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Abstract. The article presents the results of studies of the characteristics of electron flows
generated by an electron-optical system with a multi-tip field emitter. Information has been
obtained on important beam parameters: the beam current, electron velocity spectrum, pitch
factor. The spread in transverse velocity did not exceed 50% in the studied modes. The shape
of the spectra did not depend on the magnitude of the magnetic field and did only weakly on
the current in the beam.
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AnHoTtanus. B craTbe mpeactaBiieHbl pe3yIbTaThl UCCIIET0BAHMI XapaKTEPUCTUK SJIEKTPOHHBIX
MOTOKOB, (POPMHUPYEMBIX 3JTEKTPOHHO-ONMTUYECKON CUCTEMOM C MHOTOOCTPUIAHBIM TMOJIEBBIM
sMuUTTepoM. bbina mosydyeHa wHdOpMalMs O BaKHBIX TapamMeTpax ITydyKa: TOKe B ITyuKe,
CIIEKTPE CKOPOCTEH 3JICKTPOHOB, MNuUTY-hakTope. Pa3zdpoc mo momepeyHoil CKOPOCTU He
npeBbiman 50% B uccienoBaHHBbIX pexkumax. Dopma crneKTpoB He 3aBHceSa OT BEJIMUMHBI
MAarHUTHOTO IIOJIS M MPOSIBJIsUIA JIMIIb C1a0yIo 3aBUCMMOCTb OT TOKa B IyYKe.

Kiouesbie cioBa: moseBass 3MUCCUSI, MHOTOOCTPUMHBINA MOJEBON SMUTTEDP, IIEKTPOHHBIN
MOTOK, CKOPOCTHOM pa3dopoc
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Introduction

One of the practically important directions in the development of modern microwave electronics
is the creation and improvement of subterahertz radiation sources driven by electron beams (see,
for example, [1—3]). In this paper, we consider the possibilities of using field emitters to form
electron flows with annular cross-section, necessary for miniature but high-voltage devices of this
frequency range. The field emitters developed [4—9] have obvious advantages over hot cathodes,
since they do not require heating and provide rapid (practically inertialess) on/off switching of
the electron source.

However, the development of electron-optical systems (EOS) with field emitters is difficult
due to the lack of information about the characteristics of electron flows that they generate. We
previously conducted an experimental study of the spatiotemporal and velocity characteristics of
electron flows in EOS with field emitters whose electrode configuration is typical for gyrotron-
type devices [10]. However, the measurements were performed only at low magnetic fields not
exceeding 0.1 T.

In this paper, we investigate the characteristics of electron flows generated in the EOS with
multi-tip field emitters in significantly higher magnetic fields (approximately up to 2.5 T), typical
for gyrotron devices of the sub-THz range.

Experimental procedure and instrumentation

The cross-sectional view of the EOS used to measure the characteristics of electron flows is
shown schematically in Fig. 1.
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Fig. 1. Schematic of electron-optical system (EOS) with a retarding field analyzer
(installed in the center of the solenoid):
cathode system /; control electrode with annular aperture 2; channel 3 for electron beam transport (e); solenoid
4; protective grids 5, 7, retarding grid 6; electron collector &

© Tapamaes E. Il., Comunckuit I'. I'., Tapamae C. Il1., 2024. Uznarenn: Cankr-IleTepOyprckuii MOJUTEXHUUECKUI
yHuBepcuret I[lerpa Benaukoro.
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The dimensions of the main parts of the EOS and the analyzer are shown in Table. Magnetic
field pulses with a duration of 10 ms were generated using a solenoid to compress and confine
the electron flow. To ensure field emission, a pulse of negative (relative to the grounded control
electrode) voltage U with an amplitude up to 15 kV was applied to the cathode. The pulse
duration was varied from 10 to 100 ps.

Table
Main geometric parameters of electron-optical
system (see Fig. 1)
Element Parameter Size,
mm
Distance between control electrode 2 and
2.00
cathode /
Aperture width in control electrode 2 2.00
Cathode system / Average diameter of field emitter 14.0
Width of field emitter 0.65
Tip height and distance between tips 0.03
Coil diameter:
t 1 42
Solenoid 4 externa
internal 30
Length of solenoid 4 200
Electron velocity Distance between protective (5) and retarding ’
analyzer (6) grids

A magnetic field was applied, increasing from a minimum B, at the cathode to a maximum B
in the center of the solenoid. The maximum value of the magnetlc flux density B, varied from
0.1 to 2.5 T. The magnetization reversal coefficient £k = B /B, could be adjusted by moving the
solenoid along the axis. The current / of electrons in the beam and the longitudinal component of
the electron velocity ¥ (directed along the magnetic field lines) were experimentally measured; the
transverse component of the velocity V| (directed perpendicular to the field lines) was calculated
using a previously developed technique [10].

The electron velocities were determined by the retarding field method using the analyzer
(see Fig. 1 and Table). The analyzer was placed in the region of magnetic field uniform along
the axis, near the central plane of the solenoid section. The delay curves (dependences of the
current / of the electrons passing to collector 8 of the analyzer on the magnitude of the retarding
negative (relative to the ground) voltage U, applied to grid 6) were measured. Since electrons
with the velocity V| < (2¢U,/m,)'”* do not fall into collector 8, the resulting delay curve /(U) was
reconstructed in the coordinates Iv).

The spectrum of longitudinal electron velocities V| was obtained by differentiating the curve
I(V,). The transverse velocity spectrum V  was determined taking into account the information
about the total energy eU of electrons in the beam and the data obtained on the distribution of
electron velocities in the longitudinal direction.

Before taking measurements, the cathode was trained with current sampling up to 20—25 mA
for a time of up to ten hours. The operation of the electronic flow generation system was
stabilized.

Results and discussion

The electron source operated stably under technical vacuum in the entire studied range of
beam currents (the pressure was approximately 1077 Torr). After the training was completed, the
variation in the beam current in a single pulse did not exceed 1%.
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Fig. 2. Measured characteristics of the EOS: voltage characteristic (a); waveforms of cathode voltage
and the current in the collector, respectively (b, c)

Fig. 2 shows the current—voltage characteristic of the studied EOS as well as waveforms of
voltage pulses and electron current to the analyzer collector. The EOS made it possible to obtain
beam currents over 20 mA in the modes considered.

Figs. 3 and 4 illustrate the main results of the analysis of electron velocity spectra in the
flow generated by the electron gun with the multi-tip field emitter. Fig. 3 shows experimentally
measured spectra of longitudinal and transverse velocities in electron flow at different values of the
beam current. Fig. 4 shows the transformation of the spectra with a change in the magnetization
reversal coefficient and the maximum magnetic flux density B, for fixed current in the beam.
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Fig. 3. Spectra of transverse (a) and longitudinal (b) electron velocities in the electron beam in EOS
at different currents; maximum magnetic flux density B, = 2.5 T,
magnetization reversal coefficient £k = 13

The RMS spread of electrons over the transverse velocity reached about 50% for the entire
electron flow. The data obtained indicate that the shape of the transverse velocity distribution was
practically unchanged with the beam current varying over a wide range (from 0.1 to 25 mA). The
pitch factor averaged over the entire electron flow increased from 0.26 to 0.30 with an increase
in current.

The variation in the magnetic field in the cathode with a fixed magnetization reversal coefficient
has practically no effect on the electron velocity spread. An increase in the magnetization reversal
coefficient from 13 to 28 at constant voltage U and magnetic flux density B, leads to a decrease
in the beam current. The average pitch factor increases markedly from 0.24 to 0.38.
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Fig. 4. Spectra of transverse (a) and longitudinal (b) electron velocities in electron beam in EOS at
different magnetization reversal coefficients k and maximum magnetic flux densities B, (c).
Current in the electron beam 7 = 22 mA

Conclusion

Let us overview our main findings. We obtained data on the values of currents as well as
electron velocity spectra observed in an EOS with a multi-tip field emitter. In our opinion, these
results might prove indispensable for developers of subterahertz microwave devices.

In the future, it is planned to study the characteristics of flows in electron-optical systems with
multi-tip and multilayer emitters [9].
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