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35 Certainly for welding of steels, for example in section

thickness of 100mm-150mm, a beam semi-angle of greater than
1 degree leads to weld pool instabilities and internal



One possi bl e.means of achi evi ng hi gher convergence angle to conbat space
charge spreading in the mediumto high beamcurrent range with a trlgcﬁmg%
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(- 1000rbar ) degéF4tSi-on Avpae “f]?JrFé" B§r€eﬁ5234’é%1]aﬁ'%e Q’i‘pltglﬁ gEP8rIRRY; ¢t gas

| eakage int %a?hgegﬁﬁghggl Qﬁlté/@ttémﬂ_ilhﬁrngméhﬁﬁdtﬁicRCBééitaﬁsgb@@t £8
conver gence,

0.CO Egace ch %Hégspreadl n?l at _high rcH rrent levels, is 15
to design augSHiEADHE chOF hePFORH JEY ePBEEPYdeYEAESantBe SY®®pl aced
in close pr @ébﬁhbyﬁs Eha Sirmea®mh O NMohe ardmmtdoaccelrertaheonaee tdfe ehect rons
over a shorter axial stance r educi ossib| it al_electron
repul si®n. EJHFBPFEnﬁFE 7Ol TR SN aﬁl@ﬁ‘é {n ?ﬂ%?é%s%lsggﬁﬁﬁglé‘?eﬁ rical
surface straagks moréheimpeadtamdes ahfl clor | eay tveaacneasbel mrghrglpl t age
br eakdown t id m ﬁﬂﬁc ﬂ%gn
el ectron begngglpgﬁggﬁrgne ?%g%?ta%t %\%% a?l-gl:gam mist be ransmtted
t hrough narrefilectefctn ﬂ#ﬁ oreld fusion zepe shapes cTRvs( oirsteashehe high

vacuum (5. 108n; epiA8- S bar@dinel Qﬁsﬁoﬁ%ﬁwl&'fd 28 tﬁteoca@ékéﬂgzﬁ@aﬁbers
operating over the a pprOX| mat e pressure ran 000nbar. Here,

the rat@® of GRUSR1LAR sgaébPFam hé VBHeR nﬁggﬁ’anﬂé’i"‘ Pﬁﬁ? ¥Rising is
f Dmarlh ly dQn%ﬁé Mya et b?/ Bbecdlﬁﬁa':] ®haddd h?ﬁd"engééltm)fe;hehqﬁrddumdapart
rédm t he nupber orifices and the it er.st age
punps. Bean?¥§ n%@?"% eRA¥Td dbht ’é?‘i“?’é% %%ﬁoaﬁs% B%émgeom}a' naéeé?/t * for |ow
total powerlaperali shriokggeSlkaftex heebdingt st etk oirestext ramvkous
pover on t hg e@%ﬁJéCng’Fhﬁoﬁ{i% be1hl HLGEH SYCUNL! eI Ald WA

cooling is ectron m croscope devi ¢es) whiere t
pover 1% extthemtf%apnevpp FRUinkAGR CCCAT S BEERIFNET iR APt IREPD 00z WO

99/ 16101 4 SCHKe BOBMPIREAL t Ae tindaoaeddlri roe @&ddi@fwﬁnidnqunﬁrﬂﬁlragnﬁ.
For sim |l ar ,reasons,

t is i ort av ri.ghtne
par al | el be%ﬂﬁsoeﬁus%f%?ntl’f@ 5?8@43% %ﬁ“gn&‘f‘gr a egm:%%a ?é whet her
or not a partadakilng. el ectron 5 gun produces a pure un-aberrated beamvmth a

wel | defined di wghgensay s yery JepREGeEAneN gbu&:%%mwdfafr teGiy arly
t he cat hode design and t'he det ai | ed g eonetg% t he, el ectrodes in_the

i medi2® e \geatiiany $eleine cakRodshipye: sy tgu*%t%’s%HtYoPnEﬁWeare
triodes. Thedsge dfdef tIRQrégerdmet whlehepsoteset hat nearl @arzaameicurrent,
. cathode em,ssion s | d.t cent al t the
presence ofP &R trggnvéﬂli‘gu rf:)Ie dﬁgrsgg?iéig %nEQ é*’ egagd%jg:o

consi der ablrelasimediyer mddeon tamedut gnsdoact zoneﬂ aja&gqmnaésielﬁav@ya

Sﬂg”er fo @Jce%%lwgmed}ttl% %ﬁdﬁ%ﬁﬂ%ffﬁm becavaexifgy amnaay oser to

edeof the_g up hole than the nore central el ectrons. Al so, as the
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heat input in turnre S €00 requi renents I nvar I ably Eresent
and even for low total power operation (e g. 5kW),

ability to absorb this extraneous power on the orifice
35 nozzles is limited even if substantial water cooling is
applied; unlike electron microscope devices, where the beam
power is extremely small, it is impractical to strip off
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eam uce
the beam an loss of primary focus. Also, the primary

focus waist and the virtual image position (apparent to the
first focusing lens) can move considerable distances up and
down the beam axis dependent on beam current level.

Beam fringes produced by such a gun, the drift of
primary focus with beam current, the 1lack of beam
convergence angle at high current and the relatively high
convergence angle at low current, can adversely effect
welding performance for even conventional systems
projecting beams into relatively high vacuum chambers (5 x
10”mbar) . For beams which need to be transmitted through
small orifices, operations can be difficult or even

v



20 focus over a wide current range. Yet another possible nmeans of pronoting
initial beam expansion is to shape the cathode surface as described bel ow
so that at least the enitter is essentially convex or conical. The (J §rMAY 2002

aspect of tigod/fedenti on can be used in 25 wel di ng appar at USP@f/Qﬁ%‘)dz%‘iS
types including vacuum chanbers operating in the pressure range 5xI O snbar

to 5x102nbar. However, the invention is particularly suitable fox use with
wel di ng apparatus operating at internedisate pressure ranges) 10-1nbar to
several hundred nbar, and even 30 at high pressures and non-vacuum Typi cal
i ndustry secingssshbte. eaet 1 gehar¥y dbn hd ghorenerallgbeasert $han savh

equi pnent ar. }&hi cgp ip. steel pipe producers, offshore and onshore pipe
wel ders) nuclear waste di sposal conpani es) power generation 35 equi Ement
producers and aerldspacECEBAp6ReitHhnaf X SFeraSPedr RAnthE PrESEn
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in excess o WO 99116101, 9 0 .8 MAY 2002 PCT/ GB98/ 02882 | 5nm and may be as
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99| 16128 10the temperature limited mode, the beam current does not
surge, unlike a triode gun where breakdown of the high
voltage between the gun electrodes and ground precipitates
shorting of the grid supply and instantaneous release of
full beam power,
30 v) the diode gun requires fewer auxiliary supplies
(two in the case of a conventional indirectly heated diode;
one if an RF excited indirectly heated diode; one if a
directly heated diode), and
vi) for a diode gun, the electrical cable and
35 connections are simpler, particularly for an RF excited
diode where only one HT connection is required and no

auxiliary supply connections; the RF power is inductively



0 8 MAY 2002 PCT/ GB98/ 02882 Metal Construction and B.WJ. Nov. 1970 2 (11),
p. 490, produced a spherical electrode, indirectly heated diode gun in

which perforations were placed around a refractory metal cathode eﬂBcMAY)cEﬂﬂz
to confine enmission to a central area. 5 This gun, however, also suffered
from t her TP 91603  ti on of the central cathode region and PEBGB8#882t i on

al l owed el ectrons to pass through fromthe primry back bombardment into
the mai n beam causi ng further nain bear‘g distortion effects. Some reduction
inthe flow of primary electrons 10 was achi eved by insertion of additional

| ect b di t
Ferai ned a FrUBren Henna,dinstelye slita Al Soanthell pigdga i ortion
control i ngpeningargmvsstﬁvﬂg A itdakgy ofi thdimmhg guachowssniant o the beam
can be prevent edpBy JoRdenguhlle; £ HOUBBACE SLURL ULLHY Gl s as

will be descri bed In nore tail thodes of a si m ave :
al so been agEertthed Fadm fiwldat @sRacdadinyi bWiFRg i ffaddnt di@met®¥nct i ons,

20 wherge k@mﬁ%%éer the RYGh r&pRce | @Mah t BeAsiByerigl e hraund, ant hanum‘
hexaborl de Is hot easily _ poisoned duri ngégB and on gﬂt er

supporting Bﬁ%@&}%’-‘%deﬂf r grhak ré?“rré'@ﬂ’iry Le¥Ele  suhnas TS uﬁ'r“ Such an
grrangements &@%ﬁ d@ﬁ%h@eﬁb%m ﬁEH&%@EMﬁIa webl | aefanedngeiwal h haveI 25
een separa ey an escrihed .in A5 27 t, this, particu ar
oun s di TR yiRARE R, PR, ey i itk =R A
t hese earl |aremlq:eeés);trmmugn bher apodé chalwporaf tdw:dszmt bmwmoﬂaxaburl de
button jt vas nec a t tqQry netal
hol de[10 The |'5V ?&Xfr&gﬁ{}% %%a'g\i u%%%{}hrgde‘?o (?l }(?Qf |"lhedé'§éj(.ﬂgfe§ul ted in
appr eci abl ela;[yﬁsrdxﬁaﬂemeﬂﬂébpéﬁ bt vihish Wl b fuadameataddiyoredueee, as in
the case ofpdJnh skei dHtHess Aeids eSmpll idatBOELR! e&qez?hehenaha tlhés}ehaese near

the axis. L|p 35 t Hl ckness can be reduced by care machi ni ng or by

pl aci ng a ttlieh qcé?"'r%rctory nmetal washer in front of the cathode) but in both
cases thernmal dim ahei inveatson & dd sitipctosdedl oo the\@leditioh0beath 0 8 MAY
2002 / GB98/ O 3% LUt t m ssi on
from grl nd % H herzﬁ %k&ﬁv\%ﬂ%}rlﬁ%%r tec"ﬂlnllg% V\éfaﬁeﬁélg%fgni%g ?l ally
successf ul maum@oaxmel whish che shear banﬁubasqsﬁnt:% Eqgused whth a

wor k5funct:§@1 g‘m SRy VWefk Ebﬁ%bk@@n&ét eyl . ther emafml e, the
cat hode made fr anum h xagg de, was, coated, around its perl phery
e

om h
and in an &MW@BPF}F ﬁ'ﬁg trignfieldeifi FRet IREeF Rl e rRde gaun-
initiall ypr on saeg reghrdst ehbnufitématéf beat broghtnessowhibh caatbeglOby

i on da i dati t d It t
avoi o2 JePRY £, O HREAPEER 2 Hiveh %?bﬁvéﬁ%tﬁﬁﬁf?%%%f nEBHED! ot Phe
hol der, aI t nsngndsrrgarmmg %a‘F'é‘EFEEe Y P@(‘,"@F F8YeouRs| é§sé§| |

pr Od_uced_ uoa%yepaebbadeher rahl oaaﬁﬁe.’aé aaﬂahetefecaﬁaqugunhl aéssgﬁ be
applied is_to braz Eg V\ﬁ function erl al_button int 'H
hol der usi n§v& éB‘ﬁBga Yeuch a8 r%?’%}%déﬂﬁﬁ?&?? 1 i€ d‘é““i\‘é’rﬁ“evFﬁg‘a Fgh

q)JaI ity nodipmeoes, brsam:em fdoua ganeanm beamngonirelrgeificentangle and
probl tic_a ca Obtgze t de ck in
servi %gﬂdu8pﬁgg}:g§ at %% ‘i% I %ﬁac%%?d‘;{ldcﬂ V\P%ﬁ a‘d;gé‘go% aaspect
of the pr esyatemvehhﬁoﬂpoé éh&?géﬂ Bﬁ@ﬁ%teoealtt@rcebhpées@saraﬁter

emtterne @Ptiéha’li' R’ tHeL % u%r%“p%bi: MBRbeEhe0 ¥RtREdeit 1S
el ectri cal co nect ed, the emtter a]\;Y al ower work function than

t he supporPPﬁﬁ%éPgmh%'P%%’&a‘é‘Er%mﬁi‘k‘il?%r? e) the enitter menber
emts char gedparheclmvémbmxan axmbesi st flacde C hdi avaé et sedr i Mmobeat

t heexposed surf t he em.t .S 3¢l b om of erabl y
subst3tht i aPFAFH heW?ﬂI%ﬂ 8&% gfnPgagl ngslmlf':g?g a(ﬂ,cf the %’&%ﬁ%‘% menber
surroundi ngeathebrpghtness | n meN@terlmﬁmgn@itlm@edwmtm)am&e | ow

wor kf uncti on lﬁ%&god@cﬁ?&e”{lﬂﬁ—fa%émcgkggd HE %Q%e emtpe‘% neé?%er sa

snugly fitePHY S a contral Conveni en ter
close fit tempércatyrsiur @esfuaesesufipsrt ALK iary \wheatisgol powex g VAY

200 PCTI GB?%%@%EW oéuimaabsppqséwﬂerrbﬂpﬁsd ResdeOf 4 exidder

menber correspondlngly Jtapered
35 mlnlmlses gun operating temperature and electrode geometry

thermal distortion effects. Reducing gun heat input in
turn reduces cooling requirements which invariably present



Alternatively, or additionally, the emtter nenber nmay be secured to the
support nenber by a clip which engages 5 each nenber. a In particularly
preferred arrangenents, the exposed surface of the emtter nenber G*BdHW?‘eZBUZ
outwardly facing surface of the support nenber define a conmon plane. In
accor danc¥WOMIAIY t hird aspect of the present 10 inventi o®CTaBIRazs3Ed
particle beam col um assenbly for nounting to an evacuated charged particle
beam source chanber has a sequence of iontrol | ed pressure chanbers. each
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30 are pngf es"cabla/rgml ﬂh&tnﬁﬂeahu&ﬁléi;ﬂﬁhtafcﬁn}w ; Se Y &Eth- Sk £t 1N ) th
ear,-.vac gl At fospher ¢ a rovi ded. one arrangenent) the
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large, the emission density at the cathode is too low to

35 produce the required initial beam expansion and
consequently the beam has subsequently insufficient
convergence to avoid spreading during the final period of
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outer tube to formthe respective each conduit connecting the raqj 8l MAY 2002
outwardly Wpigg)g lgi a chanber with a correspondi ng evacuati gn_5 gbrt .

Al ternatively, ?he plurality of chanbers may be arranged aBCHGE Hﬁ?@ﬁ%e of
di scs carrying appropriate orifices, the set being fitted within a common
sl eeve, which is segnmented. Each segnegt permits access to its 10
respective chanber or port with good cross-section, as is the case with the

concentri c dARGENEYn. Yathuagaithe 2orBERLDbHOBE 0é1 6ONECHS I siap LRy ar

sections and segnepted cylinders may . be utilised to give approprjate
efficient \%&uﬁ%?ﬁgﬂg?nﬁylzﬁe the ﬁrrégéﬁf‘és B2 C%n@ér"ﬁgﬁ,a%gﬁe%‘ﬂ%l e
Cross-sect heltagle aanéspowert hepgutticyr chagdertor esqlebéve elthie Thestrray of
chanbers can Ee readily dismantled for replacenent of the orifices, which

may beconmeP§a PF&%’&F% ocked due to netal spatter or may be damaged by 20
i nterception w ph dewors ewtthod efamchfevsingpruhe s §icisdy flargssenbl y
and di sassgaley Bh H8:e8NGERhoLE HEUMEL SRS |l (Al Sl Jadts HRPTEN o
cylinders F Sec rvely, while strll maintaining adequate alignment” of the
orifices tatthheagathede tinvalaas PrRARCAngangewEiable sl ettt 25
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envi ronnent al , at ere this _great| i m.ni she e effects of, any smal |
Npak in seBFEPEY g‘%ﬁ%’ ngtsaé': pgﬁé’%c‘B%c%he[ Hacgecﬁg ég?a%%%‘iﬁ 5 ' part
may have asoupntegral screw fitting onto a conmon base carrying

correspondi ng tpyga Rsud i gﬁgl taget figr Mddhsifof Ipnfesiyg eg)re"ﬁO" ring
seal s. The cups nmay be provided wth vanes, spacers or the %gw val‘ent to
/

mai nt ai n tPeYRitelAd| REEINUNtAE HINET de¥edanidny excegs ¢f) 20PKW-15 0 8 MAY
2002 T/ GB98/ RS 8Reddditid @bovie,t BReSLHIEI4 bt adWEIE redtht’d by

bei ng.hol PRRRhanFBATRY aPPERBUABRr obfl alti e hg d BonEWHERRAR y. I n
all these elecngestats) t€hield.vacTwbspuiptrepsemeshe estiakercfsshetially to
the rear Oafqﬁékeehrw“s&??é’e aY\E¥e s ' PM LI OHL PN sQféHh&???“Qﬁl?Q@ﬁgp%i ate
connectors 1o the respective segnents or annular orifices of_ t conpact
assenbl y diigiHamrevenRaant Bedmatber Proficed yiddsdr wellideddpedexanyl es
of elxgctrapdigandgencaatwitde acnerdnt esangeél. Welylitnganpphést poskibepor at i ng
WTh Ter e o AR IR g " ki el
cathode surface as described below so that at least the
emitter is essentially convex or conical.
) The first aspect of the invention can be used in
25 welding apparatus of wvarious types including vacuum
chambers operating in the pressure range 5x10°mbar to
Sx10 °mbar. However, the invention is particularly suitable
for use with welding apparatus operating at intermediate
pressure ranges, 10 'mbar to several hundred mbar, and even
30 at high pressures and non-vacuum.
Typical industry sectors which have identified the
potential benefits of such equipment are thick section
steel pipe producers, offshore and onshore pipe welders,
nuclear waste disposal companies, power generation
35 equipment producers and aerospace component manufacturers.
For many of these applications, the material wall
thickness to be welded in a single pass is in excess of



Figure 1 is a partial section through a known triode 15 gun illustrating

el ectron trajectories and equi potential lines; Figures 2a-2d illustrate the
effect of changing grid bias voltage on beam profile and beam cur r dh§ MAY 2002
the triodewgwonsiown in Figure 1; 20 Figure 3 is a schemat bgy,dpshgisstidi na

. section of a first exanple of an el ectron beam gun according to the present

I nvention; Figure 4 is a schematic, |ongitudinal section through a second
exanpl e of an el ectron beam gun accordithg to the 25 invention; Figure 5 is

. a cross-section through part of the cathode assenbly of the gun shown in
Figure 4; Figmmesngd Way 12 s hiods 8Ssa80MmEnsrt ReBRigh 0 stthdr digder ent

nDUﬂFing_arFﬁggﬁgﬁﬁt%ofQEth%uEékﬂ?dﬁeﬁﬁﬁégbbﬁém3Boﬁbguﬂ%vb@si%Eaat
| ongi tudi nal" section through™a thitd exanple of an el ectron beam gun
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a beam current ofo3mMi1Nordidbee elgeels, Onihehda i $hewWohds Fideyce i¥sd 35
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apparatus incorporati n_ex | e n el rgn n _gccerding to the
i nventi-on; ?113-‘?%11?5 §§8?$| ﬁgt Eg?egaghoéfaﬁg‘?ﬁ8$ ggﬁg\%?HS eiﬁcgﬁ'& nt of
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21; Figure @ge\?gsﬁ‘g twgwaéém ar ?Ic?ng Sﬁ%g AZ%E Eﬁ%’g‘?@aﬁxe& g’rent
chambev© ar régrpdashtof pfdore andjwany reseaysh |aicd CeVElohment ggams.
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;Jﬁe with :_hﬁ.c;a:rer aqnagenpn?pskmdmtbn cﬁleg}[mmte 2:41eanstinéri¢m1 orderraeionder st and
e inventi n_.@x ri c m_gu
Uect of AR ol 1 dtiytie,] | P €0 e S Bartumis 5

i 1l ustratedpar Pally ) 1 beam condit
grid BiSas \einoagdumpieglcinm) guasi RarkedsinhocepebOlenibnpt refigartpayent 1

surrounded i a3 Jéathsdd 2haadeshi grartev Whishspaiad apedeaeatddiubpot enti al
| i nes 100 are .shown e sonme o

' igure 1 as,ar f the,electron . trajectories
101 a5 25 VEEIOHE BebRoTE he 15, PBPEBPECYSERART o) VARG B FATESH BRGPLer
focal | engithei rsurtfacs refhgrgfractoeydmetadugslattey aBy demsteing othke edge
of the gri gle ralt We1§eHLicy e Eli¥Biod PANL biEOBhe! NE
weakeni ng grlfagef?el d %:% neglfv%ptﬁ ?ncreaseﬁ& spaccegb(?har géﬁ. n tEe Bgam as
the 3@0beaXrEUPFEREY| Metads ceatdindearlptsul 1SHIPRF 08B15F1ORdIy bhet he beam
and | oss of oeirMBlokK Ofsct fdsOpxide RFddmried, 0CURuBRibtioifing adyert ual
| mage positi gn g/ni ch ,lrcﬁan nove_consi dgr.agl e di s&agge%eup d .down_t he beam
axi s depen8ERECHR beatC PTBRPSFRy SFVASS ItYh e Sren PPn T € 28954 (with
35 beam pupdeaisg" lbwapowkowbpams for electron microscopes where
) the oxide coating or plug in a hole is only some 100
25 microns in diameter, but for high power EBW guns which are
continuously subjected to ion bombardment, gases and
particulate matter from the weld pool, oxide cathodes would
be rapidly poisoned destroying their emissive properties.
Also, in the case of the oxide film this is typically only
30 50 microns thick and would be rapidly eroded in an EBW
gystem. Moreover, the planar cathode plate would distort,
causing adverse and unpredictable changes in beam
divergence and beam projection direction. Differential
expansion between the two different materials could also
35 cause cracking and spalling of the emitter.
In yet another attempt to avoid extraneous edge
emission, Bull et al, "An electrostatic electron gun",



The invention is concerned with a diode gun in which no grid field is
present’ to provi de any focusing action. WO 99/16101 17 p 8 MAY 200Z
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cat hode,5 i s nou op of, a.conical support 21 form ng part of the

base of th€°8§trﬁgé€fn§h gﬁ& E™iF§18P0j ecting into the vol ume of the shield
6. Asiprevi ous| femkageorsd, poimapy okellectwons kimbn theddezm graxs be t he

em ssi on °¥>FHO%QE80' | ﬁ\B%Q% fEB@‘ Ewghaﬁgeénoé SQH€§nBBuEh§oﬁ?%Q?de-

Flgure 51 ustrates ne arran ImMmsesS Oor avol
probl em Tmembey\asowiid Peoéegsrpbsdwm nope feaEboBebow82 cathode 5 is

rzrgxnt ]grd Ih n g Cat‘BfQHeﬁéﬁnefzEd\ﬁlﬁﬂl!lihlzarféﬁiherﬁdﬂeeha?%]@fbé‘eﬁoabﬁéﬁrbpéej_ eptlog
of the_base of the cat e _shn.Lgl.a.o. t e cat S oSl ti one
a fil ament £59"sFSorTE B2 fFf‘EﬁgﬁElﬂ%I ?‘é:}%%g_e hewqqu ? h{,oxgi, is
exposzal t owbéxe clhécafel S ahrisughdenfapsra uraw fubdtdionamaoereisghapech
protector 2% 1B thLAR | R8RabBe1RE] ”W&H;éﬂ eggr HiSe belaweay, tB@;Q&ﬁQ%r y

filament and t he cat hode cone 21. particul ar éxa
enmi ssi on cRu¥iRg BRYy 3R rcaetg\;9er support:mg Structure made from a

refractory metal such as tantalum. Such an arrangement is

) also described in EP-A-0627121. Similar arrangements have

25 been separately developed and described in GB-A-1549127 but

this particular gun was distinctly different to the present
invention in many respects.

In these earlier developments in order to support the

lanthanum hexaboride button it was necessary to place it

30 behind a lip in the refractory metal holder. The lip still

strongly disturbed the electric field and resulted in

appreciable spherical aberration in which the outer

electrons were, as in the case of triode guns, focused at

a shorter focal length than those near the axis. Lip

35 thickness can be reduced by careful machining or by placing

a thin refractory metal washer in front of the cathode, but

in both cases thermal distortion caused the lip to distort



10 netal cathode 5 WAs mi ni m sed by surroundi ng the cathode by a cone
nounted onto the main cathode shield. The radial cone to cathode separation
di stance was preferably in the range 0.05mmto O | mnrreasured

t enper at ur ewp@bAof- SN di anet er cat hode button. This reducg, ,@?g@ﬂéb

'em ssion but did not elimnate it. By setting the cathode ba ehi nd
the cone 21, further beami nprovenents were nade but sone edge em ssion and
spherical aberration, caused by the geod@trical discontinuity between the

‘cat hode and cat hode shield electrode in the vicinity of the 20 cat hode,

still occurredtwiederlerd s agtaliinstgmxtdf@siegmssal:eegstbul¢!yiq:sin1udedmbeam

powers up to, pljgv fhel 9évof"m9a qual ity welds when projected into a
relatively h| vacuum environnment . An alternative

.mounting arr angen?e!h@thi%r tteféh!@equﬂ)d@lshzsaﬁsbmmrmalﬂﬂguwcsessﬁutlm s

*

case) the cg} qg% 2dat iR &ragRkNSht & Hatudhlsy o 'WRd Hipd s NSw 'werﬁo of a

cat hode hol havi ng "a, spi got section 32 retained, for exanple
wel ding,5in ﬁ‘ﬁé?"c'wli' ﬁ’éﬁti%%ﬂalpd‘f-"tti)'bﬁ 5i 9h HeeEs  HRE IFhdateriathe EQFhode 5

is hel d3l4 n ngﬁ:& p X, bNhéYBaB'téh@Hegg38egff6ﬂtnl §a§3lhﬁﬁﬁthﬁdmawéxhlﬁbi¥h.aé¢ in 25
recess o e s or and.actin ai nst _an annul.ar spacer
For an eni s{&h Ccﬁagtr%fe‘? %p%r%ﬁerﬁi‘tpé‘lef Y400 ?ﬂeaPhPBP?fggé' SPrF‘hgnl ip 30
is typicallyHel mcﬁht‘.%rmfad’be withct tusgsitexont i nhlthough béndedatdyg by
placing a thin t WREFL t He? e b5
but in bothpcré"’sméss?itﬁﬁe qu?é%émqﬂ;g% can ?faﬁ?zgr? ﬂe{é\gghop ?og@m&o

99/ 1610l0 19 by &crvmdazmpcqurmsmdt%vwmamorouxlwaaqsvi@am ngtagai n

O%SOWE ext LANEONSs8! REIF A seboravt:&am @&kagadug hengest¥ein OéolatﬁengThe
preferred ap roachlssovvnln Fi g be, seen, the | ow work

ur
function ca Iret2FFRPLYs nabhi ﬁéglﬁl?’a'ar‘%ﬁath%ha edtB%r RPWARER snugly
fits into aaq,lebﬁ.@ih Helparefinghe redbeed foahdemngdtfdekitnedebyrthelbsp 30.

The machi ni n%tlgtclh %@@&M@&%&E g@eaQﬂe%Qﬂ?H‘at erials can be carried

out by | aser ues or sparK~-erosion Ofrm of cathode in which the
em tteaSbutton wes a§0ﬁbea tﬁclpmm‘ee whigh epnake ABPIEedlisCtol bpaze

mounted in thg qlRRMe &slr}preeiae%oﬂehxtérmeba&aanqm S ShOTdeAS
proved by detail ed cor‘rBut er, anal ysi s b@% nt software and al so
Dy ext ensi vBSAPECE ] COPBPUSHSSUR 28 M SHEE A, 81 8135 SRGe 10 R LN RS or at | ng
15 vol t agesaohigh quazﬁzﬁyVnoiihporauhoueabetmbnhcbmtecontaminadaagIt;/hél ush

w th the edge,of ol baﬁfti( The
washers 35, 8893 mé?%r%%e of@I ﬂe& %lrjm%%gtﬁd Wlﬁ? neébm#o@t rfo%eoetdé)t 12 packi ng
washer 285 pbuazedeétfnsﬁlassvée-'éot@h@rwlgelafS@ﬁ‘élfgfpo@ve Qq repeated|y by

about O. OSthegﬁaglﬁgaaghg .tungsten wire circlip 33 to naintain a
conpressi ve force. hode 5. and hol der 31 can begghgﬂfd in a nunber of

ways to achi eve gnsr?lfé:ofr NGE oYHER o SHOTNY PR&RRe &S POTE
avoi di ng suiﬁaentﬂbscomtéhatgé@spart:silepsna$tshrommpm§|eguanserﬁztmﬁ0.

Q in Fig ﬁ\ﬁezg)m&ri'x?terggfnoéntaﬁf‘e eﬁeBQfaadsaggogerﬁsangdﬁﬁ ﬂ%ace of

e cat hode are taper In a si'm manner ode 5
has a 85 npl ytta%e¢%€CF§a€Ph§YpéPﬂﬂéﬂtwl-t hiehe %rmtﬁf%ﬂverabeedmww\ea

previ ous expspéLSworR FuldksohOkhiahe that Bugporthafenbdy UMdreyn Iarr_alaform
whi ch corresponds with a siml ar zpla pe.for the internal surfa

hol der 31. YOTIFERT o t&FRFTAIHF S0sEPEI ETHT 1551 MPMOS T §AE EFh S
slightly prpéfut&ms dl tamviang expbseduant f ac e ahairalc t¥r imed a@etgat rtdmg so

hot der cdge= e art ARPEALE 6L J5BE ShIRA TS I Doeq, Sl g S ndl 19

30 preferably substantlally flush with an outwardly facing

surface of the support member surrounding the aperture.
In the preferred form of the invention, the low work
function cathode material is machined to a "hat" shaped
form which snugly fits into a central hole. Conveniently,
3s the emitter member is a close fit in the aperture of the
support member.



WO 991 16101 20 O 8 MAY 2002 PCT/ GB98I1 02882 the cathode button 5 and the
refractory nmetal holder 31 should be m nimsed as shown, for exa I? '
Figures 7 and 9 to reduce heat |losses. = O course, it is al 300}80% bz@zto
profile thewdsfiéoa®ld 5 cat hode and hol der front face to achimyecBmIZEs?,
coni cal, concave or re-entrant conical forms to achi eve enhanced beam
shaping effects, as shown in Figures 11 to 14 respectively. The use of

cat hode buttons and the nethod of m)unti]n?g 10 to avoi d edge em ssi on when

used in conjunctiQqn with the diode gun, in which an_initial, beamswell is
i nduced in order.%tadftac 'e{}éetﬁlép% HEBREL s Panﬁaglte&fr 3%‘%%8’8&3%5, has
proved hi ghl yegibecesafyubef aprheghondingly tapered. pressure and non-vacuum
operation. In the,kat : 5 . [ ' I Ng has
been reduced to né&l%ieglgér'éngééél?%@?Ptgg\?\%gg}’r‘%ﬁ%%gﬁwﬁgkeﬁggﬁgg\%‘wage
oper ati on | ebel sechnedhéomnthe) sepporthaembes hyam curiterwhich aelpgaged from

zero to ffful I epg{[}ef‘e“&gg.rel atively small change in primary focus position
is such that Trttle or no 20 adjustnent is necessary to the first focusing
| ens current whi chnj PagikpruyadlyopPreéasrede Peancenesig§h tthe nespored '

assenblies. I{i-8aABKRT OfIfH abhPPcef WRRLRGUIAMENEhY CoNtWaRly COAPERgd Wi th
previ ous di ode guns and especially triode guns where spherical aberration
ef fects and SuGEREe28L 1B NEHRPRX L (PRDEYT (ARLARG &@%@?ﬂ &¥AN%rher ent

char a(r:]t eristics. ﬁafe ap:rc_@fral ahee fwith Ok t&}(ﬁjﬁ.ﬁ ga%ﬁedes afs Fhewrpfré]géﬁgﬁ]ure
15. This congsists_of a |l .ong narrow ng, anode,4 aving a_len I n.the
Fange P SOnTVSRE RO €1 et REREFRFE FeRr’ A dhcapRebdy. ok
cdt)hode shi ehdurd@iggariongan dopicuated heharvged Poxridoie besmt ramleramitter
4271 s mount & &r NALEOY WUthidtee UPPObbnt2of1e Shi8 sili2 Vzﬁlalmb%}gg,h the
cat hode shield. As shown in nore detail 1n Figure 15, a Til ament I'S

| ocat ed behi¢RER hBavabdod@lss andsoyihiet pAPDSTEYres JHkeuaReWhdFh f* oduces

the el ectrorcheaiedspsiidle bddie darigaseelatitenin eeia®yiciPordd Edahown in
Figures 16 to 19 for beam cyurrent Iev%g o‘f'hBrrA 166MA, . tg) %%%%101 21 p
8 MAY 3602 FEMEBoh2ss2 PUBRATZnG SRRt RT SARETYNRI AP e Shamber

accel er at i ngcaoobeageontrda¥b&d/, Athdimmbyuthent ptéssyre Fiigur eubgesiaivehe
absence.of],?aqg; ' SIRAGE j e | | oSt gt 5 haed6 d S
created on the eegx(r%?g‘f%b t.(t;sgl |\Q/Ires%gg?litdsF%nghg??ecgtbﬁs%%cr%g?g&t_b%dt he
protrudi ng @MasEEisn poEht &8 FANPRECRdCER 2 AdewnatHeam chamkenVigha

cat hode shi @lghatilit Whechr éxBends niithiny ¢heddssembeyypaet | atldfdamd onend t he

el ectr trajectorie r ocused alnost to a point fromwhich they energe
al m)stgpadi éiﬂsff.reﬁs“‘ l’%g%#g%r'rent is increased 10 (166mA) Figure 17; 225mA)

Figure 18; 358mAThisguenabdes t kapidel Fepavahe Badm pnsgrsdonvebf i Acreases

provi ding ancapaehiehty | gifer AOThhml 06018 OUkas nkiedEineldl Chplkpoleam can be
ref ocused. So spr.ead and .axi al novenent gf t he beam i s sustai ned but
even at 358FRMYeALIOPALLYnamitltiy stage pumped systems  contain side

) intrusions to apply the pumping between the various nozzle

25 restrictions. This makes for a complex column geometry

which cannot easily be inserted and withdrawn from the

vacuum chamber. The innovative step of concentric pumping

overcomes these difficulties and is particularly important

for applications such as offshore J-pipe laying where time

30 is of the essence because of the very high cost of the hire

of the large laying barge and the fact that only one
pipeline can be welded and laid at any one time.

In more detail, this facet of the invention relates to

providing a series of vacuum or partial vacuum chambers or

35 ports in a compact arrangement or apparatus. In

particular, this invention can be applied to so-called non-

vacuum or Reduced Pressure EB systems in which the gqun head



15 (Figure 19) on the beamis maintained providing a subsequent divergent
beam beyond t he anode which can be readily refocused to a very snal|

di ameter beam for passage through fine bore nozzles. An exanpl eQd¥ QQQZQ
equi pment | mapgyper@t i ng the 20 apparatus shown in Figure 15picg/dnosasdssat ed
In Figure 20. The electron beam gun of Figure 15 is located in an evacuated
housi ng 100. A DC supply 102 is coupled to the cathode shield 41 and
cathode 42 while an RF supply 101 is codﬁl ed via an inductor 103 through
the filament 45. The 25 filanment 45_is heated and emts_el ectrons which are

accel erat ed COREFASEEhE EIHHGdE L2 ORhFRATRHRr AT HIP & TUP r R HERM 104
whi ch passes ! refitne dfammxtewahnabertd%@ftﬁmmumcpqsﬁ@bﬁﬁ augh the

anode 40, mtg‘ a chéember %5 hlé % ressure_higher t EFat within the
30 chanber 1568 PR RYecEPSh YRS 168 L%80ht PR TET hilh é’g fe QR 106
ext endi ng thenughontmenthanbé‘heﬁ% cHambegui deavaubeo 1@ bwangtatinedureted by a
f ocusi ng, coi | gpéibg se I oi | ure

“wi thin the cﬁgégng?ggé Corit If’ag‘glf)"‘?l ggegg{}l-?%ot “&hom)pggﬁppegﬁ?j W th
t he chamber eilactarPUbEEEGQtOTﬁéS@h@Mgl'.ﬂ_OS'Ié')@tsen@slemrl@mgwmdaraelrﬁmre | 10

inawall ofya weldieh@rERAbel el 1ine Tha RN ifmddie ghamier e @R T ?Jaéiee from
t he anode 40 |s WO 99/ 16101 22 8 MAY 2002 PCT/ 3B98/ 02882 fornmed as a

nozzle 112 tAFBREPIGHT € PI¢RSWee thodn ekamRt ¢ ouf UNAGFMALRK Nelding idhter a
further chanpgrpdlgelifbmed. a pressure hi gher than the pressure vvlthl n the
chanber 105 and e a uat ed t rou a tube. 116 connected to . a further, punp

(not shidwn). The su&é’g‘mﬁn}n}ﬁﬁ‘f}ew AP GOkEYShiaR llﬁ’e
no zle 112, mmﬁam e - @ ng methaeéurstelvemadhahtférerm viha el N pamghd fica

urther focus irp%a‘r%‘gﬂne]ét%@@g pﬁgrgedsqsécsweoeh%&i% tl‘l@%u%gﬁgg‘akpl?’o | s

vented toth 111 throu erture i eCes
to be wel dedjhesg CRRNEELLPNS ubwlmvhmsccaﬁe ﬁrﬁum@d oo uphothell 9

within the chafitf Hddmandnekt I&niyl QishtsucH & pba-athiso el Wy | hbhpechgam 104
whi ch iis focused .ont the oi nt In.this_c thesug {_‘ 19 will
rot at e @bout*§IF % %S"{' o 8l kgﬁ/ £RELPBi of %ﬁ"r?e V2o RS 15P8MGEPse t he
el ectron bednnili®4 the (ﬁf@rcmnw]gﬁretrhe amiurs mwping he Theppefbr&l9 may
be kept statiQngeyedad tds%mari*ig% sPRdvEURo BLAL Ll £UEaLlyLYG dLpghacks of

t he arrangement shown in Figure at separate connectio
made from 2&axgciep@fh A ttFRz Fexthex | xestafighang Ampeds the hvaguumeed f or
the respect iptgpiainges 109, 116 to extend through the wall of the chanber

111. In_Fi 2 t f _gchanb t h

cut-audd form ABIE: BRHec ofneheoIRvenB R IFRYA taPor, SRRk KeLY

posi ti oned tompawtl mdsalian degian pifnguck specgueacehafbehambéxsy. f&ach wal |
51-54 i ncl U@%m?lﬁemarsa[r%yeboci?xt %m%eu%nﬁlﬁcﬁ%&wedn%es%&%nﬁgt bei ng

visible in g . The nozzl eés are g so tha |'ectfron beam can
pass t hr oughe AdRE AS¥BEEWE- 30 tHike EIVERGAOB SERRr aRbBS 1BEO¥IEe mo@int ed on
out si deEQﬁrhhﬂ:YUbé Eﬁambdrweéspé\@lﬁwérﬁb'l ytlﬁdncwtpxmc Frégiien 2d£i s

liéfﬁéiﬁ’% Pl hade, "Bl Ty dsikn chath YRS S 308 2 150 and
the outer tdbemeBérEadh drasbefof5the dowmmniloat evtmuth Aaldsmective air
passage Viapg,§ulsSuii1§ecitRE 824" f Afthuin'e it o0 -pipddP Y 8h0d
operating output of the gun head can be avoided and in
addition means for efficient pumping of the chambers (which
30 are preferably maintained at appropriate pressures ranging
from near-vacuum to near-atmospheric) can be provided.
In one arrangement, the chambers are defined by a set
of tubular sections located within an outer tube, each
tubular section having a radially outwardly facing opening,
35 the radially outwardly facing opening of each chamber being
circumferentially offset from the radially outwardly facing
openings of all the other chambers; and a set of axially



23 p 8 MAY 2002 PCT/ GB98/ 02882 Each of the air passages comruni cates with
respective evacuation punps through conduits 59. Wth this arran

is possible to |locate the conduits 59 at one end of the assentf) &gﬁ&&hh%
being . 5 BeNPE61Md with a respective conduit 59 and the coracrep®IdEsg
-<chanber 55-57. Figure 22 illustrates the wel ding apparatus of Figure 20 but
when used with a chanber arrangenent of_the type shown in Figure 21. The

el ectron beam generator is shown 10 schehat i cally at 100" and nay have a

'simlar construction tg.th ene 100, sha ure efore, an
el ectron bedMGILSIH i ﬁﬂﬁl%%ﬁ g'{f]up&gltﬁﬁgmgl&et E\ﬁ?cﬁAng
posi ti oned &efcmcusiang agal | the7 aumcexnl |tgmfenttocmflos'mlOSheali:e\sthtmvehe

chanmber 55. A f r S C [ oi

provi ded i nf He ctﬁ%erfbegé)(g‘g : ujlgut%A sﬁ]étﬂiv@]%d?éw 1?%?%5‘%}9 L? H‘}}g%grrber
arrangenent fasinguepeting shawahambdaskhith |4 gesrespPngdng ezackaglon 23
illustrates g further exanple of welding 20 apparatus with a second exanple
of a chanbeP arrangenent. Those conponents |n Fi %ure 23 which correspond to -
sinilar componendstieFnALdyesy20 Hhe e MRk he chamberss ema¥cePaunber s.

In this Cassrrahgeahaabera a%é%ﬁ@h&ec%m”ﬁ%%sancaﬁ—?ﬁn§| egMpregPidbech
extends throu 0.in 25 a cha 11 Ieadlng end of the

he a ure
sl eeve 140 9§FFF’|E§St'he§'Eﬁ1a%fer e3p9 \filtied vWﬁ he fRYRhgSEtYe114 and
al i gnnent cehichlls areygrermaided. E\aalal begrﬁénexpemditacramsdﬂetd uits
cross-section_of S 9 S e Le_ 142 through
whi ch e ef%ﬁ?e%g}%ga%qg%‘ge% gr ‘?\%@ &5% n%%z’(é:ﬁgns@%v% 143 is
sggported wthmc.asnewnbhrtbecwwnﬁrmeaum@nqmm to define the chanber

The space y4¢ bghuegn the é&ﬂ?iné’@f’ox?m@f sé&ea@ﬁcéfé 1éQudpdines the

chanber 113" which is evacuated %not sh ovvn via a passage 145.
The chanbersa®%ioRsADH] é&ﬂ%nﬁf@hci’ﬁénﬂﬂﬁﬁ PAYt b?nd%n‘) ifed £9REEe 146

ext endi ng ti‘pﬂ:ﬂiﬂribeeslﬁmdezbﬁ& va&@:ﬂ9/ﬁ1ﬁﬁ&h§4a(i 8tNBY ﬁﬁ@isures

PCT/ GB98/ 02882 1t ll:)g not eea j; pari g EE ga% Hassa es 45,14 6
are | dcat e GHTTRHE th'@ Rar¥treRYS FROE5RR ﬁ% i cffsﬁ ertq FR%nnect
to punps ambrthuer oGhambery reapectdorgdlyoxity of provi d| ng further passages

through the wal lpyhe ofridg sbaensrabééé chA 8kl rtefa%n%ar&as%ﬁa |fpd so
far, a filament (for exagptm lament 45 .in Figure 23) een used to
[

gener ate priSRIAFEITRE 9 ﬂ‘i'llf&ﬁﬁér'd ‘(}Pﬂé’l’ta'f‘ﬁﬁd e\ﬁﬂ“l,eh H’?F'Hfrlr?'Y

gener at es Slﬂcmmhﬁ y dtleecttioonmevhll chspatterheoiO mapctiven demiged N Bgny

appl i ¢gati ons t Y, ain i i WIS 5 as
Fect 28 bebnshaeRTruRl il Y tibedoh SEinT (7RRR TRARISR R °3
consi der ablmdeeﬁgﬁ'haéﬁel“bhﬁ and disiasegblpheff thamncmtnmmgb@ﬂm In a

preferred %@tq%% (LT e1PER, drNGsdgmént édebi1indeenl atashddts vl
i nductively lgate Linar e ég?'“ }'ustrate m;l_? es ‘24- 26.

As befor o, wh L ReiBaeTbing aacauate ool LORRER et th T BiF e Lo
t)e Fi gur e to ekanpkeyp. oSpadee ddamhi nthi bearadhgemehti 8l aoprédwces ald t er
I

d¥'sc %go \Aqie%lilargr%y B§tﬁmg%tggeﬁm{:he chambers operating at partial

pressure and the surrounding atmosphere. It will be

appreciated that in the concentric arrangement, the regions

of higher vacuum are contained within regions of partial

pressure and hence are not directly exposed to the

30 surrounding environmental atmosphere this greatly
diminishes the effects of any small leak in seals.

In the case of the concentric cup arrangement, each
part may have an integral screw fitting onto a common base
carrying corresponding threaded portions together with, if

35 desired, "O" ring seals. The cups may be provided with
vanes, spacers or the equivalent to maintain their relative
concentricity in assembly.



20 sui tabl e heat conductive ceram c such as Lant hanum Hexabori de or
refractive netal such as tungsten or tantalum This disc 200 is supported
on a pin 201 which in turnis held in position by a pin hoﬂcﬂeﬂAXOZEﬂ?crewed
at 206 i ntwoasaploit coupling | oop base 208 by screw 217. ApgruiBogo2s3er ew
(not shown) is provided inside screw 217 which locks the pin 201 into the
copper menmber 202. The primary emtter 200 may be mpunted on the pin 201 in
any conveni ent nanner but since the corical support 21 can focus reverse
emtted electrons fromthe cathode 5 onto 30 tBe emitter 200, it

preferable to setdiEWFE entPTer BB byeqmEBHEFal 1 TVRRITAFLH. wi I'Fh‘?ecel ve

the focusedcbeaespatidihys pajsd ndayragﬂlmg tdige gl mawy tBniddmpressibler der to

heat the primaty emtt i ctive_cou n 03 IS I‘OVI ded
whi ch sur roﬁﬁai\s’tﬁﬁ ‘ﬁ?%gél %##t"@rc Shd agllgo%%eﬂﬁgaazp% %:ﬁa
el ectrical gpaeinyg aadsd:mmmntrr:l%zgiye 26. thethmarmgmnqahts\g tlomp 203

db ] Y 02
beT) anos) 0o8ast e EFRATHS, IR Pt Gikten cofrtiad kS el GddE SOR,
coupl i ng | obhe bgien el a@tmvefmosm:hy Otlhputrhﬁﬁﬂ\l C&ﬂi’plﬁm@-’qm@@@)B and
split coupl &%éeearpa@@ @9@ :?é@pé@tcﬂé‘eé%énfé?msao? R AridQids for

exanpl e copper. . In“Figure 26, the circuit for powering the

assenbl y- - sthf-)vvnthﬁ Fl"(ﬁ!M&FtM AEREMY 5 QencFRITRELE (OBPEFRReAg n a

EP- A—062712él§f@réﬂ§ialﬂq5r@e§ﬂ¥§éﬂl ng circuit 210 connected to an RF
anplifier (not shown) and jlncl u an inquctor 211 %nd aoél; ust
‘?E‘al 213

capacit®r 212 | |$1‘R’§?i FEATP1%° SFSERY R SERTAR
[ nguces a vanhd ageldhng appandamg mnndrpgraﬂnngoapd:hdassembﬁeeenzmtll
ca

cougf: tngrl 215 3%3@ ecotr,l%% §Bhl EaﬁQEBélﬁg Pa?so connectm hé‘rkg?ﬁr:a\r/;

enitter ZOOrtaﬁﬁi-‘QréFQ Heo rﬁheh alcacqmalm% arawdngs) t aFewBdF8rat ed across the

i nduct or 21?t ande fapa b it of's &%aﬁltﬁe%efdh@emhe?agh al @@Wt&:rfﬂdaé : Ee
pri mary emi tter 0 he ca 0Si
respect> t o THe ’pﬁ) %’rﬁ'?taec'ﬁ?ﬂlr Eri%eﬁ?{l%ﬁ a%'gg g r eaded

hol es 216 Z2Qines;ch are for accommodati ng conponents of the Ci rcwt shown in

Figure 26 such gg 55%0%3#1\094&41 R %iaé a@@eeese@aeha g&%g @¥ig2l5. It

has been found th e use of an In uctlvea)[/ heated prima mtter
results in ma@on‘éph'@%l ¢ni rkeamspyofslei pad | hgam a§u&'6'ﬁ|5‘§r e%P’G\A they

convent i onglyifddea Ehdua g Figarar nangement particularly suitable for
electgon bean1w? ! @% 3 1gmL9%é w%t%g,caongltudlnal section of a
first example of an electron beam gun according to the
present invention;
Figure 4 is a schematic, longitudinal section through
) a second example of an electron beam gun according to the
25 invention;
Figure 5 is a cross-section through part of the
cathode assembly of the gun shown in Figure 4;
Figures 6 to 14 are cross-sections through a set of
different mounting arrangements for the cathode assembly;
30 Figure 15 is a longitudinal section through a third
example of an electron beam gun according to the invention;
Figure 16 illustrates electron trajectories for a beam
current of 3mA for the electron beam gun shown in Figure
15;
35 Figures 17 to 19 are views similar to Figure 16 but
for beam currents of 166, 225 and 358mA respectively;



p 8 MAY 2002 PCTI GB981 02881 1. A charged particle emtting assenbly
conprising an emtter nenber for emtting charged particles of one
polarity; a tubular shield electrode circunferentially |, suf o I Z@JZ he
emtter neM@syBm held in use at the sane polarity as the ydwacpemh2882
“particles; and a tubul ar accelerating el ectrode positioned substantially
coaxially with the shield electrode and_held in use at the opposite 10
polarity to the shield el ectrode, the a?‘?angemant bei ng such that charged
‘particles fromthe emtter nenber .initially spread laterally qutwardly and
then are focused FH¥%rQ %‘éaﬁ'ﬁ vihi RS ‘%llrﬁ‘gué’r?rttﬂé’ i RN 188 el% at i ng
el ectrode. LrePdirfy sSserdtys aroariois tlioaclaal mxknplMecioEi ant @ eelreein odes
are arranged to generate an. el etctr(?%tat ivc fti.el d which initially causes
di ver gence IS FhAFGeH P19 i'H EB5edRVER T4 Frection fromthe enitter
menber towards tirRiduhel a2lel étlusteat®d 3an' Axaagsenblof acaor dowglt 0
claim2, wherein t i i n central portion of the shield
FraRgsTe d eé’vdbc%ag%§f tcfx%g&agﬁg

el ectroc?e, ng Troma bas Shiéld. 4. An assenbly according -
to claim3) wher digutte 22 jildustngteschbe ¢ lootronrbaapaun oft Ragure

towards the ﬁéﬁ%ﬁx—réé‘%ﬂ}? ﬁ}gieéfﬁiﬁ Rent: of‘ne@ﬁéﬁggéﬁ paRbELRI to

any of the pre . clal ns, er conprising neans for causing the
emtter to efawn H@ FHAWE® Yarticles. 6. An assenbly according to claim5,

wherei n the nmeangjiudeoricaysiangiehe semilher tboFegurechar pad BRBLWEGGES
conprises a sourgfe of_.secon char%ed Bartkhql es arranged to bonbard the

enitterl 7. aadLLEIARY © Fdi AFTEBIEMa 6, wherein the charged particles

en‘)ttfed Ey t he s@irgm:elco_mpri sis ehecviews. s3midarAntassEighyeacsor butg tﬁ
t : , ; t t

o tter comytis eie on ANtEsHldtives SePRHGEnBRE GR"ogBEk b Egnl)
assenbl y acperitiagy €degf¥oBBiclains 6 to 8, wherein the source of second

charged particl epjgugleldes ars i Rdusid \MRlay herirapedwivel afYe@Mdtt €Enell. An
assenbly according to an the ecedlng ghalns, wherein the shield

of th r
el ectrdde ha¥ring B‘?F&n?%&f"r‘yl ngﬁHF?cﬁf's * 11. An assenbly according
to the precedi ngrdbares26wher@icitdet disgrraneliddusadattiagnanai esudt] acent
aplane defipgd by Lhencdge QlrbhGenthe! DnSifiCihoffautde MW 2385881 Y
according to any_of ‘fhe precedingclains, wheréin the emtter conprises an
enitter menber ndBnPEAEF ntAMRGRFERAND dhey WNYHRGHCeABePXBBPMAI €6 At i s

?Ihect [ ihcal | Mné@itin@f.’:gde ér@ce{)&ﬁ tt{ﬁ’anﬂ@ﬁ?ﬁﬁ&dﬂhﬂ@t&ab@ﬂebaflﬁiKliymﬁhi on

an e Su or el erepy_a WOI Kl er re, e, er
ronber28m 1 EEghGe oda A et sondfedohe  S8ak O 1k iy S BIAEL 1
accordi ng teottagen I-2ZkWher eThet lgmrenincéndesntn  ledeck riomeemitwt kngunct i on
than the suppplhedEMPCLuRBLARKAALYA RIS P P Ui ohdi® WIRA! 8!

menber emts charged particles from an~exposed rface, dand wherein the
exposed sur$peeedf angdecnd t t erEGERRTENGE BhpdEBREI 299 RFEsFhAWh dR set

back from ap; guear Hy d0ei sunes Wi 2te eflecheonuprareceerbes soLrouadi ng the
aperture.

14.  An assenb accor di to claim,. 3, wherein the emtter nmenber
T dse Tin o S0 b b REEhrETaarkeih b Shnies Mavens SEREREF,
accordi ng tfocdhi ret@tbr igl athe 14trohgr @micafiebd beeamsppdaiteyreaber and
part of the 1fle rrq:rf%ir rr opdi agl v, d . 1y
accordi ng t%ﬁtg:["lf%a]it mEfS, e?éeégr; tBEe ﬁ%lr)tlaﬁ'at r%lps?%g%‘?t Fﬁéﬁbéﬁéaral‘gégﬁ‘?tter
menber tapegentiid ddleetvengs the on s Uk e ceeakening oarid cfieddber .

combined with increased space charge in the beam, as the
30 beam current is increased, can result in gross spreading of
the beam and loss of primary focus. Also, the primary
focus waist 4 has a virtual image position which can move
considerable distances up and down the beam axis dependent
on beam current level as can be seen in Figures 2a-2d (with

35S beam currents "i" as shown).
The invention is concerned with a diode gun in which
no grid field is present to provide any focusing action.



17. An assenbly according to any of clains 13 to 16, wherein the emtter

menber is secured to the support nenber by a clip which engﬁ emagm
menber . REPLACEMENT SHEETS p g MAY 2002 as _ 18. An asse %y C ing to
claim17, weoergémithe clip is received in a groove in the gIpERYs/opsseber .
"19. An assenbly according to any of clainms 13 to 18, wherein the exposed
surface of the emtter nenber and the outwardly facing surface of the
support menber define a conmon plane. 287 An assenbly according to claim

19, wherein the exposed surface qf the emtter nber and the outwardly
faci ng surfa@@wq?ﬁﬁt%ﬁppﬁﬁﬁem Wélé*‘i%eg"fﬂwlé”gf'a'ﬁe%ﬁv%‘?(rj L \ggﬂe,

concave or rgientdpade fcdrafge? dendilt #SHE ey baaaor pangi dwl anyy ot ¢lighms 13
to 20, wherein the sgggo t menber in;ll udes a C‘%@ shacp{:d ﬁ%ﬁ}?i gn. %?é An

. assenbly accOHTH I t ﬁ;sof CeParmSuis 28 SPTHHENS Pt h EPr Anber

em ts el ect ridek Wi na heal Eddé Hinde paimiényy feengser atior ene2 @mbAdiaestnbl y

according to_ .,any of_clai 13 to, 2 ekn .t ) itdely e rises

+ | ant han h i%xé. Fggmﬁn%dssaené?glx\%g%orsdilr%eptr?valny ofﬂglngi ﬁggg‘?&t o0 23,

wher ei n t he maqgered neathode onpié ki setemt aoden 6 25theerathgdeppabaing

| ncl uding 3 Shaidiad AR bCbe1 EHALLLAD ARRAIT KaBeRg! el ded vy 9bng! al M 1
to 12; a workpiece su port for supporting a workpiece exposed_ to_ thé

KpI ) ]
char ged par tiesigttbeanfhanangesfs ther aneds ny $agiRg Vi $rovekaede pdt déen t he
ghar ged pﬁ{) }ﬂ&éiﬁ:i@f&ﬂ_ aeﬂogge t‘60ré<r)b§§ﬁe3'dﬁl3fqlh"ed A6y Ahéh@xﬂe%ﬁ)ath%c' e

eam assenbl’y conpri Si.n eam col uim_assenbly having,a_sequence o
cont r ol4%ed pﬁaég"ﬁ%e Sz'ﬁzfﬁ’ﬁgss OT BRK h%\ﬁﬁ%"}%?%t‘"egad ¥ 3‘51& %gﬁeyf’g}‘@g
t haough whi Jf 2athaxdgedhpelti 6l e Thdamceaatpass stwbran focasiag eatpont f or
connection tQ. 0 ble { g %g];gg‘pr e
W&)&%ngé;wﬁ‘%e‘”gﬁ of 1S, RN Snl hiﬁg ers ?rfe;regasgesq?ﬁ use

controll ed, réssure 1'n successive C [ f
char act eri sdorim athathearbeamcimti bugorated at 8 and it will be seen

that initially electrons spread laterally to form a swell
15 9 and are then focused towards a waist 10 within the anode
7. The effect of the swell 9 is to produce an artificially
large beam source which can then be subsequently focused at
a relatively high angle of convergence by the main
cathode/electrode field in the inter-electrode gap. In
20 thig case, the cathode 5 is heated by a filament 11 in a
conventional manner to cause the emission of electrons.

The effect of setting the cathode 5 inside a deeply
recessed cathode shield cup 6 is that electron acceleration

) is initially relatively slow enabling space charge
25 spreading to produce a strong-outward radial motion.

A second method of achieving the artificially large
electron source without the need for high current density
at the cathode is shown in Figure 4 and involves producing
an electrostatic field immediately in front of the cathode

30 which causes divergence of the electron beam. In this

case, the cathode 5 is mounted on top of a conical support

21 forming part of the base of the cathode shield 6 and
projecting into the volume of the shield 6.

As previously mentioned, one problem with known diode

35 guns is the emission of unwanted electrons from the sides

or edges of the cathode. Figure 5 illustrates one

arrangement which minimises or avoids this problem. The



REPLACEMENT SHEETS 0 8 MAY 2002 29 connected to a downstream chanber via a
conduit which extends within the assenbly past at |east one u trg
chanber; and an evacuated charged particle beans source charb A %ﬂgd to

the beam colowmepmsenbl y, the beam source chanber incl udi ngpcracEyaasgged
"particle emtting assenbly according to any of clainms 1 to 24. 27. An
assenbly according to claim26, wherein the chanbers are defined by nested
t ubes, each conduit being formed by thel8ubular wall of a tube defining the
“chanber to which the conduit is connected and the tubular wall of the next
upst r eam chafsdrode8 5 ArsSadrafied atBorddi BREBRAR| &PRE2721 wWitEltdiim t BB nest ed

tubes are subshanipaldy of cep%nalcaﬂgroféb@f&ermw o&cwedmet @faBMeOf
clains 26 to 28, wherein ers are defined a set of tubul ar

e ch a
sections | oGatRPAR tﬁhﬁelﬁa Sut er BeRRED o) FGBBPQ? d&c R HRRSY &
radi al | y outpwarsdlend aelzngs@ppai-ﬂgd e &adiidlameneuteldéy fzxj ng vheni ng of
each chanber_.hei ng circunf erentlg ffset,. fro tstsz ra I all éwardl
facing 8penifid@™SPtaRR LReSBPRRE &%ﬁ%@rga lé?éege ° ?Pa%? RE¥Endi ng
di vi di ng wallas ofosi tdmrea{b}ta;iem@rdtleetbub%ar sections and the outer tube
to formthe respaglive SoNdyLs, pach,condy t ARIERLENORLEGCEAT!

outwardly facing penlng 0 cha a correspondi ng evacuaﬁlon port.
30. An assephhy\aa‘o'cofulwgemb eéRaian@ othewheathede hGOPGbLﬂJar sddt i Bhgshave

subst anti al aPAlEr - YeRECASTL AUrb 8ral cl ai ns
27 to 30, ef‘é?%utg%ger?gdstedtefu gégofﬁtgﬁgﬁﬁgﬁfa? qsﬁfctl srarr i

subst amfi al metayl FABPPESI 5 Wwas mipindisedoPy SIIH ﬁaﬁfméfeaplh; 26 to

wher ei nat kenken niurdRR] tortd ofhe Nfa iah afdidiodes slefdled byhé heaqial et

t f th t t hanb 33. A di
?8 ny. of cFaPR: 86 CbkBe REAER {ERCCLNE Bt B P BT SECRRBI PLFBoTRBI i no a

rectilinear rpagd DoOSmme tbe@mlmm REREACER/Eh tY TarShEEMS t}!ﬁpezlﬂa’tﬁﬁGZfGﬁ 34.
An assenbl Ya acg{)%es g?_{apm r (Elh%'dgs g@tE&PSS whg el Peﬁt]‘éeﬁr es8gee ~of

t he chamber “f ur romt article_beam source chanber~is held
bel ow 3% nosphéesEopr by diéd not el:.m:mate it. By setting the cathode

back 0.3mm behind the cone 21, further beam improvements

were made but some edge emission and spherical aberration,

caused by the geometrical discontinuity between the cathode

and cathode shield electrode in the vicinity of the

20 cathode, still occurred. Nevertheless, this gun design

successfully produced beam powers up to 100kW at 150kV and

high quality welds when projected into a relatively high
vacuum (5 x 10 mbar) environment.

) An alternative mounting arrangement for the cathode 5

25 is shown in Figure 6. In this case, the cathode 5 is held

against a radially inwardly facing lip 30 of a cathode

holder 31 having a spigot section 32 retained, for example,

by welding, in the cylindrical portion of the cathode cone,

21. The cathode 5 is held in position by means of a

30 circlip 33 located and retained in a recess 34 of the

spigot portion 32 and acting against an annular spacer 35.

For an emission diameter of approximately 4mm, the

thickness of the lip 30 is typically 0.lmm-0.3mm. The

effective discontinuity can be reduced by placing a thin

35 refractory metal washer 36 in front of the cathode 5 but in

both cases thermal distortion can cause the washer or lip
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are tapered in a similar manner. In Figure 9, the cathode

5 has a simply tapered leading portion without an indent as

30 in the previous examples. In Figure 10, the cathode 5 has

a frusto-conical form which corresponds with a similar
shape for the internal surface of the holder 31.

it has also proved possible initially to mount the

cathode 5 slightly protruding allowing subsequently careful

35 surface grinding so that there is no discontinuity or step

between the emitter and surrounding holder edge.

Preferably, the area of contact between the edge of
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)b B PN ) FLSIOMCE (), e B Q1
x* & (FDRIGRREPPEE Ol 3R s&PE ) TEHXRTER* L 0RFE: EFod () - &
N’ F(&10% x* (8hd1d 5 SHMnr's el B shohd168xexding)e S Fiuidh!? and
&D‘*lO%C)#I&' (3-2 (‘%&O‘VGgG&é(j-SZ& a*10%#& ()-2& & 10%;)55&' () - .
8&s10%s) s& ()2 BYMiTRRIS&TFE < PSIEA MmN} \ OB5! 10#10#10# ~ * 10%t& () - 2
T*10% # & ()-2 T *dD%out's¥,()lit2is also possible to profile the combined
\ *10%37#26&' (gét%ic;geloa%/o@ygiééf Zf\lz#ozrﬁ #f(a#f:#é##élcg %S.t!evko#é%nvex, conical,
concave or re-entrant conical forms to achieve enhanced
beam shaping effects, as shown in Figures 11 to 14
respectively.
The use of cathode buttons and the method of mounting
10 to avoid edge emission when used in conjunction with the
) diode gun, in which an initial beam swell is induced in
order. to achieve the subsequent strong electrode focusing,
has proved highly successful for high vacuum, reduced
pressure and non-vacuum operation. In the latter two
15 cases, nozzle interception and heating has been reduced to
negligible levels over a wide range of power and voltage
operation levels. Furthermore, even when the beam current
is adjusted from zero to full power, the relatively small
change in primary focus position is such that little or no
20 adjustment is necessary to the first focusing lens current
which is employed to focus the beam through the nozzle
assemblies. This makes operation of the equipment very
simple compared with previous diode guns and especially
) triode guns where spherical aberration effects and severe
25 movement of the primary cross-over are inherent
characteristics.
One preferred form of the electrodes is shown in
Figure 15, This consists of a long narrowing anode 40
(having a length in the range 70-90mm) with multi-bore
30 constrictions and a deeply recessed cathode shield 41
(having a depth in the range 30-40mm). A cathode emitter
42 is mounted on a hollow conical support 43 and sits in a
well 44 in the cathode shield. As shown in more detail in
Figure 15, a filament 45 is located behind the cathode 42.
35 This particular electrode form produces the electron beam
as shown in the finite element computer analysis shown in
Figures 16 to 19 for beam current levels of 3mA, 166mA,
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10@6&:()_1§5§%AI%ggﬁ§%é%A}F}espectively for an accelerating voltage
of 175kV. At low current (3mA), Figure 16, in the absence

of appreciable space charge a small but distinct swell 46

is created on the beam 102 by the divergent lens effect

5 created by the protruding cathode 42 mounted in the recess
44- at the centre of the cathode shield 41. The primary
cross-over 47 is very well defined, and the electron
trajectories are focused almost to a point from which they
emerge almost radially. As beam current is increased

10 (166mA, Figure 17; 225mA, Figure 18; 358mA, Figure 19), th
swell on the beam progressively increases providing an
) apparently larger and larger source from which the beam can
be refocused. Some spreading and axial movement of the

beam is sustained but even at 358mA a distinct waist 47

15 (Figure 19) on the beam is maintained providing a
subsequent divergent beam beyond the anode which can be

readily refocused to a very small diameter beam for passage

through fine bore nozzles.
An example of welding equipment incorporating the
20 apparatus shown in Figure 15 is illustrated in Figure 20.
The electron beam gun of Figure 15 is located in an
evacuated housing 100. A DC supply 102 is coupled to the
cathode shield 41 and cathode 42 while an RF supply 101 is
coupled via an inductor 103 through the filament 45. The
25 filament 45 is heated and emits electrons which are
accelerated towards the cathode 42 which generates an
electron beam 104 which passes out of the vacuum chamber
100 after having passed through the anode 40, into a
chamber 105 held at a pressure higher than that within the
30 chamber 100. The electron beam 104 is confined within a
guide tube 106 extending through the chamber 105, the guide
tube 106 being surrounded by a focusing coil 107 and a
double set of alignment coils 108. The pressure within the
chamber 105 is controlled by a pump (not shown) coupled
35 with the chamber via a tube 109. The chamber 105 extends
through an aperture 110 in a wall of a welding chamber 111.
The end of the chamber 105 remote from the anode 40 is
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formed as a nozzle 112 through which the electron beam 104
is focused so as to enter a further chamber 113 held at a
pressure higher than the pressure within the chamber 105
and evacuated through a tube 116 connected to a further
5 pump (not shown). The chamber 113 includes a nozzle 113A,
aligned with the nozzle 112, communicating with a further
chamber 130 which includes a further focusing coil 114 and
beam deflection coils 115. The chamber 130 is vented to
the chamber 111 through an aperture 131. A pair of
10 workpieces to be welded, such as steel tubes 117,118, are
) mounted on a support 119 within the chamber 111 and with a
joint line 120 aligned with the beam 104 which is focused
onto the joint line. In this case, the support 115 will
rotate about its axis so as to allow the joint line 120 to
15 traverse the electron beam 104. In other arrangements (not
shown), the support 119 may be kept stationary and the
chamber and gun rotated.
One of the drawbacks of the arrangement shown in
Figure 20 is that separate connections must be made from
20 each pump to the respective chambers 105,113 with the need
for the respective pipes 109,116 to extend through the wall
of the chamber 111.
In Figure 21, a new type of chamber arrangement is

.) shown in partly cut-away form. A cylindrical tube 50 is
25 provided along which are positioned four walls 51-54
defining respective chambers 55-57. Each wall 51-54

includes a centrally located nozzle 51A-54A (the nozzle 52A
not being visible in Figure 21). The nozzles are aligned
so that an electron beam can pass through them. A set of

30 three elongate separators 150 are mounted on the outside of
the tube 50 and when the assembly shown in Figure 21 is
located within a cylindrical outer tube engaging the
separators 150, respective air passages are defined between
each pair of separators 150 and the outer tube.

35 Each chamber 55-57 communicates with a respective air
passage via a cut-away section S55A-57A of the tube 50.
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Each of the air passages communicates with respective
evacuation pumps through conduits 59.

with this arrangement, it is possible to locate the
conduits 59 at one end of the assembly, each pump being
connected with a respective conduit 59 and the
corresponding chamber 55-57.

Figure 22 illustrates the welding apparatus of Figure
20 but when used with a chamber arrangement of the type
shown in Figure 21. The electron beam generator is shown
schematically at 100’ and may have a similar construction
to the generator 100 shown in Figure 20. As before, an
electron beam is confined within a guide tube 106 about
which are positioned a focusing coil 107 and alignment
coils 108, all within the chamber 55. A further focusing
coil 114 and alignment coils 115 are provided in the
chamber 57. The outer sleeve 60 within which the chamber
arrangement is mounted is shown in dashed lines in Figure
22.

Figure 23 illustrates a further example of welding
apparatus with a second example of a chamber arrangement.
Those components in Figure 23 which correspond to similar
components in Figure 20 have been given the same reference
numbers. In this case, the chamber assembly comprises an
outer sleeve 140 which extends through the aperture 110 in
a chémber 111. A leading end of the sleeve 140 defines the
chamber 130’ within which the focusing coil 114 and
alignment coils 115 are located. A wall 141 extends across
the full cross-section of the sleeve 140 and defines a
central nozzle 142 through which the electron beam 104
passes.

An inner, cylindrical sleeve 143 is supported within
the rear section of the sleeve 140 to define the chamber
105’. The space 144 between the inner and outer sleeves
143,140 defines the chamber 113’ which is evacuated by a
pump (not shown) via a passage 145. The chamber 105’
communicates with the pump (not shown) via a passage 146

extending through the sleeve 140.
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("'10%, 5&'() In all the examples described so far, a filament (for

example the filament 45 in Figure 23) has been used to
generate primary electrons which bombard the cathode which
in turn generates secondary electrons which form the
10 electron beam. In many applications this is satisfactory
) but for certain applications such as electron beam welding
where the electron beam must be maintained for a
considerable length of time, the life of the filament is
unduly short. In a preferred approach, therefore, the
15 filament is replaced by an inductively heated primary
emitter. This is illustrated in Figures 24-26. As before,
a primary cathode 5 is mounted on a conical support 21 (as
in the Figure 5 example). Spaced behind the cathode 5 is
a primary emitter disc 200 which may be made of any
20 suitable heat conductive ceramic such as Lanthanum
Hexaboride or refractive metal such as tungsten or
tantalum. This disc 200 is supported on a pin 201 which in
turn is held in position by a pin holder 202 screwed at 206
) into a split coupling loop base 208 by screw 217. A grub
25 screw (not shown) is provided inside screw 217 which locks
the pin 201 into the copper member 202.

The primary emitter 200 may be mounted on the pin 201
in any convenient manner but since the conical support 21
can focus reverse emitted electrons from the cathode 5 onto
30 the emitter 200, it is preferable to secure the emitter 200
by a central rivet which will receive the focused beam and

thus avoid damaging the primary emitter.
In order to heat the primary emitter 200, an inductive
coupling loop 203 is provided which surrounds the primary
35 emitter and is connected into an electrical circuit as
shown in Figure 26. The inductive coupling loop 203 is

supported by a ceramic insulator 204.
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assembly. .shown in Figures 24 and 25 is generally as
described in EP-A-0627121 and includes a matching circuit
210 connected to an RF amplifier (not shown) and including
an inductor 211 and adjustable capacitor 212 linked to a
primary winding (aerial) 213. The aerial 213 induces a
voltage in a secondary winding 214 coupled to a resonant
capacitor 215 and, via the split coupling loop base 208, to
the inductive coupling loop 203. Secondary winding 214 is
also connected to the primary emitter 200 and to the main
cathode 5. The voltage generated across the inductor 214
and capacitor 215 is used to accelerate electrons from the
primary emitter 200 to the cathode 5 when the cathode is
positive with respect to the primary emitter.

Figure 25 illustrates a number of threaded holes 216
which are for accommodating components of the circuit shown
in Figure 26 such as the secondary winding 214 and resonant
capacitor 215.

It has been found that the use of an inductively
heated primary emitter results in a considerably increased
life time (as compared with a conventional filament) making
this arrangement particularly suitable for electron beam

welding.
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CLAIMS

1. A charged particle emitting assembly comprising an
emitter member for emitting charged particles of one
5 polarity; a tubular shield electrode circumferentially
surrounding the emitter member and held in use at the same
polarity as the charged particles; and a tubular
accelerating electrode positioned substantially coaxially
with the shield electrode and held in use at the opposite

10 polarity to the shield electrode, the arrangement being

) such that charged particles from the emitter member
initially spread laterally outwardly and then are focused
into a beam which passes through the tubular accelerating
electrode.

15 2. An assembly according to claim 1, wherein the
electrodes are arranged to generate an electrostatic field
which initially causes divergence of the charged particle
beam in a direction from the emitter member towards the
tubular electrode.

20 3. ' An assembly according to claim 2, wherein the emitter
is mounted to a central portion of the shield electrode,
projecting from a base of the shield.

4. An assembly according to claim 3, wherein the

) projecting, central portion tapers outwardly towards the

25 base of the shield electrode.

5. An assembly according to any of the preceding claims,
further comprising means for causing the emitter to emit
the charged particles.

6. An assembly according to claim 5, wherein the means

30 for causing the emitter to emit charged particles comprises
a source of second charged particles arranged to bombard

the emitter.

7. An assembly according to claim 6, wherein the charged
particles emitted by the source comprise electrons.
35 8. An assembly according to any of the preceding claims,

wherein the charged particles emitted by the emitter

comprise electrons.
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electrode has a substantially cylindrical side.
11.  An assembly according to the preceding claims, wherein the tubular electrode
terminates adjacent a plane defined by the edge of the shield electrode.
12.  An assembly according to any of the preceding claims, wherein the emitter
comprises an emitter member mounted in an aperture of a support member to which it
is electrically connected, the emitter member having a lower work function than the
support member whereby at a working temperature, the emitter member emits charged
particles from an exposed surface.
13.  An assembly according to claim 12, wherein the emitter member has a lower
work function than the support member whereby at a working temperature, the emitter
member emits charged parﬁcles from an exposed surface, and wherein the exposed
surface of the emitter member is substantially flush with or set back from an outwardly
facing surface of the support member surrounding the aperture.
) 14.  An assembly according to claiml 3, wherein the emitter member is a close fit in
the aperture of the support member.
15.  An assembly according to claim 13 or claim 14, wherein part of the support
member and part of the emitter member are correspondingly tapered.
16.  An assembly according to claim 15, wherein the part of the support member and
emitter member taper inwardly towards the exposed surface of the emitter member.
17. An assembly according to any of claims 13 to 16, wherein the emitter member is

secured to the support member by a clip which engages each member.
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sequence of controlled pressure chambers, each having inlet and outlet apertures
through which a charged particle beam can pass and an evacuation port for connection
to a pump to enable the pressure in the chamber to be controlled, whereby the pressure

in successive chambers increases in use characterised in that an evacuation port is
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28.  An assembly according to claim 27, wherein the nested tubes are substantially

coaxial.

29.  An assembly according to any of claims 26 to 28, wherein the chambers are

defined by a set of tubular sections located within an outer tube, each tubular section

having a radially outwardly facing opening, the radially outwardly facing opening of

each chamber being circumferentially offset from the radially outwardly facing

openings of all the other chambers; and a set of axially extending dividing walls

positioned between the tubular sections and the outer tube to form the respective

conduits, each conduit connecting the radially outwardly facing opening of a chamber
) with a corresponding evacuation port.

30. An assembly according to claim 29, wherein the tubular sections have

substantially the same diameter.

31.  An assembly according to any of claims 27 to 30, wherein the nested tubes or the

tubular sections are substantially cylindrical.

32.  An assembly according to any of claims 26 to 31, wherein the inlet aperture of

one chamber is defined by the outlet aperture of the next adjacent upstream chamber.

33.  An assembly according to any of claims 26 to 32, wherein the inlet and outlet

apertures define a rectilinear path for the beam.



" G<NAH#HA$SPWREER ' b((a))/**++a0; 3#6' ;

=" ACDG, KM ST} T9JUVV' W XXYY=2Z8[ g[t _OcM j Rl - osux| z| ?S- C e( REPEACEMMNYYSHERTS
6Ti mes New RomanAri al Courier New'h Root EntryWrdDocunent + 08 MAYW
" #$UR' ()*+,-./0123456789: ;

- <=>?@A\BCDEFCHI JKLMNOPQRSTUWWKYZ[ \ ] *_" abcdef ghi j kIl mopqr st uvwxyz{]| } ~

30

34.  An assembly according to any of claims 26 to 33, wherein the pressure of the

chamber furthest from the charged particle beam source chamber is held below

atmospheric pressure.



