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INSULATOR

Abstract AITERR PLASMA

' ' ELECTRODE ION SOURCE
Conventional tungsten cathodeven plasmasources  gaxoutter

are limited in the ability to provide large discharge
currentsand high dischargevoltages for CWdischarge |J]
plasmas. An RFdriven plasmacathode based on the _,"/f\ IA

multicusp ion source technology has bekveloped at =T  \ ’ :: ','jﬂ

LBNL. Itis shown thafarge electron currents &igh PLASMA CATHODE
discharge voltage can be achievedfor CW discharge oAS
operation while maintaining very long cathode lifetime. INLET
o, ol
1 INTRODUCTION \
i
Multiple-charge-statéons are of currentinterest for _ MACNETS :
P g Figure 1: Schematic of the plasma cathode/ion source

several applications, such as MeV ion implantation,
nuclear physics experiments,and radioactive beam
accelerators.[1] Mny of these applicatiorrequire DC or I tai th | lectrod hich |
100 %duty factor operation. Production ofmultiple wal bgon alnsd_ ke 'thp ?sgaedeCQO 2 whic d!s zti
charge state ions requires high energy primary electrons"P"Y e_lr_]#m ISK W (\;Vt un _rg 50 O;nT ameter
has been demonstrated that modest charge state ions ca}ﬁ o ey are arrgng? | q»‘rlow e - d(') rar;sparer_;_(r:]y
produced in aconventional tungsten filamentriven OVer anarea approximately cm in diameter. - 1he
multicusp ion source, howeverathode lifetime is electron extractiorelectrodehas a similar patterand is
limited.[2] As thedischarge voltage is increased, the sEacek(jl 2_m;ngrom Fhe d_plasTaeligcr(;de. Thls/bsour;:_e
plasma density increasescausing increased ion chamber 1S cm In diameter, .5 ¢ong. gnetic
bombardment othe filament. At some point the ion cusp C(_)nf|r_1ement Is present on ide and frqnt walls.
bombardment dominates the heating of the filament ame cyllnd_rlcal wall has_ten_ columns afamarium-cobalt
temperature runaway will occur. Thisinresult in either magnets installed Iongltu_dmally on thexternal surface.
exceeding the currefimit of the discharge powesupply The_ front yvall, the ext_ract|on end, has ten magpéised
causing thalischargevoltage todrop or the filament to rad'a”y_‘”'?h an iron ring located at the hl.Jb to close the
burn out. Resultdhave beerreportedfor a programmed mag_netlcfleld I|nes_ at the _center. _Thmrrangement
filament ion source which produced a high voltage pseudB[_(I)l\_' |dets a d3 cmt dlartnetetz_r field fr?eglonAaroundtthe 2
CW discharge withgood percentages of multiply-chargednl IMEter diameterexiraction aperture. AcCeperts are
ions while improving cathodelifetime.[3] The ion provided betweenthe side wall magnets for viewing

source presented here is based on RF drivefticusp ion w;ntiov;s, gatsfeeds or d|§q[nost|;:_s. . fA smplehmo-
source technology. electrode system was used to extians from thesource

chamber.
Figure 2 shows a schematic of the experimesesl
.2 EXPEBIMENTAL SETUP - up. The plasmaathodewasdriven by al3.56 MHz RF
An RF driven multicusp plasmeathodewasutilized  generator. The generator was coupled through a matching
for these tests. It wasoupled to amulticusp plasma npetwork to a single loop antenna mounteihin the
chamber by a two grid extraction system. cathode. The network includes an adjustable turn-ratio
A schematic representation of theén source transformer to match the 8D output impedance of the
configuration is shown in Figure 1. Tleathode chamber Rr generator to the single loop antenna. It piswides
is 10 cm diameter by 13 cm long. Plasma confinement jfigh voltage isolatiorbetweenthe generatorand the ion
the cathode chamber is maintained by #8e cusp ggyrce.
magnets on theide cylindricalwall and 4 line cusps Cathodeandsource chamber pressuresre measured
placed onparallelchords onthe back flange. Thé&ont \yith capacitive manometers. The operating gase®

arrangement.
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Figure 2: Experimental setup. m 0O 10 mT|A
A 5mT |
introduced into the plasmzathodechamber. Analysis of ol d o b1 ]
the extractedbeam wasperformedwith a 18F mass 0 400 800 1200 1600 2000
analyzer. The analyzemagnet wasenergized by a RF Power [W ]
programmable powesupply. The magneturrent and
Faraday cup signals wetsed to drivehe inputchannels _ _
of an X-Y recorder. Total extractedcurrent could be Figure 3: Extracted electron current as a function of
measuredwith a separate Faradagup mounted on the plasma cathode pressure.

front of the spectrometer. In thisrrangementne could _
either measurehe ion species distribution or the totalvoltage. There weresome problems wittbreakdown at

beam current. the higher voltageand the data may be effected by the
breakdowns.
3. EXPERIMENTAL RESULTS The principal purpose for these tests wagnbance

the production of multiply-charged ions. It can be seen in

The primary goal of _these tests was onstrate Figure 5 that the production of doubthargedargon was
that the RF driven multicusp plasmacathode could . .
enhanced asthe discharge voltage was increased.

provide large currents of primary electrons at Vam':léischarge currentvas held constant at 6 ampand the

energies. All reported data was obtained with argon as caethodepressure at 30 mT. CW dischargperation was
operating gas. The gas wasroduced tothe plasma o
maintained for severahours. There were voltage

cathode and allowed toflow through the electron ; . :
. . breakdowns inthe extractionelectrodesfor discharge
extraction electrodes to the ion source chamber.
voltages above 200 volts.

Measurements showedtiat the plasmacathode pressure
was less than 5 % higher than the isource chamber.
Quoted pressures are for the plasma cathode chamber.

The plasmacathodewasdriven by al13.56 MHz RF
generator capable of deliverir@p00 watts. Thelectron
extraction power supply could supply 16 amps up to 600
volts. It wasfound that the extraction powesupply
currentlimit was typically attained at an RF poweéess
than 1600 watts. Figure 3 is a plot eftracted electron
current as afunction of RF power at several plasma
cathode pressures. The extraction voltage wasvb@s.

It can be seen that the extracted electron current is a strong
function of RF power. Thedependence of extracted
electron current on pressure is modest. It was difficult to
maintain acathode dischargbelow 400 watts of RF
power.

Figure 4 shows the relationshipetween extraction
voltage and extracted current at a fixgdasma cathode 8
power for two cathode pressures. Tathode RF power
was 1000 watts. It can be seen that at the lower voltages

the extractedcurrent is a weakunction of extraction Figure 4: Extracted cathode current as a function of
extraction voltge.

12

[uny
[N

=
o

©
l
|

Extracted Cathode Current [ A]
o
o

0 100 200 300 400
Discharge Voltage [V ]

2768



currents while maintaining cathode lifetime. The primary

25

A (%]

problem encounteredwas deformation of extraction
electrodeglue toheating from the plasmand intercepted
- 1 extracted electrons.  This contributed tdoreakdown
20 | u i problems at higher extraction voltagedNew extraction

] electrodeshave beerfabricated andhe cathode isbeing
[ ’ modified. The newelectrodedesignwill allow for free
15 expansion of the grid structure which should eliminate
[ ] grid deformation. This should allow for more stable
operation with less breakdowns. Tests will continue with

10 N the goal of expanding this technology to more
applications.
5 |
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Figure 5: Ar2+ as a function of dischge voltage.

4 CONCLUSIONS

1

These preliminary studies have indicated that a pIasrLa

cathode based on RF drivenulticusp technology can 2]

supply significant DCelectron currents atigh voltages. [3]
It is shown thatproduction of multiply-chargetbns can
be enhancedwith the higher discharge voltages and
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