M CROMAVE LI GHT SOURCE W TH SOLI D DI ELECTRI C WAVEGUI DE The present
invention relates to a light source for a m crowave-powered lanp. It is
known t o WRCeD10&058278i scharge in a bulb with a view to pr®@GunGB208/G03811 .

Typi cal exanpl es are sodi um di scharge | anps and fl uorescent tube |anps. The
| atter use nercury vapour, which produces ultraviolet radiation. In turn,

this excites MléRbW&\?@Ll(FWT‘%%’Uﬁ@EP\Vlﬁ’ﬁﬁcﬁl_lgﬁleggTH@WA\{lﬁggpbé anps are

nore efficient Interns o umens o per wa electricity
consuned than tungsten filanent |anps. However, they still suffer the
di sadvantage of requiring electrodes within the |anp. Since these carry the

current requl ol Lol BHRRIARAR I 4 A sGGeE RS ARG Il ER] |- Ve

have devel oped ‘el ectrodel ess bu , as shown 1 n our ‘patent application
Nos. PCT/ GB2006/ 002018 for a lanp (our ""2018 |anp"), PCT/ GB2005/005080 for
a bulb for the I.a[l’gg and PCT/ GB20 7/001955 for, a matching circyit for a

m cr owave- poweldd KPAWR fo exrue d digchargg in,g Bulb yvithgxiewsiodradycing gkt r odel essl y

by use of TP,RHPNAKRDIGNHEE ik dichafgb lah @ fluo Rk drlt kit 1BhAS "Phd 1Bitdrhe bul bs.
Earlier proposals involvi né use o%gaflahg)isr waveof or coupli ngsst he m crr owave

ener gy i ntuse metsuhbvapavs idenpreduees fuliravialetiradis@orh yInrtumy, #ns excifies i ng

Cor porati as _in their US Patent 1Dl 913. 1f an &air wave qui.de is
used, t he?ﬁé{fﬁgcq% p%ﬁ’&?&}? pB()edglgﬁggﬂqu%’\gngh§g%ngpp§ 2re gk %fﬁ%len l\rll\e{e guioge is a
fraction Qimédief\Wakeerhiiedipbr @whit bhéledticitorsme@sed thaitingsihi flamenti@hpa probl em
for street lighting for instance but renders this type of. light unsuitable
for many dipreventheyssll spHer thedisadwantags of pguiringrlectiodag,withindhe lampe| ectri ¢
wave- gui dey i ant : ety 3 Y 7 rating
fr equency%(’l)?c\é/gf.l‘%gﬁgwﬁﬁ S eg{rﬁlﬁéi%“é suf{t%gg}l %ﬁ?rg?’ tﬁ%’é&%&%oﬁrr@s@?‘@a‘g% i ances
such as rdait. projection television. Sone eight years ago our partners in
the m crowave excited |ight business engaged the founders of Luximlnc
("Luxim') in a consultancy arrangenent. On 3 1st July 2000, Luximfiled a

US provi si onal ypahaRrtdedpBhéfateitelNes Gllb ZdpsO88shota th @t Palent
application Nos. PCT/GB2006/002018 for a lamp (our “°2018 lamp”),
PCT/GB2005/005080 for a bulb for the lamp and PCT/GB2007/001935 for a
matching circuit for a microwave-powered lamp. These all relate to lamps operating
electrodelessly by use of microwave energy to stimulate light emitting plasma in the
bulbs. Earlier proposals involving use of an airwave for coupling the microwave
energy into a bulb have been made for instance by Fusion Lighting Corporation as in
their US Patent No. 5,334,913. If an air wave guide is used, the lamp is bulky,
because the physical size of the wave guide is a fraction of the wave length of the
microwaves in air. This is not a problem for street lighting for instance but renders
this type of light unsuitable for many applications. For this reason, our *2018 lamp
uses a dielectric wave-guide, which substantially reduces the wave length at the
operating frequency of 2.4Ghz. This lamp is suitable for use in domestic appliances

such as rear projection television.

Some eight years ago our partners in the microwave excited light business
engaged the founders of Luxim Inc (“Lﬁxim”) in a consultancy arrangement. On 31
July 2000, Luxim filed a US provisional patent application No 60/222,028, following
which US Patent No 6,737,809 was granted in due course (“the Luxim Patent”). Its

abstract is as follows:

CONFIRMATION COPY



whi ch US Patent No 6, 737,809 was granted in due course ("the Luxim
Patent"). Its abstract is as follows:"A dielectric wavegui de integrated

pl asma | anp 20IWsBL7s with a body consisting essentially etTaiheamssione
dielectric material having a dielectric constant greater than approxi mtely
2, and having a shape and di mensions such that the body resonates in at

| east one resonant node when m crowave energy of an appropriate frequency
is coupled into the body. A bulb positioned in a cavity within the body

t ai -&4 1l I el Vi t ti bod
Forme a1 gt ert (1R85 PalRERe B, RO CRPIPT) B ESRT | 10 Doty

fornms a light-emitting rst
di scl osur ecafsisting edsentialyalf @t lenstonweicdectyid tletefiak havingd dinlgctriccoostante ener gy

into an el ectrodgel ess bulb., At that .ti t he cus of attentio S on a
v ked r edBRERFOIHAR APRPR K Petrsbiying A Shabe ard SrigpiPes Sieb TRt it boB e omn
i nvol venentesiiadd ih BEleRdt Bhe fdsod@ nidde GRIAMiEroWARNE bhdraf of ANEptbRsAN ceram c
was alum na. Qur US patent No 6,666, 739 predates the above nentioned

consul t ancirequenemnigenupled inte thedtosyr Adull posionedin aeayvity Witen thenhpdyonsi st s of
a hol | ow t ubul.ar bod% Wi”fl\ihd gsed end an&l an, open etnd.bThg body is of
sintered cEPEHTY? &&T RN MFch he TRERIVInE SPLRY MO REFBLRAYHL WY IR™ENY, ¢ he

w ndow andﬁé}hQnﬂ@ﬁﬁE pehfag’ united by a layer of frit. The wi ndow is of
sapphire. Wthin the body is sealed an inert gas atnosphere and a pell et
charge of excitable material. In use, the lanp is subjected to RF

el ectromagnetic f:atl i: J 0, : i L Lo m t
visible |ight v‘l)&%aot%Hg‘%stglgtptﬁ?rlg&pqﬁgﬁa%érlésﬁ ‘?O%f]aaﬁ%ﬁ%gh%@dg%%gﬁé% &llnggtf e form
used, but aupling hecroewee gnergieinvman ¢betoeidless bidbsiAlt vet titne the focusief boundary

conditions for, the resonant, el.ectri.c field within th v ide. In the
Luxi m pat eFfentipR Wiz en g dygiion ip F‘&ﬁta?}gﬁ%f yb‘éseéﬁia\tglia’]égd%re&gg'sapphi re
Wi ndow. Veoas Swh iRWNVeEeR! witR Yhd¥BREERAs i cBfnit Byt attRIcBbictePmmti oned
above to use a solid dielectric wave gui de that does not use a separate

bul b encl owasgjumina.

Our US patent No 6,666,739 predates the above mentioned consultancy
arrangement. Its abstract is as follows:

“The lamp consists of a hollow tubular body with a closed end and an open
end. The body is of sintered ceramic material. A window is sealed across the open
end, the window and the body being united by a layer of frit. The window is of
sapphire. Within the body is sealed an inert gas atmosphere and a pellet charge of
excitable material. In use, the lamp is subjected to RF electromagnetic radiation

which heats it to 1000°C causing it to emit visible light via the sapphire.”

Not only is alumina opaque, in the form used, but also the wave guide was
plated with silver to provide boundary conditions for the resonant electric field within
the wave guide. In the Luxim patent, it was proposed that light should be emitted via

a sapphire window.

We are unaware of any proposal since the collaboration mentioned above to
use a solid dielectric wave guide that does not use a separate bulb enclosing
microwave excitable material — the bulb normally being of quartz — in a recess in an

opaque wave guide — normally of alumina ~ or an integrated arrangement of a



m crowave excitable material - the bulb normally being of quartz - in a
recess in an opaque wave guide - nornmally of alumna - or an integrated

ar r angeneWwo 20f0/@f27anspar ent wi ndow cl osing a recess i n EOTERGWBON Ve gui de
and encl osing mcrowave excitable material. In pursuit of inprovements in
our mcrowave excited |ight technol ogg, Andrew Neate invented a coal escing
of a bulb and wave guide into a single conponent in another way.
Consequently, we filed our patent application No 0722548.5 on 16t h Novenber

2007, ref etiangpartit wiadew atosingra fetess in abpaglié 9hate fuide badigndRessgnat or) Pat ent
Application, It described a visible Iight source for a lanp to be powered
by a ni cr oHsIRVassretablamrisgal. an encl osure, which is transparent to
visible light and opaque to m crowaves, and resonant on nicrowave
excitation, a fill of material excitable by mcrowave energy to forma
pl asma eni tti ngn\pussuftlof imprpivemantd in aur mictevava ewtitdd light kesheologusur e

positioned,for asnma-i nduci ng excitati gn of m crowave resonance wthin the
encl osure,@%@w%%fﬁgerﬁ%fy?ﬁ %?cﬁlgrﬂféé’t“ﬁ’o %ewx?vgrﬁﬁ'il%n ?P@g the encl osure
for coupl i ®ghgoRerthf andthéom@ye source. I n devel opment of our first LER

whi ch was at first envisaged as a relatively large enclosure with a

relatively thin wall and the antenna in the encl osed void containing the

fill, we devel gpe r ' ' ] e e was

relatively snaﬁ?%nge@}né&ﬂiﬁ‘ggg%td ?ﬁ%&\%ﬁéﬂh@%@@;‘%@ﬁ&g ?ﬁ'lgr?%ﬂ he material of

}\/Ee czancl osNdS\]ft:mb'Ehgew,wﬁexfréd echeptiis QatfesttL BRpdliglteEmntind\RedBaG4) Patdnt on 23r d
y 2008, referred to here_ as, gur second LLER (Light Emtti Resonat or

Pat ent ApphPRilatio. It descgged # visthie Lightiseyase £or13 %wpqgﬁapewe%%g@ power ed %)y

m crowave enerowv. shhge peuhee having: a solid plasnma container of material

which is transparent or translucent for exit therefrom the plasm

cont ai ner hasi nm enchealecdhichiidtransparent tplvissivte ligbtrena apaqye to microwaves,

and resonant on microwave excitation,

¢ afill of material excitable by microwave energy to form a plasma emitting
visible light and

e an antenna within the enclosure positioned for plasma-inducing excitation of
microwave resonance within the enclosure, the antenna having a connection

extending outside the enclosure for coupling to the microwave source.

In development of our first LER, which was at first envisaged as a relatively
large enclosure with a relatively thin wall and the antenna in the enclosed void
containing the fill, we developed our second LER in which the enclosed space was

relatively smaller and the antenna was positioned within the material of the enclosure.

Thus, we filed our patent application No 0809471.6 on 23" May 2008,
referred to here as our second LER (Light Emitting Resonator) Patent Application. It
described a visible light source to be powered by microwave energy, the source
having:

e asolid plasma container of material which is transparent or translucent for exit
therefrom, the plasma container having a sealed void in the plasma container,

¢ aFaraday cage surrounding the plasma container, the cage being at least
partially light transmitting for light exit from the plasma container, whilst

being microwave enclosing,



a Faraday cage surroundi ng the plasnma container, the cage being at | east
partially light transmtting for light exit fromthe plasnma container,
whi | st beWOagowSs2have encl osing, a fill in the void of PERIGH20eH00884¢i t abl e
by m crowave energy to forma light emtting plasma therein, and an
antenna arranged within the plasm container for transmtting

pl asmai nduci ng m crowave energy to the fill, the antenna having: a
connection extendi ng outside the plasma container for coupling to a source
of m crowave eengfifl¥n tHehidof MBGHAKIXCitiRe BY nfictevathédergy @hforrthiadigha pl asma in
the voi d can pass. through the plasma container and radiate fromit via the
cage. W have nouitting plagpa thetedn.#dd the LER and rel ated technol ogy, and

Andr ew Neat e .an i .. Q1 pgq . Sﬁﬁg . i on which
provi des an 5dv%ln$§é{éla§f£¥1§ez&‘8‘gﬁh?fﬁyghﬁnp 3%‘?1%305{& Blfgrbg%ﬁg- Accordi ng
to the inventi oindiding eitrdwavesicdgtoahe fi)hthe aneneehadmpr i si ng:  a | ucent

wavegui de of solid dielectric nmaterial having: an at_l|east partially |ight
transmitting Fatad&pneesgen sxiepding qrisieitheplasieeentaiaer forconplingdadi ty wit hin
t he wavegui de and Jor:Tol nd an antenna re-entrant within the
wavegui de and thesé§§%§g§ﬁ%g§% angusg bul b having a m crowave excitable
fill, the thalabralygnregt baagswehdthatlighhéotmd flasmaint the véid cas @dssi thraugh she
specification: "lucent"” neans that the material, of which the item

descri bed PlasmyeQugingrand Sacialg fronyitviaBe Gagent or translucent. A I anp using
this light source has advantage over the |anp of the patent '809 in that
light radiating laterally fromthe bulb as well as axial |ight can be

col | ected and uWelhagsedow|farthdrelevegogedshe BER andirglatediteghnologl yanidrAndreie end of
the bulb OIQ!ane s&d" Bla?r?ie Preston jointly made the present invention which provides an

advantage of the LER in a lamp using our 2018 bulb.

According to the invention there is provided a light source comprising:
e alucent waveguide of solid dielectric material having:
e an at least partially light transmitting Faraday cage surrounding the
waveguide,
e a bulb cavity within the waveguide and the Faraday cage and
e an antenna re-entrant within the waveguide and the Faraday cage and
e abulb having a microwave excitable fill, the bulb being received in the bulb

cavity.

As used in this specification:
“lucent” means that the material, of which the item described as lucent is

formed, is transparent or translucent.

A lamp using this light source has advantage over the lamp of the patent *809
in that light radiating laterally from the bulb as well as axial light can be collected and
utilised. In the 809 patent axial light only from one end of the bulb only can be

utilised.

Normally the waveguide will be dimensioned for microwave resonance with

the cavity at a position of field maximum for optimum excitation of the fill. In the



utilised. Normally the waveguide will be dinensioned for m crowave
resonance with the cavity at a position of field maxi numfor optinmm
excitati ONO@P1IW®IB27Fi |1 . I n thepreferred enbodi nents, th@CHKGRGW WSS of
circular cross-section and is dinensioned for a half wave to extend
dianetrically within it. Preferably, &n envel ope of the bulb and the | ucent
wave guide are of the sane material. The bulb cavity can be open, depending
froma surface of the waveguide as in the '809 patent. However, we prefer
to pl ace t preferet embodienehes Heywavegtide isnafobrguladerossidectioh ned & dilmessienetlher by:
1. Provi diEO% %lgore into t (? wavegtfi de,. past half its depth, inserting a
bul b i nt o 1oh&hgkhMave fexienadiagetr Iy, githingf-+ h o plug of the material of

whi ch the wave guide is nade. Wiilst it is not essential, though possible,
to seal the plug to the waveguide, it is preferably fixed to it,

conveni ent |y byPreferahiylanfensélope shibt buld. anPithe/judén gvavh guide\regel the same t wo

hal ves, which .when cl osed together provide the bulb cavity. Again the two
hal ves, whitgf™#eed not be equal nor synmetric hal ves, can be spot fused
toget her. Were the crucible and the plug are of vitreous material, the

plug and crucible or the two halves of the latter as the case can be is
fixed or seal edediydl pavitysan bg open, depending fEom arsurfaes @fithe wayeguidsaasinug at

the step h c - har / ey, he Wbl £Ededl » they
are fi xed(’j‘ﬂ(i){rg géfegaéagbgt't %gg'%ﬁéerf Q’gﬁﬁfg\ﬁgﬁ)ﬁaﬁg}ttl né@%ﬁ)rf{i?e? rrgl?g‘rgi al g%%eg | ocal
mel ti ng caWelaehietd thist adtheblyy:| aser In either case, the bulb can be free.

i nsi de the, cavity. wever, 1t is preferably fixed with respect to the
cavity. Sult gb‘? PR Oﬁﬁt%@e%ﬁ?%s%pw%ét&sdf i‘l’i‘_@er&ngﬁg_ to & bulb in
a correspondipBgl MdNARE tla@bsrea%ﬁwglug%fmeqﬁatteﬁﬁ of il the Mave ufdessi bl e to
retain the bulb in its cavity with the Faraday cage. In one particular
enmbodi ment : made. B(Hilst ités nadteasential, thoughhpossible, ty/sdal the plughte th¢ di el ectric

Inﬁt(::grn![ akévég%agggqige? ft igtpre\%jrlaglg ffxb:g t& ﬁ,v c!otn enqgrﬁf}sbyﬁ & lo%albi%gi%n %;%tf ace of the
2. Providing the waveguide in two halves, which when closed together provide the
bulb cavity. Again the two halves, which need not be equal nor symmetric halves,

can be spot fused together.

Where the crucible and the plug are of vitreous material, the plug and crucible
or the two halves of the latter as the case can be is fixed or sealed together by local
melting of the material of the plug at the step and/or the counter-bore. Where fhey are
of ceramic material, they are fixed or sealed to gether by local melting of frit material.

The local melting can be effected by laser

In either case, the bulb can be free inside the cavity. However, it is preferably
fixed with respect to the cavity. Suitably this can be achieved by spot fusing a stem of
the bulb in a correspondingly sized bore extending from the cavity.

It is possible to retain the bulb in its cavity with the Faraday cage.

In one particular embodiment:

e the bulb is retained in the cavity by a tube of dielectric material;



and the tube is retained by a portion of the Faraday cage; the bulb has an
extension locating in an inner end of the tube; the tube provides the

ant enna re0gAtwv@m7’5 the Faraday cage includes a solid POT{GR2ASNHMdI ng
across a back of the lucent waveguide to a transverse extent thereof and a
clanp clanmping the solid portion and tthe wavegui de t oget her and connecti ng
the solid portion to a lighttransmtting, front portion of the Faraday
cage; the lucent wave guide and the solid portion of the waveguide are

conpl ement ar el ythe barfad at ahichthé tadtyldpgiy is hdadts suréied of tHeduddngavéguidesm t ti ng
forward portion of the Faraday cage includes a reticular netallic el enent

or a lucent, coHdbetube l%liﬁéﬁllile‘rﬁ‘d’y arppstien phthe Freaday g38%e utili sed
i ndi vidually, or hgﬁxfb%%rsh?{@;(%nsx&bﬁcgtﬂrggaig% 1&1?&9%n&3f'thterfﬁﬂel*de at |east one

aperture for y I ncreasi ng ransm ssion theréthrough. Preferably

the apertur e.| sthe ubeipy@ddest thaantome re@ntrantof the free space wave | ength of
the mcrowaves in the crucible. Typically for operation at 2.45 GHz, the
aperture wourd the Fawdey eagerineludes asphid pertion exteadingiactoss a backmhthahgentor

5.8GH no bi gge\;va\;e%?ﬂe@o &%rgmve}ste ekén gfeﬁﬁgtﬁfia I:lti?lé %ﬁplﬂ%?ﬁ:@ﬂﬁr uci bl e will

be of quartz or sifAtered ranspar en ceramc gh ot her
materi al s may gicstiobandsthe nabtguidd togethert indwoanecting ehecwilidpoctiomtb erlight- can be
transl ucent or transparent. An, ex npl g(] a suitable translucent ceramc is
pol ycrystal li ne‘raéHS{EWi“H&a pattiong éheoﬁ‘ear aﬁ’rcéﬁ%}par ent ceramc is

pol ycrystall in 58l ble materials
are al um ni um ‘raltlh‘t'yﬁ e an@%mé‘gfneq%%(gt gfort‘é%npéﬁ'h %ul(%grabl y, the materi al
of the bulb ancbo&ﬂlﬂememmhyahapmﬂfblfmnmadfdaghufdeud;lame the sane coefficients of

t hermal expansion, conveniently by praovid] t hem of th anme rrat erial.
Nevert hel ess® ttg%h%tl tgpnsmitfing faryvagdpqriion H%?‘ge:ﬁraﬁ%ﬁa&eﬁgc u ‘?Flatrﬁtlcu ar

parti cul arly Wheeuiclodied br A 8lcehi UldichWEdahREM™]  conductivily, and

cl earance is pre erab yprovi de expansi on e bulb. NB, quartz has
| ow conducthesefeaompacaadewitilised individually or collectively.

The Faraday cage can include at least one aperture for locally
increasing light transmission therethrough. Preferably the aperture is no bigger than
one tenth of the free space wave length of the microwaves in the crucible. Typically
for operation at 2.45 GHz, the aperture would be no bigger than 1/10 x 12.24cm,
i.e.12.24mm and for 5.8GHz no bigger than 6.12mm.

It is envisaged that the plasma crucible will be of quartz or sintered,
transparent ceramic material, although other materials may also be suitable. In

particular; the ceramic material can be translucent or transparent.

An example of a suitable translucent ceramic is polycrystalline alumina and
example of a transparent ceramic is polycrystalline Yttrium Aluminium Garnet -

YAG. Other possibl.e materials are aluminium nitride and single crystal sapphire.

Preferably, the material of the bulb and the material of the waveguide have the
same coefficients of thermal expansion, conveniently by providing them of the same
material. Nevertheless, the bulb is likely to run hotter than the cavity, particularly

where it is of relatively low thermal conductivity, and clearance is preferably



alum na. Wiilst the antenna will normally be placed in the antenna
re-entrant and held there by other nmechanical constraints in the |ight
source, 1WOi2810é39%37§aged that the antenna coul d be secur @ TIGB200800#Vegui de,
for instance by fusing of material of the waveguide around the antenna,
closing the re-entrant. Preferably thég |lanp al so includes a source of

m crowaves and a matching circuit as a single integrated structure. To help
under st andi ng of the invention, various specific enbodi nents thereof wll
now be despbiided forelkparstinasfahe Bulbo NB) quartLizaspaw yondnctiveavomgared withwhi ch:
Figure 1 is a diagranmatic perspective view of a bulb, |ucent wave guide
and ni cr ovAlW®i%ource of a lanp having a |ight source in accordance with the
invention; Figure 2 is a cross-sectional side view of the bulb and | ucent
wavegui de of Figure 1; Figure 3 is an end view of the |ucent wavegui de;
Figure 4 is an %ﬂbtahedntvnwﬁl‘nmaﬁybephwd weh¢ atenna weentrguti ad helind Fi gur e

5is an end vi,ew of t al t.ernati.ve. wayv i de Referr dr awi ngs,
Figure 1 S‘ﬂg{&byg i",mfs%lﬁf’g%@l&tﬁﬂv‘% ?g#t sQUcg lﬁe'\Mﬁ%gﬁé)@SE%ﬁ ses an
osci | | at ormﬁaﬁa@mhlb@seéuré@um@ waveduide, EsranadRe LGN of MRietial bfthoper ati ng
at 2.45 or 5.8 GHz or other frequencies within an | SM band. The source

passes thewaveghiggavamdyheadenng; elhsing theire€oirant3 t o an antenna 4 ext endi ng
into are entrant 5 in a lucent waveguide 6. This is of quartz and has a
central cavity 7 accommpdating a bulb 8. The bulb is a sealed tube 9 of
quartz and contRrefesatdy thel lampfalsodidledegasoand ofimitrowavesvadexnattiibge nateri al,
whi ch radiates visjble |ight when excited by m crowaves. The bulb has a
stem 10 r @B @gaspele @fe@ﬁart%?tglci‘{e extending fromthe central cavity. The
wavegui de is transparent and light fromthe bulb can leave it in any
direction, subject to any reflective surfaces. Mcrowaves cannot |eave the
wavegui de, whi cFo hdpundérstendiag of the isvenfiamemribys speFidiczdehpdaagds thewepf cal | y
this will now be described with reference to the accompanying drawings, in which:

Figure 1 is a diagrammatic perspec tive view of a bulb, lucent wave guide and
microwave source of a lamp having a light source in accordance with the invention;

Figure 2 is a cross-sectional side view of the bulb and lucent waveguide of
Figure 1;

Figure 3 is an end view of the lucent waveguide;

Figure 4 is an exploded view of an alternative lucent waveguide; and

Figure 5 is an end view of the alter native waveguide

Referring to the drawings, Figure 1 shows a generic representation of a lamp 1
which comprises an oscillator and amplifier source 2 of microwave energy, typically
operating at 2.45 or 5.8 GHz or other frequencies within an ISM band. The source
passes the microwaves via a matching circuit 3 to an antenna 4 extending into a re-
entrant 5 in a lucent waveguide 6. This is of quartz and has a central cavity 7
accommodating a bulb 8. The bulb is a sealed tube 9 of quartz and contains a fill of
noble gas and a microwave excitable material, which radiates visible light when
excited by microwaves. The bulb has a stem 10 received in a stem bore 11 extending
from the central cavity. The waveguide is transparent and light from the bulb can
leave it in any direction, subject to any reflective surfaces. Microwaves cannot leave
the waveguide, which is limited at its surfaces by a Faraday cage. Typically this
comprises an ITO coating 12 on a front face of the waveguide, a light reflective

coating 10, typically of silver with silicon monoxide coating 13 on a rear face and a



conprises an I TO coating 12 on a front face of the waveguide, a |ight
reflective coating 10, typically of silver with silicon nonoxide coating 13
on a rearwpaw/@miSawi re nesh 14, which contacts both t RETIGE20e819381il ght
reflective coatings and is grounded, the wire nmesh extendi ng around si des
of the wavegui de between the front an® back surfaces. Light can pass
through the wire nesh for collection and use. The wave guide w |l be shaped
and di nensioned to establish an electric field nmaxi mumat the bul b when
driven at ivire nwsh ¢4} whichcontamabethithel i@ and/light hefladtive osdtmgs gy ist aki ng
account of the dielectric constant of th rtz of fthe waveguide is

bel i eved t oBales tiHre Reshehensing arpead sifesthl heiavegnide evaen hBosr  one
physi cal - copf gk SaARY 19bhidaR phisififousRHCFire AIZRY fo? LOflecidh And gk, vavegui de I s
shown in Figures 2 & 3. e qgartz veguide 2 1 is unitary wth a bore 22

fromone face 23. The bore extends to sone 60% of the thickness of the

wavegui de at full dianeter 24 for the | b body, 25 a t he n at .a

cl earance di aneulp_éerwﬂ;e Cho) ?Yvﬁbbeb%aﬁe‘g?’%ﬁpmﬂn%il tﬁﬁsﬁgl?ﬁ}’i%ege%ﬂ%gﬁlgre on top
of the bul RagfAfhn & the K818 WHenrives abhe kelsdtedmidtowhvd Requenmedmigle and pl ug
material at the orifice 30 of the bore as by |laser sealing. For this, a

| aser is fdimensigniag, tekiagjaetount of the dgleckiq ¢onsiant ofehp avastzaidhe wavegiidsgui de at
the orific I . Qi N, 1 y nmelting the

quart z, m‘?é’%ﬁﬁegé?ég@g’% tﬁgg%gﬂt{}gﬁ%e%m{%@%& ‘I}gﬁ. nto the wavegui de.
Provided the fusing is continuous around the plug, a seal is forned. On the

opposite face 32, ere the stemprotrudes fromthe stembore, a simlar
| aser operati onOP%P I“I%?‘IP@’@.“”‘I“P“R@E:}&@S‘F FOUIESHEOMRIISING '?gi’g‘?;‘q gf‘éegu“ie
subsequent joxp, foh iéﬁgereg 9 & 8ITHHE qRikYz SRR 2118 uﬁiﬁ&?%\mp&%rg gbdgnpecones a

unitary whole wth the bulb. It should be noted tha ere the bulb
envel ope aok fhtee2 nalleghire extands thsoine 60%qefahe thicknessofshavavaguade at el nmat er i al

I [ i bl h I t I stal | i iha,

al ass 111 gt e PO Sudlhenf o oRaratl LabRies P Fu b8BT Ng ana
seal i ng t hgeGOMPANSIE 28 filRehdBdradaYorefiBie 6alb AAE iPRRI I8 Pl BFTAHRNLY Y -

Wil st the antenna and its re entrant are shown to be coaxial in Figure 1,

t he re- ent ofihe wageguide andplegymatgrigeatithg erifice 30 of the bore as by laser sealing.

For this, a laser is focused on the joint line 31 between the plug and the waveguide at
the orifice and traversed around the joint line, locally melting the quartz, which
freezes again quickly fixing the plug into the waveguide. Provided the fusing is
continuous around the plug, a seal is formed. On the opposite face 32, where the stem
protrudes from the stem bore, a similar laser operation is performed. If necessary, the
faces 23,33 are subsequently polished to remove any spatter. Thus the wave guide

becomes a unitary whole with the bulb.

It should be noted that where the bulb envelope and the waveguide are both of
quartz, such sealing of the material alone is possible. Where they are of lucent
polycrystalline alumina, a glass frit is introduced at the seal and it is this which fuses,

fixing and sealing the components.

The Faraday cage can be applied subsequently. Whilst the antenna and its re-
entrant are shown to be coaxial in Figure 1, the re-entrant 33 in this embodiment is

placed eccentrically in Figure 2.

Another physical configuration is shown in Figures 4 & 5. The waveguide 41

is of two complementary parts 42,33. These have mating faces 44,45 in which are



pl aced eccentrically in Figure 2. Another physical configuration is shown
in Figures 4 & 5. The waveguide 4 1 is of two conplenentary parts 42, 33.
These hawsOrRat/3xR7Saces 44,45 in which areprovi ded rece®SE4BLE)8P3811
equivalent to the bore 22 and the stem extension 26. The bulb 48 is laid in
the recess in one part and the stem49 is |laser tacked 50 to its recess, at
the distal end of the stem where thernal stresses in use can be expected
to be a mnimum The other part is added and the two are | aser seal ed 51

t oget her airovided tdoesspesd, pnequivaléntitd eierboreo2 Nind the 8em dhemtondd. ITHeave been

polished flat, so that once they are united, the fact that the waveguide is
conpri sed BHb #§s laidp dherecess dn g pagk andrihg §t§mtﬁgﬁé\lﬁ56rtﬁad&e§1 20 tRiils refkety e

resonant cg%thlgﬁld o?%st@rﬂﬁgﬂgett RO rB%%erdéléH o3k Whol e wi th

t he bul b. above e I ments have een escri as being of
quartz, t hatmmamt a hsaryheln (ptuh ig drkleth ahdthateto titeclaswaseajed ﬂbt@emeDMOqMMZ t hey

Id be of oth ti.cul ar, th t
el | eved (R5 LIS of fBRyDain ficehaThion eyl 2 en palithse Hhee R ohes B8R or a
| east tranglildgant fact theetheSidve @lde ﬁ%@ﬁi@h@&i ofiQlo)fakty hhethd bffectdhwi na (PCA),

yttrlumalumnlumgarnet ( YA d alumniumnitride. The invention is not
i nt ended tbﬁhb‘eoure@tarm@r@ﬁawede%qménmv&guyieofThﬂlhég%lbdh@“@é%ﬁdﬂ)@@o’@ﬁ%om ment .
For instance st .t.he ami ngs show wavegui des that are circular
cylindri caafmmﬁrysw Olerﬁl %ﬁ’eic/?ual length to dianmeter and the antenna

re-entrant usually on thelr central axis, the length to dianeter ratio can
be altered to make themeither short and fat or tall and thin. Equally, the

antenna can be Whistdhe @W@Wél%t%mﬁﬁeqqu%leﬁdeasi’e‘qgto fauartsdhalds) ed in,
i.e. ther t ptrant can
be left optg rﬁ%&?ﬁ% ‘he g%tt?(gtnh\réi‘a‘;’ zﬁe\glgrgg e O?RP %?162] &wggie%(ﬁ(?fd%ﬂ%a{é\ﬁe?o

di ff erent lggarteular thesfollpeing matehalaaredmbewedab be agigable ini thit tHeyr@aaor oams chosen
to suit el}eona"lce | ndeed ssential for the waveguide to be

i,S_not
driven in ?éf?eépar%foéﬁfieﬁﬁt@ﬂgil‘ben igures 5 and 6, the |ight source
there shown hasygds§iid! sapphire, polycrystalline alumina (PCA), yttrium aluminium

gamet (YAG) and aluminium nitride.

The invention is not intended to be restricted to the details of the above
described embodiment. For inStance, whilst the drawings show waveguides that are
circular cylindrical in shape, with equal length to diameter and the antenna re-entrant
usually on their central axis, the length to diameter ratio can be altered to make them
either short and fat or tall and thin. Equally, the antenna can be placed eccentric as
shown in Figure 2. It can be sealed in, i.e. the re-entrant sealed with the antenna in

place, or the re-entrant can be left open with the antenna inserted.

Also the waveguide can be of different geometric shapes, such as cuboidal,
again with dimensions chosen to suit resonance. Indeed, it is not essential for the

waveguide to be driven in resonance.

Referring on to Figures 5 and 6, the light source there shown has a squat
circular quartz waveguide 101 of 50.8mm diameter and 35mm height. From a back
surface 102, there extends centrally into the waveguide a Smm diameter bore 103,
penetrating to within Smm of a front face 104 of the waveguide. It has a counter bore
105 of 6mm extending 15mm. A 5mm diameter quartz electrodeless bulb 106, a

*2018 bulb, with a 15mm body 107 and a 5Smm long 2mm diameter stem 108 is



circular quartz wavegui de 101 of 50.8nmm di aneter and 35mm hei ght. From a
back surface 102, there extends centrally into the wavegui de a 5nm di anet er
bore 103,WPaAWY0Sa27ng to within 5mm of a front face 104P6T/GHBOSARFHGUI de.

It has a counter bore 105 of 6mm extendi ng 15mm A 5nm di aneter quartz

el ectrodel ess bulb 106, a '2018 bul b, 1 th a 15mm body 107 and a 5nm | ong
2mm di aneter stem 108 ispositioned in the bore 103. A 15mm |l ong quartz tube
109 is received in the counter bore and receives the stemin its bore 110.
Wth the tpis@iohkdahthaibbie t03e Adfknslong goatzit0Be 10 istréveiwed\ie the abaptet he bul b

is captivated. An al um ni um gr.oynd . i ositipned in contact with
the back f2reaRbreceyes egsem H%étstlti%%ﬂl(gg&’&ﬁéﬁ%%‘ﬁﬁguf ‘éﬂtﬁgﬁm’g‘?acgéﬁﬁ?%ﬂ ly and
insul ated {@0pFiht vaXEENES RObARIEMPRVALS, Which protrudes into the bore
110, for feeding m crowaves from nonshown drive circuitry to establish

resonance in the waveguide and a light emtting plasma in the bulb. Around

the circunference 114 of the veguide and acr.oss its fram,extend
reticular metal Su!mlegl @8%4\@6?‘9“?1?305@06? olﬂﬁgn%ftzvﬁletﬁ%er—bé‘rca é:f %age 116.
Central 'y daptildt®eheiibd)l GIariiEn6é the It WdhtiaHy and Hgelated fiond texichdé an | to

al I ow uni npeded em ssion of axial light fromthe bulb. The majority of the
radi al | i gitensadddswhiph pragrdeniate beiberg KO, fasifeeding miggowayes dipmbp@hce 114. A

I 118 : . [ : 3 t th
came i o SERHSETe sacuR S cRUANA ik fp Ry WIS IRYERLLAFAHBBFGRTinE X (0 e
ci r cunf er gplasend i the bulped 119 to that on the front face. This |ight source

is mounted at the focus of a reflector 120 shown in partially, in Figure 7.
Turning to Figure 8, a variant is shown in which the waveguide 2 1llis of

parabol oi d shapgpouhl itk GrcaRRbARENUhORegRIRRARd Adrdss Trdmdixieat s | i ght
emtted by the bulb forwards of the wavegui de. The back plane has a cl anp

213 at it sreficdant metdgfoil 114 fotmaing, with thei groundidangaa/kagadayecags i ho.nCenieallyackpl ane
and a wire _nesh .215 acrqss the.front of the i de vja im216 cl anmped
et ween ¢ HB TERARIRGE 50 I8 i AVAPegie 17 S GRS nbnBedd e fe
Faraday cagrexi light fforh it Bul5.OThE fhajdrity of the radial light passes through the :
reticular foil at the circumference 114. A clamp 118 secures the back plane 112 and
the waveguide together, at the same time connecting the back plane to the reticular

foil. The foil on the circumference is crimped 119 to that on the front face.

This light source is mounted at the focus of a reflector 120 shown in partially,

in Figure 7.

Turning to Figure 8, a variant is shown in which the waveguide 211is of
paraboloid shape, with a complementary back plane 212. This directs light emitted
by the bulb forwards of the waveguide. The back plane has a clamp 213 at its front
edge 214, both clamping the waveguide within the backplane and a wire mesh 215
across the front of the waveguide via a rim 216 clamped between the back plane and
the wave guide. The wire mesh completes the Faraday cage of this light source. It

has a similar location via a tube of its bulb.

In a non-illustrated alternative, the bulb is received in an open cavity in the

from of the waveguide and is retained thereby the wire mesh.



has a simlar |location via a tube of its bulb. In a non-illustrated
alternative, the bulb is received in an open cavity in the fromof the
wavegui dewendlyessy78t ai ned t hereby the wire nmesh. CLAI MS: PCT/GB2098418814 our ce
conprising: a lucent waveguide of solid dielectric material having: an at
| east partially light transmtting Fatmday cage surroundi ng the wavegui de,
a bulb cavity within the wavegui de and the Faraday cage and an antenna
re-entrant within the wavegui de and the Faraday cage and a bulb having a
m crowave €kgiMgble fill, the bulb being received in the bulb cavity. 2. A
|l ight source as clained in claim1l, wherein the wavegui de is di mensi oned
for nicrowhvé MY spuRe EOMPHEHNE he cavity at a position of field nmaxi mum

strength. 3. A Muggﬁtﬁa%!élﬁge 8Psot Qiié]@&rij: Phat %i Havin .Wherei n the waveguide is

] .
of circular crosssectionand i1's léll mensi onedJr ora fal f wave to extend
di anetrical ly w thnat lehst partiafly lighhtrarSpiittiag Famday eageadrronndiny ther ecedi ng
claim wherein an envel gope of the bulb and the |lucent wave guide are of the
sane material. 5. WAVESWHR. source as clained in any preceding claim wherein

the bul b cavity, opgQs, @akritgvﬁﬁﬁ ﬁg@%@@g%@g@%ﬁﬁg}yg ieﬂﬁ' 6. A light

source as clainmed in any one of C erermthe bulb cavity is
closed. 7. A |ightnasenEreagtiahewiitid thaweveguidetnd WReFhduytdage bad b cavity is
closed by a plug of solid dielectric material. 8. A light source_as clained
in claim7, wheteulhhaviagpnigroveve exa@bledill, flee bulb bpingwesravegun the bulb A | j ght
source as claiq59“§n claim8, wherein the plug is sealed to the |ucent
wavegui de. )

2. A light source as claimed in claim 1, wherein the waveguide is dimensioned for

microwave resonance with the cavity at a position of field maximum strength.

3. A light source as claimed in claim 2, wherein the waveguide is of circular cross-
section and is dimensioned for a half wave to extend diametrically within it.

4. A light source as claimed in any preceding claim, wherein an envelope of the bulb
and the lucent wave guide are of the same material.

5. A light source as claimed in any preceding claim, wherein the bulb cévity opens at
a surface of the lucent waveguide.

6. A light source as claimed in any one of claims 1 to 4, wherein the bulb cavity is
closed.

7. A light source as claimed in claim 6, wherein the bulb cavity is closed by a plug of
solid dielectric material.

8. A light source as claimed in claim 7, wherein the plug is fixed to the lucent wave
guide.

9. A light source as claimed in claim 8, wherein the plug is sealed to the lucent
waveguide.

10. A light source as claimed in claim 6, wherein the lucent wave guide is of two
parts, one or both having the cavity formed at a common joint surface of the two
parts.

11. A light source as claimed in claim 10, wherein the two parts are fixed together.
12. A light source as claimed in claim 11, wherein the two parts are sealed together.
13. A light source as claimed in any preceding claim, wherein the bulb is free within

the cavity.



10. A light source as clained in claim®6, wherein the |ucent wave guide is
of two parts, one or both having the cavity forned at a conmon j oi nt
surface ovorpW/SHYSparts. 11. A |light source as cl ai nedPCli/GH2808103%1
wherein the two parts are fixed together. 12. A light source as clained in
claim1l, wherein the two parts are sealed together. 13. A light source as
claimed in any preceding claim wherein the bulb is free wthin the
cavity.1l4. A light source as claimed in any one of clainms 1 to 12, wherein

the bul b i s4fA Kgiet sotirct Beclanived -and one 6f tlhighst 1 HOIP; dbersn tHediulbed fixed o ai m 14,
wherein the bulb is sealed by fusing of a stemfor the bulb to the
wavegui de. thegavily.| j ght source as claimed in any preceding claim wherein

the envel op%e' &Iigl}t@ﬁﬁlgyhpcla%é@él(cmﬁrﬁ %gféirpﬁgljﬁmgg%ﬁ%ﬂggyaf\ﬂﬁlg%rf% of

vitreous natér are or seal ed together I'ting of the
mat eri al . &ém fér the hlb te ohe wevegsidel ai nred in any one of clains 1 to 14,

wherein the envel ope of the bul b, plug.(whete ovi ded) and egui de are
of vit reou_§6-r%¥%l?'tisa1‘m8_ﬁﬂ°1§’r”ée 1,28y pﬁcg@ééf’gﬁn{c éfé’?‘ﬁéﬁe é?vqﬁl%\:ﬂ%\ﬁ}%l ting of
frit materpa), plx}%(w&ré bRidedPhi L RaRguidedtd B iirfous| rAdtRidl anWRY Bled drhe bul b

Is retained In e cavity by the Faraday cage. 19. A light source as
cl ai med i nsceleditogesherbydocl melting dfuhéymatsriplet ai ned in the cavity by a tube of

dielectric terial. 20. | i ght sourcg as cl ained,in.clai erein the
surface at lmﬁﬁhttsﬂgrcﬁﬁfﬁ}ne afgyioge 89%31&qu%r]gg&"ge%n{hﬁgwyé§ ht wavegui de
and the tuig bub, pRizdWAER fRivided @bl ivaRedfidd &re oFaitkdaymargial ardilare Aixéd ght
source as clainmed In claim 18 or claim19, wherein the bulb has an

ext ensi on Proealed tegether By locahmeltingof it maferialybe. 22. A 1ight source as

clai med i) ¢10iMcGuRE af bRAIMA Him®, Wittt the A R1rflalnlE if HBRaREOY) des the

antenna re-¢e
the Faraday cage.

19. A light source as claimed in claim 5, wherein the bulb is retained in the cavity by
a tube of dielectric material.

20. A light source as claimed in claim 19, wherein the surface at which the cavity
opens is a back surface of the lucent waveguide and the tube is retained by a portion
of the Faraday cage.

21. A light source as claimed in claim 18 or claim 19, wherein the bulb has an
extension locating in an inner end of the tube.

22. A light source as claimed in claim 19 or claim 20 or claim 21, wherein the tube
provides fhe antenna re-entrant.

23. A light source as claimed in any preceding claim, wherein the Faraday cage
includes a solid portion extending across a back of the lucent waveguide to a
transverse extent thereof and a clamp clamping the solid portion and the waveguide
together and connecting the solid portion to a light-transmitting, front portion of the
Faraday cage.

24. A light source as claimed in claim 23, wherein in the solid portion is reflective, for
directing light forwards.

25. A light source as claimed in claim 24, wherein the lucent wave guide and the solid
portion of the waveguide are complementarily shaped for emitted light focus.

26. A light source as claimed in claim 23, claim 24 or claim 25, wherein the light

transmitting forward portion of the Faraday cage includes a reticular metallic element.



23. A light source as clainmed in any preceding claim wherein the Faraday
cage includes a solid portion extending across a back of the |ucent
wavegui deWOgOH/aSP2IAsver se extent thereof and a cl anp cl 6IGRP081M93%3d| | d
portion and the wavegui de together and connecting the solid portion to a
light-transmtting, front portion of tthe Faraday cage. 24. A light source
as clainmed in claim?23, wherein in the solid portion is reflective, for
directing light forwards. 25. A light source as clained in claim?24,

wher ei n t hg7 |Alightsoureas glimal iantbiin®3, slairm 44 jpo thim 25 oWhérbim thalightui de are
conplenmentarily shaped for emtted |light focus. 26. A light source as

cl ai med i ntrensgitingforward pegtion OSFhecﬁaé?q%Vﬁ?)ge nRkAes 7 luced, ?‘%Hﬁ“‘fer ansmitting
forward po&;akgg. of the Faraday cage includes a reticular netallic

el ement . 27. i ght source as clainmed in claim?23, claim?24 or claim 25,
wher ei n t h28.1A Hglit sbonma sstlatmetinfany wescddipg ctaimnwbéreinttbe Faradafagageage i ncl udes

a lucent, copductive, coating. 28 i ght source as clainmed j.n any

precedi ng PSS at\ka’_éF @%?Wﬁgquéf !’fﬁa’ly E‘_gbeémf‘%ﬁgﬁgé@sglfssfoggtgfreg‘ﬁ%?%pert ure
for locall yg_.lmﬁ%msmr&g ab tfhed in@NSH 285 WhBrel@E apérhat @ no Bi8gerAhdd @it sour ce
as claimed in claim28, wherein the aperture is no bigger than one tenth of

the free sisateofithe/fie¢ snage wawe lengih ofithy wigaoEaves in theeresiblei bl e. 30. A |i ght

source as ' in._an cedi i her ej 4jde is
of “quar 2 o ORI PYsP A PRIBEER Y siccBlith oS Shitchn fe LUCRaNEPH 5, |5
Garnet or @ quaitdiot polytiysiatlie@lusind gt polgcrystalline Sapiin Aéumidium Sakiegbt sour ce
as clainmed in_any preceding claim in.conbination with a separate reflector

to reflect alumgﬂwnaﬁrld@@asmgkﬁrﬁw% SPI?}_ll,’érﬁt crucible in a particular
direct | on. 3 8% 1ighiso Bk oS PHIAE Aing bAURg elhirdlh bAoA Gvifl £dBudale
conmbi nation as l'anp wth a mecr ve drive circuit conprising: a
m crowave sflactoetoarflectdighti¢rnitied drom the liadent crucible in a particular direction.
32. A light source as claimed in any preceding claim in combination as a lamp with a
microwave drive circuit comprising:

e amicrowave source and

e a matching circuit.



