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.1 TORO DAL FI LAVENT FOR PLASMA GENERATI ON Field of the Invention TPN

" present invention relates generally to plasma generation sourﬂ%@&&my<§on

i npl antati on equi pnent, and nore specifically to a toroidal filanent for
use .in such sources. Background of the Invention lon inplantation has
become a standard accepted technol ogy,of industry to dope workpieces such
as silicon wafers or glass substrates™with inpurities in the large scale
manuf acture of itens such as integrated circuits and flat panel displays.
Conventional ion inplantation systens include an ion source that ionizes a
desired dopant el ement which is then accelerated to forman i on beam of
prescri bed el[’:@RDIIWEIJ FIIAMENT FOR RLASMA GENBRATIONwr kpi ece
to inplant the workpiece wth the dopant elenment. The energetic ions of the
i on beam penetrate the surface of the workpiece so that they are enbedded
into the crystalline lattice og}ﬁa melgf ec materlal to forma region of
desired conductivity. The inpl Id:q 1 Rs typically perfornmed in a
hi gh vacuum process chanber which prevents dispersion of the ion beam by
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cont ani nati on oOf° the V\DH(DI ece by ai r ates. lonized plasma is
gener at ed1d1¢']la1§taﬁdfpécﬁiﬁmdn2 And i’ﬁblr@spbﬁﬁcally tol tdneiﬂal filawentsfopagedh eudhasoatdesins .
First, at the front end of an ion inplanter, an ion source generates a
pl asma, from which an ion beam nay be extracted by ionizing an inert gas.
An exanpl e of such an ion sBackgroundrefithe Fnvemtiomat ent No. 5,497, 006 to

Sferlazzo, et al., assigned to the assignee of the present |nvent|on and
i ncorporated by reference as if full et, forth, here i fied
di agram of an i/ implaptation hashegome s @‘Graé’cﬁ!’techeﬁ lg@'cﬁf r{S‘n&?ﬂe

oS OYapkie iy WAL A GBI el SRR (o
are repel hpgdufyresFitdnty sudh ko imeprdtedieirdulite aﬁdl ﬁat pmlalsdlsplaym Gomventidriabionr egi on
bet ween t-he filanment and the repeller. The 9903846- 5
implantation systems include an ion source that ionizes a desired dopant element which is
then accelerated to form an ion beam of prescribed energy. The ion beam is directed at the
surface of the workpiece to implant the workpiece with the dopant element. The energetic
ions of the ion beam penetrate the surface of the workpiece so that they are embedded into
the crystalline lattice of the workpiece material to form a region of desired conductivity. The
implantation process is typically performed in a high vacuum process chamber which
prevents dispersion of the ion beam by collisions with residual gas molecules and which
minimizes the risk of contamination of the workpiece by airborne particulates. |
Ionized plasma is generated in a typical ion implahter in at least two separate
locations. First, at the front end of an ion implanter, an ion source generates a plasma, from
which an ion beam may be extracted, by ionizing an inert gas. An example of such an ion
source is shown in U.S. Patent No. 5,497,006 to Sferlazzo, etal., assigned to the assignee of
the present invention and incorporated by reference as if fully set forth herein.
A simplified diagram of an ion source is shown in Figure 1. A gas such as boron or
phosphorous is input into an arc chamber AC via an inlet I and exposed to an energized

filament F. The filament emits high-energy electrons E which are repelled by repeller R to

confine the electrons to an ionization region between the filament and the repeller. The
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.2 deflected electrons E collide with ionizable gas nolecules in the

I oni zation region, where the probability of collision wth ionizable gas
nol ecules is maximzed. In this manner, a plasma.is created conprised at

| east partially of positively charged ions. A generally positively charged
ion beamis drawn fromthis plasma, ty@cally through a source aperture SA
in the arc chanber. In addition to the repeller, a typical ion source also
i ncl udes source magnets, as shown in Figure 1 (power supplies not shown).
The source magnets SM create a magnetic field across the arc chanber AC
The magnetic field alters the spiral path P of the electrons E emtted by

the fil amedflebtedBidctiond Blolliti withl iohigiblé B4 méleculdsan iR ionikdlion réEoM) SheYdtht
known in the art, thereby increasing the probability of collisions with the

i oni zabl e prababilisy of collisiopwithilanizablergas mogtechles istmaximized. clovthis masnérea plasmat he
filament F_and, the repell R__The squrc net SMcurrent is adiusted to
nexi ni ze ilﬁﬁr%éeélrW&ﬁlﬁgﬁ!ll?{a&ﬁﬁ Mdﬁ%@&v@%@ rt gf’?l?“@%ﬂ?%ﬁv%gnet s
SM and t heciagRalibebedi &%Mﬁ-oﬁftﬁisfﬁléiﬁia,eﬂ?iﬁﬂy Hr65gH LbhrHpbitad SN ird fhe
filament to the 1onization region. Al so, plasma 1s generated downstream

i n the inpirachanbérn a pl asma shower. The plasma shower serves to counter

the effects of fer.chargin hat the positively charged i on beam woul d
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si npl i fi edfield acpossithe hrcachamperchC. Themapneticdiohd altess thé spiral pathP afitheeléctrohlse
pl asma shower ,conpri s an arc_chanber, AC.into which an inert gas_such as
argon is i Bgmtted thﬁ%@lmqnt K and tayrbing throvghithe M@pggdmrq mapnsr Welt knowa
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aperture Apiowided thieughehiet Dind coffileibetwecpahsfilatheit F fiddhe repeletR. Cliedotifce VC.
The plasma aids in neutralizing the net charge of the beamwhich in turn
reduces t hmagnsti $Mygurrent is adjusted to maximize ion beam current and beam quality.
' Accordingly, the source magnets SM and the repeller R confine the high-energy electrons
emitted by the filament to the ionization region.
Also, a plasma is generated downstream in the implanter in a plasma shower. The
plasma shower serves to counter the effects of wafer charging that the positively charged ion
beam would otherwise have on a wafer being implanted. Such a system is shown in U.S.
Patent No. 4,804,837 to Farley, assigned to the assignee of the present invention and
incorporated by reference as if fully set forth herein.
A simplified diagram of a typical plasma shower is shown in Figure 2. The plasma
shower comprises an arc chamber AC into which an inert gas such as argon is input via inlet
I and exposed to an energized filament F. The filament emits high-energy electrons E that
ionize the inert gas molecules to create a plasma within the arc chamber. The plasma diffuses
through aperture A into the path of ion beam B passing through vacuum chamber VC. The
plasma aids in neutralizing the net charge of the beam which in turn reduces the positive
charge accumulation on the wafer as the ion beam strikes the wafer surface

The use of a repeller and a source magnet in an ion source, however, results in added

complexity, cost, size, and power consumption of these devices. Further, source magnets



charge accunul ation on the wafer as the ion beam strikes the wafer surface
The use of a repeller and a source magnet in an ion source, however,
results in added conplexity, cost, size, and power consunption of these
devi ces. Further, source nagnets 3 create electrical noise that can
perturb the plasma within the ion sougce. In addition, filanments in known
pl asma showers do not produce plasnas of sufficiently high density due to
the I ack of a contai nnent nechanismfor the high energy electrons E emtted
by the filament F. Moreover, attenpts at increasing the plasna density
typically require that the filanment F consune significant amounts of
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filament asm nerat I'On source | npl'anter, Such a

an ion sqyiméntdin ﬁlﬂtﬁ;ﬂﬁﬁ&laséhﬁwe{s,do%t p:bd@zfeq&hsﬂfas oﬁszrfﬁcleﬂl)elagh dérisiti ddensi ty
pl asma whil e overcom ng the deficiencles of known ion or %eaasrra neratlon
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noi sel essﬁl%@ﬁmcmﬁum{gynﬁgantgﬁowmb@ A filament for an ion inpl ant er

ion source or plasma shower is provided conprising first and second | egs
and a t her nal | Xceondisglyyit icamebjedt ob&ptpresnnmwnﬂgnémpr@vniswrfdem@@t for use in
respectively, to the, first and second |egs., Preferabl :) s&xﬁwgrg
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Summary of the Invention

A filament for an ion implanter ion source or plasma shower is provided
comprising first and second legs and a thermally emissive central portion having ends
connected, respectively, to the first and second legs. Preferably, the legs are constructed
from tantalum (Ta), and the thermally emissive portion is constructed of tungsten (W).

The thermally emissive portion is coiled substantially along the entire length
thereof and formed in the shape of a generally closed loop, such as a toroid. The toroid is
comprised of two toroid halves coiled in oppositg directions. The toroid halves are _
constructed of a plurality of filament strands twisted together along substantially the
entire length thereof. The coils of the toroid are capable of establishing closed loop
magnetic field lines therein when electrical current flows through the thermally emissive
portion. The closed loop magnetic field lines confine electrons emitted from the surface

of the thermally emissive portion within the confines of the coils.
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magnetic field lines therein when electrical current flows through the
‘thermal |y enissive portion. The closed | oop magnetic. field lines confine

el ectrons emtted fromthe surface of the thermally em ssive portion within
the confines of the coils. 4 Brief Description of the Drawi ngs Figure 1
IS a cross sectional view of a conventional ion source for an ion
inplanter; Figure 2 is a cross sectiond view of a conventional plasna
shower for an ion inplanter; Figure 3 is a cross sectional view of an ion
source for an ion inplanter using the filament of the present invention;
Figure 4 is a cross sectional view of a plasma shower for an ion inplanter
using the filanent of the esgpt inventiopy, Fhgure.5 is a perspective,
partially cross sectional gréﬁfﬁfsfﬁg%ﬂq gﬂﬂ\? YWHESh the ion source of
Figure 3 and the plasma shower of Figure 4; Figure 6 is perspective view of
the filanment of gFj : | A ' 71s a
partial cross sgg#%%%o%cr?%@ngﬁg 0 eCI‘—’%%%&%“E’ZIQ{ISQB% E’i’%é‘ﬁ he |ines
7-7. Detai ifiglablegCcription of Preferred Enbodi nents of the Invention
Referring now to Figure 3 of the draw ntgs, a first enbodi ment of _the

i nvention is sh&igure diigcs erops sepidonahyisht ofdronventioaal plasma shawentos ag ion on

source 10. .Thle éer,n source conprises an arc chanber 12 forned by walls 14.
An i oni zabf’gpag ’such as boron or phosphorous is input into-the arc chanber

12 via inlet 16 Fgife 8iPHeoss deotidnal viewdiin idS seuaes or ft iednmplambsr dising the t he
principles of the present invention. The filanment is energized
filament of the present invention;
Figure 4 is a cross sectional view of a plasma shower for an ion implanter using
the filament of the present invention;
Figure 5 is a perspective, partially cross sectional view of the filament shown in
the ion source of Figure 3 and the plasma shower of Figure 4;
Figure 6 is perspective view of the filament of Figure 5, taken along the lines 6-6;
and

Figure 7 is a partial cross. section of the filament of Figure 5, taken along the lines
7-7.

Detailed Description of Preferred Embodiments of the Invention

Referring now to Figure 3 of the drawings, a first embodiment of the invention is
shown, wherein the invention is incorporated into an ion source 10. The ion source
comprises an arc chamber 12 formed by walls 14. An ionizable gas such as boron or
phosphorous is input into the arc chamber 12 via inlet 16 and exposed to a filament 18
constructed according to the principles of the present invention. The filament is energized
by a power supply (not shown) which applies a voltage across filament legs 20 to create a |
current flow therein. The filament thereby thermionically emits high-energy electrons E
which ionize the gas, creating a plasma which exits the arc chamber via exit aperture 22. The
general shape of the filament is a coil formed into the shape of a closed loop which, as

explained further below, confines high energy electrons E within the coil, effectively



by a power supply (not shown) which applies a voltage across filanment |egs
20 to create a current flow therein. The filanment thereby thernmionically
emts high-energy electrons E which ionize the gas, creating a plasma which
exits the arc chanber via exit aperture 22. The general shape of the
filanment is a coil fornmed into the shape of a cl osed | oop which, as
expl ai ned further below, confines high energy electrons E wthin the coil,
effectively 5 elimnating the need for a repeller or source magnet as
shown in the prior art ion source of Figure 1. Referring nowto Figure 4 of
the draw ngs, a second enbodi nent of the invention is shown, wherein the

| nventi on efifiddiERROARNTE d RpAlIER oP kAR EPmARIRIE! shdhm iR, PHcH 2R BOWEE of
conprises an arc chanmber 32 formed by walTs 33 into which an 1 nert gas such
as argon Figureput via inlet 34 and exposed to the energized filanent 18.
The filanment emts high-energy electrons E that are trapped within the
confines of the coils of the closed |loop filanent. The hi gh-energy

el ectrons E colgd how td @,’,;éa,p \aﬁgge&%gc%d&ﬁb&f BhSf &iBnis

_conprised at Iéiaeg%ﬁg%ﬁ‘?a?F of +§9vgg%er relectrons e. Theareg\k/lv enePglﬁ/ _

el ect r ons showr, Wwhepein thecineention lisantbarpordfed tifito aypddsnevshbweyp30. t Thegpl&th4 shosver

adj acent vacuum chanber 36 where they becone trapged MWthin the ion hbeam B
ic

passi ng t GEMPREFSARAC chayabes 32dpmedhyewalls It which@ndnert gagsush a5 argands osed
| ng . : ! . " >
therein,  dpuiatifth 31 RS elpicabihe titidlied SRNE L, ThOMaRY i RiBb by

chanber 3Zlectibhd E tio aurappe withia tiesoafindstotthd dofls pf therclosed lopp fitdimerthTher of
Figure 2. The inventive fi1lanment 18 used in the devices of Figure 3 and 4

i s shown ihighwenesgyieleetronsifcatiidawith iopizable gag mofecules faeteates g Plasmarconmprised ¢ 5,
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conprised of tungsten (W he thermal 'y em ssive coiled portion 40 may be
connect ed trappediwithindke 20 begm B passing therethrough. Again, the general shape of the filament

is a closed loop which, as explained further below, confines high energy electrons E therein,

enabling the generation of a high density plasma within arc chamber 32, while consuming
less power than the prior art plasma shower of Figure 2.

The inventive filament 18 used in the devices of Figure 3 and 4 is shown in more
detail in Figures 5 through 7. Referring now to Figure 5, the filament 18 comprises a pair
of legs 20a and 20b attached to a thermally emissive coiled central portion 40. Preferably
the legs are constructed of tantalum (Ta) and the thermally emissive portion is comprised of
tungsten (W). The thermally emissive coiled portion 40 may be connected to the legs 20 by
welding, press fitting, or crimping. Alternatively, the legs and the coiled portion may be
constructed unitarily as a single element. As such, the legs and the coiled portion would be
integrally “connected”.

By applying a positive voltage differential across the legs 20a and 20b, an electrical
current I flows in through leg 20a, through thermally emissive coiled portion 40, and out
through leg 20b, in the direction shown in Figure 5. As a result, thermionic emission occurs
at the surface of the thermall_y emissive coiled portion 40, resulting in the emission of high-

energy electrons E. Such high-energy electrons E are suitable for ionizing gas molecules



wel ding, press fitting, or crinping. Alternatively, the legs and the coiled
" portion may be constructed unitarily as a single element. As such, the |egs
and the coiled portion-wuld be integrally "connected". By applying a
positive voltage differential across the |legs 20a and 20b, an el ectri cal
current | flows in through | eg 20a, through thermally em ssive coiled
portion 40, and out through leg 20b, in the direction shown in Figure 5. As
a result, thermonic em ssion occurs at the surface of the thermally
em ssive coiled portion 40, resulting in the em ssion of high- energy
el ectrons E. Such high-energy electrons E are suitable for ionizing gas
mol ecul es .45 é%%hkkﬂ.ng therewith. As shown in Figure 6, in a preferred
enbodi ment, the thermally em ssive coiled portion 40 of filanment 18 takes
t he shape of a Avnshmiveh inTFiguteds,dn d pieferred embpdineat] thé thermallyemisdiveadoiled 40a

d 40b, i_ch 20 d . _Each of the toroid
P ves )l < TR $0.61 Biamsnt LS BRen i cieen of A breidoThesa 40 ispermmerd Pﬁ%\‘é‘h?%?l |
42, 44 and 46 Nk h : ' i ' 7o Al
Chrae i 16i8iq Baty& R brld Mok Eack o Wi el Bbewkl- £ e 208 bl 56, Teadl 41K

const r uct ito@id ldvedsis constritéduta stiided tbupiig.of THiee tuhgydnfilambmsiei] 44 446, 44
and 46) are twisted along their entire lengths. Fixed at both ends at |egs
20a and 2@ showa ip thegrassssctignal vigveafdtigum 7a Alghoveh three damgnicargishewniinn

when vi e : t ' ' . (fche view of
Fi gure 6\),\'.%%1!2% 78%‘8?%& lggp'ﬁ%‘r%t&/zfegfwvﬂg g?%'%%f%ll %%ﬁ@gthgﬁ%%ggﬁ%g 40@ a single,
- thicker filamerThe eipld filameits @42, d4@ad 45) dreiwisted| aldriy thei efltive lénptis. FRdratgr ai n
and fewer defects found in such thinner fi]anments when conpared to thicker

fi | anment s.bof ends at kegs 20siand REb,shesfilaments awg twisted ina ge)ntar closkwise diseation when
directi .wh i eved f t-hej ' t . | 0.uF
exanpl o N ey Eigh g BREA 4t e iSRS ek 6 Thsdioea i
a count er o OFIIIITHPL of twiSied ifdinéHtelindhad of a QiMatk, Micled filhmentTésults ¢h b longer
filament lifetime due to a finer grain and fewer defects found in such thinner filaments when

compared to thicker filaments.

Also, the coil halves 40a and 40 are wound in opposite directions when viewed from
their respective ends at each leg 20. For example, when viewed from leg 20a along line 50,
coil half 40a is wound in a counter clockwise direction and when viewed along line 52, coil
half 40b is wound in a clockwise direction. Similarly, when viewed from leg 20b along line
54, coil half 40a is wound in a counter clockwise direction and when viewed along line 56,
coil half 40b is wound in a clockwise direction.

In operation, a positive voltage potential is applied across the legs 20a and 20b to
induce current flow in the filament, from leg 20a to leg 20b via the toroidal thermally
emissive portion 40, as shown by the directional arrows I (see Figure 6). The current flow
I through the coiled toroidal halves establishes a magnetic field. Because the coil halves are
wound in opposite directions, the magnetic field is characterized by magnetic field lines
within the confines of its coils, as shown in Figure 6.

Primary electrons E generated by thermal emission of the filament and emitted from
the surface thereof spiral in a tight orbit along the magnetic field lines B, around the interior

of the toroid coils. Because these magnetic field lines are closed, the high-energy electrons



hal f 40b is wound in a clockwsise direction. Simlarly, when viewed from
"leg 20b along line 54, coil half 40a is wound in a counter clockw se
direction and when viewed along line 56, coil half 40b is wound in a
cl ockwi se direction. In operation, a positive voltage potential is applied
across the legs 20a and 20b to induce gurrent flowin the filanent, from
|l eg 20a to leg 20b via the toroidal thermally em ssive portion 40, as shown
by the directional arrows | (see Figure 6). The current flow | through the
coil ed toroidal halves establishes a magnetic field. Because the coi
hal ves are wound in opposite directions, the magnetic field is
characteri ' [ | .t | fd Ids, as
chonn i 1 P e NERBERRRINL biffer df Mot Thbsd iy YoclBie flarg Wb o8, 11
filament doflizitig gdsemtoletules ith whichahey tdire @t copiattin the d@ctchahberor Biffer al ong
the magnetic field_|ines around the interjor of the toroid coils,
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Because- t HauRergasgodlisionsiwig gasimoleanles in the ase ghpmbep,dhe high-cagrey glectiras losens
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chanber, the high-energy electrons | ose sufficient energy to becone
t her mal i zethet elr@rlggn%nmw tomeard thp wals efthe s chasaber fbthe inir soHws opplasha

toroidal cQils. V\%I‘ y electrons can diffuse out fromthe
confines o ot\w%g?fg%gxl%gglr&n{i:% %ﬁg&gﬁ grate toward the walls of the arc
chamber Ln the TherestofelR FlamBht . Sflﬂé\@fes&i invesiongSa ﬁigﬁ%fﬁciet;t filament ,
respectively. The result of the filanent demgrsl of the present invention is

a hi ghly ewhich iscenerdgizeti amermate alovenoise high deasity pltsma incthe arcechambendref ithedioni gh
density pl in.th hanber ,12 of .the | f  Fi 3 th
Cor r es pondioREFe St IEHE 95 eromsebandins are, dhalibet, 30, (s plasma shawsk ofHigus 4,
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source of Figure 1, because no source magnets are used. Such nmagnets
t ypi cal | y Eigueeel,begause uo $namcegnagnets are used. Such magnets typically cause a perturbance

of the plasma, which perturbance is exaggerated in the case of high-density plasmas due to
the required corresponding increased current in the magnets. Accordingly, using the filament
18 of the present invention, the current may be increased (as compared to the filament used
in the device of Figure 1) to create a high density, low-noise plasma.

Although the disclosed cmbodiments of the invention utilize a twisted grouping of
twisted filaments formed into the shape of a coiled, regular toroid, it is to be understood that
the invention is not so limited. For example, any shape of coiled single strand filament
formed into a generally closed loop may serve the purposeé of the present invention.

Accordingly, a preferred embodiment of an improved filament for an ion source or
a plasma shower in an ion implanter has been described. With the foregoing description
in mind, however, it is understood that this déscription is made only by way of example,
that the invention is not limited to the particular embodiments described herein, and that
various rearrangements, modifications, and substitutions may be implemented with
respect to the foregoing description without departing from the scope of the invention as

defined by the following claims and their equivalents.



, of the plasma, which perturbance is exaggerated in the case of high-density
pl asmas due to the required corresponding i ncreased current in the nagnets.
Accordingly, using the filanent 18 of the present invention, the current

may be increased (as conpared to the filament used in the device of Figure

1) to create a high density, |ow noi sespl asma. Al though the discl osed

enbodi ments of the invention utilize a tw sted grouping of tw

filaments formed into the shape of a coiled, regUIW’Tm——i—tﬁhiigfto be
understood that the invention is not so linmted. Fgtigi ml\ﬂmﬁu ‘_shape of
coiled single strand filanment formed into a genergm“mﬂ, may serve
t he purposes of the present invention. Accordingly* a¢ pr‘efé‘rré‘d enbodi nent
of an inprﬁymggj | ament for an ion source or a plasma shower in an ion

i mpl anter has been described. Wth the foregoing description in mnd,
however, it is understood that this description is nade only by way of
exanple, that the invention is not limted to the particular enbodi nents
descri bed herein, and that various rearrangenents, nodifications, and
substi tutions mhyAddament (@8:for anlion sohrce sompusingo t he f oregoi ng description
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claim1l1, wherein said |legs (20a, 20b) are constructed fromtantalum (Ta).

3. The filanment (18) of claim 1, wherein said thermally em ssive
portion (40) is2. The filament (18) claim 1, wherein said legs (20a, 20b) are constructed from
tantalum (Ta).

3. The filament (18) of claim 1, wherein said thermally emissive portion (40) is
constructed of tungsten (W).

4. The filament (18) of claim 1, wherein said thermally emissive portion (40) is
constructed of a plurality of filament strands (42, 44, 46) twisted together along substantially
the entire length thereof. ‘

5. The filament (18) of claim 1, wherein said thefmally emissive portion (40) is
toroidal in shape.

6. The filament (18) of claim 1, wherein said thermally emissive portion (40) is

formed into two halves (40a, 40b) coiled in opposite directions.

7. The filament (18) of claim 6, wherein coils of said thermally emissive portion
(40) are capable of establishing closed loop magnetic field lines (B) therein when electrical

current flows through said thermally emissive portion.



_constructed of tungsten (W. 4. The filanment (18) of claim1, wherein
said thermally em ssive portion (40) is constructed of a plurality of
filament strands (42, 44, 46) tw sted together along substantially the
entire length thereof 5. The filanent (18) of claim1l, wherein said
thermally em ssive portion (40) is tordidal in shape—®6: he Tilament
(18) of claim1, wherein said thernally em ssive p ' ' mmed
into two hal ves (40a, 40b) coiled in opposite di reamlmm“““m“m“ L
filament (18) of claim6, wherein coils of said therarald ytentsstve portion
(40) are capable of establishing closed | oop magnetic field |ines (B)
therein when electrical current flows through said thermally em ssive
portion. 9 8. The filanent (18) of claim 7, wherein said closed | oop
magnetic field lines (B) confine electrons (E) emtted fromthe surface of
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An ion source ( for an 1on anter, conprisin
(12) for nme@)xonfint ekectrdnk)(E) émitleddton tHesurfadetf shidrthérndally @tdssvg poftiorp@ioy abl e
gas into said _arc chamber; (iiji) an exit aperture (22) from which an

i oni zed pl ¥athip thgpopfinesof paidcalls. and (iv) a filament (18) having first and
second |l egs (20a, 20b) and a thermally em ssive central portion (40) having
ends connected, respectively, to said first and second |l egs, said thermally

em ssive porti o, bei ag ieAbhete (OPfiraniominplaterpoémpiidngnt i re | ength t her eof
and formed in the shape of a generally cl osed | oop. 10. The ion source

(10) claim9, wkdeearechamber @dxformediby »els (e constructed from tantal um
E J\;") and sai d they IBLleY (8] 5 ShiSnig anbniakid ghsinfo AR &r¥ Ghaghed! tungsten
(iii) an exit aperture (22) from which an ionized plasma may be extracted; and
(iv) a filament (18) having first and second legs (20a, 20b) and a thermally
emissive central portion (40) having ends connected, respectively, to said first and second
legs, said thermally emissive portion being coiled substantially along the entire length

thereof and formed in the shape of a generally closed loop.

10.  The ion source (10) claim 9, wherein said legs (20a, 20b) are constructed from
tantalum (Ta) and said thermally emissive portion (40) is constructed of tungsten (W).

11.  Theion source (10) of claim 9, wherein said thermally emissive portion (40)
is constructed of a plurality of filament strands (42, 44, 46) twisted together along
substantially the entire length thereof.

12.  The ion source (10) of claim 9, wherein said thermally emissive portion (40)

is toroidal in shape.

13.  The ion source (10) of claim 9, wherein said thermally emissive portion (40)

- is formed into two halves (40a, 40b) coiled in opposite directions.



11. The ion source (10) of claim9, wherein said thermally em ssive
portion (40) is constructed of a plurality of filanment strands (42, 44, 46)

twi sted together along substantially the entire |ength—thereof—12__ The

ion source (10) of claim9, wherein said thermally enRjssi on (40) is
toroidal in shape. 13. The ion source (10) of clali HWMW&@' E%
thermally em ssive portion (40) is forned into two hals coi |l ed

i n opposite directions. 10 14. The i%n source (10). of claim 13,
wherein coils of said thermally em ssive portion (40) are capabl e of
establishing closed | oop magnetic field lines (B) therein when el ectrical
current flows through said thermally em ssive portion, and wherein said
closed | oop magnetic field lines (B) confine electrons (E) emtted fromthe
surface of said ffer ndlhe joresauses (18) phHelainy A3,(wikreinicols af s4id thesmplly emissivesai d

ils. 15. A pl h 30),.f ' i npl ant S Nng: (i
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first and semgnetid figd lin29 B) Gilfine atedtrans (B) remittéd/fremi the surfacearftsaill theonallyon
(40) having ends connecied, .respectiyvel tp said first and second | egs,

sai d ther naFF‘}SSE’ﬁi@éﬁ‘%&ﬁbﬁ%ﬁﬁ‘b%‘f%eﬁéf"faé‘gcoélé'bst antially along the entire
| ength thereof and forned in the shape of a generally closed | oop. 16.

The plasma shower (30) claim 15, wherein said | egs (20a, 20b) are
constructed fromilant & plasrod shoveen @0 dorcart ibe implehter, eompssiug: portion (40) is
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(ii) an inlet (34) for introducing an ionizable gas into said arc chamber;
(iii) an exit aperture (38) from which an ionized plasma may be extracted; and
(iv) a filament (18) having first and second legs (20a, 20b) and a thermally
emissive central portion (40) having ends connected, respectiveiy, to said first and second
legs, said thermally emissive portion being coiled substantially along the entire length
thereof and formed in the shape of a generally closed loop.

16. The plasma shower (30) claim 15, wherein said legs (20a, 20b) are
constructed from tantalum (Ta) and said thermally emissive portion (40) is constructed of

tungsten (W).
17.  The plasma shower (30) of claim 15, wherein said thermally emissive portion
{40) is constructed of a plurality of filament strands (42, 44, 46) twisted together along

substantially the entire length thereof.

18.  The plasma shower (30) of claim 15, wherein said thermally emissive portion
(40) is toroidal in shape.

19.  The plasma shower (30) of claim 15, wherein said thermally emissive portion



.(40) IS constructed of a plurality of filament strands (42 44, 46) tWI sted
t oget her along substantially the entire length thereof. S Fhe—ptasna
shower (30) of claim 15, wherein said thernmally ems

toroidal in shape. 19. The pl asma shower (30) of Cl”ﬂﬁ“ BU@ m!@ﬂﬂsal d
thermally em ssive portion 11 (40) is fornmed into 40b)
coiled in opposite directions. 20. Thiel pl asma shower (30) of claim19,
wherein coils of said thernally em ssive portion (40) are capabl e of

establishing closed | oop nagnetic field Iines (B) therein when el ectrical
current flows through said thernmally em ssive portion, and wherein said

cI osed | oo emtted fromthe
urface of F{S%?&%ﬂe@&%oqmeﬂ%wggﬁyg%oo ??ifl)n ﬁﬂ?gk toﬁﬁﬁuérﬁe confines of said

c0|Is.

20.  The plasma shower (30) of claim 19, wherein coils of said thermally emissive
portion (40) are capable of establishing closed loop magnetic field lines (B) therein when
electrical current flows through said thermally emissive portion, and wherein said closed loop

-magnetic field lines (B) confine electrons (E) emitted from the surface of said thermally

emissive portion (40) within the confines of said coils.
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