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Passive mode-locking as a method for generating periodic sequences of ultrashort optical pulses (USPs) 

is well known in laser physics [1]. This effect is achieved by incorporating a saturable absorber (nonlinear 
filter) into the laser resonator. The theoretical studies carried out [2-4] have shown the possibility of 
transferring the described method to microwave electronics. The key point for the development of electronic 
USP generators with passive mode-locking was the development of an absorber that should provide saturable 
absorption in the microwave range at a power level of tens and hundreds of kilowatts. For this purpose, it 
was proposed to use cyclotron resonant absorption of radiation by an initially rectilinear electron beam, when 
the absorption saturation is caused by the relativistic dependence of the gyrofrequency on the particle energy 
[3]. Based on the theoretical analysis, the two-section Ka-band USP generator has been developed which 
comprised a helical-waveguide gyro-TWT as an active unit (Fig. 1a). In good agreement with theoretical 
predictions, periodical trains of 0.4 ns pulses with peak power of 100 kW and repetition period of 2.5 ns 
were measured (Fig. 1b). Phase coherence of radiated pulses was demonstrated based on analysis of the auto-
correlation function [4]. Performed experiments open essential new possibilities in generation of wide-band 
coherent radiation highly demanded for numerous applications.  
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Fig.1. (a) Principal scheme of a microwave mode-locked generator comprising a helical-waveguide gyro-TWT (amplifier) and a 
regular-waveguide saturable cyclotron resonance absorber (blue and red arrowed lines inside both tubes correspond to idle and active 
wave propagation, respectively. (b) Oscilloscope traces of recorded signal in the experiment. 
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