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CURRENT COMPENSATION OF HYDROGEN ION BEAM EXTRACTED
FROM PIG WITH METAL-HYDRIDE CATHODE

                   , I.N. Sereda, Ye.V. Klochko, A.F. Tseluyko, I.A. Afanas’eva

V.N. Karazin Kharkov National University, Kharkov, Ukraine, e-mail: igorsereda@mail.ru

The effect of extracted hydrogen ion beam compensation from reflective discharge with metal-hydride cathode that suf-
ficiently widens the possible field of applying plasma sources of such a type is found. The evolution of energy distribu-
tion function of ions extracted along the axial direction from reflective discharge with metal-hydride cathode depending
on external parameters of the discharge is investigated. The electron distribution functions which compensate hydrogen
ion beam are determined.
PACS: 52.40.Hf, 52.50.Dg

1. INTRODUCTION
At a treatment in high vacuum by positive hydrogen

ion beams of badly conductive or conductive but insulated
matters the accumulation of charge on the surface often
leads to ion reception abortion toward the surface or ions
receipt with lower energy [1]. In view of this fact the
problem of neutralization of ion beam charge is paid the
special attention. As a compensated component mainly
electrons generated with the help of filament emitters set
on the way of ion beam are used. However, using filament
emitters limit the term of unbroken work of devices.
Therefore the one of the actual problem at surface treat-
ment by ions is preventing or at least weakening the posi-
tive volume charge of the beam. The one of the most effi-
cient methods of solving this problem is current compen-
sation of ion beams.

In this work the experimental investigations directed
on physical processes studying which are responsible for
positive hydrogen ion beam compensation extracted in
axial direction from reflective discharge with metal-
hydride Zr50V50Hx cathode are presented. The main ad-
vantages of such compounds are high density hydrogen
packing in metallic matrix, the possibility of long term
storage and realizing the hydrogen supply in wide pres-
sure range. Furthermore in this case the opportunity of
power inputs decreasing on excitation, dissociation and
ionization of molecules and atoms of hydrogen at the ex-
pense of metal-hydride activation is possessed [2].

2. EXPERIMENTAL SETUP
The experiments were carried out on an installation

that is shown schematically in a Fig. 1. The electrodes of
reflected discharge were placed inside quartz cylinder.
The total length of a discharge cell was 70 mm. The
metal-hydride cathode (4) was performed in a form of a
disk electrode with a diameter of 20 mm and a width of
5 mm from Zr50V50Hx getter alloy saturated with hydro-
gen. The maximum amount of the accumulated hydrogen
in such electrode was 229 cm3 at standard conditions. The
second cathode (5) was made from copper. In verifying
experiments two copper cathodes were used. In the center
of both cathodes were holes 6 mm in diameter. Behind
them energy analyzers (6, 7) for energy spectrum of ex-
tracted ions investigation were placed. For registration of
charge particle beams intensity the energy analyzers were
changed on Faraday cups.

3. RESULTS AND DISCUSSION
The dependences of charge particle current extracted

from the discharge in axial direction on discharge voltage
drop are presented in Fig. 2. The character of extracted
charge particle current in case of two copper cathodes
applying (Fig, 2, curve 1) repeats the course of discharge
current on current voltage characteristic for reflective
discharge and agreed with the results of [3].
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Fig. 1. The scheme of experimental device:
1 – vacuum chamber, 2 – magnetic system,

3 – anode, 4 – metal-hydride cathode,
5 – cupper cathode, 6,7-energy analyzers
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Fig. 2. Dependences of charge particle current ex-
tracted along the magnetic field from reflective dis-

charge from the direction of metal-hydride cathode on
discharge voltage drop:

1 – copper cathode,  = 3·10-4 Torr; =600 Oe;
2 – metal-hydride cathode,  = 3·10-4 Torr; H=600 Oe;
3 – metal-hydride cathode,  = 3·10-4 Torr; =800 Oe;
4 – metal-hydride cathode,  = 3·10-4 Torr; =1 kOe
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In case of metal-hydride using as a material of the cathode
the extracted ion beam current behavior sufficiently dif-
fers (Fig. 2, curves 2, 3, 4). Starting from the magnitudes
of discharge voltage drop of Ud  2 kV practically linear
decreasing of charged particle current on the Faraday cup
is observed and at certain magnitude of discharge voltage
drop, which depends on magnetic field intensity and pres-
sure of working gas, the total ion current beam compensa-
tion is realized. The further increasing of anode voltage
leads to changing sign of extracted charge particle beam
and it became negative.

It should be pointed out that at increasing of working
pressure or intensity of exterior magnetic field the ion
current compensation shifts to the direction of higher
magnitudes of discharge voltage drop.

Such a behavior of current extracted from the reflec-
tive discharge is conditioned by anomalously fast-moving
electrons appearing at some conditions [4]. However in
our experiments the current compensation was observed
only at metal-hydride cathode applying in the working
pressure range of  = 1·10-5- 7·10-4 Torr when the dis-
charge voltage drop had exceeded some threshold level.
The magnitude of this threshold level depended on exte-
rior magnetic field intensity and the pressure of working
gas as well.

Moreover, when the ion beam was extracted through
the hole in the center of copper anticathode (at the pres-
ence of metal-hydride cathode) this phenomena was not
observed.

The evolution of energy distribution function of ions
extracted from the discharge in axial direction depending
on regimes of discharges working was carried out
(Fig. 3). The curve 1 corresponds to the maximum of the

positive current on Faraday cup. The curve 2 corresponds
to current compensation regime. The curve 3 corresponds
to negative current on Faraday cup (see Fig. 2). One can
see in the first case the distribution function is close to
Maxwellian one and the particles quantity and most likely
energy are minimal. In case of compensated beams ex-
tracting the distribution function has two groups of parti-
cles. The most likely energy of low-energy ions is ap-
proximately 600 eV, but high-energy ones exceed 800 eV.
The quantity of low-energy particles almost in a half ex-

ceeded the high-energy ones. The total particles quantity
increased as well. In the third case two groups of particles
are observed as well, however the peak of low-energy
ions decreased, but high-energy ones rose up.

The presence of low-energy peak on ion energy distri-
bution function in case of metal-hydride cathode applying
could be explained by corpuscular hydrogen generation
H+ which concentration distinctly increases in discharges
with metal-hydride electrodes [5]. However despite the
sufficient increasing of H+ ions part in discharges with
metal-hydride electrodes their concentration relatively to

2
+ does not exceed the magnitude of 0,01% [5, 6].

Therefore the most probable explanation of observed dis-
tribution function behavior is as follows bellow.

In case of saturated with hydrogen metal-hydride
cathode applying big quantity of hydrogen is desorbed
from such a cathode under the influence of ion bombard-
ment. As it was mentioned above hydrogen is desorbed in
activated state, that leads to decreasing of ionization po-
tential on 0.3…0.5 eV and increasing of ionization cross-
section in 1.5 times [2]. Accordingly ionization rate in
this field increases. Thus, there are hydrogen ions de-
sorbed from metal-hydride cathode in discharge paraxial
field where a space potential is about several hundreds
volts. As long as ion energy is determined by potential of
their generation point then produced hydrogen ions will
possess the energy corresponding to the space potential on
the discharge axis. Such a behavior was the same in the
whole range of working pressure.

For energy spectrum registration of electrons, which
leave the discharge and compensate the ion beam, the first
grid of energy analyzer was supplied by positive poten-
tial. The magnitude of this potential was +1.5 kV.

Typical electron energy distribution functions in case
of compensated beams generation are presented in Fig. 4.
One can see that, at exterior magnetic field intensity
changing the electron most probable energy does not suf-
ficiently changed and corresponded the value of approxi-
mately 100 eV. The behavior of electron energy distribu-
tion functions at various pressure of working gas was
similar.
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Fig.3. Ion energy distribution function extracted along
the magnetic field from reflective discharge with metal-

hydride cathode
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Fig.4. Electron energy distribution function ex-
tracted along the magnetic field from reflective

discharge with metal-hydride cathode
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4. CONCLUSIONS

Thus, the possibility of compensated positive hydro-
gen ion beams forming from penning type plasma source
with metal-hydride cathode is experimentally proved.
This phenomenon is conditioned by activation of hydro-
gen that desorbed from metal-hydride cathode under the
influence of ion bombardment of its surface.

The evolution of energy distribution function of ions
extracted along the axial direction from reflective dis-
charge with metal-hydride cathode depending on external
parameters of the discharge is investigated. It is found the
appearing of the low-energy group of ions in case of ion
beam compensation regime. This group of ions probably
corresponds to the desorbed hydrogen, which was ionized
on the axis of the discharge.

The distribution functions of electrons which leave the
discharge together with hydrogen ions are determined.
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