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Abstract—The concept of modulated scattering antenna array
(MSAA) has been proposed and its performance in receiving antenna
array for the mobile handset has been evaluated. However, the previous
researches have shown that the IF (Intermediate Frequency) signal
level is seriously lower than RF signal level. In this paper , we studied
experimentally the relationship  between the receiving performance of
MSAA and some factors such as, distance between transmitting and
receiving antenna, antenna spacing of MSAA and LO (Local Oscilla-
tor ) signal frequency in order to clarify the performance of MSAA.
And it is shown that antenna spacing has great impact on improving IF
signal level.

% — U — R: Modulated scattering antenna array, RF front-end, Mul-
tiple-Input Multiple-Output (MIMO)

1. INTRODUCTION

MIMO (Multiple-Input Multiple-Output) communi-
cation is the attractive technology for wireless commu-
nications since MIMO communication can enhance date-
rate without expanding the spectral band-width [1].
LTE (Long-Term Evolution) standard allows multiple
antennas on both ends of the wireless channel to support
the mobile handsets communication [2]. However, it is
very difficult to develop multi-antenna arrays suitable for
mobile handsets. Because it is difficult to mount an an-
tenna array with sufficiently low mutual coupling and
low spatial correlation on a handset[3]-[4]. Moreover,
since a number of separate RF front-end circuits are re-
quired corresponding to the number of antenna elements,
a large amount of packaging space for the RF front-end
circuits is necessary. Therefore, it is essential to develop
multi-antenna arrays with simple configurations which
are suitable for mobile handsets.

Recently, the concept of modulated scattering an-
tenna array (MSAA), based on the modulated scattering
technique (MST) has been proposed to overcome these
difficulties[5]-[7]. MSAA consists of one receiving an-
tenna element and several modulated scattering elements
(MSEs), and the configurations of that are very simple
compared with that of the ordinary array antenna for
MIMO communications. This is because only one branch
of the front-end circuit is required for the MSAA. How-
ever, the receiving IF (Intermediate Frequency) signal
level of MSAA is seriously lower than RF signal level of
that. The previous researches have shown that the receiv-
ing IF signal level of the modulated scattering monopole
antenna array (MSMAA) can be improved by decreasing
antenna array spacing [4]. However, a small array may
result in a high correlation between array elements.
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Moreover, since we made different prototypes of mod-
ulated array antennas with different array spacing in the
previous experiment, some errors were included in the
measurement results because of individual diode perfor-
mance has a little difference between each other.

In this paper, we used modulated dipole antenna
array (MSDAA) with various array spacing in order to
exactly evaluate the receiving performance of MSAA.
Moreover, some parameter study of the MSAA is neces-
sary for optimizing the receiving performance of the
MSAA for MIMO communications. In this research, we
studied experimentally the relationship between the
receiving performance of MSAA and some factors such
as, distance between transmitting and receiving antenna,
antenna spacing of MSAA and LO (Local Oscillator)
signal frequency in order to clarify the performance of
MSAA.

2. EXPERIMENTAL CONFIGURE
2.1. Modulated Scattering Technique

The configuration of the MSAA with diodes is
shown in Fig. 1. The MSAA is composed of one receiv-
ing antenna element and MSEs. The receiving antenna
element is connected with the RF front-end and is ap-
plied RF signal, while MSEs are seen as antennas or
scatters without their own receiving circuits. And Nonli-
near impedance are mounted at MSEs for modulation
and are fed by LO signals with low frequencies fio;.
When MSAA is excited by the RF signal fzr, modulated
scattering signals fir; = mfre £ nfio; (mn =0, 1, 2, ..., and
i=1,2,.., N) will be obtained. This is because the non-
linear loads connected to the MSE and will be received
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Figure 1. Configuration of MSAA
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by the receiving antenna. Since only one branch of the
RF receiver is needed in MSAA, this feature of MSAA is
attractive for the mobile handsets in MIMO systems
where compactness and energy-saving are of primary
concerns.

2.2. Configuration of MSAA

The geometry of a 2-element MSDAA is shown in
Fig.2. This MSAA is composed of two half-wavelength
dipole elements with from 0.1 to 0.5wavelengths spacing
in this experiment. And two dipole elements are arranged
in parallel. In Fig. 2, the above element is the MSE
which is connected with nonlinear impedance, while
below element is receiving antenna  which is connected
with the receiver circuit. A Schottky diode is mounted at
the centre of MSE which is used as the nonlinear imped-
ance for modulation. The MSAA is fed by LO signal and
scatters IF signals, while the receiving antenna can re-
ceive both RF signal and IF signals. In this paper, RF
signal frequency frr Set to 2.50 GHz and LO signal fre-
quency is set from10 to 100 MHz. Therefore, the IF sig-
nals fir = 2.51 ~ 2.60 GHz were observed in this experi-
ment.

2.3. Measurement System

The measurement environment and system are shown
in Fig. 3 and Fig.4, respectively. The measurement was
performed by using 4 ports Agilent N5224A PNA in two
types of environment. The transmitting antenna is one
log-period dipole antenna array (LPDAA) and the receiv-
ing antenna array is the 2-element MSDAA. The RF sig-
nal which was applied to the LPDAA, is 2.50 GHz CW
signal with 10 dB. And MSDAA could obtain the both
RF and IF signals.

Figure 3 (a) shows the room of a laboratory, and it is
line-of-sight (LOS) environment between transmitting
antenna and receiving antennas. In this figure, D indicates
the distance between transmitting and receiving antennas.
We changed the distance D every 0.25) from 3 to 202,
and measured receiving power at each distance as shown
in Fig. 4 (a).

Figure 3 (b) shows the room of a basement with con-
crete structure, and it is non line-of-sight (NLOS) envi-
ronment. The distance between the transmitting and re-
ceiving antennas was about 6 meters. In this measurement,
the position of transmitting antenna is also fixed, while
the position of receiving antenna array was changed by a
step of 0.1A in a 3.01 X 3.0X area as shown in Fig. 4 (b).
therefore, measurement was repeated 31 X 31 times.
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Figure 2. Geometry of MSDAA
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3. EXPERIMENTAL RESULTS AND EVALUA-
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both 2.5 GHz signal and fir signal scattered by the MSE.

The receiving power level of the RF signal Pgg, IF signal

Py versus distance D is shown in Fig. 5, and the ratio of

Py to Pge is also shown in the same figure. In this result,

LO signal frequency f o is set to 10 MHz, and array spac-

ing is set to 0.12, respectively. And we measured receiv-

ing power in LOS environment. From this result, it is Distance step : 0.251
Lo P Sampling point : 69

found that the receiving power of both Pre and Py is im- 4010

proved as the distance D is shortened. And we also found

that the ratio of P to Pge is about 25 dB and is almost

independent of the distance D.
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Figure 6 shows the relationship between the receiving Agilent N5224A

performance and array spacing. In this result, LO signal LPDAA o

frequency fio is set to 10 MHz. And we measured the W PorLRE s

receiving power in NLOS environment. From this result, h O

it is found that the narrow spacing of MSDAA can im- Non-line Port2:
prove IF signal level Pz while the effect on the RF signal of sight \%Ceiving zFllilgir;:al
level Pge is low. Moreover, it is also found that the ratio N/ antenma

at 0.1 has 10 dB improvement comparing to that at 0.5A. AW, 1 0.10

This is because the narrow spacing of MSDAA improves ;‘VVIV:Z S%i”

the transmission characteristic between the receiving an- W,:30%

tenna and MSE as shown in Fig. 7. The definition of the jfrzﬂlt':fn‘ﬂ;;c}iéwl:gel

port is that portl is receiving antenna and port2 is MSE,
respectively. We also found that the transmission charac- (b) NLOS environment
teristic has 1-2 dB difference between each frequency.

Moreover, the relationship between the receiving Figure 4. Measurement system
performance and LO signal frequency is shown in Fig. 8.
In this result, antenna spacing is set to 0.1A, and we

changed LO signal frequency from 10 MHz to 100 MHz. PelPrr
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carried out to clarify the relationship between the receiv-

ing performance and some factors such as, antenna
spacing and LO signal frequency, in actual indoor NLOS
environment. In this measurement, we used MSDAA as

Figure 5. Receiving power versus distance D



the receiving antenna array in order to exactly evaluate
the performance of MSAA.

From experimental result, we found that the ratio of
PIF to PRF is almost independent of the distance be-
tween the transmitting and receiving antenna. And it
has been found that the narrow antenna spacing im-
proves the ratio of IF signal level P to RF signal level
Pre since the narrow spacing also improves transmis-
sion characteristics between the receiving antenna and
MSE. Moreover we also found that the effect of LO
frequency on receiving performance is negligible.
From these results, we clarified a part of the receiving
performance of MSAA. However, we need to investi-
gate the relationship between LO frequency and fre-
quency characteristics of MSAA in the future.
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Figure 6. Receiving power versus antenna spacing
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