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TI TLE METHOD AND APPARATUS FOR STABI LI ZI NG AND TUNI NG
THE BANDW DTH OF LASER LIGHT WIlliam N. Partl o Robert

wol2003aeaes Kevi nM O Bri en Toshi hi ko | shi har apEt/EE100€604598

THE DI SCLOSED SUBJECT MATTER The di scl osed subj ect
matter related to active control of bandw dth, such
as, in a DUV gas discharge | aser system such as, an
exci mer or nol ecular fluorine |aser systemused, such
as, in aline narrowed application, such as, as a

| aser |ight source for intebkdeled circuit

TR A whs%w%ﬁ%wmm
sem conductor in r t‘%ﬁ E G ogr aphy
REL N hé

| aser |ight source desi I ed passive and
active bandwi dt h cont r JkeberpB Jgequesnt rol s, can
benefit such things as grinddi OpRrie®r mance correction
("OPC') and tool -t o-todloshiilkedIshghdrar such |i ght
sources. United States Provisional Patent Application
Ser. No. 60/923,486, entitled TWO STAGE EXCI MER LASER
W TH SYSTEM FOR BANDW DTH CONTROL, filed on April 13,
2006, incl HHEEDQE THEDISCT-QSED SHBIEGTMAELER ent

spEcrrtk BRIeRRL Bt iR el gy op P A P idtny g s
2iba A0V @as gisthargdhiageraystéong ssth d433an &G0mer Gudnoledlolar fluorine laser

SR RO e VG B g e
S M s i P 17 2006, the
di scl osures of each of BAKGRQUN® eby i ncorporated
by reference. Application Ser. No. 11/510, 037,
di scl GsaslizingbhtdveitlthgsudheasdisdohDEBNsemmicosdist@rmiegrangl circuit
%ﬁgtro 1ﬁloag;]a%hfyile?s%r @ﬁ%ﬁke %gilélall gsr. 1sn'cluded passive and active
bandwidth controls. Active controls, can benefit such things as optical perforniance
correction (“OPC”) and tool-to-tool matching for such light sources. United States
Provisional Patent Application Ser. No. 60/923,486, entitled TWO STAGE
EXCIMER LASER WITH SYSTEM FOR BANDWIDTH CONTROL, filed on
April 13, 2006, includes the disclosure of United States Patent Application Ser. No.
11/510,037, entitled ACTIVE SPECTRAL CONTROL OF DUV LIGHT SOURCE,
filed on August 25, 2006, published on August 23, 2007, Pub. No. US-2007-
0195836-A1, which claims priority to United States Provisional Application Ser.
No. 60/774,770, entitled ACTIVE SPECTRAL CONTROL OF DUV LIGHT
SOURCES FOR OPE MINIMIZATION, filed on February 17, 2006, the disclosures
of each of which are hereby incorporated by reference. Application Ser. No.
11/510,037, discloses a multistage bandwidth control system using coarse and fine
control actuators.

That application discloses the utilization of grating bending (the position of a
bandwidth control device “BCD” which bends the grating) as an actuator (control

authority) along with other actuators. Various techniques are discussed enabling
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That application discloses the utilization of grating
bendi ng (the position of a bandw dth control device

wO BOR'127b9 ch bends the grating) as an actuat or PET/ORL002004598

authority) along with other actuators. Various
techni ques are di scussed enabl i ngbandw dt h
stabilization. Active bandwi dth control systens can
use very accurate on-board spectrum neasurenment, such
as E95, and bandwi dth error feedback. Conpensation
thasdstidtnstabilieatidna Sctivedaadwidth conttqd systems nar wse vencaccasate
t arget. ene and dut | e, .can gnahl e he coent ol

o a1 FOE Il e <D Uk FoResam it Bief R
|C93ﬂlﬂe'h§‘é]i6ﬁ%¥ed M Ql%e@!ﬁﬁér’ ﬂaﬁﬁet%&&ﬁﬁt@i@aw duch d&'tﬁ‘get energy
fre uency small anplitude actuators.

ddutyi ayklsg mpmblq thh postmlr@ e/ana%bandafldmp@lﬁm@ AOHALOTS,
MO,
e%ﬂvchg%ﬁoavoé*ﬁﬁg%’tc%s? o e EBigh PR Ryl

fudefaeg@tsist 0 the | aser performance than changi ng
bandwi dt h, desirable or ot hervvl se. Miulti-sta

dual ¢ Brtolihogmpby lightsoyee lasench wltﬁge -SpRu é\glillﬁglq Glatipt
?acw A m%m\%‘? Egﬁlg{etgr gﬂ‘?%rﬂt éoﬂgi %{ueclfortszl %1 itself could

tors) b e opti
fcesge@litrteffeats pathel lastr perfolmare e]m)n ahianging tbandmlldde (dss)lrable or

D|sturbanc s can be categorized by the ti sca
Rrstass- - Aiplaage At designg,jncliding Affecting faser

|
b@ﬁw&e\m@g\eﬁg ?g&ggrég %@;ﬁﬁﬂﬁmﬁ&g% fogether,

(typically uat i on’ range
ldbgld betdptieszal gespond ¢g o pdgicuban dlass(as) (o dmtlg})alﬁqeé&)u ency

ects of duty cycl.e int and f.luorin
TS tesonn trsalm g Hetk st gl e Epde St impact.
PRORIchei3e sBftings tan m@tdae Now SNGRItud €250 tRAE S¢Hkd @ikturbances
changes, conponent agi ng and m sal i gnnent (days to

Wepicsllp mseq émsdcan gdine ashatipe saige).- Hlahr(émeawé@%m seconds) and

TR D5 B FRPCSE P ARRFY SAEPR comsumpton

Frdur) dh@.ﬁgésminfimdlﬁe darpeebgiitude £ ffdcts C Ol donger-tdrmeparhmeter
utilizing one or nore paraneter change actuator

ShUIEESAMRONCRIAEIRE FSRISAIERN IS8 sk, OF even longer) can
GL58h BRNGER O AELARE (B SEIRQ RudbBRRERS) cAReQ0! NO

ects an ng tinmescal e conpone uty cycle
chang eﬁaccordmgy Ilcbntnaj, action djvidedimtstavsetdcaratah ahd fidé acfuation

var i at l.ncreasjng age | aser co nents and t

|"t’aéé‘)‘5° P RTS8 e TG AT R AR A 51 e
fcbERUEREY afleShiERRIE tSw (f&qhéwy dusth®An@REla83% ERREtpbiHe changes,
f ast conponent of duty cycle

gas aging effects and the long timescale component of duty cycle changes -
resulting, e.g., from slow thermal loading variations, increasing age of laser
components and the like). The other could target smaller magnitude higher
frequency disturbances (output pulse energy, and the fast component of duty cycle
changes - resulting, e.g., from faster thermal loading transients and the like). The
coarse actuator can also serve to de-saturate, or re-center, a fine actuator(s) within its
control range.

Coarse actuators, such as, (F, gas injection) and fine actuator (Atmopa),

grating bending or other wavefront conforming adjustments, or adjustable aperturing
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changes - resulting, e.g., fromfaster thermal | oading
transients and the like). The coarse actuator can al so

W@ er08a21599 de- saturate, or re-center, a fine acPCBUSINNSP04598

within its control range. Coarse actuators, such as,

(F gas injection) and fine actuator (D MOPA), grating
bendi ng or other wavefront conform ng adjustnents, or
adj ust abl e aperturingthe beam etc. were shown to

regul ate bandw dth, with various inpacts on other
ltizsBrany atca metestovartd regulite thandwidtty vath wiriows smpactsrempther

A AT P A AL AL i
IR &Eo@ﬁlfr{g%ﬁmg% ?dcge]fl%& ifSY¥bahiWidiB coftroldiThe eéradtMOPA or

di scharge timng, Ifferential commutation control,
ddvoraut differentin! fiming tohing soratifforentialdischargsrtgning ontdifferential

concept.of timng the di.scharge, bet ween the se | aser
ePRaT Riconnal AR sl hartin, wp afl shorhan pruds Edhe s8REht of
%%iﬁ% tHeVSchafetlderth® S8dd 184er fect:BeseRAdnd ABBLfiGULSR

in the anplifier gain nediumto sel ect bandw dt h of

elestrodespotas 66 seleativiebsamplify grpordenptide seud lasasipakee in the

B B A PRSP R ol b R e

SAffigIet YarRe df h@uRforoweRmssiad baaibld torictaung fdrebafl widily
cycle variations, gas aging and congonent agi ng. The
devietien fremssugh affects thas somEIonk eredrte be quRRIASE AY frgm lgng term

; . oo | )
L
VampeailBat:drfagd¢sehsitizédno epfor dighelavariationdéu toither lasendpearating
wavel engt h sel ection optical elenment, such as a

greamsters (faltegingand pther 1emplizatighk ect bandwi dth of the

li ght \a3Qi4 3 t liScitlb s GhsSs | ;
Pat ent m?&%@ﬁ%%@n%?&%ﬁ%m;égé%&t o} B%lttéirnnvgéég?ngtlh. Segﬁtlon

Whticd? tlenR®@Zuch hea dispersive grasingnbancilsaaffedi bardyidth of the light
i ncorpqrated by ref.erence in. e t t,.of .

BAGEr PSS b S aT S blen N SRR S fnspeg o
BaSEY &tlal rOPhl 02l 2682 R Yonfeatsfivittith aftthePetyEaddrporated by

expander including one or two rotatable prisnms in a

réterenemheroin. riherabainacs of Bastina describrs ajunahlp taser inglyding an
L R N

ang rtatblel prizhiidn adinefnatroevifemodgle td hejust thp Basdwidth. The prism
el ement i s not changed when the magnification h?ggedst. ch
mnKed to €a

Pring cxpanslstie AR tha Ressused. afe Aipclosed todn mechapicatly
LIRY S H*t%hﬁll.?t | lecmhéitaﬁxg:%%rfw bMRY 61 BRHispeRivaBlnefSis not

bandw Izl ng
changed when the magnification changes. This arrangement makes it very difficult,

if not impossible, to control center wavelength as well as bandwidth utilizing the
rotatable prisms. In addition the bandwidth control system using the two prisms
operating in tandem is quite difficult.

GigaPhoton is believed to advertise a product that performs E95 control
using some sort of optical actuation. Japanese Published Patent Application
2006024855, published on July 9, 2004, discloses a variable magnification LNM
also, with two rotatable prisms and the use of a differential discharge firing timing

between a seed laser and amplifier laser for bandwidth control. Such an
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rotatable prisns. In addition the bandw dth contr ol
systemusing the two prisns operating in tandemis

wa@iosa2mpd fi cult. G gaPhoton is believed to adreT/Usme8/804598

product that perfornms E95 control using sone sort of

opti cal actuation. Japanese Published Patent

Appl i cation 2006024855, published on July 9, 2004,

di scl oses a variable magnification LNM al so, with two
rotatable prisns and the use of a differentia

dirgagraneyd nfakes Hlifficnitnig nbeinmesible, wewatrobeanteravayelength and

i fi.er .laser for banpdw dt.h contro SuC .
ARG LS R prisBls. R Gl g Ra Ry st dlviQRA ip goch a
lsQstérthdyOhave@BFt&in shexedsings.h and bandw dth using the
prisms, and controlling bandwi dth with dt MOPA in such
B syt Rytalkenom b 2137 asnbeationsillugzatesarcEos bandwidkiugontrol

h

f . 037 pcati od Ll ustr at E

SuPARIRE Afucrbl ThE Bt g etsal R ieimRas File agwatgr to
Cohtr QIR badwitith ha3G runBer 6 advantdpes, 34¢1UdhES (1Y theGRBsufiment
E95 bandwi dt h has a nunber of advantages, | ncl uding,

©Of Eo4 anel the aleange o Atvmcdh B9t eancoochieorcitong e tesfs-dbepmiyes time scale,
both can occur on about tens-of -pul ses. tine sca

7 Sttt Sl B P Blowige ol bR i B SRt oo
héjektidnt 8 EY)GNe Qxi'aﬁlhldret}aﬁ%‘e%ﬂ RhRGbA Mhrg%%oﬁ%i td he
avai | abl e range of actuation is |arge enough to

atteruatedsupbLasp qep of bandvadth deviatign dgingttarggted; namely laser
' i | .the hiah
PRLR0 ah8UHSighr RATERY AR oA SeiE Diticis T} INeT

exi st iThg ekisfiag tffes o€ hétive Hanaevdthl tontés) thh ehffe@afors Wit@iber of
froma nunber of shortcom ngs, such as taking too |on
SROHCOEyDLY: suehots taking toploag de tropyerdEom @éﬁrgséhsgurbance such as a
' . a-f i i nj i On: h
e E Eler TR Bfing i, Bl R h i (el EARL A TTOSe
icould@andef thé agbiidiiytogs offl edigaHy-aS machew pShdecdmilesiag asan
exanpl e a 55 shot noving average or >6 fm consideri ngi1
gsamgpleaddnghob mevBR aykeeage b vh A, sensileaing ag apietmple a 55 shot

added i.n guadrature. eturn to the [ ge | d
AR Y ERE QAR aa o ' el e AT BR R e B e
ehdry tilenaeesecoadd. ar get change, such as from 300 fmto
400 can be too slow, i.e., taking as I%gg as about

t went yn §%&ﬂ@sese?ci41%$filquma tasestabangs, sugh 35dTem 300
0 15 o SHERDS o SR 10
fm down to 290 fm taking as long as about thirty seconds, when the requirement
may be as low as around 10 seconds.

Among other things, errors can result from a filtering of control signals, such
as a holdoff of too many pulses before a controller step signal can be issued to a
bandwidth actuator stepper, such that at low duty cycles where bandwidth may be
sampled less frequently, there is a much higher chance that step commands will not
occur during a burst. Since the stepper commands or the stepper itself may be
disabled during an inter-burst interval, burst to burst errors in bandwidth can thus

build upon each other, with no correction signals issued to the bandwidth control

actuator(s).
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Among other things, errors can result froma filtering
of control signals, such as a holdoff of too many

w@miosas7shbef ore a controller step signal can bePCEHEIEAS/004598

to a bandwi dth actuator stepper, such that at |ow duty
cycl es where bandwi dth may be sanpled | ess frequently,
there is a much higher chance that step commands w | |
not occur during a burst. Since the stepper commands
or the stepper itself may be disabled during an

i nt er -Bsior att biandwidila stabibigy eentrads ¢nablad the sesting pfa bandwidth

bandw dt h .can t hus i.ld upon h qt.her. with no

SBP PRl BumC sttt End Bloeed B nofk ttE el calt fora
AatabRS BndSidthsetding abAtrSIRIbEtHe entlakéd dftthe BEeH1ighk Source. It is
enabl ed the setting of a bandw dth control set point
iafpogequiredtha th@bg@?%dﬁm@rrpl fastean Betnaggyaly impact the control of

r [ . I I i et 1.l

B B SR L i8S, R BB Btk dYond dose
stubilite and thellikeal so required that the bandw dth control
system not negatively inpact the control of 0

| aser ‘e dendyyidd} costirod as pmpa%lt%?lg,usgmwaa@h@%ﬁwe
%gin fal g?ﬁ{eqxse?%f)ﬂaﬁ&% catidPhid inVeodtindtle M}Ifsthefﬁéddgﬁcéth

control as proposed herein using a varia
aprtrellacaacors bastedrions adventdges everthe artadthe opties withiartble cavity

SSTP. et AT BLASE RanE CLA.CEIL 5L BEI4ALRRR 155 o

@aplifiér SANmRRipld BRnghi ﬁger%g eBWRGE @ptifal MOHIREY is most severe.
I | e chanber or 1n the anplifier

parthular y In a single \ |
dhexariable aperture Haegmbination wigyethemciasors capbg eidher a coarse or

l.oadi.ng. i st _severe. ‘The variable aperture, in

éo 9H§F?§ﬂq%T9W“§?ﬁg§“§ttuators can be either a
coarse or fine adjuster for bandw dth control. BRI EF
DESCRI PTI ON wi dt h
control devi g@‘ﬁ?@?ﬁmp@%ﬁvﬁlﬁwgw

i | | ustpigt eshévsh badbiiath donpes dévick Eisenstakyesuragd
magni t udes, according to aspects of an_enbodi nent of
t he difd6t & sllustratep distyrbargertypes and imescales\pgd magnitudes,

%8&‘?@&% itﬁ Q%_de}éts%'i*% et B ey &E@l&&ﬁ@h@g?ﬂﬂm&&&?t age
gas di Scharge | aser system having a vari e

magni fHIGaB shows schematicalyvanagn vbsblt dagrank fdith hendtitstagle gas
flrgng Ei me (dt A band#ﬂdth cont r.ol .accor ding tod le and
iysbree laser teanppdPaB NRrgHe Icatipn dag nagpyipgmodule an
drEftial firing time (dtMOPA) bandwidth control according to aspects of an
embodiment of the disclosed subject matter;

FIG. 4 shows schematically and in block diagram form an embodiment
having four prisms and a grating, wherein at least one prism can be rotated to
increase/decrease beam width and thereby alter bandwidth, according to aspects of
ane embodiment of the disclosed subject matter;

FIG. 5 illustrates a laser control system overall architecture useful with
aspects of an embodiment of the disclosed subject matter;

FIG. 6 illustrates schematically and in block diagram form a representative

laser system “plant” to be controlled according to aspects of an embodiment of the

disclosed subject matter;
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FIG 4 shows schematically and in bl ock diagramform
an enbodi nent having four prisnms and a grating,

wob@sarTsoat | east one prismcan be rotated to PCT/US2008/004598

i ncrease/ decrease beam wi dth and thereby alter

bandw dt h, according to aspects of ane enbodi nent of
the discl osed subject matter; FIG 5 illustrates a

| aser control systemoverall architecture useful with

aspects of an enbodi nent of the disclosed subject
mat t e FIGFY @lusgates Isclsmagically suhimnhd o¢kedihgramafodmi abandeddth

diagram form a represent ative .| aser st.em"plant” to
SRR perrdind 10 B5eER Y P omiButRl g el aert mier
the diG| @ sIRctEtRisedmARME Andin®lock dihbrast forh@a shot smoother
schematically and in bl ock diagramform a bandw dth

eernrdige te pspestsof @h smbodinagns o€ the disclessd subioet mettar; of
the disgl i =t g
Schemticanty A PR e Bl ek Gpirati b6 deadband

pstedekis blaukaRtohdivg thaspatesft s éfiboiimemniaddhd1@isélosdd subfect
di scl osed subject matter; FIG 9 illustrates
§&fmtically and in bl ock diagram format a deadband

hyst eﬁ%; ’g% Fhﬂ&gteg&gféhﬂitiwl &d%ﬁ%%sdi%%aﬁ“ﬁoﬁg?&dédﬁ%i mode

of the ose ubj ect tter; rates
selbetonpsdcordihy toaaspedtsn obhmwembodiagnaof the disalosed sudsjéat adatter;

T ST T S N
SAIBBARINE NithYprRA dnl aleRARkK v@iv@lgﬁ%\msgl%ﬁ@{ m@¥or according to

enbodi nent with prisns and a center wavel ength
gspetstaf an embodonend of theddisgjoted subjpetonattasf§ an enbodi nent

of th i scl.osed subject tter; FIL.G 12 illustrates
on £ S TEuREEHeS R g bt Fontp! durgor TR Ab e
13 i1 lppgt{ ?Ilﬁ@trét%@@%ﬁé%ﬁhl‘fl)y a Yar{4lé ﬁﬁhﬁlﬂéﬁﬁ&i fﬂrllxgﬁtdce&ding to

LNM accordi ng to aspects of” an enbodi rent of t
dsrectsod ed emblodiznent wi theatisclgded.sulijécti hattest r at e

por ¢ 619 BhMFAE s Bemnealty s BTN BaEtaft b et
tﬁﬁérhﬁé bindwidC&ngton Qctﬁ&toﬂ@:@ﬁﬁblsalﬂﬁoritg) KBTI SR Usp&dts of an

e disclosed subject matter; FIG il lustrates
smbedimant af thy disetpsed sejertkmattesgr am f orm a bandwi dt h

contr %&(gsi’ssflﬁﬂﬁr%‘ég %‘%}%@9"51& AR ek UiadmTIRR A IR Aidth

of the disclose
control system according to aspects of an embodiment of the disclosed subject

matter.
DETAILED DESCRIPTION OF THE DISCLOSED SUBJECT MATTER
The active bandwidth control according to aspects of an embodiment of the
disclosed subject matter has as its aim to control the E95 bandwidth of laser light,
utilizing the same or similar input signal(s) as previously used active bandwidth
control systems, however, with signal processing and actuation mechanism(s) which
are different. Accordingly a tunable advanced bandwidth stabilization “ABS” (“T-
ABS?”) is proposed to control bandwidth to some target set point, which may be
selected by a laser end-user or by a laser light utilization tool control system.
Control of bandwidth to +50 fm or less (for constant pulse repetition rates or

other selected constant operating parameter) is proposed and with an error in
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matter. DETAI LED DESCRI PTI ON OF THE DI SCLOSED SUBJECT
MATTER The active bandwi dth control according to

waspearm9nf an enbodi ment of the di scl osed subPE@TUS2008/004598

matter has as its aimto control the E95 bandw dth of
| aser light, utilizing the same or simlar input

signal (s) as previously used active bandw dth control
systens, however, with signal processing and actuation
mechani snm(s) which are different. Accordingly a
thandwwid¢h afigraateethab &0 dmi, thersysteabislableab iretnrt' taBBe set point at

T oBA B o 8t PR s B Ejmpacted o

@ﬁiﬂnh'ﬁ@r mﬁfacéeu whilea®8trol bﬂmndblﬁdth iZmldtRdt thAPA taf %&Wchﬂige

system”™ Control of bandwi dth to 50 fin or less
m@t(ém <5 s@ns@peng by evayrafte@ample apthehot mevingtavgrage

SRR ARG S R B Bl s PP AR et feiftion

ivehietbin@y be ad@édihrquh@rahbe) s&icop@ollgarith@riat eflidchanions
equal to 0.0003 fin/laser shot. Center wavelength is

handwith actuatar eantiol sicRBTS Jor hasdwidth selpstion (cearss #nd oy fine),
Loy <5
Rt telidt heh iRhhl A Aal ARG mERABE NPV
dandwigeh varel agule (FBWEM™) anlskasbarfabysis modde (B AND), aas
55 shoé noyvi ng standard devi ati on, which nmay be added
dl‘?"lji?& hsielite). A control al gorithm may utilize

vari oys pRanavd £9s g%héﬂqg QAbeLOMctdin zlﬁ-ﬁée?g}ﬁsimgﬁ’tr to a bandwidth

bandwi dth sel ecti (coarse and or f I ncluding a
vantrellegicedBCD L art the hikki BEDsthatontlnde amtbghanism for deforming

th trol dul ' "), .a.b
e et el AR g a0 SRR athetcting tr fardpide STk
Bagsybethe Ber BhlBlirdeSard Sl kifd viEinGhéThri © Bafd il Ed iRl tan be
to a bandwi dth control device ("BCD'") or the Ilike.

B@mnnlﬁ»h@d with|thejaimyonsteying o mpagiculpssilerif a3 CR@pewmting curve,
sct a‘J‘vﬁ’ A‘%h? ﬁ{nﬁcﬁldg ?r H:?t oaflﬁ%hd%'lﬁ é@%ﬁép élﬁ?ec Gk Flﬂxs‘nj&?ed in FIG.

well known in the art. Bandw dth control can be
acconplished with the aimof staying on a éar ti cuI ar
A

si de dYPPAcEtDhBysRoled Hgt distoybances hmay be chiBepTia b dme
SHE o} Benilt Al Ryt R g papapeters a B

ustrate egl I cants have
tasdwidtg as d usB6teduy tHeechaettof §dGi 2,ed elplaired i nmoee detail in United
States Patent Application Ser. No. 11/510037, entitled ACTIVE SPECTRAL
CONTROL OF DUV LIGHT SOURCE, filed on August 25, 2006, published on

August 23, 2007, Pub. No. US-2007-0195836-A1, incorporated by reference herein.

(@]

As explained therein such disturbances 80 in a fine actuation range 82, such as
energy change or higher frequency duty cycle effects, or coarse actuation range 84,
such as lower frequency duty cycle effects, gas aging or component
aging/misalignments, may be accounted for by bandwidth control actuators either
coarse or fine or both together.

FIG. 3 shows a multi-stage gas discharge laser 500 having both a variable
magnification line narrowing module and differential firing time (dtMOPA)

bandwidth control. The first stage may be either a master oscillator, MO, and a
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scal e and/ or magni tude by which they affect such | aser
operating paraneters as E95 bandwi dth, as illustrated

wo pooshersehart of FIG 2, as expl ained in nore Ber/asioos/ondso8

United States Patent Application Ser. No. 11/510037,
entitled ACTI VE SPECTRAL CONTROL OF DUV LI GHT SOURCE,
filed on August 25, 2006, published on August 23,

2007, Pub. No. US-2007-0195836-Al, incorporated by
reference herein. As explained therein such

ditbtegnéistags n8§ tiern enefpase paweanplifiery amgdti-pass poweh anwlifier, a

hi.gher f t I ff .
P ED R eI nye 2 g Sien s SFBYer ApE atoney
Hioh 8¢l RioAfoeEt $n a SRSnAfte REVIRS actZRBABAMplification stage.
agi ng/ m sal i gnnents, may be accounted for by bandw dih

cont r din ¢ of suchiatlaser sysiem san gclydersomeyoriaditaf the
t LG . h yl ti- " . di
BB Al bR in 15T 3y Bepp @l i3 setPRicl: B fponents

RRGWO'W RIG.ogulude avdrighlé heigaificatibn tihé-nagowingemodiild/BFA)a first
bandwi dth contrqgl. The first stage may be either a

68 EharBlei IR ot Brst stogs oulRyt ertpls offchiming apcsmiipahean input
Qﬁ%?l@?‘}ﬁ) BRUEInd3ERe Icilhl?lh‘:r A2 lbbim RBfRer 1WA bandwidth
a Ifier, a e

a power- oscil[atof or ravel’i hg wav
amjaburtiment modiile 336 ang a\descharga gindng toritrad modube $U8. cChhe seed

SCi tion occurs in a resonance, cavi actjng as.an
o Hﬁa A7 PG A 26t dEharg e X B pUglcoudt Hlorifcendh Yrhasan
o&", KRCKrd A FORE oPthe dikle 18Er.{ TiRest HRQE MsSrsHROMbAR for use in
FIG 3, depending on the configuration. The conponents

photatitiograph@praessing aflwaters/tarmaltsl ssmieqndutioe girewits. The seed

L i neznarrowi nodyl e, 502, a first sta hanber .504

Laspy 3 may el 2 QRHCaL Y o facksis BepreRith, fip parEawing module
308and theadutpiRBlp16LSHY &d p’i&@uceaarﬁﬁfgﬁnd Th ABH1iERAHRRE 512 may

512, a beam splitter 514, a bandw dt h neasur enment

gsgliedhs s@ddasgr guipntibrenehaelay ppHgs aaimornh0&annd|t) agd 8.

. 4 [ [ [
ABPUBGRE HerREd J3cko N D By 988 LR TP BuGHE! [ baRlawiawn
,li(?ﬂdt_r,old_g?' moddle 6_16,idsﬁs {:vafl _ekhﬁwiﬂ Fmeﬂﬁ dry/ o5 nﬁﬁs_dra&&][l&na?vﬁith ofa

nown for use in photalithography processing of wafers
{85eheBus & BN lzﬁn_dwfitb gqpgureinsat which crn B MY #ray
@Sﬁd\{r‘i%ﬂ?ébn%gbfé‘ié G ’diﬁéﬁg&d%l&?}ééﬁ%@ skp¥ate Afts, to
narrow ng nodul e 502 and the out put coupler 506 and
genatate@ mndwidtiatror ddepaetad 4 taegetisetpemt. SDXTerantial dioeng enay

SRR B e S B ot S i,
produggy a dR%AM posSibRIR AN It JNELAANGIMARAG center wavelength)
actuator mechanism (control authority) having four prisms 520, 522, 524, 526 and a
grating 528. Prism 520 may be mounted on an actuator (not shown) including a
rotational motion mounting, e.g., a flexured mounting (not shown) so that the prism
520 may be rotatable via a rotational actuator, such as a stepper motor (not shown)
and/or PZT (not shown) to increase/decrease beam width and thereby alter
bandwidth. Prism 522 may be left stationary or may also have a rotational position
actuator (not shown). Prism 524 may also be mounted for rotational movement, as

described for prism 520, for example, to finely adjust center wavelength (e.g., on the
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nmetrol ogy nodul e 516, as is well known in the art, can
nmeasure the bandwi dth of a |aser output, and provide a

whanduedbh neasur enent which can be used by a bemdsiods/bnasos

control l er 516, which as discussed bel ow, can be

separate units, to generate a bandw dth error conpared

to a target/setpoint. Differential timng may be

adjusted in response to the error signal t o adj ust

| aser system out put bandw dth. Fi 4 shows a possible
endss oif femtomster chbagesii Brism 02 anayeaisoche seamenrtpdthgoarsely adjust

SFEP SRS B08 I WG e ROl Oy Do 520

-y be&igouniasrass meﬁ@huﬁtyoa p(mcme sibvtimenn 6f Hdiaﬁ@wﬁlth (and

rotati onal notion nmountin a flexured npuntin

cerfer vayelansth) agtyator ﬁwhﬂlﬂlﬁ@nﬁCBQ@Oln‘ﬁVhw} Whsreim |sac}v AR Rmax
ik %ﬁb %ﬁ?l its % %O% uchs 3% lakxfbt\\ﬁ]oﬁle{he% ®r B Ghser system

shown) ‘an homn) 0 I ncrease Crease
eemter waddélbngh delettdore yayabbd wtilided nodoldithe eXfsanded b&in raying out

56484 P 5 ORI ST oIS EPECTALS 2N e Sppay be an
gﬁﬁ heed ZC%Qt'ir%g:) A 8ideP rﬂf‘lutlﬂE’é’ ﬁ{EE&é)anééi fedt iR GsfPE5SX expanded

exanple, to finely adjust” center
\baamal eyt mirerg540 omyt he arseidri nn ofart €ort cenéerewavdlemgthsqontrol by

T O T b A
ff@lﬂir@gﬁﬁﬁbﬁ) knéWa - inldhel bll'tutﬁf-:ﬁ@éleés s&beaRt | atdeyYal fine center

possi bl e enbodi nent of a bandwi dth (and center
wweleeg@t dontrat pn & singleeartiigal slnm(ento mer aitilizingHa eppgr motor (not

B8 S 52 T80 TR PRt RS comr

wtel%hgmmitmgw notldesbdven, InRymbenativhl wmath bentéﬂ Ivéhvelength
t he expanded bean1con1ng out of the_beam expansi on

SPRERh 151381, SHEtoasePTéa b7 %gthsB&AxmgogﬁéQ Mgy refam sugh cpatrol of its
l%llﬂ qgl@‘ﬁ&gtogfh% 4%%%9%(5] épgﬁ 120 orﬂ d fifte E&ﬁr(ﬁﬁgﬂﬁggT stack

m such as a eam e mrror
Paﬁd wmse dmipfoyparyt stépper arotoe comeol | Bregdenter ommel}:lngﬂycontrol prism.,
i nci dence qf the

deternlnln n angle o ea t he.
greht %@n%lz %ﬁ/ﬂ?@‘i for gparge epatre] ragdlzheo&w m-;g mjror 540

S TREN B@ﬁseﬁ%r ﬁﬁé’receﬁ&? a9 cRAghIORGIC BPYiRE-vaRY el engt h
control on a single optical elenent, i.e., utilizing a

st eppdn thotlatter( embocbtrmm;)thﬁdPZEcsmckeme}arher oliminatedn apy only a
stack (not s for e a ast.center wave t h
SlsRprano B o5 Hpsuhe R b oG eah e ol i eleneth
\WBNebISRetile e dentr Wﬁ‘l'éléﬁ%ﬁ ld:@ﬁtr@ls msmﬁl%) usdd€oRIVA center
mrror 540 may retain suc contro its ] )
wavelength selection. Alternatively, each of the pnsm mounts in the chain of prisms
in the beam expansion mechanism may have an Ryax-like coarse and fine control
with a stepper motor for coarse adjustment and a PZT stack for fine adjustment, or
the coarse adjusting prism may be controlled with a stepper motor, or the like
mechanical adjustment, and the fine adjustment prism(s) by a faster and finer control
actuator, such as a PZT stack.

Signals may be accepted from laser hardware to indicate the measurement of

E95 bandwidth from recent laser light. A controller, such as shown in FIG. 7, or

portions of element 502 and/or 518 can then process these signals through various
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angle in relation to the grating 528 or utilize only
the fine control of the PZT stack and not enpl oy any

wat@ppersInot or control. The center wavel engt h BONMUSZING/004598

prism, such as prism 520, may be used for coarse

control and the RVAX folding mrror 540 may then be

used for finer center wavel ength control, or

vice-versa. In the latter enbodi ment, the PZT stack

may be elimnated and only a stepper notor used to

gutering odeat bandRNWAtefresislanbsméathiog, 4ok cap paodise @s output(s) in the
vel engt h con [, while t center, wavel.engt h

J5E PEF SRl sn A dfaE abt R ¥ S s gy v

leRathpleNmodink F ARtdrvil ¥ m&hahicall andn® optitd Rofpehéri(s).N The

the chain of prisns in the beam expansi on mechani sm

Fagvement ondistrm ofisack sempencnt@) ¢am eause archangeintiPsa

itgﬁﬁ"?ﬁ"th r{g%ﬁ%ruc% nen&aglf&f(%dj ust ment and a PZT stack

ne adj us € coarse adjusting prism nay

be corhHeed Ay beistheral somtrid@fiod¥e] ok exahplehButl ndt@imited to, where

mechani cal ad%us,t ment, and the fine adjustnent .

ishere ¢ a1p mogniticationepontro exerrasede b e varaable fpagnificgtipn LNM
.a.: 0 ' | .

Rar QS tap LAY B BPASn) hi conrol

fdueno rextiable magmfichtiqght“In Ahisombde)| there, mayidie tveo stilpmiodes, one

in F or porti.ons of el epent 502 and/or 518 .can

othste GMORAS lasRe SeniBe g dios sh gB gHrevay (G0LP] PREBiAG: and one
ARADHNIOP ANY i 18 iy BoritFB BuhWiIth. and can produce

an output(s) in the formof a command(s) to an

act uatlorg scond anagraficasiont dnivarsmode vamailé omagnaficatioy iggajso not

of exanpl.e i ng _or di.stonting.a, mechand cal and/ or
SRR diinghlin SYadm Stives hocvatible pagnidicalon & Safie selected
SHRR, ForMmeeaaple( ) aCaaxhALEE saclE 8N@e45X. ESS thRnsbvodd hvariable
to reduce bandwi dth error. There may be several

ceagnifinatinn aeosle fpop fastaYIQPAgiming grode; th eaergy @nd \Wiweipg control

e
eigodrevtn t9Ca tdledted value sushms thenpalt SHNmbgicivatilto) is varied for
SRR 5 L S0 TR i S8t i e
tu%ﬁﬁ‘gmlgﬂ(fPA‘ Rhhil¥ ﬁ?edmﬁgnsjﬁbétﬁﬁf ilé Yefd? teg%‘? hsﬁ%ﬂr?%fﬁﬁéa'ﬁon? nd

one re dt MOPA 1s ed to directly cont
bandwiAltdthermagnifieationdontrghinfode adydre enploped mhedre magnification

(SRS ey PR R LN B en
$6lc6lds noted above, based on a target for bandwidth. In this mode of
magnification control for a first dtMOPA control mode the energy and timing
control algorithm sets dtMOPA timing for reasons other than bandwidth control,
such as, laser efficiency, dose stability or the like. Magnification is selected to
achieve a selected bandwidth independent of dtMOPA. In a second dtMOPA
control mode the magnification of the VMLNM and dtMOPA may both be selected
to achieve a target bandwidth, with one used as a coarse bandwidth selection
mechanism and the other as a fine selection mechanism
The system may be set such that a deadband with hysteresis arrangement is

utilized, whereby, by way of example, control only turns on when error (absolute
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val ue, for exanple to a maxi num such as to 45X 1In
this second vari able magnification node for a first

Wa@ledRRZY5H9 m ng node the energy and tim ng contPOI/US2008/004598

al gorithm sets dt MOPA and nei t her dt MOPA nor vari abl e
magni fication (apart from being driven to a sel ected

val ue such as the full 45X magnification) is varied

for bandwi dth control. For a second dt MOPA tim ng
control node bandwi dth is set using dt MOPA while the
vatpe) teiatmta brgeirlgutwe deadband, agd turBxo i1f grocatretums to within a

S onfFRiban A bAtRE ARG fiiRne B L P sV R such as
%ﬂﬁd\do@ﬁdﬁ lﬁrﬁﬁﬁlﬁﬁéﬁ 1inB&fhE nGaibe PHf B RRostE}RIn BRe direction before

sel ected, as noted above based on a target for
wamgm@fiﬁecnpns t i addptinnewish abapgdwvidil terged shangs: theisystem may be

Sohftbuth MR Sy @%%M%Bﬁ n §056 Bl bl Blen duy yele
tshﬂﬂad)HhMbﬁﬁsha.t SonDIy for, Byohay @% cxdmple; a &00 pulsebaryt length
dqse st atb/lgllelﬁgi%or the like, Mgnification is selecte

tulese 8 pREeetor Phntiaernny depispleht TB#S r%&yn}m&ﬂtter
G t RGN f

R SRl L PRI cbRlro RABE AR, B AtE

tar getWhantliwﬁiiltemd hantlbvlctthes agside g deadbrnds ﬁlelmntim]lcitmay

selectl chani sm and the.other as a.fine selegction

e S FHOPeo s U g T e Py Ho SRR
%Eﬁtlbﬂﬁéﬁftﬁ‘éd&dﬁaﬁ@mﬁ&s I BhidlEdrticd @Habl¥ AR dth R¥ntrol
way of exanple, control only turns on when error

eelvetor Geedbadk msitiondnisiatian camgwnd dssuancedSthehandwidin Gerror

turns.of f ur,nNsS,.t o, wW.thin IIer/|n er
e A reathl Bin 35 Blanatite” 1B SR e Vothtl e epts cBhinh
e¥phrry e dithe bahdwRIth\(dridr 3ighal)ey lekd thiah tiee leMiﬁheﬂ deatibar@fvalue.
t he nunmber of m crosteps in one direction before

&Hheryisegthel pysérp idgessnotchangedhe P@qﬁerwcmmamﬁaweﬁ state (enabled
f
R L R R S e R R
dyvelimnes dediband Laluse Cmrtﬂberaﬁorﬂ%vﬂﬁn the bandvyldﬂﬂ‘ytrrof) 51gnal is
| e, burst. | th, whil f
irtgmredi ﬁ@éioeﬁéfa"&flgmlf he¥igg ?ggﬁﬁ (il Tolomifrm & bigh alue, such
R ui)blmaﬁtr)i 1he BB i ua itk kbl edMheh W:WS%leed unt11 the

control to specific custoner requirenents. Wen
foandveidgu(ebran sighal) brassesdlr bivdimnehdeadbantbealue andn@)mmand

iR b om e o S ifar§ o forag om fesh Thah R Btinger o1,

Aeaibahd Qalde dheAebrMbNd REuMSe isldisabléd) BHi§ AincBAResins disabled
bandw dt h contr ol
until the bandwidth (error signal) crosses the high/outer deadband value.

The size of the deadband can be selected to trade off several performance
values, such as reducing jitter, total speed of the controller response time to
disturbances, and the magnitude of the allowed bandwidth error.

The system may utilize a function generator, which may employ a rich
feature set in order to, by way of example only, command a bandwidth control
actuator, such as a stepper motor, to arbitrary functions of shot count.

Separate hardware and software “gains” may be used in the software (in

order to facilitate hardware upgradeability).
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actuator feedback position/initiation conmand i ssuance
if the bandwidth (error signal) is greater than the

whe@gh/iioisver deadband val ue, and di sabl es comaPdI/US2008/004598

issuance if the bandwidth (error signal) is less than
the | ow i nner deadband val ue. O herw se the system

does not change the current command i ssuance state
(enabl ed or disabl ed) while the bandwi dth (error

signal) is internmedi ate the high/outer and | ow i nner
dead baéndontailleeholdbff rodshalso hou‘dkizedvdueh tltahdaybmbdmﬁ gkample, no
I(li’ q|ior nal |S|nterms

O hin <SRRGSR b ABEH TG RO AP 8! e laft of a burst,

tsﬁéﬁaslmﬂlﬁn%@tshbftstaﬁ't‘ér m%u&s%suance was enabl ed, then
it stays enabled until the bandw dth (error si gnal)

c r os s ddetthrse basit pperationfeefthe handvathecontrdl systemnmay b

PR RE oG PRRP BB T v €A LSSt

pB&déadi rria odbwrahl ddry §Hait $a $Hob BEing indiedted by LQX!M apistes).
untll t andwi dth (error signal) cragsses the

Hagdwisih wg@@amomwe mapheecyT whentheihaadyidily tasget changes.
b
can DVRGLSE! 80 1k A8 0Ly B AR FREATE FANEE) s

W%Feﬁgﬂ(}jlafataf, gaghoassan 4 shoe-byeshdi bdsis; Bl pescessingl ldgitemay be
nitude of the_ all oped bandwidth erro The s e
|PE orped. j lpputsignaliomay re garred i byine aphet amﬁcgﬁpﬁﬁ algorithm

%efrg)%qgs ﬁfﬁt' t nggﬁ(ﬁ) ﬁgtﬁate e f@@MtSCiBtoetﬁ@%g skt ddta

actuator, such as a
se®pqheA tandwidth agalgsibittodale(“BAM’D) stavss Hgnad oty teautitized to

e S AR R R R e R
Fﬁélﬁdﬁa el attéinpttERRéH Gt bed oPOtheavibéRYaRd Band¥Wdth data.

ilized such that, by way of exanple, no bandw dth
st eps Thiethahdwisltls eoritegl Systemisaeh af ormﬁrslelgymg@ bailndm@bl cgptrol
tart, of a buyrst »
af G ptn 2 JardbiS IrefitiFduST Ut MGhRR OB NI, may
e ekt o conichiele bysdveidtybiliey peavitlin seitle uslbdstgd bandwidth,
bandw dt h act uator such as a variable magnl fication

shgh assabrut 558 dms 63)grhegl AnEQE AN bﬂncws#y %’Hzﬁ selegtedifggget or
cl% E‘?ﬁg‘é h{)]érj%eg%gegﬁr? géy rsray oslé cur @hsdgrq 3 t E b a n d eﬁ(f ﬁﬁe%%\;eéeer%gth
clabiliye $s mitheaimade sudhhes, hae aging bandwidthed¢amngl Wjithahabarsivadth
nodul e ﬁ%LAM returns

vel th d
BRGHIOE Ao ThsBpte Thaha Fb L BOLFrIch 3470 Rpetditichal 55-

shot moving average wavelength error, and no more than a selected value, such as,

about 6 fm additional 55-shot moving standard deviation in wavelength error; (4)
include a deadband with hysteresis, that can be used to change performance; (5)
prevent stepper motor dither so that the stepper must take at least a selected number,
such as, about 16 steps in one direction before steps in another direction are taken;
and (6) provide for bandwidth target changes, that can be achieved within a selected
time, such as, about 10 seconds, given, by way of example, a minimum shot rate of
200 pulses/second ( for a 4 kHz pulse repetition rate laser system).

Accordingly, a filter may be utilized only on bandwidth updates. In between

bandwidth updates, other functions may occur (e.g. step smoothing), but most other
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performed. |nput signals may be passed in using a shot
data record. The algorithmmmay performits

wa@eowut®Ebd ons and popul ate the results into t hPCHEARE08/004598

shot data record. A bandw dth anal ysis nodul e ("BAM)
status signal may be utilized to determne if new
bandwi dt h data, such as E95 bandwi dth data, is
avai |l abl e. The system can then attenpt to filter out

bad or otherw se invalid bandw dth data. The bandw dth
domitioos depesileom theiGilterd eone Sogpiiy ang ibthiaisdwt dhdnging, other

{ h {
PR e s W G, St The Rl Gl Fed tadwidih
(c%htr@cdﬁg&iiﬁmmlﬂédhsﬂgapﬂdPA Yindifg ot aild BWStepper mode and
sel ect ed bandw dth, such as, about 50 fm (2) correct

aksoattilise 2BV istanpet motor fuion scasretoriplnybaslgand provide “reset” of

%l nter asehsneelrgct ef;lcalr%te such as, about 0.0003
GF; ‘(% ensur &hay é’l ehgt h st abi I|ty i's

mai Nt Bamddidi taBetafiay bORsquitsd tocHaapelwittimhsoinnieletediirhél such
t he bandw dth_ actuator allowing no npre than a . .
o6 abou D sespuds: Wavelength sbility may nok beirequigd to bgsin spre during

TR DR DRt NSRRI Lok o R i PP R R o

movenyy its fastetarate. dEhe algodthni mayevminendithe seppr to (bye in the
(BT 561 BRI ARHELI B b G 8 SBBUF SHBbgy When the
%éa@@&d %Qn&\pﬁ“h fsnﬁalstth@ @Q@Et 'pd%ne{tﬁléﬁl #e d18&3thrPmay use

sel ected nunb such about 16 steps I'n one
dkinpwtddgo of ﬂefhandwsttbpsrsusrs‘apscmc aod pesitiom sensing af aksalyte

sl derlobtianing oo BRebPLor 1R R e e Tre”

RAGREsh. gl ven, by way of exanple, a m ninum shot rate
of 200 pul ses/second ( for a 4 kHz pul se repetition
rate | aser systen) Accordingly, a filter may be

oA B O B BRIy

steed 84100 tﬂaﬂlmhg tHiHJﬁutﬁmtof@hditg ] ptreoént@aﬁd\dmle stéppmg ahihe
filtered error. en and if this is not .chan

eEBNESHia Bl ShasalaPf Thedhigst ShamEs MAd6ASTRRIEd (Lha. then
E%t e’ﬁ%ﬁ% §13'~Stﬁe HE@% oL EDS t%{k GO CdhofbaeH loh TR dback

usi ng g node and BW st epper node
aodtrall to = Ut The total auBibhes o Elppewidthtstaps teitake ioarthis shot may be

enerator/ a back, and provide "rese of , BW,st e r
RmpyEatp B T per oL RSO At & PRI FpEor
rxﬁéBﬁhﬁl% ::fcﬁlaﬁbﬁ‘ Qﬁﬁe%iﬁ Lulth s QB aBIR r84neik dtioABrismUetatidfal

about 10 seconds vel ength stability nay not be

rstapper tekqual the numbepastaps comgnanded based on eedback control.
The algorithm output may be updated, such as, if the absolute value of the

number of microsteps to command the control actuator, such as the variable
magnification stepper, is greater than zero or if the current target change state is not
the same as the prior target change state, then the algorithm output may be set to 1
and otherwise set to 0. The algorithm output may be a signal indicating whether
new stepper commands need to be sent to the controller for actuating bandwidth
change to reduce the error signal, such as, to enable or not enable a BWCM,

discussed in more detail below, to generate a signal to update a bandwidth control
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bandw dth target changes. A target change inplies that
the stepper may need to nove at its fastest rate. The

w@abk@enttshm nay conmand the stepper to nove i n PEEUS2008/004598

correct direction at the fastest rate possible, and

then stop the stepper when the neasured bandwi dth is

near the target. Alternatively, the algorithm may

useknow edge of the bandw dt h-versus-steps curve and
position sensing of absolute steps to dead reckon the
awchasmaatiaton steppdrebe steppeaamytte fachivanable maghidicgéon LNM
Qagdmﬁdth. If the nunber of shots fired in the current
BUIAURE PUSTess than or equal to a stored val ue

i ndi cayhéida fa?%et RHANRY s AbtesB ! the higoRfHRAY 82 détamsine dinbw
stepping at the beginning of a burst, and if the state
tracking errar based ohdhgyeurrand éiltersdeemmeb) previpus bgndwidibtanghts and new

St e et the-nunher of, steps t f or i S
SR MR SO GNP ol iyl B Bl target
MhisxR6 Rdvibe tHivdodicbt ditefidn fér the kepput td RdveSMOThemaloHthm may
conputed to be the nunber of mcrosteps to command a

plsadbgrorepet defilten sugh thad thesfitered eraen eayalsithppay tragkipg egrer. The

i i I i i i 3] [13 3 b3
Sua{Gh Y onfTRAN thesRobeofhona i BhidiBh raL RARER HiBping”)
totherreduirelhdireatigw untilhie Gilteyedtbandnyidie etogudia tvathin saraé selscted
i f the absol ute val ue of. the nunber. of mcroste t )

g ihe taieel epaniipe cssselion oF slewingrvithout grershgqty galgorithm

RRYAsS LR iPthe S IRRREEror é’haﬁéé%%i%{ durRNheE SR BndeleithBeor
current target change state is not the sanme as the
phese conditigrest is sitinfigd, the @butroltdnean tavertad gormal lkontwolt put

may be set.to.l.and otherwi se set to 0., Th | gorithm

out puBanyidsE “SpBiRg By St 8 Rt Reilshefefdets Jfine »
GaRdwiatst ehdrize RRwE SR whielénlgh 681415@bé fhpdc@dd, due to coupling
actuating bandwi dth change to reduce the error signal,

shithe bagdwidsh stepping to wanelengtha Y kilethewaveledghestreter qan
ggr:r]lg%l gteﬁf‘olé Bh%?‘l’r glllvgln % igga%gsta&({esoaq@g%qg{eg%ugsetﬁBg%aes, Ruch that if

ani'sm actua
shiccqdiper oBtinves fodlew, Wavdlaigtle catbghangé. CAtieoOthe liddbtburst interval,
rotating prism Wen a target change is detected, the

theguayelenatle eontealierran bavedo reant toraesey ARl eatyelplatasavayrlength
’gﬁgr CHik S géshié :nﬁa t?%)i@ ahd fargéé&f‘%)é?ﬁ@?ﬁ?%ﬁélgweﬁ Yifh%he

new bandw rget, [ error
pbilisy édsentjrlyvb changedryg2pmya Nay fastdamEfine)awmelenglihéantrol

%?ch}gg{i?ﬁ/lisd &tlsgqe Eg Irsiq% tqq%;lrl?&xi, 8p prfisonrl p%gll(t?iorsﬁtng %Pe%rlentt ghanging
the angle of incidence of the beam on the grating, acting as a primary wavelength
control source.

Changes in wavelength during a BAM integration period may be perceived
by the BAM as an increase in bandwidth. Generally, the faster the wavelength
changes, the larger the positive bias in BAM measurements. If the wavelength
change is fast enough, in some cases, a wildly large “spike” can be reported by the
BAM. During a target change, such spikes can cause the controller to misinterpret
the spike to mean that the bandwidth slew is completed, and revert back to normal

control long before the target has been reached. This can cause the target change to

take much longer than the selected time, such as, more than 10 seconds.
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al so then reset the filter such that the filtered
error equals the new tracking error. The system may

W@ owaemdos he stepper to nove at the maxi mum r aPET/US2008/004598

(called "slewing") in the required direction until the
filtered bandwidth error is within sone sel ected range
of the target enabling cessation of slew ng wthout
overshoot. The al gorithm can also check if the
filtered error changes sign during the slew. Once

e| t heThefcontnalice nwynidipléroery sexerslanethbde, filtdnshese bandwidth
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ld@lreﬁﬁl Y/gfug 8 h2>?ﬁ1re9ﬁax1 mrrc‘beﬁﬂ%&tﬁ ehgban Wkt Al is
t Ity

["arge c ange wavel engt even WI e abi
e'ﬁtsmdngmbrle& the lashgrtgie(lbyndt ipmyred) measyrah&mt ca(mb’ﬂjus‘eﬂ ne jts

Rk, ToP e Vs goeht RN B et CERaRch R P A Shex

Qﬁowe&fe%ﬁe@b&l{dv&lhﬁli)?@mﬁﬂ the grating, acting as a
primary wavel ength control source. Changes in

wavel dingtistdawishots af BAst maygrfteni berchpeacteoidedrby lasge and
BAM as. i n, bandw

BEE P (Poq Ae FaSt P Do) B SRR B SHOE, TP gavelensth

ashtasiraldorRhi @ah bbf«tauhbgﬁ; thit FBAWrRASOWRFBI SN td fhetsasurst
wavel engt h chan is fast enough, in sonme cases,

\manww H\fagelen l%élowm eore SpRsitivedo tslyswqb@ncmwnng this initial

TN TR L —
lﬁ@ftﬂé\&ifht Belsttedmnimbeosfdhetsasf,a tainst, refaregdt toliadie presenoappication

control long hefore the _ target has_heen reached. This
8aA be@a beldpffe Tiis mgatbeE Abthpts odold e i epntr e aperpting

% eﬁcﬁﬁa@bé@rouﬁ&%@h@% nmore than 10 seconds. The
ontro

ler I mpl enment several nethods to filter
t hese Avaodiingtohareithdr gossibleeenspidimentpitlusteated sshedhatigaldy in FIG.

e h change_gQver .a_short tjnme. lgnaring .
B e T T W
VavERAShtS @Ho@ncqf\iv@bﬂ tHRBEMSs ShY hild 526 B&%e Rb@RMy SAuators
w ndow acts as a filter ignoring a
(not shown) similarly to the actuators for the prisms 524, 526 show in FIG.’s 4 and
5. One 526 may be rotated by a stepper motor actuator (not shown) and the other
524 may be rotated by a PZT stack (not shown). These two prisms 526 and 524
respectively may be used for coarse and fine adjustment of wavelength. Their
positioning may be in response to signals from a center wavelength controller
system responding to center wavelength being not on target due to target change or
center wavelength drift. At least one of the other prisms may be rotatable for

bandwidth control, such as, prism 520. Rotation may be achieved using a stepper

motor (not shown).
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bandw dt h nmeasurenent when the Total Included Range
(TIR) of wavelength is greater than sone

w@e@sdetsey m ned val ue. The physical limt on tPer/asioogbo4598
bandwi dt h (plus noise) enables filtering ignoring any
bandw dt h readi ngs | arger than sone pre determ ned
value (e.g. 2x the maxi nrum bandw dth). Wen a
bandwi dth reading is filtered/ignored, the |ast good

(i.e. not ignored) neasurenment can be used inits
pl ace. Flfﬁy@ulbatratca liniblockidipigrany forlvhan anr@N\emhmmeefnga kaser

Fatermganol 20 dosadind badd e SROV Vel Fatsf onerty the
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transients, in both wavel enfgrgh and ener

Wateén by sfereaesa it the pdditipr pFa bandwidi e ol wﬂelet(hBWCM”
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er, nore sen uﬁbances
dontroigplatform (“BCPPppropessoozD?2 may dovtetil hhesﬁﬁpg of thigidédehargys
cause wavel ength to change) can be prevented for the
eieen gl destinien ek As bra single Shamber B-‘E?F§Y5t°‘Pelﬂl"é?r Cugery 7000

'Rgn sg‘risep?fs%ﬁg > o et E&F%}'e%?bcﬁ%d@s RLSH ooﬂ) oﬂ},ger

I's a contr eratlng
pharabet @r a seeddasenamipbifier avmgedestwich as ﬁgmer’leigA tseries of

h i bl di. . illustrat ticall
ROk Adasd S5 Sr bR Bhring portSrargyfer 330PBase* Sygdms.
926 Fp m&@lutllﬁ%@ gé#lt%ltﬁ ¥RWaRIhAd povadeQ¥troll ¥iBnals to

of the prisns can be rotated by actuators
(arfmn&sdmmchaﬂoy(tF&Ghéoéct uators for the prisns
524

, 6 in FIG's 4 and 5..0One 526 may be
7ot at e 22 Babisernit & Ximind SRR BPmUR it core!
iphRseSon EFLCIEY 208 ¥nd €omatuaicatt With the1Z0P 906.Ckhe( NOC 204 may
shown). These two prisnms 526 and 524 respectlvely may

B@eu@e\uavre!ﬂng@baaxdsl@néweﬂth infermpetionstrorafbegm anglysisaRodHe
l
TEEA S 286 o BRUWA: TP thE shETBPARY S CmBUOIRESAM 9 W Bussed
hﬂtee WOM/paﬁenhtefagﬂiandbmdldg andtﬁ lgre ceater) mtal;lzhlenioduleqf‘gfeM’R 212,
ange or cent ngt east on (0] t he
PHEPtes ayrign w@?&?ﬁ g %ﬁEP Bgmﬂaf Hwaysengsh or
ufrdividth cdirdof MesAfm 895&5' %e 'F@C @6’4 ﬁlﬁ? 'ae}s%qsmp go2

st epper notor (hot shown).FI G rates 1 n block
¢pmgraads foor bandwidthesoatrbl modile t(‘éB:WlQM”)‘EO avhiichsean be utilized to

\XéSt em éﬁ @8*’%? 'dTe qg ghlgt%g H%Hgﬁ‘ or wavelengqg such as may be

present in a variable magnification line narrowing module (“VMLNM”) 222. The

status of VMLNM 222 and its actuators may be communicated back to the FCP 202
via the FCC 204.

FIG. 6 illustrates in block diagram form a representative laser system “plant
model” wherein a bandwidth (or possibly wavelength) stepper motor steps command
232 may be input to a summer 234 and summed with an output of a one sample
delay 236 to provide an input to a steps-to-BW lookup which produces an expected
bandwidth value that is input to a summer 242 and summed with a representation of
disturbances from disturbances block 240. Followed by a one sample delay block

244, the output of the summer 242 is summed in summer 246 with a constant from
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same as the controller discussed in United States
Pat ent No. 6690704, incorporated herein by reference,

wordok/121529 addi ti on of a bandwi dt h control nDduP@T/US2008/004598

("BWCM') 220 and a variable magnification |ine

narrow ng nodule ("VMLNM') 222. A firing control
platform ("FCP") processor 202 may control the firing

of the discharges between the el ectrodes, such as in a
singl e chanber | aser system like Cynmer's 7000 series
|cangtantdlekadAS and ripdteviieen nbise bédok 47 dd produge a sepresghtagion of

plural ity of Jlaser.chanbers.in a se aser anplifier
ﬂlfaéﬁgerﬁ%aﬁweg&@ﬂg‘ggﬁ&?ﬂn&mg b?(ﬁﬁo tB\"ﬁe%‘s(J "of MOPA | aser
syst erEGOT sk aeiliBfatVe édattplPoFEbarivallihf dofitroMa230. The
| aser systens. The FCP 202 may utilize control

soaeliar 240 s heye snpuimeal bandwidth (eprrhans wavgheagth) tayget 252,
i . RN
PRI SR Pl COTDIRGAE 2% b CRF kAR T 78, B ovo o

widcleas anputs toCGP ' Had2 Bandwiditic mienimingdirécessdr 257 kdatH &Poutput of
The FCC 204 may recei ve wavel engt h and bandw dt h

206. . at.n.
i 8PS RNt (O BF BUIBEISFHIBA SHPEICE 25 afgqhébf( tapgqbpndyigth input

. . 0 C a o .
PTG ol o1 JoRe SRS S024r G0 BhR BB oo i o
diierad/ighored ¢ept, becansa biylsir shemndadueergerit AMTIR 24 @p large), then the
G OGBIGER 2RLEH br A ot FBBied orood BOMMERH apd ohervis
26 MheastiehdridwiaballBL Al (382N )El@%’k 267 comands to a

bandw dth control nodule (' 220, which can be

Cuti | i Zde autput ofthermise filtes o0 providesanadputdo @staps sbmmand path,

bandw dt h, or,, wayel engt.h, such.as iy be present in

APl B AR B sTehBneps Pl BT SOPY o TmRLY BaLp Y inpede a
A2Zdband Svitht BistéSesdd “obiiM @226 DR ekhfpROIWHi€H & shB{¥n ke more
communi cated back to the FCP 202 via the FCC 204. FIG

dlefailiin FiGa9.cK theowputef the dgadband it hysteegsisds imthrfeedback

I - N deky ' i . .
SBRETT LA ERANE (R BRELIR SRS e
aypubef themoisetfilten 260 ani@ if iRi34n diedfesdbaoke dctoatidn divatded/pfftmode
of a ogne sanplégwdel ay..236 to prqvide an_i nput

Syt the uin obtedpulithlien’ 1615 Qudds oatpud QBE&I@W&S&&NO is
ST oY R Rr i ok OE i R R T iy B roueh a
cosimand satueationl bdodk Z40to aFaépscomesdtiey 246 anexaapielof whichys
2{18% in more detail in FIG. 8. The command saturation block may be utilized to
limit the bandwidth step rate impact on center wavelength control. A limit may be
established equal to the maximum steps per show (e.g., 0.1 times the shots per
BAM/bandwidth measurement update (nominally 30), which in such a typical case
would be 3 steps.

The mode selection path may include a control mode selector 264, an
example of which is shown in more detail in FIG. 10. The mode selector 264
receives as an input the output of the noise filter 260 on a BW error input and the
output of a target change detector 268, which has as an input to bandwidth target
from input 252. The output of the target change detector 268 forms an input to the

target change input of the mode selector 264. The slew steps path may include a
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244, the output of the sumrer 242 is summed in sunmer
246 with a constant fronconstant bl ock 248 and noi se

wo e@siemvse bl ock 247 to produce a represent at PONUSL008/004598

what the neasured bandw dth ought to be at output 249.
FIG 7 shows an illustrative exanple of a bandw dth
controll er 250. The controller 250 may have inputs of
bandw dt h (or perhaps wavel ength) target 252, neasured
bandw dt h (wavel ength) 254 and wavel ength TIR 256, the
Istgnt b 2680cediving tlshoutpet dfipeinaise Hlter 260awhidbas dwiptifind by a

SUL-I.N rocessor .257 with 0, ut of "good"
SRR Gt A R BRSEH e 1o ameliioes 58 wi th i he tar get
bandw ThelbutfiRs/bf cheR of theBé Piths Brovild iNPuks té fesPediive $@minals of a
filter 260. If the bandw dth nmeasurenent is to be
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A o AR B PhoyidRFiotl (RS MARRRE i IndF Yomprise, o

an egxrapiel 2 syxﬁmwtnodmtcfh \silnlohystemmm prodiateainl “onfoffl datpud.296.

IL.f the out he deadhand with hysteresis igs .|
e SPoamiieRvih 254 ek FieBN s POt B put ) When the

tbaﬁd\m*dt}?eﬁéii(gf‘f)erﬁgpst the bgﬁilivtfl'dfﬂ fn@ﬁsu?gcpwitﬁ tﬁé}fea ablaﬁﬂ'é e in

the noise filter is in the edback
bendwiditoitself§ asaippestddp bandwiisltipetrom ns glheteothap the @fter/ligh

AeadngBi Ve 8500 (g W RaRgF s fgm S5 iy oy B Latue.

Banawlcaﬁfénamé apEasasieht effeQBFRAIlY, 28ind it AK¥B1ute
bl ocgk 274 to a stepsﬁsm)ot her 276 an exarrg}I]e of _which

ivglug o iie qrrorsignal epampared fon khghs or dow gipedbaadqvalg. The switch 294

gr?ahlgﬁ gﬁﬁ%m 835 V vxﬂgn H‘{ ﬂahﬁ%gdtl% grrhf fpbtef\gc%glttﬁe high/outer

ste e I mpact on center wave

deadband valfie lahletHe lrm{/]inha dzatibdildi vahed ifabel ph;ﬁ @tﬁ\htewas a “1”/”on”
maxmumsteps r shnow ( e. iy tiLhes .the shots per
BARI58T ﬁ&yﬁad?h?nrfg%\gu%%aw ‘M%t%}sm%mﬂw Isytheymeanigg of |,

h)stSe6H if iy Pt case would be 3 steps. The node
]q'ectl on path may include a control node sel ector

264, dys ilustrgiedeindfIGABi & btepssmebather 376 mey badetsainlinput a steps
FIG 1Q. The e sel ector 264 receives as ' t ]
ENEmBe e 35 TR o eSEs R ep rirndgatissiian ogios 14 MRitased in

#nd. 7.hhe steps smoother 276 may include a divider which divides the input steps

command of steps to take, c, by the number of shots (or time) T over which to take c
number of steps. The output of the divider 340 provides an input to a summer 342
and a truncation block 360.

The output of the summer 342 is provided to multiplier block 346, the output
of which, X steps, is rounded off to the nearest integer in rounding block 350. The
output of block 350 forms an output command of s steps, provided to the switch 280
illustrated in FIG. 7. The output of the multiplier block 346 is also subtracted in a
summer 348 from the output of the rounding block 350 to provide an input to a

sample delay 344, the output of which provides an input to a the summer 342. There
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out put of a target change detector 268, which has as
an input to bandw dth target frominput 252. The

womiopat75ed t he target change detector 268 for MBCENS2008/004598

input to the target change input of the node sel ector
264. The slew steps path may include asign box 266
receiving the output of the noise filter 260, which is
anplified by a factor Nin a target change slew steps
anplifier 278. The outputs of each of these paths
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i nput 290 the out put of the noise filter 260 as

iaveiage valued Tha BYY contyol lopie being mn oy avgyy Heshotohiehymay

\&gp@#o%% it 1§AK/E‘L§E3§ {é@ec)t w%f Qﬁ&%’fh@i&ygg Tb%%‘&é&ﬁéjst th@"

rovi ar ["oc

Qﬁmmuﬁa? staps amx@qhemzl 3 shatss whimhtwomd awvertagé oyt 1rstep/10 shots.
hyst er esi %@ rovi de a ﬁ [of f outpyt 296. The
£t 359

Filtthefp WEM sommag: £¢ 6%01108 0 5 aYRiem gpAuigsments
ngIe iofhtel., "I‘Tl%'?l Edgxi ﬁ‘%rg Epé&ft epgrﬁg A08ng 6 shots,

rreasure W t s bel ng |
bﬂndvusd&]haﬂths&tbﬂ sragotbeniziXetbes.o bandvvl dth error) is

6% eaRP © PepT SerSpRScl. 7050 ARITeY S SURBGr doh where it i
Vsﬁhiﬁféd With B2 rBaNOY stbdini@k i@ Surhmes 3 70 lilve &ﬁﬁhtedf th@rounding

i npl enment | ogically, using the absolute val ue of the

loakr359) @daﬂ smgiqp:anelg delayof hlil'ctj lputput ddw@hadﬁmkoﬁ%m@ the

uce .an
S B s 0Y RSO R R st Ptho 1§30 i 366. The
\batpi o8 Blbck |364 F)ﬂﬂ/ldd&%ﬁrmﬁiﬁdd bR aBsohett &Ql,uelbﬂodkf%4mfteﬁﬁ one
out put was and vi ce-versa when the_prio

égmplﬁde\msmdjlo@ 3@Oof’llflhe outpptof block 3a4 apeampajedin block 352 to see
qf’ /i€ §t'erstHaH ﬁt\gh% g@,%lﬁélé] gﬁafeg Iﬁ'lélcﬁ {h%ttﬁglcétfbﬂlgack §60
a ste er 276 ‘'may hav

snoot as an I nput a step
tlﬂ resilicdt the divivadn mdstoelg340 Brrunoarediby haeihy mahovmi any

ock 274 illustrat FIG 7. The st ot her
%@%yomh of dat ae%ﬂ?waﬂ'.s SHRaH B FYTEES SOk @Vsi\[lﬂ??p%ﬂnsmt such
S5 R5 ah® [‘H{ﬁﬁ}qlegfm ?ﬁtﬁﬁﬁhér%l&%kﬁ6 Yy 3 Pud Qﬁcmmgrto‘ifrowde an

shots(or tinme) over which to take ¢ nunb
IS, tOTtmnpaJclpthcloB 52.hEhaklemdets o8tie smpﬁmm;bera%@ quiside of

I T TR
tongiAdBdlti.c., c. Otherwise, if there were not to be a BAM update at the next
time for a BAM update, the stepper could simply keep on stepping the bandwidth
control mechanism, even if a deadband lower/upper limit were crossed.

The controller 250 may have several parameters whose values can be
selected, and for which representative values are noted in parentheses) such as noise
filter coefficient, C (0.9735), controller gain, K (1), deadband inner and outer limits,
di (1.0 fm) and d, (9.5 fm) respectively, command saturation limit, L (2 steps per
BAM update period), target-change-complete error limit, M (15 fm), maximum
allowed wavelength TIR (300-400 fm), and maximum allowed reported bandwidth
600-1000 fm .
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of which, X steps, is rounded off to the nearest
i nteger in rounding block 350. The output of block 350

wo eoosa2Em out put command of s steps, provided POT/URE08/004598

switch 280 illustrated in FIG 7. The output of the
mul tiplier block 346 is al so subtracted in a sunmer
348 fromthe output of the rounding block 350 to
provide an input to a sanple delay 344, the output of
whi ch provides an input to a the sumrer 342. Thereis a
need tévmn sxwhefaccthataStShmoe npise gpefrfomnandgrreguirangnts; land
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30stained Sperwlitbm HF ovainl estempira @ F cmby syktesﬁ &mﬂéﬂu&hﬂt 6perat1ng
Fbwfver i f the BWCM conmands three at once oth
$pRdt

HERS SFUNRERIM BossHlle Barbiémmhdﬁ at%lad 39 OR deeithexs terectimes

Q ) st eps out evenly during 30 shots,
1‘% mﬁat ?ﬁ% step snoother 276 does. The input, c

stepsIno arrmﬂpid of a8 AaFdasepsysicrol 84 was selestodrberausta heavily

et et tghal ‘Ff’élmf‘gﬂ% B o S ety HhY Bkl 56 tosh eaals
%aﬂﬁngot%ﬁfl? k@ppel Q)\f aQBrfg%héﬁangé' SIRW to PedvR%esk de8siR! Gfdfshoot.

he  ou put of the summer 364 provides an

|an Uit sinee the ban@w@ﬂs mﬁoWevedenaly stopprri caﬁaffecrhenctmdﬁu o that
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Qb&rﬂuﬁdtﬁfcobdr&@enfaﬁén iof a©onMREl Rthdrity Pk @C khrdhgh PZTsReatufation

is greater than a value "r", which originates from

ﬂmﬁletwwke&gtwnspli@m ‘Berchapgeinewavedengtisdye todrand width steps can
S ol b O pf KSR M A . e
sonmalter BaBesseritinlly infinisé gainh magiah Gamtrdl Gain dstlected so commands
SRS ol e U ety e 4
Eﬁﬁdﬁhﬁf‘ﬁéﬁp%r Pfov'ichﬁg &b%?ﬁa&s& éﬁ@o%pg Ied@ry@fo shBg,

dashed |1 nes I nsure stepp sto s after the fequired
1019083 fimfpes shep snectmotherkydtem requl,rement@t herr dui =s%,5 albng with
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ahé mhrlﬁaﬁmlt@mgimﬂymgm@ ﬁ[t@ﬂed %Eia Q@ﬂ)‘él’ﬂcnﬁyﬁﬁtahfan@ous
deadband | ower/upper |imt were crossed.
bandwidth (except under rapid changes in bandwidth such as steps), d, can provide a
nominal overall deadband for the actual bandwidth.. Bandwidth measurement noise
being approximately white Gaussian (standard deviation ~20 fm, a total range of
bandwidth less than (2*9.5 = 19 fm) is reasonable to limit actuation of the stepper.
Inner deadband limit d; = 1.0 can maximize the deadband hysteresis, minimizing
jitter in the commands to a bandwidth control actuation stepper or other actuator for
a control authority. Also, with bandwidth measurement at about a 1 fm resolution,

the inner deadband could be ineffectual if set at less than 1 fim. For C the increased

stability and jitter prevention from the noise filter can also add delay, an excessive
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The controller 250 may have several paraneters whose
val ues can be selected, and for which representative

WO 208837599 € noted in parent heses) such as noi seCT/U51068/004598

coefficient, C (0.9735), controller gain, K (1),

deadband i nner and outer limts, d (1.0 fin) and do

(9.5 fm respectively, command saturation [imt, L (2
steps per BAM update period), target-change-conplete

error limt, M(15 fn), maximum all owed wavel ength TIR
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ut hori t e. ough PZT desaturation in th
lshelend gt Heh asiobrdipthbancemeon SPRIED RO T8N O TtAt el flgered
Qﬂﬂf’iﬂc%@es%b%pé CRHPEmE eh%glr%yan"i’ﬁﬂﬁl 809§ Buéfoetﬁé filter.
For K, with bandw dth stepper rat limting,
Sohnmg)fdré:rwllmsy ewsenthaddadbamd:i nite gain mar gl n.
Control gain is selected so commands are effectively
al ways saturated, providing the fastest response tine.
Wth t a h .s§ epper providing -0.005 fin per
st ep, lgt ? +dW ggé >e§/°er95 30 shots, 0.00033 fm per shot

neet s c@tgérﬂéoysﬂeﬁn\’rkegw rements. For do = 9.5, al ong
with tuning the inner deadband limt di, such as for

cust oner jhandw dyh .qontngf,yneeds, and with heavy
filterl«in ered valuelsthe act ual
i nst ant aneous In C)

where it is known that C < 1. Assuming the deadband is, on average, 1 sigma before

the actual filtered bandwidth reaches the deadband (due to noise and ignoring noise
“spikes™), with d, >y, and avoiding u + yo < d,, implying u + yo — d, > 0, k can be
maximized when u is large and u + yg - d,, is small. Even so there could be a
combination of disturbance and initial conditions for which it takes nearly infinite
time for the filtered error to pass above d,, regardless of C. With bandwidth
measured with 1 fm resolution (minimum of u + yp — d, = 1 is reasonable) and with
do = 9.5 (largest value of u that will minimize u + yo — dp is u = 2*d, + 1 = 20), then

an initial condition may be at the “bottom” of the deadband, and a step disturbance
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bandw dt h (except under rapid changes in bandw dth
such as steps), do can provide a nom nal overal

waemdbzmsdo f or t he actual bandw dt h.. Bandw dt hPCT/US2008/004598

measur enent noi se bei ng approxi mately white Gaussi an
(standard deviation -20 fm a total range of bandw dth
|l ess than (2¥*9.5 = 19 fin) is reasonable to limt
actuation of the stepper. Inner deadband limt di =

1.0 can maxi m ze the deadband hysteresis, m nim zing
jnil'ctytlmeriongh teleavarthe r‘i‘d:p”taf tlze dedbiandd tHirst order dilter reSponse (no

ABo TG aREE PkesC o Rin e i RnEnf KR s seppl and

Ihd mﬁnﬁﬁﬁpéh& h&tmdlfgod r@fé&ff M%ﬁb@%ec R indxHeum time to leave
ineffectual if set at less than 1 fm For C the

ithredeadbang enudhbe detgrmined byt t er prevention fromthe

noi se filter can aI d del ay, an excessiveanmount of
which is undegijrab saturati on can be
sel ected from(the s i o el ength changes from

wavel engt h3a ol l er actuation steps
and the de ensated for a bandw dth
actuati"®n step by &£08i ngl e wavel ength step, and

r qundi ng domn for  integer teps, nce if rounded
ST B8 tRSFNFOTIOA S AN Y1349 ﬁw&woeﬁ?m?lspﬁ%g& 20 fm

e d
A8t Ra PO B ORRE L ?ﬂ‘w il Chcdo sthilP showed typical
delayy aria:(lessl‘thmso 5 Ebarmdbanakihg a dzlawhxf dh sesondb aueasenﬂﬂé)BB
frn per shot, etln ste rents. |f the size
sFleetinn, sychbit ghilien e ftiiens o § @%ﬁ Sreasonpller on
andWAgE&}lbufahbﬁ' of AWh&ppbf it LRl J‘BWM an J&eas%ei?:)cumulator

response of the noise filter can be: yk
ymtegra.tkr)wheh cate limdt 4000 smzmstﬂps/smné) ezﬂnclnplw alseobg wery noise

2 B Bk SRS b s o
@aeflidiblel RupARY fioks WIE té Maw dahkthadsh amﬁﬁf(ﬁr b€z the BW control

di sturbance occurs, control action may not start until
foqn separatedy prgt indapendsaidy frapuetberdeopsiHawaversonpliig frag BW to

t t |
o) b ol PR WTnde' 1 o' M o) ¥ bt specia
dongdideration. Alyhdiigh thHe @lant \bekhg. cdrﬂh(ol]led' cif) act dO anaturkl integrator,

-ln(u), k >
)wnh g(;oo)d noise rejection properties, additional filtering may be necessary to help

prevent jitter in stepper commanding.

The system may seek to move the bandwidth control mechanism stepper to a
baseline position, such as a baseline magnification or a baseline aperture opening or
the like. This may be done by using limit switches, such as in the LNM,
commanding a very large number of steps, such as, to max magnification and
awaiting an interrupt signal from a respective limit switch, which causes the BWCM |
to stop commanding stepper actuation due to the signal from the limit switch. The
same can be applied in regard to other bandwidth control actuators, such as an
adjustable aperture. The limit switch location should be set to known bandwidth

setting, such as a known magnification or a known aperture size and location. When
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In(c) where it is known that C < 1. Assum ng the
deadband is, on average, 1 sigma before the actua

wo Rdosaema bandwi dt h reaches the deadband (due POT/NSL08€004598

and ignoring noise "spikes"), with do > yo, and

avoiding u +y <do, inmplying u+y0 - do > 0, k can

be maxi m zed when u is large and u + yo - do is small

Even so there could be a conbination of disturbance

and initial conditions for which it takes nearly

ithis ifamationalityeis fheing exeréistd, amednay also measpresandabpdate doBW-vs-
ggardless of C Wth bandw dth neasured with 1 fin
CEEIFYYFon (mininumof u +y -do = 1 is reasonabl e)

and WAgplidents hvdsimmubit@Psilch\ead@whith Uoﬁthﬂtsyyteﬁlland deterrmned
mnimzé u+yo - dois u=2*do + 1 = 20),

iffpm such sionlation drat pysjern sespeneHpay b@d@ramateérbﬁ the algorlthm BW

A R A
nbide %S@bﬁmoftlghfé&ﬁhé dkrlbuhd: COllitgcﬂEfr ghin 1Ry be $d1digh enough so

deadband. Wth_ 30 shots per sanp and the m ni num
&rottenpeE command WIWQY%eI&CTZW%‘%‘? ol Theggstrmbgamanhieve

BB S, DRSS g T e s

Wolse Gpikexaigptoccasivndl steps 48ssiuning dddistuntnces)f The cfel&p can be
absolute wor st case, and_a Monte Carlo study showe

myipineiaed b inggeasingdh siag of thedysterssise d¥adeand plps the né?lse filter

S al
U6} By v ALIPFARBIAR TRSERGHL BELEL) Aoyl mari
essehiialhyt infinitef The BVE sfeppemmatedimu atbng vidWOle deadtmad cars prevent
an, accunul at.or rator) with rate limt (4000
RPISE B’é‘?%‘@%‘f%ﬁ?bl? t?‘FHymEﬂ BgsE¥eDery noi se free.
BWis 2-0r8 WaeadEndil @Gfebﬁ’éh fecRRigh ¥ha SIcRIBES dispersive optical
position, and there may al so be neglidible coupling

eleorent\and theBugnterhwavelength atlectionf prisme lapdfon @them eemgy wavelength

CORLES) RSO B bl RSP HERGRLS e bam

p e tHeQﬂﬁf&sﬂf@optﬁtiill eRnfend Theé dif¥er&@itial i@ systinlinia® comprise a
speci al consideration. Although the plant being

eo#re? bindwgdidnentiet adiystaenhion Ve VeRRe gfaiioyp compinatigpyvef coarse
Eﬂa Tifie %&ﬁcﬁ%ﬁh{)&dﬁ({r%ﬁ{e} %@elteﬁl?ﬂ { %)h&&adcnfaltlt)h %dlyr& difiployed.

e necessary el p preven er ste
commmcbcagilngThﬁamylsdrmm @aﬁidlmmtnﬂhletrmhda _s&mmhucdlﬂy] in FIG.

contral mec m st epper. to a haseli ositiqn, suc

13 & gt RETEat1 o33 580 BT itntp SPEF fapdwicth and
QRSBIAShAS shown. Two of the prisms 524 and 526 can be rotated by actuators
(not shown) similarly to the actuators for the prisms 524, 526 show in FIG.’s 4 and

11. One prism 526 may be rotated by a stepper motor actuator (not shown) and the
other 524 may be rotated by a PZT stack (not shown). These two prisms 526 and
524 respectively may be used for coarse and fine adjustment of wavelength. Their
positioning may be in response to signals from a center wavelength controller
system responding to center wavelength being not on target due to target change or
center wavelength drift. At least one of the other prisms may be rotatable for
bandwidth control, such as, prism 520. Rotation may be achieved using a stepper

motor (not shown).
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the like. This may be done by using limt swtches,
such as in the LNM commanding a very | arge nunber of

wat@pd275%uch as, to max nmagnification and awai PCTIGgSZNG/004598

interrupt signal froma respective imt swtch, which
causes the BWCM to stop commandi ng stepper actuation
due to the signal fromthe limt switch. The sane can
be applied in regard to other bandw dth contro

actuators, such as an adjustable aperture. The limt
swi t chA meghad roay bhuseddo sentselithe @pqctrumrbﬁhi\ha@ﬁmdth) of a seed

et ch _as a kno
Tt bPOE 5t A e R SRR A MO P SRR g Y g, which
higdytse RYRY Suitabld oo MOPY 1kt becaBasit hﬁyamhdénﬂam 8nergy input
BW vssteps curve. Applicants have sinmulated such_ a

Ha thesicaensd @awlifisr) staget>dd dhis methed mayawt rely opdhedtMOPA
ML EOAE, W0l BE SMANSFRPRSE ARSI BELA: Bt onc o
16or® @ﬂﬁ:r {axtssystem Epérhtmg pgamater, afifleas, Ieneﬂgy stabnrtp,waough

ST e Seof g egne Sruedien RisapBrraL AR e el

?g%d Bl el"heia?)taéﬁraﬁis%ﬂd Wethd xfnay bBas&d t%t}ﬁ"mnﬁ@ Both symmetrical

e error I nner deadband) (~3s filtered
mndae%nnwnﬁqﬂmqnuplbﬁ@hw&nn&mﬁbphﬁm&m as n0|se spi kes

e S AR 8 R ST e R RS o ana
tg?ﬁid@!@ts §1§e'c&al @ﬂﬁhﬁ@ ﬁieﬂ{ddscahmﬁv@gls?ﬁlaﬁ hbA-Rhif6@ity of

effectively elimnate Jitter, The system can be highly

metyalengthwby way 0@ akamphgy i gu the disectioninairingl forthe saw @otlrﬁéacture of
W st eppe t imt al o adban

LGRRPETEId et PR i G AR g gn the

tshe oﬂﬁtapmuréﬂﬁeﬁglewmwaé Bmﬁ Passed. eBY kelBctirpcdpart 6Mthe laser
may i nclude a dispersive optical elenent and the

demdromiranasigirascidlatas byinesang of.din wiiplor<agiie an adivsiable
é!&h@%%ﬁﬁ? S0 FRY 19R%'6G8in FIGB br TR0k £04tSROWAR Yhe co-
? t e b e

Jjust’an angle I'nci dence o eam upon t
(jxeﬁqhﬁg phtent aplicatidn SdreNont 1/173)288]iehfided ACTAVEIBANDIVIDTH

TOVERATNORGT NI § 43R e PR ebccieh RS ioehreorsted herein by

GeRRfchie, 3RSt Wttith PRI iR ARY inf g T BURLL Be into the

control actuation may be enpfoyed. AcCording t
Povehamphbersirtposvee nbldatos such a am;sltﬁeattSéa lﬁmtﬁtschqhatycally

. 13 th f d
SBETG o> i BRI P il Bano i cartok ot i Bier
Qnplifier 6 pSier oadiflafdd dud’s T2Mn FEGT Dithitad ubdd AahélsdcOhd stage

(amplifier) can require a certain input beam size, which can be provided by a

combination of two lens or similar means such as a beam expander (using prisms for
example) or another adjustable aperture to size and shape the beam, such as, expand
and collimate the beam, after it is apertured to select a desired portion for purposes
of adjusting or selecting bandwidth. As an example an adjustable beam expander
collimator 600 illustrated schematically in FIG. 15 could be used.

A bandwidth monitor such as in a bandwidth analysis module (“BAM”), 516
in FIG. 3, can provide a feedback signal to a bandwidth controller such as 620 in
FIG. 15, that may utilize the bandwidth signal to adjust the portion of the beam that
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(not shown) simlarly to the actuators for the prisns
524, 526 showin FIG's 4 and 11. One prism 526 may be

WO oaoatizTdoby a st epper notor actuator (not shownQT/aRZNOS/004598

the other 524 may be rotated by a PZT stack (not
shown). These two prisnms 526 and 524 respectively may
be used for coarse and fine adjustnent of wavel ength.
Their positioning may be in response to signals froma
center wavel ength controller systemresponding to .
¢epaseed theaughdhgyadjustebla gpernture 601 such as where the beam gelecting

GPRRE s T B SR kel Sl B e B i i

Y& sBR inte'the Anphfcatidatstide AT thbldsd Sy | ﬁ)/ﬁiog)'id}\ﬂﬂe Both
stepper notor (not shown).A nethod may be used to

synietical ped agyaunetrgglsoptrplseof spretiapi thapy (andwidth) gvhich may
I i, r . .
BB BLRab o Elarhfi® h 1 LNABREE Bl SMERARTGcIAHGP 0. 10wl
beraddrateod thae bandeidil ofithy s¢egldusee bedir, Sich amﬁreg\rj][oamqam, before
to the cond (anplifjer) stage 512. This, nethod na

st a‘i?‘é‘itﬂj’?% BT T _{qrgﬁ FRPUEB I pwzcﬂ’«& dopirsd fangH oy
WhicthinlBandVANE o0 bdGabIEABLAS] de ef fect on one or

e other laser system operating paraneter, such as,
ener g¥f dasabd,| dctyrdirightoulyd patsérdidisctased supjend matiet, dilsfORYe timing

tili t, t t d t hod d i-hed
s e ol T8 AR an REDIFE oty e B s QYRS
@i Ag, SHIMNR e h &R o f ik AP BFdrhtirfpiparaAterspaftifroin basBlidth,
out put spectrum The output spectrum of the |aser that

seadsasgputse) enargyndosgrstabolityiang the kike whaledhejadjnstabje bpergere 610,

spegtral narrow thod can _have a.spatial .. .. .
REREG Rro b Y PR ARGARRRaRAL -5 RSO Bppigaiqnwith one
bhotd stei badwidthrhtrblcachiors 2sithe P& the Sbars€ biifife adjuitbeor
grating. FIG 16 illustrates an exanple of bandw dth

v rglafiyely sapalfaese ofdiestaens ava bandgridiselectipragtitn gentrol

Fi’ﬂﬁBHt}@ *&?sé??& BaRASRIAT - Aﬁé!mﬁﬁbe‘i‘f,tt}mé‘ Sﬂ\i‘ogﬁr Ban%vi&tﬁselegtion
aser eamfromthe master oscillator y nmeans or, Yy

wetyatof may deinky; used fadfinsadbitmeapaid thuenotheabquisditbRleviate

FIG. 14 610 jn FI S5, ch as that shown in
EWEMTsBPLR EPR Ry MBI 8 G euggal Sappoish o
?F%Sb bh&Ely abiiv: JSONMb T LARTIREL FOR A TUNED LASER,

ed on” June 30, 2005, " ncorporated herein by
r ef er Sinse enéngyrstability fof Bls&d Ihdenemyplifizk baser sachl as aAiMOPANTY

SRS b 2SR50 U O L . BOHE) v
dediedasd head deparate voltage controls for MO and PA/PO to adjust and control
MO energy output independent of the amplifier portion, such as the PA/PO.

An adjustable aperture could be rectangular so as to adjust in the short axis
of the beam, which in applicants’ assignee’s laser systems, such as Cymer’s 7XXX
series or XL A or LXLR series laser systems, is ordinarily an adjustment of size in
the horizontal direction, in the case of a line-narrowed laser, as shown for example
in FIG. 14. As illustrated in FIG. 15. The beam can be expanded before the
adjustable aperture to improve controllability, such as with a beam expander 612, a
prism or a plurality of prisms, or a lens of lens combination, and the like. After a

part of the beam is selected by the adjustable aperture, it could, as noted above, be
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in FIG 3, the system out put spectrum bandw dth can be
controll ed. The power anplifier or power oscillator

we k1259512 in FIG 3, that is used as the sepoOnudsS2008/004598

stage (anplifier) can require a certain i nput beam

size, which can be provided by a conbination of two

l ens or simlar neans such as a beam expander (using
prisns for exanple) or another adjustable aperture to

si ze and shape the beam such as, expand and collimte
teifparisled fepnizddtedt and collimatedto mestithebesm| séest requidhanént of PA or PO,

portion for pur es of adjusting.or selectin

SR de B ABMGABE Bl <X ict i RpS B S hrrdpy way of
GRhmpIRADEe1&96pd bt Wf tadpliserbls eessBpé @athl ¥ skparktk @olliRating lens.
could be used. A bandw dth nonitor such as in a

HReaaexnansign anaysned heprpeded forspnMOPOnrengementavhere beamn sixe in

. ek s . |
B0 B R B R S0RLh oA e RS Bhpeen e
zlgralles magdjotie hahémpertdntas af a tihed heasies)hamphkfigas The beam

tgrqugh t he adj ust abl e aperéeure ?10, such as ere. the
5eaping epiacstqonly alprebe, Byevay 9 1ot sykindsinah lenses

' ™ . :
SR QLS N YRR S o
pheoetntier dfcinadjystabid aperaire aould dsyatigaed iccthle centet pbHile whm. For

t h bandwi df h) , .which,. be d b )
A B E R p oI She e b, BeftRES PR poved in
@R axils! suéh lak irpﬁlﬁ ll'lgg%?lﬁtﬁeipdlw%ecghﬁ%\bﬁﬁ%% @H%bh&f tht Behed 8Lhe beam

| aser beam suc eam before The adjustable
adpdot examplérondrdass®r idagrgasedrendyidtho provi de a desired

range of spectr bandw dth after adjustable aperture..
L e ditr came isRanae 1 % hefooliraltly HieBig BRE sjefine co
m&?wliﬁy,m dsi bEnd@/idy tiee vargitionain@ et Modd pdMolh&d in the

A | aser_ to operate at its optinmmdtMOPA tinmng, .
verticehdirectioar oft the oegmh e This g rbeotses as pa gxpaplentor gpretition rate

3055en! SSLATRE “Filro®HE In St SRR M 9880 FIO, 14 may
bt Qotatsd g0°Harthé plane of tikChpagecaskitstvitell dnd suMéot @l vertid@yly giented
utilized in conbination with one or nore other )
parip eft the besrmrfor beam queldy paranetpieselegsionhlike bandyddibrselection.
AP TS o intildiad i d Kool BB BT P L4, pnd prother
audhhaprertuye) astjostsleb@iiedbandwi dt h. Al ternatively, the

dt MOPA, bandw dt h sel ecti on, actuatqQl nay .be only used

for f g Somf aRRIEHENSa P Yqﬂﬁ@feﬁaﬁ% cqtomeagriogying module 502
A B RspdrdiVelth § _stgteB&%{Bd%I th@HEh @M A eh s REM SRS dule 516.

opérational standpoints such "as
The variable magnification line-narrowing module 502 may be used for coarse

bandwidth control with one or both of the bandwidth control rotatable prisms 520,
522, 524 and/or 526 and another bandwidth control actuator, such as differential
firing time (dtMOPA), or grating bending, such as with a bandwidth control device
(“BCD”) grating deformer, shown schematically at 630 in FIG. 7, or a variable
aperture, within or outside the cavity, may be used for fine bandwidth control. Each
of these bandwidth selection actuators can be used in combination with anyone or
more of the others as one or the other of a coarse control actuator and a fine control

actuator.
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Since energy stability of a seed |aser anplifier |aser

wGe /128592 MOPA or MOPO can be strongly affectedr/bg20081@04598

MO energy input to PA/PO, it may be desired to have
separate voltage controls for MO and PA/ PO to adj ust

and control MO energy output independent of the

anplifier portion, such as the PA/PO An adjustable
aperture could be rectangular so as to adjust in the
short Iaxviilé befinddrstopd hpnthaskiskibled in thepirt thatrespects of embodiments

IR REReT ot i PR UG e TRl Al P ot

afi$dlssineattieft ofd emablifg eh®oliddnt 6Nthelsublettafhttedf ehéh &18#@n and
case of a line-narrowed | aser, as shown for exanple in

Ftp @p ong or mere sychxemplagy Fmbedimentsnlyrprd enhte limityhe scope of

%Fe] CI%Q{ [‘%ng' fid ﬁag‘g Q?La‘f‘lgalﬁ)g g&mél er)?( Cgfgc 1%8%21 embodiment

mlcbx&mmanyec}mhgésadndtmomﬁcmom beahade tb eh@dleélobeﬂ%pects of
conbi pation, and the like. After a part of the beamis

sabodimenty gt thedliselgsed subjeet master ofithe, clqlms@aﬁmvell bganderstood
28 R BRI SR o B gk o o

ttheclashsufer ph@s&mﬁrthe doarideof eplivalerss. oThe appeatied daintk are
he, way lLe an tel escope_ o Justable
BB %jo‘BéC%’et ?P‘Q“%ﬁb%ﬁ 10 QOVELRQY, %‘S)t ghﬁcg% agRegs of
RhIRATHhGHs FPheRimBE st e Gshticp Bu@al&@@h%ﬁ%ﬂ:%f&eﬂfd other

where beam sixe in the'region of the anplifier
eh@hﬁtamas and changeethat woild bti apphamntye theseskélted inghe art. In

Iro t be.as.inportapt as.in fixed

BB BBty Pl moGAR il Ueihtoldseg sh Blimpe Fapegps f the
ti»ﬁb ebymifest dNcl %@ BPHHR, préscaPifiRemain(Hhobdd dbvve,ihdrs @buld be
Ienses that can have the di stance between two
aaiplesneated. For synmetrical spectrum control, the center
of an adjustable aperture could be aligned to the
center of the beam For asymmetrical spectrum control,
the center of adjustable aperture could be noved in
one axis, such as in the horizontal direction toward
one edge or the other of the beamto, for exanple,
I ncrease or decrease bandw dth. For sone di sturbances
to a |l aser operating parameter such as relating to
beam quality, such as bandw dth, the variation may be
nore pronounced in the vertical direction of the beam
This can be true as an exanple for repetition rate
dependent di sturbances. Therefore, the variable
aperture illustrated in FIG 14 may
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be rotated 90 in the plane of the page as illustrated
and select a vertically oriented portion of the beam
wo eooshemm qual ity paraneter sel ection, |ike bandmsgions/004598
selection this my al so be done in tandemw th a
sel ection aperture as in FIG 14 and anot her such
aperture as just described. For sone applications, the
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beam jifp the| ligie magrowing wit, arpgeend mpde driyesdhe paagnification of the beam

e EUEY Tk bt
ittt St B BF O SR VoM 1P, o O error
g@dalltaxﬂnﬁthird gidallanigﬂe; &ibdnﬁg?ﬁédtifbﬁtdﬁ@htsbdgm in'the line narrowing
() ose an Cl_al sSpect.s the su ect natter
HP%E‘I'E%%?PSSFO Eh?@aaggfggﬁﬁprpwgﬂﬁims) nth ed above,

ot her Syherith th £Rh mode the differential timing controller selects the timing in
response to the bandwidth error signal or without regard to the bandwidth error

signal.

2. The method of claim 1 further comprising:

controlling the magnification of the beam in the line narrowing unit in
response to the bandwidth error signal utilizing an inner bandwidth deadband value,
and an outer bandwidth deadband value, wherein the bandwidth controller drives the

magnification of the beam in the line narrowing unit in response to the bandwidth
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i mpl emented. CLAIMS | /VWE CLAIM 1. A nethod of

controlling bandwidth in a | aser systemconprising: a
w@amsdesehar ge seed | aser having a cavity and peDUSIOSIGP4598

a seed | aser output; an gas discharge anplifier |aser

anplifying the seed | aser output and producing a | aser

system out put; a bandwi dth netrol ogy unit which

neasures the bandw dth of the |aser system output and

provi des a bandw dt h neasurenent; and, a bandw dth

deingrbetwegndhe gmnee aad outenidadhandevduescanly whetsahe epmirdller is

urepent ;. a bandw e oi-Rt .and _prqvi des.a
SHAHIERRRlepAgh Buflsithib) e tordRich S RoneBATE R e
randwibti geddbhdd vdlt&i N the cavity of the seed | aser

conprising a grating and a variabl e beam magni fi cation
optical system a differential timng controller

SO IRE WA d%udit? At cdiifilibd! N9 Of a di scharge
between a respective palr i>'e¥ectrodes in the seed
| aser waihiding tvespedusiof ®apdvidtiodrrarl redddtiodes i n t he

anplifier laser: the nethod conprising: caontraolling
DAL BGHTR) BerkAdh St reREPBRIade WhePs1R ghe brndwridth

f i ' i [
SEAEO1E xR S lon MBA AR bl B
limpactraaothemlasgr systetn, operatmgqrachmeaiekeottiern thas barttbvidth; and

o S GRS EEAR
YabdRdtiResht I xedut¥® BendllidHeSTdreditdeaicbirm@nde 8o 8¢ to change

the beamin the line narrowing unit in response to the
the Hpvicst bandmidsh targefwithoud m@gam% tor ispact on thesitherdaier pperating
differenthgl timng controller selects the timng in
J%%BEW%éa?o t he bandw dth error signal or w thout

r egar dhé cortidvilebanidtitl tb Be k€ond iefda teduction iR d8BpSVE cldnge in
claim1 further conprising: controllin

t he
eapdvidthe targes andto the dirgiampan repching the pew ??aﬂmﬂhargm-i t
in response to the bandwidth error signal utilizing an
i nner bandw dt h deadband val ue,
4. The method of claim 2 further comprising:

utilizing two modes of bandwidth error reduction:

a first normal bandwidth error reduction mode wherein the bandwidth
controller executes bandwidth error reduction commands so as not to significantly
impact another laser system operating parameter other than bandwidth; and

a second bandwidth target change error reduction mode wherein the
bandwidth controller executes bandwidth error reduction commands so as to change
to the new bandwidth target without regard to impact on the other laser operating
parameter; and

the controller switching to the second error reduction mode upon a change in

bandwidth target and to the first upon reaching the new bandwidth target.

5. The method of claim 1 further:
limiting bandwidth actuator dithering to a minimum number of steps in a

first direction before dithering in a second opposite direction.

29



and an outer bandw dt h deadband val ue, wherein the

bandwi dth controller drives the magnification of the
whe@si12739¢ he | ine narrowi ng unit in response tBCT/082008/004598

bandw dt hbei ng between the inner and outer deadband

val ues only where the controller is effecting a

bandwi dt h change such that the bandwidth is

approachi ng the inner bandw dth deadband val ue. 3. The

met hod of claim1 further conprising: utilizing two

nodes of bandw dth error reduction: a first normal

ibahbevirstthodenf cbaimréefiuther:on node wherei n the bandwi dt h

control l.er executes bandw.dth error .reduction co nds
o s Timfine BAERuutr sctitor § Hefipgas € iR nhBer S SEdR
FR& ek tich PAbARIRFNG iR & kedoRdbppsiidWidttion.and a second
bandwi dth target change error reduction node wherein

t he bandwi dth control |l er executes bandw dth error
e ibe methodad chamdsfustheasomprisiiginge t o t he new

bandwi dt h.t arge i t hout, regar,d to i npact . t he ot her
aser “BlBeat G, Hrictdt than S Ay HE et syl contoffer s the
v IHaREWEE farsdtDaSREGIM A drr beRFHEA hOMeATAR] BENAVidth and the
change in bandw dth target and to the first upon

newdargagbandwidtbwibun dwtldeted amogat of time Mindbsignalingdhatithe laser

Siftticde RO Elied BRRLISTR spira Pl SR frmount of

€kde0r reducti on node wherein the bandwi dth controller
execut es bandwi dth error reducti on conmands so as not
to significantly inpact another |aser system operating

t@g?gg?{ec og%ggﬂ'imtébﬁ@th@&gﬂwrg% - and a second bandw dth

error redu de wherein the
bandwiwdich bandwidoh taeget éx eleanped diieing thedbdndedidthrcontroller to the
redyction _conmands so as to change to the ne

BEW RN I SrgRlDasic YRoman SEEpa PRIEGD iﬂFFp'é‘E%SUEﬁﬁlV\{P%é‘“é@thé'f‘d the
hewfareCPRnAlidtH A RTREREted AR uht T tiROLEPLiEFling that the laser

SWItCﬁI ng to the second error reduction node upon a
systerg ean notozenwtied] ot tar bpein speddficasiontvaring thxt selgnted amount of
reachi ng the new bandwi dth target. 5. The nethod of
% m 1 further: liniting bandwi dth actuator dithering
to a m ni mum nunber of steps in a

9. The apparatus of claim 1 further comprising:
utilizing a function generator to command a bandwidth selection actuator

stepper.
10. The apparatus of claim 4 further comprising:
utilizing a function generator to command a bandwidth selection actuator
stepper.
11. The method of claim 9 wherein:
the function generator commands the bandwidth selection actuator based on

arbitrary functions of shot count.

12. The method of claim 10 wherein:
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first direction before dithering in a second opposite

direction.6. The nethod of claim4 further: limting
whanduebh act uator dithering to a m ni nrum nunmPer/Usf008/004598

steps in a first direction before dithering in a

second opposite direction. 7. The nethod of claim1l

further conprising: when bandw dth target is changed

driving the bandwi dth controller to the new bandw dth

target based upon an error between the neasured

bandwithie fungtidn géreratencammgads tha hawdwidth seleckion agtuator based on

sel.ect e noun f. tine and signaling that the | aser
ﬁe@ﬁ'%%@ﬁﬁlwgtotfﬁlgmrcgwted upon to be in specification
during the selected anount of tine. 8. The nethod of

claim4 further conprising: when bandwi dth target is
dRahbemethod\af glpimpewhersthwi dt h control ler to the new

roasu SRR o RASRE SR Philp B IEn ifater rem

zommandtsabodipunt of tine and signaling that the | aser
system can not be relied upon to be in specification
during the sel ected anount of tinme. 9. The apparatus
d#4. Thamethbdfoficiaivarl 2owhgreinsi ng: utilizing a function
generatog to,%gnnand a bandw dth sel ecti on actuator

st eppéhe bangwidthconspliernomprises & bapdyidthrsglectien actuator step

‘E:Bgﬂdgﬁis otheki | 1 zing a function generator to conmand
a bandwi dth sel ection actuator stepper. 11. The net hod

of claim9 wherein: the function generator conmands

tllg.eAq%ggg\g',Sg%IHgﬁlglkﬁgih' on actuator based on arbitrary

functi ons cotint. 12. The met hod of claim 10
wher eiargas discharge s¢edragpe heviag arcagtyramd poduitiag haeethiaskrioutput;

sel ection gctuator based on arbhi.trary functions of
Shor e R trn e ot sPTinInG e SHAQ fasERCutpyend
W\M@tﬂagé;@wt%lcﬁﬁp&pnpri ses a bandwi dth sel ection

actuat or st e(IJ . . .

a bandwidth metrology unit which measures the bandwidth of the laser
system output and provides a bandwidth measurement; and,

a bandwidth error signal generator which receives the bandwidth
measurement and a bandwidth set point and provides a bandwidth error signal;

a variable magnification line narrowing unit within the cavity of the seed
laser comprising a grating and a variable beam magnification optical system,;

a differential timing controller selecting the timing of the firing of a
discharge between a respective pair of electrodes in the seed laser and a respective
pair of electrodes in the amplifier laser;

a bandwidth controller having three modes of magnification control, a first
mode in which the bandwidth controller does not control the variable magnification
line narrowing unit, a second mode in which the bandwidth controller controls the
variable magnification line narrowing unit to drive the magnification to a selected

value, independent of the bandwidth error signal and a third mode in which the

bandwidth controller controls the variable magnification line narrowing unit in
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command snoot her. 14. The nmethod of claim 12 wherein:

the bandwi dth controller conprises a bandw dth
wa@edlosarisen act uator step comrand snoot her. 15. PAI/USRES8/004598

system conprising: a gas discharge seed | aser having a

cavity and producing a seed |aser output; an gas

di scharge anplifier laser anplifying the seed | aser

out put and producing a | aser system output; a

bandw dth nmetrol ogy unit which neasures the bandw dth

oéspohse toabebarslyddtbrermu signel tarsdlept the baedwidtibefthedasehsystem

rmﬁ%ﬁregent; and, a bandw dth error signal generator

WHIRHr F€cei ves the bandwi dth measurenent and a

bandwivetideif Fhe dfeféintiaNEmieRonf8RerseRRtshE dhdingin fEponse to the
signal; a variable magnification |line narrow ng unit

\wandividth ersorcsignial gr withowtaregard do thehapdwishp efrer signal.
grating and a vari abl e beam magni fi cati on opti cal
system a differential timng controller selecting the
tlienANgsepbystdi cbinptisiggof a di scharge between a
respective pair of electrodes in the seed | aser and a
r espe@lpses light sougse comystsingdes in the anplifier |aser;

a bandw i na. _
magni % :’Eg g‘% Pgﬁo%gﬁtﬂlnéo% olgf%jl (%g’tltty %ﬁgcl % gﬁ?@émf he
bandwiadtamplifiet taséd receidimgshasded daset owtput drel amaplifsivigehe seed

\rﬁiﬁ%ni fication line narrow ng unit, a second node in
EPUPHE bandwi dth controlier controls the variable

magni i GalvRith hicd81d23 hoM1E thedfliring!tRe BAAMBAIET a laser output
magni fication to a sél ected val ue,” i ndependent of the
thightimilskt beagr pulse piognedd antdie dighhsaudcerandeprpvidinig acbandmadth
bandwi dt h control |l er controls the variable

MEGATEMERS i on 1ine narrowing unit inresponse to the

bandwiaHaRdRIdtR errst 98Rd1 pbRera® BsdeivimetHedadivitioh mebsurbi@ient and

| aser system output, and wherein the differential
wibehdyyidilo srtrpsintapd pegvading atipadwidth pgor sighals ponse to

the b | Sj | t t .
e Sy AT T8 s B e
acleats alsphtiad porikmwTake beam it Seldively alter the bandwidth of the seed

laser output.

17. The laser system of claim 16 wherein:

the bandwidth selection element comprises an adjustable aperture.

18. The laser system of claim 16 further comprising:
a second bandwidth selection actuator acting in cooperation with the

bandwidth selection element to select bandwidth of the laser system.

19. The laser system of claim 18 wherein:
the second bandwidth selection system comprises a differential firing timing
system, which adjusts a differential firing time between the seed laser and amplifier

laser.
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a seed | aser defining an optical cavity producing an
output; an anplifier laser receiving the seed | aser
woeiopat7sand anplifying the seed | aser output; BCT/US2008/004598

bandw dt h nmetrol ogy nodul e neasuring the bandw dth of

a laser output |ight pul se beam pul se produced by the

i ght source and providing a bandw dt h neasurenent; a
bandw dth error signal generator receiving the

bandwi dt h nmeasurenment and a bandw dt h set-point and
R0oVhelapmraubaidaindl $ wheren: si gnal ; a bandwi dt h

ST o BT
R @ifetet@hyfifhd Bmingd & sRah Suvhpiises AffideMan@®&Hh ka®ed] actuator.

output. 17. The | aser system of claim 16 wherein: the
bandwi dth sel ection el enent conprises an adj ustable

e 18. T .as sSysSt . .claim16 further
2 i Tebor S AT B AR BB BRT O act vt or
act i ng beamCsxpRaYicd sydeniek paridiey thasidaioflthe teemdatidert on a
el ement. to sel ect, bandwi dth of the | aser system 19.
Paadwidihbselegiiop opfieal elgmenty 18 wherein: the second
bandw dt h sel ecti on system conprises a differenti al
firing timng system which adjusts a differenti al

f22r Thelakernsystort ofiedaint 2(kfisthedcdmprésinggnd anpl i fi er

| aser. 20. The appar atus of cl ai 19 rein: th
adj us SxPRRYIOR &R rPudEdhg 5izp S8 i e prigent on 2
HARdWRAth &FdMiBh Ot Siddiéedi fferential firing timng

system conprises a fine bandw dth control actuator.
21. The laser systemof claim 16 further conprising: a

expansi on syst.e xpandi ng the size of the beam
ik}ﬁ?ﬁ&eeﬁgerogﬁﬂgmboiﬁwgﬁwg‘éﬁeg’cti on optical elenent. 22.
The | apeidjastst1e ap&ure amptiddd f datR&an&RTdMh téitRd ‘acfator and
beam expansi on system expandi ng the size of the beam

ithrcbadanexngnsian pystermicamprises atne bandyyidthcgntrel actpater.

24. The laser system of claim 19 wherein:
the adjustable aperture comprises a fine bandwidth control actuator and the

beam expansion system comprises a coarse bandwidth control actuator.

25. The laser system of claim 16 further comprising:
a bandwidth control device modify the shape of a beam incidence portion of

a bandwidth selection optical element.

26. The laser system of claim 24 further comprising:
a bandwidth control device modify the shape of a beam incidence portion of

a bandwidth selection optical element.
27. the laser system of claim 19 wherein:

the adjustable aperture comprises a coarse bandwidth control actuator and

the bandwidth control device comprises a fine bandwidth control actuator.
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23. The laser systemof claim 19 wherein: the
adj ust abl e aperture conprises a coarse bandw dth
wae@oeosnwisoact uat or and t he beam expansi on syst ePCT/US2008/004598
conprises a fine bandwi dth control actuator. 24. The
| aser system of claim19 wherein: the adjustable
aperture conprises a fine bandw dth control actuator
and the beam expansi on system conpri ses a coarse
bandw dth control actuator. 25. The |aser system of
claim16 further conprising: a bandw dth control
\; beam i nci dence portion of
agbgﬁdaggqﬁgté%logg aﬁ%ﬁﬂ)ﬁpﬁéreﬁl el enent. 26. The | aser
sy st etheaddj@stableapdnirel cdhprises @i indgidta chmrsl wetliator and the
ontral devi ce nodi fy the shape of a beaminci dence
ahdwidth contrgl deieRFmpTisss a@em%haleﬂpw th-gonzpkagtyator. o7
the | aser system of claim 19 wherein: the adjustable
aperture conprises a coarse bandw dth control actuator
aﬂdThdm)phmnMMfd:ﬂeﬁmct(nﬁxrmler denpringonpri ses a fine

cl ai P PERRAPRIRT B Rkt LR PPl SR Addthes
hinPEABERAH difusGA bQIm S5k YakAhg AF thdEnhiamgw dth

control device conprises a coarse bandw dt h control
actuator. 29. The apparatus of claim 16 further

rising; a am der internedi ate the bandw dth
e B T R EhE whi ch ad) ust ot he
beam §ibésm @RpAIdeR thtérifedidtd theBHRHWIAE ContR) elehiit and the
apparatus, of claim 17 further conprising: a beam

amphfierevhich ediusts dheabeam pige Balgtng e tl@oamldiera enent
and the anplifier which adjusts the beam size entering
into the anplifier. 31. The apparatus of claim 29

B LrTheedppaatgsrdfeldig: 2%fubhantaoprisingt or i nt er nedi at e the
bandw dth control elenment and the anplifier whic

col | i AR colEmaieripteameeiateige bﬂ%wldﬁéc%ﬁﬂl Pkep)@pt argizthe
m?}lﬁm@ﬁl@ﬁ sniMat&d é el etlfégﬁlg gﬁto gﬁ’eﬂﬁﬁ% a beam
co ntr oI

Il mator interne atethe el ement
and the
32. The apparatus of claim 30 further comprising:
a beam collimator intermediate the bandwidth control element and the

amplifier which collimates the beam entering into the amplifier.
33. The apparatus of claim 31 further comprising:
a beam expander intermediate the seed laser and the bandwidth control
element.
34. The apparatus of claim 32 further comprising:
a beam expander intermediate the seed laser and the bandwidth control

element.

35. The laser system of claim 33 wherein:
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anplifier which collimtes the beamentering into the
anplifier. 33. The apparatus of claim3 1 further

W@ owne®INg: a beam expander internedi ate the BERUS2008/004598
| aser and the bandwi dth control elenent. 34. The
apparatus of claim32 further conprising: a beam
expander internediate the seed | aser and the bandw dth
control elenment. 35. The | aser system of claim 33
wher ei n: t he beam expander and beam col | i mator conpri se
a bearthsbeam extjandenandtbeanl dollimator corpriseTthbeanpsize adjustment
oflcl i m34 wherein: the beam expander and beam
581V?ﬂéﬁor conprise a beam si ze adjustnent collimator

37. An | aser systemconprising: a seed |aser defining

an optical cavity produci ng an output; an anplifier

134sEhe anpaetyg efrlaim3awheteinii ng t he out put of the seed

| aser [.dj e . ' |

ot ol 0gr i Bl e bR R ABE MR oot BACEY Sl

oeullimdtod. i ght pul se beam pul se produced by the |ight

source and providing a bandw dth neasurenent; a

bandw dth error signal generator receiving the

Qaﬂgﬁggﬁp$g§g§agaﬁﬁ§&gand a bandwi dt h set poi nt and

provi di ng "a ban error signal; a differential

t i m ng ssgdstasen dediapigres opgichlbcayity grdahicthgy att dutputy or

signal to selectively adjust a,di.fferential firin

e BeaEbiet hsergevingan ol Hng e of hF s lasey and
toBdRE AR ks BRpusy St em control | abl y adj usting a

eam di mensi on of a beamw thin the cavity of the seed
| aser atbandwldtle merelogy ahedide measusmgdhe Hatdvofltht dfea lgses gutput

VR X B il R b D et Sl by egligpviatn
fheaBisinent; adj ust ment system conpri si ng:

a bandwidth error signal generator receiving the bandwidth measurement and
a bandwidth setpoint and providing a bandwidth error signal;

a differential timing system responsive to said bandwidth error signal to
selectively adjust a differential firing time between the seed laser and amplifier; and

a beam dimension adjustment system controllably adjusting a beam
dimension of a beam within the cavity of the seed laser to selectively alter the
bandwidth of the seed laser output and also controllably adjusting the center
wavelength of the seed pulse; and

the beam dimension adjustment system comprising:

a plurality of beam dimension adjustment prisms; and,

at least one other prism comprising a center wavelength selection prism.
38. The apparatus of claim 37 wherein:
the plurality of beam dimension adjustment prisms comprises a coarse

bandwidth adjustment prism and a fine bandwidth adjustment prism.

39. The apparatus of claim 38 wherein:
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a plurality of beam di nensi on adj ustnent prisns; and,
at | east one other prismconprising a center
woanwsliersgs h sel ection prism 38. The appar at usPOf/US1088/m4598
37 wherein: the plurality of beam di nension adj ust nent
prisnms conprises a coarse bandw dth adjustnent prism
and a fine bandw dth adjustnent prism 39. The
apparatus of claim 38 wherein:the differential timng
system adjusts the differential firing tine to_ o
mai nt ghedifterehtialitiming system adjysib thetdifferentiglefitgig time to maintain
andwi gt hs, . 40, .The apparat us, of..claim 39 wherein: the
AR Mmis' sttt ORBEPERIRRR AL et on pr 1 om
conprises a coarse center wavel ength selection prism
and a fine center wavel ength selection prism 41. The
dpabeapparaips of dpim 3@ whareiier conpri si ng: an
addi ti v, [ optical el
oper ating 1667 Bhe et GaRiitoth, 3<aoh pPEyRes FGE benter
sedvelehpthrsefectisimpiism sl adinexentee wavelergth sgliebtiondprisni.he
apparatus of claim 37 further conprising: a center
wavel engt h sel ecti on nmechani sm whi ch conprises a
i1S i ' BIFRLRL ¢ - Lhe center wavel ength
g@r@@%?@%ﬁgﬁ$§%§§@ngts a%cgﬂgﬁgn f incidence of the
beam wpedditivealdientre vaivelengthtseleatiorebptivah eleméBt ofkinating in
apparatus of claim4 1 further conprising: cent er
FRDEPEHA Wite St aYSlenB Elclipg HOB4psird esnisr wavelength
di spersive optical elenment; and, the center wavel ength
sel ection prismadjusts an angle of incidence of the
Haalheippnaratheoiklaipes s furthep pemprising] enent . 44. The
apparatus, of claim37 further, conpriksing. the system
sel ectt SaIcY vakpiShethsgleplien aiechabER Whigh omariigs § tipeisive
?miemmgamﬁi ne bandw dth control adjustnent; and
t

e systemcontrol |l ably adjusting the beam di nensi on
conpr itB¢ eRater VW&FW‘WX@WG PHS‘@@%NS&H anggfjelselipgidence of the

beam upon the dispersive optical element.

43. The apparatus of claim 41 further comprising:

a center wavelength selection mechanism which comprises a dispersive
optical element; and,

the center wavelength selection prism adjusts an angle of incidence of the

beam upon the dispersive optical element.

44. The apparatus of claim 37 further comprising:

the system selectively adjusting the differential firing time comprising a fine
bandwidth control adjustment; and

the system controllably adjusting the beam dimension comprising a coarse

bandwidth control adjustment.

45. The apparatus of claim 43 further comprising:
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45. The apparatus of claim43 further conprising:the
system sel ectively adjusting the differential firing

WO 2ovs/123opr i sing a fine bandw dth control adj UBCTERL0DS/004598
and the systemcontrollably adjusting the beam
di mensi on conprising a coarse bandw dth contr ol
adj ustnent. 46. An apparatus conprising: a seed |aser
defining an optical cavity produci ng an output; an
anplifier |laser receiving and anplifying the output of
t he sdhelsysteneselegtivety adjustingghadiffesentiabfisng imeutopprising a fine

andw dt h rolo nodul e neasuring the bandw dt h of

aaflgvswéj?h‘é(ﬂﬂ f‘gjluftgl#tm’pﬂ%se beam pul se produced by the
|i ght tBOsysen abtrdllaBl lijiding thebehm intensRAIOhRIBIHE a évarse
bandw dth error_ signal generator receiving the
tandixidth eorvieod edjustment- and a bandwi dt h set poi nt and
provi ding a bandwi dth error signal; a differential
timng systemresponsive to said bandw dth error
sicgAalapparatelcemiprigilgy adj ust a differential firing

tine between the seed |aser and amplifier; and a beam
di mendi §fd lagprdafingng anopticahravalyinreducing an QPWst i ng a

beam di . Pty :
| aser dd%]o ge#%?%élg%re f/Qgﬁ{théertaEAéﬂ @gﬂgw dtlhb l%tfd%{t}ﬁ(ge&ggg%%pand
|ppsvading atlgset systein alugmt,cont r ol | abl y adj usting the

center wavel th of the seed pulse; and the beam

i e BROSH SetiolResa Se R iamien Gdmgi £ sy ogtou
b%ﬁﬂblﬁhé% Bﬁls@ﬂiddﬁ&é@l’)’b‘ théightSourée Qidsﬂ}s{/i%lhiéed BAidwAadth
el'enent; and, at center wavelength selection prism
whdagtrement;east in part defines an angle of incidence

15 IR LA R S i
GaARWRIth Sétpdint dnd froviling £B&aidvade &fdrelgnal;i sm defines
the angl e 0? i nci dﬂé‘ﬁce of the beam on the dispersive
opt i c&ldifprepBalitiming system responsive to said bandwidth error signal to
selectively adjust a differential firing time between the seed laser and amplifier; and

a beam dimension adjustment system controllably adjusting a beam
dimension of a beam within the cavity of the seed laser to selectively alter the
bandwidth of the seed laser output and also controllably adjusting the center
wavelength of the seed pulse; and

the beam dimension adjustment system comprising:

a plurality of beam dimension adjustment prisms;

a dispersive optical element;

and,

at center wavelength selection prism, which at least in part defines an angle
of incidence of the beam on the dispersive optical element; and,

a center wavelength selection mirror which, in cooperation with the at least
one other prism, defines the angle of incidence of the beam on the dispersive optical

element.

47. The apparatus of claim 46 wherein:

37



47. The apparatus of claim46 wherein:the plurality of

beam di nensi on adj ustnent prisns conprises a coarse
whanduedbh adj ust ment prism and a fine bandw dpem/US2008/004598

adj ustnment prism 48. The apparatus of claim46

wherein: the differential timng system adjusts the

differential firing tinme to maintain bandwi dth within

a sel ected range of bandw dths. 49. The apparatus of

claim47 wherein: the at | east one center wavel ength

S eI ectth@nlupahtsnf bmpdnmmw@ aglpastroent ey s compuist sehepaiise

g) dﬂlo'?fl Srﬂlﬁlsn ang}g? I§ ine ﬁ%wﬂ%ﬂhafyel enﬁtt h.gel ection

conprising: an additional center wavel ength sel ection
optical element operating in conjunction with the
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50. The apparatus of claim 47 further comprising:
an additional center wavelength selection optical element operating in

conjunction with the center wavelength selection prism to select center wavelength.

51. The apparatus of claim 47 further comprising:

a center wavelength selection mechanism which comprises a dispersive
optical element; and,

the center wavelength selection prism adjusts an angle of incidence of the

beam upon the dispersive optical element.

52. The apparatus of claim 47 further comprising:

the system selectively adjusting the differential firing time comprising a fine
bandwidth control adjustment; and

the system controllably adjusting the beam dimension comprising a coarse

bandwidth control adjustment.
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