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[0001] This patent application clains priority to U S.
Pr ovi si onal l.ication No. §0/710,866 filed August
25, 2005, whi lgréth‘e"l‘o’ iPﬁ“ieﬁgbfs?fgg]&?BlégmBQS refergnce in
its entirety. FIELD OF THE | NVENTI ON [ 0002] The
INVENTEBENt invention relates to pul sed flash | anp designs
for producing high performance and very high power
Robert(MeBintanBoAy Elaa@ePetprtiUkagV kidaas Pacwdahit oind, Gafar Xaihlevas
| anps for producing pul sed ultraviolet (PUV) light.

RELAPRECAPPERIAMION:he present invention relates to |anp
desi gns that reduce | anp degradati on and breakage, and
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flash Iﬁ{rrgs tﬁgl cally include the follow ng

FIELD-QhddHe AV¥ENTAONanp envel ope or | anp tube made of
tubul ar material with adequate transparency for the

[0002]d eBlier prtsepenvertionemlass om putaed (8sh(langp. dediphsgfadproducing high
quartz for UV radiation), and filled with gas or gases

perforBbiede @&l ¥&Raiigh lpowet QpeakGindoiedge} pulsad|beogidand $izht, 26 well as
El ectrodes | ocated in opposite ends of the tube,

lamps g{?gﬁ‘?ﬂcg‘% ﬂLgslegcu;ng%gI@? g’ﬁ,{\p 18Rt %éc?&%%l?,nt‘iéa ?fé%glﬁqh%tﬁﬂ relates

e gas(es); roundi ng

to lamiga eksie ; s?ch%tsrielﬁﬁgegl ?gﬁg%fgdagwni ara%igl %’rg n,[r)aagg; Q&F gagcgewﬁ'éasrﬁf;ljo%d lamp

rot ve
. providing a volunme for cjrculatjon of cooling f)]uid
coohng»gagé e tr}qagtﬂ-alaﬂogﬁ?%ewcfﬁ%nqy eqesured specka gratsaion bawd
the internal surface of the jacket. Such cooling fluid

BACKSTROUNIhGF IBHp WVEDTIERcess heat devel oped during the

| anp operation. [0004] While there are many known

[0003]stylieknawd thatdysem fesigmspler dighnpower Basth fanps Hypieatpysinclude the
followlirfg components: 1/ Lamp envelope or lamp tube made of tubular material with
adequate transparency for the desired spectral emission band(s) (e.g., UV-grade quartz for
UV radiation), and filled with gas or gases such as xenon, krypton, or other suitable gas(es);
2/ Electrodes located in opposite ends of the tube, connected to a source of high voltage and
producing an electrical discharge in the gas(es); 3/ Surrounding jacket or second tube of
suitably transparent material around the circumference of the lamp envelope, providing a
volume for circulation of cooling fluid (gas or liquid) between the lamp exterior surfaces and
the internal surface of the jacket. Such cooling fluid providing removal of excess heat
developed during the lamp operation.

[0004] While there are many known styles and methods for operating pulsed flash lamps, it

is most common for high power pulsed lamp operation to encompass some version of the



is nost common for high power pulsed | anp operation to

enconpass sone version of thethree typical operating
wonoEg2s@mR i gnition node, a sinmer node, and aPpuWiUSe006/033355

node. The ignition node provides initial ionization of
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this new generation of high power and perfornance
megaWill§-sed | anps is physical ly characterized by a much
| onger | ength anode-to-cat hode spacing gfor exanpl e, )
[0005] pylhg graswins r%emﬁw hy aewapphigstiens fopinageased Uysprggessing power has in
increase in the length, weight, and aspect ratio
many ipstafces eequired mmichdmproved fiash &angt perforeancusveyiths ezbabiities of the
designs, this new generation of high power and
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spaci ng), gher qui red operating vol t'ages-
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| arge-scal e water disinfection and renediation is just
Compatnde taapevious ipvlsedhlane dpsgest dbis gewegenerasionopf pugh power and
| anps have shown to be | acking, and therefore not
perforncamos ipdseé darhys isndedticallyt chatreteenatd belpolsssivtitblaggdr @uthets (peak
task. A new generation of higher power and performance
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advant ageous. UV |1 ght can effectively disinfect
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beyondU’é{lel ﬁr%—hetxis%%g gdelngrla 12)1? Cotf svc\)ﬁ-éaﬂ(e)(&‘ tmedium-to-hig:,rh power flash lamps, new

methods and designs are required. For example, large-scale water disinfection and
remediation is just one application where the older generation of PUV lamps have shown to
be lacking, and therefore not considered by industry to be entirely suitable to the task. A new
generation of higher power and performance pulsed ultraviolet lamps is both desirable and
advantageous. UV light can effectively disinfect across a broad range of targeted pathogens.
In sharp contrast with chemical disinfectants such as chlorine, UV light can disinfect without

adversely affecting the taste, odor, or safety of the water, and is particularly effective against



adversely affecting the taste, odor, or safety of the
water, and is particularly effective agai nstprotozoa,
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UV systens in particular advantageously can deliver a
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of zero to 100% I nportant| PUV can do SO Wth
ambienh d¢rapesptuseh shangesranduinstast BV poweiof ONFeangx JDBET ¢gcling, instantly
potential created by high | anp envel ope tenperatures
variabl@ndd predsy tevslst AUV pawvac beatpur ehroaghoenttho padge of zero to 100%.
continuous wave (CW medi um pressure W |anps.
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contlnugyg NI (@ t) %gncpgﬁsgmealgﬁaa%sf gplftﬁefqnqﬁ d 1seknown that the CW
requi renents of | arge-scale UV processing

mercury, fEppcEpassLTherodueE aptinhesent mhlelwfme@f@mncs ifegradgtion due to
the art that the previous generation of PUV | anps,

thermalngradlientimdoces!t foating) (minerals atréctmn) of ngotedingghckets. Therefore, it
advant ages and benefits, have never successfully been

is advafitagday &6l ceatedpulRAJEV 3?@&@5 wathdha\epabidieets M1y the requirements of
relegated to | aboratory work and/or relatively | ow

large-s&%’\@Vﬁb%ﬁn@% liGabhONs. Known probl ens have incl uded
unaccept abl y“short service life, unconpetitive
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. B vvell-rratchedtothetarq(i;jteg | i cat g
while  dergpiieatiog o (e bh A3y By Yapbzesoped | Peneisy baye never
one or nore conbinations of rapidly-declining W

successgtlbplren derloasd pw e largerpealyy and Werratecméngly thepatasitotlahematory work

prematurely prevented operation, and/or catastrophic
and/or feddtivalydowfpawee nichappglivatbup eKmmzbrepﬂohlems have included unacceptably
El ectrical -ts-UV output efficiencies were within the

short seAA@e li, @oheRlve WcalbabWBRIAB uifud VeTrigibhdy, Wnbdhsidhert UV

appr oxi nat e practl cal range of 17%to 35%typical of

output, %&W:&g tHX erTG Htg Ut R i xﬁﬁljpm{afcﬁf!ﬂ QYSthe targeted

gener at ecarre progressi ve
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combinations of rapidly-declining UV output, excessive lamp aging that degraded and then
prematurely prevented operation, and/or catastrophic failure of the lamp envelope material.
Electrical-to-UV output efficiencies were within the range of 5% to 9%, which compares
unfavorably with the approximate practical range of 17% to 35% typical of CW mercury UV
lamps. The UV output of the previous generation of PUV lamps became progressively less
consistent (in terms of energy per pulse and spectral characteristics) with eventually

unsuccessful attempts to push towards higher output powers.



unsuccessful attenpts to push towards hi gher out put
powers. [ 0007] The primary reason for these limting

wonoeiries®si s that neither the | anp desi gns, noPCThS2006/033355
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standard pul sed | anp desrgns that enable scaling o
technolpgy thag Basrsien gy userfopmane dgr@dﬁwmh@eelaw?rmﬂéfprmmrssstems A
that today are desirable for certain applications.
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desi gns have been incorporated, it is now known that
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the task. [0009] In order to achieve the potenti al
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necessary to create new and uni que | anp designs b
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nps are i nadequate to the task; this invention
lamps Iﬁrs@wru@@“ﬁ)et@@sswﬁ%mﬁf@r@ﬂéask [0010] There are

mul ti pl e causes for the potentially deleterious stress
[0009] t dn widec ko sdhisvertbevpgtentdal atlivariages ofivety lngh powersmised UV lamps, it
pul sed | anps may be subjected, such as conpression and

is necebSAR it® BréaftChkee And tun@fiR, lainedddRins dypahieh ahisaBéhnology is enabled,
contraction induced stress, tensile stress resulting
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lamps are 1 a%leclllic’atg to@cfae task; tilgq{lgentl\cl)mn tppovtlc?es necessary solutions.

[0010] There are multiple causes for the potentially deleterious stress to which this new
generation of high performance pulsed lamps may be subjected, such as compression and
tension induced stress, thermal expansion and contraction induced stress, tensile stress

resulting from induced deformations, asymmetrical heating and deformation of the envelope

resulting in a bending of the lamp envelope, and resonance oscillations.



onset of the main current pulse, the discharge

consists of a thin cathode sheath (cat hode "gl ow
woegenn2y®@s gl ow, and so-call ed "dark spaces") aRdTAIS2006/033355

positive colum that fills nost of the

anode-t o- cat hod pace.. At th igh | a ressures, .
100111 { RSE SEasitG v arieL e Eristb e e S0 Tach S8 e Bt wih the
has a pressure, applied voltage, and .
onset of jh¢ &pain jcHEEpePahtthe sischyae $PBHS oL 4 fin erthade sheaths Geathode
Vol ts. Although the sheath-dissipated power is small
“glow”pregative ghoiw, tand sefsall¢bidade ppdeedh anthe pobidiae laplutrinethpofily most of
di ssi pated per unit volume is very high, resulting in
the anodesé-amhadespast.y AvitlghhigBemiampt presareanitlispragingle rs@sath anldss than a
t he subsequent formation of a strong shock wave. This
micron thick! Bt lﬁ%raoﬁgss%li‘é}q(ﬁ WeY SoltapedhhE B AndédeRidht & olt&¥¥ drop of
mll1nmeters,” deposi Png much of 1ts energy in the
I eql rpundj | ec . dpcl udi
aoproxfff oD VR LR i B Sl Ttk 18 AR b&ERe of the
sybse nt | eposited jnto the main col um be en o
shallovy fig B DG Siate BerRtE: LIS A Yogn fusts Mo fgpultiog in
) the |l ength of the bore, thereby creating a cylindrical
instantasigeresty Weshetentpatatyreg e prasgyreh ¢ingd fhe sehsedqyeat formation of a strong
reflecting and oscillating several tines at very high
shock veveu Sthicinftiab guerpcshesk vavd Bhittehizgted Wibih2] feAondlinketers, tiepositing
both theoretical calculations of and enpirical data

much of it9 Gharel s thelrb@sh shiadihd dtlceflodey ecYudin@iheRAME envelope. The
pul ses can produce high forces that create conpression

power .téﬂgle&:ﬁg@i Ig.g\slé{rﬂag Eﬁsﬁfbsé Fg@ﬂ?eﬁ%ﬁt‘é& li &b She g{héﬁn) gBﬁlhﬁlui)&%een the

_ _ ses i € gas heatin pressure
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. .waves propagate through the gas a enve| ope, .
cyhndr@ahﬂwgeweoﬂlabgﬁqu%.Fcr quegwe‘aﬂg eHlpeimgndersiligfigg soveral
can produce a set of nultiple reflected waves that
times at yerg high avousih feeqandesEalifikiiz)waves and stress points
in the envel ope walls; and 2/ radial waves propagate
[0012] t cotigiing teb@hsheceetival ogleuladdrssof amodmpigicdll diital frandpulsed flash
cool i ng jacket, traversing through boundaries with

lamp ofkrhfi &, @8ty MBh Pbivet pREARAA r&fice hAHHoRIES lt¥at @FeafPEdrhFHkdsion and
refl ect eg back and create standi ng waves and vari ous

tensionSileSRS iR ?;j:f% giaitéi‘iazsh e[neﬂlx\ft%\ﬁé}e th‘@a}gél% PL\QQP}?’JIS&:ED?%%'{?JS F heating

expansi on contraction I nduced”stress I's
ot o B P, 35 SR B PR BB TR 0 o
walls. eAszv Slrgs%?t': 1/ axial waves propagate through the gas and envelope, completely or
partially reflected from tube ends and can produce a set of multiple reflected waves that
interfere and create standing waves and stress points in the envelope walls; and 2/ radial
waves propagate through the gas, envelope walls, cooling fluid and cooling jacket, traversing

through boundaries with different material properties, completely or partially reflected back

and create standing waves and various stress points in the envelope walls.



The envel ope outer |ayer is cooled down by outside

coolant flow, which results in a tenperature gradient
wohoanogsoshe tube wal | s and additional pul se teasiusm06/033355

stress in the envel ope outer |ayer. [0014]

grmations.in the envel ope, material. can result from
10013) R BT ol S B® B! Sie RS BfiGPse ges
. softening of the envel ope_inner |ayer. Fast cqoljng of
heating; fhat PW@P?F&IWW@BE@%‘P% adigarpon 8k Hings YEF Btitheegmp envelope.
hardeni ng of deforned material and creation of
The enyslope esgerotnyst ieseoled dawrerbyl ayteids coobanty figw,hwhishsiesnlts in a
stress in outer layers of the envelope. This effect is
tempersturd lgeadidnd thivaigh nthentubetwsdty afd tadésionEnpuled tesion Iskésg in the
cannon barrels (autofrettage) when high interna

envelopélit@Uhyez. Pressure inproves the barrel resistance
during Tiring. Very small changes during each short

" od L .
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combngn i el S0 SRS B AN ol SHRRCelpe of
fromthe plasma and external lanp wiring, and in sone

thermalig¢pRiisting guarty ploglagsipigguens hagdentnenef dederndanaterialands creation
hi gh current-induced el ectromagnetic fields can

of compressiore strezs yminper lagers akhmgfwithngngion stiess i astalafyeds afehet envelope.
away fromthe |anp axis and toward one side of the

This e€ovelipEnl@ to Hdilkhoean nicid bf | tReaBBMTNEE lakitlddry h@@ahbm darrels
and deformation of the envel ope. Accunul ati on of

(autoﬂ%gafgﬁqy {WBIHI}] ‘?12%16 ﬁﬁ@i‘nﬁlt %ﬁﬁéul?cf fn%?sdt?ﬁ gﬁf?ﬁlv@s B 6 F%gr.@ﬁstance during

nt ua endl ng" o anp envel o
. [0016 ast | Ltipl i.gh power pul s e nci.n .
fring. | Voi§ gt Haibos, At Gif o bobONED RHoR Gt AE RSN, wricent
.. fromsingle to thousangs per secon dependj ng on
tensile §V§iselﬂqt5%§f%§rptﬁ?r e Fg’Fi 43@11&98% iaflg &’%@, ihganhieR Qb hecome an
__resonance effect in |lanps wth natural frequencies in
additiop#| soursere! teasilfestrevhen the\hatlgingwidels t he use of
dramatically | onger Iength | anps aggravates this
[0015] s iBnueaibting froRe sion plas@a esdi dxftarhalolampi wiringl, am inaome designs also
produce detrinmental pulsing tension andconpression

affecte® b¥y 88f68ndifg b@{ﬂ@o@hﬂﬂ’%@@ﬂtlﬁgh These-infilde@kt@iromagnetic fields can
nmechani sms of stress devel opnment can accumul ate in

produclé g%ﬁ&‘fﬁhpﬂﬁftfﬁ%t §thé lp(a%ﬁla%gm@ﬁ’tr éﬂwdqureﬁrmé @ﬁhﬂ) ARis dnbl toward

one side of the envelope wall. This can result in asymmetrical heating and deformation of the
envelope. Accumulation of deformations and stress after multiple pulses can result in
eventual bending of the lamp envelope.

[0016] Lastly, multiple high power pulse sequencing with constantly changing pulse
repetition frequencies from single to thousands per second (depending on system design and
operating conditions) can create a resonance effect in lamps with natural frequencies in the
same range. The move towards the use of dramatically longer length lamps aggravates this

situation. Resonance oscillations in a lamp can produce detrimental pulsing tension and



known that tube-shaped materials (quartz or gl ass)

behave much |ike other hard and brittle substances;
wohey/oaexk very wel | under conpression, but arCYaIs006/033355

sensitive to tension stress. Miultiple tension cycles

e a.critical veI ress be .
comprefSBCHkieE i et 591385 it dev%ﬁ Snild GREF ReshguisEs gf stress
mcro-cracks jn t rrater ag éoctastr phi.c
developpen{icagecempll Polamp Ao H% rmaé?rf (50 *p¢ ik da combepation. It is
m cro-cracks accumul ation i s the degradati on of tube

known tthairiuparshaney niaterinletpienz ab staspt bebave muchdikatdtier heyd ahd brittle
envel ope wal | s), and subsequent reduction of |anp

substanebs cheyi watk vary opdll unden tompressibn,diue acey/very Q8dstliveTioate gsivs stress.
therefore a need for a reliable and cost-effective

MultipleaBhsiSy §*&é§‘ &&‘éécﬁﬁg AngitioRL 1208l & sti¥BNEHIABE HWsBortsikie f&a@ gradual
pr event breakage and/or premature degradation of

develo;ﬁﬁ%% gflﬁi Kfn%% gI: %%—B%trc%{?rglr W&rgg 15435%41{8\@2:1% %f}lc breakage

nven t vi de reliable and cost-ge e
of the |5 "Badfheh Seid ﬂﬁe*?rﬁ%f»dar@? SRkt PR Byne %egragatwn of
preventing | anp breakage due to the forces created
tube trfSHHERRYNERCIRYSES ebsoe'aqlorp@ﬂ @diation by 1he envelene Walls)oH) sequent
of this invention is to provide |anp designs and
reductiomeohlony abdctmcatid-apticioitpet afficiendynpr ove the | anp
stability in ternms of envel ope material degradation

[0017] armtherec@ubiérefte @fnekd Foroptdlindle attbcaetedibiiledp Jyd@R0Jesign and
These and ot her objects are achieved in the present

method By SlPRuré W Idan THEVEH Q%Ptbrbﬁééggtain%r g(}f@rhﬁt%@eﬁeérggatmn of

| emma caused by accunulation o formati ons

rlals conprising the pulsed flash | anmp
desired erlg{‘% é& eventually resulting in the devel opnent

f_m.cro-cracks, degradation of envel ope
SEWJN@Q?Y?ﬁF%%ﬁgﬁgﬁﬁqEﬁi nd | anp efficiency, and in sone

cases | eading to | anp breakage.[0022] Accunul ation of
[0018] s Aepcprdifeglnr srprimerisobigct] ofrthe erssentopectiions e proyideogreelipgble and
the result of stress produced by nmultiple high power
cost-effeatisekhngf ddsigmhandahéthge ofl fabeibatiaqye themahiydgre tdnging dapp brdakage due
to the forces created by high power electrical pulses.
[0019] A further object of this invention is to provide lamp designs and methods of
manufacturing that improve the lamp stability in terms of envelope material degradation and
reduction of its optical characteristics.
[0020] These and other objects are achieved in the present invention.
[0021] The present invention overcomes the dilemma caused by accumulation of small
deformations in the materials comprising the pulsed flash lamp components, eventually

resulting in the development and emergence of micro-cracks, degradation of envelope optical

properties and lamp efficiency, and in some cases leading to lamp breakage.



[0023] These pul ses are responsi ble for: pressure

i ncrease inside the tube; heating of tube inner walls;
woOhermas20expansi on of | anp conmponents; gener at POWUSR006/033355

shock waves through the tube working gas; propagation

of, axi al ..and ¥ adi,al, shock way t hr h the |la
1002212 gl B SR e R ek Vo s e e the
nd | a t uhe el ongatj.on and bendi ng.. [ 0024] Th o
result &rrgwqgﬂ%ﬁehygﬁﬁﬂ%@ A PRIES BHECS 8 ag]&d&ﬁ@é&%@smde the
t he i ssues of degradation of strength and transparency
lamp tubk. | anp conponents by providing, for exanple: better
| anp envel ope shape, cross-section and nateri al
[0023] diT8ksd pulkdscare réspensibly foegutssumednimagriasitie the wbeshqatiag of tube
of the envelope to the conbination of forces produced

inner v@ﬂ_s;%%ﬁidl'e%pﬁiﬁo?ﬁoﬂhﬂl@ dRaWRhent9astnBtios 9P BRSA Wives through the
poi nts between the tube and envel ope that inprove | anmp

e wih e mefiafLs EERPE TR ER WADEY B Mo copponents
resonari X i GHof b G GRAES LB B LD AR R B |

(pressurized cooling fluid, axial and radial preload,
[0024] etTde pplsedfiasholgmptof tﬁ@ piesent inyention addresserthe dssnesrpifdseradation of

in order to prevent bulging (sliding tube hol ders,
strengtletand, ransparehguof nempodsnmmestsobk previdiagatfooextmmpe:, better lamp

suppression, and redirection in order to reduce

envelopdhabell crébs @bctivdcdt dniategal | adbutlon) thetdbe regilignpaintgréAdiresistance
conponents; and various conbi nations of the afore

o o ARSI L SRR LA bitntin

. rial,s Lh situati ere th nsi.l .
comectipl Bl CBGl T e By Mot bBE eI Pr A b B o8y and stenenn
.ot herwi se be unacceptahl e for. the new genperation of )
selectivg; B BBVRAPeSRPIRHRG ﬁ&gmew é@abv%% &t fasgis) OrrRgvention of

conbi nati on of features of the present invention
dangergipsoitbel sesopant eis¢illpiiensa precind srcens txraduee feapipn deash igrthe febe walls
nmet hod of manufacturing, preventing |anp breakage by
(pressufiaed esolidd iffytid, pawielr agd eediali padlogolyles@y; naatitbdsnfor bwiitngube axial
the optical transparency and stability of |anp
comprd¥Bbe Foreésin dr@&H26lprdRat Bulbag (biidifg BRRMORIHH, iefEY, vaddi&hethods

broadly, the nore inportant features of the invention
of shoé#(g\?r%ggﬁsr?gg\ ég‘%%tr?sgfroﬁh%\] 2 Fgﬁ%%%){nﬁﬁ lofder b RIEOS nd:Bidl high peak
pulse loads upon the relevant lamp components; and various combinations of the afore-
mentioned techniques in order to successfully utilize the desirable qualities of certain lamp
envelope (tube) materials in situations where the tensile characteristics of those same
materials would otherwise be unacceptable for the new generation of high power and
performance pulsed lamps.

[0025] The combination of features of the present invention provides a reliable and cost-

effective lamp design and method of manufacturing, preventing lamp breakage by forces of



and in order that the present contribution to the art

may be better appreciated. There are, of course,
waddi7ieexal features of the invention that w | PCiDAIS2006/033355

descri bed further hereinafter. [0027] In this respect,

high ooyl e o o ARG (BF SpBAR AL EN ity of taunp

.lnvention is not limted in its application to the
Inmm“%%tails of construction and to the arrangenents of the
nmponents set forth in the follow ng description or
[0026]| |"11h9@t kast bas ibaen putligedwiathgs braasdy.i the enetedmpostastafeabires of the
of other enbodi ments and of being practiced and
inventic@irr ordelr that the detaded dessriptysthelos that fdllows rhay bebetter understood,
under stood that the phraseol ogy and term nol ogy

and in &Rt ﬂﬁé?%erﬁéﬁhﬂc&ftﬁ’bdt% th hﬁe BY mRISI l%ﬁeg béiRlel OThaRare, of
shoul d not be regarded as limting. [002 As such,

course taﬁ@ﬁl%nﬁ%ét{n%g o'f the 1}{'\%}{'@&% tPMt uﬂl @ 855%?1'[)9& ﬁlr{) 'éf‘fl Cfgitﬁgfter

onceptlon upon wh dISC osure 1s base

|I|zed as a basis for. the designin
100271 (5 s Yspirehefint “XRlaftindial hevh o Sl et b ﬂ?‘%‘?ﬁ%&ﬂ detail,
t he several purposes of the present invention. 'S

it is tol bepundeasieod ek the dentiom s nelglimitad dmtits cappieation ﬁOoﬂils details of
i nsofar as they do not depart fromthe spirit and

construgitapandoto thharrprgesents df heeetmmomentarset forthliv thedollowidgadescription
present invention. [0029] For a better understanding

or illusahtetiig thend@Mih®N The tisvedfieh & tap@brRMfasth@gasbadefitd@nd of being
specific objects attained by its uses, reference

practlce?f‘éﬂﬂ hrR&d Badint Pariole v@a EOHE?nMHQ% g ﬁi’l\ﬂcﬂ'%o@%‘t the phraseology

descriptive matter ustrate preferred

o R, L B A LB 4 Sl o

hi gh power and performance pul sed ultraviol et
’fgmﬂcﬁﬁﬁgﬁnp %% and a conventional flash lamp. [003 1]

illustrates a neans for increased |anp

E 2
[0028] er?«ﬁeﬂuélpéh@ﬁegﬁkdle@yn [tooapwiltappiREa thet the cpaeepsor vpem Maich this
of non-round | anp tube shapes. [0033] FlIGURE 4
disclosurk|is dusedt may f¢addy Heantpizedlaes beaisi fog tispidesidning of other structures,
| ongi tudi nal wal | depressions [0034] FIGURE 5
methodk | dnd SdykRER SfoR cﬁiﬁjﬁlﬁF u?fthé P&l Ratof aKE PRRER: invention. It is
us

[0035] FIGURE 6 1| rates a doubl e layer |anp tube.
important, therefore, that equivalent constructions insofar as they do not depart from the spirit
and scope of the present invention, are included in the present invention.

[0029] For a better understanding of the invention, its operating advantages and the specific
objects attained by its uses, reference should be had to the accompanying drawings and
descriptive matter which illustrate preferred embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS AND THE FIGURES

[0030] FIGURE 1 illustrates both a high power and performance pulsed ultraviolet flash

lamp and a conventional flash lamp.

[0031] FIGURE 2 illustrates a means for increased lamp envelope rigidity.



[0036] FIGURE 7 illustrates a neans for increased | anmp
tube rigidity. [0037] FIGURE 8 illustrates the use of
wepbs7aksmenponents for | anp tube support. [0038CTHISGIRIA33355
9 illustrates a pre-stressed Ianp [0039] FIGURE 10
illustrates axial preload of tube wall's. [0040]
[0032]F IIURERY 3 illystigtes ﬁé@@gleaomupé Bbeelaedn of shock
waves. [0041] FIGURE 12 illustrates a I anp holder with
[0033]s | FIGTURE thilbestrafed (gt} laripGURE 1eSing spirst loagitulinzel medrdspfessions.
suppressi on of resonant waves. DETAI LED DESCRI PTI ON OF

[0034]THEGUINE BTN ENafed @43dank f@un@edsed hbatekEl@ings. an exanpl e
of the new generation of high power and performance

[0035]9@1%@5111316%1&%&%%0(151% et l@shubanp 100, along with an

exanpl e of the previous generatlon of | ower

[003 6]p g Wﬁﬁlfﬁ% %lg. nlléaiﬁx {%Br?csrhasleg %eé%%e rléﬂﬁ%}); envel o pe
[0037 ]sﬂﬁ% é : %t@tega@e% %ﬁm&ﬁ ﬁgéﬁ% .laam@g 'S@ééqgﬁn

the art. In a preferred enbodi nent, the central
[0038]e &1LBYE 9 ¢ bwapiates apregvtrgssedien@uar t z. The tube volume is

filled with a working gas such as known by one of
[0039]orIGURY 16 Kidstraies atiakpralond afihmiptobeidiallg but not
limted to xenon or krypton. [0044] El ectrode(s) 108

[0040)a rfqdnml i1G@thiés b AgRhd 84 shfprédifonesTdaodd whaRp t ube
2, and are electrically attached by neans of |anp

[0041]"?%92?%%'151%% R R o™ ce, ther eby
[oo421; R %Eﬁgﬁrgf%s R e L
di stance, or arc len erhaps 100 cmor nore, is

DETA o RETHONGAG TR REFENRERNo 't he

previ ousgeneration flash lanp 120; for a given pul se
[0043]entEeyy, 1t Hiustrhiengith examalet @@eﬂj@shg}wr gehgeationh pf higlacpaer and
of approximtely three or nore the thermal | oading per
perforandeqiuddel ubtkavislep(PLNDEfldkl 2arap 1PA sehd with Aakxahple e the previous
ol der generation pul sed |anp 120. [0045] Cooling

generalidf b€ lovdr p%%ﬁﬁﬂlc%lﬂﬁﬁabl% TRANAHS 170, SthetRB) Yeneration flash lamp
transparent material is

100 comprises a central envelope or tube 102 of material transparent to UV radiation. Such
materials are known by those of ordinary skill in the art. In a preferred embodiment, the
central envelope comprises UV-grade quartz. The tube volume is filled with a working gas
such as known by one of ordinary skill in the art and including but not limited to xenon or
krypton.

[0044] Electrode(s) 108 are hermetically inserted in the ends of lamp tube 102, and are
electrically attached by means of lamp connectors 106 to an electrical power source,
preferably a high voltage pulsed power source, thereby enabling the production of an

electrical discharge in the working gas. The electrode anode-to-cathode distance, or arc

length, of perhaps 100 cm or more, is uniquely much longer than that of the previous

10



| ocated around the [ anp circunference as shown by

detail ed cross-section A-A, creating annul ar channel
wh2W7mes2eeen the | anp and wal | s of cooling jacketr/uk®ebs/033355

The cooling fluid is punped along | anp tube 102

s BHBEOET b W OB LR B v

evi o ner ation of |lo rf Qor mnce bi |i
factor ¢} %@.%Oﬁ T3 frueq S BT Q&fgﬁ o 3%@%%% pEartp tube 102
el ect rode anode-to-cathode distance, or arc |ength,
compareg po that bfthe nldehgensration miseddampnl2® 35 cm For a given
pul se energy, this shorter distance between el ectrodes
[0045] 1 Zboting guelst aorf sectnd tofe APHraxiprding yuitddiye eranspaneit ematerial is
greater thermal |oading per cmlength of |anp tube 122

Jocated! £180nd ! 12{p LhQUARYNIENRS rs‘hbbvﬁ%}} a8mildPBrosEREBIMA A-A, creating
conflguratlons i nclude cooling fluid inlet 130 through

annularg?lfragﬁa 1t16rb%'t’vg%nﬁirlr§§agnf %11(1)(3;J lx/gﬁ%f %O%%ng? qg{gp %(%41 ngflé wo‘iilng fluid is

atron v I'ng

nel o b acket 1 C oI|n fluid ou
pumpe§ S laRADT d04 R e D off Fids ﬂif‘z?“mf*%ai geveloped
Efmer source feed through connection 134 to |anp
ratmpg.  and ground current return connection
136 fromthe oppositely situated | anp el ectrode 124.
[0046][ (UM 7prebiayh ganesatiopubs deweturpjerfgrihanp  oqpebdity offashr mp 120 is
responsi bl e for gas pressure increase and heati ng,
charactd@¥&l ©paIaiichGhofed aéctdd ahedb-@l-catl@yde @tstarite] ol length, typically
materi al, and shock waves through the gas and tube

on the \Q@(llérsbf 2‘5%1’3 theBuLh, e]]fd}ea @ﬁz@ﬂ s"éténgfgy(’fthlg‘ 'sg&teﬁ?e(ﬁﬁance between

stresses 1 n the envel ope nat (quartz or gl ass)

electro ﬁsulé."% gctr%a% %c 9 esgg%gé%{a?eg nr\érgérr%gg?ﬁascg I‘anal loading per cm

mat ur e ur 48] Fi gures 3 and 5

length P 1 k¢ 25 BB RRALBIEc Hatgh Gog 00 G BRmB: ponigurations
mhergln the lanp is reinforced by introduction of an

includd epripucinid el bR (abh adeicyiroushepletoyopheee o dgpepplig uid
resi stance to bending and tensile stress in the

circulatiow eblmpe suatoendiab lanp tabept 2 ad éeddsed banmbling gaviet 126, cooling
control of cooling fluid flow [0049] Figure 2

fluid olifldtUSLItBicAsh EednBiRiSh Platé affla@itvEIS Pelsed potveibsurce feed through
desi gns. For conparison, conventional previous

connecgiﬁﬂ qr?aﬁttb E:é'ra | QUEHIPQIET oS oBRA LORERNERIN CURRCAOZ 186 from the

oppositely situated lamp electrode 124.

during

[0047] High power pulses during lamp operation are responsible for gas pressure increase
and heating, development of axial and radial forces in tube material, and shock waves
through the gas and tube walls. As a result, the accumulation of high peak stresses in the
envelope material (quartz or glass) could lead to a degradation of envelope shape, strength,
the development of micro-cracks, and premature failure.

[0048] Figures 2, 3, 4, and 5 illustrate an embodiment of the present invention, wherein the

lamp is reinforced by introduction of an improved envelope/tube design, thereby providing
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and advant ageous | anp envel ope designs include tubes
with ribs |located on their outer and/or inner

weund7aee®s tubes with depressions | ocated on tReTMUS2006/033355
outer and/or inner surfaces, and nonround tubes. Tubes

better reﬂst?ﬂcreeg)hgor g ng%‘c{] keﬁ?%ﬁ’ rs]t?%sg gn gfr?eo Sl‘?\?e?é n%xra&a?i ]h ?Igd t orrr(’gggd heat

| ust r ed b t ube 204. Tubes wi th reinforcing
mnSferrf}“lSlscoﬁﬁ ercoaéwg afLﬂ’f!é can al so be forned
| ongi tudinally along the tube centerline, as
[0049] i Figwse 2dtledratag dxemg?es wdilamap enyalepe2®s i) iesigns. yFor comparison,
| ongi tudi nal and radial ribs nmade by deformation of
conventioisal previsusgleaasatibnieweapdveer ead pprfawmatee)anba?iefl sishoah. Unique
i nprovenent in envel ope physical strength and a

and advraﬁﬁ%@éds%.‘mﬁfenpél@@ @éﬁ-“gn% A RAub& WD E b Bcatell 08 $Beir outer and/or
concentrati on, shock waves suppression. Further,

and k
inner s&r?"“clas rt S \@ﬁﬁ”dﬁlg &?&{sqégattia; ﬁ%ﬂ &ﬁerddn%l%%q Lé‘ﬂi'ﬁcesl $hd non-

er na ve éem nents e can 1 nst ea
ot GRS Sy By GRS b 0 e o

|ndentat|ons [0050] Figure 3 further |IIustrates
annular, ting o gRirad RlpEIca et Uvsirdled by madialiies 294 Tubes pihgeppforcing ribs

flash lanp is nade with the envel ope cross-section

and/or deprprsicme danflsa badnrmesulodgisuipedly along theunbe cantrsline, as illustrated
cross-sections include but are not limted to

by longtudinal itatsd 208, S¥allarBldonditidany ahdradi@¥iby enidangudeformation of
306, pol yhedron, polyhedron with rounded corners,

quartz @ HFREGub@RELIRT &%r ﬁbﬂ@ea?n a&@ﬁoﬁﬂ%ﬁ%r&%nt in enveloPe physical

cross sectlons usua 'y have hi gher rmodul us of iner

can, di

strengtkg e%l:l I c | r ec ? Ip?oel;lérﬁé ﬁél%f%ld?té?%%\glb iy s&gsg éo?lg%ﬂtﬂttlon and shock
dlfferent direction ea nme addltlon J .

waves SBIESSher BUSHAe FHTh G108 G Up SPBESHATS: S8H OF Sfitprtinuous.  In
reduce the harnful effects of shock waves. [0051] The

alternatiysp¢thieediments ghe tubieseadnstgd benepmpiised (of igBnilar ponstructions that are
conmponents to | anp tubes can inprove the

instead tfermsddoas-eix reatned @dotatsions $nsteatl iofj usernhlbindett&idnst i cs of the
| anp. Envel opes withconstantly changing

[0050] 2FRLF¢ B Fortldr liREdtattd iBbRRSd PhRIOIAUBO Qi dHR aWBerbIthe pulsed flash
suppression and redirection of shock waves propagated

t | -
RSO AR R TR o

o 3Bt LMDy wAELTAIO B B B PECERERO st
rectangu? trt3%r6 Bglglflgdrrgr? n}?o?yhegron with rounded corners, diamond, and other shapes.
Non-round tube cross-sections usually have higher modulus of inertia and can provide better
resistance to bending in specific direction. Non-uniform volume of tube in different
directions creates some additional tube space, thereby helping to disperse vibration and
reduce the harmful effects of shock waves.

[0051] The application of twisted 308 and wave-like 310 components to lamp tubes can

improve the tension-induced stress fatigue characteristics of the lamp. Envelopes with
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lifetime. For exanple, the extra gas volune that is

creat ed between tube depressions can serve as pressure
wahsavoasg chanbers that reduce and redirect sRaThIS2006/033355

waves generated by high peak power pul se discharges in

const ‘tf&ix@@"fgﬁg Brebra R Vit BRyidsnBo 8, 4 ofty ymmrstign
reditectlginPLSHOPE Y FTORA gditﬁ@?gl? a2 he8 SR el nah of fseube.

electrical field shape is influenced by the size,
[0052] diFeguanmé éllusates Slastplamy tubdschaiingtspirhldagitudinal mbldewéswns This
mat eri al that surrounds the plasma. The depressions
improvementt ¢eey @foitenaiusly poode devdrell dgporiaxitieb fpobdettdrqrerformance and
control of the plasma filanment, whereby the inside

hfetlméjepble&?drﬂ[{»le V‘thke'exhﬁ%s LRI @lﬁ&“isf Bieftcl NR1WEASHBe depressions can
nt toward the lanp centerline, assisting to

serve a 1%@4&@ Sbéo}bl Fﬁﬁrﬁbe&?ﬁm&% L& an%frﬁalpfct S |\ ORRs %rpeg?[gcl by high
0Ss-Sectional views 1Tn Frgure SO 11lustr e

addi ti.on round.return cur t bars .402,, Preferably . .

pe pi P dRei R Bt ity b o € Bircailr wing, thsrsee v anrgxumty

of external netallic conductors, reverse curren

effect Q§ .th% nressions camhar@stegeenslibe Wilized dorapimizsithe eleptgon densffy (and
contained within | anp envel ope (or tube) 404. The

therefors), gt teopaghee) of the plagmp cbatweb dThyeledteicaldiild sloape ¢f influenced by
appropriately |located ground current return bars

the sizé.Caistayicd)hndestaps &fahe aegh divl@itd Rivalopd eateriaMthdt @efounds the
to stabilize lanp plasma 406 into the desired central

plasmaax'rﬁe %ﬁf&gél% 9511 ttﬂé'?&‘of’eoﬂlso BYodifé HettBv i 9831&515‘ ®ontrol of the
tiple parall conduct or “ground current “return

pl
plasmagfolélﬁglgg nlteb? rsf%l\élcﬁ retsg'i(?rﬁ gz\?lv\f ?%1 atg%%nggnﬁ%tesfhg%:la%ma filament

oaxl a urn UCt ance and

shiel din but wi.t hout the dIS nta | osses

toward &f‘o’&ﬁﬂ@é&g@l@uww&% oot WARRLRE et dos R RLope.
utilized with high_peak and average power

[0053] e|Caetsrssptaepabviceysfin E Lavae 4 whp dllustraterihe addition af elopugregurn current
the normally large circunferential current return | oop

bars 40Qt dneferwblst suchpeoypldasmmnt rewvre betsyt02 ucd a symogtrical emay of external
current return |loop electrical |osses

metalh@%@ﬂﬁﬁ&tsr rdRAeabudrdht t difecAbL XBNGRI @baxialOWitBUPIQA4 channel 406
electric fields. Thus such ret urn conductors are

contam@@ :}ﬁttkflﬂ GG eﬂ%l@g @gﬁu@gt Con Cél&ftﬁ%a P 1 ffefdegxod}x?ed by the

arr ctors ated coa
additxo%rc%u §pp6f>pré%%1auga%g¢g %rgH n%rérgfrl Fe&lﬁny%%rﬁ d&ca&ymg reversg-dlrectlon
groundg]%\érgp é{o&t%ﬁﬁg lg@l%ltg;qlxﬁ%% d@olg’?o ’E/}\{I?aedreselre ceelngral axis position of

tube 404. By this invention, the multiple parallel conductor ground current return
arrangement can provide the advantages of a single, solid coaxial return line (low inductance
and EMI shielding), but without the disadvantage of losses produced by such single coaxial
return line when utilized with high peak and average power electromagnetic fields. This
arrangement interrupts the normally large circumferential current return loop (tangent to the

plasma), whereby such circumferential current return loop electrical losses become
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anbi ent dielectric conmponents and with the plasma wl|
hel p shape the plasma. The spatial |ocation,

wonoewgrs®et i onal shape, size, proximty to surPaTas2006/033355
and el ectron current densities of the plasma can al

. adyant ageousl.y . i.m or i yen application
detrimetfy) 4 YA BRESRE DR TR ol i SR ARB66R sORwetors ar
| ocated at a particul ar distance formthe sna_ to
construgisel; 4¢ad |s§bat%laﬁ& UFENplogRige ai‘F‘g‘ﬁb afrRy of emfa%f cgndustags located
the lanp bore. Additionally, ground current return
coaxialbbaamkttqger plasma. Jurthewaaredthg tragiabpesitiangt sarragli aft eomdectors can be
fromthe plasma in order to optinmally achieve a
carefullyemidr adlaptagssmlyc placeahat Westtons ywizsnel ftlogir pleasioefield interaction with
tenperature. As another exanple, ground current return
ambien€ BRILEIOESnSARnRNH GFid 81 PMshih WAPRERshAR he iprdsiRdi PHeYspatial
dielectric materials and their assoclated el ectric
. fi - ' aract.eri.sti ' d ' .
location (o & U0 G FRANAT (RIS sl B0 LRGP LR Mensities of
Si ze, /or electron density. timzation incl udi
the plagiy Sl s FvBtescisB i Bevb s AP AR GE- E e, ground
readily determned in view of the instant disclosure
current Fgtugheongpciorsasandieyoedted at 4 parti¢idardistance{erme sy plasma to optimally
various conbi nations of radial parallel coaxial ground
locate the plasmakdong thanemtad oxis of thednmp Hobhe Aslditsormlly egrpenditwrrent return
and subsequent spectral output of the |anp. Alternate
conduc®® eahh MR Mbsatsdi s tal paiculat Hietans &PAS tHeNplpbas én Wrddrhe optimally
conducting bars, such as rods or sheets, with the

achieve®h FeSIFRNb1SA8 SuAdaH &R !an@/%?ﬂ&%ﬁlaeteﬁl?&éltdr@. A8%8other example,
possi bl e by the interacting effects of the plasm and

r r ren C I, fie ' ' | O .
souna S FHE] NSRS SRPEIRGA il Yo RO e
.material, and the, shape roximty of, the. dielectric,
materiqlae | 49" CQUUSAS EIE0F, CPOGBANIF Yee Sty o ers dg optmally
. the use of structural nodifications to | anp envel ope )
achieves 0 depired rpdasmesr cuHERt SEQSviseriion shansy etizes ottd/@N edfotron  density.
cooling fluid flow, thereby resulting in inproved heat

Optimizatmnshdndihg dot hdtdinhigadpto thabave icited exaamgentandle readily determined
cross-section view of one end of a pul sedl anp, show ng

in view JTRhE My@A@RBscWsutdlBE R &ldakty QRE( &) theOft. alldrefore, various

pl asma di scharge region 506. Heretofore snooth-walled
oty SPYEHPGR SN AR T LB LA s
cmperbF R b bt SRR Y Y st PREFATRGs s
other s}rla%%ls'l (i:ne gl'acc;r Qfl' t%eicg}ll l?cttiing T)ars, such as rods or sheets, with the aforementioned
additional desirable results made possible by the interacting effects of the plasma and return
currents electromagnetic fields in combination with both the shape and proximity of the
conductor material and the shape and proximity of the dielectric material (quartz tube).
[0054] Figure 5 illustrates the use of structural modifications to lamp envelope 502 in a

manner that provides improved control of cooling fluid flow, thereby resulting in improved

heat transfer from the lamp. Shown is a tangential cross-section view of one end of a pulsed
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elimnates this problemby the use of irregular
surface shapes that do not adversely affect the
wonreoTans®si on of optical output, yet sinultane®dsiug2006/033355
i ncrease the cooling fluid turbulence along the
ritical surfaces o I | ICk: | .
tanp, Fplyle B e or o 8937 Ber SRR Sl Sl SRR Rk egion
506, gty B RS bR A A B S8 o i
erformance capabilities of the pulsed |anp. Judicjous '
flow ofgmﬂlna figids) aderg therexégnal purfacy elnibatamppinthe Hluid hapndary layer is
envel ope can be used for inprovenent of heat transfer
increas¢d)r auipliendee devbasenalahd lawatl frarsfer oeffictdncyf redoedsi fhis invention
fluid flow through the channel between the |anp

elimina®3\Bis PREb1SA hyCRO Lk 6 indEHEE surf206 khibes that 66 n6t BletRly &fect the
hi gher turbul'ence zones at the hottest areas of the

| . ' I .

wansmig@Ept DAl Ot ol RO GADiftiact W bAoBRE Bid fRlgnce along
formof discontinuous elenments and/ar ve-like

the critf FirfieeSpf fEPUALEH Y ° B Foguciegtss B SAFathERLrate of thermal
required in order to achieve in_those | ocatiqgns the

exchang, g’f‘%‘i’er%%?n%ﬂdt Pk demperaturesiithe lamp erysdener ¢a@ B ighyered, thereby
performance pul sed | anp design. [0055] It is

increasungdbe powed and perfommhanicp Iceparbi;lfrﬁgﬁs reftthe pulsed lamprpludiniedsopwice of
rei nforcenent elenments can be used with different | anmp

locatioss Wf fsacle ehepsbntd apdr drslahip edelopefcaviaid asesl Rpdaiptdvement of heat
applications. [0056] Figure 6 illustrates another

transfel ROUHBRL mb¥REN R dhdU¥r 8RRl P& IBBE fifid RivAIRbGE ttRY channel
I ntroduction of an envel ope design W th secondary

v B B5E LA A9 ey 0 0 5 G b

reinforcing sleeve 604 can reduce the . level of stress
zomes g e EleEA IS ALt AP R GLGSF 5 (0K Faplitgioufengs, HuEp envelope
upon the flash lamp lifetinme. [0057] Multi-wall tube(s) ..
surfaceg ndfpr fubg &ibs cobe mpde i1 e feamy ef Gprontnreys chmes apdipapave-like
with prel oading, allow control of the stress direction
surfaceastdictweechnd fean tex hopled, only dvlseel re@nsidoin prilet dpeachismerin those
| ayer). Further, providing area(s) of contact of the

locationd tHeet8tmaIWebndaidns adipdesdnfor caRPGReificshigh heafohhane @ilsed lamp
attenuation of radial shock waves, redirecting them

deﬁgnbaCk i nsi de

[0055] Tt is understood that multiple combinations of lamp envelope reinforcement
elements can be used with different lamp surface modifications in each of various specific
applications.

[0056] Figure 6 illustrates another embodiment, wherein UV lamp tube 602 is reinforced by
introduction of an envelope design with secondary reinforcing sleeve 604 over and/or inside
the original envelope. A suitable tight fit between tube 602 and reinforcing sleeve 604 can
reduce the level of stress in the tube material and provide a beneficial effect upon the flash

lamp lifetime.
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the tube, and reducing the stress level on the

exterior of the tube. In this manner, certain areas
woeowinsg addi ti onal support, for exanple, thecrag2®me033355

surrounding electrode(s) 606, may be advantageously

sty OSI a. .
100575 JARAAAT aEbeF} af et st Sith biveitodh o8 ilte, diftip e i
\ari Qus conbi natjons of th| s met hod can i nprove
preloagiggaaliow, spspd qtjthe siress direghespnddvel (f@h%ammleegede%ﬁﬁl fgasion in
used partially in areas affected with a higher thernal
tube imprer daxeshanForther paayidisgaineads ¢focontdot of rtbel@t ek twvorwall adjacent
hi gh stressed envel ope central area. Thus, such
compofeits icamathieteuiie attamati®e ofl raldad Bhodkuaties, Exdﬁreaiﬁ@‘rthlem bdck inside
one exanple nmulti-wall tubes are used near

the tutRl ﬁﬁd E&ﬂl%{n%) th@ Qﬁe@nﬂbarorﬁﬁﬁr@dérﬁmbﬁﬂi@ €utR02in tHEemBhner, certain

SUC mul ti -wa tubes results in an increased enve ope

areas recjillflﬁ{ié ggdl%lﬁ?g gg[ﬁjsoétl g%?ééial}l%?e]t R gl%ﬁgglfrg ke xhéwe&h%e(s) 606, may

enbodi nent of the sent invention r ted t
be ad\ G RRA BT PERGEL R GRS BR8P R e e & fisbTppial effect upon
surroundi ng cooling jacket 704. Creatlng connection
other lggs-fitessadelopptenns| agriqugrenitamtigng of dlois imehpdeteimpae the lamp
al l ows converting an otherw se | oosel y-supported | anp
envelope lifetimeonl y at each end, past el ectrode(s) 706) into a
better supported design that provides an additiona

[0058]di MiaRBvaN tObes"®@NN uedl ptidlUe il bRad hFB@edViviith & WRERF tthermal or
in the central regions of the lanmp. [0060] This rigid

mechafifed] Bha béu%hlaggﬁt §fﬁgtﬁ’(9<{et zdiesi '0 th ﬁ@% den‘%@loﬁ% cEﬁtpil Grea. Thus,

variati’ons and conbi nation o anp cohponents
des d ffer nents of cool |

such st RO R bt (Bl i I e RAPley o, 56 L@f g tubes
apd supportin S|de surface of Iarrptube

are usgchBeqTICFOdR G 6@% TR rﬁ?guyséﬂfeﬁ“%r‘mﬁlﬁ%an tubes
710 upon or integral tolanp tube 702, and the

resultsiip er gntirasebenvistope fidetiren withtless magifieations andsfswer firsurg ppoblems.
bet ween | anp tube 702 and cooling jacket 704. [0061]

[0059]FiKigure 8 illdstrates adresheraembodimenb adi thenpeseadt idvastion aviated to
conmponents based on incorporating either |anp tube

mechaBedl infractioft b&tdrebR kG tuBk 762 66N @hrtdtaam%%ohﬁ%}abk@taﬂoadCreaung
with spiral ribs that provide nechanical stability to

connedtidf ﬁ(ﬁﬂﬂ pdBEen 'ﬁﬂn}% IR alnan&oﬁﬁé‘%ma 708Yallows converting an

otherwise loosely-supported lamp (i.e., only at each end, past electrode(s) 706) into a better
supported design that provides an additional dimension of mechanical structure along with
support in the central regions of the lamp.

[0060] This rigid and stable lamp support design is based on multiple variations and
combination of flash lamp components and includes different embodiments of cooling jacket
704 with ring-like or longitudinal ribs 708 contacting and supporting the outside surface of

lamp tube 702, the use of non-continuous or continuous exterior ribs 710 upon or integral to
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therefore be conprised of a ribbed |anp |ocated inside
the snooth inside dianeter of a cooling jacket, or

wele@/asm®eoot h (non-ri bbed) | anp 806 exterior PpoTaisewe/ 033355
i nside ribbed cooling jacket 804. [0062] Shown at only

one t t I ends .i S Ia ube..806 and
lamp tgﬁezﬁ 98 585 ol By B B onp SR R p 38561 13 heween lamp
tufe and the cooling jacket may be fabricated
“be79%%ﬂﬂ%ﬂ9lﬂéwmkﬂ6§’ -Furthermore, fabrication of various
tyles of |lanps can be advantageously sinplified by
[0061]as@gw19| Bngluauratmmlomrpmbadmtst bé flaghplampd cymmpdents based on
conmponents as a "slip fit" that, upon the | anp
incorpa@ting either lahg tubersal, et eu@t@djablﬁﬁmﬁrﬁbwdemb% 804, fabricated with
operation, then creates one or nore "interference fit"

spiral ﬁ&‘;ﬁlﬁtcﬁroﬁﬁb ReShaal sBBitPIPMb ‘I’ﬁnﬁfﬁﬂ‘o@ aniy gﬁ{eg&ﬂ' BROY hssERbly may

anp. Use of conponents with tw ste

therefo§§ %@E ised rgfa§ %becWPa oﬂ%ca? db n?ﬂg'thg%ﬁ{b%k gx{su{e %aﬂﬁetar of a

ati on, crea Ing C ween t

ot 5 80 anoBcoeyfibed 15n 3D s5eret cpRg i ribbed cooling

stress level in the |lanp el enents. Various
jacket 8@hbi nat i ons of surface patterns may be utilized to
i ncrease the turbul ence of the cooling fluid, thereby
[0062]al Smwmatroadys bngof the ted flamp endsyis ddmp hebet8atantiredeeabde 810, In an
[0063] Figure 9 illustrates an enbodi ment providing

alternabe 6MdBAiGRnt, SHHIP Ghd lanih @ULRI dhdt B doRling Qécﬁ@ffﬁfhty B fAv2ieBted with
tube 902, shown here with el ect rode(s) 904,

spiral %50 Rﬁn“t Bre? StaBiicaiBh 6% %ru{u@ r@yl@g‘ df Cl § 8‘%%1 B K& antageously

asse by |nsert|ng nu pacer

smph{' %cp E}E%stsl llltlg ﬁt H,ogggltsé I&{L}r?{@i@ la@pcﬁnﬁéﬁc ngﬁ(%ﬁ))(gpen as a “slip fit”

&ce)rt ed nechani cal uct ur of hi gher strength and

that, upqrg lapp agiieving dag lilcamm[a ievate WR?(%W@& fioppratigp.ghen creates one
chosen in such a manner that reinforcenent areas are

or morgbiieterforeneenfit” eantaect painty 812 thet pravidei mechanival suppadrfor the lamp.
and also in a manner that provides the possibility for

Use ofacoigionents! withdinadtepae] aadpmgntod stulfeek,anjethartad 1omditdinal or radial
Thi s advant ageously allows the elim nation or

onentarh@ﬁ UGkt RhtadcEPstiveén Gk rt@o%sanurjadk@ma@ﬁmg lvaReatsbipRion, reflection,
2 and l'imts the extent of tube bul gi ng under the

and reﬁﬁé& {on! 88 GhockOREH; e?e fe%ﬁéﬁg tf& %{r)ggsb fehexiPhig Lampg Slfments

connecti ng el enent ts h as spacers etween tu

Various combinations of surface patterns may be utilized to increase the turbulence of the
cooling fluid, thereby also increasing the efficiency of the heat transfer.

[0063]) Figure 9 illustrates an embodiment providing mechanical support, wherein the
reinforcement of lamp tube 902, shown here with electrode(s) 904, is accomplished as an
ir}tegral lamp and cooling jacket assembly by inserting multi-lob spacer(s) 906 connecting the
walls of lamp tube 902 and cooling jacket 908, thereby creating a 3-dimensionally supported
mechanical structure of higher strength and rigidity. The location points of connections are

chosen in such a manner that reinforcement areas are able to limit tube natural oscillations
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and jacket 908 can provi de nechanical stress contro

and absorption of vibrations caused by shock waves. In
woneo7azsoepl e such fl exi bl e connecting el ement ( 8L TABB006H33355

conprised of any of various suitable materials that

R I L N O

conprising further reduction of del eterious tensile
preloading eafs then lamie thbarpnaieriadl opbisnedventegeously allpwadghe (linkgation or
prel oad of |anp tube walls 1002 during the | anp
reductma s ritrsyle stedi ihilampleneaope éslss) 02 HAinhicyr the ewfean of tibe bulging
wal I s 1002 can prevent devel opnent of high-tension

under @k heBSIgddri ng nmul ti pl e pul ses of |anp di scharge and
thereby substantially reduce the chances of

[0064]m Kt Qutl8s KndlBY ﬁépaﬁfé%ki}hn% g'%?erﬂﬁm‘s Ve sfﬁB@er&‘% ?%egl tube 902

conpressi On can Itu conpression
o 0y L econigl Tres Kot 35 ARGt Bfis Caused by

previ gusly nention this exanple, | an tudln I
shock Wagsy irsglaeo%am gtfk?q@e E%rm%féﬁlga%lﬁmf-%)|993rps 9%@18601 of any of
| ongi tudi nal expansion 1006 that results fromthe
various giritableghatstids khahereasechanicallyaelgstisnt , t her mal | y-i nduced
post - pul se gas pressure | oadi ng upon the respective
[0065]erkiguref 10 hidustratey,a Sirtler ongrudiméecélr thdefsjent Gkntion, comprising
Al ternatively, conpression forces can be transferred

furthelf l’fe@lﬁ@tfé)ﬁQJf ' d@&tdrﬁﬁl@ @dnsio %Qesfs @n k81| dnvOlbpé AARral B a longitudinal
02. For exanple, nechanical connection(s) between

preloa& %?llérﬁg tﬁ@ecgzﬁfls :}9%? dﬁﬁﬁg t[ﬁébﬁa‘élog% 1&@% 'X%ﬂ 121 @&éfh ession 1004

sion 1n re- s resse
nte ate deS| can be achi usi or ..
torce s el B0 it Bred Bntte PEm e ﬂ-éﬂly t5es fligipg multiple
tube 1002 as | anp tube | ongitudinal ression force

pulses 1¢f0 ko, aleHCh@rgﬁeaﬁsle fherebyt substaseiady BP@Cﬁy he hehangess p§ Anicep-crack
nodi fy the | anpassenbly process in a manner that wl |

developmeitstin i thet kmphenedopd nhaterids Muchi eompressimmnpanebd domditudinal
| anp tube 1002 and convert sone of those forces into

comprés3ivai 100d] fiahg dedlepgthrofdidp thRNBI0QMndtds GHastikddninrthis example, as
cooling jacket 1010, thereby bal ancing and reducing

well Jsh ?acﬁiﬂ' %bm %tgg()ﬁssdgo reS1duSS S mdhtibh&l. Wal |tﬁ15°Exehﬁf§'I@ U4REtudinal

Preferably, tube 1002 is centered

comprgs%fbl ' ﬂﬁ)ﬂ a%%kt%t co%gt]eg)act El?e 1&%@8& ?Ong%ﬁ 'alzé)ﬂ)Qnﬁon 1006 that results

from the force of shock waves and transient, thermally-induced post-pulse gas pressure
loading upon the respective ends of the lamp, at or near electrode(s) 1008. Alternatively,
compression forces can be transferred from cooling jacket 1010 to the wall of lamp tube
1002. For example, mechanical connection(s) between cooling jacket 1010 and tube 1002 can
mediate axial compression in tube walls. |

[0066] A pre-stressed, integrated lamp design can be achieved by using one or more
pressure rings 1014 at or near each end of lamp tube 1002 as lamp tube longitudinal

compression force 1004 loading members. It is possible by this design to modify the lamp
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star-like or radial-arnmed shape as pressure ring 1014
(see for exanple the shapes illustrated in Figures 7
wand7apsmBl ows cooling fluid circulation in anrgras2@ap333ss

1012 surrounding | anp tube 1002 and inside cooling
acket 1010. Alternatjve .center] means in e but

assemély EofsES 1 ningier Lkt il Fed iR 6 s S iopies 7 ﬂﬂeacgnwnents of
i nner annul ar ring contacting the lanmp tube, wth

lamp tubed| 2 aad eemestt somaft ofghess farrgs Bémlaeity nagalt and/qr sdéelttension stress

wal | ; an outer annular ring in contact wth the jacket
Within\mbling yackét YO dlerchynmlaxcirenaidngdicingtite aiel comprassiomngiress in
the lanp tube wall; a central annular ring | ocated

the“mnggfgahphggywﬁny the walls of the |anp tube and jacket,
radial arns extending in both directions and

e
[0067] %E%?f‘“lﬂgmﬂ?%?ﬁ%?@%% § i Toamg LRI R SRR, itizing o
k of velopnent of e tens res .

star—hktet% éa@ra[rgqegﬁ aaﬂﬁ:p?ls iDESSSYrS Fngs )632 Zsr(ﬁa;f IFXEmp eb@?é pes i Sllusjt’}a’ced in
hydraul ic pressure_along the |anp tube. It is kn

Figures i 0d 1) gHews sedliie BHud sagulption i m&% gap J0& ISWO%@V@ lamp tube
channel 1012 between | anp tube 1002 and cooling jacket

1002 apd inidehenodibg jasbol 101§. fAltembtive cpumegimemsdngihde ga‘rrme not limited
1012, renoving heat fromlanp tube 1002. By this

to aforefé@fidnedne:@mpldst &Rhi BNl inaeb straldri Bhg poescingethe Nampanee, with
in cooling fluid can result in uniformradial

radial &Wx%éﬁlin%ntood‘ndtc%ﬁﬁc%@é 1R jdQR2wallNGS SRYr BENE g ih |3§ntact with

chances for devel op1 ng excesswe tenS| on stress I n

al_ .4s Q
the )a{@{)%&aﬁll ﬁ?\/lgl ?a?he%l ee{ngntégé?(te{]};gﬂ% ﬁ)l%&;a%@ re&%&?g (ﬁ% %ﬁ‘@’tube wall; a
is b nef|C| | e repaini chi evabl.e
centrol P lag ing (ORI TBERY Do GO e %%ﬂ@ ubf 2pddecket, with
further enbodi ment, conprising a neans to limt the
radial gajsepandingsin dpthedirectprsgideosiaging We erspaeipesvalls- ¢ he
| anp wor ki ng gas and material conprisingthe |anp tube
[0068waY ttsanoiee f eantadolirgeritodfl thev présenb ervedti@n compises atdubing) the risk of
the general vicinity of electrode head(s) 1104, For

develoPHRAPbE exdddsiQ8 EcrBITD QEHEIHEML! tubbl MAEE - OUSHIREEAS 00 revaﬁy Riistributed
el ectrodes 1104 together with the inner wall surface

. %@%ﬁ&%ﬁg& :gfﬁzsﬂsvﬁgg%?g;ghﬁ%aﬁ% B4 st s
6
p lca% %?W?:‘T‘ @Ec eg 4 {br od e%hgaogl(né) aw& 1]011% whereby

cooling fluid is pumped through channel 1012, removing heat from lamp tube 1002. By this
invention an intentional substantial pressure increase in cooling fluid can result in uniform
radial compression of tube walls 1002, thereby reducing the chances for developing excessive
tension stress in the material used for the high performance pulsed lamp tube. In a preferred
embodiment, the range of 2 Bar to 7 Bar is beneficial while remaining both achievable and
safe to implement.

[0069] Figure 11 illustrates a further embodiment, comprising a means to limit the

deleterious effect of excessive shock waves in the lamp working gas and matetial comprising
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1104 and tube inner surface, and can work as a trap

for axial shock waves 1110 propagated through the gas
wonsigesioke tube. It should be nentioned that PO®/US2006/033355

previ ously described wavel i ke and tw sted tubes and

| ackets .are alsq.able to,provi irreqular hollows, .., .

the lac@ R, Faif BERFRT 2ok By Eod i’ Gitedin Bt aicinity of
gas. ﬁ[10070]O Addi ti onal nmodi fi cati gns of el ectrode and

electrodg, J15ad) 04+ ok APl gp e8ea FEIbedingsd Hyrmeg-dome pesgsl on both
shape fromflat to spherical and introducing special

electrodgsod 1% tegethdrewithcthe oinneth avalle sutfaccaof fangmotiee 1102 create small
addi tional reflection and dissipation of pressure

cylindrivay ésllow tleenteddm 12 behifldt electaddevisdad(s) ald@4! | @hede chambers are
ener gy di spersing space(s) can be provided through

conneclfgal?%fth Ciﬁéih_oclﬁFe a8s R/Bﬁnﬁuff(%uﬂf g %é’dl?;ﬁlcei %gtzng]en Rl Qo8e head(s)

urther illustrates flash 1anp designs an

108 o RSTRR S RA08 0l 3R GTHER AP e
o ER i P BRI Te LR DO SRR R o

. one end of a pulsed [anp that includes |a envel ope
like andowistehdybes 1202, jagkait @re also a‘f@%tﬁopspvmon:reg% rhollgiye werking as
volunme 1106, primary high energy shock wave 1108,
multipleimbs farshodswaep vdatemtherggs.secondary di spersed shock
wave energy conmponents 1110 within gas-filled cavity

[0070]1 WRlitidrAlPmbdifieattchd PbE k1&dnoak MRV guphatisy sthbiirdd Fd Bxample,
the solid material of lanp tube 1102, and small arrows

chang et R b Ry PR SRt b R BRGE el BeoVes B the back of
lternative di ment..resul t.i ng..cavi.ties, for ex e
the hea b8 pleCa R Aabyd- Gt ER N tefire s TR AP lafop gas.
terial havi i at | asti . e
Alternafhi3, i i) 8T RBEREESBAHUES PS PRRGHEE Bt ifications to
limted to only polyners; other material famlies may
the suregusdingtahe. de conpati bl e characteristics. For exanpl e,
there are materials exhibiting a conpressible

[0071] stHigiat urrle fiethes itassias oflashi sp( §ésigrsasnd corAp&RABYRsponsible for
that are also conpatible wth the anbient conditions

attenuag%%,tqlgﬁi‘x‘%ttigg, érglﬁﬁ’ﬁflg% ﬂgahslélt) glﬁrﬁ'/ Qdck vfaved (aﬁaftheif‘ﬁﬁﬂlonics) that
propagate through the gases and solid materials of the lamp. Shown is a representation of
one end of a pulsed lamp that includes lamp envelope (or tube) 1102, electrode assembly
1104, main tube gas volume 1106, primary high energy shock wave 1108, small arrows
representing secondary dispersed shock wave energy components 1110 within gas-filled
cavity 1106, lamp tube—coupled shock wave energy 1112 within the solid material of lamp
tube 1102, and small arrows representing dispersed shock wave energy 1114 at or near the
ends of lamp tube 1102.

[0072] In an alternative embodiment resulting cavities, for example cavity or chamber

1124, either include or comprise material having appropriate elastic properties (i.e., similar to
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[0073] Chanfered-out (bevel angled-out) sections 1116

and/ or chanfered-in (bevel angledin) sections 1118 at
woheo7ans®sof | anp tube 1002 are able to redi r eeCTASAW061033355

di ssi pate shock maves 1112 propagated t hrough the

terial of enbo
some iR ¢otaSdpo SRk i gt P el 4 ST %h?ftm%tﬁﬁél families
1122 and nade of a shock-conpensat i ng{ mat eri al w ab )
may algfeprovidg qomnatible eharastesistion ak Olorxample.| thes Ah IS ! Seiiting a
material (preferably glass or quartz) and the cooling
compressiblieustructuyp ieoedrhyessiag erojdsca@imiparoe @l epentd) thasreeg also compatible
absorption and attenuation of |anp tube 1002 shock

with theayitbidnt kdndifiohd of eldpites ténpedatiiid, high dlddflc sireB7Ajgh photon flux,
Vari ous shock absorbing materials and structures

: g6k nsi de the tube (behind the el ectrode heads)
andhlgllg%gélg |de on tube butt-ends are additional

o ESRATER T 0 AR T R LA i ot
2 Wl .h
o s oL Tt Gt BB SRS 1192 gk A5S80S o

tenperature and effect of shock maves [ mportantly
waves fl hE2 atigiagatos shrough thsometetinl, of bgan fube WORe clinsanother eg%b@ﬁlment

a change m ght i npose upon the fornmation and density .
filler 110 fobstedbia fimp twba 1062 wibt butlendsri 122gmilenadeyof asbodk-caupmsating
conmbi nation of other teachings and clains of this

materidl RMEY Hé?ﬁlt{ EIQH 1COANE Bthat dTah@ f@d e Rtpk @fteetia) (@Bfﬂﬂably glass or
current urn schenme illustrated in Figure 4 1s one

quartz)zgi\%/(f]a I‘g}l{%@&ﬁm e % gtg}ﬁltcgﬁy?‘ egQ:laHﬁH {§B¥ Ad8itional absorption and

geou 0 ‘ac sired

ond| i ons stlons r el at t
atteny FPE g B&éﬁ%losﬁ ot PEFBL PORESRB 320
inatjon with enbodlnents set fort h erei .

(007417 s plarkiabarreinednatstials gad sfFeues o é@?e (behind the

and/ or envel ope reinforcenent elenents 0077] Figure
electrod@ hedds)isnd entside an tabidbuti-ends| are aiditippa em dmﬂt%thﬂg carpignprove

reducti on of excessive |ongitudinal and axial stress
flash ldnfp lifebimermtigeifotmarea result of repetitive high-energy

pul ses and [ anp tubing thermal expansion. In this

[007 5]e ORGSR, APfRrhid®R tho i&&hal@&ﬁeﬂe@@ﬂhﬁg tBRYDINd will increase the
el’'ectrode"head 1212 at each end of |anp tube 1204 can

amoung of é%n S{%hﬂé?%& éﬁeé)ﬂsl ;%eé:?t{%ﬁ Q]ﬁé@ Fen?p%?altﬁ’x’gte n}lggilﬁ&:ttgﬂ shock
waves Slﬂn%ortantly, the additional and possibly negative effects that such a change might
impose upon the formation and density of the plasma can be entirely mitigated by one or
some combination of other teachings and claims of this invention. For example, the afore-
mentioned ground current return scheme illustrated in Figure 4 is one such means whereby
the plasma column may be advantageously shaped to achieve the desired conditions.

[0076] All suggestions related to more efficient cooling of lamp electrodes could work in

combination with embodiments set forth herein that focus upon reduction of the effect of

shock waves and/or envelope reinforcement elements.
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| ongi tudi nal direction 1206, thereby reduci ng possible
excessive |longitudinal and axial |oad on the walls of

woaog/mstoe 1204 and cool i ng envel ope 1214. Thu®CTiUs$2006/033355
this enbodi ment, |anp tube hol ders 1202 allow | anp

007718 4354 B! RGBT BB, Bhuston of

nmeans ,wher eby cooj ant fluid can_ he punped into,

excessivp dongidinel anghaxial stress 1 B BYSAMS SCIFaARHF sepptitige high-energy
Radi al - ar med supporting spacers 1210 located in

pulses asblarmpttubing thresing] dxpassion. dn tin smbodimstt kopasbe bolderohZ0adocated
bot h axi al support to and longitudinal slip for Ianmp

beyondt elberotid Gwad il 21 A aidiach @nd of 14 adbg 204 Icho bt rRognanbetpdatieh suitable
cooling fluid flow [0078] Figure 13 illustrates the

ﬂexiblf%@ol@ﬁt §he Bf oFRr @@@?&ﬁ&@%%@%ﬁ GorS RAFL EIbR) 120316 slide in

ocated in area(s) anp tube 1302 resonant wave

(0]
ongi s 571588 ERAY A AAIBR) o B XD T i o
P T R R T N D——

circunference of |anp tube 1302, extending . in a radial .
tube haldere &2G2omlovplapipetupe, Ef%tcmam: ingresppnse b thagnal gsgransiongng/or high
are positioned as required at appropriate anti-node
energy posses; while )alsb3f@valimng méems | wimyely ofolhmnfiuitd kdae We3P@mped into,
t hereby nechanically stiffening the [ anp. The first

througlhitg eandf ot i ahp @BolaScHARNKS 1208/ € RadA R arnseRdCipgortidg 8p&fers 1210
vi brati on resonance wave 1306, and third node of

located;/ihg&{o‘;aain? Bhdrfne 3308 earé’\@&%gizétgg sB8'a8 tb ?r(%\%%éé .B&tﬁdaxia@%u dtt to and

respective anti-node position I'n certain

onio 4 9 1 B SuROLOCA AR 7T AR RRE R g i

be advant ageous and instrunmental in the reduction of

flow. devel opment of microcracks in the |anp tube, thereby
preventing premature failure and/or unacceptable

[0078] pdiigwel 13amhustrpteat thereuse [ @0 9] afosr-menonsdr pppertsig spacer(s) 1310
provi di ng either thermal conductance or the

locatedt mmaarsd(s) efaepofubed 802 néswahntf waveemtiseddeseE 2t (nexirammplitudes) in
tube and cooling jacket, the utilization of connecting

order RNAMMN tHeORNRGRS IsOiMlatibrtdofMidep itabd S80I thardbigt gravémidgl éxtessive
m smat ched coefficient of thermal expansion can be

resonait: ]\;’?l@ﬁ&ges%% ) %%g){tg%%geﬁqlﬁé atSF1a0dd 4f36nd the circumference of

erentila

lamp tube 1302, extending in a radial direction to the inside wall of a cooling jacket, and are
positioned as required at appropriate anti-node position(s) 1312 along the length of lamp tube
1302, thereby mechanically stiffening the lamp. The first mode of vibration resonance wave
1304, second mode of vibration resonance wave 1306, and third mode of vibration resonance
wave 1308 are illustrated, as are their respective anti-node positions 1312. In certain more
demanding applications, avoiding resonance and possible excessive deflection of tube

components can be advantageous and instrumental in the reduction of development of micro-
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between the [ anp tube outer surface and the cooling

jacket inner surface, and thereby creates a thernal
wO2b7ink208i t* with a subsequent intimate physi eair/us2006/033355

surface contact between conponents (lamp tube, rings,

cacks §9h B, ) Ry DG BTSN Rlc SARE SRLP Dol b puca

materials and | anp cooling operating paraneters.
lmnphgﬁ@F%lonally, a "slip-fit" condition during

manuf act uri ng can advant ageously become a conpressed
[0079] f {For dke phewosp0é pepedingeeithes thermal woadwatanse rasdthd iransprence of
| anp system operation. [0080] Having now described a
mecharfieal fertbo betveseh sho lanth énbienareintdobing jadkes theludliketion of connecting
apparent to those skilled in the art that the

and/or COMPERSIBH riny MRfelals) {Vhtﬁslhfeahbﬂmyaﬂﬂsm&édl fBelrfidlent of thermal
havi ng been presented by way of exarrpl e only. Nunerous

expansitRdah! @@Ed\%ﬂﬁagg&g Oﬁ“ﬂﬁrm@tﬁE ﬁleﬂi% %rfeché’v'dﬁ JQnﬁalT Qemperatures

scope of one ordinary s he art ‘an

ed as f [1in vvlth n the sco

betweeft e fERAROE B R Hesne Heaacgﬁt S8 Suflzgg. it thereby creates
appreciated that varjations to the present invention

a theriggh,|ghni-Headvily aq spateanentt Bitinkies eplyricel surfaee (aqatagh thetween
and the present invention is intended to include those

comporgntse(larap itvtes ringsranderoplisg jasbetn Uik emeumtoefi donmpaessiomsforce upon
will readily occur to those skilled in the art, it is

each caDbe Gesiriel) tadlotddnby tiidseledioandil matekialst iRl BXALCtooling operating
construction and operation illustrated and descri bed,

parame®él ACLRHHaNG! ¥ “sBb-birs bbiaRlE d{ﬁ‘?fi’é frﬂa?lﬁfa'cﬁﬂ ﬁa&ﬁ advantageously
equi val ents nay be resorted to,

become> %ch)gncpq% rs%(!l; 3‘16 ﬁ@ tda?rg " %\é{té}@ EE\QE?%‘IE{CJJ:? P%b};ilr‘%\ﬂzgmln’?g la?mp As‘ystem

conprising: a Iarrp tube, said lanp tube conprising a
Opma“thlatlon transparent material, an inner |anmp tube

face, an outer | anp tube surface a first lanmp tube
[0080] eﬁ@vmmoav desctibed 2 Savp embpdiments; of heyyentiog, it quld be apparent to
residing within said |lanp tube; and at |east one
those skilled tim 8@t that theifdregbimgtis m:hee(ly)illms&aﬁdé agyl act liredig, having been
partially within said |anp tube, fromwhich said
presentéd @&t wag %&Sekamﬁwwam@s Naibh @b @C ot iFrbticlissaliabger iembdadintknts are

gas, said disc
within the scope of one of ordinary skill in the art and are contemplated as falling within the
scope of the invention and any equivalent thereto. It can be appreciated that variations to the
present invention would be readily apparent to those skilled in the art, and the present
invention is intended to include those alternatives. Further, since numerous modifications
will readily occur to those skilled in the art, it is not desired to limit the invention to the exact

construction and operation illustrated and described, and accordingly, all suitable

modifications and equivalents may be resorted to, falling within the scope of the invention.
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having a direction and said discharge creating a
pl asma channel ; said |anp further conprising at | east
woneo7aRs5208 means for providing resistance to fectas2wdm333ss
to power |oading; a neans for enhancing lanp rigidity
and strength; a neans for preventing tube resonant
CLAIMSci | | ations; a neans for reducing tension |oad in
said lanp tube; a nmeans to limt axial conpression
WHAT &3 CeAIMERES:d | anp tube; or a neans to absorb,
suppress and/or redirect shock waves 2. The pul sed
1.  bAgatleanebadpsiddnditrtuligatiis1bieP UV Ubhp lcasiprisiggor di ng t o
claim1, said |anp tube further conprising alternate
u : ] i
a 1Rl B 8) (e oSibAsifl b AR hATPartiiHatdieA] Slboner lamp

nprising at® [east sal or sa

outer surface further conpri,sing.rb(s), ,at | east_on X
tobe s ariptiplEp e e SR PR STsng A spo B Bbe end:
consjsting.of longitudinal ribs, ring ribs, spira
a gap5ald g residigg Mhiesad B tab@Pdr ring ribs, and
di sconti nuous ribé;é; said inner surface or said outer
at kastione elettrpdd(e) said plseiredets) residing as legst(naytiallyavithin aaid damp tube,
surface or said outer surface further conprising
from vildgh £688 elebis)de(Ditenlanaiet aw slectoitalshsaianbe in edigas) s discharge
sel ected fromthe group of depression types consisting
havindd dirQidhaHa k8 !d@k@ﬁérgé Sl Sa plabf ShABBY; 8581181 Firther comprising
spiral depression(s), outer surface depression(s),
mlmm@gay&@r_ring errgssion(s), and di sconti nuous
derression(s); said |lanp tube further conprising a

cross-secti.on selected fromthe group of crosssections
o S R AR EOREe TR ATePoRdS PEPET Berbal  Coval
triangul ar, rectangul ar, polyhedron, polyhedron with
a TRGARA HEEnbaRgieg mppgididy #ngdai d | amp tube is
twisted in a longitudinal direction; or said | anp tube
a rheess farverevenkieg subeframesnt Beill#henspul sed br oadband and/ or
ultraviolet (PW) |anp according to claim1l, further
a means for reducing tension load in said lamp tube;

a means to limit axial compression forces on said lamp tube; or
a means to absorb, suppress and/or redirect shock waves
2. The pulsed broadband and/or ultraviolet (PUV) lamp according to claim 1, said lamp
tube further comprising alternate lamp tube design, said alternate lamp tube design
comprising at least one of:
said inner surface or said outer surface further comprising rib(s), at least one of said
rib(s) selected from the group of rib types consisting of longitudinal ribs, ring ribs, spiral ribs,
outer surface ribs, annular ring ribs, and discontinuous rib(s);
said inner surface or said outer surface further comprising protrusion(s);
said inner surface or said outer surface further comprising depression(s), at least one

of said depression(s) selected from the group of depression types consisting of longitudinal
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conprising: at |east one second tube, wherein said
| anp tube is inside at |east part of said second tube
wonrootes®Bn sai d second tube is over at |east parTtusedo6/0333ss
said |l anmp tube, and said second tube conprising an
i hner second tube surface and an outer second tube
depresglenéaé@g depepsgion(shApEdl dSRICGRAN Sl QT Purfse dapressionds)s anrplar
second tube 4. The pul sed broadband and/or ultraviol et
ring degpRegsion(prgndalissonidiueys depredsains)3 wherei n sai d second
tube enconpasses at |east a portion of said at |east
odafd Rhecubofehs) corprislipea probsewdttibn eeleded ftomrttlé group of cross-
ultraviolet (PU) |anp according to claim3, said

sectloﬁs%%lst%?g:mguﬁd" bens&ilaes: npﬁ@e[’lpéx}a?'tﬂ%g’u'le{%(l%%tan?ﬁlﬁf gbr&»hedron

said rib are |n prOXI ty to or contact w

sl TR, o e o
?%?F&;dl n Bglglt%l afl)dmnm Pﬁ@gé}géﬁog%tg?g isﬁrface

proximty to or contact with said inner second tube
sy#id lagw tube has wagslikegwefatescat i on. 7. The pul sed
br oadband and/or ultraviolet (PUV) |anp according to
3. cTla pnl&d weidbasdamtior dltrbeolenh (R V slanfpeaceordorppoickiing , &irther
| east one of longitudinal rib(s), ring rib(s), spiral
comprisidg¢s) , outer surface rib(s), annular ring rib(s),
di scontinuous rib(s), |ongitudinal depression(s), ring

dﬁ@éa@?éﬁ@s‘%@?ﬂd tuﬁ@'v[flf’elrelg @BH ﬂﬁ)@sig in Rﬁéta?gea& af@FSaid second

depressions), annularring eSS|on ont I nuous
tbe o FRGEREHA St EeF r%@%&? %%eﬁsa@ it Gy spapnd e
coumpriias ihorgospid P Friies aihgh i SapRE SRE puce B of

said | anp tube and said spiral ribs of said second
tagmnaeldietwesinrsald lempttilee adrseiddiecestubn or each spiral
in different directions. 9. The pul sed broadband

4,  ahied pulsad Brogdbiand etd/(RilGvibRETPIEY T g dtgoidingcoaldiind wherein
said | anp tube or said second tube further conprising

said sercblli’@tubé %hébrﬁoﬂa%esﬁf RYb RBti&t of ARBAL 10AE Sﬁ@éle&m%@?t

bet ween said | anp tube 'and sai d second tube.
5. The pulsed broadband and/or ultraviolet (PUV) lamp according to claim 3, said inner

second tube surface comprising rib(s), wherein said rib(s) are in proximity to or contact with
said outer lamp tube surface in at least one location.

6. The pulsed broadband and/or ultraviolet (PUV) lamp according to claim 3, said outer
lamp tube surface comprising rib(s), wherein said rib(s) are in proximity to or contact with
said inner second tube surface in at least one location.

7. The pulsed broadband and/or ultraviolet (PUV) lamp according to claim 3, said
second tube inner surface comprising at least one of longitudinal rib(s), ring rib(s), spiral
rib(s), outer surface rib(s), annular ring rib(s), discontinuous rib(s), longitudinal

depression(s), ring depression(s), spiral depression(s), outer surface depression(s), annular
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10. The pul sed broadband and/or ultraviolet (PUV) |anmp
according to claim3, conprising: spacer(s), wherein
weabw/ksxwp t ube and said second tube are at | e®6T/US2006/033355

intermttently connected by said spacer(s) and wherein

. sai d spacer(s) nediate at least_ one radi al

ring degigiiiEl fOTHATS SHSr OB BPHEIERChal d | anp ¢ ube,
or axjal_ conpression in at |east one point of said |

8. [Chgrpulsetbbroadhapd apfer Bmawyetkg?gya BamRl ageQEing to claim 3, said lamp
ultraviolet (PUV) |anp according to claim 10, said

tube and paidese¢mid tolomgach somgrisihg spirad ribs2wheFeia spidl spidl tibsoaichidiamp
and/or ultraviolet (PW) |anp according to claim 10

tube andRgid8palstishf spidcecdnd tuley €ichbpiks &s thegd@edlrection or each spiral in
pre-stressed or flexible. 13. The pul sed broadband

differeRAHeOord! traviolet (PW) |anmp according to claim3,
conprising elenent(s), wherein said el enment(s)

ansf.er. conpreassi.on_f.r om, saj cond tu 0_:S.ai .
. TR BER poaR A Ry PG R NI L Sort e B, Pospig tame
P | anp. according to cl.aim. 14 wherejn said i
tube Or%fugr\%vrﬁngé)lbef @r@ﬁl‘e“ror%m ks, %@1% h Bmvrﬂgns@iﬁ%st pejiial contact
centering said |anp tube in said second tube. 15. The
betweep spid damp fubg abd seid seepndiube t r avi ol et (PUV) | anp
according to claim3, said channel further conprising
10.  &he polsed broadieand, andioe nBtanicddai(BUV) tdmp gecagding td daim 3,
pressurized. 16. The pul sed broadband and/ or

compristhgr avi ol et (PUV) lanp according to claim15, wherein
salrd cooling agent is pressurized to at |east 2 Bar.

7. I il .
R e
vy g SRR AR S, B SR BB oD
least orggq%(ggcr@f g!@h ,rl%élg ?éb;} @rfﬂ?q%pép&gggggg gqoqi;gl@agg ortleopo%tacl)frgai%i lamp tube .

11.  The pulsed broadband and/or ultraviolet (PUV) lamp according to claim 10, said
spacer(s) comprising elastic.

12.  The pulsed broadband and/or ultraviolet (PUV) lamp according to claim 10 wherein
said spacer(s) are at least one of pre-stressed or flexible.

13.  The pulsed broadband and/or ultraviolet (PUV) lamp according to claim 3,
comprising element(s), wherein said element(s) transfer compression from said second tube
to said lamp tube.

14. The pulsed broadband and/or ultraviolet (PUV) lamp according to claim 14 wherein
said element(s) further comprise a centering means for centering said lamp tube in said
second tube.

15.  The pulsed broadband and/or ultraviolet (PUV) lamp according to claim 3, said

channel further comprising a cooling agent, wherein said cooling agent is pressurized.
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a head; a mdsection; and a tail, said head being
connectabl e or connected to said mdsection and said

woioeaesioen bei ng connectabl e or connected to 8arMsS2006/033355
tail; wherein said electrode(s) is centered within

rein sald section f sai )
Zﬂ&ﬁql%?gg?( £wa%a SrHlirpdpleR(h BPaRedingdn cglamcl 5, wherein
head of said electrode(s), resulting in a greater
said coahn&a%ﬁntmac@ub@@d/@@mle@dem dsection and said | anp
tube than between said head and said | anp tube, and
17.  Villermilsed dadadibaedanddsi udiesvivbet AUV xlaing aacordingrto shand, further
19. The pul sed broadband and/or ultraviolet (PUV) |anmp
comprdf@or ding to claim 18, at least a portion of said
annul ar space conprising a shock absorbi ng neans.

T baj

SCPAIR I hEREY RGNtk abetfl ik Floghi Wtfe -

first Ianp tube end or said second | anp tube end are

chanf ered-out or chanfered-in having an inclination in

radial, axial or both directions. . The pul sed

18, phhenmbsed breadbned and/erdiymdplst (P@Q)fmm@ﬁﬁpré@@ctﬁ &laifg 1¢ spid
claim 20 conprising shock wave di ssi pation and

electrode(d) fuethet comprésims, wherei n sai d shock wave di ssipation
and redirection neans contact at |east one of said
fdlieatl; | anp tube end or said second | anp tube end and
conprise a material of internmedi ate density between

QUaidséctRndh@ps and cooling nmedium 22. The pul sed
broadband” and/or ultraviolet (PW) I arrp accor ding to

AT 0 ATRE T DO,
t.h f . th I .
s B B e O 0 5 s

(P | anp according to claim1 further conprising:
within galédmp &iher whereesai midseetivn, of waidrelqctrode(s bhagraguiradler
current return neans reverse
circumference than said head of said electrode(s), resulting in a greater annular space

tube.

between said midsection and said lamp tube than between said head and said lamp tube, and
wherein said gas resides within said annular space.

19.  The pulsed broadband and/or ultraviolet (PUV) lamp according to claim 18, at least a
portion of said annular space comprising a shock absorbing means.

20. The pulsed broadband and/or ultraviolet (PUV) lamp according to claim 1, wherein at
least one of said first lamp tube end or said second lamp tube end are chamfered-out or
chamfered-in having an inclination in radial, axial or both directions.

21.  The pulsed broadband and/or ultraviolet (PUV) lamp according to claim 20
comprising shock wave dissipation and redirection means, wherein said shock wave
dissipation and redirection means contact at least one of said first lamp tube end or said

second lamp tube end and comprise a material of intermediate density between quartz or
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current direction to and coaxial with said plasm

channel and wherein said ground current return neans
waneriasmged at a pre-defined di stance, wherei RCTAISA06/033355

predefined distance is optimzed to at | east one

ted fromthe group of factors consisting
glass a[]icfggo‘rﬁhg tial |ocation, plasma current

2. hepREThy S i ek PO e becoia s © e

pl asma current el ectron density, and spectral output.
compngng The pul sed broadband and/or ultraviolet (PUY) |anp
according to claim 23 wherein said ground current
lampeeinds holdedis)swhereinssasl/imtddr(s) eBdw dine laynpabd shod endeathermetiah of
conductors or a radial array of parallel conductors.

thermalpatsi@ybiret HikRelerkppiisgonDr i sing: a |anp tube, said
arrp tube conprising a radiation transparent materi al

». I rg%sd"ﬂfda?t 0 o fIZP s RISP LR TR QUL 1) G | ifher
co a gas, said gas residing within said | anp tube
mpngpg|east two el ectrodes, said el ectrodes residing as
| east partially within sai d | anp tube, wherein
STV CHESN! TERF BIPSH BIGEESFSAh SRR WG PO ETS S Yestse
produces an el ectrical discharge in said gas, said
current dirseticar igenf goivigl withisaidplaswoa chammel aslsvhaeia spéct grogind current
tube, wherein said |lanp tube is inside at |east part
return Méars atdlossed Bk prehiefinedietagte) wirtdin said predefindibdistancvier
at least part of said |anp tube, and said second tube

optimiZRAAD bt 184 Gn@MctdPREkcEE GRRFNLE Et&p%frfta&@ cORdsifi} &Lﬂﬁfna spatial
second tube surface; and a channel between said

locatlotﬁ é@a{%ﬁﬁ{%ﬂ%ﬂt &osc‘s-scegpgrt El}lﬁgg gatlac's?ﬂagpre Inﬁg,dto sLiﬁsiH?ér%HHace, plasma

conprisin means

cwent%&%étlg'rﬂétrh%'rﬁér% SR PBTOnE RS Ay b Ptk bYDnc
stren

P :a _means for preventrg% t ube resonant )
24.  dbeiprisad broadbang andion gltragioletd BV Aymp asrordng fodain 33 wherein

said | anmp tube;
said ground current return means are a symmetrical array of external metal conductors or a

radial array of parallel conductors.
25. A pulsed flash lamp comprising:

a lamp tube, said lamp tube comprising a radiation transparent material having an inner
lamp tube surface, an outer lamp tube surface, a first lamp tube end and a second lamp tube
end;

a gas, said gas residing within said lamp tube;

at least two electrodes, said electrodes residing as least partially within said lamp tube,
wherein electrical current between said at least two electrode produces an electrical discharge
in said gas, said discharge having a direction;

at least one second tube, wherein said lamp tube is inside at least part of said second tube
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a nmeans to limt axial conpression forces on said |anp
tube; or a neans to absorb, suppress and/or redirect
wehowk2sms es. PCT/US2006/033355

or wherein said second tube is over at least part of said lamp tube, and said second tube
comprising an inner second tube surface and an outer second tube surface; and

a channel between said lamp tube and said second tube; said pulsed flash lamp further
comprising at least one of:

a means for providing resistance to forces due to multiple pulse power loading;

a means for enhancing lamp rigidity and strength;

a means for preventing tube resonant oscillations;

a means for reducing tension load in said lamp tube;

a means to limit axial compression forces on said lamp tube; or

a means to absorb, suppress and/or redirect shock waves.
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