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INTRODUCTION

Miniaturized vacuum tubes operating at sub-THz and THz frequencies are of great
interest for various applications, such as high-data-rate wireless communication,
high-resolution radar, and spectroscopy. Since the transverse dimension is reduced,
the tubes require electron beams with a very high current density. Thus, devices with
spatially extended electron beams, such as sheet-beam and multiple-beam ones
have attracted a strong interest [1-3].

In this paper, we present the results of research aimed at development of the
electron-optic system (EOS) for a microfabricated G-band (0.2 THz) traveling-wave
tube (TWT) with a high-current-density sheet electron beam.
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ELECTRON GUN WITH A CONVERGING SHEET ELECTRON BEAM
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The electron gun with a 0.8×0.8 mm2

curved cylindrical cathode with a 4.93-
mm curvature radius was designed. The 
beam-focusing electrode (BFE) has the 
form of a rectangular horn.

The extracting voltage was set to 20 kV 
and the cathode-to-anode distance was 
about 4.3 mm. The beam thickness at 
waist position is ~ 0.05 mm, i.e. a 
compression ratio ~16 is provided.

An electron gun with a converging sheet electron beam provides a substantial 
improvement of the TWT performance as compared with the EOS with straight beam 
immersed in a uniform magnetic field [4]. The former one facilitates beam focusing and 
allows reduce of the focusing magnetic field and cathode current density, which, in turn, 
allows increase of the lifetime.
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Schematic 3-D view of the electron gun
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The results of 3-D modeling of the electron gun: 
(a) XY-projection; (b) XZ-projection. Equipotential lines of focusing electrostatic 
field in the gun are plotted.

(a) (b)
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ELECTRON GUN FABRICATION

The cathode pellet was manufactured from porous tungsten matrix impregnated
by BaO and coated with Os nanoparticle film, which lowers the work function
and increases the emission uniformity. Operating temperatures of the cathode
are 1100–1300ºC. The BFE was manufactured from hafnium by electron
discharge machining (EDM).

Сathode pellet

Emitting surface

Focusing electrode

Gun base 

Cathode

View of the 0.8×0.8 mm2 cathode pellet General view of the electron gun
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Fabricated electron gun
Measured electron gun current

ELECTRON GUN FABRICATION AND MEASUREMENT

Electron current density profiles at different 
distances from the cathode were 
experimentally measured by a pinhole 
analyzer. The beam thickness at waist 
position was less than 0.1 mm. Peak 
measured current density was about 
200 A/cm2. 
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MAGNETIC FOCUSING SYSTEM DESIGN

݉ ൎ 21.5 kg

Schematic view of the 
reversal-field magnetic system 

Schematic view of the permanent-
magnet MFS with uniform magnetic field

݉ ൎ 6 kg
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COMPARISON OF FOCUSING IN REVERSAL AND UNIFORM MAGNETIC FIELD

View of the  overlay beams in reversal (blue)  and uniform (red) magnetic field
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COMPARISON OF FOCUSING IN REVERSAL AND UNIFORM MAGNETIC FIELD

Electron beam transverse profiles at different distances from the cathode in
the reversal (left) and uniform (right) magnetic field
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Conclusion

In conclusion, the electron gun with a converging sheet electron beam with ~16-times beam
compression in the vertical direction was designed. The gun produces a 100-mA, 20-kV
sheet beam with 750×75 mm2 dimensions. Using of the converging sheet electron beam
facilitates beam focusing and allows substantial reduce of the cathode current density. The
latter allows increase of lifetime and makes possible CW operation.

The designed electron gun was fabricated and nearly 140-mA beam current was measured
experimentally. In addition, electron current density profiles at different distances from the
cathode were measured. The beam thickness at waist position was less than 100 mm.

The permanent-magnet reversal magnetic focusing system is designed and simulated.
Such a magnetic system has a significantly smaller size and weight compared to the
permanent magnet. The simulation confirms stable beam transportation in 850×150 mm2

beam tunnel over 40-mm distance without interception. Over 95 % beam transmission was
obtained in the simulation.

Moreover, the reversal magnetic field provides better focusing than the solenoidal one and
allows further reduce of the beam tunnel height to 100 mm.
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