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IV. CONCLUSION

In this work, a design methodology was introduced to systematically
design wideband, electrically small antennas, based on the theory of
characteristic modes. This scheme can be used to implement an ideal
desired antenna current distribution over a wide frequency range using
a finite number of loads at a finite number of ports. The reactive loads at
these ports are determined such that this current distribution resonates
over a wide frequency band. As an example, the method was applied
to a simple wire dipole antenna which was loaded with a set of reac-
tive elements. For this antenna, it was found that non-Foster reactive
elements were required to synthesize the reactances determined by (3).
Furthermore, it has been demonstrated that through the loading of a
dipole antenna using non-Foster elements, the overall antenna band-
width may be vastly improved. Both pattern and input impedance for
the loaded dipole antenna were stabilized over a substantially wider fre-
quency range compared to the unloaded dipole antenna, even without
a matching network at the feed point. As expected, improved input
impedance bandwidth was obtained when a passive matching network
was introduced at the feed port.
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77 GHz Stepped Lens With Sectorial Radiation Pattern as
Primary Feed of a Lens Based CATR

M. Multari, J. Lanteri, J. L. Le Sonn, L. Brochier, Ch Pichot,
C. Migliaccio, J. L. Desvilles, and P. Feil

Abstract—We describe the design, fabrication and measurements of an
axisymmetric dielectric lens, featuring a sectorial radiation pattern at 77
GHz. It will be used as the primary feed of a lens-based compact antenna
test range (CATR). Due to symmetry of revolution, the sectorial lens profile
can be designed in one dimension by using phase only control. The phase
variation is echoed on the lens depth. The resulting stepped lens is sim-
ulated using France Telecom Orange Labs SRSRD software (“in-house”
software developed for dielectric axisymmetric radiating structures) and
measured in an anechoic chamber at 77 GHz. Two lenses were fabricated
with different materials: PVC and polyurethane, respectively. Good agree-
ments were obtained between simulations and measurements. Less than
0.2 dB ripple in the central beam are obtained for the polyurethane lens al-
though relatively high secondary lobes occur at 11 . Comparisons between
the near field of a CATR illuminated by a small horn providing a uniform
amplitude taper and the sectorial lens are conducted using numerical sim-
ulations. Results show that on-axis oscillations are reduced from 6 to 1 dB
with the sectorial lens.

Index Terms—Compact antenna test range (CATR), dielectric lens, phase
control, primary feed, sectorial radiation pattern.

I. INTRODUCTION

This communication describes an axisymmetric dielectric lens, fea-
turing a sectorial radiation pattern at 77 GHz. The sectorial lens is
aimed to be used as primary feed for a lens-based compact antenna
test range (CATR). Sectorial radiation pattern antennas are widely used
in wireless communications, e.g., for base-stations or WIFI terminals
[1] but they have also demonstrated their capabilities for measurement
system applications such as lens-based CATR [2].

The motivation for using a lens-based CATR is to measure electri-
cally large antennas in the millimeter-wave frequency range. In the last
decade, millimeter-wave radar applications have been of increasing in-
terest [3], [4]. Radar antennas have to fulfill the requirements for highly
directive antennas such as high gain and low side lobes and result in an-
tenna sizes of several tens of wavelengths. Most of anechoic chambers
are too small for obtaining far-field conditions with respect to these
antennas sizes. Therefore, a compact range system offers a solution
to this test problem. Classical solutions are based on single or more
often on double reflectors CATR [5], [6]. But these performing solu-
tions have some important drawbacks such as their low flexibility (they
are not easily dismounted when the anechoic chamber has to be used
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Fig. 1. Lens-based CATR setup.

without CATR arrangement) and high-accuracy fabrication required at
mm-waves, and to some extend, the large space they are requiring, es-
pecially for double reflector arrangements [7]. An alternative solution
could be the use of Holograms [8]–[10] that have proven to be relevant
especially at mm and sub-millimeter waves. We have chosen an other
alternative solution consisting in lens-based CATR [11] with an out-
going plane wave of 25 cm diameter for W-band measurements. Nev-
ertheless, one has to get rid of the on-axis oscillations (Fresnel spots)
due to the strong aperture scattering effects [12] that are reinforced in
a lens, due to the internal reflections. A widespread solution is the use
of serrations but they may not be sufficient to completely remove the
Fresnel spots in the case of the lens-based CATR. For this purpose,
we propose a primary feed with a sectorial beam. It has been designed
to have uniform amplitude and phase on 68% of the CATR outgoing
lens surface. Moreover, the taper illumination rapidly drops at the lens
periphery edge. This primary feed is also a small axisymmetrical di-
electric lens.

Section II describes the sectorial lens design, simulations and mea-
surements. Due to axisymmetry, the lens profile can be obtained using
one-dimensional optimization. It has been carried out using phase only
control. The phase variation is echoed on the lens depth. Simulations
are performed using the France Telecom Orange labs “in-house” soft-
ware, so-called SRSRD developed for dielectric axisymmetric radi-
ating structures and based on one-dimensional integral equations [13]
for open or closed structures. Former studies have proven this software
to be suitable for mm-wave lens simulations [14].

Section III deals with the complete CATR simulations. Comparisons
between the near field of a CATR illuminated by a small horn providing
a uniform amplitude taper and the sectorial lens are conducted using
SRSRD with a 500 mm CATR lens diameter. Finally the CATR per-
formances are discussed.

II. SECTORIAL LENS DESIGN AND MEASUREMENTS

The phase only synthesis has proved to be an efficient method for
designing arrays with pre-defined radiation patterns. We apply it to
the lens using a quasi-optical approach. The advantage of such a tech-
nique is its simplicity of implementation and quick execution although
it might be less accurate, compared to more sophisticated methods [15].

A. Sectorial Lens Synthesis and Numerical Simulations

The basic sectorial antenna set-up is shown in Fig. 1 in the Primary
feed of the CATR box. It consists of a primary feed (prolate horn) illu-
minating a dielectric lens with focal length � and diameter �. The latter
is used for sectorial beam shaping.

The sectorial lens design procedure is based on the quasi-optical ap-
proach described in [16]. According to the axi-symmetry of the lens, it

has been simplified to the one-dimensional case (1D). The design pa-
rameters are the incident and transmitted angles, respectively ���� and
��, and the electrical length � on the lens surface as described in [16].
���� and �� are both oriented anti-clockwise. The primary feed radia-
tion pattern is modeled in a first step by ���� ��� function. The main
steps of the synthesis method can be summarized as follows.

— The transmitted angle �� is classically obtained from the energy
conservation as a function of ����;

— The electrical length � is derived from (1) as described in [16]
with the 1D simplification;

— The numerical integration of (1) gives the electrical length that
has to be on the lens for the desired pattern;

— Assuming that the phase profile is obtained by changing the lens
depth, ��, we can obtain directly the depth �� from �

��

��
� ��� �� � ��� ����� (1)

The phase reference in (1) is taken in the lens centre which leads to
�� � 	 at this point. In order to simplify the lens fabrication, it is
more convenient to avoid this configuration. Therefore, the phase
reference is moved in order to have a null depth at the lens edge.
Considering the respective paths of the ray going to the lens edge
[left term of (1)] and another one going through the lens [right
term of (1)], a new equation leading to the value of �� is obtained

�� � 
����� � 
� � ���� � �� � ��
�
�� (2)

where � � 	� ����.
Finally, �� is obtained from solving (2).
Before going into design considerations, let us note that the quasi-

optical approach leads to a stepped lens. As a consequence, a large lens
will provide a large number of steps and make the lens fabrication more
complex. Therefore this method is suitable for electrically small lenses.

The synthesis method described above is implemented with Scilab
software [17]. The desired sectorial pattern 	
��� is chosen to be uni-
form over ��� and to drop rapidly beyond according to (3)

	
��� � �� ��� ��
��� ��

��

� (3)

According to the desired configuration of the compact range, �� is
chosen to be 5�. The design frequency is 77 GHz. The primary feed of
the sectorial lens is designed to perform a prolate radiation pattern for
low secondary lobes purposes [18]. The prolate horn dimensions and
measurements are shown in Fig. 2(a) and (b) respectively. It is designed
for an illumination at��	 dB on the edges of the lens and corresponds
to a focal length to diameter ratio of 1.

Applying the method described above, a sectorial lens with diameter

�� of 50 mm, [about 13 
. and using 20 x-samples per wavelength
for solving (2)] was designed. The total number of steps is 270. The
stepped lens profile given in the Annex is obtained for polyurethane

�� � ��. The large steps correspond to phase angle close to 180�. The
design led to changes in the sign of the amplitude (which is equivalent
to a 180� phase shift) due to the phase reference taken from (2). In
counterpart, they create shadowing areas.

Fabrication errors and focal length displacements have to be studied
since we are working at millimeter waves. These errors can be close
to the step dimensions of the fabricated lens. Therefore simulations are
conducted with SRSRD using��	 �m errors randomly distributed on
the lens profile. The same way,�� mm focal length displacements are
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(a)

(b)
Fig. 2. (a) Primary feed: prolate horn—dimensions in mm. (b) Primary feed
measurements at 77 GHz.

Fig. 3. Fabrication and focal length errors.

investigated. Results are plotted in Fig. 3, the total oscillation does not
exceed 1 dB.

B. Sectorial Lens Measurements and Discussion

A first lens has been fabricated using PVC. Despite a relative good
agreement with simulations, a critical, for CATR application, 1 dB os-
cillation in the E-plane is obtained. Looking at the lens fabrication,
one can guess that debris remain in the lens grooves. They are prob-
ably due to the standard milling technique used for machining PVC.
In order to overcome this difficulty, a second lens was fabricated using
polyurethane. The complete sectorial lens set-up is shown in Fig. 4.

Fig. 5 shows the comparisons between measurements and simula-
tions. The focal length has been fitted at 51 mm in order to suppress
the ripples in the main lobe. Measurements are in very good agree-
ment with simulations within the sectorial behavior of the radiation
pattern. The remaining oscillation has been drastically reduced to 0.2

Fig. 4. Sectorial lens picture.

Fig. 5. Simulated and measured radiation pattern at 77 GHz.

dB. Frequency measurements were also conducted showing good radi-
ation pattern stability over the frequency range from 75 to 79 GHz. The
sectorial pattern is achieved within ���. High secondary lobes occur
at���� given that the design template was given only up to the desired
zeros of the diagram.

In a large anechoic chamber implementation, they are not critical for
our application because they will be the spillover part of the illumina-
tion of the CATR and hence will be very low compared to the focusing
done by the lens of the CATR. This effect is reinforced with increasing
the size of the lens CATR. Nevertheless the high lobes levels at 11�

may affect the quality of the quiet zone, given that the CATR is to be
built in a small anechoic chamber, especially because of the possible
reflections on the walls. Hence, some absorbing material will be used
around the lens. This solution has been successfully tested in a previous
study with a uniform illumination on the CATR-lens [19].

III. APPLICATION TO THE CATR

If we aim to design a CATR, one has to face the trade-off between
the strong edge diffraction, that occur with uniform illumination and
the decrease of the quiet zone spot caused by the reduction of the illu-
mination taper. The sectorial illumination seems to be the ideal com-
promise since it provides a uniform illumination while having a rapid
drop at the CATR edges.

A previous experimental study, conducted in 2006 [19] on a 500 mm
diameter PVC-lens based CATR, has shown that high on-axis oscilla-
tions occur in the near field distribution when a uniform illumination is
applied to the CATR. This effect has been also previously demonstrated
from theoretical studies in circular apertures [20]. In order to check this
behavior, our lens-CATR configuration was simulated using a uniform
illumination taper. For this purpose, the primary feed is a small stan-
dard circular horn providing 1 dB taper at the CATR-lens edges. The
CATR-lens has a hyperbolic profile and is made of PVC. Simulations
were conducted at 77 GHz.
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TABLE I

ANNEX: SECTORIAL HALF-LENS DIMENSIONS FOR � � �� � � ���� �	
����  � ���� 
����

Fig. 6. CATR near field, � � ��� mm, � � � m, � � � �� � �� dB
for the uniform feed, � � � dB for the sectorial illumination.

The amplitude field distributions at different down range distances
(Z) from the CATR-lens are shown in Fig. 6. The coordinate system
(X, Z) is defined according to Fig. 1, where X denotes the displacement
along the lens radius and Z the distance from the center of the flat border
lens to the AUT. The on-axis �� � �� oscillations between � � � and
� � ���m are 6 dB. In addition, the ripple in the quite zone (along X) is
4 dB. The same simulation has been conducted using the polyurethane
sectorial lens and the results are shown in Fig. 7. It is obvious that the
sectorial lens dramatically reduces the ripple in the quite zone.

The maximum quiet zone radius is obtained at � � � m and is of
170 mm that corresponds to 68% of the CATR-lens surface. Within this

Fig. 7. Same CATR configuration as in Fig. 6 with an sectorial illumination.

zone, the maximum amplitude oscillation is 1 dB and the phase ripple
does not exceed 8�. Moreover, the quiet zone depth (along Z-axis) is
0.5 m.

The installation of the CATR antenna system requires a space of 4.1
m (along Z). Furthermore, the rotation of the AUT also needs some
space that has been estimated to 50 cm and some margin for the CATR
construction has to be taken. Therefore, the total size of the CATR
should not exceed 5 m. This overall configuration is interesting as we
can build a compact test range within a small anechoic chamber.

IV. CONCLUSION

This communication describes the design, simulation and measure-
ment of a new sectorial lens for primary feed of a lens-based mm-wave
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CATR. The design procedure, based on the one-dimensional quasi-op-
tical approach, despite of its simplicity and approximations that are
made regarding the internal lens reflections, is quite efficient for com-
puting the sectorial lens profile. The axisymmetry of the lens makes
it easy, in principle, to fabricate. Nevertheless the choice of the di-
electric material is important since it has to be compatible with the
milling technique for ensuring a good surface quality of finish. There-
fore, polyurethane material is preferred to PVC. Very good agreement
has been obtained between measurements and simulations carried out
with SRSRD. This is a key point because the lens design procedure ne-
glects some important lens features such as the internal reflections or
step shadowing. From this knowledge, we can perform quite accurate
simulations using SRSRD. The above-mentioned effects were quanti-
fied and their influences on the final CATR setup were studied.
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A Single-Layer Ultrawideband Microstrip Antenna

Qi Wu, Ronghong Jin, and Junping Geng

Abstract—A single-layer microstrip antenna for ultrawideband (UWB)
applications, in which an array of rectangular microstrip patches was ar-
ranged in the log-periodic way and proximity-coupled to the microstrip
feeding line, is presented. In order to reduce the number of microstrip
patches in the UWB log-periodic arrays, a large scale factor � � � � was
firstly reported and proved to be highly effective. Furthermore, instead of
using an absorbing terminal loading, a novel loss-free compensating stub
was proposed. Detailed parameters study was also presented for better un-
derstanding of the proposed antennas. The impedance bandwidth (mea-
sured ���� � 	) of an example antenna with only 11 elements is
from 2.26–6.85 GHz with a ratio of about 3.03:1. Both numerical and ex-
perimental results show that the proposed antenna has stable directional
radiation patterns, very low-profile and low fabrication cost, which are suit-
able for various broadband applications.

Index Terms—Directional antennas, log-periodic antennas, microstrip
antennas, ultrawideband (UWB) antennas.

I. INTRODUCTION

Currently, there are increasing demands for novel ultrawideband
(UWB) antennas with low-profile structures and constant directional
radiation patterns for both commercial and military applications [1],
[2]. Unfortunately, most of the mature UWB antennas like equiangular
and Archimedean spirals [3], planar monopoles [4], [5] and wide slot
antennas [6], [7] have inherently bi-directional or omnidirectional
radiation patterns, which were unsuitable for conformal placement on
certain platforms. Cavity-backed log-periodic slot antennas [8] could
be integrated compactly into various aircrafts, but they could only
provide end-fire radiation patterns and have somewhat high profile.

On the other hand, microstrip antennas have some attractive merits
like very low-profile and broadside radiation patterns with medium
gains, which have been considered as excellent conformal radiators
[9] for a long time. However, a traditional single-element microstrip
antenna has inherently narrow impedance bandwidth. In the 1980s, the
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