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In the present study the characteristics of discharge in crossed EH fields in acceleration and plasma regimes have
been researched at low voltages near the breakdown curve. The new experimental data for current-voltage
characteristic and their dependence on argon pressure and magnetic fields strength are presented. It is shown that
initial stage of the current-voltage characteristic in acceleration and plasma regime are quite similar and correspond
to regime with “oscillating” electrons. The theoretic model based on the energy balance of electrons in plasma
regime is presented as well as the comparison of the theory with the experiment. The obtained results may be useful

for further development of magnetron sputtering systems and plasma accelerators with closed electrons drift.
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INTRODUCTION

The ion source “Radical” has two different operating
modes [1-3]. First of them usually name a "accelerating"
mode (collimated-beam mode), or “a mode with an
anode layer ”, and the second - “magnetron”, "plasma",
or “diffusion-beam mode” [3, 4].

As show experiments [3] transition of a ion source in
such modes depends on the working gas pressure.
Transition from “magnetron” to "accelerating" mode is
observed at reduction of pressure in the ion source less
than
6:10* Torr. The "accelerating" is characterized by
discharge currents in the order of hundreds mA, and
high values of current efficiency (70...80 %).

At work in “magnetron” mode the discharge expands
from the accelerating channel of a source to the
technological chamber volume. The discharge at this
mode has greater currents in the order of even tens
amperes [4], and small current efficiency (20...30 %).
At such mode intensive sputtering of a cathode material
is observed, that is typical for magnetron sputtering
systems [5].

At the present moment is not enough the
experimental materials necessary for a theoretical
explanation of processes, taking place in the discharge
at transition from one mode in another.

The aim of the present work is experimental research
of transitive characteristics of the discharge in crossed E
and H fields near to a threshold of ignition, and also
development of the theoretical model of this
phenomenon.

1. EXPERIMENTAL SETUP

The research was carried out on experimental
installation with the ion source "Radical". The source is
the type of ion source with the cold cathode and gas
discharge in crossed E and H fields. In such sources the
closed drift of electrons in crossed E and H fields in the
interval anode — cathode is realized. The ionization of
working gas is provided by high-energy electrons
which are kept in specially organized electromagnetic
trap.

The electron location in the interval anode - cathode
is carried out by potential "well" and lenses
configuration magnetic field. Ions, unlike electrons,
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practically is not influenced by magnetic field and
accelerated in electric field. Therefore in space of
transportation the tubular ion beam with an initial
diameter about 100 mm is formed. The design of the ion
source is presented on Fig. 1.

Fig. 1 Schematic layout of “Radical” ion source.
1 —solenoid; 2 — cathode; 3 — anode; 4 — gas inlet;
5 — cooling water inlet for anode ; 6 — anode layer

of electrons

2. EXPERIMENTAL RESULTS

In an experimental part of work ignition curves have
been measured depending on a current of the solenoid
and working gas pressure, and also current-voltage
characteristics in different modes of the discharge. On
Fig. 2 the ignition curves of the discharge at various
pressures are presented. As follows from figure,
qualitative character of breakdown does not vary from
pressure of working gas. There is a threshold of the
solenoid current value (0.5...0.8 A) and above which
the magnetic field doesn’t effect on the breakdown
voltage. This size of a magnetic field corresponds to the
Hell’s cut-off.
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Fig. 2. The ignition curves of the discharge at various

pressures
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Fig. 3. The current-voltage characteristics of the ion
source in linear scale of a current at various pressure of

working gas
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Fig. 4. The current-voltage characteristics of the ion
source in logarithmic scale of a current at various
pressure of working gas

The current-voltage characteristics of the ion source
in linear scale of a current at various pressure of
working gas are presented on Fig. 3. The pressure was
measured in the working chamber and the pressure in
the ion source exceeded pressure in the chamber in
7 times.

The investigation of current — voltage characteristics
near the threshold of ignition, at rather small values of
current and voltage, has been made by means of the
digital voltmeter with high resolution. These
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characteristics are presented in half-logarithmic scale of
current and voltage on Fig. 4.

As has shown on the Fig.4 the starting part of
current- voltage characteristics, corresponding to
various operating modes of the ion source are similar,
and at significant pressure reduction the discharge
voltage grows slightly.

3. THEORETICAL MODEL

Theoretical model of a plasma mode is based on a
electron power balance in discharge. The Theoretical
model considers ionization in an electromagnetic trap
by two groups of electrons: the primary high-energy vy -
electrons emitted from the target as ion bombardment
result and the secondary plasma electrons which were
appeared in volume of plasma. Accordingly the energy
loses per ion creation for primary electrons is I, and for
plasma electrons-. €. At a first approximation the power
balance of system could be presented in the form:
U(l+yD)= U+ el;+ L+ T 1 +y I T, (D
=1+ or I)=I-1,. 2)
Where I — a total current of ions on the cathode; I;— the
current of the ions created by the plasma electron with
temperature 7,. [, — the current of the ions created by -
electrons; U — the discharge voltage.

Substituted (2) to (1) it is easy to obtain:

I(e-1)=(n- yU)I,, where n= e¢+(1+y)T, the-energy
losses per ion creation with kinetic losses. It is easy to
obtained final expression in a dimensionless variables:

Y=1-(1-B)/X, 3)
where Y= yU/ n, X=Il/I,, B=(1+ yT,) / n.

The limiting case X — 1 is corresponded to an
initial stage of the discharge, when plasma electrons
don’t take part in ionization and the discharge mode
with «oscillation» electrons is realized (y —electrons,
located in the electromagnetic trap). Thus Y —B, i.e.
the discharge voltage} is U=I/

At X>> 1 ionization is carried out basically by
plasma electrons, and the discharge voltage is U =7 /y.
The dependence (3) is presented on Fig. 5.
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Fig. 5. The current-voltage characteristics of the ion

source in plasma regime (p=8-10"") and the dimension
less dependence (3). B=5

CONCLUSIONS

In the present work the basic characteristics of the
discharge in crossed ExH fields — ignition curves and
current-voltage characteristic depending on working gas
pressure and intensity of a magnetic field were studied.
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Characteristics of the discharge near to a threshold of
ignition in accelerating and plasma (magnetron) modes
were investigated in details and it was shown:

e Transition from accelerating to the plasma mode
depending on pressure take place continuously.

e Breakdown on the bottom branch of a curve of
ignition in accelerating and plasma modes are
equivalent.

o The initial stage of discharge -current-voltage
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XAPAKTEPUCTHUKHU PA3PAJA B CKPEIIEHHBIX ExH ITOJIAX BBJIN3U KPUBBIX 3AKUT'AHUSA
B YCKOPUTEJIBHOM U IINTASMEHHOM PEKUMAX

A. /Drecamupsoes, C. Axoeun, A. 3vik06

VccnenoBanbl XapakTepUCTHKHU paspsaaa B ckpemeHHbIX ExH nossx B ycKOpHTEIbHOM M IJIa3MEHHOM PeXHUMax
BONM3HM Mopora 3akuranus. [1oxydeHbsl HOBBIE SKCIIEPHMEHTAIbHBIE JaHHBIC IJIs BOJIBT-aMIIEPHBIX XapaKTEPUCTHK
1 UX 3aBUCHMMOCTU OT AABJICHHUSA W HAIIPAKCHHOCTU MArHUTHOI'O I1OJIA. HOKaL’;aHO, 4YTO CTApTOBBLIC YYAaCTKH BOJIbT-
AMIICPHBIX XAPAKTECPUCTUK B YCKOPHUTCIBHOM W INUIA3MCHHOM PEXKUMaAX HUJACHTHYHBI U COOTBCTCTBYIOT PCKHUMY C
«OCUMJUTHPYIOIMMIY 3JEKTpOHaMH. Tarke NpeACTaBIeHA TEOPETHYecKash MOAENb HAa OCHOBE JHEPreTHYECKOTro
GayaHca 3JIEKTPOHOB U NPOBE/ICHO CPaBHEHHE C SKCIIEPUMEHTOM. [loiTydeHHbIe pe3ynbTaThl MPEACTaBISIIOT HHTEPEC
JUIsL JaNbHEHINero pa3BUTHS MAarHETPOHHBIX PACIBUIMTEIBHBIX CUCTEM M INIa3MEHHBIX YCKOPHUTEJNICH C 3aMKHYTHIM
Ipei(hoM IIIEKTPOHOB.

XAPAKTEPUCTHUKH PO3PAAY B CXPEHIEHUX ExH ITOJIAX ITOBJIN3Y KPUBHUX
3ATITAJIIOBAHHSA B MTIPUCKOPIOBAJIBHOMY TA IIJIABMOBOMY PEXXKUMAX

A. [Drecamipsoces, C. Axkosin, O. 3uxos

JociipkeHo XapakTepUCTHKH po3psiay B cxpelleHHX ExH momsx y NpHCKOPIOBAIBHOMY Ta IUIa3MOBOMY
pekuMax To0Mu3y mopory 3anaintoBaHHS. OTpPHUMaHO HOBI EKCICPUMCHTANBHI JaHi [UIS BOJbT-aMIICPHHX
XapaKTEepUCTUK Ta iX 3aJIEKHOCTI Bill TUCKY Ta CHJIM MarHiTHoro moiisi. I[loka3zaHo, 110 CTapTOBI y4acTKH BOJIBT-
aMIIEPHUX XapaKTEPUCTUK y NMPHCKOPIOBAIBLHOMY Ta IUIa3MOBOMY PEXHMax 1IEHTWUYHI i BIINOBINAIOTH PEXUMY 3
«OCLWIIIOIOYAMM» €JIEKTPOHAaMH. TakoX IpeaCTaBlICHO TEOPETHYHY MOJENb Ha 0asi eHepreTHYHoro OayiaHcy
SJICKTPOHIB Ta IPOBEJICHO IOPIBHSIHHS 3 eKcrepuMeHToM. OTpuMaHi gaHi OyayTh KOPHMCHI Ul MOJAJIBIIOrO
PO3BUTKY MATrHETPOHHHMX PO3NIJIIOBAIBHUX CHCTEM Ta IUIa3MOBHX IIPHCKOPIOBAYiB 3 3aMKHYTHUM Jperom
€JIEKTPOHIB.
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