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Abstract 1.2 Microwave System

A low cost, lowpowerECR ion sourcedesigned for
the use on a high voltage platform with limitelgctrical
power available, has beeleveloped. Taeducethe power
consumption of theourcethe radial andaxial magnetic
confinement argroducedentirely by permanent magnets.

An axial magnetic mirror ratio of 2.7 isbtained by a waveguide system [2]. The high voltagevacuum
configuration of two times four block magnets. radial ;.o cition uses PTFE as the insulating material.

magneticfield of 0.5 T inside the plasmehamber of 60 cg|cyjating the attenuation in @rcular waveguide for
mm innerdiameter isproduced by ahexapole magnet. ; 45 GHz the smallest plasma cawitpuld be9.5 cm in
Microwave power up t@00 watts c/wcan be applied t0 jyner diameter, allowing both basic modes {Tand TM,
the plasma by usingifferent slow-wave structures wh!ch ) to penetratehe plasmachambemwith an attenuation of
allow the use of a plasmehambermuch smaller in oss than 0.10B/m [3,4]. To reducethe physical size of
diameter than required bythe wavelength of theused ¢ jon sourcedifferent slow wave structures havieen
frequency of 2.45 GHz. The ion source canoperated in - 5e to launch the microwave into the plasmadefsiled
different modes either for producimgultiply chargedions description of aLisitano-Coil used as arantenna in a
with intensities up toseveralhundred esA orfor the previous version has been given earlier [1,5]. In paiser
production of high intensity beams of singly charged iongye yse of a helical antenna will be described. As shown in
i.e. 6.5 mA of He. Ap.plications for.th.e ion source are inﬁg. 1 the antenna results from the inneonductor of a
crossedbeams experimentand asinjectors for small .,ayia| line. Thecharacteristics of radiation of a helical
accelerators awell as for spectroscopic investigations inynianna is given by the ratio afcumference obne turn
the VUV wavelength region. to thefree space wavelength f} ) and bythe distance
betweentwo turns (the angldetweenthe turnsand the
1 SOURCE DESCRIPTION axial direction has to be 12 to 1l4degrees). The

The main features of the described 2.45 GHz ECR iaircumference of one turn has to be close tofitbe space
source asshown in Fig. lare low set up costs, low wavelength (123 mm). In case of a diameter of the antenna
electrical power consumption due to the us@aimanent between D=0.75*A\,/t and D=1.35"A,/m, the helical
magnets toproducethe minimum-B-structureand two structure operates in a ode T1 with negligible
different operation modes for the production miultiply  attenuation. Using thesparameters, circulapolarized
chargedions or theproduction of high intensities of waves are radiated in axial direction. The directivity of
singly chargedions. A detailed description of the ion the antenna increases with the number of turdcaes the
sourcewith different microwaveinjection lines is given degree ofpolarization. The angle at Half Pow&eam
elsewherd1,2]. The figure shows thmechanicalset up Width is given by ® = 105/n, with nrepresenting the
of the ion source including parts of theicrowave number of turns [6,7]. For this application seven turns
system: thecombined high-voltage/vacuum window andwith an outer diameter of 41 mm, using a 3 rdimmeter
the transition from rectangular waveguide to coaxial line.wire have been chosen. That allows to use a plasma
chambermuch smaller indiameterwith respect to the
smallest circular waveguide.

An inexpensive magnetron amplifier based microwave
system operating at 2.45 GHz was chosen. The magnetron
amplifier, which is pretty similar to the ones in
microwave ovens, can produce up to300 watts of
microwave power in c/w-modand is connected to a

1.1 Magnetic System

The magnetic system imadefrom high remanence
(2.12 T), high coercivity (1920 kA/mi)ildFeB permanent 2 EXPERIMENTAL RESULTS
magnet material. It consists of twadially magnetized
rings (eachconsists of 6 block magnetgroducing an 2.1 Production of Multiply Charged lons
axial magnetidield of 2.14 kG at the maximum with a
mirror ratio of 2.85. The hexapole magnet for tadial
component ismadefrom the same block magnets an
induces amaximumradial magneticfield of 5 kG inside
the plasma chamber of 60 mm inner diameter.

The ion source has beeoperatedusing thehelical
antenna for the production afultiply chargedions. Fig.

shows a massnalyzed spectrum for Argon at an
extraction voltage of 12.5 kV. The intensitiesere
measure in a 20 mm diameter Faradayp at
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Fig. 1: Mechanical setpiof the 2.45 GHz ECRIS
approximately 1.5 m from the extractiaperture after a beam of 6.5 mA at an extraction voltage of 20 ¢dld
45 analyzing magnet. Theource parametersere 240 be obtained. The microwave power applied was\Rafis.
watts of microwave power at gas pressure 0f3.6*10° Gas pressure during the run wasl*10° mbar in a
mbar, measured in @acuum chamber outside the pullevacuum chamber outside the pullgectrode and3*102
electrode. Miximum obtained beam currents for othermbar at the gas inlet of the ion source. AHcuum
gases are shown in Table 1 atcomparable source readings are corrected for Helium. The beam maasured

parameters. in a 20 mm diameter Faradayup, 1.5 m from the
Charge Statd N | *o | *Ne | *ar extraction aperture of 10 mm diameter. An Einzel lens (46

1 210 150 133 68.2 mm diameter) mounted directly behind the pu#ctrode

2] 115 14.2 98 58.8 was used as a beam focusing element. ditimeter of the

3| 0.16 0.27 8 11.5 ion beam (U, =20kV, Uz, =17kV)was measured to be

‘5‘ O-/01 0'/017 0 '01218 01'22 3.2 mm at a 90% emmittance of 76 e mmrad. The

emittance was measured employing the slit-wéahnique

Table 1: Beam currents for different charge states and gasp#é.in e [8].

2.2 High Intensities of Singly Charged lons 3 DISCUSSION AND OUTLOOK

In a second mode obperation we studied the The production ofhighly chargedions in an ECR
production of high intensities of singlychargedions, plasma shows possible spectroscopic applications,
namely Hé. Using a modified axial magnetic confinemengspecially in the vacuum-ultraviol@fUV) region of the
with maxima at 1.75 k@nd amirror ratio of 2.15. The spectral rangd9]. To enhancethe performancefor the
magnetic field maxima could be varied on-line by production of naltiply chargedions a new magnetic
changing theradii of the axial ringsand have been structure has been designed, producinigher mirror
optimized to the above value. With this set up, & Heéatios.
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Fig. 2: Mass angked 40 Ar pectrum obtained at 12.5 kV extraction vgita
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