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Abstract

Human space activities can be threatened by the recent increase in space waste. Therefore, a space surveillance radar must be
developed to continuously monitor them. In this study, an 8x8 modular active phased array antenna applicable to an L-band space
surveillance radar was designed/produced through module-level expansion. Considering the actual wide beam steering range (off-axis
+45°) of the space surveillance radar, the active reflection coefficient of single elements within the steering range was minimized by
setting to less than —7 dB. Additionally, the calibration path was applied to the radiation element to check and rectify the real-time
state of the transmission/reception path after system-level integration. Furthermore, the design prevented gain reduction that might occur
during beam steering and satisfied the 6 dB beam width of more than 120°. Simulations and measurements confirmed that the
performance of the designed/produced antenna met the target performance.
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Fig. 1. Configuration and parameters of single radiator
element.
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Table 1. Parameters of single radiator element.

Parameters Value
dir 0.089 4,
dir arm 0.086 A
dir w 0.041 A,

dir_angle 20°

arm_angle 35°
arm 0.195 Ao
h 0.258 Ao
sth 0.191 A,
hw 0.064 4,
w 0.023 4,
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Fig. 2. Array configuration of the active phased array antenna.
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Coupling Levelforthe 1x8 Calibration Path
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Fig. 3. Simulation result of calibration path coupling level.

Self Return Coefficient of 8x8 Array Radiator
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Fig. 4. Simulation result of self reflection coefficient.
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Fig. 5. Simulation result of active reflection coefficient.



E-Plane Patterns of P029 in the 8x8 Array Radiator

H-Plane Patterns of P029 in the 8x8 Array Radiator
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Fig. 6. Measurement result of medium element’s beam
pattern (azimuth/elevation).
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Fig. 7. Set-up configuration of calibration coupling level and
active return coefficient measurement.
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Self Return Coefficient of the 8x8 Array Antenna
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Fig. 9. Measurement result of self reflection coefficient.

Coupling Levelforthe 8x8 Calibration Path
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Active Return Coefficient of 8x8 Array Radiator
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Fig. 12. Measurement result of medium element’ beam
pattern (azimuth/elevation).

Azimuth BeamWidth(6dB) for Single Element Pattern
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Azimuth Patterns for the 8x8 Array Antenna Assembly o Elevation Patterns for the 83 Array Antenna Assembly
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Fig. 14. Simulation/measured antenna beam pattern of 8x8
modular array antenna (azimuth/elevation).
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Table 2. Comparison of simulation and measurement
result.

Value
Parameters - -
Simulation ‘ Measurement
Frequency L-band
Number of antenna elements 64

Steering Angle off-axis+45°

BWs @

(@ single medium element) 141.59°/143.85° | 129.05°/128.90

Self reflection coefficient <—10 dB <—10 dB
Active reflection coefficient | <—8.68 dB <—9.14 dB
Calibration path <3941 dB | <—4002dB

coupling coefficient

Gain of 8x8 Array Antenna 23.15 dB 2292 dB
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