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Generation of ultra-short pulse sequences in crossed-field amplifier

in self-excitation regime
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A W-band amplifier with crossed fields operating under dual-frequency self-excitation conditions has been studied.

It is shown that the generated frequencies correspond to the edges of the system bandwidths, at which there is a

significant increase in coupling resistance. It is shown that by applying an external signal at a frequency equal to

the average value between the generated frequencies, regimes of generating sequences of ultrashort pulses with a

duration of about 20 ps, a repetition period of about 100 ps, and a peak instantaneous power of more than 1 kW

can be obtained.
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Different options for generating powerful ultrashort pulses

in the millimeter range are currently under consideration.

For example, in [1], the generator design with passive

mode synchronization based on a Ka-band gyroresonant

amplifier with a saturable absorber in the feedback circuit

was experimentally investigated. A new design of such a

generator with two parallel emitting and absorbing electron

beams is proposed in [2,3]. In [4], pulse sequences based

on self- synchronization of modes in a K-band gyroreso-

nant amplifier with a feedback circuit are experimentally

obtained. In [5], the possibility of implementing a similar

effect in Cherenkov-type traveling-wave tubes in the W-

band is investigated. In [6–8] the method for generating

pulse sequences based on the formation of solitons of self-

induced transparency arising in the process of cyclotron-

resonance interaction of electromagnetic pulses with initially

rectilinear electron beams is discussed. It should also be

noted that low-power pulses can be generated based on

semiconductor electronics devices [9].

In this paper, the generation of ultrashort pulses in a W-

band amplifier with crossed fields is investigated. This class

of amplifiers has certain advantages over amplifiers of other

types. In particular, compared to O-type amplifiers, there

is no need to create a complex electron-optical system for

focusing the electron beam in the fly-through channel, the

typical dimensions of which decrease in proportion to the

wavelength. In its turn, compared to gyroresonance-type

amplifiers, there is no need to create strong magnetic fields

for the formation of helical electron streams. Amplifiers

with crossed fields are described by a fairly large output

power in the centimeter range, which for pulsed devices can

reach the values of tens and hundreds of kilowatts [10]. At
the same time, there are obvious prospects for the creation

of devices in the millimeter range, taking into account

the success in the development of magnetron-type devices

similar in design [11,12].

For spikes generation, we propose a scheme of amplifier

operation in the self-excitation mode, in which two spectral

components with commensurate amplitudes are present in

the output signal. In its turn, an external signal is fed into

the system at a frequency close to the average value of

these frequencies. Simulation results show that the output

signal may contain sequences of pulses whose peak radiated

power is many times greater than the average radiated

power.

Various types of slow-wave structures and their modifica-

tions are now known and investigated and can be applied

in a crossed-field amplifier. In magnetrons of the millimeter

wavelength range, multistage resonator systems are actively

used, the depth of which is proportional to λ/5. Unlike

single-stage systems, such systems have low dispersion at

higher spatial harmonics and retain high values of coupling

resistance [13].

The simulation of the interaction between the electron

flux and the microwave signal was performed using the

CST Studio Suite software package. The complete amplifier

model is a cylindrical system (Fig. 1, a) consisting of a

cathode of radius 1.15mm and an anode of radius 1.5mm.

Unlike the amplitron, the magnetron-type amplifier contains

a drift space in which the electrons are ungrouped, thus

eliminating spurious electron flow feedback. The energy

input and output of the decelerating system are also

provided by means of matching elements. End shields are

used on the cathode to localize the electron flow in the

interaction space.
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Figure 1. a — model of the amplifier under study: 1 — resonant

cavity system, 2 — drift space, 3 and 4 — energy input and output,

5 — cathode. b — calculated values of coupling resistance as

a function of frequency in first (1), second (2), and third (3)
bandwidths.

The device under study uses a three-stage resonant cavity

system, which is three rectangular cutouts, two short and

one long (Fig. 1, a). As can be seen, in the second

bandwidth (+1) the spatial harmonic has low dispersion

at sufficiently high values of coupling resistance (Fig. 1, b).
The operating harmonic is selected in the second band-

width 90−100GHz, which has a higher coupling impedance

than the first bandwidth 65−77GHz, and a wider band-

width than the third bandwidth 111−113GHz.

When selecting the parameters of the device operating

mode, the synchronism condition can be fulfilled simultane-

ously for several bandwidths. In this case, the synchronism

condition is observed to be fulfilled at the boundaries of

the second and third bandwidths, which have an order

of magnitude higher coupling resistance. Therefore, a

two-frequency mode of generation at frequencies 90 and

111.1 GHz occurs in the system. Figure 2, a shows the time

dependence of the relative intensity of the radiation and the

spectrum of the output radiation in the self-excitation mode.

The relative intensity was calculated by formula

I(t) = a(t)2/〈a(t)2〉,

where a(t) — the instantaneous value of the field ampli-

tude, and the operation 〈. . .〉 denotes averaging over the

implementation time. The occurrence of dual-frequency

generation can be explained as follows: at the edges of

the bandwidth, the system has a strong dispersion and, as a

consequence, a strong increase in coupling resistance. The

high-frequency bandwidth has a coupling resistance several

times greater than the operating harmonic. Therefore, it

is impossible to harmonize the system in this frequency

range, and the VSWR (voltage standing wave ratio) of

the system in this range can reach values of 10 or more

units. Thus, when the electron flow begins to interact

with the slow-wave structure harmonics, there is a higher-

frequency component near 110GHz in addition to the

operating frequency, which due to poor matching is locked

in the system and continues to effectively take energy from

the electrons. The same thing happens at a frequency

near 90GHz, which is located at the edge of the operating

harmonic range, where the system is poorly matched.

When an external signal of power 100W with frequency

located in the center between the natural oscillation fre-

quencies is introduced into this system, the system output

produces a spike mode of generation associated with the

mode synchronization effect (Fig. 2, b). Recall that the

mode synchronization effect is manifested by the addition

of phased oscillations with equidistant spectrum [14]. In the

simplest case of three oscillations interaction

ak(t) = a0 exp
(

i[(ω + k1ω)t + ϕk ]
)

,

k = −1, 0, 1, under the condition of phased modes ϕk = ϕ

the total amplitude is written in the form

A(t) =
∑

k

ak(t) = a0 ei(ωt+ϕ)
(

2 cos(1ωt) + 1
)

, (1)

and the total intensity is represented as

I(t) = Re
{

A(t)
}2

= a2
0

(

2 cos(1ωt) + 1
)2

cos2(ωt). (2)

According (2), in the total signal are formed uniformly

spaced from other wave packets with peak intensity

Imax = 9a2
0 = 6〈I(t)〉, (3)

where 〈I(t)〉 = 1.5a2
0 — average value of intensity calcu-

lated over the entire implementation.

From Fig. 2, b it can be seen that the maximum value of

the pulse relative intensity reaches a value of about 6. The

spikes duration is of the order of 20 ps with a repetition

period of about 100 ps. The instantaneous oscillation power

reaches values of about 1.4 kW, which corresponds to the

peak value of the average power equal to 0.7 kW. The

average oscillation power is about 0.24 kW. The obtained

pulse sequences are characterized by a sufficiently high

correlation coefficient between pulses, the value of which

is about 0.96.

Among possible applications of powerful ultrashort pulses

of millimeter range it is necessary to mention systems of

nonlinear pulse spectroscopy, where an approach based

on amplification of short microwave pulses of low power

currently dominates. In this case, very complex and

expensive klystrons with distributed interaction are used as

amplifiers [15–17].
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Figure 2. The time dependence of the relative intensity and the output emission spectrum in the self-excitation mode (a) and in the

external signal mode (b).

Funding

The study was supported by the
”
Priority-2030“ program.

Conflict of interest

The authors declare that they have no conflict of interest.

References

[1] N.S. Ginzburg, S.V. Samsonov, G.G. Denisov, M.N. Vilkov,

I.V. Zotova, A.A. Bogdashov, I.G. Gachev, A.S. Sergeev,

R.M. Rozental, Phys. Rev. Appl., 16 (5), 054045 (2021).
DOI: 10.1103/PhysRevApplied.16.054045

[2] N.S. Ginzburg, M.N. Vilkov, Yu.Yu. Danilov,

A.P. Konyushkov, L.A. Yurovskiy, E.V. Ilyakov,

I.S. Kulagin, I.V. Zotova, Tech. Phys. Lett., 47, 184

(2021). DOI: 10.1134/S106378502102022X.
[3] N.S. Ginzburg, M.N. Vilkov, V.N. Manuilov, Yu.Yu. Danilov,

A.P. Konyushkov, E.V. Ilyakov, I.S. Kulagin, I.V. Zo-

tova, Radiophys. Quantum Electron., 65, 196 (2022).
DOI: 10.1007/s11141-023-10205-7.

[4] R.M. Rozental, S.V. Samsonov, A.A. Bogdashov, I.G. Gachev,

A.A. Ivanov, M.V. Kamenskiy, IEEE Electron Dev. Lett., 44,

140 (2023). DOI: 10.1109/LED.2022.3225145
[5] R.M. Rozental, A.A. Ivanov, D.A. Sidorov, M.N. Vilkov, IEEE

Trans. Electron Dev., 70, 5940 (2023).
DOI: 10.1109/TED.2023.3317368

[6] N.S. Ginzburg, I.V. Zotova, E.R. Kocharovskaya, A.S. Sergeev,

I.V. Zheleznov, V.Yu. Zaslavsky, Radiophys. Quantum Elec-

tron., 63, 716 (2021). DOI: 10.1007/s11141-021-10092-w.
[7] A.A. Rostuntsova, N.M. Ryskin, I.V. Zotova, N.S. Ginzburg,

Phys. Rev. E, 106, 014214 (2022).
DOI: 10.1103/PhysRevE.106.014214

[8] I.V. Zotova, V.Y. Zaslavsky, N.S. Ginzburg, A.S. Sergeev,

I.V. Zheleznov, S.V. Samsonov, L.A. Yurovskiy, Phys. Plasmas,

29, 103301 (2022). DOI: 10.1063/5.0097295
[9] D.R. Bolton, P.A. Cruickshank, D.A. Robertson, G.M. Smith,

Electron. Lett., 43, 346 (2007). DOI: 10.1049/el:20073232
[10] A.S. Gilmour, Principles of klystrons, traveling wave

tubes, magnetrons, cross-field amplifiers (Artech House,

Boston−London, 2011).
[11] I.M. Ivanov, N.I. Scripkin, A.V. Shmelev, Electromagnitnye i

elektronnye sistemy, 21 (10), 68 (2016). (in Russian)
[12] R.K. Verma, S. Maurya, V.V.P. Singh, J. Electromagn. Waves

Appl., 32, 113 (2018). DOI: 10.1080/09205071.2017.1377641
[13] R.A. Silin, V.P. Sazonov, Zamedlyayuschie sistemy (Sov.

Radio, M., 1966). (in Russian)
[14] O. Svelto, Principles of lasers, 4th ed. (Plenum Press,

N.Y.−London, 1998).
[15] T.F. Kemp, H.R. Dannatt, N.S. Barrow, A. Watts, S.P. Brown,

M.E. Newton, R. Dupree, J. Magn. Res., 265, 77 (2016).
DOI: 10.1016/j.jmr.2016.01.021

[16] R.G. Griffin, T.M. Swager, R.J. Temkin, J. Magn. Res., 306,

128 (2019). DOI: 10.1016/j.jmr.2019.07.019

[17] M.V.H. Subramanya, J. Marbey, K. Kundu, J.E. McKay,

S. Hill, Appl. Magn. Res., 54, 165 (2023).
DOI: 10.1007/s00723-022-01499-3

Translated by J.Savelyeva

Technical Physics Letters, 2025, Vol. 51, No. 2


