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The'. présent”‘l nvention relateg'to a filament for ionizing source materials
inan ’ arc chanber of an ion inplantation apparatus and, nore
particularly, to-a filanment 1 conprising a tungsten bl ock
having two spiral slits formng a | abyrinth conductive 5 pat h.
Background of the Inventlonﬂw known t echni que for
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directing a beamof ions along a path of travel and sel ectively positioning
10 Wto intersect the ion beam This technique has
been wi dely™used tn ron i npl ant ati on appar atuses to dope

vl ers with cont il PRk oY pidfeh R 6ilzing souce materils in 47PN

mat eri al . a co rcia

I npl antati on ap, I S, th_e on rmdel . | ant er.
The Eaton i i &ﬁﬂ‘ﬁ&’r‘(ﬁsf PE%“ pragatus,and, MM%%PYX@ a t

comprising a tungsten block having two spiral slits forming a labyrinth conductive

5 _path.

Background of the Invention
One known technique for introducing dopants into a semiconductor wafer

involves directing a beam of ions along a path of travel and selectively positioning
10 silicon wafers to intersect the ion beam. This téclnﬁque has been widely used in ion
implantation apparatuses to dope wafers with controlled concentrations of an ionized
dopant material, | |
One example of a commercial ion implantation apparatus is the Eaton model
NV 20 Implanter. The Eaton implantation apparatus comprises an ion beam source
15 assembly including an arc chamber defining an interior region into which controlled
concentrations of gaseous source materials including ionizable gas (e.g., oxygen) and
vaporized dopant matgrials (e.g., arsenic) are injected. A cover plate or extracﬁon.
member overlies an open side of the arc chamber. The extraction member includes
an elliptiéal opening or arc slit through which ionized molecules escape the arc
20 ‘chamber interior region. | | "
A cathode comprising a filament is disposed m the arc chamber. The filament
is energized elevating its temperature to emit electrons into the arc chamber interior

region. The electrons collide with the source material gas molecules, yielding energy



15 : assenbly including an arc chanber defining an interior
regi pn into which controlled : concenfrations of gaseous
source maferials includi'ng ionizable gas (e.g., oxygen) and

vapori zed dopant materials (e.g., arsenic) are injected. A cover plate or
extraction menber overliqf an open side of the arc chanber.
The extraction nenber includes an elliptical opening or arc
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i nterior region. S

di sposed in the ar¢c chapber. The fil anent I S energized
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region. The electrons collide with the source material gas nol ecul es,

yi el di ng eneWlich intersects target wafers at an implantation station and implants the wafers with
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to ionize the nol ecul es. lonized nol ecul es escapi ng the

arc chanber ionizedidopantesgolecules. - An ion source assefblugliliZifg acdathodei filamest is
accelerated along a path of travel thereby formng an 1 on beam
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~ In prior art ion implanters, the cathode filament typically comprises a single
loop of tungsten wire. An electric potential is applied across the filament to heat it
to a ﬂwnnknﬁc'enmwﬁn\tenmmnnuusvdmmﬁn free electrons are emitted by the.
10 filament. - The ionization of gaseous source materials in the arc chamber interior
region generates a plasma of highly ionized gas having nearly equal numbers of ions
amdekwuon&-Thedbmﬁgrofﬂn:kmsandekmnnmsissmﬂiﬂuutheso<mﬂadIkﬂum
ﬂmﬂﬁnglamﬂlklmmdlﬁmﬂknthmxﬂmtﬁnwmmxm<ftm=ﬁkmmmL The Debye
shielding length is a characteristic distance in a gaseous source material plasma
15 beyond which the electric field of a charged particle is shielded by particles having
charges of the opposite sigrx. Only that portion of the filament, perpendicular to a
nuqﬁmﬁcfﬁﬂdinﬁmmmedonth§an;dhmnbenammdﬂyumdaqstﬂunnmmﬁcenﬁsﬁaﬂ
Because it is immersed in the gaseous source material plasma, jon sputtering occurs
ownthamnheowwrmhﬁmeofﬂwemaghaiﬁhnmmL The sputtering action erodes

20 . the entire outer surface of the filament and ultimately causes it to fail.



5 disclosed in U S. Patent No. 4,714,834 to Shubaly, which is
assi.gned to the assignee - of the prdsent invention.

In ptior. art ion inplanters, the cathode filanment typically conprises a
single | oop of tungsten wire. An electric potential is
applied across the filanent to heat it 3 to a thermonic
em ssion tenperature wherein free electrons are emtted by the 10

filanent. Th&!mmﬂafmoémmseous source nmaterials in the arc chanber

interior regi on generates a plasnma of h| ghly ionized gas
havi ng nearly equ ﬁmﬁf f Fﬁ.@,&tg
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gaseous source mater,i aI Ia ma _ 15 bevond whj ch he el ectric
field of a ch et P regiansofan iansseures honsing: cThesplasg,1s of tungsten.

charges of the opposi te sign. Only that portion of the fil anment ,
peBpendi cul alonizable gaseous source materials gretinjectéd dntd theyintegior degion tdfcam are
chanmber, actually undergoes therm onic em ssion. Because it

i's i mersed charibe cfothe ssotreeo UThe filemient iplite [is @nemgized ao © pherionic emdssion s
over the entire outer surface of the energized filament. The sputtering

3?: : (r)rgt glr Sdggeuslgegﬂﬁe tthgt eaéllsee elbdtfonS 16 strfkeGhé SniZable SsBoudl soub@ thbleARERIq and
generate a plasma of source ions. A preferred filament plate includes two spaced
apart spiral slits cut through a width of the plate. The slits are substantially parallel

10 to each other over a portion of their tespective lengths and each slit terminates near
a center region of the plate. The slits form a labyrinth spiraled conductive path for
thermionic heating of the plate.

The slits are characterized by a gap, which is the perpendicular distance
between side wall surfaces defining the slit. Each slit has a substantially uniform gap |

15 . width over the length of the slit. Further, the two slits have gaps which are
substantially equal. For each slit, the gap width is preferebly not greater than ten
times the Debye shielding length of the charged source material plasma. Such a slit
gap width quickly attenuatee the energy of the energized plasma entering the slit so
erosion of the filament piate interior wall surfaces defining the slits by the plasma is

20 mmnmzed | |

The filament plate includes two spaced aﬁart openings near opposite ends of
the plate. Conductive posts for energizing the filament block extend through apertures
in a side weﬂ of the source bounding an arc chamber. An insulator disposed within

each aperture isolates the conductive posts from the arc chamber side wall. A



3 Summary of the Invention A
filament block or plate for thermonically enittiné/electrons I s di sposed
in + ¢ an interior region of an arc chanber. The arc chanber,
in turn, is disposed in an evacuated interior region of an
ion source housing. The plate is nade of 4 ungsten. 5

| oni zabl e gaseous source naterials are injected into the interior region of

an arc potential differendenistapplied a¢ross theconductiVigobts|cansing apduntent tcs flow
energized to a therm onic em ssion tenperature that causes

el ectrons t omsbghi4Be Bilndi PlateRloRg HRSIABYINE SHiA16] BHIAAEH P padll defined by the

generate a plasma of source ions. A preferred filanent plate includes two
spaced : sﬁ.ﬁg ﬁl?lne ' : 4 Ugithift thd | at e.
The slits arsehtg'uglsl?g?ﬁla §/t°§§{rya e it ﬂllhéﬁ%mﬁme% todé%ag{?mg@%lg%pgvgr a
portion of thej respective_|lengih nd each.slJ i, term nates near _

D Center r egftihistoR Riage iF perbatila1p 2 AFHIE feld AIHTRSRT of P ghamber
conductive path for therm oni c heating of the plate.

Th® slits arby anglestromagnat dogajediousside theionsontee; he per pendi cul ar di st ance
bet ween side wall surfaces defining the slit. Each slit has a substantially

uniformgap 15 When the filamentchlateds energived lagd diehted fto tthee thermnionid-emidsion, t he
two slits have gaps which are substantially equal. For each
slit, the gagenipesitiie, frep elRcRomiry ehfiftedinéae intésidiregion of the arc chamber. A
top surface of the filament plate provides a large, .efficient surface. for thermionic
emission superior to th-e prior art looped wire filament.

10 One object of the present invention is to provide a source material ionizing
filament for use in an ion implantation apparatus wherein the filament has an
increased useful life.

Another object of this invention is to provide a filament wherein sputteriﬁg .
erosion is limited to an area that is less than an entire surface area of the filément.

15 Yet another object of this invention is to provide a filament wherein the
thermionic emission area is large providing for efficient ionization of source material.

These and other objects, advantages and features of the invention will become
better understood from a detailed description of a preferred embodiment of the
invention which is described in conjunction with the accompanyiﬁg drawings.

.20 |
Brief Dgg ription of the Drawings

Figure 1 is a schematic perspective view of a portion of an ion beam source

assembly of an ion implanter;

Figure 2 is a sectional view of an ion beam source assembly;



times the Debye shielding | ength of the charged sozrce mat eri al pl asna.
u

Such a slit ; gap width quickly attehuates the energy of the
energlzed pl asma entering the slit so erosi on of the
filament plate interior wall surfaces defining the slits by the plasma is
20 m nim zed. 5 The filanent plate

I ncl udes two spaced apart openi ngs near opposite ends of

the plate. Conduggyts IR fop plin O & dic'¢hatiber tndhmm%:h fhament $lxteSFdhe

t hr ough apertures in a side wall of e source boundrng an

arc chanber dﬁ ?At?&nor di sposed within each aperture
|soI at es thg conductive posts fromthe arc chanber side wall.

ntial, differen appl i .Aacross t con uc
posts causi ng a é‘d&fs @ovieY Raptly meevauonaggpm%g ?Qg? %@FH | at e

along the labyrinth sprraled conductive path defrned b t he
slits. The tqséﬁmsfmm a plang fadicatsd By dhe ding d<t in Bigate i thin the arc

chanber such that the top surface is perpendicular to a
mégnetic.field i rﬁ')gm:ﬁexs aopersprestive viewhofihthe filamént plate of Figure 3py an
el ectromagnet | ocated outside the ion source.
Figure 6 is a top plan view of the filament plate of Figure 3;
Figure 7 is a side elevation view of the plate filament of Figure 3 as seen from
a plane indicated by line 7-7 in Figure 6;
Figure 8 is an eievation view of the plate filament of Figure 3 as seen from a
10 . plane indicated by line 8-8 in Figure 6;
Figure 9 is a perspective view of a second embodiment of a filament plate of
the present invention;
Figure 10 is a top plan view of the filament plate of Figure 9;
Figure 11 'is a side elevation view of the filament plate of Figure 9 as seen
15 from a plane indicated by the line 11-11 in Figure 10; and
Figure 12 is a front elevation view of the filament plate of Figure 9 as seen
from a plane indicated by the line 12-12 in Figure 10.



Wien the filament plate is energized and heated to.the therm onic em ssion
tenperature, free electrons are emtted into an irfterior region of the arc
chamber. ' A top surface of the filanment plate provides a

| arge, efficient surface for thermonic em ssi on superi or
to the prior art looped wire filanment. 610 One obj ect
of the present invention is to provide a source material ionizing

filament fopDetdtléd Desdiptiogn i npl antation apparatus wherein the filament has
an increased useful life. Anot her

object of this i Rﬁthbﬂrévﬂn %Ilgﬁb@mfll ﬁgﬁ gf&leﬁlggﬁtglg,s

erosionis limte to an areat is |less an entlre surface area of

the filanen t er .o tion
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area is lar roviding for efficient zation of source teriagl.

These and of rabeaNEsdr n SAWGE DAVHAE dAu Tibk, onotnghe PwSing nis BH#OR; of
becone . better understood froma detail ed description of a
pSeferred ealboitum anddfasandnterior cavity 14 which is evacuated by vmps (not skeyan)i bed
in conjunction with the acconpanying draw ngs. 20 Bri ef
Descri pti onwhént}teaoErbemnrsgm'ce assembly is in operation. Anarcléhgnba'ﬁlzlssuppm-tdderrat ic
perspective view of a portion of an ion beam source

assenbly of wfflid B8 ibAB&@ES Rbusing 12. The arc chamber 62 has a base 64 and side walls

66 extendjng from the base. The side walls 66 and base 64 define an interior region
68.. Source materials, v;hich, when energized, generaté an ion plasma, are routed into

10 the arc chamber interior region 68. An open side of the arc chamber 62 is overlaid
by an extraction member 60. Ion generated in the arc chamber 62 exit through the a
slit 70 in the extraction member 60 and are shaped into an ion beam by ion beam
shaping extraction electrodes 38. The ion beam exits the ion source housing 12
through an opening 18 in a housing wall 28.

15 Disposéd within the arc chamber interior region 68 are a ﬁlaﬁlent plate 80 of
the present invention and an electron repeller plate 82, The filament plate 80 is heated
to a thermionic emission temperature by an electric current flowing through the plate
from a conductive post 106 to a conductive post 108 to emit free electrons. The
filament block 80 is placed at a negative potential relative to the arc chamber 62, this

20  accelerates the emitted electrons whkh collide w1th ionizable gaéeous source materials
injected into the arc chamber interior region 68. The electron - source material
collisions result in ioniiat;on- of the source materials, The repeller plate 82 is
negatively charged to repel electrons generated by the filament p‘latg 80 to minimize

the loss of electrons. The gaseous source materials to be ionized are injected ihto the



Figure 2 is a sectional view of an ion beam source assenbly;

5 Figure 3 is a top plan viewan arc chanber

i ncl udi ng’a filanent plate of the present invention;

Figure 4 is a view partly in elevation and partly in section of the arc
chanber of Figure 3 as segn froma plane indicated by the
line 4-4 in Figure 3; 5 Figure 5 is a perspective view

of the filamgatc ﬁn%e?n&@n&ﬂk‘ibﬁ&%ﬂmugh aegagmlet aperture 84 ﬂuou'éh%@h@sb@c@ top.

plan view of the filament plate of Fi

7 is a side h te filament of Figure 3 as seenfrom
a pl ane-indi %@%K%M#) Te 6; Figure 8

is an elevation view of the plate filanment of Fiqure 3 as seen froma 10
pl ane indicated b tg] ¥/ gthedilament plate 80'1s comprised of tungsterrang; @8 9
is a perspective view of a second enbodl ment of a filanment plate of
the present ibestesgen imFigure 6, is configured in the shape of @hgsosceleOtrianghe withp rquinded vi ew
of the fi I anent plate of Figure 9;
5 » comers. Two spiral cuts or slits 96, 98 are cut through the width W of the filament
. plate 80. Preferably, the slits 96, 98 are made in the filament plate 80 using a wire
EDM (electron discharge machining) method, well known to those skilled in the art.
The slits 96, 98 extend from the side walls 92, 94 respectively and spiral inwardly at
increasingly tighter radii toward a common center region C of the filament plate 80.
10 As can best be seen in Figure 6, the slits 96, 98 overlap and are parallel over most of
their respective lengths. A gap width or normal distance between opposing interior
wall surfaces of the filament plate 80 defining each slit 96, 98 is uniform along the
length of the slit. Moreover, the gap width is substantially the same for each slit.

Suitable dimensions for a length L1 of the short side walls 90, 92 and a length L2 of

15 the long side wall 94, a width W of the filament plate 80 and a gap width are as
follows:
Dimension
L1 (Length of short side walls 90, 92) 12 cm.
L2 (Length of long side wall 94) | 2.0 cm.
20 w (Widthaof filament plate 80) - : 03 cm.
~ Gap width distance of each slit 96, .98 0.3 mm.

‘The filament plate 80 includes two throughbores spaced inwardly from
comers 100, 102. The pair of spaced apart conductive posts 106, 108 are press fit into

respective openings. As can best be seen in Figures 3 and 4, the filament plate 80 is



Figure 11 is a side elevation view of the filanent plate of Figure 9 as

seen 15 -from-a plane indicated by the I|i r(é 11-11 in Figure 10;
and * . ' Figure 12 is a front elevation view of the
filament plate of Figure 9 as seen froma plane indicated
by the line 12-12 in Figure 10. 8

6 Det'ai |l ed Description Turning to.

the drawi ngs?osmoﬂ NnRAS B Svieer ARRABP kegitl 68 3paRA from! O sRle wall
shown generally atealo I n Figures r1 and gé.nghe i%gil!l beam sour cg asse6r?b?f“§i 10
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ity 14 which,] ted b t sh ' o t he
on beam soueSidr Rl B 50 ol T reprie el 2. T comducse posts 1ol
within the ion source housing 12. The arc chanber 62 has_a base 64 and side

wal |'s- = extend throughgppaise! heles in the @rgchamberpide wall66,dnsulatgrs K9

base 64 define an interior region 68. Source material s,
whch, when amecsandwiclied betweenthe conductiveppostsi6, 208 andthecside wald opdrings to
the arc chanmber interior region 68. An open side of the arc chanber 62 i

overlaid insulate the arc chamber 62 from the conducting posts. A protective plate 107 is

(7))

positioned on the conductive posts 106, 108 between the insulators 109 and the
filament plate 80. The protectifre plate 107 prevents metallic deposition on the
insulators 109. - |
10 | Two power feeds 88 (one of which can be seen in Figure 2) are connected to
the conductive posts 106, 108. When the power feeds 88 are energized, a current
flows through the plate 80 along a spiraled labyrinth path I (Figure 6). Where the slits
96, 98 overlap, the current path I has a substantially constant width from an outer
portion of the filament plate 80 to the common center region C, that is, a spacing
15 between adjacent slits as measured along a radius
extending outwardly from the common center region C is substantially constant.
The current flow I through the filament plate 80 is suitably adjusted to raise
the temperature of the plate to the thermionic emission temperature causing the plete
to emit free elec‘trons.. A top surface 110 (Figure 6) of the filament plate 80 provides
20 a large, efﬁeient surface for thermionic emission.
Preferably, the gap width of the slits 96, 98 is not substantially greater than ten
times a Debye shielding length of a charged plasma generated from typical source
materials injected into the arc chamber interior fegion 68. Debye shielding lengths

for plasma having arsenic, phosphorous or antimony source materials range between



by an extraction nenber 60. lon generated in the arc chanber 62 exit
through the a slit 70 in the extracﬁon menber 60 and are

shaped i.nt'o an ion beam by ion beam ‘shapi ng extraction

el ectrodes 38. The ion beamexits the ion source housing 12

t hrough an opening 18 in a housing wall 2® 15 Di sposed
within the arc chanber interior region 68 are a filanment plate 80 of

the present imyen0i5anillinetes(nehy.C Tha) thecpreferred gap aidth @2 0.30han, is tg?l at e
80 is heated : to a thermonic em ssion tenperature by an

. electric currgph b QileSthd bé%%{'l}i%}g&ggst 0°§ even a rgl?sn?ar with 4 09" infh. Debye

cpnductive post 106 to a con . to e ee el ectrons.
chamber 62, 1 Tyading et Soeirh of GO 5 BharRy B oF sBi-bibic blhsid S,
"Mt o the arc N DS 26 gPoRs sBeteriat o snargiged DIaswa SisTiRg oS i,
collisions result in ionization of the source materials. The repeller plate
82 5%s . 96,98 is quicklycattenvated s that plasma erasinneof the sseriamwalysurtaces efithoy
the filanment plate 80 to mnim ze the | oss of electrons.
The gaseous sfilameat piatec80 défining elich $lit1967 98 isménitmizedct ed i nto the
' Erosion by sputtering is substanfially limited to the top surface 110 of the
filament plate 80. Sputtering does not occur on a bottom surface 112 of the filament
plate 80 because a volume of the arc chamber interior region 58 defined betw;aeﬁ the
10 filament plate bottom surface 112 and the region of the arc chamber side wall 66
through which the conductive posts 106, 108 extend is too small to sustain a plasma.
Figures 9-11 illustrate an alternate embodiment of the filament plate of the
present invention. The filament plate 120 is generally rectangular in profile and has
rounded comers. The filament plate 120 includes two spiral slits 122, 124 through a
15 width W’ of the plate. The slits 122, 124 extend from respective side walls 126, 128
and spiral toward a center region C of the filament plate 120. As can best be seen in |
Figure 10, the slits 122, 124 overlap and are parallel over most of their respective
lengths. A gap width or normal distance between opposing interior wall surfaces of
the filament plate 120 defining each slit 122, 124 is uniform along the length of the
20 slit. Moreover, the gap width is substantially the sar'ne. for each slit. Suitable
| dimensions for a length L1’ of the short side wails 126, 128 and a length L2’ of the
long sidé walls 132, 134, the wi&th W’ of the filament plate 120 and the gap Widﬂl are

as follows:



7 arc chanber interior region 68 through a gas inlet

aperture 84 through which a source terial tube 85 (Figure
2) éextends. _ Turning to Figures 5-7, the fil anent
plate 80 is conprised of tungsten and, as best seen in
Figure 6, is configured in the shape of gg isosceles triangle with rounded
5 corners. Two spiral cuts or slits 96, 98 are cut through the
width Wof the filanment pl ate 80\. P rably, the slits 96,
98 are made in the filanment plate 80 using a mﬁgggﬁhgéf ' EDM

(el ectron diisharge machi ni ng) nethod, well kno to those skilled in the
art. : The slits 96, 98 extend fr M side walls 92, 94
respectively and spiral inwardly at increasingly tighter

radii towardld common center region C of the fil2dhem. plate 80. 10

As can best be seen in Figure 6, the slits 96, 98 overlap and are parall el
over nost of W - their respective | @®tdns. A gap wdth or

nor mal di stance between. opposing interior wal I surfaces of

thg filanent GapatidtBisnéd of SEhREN23) 124 96, 9803 dmy formal ong the
| ength of the slit. Morreover, the gap width is substantially the sanme for

gfigg vl |5 90, 92 %ﬁ@?ﬁg%tleglﬁ%%g%lm@wm@ séa%@@%&@%g&&%ﬁhgx
a w dth Wof it he ltZkS,l ﬁ?”k Bali:agF s;?a?:e anr? cgnadrt)lc&nvg tpgstéfjl rlgo,als42 are press fit into

fol | ows:
D mensi on respective openings. The power feeds 88 are connected to the conductive posts 140,
142. When the power feeds 88 are energized, a current flows through the plate 120
10 along a spiraled labyrinth path I’ (Figute 10). |
A magnitude of the curent I' through the filament plate 120 is suitably
adjustéd to raise 2 temperature of the plate through which the current I' flows to the
themuomc emission temperature causing the.plate to emit free electrons. A top
surface 144 of the filament plate 120 provides a large, efficient surface for thermionic
15 emission. |
The gap width of the slits 122, 124 is nc":t substantially larger than ten tlmes
- the Debye shielding length of a charged plasma generated from typical source
- materials injected into the arc chamber interior region 68. This minimizes penétration
of the energized-plasﬁla into the gaps of the slits 122, 124 and, thus, minimizes
20 | erosion of the interior wall surfaces defining the slits. As noted with respect the first
embodimeht, erosion by sputtering is substantially limited to the top surface 144 of
the filament plate 120. Sputtering does not occur on a bottom sutface 144 of the
filament plate 120 because a volume of the arc chamber interior region 58 defined

between the filament plate bottom surface 144 and the region of the arc chamber side



LI (Length of short side walls 90, 92) 1.2 cm L2

(Length of long side wall 94) 2.0 cm 20(’ W (W dth of
filanment. pl ate 80) 0.3 cm Gap wi dt h distance
of each slit 96, 98 0.3 mMm The filanent plate
80 includes two throughbores spaced inwargly from corners.

100, 102. The pair of spaced apart conductive posts 106, 108 are press fit

into Eﬁﬁ%dﬁ !Qﬁﬁxm¥¥ﬁ BRI res 3
and 4, the flwlagrrent rﬁate g% BGA o) 42 BRiehd B0 118 St £

8 posi ti oned |n the arc chanber. interior region 68 spaced
fromthe S|d8kﬁgPI 66 and oriented such that a top surface
110 of the fllanquﬁplate Is sybstantlally gﬁ{allel to ' . the
side wal | which al witha degrre foprgticuiarity, Pudt s
106, 108 extend thro 3 “pair of aligned holes in the arc
chanmber si deisshelintegt thahthel invention ingude all modifications fropr the sliselwed ipeaferved ween

t he conductive posts 106, 108 and the side wall openings to

i nsul at e { he design fdiling evithfi® thier spiritt drescope of ithiei appendediciaimd. prot ective plate
107 is . positioned on the conductive posts 106, 108 between
the insulators 109 and the.



filament plate 80. The protective plate 107 prevents netallic deposition on
t he . I nsulators 109. 10 Two power feeds
88 (one .of* which can be seen in Figure 2) are connected to

t he conductive posts 106, 108. Wien the power feeds 88 are energized,—a—

Iczl;lra;(rain;th pat h | (Fi guref g?%v&ggugﬂet QFilglsate %0 @ O'nﬂmmml"inlgﬂmmm '

overlap, the current path | has a substantially constant *wi fthtfromsan=

out er portion of the fibimm plate 80 to the conmon center
region C, that is, a spacing 15 —'_%etween adj acent slits as
measured al ong a radiys . extendi ng outwardqly fromthe.comon
center region C isqsuggPaJﬁtPF Sor smitting.slegtons inko an energized ;ﬂa%na supportec ff.an
current flow | through the filanment plate 80 is suitably adjusted to raise
t he t enper at ulergr regien of an ionsgurce Arq ehamben(2), theRPRATHNS CRIAPRSIRE ur e causi ng

the plate ‘'to emt free electrons. A top surface 110 (Figure
6) of the filanent pl ata)8blpcloof chnduct®@ material (80) havingragep sefficec(l40) and a
surface fgor therm onic em ssion. Preferably, the

gap wi dth of bbgor sirfice{P12)3Paded apart bg dlaidedidll 90! 92, 94¥ a¢ 1esst ohé bf fhefop and

times a Debye shielding Iength of a charged plasma generated fromtypi cal

" ogi on 65, Dohgtom et BRing R WA o of hafiblr S RaidlH it

ars%nl C, phos&p)%%lrséugﬂthae%wny source materials range between -

. b) first and second conductive posts (106, 108) electrically coupled to the
block to apply a voltage potential difference between two spaced apart locations of the
block and to cause a current flow through an interior of the block between the two spaced
apart locations; and |

10 ¢) the block defining at least one slit (96, 98) through a width of the block
extending from a side wall of the block into the interior of the block- to lengthen a current

path between the two spaced apart locaﬁoné.
2. The apparatus of claim 1 wherein the block (80) is constructed of tungsten.

3. The apparatus of claim 1 wherein a gap width between aligned surfaces
15 . ~ defining the slit (96, 98) is no more than 10 times greater than a Debye length of the

energized plasma supported in the arc chamber interior region.

4. The apparatus of claim 1 wherein the top surface (110) and the bottom surface
(112) of the block are generally planer and the block includes two nonintersecting slits

(96, 98) extending into the interior from the side wall.



9 0.1to 0.5 millinmeters (mMm). Thus the preferred gap
width of 0.30 nm is not greater
shi el'di ng-l ength of even a plasma with a 0.1 nm Deby
shielding length. Such a slit gap wdth is so narrow M@WIHHHHQ Hm

pl asma cannot be sustained in the gap,*t USH rgy

of the energized plasma entering the slit 5 96, 98 is
qui ckly attenuated so that plasma erosion of the interior mall surfaces of

t he j |

mnimzed. - > %Wimghﬁéﬂ"% os%@%’%%‘? r| ndg) ?”geg‘g@ ‘“Yf’gf‘} y
limted to the top surface 110 of nt Iate 80
Sput t ori g doBs SR frabestive sEsed BbAT sptebeanigysatiops hich AHURALG o & Central
plate 80 because a vol une of the arc_chanber_ interior region 58 defined
bet ween the tegion (C) of the block farmingea-spirplled: labysisth ensrenti flowpathibounded)at least in

regi on of the arc chanber side wall 66 t hr ough whi ch the
conduct i ve pophss byt twidditextend is too small to sustain a plasma.
Figures 9;11 illustrate an alternate enbodi ment of the filament plate of
t he present invention. The filanment plate 120 is generally
rectangular in profile and has rounded corners. The
filament plate 1204 %chﬁﬂh%%ééd{h%t&%%hmj(%ésﬁsb‘ﬁ"aﬂﬁhv?ardatughter

5 . radii about a common center region of the block (80) to form a current path of about the

same width froni an outer portion to an inner portion of the electron emitting surface of

the block. |

7. Anion source (10) for emitting jons along a travel path for ion beam treatment
of a workpiece comprising:

10 a) structure defining an ionization chamber (62) having a chamber interior
bounded by an exit aperture (70) for emitting ions and having an input for rouﬁng an
ionizable material into a chamber interior; and

b) a filament positioned within the chamber interior for emitting electrons
into the chamber interior that ionize said ionizable material comprising i) a block (80) of

15 conductive material having an electron emitting surface that provides ionizing electrons

" as current flows through the conductive material of the block; and ii) first and second
| electrodes (106, 108) electrically coupled to the block to apply a voltage potential
difference between two spaced apart locations of the block to causes a current flow
between the electrodes; wherein said block defines one or more gaps (96, 98) that extend

20 into an interior region of the block from an outer surface of the block to lengthen a current

path between the two electrodes at the spaced apart locations.



15

width W of the plate. The slits 122, 124 extend from

respective side walls 126, 128 and spiral toward a center
region C.of the filanent plate 120. As can best be seen i

Fi gure 10,

respective

the slits 122, 124 overlap and are parallel nﬂl“ | " Lﬂmw
| engths. A gap width or nor en

opposing interior wall surfaces of 14 t heg fil ament plate 120
defining each slit 122, 124 is uniform al ong the Il ength of the 20

S SOV U, it B4 S 5

Sui t abl e
walls 126, 128 and a length L2' of .the | ong S|de malls
132, 134, the® q‘i"W‘PB ing the stepsOfent plate 120 and the gap width are
as follows:
10 a) providing a block (80) of conductive material having a generally planar
- Di mensi on L1 . _
%- g cm conductive surface (110, 112) for emitting electrons bounded by side walls;
.0cm W :
0.3 cm b Rachinilg gdps Y06 985 titbuSiifie biddk of tdAductivé matéliabtd™m
5

create current flow paths through the conductive material; and
¢) attaching energizing electrodes (106, 108) to the block of conductive - -
material at opposite ends of the current flow paths defined during the machining step.



The filanment plate 120 includes two throughbores spaced inwardly from side
wal I s 126, 128. A pair of spaced apart. conductive posts 140, 142 are press
fit into respecti ve openi ngs. The power feeds 88 are
connected to the conductive posts 140, 142. \Wen the power
feeds 88 are energized, a current flows through the plate 120 10
along a spiraled | abyrinth path I' (Figure 10). A
magni tude of the current |' through the filanent plate 120 is suitably
adjusted to raise a tenperature of the plate through which the current I
flows to the t herm oni c a%i ssion tenperature causing the
plate to emt free electrons. Atop- surface 144 of the
filament plat eI9¥0SEVRGEJBLOEK| BIGAMENT{ WETHNLABYRINTE GONDUGEVEOPASy 15
em ssi on. The gap width of the slits 122, 124 is not
substantially larger than ten tines t he Debye shi el di ng
length of a charged plasna generated fABSEBACIT,| source

materials injected into the arc chanber interior region 68. This mnimzes
penetration A filament plate)(80) for ap insrbgamesdurce assemblyn(16) ofian igpaimplahtatibe
slits 122, 124 and, thus, mnimzes 20 erosion of the interior

wal I surf aces agpéiratis'ig disolosed. | The filneRPplate chhpﬁ@ﬁ)@lcﬁmgélél bd ficludes two.
enbodi nent, erosion by sputtering is substantially Iimted to the top

zggLfcgnlgAfbgtg?%s r f?(i:rgl s%?égg%-%r@&w%dﬁlm aﬁ&f i&gﬁmpg%hg%dg .
because a vol WP sHstanBin? bleafel HiltClen' thhéd & Plaskd Débye 1ongth of 1% generated by
5 | electrons emitted into an arc cﬁamber (62). The plate filament is disposed in an arc
chamber into which ionizable. source materials are injected. The plate includes two
conductive posts (106, 108) press fit into openings of th-e'plate for heatiné the plate to the
thermionic emission temperature. The conductive posts extend through insulated

openings in a side wall of the arc chamber.

(Fig. 5)



between the filanment plate bottom surface 144 and the region of the arc
chanmber side wal | 66 through which the conductive posts 140, 142
extend is too small to sustain a plasna.: The present invention has
been described with a degree of particularity, but it 1is the intent that
the invention include all nodifications fromthe disclosed preferred

design failing within the spirit or scope of the appended cl ai ns.

12 CLAI M5
1. Apparatus for emtting electrons into an energi zed plasma supported in
an interior region of an ion source arc chanber (62), the

apparatus conpri sing: 1/5




a) a block of conductive material (80) having a top surface (110) and a
bot t.om surface (112) spaced apart by a side wall (90, 92, 94) at |east one

of the top and bottom surfaces emtting ionizing el ectrons
into the arc chanber interior region as current 5 fl ows
t hrough t he bl ock; b) first and second

conductive posts (106, 108) electrically coupled to the
bl ock to apply a voltage potential difference between two spaced apart

| ocati ons of the bl ock /8l to cause a current flow through
an interior of the block between the two spaced ' apart
| ocations; and 10 c) the.block defining at

| east one slit (96,98) through a width of the bl ockQ
extending froma side wall ofthe block into the intefior of the block to

| engt hen a current pat h between the fwo spaced apart
| ocat i ons. 2. The of claim1l wherein the
bl ock (80) is constructed of st en. 3. The
apparatus of claim 1l wherei p width i surfaces 15
defining the slit (96, 98) ils nor e thé gpt er -than a Debye
| ength of the rgi zegap ] in the c chanber
interior region. :
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4. The apparatus of claim1l wherein the top surface (110) and the bottom
(112) of the block are generally planer and the
(96, 98) extending

surface

bl ock includes two nonintersecting slits
into the interior fromthe side wall
5. The apparatus of claim4 wherein the two

13

slits (96, 98) extend inwardly from

respecti ve spaced-apart spiral

region (C) of the block formng a spir
e

bounded at | east in

tighter 5

radi i

(80) to forma current path of about the

t he side wall
configurations which termnate at a central
ed labyrinth current flow path
by the two slits.
6. The apparatus of claim5 wherein the two slits (96, 98) spiral
about a comon center

in

i nward at

regi on of the bl ock

sane width from

an outer portion to an inner-portion of the

el ectron emtting surface of
t he bl ock.
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7. An ion source (10) for emtting ions along a travel path for ion beam
treat nent of a workpiece conprising: 10

a) structure defining an ionization chanber (62) having a chanber interior
bounded by an exit aperture (70) for emtting ions and having an input for
routing an ioni zable material into a chanber interior; and
b) a filanment positioned within the chanber interior for emtting el ectrons
into the chanber interior that ionize said ionizable material conprising i)

a block (80) of 15 conductive material having an el ectron
emtting surface that provides ionizing electrons as
current flows through the conductive material of the block, and ii) first
and second el ectrodes &%%6, 108) electrically coupled to

the block to apply a voltage potenti al di fference between
two spaced apart |ocations of the block to causes a current flow

bet ween the el ectrodes; wherein said block defines one or nore gaps (96,
98) that extend 20 into an interior region of the block froman
outer surface of the block to | engthen a current pat h
between the two el ectrodes at the spaced apart | ocations.
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14 | 8. A nethod for manufacturing a filanment used to

inject ions into a ionization chanber conprising the steps
of : y a) providing a block (80) of conductive
mat eri al having a generally planar conductive surface (110,

112) for emtting el ectrons bounded by side walls;

b) machi ning gaps (96, 98) through the bl ock of conductive material to 5
create current flow paths through the conductive naterial; and

c) attaching energizing electrodes (106, 108) to the block of conductive
material at opposite ends of the current flow paths defined during the
machi ni ng step.
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