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In laser physics, a well-known method exists for production of ultrashort optical pulses (USP) based on 

the effect of passive mode-locking [1], which is achieved by incorporating a saturable absorber (nonlinear 
filter) into the laser resonator. The similar method of USP generation was experimentally realized recently in 
high-power microwave electronics in a two-section Ka-band oscillator [2-3] consisting of a gyro-TWT 
amplifier and a nonlinear cyclotron resonance absorber in the feedback loop. The amplifier operated at the 
second cyclotron harmonic while the absorber operated at the first harmonic. This seriously restricts the 
advancement of the above scheme of USP generator into the shorter (W or G) wavebands and its use in the 
applications like spectroscopy.  

In this paper, we suggest an alternative scheme of W-band USP generator with passive mode-locking, 
which includes two gyro-TWT [4-5] sections with helical corrugation (Fig. 1a). One of them is used as an 
amplifying unit, while the other operates in the regime of nonlinear Kompfner absorption [6-7]. The regime 
of amplification or absorption in a gyro-TWT is achieved by adjusting the cyclotron resonance detuning. 
Both sections operate at the second cyclotron harmonics, which allows the required magnetic field to be 
reduced. According to simulations for W-band gyro-TWT with electron energy of 60 kW and current of 
10 A, it is possible to generate periodical trains of pulses with the peak power of about 400 kW and 60 ps 
duration (Fig.1b-c).  
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Fig.1. (a) scheme of a mode-locked microwave oscillator consisting of two coupled helical gyro-TWTs, (b) profiles of microwave 

pulses, and (c) radiation spectrum. 
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