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WD 2005/ 094205 PCT/ US2004/ 024160 TITLE 5 Very Hi gh

Energy, High Stability Gas D scharge Laser Surface
wae@anoeni System 10 FI ELD OF THE | NVENTI ON 1BCT/h82004/024160

present invention relates to high power and high

stability gas discharge lasers for use in

manuf acturi ng processes invol ving treatnent of

surfaces and/or substrates with |laser |ight over

| arge areas and at high repetition rates. RELATED

APPLI CATI ONS 20 Thi s appliﬁfi nis a
cont.i nyati on art,_.of @_&% fcations Ser. No.

Vo High Hgerete Hieh PEIPIRIG R LES fittacChegifient System
GAS DI SCHAREGE LASER SURFACE TREATMENT SYSTEM fil ed
Novenber 26, 2003; of 10/631, 349, entitled CONTRCL
SYSTEM FOR TWO CHAMBER GAS DI SCHARGE LASER, filed
July 30, 2003; of Ser. No. 10/233,253, entitled
LI THOGRAPHY LASER W TH 25 BEAM DELI|I VERY AND BEAM
PO NTI NG CONTRCL, filed on August 30, 2002; of Ser
No. 10/012,002, now U.S. Patent No. 6,625,191, filed
on Novenber 30, 2001, entitled VERY NARROW BAND, TWO
CHAMBER, H GH REP RATE GAS DI SCHARGE LASER SYSTEM
vvith inventors KnBIZ1eB OE'THEINVENE]IO%ed on Cct ober

02, Pub. No. US200 54668A1 Ser

09/ rgﬁpsﬂ TEHHQ 1] at?ﬁ&? %lggé?bﬁﬁéf gap djsghargg lasers

for a&acﬁ%o@&%éstlhﬁavﬁ{ %%aﬁ%ﬁm%?)@ a6t substrates with
MBER, HI GH P RATE GAS DI SCHARGE LASER SYSTEM

lasesilight ovey dargoarsas adeatdight repgtitiongefls.i shed on April 18,

2002, Pub. No. US20020044586A1; U.S. Application Ser.

No. 09/837,035, now U. S. Patent No. 6,618,421, filed

on July 30, 2001, REDATEDAPPLIGEAREDNS! TI ON RATE GAS

DI SCHARGE LASER W TH PRECI SE 35 PULSE_TI M NG CONT

wi t Rhisnepplicetien Das ae corffnuationritpagh «f %SJaﬁ'ﬂE@F‘iﬁﬁgﬂs 2 Ser. No.

0P85 i PR ARG TRB P GAS DIscAREGE
LA|S§ERY SURFAUEETREAWIIRZND Wﬁlemwsmmmm of TA®31,349,
it CobTBRAL A5 bEr TR Tl PRk SR TS Lo,
ﬁlwggg%ﬁgie%fsﬁr Efgg'\@%% 253%5@61&161211@@@&9%@3{ LASER WITH

on June 25, 2003, and to an
BEANIIDEEMERY 3¥D BEMoM, PAVIBYE a@NTP@h,uﬁlbcé@nqumwwa:@OZ of

S PRI B ELECTE G, WEERONECTL G e 0, 201

entﬁﬁ@XW@’ NARREOWEYE DNk et Wi . CRANBIRAHIGE RIEPo RATE GAS
on June 25, 2003, Application Ser .

No.
DI&OH@QK&BLASF&%SY&T@MWM K eoNTIRapWiceret al., published on October
24, 2002, Pub. No. US20020154668A1; Ser. No. 09/943,343, now U.S. Patent No.

6,567,450, filed on August 29, 2001, entitled VERY NARROW BAND, TWO
CHAMBER, HIGH REP RATE GAS DISCHARGE LASER SY STEM, with inventors
Myers et al., published on April 18, 2002, Pub. No. US20020044586Al1; U.S.
Application Ser. No. 09/837,035, now U.S. Patent No. 6,618,421, filed on July 30, 2001,
entitled HIGH REPETITION RATE GAS DISCHARGE LASER WITH PRECISE
PULSE TIMING CONTROL, with inventors Das et al., published on January 31, 2002,
Publication No. US/20020012376A1; and the disclosures of all of which are hereby

incorporated by reference.
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TWO- CHAMBER GAS DI SCHARGE LASER SYSTEM filed on
Decenber 21, 2001, and to Application Ser. No.

wQA 034942801, entitled GAS D SCHARGE ULTRAVI OLBEACT/0S2004/024160
LASER W TH ENCL()SED BEAM PATH W TH ADDED OXI DI ZER

cati.on

filed on May 7 2002, and. to [
10/Posepresst  amlicatioad AL T cé%@mﬁ*m CIS%TEWE%"'W

ME@@?A%%’E@% %fdd@g\g@ %ﬁ%g@ém@l@ﬁ?@mmms

Attcetidyi Dbelckt NI EGT3 (mslsejstmai oASER: DB, TR03PRECISE Hppligation Ser.

o S 3o h DGR, K5t Ao 08 D hrygar

mTkQJédﬂN%@ﬂr entifricad GA®IDF SEHARGHODBUTRAVI POSTTINSER IN
W TH ENCLOSED BEAM PATH W TH ADDED OXI DI ZER, fil ed on

REMYIVELY @ﬂ@swmmmmm Attorrearocket Np. 2008 1H2 D eelse filed on

ndBEEREL 4053 40, ) LSRR BRI aperie. o

TWeNEHAMBER! @AN@@@HAB@EEQESE’N\&WE&M mcsardém:ﬁ 2001,
20 LASER SYSTEM with inventors Ershov

andgabApmisatons Remlp. 20/14300% oTAied RBS DISSIOBOBHUEEBAYIOLET
LagER P ERe g e e e o SO ER Mo ey 7
200b] hRTtooRpplNati@bear N30 10/266,168, remtitlkkh IA[é’ED]SI:AéEI@sGRSt(é@NTROL

v PSRk CAS IR Cr B ASER! RS e alg 2005, and to Ser.
No. Q‘JW /gg Eﬁi@a@ %Eﬁélp%ﬁ@%nwéﬁoﬂ WENGESONARER, WITH

now U. S. Patent
PRECTM]ING&(B(DINWRQI@ avitht BverstoRalNenst etNd., p@bh)sb@d 3p5uly 4, 2002,

pa ! LSBT i TR P AR PSR B rancr
ULPRAGM0IEE ERSER' eNTEASERIGLOYNDNATERNSTERRER WORH ADDED
SCANNER W TH ENERGY SENSOR FEEDBACK, issued to

OXBaLHR rfded et Maly.7, @ﬂO%@vManggorSMQet Bp guhl@h@gi ep November 14,

200 Pub T/ Bl Bral kRO e, HRpLeGimoer 21

200Yoveiiiiee IOMINGOZDNTRSL Ao | TWO-OHAVBER 66AS ONBSCHARGE
DELAY AND H GH TI'S PULSE STRETCHER, _fijled on t
LASBR S685EMAr brinsstesacieaionus: AsouBlishtbos Y2y 2005, Fib. No.

S u APL SR e, LSRR
TR At o A B S =
Noegbsr P, AR SRR LSS TEBSATE ERTER TASBRPPIGRER Ser
NO{NQJ%_%@(? gateﬁﬁﬂed\kﬁ 1GH Q@ip}iﬂﬂmo@flmm OGKKCDMEHAR@%Q LASER

MULTI PLEXER, the di scl osures of al
Wml PREGISE PELEB T IMINGT @GNiiML tﬁfled endysihd 8, 2®1 now U.S. Patent

NoPPESTANO,SE Vid IENT PlIis  leansbahit sviaonerc

M@DQJLATCBR gyl TH B A'ND“ TEMF(ERAEHJRES CTIRENG t@ammm,«mm
comonl y found, e.g. | a P
CIRCUIT, and U.S. Patent No. 6, 067 306 entl led LASER-ILLUMINATED STEPPER
OR SCANNER WITH ENERGY SENSOR FEEDBACK, issued to Sandstrom et al. on
May 23, 2000, and to U.S. Application Ser. No. 09/451,995, entitled LONG-PULSE
PULSE POWER SYSTEM FOR GAS DISCHARGE LASER, filed on November 30,
1999. U.S. Application entitled LONG DELAY AND HIGH TIS PULSE STRETCHER,
filed on November 13, 2003, Attorney Docket No. 2003-0109-01, and to U.S. Patent

Application Ser. No. 09/854,097, entitled FOUR KHZ GAS DISCHARGE LASER, filed
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conputers. Polycrystaline silicon (Poly-Si) TFT

screens are brighter and nore readable than, e.g.,
waemsphos silicon (aSi) TFT LCD screens, but PEIUS2004/024160

consunme nore power and 10 can be generally nore

on Man i a200h e 10 PRS0 Sarerns i kP &Rrg, MODULAR
PR({)BWI@I\PQU&WWMR@W B ARSI S1IGEER EP RATEFXCIMER LASER,

Imtations 1n the currently avail abl e manuf acturi ng
andt ¢ Hd®. oBatest. Nann€Ab7,A Y1, ofntithel cEX@IME&rLA@é%R oWITHe PULSE

MUBTIREERER, editlantens ST RBinirRamet bEPegulid ERTgpee
in relation tgARKGRGUND oirFmErINf\amm@Ng yields. It

is well known to use TFT-annealing ghm for the .
pr o’Bhun{ﬁlmntrmiSlmrg H“FBED) us iaowell| 1§!0Wf§1a'§? o exy kuildipg, e.g.,

L L

conhRS&E.- POHESIIAE mﬁ:afh tpampm fscﬁmsram bnghtes euhd tore readable
(A-Si) to produce, 2@ g crystalline silicon d
thaweFmgyarsmphomﬂscq@r(@@a T bB sordens et g, peghmeanore power an

nig;reﬁérnﬂ'? q?&geé ehgg Tlé_rﬂ%\‘g'&ﬁgt & cﬁr?&lﬂ?oéx%%ﬁblfeoﬁlaﬁ@ﬁctunng

ek g on vices. Wthout such
teclﬁlﬁqdi‘dsmaﬁgm pppieulat,us.g., emg)aptsf bat mpaadturitigs pylielgs dugi fo| certain

be . prevented from 0 such t as the
11mité‘€1‘msr1’é§1€‘e%6r€¥“i ayailp &Q ‘%\r‘l gﬁeﬁess | ar ge
angkﬁn&flm Hﬁjtepslﬁﬁcgs 5P{hera@‘1 NESh shib@fes i lirréfIB a critical

dis ogy I's demanding as the technol ogy
prorma\ss‘soth (fmma R cﬂ)an@cdlgpl@ performpachpobegtive apt vsehation é‘h attainable

or t.ant u for he f tur 2y el opent
mapihgriag iy 4 yVAHKEITLG PR VB e T o prblidtion of
m@qg’oﬁﬁﬁ)‘n%t ?Elﬂal Gis?l%tl_&s NG i£4166 Wiell ltown l‘ﬂé otilidetlaged Ie\ge, excimer or
| at e. echnol ogi es have energed to do _this

moéacuhe gasb@lsdmgﬂ lapess eevg., toruaeed Jaser-induaen érﬁc&tql%%ﬁtlon@ff ggrorphous

15 B8 5, PRRHLLL RSG50 B S o s,

ve g{j&&faﬁl bUrﬁroPﬁhcli/ operafion 1d-b QivatalGeylatodd gylios ph@ylext generation of
ressin Phi |l i ps Research Laboratori
TREndraers | RShaN TEO HOLRNES 0PPRRCRNAF: CRdL HIBERARIays, will be

d llent luti d brightness,
PR PRl arzal%%ﬁ s PR s seelaien gnd
larg@dlgcsohvm)and i ghi mdlrsﬁresheiates ined e displayetecbnolpgsisrdemanding

ht output fr rrently available |ight source
as g‘)?g?cé‘ﬁﬁ Ogﬁgiovﬁ%l% nter wavel ength that is optinzed

to tPBﬁi - PEL RIS} féﬁ%sent@ aflim ?dnﬂa,n? hsuts g @h@future development
anneal’i ng, to nmaxim ze the penetration of the |ight

of iflat pandhalisplayk dxyeerabling ﬂm@@w@gqﬁ@@ressmg and clocking circuitry

US2004 60 rial | tr e
on@%@aﬁc ¥ P %4[}{ geﬁ%.?(ﬁgglg% flve ﬁmgﬁ%e@gc\),\éipqzlﬁfnscg ithét: ‘tg/ local laser
anhddfing Sthkageuit @nea@oxgay a ﬁfoh@ﬁﬂn@ip}ﬁ@ch m@ng§o¢§e5pfdy tlﬁarray and
necessar’é‘rl nto the material. In other cases,

thepeirquitcTHES. fraYrss iehnlbdiong Temperetie Raly-$ilkos Irl%ls&iast@bmsplay
he trg t ) t
A bR EThTB Reskendh, LaPAIEREt St B A RIAR THCHNOLOGY
INPORMIATPAN i cul &’rRO(5RAM1t er WGAEIPdngt h. 1Gas di Mygar ge 1993
| asers knovvnlntheat are n 0
(bt WO - P @WAW/HHW‘ atig, W%&r{ at?é%?éﬁtm&avel engt hs
due I{ 2 5108 wRIYisowAl todRtkct MRE Gght 5@p&! O ScukRki Gvailable light

source systems that has a center wavelength that is optimized to the process involved,

e.g., in the case of annealing, to maximize the penetration of the light into the surface of
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in the within any particul ar |asing chanber being
dictated by the gas(es) being used in the gas

waleashenge. 10 It is currently also well knownP€Tras2004/024160
exci mer or other gas discharge lasers, particularly

Xenon Chl oride (XeCl) hal ogen as di scharge |asers are
the peasenidl being tranted; me armpaleda madlaf peftigietls él@spmréamdent on the

surﬁ%g ;€. %,réfp %{] 15(2558% n%SP Mgﬁyy {;(n%}a Lﬂuz%tg&ar cases,

theﬁﬁﬂlidil@r&ﬂz&é@zﬂlb’b@@ﬁéa&@ﬁﬁy&lsoafewoﬁﬂ tWviketreatgicht, 208, ammealing,

ilized Energy 103 Stabilized, Aver age Pawer .
dlf@mﬂw qtaélffswgh r?fnt%wdgﬂb%bﬁi infpenging fhe gslepgon EV@% particular
Cen%}rv@at\; typ., FWHM 29 ns 20 Pul se to Pul se

ner gy ability (3 sigm) <5. 4% Max. Pul se Energy
DevGas idiznhabpe lescrdkamosgein-the Miare foteavgilable derspraviging an infinite

Speg%g‘é)ﬁepser g%%leggg% ?gg?o‘z;l ?pﬁﬁﬂ%@ﬁ%c&q} Ng{ﬁafgtéortst ng place

d i
e T

the@ad Hisnharge. Gas Lifetime > 40 x 106 pul ses Expected
Las r. Tube

4Bl 5 R e BB il e

alﬁ@ﬁlﬁﬂff eReE ,Cﬂlcﬁidel)@(e(ﬁpﬁalbge@t gdk [eschalge lasefs drB@seful for the type
perf ormance requlr ements for current gener ation

of enpsting peascesseh aotfExabovge feqmaRaniss suehas é{aﬁ)bdéf élgrpf Germany

oo RS AR SOOI e B

of:repetition rates, while maintaining 4 W 2005/ 094205
PCT/U82004/024160 such paraneters as % ése stability,
Wayglenehr operties, etc. As the requireme 5 ¥econe nore

Sta%ﬁlfiﬁﬁ%l%@f ydue e.g., to advancing flat (pghgly di splay

é@ e.g., glass substrates increasing in size
Stdbd;zeéﬁg/eragt%@emﬂ X 1100mm e.g., the Bagay¥ (a38Bgyhngs
ﬂylred i'ncrease at |least by a égﬁépr of tmo
SBY An approach suggested by ,

Puis@'ﬁiﬁlﬁl(ﬂ'wﬁi keweINpp conbine 2 | asers, QQ&SnsWth a
beam honogeni zer t'o conbine the two beans fromthe

Putseuto Palse EgergyiSiabiléty (3 sismalise of 2 | aserg4%.g., due to
dditio zer al one, |ncreases
Ma@‘ogf’g %Jgfs%gglbea%aruon oovggjgétgggof consunmabl es and to

(Maﬁcml@agﬁﬂllmlmgeme@)domtl me. The ass@d%at ed

delivery optics, in addition to the
Beam Dnnen)sllonls? (typ., FWHM)(1m from beam exit) (40 &+ 3)x(13 £+ 2) mm?2

Beam Divergence (typ., FWHM) (at 10 Hz) <4.5 x <1.5 mrad
Angular Pointing Stability (typ. FWHM)

(1 m from beam exit) <0.45 x <0.15 mrad
Gas Lifetime > 40 x 10° pulses
Expected Laser Tube Lifetime 1 x 10° pulses
Beam Height 1235420 mm

Such a laser, e.g., with about 1J and 300Hz performance, is just about at the edge
of the performance requirements for current generation glass substrates. The next
generation (the 5th) of such glass substrates of 1250mm x 1100mm will requife much

better performance, e.g., higher laser energies higher repetition rates, while maintaining
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honogeni zer al so becones nore conpl ex. 10 Use of POPA
configurations for certain applications is well known,
wa@sgoodiosrossed, e.g., in B. Wexler, et al, "UseCDUSXe)24160
anplifiers for degenerate four-wave m xi ng", Anerican
Institute of Physics, Exciner Lasers - Cq2_313 C. Rhod
suchpagymeterysas pybgs sigbility Peam | RORGHES, citn 42 e aTinggERis become

G S bt A St b

incrensidg dh sistoj esdi2a0ehy X51 MOt agm tltier bsert érergias kaguired will

. due to lack o itter/t n noIo

incegsear leatt by 4 ot v pr b SIS P R TR ?‘%9%%08}%‘ c-8-

La¥iid BRGGK isl ﬂﬁﬁ&n‘ﬂnﬁe 2t1h6refOf e wathneBshnt ‘an@g@lﬁkéretb combine the
solution to the increasi ng demands of surface and

twareteers fivm. the tee leers. Howierierl, Bpyuse oif Adasess 612l dugtie the addition of

RCYIEAS o 0 R T
incrldb@dR%iftEnahtl doWMENME! Ofhé agﬁﬁ:ld.ﬂécﬁ délavege obﬁS@ rin addition to the

crystalljzation apparatus and method for performng a
hompgmze@ﬁhatbrc@@m@ﬁfmgre@py@m makeup or orientation in

the .Uig g% E’b@tAecci%[fﬂgﬁha%n%é( RJI’ %‘e‘ﬁalhsaggﬁéaﬁg)h? ﬁe\gelm&\pn quhscussed

conprrse I"aser system conprising
e.gf,iihSB. MRs®E, enall “Obe 06 Kud] uinijdifiess fdrrchﬂgematesfbunwdveg asxing”,

di sch hamh h th
Avigpsn draiput L JBH g P LSt 1983 i RBGISS e P 172+
17? ha{TP&d6, oh QB rl]aggr &Jrﬁ’;ﬁﬁgt Q%st&@%a@d%ﬁhﬁﬂgﬁcar ®A OiRfroduced a

aser  gas cont al he cRanmber conpri $ing a
1000 Kdehnsantased anoPOBAgashmédgyct Hdwtemrpﬂwdmoéuﬁaaz@r immediately

t a, center waye]e optim zed t
wippfhainftomatag s AU Lo ook O Bl Redasbiteiigsy: due in part t
the¥aEtHRAEREPORNA P yetUBRPlaM oA BFILIRd30 conprising, a DC
power source; a first and a second pul se conpression

an d Thetet isgéhasefors 2upsedifpr ai betisosalitioe do tthe inaenmg dnaands of

B G Ll FERERAY 5,1 07 e

andramegucﬂum dealpblyysi Oh 1sk Beles frdmradLAnchdaungect ed in
series and a single secondary w nding passing through

each of the plurality of primary w ndings, and a
solid state tri imng and 5
WO 2005/ 094205 W%¥§Sﬁ§ conﬁoo nodul e
A ogsr alischiergt o ldsenecrydtalicitosi rgpakhtushend emﬁuﬁi \fer sp]:lrderning a
state swtch based n _operating
trap#@ﬁ%tqr\/%fc fi fragialy Wﬁﬁ‘g’é’c% grpRfRQ egﬂiﬁ é@s*f %ﬁa workpicce is
dis fgséﬁ%@trﬁ% é'ecéjhﬁlltic@laﬁi)&eﬁkr @ﬁﬁéﬁtcbﬁ%r@fngg D8rst laser unit
co er OPA

I rst an 'aSer units as eit : _
comprifingya gttst asbseosyé@mdmchagE’@@nb@hfeag}u math aapglérOf elongated

RSP SOb R e et DA e 99l gt e Bongac

gaQ@ﬁEl?eIrgé/ &gtd?l a%s%f«’%és cdntdifedltwidtih BhE cHagfRF cdrhphdin@bhslegen and
beam fromthe first laser unit into the second gas

a nfitde (zas g@leeﬂq»dn@eprodmﬁrdlasmhghtu i hgertat wesplepgh erfimiped to the
t
coBBFIRHER oL TR oS HBoglfie s phE RRGRT o

cofiplisiagPLBI0 pSwer source; a first and a second pulse compression and voltage step

O

mo:

up circuit connected to the DC power source and connected to the respective electrodes,
comprising a multistage fractional step up transformer having a plurality of primary
windings connected in series and a single secondary winding passing through each of the

plurality of primary windings, and a solid state trigger switch; and a laser timing and
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transiting the second discharge region, wthin plus or
mnus 3 ns and as a POPO, 10 conbi ning optics conbi ne
wo b@soe2puit beans, and timng creates pul se sSep&Er/as10041024160
in the conbined output a preselected tine plus or
m nus 3. ns. A beamdeljivery unit and a pul se )
coniso} gradils OREEGHSELo; e (RfedloSa @ thaTSiBecivg selid st swifgh based
€ o 0PlhEJehBSRR £t afd SRR SR 8SBPIEAEN and
upo?h%é%?%?é&ranfé%@; o éfxco?_% i hfhteb an

oltage an onent tenperatures in the _
voljagb step wooires®i effechnperaiiint afjthesfirspandosecpnd lasersunitssas either a

Rl EF DESCRI PTION OF T WY Rl.G' s 1A .and 113 .
POE R SRR %FPWWEI%@R e SR PG ae @ single
outp@f Thicdllight pASHBEML. As\ P Rflastr Hatdnt réIDAGRES: ety BSGerative to

System according to an enbodi ment of the present
dirgchaefist ontpuser| Iight putsedwemafromdbk figitdasen wmidtinto the second gas

s ST 8 AR EP b A B8 s dichaes

bet@eHE MR bdboMd PMiralf électeydge ihilerthe @irstt digputiaes dipht pulse beam is
invention; FIG. 3 shows a bl ock diagrammatic schenatic

trangiténg dre aerodishierharast regons REthin Plys 85 &ypUs dvehendres a POPO,
ElL.G._ 4 . SC ' ' .soli t .

oo fine' o rRRSPE T 8 Rne SIS Rphsfon n e

corfibias@ bhitput pieséledted finSplhs o8 hanss AinsroAdedmtdriilet unit and a pulse

schematic vie f comrut at or dule shown in F 4
St s PR WEIOARAL I SIHBATS P G B RSP BREPDFE bised on
igtidls Vafgidd Wolded A" EMPbndndCteripRFHiBY 1B the pulse
Slg%%%k#e%escap Ci tg%lig‘n a c%anber rrgdrlljl e shown in Fll G e4 PH
cothpersion emhyporlegs sEp vpeaduitodul e shown in FIG 4,

according to an enbodi ment of the present invention;

FIG 7 shows a nore detailed view of the conpression

head and chyyosiF DESGRIPTIONOOF THEMRAWINGSVO
2005/ 094205 PCT/ US2004/ 024160 FI G -8 shows a bl ock

di agi@mssidhanatB showseaside view prd mtppaview o aiblesk diggramepartially

accordi.ng to an, e i t . of r | L on:
SRR ARS8 BB, RSB o B EAbb A of
pre@éiafvaxgibh;, of the present invention. 5 DETAILED

DESCRI PTI ON OF PREFERRED ENMBCDI MENTS The presen

i nvERE] 8rﬁh@WﬁtaehlﬁP1atdéa£rmWaiSﬂ§Hmﬁﬁ|Yle‘arﬂfsanag@f)m@n% of the

35%915 | fluoride-based exci ner technol ogy to, e.g.,
Preye iﬁ*ézg\lgié)?’s e.g., for surface and material treatnent

appFIGa2Aashews lanblpelt tliagrAnamaticesdhemata vievaof ais embodimené of the
used to advance the capabilities of existing systens
preseft INYFY8Nar ea anneal ing, e.g., of flat panel displays

(TFFIG. 3 shows a block diagrammatic schematic view of an embodiment of the
present invention;

FIG. 4 shows a schematic view of a solid state pulse power system according to
an embodiment of the present invention;

FIG. 5 shows a more detailed schematic view of a commutator module shown in
FIG. 4 according to an embodiment of the present invention;

FIG. 6 shows a timing diagram of the charging a peaking capacitor in a chamber
module shown in FIG. 4 from a compression head module shown in FIG. 4, according to
an embodiment of the present invention;

FIG. 7 shows a more detailed view of the compression head and chamber

modules shown in FIG. 4;
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10 annealing), e.g., the Lanbda-Physik XeCl |aser (1
J, 300Hz) noted above. As contenplated by the present
w0 pws9420m a hi gh power, high energy Xed | asePCT/8S2004/024160
di scl osed that can be optim zed, e.g., for |large area
anneal ing, e.g., of 5th generation panel s,
e. gFIGf yshewae Blaske diagray sehFmatig ‘%’9 ﬁ? Svimwe apdoentpohgrodule
& Bbgh(mgffl ci ency beam
accégﬁlggor@{%%&?ﬁ{rﬁﬂt’%éB&séﬁl’ K el 1'ver” const ant _
f | UBTGEY sleawep 3 tining diegram dsed in @f ermbodementgeittiexiprefant invention.
several hundred mllinmeters long and a fraction of a
millinmeter wde, e.g. 370 nrmx 0.4 mm Based on
road WA&EE%ES&HP%W@WREFEM EMBODIMENTS
woul ncrease to 1250 mm X 1100nm This would drive
up fThe prasat 13@@}1 mnﬂerpplm eréq@mge Awnlieants a@slgr@gtsopmstmg

f . two, .to 2J/ t
AT MR METE T T T W
treﬂﬁ‘l’&’t’%bghéh%%n@f 14 pBEEIEr, Ll eBELS 16@8tan Me used to advance the

consunmabl es and downti ne. he associ ated del i ver X
cambthtc,eg oflexisting ewsiems frorlarse ol awealingc bed o dat prnghdisplays (TFT

t t
oA et the bembIE R IR Saict LRSS S ERBpleiaBbe.
: nv Q’(Hdoﬁﬂam;ﬂat@d byahe plekeht o@dation ahizi/powles éu@ﬂéhekgy XeCl laser is
aser,

.e., about 600w %cor ding to pl |c(§yhtﬂ,s
dlSélP&P@lEhaF mbeaMHmz%c%rﬁpr 32& Areg pnel yeengigtion glass
a QG
R PR e e O L i Al
highi sﬁmangp beainudediviesst mrthattrnaneb gqtdehd@scomﬁtanhﬁugas, e.g., in the
di scharge type .l aser. For
Rl By PORRED i, b s PRI AR e frtiop of  millimeter
wﬁpg%)gwmﬂ,yo 1)/ cm atm Even with very high
vol tages that Applicants assignee's pul se power
systRased an eoadnmmtﬂnegleés sbstrajess ﬂW@ubsi@éf;/SIZ@ vgould dcerasel to 1250

conS| r.a dIS
e R T A P AR LB P il o
of Hv8 CHAT 11 G2 Fl“he\Mpbﬂ)a@h biydplestall byd'_,a‘m]ﬂa IPh§siviigl tdﬁccﬁﬁblﬁe mlasers as
woul d require the chamber el ecirodes to be about 1.
shpwnpelars Hsprrysoaise @I laeers deragasey copty pf eansumakles ﬁlpfia@ownﬁme
Qne e 1S
25 ELah I A S YUYl ALt pbtnimen
oftthepfeead ifiventian apﬁﬁ)cfaatst ¢omsdrhplateluitigatmartieerbodenerithof the present

_that would, e.g., cau pr.obl with gha
inwentiga ¢ige atat{msrﬂogiﬁ a2 1%%%5@2@51 ?;c‘f\;?%%/ 024160
pr es&woﬁfin &leﬁ Y le6Adat st Qfﬂg@ﬂstcb@érilblao%ﬁﬁle commercially

reqU|renen s an formance 1 ssues and (2) f he
prasicahhteﬁrd)selﬂiatolr base@nklslgg &pmad praiuos? dipulse dire td tha g@thlﬁeslents for

a ‘;f/%j;z) g? lsse]&%g? t"? eefn e elefzﬁgé%ﬁg }%P gaé scﬁarge type laser. For
exaRPY 3R @ﬂérgyﬁ‘l’e&%&é’ (1‘&3/1@ *)A%Eo Yol 1438rshik GppRatgblyt D kV/em-
cause probl 9., loss of efficiency due 5 to very

atipr oEmmwcthA@Bf blg}év@@gé$ thah Anplicutts pssigsiegs puleqower systems are

cag% r91f gtﬁﬂ\é M outgzg%}%, h%,ﬁaé&%n%%?;ﬂ%‘ﬁxs ﬁ%& e}péon@kh%yg discharge gap of

arbutd B'Scbﬁniteﬂ efimbgsirfe Stslt pressuedf iSuuh eddischargte bipewith a typical
the | aser output of one chanber as a seed beamto

t he
dischetgedwidtinrbaem, warldasaviye theghembaneleetrodes rogh%%bout 1% tong, as
I&’ﬁgéq‘ ?)?%f:&ro%reg dgtihd NRs G 088 ndl& 1088 curPdrlyf QhMiy Rised. The

1.4 meter length is not feasible for at least two reasons (1) the need for an impractically

long chamber length that would, e.g., cause problems with chamber structure at high
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10 chanber operating as a very highly Iine narrowed

mast er oscillator, which sacrifices a great deal of
woiosov42pdower to achi eve the very narrow | i ne PCT/US2004/024160

narrow ng, e.g., for delivery of essentially

nmonochromatic light, e.g., for integrated circuit )
prespurppidpRyatls dead twangential bloypasduiromentand prefgrmange issues and

0 . il L [ t S
) Bt Rt RN BT eath i DO MRl HPRRY olose to the
makéaemncdiddin desahibwhieh thskserdd supeeradipeyiat i thg amplified §gontaneous
power oscillator ("PA'). The present jnventiaqgn .
RIS HphaE s Wowd ey ﬁ&?ﬂ_ﬁ@} tstFepsRBIb IS %ﬁ_%ssrf& efficiency due
to Q’glﬁ’f bRYAH] RS? c%?é’i?é 0P iR hdiaPre POVRIT MRV AdkE biround the center
conf POPA) .

I'guration According to an enbodi ment of
wavhlengthed @houti3®@emt i on t he two chanbers may each have a

3.5 el ectrode ..ga et ween el ted el.ectrodes of

S bode prisent At eidhr Conimats andR DelPeren el iin Sopfizured to
deRVQIHE BisS- %ﬁt%f@n@%haﬁbéﬁas%pd Bedin to {ARCHR @RAKIKEN Currently

to saturate the anplifier (typical saturation

applicantss i assigeeaprovadesun drodet inecertlefl othe £ XG0 platiounswith the first
The PO efficienc ul be around 2% whi.¢h is_ .. .
ool e R, iBE pARRVE rfler Ak ok spgifees o

grda® dadl ofeiad 'FB‘WBf toodchidve ti €&¢ AbrrbWwMRRIHaBBwirse, l2g for delivery of
conversion efficiency of the excinmer, nolecules or,

esengally momeehyomatic|light, aig» ey éagraied cirenif Hthoeraphyuses, This low
ROXI 9 ited cimrer I | .
pofBPIRE RSN AU flpdPot I, SHLAGS LB 5 816 bl ot
(“MarRis theddhigdle amphfied irdithe getamdayas disbhagertaser diantbheoperating as a
present invention in the proposed POPA schene, the PA
Poget Paten( €A 1-ci ency can be nuch hi gher than 2% f
opergfce AinvehAdy- 19361 the AR chhmBered Afsd KA bei
syst%frcﬁ grﬁ‘i%gﬁlti %:nz;,ﬁ%t s&geﬁngé\?lgp al so t hat tche e?rgi cl Sency}g[3 wne
configirké itPApowat dsdiéatappeweramabliiso venfahwationdPOPPYushccarding to an
5J.of el.ectrical .input to the PO. 30 and 35 J ser
nihogifbens G i PSR PEPR §5% U SHATOSE G Ve & Sam electrode
gafl PelWh Aehgatarslbettfdes bhebdidsien i Y&l 86clha WoRkEoRillator could
around 2J, which translates to an efficienc . .
produggi ¢ Bhin.76f Thinlopn2e.g9sthen bo wpersibioesaparats thg |agplifier (typical

scill.ator...system | d n 00J .
safffiin e RSB b0 I8, 18 41 P BARERYRTQ cricppy would
be20bhd 245,0hiRETisUSpRa%/ Okl Bhitinghfaetod ufop Wificiéncsy) ap&irding to an

pul se can_now be efficiently coupled into a beam )
enghodimpentyof dhe RPsTbUDVEHIENaES G #PBYPTHER sfbiciepey of the excimer
j ] r t : 0
mGEILE ¥, S DSRS0, B58010000! i S0
theasigy dpnnees sy dse s fludmsceacmbdien: enorglyiigextetctedrmut dfithe laser.
i np energy to.the PO and P'A cquld be 4J/pul se..
oo How oG Sosoiine fo A OGP ERGY ot REcSath BHREG in dhp eroposed
PGB A QM2 the?PR (Xirabfén BicRBcRbarfbdHfbh Ifﬁﬁx@?fhan 2% if operated as a
repetition rate, e.g., 4KHz,” which woul d still result )
stand-alondascildar i.euis afIQP0 system.  Applicdnés badisyw alsp thag the efficiency

R GULBE i JL5e Bhti B3 oG b s PERFAERY 8o mero,
antlid 3 NYIRENBEN Julfisut REFHISEBOID thdPA S eRBOE:Declaa id 8€lsvea ks dutput of

raises the possibility according to an enbodi nent of,
the fpsepyystsanes 2 whelt dawouns Yp shighdranglatgsde ap officiquyygequirement of

(o) lihj"/%‘ Py | c%gwgpagﬁ% 2& as%{ﬁ% ﬁgciﬁﬁﬁz Sys(t%}n %'&Hd AP q@@)] BP gnergy per

A“Cdn be a
electrical pulse to the gas discharge electrodes.
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staggered pul ses fromeach PO optically conbined in a

single output path as described nore fully below Two
w@uoses2separ at ed, by, e.g., 850ns and w th | oPQgI/US2004/024160

duration pul ses can be used to advantageously create,

e.g., p-Si crystal growth adv%nc .mobility and .

uni ABisrautput ofs2Jdpar apdseetrn; rovr be @ifirientlst coppled migyg hewa delivery

Lat -1Si.: Thi i |
untbSEER (EREbAad RO P rofpiPkin’ & 20l BB RIS others

Res ThSeame HORA cofrept emdbagppliedok.g., 76 20wSpeniergy @R0€35ystems. In
O her s_'have st at ed i exci

pp 1- 6, thatf pri.qf, r lasers
an i oatigBranng SR FHERS 6o AP Qe 4 Foud B 4YERRe” AL e, a
2.98f b6GhI b deRyy, flel duthBRbliM BESRGr nBarSsoNnT PEOKASSE S much higher
e.g., TFT annéaling,” due, e.g., to |low energy density
repatitidoratp . g 4K&re whighowouldastdl reselt or a UM dasett siifablet ¢.2., for the

oSt AR ) B S DRI B e v
to &Sntl ablyZstéidly ashikingsdtiehgipaaes irﬂ@le"se'\%@&b icB&inbers also raises

Surface 'Science (2003), and R Dassow, : YWVO4 Laser )
theqogsibiity ageordiog t¢ en embpdinmnt of theguescat igvention; tp wperats the laser in

ility,” . S . Proceadi I
» a3yt bl ol SR SR s ThARCBIE HE%an ¥R pPfiso and the
stapa¥e puked froni B&IhUPO ¢hvichily combined ifliaodeple puthue dathodsi dbscribed
state | asers, e.g., frequency doubled froma green
mare ey helogs 2 ko Ritlkes sepasaied) B vhs 3¢5 a@dewith Jong dhggtion puilses
e 1&q o
634 '85\?5%4%'&8 ggg?rﬁn%e%lugl eéri%%a’c%g? & %g&k%tgle 0 }llgnlgg{i}%e%fm obility and
unifovenipy, esediscussedemt ToKudbowetealg rAdvancedbleaterah Cryiale@romah of a-Si

deljver nus i gher wer and, ener.qy, stabilized pulse
Thitg i e Dangre ol Tbagton 2hgu e ite dedefer pa RBS'SE8. symp.
PrdlecBGins € Wolt 76 &pand m@,aﬁ@ﬁgaﬁ OersHa30 sRiddS@Bat prior excimer lasers

el ongated. Theréfore, according to an enbodi ment of _
lackhé cprtaipeprrformaner Claradteristics gp dgoeféattivgly @oeffigishily asedin such

to provid . 0., .2 XeC POPA based on .applicants’ .
prigdshrbes SRl stk © B8 FIRLARRE Rt pulse repeiton
rat8BRY/of pillke §taBR%y, P CasSdisdusdad UC tVhiitse, “alNew EXe 6F Crystallization:

| aser, according to an enbodi nent of the present

Advanesst inorPolisiliepnp Ergstalizshianarnd Gryeal Epgineoring,irApplied Surface
f i | i . i . . .

ScRRSEA) b, XSy 240 0| ARGE AR i i fransistrs

witthe Higs enébilityyeNatoRest kecl Spmpn@rowedings, "odll762.a8gring 2000.
the 9 WO 2005/ 094205 PCT/ US2004/ 024160, wavel engt h .

C@Wnlatﬁ@v@p@rqﬁch%éugg%@%mitéfr.@h@vq, r?,-g-e.“&\f‘?dq fouble pulsed diode

| CAR S ASSEONEE’ trdod ACared _

D e A e L et i), Bl M B 2. such
solmtieng hbweeérf areiron tijtely Th be kbleito méertheneduiretnentseoingfodvard.

by PO 10, which, .as sho in FIG!. s IAand 5 |

condPEacicsethassaistig ' AOTRdITE S O e EIenG Bveniom, pgever, can
bel @hkigaledng Qv nhfkh Belbr: pwer Undl eneflf lsRB11iR8 plildertdrpulse and
~ 18, Instead of a line narrow'gg nmodul'e, and an out put
indedipg stagg@ed aitlses vary erasiely bmad aeyl sepawsadrimd adsogandetejongated.

for the PO 10. The.,l aser.,out pu igh .

oy TR Aipordigsd BREbHBRL! o PR Broposed by
Apphéedtt it@n}%ro@/ﬂié, tel}en abEeQD HOFA as&kdn igpliongl téenee’s MOPA

chanmber 22 of the PA 20 to extract all the ener from

arghifsctppe Fowptergentod éueplicapl's estenpes 1Y- produgk e t Bis ByCl laser,
acéo%h%lgl % &f gﬁBSaih[Eglt "0 he 5re]séntt iﬁv@fﬁioﬂf&l&ﬁh B8 £ HP8adbshd (i.e., the

natural spectrum of a XeCl excimer laser with no line narrowing). Therefore, according

to an embodiment of the present invention, the line-narrowing module and the
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which reflects the beaminto the PA along a path
m saligned with the el ongated electrodes (not shown)
WO poosloe2PA 20 to a pair of totally reflecting PET/IS2084/024160
25a and 26b (or a total internal reflection prism
not shoan to create the second pass of the beam .
wavelengtignd Haewidtlp measgig %Jépre%rﬁtlaf £-8ndD RPlcagts’ pgnee’s XLA

proc§+c§ gih% ﬁg’%gl A&t li)eS P(%Wﬂl:% :c th1 o Sedueh afvl‘r%1 %E}}\Mz] 854? dnd overall

effitibicgugh the output coupl er 28 of the PA 20. Energy

sensors 30, 32, tiv t the .qutput of P
The MRA T A st B R tasohy ROk AgHiEh Shaen i Elfgng 1A and

1B ﬁﬁéfs't‘st 6]‘[9{11&%‘ 100R¢L@he aSch@mbet 8 DA oféRHE opﬁE‘ §49g., a total
e applicants’ assignee' s XLA product [ine has all f

refledtimgtreirhorol & gysteast eb 8 diny napowing pwdule, eng an quh;elt coupler 16, all

oo SRR St Eh e A B0 sl eam fom e

POSHRBRAAS tb ha @Rbdditknt 6f BRI présint ieenfibANcaUibea e double passed
energies requirted in the formof very hi gh energ

imaughee shemer £ g‘tﬁtth@ Bpad 1pekses albthyeengray GRm the PA 20. The
out%tﬁpgttbt IeE?tEI o ect (51 g?retf)tsapg%ﬂ %p&ﬂ%roﬁt S(f‘ alll %‘fi}sétdrﬁlrror 24

ower s

whidB dréflects” tSSPRMrﬂ 1nﬁ) ‘ﬂﬁ:r PA ialdngr afpab mtseﬁ@dddomtﬁuﬁlet élongated
jitter-control technology tqQ 25 majnt

cleatiades @t shewa}invBe PAMhE ao]é%lv%fetﬁt'ctﬂmsre eatingghiiors 4 and 260 (or
t

a tcgckleﬁ‘{t ?Iref@#éég r%slﬂb 1{{@( %% aﬁtg ‘Fj)é’g\%&{?iaﬁ&% of the beam

thronggh elie BA(Q(EdlongﬂchJcbmrhmja)as U’éth)e dheagtodsp et shown) in the chamber

controller Hence t he proposed P d, be
22, yeue 15 3lghih esmce’eaﬂéo e cyip OﬁgAPAp%(t defotgh gt output couplr
28 H€Mhe PAL 80. BRERHeAlbrt 90 D %é%e&twtat Q{e éd't!}ﬁxt dBPESENEnd PA 20,
i nvention can be around 500Hz per pul se,
accatdiridozan émbodinient of ﬁlh@tresenfelnventm cam_toootow ¢.gsthe POPA output
Turning nowto FIG 2, there is shown a bl ock
CNCEYagr amati ¢ schematic view of a surface/substrate

trephdml O}B}Sllé‘aﬁﬁt Q591 ey RLAGproBuc Nink s QUt gRihe Oefchﬁcfl@gy necessary
POPA 40 coul d e.g., then be 5u| se stretched .in

suppottseg stth@ppwetmlsoe g of mé}tﬂ Xed! laser sichighienstition Fates mcludmg

weRBhfle A0 KAl O3l 1 aatsh SR A Bl s et
in tB@Q&hQBfXI@Ey high/ &ﬁ@%é&&@f%ﬂt hgﬁ)tdunfmt palseo ahaey Hgh repetition
beam anal ysi s nodul e ("BAM') avﬁ@, pftg@l ts

t

te nus
rates} ddess smomécmwé@glwy “éF et 5%}1!%%}%6 [Pugfpower system
mol&R “'SngPm_?g%n jajf{élj Rle ?e[tﬁ’)tnu due Go g_|1tter-%8§trol technology to

perform ng I ng. alls of the
maanmm,redg Dhet axitical rednts/eetninmglhe‘evﬁea thé¢ firingef thee@@mtlcal pulses to the

clOPGH 9 G En Lo HRRbREEN d (TosBRo ad2t. Haoooled

mohﬁl@?gﬁcﬁ”az%ﬂy%?hisﬁeéﬂ SafIBeMeRARE ARY px%%oseﬁnlﬁbl’heﬁoulb%e high
delitvered to ilNumnate a slit 80, e.g., using a

powgﬂ light! smmb, ¢.2cak? hget pulse, dge repirate, aeaprding éajan embedigent of the

e B SR, ) BESDA R, B 4058, BEOBr v

a 1660 W Rke@ Wor kst ation 92. Accor ding to an aspect of
an enbodi nent of the present invention, it is very
i np&RmARE nPWAle Kl 2 éhese 10shomnudrblesk shagramatiy shcptic view of a

surfaLk/ Qé:stt}a)fe %@t%%’%é%y&gﬂnsaecco%ﬁkefo%ﬁ @fﬂen&ﬁﬁﬁ' dtdthe POPA 40 could,

variations a
e.g., then be pulse stretched in a pulse stretcher 50, if required, either within or prior to

delivery of the laser system output light beam to a beam delivery unit (“BDU”) 60. The
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substrate will result with resulting ineffective

surface/ substrate processing. Thus, the active
wa@t@biop42amt i on t echnol ogy, e.g., enployed in tPer/BEt004/024160

60, e.g., utilizing laser control information and

BYCIRY &P g R b GiAYSEONRIegh CAND) 4 iyt s losest to the
del%% ofIRY 15Qr BuiPaP izht Qfeaﬁnt&’!ﬁé’%ﬁﬁﬁ&cn%né '%?Rg‘éﬁé,e@?g., one

nvention the present” invention utilizes I'h
perfirmpes Bl PORALISSPPMdi ks ot tind BB, 60, actardingdgo verigus, embodiments of

T ONTITET N TR R

thelbRif cBildeh Eofit Ates ree@haRbgerdrdiddl Bl PRAWEhoX8&dni2@F6] and then
in the 1000Wrange. The | aser system according to an

be defyctedrim illustinatee a pilis Sohte-g.nYEAL| oAy liwliicdl dpasing2lonh80. The

SR A 2B BRSPS Rl e

coﬁ@@ltenl’lﬁa/pﬂweceedr oapetki substiné,add. yatr £hilogledtation 9Nt iAccdflzng to an
102", such as a totally reflective mrror, and an
aspeet fuan ewbedimrent of the presenhIveRiiqnutit & Veyeinmortant thet the beam
e I C
,at?ﬁﬁﬁénﬂfjn 8Pr%éﬁ§ééls’dorp%‘6@rg V@{lgr ?ﬂg s% 1{n'téﬁ§ twrvé.l;lgﬁons at the
suHs’@até heillpebult Wi resaltofg hhﬁ'eﬁlﬂepsurfaaé/suﬂsmrata pmtceﬁﬁ)gl O[]Thus the

to.totally reflect at b nd the . out
actyP TR IAPEOI98D © freg 6 HA Sl ea Uitigpe diser contro
mf&%‘ﬁ%n ahli eﬁiﬁnﬂigﬁoﬁ %115\915@& %ohf ﬁlepBAM by cdnObdRey to delivering the
hogonal to that "of the output of the first PO 100,
reqsnredhmrg}tﬂ@ﬂriyrror 11 o at Brewster's angl e vvo not
reflect .any of that bgama d t he t

! NS . b BEAT A e SR pRER g prcen

inveRRorPHEBRS 8 thehbfdposde POP A STPPNAltkohndRASE Andlidifiz,e88 active
other. 30 As used on this specification, the acronyns

jitteftimiggfoonirel, whsch,iamang dtherTthings are kews| in maldne therproposed POPA

AT NI T .
nodThelsaiteinoascopding®s sin BRbOSInRAVef tHeQprideny Intention could also

pri mary povver to the SSPPM and ot her_ | aser dul e
be vepfsgurgdoma BORS soww%(és ap shepye 1B GXP 74 yln&%% a figst PO 100

nltl ?§eecrond Oe%aciglil% g ﬂ@cﬁ% Jtcgéﬁes} RAMA pglh' c1® ai@? such as

central ~ pol nt ety and €ner gency
a tétulincteifloctsve mmdnﬂdm@ out@it epupleak04 £d4 c tThe musrud oEMB first PO 100

magﬁg ﬁ%?t{l ﬁg a tggafya{ eﬁ%\bqe A esf@égq é’lﬁgrﬁgrl% S%f e}rl\ﬁ)éawster s angle
withh8sfeeinBrigs %bﬁﬁlza{:"@ﬁ‘@f Al @\ﬁﬁﬁsofttﬁe e P@‘ 610’9% ésotoft@famy reflect

an I'ntegrated unit. CAN Control Area
that beameicand ithe dutget phthelngsond 100Hpray s msqde@wughwaquart@f wwave

oS B T 157 oBE6, LA beUunBF L YO 100,

so that the mirror 110 at Brewster’s angle wo;; not reflect any of that beam and the two

11111 Y

—

output beams will follow the same output path from the mirror 110, the pulses of which
being temporally spaced from each other.
As used on this specification, the acronyms and definitions listed in Table I shall

have the meanings also there listed.
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energy to charge a capacitor bank |ocated on the
Chanber. CMITR Commutator - Part of the SSPPM t hat

WO e@sioyess pul sed el ectrical power fromthe ROODUSL084/024160
It provides pulsed energy to charge a capacitor bank
| ocated in the Conpression_ ,Head Mddul e. EMO Ener gency
Of (Swtch) FCP Fire CbntTﬂﬂ rocessor - Controls
timng, synchronization, and energy of |aser. Forward
transfer Energy pulse transferring fromthe input to

ACYD@ Iusttiputiornf Thisenodwld gbrditifR prithadydn#ep bawerte provide t s
HVPS Hi gh Vo| pagerypueer Suthe S $§PPMPardt othér 1hdee nfs8BReN This
that recei vemodhReilkd prvidesde Vdd suxilidre péeer to laser
Di stribution| Mduled. Thé APDOVDERHUEBHE Ml B 2ddah8Eeritral
storage capachbipf f&as'&&fedz QbR deficy SHiRIRRS RMEMns 1ncluding
Char ger Modu rat Vel &‘ét@étioﬁ%d égement System L

T oot LA ORI I%%Mme-
System PCB asigime ll%lCO i “EDRISYAR or
MIBE_Mean Ti THBP&LE% s o the, .'-ﬁﬁllmeggt num

CARNecovery PA @Q%@@lAﬁQﬂNfJW@F@@St

CH- Part of th 3CSB$EMsudeeacbd%nrt/eﬁthd StSPPMatlmttacewed pulsed
power from t heletiviR@l powted feom ltie GMIVTRIdGodulkd. Sestovideepayed
to charge a cepagyttochirgek cheabebarklotdied 6 et @intter.

cMeril e. Reve @%:mn@ﬁfa't&(ltﬁﬁ (ﬁ@l@é’ SYPPNEAAST BELIVADUld@M
the output to.{0e; LNByer fH }§ 1e°ﬂ%£<fkﬁd¥\é%‘} Ised
reflected eNeLiy G380 %ga) rcél?a[cﬁ logebtg gressmn

ener gy pul se ECN energy ca

cattcad hy ar o on
A A CAT I OUTl Ibuu Ul \./IILAIIIJL,I

L0

\¥ = B vy LI] II: LILIL] L9 |
EM&EPoM Sol i d GEH =m@nqu(§ff,‘£§ e\ ndul e TEM. Tim ng_and

FCBner gy Mbdul ¢ Firg Gamiod Ssp@sser 05 mupl spigs syghnsization,

and energy of laser.

Forward transfer Energy pulse transferring from the input to the output of the

module.
FRU Field Replacement Units
HVPS High Voltage Power Supply - Part of the SSPPM that

receives electrical power from the AC Distribution Module. It
provides current to charge a storage capacitor bank located in
the Resonant Charger Module.

IMS Interlock Management System

LCP Laser Control Processor — Controls gas management,
interlocks, user interface, etc.

LCS Laser Control System

PCB Printed Circuit Board

PO Power Oscillator

MTBF Mean Time Between Failure

MTTR Mean Time To Recovery

PA Power Amplifier

RC, RCS Resonant Charger - Part of the SSPPM that receives d.c.

electrical power from the HVPS Module. It provides pulsed
energy to charge a capacitor bank located in the Commutator
Module.

Reversal Reflected energy transferring from the output to the input.
Under normal operation reflected energy can be up to 50% of
the forward energy pulse. Up to 100 % reflected energy can
be caused by arcing in the Compression Head or Chamber

SSPPM Solid State Pulse Power Module

TEM Timing and Energy Module
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Turning nowto FIG' s 3 and 4 there is shown a solid

state pul se power nodule ("SSPPM') 200 is provided
wa@ewsngi2ng) t o an enbodi ment of the present i nvROL/USI004/024160

The SSPPM 200 may include a TEM 202, the need for

which is primarily driven by the dual- 5 channel

configuration of the SSPPM 200. This dual channel

CONfyl, g fgaﬁo‘\xpfb FrRpuUl 8834 USSR SoRheLicifl étaﬂeqﬁ@sre power module

ti mng than previous systens, e.g., utilizing only a
(“SSPPMI” )32®Qwseprovx§a¢ actiosdihg tqyen ciratrdskement] of mdmrcseohmwontlon The

ANg i nt er.nal t he SSP
I e g e T e R L
chafiR1t dRkigBiaflBR 0T, the -SEPPM S00C @is dualV\EheExBepaéh #fodrequires
e.g., for a workstation control unit (not shown) and

mugtholREVedORtrigger tining|than peowivgsystemyys e uhlizing only a single laser

gas%%%ﬁlgg n %rldlg a%dggogl { g’n%%])dlhé %Jeg%e? %?%%isefrﬂéérg%: to the SSPPM

200, TeETIENOID2 1é\|ﬂ$6350|11fvé%ﬂ§maﬁcﬁﬁtdmmg 51&1 &ﬁ%ll/ls@aalsnag bsync Out”,
an HVPS 204, which can receive ovver from

whith sap beusddef SvBeILA WOk RARHP!L %H éh@\én)a%i the 1M 202 can

R T o

acc3fidng ©Cai enttsdanerDd thenesent ibrventiand sends faults to an
LCP 220 in a Laser r 22 T 0.al so
can/SAAPERIBOTRIF m%égmé AR é%é{l&g\’gg' ?psiw can receive
ACY (H/é}gﬁ ol fMAlch DiddYhricfOfioband (1%'[5@10%96[ %da&ﬁréhr aYd dfintain a

se charges to a capacitor Dbank
constantmd)lwgaronpm storaga c2@atitof bartle CSSFQF!M IQOORement @hafger 212. The

i 355l S e LGy LRG0 5 PR R e

codtfolB? 24 FCP and sends certain signals, e.g.
identifying faults to the LCP 220. The conmut ator 234
canTh%&SlP\PM 208 Lalseaan: mnhgb fanoR{t R30 rvehieln 90 1epeivg ey constant

Volfaigﬁf om éhe E—ﬁg? e vo raagtgds #ﬂ)gn&ehﬁulgy lcﬁgrgéé 0 a capacitor

barfkl gmzs(cca? e a o%ﬁﬁnutabepsﬂiasmma of tl%SSS]PIEMeBG(ESVI&m 4 trfigper is sent
rom and _sends certain 25 signals,

|
fromfBA Ly PTFHRUPLS {Be Bﬁ?eZi(bPe@ws STRGEEiPERl 296 GHY set point
frofd 88 FEF laﬂ&'% dgeﬁﬁﬁ queﬂtlfﬁf‘r{é) f2aRY t5 Qﬁ’é L@"PZZZO. The

receive a pu Wt he cormmiit at or
commnmt@sSM hoan prekaiee rai mlsed nhagml faehi ther rasonamacélavm 230 and

| se.that has been further ssed to
trarfShora 5 COERIES S0 g P o B AR, Sop A P58 hrongh a
traf @6l ©46' OTl'éQ:oﬁﬁﬁJutﬁﬁr 094 ré%@ivgsoa o} Bighal fr¥hNghdskinds certain

Its primary high voltage function the comut at or
s1gmdsLu¢ ., 2dpntififing tfindts SSHRMIATD 22é)ceffhe§$’PMa20@ecanoalﬁtag@lude a

rom.t h 230 t he acito a 0
cor bR 20 e B8 R0, LR B, o 234
and® @BhpRsé Bhe g@lge ridbeind and AEAGEF itSte@Bided iphlRethaetal Been further
cormutator 34 closes a solid state switch 254

compresded ite pmgaking eapapiterdeak L6@ romtha KGS:E’IQIWW}@H&’GUU 22 for the PO
ca [ k 256 through a charging inductance 13
10\7&5?%&%822@5 PCT/ US2004/ 024160 258. The vol tage is
hel th ediry@ile 3bituprinbrythigh melgagt fimctivh tloh comminkrod modtle 234 of
st age reactor
the SSPPM 200 receives a charge voltage from the RC 230 onto the capacitor bank Co
210 and a trigger signal from the FCP 252 within the laser controller 222. When a
trigger signal is sensed the commutator 234 closes a solid state switch 254 discharging

the Cy capacitor bank 210 into a C; capacitor bank 256 through a charging inductance
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270 saturates and discharges Cl1 256 into a capacitor

bank Cp 1 272 in the conpression head 250 through the
wo 200s9dBge reactor 270 and the step up transPOT/IE2004/024160

240. This discharge has the dual function of

conpressing the pulse in transfer tinme, and |ncreas n

2585 Fheevalizep it heldopdge 1nimst ghe TrREnstie sWiteh infheotist Sﬁaﬁg reactor
270tsr z?[Eé)EﬂHsfhsgh es T SESOH Qﬁﬁ%aﬁa@ﬁ’to\f@ahﬁ@ 1@(?2 fiChb Q:Bmfpressmn
ule 234 o

contro Bti on of e conmut at or
headl bZéOSBRdeh 200 firg stager feecton B0 lapdt the steprmt @arsforB®4 240. This

cisRRRAS 1 Al Freen B e Sine B S PR e Bl fapesing
the Bﬁ’tpﬁ@&‘oﬂa&?ﬂ@&%hftﬁé stﬁaﬁg LAt Y tran Fh §US10280

erface. The SSPP O can protect 10 itself by
di s%alcﬂewrglam éow riolfges pngeqbrbntaml sohirgl Sunstien uff th@h@mnnutator

ot 2385 SRR b i ASHEE) Bl P SBRp imies

numbee of ERlts 32MidMe nditte irﬁqwn‘glﬁltﬁhgfs@gdaiﬁs ﬁe@rdséﬁt@ﬂi@f @ftsuah faults
fault signal transmtted t he conmut at or __nodul e

to tlz@hCPFa?@ foshaiing vie AN bj@t 20 Jederdadse nehe; SSERRM G108 ks forotect

1 RS RS £ g A3 DAL Oy o

detdcke. sAl vodagé adrg hoﬁzwvérpbe apliednd mha@(gcawcmmchankmmf the LCP
258 is actual ly_ t par al | el rcuits contai solid
22054g8 0% FFacElfed f@%& to z%@rpreaﬁdfae‘n'ﬁ a1 ghal g}ranﬁral&rada eyggmmutator
m03%§234n order to provide for operations at up to and
ove 4000Hz gas discharges in the respective chanbers
dueFiG 5 shbes hinnere degiled sdiefotic dtagnarswiftthcdbaytadanodule 234,

r ver after, f and .be ead to fir T
and i 6 St P BB 1 Gt Peyseer (L F I R (e aelid state
swﬁ!hﬂ’l%ﬁ%ﬁ%ﬁ&rg[r%ﬁﬁ@ﬁ&éﬁé@ %8 id Mé]!ﬂy‘ Ro phdllelS@tdutts eb@bRing solid
swtch 254, "diodes D1-D4, with respectlve paral l el RC

statneﬂmmhkss 254,i A’ Laidneharging p@cbtctam@bny’r&;rZS@aah Qrflelt te provide for
i,odes, D1- D4
opefp Rt b ni i VOO 4R p AR P gt s cve o
the din@IReuled B, cavh EWitEIRIPECIAV € rédcvatl kftbr REng %hd\ﬂbléhﬁady to fire
i ncl udi ng, respectively ‘for each of the di odes D5-D8
agajes 9 Alygshowpi E@sﬁ ISaﬁepmsnclu fag § digde1arrangementFrgpectively

L

mcmaﬁxgecdspmvslgvl fbdeeﬁilatfehesdmﬂesl"llb&%ks@mg, 12541nddtsg R, Ra4, Rss,

and) B o e 0 JaBSOB 81l fia ot QladEn bscYs (¥ Ghrespective
paramlfr Igé%fetwrg@ 1?11;19&1&1%2 éecﬁlrvasn 1ol O £t tRE QiSRS tlﬁﬁDg Reo, Reit,

state ‘switch and 4' . The sw tches
Ragnahd? B4ss, ariﬁlopﬂ?@be&ﬁomﬂeﬁaasmd\k@s@—@sef Whicheskr®o to protect the

hes. t.h od h
R R SR RS0 168 R Bt B e G e 254 and
254% %é Brotdcdden s e tsefi@Sdioddiaint 8Bdis kAtISH R Mt WARAC The l'd¥ode§1 prevent
he Snubber 'networks help to limt how quickly

reﬂéctcdl eesergyr fowf the disabergengedinday from ﬁﬁm@cthf@lﬂglhﬁ@ solid state
swigish 358 phd ¥ D SE i By 25 @ISt hUheoRloRE WIS e IR fBflcote

e respective Soli € SW

enefDfireadlied’ thd:se @bmlﬂ;&hb(ﬂe%§&16 ds@des bttt effiand peévans clufdit flow through
LSA2, in series with 14 WD 2005/094205
theeorjesapd eolidosats switches o ds Tesistern dngrapagtoss sty spypber networks

helB ptBOﬁllrﬁte h&ik " (‘flﬁ&l&l? Nfie f di04Bs 2ubl SEEP A" impdbing fre? protection and

reliability the circuit. In addition, biasing networks 290, 290’ for the respective solid
state switches 254, 254’ include biased saturable inductors LSA1, LSA2, in series with
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through a biasing capacitor Cbhias in parallel with the
power source PS2, and an RLC network consisting of an
wRRiI0asIentl an Lbias in series with the capaci t P€T/082084024160
and one of two charging inductors 258A, 258B, with an
. additional Cbias connected between the node 5 between
diodeseDR9nA Prnavd Pissd 1A MPPESLHESCHIRY TiRIR- 2 Rfas BT Fgsouree PS2,

. Dafe) ivad AP GUHECCRY TER. 32
e P oo Sael (i Pose o HRE IR g . RLC

netwodkt @nsistimg cfend6dks andardkiedinswrias with ¢hé napecitor €k Sidrone of two

chalfﬁ?%éqq%%ag gré%&s aﬁ@,? Wg. Oa%efﬂdgtio ag%g §8%?ed Ee%ip%%%geril the node
betivBEPE R, 2 £idaSNehd SBRAE ah@hofRh@fitinkinBa¢tats| E3A WADILSA 2 in

the power source PS2', and an RLC nefwork consisting
serigf with dindedoDagnd dhdanghchapging indystared3SE, sud Iresiesting solid state

.capagci, t.or ias'; and. q ragi ng. i
oS BERF Giset iy MO RG LorLnd 01 HL PSR RRs D and D
andoBla¥&ieth bpisosite dkrebémeRtmt Hdidsbp@ser scrrde Bs2gsthranth a biasing
ground, and non-saturating inductors LSAl' and LSA2' =
cappeitay &mviad &0 Pirehel veifloide pomst somaceitS 2t MuRECRSt VA oDgisting of
588 ter nal. i : L LIS VA
an g%i‘ts u%néibA‘{n e]?b‘af .qIé.S %{I?Atsﬁﬁlalf %18 ?gégé:tﬁ gpg ’asfdgglidglggtj%r S ar¥1 ot ?ﬁuetors
2586t 358, exftesn additiomd IR cahhactdbbdbeean theuede bstwaen the Ryias’

singl e set of cores with all four co to sing . .
ond hrioygh! EHRIR e OB BN D eI drared hend QU anpgares with
- ' ' B. | A1t
dm?ﬁ%ﬁgse AﬂgE%Sar@d%f%%%inuﬁétof WRB. | Altdhhtivdl$ aHRE oF SA 10Md 1.SA2

the art that the biasing _
canchrer stugebtenite( she §mmsetstod cpmdystars gndfoais setseof avpegrraningechanically
teri.al, which allows far predictably maxi.m zing .the
be EGFHARY Fhelk oGh RSO b TGP SrAPRE (YO em. The
biak @f6lit MoulPHes rbsets B Rvr Aneé Snd MBOHkAMvo! dt A1l MelGidestood by
timng control during |aser operation. Additionally,
thosh ekitleditin e oft thatethsi bigsingewangemenitsigieryedo dropexly bias the
IS J.mportant to. ensyrin : g stat e sw
magheb CRRLERY, bRicB"FOL Sor PRGBS HaSinof iR b il fux
swing, of € @dterial. y. PrEficsablé mesetves npgnb ticnmataisind important to

reliability. In addition, the comutator 234 pul se .
presinepiaing cntinl dising laery, onesations ddditionally, She Eeutype efithe bias
net%v%(}k thPold Elel alr%d’i‘t i (ﬂ@ﬁﬁ t@gelﬁﬂﬁnglﬂ]atvﬁb ngliars?ate switches

connect e rough respective resistors RL and R2 to
and heeriesvaliedets hate saffidiatsl tmeetocttorn o8 1amkl7 On, tiespestivelyt This
. of which is connected jn series to the primary
IMpraygs H@'%.f?r‘gi‘ﬂiﬂ%‘qe’ffﬁﬂq,g%ﬁ each of a plurality of

tr apshadieh, 4R &inrhudtdr3uNsulke 3BBHRSERI AdRorlh8BbNBodists of

single secondary w nding passing through each of the
camaoiters C1-296, T @aellalwithsdiodes Bb andeDios awbichrarercopnected ¢ghrough

30 .connect eq, t hr. h.an i nductaor 302 across i gh
resDEHED GBS Ry B BT S T SRl o 6] gl B cutput of
whetht I8 ebnfbd ihheriéLthe SBANS witlingds 6inl ghé Birn,Sot5 40 of a plurality
according to an_enbodi nent of the present  invention
of itrangfermes esreso i dry the wanstpmasri W, thevings apinglg sscopdgfy winding
ctrical ' [ .C
polBEHENE P S50k B9 9%, LSGRAES heGE Bl RnRUbaf 240 are
corfected Khitbugh Jdn MEuAEO 30D 24185 tIRCRIgSRD Gble Ozl gfdund golbtdons of a

delivered to Co for each chanber, i.e., 7.0-J per
mogyledatercopngdt QUPHE 394 pul sed power

The requirements for the laser system according to an embodiment of the present

invention in terms of pulsed power provide for, e.g., 3.5 J of electrical energy per gas

discharge electrical pulse to the electrodes in the respective chamber, at a rate of 4 KHz,

15



10

15

20

25

30

system according to an enbodi nent of the present
i nvention. The pul sed power subsystem 200 is required
wo ooodeb420®r hi gh vol tage pul ses to each of t heP€MS2004/024160
respective chanbers. The discharge tinme of each
chanber nust synchroni zed pulse to pulse to an 5
to bgdelivered t@Colfel gachirhamber, hend.0 | Rergrss for ghey entirepylgedgpower
e h-yer i . 1ot
systeRURANE | i B, e RO Sent DL Gftich %, Blised power
sub$ySteint 208 iid revgired e dBUves Pi3h editagbeulseT o sacheqfitheetsyo respective

anong qt her things, tha he. pul sed wer, tim to
chaBog o UHIBEEeGUES Of AT YAg0BT R BPGLEHAH HUBF (g fufe to an
accﬁlﬁh}p 9% 188 theimBinsdid Sidepnds., &Gt th&WBkvdr} L& the gé%s Rlischarge
si gl e HVPS 204 h

, or for higher power two PSs 204, o
pul@0d' the BA. @Ppiient the seedebesmmfiomctha pirpediag PQ shamboristtvansiting

r el. commutat or 234/ conpressi on head, ..250/ nh .
e B O R e OO 8551 P SRUPERREG i
to B cdrhifentiBd GPer BRNBAS k& RARSuRSTos RO thinpsFhthefmalTBEft and
first” stage reactor 270 contributes the nost to timng

shottderinnjifterns. As the 15 reactor 270 heats up the
satyrat i o ensd L y. usj h
2 SIS SR KBRS0 BV ALk Gpply o
reséidht CdHafi@rt DB fohatrivéatwespalldl empeaitabu i3 4/ddapression head
switch tine can also vary Vﬂth vol tage.. The reac
¢

250§Gpralsr 242n@tcuionkie TesRnaRt ehakgsd oAk cheree [as pf ﬁ{q two CO
f - I't- d duct is fixed.
cap@%@%@%gz& s?fn%n ih REG VO second product 1s fiIXxe

enperature can be mtigate or even
el | Thedire dstageveeactat 20@ repntnibgtes thpetast ito timiagewriativish As the

ordinarily induce 20 hjgh te rature flux t.o
readtiiel Pt o st nd ke SEer e o S8uFng e gptor 270 to

swit?&lcé%ﬂ?ér.n g’hisocanékﬁué%'@ﬂﬁitdgﬁ[%t tifé tHab Qariis QS8 Memh pB¢aEd. OThe switch

hrough the use of the cooling mechani sm di'sclosed in
timeloan eldo Sty with Poltapet Thpptdctoa2i/dnogdnot sown) base fixed Amount of

entjtl Met.h d t f i ti
magppl, nd tePelian, oo Ve BRRDp LBkt 5505 GEsfure can be
mitidak£6r Senldiiinded, &A%t va;gomgls sér@figen tated, Rehieh Bi@iRarily induce
assi gnee of Applicants. 25 In the conpressi on head 250
high femygsature Suoye infusiveetemeats seh anugogie thedasergiypigisaccording to

\Vop ;S I t P = ' .
on EBBoipR (L8 et $ckirtn, Tupluh (8! Bt 60 LA Sikhaniom
disélssaedtLihiziJI_‘ﬂ'te'dC%tﬁﬁé_s (Baahent prmgbﬁ g@a No. CI;O)J_GIIZ?VOQ Cenfitt€pMethod and
an S IS the | nductance 30 bet en 0 ,
APRESIER JorE ook MaSRae GyoRhEomenis AGREEY STodset Bk g0gs-00s1-01,
G . i . f
DGR B o Bty Gkl papaline o
peakn thacomptession head:2004he €,.ba CyliBansfor200b6¢ 804130&l as follows:

PCT[US2004/ 024160 | pk = Vcp-1(Ca/Ls2) In the
co tﬁtcaku%?ﬁi&%mzm, the Cl to Cp-1 transfer can be

anal yzedgpas- §,ab\/O4&i assuming Eep =1 Eco, Wheren =___.
The transfer time from C,.; to C; is:
3= TiLg C,) 1/2, where C, = Cp1C/(Cp1+Cp) and Ly is the inductance
between C,.1 to Cy, mostly accounted for by the inductance of saturable reactor SR2 310.
The inductance of the transfer from C,.; to C, is calculated from:
Le = (13/1)*/Cs
The peak current is calculated by:
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The transformer ratio is limting by the | GBT 254,
254" withstand voltage, i.e., if the conmutator is

WO e@diope05 t o produce 20-kV and the | GBBTs have BCTHXI0011604160
operating 5 voltage of 2-kV, the mninmum transforner
ratio would have to pe N = 10. If Nis less than 10
for thishcadey(C¥Lwbll d require the | GBT to operate at

G P BT S Bl o o
> VL ttdn¥firme: i‘wmﬁs hmltuig 1308e BB T R84 340 vaibstantwelét g, i.e., if

the GPPSYATHIS SR & BOARETU RLAR] TG T e FEGHTED apgreting

voh%ge of A [11(V~' ﬁ1 ShingGiinensBRAG! a8 6Buldiave fto tONL 88 F@Hs less
roug ranstorner 240 can be calculated from

tharCPO for@histchbe it Weiuddjregpirethe GG BToo apegpbeedtiadighemyplassitorachieve

the SR A CIPY: o RS A mmErer AR T B i vor
Thé cﬁrcuﬁt%b%a%f Sed 1@ accorintedldteCp) tvi30Ke dHR, so, Qék@ﬁﬂé‘ahﬂ@BT that

and Lsl is the inductance between -1 o Cp, nostly
canaritstand 2K, ftbfrtrwfqrh)@r raﬁqmmhic@edfto RS 270. The

i nd of th r fr t -1

cal i SREEP PalSanch T G P g fhslper 240 canve
cal&ilste@fbm: S cal cul ated by: Ipk = Vct(Co/Lsi)'iz The

first stage reagtor 270 is required to hold off the

vol t age on=Ck1Dntil C1 is fuIIy charged. This |s

acc lishe

2C B G ol bl ke sha%e LR SLARATR, ELAGcfimens

oftﬁspre@eﬂ mv@t1@n531m094(§0% 50% Ni - Fe (O thonol) 25 tape
., aABof 3.0T. AB=Vti/(2NAM, where V=
VoI %@a@é@ﬁmcltquh@@e@fqre ti rre bef ore saturation,

N = nu r
cor &~ n‘ggle%b W%[eﬁe C%Ecé%ﬁgtg 6&%) o) \/%ﬂt% fﬁu%%ngg bpyeen Cou
to C UstT}h Qcouatd ﬁ)@Qiyl peahdedt@reodf SRe X70r eThs indhctance of the
pf) wher e = hei ght of the core, Ro = outer
&mnq;ato pnmvé}cuaw&cam us, pf = packing factor =
O 7 The(Azq)/ﬁ of the core is calculated from w =
Pf 17 WD 2005/ 094205 PCT/ US2004/ 024160

TheTh@fl)@dk duiddtisanieelatedyi red for the transfer fromd
was calcul ated earlier to be Lsl. Stray
i ndlbefa‘ﬁuéctérasm) play a role in the total inductance

lﬁglcgﬁg fir! L REDoDY 7RG rod BEAY ot iETvottade b €y *until €, is

fully charged. This is accomplished with the first stage reactor 270 being a saturable
reactor 270. The reactor core material can be, e.g., a 0.5 mil. 50%-50% Ni-Fe (Orthonol)

tape with, e.g., a AB of 3.0 T. AB =V t/(2NAy,), where V= Voltage applied, == hold off

time before saturation, N = number of turns, A,, = cross sectional area of core. Based on
the AB equation, solving for Ay, =Vt /2ABN
The cross sectional area of the core is:

Ar =h(Ro-R;)(pf), where h = height of the core, R, = outer radius, R; = inner

radius, pf = packing factor = 0.7

The build of the core is calculated from:
w = Ro-R; = An/h/pf

17



5 Lstray is a conponent of the required [unp
i nductance Lsl. This is inductance that is derived
wo e@s0942es nechani cal | ayout and is inherent toPCTES2004/024160
design and therefore difficult to predict and
control, but may be neasured and esti mated. LsI st

t oFll tatalcindueipncs TepERd f0§d theo frapgfer fom £1089- Gp1 Was ca Cul ated
earlidr" % %ef . E)&fafr indiSetdhes %&I ol %hﬁ‘l e @¥fal inductance unless
i nduct ante> A St

ray, In in the transtormer
minipidedrdesipal secondary wi nd| ngs. Lcl is a. 10 conponent
of the stray ind Lstray jnherent to the Cl
capaC| t%qﬂaygeTovﬁrEt :11\73 Jrsli‘csblea t‘bﬁponent of the stray
i cth
R D
st daxivei fiductha meehardisl laypy tiand és mherenbto the defigmind therefore difficult

B R Rd ool T ol o eief LT s 1t o) in luctance
| NRYEEEN R thel ST f0alp-1 itRAgEeN L xiRr i codmyersht 6f th Bt@a}hingﬁctance

15 voltage cable connectlon i nside the conpression
hehsirayl gdereat inghe transferpgy privperysadiseeqnsdry wdigsnéel isa

&Eé@oel}g%toofilﬁﬁém%Qnﬁycta%gg d fs{r%ﬂnhtleﬁe%% go th%\g”gc%@ém of geometry. Lpcb

s efsta dRdonaited tefstra iklub@eed, DetrdyG ifiguait t®the lagtont of the C 1 printed
mean path | ength. Solving for Ac/<l> Lsat/oNZ 20, <1

= m&q:bpard zquat)}R, is p Rpppnent of therstrayigdpgtincegkstiayy B]hﬁ@nt to the

>
| oIs% Svoa? eC&B et(ﬁ ot egH* “ort ct1 g'?g%ﬁkr)suenut_aﬁf%na% }_&f&smn head.
( WE KB ﬂlcémpol)ent wﬁthb etrh)soind;udtﬁlfﬁé( Retyad; (rRejed] to thle layom’eoﬂlhe high

25 —taethlck p = m V|ty,
Oltatﬁﬁ&mﬁi@ CPI?I}?E'“"“FW@E GP’F’BFE’S@(’“&)&‘# Lsafr e ﬂu

'”i*ﬁé s&tﬁ%FQQnd{f?:{atn@Q?or%et Qsta8daranad ﬁbrhy for the

charge voltage and the dv/dt rating of the capacitor

Cl be nity= ¥l /<> tierepsi-gAn B NI= doeber of tagiseA. = cross

.capacitor with packagl i nduct an his .ide _
sectipng] #85% , rcoramsaiﬁ PRt ~rSt bot Senglh: ShiuE dr Ad<1> =
}g Q@i red capac:ltance a parallel array of small val ue
Lsa/ aps can be 30 used. To achieve the desired voltage
Wi t hst art; = DReRs &BERHRS-RPY) Ber(RaRcted in  series.
This results in a series parallel array. The dV/dt of
thSG%IQEa?@ﬁ%ﬁ,E?%ﬁ’ek?élc gedul ated by two net hods.
g‘g&%%t to di vide the Vcl voltage by the transfer
005/ 094205 PCT/ US2004/ 024160 from Cl to
Cpgbreﬂsmsmmlmﬁl@ﬂ is to use the peak current
knowi ng that |I = Cb(dv/dt). The capacitor Co,
i s LobsiPulse = t\Gol((HeARH (M’élsﬁz ﬁ4ﬁ’i)swhéﬁes\6@ssgﬁ((Rb)sT(R§) cT 19.9

<C, fo net d.th I th
Al Wi T & %&m S éé%%f S?? Vﬁ@'f gp (fhlafﬁeﬁ gltooylcggcanebe
an%g% cﬁ§r ﬁ;’ h&s@ﬁﬁr Rirdd that K€ db&31t&E withstand Mtfébﬁlt@or the

is the i nductance between
chargcwoilage'ﬁhé thendint mﬁmg oéthec eapacitan €5 &e nigtoddealy tle @lgnswould

be acsfar{g e capac1gor with Tow packaging inductance. This ideal capacitor currently does

not exist. To achieve the desired capacitance, a parallel array of small value caps can be
used. To achieve the desired voltage withstand, the capacitors may be connected in
series. This results in a series parallel array. The dV/dt of the capacitor C; can be

calculated by two methods. The first is to divide the V¢, voltage by the transfer time

18



LCH = (il/ic)2 10 The peak current is cal cul ated by:

| pk VCO(Cc/LsO % 10 Table Il gives the SSPPM 200
wo@aloerdaesi gn paraneters: Table |1 Paramet er POU/EIUS04/024160

Pul se Repetition O - 4 kHz Rate E/ Pulse 3.5 J 100

is 'COVQ -750 to -1150 V. +/-0.1% Co 5.3 gF Cl 5.7
frone CiTt® C3.1.. t Ehe Secppd method is &M 5@ 3he, praky gurreptsknpwing, that I

1.518. 75.t 0.~ 30.KkV. P- .

CoqSjope TR IR el o Bt Rt MRl |
Par@gigs &, Pz atUedr mRaetiti aipgréRBiohesid then applying the ratio Cy
Definition/ Comments Innuts HV Input Voltage Range

0.933¢0he Smasfenfpm Gd to(@eanbe anadyzedas dolloays: and

S Tepeti (B MGECIy o) RSB and IRSE b o i adyptance
betitn €Ptio @9. AThéndhBiaHEe P8R RAEQSH i I UR2004d BA4dIBRd from:
Len = (t/m)* /C;
The peak current is calculated by:
Tk = Veo(Co/Lso) *

I

10 Table II gives the SSPPM 200 module design parameters:
Table IT
Parameter Value
Pulse Repetition 0—-4kHz
Rate
E /pulse 35]
TO 100 s
VG, -750 to -1150 V
+/-0.1%
Co 5.3 uF
C, 5.7 uF
Tl 3.8 Hs
T, 420 ns
Loy 533 nH
L, 5.5nH
N 25
VCp, -18.75 to =30 kV
Cp, 9.68 nF
Cp 11.88 nF
Table III gives performance specifications:
Table III
Parameter Product Specification Test Definition/Comments
Inouts
g{\ég;put Voltage Range See Table IT (Commutator | Accuracy and repeatability measured for
Design Parametets) all repetition rates, voltages and burst
modes.
HV Input Current <65 A rmms
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HV | nput Capacitance(CO See Table |
Desi gn Par anet ers)
WO Roo§@eenat at or

bet ween
and when
HV InpHelapaiidey

defi ned by t|hmraresenant
conmmut at or

t he

( Commut at or

HV I nput Charging Tine See Tabl e
Desi gn Defined as the tine intRCWEB2004/024160

(To) Paraneters) when charging is initiated

the HV I nput Capacitance
HBut sev ohtamgeomithgormesnna
char ger

HV I nput Capacita

is charged to the

Nt frequency is

seri es i nductance and
hce. The resonant

TV Inpht EHaidBg Tinkee depends

revi ous
T b

applicati

Comut at or
oper ation.
( Conmut at

Il
current

condi ti on cufr aéa}’ﬂe
Auxiliary In

(Cp_1) See t
Warmup Tine

n the reson

Fﬁ’&ta@h‘?ﬁﬁ}‘
“Auxi liary I npuf
put Current 10 Arns L
able I'l (Commutator Dx
5 seconds Defined as
of auxiliary power to
s ready for full volt4{
nternal COto O tra
or Design Defined as
amet ers) wavef orm of {

pul

on

Par

ant fre ency
g qan eItween
é%harg]eé]&t}l

eagml
ppu?ég 2%;‘

€ The resonant

P ErbdhiEney E’%ﬁﬂ@ t)}ecﬁe':'r)ssonant
theset deA® ifdo@atd fae the
themdtatorEIM Iagut Capacitance. The
@8onafitighdrge tine\Wepends on the
 sdsenantifiepuencard thelygveous

h Pelsprofiected gnergy relepigd as initial
RerdfiPRAEFEr from Co

it

e function 1s of the

2NfegdPé  out put Vol t

form 1(t)
age (VCp_1) See

taple Tl

Auxiligr}opu Cpiretp s

Conayd Aty Design Defl né
 he Paraneters) inpuf

bd as the transforner
vol tage, VCP 1=

Load déEaV@ceEbf)_

assum ng

See table 11

P B2 Yab B AAC M it T &g niTy
[ Birdvectsed energy Pul
(Commut at or Desi gn Ps

DClI
no

X1 mum power out,

se Repetition Rate

\raneters) Qutput

Wm'?%o%t at

current

transfer fro

< 14 k

W @sdcpnds  Pul se Tr ansf ¢
Desi gn Defined as a c\
p (' CZ) Paraneters) wd
m Cl to CP_1.

or
Ti m

{ rDe§§eq a fﬁp{uﬁe ﬂcdm the application
oY ﬁlehlalty ert time the
l\@fnﬁﬁlﬁh@fs rdadiSor full voltage, full

power operation.

Intermal

CO0 to C1 transfer time 1S)ee tablte I (Commutator IDesign Defined as a curve fit of the current

(T aramefers) waveform of the transfer from C, to C1.
The function is of the form: i(t) =
A*SIN(7t/T;t)

Outpurts
Output Voltage (VCp.y) 1§ee tablte II (Commutator IDesign Defined as the fransformer ratio times the
arameters) input voltage, VC,.; = N*VC,
. 80% . .

Efficiency Minimum at maximum power out,
assuming no reflected energy

Pulse Repetition Rate See table I (Commutator Design

Parameters)

Output Power <14 kW

Output Pulse Transfer 1S)ee tablte II (Commutator IDesign Defined as a curve fit of the current

Time (T>) arameters) waveform of the transfer from C; to C.1.
The function is of the form: i(t) =
A*SIN(n/Tyt)

Output Pulse Transfer <5uns . "

Time Jitter Pulse to pulse at all specified repetition
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The function is of the form

Pul se Transfer

WG p@siop42esl repetition
PCT/ US2004/ 024160
See_tahle 1\ (r)pl ay

Qut put

rates

Conmmut at or

Tinme Jitter

del ay Characteristics

i (t)

Tri gger

r

A* SIN(m T2t)

< 5ns Pulse to pulse at all

20 WO 2005/ POHRRE04/024160
in to output pulse

in 'l'n

%®5¢ d) and table V to

/- 5% M

Trigged igttolobip@ p@IELI €
delay Char acteri st
hi stori cal

RE aMEPV (Delay |

d
eas

| Caratlers)ics Sole) dns table &l
aADalay ChdgkitrisBsdonds of ¢
urenent the volt-sec

mts set

i

1Et1

S

I nt enra

igger in to Commutator

e of Cp1 ({]Iﬁmts set by
GaPdata.
of

triqgaer

Volt-Sqeerls bl stedee
reactorchar act eri st

ic in a cold
in

\RG m¥isghdte at 25 C T

t 0o Conmmit at or

state,
to fallj

lkﬂt@asﬁrymg:{t W8 So1IREAY integral of

from
\/("n 1

VM £0c §gnqu@§sﬂced
Lng edge of

wth limts to the del ay characteristic set by

> ﬁ‘elt\ééﬁ%%@

her nal

eC]UI brium

SI s of .histor.i

@g@&qﬁlg i 5o
in to b@ﬂﬂﬁ{tﬂbf‘foefaﬁég GQEQOIGJ Tﬂm Gath lingik e

fe IV Vol tage

8Bl oRbEng

and w

5 giera%lgﬁ(? ﬁtopneh‘igger

HafacBRisfc set by

St andard Col d

statlstz,lpq:} enalysispf m@@hdalubm end with theGppdulegodns oparstes -voi

42E- 06 6133 5.69
s compgngal s e gRgcamEr SodeaL BdigEpLag i AR thegny
equilfbri®gB2E- 06 5. 6051E-06 5. 0713E-06 1000 5. 1873E- 06
5.4467E-06 4.9280E-06 1050 5.0530E-06 5. 3056E-06
4.8003E-06 1100 4.9307E- 0&ae 1‘9’725- 06 4.6841E-06
fle +- S84 {ifara ARISES g 1200 4o h b/ HiFid@ia
3 06 4. d53dhkss00  [Tabl e Uz@lz)é@s delay 5.6133E-06
CRggacteri Stis®oidea N0} St al eggdeiogied by|a nmogdles-06
Thad 1S 10 D& pgoger at ed at buddorwsd t age and rep2smbe
fesoa tine sWhRemEent to all owebhe-@pnponents 3.@13E-06
re@oh ther malssgn-da bri um  Tabhe78. A/l t age | St antleBeE-06
HodsoUpperr Li m.as30iet6 Lower Li msBo3aet06 800 5] 726 6EB3008:-06
6103DE- 06 5. 49088606 5.1772E-Q6 4.6841E-06
1150 4.8184E-06 5.0593E-Q6 4.5775E-06
1200 4.7174E-06 4.9533E-06 4 4816E-06
Table V gi\'fes delay characteristics in a hot state, defined by a module that is
10  being operated at full voltage and rep-rate for a time sufficient to allow the components
to reach thermal equilibrium.
Table V
Voltage Standard Hot Upper Limit Hot Lower Limit Hot
800 5.7266E-06 6.0130E-06 5.4403E-06
850 5.5322E-06 5.8088 E-06 5.2555E-06
900 5.3589E-06 5.6268 E-06 5.0909E-06
950 5.2022E-06 54623 E-06 4.9421E-06
1000 5.0636E-06 5.3167E-06 4.8104E-06
1050 4.9367E-06 - 5.1835E-06 4.6899E-06
1100 4.8232E-06 5.0644E-06 4.5821E-06
1150 4.7195E-06 4.9555E-06 4.4836E-06
1200 4.6257E-06 4.8570E-06 4.3945E-06
It will further be understood that Cy capacitor bank 232 receives a pulsed charge
15  from the resonant charger 230. Voltage is held on this capacitor bank Cy 232 until one of

the solid state switches 254, 254 is closed.in response to a trigger signal from the FCP
252 in the LC 222. Critical parameters are the dc voltage withstand, dV/dt, and peak
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850 5.5322E-06 5. 8089E-06 5. 2555E-06 900 5. 3589E- 06
5. 6265E-06 5. 0909E-06 950 5.2022E-06 5.4623E-06
WdA 283092006 1000 5. 0636E-06 5. 3167E-06 4. 8104P€1652004/024160
1050 4.9367E-06 5. 1835E-06 4. 6899E-06 1100 4. 8232E- 06
5. 0644E-06 4.5821E-06 1150 4. 7195E-06 4. 9555E-0
curtantag@ebiligs  Thecolid sepe pwitols 22483 7DFAé the yoliape. @600 pptil the
wi | | r t |
trigl, comlild 10 1311562 a8l iEn ' i ided, SBRACK Bl RANMe Fepective
switkBQ54 Vs 4’ eloees idhehlectnCy DB te Ap @664 throuphrtke BSp&BRe charging

_o.until one of _the so]id state hes .254, 254' is
indggfess de ql’é’sb@h%ea’%‘lo L 2 e s B ppRistopoe the de

‘ volt‘?zg%witﬂstgﬁﬁe ég%n %é lif@l tugr%fi‘ BBLE AP it dp eanqgeak current.

age mnt peak ~'21 WO 2005/ 094205
TheFl@?fdedﬁQé) @hk@:ﬁx@lcﬁ@desdhr—l)e and pRbistops yny Fobagofrow m&back

o 20 B B2 LB, Mhbd Tp e

volﬁ aﬂ?e' blb&kih L ARIAE D, - mm@ldr[@sspg il \e8ndifetiah@ theakage will transfer
4' cl oses and connects 2 to C1 256, through the

to G}oetbmgh |thmxeet7ﬁrtlg¢ n}gargmg dndetares) e AnanghBoi B8 Leardy’ and Len

o SR T P P FESB8,309, By o
off, d@fidiMg the!BltaHR dnl C§, @hd réditindethls anbune fiat theTRE has to charge the

respective blocking diodes D1-D4 and D5-D8 stops F
respestivage or dhe ppﬁgﬁlﬁ@g @éw‘corg;ﬁwéng;iuneeargi 1mpmymg gf’f iciency. A

Sl O] (HRop RO o emh a2
whish lihdieated uhé aarodnt b chaabt ageCyvidnd the IGR ean ctioul@e the needed

e e
par%&@t%%ssaré e & f&l‘?&%ﬁ @ngsﬂ'ah&‘ H\DRE Keddd® r@b@@gu% 4 AR current.

turn I ng the voltage o
The bidsiog mgtvidrks providetfot seurablecasis. HEtere ereo(ﬁhsqe 0f $ngurable assist.

ective. xt f l,.so con ervi
g AR S R B et B Mg SRR St s
25432549 uw}ucmﬁhy B AWNIGH, Q¥/¢ d8 SCR8B0HA4H, Omhdieby EHweR is fully
the LC 222, which indicated the anpunt of charge
closml CBhe mnd,h@mmmgahséhus: thesg & held crfé@@@altwtll:ﬂ)érr@@ectlve
f.orthe | [
ol QR F A3+ PR i SARE) e et
satfiﬁaﬁ&Sﬁﬂ@@nddMﬁdhth feBiperasger ecovery tine, and peak
current. The b|a3|ng netmorks prOV|%$ for sat ab

assTBe resporéivg chirging mduciars Loy Asiddreadt %544, apd Lempfag and Loa
B’ ?Eéf&t ’ @& E'tﬁh&gﬁ A2nA915s 1 %%aii%lﬁ'x%m if Jch@"goh'@fsﬂa{e switches
e respective solid state smnt whi may
254 e5ahahdBibdeeDgD4 aad CNMBDH HRhi3 4hijuctende Loy AP@mﬂaLe;B; @d Lo A’
,20 clo The ,second

c{lélc;;] dncdp esiajfi?t&am 1ng|1mt§r}cetqqg \isngjg“ X E@ganc& oﬂaetge gi c&acﬂor

ba&n%@@ol%e% Gefdubd Yhid %&&\éﬁéreﬁiaxﬂtuc DSk GANEIhS dtspective solid state
Critical paraneters are the saturation tinme and drift

switght BS54, éﬁﬁersatlgﬂeé Critical parameters are the dc voltage withstand, dV/dt and

peak current capability. For the first stage saturable reactor 270, critical parameters are
volt-second holdoff, Volts per turn, delta B. For the pulse transformer 240, critical
parameters are the volt-seconds, Volts per turn, delta B. For the diode snubber circuit,
comprising RS2,CS1, and RS1 or the equivalent attached across D2, 3, 4, 5, 6,7, or 8,

critical parameters are the power, voltage and current rating. For the C; and C; blip
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The respective charging inductors LCH A and LCH B 258
A B, and LCH A and LCH B 258A", B set the transfer
W 2ovs/ 02205 1 i mt the peak current in the solid BCHUS2004/024160
switches 25 254, 254' and di odes D1-D4 and D5- D8.
This inductance LCH A and LCH B, and LCH A and LCH B
snubbeycsfingttiés camprising K1, Dfuios CGlnand BadDW fen ¢y Cﬂﬁaﬁc}iméﬁ%%?fs are

' . pank 256 voltage is held on this
thepéé}gégﬁltta@%ge ag@%@ﬁﬁ?é%gbunti | the respective solid state
svidmabothd sigdhld emphoyed by ¢tk SSPRMIi208lingladeanet ers are
the dc vol tage wi thst anﬁ dv/idt, and .gﬂeah ﬁuréentl :onal
caba¥ts VoltageMonitar Sianak 1k whyish comprise & Ppideed sralogsisna
i r I 0 if fiffronYQ Fedistive
repre e, VR e et T e o 2y
voltage dividal(notphoanptemsctad dirbdtty 100Ci (490dshdid % tapl leg xpbdl kQ £
turn, delta B._ For the diode snubher circuit,. .
1% oAt leg) niherasalecRstor sanbsa funstio ad tar, iy RAEA imRadaRtfolg the
lasera%rﬁﬁnzlexD%Q2 Sandfor ?Macﬁeg  0s8fllo8eopeS (bt GRwDAT AFBhET Guivalent
are the d g he Cl1

power, voltage and current rating.” For the
term@atingnpddiance id 2rddRr 2005400 LA0He PO $d3R0BEOOR41 6O 1 V per 100
snubber circuits, conprising R, D9 for d and R2, D10
for C2, critical paraneters are the power, voltage
an r §%rﬁ§] t Qe eppr ;
thﬁe{ ggrﬁ’PWEa&%aMﬁ c urde: 1. @f\% til@/%)"l(i;lt gdggbﬁ/t?ni toér%&giqg% signal
represdiiting thiVEh vottage weesformn forfrhenitaingrial thg lasegermtrollgr 222. This

signg) B GF CPHURT R arerRay SroEe (RHEL Gt iy ponreed to
C (iﬁ%\]’%@ i"OA)CtQﬂ %@9’9 @ [_l-lel% h¥%ttdA 169). (I‘|ﬂ9 Qodfetactor Yart Q‘g a |f§rﬂ:ti>6n of

ottomleg). The Scale factor can
the témriahtirpnimgfedsrve it drenianatdontrolleqp2daarciéori attactied ostidlosgopes (not

controller_ 222 and/or, attached oscill os e ot
ShogRoA i AHIEHB! ORI G Srbotheh e el factor

: 400 k) then the scale factor will be 1 V
Wl“gée?%ig{fzw%nv. 2. VC1 Vol tage Monitor Signal (J2),

whB cRDEAISipeal 1) ufhieh edn heabuoffesidgnalog signplrrepresanting the time
.the VC1 vol t age, wavef orm f q] It orj.ng t he .| aser.
deriai oS %Oﬁvﬁ?%{’etgﬁeam 0 BRI Wl i by the

bV Ql 4 ager Mt 8ISy @ut ) Thist ©ic! Qut signal can b
laser’ Comt et t’oéC1e%5 kS2 %to%%F]%M]x 498.%"&{)c Qoo e

deritedt frarmal reggnetid isldspiakep foapt(oet Swwnddocatednest toghe primpsy side

the term nating, i.npedance..in the.l contq ol | 2
of T Byt AR GeHB P e O P AuRipR' O SERAN ST} ffertRor e
term@ifitin} amBdant€ it aionabllérmRianie dttckeliadcilloscdpds Gaot shown).
then the scale factor wll be 1 V per 201 V. 3

. BDOT
If theiegnialeqt) Byminsting fimpedenbe ineqial fepedL dhe by fullgerlp amplitude
i RS2 A etk o8 s TR el B st sy o

refefd¥cd. he 20 | aser controller 222, e.g., to generate a
Sync Qut signal. This Sync_Qut signal can_be derived
f 1 dmVCanHghiess Momiter Sigsiak kI, BB cadtbesh SiHsred fnglogysignal
. t i i .
onind i 00 REABLY 548 BF AAERUL 35, oo fRElr, i
signalhie detieediromitd fgisting eodlsapeaiividet (@t showmodoheect@P@ the primary
and/ or attached oscill oscopes (not show&).
side of the pulse transformer 240, which can couple to C, (5 k(X & 1% top leg x 49.9 Q +

1% bottom leg). The scale factor can be a function of the terminating impedance in the
control module and/or attached oscilloscopes. If the equivalent terminating impedance is

equal to 50 Q then the scale factor will be 1 V per 201 V.
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If the equivalent term nating inpedance is equal to 50

92 then the full-scale anplitude 25 will be -1.5 - 5V
waoelewsngi2ng) on charge voltage. This signal nay PET/USHEA4/024160

solely for reference. 4. VC2 Voltage Mnitor Signal

(J4), which can be a buffered anal o gnal

r epb eSemmuigor Asiggen(Fo)| Whigh gt @%Nﬁemd sigpal tTgpLepRgting the

r controller. ThIS signal is derived from

cmg%}l{ea%eﬂ%lg eg vol tage divider (not shown) connected on

t heThds i0ray bus 286 iitkerfade ctdnecq:muhatethé baﬂnﬁﬁma?tmecorﬁzﬂ;d) portlon of the

can_couple to C2 (

e
lasqr%oagp%l%rn%%f@) the m@n@@é@r@rﬁ&% %f%%f GORH ﬁ? f-2ofby a 68
t
wr iy SFELOR 1 e A0S sgf;,dgg*s&whefna%%gs%;s whigh e

setf shomnrialiablg \E’Iﬂmedance S

factor wll

PCT/ US2004/ 024160 5. ConflaYor
can be a buffered signal

be 1 V per

equal to 50 ) then the scale
201 V. 23 WD 2005/ 094205
Trigger (J5), which
representing the cormut ator

* "'J—g%g ._<__‘_____.______4______4.__._,____=_=-:.-. _____
Pig O MrusigdaDr c I as&inamnt r ol | er
24 ') + A+ bhao A at-at ar and o +hao DOl ot o
Ca nt_rol ler, le.g., by a gm%tﬁrflcesa j é’Eﬁ’?r‘f etv(I; tleve fthe
It herionidi cat gvasdndi t i ong WHET %1, § Qrtngger
hilgh, i.e., |is set, sh%eldgab@ g uhs
Stgnar - ASSTgniment  Rema Kis 1§Q|f§11t|81§na@o =10) 57 gtlvg low Ifthe
S| %na open a@IReshor @&]Eétéﬁ%nér@/\&oltdg k3@ pulse lgfe@br tan the set
OEPHAY C oMt Witade€ C € it Bol(800W) g€ Eopndtathr trigger woll te digadled,
on VCO is Ilower than flasl tbiefault fignelstilbbehs{ei®@0 V), t he
camut at or t|ri gger Wi || This & addug aighal dpenavilictortactéve fogl [If the
Si %}3 Wi || |DECOyser t ed corfhitaorireseiyes b &rigetr, a0d thmudltageop &/K0 is
cqlTector adtVoltegel ow. | ﬁllgtlfﬁ élachEFeF @Ws@d\({@@) ethegoggiutator
raflected energy voltagé b A€ 41m11be asserted.
4 Namrot he set NoQi@dI VoI tage threshol d (800\/) the
SOt Btof —HF Hgger—wH sa auﬂill'oglcs nal, open col'lecto acﬁ“ve Iow If the
sijgnal w || |be asserted. uig 51 11BN 10V,
4Véowow, I i
xqlHmeci or agt? ) : the at € knd this fault signal
cqnmmut at or rieceives a t mllg&eagseﬂean e vo tage on VCO
'y Voltage |nhi gher thar This @ aF&Mt sightl, %ﬁéﬁ@bl&ctbrlafé@!é\()w. Hthe
cqamut at or [} lcotx@utstbra@ipe@tire iedbeletitisa tHrahdld (65°C),
Gi|gmato wi | | @J tec the tbrkrstaowill 4ipNbé comsstitod ings:r Wil ba
fqult logic |si g operdisuhlﬁdl aad thiprfavii signal willbo ppserfed. Fhig Eault will
5lError 5 24V an 24V ndaesseriedvritihhe theymestat i seset mapuaty.
bdard falls |bel ow 19V, | Thisé aé@#maﬁaéto%frlnwl}epgggéyve\}w nlrﬁtbfe?h
1 O rece1ves a trigger an cmperature o e
7dl SEarrkélr ed, and;eh&ﬂérst)l:’&am t‘r:eﬁgxgs?vt%:lh bousing is above the set threshold (85°C), the
erperature commutator trigger will be disabled, and this fault signal will
be asserted.
8 | Error 8 Not used
9 | Error9 Not used
10 | Error 10 Not used
11 | Error 11 Not used
12 | Error 12' Not used
13 | Ermror 13 Not used
14 | Error 14 Not used
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w0 eopperdilire i s above the set threshold (65C), PCHURIING024160
6 Tenperature the thernostat wll

wil |
col | ect or

be asserted. This is a fault signal,

active | ow.

open

If the conmut at or

Chassi s Over

trip, the commut at or

rigger will be disabled and this fault signal will
15 PEr@g5ertefinoioy faulf will be asserted until the
ernmpstatllis. reset npAnuU i i i .
16 Ppes 160! | ecerusacti ve| low. If the Reactor Over
erdtater+ecetves—artrgger—antd—the—tenperatureof-
17 1 @8D7 Errof 7 TenperafU®eronmact or switch housing is
ub_uvc the—s 5 ei‘lb estiord—(85C); tte conmutator
13 1 Btaigglr wi | c;}'ggoja]i sab| éeliveleid this fault signal will
€ asserteqy. g _Error B Not_used 9 Error 9 Not used
19 nBaEr? or 10SWeFalised | 49VElFor 11 Not used 12 Error
20 étl\lg) used é% Error{ 13 Not used 14 Error 14 Not
| 58Y° 24 wo| 26085%04205 PCT/ US2004/ 024160 15 Error 15
21 Nehused 16,51 Qf 16 Not used 17 GND I/ O ground 18
Status 1 Power ON Act{ve low indicator 19 Status 2
9o BuEaul t Aelhingg | ow | 20 Status 3 Not used 21 Status 4
ot —used—22-Status—5{ Not used 23 Status 6 Not used
23 Péiafob @t us T Ndlodsedused |25 Status 8 Not used 26 GND I/ O
- roure—27—Controt—t—taser ON Clears internally |atched
24 { 8wt when Nohised si gnal goes high. 28 Control 2 29
SOt T Ot 3
25 | Status 8 Not used
26 | GND 1/O ground
27 | Control 1 Laser ON Clears internally latched faults when this signal goes high.
28 | Conirol 2
29 | Control 3
30 | Control 4
31 | Control 5
32 | Conirol 6
33 | Control 7 Self Test Enable | Implements wrap-around test mode
34 | Control 8 Self Test Data Write signal to artificially assert bits
35 | GND 1/O ground
36 | Addr1 Hardvslire Frame 0 Hardwired in Commutator control board
Location ID
37 | Addr2 Hardvylre Frame 0 Hardwired in Commutator contro! board
Location ID
38 | Addr3 Hardvsnre Frame 0 Hardwired in Commutator control board
Location ID
Hardwire Frame | 0 for MO Commutator
39 | Addr4 Location ID 1 for PA Commutator
40 | GND I/O ground
41 | Config1 L?nseident Chip Dallas Semiconductor chip DS2430A
42 | Config 2 Not used
43 | Config 3 Not used
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30 Control4 31 Control5 32 Control 6 33 Control 7
Sel f Test Enabl e |Inplenents wap-around test node 34
w@ovsH024208 Sel f Test Data Wite signal to artiPCTUs1004024160

assert bits 35 G\ND I/O ground 36 Addr 1 Hardwi re
Erane 0 Hardwired in Caonmmutator control hoard

44 Leggtodon If)l\ﬁ,yuséddr 2({Hardwire Frane O Hardwired in
Commut-at-ortcontrol—board—lLeocationt+b-38 Addr—3——————
45 HanwbM re Friane O Har dw/ogebundn Conmut at or control board
ocatton—t+H—39Add+—4Harchwre—Frame—6—Ffor— S
46 COAMUISHt or | Locati on | Osetl td moweP@NCedaal Oatedselators) GND
7O ground {41 Config I _DS Tdent Chip Daftas
47 s8Mconduct/or chi p DSRX8@R™] | nes 42 Config 2 Not used
48 43 Config 3 Not used 25 WO 2005/ 094205
PCT/ US2004/1024160 44|Config 4 Not used 45 GND 1/ 0O
49 ground 46 CAN +5V Used to power CAN side of
pt 0-i sol atlors 47 /O ground 48 49 50 51 52
5093 54 55| 56 57 +24V +24V from host nodule to CAN
51
52
53
54
55
56
+24V from host
ST | +24V module to CAN
+24V from host
58 | +24V module to CAN
59 | Ground 24V return
60 | Ground 24V return
61
62
63
64
65
66
67
68

With regard to the SSPPM 200 compression head 250, operation at at least 4
kHz, and 28.750 kV is contemplated according to an embodiment of the present
invention. The compression head 250 can receive a pulsed charge from the commutator
234 and compress the pulse rise time and deliver it to a peaking capacitor bank 320 at the

respective chamber 10, 20. The compression head 250 can receive a pulsed charge on
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58 +24V +24V from host nodule to CAN 59 G ound 24V
return 60 Gound 24V return 61 62 63 64 65 66

W®7005081208Nt h regard to the SSPPM 200 conpr essPONURIa024160
250, operation at at |least 4 kHz, and 28.750 kV is

contenpl ated according- to an_enbodi t_of the .
the{roe S@RECItOr RoBRETS frovive %&%Bﬁcé@gg@ﬂ( dTBssepliags is held on Cpy
unt{186E 4 aic]géwi Ao SROG G EHo 5182 §ANERGA0bind Bisdidg RN, into
conpreSs the pulse rise tinme and deliver 1t to a
C,.pEhisidigghemp aomporssésath& p@2Orist timhes stespeinatilGe 7c FHateshows that

10, 20..Th i head 250, i | ]
Co RS BToBBBIS008) G805 “p-TIRBBtPD0 f7cd OPREY 1 x 107
sec%%sl P GhbRE aQ@l%a%i?:l?déiggﬁmo&‘% dotnpr@RRaiHead 25k dule.

The voltage is he -1 until the magnetic

swi Thh dompressionuhendt 23@ seactnr 338 rag cheuresivied dpdold off the

i scharges <1 .int . 4Thi,s_dis re
ol SEE R b, BT, RO F AT P reactor
310 hading @ote BlAGKRAES/hidh da8URN §.54ni0 80%4-00% NBBeBieandlloy) tape

di scharges onto Cp in roughly 1 x 10-7 5 seconds.
withja@B®fdipolis a schematic di agram of the conpression

hea 5 e he r.essi on. head 0 actor S .
31 0A8an B al UG § B R PP er DORIb ARG oS fotoration,
N Qnﬁthhb&p'ﬁitdrﬁs,fﬁl LY fR@1s88Bnall Hed dfSco?C $248al b:5 RRAAW Eduation.
a saturabl e réactor 310 having a core material which
Solkay foe Aq, © Va /AABN, 812% a8 YedtionklkaréSofithe nadeliny) t ape
with a ABof 1.5 T. 10 AB = V i/(2NA ,,), where V= .
Vol Page MBpiRieD, wherelfpFheight ofithe cerss Br & QuipiFdiysoR: = inner
N =AU . N8 AT t I ore
rodfhs pf REHip hogt 007, e Do 3P R Bh o bR caRUBRATop TN
t he crosw s&tRonAl/hgpfea of the core is: Am =

h( Rg; Ri f), where h = height o he core, R = oute

e O it S (2 b rerios B it FLCa tip e gl cplsted o
be IRE 9y HaRétaddd@an BE G s@mﬁ&_ﬁt fRlof WnatiesbchiBdatea by: =

R" -R "= Anl h/ pf The total inductance required for the

transfer fromleey g1 Cp can be calculated to be Lsp.

Stray inductancg cgn k;eLa_ ignificant factor, and is
accomuodat ed sat = sl 7 Tstray

The saturated inductance for the core can be calculated from:
Lot = uoN2A3/<1$, where L = 4n10'7, N = number of turns, A; = Cross sectional
area of core based on the L; equation, and <I> = mean path length.
Solving for A./<I>= Lgy/ ;,toNz,
<I>=27a<R> = 2n(RiHR,-Ri)/2) = n( Rs+R;)
Setting A; = A , <> can be calculated.
(RoHRy) =<>/n
Core losses can be calculated from:
Loss/Pulse = Vol H/AB + (wAB)/400, where Vol = Hr((Ro)*-(R:)%), H
=22 A/m from, w; = tape thickness, p = material resistivity, T = charge time.
The compression head 250 also includes a biasing network 312, comprising a
biasing poser source 314, similar to those described above and a pair of bias inductors L1
and L2, which biases saturable reactor SR2 310, in order to ensure the user of the full

flux swing of the magnetic material. It also allows for a predictable way to bias the cores
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Lstray = Lcp-1 and Lsat = Lsi - Lstray 20 The
saturated i nductance for the core can be cal cul at ed
wOo p@si0oL28nt = oN2Ac/ <|> where o = 4it10-7, N BCTURIYE4/024160
of turns, A Cross sectional area of core based on
t he Lseuatlon and <1> = nean path | ength., Sol.vjng. .
and @ms%pnggyjtab q_gmrpmandglrgmg oz)pfrg]:@There 1sgalso 1ncludeci gll'Clllt 316

incBEEAEL ATRT oot By hd 1 RS od10 g8l iduga eslBom 1, which
furctiond e cmhp]leteaﬂredalﬁsr amulﬂ_fmsth@uéas@rp IVbas HEABditional function of
(WIAB)2/4 H7r Ri)2), H _ .22
allow e RtR %waiert Célﬁg'“g a}rﬁ‘?We@§ﬁé a')"loﬁat eri al
r eSS Wiy glvres Ve&h%&FﬂBWW@ u1§e%e£@arﬁol“&%'l@§§ ofRs RARE cooling
250 al so incCludes a biasing netmork 312, conprising a
reduirgsienty. poser source 314, similar to those described

above and a pair of bias in and L2, which
bi ases saturabl e reactor R§%§%80ﬁin order to ensure

tnhe usilr oIttﬁenM gl nkégéeﬁw\%{lg of the magnetl o bias
Vetithation GloasRat®7 WO 2005/ 094205 PCBOUWS2004/ 024160 |and

Regon% =ndg8ir\/%ﬂtl|lact9£”%'lo%l9?era“ on ang,Tjmng contr ol i] There

rcuit 316 ] nr~| udi ng of

i nductors L3 and L4 connected to ground through a
resistor R, which functions to conplete the bias
circuit for the reactor. b'ﬂf St he addi ti onal
function of allow ng a patah

or water cooling

directly to the reactor. 5 Table VIII gives 4
centil ot tan £l o roouirompentaauad Tolal ol e oy wat er
cool i ng requiaterdaodng Ragyieemants  Venti | ation
d ts VentiTation Fl ow|Ratse /s

Wa \eﬂr\?yﬂguuud Veptilation—Flow Dfﬁisﬂgﬁlﬁv s—Table1iX 10

Rem@ﬁﬂc@ddvatﬁgcl%ﬁﬂtierenents wat a2 EMw Range

|E : omTended Vat er Fl ow[Rate=2~1/ m n. ﬁter
Wi érnﬂe[;h eraﬁﬁ"g SE C  \arer D{:R@—GZS C ! KPa

Wa(téi?rwu@StaﬁMt er Pressure Delt g 618RBa((Pasigll5 psi|g)
Water Pressure Delta 125 kPa (15 psig)

Table X gives some performance speciﬁcaﬁohs:

Table X
Parameter Product Specification Test Definition/Comments
Inputs
HV Input Voltage 18.75 KV to —28.75 750 V to 1150 V Charge Voltage
kvdc

HV Input Current <1050 A

HV Input 9.68 nF +/- 10%

Capacitance

HV Input Charging | < 420 ns Defined as the time interval between when

Time charging is initiated and when the HV Input
Capacitance is charged to the maximum input
voltage. The resonant frequency is defined by
the resonant charger series inductance and the
Commutator HV Input Capacitance.

Auxiliary Input o

Voltage 5 Vdc +-10%

Auxiliary Input 25.5 Ado
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Tabl e X gives sone performance specifications:

X Par anet er

w®edosnop£20Hn/ Coment s
to -28.75 750 V to 1150 V Charge Vol tage

Current

| nput

Tabl e

Product Specification Test

-< 1050 A HV In

[ nputs HV I nput Vol t age PABUSH0kNL4160

kvdc HV
Ut Q. 68 nE +/- 10%

Curesbaci t ance

HV | nput Chargi ng

< 420 ns Defined as the

{1 e | nterval1dsdcween when

me charging is initiated

E"S;;é[ﬁ{#f‘\/ﬁ‘r’én'”?ﬁe HV | nput Capacitance is charged to the
iYaxi mum i nput _ vol tage. The rpsonant frequency is

Fandodddred by

Warﬁ'\—\f Finte
2005/ 094205

| nput 12 Adc

t 4eVdcesonant char
or HV Input Capa

ger series inductance and
itance. Auxiliary lnput

idd - 10/ 5%eslopdsge  Auxi | i

PCT/ US2004/ 024160
Current

aDyfinkd psithe AmB fromAldkcapdBeaigd of
awilinny eaverN stierions tie sommutator is

Fan Poweteagyfoniy vaiage & pgyer operation.

Defimedas t

Ti QEteatsci | i a

he tTme fromthe

appi i cation of
ry power to the t

me t he conmut at or

Var m up
is

Outp&AWftab®r T U
Qut put Volta

TgwokVapes.isunM  power

operati on.
ge -18.75 kV to -p8.75 kV Efficiency 85%

Qut put s

M ni mrum at neg3%um power out, [ gssuni ng n I e .
FfidRaPgy Load (Capacitance 11.88 &lﬁé’&i’;%&%ﬁn%%"é&%t’ Shsuming no
Repetition O] - 4000 Hz Rate Qutput Power 5 22 kW

Load Capacitance 11.88 nF +/~10%

Pulse Repetition 0 - 4000 Hz
Rate
Output Power <22 kW

Output Pulse
Transfer Time

60 ns resonant charging
/W transfer time

Output Pulse <1ns

Transfer Time Jitter pulse to pulse at all specified repetition rates

Regarding the HVPS 204 and its interaction with the rest of the SSPPM, the
HVPS receives AC power during a 10-second countdown from Laser Off to Standby;
receives a HV Enable command from resonant charger 230; and provides DC high
voltage to input of resonant charger 230. The HVPS can be water cooled, and housed in
a closed chassis with internal air circulation fans.

The resonant charger 230 can receives a program voltage through a high speed
HV data serial link to the laser controller 222 over the CAN 280. The RC 212 can issue
an HIV Enable command to the HVPS 204 and receive input high power DC voltage
from the HVPS 204 or modules 204, 204°. The RC 230 can also contains compression
head bias power supplies for the respective MO 10 and PO 20 compression heads 250
and 250°. The RC 230 can also charge the Cy capacitor bank 210 (two channels, diode
isolated) in the respective commutators 234, 234’precisely to a program voltage level,
determined by the LCP 220 as noted above. The RC 230 cam also store reflected energy
as current until next charge cycle.

The RC can be water and air cooled, e.g., with

externally located fans.
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Qut put Pul se 60 ns resonant charging Transfer Tine

rrlw transfer tinme Qutput Pulse < 1 ns pulse to pulse
wa@eooalop428peci fied repetition rates Transfer TPOEUS2004/024160

Jitter Regarding the HYPS 204 and its interaction with

the rest of the SSPPM_ the HVPS receives AC

dur The cammyiadersdid. 23tinpaoi the MR pad epe B fthq BA, Can receive HV

. . |
BB 5ub8 SRR AR ORI A 8B b
2500250 esmheant beckhategard 2860o0ldd)e.g-MPiEh extarnbBy erhted fansol ed,
o e e Pancn St SR it e SR o 2, can ve
moﬁx?cﬁ&'tM &8p 6f B{eol%ﬁé&l\’re lch@g6ert 1V, %%dacaﬂ'rg&lﬁﬁ aa¢ H‘{T'\ﬁulses from
data serial link to the l'aser controller 222 over the

the GAiNeRB e cathmuREIA, 23k, asé providmiisal pElsgisbmpressipaandrdsliver a

rst % PR BTSNl Rl B P b ASgspectiv
chagﬁ;érqbsg)o £NiRt BRckRERr essi on  head bias power

ies for the respective MO 10 and PO 20
n%hesls%’ﬁ Rehdevwesomogdplg gmoTunclipe g3Ca2amreghfouicggo a load

cap(a‘c@q.rg:t e(%;i% lgolflctﬁé) ﬁ@ 3. lg mé ?(ﬁ; ; Sﬁ'@gﬁ %ﬁ/or ﬂ{u%iiﬁe HVPS

he  respective o

2042%@11@%@&1 Ye tem;ﬂoy&rdo greaneonakétad én penatibl, e.gdefoeprovidedhe same
y the LCP 220 _as noted above. The 230 am aI S

chaggeoveltaeq ez highepAvrage Revels Yty ?‘éﬁ wrent sharing, 1 aFREs 204
r 0 t
ext er ngﬁg ggtaééllg{}%g\rl]\@} % Slgﬁv% 2005 95%%%16& @harg\é% 2B0. The

: Rema:hus&efget Q3@ 140 reddiree e draseON @osnad, frcﬁﬁtthe, laseecdngioller 222

ol B FROB 2P utei g8 Mo SEMBERI o dhe A Feeph Bobie from

Stah@b;ﬁ%’@ﬁ&?@Non heads 250, 250' and can be wat er and
alr cooled, e.g., with externally |ocated fans. The
confﬂlesHVBS Heladan 2BPloy2%08., power fagtortdosreMDra(PFSH as is well

oy iibe B5Vengumty TR e b7 obRBYSI oG ERRRE o fygruntons in

inpuh & C 95IRRR! hoheevealiifytrdinal f2:dd, a&aélunnﬁmugm\nadﬁorﬁwwnducted
and deliver a fast rise tine

I
on ) SUE MG iger.c IPBnETS] RGP o lasach e rITERD 204 s0n be goughly
regiﬁ%?em@%b%ﬁde Cu%te?l{@r HaDE %Pg 951-% Al?e?ﬁitd?'b%%%{cﬁgd through the

4~ power nD e can lon as“a current
prigatir of 4 @tep—ubOtmhsfdrﬁwc E(pemsltoa\m)ewiﬂﬂﬁ tAd HVPS t20¢ \Fi?ﬂlan H-bridge

. 230. Multiple H/PS 204 out s, and/ or
mvzmr (Ashshewny otiPel /e OutApf 8@ ﬁzf trensgo e&@ﬂ%éh@%@ fonthe SHVPS 204
Jﬁﬁied ®-19c. TR wtguﬂ &erehh ar a%or%%dgey MR 1bagoftol loop

er average powe equal current “sharing.
(nonshomE’% Mntammmqibdmwﬁutmdné froma tecd VB 21)4511991@@& as the

f he . nt Cha R t
outp YRS 8 B ol BB R AR PFOT e g Uit 1870
co ”tIfaﬁié X1 g12r@8so¥§e 1B8aB¢ §pdciTRatiRTor B VP aD4:at

t he beginning of t ten second countdown from

Table XI
Ref. Characteristic Criteria
8.1.1 Output Voltage -800V (NEGATIVE POLARITY)

8.1.2 Average Output Power 30kW

8.1.3 Average Output Current | 37.5A at 30kW average output power
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Standby to LaserON. The HVPS 204 can enploy, e.g.,
power factor correction ("PFC'), as is well known in

wo b@spewes supply field, e.g., to achieve rel aPCTES2004/024160
immunity to fluctuations in input AC voltage, achieve

unity power factor and elimnat
8.1, §ONPUE Y RQ.0n the i npdPORE] T {88V AFhNaming nal

bus %' age of the HVP$§ Tatetansgh HrelGoughl y  regul at ed

by the PFC. Current frombsdateaalgm%@ﬁAC‘aJ-ﬁ%&MCel y be
swi fched through the p -u ra f r
(not shown) within the_ %ﬂ)&c ﬁse\/ﬁ%ﬁ}g%ii (2%11%5&&

i nverter (not shown). e transforrrer

nof_shown) 1n the H/PS 204 can be rectified to DC
8.1.Fhe| BUBLECUEER ent  can | BESHBAR AYFTAEE PRETAHES FUEieR} over one
control loop 25 (not sr@s‘ml)‘b to maintain controlled

8.1 B0 PR R B e FRLE T o 8§°S 204 as Tong as the

|
S35 SRS ol « sge” | 2oo P B TR

pertormance specificat

8.1.Ref | Tomapadimei stic Cr i|tldrseeomls MaKimpdput Vol t age
- 80DYA firEgppticatiorPdi ARl TY)  8.1.2 Average CQut put Power
30k\VWp8wer)3 Average Qutput Current 37.5A at 30kW

g.13vel agerglipid power 3G 8Ebd3GhAA0R4RA05
PCT| US2@P44:0#da %@ HB. 1.4 | nput Vol tage 400VAC - 480V A
C Nompgle) Tol erance: +/|- 10% Absol ute range: 360VAC -
8.1%88“%3 F%ﬁj) pRTase +CND I‘IWS”O{l t HRECed Qcﬁd??ﬁfst disEdige to
but Ege ug%m £S) 8.1.5 Jsl{ﬁ ”é.r%]fesf es within 8
avert 8g60p&rati ng curren

M ni num Power Factor O. 9§§°c§l ef% CXE’S%}‘?E% fn?ble
dipm

o]

trué load at full outpUt°TpEiReY? %me
8 1!8 Turn-on Time 10 SEBHHPRMSH Cerlllt

8.14ppl Miniiom Bffickgepower|)0-88. 1.9 Charge Time 5 secands

8.1maxi| inead Gaphtiancassert i|onl0ODOHY Enable) 8.1.10 Energy

8.1 Rdépsnsetifgt il ter| w@psci tor nmust discharge to

8.1.14 | Voltage Accuracy +/-1%

8.1.15 | Voltage Accuracy Drift 0.5% in 20,000 hours
8.1.16 | Regulation +/-1% minimum
8.1.17 | Voltage Control Default —-800V DC

Auxiliary voltage control via program
potentiometer. Voltage range at least to —
100V. Specifications 8.1.14, 8.1.15, and 8.1.16
not applicable with auxiliary voltage control.

8.1.18 | Peak Output Current As required for normal 1% regulation

At maximum operating voltage of the HVPS 204, 800V, a maximum of 8.3J of
energy can be withdrawn from the load capacitor (not shown), with a capacitance of,
e.g., 1033uF, every 250us. The voltage on the load capacitor can be allowed to sag
beyond regulation during the discharge pulse to the electrodes, however, the voltage
must be restored to within the specified regulation as noted above in Table _, prior to the
next discharge pulse. The specified 8.3J or less may be extracted from the load capacitor
in no more than 95uS. Discharge pulses will occur no less than 250uS apart. The

regulation specification'(8.1.17) applies to all operation conditions, 8.3J or less‘per pulse,
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Requi rements | ess than 42V and | ess than 10Joul es
within 8 seconds of shutdown (renoval of HV enable or
wo e0swd20Df AC power). This requirenent may bRCTES2004/024160
through the RC dunp circuit. 8.1.11 M ninum
Efficiency 0.85 8.1.12 Load Capacitance >10000F
durigg 1steedy Réalp owsEativrnand dutine ipitial frangisnt sgponse hetyesp first and

+ . Lt = cy Drift 0.5%in 20,000
Sec%%dﬁ“z@eg’ﬁ%i@#&é%%ﬁj’%%ﬁﬁ- | % mi ni mum 8. 1. 17 Vol t age
TheQRuwter Qisclllafoaul t - 800V DC Auxiliary voltage control via

D00 BB ol S 5 1198, 4008 Rl b B P smitr
prictRP AGaBles Wichhis HESLHBAS 1 HOURNGE SERBS Pabnt 10.15,d3 Sakntitled

Qutput Current As required for normal 1 %regulation
COMP AK i BXGINBBr A STER, vibkt digdowtre tafewhighgs Jgaebys dmorpogated by

maxi mum of .8. 3J_of _.eneraqy e W t frqmt .
refqreieg aé’g]p]éldhleo‘%o(ﬁ o¥ef§rﬁ]6?ﬁ%) L%n]?/‘ﬁ A\}gc aésg%’ an caélgo]’rs, Rstantially
equvalbnt td @R3AF eMer Medbfbed idhRe WbbteargfereficddnE.d. Gatent Application

capaci tor can be allowed to sag 5 beyond regul ati on

Serd Q¥4. ngP/8HeOH:- s dievgaetp uimpsovematie Qe dhos§dpEor FEwiasers, enable
e val e o

o 4, b ST WA S RN 2511,

refér€nded dibe ¢d) andepq@tibne .of Thkick pe€ irépeatkd3h&dinofor| @mspletayess. The

be extracted fromthe | pad capacitor .in no noye tha
powgs ©scifiatos ngc‘@g, B E>SEUNRFISE| 2 &%Imrgeh ghamaher 1 h]gnwé@b gre Pocated a

pahagﬁélf)?gagaeele&ﬁﬁ% gﬁb O%Z,Céat:ﬁ SRR £y beld)., 3Bkt $Scm long

to a operation conditiofnis, 8.3J or less per pulse,

and3dpatdd 2BE6HY AR BATiLS2004/ (8% d§6vn)dundi gt sx@wmdger units (not
state eratjon and during.initial.transient response

shoye) EGHAFI PR 1a5e] #3 10 RETTAT s Lioniat s PSP glecirodes for

eacRWaR §RschBige- puldtCat@Wemot8 Gehd AbAT thENEhaABMR! PIRC thdr®eRr12 can
10 shown in FIGS. A and 4 is in many ways simlar to

inchidpré.gr windowaAntits|(aot slovan)cmade %switi;@édglil fuenps dgrtage gplerant

t.af es Patent..No., 5 023 884, entitl CT
AR B (i 2 T SRR S Gl %é'hgﬁ%%%?ﬁ'p%g‘g&f 1%
xerloM, 0.1¢f 6 £dEzeansl g.,_rblrﬂ(hﬁleiﬁiﬁ\/tﬁe k&t ae&i) CElsk hliSgenRaby be inserted
_ No. 6,128,323, and is substantially_ equivalent to the
in the fony eEhydregey ¢beede.re-g-hin Hisgenes of P2 nc@d yes., 0.05%. Xenon

j i,Qn : . | 854 6097 «;
o R B 55, . 8B 08T e e o
necdp ol passuat M08 kiptang., grithid the, range off 3fl 0560 kPa, e.g., at about

Uni ted States Patent . 6,625,191, .
420 kPa. H, may sometimes be uslélg, e.g.,asa cataljjlst to reverse the loss of HCL, e.g., in

amounts in the range of 0.2% to 0.5%. A resonant cavity can be created, e.g., by an
output coupler 16 which can also be comprised, e.g., of CaF, and comprise a mirror, e.g.,
mounted perpendicular to an output laser pulse beam path direction and be coated to
reflect about, e.g., 30% of light at, e.g., 308nm and to pass about 70% of the 308nm
light. The opposite boundary of the resonant cavity can be formed, e.g., by a totally

reflecting mirror 18, which can also be made, e.g., from CaFa.

According to a preferred embodiment of the present invention the main charging
capacitor Cy banks 232 for both the power oscillator 10 and the power amplifier 20 may
be charged in parallel so as to reduce jitter problems. This can be desirable because the

time for pulse compression in the pulse compression circuits 234, 250 of the two pulse
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ref erenced above, and portions of which are repeated
herein for conpl eteness. The power oscillator 10 can,
we2@s5/09eehpri se a di scharge chanber 12 i n whi cPCHIS2004/024160
| ocated a pair of eI ongat ed el ectrodes (not shown) ,
each of which may about 50 .c an
poveeh SrsEemn A ﬁeseyctaﬁlyufpr ShEPD N Py FaRbe( @ fhedfgel of the
J 7 1935NPURY of; LH 1R i} be controlled
ch ea,(grtﬁéggg]a’%gpcr {é,ué{r?t (’% res uni oﬁ{ézgd lrggasl}%%)etweenecon e
on el mddertoemdsef basis, eaghby asdjdstsmh’alo@ ethqz) Ghisial ahagimenweltage on the

chalés?@é CJR%)m%Ft@ ‘?ﬂv?e?g? &a@?ﬁgﬁr@?ﬁgﬁ and @gconcwt{aﬁlog can also be
conﬂbﬂ&i fid URRERe ARIBIC LI B aﬁﬂram@i%%se loival a ide ,raICg%F%ulse energy

he chanmber can contain, e.g., a |laser gas, g., a
1ncn¢ases ané laser gz%prmnmn ch* A POWEr @cﬁ@]tq;"g]éhaccgrcbng {o an embodiment

orine. an rest hal g
of B RGn30 ok Fite TRt HA BremJBF S Eh SRpshT g St fmctipn of Ch
cont&frakion g@ 5ab 19s/RBay socbllg%or@eﬂratloﬁ 1859/be ¥anged tffa/ymb&le timing.
inserted in the ran&g of , e. 0/2%- 1% e.g., 0.3%

Thigi ean bReatsaraipd eforable clpanging ﬁh@ﬁnemrﬁ?ntp t@ gagipging desired
, f

congyfifiBh as Suive 68 Rk 0 T0ER B Ol @ B R prmetion fom

pre€eding pusesao caitatuyly updateahe tlﬁﬁng frﬁluiremsnbéhaﬂg‘és, dwe. tg.the slowly
unts in the ra 2% 1t0.0.5% son

depé%mgt{brl? (oateh 5tisa Soewsﬁ kogynzn the astuﬁlaa pﬁ‘&nﬂe based

laset§ Which can al so be conprised, e.g., of CaF2 and

conprise a mrror, e.g., nounted perpendicular to an
Pomettﬁguphﬁaser pul se beam pat h di rectl on and be coated

refl ect 30% of e.qg.,.3080m, .. .

i TREPRE Al 205085 Pe EREPToh fe+ § ghiasSshaimber 22, Which is

ess&ﬁf&ﬁ?' iRnBQY r{ﬁ@rdbn‘éﬁpdrﬂﬁné SRNbsciidator Y 0CafkcRfge chamber 12.
forned, e.g., reflecting mrror 18,

a totall
Hawhg die twarsepdrets c}b(@xnh@rd @1s %/aglhtatﬁs' pHsCer2ey 301 intessried prergy in 2

ef er od| of S ti
s, & B RAtRod A cle PESE Pl AR A8 som
waRs¥ith @ﬁ(ﬂbﬂ baideidth0 Tans cﬁlh Belpavhablepe.f, better2dbseBiabilltg and/or
charged in ﬁarallel so as, to reduce jitter proble

pulsrmtoSp@%ﬁwstd@ Itye sTheatsToeclparrbers €ap he operatd wigh's bﬂftgréln?ly the same

o RSP b P R3S LA A0 v

in theo\Rer 16 wsd enpli2&0ion o€ sipe PO V@byttpﬁt)m thie aPXD. axitloPthe comrponents
e dependent on the |evel qf th ar of t
of ﬁaha@mwg aEe g s AL e RfRehang e leﬁv%feg@ﬁ 'f]a&&{fﬁapmcess

nus{yiER e @&Iﬁﬁllelsﬁgn h&H 22 S Forant PP S PALAS isibststldlly identical,
by adjustnent” of the initial charging voltage on the

capehitordUygbakp 232 to§ ﬁhwm@mﬁoﬂgﬂiad 1288 emnayyhs Im’reg@dpler positioned
for JiepCuD BELREIA 20 B5heTnr Bt aftuds &RRNES Hifhes inductance

as BMhSReEREMEYA DO.CTAASRSscAlehthtR DEthd) dsaneS 32 B2 afDthedlectrical
power oscillator 10 accordi ng to an embodi nent of the

corpmmetst of theenalsomowensystans BEQ \waan edi.sbelar gsuignthat the timing

chqr q’i(slt_;géj I)f ‘Eh% é;ﬁlfg g%}%}é e% t%%rg litsg%l% r’%%é: é%glﬁgfagﬁalgpthg shifle so that

J1tt&1’r1&olilb1msa@m1n]ihizﬁdcan be account ed for by changi ng
fluorine content to maintain a desired 10
condbaPpyes gRPEEercl) ¢y Re ¢-8- Gepiated tofsat least fygrPepm passages

thrbdlh B tdiscRhreBesiSh PO SULIHEBI LA AEE OFhe PA 20. The PO, being an

oscillator with a resonance cavity has a beam that can oscillate several times through the

chamber 10 and the rest of the resonant cavity of the PO 10 before emerging as an output
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precedi ng pul ses to continually update the tim ng

requi renment changes due to the slowy depleting
wa@bdosp42es content, as is also well known in thECHEHIB2004/024160

simlarly to fluorine based |asers. Power Amplifier

15 The power anplifier 20 nmay be_conpri sed, ,. of a
laser Heam s beam g then,j &g, §eﬂﬁqt£) by mleemlﬂgerthét R 20. as
s 1 FREBGTFRRR 2 084 LAY ekl ARanaey R e 20 and
reflpéth g @lﬁﬁﬂ@;&eﬁﬁgbﬂpﬁtse@l‘eahéfbneﬂﬁﬁ g9 through thechasbaf20 of the PA

ot i, WHE S, IReT B STRAT WA OANE) B SN tepid-poin
1on%tﬂiaffn£@rbgl?ﬁéu oﬁ@/c%@@% air 6f &eotr@@ést(Sﬁe ?%eslsﬁéérlthérb’the other,

se to pu establ Ity nbers
S0 thmnniki@omtenayt lmcﬂammtmeﬂlhysha sharser qf théh@V(éarTéle bgam then exists the

m Xt [ t Az
reaf adis o G PR o B, BRI b T 0 pEPTgrisiig: e two
totﬂﬁﬂ%ﬂé&1ﬁ§%1%rﬁ6atﬁﬁ 266) \%ﬁic@ %,ﬁ u.ol, Beﬂdéﬁtﬂ%aoeaﬁl badkl th@ugh the

onents of chanber are the same and are

chamber?@ hﬁﬁ)gé’aeb plong the lngglﬂlﬁlerlaﬂramﬁeamqnmm@f e déssharge, which may

t he cq on d P
corOhgtis P, G e ey CanetiBiis hof (e An forBg by the
clofdatddnelecRsdts eafl Blayh@atbspdid R \thdonginulindl denjerline axis of the
positioned for the PO 10 than_the PA 20, inorder,
elegiragles themystvsy u@@o@%mtaan@mh@}nw Hfethe; pEpseRtapventioy  The
0 f
lon AR R it 351s o et bt Eer MEBlckida @ whBfer gigned with
the poﬁgmdpﬂmntahﬁé exis oﬂﬂ& denrodes ghemdeblep oasmu roan tfhuanh the optical

: timng charact |st| s of t uIs ormn
axit P BT 365K AL P76 OGHD OB R TSRS QLlEFagoler 28 and.
e.gl Q%Em?%%m%hﬁgm93@b' errB are mnim zed The power

ier 20 can be, e.g., configured for at |east two
bea@hmmagtd@ges Iac@m@phgttheammﬂm’lngeltr@gﬂmﬂpmemmmﬁentlon can
el.ectro t O_ _bei.ng.an
orefj I | U5y eI, AR 2 PRSGIARESS bAT b med aogdited sysc,gpd dose
ene@%ﬁ hidd @:ﬂﬁhl?e \(8) @dncbhtfRBn! §15 Ol WiEh oflRATHRE opkPatBiptharameters,
e rest t he resonant cawty of the PO 10 before
e.ge tetplgas pressurgnmelitbgue-2. 3®nigyedows) gbusier periodically, in order, e.g.,

to 15%1]-1 ali%lsg ggs%[eg %égrgg?$ leagg 8f %é%ﬁlgwg?tg € mécg%ﬁ@&ﬁ% cat, €.8. be
selé@é&\tolpi?od'_dcga deBred VidueoffdBIAV 2thdesths bln@lge lity endrfry ofitht ‘hﬂtage can

centerline axis qof the chamber 20 and fI ects the
be g fupetion akamopg gker fatias, D barA eI gT D 5T &gy wresswe. The
tinfE IR Becilnp Lo g, g8 PR L b Brisal BN epon n be, e
baseil dnphirgingvdltagei Thdifreghéncy of ihiwetiomocksy lm&atetg),dgefmably be high
of el ectrode ongrthanth ther, so
to Kgp<Co woaer%%tgvﬁﬁy SBteab et FES 65 CrREILALY Faptingots g nearly
codti¥Rdus, g REAIpE Qt%nacﬁﬁféh%teﬁs tih %orﬁlﬁﬁéusV\ﬁr?Q@WnoﬁeédQeto be halted
chambér 20 and enters a beamreturn unif conprising,
terre)oga,r;lyttmamltmdbﬂngﬁdrcemﬂle@ms ng mrrors 26a and 26b,
Di V\:ﬂ hgcan reflect the beam back through the
ISAYSEEIBE of the PA al ong the | ongitudinal centerline

axi shofeldchR dlkchay Bawedhiehele@yoddd if ahe PEpandPA @aﬂi J€g., last
| ongi tudinal centerline axis or a discharge regio
abguy SReg, tepulfing from an electrical discharge between the electrodes also of about

50 ns. This discharge creates a population inversion necessary for lasing action but the
inversion only exists during the time of the electrical discharge. Therefore, an important

requirement for an injection seeded POPA laser system according to an embodiment of
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el ongated el ectrodes and may correspond to the
| ongi tudinal centerline axis of the electrodes

w0 b@swed2oes according to an enbodi ment of the PCEESI004/024160
invention. The |ongitudinal centerline axis of the
di scharge between the el ectrodes, whether aligned with

the prﬁ@entonmmmuamre tb@hth@ rSdebeagy fromthe firm dhe ROy Khpasses through
henselves [

aisc T Pl of P Ikt e o8 clrbiRFR, Sopt o Rahid (ifen the

popalitipltis fBfbein B8 1aRtlgas @ Bat aIﬁplbmmﬁmﬁ the Sedtﬂgbaam tan occur.
30. Char vol t ages, accor.

- an enmb nt. of
Anernﬁo%qné@gﬁac £ (6@ BIFETSS HHag of &eég a15P s e g@@t Bt Sherois ydelay,
whigh! B BOoR W Bl SE Spbit mefg%&nq?%w@enpaies&ne%mh 254 is

ose energy and stabilit 12 concentration, e.g
tnggd:red]go wloké (1odhesrndt astanlly pbsahpcngbqaag sordtiggsed)2hdethg begmmng

B IR TSN TR TN —

in %b&ﬁﬂa@cﬁ? Plfi‘&érﬁ&)r M ‘Pc{stsc Bﬁfyg lahsLt VAL @s. TH Tan take this
desired range can, e.g. sel ected to produce a

appiesinatety GainiosstordELinhy mtem:eé fohéhe pelageof] eleetfierlggnergy Ko ring
on R BRSBTS SRR s R Pl vy

subktah@4llyl, @S Rt Aigbnt the %Ehgﬁff@dﬁjd)ﬂﬂmbh@tfglﬁﬁﬁolmgefaﬁﬂl e.g., with
i nvention can be, e.g., 25 based on char%l ng vol t age.

the fevaperataepelriby ingpctprsiie gha mse roaver sEcuity 200. pref er abl y
be I s{ n
NB'%}the s lﬁ@@o@dﬁg a%r*ﬂ? Conx?lj.s ﬁc%fo%lg %I}eg%{e%a{lﬁ@&{n& dc1rcu1try is
proOQlBﬂ ité laﬁalﬂe tﬂmh@ catfol of rtluags &dq:hasgeﬁmﬁ the |tﬁvocthhargdao¢lsimbers

ectjon needs to be h Ited orarily. t |nta|
2P PEHPIE e A0 6 ASCUTESY Hsﬁsgteqff % angaTriecls fagtam of the two
cn&&@%ﬂﬂ%@@mqﬁ¥ en the electrodes in the PO and PA can,
ast out 50 ns, resulting froman electrica
dlscharge between the el ectrodes al so of about 50 ns.
creates a ation |Fvers

Thi |
nelc %‘5 S;lgf 8%% %Oﬂan%p&: of glﬁepu senf fnyention eapgf%aﬁlt%hﬂ; chosen to

bas®eefthid APEANSS tiRfgl dB viation sy ik 8RdrEinEadolfhiod GRapPFoximately 5-
Therefore, an inportant requirenen or an injection

10 mé@étd Parprding é«p ay smbadieabrodi theg Rresemt vbeiimeihercgre, the

005/ 0942 CT/ USZOO4/
e B HCSQRPb0F Pk “ERE 2 488 Teaneare T RETRED voltpge power
suppy d9ithases tliel‘lﬂﬁic@ﬂg cé&ba‘&ﬁ&aCQBaxﬂ@ @32 ncaf bé bﬁcﬂﬁi’cal importance.

urllékthe apprOX|nateI 50ns of ~.a second when
Fopesmphe.ifona tmingcasirobel ? s.tamd 3 hifre.gaof the %eﬂ%}fmty of 10 ns per

VOl?%Lél?ﬁ&I?tdb(g.g tcgrf th)ﬁ‘lﬁ l?‘ee? ulREA 4R gcxp(#’l{t e 1na1 charging

e to precise timng o | Scharge
volte@etd’fel 60acV, tiiatwdubd require @ chiaag, acdumduychl 846%)ewkich is very

.t he order of about 5 mc oseconds bet ween .t he t
GitkGHTs fn o €PopRIy GRS SRTICE PRET REadrkizd,fo Tose specific

18&d Aol ¥ &l 128 SeddRPN belng so triggered) and the
va edﬁﬁLlng Ig? ?he el ectric discharge, which |lasts

aboAitesRfiseland.gc au sekitivh go gthis QIOblfh‘ra r eg@:o(rdlgg ubot emg@spéah of an

tion i nver ion [ ch about 40-
emyaiei ¥ e pEgn O Tof S B8 e b ot e bR e Co of
bothth& PWRAnd B PAE Pishifs fin Bleathdlé e@bneaﬁaﬂﬂygetr 230ia8gndiBated in

through the circuit between the Co and the el ectrodes.
FIGhE $, # iane Sjand es describegnbpye.yso that they are both charged to the same exact

voltage and each share the same error from a desired voltage, if any. Also, according to
an embodiment of the present invention, the two pulse compression/amplification

circuits 234, 250, 242 for the PO 10 and PA 20 are designed so that time delay versus
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substantially, e.g., depending upon the magnitude of
the charging voltage and, e.g., with the tenperature
wo@tooshe2ohduct ors in the pul se power circuitryP@D0S2004/024160
Neverthel ess according to enmbodi ments of the present
invention, circuitry is provided to enable_timng
charging velfage Purveemgich aauswﬁlarrg%%} 8 Hpzcanks e@?@&ﬂa?@e by using to
ative accuracy of
the Fg@é@figihleﬁ ?ﬂ C%%nl}o i"{r&&%ﬁg‘rﬁgm of the two d
Ci rAcdording e as Iaqvmt ioff aEIeﬁnboﬂimdkﬂarfrtHc pgssbmi fivention minimizing

timPROFEAITD (S0SHACURES FSEbEL S JUn) PR PH aipier Somponens fo

botlf 8{ s'cﬁ’%r%@ Fha‘ﬁ‘ibteﬂ € %g legh Bgve/QkiAngy Wenﬁ@ﬂrc@ﬁp@ﬁfeﬁ{s}éo BhatdRe time

According to an enbodi nent of resent
delaynvesits witage trevesfiorfect ddselynesmkinachrether ammdmﬂﬁc ol Fl§3. 9. Over

the accurg nd r epeat ab t he h
the gt CRige, Hhte P RERagewtate bt 5 o eLpi g, in time
delaa%tﬁ Volbe€ Bt ﬂae dhﬁngef whth GRllta geTROVIHRARIGE the @ﬁe eﬁslam@dhemrcuns
ffor a timng control of 5 ns, and a shift, e.g., of
Thush &vitherpgh @havgmg cappacitorsrehapged in petailel ¢hasgingniabiages can be varied
accur.ac u d be r E
over & rﬁﬂﬁg |°¥%er é%raﬁée ét?lg‘&!t] (ih%ggghg %lpelr88a61§/g/¥13{ {;g of i iiigcharges The
fact @@tiHeuise Poaed) kyigeras aér adaytn@tedasOthdy aiﬂihll@lhlg Mapedtiy switching
difficult to achieve especjally when the capacitors

thatyeasy be earefiyly peaged gnd ﬁb@éct%wem% of figine Svenon the faes of other
o) [ &, t
chaﬂg &QIcgé% &Sﬁ%@e{, K g’ny s&é%{meo S§Q:|aH s‘ dlttgre Jrl]lg'bl% enhanced
tlmiﬂ'gGantreBﬁrdhdemﬂﬁ of tlmmg;mmtlb]em the gar,allelazlxchﬁs.g Alsdhether operatmg
char gi acitor Co.of 30 both the Pg and. the PA i
PABRPIST ¥ inflesmce 15 angen dh EOPENEnKHEEnG By P igtalg output bower,
cha!ngéi SRME Qndl&hﬁhgﬁ the $nadntedan@ Of $hePithAR1A8 YiknBWMlays in each of
ove, so that they are both charged to the sanme éxact
the\mkaﬂbg pulandowerctir@itarfer thhd @ dfwndfo20 frﬁmcgvderg]an@d{so enable

L a?e‘egfeth{% se]%ﬂ%fé Af}lf%?f d1§ e g\hqg'ﬁf}% gleacrlllar% TS overr%he %cort term,

gc %{m ?ldl 199 h Akt bif ﬁﬂl‘ééspzﬁld Hkdt G0 bluSt A4 sorBBGeridder Bi@sts.
0 and PA 20 are designed so that tinme del ay

ver Eg@pe@@wm@ﬁ Gt pappus2EOW e aub PeRer @M@t 200 is

usi n 0ssI

(espéﬁilﬁlycﬁﬁipeﬂ’aﬁﬂé shangee &¢ theCsatrbible md\tc@cﬁs)dl Tigeateforaraccording to an
aspect of an, enbodi nent of the prese é{ nventi on
aSPOFTRITR PisgsT! vt (PRPeRES TR 1 e B} igHang? are minimized,

wh{.)c%b%ﬂ]b%ga& a?e'ﬁ H fhb &b 11ﬁgh§pp%gtl§seaxﬁoeé@ @M@@&%&i #0the above

cha ers, g., can have essentially
referdaeddi ap@hcammndﬁbsl (M)Olm Alditibhalty, detcaglingstosars aspect of an

em}\gﬁcgl g{ gﬁﬂp\ri)?%p%nm%grﬁépg o%%'%er%%?eﬁgﬁ %3;;2@%: ﬁl'éer Il‘,ailﬁ'g esens1’c1ve

corﬁﬁorfetﬂ%r SnSe HRInitBLA, aﬂdhﬁilﬁg 'aneéd&téESéoﬁﬂ{)l ﬁi‘sﬁﬁ&ﬁem'a&e to the
tine delay wth voltage but the change with voltage

trigger tiiming o ¢<ynpmeatsar€e>mols wothe provided tveith a THoeessey pragrammed

i) P SRR BRSPS I o o

timihg DEktoEH VNG MG winhehetingtHisoriés. mhfbghlﬁffonbéledata is then applied to
di scharges. The fact that the pulse Fovver systens are

anticipaje Himengdhangestassy oy the cumpn @pﬁlﬁ@%@ *éleé%qr@mtﬁ@

, alsg, Ofn%ﬁ%g%n’cc %{ncg Ste :@'&Ca@urgs %%Ql\élﬁ%e e)l}gﬁ t BulIQ! g?fgﬁ{kﬁggn timing
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that can be carefully biased and predicted in terns of

timng, even in the face of other changes than
w@ebasgp4205 vol t age, e.g., tenperature al so can BET/US2000024160

enabl e enhanced timng control and identity of timng

control in the parallel circuits. Al so other operating
Trigger fantolet ers t he i nfl uence changes in chargi ng

vol t age,.. e.0.. to i ntain ut . . .

L0 ABSSnE i ehSe T AU ROy sEIA8F e issoring
of heleddti@l WisdBargde (@S thateas hisofthe e digétiadd) efor padisef the two

power circuits for the PO 10 and PA 20 respectj vel L.
chagbersal % @2 B8h|can beeAcerreplished separgtply, ¢ gptifizingfgr s3ch circuit a
. di.schar bet wee I tar
AR RLIRE B ;B i b Shled B0 Py o
6,0b618 33, pamterf weicheis sepdated hete foucompletdOssT efpse eireni®, e.g., can add
. control of electrical conponents jn the pulse power
HmglE QaIAE 1960 %ora\faglaﬂ?rwp 0 A PP é{o{l%%ﬁf@fiéfﬂagﬁrawre changes

in }fgr 1880 Scondnehd 6t thRUNE& SOWEN SR&in®20D) @jgﬂg?oe that the time

speci a I‘i/ tenperature changes in the satura ]
betiwaetutriggeisind dibehargeds deldosaodstant dsdeasible.adpdedicaed abreve, since

present.inventio enperature variations in.the first
thf O SRS HFCPoA T VB SH AR BRSSPI, frs st oaual
(i.et_’%t}ﬁ@%d‘jﬂgnggp@éoﬁtdﬂ&rﬁnd t echni ques di scussed in the
above 25 referenced application Ser. No. 10/607, 407.

Addis inshedted in ElESopdi RgandoEin the peave refereaeed Watieshibtaten Patent

o] resent inv Lan t ; .
oS P R RSB ATRESEL U ibenfufeyidfn b
gredy Bithadcéer dixaelcte odl tdisehargd jitu senfivter BR@HTiE00dChEs about 40 to 50
tri g%;r timng . to conpensate. Contrqls can_be provided
ns witehihe gisehesssét the amstermseillalgrt nApplicass nb%@vgné%rﬁhﬂa?n same
rel%tﬁmﬂﬁﬁ% vglgj #5‘1‘&1.’ Bh&eR2 R sOhe T t0P0PAl 9 Arktf2bt "8 POPO

0 pas Imng variations wth known operfating

coffigatatiohesccoiiding thi embodimahtsdaf ahé preshetn irmpptior candr that the

S TF ORI S R AT C—_—
mehSalédrER49 %ﬂ%ﬁﬂﬂe@@n thbké B8fesCAMiy 9 belfse@ tdthdGud, @.82Mhecause can

aspect of an enbodi nent "of the present invention the
takirsegerel nanpsewinds Her Heelaseri pulbe ¢ slevedomyén taghgower oscillator and

therefore also t s ~di schar for.each of, the two .
angtf e dostohdi oS sontSHEORRE 1l neBRE 8 ity Gpoinator
to fah thepolwler ZhpEiidrOTheREs e Cddcbdiig @ a8 abpdcPfiin Ehbedinlent of the

such as one of those described in the above referenced
pregers, inpentionNsepargieOtrmge sisnplar eanobe iipYiRed do ridpetpagte trigger
sw[l&[eg o9 gorce%% Lfﬁl@ %ﬁgfgingt-rcﬁ?ﬁﬁs for rtlfeuxlegp%cti\% 190 20§ A @ifhbers 12,

I'm ng delays to corfe or variations, e.g., in
22c ke gichgl delby agebacbodeantpackitus e detimddeam qualithbased on actual

el ectrical conponents of the e_power system 200,
pedorgance GuivRREUthas hoae sheywt &%ﬁégr ﬁégfé’féng - dY&atigpg eare also
poéss?orll% gals %Sﬁ'tﬁﬁt‘é&’ iR Nthe FBeastidtlcMsCrefiBSted W'tﬁ@geeﬁgﬁggve?%é, longer

e two circuits are basically the sane,
pulsey ¢aatiearigaindd @rthe expeast o a.gampalsalenergy, eguby indéasimg, the delay

Wi t hi out 2 0 h other). As indicated in
betl’i‘fee%.b%@,b ,era?ﬁ‘g%ﬁ? Eéﬁaﬁﬂ%geébove referenced United
Ot Ate8Eni Fds Y Col¥] Misfid@e t9hingoer f or mance of preferred
enbodi ments of the present invention can be greatly
enh&insedhe felating t@ningt of daldisthergencgehive immorigoheffects, e.g., on
begmn%luélfitly,e é.g.? &S i'lnrd%ca?e*aoﬁtthé gbotv% rgf%renced FIGS. 6C, D and E graphs, e.g.,

additional steps may be taken to control discharge timing. For example, if a particular

mode of laser operation, e.g., very high power over a very large duty cycle (the ration of
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15 ns after the discharge in the master oscillator.
Applicants believe that these sane relationships wll

whodod/ooebat i vel y the same for a POPA confi gur ap€DOSIH04/624160
POPO configuration according to enbodi nents of the
present invention and/or that the preferred del ay

the élrrrﬁ thadaspr pystene iePHFiAG do dhepiotal dme) When b s PHENE she Yot pulsing)
f p
s YPGR, 8 yifEAUES TE R e S B30, 530 oo

ten@emarra,l whigh eseld aodplicate dlsrchaﬂgastlﬂnng gbigeolt dl'cdaldetss rsuclmssues
e power at or a anot h r several

o8 B ERBERS ivdisshiech i MemPRUPL ot d DSt RSN oS and the

tim@ YEHEdrbeOk. £ 49, et‘;‘sg Rad h‘;e% PE’é"G&dqul fleédbRtk c&'ﬂﬁﬂ %57&5191 to adjust
according to aspect’ an enbodi ment of

timpgasdin resmm m&er sigpals elosing rheggmectsv@ﬁmt@eem béccording to

rovided to.the s te tri sw tches, 254 for
an BRBH OF o Ebeaiar RE A Pkt dieriof fLbF SRt L L8pge PA 20
chag{bér RAschReDE S b moditeRd, Ehe aghgal phiebadl, cag, e observe a

chosen to achi eve a desired beam qual I ty based on

dischargeafluorpisencsr (fns &- & uA S B railies thassthe frssiepylpo wince iyery poor PO
10, lJﬁ\Gﬁ) t % IEg rf‘ou?cp fjets tin I?‘trtle%trl 8”%5 al%e%rggt %I%ﬂﬁ d?h A 20. For

dlca rom € neasur enen ose

theNIOWi e the . ASE o1i hegeed lapatl Rdss ooa]rd Hmeasedbtcamdaﬂteahaﬁ the MO has
expense of, e. pul se energy E S|n
proyided daq Bepesst sty BOHOPAD grgfératea Fet-1thRE A NG Bas PrOVlded the

nec%ﬁéagg %%y;’]%r%{e : ie%lqag i@ Sisrey % Q}F&[ Qhd %@F@ is low and

I ' m-ng cet tive ti t'he di scharg can
the eBEeisi igig oha ndulé frffecthst, the tige, tm@ A tosbBanot ogpiahumy, e. g.

S? allap‘,dl glgltgg[((j) e{nn%ggg?tt gfgovemi)f)%er e“qﬁg gﬁgrl)r%% gnc%{egp 10n, aqso pulse
tmﬁ@&aﬁpl %j' BE RRE&Red bf“d@&eaﬁ:@ rbyezl‘cﬁl'iﬁ?ﬂnglthé fhid RafehisCitdtigh the

node of aser operatlon .g., ver power over a

satmebly ihduotyes 868y apgddlSAT melG étandrm éﬂ an TJWD L3 and L4 in FIG. 7,

2005/ 094205 200 the.lase
st PRV Eaﬁgsf omé cgmftgo Eeév\geaﬁld $1¢ sﬁplfj K TigOther
tecHrﬂQuébOéoumJ b8 b to MRYeake My fimé lﬁe&ded&o W@S thdde inductors. For
chargi ng voltage and/or wide swings in, e.g., inductor

examppelbatcarematenipk part be mepchegilly cwperated s\&rﬂa Rgeery itar Aegponding
PZ‘tf" Qe hl—&l Qagcgeef%g tza%%ﬁht?&réﬁgrasecﬁorga "feetdlf.igckI éléﬂa@ %ol a pulse

arges can
tmmg ﬁlenit@'- Rilrther, aasidjustabit pdrasithc IoadlrEmddfoEeidéeth eithegor, both of

-t , b f eedb I )
thes@léff‘e H?ngs %aflﬁgx e %p i %Wrgjters%g ﬂ% éh? égp%g?rlwg %apf% 32@ % Charging
volt?elég nal Sndlchs 'taﬂl?érgreré ﬁgmg tid x@dlﬁaﬂ rocthe gul%é fimid¥ £RH#bNGenal s,

an aspect of an enBodi’nent of resent
car, revenbk arsed ipdeatbetle rcontiols eo adjust, heg Pﬁhe2 biascdvawrebtsr and/or core

e S50 0 5 CHRLARE s i BRSPS 25 i

tinfadas dASedaBbREr than the |aser pulse, since very
poor PO 10 10, PA 20 trmng could result inlittle or

no [The éan%&eeﬁdqym tigpep dodug bursts pr bRievepp bpgsts Edlaser spgenyoutput
. £ t he, AS th .
sl cbh T R eub BRI BT S healBgtdetoms of

ece

theEPOI WY ahdthe P& T atd adjﬂdﬂrﬁe@tsemaﬁ‘ have td batmides e 1h8the trigger
provi ded the necessary. enea% gf or the Pa._ If the

conired rteyypsquse gt hecdischaref imieHd. 2R oegys Mendie ssrd betaﬁ’efrom the
MCIS\EE ﬁ% ?t ‘%%?l?%e%qgcﬁﬁﬂl By Rbofftoddd2E. ol e fi¥er L8 for tBSQectric

discharges and the timing of light out from each chamber the laser operator can adjust

the trigger timing (accurate to within about 2 ns) to achieve best performance. according
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15 According to an aspect of an enbodi nent of the
present invention, also pulse timng can, e.g., be
w0 p@seeeesl or decreased by adjusting the bias BPCF/USI$024160
through the saturable inductors LSA1 and LSA2 in FIG
5 and/or LI and L2 or L3 and L4 in FIG 7, V\lg ch,
to aneergbodiment, of dheyipaesentoinvenfinyc this sar arplferally de logp Pz polaser
ik Bk 5had; ' Igiﬂanhg $6 thdrirok B BRER; and
contr(’f%é ths ?r}rlgv%éggje}(ggets %&?gtb Eﬁragg gﬁt’i S€ In ?cht ors. Igor 20 g an
beameyalipt and tabifmsc dreetimixige autaimatiaily bfer resthpeiforhince, among other
. sSeparated with a very fast respondin PZT el enent
thingh ALCCHIBR f fe PEEaSC Bt B DA O R SS SRl 2bove
d e WRal & oMo BiY SBpirfchlly Q6rivEINEaBhs siicHh tAedoted@Rbove. More
a adj ust ab%e par asitigml og}d coul dg%_g added to either or
specificdlly tohingtatgorifuhs shpbvdsvelop sets of bin valug:s appbisakle te yprions sets
t he.Co capacitpr banks 210..Chargi ng_ Vv a
of o GrORSnEL FETPEEE gl ¢ TreareT S S topibscisgf o
embodidié o MR prefens liAVtation. 2fhef@nlgRithins aRottifgl tb Maspects of an
f eedback controls to adjust, e. the_bias currents

: : 1.9 -
embogdindersrofcthe epresent Fashigen caye pavitiverh tasWitel ©at dgedhissly eontrol
. in _additian ' ' !
during Bofleb Bl it W e FE AR e O A pulgk 4T ased on
feedH@ullt Slata @611&3;&{&/\/&%;;%31 bB nforefpréceding myllset efsucutaputhe inimgbdiately
pul ses can al so affect, e.g,, the relatiyve tim
precoginaRiEne): Aecpripied Fomere dtat éﬂéﬂ%P£°V§df?fﬁ’€nﬁ%5[T]£g§aﬁﬁtent No.
6.06136%.PA 20 and adjustnents nay have to be nmade, e.g.,

in"the trigger control to assure that the discharge in
Alterhite PEBe POwec Cucsit when t he seed beamfromthe MO 10 is

at the desired. |ocation. B nitori.ng, e.9.,.the.

£ FARPBHNE oy ARy acry RSPt 1od B B RIRent L RF5RQ IYHTiqp, cnother
pulsd Bmvé}:gcﬁ)éuii bO AU be fopHGBEN THahedit t P60 iasBhilar to the one

operator can adjust the trigger timng (accurate to )
describedribovebaxaept2e.gs fhat ¢ cas hise e &ighss volasef pewemewply for charging

accordi n 38 WO 2005/ 094205 . [ U 4 4
Co 1§ RIBHTRSr AR P JBETK RO FOROLRNENGa hieh VBt pulse
powdls8pSi aRU2008e. 80 dPeflind floasRttort powércdt] erg. 280 siedsMgolss AC,
processor 220 that can be programmed to nonitor t

can Qg mp@l\gemrcletf@fgmf@ﬁé &h@rggnggfﬁwna@ﬁ charger RS04, iaﬁ-idﬁﬁcribeg eabove and
o S DB DB 0 P ISR AR € Ml 210 .

frequRREEAHT AQOIPEE ARB LBV tksitage it thd ratpevef Bb@and 1006/ to 2250 V.
data, e.g., fromthe enpirically derived gr apha such
The elgctrigalcqomuopenrts inviheccomspyrator 234 ind camprgsgioniigad 2o der the PO
‘ch . _ . ; 1 :
10 R HBHEL0, RALEITE I kb BBl S0k i 0o YR b0t
to, eldf, keéz @aheacsponsts my tHeawa sireditssasdderdical asnfeasibhe Bwitéhes 264 can

v o PP DR RS DS 520 Ao gy n
sl TS 8 N o, s il dhnis o

1600CVrdapaditop) lee, drfanged ihéd pataliel legse@dbadildediht 2. LOF| @cbatt 210.
for one or nore preceding pul se (such a

h .
The Cmeerficiiorbynks pO& et #1g- pe p@l@mwf-‘ésofel%@%f@ﬁté diF, H6QR,Vecapacitors
S ot BRI L B FLEPRR g R ghodbr 235 ur. i

; and C, capacitor banks 272, 320 can, e.g., be same as those described above with

reference to FIG.” s 4 and 5. The saturable inductors 254 can, e.g., be single turn

inductors providing saturated inductance of about 3.3 nH, e.g., with five cores, e.g.,
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15 According to anot her aspect of an enbodi nent of the

present invention, another pulse power circuit 200
woreyosloes2ednsi dered. This circuit 200 is sim | aPCT/US100€024160

one descri bed above, except, e.g., that it can use a

hi gher vol t age power supply for chargl n to a
contprigec of O imeh thigk A% HE oMo Wil ¢ %@%%ﬁﬁ@@lﬁ%‘mﬂ% ID, The

V.
san%ébg?é ik {o?fﬁo &1#1 CE, érBQ Wﬁé Vn\g‘ir'f @Igu@t%to‘fygfo\ﬂ%%% sa?urgred 1nductance of
abouto];tt ﬁHAf@ch 26mprsedhef, agp Gmress 0.5rineh fhink laadeawith (Sﬂ%r-@()% Ni-Fe
r esgnant cha ger 230, a scrlbe .above a esi gned
with G G QB oScndl Bh TRy OF A oo ERERE TGS SR cen be
proﬁgea) ?cﬂkaoﬁljrg theSIRT's 354 V\Flf}f}g 'ﬁ%ﬁﬁ% %@cu@:fc 400QoHandddonds. The
ove, to voltages in the range l})/out 1100 V to
PO 205%6n Ve triggvecdedbeut 40 nsapnmrdnﬁmmggg‘mgpﬁthe IGBH2 ¢ agrdhe power

head .250 f PO .10
s iy e O JHS PP LR e PR A SR Baiionats
frorhrbehélﬁs RAidPmeBsu@é @RS tidn dgt 6f - Ghtputkefee iohdkter lo8&18108 @Ad the
he two circuits as identical as feasible. Switches

Pommﬁer@éch@ﬁ‘g banks of two | GBT svmtches as

sho e . ..

S POUR ARk P P e ol B PR R0 gopresion o
the Q’uﬂ;ed Po®/e€ Oy fxedbpehdeh Bpéh Qﬁ%@nsﬁ@ﬁﬁtéﬂiat propeitieotimt can be

C%é arranged in 64 parall el gdg provjde the 2. 17

a fimcgign (pfnfae z&@enalm@pefheep%tel %noPr éﬁfk@a?@émcﬁrﬁ"lsee tl&"mg’ it is
b L
maaribkmbpempﬁ cﬁ)heameﬂaodfde&rifbﬁd Erevimsly@ould utﬂhza enj@pature monitors
o S sEHiowgh o0 it Gebeime st b o O] o predi
the It at WnallLndt dPGHRELS cafld 4itilBB thE ntheneth® switfld bRs LdifcBits to

in u tors providi ng saturated inductance of about 3.3
actwetly megsure Wit magiatie prope@es éthg. satura@nv@ngb@%ﬂwgmmtws were
2R AR O sl By PR Bl e
cou?’f@ﬁia’;ﬁl? Rl rididHl WeltgeSto 2RO nfa@hetictsviitch tb getefe Bibd the material and at

i nductors providing saturated i nductance of about 38
therfameiithe senapie deqisappration gime s gt B lager SimiRg WOFlﬁMkaccurately

W 0 e
o, e A SO Mol B0l ADER: B
switchpghovl disdedval to&hﬁt&bﬂlgrddl‘kﬁrin@'ﬁrmalﬂﬁézhmg‘emparatm]mmtjpe forward
accuracy of two nanqgsecqnds PO 10 can be

dirgqtioggde deronsgunt dolay Hme ity P‘tlﬁﬁlétﬂ‘i’é"’ef PYSger S figopHd bpgalculated
kndv@ﬁ-gr €4thfe efaﬂﬁ% 991}6%6 of WPhichi@ige pflse. HoWever, the

preci erably det er m ned by feedback
Si gAadchemﬁtn@dmagtansmﬁthe phipokedappseack it shewni iniFlg. 5P of the above

outp f the master. oscillator.and t
rofSiipfots 121 BSEnaPYGY GOTHOGESHR Bea BRTE i e @ Paticula
mals .u%%%tls talreads}eae&at&@ﬁl R getdre dREdtRA, FRVIICE Ytk irdspective
he Pul sed Powelf systemis dependent upon the magnetic

biasrgptowter alppyoper: ttheeygh Hhe twa rbl@elsolatlolm eductms.of Thishgurrent, e.g.,

I ture, efcy d t Al
coff i Be i EFREEE, £57 v IRbybbFE dhritdolP) Bl Bednpepeyc switeh
which tBéd Sthratbs raﬁ@lt éb)()u@ﬁ OpsNOA Kigfek l:b‘ulmbe it @fere) é/gQ fwhen the voltage
predict these naterial properties. One nethod

is dmsimdl el pg. e\stmgmntmwhemtal pmzenttmrﬁ’pe rdgtagisesaturation of the
respan iy S b SRR B YR leRY 48h dogy apptied
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the timng. An alternate approach could utilize the

magnetic switch bias circuits to actually neasure the
wor@nep4205 properties (the saturation tine) as PEEUS2004/024160

magnetics were reverse biased, e.g., in between

pul ses (or, e.g., prior to the first pulse). The bias ‘
voltagg. r Eg teépecawwgurablsu?a%qrfw%ﬁi bAfevrsierbigned ppd fe3ely R e main
pis TGS ULE L, EENSIRLHBp.h T el sl
| aseindidated gy theabb ok teferamaed FiGe bE, arcantputqiulsedengEhroae be in the
vol t-second product utili.zed in._r eveeﬁ,a%%ﬁgj asin

th
rangq pigabas pRAEA0R s [ LB dTSEOR QLR TelAltR qumiing Of the two
0 o r r 2 r - ] th
SRl A5 O R s
lifetimalof eptipdwempsystie of enting. mamdadtaringsystdne inchudgng the laser light

know ng, , €. g.. he operating vol{.aqge t he upconin
soure et aceatig b Fpet rParm o iR B SbatiR R ion o=
severaP tezhfles dinFdeGusedPe @f, th riﬁcr@@éé\é@.llsd Rhgthe Aeeiddicd%dd above, the
patent. Initial operation coul e.g assune t hat,

relatize gime betpaen fischaages eragrreeptemizgfl fohplse dgngladfhe pulse power

. sat urated i t.he f.0 d-di ' Dk QWi t :
o 3L PSR L OB Bl s vin
techddn@s, %gg !aﬂﬂb@ﬁbé@@gdid)m.ve Tgﬂeﬁermekll efit Patent ApplicemiohdSer. No.

t hen be interrupted, e.g., by applying, e.g., o
09/4 313t 0100tk WPPURY RHEHBRItPLEWRSET Serhviti @ of flaise described in
U.S. 8L WP k9%73h L,%hi@l? QUt1d $8Sdaéa H?W%reﬁ&%ﬂh@?&io', 9&%{ Eflreduce

e.g., when"the voltage is applied and, e.g., 5to
the imtensityi afdnditidnalpuises.r &he charolxe odetddnt madmlongatandnthefelectrodes

he respective saturabl.e reactor, thus. cal culatin
could 5 SRR DTS FOPDRRGOUS IRl el i Tofger pulse
lengt®@05/ 094205 PCT/ US2004/ 024160 vol tage. The respective

saturable reactor would be reverse biased and ready
f oAcedrdingdd mn apnect ef i swhadigens ef therrresenbinyentiamncitter control

resi dual voltage has bee rai.ned from .the, circu .
can DEPHONE ot B T EHESoTRef o UPE Bl edon JeFEE D), which
can, @Y, PisburBU L tHeeM BBl Rectiratd@ithihamPdessfthab@bbuf00-20 ns.

ns and is to sone extent a function of the relative

The highehthegthatgirg voliagesthe sherter the | delyskatuesneizesr 2@ddaser pulse.
| hes ot hj ' i
The BYRP dLROD-ARISE p BB RTINS UPL A0 PP em, e

shorten kg delayrbengecsy gigger iand | pudieng But ewitla sekndving Hixesds sultage and

system,  According to an aspect of an_enbodi nent of the,.
tempgsraiaanthe nates Ul toguise varigion Pthet Rrgh&d L%RP peut togger

is st bR L5 nst ¥ a5 o AGGFLGnt, c.g., b
sl s, 0SS SORBCRH SEULBRALE, o b Ao o, b
the RGR 252 petheflGP p20,3%e.) mngsponsd he apugse coonvend f@1n a user of the

., circuits of both the 10 apd PA 20 coul d be.
HehigbiiH & SEPBTAIE (90 ok Eirigh> ¢ B AP EERn3 Jjter control
can &§., USRS deh@Hg ik ﬁ-%%eﬁapﬁﬁ fefcRifO68IH tafe svitthen$4, 254 in the

Application %er. . 09/451,995, or wth an optical
pulsppower 200lof ithe PQ109pd alsmos therP A 20dwrer by ap Aesentdeazesppading to

an. U S Pat. .. 6,067, ' cqul e d .
 sigloeRsgiibe Phe SROSH, T oBBlagp cllitnd Fyd8e and. signas
reprdsBiitafied by séked fahiparaiil ditths @sagndtie, elpandoethacthet dintiag of the

made | onger and the el ectrodes 15 coul.d be confi gured

resultiag Wodrguis aceurals ép wigimabeut A0sis afgemativdy dhreepntapller 252 can,
I . i noLs )
e.g., gﬁ@ggﬁlﬁgﬁlﬁg ]pf tlt}ﬁeggéaﬁcalﬁt‘ﬁ‘fs%rfgf Ofkidtdnd @ﬁ’ﬁg‘ﬁg Veﬁt%% based on

prese I nvention, jitte ontr
the specified charging voltage for the upcoming pulse, with no direct correction for

temperature variation. However, e.g., a correction can be made to the timaing based on a
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can be provides, e.g., with technique called a jitter
conpensati on device (JCD), which <can, e.g., assures
WO bas/0942e5 pul se timng is accurate within not PEFES1008624160
about 10-20 ns. 20 The hi gher the charging voltage the
shorter the delay between trigger. and | aser l.se.
i AN P élgnsapﬁrstof

timingrgaron inepeared frem VA@Wpr gt OTt SgEe $65.cC-Be Wi
he.: pul t .
pulsetts'r iesélgéeértg]glﬁ%g%% gg?ﬁ% éﬁ%gnv?n{ 1{:] Eorgﬁglg%ﬁvmseﬁs%l ?lgbe 885{(%?%5%%2‘;62]? vary

slowlye e palseltiting feedeaktectniquel e.g-, toan, juleffecty aompérisate fof slowly
the light pulse with the input .trigger, is small,

vary BB lsmPBEis® fecisnad o ihg Ber LecRORHB oAty fogy other

pres%%gﬁ(ggg{neléﬁ}gﬁggﬁe&&g., by 25 the FCP 252 or the LCP

response to a trigger command froma
usAccopding He thisi aghect sdiarc embedigent af Henpresant unvengion de¢<dback

e,.q., the L e. g., . npl nting jitter,control alnno
consgliff cofyofy 0 ARG LTRE 4 FrgBIsPer 6 n ik BREP v ulf “Bo0%
corretfbih SordiftRnStpbLor dordoteBthing &rdrkle.g. Plor 3P Givihg 896rs such

of the PO 10 and al so of the PA 20 | aser by an anount
as greeter dbppAbingg than fox ethendeteeted tuiaateatory -84 1epssthps dape full

| aser. operafi.ng. ch [ vQl I gpa .
com 357 o RE0P i VR0 005 X0 00021 o5, 00253 o comrecion
of ofiBOPEh 66 soe GbtherSEndlleatcotdeetidn, nitich afayt legz., bedudaxedigio the

pul se 1's accurate to within about 20 ns. AI‘% rnativel¥
percer eofc sy igpresentedt by the detested timing gaer ?arq:g)rp nePIeF s ected

rical o ot ione i At o)
combiy LN g TN B e LOmERBE L s
avoid becillppoashbapt puksesrrosicohdition ¢h thedimicg sigedt iAaofding to axother

T e e R i SLESSAN L.
ns r&s6ilkibR2ARY/ V?i@lﬁﬁﬁaowi&e' Ay2ehi& E%r%’e AR E6k B&Iﬁ?@ﬁ{d@ €.g., using a

previ ous pulse or series Of' ses, e.g., W _I n a
digitbluceuntaf withd 4@ SVIHSI erysfak esnpldaten. urlbe of0 Midz wagjHator can, e.g.,

c onent s .usual | an.be observed t(:3, vary sl.ow
provifh Gook pegt ihend 7S BaineR Sraurirgs ety g t8ighied to
charfé Eﬁ%%proﬁ%@ﬁ?ﬂﬂfe& illogs bapatiive \chiirginaOeitcRitP ETHRY Vsltage on the

effects and at the sane tinme provide conpensation for

capagitoreqan tinhregsacthiol detampine timeracausaty foppout 8 @es .

Ac #OL ;ri)% ﬁﬁ)de%ﬂ)(?d ?gp%ége gfﬂll@& ﬁn?ﬂ?dehﬁ% &t eﬂ@&nt inv ention
present 1 nvention feedback correction can, €.g., be
accofidiflg 1as ity disciased nprgfegred ee@bodintent(y) applidess fa fanl KeCl laser
100% correction for different types of detegte
particplafly gvellr3dgpied e, §:2.» lptsy cpatyizatipnrprjicationsy Sfigecl yger can

be bgé'eﬁ %tnee&isghg.ﬁl’u%?—cﬂaﬁnbe&@ﬁs r%c%lgl:blrb%& haehE %@&ﬁﬁt@f B3Fe ch amber

rrors, ess than the 0 corfrection for
provédesdnl ieputtto thengther axpeL,, is applicast’s hwsipnet’h axistie produds,¢- g., the
applying.a correction , of only. 25% or so ot he,
1ol G, b S e, RAing o o sr RARRBLASY e, cscn
inveBB6E 8 beah aFOFS cHERIBRRMIRPABO thTighpkieat ed tim ng
error factored by sone selected correction .

In a PEYYA cariftgutatios, aépfﬂi dtenTisipsoeided thet caneapeeaie algeery high power
correction,.€..9q.., be used t voi d_oscil liat| .
and gy n58 9091906 30 Prad ROp 0, i SRR e i S 1o
POPXC 6sHiufigioh e bodrhie efficienas o6l Hefindénsedrbpds Amok ao$0% N &vhich

resent invention a particul arI¥ smal |l resolution, e.
wougi. alse improwg releabalitys pesauseethe pvgralheificincy efeussy inghiding cost of

‘ Ny hizev G YS] i t
cond TR ARGELIRLIE 8 1547 P oo
confdgtblesal @f clapiber ¢ifg. Such a POPA configuration can also improve energy

stability, similarly to applicants’ assignee’s XLA MOPA lasers, because, e.g., the Pa is
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provide clock signals, e.g., at 25 ns intervals but
these signals can, e.qg., be utilized to charge an
wappsoxi2omt el y | i near anal og capacitive char gi PQI/US2004/024160
circuit. The voltage (c)n the 20 capacitor can then
be read to determne time accurate to about 1.0 ng, It
operajgd in deatumntien seeiwe mBde; hbeclasge SyFERs prcardi@s 4p teﬁtbﬂaplems of

the .pre i.nv i [ ihS
e BGOSR, BRUFRLIRL pIRACHP B0, WP oA L ) o
crystdiBzdtionPredesses Welldre ddagaicasy fequirersengs arelrelatively very high and the
crystallization ap%yi cations. . The XeCl |aser can be
stabillfy SeAISHCBLs 8¢ TH§IVAIN Yory SRaAiR&d | aser technol ogy

ha] NGsdr REstOH taBLra il 18RI ofdRe Pre¥itdBvéilioh Pitkicularly

to the other, as, e.g., In applicant”"s assi %ge_e's )
in a B@POtdonfjgprtiondaser cen bg.used treproxida tproaulsss, thiertisningeef which

aser system accor di an di.nent aof. the en
coud G5 e CEhE S0k D O n T RO My BopBEB %S0
per pEREEAPHLAN HRiTeprite 3 BAIR S0RIBd @ Hoaf k197, Fé thiné Biter$3IST &A1 to
I's provided that can operate at very high power and

2 psenbetgieed -pulvesr ths (aser ydtoa0aoveding 4 en pomkadmemyof the present

. operati the | aser sys | N POPA . .

g e e B0 SR L e R i o proposed by

SumitdHib, ERSEcRYeded MEHboRS refeiéncothKafo 6P ul. hapérS Fot HRTcOYLtervals
reltability, because the overall efficiency of use,

betwiencpulstisrag 125 siseay the losarsyistail assordingdp rae enibpdina¢nio dhe gresent

e by €k 30,005 7 L SOOI o S1

(“cSEERS 1‘)&1‘1’% alVeRiped B RinfRousHPL S dRBRSEY, e.1 kthé bbdve referenced
arty

siml to applicants' assignee's XLA MOPA | asers
Kuddetalupeperang.in théabde ieferenred Wowe Bapay 2beray, both aSLG and

CT/ US2004/ 0241 d.ing. ' [ .
e RO SR SRS iy B ELER A o

pumpdIENBIESE HequiiesTioublRdahsery SWhichngt nos powedulf eougle agd, require
super lateral growh (SLG |aser crystallization
frequsnec wdfidicolidr e the energy requirements are relatively

ve ' € o 1o ' nt

e U SR eyl P Y gESOHESARDY okt o
laseraggtent ab@rding eotpdémbodisent off the pessae mventfive wbuldrgppear as 2

particularly in a POPO_cqonfiguration, |aser n he.. .
pulsegswih govepy W@déllwldg | Sudh 2 ¢ il r?gg"orlegw ¢ SOB&S%Hﬁ&aﬁon
. | r -
tnneba%dlslgfﬂﬁb'é\?e% ﬁéii%'sﬁ%‘irkglgﬁ;%g %pﬁ%e 8R6Bhdraald B veame@rvhi ch could

cou per pul se range and the
improeprasatte forfbottac$L G antl dSBE, bpcavse Ipnigetzpulsesrare paiger for, e.g., the

iptervals of -1 to sec between pul se t he .l as
crystlfzE s BRETEcf Bo ) SN E BTN BherhBiesacaig Hpcess, and
also pPYERLHAE AR Strddth o506 14:0F syR e NTREpEb&ttctesk Coyld be part of
e.g., as is being proposed by Sumitono, as discussed
the lasertdystembissall peincomesetad Hulgo? beam|delipapamit @gemal toe the laser

B
and podtiONIAE Al Asliddring thelbeamdio thbev@k atsionseigl,dobeeriemting SLG,

also for controlled SLG ("cSLG')_ being devel oped by
e.g., MAVEABIRS thateparanaetefs 98 togulsebasify, the above
re %’&é ingPRPA! efdPGiiident BE 1ROt imvention,
reirgr&g(ﬁggrgc@o% sg‘gng‘{é’ﬁ‘gjﬁ ?ngﬁ’_tgd%? gc%ln gSLG a%L (r:lSLnéven on
e.g.,as @ MePAdasen sysitaley thel ldser bystedo nauldibt lophiiatgld upeto-G kile for cSLG.

Enoigy ok oF BSare DUhe RORFE ARt TRawad P ShouH oG o @

embb&tH¥nf 6f the present invention the output laser light pulse beam can be stretched in
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frequency multiplication. For cSLG for exanple, using
very short pulse intervals, -100 ns, the output of the
wQQRoosasens syst em accordi ng to an enbodi ment of PE€TYES2004/024160
present invention could appear as 2 pul ses vvith a
very long pulse width. Such a | ong pul se,
one diggnzien amh%cwldul@l iltq otheri SHoh g ﬁ'ﬁ%tcléﬁﬁ*d’%a@\b@sﬂ?&flﬁg@éﬁmg to

o il o6, BN, SO0 Pl LG e
the W&hg&écemﬂahs feusedbdainey pffocﬁite can gprrespdel to a Gaussian shape that

ystal |l ization process, e.g., by delaying
woulg&eg@qzaﬁifq,ra@g@ﬁSIf me in the anneal | ng process, and 25
al ﬁowﬁ{ Bt %He@f%ﬁot?y %‘ﬁ@ sﬁfll’é& af @k atrﬂ"'ﬁlalt %ﬁﬁflars ¥$J1RMions for
he pul se stretcher could be part of | aser "system
manmﬂasmhﬁg cproqesﬁccs rlmznlmng,de gntsorfacm@amhgéaﬁema}mam twhich for the

purp{acs O 07 BRPTBHCT BT B SR EPI 4R B o R ferfed o simly

as “sfa%a% ﬂréﬂﬂmelﬁndanﬂoﬁﬂlltﬁe%ﬁ%tobﬂ t68dveY SlidhNgrotdaged@ARIERA crystal
he work station erformng SLG

or
grothm anngalivign gntheg,estmﬁ@tm @r@gm% phenyealtay Hbﬁfﬁ@% reactions on

o 355 oy SREORP SN MR PRESHAUIL |y, e

than'sﬁﬁﬂgf, S¥ S bBdto-ckpesih@ 6., zSMﬁit@ﬁSl@tQ eled ob&xﬂﬂ&fg&dtaﬂcmmlﬂ\@afer
6 Kk for cSLG Energy would be r%duced but the

withdugle powerang ieh stbditNguEEmeRE cHRY | ﬁgam? amlt as with the above
descﬁ?gcﬁ dérﬁ!}‘qﬁim ts t&e i %g@s@ﬁt uﬁye Bﬁ O'Buf l;'t atI dtifel center

pul se beam can"be stretc ed In
Wavéi%h@ %%Z,OBH%XEEJSQHQ HNrB 24462 gasnkscHange ﬂaelmsy,‘stmhs configured

cuse he ot her h a stretched beam can
accoR5eb MEOHF HGTETeS SROBEAIS R GFrHer gy AT importan
aspca}:ﬂ1 3)2 fifel ﬁ}@feh‘éd e?n‘tg)dlméht@ b ttheuﬁx%geﬂt BnwnkiBh tdlilﬂbnsi%ﬂ 9n {BS Bfesent

to the work piece and the focused
applma‘oém lie theantilczatioe syfahel capabalit@susfsapphicatts pveultlhélambmdl ROPA

ond B, FH s i Pt agciseliopmPla T PR 3ft R asers

charfiBe basdeUinl N SpRITMRLSH R Rer WithOdach Miher o GolveSHATFE@UMg process
substrate treatnent, which for the purposes of this

deficippsti¢scrgsulione Sam tﬂlneasq’— af prigrrlaseasyBemef Berue appligent’ fissignee’s
e ferred t S T

XL 5o SRR LB MOR3; s ARS, MIGPATR Y a9 ono s

dlsclsa[rgstlaéers g«e@wﬂ@t obﬁﬁﬁﬁﬂy g, usenalk, g pastt itouhadd nguml timing
enhanci ng chem cal or physical reactions gn %ﬁ

requiIgReBfhs , hOVEGYRT: &b | W APPYCHh S r 5SI8BRR 1 rA’oﬁec °1°gles

sign tﬂ:o Gt YAShEGh&t ! oF {h%cllltﬁg on Bf hat didch Sl'aE@% %e .£$ &cimer and

to-exposing, e.g ot oresi st,
moleanﬂlaegﬂad;rﬁd: tasesuist awafabte mainng lttﬂghtuprm/vémr anch tmnagmfactunng
proctsa%gg Ig:lb’l[;{t;élexfué-gxe uggraltelggg 1 llmbe ggi r(l)qe %rgguflggﬁ?ﬁ possﬁ)le Such

lase? Ws?é?ﬁé tordil tRh§ectsf%he pRiset ﬁ@éntféﬁrﬁe@fver to a manufacturing
wavel engths, e.g., using XeF, KrF, ArF and F2 gas

Worki pmh aenyehiglapewer (sp4e 2A0 WonTdry bishdrensitinnosted rormgpared to prior

e, abo nmbogdi rrent of
tasef NS B0 5 4 o6 e e BiofedfefnEr g pulses with
ener@{podieraabifizal pilletodfisedd provisanpuleentichigg indeding fort fieviding
present application is the utilization of the

staggerpd BOPQ pudsesdor i tepetitios rataidonbiteanber ed POPA ‘
anql€ i lpﬁ%de?s‘?cﬁc{ds 31?&? i eﬁngdhglle%frlﬂss' by tho pre&ehnt S@l¥ntion can be

con
configured in a variety of beneﬁc1a1 ways, e.g., in a POPA configuration, e.g., for

delivering at or above 4KHz pulse repetition rate 150mJ and above pulses that are also,
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chanbers acting in a specified manner with each ot her
to sol ve manufacturing process 20 deficiencies
Wwo e@slopd2ny fromthe use of prior |aser systensPCBESIIN€024160
applicant's assignee's XLA gas discharge lasers in a
MOPA, configuration, MOPA or P(PA r P(POg ) )
e. gdpBdorllygireichedrand sen alspdvarreronsly Fﬁnmfé/e dlyeugh delivery in a
r Q S |
BDRS b i p Uk BE T o BinabibTuA enf AL ST G WoBhecise (23n9

t1mir@0hrd)b1¢@gﬁ$:ontr<ﬂl gfnivfd palsds @nhaacefent eath PORO), or in a POPO
utilizatio

confguiRo B AR MPRBE PIFEH QUL (e PABY Bherf B ebied pulses

at rh&%h 'o'f%gI 081 ffd PHE ?uﬁ@@{%@ﬁﬁlﬁ@nﬂ BB RAGEFSInfe R POPO
ext g eratlon of rge scal e po y- silicon

emlmdmbaﬂ thezmtlses mqydwelﬂtlefelysdmﬂerly $pastsk eg/,swnélmﬁ separatlon of, e.g.,
according to, aspects t he res nt, i nventl
< leis 3pdnd Sepestioqing 8- &wssﬁe Gt A% 7t et HEY {?b‘t ager light
K ' f OKHz. I
kB Al SRR LD 818 poaRACpuoet s I
thiscemdt, ghe atqood)pulxtqfeiach pdir @i Icmslyvapa%dsp)ﬂmen@ybp esparated by

ansTHE I A w yzaioega L Bl G -B BB 57 el £ B Bwer pove
levgz lg.?;e 1%@@ ?}&,Ie's KBt quirds awd st&?tryé’cﬁl%ﬁts&ﬁi) different

I ments the p esent i nvention can
pow@ilbvgsiseed moae ttlasely*ttqgedfer tenef25qisat, gy the Eﬁ{I@z repefitien rate.

POPA confi gurati on, , for deliverin or above
In fhKS&CO@d éﬁ@tgemeahth@@tl@e%waahe 8%363 %ﬁ thequfory 125 ps

seobf B B o SRR IR0 B, ot ageous! y he”

i mosyste@ls bédoadigh taldk ipyeseyt ihvension Bﬁh}zmgr €. g r;lX&Odi@aﬂnbmwde e.g.,
3gul sed configuyratjon also enpl
a

B e §éntEI3W§Yelf"1%8ﬂFn1 ABmA e e%%%a&ss |fewrlﬁt>wsat&w 16600 W,
%gﬁﬂ?@g gs?ﬂit\)/ Iégr ?Wgﬁgﬁ@cfg;u@mn%nh&u@u@ g, &8 &Rﬁfi(ﬁb' PO with a

3n8) timn | se energy
4Xf Og srﬂmtdhbechmiuha;\esg % efhamtzr dsfe ofn dleg ordeB Ki-ﬂzZOlﬁrmlsmt hSSPPM

pul.se str hi n eliver i rst. POPO
soBB PO R S S BerRay TBEREY s ably T Eepienance due to
longBR s, hlghg*e -ré{Veteﬂ }ﬁgﬁeﬁgﬁﬁ wdrl Mdheef ch@mBer life<add Se@NbvA inter-

separatl on o . s between the start of each

chefnilest jitset puThe aB@iU |scgomdingp it sembadimprist o the oavesept invention

s RGP bR LR LRt

theCdePiSelyYpdiRtieale flahoRStufiBY cheipirpbirl ginthye i mytidﬂiﬂwactwely
| ess than 125 is and may _also be of a differe

and dyegmicallyymonijoreghaad siahiiged ipdhe BDg, jgdepepglent tGO Jaser | pointing
oS5 5, VSRS, A 3 0 Skl atvory o

madhifsaidngttegentahus, hlo td & workipiece. g., the 8KHz

repetition rate. n t he second P Oarran enment
pul $RSUIEYY @ Eh haegs. fostro BB IZALO R APPERE b’ Meghod. for

pe@@%‘ﬁhg% Hoh O nf&f a 3RsBIKRaRMp 2 SrfR@itioh! BNthE &liBstrate of a

tens according to the present invention
wotultpléams isclased) whicke@hy comprigss onnwtichambgr lasensysE81 eamprising, a

frgt et ot GHOPEPGE: 4 BT S sond oS Sughérigy sHAMERE sgch with a pair of
Hés &t eRdchbabes fi
do’ﬁ%&% %%1 %aa%%ﬁ#ﬁngwrliothgh eSr ;ﬁgwhmn%ha %han‘glgr orming 20

elongtted gas disshoeed segion; 2pEeram sestainggprhin the chamber comprising a

halogen and a noble gas selected to produce laser light at a center wavelength optimized
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according to enbodi ments of the present invention can
enabl e | ower nmai ntenance due to 20 |longer life, high
WO e@snaf2es at hi gher power, |onger chanber |ifePEnuS2064/§24160
| ow inter- chanber jitter. The BDU according to
enbodi nents of the present invention  advantageousl
to thearystablizatien PmCCSSmrhW‘@mfrda@éronﬁb%ﬁﬁ%lfPa?f@ AREVERHPPEymodule
di ver I
corinRAEC sflyen e P REipe £ RePha pites MR PRI LB scp
up EySiantcikbigd lﬁ)thet]DC edwensowstaimd commdcted td ﬂne raﬁ)dptlve electrodes,
|ndependentlég | aser, poi nting ES errors in f ﬁ %h
cor@@*rrﬁé%tau PHtisEgs pachignal idep 1R tFsiRwer JRgpg fcplugglity of primary
s%ng@tlhé&’ ﬁrs%EEéjaﬁd? s1ng@ @Héo‘?lﬁWWﬂGmtg%Esﬂg‘ﬁmroﬁéH&ch of the
e wor I ece n summary a gas di scharge
plutaasp roowWmdmgS omdap pdrdat;ta@ ta;aggemlmd ahdr laser timing and

TR ITNOIATE 0GR

updii §?J:r9§ Whih{RerSRY 10 TBdpesitve firdiintli baEBhilsé %ﬁi’pressmn and
system conprising, a 30 first laser unit conprising,

voltdge stepavil cgeubtcde@qs o@p@nm of thecfirshped secend rlaaw phitpas cither a

poB o A LR BER B B PR Bl 3885 o snge
out@aslasirIphepete begth Ois aan)BAﬁﬁseg agst@nnelay np@bsvmaymba op&rative to
chanber conprisin hal ogen and a_ nobl e gas, sel ect ed

direq$ aptiesd Qg‘@ur laseq 11ghtgnﬂseabeagl Eem e %R,J@Feéﬁﬁlgwmo the second gas
4 /

oo B O R SR TR0 b s

betweek phesesond paivef clsctppley witnktuthe firsooptputsiang, light Polse beam is

power source; first and a second pul se c ressi on
trangdng She agv@nét %ﬁc aE8F EGIQMy WitB B 08 Juipys this S&ﬁpﬁlﬁﬂérPOPo

corﬁﬂffﬁl‘f%e ?L fh%% t (hR&mS, eaﬁﬂecﬁﬁi ecr@ét@sﬁ%dl@@e?aratmn in the
conpr ng a tlsta e fractional ransf or mer
cotnbined @u’@uph preabhettyd ufnemiusmrrymﬁs Wnﬁd An@@ncdﬁhwem wit angl a pulse

series seco mnndln assin u
st Ty P e S C o RPN PR e onruighed based on
sigh@lsi feppéhin rd}ﬁ%ﬁg SYdltagh; arﬂi‘d:oﬁmﬂoﬁélﬁr tdnhpBrdtGre8Nth the pulse

control nodule operative to tine the closing of the
compession an‘éve]@rgeét@tlm@mﬁm tch based upon oper ating

the r c

c on‘pa)ﬂlﬁg ?E?\éen 1gﬂasur %Slp ?o })Ile%lgntl)) L}{rgizerr?@gl ?&?i s%eflél?eepresent
invRpRsRbhOhedhvednkion fshdlﬂd n@ﬂ’tﬂa é‘oﬁ@lﬂéﬁéd liasiesd to Bmtherﬂﬁ)dlments but

either a 1o POPA configured |aser sy ten1q£ EP
rathesipibgin seppesemymensaratenyitly theapaerded glaims gpdequiyaleis of such
cmhﬁ?§ﬁ¢4bﬁﬁkgﬁ9£8ﬁﬁQS§&&uﬁﬁn@ POPA | aser systemrelay

optics may be erative to direct a first output

| aser 1ight pulse beam fromthe first laser unit into

t he second gas discharge chanber; and, the timng and

control nodul e operates to create a gas di scharge

bet ween the second pair of electrodes while the first

out put | aser light pulse beamis 15 transiting the

second di scharge region, within plus or mnus 3 ns and

as a POPO, conbining optics conbi ne the output beans,
and timng creates pul se separation in the conbined

out put a preselected tine plus or mnus 3 ns. A beam

delivery unit and a pulse stretcher nmay be included,

and timng and control may be processor controlled

based on signals representing charging voltage and

conponent tenperatures in the pul se
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20 conpression and voltage step up circuits. The above
di scl osure refers to presently preferred enbodi nents
w@bRoosloe2ps esent i nvention and the invention sPOIUS2000024160
be considered. limted to such enbodi nents but rather
to be in scope conmmensurate with the appended cl ai ns
and equival ents of such EleAMSand/r. el ements recited
I@Wﬁl ainms. 25 46 WD 2005/ 094205 PCT/ US2004/ 024160
1/WE CLAIM 1. A gas discharge |aser
1. Arpgs dizkhirgaldsercragpidizatiorsagparatysefof perfarminga transformation of a
transformati on of a cry%t al ngkeu or orientation in
cryistab IakBER PeTEeniRtion RdhegRoslEde ObaPPFPIGRg coqprising:
mul i Bhgk C ising: a first |aser
uni :“@%lﬁ'prl s?éﬁg%%gsﬁ%tg%]gg 'scharge chanber; a
fi r atfirpdbser ohitebmpgaingd spaced apart opposi ng

el ectrodes. cont ad'éqngd W ghl the first chanber,

form ng é‘f?r'rstr%?ts_ COfga et g8s di scharge region; a

| aser gag B SEdoNp sﬁ)atzéﬁea%){aft lopposhREIB&Fodes ;:ontained within
nobl e 0

conprising a hal ogen and a gas sel ected )
produce Ithe8rst chaymberaformingenfiest clopgrsddegag dischpre rgey

E get C\Sr Er ' 13%:62 Lglaé\%(gnté%lgg% ﬁtg.gnet 2 ﬁg‘s?tcgag%tﬁ@p rc%r'nf)glaﬁg% 11bgen and a

er uni r's

second gapbll sehalkarRdehprdate laser$ghoad daiet walelength optimized
el ongat ed spaced apart opposi ng el ectrodes_ contai ned

wi t hi n t fe theerpsiallieataemetocess & b pryried ow omthe Brdmitseed

gas _dj I [on:..a.laser gas contained within
t he a?&?%@aﬁggggrgbg}gﬁ% ising a hal ogen and a noble
gas sel ecd @dohdggsrdisthaselchamber; i ght at a center

wavel ength optimz to the crystallization process .
to be cardi%EeRORAT Qﬁewgf”h%at $napTdpart Opgowctgqﬁgﬁ poptained

modul e ¢ Wﬁihﬁ%@%cf)n@ XS m B8 Wse&nd®ldi gattld g‘%g H%gharge

conpression a ol tage step up Circuit connecte
the DC pegen; source and connected to the first pair
of el ectrodes conpr.i Si .A. ltis e fractiaonal st
up transf%]!aﬁeérgaﬁa tﬁ’é‘e‘ig’bﬁ%ﬁﬂ%is?%?n gﬁ?ﬂﬂ?%ro?mwlﬁéﬁﬁ $Nh
connect edhydh fdld 85 RNted 18 pRilube REGUBAALNL Wnfd inAgelength
passi ng through each of the pl uralltz of primry

(S

wi ndi ngs,onsimized todghe grystadlizatipn prpgess to be carried out ori the

workpiece;
a power supply module comprising:

a DC power source;
a first pulse compression and voltage step up‘ circuit connected to the DC
power source and connected to the first pair of electrodes comprising a
multistage fractional step up transformer having a plurality of primary
windings connected in series and a single secondary winding passing
through each of the plurality of primary windings, and a solid state trigger
switch; and
a second pulse compression and voltage step up circuit connected to the
DC power source and connected to the second pair of electrodes
comprising a multistage fractional step up transformer having a plurality

of primary windings connected in series and a single secondary winding
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switch; and a second pul se conpressi on and vol t age

step up circuit connected to the DC power source and
weomseeresl to the second pair of el ectrodes CPOPUBR0H0R4160

a multistage fractional step up transforner having a

plurality of primary w ndings connected in series and,

a singl epgw@mwaﬁ@pﬁ@ep aljip oF ooy wastings, and a solid

PCT/ Uszogézn?og#gpswi%s%@g t hrough each of the

plurality o Irmary W ndings, and a solid state

tri gdaver tSmiinginid amtrobnodskeropetativa ¢p tumd tieoeidsing ofithd uéspective

operative to tinme the closing of t respectiye olid
sol ] S swiich bsedawion WEEHNE PRI oﬁﬁxp srebere Bt anfgecond

PSSR A2 HEBPASH 00

las 1 wrsts aarttherecPOBA doagignred dases sywtenz pt 1 BOPH) ge@fgured laser system
configur.ed | aser  syst. 0 POPO configured | aser

to 159 Bhisth Sele SRR LR S i Yot 1 aser |5 gnt pul se
beam 2. The apparatus of claim1 wherein the |aser
sg;tem is configured as a POPA | aser system and

2. ’f @pr@rat@wlflm h @{hle_f%l:] tﬁ;ﬁ IQFE Sﬁsgbem pﬁeq;caﬁi'gut@gta@ fad’iql’te% fasgr
i.rs r |ig pul se beamfromthe fifrs

Syﬁt%ns}ééldgl%ﬁhgyicﬂ?%ﬁ%ﬁé'second gas di scharge chanber; and,

t he rélayrbpiicsapdraivstts directaditseodtpurdsset Hghtqhubsibegmdfork ke first
second solid state switch _based, jn part, upon the
laser wit o theseeandgan isshaigr ehimbest avb| i d state switch to
cre . 3 r AT .
ol PR hRGNAHREhATRE b Nfe SERRELRR Kl ate swich
badedain past, upamthiettimegof the chstrpnd thie Scshawligkstate gwitnh tondredte a gas
. plus or mnus 3 ns, to produce a,.second anplifie
cisPherar Befaiepna segried piir SEFIGGHea & i Skt Gbesst ieht pulse
bedB $€fraksittHY thBUb&Rd REBPge Iegidh GyiRBR BRI Snifths Thekdpibduce a
wherein the | aser systemis configured as a PODQ | aser
secopdtapiplified 14ser ottpnt kghtpulssibagm as thelriimgle guippt fasss light pulse
b %Eerative to conbine a first output |aser light pulse
®HPBam from the first laser unit with a second out put
| aser light pul se beamfromthe second |laser unit to

roduce the single output |aser |ight pulse bean(1éﬁl and
3. 'The appaiatagobelaing behestin thsdases systemgs eomispragsasmd QRO daser
Q f&I]i e sWwtch based, in part, upon the
Syststfgl‘r%rleaﬂg t egcgﬁ%ss’llglﬁl "of the first solid state switch to
Cr eabmbinig@sptich cpehalvgeo bembvimen firbicousma dasdr Bglitpulst beam from
i ght pulse in

el.ectrodes to separate an_output | aser )
they st Iaseranitaiity a seqopdqutpyt faser lgéi?@éﬁs 35%&%%6%@5@&% unit
[ I, QL t @ﬂéjan?' put | aser |ight
o %u gge@ggﬁ%@&%@gn&&ﬁgl etggltgput ’g‘ggr i ght pul se beam
by ahptiméed sk @atrot mwduleltinsesdhe nliosing of thesecehd slidetate switch

ba.sae,fglr,J ?nr Sa}rtl;l %pgrfl t}{:eI t?rlnén og' thefcllgstlrllqgecgf tﬁg gPSt[ Isglli({] égtélte switch to create a gas

discharge between the second pair of electrodes to separate an output laser light pulse in
the first output laser light pulse beam from an output laser light pulse in the second
output laser light pulse beam in the single output laser light pulse beam by a preselected

time plus or minus 3 ns.

4. The apparatus of claim 1, further comprising:
a pulse stretcher in the path of the single output laser light pulse beam operative

to stretch the Tjs of the pulses in the single output laser light pulse beam by at least 2X.
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a pul se stretcher in the path of the single output
| aser |ight pul se beamoperative to stretch the T1 of
wo b@sped28®s in the single output |aser |ight peCBHESIeaAmM4160

by at |east 2X. 48 WD 2005/ 094205 PCT/ US2004/ 024160
5. The apparatus of claim2, further conprising: a
pul se stretcher in the path of the single output |aser
i ght Ve . stretch the Tl of the

> T%%g%pggﬁﬁgfﬂ%%g?h%ﬁggﬁt éutsufggser l'i ght pul se beam by
at ol pridststieiher 6. thd pathayh tieer sibgls outputlasériigBt piilse berer operative

conprising;. a pulse stretcher in the.pat f the

to sisqiihe bnftighe pRasoR the gete i el feth PP Brah B ppeast 2X.
stretch the Ti. of the pulses in the single output
| aser light pulse beam by at |east 2X. 7. The

6. Tappppaaatus obélaimh 3j fucther ¢ampriserg:conpri si ng: a beam

delivery unit in, the.,p of the sj . :
e R e AP 8o 053t DL b oG
to sPHbRWe T256the buBBS intub S@gleasiit tasar ligt ke besinrby at teabt 2X.
for the performance of the transformation of the
crystal makeup or orientation in the substrate of the
rkpi ece; ~and. .a J L nt nodule within the
7. ng& ?:f@“ﬁ%?lﬂl%%ff&g%ﬁ%@ﬁéﬁsﬁﬁ 'a beam par anet er
mﬁni b adliedy tmfaaml the patmiaiffehe a’ﬂgla stitpehlaserdidhapitserbesdn and
The apparatus of claim2, further conprising: . a hea
opexrsive de Asliyerihe sinele REtUA{ekerdieht Fuse bt i Smppifaciugag ool for
Ll i | | iR imeHee
the 88’?%%%&%?@?@%%@%&?@2%@% Ir%%?gﬁ gl%ﬂuﬁr% uri 1n g 1t og I
subétedte of the vamkpiecermnde of the transformati on of the

cryst al keup or qrjentation in the substrate.of ith
wor kpease _én%uétﬁt?,nt Elog’éfgrﬁ' %}H? G}ée(q?‘fi@ﬂ’t &%XSWI Lgqun?ﬁ’rﬁl%aegea%
parfifEE: ABhIKERY 41in GREREISS hidsoReABhRTAMTEL of
nonitor and a beam paraneter adjustnent nechanism 9.
The apparatus of claim3, further conprising: a beam
elivery unit .i h ath of. the single output |aser
8. ﬂeﬁparﬁé?gc@%m&%@gﬁp e to deliver the single
out PYtarh AsKVerl b in el path bemBkinpleaumn ldsactighitiputse beah and
for the performance of the transformation of 'the.
opearatjresttaldelinidbosisglesytnar laser behtipalse heam 4o, &raoyfactiging ted for
workpi ece; .an , F4St R i L R b atih h
e RiERE LR R BL iR PRRY RO B dhG i e
subiBhelofthemarkpideepandpar anet er adj ust ment mechani sm 10.

Th t f claim4, f h ising: .49
2008 bbb 20! CRssBis ha 00 SORTRHER DEPRFIhA § T
par%ﬁlgteg g{Jﬁitgf‘ ahd'€b h @t BHfustn@S € ekhidm pul se beam

erative to e?| ver the single output laser |ight
pul se beamto a manufacturing tool for

9. The apparatus of claim 3, further comprising:

a beam delivery unit in the path of the single output laser light pulse beam and
operative to deliver the single output laser light pulse beam to a manufacturing tool for
the performance of the transformation of the crystal makeup or orientation in the
substrate of the workpiece; and,

a beam adjustment module within the beam delivery unit comprising a beam

parameter monitor and a beam parameter adjustment mechanism.

10. The apparatus of claim 4, further comprising:
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t he performance of the transformation of the crystal

makeup or orientation in the substrate of the
wowrgpdeee; and, a beam adj ust ment nodul e wi t hPE@T/UR®04/024160

beam del i very unit conprising a beam paraneter

nonitor and a beam paraneter adjustnment nechanism 11.

Thea bgspudalivesy shitdn hernath of thesingle @unprlpser fight pulisdeam and

delivery.unit i th t . [
oveffiyif e e el PR e i it d b Bilnck R g0l or
the puifpiant@oF1thd fr@laforpiatise olf @rroryalam sy fod otituthtieh nahd

or the performance of the transformation of the

Subé‘i@@?_ﬁﬁ"ﬂ’?ﬁk@@k?%?a@vi entation in the substrate of the

wor _ ! Cop N

beaér(ng%agf%'i/]er y dl ﬁ ﬁ@?ﬁ%ﬁﬁ&qﬁ% a %gam %grrl%nﬁse@g?mhgg cam
parametiet moniaorlaml Hbeam paraaredrendjimtined tmehbnismchani sm  12.

The apparatus of claim®6, further conprising: a beam

delivery unit in the path of the single output |aser
11.'1*&%{)&%%%%&@ﬁ@@nh&%ﬁ@hgm .to deliver the single

out p aser |ight pulse béamto a manufacturing tool

f or a beaned phvdéry rumitriv éhaypath hEthersingdé output lasen light pulee beam and

cryst.al, .mak or,orjentati in.the substrate of the
oeiisiesF deEvETHE PR SEpe G & Wb Riroeing 051 or
the PRABIAMRLE \HTile Hihsfora@iidh iof titderfstHienikeupat dfektefion in the
noni tor and a_ beam paranmeter adjustnent mechanism 13.
subylieic ap paraotkpiase; i m 7 further conprising: the
tim BMQS'u%&ﬁ‘&{t%odﬁ‘i’éj‘ghﬁ{n‘:ﬁ@%éxﬁ%élti ryﬁlﬂﬁ%ﬁl@ﬁsing a beam
per?orn1ng]a pr ogr amre I'mng controf "operation
parh@sremopinor et & beat patapieadradiisphasendchbnivg. of t he
charging voltage in the respective first and second
pul se conpression and voltage step up circuits and
12, SRSt AR AlAntReroniphRingenper at ure of at | east
one gnetic swtching elerrent ” in the respective
f i r sbeand efeenynohitpinltisepath wp thessighn owipdt Medr tlizepu secpeanpand

on i S tRAER G DBRCPOTS TRBLICG B i tgolfor

theRJePBRAARE JT8hE RAMBSNAioR FIAEFYRE] mhkdlipte ofieRatiot in the
operation based upon received Signals representative

substratetof thehvarogipiese; swl,t age in the respective first and

second pul.se conpressi on. an ol t st ep..uUp. ci.r.cui_t

S0 BEFEbOY BT B DRIBDRr G A G an L DB tRam
parbRRte fRRftal b @ a Bbarh PardneRe dpisthentGhedhnis@ast one

magnetic switching elenment 1 n the respective first

and second pul se conpression and vol tage step up

I CU| ..claim9 further

13'2%4%%?%@?1%5:50%%%% ?%&%@p@%ﬁ Tol nodul e conprises a

pr odeshtin ghkif ohirohgodulp rcogipaiseedprotessonger foomirgad programmed
. operati pn based,upaon received sigpals representative.
timie eareLHRFgHAY basﬁémpaaéeqehvegﬁ bgBressiune, e dpeeing
volPR QR theRULS &G TRECHE sObnd ISR h P& s BRA Y815 stdp dpScircuits

and signals representative of the temperature of at least one magnetic switching element

in the respective first and second pulse compression and voltage step up circuit.

14. The apparatus of claim 8 further comprising:
the timing and control module comprises a processor performing a programmed
timing control operation based upon received signals representative of the charging

voltage in the respective first and second pulse compression and voltage step up circuits

50



and signals representative of the tenperature of at
| east one magnetic switching elenment in the
wo eappeive first and second pul se conpressi onNPENTWS2004/024160
voltage step up circuit. 16. The apparatus of claim 10
further conprising: the timng and control npdule
andcOghts rgp@s@tqsm@fgh@ tempperatyran i leesionsgpagnesig switrhing glement
. . i i i | —
o AR PR Shi P PRI O LSRG O gp v
respective first and second pul se conpression and

vol t age st eg up circuits and signals representative
15. Jheppparatgg Seslatg CIROMMRIEIE one magnetic switching

ol CHPRL ] . >

conme aming A S o g TRl programmed
timaygpantrospendtionl adsad iforf received sigoalp réemesegtativhef thienhagging

and.control podyle c ri ses. a processor performng a. .
volfses i Biepectivenis b THEP Y PElsE PERPERo BA 2Bl vl step Up circuits
and ﬁglﬁilsvl%ﬁt&&ﬁﬁ?\lféof BREQSShRld ¥eat Wast B BBSSCRGitching element
~voltage in the respective first and second pulse
in tho respentise dimst and seedndayydsestompprasian angdinaligge siepl upicgaait-s

representative of the tenperature of at |east one

magnetic switching elenment in the respective first
16.ar4¢ ppaand oPthe® 100RRheswndtisagd Vol tage step up

circurt. 18. The apparatus of claim12 further

confheitisning and pantrelmednle ARMPBFASAGIOPRS ST RETOERIE sregtgmmed
. ¢ . o .
AR Bl B o fh HeB B SIER L rhir LA AU R chorping
voltdge il theGbpegiveg first ahd sgend pulsh eompsiesion iaué voitagetstepne circuits

second pul se conpréfsion and yfltage step up. circujts
anchyignaly IGRESSEIRIEYR eSIORTRPIaNET of Hdeaskapromaenitic syfitching clement
in th€ ?e%%e&ﬂf@ fﬁ‘?gﬂﬂtéeeo disd r@%s%ﬁemd vdlﬁg& Qﬁ‘ﬁ up circuit.

respective tirst and ‘'secon ul se conpresSsio nd

voltage step up circuit. 19. A gas discharge | aser

stal l]zation neans.for performng a transformation
178ﬁ%ﬁmp@P £ ﬂaﬁgﬁﬁdﬁﬁbﬂ' R4t ion in the substrate

of  &heWRKiKREE 8oRROIhbGI1® JomPrisad! atcgrr@ae%a&ggerfoﬁﬁf SHSERMmed
~conprising: 51 WO 2005/094205 PCT/ US2004/ 024160 ~ a
tinfing eomtrobeparatiom based wpen icatyed aighplsgepigsantativest dregeharging
volf 3358 Pisgedeut(s b @nd adouf kR 5H RSB0 e FBRe sop up circuits
and §igiddeFeprds it Vg o fthkitérBperetupd gbitdehsg ase ahiaghdiRrsgbtching element
_region; a |aser gas contained within the first chanber
in the mesppdivediry apsl sseend pier comprsssien grkvalige stepgpicicuit.

produce |l aser light at a center wavel ength optim zed

to the crystallization process to be carried out on
181 Tie appadspisef elaim Befinther cas@isingni t conpri sing: a

secqgnd, gas di scharge anber; a second pai | of

el oﬂﬁéfr@ag%%eeaﬁ%lﬁaﬁuqs spBefisg BETT RIS OEBE Rrogremmed
tirﬁgéléswéli@rg%: Elgerrétgﬁpﬂgseﬁ hBR S ceive@ sPra BpR 8GR T MO EGng
voltage in the respective first and second pulse compression and voltage step up circuits

and signals representative of the temperature of at least one magnetic switching element

in the respective first and second pulse compression and voltage step up circuit.

19. A gas discharge laser crystallization means for performing a transformation of a
crystal makeup or orientation in the substrate of a workpiece comprising:

a multichamber laser system comprising:
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region; a |laser gas contained within the second
chanber conprising a halogen and a noble gas sel ected

wo eoopioptace | aser |ight at a center wavel engt hPCT/US2004/024160
optim zed to the crystallization process to be carried
out on the workpiece; a power supply neans
con@ﬁxsélaﬁqumfa:omprmmm source; a first pulse
conpr essj and (tg . up nmeans connected to the
DC povve ﬁr%g{?‘sc%gcn gc%%@ébc ‘ed to the first pair of

el ect r odgfirse ﬁﬁp bf 51Idihga1ad spadell aparagppdsimgcélbandes soginedwithin
transf orner_ hayvin lurality of primary. w ndi ngs

connect eideifigsteham, §r pranige &t} cdongstedrana dischiga region:
\?Maﬁz : 2 gsa Ia@ér%ﬁg Iaorgt%?lgbdqletﬁlﬂ ?heofillé{ a{élﬁlyer ngﬁflklgg 33115110 gen and a

state trigger
second putde gasorjrcesbsiogmodurd laset iglgtent atcepten panelemgh optimized
connect ed tilo t he,.. DG gower souyr c conn cted to th
second piithe gpSEllizafoBRRCes 9 s oo mihs HoTipies

fraggécgﬁgiasétlg{;tébqnf,ﬁﬁﬁ former having a plurali ty of
primary w ndi ngs connected in series and a single

secondarglswondigaﬁngSpMQcn}gamhw,ough each of the
pluralit and. a_sol

ri'gger SanpaRPeang s edCroRendny Bnatunsier Bt sppained

for tim Gahinhhe §éRBidGhamber, ﬁﬁnﬁﬁg;@@@ddn\vl%lcﬁ@ated ga$ HRtigarge
sw tch based upon operating paraneters of the

respectiiegidn;rst and second pul se conpreSS| on and

i st ant oA CRER 8. SR AR b B A flpeen

| aser unaddsa Asbleigh eélecﬁeﬂa%od;mﬂa@u lhgﬁt ataseentes yak elength
or a POPO configured | aser system produce a single
out put | SREPiZEY &ﬂl@;ﬁ%@lhé@%p@@ss *rhbe s¥ps 5 apien Té‘F

cl ai m 19, n the laser systemis configured as a
POPA | aser syst em and further conprising: relay

opt b pswaresupplyfmeardi comgrisingg:a first out put | aser |ight
pul se beam fromthe first |laser unit into the second
gas di scAatgBOCHAMET™ and, the tining and control

nmeans i nglgudinite ¥BATRedsRn dnliRolided &i6p 6p ﬁﬁa‘aﬁ@c&ﬁe&t@@ to the DC
second solid'state switch based, in part, upon t

time of pmemoamer@docformbféed forthe fiss It 0§1elﬂ0§0@% qomprltsmg a

c1 act odBEGHHd RO 9t b Bt BEERE it ptgpimary

beam i s timisgd dondetlde i 8GR dnd b SBipds @eom@@y Qilndiig paKsihg
plus or mnus 3 ns, for producing a second anplified

| aser outhsoiteh saghofshe plarabisned pramerevidigseands gobidistate trigger
| aser |i Q\Qﬁclﬁ%ﬁe beam

a second pulse compression and voltage step up means connected to the

DC power source and connected to the second pair of electrodes

comprising a multistage fractional step up transformer having a plurality

of primary windings connected in series and a single secondary winding

passing through each of the plurality of primary windings, and a solid

state trigger switch; and

a laser timing and control means for timing the closing of the respective solid

state switch based upon operating parameters of the respective first and second pulse

compression and voltage step up means for effecting operation of the first and second
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21. The apparatus of claim 19 wherein the [ aser system
is configured as a POPO | aser system and further

W@ oios9eifg: conbi ni ng optic nmeans for comnbi ni POI/ES2004/024160
first output |aser light pulse beamfrom the first

| aser unit with a second output |aser (8 ul se beam
lasefr ipits ttsheeﬂ@ee BREA cosdiguiedilaser ﬁEStptFlm@c,PéDR goniigigried laser system

Hft% € and the timng and
o IR ?SIS a‘?tustbﬁtq% gﬂt uhéegg)ns or timng the closing
of the second slid st ate swi tch based, in part, upon
he closing of the first SO|Id state

20. Eh? @Etﬁr%ﬁ OE?léléIt 1hyhereghthe lsses sxstee in eenieaned #ca BB Arlaser
‘ to separate an output laser |ight
Sysgﬂ sein %rﬁég}fp?ggl "output laser light pulse beam from
an mlatymptlcd; msans for dildctingalfset outpttleses diphhpuleebgan from the first

| aser, gmlnth si ngl e out put | aser
lasqr.uaﬁentﬁ Ciscbit (ffﬁf 25 CLABPEEEBE (i e plus or m nus
3 Nfe tifdng H@c&%ﬁ&%&ﬁﬁn&ﬁdﬂ@n@&rﬂsgfm tlﬂﬁﬁ%ﬁk clostng of the

conpr|5|ng a pul se stretching nmeans in t
secotiesadidrstrite switithphased, as part, Iupghtthp uhmfbbemoﬁmg of the ﬁrst solid

s BV G LRl 0 P SLOTUR YRS o
outﬁtﬁﬂé’sreﬁhgﬁ plseWedin Ty #8hsitindl the %c&ﬂiﬂlﬁé&kg&egﬁ)npwiltﬁﬁl plus or
stretching neans in the path of the single output

minug §éws, for grdugingsscpmdrmmplifiedslapatoptnui ishheulye beam ag fhe single
I ! i ngl e output laser |ight pul se beam by
outft Sgglslgﬁtz’i&%%ﬁ‘gm 2005/ 094205 PCT/ US2004/ 024160 24.
The apparatus of claim 21, further conprising: a pulse

stretching neans in_the g}gth of the ssingle output
21./Txe éPPE}f?@ﬁ of plging &9 pdsiein Be lasgrsgtem;ip gmtﬁuequt as %POPFPelaser

%ﬁsﬁ] e out put laser light pulse beam by
SYS%#{ eas%tﬂiggb%l%.ﬂ&rhe apparatus of claim19, further
co nq:nmtshimg optic heams fbe k:bmbinmgl aiftrstromgng laser liflet mpddetbeatn from

the sin eotputlas hi. uIebea fo .
the G 14ReT TG M g 450k TieBURIISq PGt Tyt e Seroathlassr it
to ﬁodﬁ%@%@ﬁﬁ%\@bﬁﬂmﬁ ﬁ@ér 1ot pﬁlg’@beﬁﬁr i,y mance of the

t ransfor ion of the crystal makeup or orientation in

t heths tipsng aedcettrol menmplluétr@me r tlanbeﬁm closing of the

nt ans wi.th the m de
sectish it SR saTee B i Brtl oo BRI 61 it Slostie af AL Sotid state
swik@aet &%ﬁ@xﬁ?& 84is Asthbie BRfecABRB Secodd paﬂfhﬁ ekipoded tdsepdrate an
cl aim 20 urther conprising: a beamdelivery unit

outpretdaser fight pdsagathe fst euiputdasey|lighb pelseibeqradiom pn gpiput laser light

pul?éjmstﬁ ?e%?g?é %@ﬁt 1‘3?4: Illgﬁ{%nu 3 a% ?1} ﬂ%‘ ?1&2%5%& ltaﬁérq{ght pulse

be&ebimpmeleae@tnﬂetpmstdrmﬁm st i on of the crystal
makeup or orientation in the substrate of the
wor kpi ece; and, a beam adj ustment nmeans within the
22, %@'&?g GhAM OF ¥latih b, AIRAGSCo ihei Ng @ beam par anet er
nitoring means and a beam paramet er adjust nment
meampulse stretching means in the path of the single output laser light pulse beam for

stretching the Tjs of the pulses in the single output laser light pulse beam by at least 2X.
23. The apparatus of claim 20, further comprising:

a pulse stretching means in the path of the single output laser light pulse beam for
stretching the Tjs of the pulses in the single output laser light pulse beam by at least 2X.

53



27. The apparatus of claim 21, further conprising: a
beam del i very unit neans in the path of the single
wooiose42bmaser |ight pul se beam for deliveri ngP€TES2004/024160
single output |aser |ight pulse beamto a
manuf acturing tool for the  performance of the
24. The ppyreatyseafi dpmat], fusthes pQrapingrakeup or orientation in
th i * . .
a3 R B g Hioank BRI PR sicBbu B RETNight pulse beam for
strehingrthsToof the poBaninthe single @ntpusdaseo tightgpuisedresnebylatdeast 2X.
beam paraneter adjustnent neans. 28. The apparatus of
claim 22, further conprising: a beamdelivery unit

25. @:ﬁﬁg@agﬂugmflﬂﬁlt@, @lrtih Bomprdghe: out put |aser |ight
pul s eam for delivering the single output |aser
| i ghtveamudeivetyanin theana i phictfithie speloontpptdeser fight pulse beam

rfarmgnce of the .transfor ion pof the crystal
for Bfesipd B “OrS o MUEES 11 Bt ot Wy S ool or he
perfiPh ki F Bie Bdfor4tiNDARO oyaTR Mkt HiSRHdDRAAAESubstrate of
beam adj ust ment means within the beam delivery unit
the mogkmdeceoansk i si ng a beam paramet er nonitoring means and

a beam . r ' . .T

of CrArRBaRTRL T naR WEPRL pEEARiscd boi B RRR o
be sméter thbitdiigin&ins bth@a beang barandtprddjhsisent thegist

pul se beam for delivering the single output |aser

ight pulse beamto a manufacturing tool for the

f : L,on of the crystal

26'%3&%@%2?@@%%%%%@%%@% bstrate of the

Wor & béaecdelivandynitmbemim dojpatt ofetite simegesutpint laser lighepulse beam

bheam del i very unit mneans. conpr.ising a_be ar ter
for (gAY B P Rdls ALPUHESS HGRLRAIIS ST £ mag G it oot 61 the

perffce otfhe HARIARAAGAbPhe Cfystal #haRedf or bHEARRSN in the substrate of
conprising: a beamdelivery unit nmeans in the path of

themveksieseghmd, out put | aser |ight pul se beam for

deliyering the single.qutput |aser.|ight. :

N e R S e R e ST
beah! FAtEhOEFRbIAGY Y mbdiR 26d ¥ Seah pardaster adjustfdefitingbnson in

the substrate of the workpi ece; and, a beam

adj ustment neans within the beamdelivery unit neans

NPLLSI .qonitoring neans and a

27‘&2‘5&?%%?@?}8 %ngrggjﬁ]ufgﬁfﬁ%%}nﬁégg 31. The apparatus of

cl ah Bradddéliverhetit meamprin shengith ofi éhe simgla guipmt laserlighd pulse beam

means. conpr.i ses a ocessor neans for performn
for ﬁﬁb‘@ﬁ%ﬁ%ﬁl{l&lﬁr’ﬁ@ug rékgfa\f Plafe BpaRrde ?8%%%&81}1%8&31 for the
GRhYesk dé &Eﬂlf&“rﬂaﬁeﬁ 88 BRLRAstA SnQeupld?@rieh@figh Ithe substrate of
tage in the respective first and second pul se

theoorhpiessiandy and vol tage step up neans and signals
repr sentgttive of the tenperature .of at .| east on

g ABE 2SGEERAGIST LHE FiE SRR A ioEg BBl PR fipRising 2
e P feRP thoRitbSs MO 28 SiRAn B avelet agiastiiedPmeans.

s

perfSr
\"A¢

28. The apparatus of claim 22, further comprising:

a beam delivery unit means in the path of the single output laser light pulse beam
for delivering the single output laser light pulse beam to a manufacturing tool for the '
performance of the transformation of the crystal makeup or orientation in the substrate of

the workpiece; and,
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up neans. 32. The apparatus of claim 26 further

conprising: the timng and control neans conprises a
we@sesees neans for performing a programed PCTUSZP04/024160

and control operation based upon received signals

representative of the charging voltage in the

r espbean edjustirent meant wighio e pamsdeliverypueis sieans eongprising a

vol tage, step Up neans signal s representative of
beai b Gt e e ARl S PR R B i
el enment in the respective first and second pul se
conpression and voltage step . up neans. 55 WO
29. A3espogae of Perplisioter goupEeng:33. The appar at us of
cl al Boend dgllik;e Gihit SHRUN ihschélgath to?ﬁqets]irglg %u‘?pi;ﬁq la(‘sgﬂgéh? |pulse beam
means CoONMpri ses a processor neans pertormng a
for delvgsrmugrthelsih pigiongpua hderdight polse bl &t 4 Drardisdatingrool for the

received, signals representative of the charging
PerjSPRREfOR the grﬁ%sf%%%@w the qrystalmalisp 88 csisataign dthe substrate of

theGRIIRpiIESS Q@ and voltage step up means and signals
representative of the tenperature of at |east one
magabeane adjswintenhinegnsebidie tiie Heant dedivens peit meass Eémprising a
and second | se conpressi.on and voltage ste u

b A@mCieR MOpHaIin, MEPn §18 e BRFFIS AOEy AT meats.
conprising: the timng and control neans conprises a
processor nmeans for performng a programred tim ng

30.2lMhe apparatus|of claem 24 mthereomeprispegn r ecei ved signal s

representati ve of the. chargjng,voltage in.the ..

' cop BEFT RIeHY ufit meCindhp OP gl Ruble IR ight putse beam
for\deliverg the tiaplelomtpiie &36r 18 pGlise Badns td £ phateainainig/ @obfor the

the tenmperature of at | east one magnetic sw tchin

. i t ching
perépagpeg of the fryesiprmagtiontof the qryvtalimaleap o& osisatatign ée the substrate of

. i and voltage step up neans. 35. The
thegg%gélggﬁgﬁg’f claim?29 further conprising: the timng

anda bedih adjustifeshb MeayWRithia else Beapr dudiveso unite@ass Eanprising a
perform ng a, progranmed tim ng and control operation
beag, pEAME{SH oniteling Bisass a2 beapgiraelRt Aty mepps
chargi ng voltage in the respective first and second
pul se conpression and voltage step up nmeans and
31.Sitgrepbaratus pf eken 2&tfinker gbmphisingenper at ure of at | east

e e SR AT -
progPanBéd S mimPanddd@traPRRE Aot Daddd WlodirBesiQed WichiI8 kepresentative of

conprising: the timng and control means conprises a
themhmmltag@ fnihef Qﬂpe?jé/ieffm;trﬁndge@ndmu&@q m@sa@mndgvoltage

s’teﬁl gg rr?e%ﬂg %.194 st %rga% I%Hegﬁnetgg Seeoq” {HP f%ﬂl\;%}eat%%ée\e/oefﬁar’% ?%a%{e] &lesmagnetic

resentatl 0 ar gi ng

switeispeecleinest ihithstespottve G0 A fatbs@paleeebepséseidnand voltage step
voltage step up neans and signals representative of

up g8t enperat ure of at | east one magnetic

32. The apparatus of claim 26 further comprising:

the timing and control means comprises a processor means for performing a
programmed timing and control operation based upon received signals representative of
the charging voltage in the respective first and second pulse compression and voltage
step up means and signals representative of the temperature of at least one magnetic
switching element in the respective first and second pulse compression and voltage step

up means.
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switching elenent in the respective first and second

pul se conpressi on and voltage step up neans. 56 WD
wQo@5/0924205 PCT/ US2004/ 024160 37. A nethod fRPET/US2004/024160

performng a transformati on of a crystal makeup or

orientation in the substrate of a workpiece using a

gas discharge |aser conprising: using a nultichamber

S t i,fst laser unit

33'%@%%%?§¥%Esﬂﬁ£?l ?ﬁgggmﬁl %ﬁrge chanber; a first

paithe ihirg) adgaheol BEms ecmpyises ta poEEesIr m@ais dot payiemning a

t d th he f t nb
pro R Ging 45 E7GEoh SPR RGP Tebud Higbils SrREEHeRIEve of
the Xﬂa%g%lhg vhitpefif 'ﬂ?etre%ﬂ@ s@eﬁﬁﬂ%bﬁﬂlﬂﬂ& d&%ﬁ’&%"‘o@ﬁkﬂi Voltage

e-gas se ected to produce laser light" at a center
stepngvetas ghé sigpslis mmadntatlm ofithe &nmaiultel of att ilenst qmeo@ég@tlc

be carrle out secon
swiiog SLEHH 1RGPS IOE CgN DG A R SUlTS R PERAIBaR Y (gliage scp
]l]ﬁ&ﬁ@nd pair of el ongated spaced apart opposing
el ectrodes contained wthin the second chanber,
form ng a second el ongated gas di scharge region; a

d chanb
s4. OB Aoy SECRE S BrttibesE TE G0 ol ected to

pr aH Gifih @SRl cdntr@hﬁneﬁis camPfisdsel procassdrangdds foppérfornriag a

to the crystallization process to be carrjed out on .
programmgdrtiping @ad conirq) speation pased upemFrscived signals fgpresentatve of
the B TBHAAS o e h el B A PR AP0 M0 foltage
stem@memswhdtstgnhheeﬁrematatmaof the ftereperatiirecniest leasipne maggetu:

nultlﬁtage fractlonal te u tran fornmer havin I
switghieelsrpgnt i thrpspgetyve i ST RS CPBPTPI Qe liggg step
up &isngl e secondary wi ndi ng paSSI ng through each of

tﬁe plurality of primary windings, and a solid state

trigger swtch; and a second pul se conpression and

| tage ste connected to the DC power
35. \él‘glalag f%\‘h‘aog‘c‘}ﬁﬁéﬁﬁa&% W ond pair of el ectrodes

CONRE kigdiAg ad $8Akrol fleABQohipRiséd PHatessbaBetis fof pBIOOIINE A
having a plurality of primary w ndings_connected in
progeayriness! tanmg@nducrqgﬂr@l operetiorbaspd wperITasgived stmalig epiepatigfhve of

the cﬁc Em%fvo]itage i% tHe %sbéc\/lvg Eré? 'élllmc}gn%ﬁ]lgé Qgﬁlpre%gign 3nd %ltgge

step up means and signals representative of the temperature of at least one magnetic

switching element in the respective first and second pulse compression and voltage step

up means.

36. The apparatus of claim 30 further comprising:

the timing and control means comprises a processor means for performing a
programmed timing and control operation based upon received signals representative of
the charging voltage in the respective first and second pulse compression and voltage
step up means and signals representative of the temperature of at least one magnetic
switching element in the respective first and second pulse compression and voltage step

up means.
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state trigger switch; and 57 WD 2005/ 094205
PCT/ US2004/ 024160 tim ng the closing of the

w0 eappeive solid state switch based upon operBCT/I§2004/024160
paranmeters of the respective first and second pul se
conpression and voltage step up neans for effecting

37 op encdlaodbior perfornung p frensfomehtion ©f agrysted erakawn ersomentation in the

L.t her A configured.l aser system.or a POPO
sl s rbicee SO A A Ry BR el SRR & Ot pu
| as @sinkiaghiltifhanger heansystdf comdirisigt hod of claim 37

wherein the | aser systemis configured as a POPA | aser
systaé?fftd?r‘ifrf‘%f:%?m@éﬁipri sing: directing a first

out put | %SfﬁﬁgaggﬁEhaQ%jé Mg@m fromthe first |aser

unit into't second gas di’scharge chanber; and,

ti m ng t hdirstlpagiofglonpated epared apat osihgldtred ss\edntdined within
based, i rt, upon the ti 0 the cl gsi.ng of the
first sofist N PrEHIE a%g%tégqngafag @3%816?@65%Fe§é’n;
bet ween (5} -y '
th&ed ?&%i A h@)ﬁtaﬁéﬂ wiftfin BleSHLT &Q%ei’%ﬁn}gmtiﬁg afhhfogﬁ% and a

out put | aser t pulse beamis transiti sec
di schar geoblega®selechdd thipnodyica dasor light atis céntersyavabength optimized

roduci n sec lifie aser. .output, |ight.pul se
geam as ?%g’eé’pﬁgal%gzagg?ﬂﬁce?s gi’F Cmﬁtouégﬁlé@%‘g%me%%g
The arBédhadaset ukit adprsingtherei n the [aser systemis
configured as a P@O | aser system and further

conpri si Bgecandgss Aiselgrge ¢hamder;out put | aser |ight pul se
beam fro fi runit - with a secon ut put .
"acer | 1 gribeinieals f glofBftba Hilcha MdloesPEERRAroA Bifained
produce tWithisihegb@nd ebirpbyér, foalsm{dg d $egbid FlohGRed eaddiséHadge
timng the closing of the second slid state swtch
based, i A°®PUkt, upon the tine of the closing of the
first sol,i t | : [ I

bet veen PSoEagRgR et Ao eBRd A B ol 1S B gen
out put | asén nbblglabs gmldcsa topraduee ldaseslighn at pedntbmwevelength
l'ight pulse.beamfroman output |aser |light pulse in
the secoRBiBizcH iR thestwtallizainp Pmﬂegsem%@zsmqeg. ot 9@ the

si ngl e oygliederser |ight pul se beamby a presel ected
time plus or mnus 3 ns. 40. The nmethod of claim 37,

f ur elpewer supphi Weang cogiprisinghi ng the Tis of the pul ses

in the si ri%lie oug)ut | aser |ight pul se beam by at

| east 2X2 ZA1POYHEWEChod of clai m 38, further

conpri si Adirstpulseicembr@sibh and Vit stePQipRiéass SohRedid®io the DC
singl e output laser light pulse beam_gy at | east 2X._
58 WO 2008VgoR0% aptrouseird4 trafisipaiydf clatredge coroprising a

claim 39 mlflﬁgtgté%qfacﬁgﬂgf rs{eﬁiuBQfansformer having a plurality of primary
windings connected in series and a single secondary winding passing
through each of the plurality of primary windings, and a solid state trigger
switch; and
a second pulse compression and voltage step up means connected to the
DC power source and connected to the second pair of electrodes
comprising a multistage fractional step up transformer having a plurality
of primary windings connected in series and a single secondary winding
passing through each of the plurality of primary windings, and a solid
state trigger switch; and
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stretching the Tl of the pulses in the single output
| aser |ight pul se beamby at |east 2X. 43. The nethod
w@booslogd2ns 37, further conprising: using a beanPdBUB2004/§24160
unit in the path of the single output |aser |ight
pul se beam delivering the si ng[l e outtsﬁgt | aser | igah.t
pultiseing drenslesingof the tFsReative sald stalsiswitsh bessd upon opefating
per.f or C . [ ;
porfiiad BB el LR e R0l O8 a8 Ypkabe stp wp
meai® FlifReEng pilationsifrilg:s firsbamhscacidissarenits avdtheniastOPA
within the beamdeljyery_unit. conprisi ni a,_beam le output
confawrataser SYSER ek PRO renfieured Ifser sySiEm th Rrafdvse &, Single outp
H‘ﬁ%fﬂ% ans to nonitor and adjust a beam
lase’ggjﬁa te?eal 4. The nethod of claim38, further
conprising: using a beamdelivery unit in the path of

35 SRS S 85 R SRS PN

syt WHaFGHNE Dehptig@k: for the performance of the
transformati on of the crystal makeup or orientatjon in

t hediseeting p firss ovtput laker light Rsebeam fam, the §rsh dpser way syto the
adj ustent nmechanismw thin the beam delivery unit
Sec%?:d‘f%f’rsidéﬁcﬁﬁrggcﬁ%lg%eﬁ‘l i amet er noni tori ng means and a
beaginppthEloSihg afjlestemidisoli® st switchbasddoin paat dipedjthstime of
a beam paraneter. 45. The net hod of .ccihai m, 39, further d
the elowing of ithegfirst slid gtase speitah taerales gasfischares befgesghibg sggon
the . si ' DA trHGitin¢PiheR’Bcond
pai{ i GRS BlG B iR s etk B8 oRETRS il inPl Bon
discrauned regiou) whiintphe! orfrainug hes, fpeproduciegiz eecohd eimgplified laser

transformation of the crystal up, or orientation in
outpydight;pales heam ﬁtheﬁﬁglmﬁﬁ%%’gﬁggﬁgl,se E?gzi“ﬂ'g a beam
adj ustment nechanismw thin the beam delivery unit
conprising a beam paraneter nonitoring neans and a
39 bEemMghodobdam 3tvhetimshe lasecaystemois gused asoh P QRp Laser
a bea raneter. 46. The nmethod of claim40, further
SYSW%? CoTREISIRE- 2005/ 094205 PCT/ US2004/ 024160

usi e&nﬁnﬁwﬁﬁédt%«myseﬂn'gﬁt pulketbagmFasio thef firstiases wgt with a
out put | aser light pul se beam deljveri ng t he single
e

second putput lasesdighi pyse ramsfeors dbgwecondilapgnmitae Piaduss thegpele
for, the perfornanc f the transformation of the
outé’}l{/@feéﬁlg %ﬂepbegrrn, glr“l?ent ation in the substrate of the
Wor Kaii®emie cidthg dfsha@candstainotate puithneased,ie phdiapon the time of
wi thin the beam delivery gﬂr}it conprising a

. . beam
thqﬂ?mqaﬁgthe HETh selit statg swg.céth LEeing B@aﬁﬁlﬁ%,aé%eel?ez}ween the second
pal?gjf gl%%t?(gfr& tm%tet £h SRt b er 1igRDubdiit He BsRAPML laser light

p a r . .
pulse beam from an output laser light pulse in the second output laser light pulse beam in

o

the single output laser light pulse beam by a preselected time plus or minus 3 ns.

40. The method of claim 37, further comprising:
stretching the Tj of the pulses in the single output laser light pul se beam by at
least 2X.

41. The method of claim 38, further comprising:
stretching the Tj, of the pulses in the single output laser light pulse beam by at
least 2X.
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47. The nethod of claim4l, further conprising: using

a beamdelivery unit in the path of the single output
wo a®s94205ht pul se beam delivering the singl ePOYUR2004/024160

| aser light pulse beamto a manufacturing tool for the

performance of the transformation of the crystal

makeup or orientation in the substrate of the

' : s 1 .adj ust ment nechani sm

42%%@?@ ﬁgfglggrﬁw?’g’e |§%r?c)991§)§?1¥lgbonpri sing a beam

par atretcking i1} of the gulsexin shedifigla otipatiagsali@hi tpalse beam by at

adjustnent neans to nonitor and adjust a beam
leaéfai)éﬂeter. 48. The nethod of claim42, further

conprising: using a beamdelivery unit in the path of

the single output |aser |ight pul se beam delivering
431 Hiee miethgl ef clatpd?, fusthercompghingpul se beamto a

manuf act yri ng, t.ool for. the erfor.mance of the_.

T asrge Rar T Sy ne i g eeal O SRR GRo st lightwlyepeam
deliPRinzURS §ih e Suffut _latséi‘iig‘l’ﬁ’%ﬂﬂﬁ’é BG8 toHamBdRGng {335 the

adj ust ment nechanismw thin the beam delivery unit
pedormpnics p hidhedranpfosmatiparof et @ystalonikeup iongriergation amtheaubstrate of
theb‘ga%ng %r_angter adj ust rent nmeans to nonitor and adj ust

2 Dek %’aarn heter. 49. The nethod of claim 37 further

C ONMKing laMgamRAffsef ¢t AkcRanXn® GAMITAE beadBEvSR s Odnising a

operation based upon received signals representative
begn parpEcts aneyliteging sleentyand abeameparangfecadiysiment seangig monitor

’ S ression and voltage step up circuits

ang%%%%?dg%g{ns&rr%%%g};ent ative of the tenperature of at

| east one magnetic switching el ement in the respective

o R TR G bR e 220 128
co mf%fn%!a%am cféﬂvéél\? éﬁg%_’ HAAAOor tﬁ%ﬁ%@ﬁlﬁ%{t Bet 188t pulse beam

f
performng a programmed timng a oper dtion
debes g thpsingle@ogiuy bderdighhpillse beapr ®sembtmtfactering todidor the

argin oltage in.the respective first and secgnd

vt oS B BOmnitinur i G uiiemb G SEPTELIPR & i gubstuate of
thewokplese;/#A! esent ative of the tenperature of at |east

one magnetic switching elenment in the respective first

and usieg erhgapuadsustmens mpchandsnp withinthe beam deli wempinifcomprising a

circuit. 51. .The nethod of, claim 39 further .
belt R orgTonir P ARy T T baterisiet TR ek peamt i ppnitor
and péjustd keanb@sadetgpon recei ved signals representative

of the charging voltage in the respective first and

second pul se conpression and voltage step up circuits
45708k B@BAE LERASSARA MGl e temperature of  at

| east’ one magnefic sw tchrng Elenent in the respective

fi r ssingdesaciehderyunitén theqathr @b singlendtpuoldsegtighim@bse beam

ireuit.
deH\F/Jen%g tﬁe single output laser light pulse beam to a manufacturing tool for the

performance of the transformation of the crystal makeup or orientation in the substrate of
the workpiece; and,

using a beam adjustment mechanism within the beam delivery unit comprising a
beam parameter monitoring means and a beam parameter adjustment means to monitor

and adjust a beam parameter.

46. The method of claim 40, further comprising:
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52. The nethod of claim40 further conprising:
performng a programed timng and control operation
whawsdozpdn recei ved signals representative oOPCT/H82004/024160
charging voltage in the respective first and second
pul se conpression and voltage step up circuits and
si ghinga pegp dskiyarnbniy & e peteofitberpiaglgoyivat daser lghtipadsetbeam
' i ' t int iV % st
ae o EBEIGHY ot ST LAl B 4 A EAREL ] 1 6
pertoriratied of tha traddfernmioh@d thaf credtali rialkddip fou bfidig aition in the substrate of
conprising.; performng a progranmmed tim ng and control
thed’}b‘g?@f’?%ﬁn@ased upon received signals representative
of hélgg &*B?é:ﬂ lBhsthRnt AREnNTsnh hif?&@%%h\i@li%lgﬁ&j%%pﬂsing a
second” pul se ‘conpression and voltage step up circurts
beamn garsingtta h®nitepng seatsadnd\acaam paranttenpiusitentmebns tatmonitor
4e(fst glge magneti ¢ switching elenent in the respective
ang aqJust ahrgm. CIoul se  conpressi on and vol tage step
up circuit. 54. The nethod of claim42 further
conprising: performng a progranmmed tim ng and control
47 ofwrmatthehobelsist4 Lifunthersompyiside: si gnal s representati ve

of the charging voltage,in Lh espective, first. and

o bl B hPuE Ry? bR e balr St AT PREE ity 15t lifiinepeam
delanging g vahdle bePueRSR IR MesPbeal® 4 REREIGLHINE t6d] forthe

| east one magnetic switching el ement in the respective

perfprmpncepicths psiarmpationo ! thespitelsa ks &x aricasiatianén Sespbstrate of
theusporﬁbfegéf'ahd, 61

using a beam adjustment mechanism within the beam delivery unit comprising a

beam parameter monitoring means and a beam parameter adjustment means to monitor

and adjust a beam parameter.

48. The method of claim 42, further comprising:

using a beam delivery unit in the path of the single output laser light pulse beam
delivering the single output laser light pulse beam to a manufactuxing tool for the
performance of the transformation of the crystal makeup or orientation in the substrate of
the workpiece; and,

using a beam adjustment mechanism within the beam delivery unit comprising a
beam parameter monitoring means and a beam parameter adjustment means to monitor

and adjust a beam parameter.

49. The method of claim 37 further comprising:

performing a programmed timing and control operation based upon received
signals representative of the charging voltage in the respective first and second pulse
compression and voltage step up circuits and signals representative of the temperature of
at least one magnetic switching element in the respective first and second pulse

compression and voltage step up circuit.

50. The method of claim 38 further comprising;:

60



WO 2005/094205 PCT/US2004/024160

performing a programmed timing and control operation based upon received
signals representative of the charging voltage in the respective first and second pulse
compression and voltage step up circuits and signals representative of the temperature of
at least one magnetic switching element in the respective first and second pulse

compression and voltage step up circuit.

51. The method of claim 39 further comprising:

performing a programmed timing and control operation based upon received
signals representative of the charging voltage in the respective first and second pulse
compression and voltage step up circuits and signals representative of the temperature of
at least one magnetic switching element in the respective first and second pulse

compression and voltage step up circuit.

52. The method of claim 40 further comprising:

performing a programmed timing and control operation based upon received
signals representative of the charging voltage in the respective first and second pulse
compression and voltage step up circuits and signals representative of the temperature of
at least one magnetic switching element in the respective first and second pulse

compression and voltage step up circuit.

53. The method of claim 41 further comprising:

performing a programmed timing and control operation based upon received
signals representative of the charging voltage in the respective first and second pulse
compression and voltage step up circuits and signals representative of the temperature of
at least one magnetic switching element in the respective first and second pulse

compression and voltage step up circuit.

54. The method of claim 42 further comprising:

performing a programmed timing and control operation based upon received
signals representative of the charging voltage in the respective first and second pulse
compression and voltage step up circuits and signals representative of the temperature of
at least one magnetic switching element in the respective first and second pulse

compression and voltage step up circuit.
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