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Scientific research in the 60s of the last century led to 
the creation of gyrotron and a number of other gyro-
devices, the principle of the its actions are based on the 
synchronous interaction of the curved electron beam and 
an electromagnetic wave: the combined effect of relativ-
istic effects and non-homogeneity of high-frequency field 
on the trajectories of electrons in a magnetic field leads to 
the intensive cyclotron radiation at the gyrofrequency and 
its harmonics [1]. The canonical gyrotron version in-
cludes adiabatic magnetron-injection electron gun (MIG), 
forming a tubular helical electron beam (HEB), oversize, 
weakly irregular cylindrical cavity with a diffraction ra-
diation output, the output window of rf radiation and 
electron beam collector. Design of powerful gyrotron as a 
rule, further includes a built-in quasi-optical mode con-
verter and depressed collector for recovery of the residual 
energy of the electron beam. The axial symmetry of ca-
nonical gyrotron and absence of its small-scale elements 
are favorable for its industrial development. For small 
and medium-power gyrotron for technological applica-
tions and spectroscopy efficiency increasing and fre-
quency tuning are desirable. 

Over the past few years in a number of leading coun-
tries  created a high level of high-performance powerful 
gyrotrons from centimeter to submillimeter range [1–3]. 
Several fundamental scientific fields are formed, the suc-
cessful development of which is directly caused by the 
presence of these sources (plasma heating in controlled 
thermonuclear fusion, development of technology of new 
materials, spectroscopy (EPR and dynamic nuclear po-
larization of NMR) and others. Each of the applications 
dictates own direction of development of gyro-devices, 
which are analyzed in this paper. For the gyrotron of low 
power for spectroscopy the customers have high demands 
for long-term stability and frequency tuning, increase of 
efficiency. However the complexity of the task is exacer-
bated by the problem of mode competition and high oh-
mic losses, especially in gyrotrons operating in the sub 
millimeter wave range on harmonics of the cyclotron 
frequency [2–5]. 

Due to a various reasons during the process of 
achieving of the maximal energetical characteristics (out-
put power, efficiency, pulse energy), a number of gyro 
devices, other than the canonical gyrotron version, fizzled 
out and now were on the sidelines of progress. Such non-
canonical devices have partitioned active medium, or 
(and) the space of interaction; non-cylindrical (ribbon or 
thin axial) helical electron beam (HEB); oversized 
strongly non-cylindrical or coaxial, quasi-optical, ech-
elette cavities, etc. However, in the canonical gyrotron 
are insufficient selective properties at work on the gyro 
frequency harmonics and very limited possibilities for 
frequency tuning. The report analyzes the perspectives of 
non-canonical gyrotron in terms of frequency tuning and 
improved mode selection working on the gyro frequency 
harmonics.  

Separation of an electron flow for several partial 
beams give us the possibility to improve mod selection, 
assisting for operating mode or suppressing parasitic 
modes. Fig. 1 shows photo of the electron gun for double 
beam second harmonic gyrotron and experimental de-
pendencies of output power and efficiency on total beam 
current. Another versions of multi-beams and multi-barrel 
gyrotrons are discussed also. 
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Fig. 1. Photo of double beam magnetron injection gum and 
dependencies of output power and efficiency on total beam 
current with different current of additional electron beam 

Longitudinal sectioning of operation space is an ef-
fective way to ensure the selection and efficiency in mi-
crowave devices. The gyro-devices partitioning interac-
tion space represented gyro-klystron, double-cavity gyro-
tron, gyrotrons with coupled cavities (CC), gyro-
multiplier, etc. In connection with the mode selection 
problem it may be interesting to use the coupled cavity 
with mode conversion (CCMC) [5], shown schematically 
in Fig. 2.  

 
Fig. 2. Scheme and RF field structure of CCMC 

The mutual modes conversion in both cavities plays a 
major role. Resonance Q-enhancement of the normal 
mode and the amplitude ratio |a1| / |a2| in CCMC creates 
basis for high mode selection in these systems and the 
reduction of radiation on the first mode provides high 
purity of the output-mode radiation. CCMC used in gyro-
trons at the 1–3 harmonics over a broad frequency range, 
power and pulse duration.  

Typical values of efficiency of gyrotrons with CCMC 
at least do not less than for single cavity gyrotron. These 
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data indicate the feasibility of high-performance of 
CCMC-type gyrotron. Multi CCMC had even higher se-
lectivity properties. As an example, Fig. 3 shows the pro-
file and distribution of the RF field for multi-CCMC gy-
rotron of average power level with a frequency of 
420 GHz at the third harmonic of the gyrofrequency and 
results of calculation of the output power, efficiency and 
ohmical load. Disadvantages of CCMC include the need 
for high-precision manufacturing. Possibility of fre-
quency tuning for these systems is practically absent. 

Fig. 3. Profile and RF field distribution of the multi-CCMC 
average power gyrotron and calculation data of the power, effi-
ciency and ohmical load

Axially symmetric echelette cavity [6] on a some 
point of view is the development of multi-cavity systems 
[5] and has similar advantages and disadvantages. It has 
high selective properties and gyrotron in which such cav-
ity was used in the experiments showed good output 
characteristics. Eshelette type gyrotron has great poten-
tial, but its proper numerical simulation and manufactur-
ing techniques encounter serious problems. The complex 
structure of the output radiation requires the development
of a new version of the QO converter. For some applica-
tions may be interested in two-mirror version eshelette 
gyrotron [6] shown in Fig. 4. 

Fig. 4. Two-mirror version eshelette gyrotron

In this gyrotron version there is some possibility of 
frequency tuning and simplified radiation output system, 
but using a cylindrical beam inevitably lead to reduction 
of efficiency. In fact, this scheme is the development of 
gyrotron with quasi-optical cavity [2, 5], with the addi-
tional selection by using eshelette mirror.

Coaxial cavity draw attention of developers of gyro-
devices, since its application is promising for achieving 
of high power levels which favor by high selectivity and 
absence of voltage depression of electron beam, the pos-
sibility of implementing the natural recovery scheme and

frequency tuning [3]. Additional features are provided by 
selection of profiling the inner wall of the cavity and the 
coaxial insert. The achieved power levels of coaxial gyro-
tron exceed 2 MW at frequencies up to 170 GHz. Using a
coaxial gyrotron are complicated due to technological 
problems associated with mounting, alignment and cool-
ing of coaxial insert.

Great prospects for work on the cyclotron frequency 
harmonics have a gyrotron in a thin axial beam, often 
referred to as large-orbit gyrotron (LOG). In experiments 
with LOG with permanent magnet (field of about 1 T) 
was obtained [7] on these harmonics/ modes / frequency / 
power / efficiency: n = 3 / TE311 /84.88 GHz / 2.5 kW /
/ 6.25%; n = 4 / TE411 / 112.7 GHz / 0.47 kW / 0.96%. 
There was also observed oscillation at the 5th harmonic 
with frequency 138 GHz.

The LOG with pulse magnet [7] 2 kW power have 
been achieved at a frequency of around 0.6 THz (n = 2),
2 kW and 0.3 kW at a frequency of approximately 1 THz 
(n = 3) on the 2nd and 3rd harmonics of the cyclotron 
frequency respectively.

Summary 

The report analyzes the perspective of non-canonical 
version of gyrotron in terms of possibility of frequency 
tuning and improved mode selection for operation on the 
gyrofrequency harmonics. 

Theoretical and experimental results for millimeter 
and sub-millimeter range gyrotrons with different types 
of cavities (CCMC, coaxial, quasi-optical, echelette, etc.) 
are presented and discussed.  

The most attractive versions of non-canonical gyro-
trons were pointed out. 
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