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Fig.4. The carrr4o-noise ratio measured forthe 120 MHz signal was 113.4 dB/Hz @ 1 MHz (see Fig.5). Carrier
— shift control is shown in Fig.6, where the two oscilloscope es are outputs from the two APDs, withonly
channel 1 in AOD2 being driven, with channel 2 being off. In this way, only a 120 MHz-i. f1 KHz carrier is
observed, with phase shift control executed by changing f1 (see Vig.7). Note that because the phase (or intferexz
fringe) sampling oce&s at the detector plane is periodic in nature, 2r phase shifts can be obtained over a perkxlic
variation of the control frequency fi. In this experiment (see Fig.7), a change in fi (or f2) of460 KHz gives a phase
shift of 2it radians. Thus, fi and f2 can be inclepenntly set over a given frequency range to generate carrier signals
with appropriately chosen frequencies and phase shifts to generaie two radar beams in spsee. Fig.8 shows O-2r
phase shift conirol for a 123.22 MHz +f kHz carrier.

5. CONCLUSION

In conclusion, we have 1ntrOdLXCd an optical control system for high speed (200 ns) phased array antenna beam
switching and scanning that can generate (both transmit and receive operation in one scan dimension) multiple
simultaneous beams in e. The architecture can be used to simulate near squint free wideband antenna operation
using several narrowband carriers with appropriately set phase shifts. In otherwords, only one beam in spsee is
formed from a linear combination of several antenna beams having different carrier frequeixies. This approh can
enhance radar range resolution without needing time delays f the phase-based antenna controller. A version of the
multi-beam system is experimentally demonstrated using rf devices. The concept can be extended to radar bands by
using gigahertz band AODs, or using frequency up-conversion with microwave mixers. With current AOD
techIx)logy, 32-64 channel AODs could be used in this wideband architecture.
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Fig.1 Bask architecture oftl multiple simultaneous beamforming AOsystem.
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Fig.2 A version of the basic multiple simultaneous beamforming AO system architecture
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Fig.3 Spectrum analyzer trace showing the presence
of two simultaneous carriers, one at 120 MHz (center
one), and the other at 123 MHz, in d photo-current
output of the AO system. Frequency scale: 1
MHz/div.

Fig.5 The carrier-to-noise ratio measured for the 120
MHzsignal was 113.4 dB/Hz at 1 MHz.

Fig.4 The dynamic ranges measured for tl 120 MHz
and 123 MHz signals are (a) 53.5 dB at 1 MHz and
(b) 41.8 dB at 1 MHz, respectively.

SPIE Vol. 1790 Analog Photonics (1992)199
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Fig.6 Oscilloscope traces showing O-2ir phase shifts of the rf signals generated by the
photo-diode pair at the output plane of the processor. Here 2fc=120 MHz. Upper trace:
5Wdiv; lower trace: 500 mV/div; time scale: 5nsec/div.

100/ SPIE Vol. 1790 Analog Photonics (1992)
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PHASE CONTROL PARAMETER f1 (kHz)

Fig.7 Experimental plot showing the change in relative phase (O-2x) for the rf signals
from the photo-djo& pair as the phase control paramater fi (KHz) is varied. Note the
modulo-2ic nature of the phase sampling process, with a period fi=460 KHz. For the
experiment, 2fc120 MHz.
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Fig.8 The O-2ir phase shift control for a 123.22 MHz
+fiKHzcarrier.Here2fc+7fj=12OMHz+7X
460 KHz = 123.22 MHz.
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