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Abstract: A concept of modulated scattering array antenna is pro-
posed based on the modulated scattering technique. The array antenna
consists of one antenna element and several modulated scattering el-
ements (MSE). The configuration of the array antenna is very simple
because only one branch of the front-end circuit is required. It is shown
by experimental investigations that a 3-element modulated scattering
array antenna composed of one λ/4 monopole and two λ/4 modulated
scattering monopoles with λ/4 array spacing can provide diversity gain
up to 8 dB diversity gain at 0.1% of the cumulative distribution func-
tion in Rayleigh fading environment. The array antenna is suitable
to the mobile handset applications where the space and the cost are
strictly limited because of its simple configuration.
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1 Introduction

Array antennas have been widely studied and used for basestations because
they are effective in solving the problems of multipath fading and co-channel
interference and improving performance and capacity in wireless communi-
cation systems [1]. However, little effort has been made for developing array
antennas suitable for mobile handsets, because of the difficulties such as the
limited space on the handset to mount an antenna array with sufficiently low
spatial correlation, high cost and complexity of the printed board circuits for
operating adaptive algorithm [2, 3]. Therefore, it is required to develop array
antennas with simple configurations which are suitable for mobile handsets.
In this letter, a new concept of array antennas, which is called modulated
scattering array antenna (MSAA), is proposed based on the modulated scat-
tering technique. The configurations of the MSAA are very simple compared
with that of the ordinary array antenna. Experiment has been performed to
investigate the performance of the MSAA.

2 Concept of Modulated Scattering Array Antenna

Fig. 1. The concept of the receiving modulated scattering
array antenna.

The concept of the MSAA for reception is shown in Fig. 1. The array
antenna consists of one antenna element and several modulated scattering
elements (MSEs). Only one branch of receiving circuit is connected to the
antenna element, while the MSEs do not have their own receiving circuits.
The MSE is a conducting scatter where a nonlinear impedance is loaded and
a local signal with low-frequency fLO is applied to the MSE for modula-
tion [4]. The incident electromagnetic field with frequency fRF at the MSE
position is modulated by the local signal, and the modulated signal with fre-
quency fIF scattered by the MSE is received by the nearby normal antenna
which is connected to a RF receiver. Since the frequency of local signal for
each MSE is different, the received signal by the normal antenna and the
RF receiver involves different frequency components corresponding to differ-
ent array branches including the normal antenna itself and the MSEs. The
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received signal can be used for the adaptive combination since each array
branch can be distinguished in the frequency domain.

3 Experimental investigations

Fig. 2. A 3-element MSAA for handset applications.

3-element MSAA for handset applications shown in Fig. 2 was fabricated
for experimental investigation. The array antenna designed at a frequency
of 2.4GHz is composed of three λ/4 monopoles with λ/4 array spacing. The
central element is the normal antenna element and two elements at both sides
are the MSEs. A Schottky diode between the MSE monopole and the ground
plane is used as the nonlinear impedance for modulation. In the measure-
ment, the normal monopole antenna is connected to a real-time spectrum
analyzer (Tektronix RSA3303A) as the RF receiver, which is capable of cap-
turing time-varying RF signal with 15MHz bandwidth. 5MHz local signal
generated by a signal generator (NF function Synthesizer WF-1966) was ap-
plied to the MSEs. Because the same local signal was applied to both of
the MSEs for simplicity in this experiment, the array antenna has only two
array branches. However, it is possible to increase the number of branches by
feeding different frequency to each MSE in the present configurations. The
measurement was performed in a non-line-of-sight (NLOS) indoor environ-
ment. Several tens of conducting objects with a size of several wavelengths
were distributed randomly around the array antenna to realize a Rayleigh
fading environment. A log-period array antenna located about 5 meters
away from the array antenna radiated 2.4GHz CW signal. The MSAA was
moved randomly within a range of about 1 meter while the signal with cen-
ter frequency of 2.4GHz and bandwidth of 15MHz was continuously received
and stored by the real-time spectrum analyzer.

The signal at fRF = 2.4GHz and that at fIF = 2.4GHz + 5MHz are
two received branches corresponding to the normal antenna and the MSEs,
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Fig. 3. CDF ofreceived power relative to fRF branch.

respectively. The diversity gain is evaluated when the selection diversity
is applied to the two branches. Fig. 3 shows the cumulative distribution
function (CDF) of the fRF branch and the fIF branch obtained from 120,000
sampling data recorded in time-domain. The received power of each branches
is normalized by the averaged power of the fRF branch. The received level
when the selection diversity is introduced is plotted in the same figure. It
can be found that the fIF branch is less than the fRF branch by about 18 dB
and the MSAA can provide 2 dB diversity gain relative to the fRF branch at
1% of CDF, and 8 dB diversity gain at 0.1% of CDF.

4 Conclusions

A concept of modulated scattering array antenna based on the modulated
scattering technique has been proposed. It has been shown by experimental
investigations that a 3-element modulated scattering array antenna composed
of one λ/4 monopole antenna and two λ/4 modulated scattering monopoles
with λ/4 array spacing can provide diversity gain up to 8 dB at 0.1% of CDF.
The array antenna is suitable to the mobile handset applications where the
space and the cost are strictly limited because of its simple configurations.

It should be noted that although only the performance of the selection
diversity has been investigated, the MSAA can also be used for the adaptive
reception. The problem of much lower output level of the fIF branch than
that of the fRF branch should be solved to improve the performance of the
MSAA, which is the future work of this research.
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