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The results of experimental investigations of reflective discharge using sectioned hollow cathode are presented.
As constructive elements of the hollow cathode an alloy ZrsoVsoHy able to absorb hydrogen reversibly under low
pressure was used. It has been shown that in case of applying of metal-hydride hollow cathode the penetration of
plasma in the hollow occurs sufficiently deeper. The possibility to operate the plasma penetration into the hollow
cathode by means of potential variation on its sections was investigated. The peculiarities of energy distribution

function of extracted ions were carried out.
PACS: 52.80.Sm

1. INTRODUCTION

It is promising to apply solid-state hydrogen genera-
tors based on metal-hydride in gas supply systems of
hydrogen vacuum plasma devices. Using electrodes
from reversible hydrogen sorbents of ZrVH, system al-
lows for one's turn to provide internal feeding of spec-
tral-pure hydrogen in necessary field of a discharge gap
[1]. Equilibrium pressure over these compounds usually
not exceed 10 Pa at room temperature. The working
temperature of metal-hydride based on Zr-V alloys is in
the range of 400...900 K and gassing flows uniformly
in the mentioned temperature range. The peculiarity of
generated hydrogen is it’s desorbtion in activated state.
It is conditioned on vibrationall excitation of H,
molecules which are formed as a result of atoms H re-
combination on the surface of such compounds with the
following transition into gas phase of discharge in ther-
modynamic nonequilibrium state [2]. At that the ioniza-
tion potential of desorbed hydrogen decreases on 0.5 eV
and ionization cross-section increases in 1.5 times com-
parable with common molecular hydrogen filled from a
balloon [3]. It is efficient to apply such a compound as
the material of a hollow cathode in gas discharges and
ion sources. It was shown in [4] that in this case it is
needed sufficiently lower voltage for discharge transi-
tion into hollow cathode mode. This phenomena is de-
termined by plasma penetration in the cathode hollow.

In this work experimental investigation of peculiari-
ties of plasma penetration into the metal-hydride hollow
cathode and forming energy distribution function of ex-
tracted ions were carried out.

2. EXPERIMENTAL SETUP

Investigations of the reflecting discharge in hydro-
gen environment with the sectioned metal-hydride hol-
low cathode were carried out on the device which
scheme is presented on Fig.1 The total length of the cell
was 70 mm. The anode (7) was made from stainless
steel and represented itself hollow cylinder 32 mm in di-

ameter and 15 mm length. The sectioned hollow cath-
ode was made from five-disk electrodes 5 mm thick and
20 mm in diameter with a hollow in the center 6 mm in
diameter. The sections of the hollow cathode were made
from getter powder Zrs,Vso alloy saturated with hydro-
gen and pressed with copper binder. The initial hydro-
gen saturation was 230 g/cm® of the alloy at standard
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condition. The electrodes were electrically insulated
from each other through the ceramic insertion 1 mm

thick.

Y2
R1

Fig. 1. Installation diagram:
1 —vacuum chamber, 2 — magnetic system; 3 —
manometric transformer; 4 —
transformer; 5 —
6 — anticathode; 7 — anode; 8 — set of cathodes,
9 — pumping; 10— gas supply, 11 — power supply

ionizing
thermocouple manometric
ionizing - thermocouple vacuum gage;

In the comparative experiments hollow cathode from
copper with the same construction and dimension was
used. In the center of copper anticathode (6) was a hol-
low 6 mm in diameter behind which an energy analyzer
for energy spectrum investigation of extracted ions was
set. The initial working pressure was established at the
expense of external hydrogen supply in gas discharge
gap or directly through the hollow of the cathode. The
change of working pressure was realized at cost of hy-
drogen desorption from metal-hydride hollow cathode
under the influence of ion bombardment. Current on the
sections of the hollow cathode and integral distribution
function of the extracted ions were measured by two-co-
ordinate self-recording devices PDA-1.

3. RESULTS AND DISCUSSION

Usually in gas discharges with hollow cathode work-
ing gas feeding is realized through the cathode hollow
to provide the conditions of effective work of such cath-
ode. On the other hand using metal-hydride as cathodes
of plasma devices allows to realize internal hydrogen
feeding from such material at the expense of its desorb-
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tion under ion bombardment. The comparative investi-
gations of plasma penetration into the hollow were car-
ried out at external hydrogen feeding both into the vacu-
um chamber and through the hollow of the cathode. On
Fig.2 ion current distribution on the sections of the hol-
low cathode in case of working gas feeding into the vac-
uum chamber are presented. One can see that at using
metal-hydride plasma penetrates into the hollow deeper
(Fig.2, curve 3, 4), but currents on the sections of cop-
per hollow cathode are practically in two times bigger
(Fig.2, curve 1,2) in comparison with metal-hydride.
Such ion current distribution on the sections of the hol-
low cathode is explained by following. In case of metal-
hydride hollow cathode applying stimulated desorbtion
of hydrogen occurs at the expense of the ion bombard-
ment, hydrogen concentration in the hollow locally in-
creases, as a result the conditions of plasma penetration
into the hollow deeper are provide. In case of copper
hollow cathode it is felt of leak of working gas for ef-
fective working of such a device (Fig.2, curve 1, 2). The
lower magnitudes of ion current on the sections of met-
al-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 de-
gree [5]. On the other hand, as long as desorbed from
such alloys hydrogen is in vibrationally-excited state
then in this case the cross section of dissociative attach-
ment of slow secondary electrons emitted from the cath-
ode sufficiently increases [3]. As a result the generation
of negative ions takes place that leads to decreasing of
electrons able to ionize working gas.

In case of working gas feeding into the hollow the
excitation of hollow cathode effect happens at much
lower potential magnitudes and plasma penetrates along
the whole length of the hollow (Fig.3) as in case of met-
al-hydride (Fig.3, curve 3, 4)and in case of copper as
well (Fig.3, curve 1, 2). It is worth mention that in case
of hydrogen feeding directly through the hollow of the
cathode the more stable discharge working was ob-
served. Therefore following investigations were carried
out in the hydrogen feeding through the hollow mode.

For the purpose of investigation of possibility to op-
erate of plasma penetration into the hollow cathode the
discharge behavior at negative and positive potential
supplying on its sections was investigated.
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Fig.2. Current distribution along the hollow cathode.
H =600 Oe, 1, = 70 mA. 1-copper, p = 8*10*Torr,
2 -copper, p = 6*107 Torr; 3-metal-hydride,

p = 8*10* Torr, 4-metal-hydride, p = 6*10” Topp

96

35h
30
25
20k,

15

<

€ 16

— 14
1.2
1,0
0,8
0,6
0,4
0,2 - .

0,0y T T T T T T T =
0,0 35 7,0 105 140 175 21,0 245 280

Fig.3. Current distribution along the cathode under the
gas feeding through the hollow. H = 600 Oe,
1, =70 mA.1-copper, p = 8*10*Torr; 2-copper,
p = 6*10 Torr; 3-metal-hydride, p = 8*107 Torr;,
4-metal-hydride, p = 6*10 Topp

Negative voltage supply on all sections of the hol-
low cathode led to the shift of excitation potential of
hollow cathode to the lower magnitudes. However the
transition in hollow cathode mode in case of metal-hy-
dride applying was realized at lower voltage drop [4].
At that the character of current distribution on the cath-
ode sections changes (Fig.4, 5).
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Fig.4. lon current distribution on the sections of the
copper hollow cathode under negative potential supply-
ing on all sections. p = 4-107 Torr, H = 600 3,

1, =70 mA.1 — Uy, = ground potential;

-03kV;3-Up=-15kV
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Fig.5. lon current distribution on the sections of the
metal-hydride hollow cathode under negative potential
supplying on all sections. p = 4-107 Torr, H = 600 D,
1, =70 mA. 1 — U, = ground potential;
2-Up=-03kV;3-Uy=-15kV



The currents on the nearby (to anode) sections
(12" 37 are increase along the magnitude of negative
biasing increase as for metal-hydride hollow cathode
and for copper as well. However in case of metal-hy-
dride hollow cathode the increment of ion current on the
cathode sections decreases with increase of negative bi-
asing magnitude and at the magnitudes U, < -0,3 kV it
saturates. For the copper cathode the ion current on the
nearby sections increases uniformly with increase of
negative bias magnitude on the cathode. The currents on
4™ and 5™ sections practically do not change out of de-
pendence from the material of the cathode. The different
behavior of ion current changing at negative potential
supply for the metal-hydride and copper hollow cath-
odes can be explained by following. In reflective dis-
charge at negative biasing supply on the one of the cath-
odes the discharge current redistribution takes place that
leads to increase of current density and energy of the
ions which are bombard such a cathode. The presented
effect apparently explains practically linear increasing
of current on the nearby sections of copper cathode with
increase of negative biasing magnitude. The saturation
of the ion current on the sections of metal-hydride hol-
low cathode with increase of negative biasing magni-
tude apparently connected with processes of dissociative
attachment of slow electrons by vibrationaly-excited hy-
drogen molecules in the conditions of intensification
their desorbtion from the surface of metal-hydride.

At positive potential supply in the range of
0.5...2 kV to the middle section of the hollow cathode
while the other were at ground potential the case of
modified hollow cathode was realized where additional
anode is in the cathode hollow [6].

The discharge current magnitude in this case dis-
tinctly reduces and shift of hollow cathode excitation
mode is observed towards the higher voltage. Such a be-
havior was the same for all investigated magnitudes of
pressure and magnetic field. In such modified hollow
cathode ion confinement worse in comparison with typi-
cal hollow cathode and therefore the higher voltage drop
on discharge is realized [6]. However applying this
scheme of electrodes supply allows to operate of plasma
penetration into hollow cathode. Current increasing on
the middle section of the hollow cathode leads to cur-
rent reducing on the 4™ and 5" sections and current in-
creasing on 2™ section simultaneously (Fig.6, 7). Such a
behavior was observed for all investigated magnitudes
of pressure and magnetic field. Moreover at high poten-
tial supplying (more than +1.5 kV) on the 3™ section of
the hollow cathode the current on 4™ and 5™ sections re-
duces up to zero. Thus supplying of positive potential
on sections of metal-hydride hollow cathode it is possi-
ble to operate of plasma penetration into the hollow of
the cathode.

Investigations of ion energy distribution function
when the both cathodes are at ground potential have
shown that the most probable ion energy is within a
rather narrow maximum in the energy range close to
discharge potential (Fig.8). Such a behavior of distribu-
tion function was observed in whole range of working
pressure. The explanation of this fact apparently is that

BOITPOCHI ATOMHOM HAYKU M TEXHUKH. 2006. Ne 5.

these ions generate mainly in negative glow and without
sufficient energy loss at the expense of diffusion along
the discharge axis reache the anticathode [7].
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Fig.6. Current distribution along the copper hollow
cathode under the positive potential supplying on 3"
section and gas feeding through the hollow.

P =810 Torr, H= 600 Oe, I, = 70 mA.

1 — ground potential, 2 — Uz, = +0,5 kV;
3-Uss,=+2kV
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Fig.7. Current distribution along the metal-hydride hol-
low cathode under the positive potential supplying on
3" section and gas feeding through the hollow.

P =8107 Torr, H= 600 Oe, 1, = 70 mA.

I — ground potential; 2 — Us, = +0,5 kV;
3-Uy=+2k

1.U,=0.7kV,l,=10mA
2.U,=0.8kV,1 =20mA
3. Ud=1,05k\/,ld=30mA

N, arbitrary unit
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Fig.8. Ion energy distribution functions extracted from

reflected discharge with metal-hydride hollow cathode.
P =4-10° Torr; H= 600 Oe

With the purpose of possibility to operate of ion en-
ergy distribution function the negative voltage supply
on the hollow cathode relatively to ground potential was
realized. It led to discharge voltage drop decreasing. At
that the most probable ion energy for discharge with
metal-hydride hollow cathode (Fig.9,a) and for check
discharge with copper hollow cathode (Fig.9,b) decreas-
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es as the value of cathode negative shift increases. How-
ever if in case of check discharges such a behavior is
rides only by discharge voltage drop decreasing then in
case of metal-hydride cathode the most probable energy
of extracted ions was less than anode potential and was
the value of (0.7...0.8)-eU..

1.U,=0.8kvV,U, =gr.pot
2.U,=0.75kv, U, =-0,3kV
3.U,=0.65kV,U_=-1kV
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Fig.9. lon energy distribution functions depending on
potential negative shift on the hollow cathode:
P =410 Torr; H= 600 Oe; 1, = 20 mA; a — metal-hy-
dride hollow cathode,; b — copper hollow cathode

At increasing of negative shift value on metal-hy-
dride hollow cathode the difference between most prob-
able ion energies and anode potential increased. Such an
influence of negative glow shift on ion energy distribu-
tion function one can explain by following. Negative
voltage supply on hollow cathode leads to current densi-
ty of ions bombarded the surface of the cathode increas-
ing. As a result the quantity of activated hydrogen in the
hollow which has reduced ionization potential increases.
It leads to increasing of ionization efficiency in the hol-
low. As a result space potential in this area decreases
and as a consequence the most probable ion energy low-
er than discharge voltage drop value.

It should be pointed out that such an effect is typical
only for discharge with metal-hydride hollow cathode as
long as at hollow cathode changing on flat one the shift
of maximum on distribution function at negative shift
supplying practically was not observed.

Thus as a result of carried out experimental investi-
gations it has been shown that at activated hydrogen
desorbtion from the surface of metal-hydride cathode
the possibility to form hydrogen ion beams with the en-
ergy lower than in case of cathode materials applying
that does not content hydride phases appears. It is condi-
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tioned on reduced ionization potential of activated hy-
drogen. Metal-hydride hollow cathode applying allows
to widen the range of ion energy distribution function
controlling aside less energy values at the expense of
negative shift supplying on such a cathode.

CONCLUSIONS

Thus, it was shown that in case of metal-hydride us-
ing as a material of hollow cathode plasma penetrates
into the hollow sufficiently deeper then in case of cop-
per hollow cathode but the ion current on the cathode
sections lower. Applying such reversible sorbents of hy-
drogen allows to provide additive hydrogen supply di-
rectly through the hollow and lower values of bombard-
ed ion current decrease the sputtering such materials. It
was shown the possibility to operate the plasma penetra-
tion into the cathode hollow by the potentials supplying
on it’s sections. The experimental investigations of met-
al-hydride hollow cathode influence on energy of ex-
tracted ions from plasma ion source based on reflective
discharge. The opportunity to operate efficiently of dis-
tribution function of extracted from reflective discharge
ions by the changing of negative electric potential on
the metal-hydride hollow cathode has been shown.
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BJIUSHUE AKTUBUPOBAHHOI'O BOAOPOJA HA XAPAKTEPUCTHUKHU PA3PALA IEHHUHI' A
C ITIOJIBIM KATOJIOM

B.H. bopucko, E.B. Knouko, U.H. Cepeoda, A.®. Ilenyiiko

IIpencTaBneHsl pe3ynbTaThl SKCIEPUMEHTAIBHBIX HCCIEIOBAHUN OTPAXATEIBHOTO paspsiaa ¢ CEeKIMOHWPOBAH-
HBIM TIOJIBIM KaToZoM. B KadecTBe KOHCTPYKIIMOHHBIX 3JIEMEHTOB IOJIOTO KaTo/a MCIOIb30BaJICS TETTEPHBIA CIUIaB
ZrsoVsoHyx, criocoOHBIH K 00paTHMOMY IOTJIOLIEHUIO BOAOPOIa IIPH HU3KOM JaBieHnH. [loka3aHo, 4To MpUMEHEHHE
TaKOro Marepualia IPUBOAUT K 3HAUUTEIBHO OOJbIIEMY NMPOHHKHOBEHUIO TJIa3Mbl B KaTOAHYIO mojocTb. Hccieno-
BaHa BO3MOYXKHOCTb YIPaBJIEHHUs MPOHUKHOBEHHEM IUIa3Mbl B METAJUIOTHIAPUIHBIH TTOJIBIH KaTOA IyTEM BapbHpOBa-
HUS IOTSHI[MAJIaMH Ha ero ceKIusx. MccnenoBanbl 0coOeHHOCTH (DyHKIIMH pacripe/iesIeHUs] U3BJICKAeMbIX HOHOB M3
TaKoro paspsja.

BIIVINB AKTUBOBAHOI'O BOJHIO HA XAPAKTEPUCTHUKMU PO3PAAY IEHHIHT A
3 IOPOXKHUCTUM KATOAOM

B.M. bopucko, €E.B. Knouko, .M. Cepeoa, O.®. I]enyiiko

IpeacTaBneHo pe3yibTaTd EKCIEPUMEHTABHUX —JIOCHTI/DKEHb BiIOMBHOIO pO3psaAy 3 CEKIiOHOBaHUM
MOPOXKHHUCTUM KaTOAO0M. B sIKOCTI KOHCTPYKITITHUX €IEMEHTIB MOPOXKHHUCTOTO KaTOTy BUKOPUCTOBYBABCS TCTCPHUIMA
ciaB ZrsoVsoHy, 10 31aTeH 00OpOTHO MOTJIMHATH BOJCHB NMPH HU3BKOMY THCKY. IToka3aHo, IO 3aCTOCYBaHHS
TaKOro MaTepiajy NMPHBOAUTH JO 3HAYHO OIJBLIOrO MPOHUKHEHHS IJIa3MH B KaTOAHY MOPOXKHHHY. JlocmimkeHo
MOXIIMBICTh KEPYBaHHS NPOHUKHEHHSIM IUIa3MH B  METAIOTIAPUIHMN  TOPOKHHCTHH  KaToOA  ULIIXOM
BapifOBaHH MMOTEHITialaMH Ha HOTO ceKuisx. JlochimkeHo ocoOmmuBoCTi GPyHKINT pO3MOIUTY 10HIB, IO BUTATAIOTHCS
3 TAKOT'O PO3PSILY.
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