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Design of a Conformal Rx Phased Array Antenna System
for Ku-Band Satellite Communications
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Abstract

In this paper, we describe the design, manufacture, and performance test results of a highly integrated Rx conformal phased array
antenna for Ku band satellite communication. The proposed Rx phased array antenna comprises 64 tile phased array antennas and is
connected to a sector unit in 16 tiles. Additionally, SES are connected to a beam steering unit for controls and signal processing. The
results of the performance test of the Rx antenna system revealed that a G/T of 10 dB/K and beam pointing accuracy of 0.3° were
achieved. Therefore, the Rx system can be applied as a conformal antenna for satellite communications with a wide beam steering at
a low beam squint.
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Table 1. Required G/T calculation of Rx array antenna.

Item Value
EIRP of satellite 28.1 dBW
Space 1oss(36,000 km) —206.1 dB
Rain loss 0 dB
1/Boltzman constant 228.6 K/Watt/Hz
1/Noise bandwidth —62.04 dB
Required system C/N —1.44 dB
Required G/T of Rx antenna 10 dBK
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Table 2. Design parameter of Rx array antenna.
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Table 3. Design target of Rx array antenna.
Number of array antenna 4,096 EA
(caculated array gain) (36.12 dB) Item Design target
Unit antenna gain 4 dB ?Peszztf g:quzsy Ku (BW: 500 M)
Integration loss 2 dB N ency fi= fc—250 MHz
fi: lower frequency
. . fH: fc+250 MHz
Beam squint and point loss 2 dB fi: upper frequency
Antenna noise temperature 50 K Polarization Dual LP & CP
Antenna feeding loss 1 dB Beam steering angle on phi-plane 360°
Active return loss 1 dB Beam steering angle on theta-plane 60°
Rx noise figure 2.5 dB Beam pointing error <0.5°
Design target G/T of Rx antenna >10 dB/K G/T >10 dB/K
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(c) V-pol, bore-sight( ¥ ¥ =) =4 A3}
(c) Measured result in V-pol, bore-sight(cylindrical)
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Fig. 10. Measured results of Rx antenna(bore-sight).

(d) V-pol, bore-sight(X1 3 %) &4 A3}
(d) Measured result in V-pol, bore-sight(linear)
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Far Field Chart
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(a) H-pol, phi 180°, theta 30° =4 ZA3HLd=)
(a) Measured result in H-pol, phi 180° theta 30°(cylindrical)
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(c) V-pol, phi 180°, theta 30° =4 ZA3HL I =)
(c) Measured result in V-pol, phi 180° theta 30°(cylindrical)
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Fig. 11. Measured results of Rx antenna(phi 180°, theta 30°).
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(b) H-pol, phi 180°, theta 30° &4 ZAzH(A&Z)
(b) Measured result in H-pol, phi 180°, theta 30°(linear)
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(d) V-pol, phi 180°, theta 30° =73 ZAI(HF =)
(d) Measured result in V-pol, phi 180°, theta 30°(linear)
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(a) H-pol, phi 270°, theta 60° =4 ALY =)
(a) Measured result in H-pol, phi 270°, theta 60°(Cylindrical)
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(¢) V-pol, phi 270°, theta 60° =4 ZIHLEZ)
(c) Measured result in V-pol, phi 270°, theta 60° (Cylindrical)
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Fig. 12. Measured results of Rx antenna(phi 270°, theta 60°).
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(d) V-pol, phi 270°, theta 60° =74 ZAIHAEZ)
(d) Measured result in V-pol, phi 270°, theta 60°(linear)
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Phi T8l "theta 30 Phi 270; theta"30

(a) H-pol, theta 30° &% Z3D
(a) Measured result in theta 30°, H-pol(3D)
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(b) V-pol, theta 60° =7 A}
(b) Measured result in theta 60°, V-pol(3D)
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Fig. 13. Measured results of Rx antenna(3D).
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Table 4. Measured results of beam steering angle and
beam squint error.

Item Design target| Test results (RMS)
Beam steering angle < 0.5° 0.248°
V-pol
Beam squint error < 0.5° 0.222°
Beam steering angle < 0.5° 0.371°
H-pol
Beam squint error < 0.5° 0.351°
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Table 5. Analyzed results of G/T for Rx antenna system.

Item Design target Test results
V-pol 10.2 dB/KK

G/IT > 10 dBK
H-pol 112 dB/K
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Fig. 14. Measured results of Rx antenna w/ and w/o TTD.
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