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SCREEN ASSEMBLY FOR M CROMAVE PONERED WV LAMPS Field of the Invention
include, for instance, decorating, laminating, hard-coat protection, circuif board

conformal coatings, photoresist, photolithography, photostabilization, printing, and
15  solar simulation. These systems have a wide range of uses and can be used, for
example, in the curing of polymers such as photo polymer paints, the curing of inks
and coatings, photo activation of adhesives, production of compact discs, and in
photo resistant activation. A UV lamp produces high intensity radiation energy in
the UV, visible, and infrared spectrums. This high intensity radiation energy may
20  be used to cure inks, coatings, photoresists, and adhesives that are applied to a
variety of substrates, such as paper, plastic film, wood, and metal.
The typical UV lamp system includes an Irradiatgr to produce high intensity
UV light, a power supply to provide electrical power to the irradiator, and an inter-
connecting high voltage cable. The microwave powered UV lamp system has an
25 irradiator that is equipped with one or more magnetrons. The magnetrons convert
the electrical power received from the power supply to radio frequency (RF) energy

in a range of generally from approximately 2445-2470 MHz. The microwave



5The present invention is in the technical field of mcrowave powered W

| anps, and particularly in the technical field of radio frequency (RF)
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constructed of quartz. For inmaging and sem -conductor applications the bulb
is 15  solar simulation. These systems have a wide range of uses and can be used, for
example, in the curing of polymers such as photo polymer paints, the curing of inks
and coatings, photo activation of adhesives, production of compact discs, and in
photo resistant activation. A UV lamp produces high intensity radiation energy in
the UV, visible, and infrared spectrums. This high intensity radiation energy may
20  be used to cure inks, coatings, photoresists, and adhesives that are applied to a
variety of substrates, such as paper, plastic film, wood, and metal.
The typical UV lamp system includes an irradiator to produce high intensity
UV light, a power supply to provide electrical power to the irradiator, and an inter-
connecting high voltage cable. The microwave powered UV lamp system has an
25 irradiator that is equipped with one or more magnetrons. The magnetrons convert
the electrical power received from the power supply to radio frequency (RF) energy

in a range of generally from approximately 2445-2470 MHz. The microwave



typically spherical. The bulb nmay be filled wth nmercury, argon, and/or
netal halides such as iron and gallium The fill inside of the bul bs may
absorb t womriawse (RF) energy and, consequently, chaRg®/uSeois/opdoas ma
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reflectors of the UV | anp system and ?etw,een r[Che in reflector of the W
| anp syst dildRaE SURB asdtel ard gabiurs oe fihisige elihediibs savaRsotB therhe gasket
14 is conmpressed between the netal frame 18 and a reflector when 25 the RF
screen assuithdyave (RE) anergyrand, com@ RNy 1 6ITEHOT PEBOkOsRED9IBAe plasma
During construction of conventional RF screen assenblies, a netal strip 15

such as st@baliessraligfin energgenéialMiang sieteralvitioh éaiphtheffotrhef €dges of the
screen 11 to hold it securely in the nmetal frame 18 around the perineter.

Hovevep, f@siBRE AR iffarldt Stdrggn assemblies 10 with conventional RF screens
11 create Sundesirable manufacturing difficulties as the screens 11 are

wavy and very fhexihlSwave powered UV lamp system is provided with an RF screen in

order to capture and seal the RF energy within the cavity where the electrodeless
bulb is positioned in the irradiator. The RF screen acts as a “faraday cage” as the
openings in the screen are constructed to be smaller than the RF radiation

15  wavelength preventing the RF energy from escaping {while simultaneously
energizing the fill inside of the bulbs) and permitting light energy to be transmitfed
through the screen openings. For instance, é conventional RF screen assembly
10 is shown in Figures 1 and 2. The RF screen assembly 10 is composed of a
metal frame 18 with a fine mesh screen 11 of individual square or rectangular

20 openings 12 retained therein. As can be seen in Figure 2, a metallic wire-woven
mesh gasket 14 may be employed in order to provide a seal between a main
reflector and end reflectors of the UV lamp system, and between the main reflector
of the UV lamp system and the metal frame 18 of the RF screen assembly 10.
The gasket 14 is compressed between the metal frame 18 and a reflector when

25  the RF screen assembly 10 is attached.



in nature resulting fromthe screen 11 being fornmed from woven i ndi vi dual
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As noted above, the RF screen 11 prevents RF energy from escaping into

the surrounding environment, and subsequently allows the bulb of the UV lamp

15  system to light. A defective RF screen 11, such as one with a hole or other defect,
allows RF energy to escape and prevent the bulb of the UV lamp system from
lighting, or causes a reduced output in the bulb of the UV lamp system.
Additionally, an improperly installed RF screen assembly 10 will cause arcing, and
thus damage to components inside of the irradiator. Further, an RF screen

20 assembly 10 with deformed or worn gaskets 14 will also cause arcing and damage
to the irradiator.

Because the diameter of the wires making up the woven mesh is so small,
the conventional RF screen mesh is delicate and susceptible to damage during the
operation of the UV lamp or during maintenance of the UV lamp (such as removing

25 orre-attaching the RF screen). Additionally, during operation of the UV lamp, the

screen may be exposed to parts that can pass under the lamp and come in contact
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The present invention inproves upon current mcrowave UV | anp systens by
providing for an inproved RF screen and RF screen assenbly that achieves
10i npr ovewol2oghi2647at put . Brief Sunmary of the | nventi onPCT/US20100®5pr esent
invention is directed to inproved RF screen and RF screen assenblies for

m crowave powered UV | a stems. Part.icul arl the RF screen of the
brosent | HAEMIEHFTEEN ABRRICRIAT CaLfodIEReRI fasea RS SoHaTAPHS 85 n
which 15 a desired nesh pattern has been formed. The nmesh pattern in the
sheet of oueding leass paddales indhe sseeanor Mdhefindridgpbyies ése Birlienathe short
phot o- chem cal etching, chemcal mlling, stanping, |aser cutting, plating,
chemni cal deohtheof wiktdsemay eict as astannaarin pieoBessds. TAepgreken wiré rpreives KK or
form ng the nesh pattern is photo-chem cal etching. The sheet generally

conpri ses gnhdry akBESS phiveMt Rt ark08088 vidy: therbeithe Wikl Sifitie se@enn@y be
formed from any desirable conductive materi'al. OF course, the thickness may

be lesg t 1 .13. r : | | esired
for a %ar {@3‘6@%%%F‘?%F?égr?."%?y%%@g{ﬁs%&é@? gtl\gt:}@gbggﬁgéﬁﬂrl%%e%%%ﬁh% brass,
stainless steel, .tun en, or. alumn but the invention.is not limied to
Chese et doken it ST I eroRipBaEs iR atdart ety 5ah Bhubie ARk ite
25all oy is nickel silver which conprises copper, zinc, and nickel (the

all oy is reraestothg edoe pf herscrappassenbl Hhd not due to the presence of
silver). WD 2011/126473PCT/US2010/ 029954 Photo-chem cally form ng the nesh
pattern in the Hie paseshinvestiondapiaves epoaduttant nicicovwayet QY arepraysienast ur er
to formnon-traditional (i.e., other than square or rectangular) nesh
patterns. pherovitling i a@if inhiveved GFeadreenvent RBBciget] agbenmividitvatdiohievegeni ngs
of with 3 or nore nodes. In one enbodinent, the

10 improved light output.

Brief Summary of the Invention

The present invention is directed to improved RF screen and RF screen
assemblies for microwave powered UV lamp systems. Particularly, the RF screen
of the present invention is formed of a single sheet of conductive material in which

15 a desired mesh pattern has been formed. The mesh pattern in the sheet of
conductive material can be formed from processes such as photo-chemical
etching, chemical milling, stamping, laser cutting, plating, chemical etching, water
jet or similar processes. A preferred process for forming the mesh pattern is
photo-chemical etching. The sheet generally comprises a thickness from about

20 0.001 in. to about 0.015 in. and may be formed from any desirable conductive
material. Of course, the thickness may be less than about 0.001 in. or greater than
about 0.015 in. if so desired for a particular application. Typical sheets are formed
from copper, brass, stainless steel, tungsten, or aluminum, but the invention is not
limited to these metals. Metal alloys may also be utilized. One preferred metal

25 alloy is nickel silver which comprises copper, zinc, and nickel (the alloy is named

for its silvery appearance and not due to the presence of silver).
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5i ndi vi dual openi ngs are pol ygonal and have 5 or nore nodes. For instance,
I n sonme enbodi nents, the openings are hexagonal or octagonal in shape.

Addi t i onawbDyp1ttned7aanuf act urer may sel ect a nmesh patt er RCTREBR010529954
non-uni formto enhance |ight transnission in preferred areas of the screen.
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sealing RF energy within a m crowave powered | anp system w thin acceptabl e
ranges. | rsquapaot reaidrgulgr)mmestepatieinentbei soeseens ohidelirgbenttine@ditinssi on of
the RF screen is at |east about 92% O course, in sone l1l5enbodi nents, the
l'i ght tranadugsirdivideal dseriegsot am 3akratibredfiders 1A sricaéadobimaends thai n

applications. However, generally, the RF screens of the present invention
provi dg i rTﬁ'tFlQ\ﬂ%EE E)er;nH E'a%‘fjo&dbﬁé'lt rﬂz}’ﬁévé Hor RoreGidess F‘b‘%@ﬁs’cance in
conventionally rie %escr Dr awi ngs Figure 1 is a
top per spect 0 igure 2 is a
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accordance with the Pr esent invention. _
enhance light transmission in preferred areas of the screen. The RF screen is

generally configured to optimize the balance between light transmission and RF

10 energy leakage desired for the particutar application. In one embodiment, the RF
screen yields a light transmission (corresponding to the open area of the screen) of
at least about 80% while sealing RF energy within a microwave powered lamp
system within acceptable ranges. |n a particularly preferred embodiment, the light
transmission of the RF screen is at least about 92%. Of course, in some

15  embodiments, the light transmission can be less than about 80% as dictated by
certain applications. However, generally, the RF screens of the present invention
provide improvement in light output over the RF screens used conventionally.

Brief Description of the Drawings

Figure 1 is a top perspective view of a conventional RF screen assembly.
20 Figure 2 is a bottom perspective view of the conventional RF screen
assembly shown in Figure 1.
Figure 3 is a perspective view of a UV lamp system.
Figure 4 is a perspective view of an exemplary embodiment of an RF
screen in accordance with the present invention.
25 Figure 4A is an enlarged view of the portion of the RF screen noted in

Figure 4.



25Figure 4A is an enlarged view of the portion of the RF screen noted in

Figure 4. WD 2011/126473PCT/ US2010/ 029954 Figure 5is atop
per spect iwe 20i1em648 an exenpl ary RF screen assenbly in &CTarsdaanzossth t he
present invention. Figure 6 is a bottom perspective view of the RF

screen assenbly.shown. in Fiqure 5. 5FEigure 7 is erspective/partially

expl oded vi ew STOWAN AP BoSPERTRYPIANTY SieTRRabE R Sed BREr POV n

accordance with one exenplary enbodi ment of the present invention.

Fi gure 8 iascarlansearigeths pefestindesiiiar e- shaped i ndi vi dual opening. Figure

9 is an enlarged view of a regul ar hexagon-shaped indivi dual 10openi ng.

Det ai | ed Descr iRigurent &f a bbdotmpempédive view of thie Rér sareen assembly shsvminde i n

detail to various enbodi nents of the invention, one or nore exanpl es of

whi ch are mgtref®rth bel ow. Each exanple is provided by way of explanation,

not limtatron of the invention. In fact, it wll be 15apparent to those

skilleg in the Exr.e“f‘%ap%Fé vé@%féll%%ﬂa%éd@i%\b@%‘@\F/'I%E.Sy@bén?e made in
hout r spi

the present invention w epartin omthe scope o It of the
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enbodi nent, Thus, it is intended that the present invention cover such

20nodi f i cdhf eResedBItieE: i ons.

Figure 8 is an enlarged view of a square-shaped individual opening.
Figure 9 is an enlarged view of a regular hexagon-shaped individual
10  opening.

Detailed Description of the Invention

Reference now will be made in detail to various embodiments of the
invention, one or more examples of which are set forth below. Each example is
provided by way of explanation, not limitation of the invention. in fact, it will be

15 apparent to those skilled in the art that various modifications and variations may be
made in the present invention without departing from the scope or spirit of the
invention. For instance, features illustrated or described as part of one
embodiment, may be used on another embodiment to yield a still further
embodiment. Thus, it is intended that the present invention cover such

20  modifications and variations.

A UV lamp system, generally 20, is shown in Figure 3. The UV lamp
system 20 includes a power supply 22 {not to scale) connected to an irradiator 26
through a cable 24. Irradiator 26 equipped with one or more magnetrons (not
shown) produces high intensity UV light for the curing of objects. lrradiator 26 may

25 include a reflector 32 that is attached thereto by one or more bolts 74. Reflector

32 may include a curved reflecting surface in order to properly focus UV light
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A W lanp system generally 20, is shown in Figure 3. The UV | anp system 20
I ncl udes a power supply 22 (not to scale) connected to an irradi ator 26

t hrough awoable2243 |rradi ator 26 equi pped with one or ROTASPEGMH9SONS ( not
shown) produces high intensity U light for the curing of objects.
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order to properly_focus UV Iight WD 2011/126473PCT/ USiOlO/ 029954 en%ngy
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reflectors 72 may also be included in irradiator 26 in order to further
cont ai n t neRFy andfogusaldy ¢rorgy ptadusedrianybyb dudedebigirbexempl@ry I n certain
exenpl ary enbodi nents of the present invention, reflector 32 may include
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reflecting surface may be either elliptical, parabolic, spherical, or of
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exenplary e ments of the present |nvent|on An RF screen assenbly 10

may be enmpl. y r r vity
52”1 uni cHGbeRest BSuiher SRitrtah &S RE fr&e?%t@ﬂgré ey fefing
surface, Rd reflectors 72 nd t he RF screen Converj#tronal RF screens 11
(see Fi gs.the aghp aocorganceonih vadedsiexmplary g Uﬂﬂntﬁﬁ e piEsetat erial and
forma pattern of small squared or rectangul ar openings 12. The tension and
weave confinggmti@n.on in the woven pattern allows the individual metal
15strands to cone into contact with each other at the nodes of each

i ndi vi dual squakre RF screen assembly 10 may be employed in order to captivate and seal

10  RF energy within a cavity 82 in which bulb 70 is positioned and is defined by
curved reflecting surface, end reflectors 72 and the RF screen 10. Conventional
RF screens 11 (see Figs. 1 and 2) are constructed of a fine woven metal mesh
material and form a pattern of small squared or rectangular openings 12. The
tension and weave configuration in the woven pattern allows the individual metal
15 strands to come into contact with each other at the nodes of each individual square
opening. However, since these individual wire strands are round in cross-section,
the contact area between each wire is very small. Additionally, the contact
integrity between each wire in the conventional woven screen can become
disconnected over time due to screen distortion or due to contamination of dust or
20  other particles collecting in the RF screen at the connecting nodes. This leads to a
decrease in its electrical continuity and conductivity inhibiting the overall
effectiveness of the RF screen as a “faraday cage.” Detached wires, disconnected
wires, contaminated wires, and broken wires in the woven mesh screen make it
more susceptible to electrical arcing in the screen which degenerates the screen
25  shortening its useful life. If the individual wires are broken, the short lengths of

wires may act as antennas in the RF field. The broken wire receives RF energy at
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openi ng. However, since these individual wire strands are round in
cross-section, the contact area between each wire is very small

Addi t i onawDyp1ttized786ont act integrity between each w re i RCTRES2@0/02954 | ona
woven screen can become di sconnected over tine due to screen distortion or
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continuity and conductivity inhibiting the overall effectiveness of the RF
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contam nated wires, and broken wires in the woven nesh screen nake it nore

suscept i blmoniioueluatit thecwlire aredasgioi the tddge sy tlee ncwiendsseagdndbat es t he screen
25shortening its useful life. If the individual wires are broken, the short

I engt hs of wi r eshaRyvalRF a6redRtENGRHci greddrtt iffferftiotl SierddrBed tink aaficifices
receives RE energy at WD 2011/ 126473PCT/ US2010/ 029954 such power to nelt
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wire and the crossing wres are conprom sed, the erosion process can

continue until e W.I 0 tf ge,of th [ |y _10. The
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the conventional RF screens 11 noted above. Referring to Figure 4, an RF
screen 21 faeeeﬁiaﬁ%atwq‘iﬁ ReRbalraRdhotya MaterAal aHal o thip TREmetal aen 21 Ry
be formed froma single sheet of conductive material, usually a thin flat
met al mat enatdripl)iin wihéle the meshel$his formed doectbdnigl thecganguctive sheet toonduct i ve
sheet to produce a specific nesh or screen type pattern. The nesh can be
formed by @oduddprapeetfic raestih oascrzeotippe bettedal Tiet oleishgsancihe forewdd g &y ng,
stanping, laser cutting, plating, chem cal etching, and water jet.

Phot o-jgheneabs£EGEH B8 phot2enaaical bichie tRERRSI niiifak Ostahfiihg abber (ﬁrtm'i,ng
the RF screen 21 froma single sheet of conductive material provides the

benefits US| - Yy a con i—:‘f‘ﬁe - B L thuct the
RF scr eenoéiﬁ%%ﬁ'é%@ lﬁ@%%r IQ%’;{I? tleaG?\% rjlg{?hg@(gtb I fngI? éeﬁ%tbqlggrlgr?g???%rslw( such as
tensile strepgth nducti vity, Sistiwvi flexjbilit arance, etc).
The app! | BTt BB e iaay el e i brrean 3| forbs Sinee BRESGHCE: ¢ Fc”
requi renents of the screen 21 and Br ovi des the screen manufacturer the
f1 exi bi | i tsPndyices eratetalpipuidpathe papefits ohasingsviityally amt flateandyshys cul ar
application. Sone
material to construct the RF screen 21. Different materials will have different
15  properties (such as tensile strength, conductivity, resistivity, flexibility, appearance,
etc). The application use of the RF screen 21 will help determine the specific
requirements of the screen 21 and provides the screen manufacturer the flexibility
to select a material that is best suited for that particular application. Some
common materials to be used for creating the screen include copper, brass,
20 stainless steel, tungsten, and aluminum. However, this design allows for virtually
any flat conductive material to be a candidate for the RF screen. It is preferable
that the material selected to be flat and relatively rigid to make full use of other
beneficial properties.
Photo-chemically etching (or a comparable process) of the RF screen 21

25  provides greater flexibility in formation of the mesh pattern 19. For instance, the

mesh pattern 19 of RF screen 21 of the present invention is not limited to the
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common materials to be used for creating the screen include copper, brass,
20st ai nl ess steel, tungsten, and al um num However, this design allows for
vi rtual | ywanyitfize473conducti ve naterial to be a candi dat @Crars2elam29364 scr een.
It is preferable that the material selected to be flat and relatively rigid
to make full use of other beneficial erties.

Phot or chorRQHal® o BRLRGHEy 1P Ratieghd 20T Do QR Esipnah RF RoreanssLl-efs 1ha
25provides greater flexibility in fornatron of the mesh pattern 19. For

i nst ance, adiwenbemalsateansnt Loroworen fereline individualsérapdeselaboralc SatEBIs i s
not limted to the WD 2011/126473PCT/US2010/ 029954 square or rectangul ar
mesh pat t dothet2han stibarecanreetanigotea) aRFsigoifieantty mbre AificHeif oohingrassinel
screens 11 are woven from fine individual strands, elaborate patterns

(ot her tharheRFaRedi 2N &F tiROBF RN} irAEAtio qmvre\reanrblrrot matiteddb fdnyqadrticutér not
i npossi bl e. The RF screen 21 of the present i nvention, however, is not

limteg t%@@ﬁ( Eﬁérrl foll agl’ éﬁté)gﬁﬁ%rbr]r%ctahpu g‘u%gpﬁaﬁé}% "Reoh

rect angul ar patterns, e mesh pattern o Screen nay be

ciroolar %""r CP LS ﬁ%aérﬁ 2339&??%”@%&aﬁﬁ&ébagfﬁoﬁgﬂnﬁrﬁr m pat terns.

The shapes may be regular or irregular. Another advant rovi ded by the
RF screené‘eZ(f‘QQFSt%aB‘r"e%éﬁ@ )i GlreFRT 8yal, tI@p‘P%O"i‘q‘{aPa@QP@%ﬁa'%i an 8M%Hfor

i nproved conductivity throughout the mesh pattern 19 over the life of the
screen 21 nwnhpbifeth patiems. cTcghweranasrraayRsrsgwleenr ftreguitnce the RF screen 21
uses a material constructed froma single conductive sheet, the nodes 25
(Fig. 4A) throughstier beanteg ptdvidedrby the RFcseaes 2t of o ptdseop'ewahﬁm’rg
conditions. The conventional RF screen 11, woven out of individual strands

of 15vgry isiRat scHeaDY SllioWRtial ihrbPed I@bﬁ&u@lﬁ‘/ﬂy $hreoghbmaﬂme HbsReuastaues
regardi ng continual and optimumconductivity through the screen for the

reasons nojed st i GRbsorddifo ReoRfHafecheXorl BRHOAATER kafddrent. | ghdgay be

a single cohereht matrirx o AVE TReT eased nodes and

|ncreased o ct are over t hat .of conve na RF screens,.11.
result, §ere@@ 9461 aimdepRLeRitsRd Sufa Sholi o diinnes sheg, the
mai nt ai n its inte r and connecti ng nodes 25 throughout

nodes 25 A) throughout the mesh 19 remain in contact in normal operating
conditions. The conventional RF screen 11, woven out of individual strands of
15  very small diameter metal wire, provides significant disadvantages regarding
continual and optimum conductivity through the screen for the reasons noted
previously. The RF screen 21 of the present invention may be a single coherent
mafrix of metal that will have increased nodes 25 and increased contact area over
that of conventional RF screens 11. As a result, the RF screen 21 of the present
20  invention will inherently maintain its integrity and connecting nodes 25 throughout
the mesh pattern 19 of the screen 21, resulting in a screen 21 that will have and
maintain a higher conductivity over the life of the screen 21 in normal operating
conditions. |n the event of a break in one of the bridges creating an “antenna” for
RF energy, the broken bridge will erode fo the nearest node 25 where erosion is
25 halted due to the superior conductivity provided by the coherence of the base

metal conductive sheet in contrast to the minimal surface contact of individual



the mesh pattern 19 of the screen 21, resulting in a screen 21 that wl|
have and nmai ntain a higher conduct|V|ty over the life of the screen 21 in
nor mal opﬁoamlmgﬂﬂondl tions. In the event of a break inPomased100®sbri dges
creating an "antenna'' for RF energy, the broken bridge will erode to the
near est node 25 where erosion is 25hal due_to t rior.con tivit
provi ded BYirehel cneniapa! [!(a)? SCFRENSakle t@ﬂ%l'n elfeta@t rQEe'gﬁﬂgge i"ha@Romt r ast %/o
the m nimal surface contact of individual WD 2011/126473PCT/US2010/ 029954
wires of coeemei ehie present swastian willTlsey, haah ratiiesdhan golsndirBy copfiriieg i n an
RF screen 21 of the present invention will "self heal" rather than

pot ent i al |ty ecod aswithgcdrovesrtiodeal RE serddmscioinwigin compabmiledseorekicsviiyl wi t h
conprom sed conductivity between the individual wires. 5Wile conductivity
of the RF is&neen tdd iddviloBreiyesl over that of a conventional RF screen 11
due to the ability to construct the RF screen 21 froma single conductive

sheet, gt he | nvaghge sy a&&uf.@ta?@héhﬁ SQBEHYT S KhbibVERRE lditdae” | Y oved

with a non tradi tional "nesh ern I nst ance he i nventors have found

101 na vi U BREA I R e e, FLG SRy oP s S aRP g S8 A e

conventional RF screen 11 may provide significant inprovenment in.the
overal | coeglecondugtivs shert, S iakentopshavRiowRtaRt %qnc[waé%v Pﬁnbﬁéurther
conventional wire mesh woven screen 11 is four since it is limted to a
square or imgeoverhwithra nestragiionat mesgh pattern. sFor iastangsl thet ingentonehayeli vi dual
openi ngs of the RF screen 21 of the present 15invention include 3 or nore

nodes, pr ebanalthat 4n pcreByesinnbe @smbandf nodes,ireef teeaanyadt poimté of eadh nodes.
I n one exenpl ary enbodi ment, individual openings including 6 nodes (e.g.,

hexagaqpal |§Hﬁﬁﬁfa OEFﬁln@tMtH éﬁ%djacent individ\®al idpexing, bieytral of gt i on and

patterni ng of sCreen of the present invention permts the

manuf act ur(%ﬂ\l%htl&l'?& REY E%Erlzi]“l h%ybﬁ'beiﬁ%eslémﬁcaq{t%SF&\}eﬁer&fln the overall

conductivity of the screen. As the number of nodes in the conventional wire mesh
woven screen 11 is four since it is limited to a square or rectangular mesh pattern
12, it is preferable that the individual openings of the RF screen 21 of the present
15 invention include 3 or more nodes, preferably 5 or more nodes, and more
preferably from 6 to 8 nodes. In one exemplary embodiment, individual openings
including 6 nodes (e.g., hexagonal shaped) are utilized.
The flexibility of formation and patterning of the RF screen 21 of the present
invention permits the manufacturer of the screen 21 to balance the properties of
20  light transmission and the amount of RF energy that escapes from the screen (i.e.,
RF leakage) during use in a UV lamp system 20. As the size of the individual
openings in the mesh increase, the total metal material of the mesh is decreased
and thus, light transmission is increased. Conversely, as the size of the individual
openings in the mesh increases, so too does the amount of RF energy that may
25  escape the “faraday cage.” Consequently, a well designed RF screen should

preferably maximize the UV transmission through the RF screen, and yet contains

10



20li ght transm ssion and the anmount of RF energy that escapes fromthe
screen (i.e., RF |eakage) during use in a UV |lanp system 20. As the size of
t he i ndi wourall/iepeai ngs in the nesh increase, the total PeEtEsRonme®ss al of
the mesh is decreased and thus, light transm ssion is increased.

Cbnversely the size of the ipdividu op n mesh increases,
so too dodB '?ﬁ:e eafrgY{PakAY %ﬁ@{é AL S'Hﬁf?%?gi: éty[%ﬁeto Gf’}ﬁué?iﬁlﬁ cage.'
Consequently, a vveII desi gned RF screen _shoul d preferabl y maximze the W
t ransni ssﬁ%ety e thad MRy ke inedase Rrxindy te Bia eqyiemend Agencies, such as

2011/ 126473PCT/ USZO;O/ 029954 the RF energy | eakage to a safe |evel outside
of the RF Amaeticgn Bationalebianderdshlestiate(ANSH, Ohogspatidnat Satsty aedibeatihose
proxinmty to the equi pnment. Agencies, such as Anmerican National Standards

Institute Aoﬂrhﬁﬁétrati@nqmﬁmpnﬁéntﬁi@fcﬁftade@tﬁdaluﬁai ERchdricRi BidgiaédranIKESHA) |
Institute of Electrical and El ectronics Engineers (IEEE), 5International

Conmi t ee Iﬁférﬁét?dﬁeﬂ Wﬁiéecoﬁﬁf&&%n( i an?%ﬁﬁ [@ésﬁ@%catl ons

Comm ssion (FCC), IEEE Commttee on ilatlio and Anerican
Conf er enc i Al ecified
gui del i neg:érgéqéjﬁdg a?kﬂ?%éé@@é%&rﬁlﬁ%bz)lggﬁgq; (gl%|nl§h§?§ (Rgia'i‘zéng%ca%‘ﬁ) Tor

i nst ance, Al reshold. limt value for c oIIed cupatlonal) 10
RF exposur(g&ﬁgA%S| ?ﬂ/égwrtcé\?e@%g@w pr éoﬁ?m%@? Indystr BSRP ed
exposure (e(gTJEI public areas), the | EEE exposure limt is 6.67 miWcrn2. As
such, it H)ﬂweép@ﬁ&nedtmd@m%de@@rﬁm@mm@e@tah!a.ewaosume lineitsktadRF

(wt hi n specified guidelines) while simultaneously achieving an expected

| i ght trarsmErgsi bor mistaroeatier ACGIR thieshiol B valuef fer abhirolipdatceupatiaralabout
85% nore preferably 15 greater than about 88% even nore preferably

great g0 t IR e’POStireI9 %0 rﬁmﬂcﬁﬁiév&é?é@bﬂéwnﬂh%ﬁs?r FbhaRcamfilfed Y oshie one
exenpl ary enbodi nent, expected |ight transm ssion of greater than about 94%

may be obtg@ gﬁe&@megg)mﬁ@@%%bgu @f%‘¢.é7w/ s h@g@ fLWC”gn

preferably [Fe's's rabl’y I ess than

t f bl th mN t
T e o Ies@azgwsﬂascms;z@@ﬁﬁmm@ﬁﬁleaga SRbrRrgLErE over
non-traditio %@ﬁgsh patterns 19 (e. pol ygonal mash patterns) utilized

in the RF 44 Wf"%ﬁ'WH@'ﬁ%@é&h@Ch'ﬁY}%ﬁnﬁ%@ ISEEHANSSIBEPRRY , Thr ough
the technique of formation of the mesh pattern 19 in the single sheet of
conduct i vegreatesithan abeuld(%phsferabhegrieatdr tear abagt 8%%he muapheferaer i s
25permtted to select the exact geonetry and pitch size of the individual
openi n@s greater than about 88%, even more preferably greater than about 90%, and most
preferably greater than about 92%. In one exemplary embodiment, expected light
transmission of greater than about 94% may be obtained. The RF leakage will
generally be less than 10 mW/cm?, preferably less than 8 mW/cm?, more
preferably less than 5 mW/cm?, and most preferably less than 3 mwW/cm?.

20 Such performance improvement over conventional RF screens 11 may be
somewhat attributed to the non-traditional mesh patterns 19 (e.g., polygonal mesh
patterns) utilized in the RF screens 21 of the present invention (see Examples
below). Through the technique of formation of the mesh pattern 19 in the single
sheet of conductive material, e.g., photo-chemical etching, the manufacturer is

25  permitted to select the exact geometry and pitch size of the individual openings

and pattern 19 of the etched screen for optimum efficiently for the particular
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and pattern 19 of the etched screen for optimumefficiently for the
particular WO 2011/126473PCT/ US2010/ 029954 application for which it is

i nt ended.wbavivige4ach flexibility in selecting a patter RCTAUS2190299560Vi des
t he opportunity to specify a non-uni form geonetric pattern by altering the

geonetry of the.individua n S acro he open transm ssion_area
of the RF &Wigatien rtwh ﬁw. @%ﬂffﬂ%ﬁ Wﬂgéﬁph%ﬁétﬁﬂaﬁym%iﬁctﬂn%@@ﬁetrhé 9 RF
screen 521 in the nost critical areas of transm ssion. Ref erri ng
agai n to RlyupEyidesalie GRpasivnity de spedty RAoBINGerm geoemiry patieirsby altering
illustrated. Conventionally, the RF screen assenbly 10 is fornmed by

posi ti oni rthe geenfatryeofithe éndividanl meseenehihgsactdss thetader tramemit8ionrgasket
14 is generally disposed on the screen 11 and functions to create a seal

via conti yfans Rresdtbeh @1 tbAABLiHIz< gt @Vthghﬁrﬁf?@rﬁlsfsﬂﬁt ﬁl%ﬁg?fFﬂﬁeqletsla?een
reflector 32 and the end reflectors 72, and the surface the reflector 32

and netal Zf'lrl"t’lrtﬁejrﬁoétfcrh ﬁ] é?@a§%rf?rﬁﬁsﬁt§s%%ﬁjly 10. Wthout such a seal, RF

energy nmay escape I nt e surroundrng environnent and prevent bulb 70 from

Sponge. cor l“ﬁeﬂf‘e?rram%t'n%r%igeﬁgﬁt h aﬁéééaes“rﬁ@%@% Sl etenFarpidbend ng

upon the shape of ot her conponents in the W | anmp stem 20, and as such
can be corgtliugbated. i Goargntionapy the R sereen aelsamblxtt) éﬁ@@@de{)yp@%@?m&@al
After placing the gasketing 14, netal strips 15 are placed and aligned over
at | east Hberﬁineﬂwitewwowengcaegetst tntthegpetal aheetB.i A gdskeb 14 s genanally t he
screen 11 and gasketing 14 in franme 18 form ng the RF screen assenbly 10.

20As not edligpanedosrsthe saresn dntarmiahcioie@nsredte abeal ia redtifuscus mevanof i ne
wires. The resulting screen 11 is wavy, flexible, and becones very

non- uRpf orrﬁétatlcbﬁt@cﬁbemee%fthersurtace%?trtt@ﬁ‘éweet&r 3t2°aﬁd‘ﬁ1ed§ﬁd Fé? ctc?rgg’@h and

width. To conplicate matters, the individual wire strand naturally

oo TR AR P oL Bt %W%@ﬁ 5B e
the. frame o ibplt sdn Srel. Higioain Aapaeaen: be sHiEaidgo ghvigmedt |
and prevent bulb 70 from lighting. The gasket 14 may be a metal fabric wrapped
around an elastomer sponge core center gasket. The shape of the gasket 14 can
15 vary depending upon the shape of other components in the UV lamp system 20,
and as such can be constructed in any shape or size in order to affect a proper
seal. After placing the gasketing 14, metal strips 15 are placed and aligned over at
least both of the long edges and spot welded in place to secure the screen 11 and
gasketing 14 in frame 18 forming the RF screen assembly 10.
20 As noted previously, conventional screens 11 are formed from woven fine
wires. The resulting screen 11 is wavy, flexible, and becomes very non-uniform in
its shape after it has been cut to the desired length and width. To complicate
matters, the individual wire strands will naturally become detached from the edges
of the frame 18. Such properties cause manufacturing difficulties as it requires
25 substantial effort to align the screen 11 properly in the frame 18, place the metal

strips 15 propetly in the frame to prepare for welding, and maintain the integrity of
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WO 2011/ 126473PCT/ US2010/ 029954 the screen 11 as well as maintaining the

al i gnnent and proper tensioning of the screen 11 in the franme 18 during the
wel di ng ovothe/me47al strips 15. Referring to Fi gur @TAS280009956, t he
met hod for formng the RF screen assenbly 13 of the present invention is
simlar tg the conventio met hod, 5 ri bed, abgv However RF
Soreens 2InG RO T 83 Rl s IGING BIROINE A BRGNS BB ProRSIEnSa0 RS AGRS o
manuf acturers in the formati on of the RF screen assenbly 13. The wel di ng
and const Bgeaarch! §t thereame 1Scdwing thesesiding af3he snefal ke 18nd easier due to
the increased rigidity. The flat rigid properties, along wi th nmaking use of
t he border vm'tRﬁemngtesirigﬂretsm,ésamﬁﬁ,mbmemoﬂﬁosfmmng tife RRescpzasent

10i nventi on enables a substantially easier RF screen assenbly 13

const r uct izg8eiblyo18 BY tHBre¥BALIREAIBIETS diMilheRthkYonehdbhal aRsthegoper |y
align the screen 21 in the frame 18. During welding, the position and

al i gnngnt d 30%%@?88%9 o%vgp'tﬁ%@ims@rﬁeﬁg' 1B PR ﬁng ivgl rp/%%én ?)?M@é‘\ée to

be concerne mai nt ai ni ng e proper enS| on he 'screen i n all

conduct | v LGN AianaePde T oA aelTerd 1 dimiarheuBhaY thi REPesh Ao

border 23 at Ieast al ong one or nore sides. The border 23 may be readily
equi pped Vit h hwehm@@nq@OFﬁ%wctmneofg}Bﬁé%Faﬁwerléﬁpmw 1315 GuickerdRtht of
the RF screen assenbly 13 to the UV | anp system 120 (Fig. 7). Formation of
t he hol es ebsidrduette theitiweagyd dfidithe Therfleé ng@iiprapprties; atamgowitis traking on of
the RF screen assenbly 13 further alleviates aforenentioned conventi onal

manuf act unisegfdhé borddrtwiesaasriet behbiekel fpaf trey RFigerédieobibiedaes@d may be
readily matched to the hole pattern of the netal strips 15 and the frane

18. Thys, ihRstivhlGfiblesla @E}ést%ﬁ |§H3ﬂéé§1@r RP%ré&rﬁéé@nblg {9 &o{t@ieRod 8 f or

wel ding. 25Referring to Figure 7, W | anp system 120 used i n accordance

W th one ?@%d%%tmgfmufa'&‘ﬁjrBFf‘osf‘e’éHun G20 L8 pldbery! afh iRl $rect'S1 Vg™

system 12

frame 18. During welding, the position and alignment is much easier to maintain
as the manufacturer does not have to be concerned about maintaining the proper
tensioning of the screen in all directions.

15 As the RF screen 21 is generally formed from a single conductive sheet, the
screen 21 may be readily constructed to include a border 23 at least along one or
more sides. The border 23 may be readily equipped with the holes 16 that are
generally required for attachment of the RF screen assembly 13 to the UV lamp
system 120 (Fig. 7). Formation of the holes 16 in the border 23 of the screen 21

20  prior to construction of the RF screen assembly 13 further alleviates
aforementioned conventional manufacturing difficulties as, the hole pattern in the
border 23 may be readily matched to the hole pattern of the metal strips 15 and the
frame 18. Thus, the screen 21 may self-align upon placing in the frame 18 for
welding.

25 Referring to Figure 7, a UV lamp system 120 used in accordance with one

embodiment of the present invention is illustrated. The UV lamp system 120
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WO 2011/ 126473PCT/ US2010/ 029954 i ncl udes a power supply 122 (not to scale)
connected to an irradiator 126 through a cable 124. The irradiator is

equi pped wOt2b1161264760r nore magnetrons (not shown) that c®OTAISROI029954

el ectrical power received fromthe power supply 122 to RF energy generally

bet ween ahout ,2445 to 2470 d, .cours t he RE frequenc e Saltered
oo Fequi 1 dRCHEES g HPPLLRE? €IS 3EE R R P 08 TERGRY ToRIBRER by
the magnetrons in the irradiator is guided into a cavity 182. The cavity
182 i ncl udesakie digdv ebthe Eradiatenis agippechyith onecytnaere maghetipas gipt shown)

el ectrodel ess bulb 170. As illustrated, an RF screen assenbly 13 forned
accor di ng thet ¢drvept ihseiectiinalepnvwerrecsivad fraohéw pavehsugphaigédo Reendrgyhe
curved reflector 132. The screen 1l0assenbly 13 nay additionally (or

al t er nat i vgdrgraliebstecienesbalt @495t @4i70Maldz alBcotrid, $hd BF fr@jlﬁaﬁdfidwé?dei n
the art appreciates that the attachnent of the screen assenbly 13 to the

| rradi af orgfkedy meg@réu/f&nw{)flféy%ﬁgépmIa%hob@.eirﬂé nﬂcwé\iecérgﬂ'p PeShuced oY 1

Typi cally, the screen asse I's attached to the irr tor 126

screws thr 0 pongdi r . . Ml y , v refl ector
hol es 17. tﬁé&ﬁ@%ﬁcﬁ%ﬁ&@éﬁ@(ﬁé{g}?%g@ﬁ%ﬁ?ﬂgi g&@iﬁv@??éﬂ%ﬁ%r 132, or
both may i.ncl yde any ot her fastenin ans s as, for instance, snap-fit
f ast ener s,'“%léﬁ%@i “d-y“f’%‘if@[%ﬁ%ﬁ 'f:&t @.”%ngﬁegr‘]‘%st ﬁfré:@,ndt%ek@t@gﬁlgéﬁ%éﬂ&éﬁ@l y 13
may be attached utilizing quick release fasteners such as those disclosed
in U S PaeilustakgrbeRieseeenzaseniy 68 foingdeaceasdisigioshe msgsanince.

Wiile Figs. 4-7 illustrate the RF screen 21 of the present invention as

| i near, t heventeseistatiachedtto dme flanges 136 of thedcureed refeaiorRBAS cTleepsre2h.
Certain applications, e.g., photolithography in manufacturing of

sem copducigdeniy aBsmaBYditioaHlly fraltephaiveRdbetlcRatdPdRINGIRe Prddamndails
consequently, a non-linear RF screen 21 (e. g., 25cylindrical-shaped RF

screen 21)iaqThe RF screen 21 is generally preferred to be WO
2011/ 1264713%9CT/ US2010/ 029954 linear (e.g., rectangular), however, a

non- | i near RF sreep2h ifte BR ARSI RS 8 RESRAAANSPaY Ldebhe Present

assembly 13 to the irradiator 126 may be by any means that yields a sufficient
seal. Typically, the screen assembly 13 is attached to the irradiator 126 with

15 screws through corresponding screen assembly holes 16 and curved reflector
holes 17. However, the RF screen assembly 13, the curved reflector 132, or both
may include any other fastening means such as, for instance, snap-fit fasteners,
magnetic fasteners, etc. For instance, the RF screen assembly 13 may be
attached utilizing quick release fasteners such as those disclosed in U.S. Patent

20 Number 6,841,790, incorporated herein by reference.

While Figs. 4-7 illustrate the RF screen 21 of the present invention as linear,

the present invention is not limited to linear RF screens 21. Certain applications,
e.g., photolithography in manufacturing of semiconductor wafers, may require a

spherical electrodeless bulb and, consequently, a non-linear RF screen 21 (e.g.,

25 cylindrical-shaped RF screen 21). The RF screen 21 is generally preferred to be
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EXAMPLE 1 In a typical mcrowave UV | anp system 20 (e.g., Figure 3), an
estimated 570% of the UV |ight produced by the bulb will be reflected by
the UV reWvDeotioné43 and directed through the RF screen POTiUS2010/0p®84 t hat

i s being exposed. The remaining 30%of the light fromthe UV bulb is
directed t,hrou?h the RF screen without the aid of the reflector. O the W
light dirdbeat(aawietiapadanrhaweein 2 nensiingariic spieeansumpaydie songiiucted
proportional to the percentage of the area occupied by 10the nmesh will be
bl ocked byn gheorslanee withl thetpiesembinygntion. t he expected |ight transm ssion
(which corresponds to the open area percentage, or transparency, of the RF
screen) of a conventional RF screen EX0AMPIETtom fi ne woven wres (e.g.,
Figures 1 and 2) was conputed and conpared to the expected |ight

transm ssion ofn anyRcaP&i@sWa0é \NRirkp §g§_@h 20Y£8L IFguet $)hahe@Yhted
hexagonal shaped mésh 15openings. Fig. illustrates the neasurenents

requirgd t?‘ﬂlﬁl%'frﬂ’rét thlgaﬁtlf’?%{ﬁ'ﬁetﬁgoéj thdMHuil LANSE TSR P& g&?ﬁ‘é/%r\‘} Fe?l’é%{oré uar e

Mesh € expect nsni'ssi on percent ag or the squa nmesh

Phe open aneidiicied BTBUUE TS Rt T HErRDIE ok Pt el 6 PRRA b s o Aos
and ATs are conputed as follows: Aos = L2 ATs = L12 = (L + Ts)2 25where L
i s the opéRMaindRg POy Phther ligh drosyther dVawlh ig disacted dropah thgyRFgscregni s t he
without the aid of the reflector. Of the UV light directed toward the RF screen, a
significant amount of light, proportional to the percentage of the area occupied by
10 the mesh will be blocked by the screen. In this Example, the expected light
transmission (which corresponds to the open area percentage, or transparency, of
the RF screen) of a conventional RF screen formed from fine woven wires (e.g.,
Figures 1 and 2) was computed and compared to the expected light transmission
of an RF screen of the present invention with regular hexagonal shaped mesh
15 openings. Fig. 8 illustrates the measurements required to compute the expected
light transmission.
Conventional Square Mesh
The expected light transmission percentage for the square mesh pattern
(LTs%) is computed as follows:
20 LTs% = 100% x Aogs/Arts,
where Aps is the open area of the square and Arg is the total area of the square.
Aos and Ars are computed as follows:
Aos = L?
Ars =L = (L + Tsy
25 where L is the open area length of the square as illustrated in Fig. 8, Ts is the

thickness of the wire bridge to the adjacent opening as illustrated in Fig. 8, and L4
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t hi ckness of the wire bridge to the adjacent opening as illustrated in Fig.
8, and L1 WO 2011/126473PCT/ US2010/ 029954 is the length of the square
measur ed woemiried7sespecti ve m d-points of the bridges @ECHOS2010029964 Ts) as
illustrated in Fig. 8. Hexagon Mesh The expected |ight

transm ssi on percentage for the hexagon nesh pattern 5(LTHY% in accordance
with the psmmﬁgitm%&tei PHare neasvileeE Forsthedepeegive mid-pointsiofgte oridgep ATH,
where AoH is the open area of the hexagon and ATH is the total area of the
hexagon. Attisahe=ATH Tay)@sditugisted irasigt 81 | ows: AOH = x D2 Nig 10ATH = 2 X
D2 =2 (D+ TH) 2 where Dis the diameter of an inscribed circle (i.e., the
di st ance h%y@hmmaral l el sides) as illustrated in Fig. 8 TH is the

t hi ckness of the bridge to the adjacent opening as illustrated in Fig. 8,

and D1 is the | ; 1 G- RQIAL i1dg 0= n0i-At  of
the parallel br%%%%ét?@bﬁ@;%ﬂg&ﬁw@?? ﬂLPse(P éeEB:RQ%e lip%ﬁggi e?ﬁ%%’?g?éegdmﬁ) EEh)[R:'lFrﬁg. 8.

Lo dot &r m haRtalen %5%@%%5%%@?ﬁ%ﬁ%ﬁﬁﬂe@fﬁb% it ELEE R i wre brdge
Ts). L . 0303" T 0. 0015" i
fax;s))ect edm??ggfattsﬁfg’/gﬂ‘ri— &%d?ﬁ@ﬂ%fggt agz \(NE:SI'SI 0) of gg?r?gg/;spon 'ng toan
where Aon is the open area of the hexagon and Ary is the total area of the

hexagon. Aoy and Ay are computed as follows:

E]
Aon =7 xD?
Vi V3
10 Am=72 xDZ =72 (D+Th?

where D is the diameter of an inscribed circle (i.e., the distance between two
parallel sides) as illustrated in Fig. 8, T is the thickness of the bridge to the
adjacent opening as illustrated in Fig. 8, and D, is the length from the mid-point of
one bridge to the mid-point of the parallel bridge of the hexagon (thus, D« =D + Ty)

15  as illustrated in Fig. 8.

In this example, a conventional RF screen with square openings was
measured to determine the open area length (L) and the thickness of the wire
bridge (Ts). L was measured as 0.0303” and Ts was 0.0015” corresponding to an
expected light transmission percentage (LTg%) of 90.79%.

20 An RF screen with hexagon-shaped openings formed according to the
present invention was constructed with an inscribed circle diameter (D) of 0.0999"
and a bridge thickness (Ty) of 0.0031", corresponding to an expected light
transmission (LTh%) of 94.07%.

As indicated above, the values computed are the expected, or theoretical,

25  values for light transmission. Actual light transmission, measured with a UV light
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20An RF screen with hexagon-shaped openings forned according to the present
I nvention was constructed with an inscribed circle dianeter (D) of 0.0999"
and a brivwgeotihizékaess (TH) of 0.0031", correspondi ng t @Camsexpmessd | i ght
transm ssion (LTHY of 94.07% As indi cated above, the val ues

conputed are. the expected, or,theoretical 5val ues for |ight t smi ssi on.
At ol I 1 GRS S BRsuRLb e foss B3 Thg BRoodied vallids. \WARSH

2011/ 126473PCT/ US2010/ 029954 radi oneter, was neasured to be slightly |ess
than the dRisagdingdoks livded Wyitheory, it it belgvied that artual light &@npiissiembisy, it is
believed that actual light transmssion is slightly |ower than expected

| i ght trarsdighthslcoverdban empatiedtlight trensmisslomedise ofainlhéo ther thiokneks ohthean
absorb/reflect a small portion of light. Thus, theoretically, a 5thicker

gauge scr egfedrapvidnadaniabsorbaufiecttahemalt budlon! dfdight.t Trﬁu§,rth§§|ie@ieame§,<Aabe
slightly I ess than a conparabl e thinner gauge screen materi al . MPLE 2

One of gt h?gﬁﬁgﬁééﬁ‘iqied%re%ﬁhg%‘”@g%@%@ tRELLRIAN @@ﬂt‘?‘a@srﬁi@si‘%ﬁﬁs b’éﬁﬂ@ﬁtly"as,,

i
denonstra | cate ove, creens ll,ll’ll lon as a "fara cage

in 10 ordef_t | ock RF I fromes ng,.. .. Jhus, the amount of RF energy
that "l eakKg™ ﬁﬂf'n? gﬂ@pﬂﬁae[g@@éﬁe%gwiq g&ggn?%at{eﬂgl. | ar gest di mensi on of the
I ndi vi dual nmesh openi ngs. The invent e _di scovered that the RE screens
of the present invention are capabl ééi—giéﬁtti ng nore |ight transm ssion

wi thout sacrificing an increase in RF | eakage. 15As shown in Fig. 8, the
"I argest di mendP@of e berefitaaf ulilizing a oprsli pRfterofwith 5 or more nodes was

demonstrated. As indicated above, RF screens function as a “faraday cage” in

10  order to block RF energy from escaping. Thus, the amount of RF energy that
“‘leaks” from the RF screen correlates to the largest dimension of the individual
mesh openings. The inventors have discovered that the RF screens of the present
invention are capable of permitting more light transmission without sacrificing an
increase in RF leakage.

15 As shown in Fig. 8, the "largest dimension” of the individual openings of a
conventional RF screen with square or rectangular mesh is the diagonal (shown as
a dashed line LDg). For a square, this dimension can be represented as LDg =
¥2(L). In contrast, the “largest dimension” of the individuai openings of an RF
screen of the present invention utilizing hexagon-shaped openings (shown as

20 dashed line LDy) corresponds to the distance between one node and the
carresponding diagonal node (i.e., 180°) as shown in Fig. 9. This value

corresponds to twice the hexagon side length. For a hexagon, this dimension may

2
also be represented as LDy = v3 (D).

As such, for comparison purposes, if the open area of the individual square

25  openings of the mesh for a conventional RF screen were 1 in.? (corresponding to
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conventional RF screen with square or rectangular nmesh is the diagonal
(shown as a dashed line LDs). For a square, this dinension can be
representwo 2081/2063= a(L_). In contrast, the "l|argest diPEEAS2@O/029F4t he
i ndi vi dual openi ngs of an RF screen of the present invention utilizing

hexagon- s nin (shown as 20 |ine LDH) correspgnds to the

i st ance. Bethibdit GHUCHIRSTHIRWORE Wk Pespirid rieiah 25uA 1 Adecomese1go)
as shown in Fig. 9. This val ue corresponds to twi ce the hexagon side

| engt h. Fdtthe dpexagyen oftthe individealdiexagrappniigsef e nigahefoe andif asreedH
=(D). As such, for conparison purposes, if the open area of the

i ndi vi dualofsige presedbinpetiongeref! infdcorespdraiingtcDRY @S i [FREestcr een wer e
1in.2 (corresponding to WO 2011/ 126473PCT/ US2010/ 029954 L=1"), the
| ar gest opening would be LDs = "a(1") which equals 1.41'. Conversely, if

the open ajRmirf wblig b HDYi=dy@l(1 fm%a)gplﬁncmé@mersgﬁz@f Thes, esike ifh@rtw@rRFRF
screen of the present invention were in.2 (corresponding to D=1.075"),

t he Lagge AR ") 24" . Thus,
whi |l e ?he%{c\aﬁe@o&g{@rgleensagilm H’q‘s CEI:\I\F}{B heo%%gh}ﬁrgqgﬁo < e éfat#g ar ea t he
RF screens_of the present..invention zi na _hexagon- shaped enln
nave a sutEaia R iRd BRke gl ehtned fhfgnde ‘?Eﬁ/%ﬁg%aw%f’ esmelfet
convent i onal RF screen | ar gest di mension is about 14%l arg Accordi ngly,
RF scr eens a@eH BMepsippr #niBigexany @retﬂeﬁé‘&?m(m?'ﬂf gFeep %@é’ﬁtd'mﬁf@mﬂ on
exhibit increased |ight transm ssion over 1lOconventional RF screens
(assuni ng iezgbaut R%IlsegeiyeAoetrdig)y, Rft serkens avithed notede iedes ftrenatbove
Exanples are sinply for illustrative
according to the present invention exhibit increased light transmission over
10  conventional RF screens (assuming equal RF leakage values).
It shouid be noted that the above Examples are simply for illustrative
purposes. The particular pattern and geometric size can be optimized for the
desired application. However, the pattern and geometric size of the individual
openings will generally be selected fo yield a light transmission greater than that of
15  conventional RF screens while maintaining a level less than the maximum desired
allowable RF leakage. Generally, the open area percentage (i.e., expected light
transmission) of the RF screens of the present invention will be greater than about
80%, preferably greater than about 85%, more preferably greater than about 88%,
even more preferably greater than about 90%, and most preferably greater than
20  about 92%. In one exemplary embodiment, an open area percentage of greater
than about 94% may be obtained. The individual mesh opening area will generally
be less than about 0.05 in?, such as from about 0.0005 in® to about 0.05 in?,
preferably from about 0.0008 in? to about 0.05 in?, more preferably from about

0.001 in” to about 0.05 in?, and most preferably from about 0.005 in® to about 0.05

25 in®. The screen gauge or thickness will generally be from about 0.0001 in. to about
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purposes. The particular pattern and geonetric size can be optimzed for
the desired application. However, the pattern and geonetric size of the

i ndi vi duaWocpamizesys wi || generally be selected to yiel dPaTILSQNY/029954
transm ssion greater than that of 15conventional RE screens while

mai ntaining, a |level |ess than the Xi desired, al l onabl e RF_| eakage.
Gener al | y,og-]i He %%éﬁaqyirémbgr%n'f‘a@gaﬁ%qu%%1fé%‘pe%}cbwolr‘? BFﬁfefar%Eﬁﬂbé?‘?}ﬁ) of
the RF screens of the present invention will be greater than about 80%

pr ef er abl P.¢02kx éo abhuin0.868un. 85% nore preferably greater than about 88%
even nore preferably greater than about 90% and nost preferably greater

t han 20 about S¥Pde the fonegaing npltenydesatiptivmenthe iavertjencraldas peeoént age of
greater than about 94% nay be obtai ned. The individual nmesh opening area

wi |1 genergliihrpskill & fdkeadhPisivhat @%dn@%eré&g%s%ﬁtl e Beahe WesPnfd@@S in2
to about 0.05 i'n2, preferably from about 0.0008 in2 to about 0.05 in2, nore

preferabl i i : bly from
O et 8P bR Bt O 0.0 0o R ol FRSRaERESERD! Y
generally be from abgut 0.0001 in. .t bao VWO .. .

2011/ 1264 SPRIOTISOTRY 026 35 LHHATes S BLIE Py ATROGIe Mt MatROATh
0.015 in., and nore preferably fromabout 0.002 in. to about 0.008 in.

Whi | e t he eaPEdRY Rgraimi fhednsdion shoukhthereforenetRe imited bydapiadevene of
ordinary skill to make and use what is considered presently to be the best
nmode 5t herdestribedhestoofimentlinmethgd skid exainplesuhdidrs alhrthbedimeapisrae at e t he
exi stence of variations, conbinations, and equivalents of the specific
enbodi mentmetiBHb edthim it SoEPEAES spiit 6f thie ifVntionvantlapiedhoul d therefore not
be limted by the above descri bed enbodi nent, method, and exanples, but by
all enbodi ments and nethods within the scope and spirit of the invention as
clainmed. WD 2011/ 126473PCT/ US2010/ 029954
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WHAT IS CLAIMED: 1. An RF screen for a mcrowave powered WV | anp system
conprising: a unitary sheet of conductive material, wherein the conductive
mat eri al wWoef2inerRe43pr edet er mi ned nesh pattern of 5i ndi viPdWalS2@p®R9584S
across substantially the operative area of the screen, wherein the nesh

pattern in e n area percentage of greater than about 80%, and
wher ei n tm&%ml ngs conprise 3 or nore nodes. 2, An RF screen
assenbly for a mcrowave powered UV | anp system conprising the RF screen of
claim1, the RH.scr é’shRfswa@mﬁorfajﬁuw@wa&@@pwesfad@qulanm aystemane and

gasket i ng" 3. A mcrowave powered WV | anp system conprising the RF

screen assommyrisind: claim 2, the m crowave powered | anp system further
conprising: a power supply; a cable connected to the power supply; 5an

i rradi at or Conl’gﬁgﬁ|%}yt3(ﬁebhgf@&ML@UQ@%QQM\QF ed by the power supply, the
irradi ator conprising at |east one nagnetron configured to convert

el ectrical  poweinBfEiESbrIduBINE Rat@MIRfriiEOR! proliSterANdy MESABRREM, SNer 9y;

and

5 individual openings across substantially the operative area of the screen,

wherein the mesh pattern includes an open area percentage of greater than
about 80% , and

wherein the individual openings comprise 3 or more nodes.

2, An RF screen assembly for a microwave powered UV lamp system
comprising the RF screen of claim 1, the RF screen assembly further comprising a
metal frame and gasketing.

3. A microwave powered UV lamp system comprising the RF screen
assembly of claim 2, the microwave powered lamp system further comprising:

a power suppty;

a cable connected to the power supply;

5 an irradiator connected to the cable and powered by the power supply, the
irradiator comprising at least one magnetron configured to convert electrical power
received from the power supply to radio frequency energy; and

an elecirodeless bulb.

4, The RF screen, RF screen assembly, or microwave powered lamp
system of any of the preceding claims, wherein the individual openings comprise 5
or more nodes.

5. The RF screen, RF screen assembly, or microwave powered lamp
system of any of the preceding claims, wherein the mesh pattern has been photo-

chemically etched into the sheet of conductive material.
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an el ectrodel ess bul b. 4. The RF screen, RE screen assenbly, or

m crowave powered | anp system of any of the preceding clainms, wherein the

i ndi vi duaWoapanize4ys conpri se 5 or nore nodes. 5. PChaISRHO®2998€Nn, RF
screen assenbly, or mcrowave powered | anp system of any of the preceding
clainms, wherein the _mesh _pattern has been photo-chemcally etched into the
sheet of condu&:ive T BFisereemdF ogieso BESSDWIY DOOTICISERYEOP@reggdamp 6.
The RF screen, RF screen assenbly, or mcrowave powered | anp system of any
of the preysinmgf shniofithe pleseding clainss maereiofthe shdatof aandwaties natedanpri ses
copper, brass, stainless steel, tungsten, alum num nickel silver, or

conbi nat i wsnprivesewibper, brass, stainlgze Reelswingsten, Blursiauee mickes siryer or

m crowave powered | anp system of any of the preceding clains, wherein the
mesh patt i sieasisSerddfdi vi dual openings in the shape of hexagons.

8. The RF screen, RF screen assenbly, or m crowave powered |anp system of

o S ) R S S R RAR , o

9. The RF screen, RF screen a wer ed

any of the precedin ai ns, erein the RE screen is self healing in that
2" br oken BYBIEER Of AN 65 LR BTos ETag, MeEriBdas G RHTSTHCCRERISES: node.
10. The RF screen, RF screen assenbly, or mcrowave powered |anp system of
any of thdngjviddabippepiagaimtie siirpecriiaxagom= screen conpri ses an open area
per cent age greater than about 85% 11. The RF screen, RF screen
assenbl y, or m&rowave REveerezh, |Rifrpcepstasseotblgy notraveyeppesedidigmpl ai s,
wherein the RF screen conprises an open area percentage greater than about

90% sysfefn of ARy BFtiRr pre_dINgI8itiL dhersinan® Investopattariio WeKHaiiewar ed
| anp system of any of the preceding clains, wherein the RF screen conprises

0 oD 72 PR MAPPIRE RS ARLeRE o ity oAl gRR e
gr ggid: 29 ﬁgg%mﬁ?%%%%np%%%d%%ec éimcs?%reirgiﬁs[hg Fi&'sgriégﬁsiss ngf h‘ééﬁrﬁ% %bt%lﬁ
a broken bridge in the mesh pattern will erode only to the nearest node.

10.  The RF screen, RF screen assembly, or microwave powered lamp
system of any of the preceding claims, wherein the RF screen comprises an open
area percentage greater than about 85%.

11.  The RF screen, RF screen assembly, or microwave powered lamp
system of any of the preceding claims, wherein the RF screen comprises an open
area percentage greater than about 90%.

12.  The RF screen, RF screen assembly, or microwave powered lamp
system of any of the preceding claims, wherein the RF screen comprises an open
area percentage greater than about 92%.

13.  The RF screen, RF screen assembly, or microwave powered lamp

system of any of the preceding claims, wherein the sheet comprises a thickness of

from about 0.001 in. to about 0.015 in,
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WO 2011/ 126473PCT/ US2010/ 029954 14. The RF screen, RF screen
assenbly, or mcrowave powered | anp system of any of the preceding clains,
wher ei n twe 28tviee473f urt her i ncludes a non-nmesh border alPemgsat10ioee9ss one of
t he edges. 15. The RF screen, RF screen assenbly, or m crowave
powered | anp systemof any of the preceding clains, wherein the individual
openi ngs in t hd4mesH hedRk sereeto it $BCRRSEPBR Yo O MUSOWAYRPWIEE 18105 | n2.
16. The RF screen, RF screen assenbly, or mcrowave powered |anp system of
any of theypestetiamgoting precedingrofaimst whersn she seneendudber ingluded a woryi el d
an increase in light transm ssion in conparison to a screen with a nesh

pattern congyh Isoraigr alpmar #t-least drecéfahgedgesshaped i ndi vi dual openi ngs of the
same 5 open area. 17. The RF screen, RF screen assenbly, or

m crovave powered | gipg RW%‘%:F‘éErf?fRAI:ﬁé’dfeeﬁ a%Q@mBh?%‘?%i@r%dev@i er\é’ﬁ%rﬁpn the

RF screen is |inear. 18. process tor formng an screen for a

o s o ARty ot AENRNRTe AAEERHarR e paviov RS R s

conpri ses individual openings, the indivi | .5, openi ngs conprising 3 or
nor e nodeg,aﬂg%compﬂse aﬂk?é?gioﬁ'qsﬁghﬁﬁabei"g@ﬁ%’arrpri ses an open area
percent age greater than about 80% 19. The process of claim18,
further conpridBng JihetRE skegars &R screes iwsEgmMPhe o inMigiowvayedeaweyeddam@uct i ve
material to formthe nesh pattern.

system of any of the preceding claims, wherein the RF screen is configured to

yield an increase in light transmission in comparison to a screen with a mesh
pattern comprising square- or rectangular-shaped individual openings of the same
5 open area.
17. The RF screen, RF screen assembly, or microwave powered lamp
system of any of the preceding claims, wherein the RF screen is linear,
18. A process for forming an RF screen for a microwave powered UV
lamp system, comprising:
forming a mesh patiern into a single sheet of conductive material,
wherein the mesh pattern comprises individual openings, the individual
5 openings comprising 3 or more nodes, and
wherein the RF screen comprises an open area percentage greater than
about 80%.
19.  The process of claim 18, further comprising photo-chemically etching

the single sheet of conductive material to form the mesh pattern.
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