Title: PLASMA CRUCI BLE SEALI NG Abstract: A plasma crucible (92) has a
t hrough bore (93) and two tubes (981, 982) butt sealed on to the end faces
(901, 902yoabindeesssr uci bl e. One (981) of the tubes is clpoFmB2proo3iBo t he
filling of the crucible. The tube is tipped off and worked in a glass | athe
to formit to have a flat end (983). After evacuation, dosing md gas fill,
the other tube (902) is tipped off in the simlar man - PLASMA CRUCI BLE
SEALI NG The present iBWASMAJGRUEIBEESEASINGasma cruci bl e seal i ng and
a sealed plasma crucible. 5 I n our PCT/ GB2008/ 003829, we have
described and clainmed a |light source to be powered by m crowave energy, the
sour ce havi ng: Th@peSrt thRhASHEel£6346i g sthaQrudTBle 86dlalg aMdiaCdRalie8 plad@ent for
exit of light therefrom the plasma crucible having a sealed void in the

pl asma cre@fiblee, 10 a Faraday cage surrounding the plasma crucible, the
cage b5ei ng at least partially light transmtting for light exit fromthe

pl asma” cruci bl e, whilst being mcrowave enclosing, a fill in the void of
mat eri al exci t Bbdwe BOYT/GB2008Ya0E829neE hyvd destibeth #ndl dlajhied artight saugcetbasma
therein, and 15 an antenna arranged within the plasma crucible for

transmi t t PHBOWITEd R MICTQEYS RRETRY-AROINRE eNBIBgy to the fill, the antenna
having: ~a Gonpgsitd MR x LERMNG AMbRUILTS 1RLAPT RI4eBhanERfoROUP! i g Lo
a source of mcro e energy; the arrangenent being Such that |ight
froma plasma the pldsenaweuclblediavingasetlbd ooighin theepl2nptrasibite, cr uci bl e and
radiate fromit _via the cage. I.n that application, we gave the follow ng
defi nit i ons:® " liz@dey cagesrTounding theplasprerycble, the cogh baing #deast em descri bed
as lucent, is e I .o 20" i1ol.a: a

o osed body [ BAEBpEtanGhilibe RF 14GRRe fen R B CRIREISRAE Do (e
void' s fill ismicrowbederiejosimg;r owave energy fromthe antenna. In this
application we continue to_use ,tre definition, with the provisqg that it is
in the cont &t 2&fl 184hq Yoig ohmateia %C&?bls\ﬁwncr@&@ge FBEE S foarr? lég?w asnma
during sealing L : sed herein, the definition includes the
word "for". BOerpﬁﬁﬁngkggglﬁrggﬁ%n, we define: "filled plasma crucible" to
mean & | ucent @ asemnacartabigld withmvhe glasmakediblafdarttsnsoitdngplaskai t abl e, i ght
emtting fill.. MO 2010/094938PCT/ ngg.}lO/ 000313 % .. Afilled plasm
cruci bl e as sulUFRS THELPRaXR eagrey e filly theaptedpa PAYNG;  hin the cruci bl e,

possibly in thg yol ERiRI Jufie the plalbfia ChIMILKS: colPfify 14 ch an
antenna i s i nser;égdé)%%@{oﬂlgeg eglfdﬁ-%r% (I:reuc?BI e. a5 ‘Igheﬁolg% ect of the
present inventi orsousetod npcrowadeemmgy;npr oved nmet hod of sealing a filled

pl asma cryci bl e. . Accardi ng .ta one aspect of the inveptio here is

D ovi ded therBensme beiwgRy et Pl fiodh ppaSH 1 ol SruE gt o ¢ he

st eps,Pf : plaBhR¥hiditIga RUBSRoMMiHEL e agé. | ucent material having an open
void, the void having a nouth; providing a tube of extending away fromthe
nmout h of the crucible, the tube being hernetically sealed to the crucible;
15 inserting excitable material int he. void via the tube; evacuating the
void via the tﬁb{@?éaﬁpﬁf?tbodhX\fer%v%ﬁ‘e&ﬂli?‘?’méagﬁfnxltogs't he void via the tube;

and seal Rgedthied® tHat B0 el@Giand I itcteke ittmldescritridesil@eng iitrarspareter t  gas,
by sealing ttheltubte at or close to the nouth.
or translucent;

25  “plasma crucible” means a closed body [for] enclosing a plasma, the latter being in
the void when the void’s fill is excited by microwave energy from the antenna. In this
application we continue to use the definition, with the proviso that it is in the context
of sealing a crucible, which does not contain a plasma during sealing. Accordingly,
as used herein, the definition includes the word “for”.
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In this application, we define:
“filled plasma crucible” to mean a lucent plasma crucible having sealed in its void an

excitable, light emitting fill.



20 Preferably the sealing step includes collapse and fusing of the tube.
Whil st in certain enbodi nents, the plug now described will not be used, in
ot her enbwOi2nEng$93825 the void is provided with a stop Por/GB2plougoas t he
mouth of the void and a plug is positiohed in the nouth against the stop
via the tube, the plug and the nouth being conplenentarily shaped for

| ocation of the plug for its sealing in the nouth and provided with

cl earance and/or |ocal shaping to allow gas flow fromand to the void. 30In

anot her al ternati.ve, ;the plug can he I i |.ak . t he
cruci ble. WO ﬂlﬁﬁ@&fg?é‘%ﬁﬁl&@ﬁﬁ&%%%g%g%%%nﬂé hﬁdeli' 5&611“{)%%1@{5“: not
used, thecritibR, pE8ibPEinBS vbid) BEslred¢ntintlinf the ex@icibly, nta whiklearodntértha icr uci bl e.
Al ternatively, the tube can_be positioned in and fused into a counterbore
in the fa@éeréﬂfﬁwecqf@hqwgb&t the mouth of the void. 5In some uses of the
filled. plasma crucible, it will be supported via the tube which will remain
extending fromthe crucible. In other uses, the tube will be renoved cl ose
to the seal anThd digeatiofitiepresentimyentionds fo provide an opsoved method of Accor di ng

t o anot her ﬁé&leﬁhegf the inyention, there is provided a filled plasm

10cr uci bl ¥2 plaspagmciiley vestige thereof extending fromthe seal ed
nout h. A second tube or a vestige thereof extending fromthe seal ed
nouth at the opposite face of the crucible. 15 Where the crucible is

to be of quartagconing$e onpaspdétrad tmiaveitiondhdraip provided s imsithod efrsealingni ng t he
cruci bl e agﬁ h]tg t ube; . cfonven'h.entlt?gl t{1e Cﬁuci ble is formed froma bl ock of
quart 2 h ?fgp ﬂﬂaﬁ%ﬁcﬁ’ HECRITHEE ™ REPtP Bhd the quartz tube is sealed to
the bl ock by hgatidih Apdsthalehiible 6f ndént %&@éria'[‘ﬁa@ﬁ% Eﬁ‘b}l&nﬁ\l‘dﬂ&,ltﬂé Qoids

conveniently conpl eted 20by tipping off, that is Tocal heating of the tube
cl ose to the chavangd mouth;| owi ng at nospheric pressure to collapse it when
sof tened, renoving.the hea nd..drawi ng t remai nd tu To cl ean
ip. the voi d <ar apring 1 bR OF cRRSiGE AVl i e UL DLRS shpitlc oo

25i npurities |baR RerhifticallyedchRdqo Wetdtudible; pl asma di scharge, the void is
preferably ultrasonically cleaned and then flanme polished to enhance
transpar ency amdertingekditablermatkrighinieabeavoidryia thetybgei | itate this, the void is
preferably bored right thr.ﬁu h theb(;ruci ble and then sealed off at its end
opposite thé t%‘@@uﬁﬁ‘tgé © ¥ ih 1 dIPE0A pl ug may be fused into the mouth or
at | east retai paddaiing B idept Ja3RFE theAfld SRINERLEURA. Fusing of the
quartz tube is readi |y perforned using conventional flames or argon plasm
flames. WDe204AliNO HR3IBDREENABIAG G030 B4AlBe thaterial andNbe mreerd gast byesealingi bl e, t he
tube and the plug, where provided, will be of the sane material. Were the
material is poﬁhﬁg‘r‘lif’s‘itQFﬂoﬁ%toc FOMUN this is nore readily noul ded in green
statez?nd fired to finished state. It is |less easy to seal this crucible 5
by collapse and fusing of the tube and a plug is nore likely to be used. A
frit material PBmferbyphoseabingistap inchules peliapbeand fysingoéthetthbe.pl ug and t he
crucible to provide a fusible, sealing interface between the two.
Conveniently the fit is provided initially on the plug. The frit can be
readily fused Wphids@ @ftai dntsdimemblitediplagnoteieadribad gel noobgpased, inhr ough t he
ceramic material to focus on the frit material. 10 Were a plug is to be
used, it atheygnbadi@entsuth of the void are shaped with a step, whereby the
plug is readily placed | b4 ] b di stop. The

pl ug %gn be h?ﬁﬁ Vv(\)nlcfﬁ pg(ge@%eg&g\f'ltflggl{%pgol(;j?g%% te’f%teﬁg?l{{ﬁ gﬁglgt‘%gi ‘Iin%t h normal |y
bei ng of ci r&cuh Blughs pasitio@tih @t mottitaghihstthé btop ofatat tubePthe plugagdrteei abl e

t hi ckness so as to be 15 unable to turn out of alignnent wthin the tube
whi | st bei ng powith beiegicomplementatilyishpped for &cgtﬂ@b(gfége elhgrfpits spaliBgIn ¢ he
nmout h and pl ug I . el a
configuration fh(sé%g% iﬁ:g#l (ggﬁ)g?&%df‘%p? cel%/%gﬁ%taﬁgﬁﬂcgh{%ggﬁgggg{’ﬁﬁggw seal i ng
agai nst inert @am dnditodgbedidon. For this a specific gas passage can be
provided in the formor a shallow flaf or grooye _alo the plug. It my be
desi r 3Bl el #roghes gltermatiyg, feplog Fibe %?P{eéragﬁ‘gg aeﬂYFéﬁa%‘{tlﬁhet ‘HBCIE[Cepped
configuration, in particular to avoid premature closure at the step against
inert gas introduction. Conveniently, and in particular to enhance

predi ctabl e m crowave resonance in the crucible, the plug is dinmensioned to
be locally flush with the plasma cruci bl e 25when positioned on the stop.
Nevert hel ess it can be envisaged that fusing for sealing may be easier if
the plug extends into the tube. Further sealing of the tube against the
wal | of the tube renders condensation space for the excitable material nore
predi ctabl e. Considerations here being that the vestige of the tube is
likely to provide a cold spot at which the excitable material is likely to
condense and that it is inportant



30 for the material to have a surface in ready communication with the void,
whereby the material can evaporate into the void to participate in the

pl asma. Rwveferealohgss i n use, the vestige of the tube is BREEGERRS102000816t Vi a
which an electric field pulse can be int#oduced into the crucible for
initiating discharge init. WO 2010/094938PCT/ GB2010/000313 5 Nornully the
void will be positioned on a central axis of the crucible. For |ight
emtting use Wherd 4 plugds pitaseds the tybé parebepasitioned enlang fusgd entg arface 5ent r ant
occupi ed an ant ienlgg Thelreheep%r%nt ca(hltli)oee rlmntnh gdttnral axis of the
cruci bl e, ﬁ8§ﬁ°t Eratively; g By CR e RYoR: I %i ther of these
cases thecd{ﬁt&b&edntﬁa%éeaxfem ératiblentlthe meﬁtmraifltye '&IﬁdCO axial . Alternativel y
the antenna re-entrant can be off-set to one side of the void. toTo help
under standi ng of the invention, a nunber of specific enbodinents thereof
Wil now be depilhRefeDys tW@\A%HIQ{ll p%ﬁlmehrc@@qt Wil Be SBHENGE thetubbe
acconpanyi ng draw ng perspective view of a
cruci bl e th&htvuheerpalﬁreateadmfg(fromdwldruxgblren Imother dsesncthe tibetwitltbe | nvent i on;

15Figure 2 is cross sec vi ew of the, CE c;f‘MrbI e and tube of
Figure 1; femoved clesg e seal and,the; caeible SUPROFISABTEHEEIH @ and ¢ ube bei ng
heat ed for seal i ng together; Figure 4 is a simlar view of the tube

bei ng heated for sealing of the crucible; Figure 5 is a cross-sectional

si de vi ew si mAkenrding t¢-aupther a@pest of the ifiventien, thérgsnproziied adillsd plaswmal ed i n
accordance t;}t he invention; Figure 6 is a schematic view of the
filled pl & \é\% Nl e of Figure 1 in use; Figure 7 is a viewsimlar to
Figure 4 shqw Qalberbralvtegrg%%ér&efémaﬂﬁr g BémIRaddand théfight ube for sealing of
t he cruci bl e; igure 8 is aviewsimlar to Figure 5 of a
variant of the filled plasma crucible 25sealed in accordance with the

i nvention; o _Fi her vari ant
of the filled 615539@%86%%1] %Y%ggggteee(?%ehte (%n tfr an{(l:qg W ?(ﬁmt% tehadrt%entl on; and
Fi gure 10op®sﬁe17dc6‘6/fﬂ1er8n|uﬁtslet0 Figure 5 of yet anot her variant of the
filled plasma crucible sealed in accordance with the invention. 30
Referting to Fi gures 1 to 6, a quartz crucible 1 to be filled wth noble

gas and dosed I i
di sc/ short ci r grﬁé%ﬁ ﬂgé%tg bg%@ﬁ% hlh W n% ve dr rreﬁr?slrtsgb&h)1 t he
fini shed fzrrlfcnnhhgtl&rtxﬂud'iblerangﬂa: tabeytcoavenvaitly tBe apeibleny famedrfeorend of t he

crucible at a nmouth 4. .Th his in the m of a.pair VO
5010/ 0940 BBRCS! QBT by iR Job Brchietiinds <$§)§:cglaréztt{bﬁés PG Bife 5 bei ng

deeper thﬁmc%t;? h&ﬁt@ andF6sife. Mhpteamgwﬂtﬁesr@&be@pé&%ﬁbm LpleE@nt 7 in

radius. Atu ing a wall thickness nomnally the sane as the
i ncr ep@ent by sppmgaﬁﬁ;nmat tsdoctathheatyllgqud}@rtubcyclhsatq thg cwuicible allowisige- si ded bur ner

9. The heating, and t insertion i.s coO ed to gnsure t errretlc
seal s oRUEE Bt O ERTARSE Y Wik <SBREr FESe i B o,

obstructi giinddhing ifbefawtaly. i nternal bore 10 of the tube continuing past the
tube into the inner counterbore 5. Fromthe sane end of the crucible as the
tube extends, an antenna re-entrant 11 extends into the cylinder at a

radi us equal [t t. | let 12 of

exci tabl e mat e?r ape%“%gheo‘g"‘% eII ﬁhbg 1B§£m u@%gd% S)E/epéngb‘%lﬁ e, followed by

a ciresl aimputities tiablead irtrfige ilszth tﬁétp&sms dtsthz&g@ltbavadaepxdfwmy er in the bore
10 and cones tq rest on the step 14 hetween the counter g%(gglgl and the void

3. To pr ovltasomieally;gheappd pndythgn @émmiléléetdr t8 grhansEERPASCY Bthe pl ug,
this has 0 t its inner
face 16 b PAE G T TaBill BRP didig BIFHEoo bt FORLAMER U %ot T he
tube i s conwibi¢ adl then semtadioff atitgendrppostedhntubs aftecpdlisking. a Y fitting havi ng
a first valve and union 17 for connection to the punp and a second val ve
and union 18 for connection to a source of noble gas at a controll ed,
20sub;gt mosphen Qup LR Herseldlife tROMoaH St RdStteiRa byQhe &d1RPEd andhe void is
evacuated via the valve 17, which is closed after evacuation. The void is

t hen char gededidubér nobl e gas via the valve 18, which again is closed after
charging. The gas is able to reach the void via the groove 15. 25The final
stage in formation of a filled plasma crucible is heating of the tube via a
burner 19. TheFasiag oNtheigaatotilbe isrddilinpérforined ugingcoaventibealifamesbr t he t ube
softens and the excess of atnospheric pressure over the internal pressure
of the noBreon@iasmaflanes. t he tube to coll apse on itself The plug seated on
the step 14 extends slightly into the tube 8 and past the external face of
the end of the crucible, as is shown by the 30 di nension 20. The heating is
made just beyond this dinension, whereby as the tube collapses, it shrinks
onto the outer end cor ner 21 of the plug Thus the vord |s double sealed |n

1 . - ~ o, o o o



WO 2010/ 094938PCT/ GB2010/ 000313 7 tube, where the distal end piece of the
tube is drawn away fromthe crucible after collapse of the tube. Figure 6
shows t hiwof2old/mew3pl asma cruci bl e installed for use wtkrC/dR2onadmy313 cage C
surrounding it and an antenna A extendirfy into the antenna re-entrant 11 to
i ntroduce mcrowaves froma source S of them For starting a plasm

di scharge in the void, a starter probe Pis arranged with its tip T

adj acent the vestigial stub 24 of the tube between the tip off 23 and the
back end of t i : LaRtu WR JrviFL B YR bloftie tube is

| onger and isnﬁ%ﬁ#gt%g?ga?éégléatﬂge%{I?{)peg gﬂmat ﬂart ploscgﬁrnon é)l remote from
t he cr ucidahre mateisalc 'Whére tleapttesidtie poligerystaliine cgmmiqrbistihmosxeadibbl e mat eri al
in the device,. in |like manner to that  of oyr. earlier bulb seali pat ent
No. EP 11893064 8l ErvsisiuE g redih Seed Seifal| uraeat e YERRSRIE he v
fitting. &l &%ﬂd%&iﬁ%@fﬁx%%%ﬁ&%lﬁg RRRste tiicklyab b3dséd Agutmhigad above at
the plug. "15 This arrangenent allows ready mani pulation of the internediate
| engt h 33rapfbetpudnddedatishe titerfare detaveen thetplughanal the wiusiplé tr pramide erfisible,

repetitive production, A further .vari.ant..i.s _shown .in. Fiqure 8, in
whtoh t heegenisetacd Bpiyveen e tyor KroRGepitiEly A 1itgS g BRd PR ace 501
to end fageg 5PRe fit chil Be eéadAl BhRd BY uk 6 1abe2; witieh cdRBObRangedftopagd Wit h
singl e counterbores 561,562 at both faces. Prior to sealing, the void is
ul t r asoni thegugh the eesgnais msferialiie fooup anthedst matesidl. to renpve any drilling
debrir'to that m ght otherwise interfere with the plasma discharge in use, to
renove crack propagation sites and to inprove transparency. After

pol i shing, a twhereaBlup&2toibe usedilitahdiontiee rmaanth dfthicevoid e shaped witiea 581 i s
seal ed and tipped off to. | eay vestigi.al 25stub 641. The qther is also
seal ed, a‘%‘?lbrwlﬁefﬁ%ﬁ’ 6%@%‘%6?1”6‘#1%{ l%éceél%i %‘BP%Wr‘r%ttE‘? SEP PEVIRS HieS'Was as
descri be Thi 8 [ : [efle SRk

vesti gi aldnzeﬁgggg?n ﬁguﬁé%%li g&?ﬂltgggﬁeﬁaﬁtﬁg%ﬁe theh gﬁ%ﬁ%‘mﬁggﬁ%ﬁfch | i ght
col | ect eccifontar gpss-sddtion -end iti willopmeliyebe obappmriabdothicknessane ashebot her end,

which will ve its vestigial stub in casi . not .shown,,.and the details
of wnl%h Bt S ppspul ST iyt FitBshenBe At bhind RsifaRd A IRRRGAT, O
variant i aSpped wnt’%ﬂw&l, the rhéuth Bh@pluk Ren bé!‘@g@lféﬂ,sth@ftaﬁeh@rdvﬂiiﬁlgﬁﬁ are both
cl osed by pl ‘ﬁéff, 831,832 and the vestiges 841,842 of tubes 881, 882. This

ar r angeneseat. Hashadeafigugtionissatisfaeierydpr eyaguationgbutican proidg sebf-spabiiect i on of
th WO 2010/ 094938PCT/ 010/,00 bl -t jhp- of f |
AR ST e PSR A -1 2

gas in e plasm
cent r al | yfogth or A8hMivi flal ér b dlorpethe phugd It thay bé Besirablerto prdvidasichwo spaces
821,822 on the ends of the plugs renpte fromthe void. ilst the tube wll

be sedl edflafior Braveicuen wishaheeenpsd icenfagusationg hRaTHCHer (© RYOCIHHBIYE1 of the
pLugS, | tci68Re Bind s@§REEhadnd 3l ihbbducisR! may not be hermetic, allowing
excitabl e material t ondense”into the spaces. Therefore, for maxi num
performance, the excitable material is preferably provided in sufficient
excess as to be able to fill these spaces full. nd i ndeed the groove 752
in the plug vi OWWtIV*@dHB!QF@‘CB%tq “s"%%cterﬁfﬁ‘{lgt@ € r?‘ﬁéo%atvﬁé?s_oﬁ?% ve is
un- gr oovegl, thSEREDIE) IR isSdilthsiO5dGE Be YacRILY FlusH Rith the pladth chuBib@Nt i on i's
not intended to be restricted to the details of the above descri bed
enbod2smenwhen pasitianed parhkestop. hNewarthelsesit earubg envissged thah fisiig fou saghing

cylindrical plug.cap,be replaced b onpl enent ari | . and
o ug. " FuremePe P EP g UL B ETE Tt ubr CRUBYE Melle oYl BEE BB IR T
wi t hout t {gll 6Pthetteke Rad&s Bolktienddbioa ishave Tornfe thdimbiaahterigl mper ati on in a

| at he. Such a plasma crucible 92 is shown in Figure 10. |t has a.fhrough
bore 93 aWGdIFnget- (brnsidgentiogs here heing hat jhesypstige elbthe tbsds fikely ko Proyifler aces
901,902 o rucl . : i 4 QF e
filling o% c#lﬁgp@ragg\%hg%hgr_he %ﬁ%a%%%&gﬁl?ih%%?%ﬁ@; Iggrega;?\lta ?}:}1 ‘%‘?éré‘ ﬂ?égﬂacr 0SS
the tupe fs the materibl tphade abiirfadetin ezady bemmmnicedon with tid esd, Whtrbley the form i t
to have a flat, end 983. This allqws the plas oid to be of well defined
di mensi onmaterighgag eyaperatepio tP%V?lalt%P%melé? teéﬁg’ﬂeési%%“?aabi lity of standard
tube, it is anticipated that internal dianeter of the tubes 901,902 is
likely to slightly exceed that of the bore 93. After evacuation, dosing and
gas fill, the Brefierablyineise(he vestige ppthd talfefis RSidrastardaics viaiwlieh amnner |

al t hough | ess [ t o.cl.ose. di mensjons | dvisable...ln use the flat end
083 15 1 KErpe fBd g oo S LS I Fusile B pJ A E it ulE Bul® ot
shown) and exposed to the anbient environnent. The other tipped off end is
likely to covered by a supporting structure (also not shown). In addition
to a flat end 983, we have successfully tested a hem spherical end. 30

In a further alternative, in contrast to a through-bored crucible, which

o " . o, I r o - o



10 tipped off tube back to the face to be between zero and I Omm The
preferred distance is 5mm Provision of such a length of tube is envisaged
to be usewol2oivoBBdi ng the crucible in subsequent proc@sTiIGROBENMINTB uSe

t hereof WD 2010/ 094938PCT/ GB2010/ 000313%iu CLAIMS: 1. A nethod of sealing
a filled plasma crucible consisting in the steps of: providing a plasma
cruci ble of lucent material having an open void, the void having a nouth; 5
providing a tube of nmaterial fusible to the lucent nmaterial extending away
fromthe nouth of t cru.ib and. her net | tube to the
crucible in co llé"gtp?ghl vh"‘hl SHOSHOBY na?%grea\r( gHehfcﬁR h@Fe material into
the void via the tube; evacuating the v0|d Vi a the tube; to introducing an
inert gas into the void via the tube; and seallng the void, enclosing the
excitabl e mat eFordighhemitting uses ghe fillgdolagma aueiblerglimesnallipbavgra it ¢l ose t o
the moyt h, ot he sealing
step |#cl U(}?agt @5??%%?8%8@{ ?ggl %geﬁﬂtﬁg%%ggnﬁggkégag’g% ?Eg‘ net hod as

cl ai med i erucibki oppdsitevreretha plugeortindeediis theqdug. | lnrettiecof thewd chseselk onto a face
of the crucibl 4. A sea od asc i med. i | ai m 3, rein the
Cube s pUs enginedcieniram o SR b cortnigle i b Bivel fie AHENFA SRR e

cruci bl e af, dehgr5ms Qnéngldé BEMHE bk 5. A sealing nethod as clained in
claim1 or claim?2, including the step of 20 positioning a plug of nmaterial
fusible to the Iucent rraterlal at the nmouth and wherein the sealing step

i ncludes fusin l,u cru0| : s cl ai ned
in cl g‘i m 5, an? éfq u?‘ﬂ‘é‘g%f‘ Sgo tl‘ffolgv? lcS’He%mgHbeér?Z S?etféfn('gem CP&gn ace of the
cruci bl e. thereof #ilS &\ b desBribbe By IaydIfak i elaﬂdwlmlrefesancwﬁeﬂel n the plug is
positioned in and 25fused into a counterbore in the face of the crucible at
t he nout haespmpheyinpiwingseinpvhighand the mouth being conpl enentarily shaped
for location o t i d wth

cl earance and/%rga{églcala%%h{ggl&h‘ée ‘tﬁte)‘%g) oc\r/}vg(g:]lg% a%nPOW fr%ljlgr%r@d1 r!tg%aﬁt gﬁvm d.

8. A seal hqvgrdamtdwiih g iavaitioagd i n any preceding claim wherein the tube and
the 30 plug where provided are of the sagg | ucent Fgﬁ erial._as tge cruci bl e.

9. A $aling nBEHGHE HS EPHrseedenahsidn i gy ube,of Fgyre,
prelimnary st fs kbdilgd | ucent
cruci bl e. gg?‘%/ 15%9%?%&%3%6% %B%Bﬁﬁlﬁé’bé}gé h%tgmegdﬂlsng n‘r%et hod as
cl ai nred itoganhyr one of clainms 1 to 8, incl ud| ng a prelimnary step of
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Referring to Figures 1 to 6, a quartz crucible 1 to be filled with noble gas and
dosed with excitable plasma material is formed as a thick disc/short circular cylinder
2 defining the effective dimensions of the finished crucible and having a central void

3 opening on one end of the crucible at a mouth 4. The mouth is in the form of a pair
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sear ched €nd of the crucible as the tube extends, an antenna re-entrant 11 extends into the

cylinder at a radius equal to one quarter of the latter’s diameter.

10 A pellet 12 of excitable material is dropped into the void via that the tube,
followed by a circular cylindrical plug 13. This is of a clearance diameter in the bore
10 and comes to rest on the step 14 between the counter bore 5 and the void 3. To
provide for initial gas communication from the void past the plug, this has a shallow
groove 15 along its length, which continues in its inner face 16 beyond the radial

15  extent of the step.

The distal end of the tube is connected to vacuum pump (not shown as such)
viaa Y fitting having a first valve and union 17 for connection to the pump and a
second valve and union 18 for connection to a source of noble gas at a controlled,
20  sub-atmospheric pressure (the source as such also not shown). The void is evacuated
via the valve 17, which is closed after evacuation. The void is then charged with
noble gas via the valve 18, which again is closed after charging. The gas is able to

reach the void via the groove 15.

25 The final stage in formation of a filled plasma crucible is heating of the tube
via a burner 19. The heating is continued until the quartz material of the tube softens
and the excess of atmospheric pressure over the internal pressure of the noble gas
causes the tube to collapse on itself. The plug seated on the step 14 extends slightly
into the tube 8 and past the external face of the end of the crucible, as is shown by the

30  dimension 20. The heating is made just beyond this dimension, whereby as the tube
collapses, it shrinks onto the outer end corner 21 of the plug. Thus the void is double
sealed in that any vestigial space 22 at the end of the plug is sealed from the void at

the corner 21 and a complete closure of the tube is achieved at the “tip off” 23 of the
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5  cage C surrounding it and an antenna A extending into the antenna re-entrant 11 to
introduce microwaves from a source S of them. For starting a plasma discharge in the
void, a starter probe P is arranged with its tip T adjacent the vestigial stub 24 of the
tube between the tip off 23 and the back end of the crucible.

10 In the variant shown in Figure 7, the tube is longer and is initially sealed and
tipped off at a position 31 remote from the crucible as such, to captivate the noble gas
and the excitable material in the device, in like manner to that of our earlier bulb
sealing patent No. EP 1,831,916. The device can now be manipulated freely from the
Y fitting. The tube is then sealed and tipped off at 32 as described above at the plug.

15  This arrangement allows ready manipulation of the intermediate length 33 of tube to

be discarded, in turn allowing for uniformly repetitive production.

A further variant is shown in Figure 8, in which the void 53 is initially formed
as a through bore from end face 501 to end face 502 of the crucible cylinder 52. The
20  bore is formed with single counterbores 561,562 at both faces. Prior to sealing, the
void is ultrasonically cleaned and then flame polished, to remove any drilling debris
that might otherwise interfere with the plasma discharge in use, to remove crack
propagation sites and to improve transparency. After polishing, a tube 581,582 is
sealed into each bore. The one tube 581 is sealed and tipped off to leave a vestigial
25  stub 641. The other is also sealed, after introduction of the excitable material and
noble gas as described above. This variant can provide a cold spot at the outer
vestigial stub of the crucible in use, that is at the énd from which light collected for
use. This end is expected to run cooler than the other end, which will have its
vestigial stub in a casing, not shown, and the details of which are likely to vary with

30 use of the crucible.

Another variant is shown in Figure 9. In this, the two ends of the void 73 are
both closed by plugs 831,832 and the vestiges 841,842 of tubes 881,882. This

arrangement has advantage over that of Figure 8, in allowing protection of the
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described embodiments. For instance, the stepped counter bore and circular
cylindrical plug can be replaced by a complementarily tapered bore and plug. Further
it is expected to be possible to seal the tube to crucible without the counter-bore 6 by

15  performing this sealing operation in a lathe.

Such a plasma crucible 92 is shown in Figure 10. It has a through bore 93 and
two tubes 981,982 initially butt sealed on to the end faces 901,902 of the crucible.
One 981 of the tubes is closed prior to the filling of the crucible. Since there is no
20  differential pressure across the tube as it is tipped off, it can be worked in a glass lathe
to form it to have a flat end 983. This allows the plasma void to be of well defined
dimension at this side. Due to tolerances and availability of standard tube, it is
anticipated that internal diameter of the tubes 901,902 is likely to slightly exceed that
of the bore 93. After evacuation, dosing and gas fill, the other tube 902 is tipped off
25  in the similar manner, although less working to close dimensions is advisable. In use
the flat end 983 is likely to be outermost, possibly covered by a Faraday cage (not
shown) and exposed to the ambient environment. The other tipped off end is likely to
covered by a supporting structure (also not shown). In addition to a flat end 983, we
have successfully tested a hemispherical end.
30
In a further alternative, in contrast to a through-bored crucible, which can be
treated as mentioned above for removal of micro-cracks, or indeed a section of thick
wall tube, it is possible for applications where product life is not a primary concern, to

bore the void from one side a piece to quartz. Again it can be envisaged that the
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5  circularly cylindrical with a diameter of 49mm and a thickness of 21mm. The
diameter of the void is not thought to be critical and can vary between Imm for low
power and 10mm for high power. We have used‘sealing tube having wall thicknesses
between Imm and 3mm. We have also tested crucibles with tipped off tubes up to
30mm in length from the face of the crucible. We prefer the internal length of the

10 tipped off tube back to the face to be between zero and 10mm. The preferred distance
is Smm. Provision of such a length of tube is envisaged to be useful in holding the

crucible in subsequent processing and/or use thereof.
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CLAIMS:

1. A method of sealing a filled plasma crucible comprising the steps of’

e providing a plasma crucible of lucent material having a through bore;

¢ hermetically sealing a preliminary tube to the crucible in communication with one
end of the bore, sealing the preliminary tube to leave an open void, the void having a
mouth;

¢ providing a further tube of material fusible to the lucent material extending away
from the mouth of the crucible and hermetically sealing the tube to the crucible in
communication with the void;

e inserting excitable material into the void via the tube;

e cvacuating the void via the tube;

¢ introducing an inert gas into the void via the tube; and

» sealing of the void, enclosing the excitable material and the inert gas, by sealing the
tube at or close 1o the mouth.

2. A sealing method as claimed in claim 1, wherein the sealing step includes collapse and
fusing of the further tube.

3. A scaling method as claimed in any of claims 1 or 2, wherein the further tube is positioned
on and fused onfo a face of the crucible.

4. A sealing method as claimed in any of claims 1 or 2, wherein the further tube is
positioned in and fused into a counterbore in the face of the crucible at the mouth
of the void.

5. A sealing method as claimed in any of the preceding claims, further comprising
the step of positioning a plug of material fusible to the lucent material at the
mouth and wherein the sealing step includes fusing the plug to the crucible.

6. A sealing method as claimed in ¢laim 5, wherein the plug is positioned on and
fused onto a face of the crucible.

7. A scaling method as claimed in claim 5, wherein the plug is positioned in and
fused into a counterbore in the face of the crucible at the mouth of the void, the
plug and the mouth being complementarily shaped for location of the plug for its
scaling in the mouth and provided with clearance and/or local shaping to allow
gas flow from and to the void.

8. A secaling method as claimed in claim 5, wherein the further tube and the plug
where provided are of the same lucent material as the crucible.

9. A sealing method as claimed as claimed in any of the preceding claims, including a
preliminary step of ultrasonic cleaning and flame polishing of the bore.

10. A sealing method as claimed in any of the preceding claims, wherein the or each seal is
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formed se as to create an end to the void flush with a face of the crucible onto which the
further tube is sealed.

A sealing method as claimed in any of the preceding claims, wherein the or each seal is
formed so as to create a part of the void extending beyond a face of the crucible onto
which the further tube is sealed, whereby a cool spot for the fill of the void is provided.

A sealing method as claimed in any of the preceding claims, further comprising the step
of separating a portion of the or each tube remote from the crucible at its seal.

A sealing method as claimed in any of the preceding claims, not including the step of
separating any portion of the or each tube remote {rom the crucible at its seal.

A sealing method as claimed any of the preceding claims, wherein the lucent crucible
material is polycrystalline ceramic.

A sealing method as claimed in any of the preceding claims, wherein the lucent crucible
material is quartz.

A filled plasma crucible sealed in accordance with the method of any of the preceding
claims, the crucible having:

* atube or a vestige thereof extending from a sealed mouth of the crucible.

A filled plasma crucible as claimed in claim 16 having:

¢ atube ora vestige thereof extending from a sealed mouth of the crucible at both ends

thereof,

U



