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In this work we present the results of experimental study of generation of the RF-oscillations in a classic flat
triode configuration for both presence and absence of the reflected particles flow. The amplitude and frequency
characteristics are studied. The behavior of main characteristic parameters for both cases was analyzed and

compared.
PACS: 03.65.Pm, 03.65.Ge, 61.80.Mk

INTRODUCTION

In this work we study the main features of RF-power
generation in the flat triode system in which electron
flow is accelerated in the space between the indirectly
heated cathode and grid electrode and is decelerated
when passing towards the anode.

The study of RF — radiation was carried out in two
different modes with negative and positive anode
potential respectively. The first one represents a well-
known Barkhausen-Kurtz generation while the positive
anode potential mode was not previously studied in a
proper way. It was experimentally observed by
V.I. Kalinin [1] but was never considered as a separate
mode.

EXPERIMENTAL SETUP

The electron beam instability was found and
investigated experimentally in the devices, which
simulated the conditions of the instability. The electron
flow was investigated in a planar triode electrode
geometry. The experimental setup is presented in Fig.1.
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Fig. 1. The schematic experimental setup (a) and the
distributions of longitudinal potential (b, c)

The electron flow produced by indirectly heated
cathode propagated towards anode and grid. The linear
dimensions of the electrodes (grid, anode) substantially
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exceeded the spacing between electrodes (/ = 0.35 cm).
The cathode-grid and grid-anode separation distances
are in the ratio of 1:5. In the experiments, we measured
the anode and grid voltages (U2 and U1), the emission
current density, and the oscillations spectrum. The
amplitude of oscillations was also measured, and the
increments were estimated. The vacuum chamber, in
which the experiments were performed, was pumped
down to a residual pressure of 2-10° Torr. In the second
case, the residual pressure was estimated to be about 10
"Torr. In both cases, the cathode was grounded.

EXPERIMENTAL RESULTS

Generation of high-frequency oscillations was
observed when the potential of the metal grid was
significantly higher than the anode potential. That
means that the phenomenon takes place when the flow
of electrons is decelerated. In the case of negative anode
potential, most of the flow particles were reflected. Thus
a “reversed flow” occurs. Otherwise, if the anode
potential is positive, the “reversed flow” is not clearly
detected.

It was shown that increasing U; (the grid voltage)
leads to the anode current growth. At the same time the
increase of negative anode potential cause the flow
current damping (Fig. 2), what may be considered as
particles reflection. Thus, the experiment carried out at
the negative anode potential deals with both forward
and reversed flows.
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Fig. 2. The case of negative anode potential: volt-
ampere characteristics

The oscillations frequency exhibited a strong growth
(from 90 to 180 MHz) during the grid voltage increase
(U, = 30...300 V), Fig. 3,a,b. Increasing the reflecting
anode potential (U,) at the relatively high values of grid
voltage (U; > 150 V) results in noticeable frequency
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growth. The frequency spectrum was not clearly linear.

For low anode potentials U, = - (9...21) V the
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Fig. 3.

frequency band width is maximal for small accelerating
grid voltages.
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The case of negative anode potential: RF — generation averaged frequency value (a,b) and band width

(c,d) for different anode and grid potentials
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Fig. 4. The case of positive anode potential: generation
parameters (a) and volt-ampere characteristics (b)
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When

U, =-(24...30) V the maximum shifts to

higher values of Uy, Fig.3,c,d.
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Fig. 5. The case of positive anode potential: volt-

ampere characteristics (a) and generation parameters

(b) increased system size (I = 3 cm)
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In case of the positive anode potential there is no
noticeable “reversed flow”. The frequency of
oscillations similarly grows during the grid voltage
increase but the generation range is much narrower and
the frequency dependences are more volatile.

The frequency values are also slightly lower than in
the negative anode case.

For example, if U, changes from 30 to 300 V the
oscillations frequency grows from 45 to 160 MHz
(Fig. 4).

The experiments provided in similar system with
significantly bigger longitudinal size show the
frequency decrease. At the same time the generation
spectrum was enriched by a number of additional
harmonics. For the first harmonic the frequency varied
between 25 and 60 MHz. For higher harmonics the
frequency exceeded 400 MHz.

The results mentioned above were obtained at U, =9 V.
This regime corresponded to the flow deceleration
without a noticeable reverse flow formation (Fig. 5).

CONCLUSIONS

A comparative analysis of two generation modes
demonstrates sufficient difference in the flow dynamics.
Application of negative electrostatic potential to the
anode of the system creates a ‘reversed flow’ which
passes through the metal grid electrode towards the
cathode. Most particles then become reflected by the
cathode potential and move towards the grid electrode.
Finally the flow particles oscillate around the grid

electrode. This process causes the RF-oscillations in the
anode current.

The value of anode potential in this mode affected
strongly the RF — generation dynamics.

If the anode potential is positive the ‘reversed flow’
is usually not detected. The RF — oscillations are
therefore localized in the space between the metal grid
and anode. The mechanism of such generation is based
on the process of energy exchange between the flow
particles and the oscilations caused by the system own
capacity ant inductivity.

The frequency of oscillations in this mode is less
sensitive to the value of anode potential. The frequency
magnitudes are slightly smaller than those for the flow
reflection modes.

The increase of the system size leads to reduction of
RF-oscillation frequency. At the same time it is much
easier to observe a higher harmonics of the main
generation frequency in such higher-scale devices.
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BUY-TEHEPATIUSA TP TOPMOXKEHHUU 1 OTPAKEHUH SJIEKTPOHHOI'O IOTOKA
SJIEKTPOCTATUYECKHUM NOTEHIINAJIOM

M.U. Tapacos, A.B. Ilawenko, /1.A. Cumnuxos, C.C. Pomanos, H.H. Illanosan

[IpencraBneHbl pe3yiabTaThl SKCIEPUMEHTAIBHOrO HcciaefqoBaHuss BU-reHepauuu B TpUOJE B peXKUMax C
HaJUYUMEM U OTCYTCTBHEM OTPa)XEHHOTO NOTOKa. MccienyroTcss aMIUIMTyJHbIE M YacTOTHBIE IapaMeTphl.

IIpoBOAUTCS CPaBHUTEIIBHBIN aHAIU3.

BU-T'EHEPAIIA ITPU T'AJIBMYBAHHI TA BIIBUTTI EJIEKTPOHHOI'O IIOTOKY
EJEKTPOCTATHUYHUM NNOTEHIIAJIOM

M.I1. Tapacos, A.B. llawenxo, /I.A. Cimnukos, C.C. Pomanos, I. M. Illanosan

[IpeacraBneHo pe3ysbTaTH €KCIIEPUMEHTAIBHOrO J0CiikeHHs: BU-renepariii B Tpioji B pexuMax 3 BiJCyTHIM
Ta HasIBHUM MMOTOKOM BiJJOMTHX €IEKTPOHIB. JJOCTIIKYIOTHCS aMILTITYIHI Ta YaCTOTHI XapakrepucTuku. [IpoBeneHo

MOPIBHSUIBHUH aHai3.
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