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Primary study on time control technology of active phased array
based on photoconductive microwave source
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Abstract:  Solid-state photoconductive microwave source based on wide-bandgap photoconductive
semiconductor is a new way of high power microwave generation. The scheme has the characteristics of high power
density and wide frequency band, and its low time jitter characteristic makes it have great potential in power synthesis.
The construction of active phased array of photoconductive microwave devices using optical beamforming network is
an important way for the application of photoconductive microwave devices. In this paper, the principle of optical
microwave phased array system is analyzed, and the theoretical models of differential true delay phased array and true
delay phased array considering phase random error are constructed. The key factors affecting power synthesis and
beam scanning are quantitatively analyzed and simulated, and the delay precision index is proposed.The results show
that for the nx10 array transmitting signal at 1 GHz, when the delay phase variance is less than 10 ps, the pointing
deviation is less than 0.2° and the peak gain loss is less than 2%. When the delay step accuracy is less than 10 ps, the
pointing deviation is less than 0.2°, and the peak gain loss is less than 0.03%. On this basis, the real time delay
network architecture of photoconductive microwave is designed, which provides a reference for the development of
higher power and larger scale photoconductive microwave synthesis technology in the future.

Key words: wide-bandgap photo-conductive semiconductor, active phased array, optical beamforming

network, optical true time delay, time delay error
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Fig. 1 Scheme of the optically controlled phased array system based on linear SiC devices, including the
photoelectric conversion components and the burst-mode operation pulse laser

Fl1 T2 SiC @RI OG AR R R GEAR M R RE I, v A0 5 00 v e S e R 5 e Bk o O 4 B

optical fiber transmission

1

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

|
antenna

photoelectric
structure conversion module

burst-mode-operation pulse laser photoelectric conversion components

Fig.2 Scheme of the optically controlled phased array system in the future, where the optical signal is delayed first and then amplified
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Fig. 4 Theoretical model of phased array antenna
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Table 1 Delay variance when the loss is less than 10% for a 1xn array antenna

number of array elements 90% of the theoretical gain/dB time delay index at 1 GHz/ps time delay index at 3 GHz/ps
1x4 11.58 26 9
1x8 17.6 30 10
1x10 19.54 32 11
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Table 2 Delay variance when the loss is less than 10% for a mxn array antenna

number of array elements 90% of the theoretical gain/dB time delay index at 1 GHz/ps time delay index at 3 GHz/ps
2%x4 17.6 29 10
8x8 35.67 41 13-14
8x10 37.6 43 13-14
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Fig. 5 Analysis results of OTTD phased array considering time delay step
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Fig. 6 Analysis results of OTTD phased array considering time delay error
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Table 3 Influence of phase variance on the key indicators of phased array

phase standard deviation/(°) element number beam squint/(°) main lobe power/dB side lobe power/dB
10 10 0.40 —0.10 +3.00
15 10 0.64 -0.22 +4.64
20 10 0.94 —0.40 +5.95
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