
Generation of Ultra-Short Microwave Pulses  
in a Tunable Gyrotron with Subsequent Compression 

R.M. Rozental1, I.V. Zotova1, N.S. Ginzburg1, V.P. Tarakanov2,3 
1 Institute of Applied Physics RAS, Nizhny Novgorod, Russia, rrz@appl.sci-nnov.ru 

2 Moscow Engineering Physics Institute, Moscow, Russia 
3 Joint Institute for High Temperatures, RAS, Moscow, Russia 

 

Generation of ultrashort electromagnetic pulses is 
of interest for many applications. A well-known 
method for obtaining such pulses is based on the 
compression of a frequency-modulated signal in a 
dispersive medium [1]. In principle, as such media, 
one can use regular waveguides. However, in this the 
frequency range optimal for compression is very close 
to the critical frequency, where the dispersion of the 
wave is most pronounced. This creates problems for 
ensuring matching in the operating band of the input 
chirped source. In [2,3] for solution of this problem, 
the compression in the helical waveguides is pro-
posed. But in high-frequencies band such systems are 
rather complicated for manufacturing. 

In this paper we suggest the two-stage scheme of 
generation of multi kilowatts subnanosecond micro-
wave pulses based on a gyrotron matching directly 
with a compression section in the form of a regular 
waveguide. It is well-known, that gyrotrons typically 
have a rather narrow band of frequency tuning (~0.1-
0.3%). However, as it was shown in [4], significant 
widening of the generation band in gyrotrons can be 
achieved with using of a shortened interaction space 
due to the weaker sensitivity to the velocity spread in 
the electron beam. The required frequency tuning of 
5% can be provided due to excitation of several axial 
modes.  

 

Fig. 1 Geometry of the interaction region. 
 
Further, results of particle-in-cell simulations of 

such a system are presented based on the KARAT 
code [5]. In Fig.1 the geometry of the interaction re-
gion is shown, where the first section with an electron 
beam corresponds to a gyrotron with rather short res-
onator, while the second one is the section of com-
pression. The Ohmoc losses were taken into account. 
The electron beam with the current of 2 A, excites the 
TE21 mode at the frequency of about 200 GHz.  the 
operating Due to variation of an accelerating voltage 
from 90 to 15 kV, the operating frequency of a 
gyrotron varies from 200 to 210 GHz in the pulse 
with a duration of 12 ns (Fig.2a). The radiation power 
at the output of a gyrotron doesn’t exceed 8 kW. In 

the second stage, the radiation is compressed in a reg-
ular waveguide connected directly to the gyrotron 
resonator. As a result, the output radiation represents 
the subnanosecond pulse with power of 80 kW. 
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Fig. 2. Evolution of the radiated pulse in the section of 
compression.   
 
This research was performed within the framework of 
the RFBR project No. 18-08-00717. 
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