of current
AOI Angle of Incidence
20 ArF Argon Fluoride
AR Anti-Reflection (a coating to reduce Fresnel reflection from an

optical surface)

AWR Absolute Wavelength Reference

BARO Barometric station for alignment, calibration and test of
25 modules

Blur Compensation factor used to compensate for “bandwidth saw-

tooth” effect

BW : Bandwidth
CaF, Calcium Fluoride
30 DD Diffractive Diffuser

DFM Design for Manufacturing
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Mbdule Fluorine Fire Control Processor Focal
di stance fentoneter

EWCM Enhanced Wavelength Control Module

F> Fluorine

FCP Fire Control Processor

FD Focal distance

fm femtometer

FRU Field Replacement Units

FS Fused Silica

FSR Free Spectral Range

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

GGD Ground Glass Diffuser

KrF Krypton Fluoride

LAM Line center Analysis Module

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

MOPA Master Oscillator Power Amplifier

NIST National Institute of Standards and Technology
PDA Photodiode Array

PDM Photodetector Module

pm picometer

SAM Spectral Analysis Module

WEB Wavefront Engineering Box

The metrology subsystem of a MOPA laser system as described above,
including a SAM, can, e.g., perform crucial functions, e.g., measuring the
wavelength, bandwidth and pulse energy of the light output from the MOPA. The
overall MOPA system 20 can be seen in viewing FIG. 1. These performance
characteristics of the laser system 20 can be critical, e.g., to controlling lithography
processes, often the end use for laser light produced by such laser light systems 20.
The requirements for lithography processes in terms of, e.g., pulse by pulse control
of , and even finely controlled modification of, wavelength, bandwidth, pulse

energy, pulses per burst of pulses, etc. create significant demands on any control
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rmarme ou’gp%rtr%%gi)lgp 26, of a seed laser beam 62 with a very narrow bandwidth
centered about a wavelength that is at or almost at the nominal 193.350 nm
wavelength. The MO output beam 62 is then sent through an MO wavefront
engineering box (“WEB”) 40, as noted in the above referenced co-pending
applications assigned to applicants’ assignee. The beam is then passed to a power
amplifier WEB 42 and from there to a SAM 46, where among other things, the MO
beam is mostly directed into the power amplifier (“PA”) portion 50 of the MOPA
laser system 20. In the PA portion 50, the seed MO beam at or very near the desired
wavelength and bandwidth is amplified in the PA 50, by at least two passes through
the gain medium which forms the PA 50 with the aid of a beam reflector BR 54.

The output beam 64 of the PA portion 50 of the system 20 then passes back
through the SAM 46 and the PA WEB 42 and into a pulse stretcher 60, where each
of the output pulses of the beam 64 is stretched, e.g., in an optical delay unit to, e.g,,
improve the Tis. This impacts such things as the dose seen at the wafer in a
lithography exposure of, e.g., photoresist on a wafer, and also certain other

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

performing, e.g., the noted exposure.



5 The MOPA configuration, as seen in FIG 1 has
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25  platform 94 and the bottom of the cell base 90 may have formed therein a beam
passage opening 96. The base 90 may also have formed in one sidewall thereof a
sample beam exit opening 98. As can be seen from FIG 3b, the sample beam
opening 98 may be covered by a sample beam exit window 112, through which the
sample beam 114 exist the primary beam splitter 80 into the remainder of the optical

30 and electronic elements of the SAM 46. The opposite end of the sample beam

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



optical aspects of the SAMare simlar to waveneters
used in the past, e.g., in 5 applicants' assignee's

WO odopeexiuct s, i.e., the LAM with a nunber 0OPCT/US2004/030339
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critical wvariations which form in part, an

enbodi nent of the present invention. The

bandw dt h-neter optical |ayout involves, anong ot her

things, using a shorter FSR etalon with a | onger

foﬁx%uéheatgfch é%&hdﬁg of GRS be@ 6K PleBAEdrdh z{"gfegrlﬁi%tlﬁﬁor 102,
bel ow,” requiring, e.g., beam hormgenl zation In e

f i meunted gn tife stéveing matronstept92c and wia dl@|SMpl£0>ehmlpasstage98

(Pow 16 ot et O a2y PG niFe0] oo on 2

f astimBRBcall perSthiR mdas 100. aﬁﬂﬂﬂtbecurﬂeﬁtodd tHatNA operation, the
pur poses. The SAM 46 is contained within a SAM

enkdass 6 exitigg i Rvh 50 svil tentes Heeopritears peary spliter| 8Onfem tabee along
fI | | b
GBS GERARI, WP rad) P b B R S o4

2 ﬁ'bmWhe RAPO0, metnyallydanhshdrizohet pRAe. The béunh 64 Iisﬁmilévliyﬂ@ﬂected
the beam 64 fromthe PA.50 on the side of the S
eupramary beamowtittenmires, 104, apghippproyiRalely Yh r°6 algfhbeam 64 is

t ht%ﬂQEt'eWnYo @Qeé trﬁlﬁror 81@26‘%11% e bl%ﬁmnd@r pgéste@ rthré>8gh the

passing partia ough the’ prinmary beam splitter
explﬁmatyfbaamesghttcrfmnrﬂme 104640d entdl the BACWEB 4% aselmwn m FIG. 1.

FIG 2 d back into A, VIEEB 4

I G 1 ALhE R StARG St bean seet L am bt Rigieam soliter
S p}mﬁ&eroﬁQraweem R&tRrinP BAFLSID 4l ranglléro@%l&@énlze of about
base 90, which may be, e.g., machined out of a solid

pi %5:°eandceb<1tath¢rprmmmy beam fplitter &0 thriongh Wendomt El2 asrsambletumem 114,

023 igccgtlhlﬁ .rgrﬁ%ﬁgﬁ%ogﬂﬁé%ﬁ AR Sl in TR EF LD, 1t will also
p| 95 {u‘i)dé?@t&ﬁi thafBe Beark |62tttk MIOAPE s BES R A0 g the PA

cel| base 90 may have fornmed therei’n a beam passage
opWEB\g429&1r01Tgke thya same (privagry abeain Ispliierf oyimerd 104 ionthe opposite

caifagotots Pha BrcBn0 Saurell B soulBEDt B g Bin mediom

nawltheh@pme]s@eh@y a sanpl e beamexit w ndow 112,
t hrough _whi ch the sanple beam 114 exist the primry

beam spFlG-t3rshgwsthy primpey beamasnhidter 80 withyebenm splifer ggver 116,

o IR M, Ol 1yl T TRABYA £ 50,5

I nfigthepéxpidindd)e. gb&SﬂlC%OV@I}Cf@bl&ﬁd lbe-pendieg apbllaytions.
w ndow 110, 8 WOD_2005/ 033625 P US2004/ 030339 thro
whi ch a’pshewii EI% YFE LT t 4 56&«&9%thsrsahﬁyatem 959l ha

St Refibid S Fdh tﬂ@&am beam 64 by a primary beam splitter mirror 104 and

. reflected from the steering mirror 102 exiting the primary beam splitter 80 as
sampled beam 114. The sampled beam 114 has the Fresnel reflections off the front
and rear surfaces of an uncoated optic of a secondary beam splitter 104 distributed
within the bandwidth meter 88 of the SAM 46 to feed two separate internal
functions of the bandwidth meter 88 of the SAM 46. Part of the beam 114 incident
on the secondaiy beam splitter mirror 140 is reflected onto photodetector module
(“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



nounted on the steering mrror shelf 92, and into the
sanpl e beam passage 98. FIG 3b also illustrates the

w@eoosmsis2peam splitter mrror 104 nounted on aPCPUSIEL/§30339
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beam splitter mrror nmount 100. It will be understood

that in operation, the 5 beam 64 exiting the PA 50

wll enter the primary beam splitter 80 from above

along the vertical axis shown in FIG 3b, which is

al 8 Ondrb Aeffl BRSPS e PRE %rlﬁ&pﬁll}ﬁ)m tﬁébeaﬁﬁ o1 %ﬁl thé\steering
50, normally in the horizontal "plane. The beam 64 is
parntrtcalplawm&ﬂlr@mhetbe mpyyort I astingas thetrgeendanl baanesplitter. Due to

vt Bl o1 P eRERA R Sl BP: 55 I Pl refections

f edreloNetRippRs S&Apliditiap g HroblehoPkdefRigthd Bashcep 'ohtcE@a[m optics
mrror 104 and on to the PA WEB 42, as shown in

1.1n1he SAM oshirbelerapcesos o bflﬁ‘é’ the dpmess heesheld fqrcshﬁ mﬁterlal of
PrehEBhYc. PR AN 1t1t4ei§ &JHI\Ferdq{l 1 naﬁn &l L&k 0316962]( LY %.Qplamed in

the steering mrror at an ang I ncl dence
al:mu:te déthil ebedovex wthicht pmdpcesrmrmgeapmt&ml that @4 nBéhitored using a

F Gt e BT RASARY, J50HEE iee e pher ol EING epagiatn can be
beéa%{‘ﬂaté& a%clrhm%l 8 AinléanRRAiMBsesShe ‘ﬁ%s@ﬁﬁ'ﬁvérﬁﬁnbﬁﬁﬂﬂc@g 0.01pm

fromthe 2, enters into the PA'50 fromthe’
4a>rt:¢mom,ghsmg1 esimphizedp maﬂmn}atlbelamlgplamcmseﬂlamrrcr@se et speed of

in the .opposite i.fegtio i e vva e PA 50 as ..
PSP RE RS i g PO r o oBter R el it saprifgions a
M2 Joeanaad abdlecG 3¢ shows the prinmary beamsplitter 80
V\Athabeamsghtter cover 116, 20 including a flange

118 forT § eam mwswhpbmlétysv@mhb@mtp@mf be Pme 182 and
g’ %uls%s%flew Sthﬁ{é: g\ﬁBllltabilnl Ca ]Sl\@ 144I Pnd @‘?\ﬁb&@’ %?:ILéM 28 can

erence rons. AS"shown I n

4 ma:rﬁbﬁtb ﬂieeMSe@fcohﬁel @éﬂh’hﬂ(ﬁot @Bovﬁgbﬁ&ﬁdlﬂ”ﬁ]bgéquehﬂl)gbﬁowdes the
that, is plcked off fromthe nmain beam 64 b primary
beAthive pPTifQlebasad mpen thepipechagk fragy agangpther g hethese métrology
st.ag adgg mrror 102 exiting the primary beamsplitter

80 as 25 sanpl ed beam 114. The sanpl ed beam 114 has

t he Fr eAnshowreinl Ik doths beérh ltlHexitingrthe sewnodargdeam splitter 140 is

surfaces of an.uncoated optic a .secondary beam o
S pPFiREy o i A UTARB AR A A COERAR 1 e eylindrical
S&eEgcdpn% RAMDES cbRrafnB dithip aqgrﬁarﬁéﬁrﬁlﬂgnlt%reﬂﬁl then into an optics
functi ons of the bandw dth neter 88 of the SAM 46.

Panonnmattoneulbééﬁﬂ 1which i ekphrinedoin mhee desgibrddr espesarte FIG. 7,
plitter .mrror 140

refl ected ot.odet
oA oF iR e kST 30 F i MECHERY 222 and <
MERSWHIENRAL 224N HeWeBtit 1 MOthEM Bassed BREUANM SoR6#438 Qiffitter 160
as a fast photodi ode signal. The bandwmdth circuit,
exdftenibsig wilected off of an adjustable M2 mirror 156. The beam then passes
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
normal incidence mirror 180 and back onto the left-hand portion of the mirror 166

and finally is incident on the PDA 182. Except for M1 146 the mirrors, though



WD 2005/ 033625 PCT/ US2004/ 030339 in nore detail bel ow
receives the principal portion of the beam 114 from

WO besesimes i ng mrror passing through the m rrecT/t8904/030339
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acting as the secondary beamsplitter. Due to the

t hi nness of the selected primary beamsplitter mrror

104, the Fresnel reflections are overl apping,

conplicating the problem of keeping the fluences on :

C edjdtAb1ORA | oPed sérile ! 9.%.,%&@ i3 {aNatiot, BArBNE&STield: Focessible for
bel ow t he damage threshold for the material of the

opadjestmants swirseanM i 446 & figkd adjugtablen i1 1 uni nating an

| 62 [.Ai i d il | whi ch
o oduces e ryifigs O B ' b al8EEng 50,3 oo fibnig LA present

phiavedioads & pawiddDA HiglZresbludioh theastifd bfjee. pattagiwidifi€e.g., the
FWHM bandwi dt h can be cal cul ated, according to an

enbWdiMdapdwidth pEthslasse gatpuhbeam phat thed AfferAva oapsaquence of

1 i i . fi : .
LB L0858 B TR L BOTR L8ty i et
t hthe @ptigal telaherttheitRinAthi &A N ot Goeint ey veay sipniffaantly higher than, e.g.,

pul se-wi se conputati ons at ., 400 a above, The SAM
46" Ea‘l‘f’r’r‘Fé%%S]ﬂrg CHEBEn Filf-dltTh tg}? mggo Rt TofPTORasers, €.g.

P . n . . t p .
ORIy U NG s G, 0Py P e e

| algfetime anitks ©18..stpsthemrimaoy beimvep)ittenB0 @hd subembereoft dther optical
provi des the.actiV onptrol, . based.upop the feedhack

P P SERRn g e e Prs Roried 5 lsdly Bygnt® dpft deasssee. to
S h@whrintary béam 4pliftdre800 @S ANAmBYi ki 460hds R e @EARKHA Yccording to

beam splitter 140 is incident on an adjustable ML

m @y ¢mbedeneah Pfdtheepressnt j inyentians math: they primary eplitter 2mirror 104
te pi.ng t,ai it hi '
|SHRRAPEIG ! M135908 GO ALAREIRARIR A SRR P .

whTlgib has bestptiisaet therabyrredwbettat fluendehlevels PRe tent®p bl laGactor of
7, includes, in order, a rear tel escoping |lens 220, a .
f | P assqorpRared) ferdistora bomn gplijtes oriepied of g degiess- 26alciupp dluoride

b 4 : g [

1000 B¢ DeAERIRASE 85 ACDRNAT phu SR MALRIGIEr SbEf Ynes of the
m optes, d6in thhbedr Anmbpenzapias seenkSwithindbig BAM 46 hedonding to an
162.. The frifnge%rpatgern created by passing the beam

t h¥D PPt UG BIEHAL YSNRQ.  of | ect ed of f of an

adjustable M3 nmirror 164, and gnto generall X t he .
cent er o€ BAVESHARFAILEE Domameters dorthe %.Aé\rl RF¢RIARE L ap embodiment

16 . 0: . > n i .
e JRBLROrRRGGE TRy BlwaldidiT) AR RIMg] BpfRling range of
r ebdteecnelP3. HaclO30F impfuchhleat thag®h Mhamndulp dbtwitl fudtionloat to either

LA TR A TR O T
POthE iniulf 46 BpableldfHcadfithg bandwidth on a pulsewise (shot by shot) basis,
and a pulse energy exiting the PA 50 of 10 mJ to 30 mJ, the module providing
bandwidth measurements over the range of pulse energies. In addition bandwidth
(AML) resolution is required to be 0.001 pm precision required of the bandwidth
calculation, 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
measurement range is required to be 0.1 pm < AA < 0.3 pm, FWHM metrology,

requiring that the SAM module 46 be able to track the bandwidth over the range: 0.1

11



and finally is incident on the PDA 182. Except for M
146 the mrrors, though 10 WO 2005/ 033625

wERODsAEE004/ 030339 adj ustabl e in sone sense, ePUI/IS2004/030339
during installation, are not field accessible for
adj ustments, whereas ML 146 is field adjustable. The
function of the SAM 46 according to an enbodi nent of
the present invention is to provide a high-resolution

megsus a0k, 0 8.9, qu . .. th )
baﬁrg‘vi %t}‘h_ o?'gtﬁ?ré’ tilglger oe&i‘%%botn rgce{sr’ﬁo igﬁqﬁ%rgé\%e EOQ'O%gm BW
a diffesage eroecenf inpesndst and ngutémosSAhgtOpaditidise (Cathjtison of 2
of the P , the energy density levels seen by the .
op?Yee%aesrﬁﬁgprré%églgm iRt & AR APaE AR %@rym of either side of
si gridih ' BN dHE, tREpGe ' ;
ol e A EE iy ache AR PARBANISA Saragy SR PR RSRRIC Beired o be
5e.§.+ 0.6pph delrt fonadls grferehs: X LAB) dipettsomdbn, ascwel] as the

e Gioablis? s Adhy el S (1) Ao o ReDisstaging a the
ot E@ﬁra?@ﬁ@zcﬁa{fglth URARENBH Waiddt He&ﬂ@ol%@p‘&gﬁorthﬁtgp{/gﬁés.

to mtigate uence driven danmage, e.g., 't
primary beamsplitter 80, the SAM nodul e 46 has been
desi gneWitharsganddio myweo and pulseronaigyrereaswémentdopthesspetified pulse

i nvention, W t [ splitte irror 104 .
or i e 8510 m {6, B8 I1X 1P piRl L Satée 57 e i opica
10 MOspedifriatlo34 ehdr@yionRoP 4 HEhliblarion Ricsurbdsis RefRreaROBE X + 3% (at
to thereby reduce the fluence levels (per cn2) by a
f aperomabflS mhol 099 o montirubus eopgrafion)y veitth ealthrapdn based on NIST
or{entgd at 45 deqrees. C{aI Ci ﬁg}tglo ori de ﬂaf al so .
bedi 8 ectRYEE S DpTred et erval' g "ChyI'eh firey monitor
S et AR bnHES iRkt bd1& + PRLAER to Eeaﬂ(- varialloh BOePRAMillion pulses, as
honogeni zati on schene within the SAM 46 according to

anmeasvisestiivith atcopmartiel prvess engter gvee Hiei romin@hdlseof a laser gas test,

required operatjn araneter.s for th M accordi ng to .
15 hisE e (SOl a3 RaieE fitear Y, ah dDosh ¥ ser o o0 within £ 1
vwayglenghly Yenehargtiin Qpes asiwias! aneer ’f20 Q@&é’\’ea%,r}nleasured with

193.2 to 193.5 nm such that the SAM nodul e 46 wi |
f uweter-spoledipower wictehbeadsehmplied lineerityespediEpajion fonnepstang energy

| ase ulse repetition rate of 1 Hz to 4000 Hz, with
th%nd:f{)%ﬁ#)%rﬁ%&iglgf}é%tf:éle%(#n%ggg ring bandwi dth on a
pul sewi se (shot by shot) basis, 25 and a pul se energy

exi ti ngEtdieh #AtRY rab viddo NdvelsO(b3th 168 antl hight'Pehitk Eare required to be
provi ding bandw dth neasurenents over the range of

20 pul Yeveltiemgxe -6 [VQltadBin: iaSnmsRTHERA éRt 13 1apexframes greardips to an
SRR B R BPHEEIR) OO SRUAERS, Py 15
0. athpiPA 5& outpotli Velthgedesly belng definedtastrive peak minus floor. Fringe

symmetry is required to be 115 < fringe symmetry < 85, and fringe symmetry = 100
x (left peak / right peak). End-of-life etalon 162 raw video levels (both left and right

25  peaks), must meet the requirements of A) 2.5 volts max B) 0.3 volts min, as
measured in a laser frame, according to an embodiment of the present invention,
meeting BW specification and operating at 15 mJ at the PA 50 output. Energy
monitor 144 signal level at 15 mJ pulse energy must be 15 K ADC max and 5 K
ADC min.
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spectroneter (e.g., an LTB) used for calibrating the
SAM nodul e, and bandw dth 30 neasurenent range is

wo emsisises to be 0.1 pm _< AX <_ 0.3 pm FWHM neCT/O5DgY030339
requiring that the SAM nodul e 46 be able to track the
bandw dth over the range: 0.1 11 WD 2005/ 033625
PCT/ US2004/ 030339 pm<_ 0X <_ 0.3 pm blur
conpensation precision is required to be < 0.02 pmBW
di ffer eﬂ@@orgﬁg"\ﬁeﬁl 'e%%ﬁﬁﬁ'fé?ﬁ dnile ?&E&BMenﬁBﬁ N&&rtain rellab111ty
positions arison of aver BWr eadi ngs at
3 mmftcatlor(s a2 rpmuaqdatq bwmd;t; nncﬂncti& phg.oftargett inean sintke between

the fringe zone; and Bandw dth Accurac
Frf*‘h‘b‘b"s $mr¥5 @Wauﬁafg@an%n pedo Leplacs, 98- 5 hAS avith field

BRefte §ogi€ - Off 84 &Epl |
hatg glgpgfelsg?/tpyoélo agi:%ﬂ*gr?rso?gﬁ&%ae f u%p a%%n%g (angamaged
5 at pim@% sphittem 60 emputes instuling reecakibratine of emargy mdonitor; check etalon

wayel ength to co ai nst dec.onvol ved

o pLCIER diHrEy 0 SPHECPOHAI, B4R o TBER AT TaREI A Qyinutes; and
engqlgymg;ﬁ%w@ggtrﬁptwoftm%pem fied pul se energy

range of 10 to 20 (15 m) nonminal) the system

must neet al I opti cal 10 specifications; energy
moni t or Medntermak¢ requifeprentic mngledey 6.5, dwcu gseeinbly Tk replacement

i HCk e RS t5n st B N e B BB S RRRRE b pticer 30

10 POM¥placBRER! Svithidcbes tdmandplittef 80 khibhgithe @ BRG] B Assembly
calibration drift nust be < 2% peak to peak variation

ov@ot sV qonpestedyiql the flanges 11 §rReqguiresireoval ef the module from the
co

SRR Lk AR 54T, 2 PO PO g ovoven o
pomrdte nedulet goverholdO QD atdzes 66 inctotisx hadd adjusthient sckews 170

, is 10 . watts, 15 mJ is 15 watts, 20 mJ. i s ]

20 S@nﬁwgn r@l@ %é&ﬁ%ﬁfseﬁ eneratign: op-ge8 MRBel 1p A\Rksy refwired when this
15 healshteda iRl fs%@né hﬂﬁ@ﬁbfdy speci fication for constant
energy and variable repetition rate need not apply.

Etalon starting raw video levels (both left and right
peaks) br &ldittauiacasdding then emdodin@ny of the present Giventiail the design

mn ured dJ aI er, frape rding.tqg.an o .
e R T4 B o vauedie s, BRTRuse "B pAG 6 Mha catibrason
S pesdrgy 6%116:?%3/ rﬁea@ﬁ@meﬁgbﬁﬂle FoM 44 cbhx?leﬁ’ébléﬁl @t RWb hours at
Vol t age | evel s bei defined as raw peak m nus fl oor.

Fra ﬁrgeuer@y et §-y13 b.l e dandgh b@DMS44 be mlplng@d once per year,

Sy and fringe symetry = 100 x (left
20 pea } g;ﬁl(ﬁ%%ak) End-of-l1ife etalon 162 raw vi deo

v« AR A S PR Rl e

MeRp esmdval dftBS @hodul 298, frétf GRE @yﬁamt 20. AT RRMdE. Precluding
of the present invention,
improper mounting and installation in the superstructure. Guides, tracks, or stops

may be provided as necessary to facilitate handling and prevent damage to
25  equipment or injury to personnel.

The SAM 46, according to an embodiment of the present invention, will be
required to measure, ¢.g., bandwidth to an accuracy of, e.g., at least 10 femptometers
on a pulse by pulse basis at over 4000Hz and even up to 8000 Hz. With, e.g., a focal
length of the imaging lens 224 shown in FIG. 7, and a free spectral range (“ FSR”)

30 of the etalon 162 of 3pm along with a pixel size in the PDA 182 of 0.025mm
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nmeeti ng BWspecification and operating at 15 m} at the
PA 50 output. Energy nonitor 144 signal |evel at 15

waordoopuossmes ener gy nmust be 15 K ADC max and 5 K pADCSI004030339
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12 WO 2005/ 033625 PCT/ US2004/ 030339 According to an

enbodi nent of the present invention, certain

reliability specifications are required to be net,

including, e.g., target nean tine between failures

thori‘%o&al’ by -0.5mBrdpiida3 @8 o PDACISIRAR dnl ABay! O 1@ Bicfodiodes
< 2 hours, with field replacenment 6f SAMI ogic

as(se:nbl) yoneld@nmise usiag the fusidamerspl missfeeorneterf ecmamaxg éuht Eeals with

litter: S|nclud|g
sy disfiftion o B RaloB Fripac 11 el SafPupREa o) Where A
cqg 'EH%C\X/a whsmh&wy\a@@ 880 4, frik ﬂ&qn?e%ymﬁe&yof réfPacuon of the
m nutes; an ul pment dependent uptine of >

Mesitalomnd ris ethe exalpn enemrssnanog,ude 1s ¢hey order,ognecmmmmmber of

t7 %&Jﬁ%&bé&%fg‘f gﬁgnn%e?]?q,?& éé eei%gf qfléxilm%@zi @Me hght path to the
r %ﬂeﬁ%%ﬂ?é?% a¥ist IhsRIECARS n{t-;l?%)y”a' Tine Rbb{d &fan 80e tlja%H%htag A=

t he renovabl e cl anp asse not shown) connecte
t (2*idamYeCdb (1), Rebgrei R éssthe drimpeadadiog, & g2 500d1d50 PfDADmxels each
the 1aser frame; and_adjustnent of etalon 162 fr

syrethelnen ﬁEPrﬁ@F@Fﬁly 2t5lvlﬁno @t tisthe fcahdistapcerem gle lens to the
CPLSA ol Gcf 1218%3&%(55‘% %’12&) b;l%{]vhcﬁﬁs I}%aq 5’%&] Iﬂ%gﬁ‘p in the focal

scre during 1Tasér “oper

A lg&gh pﬁtmelfomeuigqéxe agnorhidllyh e rsni fucsl leddh Meusnt enance
is done in the field. In addition, accordi ng to an

enbodi ment | of t(ge present invention the desig
requi r 8 aréerttordspl WHB. esgnvmashrnieal Asift wytbe é’ﬁ@"@ Tgintingdfollowing

gy rﬁroﬂ@ct%doﬂtﬁglhinpé'rfgré&@ wifhitethd¥%t g(gzleﬁtqy Rrefera%le to deal with

nmeasur enent DM 144 be conpl e
t vilinpodiamesers, Da ritheqhamegiiofTherfge, A iZZ’bi*ide))ﬁo@DVESSmce the
and the PDM 144 be cali brat ed_once_ per_ year,

t dKNEY WA FFS 2 mreRsuigeRf andyndtn 1 thaiehs squce Béﬁ§?¢ dirough the
t%tzﬁ&? 'a@ et l‘th@%tﬁﬁé’pﬁ& ﬁﬁ@'th%tc%%r mréne{i&g{ EIPRkn&in, the

ul'é 46 from system 2 I's Inc
prchfﬂ:mnhmlgl the mlvelpegthnmlmlatng famidie iimrsetr ahd atiieo dlalmetetrh evill give

er st Ur. s, tur a r .sto
B it B s SS4PRIN T Pededl KB iden by the PDA
prl%%e&ﬁ darReSchRated e%hl@ﬂ?% Ris b e nd Ao (mner ?mmeter)*
per sonnel The SAM 46, according to an enbodi men
t (2*prdaagrGosi (Du#2) laﬁxh}»my\(dulterhlmmeter) (2*n*d/m)*Cos (DOD/2f). Since
AN = 7\,11) - 7\.01), A\l = ;\,() [COS (D]D/2f) — Cos (DOD/2f)] / Cos (D0/2f), where D() -
(Dip + Dop)/2, and Ay is the line center bandwidth related to Dy by A = (2*n*d/m)*
Cos (Dy/2f). In these equations, a guess at the Ay is sufficient in the embodiment of
the present invention as long as the actual Ao 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 A is needed.
The -previously determined bandwidth may be utilized as a calibration value,

however.
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required to neasure, e.g., bandwidth to an accuracy

of, e.g., at least 10 fenptoneters on a pul se by
w@pose3dsasi s at over 4000Hz and even up to 800BCTHES2004/030339

Wth, e.g., a focal Ilength of the imaging | ens 224

shown in FIG 7, and a free spectral range (" FSR') 30

of the etalon 162 of 3pmalong with a pixel size in

the PDA 182 of 0.025mm 13 WO 2005/ 033625
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t wearseadts qrwrtfweﬂ digriecal diftpnce Sewopld haye tgnless) an g [py(els (ie.,
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fr%@ EJ%‘Een‘tAiM@n%o%f htat/]e k) | lﬂnztﬁlérl Cdhtained by using a cylindrical lens

25 telescope that, e.g., de-magnifies and collimates along the long axis of the beam 114
passing through the first stage diffuser 222, as opposed to using a spherical lens.
The resulting decrease in energy densities has dramatically reduced the chances of
damage to all the optics within the SAM 46, except perhaps for the primary beam
splitter mirror 104, where fluence levels could reach almost 25 ml/cm?, e.g., when

30  operating at 40mJ output from the PA chamber 50. The energy density level at the
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of a portion of the pixels in the PDA 182 for a course
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S

contrl Gution ed upon focal length distance errors
and t helrhpromgeerdiiartk¢ etalave bEuslénfanttsont adophéaridispetsivn provides

cal.cul atj on of andwi dth, i,.e b uning A 0 to
btk b D o, s bandy Gt ihqiE dapinde teperh & a so-

20 di Ef11éae%10p8 2orrB& R diThard ﬁllﬁ&lﬁm%eﬂﬁmunﬁfemetnh €blur correction”
present invention, have been further contained b

usbesguse thyldlffdnen@aln therappazat b@ideedtbd@twtm thag mggagured from an

RO SR S e VR G SRS BT e e

as1a@EPas elindsd this bﬂlﬁkeaerﬁﬂhﬁfdg@tafoﬂtﬁ@?e)andmdth measurement accuracy

required of the SAM module according to an embodiment of the present invention

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

The energy monitor 144 in the SAM 46, according to an embodiment of the

present invention, may have a polarization sensitivity because the uncoated beam-

splitter mirrors 104 and 140 that deliver a small percentage of the main beam 64 to

30 the energy monitor 144, can have a polarization sensitivity. Using Fresnel’s
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The resulting decrease in energy densities has
dramatically reduced the chances of damage to all the

WOpis0s3ees t hi n the SAM 46, except perhaps for PEEUS2004/030339
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primary beam splitter mrror 104, where fluence

| evel s could reach al nost 25 mJ/cn2, e.g., when 30
operating at 40mJ output fromthe PA chanber 50. The
energy density |evel at the 15 WO 2005/ 033625
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0. GheiR EWEIR- T)ie (0iod faving rThetiecefieations fasahdetalon 162 arc driven,

fupcti j.near. disp ] Ayl de or e Y,

| ot O ralfelle B or P RpLO BB EE0E el 32 Yunder the
r esparatirigopaaaractersidtaibibiord, dsbdgpethesy meidingnthe réddudriements for an
still ists a ed to inpl nt, "blur correction"
be@a@g@ﬂﬁ@nﬂ? p @%Seq%rmn 4 ﬁ'g%éﬁlﬁ%l%ﬁi’m@&%ﬁ/\ﬁnal’ Hclude, e.g., free
be u f ' o rsys
ootPRERR Rt ofXA2LS G of 3036 nnd RE{E HARSE K8 EUD 2895 over

calOrhm aserturgrapd peakaframsstissidie (retib iof eherfringe beukgehotb@iectrical
t he bandw dt h neasurenent accur ac%i%%r equi red _of the

SANERdOf Bicdrre maringEra) el edadi nbAtnm o insident

: gvleﬂgg?glgr%‘% rgd&gltoﬁltglgf ?ﬁ}g&gtégn%v%@t‘%ﬁmmp ldgtrail(ﬁ?er 56“(&51 Bments of
the SAM 46 optical module 72 between the adjustable mirror M1 146 and the etalon
162. In this embodiment, the telescope front lens 150 of FIG. 4 and the combination
optical element 152 of FIG. 4 are shown to be all contained in a single mounting
frame 200, with the telescope front lens 204 contained in its mount 150 attached to
the mounting frame 200 by a mounting screw 206, which also serves to hole in place
a finger spring clip, which holds the lens 204 in place in its mounting frame 150.

Within the mounting frame 200 is contained the elements of the combined optic 152

shown in FIG. 4, i.e., the telescope rear lens 220 and the first stage diffuser 222 and
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cal cul ation. The energy nonitor 144 in the SAM 46,

according to an enbodi nent of the present invention,
woraoshasees a pol ari zati on sensitivity because tPer/US2004/030339

uncoated beam splitter mrrors 104 and 140 t hat

deliver a small percentage of the main beam 64 to 30

the energy nonitor 144, can have a pol arization

sensitivity. Using Fresnel's 16 WD 2005/ 033625
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[i thogr aphy or ot 5 user of the Ilgght source to,

5 e. place en thggeond stage gHfussumopntingsframe 160 by amappting screw 236 and
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t he nmeasur enent s;
i nef tMnepttcsfmbduteaQuhsy l’(g)ulntihg ecxleails glllﬁ) A dDtHPidcond amge diffuser
rrent when any of veral nodul e

t he need us
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10 and ou’tl"hcoifrons @@cOpﬁoh:ds tmaynbe aWz aiohfex eylindriehlalens; eacting in

ensi.tivitie the LAM 2

PO Bty e il Etp? JerR 0 e B 5@ bt il g CaF and
al hieyv vehe chs@veicyliddridan8dds, ¢@MemARtiFPheObedn@ 14\WPe., to make it
reported values, 'e.g., to det er m ne accurately the

Fvemaliar iE@Eossfsection. sPex diffrastivecdiffuser éﬂ@em@f algp foegnadet of CaF».
Spefd S&en%aafegusn}glpen;r 954 & ala? l;'e61% F &51%9 A aha]\_/? A focal length

consli alr or al r Sp

15 (sbRwg.,iINs EJe@rs 71rheoéta16n>16ﬂ NSy R sﬂl@abréghﬂerspﬁﬁlbﬁl &l hamsg a free
f or the etal on 162 are driven, % ) ui r enent
an

f ofpeetid! BRgfHet abouh e And g restenel SedFn 2r1dap30 men. The
| ngtﬁl%é ﬁﬂarﬂ eﬁn%dertl'?e ARLEG Vi sag&%ngt ﬁ(zér to the PDA 182

g the requirenments for an
of edstntiallg ooy rika tiringes efrsml thet e paeanest an&rfﬁli:ylce rmgs, with the

lude, e.g., free 20 spectral range of, e.g., 3 pm
at Iinges savariti, coapialy iapld Mseahstodipde e(%gels?sg the; aggyralthough
20 @ hERTTY ARES HEgrEe o2NGleRRRK éga&%r&s&ag Ofhd( it x'vRitleof e for the
fringe peak photo-electrical i gnal and the I nput
pealtemnash af ) thoftwe frE@es aipeﬂgarysawbamdmdﬁﬂ andioi demerewavelength
Turnlng nowto FIG 7 there is shown in further detail
t h& beﬁtl cal elenents of the SAM 46 optical nodule 72

bet weenThé gifaaitivet @ihiser MoD! Qhiddlmay Be andict dTeA ft Rk&@Ngrade fused
silica, serves to homogenize the beam, resulting in a uniform redistribution of the

25  input light beam. This can ensure, €.g., a proper mixing of the spatial information in
the beam so that the light at the edge and the center will have equivalent wavelength
resolution and brightness. Approximate specifications for such a binary diffractive
diffuser 222 include, e.g., diffractive diffuser 222 dimensions of 10mm x 10mm x
2mm, output pattern shape being rectangular, zero-order bleed through of < 1 %, full

30  angular divergence in the horizontal of 10° £ 0.1° and in the vertical of 5° + 0.1°.

The material selected could also be excimer laser grade CaF,.
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25 162. In this enbodinment, the tel escope front |ens
150 of FIG 4 and the conbination optical elenent 152

wWobR005h&362%1 are shown to be all contai ned i n a BEMYE®04/030339
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nmounting frame 200, with the telescope front [ ens 204
contained in its nmount 150 attached to the nounting
frame 200 by a nounting screw 206, which al so serves
to hole in place a finger spring clip, which holds

the | en’?hezf%%g RshBG ]94 i(9AM &6 %&%ﬂi&? ré_s‘fcﬁg‘ﬁ% ﬁg& praRimity to the

Wthin the unting frame 200 is contalne

el SAdhé6 opticstrhedutod lnet deteiiotetdddon whtbwine fwo WEbdulet72, 74. The
i e tel.escope rear. | ens. 220 and .the first, sfage, ...
i PPN A Sero B B2 B R e PG st 458 DS Bl i Su o i pad e 8Ed within
t hge SPAION 46 JptitsLAIR4A72. THhe ISANISSORR IPERVT 148NSonfadR optics and
may be held in place on the nounting frame 200 by a
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sp ' using lens 224 may be held in place by a
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held.in 5 place on the t%g;cond st age di f fuser pounting

f r BReule 6 Yy be moumer fythedudhead b2 amith three GaRfBic Bymbsegews 78
{nPth@ 3o duld Q15MHE tfbﬁ&s% mlezxggllﬁtpgﬂgg.e%%ﬁih% GPRR ihRrfaces may

cl
the plate 122 of“the optics npo unt i ng
schepovided than ¢ fideeofstastomebrst age di ffuser nounti ng

frame 160Q. e. attached to the plate 122 by nountin .
screws ggﬂ’q? %’n'ge I%S_teéF%’HrCQ@StWB)ﬂnB Shgl“inét???é(ob‘%lwof’ ’ﬁ]@é ey, viaa
Pl REA AebwolkYorBHEMENEorB 6h GHE SARP 46 10Thif @ohde@fién may be, e.g., for
tel escope I ens may be a CaF2 convex cylindrical |eéns,

acR9mimeeriticdrjogmpards pndiinfarmateon: cHrere ednealswpe alcenmection from

i . made. of I b . .
colte SHME SRk T S et Stk T FoRd BN pibyide a nign

| . §peed tdatdTRkearht of SWEMOIRy Valu€d F&S uSeLGh i B8 cohi8] algorithms for
diffractive diffuser 222 may al so be made of CaF2.

TheendioHEVg thajasersystemy- | ens 224 may al so be nade of
CaF2 an [, 1 engt h: 154 of 1 r
CoE2 e 45, k058! SOOI Sy R s o
haatisngptian fhyeexygepethicrlater riemgepatti imbloinodulerd@atlyebe purged. A

finesse of, greater than.25 aqt 193.350 nor. The etalon
paP‘gﬁ%t“étP’sfa‘%na'gt’ T thscRimary splitfer; 8 dpayebe pryvided, e.g., such

. : A . _
geihwsrm&agemﬁugé)gaslﬁgws e td BAI WERNLY tﬁr@%l{ F]Hetnﬁlgélor of the

romthe two 1 nhernost iInterference rings,
f r prmey hemesnlittgr 86 spdtis thch yexbaustedfthtdugh piopwge odde line at the

(P S) in the arr al t hough .there is so .
ek o dppimBet dindhie oL st B wBfie! BEEo i G Srapyto which
DQRe fpginat{1Bean®él Rich Bk geOlf 1 8tif1€ordneBred.r | Nnges does vary as
bandw dt h and/or center wavel ength varies.

The remaining optics in the SAM 46 (but outside the purge cell of the
primary beam splitter 80) may be bathed in, e.g., dry nitrogen that may be fed to the
module 46 via a fitting through the enclosure 76. The enclosure 76 may have a
nitrogen purge rate for the enclosure of, e.g., 4 L/min and an oxygen level of not
more than 5 ppm, with a leak rate for the primary beam splitter purge cell of, e.g.,
1x107 scc/s at 100 kPa over pressure.

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
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The diffractive diffuser 222, which may be nade of ArF

| aser grade fused silica, serves to honbgeni ze the
whems3ysesul ting in a uniformredistribution oPCt/82085030339
i nput |ight beam This can ensure, e.g., a proper

m xi ng of the spatial information in the beam so that
the light at the edge and the center will have

equi val ent wavel ength resolution and brightness.
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The material selected could also be exciner | aser

5 gr 4denJCafise ene3gpn 2 OWE! §3EADPUTYIHS2CD HeOBUB3Y briam splitter 80

| ogi. enbl tr n|c es
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cl @spriomflednze tievads véchibyt the privlarii@dimesplites in/dpplithfts’ assignee’s
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i nvSRKimseductrfis@pToximately M mirm a&SH@lrgeMEém@w i2enm beam at a
modil g, fe The SAM 46 and PDM 144 contain optics and 5
electronlcs to performtheir tasks; the | ogic assenbly

10 74 cont Witlsa egvrigntatied bf e peiEndr bedi Kplatteinnmit®dr 104 |fl$)m 45° to 70°
The SAM 46 may be nmounted vertically to an optical

t athee 'éﬁd?d‘éqtﬂemf therfiencerpidhe erimeryrplitteremirsuriOddo plout 25 to 51
Uha RuPKheRde 198 Wiidhst DLRR S2RY eﬁltzgumg%‘sﬁ@l&sgmuhpstlll be

t he nodul e aFIOMAngagbr easy no u%é repl ace
Seadcpngeditfot e thendesidna c As rardesigntd mheunping Wodkllad¢doatmaidate either
e of stoners. Alink to the | aser control system
?F% &aﬁ§ 2 HB% provided, e.g., via a |ocal

15 net wor kD@ﬁnﬁgrheE&gPdnﬂlﬁé tsys@&ntvhﬁq %?4;(.4@0 tHdiaRer system 20, e.g., as
connection may be, e.g., for non-time-critica

com:anmﬂ@nii uthMgmmandédeqoeordmt@syswnbeheaz -axis could be, e.g.,

ction from the irectly to th
Cole e Besn obeRasit s Btyiog By XG5 e oisaliy g Yiction, and
SDthed daisa therNerizbithl 1BVt QBY wiél RS dRrofuR pibet.Neln such a
control al gorithnms for controlllng the | aser system

2ocoorémat\¢<§we@aﬁﬁg§1mmtsnbtt@pm I@SIer@a)t be eigeitlard Onemiflah that is,

and | gsse absorptio | aser bﬁ@

pa? B r{mpsthlcfc seorzfgt%;%}lcﬁ éh:% gFe aRougtglF é{ X3S 0=70° the angle
' n&lﬁfuft WcLz-aRis Qp—»O"f Phis tr@s%lt@ hh HR6M1 BRAME Rt It She BOinTR¥nter by a
be provided, e.g., such

distance d after going through the primary splitter mirror 104. For, e.g., CaF,
material (n = 1.5018 @ 193nm), the beam displacements with respect to the co-
ordinate system defined above would be:
25 Ax =+ 0.0 mm
Ay =+ 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
has to be first determined. Given that the refractive indices for the ordinary ray, n, =
30 1.4305, and for the extraordinary ray, n. = 1.444, and assuming that the optic is cut

with its flat surfaces perpendicular to the c-axis, the refractive index in the direction
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20 that a nitrogen purge gas flows fromthe PA VB 42
through the interior of the primary beamsplitter 80
wa@nasios3eehen exhausted through the purge outl epCH/UsS®0O€030339
the PA 50 chanber wi ndow (not shown), i.e., within
the bellows (not shown) to which the primary beam
splitter flange 118 is connected. The renaining optics
in the SAM 46 (but outside the purge cell of the 25
pr r g oy
m({)fn'gf%)agﬁ %R)In% {131@ %.8)5“) thrpec‘h %gu i 4%(1\1}(?65 to =Y 1.4362.
f|®d)nanudntiymhgbeanh1é1sphc¢mam gregvenBye encl osure 76 may
have a nltrogeno(?(grge rate for the encl osure of,
e.g., 4 L/mf A®xygen | evel of not nore than 5
ppm wth a feak or the primary beam splitter
purge cell 043? § %ﬁmfi x 10-5 scc/s at 100 kPa over
5 prﬁﬁﬁhﬁﬂaot&@rdeiﬂ'elﬁﬁtﬁdﬁhltl&ﬁ difslaceene afith€thF;, whi t e fuzz"
damage (due to conpacti on under high UV fl uence)
the CaF epbqaﬁhfgpa@@ambgmqeptt@ c%‘rﬁpfm fregnel rf‘&ecm@a from the

g SR Ip e PRSP dence ot ed above,

The inter naldgnt*t*xcahe,b"z(met) of the SAM 46 is nodified
from pri or wavermeter versions accordingly. In a

Qtﬂﬁewm? gatesial propetvies Bitrd a®ves | uence | evel s

at the eq ter 80 mrror 104 were
10 estlmated {n;f gaE’Z f‘?J@éﬁm]/crriz, assumng 20 to 5 40

ml pul s& enefog MiF,, &= 3mm beam si ze and the
prlrmry beam splitter 80 mrrqor 104 oriented at 45
degr eesfor dighhpolgzad prslyalang Bis vrriscthe gaflectiyity of the splitter is
%}‘g ﬁf to prior fluence levels seen by the prinary
msplitter in appli cants assi gnee s 70XX products

of appr oxi mahel y f.{B)ytr{Ph@@ﬁs ﬁE$l:HT{S’i@Sm ©p.)5mMm x 2. 2mnm
beamat a 5 mJ/puk ? 10 Wth a reorientation of the
primary beam spliTt®r™mrror 104 from45 to 70 there

mrror Aage B int TEICHRESST B polgecPigRaY 76 MogtéeS angle of
r emaidascea Lin iis theaftensityi afdight zdlk%c@drfagléthnrﬁ@h sitfate oft the Iprimary
be ccount for re-desjgn .
o ERR SR04, oot Pl a8} Hgn vent
Tespect 1o tho Laber ot Sops AN SY2 e men i n FiG

20 5, ut i | Wheradiads ﬁhegmenﬁéh@feltghé ém@rla?frﬁaﬁr@ntiw @fithe primary splitter

r%)%@'l @%uéf%ﬁ Q@ﬂecﬁmg ﬁo%meregrasﬁﬁf %’3?% %ﬁgl %ec%}i r(r)lhr’ror 104.

15

diTec e vertica
anThe total intensity reﬂected into the metrology module 46 in beam 114 is given by:
Ir =In+1i2
= for CaF», =0.08133 Iy
25 = for MgF», =0.08632 Iy,

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, =S4s (I +112)
L2 = Sqs (I + Iz — 1) — (Sas)” (I1; + 112 — Iy)
30 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.
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the y-axis the horizontal towards the user, i.e., out

of the paper. In such a coordinate system the
w@eoosmsds2spl itter 80 mirror may be circul ar 40ram/iUkBD4/030339

that is, 20 e.g., 2 mmthick and is oriented such that

t he angl e about the x-axis 0=70, the angle about the

z-axis cp=0. This results in a total displacenent of

the beam center by a distance d after going through

th ' it g j . : .
oY o£ Al A, 4 ERbse it B o 14
wi fdr hoeiggesity paiarided light, iogidemby:e syst em defi ned above

woul d be: 25 Ax:+?. Om_ _Dy=+ 1.33 mm where it was

assumed that the [efractiveld ndex of N2 at 1 atm =

1. 0003. ofor MykzFat eri;@l_()lg,tmg refractive index al ong
the direction of propagation "has to be first

5determ red. fanMgkat hat =t0HH 46éfyacti ve i ndices for the
ordinary,r .n =.30 1. 430 nd for_ th . .
ext 1 nor ShERidh g ielciipiens AR el Rorel Tt ingsthe sprpgy monitor
opll £ fdrrefiehllypdiBrizdddight atgitentyaces perpendicul ar to
the c-axis, the refractive index in the direction 20
WO 2005F03365% GaEr/ us20040336339 of propagati on al ong

the z-axi s Wt hirn-the | educes to n = 1.4362.
gL S LY

Consequent | vy, hea énents are given by:
10 Ox=+0O. Ofhis abylysis hsstthegmheve whei iohlobses botwees the ptirhdre sphitter mirror
fromthe displacenent with CaF2. The beam separati on

betbart thesecwdasplider 14ldabseaehef anyeyndevs enaddifisg secondary
the o nL i . . . :
- gg}%‘%ﬁ ;{HSB%@?@%%B@EV 11 Ye %ﬁ%%h@d@&g%d%&@%@rg are two

sO) for O/0 an sing t materi a
pr eypetovwseld Ol andtld @, aslow steeridgmiroor ICRARtwebn—thd primary begam splitter

o TR LObr B bR, RSS! Y e et
15 | Lintens#R¥ bl appdxeRaa(Abds, isdumify PerlicA(dotdrized light with respect to
the horizontal axis of the beam, and varying greatly with polarization as is known in

the art.
The 70-degree angle of incidence dramatically increases the size of the beam
footprint on the splitter mirror 104 surface. The situation is further complicated by
20  the requirement that primary splitter mirror 104 in the SAM 46 has to accommodate
the double pass (MO beam 62 one way and PA beam 64 going the other way), as is
shown in FIG.’s 3 and 8. The beam sizes, separation and angle as defined by the

system ray trace are, as shown in FIG. 8:

MO beam horizontal profile 2.0 mm
25 vertical profile 7.5 mm
PA beam horizontal profile 5.0 mm
vertical profile 11.0 mm
Center-to-center separation 3.72 mm
Tilt between MO and PA beams 6.7 mrad
30 FIG. 8 shows the beam footprint on the chamber face 104’ of the primary

splitter mirror 104 and the shutter face 104’ of the primary splitter mirror 104. The
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15 =l oyP70 where P70 is the reflectivity of
p- pol ari zed |ight at 70 degrees angle of incidence,
wo idsis3eehe i ntensity of light reflected frompdEUS700H030339
surface of the primary splitter mrror 104, and Ioy
that of the horizontally polarized incident |ight. 112
= (loy - 111) Pao - (loy - lii) (P70)2 20 where 112 is
the intensity of light exiting the front face of the
Pr hatBed B¢ 1(553 fndlditer Mﬁp&gﬁuﬂté @‘Reerpecgdt’e%éaoﬁkeﬁ erfTHomﬁtmg the

rear surface of e primary splitter mrror
t ooptic 10d.enBet 32- rrem |deasneser cmelo sehvss rtetalloboépr smcmrrxargiﬁ for the

0. 6913 elslligc"l §B%Venmg%§’ Ao kot CGAP‘%‘eggE%%Pg?naw splitter

S phiidrére104] 42 MTebeahieb? @6d PAGHRA b4 Bfe pditfonkd Gkth thik the midpoint
beam 114 to the energwlnnnltor 144, 1ts orientation

5 i sokthe hing A8$ spanaingche By bepns ¢hab4iceingidge Withyeentepaf the face of the
S4§ t{é@ﬁ 112) 122 = S45 (111 +112-121)-(S45)2 (111
D 1)" 30 where 121 and 122 are the intensities of
t he |i gAt thesshuset face 1®4't, Hacieg an gutputishitienre. gl 4 the P WEB 42, a
thg front a d rear surfaces of the secondary splitte

g S ol £ 80 S PO 8bsFrYRdT) Ud0WevE0 SR 3t more than
Tr@&ﬁ RatBd b y}ge 'fJb%'sﬁﬁf‘Bf i @tselﬂ@o Ye Ik 7osd§%?éé S&tEive of a 2

into he ene moni t or ‘hor | zont @
10 poivan ithaeld splittpntmirrios 164.v é?mnbgquentﬂw 2hd idpoidR&f thf:dme spanning the

e B PEHILTS A T e chitenbf iy shuberfice Ml it g optic 104,

| NURdérM@ICR HighO3pab® Borsthintsl 4ikré & varR kAL é’f(ﬁ%ﬁ:’fét chii t
l'i ght |sch%enMﬁy: bS o?l Fi -y%?ob7560F &% enmen

MyF20rs= 0. 00702 | o, 10 ThIS anaIyS|s assunes there are
no | ossgs en. the 1 d
the seoantiryHEMetr d B Rt Bl SPuh Shimapblo oF 6. 5
15 adghdwsaeAdmARAN d&rdtlenﬁlﬂbh of &feSprhﬁhrfk: SpNEE Mirroh POEVENe reflected
in the enbodi nent disclosed abov ere are two
light 66, 66’ is steered into the optical plane of the wavemeter with the steering
mirror 102. For an angle of incidence of 70 degrees with a CaF, primary splitter
mirror 104, the angle of incidence at the steering mirror 102 is 25°. Assuming a top-
hat profile of intensity distribution across the beam path, i.e., more or less equal
20  across the entire beam path, for the beam 64, 30 mJ nominal pulse energy for a 9
mm X 3mm beam, the maximum fluence at the primary splitter mirror 104 is where
the incident beam 66 at the chamber side primary surface 104’ and the beam 66’
reflected from the shutter side secondary surface 104’ overlap (FIG. 5, being

schematic and for illustration purposes, not showing any beam overlap). This

25  maximum fluence can be estimated as follows:

Incident beam fluence = Cos(70)*30.0/(0.9%0.3)
=38 mJ/cm?
Reflected beam fluence = Cos(70)* (0.0389)*30.0/(0.9*0.3)
30 = 1.48 mJ/cm®
= Total fluence = 39.5 mJ/cm?.
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wi ndows 110 and 112, and a steering mrror 102 between
the primary beamsplitter mrror 104 and the

WG emonsaey beam splitter 140, which will reduceCt/iig2004/030339
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calculated 15 intensities by approximtely 10%

assum ng vertically polarized light with respect to
the horizontal axis of the beam and varying greatly
with polarization as is known in the art. The

70- degree angle of incidence dramatically increases
the size of the beam footprint on the splitter mrror
1(Rorsurdnge of 20He 49 mliptlsenthe dluened taege GoXpB ite éﬂédmb/ym at the
20 the re |rerrentl %hat primary splitter mrror 104 in
tk@lwsﬁ HARIHO5 1% cormopdat e t he doubl e 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 si zes, separation
and anghethgstegang ﬁ@@OTbSPZt the maxjumrflueage leveldegiaer byas

E hor | e 25
ver ccel}mpr)rrl? I facé}@ Snt?‘néy PA (?ngﬁjér%%{ (fO/é)r %fq?}e
5.0 rrmvertlcal proflle 11.0 mm= @emtrel/cm% center
separation 3. 72 mm Tilt between MO a

nridgensy fronereag fagp 6%6%% beakes@ot t(;(? 9%89)’639 Q/ﬂé9"8}1%1)nber
face 104’ of the primary splitteg 9?11ﬁﬁ<9ﬁ2 104 and the
shutter face 104" of the primary splitter mrror 104.
The 22 WO 2085/ 0336[Rfal FliEhtdS28QMmMIBH6339 hat ched ar eas

i ndi cat "keep-out" area.used f
i g ez BB B, T uofsS FpRE pLEFIERTTg arey (e delectic

SEedosRR dpBic Pis!soof 1aro #9m2Mar gin for the avail able
space for the two beanms. At the chanber face 104" of

t he priRengpinglte FlG@r 4, ther ovsralllopticat fryoMOWbENthE2S AN 46 optical

PR SR RS BB S U Al o 00

Wi feflegtedtimb @B d fﬁ@alf plafe of thd)vaverttef 1rlgéam Al tihe approx1mate
shutter face 104", facing an output shutter, e.g.

t HAuqueeswtghe Yarigus eptical elRments deading wp to theFepand; gage diffuser 160

B HE SR EonrpilL WK e A3ulfBGs Bl abpye. he range of
70futeges tstpé bepac hiev for X0 @ 20 hﬂ/;mhet Sietess pindtdseuming a 2.2 de-

mrror 104. Consequent]y, the oint_ of the |ljine
Sprgﬁgﬂlﬁgatméatlo along the long axis of the eam 114 using a cylindrical telescope

setup, as noted above:

M1 adjustable mirror 146: 4.1 to 8.3 mJ/cm®
Telescope front lens 204: 5.8 to 11.7 mJ/cm?
Telescope rear lens 220: 11.8 to 23.7 mJ/cm®
Diffractive diffuser 222: 10.9 to 21.8 mJ/cm’
Focusing lens 224: 7.6 to 15.3 mJ/cm?
Second stage diffuser 230: 7 to 14 mJ/cm?

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

telescope and/or utilized MgF,.
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two beans is 0.58 m fromthe center of the
shutter-face 104" of the optic 104. Under such tight

wepaseswenstraints, there is very little scopepdDUS2004/030339
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tolerating alignnment errors. A schematic view of the
general optical layout is shown in FIG 5. FIG 5 15
shows schematically the orientation of the primary
splitter mrror 104. The reflected light 66, 66" is

st eer edrjiify AdWe tcpPIG lthe?tlz AGo®h thd Sutﬁ’aﬁ’ §p&d1 qévng' frbin the PDA

the steering mrror For an angle rnci dence of
701 8Py the SAM46 far stlfﬁzmﬁrlavnis yf Spérice (20 mJ{purlsreoBO t0dpulse and 40

the . angle of .incidence at e ering mrror 2 1
25 RO Rk B R Kbl ES Rl aleb{ e ot o 5 v outpu
di for lehd ek R 1i9€ eREBoft MENBE AHReB Aidlincidefoe anBRE %r@feslhe%asely 65.9°,
equal 20 across the entire beam path, for the beam 6

3070 8° a2l Pus t Eseassmngy, é.o1 1@1d@greerm SO c’bnembgamfﬁtsberBO.
maxi mum.f | .uence, at. thggl Limary ter mrror 104 is

Spl |
where PHEDE HE irstine B GBmé‘fmIle&g t[?ﬁ Rppepetgr gertion of the SAM
pr 4mﬁb11€éﬁt§ HW&otied BAtHRE WASIMRAce of edahtickad tfhE Oﬁ?st stage

the shutter side secondary surface 104" overlap (F
5 dl!ﬁﬁsaqmge diffendl? afiendcdumulatidnuef atzut one rhmldlpnssbet,s, moa design

b | a Thi 5 ' fl
o0 3 BEARCRE BRI e R AT ARAGR e presen
= Spplicdtibn’ 3Gifte( Qnegf’u@t 3ba ge difdRctid arfusBeb2Gh afle BRND 46 faces

fluence = Cos(70)* (0.0389)*30.0/(0.9%0.3) = 1.48
mipQEepblearisk | eﬁf@eage frons higly Spenceslsvelp fagab siligaemsics were

PCJée OtQ)4 rgggo?lg %o{: %E: 2’1@1 %ngee g%fd Zlﬁ%e; & nﬁ& r{(t,g /IE\%:IISS greater than 1
pr mﬂhhﬁ tB@ Irisk tof rdaﬁ‘iagé od.g. l@ﬂe td chpidionsit ®efy SlgmﬁbéiﬂtOTleferent

102, the nmaxi mum fluence | evel is._given ty
f r Pesslgsalutions present themsglyes=to the likelihood o damage to the diffractive

Co&ﬁ‘i%éér*Z(ZQ %ﬁé}ﬂg tﬁg (ﬂf(f{agtlge*&ﬂ%ger from Cgﬁz fi‘igt/eg(frgf ﬁkéﬁe{iﬁ@a 1s one

fromrear face reflection =
Cosel{aids) * (@n(ﬂﬁﬁg):}i(ﬁée 0‘/0(1131 BE Oto3)e.g. = dacrddenthec magiificition of the
Togoanl'lb&zlxtyoennof the ?ront [cg‘]escope lens 204 and the telescope rear lens 220, to
increase the size of the beam 114 incident on the diffractive diffuser 222, thereby
reducing the fluence per ¢?>. In addition a combination of the two, or even the
selection of other possible fused silica materials along with de-magnification of the
beam may be utilized. Applicants believe that it is possible that other lifetime
limitations arising from damage to fused silica optical elements could be also
achieved with in this effort. For example, the front telescope lens 220 may be large
enough to have acceptable fluence even with fused silica material. Comparable
fluence levels incident on a ground glass diffuser, such as second stage diffuser 230,
may be ignored because compaction type damage to the element would not be
expected to dramatically alter or affect its diffusing properties. The second stage
diffuser 230 may be formed of a flat piece of glass with a grounded surface to
induce diffusion which can then, e.g., be etched by bathing the surface, e.g., in a
bath of ammonium bi-fluoride (“ABF”), which, among other things, enhances the

diffusion uniformity.
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For a range of 20 to 40 mJ/ pul se, the fluence range at
the steering mrror (a dielectric coated optic) is

WG 2®5083611. 0 mJ/ cn2. Returning to FIG 4, the poBUSI004/030339
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optical layout within the SAM 46 optical portion 72
I's shown. As noted above, the light fromthe primary
splitter mrror 104 is 15 reflected into the opti cal
pl ane of the waveneter in beam 114. The approxi mate

fl uenceg paficdnfiehavaich@idn iPBhé EAbo@hRIEHY SakEad! ficht WedcBpe lens
the second stage diffuser 160 can be estimated, :

coA®4.rth¢ rear igledgopeh teng 230 apd it Srstratdge difraetiveTdiéfusearidg@ and the
of . fl.uences,li gt el oyw.are for 20..tq 40 / pul s
oy e N5 24 4D iR R0 oy o tncin T, Bl fgpent coula
al gRg ihdiedd oihgr axdigiont, &5 the Fdhil idesdspetnd and the focusing lens
cylindrical telescope 20 setup, as noted above: ML

admade gb1AsFngradeopr bettpr (from g gompactiay #apdpois) Esedpdica. These

fr . : . Tel r .

| i GAE giEfioq e Sgb i e, ISl AR Elpaction from,
222.g.,19.t8 200biRibn 8howd /at kPer?Mmafgiedl Stuagces €h so 324J/crh?)bintident on a
15.3 ml/c Secopd stage. diffuser 230: 7 to 14 ml/cn?
rtiged aﬁleggﬁwén%%’ FIng HEChPet Doy oL RehaPRIiRLqn, dsfigptic enough to
feWaﬁﬁﬁt'a%Pﬁn%ét%hfchﬁn RGMidBhYteAR 1 tter mrror 104, the

fluence levefs at the tel escope rear |lens 220 and the
di f f r acRedesighirfgf theerlupfigatoansdheme otosiedecethet Qubree levels at the

consj.der abl.y. hi wth.a possihility 30 gf damage,. In )
or Rt Bt 28 4 BidePpisteneht 22, he T mag fcatbn ratio
| NePIMRAEIBIBPe groquéésre@hsiaalabletp@teaﬁgmeﬁn dhREcovtr, lappiR@nts have
MgF2. 24 WD 2005/ 033625 PCT/ US2004/ 030339 Tur ni g now

t oclmsen agtelgspencewith eyhivdrical Hensset gt thergfaeel theeiestation of the

fr h L0, th M 46 for di ffering.level

of PGEF %eﬁ’gggéﬁ%ﬁé lrgﬂl}lt soen,?y %é rlr%[}gpu g eoqla{}]lg ebﬁﬂg r%ﬁ%pwu?@g)get de-
anthaphified. iAM £fSek! theflushédat the difffavtied @ififukero22ptwbuld be lower
ine. For a 1.5 out put . for .each respective |evel of

I . \Y .ec

f | thendkat neihed) telaseonerremeistingobyifilas sphceca! depses thegassy the fluence
65 Thj S ' . Pr (0P
ooPaeosd: R o Mg S e doop i s tong
t estis nginafling vitH the lonpdixliseofahe béuen Wt enet er porti on of

the SAM, 46, appl.icants di scovered that there wa
evi dencé“%&‘%ﬁﬁ%&’é" £Ebpfiment FQPlds‘t’“é‘b‘E TerpeVIRg dhg F‘:'@?COP@ system

ng?@j%Pnﬁtéégtgg Sﬁ BEwHIB Brh MRk AP EndRA S otk lihGdent on the
diffractive diffuser 222 could be that the beam 114 angles incident on the ground
glass diffuser 230 get steeper. The ground glass diffuser 230 that scrambles the
angular information in the beam is not perfect. As the angle gets steeper, its ability
to uniformly scramble the angular information in the beam 114 degrades. As a
result, the whole source beam 114 may not be uniformly sampled by the etalon,
thereby leading to inaccuracies in the metrology.
The implementation of the embodiment utilizing spherical lenses,
alternatively, can be further optimized by expanding the beam along the short axis,
e.g., by using a prism. For example, allowing for a 3x beam expansion could result

in, e.g., a 9mm x 9mm beam incident on the telescope system 204, 220. After

passing through, e.g., a 1.8x de-magnification telescope the beam could be reduced,
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likely to see a nmuch |ower fluence than in the
enbodi nents described in the present 10 application.

weRovsestske first stage diffractive diffuser 220CT/0S100€030339

10

SAM 46 faces considerable risk of damage from high
fluence levels fused silica optics were deened to
probably not be able to be used since at fluence
Ievels greater than 1 mJ/cnR the risk of damage,
dj&' %n‘[ﬁ? XCHIRAEdbD Ritts oY reﬁugéﬂ f]h&ﬁ:@tleve% i BE Qf¥fractive
pos utions présent thenselves to
I |d4ﬁﬂl$dnolid ofHoszmery esutly at beandiek panamini vcelld&'resﬂliltf fnusrsatisfactorily
222, Nhkiﬁg t he dlffract|%F di f use{ from CaF2 |nsteadfll h
of NFGRRE e separatian Bhicen fhsitwa Fragnst imagc for veugigg oger fill the
bedifffactife Biffuséleneane shbre akBWRkid veakd na, @g fah§30 degree angle to
conbi nation of the front tel escope lens 2 4 and the
t ehebenpatal eepuld repdt, Jolipwipg a hem@reéa@@mhm thp Hghtoh therheam 114
q?e%egi&lf‘ecrtégﬁélgggg ?%V&P ?n&% ];r:e]:eqru% 1t§i<%nai ﬂ%lg‘oriszsit%lplg to get the
Cmrmﬁm parkab thch Gcdedsary Beighy sivve hBe Bésessihte AR qBr eitry into the
other possible fused silica materials along wth
dthﬁ"}ﬁ@M? i CHif i ROWE Ve ePoss@lanthengh perhaps mpmmplex option.

Appl i Céﬁ‘tlsS Q%kﬁlﬁ?‘[f attmhvé thdvc?‘e 10§§'c%|t1ﬁn£éjfﬂe [14 size at the

lifetine |n1tat ons ari’si ng fon1 anage to
Si dlffmtlwtdlffwder 2@ rergt,sby cuxbahdn@ dhhes beamcédmgvdd: s\hdrh axis and
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kg e tea ek O o s Bt RO Breaeh © GGG pairs for

15

20

25

30

eVeBh W fh'% hfoH§@rgalsdnh'v@ﬁchP&&E ' %ssun@ﬁgﬁﬁgﬁmeﬁlc%ﬁsétﬁﬂ%ﬁﬁ @1.87x

| evel s incident on a ground glass drffuser, such
sedﬁomdgmﬁe@@ncaﬂcfrfgube fon233js andaayl B%x rrggmrf'ledtld:neadamgéle short axis,

thon g th d not .b
e PR R e U R B 4 Smin B, SR Praty it B ke . ideal
pr IR | BSwevbheexpaisditalsh@are sheitfakiss@ulPa6o Ryealethe separation

forned of a flat piece of glass with a grounded
s retwecn the twp aesael rgfledtion) i5192oho & 90C ahen heqideng op the gperture of

Z:ﬁﬁgﬁﬁﬂf{iﬁ\é%?@?m& ggf ( S%B&%?g’beea\%i]dedl mé g’)g { Eo%i(nmgo(fane of the
t Hireg] iraagdea 66£66°t Ndoweltek f with dlre wmm‘r@bmﬁtyr sePhraiiéh between the

2005 3 5 PCT/ US2004/ 030339 Appl i cants _have chosen
&anr %wfy ﬁg éﬁg ke QW of thegimarg splitss 56, §.Enabout 5.3mm,

:Zin}pléIH&tﬁlga%;I SRHERCRDBILE Ve ZA0n@ M eshbrciolitins Y298 may be

ractiv fuser 222 a t he ocusi ng ens
al diffofultCateigh bt aindoattle  deor nxgmiptey ,a tésigrg l'mplhmentatlon could be

odi ment | al so i ncl ude ot her varlatlon e..g..
CHRE, Oy Wi et duer & T el Povnerh sehpRatte Siifigeal lens
of inNetwd@nad® GlinBeéd ¥nstd 60Nt FGPRRGUIA ohaN 8B MThis could
fused silica. "These choices are dictated, at least in

paesult inexpansianadend ene asis andat deemagrfigaiioniabmefthopther.

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

particularly beneficial in retaining fused silica optical components. However, if
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e.g., up to 20 billion shots at even margi nal fluences
(1 to 3 ml/cnR) incident on a fused silica |ens,
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drastic enough to warrant a change to cal cium

fluoride material. 10 Redesigning the illum nation

schene to reduce the fluence levels at the

diffractive diffuser 222, e.qg., primarily by changi ng,
chstraH%ﬁ 16 B BRI £ 3k Offe E%Jeomeﬂfong@ Spli&l %ﬁé&ggments could

produces consi derabl e potential benefit. Moreo

apphecasrg have chosen a tel escope wth cyllndrlca

| enses, and therefore %he or i enfatlon of the nses ..

woul t BEMERTEHC (tHEPOFPYiEhant §Rldaarrdine, bosphefipis of the

}’\ﬁkﬂsé‘ntgﬁberﬂﬁ)nll%er@ﬂﬁﬁﬁétﬁ@ diffs@ 722SHlalle e chlcN$RoAle; use

e diffractive diffuser 222 wuld be | ower than that

wisphierigak égnsesc il thendg- @ﬁgméc@fonstam elranggrh g 23| use cylindrical
! ?&%gssw E%%%Hf’ 1ﬁ£ﬁ Illré{f" nf 6 re qge g&#& ér%P E%:gtwo cxlﬁldrlcal

0SS angu ar s

I lléhsésOﬁlgi ofiX sphegiealniehsli Wi@l WBV Metrh%dlﬁdagoﬂwlcﬁlgoﬂhetlb@g axis and
beam 114. Anot her possi bl e enbodi nent coul d. ent aj
r dridvmagnifiseionep! 3% e s edin  Yerigusacomtipations ejenpigfials and
n d
£ GAbB4RREK, DAL Tory dnd SIOThRCARY I8 fed B B€ThoR of the
1b4nang¢sﬁuMMt|dent on the ground glass di ffuser 230

et anbl SERABOW IS 07 AR it L 35 s AT g  cros

p@ééti%ﬁtof tﬁ@mﬁr‘i‘@r Iﬁ&ﬂ{tf%g eél&?ﬁh%ﬁﬁl%ﬁ 101‘) le 0991'1 FIGY 10 3 Eexcept that
uni fo my scranble th e angul ar information in the beam

11hr|e @mypémmt insFlg. 280ar baulthe mitrer \26d| nmyad); ghéreais shown a

b f b |
¢ RepER P RO h R R DRk S g b ggunting 260 and
| MIhenEE. aldieer M2 14 ariTBRAr®N{ectibhd] ividwd ThBIRHIEAI56 has an

| enses alternatlvely, can be further optimzed by
explan@blsgmirer Beumting Sagiet 200, sHieh R somprise, g upbgr foot 270

f
g%k%%%ﬂﬁ ﬂﬁfgo dEér?&els% fé?ﬁ]%%)l?y V@tltlcglvqnnxgor r81 m?tu'?%%%%%m 261, along
[ mﬁﬂeﬂﬁwﬁnfobhen etbﬁﬁmgwebaysfbem&%wazaﬂmdﬁ‘ 2&r. As shown in

passin r e- magni fication
1;

t Sers Btélhfl%é%bé%nt%mrﬂc% @owat?éécﬁndzﬁ UpPEEI9057 sars afached
Pgﬁ#ﬁ%%ﬁ@&ﬁ %g§]g)yerngans dra tﬁnﬁf@ﬁt%eﬁfﬁﬂg&f ¢ fexibt 800, so that the

furt reduc Fuence levels at t ractive
diuppersfeot 222 and-lwmvdrmlrwahomtingmm%ls canbawuwih respect to

pdteesr faat 27 GdoRs EEent ofiug aUToERel Mowiglpf fedpint 360 n e
fivkhichPSlandlof tHedigbid¥® Kbahd DEEhAED; 1.dNBivONAE ibsuti the Bbrizontal

the beam 114, e.g., at Sdee ree an Fe to
axis of the flexure 300. In addltlon 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.

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. 10c, which is in turn held in place by

a plurality of spring clip mounting screws 312. The indexing may be performed by
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5 the horizontal, could result, follow ng a beam
expansion, in the light in the beam 114 bei ng

walooensisels al ong a skewed angl e requiring addi t PONEE2004/030339
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mrrors sinmply to get the beam 114 back to the
necessary hei ght above the base plate 122 for entry
into the etalon 162. This is, however, a possible,

t hough perhaps nore conplex option. It is particularly

t | )
?h%tfléiiﬁ&', ﬁf%,fa?gw&y of ts?t]}é?f?:ta! {Hoﬁﬁ‘g bhks BeRAMNt 16t v%ﬂu%ﬁ i€bhown in

ctive ditfuser 27 'e.g., by expandi ng
t HdGod 8 whishgnayhtee slhesdt lnatmcshlrmdcbpenmgum thg viertecabpertion of the

si ze al ong s. | is wth.the use of Ilndrlca

" afgufufR 2oy R O Pl st ARSI Srelem R, b or i other opti
axRsing MSEMEH,NDg amBYSMBIA ih GG, $61 b thi chﬁboﬁte]sl@g ESf the mirror from
de- rragnlflcatlon al ong the long axis and a 1.87

methaispiiegicliprengagsment Rall.sher 340ashogn i REG. b@m@ ithas the holding

Cgt‘dlﬁ%s ?)g 'thé o ?tlc ar%}_@ame &d gnc? Hmn%? A1t 1{111r§du81?)% sgre%s kF fifd optic.

Ver, expansion a
amwhmhsjmay S@g.| Dause aﬁ»eeﬁlgamaﬁ ah@bpiid) Tbe tit®edinidAe shown in
two Fresnel reflectiqn i mages 66, 66'_ when inci dent

t HdGafamsen 2 Plyfality ﬁE%agefrfspaeg el 3301 f Theomops260gn be mounted
Cadh P%o@épblqe(ﬂot 1Q_{(())an) e?ﬁén@l!ng(mt'orhgd% tp?l? {3%&% Bo£5 e bottom

I mges wever he cen nt er
Seibat 212, and Ipatotekto dligs the worrér 2nial the haxjmltzﬁ@larﬁfbf the incident

BT 35 S S i Setie Sl £ et IR Hrregaiues (not

Fraonal, whith &€ hlo8med @R th&BlatdT®y2 R indixeliits Whd reqh@VPbkition of
not undoabl e. For exanpl e, a design inplenentation

c oht dptieal paneeof depptiont-gh nimoe 64 .eridas is, evhgn the dowel pin (not

\Eg’ ngnl %mF ' g&’? \émhtgggna}%gs pj@ﬁt 8 m1rror NRdexed in the

p&h@ﬂﬂﬂigc%(ﬁﬁs 3% p@e’t@d&lyotﬁéeplana' hi Shouddilbd, elg§Swhén bRo aligned if
expansi on al ong one axis and a de- na%glflcatlon al ong

tﬁ@l@mﬂefhmz@nalﬁémuétsbkc@ that akisd The rdovechann anf ity Freeiving

E@%ﬁin g f e g?%%gﬁéﬁ%%ﬂ{f Jg\éﬁgﬁlhg%e %ﬁlcglégglge 5F¢he optic, e.g.,

h amiyge 1264 saridalsd for hordantal pp/roﬁug,ngreqh&ed ow quant um
efficiency of the PDA 182 used for %@I nge detectio
Irrprow gTRRE adisiicot lorking; sey 280 gXicatige trpagh a rotate

sttrﬁexlﬁslgclﬁﬁé Arkw #nﬁ%gll@4 &lth@gﬁ&? fhét 2t7beanwrh0§1§nlar opemng
train of optics Int so in the LA
3RPRantthe Ldvearlfyotb’Hﬁeamcbmai an arcedslat (rion ghcfvméenl the platcai 22 of the

rorh g0t i LT cofenafiinbatihe tpeeomal

fgﬁnféﬁmomﬁ@dn&m 268l AMRERYANEIM) Sad‘g’d%%éh Reew 272 extending
necessary To summari ze the possibilities one coul d,

actbonrugh aghreadechensaingsdd0sn die upp@r foot 270 and having a ball t1p 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
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. 10c. The circular spring clip
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present invention use a diffractive diffuser 222 nade
fromcalciumfluoride; use 5 spherical Ienses with
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cylindrical lenses with de-magnification ratio 2.0,
remove the tel escope; or use two cylindrical |I|enses
and one spherical lens with 1.87 de-magnification
along the long axis and 1.87 magnification along the

shAbtca@hhe 2 YA '&Hﬁ)rﬁ%gﬁgin%?%lgﬂal ?Bﬁfrﬂoﬁhﬁ"n ew extensions

enbodi nents between CaF2 an al so be avail ed
by322hie witioh e fimedanounfng acrewchiles 326! The @rrculﬁ’mpnngg:hp 310

to FIG's 9 d h,. 0 d.b, th FIG
piags aatiabty QB Ain 3] ptsched RO sk Ssepe <1p ghgrections
t 832l dndesktddding thkrQUphi @ﬂ'ﬁg@lplﬁnﬁ {3x@ePtertnitll exichSion at which

enbodinent in FIG 10a has the mrror 264 renoved),
t Hea¥ebe Blagerbaipring g enpesemens protawiast 34t the shapegfchemisphere

”18 fQé’}ﬁét Eng%Qexﬁ‘éﬂt Lb%t %g.', %ggﬂpyﬁ%r ?1%@8{{%1?90&6&{11%%%5 the optical

Cr 0SS sect|
Vléhumﬁfhe n1rror 156 has an adjustable mrror
nmounting frame 260, which nma nprise an upper fooqt .
270 ex nﬁinh@dlmé{“eﬁ%‘?"i”}/ nerd?fn allgénérsawryla%B@a}ne aplitter mirror

5“7%&91? 359 Usﬂﬁl'cﬂgs ANk t%rth?%]m Fi&ORg Wlb %ﬁxoh?%%%p{;%g&d lower

orm ng a base e VertIC portlon
Sffc@tmndrﬂe)d\lbﬂ' g.edet Bxdd aml &drGad;i§bble trhierov emdunt,ad.g., for secondary

rtlon .26 its.u of .270 are attached 20 to
B Spohiy PG Lok i mRRH g y mounting frame
nalrsaqw ﬁlbafmgeth@Qmeﬁﬁusmalstléaheleméﬁﬁ%ho&ﬁog g YrPFI@d FIG. 12a
vertical mrror nounting portion 261 can bend

r sbpws thet eombihatidnogpsic momtmgﬁamqé 860 abmgnsmgta tel‘esctdpe rear lens

m 64 .moynt ed. on_t

oI 20T R i, £ B o Bginih i mgunting
alBwgtbyt zhpalh @f mbﬂﬁﬁx@é scrévid 564)f FIGlel}fb| B Wk @he3DAtk dnd of the mount
addition, the front face 263 of the vertical portion

2690; witlp therspberigad doousing dens %Méﬂ%m plage 2EBrasEHsiadhppount 360
I
Sgo&ué B%{ahtg gk‘ ?iﬁg rdsgﬁniné Q:'il g{? %ta@ﬁecﬁ}opglg (gg&%?t’()y a plurality of

mahodmingisogwa 3FanRIGn12b SlmWsl’lge fnooume walthr the goofus lléns 224 removed
adj u t.. The mrror .o 264 i s nnun

" b SBa e i Sragh I SPEUCTO MG 4% L af P 266 6 VTR tzcrcess by a
ar}gtahﬁng @H'ﬁ)éﬁgcﬂeﬁ tb'Be Viﬁ’&ﬁl'tlﬁg kol ﬂ;)aﬁgaa@xngf Fétﬁﬁﬂ%dclip mounting

pl ace a circular spring cli shown ©'n
gn@&ﬂ@ﬁSQetall in FIG | G, whichis inturn held in

| ace Iurallt of sprin nting.screws
g 12. T éﬁ Iaﬂg b WhHa SIE e?s,s%pﬁ&d gﬁym)flé ting the "Second stage
20080423 316&2 51 60Cak/ HoRA0A4/FAB0 33T Het dlit lagdeRbly ﬁmﬂnmn%"lframe 390 may

plurallty ‘of spheri cal tooling balls 314, one
| SOBPHIRR aj $hit assembly 392 adjustably positioned on the mounting 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
vertically in a side portion 403 of the slit assembly, along with a side adjustment
screw 406. The front side of the slit assembly 390 faces the etalon as shown in FIG.
4. The slit assembly 390 also includes in the front vertical portion the slit 394
attached to the slit assembly 392 by a pair of mounting screws 396. FIG. 13a shows

the slit assembly 392 in the down position acting as an aperture for the second stage
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FI G 10b, which may be placed in machi ned openings in
the vertical portion of the nount, e.g., 261 in FIG

wo Binsmssd2ar e al i gned to engage the mirror or OPIBUS2004/030339
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optic being nounted, e.g., mrror 264 in FIG |0b on
t he opposite side of the mrror from5 the spring clip
engagenent ball, e.g. 340 shown in FIG 10c, so that
the holding forces on the optic are balanced and do

NOdiffi8S WD, bétwkaitel diffuset 286 Snd MOethlBR 10! FIG. 1355Jgﬁbws the slit
stress may, e.g., cause bi-refrigence in the opti

Th@ssmltlw%elntth«s resteated rpositios. fon aligreeent Hepragnghe tigfﬂxsér 230 and

{1 BESUGPI e 9rt 182 SRR0 Ve RN B8 0an e IRUNLES through

0 p@ Dértigal PoditioRing hﬁn@@tﬂ ®6h 1k mMoeiting/30 @iddheisyhe dtage diffuser
| n the mrror 264 in the horizontal plane of the

lgid in B@ﬁ?nblf AatluaH) fingeripriag wips, pyith Bisedlit agsesbly 392 in
anﬂe Hgﬁngg I h } .'1t3d js_g(g\% %@%h& Qérn gmthevx\@t'r&lged epg)smon

nount e e plate are I n exe e requl
posi ti dhheoklit toheninptiddamapl slse bef adjhsied) pidec 10 &1@ by horizontal

n1r or 264. That en the ] pin (n shown
adjusmpRte CTER; 6%&1%@? %@tnﬂ%\ﬁ i te éa ¢th dheyi wf@ably 392
' n&:%&%ﬁlddﬂtlﬁ@ﬁdé-% E'fﬁé' Aldtfod c%@@revaMZn ’Pﬁ@& éﬁﬁln\éntt B€ews 406 and

pl ane it shoul d e.g., when also align
po41r2t havg adiere ting prmqh |efg -t ol 3 lepablmgteay fin pesitiditieg of the slit

dit f
sehSumgy DR gpi Gk aiEn g n ERSRePeur 108 Hes T HoRg. may have
OphéxCnut ®r the, likeTbps't6 Factidte rafAdoRWSD, .8, af adjugidithBwrench.
pivoting, if required. Arotate adjustnent | ocki ng

scr ew 290opesatianndli vig! bhrtmdgqstoadrtb@tath@ sei@tqsldpmwmwdth of the

ﬁqxjﬂjpgl? bgégxg Ewrl]t?e? %31&%9 182 ?%shﬁ tHc? RE neg gegl’tecg Ions ove?l oﬁ‘pmg has

anb@h(addreséedtm (aﬂ Cﬁn‘tﬁ)ﬁﬁﬂvﬁﬁ off thet }l&esdﬁi aiventlal? The aﬁgee oSﬁMdence
and held in place by a cap screw (not shown) fixes

f ﬁf@r Rety e Q22 %Htplgnlﬁ%-_eﬁtbe@p 2randntBe Rt‘\ 5¢ utpat V’é?rt beagy 64 has
(tﬁéeh)cfe%g{eﬁst%r@enﬁtzgggt% Zlﬁzorgért ﬁng %te]%%%gan dtl'% a}\)/mmary beam

a dpdikter inifporer(gafgorn dadgd ﬂﬁiodg(hvﬁbeédmgt the démagéthd&hold of fluence
utilized to set the tilt_of the vertical portion 261
antPrt he-s Maha end jad awing suffi@ntiyeom; fop gaghybegmy p2.t64 to pass through

adﬂhg ShitRp o4 gﬁ@oﬂg IRCLRY of Gifehke g)g é Jﬁa 5@ Ia.nd %4tﬁ8 e}sectmg

adj ust ment I ng screw openi ng per f
270haugt the fmsml réfieetioiedof logih rthen pasRad anch retﬂmetekicmemons of the PA

foot. The enbodi nent of F a sho a simlar

kP B A G IKag Aoy LA RO BN APy o acement
M §11RE pAB DT RRETA bEIR68d AR A WG RnbiShBIYRL 85064 is reflected
C|rcular spring clip 310, shown in nore detail in FIG
10mto thhevayemeisk aertop af mlge 8AMy4@® enable the PDM 144 and PDA 182 to

function (provide an accurate output signal with, e.g., adequate signal to noise ratio
to be useful within the above referenced specifications on a pulse to pulse basis).
Further, the 70° AOI of an embodiment of the present invention enables the
secondary beam splitter to avoid exceeding its threshold of damage due, e.g., to high
UV fluence level through the optic, even with exposure to the overlapped fresnel
reflections in beam 114. There may also be a maximum angle of incidence

depending on, e.g., the overall size of the mirror and the respective beam 62, 64
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portion 320 including a plurality of nounting screw
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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 extending through
spring clip arns 334 to a term nal extension at which

5 f('iﬁil){ruh? aPinRfIeAcPorS e ingrof 1 0 a RN SR IR rafdel! DL materials
340 in the shape of hemi sphere to facilitate

engriglomeine mafror K)4g e,g..af neteriat aitheltighes ihrestiol drofor ddmagfgm light

to. ti eI e The embodi hown ,i.n

) it Rk o, PRy AP g SR b ' wavemeter

V‘?bﬁﬁn' of thé SIAMM&' DA SEtH Mofel $axcls plr ﬁl’éd:uﬂrQntV‘pltdh%H/or more
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Rgigly th%]?panma%'g lbe%%%h&érom{rrsoqqm to rgor’rzlle G}gégsl? 2tfallan 76°S but the

mdm& ﬂlﬁa@%ﬁ’@hﬂ’h’pﬂltt@ﬂwﬂpitﬂpﬁé signi 66l ont\h@n f& pdior lasers
in FIG 7. FIG 12a shows the CO%AbI natl?o%@optl c e

it tieikert haygehg eyeral rﬁwptﬁmgvea reqliresieaiseofr lasars pegesding to an

2%%b€8#g£ni Br Rl %séi’ﬁ’ ifvchfibifh &glétp&g@?mtla%g Yfimber 22
he co hat 1o optlc noun |ng 8 i

nehatinigrhe swailabke sdffdce dilthe pﬂﬁbry&ﬁ@ﬂﬁphhﬁ rbﬁmk l1eqd of

t he noynt 60 't he . sp erlcal S | ens, 224 .
hel d | &h&eé?i 162 8ty ﬂn& Wgh%%%{c 13@ hb{f the focusing lens
PhYj Jlerd se1Qbed t@r&ﬁeeﬁa rth@ﬂhd%dlease of BEPBAL ﬁ;@nﬁge

érf‘(ﬁt ly onl
the nount by a plurality of nounting screws 372 n?%yony
1% whowsst hegnoluthe intetfbrenérepdtieousrehted by Zlﬁaﬂ,etalenpwhnth also can

t sho the S staedlffractlon i ffu 222

e St Whrocher ohtindl PREihas R soBrlibgy AR beling g Mt Rmction
akd &ﬁﬁtedlet PDIAN @ar eNkds B d 36&r e afa]p%u bf Qﬁe B3 anBAdbment and
clip mounting screws 382. FIG's a and b show a
sMiavclsaglbieniyg obihy lesct & havsun csioreted e stesggee rings wit
géxtshé yde}%‘tdﬁ?e th% x¢ S@l%)glgig%@ of Ele resgectwe f:rrlrﬁgesslln:c{rder to enable a
apentdipulatoh. ady hEStbabcﬂ\yldﬂDSdaIchﬂﬁﬁi 2R bdta SEiphificdOto facilitate
frame 390 by 25 way of .a pair of slots 400 and a
r@éﬁ?@%ﬁ“}&ﬂé‘ t%%}’vla"%\‘letﬁrcﬁﬂt%‘?ﬂ?@?ﬂss%cr ews 404 on a front

vertic R s,%?{)

as a siqg’e s%ﬁ%%ﬂ ? Eetﬁlt s ﬁél§\§£esrt| ca HAJO%%Dfa% &% bt laser
ptbearhcﬁ# 498 tid PANED, slei tappmem‘aély 9584, dhg exict maursti afevhich may

stmsn w 406. The front side of the st e
P g1 9B0% AL 45 RSVEHGRTSTRETH @d Huencg pgnts in

S |tlﬁet S&ﬁ@ﬁﬂ@k&ﬂe@%%@kéﬂmh&@' HARB s b&%oﬁ rl@!?tof‘{ﬁé Béa‘&%4 to the
portion the slit 394 30 attached to the slit assenb

l'y
3SANpywayemater. diherhsamt sphitfers t(4binsthg FavelBke@r inl 8w Ao reflects
the vast majority, e.g., approximately 95% of the first small portion 114 of the beam

64 to the PDM 144. This also may vary somewhat due to such things as the amount
of light needed by the PDM 144 and fluence limitations in the SAM, but the
remainder, approximately 5% of the first small portion 114 of the beam 64 forms a
second small portion of the beam which passes through the remaining optics in the

wavemeter of the SAM 46.
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the slit assenbly 392 in the down position acting as

an aperture for the second stage 30 WO 2005/ 033625
wERODsAEB004/ 030339 di ffuser 230, between the dpdET/uS®N4/030339

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
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of sholkl Heonkidersd imliglarndlynehe hppeatsd clains\wadllega) equichléms.

provi de an m ni mum of di splacenent of the path of the

PA beam 64. At the sane tine, enough of the beam64 is
o reflected into the waveneter portion of the SAM 46 to

enabl e the PDM 144 and PDA 182 to 25 function (provide

an accurate output signal wth, e.g., adequate signa

to noise ratio to be useful within the above

ref erenced specifications on a pulse to pul se basis).

Further, the 70 AO of an enbodi nent of the present

i nvention enables the secondary beamsplitter to

avoi d exceeding its threshold of damage due, e.g., to

hi gh
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W fluence | evel through the optic, even with exposure

to the overl apped fresnel 30 reflections in beam 114.
wdbmsesysey al so be a maxi mum angl e of i nci dencBCT/US2004/030339

depending on, e.g., the overall size of the mrror and

t he respective beam 62, 64 31 WD 2005/ 033625

PCT/ US2004/ 030339 footprints at incidence on the

mrror 104 and desired tolerances. Differing materials

used for the mrror 104, e.g., if material wth higher

thresholds for danmage in light wth DUV wavel engt hs

and bel ow becones avail abl eCLARMSor used in the

qu@&g& portion of the SAM 46, PDA's with nore

pi _s_ﬁéﬂwthe current pitch and/or nore 5

SenNA fpjevRilamansis hifodiR, Bllify 4 REvEndercf th Itepétition rate gas
a

pi xels, may also result in reducing _ the A t he
prdisehatgedasgnhaypng 2 laser awnut beam oampysiag rpwlsed onpyioftaneater
7 ' it i1

£ Wbl 85h 80 €, 6L ABENCAE OISR i Mo pucs

t Netvirnged fehptorhasrebantiwidoly preaisloncintl pers qi@Bptometers bandwidth
requi renents of |asers according tqQ an nbodi nent of .
t HRECHRESERES: AR BRASLERS hardwadthonanisedo pyfse Rasingh puisedppetition

chanpets jHé%%d%B@@&@8w$ﬂﬁn vai | abl e surface of the

primary beamsplitter rror 104. The etalon 162 slit
f unct i anprahanydemmntsplitt¢ran tloecpdth bethg idseobutpitdaseoofithic ggs
leps, 224 were selected o deliver to the photodi ode

5o TEHE OISR UES PES BT PTion P e R oo refecta
ri ﬁl@@sr@«fl{l\%&ﬁoﬁ Bt @ beipaNs@nD ahd ﬁhﬂax‘}fb%ah%ﬁli@éf oridfited at an angle

etal on, which also can be created by other optica
i rioepfisianithyreduse the, fipencgypmthic pyisnarybeasn-hplittengpnd cedating

f [ h h b d h
- i fEsitfyetistonh Al e U BRE, ARt g Bparm

t he | asedechdaipendépliteimadO©R6maf mhtefalthaRing dihfage etedhold
rin%s with_ which to determ ne the E%xel positions of

t Hathciepbichigh bo tpleratg B flusnes eated by Biatyrdanpingaurtion of the
CH Ao PR B S L 1S BERD st
m aoplicesefiectingGhd st miajoniy yf the first Spilall tpogtionldi4he output laser

passes the vast majority of the output |aser beam 64
F rsam g RBsSIBR)3 sqeopd Smagl ppreien S (619 TS A5 Pemex act
anount o146 tl SPHE in YIRS pats HMBWERLNB3R:80 pHARA oW n utput beam

t hi ngs as power requirerents and fluence Iimts
t hepesmive tademagniifydbe sccombsmal hpartide pf the oiipus beagmanhtb a first stage

14 114, of the b 64 to t M ter. Th
D EBr{Eine e gORRBTAEY tesonshbf porfop RLEREANIAG sser beam, he
I edenfhFicdRor fiffectedSth ke®) @E iffu¥ncedn Sho ovRPIBHSINE FRSRI YefB&8ns in

of the first small portion 114 of the beam 64 to the

PDke serend TIRRE partion ofthe auanuy lasenbsamalbel e éhe drneage threshold of the
1Y 308 A% bl amount

2. The apparatus of claim 1 further comprising:

the telescoping optic comprising a cylindrical telescoping optic oriented to
demagnify a long axis of the second small portion of the output laser beam more
than a short axis of the second small portion of the output laser beam, redistributing

the fluence of the second small portion of the laser output beam across the first stage
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of |light needed by the PDM 144 and fluence limtations
in the SAM but the remainder, approxi mately 5% of
WO besos¥ss smal |l portion 114 of the beam 64 f oP@EUS2004/030339
second snmall portion of the beam which passes through
the remaining optics in the 30 waveneter of the SAM
46. 32 WD 2005/ 033625 PCT/ US2004/ 030339 The
above-descri bed enbodi nents of the present invention

arcﬁfﬁ%@@ﬁ@% 29 p¥rtidndt tl‘i‘é(ﬁfsf"ﬂgéé @frusiGrdnh EMR E(&ﬁl% Wi Hamage

ur poses are not the only enbodi nents in
t Hérqgh@éém the magstial Gmmnwlyich g firet stageokBusskid hade.i n t he
art will understand that many nodifications and.
changes may be made to the descri bed enbodi nents
Wi 3 Miétapparahia BGt1AEN 1 Herthed icempriging: spirit of the
present 1nvention. For exanple, the@aﬁesent

embodi nibavas Gl Iof thed Tt smllemra@n P d3speptawf beamdyping
Ofreﬂgag@ﬁwgﬁéw%e ‘Pé‘chgﬁmod% fer photosensitive

el ements cou use g., photosensitive
integrated circuits, CMOS or CCD devices could
be used and when th tern1effect|vely illum nating
eath wa%awéagclmﬁng T SamBEEngr ray is used it

cont enphal,gg n‘iag ot%Q)f el RSt dn¥il bdrhb'r%mte h43Br %&t&% being

such forns of o-sensitive elenents. In addition
c urcflecttd intc apoeepdedctioninedute.i | | um nate the present
enbodi nment phot odi odes over their entire vertica
extent, i.e., 0.5 nmm but nore efficient photodi odes

ors, ’Irm&)ﬁ:yrﬁﬁﬁﬂfélahﬂl f&rtlﬁbr coﬁﬁiﬁsﬁ?gna' to noise ratio
of their outputs could enable effective illumnation

( meani ngfognsing lensimteipath Q/ﬂih@mpmdns:tn@lésorann at tegassbpytput
R R ?g f;fqle%g tornld s all%%trtPol“rll otscheq aﬁ%r t{eélgalrg gcbae s?clggil stage

phot'osensi

Wi (ﬂlfﬁl@dﬂ&fﬁaﬁngfﬁ a@dm&afmbndaimﬁlhporﬁﬂﬁ bf thedgsePbuthtitbeam;
intensity of the Ilgﬁ% at the particular
phot o- slBpsseond stage diiisen in thepath ebihe foqusechzecppésmpll portion of

o%@ 'Hs*aro&.h%ﬁtrb% ;@%g nﬁ*&& le‘&ltgﬁflg&gfringea{fagrg:\ag%@e%?%
33fo\tﬁeﬂ@&5:’nﬂ&ﬁﬁﬂ5>oﬁ(6ﬂ dﬂﬁ@&ééra)&&}ﬁfeﬁeml MS |/ WE CLAI M
1. A spectral ana ?SIS nodul e, g$§ud|n

ter,
for a HPPtcalale tprp gheypeith ofthe ogmrp é@%@ﬁ&nﬁ%}lﬁ?fb
a eBSRT srRdlt PittioR 6 PiMe GOCHRE sHa PoRi D IR 2O H Rtut BEam.

gr eat er
6. The apparatus of claim 2 further comprising:

a focusing lens in the path of the second small portion of the laser output
beam focusing the second small portion of the laser beam onto a second stage
diffuser creating a focused second small portion of the laser output beam;

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

an optical interferometer in the path of the narrow cone of the focused

second small portion of the second small portion of the laser output beam.
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than or equal to 15 mJ per pul se, sub-nanoneter

bandwi dt h tuni ng range pul ses having a fenptoneter
whanndwsxbdh preci sion and tens of fenptoneters banusiodi/ o339

accuracy range, for neasuring bandwi dth on a pulse to

pul se basis at pulse repetition rates of 4000Hz and

above, conprising: a primary beamsplitter in the path

of the laser output |aser of the gas discharge |aser

Opﬁrﬁk'a)Sg Qs BRSHinh AGu oo i%g:t_y of the output beam

and to retfect a first sm portion of the output

beam thfocpsingriny irbapatpifithd sscomt seall paitian ofithe davgt eutput

to sufficiently reduce the.fluence on the primary
L TR e Ssiod SREMRCHiPn S6s I Ber] PR Hepid stage
r ediRsdricARBing B fédiSed dccdhd SR porlSh bi @8 126r Slifur RERE
out put beam " a secondary beam splitter nmade froma

nmat er i athe heopnd gtage ddfnseraintthe pash of the feqwséd sicomd $ryalhpartion of

to,toel erate the fluence .creat by the overl appin
ol B Qlydfime SRR SleER iR e e PR e
pofociiged seédontl Rehall PoRtitn dfabelasdi@arput b&gn;secondary beam
splitter reflecting the vast majority of the first

srmal | pr QRtisal ipterierrancier ip the padls ef the pame saee phibs forysed
¢ oT-SORL R porfilh bt 48 sBionl 3t Holiin o ¥ Ehes ST Brom.
portion of the output beam operative to demagnify the

se d smal| portjon of the output beamonto a first
st g@maBP??W§8?C?€% ifUTtheg cPmerIsB&agni fi ed second smal

por ti on, Rfcudie 1A IPHE phdSRthd&RMAG {hA1 pARBRIPIRE 1421 bR Put

selected to keep the fluence In fLe over | appi ng

f riesmnefocusiig thetseamd simall poftensedhbnbisaehh qnor 4 seonnd§tage

the out put .| aser beam bel ow t he danmpge . threshol.d of

¢ nOTRer Plkaing  oeused toceed gl pypbl AFRR nasf BN Hepdk m 1
furt herthe 8gon $iaBgdiffiRR€r ihThEFHRR BE 1he foRkEF st ORPShAl P&Hidn of
cylindrical telescoping optic oriented to demagnify a

| othg laser entpit beprs, e sersardsingr diffiser rentingfa namewong of the
I a%%ﬁseﬁ%@@n?%@%gﬁoga% %tﬁ@fﬁg%ﬁfﬁuﬂ)w t he second snal |

portron o u aser a %ﬁ?étributing t he

f | uencearddptichieinteefetoibletenialthe gl bf BB n@frowkend aStBE focused
out put beam across the first stage 34 WO 2005/ 033625
pCreersbanal) pstion of e seqpnd smal prER ofie lassroubt beam.he

first stage diffuser from exceedi ng the damage
threshold for the material fromwhich the first stage
di 9.fleepparstusatielaind 5 fultleerapparisihgs of claim 1 further

conprising: the vast majority of . the first small

porti orf Q& p fie Hagg%flt,thsa oW c%%eaq]ﬁ tB%qugsed sma?l portion of the laser
output beam selecting a relatively narrow slice of the narrow cone of the focused
second small portion of the laser output beam for passage into the optical

interferometer.

10. The apparatus of claim 6 further comprising:

a slit in the path of the narrow cone of the focused small portion of the laser
output beam selecting a relatively narrow slice of the narrow cone of the focused
second small portion of the laser output beam for passage into the optical

interferometer..
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reflected into a power detection nodule. 4. The

apparatus of claim2 further conprising: the vast
woregossdeys of the first small portion of the | aB&r/US2004/030339

out put beam being reflected into a power detection

nodul e. 5. The apparatus of claim1 further

conprising: a focusing lens in the path of the second

smal|l portion of the | aser output beam focusing the

second small portion of the | aser beamonto a second

stage diffuser creating a focused second snal

poklt The apfaratheof daer 7 fwrtheutorhpasing:t he second st age

Sort ookt SR bt A 530 ko e e
di cfd‘tﬁMﬁ Bearh rsa@&ﬁrgga RIAREH NS GicObf thBRarrb W CHAEHT B FRSed
snal ortion of the | aser output beam an optical

i ricee agtion of th daspaeupwibeamdonpassagw infotlee erfticahe
fq %1%an gpond smal|l portion of the second snal
portion of the | aser output beam 6. The apparatus of
claim2 further conprising: a focusing lens in the
path of the second snmall portion of the | aser out put
bekmlhe aprarays ehdaiged HHthes pemprisiegt i on of the | aser

beam o N Qit ?Iil ﬁu%&gﬁldofstflggﬁ‘tr%vg %I{eu&%ﬁe fbrc:ﬁ?etcli sg'gg%oit?cﬁlggﬁge laser

second sma rtion o aser out put
s emmud bsirageleclifgf anetatively Hamewpsdicé obHthe hheow @ons efthe focused

second, s | portjion of the |aser output beam the
s XE9TH sg@g@fﬁw 91156 1551 QPY RSB IREPASEARC ARG CAPLcRE
f agisRfbniggond small portion of the |aser output beam

an optical interferoneter in the path of the narrow
cone of the focused second snmall portion of the

seco smal | porti.on_@f .the | aser output beam 35 WO

2 _ﬁgé§@%%mﬁgﬁ§ﬂ%&b@ﬁﬁﬁ§6%§@P%$n&hg appar at us of

clai m 3hé Eﬁ diS¢hafRMNck BEiRE an ArF @84Gkdardeaiser Wikhtafominal laser
path of the second snmall portion of the | aser out put

bearipyt beysivryelengthoé d 84456 ran and sl entisal pterferaméterdwaving a very
be 3 j S reating a focused
se%gl]r? gsh?ra °§‘§§>r [ %?{E%fql%frﬁg) ﬁr‘%susgrg&aaﬁfaﬁlﬁ?' beam the

second stage diffuser in the path of the focused

second smal |l portion of the |aser output beam the
setdorife appagiuypk ¢lyaed Twther £ompriingiar r ow cone of the

focusedys E&socﬂgch%utgl lhseP Béihlé QR AQF ggé']@lsé}ﬁ&%rlas%y Witta RGAA laser

output beam wavelength of 193.350 nm and the optical interferometer having a very

narrow slit function and a very narrow free spectral range.

15. The apparatus of claim 7 further comprising:
the gas discharge laser being an ArF gas discharge laser with a nominal laser
output beam wavelength of 193.350 nm and the optical interferometer having a very

narrow slit function and a very narrow free spectral range.
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an optical interferoneter in the path of the narrow

cone of the focused second small portion of the
wGemonsBessal | portion of the |aser output beanrCBUSINE030339

apparatus of claim4 further conprising: a focusing

lens in the path of the second small portion of the

| aser output beam focusing the second small portion

of the | aser beamonto a second stage diffuser

cr eat rTalzTo} rtion of the |aser

oufésl}iﬂg%ggarjngﬁtgﬁgaglgignd strgsgblgsﬁguser in the path of

t he f octseds discorgt lasen bbmgan tAirB Igati)ﬂlscltdnﬁ laseg evithout@uinal laser

bea t he second fuser ti a narro cone
STt e e Bi s Juh i m Y St e eP R Rr SN a very

Ouﬁ&tﬂw DeFhctRd 200'h iveR] nafowek&ypebdl @4ngden the path of

t he narrow cone of the focused second smal | portion

of the second small portion of the |aser output beam

O 175 3BRRLAL Uil O kA Soigher comprising: a slit

in the € narrow con ‘the focused snal |

porti onth@fga§ tigcHadgelaser bbhh@lah ABgm dietieefd |ageravith a nominal laser
relatively narrow sljice o he narrow cone of the

f opuiBePea@arayislengthet |19éé§@ pshanéfth@ pRi1qah ierfespmetar haydngg very
foﬁarRﬁ§§lﬁQﬁ?dtf6?1%nBQ%ex$/m ah>@ fred dpk &FJI?%:%@HH _10. The

apparatus o alm6o rther conprisi aslit inthe
path of the narrow cone of the focused small portion

of | aser oyt put am sel ecti.ng a relatively
na}é ch@eﬁm’ir%méf)y‘flﬁ }@ CYRRIBEE t he focused second

smal | pielhofis@Hardd8ser B@lﬁéaﬁ%rplgﬁs @i@é}fﬁr Plasd? iPdfominal laser
into the optical “interferoneter. 2005/ 033625

chutmsM%@mgthlof_ 1953860 appmdah@ thmal olterfarometeuhavimeg a very
r&\g,l g:ang in_the g}attrh of ttage narr ow cone of
the ocﬁllé ]r?ﬁlafl ﬁgﬂyil}?ﬁm PR &8 ut put beam

selecting a relatively narrow slice of the narrow cone
of the focused second small portion of the |aser
outPtheisepaipius pf gaiss bl Eirther @ornmsnagat i cal

I nterfegg g‘ﬂ &lse a}ge laselijtgﬁﬁg A tA%f: gﬁ ?ﬁc}?ar |8 il Hc%f'unal laser

COITprISIn e narrow cone
t haltf)ﬁtdltﬁmdmmmalnlgthpﬁ" r1OB 360 nfn doldehé aptéoal inéifeporheteRdVing a very

sel ect| a r el at | vely narrow slice of the narrow cone
of nztrﬁ)éms dBagtipn and a very narrow free spectral range.

20. The apparatus of claim 5 further comprising:
the primary beam splitter comprises a partially reflecting mirror at an angle
of at least 70 degrees to the output laser beam for a beam having an output energy of

at least 15 mJ.
21. The apparatus of claim 6 further comprising:

the primary beam splitter comprises a partially reflecting mirror at an angle
of at least 70 degrees to the output laser beam for a beam having an output energy of

at least 15 mJ.

22. The apparatus of claim 7 further comprising:
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second small portion of the |aser output beamfor

passage into the optical interferonmeter. 13. The
wappansdees of claim5 further conprising: the P@EUS2004/030339

di scharge | aser being an ArF gas di scharge |laser with

a nom nal |aser output beam wavel ength of 193.350 nm

and the optical interferoneter having a very narrow

slit function and a very narrow free spectral range.

14. Th tsmh LAl : ESing:

gas dig%ﬁgﬁg%ﬁ{ase%&gg?ﬁ%ﬁgﬁwgféﬁ%géﬂﬁﬁggﬂgﬁgggpgggéhangk

widflat keastditi degtees tostbe output laser beararfornvabeaimelytilg @f output energy of

193, 350 and the optical interferoneter having a

vé?&*“hggggw slit function and a very narrow free

spectral range. 15. The apparatus of claim7 further

conprising: the gas discharge | aser being an ArF gas

di2Sc Ahe geparatueef dpin8 furthentomapridizger out put beam

wavel ength .of 193. 350 rim and_the ical . .

ot or £ aFRePer AT R Fetyoeh APrBii Recine ot apapete

a ofQlk Yealtanlr degirdes R£the PEPUT RberbRagdor B¥cahAebddsdpdznergy of

PCT/ US2004/ 030339 16. The apparatus of claim8 further

cHHassI . the gas discharge |aser being an ArF gas

di scharge laser with a nom nal |aser output beam

wavel engt h of 193.350 rimand the optical

i ritde The appreates ohdainn@ fiatheecympnisamg:ow sl it functi on and

a very narrow free spectral range. 17. The apparatus
of cl ai'Af BrIFGRL BFEM POHET FERRTLES § ﬁ@l@&%re@ﬁg&wg@na‘%\%mle

of _ _ _
o B S e SBLP R 380 ¥ 4 Dty R ok P Eherey of

i rat dgaelomet er having a very narrow slit function and
a very narrow free spectral range. 18. The apparatus
of claim 10 further conprising: the gas discharge

Iazsserrhbﬁbmata@om&rgﬁﬁﬁﬁdhép&m;ﬁgidﬁser with a noninal
| aser out put beam wavel ength of 193.350 nm and t he

opt i calthg primarebemetplifteeopmpigesa partiglly refleetong mirfar at an angle
fu ' r I ectral. range. 19,
|0 R DAL SR SEER B ni AP By spere of
disstdasr pemlaser being an ArF gas discharge laser with

a nom nal |aser output beam wavel ength of 193.350 nm

and the optical interferoneter having a very

26. The apparatus of claim 11 further comprising:
the primary beam splitter comprises a partially reflecting mirror at an angle
of at least 70 degrees to the output laser beam for a beam having an output energy of

at least 15 mlJ.

27. The apparatus of claim12 further comprising:
the primary beam splitter comprises a partially reflecting mirror at an angle
of at least 70 degrees to the output laser beam for a beam having an output energy of

at least 15 mlJ.

28. The apparatus of claim 20 further comprising:
the mirror of the primary splitter is made of CaF,.
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narrow slit function and a very narrow free spectra
range. 20. The apparatus of claimb5 further

W@ o0pN3®eng: the primary beam splitter conpri SBGI/ES2004/030339
partially reflecting mirror at an angle of at |east
70 degrees to the output | aser beam for a beam having
an output energy of at least 15 m). 21. The apparatus
of claim®6 further conprising: the prinmary beam
splitter conprises a partially reflecting mrror at an
angle of at least 70 degrees to the output |aser beam
f 029. Thbepparstay phgaiam2 bbtrphet cemprigyg:of at | east 15 ml.

22. The, appar at of. claim7 further nprising: 38 WO
2005 0538 381PER! DeBHBHRO AL S TA S Ay beam
splitter conprises a partially reflecting mrror at an
angle of at |least 70 degrees to the output |aser beam
f

0. Thp epparsiuy Phejaian2d tirher cempritie:of  at | east 15 m).
23. Thethg%%%@?gfeifn%bgé T f WA GRIPri sing: the

primary beam sp rirsés a partially reflecting
mrror at an angle of at |least 70 degrees to the

out put | aser beam for_a heam having an out put energy
of 31- dihe pppazatuy gf ¢lgim 33 furthee cpprasiag us of clai m 9

furthery,cammpi éftﬁstihﬁﬁyeﬁnh@mnmm' itter

conprises a partiaflyr ecting mrror-at an angl e
of at least 70 degrees to the output |aser beamfor a

be avi ng an out pu ner of . .at least 15 mJ. 25.
ThgfggﬁéPﬁ%ﬂgs8$H€£%%ﬁﬁfgm?§WPﬂ%$n%onprising: t he
pri mar ythéﬁﬁﬂbmt}l&bﬁg}aggmwﬁgsnﬁe%@aral ly reflecting

mrror at an angle t least 70 degrees to the
out put | aser beam for a beam having an output energy

of | east, 15 . he appar.atus of claim 11
03 e Bt 81 M 25 e rdRBA R ool 1 Ct o
conpr i s@s ndrrbRbt thaptivharedplget isehdiofiCaF, at an angl e

of at least 70 degrees to the output |aser beamfor a
beam havi ng an out put energy of at |east 15 ml.

34. The apparatus of claim 26 further comprising:
the mirror of the primary splitter is made of CaF,.

35. The apparatus of claim 27 further comprising:
the mirror of the primary splitter is made of CaF,.

36. The apparatus of claim 5 further comprising:
the size of the slit is selected to minimize fluence to the optical
interferometer and at the same time to irradiate the full vertical extension of each of

a plurality of photodiodes in a photodiode array contained within the wavemeter.

37. The apparatus of claim 6 further comprising:
the size of the slit is selected to minimize fluence to the optical
interferometer and at the same time to irradiate the full vertical extension of each of

a plurality of photodiodes in a photodiode array contained within the wavemeter.
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27. The apparatus of clainl2 further conprising: the

primary beam splitter conprises a partially reflecting
wore0s083628 an angle of at |east 70 degrees torpehES2004/030339

out put | aser beam for a beam having an output energy

of at least 15 mJ. 28. The apparatus of claim 20

further conprising: the mrror of the primary splitter

is made of CaF2. 39 WD 2005/ 033625 PCT/ US2004/ 030339

29. The apparatus of claim 21 further conprising: the

mrror of the primary splitter is made of CaF2. 30.

Thb&&ﬂ)papmralss of clginay for@®r Eompiisng: corrpri sing: the

mrror t he i mary t er, 1.
The. apple ataer B sTF ibrlEBist o SmimizecBingrs & g opi]

M fnfe@ferdthetbhdRik tHERENe $hd thlifhdib@ (RRRS x@hlé&ﬁéaens% of each of
The apparatus of claim 24 further conprising: the

mi & plyraligy of phwtqsiedeaiya phtpdiode airay epmtpanagt wiGaiR2he 83vemeter.
The apparatus of claim 25 further conprising: the
mrror of the primary splitter is made of CaF2. 34.
Theo. appappdriakas of cleing8 Mrifer tethphigfig:conpri si ng: the
mrror of the primary splitter is nmade of CaF2. 35.

The app@f sezgef be skt mSﬁ%th?d fmiBrZedBIFpeT i the OPtcaé

m ﬁl'fe‘i’ferd}flet&hcﬁld% {H@asﬁﬁﬁe%gﬁé ttotlﬁ dlht% t}';gaﬁilﬂ ve?tﬁcai:@)l:tﬁnm&?of each of

The appar at us o clalrm er conpri si ng:

of a pluealsy of phosods@des i edhd;todmda amay@ntdinineghihohd Wwavemeter.
optical interferoneter and at the sanme tinme to
irradiate the full vertical extension of each of a

pl mqlhletaié &EtuE)Bf)élQl% 9@gehet Bo pHﬁQﬁ/Od' ode array
contai ned within the waveneter The apparatus of

cl ai m etht sizeleéthesbhjsrselstted to mingngicAbuente olﬂae spiical i s

sel ed to m.nimze fluence ta th

BBt A R e S dmeiale e B veFfeabputpusion of ach of
f ud pluwgity bEgHot@NHéRR 1 @ Phétbdivas brrf contailddikhintte Whvemeter.
phot odi odes in a photodi ode array contained within the

waveneter. 40
41. The apparatus of claim 10 further comprising:

the size of the slit is selected to minimize fluence to the optical
interferometer and at the same time to irradiate the full vertical extension of each of

a plurality of photodiodes in a photodiode array contained within the wavemeter.

42. The apparatus of claim 11 further comprising:
the size of the slit is selected to minimize fluence to the optical
interferometer and at the same time to irradiate the full vertical extension of each of

a plurality of photodiodes in a photodiode array contained within the wavemeter.

43. The apparatus of claim 12 further comprising:
the size of the slit is selected to minimize fluence to the optical
interferometer and at the same time to irradiate the full vertical extension of each of

a plurality of photodiodes in a photodiode array contained within the wavemeter.
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WD 2005/ 033625 PCT/ US2004/ 030339 38. The appar at us of

claim?7 further conprising: the size of the slit is
weedospszses t o minimze fluence to the optical PCT/US2004/030339

interferoneter and at the sane tinme to irradiate the

full vertical extension of each of a plurality of

phot odi odes in a photodi ode array contained within the

waveneter. 39. The apparatus of claim8 further

COmpring bfhratfBr AbinP3 @frulthi cBlblisihg: Sel ected o

mnimze uence to the optic terferometer and at

t he sana ¢tched diffuser betdiean életfhcalsfngl lensvamdithe mlicre xligmeviding a

o B R el T BRBLEBERg 2, oot o ods

apparatus of claim9 further conprising: the size of
the slit is selected to minimze fluence to the
opd5- d&k apparates peelaied bfudhag campripiagsame tine to
irradiate xten f.e
ol ural i etct:}fe% c{wﬁ{lég&g% é:gr? Iﬁlre] f§cusp}1§t ergs an eth%l ;%‘fcpro gflt prov1d1ng a
C Qi&tamlvalgvdnamwmone hiele VANEMEILA into 4He mitheslappar at us of
claim 10 further conprising: the size of the slit is
selected to mnimze fluence to the optica

Iy qﬂﬁ# .to irradiate the

%fﬁ®gr &ﬁgggggﬁ§§%n 0 Bﬁﬁhb' a plurality of

p hot odi adeshadrdiffusehbetedenthe facusang lesrindi the chicsb shit protidmg a

ma neter. 42. The atus of claim11.further
Vebmamopieane ot bf ditheon mtp emifer g ed to

n1n|n1ze fluence to the optical interferoneter and at
the sane tine to irradiate the full vertical extension

of 4%e ddh apparatas pf claiad 39, ;fuulﬁerphmpris!iingdes in a phot odi ode
array cont e N th venet

appar at ﬂ%etgtfe% qd%lﬁﬁr %twieﬁl? cuc'?g’ﬁpl?r?s She F’ﬁcéo slitproyifing a
t helasively nafro®eloa€ bgtle bPdiffulioiie thd MRRESlit 0 t he

optical interferonmeter and at the sanme tinme to

irradiate the full vertical extension of each of a

Dl 4t 3l Lo 0L, 0BPLMN 96954 cBrBlighgdi ode array

alne veneter. WO 2005/ 033625
PCT/ USZﬁOétél&HQBﬂ’@seﬂﬁctw’Eblet}ﬁﬁbarsﬁtgl.lSnsCa‘nd(Ihﬁirﬁan 6lit providing a
fur her conpri si ng: tched diffuser between the
VR DAY CoRg a&l&ie offliffugion intp thg Hirrysliy a
relatlvely narrow cone angle of diffusion into the
mcro slit. 45. The apparatus of claim 37, further
c ofthTihsiapparatus of claim 41, further comprising:

an etched diffuser between the focusing lens and the micro slit providing a

relatively narrow cone angle of diffusion into the micro slit.

50. The apparatus of claim 42, further comprising:
an etched diffuser between the focusing lens and the micro slit providing a

relatively narrow cone angle of diffusion into the micro slit.
51. The apparatus of claim 43, further comprising:

an etched diffuser between the focusing lens and the micro slit providing a

relatively narrow cone angle of diffusion into the micro slit.
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an etched diffuser between the focusing |lens and the

mcro slit providing a relatively narrow cone angl e
w@boodiosFersi on into the mcro slit. 46. The appedEBUS®00030339

claim 38, further conprising: an etched diffuser

between the focusing lens and the mcro slit providing

a relatively narrow cone angle of diffusion into the

mcro slit. 47. The apparatus of claim 39, further

c W S d

o A A B BRI InCShE s e, [ MAFPHDfen o gas

cohscharggl laseohawding & lsserooutputbearh leemprising agluised odiput Gihgreater

appar at us | a n140 further co an etched

PRRL Bt shabla SR PPt i o eRe Dand s fihe Fre pises
prlm mnq)torﬁalnasdnuﬁzhdth PRICISRN 41 ANEnsBTdEBp@meflir Béfﬁl'wQ&‘th
into the mcro slit. 49. The apparatus of clalm

f LaccHaey te@gprfpsﬁnn@smag bandstidih ani & pulseeio ydsekasin at mése repetition
F oGk '0?9 6(ﬁ§‘zsan%rh%o%‘%o %mﬁés' It providing a

rela narrow céne of diffusion into the

mcro Sd pﬁ1ma@%earﬁt@l1ﬁﬁig&ﬁaﬁlbl$n it pathcdMhetBserfoutgudBam of the
conprj sing: an etched djffuser between the focusing

| %78 discharee daser foF passingtheyyast maiostdy af the epint beany aniicflesting a
CoRg: Ghdl o n gf {hfe %igp‘ﬁfl?éa% Ohd f;ﬁm | ea ngh{tm%%?anggﬁented at

apparatus o urt’her  co
di drf anghartoksafﬁmmlytrétmcé teuienge bretie paimchry bmmqsplnmng lrielns, and

chg\ézlltdl n%ﬁﬁ@quggls %:sllr%ler&éeqr}\%rnrg 8\6\%1)% g%@an l p%rt?cl:n otJ tIxf ?éroo%tput

PQ;%H§2004/030339 52. A spectral anal ysis nodul e,
"including a waveneter, for a high repetition rate gas
d is c h argsecbadasy béray smgtnag mamsrma;iﬁfmm amMmad bayping sidagpage

hid oo Beatro Bk ala e ARPe G hgb® stk Forton
h atyﬂtﬁ@ frasrie® rapleOuHs 6 tHea Wil Ip Rl @Cb5the Bu@ndlag& bearflf the
fenptoneters bandmndth accuracy range, for measurin

bastaMdarhbesm spligtingmeans reflacying Biesvast majopty efehe first smal ?portlon

o L
O B0t e O AR RO R G OTBF b B0t e
oubgat; beam of the gas discharge | aser for passing
the vast, majority of the outp utggean1and refl ecting

first shBgam pREFYiBs mspns Bdhe,path of theeseandismallnortiery fgf the output
begahsRl ithh SRS oRd sRRI BGiBh of the output beam onto a first stage

diffusion means receiving the demagnified second small portion of the output laser
beam, the demagnification selected to keep the fluence in the overlapping fresnel
reflections in the second small portion of the output laser beam below the damage

threshold of the first stage diffusion means.

53. The apparatus of claim 52 further comprising:

the beam narrowing means comprising a means for demagnifying a long axis
of the second small portion of the output laser beam more than a short axis of the
second small portion of the output laser beam, redistributing the fluence of the

second small portion of the laser output beam across the first stage diffusion means
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an angle to sufficiently reduce the fluence on the
primary beamsplitting neans, and creating

womshaeps ng fresnel reflections in the first BaEDE2004/030339
portion of the |aser output beam a secondary beam
splitting neans made froma material having a damage
threshold sufficiently high to tolerate the fluence
created by the overlapping portion of the fresne
r e, j f
| o Aot S Tk Shaet R iR ol clcR Gl damage
r ethresbold fgr thh enateasd fnowj which yhediirst dtagefdiffegiors mehns is made.
portion of the output |aser beam and passing a second
smal | portion of the output |aser beam a beam
nas4. q\Hblaﬁ;f)d}Et@BSfélﬁuﬁ be fiktleh c&hpridigy: second snal |
portion of the output beamfor derna%hlfy t he second
smal | ptbpwassmlmrltvmtlmﬁrpmm%lemﬁl@mﬁ e ldserr eptpustbagye being
di B ¥ e dernagnified second
srr%ﬁ?a Hlttggﬁ ‘%FJCF e lgh?&abpl aser beam the
denagnlflcatlon sel ected to keep the fluence in the

overl apping fresnel _reflections_in the second snal

por i 156 2BParatHe obgleisy p3 IF‘E%F CIBRESIBE| ow t he damage

t hresh :
appar a?t{}}g Vg%t Iﬁ?ﬁ t&noggﬁ fur tW |r1 p%d;r{ﬁ%? {’fs)t?ﬁg% ﬁép @?gan%%gmg
nareflectedhintore powercdatgntios megna neans f or demagni fying a
long axis of the second small portion of the output

| aser beam nore than a short axis of the second snall
PO%4. ITRB a ar&t'il@opaﬁi%'tsz hARRF cBRABIng €di stributing the
fluence o second small portion of the |aser

out put ab‘éumlag meaws intthe path of tlEtSa‘gmddnfaﬂu@rtmm ofdbakeset dutput

200 336.25 .PCT/ U 339 orti

e R R R R L
d adiBfision ivagshrehtthgf Dfoctidid sB@indlshiall ;foftﬁm YhERsdrdatput beam;
first stage diffusion means is made. 54. The apparatus

of cl aithf Sgcond stage diffusinprmennn i the pathvefdke feapssdisegpndismall
t chirab 8f th§ H ot ttﬂegﬁ %atﬁlpg laﬁg\% ogé%g%% f(%)cﬁggﬁ sbe%lﬁgsmall
a power . . e

appatied uﬁtheﬂasei @itpmtﬂii:axfnur t her conpr i sing: the vast
majority. of the first small ion of the | aser
out put bHEUGHEANFHET meEaRs 13 élfeelaith ﬂ{tae RasextsPeef: the facysed second

MEGASL pafion 3P 30RRE AR paftidh! MR RéeroWfulBEam for creating an

conpri'si ng:
interference pattern.

57. The apparatus of claim 53 further comprising:

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

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

portion of the laser output beam;
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a focusing nmeans in the path of the second snall
portion of the |aser output beamfor focusing the

WG emonsBessal | portion of the |aser beam ont o aPGEUSIVA4/030339
stage diffusion neans creating a focused second snal |
portion of the |aser output beam the second stage
di ffusion neans in the path of the focused second
small portion of the |aser output beamcreating a
narrow é:ﬂ@fe%métglgmreegﬁ Yg ﬁfé I{ﬁaﬁ??ﬂﬂe REBLW coRP5 thQ @oc‘ﬁ ed second
the | aser output beam a inter ometer neans I n
pasnimllortibre of the senwnd smell pbritdnenfiticlaser dutpac bewn fcsrmtaltmg an
portion of the second small portion of the |aser
ou‘fl THEQRIFGY creating an interference pattern. 57.
The apparatus of claim53 further conprising: a
focusing neans in the path of the second small portion
ofS&-ﬁéehmamsgfﬁmnS%éaﬁnef@nmPMi ng the second
smal | portion of the nt.0_a,second
ai 1t us P olochili Geat<OR R of 57 The SR ARy The er output
P WeainOfdr &fcubing tﬂeas‘é%ndhﬂldﬂﬁorﬁ&aﬂf tht B eSiRReN6hts hdBédnd stage
di ffusion neans in the path of the focused second
siliffpsiop me@nwe@fngtan@cmé secopdispat! peeiam ofteslapgrpugput beam;

tn ﬁre r Io;vstiei? g%u {agg g{af%(s\l%ﬁjgv%g %@% Pa@gdélé}%e RRLdEe M small

PCﬁ'drhEi:?SDt&é G)a’s;ex&aﬁpla beametdating aviagowroeas sf the fbdueedsdcbnd small
of the n r w cone of the focused second snall
paRarfigho HET PERYG*Bimal | portion of the |aser

out put Pﬁ?é'ﬁ‘efr@rﬁetgf ﬁ@éﬂsqg tlﬁ:rbatﬁ f BE L& SR CEnd S the Fobusefsecond

The apparatus of claimb54 further conprising: a

f ol prgtione afithe 'seqont] lsmal) @bﬁlwfofnhmlamtht berah for creating an
por%ﬁ%n of the | aser output beam for focusing the

seBERE P Br ti on of the |aser beamonto a second
stage diffusion neans creating a focused second snal |
portion of the | aser output beam the second stage

di % Uk epparetas of ¢laim h fsthenconpiidie:f ocused second

smal | e %cuélgnng:%rést 1?1%hé aﬁg bf &‘é%@“t beaa]'mp%rft? a 'ﬂﬁe Laser output

narrow cone O ocu secon I on

t hiscahiafoe Focasting e deead snaall pireibh 6f hediser bemadnio aReédhd stage
path of the narrow cone of the focused second snall

potiffigian gieaphereateoni@cused ispcond smal pogfon ¢fdhe kaserroutput beam;
out put  REANRhA'stabE BtksY fihns e PhE SHHEEfRAdI%E ond small

portion of the laser output beam creating a narrow cone of the focused second small
portion of the laser output beam;

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

interference pattern.

60. The apparatus of claim 56 further comprising:

a selection means in the path of the narrow cone of the focused small portion
of the laser output beam for selecting a relatively narrow slice of the narrow cone of
the focused second small portion of the laser output beam for passage into the

interferometer means.
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59. The apparatus of claim55 further conprising: a
focusing neans in the path of the second small portion
wo@booshasckaser output beam for focusing the seeonNUds2004/030339
smal | portion of the |laser beamonto a second stage

di ffusion neans creating a focused second snal
portion of the |aser output beam the second stage
di ffusion neans in the path of the focused second
small portion of the |aser output beamcreating a
narrow cone of the focused second small portion of
t hel. I Ths eppayatup of clbiond] fuathencenprésingret er nmeans in the

pat h of the narrow cope g e focused seco spal | .
Por 1 or® BB PeabbRE Aot B EGN Gne oh 4 eispd smal portion
ous e 1ReHR bedih ff@ﬂs'el&@tiﬁ%"a reldivR Ty RIRRCRicR T RMArro®one of
The apparatus of claim56 further conprising: a

s ethe deqused spsanissmall portopaf the dgser pripyiderm{or paseagsfintoribe
fo V&fego &?11 e grtion of the laser output beam for
selecting a relatively narrow slice of the narrow cone
of the focused second small portion of the | aser

ouéﬁut beam f or passa gstinto the. interferoneter
mern st he AgpaRgius 0bS BT Hstheramused/ 030339 61. The

appar at f1g.|9k;of 'n?é'ﬁxﬂgo?@% géth ¢ fheGRRRY c%in? 9 R f?@ds@& E@Qﬁ‘ portion

means in the pat narrow cone o ocuse
s nefl the [asert dudput bedm fdreseleateg a maldtpaty fee@w floe of deemtriomgcone of

a relatively narr sl.ice.of the narrow cone of the
£ obg decysisehons nall porrien of B 1a5FT eiay beam fopassaae iR
f Ot RSSASEr B4R, the interferoneter neans. 62. The

apparatus of claimb58 further conprising: a selection
means in the path of the narrow cone of the focused

I ' f..th b f I [
2 PPk naf sl & RS e T ow cone of  the

f ocuseda se€tiafl nsoaRd In tROpith @A tHefnaldae doas OF tHeUbRiskd BRaportion
r Bassage into the interferonmeter neans. 63. The

f

aS afaser Qpu bgamfgselegtingerelatyighrnagiongslics of Bieawrropreone of
. ' :

ol Fodued SHeaRP it Pporliif of 6 1AM GARE b P pABRUSHE e

a medrfromekymearr ow slice of the narrow cone of the
focused second small portion of the |aser output beam
for passage into the

64. The apparatus of claim 56 further comprising:

the gas discharge laser being an ArF gas discharge laser with a nominal laser
output beam wavelength of 193.350 nm and the interferometer means having a very

narrow slit function and a very narrow free spectral range.
65. The apparatus of claim 57 further comprising:

the gas discharge laser being an ArF gas discharge laser with a nominal laser
output beam wavelength of 193.350 nm and the interferometer means having a very

narrow slit function and a very narrow free spectral range.

66. The apparatus of claim 58 further comprising:
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interferoneter nmeans. 64. The apparatus of cl aim 56

further conprising: the gas discharge | aser being an
w@edbsgass28di scharge |aser with a nomnal | aser PODUS20D4/030339

beam wavel engt h of 193.350 nm and the interferoneter

means having a very narrow slit function and a very

narrow free spectral range. 65. The apparatus of claim

57 further conprising: the gas discharge |aser being

an ArF i - i ] .

out put BEE SEGARLDE BERE gD g BRMaDY 1gcl 5t nominal lase

i nupitdeamperavelengthrd 13350 gmeandehy interfarometesinedns having a very

function.and a very narrow free Spe tral range. 66.

THEEI it RO AR AT EOP et R RIS ng: 46 VIO

2005/ 033625 PCT/ US2004/ 030339 the gas di scharge | aser

bei ng an ArF gas discharge |aser with a nom nal |aser

o Uil Beparata oEslaies h stherl sam@EOngIM and t he

interfe [ havi n Ly . .narrow sl .

funct i on® BB 1R B Ack B iR H slith apminal faser

Theutpyrdeadtwis elehgtl 198 390 hu dddahe GidtferoBetedmeinichadidg a very

di scharge | aser being an ArF_gas discharge |aser with

a ?%?ﬁ“hglt fpagdiop and avB NAFOAT SRaSPEFEA G8Cof  193. 350 nm

and the interferonmeter neans having a very narrow

slit function and a very narrow free spectral range.

6868. The appgratuabdiislami 6@ hather 6@npugivger conpri si ng: The

gas di sgharge,.| aser being an Ar a i scharge. ] aser .

M th b HERRAISTRgE LSRN DSBS B SR GoR it & nominl

1 91%563%%@%@4’1‘1@ wtabﬁeﬁg@ﬁ 8f { &7 IRAB anfBRN St er dncati€ h¥ving a
narrow slit function and a very narrow free spectral

r aveye namsew siihianetmeandtasryharcdvaiee epectralrmaings:
conprising. The gas discharge | aser being an ArF gas
di scharge |l aser with a nom nal |aser output beam

We§eE IThe @b par@ius 0828001 AMRAEohpgsingit er f eronet er means
having a very narrow slit function _and a very narrow

free speke gasldischarge lasobeingan Agheasatisehage laskmwith @ zominal
N%E%g)gltp&?%?élggfrgg rgf gﬁ%}éﬁ ﬁﬁ%ﬁ Hfe 111%?%@{0 re%g%ﬁg? having a

a nom nal ase
beary navew eligfuhctidn dhd3 EpPndrtbw el sporal gy, f er omet er
means having a very narrow slit function and a very

narrow free spectral range.
70. The apparatus of claim 62 further comprising:

The gas discharge laser being an ArF gas discharge laser with a nominal
laser output beam wavelength of 193.350 nm and the interferometer means having a

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

71. The apparatus of claim 63 further comprising:
The gas discharge laser being an ArF gas discharge laser with a nominal
laser output beam wavelength of 193.350 nm and the having a very narrow slit

function and a very narrow free spectral range.
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71. The apparatus of claim63 further conprising: The

gas di scharge | aser being an ArF gas di scharge | aser
wowdos/ozeeon nal | aser out put beam wavel engt h BET/US2004/030339

193. 350 nm and the having a very narrow slit function

and a very narrow free spectral range. 47 WO

2005/ 033625 PCT/ US2004/ 030339 72. The appar at us of

claimb56 further conprising: the primary beam splitter

mag{ j . Fahly refl ing mrror at an
ang'Zrhggg]ga;rhﬁggfs?a%g%@PS%%O@%IS > out put | aser beam
for a hbapribaw tgresplittet Pedns cOMPEigys Apartidlly refledtingmifdbr at an
73. The apparatus of claim57 further conprising: the
pranEs §f ab eFace fo e AHPUEIBRIbeamdona pean haying an output

regdeﬁétdf%glé&trlrs%lat an angle of at |east 70 degrees
to thé output [aser beam for a beam having an out put

energy of at |least 15 mJ. 74. The apparatus of claim

58 ther co I.sing: .the prinmary beam splitter neans
co%%gégpﬁatﬁg?{?lﬁ‘m fuétthf’“regot“i"l?fbs ‘rror at an angle

of at |@aptima KA §iittet MedRRoRIptiBsa pREATy RABMHQhirdr at an
beam havi ng an output energy of at l|east "15 m]. 75.
Thanglgpfat dasis7Ocdegedes tanths Quipyt kapesbeamrfpr 4 b¢anghavingan output
prinar m.SRl.itter nmeans conprises a partially
re‘ﬁ%@%’qf%g%r%ﬁ?lgor?}‘at an. angle of at |east 70 degrees

to the output |aser beam for a beam havi ng an out put

enerEﬁ(l of at least. 15 mJ. 76. The apparatus of claim
6074 ¢ BRparaynpt ¢laimhe further ¢MRRSING: beam spl i tter neans

conpri sg ﬂngg[ ' . t ol r : gL

of at Ieg t %ﬁgﬂ;ré elg&te%llaiﬁﬁgbg}g’tng%star%tsl%ry %Qgcr% or & atan
b esglehafiat hegsielii) dugtaesito the oetpgylasdr bedml feas beahbhamdng d@ivoutput
The a atus qof claim®61 further conprising: the
pr‘?”r‘?ﬁérg')%a}{?égﬁ%tslglmft er conprises a partially reflecting
mrror at an angle of at |east 70 degrees to the

out put | aser beam for a beam havi ng an output energy
of 75. dihe hppasatud 6f ¢idim 4B further comprising:

the primary beam splitter means comprises a partially reflecting mirror at an
angle of at least 70 degrees to the output laser beam for a beam having an output

energy of at least 15 mJ.

76. The apparatus of claim 60 further comprising:
the primary beam splitter means comprises a partially reflecting mirror at an
angle of at least 70 degrees to the output laser beam for a beam having an output

energy of at least 15 mJ.

77. The apparatus of claim 61 further comprising:
the primary beam splitter comprises a partially reflecting mirror at an angle
of at least 70 degrees to the output laser beam for a beam having an output energy of

at least 15 mJ.
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WD 2005/ 033625 PCT/ US2004/ 030339 78. The appar at us of

claim62 further conprising: the primary beam splitter
weoupns®mes a partially reflecting mrror at anp@ngkmo4/030339

of at least 70 degrees to the output |aser beamfor a

beam havi ng an out put energy of at |least 15 mJ. 79.

The apparatus of claim63 further conprising: the

primary beam splitter conprises a parti ally reflecting

1 St B sl S o0 Lo L1

eam an output energy
of at the pﬁhaaﬂ.ﬁbdmh sp$1&er Jdiﬁpr&l&@ﬁpﬁﬁtllaﬂy edflectifg Mirrat at an angle

further co i sing. the rror of the primary splitter
4 lqagt 7 &%@Tt‘&ﬁ e puipyy asertheani{pn? Heans haying prpwppigenergy of
fU;{ttléhgflfP rising: the mrror of the primary splitter

CaF2. 82. The apparatus of claim 74 further
conprising: the mirror of the primary splitter is made

2. 83. The a tys of claim 75 further
co??pcﬁgiaﬂba.ratl‘ﬁgﬁf#‘%%:i G HEIY Mary splitter is made
Of CaF2he %ﬁmaﬂﬂ%aﬁpﬁﬁrtt@lt éb?nﬁfse@h Bhitlall P rdiléLtiRehirror at an angle
nf'prlsm the mirror of the primary splitter is made

of@s kzst BolegTice tathp antut serfbegiefons peant havingan output energy of

co y the mrror of the primary splitter is made
ofaT@,%aﬁé %’é The apparatus of claim 78 further

conprising: the mirror of the primary splitter is made
of CaF2. 49 WD 2005/ 033625 PCT/ US2004/ 030339 87. The
aphlae aRPasRuE PhGIATT 2 furthenedmpravag:i sing: the nirror

of the gp h‘ﬂ?{)y ?ﬁﬂﬁé@% 1|§]tmga1fgf1s Eﬁggof é The

apparatus o er conpri sing: e size of
the slit is selected to mnimze fluence to the

interferometer and at the sanme tine to
Sglauc)r?’ﬁla‘ ?ﬂés?ﬁ?lﬁlnilz}eﬁf@‘ﬁ{c%&ﬁr%'on of each of a
pl ural 'ﬂqé‘nﬁfroP@ﬂBé’ﬁhﬁ’ﬁ%ﬁs nlgelgrs RREQECafe array

contained within the wav

82. The apparatus of claim 74 further comprising:

the mirror of the primary splitter is made of CaF,.

83. The apparatus of claim 75 further comprising:
the mirror of the primary splitter is made of CaF,.

84. The apparatus of claim 76 further comprising:
the mirror of the primary splitter is made of CaF,.

85. The apparatus of claim 77 further comprising:
the mirror of the primary splitter is made of CaF,.

86. The apparatus of claim 78 further comprising:
the mirror of the primary splitter is made of CaF,.
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89. The apparatus of claim57 further conprising: the
size of the slit is selected to mnimze fluence to
wo besogieecal interferoneter and at the sane tPOEUSD®04/030339
irradiate the full vertical extension of each of a
plurality of photodi odes in a photodi ode array
contained within the waveneter. 90. The apparatus of
claim58 further conprising: the size of the slit is
selected to mnimze fluence to the opti cal
interferoneter and at the sane tinme to irradiate the
f ug1. Theapparatus eXéleins 7D further e@pprisidg: a plurality of
phot odi odes in fa phat odi ode array caqontained within the
wav emet B miger ofithe PHEREF splifler sMade &f kB9 f urt her
conprising: the size of the slit is selected to
mnimze fluence to the optical interferoneter and at
t h&8. Sheepparates vhHclaim 56l fuather toeprdishd: verti cal extension

of each,of. a.plurality of phot.odi odes in hot odi ode
ooy cbReie AL inhite e DA e b G Bpcaf
apiedrtdttet&f andl A tHY Gfheltitid B8FradiAeRRd RlNErtidahExtehstéh & each of

the slit is selected to mnimze fluence to the -
opa plueality piphetddiodesen @ phetadiode arrsjecontmmed Witkintlee wavemeter.
irradiate the full vertical extension of each of a
plurality of photodi odes in a photodi ode array

C 084, dihe @ppathtuf b iclhine STVANREE@hprishit: WO 2005/ 033625

PCT/ US2004/ 030339 93. The apparatus_of claim 61

f ur t herthe i of Sieslt istsglectef semarimizeclugnpg to the epticatt ed

{ o LR I ool int

o "Rk Eh g S ESabD (i oaRRiER e FANEEGE O & Khch of
exd phsdlionotyphoeatiddesfin a ph@tbdiodé atryy afntged withia dieswavengeter.
phot odi ode array contained within the waveneter. 94.

The apparatus of claim62 further conprising: the size

0f9d.h¢1f:§b}5£rath§o§&5i§§5§ﬁ1rﬁﬁr Sdprdigge fluence to the

optica interferoneter and at the same tine to

i rradi athe sizhef thglslit iseeketrted to mxinnzs fiuenof toghe bhptidal a

CoEernle G 4R b e @ Er P RGP i Bxal Pensiongf cach of
cl @blﬁh@? bUsHobRTiode8 iP5 Fﬁd)tﬁgi'odé BRaysd cAaiid Witin$hd Waveeter.
e

sel ect to mnimze fluence to the optical
interferoneter and at the sane tine to irradi ate the

fud rij nsi f each.of = a plurality of
pﬁéo]t'ggll 3%%%%%8%(1&% o?%g'}rglgrec%lr“?résgé%ont ained within the
wavenet the siz8 6f th slieiskeldctel tomasitizaWudasnthe bptidadr a

high repetition rate gas di scharge |aser . )
interferometer and at the same time to irradiate the full vertical extension of each of

a plurality of photodiodes in a photodiode array contained within the wavemeter.

92. The apparatus of claim 60 further comprising:
the size of the slit is selected to minimize fluence to the optical
interferometer and at the same time to irradiate the full vertical extension of each of

a plurality of photodiodes in a photodiode array contained within the wavemeter.
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havi ng an output |aser bean conprising a pul sed out put
of greater than or equal to 15 ml per pul se,

WG uinsnzgsesret er bandwi dt h tuni ng range pul ses he@T/n§2084/030339
fenptoneter bandw dth precision and tens of
fenpt onmeters bandw dth accuracy range, for measuring
bandwi dth on a pul se to pul se basis at pul se
repetition rates of 4000Hz and above, conpri sing:

Spéj %&Qgpat.r?cﬁs 8%1555&?161 ﬁﬁ&%r?&n@%ﬁ%:t he gas discharge

| aser passi ng the vast y of the output
beam antle sizé bﬁt}twhglsaefebued to ﬁmihiizerﬂumb@w thé optival

out beam pr| rra bea S urring i
arfn%ﬁ{er@lfé?r R R il gy R b b Ol griens S igach of
t hepltBNSEoHbdidRs 3Ph bRoto@idde GBAInREn QMG kiR R Avemeter.
fresnel reflections in‘the first” small portion of the

| aser output beam splitting the first small portion

f |nanot|cmade froma
Jﬁ?‘g\ ?%%P%&ta‘gal&éﬁggg ﬁfoéglﬁf " sufficientl y high
to tol ehatie bhthelslitRReRcted teRiMthiiyhichee @MBE batdal ng
portion of the fresnel reflections in the first small

polﬂteiff@ﬁ’mfé?f andat digtspune tingstorirpdiaiothe fidl @é@@h@aﬂ}slon of each of

SELARUBLOETASRS A BBt TPty AR 0 e

the out put | aser beam and passing a second snal |
portion of the _qut put | aser beam ; narrow ng the
setor eém?mbﬁf@?‘gh HFurtheECQIIPTAL | aser beam f or

demagni gy ik la?thg%??ﬁ%eﬁ:%h ko Rk s (36O Bhiial

| aser beam and usi ng the narrowed second srrall
pointeir fgronadtert dnd aOHtepsameltumsetlo itradinteitie fulldiefticak exaensoqt éfeach of

thed nifi . eqd to kee the fl.u in
BT Sl Ehiodea in @ phFBriods e on e bl ey eter.
second smal|l portion of the output |aser beam bel ow

the damage threshold of the diffusion optic. 52
96. A method of measuring bandwidth for a high repetition rate gas discharge laser

having an output laser bean comprising a pulsed output of greater than or equal to 15
mJ per pulse, sub-nanometer bandwidth tuning range pulses having a femptometer
bandwidth precision and tens of femptometers bandwidth accuracy range, for
measuring bandwidth on a pulse to pulse basis at pulse repetition rates of 4000Hz
and above, comprising:

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

splitting the first small portion of the output laser beam in an optic made
from a material having a damage threshold sufficiently high to tolerate the fluence
created by the overlapping portion of the fresnel feﬂections in the first small portion

of the output laser beam, the secondary splitting reflecting the vast majority of the
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first small portion of the output laser beam and passing a second small portion of the
output laser beam ;

narrowing the second small portion of the output laser beam for demagnify
the second small portion of the output laser beam and diffusing the narrowed second
small portion of the output laser beam in a diffusion optic, the demagnification
selected to keep the fluence in the overlapping fresnel reflections in the narrowed
second small portion of the output laser beam below the damage threshold of the

diffusion optic.
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