BEBREEEHRGEE B17R B75 20065 78 3 2006-17-7-11
Ku 9 A% 55 914 W9 et A2e 44 9 A9

Design and Experiment of Ku band Linear Active Phased
Array Antenna System
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Abstract

In this paper, the linear active phased array antenna system operated in Ku DBS band was designed and
experimented. The antenna system was composed of sixteen radiatihg active channels and Wilkinson power combiners
with 16-channel inputs, a stabilizing DC bias and phase control board. Electrical beams of the antenna system can be
formed by controling the phase-states of 3-bit digital phase shifter inside each active channel by virtue of the phase
control board.

The amplitude and phase deviations measured between active channels were less than 0.8 dB and +15°
respectively, and the noise figure of each active channel was measured less than 1.2 dB in the operating band.

The measured performances of the overall antenna system showed the antenna gain of more than 23.07 dBi and
the sidelobe level of less than —11.17 dBc, and the bore-sight cross-polarization level of less than —12.75 dBc in
the operating band. Also, by phase-controlling active channels, the beam scan patterns at 10° 20°, 30° were, measured,
and the losses caused by the corresponding beam scanning were 1.1 dB, 2.5 dB and 3.6 dB from the measurements,
respectively.
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Table 1. Main electrical specifications of antenna sys-

tem.
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(a) 4-channel active channel module block diagram
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Fig. 1. Block diagram of linear active phased array
antenna system.
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Fig. 2. Structure of microstrip stack-patch element.
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Table 2. Optimal design parameters of radiating ele-

ment.
A He A AA g A
D, 9.6 mm W, 1.4 mm
D 11,0 mm W, 2.3 mm
H, 2.0 mm L 3.2 mm
Ly 5.3 mm

A8 3. AZE D9 B 22 AAE AR
Fig. 3. Photo of fabricated radiating element.
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Fig. 5. Radiation patterns of radiating element at cen-
ter frequency.
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Fig. 6. Photo of fabricated 2-stage low noise amplifier.
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Fig. 7. Electrical performances of 2-stage low noise
amplifier.
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Fig. 10. Measured electrical performances of 3-bit di-

gital phase shifter.
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Fig. 11. Photo of 4-1 way power combiner.
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Fig. 14. Photo of DC bias and control part.
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Fig. 15. Photo of fabricated antenna system.
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Fig. 17. Photo of antenna system installed anechoic
chamber.
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Table 3. Summarized results of radiation patterns
measured at each test frequency.
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Antenna Beam Scan Phase Shift Code

PS PS PS

10° Code 20° Code 30° Code

1 0 0 0 0 0 0
2 57 1 1123 2 164.1 4
31 1139 3 2243 5 327.8 7
41 1705 4 335.8 7 1309 3
51 2317 5 96.3 2 307.1 7
6| 285 6 2014 4 100.7 2
7| 3416 0 312.8 7 263.5 6
8 37.8 1 63.5 1 65.5 I
91 1033 2 192.6 4 254.1 6
10 | 153 3 290.5 6 372 1
111 209.3 5 413 1 199.2 4
12 | 265.1 6 151.3 3 0 0
13 | 335 7 288.9 6 201.2 4
14 21 0 19.6 0 3337 7
15 77 2 129.8 3 1349 3
16 | 1325 3 239 5 294.5 7
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Fig. 20. Radiation patterns with co-polarization mea-
sured at 10° 20° 30° beam scanning,
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Fig. 21. Receiving test of Ku-band satellite broadcast-
ing.
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