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The active broadband antenna array is described. It consists of oscillators with the working frequencies that are
close enough to the plasma frequencies. The construction of described array permits to use it as a phased array with a
fast control of excited wave parameters (frequency, shape, phase velocity, amplitude). The oscillations spectrum
measurements were provided and corresponding results are given in this work. The possibility of transfer into stochastic

regime was also studied.
PACS: 52.50.Sw

INTRODUCTION

An active antenna array is a multi-element system
where each element represents an oscillator coupled with
an active element (generator, amplifier) [1]. For all of that
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 [2,3]. Another
way of the excited oscillations spectrum broadening is
using of different type of modulation. It is also effective
to use a consecutive switching of a single oscillators and
groups (arrays).

A short distance between the plasma and the array
components is a necessary condition of the phase array
operating with the plasma load. Thus an active elements
of the phased array must endure a strong electromagnetic
load. Besides, the amplifying elements must be capable of
working in vacuum and in a strong magnetic field. All of
these requirements were taken into account during the
phased array development.

EXPERIMENTAL SETUP

The phased array represents a number of loops which
cover the plasma column by the angle of 120° from the
both sides [4]. The system consists from two sections
(Fig.1). Each section contains four oscillators. The length
of each section is 20 cm. To avoid a contact with the
plasma it was isolated from the sections by cooled
limiters. Studied configuration has an external diameter
15 cm while internal diameter was 7,5 cm. The loop
diameter was 8,5 cm.

A power amplifier (PA) coupled with the loop
(oscillator) represents a fundamental part of the array.
These PA may be used as a broadband amplifiers or high-
powered pulse generators. The amplifiers were driven by
a driving generator which could be a sinusoidal oscillator,
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Fig.1. Schematic of the active phased array:
1 — the power amplifier, 2 — a loop antenna,
3 — metal limiter, 4 — array case
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Fig.2. Schematic of the active phase array testing setup

To obtain a driving signal a microcontroller or a
personal computer may be used. For PC the transition
from one mode to another may be carried out in a short
time periods.

The phased array oscillators were capable to work in a
several different modes:

1. Cophased mode. The oscillators array works as a
single generator.
2. Consecutive mode. The oscillators are switched on

. ) by turns.
a noise generator, an impact generator or a pulse code
generator. Each of these generators had a capability of
amplitude, phase and frequency modulation.
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3. Group-consecutive mode. Oscillators are separated in
different groups which are switched on
consecutively.

PA was connected with the external devices by feeder,

power circuit, power amplifiers control circuits and

waveform control circuits.

EXPERIMENTAL RESULTS

The active phased array (Fig.2) was tested in the
vacuum chamber in presence of magnetic field but
without the plasma. The signals were received from the
outputs of the power amplifiers and magnetic probes.

Following pictures displays the results of the
experimental tests.

Fig.3 displays the oscillations spectrum by a
monochromatic sinusoidal driving signal with a MF
frequency modulation.
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Fig.3. Active phased array oscillations spectrum
corresponded to a monochromatic sinusoidal driving
signal

The oscillations spectrum obtained by applying a

periodically repeated square pulses as a driving signal is
presented in Fig.4.
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Fig.4. Active phased array oscillations spectrum obtained
by applying a periodically repeated square pulses
as a driving signal

The oscillations spectra for different delays between the
switching on of two separate groups of oscillators (group-
consecutive mode) are presented on Fig. 5. The driving

signal represents a square pulses. As one could notice, the
reducing of aforesaid delay results in the oscillations band

broadening.
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Fig.5. The oscillations spectra corresponded
to group-successive mode

Using of square pulses code in capacity of a driving
signal enriches the oscillations spectrum in both high and
low frequency ranges. Besides, the group-consecutive
mode was studied for such type of driving signal (Fig. 6).
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Fig.6. The oscillations spectra corresponded to group-
successive mode with the square pulses code
as a driving signal

CONCLUSIONS

The results of the active array test leads to following

conclusions.
The operation of active phased array with a
sinusoidal driving signal provided the oscillations
excitation with the frequencies lower than 20 MHz
and the frequency band which width is 10% of the
carrier frequency. The power of the PA output signal
in the linear amplification mode is 120 W.
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AKTHUBHAS ®AZUPOBAHHASI AHTEHHASA PEHIETKA JUISI HCCJIEJOBAHUMSA
B3AUMOJIEMCTBHUS MEXTY IIMPOKOIIOJOCHBIMHA SJTIEKTPOMATHATHBIMH
KOJEBAHUSIMHA U TUVIAZMOU

HU.K. Tapacos

OnuchIBacTCs aKTHBHAs INHPOKONOJIOCHAS (a3sMpOBaHHAS AHTCHHAs PEIICTKA, COCTOSIIAs W3 OCHWLIATOPOB C
pabovYrMH YacTOTaMu, OJIM3KUMHE K IU1a3MeHHBIM. KOHCTPYKIIHSI OMUCHIBAEMON PELIETKH T03BOJISIET UCIIONb30BaTh €€ B
KadecTBe (pa3sMpoBaHHON PEMIETKH C BOZMOKHOCTBIO OBICTPOTO M3MEHEHHS ITapaMeTpoB BO30YKIaeMbIX BOJH ((OpPMHL,
4acToThI, Pa30BOi CKOPOCTH, aMIUIUTYbI). [IpecTaBieHbl pe3yabTaThl U3MEPEHHI CIIEKTPa BO30YKIAEMBIX PELIETKOM
KoJieOaHMii MpH 1Mojlaue CUTHAJIOB Pa3HOro B/ HA YHPaBIAIOIIUHA BXoJ. Takke H3ydanach BO3MOKHOCTD MEPEXo/ia B
CTOXAaCTUYCCKUH PEXKUM.

AKTUBHA ®A30BAHA AHTEHHA PEIIITKA JIJISI JOCJIJKEHHS B3AEMOIII
MK IITPOKOCMY X XHUMMU EJIEKTPOMATHITHUMHA KOJIMBAHHAMM 13 IIJTA3MOIO

LK. Tapacos

OnucaHo aKTHUBHY LIMPOKOCMYXHY (ha30BaHy aHTEHHY PCIUIiTKY, IO CKIAIA€ThCS 3 OCLMIIATOPIB, pPOOOUl 4acTOTH
SIKMX € OJIM3BKUMHU JI0 TU1a3MOBHX. KOHCTPYKIIS peIIiTKY JJO3BOJISiE BUKOPUCTOBYBATH 11 B SIKOCTI (ha30BaHOT PEILiTKH 3
MOJJIMBICTIO IIBUAKOI 3MiHHM IapameTpiB 30y/kKyBaHUX XBWIb ((popmu, dyacToTn, (ha30BOI HIBHIKOCTI, aMILTITY.IH).
[IpencraBieHO pe3ysibTaTH BUMIPIOBaHb CIEKTPY 30Y/DKYBAaHHMX PEIIITKO YacTOT ITijl Yac Mojadi Ha KePYHOUHil BXif
CUrHaJIB pi3HOT popmu. BuBuanacs Takox MOKIMBICTh IEPEXOAY Y CTOXACTHYHUI PEIKHM.
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