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Design of Tx Multi-Beam Active Phased Array Antenna System
for Aerial Communications
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Abstract

In this paper, we describe the design, manufacture, and performance test results of a highly integrated Tx multi-beam active phased
array antenna for aerial communications. The proposed Tx phased array antenna is composed of three tile phased array antennas, which
consist of an array antenna, RF, and beamforming units. In the performance test of the Tx antenna system, an EIRP of 21 dBW and
a beam pointing accuracy of less than 0.4° were achieved with four independently operable multi-beams. It is expected that the Tx
multi-beam antenna system can be applied to common data link (CDL) communications for aerial networks.
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Table 1. Design specification of Tx multi-beam forming
array antenna.

Item Design target
. Ku band
Operating frequency Tx band(4 ch): 40 MHz
EIRP > 19 dBBW
Num. of multi beam 4 ea
Antenna gain > 21 dBi
Beam steering angle (phi) —18°~18°
Beam pointing error <1°
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Beam 1 Beam 2 Beam 3 Beam 4
(Ch. 1) (Ch. 2) (Ch. 3) (Ch. 4)

Pin (dBm) —33.71 —33.61 —33.64 —33.55
Gain (dB) 85.44 85.18 85.06 85.55
EIRP (dBW)| 21.73 21.57 21.42 22




o Y
-.% 15
T -201
2 25
o |
g -30|
< -35
-40 |
451 |
-50 -729 -58.32 -4574 -29.16 -1456 0 1456 29.16 4574 5832 729 8748
Position[deg]
Ch2 Amp LHCP(Peak) ky[deg] -0.44549491 -0045 -9.3973753
Ch3 Amp LHCP(Peak) ky[deg] 13357144 -0102 18107852
Ch4 Amp LHCP(Peak) kyldeg] -044491001  -0.062 89342729
H) ) S v
@) ¥ AFAE, 13
(a) Beam steering test, Case 1
0
-5
o -10
-.% -15
) -20
2 25
a
£ -30
< -35
-40
-45

S50 T2 5832 -4574 2916 <1456 0 1456 2916 4574 5832 729 8748
Position[deg]

Ch2 Amp LHCPPeak) kyldeg) -089101676 0 -18120168
Ch3 Amp LHCP{Peak) kyldeg) -044520227  -0047 -9.3911465
Chd  amp LHCP(Peak) kyldeg] — -13348374 -0114  18.095553

(b) & AR, 24
(b) Beam steering test, Case 2
J8 1. A g9 ey B X8 S 45
Fig. 11. Measured result of Tx multi beam antenna,
steering.

23 A gy W ARANE 23
Table 3. Measured results of multi beam steering.

Case 1 Case 2

Steering | Measured Steering | Measured
|Error|
angle | angle angle | angle

Beam 1| —18° | —18.13° | 0.13° 9° 94° 0.4°

Beam 2| —9° —94° | 04° | —18° | —18.12°| 0.12°
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