12 JAN 2004 REFLECTORS FOR UV RADI ATI ON SOURCE This invention clains the
“benefit of earlier filed US Provisional Application No. 60/143,608 filed
July 13, 1999 having the sanme title, incorporated herein by 5 referelﬁemN 2004
and this application is a continuation in part of US Serial No.

09/ 259, 758, titled "Method of Sterilization", filed March 1, 1999

(VTN-388), incorporated /REFLECTORSFORUE RADATCH SOGERCEVENTI ON 10
This invention relates to a newreflector for a radiation source which

delivers ultraviolet radiati on. BACKGROUND OF THE | NVENTI ON US Pat ent

5, 786, 598 di t.,t hat f .15 t ight b
nsed for denct TS veriton HARR GRS b BpnRanal s BRisond Aerigaipd Na.
cont ai ner wi t l60i149}608HM6d Uy 13184@990155%6@%@55&@@% ir!lﬁﬂggo@%igd ferein b

preservative fluid. A though'the patent dIscloses usi ng ayf | ash
| amp syst ém trefesenes, and:this applicationns escontirauatioase paecofdds Beériat No a

t ai , th i 1 fined t. lish sterilijt
cxarpl o5 pr ovicSLR0 pEn s Helnell ok Seriieriony Hed Materubc R [\CtbesBa S
Patents 5, 0341iﬁ&§p@f&eé1%?éinﬁ§,_9re¢é%ﬁ:cg,se the use of intermttent pulses of

very intense, very short duration pulses of light to inactivate

m croorgani sns on the surface of food products, and suggests that the

met hod can b | E ? i ner medi cal devices, and food products in
packages. 25 to use a flash | anp system for

sterilizatpon of CH FRlerti | | ; \VZ=Y T .system
has been devel oped that vrxﬁt llgrﬁg%%%élqtsdt:g%ﬁ{/%%%ﬁgp?ﬁgarsatt'éﬁﬁ%ﬁ% ?‘2‘&%{ red

to provide a kiefjwersoulfradieteteadiatignl in the system In experinentation with
a comercially avail able system sterility was not achieved for all

m croor gani snms under the normal operating 30 conditions. To increase the

radi ation int mk@ﬁ@UHﬁﬁ“ﬁ”ﬁﬂi@!ﬂOM’as necessary to increase the
vol tage applie 0 e a r, this shortened the lifetine

of the lanps, and AJSPatemtfZ661598 discbses e brshd POMEEIE thatd A8 IEm
Furt her, yting a Iang Was caggggd, which was required 1 12 JAN 2 nore
frequent | ¥ du8YPEM AUGELRE Usee for deactiyatipg eniceersganisens iagentainessincluding

a polyolefin container with a foil backing that contains a contact lens and a

preservative fluid. Although the patent discloses the idea of using a flash lamp

system to sterilize contact lenses in a preserved solution in a container, there

are no conditions defined to accomplish sterility, nor examples provided which
20 show that sterility can be accomplished.

U.S. Patents 5,034,235 and 4,871,559 disciose the use of intermittent
puises of very intense, very short duration pulses of light to inactivate
microorganisms on the surface of food products, and suggests that the method
can be used for containers, medical devices, and food products in packages.

25 Efforts have been made to use a flash lamp system for sterilization of
contact lenses in containers; however, to date no system has been developed
that will consistently achieve the sterility required to provide a high confidence

- level in the system. In experimentation with a commercially available system
sterility was not achieved for all microorganisms under the normal operating

30 conditions. To increase the radiation intensity to the containers it was
necessary to increase the voitage applied to the flash lamps; however, this
shortened the lifetime of the famps, and also damaged the container and
product materials. Further, anytime a lamp was changed, which was required

1



variations in radiation intensity resulted in variations in the sterility

1 evel that was achieved. For the sterilization of a single-use contact
‘lens, the USFDA requires a mninmumsterility assurance |evel (SAL) 1df JANOZ004
(nunber of 5 mcroorgani sns per container). A sterility assurance |evel of
10" is the probability of having 1 non-sterile container out of one

RN t ai T til) | d f t
del 1 ver i gh TredrequeHth LR f ik iieRebb e £ 8 rinf. B e B 2ot i on
using a flashvadatosy it RBIdH intensitgRestitdt B PathtiARAR!tRe Kte@YTE/Ftalt Use.

10 SUMVARY OF THE | NVENTION This invention provides a reflector for a high
ener gy radi at Wa$ aghieved.wher thensterilizhtioaf dfex simgleruse eastagtdens,ahey]SFDA

enconpasses a at] sQurce _.conprising .a ref tiv terial having a
di ffuse refleE‘%WJ’eeass%?&Qﬂ'ﬁumﬁﬁﬂ'ﬁ!ﬁ?%"@gtlgvﬁr ¥g,of Wit st the

radi ation §r OmigdRrgSMNaMs it aRENI R steliffabdurafils 1L R A0Ris He i S

i nvention provides Uniform WV radiation to & target area or volune. Not
only is the rptkability oftvasing it honstefiletcantsingr biitiekone ehilliontcoraiaess.abl e to

reflect nore the radiati froma | anp which inpinges . upon the
reflectors as?E'SFFBQFeegﬁlﬁE? ‘IS‘@C@J”P%PS Pd1q i%@lswayh@npd:%geéhqgﬂ&nezgymi ation

allows the la : ; t I . | Myl
guantity of ra .3?%9%9@5%&%%’%&%@5??%?’8}6? L&ﬁ%é&fa\ﬁﬁilc e%rgéh?heir
useful |ives. isTiepeatablel@nd ¢tapdbleof tommeroial agp. i s decreased by the diffuse
reflector,. This invention also provides for a reflector or reflectors which
are 25 el }Q ptical in shape. If multiple elliptically shaped reflectors are
used to form gymRreeOF THEEWNENTRHRT €r ably where substantially all or

all of the sur‘tﬁw’%—m'e_ca'w%yvre diffuse reflective surfaces, the

bases of the refl eThis mvehtioe prévides afréfedtor fori anbigghs@sérgyTatintiontdyetem! une

to be filled by the target are sized tg the target, thereby providing
nmi ni mal dead !%'55%1!1 s8ic fellgclerat Isasinartialhancempasses adadiationisoufee pass

reflectors maX|.mzes .e .re .ec |on. 0 ' r il i'8 |l e o ' o the
oo, 9ot ol A Bl AR TeflEe Ao ed ipn
target. 2152 pefcOfrealbetharvt0 of bbtheat8idieirbin 2405-28DhMm WhidkSitnpinges

radi ati on system .pr_Ff er abl ){ L. . . ) )
upon it. The reflector of this invention provides uniform UV radiation to a target

area or volume. Not only is the radiation more uniform, but the diffuse
reflectors are able to reflect more of the radiation from a lamp which impinges
upon the reflectors as compared to specular reflectors. The uniform UV

20 radiation allows the lamps to be used at lower voltages to deliver a minimum
quantity of radiation everywhere within a target volume which extends their
useful lives. The variability from lamp to lamp is decreased by the diffuse
reflector. -

This invention also provides for a reflector or reflectors which are

25 elliptical in shape. If multiple eliiptically shaped reflectors are used to form a
reflective cavity, preferably where substantially all or all of the surfaces of the
cavity are diffuse reflective surfaces, the bases of the reflectors where the
reflectors intersect to form the volume to be filled by the target are sized to the
target, thereby providing minimal dead space. Dead space is where radiation

30 could otherwise pass by the target without impinging on the target. The design
of the reflectors maximizes the reflection of the radiation from the lamp to the
target.



a pulsed flash lanp system having these reflectors to sterilize products

i ncl udi ng pharmaceutical, nedical, and cosnetic products, and can be eﬂ]

in an in-line node in the nmanufacture of these products. The refle]cztzﬁg 0
di'sclosed 5 herein which provide uniformradiation to a target can al so be
used for photo polynerization, surface treatnents and | aser applications.

DESCRI PTI ON OF THE FhéhBRSefleetdroyeate Rhosk KRR e
to the following fiqures: 10 Firgure 1 ?ﬁomdeaﬁﬁ?ﬁg?égﬁgg#%@' é@éig%@ﬁon

syst em havi ng 3 Rilse éhsadgmsmem?ingmﬂa mﬂect%:crlgm stéﬁli&]lceqw?dacts
cross-section , {on system having one reflector of this

i nvention; Fi dﬁ%‘gag‘_rgzﬂﬁ)%&n%pe&@%@f,megpal? ﬁgdrcé’&mﬁticd?fog%tsgia@g Gan be usedin
area using 1%armimbliiemodlelin tAElAEA Factrb 9 edh RINRIS FRBYEHECIBLs diliosed

radi ati on energies in a target area using ane refle

generate t fie dwieBuwhishquavide Wifprrradiaticepio 4 baryet 48 afdt bewredffol he
Figure 5 shows a contour of

reflector had®?giffluse.cotin éoliedtoit. _shi

the radiation PRIEmeriga O‘Pagﬂ%f etreatments @nddaser applications. havi ng t he
shape shown in Fig. 1 and a diffuse coating. Figure 6 is a graph which
shows the 0 Factor for a radiation system having a cavity formed using two

of the reflec C |ON QEMHBRGURESONtour shown in Fig. 3. Figure 7

is a graph which shows, the Q Factor for_a radiation system 25 having a

cavity fornmed usi ng N&gvEptionwil be dascibed withyreferegerde dbe follewingfigaces:

shown in Fpg. 4. Figsh | _ s ows,. t.he Factor .for a
radi ati on system h%%gﬁghég\%i ?é@gr%gﬂsﬁ%g%'o& gﬁ%mr'é‘?‘f'aglt‘ﬂps used
to generate t efledarsonirthissingentiom Fig. 5. 30 DESCRI PTI ON OF THE | NVENTI ON

The term "ul travi oh:et radi ation" or "UV radiation"” neans radiation having
a wavel ength or waVd9¥Eyd BEOWSHEMRSS-aastiao f a radiation sysjem kavipeonki ed 3 12

1 AN 2094 fol | o¥figldor BethiSinVentibh,y avi ol et radiation” or "W radiation”, a
narrower range of '

Figure 3 shows a contour of the radiation energies in a target area using
15  a prior art reflector.

Figure 4 shows a contour of the radiation energies in a target area using
the same reflector used to generate the contour shown in Fig. 3, except that
the surface of the reflector had a diffuse coating applied to it.

Figure 5 shows a contour of the radiation energies in a target area using

20  a reflector having the shape shown in Fig. 1 and a diffuse coating.

Figure 6 is a graph which shows the Q Factor for a radiation system
having a cavity formed using two of the reflectors used to generate the contour
shown in Fig. 3.

Figure 7 is a graph which shows the Q Factor for a radiation system

25 having a cavity formed using two of the reflectors used to generate the contour
shown in Fig. 4.
Figure 8 is a graph which shows the Q Factor for a radiation system

having a cavity formed using two of the reflectors used to generate the contour
shown in Fig. 5.
30

DESCRIPTION OF THE INVENTION

The term “ultraviolet radiation” or “UV radiation” means radiation having
a wavelength or wavelengths from 200 to 400nm. If a range is specified
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~radiation is neant within the 200 to 400nmrange. Further, the range
specified, wunless otherwi se stated, neans radi ation having a wavel ength or
wavel engths wthin the range. 5 The term "broad spectrum of radi qqi% " 00k
means radi ation having at least a nmjority of the wavel engths from to
1100nm wherein at |least a portion of the radiation is UV radiation. The

phrase "to di rfeliowirgdihattefn "GIaRIclSt @diaicseor "UV%?ia‘liBn.s,eé‘ﬁar%ﬂ@r%h&%&f The

towards a target by reflecti on, transm ssion or reflective-em ssion.
directed radi deritionds meant withie thex2§6tto did0eat tangeankuither, i ro6gé ¥patines,
The

any anounts ' e attenuated intentjonally or unintentionally.

"target" is mgﬁﬁ{r@ﬂ"sﬁeﬁ? ’ "l‘?ﬁﬂsd'i%’éﬁ’tforbhz@ﬂ@ﬁa‘ﬂw%l?nﬁm ehwaNelengths

radiation is diikigA'tRE rarddd. S i nvention provides reflectors for use for a

hi gh energg radi ati on source. A high energy radiation source that can be
h

used with Phe ref| ethetesmotbrodd spactsuinrofeatiation’ rdardaadititRs Bh¥ing'at least a
cont i nuum produyci n such as flash lanps, arc |l a

' h t , ,
| asers (conti r{Uﬂl?é'ng*%ﬁﬁ'gr g*i‘gﬁbg[}g)sm 20eut Anmwhereis atdeasbap m:)Seftl\mve

li ght sources ra8iadfion’t& R rifistidy, Mercury vapor light sources. The W
radi ati on sources are hi g'h energy, that is, they generate greater than 0.1

J/cne per pul se forThe phask "tadipect radiationt towaed® aftarget” AeapRNbi SEHRMS
radi ation sourcg., .ﬁr eifergjbl of which at least 1 percent of the radiation
is from 240 t 5298YRMiown ﬁﬁ/ Lrgnt by reflegtion; transwissien at reflectiveremission.a

flash | anpgs i ' ; f 2 one . S.X _lLanps. which
pr oduces rrg(t) lyz’ggra lﬁ%‘ﬁ EgdIg?%?imgﬁcﬁu%gﬁgy%tﬁggﬂ%lwf BPM@HM r%'@l“sﬁ“é{s h
of which at lasaoynts@hith ar@attenudtedshtergioblly adupinténtionENy. PN SarRd” is

application oft 25 this jnvention.is in a flash | anp system for the
sterilizationUdf £a) qevicen §5tainer, of surfaceigt whichtheNmdiatiresodinased: i t | ed

"Met hod of Sterili kOO | in by reference,
di scl oses nore det gﬁ‘%ﬁ{g n%'ﬁlﬂ-rrr(g\ﬁ ﬁ%% '%Mé@??ﬁ-‘?gﬁagé E'gih gﬁ?rqyerﬁge IONrhe
radi ation frosoRa.tA Nglbeneigy radatiopssoureé fiesttdarebé aseg vith tHd'Reflectors of

sterili zaﬁ']on of .m croor.galni sms, With many references 30 indicating that
254nmis the PESINYANYORARCIudRS discrele ersgntinuym prdidng dneoherentlamps,

e 50 o0 "or LOh BRI LI Bmap 14858 o Al eRUAGED. o ool o
than 90 % of dRuteriuthamps, dreontindous avavd light S6Uréd¥)€.g. xenon gas or mercury
vapor light sources. The UV radiation sources are high energy, that is, they
generate greater than 0.1 J/cm? per pulse for a flash famp or 20 watts/cm?for a
20 continuous radiation source, preferably of which at least 1 percent of the
radiation is from 240 to 280nm. The presently preferred UV radiation source is
a flash lamp system, having any number of lamps, e.g. one to six lamps, which
produces at least 1 J/cm? broad spectrum radiation (100 - 3000nm) per flash of
which at least 10 mJ/cm? per flash is UV radiation. The preferred application of
25 this invention is in a flash lamp system for the sterilization of contact lenses
(target). US Serial No. 09/259,758, titled "Method of Sterilization”, VTN-388,
incorporated herein by reference, discloses more details of the method of
sterilizing contact lenses. The radiation from 240 to 280nm is the most
effective range for the sterilization of microorganisms, with many references
30 indicating that 254nm is the peak of that range.
The refiector comprises a reflective material and a diffuse reflective
surface. The reflector reflects greater than 50 %, more preferably greater than
75 %, and most preferably greater than 90 % of the radiation from 240 to
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- 280nm whi ch inpinges upon it. Many of the reflectors of this invention
‘using the materials described herein reflect greater than 95% of the
radiation from 240 to 280nm For sone enbodi ments the reflective maepyNa))
reflects greater than 50 % nore preferably greater than 75 % and nost
preferably greater 5 than 90 % of the radiation from 250 to 270nm whi ch

| mpi nges uporp8dnm t W nki -
referred to as the-w(]gg? Ergg%rﬁgﬁ'g)gg,'ﬂt e efltggﬁgﬁé%gbé)gfﬁ'ﬁ%@\)#gklb?glgrné;ct

ad]g: ti onalh r dbean?@niamjdwaﬂ)etdhmreir?mglﬁst gc@é@aﬂfgﬂh Qﬁw%f_athea'ﬁdiaéibmimnéw I

refl ect the spec ercent ages the radiation within the desire
ranges. The &7 hé@gmﬂef ! ?H&%’Emﬁﬁtw refective materialgelecsoreaterh i s
absorbed by tif fde ' i &,f er i thin

t he desired raﬁggg A)I't%ﬂs}% I%rae ré@yﬁb%ﬁegsh?ﬁeﬁr é’flgggphf”s%%e%ﬂg;&;eta%}east a

portion of althan8® Yeafehergtiationfirote 250t 270Hravitioh WapiHyesTapdiges Thepon
it. The reflective ggter'egls may not reflect all the wavel engths within the
desired rangd8nges 2 'tﬁgﬁ nFarakheal o 24Bnaemilbhb e refermesdlo; ascthesdesited s wi | |

be 15 bett ' ' [ oo . : qf .th
e 15 b 1 aniheketsog? Y ) el R U RO, o
or all of theanges specifedsbutattzhminienim el refleshe Epecifiet purtantages dfy\é

i nvention preferably provide a Quality Factor, ("Q greater than 1.
preferably gﬁégﬁgpnt\wﬁﬂn shegesired garges:| |hgasmewnit afirefiected radmtiongnayal ity

Fact i ggdefd 0 o t t
area from al IMERae FadatBn ahiEh i abdotel e plor A e Siqtu ol e
closed cavi t walielénigths withihths desinéd eangids. t hes pr&feaedithanteaelet@iPefidtds
refl ector rreaiﬁhjéae% individually in the target area or volune of an open

Icavi ty. - hFor *Pracperticapials Gimewﬁﬁﬂfﬁﬂeﬂv@diﬁébne@hbhémd@mm
roferably or oot Fheteféctviiatbrdi fidy A8 endEral fe alfehor®Rifabe, 1

refl ector refdesired rangesat arsingle pareentageaso eertainireflective anaterigrtwill bee
target c which is to be effected by the radiation for

b terial
t he pur pig e 3@?‘3&%@5%&@9@9@#@#@& than othges. oMixiuies pbihe reflective

t t ts, ' ' , ; f | e,
ot oduct o, _pan TSR YATP Do ARkHAG achidye itk B ERe G gt ceiin or 41 FIBEP ©
medi um and oyeelerigths pm Hiedesiced mrgrds.i s a nedi cal product for

sterilization. The.reflector ?f this invention is shaped to direct the
desired radiatio Q%()%P&Eqrﬁ@ this ipventiongprefenably pravidg afuality Fackys, ("Q7)

reflectors olgré&ief tihan 1.7 , preferably greater than 2 most preferably greater than 3 .
20 The Quality Factor is defined as the ratio of the total energy measured in the

target area from all the radiation sources and their reflectors configured in a
closed cavity divided by the summation of the energy from each lamp and
reflector measured individuaily in the target area or volume of an open cavity.*
For the preferred embodiment comprising two reflectors and two tamps, the Q
25  is greater than 3, preferably greater than 4, and most preferably greater than 5.
The refiective materials which are part of the reflector reflects radiation
from a radiation source to a target. The target can be any material which is to
be effected by the radiation for the purpose of, for example, sterilization,
photoactivation, surface treatments, photopolymerization, etc. The target can
30 be, for example, products, particulady a medical product, polymers, monomers,
laser medium, and dyes. The preferred target is a medical product for
sterilization. The reflector of this invention is shaped to direct the desired
radiation toward the target. Preferably one or more of the reflectors of this
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12 JAN 2904 invention are used in a radiation system conprising one or nore
lamps. Preferably the reflector or reflectors substantially encorrﬁg?EN ﬂfﬂﬂ
at least partially enconpass the radiation source or sources of t

radi ation. Preferably the reflectors enconpass at | east 1800 fromthe
centerline of the 5 |anp. Additionally, the reflector or reflectors

pref er abl y CrHIERFarGad TS oo ofdtehs e BHERECthd Pimgrbfygh oo o

reflectors preferably forma cavi nne Sphere, ‘anmber

enconpassi ng Rreterablygbe refleetopr velleot®rs subisedhtizfly Sntefhpassher subadtantial |y
the size and sha F of the target, such that the anount of radiation that
can pass frorﬂa(‘;q'l@yr%?qfﬁ'ﬁi’%s the radiatiosy squsee @6 souTeas ok ibe radiation. sur f ace to

anot her surf r b sj,des_qf .t he ar get
W thout goi ng eler aoiyReEleBR bne B EAES b RaRE"BR: B ire erierindy the

Preferabl § | dampt reddifiShally, testefleetar direfledtobd prefefdbly BABorpaRE 1€ Mrgand
nost preferably |l ess than 10 percent of the total radiation produced by

each radi ati ¢2P-s#is eefgrnad that the efiestos os sefigctorspreferably farmhacavityi ng

t hrough or 1 [|n b he target. The.target area or volume is

I oca;J gd at tﬁue dbﬂ?wgﬁﬁ?%rf%&%gnébeg@%pngrqagﬁr&{%t@gget a'ha QHOIWBE o
reflects thewlish fsizeadb tel SUbsta Ay ¥se 58 4rid 9R5pE of IR 14HhEESUEN 4t th
indirectly, that is, the desired radiation may | n%| nge an appar at us eFore

stri ki ng t he amauiof radigtionrtbahean pasy tiom arie réftectorto amother meflectdr @dtams,
mrrors, £i b bcs,,.or the like 20 The_diffuse reflectors of  thi

i nvent i 0316de?’?‘\?%?Hz?%&ﬁof%?%g%ﬁ?c%?ﬂhﬁdﬁﬂﬁﬂ%h:‘?caé?gIoé'zﬁ?pwtetsd‘ée%@émeed
radi ation, t target aitheut bRy HF i ' hddn neans
that the vari a'tgi on in t%eﬁ@eve?%@o?ﬁfﬁeﬁgégr?gregj%ﬁ \%}(?ﬁ?ﬁ{gﬁgistg@ggﬁééggea

and/ or vol un€releraklyslessdhas Stupencent more prefefabiptdss thae<s pémentand nost,

t f hap .5 q@lcn®. . T jation in the 25 | evels of th
ener oy wi thi B RENR KR P bRt ablbe Blaidauitonprodined buimach more |
preferably | esdiatiof@obReP@iICSE hble BPasR'ty Hetal tHBUGR Yr-

|
Therefore, for two radiation systens havi'ng equg%ta\ﬁgﬁ?atm?itlon sour ces
enconpassd Bgingabserbed by thedataetnTbe target atew ocwolume isdocadaattthe detalar ea

tsi ng ¢ he- 0Pt Bf et of B BB TheyEnEERF sohecs ths debred saqition -
equi val ent awswarde thensrjet ether afkbetty SNinbiteétly, 3hSETS, ﬂ{e?&eéired’ Aldiffon A 2
nore uni formanpunt of radiation in the tardet area or vol une.
Impinge an apparatus before striking the target, e.g. another surface of the
refiector or reflectors, mirrors, fiber optics, or the like.
20 The diffuse reflectors of this invention deliver a uniform amount of
radiation, at least of the desired radiation, to a target area or volume. A
uniform amount of radiation means that the variation in the levels of the energy
within the target area and/or volume is less than 8 mJ/cm?, more preferably
less than 6 mJ/cm?, most preferably less than 5 mJ/cm?. The variation in the
25  levels of the energy within the target area or volume is less than ;|5 percent,
more preferably less than 10 percent, most preferably less than 5 percent.
Therefore, for two radiation systems having equivalent radiation sources
encompassed by reflector(s) to form a treatment cavity having a target area or
volume, the only difference being the types of reflectors, the system using the
30 diffuse reflector(s) will typically provide at least an equivalent average amount
of radiation to a target area or volume, and a more uniform amount of radiation
in the target area or volume.



12 JAN 2004 The diffuse reflectors also provide radiation at a broader
array of angles wth the benefit, in the preferred enbodi nent, that there
is a smaller chance that microorganisnms will escape the radiation. 1YWghm 200t
specul ar reflectors are used the angle of incidence of the radiation is
not as varied increasing the 5 |ikelihood that m croorgani sns my be
shielded fromthe radiation by other m croorganisns, or by refracting,

diffracting, orThefdiffote nefledtensealss provide radibtion ReekReg8deTarapBEbAgRS
incidence to a target area or volune for a system having one or nbre

specul ar rwithdee denefit in thenpeeferied embledimsnt; that thrrgrie @ssmalfsrchansgst em

havi f LS i ' th I f 10 incid
compr Lso. el sTRfdorhahishie fhteansba LB, Bneh MheBl: RISt Ao angl o
of inci dengsed thd BAgleast iptideRce @f the rddiaBe isMbicds VsridPindifgthd 0 the
m croor gani sns, and Prow de for a Iarger contrast ratio. The contrast ratio

is thd rdikedihepdithat migrepsganisms mayibatshirided from theotadtiationt byl otherpt v)
target areg; - t I Nt ensi f radigtion for an obstructed
target are mgrpo(/%%d#g{g’ hﬁbxggfé%&%g{fbécﬁgg,d&re ?5‘5‘90?‘%'13%&"@@ in
whi ch t her ga¢kadgeNeTRE aMgleofingMRINce toRf @¥§etarl driBidrAk 95t a ySRnp! vol ure
which dimnish intensity due to absorption, reflection, refraction,

def r act i onhawng st eemorespapllas reflecturstis floamenealimtdgrde to Badagrees.

packagi ng, ~m croor gani sns, bubbl es, surface onetries, etc.. The :
radi ati on Eﬁ%aﬁgs{?gggﬁr”w T REMIHE T ‘?ﬁtPEﬁ?ﬁ Ispwepiendieansias ¢h Eoel, et

20 al ,10US iReideipceARIthhfisd bﬁale9%4o%ﬁ9mo7t%6nso/3&qﬁ%%) mat'gﬁéa? varlaficelih Zat i on
b he obstr

Systent, incorporated herern by reference. cted neasurenent of
radi ati on theagngle ofdniideyce inathemgdiatioartedhewitget whidteispackalgitng).to The

“reflectors |.Ss.._lLnvention.provide a contrast ratio of less than 1.5 in
the target miérgép%aﬁ]'%lsu %’Pml‘ﬂﬁi?% Falfgefzﬁ?ﬂﬁ?%d'a{'% Q-EEFFQ@Hlaéfrq’t@f'ﬁector
whi ch woul theprativi sfehe isteRbit st radtatidriin 4h DhoBSRaAtRE (i) X8rgel PR bpf er 1 ed
reflective materials for the diffuse reflectors of this "‘invention I nclude,

but are noYelme tolhetiptensity ofiradiatien for v apstmveted tasgeli aseandvoliaie.das) |

heav t ' - . ' di val ent oxides (e.q. nesi um ,
and bty ar AHIAES 5ied 2r 220} UBlme | i M B he e it O b el iiiey e

mat eri al s prasgent Fothectasgdtearea braonangiwiict dirhtst ptdrdity el BraBYptid O XGd
wher ei n Ml?l a.single metal or a mx of netals, [)referably arare earth
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radiation can be measured using the monitoring system described in Ebel, et

20 al, US Patent Application 09/259,796 (VTN-443) entitled “Sterilization System”,
incorporated herein by reference. The obstructed measurement of radiation
can be made by placing a sensor within the packaging. The reflectors of this
invention provide a contrast ratio of less than 1.5 in the target area or volume.

This can be compared to a specular reflector which would provide a contrast

25  ratio of greater than 10.

The preferred reflective materials for the diffuse reflectors of this
invention include, but are not limited to, alkaline metal compounds (oxides and
halides), heavy metal oxides (e.g. barium), divalent metal oxides (e.qg.
magnesium), and polyvalent metal oxides (e.g. ytterbium or aluminum).

30 Reflective materials can also be selected according to the following formula
M3OuX:Hg wherein M is a single metal or a mix of metals, preferably a rare
earth metal, O is oxygen, X is a heteroatom such as sulfur, nitrogen and

phosphorous or the like, and H is a halide, preferably fluaorine, a is 1 to 20,
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71 2 ]AN 2004 preferably 1 to 12, bis 0 to 20, preferably 0 to 12, c is O

to 20, preferably O to 12, and d is O to 20, preferably 0 to 12, mjtﬂ)tz@g
proviso that at least b, ¢ or dis at least 1. These materials ne J

of sufficient purity such that the levels of inpurities do not degrade the
reflector performance. Preferably the materials S are nore than 99.9 %

pure, more pr efreferbbly mes e2Bano 89289 pfraity 0 AR ED B 2055 Mranly 1o,

reflective materials are listed in
mean percent rle Iaé'@td 7 ®|t@§00pretfemahlye0Itec112 w‘ttl'nthb%rbﬁisé thahat IIé@‘s?B”é ordis
d

reflectiviti esatig ﬁ ﬁ.ﬁr m ne packi ng}a dry powder sanple of soli
material intd a tUvet es%mi'%f §|"ﬁ§dttﬁ Q:Qf/%lﬁfﬁéleﬂhpbﬂh/ sifabcthad o tevetst eff
havi ng an 10 ijpy Fggf,g‘g Hﬁg'fo?mé‘@'?ﬁd ecréﬂﬁ%?&'kﬁﬁq b%"cﬁogﬁ&tﬂ!if%%% fel ne'!(a:ﬁeer?algrom

the sanple. Tab Ref | ect've eria

Oxi deWhi t eD3. 30e mmhaacgmsw pofs. rﬁBré??feféfﬁbly more than 99.99 % pure.
Sul fateWiitel J] 00. 80 27101. 033. 53 Barium
Ti t anat eBei ge vaely ceflentive matenialsare listedin Jablel gin@adé®irTable

ﬁ 5153 18.08 23. é’r% ti‘aé rh8afrpRrdeht A GVt ol ttz‘leesr%ﬂégtlv%:)’m%?enalls.1%h%8pezrger?t8

reflectivities were determined by packing a dry powder sample of solid material
into a cuvette, and putting the cuvette into a spectrophotometer having an
10 integrating sphere which measured the radiation reflected from the sample.

Table 1. Reflective Materials
g)bserve %R %R %R %R %R %R
Visual Mean Std Dev Mean Std Dev Mean Std Dev
Material Color 200- 200- 240- 240- 200-  200-
_ 400 400 280 280 240 240
Aluminum Oxide White 93.39 | 493 | 90.53 | 043 | 87.24 | 358

Barium Sulfate White [100.09| 1.71 | 100.8 | 0.27 [101.03| 3.53
Barium Titanate Beige 18.55 110.11| 1442 | 0.27 | 21.44 | 9.04
Cerium Oxide Beige | 62.69 [26.63| 55.84 [18.08 23.08 [ 11.18
Erbium Oxide Pink 62.69 | 26.63 | 55.84 | 18.08 | 23.08 [ 11.18

Europium Oxide White 5479 | 343 | 451 | 1.26 | 23.78 [ 10.73
Germanium Dioxide White 84.13 |21.32| 72.83 [10.51] 50.72 | 14.64
Hafnium Oxide Beige 32.26 | 749 | 26.83 | 0.51 | 31.04 | 9.69
Holmium Oxide Pink 66.75 | 27.37 | 67.18 120.46 | 20.88 | 9.31
Lanthanum Oxide White 82,99 |28.39| 88.23 |11.97| 29.49 |12.36
Magnesium Fluoride | White | 10044 | 6.12 | 95.79 | 0.75 |1 10.28 | 7.2
Magnesium Oxide White 97.27 |14.211101.44 | 0.52 | 19.68 | 24.49
Praseodymium Oxide | Black 13.67 | 559 | 12.13 | 0.33 | 20.7 | 9.49
Samarium Oxide L. Yellow | 68.84 [27.62| 51.32 [23.08] 27.58 | 6.50
Tellurium Oxide White 3595 22241 1856 | 0.39 | 28.1 [11.42
Terbium Oxide Brown 13.11 | 6.09 | 11.55 | 0.58 | 21.15 | 9.99
Titanium Dioxide White 1492 | 617 | 13.12 | 0.28 | 20.75 | 9.14
Ytterbium Oxide White 70.72 {33.16| 45.8 [26.02| 23.2 |11.84
Yttrium Oxide White 85.81 [24.141 89.38 | 6.51 | 41.14 | 154
Zinc Oxide White 15.85 [ 13.39| 10.99 | 0.35 | 20.72 [ 11.36




"Eur opi um Oxi deWhi t e54. 7934. 345. 11. 2623. 7810. 73 Cer mani um

- Di oxi deWhi t e84. 1321. 3272. 8310. 5150. 7214. 64 Haf ni um 7 2004
Oxi deBei ge32. 267. 4925. 830. 5131. 049. 69 Hol i um 12 JAN
Oxi dePi nk66. 7527. 3767. 1820. 4620. 889. 31 Lant hanum

Oxi deWni t e82. 9928. 3988. 2311. 9729. 4912. 36 Magnesi um Fl uori de Wiite 100. 44

6.12 95.79 0.75 110n28e Tor%%gﬂembw&ﬂ&ﬂi@m%ﬁzﬂs%hgé 6311'%‘? gégﬁd%isf?mﬁ:?

19. 68 24.49 Praseodym um Oxi deBl ack13. 675. 5912. 130. 33 anar |
Oxi deL. Yel | old8apdErame giaredpthepahe.reBectb@ Malternials ista OretaboXibie; eu@pags

Ti t ani um b ox PASITIIGE 45501 504 NaRyibkoRarbNas. laiaaugipade (La,00.
Oxi deWi t e70. 1etBiind @A S b, 0% % Ardtariifhn titanate (BaTiO,). An example of reflective
5 material for whichais 1 and dis 2 and b and ¢ are 0 is magnesium fluoride
(MgF,). Additional examples of reflective materials include magnesium oxide
{MgQ), aluminum oxide (Al,O,) barium oxide (BaO), barium titanate (BaTiO,),
holmium oxide (Ho,0,), calcium oxide (CaO), lanthanum oxide (La,0,),
germanium oxide (GeQ,), tellurium oxide (TeQ,), europium oxide (Eu,0,),

10 erbium oxide (Er,0,), neodymium oxide (Nd,O,), samarium oxide (Sm,Q,),
ytterbium oxide (Yb,0,), yttrium oxide (Y,0,), magnesium fluoride (MgF2),
barium sulfate (BaS04), and dysprosium oxide (Dy,0;). Other examples
include refractory oxides of other rare earths, rare earth halides and metallic
combination oxides. The preferred reflective materials are magnesium oxide,

15 magnesium fluoride, aluminum oxide, barium sulfate, lanthanum oxide, yttrium
oxide, and ytterbium oxide, and the most preferred are magnesium oxide,
magnesium fluoride, aluminum oxide and barium suifate.

The preferred shape for the reflectors is elliptical. For a single elliptical
shaped reflector the target area or volume and the location of the lamp are

20  preferably at the foci of the ellipse. For a radiation system having more than
one reflector, which preferably intersect to form a cavity, the target area or
volume is preferably located at or encompasses the foci of the eliipses, and the
one or more lamps are located at the opposite foci of the ellipses. [n the
preferred design, having two elliptically shaped reflectors, the foci of each

25  reflector opposite the lamps is at a different location within the target volume.
In the preferred design (shown in Fig. 1) the foci of the lower reflector is at the
top of the target volume and the foci of the top reflector is at the bottom of the
target volume. i

Fig. 1 shows two diffuse reflectors 110 and 120 of this invention for use

30 in a radiation system 100, e.g. a flash lamp system 100. (More information on
flash lamp systems can be found in US Patents 4.464,336; 5,034,235; and
4,871,559, incorporated herein by reference.) The radiation system comprises
reflectors 110 and 120, and flash lamps 130 and 140. Reflector 110

9
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(Yb203), yttrium dne fOf&rﬁ@ﬁsﬁnﬁﬂ ol providgea @armez)lplurbawrun:h akdvisit e
(BaS04), and eMfipRaAlS 0} e i ncl ude refractory
oxi des of ot her m@eﬁgﬁﬁﬁsﬂ’e?é%ﬁga%eﬁf ngtogi'epeiﬁg f‘ clor ‘E@Mtnatlon
oxi des. The ppasgingdhrougfh thettarfet THHY fafd st ‘p;rcp,srgaggﬁﬁ%; ‘%m H&Sifaint

magnesi um f | uor| de,. al um num oxi de, barium sul fate num oxi de
yttrium oxid&® té’l'fﬂ”?tac %‘?rﬂﬁﬁwﬁﬂﬁl(ﬂ@t shoven )t e suﬂutlopr(abbshtmdn)ar'ﬁhmgéﬁﬂml
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volume 160. The target support 150 is a transparent glass, crystalline material,
quartz piate or the like 150. In Fig. 1, the flash lamp system 100 is shown
having a vertical conﬁguratﬁan; however, the system can be rotated by any
number of degrees; however, the target support 150 might have to be modified
15 orchanged to for example, a hook, conveyor, or hollow block to accommodate
the target 170, Alternatively, there can be any number of reflectors to direct
the radiation at the target. Preferably the reflectors are designed to form a
closed cavity, which can be opened via a door or the like to place the target
within the cavity, the treatment with radiation can occur when the cavity is
20 closed, and then the cavity can be opened or otherwise accessed to remove
the target after treatment. When the cavity is closed, the cavity is light-tight.
The reflectors are shown having the same size and shape; however,
they can differ if desired. As shown, the reflectors 110 and 120 each comprise
a reflector support 121, 123 and a reflective coating 122, 124. The reflective
25  coatings 122, 124 can be made of any reflective material which provides a
diffuse reflective layer. The reflective coatings 122, 134 are shown as a single
layer, but the coatings 122, 124 can comprise muitiple layers of various
- reflective materials, if desired. _
The reflective coatings 122, 124 can be the same or different and can
30 be applied by painting, spraying, dipping, casting, conversion coating, gel
coating, etching, chemical vapor depositing, sputtering, plasma spraying, laser-
deposition, or chemical or mechanical bonding, e.g. by adhesives of a film
comprising the attenuating materials to the reflector support 121, 123. The
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shaped reflector the target area or volume and the location of the |lanp are
20 preferably at the foci of the ellipse. For a radiation system havi ng
‘nmore than one reflector, which preferably intersect to forma cavity, JﬂNh@UL
target area or volune is preferably |located at or enconpasses the foci o
the ellipses, and the one or nore |lanps are | ocated at the opposite foci

of the ellipses. eferred design, having two elliptically shaped
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target volunme. Fig. 1 shows two diffuse reflectors
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130. Refl ect orveaigbt kinget.dhi tal999 % byweightrefiettive materl, 448.0.Flta o %asps
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are shaped0t o Witeuiakeohols aallganes| dreors, whidathe 3kb Opbst Prateraly wadeat i on to
pass from one refleétor to ?no her reflector without passing through the

target. The target ARIES o polymesic pinders setul imaking ceatingscemprsingct

| ens (not shovwefledt ' h 010 4is held in
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vol une 160. TidiconegePresentty thelidlyimerie binderepaeamitet] RStheiriises bakhise
e,or the like 150. In Fig. 1, the flash lanmp system

terial, | at .
100 is s homﬂuméf%"i‘%fﬁéﬁm hmhighuenengyiJV radistien, Exaenplestofinarganice

rotated bysanpinderghe 1 : . o : upport 150 m ght
have to be m)di";c i ed 1Eﬂ'grm ﬂ%ﬁlﬁgoﬁﬁqﬁ%@%%@e{eﬁg@@%%a?@zg%amPpﬁ‘&ﬁn
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any nunber of _reflectqrs to direct the radiation at the target. Preferably
the refl ectorgogpén.(fggfpﬁﬂg@ and ﬁ&ptﬁqnasmcates. Examples of sol gel b?nder precursors

useful in making coatings comprising reflective materials are aluminum tert
butoxide, sodium silicate, tetraethylorthosilicate (TEOS), metal isopropoxides,

20 dysprosium ethylhexano-diisopropoxide in isopropanol, dysprosium 2-
ethylhexanoate in hexane, dysprosium isopropoxide in toluene-isopropanol,
dysprosium 2-methoxyethoxide in 2-methoxyethanol, erbium ethythexano-
diisopropoxide in isopropanol, erbium 2-ethylhexanoate in hexane, erbium
isopropoxide in toluene -isopropanot, holmium ethylhexano-diisopropoxide in

25  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-methoxyethanal, magnesium ethoxide in ethanol,

magnesium methoxide in methanol, magnesium 2-methoxyethoxide in 2-

30 methoxyethanol, neodymium ethylhexano-diisopropoxide in isopropano,
neodymium 2-ethylhexanoate in hexane, neodymium isopropoxide in toluene -
isopropanol, neodymium 2-methoxyethoxide in 2-methoxyethanol, samarium

ethylhexano-monoisopropoxide in toluene isopropanol, samarium 2-
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cl osed cavity, which can be opened via a door or the like to place the
target wthin the cavity, the treatnent with radiati on can occur mh?n h@ﬁu
cavity is 20 closed, and then the cavity can be opened or ot herwi se 1l JA
accessed to renobve the target after treatnment. When the cavity is closed,
the cavity is light-tight. The reflectors are shown having the sane size

and shape; ho they can differ if desired. As shown, the reflectors
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Lt v Tt ity Bl e e T

ol asses. al kaﬁﬁﬁ?ﬁsﬁﬁc@aﬁ@mg&@ﬂﬁg@ﬁo-dusopro xide in toluene-isopropanol,
yttrium ethylhexano-monoisopropoxide in toluene-isopropanol. The more
preferred sol gel precursors are lanthanum acetate, lanthanum 2-

20 ethylhexanoate in hexane, lanthanum isopropoxide, lanthanum 2-
methoxyethoxide in 2-methoxyethano, ytterbium iIsopropoxide in toluene-
isopropanol, ytterbium 2-methoxyethoxide in 2-methoxyethanol, yttrium
ethylhexano-diisopropoxide in toluene-isopropanol, yttrium ethylhexano-
monoisopropoxide in toluene-isopropanol.

25 Some of the binders can be used alone as the reflective materials,
particularly the sol gels which can be applied as described above in a
suspension or sintered to form a reflective composition, either coating or solid

- block. Examples of binder precursors which can be used alone as the
reflective materials include dysprosium isopropoxide, dysprosium ethylthexano-

30 diisopropoxide in isopropanol, dysprosium 2-ethylhexanoate in hexane,
dysprosium isopropoxide in toluene -isopropanot, dysprosium 2-
methoxyethoxide in 2-methoxyethanol, erbium ethylhexano-diisopropoxide in

isopropanoi, erbium 2-ethylhexanoate in hexane, erbium isopropoxide in
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shape of a film and then chemically or mechanicaily bonded to a reflector
support. Alternatively, the reflective materials can be combined with metat
20 oxides or powdered glass and sintered to form films of the reflective materials
which can be chemically or mechanically bonded to a reflector support. As
stated above, the most preferred reflective materials are barium sulfate,
aluminum oxide, magnesium flucride, and magnesium oxide.
The reflective coatings are preferably applied to form a coating having a
25  thickness from 0.1 to 2500 microns. (A coating greater than 2500 microns is
considered a block of the material). The coatings are preferably applied in
multiple layers of the same attenuating material(s), preferably using the same
, coating composition. _
The reflector supports 121, 123 can be non-reflective reflector supports
30 orreflective reflector supports which can comprise additional coatings, such as
films or foils onto which the one or more reflective coatings described above
are applied. Reflective supports can be diffuse or specular. Reflective

supports can comprise metal. An example of a reflective reflector support is a

13



ytterbi um i sopropoxide in tol uene-isopropanol, ytterbium 2-nethoxyethoxi de
in 2-methoxyethanol, yttrium ethylhexano-diisopropoxide in 17 IAN 2004
‘'t ol uene-i sopropanol, yttrium ethyl hexano-nonoi sopropoxide in

t ol uene-i sopropanol. The nore preferred sol gel precursors are | anthanum
acetate, |anthanum 2- 20 ethyl hexanoate in hexane, |anthanum i sopropoxide,

i AR 058 AL P G ERARR
yttrium et hykhgyagndid SORS Bpéf'h%&'vis% ﬁi%H@'ﬂEih{osngfng%EﬂglopéQsﬁﬁd H]Belamp,

et hyl hexano- nonoi sopropoxi de I n uene-1 sopropano ne o

bi nders can ber issz i) ege aaspdraepekited speeularntmstabdiseet, whidh isWdheryd the
sol gels which_can be l.i ed as descri bed above in a susfgecn_si on_or
sintered to fBPANEr P RAYING the grpised refliactorshans tofosm a seflactiveirefiectsr ock.

Exanpl es bi p | d e t I jve

mat eri al sq{ ncf‘%gd'&ygg‘%ﬁ%ﬁ‘fé’s@g@ (@Eégis{?.r ggjanéb}?p?lgéi mmgtﬁﬁﬁ(ﬁgéfﬁg @6&5

di i sopr opoxi deoimprismgefipetied matyrals et mrﬂctetdedﬂe&ﬁm@bgtihg cBAh"gpplied.
dysprosi um i sgpr ogom de in toluene -isopropanol, dysprosium 2- '

met hoxyet hoxi BENEHOSS RRMASISNG seliibblocks bf the wflegtive materialsi will heogesaribedi n
| sopr opanol , gﬁg\,‘pm 2- et hyl hexanoate in hexane, erbiumisopropoxide in 12
12 JAN 2004 toluene -isopropanol, hol murn ethyl hexano-dii sopropoxide in

i sopropanol,  hol nAlmostsamy masfislcdnbé 0ke@as a h6RRENERIR! refldeldFisubBort
2- met hoxyet hoxi de, in 2-met hoxyet hanol, Lant hanum acetate, Lanthanurn

2- et hyl hebanoRCBIding Waeda pelyrnens: metalsrandsegraopexi de, Lant hanur n

2- met hoxyet h oxi deyd o) anol., .. Magpesi um et hoxi de in et.hanol,
Magnesi um met hoxi d'eH ?H%Itgéﬁy%oé%g O r%‘%ﬂﬁé? 5 PﬁBﬁ&lﬂfé'ﬂVﬁni'on can

2- met hoxyet hacarnprible éoiiedi Bblids Hdinphisng the TefléctiveImBtstidl® X THE fbfned solids .

| sopropanol, Neodyni um 2-et hyl hexanoate in hexane, Neodym urn | sopropoxi de

in toluene -iS¥pPEFamBed ytayhining the refestive/ materials svitmmetalantides/et hanol |
o hean B GRRRP g0 HRE SR AL S e RO By mone
S} Tl s et assasyelggn oS aage o
yiriurn et HPNREIStn Gt mabysgibgirelorior con beraarie dyr cpahising the raflecive.
ethythexano materials with binders and forming a formed solid either in the shape of the
reflector or not in the shape of the reflector and subsequently machining the
formed solid into the shape of the reflector. Alternatively, a glass reflector can
20 be formed by adding the reflective materials as a dopant to the feed stock used
to make a quartz, crystaliine material, sapphire, or UV radiation-transparent
glass in the shape of the reflector.
Fig. 2 shows an alternative embodiment of this invention. In Fig. 2 the-
radiation system shown comprises a single lamp and a single reflector 220,
25  The reflector 220 encompasses both the lamp and the target. The target
volume 260 is at the foci, focal point or plane of the reflector (shown in
dashes), and is where the target 270 is placed. The target 270 is a contact
- lens container. The reflector 220 comprises a reflector support 221, a material
layer 210 and a transparent support 201. The transparent support 201 is
30 transparent to at least a portion of the radiation which impinges upon i,
preferably the desired radiation. The transparent support 201 preferably
comprises glass, quartz, sapphire, crystalline material or the like. The reflector

support 221 can comprise any of the combinations of reflective or non-
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15 nonoi sopropoxi de in toluene-isopropanol. Alternatively, the reflective
coatings described above can conprise any of the reflective materials and
bi nders |isted above which are formed in the shape of a filmand thehJAN 2004
chemi cally or mechanically bonded to a reflector support. Alternatively,

the reflective materials can be conbined with netal 20 oxi des or powdered
gl ass and $ifiechye&uPBOTS: oh aatings sin thesunporisas desaripedrabave. The ch can be

che cal | Yo B dRGAMY £78 ESmBARLE Ak drinb R feABERe HAPAAIL: adifior ShARR] above,

t he nost pre erre 225 '€ arlumsul ate,

oxi de, magaeybfifhd tompbsitions k8 nBBNRS reflctive dtaterisle dsedéReibedeantiat | ngs are
preferably applied to forma coating having a 25 thickness from0. 1t

2500 mi cr oh@weys, dusEmsodimeat & parisularyouiteddooraflechve mﬁtgnaﬂéﬂba’t willp| ock

f th t f bl I
o he et ot ol e PR D PSS P BB e B A
conposi ti o8 patked rp%Wc%‘Ft JheSHBRAH $ay'b¥34-7 PréferaBly s & MickifddsLFEMVE1 to ,
reflector supports 30 or reflective reflector Supports which ca-n conprise

addi t i onal 28¢dmiogms. such as f| I ms or foils onto which the one or nore
reflective coatjn s descri ve are Ref | ect,i ve s .rts can
be diffuse or fﬂ ghapn (—é@g?c @ ragi?ﬁ‘ﬁ’&r&% Sﬁ%m%w cglﬁeexarrpl e
of a refl eglhekRqr k ©072S UH0F, Rinat §g@t§bas solid
polished a IE% Ingn%%mchbl s thi c?tﬂegﬁ\(l)%gﬁz ﬂh'%héléﬁ“&f]i('.egézshape& uand I's bolted

or ot Hér wi p@vidsumose unnfounmadraeboertoma@@|mgatdne'oltangpartmulari,y mdilm e.g.
a vapor - de Ied ecul ar. al. sheet, ich.is adhered t t her part
navi hg 1 heSAioR BT hecietet satiplios G i Giafarbiniros s bonafifims
support. Tig Ffrﬁérﬁ%é‘fﬁdfa%h‘?ﬁirﬁ”ihé Hélﬂ@!‘én §80rca! s ReriliRd enhd tgesol i d

bl ocks conprising reflective materials onto which the reflective coating

can be apptiredly, t%f&fmﬂtwesblmhﬂm elsanmglts?ﬂz i Macerk betwfearhiaerratiiationi ve

nonr ef | echowe S €3 e Blrapbr 16 ToerRleH R otEba S e reh2 Brefefhe ang
ceranmigs. hés arslmpl@geamew ﬁjmp%mrﬁreféramychrf w%nwjdneéhﬁémﬁﬁ fdriH,S

i nventi on can rrprlse orned solid rrpr|S|ngt e'reflective rraterlals
The for nedasrélmw pretarably arommabf)mmﬁihmra@e@w@ ertfdsedt¥arepleatdrial s with

metal oxi dﬁgeﬂ[shapes are a triangle (shown in Fig. 2) and a half circle. It is preferred
that the reflective blocking element is a diffuse reflector comprising the
reflective materials described herein. The refiective blocking element can
20 comprise any of the reflector compositioné described herein. Preferably, the
blocking element is sized to occlude any direct radiation from the radiation
source to the target.
All the diffuse reflectors described herein can comprise optional
attenuating materials as a coating on the reflector, or as an additive to the
25  reflector compositions. Attenuating materials are used to attenuate undesired
radiation from the radiation which is produced by the radiation source and
eventually reaches the target. Attenuating materials and ways to add the
attenuating materials to a radiation system are disclosed and described in
concurrently filed, Kimble et al, US Serial No. 60/143,607, which was
30 éubsequenﬂy filed as a nonprovisional application US Serial No. 09/515191,
titled "UV Radiation System Having Materials for Selectively Attenuating
Radiation” (VTN-0462), incorporated herein by reference. Any of the

attenuating materials and the ways of incorporating the attenuating materials
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powdered gl ass, and sintering themto formthe reflector. The reflective 15
materials and netal oxides or powdered glass are sintered in the sqﬁ e @
the reflector. Alternatively, the reflector can be nade by conbi rli B\ ﬁ
reflective mterials with binders and formng a fornmed solid either in the
shape of the reflector or not in the shape of the reflector and
subsequently machining the forned solid into the shape of the reflector.

Al ter nati visity a radigtiasssystémalis dos ehthez@inaea i be e dd witreihd refletttes hefdigct i ve
materials as a dopant to the feed stock used to make a quartz, crystalline
mat eri al , Hul@shisame ef they radi ati on-transparent glass in the shape of the
reflector. Fig. 2 shows an alternative enbodi nent of this invention. In
Fig. 2 the- radiation system shown conprises a single |lanp and a single
reflector 220. 25 The refl ector 220 enconpasses both the |l anp and the
target. The target volume 260 is at the foci, focal point or plane of the
reflector (shown in dashes), and is where the target 270 is placed. The
target 270 is a contact |ens container. The reflector 220 conprises a
reflector support 221, a material |ayer 210 and a transparent support 201.
The transparent support 201 is 30 transparent to at |east a portion of the
radi ati on which inpinges upon it, preferably the desired radiation. The
transparent support 201 preferably conprises glass, quartz, sapphire,
crystalline material or the like. The reflector support 221 can conprise
any of the conbinations of reflective or non 14 12 JAN 2004 reflective
supports, or coatings on the supports as described above. The nmateri al

| ayer 210 conprises one or nore reflective materials, and/or can be any of
the conpositions conprising reflective materials as descri bed above;
however, this enbodinent is particularly suited for reflective materials
that will 5 not stay in place without the presence of the transparent
support 201, such as a packed powder. The material |ayer 47 preferably has
a thickness from0.1 to 2500 mcrons. Also showmn in Fig. 2 in the

radi ati on system 200 is an optional reflective blocking elenent 202. The
reflective blocking el ement 202 can be used to 10 provide nore uniform
radiation to a target area or volune particularly in a situation where the
direct radiation fromthe radiation source is non-uniform To prevent the
radi ation fromthe radiation source fromstriking the target
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directly, the reflective blocking elenment 202 is placed between the

‘radi ation source 240 and the target 270. The refl ective bl ocking el

202 preferably 15 has a sinple geonetric form nore preferably an op 2@4
concentrating form and nost preferably an integral formof the reflecting
optics. Exanples of wuseful shapes are a triangle (shown in Fig_ 2) and a

hal f circle. | St I : h eflective bl acki.ng elenent.is a
di ffuse refl edﬁeyrﬁé'ﬁép%ggﬁr%gs ?lgﬁgl%tsgéf"ﬁgi? rgfg_r%e@r?%ﬁ?aggaéf P hetedvpe n.
The refl ecti vrateriafkisefubinethiyinveAlork 0 BeRADSE S8 ST e feNBCtiS HRREMRls
conpositions described herein. Preferably, the blocking elenent 1s sized

to occl ude ad§flestsune wanelanaths of cadiatien sadiakisooh otherusawelengthiseft ar get .
Al the diff . ref | rs. described_herein can conprise, i opal
attenuating #é@'@?'?’hr ggllggulaseg%citqnn rgﬂep{%e F@i?%%lﬁd?ngy Bfo‘ﬁ‘ggiﬁ’f tE@di tive to
the 25 ref$l edtenuat Iy fird i ti | uat e
undesired radi zri_-lt i ogﬁﬁ? (l)'|trr111Ld tg Eze? ﬁ%‘??w@h %it@%bféfeﬁre?dﬁgce:ﬁéqf ﬂgc@?ﬂ%ﬁgt I on
source and dhisriovention, thatdhein a radiation eysteft whithnsteriizeatentast lengeg, they s

to add the attenuatin terjials to a radjation systemare disclosed and
described in fa@'@HGUrfP‘%ﬂtﬁr@ YR I%%?Ofminrm'méhéiaraaagew%@mtapt leps psdymers, is07,

whi ch was 30 A ed ; I,Cat 4010 eri al

o, 0ol s1510 P ERT FOVENERotad i iF preteRR0RE BHSH G or Bt HEFLAG T, ot

Sel ectively MebmalalyigrgathdhhmBD%"ar(dﬁN_sﬂFféﬁarablYlg%aﬂ@f tHaroh o4 ef thedy
attenuating materials and the ways of incorporating

ref erenc An of,tae it e
the att eﬁQJat i%&eﬁﬁ? radiation dram she radiation to the,cantagtilensi palyropes. ehxamplasosed

t herein can < e I ' R e | SA
"5 SN 5004 2 reectielharerifs WRIGHSS6 helBat? the [duifidf fib, 2R IR 2405 o
are refl ecti aee magreesiwnoridel@hthamuhbide) yRebigm o8 saseytnim @fidé.he

reflective materi aTl s reflect sone wavel engths of radiation and absorb
ot her wavel engt hs 'dt€ URIEity; igthe sadigtion dirgcied tathectargetiaresanmelumeds i al s

T 57 e, Pl Bl AL Byl MRS Ra S 0B B B 1
whi ch st&5i | ispesulaonefiedtolt hawng thé kame sithsd.i iMadditioh 10€ quantity G4Bam whi ch
damages the contact |ens polyners is.
radiation can be incréased by diffuse reflector or reflectors which at least
partially encompass the lamp or lamps, even more preferably at least
substantially encompass the lamp(s) and the target, forming a cavity or
chamber, preferably a closed cavity in which all the radiation is directed toward
20  the target by the lamps and the reflective surfaces of the cavity. The one or
more reflectors can have a cylindrical, polygonal, parabolic or elliptical shape:;
however, the preferred shape is an elliptical shape. Elliptical reflectors are
shown in Figs. 1 and 2. The prior art reflectors are specular and have straight
sides which cause a large loss in the radiation, particularly when the radiation
25 hits the straight sides at a small angle of incidence. The preferred radiation
system comprises two elliptically-shaped reflectors which have a target volume
with minimal space between the reflector cavity and the target to minimize the
- amount of radiation which passes from one reflector to the other without hitting
the target. However, any configuration of one or more diffuse refiectors
30  provide the benefits described herein.

Example and Comparative Examples
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preferably attenuated. It is preferred to attenuate greater than 30 % nore

preferably greater than 60 % and nost preferably greater than 90 % of %he

10 undesired radiation fromthe radiation to the contact |ens pol ymerl;. JAN 2004

Exanpl es of r eAlspetiresdimmhetricinenitbiind spdtem wbs esedtte ridasuradhati on from

100 up to 240nm are nesi um oxi de, _| ant hanum oxi de, ytterbi um oxi de, and
tRithe destrgdraname 2 [

yttrium oXPgEtiofn ARt ePenmgntargal 2 §2ithat MR get area

or vol une | | | 1 CH Eefil r L ng:-.any shape
Compar oa sror 3 BAtdclof BHALY Fehei3h ik Aiihleniin, WAL BGEAL ARG pAIGTY DUSPP,
quantity afirgdhed ahthetdrget srea Uding apuisabhditioh $ystem. rEie arinitoriag
reflectors which at |east partially enconpass the |lanp or |anps, even nore
pr ef er bl >SY§¥emé%§1ﬂﬁh@'lﬂﬁ:ﬁC§Bﬁ¢am E@eirﬁ!@hﬂéng?atﬁ@t ApplisationRIHEE ar get |

formng a [ [ der..nreferably a closed cavity in which all the

radi ation @*ﬁ?‘%@@?%@@ﬁ‘?ﬂ"zﬁ' gy‘cﬁgpﬁe‘?arﬁ? ﬂ‘fgrqoiﬁ{?éjy@ﬁ&m?ﬁeé"qeef lective
surfaces ofhd RyriYingsystei ditfosdid inM5A& &t 8f | Rl AkasGrtngave a cylindrical,
pol ygonal , parabolic™or elliptical shape; however, the preferred shape is

an el | i pt ispsictrohagiometitic pptpud aff each flash oMheaefiectohowere mdtirded id painsd 2. The
prior art .reflectors are.specul ar and have strai.ght , K sides which cause a
ot ge | osdnBrERATTE APUBHOR SYSETRi AT P SPemErad Bt MEGRIETEENtS (5 ¢ he
strai gt %&%Spé’r‘for@nédehe &of¥ all ﬁédiﬂ?é‘%neﬁhﬁ;a?é%i@%&ﬁ Thei ation

system conprises two elliptically-shaped reflecto ave a target

vol une  wiradiakioni systerspersea fatreBeiset MRS f $yatemr(manifagtugedibyhe target to
mnimze the mount of radiation,which es, fromone reflector to the
ot her it FOTEPRIEE TR RGeS oS Biearh C ALY B S GES of B 87%Bne. or

mor e di ff ygep £4dRRbIRScHthettel irf€eridic cBBRRK NS 18968 P adsbeibaes- Exanpl e
and Conparative Examles 16 | Z JAN 2004 A spectroradi ometric nonitoring
syst em wasansided of adagyy, endraereflegtiirrariallwendormpassing i lasp.r dhge of 240

to 28Qpm i tar area.that t rior ,art reflectors and a,refl ector of
Lhi o TRvertB S brpur et 2 P ine BanflatSf Sordlie 2 sBhertla dIiEe or oa
using a bt ; t | ' | r i

Hoseri beq HaGdor BAeAY OIVRVE'ATS AR CRACKEhLE ted IR Adehtal
entitled '(Sreater than ¢ &N) Sy enmtroledncuiter Botic arps gererdly arybadence.  The

O O RT3 RGeS P B TP Yot s 1
parrs two of the three measurements made for this example using the reflectors
20 described below, the radiation from the second lamp and reflector was isolated
from the first lamp and reflector (for which the measurements were made) by
using an aluminum sheet between the lamp assemblies. The first
measurements made were used to generate a contour plot of the radiant
) energy per flash for one lamp and one reflector (one lamp assembly) in the
25  target area 21 mm from the lamp assembly's protective window.
After generating the contour plot, the radiant energies at one point
(where an integrating sphere was placed) 21 mm away from the lamp was
measured for one lamp and one of each of the reflectors described below as
the voltage to the lamp was varied. The total measured radiant energy from
30 240 to 280nm was plotted as a function of the voltage. Then, the just-
described steps were repeated except that both lamp assemblies, each
consisting of a lamp and a reflector described below, were used to measure

the total radiant energy from 240 to 280nm at the same point. (The aluminum
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into the sane radiation system and the spectroradi onetric neasurenents 10
were performed. The reflectors all had the same parabolic shape. The JAN 2004
“radi ation systemwas a PurePul se PBSI-4 system (manufactured by PurePul se
Technol ogies, Inc., San Diego, CA) which consisted of two flash |anp
assenbl i es connected in series, each of the flash |anp assenblies

i sted of f tiall ing the |anp. Th
15 PBSL 4 systneeroenfEin g BrhBESbmBTEt his shnitsaby d Vi (e parviRg &
large pul se ohdianeeggrdyfrain 2%@ t®L8bAM Was PotiPas hifgREGon %gpﬁ)%{l?&e%ﬁ

hi gh potential (greater than kV), and control circuits.

generate a br dB@ Sagjregianiveéswheadhatradianiienetgy froinuorely arle laavp absdmbly was
i nfrared and \Hlééélrﬁ light. For two of the three neasurenents nade for

t his exanpl e usi He reflectors 20 descri bed bel ow, the radiation from

the secondsl anp andh bRIckRfY ElenY&it waChBE ﬁgrt ﬁéﬁ%n%@&i%i?ﬁ%*ehﬂm and

reflector (for which the reasurenents were al um num

sheet between the IEfigr At Reflectorsh whisea Shapéd almainunerelicionBadnyR vapsied
to generate a _gont %ﬁrl,ﬁl ot .of the radiant. energ er flash for One lanp

] y P d .
and one refl eFEPS yer A alwnmim o whichweasa coatina of silisenamonexitde don t he

| anp assenbly’ Clhyl ' | ont.our ,pl o t he

radi ant ener gingﬁgﬁbﬁ'n%ﬂoggér?t W%E@"ﬁ’%"‘ﬁ%@g% ?‘%gé Q%hg}( e%sAﬂ“loé'i%) 21

mm away from i dfdhe radiant enasgy esing dhe Srier KanRefsctop ReisEhavas h Pfg.T%h‘Fig.
e

reflectorzgde§cri bed bel ow as _the voltage to the | anp was vari ed.
re

]E otal nea f shaws.the @r?é'lné%/ofmm enenoy fropséathta28Oproat di‘lfeaentdamg
excopt that bolges Mkbsulelfor SHE I3 s G RBRLOTIRG 1 Paior A RelfgBER A and

reflector des@rsenemdhmiroeof tes &)tasgﬂbr?¥ RIS Wity fHEMEQ by bdtﬂqbﬁiji‘)t ener gy
from240 to 280nm@®§%t he sane point. he al um num 17 12°JAN 2004 sheet

bet ween the | &8pe $ENdavipg siraigbl sides betweepithe |ampsasasnbliesdising the

energy from 24 A gﬂghggx plotted as a function of the voltage on the
sanme graph as when tﬁ ra izﬁt energy fromonly one | anp assenbly was

measur ?F 1? A 't&l Ocl&’M@ﬂ‘QWHS] ma;derhytmb]glﬁyintgfthép:ﬁidra&ﬂ ﬂéﬂ%to?}’ﬁgzrﬁdhgfihgr
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layer onto Prior Art Reflector A. The specular aluminum foil material used is
called a Light Sheet. A contour plot of the radiant energy directed into the
target area of the lamp using the Prior Art Reflector B is shown in Fig. 4. Fig. 7

20 shows a curve of the total energy from 240 to 280nm at different lamp voltages
measured for one lamp assembly using the Prior Art Reflector B, and a second
curve of the total energy in a cavity formed by both lamp assemblies using the
Reflector B. Reflector B provides a more uniform level of energy than Prior Art
Reflector A.

25 Reflector C was made by modifying the Prior Art Reflector A by coating
it with BaSO,. The surface of the Prior Art Reflector A was first blasted with
small glass beads. A barium sulfate coating composition was prepared by

- mixing 1 part by weight sodium silicate (binder), 10 parts by weight barium
sulfate (reflective material) and 10 parts by weight water (carrier). Twenty

30 layers of the coating composition were sprayed onto the aluminum substrate.
Each coating was air dried between coatings. A contour plot of the radiant
energy directed into the target area of the lamp using the Reflector C is shown
in Fig. 5. Fig. 8 shows the a curve of the total energy from 240 to 280nm at

18



"~ protection, provided by the manufacturer of the PBSI-4 System A contour
" pl ot of the radi ant energy using the Prior Art Reflector Ais shom#g mg.
3. Fig. 10 6 shows the a curve of the total energy from 240 to 28 t2
“different lanp voltages neasured for one | anp assenbly using the Prior Art

Ref | ector A, (ﬁﬂ@erﬁlaﬁ'ﬁﬁ%ﬂagé‘%%ﬁué&%ﬂ&%@l rﬁﬁgég%lgp\l}g%ﬂﬁgﬁ@g: e

by both lanp assenblies an aving strai

assenbl i es ugna skeeondrcuove @fﬁheFtetaiIeEﬁeDg i a bavipfdraidoby Bowrmmmde by
nodi fying the Pri r Art Refle b d¥1er|ng a thin s¥1eet of a specul ar

t
al uni num f oi 185SEAIRIIEE Usingthe, &ﬁ??’é’k ative protective | ayer onto Prior

Art Reflector A T { al us called a

Li ght Sheet. A con?ﬁeuﬁgﬁt‘lagtg[qft t he Fiéégl]egﬁd}r Cék? {;5 gﬁ‘?‘ﬁ% quq?easqwe t ar get
area of the ILmMpnnﬂyrm@théIEné’fnghaNﬁe ReflseGbREctBr HeStauMiné 'P?@e@aréla E'g- 7
20 shows a curve of the total energy from 240 to 280nm at di rent

vol tages me&SRRaTedde t%é’rioam & eator A\ and ﬁ@ﬂen@rﬁ (FHg. 2andReX IGJ'eBtEr B,
d d t d by th, |
rosentr | oo ity dectdfiebith? cnBhERd nalinRrediGanlaracan avalt R minimam
| evel of enedggetrequir€d for stéfilizatidey, | TISé efrciBs &ﬁh@%dﬁ&%@o%ﬁ?ﬁ@ﬂsu Y ce

nodi fying the Prior Art Reflector A by coating 1t wt
of the Prior taiget.Abat iscd@rcontacidens contdinerstverichicah besremhdvabipsttdehadto A

b f t db 1 t b ht
odi um o7 ceas RGeS Gpay Ay anBegontaine iraecamaoBiy weed Bt | ve
material) andohfignes ithatky hiomatenk Bhfdifs). Tventy S0 Iayers of the

coating conposition were sprayed onto the alum num substrate. Each coating
was air dried bet dguredhaomparedAodtgumeib, shaws tHat tihe prefairedtdiffeser gy

T B o "Erefdiiof B A inkERoR Wia usel bt lshss paely presmRassahe Smatmm
at 18 1 2 JAMn3QAé térgeft%i'@é‘br balmnygélfrgg@@ ﬁ???ﬁfe??ra{bgf uSEF 14 9;&@@1 Yy

using the Reflector and a secon energy In
formed byS bofMPrEAfeferablyentlosed awity én whictRitfe mdiationGromithe damipgsy carl be of

that the di f 1oasted PnadesBlar B A UFSEiRg 4t b carosh.cuouge & bigher &8 ansi 1 he
Prior Art Rehigteir@nefgpithriie £5th8 chBniBé g usthdSedtaFetBLrs.
This invention has been described with reference to particular
embodiments; however, variations within the scope of the following claims are
20  apparent to those of ordinary skill in the art.
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~uniformty decreases the chances that m croorgani sns can avoid the m ni num
dose required for sterilization. The circles on the contour pl Ot?ZrJﬁﬁ)rzﬁ]fem
~the target, that is, 12 contact |ens containers which can be

renmovabl y-attached to 10 each other. These renovabl y-attached contai ners
are comonl y:gs?d. to configure nmulti-packs of contact |ens containers.

Figure 8, ¢ t0 Figure 6, shows that the preferred diffuse reflector
of this invention when used to at |east partially enconpass the |anp(s)
and the target area or volune, although nore preferably used to forma

cavity, 15 nhre pheéfectbl fora cddisteah systetnycompréingha tdifuserbfiRictios surfaget he
| anp(s) can be . reflected and re-reflected and directed at the target,
provide a hi‘yhiep @e%tﬁcyremegméan ef e @ the sadiatian dram 24R461280amMs| ng

specul ar ¢refl ectors. This invention has been described with reference to
particul ar enbodi nents; however, variations within the scope of the

foll owing clai ms T refRitteneRESIA 1whdrebSaitirefetlion réffedt! igrbater thi1e 78/%. 19
12 JAN 2001 W claim 1. Areflector for a radiation systém conprising a

di ffuse ref Iddhevadigtionfem 240itol280shtect s greater than 50 % of the
radi ation from240 to 280nm 5 2. The reflector of claim1l wherein said
reflector reflects greater than 75 % of the radiation from240 to 280nm

3. The reflextor The ebfddibroMhSiHe Y Wisereth éﬁalreﬂé%r&@éa&y%gbﬁmﬁ oplgn 90

% 10 of the radiation from 240 to 280nm 4. The reflecto claim1l
wher ei n 18ai dfitbelradiation fesm @40do@8Oamer than 90 % of the radiation from
250 to 270nm 15 5. The reflector of claim1l wherein said reflector is
elliptical. 6. The reflector of claim1l wherein said reflector provides

radi ati on engrgy The réfddcld ctaigrﬁ whisrefi f‘a@%ﬁe(‘ﬂ%ﬁr éc.%g!ré‘atbhﬂwagfﬁbg% IS

| ess than 8 mlJ/cnR. 20 7. The reflector of claiml ereln sard r ector
provi des radifdhesadiationdrom 26040t27i0men. ar ea wherein said variation in the
energy is less than 15 percent. 8. The reflector of claim1l wherein said
reflector provides radiation energy to a target area wherein said

variati g i 5.t he PRETENedtsr bCASin Hthdril§aiaGaflectér is elliptical.

6. The reflector of claim 1 wherein said reflector provides radiation energy

to a target area wherein said variation in the energy is less than 8 mJ/cm?.

20 7. The reflector of claim 1 wherein said reflector provides radiation energy

to a target area wherein said variation in the energy is less than 15 percent.

8. The reflector of claim 1 wherein said reflector provides radiation energy

to a target area wherein said variation in the energy is less than 10 percent.
25

9. The reflector of claim 1 wherein said reflector provides radiation to a

target area, said radiation comprises angles of incidence from 40 to 180
_ degrees.

30 10. The reflector of claim 1 wherein said reflector provides a contrast ratio of
less than 1.5.
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- 9. The reflector of claim1l wherein said reflector provides radiation to a
target area, said radiation conprises angles of incidence from 40 tid IAK02004
degrees. 30 10. The reflector of claiml1l wherein said reflector provides a
~contrast ratio of less than 1.5. 20 I 2 JAN 2004 11. The reflector of

claim1l corrpri%iong one or nore reflective materials selected according to

the formul a MibbxclHekpieepnofclaima ermprisingsing ormose refloctive matesiats 0 i s

, X ' |4 de, is .| ta 20,. b is 0 to 20,
¢ 19°0 1o 20, S T el ot Buefein il 3 vade motlona o i <
> at |east 1 midof Metalsellisehggen Xds 8lrBdraRiIR] add M) haflie"Bie1 1o 20, b

reflective materials which aré nore than 99.9 % pure. he 'r

of claim1 coffHios20e 5@ toR0nand drisfll tec20, weithriieepioviso thatlat tdad bf cond ke
group cons§' SH’ r]g gﬂ; cal ci um oxi de, hafni um oxi de, | anthanum oxide, terbium
oxi de, bariu tt g L‘t e, magnesium fluoride, magnesi um oxi de, alum num

oxi de, barium oxide, bariumtitanate, hol m um oxi de, cal cium oxide,

| ant hanum oxi de, ger mani um oxi de, tellurium oxide, europium oxide, erbium

15 oxi de, neotBni uhexeftiectosafheiainurh corhpitsing bherdr rote 1 fiftivisirhateriglsoxi de,
magnesi um fl uori He bariu suéé)stj, and dysprosium oxide. 14. The reflector
of claiml co\ﬁ%'lc drRJnee ofWf€ective materials selected fromthe
group consisting of rare earths, rare earth halides, and 20 netallic

conbi nati on oxides. 15. The reflector of claiml| conprising one or nore

reflecti vié® natderi allse refidatot efclbine m dompriitg Pne@iThete RdlcRtivaReAERAKM
oxi de, nagnesi lllm fl gori al um num oxi de, barium sul fate, |anthanum

e’ - . h K . .
oxi de, yttri uHiesed fOFQgHe GouR sPRFisting obgalgwm egideThafnium exitler laotharianm 1

conprising ongidé, tBRSi iHect,J La ed fromthe group.
consi sting of rlragngg,lg lﬁﬂ%&#%’e&@ﬂ@é‘?ﬁ% ﬁgg??l&’iﬁhugnﬂm Hlﬂﬂ"&iﬁﬂ%?gm
bari um sul f ataumbtun oxidéearieih eride, bafiugl titamate, WahRimM oxide dafdilBdbe
conprises a reflective coating or filmattached to a support. '
lanthanum oxide, germanium oxide, tellurium oxide, europium oxide, erbium
15  oxide, neodymium oxide, samarium oxide, ytterbium oxide, yttrium oxide,

magnesium fluoride, barium suifate, and dysprosium oxide.

14.  The reflector of claim 1 comprising one or more reflective materials

selected from the group consisting of rare earths, rare earth halides, and
20 metallic combination oxides.

15. The reflector of claim 1 comprising one or more reflective materials
selected from the group consisting of magnesium oxide, magnesium fluoride,-

aluminum oxide, barium sulfate, lanthanum oxide, yttrium oxide, and ytterbium
25 oxide.

16.  The reflector of claim 1 comprising one or more reflective materials

- selected from the group consisting of magnesium oxide, magnesium fluoride,
aluminum oxide, and barium sulfate.
30

17.  The reflector of claim 1 wherein said reflector comprises a reflective
coating or film attached to a support.
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' 21 12 ]1AN 1004 18. The reflector of claim 17 wherein said reflector y |
" conprises a reflective -coating which is applied by a nmethod selecteg‘wy&wg
-the group consisting of painting, spraying, dipping, casting, conversion

coating, gel coating, etching, chem cal vapor depositing, sputtering,

pl asma sprayiigy, A defefor SR | PWheeihXaid F@’léc‘ftgﬂ ?‘?@Es%é aTefbfive

wherein said reflective coating or filmis from 0. mcrons. 20.
The refl ect ocoating wdiich i applies by aanethodf detedted frommphe sesup cpasistidg of0
powder or block . of reflectiye materials. 21. The reflector of claim1

wher ei n said PP&H"SCEBW PRIBY, §apiI% GoaNVersiqn @@@@wvfGQrﬁoﬁlﬁéggew"Iﬁjg.
18"22° mha 1 SpERcavagor B60RNS; HEUERE DRI Bpraya) o F s R AerD SN o

selected Sromthe group consisting of sodiumsilicate, |owtenperature
sintered gl @l ses, alkali oxide silicates. 20 23. The reflector of claim1

wherei n sai d 1Pef | dbedefiesion of slaimal fmhereialsaid esfiastive coasingtardilarisdrom

consisting o ' . but oxi de, sodiumsilicate,
t etraet hyl ortbhﬁisqjglsgwafﬂe'& S), metal isopropoxides, dysprosium

| sopropoxi de, dysprosium et hyl hexano-dii sopropoxi de in isopropanol,
dysprosium 2- et hyl hexanoate in hexane, dysprosium i sopropoxide in

t ol uene- i sope8pandihe refleaips of slaimn] wheseinmajdrefiedterccomptises arpackedhanol |

er bi um et Ayl - di 180 Lde in i.sopropanol, erbium 2-ethyl hexanoat e
I n hexanied? epglig@%ﬁ)olrg@&%o@d%ﬁ%é"?%"?&?@ﬁe -i sopropanol, hol m um

et hyl hexano- di i sopropoxide in isopropanol, holmum i sopropoxide in tol uene

-i sopropanol . hol m um 2- net hoxyet hoxi de in 2-net hoxyet hanol, | ant hanum
acet ate, | an€fanurhhe reflecton of slaimnbwherein saik eeflectorcormprises asoateriabxi de,

et hanol . g BRI BT BB e Raodd Poragh sl uAACeHS de i n

2- net hoxyet hardics, aepdifidbnas.et hyl hexano-di i sopropoxi de in isopropanol, 22
I U JAN 115904

22.  The reflector of claim 1 wherein said reflector comprises a material

selected from the group consisting of sodium silicate, low-temperature sintered
glasses, alkali oxide silicates.

20 23.  The reflector of claim 1 wherein said reflector comprises a material
selected from the group consisting of aluminum tert butoxide, sodium silicate,
tetraethylorthosilicate (TEOS), metal isopropoxides, dysprosium isopropoxide,
dysprosium ethythexano-diisopropoxide in isopropanol, dysprosium 2-
ethylhexanoate in hexane, dysprosium isopropoxide in toluene-isopropanol,

25  dysprosium 2-methoxyethoxide in 2-methoxyethanol, erbium ethylhexano-
diisopropoxide in isopropanol, erbium 2-ethylhexanoate in hexane, erbium
isopropoxide in toluene -isopropanol, holmium ethylhexano-diisopropoxide in

_ isopropanol, holmium isopraopoxide in toluene -isopropanol, holmium 2-
methoxyethoxide in 2-methoxyethanol, lanthanum acetate, lanthanum 2-

30 ethylhexanoate in hexane, lanthanum isopropoxide, lanthanum 2-
methoxyethoxide in 2-methoxyethanol, magnesium ethoxide in ethanol,
magnesium methoxide in methanol, magnesium 2-methoxyethoxide in 2-

methoxyethanol, neodymium ethylhexano-diisopropoxide in isopropanoal,

22



"neodym um 2- et hyl hexanoate i n hexane, neodym um i sopropoxide in toluene -

" i sopropanol, neodym um 2- et hoxyet hoxi de i n 2-net hoxyet hanol, samar i]Lgn]AN 2004
.et hyl hexano- nonoi sopropoxi de in toluene isopropanol, samarium 2-

et hyl hexanoate in hexane, samarium i sopropoxide in toluene -isopropanol, 5

i um 2- t hoxi de 4 n.2- met h t hanol , . ytterbi uni i de i
B 2 R By R R AR B h st o BRSO R e -
yttrium et hyddpmspanol nesapraRfd-ARthdkyeth&aa8 in %%{eﬂﬂ%ge{harmdséﬁmégdr@g of

et hyl hexano- nonoi sopropoxi de in toluene-isopropano 24. The re
of claim 1 cé&thylhexanp-monsisepropexidern doluehedsdmopanol samariune 29r oup
consi sting of ﬁﬁﬁ' um SL{| f.ate, al um num oxi de esium fluoride, and

, A
magnesi um oxi e NS5NGAE INEXANG, SAMARWNISARIARSXKS iRtoluene: -isprropaaekt i on
source ang af; 1 Whi £ ses
said at | gastsamﬁ{négi Iz'te ?gt%(ys%gfjc;rﬁé %%ﬁ?ﬁbgglétdﬂag‘? E%%ﬁlhgﬁgbpg FF[%@‘?% S

di f fuse. 26. tainenedsibpropanok yiediumf 2-ohethoxpéthowiderini2nmthokyathheals {itans

radi ation Soﬁ)ﬁﬁ is a flash lanp.. 20 27. The radiation system of claim 25,
further conp S¥anA-gisprropayas in fluenguserropranrk Angdndtristr wthilhexano-

ot cctor s ar o onRoNBpLoREASEONPRRREE < Slem of ol i m 25, wher ei n

said at |east one reflector having a diffuse reflective surface reflects
greater igan 50 % of the radiation from 240 to 280nm. 29. The radiation
syst em oV cl #Am 29 hegedlestas of glaimat coewsisingha refectverrpaterial sglected from

12 IAN 214 30 Yicin CaRTHRNGbAA S M oaRle Padhdifi flndd
surfaces of saddnagaesiupn axidgedi ffusely reflective and which reflects

greater than 50 %of the radiation from240 to 280nm 5 31. The radiation
systemof claim25, further conprising nultiple radiation sources each

radi ati on soygce ' i ple said

reflectors, gﬁd 32% @ﬁ%ﬁnegf%%@a%dorﬁﬂﬁgﬁggﬁé%ﬁm @gﬁt{qﬁ'géqlgpﬁé‘l"da?ggaﬁg

located &8 bhe réflector Whidteabieabopartialty Eheonfids8es bRt at least one radiation
source wherein said at least one reflector is diffuse.

26.  The radiation system of claim 25, wherein said at least one radiation
source is a flash lamp.
20

27.  The radiation system of claim 25, further comprising multiple radiation
sources which are each at least partially encompassed by multiple reflectors,
wherein said multiple reflectors are diffuse.

25 28. The radiation system of claim 25, wherein said at least one reflector

having a diffuse reflective surface reflects greater than 50 % of the radiation
from 240 to 280nm..

29.  The radiation system of claim 25, wherein said at ieast one reflector fully

30 encompasses said at least one radiation source to form a ciosed cavity.
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10 32. The radiation systemof claim31 wherein said reflectors are
“elliptically shaped and said radiation sources are |ocated at the b&)[ﬁ%ﬂsfﬂﬂé
.foci of the elliptically shaped reflectors. 33. The radi ati on system of
claim25, wherein said at |least one reflector is 15 elliptically shaped.

34. Th di afpy ' f IS ‘ I .
wherein sai d i gertie Kidafion S toihith o3 unBAT al the hudtae SUftEpes 8150
package. 20 Zavityluee oty ﬁéﬂéi:lﬁﬁé%'ﬁd%h?éh%ﬂéé’é’gﬁé’ﬁﬁir%?n%i% 6ﬁ§baﬂ0n

systemis used to sterilize. 36. The radiation systemof claim?25, wherein
each | anp hadadigtipadsama4d to 280nmct or and said at | east one reflector

provides a Quality Factor of greater 25 than 1.7. 37. The radi ation system
of claim 36, wherein said at |east one reflector provides a Quality Factor

of greates tiaAn 2.ThHratfiatidh'e %_. | S f I rel id at
| east one reflector provildesysgé gflt(?ltgi@‘Zgéflggﬂégfc%bégﬁg%%ﬁﬁ%ﬁd%%% JAN
2004 39, Théoum#sseaanradiatiemsodreel atileastipartibily endotipasss® bytmaftipleaghiat i on
whi ch can pass,fr.om one refleﬁé_ﬁor to another reflector w thout going

through the 'EHdRES: iand said refiagiossofopara sayity whereinthe target areais logstashabf
claim 25 furt”li@h@rﬂ&fﬂébpg)éfpfﬁ{%{%ﬂek%?sbl ocking elenment. 41. The
Cc ur

radi ati on system of alm er conprising attenuating materials. 10
42 The radiation system of claim25 wherein said at | east one reflector
conpri seﬁoreébecti e materials which are ?r eater than 99.9% pure. 43. The
radi ati oh’ system ofeiasiaforssysemsficlam a1 wherein saigirefleetors ara eliptisally

conpri ses rekhgagky grlal csel p,,.consi sti.ng of barium
sul fate, alum nEm \(?Elld?é%lar?éaglrl?géﬁ3%18%%&o%{eagggﬁﬁﬁér%%%i%'&gtﬂﬁ4. The
refl ector of ellipicallyl shaped eeflecterisd radi ati on system generates greater than
0.1 Jlcn2 per pulse or 20 watts/ cnR continuously. 20

33.  The radiation system of claim 25, wherein said at least one reflector is

15 elliptically shaped.

34.  The radiation system of claim 25 further comprising a target volume,

wherein said target volume comprises a contact lens in a contact lens package.

20 35. The radiation system of claim 25, whereby said radiation system is used
to sterilize.

36.  The radiation system of claim 25, wherein each lamp has at least one -

reflector and said at least one reflector provides a Quality Factor of greater
25 than 1.7,

37.  The radiation system of claim 36, wherein said at least one reflector
_ provides a Quality Factor of greater than 2.

30 38. The radiation system of claim 36, wherein said at least one reflector
provides a Quality Factor of greater than 3.
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. The reflector of claim15 wherein the coating or filmeconprises a
ﬁ(SJm)geneous conposi tion throughout. 46. The reflector of claim45 Vmﬁi‘ﬁm 2004

said refl i v coat%gg@or filmis from 25 0.1 to 2500 microns. 47. e

radi ati on $Yyst emof2 S YHerypeelain 33 awbereinl the aousbuf rzﬂi?tﬁﬁﬂggﬁggs he

' 0 tts! ¢ conti nuously. _ T
?QS?;E |r o;r%d@sl%aén% F(J).é c: a?ﬁn%fbf%%mﬂgraz{oﬁﬁ%rzﬁéﬁe?@f Wétg%& geparrosgl the reflective
coati ng ortafgdtis kessabbe&0tmergestipport, wherein said reflective coating or

' ' it 49. The radiation
filmconprises a honpgeneous conposition throughout. _ :
systemgP claim 48 wherein said reflective coating or filmis 35 fromO0.1

to 2508 mgy oNStheZmdiation system of claim 25 further comprising a reflective blocking
element,

41.  The radiation system of claim 25 further comprising attenuating
materials.

10
42, The radiation system of claim 25 wherein said at least one reflector

comprises reflective materials which are greater than 99.9% pure.

43.  The radiation system of claim 25 wherein said at least one reflector
15 comprises reflective material selected from the group consisting of barium

sulfate, aluminum oxide, magnesium fluoride, and magnesium axide.

44.  The reflector of claim 1, wherein said radiation systern generates greater
than 0.1 J/em? per pulse or 20 watts/ cm? continuously.

20
43.  The reflector of claim 15 wherein the coating or film comprises a
homogeneous composition throughout.
46.  The reflector of claim 45 wherein said reflective coating or film is from

25 0.1 to 2500 microns.

47.  The radiation system of claim 25, wherein said radiation source

generates greater than 0.1 J/cm? per pulse or 20 watts/ em? continuously.

30 48.  The radiation system of claim 25 wherein said reflector comprises a
reflective coating or film attached to a support, wherein said reflective coating
or film comprises a homogeneous composition throughout.

43.  The radiation system of claim 48 wherein said reflective coating or film is
35 from 0.1 to 2500 microns.

25



