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Abstract — This paper aims at developing an intelligent
radio-communication prototype using multiple-antenna phased
array whose bearing can be controlled electronically. Such a
system has proved its quality in terms of gain and SNR
improvement. The architecture presented in this article runs at
2.4 GHz with a bandwidth channel of 11 MHz which is well
suited for WIFI 802.11b applications. This original system uses
quadrature modulators as active phase-shifters, and noise
sensitivity is studied and simulated to prove the interest of this
architecture. A circuit is under tests and first elementary active
parts RF measurements are given.

Index Terms — Active arrays, Antenna array, Modulators,
Phased array, Quadrature Phase Shift Keying.

1. INTRODUCTION

In transmission systems, omnidirectional antennas are
widespread but cause an important Electro-Magnetic
pollution. Indeed, omnidirectional antennas transmitters
radiate uniformly and only a small fraction of this radiated
power reaches the intended receiver. Consequently, in an
environmental perspective, the efficiency between the useful
power and lost power is inappropriate in many applications.
The directivity of an antenna is a statement of how the RF
energy is focused in one or more directions. Because the
amount of RF energy remains the same, but is distributed over
less area, the apparent signal strength is higher and increases
the antenna gain. Electronically-steered phased arrays are an
important technology used in defense applications and civil
radio communications. Moreover, radio communications
systems performances are improved by using active
electronically scanned arrays. In such system, the directional
sensitivity of the phased array can be adjusted by controlling
the relative amplitudes and phases of signals applied on each
pattern of the array.

Technical solutions, with phase-shifters or phase-shifterless,
are proposed to perform this electronic beam steering. Even if
the most common method is to use phase sifters, their losses
are a main issue since it deteriorates the overall system
performances. Others passive solutions such as Rotman lenses
or Butler matrices are used, but only for arrays made of many
patterns. On the other hand, active solutions, presented by R.
York and al [1] [2], use coupled oscillators array to control the
relative phases through adjustment of the oscillator natural
frequencies. Since these seminal works, few papers present
new investigations and improvements of this technique, in
particular concerning the reduction of side lobes [3]. In this
context, this paper presents an original architecture, using

vector modulator, to perform electronic beam steering by
controlling the relative phase and amplitude of signals applied
on each pattern of the array.

After a brief review of beam steering of a one dimensional
array presented in section II, the original phased array
architecture is discussed in section III. In particular, the EVM
and BER sensitivities to the random variations on the signal
commands is studied. Finally, section IV shows the firsts
measurements of the system at 2.4 GHz.

II. GENERAL PRINCIPLE

An intelligent antenna consists in an array of individual
radiation elements (elementary patch antennas), which are
placed in a particular configuration (linear, circular or matrix).
By associating these elementary antennas in such arrays and
by changing the characteristics of the associated signals, the
array can present different gains according to the direction.

In this paper, only a uniform-spaced linear array of N
elementary patch antennas placed at the same distance d
between them, is considered as shown in Fig.1.

Where d is the distance between each patch, 0 is the
radiation angle. In order to study the behavior of this
configuration, let us suppose that each elementary antenna is
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excited by harmonic signals at the same frequency, and
multiplied by different complex coefficients:

w; =a,.e®, ie[l.N] (1)

In a first approximation, let us consider that the relative
phase applied between two adjacent elements is the same
0=0;+1-0;. For far-field, the total electrical radiated field is the
sum of individual field radiates by each elementary antenna.
Thus, the total field is given by the following expression:
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where r is the maximum distance between the source and the
observation plan and & is the propagation constant.

According to (2), the radiation angle 6 for the maximum

field amplitude is given by :
0 = Arc sin( Lo j 3)

2.md

Thus, this direction depends on the relative phase applied
between two adjacent elements. Furthermore, it could be
shown that the optimal distance d is 4/2. In these conditions,
Fig.2 shows the normalized amplitude of radiated field versus
the radiation angle @ for different values of ¢.

As expected, the relative phase command allows to control
the radiation angle and the directivity can be adjusted by
varying the number N of element. Indeed, with a eight-
element array, the directivity is equal to 9 dB and the Half
Power Beamwidth (HPBW) given by the following
expression 2*arccos(1-A/N.d) is equal to 10°. On the other
hand, a control of the amplitude @; applied on each element
can ensure the null formation. For these reasons, to obtain an
agile and electronically beam steering, it is essential to master
these amplitudes and phases applied on each elementary
antenna.
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Fig. 2. Array gain for eight-element, with a measured elementary
field of a patch.

III. PHASED-ARRAY ARCHITECTURES

If we consider only the phase-shifterless architectures, the
main solutions are given below.

Recently, Ali Hajimiri and his work group proposed a
solution using a polyphase VCO [4], able to generate LO
frequency with N phases. In this architecture, the N phases are
conveyed to each patch antenna via a distribution network and
phase selectors ensure the required phase to each element. In
this case, the phase variation is discrete, which does not
constitute a problem while the discrimination steps are
compatible with the application. Nevertheless, the distribution
network of N phases constitutes here a real issue since each
line must be forwarded to the phase selector in a symmetrical
way.

Another solution, initiated by R. York [2], consists in
coupling local oscillators between them in order to generate
the different relative phases. It is a very interesting solution
because it provides a continuous phase variation. However,
this system seems to be relatively complex to implement and
the theoretical maximum relative phase is equal £90°.

The original architecture presented in this paper uses vector
modulators to achieve the relative amplitude and phase
applied on antennas. Very few articles [5], [6] have been
published on this solution which, however seems to be very
interesting. Two configurations are possible, in the first one,
the vector modulator can be placed on the LO path. In this
case, the nonlinear and noisy behavior of this active phase-
shifter does not affect directly the system performances. On
the other hand, this configuration implies an up-conversion
before antenna to transmit or receive the RF signal. Another
solution is to place the vector modulator directly in the RF
path. In these conditions, no up-conversion is required but the
IQ modulators noise factors and the non linear behavior can
affect the performances of the entire system. Furthermore, it
seems to be interesting to study the degradation of the
transmission quality according to the noise which affects the
command signals.

To do that, system analysis allows to measure both
bandwidth effects and impact of command noise on the
constellations and BER. Advanced Design System software of
the Agilent Society is used to perform this analysis. Fig.3
shows a simplified architecture, with four-elements, where the
QPSK modulation is chosen as a source for its high sensitivity
to phase noise. Symbol rate is set to 11 Mbit/s, with a carrier
frequency of 2.4 GHz. In this instance, the relative phase
applied between each elementary antenna ¢ is chosen equal to
80°. Consequently, the constellation rotation is also equal to
80° as shown in Fig.4. This implies a radiation angle 0 of
26.4° according to (3).
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. . ) TABLE 1
In this case, the noise factor of yector m?dulators is set to 2 SUMMARY OF EVM VERSUS COMMAND NOISE
dB but t.he command (Igi, Qc;, Ic’; and Qc’y) are n01sele§s: In (Con/N) dB EVM,.. %
the receiver, a dual architecture allows to recover the original 477 0,59
constellation. The results are presented in Fig.5. Now, the 39'7 0'72
objective is to analysis the noise effect on the system 27.6 2'02
performances. To study the behavior versus the noisy . -
command signals, noise sources have been placed on the Ic’; 19.6 5
and Qc’; commands. Tablel shows EVM results for different 13.7 9.8

noise values (Cp, corresponds to the minimum value of the
command voltages and N is the noise voltage). These EVM
have to be added to those resulting from an error in the
receiving angle given by Hajimiri [4]. In the same conditions,
Fig.6 shows the BER evolution. With the above used
conditions, it is possible to consider that a (Cmin/N)yp higher
than 40 dB does not affect the performances in terms of EVM
and BER. However, these system simulations prove the
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Fig. 4. Transmitted signal Constellation

necessity to take into account the noise which can be present
on the command of the quadrature modulators used as active
phase-shifter. Indeed, this command noise directly involves
transmission perturbations. From this conclusion, a first
design becomes possible.
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IV. PROTOTYPE DESIGN

This first design, with discrete components, is developing in
our laboratory, with four elements patch antennas. The
elementary command circuit (Fig. 7) uses an AD 8349 IQ
quadrature modulator followed by an ADL5330 Voltage Gain
Amplifier (VGA). Input and output 1:1 Transmission Line
Transformers allow the single to differential mode transitions.

Fig. 7 Photograph of the active part

The output 1 dB compression point is equal to 0.2 dBm for
a VGA voltage control set at 1.4 V. Note that, for this first
approach the power amplifiers are not taken into account. “S”
parameters are measured and S;; and S,, parameters are better
than —15 dB.

Under these conditions, the S,; parameters have been
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Fig. 8. Quadrature characteristics at 2.4 GHz and Vg=1.2 V.

measured for the four elementary circuits, their behaviors are
similar and one characteristic is given in Fig. 8. From these
measurements, it is possible to calibrate the system for
applying the commands Ic; and Qc; which will allow to obtain
the required radiation angle #. Numerical system using FPGA
has been performed to drive the different vector modulators.

Distribution path and elementary patch antenna have been
developed at IREENA laboratory and work at a frequency of
2.4 GHz. The full system will be operational at the beginning
of January and the first measurements of the sensitivity will
begin as soon as possible.

VII. Conclusion

An approach on phased array antenna command is
analyzed. Electronically beam steering using vector modulator
presents much advantages, in particular, an improvement of
the SNR during the transmission, and a better repartition of
the output power in the transmitter. This last one, can avoid
the using of a high cost technology. System analysis confirm
the interest of the architecture in taking in account the
perturbations on the commands.
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