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Within the framework of a quasi-optical ap-
proach, we develop self-consistent theory of relativis-
tic surface-wave oscillators [1]. Presenting the radia-
tion field as a sum of two counter-propagating wave-
beams coupled on a shallow corrugated surface, we 
describe formation of an evanescent slow wave. Dis-
persion characteristics of the evanescent wave follow-
ing from this method are in good compliance with 
those found from the direct CST simulations. Consid-
ering excitation of the slow wave by a sheet electron 
beam, we simulate linear and nonlinear stages of in-
teraction, which allows us to determine oscillation 
threshold conditions, electron efficiency and output 
coupling. The transition from the model of surface-
wave oscillator operating in the π - mode regime to 
the canonical model of relativistic BWO is consid-
ered. We also described a modified scheme of planar 
relativistic surface-wave oscillators exploiting two-
dimensional periodic gratings [2]. Additional trans-
verse propagating waves emerging on these gratings 
synchronize the emission from a wide sheet rectilinear 
electron beam allowing realization of a Cherenkov 
millimeter-wave oscillators with subgigawatt output 
power level. 

Simulations of surface-wave oscillators with con-
ventional single periodic slow-wave structures in 

the framework of a 3D model 

We start with consideration of a surface-wave os-
cillator driven by a sheet electron beam with a finite 
width of e

xl  over the x  axis (Fig. 1a). We should as-

sume that the field structure is non-fixed over all three 
spatial coordinates. Thus, 3D quasi-optical model was 
used in simulations [3].  

Results of simulations are depicted in Fig. 1 for 

the electron beam width of 10e
xl cm . At a relatively 

small width of the beam 5e
xl cm  the transverse 

(over x ) field structure possesses a regular symmetric 
distribution (an exponential decay in the y -direction 

perpendicularly to the corrugated structure takes place 
in all variants). For wider beams, for example, for the 

electron beam width of 10e
xl cm , multistability re-

gimes take place. For various initial conditions, we 
observed the excitation of both symmetrical and anti-
symmetrical modes, as shown in Fig. 1. For explana-
tion we analyzed the dependence of temporal gain on 
beam width for symmetrical and anti-symmetrical 
modes. For rather small widths, gain for the symmet-
rical mode strongly exceeds gain for anti-symmetrical 
one. Under such conditions, a regular symmetric dis-
tribution sets on in the steady-state regime. With in-
creasing beam width, gains for symmetrical and anti-

symmetrical modes (and other modes) become very 
close, which leads to multistability. 

Thus, diffraction of radiation in the x-direction is 
sufficient for formation of regular field structure over 
this coordinate while the beam size is restricted by 
Fresnel condition, 2 / 4 1e

F x zN l l   . For practical 

estimations of the conventional scheme of a surface-
wave oscillator we can take the beam width of 4-5 
wavelengths, which corresponds to the regular field 
distribution. For a relatively high electron efficiency 
of about 10 %, the total output power amounts about 
40 MW. For a metallic (brass) surface, Ohmic losses 
did not exceed several per cent of radiated power.  
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Fig. 1. (a) Scheme of surface-wave oscillator with 1D peri-
odical gratings driven by a rectilinear sheet electron beam. 
Simulations of surface-wave oscillator based on 3D quasi-

optical model for electron beam width  10e
xl cm : 

(b) Temporal dependence of amplitude zĈ  , (c) distribu-

tions of amplitude zĈ   and phase  ˆarg zC   at the out-

put cross-section zz l  ( 0I  = 0.3 kA/cm, 0 3  , 

10zl cm ), (d) spatial distribution of this amplitude in the 

steady-state regime in the cross-section y = const. Solid line 
corresponds to excitation of symmetrical mode, dashed line - 
to anti-symmetrical one. 

It should be noted that in 3D quasi-optical analy-
sis we considered an idealized model of grating infi-
nite in the transverse x direction. On the basis of CST 
STUDIO SUITE software, we simulated a more realis-
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tic model of the grating with the same transverse 
width as the electron beam. In this case we found 
more severe restrictions on stability of single-
frequency oscillation regime. In fact, for electron 
beam and corrugation parameters indicated above, we 
observed single-frequency oscillation at the system 
width of up to 4-5 wavelengths. For larger width val-
ues, multifrequency generation regimes with simulta-
neous excitation of several modes with different num-
bers of variations over the x coordinate are more typi-
cal. 

Surface-Wave Oscillators with Two-Dimensional 
Periodic Structures 

In the case when the beam width substantially ex-
ceeds the wavelength, we suggest a more effective 
mechanism for provision of transverse radiation co-
herence based on the improved version of the slow-
wave structure, namely a double periodic grating 
[2, 3]. Similarly to free electron masers (FEMs) with 
2D distributed feedback, these gratings allow organiz-
ing additional transverse (with respect to the transla-
tional velocity of the electrons) electromagnetic en-
ergy fluxes that synchronize the radiation from wide 
sheet electron beams (Fig. 2). 

Based on quasi-optical approach [2, 3], we simu-
lated the operation of a powerful W-band relativistic 
surface-wave oscillator driven by a sheet beam with 
parameters close to those of the beam realized at a 
high-current ELMI accelerator (Budker Institute, No-
vosibirsk). We took the electron energy of 1 MeV, the 

beam width of xl =27 cm, and the linear current den-

sity of 0I =0.3 kA/cm.  

Onset of steady-state oscillations is shown in 
Fig. 2b. Temporal dependencies of energy fluxes ra-
diated from different edges of the interaction space 
demonstrate that in the variant under consideration the 
most part of the power is radiated in the backward and 
forward directions (Fig. 2c). The power associated 
with transverse fluxes is relatively small. In accor-
dance with the negative frequency, the shift from the 
Bragg frequency in the steady-state regime the partial 
wave fields are evanescent. In the (z, x) plane the par-
tial wave amplitudes possess bell-shaped profiles 
which are also similar to those found for the "cold" 
mode. Electron efficiency of about 10% at the chosen 
parameters corresponds to the integral radiation 
power of ~0.9 GW. 
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Fig. 2. (a) Scheme of surface-wave oscillator with 2D peri-
odical grating. Temporal dependencies of (b) the efficiency 
and (c) the radiation power emitted in the different directions 
during the onset of a steady-state regime. (d) Spatial distri-

bution of partial wave-beam zĈ   in the steady-state regime 

( 0I  ≈ 0.3 kA/cm, 0 3  , zl =19.6 cm, xl =27 cm). 
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