
Mode Structure Research of a Field in the Triode  
with the Virtual Cathode with an Active Feedback 

 
V.P.Grigoryiev*, A.G. Zherlitsyn**, T.V.Koval*, G.V. Melnikov**, P.Ya. Isakov** 

 
*Institute Cybernetic Centre, Tomsk Polytechnic University, Sovetskaya Str.84, Tomsk 634034 Russia 

phone: 8(3822) 563429, fax: (3822) 563429, e-mail: grig@am.tpu.ru 
** High Voltage Research Institute of  Tomsk Polytechnic University, Lenina Ave.2a, Tomsk 634050 Russia 

 
 

Abstract – Experimental and theoretical investiga-
tions of feedback influence on the mode structure 
and efficiency of microwave radiation in triode 
with virtual cathode are presented in this paper. 

There were obtained experimental results per-
mitting to fix the interdependence between location 
of reflecting surfaces which forms feedback and 
frequency and power level of radiation. The de-
pendence of power level from the location of this 
surface was established. 

Theoretical investigations were executed by 
analytical methods with using of numerical model-
ing and the FEMLAB package. The eigen values of 
real resonance system were calculated as well as 
the mode structure of radiation was investigated. 
The impedance of resonance system was calculated 
and investigation of dependence of radiation effi-
ciency from beam parameters and geometry of the 
system with reflectors was performed. 
 
1. Introduction 

 
The distinctive feature of triode with virtual cathode 
(VC) in compare with the other types of vircators is 
that the processes of forming electron beam and of 
transformation of beam energy to energy of micro-
wave radiation are going by in this system in the same 
volume. This volume simultaneously is the electrody-
namic structure where the feedback is realized. There-
fore the selection of system geometry has an impact 
on a process of virtual cathode forming as well as on 
mode structure and efficiency of microwave radiation. 

The results of experimental researches of feedback 
influence on the efficiency of generation of micro-
wave radiation in triode with VC were presented in 
[1]. In this paper was shown that when the cylindrical 
camera, which is the electrodynamic structure of tri-
ode, is covered on the inside by radioabsorbent stuff 
then the reducing of radiation efficiency is observed. 
Thus when the reflection coefficient in working fre-
quency band is about 3% the feedback was practically 
absent and the power level of SHF irradiation was 
reduced in several thousand times and was not more 
than 0.2MW. 

In order to increase the generation efficiency in 
vircators the specially made adjustable feedback is 
usually used [2]. The feedback regulation permits to 

change in some limits the phase as well as the value of 
feedback by means of special devices including in the 
waveguide path. 

The similar method of feedback regulation in the 
reflective triode with VC cannot be used because of its 
features mentioned above. 

It is reasonably to use the structural features in tri-
ode for realization of adjustable feedback. In present 
paper the results of theoretical as well as experimental 
investigation of triode with VC, when adjustable feed-
back assured by mobile coaxial reflector are pre-
sented. 
 
2. Experimental results 
 
The scheme of experimental setup is shown on the 
Fig.1.  In this construction the reflector plays a part of 
vacuum insulator protection from ingress of charged 
particles as well as ultra-violet and bremsstrahlung on 
it generated by oscillating electrons.. At the same time 
reflector is the element of electrodynamic structure. 
Thus it is possible to change the electromagnetic field 
phase in region of oscillating electron beam and VC 
by reflector shifting on anodeholder. Hence feedback 
is changing also. 

 
Fig. 1. The scheme of experimental setup: 
1 - cathode, 2 - anode-grid, 3 - reflector, 4 - isolator of 
high-current electron accelerator, 5 - evacuated vessel, 
6 - window for SHF-radiation output 
 

The positive high voltage impulse with amplitude 
∼0.5MV from high-current electron accelerator was 
attached to anode- grid with diameter 20 cm and geo-
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metrical transparency 0.7. Cathode with diameter 10 
cm was produced from stainless steel and was dis-
posed coaxially with anode-grid. Experiments were 
realized with two cathode-anode gaps 18d =  and 
20 mm  correspondingly. The distance L between the 
reflector and cathode axis was changed from 26.5cm 
to 40 cm in order to secure the vacuum isolation. Mi-
crowave radiation was putting out to free space 
through vacuum-dense window located on the butt-
end of cylindrical camera of triode opposite of reflec-
tor. Radiation receiver [3] consisting of horn antenna, 
wave attenuator of polarization type and radiation 
frequency meter was located on the distance 3m from 
the window in the long-distance zone on the triode 
axis. 

The measured dependencies of emissive power in 
relative units from L  are represented on the Fig. 2.  

 

 
Fig. 2. The dependencies of relative radiation power 
from reflector location at cathode-anode gaps 

18 mmd = (1) and 20 mm (2) 
 

The reflector shifting has an influence on emissive 
power which changing have periodical character. Ra-
diation frequency was 3025±25 MHz at 18 mmd = . 
The radiation frequency and character of frequency 
changing have nonessential deviations during the im-
pulse at alteration of L  from 28.5 cm to 35 cm. On 
the Fig.3 there are represented changes of relative 
power and radiation frequency during the high-power 
impulse action at location of reflector with  

29.0 cmL =  on the Fig.2 this location corresponds 
maximal power value on the curve for 18 mmd = . At 
the 20 mmd =  the radiation frequency was equal 
2900±25 MHz with maximum power at 31 cmL = . 
Radiation characteristics in that point are shown on 
Fig. 4. 

In all experiments in question it was ascertained 
the increasing of radiated power during the high-
power impulse action at tuning of reflector to gener-
ated frequency. The maximal general power level of 
triode radiation was estimated in 400 MW. In the case 
when reflector surface forming reflected 

 
(a)  

 
(b) 

Fig. 3. The dependencies of radiation frequency 
changing (a) and relative power (b) during the impulse 
at  29.0 cmL =  

 
(a) 

 
(b) 

Fig. 4 The dependencies of radiation frequency chang-
ing (a) and relative power (b) during the impulse at 

31 cmL =  
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electromagnetic wave was covered by radioabsorbing 
stuff with reflection coefficient 13 dB, radiation power 
decrease more then in 6 times. That suggests the influ-
ence of reflector as feedback element on the genera-
tion process. 
 
3. Theoretical results and discussions 

 
The experimental results are well explained when the 
region of electrodynamic structure between cathode 
and reflector is regarded as half-restricted coaxial 
waveguide. The cylindrical camera of triode plays the 
role of external surface but internal conductor is an-
ode-holder and anode-grid. The metal reflector is 
moving transversal waveguide face. 

In such system because of high level nonlinearity 
of electron oscillations and fluctuation of VC syn-
chronized with coherent oscillations of electron stream 
it is possible to support high level of interaction [4]. 
Excitation of electromagnetic oscillation is going at 
frequency ω  which is multiple to electron oscillation 
frequency in potential well   ( 0~ , 1, 2, 3...l lω Ω =  ) 
with maximal increment  
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oscillations, c – is velocity of light, kz - is longitudinal 
wave vector. Non-dimensional impedance ( )zkΖ  re-
flects influence of geometry as well as wave type. 

The numerical modeling of VC forming was carry-
ing out in order to obtain information about distribu-
tion of beam current density in its cross-section. As a 
result it was fixed the dependence of current density 
distribution from beam radius (Fig.5). The impedance 
for obtained distribution of beam current density can 
be written as: 
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where 1,2z  and Δ are coordinates of maximum of cur-
rent density along Z-axis and maximum width corre-
spondingly, 0( )l xρ  - describes the influence of elec-
tric field distribution along triode camera cross-section 
on impedance. 

Let us regard the most probable types of oscilla-
tions which can be efficiently excited in that electro-
dynamic system. It are TEM-mode and H11 mode 

waveguide cross section field distribution for which is 
shown on Fig. 6,7, where A - anode,  C - cathode. 

 In the beginning let us dwell on the of TEM-mode 
(Fig. 6.). In such a case the standing wave is formed 
between electron stream and reflector. The nods of 
this wave are situated on the distance 

rad rad/ 2 / 2 , 0,1, 2,...znc f n n k n= λ = π =  from reflec-
tor, rad / 2f = ω π , and λrad – are frequency and radia-
tion wave length.  

As 2 1 rad~z z− λ , (Fig. 5) for the beam current dis-
tribution then it is needed for getting optimal excita-
tion level to locate cathode axis in the node of stand-
ing wave and to make current distribution maximum 
more sharp. According to calculations the node of 
standing wave located on the distance 31.03cm for 
radiation frequency 2900 MHz and 6n = . The maxi-
mal power level of microwave radiation was obtained 
in experiments with cathode-anode gap 20 mm, when 
reflector was located in this very position. When cath-
ode-anode gap is 18 mm, radiation frequency is 3050 
MHz and 6n = , the node of standing wave must be 
located on the distance 29.5cm. It is in agreement with 
experiment also. 

 
Fig. 5. Electron beam density distribution along beam 
radius. 1 – inside diode gap, 2-across the anode 

 

  
Fig. 6. Electric field of TEM mode 

 
As it is shown by numerical calculations, the 

transversal wave vector for H11 mode in electrody-
namic structure of triode with VC is situated between 
0.1 and 0.11 cm-1. It has a weak influence on kz value 
in our frequency band. The conditions of excitation 
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H11 mode are found sufficiently similar to obtained 
above for TEM-mode. 
 

  
Fig. 7. Electric field of H11 mode 

 

 
Fig. 8.  Electric field distribution along beam radius. 
1- TEM, 2 – H11 mode 

 
Therefore it is possible to excite H11 mode in triode 
changing the beam parameters and the diode gap. The 
typical beam cross section electric field distribution of 
TEM-mode and H11 mode is given on Fig.8 for com-
parison. 

4. Conclusion 
 

Realized investigations show that 
1. The regulable feedback in triode with VC can be 

successfully realized by means of moving reflec-
tor located on anode-holder axis. 

2. The changing of reflector location brings to 
changing of radiation power level. That changing 
has the circulating character which period con-
nected with radiation frequency.  
The period is decreasing with increasing of ra-
diation frequency. Ratio of maximum and mini-
mum of power level can be differing in 5 and 
more times.   
The most high radiation power level is observed 
at reflector location on the distance from cathode 
centre which is equal to integer number of half-
waves. 

3. The regulable feedback in triode with VC permits 
to realize the single-mode radiation.  
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