|

*0 7 JAN 2004 UV RADI ATI ON SYSTEM HAVI NG MATERI ALS FOR SELECTI VELY
ATTENUATI NG RADI ATI ON This invention clains the benefit of earlier filed
provi sional application US 5 Serial No. 60/143,607 filed July 13,0718&9200¢

' having the sane title, and further this application is a continuation in

art of US Seri al)VIRA , N()@ﬁ '

gt erilization” ??I ed I\I/gagﬁsﬁgﬁigggw%t %(ﬂ%%ﬁilﬁgneddj%q'?gﬁ Ygrlst are
i ncorporated herein by referencATIENDATINGRADATIONNti on This invention
is directed to a UV radiation systemhaving a material for increasing the
ratio of desirable radiation to undesirable radiation to a target provided

by a radiati A éHt{fﬁl | peld,of UV
sterilizati OﬁFh(;?ﬂ'\al{ Sl mﬂjé?'l on, Eﬁ yBﬁgghﬁﬁgé%ﬁ%%pgéln%ﬁgﬁahhﬁéﬁ

(non- absof bi rigrial do. B S4E667 ifile) JOBLES, I‘Qggshl@hng?th@%hﬁie tithee ' furler thls
chemcally si Ie solytions |i ke water or saline, and the ener\gl es involved

are typi cal I3PRligafion Fﬁa"ﬁ' cpstinyation nnpart of US Benal Ner 0%599753)( TNﬂaBB)at i on

or 20 20 \Wat S S hi gh
erfer gy br oadtt@/ggc r%%aggjcfil a%]ﬁ”(‘?r%ugﬂ r%ng%}#mitf%t got U\e@gﬂpgﬁs has
been di scl oseappiivatidves Bfd o atéd&néi@ir?ﬂ%e@r@ﬁ@e.%& 5, 786, 598;

5,034, 235; 4,871, 559; and 5, 900, 211; and 96109775 have disclosed the use

of a broad spectrum radi ation source to inactivate 25 m croorgani snms on

food, watgr #gd q deiwc For the applications of the broad
spectrum r adi mage to the exposed articles, such as the
food, water, and s eRentBHiis BFebted 00 AL d.
US Patents 5,768,853 and 5, 900, 211 suggest that Eidlhgﬁﬁgﬁ@%@ﬁg (N

the flash | éﬂﬁﬁaém the fﬂ@@ Ioédealra\bierfadlatmdpdufdnslrabh! wad;atmmm)a tangett r al

filtering by .selected Iiquid solutions wth desired spectral
transm ttancgfgﬁdgag)é'%gacﬁ 9%8?%ﬁ stics. No naterials other than water are

suggested for the spectral filtering liquid, nor is there any discussion of

which r anges to filter and/or for what purpose. US Patent 5,768,853

di scl oseb5 t h&adkaroundiefthedggentien out er safety gl ass of one of the

described embodi mgptz, dRRS Il Ehri%ation or disinfection, the typical target media is a
durable (non-absorbing, non-degenerating) material such as metal, ceramic or
chemically simpie solutions like water or saline, and the energies involved are
typically iow, that is, less than 0.1 J/em? per pulse total radiation or 20

20  Watts/cm? for a continuous radiation source.

The use of a high energy broad spectrum radiation source to inactivate
microorganisms has been disclosed in the prior art. US Patents 5,768,853:
5,786,598, 5,034,235; 4,871,559; and 5,900,211; and WO96/09775 have -
disclosed the use of a broad spectrum radiation source to inactivate

25 microorganisms on food, water and medical devices. For the applications of
the broad spectrum radiation source, damage to the exposed articles, such as
the food, water, and medical devices by the radiation has not been considered.
US Patents 5,768,853 and 5,900,211 suggest that the cooling fluid around the
ftash lamps can be replaced with a liquid for cooling and/or spectral filtering by

30 the use of selected liquid solutions with desired spectral
transmittance/absorbance characteristics. No materials other than water are
suggested for the spectral ﬂltering liquid, nor is there any discussion of which

ranges to filter and/or for what purpose. US Patent 5,768,853 discloses that
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« wavel engt hs shorter than 200 nanoneters (nn) to prevent the for gﬁ}Ahon of

ozone outside the outer safety glass, although the conposition h?&mgl ass
is not disclosed. 5 WD 97/33629 .di scloses a method of sterilization and
- purification of biol ogi cal sera and ot her contam nated fluids through the

d f f
oA nt o “TriBe B AR Yiabs T sPrcel Betkatubae & é&&ﬁe&ﬁéﬁé‘éébﬁe?m to
t he nol ecul arwawengw&ho&é}qnaﬁtmrﬁ&eknygrq tﬂm@?a(fﬁ%@ﬁo? g cal

surrounding cells, proteins, and other 10 co |ntact

sera are i rra@lzca‘teeautmdmtfte\/oumdsafetpgla‘ssoaithalhlgmthéeﬁmmosmonhﬁuheMmis The
speci fic wav at provide optimal kill of each virus, bacteria or
ot her mcroor@i‘r{ﬂ§ determ’ ned within a narrow range of from3.0 to

about 10. Gnm pr ef ) o [, . ] or

ot her opt |Qcal fil tg{@?awnsﬁégagég@sgégo@% ?’Wﬁ‘%ﬁ'ﬁﬁ%@” ?@ﬁgPﬁﬁ@@]ﬁh
variation, bubioldgicat sera and athectdntanirsten fetdsitroughene dedbvatigposur e cel |
wi ndow wher e t ﬁpsera is placed ii.s nade of quartz, sapphire or UV grad

fused quartz RIPPEENSHY LROSKG hem taprecise spestiamaf Voadlﬁﬂolér iThie such as

olytetraflu el en

Pt ough. anad i CERERCEoMBAIY SoectiPot iftiafor] BReRklto ¥ FneSlfar biakdgs or

di sposabl e | ithermath&Hehd &7 KBQherh3 butlieavbo 386 sarrdMntig @éllsobrdtéﬁ% anbidthet S
used for ster|I|2|ng bottles. The |l a has a reflector, referred to in the

patent asi®a rRIPReNeRsiigtackad hg tivlepisat sera aredtradiated vatraly radiation feomt i ng

(dichroic or S tlvereflectlon
of UV radi at |éo@ﬁ%®n%2?$ggpg{r 5@5’%’" S”% g@%é\ﬁ%ﬁg\%ef %@%MPF‘P\QF{E Qptima
‘dielectric | 35"9056861@hlrbSVb@@eﬂafohldﬁﬁféﬁﬁltr&erg%nlsﬂﬁ@é Heterfiindd'&ith § Indf

of the radiation. Swtabl e materials for the dielectric coating iInclude

AL2|CB/ NaF, Scdarges from 316 ta akauin GOnm.moefesally, 3 tonanmpod2/ Na3AI F6.
Padi a1 on. bureriReREadHld it d il SRR 8P Eh B e lo At th o

will 30 Have wavelengf sigeiang VarfatibhnBet theré afé ab s@wmyemmmd&sehbasr
dielectric filters are extrenely angle sensitive, so they w not be

ef fective forl P §KRQR4re Gallwiadowrwhere be smangeﬁqadeusamgdeoﬁnuaﬁm shpplureat
the filt er ) 20["”%\[/_[1?}3\&' fgggdl qIJQHP Sn%g%fn%:éé}{ BéSCO%{éC? Wltﬁdad trgﬁgr%‘sts?or% Pnattenal anp

envelope in a
such as polytetrafluorocarbon which allows the UV radiation wavelength to

pass through unadulterated. Teflon may also be used as a UV transparent
20  disposable lining.

EPO 0277505 B1 discloses a UV radiation lamp, which is used for
sterilizing bottles. The lamp has a reflector, referred to in the patent as a mirror
which has a dielectric coating. The dielectric coating (dichroic or interference:
filter) is used to achieve selective reflection of UV radiation. The reflector can

25  be coated with several tené of dielectric layers each having a thickness of a
quarter of the wavelength of the radiation. Suitable materials for the dielectric
coating include AL,0,/NaF, Sc,0,/MgF,, ThF /Na,AlF,, HfO,/Si0,, and
PbF /Na,AlF,. Dielectric coatings are suitable for low energy absorption of UV
radiation, but will not survive the demands of a high energy system, and will

30 have short effective Iifetimés in a high energy system. Further, dielectric filters
are extremely angle sensitive, so they will not be effective for a shaped
reflector, which changes the angle of incidence at the filter.



. to extend the life of the | anp. Depending on the lanp and what it is to be
used for, sone dopants are selected to cut off UV radiation entifpelm 784 0.
ceriumoxide in the | anmp envel ope of flash | anps used in |aser

. applications. Qther 5 dopants are selected to cut off that portion of the
UV radiation | ess than 180nm which creates ozone. Lanps having these
dopants are cal | edLagiomanufagiuressioften'adat Hepantoparhs iamnp eriershd i 4 Rimpanp

| . | ope .agai hermal shock. For th
Soni ot i on o8 FRENBIRRIES of B lami, BeRerging aroihama Angavioat t isto hecsest,
the i nvent or sfdrayemeeiopiafts 8 boRbREPER 6fPUV‘c%d%C$ﬁwg ‘r{iefﬁ_eéje&ﬁ%tsg 4 he

radi ati on exposure nust be consi dered, becausSe it

medi cal devi cexidedn 8 larop enveldpet eifitesh lampsassad iNEEEr Apphedtefd. fOther
materi al s samd rate the materials into the ?arrp systemto

ways to incor
attenuate 1t hed%%i&qr%lﬁ?&%ggtt? &Ht off thatpamion afithe Udhradiation lessthandiddgm o
the 15 | [ hferal | ' . ' ignifi tl duci
the dosired  WhENTEA oftine. FaitipS iind Bt Ripalis Brefgnlied itanadee ' "

radi ation. Subwhsy Otheriopantsare addelits theXans eAleRipRV ' y
radi ati on system which produces 20 UV radi ati%n cg riﬂg?‘ﬁge@tggﬁgt‘fﬁéﬁy

attenuati ng nBMEIPRE againshthermalsbeskihe ratio of desired to undesired
radi ation to reduc i at.l a eto tgrget by selectjvely,
attenuating at | ealg(t"t@'g %{%ﬂi&%&lbﬂ&f q‘t‘ﬂigpﬁ'@ya@\/cfﬂgﬁa?@&tﬁ?ébp%!mqf& 'I'@élﬁ@l'

whi ch i nplidngedevigmthe anvbrabiehavs HBrAbEd t aﬁﬁ‘z\il’ﬁ ' i n
50 percent of tEe radi ati on from 240nm and rgdégnm ?%ﬁﬁﬁ‘leﬁg@td%&?ﬁ d"%

sai d at]ten\llj\ﬁfttpﬁ eﬁﬂ@ié‘lt'f)alf’.xﬂpﬁéf& a't!llsélbiemrsidargm hzmm:s&elinga)atdrmwahbei ng
material s whi ; , nuat e, the.radi ati on make_jt possible to
expose to hig gﬁgbgﬁé%‘s,r éﬁy@%itugﬁpests:f%g? _é"tv‘kmi%qt% péﬂﬂéos:?enﬂ"?ﬁe'é q peey for
radi ati on frm@%%ﬁ@%ﬁ%npﬁ@@ﬁg%@@ﬁ%%hﬁt 1 rﬂ%é?él’gﬁ?tc?ysmm

produce radiatjon, which is undesired a esired. enhuati on,
t he undesi r ed@ttgnualgithe undesisable gortior of thet BV rabintioh whichhaltdgmadnjihg_to the

h tenissti . .get ,at. th I me the ired W t
Goi 1 ver od Y RPAEPEIRS aflics WindffTeducii erSankianty cedusing she desired
compos! L1 on( portiRORUR UV idtfalcH, 86, ddiftitHsPefeliRle Bdfation AN 2004 changes
a

of organic or inorganic dyes, chain sCissions or alteration of the

Summary of the Invention

This invention provides a high energy radiation system which produces
20 UV radiation comprising a selectively attenuating material which increases the
ratio of desired to undesiret! radiation to reduce the radiation damage to a
target by selectively attenuating at least 30 percent of the radiation from 180 up
to 240nm which impinges upon said attenuating material, and directs greater -
than 50 percent of the radiation from 240nm and 280nm which impinges upon
25 said attenuating material.

The radiation system comprising attenuating materials which selectively
attenuate the radiation maﬁe it possible to expose to high energy UV radiation
targets which are sensitive to UV radiation from 180nm up to 240nm. These
high energy UV radiation systems produce radiation, which is undesired and

30 desired. Without attenuatiQn. the undesired UV radiation damages the
materials of or changes the characteristics of a target at the same time the
desired UV radiation is delivered. The target can be any material which

comprises UV-sensitive composition(s). Damage to the target includes color
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. mechani cal properties of polynmers or other organic materials, n[ﬁftmﬁﬁ
oxi dation of organic materials. By selectively attenuating the u 4
radiation, it is possible to use a high energy UV radi ati on system on

. products 5 including organic products and i norganic products which would
ot herwi se be danmaged by the radiation, or to treat a broader class of
material s, sofBapgesof organsor mdrganmrd;eshohdlnfmsmWamnom&ﬂtﬁét ed to

t he undesired ation. This ntion also sinplifies the process
control for tﬁeé%'%ﬁ' PaoPe 9§t°§ F YRe§ ArPthgpepanis/maleralsi oecausiget s,

because the a f f t enyation

can be tail orgg%logembe %@vegﬁé@ﬁglia%glgg\lﬁ%pﬁgﬁtdnrre&%gipg tb%r’""?z?ﬁﬁ& to the

target, whi chradhtatlorg,l iVis pussébie teerseya hight diferg tadtgt.éﬁgyg@neanvﬁ}ggnc&an
he preferred enbodinments, this invention is use

be deliver lé‘i!
treat pol rl"tci RY Arganie psedusts angdonargasic Drﬂwywéml’twm&:kamemlseme w

radi ati on da t nt ai nmers an
sol ution addr?lg\egasdéa%f %n@giné}tlogﬂ%\h}?Fr%gh%rtg'ggger @55 PE g %né@"leoo
pol yneri ¢ t ar geichiaes hadbw thieanekefor ddmage WHaR' edt8the %ﬁb&irﬁ&a'
UV-sensitive ta %rraterlals coul d be treated by the nethod o

i nvention. OnEq! t ARts inypntiarhaisorsimplifiesthe process icontrobfdritha rhdiatioay st em

f | wh | he | |
dyes, or 20 SYnems e & HadiT ity brgets 60adba e amout at § on.
Bri ef Desm i ptmoemfd tdthatidrpde NESeliftek a'tt%n@aﬂt’ir"f‘eg Ve t%h?ﬂ#l’obﬁﬁﬁg b@fﬁw or

wavel ength for various liquid attenuating naterli a S use
i nventi on. 25"1145@ belowrHbes rasbolﬂlsbrsiammagmta)tﬂteatafgetsbvhictnwilbglveh'n@re

! on- f
another 11 aqh /o athb RSt sERisfonuyetsSa bedeluiied iy hrpestpaRd Fig.
4 shows a crosmbogthents, MHis m%h'&&h i§ hRdH tb IRt @Bieﬁ-ﬁl%:ﬁc %?thﬁg te& esiy having

an attenuating material. Fig. 5 shows a cross- er-flash |anp
of this i nven$@lsHon impelygesic packaging.i Hl'gertm’ eadiation dafhagebNe28Matl ions 6

Z P?‘é‘ﬁugt fLSgS ?IS é&? nco%tan%@?bgﬁ/rmérlsaasnd sc?lﬂp Ion :slddltljv.ras.I h%nltnlvggtlor? wlll Bg an
described in reference to polymeric target materials; however, it is understood
that additional UV-sensitive target materials could be treated by the method of
this invention. One important application for this invention is in a lamp system
for lasers wherein the target material is the laser medium, e.g. laser dyes, or

20  other organic medium, which is sensitive to UV radiation.

Brief Description of the Drawinas

Fig.1 is a graph of absorbance per wavelength for various liquid
attenuating materials useful in this invention.
25 Fig. 2 shows a cross-section of a flash lamp of this invention having an
attenuating material.
Fig. 3 shows a crose-section of another flash lamp of this invention
having an attenuating material.
Fig. 4 shows a cross-section of another flash lamp of this invention

30 having an attenuating material.

Fig. 5 shows a cross-section of another flash lamp of this invention
having an attenuating material.



~Fig. 7 is a graph of the EquilibriumWater Content of a contact |eng jaN zr[]][][,
pol ymer as function of the radiation dose to the polyner for systens Wt
and 5 without attenuating naterials of this invention. Detailed )

. Description of thp Invention The radiation systemof this invention
conprises a high energy UV radiation source. UV radiation.sources that can

be used in the radikigi 6rshbvssy stase-sectiondsf atictheeflgstolang®bf tHis Mifention
such as flash lanps, arc lanps (continuous or

produci ng, ingoherent lt?%&'
non- cont i nuou?}?v'%af’eﬁ atggeategal. conti nuous wave |ight sources, e.g.

Xenon gas Oor nercurg;qv | o . Th di at.i Qqn sourc are
hi gh ener gy, t&gt ||Zlg?ﬁgé))% ré%ﬂ%é?@%ﬁ@ﬁ?&'ﬁl%’@%ﬁ%&%@ w%aﬁﬁf@é for a
flash |anp or mdymet as/fongtidroof thecadiatibraisse ddhalddmepfor - bl'y
of which a Iea?%%gq ercent of the radiation is frdom 240 t?ﬁsg(-.gg%%ﬁ{rﬁfe@

presently pref® nugting imalgriglsofdbisiisventiomsh | anp which produces at
|l east 1 JlcnR broad spectrumradiation (200 - 3000nnm) per flash of which
at least 10 md/cnR per flash is UV radiation. The preferred application is

sterilizationDetailedDdseribBon of 8id inveatipn of contact |enses (target). For
sterilization, 20 the desired radrafton rs the germcidal radiation which

i ncl udes the radi atifshradiation sysietoofaB@ninveniiom compyisesfehigharmrgpdicat i ng
that 254nmi s . rm cidal range; however, destruction to
the contact | é%éﬁggﬁy%‘@?é%c@%@%?ﬂ%s%ﬁ%%&%% ke usedin e mdigieonw 320nm
to about 100nEyERPNIASHME dRG rafhitiat i -Ser 9 8
Litled "Method of & e ds ir%%o,r %ﬁggegg’é‘é&f&é’;ﬁw 'PQ@“%@%%&%% By
reference, di $@sBdampshartc lampsafcootinadusiar rbrgntinuols) deubsrus 28Mps 26E

absorbed by t t lens,polyners and may cause chain scissions within
t he pol yrre)r/s. %H@%@fwﬁé’?t @Hgﬁ?ﬁ@eﬁaaigaﬁﬁaﬁxiQ@Srqrdﬁﬁrmwapgpligfot SOLORES-

(The term "up The'Uvhagidtefsdutcse s § Lot is

not included within 2the range gpe?zﬁ?@ﬁ%éfg?g@g\gg’ﬁﬁ?%égééraﬁ?@%%?%%to

pol yners of t Rel Jiganyaper pulse fmﬂa‘.shnmrﬂpror Q@dugwlcdé‘&bmﬁbutimhﬁisﬂradiation

sci ssi ons, or chani s ue to the UV radiation, this invention

provi des I%t t ghgg{q ﬁge%é‘?téyﬁl‘”g“&hat \R@pt 1 prereentnfibe sadiagonris frem @404ei ng

mat eri al s i nt 280hAe TREIRE4SHY ?td‘?é\ : I €. i

wavel engt hs from at Ieas??éa 5@@&?% %’git po%%%&%g '?%ﬁé‘s’?mm@

radi ation dos®@reienseatlnast hdicar’ broad espeictran reiatiorg €200 — 30B0nRAt seHflash of

lication Sepi A 259, 758, further discloses_that the ener
App Wh'l&l aH%as?% rn.?lcm5 per flash is [JV radiation. The preferred appl%%tion is
sterilization, in particular sterilization of contact lenses (target). For sterilization

20  the desired radiation is the germicidal radiation which includes the radiation

from 240 to 280nm; with many references indicating that 254nm is the peak of

Al

the germicidal range; however, destruction to the contact lens polymer occurs
upon exposure to the radiation below 320nm to about 100nm (non-ionizing UV
radiation). US Serial No. 09/259,758, titled "Method of Sterilization™, VTN-

25 0388, earlier incorporated by reference, discloses that radiation at wavelengths
less than 320nm are absorbed by the contact lens polymers and may cause
chain scissions within the polymers. The most destructive radiation is from
180nm up to 240nm. (The term “up to" when used to describe a range means
that the endpoint is not included within the range specified.) To prevent the

30 destruction to polymers of the target, e.g. container or medical device by chain
scissions or other mechanisms due to the UV radiation, this invention provides
attenuating materials and ways of incorporating the attenuating materials into

the radiation system to attenuate the undesirable wavelengths from at least a
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- of the radiation (240 to 280nnm to the mcroorganismhas to be at |east 18
mJ/cnR for sterilization. 5 To protect the polyneric target, éi

preferred to attenuate the radiation or a portion of the radi ti 'Mﬂ&ﬂ om

. 180nm up to 240nm or at | east great er than 200nmup to 240nm However,

for sone applic preferable to attenuate the radi atlon

ti O
or a portion %9'? i'&%l‘jﬁpﬁﬁt"@ @ﬂ'ﬁ%ﬁ?s%Pef%eéggﬁﬁﬂlamna'ﬁﬂéhﬁat@ target.

undesired ra [ and to
prevent the %?’mﬁ‘sﬁf’éﬁﬁé&ﬁiﬂ S8fiafiioyBRepe 7k LR AT BBEe erty
undesired raobfathecradi‘atlom(mortmmm@ t64ﬂémlcfdiﬁghhﬁniﬂﬁs td Decatbasf 18 he

total radiati o aftﬁhe undesi red wavel engt hs woul d be attenuated; however,

even smal | pe‘F1 Estesilizatioanuati on of ranges of wavel engt hs of the

ndesi red s adi at the.att atjion 15 .incr e

the ratio’or the on PraeFRR b6k RercItiity S s preedirkdds Hichlats e i

undesired (e.@.a gortg m}lerr&diéﬂdn%rhel%'nﬁ‘ﬁ ttBezmrﬂeér atﬁeﬁf %%é‘iefhan
e

cont ai ner and/or product. Increasing the rat | o of germci ective
radiation t2UMFREPG 240nm: iHewenareforisome applitations ltmayelaamchr‘ee overal |

Lhe oystem wiitarerRRIE fkeiate B sidialiom b bingthita SR 0nS radiafian faim BB t he
dose for stenig id 250, i To aﬂéﬁ@éfeqﬁetdwesirata rﬁHfg%BH% tdaR 4 P%&y?\'l&ficthi S

i nvention provide greater than a 30 percen cti o I'n the
undesi red?r adﬁ@qtdﬁlmMﬂf@agmaeﬂéowbe\;ergnbmfmmaﬂmnobommet iscgnefieial¢di on,

d f h 90 d h |
Andesrr ed 1 adthtiate $56 Bhised Puduar ARG T 60 Bnodbnmy \eedy30e  For
the pref errecbe%ab@@bmmettétaltra&a%ﬁ%'tﬁéfdndéﬁ?écﬁWaQFIérgtﬁé ¥HulPBam up to

240nm or at |least from 180nmup to Oonm or reater than 200nm
up to 240nm atteru@tw diawest, e&eatsmaﬁmreeatagesam‘tataanummlafrrangealolf t he

httenuati ng R iPhSts R (R Tidesd rigieliSa BPE broelisiob ksraie thh aeRvabpocn
range at i3 sun@e@ségrtﬁ@rr\émef tHEPdES étcﬁge[]g gg?e%]rﬁﬂé'lﬂhll BefERIiGE) F’Jcﬁ?tﬁﬁ]{o

better suited for sone applications ers m xtur'es o
at t enuat i ng umie@rredl(gg rbagnogéanhdnatmcfe%g thee targelt, eoglusdiiyors, at

A examl e of Bkt AP oguda Reiasinec Hedrgp saaC dBlbiP e FamBion | ¢
I's preferred tolimadifg ¥hdRMiBAIhAKes it possible to increase the overall radiation dose,
if necessary for sterility, and makes it easier to control the system when the
20  threshold of damage to the polymer is far below the dose for sterility.

It is preferred that the attenuating materials of this invention provide
greater than a 30 percent reduction in the total undesired radiation, more
preferably greater than a 60 percent reduction, and mast preferably greater
than a 90 percent reduction in the total undesired radiation which impinges

25 upon the attenuating matetials. For the preferred embodiments, the undesired
radiation is from 100nm up to 240nm, or at least from 180nm up to 240nm, or
at least greater than 200nm up to 240nm. [t is preferred to attenuate at least a
portion of ail the wavelengths of radiation specified in the specified ranges.
Typically, the attenuating materials will not attenuate ail the wavelengths in a

30 given range at a single percentage, so certain attenuating materials will be
better suited for some applications than others, or mixtures of the attenuating
materials can be used to achieve improved reductions at certain or all of the

wavelengths in the range of undesired wavelengths. An example of a mixture

6



.materials attenuate the undesired radiation, and that the attenuating
materials direct the desired radiation toward the target. The attenuating
materials can direct the desired radiation toward the target bypy 0
.transmtting and/or reflecting 5 the desired radiation fromthe racH\Nagq {')n
source whi ch i npinges upon the attenuating material, and/or by re-emtting
absor bed undesiSraddprofarmandabasiute athandlomt isipréferreditbattns agdnuashdat i on.

The attenuatin%ag%ia?riﬁls [ direct . the desired radiation towards the
target either di Y6 SPU?%&“Pé&f%ﬁ,'repwaﬂlaﬂen' ane thaldberattenuatingtmaterials/
P o0t o B et (R peb AL Tadialigh fobfd (e idet® TH Bfnydind mdterials sam ng

materi al s di r editecjthatiesired aadialopeowarnt theftat parigfittiraf hAkId
preferably grﬁﬁge tlrréan 75 . percent and nost pdrméfuei?ably grﬁégajlt er thgﬂ@%&%

percent of t Jadiadios: from thewadiationsputreswhisbrimpieges upondhé ng
terials. F Qi zat] ired radiation is 240 to 280N
(et hor i he PG AHERE 4oL 67 RS Baged figfenired radahan es
and/ or re- eni tradidtiendeithin ele dedirali iradiatign. i@ ét?érﬂ]%tting"’lﬂafé‘?{?ﬁ %H%i%gﬂ%
e

the attenuating nmaterials are positioned with respect to t radi-atl
source and ta red rediationdewardaithe tasget eitfpodiectly of irditectliyhthatdy,ehengt hs

f th desi : i i i he. ified is. t tted
Cor 1 oot ad or RisireAaRlBA iy IRl on SRS eaparatiss beine: wrikisg thegarget,
mat eri al s 16r e e.poreflettvas, mirksraUaber GHRAL of tﬁé‘@{éﬁlﬁré?gfaglﬁfgbé’%g%ﬁg?weg red

radi ati on and direct greater than 50 percent the de . The
nore pref er r foRiErals WGt areater dhamb6 percentiafithe gesied ratiiationSharer cent  of

the total radj.aid f t o 240nm and di rect greater than 90

per cent of thgir?%étrg yq:rggileﬁl?%ﬁgﬁrWQwan(ﬁmﬁg Iﬁ‘Fﬁ?ﬁkﬁ Y Iregienian 90 percent
attenuati ng maff ¢he desirdd lj ' ; [;at ion
bet ween 20(9) up. to. 240|r';m irimﬁgﬁ%ﬂﬁfgpém%%ﬁ?ﬁoargﬁé%t?& et'rr&‘i] g?lgr%gﬁ; |:Or?(gre
preferably gr&igrdizationthedesiredvadiatiorfis24dty 260ea oWhéther Weattbntibtng
radi ati onybet 200, to 240nm i ttenuated. Preferably, at |east a
por!t i oln o#?al Wﬁgg@aq}t?céh%ph r?ﬂsrlf'iré'e & X Pete-eavt the GﬁSI)F/@‘F’ fadiatiandes
specified i's the eargst esh dafstnihe WARSL tfie BREN MG ebral arb RboRAEIARHH S

of the desired radiation in the ranges speci Irec
attenuati on @9 LS the eadiation goproevanibtaaget) Peafesablynat kebisd aPdRtds of alihan

1-2, mone P U Ao Bf e BRadsifbd Maration in the sanged spacined i o >

transmitted, reflected or emitted by the attenuating materials. The preferred

20 materials are those that attenuate greater than 30 percent of the undesired
radiation and direct greater than 50 percent of the desired radiation. The more
preferred attenuating materials attenuate greater than 50 percent of the total
radiation from 100 up to 240nm and direct greater than 90 percent of the totat
radiation from 240 to 280nm which impinges upon the attenuating materials

25  whereby at least some portion of the radiation between 200 up to 240nm is
attenuated, preferably greater than 30%, more preferably greater than 60%,
most preferably greater than 90% of the radiation between 200 up to 240nm is
attenuated. Preferably, at least a portion of alf the wavelengths of the
undesired radiation in the ranges specified is attenuated, and at least a portion

30 of all the wavelengths of the desired radiation in the ranges specified is
directed.

The attenuation materials preferably provide an attenuation ratio greater

than 1.2, more preferably greater than 1.8, most preferably greater than 2.5.
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- The attenuation ratio is defined as the percent of the desired radiation
directed by the attenuation materials divided by the percent of t;b
undesired radi ati on absorbed by the attenuation materials. For ex ﬁplﬂﬂ,mﬂﬂ
. the attenuation ratio of a reflector of |anthanum oxi de woul d have an
attenuation ratio of 3 (see Table 1). 5 Attenuating materials can be
liquids, soli§8¢ affenyatien ratinisedefinsideas theapercant ohtiwt dexirothtacliation Whbeadi S

et ude por y ot e teAGaRET ofeTaTs safed bishe befeart ol g undeopsd sxbaton col s
having a wei gibscrhed agaheRtefidatbn YRARAGIS Moo g)@éﬂng% #quggﬁmlé&f]qdbl% o of

preferably propylene gl ycols having a wel ght avera

200. Exanpl esrefiectosiof sartharam olige culd halbdm REnEAdN @E@&@O(s_eepféﬁléqg:
fromAl drich Chemnﬁgl8 Q her uyseful liquid attenuating materials ar

Co.
hal ogenat &d car bo ApRtiniaterials cas by liquidecsolidsner gasesr Aoanaomsie of an
chl orof orm Ve > ed carb compounds, because
they are mrgﬁgﬁaﬁt@?qégc r%éwlétfgg%bgg%;§%?n?'o?'gf I?@BPFHBF‘PQ‘*\%?% Ada) so

more 15 pr ef ettenuatingaagiatoincludd yolalso 86aEE GikyPaREN by ¢ S
I nclude FC- 40, FC-43, FC-70, corme?c?al l'y avail abl e frcﬁSﬁrefaé%?%g e

from Al dri ch PreR¥ienedlyedispaning amweightaverage nmolaoulanweight feore 200t toot;000,
i thin thei Lt liquid att t] terials includ
or gani c. car o FRRE el Bdflens ScPishavind B pabnbeesiack pelaisiar

propyl endOcanbeight e6200) Eanifles Epblyettiyishdlg b%ﬁHeﬁJPB%g@fﬁd P! digg ude
silicon COW@#@%@GOSUW as sodium silicate, re preferably pdlysrloXdne

ﬁo(rjrppgnds S U %dmiﬁi@lﬂinyFbeml\iA&air@s., Qﬂ)?lt upefaf Igmidblagtenua_tirgg (;n?t_eria!sd
‘hydri de-t er m pat i l, Xt yr es the above-described |iquids
can be used ads}@t'ﬁdgogé'tét}lgg%éf?%ﬁ%ﬁpﬁb'“asnﬂ{‘g}?Sdl 0 BR&s ehlperarbeas es

are those of mmtm&&m&%bﬁﬁm?c té@gﬁg,‘g@%'ﬁPsam&%@ﬁ he

pref erably ch] orof orm and propyl ene ar bonat e. NCor por a e
liquid attendBeY q&e marestable, suetvashiseon aaicapt 6ot fiosinerts twhiah e we more

di ati i | i bed Typically the 1iquid attenuati
T BT NN AT ENE IR T ST
or target of 4A0)&G-adi RCLPN, cdrhgerdianEay iiatilé{r%{nﬁﬁfléf,zagrgilécggtfrénrﬂfﬁ\elaﬂcﬁ' quid

attenuating Eﬁﬁerj al s have a viscosity from .
preferably f micabCogwanys el prafetred fluioeinekts haveaitragém within ¢ The

T cps. The Frivy bl HaFogid Sy it FateTial iuins fraanidcathanstes.qui d
carrier; more preferably aliphatic carbonates, such as propylene carbonates. Other
20 useful liquid attenuating materiats include silicon compounds, such as sodium
silicate, more preferably polysiloxane compounds such as
polydimethylsiloxanes, most preferably hydride-terminated silicone oil,
Mixtures of the above-described liquids can be used as the liquid attenuating-
materfals. The preferred mixtures are those of halogenated carbon
25  compounds and organic carbonates, more preferably chioroform and propytene
carbonate. Ways to incorporate the liquid attenuating materials into the
radiation system to attenuate radiation will be described below. Typically the
liquid attenuating materials will need to be pumped through or around the
radiation source or target of the radiation; therefore, it is preferred that the
30 liquid attenuating materials have a viscosity from 1 to 1,000 cps, more
preferably from 1 to 500 cps and most preferably from 1 to 100 cps. The
easiest liquid attenuating materials to pump have a viscosity of from 1 to 10

cps. The liquid attenuating materials can be used in a suitable liquid carrier;
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. 0 7 JAN 2004 Preferably a non-ionic liquid, or they can conprise a solid
attenuating material in a suitable liquid carrier to forma di spersion or
colloid with the solid, for exanple 2-hydroxyethyl nethacryl ate (ﬂlﬁgma«) ﬁr
. ethylene glycol dinethacrylate (EDGVA) in water. 5 Exanples of FPi o?g
whi ch can be used as attenuating materials are shown in Figure 1. The
curves in Fi gofeferable anareivmicliauid byr thegcangcampesd assolidatienwaéing natsrial

pat hl ength fil]l with the sanple Liquids into a spectrophotoneter, and
recor di ng the’nl $gH{taé\lﬁi Ilﬂ‘l‘"bﬁ@&@'ﬂ?‘? Fﬂr%héﬁ?ﬁﬂ?és@é‘rﬁﬂ jloid withthe salidetanat i ng
material s canefgmpiegd-H ' %,' t | ect ed

radi ation. A fei rst ﬁfgtwgfrd r%:t)%ﬁlr?ltent S |5§'ﬁaéﬁp§89@éthg@;ﬁ grﬂi&‘?ﬁﬁgﬁﬁﬁi%’)"ﬂ%
wi || be descr{BdGMA) inekateence to Fig. 2. Fig. 2 shows a cross-section of
a conventisonal fla I s understood that other

h |la 10: al though it
radi ati on “sour ces Eéémﬂri%eaﬂé%"ﬁ whwghearbaemd anatteauating eaternials aseem of

this inventio : r A or _non-cant.i.nugus), deuterium
15 | anps, or %@ﬁgﬁg@gguﬁctﬁéﬁﬁrg%%gﬁfﬁﬂgﬁ WEre 854en eﬂ(&’rﬁﬁc’iaﬁ?ngf(:‘{‘ﬁ?étes
radiation frhavitg§@ U mm RARNRAGH filidoRite thd Bampldfquidstifto?sOnm and at

| east a portion .of the radiation from240 to 280nm and nost preferably in

a continuum $RAEGIERRNOIOmelafdand oeeardingethe light whicip passed throagh té samplep. 11
whi ch consists of des _(not sho each connected.to the end of
a hol | ow 20 | anp e%@gﬁogggﬁ%%&@aﬁ%{ S &30 SEIHEAD YAIQUSIRCRUIRNSIC a st rong
transpareift  atkereiatelselduted radiatioh.! AfraNsetifEmbSHRTEE ‘t'Jrsﬁ"rE) gt her mal
shock such as_ glass, quartz or sapphire or the like. The I'a gener at es
radi ati on whedl@atingcmaterale wilbbe desowkad inefelencertodig. 2.0Rige & shiows Bhe

orovi des. protagerancliaf 85 e Wenfanadshitahe o Salil iniridsseiong Beter i <
punped in t heothes sRYSHEY sodfeesAtRHALES LARRT C?Iﬁ%é ﬁﬁgd G %ﬁatﬁoﬁl %’L‘e{em&

flow tube 13 to dissipate the heat generated by t I"anp
enbodi nent ofthishiBveRtiemtsush amarcdampsoicentinuplisioatorwoatinogusiteuterisn can

b di | f | [ h .16 b | h
row ¢ ubd 315 &bt bs B dife sAlftss @nich bipouses ticasaation ofdhedadation:
wavel engt hs st 18Cc@pkto PAonhPaPgrkater'thak @bg u;ﬁf@?@bﬁﬁﬂhgﬁ{%ﬁ I@ééted‘é%%)@glz

material s can be punped in the passageway 1 et ween t anp env
and the flowafibe radiatinn e 240rtg 280nen,iaxidsmopt prefaraidy wea cohtiaulimnp

envel ope and 4digebhild SRS a0HR . PFhd hIt, tamp Yoo ldnats of a lamp 11 which

consists of two electrodes (not shown) each connected to the end of a hollow

20  lamp envelope 12. The lamp envelope 12 is made out of a strong transparent
material which can withstand high temperatures and thermal shock such as
glass, quartz or sapphire or the like. The lamp generates radiation when an
arc is created between the electrical connectors. The lamp envelope 12 may~
be inside a flow tube 13 as shown. The flow tube 13 provides protection for

25 the lamp envelope 12. Typically cooling water is pumped in the passageway
16 formed between the lamp envelope 12 and the flow tube 13 to dissipate the
heat generated by the lamp 11. In one embodiment of the invention one or
more liquid attenuating materials can be used in place of the coocling water in
the passageway 16 between the flow tube 13 and the lamp envelope 12 to

30 both attenuate selected wavelengths and to cool the lamp 11. In this
embodiment the attenuating materials can be pumped in the passageway 16
between the lamp envelope 12 and the flow tube 13. Attenuating materials
pumped between the lamp ‘envelope and the flow tube must be highly resistive,

9



0 7 JAN 2004 preferably greater than 1 nmegohm nore preferably greater than
10 negohns, nost preferably greater than 18 negohns, because of the
potential of a short «circuit within the [anp. Another enbodinent P} JANeN;
_invention is shown in Fig. 2. The flash lanp 5 10, in Fig. 3 is simlar to
the flash | anp shown in Fig. 2 and consists of a reflector 14, and a

protective w peederably gedatet thanel evegutsn anerd p&!fféﬂbdy\fgféhtbhmarﬁ@m&wﬂ?ﬁé in

I
the figures). Passaqge s 28 and 29 may be added adjacent to the reflector
14 or the prof®e P@ewﬂaﬁﬁ%fi 1§ megahens,| hegaugenfitha patentiat ofatshartl s
may be added groREH RBGaysed to attenuate sel ected 10 wavel engths of the
radi ati on. The passageways y be constructed of glass, quartz, sapphire

or the like. Both pastey@miysdiffbnt 29 tiee RIvERBNR id ShdWa in Fig LYt Thi
alternative egg)o,di nments each passagev\ﬁ 28 or 59 may 6%%%2%{ gpgmgspéamlﬁ)ol d
' as

an attenuati ngdniBifagi Ais similar te ithe psbewinrip Fig a2 iaadi consistsof a
itivit [ 4i i ti t i,al t th di ati il 15
Gotor i ne. 1 noefleBfor 1414 £ RIEBERY Hihdi, 75 (Sl SImPRly s BoRIRAWiLD therc
dintion. |Tsahe i . radl Ul |
radi ation sdrhe rumbeéinahé @i@U?éé)P@é’a‘%tegég?% 28%Md ?bymél?lb%b%ﬁegir Q@ﬂgent

otherw se attenuate the radi ation brea wn signifircan

exposure to tiReherglieetor 44 orithe protestiee Windowd 1atthesugt ivhichniquidizenuating be
conti nuously rou t he passageways, exposed only once to the
radi ati on, an@ﬂﬁ@ﬂs ﬁyﬁ%%apaa&r QW?%ag‘iHﬁgitgiWWtQ Relectefl ation is

| ess, them t hgalelgHhthsabit ] nrq,%eﬁ (o) I
flashes and t hgn di gcasra%etg?qgérﬂagggbse %%ggeﬁ%@Pﬁﬁaf)g% %@%&ﬂﬁéﬁﬁgﬁé@aa'
with a reserv@iartzsappbireiafine liket Botlapassageed s 28) 29 see'shbivehinatgl 3,itial

liquid attenuati terial can be drawn and exposed, and this process can
be repeat ed ﬁﬁ#lgﬂn%ﬁ’%ﬁm‘??% &AM Rassagpway 28 ek &P mayderused alore to

apility of ! Il iafatterudimg bidHa i0 bfbhdate e NaeshBR/MAldtich? altepuate

the radi ation has been reduced to a porn € reservolr should be
di scarded and repl BRedeasitintyof thesiiguid piteguating metédalgttb ¢Re ahdRboR iR i al .

o tor ed usi S TINEBEIPBRRUD ARICLNS ofibedbisbaREngAlias maleripessdbenays i n
i B¢t o, 1 et SRciBh oto B AU AR DAL o o
will be fact gittenuate thes rathiatiot breakdedawmsignifigantip afterr oneestpdtiuré kthe
passageways (Uaveh NGl t?m%tsglfi%ﬂ% Q?ter\ll\@alltﬁ\g materials can be continuously pumped
through the passageways, exposed only once to the radiation, and then
20  discarded. If the sensitivity to the radiation is less, then the liquid attenuating
materials can be exposed to several flashes and then discarded, or exposed
once to the radiation and mixed with a reservoir of the liquid attenuating
material from which additional liquid attenuating material can be drawn and
exposed, and this process can be repeated for an amount of time until it is
25  determined that the ability of the liquid attenuating material in the reservoir to
attenuate the radiation has been reduced to a point that the reservoir should be
discarded and replaced with a fresh supply of liquid attenuating material. The
attenuation ability of the liquid attenuating materials can be monitored using a
spectrophotometer. The composition of the passageways in which the liguid
30 attenuating materials are held and the individual liquid attenuating material's
ability to attenuate the undesired radiation will be factors to consider when

determining the thickness of the passageways (wavelength pathlength) which
hold the liquid attenuating materials.
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hold the liquid attenuating materials. 10 O 7 ]AN 2004 Solid attenuating
materials include, but are not limted to, al kaline netal corrpounrczr;l

(oxi des and hal i des), heavy netal oxides (e.g. barium, divalent U il 2004
. oxides (e.g. magnesiun), and polyvalent nmetal oxides (e.g. ytterbiumor
alum num. Solid attenuating materials can al so be sel ected according to

the 5 follow ng forSalidatdraaXingdnatetais mdddes bat are AbelifRbat .Oélkéliﬁ%%‘nélgl
netals, preferably a rare earth netal, 0 is oxygen, X is a ?leteroa om such
GorpRinds{a

as sulfur, nith _xwmheﬁ@&)r?eafe/bf:ﬁet@i,otxmzae.g.spm%m?,img%;em
rerera ne.,.: | re [ 0 y . | 0] ,

Bref er abl § 0 ?@éfﬂ’ﬁxrgalséég. i’%éétﬁ?s?uw?.eqrgfgglwglgnt( B‘elé,o"z!f?ﬁﬁ Ee-gsymmxmmr
breferably 0 taturhium.  Sollchattsh@tirkPriddriald cad RIS Sefbctld Srchidify ) e 2!

1. These materials need to be of sufficient purity suc
i mpuri ti es? do feHAwiRE demala MO PG H|, adteseinddris arsimgle enetaPoe hanakdfmbhs

materials are n._99.9 % pure, .nore preferably nore than 99. 99 %
pure. Exanpl eg@'ﬁ%@g%{fﬁ?‘%ﬁﬁé 'ﬁﬁ{azv@e{? OX¥YeN,| A & 2 Aeteroatgmeuch as sidfurded
in Table 1 ar eitrdigernBad pRESSITSY I TR .of | uating .15
material s. Thel p(tetﬁzent Petlioct] \?Fﬁrégé\t’\%}?"eéﬁ e?le‘?r% 'Ir@gjeg?r%%é%&gp%r%g 1S
powder sanpl é ©r2G grreferaly drtoat 2,imiso0 o 20vpeferablyrBl tpdRt cigottbeosuvet t e

into a spect ter, having. an integrating sphere which nmeasured the
radiation r eb@@%@y rt8rﬁilﬁ5'ds‘gf§p$é‘? %18@@3@%\9 @33, with the propispghabat ng
Mat eri al s10RVFEAHNBYRUER B R Te:Estdh C t |.._DevDeyDev
Material Col or 200- 200- 240- 240- 200- @g&% %ﬁ"&%&%@@ﬁ%ﬁ@éﬁwﬁﬁﬁpu"ﬁ such
Ti t anat eBei ge WBatsbe (evels of unmuritizaldel A8t 8dgr@eleithereflector performance.
Oxi deBei ge62. E,?g% 6b§5§h 8418. 0823.0811. 18
rably the materials are more than 99.8 % pure, more preferably more than
99.99 % pure. Examples of useful solid materials are listed in Table 1.
Included in Table 1 are the mean percent reflectivities of the solid attenuating
15 materials. The percent reflectivities were determined by packing a dry powder
sampie of solid material into a cuvette, and putting the cuvette into a

spectrophotometer having an integrating sphere which measured the radiation
reflected from the sample.
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Er bi um Oxi dePi nk62. 6926. 6355. 8418. 0823. 0811. 18 Eur opi um
Oxi deWhi t e54. 7934. 345. 11. 2623. 7810. 73 Ger mani um
Whi t e84. 1321. 3272. 8310. 5150. 7214. 64 Di oxi de Haf ni um
- Oxi deBei ge32. 267. 4925. 830. 5131. 049. 69 Hol m um
Oxi dePi nk66. 7527. 3767. 1820. 4620. 889. 31 Lant hanum

Oxi deWhi t €82. 9928. 3988. 2311. 9729. 4912. 36 Magnesi um

Oxi deWhi t e97
Bl ack13. 675.

Jobe 1

Yel | ow68. 8427. 6251. 3223. 082DEEBVEY TPARbi unfsR
Oxi deBrown13. 116. 0911. 550. 5@21. 159. 99 Ti t ani um
Di oxi deWhi t e14. 925. 1713. 120. 362Qai”5Mé4nYt t 8181 U'Mean
Oxi deWi t e70. 7233. 1645. 826. 0223. 211. 84 Yt trjum

Zi

n

,21101. 440. 5219. 6824. 49 Praseodym um
13 \temunting Matepialsie Sanari um Oxi del.

%R

%R

Std
Dev

07

%R

Mean

IAN 2004

%R

Std
Dev

1415
. 211.2

Oxi deWhi t e85. 812 386. 5
Oxi deWhi t el5. 851?%‘?%"990. 3

| \I\"\D

- | n
et H i

uﬁfﬁf 1840 1o 200 4 200-

attenuati ng fred-eriel-s—wher -
are 0 then t he3a (ﬁ@f‘@‘%uataﬂ@e tE3.Pal | 19.H nethi2oxi®e7 su2hdds| calddi ym
?éi de § Ca0) an€érafimiOxiiexildeBdigt 0762 5ent Rerssn SxBae( k8AE) 23 08| a9
e , terol ] 0AOT) ey arae—tR-e Ot —1—and—bariu
titanate (BaH “E?mhigfxri@% | ppmkpq T%Bgttgﬁﬂ\i }:558??94[[; ;@ f@-éﬁh di-Bils
1, d is 2 andB¥raptre Quide 0 iWhitagndst.@eh [f 1348i ded6MyF2)1.260 | ARBI78I pnal73
exanpl es of jsol Garaldnirgat 1|n erl e S Ige |/ sAvrn
al um num oxilde (Aéi%Qfae bari U%N(F)‘Eiéde 5?483%) , Qg%mwggangp?eﬂ?fsﬁ'@) T4:64
hol m um oxi GEE203 Forgmox e £a9-—tarthartexd-de—{H-a203)
ger mani um oxji-de [ Ce Qf@ﬁm I hle_'ﬂ‘?n 32188 (frdegy. An-B8i lurd-Bi de3 1-BA2(03.69
‘er bi um oxi del_(Hpipmigm Oxisledy|ni Binkox | 6.75228)37 §6718Un20X6I¢ ZBE8U3)9.335
ytter bi um oxidenth¥hafBDxidk! T TWHRE OX 898 Y1298 )ag TTEE BT SPh PG 7TI8 hge
(Dy2@). 12 LM% ﬁéﬂ%\!‘ ZGﬁii Sthe—exees :n%.ﬁj'ue el ractory an, = ! ‘
rare earths, YagResym Pxide ) Wade "L 8727 [aif#idd {RDidda: 11820 tRE68 [TR4.49
preferred atft dt@seodymiwmer|i Black | 13.67 | 559 | 1213 | 033 | 20.7 | 9.49
Oxide
Samarium Oxide |[L. Yellow| 68.84 | 27.62 | 51.32 | 23.08 | 27.58 | 6.59
Terbium Oxide Brown | 1311 | 6.09 | 1155 | 058 | 21.15 | 9.99
Titanium Dioxide | White | 1492 | 517 [ 1312 | 028 | 20.75 | 9.14
Ytterpium Oxide | White | 70.72 | 33.16 | 458 | 26.02 | 23.2 | 11.84
Yttrium Oxide White | 85.81 | 24.14 | 89.38 | 651 | 41.14 | 154
Zinc Oxide White | 1585 { 13.39 | 10.99 | 035 | 20.72 | 11.36

In the formula for the solid attenuating materials, when a is 1 to 6 and b
is 1to 11, and c and d are 0 then the solid attenuating material is a metal
oxide, such as calcium oxide (CaQ) and hafnium oxide (HfQ,), lanthanum
oxide(La,0,), iron oxide (Fe,0,), terbium oxide (Tb,0,). praseodymium oxide
(PrsO,,), and barium titanate (BaTiO,). An example of solid attenuating
material for whichais 1, dis2and band c are O is magnesium fluoride (MgF,).
10 Additional examples of solid attenuating materials include magnesium oxide
(MgO), aluminum oxide (Al,O,) barium oxide (BaO), barium titanate (BaTiQ,),
holmium oxide (Ho,O,), calcium oxide (Ca0), ianthanum oxide (La,0,),
germanium oxide (GeQ,), tellurium oxide (TeQ,), europium oxide (Eu,0,),
erbium oxide (Er,0;), neodymium oxide (Nd,O,), samarium oxide (Sm,0,),

15 ytterbium oxide (Yb,0,), yttrium oxide (Y,0,), and dysprosium oxide (Dy,0,).
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are magnesi um oxi de, erbi um oxi de, hol m um oxi de, samarium oxide, tellurium
oxi de, | ant hanum oxi de, yttrium oxide, and ytterbium oxide, and thk Mg, 5
preferred are | anthanum oxi de, yttrium oxide, and ytterbium oxide. The
solid attenuating materials can be incorporated into the radiation source
(e.g. a lanmp envel ope, protective wi ndow or flow tube) which prevents the
danmagi ng r adi@thesexamples exibdeneitautory oxitds ofother pateysarths, phadesith and/ or

packagi ng, t tf exgo ed. stated earljer, exanples of a radiation source
10 i ncl ude a%ﬁ?éd W‘{?Q‘Pﬁw@g&%@"{'@!@ oxigdgsn Thesprederred edenuating materials

| i ght source : ; : | d. aLt t mat eri al an be
added To ¢ nerfaaaoTEGH dhataPaiblum B Holiufh GRS seBfalh iR, Taffifpim

gl ass, cryst aixideydanthanem okise, attilrhlioxide, kkiid yitsrbiMiatoxide, GRid®E!ogef erred
toin the_glass, ind streénias a dopant, duri ng t he manufacture of the [ anmp
e

envel ope and/RSeferfRd areslanthanum oxisded yBrumy oxide: and yiterhiomw. oxideli t i onal | y,

the proper selecti ; for the, flow tube or th a envel ope can

i ncr gasg t he perfoﬁ{r%agéhedjgﬁgﬁ@@qgami%ws Faq lﬂﬁom?i?@"hﬁfe&fad'ﬁ'o

sol ari zat i on,solre(egcanss ﬁmﬁ@bﬁ%@ﬂ@@mﬁ&@%%.@%%ﬁﬂﬁ&ﬁﬁg&eﬁ%’“ce
an

t he undesirabl e radi ation _gy_ absorp')tior_\, or absorption re-emssion at
desired or atthe dasiagiog radiatien fred veaching thehtarget, ey uziymer Aodatteandibs

whi ch b i ati t desi | th d -emt at desired
i h can abagbetil b sHEO5E A B RS o s S
form a filbt eindlBaeagbulsbd ffnt s618ce ?é’.'g‘?‘%(ﬁsg&llj yggz oP8 rﬁithDP%\)e’Tgrgg' ng

upon the target which will "attenuate I rabl e wavel ength ef ore
t hey cont act SPHECE (&-gemereurytivagios) t Ehaisolichatte@suatingematesals aantie added té o

e ka0l i T g USRS PSS (e e S s, Sy,
o e I ter e K. Rt [P EL bR 1o BT g iy ©"
pass prior t@s30dpppntaguniogube marmdactary otttieclanap gavelopedarfdior ihelfiw tube
e ey B R AE el RTINS bro Sl deacers o
0 2 Sy e R A R0 s o )
reducing thermal shock, solarization, fluorescence, phosphorescence, and/or
can be used to reduce the undesirable radiation by absorption, or absorption
and re-emission at desired or at least not undesired wavelengths. Attenuating
20 materials which can absarb radiation at undesired wavelengths and re-emit at
desired wavelengths are preferred.
The attenuating materials can also be used to form a filter through which
the radiation will pass prior to impinging upon the target which will attenuate
the undesirable wavelengths before they contact the target, or the attenuating
25 materials can be added to the packaging material. These embodiments will be
described in more detail below.
To approximate the amount of dopant to add to the giass, quartz or
sapphire fiow tube, lamp envelope or protective window or for the formation of
a filter or the packaging material through which the radiation will pass prior to
30 impinging upon the polynieric target, and for other embodiments described
below, the Beer-Lambert equation quantifies the radiation absorption by a
particular dopant or attenuating material:

[(A)Ig(A) = exp(-a())cx)
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- wavelength (A /), lo(X) is the initial radiation intensity as a function of
wavel ength, aO ) is the nolar absorptivity of the dopant (attenq-"fitwg?ﬂ[]l.

material) as a function of wavelength, ¢ is the concentration o tJ

. dopant, and x is the path length 5 (thickness of the material in which the

dopant is present) through which the radiation passes. a(k) can be

det er mi ned spéteredptias theeintensity gf the attaumitd cadihtion agnefurictiog dfhe data in

Table 2 or in a like vvas/ An alternative enbodi nent of the invention is to
add the sol i dvaviengthdf).ig s heiinitial radiatiareintgrsitysao fuhetiomdf wavelength,

sourcey &9 i Bl Al ed AL L0 e on bl SIS e
to that ShOVbeWhJéIéJw%, ¢ tHd %nc%n%‘ﬁeh%f?ﬁé’—dbggﬁ{, ea%d‘égi{‘thg}?qtﬁ'g‘g&% cotor

nunber). Figure 4 sho an attenuating coating as

14. The réf| dtiickness ofitbe matesiabinaviithahe ebpant i8rpresepy) throudh witieh the
attenuating coati ng 36 conprises an attenuating material. The 15

attenuating CB3@elialPasaasnHe(ahean ba dejermained ispectrophatometricallpaswesoribedy,
di ppi ng, castg Si coating,~ gel cpating, etching, chem cal vapor
deggsi tgi ng, tsf%ﬁg?%élgﬂéﬁ t@% %%ff’em tatl?lgc% 8?1’55'0‘?1&'?‘!? WAY- bondi ng,g e.g. by P

adhesi ves of a fi AR al&atve MnbEWimdink AR i) | ! | ector
support 35. The preferred nethod of app yifngg?ﬁgﬁ gﬂ%ﬁ%ﬁ%?%aﬂ ngs is

to p?i nt or &Heayating é]?atefﬁlsttbnyheap?m gf theoradiatiorr sblireet erg. asppat bf aTo
ai nt or ,spr e. . suppor _.an aquequs, Or. NoNn-agqueous

g uspensi (%ﬁpi ngF%c?ﬁg%gng?r P%f@rﬁgﬁ?ﬁﬁﬁgfﬁg g’é& at MrfoHER ﬂﬂgﬁhOWﬁdﬂ

bi nder. Usef grodd-sétaion &f £k Yaﬂ‘ﬁg'r?? simlildPtPNAL Sh nsiﬂlFigeﬁ sigﬂﬁ%%leements

preferably inorganic or sol gel, nost preferably 1 norgani
preferred sudfRimieled withdthessswme numberbOFijube AdtowDad attend@tiflg cdatifg 36

attenuati ng ter] and 0.1 .to 90 %carriger. The carrier is a liquid used
to forma d%?tﬂ%{ré)ﬁ{% rteﬂgct:?[ﬂéj’nu ?F&ffmreﬁﬁﬂsg CONS IS5 9 8rrefigciop suppere
coating. ExasplHse gftetnsst &atird ; a , freons,
and the |ike, nost preferﬂgo?y V\rkrst gioﬁlﬁtgg{%?%%%ﬂaééﬁﬁh ers useful

i n maki n§3 codftPnysting epatingsgan de appliedim paigtimgt spraging, plasme cyainy,

Bi ndor s ar o FIHIG:FARRBH P FveTsion tatings ol coRtie: SUehiD, RmAaLVapOE ho hi gh
coat (hgs comorT ot npdatt aanre HehbRREAR RecRTER R .9' By gRheiffes of
a film comprising the attenuating materials to a reflector support 35. The
preferred method of applying the attenuating coatings is to paint or spray
20 attenuating materials onto a reflector support. To paint or spray them onto the
support 35, an aqueous or non-aqueous suspension is formed preferably
comprising attenuating material and binder. Useful binders are polymeric,

inorganic or sal-gels, more preferably inorganic or sol gel, and most preferably
inorganic. The preferred suspension comprises 0.1 to 50 % binder, 0.1 to 99.9
25 % attenuating material, and 0.1 to 90 % carrier. The carrier is a liquid used to
form a dilution of the attenuating materials and binder to apply the coating.
Examples of useful carriers are water, alcohals, alkanes, freons, and the like,
most preferably water.
Examples of polymeric binders useful in making coatings comprising
30 attenuating materials are polyvinyl alcohols, cyanoacrylates, acrylics, and
silicones. Presently the polymeric binders are limited in their use, because
they tend to degrade in the high energy UV radiation. Examples of inorganic

binders useful in making coatings comprising attenuating materials are sodium
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silicate, lowtenperature' sintered gl asses, alkali oxide silicates, such
as sodium potassiumand lithiumsilicates. Exanples of sol gel M']Fiﬁrﬂ]ﬂﬂ
precursors useful in making coatings conprising attenuating materials are
alumnumtert butoxide, sodiumsilicate, tetraethylorthosilicate (TECS),
met al isopropoxi des, 5 dysprosium ethyl hexano-dii sopropoxi-de in

i sopropanol , $#eHEcSMtaMPeraturgl sivtesed glassen, alkakioxidedsitigatesi sch as

i i de jn.tol y |, . i - neth haxi de |
% oot oy et hat it BRFESSE BB S i R FXATBR RS S D GIRGRB RERCUTSRIS urn
2- et hyl hexanogéefui if mémﬁg%aﬁhgé%@nﬂr% RO St Mateidls 2fe BRRRNURL RN

hol mi um et hyl hexano- di i sopr opoXi de i'n I sopropanol, hol mum i sopropoxi de
i n tol uene-i spoxisiensodiunvsilicate, tetrasthplorthestlioaiedd EOS R-metal lsmprepdwdides,,

| ant hanum_.acetat e, .| anthapum 2- et hyl hexanoate in hexane, | ant hapum

i sopr opoxicde, YSRIPHURLEYIhexaprAiseprRRgxide I%'SQPM@WMPW gnesi um
et hoxi de in edf ' ' ' I '

2- ot hoxyet hoo Ber e e By o sfUn LpBboRaR n tSTBSRE R ifopanal,

et hyl hexano- diyspopsiopo2iniethoryéthopideparibmethaeetiyanolnediemhathipéexanst e i n

hexane, neodymi umi so)géqc’)r&oxi de in tol uene- isopropanol,. neodym um

2- met hoxyet hoHIS9LTPRP 'ﬁBR?%R%o?r,b'%@a‘PtihM exanoate in hexane, erbium

et hyl hexano- 0%& | Il A i %'@'ﬁ! i .

et hyl hexanoa?gaﬁl he!gaéﬁgﬁb@%r?gpfsh@hso%#’o@g@?% | I?%?%ggr?éi” orélp%'zgr?o'ﬂ 20

samar i umi2- meisbpropainbh iothaiuin ishprepbxidgdi isloehe-istpirepahsinhbivipheRoxi de in
t ol uene-i sopropgnol , ytterpbi um 2-nmet hoxyet hoxi de in 2-net hoxxet hanol ,
yttrium et hﬁ"eﬁ@?‘aﬁ Qrde; Bt -orethexyethaRol, iantbasumsasatatea fanthapuey 2um

et hyl hexano- ' i =i nal erred so[ gel
precursors aréemgg‘Fglgﬂén&%ﬁﬁ;n%%ﬁQEaHrﬁéH%ﬂﬁni'éﬁﬁ—%ﬁggg% {?gﬁﬁ%%%ropanol ,
er bi um 2- et hyfinethaxyethioxidenin2d-nethargethanb, wiad rissiir Eioddeiin ethanol,

t ol uene-i sopropanol, hol mi um et hyl hexano- dii sopropoxide in isopropanol,
hol ni um i soprPEIRFEIEM Rethaxide & mathanplafmagnesivsn #rmethoxyethusideiméxi de in

ant hanun s cetoxy Bt R B et RN R Or NG ST RBBRA A o
nmagnesi um et hweodignium 2idtiayiobxaméhtedy hesans) neddyeviuaeisopromdide i toluene-

magnesi um 2- et hoxyet hoxi de i n 2- net hoxyet hanol, samarium ]
et hyl hexano- nfBABICOSHPL Reedyiym 2-aetbasyéthaxgdedp anvethayethangh samarium

et 5 BRSSP 30ERNb Rl el 20" 0Pl
ethylhexanoate in hexane, samarium isopropoxide in toluene-isopropanot,

20 samarium 2-methoxyethoxide in 2-methoxyethanol, ytterbium isopropoxide in
toluene-isopropanol, ytterbium 2-methoxyethoxide in 2-methoxyethanol, yitrium
ethythexano-diisopropoxide in toluene-isopropanol, yttrium ethylhexano-
monoisopropoxide in toluene-isopropanol. The preferred sol gel precursors are
erbium ethylhexano-diisepropoxide in isopropanol, erbium 2-ethylhexanoate in

25  hexane, erbium isopropaxide in toluene-isopropanol, holmium ethylhexano-
diisopropoxide in isopropanol, holmium isopropoxide in toluene-isopropanol,
holmium 2-methoxyethoxide in 2-methoxyethanol, lanthanum acetate,
lanthanum 2-ethylhexanoate in hexane, lanthanum isopropoxide, lanthanum 2-
methoxyethoxide in 2-methoxyethanol, magnesium ethoxide in ethanol,

30 magnesium methoxide in methanol, magnesium 2-methoxyethaoxide in 2-
methoxyethanol, samarium ethylhexano-monoisopropoxide in toluene
isopropanol, samarium 2-ethylhexanoate in hexane, samarium isopropoxide in

toluene-isopropanol, samarium 2-methoxyethoxide in 2-methoxyethanol,
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-0 7 JAN 204 ytterbiumisopropoxide yin toluene-isopropanol, ytterbium

2- met hoxyet hoxi de in 2-nmethoxyethanol, yttriumethyl hexano-d (7 JAN 2004

i i sopropoxi de in toluene-isopropanol, yttrium ethyl hexano-noinol sop
ropoxid e in tol uene-isopropanol. The nore preferred sol gel precursors are
| ant hanum acet at e, . | ant hanum 2- 5 et hyl hexanoate in hexane, |anthanum

i sopr opoxi de, IWE FOPLOPIIE R b indy ertecisdproparisl nptéTbiue Phmethox etk @Xiab N

| sopropoxi de i anol tterbi um 2- met hoxyet hoxi de in

| r
2- met hoxyet han6ﬁab%%qﬂ%ﬁggﬁ&'m@?ﬁﬁ@*ﬂ@?‘%ﬁ@%"@@@‘&@ intoluene-isopropanol,
t ol uene-i sopr gieieh et L p ' | i,n
t ol uene-i soBropanoI ? Oﬁésxome @th&l?lgi Elingé?és’rﬂﬂgaﬁ%@éﬁgg@%e e 1€ TREe
attenuating nmirefareadssol gehpreéaursans aretlartheolung atetandliighthannnbe- appl i ed as

descri bed ESO i gea s%spensi on or sintered to forma solid attenuating
mat eri al . a:égll-"é! X#nodie iy Sexag, lanthamum isopsepoxidenantianum 2at t enuat i ng

mat eri al s i nclpist | B L da, rosi um et hyl .hexa no-d

i i sopropoxide in %%@ggfra%ldgrr% , dé@%?@%’?‘ﬂ#@%’?%l'%@(&ﬁ%‘ﬁ@ 'T‘EO‘Héﬂﬁne,
cziy?rg{ ﬁii(;crant Iré)d(ﬁ%m p?flngleyﬂfnﬁéwgmg?wg%?g%h gfﬁ??ﬁ{eﬁgtnﬂc?n il'i 5gﬂoﬂ%jrrgpoxi de
in isopr opanole,khﬁP%’Fqﬂﬂ USARpPRKide e soluene-isomppasol, gtbimnethythexapoxi de i n
t ol uene-i sopr aRsHW ' no- _di j sopropoxi de in isopropanol,
hol m um i sopr opoxi %fep'pﬁb??g#[]}éﬁém&‘ggg@%’é’ﬁéPOI20 hol mi um 2- met hoxyet hoxi de

i n 2- met htikyet hanolSorhaof tnbindeestah e ydedhl : | N
hexane, Lant han'L_Hg i SBE&%poxi de, Lanthanum 2- %?ﬁxtﬁgﬁmmuggﬁgnr}ﬂafeﬁaw

2- met hoxyet haR8 sphgsiswhiahecambe apatied as désgribed @hovetihexi de i n
‘met hanol , Mag | Pa t Lde in.2-. net hoxyet hapol .. Neodym um
et hyl hexano-digigg%%ﬁ%%%gﬁgﬂlé%%i @3@#’8&%@@8@@5@%&#{1 - Eapnles dfoat e in

hexane, Neodyhinders suyictopan bdeuded 416heeiRahe! SRNUARAG ThateNSRAR] LYY
2- met hoxyet hoxi de i n 2-nmet hoxyet hanol , Samarium

et hyl hexano- nbY SO pararoxide  dyspsasiurms ethythexanio-diBagroponitie in
S o e eBS A g0 EGIRBERACIS ekete oot opronmie
T T e o U T
et hyl hexano- nBFiHR IR ¥ihexate-diisopreipoxite indspprapancl, erBitm 2-ethylhexanoate in
hexane, erbium isopropoxide in toluene-isopropanol, hoimium ethyihexano-
diisopropoxide in isopropanol, holmium isopropoxide in toluene-isopropanaol,

20 holmium 2-methoxyethoxide in 2-methoxyethanol, Lanthanum acetate,
Lanthanum 2-ethylhexanoate in hexane, Lanthanum isopropoxide, Lanthanum
2-methoxyethoxide in 2-methoxyethanol, Magnesium ethoxide in ethanol,
Magnesium methoxide in methanol, Magnesium 2-methoxyethoxide in 2-
methoxyethano!, Neodymium ethylhexano-diisopropoxide in isopropanol,

25 Neodymium 2-ethyihexanoate in hexane, Neodymium isopropoxide in toluene-
isopropanol, Neodymium 2-methoxyethoxide in 2-methoxyethanol, Samarium
ethylhexano-monoisopropoxide in toluene isopropanol, Samarium 2-
ethylhexanoate in hexane, Samarium isopropoxide in toluene-isopropanal,
Samarium 2-methoxyethoxide in 2-methoxyethanol, Ytterbium isopropoxide in

30 toluene-isopropanal, Ytterbium 2-methoxyethoxide in 2-methoxyethanol,
yttrium ethylhexano-diisopropoxide in toluene-isopropanol, Yttrium
ethylhexano-monoisopropoxide in toluene-isopropanol.
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-0 7 JAN 2004 The attenuating materials disclosed herein can be used in thin

| ayers and/or nultiple |ayers of different attenuating materials simlar

to dichroic filters also referred to dielectric filters; howevew]ﬁnqgm
mec

attenuating materials disclosed herein do not work by the same ani sm

as a dielectric filter, that is, they do 5 not rely upon a structure

conprised of al ter e attenmtiegi rabterials Bisdiokke Matgin ¢atihe esedfin rtl‘ﬁﬁrléfér'bon-
The materials of/ t hi SI invention use absorption nechanisnms to selectively
attenuate t he2Pd@ripditinle laperset difiacant afepuating aterialsmimilar totiighegiphilters t o

preferably a (heoeiased fo BRIGABE RRers; BBYBYGr. e Aohouslin Soeral Jromsed
than 2500 mi cherein ide retrvedriteethedsdthe ehedtanidin J58 Bididttic ARBE RIS lqzﬁs )e

preferably apﬁlg'nreﬁi in nultiple layers of the sanme attenuating natéri
pref er abl y° i nNPHEILHRAN GuriGureeompesed ohaltatmating snateniglsowith lfferiigenuat i ng

mat eri al s on.; a: ref r.Ledyces the undesired radiation which inpinges
upon t he attelrrﬂé e%n%ﬁiréng'%gtr'#'il gﬂFv!Ba{‘]el”ﬁg%‘?fe@fﬁ:'@Vﬁﬂﬂ?%é‘sﬁﬁit}s&ﬂi’t&ﬂ on's way to

the refl ect ormettianisn®s &f selochitty aaghabiedfelddidfiphect ed of f the reflector,
which is a factor _to consider en fornulating the attenuating nmaterials

t'?t be afpl ied to f[Tl*i@ a@ﬂlaim?oaiMSﬁwe{prebf%Mﬁpwed{lﬁ f@ﬁﬁfa;&odtinlﬁﬁ'talﬁngfthe
attenuatin rti,cu l iquid attenuating materials are in
o ! paseageaay 8 bk MBH 0,138 Boopicins. Tt praiembie dgickpess e 8dupe. o
the 20 onk) or2560 micdise | abi . 2 of th
20, 12500 iU s 20 R R Beater, |

radiation will be reflected of e reflectors nu
reaches the tiegateriatheThe toatings ampreficrablycappiiddsiesmuliple Ryt # of the

; i ' . | ' ial,

on- et coti verDe FHerFiabnd JERleHaNs b aroleraap b ine Stmerias ingl asimeositon eThive
ti whi ' foid ) | | f.

coating (whi cdoatity ¢raha dcﬂénr@aﬂkﬁ n‘?étleha‘szcﬁm ??eﬁgétﬂr Eégq]‘f%atﬁgfqe"}éﬁeﬁggdsuppor .

reflective material is netal. exanple of ‘are

35 is a sol i dagintioshetichlimpinges updn the atterititig maRSHS (e s dricd GiiRe
and is bolted ﬁ[a Iglﬁ,llnerwi e qounted into place around the lanp 11. O her
exanpl es Of re WONR way o the refleclr and ehce gteq thasragiation issreflncted3off the
refl ector suppfiettoddwhitsli f ' f | Lfate, _alum num

oxi de, magnesi um fl uori oigféefgﬁ{' rtrggzﬁgé@%kﬂq@%ﬁngqli?gmpﬁﬁﬁﬁewﬁﬁag can be
formed by cdhigiesalgta be applied to theerefiector| ahd wiidmestithating #ielasefl jilayder ed

?le?ISZ . ?in\c/le SltRb %rtfe?\%aEiHS Pirih sr@a%icru?afrllyeiﬂiagi% ast}tjepn%%rtitnb r(rjlgtebnélg glr'Teb ilnna:ll "9 the
passageway in front of the reflector). Also, depending upon the shape of the
20 one or more reflectors of the radiation source, much of the radiation will be
reflected off of the reflectors multiple times before it reaches the target.

The reflector 14 which comprises the coating 36 of the attenuating
material can comprise a reflective material, or a non-reflective or reflective
reflector support 35 onto which a reflective coating (which may be a film or foil)

25 is held. An example of a reflective material is metal. An exampie of a
reflective reflector support 35 is a solid polished aluminum, which is thick
enough to hold its shape, and is bolted or otherwise mounted into place around
the tamp 11.

Other examples of reflective materials which can be used alone as the

30 reflector support 35 include: farmed solids of barium sulfate, aluminum oxide,
magnesium fluoride, and magnesium oxide. The formed solids can be formed
by combining the reflective materials with metal oxides or powdered glass and

sintering them to form a reflective suppbﬂ, or by combining the reflective
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.17 0 7 JAN 2004 materials with binders and formng a solid either in the
shape of the support or nachining the reflector out of the resmwg%‘
formed solid. Oher exanples of coatings of reflective nmateri al | b
be applied, or otherwi se attached to a reflective or non-reflective
reflector support 35 include: magnesi um oxi de, 5 magnesium fluoride, barium
sul fate and ahaterialswithitdedersrarid/ fbiritng Bigblig kaeksin e Shape BEiRe Vﬂj,{q?mm o
| can be

oxi de, magnesi um fluoride, barium sulfate and nagnesi um oxi de

attached to dNAERNNG bie rellpplor outsf thineesailtingoiarmed salid. iOthes exampties 6br ned
b interi f ' ials.with gl ) it , f '

P71 om0t t he SHinBS o SehectfeTRafdriafhich i Be BrpiigS Eob S henwias stiathed o -
whi ch can be r@ﬂé@ki@orﬁn@%ﬂ&fﬂv@%hé@tpfgféh%&% in&0B.! sid?ﬁ'o%ﬂ:"eeét"‘md’

pol yners, metals and ceram cs. The re ve coatings o ere or

support 39 cdnagresiveat fuprise, basium sulfatepdrasataminahi oxide sincinpthinlsReéRY.

casting, conversion coatli F'%Wé’gel .. coati ng,_ etching, chem cal vapor .

deposi ti on, s°§ oYY, @' e dnagpedigmiugridea basrysuliaterand thin film
foil of t i i LS | i ' - | gct i

or foil of thAafeddigstor8e 'Uﬁg@fg Féh HePaadtield 5% l't?‘ﬁ%é:géri F{/‘J«lﬂ%ﬁgﬁér i 58°

support. The preferred netho applying the Te TiafsCwhi ch
are part of tde@tingsloefiros caa besfarmedebynsintarirgnthayreflbetivedfiaterials il §aker
or

support 35. Tg paint or sQra . tg_?m onto the support 35, an aqueous

non- agueous sqﬁ’g'ﬁ@ﬂ"‘?ﬂ%i% ‘P"(S%/'HB st the pefipedive materiglsowith bintersnder s are

20 pol i C,Ex j : P f ; ' ! | s.
Exanpl oo of oy AraS Y il Bls ihich T 17 5o F Lo o eI A0RgRE slBporl” °

acrylics, ardd iscludeonand, Pobsrers| ndtale 4l serafiigs bi nders are the | east
preferred, becausel_ it js believed that the UV radiation will cause themto
degrade. Exanpl es Ot rafleghve gpatingsmatthe milectossuppogids ean be coated by

| owt enper at ' S | 1y 2% i Il icates, such as
sodi um pot a?sa?‘lu.t md;??ﬁqﬁ? %lbgirinﬁ% ?q%g{ﬁgs _ciu%ﬁ‘c_ﬂ:ﬁaggnﬁf COVATSIon, CE}?&'@SU gebr s
are |isted alsoatingoetching, zheavicitvaper aepesitiah Sspulte e & InfecHarddal or

lon, is 1 part sodium silicate (binder), 10

attenuati?g C ati.gr:qq CO osiE1 [ . !
parts |ah? haftRm d@”@ﬂg ghadbinfimyer feiliofthe reflective paatesial toa ceflqativerdrer ) .
10 layers of HohlLiefieEMRELS) ‘ eflector 3@ which
conprised an al um num sg‘g"’s‘?‘?}éﬁﬁ‘%@@ f%gfgm%@ﬁ%a%eplﬁm ﬁ& y ﬂﬁ\é\ﬁl‘f%m
sul fate coat imafe(iaisiwkichiare parebEtheaeflectbnd4hgtd paIrt Wrispray fHh oAt gas made
by spraying Zﬁ) I alyer s of g conposition conprising 1 part sodiumsilicate
(bi nder), reflector support 35. To paint or spray them onto the support 35, an aqueous
or non-agqueous suspension is formed with a binder. The preferred binders are
20 polymeric, inorganic or a sol-gel, more preferred inorganic or sol gels.
Examples of polymeric binders are polyvinyl alcohols, cyanoacrylates, acryiics,
and silicones. Presently the polymeric binders are the least preferred, because
itis believed that the UV radiation will cause them to degrade. Examples of
inorganic binders are sodium silicate, low-temperature sintered glasses, alkali
25 oxide silicates, such as sodium, potassium and lithium silicates. Examples of
sol gel precursors are listed above for the attenuating materials.
An example of an attenuating coating composition is 1 part sodium
- silicate (binder), 10 parts lanthanum oxide (attenuating material) and 10 parts
water (carrier). 10 layersiof this suspension were sprayed onto a reflector
30  which comprised an aluminum substrate (reflector support) having a barium
sulfate coating (reflective. material). The barium sulfate coating was made by

spraying 20 layers of a composition comprising 1 part sadium silicate (binder),
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18 9 7 JAN 2004 10 parts bariumsulfate (reflective material) and 10 parts
water (carrier) onto the alum num substrate. Each coating was air dried
bet ween coatings. In an alternative enbodi nent, the reflective naﬂﬁygﬁkﬁm
- and attenuating materials and optional binders can be conbined a %d
to a reflective or 5 non-reflective reflector support 35 in a single
coat i ng whi cHOrRatebadumtaiiiate (refactivematenal) andil@xpans whtardcarréer) adtoat i on,

d att t i i i ... Th it ti t i al t
2 the. b naere BIUTRBRT Suh Giate0 & i ERating Was pln e hetbeR SoAtM:  he. need
for a binder in thg achoamﬁawe)amb%@mh@gh@bﬂé@wsrnhé’tleﬁa%ﬁ&‘a&é@g&f?ﬁg as

the binder and attenuating material are dysprosium 10 isopropoxi

pol ysi | oxane&atgfidlszand epkonalbingdsrs cani e edmbiredand hpphed émaatfiedive or

mat eri al and refl ective terial c e sintered to forma refl ector

coat i Ing 3@ @8&%@?9*@{4@9&{&@8&%&§%3g{q %GQ?"%“&‘%@“@C&“‘GA@G@MI e
f teri | i i i ' ' ' tin

ol acs compoatis aerfiiciBall it rifatiort S lTEs Bid Ghdedidt LAGRL.' ' "

mat eri al s caflheeattahisding Thatesialbmayaidt rgsthptdfiderabl thersflectivé matsRap s
between 0.1 and ?500 mcrons. Alternatively, a reflector 14, simlar to
the one showd '§TRIFEElMinating theneed fora binder i the compesitions) ikxaropiesiafi ng

attenuatin bRl o [ ' ' .hinders. The
ompos ti on TPLAR Aichanafct akine TRAGEY dhit pBEGAM, AR Al e EhRomimy
can be nmh&hi ismpropoxidé, poigsifoxamed, and iall thbisehgaR, hetaRHLoRe. (TR BRENGAHRS
materi al s, attetnu tin terials and optional binders. Further, the
attenuating A @F'gla"’?'l‘? E%%CHEG aateriakeampe sintered todformea reflectorovertingd3gl ass

-and reflecti ' : ' . .eflector 1 imlar.to
the one showsorestor YRR adilfb aiEnl Bund RESERAES  ABlarile 3l Spaterials
The j ust - deswhidtedan beresddsad adintaried enaterisl Bay RwWAMdNingGRSES cdPEBIME to
t han 2500 mcror}_’s1 Present|y it is not preferred to conbine the reflective

material s wi Mii¢hthe akenyating matenal anddefectvecmaterials 6an &¢ addeth Zhese

'he att ofuat Faatg: BrrERbi favé SUhERRES: Bnho% DY afEapt0 Mertimios: red
wavel engths. 30 Tidtematively, ecrefibbriruat, isigildrtbahbIne sHowr PRy 4 hadn Basor b

t he undesi reg ragi ation from 100 up to 240nm and reflect the desired
radi ation fr oviof B fsmedmiichcaraprisieg altemuatiog enaterials, neftgativenal

binders and/ gia1gA& bhi GhtibRat binders. The composition is formed in the shape of a

reflector 14 or the reflector 14 can be machined out of the formed solid which

20 comprises the reflector materials, attenuating materials and optional binders.
Further, the attenuating materials can be combined with metal oxides or
powdered glass and reflective materials and sintered to form a reflector 14
similar to the one shown in Fig. 1 which has attenuating and reflective
properties. The just-described formed solids preferably have a thickness

25  greater than 2500 microns. ‘

Presently it is not preferred to combine the reflective materials with the
attenuating materials, bedause the radiation at undesired wavelengths may be
reflected by the reflective'materials before the attenuating materials have an
opportunity to absorb the undesired wavelengths.

30 The preferred attenuating materiais are those that absorb the undesired
radiation from 100 up to 240nm, and reflect the desired radiation from 240 to
280nm which can be used alone or with optional binders and/or additives to

form the reflectors in any of the embodiments described above. Examples of
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formthe reflectors in any of the enbodi ments descri bed above. Exanples of
19 ~ 7 M 200k these attenuating materials are | anthanum oxi de, yttrium
oxi de and ytterbium oxide. Using these reflective/attenuating maggrkiEito
make a reflector, or a coating for a reflector support is the nost
of the invention. 5 Adding attenuating nmaterials as

f d enbgdi
B;(rat ecr:n[ et hg r@ﬁsggﬂ%"y%@smﬁ&ﬁﬂ%ﬁ geshi@athanum ©xifie] ediriustioxidei and witerbinirah
d t hit fil: ' . hi ng .t t t. |f ,
Coe urher pr R8sl Vgifig e FfdciiElAERLRAAT Mt fiio hakd B enstiirar a0
i npi nge on t heoatingyfr alfafeetdrsupport it ife hissl prafer@ld @ﬁlbb&ﬁnvﬁrﬁt‘}ﬂ*fthﬁg
om | C e

el enment can be used so that only reflected radiation fr
undesi red 10 V¥8PH@Mon has been attenuated can inpinge on the target. The

flecti bl 0cKiAlgs: i s shown in Fi he reflecti
L oeking. & enon - Akigy BTERLafing magidiths vart bt wilegirs dessudiatianuate y
an optical ly theonsdelirert idatan Whicﬁ%és”ﬁcffthsiﬁfr%flpe'i‘l@mdf B&Bgﬁgéﬂfg{;ﬁvﬁ%q"‘;

the reflecting optics. Exanples of usef apes are a trian
Fig. 4) and oaR@et lipecessary, toThieheeptatett the takgatkiarg thé eatiation avhicw WIS e

any of the re r.._conpositjons describe ithin this application, and
ma§ or may noéﬁjgg&lﬁgd@p'a& F?I“éb? é?ﬂgﬁf F‘HSE&ge\m fs!ne'slamp.éa @ﬂg&i\l’@ blSEIkainQ

att enuati ng ng il | tl : ' . nt .
o ses an e arican 5% 8164 35 taf iy réfected adiEntin ttn Mhidh S Phaepires
attenuat ilfly niddéation has bees attesfiatad:can impingeeor #d Legéty cTHY Astddige 20

el ement has a%igl ff us? ref | Sﬁt_i Vﬁ surface. Preferably, the bl ocking el ement
is sized to YREKNGLIEMENt3Pds shewniinFigirerd.okherelectieipekingalement o t he

target. Fi 0. prdferBolFhad alitpldGeomenBngl DL Abudbs dPushidR: 1N ko

.5 the reflector 14 conprises a 'ector suppo | ayer 47
and a transpan@entstipgdotmasnd Tiust prefesstsly et intagraPfdrméF the refléQFRAr ent to
[ [ hé

Fefl ect or sutREE. d5nRlescliseba hAposare ieinanels (o U, Abandat hale or
The materal ey 4o Tenebive Bi8ekingSiefant Oen SRRIsE o L ARG RERE | ol 5.
or can be anyampesitonsdpssiittedwithinctbimapslicationt hAA Wiy BEnTE ®t Y faife
descri bed for FEi 4: however, this 30 enbodinent is particularly suited
for solid at t%'ﬁhgp?ﬂﬁa Bi3tgrialsaia coating elatteryiating materiale Rrefecably the
presence of lrofetthABIRRKMY elBHUNP ChnipPises W attShifhting material, preferably either
a liquid or solid attenuating material. It is preferred that the refiective blocking
20  element has a diffuse reflective surface. Preferably, the blocking element is
sized to occlude any diract radiation from the radiation source to the target.
Fig. 5 shows an alternative embodiment of this invention. In Fig. 5 the
reflector 14 comprises a reflector support 35, a material layer 47 and a
transparent support 46. The transparent support 46 is transparent to at least a
25  portion of the radiation which impinges upon it. The reflector support 35 can
comprise any of the combinations of reflective or non-reflective supports, or
coatings on the supports: as described above. The material layer 47 comprises
one or more solid attenuating materials, or can be any of the compositions
comprising attenuating materials as described for Fig. 4; however, this
30 embodiment is particularly suited for solid attenuating materials that will not
stay in place without the presence of the transparent support 46, such as a
packed powder. The material layer 47‘can comprise an attenuating material

alone, a mixture of reflective materials and attenuating materials, or an
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packed powder. The material |ayer 47 can conprise an attenuating materi al
al one, a mxture of reflective materials 'and attenuating materials, or an
20 0 7 JAN 2004 attenuating material that also reflects the desir AN 2004
radi ation as described in reference to Fig. 4, except that the ma er|a¥

| ayer 47 can be a packed powder. If the reflector conprises separate
attenuati ng RHEBHRAENG Mmatgriakthiat atsorefleatsitbe ideisirediradiatiopras describechiat t he

attenuating | al re | ocat berween the 5 ref) ective materjal s and
the radi atioggfég%ﬁ‘geet,so ' -ﬂhsmrﬁghaﬁ 'i“?%%lailaryz§6i4§t?%bei%pﬁﬁ@n%‘ﬂ@@ﬂby
t he attenuat iftgefeliettorcs ' ind- ), £ ~effective,
radiation is re?l ected bynﬁ%@?gﬁ%ﬁ@\%ﬂé@?%g%&gg%% héeéhtvgrget. The
mat eri al | ayonatefals; éfie pedfeyretdbabthehattdmetingfmatariislateolodatdt betweatisthel he

transparent s C‘%{t 46, _c?n be conpl etely transparent to nost or all 10 of
t he wavel &ngf Bdnatensisard thp rrdiationsoynse. 50 dhatthedndesinable radiatiermn

conprise a s¢ii | i al I or. nore. of .the

undesi red vva\i/ge%lg%'g%%gar)@; ﬂ[h%gat%'{‘ gomnmﬂgl‘éet?%@f?yg §8Sﬁ:@ ?-SaﬂEBﬂ'F lly-

support 46 efectie,eadigtiondgagetsited byangfefidtitive mhattials v srddahk Merget.

material s ar g_hsprgpnge_d or otherwise held within (not shown). The transparent
r

support 46 1 |3yeE dippreterabrasya Sisknessairem @it o) micromseri al s

descri bed above I el 2. _and/ or protecti,ve
W ndow 15, “The-solts tafyrEH sufifortds, (T Be ERIERE HBns BRI o FioRt Sh e
support #6 asf thedwpaslengtis whRth iﬁimﬁfj{‘e upen itt or try ﬁbhga@aﬁern@@.ap?éﬁms &fpport,
or attenuating materials can be applied as a coating onto either or both

si des of theCPMPRSEA 8olid alippeatingimaterinl which attanvatesonegr maredfdhe ar e

P 49t ur RGBS Kav kRS B7 BRL At S csmatien e foRmarenh sumeody e
as descri bed48lavehdvy a paiskhgewayRuERMISch !i&bid%tﬁ%ﬁdﬁtﬁﬁma’i&fél?%?é ve

materials can be applied as a coating to the side e transparent
support 46 fBP['IM{OTTQtBﬁfWﬁQ hedénwithémthatisbownl)i dhettramsparentysugfortdberi al s

b [ [ 48 of _th 0T
Gosi red Py Blerridly MBS of ohs Btz of SpbPRIS RGNl CS T ihe apove
support 35 f{artheowiuba thitiafpt edelBRs ¢ Sand/or brotBEEYE Wind bW € 5 Ofthd 88fd ON

the transparent support 46 will prefer ably be from0.1 to 2500 m crons.
The pr ef er r edtt@Puatingmatgriaigcan ke added tthentnarsparent sypport A6uasd dopans0

combi nation W felédté.{gcli LEEd Qg?&% tt%euggr?srﬁargrqt isépﬁio .aé:rka erluazﬁl%rg %Ete?%‘?sdgén

be applied as a coating onto either or both sides of the transparent support 46,

20 If the attenuating materials are applied to one side of the transparent support
46, preferably it is the side 49 furthest from the lamp. The methods for
applying the coating are as described above for earlier embodiments.
Alternatively, reflective materials can be applied as a coating to the side 49 of
the transparent support 46 furthest from the lamp, and the solid attenuating

25  materials can be applied onto the other side 48 of the transparent support, if
desired. In that embodiment, the material layer 47 and the reflector support 35
(as shown) might not be necessary. If present, the coatings on the transparent
support 46 will preferably be from 0.1 to 2500 microns.

The preferred attenuating material for the material layer 47 used in

30 combination with the transparent support 46 is a packed layer of powder
consisting of the preferred solid attenuating materials listed above. As listed
above, the most preferred solid attenuating materials are lanthanum oxide,

yttrium oxide or ytterbium: oxide or mixtures of these powders.
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consisting of the preferred solid attenuating materials |isted above. As
listed above, the nost preferred solid attenuating materials arml @@tjﬂ num
ers.

oxi de, yttriumoxide or ytterbium oxide or mxtures of these po 1

0 7 JAN 2004 O her preferred enbodi ments conprise reflective materials
(either coating, %ﬁ}jl d bloocks or dry powder) under a coating of a solid
attenuating mat er iAner prefenpdambediments caaprisa seflegtiveshiatenals éeitterer i al s
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material), or magnesiumoxide (reflective materia
(attenuating FAEHESIN the preferrtrembodinetds arebhrem sfatelmfisetive adterial)

| ant hanum @xi tin erial), or . djfferent conbinations of the
reflecti vejjmag ggl(l%lgtg'gﬁﬁ% @E‘@%Kﬁ@??‘ﬁ%‘&&ﬂmfﬁqs or snagnesiury inarideofreflective
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el liptical | y- REpelive meterial) and ytterbibmaodddi(sttémestitganet s dr@gminm

rovi si onal appl j on US Ser j al ...60/ 143,608 filed July 13, 1999
PRef | ectors f§gd83?%§£8ﬂ5‘? i%ﬂegah&!@\gn hanye gxidepttrpuating ateeal), of i | ed
concurrent |y 8iffepahttdbn : ' . n The preferred | amp
system corH)ri ses t\/\toda)lrgmrlggﬁ‘ggécﬁf ﬁ-%a{/%?%ﬁ{égs a%@%gsarggl %@?Waﬁ'r@'@\a&?@ﬂﬁwran
el 1ipticall y- giityers ofdhdividual refedtivermatéialhans niixtusef it 08| é&é}ﬁdafml ne

occupi ed by t&,‘ ttarlg"et contai ner and/or product) having an optim ze
anount of spa 1% ni mal space between the 20 target and the reflectors

.during the exposur f radiati o space adj acent to .t he

targetg area olro vol Err]rg pgﬁégr\/?ﬁegglh%&tr?gﬁgg gﬁégs@ﬂﬁégf%@ngﬁ’ér%@m%ﬁ?ﬁ gped

passi ng t hr ouggtflectass whicfeare diselosiedrand esdribed Ardrvisinat applitaieug anp

a_nd/ or refl ec%gr. lrﬁd'@/kg@ ﬁ%sé egl the s ace"shoul d be mnim ;eq. The

di ffuse refl eRt0Ps " PrWitGe I8¢ Wiubh &2 g199% "Refiectensdor U\ RadiationoSoure” 25

Anot her odigeSdriftffNg hi s 1 nventg [ ead] | on_syst.em hayihg a

r enovabl grﬁ;oftfjd at?égryudémmer(m_pgﬁék(gﬁ ﬁé'%%'fﬁ'ﬁ@l% e%a%k'egomame

target. Fig. Merehoby referencenbthé meaferrdicaaipsyatémraamprisesald fhrabs %Bl:'fé‘t ing
o]

material is ahfi.l m 56?] whi ch_is nounted adjacent to the protective w ndow 15
aving a shaped reftectar, preferably an elliptically-shaped reflector, within

of a
which is a target volume (the volume occupied by the target container and/or
product) having an optimized amount of space or minimal space between the

20  target and the reflectors during the exposure of the target to radiation. The
space adjacent to the target area or volume allows radiation to pass by the
target without passing through the target. Therefore, particularly for a multiple
lamp and/or reflector radiation system, the space should be minimized. The
diffuse reflectors provide uniform energy to the target area or volume.

25 Another embodiment of this invention is a radiation system having a
removable solid attenuating material between the radiation source and the
target. Fig. 6 shows this embodiment wherein a removable solid attenuating
material is a film 56 which is mounted adjacent to the protective window 15 of a
flash lamp 10. (The flash lamp 10 is as shown in the earlier figures). The

30 removable solid attenuating material 56 can comprise any of the above listed
solid attenuating materials which are either combined with a binder to form a
removable solid attenuating material 56, or the solid attenuating materials can

be sintered with optional glass or metal oxides to form a solid, or a dry powder
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flash lanp 10. (The flash lanp 10 is as shown in the earlier figures). The
30 renovable solid attenuating nmaterial 56 can conprise any of e e
W

listed solid attenuating naterials which are either conbined nder

to forma renovable solid attenuating nmaterial 56, or the solid

attenuating materials can be sintered with optional glass or nmetal oxides
to form a sol®8 bepagked intpaglass sepport. JThrseoemoyahlensolidaniatetials s, kgl ass

el Toctor s s cPantan s BRE R R e it nenk 0555ineT Sholnree The

removabl e solviely dutatilgatThedefRivabicbolRPatanudith [ bl ock
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anot her enbodl@entThenblock o piate erefsrablyhtasea thickmessnaftfrorn 10068 2500 a sheet
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10 area of t ryloashwaipobyclefirisd sath esyssypopyrine:, bedferdbly hprrfidy agd
enbodi nent , tgﬁéermva |l e solid attenuati ng material 56 1s a filmwhich
can be on r ol andayiendf) Thaisheehar the Blen meyapy beyedempasany he

removabl e solai e Sdauatd ' ver - hef or.e- expnosed portion
after a spec!e?ig gg@égrmuntd ﬁ%@éggéﬁépt&gebﬁ%ﬂ?mi&fag(t‘%%ﬁﬁ%eﬂﬂéﬂgc%ﬁé film
pref erably haseaolthe lemévetsle sofid fatteruating endteAaln [&1tRE prefePfoEERRBAIRBRE | N
whi ch a prodﬁ_(e:ﬁt to be exposed to the UV radiation is housed in a

cont ai ner, at¥t FIPOYRRIE Sokdialtenuating materiah86 i adimavhiel canthe palrellenso t he

rcont ai ner or t.he: ' f.at ' mat er,jal s,, or to add
The. att enuat (1o SHRA WFichiohBEEE oB fixclsedArBg F e BBV A8k Selicuni cn e
product 20 kiteauatinglmatedal 3Bt avleveebefsrelaiposa poffion aftef Bespalmery | i st ed
attenuating materials, preferably the solid attenuating naterials, can be

y S0
applied to t BEOWYf gxpesuigtodhe UV sadisting soumss cFhelim prefesalyhascaat i ng,
di ppi ng, | £t Cthickl ngr%t%a{%&g%hgi als can be included in the

contai ner formulation used to container, or the materials for the

contai ner can be $eressstitmeseslindbhieh 4 PRIduckid bblekpbSedtd WWré#]Stio
undesired radiation and transmt the desired radi aFI on. For exanple, r1Jor

the preferretf Rowsend MP?”@iWnﬂBOM dlternative is do addube aftenwiatingtmaterials o
be sterilizeg thEEofAMet %5 [GMHd E5tathedt Bt of MeRuating materials, or to add

the attenuating materials to the product, or to the solution in which the product

20  is stored, e.g. contact lens solutions. Any of the above listed attenuating

materials, preferably the solid attenuating materials, can be applied to the
container by all the methods described above e.g. coating, dipping, etc., or the
attenuating materials can be inciuded in the container formulation used to
make the container, or the materials for the container can be selected based

25 on their ability to attenuate the undesired radiation and transmit the desired
radiation. For example, for the preferred embodiment, a container is used to
house a contact lens to be sterilized. The container comprises a bowl and a
fidstock. The lidstock can comprise a nylon layer and/or attenuating materials,
such as lanthanum oxide, or adipic acid (hexanedioic acid) and various

30 adipates, barium adipate, calcium adipate, magnesium adipate, disodium
adipate or carboxylic acids, can be added to the moiten polypropylene or
polystyrene before injection molding the fidstock or the bowl. Other useful
materials for the cantainer are disclosed in Peck, et al, US Serial
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| i dst ock. The lidstock can conprise a nylon |ayer and/or attenuating
materials, such as |anthanum oxide, or adipic acid (hexanedioic acid) and
various 30 adi pates, barium adi pate, cal ci um adi pate, magnesi um{dd)ANai#,
di sodi um adi pate or carboxylic acids, can be added to the nolten

pol ypropyl eng, or pol ystyrene hefore injection nolding_the |idstock or the
bowi . Other U ntified P%P%%Wdﬁ?ﬁ'ﬁﬁbpea@ VNG whichdgk, et

al, US Seri alinay3p8rated Ar kil ed "Package for Medical Device"
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t he product ron and limts watertransport through the
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2,2,6,6-tet byl -3, 5-, edi t { tyl t te .
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reflect, transmt or re-emt the désired radiatio a’'sharp
transition bBeR@nedionatghddagnesivmaicetylacetodats diydrate, Magmesin (2,2,6,6-

flection, S - e ssj f the desired radjation. |
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The preferred attenuating materials are those that attenuate the

undesired radiation and refiect, transmit or re-emit the desired radiation and

20 have a sharp transition between the absorption of the undesired radiation and
reflection, transmission or re-emission of the desired radiation. It is preferred
that the change in % reflectivity/nm is greater than 2, more preferably greater
than 3, most preferably greater than 4 in area of the radiation spectrum where
the transition from desirable wavelengths of radiation to undesirabie

25  wavelengths of radiation is located. For the preferred embodiment in which the
undesired radiation is the damaging radiation and the desired radiation is the
germicidally-effective radiation, the sharp transition preferably takes place from
230 to 250nm, more preferably from 235 to 245nm, and most preferably from
239 to 240nm.

30 Combinations of the above described embodiments are contemplated
by this invention to produce an additive effect on reducing the undesired
radiation, and increasing the ratio of the desired to the undesired radiation.

The most preferred embodiments are the ones which use durable attenuating
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germcidally-effective radiation, the sharp transition preferably takes
place from 230 to 250nm nore preferably from 235 to 245nm anq]'[rqgﬂtzﬂm
preferably from 239 to 240nm 30 Conbi nations of the above descri bed
enbodi ments are contenplated by this invention to produce an additive
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measur enent s RAVESiwithr880e! of baratabatieredrsatine \Solutiol, taprla g 1NBERK Hdat-
-1.00D Acuvues(e{?l%}:gp&&%cé I Fnses %ac(ébaged as, descri bed above were treated
as described A O HEC ROV WRER P etk aba timeyinte the cayity of ailureRulse 25
pl aced baseatdrightighesjsbAE! $h i ' 3GhS padle, Same
nmeasur enent s asghldﬁegcri ed abovg'ﬂeviér’ég '?gﬁ%ﬁéh%ﬁé&g i §i]eedT6% flashes’
from two xenon flash lamps flashing simultaneously, to provide about 12 Jicm?
radiation from 200-3000nm of which about 850mJ/cm? was radiation from 240
to 280nm. The contact lenses were tested for water content both by refractive
index and GRAVIMETRIC methods. The modulus and base curve were also

20 measured. The measurements are in Table 2.

Treated Lenses With Attenuating Material

-1.00D Acuvue® contact lenses packaged as described above were
treated as described above, except that a piece of 12pum thick nylon film was
25  placed beneath the containers on the bowl side of the containers.

The same measurements as described above were taken. The
measurements are in Table 2.

25



!
neasurenents are in Table 2. 25 0 7 JAN 204 Untreated Lenses Measurenents
of the characteristics of 48 untreated -1. 00D Acuvue Lenses mer§7qhﬁ?m4
made. They are listed in Table 2. 5 Table 2

- CHARACTERI STI CSUNTREATEDTREATEDTREATED LENSES LENSESLENSESW ATTENUATI NG

MATERI AL Dosggﬁ&éé%%ﬁosw @40 to 280nm NYLON FI LMNONOYES BASE
CURVE( ) 8. 82%- US (psi)42.336.340. 2 WATER (9% 58. 459. 558. 9 R

VATER (%) 59: 560. 25fieas@Nerliai of tRE ARBHESRARS Jf 9 uhtReatddl ONoBbt ARNAIES t he
undesired radiation and partially protects the contact |ens polyner Trom
damage. 10 Exkemses wemr alsoedadenIbey\dre isted iAtTabiei@t i ng Material Acuvue(r)
(Etafilcon A) contact | enses each in polypropylene bowls wth 500l of
borate buffered saline solution, and a clear lidstock heatsealed to the 15
bow werespl afwﬁignto the cavity of a PurePul se bright |light system The

| enses in the_containers were subjected to various anounts of energy
provi ded by tGHARAGOERISTKIS | |duNTREATFRDNY| SREATIEDeoUs|| YTREATEWLENSES

content of the bow side of theENgEsact | ensgroEs MeasunghPYENDRA
nmet hod after| treatnent at dif{ferent energy|levels. (Each nﬁR‘rEmREt e

graph repres ' Yerage 29 urenent§ ten—cont efrSeS—Fhese
neasurenentseﬁbfésot@ﬁfd i n F?%Qﬁ??. Tr eat%ﬁOLenses Wt‘lﬁsgttenuati ng

. nm

Materi al NYLON FiLM NO NO YES
BASE CURVE(mm) | 8.82 8.7 8.82
MODULUS (psi) 42.3 36.3 402
;VATER %) 58.4 59.5 58.9

|

WATER (%) 595 60.2 59.6
GRAV

This example shows that the nylon attenuates the undesired radiation
and partially protects the contact lens polymer from damage.
10
Example 2

Treated Lenses Without Attenuating Material
Acuvue® (Etafilcon A) contact lenses each in polypropylene bowls with

500ul of borate buffered saline solution, and a clear lidstock heatsealed to the
15 bowl were placed into the cavity of a PurePulse bright light system. The lenses

in the containers were subjected to various amounts of energy provided by two

xenon flash lamps flashing simultaneously. The water content of the bow! side

of the contact lenses was measured by the Abbe method after treatment at

different energy levels. (Each point on the graph represents the average

20  measurement for ten contact lenses.) These measurements are plotted in
- Figure 7.

Treated Lenses With Attenuating Material
Acuvue® contact lenses packaged as described above were treated as

25  described above, except that instead of using the specular polished aluminum
PurePulse reflectors in the cavity, the specular reflectors were coated with 30

coats of barium suifate and 10 coats of lanthanum oxide over the barium

26



Acuvue(r) contact |enses packaged as descri bed above were treated as 25
descri bed above, except that instead of using the specul ar poli slnquN Zﬂ[”o
al umi num PurePul se reflectors in the cavity, the specul ar reflectors wer
coated with 30 coats of bariumsulfate and 10 coats of |anthanum oxi de
over the bari 2014 sul fate. The coati mat erj-al S were spray
coated at roo%g‘%pgﬁg P&"aﬁaﬂe&fﬁf W9%§mm9%@3§5w?@4?mratursm coat .
The, barlum suiricd BelaRld B adihealion 8f eath 2okt 1 Rlebhatfialind! douflg bar ! i

sul fate, water and sodium silicate. ['ant hanum oxi de coati n nsi st ed
of a 1:1:0.1 Gmsgﬂedloéaubhﬂm Meaig titenationds baxuudesul\ﬂatbewmmdodmrﬁsilic@%e

The same rrea ts as descri bed abqove were repeated for the contact

| enses treate {/ée”{nw fratingconsdsted af# 4 hﬁﬂhwanghémm phigrtharumal s.
These neasur ey g

attenuat i ﬁg coat] %ﬁ%ﬁa@ E%tdﬁﬂ?é@ cgfés Eﬁ‘gtséé‘ﬁé;%ﬁ%m?@ﬁﬁ%t‘ﬁ%ﬂé@ from
danmage, whi clabioveaverterepedtdd forlike dontan senbasagied bythesystémr havhyat er

content for th cont ac }1 | enses when treated with a system having
attenuating 8 %‘Ftpéﬁ with attenyatiag reategals. gEh W@!WB%M@@D&M ini t hout
the attenuatimg,seyerial in the reflectors. 15 Conparative Exanple The
materials in e 3 were neasured the sane way as the nmaterials in Table

1. These materi al angdeshostBaumfaﬂer&mtﬂ}g a?mm@rarec@é@ Spnﬁtéétés
Observe %R %R YR IR 9 Vi sual Mean Std Mean Std

i nventi on 3 Tabl ‘Eiﬁ?f q

Mean St d!0Dedh lengasdroridamage. whish @@@ld_emed tyathe demeased change0o

Praseodym Umlﬁleﬁﬁhlbﬁum@a@%nm'fg?’a% EanthRt K28 when treated with a system
having attenuating materials in the reflectors as compared to the system

without the attenuating material in the reflectors.

15  Comparative Example
The materials in Table 3 were measured the same way as the materials

in Table 1. These materials would not be useful as attenuating materials in this

invention.
20 Table 3
Observe %R %R %R %R %R %R
d
Visual Mean Std Mean Std Mean Std
Dev Dev Dev
Material Color 200- 200- 240- 240- 200- 200-

400 400 280 280 24 240

Praseodymium Black | 13.67 | 5659 | 1213 | 0.33 20.7 9.49
Oxide

Titanium Dioxide | White | 14.92 | 517 | 1312 | 028 | 20.75 | 9.14

Zinc Oxide White | 1585 | 13.39 | 10.98 | 0.35 | 20.72 | 11.36

This invention has been described in reference to particular
embodiment, alternate embodiments are know to persons of ordinary skill in
the art and fall within the scope of the claims which foliow.
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Ti t ani um Di oxi deWhi t el4. 925. 1713. 120. 2820. 759. 14 Zi nc
Oxi deWhi t e15. 8513. 3910. 990. 3520. 7211. 36 This invention has been){igs¢nijped
in reference to particular enbodinent, alternate enbodi nents are know to
persons of ordinary skill in the art and fall within the scope of the
clainms which follow 280 280 240 240 27 0 7 JAN 2004 Cains: 1. A high

ener gy radi at@léh”“%:yst em conprising a UV radiation source, wherein said
apparatus conprises a selectively attenuating material which 5 increases
the ratio of desi r&%ﬂ.to undesi red, radi ati on to reduce the radiation damage

to a target by sel’dHGR ENEray fadation sigtem qamerising aldVsagiation savece,

it enuating mae o0 aRPd Al e SR AR BRI 2 on
from 2406m tincre@esthéiratio dfitie siges tapndesi@iddraafidtiuRl fetiaceahe radibtioh0 2.

The systemof, claim 1, wherein said selectively attenuated radi ation is
from 100nm ufarpage tm A target-Ryselgatively atteryating at least 3@ ipereentofdhe ect i vel y

att enuat ed ragdyaki ' I . 4. Tk em of claim
3. aherei n sangetioBirom arpaterifh S80FIP1) 246 Whichimhifadt FhERHAt °: he
radi ation frateh@atingunatediab At dirdds JrediBe tisars 50 Pevtemt! GTitA: 3adiahish $igm sai d
system sel ectively attenuates at |east 90 percent of the radiation from
180nm up to 246nm & 289Re whishdmpinges upen saidwidensiatinganatenialt em

sel ectivet\by attenuates greater than 90 percent of the radiation, greater
than 200nm up to 240nm 25 7. The systemof claim1l, wherein said system
directs greater tlFe épsterfof@sim 0f whbRin saldaddieiivbiyCsrert e Fé?:ligtﬁﬂwé%‘ 8.
The system of claim4, wherein said systemdirects greater than 75 0
.percent of tA@rmJ80amM p te 248nEM0Onm to 280nm

3. The system of claim 1, wherein said selectively attenuated radiation is
15 from 180nm up to 240nm.

4, The system of claim 3, wherein said system selectively attenuates at
least 60 percent of the radiation from 180nm up to 240nm.

20 5. The system of claim 3, wherein said system selectively attenuates at
least 90 percent of the radiation from 180nm up to 240nm.

6. The system of claim 1, wherein said system selectively attenuates

greater than 90 percent of the radiation, greater than 200nm up to 240nm.
25

7. The system of claim 1, wherein said system directs greater than 75
percent of the radiation from 240nm to 280nm.

8. The system of claim 4, wherein said system directs greater than 75
30  percent of the radiation from 240nm to 280nm.

9. The system of claim 4, wherein said system directs greater than 90
percent of the radiation from 240nm to 280nm.
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9. The systemof claim4, wherein said systemdirects greater than 90
percent of the radiation from240nmto 280nm 28 0 7 JAN 20-04 10. The
system of claim2, wherein said systemdirects greater than 90 percent of
the radiation from240nmto 280nm and wherein said system selEEiiNEY
attenuates at | east 90 percent of the radiation from 100nmup to 5 240nm
11. The systemof claiml1l, wherein said attenuating material has an
attenuati on tio_of 1.2. 1?012. The system of claim 3, wherein said

attenuating Wit er [B2 sKgalempf clgime whersin said isystem dirgcts areaterthagOm of
laim1, wh | i td ' ' . . Th
cyatem of orbeielnat eTahbA 45 St 17 psGARY BhPNSreif 30 YA | iCq.

15. The systsulectivety aitenddtesvdtesgitrosperdeht atihé radistrefbe bommdg® gr oup
20 consisting of polyols, hal ogenated carbon conpounds, organic carbonates,
silicon ébnpzﬂHHE; m xtures of said liquids, and a solid attenuating
material in a liquid carrier. 16. The systemof claim 14, wherein said
liquid is selected fromthe group 25 consisting of alkyl alcohols,

propyl ene gl yrol STh@uyS@norBlath!, WMRIranesdi@ ateHliatindPhalrial R§aA00 to

1, 000, fluorocarbons, chlorocarbons, chloroform ful'ly hal ogenated carbon
conmpounds, fattenvationualioétd, fluorinerts having nitrogen within their
conpositions, aliphatic carbonates, propylene carbonates, sodiumsilicate,
pol ysi | oxane conpounds, pol ydi net hyl sil oxanes, hydride 30 term nated

si | i coneygoi | 12.andTHié ${stef$ oPElaffiy &Qémin%said %&enﬁaﬁPgﬁé@%EBﬁ bal m 14,
wherein said liquid conprises chloroformand propyl@ne carbonate. 29 0 7
SAN NOR 18. attenuafiongatiofofdl.&i m 15, wherein the location of said liquid
‘attenuating material is selected fromthe group consisting of between a

| anp envel ope and

13.  The system of claim 1, wherein said attenuating material comprises a

gas.
15
14.  The system of claim 1, wherein said attenuating material comprises a
liquid.
15. The system of claim 14, wherein said liquid is selected from the group

20  consisting of polyols, halogenated carbon compounds, organic carbonates,
silicon compounds, mixtures of said liquids, and a solid attenuating material in
a liquid carrier.

16.  The system of claim 14, wherein said liquid is selected from the group
25  consisting of alkyl alcohols, propylene glycols having a weight average
molecular weight from 200 to 1,000, fluorocarbons, chlorocarbons, chioroform,
fully halogenated carbon compounds, freon, fluorinerts, fluorinerts having
nitrogen within their compositions, aliphatic carbonates, propylene carbonates,
sodium silicate, polysiloxane compounds, polydimethylisiloxanes, hydride-
30 terminated silicone oil, and mixtures of said liquids.

17.  The system of claim 14, wherein said liquid comprises chloroform and
propylene carbonate.
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T

a flow tube, between a flow tube and a protective window, and within a 5
passageway adjacent to a reflector, within a passageway adjacent a
protective w ndow, and within a passageway | ocated between a tar emis}jgﬁ
said radiation source. 19. The systemof claim1l1l, wherein said Qtt I ng
material conprises a 10 solid. 20. The systemof claim 19, wherein said
solid is selected fromthe group consisting of alkaline netal conpounds,
heavy netal agl dessheddpstémnif diEhll 5, RkeAEA tha stapshofalaidliqiEtdteridtiigs
rare earth netal oxides, rare earth netal 15 halides, and netallic

conbi nati on onatgsal isBelected frops thergodup bansistirgg ofibetwsan 3 damipssivietbpe and
conpri ses MaCbxc wherein Mjis a single netal or a mx of tals, O is
oxygen, X isaa{%l_?'ét?%;eg‘ff?eﬁrﬁthit%be ég’ﬁeﬁ peptectye window, asgt H’Eh'i“sao to 20,
cis 0 tog20, ' : | a\VAl : .C_Or
dis at Iseastp a%ggg%éérﬁgja;c%&? iebma\g?hg?tg?‘?n”%ﬁ dv\g%?sealﬁ% “';s%d@g?bﬁg?g?%rcpg? S
nore than 99windowuasd withir2d pabsagewalydoratbd Yetvaed & tandelr and)saiali rddsationd
material is selected fromthe group consisting of cal clum oxide, hafnium
oxi de, | ant h&RHMR%xi de, iron oxide, terbium oxide, praseodym um oxide,
bariumtitanate, magnesium fluoride, magnesi um oxi de, al um num oxi de,
barium oxi de, bariumtitanate, holmum oxide, calcium oxide, |anthanum
oxi de, ger mariQum Ghedgysterl bbrdlaim dxivisereR0saidr aténuating fvatedslbiopasesie
neodym um oxi de, samarium oxi de, ytterbium oxide, yttrium oxide, and
dysprosi 4fh 0¥PH&. 30 0 7 JAN 2004 24. The system of claim 19, wherein said
solid material is selected fromthe group consisting of magnesi um oxi de,
er bi um oxi de, hol mi um oxi de, samarium oxide, tellurium oxide, |anthanum
‘oxi de, yttri @0 oxiThe systemyftchibh 19) @hieftsin saidSolidlisseioctbd Troth thé group 9,
wherein said solid material is selected fromthe roup consisting of

| ant hanum oxic@asis{ipg of @isaline daetah sampoundsi Uaawmga.l Qddes;ivalgst metalf

neor por at ea SHoes 300 AREE DEF SRR, Forel Sarth Afpicpidit FRHERARR HRLA |

wi ndow, 15 owhalitles, aref R4l copftisatusyeXides! ansparent  support, bl ocking

- elenment or renovable solid materi al .

21.  The system of claim 19, wherein said solid comprises M,0,X_H, wherein

M is a single metal or a mix of metals, O is oxygen, X is a heteroatom, and H is

a halide, ais 110 20, bis 0 to 20, cis 0 to 20, and d is O to 20, with the proviso
20 thatatleastb, cordis at least 1.

22. The system of claim 19, wherein said solid material is more than 99.9 %

pure.

25 23. The system of claim 19, wherein said solid material is selected from the
group consisting of calcium oxide, hafnium oxide, lanthanum oxide, iron oxide,
terbium oxide, praseodymium oxide, barium titanate, magnesium fluoride,

- magnesium oxide, aluminum oxide, barium oxide, barium titanate, holmium
oxide, calcium oxide, lanthanum oxide, germanium oxide, tellurium oxide,

30 europium oxide, erbium oxide, neodymium oxide, samarium oxide, ytterbium

oxide, yttrium oxide, and dysprosium oxide.
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27. The systemof claim3, wherein said attenuating material is a solid
attenuating material incorporated as a coating into said systempn gy b@pp
15 envel ope, protective wi ndow, flow tube, reflector, passageway,
transparent support, blocking elenment or renovable solid material. 28. The

f cl ajym 2%; ' L. ' . . |_ied b [0t
Shraying, pl ot ds PAvErToR e, FOohbBIba S R il 38 s Gt Pe

aying, pl & g PG > G2 da PG, o
mechani cal E?Eﬂﬁ“’ng.@h?&'ﬁ@fﬁé"swyst'ees%’*ﬁ?*i‘%%{?nb'l“é'? UL, RO oRO8 parkin

attenuating PXids,itelluriur exise, danthanemi eride strisan edtide, @md: yttergiunu pxide.
consi sting of polyvinyl alcohols, 25 cyanoacrylates, acrylics, silicones.
30. The system of claim 29, wherein said solid attenuating materials

conpri se smat ok al S[h'iﬁéﬁ‘iémg?ffdté’im 1O8WABRIR SERNSUIRE trdtordd) iS esﬂeglfauo;hbh?ﬁ%e&

| ow- tenperature sintered asses, oxl de silicates, so

pot assi um angradp consisting of larntkaresm oxide,gétrivon ogligle, pnd oitesium oriden num
tert butoxide, sodium silicate, tetraethylorthosilicate (TECS), netal

| sopropoxi des, dysprosium ethyl hexano-dii sopropoxide in isopropanol,

dysprosi um 298t hylfhexanQakcof dai ; ' ' é’r?:ﬂi' '

t ol uene-i sopropanol %gs?prosqdqlij% §§\§ng3}9§§%{%@{,@%@%§€ (')Sgtaaggﬁldn

2- met hoxyet hattehuatingimatedahintbsporatedds adopapdittdsaidisystepphaprimap, er bi um
2- et hyl hg@<anoat e, i n hexane, erbium.isopropoxide in toluene-isopropanol,

hol mi um & hy ERXRIORE. roteshiye windas flaw tubsh refeeier. Passaorwva irapppaiesti de in

| ant hanum acS0apart PIOERICE Sl Bf AR Ta B Scle ieliah . | anc hanum
| sopropoxi de, | ant hanum 2- nmet hoxyet hoxi de i n 2-net hoxyet hanol, nagnesium

ethoxide in gihanoll , magnesi um net hoxi de in methanol, nagnesium
2- met hoxyet héxXi de Ting $¥ Srdmanwhereie saishaitenuating matesial is a solid

di i sopr opoxi kN ati ' - ethyl. ' e , 10
neodyn um 1 sSaehaatingRRARRAhcoRBPALE AT Sdlify R SR8 BadfBME: noxi ae
in 2- met hbxy ehkelople, psotestive wirddw, | fltax titse, refestos sSRGEWE, ranspareane _

| sopropanol, samarium 2-et hyl hexanoate in hexane, samarium i sopropoxide in
t ol uene- i sopPHPRAG blogkingr¢iament onemexgklersorddeateniab- net hoxyet hanol |
ytterbium i sopropoxide in toluene

28. The system of claim 27, wherein said coating can be applied by
painting, spraying, plasma coating, dipping, casting, conversion coating, gel

20  coating, etching, chemical vapor depositing, sputtering, or chemical or
mechanical bonding.

29.  The system of claim 19, wherein said solid attenuating materials
comprise materials selected from the group consisting of polyvinyl alcohols,
25  cyanoacrylates, acrylics, silicones.

30. The system of claim 29, wherein said solid attenuating materials
- comprise materials selected from the group consisting of sodium silicate, low-
temperature sintered glasses, alkali oxide silicates, sodium, potassium and
30 lithium silicates, sol ge! binder precursors, aluminum tert butoxide, sodium
silicate, tetraethylorthosilicate (TEOS), metal isopropoxides, dysprosium
ethylhexano-diisopropoxide in isopropanol, dysprosium 2-ethylhexanoate in
hexane, dysprosium isopropoxide in toluene-isopropanol, dysprosium 2-
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15 i sopropanol, ytterbium 2-nmet hoxyet hoxi de in 2-nethoxyet hanol, yttrium
et hyl hexano- di i sopropoxi de i n tol uene-isopropanol, and yttrium etﬂ%wﬁeﬁmno-
nonoi sopr opoxi de i n tol uene-isopropanol. 31. The system of clai m“29,

- wherein said solid attenuating materials 20 conprise nmaterials selected

o’ hexane. 1 dneRanennell: B2lactylienenariot skblhspaeriacaeonands -
2- met hoxyet hasedropihbR Bbi 2 SARVIRBRINSHE ift neRLHE EribMIBEARPBRIde ! ! 7 P! UM

2- met hoxyet hhoxi de in 2-nmet hoxy anol , 'y

et hyl hexano- dolugogrisppropdeac, mamium rthylsexarapdiso proposidetih néap’erghdﬂ' hexano
25 nonoi sopr?ﬁ?xi de.in tol ugne-i sopropanol . 32. The system of claim 27,
wherei n the t1ACHIRBOIPPEXEE R tQlHaREI$RPrEBaneln Olmind gt methoxyethaxideLin o

2500 m crens.o. y ' | i efl ector. further
conpri sesga 2r g%lﬂg%%eyg%rraat %trni a rﬂ&@%&%@&'ﬁpwﬁé@fﬁxﬂ‘%ﬂgﬁé ITgexane,
pol i shed al utanthanumbisopropoxidd, dasthanlinn?-MsthexyShoxROMEEMEthbkyahads, and

magnesi um oxide. 32 0 7 JAN 2004 34. The systemof claim1, wherein sard
reflector coffRINESIUMHthoridednethanolamegnasiunamethexidesn mathanbk syst em of

laim1, whepgimddh . hi. ned f 5 the,formed
ol 1 d whi o Chesin £ et fferithlia PRk efiattl, névcumivim Stuidrna-s.
36. The syst eiisopropoxids iddsomdpaAbl) neddgmtmelBtyIRekdRIAE ifthe nc?e' ected

fromthe 8r oup consisting of |anthanum 0xide, yttrium oxide anééy terbium
10 oxi de 1037 nepgymivymrisaprepogidg imtoluenetisepropanmpt,insadymiutd 2cki ng el ement .

38. Th t ' 7. ' I d bl ocki. t ' id
15 attenuaci TetoxEsPafiedn PREROR aiRinl s BRnIt SréMarice. 30, The
system of cl anoncisopropbgide ifQollenGsosdphabl, SBnidriif %aét‘ﬂlgﬂ@iiaﬁbb@in source

| mpi nges a tﬁrget. 20 40. The systemof claim1 further cConprising at |east
one ref | ect oNeKdRe sg@Marugusapiopexiteindoluenigeisepropanal, sarhapemd- i s a

di ffuse refl | | i,ptical hape, .41.. The systemof claim1l
further corrpﬁéﬁé’éy%}‘?g@gaﬁﬁe' @%@9“&%‘@7 ﬁgqrblum isopropoXide in toluene-
15 isopropanol, ytterbium 2-methoxyethoxide in 2-methoxyethanol, yttrium
ethylhexano-diisopropoxide in toluene-isopropanal, and yttrium ethylhexano-
monoisopropoxide in toluene-isopropanol.

31.  The system of claim 29, wherein said solid attenuating materials
20  comprise materials selecied from the group consisting of lanthanum acetate,
lanthanum 2-ethylhexanoate in hexane, lanthanum isopropoxide, lanthanum 2-
methoxyethoxide in 2-methoxyethanol, ytterbium isopropoxide in toluene-
isopropanol, ytterbium 2-methoxyethhoxide in 2-methoxyethanol, ytterbium
ethylhexano-diisopropoxide in toluene-isopropanal, and yttrium ethylhexano-
25 monoisopropoxide in toluene-isopropanol.

32.  The system of claim 27, wherein the thickness of the attenuating
_ coatings is between from 0.1 to 2500 microns.

30 33. The system of claim 1, wherein said reflector further comprises a

reflective material selected from the group consisting of polished aluminum,

barium sulfate, aluminum oxide, magnesium fluoride, and magnesium oxide.
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25 conmprising said selectively attenuated material, said solid materi al
bei ng | ocated between the radiation source and the target. 42. Th@ ﬁ%{ﬁ)@m
of claim4l, wherein said renovable solid material has the form LI f‘d
fromthe group consisting of a film block, plate, and powder 30 packed

pol ymer o mater  AneSarisry S Sl WA a8k ol oRResis o A SLSER .
pol yol ef i ns. aB@ ldhtiadum oXidd. 44. The system of claim1l, wherein said system

further conprises a target wherein said target conprises said attenuating
materials. 5 45. The system of claim44, wherein said target conprises a

i al i stj f pyl | ant h i
Do pi ¢ aci o 5par 1 imskatent bt YL Bt IreRenthl2tsan Pa a0 Bed L 86 urm
adi pate, 5 catHeokoyhid safildehicRRSnssisedahs rBfieQsF ﬁ%ftérialéoaﬁ@att‘éhﬁaﬁa{&t em of

claim 44, wherein said target further conprises a container and a product,
wher ei n sai dm@tgrials.ner conprises a material selected fromthe group

consi sting of Barium hexafl uoroacetyl acetonate, Barium

(2, 2,6, 6-tetranet hyl -3, 5- hept anedi onat e, Lant hanum acetyl acet onat e hydrat e,

Lant hanum ( 238, 6, Pt %&é@ﬂﬁb‘?lﬁlaﬂ%’@ WB‘P%IQ e%ua%@@%{egigﬁgsselected

acetyl acet onate di hydrate, Mgnesi u tranme

hept anedi onafrein thetgreup icomsistiegydfdanthanatreoxidfe  witritimoxive ahd yttedsiant y| acet o
n ate, Ytierhi. (2,2,6,6-tetranet hyl -3, 5- heptanedi onate, Yttrium

acetyl ac on%’f'a?' Yttrium hexafl uoroacetyl acetonate, and Yttrium
(2,2,6,6-tetranet hyl -3, 5- hept anedi onate. 20 47. The systemof claim1,
wherein said attenuating material undergoes a change in %reflectivity/ nm

greater than32, bEhewsysteim ofncka® 1 furfidivomptBing Adloskihg eierhent.ai m 1,
wherein said attenuating material undergoes a 25 change in %
reflectivity/ nmgreater than 3, between from 235 to 245nm 49. A high

ener gy radi aggon |5 iat . B J,d
apparat Uo. Conpr s o® Y BPLlaIn ST AuhdfelrPLail R Yeifiant Biflites 880, 1
rati o oflXdesaftenlatogumdterial cand hdsat diffosé cefledivesurfager adi ati on danage to a

target 30 by selectively attenuating. at |east 30 percent of the radiation
fromgreater than

39.  The system of ciaim 1, wherein no direct radiation from said radiation
source impinges a target.

20 40. The system of claim 1 further comprising at least one reflector for said

radiation source, wherein said reflector is a diffuse reflector having an elliptical
shape.

41.  The system of claim 1 further comprising a removable solid material
25  comprising said selectively attenuated material, said solid material being
located between the radiation source and the target.

42.  The system of claim 41, wherein said removable solid material has the

form selected from the group consisting of a film, block, plate, and powder
30  packed into a support.

43.  The system of claim 42, wherein said film comprises a polymeric

material selected from the group consisting of polyamides and polyolefins.
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. 200nm up to 250nm whi ch i npi nges upon said attenuating naterial, and _
directs greater than 50 percent of the radiation from250nmto 2%%nm whi ch
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44.  The system of claim 1, wherein said system further comprises a target

wherein said target comprises said attenuating materials.

45.  The system of claim 44, wherein said target comprises a material
selected from the group consisting of nylon, lanthanum oxide, adipic acid,
barium adipate, calcium adipate, magnesium adipate, disodium adipate,
carboxylic acids, and sol gels precursors.

46.  The system of claim 44, wherein said target further comprises a
container and a product, wherein said container comprises a material selected
from the group consisting of Barium hexafluoroacetylacetonate, Barium
(2,2,6,6-tetramethyl-3,5-heptanedionate, Lanthanum acetylacetonate hydrate,
Lanthanum (2,2,6,6-tetramethyl-3,5-heptanedionate, Magnesium
acetylacetonate dihydrate, Magnesium (2,2,6,6-tetramethyl-3,5-
heptanedionate), Ytterbium acetylacetonate, Ytterbium
hexafluoroacetylacetonate, Ytterbium (2,2,6,6-tetramethyl-3,5-heptanedionate,
Yttrium acetylacetonate, Yttrium hexafluoroacetylacetonate, and Yttrium
(2,2,6,6-tetramethyi-3,5-heptanedionate.

47.  The system of claim 1, wherein said attenuating material undergoes a
change in % reflectivity/nm greater than 2, between from 230 to 250nm.

48.  The system of claim 1, wherein said attenuating material undergoes a
change in % reflectivity/nm greater than 3, between from 235 to 245nm.

49.  Ahigh energy radiation system comprising a UV radiation source, wherein
said apparatus comprises a selectively attenuating material which increases the
ratio of desired to undesired radiation to reduce the radiation damage to a target
by selectively attenuating at least 30 percent of the radiation from greater than
200nm up to 250nm which impinges upon said attenuating material, and directs
greater than 50 percent of the radiation from 250nm to 280nrm which impinges
upon said attenuating material.

34



