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The plasma was heated by two active antenna arrays. The noise generator based on the nonlinear feedback
scheme was used as a master oscillator. Similar measurements were made with the pulse generators used as master
oscillator. The pulse repetition frequency was up to 30 MHz.
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INTRODUCTION

The results of our experimental study are based on
the technical solution described earlier [1,2]. Commonly
it is clear that a charged particle during its motion along
the magnetic field axis interacts with the wave field in
two ways depending on particle velocity and magnetic
field intensity [3].

The first way represents a Cherenkov resonance
between the wave and the charged particle. It takes
place when the particle velocity is equal to the wave
phase velocity V, = w/k. Here w is the wave frequency
and £ is the wave number [4].

Other way is a cyclotron resonance. This type of
wave-particle interaction is usually observed when the
wave frequency in the reference frame of the moving
particle is equal to wp or nwg. Where wp = eB/mc is an
electron cyclotron frequency and n = 1, 2,... is an
integer value, m and e are the electron mass and charge
respectively and ¢ is velocity of light. The energy
transmission rate depends on two factors: the number of
resonant particles and the width of resonance band in
the space of phase velocities of the waves excited in
plasma [5].

The system of a broadband spectrum of HF-wave
excitation and introduction into plasma volume allows
us to generate oscillations with the frequency band and
variation range dependent on parameters of the master
oscillator signal. The oscillation phases at different
exciters were also controlled.

An active antenna array is a multi-element system
where each element represents an oscillator coupled
with an active element (generator, amplifier). For all of
them the using of feeder path on a high power level is
excluded. The phased array represents an antenna
system composed of elements with independent phase
driving.

In our case the phased array is used for generating
the broadband oscillations which then would be
introduced into plasma to excite the waves in a broad
frequency band. For the oscillations frequency band
broadening a non-sinusoidal oscillations form was used.
Another way of the excited oscillations spectrum
broadening is using different type of modulation. It is
also effective to use a consecutive switching of a single
oscillators and arrays.
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A short distance between the plasma and the array
components is a necessary condition of the phase array
operating with the plasma load. Thus active elements of
the phased array must endure a strong electromagnetic
load. Besides, the amplifying elements must be capable
to operate in vacuum and in a strong magnetic field. All
of these requirements were taken into account during
the phased array development.

EXPERIMENTAL SETUP

The interaction between the wave and the particle
was studied using the experimental setup (Fig. 1.) which
represented a vacuum chamber placed into a
longitudinal magnetic field. The field intensity was
varying from 100 to 2000 Oe. Its longitudinal
distribution represented the configuration of double
mirror trap with the corresponding mirror ratio 1/4.
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Fig. 1. Schematic of the experimental setup.
1—vacuum chamber; 2, 3 — magnetic field coils,
4 — collector; 5 — plasma source; 6 — drift tube,
7 —vacuum pumping; 8,11 — Langmuir probes;
9 — magnetic probe; 10, 12 — electrostatic analyzers,
13 — Rogovsky coil; 14 — movable electrostatic probes

The pressure in the chamber was held in the range
between 10 and 10 Torr. The phase array was placed
in the central area of the vacuum chamber. It was used
as a source of the broadband -electromagnetic
oscillations. The plasma was created by coaxial HF-
source placed at the one of the drift tube ends. The
plasma was obtained by introducing HF-power at the
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electron-cyclotron frequency into the working gas
volume. The source was powered by 600 W magnetron
which worked continuously at the frequency
f = 2.45GHz. The density of created plasma was
n=(2...5)10" cm™ and the temperature T= 10 eV. The
diameter of the plasma column -cross-section was
D =8 cm and the length was L = 150 cm.

A number of HF-field and plasma diagnostics were
used. Two electromagnetic probes of different length
were placed on a mobile carriage for measuring the HF-
oscillations distribution along the magnetic field axis.
Two double probes were located at the lateral windows
of the vacuum chamber.

ACTIVE PHASED ARRAY

The phased array represents a number of loops
which cover the plasma column [4]. The system consists
of two sections. Each section contains four oscillators.
The length of each section is 20 cm. To avoid a contact
with the plasma the sections were isolated from the
plasma volume by cooled limiters. Studied
configuration has an external diameter 15 cm while
internal diameter was 7.5 cm the antenna loop diameter
was 8.5 cm.

A power amplifier (PA) coupled with the loop
(oscillator) represents a fundamental part of the array.
These amplifiers may be used as broadband amplifiers
or high-powered pulse generators. The PA was driven
by a master oscillator which could be a sinusoidal
oscillator, a noise generator, an impact generator or a
pulse generator.

The phased array oscillators were capable to operate
in several modes.

1. Co-phased mode. The oscillators array works as a
single generator.

2. Consecutive mode. The oscillators are switched
on by turn.

3. Group-consecutive ~ mode.  Oscillators  are
separated in different groups which are switched on
consecutively.

PA was connected with external devices by feeder,
power circuit, power amplifiers control circuits, and
waveform control circuits.

RF - POWER INTRODUCTION MODES

The RF power introduction was carried out in two
different modes. In the first case we used a simple noise
generator to create a master oscillator signal. Such
signals were applied to both of the phased antenna
arrays without any sufficient temporal delays.

In the second case two different pulse generators
were used as master oscillators. The output of each
generator was directed to one of the antenna arrays. The
temporal delay between the signals applied to the
different antenna arrays was t =4...7 ns.

The results of RF — power introduction into plasma
using the noise generator as a master oscillator are
depicted by the light grey curves, Fig.2. Similar
dependences for the case of using pulse generator as a
master oscillator are shown by the dark grey lines.
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Fig. 2. Temporal dependences of electron current (1,),
ion current (I,), electron density (n,), ion density (n;), X-
ray radiation intensity (Iy.p4y), integral luminescence
(L), electron density (n.), electron temperature (T,) for
two different types of master oscillator
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Fig. 3. The frequency spectrums measured in the
experimental setup main volume during the RF power
introduction from the phased antenna array with the
noise generator used as a master oscillator

Fig. 4. The frequency spectrums measured in the
experimental setup main volume during the RF power
introduction from the phased antenna array with a set

of pulse generators used as master oscillators

In both figures (Figs. 3, 4.) Green bars depict the
case when the RF power is introduced into a vacuum
volume. Orange bars show the spectrum excited by
the RF pumping in the externally created plasma
(noise generator used as a master oscillator) Fig. 3.
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excitation of the parametric instability.

This conclusion was made after observation of a
threshold excitation of the oscillations and large
number of frequency harmonics.

PACIIUPEHUE CHEKTPA KOJIEBAHUI, BO3BYKJIEHHbBIX ®A3UPOBAHHOI AKTUBHOM
AHTEHHOM PELIETKOI

M.H. Tapacos, /].A. Cumnuxos, B.H. Tkauenxo, B.M. /lucmonao, H.B. /Ioimaps

[Tmasma HarpeBanachk OBYMsI aKTHBHBIMH (Da3HMpOBaHHBIMH aHTEHHBIMH peIICTKaMH. B kaudecTBe 3amarormiero
WCIIOJTB30BAJICSI TEHEepaTop IIYMOB, IIOCTPOSHHBII HAa OCHOBE CXEMBI C HEIWHEHHOW OOpaTHOH CBS3BIO.
AHanorn4yHele HW3MEpPEHHsI IMPOBOAMINCH C HCIIOAB30BAHMEM B KauyeCcTBE 33/alOIIEr0 TIeHepaTropa KOPOTKHX
UMIyI6CcOB. YacToTa MOBTOPEHUSI UMITYJIbCOB qocturana 30 MIm.

PO3IIUPEHHA CIIEKTPA KOJIUBAHD, 3BY I KEHUX ®A30BAHHOIO AKTUBHOIO
AHTEHHOIO PEHIITKOIO

M.I. Tapacos, /I.A. Cimnukos, B.1. Tkauenxo, B.M. /lucmonaod, M.B. /Tumap

[Ina3sma HarpiBamacsi 3a JOIIOMOTOI0 BOX AKTHBHHX (Pa30BaHUX AHTEHHUX PEHITOK. Y SIKOCTI 3aJal0doro
BHUKOPHCTOBYBABCSl T€HEPATOP LIyMY, 0OYyA0BaHMit Ha 0a3i CXeMH 13 HeNiHIITHUM 3BOPOTHUM 3B’SI3KOM. AHAJIOTIUHI
BUMIPIOBaHHS MPOBOJMINCS 13 BUKOPUCTAHHSM TeHeparopa KOPOTKUX IMITYJIbCIB, Y SIKOCTI JDKepelsia 3aJarouoro
curHaiy. Yacrora moBTOpeHHs iMITyJibeiB csirana 30 MI'w.
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