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This paper presents a novel approach for designing a reconfigurable and
steerable antenna utilizing plasma dielectric slabs along the aperture of a
pyramidal horn antenna. The antenna provides electronic control over the
radiation gain and the direction of the main beam. The proposed
configuration consists of four plasma slabs aligned perpendicular to the horn
aperture along the horn axis, supplemented by four diagonally connected
plasma slabs. Each plasma slab can be independently switched on or off,
enabling dynamic adjustment of the radiation gain and steering of the main
beam. Numerical investigations demonstrate that toggling the plasma slabs
or controlling the plasma frequency allows precise control over the
pyramidal horn antenna's radiation gain and beam steering. Selecting
appropriate dimensions and angles for the plasma slabs is crucial in
achieving the desired beam steering angle and radiation gain control. To
validate the concept, the proposed antenna configuration is designed and
numerically simulated at a frequency of 10 GHz. The results indicate that the
radiation gain of the antenna can be significantly enhanced, reaching up to
6.5 dBi, and the main beam direction can be steered within a range of +12°.
This research presents a promising approach for achieving reconfigurability
and beam steering capabilities in antenna systems by utilizing plasma
dielectric slabs. The proposed design offers enhanced performance and
flexibility, making it suitable for various applications in antenna technology.
The ability to control beam steering and radiation gain without mechanical
devices is essential in satellite and space communications.
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Fig. 1. The proposed horn antenna structure based on plasma
dielectric: (a) side view (3D view), (b) front view, (c) details on
the slabs arrangement.
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Fig. 2. Distribution of the electric field in the proposed antenna

in two modes : (a) all the plasma slabs are OFF (b) all the plasma
slabs are ON.
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matching.
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Fig. 3. Comparison of the simulated radiation gain of the
proposed antenna in E-plane at the frequency of 10 GHz in
the cases of the unexcited (solid line) and the excited plasma
slabs.
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Fig. 6. (a) Comparison of the effect of the length of the plasma

slabs on simulated E-plane radiation gain of the proposed
antenna at 10 GHz, when all the perpendicular plasma slabs to
the aperture are excited and four oblique plasma slabs are OFF,
(b) the effect of the length of the plasma slabs on the cross
polarization, (c) comparison of the effects of the length of
plasma slabs on the aperture efficiency.
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Fig. 5. Structure of the proposed antenna when all perpendicular
plasma slabs to the aperture are excited, and the four oblique
plasma slabs are OFF.
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Fig. 8. Comparison of the simulated radiation gain of the
proposed antenna in the E-plane at the frequency of 10 GHz and
in three modes: (a) all the plasma slabs are OFF ( the solid black

line), (b) the slabs 1 and 3 are OFF (dashed line), (c) the slabs 2
and 4 are OFF (dotted line).
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Fig. 7. Snapshots of distribution of the electric field in the
proposed antenna: (a) the slabs 2 and 4 are OFF, (b) the slabs 1
and 3 are OFF.
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Fig. 10. (a) Comparison of the simulated E-plane radiation gain
at the frequency of 10 GHz in three modes: 1) all plasma slabs
are OFF (solid line), 2) the slabs 1, 3, 5 and 7 are excited and
the others are OFF (dashed line), 3) the slabs 2, 4, 6 and 8 are
excited and the others are OFF (dotted line), (b) variations of
the aperture efficiency of the antenna at different operating
modes of plasma slabs.
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Fig. 11. Distribution of the electrical field in the proposed antenna: (a) the
plasma slabs 1, 3, 5 and 7 are excited and the others are OFF, (b) the slabs
2,4, 6 and 8 are excited and the others are OFF.
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Fig. 9. The proposed antenna structure in two modes: (a) the
slabs 1, 3, 5 and 7 are excited and the others are OFF, (b) the slabs
2,4, 6 and 8 are excited and the others are OFF.

o 93 ol (gl (5 B cans y 551 439, 2Oy s dulic

Jado oS 3)b o by cannl 0 03l i () Ve UK 3 oS S e

31 5 ) ey € i ol Sy Sl 3y > iy oo

Joie ) a8l g3 el 3 8 gy 3 e iy o gl
ol 5390 5 W39) (2O3k



e dace 3 Sl o o o LS Bslo anbl ¢ glidlyds sin

i & FS g Job 4 5o S slaais Job 5l b
Ao jgbay aiil 0 0B ssly ;0 —VY/A —VAA —VF/E L ol
o ) 3 ol latis g SIS 5.5 55 o
9 (sl 00 e S9 s 090 (slaanS dyglj (ile ol L

Sloss sl colaa agly ol

20F
= 15¢
m
=
=
= 10}
v}
) e A]] 5labs are not excited
5t = == [ =75mm
e =150 mm
....... L=300mm
0 L - - :

Axiuo yd 06 e (xdmd oy p olowdl slaars Job 3l dunlio =YY SO
90X ) o)led gl sloass oS b 3 V-GHZ L85 5 ooloiiy ol IE
CCal 4230 V0 (SuSil asgli o liid igeld badas plu g 0dd Sy Y

Fig. 13. Comparison of the effect of the slab lengths on the
simulated radiation gain in E-plane of the proposed antenna at
10 GHz, when the slabs 1, 3, 5 and 7 are excited and the others
are OFF and the opening angle is 15 degrees.
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Fig. 12. Parametric analysis of the slab configuration when the
slabs 1, 3, 5 and 7 are excited and the other slabs are OFF: (a)

variations of the slab lengths, (b) variations of the angle of the
oblique slabs.
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Fig. 16. Variations of the aperture efficiency versus the angle
of the plasma slabs.
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Fig. 14. Comparison of the effect of the opening angle of the
oblique slabs on the radiation gain in E-plane at the
frequency of 10 GHz.
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Fig. 15. The effects of the opening angle of the oblique slabs
on: (a) main beam direction, (b) radiation gain.
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Fig. 19. Variations of the antenna efficiency at different plasma
frequencies in the slabs.
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Fig. 17. The proposed antenna structure and the numbers of
the slabs, when the perpendicular slabs on the aperture are all
excited and all the oblique slabs are OFF.
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Fig. 18. (a) Variations of radiation gain and beam direction in
E-plane, at different plasma frequencies in the slabs
perpendicular to the horn aperture; fpl is plasma frequency in
the slabs 2 and 7, fp2 is the plasma frequency in the slabs 3 and
6; (b) the effects of the plasma frequency on the cross
polarization.
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Fig. 20. Steering of the radiated E-field of the horn antenna
using perpendicular plasma slabs in two following modes: (a)
plasma frequency in the slabs 2 and 7 is 9 GHz, and in the
slabs 3 and 5 is 7 GHz, (b) plasma frequency in the slabs 2 and
7 is 7 GHz, and in the slabs 3 and 5 is 9 GHz.
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