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� Business opportunities for electronically scanned
reflectarrays include:

– Airborne radars, such as FOPEN radar and
SAR/ATR, which require low
cross-polarization, low power consumption,
and wideband ESAs, but do not require
long-range search and track capability [1].

– Passive identification (identification friend or
foe (IFF), radio frequency identification
(RFID)) requires low-power retrodirective
arrays [2].

– Wireless communication: Increasing the
bandwidth or the signal-to-noise ratio (SNR),
through spatial diversity, increases the
Shannon channel capacity [3]. Depending on
the propagation conditions, spatial diversity is
best implemented using an electronically
scanned array (line-of-sight (LOS)) or using a
multiple in multiple out (MIMO) array (non
line-of-sight (NLOS)).

– Wireless communication: wideband antenna
sharing between Tx and Rx in frequency
division duplex (FDD) communication.
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Shannon theorem [4] – The channel capacity, C,
which is the theoretical upper bound on the bit rate,
which can be transmitted with a given average signal
power S through an analog communication channel
subject to additive white Gaussian noise (AWGN) of
power N , is:

C = BW log2

(

1 +
S

N

)

(1)

where:

� C is the channel capacity in bits per second.

� BW is the (passband) bandwidth of the channel
in hertz.

� S is the total received signal (modulation) power
over the bandwidth, measured in watt.

� N is the total noise or interference power over
the bandwidth, measured in watt.

� S/N is the signal-to-noise ratio (SNR) or the
carrier-to-noise ratio (CNR) of the
communication signal to the Gaussian noise
interference expressed as a linear power ratio.
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Figure 1: Single-channel reflector antenna link in case
of line-of-sight propagation. Picture of Paris, France.
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Figure 2: Single-channel electronically scanned array
link versus a multi-channel MIMO array link in case of
non-line-of-sight propagation. Electronically scanned
arrays have one phase center and offer a single high-
capacity channel. MIMO arrays have multiple phase
centers and offer multiple low-capacity channels [5].
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Figure 3: Frequency division duplex (FDD) communi-
cation versus time division duplex (TDD) communica-
tion.
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Van Atta array (1959, Van Atta [1])

� Principle: A passive retrodirective array transmits an unamplified
signal back to the interrogator’s position without any a-priori
knowledge of the incoming angle or relying on sophisticated digital
signal processing algorithms [2]. Self-focusing can be achieved
using phase-conjugation (equal phase shifts) or time-reversal
(equal time delays). An example of a retrodirective array is a Van
Atta array, which consist of one set of antenna with equal length
(time delays) connections between pairs of antennas that are
equidistant from the phase center.

� Advantages:

– Bandwidth: wideband (planar wavefront and time reversal, Van
Atta array)

– Gain: much higher gain than a single tag antenna

– Frequency: feasible at microwave and millimeter-wave
frequencies, which allow interrogation of fast-moving tags with
high Doppler frequency shifts.

� Disadvantages:

– Bandwidth: narrowband (phase conjugation)

� Applications:

– Identification: identification friend or foe (IFF), radio frequency
identification (RFID)

– Microwave communication links: link budget improvement

– RCS calibration target
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Figure 4: (a) Retroreflection on (dihedral) corner reflector. (b) Phase
relationships of the radiating elements for the Van Atta configuration for
transmit and receive. Antenna elements are labeled 1-4 while the phase
of each element is identified as multiples of ∆.
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Figure 5: Antenna Associates’ model AS-2189 antenna, also known as the AA75 antenna, is a slotted waveguide
antenna, of which the Σ beam is highly directional, whereas the ∆AZ beam generates superb side lobe suppression
(SLS) and sum beam sharpening. Its function is to provide identification and position detection data for air traffic
control (ATC) or military IFF Applications.
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