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An 8x4 Continuous Transverse Stub Array fed by Coaxial
Ports

Siyi Zhou, Mauro Ettorre, Senior Member, IEEE, and Anthony Grbic, Fellow, IEEE

Abstract—Continuous transverse stub arrays are wide band, wide
scanning antennas consisting of an arrangement of long slots or parallel
plate waveguide apertures radiating in free space. A line source is
generally required to feed these arrays. Here, we show that such a line
source can be created over the radiating aperture using a 2D arrangement
of coaxial probe transitions. The coaxial transitions are directly integrated
into the parallel plate waveguides feeding the slots. Such a solution avoids
using quasi-optical systems or bulky corporate networks to feed the array.
The proposed 2D feeding scheme also allows steering the main beam of
the array. This is an additional benefit with respect to previous designs for
which scanning was limited to a single plane. An array of 8 x4 elements
validates the concept at 5.8 GHz. Measurements show that the array
exhibits a field of view of +30° in elevation over the 5.4 — 6.2 GHz
band, with an active reflection coefficient for the central elements better
than —10 dB.

Index Terms—Continuous transverse stub, slot arrays, wide band
antennas.

I. INTRODUCTION

HE continuous transverse stub (CTS) array is an established

solution for wide band and wide scanning Satcom antenna
applications [1]-[5]. The basic radiating element is a non-resonant,
long slot or broad stub fed by a parallel plate waveguide (PPW)
network. An array of such elements can be fed either in series or in
parallel. Both feeding architectures require a line source to properly
illuminate the array. The line source can be realized using a quasi-
optical system [5] or by integrating active components within the
PPW feeding network [6], [7]. Generally, quasi-optical systems are
used in combination with a corporate feed system. Such a solution
preserves the large bandwidth behaviour of CTS arrays, but limits
the scanning ability of the array to a plane parallel to the radiating
slots [5].

Here, we use coaxial probe transitions to feed a CTS array. The
coaxial transitions are directly integrated into the PPW lines feeding
each radiating slot to generate the required line source. In this
way, each slot is fed in parallel, as in a corporate network while
preserving the compactness of the structure. The proposed feeding
system also offers the possibility to steer the main beam of the array
in any direction in free space once the required phase and amplitude
excitations are provided at the input ports of the coaxial probes.

The design of an array of four slots, each fed by eight coaxial
probes (8x4 input ports), is proposed to validate the concept at an
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operating frequency of 5.8 GHz. The active reflection coefficient of
the array’s unit cell is evaluated in an infinite array environment
for scanning over the principal planes of the array. Each unit cell
of the array is fed by a coaxial transition, which allows scanning
range +30° in elevation from 4.8 GHz to 6.2 GHz. This corresponds
to a fractional bandwidth of 24% around 5.8 GHz. A prototype of
the array is manufactured from aluminum using a standard milling
process. The measured active reflection coefficient of the central
elements of the finite array is compared to full-wave simulations,
and to the infinite case validating the design and general conclusions.
Measured radiation patterns are also validated through full-wave
simulations. Measurements demonstrate that the antenna can steer
its main beam in the both principal, and diagonal planes over a field
of view of +30°, while maintaining cross-polarization levels below
over —20 dB.

The paper is organized as follows. Section II presents the design of
the unit cell of the array fed by coaxial transitions. The active reflec-
tion coefficient of the unit cell is provided for scanning angles up to
30°. The prototype and the measured active reflection coefficient and
radiation patterns are discussed in Section III. Finally conclusions are
drawn in Section IV.

II. ANTENNA DESIGN

The architecture of the 8 x4 CTS array fed by coaxial probes is
shown in Fig. la. Each of the four slots comprising the array is
fed by eight coaxial ports through air-filled PPW lines. The unit
cell of the array, with a coaxial probe transition, is highlighted in
Fig. la. Side views of the unit cell in the zz- and yz-planes are
also provided in Fig. 1b. The design of the radiating slots of the
array follows the procedure outlined in [3]. The slot width, ws,
and height of the feeding PPW lines are chosen to only allow the
propagation of the Transverse Electromagnetic (TEM) mode of the
PPW lines at the arrays’s upper frequency of operation. The slot
width ws and periodicity d, are designed to yield an active reflection
coefficient over the slot plane (reference plane R1 in Fig. 1b) lower
than —10 dB for the operating band and scanning range. A two step
quarter-wave impedance transformer is then used to match the active
impedance of the slot to the input PPW line (reference plane R2
in Fig. 1b) where the coaxial probe transition is located. The input
PPW line is then matched to the 50 Ohm impedance of the coaxial
transition using a back short and a cylindrical intrusion within the
PPW [8] (refer to Fig. 1b for geometrical details). In particular, the
cylindrical intrusion within the PPW and a rectangular cavity around
the connection of the probe transition (refer to Fig. 1b) are employed
to match over the band of interest. Full-wave simulations in an infinite
array environment are used to derive the final geometrical dimensions
of the unit cell as provided in Fig. 1. The periodicity along the z-axis
(dz) of the coaxial input ports is set to less than a half wavelength at
the upper frequency of operation to avoid grating lobes. Specifically
d, is chosen equal to dy, = 24 mm. Note that the antenna is linearly
polarized with the electric field of the feeding TEM mode oriented
along the y-axis. The E- and H-plane correspond to the yz-plane and
zz-plane in Fig. 1.
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Fig. 1. The 8x4 CTS array. (a) Perspective view. The unit cell of the array
is outlined by a dashed box. (b) Side view of the unit cell of the array along
the yz- and zz-planes. The dimensions are in mm.

The bandwidth, frequency of operation and scanning range speci-
fication for the design are chosen based on possibly using the array
as a Van Atta mirror in a far-field wireless power transfer system [9],
[10]. In particular, the goal was an active reflection coefficient lower
than —10 dB over the 5.4 — 6.2 GHz band, for a scanning range in
elevation of +30°.

Fig. 2a provides the active reflection coefficient of the unit cell
from 4.8 to 6.2 GHz at the reference planes R1, R2 and at the
SMA connection for broadside direction. The wide band behaviour
of the radiating slot at the reference plane R1 is highlighted by a flat
active reflection coefficient in the entire band. As expected, the two
step-quarter-wave transformers introduces a resonance at the design
frequency of 5.8 GHz, but does not affect the wide band behaviour of
the unit cell. The same behaviour is observed at the SMA connection
after the coaxial probe transition. In addition, Fig. 2b plots the active
reflection coefficient of the unit cell from 4.8 to 6.2 GHz along the
E-, D-(diagonal plane, ¢ = 45° in Fig. 1) and H-plane at broadside
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Fig. 2. Active reflection coefficient of a unit cell of the array in an infinite
periodic environment. (a) At the reference planes R1 and R2 in Fig. 1 for
broadside radiation. (b) At the SMA connection for different scanning angles
and planes of observation.

0 = 0° and @ = 30°. The unit cell is matched over the considered
band (24% relative bandwidth around 5.8 GHz) and scanning range.
Note that the coaxial transition allows 2D scanning (refer to Section
III) and does not require a corporate feed network or quasi-optical
system, as in [5]. It is worth mentioning that connected arrays can
provide a similar performance [11]-[13].

III. PROTOTYPE AND MEASUREMENTS

The array prototype is shown in Fig. 3. It is made of various alu-
minium parts fabricated using a computer numerical control (CNC)
milling machine, and assembled as outlined in [5]. The assembly uses
dowel pins and screws with an expected alignment accuracy better
than 50um. The 32 SMA connectors used for the input ports of the
array are visible in Fig. 3a. During measurements, coaxial cables
were attached to the SMA connectors to ease access to the input
ports of the array. The cables were not considered in the full-wave
simulations of the array.

The scattering matrix (32x 32 elements) of the array was measured.
The active reflection coefficient at each input port of the array was
then derived by assuming a uniform illumination and the required
phase profile for scanning [14]. The active reflection coefficient for
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Fig. 3. Prototype. (a) Perspective view. (b) Rear view showing the labelled
input ports. The coaxial cables and mechanical support used for measurement
are visible in the photograph.

the central element of the array (Port 12 in Fig. 3b) is shown in
Fig. 4a for a broadside excitation. Full-wave simulations of the finite
and infinite array are also reported for comparison. The measured
active reflection coefficient is in line with the infinite and finite array
numerical results. Please note that de-embedding was performed on
the measured results to remove the impact of the cables on the active
reflection coefficients. The measured active reflection coefficient for
the central element for scanning at # = 30° in elevation is reported
in Fig. 4b along the E-, D- and H-planes. The simulated active
reflection coefficient for the central element of the array is provided
for comparison in the considered scanning directions. The central
element is matched over the design band 5.4 — 6.2 GHz and even
beyond. It is worth mentioning that similar results were achieved for
all other input ports, except for the most external ones as Portl (see
Fig. 3b). This is expected for such a small array. Different aperture
illuminations may be used to improve the matching of the external
elements of the array.

The 3D embedded element patterns corresponding to each input
port of the array were measured in the anechoic chamber at IETR
by feeding the considered port and terminating all other ports with
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Fig. 4. Active reflection coefficient of the central element of the array (P12
in Fig. 3b). (a) Broadside radiation. (b) Scanning in E-, D- and H-plane
at & = 30°. The active reflection coefficient of the unit cell for broadside
radiation in an infinite array environment is shown for comparison.
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Fig. 5. Normalized radiation patterns of the array for a uniform illumination
along the E and H-plane for broadside radiation at 5.8 GHz.
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Fig. 6. Normalized radiation patterns of the array for a uniform illumination
and different scan angles at 5.8 GHz. (a) E-plane. (b) H-plane. (b) D-plane.

matched loads. The radiation patterns of the full array were then
retrieved in the E-, H- and D-planes by post-processing the em-
bedded element patterns and applying the require phase gradient for
scanning. The final radiation patterns of the array assuming uniform
illumination are shown in Fig. 5 at 5.8 GHz along the E-, H-plane for
broadside direction. Good agreement is observed between simulation
and measurement.

The measured radiation patterns along the E-, H- and D-planes
at 5.8 GHz are shown Fig. 6 for two different scan angles. The
radiation patterns have been normalized to their maximum. The 2D
scanning ability of the array is validated for the CTS array. The 2D
scanning ability is enabled by the proposed coaxial probe transition
and antenna architecture. The proposed array also exhibits low cross-
polarization levels (< —20 dB) in all planes and for all the considered
scanning angles [15]. These results confirm the polarization purity of
the radiated field. Similar measured results, in terms of scanning, are
obtained in the band 5.4 — 6.2 GHz and not reported here for brevity.

The measured realized gain and directivity of the array for a
uniform illumination are estimated equal to 18.6 dBi and 17.8 dB,
respectively, at broadside at 5.8 GHz. The total loss of the antenna
is equal to 0.8 dB. This includes the metallic, cable and transition
losses. The major contribution to the losses is attributed to the cables
which are 30.48 cm long with losses on the order of 0.6 dB.

IV. CONCLUSION

An 8x4 continuous transverse stub array fed by coaxial probes
has been presented. Each slot of the array is fed by eight equally-
spaced coaxial probes in the PPW lines feeding the slots. The
proposed feeding scheme allows 2D steering of the antenna main
beam in free space. Such a solution overcomes the limitations of
earlier CTS designs which achieve scanning only in one plane, at
a given frequency of operation. In addition, the proposed scheme
does not require a quasi-optical system nor active components within
the corporate feed network of the array, easing the fabrication. A
prototype made of aluminum using CNC milling has been presented
and validated through full-wave simulations and measurements. The
active reflection coefficient of the array is less than —10 dB over
the band 5.4 — 6.2 GHz for scanning up to 30° in elevation.
Measurements show that the antenna can steer its main beam over the
considered range with cross-polarization levels below —20 dB. The
proposed antenna may be a good candidate for applications requiring
a wide band, wide scanning antenna. The proposed antenna could
be used as a Van Atta mirror for far field wireless power transfer
applications.
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