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The possibility of increasing the current of negative hydrogen ions extracted in the longitudinal direction from
Penning discharge with a metal-hydride cathode by changing potentials at the discharge cathodes is investigated. An
electromagnetic filter is used to separate negative ions from the extracted flux of charged particles. A significant
correlation between the extracted total current and the current of negative ions from the cathode potential was found.
The optimal parameters for the effective extraction of H™ ions are determined. The current of the H™ ion beam at a

level of 10 pA was obtained.
PACS: 52.80.Sm

INTRODUCTION

H™ negative hydrogen ions have a high neutralization
efficiency over a wide energy range [1], they are used
both in solving the problem of controlled fusion [2], and
in the production of a number of medical radionuclides
for diagnostics and contact radiation therapy [2, 3].

The main requirements imposed on the H™ ions
sources are its brightness and ecological purity.
However, nowadays it is not possible to meet these two
requirements in one device, since an increase in the
efficiency of the source is achieved only by injection
cesium vapor into it [4].

For environmentally friendly use, it is necessary to
have cesium-free sources with H™ volume production
[5]. The formation of negative ions in these sources
occurs due to the dissociative thermal electrons
attachment to vibrationally excited hydrogen molecules
H,", which are formed due to collisions with electrons
energy of >50eV [1, 6]. Therefore, these sources are
double-chambered, ~which invariably entails H,
molecules loss and a decrease of the H™ ions production
efficiency.

Moreover, due to a change in the discharge
properties when a metal-hydride cathode is using, it
opens the possibility for longitudinal extraction of
negative ions [8, 9].

The original separation of regions with fast and slow
electrons exists in a Penning discharge: in an anodic
layer, electrons are heated to the necessary energy due
to diocotron instability, and in a cathode region there is
a large number of slow electrons obtained both from
secondary emission processes and from reflection and
scattering [7]. If one or both cathodes are made of
metal-hydride, the H," molecules are formed due to the
activation of desorbed hydrogen directly at its surface
[8]. This significantly increases the efficiency of ion
production in the discharge volume. Moreover, due to a
change in the discharge properties when a metal-hydride
cathode is using, it opens the possibility for longitudinal
extraction of negative ions [8, 9].

The purpose of this article is to investigate the
possibility of increasing the current of negative
hydrogen ions extracted in the longitudinal direction
from Penning discharge (PIG) with metal-hydride
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cathode by changing the potentials at the discharge
cathodes.

1. EXPERIMENTAL SETUP

A schematic diagram of PIG with a metal-hydride
cathode and an electromagnetic filter is shown in Fig. 1.

KN

Fig. 1. The scheme of experiment:
1 — metal-hydride cathode; 2 — anode; 3 — cathode-
reflector; 4 — electromagnetic filter

The discharge cell consisted of a water-cooled
metal-hydride cathode 1, a tubular anode 2, and a
copper cathode-reflector 3 with a central aperture.
Behind the aperture of the cathode-reflector was an
electromagnetic filter 4 for cutting off positive ions and
electrons. The calculation and design of the filter are
discussed in [10].

The metal-hydride cathode 1 had a disk shape of 5
thick and 20 mm in diameter. It was made by pressing a
hydrogen-saturated powder ZrsgVs, with a copper
binder. The initial degree of hydrogen saturation was
~900 ¢m® under normal conditions. The metal-hydride
cathode had water cooling to stabilize the desorption
rate of hydrogen. Its temperature in the experiments did
not exceed 20°C, which is much lower than the
decomposition temperature of the hydride phases.
Therefore, H,  desorption was determined only by the
discharge current and generally was provided by ion-
stimulated processes on the surface of the metal-hydride
[8].

It was possible to supply potentials to the discharge
cathodes to study the possibility of increasing the
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negative ions current. The range of variation of the
supplied potentials was( 0 + 250) V.

2. RESULTS AND DISCUSSION

Fig. 2 demonstrates the operation of the PIG with a
metal-hydride cathode and an electromagnetic filter as
an axial source of negative hydrogen ions. This figure
shows the dependence of collector current I on
discharge voltage Uy with the electromagnetic filter
turned off and on.
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Fig. 2. The dependence of collector current I on
discharge voltage Uy (H, = 1000 Oe, p = 3.5-10°° Torr)

Total collector current includes positive ions current,
electrons current and H™ negative hydrogen ions current.
The Penning discharge operates in one of three modes,
depending on anode voltage, when positive ions or
electrons predominate in the axially-directed current [8,
9].

In the mode I (Ug = 1...2 kV) the negative current is
more than 10 times higher than the current with
electromagnetic filter is switched on. Basically it's an
electron current successfully suppressed by a magnetic
filter.

Mode Il (Ug> 2 kV) is characterized by the fact that
ions predominate in the outflow current [9] against the
symmetrical electrical inclusion, when both cathodes
were grounded. The supply of negative bias at the
metal-hydride cathode leads to the fact that the total
current registered by the collector always has negative
values, i.e. positive ions in the outflow cannot
compensate the negative particles.

And, finally, in the mode Il (Ug>2.5kV) a high
negative current appears again. As noted previously [8,
9], the mode Il is a consequence of the use of the
metal-hydride cathode.

The shape of the curve for the ion current H™ with
the filter applied repeats the shape of the total current,
which agrees with the previous works [10, 11].
However, the values of the extracted current of negative
ions depend strongly on the magnitude of the electric
bias.

Fig. 3 shows the behavior of the total current on the
collector (electromagnetic filter is turned off) and the
ion current H™ with the filter turned on, depending on
the magnitude of the negative bias on the metal-hydride
cathode.

We can see, that the total, axially-directed current
grows with negative bias on the metal-hydride cathode.

ISSN 1562-6016. BAHT. 2019. Nel(119)

This total current consists predominantly of electrons,
which, under the action of an electric field, are pushed
out of the cell volume toward the cathode-reflector. An
increase in the ejection field leads to an increase in the
extracted current, which agrees with the results of other
authors' experiments [7].
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Fig. 3. The dependence of collector current I, on
negative bias on the MH-cathode (H, = 1000 Oe,
p =3.510° Torr)

On the other hand, a double increase in the current
of negative ions with the filter turned on is observed
only within the limits of the change in the potential on
the metal-hydride cathode to -50 V. Further increase in
the magnitude of the negative electric bias on the metal-
hydride cathode leads to a decrease in the current of
negative ions to previous values and lower, despite on a
significant increase in the total current of charged
particles extracted in the longitudinal direction. This is
due to the fact that the region of rotation of the electron
trajectories is moved away from the surface of the
metal-hydride cathode and the efficiency of the
formation of H™ ions decreases by the mechanism of the
dissociative attachment of slow electrons to the
desorbed excited hydrogen molecules H,".

The supply of a positive potential to the cathode-
reflector leads to directly opposite results (Fig. 4). With
increasing of the electric bias, the current of negative

ions decreases together with the total outgoing
longitudinal current.
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Fig. 4. The dependence of collector current I, on
positive bias on the cathode-reflector (H, = 1000 Oe,
p =3.5:10° Torr)

191


http://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/as+noted+previously

When electric bias is applied to the cathodes, as in
the case of the previous experiments [11], the current of
the H™ ions weakly depends on the external magnetic
field and increases together with the discharge voltage.

CONCLUSIONS

The paper shows the possibility of increasing the
current of negative hydrogen ions extracted in the
longitudinal direction from the Penning discharge with a
metal-hydride cathode. It is established that the
maximum value of the current of extracted in the
longitudinal direction H™ ions is achieved by applying a
negative bias to the metal-hydride cathode in the range
from 20 to 50 V. Desorption of hydrogen from the
metal-hydride cathode in the form of vibrationally
excited H, molecules leads to intense formation of H
ions. The large mean free path of the ions H™ provides
their unimpeded escape beyond the cell and the
formation of an axial flow of charged particles in the
longitudinal direction. Higher potentials move the
region of rotation of the electron trajectories from the
surface of the metal-hydride cathode and the efficiency
of the formation of H™ ions decreases.

The supply of a positive potential to the cathode-
reflector does not lead to any significant result.

The obtained current of negative hydrogen ions at
the level of 10 pA at a discharge current of 1 mA and a
discharge voltage of 4 kV can be interesting for high-
vacuum devices in which it is required to inject
continuous-type beams.
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YBEJIMYEHUE MPOJOJIBHOI'O TOKA NOHOB H U3 PA3PSAJIA IEHHUHI' A
C METAJUIOI'NAPUIHBIM KATOJ1OM

HU.H. Cepeoa, A.®. I]enyiixo, /I.JI. Paouukos, f.A. I peuxo, A.A. Kpynka

Hccrnenyercs BO3MOXKHOCTh YBETHUYEHHUS TOKAa OTPHUIATENBHBIX HOHOB BOAOPOAA, M3BJIEKAEMBIX B MPOJOJIEHOM
HanpaBIeHUH U3 pa3psaa IIeHHHHra ¢ METaUTOTHAPHIHBIM KaTOAOM, ITyTeM M3MEHEHHs MMOTEHIMAJIOB Ha KaToJIax
paspspa. Jlns cemapanuy OTpPHIATENBHBIX MOHOB M3 M3BJIEKAEMOTO IOTOKA 3apsDKCHHBIX YacTHIl HPUMEHSETCS
JNEKTPOMAarHuTHBIN GuiabTp. OOHapyKeHa CyIIECTBEHHAs KOPPEIsALUs H3BJIEKaeMOTO OOLIEro TOKAa M TOKa
OTPHIATENIFHBIX HMOHOB OT IOTEHIMana KarojoB. OmpelelieHbl ONTUMalbHbIE MapaMmeTpsl s 3¢dexkTHBHOrO
n3pneueHus noHos H™. [Tonyuen Tok myuka nonos H™ Ha yposre 10 MKA.

HNIIBUINMEHHA MMO3J0BKHBOI'O CTPYMY I0HIB H™ 3 PO3PAAY IIEHIHT'A
3 METAJIOTTAPUIHUM KATOAOM

IM. Cepeoa, O.®. llenyiixo, /I.)1. Paouuxos, A.0. I peuxo, A.A. Kpynka

JlocmimKy€eThCs MOXKIIMBICTh 30iNBIIEHHS CTPYMY HETaTUBHUX 10HIB BOJHIO, BHIOOYTHX Y MO3I0BXHBOMY
HanpsMKy 3 po3psany [leHiHra 3 MeTaJoriApuIHIM KaTOJAOM IUITXOM 3MiHHM MOTEHINaliB HAa KaToAax po3psay. Jis
cemaparii HeraTUBHUX 10HiB, III0 BUTATAIOTHCS 3 OTOKY 3apsKEHUX YACTUHOK, 3aCTOCOBYETHCS EIEKTPOMAarHiTHHH
¢ineTp. BusBneHa cyTTeBa KOpendlis 3arajJbHOTO CTPyMy 1 CTpyMy HETaTHBHHX 1OHIB Bil MOTEHIIATy KaTOMIB.
BuznaueHo onTumanbHI apameTpu I epeKTHBHOTO BHiyueHHs ioHiB H . Otpumano ctpym mydka ioniB H Ha
piBHI 10 MKA.
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