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Design of Circular Polarized Waveguide Antennas with Hemispherical
Coverage for Low-Orbit Satellite TC&R
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Abstract

In this study, we suggested a waveguide antenna for low-orbit satellite TC&R with hemispherical coverage in the X-band of 7.0~8.5
GHz required for the telemetry command system (Telemetry, Command, Ranging, hereinafter TC&R) for communication between the
satellite and the ground station. The proposed antenna is designed using a septum structure inside the waveguide to generate a circularly
polarized wave and expand the axial bandwidth. In addition, to extend the beam width of the radiation pattern within the range of
maintaining the circularly polarized wave, an outer wall of a corrugated structure was added and offset at the end of the opening of
the spherical waveguide. Consequently, the hemispherical coverage characteristics were satisfied, and an axial ratio of around 10 dB
was obtained at £90°. In addition, the average gain of all angles within the beam width at the resonant frequency was —2.9 dBi.
Accordingly, sufficient beam width, axial ratio, and gain were secured as antennas for low-orbit satellite TC&R.
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Table 1. Requirements (objective).

Frequency range 70~8.5 Ghz
qUENCY TANEE | Main frequency: 7.2 GHz, 8.4 GHz)
Axial ratio @+60° Around 10 dB

Gain @90°, 270° —5 dBi or more
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Fig. 1. Circular polarized waveguide antenna structure
diagram using septum structure (simulation).
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Gl 78
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the outer wall (simulation).
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Table 3. Characteristic of circular polarized waveguide
antenna according to the change in the width of
the outer wall (simulation).

Freq.
(GHz] 7.8
h
Ilmm [ 3mm | 5Smm |7 mm | 9 mm | 1] mm
Gain
[dBi] 3.82 433 479 291 2.28 1.13
HPBW] 80 75 80 195 65 140
(@yz-plane
FBR[dB] | 13.87 | 13.66 | 10.32 | 2.75 2.69 | 10.22
Freq.
8.4
[GHz]
hy
Ilmm [3mm [ Smm | 7 mm | 9 mm | 1] mm
Gain
(dBi] 548 6.19 1.61 3.59 4.6 5.26
HPBW['] 60 60 160 85 75 40
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FBR[dB] | 17.14 | 10.53 | 528 | 15.03 | 19.57 | 21.63
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Fig. 5. Characteristic of an outer wall mounted circular
polarized waveguide antenna S);, axial ratio and
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Table 6. Comparison of simulation and measurement value

Table 5. Circular polarization waveguide antenna characteristic in 7.8 GHz.
according to the number of outer walls in 7.8 : -
Simulation ‘ Measurement
GHz.
Number of Simulation Measurement Freq. [GHz] 78
outerwalls| 0 | 1 [ 2 [ 3 3 Sii [dB] -26.19 45.1
Freq. Axial ratio
7.8
[GHz] (dB] 0.99 1.61
Sy [dB] | —2291| —3523| —25.5 | —26.19 —45.1 .
: - Band width
0 0
AXI[E:;B r]atlo 256 | 121 | o8 | o9 Ll Gz 2.28(29.2%) 2.45(31.4%)
Band width| 2.84 291 2.89 228 245 Gain 236 27
[GHz] | (36.4%) | (37.3%) | (37.1%) | (29.2%) |  (31.4%) [dBi] ’ ’
Gain o
apy | 3| 3| 272 | 236 27 @HPBV\I/[ ] 147 145
HPBW[] yz-plane
70 80 126 147 145
@ yz-plane
FBR[dB] | 1574 | 1503 | 1056 | 815 | 10.62 E7 2EA, 245 2 4L AE EA 0
Table 7. Comparison of objective, measurement value and
" b ot ey commercial products.
5" - —saa o Commercial
e Objective Measurement
3. 3 products
\g Frequenc 7.0~8.5 GHz
T T T T 2 I PO r;ln . Y (Main frequency : 7.2 GHz, |7.2 GHz, 845 GHz
(@ Offsct /170 4% 918 G4 995 mobw et Fv) g 84 GHz)
(7.0~8.5 GHz, yz-plane E,, 373X 7.0~83 (10 dB or
(a) Axial ratio of modified triple outer wall mounted circular Axial ratio| Around GHz less
polarized waveguide antenna (7.0~8.5 GHz, yz-plane E,, @+60° 10 dB |84 GHz,| Around )
measurement) 85 GHz | 10 dB
e i —vaE Gain . .
; e T . —5dBi| 90° —2.1 dBi B .
_w _w —uzaw @0 1 o more | 270 —2.93 ai | “ound 73 dBi
g , g = 270°
Size | 525 mmxS3.S mmo2 mm | 2> M2
. . mmx200 mm

(b) Offset17) 45 o ga) 93 =33 ke Zv)
(7.0~8.5 GHz, xz-plane E,, ZAX))

(b) Axial ratio of modified triple outer wall mounted circular
polarized waveguide antenna (7.0~8.5 GHz, xz-plane £,
measurement)

J8 13, OffsetAlZ] A% ¥ &A1 9d 9 =3 Q|

=H) 54 (58A)

Fig. 13. Characteristic of modified triple outer wall

mounted circular polarized waveguide antenna

axial ratio (measurement).
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