1 LI GHT SOURCE The present invention relates to a
light source for a m crowave-powered |anp. 5It is
known to excite a discharge in a capsule with a view
to producing |ight Typical exanples are sodi um

di scharge | anps and fl uorestent tube | anps. The latter
use nercury vapour, which produces ul traviol et
radiation. In turn, this excites fluorescent powder to
produce light. Such |anps are nore efficient in terns
of lumens of light emtted per watt of electricity"
consuned than tungsten filanent |anps. 10 However,

they still suffer the di: aptpee of requiring
.electrodes within the c ince these carry the
current required for the dlscharge t hey degrade and
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| anps, as ‘'shown in our patent 15 application Nos,
PCT/ GB2006/ 002018 for a | anp (our” '2018 | anmp"),
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us 8ige there chranthe cerdsuteryiredfecthtidiechetie, thydseredy angjutimastly
thg;wave guide is a fraction of the wave |ength of the

m crowaves in air. This is not a problemfor sheet
lighting for instance but renders this type of [|ight

unsui t apl, gaJegev@mu cRBRIdeEalHu8mpd 6 shbh tn du@p@em, our
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20 hoehereygntp néuwd@ye basd maelog § awaw bdéfuﬁlﬁ? h@h%ngr%%‘?ﬂn as in
wayed uisdBtent 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
25 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.

US Patent No 6,737,809 describes: a light source to be powered by microwave
30 energy, the source having:
e abody having a sealed void therein,
e amicrowave-enclosing Faraday cage surrounding the body,

¢ the body and the cavity defining & resonant waveguide,



a fill in the void of niaterial excitable by m crowave
energy to forma light omtting plasnma therein, and

an antenna arranged within the body for transmtting
pl asma- i nduci ng, mcrowave energy to the fill, the
antenna having: 5 a connection extending outside the
body for coupling to a source of m crowave energy.

We now believe that it is possible to coal esce the
bul b and the wave guide into a single conponent. 10
The object of the present invention is to provide an

i nproved | anp havi ng such a coal esced bul b and

wav e- guiad®l in the void of mateAgleaticbledytntcrovavd angigh td form ¢ hght e

is provide sourge to be powered by 15
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energy to &%&%&%é& t 20emtting plasnma therein, and
an antenna arrange ithin the body for transnitting
pl asma- i nduci ng, mcrowave energy to the fill, the

antenna Mdupgahevﬁh&@ﬂg‘ﬁ%‘élbﬁ Ro &?ﬁle@&db@@.ll@ hktd&hedﬁa\tcfgelde into
body for coupling to a source of m crowave energy;

25viheneds ¢Ppopsié body is a solid plasma crucible of

et erial which is [ucent for eX|t of |ight therefron]
and a the Farad gast b rt|
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According to the invention there is provided a light source to be powered by
15 microwave energy, the source having:
¢ abody having a sealed void therein,
e aricrowave-enclosing Faraday cage surrounding the body,
o the body within the Faraday cage being a resonant waveguide,
e @ fill in the void of material excitable by microwave energy to form a light
20 emitting plasma therein, and ’
e an antenna arranged within the body for transmitting plasma-inducing,
microwave energy to the fill, the antenna having;
s aconnection extending outside the body for coupling to a source of
microwave energy;

25  wherein:
¢ the body is a solid plasma crucible of material which is lucent for exit of light

therefrom, and
e the Faraday cage is at least partially light transmitting for light exit from the

plasma crucible,
30 the arrangement being such that light from a plasma in the void can pass through the

plasma crucible and radiate from it via the cage.

As used in this specification:



pl asma cruci ble and radiate fromit via the cage. As
used in this specification: 3 "lucent" neans that the
material, of which the item described as lucent, is
transparent or translucent; "plasma cruci ble” nmeans a
cl osed body enclosing a plasma, the latter being i2
the void when the latter's fill is excited by

m crowave energy fromthe antenna. Nornmally, the
material of the crucible will be a solid, dielectric
materi al . Wil st it can e envisaged that the
solid plasma cruci ble could have varying structures
and conpositions throughout its volune, particularly
wh&lueent tmeass hakihe maretel ot whishdba ieaTiesrbed) F%‘l:‘%e“é éSaWé‘éPmm
t ogetNEkicente Woul d normal Iy expect it to be
substantlally honmogenous t hr oughout
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25 _ 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 possible

30  materials are aluminium nitride and single crystal sapphire.

The Faraday cage can be provided by coating the plasma crucible with a thin
layer of conductive, transparent material, such as indium, tin oxide. Alternatively the

plasma crucible can be encased in a mesh of conductive wire. Again the conductive



mesh can be fused into the material of the plasma
crucible, with plasma crucible material extending
outsi de the nesh. The antenna may extend into the

pl asma voi d,. when of suitable material to 5resist
attack by the fill particularly where the plasma

cruci ble has 'a wall thickness that is small in
conparison with distance within the plasma crucible
fromthe Faraday cage at one side or end and to the
other side or end. In this case® resonance can be

est abl i shed pr edomi nantly w thin the void. Such an

ant en a ex n h
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half of the wave length.

The fill material can be any of a number of elements known to emit light from

30 aplasma, either alone or in combination.

Preferably, the Faraday cage includes at least one aperture for locally
increasing light transmission therethrough. Usually, the aperture will be no bigger

than one tenth of the free space wave length of the microwaves in the crucible,
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5both axially and radially fromthe crucible,
correspondi ngly positioned apertures can be provided.
Provi sion of the apertured region allows radiation of
nore light fromthe |ight source than would be the
case in its absence. 10 Preferably the lucent plasma
cruci ble has a bore having a step and a counter-bore
extending fromthe void to a surface of the crucible
and a plug of lucent material in the counter-bore and
sealed to the crucible. 15 5 The step and the
void can be forned by nmechani cal boring of the
material of the crucible or other form ng neans, §%Ch
as Tomisplnigr onaptips at 345 @Jéz,élmqpew%\weﬂdpha?g bigpgrithan 1710
conpalsthlig. 1098khi &l etssCHz dohesdephack pansi on, 20 as
between artificial sapphire for the plug and | ucent
alum na for the crucible, the plug and cruci bl e can be
of di f f ®feethal@iapirakscanmoprmidey, Fdninstanid, Whize light i$ faken

sane. material, typically rtz. in.the. .
e R T T S G
t hebedbidedi bl e, such as frit, but in the preferred
enbodi nent the plug and the crucible are seal ed by
fusing of their own material. For fusing, the crucible
can be Rwaisiod ofithe apankisdacgionallove radjagempl erg dighfgrom the light

Cor%f)&r@fﬁaﬂ Qoli6: eSO i@&favldagd Ng is preferable.
Typically this can be done with a | aser. 30The pl ug

1%can be of the sane depth as the step, in which case,

the pl ugrekesablyl s et plasthhenabehace of the crucible.
However, the plug can beP§%§ d of the gurface These

two af t BboTEhFvings? siepand gic offfsteRdiph BoR Shgrqid oasufare of
cl ose t metheibrunfiace of the crucible. In a third
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e s alteopand s rpiital™oh BeBed o bftBhail BofY of bk aaitPor
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surface. This arrangenent allows the void to be

central in the crucible and the crucible to appear - |
as regaPadstitisaniginated gaf with pepersfibly coeffigipnthefthsramabexpapsion,
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30

and crucible can be of different materials, normally they will be of the same material,

typically quartz,

Again the plug can be sealed with a fusible material between the plug and the
crucible, such as fiit, but in the preferred embodiment the plug and the crucible are
sealed by fusing of their own material. For fusing, the crucible can be heated as a
whole, However local heating confined to the region of fusing is preferable.

Typically this can be done with a laser.

' The plug can be of the same depth as the step, in which case, the plug is flush
with the surface of the crucible. However, the plug can be proud of the surface.
These two alternatives are suitable where the void is to be close to the surface of the

crucible. In a third alternative where the void is to be deeper in the crucible, the plug



Preferably the Iight source is conbined into a | anp
with a source of mcrowaves and a matching circuit as
a single integrated structure. 10Wil st the nicrowave
source can be a solid state oscillator and amplifier,
in the preferred enbodi nent, in view of the output,
the source is a magnetron. Typically the power of the

magnetron will be 1kW In the preferred
enbodi nent the matching circuit is a stub tinmer,
conveni ently 15a three-stub turfer. It should be

noted that whereas usually Iight source of the

i nvention ar ected. to rodu
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source 1 n accordance wth'the invention in 25
conmbination as a lanp with a mcrowave drive circuit;
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shown on a | arger scal e; gure is.a simlar V|em10f
t heicEe oY A rmaehing forcp ﬁ%ﬂ%&ﬁe‘nﬁﬂ“%s‘&‘icf‘%%u t of
"Figure ; Fi gure 4 |s a scrap
cross-sectiqgnal, view of the n between the. l.ight
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Flgurgmg&f &ﬁgQﬁﬁ%gF\MIGMIOf a plasma cruci bl e of
anot 7 g §t7Sour ce 0 e i nvention; Figure 7

is a perspectlve view of a lucent plasna cruci ble for

a furt Rt gr&arredseﬁ%gﬁﬂcﬂtt the I?xﬁtdhﬁ]lﬁ @MUiQ0a stub tuner, B bigntly

is a cross-sectional side view of the further |ight
lﬁso%¢6@5“Wﬁ@FGdlng a portion of a matching circuit and
an adapter for the plasma crucible; $F|gure 9is a
per spe t|

anot he qh\églﬂi()e ggﬁ? gléta #erciag gglﬁa‘ﬁ\’/@%i‘n?%‘%{eu 9‘ the mvengon are

expected to use for producing visible light, they are suitable for producing invisible
light as well, in particular ultra violet light.
20
To help understanding of the invention, various specific embodiments thereof
will now be described by way of example and with reference to the accompanying
drawings, in which:
Figure 1 a side view of a light sour ce in accordance with the invention in
25 combination as a lamp with a microwave drive circuit;
Figure 2 is the light source in the lamyp of Figure 1, shown on a larger scale;
Figure 3isa similar view of the stub tuner of the microwave drive circuit of
Figure 1;
Figure 4 is a scrap cross-sectional view of the junction between the light
30 source and the stub tuner;
Figure 5 is a view similar to Figure 2 of an alternative light source;
Figure 6 is a perspective view of a plasma crucible of another light source of

the invention;



Figure 10 is a diagrammtic view of a m crowave
powered | anp including the [ucent plasma crucible of

Figure 9; Figure 11 is a perspective view of
a further lucent plasma crucible according to to the
invention for a mcrowave powered | anp; Fi gure

12 is a diagrammatic view of a m crowave powered |anp
i ncluding the lucent plasma crucible of Figure 11;
Figure 13 is a viewsimlar to Figure 11 of another

| ucent plasma crucible according to the invention and
15Figure 14 is a viewsimlar to Figure 12 of the
crucible of Figure 13 only. Referring to Figures
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axis A of the crucible at 1/16 X.fromthe nmesh at its
end of the <crucible. The crucible is filled with
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22 of the magnetron as its input. The output antenna

33 of the

The light emitting resonator comprises an crucible 11 formed of inner and

outer envelopes 12,13 of quartz. These are circular eylindrical tubes 14,15, with-
respective end plates 16,17, A Faraday cage in the form of a tungsten wire mesh 18,
25  of a mesh size to exhibit a ground plane to microwaves within the resonator, 1s
sandwiched beiwecn the tubes and the end plates respectively. Each envelope,
comprised of its tube and end plates is hermetic. An earth connection 18” extends

from the mesh to the outside of the envelope.

30 The length axially of the crucible between the wire mesh sandwiched between
the end plates is A/2 for the operating microwave frequency. At one end of the
crucible, a molybdenum drive connection 19 extends to a tungsten disc 20. This is

arranged fransverse the axis A of the crucible at 1/16 A from the mesh at its end of the



matching circuit is a disc such as the resonator
antenna disc and is connected to a connection 34
passi ng out of the matching circuit and insul at ed
therefrom by an insul ati ng bush 35. The mat chi ng
circuit has three tuning stubs 36, 37,38. These are

| Darranged as ?/4, configuring the matching circuit as
a stub tuner. The matching circuit has flanges
39, 40 at its ends via which it is connected to the
magnetron and the |ight source.® The end of the latter
is cenented 41 into a hoIder 42 of ceramc material.

Thi s has bores. 43 as bares 44 in th
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mat eri al, of the plasma crucible with
particularly aggressive,

In operation, the magnetron, typically rated at 1 to 5 kW, inserts resonant
microwave radiation via the stub tuner and the antenna 20 or 120 into the crucible.
30 This forms a mixed dielectric resonant cavity . The resonance builds the intensity of
the electric fields in the cavity such that the fill forms a plasma which radiates light.
Typically the mode of resonance will be TE101. Further modes of resonance are also

possible.



transparent ceramc, in which case the connector in
contact with the ceram c can be of niobium Further in
pl ace of the mesh within the crucible walls, the

cruci ble can be coated with an indiumtin oxide - ITO

- conductive coating. 15As shown. in Figure 6, the

i ght source can be constructed with a sub-assenbly of
an nol ybdenum end cap 51 having a nol ybdenumrod 52
brazed 53 into it and carrying a tungsten antenna 54.
The edge 55 of the cap is let ithto a neck 56 of the
gquartz end cover 57 of the crucible. This

sub. .assenbly is sealed on the cylindrical body 58 and
opposite end 59 of the crucible at a seal 60. The
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face 102h.280 tBnd 34200k iferhf 8inchaeR ot 081 x Ahe26hantThi aote
is coated with indiumtin oxide 104 to r%gd roi
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directly to the output 111 of a matching circuit _such
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r efTeenating. by the platinum |l ayer 105 at the parabolic

back face 103 forwards to exit the front face. 15

Typically, the quartz plasma crucible is 49mnin,
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usFaraday wadel arput s quartoplagesecrvgdie gui des, where the
,light exit is restricted to the diameter of the bulb,

not only can light exit fromthe full front_tace_gf'

t he wa ﬂgqﬁo@ég,o \f%ﬁ I@ﬁibpgﬁ and aligned with its central axis is a void 106,

filled with microwave excitable material 107, typically indium halide in xenon. The



25significantly larger than the dianeter of the plasmm
void 106, sideways and rearwards propagating light is
reflected forwards and out of the |anp.
Referring to Figures 9 and 10, a | anp 201 conprises an
oscillator 202 and anplifier 203 together formng a
source of m crowave energy, typically operating-at 30
2.4S or 5.8 Gz or other frequencies within an 1SM
band. The source passes the mcrowaves via a matching
circuit 204 to an antenna 205 eXtending into a
re-entrant 206 in a lucent, plasma crucible 207. This
|s of yartz an S I i

4T B Suleu SRRl i Bh b 2D DL N e
mhlmhnﬁadimmEsBWﬁghtomwheﬂmﬁﬁbyh@ﬂSGWHM1cromaves. The
gquartz being transparent, light can leave it in any
direction, subject to the constraints provided by the

Far aday Adengaideiis vpidnesirepantastp, 107 frethe ayaste Bire@ mpedal god qrgipa
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exten e d for electrical

| ntfé@é&ﬁﬁ HBcar drreictadriy the Rpwglaye1 405 @ the parabaliy bagiface 103

I ngavLeds b B8 s, 0. 5mm 15w de and set at a pitch
of 6.0mm The Faraday cage is earthed by being

Y eceived in a recess 218 in a housing 219. The
| TO depasgpitallypthe @murp{qsinabﬂxdxblkﬁmmp&r diarheer X302 4GHz
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0 passes out via the Faraday cage,
ﬂhlﬂﬁ@ﬁ@ﬁ“@ﬁ*@nuated to an extent.

It should be noted that by comparison with prior electrodeless lamps using
small bulbs in opaque wave guides, where the light exit is restricted to the diameter of
the bulb, not only can light exit from the full front face of the wave guide, which is

25 significantly larger than the diameter of the plasma void 106, sideways and rearwards

propagating light is reflected forwards and out of the lamp.

Referring to Figures 9 and 10, a lamp 201 comprises an oscillator 202 and
éxnpliﬁer 203 together forming & source of microwave energy, typically operating at
30 2.45 or 5.8 GHz or other frequencies within an ISM band. The source passes the
microwaves via a matching circuit 204 to an antenna 205 extending into a re-cntrant
206 in a lucent, plasma crucible 207. This is of quartz and has a central void 208

containing a fill of noble gas and a microwave excitable material, which radiates light



25 It should be noted that Faraday cage can be
formed entirely of wire nesh fornmed around the
crucible, with an aperture in line with the void.
Referring to Figures 11 & 12 of the drawi ngs, a |l anp
301 conprises an 3Doscillator and anplifier source 302
of m crowave energy, typically operating at 2.45 or
5.8 Gz or other frequencies within an I SM band. The
source passes the microwaves via a matching circuit
303 to an antenna 304 extendind'into a re-entrant 305
in a lucent, plasma crucible 306. This is of quartz

has ent ral |
B e
r adlra;tnes, shibjeshtto thinemmsesints prodidbybynthe Feedaysge drbaibedibiia

bei ng transparent, light can leave it in any
direction, subject to the constraints- prOV|ded by the
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axilsscoﬂ’“a{ %h%|vﬂldr Being i ip A ’é‘mﬁﬁﬂa‘@ﬁﬂ?’l’tﬁ{c’ﬂ? aneter. The
re-entrant is co-axial with the void, being 2 mmin

di anet er an 0A Far e 308 surrounds
the cruCiFBig ya‘i?gﬂgcd?nsﬁg?‘é‘éémc cﬁ’c’l%fjg%‘fj T€Eti ve

coat ianq;h&mecnw pdatiad 10, Gbicsllyl afeﬂvemmh sidiicbri mompxide, across the
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Want erfft ‘1“ ]t Bt eing reflective for
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on ot caftretts phepee 3G R B Frooh Ul AGRRR fursickne,

coat |tmgmm$svmg fihgegi ] 7fhixinektrad pritagwendsntbr clactrical
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ol oo iRPUER BRI SRTRCRS) B ARSPr e thellyl BSmn
15whi chwigsandrset 20npichdf6.0mmis, for el ectri cal

i nterconnection of the elenments 309, 311 & 314. Light

fromthe plasma can exit the crucible betwee

h
| i nes. By Faraday cagpis "Pﬁ?’*’éd’é}?e’(?ﬁ@eéewgd BArPHEE IE E‘i"‘%‘g

papig.ally received in a recess 317 in an alunlnlum
housi ng 318. The end surface 312 has a bore-321 for
receiving a plug 322, of the sane

20 The ITO deposit has an un-plated 12mm aperture 220 centrally placed in the

end face 214, whereby light 221 from the end of the plasma discharge 222 in the void
can pass directly out of the lucent plasma crucible, without attenuation in by the
Faraday cage. Much light also passes out via the Faraday cage, although attenuated to
an extent.
25
It should be noted that Faraday cage can be formed entirely of wire mesh

formed arvound the crucible, with an aperture in line with the void.

Referring to Figures 11 & 12 of the drawings, a lamp 301 comprises an
30 oscillator and amplifier source 302 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 303 to an antenna 304 extending into a re-entrant

305 in a lucent, plasma crucible 306. This is of quartz and has a central void 307
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25material as the crucible, nanely quartz. The bore
fornms a step 324 on which the plug is located with its
outer surface 325 flush with the surface 312 and to
whi ch the central void extends. The plug is sealed to
the seat by |l aser sealing at the corner between bore
321 and the step 324. 30Turning now to figures-13 and
14, the light source there shown without any of its
drive antenna, Faraday cage nor_a m crowave source and
mat ching circuit shown is largéfy sinilar to that of
Figures 11 & 12. The cruci ble . 406 has a central void

407, which RhtthGA1 Pl Beh Rafafs light
Ioﬁ@V??Eﬁ%gpP§m§n ?%%% |ca0 &Snﬁﬁe wher eas i he, voi d

30 ®hersexditariytmicoalavss. Jbpawage b@ﬁ& ?mﬂaﬁ@’ Bighkcag Jepve 1t many
eXE@&Qg? gﬁﬁ&:@{o th@&&h&i?ﬁs GlovfabdbyandFdrkay bepelesgibdPBelow.

berng 0 e sane i ckness and resting on the step
424 at the junction of the bore and the void. The plug

5422 is 'hﬁ%ﬁ[cnb?@@la hi dirclilaeoyHadee, 63y 18sg ddet3pinuiy BRSer.
CutS|de t he

[ 421 | . & fat
23 ol inbn r o et ey B i B0 R e
t hemeT id Qiakletr. Tieus-choint ishve-apidl widstbs vod, hmngrz(mmvredmmeter
res nce, the crucible is a continuous piece of
3?““??h the dielectric constant of quartz. 10
The |nvent|on is not intended to be restricted to the

01 st anc PP e B e ot ov dec
asea asltghgkﬁeoﬂqohgtmg 3 10 typically of silver with silicon monoxide, 309 across
the end surface 310 having the antenna re-entrant, the plating being reflective for
reflecting light from a plasma in the void out of the crucible,
e an indium tin oxide (ITO) deposit 311 on an end surface 312 of the crucible, the
ITO coating passing light from the plasma and
¢ aconductive, chemical-vapour-deposited mesh 314 on the cylindrical surface 315,
the mesh having fingers 316 which extend onto the ends, for electrical
interconnection of the elements 309, 311 & 314. Light from the plasma can exit

the crucible between the mesh lines.

The Faraday cage is earthed by being partially received in a recess 317 in an

alurmninium housing 318.

The end surface 312 has a bore 321 for receiving a plug 322, of the same
material as the crucible, namely quariz. The bore forms a step 324 on which the plug
is located with its outer surface 325 flush with the surface 312 and to which the
central void extends, The plug is sealed to the seat by laser sealing at the corner

between bore 321 and the step 324.

Turning now to Figures 13 and 14, the light source there shown - without any
of its drive antenna, Faraday cage nor a microwave source and matching circuit
shown is largely similar to that of Figures 11 & 12. The crucible 406 has a central
void 407, which is truly at the centre of crucible, both longitudinally and diametrically



14 CLAIMS: 1. A light source to be powered by
m crowave energy, the source having: a body having a

.seal ed void therein, a mcrowave-encl osing Faraday

cage surroundi ng the body, the body within the

Faraday cage being a resonant waveguide, a fill in

the void of material excitable by m crowave energy to
forma light emtting plasma therein, and an antenna

10

whhegsag the vp

t r AAREHREPH

t hgs the plend2oent bei ng such that Iight froma plasma in
the void can pass through the plasma crucible and

arranged within the body for tgansnitting
pl asma- i nduci ng, ni crowave enetgy to the fill, the
antenna having: 10 a connection extendi ng outside the

body for coupl.ing.to. e heNay € e Bel gyéper into
e el
Maihe Edudiblewhihahe plsg 4220wing of the ses tickress YHESINR AP B PR,

and 15 the F ggoa%a&ﬂggv&ia file JLEARY iPatet balelyn the girhe way
0 I'ght

exlt fromthe plasnma crucible,

radiate fromit via the ca , X
Qutside the plug 422, in the borg 321 is a further plug 431 extending from the

plug 422 to the surface 412 of the crucible. Thus for the purposes of microwave

| resonance, the crucible is a continuous piece of material with the dielectric constant of

quartz.

The invention is not intended to be restricted to the details of the above

described embodiments, For instance, the two plugs 422 and 431 could be provided

as a single whole.
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2. Alight source as clained in claim1, wherein the
pl asma crucible is of a plurality 20of pieces seal ed
together. 3. Alight source as clained in claim1l or
claim2, wherein the plasma crucible is honbgenous. 4.
A light source as clainmed in claiml1, claim2 or claim
3, wherein the plasma crucible is of circular
cross-section and is dinensioned for a half wave to
extend 25dianmetrically within it, 5. A light source as
claimed in claim4, claim?2 orlclalmS wherein the

pl asma crucible is contoured to reflect light in a
particular direction. 6. Alight source as clained in
cl ekdMSiwherein a contoured surface of the plasma

cr ycuAhtgat SRk kel prRkeaidibg atitrowave gnassh Aitceuice PR i on
307. Al ? fﬁ source as 134}%} d in claimbé, V\herel n the
met ali SAPPHRPEHATEY Bart e Far aday c

i ghta saqhﬁbﬁ@aeesemloaxmgﬁekaday cafeasurroBding iy QP%Vng a

conpl enmen refle Le {gel i ght
back t Hr oﬁ}ah&( YRt e éebqe&ﬁ%%sro(?m{t e\fa{@g ht

sour Ge &l alua umt:loﬂmtmyemn@kdfy ToiCEpVAEC anef % ‘5 formyp light
conbi nat i, Onﬁ{’mff‘ﬂ‘é tgml%p ate reflector to reflect |ight

em t t e 18 ucent “crucible in a particul ar
di r et i @Mntenna arranged within the body for transmitting plasma-inducing

microwave enexgy to the fill, the antenna having:
e aconnection extending outside the body for coupling to a source of
microwave energy;
wherein:
e the body is a solid plasma crucible of material which is lucent for exit of light
therefrom, and
o the Faraday cage is at least partially light transmitting for light exit from the
plasma crucible,
the arrangement being such that light from a plasma in the void can pass through the
plasma crucible and radiate from it via the cage.
2. A light source as claimed in claim 1, wherein the plasma crucible is of a plurality
of pieces sealed together.
3. A light source as claimed in claim 1 or claim 2, wherein the plasma crucible is
homogenous.
4. A light source as claimed in claim 1, claim 2 or claim 3, wherein the plasma
crucible is of circular cross-section and is dimensioned for a half wave to extend
diametrically within it
5. A light source as claimed in claim 4, claim 2 or claim 3, wherein the plasma
crucible is contoured to reflect light in a particular direction,
6, A light source as claimed in claim 5, wherein a contoured surface of the plasma
crucible carries metalisation to enhance reflection
7. A light source as claimed in claim 6, wherein the metalisation forms part of the
Faraday cage.
$. A light source as clairned in claim 5, including a complementary reflector,

positioned to reflect light back through the plasma crucible.



10. Alight source as clained in any preceding claim
wherein the plasma crucible is of 5solid dielectric
material. 11. A light source as clained in claiml10,
wherein the plasma crucible is of quartz or

pol ycrystalline alum na or polycrystalline Yttrium
Alum nium Garnet. or alum niumnitride or single
crystal sapphire. 12. A light source as clained in
any preceding claim wherein the Faraday cage is of 10
or includes a thin layer of corductive, transparent

mat eri al and/ or a nesh of conductive wi re and/ or

reticular netal sheet. t so chail gred
| 5. Ao somee ShUREERIT e SEATAIET VS SRR cul ar
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20 17. A light source as claimed in claim 16, wherein the plasma crucible has a wall
thickness that is small in comparison with distance within the plasma erucible from
the Faraday cage at one side or end and to the other side or end.

18. A light source as claimed in claim 17 or claim 18, wherein the antenna is a plate,
typically a disc, arranged transversely of the length of the plasma crucible and the

25 connection is a rod or wire extending through a wall of the plasma crucible.

19. A light source as ¢laimed in any one of claims 1 to 15, wherein the antenna is a
rod or wire of conductive metal extending within a re-entrant in the plasma crucible
and the connection is an integral extension of the antenna rod or wire.

20. A light source as claimed in claim 19, wherein the void is small in comparison

30 with a distance within the plasma crucible from the Faraday cage at one side or end
and to the opposite side or end and the re-entrant is along side or in line with the void.

21. A light source as claimed in any preceding claim, wherein the lucent plasma

crucible has:



20. A light source as clainmed in claim19, wherein the
void is small in conparison 30 with a distance within
the plasma crucible fromthe Faraday cage at one side
or end and to the opposite side or end and the
re-entrant is along side or inline with the void. 21.
A light source as clained in any preceding claim
wherein the lucent plasma crucible has 16 a bore
having a step and a counter-bore extending fromthe
void to a surface of the cruciBle and a plug of

| ucent material in the counter-bore and sealed to the
cruci bl ht sour ' {0 ilace of
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(IC:): gﬂ mlqggh¥ {buﬁzle 3l Ghigekd iCd1Bb0M12%0 ¢in EleahuibRSsndwieared ave othe

sh with the c Iea er, s ‘

t h@qr@‘@f: matggal apd p]egqlﬁg 1§ ﬁﬁ?(‘fgéo %cr&: gocfalnmet:i{uia%aocﬁgt material
cl i aﬁa/oﬁrhaabéﬁni’e&bmwher ei n the sealed plug is

recessed and a seco d nr :

wco%t"’e] ?} ﬂalfn?r’el Sail gﬁgn bi v&hlaﬁm the Flug is

h¥Ee £ erucibl 6 at —cut er surfaces
t hgisafith ﬂaécn%bleétdunagmrfeswh@eofas clainmed in any

br 2§ g\(lj\%l/lgs c%lamlameﬁgg'?hlﬂiaill QBinfD cﬂ Ciaﬁ‘ﬁrm WiHefkirfthe sealed

rrve Cclirc rrsing amcro ve
S ophug & reqesked aldrmiemdmgxggp px@mi@d in the counter-bore flush with the

crucible at outer surfaces thereof.
15 26. A light source as claimed in any preceding claim in combination as a lamp with a

microwave drive circuit comprising:
e amicrowave source and

¢ a matching circuit,



