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liquid crystal diode ("LCD') screens that are commonly found, e.g., on

| aptop conputers. Polycrystaline silicon (Poly-Si) TFT screens are

bri ghter and nore readable than, e.g., anorphous silicon (aSi) TFT LCD
screens, but can consume nore power and 10 can be generally nore expensive,
in part du¥A8'¥WPently available manufacturing techifigRae0403i6q n
particular, e.g., inpacts on manufacturing yields due to certain
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PCT/ USZOO%J1 6;%’{11 t he nunc'% gérga#‘hgcer? ﬁgf“t?fglé%‘ (Pglyiﬁé? ann];gal ed, arlustl at
P

suf fici entvieyy mcgdatep@mé@l mdcﬂpéﬁmn isne pivetal taghrolesy fpptheeneyt gensratier of anneal i ng
as deeply g H&H&§Saﬁ7¥h&ﬂtsg SO ! esg‘g/r %_ﬁ)laratdst ﬁgt het gﬁéecﬁsplayghﬁ"ﬂp@ét i cul ar
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the parti (felljrlgg ermgle5 0 V?QV'E, &ild 1\1’\@1}/8’ L\gi Q%Qh rates that the display technology is demanding

as the technology moves forward.

Poly-Si TFT technology represents an important route for the future development

25  of flat panel displays by enabling the integration of addressing and clocking circuitry

onto the active plate. Two technologies have emerged to do this: either by local laser

annealing in the circuit areas or by a monolithic approach using Poly-Si for the array and

the circuit TFTS. J. Yres et al., “Low Temperature Poly-Si For Liquid Crystal Display

Addressing” Philips Research Laboratories, Surrey, England, ASIAN TECHNOLOGY

30 INFORMATION PROGRAM (ATIP) 11 May 1993
(http://www.atip.org/ ATIP/public/atip.reports.93/mita-lcd.93.html).

It is also well known to select laser light output from currently available 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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Gas discharge lasers known in the art are not available for providing an
infinite spectrum of center wavel engths due to the physical and chem cal
reactions taking place in the within any particul ar | asing chanmber being
dictated b the es) being used in the gas discharge. 10 It is
currently knomn that excinmer or other gas diRdHERYdOpdeker s,
particularly Xenon Chl oride (XeCl) hal ogen gas discharge | asers are usefu
for the t 0 S
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Hz) <4.5 x:51. Sasdischazde 1asegskarwriPaithd arhgre Sotdvallably fortpyevidiby\Biv)i nf(niiem from
beam exit) 50. 45 < 0.15 pected
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of the performance requirenments for current generation glass substrates.
The next ‘Wﬁ?(the 5th) of such gl ass substrates of 1250mm x 11 00nm
Wl reguire much c&ﬁiﬁlwamewmrmm&hatea@mr hirQhtRér baS@ikchaner Bkes hi gher
repetition rates, mai_nt ai ni 4 WO 2005/094205 PCT/U82004/024160
such par ar?éft@P@I&Q(eﬁm §81°§f1%19?‘fq11 yﬂqog%&ﬁ% dischatsr dasets arepseful A the fype
requir eﬁemf%nﬁga(ﬁﬁg%mcgga&sen&tw BN Cotipanied sidth -as TAmBEY.AREHINSS GlAtanpanel
di spl ay technol og g | ass substrates increasing in size to, e.g.,
1250 mm X stnwp mduets guch ap H@ Lagmbdp-Physik STEEL200071 hasihe\gDFiating PRERIBele™s at | east
by a fact of two, to 2J/pulse. An approach suggested by sonme, e.g., 5
Lanbda Physik is to conbine 2 |asers, e.g., with a beam honbgeni zer to
conbi né t ¥avelength 308 nm

Stabilized Energy 1030 mJ
Stabilized Average Power 310 W (at 308nm)
Max. Repetition Rate 300 Hz
Pulse Duration (typ., FWHM) 29+ 5 ns

20  Pulse to Pulse Energy Stability (3 sigma) <5.4%
Max. Pulse Energy Deviation Above Average --
(Max. Energy minus Avg. Energy) <8.5%
Beam Dimensions (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

25  Angular Pointing Stability (typ. FWHM)
(1 m from beam exit) <0.45 x <0.15 mrad

g Gas Lifetime > 40 x 10°® pulses

Expected Laser Tube Lifetime 1 x 10° pulses
Beam Height 1235+ 20 mm

30 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




two beans fromthe two | asers. However, the use of 2 lasers, e.g., due to
the addition of the honbgenizer al one, increases costs, also adding to
costs of consunables and to increased mai ntenance downtime. The associ at ed
delivery optics, in addition to the honogenizer also becomes nore conpl ex.
10 Use of WORAINISHNF gurations for certain applicati onsPGIUSERIH2Kown, as

di scussed, e.g., in B. Wxler, et al, "Use of XeCl anplifiers for
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SUMMARY OF THE INVENTION
A gas discharge laser crystallization apparatus and method for performing a
transformation of a crystal makeup or orientation in the substrate of a workpiece is
disclosed which may comprise, a multichamber laser system comprising, a first laser unit
25  comprising, a first and second gas discharge chamber; each with a pair of elongated
spaced apart opposing electrodes contained within the chamber, forming an elongated
gas discharge region; a laser gas contained within the chamber comprising a halogen and
a noble gas selected to produce laser light at a center wavelength optimized to the
crystallization process to be carried out on the workpiece; a power supply module
30  comprising, a DC power source; a first and a second pulse compression and voltage step
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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5 output laser light pul se beam As a POPA | aser systemrelay optics may be
operative to direct a first output laser light pulse beamfromthe first
| aser unit into the second gas discharge chanber; and, the tim ng and
control nodul e operates to create a gas di scharge between the second pair
of el ectr oWOLMHI*#285t he first output |aser |ight pul séP@@EERNE2416% ansiting
the second discharge region, within plus or mnus 3 ns and as a POPO, 10
combi ni ng GRtd GRorABiRRivE 1S IR LIoRRS BB the 3BPedtivBlsBld SaRRKWASH Pied e
separation in the conbined output a preselected tine plus or mnus 3 ns. A
beam del i WPy operating petameters| efethe gespeativh dirstrand sseonidnpylsedeompressigntandi ng and
control o 0, [ fl char gi ng
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shows Si | and t.0p Vi i hal : ematic
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an enbodi ngnt of .the pr nt_invention FE Kk .dl agrammati c
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bl ock di agesveratthe scohe pait iof electesde fvhile tlenfictdowpuitlasef lightepul2Sbgames ent
invention; FI.G 4 shows.a.schematic vi.tgjrv%l/ f a salid statf?1 E%ul wer
syst em acdBPEHRg the secgpd NN PV IRHEPS O5 JHPYY AT oR: 2RI G5 shows a
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accordi ng to_an _enbodi me%i of the_ present invzﬂ{i on;..30 FIL.G 6 shows a
timng di £gPRHAcruPHER ¥R f‘gteﬁgmgpb‘gé&m@méa{'ﬁa j Geam delivery wHEERGA PUSto dul e
shown in Rhbichd hayos iclGQRIPERSEhRR af€ ashtrdDALY Be £1368ori dntdiled basedadacor di ng
to an enbodi nent of the present invention; FIG 7 shows a re detailed

vi ew of t Hignalsnipessenting Beassing npliasm #Be r COmponeAt RIS 1 fhes PUSse 6 WO
2005/ 0942Q3,RfeL4ibP2A0M QA upMdifuitsd shows a bl ock di agram schematic view

of atimng and control nodule according to an enbodi nent of the present
i nventison; and, FIG 9 shows a timng diagramused in an enbodi nent of the

present invention. BRIEF DESCRIPTION OF THE DRAWINGS
FIG.’ s 1A and 1B shows a side view and a top view of a block diagram partially

i

schematic view of a multi-chambered laser system according to an embodiment of the
present invention;

20 FIG. 2 shows a block diagrammatic schematic view of an embodiment of the

present invention;
FIG. 2A shows a block diagrammatic schematic view of an embodiment of the

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

25  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;
30 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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5 DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS The present invention
contenpl ates extendi ng Applicants assignee's existing fluoride-based
exci mer technology to, e.g., XeCl |asers, e.g., for surface and nateri al
treatnent applications. In particular, e.g., such a |aser can be used to
-advance tWO2YBRT1ities of existing systems for | arffd/Gred02H¢feal i ng,
e.g., of flat panel displays (TFT 10 annealing), e.g., the Lanbda-Physik
Xed laser (1 JyG30Qhkws BYEH BRLUE scHimabO He® ot AliRM s d cbfrd SRR
invention a high power, high energy XeCl |aser is disclosed that can be
opt i mi zed,aceorging t¢ an etnbadimentof the praselipvsptionpand,  of 5"' generation gl ass
panels, e.g., f qﬂﬁh P‘ghfqysg } b9 the
present invent ifgﬁ'%@&hl g gg%a i Ci en%ﬁ?&%@%@%ﬁ%ﬁ%@%ﬁsﬁﬂ?ﬁ%&%an, e.g.,
deliver constant fluence, e.g., in the 15 formof an elongated slit,

several, hundred gkl lgﬂgf mﬂ@,g%mom er wde, e.g.
370 mmx 0.4 mm gée %ﬁjéfso(g rraplgﬁ\dgrﬁ% ass substrates, the substrate
si zes woul d i ncPheapesend ih@5Gon womtdnnlaEe ewielding Applidadtsdaisigeedp exisiing aser

e BB, 0 W 0 psdhpE e

bel ow. Howesshent upplictions. | ds @asicila; reegssshcobss @h womsd reldvacea e

downtine. The.assqciated delivery optics al.so _bhec ) r :

Accor di ng ‘Eatlig\ﬁht"?ﬁ)g(%’isﬁ%fyswff‘ls ‘e é‘gﬁ%egéﬂ?eail%gﬁt’ Pgﬁaé’ﬁgqidgsgﬁa&g@ﬁt enpl at e
utilizag i osmneflingrleqditheDisbdafPhykik YpOLsat(1 1,i300B7)moted abeveg. , at this node -
a 2J/ pul se 300 Hz laser, |.e., about 600w. .Accordi to icants'

eval uati ons andAﬂ?(’é‘E"G%Pé?t?A, by, th prrgfml MYSPHAR SN Ry ers %%hpepgrg?ggg %F%léser

osci | | at or gibassd tihe sindie AR, PE O Legclirel Phidatitg, diLs, of 6™ ghrratidgglasenent s

for a very large discharge vol une bet We%l’% t he_.el ecér odes, of the.sgas
di schar ge Papgls, ¢-&s foy flatppnel ‘E%’g‘ﬁﬁi Alsoprevigas peppding (QIaq presept gy BN s § £ or
XeCl | aser gigh SdMNcP beiB iR iVery ukiY/iRiitcamtd)y., Bliver MinkthntvidicyiceNied) Mahd ages

t hat Applicants assignee's pulse power systens are capablge of .delivering

t oday, 1e. gformf euslengmed slitoiereraidiyindred yiligctersiens apdq facHan ofer BEHmger 30

ar ound 3'5wﬁf@é%.3470 _ > total pressure. Such a discharge gap, with a
typical dischafge widih of 2cm would require the chanber electrodes to be
about 1.4m | ongBasaé on pyadmepsifor slags substratsacbe Hbstzatq sizes woulddnaeasg 2 19Re net er

| ong curre A . L&ui sithkg for at
| east two %Aa)séolﬁg%w‘}%{%ggﬁgggwgﬁz th%r%adﬁenprggrtﬁhgg%a'rb 5%31%%%12%13; | ength

t hat woul dof tavogto, 2Xmlee The aiprens svﬁgpﬁectbbamdasﬁhm%@amoepoa!bmﬁiZglﬁserSTaSV\o

2005/ 0982003, LETHRFOPALACHIER o HISU IR Lo HPRNAFAGNE AobtBBENt T 2l

bl ower “r equi Penents an pettormance 1ssues an (2) tor the estimated small
si gnal gai Thodssé:iféd dativeryhvipsicd asodtehomes mar gorpples eAdcordingto aprgroppdimedf 1. 7m

beyond whi chyt rﬁ?esc!:n Stventioh apphisantd c%gjteﬁ{})tla?te btilBation' FendORkehd 68 aRARAERNEOUS

invention, e.g., at this node —a 2J/pulse 300 Hz laser, i.e., about 600w.

According to Applicants’ evaluations and discovery, a single commercially
25  practical laser oscillator based design cannot produce 2 J/pulse due to the requirements for
a very large discharge volume between the electrodes of the gas discharge type laser. For
example, the Energy/Pressure (“E/P”) ratio for XeCl lasers is approximately 1 kV/cm-
atm. Even with very high voltages that Applicants assignee’s pulse power systems are
capable of delivering today, e.g., around 30kV, one may only consider a discharge gap of
30 around 3.5 cm at 4 atmosphere total pressure. Such a discharge gap, with a typical
discharge width of 2cm, would require the chamber electrodes to be about 1.4m long, as
opposed to electrodes of a little less that one meter long currently commonly used. 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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em ssions ("ASE") woul d be high enough to cause problens, e.g., |oss of
efficiency due 5 to very broadband ASE outside of the natural, e.g., XeC
bandw dt h around the center wavel ength of about 308nm The present

i nvention contenplates a nulti-chanbered | aser systemconfigured to

del i ver t hWO24$¥¥428%t put of one chanmber as a seed bearBGTd'SeHENZde%nd
chanber. Currently applicants' assignee provides a product line called the
"XL" plat fgrm i i ﬁgj . at | r i l'ine

nar r oned rﬁgt er %JEBCHSIP %ﬁ%{e,%t |c%ﬁ92?g?ﬁ%e?c g@%h&%raglglp %5eaax%$g%gé %lgt power
t o achi evé2) Her ther sstimmtedosmal]l signalagaiowil Hg6/an, gthis length delveryeelpsato the

essenti al | C | i ght . o ra I i j gr aphy
uses. Thi sIié ?’(E)Igvﬁ%p%rv@r@%}%gh Irvl‘g)#grhoq/l\glgg?glss e?éroﬁu@%ﬁ?i'eo’;tﬁ%ﬁgﬁlg%g iS{}?Aécfntggg
referred tesniasonsnEARESevoudd be hightenpugh(to MDisy prablanise a.ghilayk bf/efficiehesf dved i n t he

second gas _di scharge | chanber, oper at i ng 5. power .oscill ator
oy e L B 5 GRRERR iR s B R B P U e
bei ng conkaglength ofabeut poOsven. osci | | at or power anplifier configuration
(POPA). Accordi to an enbodi nent. of the. present .invention fthe {wo
Charbers may. eali Fiekge Ve fUpBEie iRy s s BERAEH WP RGPS Bot r odes
of abouL Hehvertht wagtdmp#SUf:gneachmeas@&eédl BeainG6 ﬂié@g&did%ﬁ?rﬂ;’eﬁ.d QugerfllyS] Ito
0.7J. This can, e.qg., then pe enou 0 'S rate s he anplifier (typica

Sat ur at | OR PN R Eaeaevides fdodkst 130 caNE! r 1@%{{@%&1@&? #fe PO

ef fi ci gncychamibes opddRin@! 48U ders % g 16 nhrfoviedRh&stdr -osdill@or, iwhidhi fgrifi@staor for
efficiency, according to an enbodi rent of the present invention is the
conver si orBTeRtrdedli o uipubpowsido ashiqvadhe VeRLIAOH IiRs ngrrowegS2. fop gt
fluori ne nk&Rle ShonbéhrbASE 1iEH0E.LNFor iﬁ@@%&d'dﬁ%&i@iibﬁo?ﬁ%ﬁse&5 Thidelo®xci t ed
dimmers are lost” to fluorescence before energy is_extracted out of the

| aser. Hdavexesrlinenagromad deper ouipht ehibsdispllpter, gpferrerd t pe derynasen weeillatdin in t he
pr oposed . i f il Gl 1 hi.gher than
oo 1 operar s s hef Righly Vol Sk ool bl laber g oPE e Vol

Appl i cEnt Pdvedriossildaterd (BAhat the efficiency of the PA could be up to and
above about 4%.Th : ect plcal t 35 J

| aser |ight out]ﬁh}t B%Fen?h%é%g%%o&{nfé"ﬂé&% %:haenR’E&Je c%é&%%ﬁ%@%é@&g@gan

out put of cdnlfigutedses pswatasnillater powdraimplifigr canbgumaioa JPORA). chcdordinstogines t o an
efficiency_reguir t of only.2 9% A £0 ' i 1] ator
system wo u?rabogigrge %I%‘f%f pé?serétnlg‘r%ﬂt/l%% (%ahre twg Icg%t{q%?%%?} %ﬁ:ﬁ‘s%g&lt %9'% ﬁ%‘%g"?sf“& i scharge
el ect r odeszapShetNRed Gimgied 2Rbtréded bUBRMO0 4 hORIEABh. THich Dpriven bsallat@lcopldr pul se

can now be_effi cj I oupled into_a heamdel|ve nit w.gthout. t.-he
associ gt eé’rf’glé‘?e%g]g{?da@g n’#@xﬁa{”ye'g\‘ ﬂgnf)bga%oﬂékg’r safptaty M 4R \glﬁ 353%]’8%11& s.
The sane RoRAatorsemitidare HouRPP0inedcm2foga 10008 phiss)e The ROrefficigity swuldy st ens.
|45] / gﬂf)gg-erl%f grr(l)fé‘{“g % 0, ;vlvh(}ai ist ?y%icla{:lp%eehr}l%{igg fe'gc(t)ort t}g)re egi%ie%cr:]}q alzccéd&gutlodanbe
embodiment of the present invention is the conversion efficiency of the excimer

molecules or, e.g., molecular fluorine molecules, to laser photons. Approximately 50% of

25  the excited dimmers are lost to fluorescence before energy is extracted out of the laser.
However, according to an embodiment of the present invention in the proposed
POPA scheme, the PA extraction efficiency can be much higher than 2% if operated as a
stand-alone oscillator, i.e., as a POPO system. Applicants believe also that the efficiency
of the PA could be up to and above about 4%. Thus, a 35J of electrical input to the PO,
30 and a 35 J laser light output of the PO to the PA, can be expected to deliver an output of
the laser system as a whole at around 2J, which translates to an efficiency requirement of
only 2.9%. A comparable 2J single oscillator system would need 100J of energy per

electrical pulse to the gas discharge electrodes.



5 2.9%overall efficiency, the output could be at or near 250 mJ per pul se
at a nuch higher repetition rate, e.g., 4KHz, which would still result in
a 1kWl aser suitable, e.g., for the above noted applications. The ability
according to enbodi nents of the present invention to control very

preci sel y MO2YM#29y et ween the pul ses in the separat PEHERYEOIIH so rai ses
the possibility according to an embodi ment of the present invention to
operate the 'asﬁﬁ B74RPBhiSe Bt Sy BOEE RhdPERBI it ¥heaucivay 2 mode,
the PA can be a Lit%fang) Eﬁ st agger ed Bu ses(m#r or#l eac PO opﬁpcally
conbi ned mmtamgmnguhe agsatipled lqssstsnnésordnl%?y of @ heanmmixer pypriopospébyothertwo pul ses
separ at ed, by, %‘éﬁ;}s gp i p ed to
advant ageousl y crea e . cdHarpt \éhﬁ Iagqhg?déjg%%l %dé\#g%g}adsgng&it%?ﬁ lJlﬁand

uni f or m t yanother chmﬁgusasw thenm"ﬁut ey, toeltePe(D and P2dvauid bd 41/pulesr aAt é;gyat al

G owt h of i 15.Thin Fil t |id-State
Laser s lag%é o|¥er§ll © céencéy ; gxm\go%{é@goé“ gélzr?eq(/&ﬁrﬁgg% pra?gnlél erpp 1-6.
O her s havepaitiah estet @t 4KHY, OWhlEh( eiondr stillaswmitin al &K Edercaititde, re.gacfof themance

characteristics be. eff ec or efficiently used.in such. processes,
o 2T b Stk apblitiions e ThY iy oafiink &t GFbodmeNt o i aR iyl

repet I tiono comkd verytiredisefiths eintidgdtiveed e pelse.in thaSephirsie tigfdersialbo faise¥out sas,
"a New Er of Crystallization: *i"é’ Adva s in Polélsl | i con Crﬁlat]al i.zation

and Cr yst 4he PPRSIOHER APGETing 1R ep@%ﬁn&% o8 D a5erate, g 14T Passow,
Nd: YVGb L&S&Fubgmﬁée&hédezaﬁhioﬂﬂd EﬂHzTh)nl’huEi ) ﬁ?oa'é AP 5 & e a PO faltoandihgh

Mobility," Mat. Res. soc eedi ngs VoI 762, Spring 2000.
Cont enpl atsé‘iﬂgﬁlﬁﬁrpb‘%ﬁéﬁggms‘ﬁ‘ﬁ%g& %Ri‘cb@ eorbidgoipen singley OmpPhPﬂﬁhﬂ%gfaﬁi}’Sfie pul sed

di ode purhed BB beost atwo baRE&S Rparbted; by, £lzC @96MCandARPIoaE dﬁfaaaa giseen
| aser at 532m. such 25 sol utions, however, are not likely t e able to

meet the re@gdiereneie sdyaiaggousby GHERE, - ExBiSHerysiah g@pieh advepeedi lﬁ@bl’é’bf and

embodi e Nl hifBmity) Cas Rl AR ih NV &b OB alNONBYREed LALkal PR/s@P Bl WM 024 g;0
del i ver mush hi gher power and energy, Stabili1zed pulse to pul se and

i ncl udisng Eua@g}m@deuhls Bulselpdigtier pEal] §olid-bield lamsasé@arl’@ﬁe‘épca%nml so
pul se el 0'151‘3&%3 ;I' RE§16f rg;g/nx?%%ﬁibd%f‘ﬂét Dtids ﬁi@%@téﬁgﬂ&t pRibr éﬁﬁné?;léfs

invention'it ropoe Icants to provi
based on dpqzldeda‘&rtaxs pesfosnange charadiEivtics arbmﬁffenwdy@rﬁﬁmﬁplb'ememresimhn

applicant’ S l.gpge i | to an
abod mont S ERReL R XL PO Fle, e 1 Vichert? ost QR pSE AP (1
nat ural spettandfor philsastatelily, g ¢ hndiscubsed ér AWV bitsasd* aINeweEmauf ICoystaliggation:

11 e il AV ottt aeor GO ST o8 S BB oA TR, Bt

wavel engt IS ddide (2008)Manid Ri Dmswmmlg'gmmammstalmaue% 6or ThinFilap ftandsioss'
assignee's XLA _pro t..li,ne u n ul.r ed, onse t
savings b i%%ﬁ*@ﬂ&%&&#ﬂw é?‘fl%"@né{f"& dings, vl fe3, Spring 2060

Contemplated approaches suggested by the above, e.g., include double pulsed diode

O

PCPA

pumped solid state lasers, e.g., frequency doubled from a green laser at 532mn. such
25  solutions, however, are not likely to be able to meet the requirements going forward.
Excimer lasers according to embodiments of the present invention, however, can
be configured to deliver mush higher power and energy, stabilized pulse to pulse and
including staggered pulses very precisely timed and separated and also pulse elongated.
Therefore, according to an embodiment of the present invention it is proposed by
30  Applicants to provide, e.g., a XeCl POPA based on applicants’ assignee’s MOPA
architecture as implemented in applicant’s assignee’s XL product line. This XeCl laser,
according to an embodiment of the present invention would be a broadband (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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The MO in XLA woul d be replaced by a PO 10, which, as shown in FIG"' s 1A
and 5 1B consists of the PO 10 including a chanber 12, a total reflecting
optic 14, e.g., atotal reflecting mrror 18, instead of a |ine narrow ng
nodul e, and an out put coupler 16, all together form ng a resonance cavity
for the POVPROOSHRES aser out put |ight beamfromthe RET/EEBOINY to an
enbodi nent of the present invention, can then be double passed through the
chanber 2 {,g&% rqy. t The 10
out put of %g(aﬁéleﬂg%?ﬁﬁhé&?lg?ﬁ Ig%%se ?/ﬂ[lé)x?ég:ﬂ?l eep%f@ a@% ﬁ&ms 5!;%;5 & %54&?0 an

of f set ni pragnctdine, woubhnatdfel required: with lversenyent cavings mﬂa il egand peerdl

m sal i gnegfﬂ@}%@the el ongated electrodes (not shown) in the PA 20 to a
pair of to ‘reflecting mirrors 25a and 26b (or a total internal

refl ection prhedvip ind(thrmm&d)betmplaw@dIyea R(héoswhi@mchSph@m ofFIGHe Ideand t hr ough
the PA_20.al ong_th aX| e ho in the
Chanbes 1ARsas PERTD 15 iRl afO“fS% S o TR 8‘8‘%" % 200l £ 56

t hrough t Iﬁ&leemtg)mirr@olag ligstead 28 adfnetﬂa&o%g&ﬁodﬂ;ehgym :z)elpam(mp&f),m 3,

respectivel the output of PO.1 0 accor.di t 0. an .enbodi nent
of T pr Sasine? Torpeiea e s 1o 1R 40 rhn s BRED I B BB The
appl i cant 0, &Sébt(ﬁlﬁlgﬁo an Xbopinetiof thel pﬂ&eif‘ita'ﬁwair::ionoéantdiai be dbutnd p@yedﬂecessar y
20 support,, e operali sych a Xe e t higr
repetiti OFPIP‘éﬁhe & PFE‘P‘ETd%Zn&{ ﬂ’\ﬁgﬁ Sgg%ﬁ’éﬁagbeﬁi}he W@’%%g’?sﬁ f’éa%ohteq‘h}oi lity to
del i vep t hatphi ahheu® Y i€ REeRiel Dyl t8AUY k&lbcting ndiler TOfoMnObfTeee hfrrdti Ph ener gy
| aser system_.|ight out put puI ses as very high repetitio rates. These

support t &@For ‘Ftéstthdél%lt%lp\ﬁ aopg & gath méeligned Wity thy Ploneated e r

system nRpldl-Sief (r§§Pﬁ)(M'r))1m @he"f@[ 0 {ol 4Isa%rofft6t§1¢y &@e&ﬁg inQRodYsa 5.&1 26b (or
jitter-control technol ogy t mai ntain, e.g he critical relative

timng betwetsh interaal r¢ﬂen@oropn%men@| Hewp) b lcrepfs %lésse%qadtm@ ofthsnpaed gas
di schar ge ﬂﬁhl {hOPRS) 2{18'1%0@9 tci:n\ﬂ% iYe adidofithe elggrcﬁ@éj(netqshoqj i%rthé:aﬁdngg nodul es

and a very spee e Hence t Eose woul d be hi gh
power 15i gRe, ‘ﬁ'bl@lh tsealsethg optieal agis pf grerougnyl QﬁthetPnPe , dlyoyglt the ogpeiodPlery to an
enbodi nmen r i »g5J per
pul se, tzﬁ&&uthte% 2.8, Eﬁ%ﬁ%ﬁrﬁe{&@g\%{é&&%g@ay%o W@ggﬁ(@ le}l%rr“ﬁ?%ggnow to
FIG 2, ttaecroedmgtosmombmmbrwﬁﬂmpag;pmmeinuorsgamenmiioc ed..dhe RPP 4 output
surface/s%gsg%ate treatment system according to an The out put of the POPA
40 coul d ., then be pulse stretched in a pulse stretcher 50, if

requi red, eith&he applivhms o&ssxgnéebsrXLA pratbict ket jasail df tige ﬂeetmehogisylstemyout put

i ght heamto a beam del i ver " 200 205
PCT/ UéOO&VWHi@% Gt §ooh sk a0 AUAeE R, %l@lsfesé‘%\é\? &S ("%Q%iﬁ% 62 at
its term Rl abbaSHIHA OI'lﬁshﬁlppﬁlﬁ thy ebilityab deleer ltisesiegh owpyieherpiegquinglam t o t he

manuf act urilll 91% fg g% %grl;%ngheérgérgy I%Qeer'\ system light output pulses as very high repetition

rates. These support technologies include a very efficient solid state pulse power system
module (“SSPPM™); a very jitter free operation due to jitter-control technology to
25  maintain, e.g., the critical relative timing between the firing of the electrical pulses to the
elongated gas discharge electrodes, respectively, in the PO and PA, water-cooled
modules and a very high-speed controller. Hence the proposed POPA would be high
power light source, e.g., at 2 J per pulse, the rep-rate, according to an embodiment of the
present invention can be around 500Hz, or a 0.25J per pulse, at 4Khz, i.e., in either event

30 al000 W laser.
Turning now to FIG. 2, there is shown a block diagramatic schematic view of a
surface/substrate treatment system according to an The output of the POPA 40 could,
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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perform ng TFT annealing. Details of the BDU 60, according to various
enbodi nents of the present invention, depends upon the application. For
exanple, for TFT annealing, 5 the beamcould in sone cases need

honogeni zation, in a beam honogeni zer 70, and then be delivered to
iIlum nat eW® 2059489  e.g., using a cylindrical focusi®J/UeMH$/09060 The
magni fi ed i mage of the slit 80, according to an embodi ment of the pr esent

i nvention gEOULL atéa%vps bRERI B8 nRyaliR (t‘mwsl ks f A Brmfils ?10

wor kstation 92. "According to an” aspect of an’e the present
i nventi on, deiwery @fvtéqa yaseﬁmﬁmlénltgm Hhgamt Weﬂ@emltf@cmmwnpmt@s aheost it 80

correct| y gé1| c?f‘?hé BHETY £c¥ox)ﬁﬂ{§ B VhORS eRbodilnts HPSLTr at &

will resul resu ectl ve surtface bstrate processing. Thus
the acti vhe stesﬁmt invzlatqnodtelt®dhnmrb@y apélogthn eFpi expagle, fort TR BDenlB@, e. g.,

112109 a8et GG e LIOLIRG, 0800I 0L UBL) R RIULORF I G  he BAM

62 can be el'rver req |re energy S Accordlng to
an aspect lwfdedmeredﬂnndlumnmeoaf slith&D, mgsmmtg i royEndricah fddaangrk&seﬂ@t Thewvent i on

utilizes in t 0S P SSPP hnoI 0 ..0. . ,.active
Uterrei e Rpar 8 e i oS RichNal R R SicimedtCor ok Besert Rucuiifl 1 e
propﬁsefl R@lﬂthérﬁb@proydﬁtedlﬁtto @il subktend, , egs@agabdrﬁtﬁhﬁ% %ﬁc@@d‘iﬁg t&(ﬁfCl Ihaser
in the 000 e | as stem according to .an ennpaQ of the
T esont i OB POAD EBrAREREg s PrEEaLBRRTG: bad P A ReRm SO TTGhT f on. as
shown ion Flimind®s tHentit 80iddgreatly bii SVerP@uke0 OmathiR BeadgRdvir@idilat' theach

having a re pectl e totally reflective optic 10 102 such as totally
reflecti ves“fﬁt’iateo\“ Lassplt with reshiing: B Hpetve fB‘Zfa‘Jfél’lgsmflen%mB‘ﬁf‘B&t @f‘s’t‘ﬁ‘e first

PO 100 WBééuQestJbﬁHaﬁ&I 8chnlYogy, &.81 a:hbmyéd% hRCBDYSON.E! QtilizkfibadeP cairolm 1 1 OF
set at brewster's angle wth respect to the pol orization of t he out put of

the first ipomgipn agd lefgr%thnotravlﬂw fram) the BAM 2ep bsdla togslivering thut put  of

the secondefhib@nerfPHatifyPpassed through a quarter wwave plate 108 to
rotate its polarity to be orthogonal to that of the output of the first PO
100, Ko that tAseordingrtgen Jaspest aeﬁexbgﬂlmemsomglpéew mvmpnrﬂerpréwt any of

t hat beamm%&h%ﬂt%@l qyé%tpoaﬁg?pwbbkpml {oOMof, 1y Spa eg%'fﬂacﬂ%h from

the mrror e pu ses 0 el ng tenpor rom each
other. 30 jittst/timing contrelhwhichparnérg atherithings am&ewcinoraking thegropesad QHAons

| di WO
2632?09520%%8%%3@‘3@6&%%% &@ﬁgﬁ?@?b%ii%f’st r| @P%%L%ﬂl slﬁodul e
condi tions pri ffhe yasm[yst_sm powsding ¢o pr oubaiement of terpyeseuhvigyention thvéd 88PPM and
ot her £ le JR éjulree ina 1%?0 c%gggtllrgtio%l, 39 sﬂ%(;v%vilnq‘?é. Z&, Mglﬁdlﬁg)é'f{rktaﬂ(y 1{pver to

| aser
and a second PO 100,” each having a respective totally reflective optic 102, 102’, such as

a totally reflective mirror and an output coupler 104,104°. The output of the first PO 100
may be reflected by a totally reflective mirror 106 to an mirror set at brewster’s angle
with respect to the polorization of the output of the first PO 100, so as to totally reflect

25  that beam, and the output of the second O 100’ may be passed through a quarter wwave
plate 108 to rotate its polarity to be orthogonal to that of the output of the first PO 100,
so that the mirror 110 at Brewster’s angle wo;; not reflect any of that beam and the two
output beams will follow the same output path from the mirror 110, the pulses of which
being temporally spaced from each other.

30 As used on this specification, the acronyms and definitions listed in Table I shall

have the meanings also there listed.
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nmodul es. The AC/DC Distribution Mdule is also the central point for
safety and energency shutdown functions, including water |eak detection
and EMO. Chanber The Chanber is the pressure vessel in which the fluorine-
contai ning | asin rredl umis confined. The Conpression Head attaches to the
Chamber t oM R ntegrated unit. CAN Control Area TEHYBPU/ 024160

st andar di zed seri aI bus. CH Conpression Head - Part of the SSPPM t hat
receives pulsed electrical power frogdhe CMITR Modul e. It provides pul sed
energy to charge a capacitor bank | ocated on the Chanber. CMITR Commut at or
- Part of the SSPPMthat receives pulsed electrical powver fromthe RC

Modul e. It SEhks il ey K—Totated in
the Conpr eg(gmbgﬁﬁu X! gﬁi &%n&%& aﬁf‘ fth eélltﬁgz?gs : | re Control
Processor| - Controls ti nfn 1eSKB SR gé@g,ldggumh [aser| Forward
transfer [Energy pul se transhe thh dutlé’ls UWepih ¢f the
nodule. ARU Field R Iace]gg;]qtfo £ 5%‘%% - Part of
t he SSPPM t hat receivep ol efly i th%‘@ str on l\/bﬁul e.
It provi rent—tor&n a tocated—in the
Resonant ar (ggr Modul e gllj\igg? fz'sl tﬁe%% egse mt‘,f%e%/h heﬂ &5 Laser Control
Processor| - Control s gas;Talag ém e (il E s ?mlfr terf ace] etc. LCS
Laser Co t(ﬁ&l& System—P ‘7T Y N afmog s, — A Ul 1L at or MTBF
Mean Ti ne weepn—EFailu %@eiﬁgwm t‘?‘?& Cu\fg?%l ubA Power rrp' i fier

RC, RCS RéSBnant Char gef Com%ilo%ﬁ?gﬁgfﬁmstcj?{wYhééré?‘?ﬂé?éplﬂlsﬁd el ectrical

power framthe HVPS Md glectrifal Module. It provides pulsed
energy to charge a capacitor bank located on the Chamber.

CMTTR Commutator - Part of the SSPPM that receives pulsed
electrical power from the RC Module. It provides pulsed
energy to charge a capacitor bank located in the Compression

Head Module.
EMO Emergency Off (Switch)
FCP Fire Control Processor — Controls timing, synchronization,

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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energy to charge a capacitor bank |ocated in the Commutator Mbdul e.
Reversal Reflected energy transferring fromthe 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 arcin in the

Conpr essi oWOHREWIBPS Chanber SSPPM Sol i d State Pul se PREFUSHAPE60 TEM
Timng and Energy Mdul e 12 WO 2005/ 094205 PCT/ US2004/ 024160 Turni ng now
to FIG' s 3 and 4 there is shown a solid state pul se power nodul e
("SSPPM') 200 is provided according to an enbodi nent of the present

i nvention. TheTusspmrRGFIHAY 3i a8 [4tbaeds FRwmp solid fete palse Pewer Mpduleh i s
primarily SPYRR) BY0 fRo kAl sccordibB ANAE 'em%@&‘ic eBU5 B RResHt if ARt 200.

Thi's dual "channel configuration requires nuch nore precise trigger timng
t han pr eviSS8EMs309meaysncledeqp TEM202.,ithq napddat yhigh &5 prigharily dswen bythe deplschar ge
chanber,. | L . | €ipals Lh 999his S LN . SSPPM
200, t ﬁe fﬁﬂgggémlhg&&a %‘ gf)ﬁ*c%g cer tzgdl)'n ?n%]ﬁidtugﬁ?#%ngn%?gﬁl{atrl%rﬁrsqingﬁsal S,
e.g., " Symmchuiote previbe teiggar mitgthasmelions systenfsoe.g.autiliriksordy & singledastr ol uni t

i ggor 6 SRl RIS SR 8 AP (el Bals MNELF RO SBRLCC o

of the preeenhe TAMERiiothe sdirenceithio ougndtoning @nd poritiod sighRM 208 ynaQuie an HVPS

204, which,can receive ower f.roman.AC Distributi I not shown)
and char gé”bé%’ocaprsf’ Resi ﬁg'ggrgg’\r%@isghfm 9%‘?8‘10538“??10%515%‘7%@3 ghe%czlﬁ ? g?n bank C 1
210 i moa Resga@nde £hAageéngthlCorreblion THghMP %o HMOptRak Sulesystamn (B shownmand from
and sends faults to an ;CP éﬂ%%n a Laser. controller 222. The SSPPM 200
al so can iPerdipgtoA eRoodimsnigiithapresey INEFOYe 4 constant vol tage from the
HVPS 204 (and alisanéRforited@BOthp SSPPUE0DINES be hatgers Ro4,awkicp e fecdive bank 232
(Co) in a commutator portion 234 of the SSPPI\%SO, when a iEri er is sent
20 from t H¥ Pawer fregmnr 4F) Iystribution Mgdule(nokshown) @ng «harge iap @'ﬁ"g&mgi"gnal and

a HV set Rghddnt v&rea%moh hestdrbR ApatitsEhik Car s i SREDAE CHargdr 213, deRd i fyi ng
faults to the LCP 220. The ~comutator 234 can receive a pul sed charge from
the reSondhYPT R weriveszm QN sommand &pwy and sengy faulipie a8 ii?20ne plasee ri se
time and sheRRicPshup the voltage through a transformer 240. The commut at or
234 receives a trigger signal fromand sends certain 25 signals, e.g.,

i denti fying falhe SSPBM A0 plgp cap dnclufin e S SEPIPY Orhiekn §am FasSiVE i FepsEnt
conpr essi %E%%a@on( ‘PS4 (AR al§PF04-5 GRY YooV P §EhFRRRIG dapRiTbdt €

commut at or ) )
© bank 232 (Cyp) in a commutator portion 234 of the SSPPM 200, when a trigger is sent

20  from the laser controller 222. The RC 230 receives a trigger signal and a HV set point
from the FCP and sends certain signals, e.g., identifying faults to the LCP 220. The
commutator 234 can receive a pulsed charge from the resonant charger 230 and
transform it by compressing the pulse rise time and stepping up the voltage through a
transformer 240. The commutator 234 receives a trigger signal from and sends certain

25  signals, e.g., identifying faults to the LCP 220. The SSPPM 200 can also include a
compression head (“CH™) 250 that can receive a pulsed charge from the commutator 234
and compress the pulse rise time and deliver it received pulse that has been further
compressed to a peaking capacitor bank 260 on the respective chamber 12, 22 for the PO
10 and PA (or PO) 20.

30 In cérrying out its primary high voltage function the commutator module 234 of
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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and conpress the pulse rise tine and deliver it received pul se that has
been further conpressed to a peaking capacitor bank 260 on the respective
chanber 12, 22 for the PO 10 and PA (or PO 20. 30 In carrying out its
primary hlap vol tage function the commutator nodule 234 of the SSPPM 200
recei ves a™OrPYE40%| t age fromthe RC 230 onto the capEV¥BrMPaHR Co 210
and a trigger signal fromthe FCP 252 within the laser controller 222. Wen

a_triggensgi gﬁ@bon%emgn tbgs&&mr%e% %nééﬂm%ﬂs?@&eaﬁﬁ%gé refchdre sw tch
254 di schar(gl ng capaci tor into Cl capacitor bank 256

t hrough a2¢satefaies and dischatgee €1 2&@%2@@5#919@@%@@@@52@%@%@ 258.
The vol taggaéf S5 8kéh H'}hgkiésggﬁgé‘ﬁéabtbr é*it?am%@gfg;u%&ﬁﬂnh Mb?b;m{ft stage

react or sat urat’es an es Cl 256 into a capacitor Cp_1 272
in the codprlesgs s thehbrabifupg®ntof ucmghssmgéhﬁ ipplse instrangéer um;wmérmq%mand t he

Step g L uaiStol (8o el Heliep U SBULGE blitsbhle: flgal function of

conpr essi ng tne pu e THEt rans I'me an Increasing 5 the output voltage
t hrough the st Apsemmdaazt low méltagh@rdtcmnsfaodnmnnﬁhmncﬁos @fdlwaoyudumtwrvol t age

protection t.he SSPPM
200 is caln} ed 2%8 %%R/EE% g sen5| %nutato{r?ﬂ"?n%}ng At terd of
faults w mhmhertdféaumdmmm thmﬂomﬂamsimansmnttgng slgmast spresgitaive of anah\fmltaf such

faults handl| Vi face.. The SSPPM
100 can plotEL P B odndting 0 CaRP ot Ro Ratetiboe e M 2 S8l 1 ot
sw t chies Zztsdlf Byndisathidg thatifigpefing afithe solkl stad@&@ﬁbl&sd 254andbiagmenarfaulhsvever, be
applied t

FAV 1 st PRETRbr BBt PTHabe PRI et BPo0IE eOialll SBY *CRodul o

234. FI G 250 9baWsot dedde &r d8lsab litekpfee BBt isipndli R@kaimedibyt the commiitat or
nodul e 234, 15 and FIG 6 shows a sinplified schematic. It can be seen in

FIG 5 thé‘to dple34olid state switch 254 and chargi ng i nductance 258 is

actual ly two p?l’@'sls%l)wﬁﬁﬁw&e@aﬂ@&é&éhﬁﬂcﬂﬂaéﬁhﬂ & theSdoirRutitol kohes 2254, 254
and chargi ng i nduct ance 258 " in order to provide for_ operations at up

to andSab Fmoi)mwgassnaplmefﬁlg‘é@ﬁpnﬁt%@ beessgmin FI@ Thahberselidisatet o t he
time requishad 3 ﬂ%ﬁﬁgﬁ%’iﬁd‘&%‘ﬁ% ?s%mafGQ 6 pRMBEl &Ifc&?srcomaﬁﬂlﬁggs&i@d be

ready to fire 20 agaln | so, shown I n is circuitry, uding a

di ode ar r athatpesreitrhey 85h 58] wrd gharging: induptamce %& 258] iig| osdestte PIQWide For254,
di odes Dl S 3 Chi Y due ¢
respecti vepZk ?&frstaga%ﬁ] %?Cd%’h‘)? ‘g?glg%gés%i Sc%g@g{miﬂ% E{%g?afl}ég& an F\}IS(')A,o R52,
R 4, RS6, theatmje Regiredafod e@hl swiicd 2541244 torresover dftet frig i hecteadb firedi odes
D5- D8, mnt Clid Vv a ely for
cach 3P Reril oSc bRt o Lipglie SRS SO ihRnert BAERMBTY L1,
and Rs16, imhdlings for ol stam:;vutchsié# \MideoDpPat with r&sp@;nvev parallel RC networks,

including, respectively for each of the diodes D;-Ds, Rs1, Ra, Rss, and Rer, Re2, Red, Rss,

and R, and Cq-Cy, and for solid state switch 254°, diodes Ds-Djg, with respective

parallel RC networks, including, respectively for each of the diodes Ds-Dsg, Ry, Rqy,
25  Rgs, and Rgs, , Reo, Re2, Rsie and Rgye, and Cgs-Cgg, which serve to protect the
respective solid state switches 254 and 254°. The respective solid state switches 254 and
254’ are protected by the series diodes and their snubber networks. The diodes prevent
reflected energy from the discharge electrodes from flowing through the solid state
switches 254 and 254°. The switches 254 and 254° are protected because when reflected
30  energy reaches these series diodes, the diodes turn off and prevent current flow through
the diodes and solid state switches. The resistors and capacitors in the snubber networks
help to limit how quickly the diodes turn off, thus improving the 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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respective solid state switches 254 and 254'. The respective solid state
switches 254 and 254' are protected by the series diodes and their snubber
net wor ks. The di odes prevent reflected energy fromthe discharge

el ectrodes fromflowi ng through the solid state sw tches 254 and 254'. The
switches 2¥9 2p0%293%' are protected because when ref| RETS20B/02Helk gy
reaches these series diodes, the diodes turn off and prevent current flow
through tdedimdey Qn@B Bl SHpBsifVith&R - rdRCa HERI pthWE Sodad pgapaci tors
in the snubbgr Dr}let vvolg%: F @Jpl %It how qui c{% Eﬁe di odes tur n’poff

thus i npr ngl @rbeaswgcqamtpbﬁbxanm paraliel; il ﬂlﬁtWWqﬁéo'éﬂcﬁc?@H and pn Rddi ti on,

bi asing n £.r at L4t s 254,
254' i ncl % | gosnéiégnsga’/t’ 611%’ Sgaglfl%llgubmf gfsgﬁ%ls %‘eth%%}%é&lmﬁébé”e% es vv?t 14 WO
2005/ 0942@&@@/@@%&2@&%1&B with chesadBitional o2 cambcwdat@émbenrth@ppdrsi te
direction r a |as Rover . ttor Chias
in par aSIOI eeave%{pﬁlt B povvé*‘fls O%E%ggggnsé&l&l %?%a“&ogtl“\%%rlk%gg%%?gfn I ng of an
Rbi as and saresLwiladiodes Bg ande§4 wnd hhargleg dwinetor 268B,Cloida sespadingreelid fstateno

char gi ng |n s, .258A,, 2 ; j onal o bet ween

t he node §%L&?%g‘£nb‘?sr? S%fagge ‘3‘?}5 %ngl aﬂg%r&ﬁ?esa‘%‘ ?\‘8% sa’tadﬁd?q ng

i nduct or s dn®Alasedith bfpdside ditectivay frem avbial pdived esurt P8R( thibugind sibsggi ng

i nduct or 258B, d r.es solid stat ch 4' bj ased .sat rabI e
et or o Rgator Cripriaia, wifl ot SR PSas B BEA ety otk faepting o

opposi tee dinMeGS s Eb{apnil\ iﬂmlbg @ih ﬂié\bﬁ[ﬁacﬁ&l@bﬁseaﬂﬁane ofggmugglng Mﬁgrl_s& g ’
capaci tor in parallg t sour ce an n C net wor
consi st i ngzcg-f“ fés%nvf’&?laé’saddﬁ‘r?aalﬁwtt‘}ngae t}?eté"éief‘é‘ée W‘f"ﬁ’ef 05 Reist or

Chbi as' andn@ng;, fana\gﬁbuﬁma&ﬂlﬁtﬁdaﬁeuﬁﬁg%@cm%ﬁml a&samwm Bexﬁﬂ vagidi ti onal
Chi as' connected between the node befween the Rbias' ' and

ground, arfiodsyRs &k Psrandichaysing induster 258Bs Adterngively gl parts ?flsse’ﬂ @é”vﬁ% di odes

D5 and D6 @hde ch@hlllNe., idotdet Qs o%%&%uc{&stﬁa B&dr! 68! 0f cBle chtthbehalicallySAL and
LSA2 can be saturable, i.e the four sets of conductors and four sets of

cores Ean hesehiayaddala sngleses el cneer il foyr eondrietgrsepaseing Brough teasn.wiker al |
four Cond%ésocﬁ,%mmamntﬂe& &@&y g fad;' Bk %{a of ms@ wl rwgt Bmeﬂ%&smsykr esets

all four l1nes and not Just two. e un erstoo illed in
the art t thesetshidlediimdshengst &rat ahgbmng (%)ran:gemvret(s)osepmpeprgpeblyablai e

magneti c % Eﬁﬁ | abl e
flux sw %’E@fﬁ?%ﬂ%{’g th‘}ﬂ 3}1@‘”{1?@ gfﬁ%g&?%g% g] lgl!te P‘g’ afnlg@g“ al is
i mport ant swing0f phe omeridli rrPragmtz(hi(t redet @i mpagypeltia Seatevigk inimportant to
Addi ti gnal | the r qut e bia netwot k roygh is
i rrport%nt Rrgt t%m’ll'“g cﬁ“{rﬁpﬁlu a§e5I°|p3 g oﬂt @‘\@m‘?& rﬂ ékﬂgﬁg&g ?ﬂehs?% %sodes have
suffici entnethﬂl theoudghr the Qix‘i:ummjmqmrtms@enmmg ghat”fhé solidi stmecmé&hes
per formance and. r bili t ddi tion t at or ul.se
conpr essi &’l‘dn%e{%r‘*l %ﬁ sw&licé? tblfle to t’urn %f on, respec velyp ’ﬁx
improves performance and reliability.

In addition, the commutator 234 pulse compression network 300, consists of

25  capacitor C; 256, in parallel with diodes Dy and Djy, which are connected through

respective resistors R; and R to the two ends of saturable reactor LS1 270, the output of

which is connected in series to the primary windings, single turn, on each of a plurality

of transformer cores 1-N in the transformer 240, having a single secondary winding

passing through each of the cores 1-N. The windings 1-N of the transformer 240 are

30  connected through an inductor 302 across the high voltage and ground portions of a
module interconnect output 304.

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,
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25 capacitor Cl 256, in parallel with diodes D9 and D10, which are
connected through respective resistors RlL and R2 to the two ends of
saturable reactor LS | 270, the output of which is connected in series to
t he primar%,vvlndln , single turn, on each of a plurality of transforner
cores 1-N MP W%¥08nsf or mer 240, having a singl e secdfdArSpoa{0Adsng

passi ng through each of the cores 1-N. The windings 1-N of the transforner
240 are 30Q, BQH&R/%%eﬁ%@rW@h%xﬂb@ﬁ%t% 1302 é‘l@éﬁ;%%hé %r@bgﬂged/%\;/ﬁge and
ground portions o e I ntercéonnect oup he requi renents for
the | aser sgsjam mémgrtduavgemb@ﬁe!én?foﬁliermmemomvsﬁ@npr été‘@nru sqdnpewieri on i n
terms of %Hl% g&%%ﬂ% r Pf?éﬁ £deliQr hi %na%é”gxﬁsel 18 acp 8@&1@'&8&@3&;@’ per gas

di scharge electrical se to the electr S In the respectiv anber, at

a rate of chanbdrs. Tlisﬁdlmlze@me&ﬁ@@&hmmowm@mz&mpultsc)tObIelﬂ@ﬁeﬂm apered to
Co for each \ re PUl fQr i u ower
system acc °“§ar%§gi% 'ﬁ %S,Séjﬁane%zoés Te %fd%F %) H ﬁgrrlee{s?ler%ltep‘(?e e%%ttf’%ﬁ& q“%&%p% sed
power  sulpsigs tethe PO0(RQ) wheguhe edd benndﬁbmvmprbce@fmg\m tchgebqnuls‘. gasiting each of

the two r tive . cha LS. The disch chanb nust
synchr oni 8 EereGR B eghif EhaR A Bybey Trllos ke PP ERE T,
order, e. go be lcOmpéndited beerdne longryrnofo dchengas sitls hiviysgss thpmlad @riftoarddhe  PA
(PO when he seed beam fromthe preceding PO chanmber is transiting the PA
(PO chantié? eI aqui res, anong ot her things, that the pul sed power
timngo to be Aogmgﬂammouvef fok MEhbrOftvet aﬁmmsaczoanumwfcm sﬁpwltﬁehi ngs as
thermal drift and short ter jlttel’ T]-p@ gigg\ﬂle HVPZQOZ(M or hi gher
power two TFIORRSE ohsmger o3lP teg ‘éeuﬁ%PypaE 1 dpf 2SHogwressien ??ddrl ve two
paral | el %m&%ﬁ&rzéwc&wm&wamh&ﬁger Zﬁoé@amga cafiHfGhé &b 1. The

r esonant char% 212 can charae each of the two capaci tor banks as
shown in Fp@aciter bakseasshevgr indilggh react or 270 contrl butes the nost to timng

vari ati ons. Asm@%rstlsﬁa bG8t 278 ‘BntlBRES thidAnbd 8o Hiafikg datiftfbnk! UXs @RNSI Ty

decreases, e.g., causing the reactor 270 to swtch earlier. This can cause
a swit Bhi repctor g0 hestsru waé@amntﬂwqdémudmr@nses, CBhEAUSIRY BATCALIORR7¢®N al so
vary wth wb &fffer %pgceu? 953‘23 ik that Ui mni&&uﬂefm@@lm?aﬁount of
mat eri al , re vol t - Second pro uct is fixed. Effects of

t enper at u rt@flmn abe varmmtbg@ﬂtegqa rThevesatop? T0rdormtnetshownlehase fixedrapayntyef
repetiti OQn anan "mér‘éﬁ ol \Qﬁ’tr 'eéo\ﬁd tpﬁﬁﬂﬁ‘?s e ﬁﬁc&%’ﬁ%ﬁé&%& fdntpe to
i nductive & SUCh as™ used aser system acco

Ing to an
enbodi mantmlogate hee\;m@emtatedn vmntat (va'yt}irg’rmgshitiph @atess vhoéh ondmagibyoindng

e ek SRS 3 S B o PR e B,
El emre nt S , aftdnthodyenDo€ kist piesent 20@BH@0Hiough ,the use of the cooling mechanism
disclosed in United States Patent Application Ser. No. 10,607,407, entitled Method and
Apparatus for Cooling Magnetic Circuit Elements, Attorney Docket No. 2003-0051-01,
filed on June 25, 2003, and assigned to the common assignee of Applicants.
25 In the compression head 250 the C,.; to C,, transfer can be analyzed as follows:
Vp is calculated from
Ep =" CV? and assuming Ecp =1 Eco, wheren=___
The transfer time from C;.; to Cy is:
3= 1iLe Ca) %, where C, = Cp1Gp/(Cp+Cy) and Ly is the inductance
30 between Cy 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:
L = (13/1)*/C,
The peak current is calculated by:
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filed on June 25, 2003, and assigned to the common assignee of Applicants.
25 I n the conpression head 250 the Cp_l to Cp transfer can be anal yzed as
follows: Vc, is calculated fromE p =/2 CV2 and assunming Epp = rl Eco,
where Tl = The transfer time fromCP_1 to Cpis: ti3 = 7tLs2 Ca) ~/ where
Ca = Cp_| PR/ P40H) and Ls2 is the inductance 30 betRE&$2084/034160 Cp,
nostly accounted for by t he i nductance of saturable reactor SR2 310. The

i nductance of the ty gcfrngp 1to Cpis calculated from Ls2 =
(,U3/71)2 /Ca The pé‘ék &irrent is calculated by: 16 WO 2005/ 094205

PCT/ US2004/ 024 ksthe compiautatoygredule 23, the t@&immmcmdmeé@sm% 234, the
Cl to Cp-1tra > r.gatio is
limting by thgﬁ %%‘I&O 3pr%5§§%x&gogqgn{ %ngsé‘ mstﬁﬁ%?é gé’ﬁ% (I:if)m'rut at or
is requir elmbdomnpxtﬂduseeqaﬁed(w padldeet 20ek Y wﬁhe I@E”és mvmmanmwmppﬂaﬁngwg 5

vol tageg of ni a r % N = 10. If
Nis Igss vo ar%df%g&eg} NS "'um{r R’%L%IQ{% (Hﬁr e%vﬁlt?e ﬁﬁgﬁj{ ?ﬁ%ﬂtsge%%perate at a
hi gher volthaag® fbxahﬁ(chseei\m/outdhalulre(:\mIGBa‘ 1@ Opdrdfe atuthpgter vdltage tmacpin&veof t he

transforngr 24Q r 1 _The cui.f .2 eed to
accomodat “ﬁ%“l{eé}?’@g‘&%ﬂq §8“ sogﬂ’r?ﬁﬁﬂSf%W‘ef G‘H{ﬁtmlq stand 2K,

t he transfThe gRéuit 200ingdy nwmiochcme@bdm upeo 20K vdles, sthessemfngah mBmaaci t ance,

CZ of C -1 as %ean%%g (lig he tr.ansfor.ner 23)0 gan be calculated from C2

Cp-i N USPhyit an, Q?FéfQUBHEVGWﬂF‘S%‘%tP 6200 occur according to an
enbodlﬂ(sﬁnt of ThOEFr&Ki0S EdphcitaleO) 60, ; @d seen thr citandtoandr Pasdagbe from Cl to
Cp-1is, therefore: Z2 = zclL51 Cb)14 , where = C1C2/ (C1+C2) and Lsl is
the i nductcafelatep &omeen Cp-1 to Cp, nostly accounted for by the inductance
of SRI 270. The indgg;qgge? of the transfer fromCl to Cp-1is cal cul at ed
0

from Lsl = (t2 /'n) 2/ Cob The peak current is calculated by: Ipk =
VCl (Cb/ Ls1)"' /" Uring Guit Ein fgltrawetr@agmmsmm ocguraesquding@ an mimsidimest f t he

vol t age Or?)f@eéagégs%ﬂt m%’&érﬁciib'bhdz charged. This is acconmplished with the

first stage'r sat ur abl e
15 The transfer from C; to Cp.1 1s, therefore:

T2 = tLe Cp) & , where Cp = C1Co/(C+C,) and Ly, is the inductance between Cp.
to Cp, mostly accounted for by the inductance of SR1 270. The inductance of the

transfer from C; to C,.; is calculated from:

L = (12 /7)*/Cy,

20 The peak current is calculated by:

Tk = Vi (Cy/Ler) *

The first stage reactor 270 is required to hold off the voltage on C; until C; 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)

25  tape with, e.g., a AB of 3.0 T. AB =V ©/(2NA,), where V= Voltage applied, == hold off
time before saturation, N = number of turns, Ay, = cross sectional area of core. Based on
the AB equation, solving for A = Vt/2ABN

The cross sectional area of the core is:

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

30 radius, pf = packing factor = 0.7
The build of the core is calculated from:
w = R,-Ri = Ap/b/pf
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reactor 270. The reactor core material can be, e.g., a 0.5 ml. 50% 50%

Ni -Fe (Orthonol) 25 tape with, e.g., a AB of 3.0 T. AB = Vti/(2NAmM, where
V= Vol tage applied, z= hold off tine before saturation, N = nunber of
turns, Am = cross sectional area of core- Based on the AB equati on,

sol vi ng f oORWWMF | 2ABN The cross secti onal area of PAIHS20M(0241505: Am =
h(Ro-R ) (pf), where h = height of the core, = outer radius, R = inner

30 radi us, pf Ki 4 B/ @ fo.t OW& ke ul at ed
from  w = RalB e J”?&ti%\lfr\% %5057%%3{%05 é%cdstgg%’i/ 0241601ﬁa{Tﬁe t ot al

i nduct an@eﬂlle'e(ﬁ‘mlheeblsxf Strax irduptergesaar playom e it tigptotalwaduotasee tcdessd ear | i er
to be LSéT'Eﬁé tance can- play a role in the total inductance unless
mnimze eS|gn stray = L, nt + Lci + Lpcb + Lcable + Llead 5 Lstray
is a corrponent of Lhe leaut Ledt Lump Licnddrdiance Lsl. This is inductance that

i's rived f h t IS, .| re n. and
er ofor o di f (-0 ip £ RSB of e re@i U 1nR hd Biah Q1 O s O M Sl B

esti mat ed. LsMderniedtffoer thomathanicalUgyoanead isrislguent éothé desigovad @ieretforethﬁcult
transfez. Lxfinr i nher ent

in the transfé%%élcﬁnfi f?% ams’pbeolﬁggru?/e‘{w cfsgrq]ﬁgcéafﬁqq“helﬁ%l Criradbﬁent of

the stray i ndmmm&ai:&r thestrtaCpilrttsfent Lkfnitibe conparpadithatrag éulwetanye, Lpcb

is a conponent of t St.r uct ance, Lst |nher nt to.the | ayout of
Lhe C 1 pr i nt Saes ihEsTin B RSO T et i SeBACRECORS: (4 K ay

i nductoance, Lsbhpohent oTiQSs@BY intiGctinde, Lm@hnﬂ@érﬁme cnlah@c{t@cgeoﬁl&ﬂwchb
connecting the comut at ott and c; ression he ti ﬂ%él ﬁonent of the
stray induct ai"?caeconlpé’f“i"néQ the SfFay aﬂ‘f'e’tll'?éra}”d;‘b“ﬁ?nt& £ °‘H|g e{sl pErted ge
cabl e connect icRiuit Bbatdd . cibleisGRBRpAESt @R tH3Qady ind§@hnce, Lekdy, inlefdnt aY theThe
sat ur at ed |nduct ance for. the core is calculated from Lsat = oN2Ac/ <l >,

where | .| .o =highsoliage cale ok shepa) comnectipgihe commutatqr gad compgessiogdgadar ea of

core bas ed ONylead %@Hxﬁ%&&ﬂt ofize sﬁafﬁé%cﬁﬁ&é‘ L's@é%@ mereﬁgb mai%ofu%f ia )i
Lsat/}JoN2 20 <1> = +(Rp Ri Setting Ac =

Am , ¥1> can Weltaggicghle %tﬂéépﬂo{l Hﬁdﬁﬁﬂﬁ ComPIQ&S}WlGé@esttas[gesLsaawe cal cul at ed
from Loss/ Pubge el iddtiGhRe for i & BL 2 ARGatedhGhE VOI = Hrc((RO)2-(R)2),

He = 19.9
L= poN A./<I>, where jLo = 47107, N = number of turns, A.= cross

sectibnal area of core based on L equatiora,<I> = mean path length. Solving for A /<<]>=
Lat/pioN?
20 <I>=2n<R> = 2n(Ri+(R,~Ri)/2) = ( Ro+Ry)

Setting A, = Ap, , <I> can be calculated.

(RoHRy) =<I>/n

Core losses are calculated from:

Loss/Pulse = Vol (H.AB + (w,AB)%/4pt), where Vol = Hr((Ro)*-(R)%), He = 19.9

25  A/m, w; = tape thickness, p = material resistivity, T = charge time.

The capacitor C; design requires that the dc voltage withstand capability for the
charge voltage and the dV/dt rating of thes capacitor C; be met. Ideally the design would
be a single capacitor with low packaging inductance. This ideal capacitor currently does
not exist. To achieve the desired capacitance, a parallel array of small value caps can be

30 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
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25 AAm w = tape thickness, p = material resistivity, i = charge tinme. The
capacitor Cl design requires that the dc voltage withstand capability for
the charge voltage and the dV/dt rating of the capacitor Cl be net.

| deal |y the desi %n woul d be a single capacitor with | ow packagi ng

i nduct anceWORI?%#282al capacitor currently does not eBGTES200¥8243¢Mi eve t he
desired capaC|tance a parallel array of small value caps can be 30 used.
To achiev VO [connect ed
' “seri edohirfy 6 Mg T B mbAEE e P o2 iRl AgbadiR g1 CE"RC
capa0|torCEﬂﬂmﬂﬁlTﬁacqmaumu&akaanbwmm%mkmbeEo&s@nﬁh@d$mwsﬂ is to divide the

Vcl vol tage by, the ran 2005 4205 PCT/ 024160 from
G o C he SUEBRE e Rodor Begbrtis mPrsghate Bk ABRVILIS IRy CPra | -
Co(dV/ dt)O9'59@1,ﬁfbﬁﬁﬁsfe10ﬁorﬁ3@odﬁ&lcgﬂbbsna$yzaﬂhﬂblldv@s the Cl design just

di scussed. Using C'_1 < magnetic, co n and_t hen applying the
ratio €o = 0.933C1% % ﬁ@cﬁrcéhsﬁé‘fheTer%wn &t/ é‘m@% ‘gl’ﬁ’émaﬁal ﬁn&s fol | ows:

5 11 ZO Lgbweed ¢} ito ;B eCinfuctancEBEMe( el FroNG, bl isScaldiRtddnfisiat ance

bet ween Co to Cl1. The |nductance of the transfer fromCo to Cl1 is

cal cul ated frobkta= tﬁkbdcec /7C)2 /| C The peak current is calcul ated by:

| pk = Vco(C /L L s the SSPPM 200 nodul e design

par anet er s: TB éa%lm Par 1sca.{clllagk1/‘6§ Pul se Repetition 0-4 kHz Rate E/
ulse 3.5 J tin 100$b-VGaCJE5ﬁ'to -1150 V 4/-0.10/0 Co 5.3 F C 57 F 3.8

S 42010”S L 5%3171‘3 H gives ’theESS?’PmOO modl{’lle design parameters:

Table 11
Parameter Value
Pulse Repetition 0—4kHz
Rate
E/pulse 35]
’co 100 us
VG, -750 to -1150 V
+/-0.1%
G 5.3 uF
G, 5.7 uF
Tl 3.8 s
T, 420 ns
Loy 533 nH
L, 55nH
N 25
VCp, -18.75 to =30 kV
Cp, 9.68 ok
Cp 11.88 nF
Table IIT gives performance specifications:
Table II1
Parameter Product Specification Test Definition/Comments
Inputs
HV Input Voltage Range See Table II (Commutator | Accuracy and repeatability measured for
(veo all repetition rates, voltages and burst

Design Parameters) o

HV Input Current <65 A s
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VC 1 -18.75to -30 kV C 9.68 nF C 11.88 nF Table I11
speci fications:
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Speci fication Test

HV | nput Vol tage Range See Tabl e |
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O CIIC IMMTAATTIUTITT II|JL
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deipgrive. The reson
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rmup Time <_ 5 secd
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operation. Intern
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Elefigpd ps thegime ppttorelibetivese an
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avben dargipgyeingipt eiitls
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G o A
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& idd@tBhd@ ackikne( Comm
ndsmides-ivashuetspacinacet Thae
trépenantChangrtiaidepandsog theead
psonant frequency and the previous
pulse reflected energy released as initial
condition current.

l t he

on the
bd as

uxi liary
ut at or
fromthe
for

Auxiliary Input Voltage

24 Vdc £ 10%

Auxiliary Input Current

<10 Ams

Load Capacitance (Cp.;)

See table II (Commutator Dyesign
Parameters)

Warm-up Time

< 5 seconds

Defined as the time from the application
of auxiliary power to the time the
Commutator is ready for full voltage, full
power operation.

Intermal

CO0 to C1 transfer time
(T

See table IT (Commutator [Design
Parameters)

Defined as a curve fit of the current
waveform of the transfer from C, to C1.
The fumction is of the form: i(t) =

A*SIN(m/T;t)
Outputs
Output Voltage (VCp.1) See table II (Commutator IDesign Defined as the transformer ratio times the
Parameters) 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 <14kW
Output Pulse Transfer l§ee table I (Commutator Pesign Defined as a curve fit of the current
Time (T,) arameters) waveform of the transfer from C, to Cp;.
The function is of the form: i(t) =
A*SIN(n/Tot)
O.u tput.Pulse Transfer <358 Pulse to pulse at all specified repetition
Time Jitter
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COto C1 transfer tine See table Il (Conmutator Design Paraneters) Defined
as a curve fit of the current (22) waveformof the transfer fromCo to d.
The function is of the form i(t) A*SIN(Ir/tlt) Qutputs Qutput Voltage
(VCp_i) See table H (Commutator Design Defined as the transformer ratio
times the WOR'UW#EF s) input vol tage, VCp_ 1= NtVCo Ef fRC/EROBAM M ni num
at maxi num power out, assum ng no reflected energy Pulse Repetition Rate
See tabfe T (Commutat Destgn Par anet er S)ipedUt put Power < T4 KW ut put
Pul se TpaqsLeL—See—LabL - ”‘nm“'* at-of—Best-gn—befred it of

the curl gperm-f(?wut(pulefz)c? ;&? M?{, —eo—asS SH--e o
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QD265 rates

4t L

< 5 ns Pulset yptistical aagefsiof Figcal f4e gl tter
WO 2005] BidsetadsBEFshk2 r er 10,10 out P See
tabl e ||efclel ay del ay Gharacteristics Cold 1{{%95 fet ev‘\}'s %umtrgg‘g(’f? om
trigger|in to Commutatdr (Delay Character ta\ Lnfalllnn efige of
VCp |. Limts set by statistical anal ysi S of h| storical data.

Vol t - Seconds B’&%%a ?%y(ﬁhafg%i{ff‘ Lea ukelrrial}régsu}eta o eHﬁ econd

i ntegral of gives
char act efin @t(tdinmmatar ©Ghling tdpleof vmbm;mh Hmire &s meameiyrmnactemg@eset byin to

Comutator to fall dge of VOp- 1. with lints to th
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t he madulcemptient aRIB6B t@Eherdtird (5 deg MRRAERH! Fardd esmmotmrmmmre (25 deg C
nom nal ) arad assuned to be a thermal equilibrium

20
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15

equilibrium.
Table IV
Voltage Standard Cold Upper Limit Cold Lower Limit Cold
800 5.9087E-06 6.2042E-O6 5.6133E-06
850 5.6992E-06 5.9841E-Q6 5.4142E-06
900 5.5076E-06 5.7830E-Q6 5.2323E-06
950 5.3382E-06 5.6051E-Q6 5.0713E-06
1000 5.1873E-06 5.4467E-Q6 4.9280E-06
1050 5.0530E-06 5.3056E-Q6 4.8003E-06
1100 4.9307E-06 5.1772E-Q6 4.6841E-06
1150 4.8184E-06 5.0593E-Q6 4.5775E-06
1200 4.7174E-06 4.9533E-Q6 4.4816E-06

Table V gi{res delay characteristics in a hot state, defined by a module that is

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 Li mit 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 5.4623 E-06 4.9421E-06
1000 5.0636E-06 5.3167E-06 4.8104E-06
1050 4.9367E-06 " 5.183SE-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 C capacitor bank 232 receives a pulsed charge
from the resonant charger 230. Voltage is held on this capacitor bank Co 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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Table IV Voltage Standard Cold Upper Limt Cold Lower Limt Cold 800

5. 9087E- 06 6.2042E-06 5.6133E-06 850 5.6992E-06 5.9841E-06 5.4142E-06 900
5.5076E- 06 5. 7830E-06 5.2323E-06 950 5.3382E-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- 06WOIHHYIRIY3O7E- 06 5. 1772E- 06 4. 6841E-06 11HETUBIBARIGE

5. 0593E-06 4.5775E-06 1200 4.7174E-06 4.9533E-406 4.4816E-06 Table V

gi ves del | St LGCSi:d ty» [ - at is 10

Bei ng operrah SRl Tobpfid Qe ks 358 Ba Hol BEolie 30 TIUE ANR. L) ow
t he conpotrigeescontmandefaah FCRSApdndenhen|theoiriggen sighabis eecsived [theargepestivendar d Hot

Upper Limpt. Hot. L r, Lim 0 726 - 544403F-06 850
5 RS0 2E. oeviihnis @ E ko Tl ol E9daPio’C 00 Mt i et aratigt O ¢ %00
5. 2022E- Otndnctds23 0y AGand. 194 Bl Bnd 6.cy K006 d 5. HFB6 ECHticab paad#tss Gie the8d04E- 06
1050 4.9367FE-06.5.18 -06 4. 6899E-06__1100. 4. 8232E- 644E-0
4. 58218- 0&°! aﬁf%‘?‘it?‘figgégﬁ%mﬁnﬁ% @_eotgmlgn&gagﬁ%on 31‘%86%‘!1?9“@%‘?‘%‘? 5
3.35235705 Qﬁ’hé.ré’sgé&i:ie @gackiﬁg dvddes Di-}mztaherDﬁbh usEems tvotiapet fromt rifiging dpekci t or bank

receives pul sed. charge. 1 om t he, resopant arger 230. .Voltage is
held on tRP% ‘glaﬁa%’i ‘?‘H‘rngtfﬁwgsab@ée&ée g]r?f"i“?deﬁﬁée ﬁrfeg t e"sgi fw& PR Swi t ches
254, 254" vbBageltRSBdclifly Bi0GRANSE, ird Ds-Df WwiDend6dt @hditheflvoipetwilt thaffer 252 in
the LC 222. Critical paraneters, are, the vol t(‘gﬂe %ﬂaf’tﬁh ta V/ dt, and

@H 5

peak 21 W eBenyhdhersspeptr Bugne AN RIBo il AR e ’9‘?dd e solid
stat e W 52N Wi, the 9fitagd Qlafls td R vt ArRiGEngObhckcthd/dbdeds ;1% andl IDsIW%Surrc OMTANd

from FCP 252, and when the trigger signal is received, the respective
swit ch 258ff, helding) the geltage gn dedicpg thespmpynt dhet sheRC by tg gharee e

respect i Ve shahgic)Yor HIhGt Fifg, LHd LorRQWink thBand@Rtbrbitht &nicRAsy. L&H B .
Critical paranmeters are the dc
voltage sensing circuit (not shown) provides a signal to the LCP 220 in the LC 222,

which indicated the amount of charge on C; and the LCP can calculate the needed

15  charge for the next firing and provide a signal to the RC 230 accordingly. Critical

parameters are the dc voltage withstand, dV/dt, reverse recovery time, and peak current.

The biasing networks provide for saturable assist. There are (2) sets of saturable assist.

The first, comprising LSA2 holds off current flow until the respective solid state switch

254,254’ which may be an IGBT, e.g., a CM800HA-34H, made by Powerex is fully

20 closed. The second, comprising LSA1 is there to hold off current until the respective

diodes D;-Dy4 and Ds-Dy are fully recovered during reversal. Critical parameters are the
saturation time and drift with temperature. |

The respective charging inductors Lcy A and Ley B 258 A,B, and Ley A and Len

B’ 258A°, B’set the transfer time and limit the peak current in the solid state switches

25 254, 254’ and diodes D;-D4 and Ds-Ds. This inductance Ley A and Ley B, and Leg A’

and Lcy B’ includes all stray inductance and winding inductance. In the C; capacitor

bank 256 voltage is held on this capacitor bank C; 256 until the respective solid state

switch 254, 254’ is closed. Critical parameters are the dc voltage withstand, dV/dt, and

peak current capability. For the first stage saturable reactor 270, critical parameters are

30 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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5 voltage wthstand, dv/dt, turn on rise tine, turn on delay, turn on
jitter, and peak current. The respective bl ocking diodes D1-D4 and D5- D8
stops any voltage fromringing back onto Cl, e.g., during reversal after
the electrodes are fired. When CI has a positive voltage the bl ocking

di odes D1- B2 A¢A395D8 wi || conduct and the vol tage wiRqTYReH42460 to Co

t hrough the respective chargi ng i nductor(s) LCH A and LCH B, and LCH A" and

D1 D4 and"BE e YRR RAERE B0 1 G DA o e Bl e

anount thlae{pavshewatﬁag@asdbm‘ranhangg the respective Co for the next firing,
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Powerex is fully 20 closed. The second, conprising LSAlL is there to hold
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the peak curre svmt 4 odes D1-D4
and D5- D&P" ‘ﬁ?“%ng flﬁaﬁ"ﬂ%@e Wél—Fftﬂgn ?Od %é‘éll_%% c,&m% féazg%_"l‘%k i ncl udes
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Wi t hs{sandpe Q}fﬁﬁ’abmngaaﬂg)eddﬁ%‘ﬁn thé! [ Yon®ARARD2 bitd/or AtBidhell Bﬁnﬁds&@ﬁes gloage

saturabl e reactor 27 critical paraneters are 30 volt-second hol doff,

Vol t's pershewmn If dhel aquivelentrtgnmination pmpedaneer s §g4ab tel} Cxthen the seale éaglor

par anet er. seconds, Volts per turn, delta B. For the diode
snubber c‘fi}l%uq‘w&zmr)rgl si ng RSZ CS1, and RS1 or the equival ent attached
across D2, 3, §4BD5)T$grml(Jé},W&lchc@rbﬂbldfﬁf@h&ﬂ&bétsmﬁrmf@mmtb@mﬁ vol t age

and curre h
neT/ UsnoaHsaTE é’g%esgg‘r e@&”éu ‘% E%P“tgesn,c% ad & é‘ﬁ%g? %ﬁéﬁ%@( ?gﬂg%s"yaﬂr?ﬁ R2, D10
for C®, daset bmaioupaz%nagem genesate ¢ ﬁm@@ubmgn&oﬂba@namt signaleoan beat i ng.
Sonme of t nals e t I t age
Moni t or Bﬁ%ﬁ gflﬁ‘f)n?a ﬁ\{le%j lr(r:%l%pl Q’g% §% V%lg {égna og si p n\@&y vk

of the pulse transformer 240. The amphtude of this s1gnal can be a functlon of the

terminating impedance in the controller 222 and/or attached oscilloscopes (not shown).
If the equivalent terminating impedance is equal to 50 Q then the full-scale amplitude

25  will be ~1.5 — 5 V depending on charge voltage. This signal may be used solely for
reference.

4. VC, Voltage Monitor Signal (J4), which can be a buffered analog signal
representing the VC, voltage waveform for monitoring by the laser controller. This
signal is derived from a resistive voltage divider (not shown) connected on the primary

30  side of the pulse transformer 240, which can couple to C; (5 kQ + 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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5 representing the VCo voltage waveform This signal can be derived froma
resistive voltage divider (not shown) connected directly to Co (400 kf2
1% top leg x 4.01 k) 1% bottom I eg). The scale factor can be a function
of the term nating inpedance in the |aser controller 222 and/or attached
osci | | oscob’vé)sz"?%‘l??m%hom) I f the equival ent terninat?GgUS2A8HAMEe i s
greater than 400 kS2 then the scale factor will be 1 V per 100 10 V. 2.
VC1 Vol tage Mo XI5 f el gnal
representing thrye V g g@gu m&%ﬂfcﬁ%ﬁ%ﬁ?ﬁe?%an%%%qth Bt(?t%eﬁlle
controll ercmmltaﬂmﬁngger& gnal can be derived froma resistive voltage

di vi der (not shﬁ.\_%/r@ I t 49.9 S2
1% bott om | eg) Algé)g?%é élé%}%ggggln&b%&? d%euqonlﬂéltﬁgp?on% Pécﬁﬂ l%gfjﬂn]l?énatl ng

i npedance laser comgrolias2d2 todht eapirhgatop@f ta el B@’sanwla@lrmtrdémdgobsce[ﬁés (not

shown) ., i Ie I a 0. 82 then t he
scal e fact%kﬂﬁerg‘ﬂiﬁ %@ 1‘9{“7‘1%3%%%51\?8&%%%%% ? ?’%V\% ¢hh’ Be a
buf f er ed aseglshagvsindiable ViEpr esenting the tinme derivative of t he current

fl ow ng between C and C2 (dI/dt), which can be used by the 20 |aser
controller 222, e.g., to generate aT&a¥lCut signal. This Sync Qut signal
can be derived froma magnetic field pi ckup | oop (not shown) | ocated next
to the prifram tTarsTormer—240; #ﬁl‘l‘p‘ﬁ%ﬁf this
si gnal car) Be| a Pigrtt In Asfienppié 1t er mi nati ng i NRBWESce in the contffoller
222 and/ orfatfacned 0SGITT 0SCOPEY ThibRb faalOYH Signal, obdn cblldGor GAEVE 19w JEHL
term nating,i n]peggnce [ %ggﬂual t Q chidnfhtor tebeps altipgerfabd the whagt @ U i tjude 25
will be ]Pé - depending on ¢ hevexthanihe ket tagebold TH ¥), B¢ gmabtatpraneedyel used
solely forl—reference {4 VC2 \ol f“@l}hﬂm;ﬁhﬂmﬁrthlsiﬁWﬁlﬁmalwlﬂ e\asseﬁﬂil,gh_can be a

buf f ered gnal pg si gnal

noni t ori ng By| Edve2 | asef Ogg%ifa | g rTﬁqg“ﬁﬁ; o V%i@‘%@lvcglé (g“éegffﬁ%@eﬂ% al
¢ 1 thir

resi stive jvol t age divider (no ? Q}{ﬁ’iﬁ, ( pri marlsy 5i de of
t he pul se [transtormer 240, whi Ch q&a,sggupglgaaltogenme&@a&lmow TrfetOp | eg X
49.9 S2 1% bé)r;();g)m | egvCODIre ScCalcenddbi Beeivenrigd®, aad thenaldgé @V@fis t hip
term nating i ppedance i Yotdpe conthighdr thaglihshtdhraiptd/(13P0VAthezomadtwsci | | oscopes.
| f the equivalent termiinating i np&iageilbe disabledyppd fhisifoult sigpalasll bapssgrted s scal e
factor wiljl 4bjeErdord/ per |R0ised. 23 WO 2005/ 094205 PCT/ US2004/ 024160 | 5.

Commut at or—Frigger—(35)—which—t3 'Thxk’f's'aﬁul{"ldéxdsﬁhﬁ%pei'c&fé&draéh%{bﬁwqg t he

comut ator] trjgger. The CAN bus 7 gﬁvﬁo@g@gg&%oga@nmm@msgem 169 tator

control pdrfi i the |29  contie cdnbn@iatoR@Pect il belipatt-onmautiataair sigasid] t o t he

RC s intennal{controller, e.g byilbe @Rerted.

This is a fault signal, open collector active low. If the
Chassis O commutator temperature is above the set threshold (65°C),

6 | Error6 ass1s Lver the thermostat will trip, the commutator trigger will be

Temperature disabled, and this fault signal will be asserted. The fault will
be asserted until the thermostat is reset manually.
This is a fault signal, open collector active low. If the
commutator receives a trigger and the temperature of the
Reactor Over - A o
7 | Error7 Temperature reactor switch housing is above the set threshold (85°C), the
emp commutator trigger will be disabled, and this fault signal will
be asserted.
8 | Error8 Not used
9 | Error9 Not used
10 { Error 10 Not used
11 | Error 11 Not used
12 | Error 12 Not used
13 | Error 13 Not used

14 | Error 14 Not used
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5 pin interconnection, with the indicated conditions when each of the pins
is at high, i.e., is set, showmn in Table VII: Table VII Pin Signal
Assi gnnent Remarks This is a fault logic signal, open collector active |ow.
If the | Errz%r 1 VCO Low comutator receives a trigger, and the voltage on
VCO is | oWt 248 % he set threshold (700 V), the comﬁft’Té't%P‘“t"ng‘ber will
be disabled, and this fault signal will be asserted. This is a fault
si gnal , —Cotrtector—active QW 1 tihe 2 Crror—2 vco efl ected
ener gy voplifgdEorBver saNotyesise i $ greater than the set Over Volt
t hr eshol IF E‘)V)m t he go tat or trigger wlT be disabled, and this fault
si gnal € asserte a fault signal, open callector tive | ow.
If the 3| Erriagns VCO QOver commt #bQfouddecei ves a trigger, and the yoltage on
VCO i s Yettage—highe t..u“ theset—threshold{150600\)—t+he—cormmdtpt or
trigger yWiBl| Seasdi sabl au% d thisstivBult signal will be asserted.| 4 Error
4 Not usgd— s TS & dUI[ eJeL 5|gnd|, OperT cof tector active . I f the
5 Error % 124Va%¢ 24v B‘B‘i‘/\%“f‘l com| A§™ElFo the control board falls bl ow 19V,
t he comﬂhtﬁt YNNI I be di sabled, and this fault si gnal V\LH be
asserted is 1S a auf)t 9| gnall apen rnl lector active | ow
Chassi s {Deer| ssapyut at )Nottu@ﬂperature is above the set threshol d (6pC), 6
Error 6 'c.. etrature—the—therrostat will trip, the conmutator trigger wll
be di sabl&d,| Satrd S5t hi s |{Netwbed si gnal will be asserted. The fault wi]l be
asserted é T The Thet mostatl 3 reset manually. This is a fault |signal,
open col 2t|o¥a™8t i ve PB4 f thhe Reactor Over commutator receivies a
trigger ?a tdapsbenper atwtg of the 7 Error 7 Tenperature reactor fswtch
housi ng its—gbove the g$et-threshgld (850 the —commitatortrigger will be
di sabl ed} 2andtdnkigs f ayiNbtusdignal |will be asserted. 8 Error 8 Not jused 9
Error 9 LCO‘L used—10frror—to—Ngt—used—tt+Error—tt—Not—used
26 | GND /O ground
27 | Control 1 Laser ON Clears internally latched faults when this signal goes high.
28 | Control 2
29 | Control 3
30 | Control 4
31 | Control 5
32 | Control 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 T/O ground
36 | Addr1 Hardvt/ire Frame 0 Hardwired in Commutator control board
Location ID
37 | Addr2 Hardvtnre Frame 0 Hardwired in Commutator contro} board
Location ID
38 | Addr3 Hardvtnre 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 1/0 ground
41 | Config 1 DS Ldent ChP | Dallas Semiconductor chip DS2430A
42 | Config 2 Not used
43 | Config 3 Not used
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12 Error 12 Not used 13 Error 13 Not used 14 Error 14 Not used 24 WO
2005/ 094205 PCT/ US2004/ 024160 15 Error 15 Not used 16 Error 16 Not used 17
G\ND I /O ground 18 Status 1 Power ON Active low indicator 19 Status 2 Sum
Fault Actiye low 20 Status 3 Not used 21 Status 4 Not used 22 Status 5
Not used DPPX%UPtE56 Not used 24 Status 7 Not used P5/WERYH§24% Not used
26 G\D 1/0 ground 27 Control | Laser ON Clears internally latched faults

when thi § stgnal _goes [ni gn.. 28 |control 2 29 control 3 30 Controf |4 31
Control 5| %42 B8t ol 6N3Contrdl 7 Self Test Enable Inpl enents wfap-around
test node¢ ,s3dxgontrol |8 Sel f Testl/()%m1 Wite signal to artificially assert
bits 35 0-1/0 ground 36 Addr 11 i i i bmut at or
control Wo@ridcaN-avati on | D 37 Addiedo gdaérdaNrside sfiopiiEsoBokslar dwi red i
Commut at gr—eentrot—board—tocation—t+bB-38—Addr—3—Hardwrre—Franme—6—Har dwi r ed
i n CommutleorS¥dntrol |(board LoqgdPigsnd D 39 Addr 4 Hardwire Frame|0 for MO
Com"rutat(r48 [ocatton I|[D I for PA Commut at or

49

50

51

52

53

54

55

56

+24V from host
>7 | ¥24V module to CAN
+24V from host

58 | 124V module to CAN

59 | Ground 24V retum

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

5 234 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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40 G\D 1/0 ground 41 Config 1 DS Ident Chip Dallas Sem conductor chip
DS2430A lines 42 Config 2 Not used 43 Config 3 Not used 25 WD 2005/ 094205
PCT/ US2004/ 023160 44 Config 4 Not used 45 GND UO ground 46 CAN +5V Used to
power CAN si de of to-isolators 47 GND I/O ground 48 49 50 51 52 53
54 55 5eWORPONIS 124V from host nmodule to CAN 58 REAUS2OM241600m host
nodul e to CAN 59 Ground 24V return 60 Gound 24V return 61 62 63 64 65

6 t6 | 67 t 6§he A I Sph SR behK! 272! fgn BRREMagRfoCRRRbSS STIRIVINEEs A8l onQRST at i on at
a eas
until the magnetic switch in the output reactor SR2 310 saturates and discharges Cp.; into

Cp. This discharge compresses the pulse rise time as shown in FIG. 7. FIG. 7 shows that
Cp1 charges in roughly 4.0 x 107 seconds and discharges onto C, in roughly 1 x 107
5 seconds. FIG. 8 shows a schematic diagram of the compression head 250 module.
The compression head 250 reactor SR2 310 can be required to hold off the
voltage on C,; until Cy; is fully charged. This is accomplished with a saturable reactor
310 having a core material which can be a 0.5 mil. 80%-20% Ni-Fe (Supermalloy) tape
witha ABof 1.5 T.

10 AB =V 1/(2NAp,), 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 A,y = V1 /2ABN, the cross sectional area of the core is:

Anm = h(Ro,-Ri)(pf), where h = height of the core, R, = outer radius, R; = inner
radius, pf = packing factor = 0.7. The build of the core can be calculated from:

15 w = Ro-R; = Ap/h/pf

The total inductance required for the transfer from Cyp.1 to C; can be calculated to

be Lsp. Stray inductance can be a significant factor, and is accommodated by:

Lsuay = LCp-l
and Lsat = Ls1 - Lstray
20 The saturated inductance for the core can be calculated from:

Lot = ugNzAc/<1$, where pp = 47:10'7, N = number of turns, A, = Cross sectional
area of core based on the L equation, and <I> = mean path length.
Solving for Ac/<I> = Ley/poN?,
<I>=2n<R> = 27(Ri+H(Ro-Ri)/2) = n( Ro+Ry)
25 Setting A, = Am , <I> can be calculated.
(RoHR)) =<I>/m
Core losses can be calculated from:
Loss/Pulse = Vol H,AB + (w;AB)*/40(J, where Vol = Hr((Ro)*-(Ry)?), H,
= .22 A/m from, w; = tape thickness, p = material resistivity, T = charge time.
30 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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kHz, and 28. 750 kV is contenpl ated according to an enbodi nent of the
present invention. The conpression head 250 can receive a pul sed charge
fromthe commutator 5 234 and conpress the pulse rise tinme and deliver it
to a peakin ca_paC| tor bank 320 at the respective chanber 10, 20. The

conpr essi o WOP8D can receive a pul sed charge on BTS20 05416094 205

PCT/ US2004/ 024160 the Cp_1 capacitor bank 272 fromthe Cl capacitor bank
256. The vglitatge bieatelbf: SYerddbn dnd ﬁmfnglcoﬁm RGP GldIH ifMhided B dirduit BiRs out put
reactor SR2 310 saturates and di scharges 1 into Cp. This_discharge
conpr essesin¢liding gipais of inductess k3 and L4 wewiscted torgraymd thropgh registghRivivhichat  Cp 1
char ges | NihaiAky cluflett h0bihs SHERNTE 1R adlhe® CRELORS 8fibhaDRulclod GHONL Y 1 X
10-7 5 secon ows a schematic di agram of e conpression head
250 nodul eallom%m%f@%t@mﬁ@adh@ﬁb'w@maﬁmsm 310 can be required to

hol d off the

accorrplilf shed wi eggg% ur %‘Tﬂelaﬁé%g%%?pq%rﬁéﬁga\% dngabgéﬂ'%{) ggna%gyrq%gﬁlé%mi ch can
be a 0.5 mielyire@®3s20% Ni - Fe (Supermalloy) tape with a ABof 1.5 T. 10 AB =
V ti/(2NAm, where V= Voltage applied, 515 Vil d of f tinme before saturation,

N = nunber of turns, A = cross secti onale area of core based on the AB
equat i on. SoI Vi ng for Anvena)ghogaéﬁwemg,ng Cross sect | ondﬂ area of the core
is: Am = rERE= REFEp—vwhere—h—Nhetght—sf—the—core—Ro outer radius, R

= i nner dthacki ng factor = 0L%. YSThe build of| the core can be
cal cul at edaécbmﬁibndLBV%tﬂat:ROFlavRaeAm h/ pf [deerd ot al i nductfance required for
the transfer—fromrcp L to Cp car be catcut ated to - be tsp. Stray inductance
can be a significant factor, and is accommobdated by: Lstray = Lcp_1 and
Lsat = Lsl - Lstray 20 The satur ated i nductance for the core can be

cal cul ated from Lsat = oN2Ar/<l >, wk&ledXo = 47¢10"7, N = nunber of turns,
Ar, = Cross sectional area of core based on the L, e uatl on, and <1> =
nmean path-length Saolving for A /J<l> = Ir;ailnl\l’) <l1> ')7C<R> =

27t (R +(Rp-Ri )/2) = n( Rdaﬂ'gvoohﬁﬁmemwgsAr can be cal cul at ed.

AN e A SRR 20? s e At rom . ane
t hi cknes s, Rggommanded Wasr Flowdialst | vi ty, ti 2 d"ﬂﬂ‘r ge tine.

Water Temperature 16-25°C

Water Pressure Static 618 kPa (75 psig) 15

Water Pressure Delta 125 kPa (15 psig)

Table X gives some performance specifications:

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 400

Voltage 5 Vdc +-10%

Auxiliary Input 25.5 Adc
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30 The conpression head 250 al so i ncludes a biasing network 312,
a biasing poser source 314,

bias inductors L1 and L2, which biases saturabl e reactor

to ensure the user of the ful
al so al | ow¥r2805/03428F edi ct abl e way to bias the cores
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Product Specification

Test

Mupotveinge | n
arge Vol tage

pis. % Ko +287M5tkVVO
kVdc HV 1 nput

|tage -18.75 kV to -28.75 750
rrent 1050 A HV | nput

9 68 nH

Vito
+/ -

GErrge HY 1 ng
lhen I me char

#%Char gi ng < 42
ging is initiate

QuiRisuiRal haxddinfsowk it bidiRing Aé €
defRbidd vdeesy t he HV | nput

rval

Load Capacitance

11.88 nF +- 10%

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

Transfer Time Jitter

Output Puise 60 ns resonant charging
Transfer Time Tr/w transfer time
Output Pulse <1ns

pulse fo 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 HV 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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Capacitance is charged to the maxi muminput voltage. The resonant
frequency is defined by the resonant charger series inductance and the
Commut at or HV I nput Capacitance. Auxiliary Input 5 Vdc +1- 10% Voltage
Auxiliary Input ' 5.5 Adc 28 WD 2005/ 094205 PCT/ US2004/ 024160 Current

Maxi mum Au¥O 2081342032 Adc Current Fan Power 24 Vdc WRGHUR300F0RE605 5
seconds Defined as the tine fromthe application of auxiliary power to the

Qutput s out put Nerepuyiien 38% 258" oht ks SROER oo e NN SREEINTT
maxi mum peheee G aagglenesipanicchargef P delavee dast HY pubsedo Cappressiemnizedsl 1. 88 nF
0% " B SAOPERELIIL AN oo ANA0EE AL SUERHY | ERME s 22 KW Qut put

Pul se 60 as résonan I ng ran ransfer time Qutput
Pul se < 1 ns phseconprgssios eneads 250, 2508 ainki fod theeMi€t atd one faxt BA, cafirlansf er

Time Jittter Regardin he HVPS 204 and . I nteractio ' t.he .,rest of the
SSPPL 1 haborigce o f e deshis pm it ol 50 st BEeS Bl Y oS SoForm L aser
Of to Stamdeypectivec@nmataton 284/ 283 hhé pooidedinal fulse tomemessian ind fdivger 230;
and provi des DC hi 5 yoltage to j.nput.of resgn r 230. .The HVPS
oo Do watltt o RV apmipe ARGk D b Ls S (o T FReRere o ¢

ci rcul at i @Rarhbeislo, 0 eorIRedishbrgehar ger 230 can receives a program vol tage

t hrough a high_speed HV data serig\ll link to the |laser controller 222 over

the CAN 280. T eR6V§§22Q§1aﬁowgrSH)@d € can function as a current source to a loa
10  capacitance C-1 210 in the RC 230. Multiple HVPS 204 outputs and/or multiple HVPS

204 modules could be employed, e.g., connected in parallel, e.g., to provide the same

charge voltage at a higher average power, with equal current sharing. The HVPS 204

power modules can be enabled by a signal from the Resonant Charger 230. The

- Resonant Charger 230 can receive a LaserON command from the laser controller 222

15 and enable the HVPS 204 output at the beginning of the ten second countdown from
Standby to LaserON.

The HVPS 204 can employ, e.g., power factor correction (“PFC”), as is well
known in the power supply field, e.g., to achieve relative immunity to fluctuations in
input AC voltage, achieve unity power factor, and eliminate higher harmonics conducted

20 on the input AC lines. The internal DC bus voltage of the HVPS 204 can be roughly
regulated by the PFC. Current from the DC bus can alternately be switched through the
primary of a step-up transformer (not shown) within the HVPS 204 via an H-bridge
inverter (not shown). The AC output of the transformer (not shown) in the HVPS 204
can be rectified to DC. The output current can be monitored by the local control loop

25  (not shown) to maintain controlled output current from the HVPS 204 as long as the
output voltage is below some predetermined desired preset output voltage level.

Table XI gives some performance specifications for the HVPS 204:

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

8.1.2 Average Output Power 30kW

8.13 Average Output Current | 37.5A at 30kW average output power
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8.1.17

Voltage Control

Default -800V DC

Augxiliary 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 250pS apart. The

regulation specification'(8.1.17) applies to all operation conditions, 8.3J or less ‘per pulse,
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out put voltage is bel ow sone predeterm ned desired preset output voltage
| evel . Table Xl gives sone perfornmance specifications for the HVPS 204:
Table XI Ref. Characteristic Criteria 8.1.1 Qutput Voltage -800V (NEGATI VE
POLARITY) 8.1.2 Average Cutput Power 30kW8.1.3 Average Qutput Current
37.5A at 3VOARBI%§e out put power 30 WO 2005/ 094205 FFYZUHHRUF024160
8.1.4 Input Voltage 400VAC - 480V A C Nom nal Tol erance: +/- 10% Absol ute
range:  S6QUAG eRRBYAC Jikada asRri PRENeHNAL riipeile! @Rt bigae, but
not by HVPS) 8.1.5 I'nrush Current Less than average operating current over
one cycl eecondpulses, sororidrandibodwpisesate.or 0.95 8.1.7 Crest Factor < 2:1 for
true | oad £k LRYt power between an hases 8.1.8 Turn-on Tinme 10
Po¥ S y p
seconds naj;q(]%num ?%?t {e&r application of AC power) 8.1.9 Charge Tinme 5
seconds maxi nufthe pewerenscilatere1Oisbownfin BGEnkbhed 4 igin magy Wapy sjpilduiep HVPS
out put filt. ' | : r pLEIBY t 42V and
| ess thRan pﬁ%ﬁ%ﬁﬂi@%\ﬁ%ﬁ?ﬁ?gegsggggynﬁsﬂgphgﬁduggg\%&?r errﬁégﬁ%? 4 eer?abl e or
renoval ofCOMPACTeEXCIMBR L. ASHR) thendisdlosurenpf whialeis henebyuipborpbrate®R®ydunp

circuit. 8,1.11 ni Ef ficienc . .1 Capaci t,anc 10000F
5 115" redtibrug it B BEGHEY eleRRGRh B Dal Yo 6 1R5A, FRETE ShRGRaGE P00k
Accur acy [Byuikilefd.td%hed ArF2RsddQesbriberisSin the above referenced U.S. Patent Application

Ser. No. 09/854,097. However, improvements over these prior art lasers enable

10  operation at 4000 Hz and greater, as disclosed in United States Patent No. 6,625,191,
referenced above, and portions of which are repeated herein for completeness. The
power oscillator 10 can, e.g., comprise a discharge chamber 12 in which are located a
pair of elongated electrodes (not shown), each of which may be, e.g., about 50 cm long
and spaced apart by about 0.5 inch. a fan (not shown) and heat exchanger units (not

15  shown) circulate the laser gas to present fresh, unionized, gas between the electrodes for
each gas discharge pulse and remove heat from the chamber. The chamber 12 can
include, e.g., window units (ot shown), made, e.g., with a high fluence damage tolerant
material, e.g., CaF>. The chamber can contain, e.g., a laser gas, e.g., a mixture of 1%
xenon, 0.1% of a halogen, e.g., chlorine and the rest neon. The halogen may be inserted

20  in the form of hydrogen chloride, e.g., in the range of 0.03 — 0.1%, e.g., 0.05%. Xenon
may be inserted in the range of, e.g., 0/2% - 1%, e.g., 0.3% with the balance made up of
neon. Total pressure may be kept, e.g., within the range of 300 — 500 kPa, e.g., at about
420 kPa. H, may sometimes be used, e.g., as a catalyst to reverse the loss of HC], e.g., in
amounts in the range of 0.2% to 0.5%. A resonant cavity can be created, e.g., by an

25  output coupler 16 which can also be comprised, e.g., of CaF, and comprise a mirror, €.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 CaF..

30

According to a preferred embodiment of the present invention the main charging
capacitor Cp 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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8.1.16 Regulation +/-1% mnimum 8.1.17 Voltage Control Default -800V DC
Auxiliary voltage control via program potentioneter. Voltage range at

| east to - 100V. Specifications 8.1.14, 8.1.15, and 8.1.16 not applicable
with auxiliary voltage control. 8.1.18 Peak Qutput Current As required for
normal 1 YOIV n At nmxi mum operating vol tage of RH&'SRBEDH 800V, a
maxi mum of 8.3J of energy can be withdrawn fromthe | oad capacitor (not
shown) ,  WiphResysiaRa o0, ap&:tiOfly for@h8PO ah@PAL cartdedeperieBfon thoRv¥IfRIE on the
| oad capacitor "can be allowed to sag 5 beyond regul ation during the

di schar ge cpyea af thg charging |ca@p¢@d%s?aq%é\%é%é¥qlset%érgm%@usmﬁs%o ellgdest or ed

to wthin ohhaep§19é3&>i-§1hs%%a5i‘§,9H.h?}?b%r?&d'ﬁs%n@&t &0tR0ANEl CRardidR | veIthEd Of e the
next discharge pulse. The specifi ed 8.3J or less may be extracted fromthe
| oad capacharging chpaciier Goorasks 238n IoBer g4 nsessaregad §ld enmeenfiation eancalso bfo | ess

oper at ron ChREY  Snieich? HBbleBeaR Trhll AR 5/ wiis' Bhgl kiSRS °!

PCT/ US2004ddendesand lasar gan gressuea dorss paweeropallatoi Hhaceondlingtoian griboditrieat

transi ent n L. St I ird

put ses. et SRR REREE tn} inp b dtiten EAAN RUIBRENETIRGARA R Lls |
A and 4 i soncenimaioy (MAys 1skHa) sr Cloconberpration may e Ahdnged s vay shecfimg.
describedin the.United t es Pat ent . 5 023 4, entit.led CCMDACT
EXCl MER LASERST P& ﬁ‘fcg%qt%s g?re%%fgwggﬁl\?gorﬁ?r é’%‘%}g?n%oorrﬁloaér%%l?ea 574 ef er ence
and i niot heomdettvaion af el aredsl déplefed Bais kndlon irthd 28, (3D, usmgdnfosnaishSoant i al | y
equivalent to,the ArF |aser descrihed.in the.above.reference .S, Patent
Apl | cat | GiFoediag Bulfgs o BT BRI Beate it e ro BREYabaRkeS 50 G e RRYY pr1 o
art | aser fleglomiy éickhe@paem] hoi aifo WO @nd¥n anthe GHE sihdlarly as fiddrSed ased i n
United States Patent No. 6,625,191, referenced above, and portions of

whi ch are '#&Seat ed herein for conpl eteness. The power oscillator 10 can,
e.g., conmpoheeAmplfigCcharge chanber 12 in which are located a pair of

el ongat ed el ectrodes (not._shown), each of which rrﬁy bcg, e.qg., about 50 cm
long” Bnd spacébe BpETEmBlfienydunas be comerredet ¢-aff 4 195 ﬂB\?ﬁﬁ%zaWBmhégat
exchanger esfahia3ly( fiehtichP tih e¥espdiidisg! lpdbver obales g0 a@@aﬁ%g Magbenti2f r esh,
uni oni zed, gas getmeen the el ectrodes for each gas discharge pul se and

renove hediavingdhn esepaminehapbery adsoctheliigtes pulse eagrey anddpiggrated Enggey ing ndow
unt ts { NOlerRAOUN bulslAfLLerred Go a5 b ol th | H1AIEE ARERISphEHeRS Rdin

material, e.g e chanber can contain, e.g., a |l aser gas, e.g., a
m xt ur e ofwayekength and/or bandwidth. This can help to enable, e.g., better dose stability and/or

20  pulse to pulse stability. The two chambers can be operated with substantially the same
gas mixture and at substantially the same pressures to optimize oscillation output power
in the PO 10 and amplification of the PO 10 output in the Pa 20. All of the components
of the chamber are the same and are interchangeable during the manufacturing process.

While the compression heads 250 for the PO and PA are substantially identical,

25  capacitor Cp.; banks 272 of the compression head 250 may be more widely positioned
for the PO 10 than the PA 20, inorder, e.g., to produce a substantially higher inductance
as compared to the PA 20. The close identity of the chambers 12, 22 and the electrical
components of the pulse power systems 200 can, e.g., help assure that the timing
characteristics of the pulse forming circuits are the same or substantially the same so that

30 jitter problems are minimized.

The power amplifier 20 can be, e.g., configured for at least two beam passages
through the discharge region between the electrodes of the 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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xenon, 0.1% of a hal ogen, e.g., chlorine and the rest neon. The hal ogen may
be inserted 20 in the formof hydrogen chloride, e.g., in the range of 0.03
- 0.1% e.g., 0.05% Xenon my be inserted in the range of, e.g., 0/2% -
1% e.g., 0.3% with the balance made up of neon. Total pressure may be
kept, e.g. WORYOHT he range of 300 - 500 kPa, e.g., ARCTABSMM024600 kPa. H2
may sonetinmes be used e.g., as a catalyst to reverse the |oss of HC,

e.g., in 1 g;%a@ Eﬁﬂe%%ﬁn%en,pe%%etge tlég/%y%ufrgts gcﬁ%e%vmyacan be

created, ut put cou |ch can a e conpri sed
e.g., of GedBdn FKG I@Qﬂpmusrer%msmw offeofghe centaslinet axis @fehgpehadibeu?Gandt o an

o soste Rt R AR AT pdiciReh b BIbOBAAR BBl £ bR BT
| i ght. That atppl@e 1 whiolp uragl amtyrsedt theméectre@n@nt shoam) aygemamllbehef mnmnt e.g., by
a tot al 'y Jlon ettn!‘lﬁ%f e %,nPeezcr:athrege A etlecgrg%ﬁf%{gng ml%e bn?on r m CaF2.

30 Accdrdi e pre ent ven |on e main
char gi ng sﬁ&ﬂmidpnint@myb)aldk&nﬂﬁaiﬁﬂhehmﬂerbﬁhep:mbeﬂ‘hebearﬂlﬂmhemsfk(ﬂleand t he

power arrpllfler e,ch pajal | el to reduce jitter
probl ems. TR Endow, dgwgb%g'b‘g §é‘a[’F?én T WWE“’?@?O‘BWS% ced(%‘rp‘%'wé’sm on in
t he/ pul se t&allfprededing Mitbdrs QB4 kRl 258 4whidbrgfe, gt,héﬂdc}/ﬂe%hrﬁébﬁclaﬂnd@l 3&05/ 094205
PCT/ US2004 41 ower systens 200, respective ;y the P nd PA, can
be dependé?ﬁ‘fmzlbeﬁggﬂg&ieﬁeq] ‘éfi?ﬁg@“@%"ge@%m‘fﬁ‘és gﬁsﬁt&r%eaﬁ’ BF Co banks
232. Pul seorepbitl 8Uthe Udngiudihal RRneAME RS 6fl a @sthargh UkSi6n tormidd B tRasi s,
e.g., by adjustnent of the initial charging, voltage on the chafq%lea

n al so

capaci t or tS58¥sh elecpariss apd qmay goreespand oy the longivdimal copering ragis 8

be 5 cont reflir&gbs tteela&we@\ﬁeco@eﬁg 16 kb CerfRRIFNBAT m&eﬁﬁséﬁ‘(%veﬁtlwh dergeange
pul se energy i ncreases and | aser gas pressure. For power oscillator 10

accor di ng lengitadind eeferlinganis ofghe disrharge befwiven theelostrpdss, Wl?%]eef eligeeduthveen
di schar ge tﬁéﬂ'ﬂn%lhﬂmar Qferling afisfot 'ﬁ{étélé&}o&fs tg'ézgsel\%g BE RO EAT foft tﬁ@oﬁlcﬁlo

| ns/ kPa) so C oncentration may b % to vary the timng. This can
be acc§untaaig Ofdmomwuthm@ghtg)wqe@mﬁemdbm én threughrits owtrt goupleraSiandd 10
concentratlr%orl&&nglmn% Sodepl eted as is known in the art, or by using
i nformati o™ from precedi ng puI ses to continually update the timng

requirement ch&hgemgdudtages achadiskdoiap enaeplimeitngf thiel eseneinyentiemean as i s

al so vel | @Q%\gﬂ% ée?e%teggr; Ig,b %lw/e ﬁ%bi L' Akdiin %m 5&@@%{1& dogower

Amplifier ower e conprise
chanmber 22Znpergh amd”stabe'ﬂity e€b enﬂaeaﬂrd,tyom ecm,ruicmgmth hélenkaseresmm PegappCoie

Faci I i4at ek @s BRaly SRS he frurdft shEpfisd PobRaRY B Ef0por 2l o0
to maintain a desired operatlng range of charging voltage. This desired range can, e.g., be
selected to produce a desired value of dE/dV since the change in energy with voltage can
be a function of among other factors, Cl, concentration and laser gas pressure. The
timing of injections according to an embodiment of the present invention can be, e.g.,

25  based on charging voltage. The frequency of injections can be, e.g., preferably be high
to keep conditions relatively constant and can be, e.g., essentially continuous or nearly
continuous, with appropriate adjustments if continuous injection needs to be halted
temporarily to maintain desired conditions.

DischargeTiming

30 The electric discharge between the electrodes in the PO and PA can, e.g., last
about 50 ns, resulting 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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series of pulses (referred to as dose) control, to a | arge extent,
separately from wavel ength and/ or bandwi dth. This can help to enabl e,

e.g., better dose stability and/or 20 pulse to pulse stability. The two
chanbers can be operated with substantially the same gas mxture and at
subst ant | aMO2N¥&I23me pressures to optinize oscil | at i GABOH Hower in
the PO 10 and anplification of the PO 10 output in the Pa 20. Al of the
conponent g, r ring the
manuf acturl pr%@%@%ﬁ[ﬁegﬁa?f%mggﬁp%s%géh%aﬂa E%H?E Elﬂﬁo and PA
are subst drst:lmgd yegiatenf ithzaPA dmgctapa@pnobnna@y H0psardfsa 2¢®néfWh¢nethe

conpr essi on 250 Y. than t he
PA 20, i n&%‘ﬁﬁ%ﬂ 1? ge mth% er aéa\éogt%t a{@?@cﬁl ﬁno hle’%ne%[1 b%%gu(%@ acfllég]é

conpar ed tAm mipertBA oBélaclél’ t@r&imsmnmgl efithe tisclodget ik ehe::faamhetr theré s a Adlapn d t he

el ectrl cal nentsg of .th u ower =1y 200 .can hel p
assure th?ﬁhlc?’hg"t 3‘ ?fﬂgrogcﬁ’g? gt“?%rgs (%ﬁ, puﬁns foren‘lsvﬁ%c}gizsﬁcffl ts are
t he sanme afiggetddo alvie @t does bbieacaalie close ﬁﬂ@atbemg@o jtriggeeed) pnd tﬁeels@mng

m nim zed we L if.i 0 can onf i | east two
beam pass&ﬁg'? el %F ‘E]@“ﬁg@ ldf?l%]@%afl%"é’tﬁ&ila&ﬁ %’@f’ﬁv@? ﬂ lg &F%@g)@ of the
PA 20. Then RRe ﬂ@pﬁlﬁ@onaihveﬂﬁ)ﬁ) Iw}ﬁdmﬂasw biily aabogts 40H0C 8s.Calti ¢y kks thisbeam t hat
can oscillate sever fimes hro 5% ng and t he rest of t he:
resonant CERFPKSPAlgY acisEoRt B AdU smﬁﬁtenefgx Hne

2005/ 0942 Qo &@%&Qﬁl/b@%@%e tased t&easatﬁuésse Thi’shtlﬁlehﬁamaman vasn, e.g.,
be reflected mrror 14 to the PA 20. as_seen in FIG 1B, the mrror 24
i s slight Sybstm wlar etgh depeading Uppibe magaitde of e chArgiRgeYoltoge andy o2 Sifhect s t he
out put 'a%t&@&%&%ﬁt&%&&aﬂM@Baéa%o%@mﬁl&y%ot he chanber 20 of the PA
at an angle , Wwhi may intersect the el ectrodes (not shown) at generally

t he mi d- poi nt yemthglesmmoadmgyt%?mbqﬁ?@n@%aéﬂ@amm ipyantiony f CIEqUERE Sodes (one
may be 'Oggﬁﬁdehha% sm@%mrg ontrol 2 thehad d¥cHar égld‘ftthgwo BRCARESEMRA DY the

shorter of the vvo am then exists t rear wi ndow of the chanber
20 andiSentldr 22 to witkimarrelativerpcemaay Q,fdﬂiprthaglahgut ZGSgA bleckaliagrasn fif|the tWef | ect i ng

mrrors 2 29? gcan, refl ect the beam back through the
chanber o‘%mqﬁ )i \ﬁﬂ:)ng the | ongl tudi nal centerline axis of the
discharge, whi ch may 10 corresponds to the |ongitudinal centerline axi s or
a di scharge region for med ofrespond
to the | ongi tu%l cC’rflméen e??goﬁfégeglﬁlog h%;}g%%&qm%w {1 g@%in hem;e v%ls{ accordi ng
to an enbd)dsiermrtam@{spdchmfpmemgm a variaging wdth. chafgmg \Iodnaga byueppnatimeteht Br | i ne

axis of di s r et ween ect r t.ner ..ali gne h the
| ongi t4di H§I nsév ﬁ%‘:?fg x| sano ?l‘gmg? e%f? %resef"ﬁ lﬁ%eéllu\?%’sglc%&%rg’t ot can form
t he opti caﬁeaél‘&eram: Sindfeotithed o@lﬂﬁepacbuﬂaqs and iepgdmbﬂnylﬁethbégm foltage ph\eerPA

through it Spp y as it chgr%gsp tlhe chargmg capac1tor (9 banks 29 %h endftc%xlcaﬁI lefag}tgncgo

For example, for a timing control of 5 ns, and a shift, e.g., of the sensitivity of 10 ns per

volt, resolution accuracy would be required to be 0.5 volts. For a nominal charging

25  voltage of 1000 V, this would require a charging accuracy of 0.05%, which is very

difficult to achieve especially when the capacitors must be charged to those specific
values 4000 times per second.

Alternatively, e.g., a solution to this problem, according to an aspect of an

embodiment of the present invention can be, €.g., to charge the charging capacitor Co of

30  both the PO and the PA in parallel from the single resonant charger 230 as indicated in

FIG.” s 3, 4 and 8 and as described above, so 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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Chargi ng vol tages according to an enbodi nent of the present invention can
preferably be selected on a pul se-to-pulse basis to naintain desired pul se
and dose energy and stability. O 2 concentration, e.g., along with other

| aser operatin araneters, 20 e.g., total gas pressure, may be, e.g.,

noni t or ed &’W“&ﬂ‘gﬁ%’ﬁed periodically, in order, e.g., RGVBIHOMIMN a desired
operating range of charging voltage. This desired range can, e.g., be
selected t i V, . . Sk chan i: ner gy
with vol té’%%”gf%’g%ﬁ%é%‘é‘%i‘%‘%ﬁa? %Snﬁ(h)?ﬁg{r)riblr?sg{)t é? acefnf)a;IB ge,d’ %2%3%@ ﬁt ration
and | aser thraextent pessihiedhe sime comperienty iméach piF@idtt i ons according to an

enbodi nent of t rese Lnvento . 5. . gi ng

vol tage. The f fé‘ 2%"&’@%@3" g’# a%pﬁyte%%no%%b%%e%ggf &g%éésfl%plr e%@%gbrﬁ{}mgre%ﬁ{% gh to
keep conditiniog sariatibast (heshyativonsieaeferratid as gitter) e pelsg poves semponghts \for

conti nyou r..near| ont i nuou W th .appropriate adjustngn if

conti n&oué’o n(jh%cg'flrig%haﬁg’gﬁse'%’bcaﬂzfa %?Sf%‘&%?‘?‘éiﬁ’g"é’ r a‘%"FW "%%lts ﬁ%nﬁ‘ﬁ{ élle i esi r ed
condi t i onslelapivestavajtedd curvey in 50t clbselyataek tadhotlthr acindi gpeediePi@en Oher

el ectrodesﬂli n thg PO and PA i

can, e.g., la about, 50 ns,. resulting from an
o eot 11 caltiEHE PHEP B AR, oL Sharedieolpeh dhore PO st prangg T Aev
dihschfar ge dé_fa?aﬁiﬁﬁxl/(ﬂtagé)mﬂtﬁé Sl@iﬂgé wﬁ?@k@g@ i&fﬁﬁ.&ﬂ%lthe slfzﬁﬁe EanJiolﬂg gi?@iids.on but
t he I nvergl on Qn exl sts ur,lngtetlne the electrica I s¢narge.
her of o o Thys bt SHerains copiitont cariod & Parlie (heSGg 1Bk GEh DRUBHA nocr
Syst emoac Rt WilleloPeratingaakRAvitmREE chahgiBAth¥eARR IS &P theRfisbhalpéd) 0024160

the present invention assure that the seed beamfromthe fromthe PO 10
passes t hrigfidnt the REK pPYer Yeigms AregtonstiistepAs they sk Uting MIgsplik sWiEbEey 50ns of

a second WhRRah BE carbRY btddoMdipPediddEhligths 6 thiifg, |RERTn YR8 of HiBEr _
anplification of the seed beamcan occur. An inportant obstacle to precise

timng of chengeditkanncherging voltapie ¢ &ictemnyuiure e cap sery eyt aebles eplgpedd can be
on the or dﬁﬁingtomp%hpti&élg@f%w&ﬁﬁomhye%fmkf@maiwegﬁwom opetfhirlgS

triggered to close ( not” actually "cl ose upon being so triggered)
and t e bagfametenyytheghfluchee elangasrih chatigivgvaliage, eghite mpigizinsoutpeipovBdns and

th . b . oA . ¢ i oh
Caste onl " Rie BviE SEhER dhl 3 UhkliBhne B P SO RIC kil SRR A of Lo
time interthaparilial ptlseppudr secwfs fet thetPid thandePve 2§ yrespectivelyy cahOalsthemblgh t he

: it b 4 th ' : : )
subst ant | d et A atif oF SRR et M BB A Shor Bl 0T
and, e.g. egnypulse td pudsetie apestatfpnlsescnd biust tobatst dver sonna sérfes ofbirsis. power

circuitry 200. vert hel e or di t o _enbodj,nents of the nt

i nvention, cir W?Weswngao%ic%e@émﬁggoﬁgﬁrggﬂ eﬁﬁfsgo%of“feé Im(c:)'?l[ ? @‘glsgas

di schar gesilsof irhftetahinBineti sephsetgere Ceaiatiarss canl afféd, pii t @mypirdshion tmirgl ati ve
accuracy %splecei\glfy tteg%er:]rat%peoclﬁ%ngzeg Slri th% sta)t Oa%i(e i(rjlld&%rg)m mergf%?e gc\é\grding to an

aspect of the present invention temperature variations in the first instance are minimized,

ek

which can be facilitated by the cooling apparatus and techniques discussed in the above
25  referenced application Ser. No. 10/607,407. Additionally, according to an aspect of an
embodiment of the present invention the temperature of, e.g., the temperature sensitive
components can be monitored and using a feedback control adjustment made to the
trigger timing to compensate. Controls can be provided with a processor programmed
with a learning algorithm to make adjustments based on historical data relating to past
30  timing variations with known operating histories. This historical data is then applied to

anticipate timing changes based on the current operation of the laser system.

36




circuits are shown in FIG 8. According to an enbodi nent of the present

i nvention applicants have chosen to base certain aspects of timng on a
variation with chargi ng voltage by approximately 5- 20 10 ns/volt.
According to an enbodi nent of the present invention, therefore, the

measur enen¥OAWFCEE rol of the accuracy and repeat abi | FGRUSBP0HBE6N| gh

vol tage power supply as it charges the charging capacitor Co banks 232 can
be of crit tance. For exanple, for a timng control of 5 ns, and
a shift, Tr%gkrd({‘m%e sensitivity of 10 ns per volt, resolution accuracy
woul d be requi Ascbriing teearDaspeat of ars embaghiment nﬁﬂierpaﬂsemﬁ:afegﬁimgheﬁ‘iggﬂrimage of

1000V, ¢ NirSh Qilfled LR BofRLELADLRE ' ACHir R B0 heicie o1 Y

difficult To achieve €esp argedto
t hose spechémiers V21122¢8. g4@ﬂ0b¢ ampmwed sapaxaledl, eAl, tudilinag |fmeda9h oircgit o a

oresens | UG BRI S8 ong o ke el T BREBGhe, Rirfhea TR0 0 ot 50
bot h the RdI&RAS pag oIPAvhidh iprepedtddetierd foﬁmrhﬂiletexﬁesmgf}ﬁsd dmniigeig. charagér 230 as
i ndicated in FI

and as descri bed ve, so that they are
bot h char J&Y% S%Wéo COffrst @%ﬁﬁago%le’gab‘bc N2 artgnlﬁrlag"“?a‘ﬁ’é“%efr or from
a desired i ahé eRetricdlf codip¥nenty 5Otheagiser pivy syaemaznoea‘gqcbbrmﬁtt 11 tilnbe present

i nvention, the two pulse conpressjon/anplification rc s 234, 250, 242
for the POeTtseniREEpndGlischuehisde Eir?écfog%ﬂ% ﬁ%lfea%a‘?lﬁeAaérﬁé%ﬁtfgéi’gUsa Sifgg \\D

2005/ 034 2QRke Rfel, é&é’ﬁ&@%&&éﬂ@%e m W Chrid Qs AGEr GoreliRh 4B hEloRSqEAIOWN N
FIG 9. This can be enabl ed, by using to the extent possible the

sane conpdh%n‘f”émilﬁb‘é‘é%ﬁs%ﬁqa@b‘i’tber) Accor di ng to an aspect of an enbodi nent of

the present i nwgRidiQRedTh 'F[('}‘S %'Cnﬁ aridE”lﬂﬁle\é%\}e%kfeﬁﬁéed(@xh%d\S@a"téﬁpzlt&ﬁs are
referred to as jitter) the pul Se power conponents for 5 both discharge

chanbers, No.§:625d48h nesfounasse ehprefermed embedimens @emﬁ@rmeng@nt%tbet he tinme
del ay ver Sg}%ggghﬁ@g@g i? He\eBR1rlchl cﬁ&ﬁéx ” rﬂﬁ@ébfwérraﬂ@ﬁ &a&burgmﬁa Ao lspdi cat ed

in FIG 9 normal operati gran g voltage, there is a
subst axit i als aftenriepe dischatdenin the ghaster wis¢ilatom | tA@glecabtatbehh\ee thhafhgsevietmh vol t age
is virtual C har g

capaci tors%ﬁ%@%@%%ﬁ ﬁog&r a??& yCng%{ll%egfvo ?ébg’g‘swéa %{P/é}r’?i %dﬂig(gover

wi de oper ax)nﬁgnatmngazcwdtﬂgom embedigienty dfhiber pesatti nyention agl/@f thitethe

di schar ges referr f;ielg(:tswt P?rhﬂar{]ebg UAe e?mglggveermp%yc%h)? {?(111‘? rtﬁf asgxggt {é}ﬁ)gg eq as they

are, using magnetl can be“care predlcted
in terms m&eaﬁuremags e)em@hﬁtd”nntﬂtuee F@m&s oThxmtslbeheveattmamqe& ¢.pabecazgrgnng

1oLy S sk STRERA 8% 60, BF'5 ST PRk Y, e
operating ahBthét&emtrﬁﬂic&edohas fonfht trenigarteli dedesr heam dfoad the powetabdcier e.g., to
Mai ntain OUte,pacLh the power 'amplifier. Therefore, according to an aspect of an embodiment of the
present invention, separate trigger signals can be provided to the separate trigger
switches 254 for each of the charging circuits for the respective PO and PA charmbers 12,
25  22. The actual delay can be chosen to achieve a desired beam quality based on actual
performance curves such as those shown in FIGS. 6C, D and E. Variations are also
possible as indicated from the measurements reflected in those figures, e.g., longer
pulses can be obtained at the expense of, e.g., pulse energy, e.g., by increasing the delay
between PO 10 trigger and the PA 20 trigger.
30  Other Techniques To Control Discharge Timing
Since the relative timing of the discharges can have important effects, e.g., on
beam quality, e.g., as indicated in the above referenced 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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change sl ow y enough that the maintenance of the same relative tinme del ays
in each of the parallel pulse power circuits for the PO 10 and PA 20
respectively can al so enabl e maintenance of the sane tim ng of discharges
bet ween the chanbers over the short term e.g., pulse to pulse in a burst
of pul ses MOPURP&%S o burst over some series of bur stRCT/YB00ARIEL at ur e
control of electrical conponents in the pulse power circuit 200 is also

i nportant thd MHE HeSARE Sitdd R piidgdh Bt Afde %Jh%@ﬁtls Bﬁikﬁ?a&f)ﬁmrﬁﬁﬁ@n timng
(especially tenperature changes 1n the saturable inductors). Therefore
accor di ng ™3y geault i pidet swipgst echsrainge Meltaps gdier wide tsonigasrint €18 indietoat i ons in
the first e i a cool i ng
appar at us gﬁ%é?fg%h%v?{cﬁggmglcsc }gt%tee d1¥@ﬂhrgﬁuﬁx§r ocf/agmtzlSC];Je Jgﬁééﬁ%legxss{lgﬁel cation
Ser. No. ¥®.6btimg of Agdischagrs|chy be movitoredi, g, pmaaﬁsam&sebemsmthenbodu ment

of the spregen the teny, a
sensitive co(?%pfﬂ(e)%}é%%gégaﬁp bg"“m)nl fé%ﬁsgﬁgﬁge?%%c%&@é%ﬁ%co rol

adj ust menttinmaglef thoraspretive trigggeignels viosigs the resperpienstabes Tdncodrdingaa be

provi ded th © d w1 I ni.n I or.i L make
adj ust rnan\t,éfé1 g{c %ﬁi%g{ngfg? c‘gflrfﬁgl easte'}te Vehtlm%‘g ?ﬁ pgté??oé(f i krﬁ %gm \E/Qri ations
wth knomhmpbaradxsahgrglalcsmmr be snonithied, Ia.gstmmngcalphoiabeﬁl ieg.t foenbseppel red to
antici pate.tjmng change based eratl on of the ser

Syst em 3B BB ATS L Brs ExshoB o Tah T ehauee eBfe Vo PAE ATl ng o
an aspect 10f Pﬁaoelﬁﬁﬁgj(tdmsmflnhhﬁ ophemn)emuaﬂg pmﬂudebeu the Pag®x iIFdg of the
el ectrical (,and, ther ore als di_schar f each of
The o CHEMBERDeGe 435 or i ok ufie nd RSped i s e B heSg
utilizi ng pr@fidedahdinsedseryichergy Jorithé BARS indichteld. 4., amhe MD PRRSrofidddase

described in the abov ref er e Pat 325, part of whi ch
i s repeat é’acq%me?w 1 Fet SE&?S"O?H%%‘SGPF%% and th“ep% energyis lowandt i ni ng

del ays t0tE@ASE?st}nQIané/@fulcﬁhfe@ﬂﬁtth@nﬁxeka gﬂtoglfsadogbﬁtgnwl tage and tenperature
changes in the electrical conponents of t pul se Eower system 200, e.g.,

so that® the tifecordidgiRan aspechgepn SWHO%FP% wérﬂgfeprpgen Bventios, alspablgst as
feasi bl e. y#ank REH, A8 et RBRYRd 0F [dBGBast®d b 'a@jugﬁa\g thd bENichSerid ﬁxra?gﬁ'tﬁel ly the

sane, the varlatlons after correction are al nost equal i.e., wthin about

2 ns of eaetrableriagyctornsSAhandcbiAdin FIGF ag/ordd, anhL. 2443 Eng L in RS. Zhove
reference t w81 r f ferred
enbodi rren'?xgh%# %e%ﬁ%?ﬁ??ﬁ%ﬁ%‘%&gﬁ L?éﬁ%g }gg?ea%ta éﬁg{rﬁgﬁgeg P e?

el ect ri caltediniguésagoyld benuseido pronase thepinef neededolio satusata theset ind@rters 5*‘0»1? 15 ns
after }he [ i i hat these
sare Pol Sripio g dolepfHfy 187 bEmepRal ol bl AR, £ 30 T BBERE B ot o
or a PODOPZﬂ‘miémgm méifchean he teedighick gontwllehtrsed orem fegdipdck sigeal groeseptlsenvent i on

and/or t h%I rtlgh Fonitor. Further, an adjustable parasitic load could be added to either or both of

the pulse power circuits, e.g., downstream of the Cy capacitor banks 210. Charging

voltage and inductor temperature signals, in addition to the pulse timing monitor signals,

25 can, e.g., be used in feedback controls to adjust, e.g., the bias currents and/or core

mechanical separation as indicated above in addition to the adjustment of the trigger
timing as described above.

The length of down times during bursts or between bursts of laser system output

light pulses can also affect, e.g., the relative timing between the pulse power systems of

30 the PO 10 and the PA 20 and adjustments may have to be made, e.g., in the trigger

control to assure that the discharge in the PA 20 occurs when the seed beam from the

MO 10 is at the desired location. By monitoring, e.g., the trigger signals for the electric

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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preferred delay can simlarly be determ ned enpirically fromthe sane types
of nmeasurenents exenplified in those Figures. This is believed to be true,
e.g., because can 20 take several nanoseconds for the | aser pulse to

devel op in_the power oscillator and another several nanoseconds for the
front part Y20 HE4A%ser beam from the power oscill at orPCHS2PUEAZHOY he power
anplifier. Therefore, according to an aspect of an enbodi nent of the

present kdﬂ\é@f&ﬂb%&me%%?rﬂ?é sregénk Qx%ﬁu&i maha% ﬁ@&xﬁ@ly%@ﬂb&edyt@ﬁs&e separat e
trigger swtches for each he charging circuits for the respective

PO and Pmréwélﬁbw@amg aPEpCpSEor Wéhaé@@m‘%ﬂ Pra@wayle‘ééﬂ nywiterhe Eminpangchi eve a
desired 9%9&1@% a&% aﬁﬁgﬁﬁée Ui faﬁta%nau&m frgy BRNERGHNRS, SHEHE 8®ed hOsE

shown in atl ons are al so  possible as 1ndicated from
t he neas thiegsaeegdingftd é@tl@(ﬁcamns picbe lasérpperating Eargmetelr siggels nofediabee can be

dol oy oaldlenBeh G5 Bincthe P UeRRa BT NCE & sl WAl TR0 Les To

Cont rol BpepiflvallyyémirigrmlgogittBiswelbch develop baig ofken Valwmg)p(hfzahlh@ th@t&ges can

havelrrpotant effects, e. bea tgd in the
above ref ré’ﬁ’&?gl I'—IP&.S %’g gﬁhmetgrs canrgleﬁ{'sé Z&}. %bc&dgﬁd“? é]ﬁqg 3 o eps may be
t aken t oembodimeht of thehmeggnt invmtmg ”Fm:se elganthins aqcbrchng)m aswutsaaf amode of

| aser oper a very. hi ven a | ar C e (the
rati on of” %‘57‘ %@\g,p@ﬁﬁ%g@%ﬂ mﬁ%ﬂ% %(?Wl to i d?"h Oé%gr syst em
is pubSI ﬂGnﬁgJC(ﬁlﬁﬁudu@bﬁéraﬁdanamrﬁngl valupsifos ﬂmg:wm’it p\d’Se qsusétsbasgi)on may

resul t har vol t age and/ or, wi,de sw ngs i.n

|nductor ‘*\fq%ad:ge a&t&g@ect Epn (96 8 S5 “E%tpgfsﬁlgstfﬂhra@éh? FET‘WG’ ft,egntrol To
address pHeBdihS prISS), as @&pﬂhmedtthndrb dtai anhetdvadjt&Bﬂ%ﬁE@leS Sc @atdaeNBDNI t or ed,
e.g., on a gul se-to-pul se basis and the 5 tine difference, e.g., tanp - tO.
can, e.qg. 6,0 ®sed in a feedback control systemto adjust timng of the

respect i Wateldated e FoWdN@r&uitC! 0Si Ng the respective swi tches 254. According
to an aspect of an enbodi ment of the_ present inventiaon a paraneter of,

e.g.,15t he PA 2gcording ihanother agkelrqjen @B‘GP‘H“‘B@ ofdhe PEeRt, ingengon, pethgly

phot ocel lyy1s€ fBwer ERROSRT ¥Ry De BhS&ha! IThis! HRLRSERNGEsikdilaP R B Bne ASE)

rat her than the |aser pul se, since ver oor PO 10 10, PA 20 tim ng could
resul t i Wescribed @oye, eAerDt. esarthas dbown s ﬁégg?rd@m@dpwﬁert%pwov@larw the MO
ei ther t @3 t@‘%Ehlgﬁert\Qﬁles egdid ﬂfé%owjﬁé&&e Lgnﬂmﬁ’ﬁ:néiﬁ@‘ja Blgh'%ﬁhg@bﬁsé hat the
MO has Povi'ded t he necessary energy for the PA indicate, e.g., that
the MO h@swwwﬂdenhttm@, e.icerssting fromrfeqtery Power athe- gF?a?30I0F 46paolmhener gy i s
correct, and the PO ener, Yy @&i e i nfer

t hat ezt% ¢ ge aP ap Sou{cgsf% |€a§tno?r\ééngqgon&%}i g cof g% géggc?géaa%b%gg%%ct of an
enbodi rrerdés@fedtfblep@meagmhargmgewb i2dm, plhblmgmgjl:@ecmm @b bapks 210, eggat be

I ncrease eglrlen(cj:i%g 5?2(?0%%%)!“(1 a%lov > (; ocgtages m 9’13 rang%%h?b%%? 1 f&r@ lég BZ%W

The electrical components in the commutator 234 and compression head 250 for the PO

10 can be as identical as feasible to the corresponding components in the PA 20, n order
25  to, e.g., keep time responses in the two circuits as identical as feasible. Switches 254 can
be, e.g., banks of two IGBT switches, as shown in FIG. 5 each rated, e.g., at 3300 V and
arranged in parallel. The Cy capacitor banks 210 can, e.g., be comprised of 128 0.068 pF
1600 V capacitors, e.g., arranged in 64 parallel legs to provide the 2.17 F Co bank 210.
The C; capacitor banks 256 can, e.g., be comprised of 136 0.068 pF 1600 V capacitors
30  arranged, e.g., in 68 parallel legs, e.g., to provide a bank capacitance of 2.33 pF. The C,.
; 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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saturabl e inductors LSAL and LSA2 in FIG 5 and/or LI and L2 or L3 and L4
in FIG 7, which, e.g., provide bias for inductors LCHin FIG 4 and 310
in FIG 7. Oher techniques could be used to increase the tinme needed to
saturate these inductors. For 20 exanple, the core material can be

mechani cal WP 9&fa4t8ied with a very fast responding PZFTE@MEME14hI ch can
be feedback control | ed based on a feedback signal froma pulse timng
moni tor. B8 of 85 A HRICREE PANRS !E?E'v&%'@@ﬁwﬁ@)ﬁ SaPo3 3o, el Lher or
bot h of t e pu Se power clrcults, ownstream of the Co capacitor
banks 210 sat@ablegidugtors20tcay @-garbd Whmmuct@@m}dmgﬁﬂéﬁmdgﬁ@%ﬂﬂ% of addition
to the pul ts)outg ﬁ[{‘%cl%ﬁr%%%& %%a%sc’ore%SO S afic adebwgltljrjﬁfw 20‘2 I‘thﬁedba(:k
controls £ ust, e.g., €’brds currents an core ani cal

separ at i omﬁsam QL of Ht ipchealood en TN of@Pi8tinches. th%ﬂ@l@d}twémh@nwnbﬁmbﬁe trigger
timng_as _descri aboye. ngi.h r@q S

bet weeRd b&F&? ed0fb 193 A% 53}%}%2%23&‘%&} 8%“ %hz)t,walr‘Ii Yses gglra]}ldg Oggs;f’;%ct e.g
the rel at |P®31(I¢ambagnggetedmhasutt4t)as maeﬂpmensg/eﬁtbmb"f 25430r thegoPSy 10 and
the PA 20 an tr| er contr ol
to assure"f’“l‘?ﬁfi Sir‘? s%‘?"%"’éfﬁra hﬁéx?cﬁfe t’l’?gn%ﬁpé ) 3 tgm\%ﬁédﬂ’%#e&%%e eam from
the MO 1@ronsb senbork Rehidhepedstrd the dailingosf thByutponof the inmgter escjlatortdné the i gger
signals for the Iecé‘rlc di scharges and the timng of light out from each
chanmber t REWP can adjust the trigger timng (accurate to

wi t hi npabout ZAB%}:scth@&lﬂie@Vtﬁe bﬁﬁighﬂﬂﬁﬁr@ﬂ@@ﬂﬁ@mamﬁabﬁikd’\@mpﬁ&sﬂiﬁn

2005/ 094205 PCT/ US2004/ 024160 to an embodi nent of aé resent invention
this can preiuseddloyeneysiearia degendent 4por the pagpetip matsriaberopgrtiss thay %Plber ocessor

220 that GafnBRNPSOME MHBHE] tepdRRir, Odtc. LA Srddr T Rehidme pr&t@B Mika i iy and
adjust the timng autonmatically for best performance, armng ot er things

accor di ng thesefpreeexirpmply mpastant tefithe direelyar tdirestlyt pongtop apdigraredic al s noted
above 5 angthe ?1‘33& es. Q})r%metﬁd’d%&iﬁ@d ﬁ@ﬁbﬁélﬁ@ukd‘u’rﬂrﬂzé te\&%@raﬁf@iﬁbﬁt&yc h as

not ed above. specl timng algorithnms which devel op sets of bin

val ueslSapplqngabﬂ@r@‘oouSébf ¢Q1ie<§3dsé@tt%(dew tweasatfpwgomﬂ@@parﬁ@r%@ aﬁ’é’@br s can be
utilized a£CorNI AL & £Coprolh Bhid SPANITGle WARRAIASGRhi By SNt i on.

These al gorithny accor aspects o rrent of the present

i nvent i on acwmallb eeeuird thzerdagnemsmwahest Ghﬁsmémame)c@n@? ragnelicy (fverh g

cont i nuous | Uik ek OLee 1S set
based on r?‘peps bgagﬁggftmggé&wF&?[uwgﬂoq%’%’ erH)g?oélrg?%S{ re‘%eg{l ng Spu#; se (such as
t he i mmedicatiélapplypoffoedt vxgtagcutosthﬁ magetie xpitell wadverse asrthe veterallanii gt t he above

f 15
,&gcg;% ﬁgq‘ﬂe Sagﬁo?rﬁ%?nr‘%s’s“ﬁ te SatPraan e%‘% Sa%att%en%%e?tnﬁ%g Qouggﬁé@ﬁt&c ?nf/glt |t on,

anot her  controlled. Since the volt-second product utilized in reverse blasmg the respective

switch should be equal to that required during normal discharge operation in the forward
direction, the throughput delay time of the pulsed power system, e.g., could be calculated
knowing, e.g., the operating voltage of the upcoming pulse.

25 A schematic diagram of the proposed approach is shown in FIG. 5D of the above
referenced €191 patent. Initial operation could, e.g., assume that, e.g., a particular
magnetic switch is already saturated in the forward direction, provided by the respective
bias power supply, e.g., through the two bias isolation inductors. This current, e.g.,
could then be interrupted, e.g., by applying, e.g., about.100V to the magnetic switch

30  which then saturates after about 30ps. A timer could be triggered, e.g., when the voltage
is applied and, e.g., stop counting when a current probe detects saturation of the

respective saturable reactor, thus calculating the saturation time for the 100V applied
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pul se power circuit 200 nmay be considered. This circuit 200 is simlar to
the one described above, except, e.g., that it can use a higher voltage
power supply for charging Co to a higher value. As in the above descri bed
enbodi nents, a high voltage pul se power supply unit 200, e.g., operating
from f act o™ 286¥08420at , e.g., 230 or 460 volts AC, 20 MA/U520040Hdéler source
for a fast charging resonant charger 230, as descri bed above and designed

for precisgl %e%fggbet%u%% adlbr +f 9&{&9 CoRaGH b rebdly PaNKS ﬂ%ﬂfg, e.g.,

at frequencies ove, to vo tages I'n the range about
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upon the camgnet atseuresamemhabulpds ﬁme'rgtnsescdrehaththmmdméess ghah aitstut dﬁ-2@fnst he
TR SR S B TR PG BRI o
and/ or pre@igghet h@és &mpﬂﬁfu@é’ bAkhepiageit ideﬁwesﬂmethﬂ'qilh;ed)odieacsylstmd ti evi ousl y
cou 6 U LbLee ARl LS, TRILL 05 LR 2l 10, LN B1GERS i gpl Lt o0 data
temperature, the natural pulse-to-pulse variation of the light pulse with thhe input trigger
is small, about +/-5 ns. Thus, in a preferred embodiment, after a trigger is sent, e.g., by
25  the FCP 252 or the LCP 220, e.g., in response to a trigger command frorn a user of the
light source, e.g., a manufacturing tool, e.g., the LCP, e.g., implementing jitter control,
can e.g., delay sending the trigger to the respective solid state switch 254, 254" in the
pulse power 200 of the PO 10 and also of the PA 20 laser by an amount cOrresponding to
a signal representative of a sensed laser operating charging voltagse and signals
30 representative of sensed temperatures of the magnetics, e.g., so that the timing of the
resulting pulse is accurate to within about 20 ns. Alternatively the controller 252 can,
e.g., adjust the timing of the electrical pulse for variations in charging voOltage based on
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 timuing based on a
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the timng. An alternate approach could utilize the nagnetic swtch bias
circuits to actually neasure the nagnetic properties (the saturation tine)
as the magnetics were reverse biased, e.g., in between pulses (or, e.g.,
prior to the first pulse). The bias circuits could apply sufficient

vol t age t oWOREYSHAEARtIi c switch to reverse bias the natB&IWRRO4ARIE 20 t he
sane tinme neasure the saturation tine so that the laser timng could be
accuratel r v, reverse
bi asing t ée)rg(%ec%alg%%h fr(gé[/‘vl eclﬁg‘nﬁl ﬁd*bzgggggfﬂﬁ&gﬁ%tw%gh%éﬂ cgurl ng

nor mal dlpstshar%;acedpmpaamamf ithe mh@eﬁ@pmqmentdumﬁy tambe QHS@VqumNgﬁput del ay
time of t Se wer: i o a e.g.

t he operaolwrll Ipfqlﬁg > %di)a%l%i 8 dmt%gf%’ qﬁ‘leﬂg %jfor ?ag am of the
pr oposed vagmgo&nipetasns hﬂms iand Fit Ghe Emneftlmmeroabbvcmmpemfaeomlfmedothml pat ent .
Initial o i on coul assune that, e.g., a particular magnetic
switch i %ff"r? e@ﬁ’?ﬁ'?’gfn@cfgﬁeﬁst he forward direction, provided by the
respective biAgsorpiapes thisipgpeyt, ofeargembddiment gifi thehpreent myientmni feedbaakon

i nductors. This current .. coul d t.hen be | rru
appl yi ng,COBEHON @R e 1?5’0‘(938% Uthe af’r'é"ﬁh’@flﬁ’ec CBni ¥ Eﬁ hfuﬁthOsat ur at es

aft Fr Sb%ge&ﬁﬁ forAlitférom Ity e Uf detbied tirh@gRfed, c.8, Pr lar%aegmrg Reomokidhge i s f
applied and, e.g,, stop n current probe, detects saturation o
the respécieales wap &f é‘B’Ié‘ g ?tgPsAlg?tFﬁE‘gl HONg IS 1fiB-1 Iess thap ﬁ’ﬁ)ln tinme for
the 1Q0V R3pBtios dor AAIMAIRAL 2A0BRRR a8 Gdsk dad 004, Oﬁéll%@lylﬂg)i t@gectiohhe

respective saturable reactor would be reverse biased and re ¥Pfor the main

pul se di SEPaYe5%equsemRe other gmalles femedtion; whish Wy} £&gdnidens theai ned

fron-a thpreht Gtibins x@ﬁeéeﬂ%%’iﬁ fd defbcfehemﬁ‘lﬁg\éﬁ'of eler&nsedoht Gel&ked an out put
pul se length can be in the range about 20 ns and is to sone extent a

f unct i on cofregtien cpeffieientyis aplief.ngh Fmtlmﬁé Pergentags CameHOR, Celal Capibe S8t Kes .
I 'onger pulsQ olsﬁﬂﬂfolﬁs éﬁ?)'hp@EenS Qt'r&g:%?&ﬁérpﬁ tRCHRIn ) seRl, IARESERAS B Lahsntd f et ' me of

opti cal conponents entire manufacturing systemincluding the | aser |ight
sour ce s\espastof aAccmiuodimgt afdhepresgaiiovantion a amle*Wb'MﬁﬁsObmon,wegp Bdsent

i nventi on rgso ton. &%X%{)@un 5%{'@&%%?61@%% dbe Sctbkved te% |@§ﬁ1§aase pul se

| engt h. I'cate ove ’bet ween di sChar gés can be
opti m zecﬂlgmu‘t cpmﬁtaewiﬂeangMH?heryﬂail wllkamerTthﬁchImDscsﬂaM dent le-g-he PO 10

and the PA 2 oyld be opti ed . f S..4S ues e.g.,
as descripﬁ%‘ag‘? ﬁoqﬁgggg%v@ rg}zérngncgraalﬁ%ggﬁf’s il aH é%’a‘ﬁ %ér%ll? éljﬂ)

09/ 451, 9%harge fan \Wpprbxiantebplinean hnapag @amﬁetmaigugrcnsymémsml(ﬁgeassndme of t hose
described in I be added downstream of

. . 067,311, which
the PR 2(5’”@“&”"‘“#&?"%@6‘?@2"d‘%‘ﬁ%‘“}eﬁ?’een F‘frfiteg?abo i'vi"lual pul ses. The chanber
could be nadeH Gzlilgfbé didekstobé byl ma:terﬁdlml ibb the oait ﬂl&b&h@@ﬁé@dﬂ@dﬂﬁ@ produce

traveli ngac\c/:\{)ex" 1?1g d?!os %heaghgaose egrle 9 em Od}.II(l) ng( r ppo Idsese for angségél laser

particularly well adapted for, e.g., laser crystallization applications. The XeCl laser can

C

be based on existing multi-chambered laser technology having the output of one ch amber
25  provide an input to the other, as, e.g., in applicant’s assignee’s existing products, e. g., the
XLA product line. The laser system according to an embodiment of the p>resent
invention can be in a POPA configuration or POPO configuration.
In a POPA configuration, a laser system is provided that can operate at very high power
and energy (~ near 500 to 1000 W average power). By operating the laser systean in a
30  POPA configuration, the overall efficiency could be increased by as much as 50%, which
would also improve reliability, because the overall efficiency of use, including cost of
consumables s directly related to the length of, at least one of the compoonent
consumables, i.e., chamber life. 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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According to an aspect of an enbodi nent of the present invention, jitter
control can be provides, e.g., with technique called a jitter conpensation
device (JCD), which <can, e.g., assures that the pulse timng is accurate
wi thin not |ess than about 10-20 ns. 20 The hi gher the charging voltage the
shorter t hWOREIAY428%t ween trigger and | aser pul se. THRCTHISGE02416e
tenperature of the magnetic devices in the pul se power system the shorter
t he del ay between trigger and ' ' e and

t enper at §P%'?ete‘¥\e a aeﬁlrﬁ'?a reé‘tﬂes%lg o-s'g‘h lgée& \s/%%te}]%ﬂﬁggr%&glw? E{g g E%?lltsfou se with

t he i nputhet pregge inventionsaralvery wlbutitedfof; axs, subbukteral nerawihr(SL&B) bager

enbodi nent, after a tri roi sent, e..d. by 25 t.he F 2 he LCP
500, e ¢ atystafizpiin Bncelsed §hbrel o G reiftimentS i Rlel Wy oo 1fRe aBl afd'e -
source, etaBility RquitsiitchR ateielaticely 0@y derrarding. t he LCP, e.g., inplenenting

jitter contro can e.g., delay sending t trigger tp the respective
solid3state s{m“? @FFI%SA&?“?E@Wd%i‘gw%teﬁg"’%ﬂfg@é)?g‘g\ﬁé‘?’sg‘gdﬁveggmf H%“bi‘ﬂi% and al so
0]1: the Py g@ldm&fnﬁgmm, mmh b@(ifsé&‘ﬁ)gfmdiimgvd pdmses, the igﬁm&'xig oémhédent at i ve
of a sense aser operating charging vgltage, an i.gnal s 30 representative
of sensedotdhpsenaraicde sTherenergy ‘%ﬁ%ﬁe‘%"&gp g’ﬁb‘,’r Bﬁt]‘%df’ﬂ? 9 ﬁﬁﬁ@sof t he
resul ti NgeiiliRSadgd 2 Helrdi-fitd oF eéH dduld tREGUYS 4 RAzNBor tihd iatenals vehytd he
controlléer 252 can, e.g., adjust the timng of the electrical pulse for
vari at i odsusen betveeenipnlsesy dhe lager gysismgacserdingrie app@rhodimaent of MigiBigsedbl t age for
t he upcomj ng,: U ' ' . 58N o L00e I dvgr i ation.
ovedr . ThyelidH Ly ¥ kot B AAREd SR [BHODchyles 1 BERE RS 2 W0
2005/ 094 Z0mitPHo, 1iSHeaMse0dn 1ig0above mefergnasd rordoras 4k pepet- Ferotime Hatepyals/i ous

pul se or .series .of es Q.. wW.thin a. S | '

t enper at OFR'eGY PYIRES aﬁg%i%?efz’cﬁ% %ﬁ%rdq‘ P{Set%\ 3 ccﬂg%géj{oy%cegg)oggﬁggﬁgg}lﬁﬁd Qst%gt vary

sl ow y, tikkestigilibameopetatdsg 8fidiOdac thetefabimogldehe wedyalso damontrel led SEET |
conpensat f . Sl.owt varying tenperature effects and.at the sane tine

o ovi e dsbom b ovelgpel Bne S s bt ey St YR PR 1 o
ACCOVQ![ NKdde ok Bi. papt RAE tin Be DOvereiaetcs® Vouteds paper. pPreiag ot 888&1¢ mah f eedback
correction_can,

e.g., be made using a technique, e.g., which a ies a full
100% corePESt #8beingr copsidersd datbe; JorEsVish ’:?g’tr%ta &r?‘gﬁ H@er%rer%r’s,lgée. g., for
l'arge ti fuRge®NUSFAG HeGhncR 8odbIRAhRYs, WARR aktbhod powérhaRndgh adEhrtuitet ect ed
timng errors, e.u%._ .. less than the full 10 correction for smaller timng
errors, dJisapengs multipdisationan 20 ns, e.g., applying a correction of only 25%
or sone ot her psailPfor S%p%,:Béiﬁ%'ver%’@&ﬂbu‘l’%)lnte@alg,mlObﬁs,lﬂ&dﬁli_ﬁdt 4fQnd he
percent of 20ns represented by the detected timng error factored by sone
se=| ext edaser aystest ageordinm tef #11 emborimers of fhe pregent THERtio eGP A age
correcti , . i kd leat i1 PeUWbliAifLafiéh error
conditi o%g%sﬁsegvﬁlé at\{é i rcl)gg B@%%@Aﬁ%ﬁdﬁﬁ%ﬁ%&’%t haelrﬁe%S aspect of an
embodi menimendndt ingproves sevstal gualignt dopulse peefchercenuls algo berwpad Wiy epulbn, e, S,

al improve results for both ¢cSLG and aSLG, because longer pulses are better for, e.g., the

crystallization process, e.g., by delaying solidification time in the annealing pro cess, and

25 also protect optics down stream of the laser system. The pulse stretcher could be part of
the laser system itself or incorporated into a beam delivery unit external to the laser
system. A BDU could also be useful for controlling output laser pulse beam pointing
and positioning in delivering the beam to the work station, e.g., for performing SLG,
e.g., maintaining these parameters on a pulse to pulse basis.

30 In another configuration according to an embodiment of the present imvention,
e.g., as a POPA laser system, the laser system could be operated up to 6 kHz for cSLG.
Energy would be reduced, but the power would be >200 W.Also, according to an

embodiment of the present invention the output laser light pulse beam can be strmetched in
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ns resolution, even within a wi de dynam c range may, e.g., be achieved,
e.g., using a digital counter with a 40 MHz crystal oscillator. The 40 MHz
oscillator can_, e.g., provide clock signals, e.g., at 25 ns intervals but
these signals can, e.g., be utilized to charge an approximately |inear
anal og cap¥® 209N@+420fharging circuit. The vol tage on thePCTAB20HH20G6& or can
then be read to determne tine accurate to about 1.0 ns. It wll be

under st oad t hose illed in the ar r ' i
accor di ngonfgx’f"?%mﬂ F%dz%% 1Y mpt:h%? tiel?rr' e c%%%%%ﬁ‘%ﬁ%x%aggbr%g%%%}ség#hr(l)ﬂtgqgn XeCl
| as F_r {)_aanteimho_tli_ﬁmmioﬁ?é lbremi:amvadiohgo,,e.ge,.a@éi,t ujedse !dir;’.qtgngttbd l:aﬁte_z diightd?m |
appl i catipns. e Xe ser .can, be_.based on_ ex i mul tj-c ere

| aser te ?13’98‘9‘3’“%‘\?&56 &’ﬁ'ése&c?Faﬂw pré’lﬁ%o%a@ ey %dr f%z%a%?sé‘\‘}? 3ie‘ap§rgﬁ%tnput to
tﬂe og(tljirwmﬂ%beﬁea:for, é.g_,rmh ph.i cant's assignee's existing pr odg_ct S, e_f g. ]
t he prodyct .| i ne. e | aser system.according to. an en i ment of the
present inyei ?’VHLIbEé’ﬁd‘Hgo‘?Jngﬁ ﬂﬁ%ﬁﬁﬁ‘?}sfﬁ élf’r?i?iﬂ@g sgpilagsce “@ﬁﬂ‘fﬁ Gration. In
ﬁ- PEPA C%&mﬁégﬁhg%cei‘?i ﬁﬁz@fvir@ég.’(g@ {ghﬂficggfrqwmd t&émherﬁ,awmnef%ﬁme at ;/_er y

i gh power and energy. (- near 0. ver power) . oper ating
the | aserP“§l§P§?5é?ﬁﬂi“ﬁa@)(lc%nlﬁﬁ’ﬁwé’&ﬁf’fe&?%f’?@ﬁ ?I%P?Fe‘?’\gﬁ?rrﬁ%ge%ﬁ%‘%?l@ncy coul d
be i ncr eagegirh¥e A8atb 228 wAPHE uniBisebd YW er sBLIBfrotddIds endubdd @dli ty,
because the overall efficiency of use, including cost of consumables is

di rect | y grevds amnepling; epabling, stipulaiing orrenhangiag cheaice)or PREsicad FR3BHREs On

consupebl §Sy tile Sibstrafe) AH Skt dild G- whekChbnerdRoR A @R b @MEAL iRuded btidr SO | Nprove
energy stability, simlarly to applicants' assignee's XLA A | asers,

because, thanysimpbiegpphateexppsingys-200806ISHO S RN WIRGERIIZETEOWlSher at ed i n
a_satur ataNnioR Yo liE: 96 stiistidy 3 fred¥Rd, AR R Y &uikrRedisent s of
the present 1nvention ar% very-we suitedfor, e.g., super lateral growh
(SLG | astsscribed yemtmidinentst jof nthe rpyesents ényentivay eut Halsog neg.g\at ratberi eaiint s are
rel ativel i gh- ) L b i ively very
Gemandi ng e SEab S ps B Ron Aed dlt vl BEULIRTRAIR Bl LeRaAC Y,

i nvents omccqdingite theaabbye désprilzed REBAIioENL iof thearesent, inverdion. daninipertgged to

provi de two pul.ses he.tim f i C o} : S e ener gy of
each | aset? Ot %ﬁanrt’fgémg%u g&ggeﬂgﬁ of\ﬁng ngfe tofﬂg%m?ﬁ ﬁs%fe%)?&%ﬁ'l tgg p-rll-%%lgte and the
rep-rate #pbliestioh i< eiel wtilfastionpof the Lapdbilitief-of applivents miwdtixvbdmsbeodd POPAO 2 sec
bet ween pul.se e | aser ,system accordi t o, an_.enpodi ment of the present
10 i nventfil"f)lfr‘i”rS:‘Po(?ﬁ;(gi fpsers, 2nd, tﬁ%ra k g‘h@ée 18%%(3(’(1“‘3113&’&' 4 %ff.'?w%slaslerss bei ng
proposed dhmb&s AL, a Pecifled Maske tith reatthethatio selve efimufomedg Kidesset  al .
paper. For time intervals _between.pylses at 125 sec, .the | aser system
accor#i n eﬁﬁ“’%ﬂese‘ﬁﬂ’g%‘lgré?ﬁ‘ theyuse ﬂgp‘b&g%sgmym?‘ﬁvéﬁfof%ﬁﬂp 18?{‘%6&?‘%{"’8& at 8 kHz
and, thergf r@s deerdrgt REersised MOBA, énfigaetidn MORA oSLE®PA ‘ot BOBO) gdei ng

devel oped_by nunerous | abs, as discussed, e.g., in the abave referenced
discharge lasers were not commonly in use, due, il part, to these crficai timing

requirements. Now, however, e.g., with applicant’s assignee’s XLA technologies,

significant enhancement of the utilization of gas discharge lasers, e.g., excimer and

25  molecular fluorine lasers is available, making utilizations for such manufacturing

processes as the next generation of large scale poly-silicon crystallization possible. Such

laser systems according to aspects of the present invention deliver to a manufacturing

work piece very high power (up to 1000 W), very high repetition rate, compared to prior

laser systems (500 Hz to 8KHz depending on the configuration), stretched pulses with

30  energy/power stabilized pulse to pulse and precise pulse timing, including for providing
staggered POPO pulses for pulse repetition rate doubling.

It will be understood that embodiments of the present invention can be

configured in a variety of beneficial 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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15 Kudo et al. paper and in the above referenced Voutsas paper. Today, both
aSLG and cSLG are being considered to be done with high rep-rate green

| asers, e.g., diode punped Nd: YAG frequency doubl ed | asers, which are not
power ful enough and require frequency nultiplication. For cSLG for

exanpl e, u¥Orgosi842§s short pul se intervals, -100 ns, tRCTHHRMNH24360 t he 20

| aser system according to an enbodi nent of the present invention could
appear as 2 | ses. . with a y.1l 0 edl‘ilt} I ul se, e.g.,
reduces tﬁég’sog’ﬁf:%ﬁ'f Sltr\é&acﬁl?doﬁn a“?l r%éoaaﬁgm}%r%?%ygs C §%\It§gl(ﬂt}a a|‘ffl’?ge.r9% §u| se

st r et cher Bl at ialasdvuble mied cadfigotation alsel emploping\acP QRQ withprdcise (B3nsh cSLG and

aSLG because | onger pul se e hette L r | dAZ&t i on
process, &g"e a'b‘i/]%&eé aﬁ?‘ﬁrﬁfggF‘?’%ipﬁis%sa of%g&%li ifr%rgie%c}’t E@Pgﬁr@e{%} ?n%dnf)@o cess,
and 25 al sonfigupdtidatalsoplelicaing reviss (+Faniningtahé phlas exergy S donblethmilgssl se

stretcher could be p of . the | aser system,] f or.igc dinto a
beam dél i #bFes i%g-e@% i “P‘g‘ 1’[“#?8 s 8‘%18%{% a‘é@ét’@fﬁ‘)&f’%ﬂ cgﬁf’fg‘%@é&; be

usef ul f ofenfbeaidedt, tha @iy Al be tagrelypidsele spaead e with ageparatich pHsigt i oni ng in
delivering the beamto the work station, e.g., for Arforrrirf Sfﬁ&t e.g.,
mai nt ai ni ig! £herba senaEier ef $-Lor?S] s bewen fefstarsyd eﬁﬁgfe‘@ Ougpjt %era her

configur atpiugg h@ﬁfeqwic'i&elgr%péd@d SHRQIEFRRbvahl blile RDEHRArate 0P REMZI @A, €. 9.,
as a POPA'l aser system fthe |aSer systemcould be operated up to 6 kHz fo
cSLG  Endhigyvensuthe serend pulse eficach peir oh eloprbynanacebpnlses seay-beepaapteh by o,

accordi,ng L I i t (,"Q%Jé ser |ight
pul sedlt())ear%}1 %gﬁl%blgsgs a(r&g? gﬁgén?%a}; ng %@8@@7@8}%@% II%{C}:@I"ll J&%zaglgm Oﬁ%o one

di mensi on lewed] efgndfithe grdcessinigen dieveorkpiSteahquires & fet ﬁ?m‘demw&trdiﬁf@%i zed
i rect et U 96 PRgrey O 1B bl ttec tnde e Bt Mtam o
profile CapHLOLEERIPVID Lifingerkédt B8R IpBRes DD GanlRakparsBUbihbenifadmal2siuer, e. g.,
aSLG 5 It will be understood b){ those skilled in the art that simlar

appl i cat i cpacitgymiformlyfpran 8kzRylisrercitede@is nvol vi ng, e.g., surface or

subst gt e U1 ealsygioh, ol delk e drllent RGP Gz, £ I XoOPBLIFGRiEQ8 gANd the
interpretation tfs'ue claims wll be referred to Sinply as "surface
treat ment ,a'308memwenter Wevelmgdy S0md et puleco tEHz pylsh ropeiers s -as 0hMiced
crystal = OfoPUblh ERAPA kEv FRARGn, FHIHARINNE, Ml RORAWLNGwREM cal or
physi cal réactiohs on 10 or rn the substrate, and particularl \S/ wher e
penetrati oK dfs $tretcher, bt rvingi & chayalier didel on dhéerder tof a2Bs pgsisy | SePRM
Phot o° exPOs] Ao G, & ooy iferflion BBl EhAhEnEL BGHLL vaf er,
with high a]%%gl;ngg%%nhg%ﬁ%?éﬁ#l??{e%ﬂ; emglargirogﬁe%nf:s, My be carri ed out, as
with tioe dbapee lifeleligh irkechtee abhigherepuveer,ofongdiechpmberelife indvenyt ilon,intoat  al so,
e.g., at other center vva\ég}?]nth e, g....using XeF,, Kr r F2 gas
di schar ge c{halg g Jl@%t e’Fr]%e I?i ﬁ?rggxg tod ‘embodiments ng thgpﬁeser{%‘ Elvgﬂgn
advantageously can provide for improved laser beam shape and reduced divergence at
the delivery point to the manufacturing equipment and pointing and positioning actively
and dynamically monitored and stabilized in the BDU, independently of laser pointing
25  errors in the light generation, enabling such things as constancy of energy delivery to the
manufacturing tool and, thus, also to the work piece.
In summary a gas discharge laser crystallization apparatus and method for
performing a transformation of a crystal makeup or orientation in the substrate of a
workpiece is disclosed which may comprise, a multichamber laser system comprising, a
30  first laser unit comprising, a first and second gas discharge chamber; each with a pair of
elongated spaced apart opposing electrodes contained within the chamber, forming an
elongated gas discharge region; a laser gas contained within the chamber comprising a

halogen and a noble gas selected to produce laser light at a center wavelength optimized



15 according to the above descri bed enbodi nents of the present invention.
An inportant aspect of the preferred enbodi nents of the present invention
disclosed in the present application is the utilization of the
capabilities of applicants nulti-chanbered POPA and/or POPO | asers and
the abilitWOr2800€8F sely control the timng of two | asROGTUS20HAMIEY S acti ng
in a specified manner with each other to sol ve manufacturing process 20

deficiencies resulti from > Lar )
appl i cant 'tc"sﬁlaess Sgar%ltézéaﬂgn ps?fﬁségge %?’gc %lrt g%hﬁﬁdé?ég{ehgéwplggﬁg f]lgur ation,
MOPA or PCbéprisingGROL gawer wuscemafigeandasecandpslse comopressommand (vpltage stepe, due,

in part, to these criti imn requi r.ement w, ho €. 0., Wwth
appl i cant ® °§§g1? 5‘?‘}5‘3“@& %ithe bgc%ﬁ%f 8 gegsa,nd cg?ngeﬁfl%? folg@‘ﬁfr es@%ﬁﬁ%%&ﬁ%ﬁe&of t he
utilizati eomfisigas sukicage Gactionslestsy up .t@nsforenet ihrdng anglubitynof edmbmgr
fluorine lasers is avai,lable, Ki ng utilizations for uc&bmarﬁugglct uring
processSes “Hadipgrconnssted n seresandp siggle seoglery widing pagsing thyongh, gach of the

crystal | i Znirhle§ dIQssiady indBuand £86Hd Sxt6 iéyPer awicht dnd1g ldser Ggcind of the
present invention deliver to a rrtgnuf acturing work g{igce very, ige power
(up to 1006Mgl modyls opgrafiye te siae; the slasipg of hedsTASEHVE FOHY SBIE; FHLch PA%E, sy st ens

(500 Hz t qpBKidpedfine petamBteNof 1he reRétive Uit irdndecorll p@ées bttbrpssionesdwi t h 30
ener gy/ power stabili1zed pulse to pul se_and, preci seé‘i)ul se tim nl%,aﬁsl ncl udi ng

for provi dickage semppeiradf tpafiestnpeietien phihe digst aad secppd 1aseruts 28 & @bl i ng. It
Wil b undsy s taathutdaahse Sedh BRRPOPOS confBurbd 888 stbAME Phddabe & amglee

configured in a variety of” beneficial ways, e. in a POPA configuration,

e.g., for outhut jagerlightpelse bpama s P Q%Iiaspﬁﬁygémrrgfﬁ)’é@Ptiqsé‘FﬁYrb&tO@e%W and
above pul sgs.{ ﬁtst g{lﬁa)uta%%? ’11r%hflﬁﬂm%ﬂoé&g %fezﬁéf RSl P28 MLt Dase. 9,
ched, “and car a v

/
optically stre so advant ageously be 1 nproved through
del i very idischargBbhamber; and, the tiwingland peritrobuioddeppempiesdo icreatealzes distharssyi ng a
POPO wi t h \preci L1 o I I &5, {ione each
from each b%ég%ﬁﬁ%rg&pﬁé ga'%’&gléﬁg%gdr}i i“g’%rgatl% g%?g{zté% lé%lfr il{ﬁle%r)?lﬁég Er ecfsse (b3ns)
t i mi nglsandransitisg theecogyd fdischatga bdgnh, yithgeplus caxtminwg §snsofindeagy a, P@RPLz, and
with pul se stretching and BDU del | . . itst iwnent, the
pul ses nafOB%’“}“éﬁ gﬁtfcggf’vg@ﬁ see(fusp ust\égéé%Sd alll Qt%lﬂ% c&\%a%‘% pgﬁgggpaa?%@gﬁkﬁgf, e.g.,
< 1s and aosdpdauipana mEseleted.time3Hds dr trinuset me nbepinaleli vary tnibindawisef i r st

out put | aser |ight ul.se in fhe two,closel aced pul s f.or .an overall
pul se r epéﬁe@ﬂﬂﬂ?ya‘? HBIPS@K?&& tirpipg apg, con é’gg’ﬁY ,%Qﬂ%esg(grcc F\ldosnpeﬁ1 1P each
pair of clsselsy repacmthgpdhagag Mltae e padmgonentbiemberaamsst i nige| pde t han 125
gs and may al so ,beglg‘{ different power level, e.g., a |lower power |evel,
e.g., 1% tREPESHeR YPgta%‘hSt?Hf@’% iece requires a two step treatment with

different powerelaByRldschiREie el B freshf fleferic embditmedthafthd gfwsent s at, e. g.,
the 8KHz repetition rate., In the second PgDO.arrarL%ﬁmagt .the Bul ses, e.g.,
limited to such embodiments but

can be sepayeatiayand the Hertinnssheyld getbe cansidere

rather to be in scope commensurate with the appended claims and equivalents of such
claims and/r elements recited in such claims.
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spacing uniformy for an 8KHz pul se repetition rate. 15 Systens according
to the present invention utilizing, e.g., XeCl, can provide, e.g., a 308
nm cent er wavel ength 150mJ per pul se, 4KHz pul se repetition rate, i.e., 600
W 1 %sigm, 60-70 ns FWHM pul se duration, wthout stretching, and 120ns
FWHMwith a 4X Ti, stretcher, and having a chanber life on the order of
20B pul ses. SSPPM accordi ng to enbodi nents of the present invention can
enabl e | ower mai ntenance due to 20 longer life, high rep-rate at higher
power, |onger chamber |[ife and veryyl g’nt er- chanber jitter. The BDU
according to enbodi nents of the present 1nvention advantageously can

provi de for i nfpVb¥ddIMaser beam shape and reduced divergence at the
delivery point to the manufacturing equi pnent and pointing and positioning
activel y I.and 4 grradibchaige yaseromystablizatornanparstua iérl fefemninga traesiddDelion of a

i ndependently of laser pointing 25 errors in the |ight generation, enabling
such t hi rrgstamakenot enrniation ingheyubsiratbedf ip werkpiece canpsisinganuf act uri ng t ool and,
thus, also to the work piece. In summary a gas di scharge | aser

crystal | i zat i crmépgamaenasensydtemepmpibifgor perforning a transformati on of a
crystal makeup or orientation in the substrate of a workpiece is disclosed
whi ch may conpri se,a fistlaget indttrambesing: aser system conprising, a 30 first

| aser unit conprising, a first and second gas di scharge chanber; each with
a pair of elongated spacius gapdisdhaigpplowibagy el ect rodes contained within the
chanber, form ng an elongated gas discharge region; a |laser gas contained
W thin the chamber conpra &ishppirso!f dhaisaigd spaggdcapart psisme gestrarish eontadedt o
produce laser light at a center wavel ength optim zed 45 WD 2005/094205
PCT/ US2004/ 024160 within the fiest ghambpr forming e firgy longated gaodibrbargairagiond out on t he
wor kpi ece; a power supply nodule conprising, a DC power source; a first
and a second pul se conpralgssr g e@n@ingd withigehs figspchambercdomprising e danet ed t o

t he DC power source and connected to the respective el ectrodes, conprising
a nmultistage fractiafd nelegaupeleatedntof produce lhseyilight at plogntern Weyelesgthpri mary 5
wi ndi ngs connected in series and a single secondary w ndi ng passi ng through
each of the pl ur aldptisuized toghe erestallizatiortprogsss toda dardedsoit priths watlwiacei gger
swtch; and a laser timng and control nodule operative to tinme the

cl osi ng of the respgeetongdaseainit domprsing swi t ch based upon operating
paranmeters of the respective first and second pul se conpression and

vol tage step up circuit aseconfl geschischysgs eeinber; of the first and second | aser
units as either a 10 POPA configured | aser systemor a POPO configured

| aser systemto produce aseopg|rair gfjtghigatpdsepcelj gart perosies belagodsss a POPA
| aser systemrelay optics may be operative to direct a first output |aser
| i ght pul se beam f rcomtpingre vithins the| sesend chamber, fopninhe sesensnalopegated gisschar ge
chanber, and, the timng and control nodul e operates to create a gas

di schar ge discharge region;

a laser gas contained within the second chamber comprising a
halogen and a noble gas selected to produce laser light at a center wavelength
optimized to the crystallization process to be carried out on the workpiece,
wherein the second laser unit is coupled to the first laser unit such that the
laser output of the first laser unit can be doubled passed through the second
gas discharge chamber of the second laser unit;

a power supply module comprising:

a DC power source;
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bet ween the second pair of electrodes while the first output |aser |ight

pul se 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 output a preselected tine
plus or mnus 3 ns. A beamdelivery unit and a pul se stretcher nmay be

i ncluded, and timng and control may be processor controlled based on
signals representing charging voltage and conponent tenperatures in the
pul se 20 conpression and.yolta tep up.circuits. The. abov i scl osure
refers to presently pr efaet;lrrS tepdﬁsee%grg iesr?goﬁl_tagd B?Natg?lsetepp‘?pegrecﬁit C(_”}nﬁ(\%%toﬁ%en and the
to'be i n scope commendurarats apt Fnat eI SR R < o
such clainms and/r gl ts_recipt [0 h clains, 25 46 CLAINS |/WVE
CLAIM 1 A gas disc Lélﬁgg%gl %%Célg%érsg%t ar Iuls‘ﬂii{‘?ca;f ?nc?ﬁe}lﬁ‘ﬁﬁ%raap ltﬁléa ol fﬁgﬂa or ni ng a
transformati on of P oY QVAS 0, rientati Lk ubstrate of a
wor kpi ece conpri si ?1‘61:11 &ggsm?ﬁ{lﬁcgﬁé]en%g?s Z{nggglrn%{s}f%%oél% {gﬁnnﬁiﬁll%?f%&g%rgu% rst

| aser unit conprisi : f LISt .di.schar r: first. palr of

el ongat ed spaced apeg%foﬁlﬁ)e c%‘ér?iltﬁtégg? récétrfg" g‘s&g’gﬁ gg)tr?l@&tate\?\nn%ﬁ ?\Wltt ea”fdi rst
chanber, formng a first_ elo i.scharge r.egion: | aser . gas
contained within the fi rasst%c%rﬁg)%ggmg%%%ghgpnéo%g%%f:’glépeﬁrcugﬁamaeaﬁ% e gas
selected to produc r | ight at ter vel enat optim zed to the
crystallization pr glééegz(“etpgwﬁrg S%:ué%r F%d%gﬁnteggdnvt\?ﬁge W%Cr%f%pipé"éeo;fl gleétré’gﬁsnd | aser
Spaced apart opposi oo o by EERe AR S T e G B DR s
formng 2 Second el B S8R ALANRLaR LA AL ARELRR BN 1SS
produce | aser |ight a . bz t .
crystallization pr ot%rgé%h %ﬁ%ﬁéﬁ% ﬂ@?lgg%gg{lmgﬁqﬁh%%rgﬁdp% g%lg?&at%negrgeeri n the
second laser unit ig.coupled to the first laser unit such that the |aser
out put of the first lTaser unit can be doubl ed passed t hrough the second

a laser timing and control module operative to time the closing of the
respective solid state switch based upon operating parameters of the respective first and
second pulse compression and voltage step up circuit to effect operation of the first and
second laser units as either a POPA configured laser system or a POPO configured laser
system to produce a single output laser light pulse beam.

2. The apparatus of claim 1 wherein the laser system is configured as a POPA laser
system and further comprising:

relay optics operative to direct a first output laser light pulse beam from the first laser
unit into the second gas discharge chamber; and,

the timing and control module times the closing of the second solid state switch based,
in part, upon the time of the closing of the first solid state switch to create a gas discharge
between the second pair of electrodes while the first output laser light pulse beam is transiting
the second discharge region, within plus or minus 3 ns, to produce a second amplified laser

output light pulse beam as the single output laser light pulse beam.
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gas di scharge chanber of the second |aser unit; a power supply nodul e
conprising: a DC power source; 47 a first pul se conpression and vol tage
step up circuit connected to the DC power source and connected to the
first pair of electrodes conprising a nultistage fractional step up
transfornmer having a plurality of primary w ndings connected in series and
a single secondary wi ndi ng passing through each of the plurality of
primary windings, and a solid state trigger switch; and a second pul se

conpr essi on gnﬁmgva?)hérgtgg of E gil%l ?th%}er Hmletlasgxo %gt%ﬁlt & %o{gfﬁured aﬁ a%pB Vlves sou r ce

and connecte e secon alr o ectr I St ag

fraCtIOng&ﬂ&%%&iﬁﬂh&0&@g&§é$E having a plurality of prlnary mﬁndlngs
n

connected’in series an gl e secondary wi nding passing through each of

the plurality c%&b&qﬂﬁh?!s %%ﬂ\/@gsc’om%gx? aqirﬁ%lu{pqt lggeiag ght p(lisg ggarr]n fr§mtlﬁeﬁh; and a

| aser timng an operative to

respect ' f?rstfsl%& Qn&%ﬁ'}h §é%1§cf: gutﬁﬁ%?s@r H%b [})ugg %I’ z?r}x Ifx% 81% rs@%& €fgs%r Qr(lt he

respectl ve first an second pul se co €esSsl1 on an vol tage step up circuit

to effect gg@égﬂggg&ﬁ#qgmjﬂ gé&gnga zﬁgond | aser units as either a POPA

conflguréﬁ aser s configured | aser systemto produce a

single output t}le"ﬁrgﬁg ér{d thltro[l) 'ljrlo He Eglg%&%xmﬂ_% & HPRAALYR Q;It%g\{/l?clhrg S]edV\:her ein

the | aser systemis con |gure a ser ~system an

conpri si ng p?rri qlr%@X tl’%ﬁ#d\ec& tﬂ? @lo@hé XPthE (?lrsq 's&lﬁicgteﬁ@‘s lltcrhstz) Pele{{e%u%as d?sgﬁar l i ght

pul se bea the tirst Taser” unit Into t Second gas

chamber . e, | hg%ﬁcloh%ﬁxgofaeneqtrg Q0L s%barﬁ‘f?gr%ﬁg&t 1J§§rﬁlgﬁqpﬁ¥% e'}ﬂst%ﬁtpﬂhe second

solid state SW t art 03|n f t he

first SO'lésg é}%ﬁllsél%t h{:ﬁ?fﬁ Qn Gl g&tlgseﬁhgﬁ‘gglgé ﬁxctﬂﬁEe%nq Qﬁﬁ ‘{"‘Fa%é} ﬁésﬁ??lﬁ?econd pair

of electr I'rst out put Heam | ransiting

the .SePoga‘é?rﬁkét‘ﬁQﬁﬁggoﬁt R0 1o ;%ﬂ"ée%eﬁié rres c&H%m%é)Flg’or&%uQ?ﬂguce a second

anplifie aser tpu I'1 ght e sin out pu aser |ight

pul se begm 48n§£@g%ﬁﬁqgg@ﬁggq§n&;c Aﬁk?54 mherein the laser systemis

conflgured as a aser system a rther conprising: conbining optics

operative to leNGend: if e Qtlﬂtq?lt'ﬁe Jlx?gl-? {)dt%l%r 1?1\@&540 Hi‘cf;{e 'Eﬂfé e first

| aser unit with a second out aser ron1t second

laser UnighedPine R, BFHE Fulldin ik QHYIE oRPhRMES llg%&ﬁﬁse'blea%l? by B‘iéa%t%?.eam and

5. The apparatus of claim 2, further comprising:

a pulse stretcher in the path of the single output laser light pulse beam operative to
stretch the T, of the pulses in the single output laser light pulse beam by at least 2X.
6. The apparatus of claim 3, further comprising:

a pulse stretcher in the path of the single output laser light pulse beam operative to
stretch the T of the pulses in the single output laser light pulse beam by at least 2X.
7. The apparatus of claim 1, 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.
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the timng and control nodule times the closing of the second solid state
swtch based, in part, upon the tine of the closing of the first solid
state switch to create a gas di scharge between the second pair of

el ectrodes to separate an output laser light pulse in the first output

| aser |ight pulse beamfrom an output |aser |ight pulse in the second
output laser light pulse beamin the single output laser |ight pul se beam
by a preselected time plus or mnus 3 ns. 4. The apparatus of claim1,

further npri pyl t [ the path of the single output
| aser light pu §é aeagunstogc%r%é ﬂ/@ge C(%nprlsglgtch the T, of the pulses in the

singl e out put ] bl dér .tunﬂul'nstﬁe ﬁ%‘rge”&fg Ex%lh%%ﬁt 1%%%5 1rrght %ﬂﬂ?«: PRt Lafus of

claim 2, furt Rer e single

out put l aoﬁglratl\llel t%hliteh Y ltt?e su%?iamtﬁ.ﬁ %s%t 11 lge b BtrtgtachantuE%tugglg to% fo%:h'l?e pul ses

in thet5| gl e outpu Beam B y at hoof
appar at u ath o
the s ngre ety Jﬁt%s%% Mol SP{EEe %Qﬁrkg o R aRb A hul e £ ¢

the pul sgs . hg edNg 4Singl e output laser Iight pulse beamby at |east 2X 7.
The apparatus of claim1, further conprising: a beamdelivery unit in the

path of the si ”9% %HBBH;% Bille i ttﬁ:“iacfagt g@%ﬁghfap%t c%‘? g’%ooli)é ?rode' | ver

the single outpu pulse eam actu r the

per for mange .o er%nlgﬁxﬁ raf'it{‘z?t; Hﬁtab%{br usttﬂ&bﬁte&?a makeup or ori entation in

t he substrate o pi'ece; eam adj ust ment nodule within the

beam del igvery -y Qnéﬁigﬂykcﬁhggfﬁﬁﬁﬁaghﬂ aneter noni tor and a beam

paraneter adj ust mechani sm apparatus of claim2, further

conprising: a b@e%m %31'\/&%%11}{'[ Mr[hé E)étﬂ hﬁe B@élt ggpu ﬁlgﬂgkﬂﬁs H%agtu(rmdl aser

(0]
l'i ght pul se béam an erative del'iv he srn e ou aser |ight

| b
F:‘Jaﬁg f Ore% %ag%eat(g;@?ﬁ:fé s%él@?.tt;%ﬁ%sexj 1%ht Btnge begﬁrtggrx%ﬂﬁgtuﬁgg {3 for the

Keup or "orientation 1nt strate of the
wor k p! ec g)'er %nceaofteﬁeat%n%}rﬁ'ﬁ%ﬁrgpﬁxe gB'gtla’ll ak\%;%g'r' cheLtQt?orp iy sqggéfat/eeorf ¥heu nit
conprising a beam paraneter nonit a beam par aneter adj ust
mechani s ﬁﬂaEQ%dapparatus of claim3, further conprising a beantdellvery
unit in the path of the single output |aser |ight pul se beamand operative

to deliver th I u I t Qo qgﬁi LWri ng tool
for the perfgrﬁgﬁgg%ggHéﬁeh?@gislgfhgglgﬁugﬁa §ﬁg¥&s?a 33% or
O ot At el W URPL S Ganelch i IREK B AR REnaND, 2 beam ad) ust ment
modul e wi't |n t eam d unit conprising a beam

10. The apparatus of claim 4, 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.

11. The apparatus of claim 5, 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,
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paranmeter nonitor and a beam paraneter adjustnent nechanism 10. The
apparatus of claim4, further conprising: a beamdelivery unit in the path
of the single output |aser |ight pulse beamand operative to deliver the
single output |aser light pulse beamto a manufacturing tool for the
performance of the transformation of the crystal nmakeup or orientation in
the substrate of the workpiece; and, a beam adjustnent nodule within the
beam del i very unit conprising a beam paraneter nonitor and a beam

par anmet er adj ust.nent_gaechani 11...T r at. f.claim. furt her

% He&H Gaéiﬂr{l%f;me%g n’?o%]te ‘Imrtlhl? ﬂge %g{}ﬁ (%F\%f)hgmgicr?&pg%lg a bla

conprising: a beam Ivery uni 0 tpd% aser

i gt pul 56, REAMAN o PRELAL LV d 0 oJELINE iRl nol e output | aser I ght
pul se beam 10 a manufactufing too or e performance of the

transformgti on.,of the cr.ysta k or.orientation in the substrate of the
morkpiecg?'annggﬁmggﬁﬁgﬁggﬁkﬂgﬁwggIn%%ﬁ%]e wi thin the beam delivery unit

ES?E;L?L”mg 12 B BB R b or TR g %ﬁ@}r’tp%%%pr‘?gﬁﬁ pudtblih 38
elrvery o%@rlagl\éfgt{aicfen\?er?kﬂe;s}?rﬁ?% %Lftéﬁ lz?s'ergl?éh?fnﬂyet Qelﬂfnl to %srgzgnuszcglnﬁ%f)o%ll ?og tlgeeam an

operative'to ver out aser ght pul' se beam

TNUT Ct Yl 000 Ot R R GF BE TRAGENSeuf BErE ARG AUPLLAROr e

crystal eup or orien roninth pl ece; and,
beam adj ystpent. ppdul e within the beamdelivery unit conprising a beam
paraneter(ﬁ%ﬁlfﬂgﬁand a beam paraneter adjustnent nechanism 13. The

t f claim7.furt Sl noL L ] I d
o 82 o LA AEHISPRRAERI) T s ] ol

conpri ses a processor operation

based ' ' ' har gi | t [ th
ase “P&gra%n%f‘e?b,‘églﬁo&%lsug%géﬁgl ;%\ﬁaﬁ{se?g@&%én‘{%e%nﬁﬁ? charging voitage in the

respecti ITs npression and voltage step up circuits

and si gnghs nﬁgaﬁgﬁg%ﬁkkﬁgnghn&ggxkﬁpgagature of at | east one nmagnetic
n Ir

swi t chi ng el enent e respective t and second pul se conpression and

I T T e e e

the timng and con per g a progranmed

timng cqp; é’ on%ﬁ?%}a%iﬁx{‘bégé’f%gn Pe%&@e% sfr‘%its‘é%%f%ﬁ&%'o? tﬁe%ﬁégﬁggﬁgay} e of the

chargi ng voltage e respective second pu ession and

I .Ci i i : i . f
voltage SheR Ryl FRKALS.A0M AUBS cf SPLASAILALNCPL A Re i TRREAL T e O

at | east one magneti in the trve irst and second

pul se Coqpﬂ’rgs%f?tgt?\;% qu&% tgrgéegﬁ\gr% o?£tq9aspcﬂle%a'éﬁéff-ctswitching 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 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.
15. The apparatus of claim 9 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 and signals
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15. The apparatus of claim9 further conprising: the timng and control
nodul e conpri ses a processor performng a progranmed timng contro
operation based upon received signals representative of the charging
voltage in the respective first and second pul se conpression and voltage
step up circuits and signals 51 representative of the tenperature of at

| east one magnetic switching elenent in the respective first and second
pul se conpression and voltage step up circuit. 16. The apparatus of claim
10 further camn i si.ng:. the tim.n d con tro ses a.processor
per f or m AP é@erogﬁ%éampif?tﬁaem&aﬁsaﬁ{‘ P lrcgwrm“n% BT HbE FSedul o
signal s repres entq} & of th ? gt etln the respective first and
second pufse c%ﬁ%? g SWm%ﬁﬁmnaP age ?%Bl b Yrrcuits and signal s

represent, tive.of th at .l east one magnetic sw tching
el enent % thgnFég%%%W“%nB“?lrgF%gTﬁn?% ¢ond pulse conpre55|on and vol t age

step up CIFCUI% ra of claim1l f ? conpr|S| t he
i g and cortt SPtoHt R RBTRPIE B ied ardcrob by B B G armea

timng caoptrol rati.on ba ed u ecej ved SI S e tive of the
char gi ngq%{lg con(t)rgFo era%l?]n base (;S c%%\c;ge# s Sels r%pﬁe enteévce): r? 4 thﬁ L(I: ar n SOI%IgESSI on and

vol t age u it L epr ¢ tative erature of
at | east S[%nges e%tleee Hsgansw? %I prllllglgsgeclmerl e lomi n t‘ﬁ) @ eesée et | clrchs s hd and second

pul se conpressi on d vol ta e t c rc atus of claim
12 furt hgg reé‘se% AR nllf te’%’?leéa i °§ atelgasy nd'ce IC Swn% éelie%%gpnrptﬁes eesSpeﬁmber ocessor

perform qgstan(?sec?nc{i ec ;t)r smng \90{[areoslte L‘Declirg‘&l On based upon recei ved
signal s representa RYE “BPERE arglﬁ Vol tage'in the respective first and

second p Ise oI i 0 v e step. up circuits and signals
represenﬁatlvgﬁbfpgﬂ%w¥£ﬁ%3?5&%?%“%?“%?“ east one magnetic sw tching

2![ dem) ICInr Lnﬁ?er 5is egczn{dvceontrof moéu 5 %Qm;?r‘?s%? nd ch'élss%re pgr%"%mgs§ Ip?(;]graan?rgedvm tage

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 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.
18. The apparatus of claim 12 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 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.




