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Abstract An optical multi-beam synthetic system based on differential true time delay network which is with micro-
optical array is proposed, and the relationships among the structural parameters and the beam-forming performance
of the proposed system are studied. The initial phase and the consistence of amplitude and phase are optimized when
we optimize the parameters of differential true time delay network based on micro-optical array. The directional
diagrams of antenna elements are optimized when we optimize the structural parameters of antenna elements, and
the problems of existing grating lobe and wide beam in beamforming are solved. At last, the grating lobe is
suppressed, the extinction ratio of sidelobe is larger than 10 dB, the 3 dB bandwidths are 35° at 3.8 GHz and 29° at
4.9 GHz, the steering error is less than 1.5°, and the frequency covering band is 2-6 GHz. The proposed system
has wide application prospects in optically controlled phased array radar.
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Fig. 1 Diagram of linear array antenna
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Fig. 4 Light path diagrams of true time delay network based on micro-optical prism arrays. (a) Light path of laser

at A, in Y direction; (b) light paths of four lasers of the first set entering PD1 in Z direction;

(c) light paths of four lasers of the second set entering PD2 in Z direction

optical fiber link

AA: antenna array

RF: radio frequency

OTDT: optical time delay trimmer
CLs: collimating lens

OTTD: optical true time delay
FLs: focusing lens

PDs: photo diodes

LNA: low noise amplifier

S

Cis

DFB LD: distributed feedback laser diode

EOM: electro optical modulator

VOA: variable optical attenuator

DWDM: dense wavelength division multiplexing

EDFA: erbium doped fiber amplifier

DE-DWDM: de-multiplex dense wavelength division multiplexing
« : polarization maintaining fiber fusion splicing point

= : polarization maintaining fiber FC/APC connecting point
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Fig. 5 Diagram of optical multi-beam synthetic system
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(a) Four lasers entering PD1; (b) four lasers entering PD2; (c) four lasers entering PD3; (d) four lasers entering PD4
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Fig. 10 Beam steering angles of optical multi-beam synthetic system at different radio frequencies under

receiving mode. (a) 3.8 GHz; (b) 4.9 GHz
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