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In the frequency regime 100 – 500 GHz, vacuum electronics amplifiers have tremendous potential for high data rate communications, surveillance, and remote sensing.  Since the atmospheric attenuation is high at these frequencies, power and power efficiency is very important.  However the power efficiency of vacuum electronic slow-wave circuits at these high frequencies is limited by the small size of the circuit dimensions.  Dimensional variations resulting from conventional micromachining techniques that are adequate for lower frequency operation can be relatively large enough to cause serious degradation and variation of performance at higher frequencies.   In this work, we are creating and developing a new design procedure for significantly improving the power efficiency of high frequency vacuum electronic amplifiers while reducing the sensitivity to dimensional variations.

A successful procedure based on the simulated annealing algorithm has been developed for optimizing the design of traveling-wave tube slow wave circuits for high power efficiency [1].  As in all previous approaches, dimensional tolerance effects on the traveling-wave tube performance were ignored.   This is acceptable at lower frequencies were tolerances are small relative to all the critical dimensions in the circuit.  However at higher frequencies, tolerances can be a very significant fraction of the critical dimensions.   When this is the case, conventional design optimization procedures provide non-robust designs and the actual TWT performance can substantially underperform the predicted design performance.  Thus a new optimization procedure will be developed in this program to provide robust designs for high efficiency TWT performance at high frequencies. 


The small dimensions at high frequency necessitate planar slow wave circuit geometry such as a folded waveguide circuit [2], ladder circuit [3], or waveguide-grating circuit [4].   In this project, we will be computationally investigating variations of these planar geometries to determine an optimal geometry for robust power efficiency performance in the frequency regime of 100 – 500 GHz.  The effects of variations in the circuit dimensions will be determined and a comparison of the expected variations in performance will be tabulated based on the expected tolerances of conventional slow-wave circuit micromachining techniques such as electrical discharge machining (EDM) and more advanced micro-electromechanical systems (MEMS) micromachining techniques such as laser beam machining and LIGA (German acronym for lithography, electroforming, and molding).  We will also investigate projected performance improvement with developing and future microfabrication techniques that are expected to provide smaller tolerances.
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