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Abstract-Capabilities of vacuum devices in creation of
compact and powerful terahertz sources will be discussed. Main
attention will be focused on orotrons (or Generators of
Diffraction Radiation) and on several varieties of gyrodevices
(fundamental and second harmonic gyrotrons, high harmonic
Large Orbit Gyrotrons, gyromultipliers). These generators can
be available for many laboratories.

I.  INTRODUCTION

In principle, vacuum electronics allows production of
coherent Terahertz radiation practically at any power level.
The most widespread electron devices of this frequency
range — low-voltage Backward Wave Oscillators (BWOs) —
enable CW radiation with output power 1-10° W at the
frequencies of 0.1-1.0 THz with a broad frequency tuning.
Gyrotrons enable a fantastic high power up to 1 MW at the
frequency of 0.17 THz in quasi-CW regime. Gyrotrons with
strong pulse magnetic field demonstrate tens kW of output
power at the frequencies up to 0.65 THz. The highest
frequency achieved in gyrotrons is close to 1.0 THz. Free
Electron Lasers (FELs) demonstrate very high pulse and
average power along with a possibility of broadband
frequency tuning within entire Terahertz range and even at
many times higher frequencies.

It should be, however, noticed that gyrotron operation at
THz waves requires very strong magnetic field: 36 T at the
frequency of 1 THz when generating at the fundamental
cyclotron resonance. This is possible in pulse regime only.
An alternative way is generation at high cyclotron harmonics
that practically is possible at the 2nd harmonic and
sometimes at the 3rd one. Gyromultipliers can operate at
higher harmonics. With account of this, low-voltage and
compact gyrotrons with magnetic field of 5-12 T can provide
1-10" Watt at the frequencies up to 1 THz. As for Terahertz
FELs, they use basically very high electron energy 2-12
MeV that can be only produced in large accelerators.

Many new applications appearing last years require
Terahertz devices with power higher than it can be generated
in BWOs. In this presentation, two types of promising
devices that can satisfy needs in such power will be
discussed. These are Orotrons [1], or Diffraction Radiation
Generators [2], and varieties of gyrodevices which basically
operate at high cyclotron harmonics. Both types of devices
are now under intensive development in the Institute of
Applied Physics (orotrons - in collaboration with
“VNIIFTRI”, Mendeleevo and Institute of Spectroscopy,
Russian Academy of Sciences, Troitsk, Moscow region) [3].
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II. OROTRONS

Operation of the Orotron is based on the stimulated Smith-
Purcell radiation of a rectilinear electron beam moving over
or inside a periodic structure that serves as a mirror of an
open cavity. Due to high selectivity of the cavity, utilizing
significantly broader electron beams with higher currents and
generation of higher output power in comparison with
BWOs is possible in Orotrons. Broad electrical-mechanical
frequency tuning is also realized in Orotrons. At the moment,
a series of the developed low-voltage (0.5-5kV) orotrons
can generate in the frequency range of 0.1-0.4 THz with
output power of 1.0-0.1 W and typical electrical-mechanical
frequency tuning within an octave.

III. GYRODEVICES

Both conventional and Large-Orbit Gyrotrons [4] are also
under development in the Institute of Applied Physics. Being
based on the same mechanism of stimulated cyclotron
radiation of electrons, the Large Orbit Gyrotrons have an
important advantage over conventional gyrotrons in lower
currents and possibility of more selective operation at higher
cyclotron harmonics; respectively, they work at lower
magnetic fields. At the same time significantly more
complicated electron guns are needed for them to provide
appropriate axis-encircling electron beams. Such beams with
electron energy 50-250 keV and high compression have been
obtained and selective generation at 1st-5th cyclotron
harmonics have been demonstrated at millimeter and
submillimeter waves. When operating at the 3rd cyclotron
harmonic, generation with power level of 10 kW has been
obtained in the range of 0.3-0.42 THz [3].

Another prospective way for developing Terahertz sources,
that will be also discussed, is realization of gyromultipliers
with an external signal (e.g. from Orotron) or with a self-
exciting low-frequency section.
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