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We have presented the results of the extensive experimental investigations of the amplification and oscillation
excitation by the electron beam in hybrid plasma waveguides (HPW). The structure used as HPW a coaxial line with the
disk-loaded electrodes and the plasma-filled passage channel. We have examined characteristics of the oscillations
excited by the beam. As the investigation of the video pulse passage through the slow-wave structure under the currents
close to the start-up value indicates, the working gas pressure heightening in the bore results in extending the system
transmission band because of the plasma densification. The measured microwave signal gain and beam minimum
currents, to start with the value of which the amplification is possible in a beam-plasma system, are in good agreement

with the corresponding parameters calculated.
PACS: 52.40.Mj

1. INTRODUCTION

The comb-like structures [1] - as well as the helical
ones [2] - have a slow proper wave, the dispersion of
which is close on linear; therefore, the coupling resistance
weakly depends on the frequency in the principal pass
band. The positive feature peculiar to the coaxial slow-
wave lines consists in the possibility of the essential rise
in the electron beam currents due to enlarging the cross-
section of the passage channel of ones, which,
consequently, results in the increase of the output power
of microwave oscillations.

Investigation of the disk-loaded coaxial lines as the
slow-wave structures in the microwave band is being
performed both theoretically [3] and experimentally [4]

for a long time. The coupling resistance dependence on

the frequency, the dispersive characteristics are rather
completely studied is examined by the methods of
numerical simulation in the case of a given structure

geometry.

The vacuum slow-wave structure can acquire the well
known hybrid characteristics when the interaction area
(i.e., the passage channel where the electron beam is
propagating) is filled with plasma. A broad excitation
band is preserved in a coaxial slow-wave structure in the
presence of a plasma. And what is more, the excitation
coefficient is higher and the bandwidth is broader in the
hybrid structure than in the vacuum one. The dependences
of the maximum gain and frequency on the plasma
density are linear [5].

This work has aimed at checking on the analytical
conclusions by the experimental investigation of the
oscillation excitation and amplification - a coaxial line
with disks on the external and internal electrodes with a
plasma filling of the passage channel.

2. THE TEST BENCH

The test bench installation is intended for examination
of a possibility of exciting the powerful SHF oscillations
in the frequency band 1-3 GHz in the disk-loaded coaxial
plasma waveguides. The principal elements of the
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installation are the following: the plasma electron gun
which is elaborated within Project and provides the
annular beam with the current up to 3 A, the diameter
80mm and the thickness 2-3 mm in the pulse under the
accelerating voltage 10-25 kV; the slow-wave structure,
on the basis of which the hybrid plasma waveguide is
constructed, is a disk-loaded coaxial (the structure is
characterized by linear dispersion in the band 1-3 GHz
with the wave phase velocity corresponding to the
velocity of the electron with the energy 20 keV; the
coefficient of the standing wave is not higher than 2 over
the total range; the structure length is 40 cm; the electron
gun and the slow-wave structure are placed in
homogeneous magnetic field up to 1000 Gs); the current
collector is a matching element between the slow-wave
structure and an output antenna-feeder line and the
diagnostic means.

The structural scheme of the test bench is given in Fig. 1.
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Fig. 1. The structural scheme of the test bench:
1 - modulator; 2, 9 - the SHF jack; 3,4,5 the electron
gun; 6 - the coils of magnetic field; 7 - the slow-wave

structure; 8 - the collector

In Fig. 2 a photo of the coaxial slow-wave structure is
given.
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Fig. 2. The coaxial slow-wave structural of the test bench

An annular electron beam has been formed in the
cathode unit, where a discharge gap is provided by the
coaxial arrangement of cylindrical electrodes. Electrons
are accelerated under a constant voltage (within 10-25 kV),
supplied by a source and impressed on the cathode unit
with respect to the slow-wave structure. The beam current
is controlled by varying the discharge current in the
cathode unit with a modulator. Measured with the
Rogovsky belts, the values of the discharge current and
the current in the accelerating gap are introduced into PC
through an analog-to-digital transducer. Further, after its
passage through the input unit, the beam gets into the
slow-wave structure bore.

As a result of the working gas ionization due to the
beam-plasma discharge in the longitudinal magnetic field
(up to 1000 Gs), a plasma has been generated in the bore
(its density is up to 10" cm™ and T. is up to 20 eV). The
dynamic gas system permits controlling the gas pressure
within 10°- 10° mm Hg. After its passage through the
slow-wave structure, the beam is transported to a
collector. For investigating the test bench microwave
characteristics, an ensemble of measuring equipment has
been used; the latter contains a master oscillator (2-4GHz,
P=8 W), video pulse generator ( ¢ =70-200 ps), a power-
measuring instrument, a frequency meter, many-channel
analog-to-digital transducers and rapid-record

oscilloscopes. The dispersion characteristics of the disk-
loaded coaxial line have been found by measuring on the
time scale. The method is based on the evolution of a
video pulse propagating in the coaxial disk-loaded
structure. The input signal and the signal passed through
the structure have been registered. According to the
methodology presented in [6], the coefficient of slowing-
down of the signal propagation in the structure - and,
hence, the structure dispersion - have been determined.

2-3 GHz, is transmitted to the structure input from the
master oscillator, the microwaves’ amplification takes
place under the same beam parameters. One may suppose
that the beam current 0.5 A is the minimum (start-up)
value under which oscillations start being amplified in the
slow-wave structure first pass band.

The frequencies characterized by the maximum gain
have been determined by varying both the accelerating
voltage impressed on the gun anode and the master
oscillator frequency at the slow-wave structure input.
These frequencies are marked by points. As one can see,
these values are in a rather good accordance with the ones
calculated by the dispersion relation for the slow-wave
structure zeroth harmonic.
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Fig. 3. The output of amplification coefficient as a
frequency (theoretical calculations: current beam 1 — 2
A, 2—5A; + - experimental result)

As the investigation of the video pulse passage
through the slow-wave structure under the currents close
to the start-up value indicates, the working gas pressure
heightening in the bore results in extending the system
transmission band because of the plasma densification.

3. EXPERIMENTAL RESULTS

Under the conditions of a good matching (in the
microwave line, the standing-wave voltage ratio is less
than 2.0), experimental investigations of the interaction
between the electron beam and slow-wave structure have
indicated that excitation of any oscillations is not
observed if the beam energy ranges from 12 up to 25 keV
and the currents are less than 0.5 A. When a signal, the
power of which is about several W in the frequency band
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Fig. 4. The oscillogram of SHF signal at the amplifier
output (1 ns/point)



In Fig4, there are the oscillation oscillograms
registered with a rapid-record oscilloscope.

The beam currents heavier than 0.5 A cause self-
excitation of the «beam + hybrid waveguide» system; for
amplifying signals, the master oscillator power must be
heightened from master oscillator. When the beam
currents are light, the oscillations are regular. The current
increase is accompanied by the transition to self-
excitation of microwaves.

In Fig.5 there are oscillograms of oscillations in the
self-excitation regime, the transition to the latter being

that the elaborated methods in determining the dispersion
relations for the hybrid waveguide and describing the
microwave excitation by an electron beam in such a
structure are valid for calculation of the microwave beam-
plasma amplifier and generator.
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YCWJIEHME Y BO3BYXKJIEHUE DJIEKTPOMATHUATHBIX KOJTEBAHUM SJIEKTPOHHBIM ITYUKOM
B JTUA®PATMHUPOBAHHOM KOAKCHAJIBHOM I'MBPU/THOM BOJIHOBOJ/IE

B.C. Aumunos, U.B. bepescnasn, E.A. Kopnunos, ILH. Mapkos, I.B. Comnukoe

[IpencraBneHsl pe3ynbTaThl OSKCIEPUMEHTAIBHBIX HCCIENOBAaHMH YCHJICHHS W BO30yKAeHHS KoieOaHuil
AJIEKTPOHHBIM ITyYKOM B THOpuIHOM IutazMeHHOM BodHOBOIE (I'TIB). B xauectse I'TIB mcmonp3yercst KoakCHaTbHAs
JUHUS C AMCKAMHU Ha JJIEKTPOAAX, IMPOJICTHBIM KaHal KOTOPOM 3amojHEH Iula3Moil. M3yueHsl XapaKTepUCTHKU
KoJsiebaHuii, BO30Y)KIEHHBIX IMy4KoM. MccienoBaHus MPOXOXKACHHUS BUICOMMITYJILCA YEpe3 3aMEUISIONIYI0 CTPYKTYPY
IpU TOKax BOJIM3U MyCKOBBIX IOKA3aJld, YTO yBEJIMYCHHUE JaBJCHUs pabovero rasa B MPOJETHOM KaHalle MPHBOIUT K
PacCUIMPEHUIO MOJIOCHI MPOITyCKAHUsI CUCTEMbI M3-3a YBEIMYEHHs IUIOTHOCTH IIa3Mbl. M3MepeHHble K03 (GHINEeHTHI
ycunenust BU-curHanoB v TOKM Iydka, HadWHAsl C KOTOPBIX BO3MOXKHO YCHJIEHHE B ITyYKOBO-IIa3MEHHOH CHCTEME,
XOPOIIO COBNAJAIOT C PACUETHBIMHU.

HIICUJIIEHHSA TA 35YJIJKEHHS EJIEKTPOMATHITHUX KOJIUBAHDB EJIEKTPOHHUM ITYYKOM
B JIA®PATMOBAHOMY KOAKCIAJIBHOMY T'IBPUTHOMY XBHUJIEBOII
B.C. Auminoe, 1.B. bepescna, €.0. Kopninos, I1.1. Mapkos, I'.B. Comnuxoe

[Monano pe3ybTaTH eKCIEPUMEHTAIBHUX JIOCIIKSHD MIJICUIICHHS Ta 30y/IXKeHHsI KOJIMBaHb €IEKTPOHHUM MY4YKOM
y riopugnomy 1iazmoBomy  xBuieBoai (I'TIX). Sk I'TIX BHKOpHUCTOBYEThCS KOakciajbHa JIiHIS 3 JUCKaMH Ha
eNIeKTPOJax, NPOJBOTHHHA KaHaJ SKOI 3allOBHEHO IUIa3MOI0. BHBYEHO XapaKTepHCTHKH KOJIMBaHb, 30yKYBaHUX
mygkoM. JlocHiKeHHS TPOXOMHKEHHS BiNCOIMIyJbCa UYepe3 YIOBUIBHIOWYY CTPYKTYpPy NPH CTpyMax MOOIH3y
ITyCKOBHX TIOKa3aJ, 0 30UIBIICHHS THCKY POO0YOro Trasy y IpoJbOTHOMY KaHajll IMPUBOAUTH IO PO3IIMPEHHS CMYTH
MPOMYCKAaHHS CHCTEMH i3-3a IiJBHUINCHHS TYCTHHH IUTa3MH. BumiproBaHi koedimienTn mincunenHs BU-curnamiB ta
CTPYMH IIyYKa, NOYMHAIOYM 3 SKUX € MOKJIMBUM ITJICHJICHHS Yy Iy4YKOBO-IUIA3MOBIH CHCTeMi, JOOpe CIiBIANaOTh 3
PO3paxoBaHUMH.
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