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To achieve high coherence of radiation in oversized Cherenkov surface-wave oscillators (SWO), the use of an

additional resonant Bragg reflector of an advanced type based on the coupling of paraxial and quasi-cutoff waves is

proposed. Within the framework of the conducted 3D PIC - simulations, it is shown that the reflectors of this type

make it possible to provide a stable narrow-band generation regime in SWO of a planar geometry with excitation

of the fundamental mode of the slow-wave structure at an oversize parameter (width) of about 7−10 radiation

wavelengths. An additional advantage of the proposed planar generator is the possibility of mechanical frequency

tuning when changing the gap size of the resonant reflector. The parameters for the implementation of powerful

W-band SWO based on the high-current accelerator complex
”
ELMI“(BINP RAS) have been evaluated.
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From the first successful implementations [1,2] to the

present day [3–8], much attention has been paid to the

design of relativistic surface-wave oscillators (SWOs) based

on the Cherenkov interaction mechanism. These devices

utilize the resonant interaction of a rectilinear relativistic

electron beam (REB) with a slow fundamental harmonic

of a radio-frequency (RF) field in a periodically corrugated

waveguide (slow-wave structure; the so-called π regime),
which ensures high impedance of electron-wave coupling.

This allows one to increase the oversize parameter and,

ultimately, the output power of these oscillators in com-

parison with similar parameters of other types of Cherenkov

devices (backward- and traveling-wave oscillators) with their

transverse dimensions limited to 2−3 radiation wavelengths

λ. A record-high multi-gigawatt level of radiation power

has been achieved in the so-called multiwave Cherenkov

generators (an SWO modification that also utilizes near-

π interaction) in frequency ranges from X to Ka with an

oversize parameter (diameter) of the interaction space of

D/λ > 5 [3,4].
A surface wave may be regarded as a

”
supermode,“

a set of several waveguide modes with correlated phases

nestled against the slow-wave structure surface. This

solves the problem of spatial coherence of radiation in the

direction normal to the surface (in cylindrical geometry,

radial) at arbitrary transverse dimensions of the structure.

However, the problem of radiation synchronization along

the
”
wide“ transverse (azimuthal) coordinate arises at

significantly large oversize parameter values. It follows

from simulated data (see [9] for details) that even with

transverse dimensions D/λ ∼ 5,
”
canonical“ SWO designs

based on one-dimensionally (1D) periodic slow-wave

structures do, in contrast to SWOs with two-dimensionally

(2D) periodic structures [10], lose radiation coherence in

transverse (azimuthal) mode indices.

In the present study, the use of an additional advanced

resonant Bragg reflector [11,12] at the oscillator input is

proposed as a means to ensure radiation coherence in an

SWO with a 1D slow-wave structure. The aim of the study

is to investigate the feasibility of selective excitation of the

fundamental mode in the indicated SWO design with a

significant oversize parameter.

The examined SWIO design with a planar geometry is

shown in Fig. 1. Its electrodynamic system is based on a

1D slow-wave structure with corrugation

a = a1D cos(h1Dz ) (1)

(h1D = 2π/d1D, d1D is the corrugation period, and a1D is the

corrugation amplitude). Within the quasi-optical approach

developed in [9], the emitted field may be represented as

two counter-propagating quasi-optical wave fluxes

E = EARe
[

(A+e−ihz + A−eihz )eiωt
]

(2)

(A± are slow amplitudes and EA is the structural factor

characterizing wave polarization) coupled at this corrugation

under Bragg resonance conditions

h1D ≈ 2h (3)

and forming an operating surface wave.
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Figure 1. Schematic diagram of a planar Cherenkov surface-wave oscillator with a one-dimensionally periodic slow-wave structure and

an advanced input resonant Bragg reflector. The direction of propagation of a sheet electron beam driving the oscillator is indicated.

Arrows denote the directions of propagation of partial wave fluxes in different sections of its electrodynamic system.
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Figure 2. Results of 3D modeling of a W-band surface-wave oscillator with an input broadband (non-resonant) reflector based on the

”
ELMI“ accelerator (CST Studio Suite code): high-mode generation within a certain time interval (oversize parameter lx/λ ∼ 7).

An advanced Bragg structure [11] (Fig. 1) is installed at

the oscillator input. This structure is a section of a planar

waveguide with shallow corrugation

a = aadv cos(hadvz ) (4)

(hadv = 2π/dadv , dadv and aadv are the corrugation period

and amplitude). Under resonance conditions

h ≈ hadv (5)

this corrugation provides coupling and mutual scattering of

two partial wave fluxes of type (2) and quasi-cutoff wave

E = EBRe
[

Beiωt
]

(6)

It is important to stress that, unlike
”
traditional“ Bragg

structures based on the coupling of two counter-propagating

paraxial waves [13–15], the advanced Bragg reflector does

not support direct mutual scattering of counter-propagating

wave beams A+ and A−; scattering is effected only through

the excitation of quasi-cutoff wave beam B . As in gyrotrons,

the inclusion of a quasi-cutoff wave in the feedback loop al-

lows one to rarefy significantly the spectrum of eigenmodes

of Bragg structures of this type with considerable oversize

parameter values and increase their selectivity in comparison

with
”
traditional“ counterparts. The operability and high

selectivity of advanced Bragg structures with oversize

parameter D/λ ∼ 45 have already been demonstrated at

frequencies up to 0.7 THz [16].
In the proposed design, the advanced structure acts as

an effective narrow-band reflector with a Bragg reflection

band narrower than the frequency interval between the

slow-wave structure eigenmodes. Single-mode oscillation

at a mode with a certain” transverse index along
”
wide‘

coordinate x (in a planar system) or a certain azimuthal

index (in a cylindrical system) and its frequency falling

within the reflection band of a resonant reflector may then

be established in an SWO.

It should be noted that the proposed mode selec-

tion mechanism is an evolution of the approach detailed

in [17,18]. However, the capacity for operation with

oscillators of a significantly larger transverse size is an

undoubted advantage of advanced Bragg structures over

resonant reflectors in the form of a choke groove that were

examined earlier.
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Figure 3. Results of modeling of a W-band surface-wave oscillator with an advanced resonant Bragg reflector based on the
”
ELMI“

accelerator (CST Studio Suite code): transition to steady-state oscillation at the lowest mode of the slow-wave structure. a —Time

dependence of magnetic field component Hx at the oscillator output (left) and radiation spectrum (right); b — RF field structure in the

steady-state regime; and c — generation frequency tuning (curve 1) and output power variation (curve 2) with a change in gap size a0

of the planar system (oversize parameter lx/λ ∼ 7).

The feasibility of application of advanced Bragg reflec-

tors in planar SWOs was investigated through numeri-

cal modeling in the three-dimensional CST Studio Suite

package. Modeling parameters close to the conditions

of experiments conducted in collaboration between the

Budker Institute of Nuclear Physics (Novosibirsk) and the

Institute of Applied Physics of the Russian Academy of

Sciences (Nizhny Novgorod) at the
”
ELMI“ accelerator

complex [19] were chosen. A slow-wave structure for W-

band operation (an operating frequency of ∼ 77GHz) with

a cross section of 10× 28mm (i.e., ∼ 2.5λ × 7λ) and length

l1D ≈ 35mm was designed. The period and amplitude of

Technical Physics Letters, 2024, Vol. 50, No. 8



The use of advanced Bragg reflectors for frequency stabilization and tuning in planar surface-wave oscillators 71

1D corrugation on one of the plates of the planar waveguide

were d1D ≈ 1.55mm and a1D ≈ 0.3mm, respectively. The

advanced Bragg reflector had corrugation with period

dadv ≈ 4mm and amplitude aadv ≈ 0.2mm that formed

a feedback loop containing two counter-propagating wave

beams of the lower TEM type and a quasi-cutoff wave

beam of the TM5 type; the length of the structure was

ladv ≈ 40mm. A 700 keV/1 kA/3µs sheet REB with

a cross section of 0.5× 20mm focused by a ∼ 1.5T

guiding magnetic field was proposed to be used to drive

the oscillator. The formation of spatially extended sheet

REBs with parameters acceptable for efficient operation

of relativistic W-band oscillators has been demonstrated in

a series of preliminary electron-optical experiments at the

”
ELMI“ accelerator complex (see [19] for details).

Two SWO designs with identical parameters were com-

pared in our simulation. In the first design, a broadband

mirror was installed at the input of the system; in the

second one, a narrow-band resonant reflector with the above

parameters was used.

The obtained data reveal multistable generation, which is

characterized by the excitation of a large number of modes

with different transverse indices and random phases, in the

design without the resonant reflector. Figure 2 presents the

operating regime in which oscillation at a mode with four

variations of the RF field along
”
wide“ transverse coordinate

x proceeds within a certain time interval.

According to the simulation results, the use of the narrow-

band advanced Bragg reflector leads to stable lowest-mode

generation with one field variation along the longitudinal

z and transverse x coordinates (Figs. 3, a, b). At optimum

parameters, the electron efficiency reaches 15% in this case,

which corresponds to an output power up to 120MW.

The possibility of smooth tuning of the radiation fre-

quency by adjusting gap size a0 of the planar system

(which leads to a change in cutoff frequency of feedback

wave B in the advanced Bragg structure) is an additional

advantage of the proposed generator design. The simulation

reveals (Fig. 3, c) that the proposed planar SWO design

provides a ∼ 1% tuning range for the generation frequency.

However, this tuning is accompanied by a noticeable change

in the electron-wave interaction efficiency (in the present

simulation, the gap size was varied under constant REB

parameters).

Thus, the results of theoretical analysis and three-

dimensional modeling confirmed the operability and good

application prospects of a new resonant Bragg reflector type

that ensures stable narrow-band oscillation at a specific op-

erating mode in SWOs based on one-dimensionally periodic

slow-wave structures with significant oversize parameter

values. The transverse extension of the structure opens

up opportunities for increasing the integral oscillator power

while maintaining moderate current densities and wave

fluxes. The discussed design of a planar W-band oscillator

is currently being implemented at the
”
ELMI“ accelerator.

Funding

This study was supported in part by the Russian Science

Foundation (grant No. 23-19-00370).

Conflict of interest

The authors declare that they have no conflict of interest.

References

[1] A.F. Aleksandrov, S.Yu. Galuzo, V.I. Kanavets, V.A. Ple-

tyushkin, Zh. Tekh. Fiz., 51 (8), 1727 (1981) (in Russian).
[2] S.P. Bugaev, V.I. Kanavets, A.I. Klimov, V.I. Koshelev,

V.A. Cherepenin, Pis’ma Zh. Tekh. Fiz., 9 (22), 1385 (1983)
(in Russian).

[3] S.P. Bugaev, V.A. Cherepenin, V.I. Kanavets, A.I. Klimov,

A.D. Kopenkin, V.I. Koshelev, V.A. Popov, A.I. Slepkov, IEEE

Trans. Plasma Sci., 18 (3), 525 (1990).
DOI: 10.1109/27.55924

[4] A.N. Vlasov, A.G. Shkvarunets, J.C. Rodgers, Y. Carmel,

T.M. Antonsen, T.M. Abuelfadl, D. Lingze, V.A. Cherepenin,

G.S. Nusinovich, M. Botton, V.L. Granatstein, IEEE Trans.

Plasma Sci., 28 (3), 550 (2000). DOI: 10.1109/27.887671
[5] V.A. Cherepenin, Phys. Usp., 49 (10), 1097 (2006).

DOI: 10.3367/UFNr.0176.200610l.1124

[V.A. Cherepenin, Phys. Usp., 49 (10), 1097 (2006).
DOI: 10.1070/PU2006v049n10ABEH006109].

[6] J. Wang, G. Wang, D. Wang, S. Li, P. Zeng, Sci. Rep., 8 (1),
6978 (2018). DOI: 10.1038/s41598-018-25466-w

[7] M. Aoki, Y. Annaka, K. Ogura, M. Ito, Jpn. J. Appl. Phys., 60

(9), 096004 (2021). DOI: 10.35848/1347-4065/ac1de9
[8] Y. Annaka, K. Ogura, M. Aoki, S. Hamada, T. Kato, M. Ito,

Plasma Fusion Res., 17, 2406036 (2022).
DOI: 10.1585/pfr.17.2406036

[9] N.S. Ginzburg, V.Yu. Zaslavsky, A.M. Malkin,

A.S. Sergeev, Tech. Phys., 58 (2), 267 (2013).
DOI: 10.1134/S1063784213020102.

[10] N.Yu. Peskov, V.Yu. Zaslavsky, A.N. Denisenko,

E.B. Abubakirov, A.M. Malkin, M.D. Proyavin, A.S. Sergeev,

N.S. Ginzburg, IEEE Electr. Device Lett., 44 (10), 1756

(2023).
DOI: 10.1109/LED.2023.3307201

[11] A.V. Arzhannikov, N.S. Ginzburg, P.V. Kalinin, A.M. Malkin,

N.Yu. Peskov, A.S. Sergeev, S.L. Sinitsky, M. Thumm,

V.Yu. Zaslavsky, Appl. Phys. Lett., 101 (8), 083507 (2012).
DOI: 10.1063/1.4747149

[12] N.Yu. Peskov, N.S. Ginzburg, I.I. Golubev, S.M. Golubykh,

A.K. Kaminsky, A.P. Kozlov, A.M. Malkin, S.N. Sedykh,

A.S. Sergeev, A.I. Sidorov, V.Yu. Zaslavsky, Appl. Phys. Lett.,

116 (21), 213505 (2020). DOI: 10.1063/5.0006047
[13] N.F. Kovalev, I.M. Orlova, M.I. Petelin, Radiophys. Quantum

Electron., 11, 449 (1968). DOI: 10.1007/BF01034380.
[14] V.L. Bratman, N.S. Ginzburg, G.G. Denisov, Pis’ma Zh. Tekh.

Fiz., 7 (21), 1320 (1981) (in Russian).
[15] A. Yariv, Quantum electronics (John Wiley and Sons, Inc.,

N.Y., 1975).
[16] N.Yu. Peskov, A.V. Arzhannikov, V.I. Belousov,

N.S. Ginzburg, V.Yu. Zaslavsky, D.A. Nikiforov, Yu.S. Oparina,

A.V. Savilov, E.S. Sandalov, S.L. Sinitsky, D.I. Sobolev, Bull.

Russ. Acad. Sci. Phys., 87 (5), 669 (2023).

Technical Physics Letters, 2024, Vol. 50, No. 8



72 N.Yu. Peskov, V.Yu. Zaslavsky, K.A. Leshcheva

DOI: 10.3103/S1062873822701842.

[17] I.K. Kurkan, V.V. Rostov, E.M. Tot’meninov, Tech. Phys. Lett.,

24 (5), 388 (1998). DOI: 10.1134/1.1262101.
[18] S.D. Korovin, I.K. Kurkan, V.V. Rostov, E.M. Tot’meninov,

Radiophys. Quantum Electron., 42 (12), 1047 (1999).
DOI: 10.1007/BF02677128.

[19] A.V. Arzhannikov, N.S. Ginzburg, P.V. Kalinin, A.M. Malkin,

I.V. Martyanov, N.Yu. Peskov, D.A. Samtsov, E.S. Sandalov,

A.S. Sergeev, S.L. Sinitsky, V.D. Stepanov, A.A. Vikharev,

V.Yu. Zaslavsky, IEEE Trans. Electr. Devices, 69 (5), 2662
(2022). DOI: 10.1109/TED.2022.3161899

Translated by D.Safin

Technical Physics Letters, 2024, Vol. 50, No. 8


