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 

Abstract — The self-consistent problem of EM field 

excitation by a rectilinear electron beam moving along 

either uniform grating (Smith-Purcell radiation) or 

bi-periodic grating (leaky wave radiation of spoof surface 

plasmon polariton) and the influence of the excited EM 

field on the electron beam has been considered. It is shown 

that a deceleration of electrons (energy transfer from 

electrons to EM wave) in both the Smith-Purcell radiation 

and the leaky wave radiation of the spoof surface plasmon 

polariton regimes may occur for essentially increased 

slow-wave circuit length in comparison with conventional 

BWO and orotrons. This allows either to enhance the 

output power or to reduce the beam current density of the 

THz oscillator. The simulations show the output power of 

18 W with the corresponding efficiency of 1.5 % at 0.64 

THz in the case of the circuit length of 28 mm while the 

current density is 180 A/cm2. Such operation is based on the 

hybrid bulk-surface mode excitation in the THz oscillator 

cavity with bi-periodic grating and the top reflector for 

leaky waves. This is promising for the increase of the 

output efficiency higher than 1% and providing the Watt 

level of output power in the THz oscillator based on hybrid 

bulk-surface modes. 

 
Index Terms— THz radiation, Smith-Purcell radiation, leaky 

wave, spoof surface plasmon polariton, hybrid bulk-surface mode, 

Cherenkov VED, bi-periodic grating, sheet electron beam. 

I. INTRODUCTION 

HE activity to fill the THz gap by the use of vacuum 

electron devices (VEDs) which are efficient in the 

microwave range is going in many laboratories all over the 

world [1]. Cherenkov VEDs are good candidates for 

compact-size devices to generate the EM radiation up to 
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1.5 THz [2]-[9] for various THz applications [10]-[12]. 

However, such effects as confinement of RF field near slow 

wave circuit, high-frequency ohmic losses, technological 

limits, a decrease of efficiency of output waveguides etc. cause 

quite high starting currents and low output power levels of the 

THz non-relativistic compact Cherenkov devices [1]-[9], [13], 

[14]. As can be seen from the Table I, the Watt level of the 

output power (required for the DNP-NMR spectroscopy [12]) 

at the frequencies higher than 0.25 THz among compact 

Cherenkov oscillators is achievable only in EIO [7] (with the 

output efficiency less than 1%), though it is most expensive 

oscillator with narrow frequency tuning range. For the 

frequencies higher than 0.5 THz, the Watt level of the output 

power and efficiency of 1% is significant challenge for the 

compact VEDs and achieving of this goal is very important for 

such applications as DNP-NMR spectroscopy and other ones 

requiring Watt level of the output power. 

It is well known that in microwave VEDs the starting current 

can be easily reduced by the increase of the interaction length 

[13] and operating-to-starting current ratio can be quite high. 

Due to ohmic loss causing high attenuation  of the surface 

wave along a grating (Ee-z) in the THz range, the length 

increases more than Lmax1/ has low effect on the starting 

current in conventional surface wave THz BWOs. In the bulk 

(volume) wave VEDs such as DRO and Orotron the grating 

length increase is usually accompanied with complications in 

the special multi-focusing upper mirror of the open resonator 

[15], [16]. The hybrid bulk-surface wave oscillator has no such 

The Regime of the Efficiency Increase by Use of 

Long Circuits in the THz Cherenkov Oscillator 

E. Khutoryan, A. Kuleshov, S. Ponomarenko, K. Lukin, Y. Tatematsu, M. Tani 

 

T 
TABLE I 

PARAMETERS OF MODERN CHERENKOV VEDS 

VED 

Frequenc

y range, 

GHz 

Beam  

voltage/ 

current 

Maximal 

CW output 

power, W 

Maximal 

Efficiency, 

% 

Clinotron [9] 220-270 4 kV /120 

mA 

0.3 0.06 

EIO [7] 260-267 12 kV /150 

mA 

15 0.8 

Orotron [16] 300-340 8 kV /120 

mA 

0.3 (pulsed) 0.03 

Clinotron [6] 350-410 4 kV /120 

mA 

0.05 0.01 

BWO OV-32 

[2] 

370-535 3 kV /60 

mA 

0.005 0.003 

BWO OV-80 

[2] 

526-714 3 kV /60 

mA 

0.005 0.002 

EIK [8] (under 

design) 

668-678 25 kV /100 

mA 

8 W 

(predicted) 

0.32 
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restrictions and the starting current can be essentially reduced 

[17]-[19] provided the beam transportation problem being 

solved. However, at moderate electron beam current, the theory 

of conventional VEDs [13], [14] says that the long interaction 

space results in such effects like electron beam overbunching, 

radiation output efficiency decrease, decrease of resonant 

properties (due to wave attenuation), etc. that causes the output 

power limitation and the excitation of multifrequency and 

stochastic/chaotic oscillations [20], [21]. Therefore, there is a 

tradeoff between low starting current and high output power 

that limits the length of the interaction space. 

In this paper we show that due to peculiarities of the 

Smith-Purcell radiation (SPR) [15], [22]-[25] and those of the 

leaky wave spoof surface plasmon polariton (LW SSPP) [17]- 

[19], [26]-[28] the effective beam-wave interaction with no 

automodulation regime can be provided for long gratings even 

in the deep non-linear regime with electron beam 

overbunching. The same time, in this paper we show that the 

electron and output efficiencies aren’t saturated with the 

interaction length increase even at high beam current that is 

quite different from the conventional Cherenkov VEDs features 

[14]. This property of the hybrid bulk-surface mode allows 

either the efficiency increase at high beam current density or 

keeping the same efficiency at the reduced beam current 

density by using longer circuits. This is promising for the 

increase of the output power of a single frequency mode in the 

THz oscillators based on both he SPR and the Hybrid Bulk 

Surface Modes (HBSM) [17], [18].  

The presented 2D geometry is justified by the good 

agreement between 2D and 3D consideration for HBSM [18]. 

In the 3D configuration, it is assumed to apply the sheet 

electron beam of 2 mm width with lower current density in 

comparison with pencil-like beam, which was already utilized 

for the surface wave 0.4 THz clinotron [6]. 

II. SELF-CONSISTENT SET OF THE PROBLEM 

Let’s consider the rectilinear electron beam at y=a with 

initial velocity 0v c (  <1) which is modulated in the gap at 

the start of the grating and further moving above the grating 

over the distance Lg in an infinite magnetic focusing field 

(Fig. 1). The self-consistent 2D problem involves description 

of both the excitation of EM fields and their interaction with the 

electron beam. 

Therefore, for the rigorous self-consistent analysis we should 

solve the problem of the diffraction of the EM wave associated 

with the finite RF current in the free space 

(     eih z i t
I z A z e


 , 0<z<Lg),  on the grating and to substitute 

the obtained electric field z-component in the beam area Ed(I) 

into the electron motion equation. 

The decomposition technique [29] was modified in [26] to 

solve the diffraction problem for bi-periodic grating for the 

infinite current wave   ikz i tA k e 

. To find the EM field excited 

by the nonlinear current of finite-length electron beam, the FT 

is used [17], [24]: 
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where W(k) is the solution for the infinite-length current wave 

found in [27], [28], [30]. The map of W(k, f) is shown in Fig. 2 

for the bi-periodic 3-stage grating (every 3rd groove is of 

modified groove depth h3 ≠h1) l = 0.07 mm, h1 = 0.09 mm, 

h3/h1 =1.3. 

Poles of W(k) correspond to eigenmodes and without losses 

(ohmic/dielectric or leaky wave radiation) the poles have only 

real part. Eigenmodes of bi-periodic grating are either pure 

surface waves (pure SSPP) or surface waves with leaky wave 

radiation (LW SSPP) which are the basis of the SSPP leaky 

wave antennas (SSPP LWA) [28]. From the Fig. 2 one can see 

that due to the additional loss for outgoing radiation, W(k) is 

less resonant for LW SSPP (the higher the loss, the smoother 

W(k)) than that of the pure SSPP. In contrast to eigenmodes, the 

SPR is not an eigenmode of an open grating and, therefore, 

W(k) is quite smooth in this region as follows from the SPR 

theory [24], [25]. In the case of the top conductive wall the 

situation becomes opposite: narrowest W(k) is for the SPR 

which in resonance with bulk modes of the closed waveguide 

[15], [24], and W(k) in the region of pure SSPP is almost the 

same as for open grating and is the widest [17]. 

III. LOSS OF ELECTRON ENERGY AT THE SPR EXCITATION  

Let’s consider the simplest case of the SPR excitation in the 

linear regime, for which motion equation may be transformed 

 
Fig. 2. The 3D map of the absolute value of W(k) which is solution of the 

diffraction problem for the infinite current wave. The grating period l=70m, 

the regular groove depth h=90 m, the depth of every 3rd groove h3=120 m. 

 

 
Fig. 1. Theoretical model of the finite rectilinear electron beam flowing along 

infinite bi-periodic grating 

 



This article has been accepted for publication in IEEE Transactions on Electron Devices. This is the author's version which has not been fully 

edited and content may change prior to final publication. Citation information: DOI 10.1109/TED.2023.3301841 

© 2023 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See https://www.ieee.org/publications/rights/index.html for more information 

into [15]: 
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The second boundary conditions appear due to the velocity 

modulation. Due to the abovementioned fact of low resonant 

SPR condition and the linear approximation, W(k) can be 

expanded as: 

 

     
   0

1 !

m
m N m e

e z e zm

W h
W h k W h k

m




           (3) 

 

And the synchronous electric field may be represented as 
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From where we can write: 
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Since W(k) is smooth and we consider the linear regime, 

derivatives in the sum (3) can be omitted and the final equation 

is: 
2

2

02
2 e e

I I
ih h I CW I

zz

 
  


 

which solution is: 
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
                       (4) 

where 0

0

q

qh CW
v


   . 

Due to the properties of W0 for the SPR [29], the slow space 

charge wave grows along z, while the fast space charge wave 

decays [30], [31] causing the self-amplified spontaneous 
 

 
(a)                                                                  (b) 

Fig. 3. Radiation pattern of the SPR (a) and the average electron velocity 

decrease along the axis z (b). 

emission (SASE) [31]. As a result, the lobe in the radiation 

pattern corresponding to the slow space charge wave is more 

intensive (Fig. 3(a)) and the average electron velocity decreases 

with z (Fig. 3(b)). 

 

IV. EXCITATION OF THE LEAKY WAVE SSPP  

In the case of eigenmodes excitation when k=kSSPP, the 

absolute value of W(kSSPP) is greater than that of W(kSPR) at the 

excitation of the SPR which is not an eigenmode. Therefore, the 

linear approximation is valid for much lower beam currents for 

the LW SSPP rather than for the SPR case. One more 

distinction from the previous section in the solving of Eq. (1) is 

that the expansion in series as in (3) is no more valid due to 

W(k)’s poles at k=kSSPP. 

 

 
Fig. 4. Spectral distribution of the RF current at excitation of the LW SSPP in 

the linear regime. Beam voltage U=17800 V, beam current J=6 mA/mm, f=0.66 

THz. 

 

 
Fig. 5. Average electron velocity dependence on the axial coordinate at the case 

of the LW SSPP excitation at several beam currents. U=17800 V. 

 

Therefore, the self-consistent solution in the case of the LW 

SSPP excitation by the modulated electron beam has been 

carried out numerically using iteration procedure: first we have 

solved the nonlinear electron motion equation using 

macro-particles approach [32] to find the first harmonic of the 

RF current I(z) and it’s Fourier components A(k). On the second 

step we have found the electric field in the beam area Ed using 

(1). Substituting the found Ed into the motion equation we again 

have found the RF current I(z) and so on. The iteration 

procedure was stopped after good accuracy was achieved. The 

number of iterations increased in the non-linear regime and it is 

strongly dependent on the beam current, electron transit length 

Lg, electrons velocity v0 and dependence W(k) in the vicinity of 

he. Let’s notice that in contrast to the so called “self-consistent 
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theory” used for conventional VEDs, where “cold modes” 

interact with an electron beam, here we obtain solution without 

this approximation. 

First, let’s consider the low current case to study the linear 

regime. Numerical solution of (1) shown in the Fig. 4 provides 

increased spatial Fourier component A(k) of the RF current 

corresponding to the slow space charge wave that is similar to 

the SPR case. The average electron velocity monotonously 

decreases along grating as in the SPR case and with an increase 

of the beam current this effect becomes more prominent. The 

most distinguishing from the conventional surface wave regime 

is that there is almost no saturation with length even when 

electron efficiency approaches 10% (roughly -2v/v0 

corresponding to the curve where v/v0-0.05 at the end of the 

interaction space,) as can be seen in Fig. 5. 

The electrons velocity decrease results in the widening of the 

RF current spatial spectra A(k) and in appearing of components 

with larger wavenumber k (or lower phase velocity vph since 

k=/vph) as shown in Fig. 6. This becomes more prominent with 

the increase of either the beam current (Fig. 6(a)) or the 

interaction length (Fig. 6(b)). 

From the Fig. 6(b) one can see that with the length increase, 

additional wavenumbers appear at the spatial spectra A(k) while 

the waveform A(k) appeared at smaller lengths remains almost 

unchanged. To find out the reason of such dependencies of the 

velocity and spatial spectrum on z, we have studied in detail the 

amplitude and phase of the RF current and RF field along the 

grating. 

First, we separate absolute value and phase of the RF field to 

find the “instant” wavenumber  k z : 
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Fig. 7 demonstrates the axial dependence of the electron 

average velocity   0 1v z v   together with the normalized 

power of the leaky radiation Prad and ohmic loss Pohm, the 

absolute value of the RF current first harmonic |I| and the 

wavenumber shift k . 

The areas 1-4 marked on the Fig. 7 correspond to the strong 

velocity decrease, while between these areas the velocity 

derivative is almost zero. Almost the same behavior is of Prad. 

The behavior of k  is opposite: at areas 1-4 it slightly varies, 

while between the areas the phase is rapidly switched [33]. 

Areas of the phase switch practically coincide with RF current 

minima, i.e., near electrons debunching regions. Therefore, 

areas k const   cause the coherent leaky radiation with 

increased intensity, whereas between these regions the 

radiation is not coherent and its intensity is low. In its turn, the 

power of ohmic (dielectric) loss depends only on the RF field 

absolute value and therefore, its growth is not strong when 

absolute value of RF field is low. These areas usually coincide 

with the areas of the abrupt phase shift, and because of this the 

behavior of Prad and Pohm is similar. Thus, comparing Fig. 6(b) 

and Fig. 7 we conclude that practically monotonous widening 

of the A(k) with length is caused by the coherent leaky wave 

radiation and the average velocity decrease occurs in these 

areas due to leaky wave radiation loss. 

In the linear regime the leaky wave radiation angle can be 

roughly found from the LW SSPP dispersion as: 

The Hx RF pattern obtained at the linear case shown in 

Fig. 8(a) agrees with (6) very well. However, in the nonlinear 

regime when k const  , Eq. (6) can be used for rough angle 

estimation only for areas 1-4 where k const  . From (6) we 

can also roughly find the angle change with the average 

velocity as 
2 sin

e

e




 


  , that for the parameters of the 

grating and beam voltage corresponding to the Fig. 7 results in 
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The RF field pattern calculated for this case (Fig.8(b)) 

confirms the assumption that areas with different  k z  

 
(a)                                                                 (b) 

Fig. 6. Spatial FT of the RF current spatial spectral A(k) in the non-linear case 

of the LW SSPP. a) at various beam currents; b) at various lengths. 

 
Fig. 7. Axial dependence of the average electron velocity, normalized power 

of leaky radiation and ohmic loss Prad and Pohm, absolute value of the RF 

current |I| and wavenumber . Beam voltage U=17800 V, beam current J=18 

mA/mm, f=0.66 THz. 
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emit with slightly different radiation angles. The angle of 

leaky wave radiated from the area 1 coincides with the 

linear case, while the radiation direction from the last 

grating segment is changed by the angle which is quite 

close to our rough estimation. 

 

   
(a)                                                       (b) 

Fig. 8. The leaky wave radiation pattern in the linear case (J=1 mA/mm) (a) and 

in the non-linear case (J=18 mA/mm) (b). 

 

          
(a)                                                       (b) 

Fig. 9. Sketches demonstrating rays which correspond to the radiating harmonic 

for cases of different distances between grating and reflector D (a) and various 

positions of a reflector (b). 

 

V. OSCILLATOR BASED ON THE HBSM 

In the previous section it was assumed that an electron beam 

was modulated at z0. To provide the regime of self-excitation, 

a conducting wall can be placed above a grating for the 

reflection of the leaky wave back to a grating at the area z0 

(Fig. 9) to modulate an electron beam. In such way we create 

the feedback for the oscillatory mode. In the configuration with 

a reflector or a conducting wall, the reflected leaky wave 

transforms into the bulk mode of the waveguide, which 

together with the SSPP constitute the hybrid bulk-surface mode 

(HBSM) [17], [18], [26]. 

The regime with a single reflection considered in [18] is 

lesser sensitive to ohmic loss and, hence, the starting current 

can be substantially reduced by the grating length increase 

(Let’s notice that an increase of the length of the interaction 

space also requires detailed electron beam transportation 

analysis, which is omitted here). 

From Fig. 9(a) one can see that the grating length, the 

distance to reflector and the radiation angle are roughly related 

as 

Lg tan2D                                     (7) 

As it was shown in the previous section, such regime doesn’t 

much suffer from a beam overbunch and, hence, we may 

assume that the efficiency should grow with length with no 

saturation. To verify this assumption together with the 

theoretical results of the Section IV, in this section we carry out 

the PIC FDTD simulations using MAGIC2D [34]. To properly 

consider the effect of ohmic loss in simulations, we set the 

value of material conductivity as 1.7107 S/m that is about 3 

times lower than that of the perfect oxygen-free copper (usually 

such value in 0.5-0.7 THz range is supposed to be due to 

surface roughness, etc.). The 3-stage grating parameters and the 

beam voltage are as in the previous section: l = 0.07 mm, h1 = 

0.09 mm h3 = 1.3h1, U=17800 V. Beam emitter thickness is 

0.02 mm. At Lg=28 mm and D=17 mm (that approximately 

satisfies (7)) the 2D starting current was about Ist = 6 mA/mm 

(in the 3D case it is equivalent to J=30 A/cm2). The radiation 

angle agreed very well with the condition (7) and was the same 

for whole grating. To study the strongly nonlinear regime, we 

took I=6Ist and have simulated two configurations shown in 

Fig. 9(a) and Fig. 9(b). The results of the first simulation of the 

nonlinear regime using the same grating-reflector distance as in 

the linear regime (D=17 mm), have shown that due to the 

change of the radiation angle in the nonlinear regime, the Eq. 

(7) doesn’t hold. This results not only in not optimal feedback 

length, but also in the not optimal width of the radiation output. 

Moreover, because of high leaky wave intensity, the feedback 

becomes too deep that can lead to the oscillation 

automodulation [20, 21]. Therefore, the distance D should be 

changed to keep the optimal condition in the non-linear regime 

(according to our simulations it can be also attained by the 

upper reflector inclination). According to rough estimations 

made in the previous section, the new value of distance was 

taken as D=20 mm. However, no self-excitation occurred 

 
Fig. 10. The power of ohmic loss in the “soft” regime (black) and the power of 

ohmic loss and the output power vs. time in the hard regime (blue curves) at 

D=20 mm. 

 

 
Fig. 11. RF field patterns during transient in the case of low excitation signal at 

D=20 mm. 
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(black curve in Fig. 10) and the RF field pattern after 1 ns is 

shown in Fig. 11. This made obvious that since the RF field 

amplitude is small during transient, the feedback condition (7) 

should hold for the “linear”  at the soft excitation. In the case 

of D=20 mm, the reflected wave doesn’t fall onto the grating 

and, therefore, there is no feedback. 

To check if the oscillation can be hard-excited, we have 

strongly increased the initial signal using initial bunched beam 

with the higher current: 

 (8) 

In the case of the driving signal according to (8), the power 

dependence on time is shown in Fig. 10 where one can see that 

the steady state was attained after about 5 ns. The oscillation is 

excited at the 639GHz with total 2D beam-wave interaction 

power about 22 W/mm (about 13 W/mm of ohmic loss and 9 

W/mm of output power). With the beam voltage and current of 

17.8 kV and 36 mA/mm it corresponds to the electron 

efficiency is about 3.5 % and the output efficiency was about 

1.5% that is in good agreement with the phase space shown 

together with the RF field pattern in the Fig. 12.  

 

   
(a)                

  
(b) 

     
(c) 

Fig. 12. Steady state RF Bx field patterns (2D (a) and 1D (b)) and electrons 

energy versus axial distance (c) in the case of hard excitation at D=20 mm. 

As it was shown in [18], in the case of the 3D configuration we 

can roughly estimate the output power as the 2D value 

multiplied by the electron beam width and for the 2 mm wide 

electron beam (typical for THz clinotrons fabricated in IRE 

NAS of Ukraine [6], [9], [13]) the output power is about 18 W. 

One can see that the radiation angle changes along the grating 

as theoretically predicted. Also, there are two areas of 

monotonous average velocity decrease where the RF field 

phase is almost constant separated by debunch area, where the 

RF filed phase is abruptly changes. The hard excitation regime 

due to the radiation angle change points out to the hysteresis on 

the waveguide height. This in its turn additionally allows to 

control the mode competition at high beam current. Another 

way to place a reflector is as shown in Fig. 9(b) since at the high 

beam current, the starting grating length can be shortened 

together with D as follows from Eq. (7). The results of the such 

configuration simulation are shown in the Fig. 13- 15. The 

output power for this configuration is the total power 

propagating through the top boundary. To provide the beam 

voltage sweep shown in the Fig. 13, the voltage was increased 

by △U = 100 V every 5 ns during the simulation. 

 
Fig.13. The result of the simulations for configuration shown in Fig. 9 (b) at 

U=17.8 kV, I=36 mA/mm, D=3.2 mm. (a) the power of ohmic loss and the 

output power vs. time; (b) the normalized spectrum of the output signal.  

 

 
(a) 

 
(b) 

 
(c) 

Fig.14. Steady state RF field patterns (2D (a) and 1D (b)) and electrons energy 

versus axial distance (c) for the configuration shown in Fig. 9 (b). 
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Fig. 14 demonstrates that after soft self-excitation at the first 

grating segment, the excited LW SSPP at the second grating 

segment causes almost monotonous velocity decrease and 

serves as the output radiation. The power and frequency 

dependencies on the beam voltage shown in Fig. 15 when the 

distance between grating and reflector D=3.2 mm indicate the 

electron frequency tuning range about 10 GHz. Simulations 

show that combined mechanical (change D) and electron 

frequency tuning is about 15 GHz. 
 

 
Fig.15. Frequency and the power of ohmic loss and of output radiation versus 

beam voltage for the configuration shown in Fig. 9 (b) at I=36 mA/mm, D=3.2 

mm. 

VI. EXPERIMENTAL PROTOTYPE AND RESEARCH PLAN  

The experiments described in [26] have demonstrated the 

excitation of the HBSM in 0.1-0.14 THz range. To confirm the 

obtained theoretical results, we are planning to carry out the 

experimental research at the higher frequencies. In this section 

we briefly describe the design of the experimental prototype 

and the plan of the future research. The intended experimental 

study includes the study of the radiation patterns of both the 

SPR and the LW SSPP as well as the research of the HBSMs 

excitation in the auto-oscillatory regime. For this goal we have 

modified the experimental setup that was designed at IRE NAS 

of Ukraine for the analysis of the diffraction radiation [15], 

[35]. The scheme and the photo of the prototype is shown in 

Fig. 14. According to the design, an electron beam moves along 

a grating in the vacuum chamber (which will be installed and 

adjusted at an electromagnet). The emitted radiation (SPR or 

leaky wave radiation) is to be detected by a radiation receiver 

movable in both azimuth and elevation angles to plot a 

radiation pattern and located outside of the chamber. To study 

various regimes at different frequency ranges, a grating, a 

reflector and an electron gun are made replaceable. 

 Following Figures 12 and 14 one can see the 

correspondence of the theoretical model with the designed 

prototype for the HBSM excitation in the case of a non-uniform 

grating installation. Also, such prototype enables study of some 

other promising regimes for the excitation of the THz radiation:  

- in the case of a uniform grating installation, the beam 

bunching can occur due to the BWO regime while the SPR 

may occur at the frequency harmonics (SPR FEL) [36]-[40]. 

When an upper movable mirror is installed the enhancement 

of this radiation is predicted in [41], [42]. 

- another possibility of the beam bunching when the upper 

mirror is installed is the excitation of the DRO oscillation 

occurring at the first segment of the structure, while along the 

rest of the structure the bunched electron beam excites the 

SPR at the same frequency [15]. To distinguish the SPR and 

the radiation from the open resonator, the ‘cold’ experiment 

should precede the “hot” one [35]. 

VII. CONCLUSION 

The excitation of both the Smith-Purcell radiation and the 

leaky wave radiation of spoof surface plasmon polariton by 

rectilinear electron beam moving above the long grating has 

been studied in the paper. The results of theoretical calculations 

and FDTD PIC simulations have demonstrated that due to the 

essential increase of the interaction length, two (contradictory 

for traditional Cherenkov VEDs) goals may be achieved: the 

starting current decrease and the output efficiency increase. 

Specifically, it relates to the THz oscillators based on the hybrid 

bulk-surface modes due to the higher coupling impedance of 

LW SSPP than this of the SPR. The carried-out simulations 

showed more than 10 W of the output power at 0.64 THz in the 

case of applied sheet electron beam of 2 mm width and beam 

current density of 180 A/cm2 that corresponds to the output 

efficiency of 1.5%. Since the efficiency of the modern compact 

THz oscillators (as follows from the Table I) is much lower 

than 1%, the obtained result is very promising for creation of 

the THz Watt-level Cherenkov oscillators with the output 

efficiency of several percent. However, we should notice that 

further study of the sheet electron beam transportation and the 

output radiation focusing is also required for the achievement 

of the optimal performances. 
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