
Output Measurements of a Highly Overmoded  
W-band Source 

A. J. MacLachlan, A. R. Phipps C. W. Robertson, H. Yin, L. Zhang, A. W. Cross, and A. D. R. Phelps 
Department of Physics, SUPA, University of Strathclyde, Glasgow, G4 0NG, Scotland, UK 

a.d.r.phelps@strath.ac.uk  

Abstract- Use of overmoded interaction structures to obtain 
higher powers from mm-wave vacuum electronic sources is an 
approach that is being used in the research reported here. To 
provide mode selectivity a two dimensional corrugated periodic 
structure is constructed on the inner surface of the conducting 
cylindrical slow wave interaction region that is excited by an 
annular electron beam. This two dimensional structure consists 
of a periodic surface lattice that is designed to facilitate 
coupling of the wave fields to generate a powerful single 
frequency output, even though the ratio of the diameter of the 
structure to the emitted wavelength is ~5.  Recent 
measurements of the output of this mm-wave source are 
presented. 

I. INTRODUCTION 

Two dimensional (2D) corrugated periodic structures 
have found many uses in microwave and mm-wave source 
research. They can be used as mode-selective  Bragg mirrors 
in fast-wave devices, such as free electron lasers [1-3]. 2D 
corrugated periodic structures having a very similar 
structural appearance can be used in a rather different 
physical role to form a slow-wave interaction structure in 
which mode-selectivity is again featured but in overmoded 
Cherenkov microwave and mm-wave sources.   

A research project to explore methods of increasing the 
power output from vacuum electronic mm-wave sources has 
been underway for some time at the University of 
Strathclyde [4-8]. One promising approach has been to 
increase the potential power output by increasing the cross-
section of the interaction structure in which the electron 
beam transfers power to the electromagnetic wave field.  
This allows a larger beam current to be employed, which 
provided the efficiency can be maintained at reasonable 
levels implies greater mm-wave output power should result. 

Normally increasing the cross-section of the interaction 
structure leads to a complex excitation of multiple modes 
and low efficiency of operation. Theoretical analysis [4-7] 
shows that by careful design of a periodic surface lattice 
(PSL) situated on the inner surface of the cylindrical 
electron beam - wave interaction structure can result in a 
coupling of surface waves and volume waves in the 
interaction structure to produce a single frequency powerful 
output mm-wave. 

Results of an initial experiment have been published [9] 
and this presentation reports significant improvements that 
have been made during the present second experimental 
campaign. 

II. EXPERIMENT

By corrugating the internal surface of the cylindrical 
interaction region with a carefully designed co-sinusoidal 
periodic corrugation, both in the axial direction and in the 
azimuthal direction, theoretical analysis predicts a rarefied 
output mode spectrum can be obtained even though a large 
number of modes can potentially be excited in a cylindrical 
structure of diameter D, at a working wavelength λ, when 
D/λ~5, as in the present highly overmoded structure.  

A cylindrical 2D PSL structure, of the type shown in Fig 
(1) can be described by equation (1) 

 (1) 

where r0 is the radius of the unperturbed waveguide, Δr is 
the amplitude of the corrugation, kz=2π/dz, where dz is the 
period of the corrugation along the axial z - coordinate and 
m is the number of azimuthal variations of the corrugation.  

These 2D PSL structures have been manufactured using 
two different processes. A fairly conventional process of 
electrodeposition of copper on a carefully machined 
aluminium former, that is then dissolved away using strong 
alkali  has been used successfully, as well as a 3D printing 
method [9]. 

In the initial experiment the electron beam was 
generated from a cold velvet cathode, as shown in Fig 2(a). 
whereas in the present experiments an improved knife-edge 
annular graphite cathode, as shown in Fig. 2(b), is used to 
produce a better-defined annular [10] electron beam. An 
axially-uniform DC magnet solenoid is used to guide the 
electron beam through the 2D cylindrical PSL interaction 
structure. 

Figure 1. Example of highly overmoded cylindrical interaction structure 
with 2D periodic surface lattice on the internal surface of the cylinder. 
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Figure 2. (a) Velvet cathode used in preliminary experiment (b) annular 
knife-edge graphite cathode being used in the present experiments. 

 
In the initial experiments the output frequency was 

estimated by measuring the magnitude of the output after 
passing the output through a series of cut-off filters. In the 
more recent experiments the use of a W-band local 
oscillator and mixer in a heterodyne frequency measurement 
diagnostic allows a more precise determination of the output 
frequency. 

 

III. NUMERICAL MODELLING 

To compare with the laboratory experimental 
measurements a series of cases with initial parameters 
chosen to match those of the experiment have been 
numerically modelled using the CST software suite. The 
parameters and dimensions of the 2D PSL configuration, the 
radial position of the annular electron beam, its accelerating 
potential and current have been used as inputs to the 
numerical model. The results of the modelling show that, as 
expected, such a highly overmoded interaction structure is 
sensitive to relatively small changes in the input parameters. 
However outputs in the W-band frequency range with over 
10% electronic efficiency are predicted by the modelling 
with appropriately chosen values of the length of the 2D 
PSL interaction region, with the optimum selected 2D PSL 
parameters r0, Δr, dz, m, combined with the electron beam 
accelerating potentials and currents corresponding to those 
in the laboratory experiment. 

IV. CONCLUSIONS 

Measurements of the output from an overmoded W-band 
slow wave source that uses a 2D periodic surface lattice in 
an upgraded experiment are reported. Compared with the 
initial experiment, the present experiment has a more nearly 
annular electron beam, the guiding solenoidal field is more 
uniform axially and the frequency measurement diagnostic 

enables a higher precision to be achieved. Output 
predictions obtained from numerical modelling using the 
CST software suite are also reported. Although this highly 
overmoded source shows greater sensitivity to variations in 
the input parameters, compared with a source operating on a 
low order mode, it is possible to achieve significant levels of 
electronic efficiency even when D/λ~5.   
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