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Transmitting Near-Field Measurement of Full Digital Active Phased
Array Antennas for Multi-Function Radar Application
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Abstract

Recent advances in hardware have resulted in the introduction of an integrated transmit/receive single chip that can not only transmit
and receive RF(Radio Frequency) signals, but also perform analog to digital data conversion. This makes it easier to develop element-
level digital active phased array(DAPA) antennas. Owing to that, there is an increasing demand for the single chip in radar applications,
including the multi-function radar. The transmitting(Tx) near-field measurement configuration applied to verify the performance of the
traditional analog active phased array antennas is no longer applicable to DAPA antennas. Therefore, the Tx test configuration applicable
to DAPA antennas was proposed. In this paper, the overall Tx near-field test procedure has been described through the proposed test
configuration. The measured and ideal results were reviewed and compared. Additionally, considering the structural characteristics of
DAPA antennas, a simpler EIRP(Effective Isotropic Radiated Power) measurement method than the conventional one was presented. The
validity of the proposed method was verified by comparing it with the results of conventional measurement and theoretical calculation.
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Beam Steering Angle of the 32x16 Array Antenna
In the Near-Field Measurement @ ThetaX-ThetaY Domain
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(b) Magnitude and phase distribution for Back-Projection data
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Fig. 9. Measurement result of Tx Near-Field on boresight.
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2D Pattern for the 32x16 Array Antenna
@ Boresight
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(a) 2D Far-Field beam pattern transformed from Near-Field data

Azimuth Patterns for the 32x16 Array Antenna Elevation Patterns for the 32x16 Array Antenna
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(b) Comparison result for 1D azimuth/elevation beam pattern
a8 10. 349 944 $41 9 39 @ BolAblE
Fig. 10. Measured Far-Field transmitting beam pattern @
boresight.
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Table 1. Performance comparison for antenna beam pattern

@ boresight.
Item Ideal pattern | Measured pattern
Beam Azimuth 0° —0.006°
pointing |  Elevation 0° —0.006°
Beam point error(Az/El) —0.006° / —0.006°
Azimuth 3.21° 3.30°
HPBW
Elevation 5.50° 5.61°
2D —13.25 dB —12.97 dB
Max. ™ Zimuth ~1325 dB —1298 dB
SLL | : :
Elevation —13.28 dB —12.98 dB
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Azimuth Patterns for the 32x16 Array Antenna
according to the Beam Steering Angle

Pattern (dB)
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(a) Azimuth beam pattern according to beam steering angle

Elevation Patterns for the 32x16 Array Antenna
according to the Beam Steering Angle

Pattern (dB)
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(b) 2871 W2 77t W ) o

(b) Elevation beam pattern according to beam steering angle
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Fig. 11. 1D beam pattern result for 25 scenario.
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Beam Pointing for the 32x16 Array Antenna
according to the Beam Steering Angle
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Fig. 12. Result comparison according to beam steering angle.
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Transform to Far-Field
Pattern after Reflecting

Gain of Far-Field
Pattern = EIRP

to Near-Field Data
< Measuring Power Received from Probe >

Signal Spectrum
Generator Analyzer

< Measuring Cable Loss between Probs & GGM >
(a) 7129 EIRP 74 "
(a) Conventional method for EIRP measurement

Signal
Generator

< Cable betwsen Probe & GGM > Extract AID S
Conversion Pattern after Reflecting
Relationship to Near-Field Data

Gain of Far-Field
Pattern = EIRP

Antenna
I/O Data Unit Test
Equipment

(b) A<HE EIRP 24 Y
(b) Proposed method for EIRP measurement
J8 13. EIRP 574 W ¥l
Fig. 13. Comparison of methods for EIRP measurement.
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Table 2. Result comparison between measured and ideal Tx

EIRP.
Item Measured frequency(f,)
Measured| Conventional method 114.58 dBmi
EIRP Proposed method 114.48 dBmi
Calculated EIRP 114.55 dBmi

% Expected antenna gain: 31.66 dBi.
Expected transmitter power: 82.89 dBm.
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