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The influence of metal hydride hollow cathode on a Penning ion source operation has been carried out. The
feature of investigation is hydrogen injection only due to its desorption from metal hydride under ion-stimulated
processes. The regimes of optimal discharge operation in the hollow cathode mode are determined. It has been
revealed that the transition to the hollow cathode mode occurs at lower voltages, the discharge works without
external gas supply, and the working pressure in the cell is set at the level determined by the discharge current. The
supply of a negative bias to the metal hydride hollow cathode weakly affects the features of the emission of axial
particles, although it allows the increase of plasma density near the metal hydride hollow cathode.

PACS: 52.80.Sm
INTRODUCTION

Gas discharge with a hollow cathode is believed to
be a source of high electron flux and relatively low ion
and neutral temperatures. It is widely applied in many
industrial plasma devices like fluorescent lamps,
electron or ion sources for modifying surfaces of solid
bodies (etching, depositing thin films), in analytical and
plasma chemistry [1]. Due to the partially bound of
plasma by the cavity-like geometry and the reduction of
electron loss a higher plasma density is achieved [1].

The choice of material for hollow cathode operation
mainly depends on working gas and the field of
application. For example, when working with heavy
gases such as Xe the best materials are porous tungsten
impregnated with BaO and lanthanum hexaboride
(LaBg), which are primary used for space applications
[2]. When working on light gases, such as hydrogen
isotopes, it is conveniently to use metal hydrides based
on ZrV alloys, which are pre-saturated with hydrogen or
it’s isotopes. A significant reduction of thermal loads on
such materials is achieved due to hydrogen desorption
as a result of metal hydride thermal decomposition [3].

A decrease of surface sputtering was achieved due to
the formation of protective gas target under metal
hydride surface during the bombardment by high-energy
heavy particles [3, 4].

Another advantage of metal hydride hollow cathode
application is the desorbtion of neutral hydrogen locally
at the cavity. Taking into account the excitation of
hydrogen molecules on the surface of metal hydride the
energy input can be reduced. It opens the way of
compact, cheap and gas-feed-free device creation [5].

Taking into account the ability of a Penning
discharge with a metal hydride cathode of emitting not
only positive ions, but also negative particles in the
axial direction [6, 7], we attempted to increase the
brightness of the source by applying the hollow cathode
effect.

1. EXPERIMENTAL SETUP
Experimental results were obtained on a Penning

cell with a metal-hydride hollow cathode schematically
shown in the Fig. 1.
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Fig. 1. The scheme of the Penning cell:
1 — metal hydride hollow cathode; 2 — cathode-holder with water-cool; 3 — thermocouple; 4 — anode; 5 — copper
cathode-reflector with an aperture; 6 — reflecting grid; 7 — electrons collector; 8 — filter magnetic coil;
9 — H™ ion collector; Hy — main axial Penning magnetic field (Hy = 0...0.1 T)
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The discharge cell consisted of a water-cooled metal
hydride hollow 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 negative ions registering.
The calculation and design of the filter were discussed
in [6].

The metal hydride hollow cathode 1 had a cylinder
shape of 15 mm thick and 20 mm in diameter. The
cavity was 5 mm in diameter. It was made by pressing a
hydrogen-saturated powder ZrsVs, with a copper
binder. The initial degree of hydrogen saturation was
~ 1500 cm® under normal conditions. The metal hydride
hollow 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 (Fig.2). 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.
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Fig. 2. The differential curve of hydrogen thermal
desorbtion from Zr50V50 sample
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Plasma parameters investigation was carried out
with a Langmuir probe 4 mm in length and 0.3 mm in
diameter. It was set in the axis of the discharge in a half
distance between the anode 4 and the metal hydride
cathode 1. The cathodes were under grown potential, on
the anode positive potential was supplied. A negative
potential in the range from 0 to -250 V can be supplied
to the metal hydride cathode.

2. RESULTS AND DISCUSSION

One of the advantages of metal hydrides application
as a material for a hollow cathode is the ability of a
discharge operation without external hydrogen injection.
It is achieved by hydrogen desorption from metal
hydride locally into the plasma region due to thermal
and ion-stimulated processes [8]. But the problem is the
uncontrolled velocity of hydrogen desorption that do not
allow of working pressure stabilization. The solution
could be the temperature control of metal hydride below
the minimum temperature of hydride phases
decomposition. It is approximately 80°C for ZrV alloy
used in our experiments. The cooling scheme of the
metal hydride cathode had been previously implemented
in [6, 7] and was also applied in this work.
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Fig. 3 shows the current-voltage characteristics of a
Penning discharge with a metal hydride hollow cathode.
It transits to hollow cathode mode from the pressure of
p =2-10" Torr. This pressure value is about three times
less than for copper cathodes application [5]. An
increase in the magnetic field also facilitates this
transition.

The transition is accompanied by a drastic jump of
discharge current, a thermal load on the metal hydride
cathode and a rapid increase of hydrogen desorption
rate. The metal hydride temperature control eliminates
the uncontrolled thermal hydride phases decomposition,
and hydrogen desorption will be determined only by
ion-stimulated processes from the cathode surface. The
pressure jump during the transition to the hollow
cathode mode turns out not so fatal. However, the main
result of this scheme is the ability of the stable discharge
operation in a hollow cathode mode without external
hydrogen injection. When the discharge current Iy
exceeded 10 mA and the discharge transited to a hollow
cathode mode, the external injection of balloon
hydrogen was switched off. The working pressure in the
cell automatically was set to a stable level, which was
determined by the rate of hydrogen desorption under the
influence of ion bombardment of the cathode surface. A
change in the discharge current leads to a synchronous
change in pressure (Fig. 4). The upper value of
discharge current Iy of 100 mA was limited by the
power supply unit used in the experiment, and the lower
value of 30 mA — by the minimum pressure, when the
hollow cathode mode still exists. Thus, at I > 30 mA
the hollow cathode mode exists without external gas
supply, and the operating pressure is set at the level
determined only by the discharge current.

100
90 1
80 1
70 1
60

I,, mA

50 4
40 4
30 +
20 1
10

U,, kv

Fig. 3. Discharge current I4 versus discharge voltage Uy
at started pressure p = 2-70™ Torr

Emission ability of the discharge demonstrated
significant change (Fig.5). If for I; < 10 mA
predominantly negative current of axial particles is
detected. The transition to the hollow cathode mode
reverses the situation. Positive ions prevail in the
extracted flow, whose energy is close to eUy [5].
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Fig. 4. Pressure p versus discharge current I

This phenomenon can be explained as follows. The
high-voltage mode of a Penning discharge is
characterized by the existence of thick anode layer,
where the most of supplied voltage Ug4 concentrates. So,
the potential in the cathode layer usually does not
exceed 0.02-eUy [9] and negative particles can freely
yield in the longitudinal direction. The electric field of a
grid 6 (see Fig.1) also apparently distorts the
distribution of the cathode potential and facilitates the
extraction of negative particles even more.

In the high-current mode when 1y > 30 mA the
voltage drops mainly in the cathode layers, and negative
particles are mainly reflected from the cathode potential
barrier back to the plasma and positive total collector
current is detected. Here the number of H™ ions is small;
accordingly, the recorded H™ current in hollow cathode
mode is also significantly lower than in previous case.
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Fig. 5. Axial current on the collector I, versus
discharge voltage Ugat H, = 0.1 T, p = 2:10™* Torr

A negative bias supply to the metal hydride hollow
cathode weakly impacts the specific features of axial
particles emission, although it slightly increases the
plasma density n near the metal hydride hollow cathode
(Fig. 6). The electron temperature T, decreases in this
case.

Fig. 7 demonstrates the ion current distribution on
the sections of the hollow cathode. One can see that
plasma penetrates into the metal hydride hollow cathode
deeper, but with the smaller currents value on the
cathode sections.
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It can be explained by hydrogen desorbtion due to
the ion bombardment. Hydrogen concentration in the
hollow locally increases, as a result the conditions of
plasma penetration into the hollow deeper are provided.
The lower magnitudes of ion current on the sections of
metal hydride hollow cathode at the same discharge
current can be explained because of coefficient of
secondary ion-electron emission for metal hydride is
lower than for copper and depends on metal hydride
saturation degree.
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Fig. 6. Plasma density n and electron temperature T,
versus negative shift on metal hydride cathode Uy at
Ho=0.1T,Ug=1.2KkV, I4=50 mA, p = 5-10* Torr
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Fig. 7. Current distribution along the hollow cathode
Ho=0.1T,Us=1.2KkV, Ig=50 mA, p=5-10* Torr

The supply of negative electrical bias on metal
hydride cathode linearly increases the current value on
the sections of metal hydride hollow cathode so that
plasma density n rises.

CONCLUSIONS

Thus, the cooling of metal hydride ensures hydrogen
desorption only by ion-stimulated processes from the
cathode surface. The transition to the hollow cathode
mode occurs at lower voltages, the minimum pressure
when the discharge transits to the hollow cathode mode
here is p = 2-10™ Torr, which is about from two to three
times less than for copper cathodes application.
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At 1y > 30 mA the hollow cathode mode exists
without external gas supply, and the operating pressure
is set at the level determined only by the discharge
current.

In high-voltage mode predominantly negative
current of axial particles is detected, but in hollow-
cathode mode the situation changes and positive
collector current is detected.

The supply of a negative bias to the metal hydride
hollow cathode weakly affects the features of the
emission of axial particles, although it allows the
increase of plasma density near the metal hydride
hollow cathode.
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BJIMSAHUE METAJVIOTUAPUJIHOI'O ITOJIOI'O KATOJA HA PABOTY NIEHHUHI'OBCKOTI'O
HOHHOI'O HCTOYHUKA

HU. Cepeoa, /1. Pabuuxos, A. I peuko, E. babenko

HccnenoBano BiMsAHME METAJUIOTHIPUAHOTO TIIOJIOTO KaToAa Ha paboTy HCTOYHMKA HOHOB [leHHWHTa.
OCO0EHHOCTBIO MCCIIEIOBAHMS SIBIISIETCS. MHXKEKIMS BOAOPOa TOJIBKO 32 CUET €ro AecOopOIMy M3 METaUIOTHApHUIa
I0JT JCWCTBHEM HOHHO-CTUMYJIHPOBAHHBIX TporeccoB. OmnpeneseHsl peKUMBbl ONTUMaIbHOW paboThl paspsiia B
peXHMe TOJIOTO KaToAa. BBISBIEHO, YTO Mepexo] B PEXHM IOJIOTO KaToJa MPOMCXOAWT MpU 0Oosee HU3KHUX
HaTpsDKEHUAX, paspsy paboraer 6e3 BHEIIHEH Mojadd rasa, a pabouee NaBieHHE B S4eHKe yCTaHABIMBAETCS Ha
YPOBHE, OIpe/iesIeMOM TOKOM pa3psja. Ilonaua oTpuIaTeIbHOr0 CMELEHUs Ha MONbIM KaTo U3 THAPUAA MeTalla
ci1abo BIMsIeT Ha OCOOEHHOCTH dMHMCCUU aKCHUAJIBHBIX YacCTull, XOTd IMO3BOJACT YBCIUYUTH IJIOTHOCTH IJIa3MbI
BOJIM3HM METAJJIOTUAPHIHOTO MOJOT0 KaToAa.

BIIJIMB METAJIOTTAPUIHOI'O IOPOXKHUCTOI'O KATOJA HA POBOTY NIEHHIHI'OBCBKOI'O
IOHHOI'O JUKEPEJIA

1. Cepeoa, /1. Paouuxoes, A. I'peuxo, €. badenxo

JocinipkeHo BIUIMB METANOTIIPUIHOTO IIOPOXKHUCTOTO Karoga Ha pobory Jokepena ioHiB IleHHiHra.
OCOOJMBICTIO JTOCHI/PKEHHSI € 1HXEKIlish BOJHIO TUIBKM 3a PaxyHOK Horo jecopOuii 3 Meraloriipuay mix miero
10HHO-CTHMYJIFOBAaHHX TpoIeciB. BH3HAUeHO PEeXUMHM ONTHMAIBHOI POOOTH PO3PALY B PEXKHMI MOPOKHHCTOTO
Karojia. BusiBiieHo, mo nepexin y peskuM MOPOKHHUCTOTO KaToaa BiZOyBaeThCs MPpH O1IbIIT HU3BKIN HANpy3i, po3psn
mparioe 0e3 30BHIMHBOI MOfadi ra3y, a poOOUYHil THCK B OCEpEIKYy BCTAHOBIIOETHCS HA PIBHI, IO BU3HAYAETHCS
cTpyMoM po3psiay. Ilomada HeraTWBHOrO 3CyBY Ha IOPOXKHHUCTHH KaroJ 3 TiApHAy MeTany ciabo BIUIMBaE Ha
0ocoOnMMBOCTI  eMmicii aKciaJIbHMX YacTMHOK, XO4a JIO3BOJSIE 30LIBIIMTH INIIBHICTE IUIa3MH  1MOONU3y
METAJIOTIAPUIHOTO MOPOXKHUCTOTO KaTo/1a.
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