











mapped onto its surface using the principle of beam
steering described in Section 2. The selected
wavebands are coupled back into the fibre collimator
port, and then routed back to the gain medium via the
corresponding circulator, thus forming an optical loop
for single-mode laser generation.

N different wavelengths can independently be selected
for lasing within the different fibre loops by uploading
appropriate phase holograms (blazed grating) that drive
all the pixel blocks of the Opto-VLSI processor.
Therefore, this structure realises a multiport tunable
fibre laser source that can simultaneously generate
arbitrary wavelengths at its ports.
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Fig. 4. Opto-VLSI-based phased array antenna architecture for broadband
beam steering.

At the front-end of the phase-array antennas, the RF
signal received by each antenna modulates the tunable
laser sources generated by the Opto-VLSI. This is
achieved by employing an Electro-Optic Modulator
(EOM), whose RF port is connected to the antenna
element through an RF amplifier employed to boost the
power of the RF signals received by the antenna up to
the level that is sufficient to drive the EOM. The
optical input port of the EOM is connected to the 5%
of the optical coupler output (laser source output). All
RF-modulated optical signals are then multiplexed
together into a single fibre optic and routed into an
Erbium Doped Fibre Amplifier (EDFA) for
amplification. Subsequently, the multiplexed RF-
modulated optical signals are launched into an optical
fibre cable, where they experienced true-time delays
(TTD) that depend on their centre wavelengths. The
delayed RF-modulated optical wavebands are finally
detected by a photo-diode that produces the sum of the
delayed RF signals.

One of the attractive features of the Opto-VLSI-based
phased array antenna architecture shown in Fig. 4 is its
ability to generate multiple RF delays without the need
for RF splitters. Single or multiple arbitrary RF-
modulated wavebands can be coupled back into the
fibre collimators and the amplitude of each selected
waveband can also be controlled simply by uploading
the appropriate steering phase holograms that drive the
various pixel-blocks of the Opto-VLSI processor. Each
pixel blocks steers a waveband along its initial path or
slightly off-track so that variable optical attenuation
(and hence RF attenuation) is achieved for all delayed
RF signal simultaneously.

IV. EXPERIMENTAL RESULTS

Experiments were conducted using the setup illustrated
in Fig. 4 to evaluate the performance of a 4-element
(N=4) rectangular patch type photonic-based smart
antenna system for broadband beam steering in a
phased-array antenna. The antenna elements were
separated at a distance of A/2. A 2-D Opto-VLSI
processor was used mainly to provide the tunable fibre
laser sources. Each tunable laser source had a
dedicated EDFA operating in the C-band, a 1 x 2
optical coupler with 5/95 power splitting ratio, and a
fibre collimator array. The Opto-VLSI processor
enabled us to independently and simultaneously select
any part of the gain spectrum of the EDFA and inject it
back into the corresponding fibre ring laser cavity for
lasing. The 8-bit, 512 x 512 pixels Opto-VLSI had a
pixel size of 15um. Two lenses with 10 cm focal length
were placed at 10 cm from both sides of the grating
plate. The polarisation of the ASE signal (95% power)
was directed by a polarisation controller (PC) and
collimated at about 0.5 mm diameter. A blazed grating
plate, having 1200 lines/mm and a blazed angle of 70°
at 1530 nm with respect to the normal of Lens 1, was
used to de-multiplex the EDFA gain spectra, which
were mapped onto the active window of the Opto-VLSI
processor by Lens 2. Labview software was developed
to generate the optimised digital holograms that steer
the desired waveband and couple back into the
corresponding collimator for subsequent recirculation
in the fibre loop.

The active window of the Opto-VLSI processor was
divided into four pixel blocks corresponding to the
positions of the four de-multiplexed ASE signals, each
block dedicated to one antenna array element.
Optimised digital phase holograms were applied to the
four pixel blocks, so that desired wavebands from the
ASE spectra illuminating the Opto-VLSI processor
could be selected and coupled back into their fibre
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rings, leading to simultaneous lasing at specific
wavelengths. By using appropriate phase hologram, the
selected wavebands can be tuned in terms of their
wavelength separations and amplitudes. 5% of the
selected optical wavebands were then routed via a
coupler to the optical input of electro-optics
modulators (EOM), each EOM is dedicated to one
antenna element. To generate the true time delay
(TTD) required for RF beam steering, each RF-
modulated optical waveband was routed to a 10-km
Corning LEAF non-zero dispersion shifted fibre optic
cable with dispersion coefficient of between 2.8-9.3
ps/nm/km and insertion loss of 0.2 dB/km at 1550 nm.
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Fig. 5. Opto-VLSI-based tunable optical waveband generations (left), and
the corresponding RF beam steering profile measured during the
experiments (right).

The RF signal produced after the photodetection of the
delayed RF-modulated wavebands was monitored by
an RF power meter. Figure 5 (a-d) shows example of
measured  antenna  radiation  pattern  (right)
corresponding to different equi-spaced wavebands
(left) generated by the Opto-VLSI processor. As the
spacing between the optical waveband is increased
from 1nm to 4nm, the measured main lobe of the RF
radiation pattern was steered from 10° to 25° as
illustrated in Figure 5 (right). These experimental
results demonstrate the capability of the Opto-VLSI
based smart antenna beamformer, and has the potential
application in spatial division multiple access (SDMA)
network. The null steering capability of the
beamformer is being investigated, and will be reported
elsewhere.

V. CONCLUSION

We have proposed and evaluated an Opto-VLSI-based
tunable true-time (TTD) delay generation unit for
adaptively steering the radiation patter of RF phased
array antennas. We demonstrated that by using a single
Opto-VLSI processor 4 independent optical wavebands
can be generated and their spectral tuned. The RF-
modulated wavebands are used to generate TTD in 4-
element rectangular patch arrayed antennas.
Experimental results shows the capability of the
proposed structure to perform RF beam steering
between 0°-25° for SDMA applications.
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