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Abstract

In this paper, we describe a field of view (FOV) analysis of active phased array antennas with transmitter and receiver modules
(TRM) applied to each subarray stage. First, the subarray design and amplitude-tapering optimization methods are introduced. Second,
a comparative analysis of the sidelobe level (SLL) and half-power beamwidth (HPBW) according to the change in the distance between
the radiation elements and number of subarrays is presented. Finally, the beam characteristics according to the change in the distance
between the radiation elements are analyzed under the condition of identical aperture size and number of subarrays. The beam steering
angles were analyzed for boresights at 7°, 12°, and 15°. As the number of subarrays increased and the distance between the radiation
elements narrowed, a lower SLL was secured during beam steering. It was confirmed that the distance between phase centers between
the subarrays was dominant in the phased array antenna with subarrays.
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Table 2. Sidelobe level and half-power beamwidth change
during elevation steering according to the change
in the number of subarrays (radiation elements
spacing: 0.7 A).

Boresight | 7° scan 12° scan | 15° scan

48 —29.9 dB | —16.60 dB| —9.16 dB | —4.62 dB
subarrays 4.1° 4.0° 3.9° 3.8°

64 —30.5 dB | —17.64 dB| —12.23 dB| —8.63 dB
subarrays 4.1° 4.0° 4.0° 3.9°

9 —33.5 dB | —23.00 dB| —16.96 dB| —14.24 dB
subarrays 4.1° 4.0° 4.0° 4.0°
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Table 3. Sidelobe level and half-power beamwidth change
during azimuth steering according to the change
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spacing: 0.6 A).

Boresight | 7° scan 12° scan | 15° scan
48 —30.04 dB| —16.57 dB| —9.76 dB | —6.15 dB
subarrays 4.8° 4.6° 4.5° 4.4°
64 —29.51 dB| —20.74 dB| —154 dB | —11.58 dB
subarrays 4.8° 4.6° 4.5° 4.5°
9 —32.69 dB| —23.07 dB| —18.52 dB| —15.2 dB
subarrays 4.8° 4.6° 4.6° 4.6°

E 4 309 )5 ws mE 14 28 A 2929
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Table 4. Sidelobe level and half-power beamwidth change
during elevation steering according to the change
in the number of subarrays (radiation elements

spacing: 0.6 A).

Boresight | 7° scan 12° scan | 15° scan
48 —30dB | —183dB | —11.6 dB | —8.13 dB
subarrays 4.8° 4.7° 4.6° 44
64 —30.67 dB| —18.86 dB| —13.8 dB | —11.31 dB
subarrays 4.8° 4.7° 4.6° 4.6°
9 —33.57 dB| —2439 dB| —19.0 dB | —16.28 dB
subarrays 4.8° 4.8° 4.7° 4.7°
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Fig. 12. Beam characteristics change

according to the change

in the number of subarrays when steering elevation
(distance between radiation elements: 0.525 A).
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Phase centers of cach subarray
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Table 5. Sidelobe level and half-power beamwidth change
during azimuth steering according to the change
in the number of subarrays (radiation elements
spacing: 0.525 2).

Boresight | 7° scan 12° scan | 15° scan

48 —30.18 dB| —17.99 dB| —11.6 dB | —8.29 dB
subarrays 5.6° 5.6° 5.5° 54°

64 —29.57 dB| —21.75 dB| —17.16 dB| —14.05 dB
subarrays 5.6° 5.6° 5.5° 5.5°

96 —32.63 dB| —23.86 dB| —20.62 dB| —17.45 dB
subarrays 5.6° 5.6° 5.5° 5.4°

6. FuiE s Wkl mE 17F 2 A RYES

o by HE mﬁ_(i/\]./\;q. 24 0.525 /1)
Table 6. Sidelobe level and half-power beamwidth change
during elevation steering according to the change
in the number of subarrays (radiation elements

spacing: 0.525

).
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A E4E& 913 array configuration
Table 7. Array configuration for beam characteristic analysis
under condition of identical aperture size and the
number of subarrays.

Radiation Aperture Num.be.r of Number of]
elements . radiation
. size subarrays
spacing elements
Case 1 0.7 A 168 A% | 24x24 96
Case 2 0.6 A 168 A% | 28x28 96
Case 3 | 0525 A | 168 A% | 32x32 96
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Fig. 14. Optimized shapes of subarrays in case 2, 3 (first
quadrant).
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Fig. 17. Beam characteristics on case 2, 3 at azimuth direction.

=90, Elevation Sean - Elevation Cut Plot

= )
it

(a) Case 29| 37} x3Fe] ¥ &4
(a) Beam characteristics of case 2 at elevation direction

g
H

(b) Case 39| 7} x3e] Wl &4
(b) Beam characteristics of case 3 at elevation direction
O3 18. Case 2, 36 W& 17b 23ke] Wl 54
Fig. 18. Beam characteristics on case 2, 3 at elevation
direction.



H 8. Case 1, 2, 39 W& Wzt 23A] RHFF9

Bdg UE w3
Table 8. Sidelobe level and half-power beamwidth change
during azimuth steering according to cases 1, 2,

=

and 3.
Boresight | 7° scan 12° scan | 15° scan
—32.6 dB | —22.91 dB| —16.25 dB| —12.63 dB
Case 1
4.1° 3.9° 3.9° 3.9°
—31.4 dB | —18.93 dB| —16.38 dB| —12.99 dB
Case 2
4.0° 3.8° 3.8° 3.8°
—31.1 dB | —20.87 dB| —15.64 dB| —12.36 dB
Case 3
4.0° 3.8° 3.8° 3.8°

H Q. Case 1,2, 30 WE ¥4 A REE9 2 W
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Table 9. Sidelobe level and half-power beamwidth change
during elevation steering according to cases 1, 2,

and 3.
Boresight | 7° scan 12° scan | 15° scan
—33.5dB | —23.00 dB| —16.96 dB| —14.24 dB
Case 1
4.1° 4.0° 4.0° 4.0°
3099 dB | —20.15 dB| —16.76 dB| —13.68 dB
Case 2
3.9° 3.8° 3.8° 3.8°
—30.91 dB| —19.97 dB| —16.15 dB| —13.39 dB
Case 3
3.9° 3.7° 3.7° 3.7°
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