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PCT/ us S99/ 0318%p 99745613 . : ' RELI ABLE, MODULAR, PRROBYTUIIEH
QUALI TY NARROW BAND Kr F EXClI MER LASER

This Application is a Continuation-In-Part of Serial No. 09/034.870, Pulse
Ener gy Control for Exciner Laser, filed 03/04/98; Serial No.
08/ 995, 832, Excimer Lase FETIONEOUAIAAY W th Fine
Digital Regulation, fil e%%% Bﬂ I;NB%ER 08/ 842, 305, -
Very Narrow band KrF Laser ang(gerl 25‘ ﬁo

08/ 625, 500, Low Cost Corona Preionizer for a Laser, filed 03/29/96; all of
whi ch : gbﬁczidaﬁ% P EbANRAIDRIE PR SeARENENIS034IHIC: Pumsmugsfn
relates to Iasers particular to narrow band KrF

exci mer | asers. Coﬂtﬁ:l for Excimer Lasex' filed 03/04/98; Serial NSRRI EREInTdriE aser

| NVENTI ON Kr F aser.s, r.rentl ' e
wor kho? se |i ght BeyipgBulsgPoy ythh i’"me %‘gmﬁl hﬁ uﬁ?’égﬁ?ﬁy}mﬂﬁgfﬁi}g?ap hy
industry. A typ'@s?hwébs)ryéij Nﬁln%v% 238, itfled 1/23/97; and Serial, No

production used integrate rcurts s plCtEéln FIG 1 an

cross section  08/625,500, Low GbsttCoronzPRreionizdea fidrea Lasker,tfiled OpM2D46; allbf mmr is
showmn in FIG 3. A pulse power podul e 15 red
vol tage power su%'ﬁl'?cgpﬁl’a&ﬂ hersins by seferenge. pW%é%"ec"éwélrég ers and in -

6 |ocated in a Wb dndSerF e [odes are about 28 i nches | ong
and are db&ﬁ %ga'%g% apar%rgb%g{ﬁéﬁ I'nch. Typical |ithography

| asers oper at ed at a high pulse rate of about 1000 Hz. For
this reason it is necessary tg circulate a |ase S &about 0. 1%
fluoritBe, 1.3% krypton and t hBAKERQENDQFC EJ%%Y a buffer gas)

t hrough the 20 _ space. bet ween the el ectrodes. This is done with
tangenti al bl ower 10 located in the | aser di scharge chanber.
The | aser gases. Krl® excimerdasers Areacurfently chectmirge thel Wwoekhoese light source for the

| ocated in the chanber and. a, cold plate 13 nmounted on the_outside of the

chanber . integrated st lithography industryc &) fypinahpeorrart JirH exeimer laserinther |
g hg\r/:;]elr f] I(?I[ Gwage T gétﬁ’gt ur aﬁ% W|c lff“ll"lts sfdeP ﬁt&ﬁh?ﬁ;as er ggj 2R bloss s%%n&?
narrowed by .| i-neofithe lasmchgmbuobﬂthis fuor atdasee iscshatvndn FIGEY. Apalse psysutmu&ﬂar e
o StutBi ng. Che. +2pugredm gk ot noereuiply S pridiencibreaca gt faeikongdes "
g?;'?'/ Iugglgygg 186 . 6located ina dlschargé/@aﬂﬂfef@aifﬁe electrodes are about 28 inches long and are

e spaced apart about 3/5 inch: Typical lithography lasers operated at 2 high pulse rate

of about 1000 Hz." For this reason it is necessary to circulate a laser gas (about 0.1%

- fluorine, 1.3% krypton and the rest neon which functions as a buffer gas) through the

20 - sp_ai:’e between the electrodes. - This is done with tangential blower 10 located in the

' S l_as'er discharge chamber. The laser gasés are cooled with a heat exchanger 11 also
located in the chamber and a cold plate 13 mounted on the outside of the chamber.

Cooling water for cold plate 13 and heat exchanger 11 enters at water inlet 40 and

exits at water outlet 42 as shown in FIG. 3. The natural bandwidth of the KrF laser

25 - ..+ isnarrowed by linie narrowing module 18. Commercial excimer laser systems are
.. typically comprised of several modules that may be replaced quickly without
disturbing the rest of the system. Principal modules are shown in FIG. 2 and include:



Laser Chanber 8, | Pul se Power Mbodul e 2,

Qut put coupl e Li ne Narrowi ng Modul e g8rrus9e9/03189
Wavenet er Qv&gmssg Conmputer Control Unit 22

These nDduIes are designed for quick replacenent as individual units to
mnimze 10 down time to the | aser when maintenance is
performed. El ectrodes 6 consist of cat hode 6A and anode 6B.
Anode 6B i s supported in this pri or art enbodi ment by . anode
support bar 44 whi ch @Erﬁb inches long and is shown in cross section
I n &aﬁg ow I's clockwise in this view One corner and
one edge of anode surﬂulnetPowerModuleZ. bar 44 serves as a guide vane to

force air fromblower_10 to flow bet ween el ectrodes 15 6A and 6B.
Ot her guide vanes inQWPECBRPEF Gt | aser are shown at 46, 48 and 50.

Perforsated current retiuap #‘2#“ thgémnggﬁs ground anode 6B to chanber 8. The

pl ate 'S per | arge holes (not shown in FIG 3)
| ocated i n the | aser Waenidter@0pat h -so that the plate does
not substantially affect the gas flow El ectrode discharge

capaci tors 54 are ch&OgRpgsGastrol Unigeh pul se by pul se power nodule 2.
During the 20 vol tage buil dup on capacitor 54 a high electric
field is created by two preionizers 56 whi ch produce an ion

field between elThese modulesdte docigited forguiok réﬁl&eﬁféﬁf &£individual units to minimize
capacji tors reach about 16,000 volts,.a discharge across_the electrode is
gener ¥t ed down time to fhedasesiWwhentmaintenangesis perforneds  Elestroges| 6 Sonsigy afach

pul se, the gas r ffigient to
provi de fresh | %@ﬁﬂ%ﬁg%&&@n V\Q&eéna% Haneq4e 98 s sdlggg %a/\ﬁ'l%é%f‘lg aégmb‘)ﬁ‘mem b he
next pul se occumhodeguppdit barlddivaaet0l dbolt28afiches long and is shown in cidb8 s€dtimiar g€
chanber is oper ed at a pressure of about three atnpspheres. These

| asers operat e ‘i pilpWds clgekevise infhisviewp Qniecomer and ere edgelof an0dupppit.
'2I'he energy bar44 SRS 6?5@%‘% V& th Ford? Qﬁufro;rpblmver 10 to flow between electrodes

PCT/ U899/ 03 189 '6A and 6B. Other guide vanes in this prior art laser are shown at 46, 48 and 50.
... Perforated current return plate 52 helps ground anode 6B to chamber 8. The plate

.+ is perforated with large holes (not shown in FIG. 3) located in the laser gas flow path

-\.,_—_.q-_sp_t.hat the plate does not suBstantially affccf the gas flow. Electrode discharge

- .’ capacitors 54 are charged prior to each pulse by pulse power module 2. During the

20 -+ - voltage buildup on capacitor 54 a high electric field is created by two preionizers 56

: '-::__5_.-_whi,ch produce an ion field between electrodes 6A and 6B and as the charge on

_ capacitors reach about 1'6,000 volts, a discharge across the electrode is generated

‘producing the excimer laser pulse. Following each puise, the gas flow created by

,.__bl'_qwer 10is sufﬁcier:t to provide fresh laser gas between the electrodes in time for

.z, +¢. the next pulse occurring 1.0 milliseconds later.

o \.;The discharge chamber is operated at a pressure of about three atmospheres. These
'__'lasers operate in a pulse mode at high repetition rates such as 1000 Hz. The energy
wCtin per pulse is about 10 mJ.



At wavel engt hs bel ow 300 nmthere are few optical materials avail able for
bui | di ng wo 99/4s613 the stepper lens used for chip |ithograpoyrushhesiss
nost conmmon material is fused silica. An all fused silica
stepper lens will have no chromatic correction capability. The 5

KrF excimer |aser has a natural bandw dth of approximately 300 pm (full

w dth hal f ' maxi mum) . For a refractive lens system (with NA >
0.5) - either a stepper or a scanner - this bandw dth needs

to be reduced t athelvetengthpbeléw 360 ahrthele @&fiw optical materials availablé RSBudAdinNS -
Prior art comercially-avail able | aser systens can provide KrF | aser

beams at a noni Hhf stepRerieesHsed faschipdishography. H%pmswmmmmhs@sedm;m o 8
10 b t he best
Pasers i's about AR SEAHF Sl bieppdEA VAt Rt P rblokic Portedfion SabatiBE T

nmaker $ can proviKiP ekéiftieP Rberfds h AR baiwideVéfPproximately 300 Pm (fun %&Wtﬁtfﬁd
circuit resolutions of about 0.3 m crons. tric

di schar ge | aser shaximimas Fox girefsactivadensssystequi(wish N4> Q.5) t a!gbrpa)stepper ora

suppl i es. L ar f|e el ectri, ircujt
for an excimer PEEEFTT g"%ﬁﬂ%"& é E‘XB I%Auced elow f PO g\fqg.ﬁtcﬁ{q;nanc
circuit includegbg@ritRmsePrior ﬁ‘é’cbﬁhle?éxélw-h&m%ﬁ ﬁsd? Ems eRPhoovid¥ KiF faser
magnetic switch circuit. Blocks representing a prior-att power supply

for the . ... beams at a lominal wavelesgtb\of abom:MSmeMih abandwridth Gf aout®.8rpme

et a e, descr it o, Wbt i, cn ety ool ot e Bl o3 psiﬁ“’““
sgppl y 2 provi dewithkiile patahfds Bidbp&Sm Qter@%vg%o@g% H%%Je?ﬁéﬁﬁffiﬁﬁgt E .2

m 'l i seconds at frequencies su e nmagne
switch circuit , itegted gircuit resolutions of abolit G3 micomspr esses and anplifies
t hese pul ses to produce el ectrical discharges across t he
el ectrodes pf:the-l'aser as shown in FIG 4. These di scharge pul ses across
the . ElecBicafiSchie $asdfs Qudhy/ & &@irher 1A equife 11D oW t tion
of about 707RSTTEE Q&e Mai nt'ai ni ng constant power S Bpeyguc}&y%gt

vol tage when th é priprart typical pmpm‘edgl@ﬁ-nc circuit for an cxcmttlasmmshbwnah HG. 4.

t 1000 h for |
SUppiPer s, i s TRRECA el e Bes st qwtﬁi&wﬁgﬁn?%iquieirépﬁ‘n?@rfeb@eat ed

in a burst .. magnetic switch®adeit. Bldck@kéiﬁ\éseﬂﬂﬁéh l%éﬁg@ﬂfwlloﬁg lfﬂa t
abo ses a a

| aser is requred to produce bursts

rate of 1000,k +jaser gre showmat hineH6Gs Z\Hlld FI6hé. Aumoresietniied description of the prior

gcw US99/ 03189 powdfuBply b i in E1Gy 34T the Rical prigg aftasgs systerm, the powsro

of a second to supptyv2s pesvidls. higheVoltage pulses of aboutOH&) %!@Qaétfhgaaﬁ&ﬁtbﬁuous
m)de the output voltage variation, to maintain relatively
~milliseconds at frequencies suchas 1000 Hz. The magnetic switch circuit shown in

.. FIG. 4 compresses and amplifies these pulses to produce electrical discharges across
i the electrodes of the laser as shown in FIG. 4. These discharge pulses across the

.. . electrodes are typically about 16,000 volts with duration of about 70 ns.

. .Maintaining constant power supply output voltage when the laser is operating

qbntinuously at a specific repetition rate, such as 1000 Hz, is a challenge for laser
uppliers. This task is made much more difficult when the laser i s operated in a burst
_mode A typical burst mode is one in which the laser is required to produce bursts

of about 110 pulses at a rate of 1000 kHz during the bursts with the bursts being

3



const ant output pulse energy, is in the range of about 0.6% (about 3 to 3.5

volts). wo 9945613 Wen operating in the burst node, the vapepisedosise
during the first few pulses (up to 5 about 40 pul ses) is about
2.5% (about 12 to 15 volts) and precise control of pulse

energy variation is not as good. In a typical |ithography

exci mer | aser, fe ck_G neasyres the output

| aser energy of %8528%(%@3”3% Sgaéf[ ﬁgget?%ggoa r%éec(?f‘&d%\?l fgf”l ¥i5oRgso m¥¥hen
desired pul se 1Gperating maconnﬂﬁ&is%iedeaﬂﬁ Jusit v%ﬁﬂﬁvﬁqaﬁbﬂ N8!mdifafh x%%’ﬁ%&' I er
to adjust the power supply voltage so : hat energ

subsequent pul s@@naﬂ@t Q}ltpmaulaeccndngm isdnl thyrmmg!yof abmqwtﬁﬂb (ahout stﬂérmlts)
this feedback S|‘9H an ant% %g a and.it ts)&‘ ﬁ io no

produced by the € opetating in the SEm Wp?efm*ﬂ“ hHHr ‘E&H F%@HH‘P in
erronepus power aboih0pusesh ddatoubeis9(about 12 to 15 valts) afid &bﬁ@@oﬁm o‘ffﬁmée
turn result in |ncreased variation in the output [aSer pul se energy.

These exci ner | #vengy variation/isinotihd goodequi red to operate continuously 24
hours per day, .7 days per week, for several nonths, with
only short outages for schedul ed mai nt enance. One probl em
experienced wt flnblig&ﬁ&l : C l,ve
wear and occasional failuré gﬁif)ﬁ ower %'a&?'léeréagﬁpcomrolsystemmeasuresﬁ%%ﬁﬁ&t
prior-art wavendasereneagibfeash pulse,detefinihes thd dcgdmaﬂdebﬂdoh froftl £desfred Putse20

ot aloff for | encreS, i teny s 4 lgA EROPTPLESIGrGINSh (e ARPEE SYRIAY Helcags sor on
vapor absorpti Orihzﬁ%hérgs' of E’&B&\‘J;Lgﬁ Fulses are closer to deﬁﬂ:daéﬁ%%yu Y pﬁa’ Y Eﬁ%yﬂ? for

the waveneter. This prior art ce focuses the coars
si gnal from t he this fe¢dbgclosigaall is ar analpg) signaldindde isosubjeet iomdiseprodasedr bythea
set of fringe roduced, by the etalon. The center

fringes pr oduce&asﬁgleqvﬁgm@ﬂ‘i jhl%ﬁgseg@gg t ipgrroneous power supply peltages being
phot o di ode - ar:t:rovidedHBH A in (i rEQAiS Sactladdd Viiafibd Rithe PJtPGt 1B ﬁfs@%xﬁ]ergy

_WaVE,‘ITEt er cannot rreet dESI I’Ed accuracy I’EC]UI renents Wave eng

measur enent S ’

VIO 99(A5613 . qpec o o

pCT/ US09/ 03189 imer lasers are typicglly reqyired e 8?%’“@&8&‘“&@“%1M84éﬁersme§é%sed

above are very:r7eligbpé, weelo FoC sirdll hbAtBES with' only short cagé shedmggor e
the need for major naintenance, but integrated ci cwt ? |cators are

i nsi sting on'evaripEpanse. p&nﬁmrnblnmeemden@da with| these: pribeawflasees has rbeen
i abl e rodu t.ion tc,xbua.l | ty exci mer | aser

g;éfte?n f g;pgbl e o‘f‘esflg?\a’e?re?‘ﬁlcﬁ %‘F’iz ure °fcbl°wer

* The prior-art wavemeter module shown in FIG. 2 is described in FIG. 6. The
20 . -+ wavemeter utilizes a grating for coarse measurement of wavelength and an etalon for
-+ fine wavelength measurement and contains an iron vapor absorption cell to provide
an absolute calibration for the wavémeter. This prior art device focuses the coarse
 signal from the grating on a linear photo diode array in the center of a set of fringe
i .:ing's produced by the etalon. The center fringes produced by the etalon are blocked
25 B to permit the photo diode array to detect the coarse grating signal. The prior-art
By ::r.-:'_ »Wavemeter cannot meet -desired ‘accuracy requirements for wavelength

©iii measurements.



5 ' operation and having wavel ength stability of less than 0.2 pm

and a bandwi dwo 99/45613 {ess than 0.6 pm - PCT/US99/03189
SUMVARY OF THE | NVENTI ON - The present invention provides a
reliabl-e, nmodul ar, production quality narrow band Kr F exci mer

| aser capabl e of producing 10 mJ | aser ‘pul ses at 1000 HZ with a 10

bandwi dt h of abdiiorartdasers such hethe one discussed above are vety eeljables producing billioms) i s
especially suited to |ong-termround-the-clock operation in

the I'it hogr aphi ofpriserRafors thegieed foraaior maintepancs; put integrated FiRwhfabrieaems a i or
art |asers nsr%m&or} e\JeHCbgugrepe?foﬂngxqee anld%%bqg‘@ pi;}l‘?r%i’ﬁz g eédj m%gg&eir C?

acoustic baffl es €s re

f1uorine concentreRdbl@Nproddctidaogieality BR¢ifrier haser Si?sw:ﬁd c?a ble of long-termtfactbgduce
aerodynam c reaction forces on bl ower bearings, fied pulse power

syst end provi di ng)ppaaslo@ranslhasogrwayelepgmmluhtmftlfﬁ;tth@bg@ 23] ami gbandwidth of
substantially | ncreased reflectivity, a line-narrow ng nodul e
with CaF prism BS&&%‘%&%QR&& nore accurate waveneter, a

| aser conputer controller pr ogr amTed wi th new and I nmpr oved

pul se energy control algorithm BRI EF
DESCRI PTI ON OF THE DRAW NGS SUMMARY OF TEEGNVENTIONIr awi ng of a prior

art conmercial KrF |ithography |aser. FIG 2 is a draw ng
showi ng the principal elenents of ‘a prior art commercial KrF

exci mer .| asers URRGréseht ihMmRiBh PrGFdes a/Elidtle, MddReE] Frdbiction quality narrow-barfdd G
3 is adrawing of the |aser chanber of the FIG 2' T aser .

5 - KrF ewimer kseri capable of producing 10 mJ laser pulses at 1000 Hz with a

PCT/ U.?@Q/ 03189 3A is a drawi ng of a | aser chanber

showi ng f eat ur es ag?wgtlbpngbeqntgépmmgles enbodi nent of the present
i nvention. FIG 4 is asinplified electrical drawing of a

solid state pul se power circuit. FIG B5Ais acircuit
di agram of a tyriﬂl?dlfespmi invengion igpespecially swites) to long-term round-the-clock operation in

_ the hthographxc productron of mtegrated circuits. Improvements over pnor art lasers
mclude a smgle upstream preromzer tube and acoustic baffles. A preferred
| embodiment includes reduced ﬂuorme concentration, an anode support bar shaped
15 - reduce aerodynarmc reactron forces on blower bearings, a modified pulse power
o :."system providing faster pulse rise time, an output coupler with substantially -
| .'mcreased reflectmty. a lme-narrowmg module with CaF prism beam expanders, a
- more accurate wavemeter, a laser computer controller programmed with new and

- inlproved_ pulse energy control algodthm.
20 | B BRIEF DE_SCR_IPTION OF THE DRAWINGS

o FIG. l isa drawmg of a pnor art commercral KrF lithography laser.
| 'FIG 2 xs a drawmg showmg the prmclpal elements of a prior art commercial KrF
exc:mer lasers used for mtegrated cn'curt hthography
' .FIG 3isa drawmg of the laser chamber of the FIG. 2 laser.



5 = FIG 5B and FIG 5C are circuit diagrans of prior art feedback

circuits. WO 99/4561 FIG 6 is a drawing of a prior art wapef#rises/,n3189

FIG 7 is a draw ng s'?*lovvi ng features of a preferred preionizer tube.

FIG 8A and 8B are diagranms of preferred feedback circuits.

FIG 9 is acircuit diagramshow ng features of a preferred enbodi ment of
Is. a dr

the 10 resent venti g .Fl 1 g ,
showi ng feat uresF l(#) g }nﬂrcgegﬁlgwﬁgm%rr chamber showing %eatuﬁfcg 213 P | 11B
are graphs descrépibd@mtitofihyikieabimenn.t he FIG 10

wavenet er. DETAI LED DESCRI PTI ON OF PREFERRED

EVBODI MENTS  15FIG. 4 is a simplified electrical drawing of a solid state pulse pbwer eitcuitabodi ment
A preferred enb t. of .the present inventi.on is an i oved ver si on of
the | aser PGS i sl gbim ohe PSR! ot 3t aerguBBl S5 'SC and o,

This pseferred. epipdR%Nd FPG'SQfarc circujt dmﬁrarns oflggié)} F%'?é‘édﬂgﬁécifct&ﬁs.f o'l owi ng

i nprovenent s: rger preionizer
repl aces the priliG.& is advasbing af & priopirt Watrma:teﬁo

t ube preioni zerS@% ovi de jnproved efficiency, better preionization
and i nproved |a %a'é aﬂ’@W“Séb%@S features pE e predereag preionizer tube.

Acoustic baffl e ﬁ%ﬂ‘t&g {%ﬁsghk?ewﬁgaﬁacﬁf itg&ts of acoustic shock

waves resulti ng ar ges The

prior art anode EIGIIODH al@a*cmhasagb@ﬂrshm igf fe@iirdsQofSa/prefeteid @thbodifBAUSEhe5

aerodynam c reaction forces on the bl ower bearings;

The filori ne corR!‘WFWF@FPMas reduced to inprove pul se quality;
6 o FIG.MB¢ g/df‘la%vm showing fi

PCT/ US99/ 03189 . g showing featurgs of 27} impreyed wavemeler: noner syst em

has been nodi fi eHIGS) PIRUMKE IBShR' ghap ﬁsedescnbm% the functioning of the FIG. 10! &
provi di ng nore consistent pul ses, and inproved 1aser efficrency

at hi gher vol t agéavemeter. : Mor e preC|se control of the
char gi ng vol tage of ‘the pul'se power system

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

RERNE AR " Preferred Embodiment
o A preferred :e-mbodime'nt of the present invention is an improved version of the laser
" described in FIGS. 1, 2, 3,4, 5A. 5B. 5C, and 6. This preferred embodiment prior
o ‘art includes the following improvéhlents:
| *° Assingle tube larger preionizer replaces the prior-art combination of a two-
20. o tube preionizer to provide improved efficiency, better preionization
and improvgd laser gas flow between the electrodes;
Acbuétic baffles are provided to minimize adverse effects of acoustic shock
waves resultmg from the electric discharges;
L The pnor art anode support bar has been modified to substannally reduce
25, E S T aerodynamlc reacuon forces on the blower beanngs

The fluorine concentratxon was reduced to improve pulse quahtv,



5 ’ ' The reflectivity of the output coupler has been

doubl ed to 20Sgosessimntial |y : decr PLI/USPIORBY
bandwi dt h of the output pulse; Fused silica prisns
have been replaced with CaF prisnms to provi de nuch

better thermal stability; An i nproved waveneter

provi di ng nuch nore dified t duce f:
nom nal wavel ength a%ggﬁgw g tE eg }vf%ré begnmo fed to produce faster rise A

conputer controller progr anmapromdxhgmorewmlsgmtpulkmmdompcbwglaemfﬁhxency
.improved control of pul se energy and burst energy. -

Chanber | nprovenents 15 at higher voltages; SI ngl e
Prei oni zer Tube W [ A 1]

preioni zer 56A tube t%srerperfb e oﬁ@f‘)t‘tﬂ@ch&éfﬂg@ol&éeof‘ﬂéﬂi‘x?ﬁeeﬁ)om ge Tbes 56
shown s n FIG 3. The Hiengfletivitpef the ouput Zaiplérhas béun dbabhd t6 20%, substantially
accordance wth the description i n United States Patent Application, Serial
No. 625, 500lecrensipg thahangwidth of thegoutptinulse; s i ncor por at ed
herein by reference. l%@ed 1hca BPFmsh {Lé@a{éb&c@@%h%ﬁfﬁﬁﬁﬁé% 151]?)@ deFHbich

preionizer tube is not il

surprisingly pI’OVI des i rrprumeﬂghaﬁﬁilqtmgg over the two .preionizer design.
In this enbodi ment the ‘preionizer is |ocated upstream of the

el ectrodes. Appl i cantAn dgprayed wavemeter providings much merd qiredism measirements ofy
for t i mpr oved perforna bel i eve
t hat e prior art downst Ir.l"egl}“hnpr el o%%@%@’%& ?‘Pés vahdgdr%q ard the

removal 25 A ebmp@BScaGBRER T rairiindd \FitlPa hew algorithrh bm Ambépse
ions to interfere with the next - pulse comng (in Hz | aser)
about 1 millisecond | ater.imgraxsd capispl of:plse energyeand burst energy. that the

| ack of symmetry associated with the one tube preionizer nmay be a reason
for the observed i.nprovenent in the pul se-to-pul se stability.

7 WD 99/ 45613 Chamber Improvements

PCT/ US99/ 03189 Referring nowto FIG 7, this preionizer
utili¥es an integrated tube. design,  h&ingle Preionizer Tube bushi ng el ement

ntogral 22%;5&2%5“% FLFRY S Y kR BRIk SR b o e o
desi gn, preionizer tubeeS6 lslmim g FIGO3. The simpld wbblpgexﬁtﬁzaﬂfseﬁbnaat&!)ﬂﬁl ng
processt010|nthe bushipi nt wth the tube

one

conponent. The ASRYdaNge %ﬂtgrﬂ‘ﬁ @?scnpﬁ?%k‘bpmﬁﬁg) |P tyfes Patent gpphcanon, Serial NO
contrary to 90”‘@'3t50@”%e(§igﬁhgﬁ %’ 606, "Rhith %’30 r%gﬂ Cﬁer g%féré)

i oni zation .. OWer "capaci t ance gns

t ube 2hi.ckness iApplieamshavetdiscpoered keat one preionizer tube xsdaloeblﬂytsﬁfﬁz:xattr lﬁﬂ@feﬂ/ Of

the material selected. Those skilled in the art will recognize
. surpnsmgly provides improved performance over the two preionizer design. In this

- embodunent the preionizer is located upstream of the electrodes. Applicants do not

fully understand the reason for the 1mproved performance. However, Applicants

e pghgyg that the prior art downstream preionizers may attract and retard the removal

25 Of ions generated in one pulse long enough for those ions to interfere with the next

- pﬁlse coming (ina kHz laser) about 1 millisecond later. Also, Applicants believe

o fOl‘the Qbservgd improvement in the pulse-to-pulse stability.




that optimum perfornmance for a given tube geonetry is conventionally
determ’ ned 10W099I4ﬁ6l3 by sel ecti ng a material wth the h! g hests99/03189
dielectric strength and determ ning a wall t hi ckness to
match this capacity. For exanple, a sapphire material is known to have

a dielectric strength ranging from 1200 volts/m | to 1700 volts/ml.
Therefore, for. . tybe, . 035 inches thick thare is a safet
factor of 2 i1 REEETFngapwdpdI: ddispromnipt et B ireghiddfoc desfins Briind o
wi th the presenbuilieeleimels 180 Wih ahti-taciahg gRsoves 170 Mcbfjordted thefed8K s 15
utilized in a single piece construction, necessitating a thicker tube wall.
Thi s design integral component 0f the teher ePriomdesigns utilized 3 oxe-diametercdasignge.
The actual effect of. this red%@?d . ' ‘Hﬁa aci tance .on-hl se}{i
operation, howeV&FS™Y Eyifos TRRpRfacring ‘B’ép‘?%_@'larg? ® PIicPy 1 Join the bushing
SUr prissi ng i ncr egmponeht With (PRGBS EGiHpEHRRITEHe | conéthrhttilabtef) Thilker ilse a%k%gif ode
gap. Because of the constant dianeter, thicker tube T,

i ntegral bushi ngonfeay tpconyemntiongl desizh rules, which would pirestiet agéductior iri imhization be
machi ned to provide .anti-tracki ng,grooves 17 rtherpore,

because of the dne 1 Igwes BORCIABSY Mﬁ?lg‘?%gieé“ﬁ’%ﬂ?ﬁ#"?ﬁééb‘?ﬁp@‘gu&bumnttha-
pure (i.e., 99. Yidleddiit Nicnpt &f the ?x?atérfa@ﬁ@éélé&n’i‘hé’ie‘émﬂédg}\ﬂ?@, Q?Tvﬁﬁfé?:ﬂkﬁi'ze and
Ifficult surface

there is S no requirement to performthe
pol i shing of -t ulthat gptimempesformmance for a given tube geometrp iy cinventicnally détéfminedn -

bondi to artificially create. the jniegral. . relationshi .. |
bet vvegﬁ bushi ng !éﬁ‘%&‘Hé%HBémfhy}tMF @‘&B?s,t dfqle%'agswéf}' g‘é‘f g?tm@agtwaﬂm gh
purity - thickness toSmdi&H ¢ ap ARty FBPExathpl, QRGP hiredRaB A1 35 s pgg, (;xtgib?y

material. It has lgeen.found t hat I greater t
the nore the di @ldisleqtiic stedngdnmnping frone d#200cvoltsAwilao 1@8Uivelts/mil. Therefore, for

ial grad i eferably with purity of at |east 99.8%and |
porosity, - tbe 033 inchesihirk Shere 1 safih (AT Al At i avep GPrieR ALAT kY. Tn

gorrpany under t Bé‘cd?\&/%féggfig%g%fré@m invention, a material of lesser dielectric strength is

PCT/ U599/ 03189 utilized in a single piece copgBictiomaetessitatipga thickérauhe wall. sThie degifm of

300 vol ts/ m 1. ngy used.. Bushi 180, . ving ..

anti - racki ng ‘o NeRHE EbEeal YRld A Towapeitance.  The ptal SHGRs Sl mip axdocst 1 o
prevent hi gh vbichp@gftadeasikiabét obétatiohyhcWeves] wikediSstverdtoYe eBRigibl)vif 2M
the cathode ., = . . .to the ground plane 160. 5 '

Acoust i c- Baf f | ‘e §urprnsing increase in thapedasuredt geomeiric diradiatianr ofithehelectende gap.

i gni f.i cant  causg ' ' f th it . . .
beans pr oduceq. rcalse 8t 56 Blrstitl affoeled il e will. itpera} tushine design e S0 ok
waves20cr eat ed byideleofe neftéridl Coi Yehaiagined @ngrdwes QnWilttaeRinge btdRves 1700M

el ements of chanber structure back to the space between the
el ectrodes and’ &pethesmors, berausesefdhe single piece constructiem,these is ieneedxo upe k-

occur r__i ng 1.0- n’b{,}g@g%& S(Sl%ryétgflli%e ﬁggs(?uc'_ei%nl TQ’nenrxﬂmU:]uede ceramic; and there is
ol no requirement to perform the' difficult surface polishing of tube'geometries in

: preparauon for diffusion bonding to artificially create the integral relationship

25 R between bushing 180 and tube 145. In fact, it has been determined that high purity

» #% i$ ot as important a property as porosity of the material. It has been found that the
SRl gre'iter the porosity, the more the dielectric strength is reduced. _As a result, a
.. commercial grade ceramic, preferably with purity of at least 99.8% and low porosity,

such as that manufactured by Coors Ceramics Company under the material no. AD-



enbodi ment described herein, FIG 3A substantially mnimzes this effect

by wo 99/436vi di ng angl ed, grooved acoustic baffles 60PamASSF0IIRY
both sides of the |aser chanber. These baffles absorb a
portion of the acoustic energy and reflect a portion . of the
acoustic energy dovvn into the | ower region of the | aser ‘chanber away from
5 the 9Bk ghd RARRR a bifdickitcsuBhih ©f 360 vERDAI RY be uick® Bidhinge 80,
consi st of a na I ne structure wth grooves

wide, 0.3 ml ddaapnng}aanathckmg(grdovuslﬂo adisposead therein, Gis previously described, actol

deep groove is shown gt. 61 in ffle 6

reader shoul d n&feveRt{yghy gﬁé’iaF 8g gxi h@@%fl’("sé‘rééeﬁth%\%bqfé%@r‘h%?ﬁhﬂ?&

as shown 3A, is substantially the sane as the baf fl e
shown on the rlg%t é%gc%rbdtﬂaﬁ%tﬁsthe 20 baffle on the left is

interrupted at the mddle of the | aser to accommpdate the gas
purification outlet port structure-64. The outlet port is shown as 65. This

out | ets port structure ixouo§eBafhedt the center of the |aser
chanber and thus appears promnent in the FIG 3 center
cross-section drApglicgnts havddischvaendakthat & klgmﬁcbatfdahss ofidiswrtiereof the quality of
shown by act ual testl to substanti al | e | s ality distortion
caused %y 25 - laserbe E‘g fuy eargq%@k%/ quyexc?mgﬁasers i¥s acoustic shock

9 S é’é@arﬁc% tihectri Ise which reflects

PCT/ US99/ 03189 waves ﬂ 1c @schmge of one pulse which reflects frorgﬁgggngu(gpor t
Bar chamBer stiucture back-foGhe Spadgamt\irémhé rebavtiodesnmid distorts theolag@d t O

fl ow betvveen el tro and 6B by anpde support bar_44.
Howevdt . Appli c ‘%afi‘% “GF%E‘H%P%‘B"W% ‘Hgﬂsecmd ater in a 100@ 2dasegy tThe.

designs of supp%{ ggﬂﬁaﬂﬂue%&&%daﬁer&{aahéhgwns kel SmBliEAS Aflicodtheth 4y ' 2

aerodynam c reaction forces on t
t ransferred to tplnevmimgvmgled grooved acoustic Haffiesi 60yand 62 wint boily sides of airblaser

br at | that th br at f
N fespons! b ¢ CRBTbE, M%@qﬁgﬂ&ﬁ% A R R S
failures. Appli Gipfe &%ﬁ%ﬁ@é’feﬁéﬂ' (ﬂ%\'fl‘?fnft@%% gﬁ\ég{é%%%em%eﬂﬁ%fﬂgﬂn In

Fl GS. e aerodynam
react kon for ces thyelefitrodes. tiulthmgrefnmd eﬂnbodxment, the baffles ¢omsiyeof atmantnuultmmi

the reaction force requ )asses,cl pse
the -edge of sup grue Wi ‘5?6%‘:'1 d‘ppgf’@ﬂrdé sRaced at @ré ‘%‘ﬁuwﬂvﬁlﬁ 3
3A. - " 'mil deep groove is shown at 61 in baffle 60 in FIG. 3A.

‘" The reader should note that the baffle on the left side of the laser chamber, as shown

in FIG. 3A, is substantially the same as the baffle shown on the right except that the

20 - baffle on the left is interrupted at the middle of the laser to accommodate the gas
o -.-'" purification outlet port structure 64. The outlet port is shown as 65. This outlet port

L structure is located at the cet_xtér'of the laser chamber and thus appears prominent in

i * the FIG. 3 center cross-section drawing of the chamber. These baffles have been

=2 shown by actual testing to substantially reduce pulse quality distortion caused by

25 ... 3" dcoustic shock waves.



Lower F[err] Concentration Thi s enbodi ment of the present

i nvention canpy@peyiskss at a wi de range of fluorine PCT/US99/03189
concentration. In this preferred enbodi nent the preferred F2 concentration
is 15 - substantially | ower than prior art KrF lasers in order to
achi eve inproved | aser pul se quality. Preferred nethods of
sel ecting the operating range is des ?&@ tHa-ed : States .
Pat ent Application Serial Nunber 08/5{1 g‘bﬁﬂ?l I ea 8/ 20/ 97, which is

i ncor por at ed herAslshow;t in EX& 3¢ gasflow from blower 10 is forcedrto ;ﬂowf Imtweeh elstrestiesent S
of the present inv on whi.ch hav en built and, tes by
Applicants, gr egg @gl‘g@ %@Oﬁamwi’ab -niIPWEer APRIicABYS aY?] CQ,"GFF&}HE‘ the
fluorine jon
in a discharge gﬁ des1%§§?§ﬂp&:gﬁnglﬂ:ﬁ%ﬁg§&ﬁp f l}grfjl_'diuj) eac éﬁgé%ﬁ&%}&al
materisal s in theewdyndmic. reddtion dorces oh itiablotwep mthidh wererteatisfegred to the blower

cont am nants, ng ch result in deterioration of |aser performance, requiring

an earings resilting iy chamben vibratine Appliesnts suspest thas rthQ!iPs}’@btah@ml

\igl tage) to mai phRLN ﬁ%e%g; ﬁglgi%for blower bearing wear and possibly occasional bearing

PCT/ US99/ 03189 failures. Applicant has tesiédothercdighy, severaD6fi@hich areiiuwi HEFIGS. -
fluorine consunqalon this preferred enbodi nent includes the
fol | owi ng speci f A-}2E, all pf which reduced the acrodynamic reaction forees by dissabuting overar e

I ted h odes are brass
AR SO adbigts Bdeiriod the reagtion force resulting eadt fim€ 5 HikdeiEifes e o o

all ceramc andtﬁd edge iof supporgbat 44| Applicants preferred design asshown“inlmmgAl S
Applicant's preferred insulator material.

el ectrostatic:filter is provided.as in prior art designs to f||ter 10
contam nants produced during operation, The fan unit
is driven using a magnetically-coupled notor |ocated outside

the seal ed djscharge chanber using a prior art technique.

Duri ng manuf acture parts are preC| sion_cl eaned to renove potentlal
. _ - Lower F, Concentration

Thxs embodzment of the present invention can operate at a wide range of fluorine
;- -concentration. In this preferred embodiment the preferred F, concentration is

15 e substantially lower than prior art KrF lasers in order to achieve improved laser pulse
~ quality. Preferred methods of selecting the operating range is described in United

.- States Patent Application Serial Number 08/915,030, filed 8/20/97, which is

.. incorporated herein by reference.

R .. In preferred embodiments of the prese.nt invention which have been built and tested

20 B by Applicants, great care was taken to eliminate materials that consume fluorine
:;from_ the discharge chamber.” Fluorine consumption in a discharge chamber is due
;e to fluorine reaction with matenals in the chamber. These reactions typicaily produce
contaminants, which result in deterioration of laser performance, requiring an

increase in the fluorine concentration (or discharge volitage) to maintain desired

10



contam nants. 15 After assenbly, the chanber is

passi vat ed wi tvwoBbuss13 ne. : This preferred enbodiReIAES99/03189
requires substantial changes in operating procedures and

paranmeters of the |aser systemin order to .achieve the desired very
nar r ow band out put. The -fluorine concentration in reduced
fromO0. 1% (30 kigeputt enedRut Ind obdkto &0 minimize fluoring 26nduneption] NAist pieférrdnS
pressure is about 300 kPa. (The Kr concentration is

mai nt ai ned at t [embsdimentingludesyhyg following,specificfieaWRs: t he remmi.nder of the
| aser gas is neon.) During operation, fluorine wll be -
gradual | y depleted. Constant pul se energy i s obtai ned by
gradual I'y increasi ng THechamber walkeire aluiginvfil écaged with aRkel dance with

prior art techniques. Injections of a mxture of fluorine (approxi mately
1.0% 2% f Theol¢ateodesi are lorasgt on and 98% neon), are made

periodically (typical iAt.erval s about 1 to 4 hours)
to make up for the de‘éﬁ&q%ﬁwgﬁﬁw?%gs?wsaccordance W th
techni ques wel | kno"\ﬂnkdlatbl%ear@mbéﬁfmé afefludindéompdtibldur i ng this

procedure, the fluorine concentration is preferably

mai nt ai ned wt hin. the‘\luangaexsa’ippbsamésapreﬁmdtmsulator material. 0. 08%-and
5 ,

o os ,ﬁgg‘;; he oper at | g e o Afkite? il Brovided s n phibl Al adhiid'eh fiigend! N9

PCT/ Ugp9/ 03189 contaminants b%?ﬂ@e@&ﬂﬁl%éﬁe@&ﬁ)ﬁ 0 mai ntain constant

pul se energy. For exanple, in a preferred enbodi nent this

range was 600 vol ts tDheoi0 unislig driven using a magnetically-coupled motor located outside
Pul sed Power Suppl y

| mpr ovenents: ‘5. the seajed dischargs fhamber P5ipg a@EOT At (5hBifMSed pul se pover
supply. FIG 5Ais a BluPsgKmanufacture, parts are ;ﬁé&ﬁéﬁ@k@ﬁedﬁo@éﬂl@% gétkn
supply useful-“for"providing high-frequency, high vol t age

pul ses to power.a. cur r esomtaminams.ci al | it hography exciner |aser. The

I t th I trolled
Pecti #or 1307 o, Aher dSeriyhe SHEBodt SRS R VHE BoBR L1 Lo 1o 200

VDC, a zero crossi ng svmtched 10 10 kKWinverter 112 whi ch
converts the ‘DC vqlta?e ‘to an voltage at a frequency of 60

kH err], a 10 k\¥his pisiemyed embadimentrequirasisubstanti pbmempmatmgmm@moo
VAC, and 0, kW I Vout t st ode rectifier:-

. a shunt swi-tch: %’%%%‘F’F%‘?“%%Aﬁ’ﬁ' sys em it oRds toa B}ecf/}es Ve %‘H mvg
the power suppl youtsenThe flubses ébn&éxﬁraftﬁﬁqm‘&ﬁlcbd &om 0.1% (30 kPa) to about 0.08%

i nstructions from-an external control unit 120 whi ch provides an anal og

si gnaP%from 15, (24 kPa). Theytpta)pgasapressuse ds ﬂb@ﬂb‘ﬁ@&kl?@n(fmlsll(bagmnmudmmr

D Y, of Rk A e bt tevahofabout 48R B RRGREer Sl BBl 015

124 and 126 in Hieon.) Puringfopesation, fofink Qﬁll@eﬁtﬂ’dﬁtll}i debleted? " Cotisthe pelsQéfedy
interface " i nstructions, provi ded by a control

processor of “a |1§ PHB‘W&Y)ETBQ‘@HIIS é:pcreasmg the laser operanng voltage in accordance with
B pqor.__an techniques. Injections of a mixture of fluorine (approximately 1.0%

25 | fluorine, 1% krypton and 98% neon), are made periodically (iypically at intervals of

about 1 to 4 hours) to make up for the dépletion of fluorine in accordance with

| te;hniques well known in the excimer laser prior art. During this procedure, the

o ﬂuonne concentration is preferably maintained within the range of between about

;:.__,7_ 008% _atid 0.065% and the operating voltage is maintained within a corresponding

T



machi ne. As shown in FIG 5A, control board 118 recei ves feedback voltage

and 20 wo 9y/§34f3 ent output signals fromrectifier 116. Thee®E/USIYIBES
are used by control board 118 as feedback signals to control
t he power supply output. Wien Co has been charged to the

desired level, the circuits of control board 118 interrupt the operation
of inverter 112 LieaF : ' t | '
ectifier 116 as fahge BE¥¥ptitkefib %agﬁtg.\%&lrl%ﬂa.ﬁf%\fl%e&%g 5F§z"\4,xtaﬁ{bl§%n a'breferred
Gircuit Changes embodiment this raAgeivas 600 eoltsaué4divelisiver ed that a resonant

frequency in the current feedback circuit _ was creating
substantial voltage transients during burst operation of the prior art
12 WO 99/ 45613 -

PCT/ US99/ 03189 pomE%“sgﬂp‘)’BP"f'l?h‘PPQ To reduce these

transi ents. Applicants changed two resihagro®ements in the current
f eedback control circuit _as is shown by a conparison of FIG__8B and
prior drt FI G sclhisfrmbadiment ipcludescamimprovasdpulses pawer supaly. JGh Jédistablock k

'(I)'E gg e : Pnd nor chan 8 ieagr 8 g tétgﬁréélr %‘5 p%wgp gﬁf;p?i l‘/l gé@/f g%%éﬁogkr@?%ﬁfkhtégﬁﬁgggﬁ nquﬁh t he

transi ent vol t ageohdpel plls@todpowarda Rufréht c@fifercial lithography exciéid@rlader OThes
w || be discussed |ater. . __Digital
Conmand Cont r ol Pprincipal components qfghe pewerssupplic ar¢e psiliconontraled ractifien {0

01 s sour cos. as LORein e 20F ViAQ i oupeus pe 200 YRG; Eid HERRRGHALRS

this probl em was kWinvenser 12 whieh Q&W&Q%&Dmﬁdﬂa%é @ & ﬁﬁl%ﬁé al a frequitaky g h
S transmtted to the power Supply unit ere it is

converted to an KHal ol KWowep-up ransformer 114 that steps pp ke Yoltage & 1600 ¥pGiiand t al

to anal og conver/ i ade r. | fd o~ shunt
switch S2 for fa];sdtfi b(‘:‘ﬁltl?kﬁ,l 8@&&% h“‘%"’%b‘@%?cg‘ﬁgﬂ&#‘gft‘éégﬁl‘gﬁf‘é@m‘&s%ﬁﬁ’i}ﬁﬁ t??‘?r | G
9. In this prefenl@gpreviteihizesdntrol f the PARRE lsupslyi aairdlNbdadd 1138 esi08sS RSl
t hrough 15 a differential ‘instrunentation anplifier 32 and is

conpared to the {nsfrgtipas frop gnoextemal contraliugitd20 shich proyidesan gnajomsigngldrom
o S o . ! ! Sl
bperat he roct HR operafdf i, BEGRE Bt Ul B nhceP puise enerey, Anglog Tt

i nverter 112 Theoitrkbeard 118 is Asteprosided By esltage and twrrénbd feeibavkrsighdlz Rk ¥hown a
12 bit e g e f.oragat- whi ch-ﬂ_o,vi des_an accuyracy of 0.025% This
change provi ded- #ht#daed 1RainFIG$A. An interface logigicirquibl2Z providesdigital interface

vari ations as’ w-ideiidiok SASt fily B8 bR Vided by a control processor of a lithography stepper

- " +"**machine. As shown in FIG 5A, control board 118 receives feedback voltage and

20 ~-<." current output signals from rectifier 116. These signals are used by control board
' "118 as feedback signals to control the power supply 6utput. When Co has been
- ¢ charged to the desired level, the circﬁits of control board 118 interrupt the operation
“ of inverter 112 as shown in FIG. 9 and fire the shunt switch S2 in rectifier 116 as
. shown in FIG. 9.

' ~4.4% Applicants have discovered that a resonant frequency in the current feedback circuit

+--“was creating substantial voltage transients during burst operation of the prior art

12



Differential Instrunentation Anplifiers O her 1 nportant

| nprovenents iwobdisg1di rst preferred enbodi nent over the prior ®RCAIAUSI9/03189
power supplies are shown in FIGS. 8A and 8B. The sinple buffer circuits of
t he . prior art device have been replaced with differential
instrunentation anplifiers. 25 : The feedback current signal is
al so processed t g5Qidips nﬁt& eq-g Réchick thedS trakiéiBHits 3A pflitants changed two resistors
anplifier and is conpaP a current set point 'as shownin FIG 8B to
provi de in the currea ferdbackg:onmdrmndxtas iyrshown by tanompavison of FIGo 8Brand
circuit. This co act C bor art
conmpact or- Ci r cui P F (Ec g@ﬂf cglly; the }%oh@megﬂpr,\ga%%}apgﬁf %%&ths and

13 48l

PCT/ US99/ 03189 the 4.7k st was changed to 100,chms. n]éheéf/ inor changes caused a
(i.e., sl ow curr emeryfsubsvamtial traduckioniinrthe graasient voltage vanauon durng| baml nimcgh
current flowin the riddle of %he cycl e).

Reduct i on of ChaP&’é'a@Pr‘rse‘ﬁ'tl b, f}é‘s%ﬁdlﬁﬁﬁ of Charge The
charge rate of Co is very fast, about 600 volts in about 500 m croseconds.
5 Therefore, for a constant charge rate, the tinmng of the
firing of shunt switch S2 and " Digital CommarCohaodi ng of the operation
of inverter 112 are_extrenely critical. To relax thjs timng

requi rement, -AppPPeliFants disceverssithet the prier-asharalog ypitage eommand circuits Wersuce
h ff f h
e, o1 feetive 17 GagRakoaRtabFHbl-t ot ssk B BULAR Wi GA'IEA, Prdiibre (e

Appl i clant s addedthis problerh wasltd convert the comniind @ontrol o aaligitdlisignalibikichlk6. A
20 ohm non-i nductive resistor R* replaced the regul ar 20 ohm
shunt resist or .i HaRSRifteq fQ:the powsT supply unig Wheetitds convseisd 49 A Pn%le&ﬂgvel as

resistor R* ISIEW dFl'Cp ”.Hl gpan
shown. in FI G l{ﬁl %ygﬁr&u& %yeéén?g ew |{n°?/ e?ﬁ%&gﬁg%tﬁgﬁ
charge cycle. Thslamt smchsmbn ﬁkt&fbntryl of the power supply electc(miktsraslshGWﬁQﬂlFIG( not

shown) which i's’ [ the sane as_the one shown _in 15
FIG 8A This.gcil cmu efgﬂai@@b?dr@eer@mﬁefpﬁ%ctaﬁhwrs%wmaﬁss@thmughas

b
Cgfnr;anlcsl i gnal ;26 a{f@%ﬁﬂ?@gﬁ@eﬁﬁ@b&ﬁmﬁﬁﬁeﬁ $fand ﬁrcrolnpé.kﬂf ) the v %ﬁa EQS{rtrol
di vider circuit signalsant dlgrtanydrom the soltdgervommanduide d20vireordeh to denve a trip

vol Eja?e is at’ abOUtalgt%% of tg%%ggi ﬂ‘%ol tagwrragkﬁ%%f%@] &Rg?nﬁ%lé;sf
use o] e on
Co reaching its ﬁﬁéﬁéﬂqzvﬁﬂﬁowﬁﬁad voltage is traflgngféﬁﬁs tlfé%%uﬁﬁl?‘fﬁgéﬁ%

the frequency of ‘the-current I ng
a factor of abouforatwhich providephn acoiieacy ofi0 025%. Thikchengeproeidédarotiter aiajét

to 4 rlngthe st .5% of the char, cle,. The rease in frequency
and k. “% uction intagsieptyana) 8&&‘85@%4‘&?“5?9"22@?% eduction of the
charge. current fl ow for the : final few inverter cycles of the

char ge, and thr 5 permts a much nore precise shut
Differentlal Instrumentation Amplifiers

| Othet important improvements in this first preferred embodiment over the prior art

. . power supplies are shown in FIGS. 8A and 8B. The simple buffer circuits of the

: _ | prior art device have been replaced with differential instrumentation amplifiers.
25 .- The feedback current signal is also processed through a differential instrumentation

' o | a_mpliﬁer and is compared with a current set point as shown in FIG. 8B to provide

- an analog command signal to the inverter control circuit. This compactor circuit is

a standard prior art compactor circuit used to create a desired "S" curve current flow

13



25 of f of the charging cycle as conpared to the prior art

circuit. WO 99/45613 | PCT/US9943189
WD 99/ 45613

PCT/ US99/ 03189 Qut put

Coupl er In this preferred enbodi nent of the present invention

the reflectivit yd?xriri%{i}? \;\ﬁ%ﬁxﬂfﬁgkf& Ft)illec%lfli.seog.e. qg&%hﬁ"ém}}?oﬁy Qte the beRk rgéiarﬂ‘gt ely

doubl ed from abou grror

nar r ow- band exci emd ardetigh Surkent floodin tROKGEAdIO oS theasgc®pne to hel p make up for
the .5 o | oss of laser efficiency resulting fromthe reduced

fluorine concentration, and to ' provi de nore feedback within

the |l aser cavity to redu | a bandw dt h.

Cal ci um Fl uoride Prisns Cﬁe&'n:%on 0%%“'%%5%(“&4"??@'[%@ P’éFF‘@E&q vity of the
out put coupl er fThecA&t¥e rte 3PC iRV e fas€labBEL 600 volts in about 500Picroseconds
approxi mately doubling the Iight Easm ng through the |ine-narrow ng nodul e.

The 103 Theratore. formeonstantichargn eatettheltilmng ofitke Huin of sbwuatswiiich SRiandt | on

in the prior art .Silica . . ri sns caysed.t he I .
di stortion in thteﬂe;L)L?(?pg)ﬁ’ig. O’{I@e QpFraon Af WveTes lgfrﬁt? Frtrempdy gritical. TO Telax this
silica prisns vetigingrehdfpstnridpplicattehdv@rhodiféd AR pives ly%ﬁikﬁ% | de-
has rﬁ%er tktllerrgg)ll conductivity angecanﬂ%gndl e the iR
addi ti onal ener gtheffeativa frequency and amplitude of theegrednk chaiging @@d during the 1ast

| mpr oved Wavenet . he prese I,nvention, provjdes a nmajor

i nprovenent in t r%weé%a%o%@ﬁﬁ%ei cie” "o do S, Apphqq%g ?ddégias'ieﬁ'ﬁt%f
the naoi nal wavetie@gi fh elifi udih €16t 20bbidhvn Abnliftfickey RlsRRG

the bandw dth. .These inprovenents in beam qual rilty ﬁave rsegggll?z(ﬁ@él%etdh%mneed

f or -+ regulgr 2Q.ehra shuns vesistar én rectifiers] 16a Adst, asecond 2@ okmarontindictvk uded
ent i.nventi. The wavenet er

can he desor bed By B oF keHed ot sirep ByFFE penit of wiich 51 25 Syepghg.
E : g | gr to an drraymhﬁgmemmd inWeitbr GycRRS 0P EhePdHargPoYRIRE s iS RO Inpifkhed by

S 4 control circuit (not shown) which is substantially the same as the one shown in

s - FIG. 8A. This circuit also uses the converted command signal after it has-been

LR _;_"""' changedtoanalog and the V,, éi'gt_ial,’ but the command signal is attenuated by about

""'5% with a resistor divider circuit so that the extra resistance is added when the

~* voltage is at about 95% of the command voltage. The resulting signal is used to

o ‘open S1 a few microseconds prior to the voltage on Co reaching its desired value.

20 . 'The'se changes proved that the frequency of the current charging Co could be

- reduced by a factdr of about 2 and the amplitude could be reduced by a factor of 3

~ to 4 during the last 5% of the charging cycle. The decrease in frequency and

" amplitude has produced a significant reduction of the charge current flow for the _

S final few inverter cycles of the charge, and this permits a much more precise shut

" “off of the charging cycle as compared to the prior art circuit.
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The out put beam fromthe | aser chanber intersects partially reflecting

mrror 70, w0 99/45613 whi ch passes about 95.5 % of the beanP@HUFP/3A$
reflects about 4.5 % 25 About 4% of the reflected beamis
reflected by mrror 71 to energy detector 72 which conpri ses
a very fast photo diode 69 which is able to neasure the energy of

15 WO 99/ 45613 Qutput Cou ler

PCT/.US99/ 03189 . i ndividual ses occurring at the rate of -

1000 per second.Inthispref¢rses Mdgyemtg)fam)mesent mvenuan the reflectiyityipfahgjoutput

Usch o Speci al PR A RELREPY BRI bl o Abp 0% which s it of Prigr

vol tage to art narrow-band Rk &frieP Riséts ﬁ%rohpio% hThidWhEAoRORY HkYp Riaké b Frhe
pul ses based on stored pul se energy data 5 in order to limt

the variati on oflosshaf leseseffjciaricyi mstiltingl froin thel reducedrfiuaring doncenyrativadand to
energy of bursts of, ulse ri bed .hereinaft
About 4% of the pﬁ%‘ﬁ ﬁaeﬁ%&g@ﬁp“e@ﬁaﬁr SRYIRGR r;rgu °5‘E7' laserRandWidlh ni v or

73 ' through slit 77 to mrror 74, to mrror 75, back to

mrror 74 and onto eschelle grating 76. The beamis
col umated by lens 78 havi ng a focﬂaldmngFlnou‘ﬂezm'&nIs nm- Light 10

fromm rrors " he chatke it ulToicctyRy of the PACoupict T QP to20% Rid fie 3t orm
mrror 79 and fQqgy gﬁg xitHdly H&ﬁ:#iln?flﬁe ].tght assing &Hou%lhtlﬁ'lﬂe- Qﬁo&idﬁ&dﬂ@%ﬁb

di ode array '80. Th p03|t|ono ont oto dio
arraylds a coar sdditionalheat geherated byebmhddmonainilumﬁnamnem tregirforaft fukel s)htaput

beam : ' 90%.0f the h i ch pass hrou m.rror

Js reflected of fpwrws%zthiﬁn& istortion maﬂ%%me 3o b proBlamy fedwssde

beam exi ting et g ﬁ‘f] mSwhRGSREdWith GRGa epnsms %alm Qﬁﬁﬁhe hggﬁgt h
erence ringes on t d

lens in the etalon and produces 1 nter e an

right side of | |lnghar theobal domdbetivity candS @amfhandleb ¢hen rdditionel teaergyf ithont
mrrors as shown in FIG 10. The
spectroneter - nuéi"%ﬁ?&”eed‘mvg"engt h- and bandw dth substantially in real
time. 20 Because the Iaser repetltlon rate may be 1 kHz or higher,.
it is necessary to use- : “-ral gorithms which are accurate but not
conputiation intensive in order to adivproeed Wavemeter _ desired

per for mance w f econo i cal and conpact pracessi el.ectronics. This,
Bt oo e TR B S B RRE § RS e et g oA s
are all - the precisiohiof 8 nonfihal ¥ fveRingRfAGE, thO&hbility 6ﬁhe WaSelefifth; and

the bandwidth. These improvements in beam quality have resulted in the need for

_ gfpetter_wavemeter. Thus, a better wavemeter is included in this embodiment of the
20 . present invention. The wavemeter can he described by reference to FIG. 10. The

....»; Wavemeter is similar to and may be compared with a prior art wavemeter shown in
FIG 6.

The output beam from the laser c__:haniber_intersects partially reflecting mirror 70,

- which passes about 95.5 % of the beam energy and reflects about 4.5 %.

25 - . About 4% of the reflected beam is reflected by mirror 71 to energy detector 72 which

comprises a very fast photo diode 69 which is able to measure the energy of -

15



25 The specific details of the algorithmused in this preferred
enbodi nent - w l\k'oqg)ﬁ’s ﬁ described. FIG 1 1B is a pgiinys»onsish
5 peaks i s shown which represents a typical

16 . WD 99/ 45613

PCT/ US99/ 03189 etalon fringe signal as neasured by a

| i near phot odi od ol gwﬁ P

hei ght than the gcﬁgrs p&@@? er ﬁtm&/aqgtélogf ?colndgTPe ?é x?‘ﬁ%ut
tal on, the centr a0 nkald thé bl[ltpﬁd ofdleodr 7214s fed mﬁpm@mna 2D(FI6I D) wfﬂahs
aspect renders the central peak unsuitable for the present

pur pose. The ot hasesdspésialialgoritign (described belowhin adiusithe lpsef chargins veltagettne

central peak in AR , e
position of t hesé peaE’sC%(?&? Lﬁ?ﬂﬁﬁ%@%ﬁ@ &#eeﬂﬂ%% ba\s;\%i ™ s"t)rﬁd Pulse emrgy dg&
measur es in order to Ilhﬂt the veMatilintbfthe éﬁee%y maﬂxvmﬂla!l paiseyaridahemepraRia

w ndow is shown in FIG 11 he data w ndow is | ocated so
that the fringe ﬁaengwfbwssQfmu!semallmeainsqr@eﬁbpmaﬂpr used
for the analysis. However, when the wavel ength changes to nove the fringe
too 10 close to the central peak (which will cause distortion
and resul ting errgbout 4% bEtheseanfiwhich passes through i8S BF is RASKedbY mibdr 73

i nside the data wi ndow, and the software w unp to that peak.

Conversel y, when thmngmuavwgmom tqurxowﬁrxhaeic ta-mircor/dand Opwaﬂsclmlltsralhaagt he

flﬁtrg to an inner 715r |’W§@%€#¥tlﬁm@¥£ﬂ&%@by%“% taQ,f‘ ak t{}'ﬁ?‘h&’g\‘kﬁ \MLllht

The steps invol vegfeted fisin £Rtih 96 passes back through lens 78 is mﬂee@&a%ﬁméfrdn‘i‘ﬁﬁ&ors
shot, the photo diode array is el ect ronically read out and

di gi tized. Data pd 7% andi7é agcpandttlm ip yefleatedfram mitrop 9 snd ficusedimite the Infid

The di gi tal dat a 16 SARRHR S ATer A" JBRpovaion ot the Prast aR iy BRIde The
20 -+ arrdy is a coarsé fich@lirS oPBdielafi¢@hoRinal WaveRAghof I btphi Hiam.

point. Small regions are searched |l eft and right
of the starting p¥aut90%mf the beam whicki nagses shrough mirror 73 is reflected off mirror 82

extendggd by small ht t he
peak |s out si de ttﬁﬂoﬂ%l‘?exgbf ﬁgv\’%‘opﬁqé %@h%ﬁe%ﬁ%& hic ?ctjjb)&%ﬁﬁﬁ&gn
until .the other [focd léngtH letiih the 2talon and produces mterferenmges%h theenidaledhli Of
the peak, a. .50%]I evel. |s comput ed. This is shown

the top of the f.rgﬁ!# depf dingar, phaje digds msﬁ%#@r;&@mgovﬂe@ﬂewfﬁﬂwmonsm
peaks. Based.:on: FHW 50% | evel , -points are exam ned right and

l eft of the peak unt| € data points which border the 50% 1| evel are
found. A linear interpolation is conputed between pairs of points, which

. The spectrometer must measure wavelength and bandwidth substantially in real time.
20 Because the laser repetition rate may be 1 kH, or higher, it is necessary to use
-+ algorithms which are accurate but not computation intensive in order to achieve the
desired performance with economical and compact processing eiect'ronics. This
.. amounts to using integer as opposed to floating point math, and operations are all

-+ linear (or use of square root, sine, log, etc.).

25 B ... The specific details of the algorithm used in this preferred embodiment will now be
- déseribed. FIG. 11B is a curve with 5 peaks is shown which represents a typical

16



17 ' ' WO 99/ 45613

PCT/ US99/ 03180 99/45613 : border the 50% | evel RCI/¥S9803189e
| eft and right hal f-nmaxi num positions, | abel ed A,
and Bi'n FIG 1 1A These positions are conputed to a

fraction of a pixel such as 1/16, still using an integer data format.

1. Steps 2 and 3emlion feinpe sigaklod rhéisuied Byl KhedPbRotBiiidde Wray. OTNE Shudl g%&;a% of
5 - f-our interpolatéd 50% positions. ‘As indicat FIG -
11B  two di amet drawn lower in height than the others. As diféeremrwametangthsiof light émer theer
fringe dianeter ile D2 is.the outer . . frjnge

di amet r 1, e et el Wi se apd falh sompisesceoing o Bpspel Thifdpest
uni t's) are convefen@eksithé Gentral peak unsujtable for th ¢ Mkt nmh i

mul ti plying by an appr oprinatepgca‘lmem% gcfo‘r)r. %)resen M Jbth&%?akﬁ'ﬂvén
bandwi 8t h of themioyetaward oc ewpy froth the cémdpal peak jn/ r2spohst torehmanges in wavelength,
correction factor is applied to agcount for the intrinsi¢ wdth of the
etalon so the position oghﬁgé’ﬁﬁﬁd‘&?@%ﬂ'{e%"? S‘hl' : ?“’Sgﬁﬂﬂﬁh@?ﬁﬁums
vathemat | cally, fhe bandwidth of the laser. A region laBé1E® B WniGW i€ RRIA kPG 1 1B

formalismfor renoving the Intrinsi
the neasured wi dThe datwindiow isvmohtdd se tHat the fringé mearest the central peak is normally

conput ational Iy intensjve, . sp | i near approxi mation_is applied which
provi des suffi ci W?%{'iteu IS. ?iowever, when Bxe wavgﬁn £hanges tQ moke thgfxirgedagt h

i s conputed as (&bse'to '%éeﬁu%alf&himﬁ??ar'ﬁ%)dismnion a(ngéﬁultg)[g erors), the second ! M€

nmodul us operator and 20 IS ee spec range

etal on (spaci ng ¢lesestymak mdli be jnsidefthe d4towindowg aod thesoftpareowill jain t8 that peak.
because the fringe ‘Pat ern repeats every 20 pm or_ whatever the FSR of

the etalon in us :gn al__'se. Y, when t e_wavelength shiftstg Wﬁﬁb@ gurrgit psaks entside the data
wavel ength, a cog WV%| Pase ek ar . . l.5..al so
per formed whi ch i gﬁ?equi--rﬁn y-to h%@éeﬁ-%% 9ﬁ‘f6reavnl1nal%%18rt%?:vnnﬁrot;nnge Withif
exanpl e, the coathedataawisdewgt h mi ght be neasured as 248.35 nm while 25
the etal on wavél'ength indication could be X X573 1, where X indicates
digits that are:indetermnate -due to the nodulus operation. Note that

there1ss one di grﬁeﬁt@ﬁin@&%dé’:&%sff&?o\%?th readings, a 5 in this case.
Agreement of the overlapping digit tor both coarse and etal on '

cal cul ations. i s. used ABleveriaser shet,fthe phetcs tiede array is electronically read out and
18 - | .. digitized. Data points are separated by an interval physically determined
N | ~ by the spacing of the photo diode array elements, typically 25 microns.
P Thg dlgxtal data is searched to find the peak value in the data window. The
- 20 S : previous peak location is used as a starting point. Small regions are
searched left and right of the starting point. The search region is
o extended by small intervals left and right until a peak is found. If the
_ peak is outside the data window, the search 'will automatically continue

e > until the other peak is found. . _
25 ;-,j-.'.-;.--:,';-; N Based on the height of the peak, a 50% level is computed. This is shown at
., thetopof the figure. The 0% level is measured periodically between the

o peaks Based on the computed 50% level, points are examined right and
left of the peak until the data points which border the 50% level are

found. A linear interpolation is computed between pairs of points, which

17



WD 99/ 45613

PCT/ US99/ 0318%‘,099, 5613 About 10% of that portion of pdeubonesis
t hat passes through mrror 82 are reflected _ frommrror 86
into fiber optic input 88 and the light travels through an optical fiber
to atom c wavel ength reference 90. The optical fiber connects to atomc

ref erence uni t, Qpery 9 and.the Light fromthe
optical fiber reflects qué]eﬁ]h}e?%)ﬁg &Ze’g‘ﬂgh@qm fefe & "&?ﬁ?‘?lé‘éﬁ'é‘é‘&“_%ﬂsé‘?%‘sgs
to a focal point in the |geaéEA,@nd B eR FIGON 142 PPhesedsitidis apd)EomnPuted to a
focused again.by | ens 95 onto photodi ode 96. Atom c wavel ength reference

unit 90 i feaction of a pixehsuchraa 14l 6uatilb nsing an eger Batafoimatdone by
adj usting the wavel engt h, of 1h . l.aser whil.e keeping th

out put energy const an? ' ;i‘e%‘r%%%_%%fe gtéglg_:@{egrfo%g)emmcféta Windows, giving 4 total of
moni tosi ng the out put offoRiRleRsblREESHH posttiehs. PROIHAHRAFTES 1 BB XD dameters
substantial 10 - reduction in output while photodi ode 69 shows
nom nal output, the wavelreegmnputefl. D1 is the inner fringe Hiameter peitilenD2tis tiver owtepond
to the iron vapor absorption.,ine of 248.3271 nm The

posi tion data correspondPRg $8MERE etal on fringes and the position data

cor r espondi ng 2. The DIt &nd 152 WARGE (B P SHALY uliit hiad | fpppar
photo di ode 80 when the output of v_ ¢ pﬁot(l)1 élﬁoé“e% 5‘%@8??0%&;

i s detected and-r ecordedvavelengtiphyt raultiplying by aweappt8priatelsdale factbb.

dat db t t.rql 2t | i brat t 20A.
Pl o6 Boer gy Cont rol A1 oel panwidth“of (he 1hser 32 compated a6 (D7 = BIVA_ b dinear
Operation - Chip LithogripBition factor is fqrpelied to actBfntTOPRE intii¥ic Riauh Bg\nm[g[?&zﬁpntew.

i nvention includes a conmputer contro r program
al gorithm whi ch substarpeakl hddingdioc ¢bse prueorlasert bamdwidthi onMathematicallyener gy

20 ~and total injegrated byrst. energy.. The inproved equi pnent and
software and a &ecg“v"&‘ﬁp@f 5?’%‘5%?0&%5@"? S nE‘Hu‘EF’r?@I g, thegiptransigra
and burst dose vari ati oRyjdeh d@SE" | i o\,

As stated in the background sectig)i?\@g?eatsﬁireg sv;v)lg%:hi'fibgtatqﬁign\,%ot % %rgatr rtr%ode
is a tiypical - - - computatignallyf intemsive; $ooa linéarapprozimation isaapplied sdcH or
the |light source of a Stﬁ?’gﬁ&r r’r%chi ne 25 _ in the |ithographic
production integrated cil PSUHUN AP e the | aser is operated

to produce 'a burst” af Thsaer wiveldigdiiabampited 8AD1E D292 MOD'Y0, #hére MOD

mlliseconds to . . . . . produce 110 pulses to illumnate a section
of a wafer. After the bu$the mpdulys epgyator and 20 is the free spectral range (FSR) of the
19 T N

““etalon (spacing between peaks). The MOD operator is appropriate

20 SRR © ' because the fringe pattern repeats 'évery 20 pm, or whatever the FSR of
' theetaloninuse. -

"~ 5.-"To compute the absolute wavelength, a coarse wavelength measurement

" is also performed which is required only to have +/- 10 pm accuracy. For

" example, the coarse wavelength might be measured as 248.35 nm, while

25 ' the etalon wavelength indication could be X.X5731, where X indicates

' 5 GSse S0 digits that are indeterminate due to the modulus operation. Note that

L "'f'?:_‘thé‘i‘é is one digit that overlaps for both readings, a 5 in this case.

“""*Agreement of the overlapping digit for both coarse and etalon

“" calculations is used to verify self-consistency.

18



WO 99/ 45613 :

PCT/ US99/ 0318Sw0 9945613 noves the wafer and the nask arRETHSW/03IR
nove is conplete which takes typically a fraction of a
second ‘'t he | aser produces another 1 10 pul se burst. Thus, nornmal

operation is bursts of about 110 mlliseconds foll owed by dead tines of a
fraction of a second. At various tines, |onger dead tine
periods will be provided so that 5 : ot her-"operations can be
perfornmed. This AbeutclQ% oﬁﬁmwminhiuﬁﬂmbﬁm thatipasses rdiegugh?tnirror 82 are reflected

days per week, for sever hs w th t Ser,. t roduci n
several millions romrmrror mto %‘Pp"&}?@{tggﬁga Q%‘A‘Fﬁg\ﬁé g't fibgsqe,
it is usually inpay ﬁﬁrfm:tw&\té?én fiffeferefteld00 "The gptjcal fit ﬁber nec‘?éc tota*E&mW% Fe{-ence

received the sane | m nat | n energy on eac ur st so chip na
want the pul se tonip0 atopenaing] and the light fromithe aptical ﬁbéh&eﬂects off mlrror91hnd
preferred enmbodi pent of. the present inventi on accg}pl I shes these_qbjectives

with edui prent  aldocused taleas Ap teniacahpainkin thegentsr of gpon jron xaporseil 94, aslisse
N-1) c?sehr}?&nW]HSQSSonEgﬁh&&ﬁwé/ 96 Atdific Wkleﬂé{iﬁgfm(e%é ﬁar Ib@ on

based on the- resuﬂ

of the neasured Bneeédiw calibiate wevehheier®OAD This is done by adjustmg the wavelength of the
target pul se energy and 15 2) a conpari son of
the accunul at ed 8¥cwhile keepipg the outpup gaersy constant as shown by detec‘qsuﬁ% while 1

to a target pul sﬂloqﬁ g/é%%ugﬁt f'é o'?ocll\f'o&e9 HWhen hotodl?de 96 Jhpl 545 gégnt?ael‘ |

KrF excinmer | aser CussI ng he ‘en

40 pulises is typrerdabdion inasitput twileghobuiiode 69 shows xmhuhﬂeadmmsme Shtavelefigth of
transient effects in the | aser gas. After about 40 ns

fol l owi ng the f.i MU Fuist eoreespandste theispl y2par apgorption line of 248.3%Hsamn The

| tage i | t bat
hopl | 6ant s have. ETich GRN%RASbonddk &R, &ildn Midehs BATE OB dREhiRBhRRT
regi on - to the nn@g@pmdaéem Siatifig 76 ondineaf phdite d@ard 8Cewhen! theesfupdt Of

exanpl e, 40 pulses) cal led the lon and a _second
region (consrsti HB° thqdﬁ86|b?ﬂ°§’é§‘ indetested and erl%bxcmgmtgqﬁommller 22 and this

‘é‘g I ¢h 3ppl i cant s gath Bre f¥ed b REMphict Bbieiller 23 16 Lalltftad wdvifherdr 204691 ON:
P_nilsé Energy Control Algorithm
‘Mode of Operation — Chip Lithography
-.-The embodiment of the present invention includes a computer controller program
.. with a new algorithm, which substantially reduces prior art variations in pulse energy
20 . and total integrated burst energy. The improved equipment and software and a
... preferred process for reducing eneréy sigma and burst dose variation is described

. below.

... As stated in the background section of this specification, the burst mode is a typical

| mode of operation of an excimer laser used for the light source of a stepper machine

25 - in the lithographic production integrated circuits. In this mode the laser is operated
' 1o produce “a burst” of pulse at the rate of 1000 Hz for about 110 milliseconds to

produce 110 pulses to illuminate a section of a wafer. After the burst the stepper

19



WD 99/ 45613

PCT/ US99/ 0318Q0 99745613 *  This enbodi ment of the present PCEUSANIEBY
utilizes prior art exciner |aser equipnent for pul se energy
control-. Pul se energy of each pul se of each burst is nmeasured by

phot odi ode 69 as shown in FIG 10. The response tine of "this phot odi ode
array is ni'agmx{ |26 AR dove; et W g aﬁﬁl
resul-ting from etgg ;sé?)epﬁ,%??%ﬁat{lg?y d_drﬁ@l _.ovezi(g)%ﬁgﬁpul sielﬁzihg&set§ e lgnd
this signal is.rafrdction chapedoad thoksergrbduce® 2nather b0 pulse byrst. Thus, normal

1.0 mcrosecond after the begi nni ng of the pul]se, The agcupuyl ate ner gy of'
all the -  operation lﬁgwmfébpwdﬁ lg’i!ﬂ\i‘éﬂ“&éﬂl%@@”’ﬁg gy§ ?mF%°€%§Md to
as the burst dosg V¢ : : ok d e

si gnal repr e.sent‘?fnég; qu,pgﬁqrsyga Iélgsretrng?/s’ (l)?n%fjfiesaed_ Nng]%gﬂg&év)\ﬂlﬁﬁe Hl.tdvhdeﬁ%% ‘Lﬁ

tar get spul se enesther operitivhecdnbegerfdnaed. Vihis dasio procdss cantnegseH Hoars dday)i7gh

vol tage for 10 the pulse N+l. This cal cul ation requires about 200
mi croseconds. W/aYS Peravegk, fo several months with the faser; typically rraducingsevegahmillions

det erm ned, conp I ' .k . hi .

vol t age conmand Wﬁ%%ﬁo&%ﬁﬁ?%ﬁﬁaﬁotgg’gélsp%\%ewg%p yt taitlsaws g\ﬁﬁcqoﬁ

FI G of thdwefet febtivedithe garhé Rivedindtiphegerg®loh2ach Buast. AS; ehipHhiakeRat
takes a few m croseconds. . . . Computer controller 22 conmands the
hi gh vol t age povERntSRRPHIge topulsearagiatioptohs minimized.  capacitor Co to the
specified voltage. (At high.repetition rates it may be desirable _

to start the charging before the calculation is conplete.) The charging
regui ne?i about . T\Aix]is preferred embotiifientiof Itli&;ﬁemdﬁw&miém_ﬂdcofﬁplikliesfth&lsb]icbbj‘ebﬁ{r]ﬂ;ed
and ready to go when it receives a . ; trigger signal for pul se
N+1 from tri gger Vith pguipmentangdsofiwarewhigh mogitors the energy of each pulse (pulse N-1)
mllisecond aft ' ' ' ri rsignal, .
capacitor Co 20edilelrl p&&(ﬁé g‘gg:{‘es%kg’r?glgs're:kfémgéjp@?]gsf:ﬁr?a%?@&gg%ré%ﬁgé)flghto t he
magnetic conpression circuit shown - in FIG 4 over a period of
about 5 m croseconds and the pul se i's conpressed and )

arr}:)![ i fied by the magnetic: 90rrpr%§9¥‘8ﬁ“?“§db? f;?\ggg@ﬂ%’;@g'é’f%%?gg@tﬁ a

vol tage on ; capaci cQ : volts i C i schar ges
across el ectrodes 6 in about 10 Pﬁulg ¢ B)“Zm ns produci ng a | aser pul se
of abdat 10 nml and about 7% ns 4 ebdfparisoaaifahe acconmlated dase. of the burst thedugh

i«

Preferred Al gorithm . A special preferred process for adjusting
the charging vol tage PYseRIrl o\atarget pulse goseﬂuougle,gg?glh{-fm |y desired pul se
energi es when operating i-n.a burst. npde is described bel ow.
21 - WD 99/ 45613,

PCTI US99/ 03189.. In the typical KrF excimer laser we have been discussing the energy of the first 30-
-+ 40 pulses is typically less stable than the rest of the burst due to transient effects in

. ~. . the laser gas. After about 40 ms following the first pulse, the pulse energy at

.20 - ... constant voltage is relatively constaﬁt. In dealing with these early perturbations,
Applicants have separated the burst into two time-wise regions, the first region

: _(consisting of a number of the earlier pulses, -for example, 40 pulses) called the “K”

Ny rég'idn and a second region (consisting of the pulses which follow the K region)

s ;--:'-:-._-l'wl'_Ei_lch Applicants, in this specification, refer to as the “L” region.

20



The process utilizes two voltage adjustnent algorithns. The first algorithm

applies wo 9945613 to the first 40 pulses and is called thePREIUS99/03189

al gorithm The second al gorithm called the PI algorithm

applies to pulses after pulse nunber 40. Thi S time period after the

40[err[ pul se is herein called the "L region" of the burst. The initials
"Pl" refer to 5 Tps embodnneﬂ? bpi gﬁ ¢seftGhveritioR Gtifizes pAioH aft BReintér Idser edifipment
refers to the "K region” of ur st

KPI al gorithm  for pulse energy co‘ﬁtrel l@mlegemgxoﬁ@chwlsemi leaclsburst ismeaghreld by

where k= 40 for t r.ef enbod e al rlthmfot
setting the char @B d{;agelﬁg slpqyyn m I The response time o% this BhOtOdlg e array is
[err] [err] milli _ I ‘MT rd h

wher e: ' less than 1 second[ e’lr‘hre]accum\éla{cﬁ srg}llalnrgs VO %égten efa(():r aRFmﬁﬁ%ﬁ%Qe

[err] 5= an arragOmk pklseismtm'eklmnlmmmawsireidh)ammmmontrclkrdampprmxmaety
estimate of the vo e re uired to produce t et energ E[err
for the Nth pul sled aﬂeg%rbegmmsy &rerpa@ser %m@lﬁm&%m@o all the
each burst accor

%ﬁ‘r?) &hﬁaﬁg)ﬁf&%ﬂﬂa Bt Q¥ feferred to as s the burst dose value. Computer

= a voltage corr ase € energy errors ch occurre
t he previous pul s:entrollertdndizémthets;gnabrdPCesﬁntlngatlﬁ-phlse energy of pulse N aloné @ith]
= (dE /dv) 20 . y definition, aElmr,r] ) L, A,
B = fractions Wgtte&lspfnt;sy m%ﬂle@uaﬁﬁéoae valyg inpprder toispecify; the éralwltage for
enbodl nt is O. y

He p{llbles o The pulse N+1. This calculation requires abaxt 2001 rh&fos%@fﬂcﬂ, v\h‘ggléexp

the energy for thehightvblwgelfexerm:BeE{mtﬂeh compidier doatrglér sérids a signal to the lngh
ener gy t he cumul ati ve dose error_of the
burst, includi ng valthgesemEEd(VEMP) 120 of the high voltage power supply as shown iy RlGugh

i 9 establishing the charging voltage for pulse N+1 that takes a féw microseconds.
_ Computer controller 22 commands the high voltage power supply to charge up

5 - p_acltor Co to the specxﬁed voltagc (At high repetition rates it may be desirable

" to start the chargmg before the calculatron is complete ) The charging requires about
400 microseconds so that Co is fully charged and ready to go when it receives a

s 'tngget signal for pulse N+1 from tngger circuit 13 as shown in FIG. 2 at 1.0
millisecond after the tngger signal from pulse N. On the trigger signal, capacitor Co

20 - discharges its approximately 650 volts into the magnetic compression circuit shown
in FIG. 4 over a period of about 5 microseconds and the pulse is compressed and

amplified by the magnetic compression circuit to produce a discharge voltage on

. .capacitor Cp of about 16,000 volts which discharges across electrodes 6 in about 100

~ ns producing a laser pulse of about 10 mJ and about 75 ns (95% integral) in duration.

'25_'_ RIS L '- Preferred Algorithm
' '____,A._special preferred process for adjusting the charging voltage to achieve

¢+ substantially desired pulse energies when operating in a burst mode is described

21



WD 99/ 45613

PCT/ US99/ 0318Q0 99/45613 = [err] _ PCT/US99/03189
dE/dV = a rate of change of pulse energy with charging voltage. (In this
enbodi rent, one or nore values of dE/dV is determ ned

experinmental ly during each burst and a running average of these

5
val ues is used . i - . s .
(V[err])[err] aﬁ@g SIB%E sg'gﬁ%#rt?}r?g%(ﬁ)}r;g%ﬂ]%srtmggtc 5 rlu,r st accélr% E@ﬁggﬁhﬂ‘é@ﬁs
fol | owi ng rel at it@the first 40 pulses and is called the KPEalgorithne Thersetond algorithmydalied t he
I ndex Mrefers to the burst nunber 10

C = a fracti otheRinlgosithm applies¢e pulsesafier pulsganmies 40. (Fhistime pedpd afier the

enbodi nent i s 0,3m R “ PR s 1o wp '

Al gori thm 49" pulse isrherejn gallsd the (s gegion’s of the burtt. | The initials (BT e‘ﬁt“&? the
burst s(for a prepripbfibnal integral” and the “KerihCKIPTE ffers Bo/ihe ®KIve pioAT of the bund.

hi gher). The algorithmfor setting the charging 15 vol tage for
pul se N is: [err] (dEe/ dV)

N = k+l ,k+2 : wher e: KPI algorithm [err] =

chargi ng vol t agfheoK tegionNcompiises SpulsesO1 through k, where k= 40 for this prefép@dgi ng
voltage for NN1 'st (previous) pul se - The-vari abl es A, B,

[err] Dierr], afEbadimpntalhe aigorithanforsetyiagshecharging voltage for pulse N is:
Det erm nati on of dE/ dV ' A new value for dE/dV is determ ned

periodically, in ordey to track e relatively - sl ow changes
in the characteristi ?ﬁ of & ﬁ@ﬁ'l'a(g‘g'f". In the prNadied-ekbodi ment, dE/ dV 25
i s measured by varying-or "dithering” the voltage in a controlled way
during two = where: _ :

- ¥s . - =charging voltage for N’th pulse
A

= an array of k stored Vbltages ‘which represents the current best

S eg L il - estimate of the voltage required to produce the target energy E

15 . ...  forthe N'th puise in the K region . This array is updated after
o ToTeee o each burst according to the equation below. '

B — (‘_/_f’_)"'_-_; = a voltage cof_fec_;_tioh based on the energy errors which occurred for
I the previous pulses in the burst, up to pulse N-1
N .EQA-E,AB-ISI.); - .
= i (dEldV)

20 Bydefinition, %}=0.

-~ A,;B -= fractions typically between O and 1, which in this preferred
... - cmbodiment is 0.5

& = the energy error of the i’th pulse S
o = E-E;, where & is the energy for the i’th pulse, and Zr is the target
S energy '
D . = the cumulative dose error of the burst, including all pulses from 1
through i
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PCT/ US99/ 03180 99/45613 successive pulses in the L regi ®CT/US99/03189

these two pul ses, the normal Pl energy control . algorithmis
tenporarily suspended and repl aced by the foll ow ng: For
pul se i: lerr] 5 : where [err]
= a fixed voltage i ncrement' typ| cally a few volts For
pul se j+ 1: : ___,_,* [err] 10 _ After pulse j+1,

dE/dV is cal cul at ed: dE ./dV= Terr] The

cal cul ation of dE/ d n be ve I S i nce the expected. ene nges
due . }EI% e th?]@%lﬂgOQﬁ?é’léggBugﬁﬁnﬁgde‘ '&ﬁé’ P‘hﬂﬁs as
t he normal energy varl ation gmbodiment, one off moge Valuesy of 9f /¢ ds

enmbodi ment, a runni ng aver agéxpsrimantallyaiuring eachtbusst and a running average of these
cal culstions is actually usedraluss istused fir thechlétatiad)gor i t hns.

The preferred nethod for choosing [err] Is to specify a desired energy
dither Eerr],, typically a few percent of the energy target

[err], and then 'ﬂ:eest%pe uese@t) (areaveurp%gtgg)durihg or after each bl\xlx%{ &lilceco];'tﬁag Ctigl tlgev to
cal cuI ate [err]
following relation: . '

03 Wh-c (—e"— (c))

dE/dv where the index M refers to the burst
number

10 _ C = a fraction typically between 0 and I, which in this preferred
' embodiment is 0.3

_ PI Algorithm
... The L region compnses pulses k+1 to the end of the burst (for a preferred

- embodiment, ‘pulse numbers 41 and hlgher) The algorithm for setting the chargmg

15 o _voltage for pulse N is:
e ;-Zio
V.=V _M
," __ " @Erav) _ N =k+Lk+2,.......
.., where:
Vu = charging voltage for the N’th pulse
20 Vwr = charging voltage for N-1’st (previous) pulse

| The.variab_le_s A,B, €, D,, and dE/dV gre defined as before.

] : Determination of dE/dV
A new value for dE/dV is determined penodlcally, in order to track the relatively

'. slow changes in the characteristics of the laser In the preferred embodiment, dE/dV

25 s mcasured by varying or “dithering” the voltage in a controlled way during two

23



20 [err] Pul se j+2 (imedi ately

fol l ow ng the w¥9odisikier ed pul ses) is not dithered, but has thePpPCT/US99/03189
speci al val ue: [err]

[err] - (pulse j+2)
24 WD 99/ 45613 ' :

PCT/ US99/ 03189 ; : i ' f ' ct ed
for both the app ulc% $l\‘/'8 P}tﬂgaseméﬁlﬁ;eglyl%h?%? Iglﬂeegé t\ryﬂaﬁiges, fh p;)&ﬁ%xlppl)g@etrég&%"ﬁgk gy
di t her from pul saigorithin is temporarily suspended aindreplacad bathiecdfoowing: he al gorithm
descri bed above are possible. For exanple, dE/dV =~ can be _
determined in the L region as well as the K The dithering can be perforned
5 onE@'R%ﬁe.lburst, or several tinmes. The dithering sequence nay
be perforned at a fixed pul se nunber j as described above,

or it my be initiated f‘p[ a _(/aa%érﬂ-q,_,?:hvosen pul se nunber
whi ch varies from one bt S¥-f0 (BT ame Xt o The reader should
recogngze that A, B and C are convergence factors, which could :

have many ot her "‘ﬁé"deﬁ‘-"‘"H-lgyﬁhd%l&g?,g@%?ﬁt@&ﬁﬁaﬁfgg%k’gﬂs above coul d

provi de 10 qui cker converg t0 1 ncreased _

instability. In another, preferred enbodi nent, B is equal to

t he square root Ms rel ationship is devel oped from a

recogni zed techni que g?_qy od:dce critical damping. B could be zero in which
- - there Wwo

case rbe no dose correction; however, A should
not be zero. ) ! f. t he cal cul ated val ue of dE/ dV becones too
smal | Phe above AftefpulserjmicdBAY is salsulates: over correction.

Therefore a preferred technique i's to arbitrarily double dEfdV if the
energy signa.val ue exceeds (8, tBj)eshol.d. Default values of V and dE/ dV are
provided for the fi rsE’dKFSf,v,QM a burst. Dis set to zero at the start of
each burst. The

i+ The calculation of dE/dV can be very noisy, since the expected energy changes due

] .t_O.'.thg dithering voltage can be of the same magnitude as the normal energy variation
15 of the laser. In the preferred embodiment, a running average of the last 50 dE/dV
calculations is actually used in the PI and KPI algorithms.

 The preferred method for choosing Vo is to specify a desired energy dither Eowr,

. typically a few percent of the energy target £, and then use the current (averaged)
value for dE/dV to calculate Yomr:

. E,.
. v = comamalBCE .,
20 . pier —(dE 1 dV)

Puise j+2 (immediately following the two dithered pulses) is not dlthered, but has the
special value:

, CAE T Ep)rB-D, )
Vi-z=vlo|+Vumu"( (“(JEI;M;‘z) ”)' '

(pulse j+2)
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default dE/dV is set at about three tines the expected dE/dV to avoid
initial over WO 99/45613 correction. 20 An al t er nZCFURPRSO
of determ ning dE/dV without the dither referred to above is to

nmerely "neasure and store the energy and voltage val ues during |aser
operation. (Specified rather than neasured vol tage val ues
can al so be usedThisTspesial ¢ahé fera¥i-: k€ corrected for both the apple veltageidaher &R GE/ dV
as a function of V for constant Pul se energy. The reader

shoul d not e t hat expectedieneitgyidithar froml psegft1dE/ dV will contain fairly large -
uncertainties 25 because the el errents of the value are di fferences
of neasurenents having significant

25  Many%a#R{cA5 64 the algorithm described above are possible. For example dE/dV
PCT/ US99/ 03189 Uncertai nti es. However, averaging |arge
nunmbers of dE/ dvcandiedeterminedrindheck reghorsas well as the K. The dxthanoecatabmpemned
The di t.her exerC| se to, determne . [err dpes .not have to .be de n C
burst But ofice pef biuS, GESRYE! (6Tt ERAE Jranring sy pediomneda adied
every M bursts. ﬂ’dﬂ)ﬂ ced
by a cal cul ation plg% @g@;&ggﬁ%&gﬁg&dgg’%&f&t%? l%euéfﬁétae[iggdraﬁ cﬂ@seﬁ?ﬂls@
[err] coul d be. i nemb¢roshinihveréd fromyonktbarss pethatmext. of the -l aser. The met hod
used to select the charging voltage operating range can-
differ fromthe nmethod descri bed above, and the operating
range could be mpfersaz s'hsﬁldt}¥06%z‘é%hﬂqﬂ ﬁlah'&’? € cgiWe‘?gence factors, which could
frequently than about once per t hour s the  operati ng range

coul d be nade 10have many othervaluesreHighey vaioex uhanmhuse lspgmaﬁd:d abwve @buld providee

at the rate needed, jo match fl i ne l|etio The val ues
f or [ellnr] are ﬂmggﬁwyﬁrﬁg‘ffeu@‘f@@@ Isad f%ﬁ’é%?%%“gﬁ h@another preferred

previ.ous puI se fgﬂ,&hﬁ, neBGY katdl 5&5,&, RN ldti Be to
use the - eact uakeﬁnegcgﬁl?e fd%@o P4 ﬁlPor t;ﬂ??&g&é@ﬂéﬂ
system Al so theava:bgmzcﬁ teflmiqye tarproduce crmcal dampmg dhtould be edrof inowvhich case
speci fi ed values not ual asur ed ues int bove- descri bed 15
embodi ment .:: -An- om?f?bﬂg‘?latq"é’ruréﬁgf‘\‘i@“ﬁr{ﬂ“d pECYeS: HSRo W&&QE%EFWOI tage val ues.
ET IS normally a constant, vaI ue such as 10 m but it does not

have to be constant- For “ " "exanple, E[err] of the last ten
pul ses coul d-be. Hithe¢ ¢aleulatbdmalug of dEIdinhelcoqnesmesmaHttlyyalmwe algorithm could causthat

per cenfage devi atj ons_from t rr or .t hese pul
snal | elﬁ ef f.ect. . OVer comrection. tl%ﬁ%? %W“rﬂ]’%‘tf ?E’e"g Y\D‘&"g’ﬁ’ ‘ggvﬁfﬂ‘ebe
preferabl e in sogger gj(ts;gﬁxd Qifetdkcefis a threshold. pr@aﬁxﬂfnvﬁmep%qv amAHE/AY G622
to provide E[err] values that vary from burst to burst

. provided for the first pulse of a burst. D is set to zero at the start of each burst. The

defanlt dE/dV is set at about three times the expected dE/dV to avoid initial over

correction.

20 An alternate method of determining dE/dV without the dither referred to above is to
merely measure and store the energy and voltage values during laser operation.

(Specified rather than measured voltage values can also be used.) These data can be

usgd to determine dE/dV as a function of V for constant pulse energy. The reader

- should note that each individual value of dE/dV will contain fairly large uncertainties

25 because the elements of the value are differences of measurements having significant



26 WD 99/ 45613

PCT/ US99/ 0318Q0 99/45613 Al t hough this very narrow barRETKP§99/03189
exci mer | aser has been described with reference to a

particul ar enmbodiment, it is to be appreciated that various adaptations and
nodi fications may be nmade. For exarrpl e many al ternative enbodi nents are 5

di scussed in-t h%&&&ﬁ&iesamweeat M quhibeishﬁf dE/d® Valseéirequaeithidd S
speci ficati.on, | ch ave been incorporated herein by
reference. The tncemainiesn |s_to be limted only by the

appended cl ai ns.

The dither exercise to determine AE does not have to be made on each burst but
instead could be done periodically such as once every M bursts. Or the measurement
S - of AE/AV could be replaced by a calculation performed by the computer or the value
- of AEJAV could be inserted manually by the operator of the laser. The method used -
to select the charging voltage operating range can differ from the method described
- above, and the operating range could be made smaller by injecting fluorine more
. frequently than about once per two hours. In fact, the operating range could be made
10 *+, very small by continuous injections of fluorine at the rate needed to match fluorine
+.++."depletion. The values for V,, are chosen from specified voltage valﬁes for the
.- previous pulse for the calculation of V. An altemnate approach would be to use the
o ~actual measured value for V,y, for this control system. Also the value of Vg, are
- calculated from specified values, not actual measured values in the above-described
15 . ., embodiment. An obvious alternative would be to use measured voltage values. E;
*+ i normally a constant value such as 10 mJ but it does not have to be constant. For
. % "éXample, E; of the last ten pulses could be smaller than the nominal pulse energy so
- /%" that percentage deviations from target E, for these pulses would have a smaller effect
'on the integrated pulse dose. * Also, it may be preferable in some situations to
20 ~. ... program computer controller 22 to provide E; values that vary from burst to burst.

26
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CLAI MB WO 99/45613 Ve claim 1. PCT/U99/83189
narrow band KrF exciner |aser conprising: 5 A

a | aser chanber conprised of fluorine corrpatl ble materials

and cont ai ni ng: (1) ~ two elongated

el ectrodes; ******(2) a single preionizer

t ube; ' : : - 1 aser gas defl ning a total
pressure and conpri sed of 10

krypton, fluorin buffe

havi ng- a parti al 89’ ‘1“5‘??’%%??‘% ia?.ﬁr halsgee 2 described with reference

to a pamcular embodiment, it is to be appreexated that various adaptations and
modifications may be made. For example, many alternative embodiments are
5 discussed in the patent applications listed in the first sentence of this specification,
all of which have been incorporated herein by reference The invention is to be

limited only by the appended clauns
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pressure; ~at | east two acoustic
bai 1 o= posi tensdsye attenuat ([T AT PCTIUSISM3189
15

shock waves produced by el ectric di seharger

said two el ongated el ectrodes; B. a line
narrow ng nodul e conpri sed of: - : (1) at

| east one beam expandl ng prism CLA S . - (2) a
grating; , o %é‘? a tuning neans for .tuning -
the grating. 20 2. A laser as in Claiml1l wherein

sai d chanber al so co es a_ bl ower

circulating said lase eg“i%‘“bet ween said two el ongated el ectrodes so as

to define an upstreamdirection and sai d single preionizer tube is

| ocat ed upstream of said el ectrodes. 3. A | aser
as in daim1l wherei nl.sal d Aatery aazdw<band KirF excinter tsapedmprising: 25

cal cium fl uoride. .. 28
WO 99/ 45613 | A.  alasegchamber sompgissd offlyosingcampptible mpaterialy, at
| east one prismis three prisns e conpri sed
of calci umpfl uori de. P an&lumtammg. 5. A laser as in d gipm 1
wherein the partial pressure of (f) uotwbeldngatedekctrodes;

than 0.06% of the total gas pressure. 6. A | aser
as in aim2 wherein two el ongéded a&single prgionizesfybee a
cat hode and an anode and sai d anode i e .
support bar having a t aper ed surfacel%oggg)%r’]&ﬁ%yor@}lﬁy%omdcompnsedOf
aerodywam c reaction forces on said legstbmi9fluorine and a buffer gas, said fluorine

having a partial pressure of less than 0.08 of the total
pressure;
3 at least two acoustic baffles positioned to attenuate
_ . shock waves produced by electric discharge between
s |  said two elongated electrodes: |
B. aline narrowing module comprised of:
(1) - atleast one beam expanding prism;
(2)  agrating;
3) a tuning means for tuning the grating.

20 2. A laser as in Claim 1 wherein said chamber also comprises a blower
circulating said laser gas between said two elongated electrodes so as
to define an upstream direction and said single preionizer tube is

located upstream of said electrodes.

- 3. Alaser as in Claim 1 wherein said at Jeast one prism is comprised of

25 - ' calcium fluoride.
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7. A laser as in Caim1 and g a high voltage power
suppl y suppl ywisedrsglis vol t ages aHWWﬁI"HﬂFﬂl‘&E“ﬂodes sai d hi gRCT/US99/03189
vol t age power supply conpri sing: A pul se power
supply -having fine digital regul at [ on and 15

defining a charging cycle, said power supply conpr|5|ng

(1) a first rectifiar praviagdriag iCimechenid &easoBh@ptism is three prisms, all
(2) an inverter for converting the output of said first

rectifi-er to high frequencgomprisad oficalsiumfluagdeur rent at :

a first alternating current voltage, 20 (3)
a step up transfornmer for anplifying the output '

vol tage of said inverser to RERWs#ECRIMRACWRstein the partial pressure of fluorine is less
alternating current at a second alternating current

vol t agé, than 0.06% of the total ggsqpressugsn second rectifier for
rectifying said second 25 _ al ternating
current vol tage, . (5) a control board

conprising electroni ceCircwy fRed & i in CL aim 2 wherem two elongated electrodes define a
control said power supply to provide vol t age

pul ses at a frequency of atadleda;amhlammmd@@ﬁdlipﬂ afjqde is supported by an anode
29 WO 99/ 45613
PCT/ US99/ 03189 . .support bar having a tapered surfaceG)posmoge% ol d@‘é“ce

f eedbagk circui t conpri si NGefdd %ﬂnﬁ@%c on forces on saldb?anngs

detection circuit for detectin e Vo tage out put
sai d second rectifier and prOV|d|ng a vol tage out put

signal to said control board (7) a
current feedback cirgdit - co"h{?ﬁ?"sﬂsﬁﬁcéa’ﬂh!' pRd, further comprising a high voltage power

detection circuit for det eg%?ﬂlgls Pﬂgﬂxgrlggowo'idtﬁgés across said electrodes, said high

flow ng fromsaid second r
charging current .signal . tovshagtpnmu-snppljooanﬂnsmg

8 a di gi tal” cormand contr for provi
((:ozurol togsal d control Q}HBS%PR}V“S“PP %avﬁxg%ﬁx@ﬂagnalregulanonandB a

2?22??‘.52af“phf2e2°¥rS‘r’n”E;.eS‘é%ﬁ‘ L o bl omprong
T - (1). . afirst recuﬁer providing a direct current output,
..-(2) . an inverter for converting the output.of said first
rectifier to high frequency first alternating current at
. a first alternating current voltage,
20 e oo twgrow ¢ (3) . a step up transformer for amplifying the output
' | . vq_ltage_ of said inverter to provide a second
| aliemﬁting current at a second alternating current
voltage, |
(4  an second rectifier for rectifying said second
35 ciwuen oa.wgeoooo . alternating current voltage,
(3) a control board comprising electronic circuits to

control said power supply to provide high voltage
pulses at a frequency of at least about 1000 H,,
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8. An excimer laser as in Cai “l@ l ' l IL.d_vol tage feedback circuit
conprises a dj j al i nstrumeml E[i‘ﬂlﬁjﬂ&l 15 PCT/US%/0318%
An exci mer | ag‘fedrﬁgga%jn Clam 7 wherelne ,feedback circuit
conprises a differential instrunentation amplifier. . 10.
An excinmer laser as in Claim?7 wherein said second alternating current
defines a resonant frequency an@k)fUrEhﬁltagé”fﬁédb%hl@@ci&uftecﬂnﬁirﬁfngcﬁr\fd!i'ageand
a - ~ switch nméans for Torcing said charging curren

t hrough said resistor_circuit 20 detection circuit for detecting ttie voltage datpur @f e

the resonant frequency near the end of, each.chargin . 1o

cycl e. 11. Al aseﬁmﬁéeq(’ﬂdff%f%\" ig%ﬂ&?‘"fdeﬁ& H¥oltage oUW ng
an out put coupler having a : : ance of at |east
bout 20% signal to said confr6i BEd, | 20
97-0006- 14 D). a/cireenerfeedback difcaitnecinprisihgf ar édreent
conprising a waveneter, -sai d wavenet er conprising a

grating band wavel ength nonitor provAgtesden citgritsfor detecting charging current’

measur enent of wavel ength and an et alﬂgo”“?fffgﬂ’ﬁﬂ'g&%ﬂm “ﬁg{]#ﬁémgﬂ?‘i@%t

aligned to focus an optical indication 0 ve wavel eng

5 : ‘location on-a dchatgingrcufrgnedignal & shiktaivoh bbaded
wavel ength nonitor being e . .aligned to focus an
optical wavel ength a location of)sai @ digital ommandcentrol for providing command -

from Sﬁi d first |ocation. o . control.t }édcon@bllbao%f‘d"aﬁ‘& in Claim12 and
further conprising an atom c reference (i >Fof ?

calibrating said grating-b3sed wandgnetigiwitdifor tompreasing andlatpielyiiz-duagad | 0
wavel engt-h nonitor. _ y . .
e electrical pulses from said pulse power supply.

8. An excimer _laser' as in Claim 7 wherein said voltage feedback circuit

..+ comprises a differential instrumentation amplifier.

15 e 9 7. An “excimer: lﬁs’e'r.-a's'_in" Clam 7 wherein said current feedback circuit

* comprises a differential instrumentation amplifier.

0. An excimer laser as in Claim 7 wherein said second alternating current -
o defines a resonant frequency and further comprising a resistor circuit and a
switch means for forcing said charging current through said resistor circuit
20 . . in'order to decrease the resohant frequency near the end of each charging

cycle.

11. A laser as in Claim 1 and further comprising an output coupler having a

Lo r_eﬂectance of at least about 20%.
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14. A laser as in Caiml rjm rising a means of measuri 93‘; he
rate WO 99/45613 of m’ﬁﬂﬁp nergy wth changiREF/ Y

[err] and a conputer ntroI | er programmed with an

al gorithmfor controlling pul se energy and I nt egrated
energy dose in a burst of pulses defining present burst pul ses, Plerr], 15

Plerr]...Plerr], . errAldkessih ClaimP] ard fultheRfaenprising a wavemeter, shidosavesieter
I aser havi ng _ pul se power system including a high
vol tage charging systempisingiangrasing “band wavelength monitor prayidipg o2 \csarsege,

sai d al gorithm conpri é&gfe%‘ﬁt #&B?ele?mg}h and an etalon-bas ered]wavelengtéx monitor befng

determ ning for each-{er

neasured energy of atalignes tio FocusPare vpricsd maica@on of eliativd) wavtleRfth at a first
and a predeterm ned target pul se ener gy val ue
(2) det ermi ni ng f decatiparonradigde ameyandsaidictalonebased wayelengthmenitor being

' I P
(3 determ ming a cHuEngti s el gutiogicySfHichant'a dhoscigp op seid g gifferen
Plerr] in said first fpbMrsaid firdt Iotatioal ses using: 25 N _
(1) said [err] (||) said [err]
b ohostil .
ef erenc
vol tage based on SpeC| fl?sgaag)gﬁlgg)eg frtgrfurther compnsmggnat)omxc refre rence umt or

PN in a plurality of éﬁliﬁ)/dtﬂg%aﬁlﬁriﬁﬁg-based wavelength monitor and sai§etalon-based
controlling the pul se energy -of each pulse PK Nin pulses follow ng

PK i n1&ai d burst of pwm&@mymoagm ating the charging voltage of the 5
| aser utili zi ng a corrput er pr ocessor programmed with an al gorithm
whi ch: . .o (1) - determning for each PN a pul se

energy error, E 143 as eﬁl l%@r & in Claxm 1 and further comprising a means of measuring the rate
of change of pulse energy with changing voltage “E/ *V, and a computer
_controller programmed with an algorithm for controlling pulse energy and
_: integi'ated energy dose in a burst of pulses defining present burst pulses, P,,
15 i Pai PPy Py Pyp PeayeePyy Pa Py, Py, . from said laser having
a pulse power system including a high voltage charging system defining a
charging voltage, said algorithm comprising the steps of:

-.. (1) . determining for each-Py a pulse energy error, €, based on a
e . .meaSured energy of at least one previous pulse in said burst

20 . .. .. andapredetermined target pulse energy value,
| (2)  determining for each Py an integrated dose error, D, of all

~ previous pulses, P, through Py, in said burst,

... -.(3)  determining a charging voltage, P for each of said pulses,

Py, in said first plurality of pulses using:

LR S ")  said*E/*V
' ' ' (ii) saide
(iii) said D
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measured energy of at |east one prevrous ald bur st

and a predet erwonedsdigr get pul se (ﬂ‘“ﬁm M PCT/US99/03189
(2) determ ning for each PN an error D, of al

previ ous pul ses, P[err] through PN[err] |n sald bur st ,

(3) determ ning a charging voltage, VN for each of said pul ses,

PN. in said first plurality of gy Seirét‘éfeﬂgevoltaeb d ified

(1) sai d [err] E/ [err]V 15" H } ge Dased on spectiie VQllafes for

E Py n(apburaht;s af prePious bursts, '
Y a reference voltage based o eci fied vol s for, Plerr -
2 G ouccBLing the pise encr of Sich HES Py in Aot ollovin

in a plurality of pre

Claiml and further conpripj RfsaAdb@SO6S %&QB Ik ecﬁﬂgﬂﬁ'vﬁhg&@fme

tapered surface for reduci n’@ t he magnit'u aer odynam c

reacti ®dn forces resulting faserrmhzmgmcgnmuexptaceugorsmgrahhmdamthaﬁialg@hﬂm
redi rected by said anode SWB&’S” nmeans. A laser as
in Caiml wherein said fl ne defines a partial pressure whi ch

is | ess than about 0.08 of yhe
REPLACEMENT SHEET (D H&Eﬁﬁmﬂg%? Hich P, ggulse energy error, €, based on.g,

aid

measured energy of at least one previous pulse in said burst
~ and a predetermined target pulse energy value,
10 : (2) determining for each Py an integrated dose error, D, of all
previous pulses, P, through Py, in said burst, |
3) determining a charging voltage, P,, for each of said pulses,
" Py, in said first plurality of pulses usmg
@ - sald *E/*V '
15 e e G saide
s L ""(ii)'“"'saidD' |
. (iv) _ areference voltage based on specified voltages for Py

in a plurality of previous bursts. -

“*15. A laser as in Claim 1 and further comprising an anode support means
20 - comprising a tapered surface for reducing the magnitude of aerodynamic
reaction forces resulting from laser gas exiting said blower and being

redirected by said anode support means.

- 16-  Alaser as in Claim 1 wherein said fluorine defines a partial pressure which
is less thari about 0.08 of the total pressure..
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