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Research on the impact of optical-controlled beamforming channel
inconsistencies in broadband phased—array radar

TIAN Chaohui, ZHANG Yebin", DAI Zejing, WANG Run, WANG Kai

The 38th Research Institute of China Electronics Technology Group Corporation, Hefei 230088, China

Abstract To meet the needs of beamforming in broadband phased—array radar systems, optical beamforming technology achieves
mechanical—scan—free operation by dynamically controlling the phase distribution of optical beams. It offers many advantages such as
high precision, rapid response, and integration, demonstrating broad application potential across radar, communications, electronic
warfare, and other fields. As a critical component in optical phased—array beamforming systems, the amplitude and time—delay accuracy
of optical true—time—delay channels directly impact radar beam quality. Optical delay lines not only introduce different random amplitude
and time delay inconsistencies, but also introduce inherent errors of the system. By analyzing the principles of phased arrays, the effect of
+2 dB amplitude and +3 ps delay errors on beamforming was simulated. The result shows that the sidelobe suppression degrades by 13 dB
under 30 dB channel weighting, beamwidth broadens, and the beam pointing deviates from the design value. Additionally, the beam
distortion caused by accumulated nonlinear dispersion effect in dispersion—based delay line architectures is analyzed. The test system is
constructed, and the tested results are consistent with the simulated results.

Keywords phased—array radar; beamforming; optical—controlled true—time—delay; channel inconsistency
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