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The experimental studies of the Penning-type charged particle source with metal hydride cathode are presented. In
order to determine the mechanisms responsible for the emission of negative particles in the axial direction, the influence of
different hydrogen feeding methods were studied. To simulate hydrogen desorption the cathode of special design was
applied and to force only hydrogen ion-stimulated desorption the forced cooling metal hydride cathode was used.
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INTRODUCTION

Application of metal-hydrides (MH) based on Zr-V
alloys capable of reversibly storing hydrogen isotopes
as cathode material in plasma sources is known to have
a number of advantages as compared with common
supply systems. Hydrogen desorption from MH is
caused by both heating of the sample and the current
discharge influence. It allows not only to safety store
hydrogen and realize the local gas feeding but to also to
raise the efficiency of a source due to metal-hydride
hydrogen activation [1]. For instance, experiments with
Penning-type ion source using MH-cathode revealed an
additional (third) regime of the source working in the
range where high discharge voltage appears [2]. In this
regime, only the ions from the MH-cathode side are
kept on in the axial flow, but the electrons were
registered on the opposite side. The negative current
increased along with the discharge voltage and at some
point it exceeded the ion current. It made possible, for
instance, to get compensated beam for technological
applications. The problem in source designing was the
strong dependence of desorbed neutral hydrogen flow
on MH-cathode temperature. It made the stabilizing the
discharge regime a difficult problem. This paper is
devoted to solving the problem of pressure stabilizing
and determining the mechanisms responsible for axial
electron emission from the discharge for improving the
source characteristics.

1. EXPERIMENTAL SETUP

The experimental setup is based on Penning-type
discharge cell represented in Fig. 1.

Three types of cathodes were used in the
experiment. The first one is the MH-cathode pressed
from powder mixture of saturated with hydrogen
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Fig. 1. The scheme of discharge cell:
1 —anode; 2 — MH-cathode; 3 — cathode-holder;
4 — thermocouple; 5 — cathode-reflector; 6 — collector
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ZrsoVsoH, alloy and copper stuff with initial saturation
of hydrogen about 900 cm® under normal conditions
was just set in discharge. The second one is the same
MH-cathode but with water-cooling. The third one is a
copper cathode with hydrogen supply for simulation of
hydrogen desorption. All types of cathodes have the
same spatial dimensions: 2.0 cm in diameter and 0.5 cm
thick. The cathode-reflector is made of copper and has
an aperture at the center with 0.5 cm in diameter. In
check experiments two solid copper cathodes were used.
A collector or an electrostatic energy-analyzer can be
set behind the aperture in cathode-reflector.

In hydrogen desorption simulation experiments,
balloon let hydrogen in locally through thin holes in the
working surface of the copper cathode. The ratio between
local (through cathode) and additional (in vacuum
chamber) flows of supplied hydrogen as well as intensity
of external magnetic field were picked the same as in [2]
at third regime of discharge with MH-cathode.

The residual pressure in vacuum chamber did not
exceed 5-10° Torr. The investigations were carried out at
the pressure of 10 ...10™ Torr. A working pressure that
is higher that the residual one was achieved by initial
balloon hydrogen supply into the vacuum chamber.

2. RESULTS AND DISCUSSION

The typical dependences of collector current on
discharge voltage are shown in Fig. 2 for the cases of MH-
cathode with water-cooling and without the water-cooling,
cathode with supply and solid cathodes (check
experiment).
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Fig. 2. Dependence of collector current on discharge
voltage for different cathodes, P = 3-70° Torr,
H =1 kOe: 1 — MH cathode; 2 — water-cooled MH
cathode; 3 — simulation experiment; 4 — check
experiment
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One can see that the third regime of the source with
MH-cathode starts at about 3.0 kV (see lines 1 and 2 in
Fig. 2) in both cases: with and without water-cooling.
The higher voltages for which the current changes its
sign in the case of MH-cathode without cooling are
obviously explained by the effect of pressure on ion
quantity in the output flow. In simulation experiments,
the current on collector diminishes as well (see line 3 in
Fig. 2). As it was revealed by retarding field method,
there are no electrons in output flow in simulation
experiment. (This differs the simulation experiment
from the case of MH-cathodes in which current
reduction results from the electron part in output ion-
electron flow increasing.) So, there is no third regime in
simulation experiment as well as in check experiments.
This proves the determining role of desorbed hydrogen
in producing the axial electron flows at heightened
discharge voltages.

Transition to the third regime is followed by step
increase of HF-oscillation frequency and amplitude of
diocotron type instability [3]. Taking into account a well-
known expression for the frequency of diocotron
oscillations f~E,/H [4], the raise of oscillation
frequency is explained by radial electric field (E,)
increasing caused by redistribution of axial (E,) and radial
(E,) electric fields in favor of E, (potential on the axis of
the system decreases). Wherein redistribution of radial
(Ey) and axial (E,) electric fields provides the primary
ionization in anode layer. Comparison of experiments
with MH-cathode and the simulation ones revealed that
desorbed hydrogen flow makes an impact on spatial
distribution of axial electric field (E;) in the gap and
gradient of E;, arising [3]. Simulation experiments lead to
E, gradient appearance only.

So, the deciding factor for axial electron flow
emission is the HF-instability developing under the
conditions of hydrogen desorption from MH-cathode in
non-equilibrium state. Electron emission only from one
side is caused by additional neutral hydrogen flow from
the direction of a cathode. At total hydrogen outlet from
MH-cathode the third regime disappears, and discharge
behaves as in case of usual cathodes.

But the problem with designing a working source is
the strong dependence of desorbed hydrogen flow on
MH-cathode temperature that makes it difficult to
stabilize the discharge regime. From this point of view
MH-cathode cooling could solve the problem. This
could allow stabilizing the discharge working pressure
and eliminating the hydrogen Kkick caused by
uncontrolled thermal decomposition of hydride phases
[5]. Low temperature of MH-cathode (lower than
hydride phases decomposition one) ensures hydrogen
desorption only due to ion-stimulated processes. This
provides the possibility to control the hydrogen
desorption rate by current discharge and work only on
hydrogen desorbed from the cathode. This will reduce
the hydrogen consumption and rise the source life time.
Further experiments should be carried out to make sure
of discharge characteristics not changing.

The typical collector currents are presented in Fig. 3
for the case in which the discharge works only on the
hydrogen desorbed from MH-cathode. One can see that
the discharge behaves in the same way as in previous
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Fig. 3. Dependence of collectors current on discharge
voltage for different cathodes, P = 5-70° Torr,
H =1 kOe: 1 — MH cathode; 2 — water-cooled MH
cathode; 3 — check experiment

experiments with the MH-cathode with an additional
external hydrogen supply into vacuum chamber (see
lines 1 and 2 in Fig. 2). Moreover, pressure increase
does not sufficiently shift the voltage for the discharge
transition to the third regime. All these issues give an
opportunity to work only on hydrogen desorbed from
MH-cathode without external feeding and apply the data
obtained in previous experiments. MH-cathode water-
cooling is only the tool for pressure maintaining here [4].

Fig. 4 shows ion energy distribution function (IEDF)
for all cathodes used in the experiments and for both
cases of hydrogen supply: due to desorption from MH-
cathode only and with addition external hydrogen
supply into vacuum chamber.

Discharge voltages for measuring the IEDF were
chosen in the following way. Figures for Uy = 2.5 kV
correspond to the second discharge regime, when only
ions are registered in axial direction [2]. Figures for
Uy =3 kV correspond to the transition to third regime
(electrons start to appear in the output flow). And figures
for Uy=3.5kV correspond to the third regime of
discharge working (output axial current has negative
sign). Note that under residual pressure of P = 5-10° Torr
there is no data to compare with. That is why only data
for MH-cathodes is presented on upper figures in Fig. 4.

One can see qualitatively the same behavior of
distribution  function in check and simulation
experiments (see lines 1 and 2 respectively in Fig. 4).
The only difference is the particles quantity output from
the discharge. In the case of MH-cathode the
distribution function shifts and widens towards the
lower values of energy at discharge transition to the
third regime. This is due to widening of intensive
ionization field from anode layer to discharge axis with
lower values of space potential. This phenomenon is the
mostly pronounced in the case of MH-cathode without
water-cooling (see line3 in Fig.4). In This case
intensive hydrogen desorption in non-equilibrium state
takes place under the influence of discharge current that
leads to ionization intensification near the axis. In the case
of hydrogen desorption only due to ion-stimulated
processes (see line 4 in Fig. 4) the situation is the same but
the quantity of desorbed hydrogen is sufficiently lower
and, accordingly, the distribution function widens not so
much. Data differences (see line2 in Fig.4) for
simulation experiments are explained by the ratio
between local and additional feeding of hydrogen that
was maintained to be the same in a whole range of
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Fig. 4. lon energy distribution function at H = 1 kOe for different pressures discharge voltages and cathode type:
1 — check experiment; 2 — simulation experiment; 3 — MH-cathode; 4 — water-cooled MH-cathode

discharge voltages. Whereas desorbed hydrogen flow
depends on discharge current and for given cases the
flow was sufficiently lower than for simulation
experiment.

CONCLUSIONS

The possibility of discharge working only on the
hydrogen desorbed from MH-cathode due to ion-
stimulated processes is shown. The hydrogen desorption
does not sufficiently influence the discharge emissive
characteristics, which gives an opportunity to use the
data obtained in previous experiments.

The deciding factor for axial electron flow emission
is HF-instability developing under the conditions of
hydrogen being in non-equilibrium state desorption
from MH-cathode. Electron output only from one side is
caused by additional neutral hydrogen flow from a
cathode direction. After hydrogen desorbs from MH-
cathode completely, the third regime disappears, and
discharge behaves as in the case of usual cathodes.
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BJIMAHUE CIIOCOBA HAITYCKA BOAOPOJA HA DMUCCHUOHHBIE XAPAKTEPUCTUKH
PA3ZPAJA HEHHUHT A C METAJUVIOT'UAPUJIHBIM KATOJOM

H.H. Cepeoa, A.D. I]enyiixo, /].JI. Pabuukos, E.B. bop2yn, M.O. I'onuapenxo

IMpencraBnensl  pe3ynbTaThl

OKCIICPUMCHTAJIbHOTO

HUCCICAOBAHUA HCTOYHHKA 3apAKCHHBIX HacTuIl

MIEHHUHTOBCKOTO THIA C METANIOTHAPHIHBIM KaTogoM. C menbio ompeneneHus (akTopoB, OTBETCTBEHHBIX 3a
OMHCCHIO OTPHUIATEIHHBIX YACTHI B aKCHAJIHHOM HAIPaBICHMH, M3YYCHO BIMSHHME DPAa3HBIX CIIOCOOOB HaITycKa
BOoJOpona B suUelky. s WMHUTAIMM IecopOIMK TNPUMEHEHBl KaTOAbl CHEIMaIbHON KOHCTPYKIMH W HOH-
CTUMYJIHMpPOBaHHasI eCOPOIHs BOJOPOAA 3a CUET MIPUHYAUTEIBHOTO OXJIAXKASHHUS METAJUIOTUIPUIHOTO KaTo1a.

BILJINB CIIOCOBY HAITYCKA BOJHIO HA EMICIMHI XAPAKTEPUCTHUKH PO3PSIY IEHTHT A
3 METAJIOTTAPUIHUM KATOAOM

IM. Cepeoa, O.®. llenyiurxo, 1.J1. Paouukos, €.B. bopzyn, M.O. I'onuapenko

[IpencraBneHo pe3yabTaT eKCIEPUMEHTAIBHOTO JOCIHKEHHS JDKEpena 3apsKCHAX YaCTHHOK ITEHIHTOBCHKOTO
TUIY 3 METAJIOTiIAPUIHAM KaTOIOM. 3 METOK BH3HAYCHHS (haKTOPIB, IO BIAMOBINAIOTH 332 E€MICII0 HETaTHBHHX
YaCTHHOK B aKCiaJJbLHOMY HalpsIMKY, BUBYEHO BIUIMB Pi3HHUX CIIOCOOIB HAIyCKy BOIHIO B MpOMiKOK. Jlist imiTamii
JecopOIIil 3acTOCOBaHI KaToJa CICIiallbHOI KOHCTPYKINI 1 10H-CTHMYIIbOBaHa JecOpOLis BOJHIO 33 PaxyHOK
MPUMYCOBOT'O OXOJIOKEHHSI METAOTAPUIHOTO KATOTy.
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