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Abstract

We present details of a low cost, highly flexible and rapid spatial modulator for use at mi-
crowave, millimeter-wave and submillimeter-wave frequencies.

1 Introduction

Several applications, such as automotive radar, imaging, remote surveillance sensors, and high
throughput data networks, continue to gain interest at (sub) millimeter-wave frequencies due to the
vast range of benefits offered at these frequency bands. However, fully exploiting these benefits
remains a technical challenge due to the continued high cost of (sub) millimeter-wave (MMW)
receivers. As a result, systems typically adopt a single receiver architecture in addition to a beam
steering mechanism to circumvent such problems; however, this often leads to acquisition time,
reliability, and loss/efficiency challenges.

The photo-injected Fresnel zone plate antenna (piFZPA) method [1], which encompasses
the optical excitation of a Fresnel zone plate plasma within a semiconductor substrate, offers
one potential solution: an optically reconfigurable spatial modulator permitting non-mechanical
beam forming and dynamic steering in 1-, 2- or 3-dimensions. This method provides a low-
cost, highly flexible, rapid beam steering and compact solution for microwave, millimeter-wave or
submillimeter-wave frequency applications.

We present preliminary results of a piFZPA based on a novel low-cost architecture, utilizing
standard visible display technologies. The piFZPA was designed and characterized at 94 GHz.

2 Experimental setup and results

The setup utilized a transmission-type photo-injected Fresnel zone plate antenna (tx-piFZPA) con-
figuration [1], as conceptualized in Fig. 1, and operated as a receive antenna. Suitable Fresnel zone

Si

SLM
mm-waveλopt

Fig. 1: Conceptualization of a transmission-type piFZPA
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Fig. 2: Measured 2D response for an F/1.6, 100 mm diameter tx-piFZPA with transmitter (approx.)
fixed at: (a) (θ ,ϕ) = (0◦,0◦); (b) (θ ,ϕ) = (+5◦,0◦); and (c) (θ ,ϕ) = (+10◦,0◦).

plate masks are created in software and then projected onto a suitable silicon substrate using a
standard data projector, creating a Fresnel zone plate plasma in the wafer. Regions of high plasma
density are highly attenuating to MMW beams, with low density plasma yielding low insertion
loss through the substrate. Displaying, and rapidly changing, the projected zone plate masks alters
the zone plate plasma, yielding high fidelity control of a highly directive, and steerable, beam.

A range of tx-piFZPA designs were measured. Far-field characterizations were performed by
optically scanning the zone plate plasma over a pre-defined 2D field-of-view (FOV) containing
the transmitter horn, which was located in the far-field of the piFZPA. Figure 2(a) displays the
measured 2D response of a tx-piFZPA with the transmitter located (approximately) on-axis. The
tx-piFZPA design featured a focal length of 160 mm, and a 100 mm diameter aperture. The piFZPA
is shown to feature an excellently formed, highly symmetrical beam with a distinct highly directive
( 35 dBi) mainlobe and low level sidelobes (peak at -8.5 dB). The measured FOV was ± 20◦ in
both planes, at 0.5◦ angular steps, and required 6,561 zone masks.

The transmitter was then relocated at a range of angles from boresight, in azimuth only. Fig-
ure 2(b) displays the measured response with the transmitter located +5◦ from boresight, and
Fig. 2(c) with the transmitter located +10◦ from boresight. Measurements have shown [3] the
capability to control the directive beam with high repeatability and precision, down to 0.005◦,
limited by the sensitivity of the measurement equipment.

A range of tx-piFZPA designs were also tested in combination with a radar transceiver. The
tx-piFZPA was added to the 94 GHz FMCW SAFIRE radar [2], and replaced the existing mechan-
ical rotating mirror in order to provide non-mechanical beam steering in 2D, thus yielding a 3D
imaging close-range radar.

Figure 3(a) illustrates one of the testing schemes, where four high reflectivity corner reflectors
were distributed within a 2D FOV (azimuth and elevation), in the farfield of the tx-piFZPA ( 5 m).
The tx-piFZPA design comprised a 120 mm focal length and a 100 mm aperture, and was scanned
over the same 2D FOV as before (6,561 masks), using the data projector. The SAFIRE radar
processor recorded and processed each line-of-sight (LOS) chirp within the 2D FOV. The peak
power return in each LOS was used to collapse the 3D image data, spanning a range 3.0 ≤ R ≤
5.5 m with 7.5 cm range resolution. Figure 3(b) displays the collapsed radar image obtained using
the optically controlled imaging sensor.

3 Conclusions

We have shown experimental results of a low-cost, highly flexible, scalable non-mechanical beam
steering technology for use at microwave, millimeter-wave and submillimeter-wave frequencies.

XXXIII Finnish URSI Convention on Radio Science and SMARAD Seminar 2013

188



(a) (b)

Fig. 3: Close-range imaging tests: (a) photograph of +20 dBsm corner reflector targets, and (b)
captured radar image obtained using the piFZPA as the steering mechanism.

This technology has the potential to provide rapid beam steering utilizing standard, well estab-
lished display technologies and proves to be a promising alternative for a range of applications
requiring adaptive beamforming and rapid beamsteering capabilities.
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