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Abstract ode is asingle loopof tungstenwire placedoutsidethefilter
fieldregion.Thegasanddischargewerepulsedfor thefollow-

A volumeH- sourcehavingatoroidaldischargechamber ing measurements,typicallyat 0.5-1.3Hz, with a 1.2ms dis-
andconical filter field hasbeendeveloped.Parametricstudies chargewidth.A negativedce:_tractionvoltagewasappliedto
of this sourcehavebeenin progressfortwo years.Extraction thesource,andthe extractiongapwastypically0.97 cre.Most
aperturesfrom0.5 cm=to 1.87cmzhavebeentried,andanH- of thedatapresentedherewastakenat12-18kV.
currentof upto 48 mA hasbeenextracted.Theelectron-to-H-
currentratioin theextractedbeamcanbeaslowas 10for ,- 25 /-"0"
mA Iri'. The measuredemittance(normalized,90%) of a 19 I / ,-,,_,, ,,,,,.,,
mA beamwas0.44 _ mmmrad.Whenoperatingwithdeuteri- _,--¢,-_ //"_" _*'.)

' ir,t_alN, r "--'-1 r-t_t _ j / /
um, the D- outputwas50-60% of the H- currentunderthe ,_ _ _ _-,-c, , / .... ,,,,_,,
samedischargeconditions.The additionof cesiumto thedis- " , ,

rent so that at 30 mA of H-', one obtained an electron-to-H-
ratio of 1. Using a two gap extractor, with a dipole field in the
intermediateelectrode, approximately80% of theextracted
electrons couldberemoved from the primarybeam. .,-

Introduction

Volume H- ion sources have an advantage over surface
Production negative ion sources', which are more commonly
used 6n accelerators, in that they don't need cesium for opera-
tion. Amoung thedisadvantages,on the otherhand,are the ,_,=, _ ,.,=,,,=,
usually very large extractedelectron current,and the relatively
low extracted H- current density. At Brookhaven, the design
and study of a novel volume If" source began in 1988._The Fig. 1. Cross section of the volume source. The calculated
goal is to develop a sourcewhich will produce at least 50 mA magnetic field lines arealso shown.

of H", in 500 g._pulses and a 10 Hz repetitionrate, to replace A Faradaycup and slit-and-collector type emittance head
the magnetron surface-plasma source in operation on the 200 were located 10cm from the source. A strong dipole field in
MeV linac. The source has a toroidal geometry, with the dis- front of the Faraday cup removed electrons fro_ the beam,
charge region surromiding the central extraction region. A con- while deflecting the H-only slightly. A current transformer on
ical filter field separates the two regions. The idea of the the output of the extracto_ power supply measu,'ed the total
toroidal geometry was to get the best utilization of the dis- supply drain current. The difference between the H- current
charge, and to maintain a full rotational symmetry of the measured on the Faraday cup and the feud supply current was
source, assumedtobeelectrons.

While at this point wecanmach the desiredcurrentby Results
"pushing" the source,it is still just thefirst prototype,and
would probably not be able to deliver 50 mA for weeks of con- The following subsections give brief summaries of the
tinuous operation. Presently, reliable operation at 30 mA is some of the source studies.
more realistic. In the following sections, features of the source
are first given, and then the results of some parametricStudies Conical vs. Dipole Filter Field
arepresented.

Normal volume H- sourcesuse a dipole filter field to sop-
Features of the Source arate the discharge region from theextraction region. Theconi-

cal filter field was removed fromthe source, anda dipole filter
Figure l shows a cross section of the source. The source field was placed near the extraction aperture, Figure 2 shows

chamber is cylindrical, 6 cm long and 20 cm lD. The walls of the I-I-currentvs. arc currentforthe twocases. The conical til-
the chamber are lined with SmCo magnets, arrangedto form ter field increased the H'"currentby =,50%.
ringcusps (typically 4 each on the front and backplates, and3
rings around the side). A SmCo disc magnet opposite the Dependence on Filament Parameters
extraction aperture produces the conical filter field. The calcu-
lated magnetic field lines are also shown in Fig. 1.zThe cath- Also shown in Fig. 2 is the dependence of the H- current

on the circular W filament diameter. A higher output w_s

obtained withthe smaller diameterfilament loop, but the arc , ,,_

cucrentwaslimitedto< 150Aduetothesmalleremittingama.-__i_(
*Workperformedunder;he=uspic,_oftheU.S.DepartmentofEnergy.
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Fig. 2. H- yield vs. arc current for the dipole and conical filter Fig. 3. IF current vs. arc current for threedifferent extraction
fields. Shown for each filter type are two different fila- apertures. The "grid" is a thin tungsten cross put over
ment diameters, the aperture.

The output also depended on filament wire diameter (1 mm is l ; i t
approximately the optimum), axial position of the filament, ALLCONFIGURAIIoNs
and direction and m_gnitude of the instantaneousacor dc ilia, DIFFERENTOPERATINGCONDll'IONS
ment current.3 Normal operation1isnow with thefilament cur- 4o -
rent interrupted during the discharge pulse.

Plasma Electrode Bias

30-
The plasma electrode is isolated from the discharge chum- , "

ber. With this electrode floating, the output is usually slightly ,0 ix •.. " ,
higher, but the electron curr,'nt is much higher, compared to ., ) • •
operation with it grounded. If the electrode is biased, going ,- • •

20 -
from a negative to a positive bias reduces the H" slightly, but • •
the electrons much faster. `= • "

• = • • )

Source Pressure " . •• e •

10- " • • " •

As the source pressure is varied, one can go through a "._' ." ..
broad maximum in the H- current, and at the same point one . • ="
goes through a broad minimum in the electron current. 4 The

pressuremeasuredin the dischargechamber is typically ,J-,OC,X 0 10t 201 30l 40l
10-3 Torr.

I H" (rnA)

Extraction Aperture Size Fig. 4. The ratio of electron to H-current as a function of arc

current. The points are valuestaken under many differ-Figure 3 shows the H- cun'ent vs. aperture area. With the
ent opt:rating conditions, source g_metries, etc.largest aperture, the extracted current density dropped signifi-

candy. However, by putting a thin tungsten wire cross across includes different arc currents, aperture sizes, plasma electrode
the aperture the H- current density returned to near that of the biases, f'flament geometries, etc. Details of the dependence on
smaller apertures. Operating at a400 A dischargewith the 1.87 various parameters can bc found in the references.
cm _ aperture gave sn H- output of 48 mA.

Emittance Measurements
Extracted Electron Current

Emittance measurementswere taken with a 1cm2 extrac-

The ratio of electron current to H- current depends on tion aperture, and a 0.97 cm extraction gap. 5 For a 13 mA
many parameters. Figure 4 shows a scatter plot of the e-/H- beam, a normalized, 90% emittance of 0.32 _t mm-mrad was
ratio vs. H- current for a variety of operating conditions. This measured, or an RMS value of 0.07 lt mm mrad. This corre-
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sponded to an effective ion temperature of 0.57 eV. At 19 mA much loss of H- current. We could obtain >30 mA of H- with

,heemittancewas ¢N(90%) = 0.44_ mm-mrad, le/IH_< I.Inaddition,theoperatingpressurecouldbereduced

Double Gap Extractor byapproximatelyafactoroftwo withcesium.The effectofthe
cesiumremainedaftertheCs supplywas turnedoff,andeven

A two-gapextractorwas tried,inanattempttoremovethe when thesourcewas opened toair,some efffectsoftheCs

electronsfromthebeam atlessthanthefullenergy.Allthree remained.WhiletheH- currentwent backtonearthelevels
electrodeshadaperturesofI.13cm diameter.The intermediate before.Cs was introduced,theoperaEn8 pressureremained

electrodewas Ii:mthick,and hadpermanentsmagnetsimbed- low,and thele/lH_ratioremainednearunity.The sourcehadto

dod initinordertoproducea dipolefieldtodump theelse- bethoroughlyclef.nedtobringitback toitsoriginal"cesi-
trons. We were able to dump more than 80% of the electrons on urn-free" levels.
this intermediate electrode, operating at - 5 kV relative to the
source. There was a 10-20% loss of beam current due to an

insufficient gradient in the fwst gap, and fu_her optimization _ , ,, , , , , , , , , , , , , , , w ,
APt
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of the geometry is planned, Also, while the emittance area was _ '..., ...._<i. _cts__ I

the same as with.the single gap extractor, the beam divergence IH_32 _ ___.__-.. 20 IH--- '
couldbereduced. 2s

Bot_pe Effect r ((') 2' '".,,.,..,,. _ _...o_ _ 'S (I_)
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When the source was operated with deuterium, the D- out- .. ..,

18ii ' |7") t '

put was 50-60% of the H- output obtained under the samearc '. _oetsm_......
conditions. 6 At a given D- current, the extracted electron cur- 12 ".. ",,. - 8", .

' "'"" -- 4
rent was at ]east4-5 times higher than that obtained when run- ".,. -

ning with hydrogen. "',_cts_M '".....
• ', ,,

Cesium Vapor Effect , , , , , , _ , 'i:"_'-r")"_ _ _ o-.24 -2o-_e -12 -e -4 o 4 s

A small cesium oven was installed inside the discharge Vpt (v)
chamber, and the effect of cesium on the source perI,ormance
was studiec'. 6 Figure 5 shows the H- output vs. arc current with Fig. 6. H- current and ratio of electrons to ,I-F"as a function of

the plasma electrode bias, with and without cesium, la_c
= 150 A, Vtrc = 250 V, and Vext = 16 kV. The dots indi-
cate the floating potential.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of.their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
erlce herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views _

and opinions of authors expressed herein do not necessarily state or reflect those of the --
United States Government or any agency thereof.
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