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A comparison of emission features of axially symmetric H™ ion source with magnetron discharge and H™ source
which incorporates additional hollow cathode discharge in series with main one is presented. It is shown that in the
last case concentration of H™ ions in a region of emission hole of the source essentially increases. H™ ion current from
the source with additional discharge increases by an order of magnitude. Additional plasma drift from assisting
discharge and cooling of electrons at their passing through magnetic field region are considered as the reasons of
determined growth of concentration of negative ions. H™ current density value of 150 mA/cm? on emission aperture

of ion source is reached.
PACS: 29.25.Ni, 41.75.Cn, 41.85.Ar

INTRODUCTION

Researches devoted to creation of hydrogen negative
ion sources continue for several last decades [1]. These
sources are widely used in physical experiments on
controlled fusion and in some practical applications,
such as neutron generators for medicine. The main
attention of the researches is now drawn to development
of powerful sources capable of generation of pulsed
current values of tens kA. However, the necessity in
improvement of characteristics of moderate power
sources still remains. The main efforts are directed to
improvement of the beam emittance and the source
economy. The present work is targeted to investigation
of emission features of hydrogen negative ion source
with axial symmetry operating in pulse-periodical
mode.

1. APROACH

The source with axial symmetry and cylindrical
beam extraction along the axis was selected as a work
model due to optimum correspondence to the
requirements of focusing system operation. For such
kind of the source, it is important to have the plasma
low temperature and high enough density in the
emission region. The last can be achieved by means of
separation of the plasma generation zone from that of
extraction of negative ions. Plasma cooling with
simultaneous increase of its density can be realized at
the expense of diffusion of converging plasma flow
across magnetic field, or by obtaining hydrogen plasma
in additional discharge and providing its flow and
accumulation in the region of H™ ion formation and
extraction. Version of combining two these options is
interesting as well. For study of the influence of
additional discharge on the efficiency of extraction of
H" ions from the source, two versions of its design were
researched. The hollow cathode discharge was selected

as additional one. It has been shown that the efficiency
ISSN 1562-6016. BAHT. 2015. Nel(95)

of extraction of hydrogen negative ions in the last case
essentially increases, and the extracted electron current
(I) to H current ratio I'=(l/l'y) is considerably
improved. Hypotheses on the reasons of negative ion
current growth in the source with additional discharge
are proposed.

2. EXPERIMENTAL SETUP

We took into consideration an experience of
construction of electron beam sources with gas discharge
and axial symmetry [1-4] at designing of the negative
ion source Particularly, discharge parameters of the
source were chosen close to those described in [3],
however, they were realized in axially symmetric
geometry. As well as in [4], the discharge in crossed
electric and magnetic field was selected as the main one.
Experimental setup consisted from H™ ion source, pulsed
valve for hydrogen supply, pulsed power supply modules
for the valve and the source discharge.
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Fig. 1. Scheme of measurements of negative particle
beam current from the source:
1 —negative ion source; 2 —magnetic shield;
3 —solenoid poles; 4 —beam of negatively charged
particles; 5 —collector for the beam current
measurements
For extraction and acceleration of the beam, high
voltage was used which enable acceleration the
extracted beam up to energy values of above 10 kV.
Fig. 1 shows scheme of experiment on transport and
measurement of negative particle beam parameters.
The current value was measured by the current
collector having 10 cm diameter at a distance of 50 cm
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from the emission plane. At that, both the overall
current of negatively charged particles, and H™ ion
beam current could be measured. Thus, the weak
magnetic field was turned on in vicinity of extracting
hole to remove the electron flow from beam.

The source exterior is shown in Fig. 2. The ion
source has 17 cm diameter and 7 cm length. The
source housing under the cathode potential is mounted
inside isolator at the flange from external side of
which electric power connectors and gas supply valve
tube are seen. The front flange separated from the rear
one by isolator and is under the ground potential.

Fig. 2. General view of negative ion source

Fig. 3. Schemes of the two versions of H™ ion source:
a — Source with magnetron discharge; b — source with
additional hollow cathode discharge

At grounded flange elements of extracting systems
are mounted. In operation regime the rear flange with
the source is under negative potential of about 10 kV.

One can understand operation principle of the source
from its schematic drawing in Fig.3. The figure
presents two versions of the source. Gas valve for
hydrogen feed is marked as 1. The feed was done in
pulsed way, in advance of 1.5 us to turning on the
source discharge pulse. The discharge was ignited
between the electrodes 7 (anode) and 4 (cathode) in
crossed electric and magnetic fields. The magnetic field
of about 1kGs strength was formed between the
magnetic conductor poles 2 and 5 by means of ring
magnet 3. The anode was separated from the cathode by
ceramic isolator 6. Emission hole with 2 mm diameter
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are located in the anode insertion from molybdenum in
washer 7. Elements marked from 1 to 7 were assembled
at the rear flange. Extracting electrode 8 was assembled
at the front flange. Accelerating potential was supplied
to anode electrode 7 relatively to grounded electrode 8.
All said above regards to both source versions a) and b).
The difference of version b) was the presence of
chamber 9. As it was shown by the experiments, at
supply of the discharge voltage between electrodes 4
and 7, an additional discharge was ignited in the
chamber which provided essential influence on emission
features of the source. This discharge was glowing in a
region where magnetic field was shielded. We name this
discharge as the hollow cathode discharge.

3. RESULTS
Pulsed discharge was ignited by supply of the
discharger voltage to electrodes 7 and 4 after hydrogen
feed in presence of cesium vapor. Fig. 4 shows current-
voltage characteristics of the discharge in the source
with magnetron discharge, as well as in one with
additional hollow cathode discharge.
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Fig. 4. Characteristics of the discharge glow in the
source with hydrogen: a — Source with magnetron
discharge; b — Source with additional hollow cathode
discharge

One can see that the discharge characteristics are
close enough in both cases. At that, in the source with
additional discharge the voltage is somewhat lower with
the same current values. Measurements of negative
particle current from the source was performed at the
discharge current of 100 A. The discharge pulse had
500 us duration. Repetition rate was ~2 Hz. It was
determined that negative ion current from the source
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with hollow cathode comprised 5 mA, whereas the
current in the first version of the source was an order of
magnitude less. Fig.5 presents the dependence of
negative particle current from the source with hollow
cathode measured at the collector on the strength of
transverse magnetic field applied across the beam
behind emission slit of the source. One can see that at
the field increase up to 5 Gs negative particle current
drastically decreases from 25 to 5 mA. We explain this
behavior by the electron flow cutoff.
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Fig. 5. Dependence of negative particle current onto the
collector on deflecting magnetic field strength

In subsequent, the current remains unchanged up to
the field strength of 40 Gs and exhibits noticeable
decrease already at the field strength of about 200 Gs.
This part shows behavior of H™ ion flow in the magnetic
field. Results of negative particle current measurements
are presented in Table.

The beam current on collector

Magnetron source
Magnetron source with hollow
cathode
(Ig)mA 0,5 mA 5mA
(IgmA 55 mA 20 mA
o/l 11 4

Note that in the case with assisting discharge the
efficiency of negative ion extraction in the emission slit
region considerably increases. As well, one can see that
in this case negative ion portion in the negative plasma
component is essentially higher.

4. DISCUSSION

By comparison of the measurement results for
current values extracted from two versions of the
sources of negative particles, one can see that presence
of additional chamber with hollow cathode discharge
results in an increase of concentrations of both negative
ions and electrons and, consequently, overall plasma
density in the region of emission hole. The most
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probable reason of that is the plasma drift from
additional discharge region along magnetic field at the
source axis. Increase of plasma concentration in the
emission region results in the growth of formation rate
of H™ negative ions in the processes of recharging of
positive ions at the anode surface in vicinity of the
emission region and negative ions formation in the
plasma volume due to processes of dissociative
attachment of electrons to vibrationally excited
hydrogen molecules [3, 5, 6]. At the same time, one can
expect cooling the plasma electrons at the drift from
assisting discharge region through a zone of
concentrated magnetic field. It in turn may essentially
reduce the rate of negative ions destruction in a process
of their collisions with electrons. We mentioned only
the main processes responsible for negative ions
existence in hydrogen plasma of the source. Other
processes are possible as well. Particularly, efficient gas
blocking is possible during the discharge glow in the
source with combined discharge. It may essentially
reduce NI beam destruction on the gas stream at the exit
from the source. For now, one can resume that
mentioned processes for considered type of the source
require further detailed studies.

CONCLUSIONS

Accomplished experiments with axially symmetric
H" source with magnetron discharge have shown that
introduction of additional discharge of hollow cathode
type into the source enables essential increase of
extracted current of hydrogen negative ions. H™ current
density value about 150 mA/cm? on emission aperture is
reached. It can be explained by the plasma density
increase in emission region of the source. The last
should lead to increase of the rate of formation of
hydrogen negative ions in this region due to reactions of
recharging of positive ions at the anode surface, and
also due to volume processes of negative ions
formation. One can also assume that the negative ions
disappearance rate decreases due to lowering electron
temperature in this region. The last is confirmed by an
increase of contribution of negative ions current to
overall current of the beam extracted from the source
with additional hollow cathode discharge.
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OCOBEHHOCTHU U3BJIEYEHUS ITYYKOB OTPUHATEJIBHBIX HOHOB BOJOPOJA
N3 OCECUMMETPUYHOI'O HICTOYHUKA CO CKPEIIEHHBIMMH ITOJIAMHA

B.II. I'opeuxuii, A.H. /]o6posonvckuii

IIpuBoauTCS cpaBHEHUE SMUCCUOHHBIX CBOMCTB HCTOYHHKA MOHOB H™ C oceBoll cMMMETpHUEl ¢ MarHETpOHHBIM
pa3psaoM 1 ucTodHnKa H', B KOTOpOM MOC/IEI0BATENHHO C OCHOBHBIM JIOTIONTHUTENIHHO TOPHUT Pa3psill TUIA «ITOJIBIHA
katox». [lokazaHo, 4TO B TOCJIEAHEM CiIydae CYLIECTBEHHO BO3pacTaeT KOHIEHTpamus noHoB H B obmactu
SMHCCHUOHHOTO OTBEPCTUS UCTOYHMKA. Tok MOHOB H™ M3 HCTOYHMKA C JOMOIHUTENBHBIM Pa3psiioM yBEIHUUBAECTCS
Ha TOPS/IOK BEJIMYHMHBL. B KauecTBe NMpUUMH OOHApYKEHHOTO YBEJIIMUCHHsS KOHLEHTPALMH OTPUIATENbHBIX HOHOB
paccMaTpuBarOTCsl JIONOJHUTENIBHBIN Jpeiid mimasmpl M3 00JacTH BCIIOMOTATENBHOTO paspsaa M OXJIaXIeHUE
9JIEKTPOHOB IIPU TNPOXOXKACHUHM O0JIAaCTH C MAarHUTHBIM MojeM. J[oCTUTrHyTas BeIWuMHa IUIOTHOCTH Toka H™ B
mepecueTe Ha SMHCCHOHHYIO —AamepTypy HMCTOYHHKA COCTAaBMIA He MeHee 150 MA/cM’, 4To B monmTopa pasa
IIPEBBINIACT PaHEe MOJIyUYEHHBIC Pe3yIbTATHI.

OCOBJINBOCTI BUTATI'YBAHHA ITYYKIB HETATUBHHUX IOHIB BOAHIO
3 BICECUMETPUYHOI'O JKEPEJIA 31 CXPEIIEHUMH ITOJIAMUA

B.IL. I'opeyvkuii, A.M. /Jloopoeonscokuil

HaBeznieHo MOpIBHSIHHSL eMICIHHUX BJIacTHBOCTEH jkepena ioHiB H 3 cuMerpielo HaBKoJIO OCi 3 MarHeTPOHHHM
po3pszoM i3 mkepenoM H', B siIkoMy Z0IaTKOBO JO OCHOBHOTO 3alaIOETHCS PO3PS THITY «IIOPOKHHCTHI KaTOI.
[TokazaHo, 0 B OCTAaHHBOMY BHIIQJKy 3HAYHO 3pOCTae KOHIIGHTpalis ioHiB H B oOmacTi emiciifHOTO OTBOpY
mkepena. Ctpym ioHiB H™ i3 mKkepena 3 I0IaTKOBUM pO3PSIOM 30UIBIIYEThCS Ha MOPSOOK BeNMYMHH. B skocri
NPUYMH BHSABJICHOTO 30UIBIICHHS KOHICHTPALil HETaTHBHUX 10HIB PO3MJIANAETHCS NOAATKOBHH Iped( miasmu 3
00J7acTi IOTIOMIXKHOTO O3PSIy Ta OXOJOPKEHHS EJICKTPOHIB TPH TMPOXOMKEHHI 00JacTi 3 MAarHIiTHHUM MOJEM.
JlocarHyTa BeNMYMHA TYCTHHH CTpyMy ioHiB H y mepepaxyHKy Ha eMiciiiHy amepTypy JkKepesa CTaHOBHThH He
Menme Hix 150 MA/cM?, w0 B MIBTOpA pa3u MePeBePIIye TMOMEPEIHI Pe3yIbTaTH.
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