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Electric discharge gas lasers are well known and have been available since soon after

lasers were invented in the 1960s. A high voltage discharge between two clectrodes

excites a gaseous gain medium. A resonance cavity containing the gain medium permits

stimulated amplification of light which is then extracted from the cavity in the form of a

laser beam. Many of these electric discharge gas lasers are operated in a pulse mode.

Excimer Lasers
Excimer lasers are a particular type of electric gas discharge laser and have been known

as such since the mid 1970s. A description of an excimer laser, useful for integrated
circuit lithography, is described in U.S. Patent No. 5,023,884 issued June 11, 1991
entitted "Compact Excimer Laser This patent has been assigned to Applicants'
employer, and the patent is hereby incorporated herein by reference. The excimer laser
described in Patent '884 is a high repefition rate pulse laser. In FIGS. 1 and 2, the
principal eleménts of the laser 10 are shown. (FIG. 1 corresponds to FIG. 1 and FIG. 2
corresponds to FIG. 7 in Patent '884.) The discharges 22 are between two long (about 23
inches) electrodes 18 and 20 spaced apart by about 5/8 inch. Repetition rates of prior art
fasers, like the one described, are typically within the range of about 100 to 2000 pulses




2 per second. These high repetition rate |asers are usually provided with
a gas circulation system In the above referred to |aser, this is done
with a long squirrel-cage type fan 46, having about 23 bl ades 4%3 The fan
bl ade structure is slightly |onger than the electrodes 18 hfEB2dilfing

provi des sufficient circulation so that at pul se operating rates, the
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Modular Design
These excimer lasers, when used for integrated circuit lithography, are typically operated
on a fabrication line “around-the-clock”; therefore down time can be expensive. For this

reason most of the components are organized into modules which can be replaced

normally within a few minutes.

Line Narrowing
Excimer lasers used for lithography must have its output beam reduced in bandwidth to a
fraction of a picometer. This “line-narrowing” is typically accomplished in a line
narrowing module (called a “line narrowing package” or “LNP”) which forms the back
of the laser’s resonant cavity. This LNP typically is comprised of delicate optical
elements including prisms, a mirror and a grating. As repetition rates increase

maintaining stable performance by the LNP becomes a serious challenge.

Pulse Power
Electric discharge gas lasers of the type described in U.S. Patent No. 5,023,884 utilize an
electric pulse power system such as that described in FIG. 3 to produce the electrical

-




3 discharges, between the two el ectrodes. In such prior art systens, a
direct current power supply 22 charges a capacitor bank called "the
chargi ng capacitor” or "Co" 42 to a predeterm ned and c?nggﬁﬁéiﬁ vol t age
called the "charging voltage" for each pulse. The nagnitiu S
charging voltage may be in the range of about 500 to 1000 volts. After Co
has been charged to the predeterm ned voltage, a solid state swtch 46 is
closed allowing the electrical energy stored on Co to ring very quickly
through a series of nagnetic conpressgon circuits conprising capacitor
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exchanger shown at 58 in FIG 1. A doubling or nore of the repetition rate
of a laser nore than doubles the heat generated in the laser primarily
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and the discharge is in the range of about 5 microseconds; however, the charging of Co

accurately to the pre-selected voltage has in the past required about 400 microseconds
which was quick enough for pulse repetition rates of less than about 2,000 Hz. The
~ reader should understand that accurate charging of Cy is very important since the control
of the voltage level on C, is in these systems the only practical control the laser operator
has on the discharge voltage which in turn is the primary determiner of laser pulse

energy.

Heat Exchanger
Prior art excimer lasers used for integrated circuit lithography typically require a system
for cooling the laser gas which is heated both by the electric discharges and by the
energy input through circulating fan discussed above. This is typically done with a water
cooled, finned heat exchanger shown at 58 in FIG. 1. A doubling or more of the
repetition rate of a laser more than doubles the heat generated in the laser primarily
because power required to circulate the laser gas increases as the cube of the required gas

velocity.




When used as a |light source for integrated circuit |ithography, the |aser
beam paraneters (i.e., pulse energy, wavel ength and bandmﬁdth% typically
are controlled to within very tight specifications. This]3efb rﬂég

pul se-to-pul se feedback control of pulse energy and sonewhat sl ower

f eedback control of wavel ength of the |line narrowed output beam A
doubling or nore of the pulse rate requires these feedback control systens
to perform much faster. What is needed is a better |aser design for a
pul se gas di scharge | aser for operatiomat repetition rates in the range
of about 4,000 pul ses per  secofdantreliikmm QrllHE | NVENTI ON The present
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vol t age i R 188 back arrangenents to nmintain wavel ength and pul se energy
within desired limts. 1In a preferred enbodinent two fan notors drive a
single tangential fan which provides sufficient gas flow to clear
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wi t hout CI% %@%&gg}?ﬁgﬁﬁﬁsoﬁ%o%%@@?%?ﬁmS'E‘P%qgi ng the gas mixture, 4
nodi fying the LNP output coupler and waveneter for 193 rim (nom nal)

operation and preferably by making a slight adjustment in the el ectrode
spaci ng. Al nmost all of thﬁmygc@FtTﬂEWI@N the two | aser

conf i QUrpld BRSeABvdlle . for _both configurations, 1 3 FEB 2006_.5_ BRIEF
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y or greater. The system can be configured to operate as a KiF or as an ArF laser with
very minor changes. In a preferred embodiment the system is configured as a KiF
excimer laser for operation at 4000 Hz and 6 mJ pulse energy and is specifically
designed as a 248 nm (nominal) light source for integrated circuit lithography. An

mmproved wavemeter with special software monitors output beam parameters and

controls a very fast PZT driven tuning mirror and the pulse power charging voltage in -
feedback arrangements to-maintain wavelength and pulse energy within desired limits.
In a preferred embodiment two fan motors drive a single tangential fan which provides
sufficient gas flow to clear discharge debris from the discharge region during the
approximately 0.25 milliseconds between pulses. The system can be configured as an
ArF laser without substantial changes in the system by changing the gas mixture,
modifying the LNP output coupler and wavemeter for 193 nm (nominal) operation and
preferably by making a slight adjustment in the electrode spacing. Almost all of the
parts of the system for the two laser configurations are the same for both configurations.




FIG 4A shows a front view of a preferred enbodi nrent of the present

I nvention. FIG 4B shows a cross section of a |aser chanber of the
preferred enbodinent. FIG 5 shows an electrical circuit dfgqq@rnggﬁ a
preferred pul se power system FIGS. 6A and 611 show two Jr ferred resonant
power supplies. FIGS. 7, 7A and 8 show techni ques for cooling pul se power
conponents. FIGS. 9A and 9B show views of a saturable inductor. FIG 10
shows a pul se transformer. FIG 10A shows a pul se transforner core. FIG 11
shows a technique for cooling a first gaturable inductor. FIGS. 12, 12A and

12B show a techni que fBg(IE‘iOﬂiE cRIP @yﬁ TN ctor. FIGS. 13 and
13A show views of the |schar§e reg}?ﬁ@iﬂﬁ?? e cﬁlagnber@‘(i)%J a preferred
enbodi m#FIGS. B} Band 2Ashowdedtines bb g prior aft lasepsygieat.r ed enbodi nent. FI GS. 14A,

14B, 14 .14D, are .charts_and graphs expl aining the calcul ati on of

wavel en&?‘?ggéﬁacﬁﬁwa%%?f@mﬂ&a se POyrer SPA@and 1411 show vi ew of an
et al on gged 4405 0R\ gf;gg e?&&ﬁ’@ : ' | F #en.is a block
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trol I t I h and,.pul f the |3 b FI GS. 16A,
SoB1 and bR ARG MR el SRRt e ol BB SRt he. L
tuni ng TGN 6A 6B 566Gy Shepefial REbREk peheDiBale ectric control of the

tuning mrror. FIGS. 16D and 16E are di agranms show ng wavel ength control

al gor i t H&S. 7rV&end BshewAcchnitmes oy copling palse pewdigafinosieRSr purgi ng a
grating I 8 - r wer control system FIG 18A
shows a'b oﬂgéﬁda%(ﬁegtéotv?%%ro ga%%dﬂg% 6 _

FIG. 10 shows a pulse transformer.

FIG. 10A shows a pulse transformer core.
FIG. 11 shows a technigue for cooling a first saturable inductor.
FIGS. 12, 12A and 12B show a technique for cooling a second saturable inductor.
FIGS. 13 and 13A show views of the discharge region in the chamber of a preferred
embodiment. |
FIG. 14 shows the logout of a preferred embodiment.
FIGS. 14A, 14B, 14C and 14D are charts and graphs explaining the calculation of
wavelengths and bandwidths.
FIGS. 14E, 14F, 14G and 14H show view of an etalon used for wavelength and
bandwidth monitoring.
" FIG. 15 is a block diagram showing components used for wavelength and bandwidth
calculation.
FIG. 16 is a block diagram showing features of the laser system used for controlling the
wavelength and pulse energy of the laser beam.
FIGS. 16A, 16B1 and 16B2 are drawings showing technigues for confrolling the LNP
tuning mirror,
FIG. 16C shows the effect of piezoelectric control of the tuning mirror.
FIGS. 16D and 16F are diagrams showing wavelength control algorithms.
FIGS. 17, 17A, 17B and 17C show techniques for purging a grating face.
FIG. 18 shows a two-motor blower control system.
FIG. 18A shows a blower blade structure. |




FIGS. 19, 19A and 19B shows features of a preferred N2 purge system FIGS. -
20, 20A and 20B show features of a preferred shutter. FIGS. 21 and 21A show
features of preferred water cooled finned heat exchangesq 80A. 22B,
22C and 22D show how the chanber is rolled into position'in the |aser
cabinet. FIGS. 22E, 22F, 22G and 22H show features of a first bellows
design. FIGS. 221, 22J, 22K and 22L show features 'of a second bel |l ows
design. FIG 22M show features of a purge technique for purging high Wflux
regi ons Iﬁ{?é he _output beamtrain. FIG8. 23A-23T describe a pul se

stretchi -denledand @PBshows featBenofh Grafiaset Nppurgsejshan. pul se stret ching
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DETA_ILED DESCRIPTION OF PREFERRED EMBODIMENTS

FIRST PREFERRED EMBODIMENT
Described below is a first preferred embodiment of the present invention. It is an
krypton fluoride (KiF) excimer laser designed to produce 7.5 mJ narrow-band
approximately 248 nanometers (for example, 248.250 nm, 248,250 pm) pulses at pulse
rates of up to about 4 KHz. Specifications for these lasers include a bandwidth
specification range of less than 0.5 pm (FWHM bandwidth) and less than 1.4 pm (95%
integral bandwidth). Specifications alse call for 3 sigma wavelength stability of less than
0.05 pm and a 30-pulse dose stability of less than 0.5 mJ. FIG. 4B is a front view of this
preferred embodiment with the doors removed and many of the laser components
identified. The laser is a modular unit and designed so that complete modules can be
replaced very quickly and easily in order to keep laser down time to a minimum. Going
clockwise around FIG. 4B the identified components are:
* status lamp 1K indicating the operational status of the laser,
* confrol module 2K which controls the functioning of the laser based on input
control signals from a hand held terminal (not shown) or a master controller of
a lithography machine,




conpressi on head nodul e 3K which is part of the |asers pul se power system
and provides the final stages of pulse conpression of electrical pulses
which charge a peaking capacitor bank |ocated on top of jthe-AR988F chanber,
stabilization nodule 4K also called the waveneter which nonitors the | aser
pul ses and provides feedback signals controlling wavel ength and pul se
energy, automatic shutter nodule 5K with power neter, M-T power supply 6K
provi di ng high voltage power to a netal fluoride trap (a filter) |ocated
on the laser chanber nodule, left side blower notor 7K | aser chanber

modul e 8K, i 0t &phRERidHORKAISH MR RV WicAYs bRt OF RS BasisThildd Sowe? s??c&xﬁ the
| aser controls with |ithography nmachine controls, cool |@3 supp nodul e
10K, cool i ng vandeprovidss thiebfimal citages o ipslse Trmpressigg et egemn pplsgs Fl%lﬁll e 12K

ventil ati on ass or. vepti.n r. c ssto out si de ’
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narrow ng nodul gatibfatiehsaoddt 14U atsbe;anedlﬂlenaawfdawﬁgwmkﬁeﬁmé thd\dser i ght
side bl ower nmotor controller 16K,. left side blower notor controller 17K,

comut at or noduPWsesgrd wravidesdaerbark sigaalegontrliing Wevelensth padpulbasnerahd an
el ectrical ci fcéﬂtémﬁt?c{shh%lt%;%{ﬂ]@ {vﬁﬁno{v@ﬂne@ Ises a_nd for providing early
VO

stage pul se conpression an age anp |f|cat ion, resonant charger

modul e 19K f of Wd\@aﬁmgupﬂwyﬁﬁmwdﬁgdﬁmvolta@a@mgtmﬁ rhétel flkcaideapci t or
bank, high vol ower su %? ﬂ 20K f or produm ng hi gh vol tage DC
Efet LEYR

power from st ‘é&??‘il?‘? %réml@l‘iao AC/ DC di stribution
modul e 21K heﬂeﬁtgme%‘gg“ﬁggyhg’( not shown)

* laser chamber module 8K,

« interface module 9K providing interface circuits to mate the laser controls with
lithography machine controls,

* cooling supply module 10K,

* cooling water distribution module 11K,

« laser gas supply module 12K,

+ ventilation asseﬁ:nbly 13K for venting the laser cabinet gases to oufside
atmosphere including a smoke detector, |

+ right side blower motor 14K,

» line narrowing module 15K also called the line narrowing package or LNP,

+ right side blower motor controller 16K,

« left side blower motor controller 17K,

« commutator module 18K which contains a Co changing capacitor bank and an
electrical circuit for initiating electrical pulses and for providing early stage
pulse compression and pulse voltage amplification,

- resonant charger module 19K for providing very fast resonant charging of the

_ Co capacitor bank,

* high voltage power supply module 20K for producing high voltage DC power
from standard facility three phase AC power,

» AC/DC distribution moduie 21K

* helium purge module (not shown)

 wave stability module (not shown)




wave stability nodule (not shown) 1 3 FEB 2006 S FIG 4A is a cross section
drawi ng of a | aser chanber. 10A of a first preferred enbodinent of the _
present invention. The principal chanber conponents are hqugiggB Mg ucture -
menbers 12A and 14A, cathode 18A and anode 20A upstream preroni zer tube

60, peaking capacitor bank 62 and electrostatic trap unit 64 (all of which
are simlar to the prior art correspondi ng conponents shown in FIG 1).
The chanber includes a new anode support flow shaping structure 48, a new
upper flow shaping structure 50, gas furning vanes 52, a new 5 inch

di aneter tangential type fan bl ade structure 46A and four water cool ed
heat exciwnoe Njt ; L. m | har nat
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FIG. 16 is a block diagram showing features of the laser system which are important for
conirolling the wavelength and pulse energy of the output beam.

Important improvements over prior art gas discharge lasers include:
1) Improved flow path for circulating chamber laser gas
2) Water cooled pulse power system
3) Ultra fast wavemeter with fast control algorithm
- 4) New high duty cycle LNP with combination PZT and stepper motor driven
tuning mirror '
5) Large tangential fan with dual water-cooled brushless DC drive blower .
- motors with special controllers
6) Ultra pure nitrogen purge system for optics protection
7 Sealed shutter with power meter
8) Improved heat exchanger arrangement
9) Beam seal system
10)  Helium purge for LNP
11)  Current return with ribs parallel to gas flow
12)  Inductance plate for chamber impedance optimization
13)  Electrode optimization for performance life.




1 3 FEB 2006 9 LASER CHAMBER Heat Exchangers This preferred enbodi nent is
designed to operate at pulse repetition rates of 4,000. Cdearing the
- di scharge region of discharge affected gas between pul ses,r iy a gas
fl ow between the el ectrodes 18A and 20A of up to about 671ﬁf§%BTzﬁEchieve
these speeds, the dianeter of tangential fan unit has been set at 5 inches
(the length of the blade structure is 26 inches) and the rotational speed
has been increased to about 3500 rpm To achieve this performance the
enbodi ment utilizes two notors which tegether deliver up to about 4 kw of
drive power to the fan bl ade st fiASERECHAMBERUl se rate of 4000 Hz, the
di scharge will add about 12 kw of heat energy to the |aser gas. To renove
the heat produced by the dlschaﬂ§@“éh6hgnﬁﬂ$h the heat added by the fan

The. mot of SeRGLTRS TUAPRER fs A0ERNT o AT Bl ool e BB o0

Preferr ecleeﬂhg: dhordistitargé rédien pf disehirgt nfRGlel Qs lHetd.rebeZlqmlsfeQ ueqfitednegagrat er

cool ed hﬁ exchanger.s 58A shown generally in FIGS, 4A and FIG 13. Each
of thesellpWdetweshe %‘Ft'é)die‘s‘ 18 n i 20ASPIp 46 Dot b 1. ndieathisye Bgenanger s
shown at v v qgnﬁﬂj
Exchangerﬁ-éCOrrprﬂ())ér?(l:algli'méte cros stiég}tfiﬁlo ijgpg’\t?méﬁ]ngét tf;o?]H('a}il &Hﬁ ab?%e

exchangebladé stngdiareris 26 ikthes) 2dd th'EI"mtatnmalcﬁpeeds hes besm intretided tbeahbuie&iﬂfanger

is cut out b bot h ends e sho G,. 21A hows an enl a wof t he
end’of ¢ HP-ndacien g SRR I8 STIBHHGE v RETEo PEph AL

cont r act §diver dpf ARPARASSARle goRr irde f%ﬁﬁ@é‘g@tﬁctﬁl@cht@§0 Slsérdid 518600

structure 302 which is machined fromsolid copper (CU 11000) and contai ns
twel ve fHﬁsthB@SSCbéﬂgelvﬁHrﬁdd\M?pﬁt 12 kwool heat emergy g therlaserigas. Jagsmgue ithevi ng a

b d f | 0 d |
paseage Tk pindBeed by thel dichapde fIOGF bk g B i B 8 0mn 68 sBbosh il ™Y e
formati Oﬁbdbéd eﬁnlned Heat reldiiangk @its 9BA hee ipisvided. sUThaGRotefs kit thadsage. A

flexible f ge unit 304 .is _a welded unit conprised of inner flange 304A,
bel | ows €XC gers are described in detail below.

Preferred embodiments of the present invention utilizes four finned Watef cooled heat
exchangers 58A shown generally in FIGS. 4A and FIG. 13. Each of these heat
exchangers is somewhat similar to the single heat exchangers shown at 58 in FIG. 1

having however substantial improvements.

Heat Exchanger Components
"A cross sectional drawing of one of the heat exchangers is shown in FIG. 21. The
middle section of the heat exchanger is cut out but both ends are shown. FIG. 21A
shows an enlarged view of the end of the heat exchanger which accommodates thermal

expansion and contraction.

The components of the heat exchanger includes a finned structure 302 which is
machined from solid copper (CU 11000) and contains twelve fins 303 per inch. Water
flow is through an axial passage having a bore diameter of 0.33 inch. A plastic
turbulator 306 located in the axial passage prevents stratification of water in the passage
and prevents the formation of a hot boundary layer on the inside surface of the passage.

A flexible flange unit 304 is a welded unit comprised of inner flange 304A, bellows




1 3 FEB 2006 10 304B and outer flange 304C. The heat exchanger unit

I ncl udes three c-seals 308 to seal the water flowing in the heat exchanger
fromthe | aser gas. Bellows 304B pernmts expansion and co aptmomgef the
heat exchanger relative to the chanber. A double port nut 400 connects the
heat exchanger passage to a standard 5/16 inch positional el bow pipe
fitting which in turn is connected to a water source:: Oring 402 provides a
seal between nut 400 and finned structure 302. The Turbulator In a

pr ef erregoﬁgbo i ment, the turbulator isl%onprised of four off-the-shelf,

| ong i n- i it flagee A4 s Thabent exchangepiuoitiingludesdtives ¢-seals IBdmpeal
conponen aAval | abl raiion (Stati.c M , _Par.t No.
06- D1229€t%60?% PG RY A @8 et LLATHIN SREP AN GNal Belibnd 300 pelils "0
i n-1ine wkpansion axdomnithetionaditthe hoatf dxehaged Adative BARE tRAthberNeA dsable Path

whi ch revef] &5 its g‘lr‘g‘(ﬁ: W se direction about every pitch distance (which
is 0.3if¢ ? FHRESE gl Fx: HPEPARE| 1) 4 iprdare S/ Metnch dositiongleslbow

per f or ma fitti | 50 I M bt f_th

ol bul at B e uRicibin 08 b RN i AU o8 Llin2 400 'rilled 89,

mai nt ai n bebyasamabAe0 aukfinedstmeis 202 ondi tions. Flow Path In this preferred
enbodi nent, gas flow into and out of the discharge region has been greatly
i nproved over prior art |aser chanbers. Vane structure 66 is designed to
normalize gas velocity in the regimR fAffpuhist downstream of the fan bl ade
structure at about 20 m's. In the FIG 13 enbodi nent the chanber top is
machi ned!® 8 Peeisred ambodiment, (the turbwatos hagimprised iof fowe. offite-selfH kingyindfnet he-

gas then Lot Re, di afge lon to the design velocity of 67 -

ms. At agou% e#é%%&@%o#sﬁ%%ﬁ?&se# ﬁ’g%rﬁ’g’g B?mp??@gﬁﬁ%‘fﬁ%ﬁ’é‘ﬂ?@ﬁi on, -7

the fl owfiono$d Soporatior (Siatia Mixest PA0 NN P6eD P129260)0 € FhE 8- 1k GixeRDRYL 5/ 8
IS turned by four turning vanes 52.

e Lo R of bR G2l e oo v Tt for s oo om0 2
H o d'lézg%*‘&?? oL pah {PRLE TORRETRAGIAY BESchO ovkly vl SR
N04400) &vbicBdnf.3iincl. tTre withyieon sutstmvinlly impioSs heat ACRBngbNpaREhabdA(8) SO
that thergds by DRpdlcae M Skt 5% SEARGS of BiedtSbularer beduces the required

- water flow by a factor of roughly 5 to maintain comparable gas temperature conditions.

_ Flow Path
In this preferred embodiment, gas flow into and out of the discharge region has been
greatly improved over prior art laser chambers. Vane structure 66 is designed to
normalize gas velocity in the region 68, just downstream of the fan blade structure at
about 20 m/s. In the FIG. 13 embodiment the chamber top is machined to provide a
similar flow shaping surface. The velocity of the gas then speeds up in the discharge
region to the design velocity of 67 m/s. At about 4 inches downstream of the center of
the discharge region, the flow cross section increases at an angle of 20 degrees from
about 5/8 inch to about 4 inches before the gas is turned by four turning vanes 52. This
- permits recovery of a large percentage of the pressure drop through the discharge region.
Whale-bone shaped current return 548 as shown in FIG. 13A(1) is laser machined from
0.015 inch thick nickel alloy (UNS N04400) and bent into the shape as shown in FIGS.
I3A(3) through 13A(8) so that the 23 ribs present minimum resistance to gas flow.




1 3 FEB 2006 11 Each rib has a cross section of 0.015 inch x 0.090 inch
with the long dinension in a direction parallel to the gas flow direction.
- Bl ower Motors and Large Blower This first preferred'enbo%i ﬁ he

present invention provides a |arge tangential fan drive % 0d tors
for circulating the |laser gas. This preferred arrangenent as showmn in FIG
18 provides a gas flow between the el ectrode of 67 nisec which is enough to
cl ear a space of about 1.7 cmin the discharge regi on between 4,000 Hz
pul ses. A cross section blade structurg; of the fan is shown as 64A in FIG
4A. A prBadeabiles a dtbeVedcfios BPOMIENnEh @ 0.886 indt®id! BYSord AMedo8 Has a 5
inch dianeter and_ is nmachined out of a solid alum num alloy 6061-T6 bar
st ock. THiEeqtiqaiperalighto the gerdlowidisegtionsection is slightly offset fromthe
adj acent section as shown in FIG 18A to mnimze bl ade caused pressure
“perturbation in the discharge region. Preferably the individual blades have
| eadi ng edges tapering to aBlswef Moecigend 0.a8se Boweeduce reflections of
di schar acoust i waves off the front edge of the bl ades during

oper at i ohtiSFFiPretaswd; enbhodiment of Shipresent iuyention previfesea largw tangenitd &n

brushl esg; L4 r@g{agi r r nrai.ped w thi tallic
pressure cﬁ% %?‘%E%%%g?%éggh% esta o%r g%f)'o?ﬁ]% ﬁg%'&ﬁﬁ%g%e%eﬁs]@?@m he

| aser gak Eki Foprowides asgad dboor beteaten rthéJeBetrbdd oN 67 Mo'sec Wwhith(is @46ugh f t hi's
enbodi ment . the pressure.cup,. is thin-walled nickel al]l 400, 0.016 inch
Chi ok wrSiesr 3 3Res P “é§-7t“1‘l£1“1‘§%é‘rs°1§€§§e Egion f‘."’e%‘éa%?‘é\g%wfss%s 530 and 532
drive the sane shaft and are programred to rotate in opposite directions.

Both notors are sensorless notors (i.e., they operate w thout position
sensor s)A qupsshaection blade shinetre| afrthe 331 intficsn eoMA ch FIGI §At Airospesidd

functi - . . 1] .not troll.er, 536
Ui o anal et SndBRAEEIG AEA OThEisae Mk S B 4 5 R BReRE af? B bEchia g,
current éeedhasckd abintinmGooy BD6RT6Mar wiokk. e iddGanalaPatieriflche s is via a

RS- 232 serial port.into master caontroller 534, 1 3 FEB 2006 12 WATER
COOLED Fﬁiﬂ_g%aylﬂ%ﬁﬁwgh?ﬂﬁ]“ﬂm section as shown in FIG. 18A to minimize blade caused

pressure perturbation in the discharge region. Preferably the individual blades have
leading edges tapering to a knife edge so as to reduce reflections of discharge acoustic
waves off the front edge of the blades during operation.

This embddiment as shown in FIG. 18 utilizes two 3 phase brushless DC motors each
with a magnetic rotor contained within a metallic pressure cup which separates the stator
portion of the motors from the Iaser gas environment as described in U.S. Patent No.
4,950,840, In this embodiment, the preésure cup is thin-walled nickel alloy 400, 0.016
inch thick which functions as the laser gas barrier. The two motors 530 and 532 drive
the same shaft and are programmed to rotate in opposite directions. Both motors are
sensorless motors (i.e., they operate without position seﬁsors). Right motor controller
534 which controls right motor 530 functions as a master controller controlling slave
motor controller 536 via analog and digital signals to institute start/stop, current
command, current feedback, etc. Communication with the laser controller 24A is via a
RS-232 serial port into master controller 534. |



Four Thousand Hz Pul se Power System Operation of |aser systens in
accordance with the present invention requires precisely controlled
el ectrical potentials in the range of about 12,000 V to ? i e applied -
bet ween the electrodes at 4,000 Hz (i.e., at intervals o 0O mcro
seconds). As indicated in the background section, in prior art pulse power
systens a charging capacitor bank is charged to a precisely predeterm ned
control voltage and the discharge is produced by closing a solid state

swi tch which all ows the ene y stored d8 the - charging capacitor to ring
t hrough a conpr essi on- IHITER EQOLEDPUESE: POWERANSEEMe desired

potential across the ele tvvee he cl osi ng of the switch
Fit hons 38 e e PRVBERy

to the conpletion of th arge i s E‘roseconds (i.

about 5 rﬁmﬁmomﬁidse)r dyetemst;hacc&al@ﬁcwmfth%réﬁnpin\@ﬁu&{ fequiréd Efé&sélgrqu' red
er than 250 microseconds. It is possi

h |
?ef:lhgg !t%tgg%‘ﬂgerdg‘?quc F"'i‘l Waﬂﬁs%@ed'aﬂ% b abaE Wk 009, Wpioy 30,000 Yebe appiliedover
| ble t t t
supDl | 5 bl URbiroB/aioKORPHS, LAPR) LEAILSE G PSST ABLE Lo Aperate ot

4,000 Hz using three prior art po r-supplies arr
pr ef er r edndieased inethe | b@kglsimd/nsemoxlﬁl Iﬁ phoAppt ipadet fowdd kist@nd e cha gﬁ?bam c

desi gn ag |nt;t)h§ art shown i 3 for the portlon of the
power sysStER d ﬂﬁ(s'lsr‘%%@@?h’ée XH-" ?tﬁ'f%m%c%ﬂﬁo Yﬂl@gﬁﬂﬂd F—Q@émcbﬂmq lize
a radi calid yretiubé® b§NElosing ChRbEY &tft0 'swilR Thid eﬁﬂwﬁﬁfeogﬁ& S fogrgthe

Applicants have utilized tw types of resonant arging s r-very
f ast chaﬁgﬁfﬂ@go?apa@@I tphdng thrpugle mscanepretsiordamplifibetibnbyirauy &r prodeacet theFl G S

6A and 6B, An. el | t t hi ~
pr e?gr re r es n{ﬁﬁf%@?%eﬂslel gecgﬂ%%%ﬁ u%%g%%aeell" Iet ‘%’Jéngg g’\gs‘r’]"gtcgf‘la%&ar d de’
power s upqﬂnpleﬁ@ﬂ ofighd digchar@08 oMACh B8 BfiFtobdtpHs, T0E, atsblﬁ %Qm’%%e?oiﬁ PR

out put i ed., Th ower supply is a dc power supply adjustab
appr oxi rrafee‘f' %Béc\%dfqgl PHOREH sysems required sotime intarpdlymich kingeictben 260r ect | y

to G1 g{lbﬁgé@hgggﬁtl Ofs egdbagk 19 th u an t he
supply is ‘enabl ed it pﬁgﬁﬁgd 0 x%glteaﬁggrégg %ﬁl and 1&gyl g@’g&ﬁe&?ﬁ%@ #ént
vol t age onsaEenal ppwer supplied hlepmaﬂéIOanmpbé Aplicants have been able to operate

at 4,000 Hz using three prior art power supplies arranged in parallel.

In this preferred embodiment, as shown in FIG. 5 Applicants utilize the same basic
~design as in the prior art shown in FIG. 3 for the portion of the pulse power system

~ downstream of the solid state switch, but Applicants utilize a radically different
technique for charging C,.

Resonant Charging
Applicants have utilized two types of resonant charging systems for very fast charging of
Co. These systems can be described by reference to FIG.S 6A and 6B.

First Resonant Charger
An electncal circuit showing this preferred resonant charges is shown in FIG 6A. In this
case, a standard dc power supply 200 having a 208 VAC/90 amp input and an 800 VDC
50 amp output is used. The power supply is a dc power supply adjustable from
approximaiely 600 volts to 800 volts. The power supply is attached directly to C-1
eliminating the need for voltage feedback to the supply. When the supply is enabled it



" systemis sonmewhat independent of the voltage regulation on G1 therefore
only the nost basic control |loop is necessary in the power supply.
Secondly the supply will be adding energy into the syst?gagﬁgng r the
voltage on C1 falls below the voltage setting. This all h m%ov\er
supply the entire tinme between initiation of |aser pulses, (and even
during | aser pulses), to replenish energy transferred fromGC 1 to Co. This
further reduces the power supply peak current requirenents over the prior
art pul se power systenms. The conbinatizon of requiring a supply with the
nost bastumscomtahd|refulaps aatehstand ivailzapge @nt Tl cap@idor.CULe @atformrics gfothet he
supply to the avera eiggyer requi.rements of the system reduces the power

suppl y CSEnLl§ seRep, gt afither Yodtage regulatips op(af dhsrefgreienly §i¢ mpstovi des

vendor : f o TR Is CL fi lbs r
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ar e avaidnelgyeinfo thensyser pthepew:t shecvoleage Bindaql , fallinbalew dlad voleige setting.s Thicai ser
and EM . ntrol Board Thi ower .suppl y cont,j.nuous char.ges,a . 1033pF
capact t A0SR orirE RRLY 45 SPUve eI HE BB, HelAeGRtIeR: GOk 6e50a. The
control cﬁﬂﬁfgqas%%uﬁés,%@mmén rgﬁ‘&anﬁ*eﬁ&&ﬁo%%q%%e%ﬂme%dh&s

¢ |
transfer energy Trom capacitor 202°to capacitor 42. Inductor 208 sets up
t he trarfbe power supplyopask snrentirequirgroents puer the ptiocarppelse pewaiosystems. Athe and
limts the ,peak chargi.ng current.. nt rol, .board L receiyves.a.vol Lage
f eedback 22" f%a‘fqarleg“ %83}?@3 VD e PRR RASICeR 8‘3"8"%&3‘&‘&?% d a
current geakdieit 2dihet bfithel §upfpw @O Ctht | &¥8Rlge  fovich Grequifdn@dtits ©of Alié RPstbhr ough
i nductor 208. Fromthese two feedback _signals control board 204 can
cal cul ati&dyees the, powerrsunphe costan estinatsd S08h Siditionally ths prefeagt dlesigaT

switch _ Ak0stant . of ot har ] | t age
210 1 od Hay e sefor RHRMGSUAY dtesbl Birrore B Qhfput Vol SRS, | 2

st ored earerrgadilynatdiliableciagra cintiltiplel 2carees. | Subhcpower 20Bplies axenpwailablecfrodne
required ch rrge ol trEﬁge Ucom‘rsgﬂggﬂruo. romthis_cal cul ati on, the control

board 20APRIF: HeTHyer onig SFT Miarge cycle to open | GBT
swtch 206. 1 3 FEB 2006 14 System Accuracy After |1 GBT swtch 206 opens

the energy stored in the magnetic field of inductor 208 w |
Control Board

This power supply continuously charges a 1033uF capacitor 202 to the voltage level
commanded by the control board 204. The control board 204 also commands IGBT
switch 206 closed and open to transfer energy from capacitor 202 to capacitor 42.
Inductor 208 sets up the transfer time constant in conjunction with capacitor 202 and 42
and limits the peak charging current. Control board 204 receives a voltage feedback 212
that is proportional to the voltage on capacitor 42 and a current feedback 214 that is
proportional to the current flowing through inductor 208. From these two feedback
signals control board 204 can calculate in real time the final voltage on capacitor 42
should IGBT switch 206 open at that instant of time. Therefore with a command voltage
210 fed into control board 204 a precise calculation can be made of the stored energy
within capacitor 42 and inductor 208 fo compare to the required charge voltage
commanded 210. From this calculation, the control board 204 will determine the exact
time in the charge cycle to open IGBT switch 206.




transfer to capacitor 42 through the free-wheeling diode path 215. The
accuracy of the real tine energy calculation will determ ne the anount of
fluctuation dither that will exist on the final voltage qg§$ﬁ%?%ﬂmpr 42.
Due to the. extreme charge rate of this system too nuch ther “may exi st
to neet a desired systens regul ation need of 0.05% If so, additional
circuitry may be utilized, such as for exanple, a de-ping circuit or a

bl eed- down circuit as discussed bel ow. Second Resonant Charger A second
resonant charger systemis shown in FI® 6B. This circuit is simlar to the
one shown in FIG 6A. The princidyafentAcewney el enents are: 11 -

A
t hr ee- ph f 1 Frent, qutout . NG l.o A
Sour e CanabrOaT syFRRE08 o e llerdy SEOR! b RgBREE AP NRlop 28 Pl ¢ e
exi st i ngrasfeavarpeaitor4?. thfdugh(Re freadvieRling SiideqhEs 215 ThOhéRkacs ROt 1 ow
for charlqéég%ﬂlg%nd mai nt hgqlng ‘f’ﬁ]ore ulated voltage on Co. D, D2, and D3 -
Provi des FOLER OB Pl detemaine the : t R fluchation dberbpt wild
f eedbacketior s FRAL % incdéb' : I . ' ' r f the
voltage on Co in the glit/aeg%td of gélﬁrngﬁ'%u\??bﬂ%%%éééﬁégm%eéﬁo@%n gltFn uct or
bet ween ®oimyelpdithergnagegisbtodn@s acdegsired systerds 2edutationded of wOrBes, sy and
setup ch t ransfer tim.ng..Contro] Board 304 - Commands Q, 2, and 3
open andg‘ézcﬁﬁg%a& WY ma%be” i UCh 28 J0% EXaTBRlea Avleraing cligpibonARieedof
oper at i ofowh ciguif & die¥Esedbdo@i fference in the circuit of FIG 6B fromthat
of 6Ais the addition of switch @ and diode D3, known as a De-Q ng
swtch. This switch inproves the regulation of the <circuit by allow ng the

control unit to short out theéngucf or du{él?j% t he resonant charging 1 3 FEB,
2006 15 process. This "de-gi ng - pt EVETER Pt5 onal energy stored in the  /

current Afsebdrel eebartagh tlgrgdisysein0s shodm if FIOD 4181 MeistdiRAR iesinfdr foneaRaci t or
o. shown in FIG. 6A. The principal circuit elements are: ,
I1 ~ A three-phase power supply 300 with a constant DC current output.
C-1 - A source capacitor 302 that is an order of magnitude or more larger than
the existing CO capacitor 42. '
Ql, Q2, and Q3 ~ Switches to control current flow for charging and maintaining
a regulated voltage on C,,.
D1, D2, and D3 - Provides current single direction flow.
~Rl,and R2 - Provide:s voltage feedback to the control circuifry.
‘R3 - Allows for rapid discharge of the voltage on Cg in the event of a small over .
charge. 3
- L1 - Resonant inductor between C-1 capacitor 302 and C, capacitor 4-2 to limit
current flow and setup charge transfer timing.
Control Board 304 -~ Commands Q1, Q2, and Q3 open and closed based upon

circuit feedback parameters.

An example of operation is as follows:

The difference in the circuit of FIG. 6B from that of 6A is the addition of switch Q2 and
diode D3, known as a De-Qing switch. This switch improves the regulation of the
circuit by allowing the control unit to short out the inductor during the resonant charging




Prior to the need for a | aser pulse the voltage on C-1 is charged to
600-800 volts and switches Q-Q@ are open. Upon command fromthe |aser, QL
woul d close. At this time current would flow fromC1 t01 %OFEQ g}gﬁh t he
charge inductor LI. As described in the previous section; I ator on
t he control board would eval uate the voltage on Co and the current flowi ng
in Ll relative to a conmand voltage set point fromthe laser. Q wll open
when the voltage on Co plus the equival ent energy stored in inductor LI
equal s the desired command voltage. Ti3e cal culation is: Wf [V Cost +
(LI * 1 prdodeby/ Qhis]Ue-giheT srevifits aﬂﬁ@nﬂ@h&%g%mad @pth@fcﬁ:ﬁren@fm@emg@gd t he
current in LI goes to zero. Vcos =The voltage on Co when Q opens. | Lis =
The cur rigguctey, bk Femeheing fansfarrediie samcitonigens. After Q opens the energy
stored in LI starts transferring to Co through D2 until the voltage on Co
approxi mately equals the command voltage. At this tine @ closes and
current Bfiape the m&:d]@oﬁ Dldser puie tise vhiltage topdCiihisosl@Rzed3io 600-0dvdlisamdt o t he
@B and _R3 froma bl eed-down circuit to allow additional

"de-qi ng ui

fine regﬁ}wéf{f%ﬁ &3 wpevoﬂp&aéomm@é %@%Wsm%fwwﬂééﬁnsao%m gt 216
wll be %&. r ot hrough
i nduct or&%gﬁgﬁggg %‘%\vg tﬂ%e%{/%wt]go gﬂg#l%% QB be edfgoﬁ%%%i t eS| redg
control- prewbag&;ctloh,&ncaiwlawh oﬁmﬂ sontyob heatd viﬁhﬂd evaieate dins valtdage oh (haqndm t or

Co and r sistor 0 e. suff|C| ently fast to bl eed ca

{o the d ToSTRAGEL W o BuPGHan wa)ERs arthors Tiom e - DRG0t al -
charge Cd‘pélnavheﬁ tﬁe 1735 %%QQﬁC&Lﬁlusﬁfe ui&%?éﬂt%ner%?%t&r@é aNaAbctePRI QQﬁalé?ﬁl@ be
configured with three levels of regulation control. Sonewhat cCrude

regul atu@u'c@cmen@@@ltagp {Tihe celsslagignisal cul ator and the opening of switch
QI durl{}g cb r@tn cyﬁb% 0sAs the voltage on Co nears the target

val ue cﬁ”sng Vil t ff 15%¢1 osed, stopping the resonant chargi ng when

t he vol t age on Co is at or slightly above the target value. In a preferred
embodi mept, the switch QL and the de-qing switch is used to provide

r egul at i BFet ¢ h accuracy better than +/- 0.1% |If

V¢ = The voltage on Cp after Q1 opens and the current in L1 goes to zero.
Vcos = The voltage on Cp when Q1 opens.
1115 = The current flowing through L; when Q1 opens.

After Q1 opens the energy stored in L1 starts transferring to Cy through D2 until the
voltage on Cy approximately equals the command voltage. At this time Q2 closes and
current stops flowing to Cy and is directed through D3. In addition to the “dé-ging”
circuit, Q3 and R3 from a bleed-down circuit to allow additional fine regulation of the
voltage on C,.

Switch Q3 of bleed down circuit 216 will be commanded closed by the control board
when current flowing through inductor L1 stops and the \-roltage on CO0 will be bled down
to the desired control voltage; then switch Q3 is opened. The time constant of capacitor
C, and resistor R3 should be sufficiently fast to bleed down capacitor C,, to the command
voltage without being an appreciable amount of the total charge cycle.



additional regulation is required, the third control over the voltage
regul ation could be wutilized. This is the bleed-down circuit of swtch B
and R3 (shown at 216 in FIG 6B) to discharge Co down to E@gg@gggmme
target value. Inprovenents Downstream of Co As indicated above,  the pul se
power system of the present invention utilizes the same basic design as
was used in the prior art systens described in FIG 3. However, sone
significant inprovenments in that basic design were required for the
approxi mate factor of 3 increase in hdft |oad resulting fromthe greatly

i ncr easefSrdpetith iths resopant ohasees cannbe cvwafigmed witle thifes clevels dofbraigelation

Det ai | ededzppgiut r l.on .Hea ription The princi pal
conponen%s of cg%@%?@%ggﬁ%g%r e%rg)?” ﬁéﬁé’aﬂl%ﬁn‘aﬂ% geﬁ%%o; qog the 3
and are epeningefswitch Qhedmgktgeohﬁgimge@;td;@nmm&vm%ar& €Onkdi§ wPBE@L! on of
t he sys_teaF{} r}hn thi.s se,céjis,on' we describe details of fabrication of the
conmut at GHo% 0 Araingswichsisidesednsapping dhe epsenant ehazgingcwh@nitievoltage enswi t ch
46 i s anCPihtOVsBO9110s, e h,LC [ OVd 20 lnc..wth

of fices i&r:l) Yoqngsv\%g , 'gzﬁﬁﬁééy ﬁ?fégué.l E“gpg‘%%‘?‘g&rj?‘%@%%mwm %agéch

swi t chesthgrde-qiog ¢witech pased @l provide regalation Withucnsy 48ttebthaand- 649arTE
sat ur abl g 4.1 tors simliar, to those used in prior_systenms as described
o UL S, BT Sidorinti sedinses che ST Gongaol onerig olebh peaiation oibn by

r ef er encetiliZed GThis BRB¥BIeAd- bRk i ' ; LRyt his

i nductor faour 1 SS FEB 2006 17 .cgﬁgtﬁﬁgﬂf%ﬁﬁ TWo" @Il%;%ﬁgﬁgg)%B
pass thrfBLié’f’PhéIg@t%e@%ﬁOrthEl'qctspéﬂrﬁstMet.o form part 48A an 8 inch |ong

hol | ow cyl i nder of very high permability material with an 1D of about 1 }
inch and an Od of about 1.5 inch. Each of the four conductors are then -

wrapped tw ce around an i nbupgbventerd® BDoWHitreahogIqs, core to formpart 48B.
The four Cocﬁd g&ogs then connect to a plate whi ch- is in turn connected to
the hi g & %?3 abejee. Hie Pylp Power: By 1S the prasemnvention wiilizes the same

basic design as was used in the prior art systems described in FIG. 3. However, some
significant improvements in that basic design were required for the approximate factor of
3 increase in heat load resulting from the greatly increased repetition rate. These

improvements are discussed below.

Detailed Commutator and Compression Head Description
The principal components of commutator 40 and compression head 60 are shown in FIG.
3 and are discussed in the Background section with regard to the operation of the system.
In this section, we describe details of fabrication of the commutator and the compression : 3
‘head.

' . _ Solid State Switch
Solid state switch 46 is an P/N CM 800 HA-34H IGBT switch provided by Powerex,

Inc. with offices in Youngwood, Pennsylvania. In a preferred embodiment, two such
switches are used in parallel.

Inductors
Inductors 48, 54 and 64 are saturable inductors similiar to those used in prior systems as

described in U.S. Patents 5,448,580 and 5,315,611 which are incorporated herein by
reference. FIG. 7 shows a preferred design of the L, inductor 48. In this inductor four




A preferred sketch of saturable inductor 54 is shown in FIG 8. In this
case, the inductor is a single tamgeonetry where the assenbly top and
bottomlids 541 and 542 and center nmandrel 543, all at hi h%\{:ggg; anes form
the single turn through the inductor magnetic cores. The outer housing 545
Is at ground potential. The nmagnetic cores are 0.0005" thick tape wound
50-50% Ni - Fe all oy provided by Magnetics of Butler, Pennsylvania or

Nat i onal Arnold of Adelanto, California. Fins 546 on the inductor housing
facilitate transfer of internally diskgipated heat to forced air cooling.

| n addi tdonductarsdieom the twid I&BT( switched 4GB ) pass through sisttasn derite tirdidt 49 tbeact or

bottomlid to rclﬁl p téan fer heﬁt fromthe center section of ,the, assenbly
to the nSHBPETARASZ long hatlew cliadereplyery highpesmebibity mrigHal Bt age
connect 11oNae 4119l ahd n CHPBE MR 1. Pinch Ealch FIREFk YonliHhlts 3o A 0 2
hi gh voltage | ead on one of the i1 nduction units of the I: step up pul se
t r ansf orwapp&btwicd hround i ingnisiidy doughoninsiaped coxe b Horm partri$B. eBble dduruni t

56. Ato ngd segtion view of the.saturabl e inductor 64 i.s shown,
os pect | DBFIpR Wi Ehg Y A At s i e grL R e i ABE G deel | 11 ux
excl udi nfe CpeapacRbEBA% 5201, 302, 303 and 304 are added as shown in FIG 9B

in order to reduce the | eakage flux in the 1inductors. These flux excl uding
pi eces substantially reduce the area which the magnetic - flux can penetrate

and t her [ I 0 Jdu.nim.ze th turat ed. | tange of the. inductor.
The cur ranteremRo s SRl fuiie SRR 0T, 3R PhrauF indigst

I nduct oris a3Bg&Maky gemROwhaE iR Asseriblyaop rd bétem Gids 58D En®PAR4AE &nte305
travel s down di ameter conductor in the center | abeled "1" and up

|
si x snalm@dr%lg?ftﬁ%ﬁg%hléh Yohage, dorm ke single dum) thepughiibe daducior magngiiswn i n
FIG 9A , bel.ad :

cordde ThE M h Oénéi(?oié’sat gg»@léfbé@g%&gﬁ% ﬁlragnétﬁ @déé;‘s e Qfodsre

I nside, then up the six ucto e-out’si then down fl ux
excl usi dhickespd womd 550N EEe slhwnpropided dyNagmatics of Batlar, Peleslybenia @n t he 1

3 FEB 2 .1 out.si then do t.he 1.wo ndugt org | abel ed 3_.on.the
ot de. etional ARGHE SadciaRA, CRRPeiAy 0 S48 ot e ducsit Brte BB oun ¢ he
conduct GfankRP o etethally dififhatdBShedeto Fdited b coofitis! US aM0R! AbaaRRPARgNt s are
held at half the full pul sed voltage across the conductor” allowng a

reduct i dRot shopma ismognted vademeath thacreagiop botiemrlid techdlp grnsfarcihaat from thet al
parts  anff Q&t{&?t&# thé 2emly 1o e Wdtihie LIRS ball'BlalPIRRS. | Calf® ioviOthe' S MBI

up of three col
high voltage connections to one of the capacitors of the C; capacitor bank 52 and to a

high voltage lead on one of the induction units of the 1:25 step up pulse fransformer 56.
The housing 545 is connected to the ground lead of unit 56.

A top and section view of the saturable inductor 64 is shown respectively in FIGS. 9A
and 9B. In the inductors of this embodiment, flux excluding metal pieces 301, 302, 303
and 304 are added as shown in FIG. 9B in order to reduce the leakage flux in the
inductors. These flux excluding pieces substantially reduce the area which the magnetic
flux can penetrate and therefore help to minimize the saturated inductance of the
inductor. The current makes five loops through vertical conductor rods in the inductor
assembly around magnetic core 307. The current enters at 305 travels down a large
diameter conductor in the center labeled “i" and up six smaller conductors on the
circumference also labeled “1" as shown in FIG. 9A. The current then flows down two
 conductors labeled 2 on the inside, then up the six conductors labeled 2 on the outside

then down flux exclusion metal on the inside then up the six conductors labeled 3 on the




307A, B and C fornmed by w ndings of 0.0005" thick tape 80-20% Ni - Fe al | oy
provided by Magnetics, Inc. of Butler, Pennsylvania or tgo@ #ﬂﬂﬁml d of
Adel anto, California. The reader should note that nano-criydt

material s such as VI TROPEANTA" avail able from VACUUM SCHI TELZE GrbH,
Germany and FINEMETTTA from Hitachi Mekels, Japan could be used for

I nductors 54 and 64. In prior art pul se power systens, oil |eakage from
el ectrical conponents has been a potential problem In this preferred
enbodi ment, oil insulated conponents aré limted to the saturable

i nduct or uisis, theardesmethe twe cenductard labeled dumt the itside shephapheisix denGuctOd i s

ey NG hisiistenivmpal : | o |
retocat it BEs A, Rleial Yol ubnang iBtiter BApIcH ofithe S65dme B GBRbI I 1t y
of oil | exkagien il xR ard Hﬁd!a@!&ﬂ&'&h&ﬂ;ﬂ'pﬂlé&dim% QEroSéHHe ToRMg at

308 in FI 9B. Since the normal oil level is belowthe top lip of the
housi ng wing a redughion,iy the sefs hwldpE spaeing between bekluxxshgwontthetal pssenbl v

e LA Y G RO

FIG 5 aé74l B amiobodnseicbyotvindangesofol 0005 -thiek tshes6-20%ORERE alisy glﬁ:wgat ed in
e rom

paral | el %@ggilor 42 an 52 are filmtype capacitors available f
suppl i er by : eé’§s=\ﬁ3§h%§/B dEPRIsyIvanig eNatyrel dagoldroishdelarto; Californipr t h
Car ol 1 na e WhIER sRbulFRLIPRY: nbROLL GRS il FhE! LR ARARbPEANARINSELENO t he

n
capacitors and inductors Is to so 0 positive an nega?l
t er mi nal $rogm VedUM SEHIREE AEcGmbH, IGermanyl atth ¥ INBEMEEIW\froth Giekhiciak sl

copper legads in nmanner. si m | t hat described in U S. Patent No.
5, 448, 583%%%&1:&6095682%553'2@%%’%@% é“s typically conposed of a parall el »
array of high voltage ceram c capacitors fromvendors such as Miurata or

TDK, both of Japan. In a preferred embodi ment for use on this KrF |aser,
capaci t ol &gk aspylse @owersystemapeil deakagé fronp abdctmidal tdomponents has beerd anF

capaci t orSeants i f 9.9 nF: Lo ri sed of a.ba of
twenty f Eren&.gfﬂélr)]% ga@ ‘ﬁ%@g%’é gd f@%o@é%gﬁ%'ﬁf’%a%gm&??ﬁ?ts E’ﬁgﬁﬂ“ﬁ%ﬂce of
9.6 nF;, @ satumbk.iddicersc Huatheirosre) tiRksatRghlEmdiict 64 & stovarRarid, @B Rank.,
Pul se Tr %nsfe%r.ner . . .. .
| oused 1 a pot type oil containing housing in which all seal connections are located
above the oil level to substantially eliminate the possibility of oil leakage. For example,
the lowest seal in inductor 64 is shown at 308 in FIG. 9B. Since the normal oil level is
below the top lip of the housing 306, it is almost impossible for oil to leak outside the

assembly as long as the housing is maintained in an upright condition.

Capacitors o Fy
_ Capacitor banks 42, 52, 62 and 82 (i.e., C,, Cy, Cp1 and Cp) as shown in FIG. 5 are all
comprised of banks of off-the-shelf capacitors connected in parallel. Capacitors 42 and
52 are film type capacitors available from suppliers such as Vishay Roederstein with
offices in Statesville, North Carolina or Wima of Germany. Applicants preferred method
of connecting the capacitors and inductors is to solder them to positive and negative
terminals on special printed circuit board having heavy nickel coated copper leads in a
manner similar to that described in U.S. Patent No. 5,448,580. Capacitor bank 62 and 82
~ is typically composed of a parailel array of high voltage-ceramic capacitors from vendors
such as Murata or TDK, both of Japan. In a preferred embodiment for use on this KrF
laser, capacitor bank 82 (i.c., C,) comprised of a bank of thirty three 0.3 nF capacitors
for a capacitance of 9.9 nF; C,, is comprised of a bank of twenty four 0.40. nF



Pul se transforner 56 is also simlar to the pul se transforner described in
U.S. Patent Nos. 5,448,580 and 5,313, 481; however, the pul se transforners
of the present enbodinment has only a single turn in the % gaga/qﬁwl ndi ng
and 24 induction units equivalent to 1/24 of a single pri ?g for an
equi val ent step-up ratio of 1:24. A drawi ng of pulse transformer 56 is
shown in FIG 10. Each of the 24 induction units conprise an alum num
spool 56A having two flanges (each with a flat edge with threaded bolt

hol es) which are bolted to positive angb negative termnals on printed
circuit cdpashets 36th fsal ThsuofaleUTD.6 AE; @?Eﬂ@ﬂﬂﬁﬁg@aﬁ&tﬁltﬁnk%ﬁd O, ihesmegative
termnals are the high voltage termnals of the twenty four primary

wi ndi ngsk¥ capasitbnbanks 56C separ at es the positive term nal of each spool
fromthe negative term nal of t Jgaceﬁ{wgpool Bet ween the fl anges of
the spool is a hollow cylinder long with a 0.875 OD with a
wal |t hi PiIge $nsbr&OosY islalde? sinﬁi@é} to-ﬁiié Wﬁaﬂsﬁarﬂfeﬂﬁ@%b‘éﬂﬁﬁ PRePhieah W de,
0.7 ml_thick MetglasTM 2605 S3A and a 0.1 ml thick nylar filmuntil the
OD of th¥osi ﬁs"cﬂSa’iBBd awéthb%m swhapevery thg pul.s_la mmem or @@pé@@ﬁevb vi ew

of a sin 0ol n _
10A. Theglslg%%}%%g?;ﬁgsofﬁ]& "95 an ognmqgglsgc%r&gp%%f%agilal n g%s}é@o umFs rod
mount ed equivdlentao W24bf afsidglé poimians uixﬁtfoflgntdqbﬂaléht Réphup(rheib lo811(24.) A The
wi nding is i.n f?ur sectlons as shown in_FIG The | ow vol t age end of

st ai nl esSreving Pl pulss fgasiormagiovihisashosgpm Rl @ E@ch of thej 24 MAYCRIRUBHS mar y
HV | ead eaan 4N B2 D1 GhinGid Epotbﬁ%‘ix %Q%fngt n?@'ilang&ené&bﬂ%*éﬁ"& e edg?[‘ﬁﬁf'al 'S

shown at As a result e transf&rner as S an auto-transftorner
confi gur 'élwa:dnd bnkﬂ hbles) which atgbaitetlito pbsitiveresd fiegafive tesmamls af printdd cirdifits, an

i npt el 0 bet t s of . th
hauct | oRPHiR oG8 4 Ppwh Alanette Btotd B8 oERGe T "Ltk weativilrmiait e
t ermi nal hfgﬁ MAgé RRmEREPBOME W h§Sfour Prisnasy mﬁhcﬁngw MnsAKSANSET Yepiated Ng

desi gn provides very |ow | eakage i nductance pernitting extrenely fast
out put rihgepasiting. temaFEBe@moawzb ﬁ’GDétth¢ megatve igeinalcht tise adimtant spodal

Conponen f a rt 0.3
of bapacPEiat daERReS! bl it £ pGRNRICRRT T/ Fo BEPG Bhe Wil 41008
el ect r odwéithar Wa]&ilﬂﬁdmeﬁsBoﬁ aﬁmhelsl3l2Ciﬂ@1.V\ﬁII‘h6 bpa&ul és wrapped with one inch wide, 0.7

- mil thick Metglas™ 2605 S3A and a 0.1 mil thick mylér film until the OD of the

insulated Metglas™ wrapping is 2.24 inches. A prospective view of a single wrapped

“spool forming one primary winding is shown in FIG. 10A.

The secondary of the transformer is a single OD stainless steel rod mounted within a
tight fitting insulating tube of PTFE (Teflon®). The winding is in four sections as shown
in FIG. 10. The low voltage end of stainless steel secondary shown as 56D in FIG. 10 is
tied to the primary HV lead on printed circuit board 56B at 56E, the high voltage
terminal is shown at 56F. As a result, the transformer assumes an auto-fransformer
configuration and the step-up ratio becomes 1:25 instead of ‘1 :24. Thus, an approximately
-1400 volt pulse between the + and - terminals of the induction units will produée an
approximately -35,000 volt pulse at ferminal 56F on the secondary side. This single turn
secondary winding design provides very low leakage inductance permitting extremely
fast output rise time. |




separated by about 0.5 to 1.0 inch. The preferred gap separation is 16.5 mm -

for KrF. (The preferred separation for ArF is 13.5 mm) Preferred
el ectrodes are described below. In this ermbodinent, the tpp %@?ﬂg de is
referred to as the cathode and the bottom electrode is connecte

as indicated in FIG 5 and is referred to as the anode. Water Cooling of
Conponents To accommopdate greater heat | oads a water cooling presented here
which is better able to support operation at this higher average power
mode in addition to the normal forced @Pr cooling provided by cooling fans
i nsi de the | aser cabi nPetadpef brsenShambergiledticalbCemponaits ng has

br it oh"vab b, @Ba0ude0 B8R b B GTORENe bltcmicion ousana ¢ nay
pot ent i akopi eftie dymber preaiurg vessel. Mlkeelec@lodds RSP HIGROs rlgnﬁ gJBidilgarE hat is
routed within rmﬂgul e to cool those conponents that nornal | sSi pate the
maj orit ysca:larat?cﬂgy Q¥t Cegash-0 derhy nThenprefastrd gep Sipacasiondisj16iSnm for KiF.

connect i ' oA I re .and . the coolin bing is a
Cont 1 nuoge g Ssted saifor fF AP 51 25 o3 JAR aHidiriode S0 Seniget bl ' ¢ e

chances bt this |egshodioenty the gopielebirodd herefosed @o aiset@r &bdds al HeNb -
Mbdul e cof e coolj pvat er. are therefore nmade outside the

cii.ons to. t n
assenbly"s eoe‘{elﬁﬁ?%?ec QP&W%%%W%ﬁ%iﬁmfﬁﬂgiqudh,a
gui ck-di sconnect type connector. Detail ed Conmutator Description In the
case of the comutator nodule a water cool ed saturable inductor 54A is
provi ded as shown in FIG [Whatrvolingiof Compdmsents 0 t he i nductor 54 shown

modul et supporpparationdt Hae kidhebivitagd Howel LR@Nn aﬁh#ﬁggcg 'ﬁn{’ i Pr@ky where

t he |1 GBT Si{ut ches d Series diodes are nounted. e conponents
make up ¥4 ﬁi’f%‘f*ii@bbwal%fmﬂ@ﬂ@émmmew thin the nodule. 1 3 FEB
2006 21 Oher itens that al so dissipate heat (snubber diodes and
resistors, capacitors, etc.) are cooled by forced air provided by the two
fans in Ohedisedvantigetdfevataciuoling Bivwaliihaillyaeks thShdvbibify M 1dke hedRUNd
pot ent i atJ:lectﬁ re _are no v%tgﬁ\g]e i sol ation_|ssues_ in - _
components. or oltage wiring. This specific embodiment substantialty
avoids that potential issue by utilizing a single solid piece of cooling tubing that is
routed within a module to cool those components that normally dissipate the majority of
the heat deposited in the module. Since no Joints or connections exist inside the module
enclosure and the cooling tubing is a continuous piece of solid metal (e.g. copper,
stainfess steel, etc.), the chances of a leak occurring within the module are greatly
diminished. Module connections to the cooling water are therefore made outside the

assembly sheet metal enclosure where the cooling tubing mates with a quick-disconnect
iype connector. '

| Detailed Commutator Description

In the case of the commutator module a water cooled saturable inductor 54A is ﬁrovided
as shown in FIG. 11A which is similar to the inductor 54 shown in FIG. 8 except the fins
of 54 are replaced with a water cooled jacket 54A1 as shown in FIG. 11A. The cooling
line 54A2 is routed within the module to wrap around jacket 54A1 and through
aluminum base plate where the IGBT switches and Series diodes are mounted. These

three components make up the majority of the power dissipation within the module.

gr ound '

S

in FIG .ns..of 54 are replaced with a water cool ed jacket -
54A1 as gﬁ?\/\"{? | n°@42%g{ef€e&heaﬂ83‘@‘@o‘f’?tﬁb° Oh'?laé’f%‘-‘&n‘@dih@rer Whickds bﬁ“lehhl?ljett%e C)
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directly attaching the cooling tubing to the reactor housing. This is done
by press-fitting the tubing into a dovetail groove cut in the outside of

t he housi ng as shown at 54A3 and wusing a thermally conductive conpound to
aid in making good thermal contact between the cooling tdbﬁ'rﬁf%ﬁgﬁﬁ he
housi ng. Cool i ng H gh Vol tage Conponents Al though the | GBT switches "float"
at high voltage, they are nounted on an al um num base electrically

i solated fromthe switches by a 1/16 inch thick alum na plate. The

al um num base pl ate which functions as,p heat sink and operates at ground

pot ent i abRR Gremls ShATUEL Eﬁﬁip%_ et ‘Eﬁﬁﬂgbéﬂ Hﬁ%@eﬁ&ﬂi’rééfk’t&r@,géagaéﬁﬂré}tét&? ateS Not

required in the cooling cifcuit. "A drawng of a water cool ed "al um num base
pl at e i scashedby forceRlals prévided by e svacteae in theecarobthe mgdulebi ng i s pressed
into a groove in an alum num base on which the 1GBT s are mounted. As with
the inductor 54a, thermally conductive conpound is used to inprove the
overal | $iksthe§ieESHAT RERdIE Bt Bibuad PotdnBabBfpe Mledievolikiag isuiioaSsHleoRes al so
“float" at high potential during normal operatjion. In this case, the diode
housi ng diggsitlyAitachingthe dopling tubing togihe geasiordwysing. Aiighis done by prassdfting on. To
provi de ghi.s. | i e di-ode- N " C ]

Gl anped SR 55 Adateitatbdle ahin bttt v REl e B o R ¥R
ceran c hdsga theahally chitRitin® vebhpoundd 4idfin afakidpegoud! teresl eoptciapwesnum base
pl ate. The ceram c. base js just thick enough to provide the necessary

el ect ri cie coekinsiubivg adihe\pAusti®o thick to incur more than necessary

t hermal i npedance. For this specific design, the ceramc is 1/16" thick
~alum na al though other nore exotic materials, such as beryllia, can also be
“used to further reduce th€obheg Hiegh Voliegtaboepdentmeen t he di ode junction

~and th | i A d di f a wat | ed t at
o1 sosAlBoudtiind J6BT atuher ot B8Rl Valiaet tof A BAuren oh galB g of s
basepl at Bask Mledid@ily Blaedamint the HiRNES by Hhe/16 Ack ERcRUMEnAE plsel dTiR at e

may be fabricated by brazi ng};mgl e piece nickel tubing to two al um num
"top" andunpBie base platavdbch fmctentay phept sink\and opreatesER Breungptenitishiand ar e
desi gned:_t t er. their . O I g{-gb t .

previ ougﬁsyiﬂlrlr%ln |%?1féod5%°e1:}§ir%e (:hH @? %&%&eulﬁdl%rﬁ%]g%tigot? %u asﬁls‘ér%?%?"q{“ﬁ %%Blrt'ef erred .
enbodi meAtdrafinghifa watsetdola@ialuinimns dbsk plhidtieshown in FIG. 7A. In this case, the

cooling tubing is pressed into a groove in an aluminum base on which the IGBT’s are

mounted. As with the inductor 54a, thermally conductive compound is used to improve

the overall joint between the tubing and the base plate.

The series diodes also “float™ at high potential during normal operation. In this case, the
diode housing typically used in the design provides no high voltage isolation. To
provide this necessary insulation, the diode “hockey puck™ package is clamped within a
heat sink assembly which is then mounted on top of a ceramic base that is then mounted
on top of the water-cooled aluminum base plate. The ceramic base is just thick enough
to provide the necessary elecirical isolation but not too thick to incur more than
necessary thermal impedance. For this specific design, the ceramic is 1/16" thick
alumina although other more exotic materials, such as beryllia, can also be used to

further reduce the thermal impedance between the diode junction and the cooling water.

A second embodiment of a water cooled commutator ufilizes as single cold plate
assembly which is attached to the chassis baseplate for the IGBT’s and the diodes. The



cooling nethod is also used to cool the I1GBT and the diodes in the resonant
charger. Thermally conductive rods or a heat pipe can also be used to
transfer heat fromthe outside housing to the chassis pI?hg.ggsé |l ed
Conpr essi on Head Descri ption The water-cool ed conpression 5' | i m | ar
in the electrical design to a prior art air- cooled version (the sane type
ceram ¢ capacitors are used and sinmlar nmaterial is used in the reactor
designs). The primary differences in this case are that the nodul e nust run
at highergéﬁgérates and therefore, hi @her average power. In the case of

the conpfd ‘e ke febreates by fheazing shigly pirce trieked @abing So dine SAIRRTRHEL W t hi n

t he nodig,ed, st 2.4 NduGt o , .Cooling the subassenbly is not a

sinpl e nat?gf;g i érfltgztg)lﬁltl hgfa%g't %fse‘{eﬁ?fgéqﬁr@m?fﬁeﬁhﬁt%g@T ey dindlss erepdgsined 6 very

hi gh vol ragfs thaih desiats ihetoldplak By LES | Rt i ¥ and
PP B b g BBy o

12B is to 4ndu tive{{lﬁé | sol ate the housing fromgro

i nduct an‘l%lef@aﬁ’r thei apsembly. \lnap preferrech embodiniany of uhis igvemtionnthet odd plate

cyl i ndriggalind @h : ' Fe neti ¢ core. Both the input and
out put -c-oolnil% ?*IEOH%E@ glfg%géﬁl Fdegooéair%gggﬁﬁﬁ‘iﬁﬁiﬁ %h@éqas Botheiresnpank chargeririt e

core forkhsgmally cchadectiveapts orlai tiaht HIOE tdaANSsARE L& 1d Wons ' l.Qcks as
shown iq)u@iggsrﬁ 12 é’(z}ﬁ nd .12B. Theﬂ?errite pi e(I:IeS'are ng%gﬁ§a?g%%§0 '
mat er i al’ ARl AR %gb@ﬁa % Magnetics, 1Inc. of Fairfield, New Jersey.
A single piece of copper tubing (0.187" dianeter) is press fit and wound
onto one winding form a Sl 64A1 of .inductor 64A and around
the second winding form E%u”ltgbgnré}g%é%gﬁﬁaqﬁe?woﬁt the ends to extend

t hr ough Thei watergeoled commpressiop hesd isosinilaash ﬂi&ea&ctﬁsﬂ%iesi%g,\&s a 0@}5@}5{ bgt no

cool i ng LNQ Jolpts exist - within the chassis. The 1 fiduct conpri sés_}
a dovet é:lB gr oﬁé\}%“ Qée SHOWHPS o500 capasitpesrare vsedvnd similar materinhis used in

wat er - c tied edctoo 18l _thé'ﬁ‘ﬁian§ I ng...This housing is nuch
the samg, .as previ %%g ai-r?cool e% vg?%clg%ﬁéﬁivﬁ %g?ﬁgﬁ%%%qugﬁrmtst%at

dovet ai IGEDEeeTatlahand Sepefore] higheEBvRAA6 pdder.C daltha 23068 e thel WWRiRGssich Pr ess
od.thermal connecti on bet ween

(14 oL S o 5 by R RS T e pnect T Colbeer
al so ad€éd. tGooling thezebissenblyas WBt aisTRERARHE:r since the entire housing operates
with short pulses of very high voltages. The solution to this issue as shown in FIGS. 12,
12A and 12B is to inductively isolate the housing from ground potential. This
inductance is provided by wrapping the cooling tubing around two cylindrical forms that
contain a ferrite magnetic core. Both the input and output cooling lines are cdiied around
cylindrical portions of a ferrite core formed of the two cylindrical portions -and the two
ferrite blocks as shown in FIGS. 12, 12A and 12B. T

The ferrite pieces are made from CN-20 material manufactured by Ceramic Magnetics,
Iric. of Fairfield, New Jersey. A single piece of copper tubing (0.187" diameter) is press
fit and wound onto one winding form, around the housing 64A1 of inductor 64A and
around the second winding form. Sufficient length is left at the ends to extend through

fittings in the compression head sheet metal cover such that no cooling tubing joints exist
within the chassis. ‘ |

The inductor 64A comprises a dovetail groove as shown at 64A2 similar to that used in
the water-cooled commutator first stage reactor housing. This housing is much the same

as previous air-cooled versions with the exception of the dovetail groove. The copper




The el ectrical design of inductor 64A is changed slightly fromthat of 64
showmn in FIGS 9A and 9B. I|nductor 64A provides only two | oops (instead of
five | oops) around magnetic core 64A3 which is conprised of four coils of
tape (instead of three). As a result of this water-cool ed §ufEBi8bnducti ve
path fromthe output potential to ground, the bias current circuit is now
slightly different. As before, bias current is supplied by a dc-dc
converter in the commutator through a cable into the conpression head. The
current passes through the "positive" fias inductor LB2 and is connected to

the Cp-cbolingtvaga tubiley isTheese Uit HiHQRoGRl id Sra¥riB RaBOG s fiekdgni ng to
the comutator through the HV cabl e (passing through the transtorner
secondarSPREEFiSRRRtTCsh theyheysingrand the epeling-veaien tibing: ) Thamaallyt doedugivret i on

passes t dig &de%ajiﬂﬂl'g r Lp-_.1 (to bias the magnetic

swi tch) and then t%rough t he coo?@%ﬁ%%ie?m?eﬁ?%eg "negative" bias inductor
LB3 and back to ground and the do-dc converter. By bal ancing the

resi stange i,n each l.eg, the designer is able to ensure that sufficient bias
current el%?qﬁglﬁ’ggpg lmdceﬁ’GWi df‘%els chansed sighily FreavthpiceicadoshoandnFigs

commut atoX #hFaoEf OdMBElor YA pRAZAL My Mol ' Very
simlarly to the " nega’?irver" ?gédéisn cttg)r0 %?Bg%%egphéfsﬁ#ég%&%f%éo@gm
ferri t e mRnstiaperefiddckwhizghas eyuptisad ofifmmgois vftape (mstekbwfiege). two 0. 125"
thick plastic spacers are used to create an air gap in the magnetic circuit
so that the cores do not saturate with the do current. Instead of w nding

the indukd arrewilt bf 16 OatBECHASE tubidld basuckiSe ANG 30 B %ﬁ)ﬁtt botedipding around

the forns. _%i ck _Connections In this preferréed enbodi nent, ree of the
pul se pdRRnds|the: biascarren gifcals ismowm stghtlyi dififeramst eAe befire, biaé conenteist i ons

so that . al r4.c i e pnorti.ons of .the.,laser systemare
nmade mersg%/h ylﬁg%idgiv_(ﬁ:lg?t Qgﬂﬁfo%u@g%?%%%g &B'P'é%léah QIFHB“’I the SPMPIISSIRE
These dead.t Tike AGretit phsseb trowth tho tpdstivel” biasiad@itoSLR RN ;9BsHAkSe@BfiH:ne
resonant.c 2006 24 nmpdule. In each case a male or fenmale

arger 1 F I e. 3 >

pl ug on (EPHE Vﬁ’ﬁéﬁﬂ Eo%at EEC frEentithen splisowithe Rerkion Jrining to thecammutatrback of
the cabith@ugh tHe B¥CAALEAGRSENP Q¥ fRLah e, pins on the
nodul e qui dght he nmodul e into I1ts precise p@%t%egﬁﬂhﬁﬁ%%ﬁﬁ(ﬁéﬁﬁéﬁgc rical
pl ugs prlmpdeiiy conteeter)T hetsithergortinnepasses lotigh theseoniprassioiViRalpekztor -

I (to bias the magnetic switch) and then throngh the cooling-water tubing “negative™

bias inductor Lgz and back to ground and the de-de converter. By balancing the

resistance in each leg, the designer is able to ensure that sufficient bias current is

available for both the compression head reactor and the commutator transformer.

The “positive™ bias ijiducto'r L is made very similarly to the “negative” bias inductor
Lgs. In this case, the same ferrite bars and blocks are used as a magnetic core. However,
‘two 0.125" thick plastic spacers are used to create an air gap in the magnetic circuit so
that the cores do not saturate with the dc current. Instead of winding the inductor with

co_oling—water tubing, 18 AWG teflon wire is wound .'arotmd the forms.

Quick Connections _
In this preferred embodiment, three of the pulse power electrical modules utilize blind
mate electrical connections so that all electrical connections to the portions of the laser
system are made merely by sliding the module into its place in the laser cabinet. These

are the AC distribution module, the power supply module and the resonant charger




194242-1 are comerci al | y available fromAMP, Inc. with offices in
Harrisburg, Pennsylvania. In this enbodi nent connectors are for 208 volt

AC, 400 volt AC, 800 volt DC (power supply out and resonir%gﬁaar%r i n)
and several signal voltages. These blind mate connection 2 hese

nodul es to be renoved for servicing and replacing in a few seconds or
mnutes. In this enbodi nent blind mate connections are not used for the
comut at or nodul e since the output voltage of the nodule is. in the range
of 20,000 t ,000 volts._ Instead, a2typical high vol tage connector is
used. Fe Eﬂﬁ‘,f“{eo E%afiaﬁ]bﬂ%se  malerpy fsmeleplug ionche madnls maws ovitnthe)oppesitensikcat ed
in FIlG phangofiXehat ped t hes peaki capacitor bank, C. . 82 consists
of a banE of §3_ 0.3 nF %%ge({:ﬁhgr%&t%ﬁ'esﬁé%g?]:‘e%%gntﬁﬁeoc?%oﬁwﬁactgg HBERSBiof the
capaci t otaperedopigs oemdhe( imcelule ghilectirnbredueme) iBnpredise L PiRiidA0 sé Ghat 1Rt al
pl ate caljge .t 501 ona hi el d. Tgﬁi corona shield is in turn connected to
the cathd SgWiHuﬁg PRRCLY 18§s The dling, matg gonpertogowsh casndMP Whodsh Nimsss
through 29414701 Q@i RefnéBially Beklaie0 € 1RE" GMBd ok D Brard SR OF
cat hode 514 as shown in FIG 13A hgmg?ng e’ ﬁéez'ce m%&ﬁlcae o’?n i%s sg:%rg,
descri beHenusylvanis. Ipthisembpidimedt 20he6ids amdariisraledCheoeivol B, Reb ebrNCeE.
In some increased i.nducta I n.the high voltage portion of the
pul se po%gfﬁﬁﬂeﬁgﬁpﬁ gutpnd rpsacmag?c 85 l%an WEF’@!?@“ yPltagst| Thess blind
| nCr easemate ¢dimebieR pepitIhedUHBEHES to B\E’Péda&?cﬁd ) tfgr RaNRife bRA trzféoﬂigcq%%ﬂ‘gt a

I ndu pr

preferred method of producing this increase ctanceis I'de short
(for exipPecondyopupinites; In ithis pmbodimeid blind oute coomeetidrisrege aacized foi the

capaci t OfSminiy ' nk,.and the d -.comer rods t corona
pl at e. ‘T%’l s |E%§i§gge)usle.t§ %@gﬁ%%géiﬁggy& &f %@Pﬁﬁ@éﬁ"”fb %r%?\ﬁééﬁﬁ @nd t he.
cat hode 30,088 sioits. dinstgad, adypiaali High VoRageduadcdiiGeusdd. this part of the -
circuit. The anpbunt of increase in iInductance can be tailored by choice of

| ength of the stand-off rods. 1 3 FEB 2006 25 . Di scharge Component's FI GS.

13 and 13A(1) show details of an pgJapiRvedndiescharge configuration utilized

i ncl Udes an- el ect rode contEauaae For teRepdEMceL a1 T2 OO
bl ade- di 85 @@c&t@i #l Bt r5oatel expieitéd sbalesil@ipeaking capacitor bank, Cp, 82 consists
of a bank of 33 0.3 nF capacitors. These are connected on the bottom of the capacitors -
to ground (i.e., the chamber head) and at the top to a metal plate called the corona shield.
The corona shield is in turn connected fo the cathode with 15. metal rods which are called
' down-comers which pass through a single piecé main insulator and are screwed into the

top of cathode 514 as shown in FIG. 13A. The single piece insulator is as described in

U.S. Patent No. 6,208,674 incorporated ]_:_lerein by reference. In some cases increased S
indqctancC in the hxgh voltag¢ portion of the pulse power circuit is desirable. Such an .‘
increase can result in an increase in the laser pulse duration. Applicants have determined
that a preferred method of producing this increased inductance is to provide short (for
example, about 1 % inch) standoff rods connecting each of the capacitors in the C,
capacitor bank and the down-comer rods to the corona plate. This increases the length of
the electrical path between C,, and the cathode substantially increasing the inductance in
this pa;'t of the circuit. The amount of increase in inductance can be tailored by choice of
length of the stand-off rods.




t he anode 540 conprises a blunt bl ade shaped el ectrode 542 with dielectric
spacers 544 nounted on both sides of the anode as shown to i nprove the gas
flowin the discharge region. The spacers are attached tgaaFEge[@ pport
bar 546 with screws at each end of the spacers beyond th h; ge
region. The screws allow for thermal expansion slippage between the
spacers and the bar. The anode is 26.4 inches |ong and 0.439 inches high.

It is 0.284 inches wide at the bottomand 0.141 inches wide at the top. It
is attached to flow shaping anode supgort bar 546 with screws through
sockets that allow differenti qhscﬂali-gé @hllﬁiﬂ@ﬁfgSI on of the electrode from
its center position. The anode is conprised of a copper based_alloy

pr ef er il éomi 13898) sbow sletads o om mpﬁ@hélsmgmgnﬁgwmm%@étmon

shape a I ho
Add!otioﬁjé 9 bg&@e?% 6@53{;@ ﬁéllg nrlél cgﬁ}l%gggﬁgﬁbare prowaaed I n
u. fS Pateéemrodé\mphﬁgmnmtkﬁemphcdms cAlPa B@ﬁe?diaecmmlmbdé edn lids deﬁigij),é f
ref erenc rrent .retuyr 48 in t |s co uratlon |s conprised of a
e o D ange D Somirides oDl BlAde Bt GOl O M e AT of
el ectro

dRomftéd oh MR 5SS oS e ahOdk X s B’M%fl B ﬁpﬁ@@gﬁf%ﬂ ﬂﬂvﬁ(‘aet metéh%) 2 Cthe

descri bed above, the current return abricate oms
whal e- bargioni H%Le(spamts etrawttm;aed ta)amcbesuppambah Sﬁérmtbmewﬁ adrobend of thei nch x

0.09 inch t t o that th on, of each rib smthe
i roct | oRbeES bEvdrthBe SR ehR T o THE SPoRS AIORolk thetmeh SRR SHgRPor ¢ he
anode i sepRethe Bpddefs anlic’cﬁe?béro ThERhOFEis 2%'4%(0&%%11@&5@9 439 idcRéshigRs® t he
spacers mate nmpre perfectly with the flow shaping ~anode support "bar to

“pfovi de 18 0ot imehesawidel fﬁ\iﬂl?)h@ﬂfpm;ﬂpélq HHninshesawider # the oo At 1siagiachagatok”

2:_?5((11% ‘?:ﬁ&%{ﬁﬁ%?ﬁg su%ﬁ? nergy ﬂ?\%veﬁ eng‘%%ES gbt\/\h;r aﬁ@?h%&%rt

exci ner thasei %xpt&ﬁﬂ)nf(ifﬁ:hd: Elbe:g:rcbtmdneﬂsrcemef pd»slﬁcbmg‘rmmodarigc@mpnmmﬂao tight
specificatio s on | aser Thi s pical ly reqwred t he

{T’I aranet ers 1
D aeur orreRpoPased BlIRE BB RSO0 S5, o 1B BibAds i1 fer Auross
wavel engleBibPIhENE Y MHAWHE 1P HGT %gbpach _BReY &l chhorngf#m 5 ASNE @Y36006.

bandwi dth. In prior art devices t e fee contro ul se energy has
been on Additibea- desaifpu b ¢hibddade, dieleettic tomfipuitim ereepmyidel BathS.phiteet | s

measur edApphcatlon Serial No. 09/768,753 incorporated herein by reference. The current return

548 in this configuration is comprised of a whale bone shaped part with 27 ribs equally
spaced along the length of electrode 542, the cross section of which is shown in FIG.
13A (1). As described above, the current retwm is fabricated from sheet metal and the
whale-bone ribs (each having cross-section dimensions of about 0.15 inch x 0.09 inch)

are twisted so that the long dimension of each rib is in the direction of current flow.

An alternative dielectric spacer design for the anode is shown in FIG, 15A2 to improve
flow even more. In this case the spacers mate more perfectly with the flow shaping
anode support bar to provide a better gas flow path. Applicants call this their “fast back”
blade dielectric anode design.

ULTRA FAST WAVEMETER WITH FAST CONTROL ALGORITHM
Controlling Pulse Energy, Wavelength and Bandwidth
Prior art excimer lasers used for integrated circuit lithography are subject to tight

specifications on laser beam parameters. This has typically required the measurement of




qui-ckly enough so that the resulting data can be used in the control
algorithmto control the energy of the imediately follow ng pulse. For a
1,000 Hz systemthis nmeans the nmeasurenent and the contro%gﬁ @ﬁ next
pul se nust take | ess than 1/1000 second. For a 4000 Hz éy t gﬂ eds need
to be four tinmes as. fast. A technique for controlling center wavel ength
and neasuring wavel ength and bandwi dth is described in U S. Patent No.
5,025, 455 System and Method of Regul ating the Wavel ength of a Light Beam
and in U.S Patent No,_ 5,978,394, Wavé@bength and System for an Exci ner
Laser. TRYS®eRugy H%"é‘d“’éﬁth apg cerigh Paveldngtl fer evdry pubbandfealbaavait@ngirh and

bandw dt & d . | se. to_pul.se basis for every pulse,
but typi gglslsﬂeﬁﬁ’ggﬁggg%ac dorﬁ?gﬁrg‘#mg?g%g%eﬁgﬁ’ﬂ% topRehofpysg energy

mi | i - sebnbien dreoamsles--pulse dobis! BeNMdPESe (Rers0nt ball bilo G BleBlureq
wavel engt h have tgken seyeral mlli- seconds. Faster con r013 1 S neeaed.
Preferred 58?‘?%1?0"%1‘%“1%&%@@%@9 used irCthet capitrob flgBritim Recoanmmier s A
pr ef er r ethe bR ; r ' ntLon i exci mer | aser system
capabl e dfe operﬁ%r@h@ﬁ%&%ﬁ%@%%@oﬁ—ﬁ 150(9%6, GEstER 1R]R}St’ﬁea‘i’ér‘g‘?fast
measur en@fsugindng sad theeamtrop forahe hent Huls enuse takel18 th&O D bOO s@bn@URSE

ener gy aﬂﬂ)gcggg wavel.en tagu The beam paraneter neasurenent and control
for this Taser ﬁ‘t’-’:ﬁé@%‘ﬁd{%t}’g RePg ."I'ﬂ%‘?sv?é\fé%ﬁeiecbmgue for controlbing senter '
embodi mewtveléngti ahd Meabridd 2988 SR SHYI ﬁ%ﬁﬁ%&;%lff %eﬁ?q%a%tgf,gt%gg Rf*t_%ilg , 394

and sone ﬁ%ﬁ%{i description belowis extra ro p suring
Beam Parafet &5 System, aud Methed of Repalpting shooWavelngfleof £ 4ipRVBeRt 8hd Wi t

120, an glhs reference_calibration unit 190, and a
wavenet er tsp?%)%%@é%%@%%%%ﬁ@?“iﬁﬁt at an Kxeimes Lagari (Thesemmtante pul se/
ener gy, asawebmogitéd hedicbnebfédiads, These neasurenents are used With

f eedback circuits to maintain pulse energy and 1 3 FEB 2006 27 wavel ength
within desired limts. The equipnent calibrates itself by reference to an

atom c I‘Wﬁﬁﬂ&@(ﬂf | romthe | aser systemcontrol
processor. As shg_i\;\g%a%QFl g ?ﬁ?ﬁctgggeﬁaﬂ%ggeufe‘g:??p%? &It Fhtcebasicios sysptial 1y
ref | ect iRvgenbitrigpically the fieilbavkpaanebofbhevileih 3 Ukeh Mol A MBNSIENAS
; _
out put t?)%@iﬂsg %ﬁgp grtrtgc];hlﬁé:&s% igrb 8611:'51:1'0 "u?gA)cente;- ‘wavelength have taken several milli-
seconds. Faster control is needed. |

- Preferred Embodiment for Fast Measurement and Control of Beam Parameters
A preferred embodiment of the present invention is an excimer laser system capable of
_operation in the range of 4,000 Hz to 6,000 Hz, with very fast measurement of laser beam
parameters and very fast control of pulse cenergy and-center wavelength. The beam ’ }
parameter measurement and conirol for this laser is described below.

The wavemeter used in the present embodiment is similar to the one described in U.S.

Patcnt No. 5,978,394 and some of the description below is extracted from that patent.

Measuring Beam Parameters

FIG. 14 shows the layouts of a preferred wavemeter unit 120, an absolute wavelength

reference calibration unit 190, and a wavemeter processor 197,

The optical equipment in these units measure pulse energy, wavelength and bandwidth.

These measurements are used with feedback circuits to maintain pulse energy and



for pul se energy, wavel ength and bandw dt h neasurenent. Pul se Energy About
4% of the reflected beamis reflected by mrror 171 to energy detector 172
whi ch conprises a very fast photo diode 69 which is ablgé%g gegﬁgre t he
energy of individual pulses occurring at the rate of 4, E I per
second. The pul se energy is about 7.5 mlJ, and the output of detector 69 is
fed to a conputer controller which uses a special algorithmto adjust the
| aser charging voltage to precisely control the pul se energy of future
pul ses based on stored pul se energy dagm in order to limt the variation of
the eneggkldioi Rdihvh dbsdtedPimfes B eduifmbnt Qdibedieditedie b?}’ref&eﬂw r6tad Of
pul ses. Linear Photo Diode Array The photo sensitive surface of |inear
phot o di &emiciefargncesowics ondhs eqmamand, frem the [asprsysier controhProcg®oarray i s an
integrated circuit chip conprising 1024 separate photo diode integrated
circuits and an associ ated sanpl e and hold readout circuit. The photo
diodes-H?seh@Wﬁanaﬁan@édﬁghBErpﬁ@&hb&ﬂﬂiamhmmathﬁﬂgtﬁﬁh&ﬁ%@nﬁnﬂﬂﬂ?&bout
one inch).. Each photo i is 500 m croneter |ong, Photao diode arrays
such as Which PAseS AGHE 9317 OF fhsrcaBy BIEEY 85 ONPRDCAR 3 é’P‘gFfffE‘?ﬂtSsﬁgBﬁ 159°,
Hamanat r Shedi égﬁur\z'ﬁ‘; Mbdel S3903-1024Q which
can beqﬁégggggﬂ%ﬁg‘gégg&gglup toagaﬁﬁf% pixgwgisee on a FIFO basis in

whi ch conpl ete 1024 pixel scans can be read at rates of 4,000 Hz or

greater. The PDA is designed for 6 i xel | see operation but
Appl i cants have found that it can%ﬂ’éseée%el‘ggl ocked to run nmuch faster,

I .e., UpAb&utds of e NG B&n isTefleRbl B nliRbe 57 10fCely ddtedtortt BOGhidh, -

~Applicants can wuse the same PDA but only a fraction (such as 60% of the

pi xel s agamprisesralveyy fasbphase diedectP whioh is able tpEB:asoche gneygyrof dndigidatlengt h

Yot | oct ity Seeitbisie % he Htf of AAMOLNER BESEGRG, ELNALIGHY 1o dbt 95,
back to iyl the bhtpan &f deteotoe Gk Ifed t@h abhipgte éontrdllite bbésh uses agipkdialat ed by

| ens 178 having a focal Iengtgqrof 458.4 mm  Light refl cte“ii fromgrating
176 pass@gomkEkta adigsidhe 1asss chargng voliage|ta guergsely) sppirel p pulse energy o

future pulses based on stored pulse energy data in order fo limit the variation of the

energy of individual pulses and the integrated energy of bursts of pulses.

Linear Photo Diode Array
The photo sensitive surface of linear photo diode array 180 is depicted in detail in FIG.
14A. The array is an integrated circuit chip comprising 1024 separate photo diode
integrated circuits and an associated sample and hold readout circuit. The photo diodes
are on a 25 micrometer pitch for a total length of 25.6 mm (about one inch). Each photo

diode is 500 micrometer long.

Photo diode arrays such as this are available from several sources. A preferred supplier
is Hamamatsu. In our preferred embodiment, we use a Model S3903-1024Q which can
be read at the rate of up to 4 x 10° pixels/sec on a FIFO basis in which complete 1024
pixel scans can be read at rates of | 4,000 Hz or greater. The PDA is designed for 2 x 10°
pixel/sec operation but Applicants have found that it can be over-clocked to run much
faster, i.e., up o 4 x 10° pixel/sec. For pulserates greater than 4,000 Hz, Applicants can
use the same PDA but only a fraction (such as 60%) of the pixels are normally read on

each scan.



mrrors 174, 175 and 174 again, and then is reflected frommrror 179 and
focused onto the left side of 1024-pixel linear photo diode array 180 in
the region of pixel 600 to pixel 950 as shown in the upper part of FIG
14B (Pixels 0-599 are reserved for fine wavel ength neasurlederftB 224886

bandw dth.) The spatial position of the beamon the photo diode array is a
coarse neasure of the relative nom nal wavel ength of the output beam For
exanple; as shown in FIG 14B, light in the wavel ength range of about

193. 350 pm woul d be focused on pixel 780 and its nei ghbors. Cal cul ati on of
Coarse Wavel ength The coarse wavel ength optics in waveneter nodule 120

produces a rectangul ar i1 nmage, of bouyt 0. mmx 3 mmon the left side of
photo di ode array 180. The @ﬁ%ﬁ%‘f@?ﬁhﬁﬁiﬂﬁﬁﬁiﬂﬁ% ed photo di odes will
gener at e Abiognals of the HRRAN Whith pRsds N BrdudbheRsi i ! simnak]
received (as indicated in FIG 'I?L4C) anddgthhe s%%%g{ ég gegﬂgc{rega an (%qugiBtized

by a pr Grasghelit h7(d9 aritos r”c‘,!o:ﬁtl! rmnlirel; 11&7bac|lklstong|iﬂrd511h' 574 ohd omm oeteliend an

i nt er po g G ol e calcyl at es center position o

the i mage. ilsﬁbogl% fogér?l (lggéfshtﬂa&i{ P¥| %‘?&Q%#ﬂ‘ﬂ%g &)ftﬂe"grlF%h ihtig84 whar se

wavel englighi atfiecteds frogn ring AF6i gakk ivask gg@ﬁ%h qél_lﬁqtﬁ’ psnﬂqﬂg&g&l Eg&g Bo | Near
ese ca n

rel ati onshi 5 bﬁ \Mj,zg position and wavel ength. | brati
coef fi ci BHFRrSH: 449 andil 44 ageip. ansk thew ixcrefleoted from onitror 1¥@eed frvgsdd omber ence

source aghedefGld il I the.pel ati onshi p. bet n_ i.nmgge

posi ti on andﬁ%gfgﬁg%?%léﬁg&@%o %W%@%&SG‘?&‘?%E@‘?‘F— 93"1’% /

pi xel ) P930 ¥815t82& i thwhgper Partoof FEGI TaBe (Rigdlks @599 b teved o3 AGEB 2006
29 Al terpat,l VgGLb addi ti og@ recc'bgi on coul d be added if desired by addi ng.
a second & dsy -@er?ﬁ“’;?ﬂ?ﬁt b&é)ﬁl ) Fhapapial position of the heam onghe phaiout  95%
of the bénde\Wiaghs RRDERS rhdisile ] | 4 i.s
reflected off myrror 182%hrougigt?ge%ééagv8€¥%i?%l gvja%%]ggfh%p?uéf’%tr%% a
di f f r act Ferexammlessshonn iniGal B dight im theowhoslengh sape iofabert 1931350 pm

" | mpr oved  HabLR: t t iJaput ,to etal on assenbly 184. The beam exiting
etalon 1 25 e’fofc(}g%ss?gdmtﬁy&% ﬁ@@.‘lﬁ“ﬁﬁ?]@%%& |l ength | ens
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Calculation of Coarse Wavelerllgth
The coarse wavelength optics in wavemeter module 120 produces a rectangular image of
about 0.25 mm x 3 mm on the left side of photo diode array 180. The ten or eieven
illuminated photo diodes will generate signals in proportion to the intensity of the
illumination received (as indicated in FIG. 14C) and the signals are read and digitized by
. @ processor in wavemeter controller 197. Using this information and an interpolation

algorithm controller 197 calculates the center position of the image. l ;

This position (measured in pixels) is converted into a coarse wavelength value using two
calibration coefficients and assuming a linear relationship between position and
wavelength. ‘These calibration coefficients are determined by reference to an atomic
wavelength reference source as described below. For example, the relaﬁonship between

image position and wavelength might be the following algorithm:

A=(23pm/ pixel) P + 191,625 pm

where P = coarse image central positions.




in the etal on assenbly and produces interference fringes on the mddle and
right side of |inear photo diode array 180 after being reflected off two
mrrors as shown in FIG 14. The spectroneter nust neasur¢ J@¢el egugt h and
bandw dt h substantially in real tinme. Because the |aser repetition rate
may be 4,000 Hz to 6,000 Hz, it is necessary to use algorithns which are
accurate but not conputationally intensive in order to achieve the desired
performance with econom cal and conpact processing el ectronics.

Cal cul ational algorithmtherefore preggrably should use integer as opposed
to float iNgravely, MdiflonaRPrbeisiBl RIPbd Sfled PRRERED Bﬁ%d&;'ﬁglsﬂs%dhﬁ%i&?@é?w be
conput ati on eff|C| nt (no use of square root, sine, |log, etc.)
speC|f|cSﬁéﬂﬁfﬁé)B? a preferred algorlthn1used in this preferred enbodlnent
will now be described. FIG 14D is a curve with 5 peaks as shown which
represents a typical etalon fringe signal as neasured by |inear photo

di ode array 180. The centraJFﬁ@aMamﬁaqﬁﬂﬁwmmﬁaﬂgﬁ I n height than the
others. As different. wavel engths of |1 ght enter the etalon,, the central

peak wi | Abopt 85%naf fthg beams owhich riassegoihrryieh oniregro 1 73168 sshewmetnr Flenleds t he

I f I k
ST oy RN £ loukhTent 43 o0 ReTBaNUIAERR! % afifceh ABRBESIS
vvave: enghﬁ ﬁxplmnb&en apﬁﬁ]lownggl seﬂhohfmﬂde@éhkﬁogailcli}nﬁoﬁﬁ)eﬂfme ﬁntmtem rtaben t he
‘ t t t t t
gt ons. asieaiy kb1 Bhe Bt Coilina STatom 88 1sdhumd PN 59 25-4 Torm ooph SRt 40 mlows
are | ocateghesfalbh Qésefﬂ%?y fkd u&h%%ﬁ?ﬁerehg@ﬁﬁiﬁéﬁl& bﬁ'the REAKe 29d HRhi@Hd ¥f used

for the analysis. However, en the wavel en anges to nove the fringe
t 00 cl osdin¢ay phte dieds ausy }:ﬂé)eaﬁe(r\hhmgheﬂadtdd afﬁmnzirrstscﬁsmhgwnmﬁl(i ddul ting
errors), 1 3 FEB 2006 30 the first peak is outside the w ndow, but the
second cl osest peak will be inside the w ndow, and the software causes the

Pr 0CessOIThe tpe@finidér RSUNRa\d WaekEShi A RAGAGh ffstantislBNitersaktijhe. When
t he wavel ength shifts to _nove the current IE eak outside the data w ndow
7

awnay fr ofRecsise dbe1aser repstition Kele Jodt %ﬂ@oﬂn 19 GRPO Hzalt 1 maesssary ithg8e wi t hi n

the dat g gEﬂi very

f ast conptﬁMﬁ I on (I)]%mbangg&é%{% Yi/éte‘gc{: e %tgéﬁe F@r?%oa%cégévﬁp@ t he

range ofdegdredGRrformbamceSyidid cdionrcal nad eompabt prdmsbmg alectnemss t@aicllﬂmcdmhr e

I dentifi %fl I,
gort

Flth%ref%?é preferably should use integer as opposed to floating point math, and
mathematical operations should preferably be computation efficient (no use of square

root, sine, log, etc.).

“The specific details of a preferred algorithm used in this preferred embodiment will now
be described. FIG. 14D is a curve with 5 peaks as shown which represents a typical
etalon fringe signal as measured by linear photo diode array 180. The central peak is
drawn lower in height than the others. As different wavelengths of light enter the etalon,
the central peak will rise and fall, sometimes going to zero. This aspect renders the
central peak unsuitable for the wavelength measurements. The other peaks will move
toward or away from the central peak in response to changes in wavelength, so the
position of these peaks can be used to determine the wavelength, while their width
measures the bandwidth of the laser. Two regions, each labeled data window, are
shown in FIG. 14D. The data windows are located so that the fringe nearest the central
peak is normally used for the analysis. However, when the wavelength changes to move
the fringe too close to the central peak (which will cause distortion and resulting errors),




The hardware includes a mcroprocessor 400, Mbddel MPC 823 supplied by
Motorola wth offices in Phoenix, Arizona; a programmabl e | ogic device
402, Model EP 6016QC240 supplied by Altera with offices in San Jose,

California; an executive and data nenory bank 404; a specr ﬁﬂym@@st RAM

406 for tenporary storage of photodiode array data in tabl third
4X1024 pi xel RAM nenory bank 408 operating as a nenory buffer and an ..
analog to digital converter 410. As explained in U S. Patent NOS. 5, 025, 446

and U. S Pa?lesgt e% 5, ;8 &4 prior. af devices were required to anal yze
a large MSsEEBPeRRAs Quisidenibecivindawe futt ithe gecand ¢logosiopeak milj bmm:d‘eewhence

f RERELEG d t
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determ ne center |ine wavel ength a

consuni nBeg oCerversly when the wamiaqtgihehlftsrto a6B88ahe DREEH PoaleBRIdIde4R0 L X el
to | ook for and describe the etal on

I ntensit 0 be anal yzed

fringes ¥"“r‘d°§’5 Wg%gi ‘ff’ﬁt"F’a‘ﬁﬁmﬁg %crflérrg?rrﬂ awap e arwpaer fringe pitbinethe ed
enbodi nmeditackinltne. The 38R wihdOe Ak up this process by
provi ding a processor for findi ng(a[ﬁ?gie?rrpor %nﬁrﬁgﬁnges which operates in
parallel with the processor cal cul ating the wavel ength i nformation. The

b t ble d 402 t t |
P oduce ROy Sl hButiis BE SHATIR L% ndf pilso 1 apcisionraia irtee made o ar e
pr oducedof 4,0@0 Elzcte 6,000 HAD Brefrodd drlBtiinkhOifse Mo r Rf ack H‘@ﬁ:ﬁ‘e@ iQFrGI 15198

data rep sgnt[frlng ata of interest. Then when a cal culation of “¢enter
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wavel engt F’écrﬁé@ﬁéﬁor 400+ Modelc WD 823 mappligd py MWetorglat he
dat a frogghhesdent i nt erest nd cal | ateg th ded 13-
FEB 2006 31 val ugi?s1 g cerit er wa e e ARG ERa ﬁmeTapéw 311

reduces WS QG4 supplied by i Aitera fvaith nifﬁddsﬁﬁcgaﬁsﬁ)gé @Mﬁaﬂﬁytaﬁe;(&%ﬁgé ag& about

ilc ste 1N rocess of cal cul ating center wavel ength and
bandvvl dt(r%i ar geRg rjp%ﬁﬂf %92 £)SPW1 #lh verya fast OR AMD 406 faro tespeoratye starage. 5FMHz,

PDA 180 pisotdivac ey P LORRSS S M0 01D S01028 el AN 'm0 T 26 S 1, 1°

600 at a scan rate of 4,000 Hz and to rea e of
100 Hz. %ef%aérﬁamegoo’bréfer;md@mm;ogmmgmio@hmﬁdrbm PDA 180 is converted

from anal og

As eXplaincd in U.S. Patent Nos. 5,025,446 and U.S. Patent No. 5,978,394, prior art
devices were required to apalyze a large mass of PDA data pixel intensity data
representing interference fringes produced by etalon 184 an photodiode array 180 in
order to determine center line wavelength and bandwidth. This was a relatively time
consuming process even with a computer processor because about 400 pixel intensity
.. values had to be analyzed to look for and describe the etalon fringes for each calculation
of wavelength and bandwidth. A preferred embodiment of the present invention greatly
| speeds up this process by providing a processor for finding the important fringes which

- operates in parallel with the processor calculating the wavelength information.

The basic technique is to use programmable logic device 402 to continuously produce a
fringe data table from the PDA pixel data as the pixel data are produced. Logic device
402 also identifies which of the sets of fringe data represent fringe data of interest. Then
when a calculation of center wavelength and bandwidth are needed, microprocessor

merely picks up the data from the identified pixels of interest and calculates the needed

e




intensity values into digital 8 bit values (0 to 255) by anal og to digital
converter 410 and the digital data are stored tenporily in RAM buffer 408

as 8 bit values representing intensity at each pixel of p?of%i@ﬂg array
180. 3) Programmabl e | ogi c device 402 anal yzes the data pass of RAM

buffer 408 continuously on an alnost real tinme basis |ooking for fringes,
stores all the data in RAMnenory 406, identifies all fringes for.each

pul se, produces a table of fringes for each pulse and stores the tables in
RAM 406, and identifies for further ajjalysis one best set of two fringes

for eachypis$# ceffdf vﬁﬁ@ﬁﬂ%ﬁ%d%@w%‘ AHiCprod el 128udtd dhé Salediafion Limes: A
PLD 402 anal yzes each pi xél value comng through buffer 408 to determ ne
if it exemdgoprocéssoeby abouiaHadehaflabowinl(.e -keeping track of the mni num
pi xel intensity value. If the threshold is exceeded this is an indication
that a fringe peak is comng. The PLD identifies the first pixel above

t hr eshol Sheafict &i8ps' id The rRe@Cof BAINEAting) UEREF wARElchighOsnd BendWiddhnae 4 xel

val ue of the pixels preceeding the "rising edge" pixel. The intensity

val ue offollaws: pixel is identified as the "mininunt of the fringe. B) PLD
402 then nonitors subsequent pixel intensity values to search for the peak
of the fringe. It does this by keeping track of the 1 3 FEB 2006 32

hi ghest 1)t englithyPIVAI 180 dledked té Bperiatalae DS M PORSs 1 8@ isadirdcted byt ivesbad d
intensity. C) Wen a pixel having, a val ue below thr eshgl% h% found, the PLD
i dentifies it30Mtoiaelestfata aiq fzem @insischio oRfha e scam gate g1 4000 klz angdQir

val ue. The P(I;@x&gg%l(‘m%g%ﬁ'a@?ofm g dth" of the fringe by substracting

the rising edge pixe romthe falling edge pixel nunber. D) The
four valles oThe mwilog pbwlintgisitg|dataprodacedrbyxPDAni 80 isngaveited fomi analogri ni mum
fringe int ensfﬁ%étl;si%jrr] Qr ueéj En o%&gi%aj] g bfitrxirarlllgees (8 rtg 255) by analog io digital converter

410 and the digital data are stored temporily in RAM buffer 408 as 8 bit values

representing intensity at each pixel of photodiode array 180.

3 Programmable logic device 402 analyzes the data passing out of RAM buffer 408

continuously on an almost real time basis looking for fringes, stores all the data

in RAM memory 406, identifies all fringes for each pulse, produces a table of

fringes for each pulse and stores the tables in RAM 406, and identifies for further

analysis one best set of two fringes for each pulse. The technique used by logic

device 402 is as follows:

“A) PLD 402 analyzes each pixel value coming through buffer 408 to
determine if it exceeds an intensity threshold while keeping track
of the minimum pixe} intensity value. If the threshold is exceeded

* this is an indication that a fringe peak is coming. The PLD
identifies the first pixel above threshold as the “rising edge” pixel
number and saves the minimum pixel value of the pixels
preceeding the “rising edge” pixel. The intensity value of this
pixel is identified as the “minimum” of the fringe.

B) PLD 402 then monitors subsequent pixel intensity values to search
for the peak of the fringe. It does this by keeping track of the



stored in the circular table of fringes section of RAM nenory bank 406.
Data representing up to 15 fringes can be stored for each pul se although
most pul ses only produce 2 to 5 fringes in the two w ndovis3 BB RG0I§ 402
also is progranmed to identify with.respect to each pulse the "best” two
fringes for each pulse. It does this by identifying the last fringe
conpletely within the 0 to 199 wi ndow and the first fringe conpletely
within the 400 to 599 vvindow The total time required after a pulse for (1)
the collection of the pixel data, and (¥ the formation of the circular
table of fringes for th ?%emt@lséﬁfl yakgounti2 Gbe nintensitg edmwpdsbelowh @he

principal time saving ad&&% g@ 1L3;hls technique is that the search for
fringes is occurring as e fringe data is being read out, digitized and

stored. Once the twd) besWheﬁral pigeshavifg ateid Hélew tiﬁhrsh@idlfi@rfhhﬁd#'tﬁ‘%m;ﬂ se
m croprocessor 400 securlg e raw pixel _data in the region
fringes from RAM nenory W*%OH- aﬁdhéaﬁaﬂmgal?@ foixgh nwrhber dad aatvéme the

bandw dt h and center wavghSaaih | | @ LTypi cal
shape of the etalon frin réms are s vvn |nclg‘lr Iﬁaﬁ:ﬁ%ieesdg’ﬁ ‘}A’ﬁgl f-\;f@i‘e wor k
of PLD 402 the fringe gﬁd)}asubstranung ahe at@z% eﬂg@(qjmé;m]@gg EB& fgd nge

having a maxi num at ab ﬁ% g L entified to m croprocessor
400. The pixel data sur FIEG PRICLEEMPGH naxi ma are anal yzed by

m croprocessor 400 o defhenfourDeugdy the f.rin This is
done as follows: 1 3 FEB 2006 33 A) A a@pﬁa@gderégg%gpg ue i a’ﬂ‘é‘?@?ﬁ‘?’?ﬁﬁd by
subtracting the fringe APighsitdmminimmm frmg‘ermtegmtyrmndnwmtldloyltﬁé filngd Gre

di fference by 2 and addl Iglg result t \?agéip' nge m ni mum For each .
ri sing edge and each fal Jlg‘ iTgplap Efg 8ctioRerk RoMimaneryhavi ngJ
val ues of cl osest abovebank‘l4061 opastrebRk hgp Bh5 glygf}} |

M cr oprocessor then extra oI es bet g/ee t he tvvo plﬁxr% éva u’ggs#)?ed f%rh case
to define the end point$ %M%MMMrﬁﬁ@eﬂ&BS Wifiiges &n the

preci sion of 1/32 pixel twgrvﬂﬂalf,‘pgse val ues the inner di arret er DI and the
outer dianmeter D2 of the circu
E PLD 402 also is programmed to identify with respect to each pulse

the “best” two fringes for each pulse. It does this by identifying
the last fringe completely within the 0 to 199 window and the first
fringe completely within the 400 to 599 window.

The total time required after a pulse for (1) the collection of the pixel data, and (2) the
formation of the circular table of fringes for the pulse is only about 200 micro seconds.

The principal time saving advantages of this technique is that the search for fringes is - 3
occurring as the fringe data is being read out, digitized and stored. Once the two best

fringes are identified for a particular pulse, microprocessor 400 secures the raw pixel

data in the region of the two fringes from RAM memory bank 406 and calculates from

that data the bandwidth and center wavelength. The calculation is as follows:

Typica._l shape of the etalon fringes are shown in FIG. 14D. Based on the prior work of
PLD 402 the fringe having a maximum at about pixel 180 and the fringe having a
maximum at about pixel 450 will be identified to microprocessor 400. The pixel data
surrounding these fwo maxima are analyzed by microprocessor 400 to define the shape
and location of the fringe. This is done as follows:



fringe are determ ned. Fine Wavel ength Cal cul ati on The fine wavel ength
calculation is nmade using the course wavel ength neasured value and the
rreasured values of D 1 and D2. The basic equation for vvéiv@lé?{r@tzmﬂ S:
a,=(2*n*d/mcos(R'f) (1) where X is the wavelength, in piconeters, nis the
internal index of refraction of the etal on, about 1.0003, dis the etal on
spaci ng, about 1542um for KrF | asers and about 934 pmfor ArF | asers,
controlled to +/-lum in is the order, the integral nunber of wavel e-ngths
at the fringe peak, about 12440, R isgthe fringe radius, 130 to 280 PDA
pi xel s, a pixel being 25 mcrons, f is the focal. distance fromthe lens to
t he PDA pl ane. Expanding the cos term and di scarding high order terns that

are negli gi bl4) smaAlhaifi mbxdarmm %uéﬁdﬁdmﬁbdby(sﬂb@@iﬁé@@ﬁd@@ﬁ@mﬂ ng

t h ti i te t
%o =( 2 nodl m) [ 1o 1/%??[5%?)55?3% St aidiad e g’%&?"?%&bﬁ'a? fod ding ‘E'%*
cai cul ate X from Chesdibootne Fhkd @il PO Lachsish o hbbaciSEiIRR B

are both intrinsic to the etalon we conbine theminto a single 13 EBZOOG

34 calibration coufthentwon fingts NDe twe pisalsi h%’ﬂng valyep of phesedierbaygl #1r at i on

constant named - FD_.wit it i xels to.mat f & pure
rati o. The int eger°18§e§£‘?éf? tﬁ‘?/g?lfg%a’% vcﬁhf?g l\glhcr{s eCé\/%'/%(\s/re grgg)ftﬁapo?a Sahi ch

fringe pair we chog@ce:eeﬂﬂleltﬁroqﬁkarmmdn cdell Bie ith defivatteenlriobgs of D1
wavel ength, which is sufficient % accurate for the purpose. A couple of

ni ce things. aboutaihisas seprm 3B with agprecisivg of il (52pivele rogy ei?om tive
values. The WM s Uhg@@%ﬁ&'dﬁhe{emﬁmb@er (e BlHUA DI B Sl ©

mai ntai ning nearly ts of precision to the bra

as FRAC. FRACH[ 1- ( fiirf}p R ddirhlinddt)

Fine Wavelength Calculation
The fine wavelength calculation is made using the course wavelength measured value

and the measured values of D1 and D2.

The basic equation for wavelength is:
A =(2*n*d/m ) cos(R/f) (1)

where
A 1s the wavelength, in picometers,
n is the internal index of refraction of the etalon, about 1 .0003,
d is the etalon spacing, about 1542um for KzF lasers and about 934 pm for AcF
lasers, controlled to +/-1um, '
m is the order, the integral number of wavelengths at the fringe peak, about 12440,
R is the fringe radius, 130 to 280 PDA pixels, a pixel being 25 microns,
f is the focal distance from the lens to the PDA plane.

Expanding the cos term and discarding high order terms that are negligibly small yields:
A=(2*n*d/m)[1- (IR / V] (2)
Restating the equation in terms of diameter D = 2*R yields:
 A=(2*fn*d/m) [ 1- (8D /7] ' (3)

The wavemeter’s principal task is to calculate A from D. This requires knowing f, n, d

and m. Since n and d are both intrinsic to the etalon we combine them into a single



Internally FRAC is represented as an unsigned 32 bit value with its radix
point to the left of the nost significant bit. FRAC is al ways j ust
~slightly less than one, so we get rmaximl precision therei SFE%? ges
from[1l -120E-6] to [I - 25E-6] forD range of { 560 - 260"} XefSY Wien
the ND calibration is entered, the waveneter cal cul ates an internal
unsigned 64 bit value naned 2ND = 2*ND with internal wavel ength units of
femometers (fin) =10"-15 neter 0.001pm Internally we represent the
wavel ength X as FW. for the fine waveBéngth, also in fin units. Restating
‘the equaf¥i¥ation qansiant BameddEy Werdoabidesst oW amothdRAGlibrafidBcondtd) nkhed
arithnet %!u?é i X ipt shift.in FRACvyielding FW. in fin. W
sol ve fo?ﬁ ‘Pﬁﬂby sﬁggﬁ‘{lggé Wg‘g’e éﬁr}ﬁﬁtfghgorp?@ Frior n Ly dntegen widez gar se
wavel engviriesaiependii on thé s@avelBngthin Ritish fifhde ' 5
2ND/ QL) (.6) . Taki ng .t he near estétihnt_eg'garélilg%%u?%ﬁf@?\%ho?%gg%gﬁgéﬂégﬁﬁed
subtract W(‘r@é &‘SI%’&'F% fipge wrvelergib,wuhich i sufficimetlynamneste forithepupuel engt h t o
t he coarse wavel ength was reached. Cal cul ate wavel ength by sol ving
equat i onA(bopleh8N nREURIHQ ] 1af i 5). .calculate W, .
separately Tor the i%@gg&ﬁ%ﬁgeﬁg@% éér)ga.ag‘?‘heﬂls égélb‘ﬁﬁ’ie? TR POPXE
center Values dhgt WCMse mickémmémter isscaphble! dfMeaNnliting #his WikR mARGiRRe
Bandwi dt b Gal .ati.on_The dwidth of the laser is _conputed as (12- A )/2.
A fixed l(li:%or e‘”’%ﬁ@r‘f’@é%?%?nﬁ?éé%¥ fOeTHGLPG sted bums a8dRAGe intrinsic width of
the etal on peak adding to the true | aser bandwi dth.” Mathematically, a
deconvol ERAGTI at U8 }OhiAD)YE] t he formali sm for renoving the eggon intrinsic
width fromthe measured width, but this would be far too conputation- o

i nt ensi VRtersaarkhced ' Qﬁgl sybtracted. . which provides
sufficient acgﬁi? acy. r%%%%%nt egﬁg%ggn%gtv ures‘?‘d%(‘ﬁg’é%oﬂt F‘b&ﬁ\ll%&
depends @nthsombstt significahiobits pERALT Bahlvesys jasdsiah@yt lebe thaRS e, t},@nggm'%}_h. | t
typi cal |1¥1 | i B3 i n'th’r% rar}qﬁqaf 0.1-1 pmfor the application described
her e. precision there. ranges from [1 ~ 120E-6] to ﬁ - 25E-6] for D range of {

560 ~ 260 } pixels.

When the ND calibration is entered, the wavemeter calculates an internal unsigned 64 bit
value named 2ND = 2*ND with internal wavelength units of femtometers (fin) = 1015
meter = 0.00lpm. Internally we represent the wavelength A as FWL for the fine
wav_elengﬂy also in fm units. Restating the equation in terms of these variables:

FWL =FRAC * 2ND/m (5)

The arithmetic handles the radix point shift in FRAC yielding FWL in fm. We solve for

m by shuffling the equation and plugging in the known coarse wavelength named CWL,
also in fim vnits:

m = nearest integer ( FRAC * 2ND/CWL.) : {6)

Taking the nearest integer is equivalent to adding or subtracting FSRs in the old scheme
until the nearest fine wavelength to the coarse wavelength was reached. Calculate
wavelength by solving equation (4) then equation (6) then equation (5). We calculate
WL scparately for the inner and outer diameters. The average is the line center
wavelength, the difference is the linewidth. '




| nproved Etal on This enbodi ment utilizes an inproved etal on. Conventi onal
etal on nounting schenes typically enploy an el astoner to nount the optical
el enents to the surrounding structure, to constrain the1p§)$_iEBi Qgg]gof t he
el ements but mnimze forces applied to the elenents. A conpound comonly
used for this is roomtenperature vul canizing silicone (RTV). However,
various organic vapors emtted fromthese el astoners can deposit onto the
optical surfaces, degrading their performance. In order to prolong etal on
performance lifetime, it is desirableydo nmount the etalon in a sealed
encl osure that does not contai ek conpounds. A preferred
enbodi nent i ncl udes an imrovegag%dﬁbggg%% y shown at 184 in FIGS. 14
and 14E.ThEsandwsdtl of tHeilaser ¢t adumpuig®asfiovn;)i2n Ahked tdedtivadhdtod s appligl | sed

of a top plate 80 _having a flan 81 and | oyver - pl ate 82, both plates
bei ng c&ﬂﬁf%lsﬁf%thw@ﬁ%w%a algn g adingih i v fispdsbhed t o
produce NiRARScARY i Joheaugéﬂ%& Srith! ﬁ%@.ﬂ&ﬁ%ﬁ%@%ﬁ)@ﬁ%@%@é&ﬁ when

surrounded by gas wi th an I ndex o refraction o a finesse
equal t onbmsyr sadthr fromma the? Meafimred ewidik,etiuts illis crow@aloefa t@S8 coinphtatibnr a | ow

t her mal .expansi on rate the,plates and are .934 m.croneter .1 1 3 FFB
2006 36 TIPSR Ert & AXEH cORCCH e Ad<ris) bRed RHigh Pf%‘aﬁqsréﬁiw%wv-
contact T tHeWAAAkER is:el | known in the optics manufacturing art. The
refl ectance of 'the inside surfaces of the etalon are each about 88 percent
and the outside surfaces are anti-reflection coated. The transm ssion of
the etalon is about 50 percent. The etalop 79 is held in place in alum num
housing 84 only by gravity and %ﬁr_ D ol fo ce springs 86 pressing the
flange agai nst three pads not showq buf pgsittoned on 120 degree centers
under the bottom edge of flange 81 at the’radial |ocation indicated by

| eader 85. A clearance of only 0.004 inch along the top edge of flange 81

at 87 assures -that the etalon w |l renmain approxi matelcy in its praoper

posi t i orAAerderends g8 bothoibe cialen spacificagipapand gt lageabandwigdly Hrppical

i mpul se g3 shwansh t ' | on. ; h the nounting, the

rel ati veﬁ%a&om tlg‘gssﬁg}v%él{r]lq htgé% i ga?gﬁgggn%%%%ﬁ%g' and t he housi ng cont act
points will be kept to a mninum Oher optical conponents of etal on

assenbly 184
5S y _ Improved Etalon
This embodiment utilizes an improved etalon. Conventional etalon mounting schemes

typically employ an elastomer to mount the optical elements to the surrounding structure,
to constrain the position of the elements but minimize forces applied to the elements. A
_compound commonly used ’I:or this is room-temperature vulcanizing silicone (RTV).
However, various organic. vapors emitted from these elastomers can deposit onto the
optical surfaces, degrading their performance. In order to prolong étaidn performance
lifetime, it is desirable to mount the etalon in a sealed enclosure that does not contain any

elastomer compounds.

A preferred embodiment includes an improved etalon assembly shown at 184 in FIGS.
14 and 14E. The fused silica etalon 79 shown in FIG. 14G itself is comprised of a top
plate 80 having a flange 81 émd a lower-plate 82, both plates being comprised of
premium grade fused silica. T.'he. étélon is designed.to produce ﬁinges having free
spectral range of 20.00 pm at 193.35 nm when surrounded by gés with an index of
refraction of 1.0003 and a finesse equal to or greater than 25. Three fused silica spacers

83 with ultra low thermal expansion separate the plates and are 934 micrometer + 1




I nclude diffuser 88, w ndow 89 and focusing | ens 90 having a focal l|ength
of 458.4 mm The diffuser 88 may be a standard prior art diffuser comonly
used up-stream of an etalon to produce a great variety of incident angles
needed for the proper operation of the etalon. A problem hil kFEBr 2806 art
diffusers is that about 90 percent of the light passing through the
diffuser is not at a useful angle and consequently is not focused on the
photo diode array. This wasted light, however, adds to the heating of the
optical system and _can contribute to @égradation of optical surfaces. In a

a
much pr ePEFORFIEIBICK: nBiase hgld thiefertalgn ttogathdrdnysopticabyontactussinp asedbhizme

di ffuser A ' . | f.fuser ,a pattern | .pr.oduced in_the

di ffract ,""?2 l?‘éﬁélqgﬁgaép%%ﬁﬁg%‘%ﬁ?ﬂeg éﬁt e F&Sﬁﬂﬂfﬁ&}f ﬁ’&dﬁﬁl sfaces PG ¢ hi n
an angl eetaloradye gactbalibed 88 @erceditmdr s ButsideSsurfagts ﬁ@@ﬁﬁ-r@@eo%h%%dpﬁaabhe

| i ght fajﬂ'lﬁli"‘s?‘\%(ﬁﬁn tPﬁ}q etalon is incident at useful angles and a nuc

greater 15509 P thsstalon 1wabppic i Qereesn the etalon is ultimately detected
by the photo diode array. The result is the light incident on the etal on
can be greatly reduced which greatly increases optical conponent |ife.

Appl i canibe etalom@? ds hhldtintpimei_incéldﬁﬂﬁumn;@min%m &y rbgd%ﬁﬁ@gyta@d kges 16pan 5%
or 10% o%g i_of g6t val uet?l i th equi val ent [ight on the photo diode array.
13 FEB 2806" FFSBAOREFSSES 1F Mabed Astpstthrserrds st shown; vt positiopsdson 1261 shows
f eat ur esdedred contefseiidRe THQEHTRA ANl V. -redugt i on, of
light in ﬁegrll-si tg/ passi ng through t g%g?a F\@Tﬁi@gerg od?’%trl\ n?%%%%t#P r to
the enb 5. Aiceanance df abbv@ 004 iechsalomg theliop e offlanger 8¥ atl®Passures

a

(appr oxi \ - asses upward t hrough.condensing | ens 400 and -,
is then %ﬁgglq@m r%‘gg%leq@m .te’%ﬁgl ﬂf)@%ﬂWﬁB&?l@?ﬂ-l Lhis clessdolerance & uced - ./

in di menalsoendumesaibatif ApTEhick HINRALSES fdhsRuel to%@étﬁ!&ﬂ%%hﬁ%%d@%’ 404

and then passes through a diffractive diffusing el enent this
case (foPOURIDE, fthe g velocitieg betvwego the eptitial ¢ompongntsl aadaid housing ctedadsy Mens

tical,pdiBe. wit Of £4 COS <] ntsyil le,. A abama. .Th enment i rt
noﬁnber E%(Lzlggl‘gigl Bﬂ/}\(%{lfoc%nver ds%y'su %‘te%ﬁg ?%f‘:cymaoperﬁgﬁ r?ﬁll?‘b ﬁ?semiéﬁg“
i ncom nginebide idiffeseri8 8 orimiow 88rnd focushsg BACOH RAVEhg 6 Bodal IMbEH bOBINfe, a beam

expanding in a first direction at 2 and in a second direction
perpendi cular to the first direction at 4. Lens 410 then "focuses" the

expandi nkhdiffason8d raay be mastandant priat b diffosredonngodlh aised vpdreany 8y ad 80
shown | netE['o%o produce a great variety of incident angles needed for the proper operaﬁonrof the
etalon. A problem with prior art diffusers is that about 90 peréent of the ligﬁt_ passing
l?hroﬁgh the diffuser is not at a useful angle and consequently is not focused on the photo
diode array. This wasted light, however, adds to the heating of the optical system and
. can é'ontribﬁte to degradation of optical surfaces. In a much preferred embodiment, a
' 'diﬁi‘ééﬁi}'e lenis array is used as the diffuser 88, With this type of diffuser, a paftern is
produced in the diffractive lens array which scatters the light thoroughly but only within
an angle of about 5 degrees. The result is that about 90 percent of the light falling on the
etalon is incident at useful angles and a much greater portion of the light incident on the
etalon is ultimately detected by the photo diode array. The result is the light incident on
the etalon can be greatly reduced which greatly increases optical compoﬁent life.
Appli_cants estimate that the incid_ent light can be reduced to less than 5% or 10% of prior
art values with equivalgnt light on the photo diode array. -

‘\_,__, ;



14. The active area of the photo diode array is about 0.5nm w de and 25.6
mm | ong and the spot pattern forned by lens 410 is about 15nm x 30mm
Diffractive diffusing elenent thoroughly m xes the spacija nts of

t he beam but maintains substantially all of the beamenergy Wwthin the 2
and 4 limts so that the light passing through the etalon can be
substantially reduced and efficiently utilized. The reader should
recogni ze that further reductions in beam energy passing through the etal on
could be realized by reducing the spot7 pattern in the short dinension of
the photo di ode array. - BiweCellimdtiontWith Diffchetive Diffuser | ess than 15mm wi | |

make optical alignnent nore difficult. Theref or t he r shou d
consi der Fird W%#@F% @ﬁz}@efe&eéém&o'é%@épmw §¥%1dma1‘?95% Oystem
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provi ded en t I'n this enbodi nent | ens 400 has a
focal | edigtussaf aledeut TBé)mampIeThmnk émm mrrbbllBés(apMoannﬁdwplﬁmnoﬁﬁpn}t

nunmber QL 001 Col |.i mat as a focal h .0 0
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this enbodinment and in the ArF enbodi nent, the spaci (gﬁgg;tlween the two
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Appl i cant stlrratet at t ne the.h as h talon
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cause Ssi %’uédicﬁatmth Bﬁd&hﬂ Prak i1 Aldbainie THealanent Impm-t hembaTai23-1 2

enbodl ments, the.beamcould be allowed to cone to_a focus hetween. | enses

400 and Bbich owspersy FTbstantipby elsl GRom Hehtrinianysineaming, eolipgisd Peat platie| |
known h b ﬁlﬂ%m Lﬁ@fﬁ?&ﬂ' Yt S engt h
Based on { %gér%glg%régnﬁ%tﬁ&tfoﬁmse ener 8@ %g‘éﬁ pul se agg' é?c(rjmbede‘iabove
the pul seecopdairgotic pa'pé’tﬁ:ﬁqﬂaﬁb thefise slirectore and 1.0 Lensl 41 ® theni “facases” desi r ed
pul se energies and also desired total integrat ose 0 speci ti ad
nunber ofXgRimgdeam o%aam@aﬂﬂneogeﬂﬂmﬁogb S,hg%,m%gése
Energy Copt 4Rt adife dréfofMRE phodSliold Urf i §b6tﬂ@%ﬂﬂr‘ﬂd@%@25.6 mm long and

the spot pattern formed by lens 410 is about 15mm x 30mm. Diffractive diffusing

element thoroughly mixes the spacial components of the beam but maintains
substantially all of the beam energy within the 2° and 4° limits so that the light passing
through the etalon can be substantially reduced and efficiently utilized. The reader
should recognize that further reductions in beam energy passing fhrough the etalon could
be tealized by reducing the spot pattern in the short dimension of the pboto diode array.
However, further reductions to less than 15mm will make optical alignment more
| difﬁculti Therefore, the designer should consider the spot pattern size to be a trade-off

“issue.

In another system designed for a KiF laser operating at about 248.327nm a similar
design is provided with adjustments for wavelength. In this embodiment lens 400 has a
focal length of about 50mm. (The lens is Melles Griot Corporation part number
OILQP001.) Collimating lens 402 has a focal length of ~20mm (EVI Laser Corporation
part number PLCC-10.0-10.3-UV). The diffractive diffusing element 406 is Mems
Optical Corporation part number DO23-248. In this embodiment and in the ArF

embodiment, the spacing between the two lenses can be properly positioned with spacer




reference herein. Wavel ength of the |laser may be controlled in a feedback
-arrangenent using neasured values of wavel engths and techni ques known in

the prior art such as those techniques described in U S Ef)‘t t % _
5,978, 394, Wavel ength System for an Exciner Laser also i f@rg d herein

by reference. Applicants have recently devel oped techni ques for wavel ength
tuning which utilize a piezoelectric driver to provide extrenely fast

novenent of tuning mrror. Sone of these techniques are described in United
States Patent Application Serial No. 688,543, Bandw dth Control Techni que

for a Ladb., Applieats chtimatedBat hOQAery oFhd BedupALRS HRoALH AR &i
FI GS. .16A 6B are I\ég{’ﬂ;tract ed f?om hat a’glg)pl i%g{alngﬁthatr]%g show
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for verytﬁeaﬁmﬁﬁ)greg{siﬁﬁ{e@glgﬁ_nt and | arger slower adjustnents are provided
by a prior art stepper notor operating a |lever arm The piezoelectric stack

adj usts the position of the fulcrumof the lever arm 1 3. FEB 2006 39 NEW
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invention., Large changes in the position of mrror 14 are- produc
st epper TRGRoe herein. | .

Wavelength of the laser may be controlled in a feedback arrangement using measured
values of wavelengths and techniques known in the prior art such as those techniques
described in U.S. Patent No. 5,978,394, Wavelength System for an Excimer Laser also
‘ incorpora_ted herein by reference. Applicants have recently developed techﬁiques for
wavelength tuning which utilize a piezoelectric &ri_ver to proﬁde extremély fast
_movement Qf tuning mirror. Some of these techniques are described in United States
'_Patent Application Serial NQ. 608,543, Bandwidth Control Techniqu_lé. for a Laser, ﬁled
J_une 30, 2000 which is incorporated herein by reference. FIGS. 16A and 16B are
extracted from that application and show the principal elements of this technique. A
piezpeleqtric stack is used for very fast mirror adjustment and larger slower adjustments

are provided by a prior art stepper motor operating a lever arm. The piezoelectric stack
‘adjusts the position of the fulcrum of the lever arm.




through a 26.5 to | lever arm84. In this case a dianond pad 81 at the end
of piezoelectric drive 80 is provided to contact spherical tooling ball at
the fulcrumof |lever arm84. The contact between the top of |ever arm 84
and mirror mount 86 is provided with a cylindrical dowel 3pFBBoéllEnhe | ever
arm and four spherical ball bearings mounted (only two of which are shown)
on the mrror nount as shown at 85. Piezoelectric drive 80 is nounted on
the LNP frame with piezoelectric nmount 80A and the stepper notor is
nounted to the frame with stepper motofp nount 82A. Mrror 14 is nounted in
mrror mnount 86 with a three point nount using three al um num spheres,
only one of which are shown in FIG 16Bl. Three springs 14A apply the
conpr essNIBVIIGRE SVITHNOOMBINATIONP ZTREEPEER MO BORDBEVEN TUNINS is a
preferred enbodi nent slightly diffﬁm romthe one shown in FIG 16B 1.
Thi s enbodi nent i ncludes a bell ows 98 sol ate the pi ezoel ectric drive
fromthe environnent insb@lﬁilﬁé@igh'\!ﬁtbﬁ&éel&ﬁﬁé%iv@n prevents UV damage to
t he piezoelectric 1 3 FEB 2006 4 el enent and avoi d possi bl e contam nation
caused FlGou6 igabkichglijgram shhwing featuedsarithe tasemsystem which at¢ sopataat G 19D

and the acc anyi ng text, bel.ow for an alternate LNP desi,an proviydi ng
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prismis held off the prate a distance of 0.004 inch using a one pound
test fi shiesdbdckraeragpemerd@stdestrived eboes UFIG. g Agis adleglodiegranpshaydng Phdee very

short | egs jch are very.sligh flexible during use mnimze stress
on the S?Bgﬁl@?tﬂbg%’ﬁﬁlﬁﬁfi%%ﬂé%{f%m@ﬁg% es. The position of the

prismplate is

FIG. 16B1 is a drawing showing detail features of a preferred embodiment of the present
invention. Large changes in the position of mirror 14 are produced by stepper motor
through a 26.5 to 1 lever arm 84. In this case a diamond pad 81 at the end of
piezoelectric drive 80 is provided to contact spherical tooling ball at the fulcrum of lever
arm 84. The contact between the top of lever arm 84 and mirror mount 86 is provided
with a cylindrical dowel pin on the lever arm and four spherical ball bearings mounted
'(only two of which are shown) on the mirror mount as shown at 85. Piezoelectric drive
80 is mounted on the LNP frame with piezoelectric mount 80A and the stepper motor is
mounted to the frame with stepper motor mount 82A. Mirror 14 is mounted in mirror
mount 86 with a three point mount using three aluminum spheres, only one of which are
shown in FIG. 16B1. Three springs 14A apply the compressive force to hold the mirror
against the spheres.

FIG. 16B2 is a preferred embodiment slightly different from the one shown in FIG.
16B1. This embodiment includes a bellows 87 to isolate the piczoelebtric drive from the

environment inside the LNP. This isolation prevents UV damage to the piezoelectric




manual | y adj ustable for alignnent in directions perpendicular to the |aser
beam direction through the chanber as shown at 7Ain FIG 16. Test Results
FIG 16C shows actual test data froma laser fitted with thg g\ll\&a 16B2
enbodi nent. The graph is a plot of the deviation fromt‘lar3g E @I engt h of
t he average of 30 pulse w ndows. The deviation is reduced from about 0.05
pmto about 0.005 pm This enbodinent is a najor speed up as conpared to
the stepper notor drive system described above but not quite fast enough
for pul se;to-pul se adjustnment. Earlier 4ethods of mrror positioning

requi r ed e!fl%e(‘?? a‘?‘? A¥oId Posgible qentansinatian canskd by quilgssing Sl the pivwaviebigiagt h

correcti iutaial200Q t uestion. IL.n that earljer technique, a
| ever arm pivot ed a %%ﬁé?%?v%}% glf(’i %“?@Pﬁf%é%ﬂ’efwémze@ Glt?@éfﬁcchmgn in.
the i rr designpmvitding gratlp anpbved sédiing SFHRPORP, POSi tion novement. The prior

art stepper has a total travel of %2 inch (12.7 nmm and 6000 steps so that
each step is a distance of about 2 microns. Wth 1 3 FEB 2006 41 the

1-26.5 reduction, one step noves r@.’ ; bout 75 nm which typically
changes the wavel ength of the Ia%%g vvavsrg?glﬁigi?h about 0.1 pm- In the fast

acting t Eesferrefliembadingants of thel fBeseh? veatipn endelaaeicl 8 BribaHIAL 8 gat the
pi vot po&k&ég fe the.leyer arm A preferred piezo stack is Mdel P-840.10
suppl i ed by PRysiRP gr%'ﬁ??n?’%sw &F?Iﬁd &rch efdhg Buseapdimo e, prasaipny .
Thi s st abicatstll dn PRIV Ririnb T8BfcADin i@ sl £IONS W Lh a
drive vol tage .chg_ngej of 20 volts.: #ﬁ?ﬁra%nr? ethlg'g&eé%i%\‘?%\'egﬂt 5 TS‘E'S.M?bqezo
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t he pulfeh@ri or to the previous pulse to allow plen tine
wavel engtH P EIVEEFYSE BFEC1se pration of theprisresslativetmeachrathércimd samflifidsONDf 7

| pr ovengbticAi® bhiEnP MO | - WL M|l isecond | atency,
Therefore, nuch fast eéf)'ﬁil! e%ggrfg?g%%l? 38?‘”&52“’@%"’5%9 ipila‘%ﬁ a £§§"\’é°¢p?£¢é94 ed
f eedbackinebisingl 2 apgppumdtest fishiag diriebstim 9 HlaSthel RBuIthE dil Spod QnguEé‘m t he
wavel enggh, '@&g&%ied fh?rh each ui_se a%d an average wavel ength™for the
| ast four and tlegs which are very slightly flexible and during use minimize stress on
ﬂ_ae prisms r¢sultiﬂg from temperature changes. The position of the prism plate is
manually adjustable for alignment in directions perpendicular to the laser beam direction

7 through the chamber as shown at 7A in FIG. 16.

Test Results
. FIG. 16C,shows ac_tual test data :from a laser fitted with the FIG. 16B2 embodiment. The
graph is a plot of the deviation from target wavelength of the average of 30 pulse
windows. The deviation is reduced from about 0.05 pm to about 0.005 pm.

This embodiment is 2 major speed up as compared to the stepper motor drive system
described above but not quite fast enough for pulse-to-pulse adjustment. Earlier metho&s
of mirror positioning required about 7 ms to move mirror 14, making pulse-to-pulse
wavelength corrvection at 2000 Hz out of the question. In that earlier technique, a lever
arm pivoted about a pivot axis to produce a 1 to 26.5 reduction in. the mirror movement

- compared to the stepper position movement. The prior art stepper has a total travel of %
Jinch (12.77 mm) and 6000 steps S0 that_ each step is a distance of about 2 microns. With

R




| ast two pulses is calculated. If either of the averages deviate fromthe
target wavel ength by less than 0.02 pm no adjustnent is made. If both
deviate nore than 0.02 pmfromthe target, an adjustnent SO t he
mrror assenbly by piezoelectric stack 80 to provide ﬁh@ef%ﬁgﬁw
correction. Wiich of the two averages is used is detern1ned by how nuch
time had el apsed since the |last adjustnent. The piezoelectric stack is
mai ntained within its control range by stepping the stepper notor as the
stack approaches 30 and 70 percent ofg4its range (or to provide nore

avai | abl ger1ap6ls redhretiah Gne 3tePhSRA thé s AMBuLPLHmIvASER Bfbicallly ch&@gea%@nd 70

percent range values). Since the stepper notor requires about
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change wavel ength on a predeterm ned basis. I.n other words the tar

wavel eng?ﬁ%sruy_%l&rz Gorsmany. Fhis sek wﬂﬁﬁu%@%@@méﬁmnh%abo%gbﬂ d be
changed r8%1§a 3 In%}oﬁtﬁg Ehdnds 'or 00 Jlo‘i’t\é" ‘i%m@:ag{ﬁ LREnP el LOS Or as

the resu uousFy or =periodical 'y u I"ear ni ng algorithm
usi ng easteps b the eteppdlimodyel engt h data or ot her paraneters. Adaptive
Feedf orward Preferred enbodi ments of the present invention includes

feedf orward al gorithns. These algorithns can be coded by the Iaser

oper at or ’I‘H@iﬁﬂg%}é&éﬂl@% a%ﬁﬁ&l ’%ﬂ?l BeHhE Qﬁcros@éafn@raﬁﬁtth Yo E4M S

al.gorithmc trve so aser contr ol tects burst patterns
such as tdsilyaespondimo updatdzthslg:lmds'et acfraqmmcanﬂtlwﬁaﬂzr éwaw&fe:trbrbembdxmht

t t | pat i f
havel englth oRRPLE® Frrtomlie st 000 Heatisnialsis hesit mobes BRa ehPr BUSP Bhiapt i ve
f eedf or WgiiMe pAGHTY G Prdviva p«ﬂ& RU o PRnfy of e forathe WieleRbthicatdulAiosi Ven
rep rate in software, fromdata fromone or nore previous bursts and using

the PZT Homerer s smbpdiment pervidesta faptor B 7 dmprqyenteat yes e priotis desien he
ohL P N5 7y 55 O LTt S50 ke
repetiti Omerpadfesred feedback control algorithm is described in FIG. 16D. In this algorithm the
. wavelength is measured for each pulse and an average wavelength for the last four and
last two pulses is calculated. If either of the averages deviate from the target wavelength
by less than 0.02 pm, no adjustment is made. If both deviate more than 0.02 pm from the
target, an adjustment is made to the mirror assembly by piezoelectric stack 80 to provide
a wavelength correction. Which of the two averages is used is determined by how much
time had elapsed since the last adjustment. The piezoelectric stack is maintained within
its control range by stepping the stepper motor as the stack approaches 30 and 70 percent
of its range (or to provide more available range, 45 and 55 percent could be used instead
of the 30 and 70 percent range values). Since the stepper motor requires about 7 ms to
complete a step, the algorithm may make several piezo adjustments during a stepper

motor step.

Pretuning and Active Tuning
The embodiments described above can be used for purposes other than chirp corrections.
- In some cases the operator of a integrated circuit lithography machine may desire to

change wavelength on a predetermined basis. In other words the target wavelength Ay




deconvol ution of the chirp waveform by the pul se response of the PZT stack
will yield a sequence of pulses, which, when applied to the PZT stack
(with appropriate sign), will cancel the chirp. This conp t@%j gﬁmp be
done off line through a survey of behavior at a set of repeti'ti-on rates.
The data sequences could be saved to tables indexed by pul se nunber and
repetition rate. This table could be referred to during. operation to pick
the appropriate waveformdata to be used in adaptive feedforward
inversion. It is also possible, and i2fact may be preferable, to obtain
the chir pRayHgide d wavedengss butrosald be thanged asgften dedesirad siiler dbllchaing at

the star ' t] t epetition rate is .changed. ,The chirp
shape rm"[ge ,%dgﬁgﬁ%%gg?hbtﬁgf?ﬁed‘g% %g?léﬁraegﬁ%%‘? dey PS’%OM& updadiEd t hen
be updat éeirtieg glgcsitiaptusity carlg hstdvidalinalSleRan At G pikRk&d measur ed

error between nodel and data. A preferred algorithmis described in FIG
16E. The chirp at the beginning of bursts of pulses can be controlled using

the algorithm described in FI %dé%r%%g@r%%%rtk refers to the pul se

nunber in a burst. The burst is wo regions, a k region and

im ) 1( (rj e? Perferrath em_bodiagmtﬁ'_mﬂdthe pmsemﬁhmﬁmﬁmﬁ@esjfegdfﬁﬁ%ﬁg nﬂﬁ:)m I 'gﬁéset han

t e a ti eriod.l.ong enough to enconpass the chirp). Separate

proport i g%gﬁ%(%%gﬂnﬁ? P’?éfdol?ynbjégg‘?f’ opgiriardeed o kpewn huesy operatiompaiteratie | i ne

center eriRmatiBkEhiar dosi@ih tas b%%?k RYL S8 {L%Ftlﬁé 'Ias-gp%ogt%cﬁ é%ﬁltétgg:gl{f or the
egion I n

correspondi ng pulse nunber in the e next burst 18 Br ni ned
by t hesePR¥Aas ainhasthesesthorm inflie shovetvhais Andthenapvises thadoitid) parameters

et pul Saployit S8 Stmer bt RGO T4 o8 lowineos ot sguelonats shofecn ordef teL e A
fl ow di aprexemteorphiiimizeghé BRIARRTHE sSSP | g ' i in
FIG 16E. H thTY. CYCLE LNP |t ias_ ' nom%ﬁg%ﬁgﬁﬁdggaﬁ%%%éﬁgﬁﬁgd%gkages;
however “%0981%4} 16 Chilp @t p givaRasy kate i seftwrs, fiom detafftoamohe ommbbopienipus

di rect | ybasistdg il 97 AERLSO IR MOUEES oE LN, Lypical Iy provided

through a port located at positions su the face of the grating.
Appl i cants have di scovered, however, that at very high repetition rates a

laver ofrf %?ﬁeé@ﬁési‘é% 1208 BURI P Twa piocss of sormation arenoaded (S'xﬁi orting
pulse response of the PZT stack, and (2) the shape of the chirp. For each repetition rate,
deconvolution of the chirp waveform by the pulse response of the PZT stack will yield a
sequence of pulses, which, when applied to the PZT stack (with appropriate sign), will
cancel the chirp. This computation can be done off line through a survey of behavior at a
set of repetition rates. The data sequences could be saved to tables indexed by pulse
k‘_n_umbclr and repetition rate. This table could be referred to during operation to pick the
appropriate waveform data to be used in adaptive feedforward inversion. It is also
- possible, and in fact may be preferable, to obtain the chirp shape model in almost real-
time using a few bursts of data at the start of operation each time the repetition rate is
, changed. The chirp shape model, and possibly the PZT pulse response model as well,
could then be updated (e.g. adapted) every N-bursts based on accumulated measured
error between model and data. A preferred algorithm is described in FIG. 16E.

The chirp at the beginning of bursts of pulses can be controlled using the algorithm
described in FIG. 16E. The letter k refers to the pulse number in a burst. The burst is

separated into two regions, a k region and an lregion. The k region is for pulse numbers



can be corrected at least in part by the active wavel ength control

di scussed above. Another approach is to purge the face of the grating as
shown in FIG 17. In FIG 17, small holes (1 mmon ''/a i1n3:r|:$%¢ gs) in
the top of 10-inch long 3/8 inch diameter purge tube 61 provide e purge
flow. The purge gas can be nitrogen froma pure nitrogen supply as
described in a followi ng section. Also, in a preferred enbodi nent the LNP
is purged with helium as descri bed bel ow. Qher techniques are shown in
FIGS. 17A, 17B and 17C. Specific techgi ques useful for controlling

vwavel engeds fag kﬁ,agéﬁhﬁtghaﬂﬁ& dessd 1agdehdhohN® erdcohipa¥d 0 BREHNSeparate
applications which are 1 ncorporated by reference herein U S. "Serial No.

09/ 794, ABoportipna oty yintegral 2oustantdp taind |intggral awer of hedimenesniterGarerr ol

Wth Pi | ectric . Dri ", U S.. Serj,al . ..10/ 027,210, filed Decenb
21, 2006k i U erLé?\éEP%v‘é‘F‘é'?%te TR AT soitdgd 17 e Sormondie TRy or -
and -U. S.nyuneHer 3h tNPk&e%'gﬁ%Gthﬁgﬁxt blwst ?Qd@@ﬁﬁﬁ&f'b{zﬂiesez&%tan@"ﬁﬁ& kads." Laser

Spectral Engi neering r Lithographic Process". 1 3 FEB 2006 44 PURGE
SYSTEM Thiter the kth pass adiraditienad prenestignad dnsegral ropsine icontrols chei 88T voltage.

ultra-p r whi,.ch, provi.fes. greatly.i ve nce and
subst ant 15 151 R A8 Rl Ik o Haff T e oG8 SO B LERS o
show ng FEPOHE. ant fléwakiatras &dpldninkthé nfi&f Qépenl PAdLAR—M is pRviddasent
i nventi-on. Five exciner .| aser conmponents which are purged by nitrogen gas
in this BtbdBEnent of the present systemare LNP 2P, high vol tage
conponents 4P nounted on | aser chanber 6P, high voltage cable 8P
connecting the high voltage conmponents 4P with upstream pul se power
conponents 10P, output coupl HIGEPPUANWICYEMETN®Rr 14P. Each of the

4P, 8P, . 12P, and 14P are_.contained jn seal ed containers or

conmponent s 2P, .
chanber gt é%\éﬁ’%iweolmeyl}%rms peckages: RoveHirethesior agiigachis keeping theet
port. Anyhle $BW ASmIAEWHY RediiPb %ég{aﬁ%zf) Y %ﬁhﬁglggg oot I bR

mai ntained”at |iquid nitrogen’tenper ~at a ated c
f abri catprovidpd dhroughuia pary located at positionsesuchsasabéhibthd dacef of\the fatisgpur ce

Prrer daePfaiGters ehivesht BiRrieok Ay PLRAR vt e h o oFBorp” 1

(nitrogen) develops on the face of the grating distorting the wavelength. This distortion

can be corrected at least in part by the active wavelength control discussed above.
Another approach is to purge the face of the grating as shown in FIG. 17. In FIG. 17,
small holes (1 mm on % inch spacings) in the top of 10-inch long 3/8 inch diameter
purge tube 61 provides the purge flow. The purge gas can be nitrogen from a pure
nitrogen supply as described in a following section. Also, in a preferred embodiment the
LNP is purged with helium as described below. Other techniques are shown in FIGS.
17A, 17B and 17C.

Specific techniques useful for controlling wavelength and bandwidth are described in the
following patent applications which are incorporated by reference herein U.S. Serial No.
09/794,782, filed February 27, 2001, entitled “Laser Wavelength Control With
Piezoelectric Driver”, U.S. Serial No.: 10/027,210, filed December 21, 2001, entitled
““Laser Wavelength Control With Piezoelectric Driver” and U.S. Serial No.: 10/036,925,
filed December 21, 2001, entitled “Laser Spectral Engineering For Lithographic Process”.




val ves for controlling the N2 flow to the purged conponents. Wth respect
to each conponent the purge flowis directed back to the nodule 17P to a
flow monitor unit 22P where the flow returning from each %I Ege%‘mgrge
units is nonitored and in case the flow monitored is | esh R

predet erm ned val ue an alarm (not shown) is activated. FIG 19A is a line
di agram showi ng specific conponents of this preferred enbodi nent including
sonme additional N2 features not specifically related to the purge features
of the present invention. N2 Filter Af4inportant feature of the present
invention . is the inclusion of NPYRGESYSIEMh the past, makers of exciner
| asers f Qhis fifse ' ot L] raphy .have believed that a filter for
N2 purge %&5} mgﬁlﬁgéﬂ?@{c gﬁgﬂg&f&s‘?&‘%@" °§é‘§° Eﬁf‘e*c‘?ﬂf P‘gféf%% q‘?ﬁi’u”é% sYdenai al | y
avai | abl ®heh proyidetsrgrsatiyaimprysed) perforniaiis hafi0s U3RkiIR 1B 84k Somponent
spemﬂcaflt&rl\s I s clean enough. Applicants have discovered, however, that
occasi onaﬁy %he source gas may be out of 1 3 FEB 2006 45 specification or
the. N2 lines leading to the purge system may contain contam nation. Al so
lines can become contam nated during naintenance or operation procedures.
Appl i cant3hiR/is afblock diageun shewinghimpoetant ftirbeof & @ préfmé@ LhbIaRtknt

i nsur ancg %ﬂf&m%ﬁoe n low probability of contam nation caused cilamage.
A preferred P ter T s Kb HEmss sRey ¢fapponeats which prespurged by aittegehrgam

Aer onex, inl tids emibbllimeit fdf GRS prddertfy sk ipO R his filter. regoves
H2O, 02, co,t@%c‘%q,9 H2 and non- met %ﬁf%@%#‘%%%ﬁ SOURES. GAPPRRELES 48 | | on
| evel s. FPPUR dasgy chaggbgo6P phighemoltage catile §rcoheastiag eth®. KEE voi@EeNS or

| arger. & | 319051/ monitor in unit 22 is _provided for each of the
five pur gggﬁ%ﬂgﬁn%o%%rﬁ %H%ﬁgggé\% %‘ﬂ%e PRBHIEPEPaRnis 208 puibwte conplers13Pandg an .
al ar m f edevamecél4R.oWath ofithPoqnpanedd oPespbRY #bpd RidPisw a@ccfnﬂm E‘jtl ggd of

: i shed” "Tnterior. rtarn types of

st ai nl es%sea%t eel .31688Tégtl th electro pol
pl astic flnﬁm of & s ppgh bavingronly twe-prorghanoNs finlyt pdiefandrn Rpy be

used. ouﬂet port. An N; source 16P which typically is a large N, tank (typically maintained at
liquid nitrogen temperatures) at a integrated circuit fabrication plant but may be a
relatively small bottle of N;. N, source gas exits N, source 16P, passes into N, purge

module 17P and through N, filter 18P to distribution panel 20P containing flow control

valves for controlling the N, flow to the purged components. With res‘pect_tok each
component the purge flow is directed back to the module 17P to a flow monitor unit 22P

where the flow refurning from each of the purge units is monitored and in éase. the flow

monitored is less than a predetermined value an alarm (not shown) is activated.

FIG. 19A is a line diagram showing specific components of this preferred embodjmént
including some additional N, features not specifically related to the purge features of the
present invention,

Ny, Filter
An important feature of the present invention is the inclusion of N, filter 18. In the past,
makers of excimer lasers for integrated circuit lithography have believed that a filter for
N> purge gas was not necessary since N2 gas specification for commercially available N,
is almost always good eﬁough so that gas meeting specifications is ciean enough.

Applicants have discovered, however, that occasionally the source gas may be out of




Recirculation A portion or all of the purge gas could be recircul ated as
shown in FIG 19B. In this case, a blower and a water cool ed heat
exchanger is added to the purge nodule. For exanple, {%e%ééoigéromthe
optical conponents could be recircul ated and purge flow 1498

el ectrical conponents could be exhausted or a portion of the conbined flow
coul d be exhausted. Helium Purge of LNP In preferred enbodi nents the LNP is
purged with helium and the renai nder of the beam path is purged with
nitrogen. Heliumhas a much |ower index refraction than nitrogen so

bt 1 um 12 RGPm Gt N %é%smgi‘%gﬁée@“?% o] Boflin EoloabCY 26

I pr OveclAﬁcI &f@sﬁwbﬁseaﬂﬁ@ d@%mﬁts&mlmgdmmtaganadvcgnbp@e@oﬂ provedurie gl: ng an
extrene cl ean eam pat Laser tics. tend to deteriorate rapidly in-
the pres%wd@aers aﬁe@ﬁea@gthﬁttheaw%w%ﬂhe Flten &tveaﬁgee(iﬁwsﬁeawmanm forns
of cont t%ﬁié techni ques for enclosing the
beam pat are escrl%*lgf g&(&a‘f ?éipp%kéati on Serial No. filed
Novenber 14, 2001, entitled "Gas D scharge Laser Wth I nproved Beam Path"
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the master oscillator is described above. shows nodi fication

i ncl udi ngefhmmdhydammanguh@mﬂs -per-viHon llt:ms silteppr@wem%‘i 8995{989 pewent ¢fe

i nterface, be %ﬁ Ld?)g not or. and the LNP enclosure. FIG 19E shows a

- ther nal |3§1 3 68’chfﬂsé)r Bt he LNP whi ch ni ni ni zes heat i ng in the
LNP and al so encl oses the LNP entrance so that it can be purged with
relatively inexpensive helium Heliumexits the LNP through a chamnber

wi ndow unit as shown at 95 in FIHowMenitescs, 19F 1, 2, 3, 4 and 5 show
easy seali I dul es
casy, Seoh i HERGR 13600 WRRRIAR oPEAY Bno Rl PR UBRoLR [ PREE 0L ©
r epl aceneonimereially aizaﬂhlﬂdﬂmms lmvsr;gem aAfrmpfaagee for low flow.

Piping
Preferably all piping is comprised of stainless steel (316SST) with electro polished
interior. Certain types of plastic tubing, comprised of PFA 400 or ultra-high purity

Teflon, may be used.

Recirculation
A portion or all of the purge gas could be recirculated as shown in FIG. 19B. In this
case, a blower and a water cooled heat exchanger is added to the purge module. For
example, purge flow from the optical components could be recirculated and purge flow
from the electrical components could be exhausted or a portion of the combined flow
could be exhausted.

Helium Purge of LNP
In preferred embodiments the LNP is purged with helium and the remainder of the beam
path is purged with nitrogen. Helium has a much lower index of refraction than nitrogen
so thermal effects in the LNP are minimized with the use of helium. However, heliam is

about 1000 times more expensive than nitrogen.




arrangenment to purge the high intensity portion of a waveneter. This
special purge is described in a follow ng section. Advantages of the
System The system described herein represents a najor i rgv @fﬂﬁfgn | ong
termexcinmer |laser performance for KrF | asers and especila I'@g rF and
F2 |l asers. Contam nation problens are basically elimnated which has
resulted in substantial increases in conponent |ifetines and beam quality.
In addition, since | eakage has been elim nated rexcept through outlet ports
‘the flow can be controlled to desired vl ues which has the effect of
reducing N2 requirenments by about. 50 percent. . 1 3 FEB 2006 47 - SEALED
SHUTTER UNIT WTH PONER METER This_ first_preferred enbodi nent includes a
seal ed shutter unit 500 with a buiF‘FP’ioﬂe‘i‘)gVéﬁ meter as shown in FIGS. 20,
20A and 2QBlickitt hatddiscovepal hafdr 4 [

B TR TP RSBy Hed ey,

functions, fi)i\%t, as a shutter to block t am and, séeco
full beaRf FL pRiHGstend o defationtd rapidie amtlpopresench ef gl exterpaBtavRI@ENt | S

needed. Eld&ii ISt [ S ing. the main canponents of the shutter

it Theamuichlopiied 3ol B5C BRSOt fiSuae” oRataRce wEeBOd e Redpal h

of the | tesbniques fowtenblosinmg the baainhatk Ats 8Qeribdd e € Bsss %%&p%ﬁalshom
. The

at 510 i, FI G 20. Tag\kgatn{i@vmth t he b.eam'%ggn‘.is shown

shutter act irve—sur 5 dNOTETHhR s 201 contitled (“Gas Dischange LaGr With Inproved

di recti oBegi PAE’ B2AR Xidcl h [ d_whe) e ugt I s_cl osed
the beamis both abso%iggbﬁ%r%tﬁ‘g b?ﬂ%?%}g?cesu‘?’@&egghg @&I t’egeﬁp‘fgfzﬁéam
dunp 504¢XtEted from thiteapplidation. aFIG.VEOG iy 4 demvins dhéwRg Mo seds bhiRegUr f ace
is chro epjv%tioe{%] or._hi ggr&tﬁbsorf%cbgrn of the |aser beam In this Ty
enbodi ment, ' beam StOp & £2% gRotysteay synilar fao thehmastep raseiffator del  ar m
518. Thedssetibédibovs, PPENBID | i8R0l § ' 14 as wn in
FIG 20 ﬁg’i ch pulls flexi b?ueo‘gir)%ﬁéjw angﬁgé%%&é%%%eg&éénéﬁ?n@%”{% fie coil

renmovin aRIRPFHROEIT drsenl ts Bitdrfasmbetwecepahdimtort dudl the LR edchisafe, Eg@N The
shutter iop shbpss ' he current hrough coil 514 which
permts ger 'rsra_nent %%ﬁé%?@@%ﬁ;gec{ %Peﬁﬁﬂ“? f%ghﬁiéﬁoﬂ&]&heﬁﬁ‘ﬂ%@@i@% 1 thgi bl e
arm 518 b¥ekaidubot relaseoshe JOSP tértianed Bo BaPiehal %%%&g@@%ﬁf@éla&%?y
current flowis cha{ief u'ﬁéii tail ored to produce an easy transm

inexpensive he um exits the LNP through a chamber window unit as shown at

95 in FIG. 19C. FIGS. 19F 1, 2, 3, 4 and 5 show easy secaling bellows seal used to

provide seals between the laser modules but allowing quick easy decoupling of the

. modules to permit quick module replacement. FIG. 19G shows a special purge

arrangement to purge the high intensity portion of a wavemeter. This special purge is
described in a following section.

U,

_ Advantages of the System
. The system described herein represents a major improve'ment in long term excimer laser
performance for KiF lasers and especially for ArF and F, lasers. Contamination
problems are basically eliminated which has resulted in substantial increases in
component lifetimes and beam quality. In addition, since leakage has been eliminated
except through outlet ports the flow can be controlled to desired values which has the
effect of reducing N; requirements by about 50 percent.



of the el enent and arm between the open and cl ose positions. Power neter
506 is operated in a simlar fashion to place pyroelectric photo detector
in the path of the output |aser beamas shown in FIGS. Zﬁ fFEBZ?@ In this
case, coil 520 and magnets 522 pull detector unit 524 ant* f >§i ble arm
526 into and out of the beam path for output power neasurenents. This -
power neter can operate with the shutter open and with the shutter cl osed.
Current to the coil is as with the shutter controlled to provide easy
transit of unit 524 into and out of thg beampath. 1 3 FEB 2006 48

| mproved WaveMet er RyadeEpSHUTTER vNGT WiTEMPOWERMETEReci al N2 purge
technique is used to provide extra purging of the high ultraviolet flux

por t i onsThis firsteprofavedembedimeniinaludes a sealed shptier undoI) Wi { HePeH e ber
tput w | ock.. ' ' i ] . ined
ot T o B2 S o, i

above t H& put béamin cting mrror 170 (see
al so  Flkas tié) finbiaRk, ingses Dateofo blbek dirclagy beamtand, freand,as asfulldherput

beam About 4% of the_reflected beamis reflected frammyror 171 to
energy deavwermBeterfoy mguiterng hears ppWer WhFRRVEY 2 MCasHIRERtd} 9 fthe ot her part of
the refl ected beam passes through mrror 171 as shown at,61A and goes to
other nonitors in the wave neter.) At 4,000 Hz this 5% of the output

ener gy rBiG.cxkig a tap lvidw ahowivgl thghmaisocampwicats efathe shatiebunit (Biesh ato

assure that he gas in t path of this tion of t eam I.s very cl ean
and puresrll rgd'_gf’tl?‘?agl ?h%p 2&%\?@&@9&“ i”%et%%it% P8 Soé‘gﬁe Pzﬁ%r ?%té‘lltolﬁ et ween
the upst{RAMS ARt lin the ER5edlFSitidd & shival AESI0 B BR300, nThé @athIwith alnsl t he
front side of the wi ndow of detector 172 fromthe rest of the waveneter.

And a spbeinaoppuisghotinot X13. die shusem astive sulgronl beanp plop; deprd $10dkaghn at

62A. The,tenai nder. of: th nef et j Elgltf% shown
at 64A. ﬁe‘gﬁjﬁ abCeélchng 8%9%\ég%oew&%egﬁ&gﬁ% %\7@1 rf%ﬁgg y g{esgﬁgée'g@% mrrors
170, 171beund id bsth abdotbetbinett ehutwirsdeace brafloceé 16 beaun exirpsS0dhi Botheale on

al ong the | aser output beam path through_a bell ows regi on 6A._back .t,0 the
out put cbeas clumm acite BEface Andy thgeshutter pgtive sprfape; ’r?eﬂ“glnﬁvﬁlaéﬂr%ﬁéﬂgtbel | ows

Uit ORI o 0ak H2AmHIdimbd! GuseistBp elefiht 5 ROTsimbwhtédien Wi ndow
bl ock an a#%%@%%%%ﬁ%é%om ﬁani t 701%’ t hen bgck through a

flexible spring steel arm 518. The shutter is opened by applying a current to coil 514 as

shown in FIG. 20B which pulls flexible arm 518 and beam stop element 516 to the coil

removing beam stop element 516 from the path of the output laser beam. The shutter is

closed by stopping the current flow through coil 514 which permits permanent magnets
520 to pull beam stop element 516 and flexible arm 518 back into the close position. In
a preferred embodiment the current flow is carefully tailored to produce an easy transmit

of the element and arm between the open and close positions.

Power meter 506 is operated in a similar fashion to place pyroelectric photo detector in
the path of the output laser beam as shown in FIGS. 20 and 20A. In this case, coil 520
and magnets 522 pull detector unit 524 and its flexible arm 526 into and out of the beam
path for output power measurements. This power meter can operate with the shutter
open and with the shutter closed. Current to the coil is as with the shutter controlled to

provide easy transit of unit 524 into and out of the beam path.



tube to N2 purge nodule 17 as shown at 74A and in FIG 19. The downstream
side of w ndow 170 is purged with purge flow fromshutter nodule 5K The
purge flow may be  from nmodule 17 as shown in FIG 19 or injskF®e bges

wi ndow 76A i's renoved and the output of shutter nodule is openly connected |

with a purged custoner beamline in which case the exit purge line at 78A
may be directed to a custonmer purge return systemor exhausted to

at nosphere. 1 3 FEB 2006 49 Constant Optical Paraneters As |ithography

| asers age optical beam quality charactsristics can change. Usual ly,
quality tends to deteriorate s]lmpmb\yed%%MEfwP quality no |onger neets
speci fi cat,i.pns aft r,.Service, acenent maj or conponents (such as
the |as e?Hl tﬂﬁa%%&% 'ECRPG%BI W‘%&Z\Aﬂvgﬁéﬁ qliesjlsnmedaﬂOI yrow@ce&xtmr

Thus, ovemrgihe dfithe lﬂéh ulibsidlge Al BBAIISGH kY wlTnldl i SIPCIERE! il

W|th|n speC|f|cat|onranges Thi s a pro
circuit ICP’E‘IPIS’Q"F% chamhercoitput Wmdewlbi!adkogflapmchﬁime@gmn #eGgned Aflsor

opti cal t han nornal | aser

|t of "bett
qual ity (&k}g{%&r esu‘ﬁhe &gﬁ’“ﬂ’ﬁ‘ag res ?rée‘?%%lp g 8%ﬂ%@ﬁﬁ@§p§ﬂlfh(&§¢ﬁlﬁmt
qual i ty. Fiftel4jokhich@asses 959 opthe\h é‘gﬁﬂ 'ﬂi’éﬁéaxﬂ%@%h@!ﬁ?{a@mge%‘o&“%q Y b ed

remai ns ubs ant i g)@l y constant over Taser life e ‘acco
using te éﬁ &8s geledted fom, mipereiitt prq:ﬂetgjaﬂeteatoﬁe‘n athereNbé phiseed

concurre I i ezoel ec r|c drlver turnin

mrror cgirll‘.er eﬂuﬁﬁ%ép% %tﬁ& ve?fmtg f%o‘?qam hasyes Widdt h )

val ues . éhﬂwlés’ipﬁin’dambgd}@ m»ﬂm:h;&ﬁmfmﬂ% widd ﬂl%ﬁar')aAMOOG 0k 36, TPP%
usi.ng-

val ues tgg ser is capable of._Pulse energy can al so be contro
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are kno to deteriQrate in use with
"hown 65% 'lQhe remainder of the wavemeter is purged by a second purge flow shown
at 64A.

- The purge flow 62A. is confined in the wavemeter by seals at mirrors 170, 171 and the
172 detector window. The purge flow exits this region along the laser output beam path
through a bellows region 6A back to the output coupler module 68A to purge it. The
flow then flows through bellows unit 70A and into window block 72A, out through an
exit port in the window block and an exit port in bellows unit 70A then back through a
tube to N> purge module 17 as shown at 74A and in FIG. 19. The downstream side of
window 170 is purged with purge flow from shutter module 5K. The purge flow may be
from module 17 as shown in FIG. 19 or in some cases window 76A is removed and the
output of shutter module is openly connected with a purged customer beam line in which

case the exit purge line at 78A may be directed to a customer purge return system- or
exhausted to atmosphere.
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short wavelength ultraviolet light. It is known that for a given pul se
energy deterioration increases with decreasing pulse |length. Therefore,

| onger pulse length equates to longer lens life. Theref¢rg FEponggr pul se

| ength could be an inportant inprovenent for these exciner |asers. The
deterioration rate is nmuch worse for ArF at 193 nmthan KrF at 248 nm
Typi cal pul se duration are about 15 as to 25 ns for KrF and ArF narrowband
| asers designed for the nost efficient |aser performance at pul se energies
in the range of about 1 3 FEB 2006 50 4o mJ to 10 nil. FIG 23A shows
features of a typical excine a‘raﬂ% features are voltage or
Cp, side fluorescence vm'thoutt asl nngén%?vmt %I?isi ng and the | aser pulse
for a |AsHithemaphy Agsers egeoptital ieanx gealityehsrectenistids aovelsage.t dd$wallpues for

i ncreasing..l aser ul durations.su as |,ncreasing.the. capacitance of Cp
but thes H‘ﬁ?‘%ﬁu@% %‘Eﬂr?@d_sf‘)?fayrmc B B g?aé‘?eﬂ'%!ﬂ%%rg%lﬁgﬁ r &t Hance.
Appl I candscit@dGorsUsRa ek s¥rvideC rgAacend of ihfoheftddEuaN bt Thd Yasttsi Ny a
pul se power configuration Appfl cants call "Current Overshoot Maxim zer".

Current <hasrhendbe and/orethe Avaygmsterp ismarmelly negnssasy.e rldmsoevardhe ke of

" CoM Lrcuit 1s shown in FIG, 23E...The...fir . r

ver s hcihe L bessg afl(P e by, fibsfeBBaly dfih il @S el Inf oo

i ntensi ty prbelem ifdt - inidgiatell OtifcRith Hshdoyaphdal whicheulili Sithdgigpllyl eqlipmentsed by
the initial positive current cycle and the second snaller hunp dug to the
first negpstangd ferontispkquality laserhepms g beresult of Cheties thapormat fage % n

I ntensity, } : . t i LR t he
nogat  ve cHid it th dn el i Bf 6 ke BARIMIouR A, OobRoRRSs kP |
-posi ti veprovideantases ygdtem wheré beam npality refnaing subsiantially bonstantravenlaseiie.
negative,cycle . can be_increased, then the.resulting |asing.pu se wl]l be
apgroxi nﬂblémast%aﬁcpmésmdd&mg teepiqpes deseribed 10y g %xtgnﬁ é?glr‘i lf’&&?f‘fds shown

in the brgeline repgf bodhRred9WrithMihid UppltcaBon vhhert NBE pikiBRlechic |@RENY at
all occurred on the negative Ccurrent cycle in ArF as it clea‘rﬁ@y does for

|
Kr F. Thetowaibg esinbocarChe usad torpravide ivayelenatht stability srabiesiand tgndwisith aglges of
glegﬂ ;I fgéqe%%ﬁdéﬂggos%‘fu%@@ Sgﬁﬁ% 3%1’1}63 Hindr R BY B3R es the 1lris %gﬁa%let he

of. Pulse energy can also be controlled using the feedback controls described above to

- maintain energy stability values at an expected norm rather than the best possible.
Fluorine concentration and laser gas pressure can also be regulated to produce expected
beam quality values rather-than the most stable values of pulse energy and wavelength

- and the narrowest possible bandwidth values.

Increasing Pulse Duration

Many optical components of integrated circuit lithography equipment especially lens
components are very' expensive. These components are known to deteriorate in use with
short wavelength ultraviolet light. Tt is kmown that for a given pulse energy
deterioration increases with decreasing pulse length. Therefore, longer pulse length
equates to longer lens life. Therefore, longer pulse length could be an important
improvement for these excimer lasers. The deterioration rate is much worse for ArF at
193 nm than KrF at 248 nm.,

Typical pulse dutation are about 15 ns to 25 ns for KrF and ArF narmmowband lasers

designed for the most efficient laser performance at pulse energies in the range of about



| evel during the negative current cycle. This can be acconplished in two
ways, first to reduce Lp so that nore of the negative Vcp is applied

across the discharge and secondly to reduce Cp so that Vcp,_] iﬁ her for a
gi ven stored energy and can overcone the head i nduct anck ggée ﬂgor hi gher
peak current. Reducing Lp from®6.5nH to 4.1nH raised the negative cycle
punpi ng | evel above threshold for ArF as shown in FIG 23C. In this figure
one can see significant |asing energy caused by the negative current cycle.

1 3 FEB-2006 51 Reducing the Cp valuesburther increased the |evel of

| asi ng odtplito HlmiIn§IGH23 Adgnts feaurawlaabical Scin@Slasth Pilel ThileGeaddl) The

anount of _|asing outpu uring the_negative cycle shown in these figures is
still weff® V"E%Egﬁf ?“Heﬂ PIRIEHCS WithpwhJesing epd withdasing anst thefaser pulse fir

i mpr ovedan&trcRidig A { &Sl i [ ted fromthese Lp
and Cp val ue cha_nge%ﬁc%?sl?gving %% If:Etre reg’ggeer ,'{ergr%?lgg%gofﬁ%c“@ﬁm@t]ﬁ?%d

ener gy i Buise dnestions surhias intreasifigstheampaitdned of)Ch vt tes®teciigies BoulidSahar ge
exhi bi t'Shfhe idg{%njo edance., Measurenments of the tinme varying discharge

i npedance Wers HSHEL R A PHOERME. are shown in Fig. 23E. The di scharge

i npedance takes approximately 20ns to coll apse from M2 val ues to the _
region of 1 If the discharge circuit formed by Cp and Lp is made fast

2.
enough, -élPPﬁ‘Eﬁnt%h@:Vf‘eﬁ@PWﬂbt weesased pulgp dwiation sabstastivliyaishal b polset ftavdd gh
i mpedancgygH g e~Wwul d-be no yol tage , overshoot on Cp. The
reduct i Oh%]gill n nﬁ%@%ﬁ%@%&%ﬁ“&@iﬁﬁ%@@&%@ﬁg during the negative

cycl e have al so increased the fraction of initial Cp energy which is

absorbed by the di'scharge during the first positive current cycl e. As the-
amount of energy absorbed dbpieet Ovshaes Masimizsycl.e is i ncreased, there i'fs}

| ess eneAgphuldciRve I -he ive yol t,age overs t .and thus
| ess energy %vai |é§€|ﬁg‘e€ﬂ§“’g§?1€%”€%3 t¢§g/?b[fﬁl}°gﬁﬂs Sh@?%ﬂ’él- ngﬁfé)ﬁa‘sisc

di aglr am B#st chie thane iclgnsmarmrshuoﬁ?t@ﬁﬁmmesﬁﬁme%( evidest & Fid, a3 A.n_Tﬁe )

t opol ogy t. doubl e pul ser. us early._in the program except that the
out er pelaaéllgﬁé&%%% %a%om s g‘g}"@ twe dgfiptie Aymps, dhe fist camsed byl thecipitial The
VS pr odpesitielcukett SAI RIS sedodd Sk RLAS Btle RETISER HEAM A eggcg,%& zed

to switch nearly sinmultaneously with t nitiation of - th
this ar r%@@%ﬁé@ dischangen{Thei diffefenomirf imensitiies deako g greatly reduced energy

stored in Cp prior to the negative current cycle as compare to the amount just prior to the

first positive current cycle. If the amount of lasing which occurs on the negative cycle
can be increased, then the resulting lasing pulse will be approximately two.times wider.
For reference, the ArF lasing results shown in the baseline report are shown in Fig. 23B.

At that time, no lasing at all occurred on the negative current cycle in ArF as it clearly
does for K1F. - j

The values for Cp and Lp are important in determining the level of electrical pumping
during each part of the waveshape. In this case the desire is to increase the pumping
level during the negative current cycle. This can be accomplished in two ways, first to
reduce Lp so that more of the negative Vep is applied across the discharge and secondlsr
to reduce Cp so that Vep is higher for a given stored energy and can overcome the head
mnductance faster for higher peak current. Reducing Lp from 6.5nH ‘to 4.1nH raised the
negative cycle pumping level above threshold for ArF as shown in FIG. 23C. In this

: ﬁgur_e one can see significant lasing energy caused by the negative current cycle.



capacitors into both the discharge and the COM i nductor. The sequence of
events is as follows: 1) Cp is pulse charged by the pul se power nodul e
(Fig 23G . 2) The COM saturable inductor switches nearly gig_ggggg@ggusl y
with the initiation of avalanche discharge (Fig 2310. 1 52 3)
Current flow begins to build, flowng out of Cp into both the discharge and
Lcom (FIG 231). 4) The voltage on Cp passes through zero and the current
t hrough the di scharge begins to subside, but the Lp inductance and the
Lcom i nduct ance force continued currenf; flow out of Cp, forcing Vcp

ti ' ' - ot t fl
Subei deaeEREEL €5 il AlARs & ‘%Eﬂs%%. 2 el F B PR SUBRRAL 11 o
negat i veweht gygle ashGn @@@BHGt 2813, negati ve voltage on Lp) reverses the

current flow through the discharge, but the current flow through Lcom
remains in the same direction because it has a |arger value than Lp and

h I T h
thus a I9RARlouht FEIGARS %&dﬁﬂl t&%steag)c elsBwilin/thdle fiduPddingill Hefud

Lcom no | onger flows out "of | ows through the discharge
whi ch prisbentise éO%JmtEHSﬁy\devaln@nEm@sm rﬁanﬂﬁgns ﬁtmelmmmds ma’tchugctmaﬂlge

current j.s.driven bo h the u om and, t tive
vol t age ddf‘f:hag VPR (%“ ' g&% u?: Bt A% ]f’a’& g?’e

t hrough éraaedudé@@mé@gtﬁesc m&ﬁ@@dg;bﬁ &aagfe%&s@nfeem@&ha& el thé et or

(FIG 23L Opt i mum operatllbon of the COM depends on m nlénﬁedzl ng the total

i nduct argkenothet discharea exhibite t2o high| inepedansge wiementsadf the timei varywgse in

the val | pr oduct
|n t he @%%&gmagﬁgg#ré%%ée%tﬂqﬁe &%}lgg %&{ ??%me s |¥;&gase SO
does t hengetaticattdds bpstoginanels Whs t&ccﬂla wd ﬁsﬂ Mgpvélﬁesttb&h@ﬁ@bnfdfrm alfgr eat er
volune of ferrite cores. Initial gerlrrents with the COM used a 100ns

t r ansf erthe disghasge siecuibloamed Wt"émndr B iy mgde fast coongh, alf|aftke ensreibstgreds f
vvh |
€ IR S bR e O RO, 826k Bl A 205 obAGR O

povver S ysieeshvoicore Opp €Thef mdud:ﬂimlsﬁx Cp and Lp necessary to achieve lasing during the
negative cycle have also increased the fraction of initial Cp energy which is absorbed by

the discharge during the first positive current cycle. As the amount of energy absorbed
during the positive cycle is increased, there is less energy remaining on Cp during the
negative voltage overshoot and thus less energy available to drive the negative current

cycle.

A schematic diagram of the COM is shown in Fig 23F. This circuit is similar in
topology to the double pulser used early in the 2X program except that the outer peaking
capacitors are replaced with an indﬁctor called Lcom. The V*S product of the saturable
inductor placed between Lcom and Cp is sized to switch nearly simultaneously with the
initiation of discharge. With this arrangement, current will flow from the peaking
capacitors into both the discharge and the COM inductor. The sequence of events is as

follows:
1) Cp is pulse charged by the pulse power module (Fig 23G).

2) The COM saturable inductor switches nearly simultaneously with the initiation of
avalanche discharge (Fig 23H). '




program Wth this transfer tine,. only 6 cores were required, affording a
25% reduction in the saturated inductance of the COMswitch. 1 3 FEB 2006
54 satisfactory 193nmoptical gain. The desire for a reduced operating
pressure stenms from the enpirical finding that high repqt§tffd 200k e
.performance (1000Hz and above) is nore stable with |ower |aser gas
pressures. At the 360kPa pressure |level, the reduction in | aser system
efficiency while using the COM was between 20% and 30% and t he
characteristic double pulse width coul &d2only be obtained for Vco val ues of
900V or greater. After sonme experinentation, it was found that with a

| oner to 300k P, reductl neff|C|enc_y wth the COM was
simlar tgg Q'% ?fﬁg{”eb ‘lé@j#‘fagﬁﬂr ﬁdm}; §:f’fe||b°8b§%ea@486hﬁrgmnd>b@@mned
down to (FE# 238).ues of 800V. The Vcp and | asi ng waveshapes with out the COM

are shown in FIG 23M(1-4) for various charging voltage. The Vcp and:
| asi ng waveshapes with the COM are shown in FIG 23N (1-4). The change in

efficien he se in the res s .shown jn, FIG
230 ne (ot eoud® o Hksce MR o HiElhe mbcthrcuah dhe ebgvbbeEinse
non- COM awlesideCtM the hipiigducinico asd BeCDEtRE lﬂ@%&ncﬁ&ce ottinni@ %@rp‘ﬁtog{? ur ed
193nm pul §?:11-?d ratl %p w th and wi thout the The additiron o

e

i ncreased rYLE N§PsEEved u3iaes Bie mﬂ'ﬁ%@ﬂ@mﬁ Aerimistlaiggr Siand pEkbutrent31ns
FWHM  Unfigét .S nhot line for the 2X
progr am Foréﬂggiggga’?i}l%%%%rg 5 5%0\/\\%'[ ?ﬁg‘:hai%‘?%]ﬁ’éen%:&*ﬁﬁ?ag se duration for

the 2X program baseline performance The results of section 4 showed that

t he CC]\/Iﬁ)a ffel ient é#/i doubl.e the 193nm optical pulse duration. Qther .-,
per f or manc cﬂ VEYoNPee 8P R dand thisdieeativee veltaes asLp) meverseathowadent )

spect r al flper ﬂmmn&e diSdhargdy bt 'chfr¥nt A0 Bl hrﬂg)??aslg@ng ﬁttg%:sgq?%r"g;: gg

contai ns the neasured performance of a |1 ne-nar ovve

t he cov dirqgfionibecagss it gy adargsn vatue Uised themhine ologee tieyyoristied (BIGR! | ed
vari abl egghat  presently exist in highly line-narrowed ArF systens. The

| i ne-narrowed efficiency with the COMin place is virtually identical to
that without the COM as shown in Fi G 23Q The out put energy vs. operating

volt age é)h‘f'ﬂ/s curregt ﬁowmg through Lcom no longer flows out of Cp but instead flows
through the discharge which presents a much lower impedance than Cp. The reverse
discharge current is driven by both the current flow through Lcom and the negative
_v_oltage on Cp. Thus, the magnitude of the negative current half cycle through the
‘discharge is increased by the presence of the COM inductor (F1G. 23L).

Optlmum opemﬁon of the COM depends on minimizing the total inductance of the COM
iqd;;ctor, Leom. Two factors lead to an increase in the value of Leom. The first factor is
‘ i_t_he _n_gcq for sufficient V*S product in the Lcom saturable switch. As the V*S product

requirements increase, so does the saturated inductance of this switch due to the need for
_ _é greater volume of ferrite cores.  Initial experiments with the COM used a 100ns

transfer time pulse power system. The required core volume to hold off while charging

Cp was 8 torroidal cores each 1.0 inch ID X 2.5 inch OD X 0.5 inch thick. Later

experiments made use of a 75ns transfer time pulse power system developed for the 2X

program. With this tran_sfér time, only 6 cores were required, affording a 25% reduction
in the saturated inductance of the COM switch.



smal| deficit at the | ower operating voltages and not difference at all for
the higher 1 3 FEB 2006 55 operating voltages. The neasured FWHM spectr al
performance is shown in FIG 23R Use of the COM result~§3l PE$ ﬂﬂgghtly

| ower FWHM spectrum and a nore consi stent spectrum over the operating
range. The consistent spectrumwth the COMis nost |likely due to the fact
that the pul se shape does not change over the range of operating voltages
with the COM while there are dramatic changes in pul se shape without the
COM The 95% spectral perfor mance |s shovvn in FIG 235. Both configurations
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I s reduced g "W ngs the spectrumare mor e greatly
i npact edtdthawithieweskaserlgesipresfureshe spect rum si nce the "wi ngs" are so nuch
closer to lasing threshold. It is also well understood that a |onger pul se
duration leads to a smaller 95% spectral integral. For the nornal case
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i mpor tant “pertor mance parane ad- band and |ine-narrowed
oper at i oFIG. T3M €1-d) ﬁorsmenabhamgmg vadtagpe dhé Wopread| lasing waveshapesawith fag gy

stabilit nd n des under which it can be neasured.
Historidép$§?ﬁgﬁoﬁﬁégﬁﬁgé%ﬂ?GGgh that all of these various nmethods are
proportional to sone degree with a sinple neasure of the energy standard
deviation, 6, while operating in constant voltage  node. FIG 23T shows the

neasur edTlLﬁnéilﬂgge meffisianey, when gising: tha COM) eaade seaiin thsresylisshowaip §led kr F
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COM configurations becomes less. FIG. 23P shows the measured 193nm- pulse duration
with and without the COM. The addition of the COM increases the lasing pulse duration
from approximately 8ns FWHM to 31ns FWHM. Unfortunately, the 8ns FWHM value
is not the baseline for the 2X program. For comparison, Fig 1 shows the 16.8ns FWHM -

C

pulse duration for the 2X program baseline performance.

The results of section 4 showed that the COM can efficiently double the 193nm optical
pulse duration. Other performance criteria are of equal imporiance such as line-

- narrowed spectral performance, energy stability, and electrode erosion. This section
contains the measured performance of a line-narrowed laser system employing the COM..
The KrF configuration was used because of the many uncontrolled variables that
presently exist in highly line-narrowed AsF systems.

~ The line-narrowed efficiency with the COM in place is virmally identical to that without
the COM as shown in FIG. 23Q. The output energy vs. operating voltage shows only a
small deficit at the lower operating voltages and not difference at all for the higher




worse than without, but not substantially. For reasons unsure at this tine,
the energy stability performance degrades with the COMfor repetition
rates above 1500Hz. 1 3 FEB 2006 56 Once possibility foridgqggggﬁ inergy
stability performance at higher repetition rates is incrleas ﬁ aner
activity caused by energy remaining in the COMinductor after the main

di scharge. Since the COMinductor stores energy via current flow, as the

di scharge extingui shes and becones an open circuit the voltage across the
COM i nductor will spike up in an attemgt to nmaintain any current flow
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| i f et i meconditions, suppression of the spectral wings and the pulse duration, are in conflict since
the pulse duration decreases for lower operating voltages and tends to increase the 95%
spectral integral opposite to the wing suppression. Since the COM maintains a constant
pulse shape over nearly the full range of operating voltage, suppression of the speciral

- wings can achieve full effect. The improvement in 95% spectral integral can be extreme

for the lower operating voltages. For example, at the 10mj output level use of the COM
results in a 45% reduction in the 95% spectral integral,

o

Energy stability is another impostant performance parameter for both broad-band and
line-narrowed operation. There are several ways to specify the laser's optical energy
stability and many operating modes under which it can be measured. Historically, it has |
been found that all of these various methods are proportional to some degree with a
simple measure of the energy standard deviation, o, while operating in constant voltage
mode. FIG. 23T shows the measured energy variation in constant voltage mode for line-
narrowed KrF operation. The low repetition rate performance of the COM is slightly
worse than without, but not substantially. For reasons unsure at this time, the energy
stability performance degrades with the COM for repetition rates above 1500Hz.




1 3 FEB 2006 57 Pulse Multiplier Another technique for stretching the
pul se duration is to split each pulse into two or nore parts, delay all
but the first part then join them back together. One such iﬁk@gt%e is
described in U S. Patent No. 6,067,311 which is assi gned1t ) T ant s’
enpl oyer and is incorporated herein by reference. Another such technique
i's described in U S Patent Application Serial No. 10/006,913 filed
Novenber 29, 2001 which is incorporated by reference herein. FIGS. 24A,
24B and 24C drawi ngs extracted fromthat application describes the
technique. FIG 24A and 24C show the before and after results of pulse
stretching. --------------- - -- Various nodifications may be nade to the
pr esent Unoe qossibibityvifdrhizgtaded teedgp ostaiiltyspefiemancehgisid ghdsi dep&titionnratdaeisar t
wi.l |l recogni ze many ot her possikl e variations. The system.coul d_ be
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of the HiHatenayalanghe dug this itige dstong noa-wnifoom, godwle pre-domgiduges mrdibendi ng

nmechani ﬂgé\ﬂ i.n _Fl . much faster . control of bandw dth.coul d be
provi degggbu? |_néé1 aﬁllczé’z oe%%gétr'r S{(lzle%eeW%alenserf Sa“c%an"t“r"gry k% CnEY \78{']{9?@‘13? t he
gr at i ng théQnhiar difhatoe ko an@dipageBioghst.shoul d be obvi ous nodifications to

t he one configuration shown herein. For exanple, all four units could be
conbined into a single unit. There could be significant advantages to
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usi ng t Reaves emanating from the arc region. At low repetition rates this acoustical energy can
dissipate before the next laser pulse and thus have little effect on laser operation. At
higher repetition rates significant acoustical energy remains and the resulting pressure
variations can disturb the discharge quality. In addition, the higher repetition rates
approach the first harmonic resonances of the chamber volume and increased acoustics
from streamers can pump these resonances to form acoustic standing waves within the

chamber.

~ Additional evidence for increased streamer density when using the COM is in the
Fluorine consumption comparison. Shorter spans between injections with the COM
implies a 33% increase in Fluorine consumption and thus an equivalent increase in the
electrode erosion rate. Cymer has found that electrode erosion is strongly related to the
size, quantity, and frequency of streamers occurring between the electrodes. Use of the
COM seems fo increase streamer activity and is expected to adversely impact the
chamber lifetime.




| medi atel y precedi ng pul se. For exanple, control techniques could be

provi ded where 1 3::FEB. 2006 ss neasured pul se energy for a particular
pul se is used in the control of the second or third follown ul se. Many
variations and nodifications in the algorithmfor convertifg a0kt er
etalon and grating data to wavel ength val ues are possi ble. For exanple,.
Appl i cants have discovered that a very nminor error results froma focusing
error in the etalon optical system which causes the neasured line width to
be larger than it actually is. The ersor increases slightly as the

di anmeter of the etalon fringe beilgsewadtipledd gets |arger. This can be

correcte scanni ng.the |laser. and a_.range of wavel engths and watch for
step cha%ﬁgtée%%c _“%@ﬁ%?tgﬁngrﬂ? §e-f1'é"_§‘€}_%'}13rf8 spiivrashulsa infertwesr imme f act or
can t herpdre, delagrall Becthb 356 o iHollGoROHel] BRICKbAE: TPASULE (Lilnges, W thin

the w ndows, Accordingly, the above disclosure®r s not
i ni ti ngesrdbedhin U dh BatenidNo+ ;867 il ewhiabris abdgred ibe\miticants’ aaplobyr 4dags

appende ' i degal .equival ents. 59 13 FEBRUARY 2006 CLAI M5 WE
CLAI M %P%\%bfe%?cgggrfgw@bé?fﬁeﬂ% rpa}%gll’f‘da’&cﬁit%@%%éﬂ seibed i W Pafsabl e of
oper at i ndpplidatipti| Seeial Bjoet0/006/918 Fi188 NdVeRef 28, 9608 wh lsai?;% Qb Pul ses
per secon%’?sal" laser conprising: A a |aser chanber con alrlql ng a1 aser

gas and FEHIPHG Bei6ite| Biatdd, 4% and J4€, dunfings exjraatedi fromathge apslipiation and
Do I | . . ; [
Gownstr b @ Banfiue PG, 48 ML PAC Ko BEHE BRI pd 3R5r St Plawenge of

static stwetddng.e drop occurring in the discharge region, a tangential type
fan for producing sufficient gas novenent of said |aser gas in said -

di scharge region to clear fromsaid discharge region, follow ng each gasfﬁ( }

di scharge in said discharge region, _substantially all discharge produced
lons prior to a next gas -

Various modifications may be made to the present invention without altering its scope.
Those skilled in the art will recognize many other possible variations. The system could
be designed for high pulse repetition rates other than 4000 Hz such as any repetition rate
~within the range of about 3000 Hz up to 6000 Hz or 8000 Hz. Repetition rates in excess
of 8000 Hz will probably require a different blower system. The laser system described
above specifically for KiF could be utilized as an ArF laser by changing the gas mixture
and modifying the LNP and wavemeter for 193nm operation. Preferably the electrode
spacing is reduced from 16.5 mm to 13.5 mm. For example, active feedback control of
bandwidth can be provided by adjusting the curvature of the line narrowing grating using
a motor driver to adjust the bending mechanism shown in FIG. 22A. Or much faster
control of bandwidth could be provided by using piezoelectric devices to conirol the
curvature of the grating. Other heat exchanger designs should be obvious modiﬁcations
to the one configuration shown herein. For example, all four units could be combined
into a single unit. There could be significant advantages to using much larger fins on thé
heat exchanger to moderate the effects of rapid changes in gas temperature which occurs
as a result of burst mode operation of the laser. The readexg should understand that at
extremely high pulse rates the feedback control on pulse energy does not necessarily
have to be fast enough to control the pulse energy of a particular pulse using the

immediately preceding pulse. For example, conirol techniques could be provided where

’ :
L




di scharge when operating at a repetition rate in the range of 4,000 gas
di scharges per second or greater, C) a heat exchanger systemrenovi ng heat
energy fromsaid |aser gas, D) a pul se power system pro i_gi, b % trical
pul ses to said el ectrodes sufficient to produce |aser out'ptit’ PulF at
rates of up to and above 4,000 |aser output pul ses per second with
precisely controlled pulse energies in the range of about 5 mJ, and E) a
| aser beam neasurenent and control system neasuring pul se energy,

wavel ength and bandw dth of every pul sg or substantially every pulse with
f eedback_contr.al . of | : hengt | aser
as in G%?W\ﬂ%ﬁgeﬁnﬁ%ggﬁﬂgﬁ%@éh}g? gggﬁégggdg%/{sﬂ?é;%q&?@g? Kr F e§<t(l:di grret}]#dl aser
syst em golowiig pEsE€r ey vaiaionp and adodificktionst innthe fdlgenithne fanebmvedng 3. A
laser as in Caim2 and wherein said chanber al so conFﬁri' es,a van

st r uct urdavgmsigrcionrand grateg daatogwayLgnash vegies 57 pe ngt Ga& G ¢ y
upstrea [ [ [ i sFrubhd ebeietbe sai d
fan conpr%?@'{ecgﬁ% h%ﬁgfd dri %’Zﬁfagg V?&xy)nﬂ%?lﬁ%r#ﬁ?gﬁulﬁbscﬁéndgtaor S. 6%613 FEBRUARY
2006 5. etalbawpticasystamGilacincduses tieeinpasmdlinpwidth tabe lavgeethae dorcellyot or s.

6. Alas in daima i h of said nptar. i t d
oach of IallB 0L ST A0S o S amiers of JieaRier Bile maty Rt o' 00
separ at ijgghef SeHisl ol 8b %FEEt@dinb%aﬁc?ﬁnﬁjﬁﬁ%e d@Rr afd aran@6 T Wavelanglisaind 4

wherein said tangential fan conprise a blade structure nachined froma
singl e pwatch forf step dwingemassthe pheasered Aringesdleavasthe rwigewsn A HTECEPR fackery bl ade

structure hgs tside.dianeter ., 0 t fhve i . ase s in
Claim4 %ﬁeﬁﬁ]ﬁ&sggﬁn "teggl%asgieonséhﬁsg? {eigég ogoithor%a ang &lr?%ﬁg}ﬁtg(ﬁ)lnglre?si ng a
- mast er NfndowsOAEEREISYy, flerabeos tisolokureds aveinthdsdtabartitnitisg ahithe scapleave

notor controller for controlling the _other notor. ] .
of the invention should be detgermjned y the appended claims and their legal -

equivalents.




10. Alaser as in Caiml wherein said finned heat exchanger systemis
water cooled. 11. Alaser as in Caim1l0 wherein said heat exchanger
system conprises at |east four separate water cool ed heat exchangers. 12.
A |l aser as in Claim 10 wherein heat exchanger system conprises at |east

one heat exchanger having a tubul ar wat &% fl ow passagé3 FEBRLIARYaR0U6east one
turbulator is located in said path. 13. Alaser as in CUaim1l wherein each
of said four heat exchangers conprises a tubular water flow passage
containing a turbulator. 14. A laser &LAIMSI aim 1l wherein said pul se power
system conprises water cooled electrical conponents. 15. Alaser as in
Claiml4 \Aher%{/]?g%t 2ast one of said water cooled conponents is a
conponent opera "high voltage in excess of 12,000 volts. 16. A | aser
as in Caim1l5 wherein said high voltage is isolated fromground using an
i nduct or through wancdxtemelrépgtiv@ s gid @%arg@lasbﬁsﬁmﬁﬁe%@eﬁergﬂng A laser

as in Caimlpherel, eﬁﬁ!g&’ 5&%&%}&%&8&’&@61‘ $¥6d FAQUIBLY' phifses ber Fe%%g@aga

char gi ng systi? to char arging capaci preci'sel'y controlled
vol t age. SPREPTRYEi n O ai m 17 wherein said resonance chargi ng system
conprises a de-Q dg ci mdaset chabther Aohiaging adasen gfd andnhavingntver elongsad d

resonance chargi ng SyStélfé!:tQ&!EPrdeﬁﬁﬁl aadIQé 1% ibk Yhd ha@ﬁ’g a@a& A% pafld in
Claim 17 wherein sald res nant cfuagg ’inﬁ E‘ﬁ”ﬁ em co rls circuit

and a bleed circuit. f 28 i PS WitEY &t Ow?taeaﬁhlo e Bjower
system conpri ses a chaﬁ]gth@eE;ﬁgt perdbprovedobfa darge awmenioge gostelc suppl y.
22. A laser as in O ai mpiessifedrep beariifg inahediséipapegasur enent and control

system conprises am et a | ogi c
device, and opti cs o f%)q g%?gg?@fiﬂhﬁﬁ%ﬁjdg%ﬁ& alﬁg:r : 29“86\%?:[ on O({:al d
phot o di ode aser gas 1n said discharge region to clear om said discharge

region, following each gas discharge in said discharge region,
substantially all discharge produced ions prior to a next gas
discharge when operating at a repetition rate in the range of 4,000
gas discharges per second or greater,

8} a heat exchanger system removing heat energy from said laser gas,

D) a pulse power system providing electrical pulses to said electrodes
sufficient to produce laser output pulses at rates of up to and above
4,000 laser output pulses per second with precisely controlled pulse
energies in the range of about 5 mJ, and

E) a laser beam measurement and control system measuring pulse
energy, wavelength and bandwidth of every pulse or substantially
every pulse with feedback control of laser output pulse energy and
wavelength.

2. A laser as in Claim 1 wherein said discharge laser system is a KrF excimer
laser system and the laser gas is comprised of krypton, fluorine and neon.

3. A laser as in Claim 2 and wherein said chamber also comprises a vane
structure upstream of said discharge region for normalizing gas velocity upstream
of said discharge region.

4. A laser as in Claim 1 wherein said fan comprises a shaft driven by two
brushless DC motors.




~array wherein said programrable |ogic device is programed to anal yze data
fromsaid photodi ode array to determ ne | ocations on said photo diode array
of etalon fringes. 23. A laser as in Claim22 wherein said neasurenent and
control systemalso conprises a mcroprocessor programred to cal cul ate
wavel engt h and bandwi dth fromfringe daba | ocated by13BEBRYARY 2008abl e

| ogi c device. 24. Alaser as in Caim22 wherein said m croprocessor is
programmed with an algorithmfor cal cul ati ng wavel ength and bandw dth
based on neasdr enertlagt as mdlldinf 4 whges: saRbmotérd s eateasodlal @baism 24 wher ei n
sai d m croprocessor nakes cal cul ati ons of wavel ength and bandw dth faster

than 1/4,000 of a second. .26, .A J]aser.as jn.C.aim22 wher.ein id etal on
it comprised o ddy e i O i ehmg il s s BB A 57"
| aser as in CeadhnPl saidomelors PERPESeHTR MERRIicarotarneontpanadoil AgprefiEe cup

conprising a kepardligg AishidGtatehfioneshidlasérg@ast in part by a PZT drive. 28. A

| aser as in Claim27 wherein said tuning mrror is also driven in part by a
st epper notor. 29. | aser as.in aim 27 and further c¢onprising a

pretuni ng mears. 36@%&% a%z%ﬁ‘i“%e@irmﬂ el F?fﬁél‘r‘se@&ﬂiﬂsfi%ﬁ“ﬂﬂ‘ean
active tuni ngmaehmsd frommmingdé pigcecoflabaminimgtagkgori thm 31. A laser as in
Claim27 and further conprising an adaptive feed forward algorithm 32. A

| aser as in Cl,ai m 27, wherei p,sai i ne narrow ng unit co Lses a rating
dof i ng & ar e n 2 S ACLTR T wherd A DS P e S8 PR G Berlep St ant "o
sai d grating PAakout§ge mghgsaser as in C aim 32 wherein said purge gas is

nitrogen. 34. Alaser as in Caim32 wherein said purge gas is helium 35.

A laser as ingdaim 1as?ﬁ‘€s GIChAIRT 4 CORREhSLaRP nibtdth thd IGRAL Ahof¥S Lif™
corrprlsmga%}[ro en rilter. . .

her Comprising a master motor controller for controlling one of said motors
and a slave motor controller for controlling the other motor.

10. A laser as in Claim 1 wherein said finned heat exchanger system is water
cooled.

11. A laser as in Claim 10 wherein said heat exchanger system comprises at
least four separate water cooled heat exchangers.

12. A laser as in Claim 10 wherein heat exchanger system comprises at least
one heat exchanger having a tubular water flow passage wherein at least one
turbulator is located in said path.

13. A laser as in Claim 11 wherein each of said four heat exchangers
comprises a tubular water flow passage containing a turbulator.

14. A laser as in Claim 1 wherein said pulse power system comprises water
cooled electrical components.

15. A laser as in Claim 14 wherein at least one of said water cooled
components is a component operated at high voltage in excess of 12,000 volts.

16. A laser as in Claim 15 wherein said high voltage is isolated from ground
using an inductor through which cooling water flows.




36. Alaser as in Caim1 and further conprising a nitrogen purge system
conprising a purge nodule conprising flow nonitors said | aser also
conprising purge exhaust tubes for transporting exhaust purge gas from
said laser. 37. Alaser as in CQaim1l and further conprising a shutter unit
conprising an electrically operated shftiter and a podR@FERRUARYWIMHh can be
positioned in a | aser output beampath with a conmand signal. 38. A |laser
as in Caim27 _and further conprising a beamseal system providing a first
beam seal betvden & faserses vk rfdaim df “galiem shidrihdse powkrl $yslem PRNPIGWA /g uni t
and a second beanaseBirghetNEeR 18 chage AthioRiiopaitos & 8 pehtaelefontrald an

out put coupl er, .t, each of said beam seals conprising a netal bellows. 63
13 FEBRUARY 258%%9 A laser as in Caim38 wherein each of said first and
second beam seals permt easy replacenent of said | aser chanber. 40. A

| aser as in Cl& m 28lapdreasen Klamcty whersiai sdidresmaseadharohrendyaiem domprisésast oner ,
provi de vi br alimihgeir@lid on from said chamber, provide beamtrain

i sol ation from at nospheric gases and permt unrestricted replacenent of
said | aser chanber w thout disturbance of said LNP or said output coupler
unit. 41. A |d8er dslapar aglimiChaim Whehetin seigli idsamencsinheraingt syatenh eoomprised  syst em
conpri ses a pribkedeirogam splitter for splitting off a small percentage of
the light 1in each of the output pulses fromsaid | aser, a second beam
splitter for directi ng a .portion of said small percentage to said pul se
energy det ect aP- and* 255r&s i Claigdy7aphesein gaid gesonant sHaRgne iy SIewi OMBFIsser y beam
splitter, sai dedgogridaityandeddeedsptuit.t er and a wi ndow of said pul se energy
detector fromother portions of said neasurenent and control systemto
define an isol Et ed ,region, .42(8 A Ilas r _as i.a Cllai m 41 and further
comprising a [ rge s 2§ o ing e $UF B BYVFe S SPTRISES fur ge
gas. 43. A | asharging sysiercrempaised ofiptleast angspdveerisapmdy. f urt her conpri ses an

out put coupler unit and an output w ndow unit said purge neans being
exhausting from sal fhedrol Al Ehint FURReiR S B B SALLRHERUna"RHRLET N

and said output w ndow . u ) ) i )
system comprises an etalon unit, a photo diode array, a programmable logic

device, and optics to focus laser light from said etalon unit onto said photo diode
array wherein said programmable logic device is programmed to analyze data
from said photodiode array to determine locations on said photo diode array of
etalon fringes.

23. A laser as in Claim 22 wherein said measurement and control system also
comprises & microprocessor programmed to calculate wavelength and bandwidth
from fringe data located by said programmable logic device.

24. A laser as in Claim 22 wherein said microprocessor is programmed with an
algorithm for calculating wavelength and bandwidth based on measurement of
said fringes.

25. A laser as in Claim 24 wherein said microprocessor makes calculations of
wavelength and bandwidth faster than 1/4,000 of a second.

26. A laser as in Claim 22 wherein said etalon unit comprises a defractive
diffusing element.




44, A laser as in Caim1l wherein said chanber al so conprises a current
return having ribs with a generally rectangul ar cross section with a | ong
direction in a direction of laser gas flow. 45. Alaser as in Caiml
wherein said chanber conprises an anode and dielectric spacers positioned
on two sides of said anode to inprove | a&er gas flow 1BFEBRUARYE 2008 ween
the two electrodes. 46. A laser as in Caiml wherein said pul se power
system conprises a corona plate electrically connected to capacitors of a
peaki ng capacid/or Harksearsd ion€laph | saiddfuethec compiésndy et abrrowtlg WEti ng

| engt hs choseroiprifih®¥idend MEFRATHO6h atl |BRVEL AR 2 PFT dfvegas di scharge | aser
system conprising: 64 13 FEBRUARY 2006 A) a | aser chanmber containing a

| aser gas and having two el ongated electrodes, defining a discharge region
t her ebet ween &% hdbiasgy ag yekim 2gwheprin prid pningghironés aljoskrivan ieparidyin, B) a
fan for productapgersustbi.ci ent gas novenent of said | aser gas through said
di scharge region to clear fromsaid discharge region, follow ng each gas

di scharge in id djscharge. regign, substantially all _ di scharge produced
ions prior to 'ne%%ﬁ@§§sg?g%Hg?génﬁﬁggmbﬁﬁmﬁFFﬁ@igﬂugngF@ﬁ%%ition rate of
up to and above 4,000 gas di scharges per second, C) a heat exchanger system
renmovi ng heat 3gner gy 14se083 $RiC%ilmA 3P an@ahrthdd) cothpPi¥ing GnPRYRE t8)AL §BaRd OVi di ng

el ectrical pul 4. i.d. e gdes sufficient to produce | aser output
pul ses at raté@ﬁg¥é@%§%%ggﬁah§§1%3% 4,000 | aser output pul ses per second

with precisely controlled pulse energies, and E) a | aser beam neasur enent
and control sydt emArbasuas imgClirth 9F andnfartist, congpridingngt daptivk fad dwivadid of
every pul se orgshantially every pulse with feedback control of the
| aser output, said | aser beam neasurenent and control system conprising a
fringe producing optic, a

32. A laser as in Claim 27 wherein said line narrowing unit comprises a

grating defining a grating face and a purge means for forcing purge gas adjacent to
said grating face.

33.  Alaser as in Claim 32 wherein said purge gas is nitrogen.
34.  Alaser as in Claim 32 wherein said purge gas is helium.

35. A laser as in Claim 1 and further comprising a nitrogen purge system
comprising a nitrogen filter.

36. A laser as in Claim 1 and further comprising a nitrogen purge system
comprising a purge module comprising flow monitors said laser also comprising
purge exhaust tubes for transporting exhaust purge gas from said laser.

37.  Alaser as in Claim 1 and further comprising a shutter unit comprising an
electrically operated shutter and a power meter which can be positioned in a laser
output beam path with a command signal.

38. A laser as in Claim 27 and further comprising a beam seal system
providing a first beam seal between a first window of said chamber and line
narrowing unit and a second beam seal between a second window of said chamber
and an output coupler unit, each of said beam seals comprising a metal bellows.




fringe photo detector producing output signals representative of a fringe
pattern, a programrabl e | ogic device receiving the output signals of the
fringe photo detector, and having | ogic that anal yzes the output signals of
the fringe photo detector to determ ne the presence and | ocation of the
fringes and provide an output signal repBesentative ofi3 FEBRYUAFRECHS and

| ocation of the fringes. 48. The apparatus of Caim47 further conprising:
a conputer processor connected to the output of the programuable | ogic
devi ce and pr 8§r amfeliseraisdn fgaine3$ demin paheofshidnwetrshegchndihehm baksdwi dt h
of the output peasieeaspdptRembntlof 2ai0 asbhéhapbbbput of the programmable |ogic
device. 49. The apparatus of Caim47 further conprising: the programuable
| ogi ¢ devi ce cgntai ning logic to create a fringe |ook-up table fromthe
output of thePrindelPRotd Wdtladr 8. wWhereinTgachah s#id theamopeals) ednIRF ur t her
conpri sing: tk&spregrprowEb|eblatgn dsokeioncRomosidichamiger) paivilet beadt @aine a

fringe | ook- ygdtRRltRn ﬁﬁﬁsﬁﬁkﬁc%ﬁﬁeg%d%nﬁip Edli QePrp L Red OF Sl Yser 6° 13
FEBRUARY 2006 (A7 furt erg}lp?nprlm ng: thne

1.. The.a ratus of. d
progr amabl e [° @P%erﬁﬂmoﬁtgﬁgﬂrﬁ?f‘%‘?er?g 5?1831 A PR FPA ANt bt | rum set  of

fringes fromthe table of fringes for the mcroprocessor to wuse in
cal cul ating omde. or Amiser @ iMaVginengwhcif sianddstiethen®dnd thRraIPHAkAL US Of

o g 1 _ o @ i . ; St US
fo identify t Egﬁlpgl%kgﬁ%?nﬁ%gtbeg“ﬁ SpR BRI 84y PR PO LB | O 1
m cr opr ocessor? £3h qf dhe ?LHP‘EEW{%G? Fepngidlageror sqeppdbem sRlisT & gimRctingd
bandw dt h. 53 poiflve appad amadl pérc@itagentod 9aifl untldee eneegyndetestongnd tah eneans

Fr i hges 1rom o g, e oRhe et Glifaby bkatf Sphit, (F sedilhg Shanet ©f
cal cul ati ng oﬁgﬁ RN é}gﬁaédnﬁ't%ﬁe Sﬁﬁ%&ﬂ&kﬁhgﬂm ther portions of said

measurement and control system to define an isolated region.

42. A laser as in Claim 41 and further comprising a purge means for purging
said isolated region with a purge gas.

43. A laser as in Claim 42 wherein said laser further comprises an output
coupler unit and an output window unit said purge means being exhausting from
said isolated region also purges said output coupler unit and said output window
unit. ‘

44. A laser as in Claim 1 wherein said chamber also comprises a current return
having ribs with a generally rectangular cross section with a long direction in a
direction of laser gas flow.

45. A laser as in Claim 1 wherein said chamber comprises an anode and
dielectric spacers positioned on two sides of said anode to improve laser gas flow
in regions between the two electrodes.

46. A laser as in Claim 1 wherein said pulse power system comprises a corona
plate electrically connected to capacitors of a peaking capacitor bank and one of
said electrodes by metal rods having lengths chosen to provide increased
inductance.

47. A gas discharge laser system comprising:




54. The apparatus of Claim50 further conprising: the programmble |ogic
device contains logic to identify the optinumset of fringes fromthe
table of fringes for the mcroprocessor to wuse in calculating one or nore
of wavel ength and bandw dth. 55. The apparatus of Caim51 further
conprising: the fringe photo detector coifprises an ar A8yEBRUAMDE 00bet ect or
el ements each produci ng an output signal representative of an intensity of
| i ght shining upon the photo detector elenent; and the |ook-up table
contains the |ocation i A)aHescaehambestonttiningadesengrs angihweing tweplongitedly a
rising edge pixel RRvirodpsadefinBRsd diechagleaedietthcitbesiken ehd havignsgds Ylohevel and
of at |east one pi E’gﬁhtﬁ‘%@{gi‘ﬂg}’ﬁ éfe%iolni ng edge pixel conprising a pixel
a e ?9%\”' g

occurring after eak @b at_ or less than the selected

threshold intensity |ev&d 2 1B 10pgENusing syldicient gastnavespsph casHd 18¥r efsai m 52

further conprisingthrotgh fspidngisciigs cegieb eot oleac dipn | swb disthamge aregioh, phot o

detector el ements fgaffing @CH Ghd disbrQU P Wid iRk rr@%i&?,sﬁiﬂtsﬁtlﬁa\ﬂ? af an
e

intensity of |ight,,shining.,upgn the.photo detecior e nt: anpd’ the
ook op Lan e con St BYaGNobd i Rk %asg‘*#aréf YHER SPeraine ot xel
conprising a ri si ngcrstitien g upHaandabare 41008 ges ¢isehetase perdetdndeshol d

intensity level and of &b alleastxchagpepisydim GaNPIihs hed edelelh didnm BAd edee pi xel
66 13 FEBRUARY 200 onprising a pixel occurring after a peak pixel and
havi ng at or |ess an he sel ected threshold, intepsity level, for each
fringe. 57. The apparat 78 ®fPH§CaPAVER SyEiFmhRioviding, clestrical pulses e i sk phot o
det ect or conpri ses ckntrades ayffaienp hotpoodiet serooutpwl pprieentas ratescol wy adaed ng an

out put signal reprgpeRtaH00/Bsd@oufiut Eﬁ'l%@s%irg%oﬁﬁ with [#isehédhidled patt t he

phot o detector el eré&%i;esqi% t he I'ook-up table contains tthe location in the
array of at |east one I'’Xel conprising a rising edge pixel having at |east
a sel ected threshol d i K @rlaser pearayrgasypriensfang tconselstystememeasyang pdsor i si ng

a trailing edge pixeérgy, wavelength and bandwidth of every pulse or substantially every
pulse with feedback control of the laser output, said laser beam
measurement and control system comprising a fringe producing optic, a
fringe photo detector producing output signals representative of a fringe
pattern, a programmable logic device receiving the output signals of the
fringe photo detector, and having logic that analyzes the output signals of
the fringe photo detector to determine the presence and location of the
fringes and provide an output signal representative of the presence and
location of the fringes.

48.  The apparatus of Claim 47 further comprising:

a computer processor connected to the output of the programmable
logic device and programmed to compute one or more of wavelength and
bandwidth of the output laser pulse utilizing the output of the
programmable logic device.

49.  The apparatus of Claim 47 further comprising:
the programmable logic device containing logic to create a fringe
look-up table from the output of the fringe photo detector.

50.  The apparatus of Claim 48 further comprising:
the programmable logic device containing logic to create a fringe
look-up table from the output of the fringe photo detector.



conprising a pixel occurring after a peak pixel and having at or |ess than
the selected threshold intensity level, for each fringe. 58. The apparatus
of Claimb54 further conprising: the fringe photo detector conprises an
array of photo detector elenents each produci ng an out put signal
representative of an intensity of 1ightt5shini ng upon18 REBRYARY 2M6ect or
el enment; and the | ook-up table contains the location in the array of at
| east one pixel conprising a rising edge pixel having at |east a sel ected
threshold intensity level and of at |east one pixel conprising a trailing
edge pi xel cdnpri Shagp@rpuxa ClaacdT further dhipeising: peak pi xel and havi ng at
or less than the sel ecigd Lhtenskty el 1 f.or. e -£rignge. 59.
gl% ]pf [eihald Ibéllksc?eﬁf'écte ﬁk{@éﬁﬁg 10%19 to gtfagtlfy; sy

a
The apparatus of daiim urt her conp . pr ogr anna gl c device
containing | ogic t8PHHEREE Y %{ﬂg?%égm the, taplerofifripges{ge the gRsTPKICAORIs el ect ed
fringe positioned wedinicalcalafing sie aninmateof wiveldngth andrbaydwidth.a second fri nge
conprising a selected fringe positioned wthin a second wi ndow in the

array and to identi at |l east . the first and the second fringe to the

mi cropr ocessor’sg' GOfTL‘\{'ﬁ%paéaﬁ%Sa(?ftaqlﬁ‘gl%4@35%“@15%rt.her conprising: the
progranmabl e | ogi ¢ devi 8 pgramably lpggi devies corsning flpgiat tof édentify shef i r st
fringe conpr idsi ng aptelmceedf fringegfoRahd abRNEdrinkdsiontha rﬁicfo‘ptoc\éésﬁﬂmNd in
the array and a se i G LS C i.hge positione
within a second w % owc%%h{aﬁgg arraﬁﬁ%hggwgveﬁﬁlgﬁh %%afé(?‘wagjést the first and
the second fringe to the mcroprocessor. 61. The apparatus of Cl aim 53
further conpri’8i ngTheIppsatERBRUARY4DOBGet dvepisingy anmabl e | ogi ¢ devi ce
fCO_nt ai ni ng Itpgi cdt 0 i ﬁ_eﬂfei E?bg?é?hﬁﬂ@élogi@ aév'iq[%t cI)ﬁtaiﬂqugiegw @iy ghe?e! ect ed
ringe positioned wthin a S n arr and. a second_fringe
conprising a sel ect Bttt%lmyrrni Sﬁgéf %glg?%glﬁg}éé t%t?ﬁ}ﬁn%essfgggﬁﬁn\ﬁﬁ?ws%mt he

Hag oncer morg of wayrdengteanddwaditidif.r i nge to the

array and to ident ufsingele
m cr opr ocessor.

54,  The apparatus of Claim 50 further comprising:
the programmmable logic device contains logic to identify the
optimum set of fringes from the table of fringes for the microprocessor to
use in calculating one or more of wavelength and bandwidth.

55.  The apparatus of Claim 51 further comprising:

the fringe photo detector comprises an array of photo detector
elements each producing an output signal representative of an intensity of
light shining upon the photo detector element; and

the look-up table contains the location in the array of at least one
pixel comprising a rising edge pixel having at least a selected threshold
intensity level and of at least one pixel comprising a trailing edge pixel
comprising a pixel occurring after a peak pixel and having at or less than
the selected threshold intensity level, for each fringe.

36.  The apparatus of Claim 52 further comprising:
the fringe photo detector comprises an array of photo detector
elements each producing an output signal representative of an intensity of
light shining upon the photo detector element; and
the look-up table contains the location in the array of at least one
pixel comprising a rising edge pixel having at least a selected threshold
intensity level and of at least one pixel comprising a trailing edge pixel




62. The apparatus of Claim54 further conprising: the progranmmable |ogic
device containing logic to identify at least a first fringe conprising a
selected fringe positioned within a first wwndow in the array and a second
fringe conprising a selected fringe positioned wthin a second wi ndow in
the array and to identify at least the férst and the 13&FERRUVARY A8 to the
m cr oprocessor. 63. The apparatus of CI aim55 further conprising: the
programabl e | ogi c device containing ic to identi f¥1 at least a first
fringe conprising &°%glasg adixal |0ﬁ@,éﬂ“ﬂpg) ¢ri 2opral pikel landh having ptser Jagsriblow i n
the array and a seaddldtedngestoiiintensicn@vel, ekattfaded ri nge positi oned
within a second window in the array and to identify at least the first and

the second fr nge o the mc opr ocessor. 64. The apparatus of C aim56
further corrprl di ng: "IhFﬁBPﬂS?fﬂb? %ﬁ’bﬁ%%ﬁf%"%ﬂ% containing logic to
identify at least a fi tist fiingeng®ic clepciosicgipaseseteatreyl dofrphoge dpiestbt | oned

within a first w n@%ents%aﬁ]h%rcﬂh&ﬁg af Rt §1%ﬁ£rf rEdchRE6e Spﬁﬂ’[ﬂt&fsﬁﬁop
sel ected fringe pos W n 0W|nthe array and to

identify at |east tllgéé SI??IP%“%W(} 'cfﬁléo Oé‘étﬁgﬂrael?l}]‘? 2t 0 the microprocessor.
65. The apparatus of O &ienlosiz-upirhltepntaionhe loratipn inHbe praygeishiedst end ogi c
devi ce contai ni ng Iphgi comprisideatriding adgel Fiaglthavingf dtrledst brdelteRd AREFHOIST N a

sel ected fringe POSHERRISRMLRIR & 1L Sfe BOCOMp. %bﬁaﬁfng%ﬁ%&eﬁ second

fringe conprising a i nge pos| ndow
the array and to i JeHPT§HE &tp”Feéé’gfurf‘ﬂ% aﬁ?rrasPea!&d’tﬂxetl ad hawng Ao lessrifen o t he

m croprocessor. 66 thefetectd paesttoldinthsi@ miveh B8edchrftingr conpri sing: the
programabl e | ogic device containing logic to identify at least a first

fringe conpri sighg | e ed i n tloned within a first wwndow in
30 dBREETI e ol oe Bt Lo

the array anda’se ed fri n%e p05|t|oned 68 13
FEBRUARY 2006 within a éhs-‘c ewm\fmeﬁtor [Femprisesy amparay ot phota idetgctar | east

the first and the eclements each producing an output signal representative of an intensity of
light shining upon the photo detector element; and
the look-up table contains the location in the array of at least one
pixel comprising a rising edge pixel having at least a selected threshold
intensity level and of at least one pixel comprising a trailing edge pixel
comprising a pixel occurring after a peak pixel and having at or less than
the selected threshold intensity level, for each fringe.

59.  The apparatus of Claim 51 further comprising:
the programmable logic device containing logic to identify at least
a first fringe comprising a selected fringe positioned within a first window
in the array and a second fringe comprising a selecied fringe positioned
within a second window in the array and to identify at least the first and the
second fringe to the microprocessor.

60.  The apparatus of Claim 52 further comprising:
the programmable logic device containing logic to identify at least
a first fringe comprising a selected fringe positioned within a first window
in the array and a second fringe comprising a selected fringe positioned
within a second window in the array and to identity at least the first and the
second fringe to the microprocessor.

61.  The apparatus of Claim 53 further comprising:




second fringe to the m croprocessor.
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the programmable logic device containing logic to identify at least
a first fringe comprising a selected fringe positioned within a first window
in the array and 2 second fringe comprising a selected fringe positioned
within a second window in the array and to identify at least the first and the
second fringe to the microprocessor.

The apparatus of Claim 54 further comprising:

the programmable logic device containing logic to identify at least
a first fringe comprising a selected fringe positioned within a first window
in the array and a second fringe comprising a selected fringe positioned
within a second window in the array and to identify at least the first and the
second fringe to the microprocessor.,

The apparatus of Claim 55 further comprising:

the programmable logic device containing logic to identify at least
a first fringe comprising a selected fringe positioned within a first window
in the array and a second fringe comprising a selected fringe positioned
within a second window in the array and to identify at least the first and the
second fringe to the microprocessor.

The apparatus of Claim 56 further comprising:

the programmable logic device containing logic to identify at least
a first fringe comprising a selected fringe positioned within a first window
in the array and a second fringe comprising a selected fringe positioned
within a second window in the array and to identify at least the first and the
second fringe to the microprocessor.

The apparatus of Claim 57 further comprising:

the programmable logic device containing logic to identify at least
a first fringe comprising a selected fringe positioned within a first window
in the array and a second fringe comprising a selected fringe positioned
within a second window in the array and to identify at Ieast the first and the
second fringe to the microprocessor.

The apparatus of Claim 58 further comprising:

the programmable logic device containing logic to identify at least
a first fringe comprising a selected fringe positioned within a first window
in the array and a second fringe comprising a selected fringe positioned
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within a second window in the array and to identify at least the first and the
second fringe to the microprocessor.




