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In recent years, significant progress has been 

made in the development of high-performance gyro-

trons and various applications based on them [1, 2]. In 

the gyrotrons of the millimeter wavelength range the 

resonators (cavities) in the form of waveguides of 

variable cross section are used. In the operating 

regime, they radiate into the output waveguide one 

rotating operating TEmp mode with azimuthal m and 

radial p indices. These resonators have the so-called 

minimum diffraction Q-factor, determined by the ratio 

of the resonator length to the wavelength of the radia-

tion. The existence of this quantity is due to the opera-

tion of the resonator at the quasicritical frequency of 

the working mode and the presence of a "diffractive" 

single-mode output from the resonator. The existence 

of a lower limit of the diffraction Q-factor (at a finite 

value of the ohmic Q-factor) limits the power that can 

be obtained from a gyrotron with a given mode.The 

increase in power is achieved by increasing the sur-

face area of the resonator, for which it is necessary to 

increase its cross section. However, this is possible up 

to a certain limit because of the thickening of the 

spectrum of eigen frequencies of the resonator and the 

deterioration of the mode selection. Thus, the possi-

bilities of increasing the output power and operating 

frequency are limited, especially in gyrotrons working 

on gyrofrequency harmonics. Overcoming this 

limitation is possible with the use of resonators in 

which the minimum value of the diffraction Q-factor 

is not limited so rigidly by their length. In this paper 

the results of a study of several variants of gyrotrons 

with echelette-type resonators are  presented. 

Echelette resonator is one of the possible resona-

tors with the required properties. In comparison with 

conventional resonators, the power flux density to the 

wall here can be reduced severalfold. The principles 

of constructing echelette resonators are described in 

[3-6]. In such resonators the operating modes are 

formed by reflection of waves from corrugated sur-

faces in an autocollimation regime. Three types of 

echelette resonators are discussed: a) two-mirror reso-

nator, in which the field is represented as waves prop-

agating towards each other, b) three-mirror resonator, 

in which only one mirror is corrugated, and the field 

represents a wave traveling along the azimuth, c) an 

axially symmetric resonator with a corrugated surface. 

Resonators a) and c) are investigated in this paper in 

more detail.  The electron beam is assumed to be 

axially symmetric, which has by now been well de-

veloped. However, in some cases, in particular for a 

two-mirror circuit, it is advisable to use ribbon beams 

to increase the efficiency and additional selection. 

In Fig. 1 the profile of the axially symmetric 

echelette resonator, RF field distribution (a), and the 

photo of this resonator (b) are presented. The 

resonator has sinusoidal corrugation and was designed 

to operate at the 1st harmonic of the gyrofrequency 

and a symmetrical operating mode. 

The operating frequency of the gyrotron is 

150 GHz and the accelerating voltage - 80 kV. With 

the chosen parameters of the resonator and the 

electron magnetron-injector gun described in [7], the 

theoretical value of Q  4200 provides the 

achievement of the maximum value of electron 

efficiency. 

 
(a) 

  
(b) 

Fig. 1. The profile of the echeltte resonator and the distribu-

tion of the high-frequency field (a) and the photos of the 

resonator and its part (b) 

An experimental study of the gyrotron was car-

ried out according to the routine scheme using the 

apparatus described in [8]. The dependences of the 

pulse output power P (pulse duration τ = 50 µs at 

repetition frequency f0 = 5 Hz) on the magnetic 

induction in cryomagnet B0 (current in the solenoid) 

were obtained at a voltage U = 80 kV for different 

values of the electron beam current Ib taken from 

cathode (see Fig. 2).  

The experimental data demonstrates only one os-

cillation in the magnetic field tuning band. A high 

value of the output efficiency   32 % took place at 

the current of the electron beam Ib = 35 A. Thus, the 

axially symmetric echelette gyrotron has a much more 

sparse spectrum of eigenfrequencies and a noticeably 

lower specific thermal load on the resonator walls 

compared with the canonical gyrotron (1.8 times) 

with a close efficiency. The decrease in the thermal 

load is due to both a decrease in the quality factor in 

comparison with a cylindrical resonator of similar 

length and a certain increase in the surface. 
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Fig. 2. Dependence of the output power of the gyrotron on 

the magnetic field in the resonator for different values of the 

electron beam current 

For a number of applications a two-mirror version 

of the echelette gyrotron is interested. In this variant, 

there are some possibilities for frequency tuning and 

the radiation output system is simplified but with the 

use of a cylindrical beam an efficiency decrease of 

1.5-2 times is inevitable. This scheme is the develop-

ment of gyrotrons with a quasioptical resonator with 

additional selection due to the echelette mirror. Fig. 3 

shows a gyrotron in which a two-mirror echelette re-

sonator is used. Here the RF field can be represented 

in the form of waves propagating towards each other. 

 

 

Fig. 3 Scheme of the gyrotron with a two-mirror echelette 

resonator 

Calculations carried out for gyrotrons with two-

mirror echelette resonators operating at the third har-

monic of the gyrofrequency demonstrate the promises 

of these systems. Estimations of the Q-factor of reso-

nators and start-up regimes for these gyrotrons were 

performed. The electron beam was assumed to be 

axially symmetric and had the same design parame-

ters as indicated above. The possibilities of smooth 

tuning of the frequency in such systems were investi-

gated. Calculations show that the use of two-mirror 

echelette resonators in gyrotrons operating at the 1st 

to 3rd harmonics of the gyrofrequency makes it poss-

ible to realize a smooth tuning of their operating fre-

quency in the band of about 1% by varying the dis-

tance between the mirrors and corresponding correc-

tion of the magnetic field. 

To increase the efficiency and additional selection 

in a two-mirror scheme it is expedient to use ribbon 

beams. For the same purposes, it is also possible to 

develop cylindrical beams with axially inhomogene-

ous emission. The development of electron-optical 

systems for the formation of such beams has its own 

specifics and is in the initial stage. 

A three-mirror echelette resonator consisting of 

one echelette (corrugated) and two smooth mirrors 

possesses all the advantages of a two-mirror resonator 

exceeding its efficiency in the use of an electron beam 

of a cylindrical configuration. 

Theoretical and experimental studies have shown 

that the axially symmetric echelette gyrotron has a 

significantly more rare spectrum of eigenfrequencies 

and a lower thermal load (by a factor of 1.8) on the 

resonator walls compared to the canonical gyrotron 

with close efficiencies. This allows us to hope for 

obtaining in the echelette gyrotrons more power at 

long-pulsed and continuous regimes. The output radi-

ation in the form of a conical wavebeam can be con-

verted, for example, into the TE01 wave of a wave-

guide of circular cross section. 

The performed analytical estimations and results 

of numerical simulation show the possibility to realize 

the smooth frequency tuning within the band of about 

1 % in the gyrotrons with two-mirror echelette reso-

nators operating on the 1-3th harmonics of the gyro-

frequency. 

Echelette gyrotrons have great prospects, but in 

their calculation and manufacturing technology se-

rious problems are encountered. A complex structure 

of the output radiation requires the development of 

new variants of the converter. 
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