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Ultra-wideband Cork
Substrate-Integrated-Waveguide
Cavity-Backed Slot Antenna
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Abstract — An ultra-wideband (UWB) substrate-
integrated-waveguide (SIW) cavity-backed slot an-
tenna covering the lower part of the 3.1-10.6 GHz
block allocated to UWB transmission systems, being
3.1-3.6 GHz, is designed, constructed and validated.
Owing to its planar topology, low profile and the
use of cork substrate material, the proposed antenna
may be integrated unobtrusively in any cork surface.
Prior to the antenna design, the cork substrate ma-
terial was characterized in the frequency band of in-
terest. The design is conducted based on the aver-
age properties, while maintaining some impedance
bandwidth margins to allow for varying cork ma-
terial properties. A prototype is validated in free-
space conditions, confirming the high performance
observed in simulation. An impedance bandwidth
of 700 MHz (20.9%) is measured. At the center fre-
quency 3.35 GHz, a radiation efficiency of 78%, a
front-to-back ratio of 17.2dB, and a maximum gain
of 4.9dBi are obtained. The maximum gain varies
only by 1.4dB within the frequency band of inter-
est. The other far-field properties also vary only
negligibly, which is the most important requirement
to UWB antennas.

1 INTRODUCTION

Radio-frequency identification (RFID) systems
based on ultra-wideband (UWB) technology, and
more in particular impulse radio UWB technol-
ogy (IR-UWB), offer many advantages over RFID
technologies operating in the ultra-high frequency
(UHF) band. These benefits include a better range
resolution, more robustness to interference and
multipath, and higher security. Furthermore, the
transmitter can operate at baseband, allowing a
low power implementation [1]. UWB signals are
defined by the Federal Communications Commis-
sion (FCC) as signals with an instantaneous spec-
tral occupancy of 500 MHz or more, or a fractional
bandwidth of 20% or more. The FCC puts the fre-
quency spectrum ranging from 3.1 GHz to 10.6 GHz
at the disposal of UWB transmission systems [1].
Substrate-integrated-waveguide (SIW) cavity-
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backed antenna topologies [2] [3] exhibit many de-
sirable properties for UWB applications. They pro-
vide high radiation efficiency, good front-to-back
ratio (FTBR), and high isolation from their sur-
roundings, making them suitable for low power ap-
plications. Various bandwidth enhancement tech-
niques [3] can be applied to achieve an ultra-wide
bandwidth. Finally, their low-profile allows for in-
tegration into floor and wall materials.

In this paper, an UWB SIW cavity-backed slot
antenna covering the frequency range 3.1-3.6 GHz,
being the lower part of the 3.1-10.6 GHz FCC band
for UWB transmission systems, is designed, con-
structed and validated. In [4], the same topology
was adopted to realize a compact wearable RFID
antenna made of textile materials, while here, the
antenna is implemented on a cork substrate. Ow-
ing to the planar topology and low profile, the pro-
posed antenna may be integrated unobtrusively in
any cork surface. In [5], cork substrate material was
used for narrow-band RFID applications, intended
for use in bottle stoppers. Cork substrate material
was also used in [6], with another antenna topol-
ogy, to realize a compact wideband antenna for the
5 GHz Wi-Fi band.

Section 2 discusses the characterization of the
cork substrate and the design requirements, while
Section 3 outlines the topology and the computer-
aided design of the SIW cavity-backed slot antenna.
Measurements performed on a prototype in free-
space conditions are presented in Section 4.

2 CORK SUBSTRATE CHARACTERI-
ZATION

A composite cork agglomerate by Amorim Cork
Composites S.A., made of cork granules bound by
polyurethane, with a density of 0.145g/cm?® and a
thickness of 3 mm, is applied as antenna substrate.

Prior to the antenna design, the electrical param-
eters of the substrate material were determined in
the frequency band of interest by the matrix-pencil
two-line method in [7]. The measured dielectric
constant ¢, and loss tangent tan §, shown in Fig. 1a
and Fig. 1b, are nearly constant in the [3-4 GHz]
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Figure 1: Measured electrical parameters of cork:
dielectric constant €, (a) and loss tangent tand (b).

range, and approximately equal to 1.25 and 0.013,
respectively.

To increase accuracy, the cork material was
also characterized around 3.40 GHz using the res-
onator technique described in [8]. Three res-
onators were constructed and characterized, yield-
ing for (e, tand): (1.25,0.027), (1.22,0.027) and
(1.22,0.025). These measurements are also shown
in Figs. 1a and 1b.

The slight fluctuation in the different charac-
terization results is due to inhomogeneity of the
cork, caused by its cellular structure and poros-
ity. The design is performed using the average pa-
rameters (e, = 1.23 and tand = 0.0263), while
maintaining some impedance bandwidth margins
to allow for varying cork material properties. A
—10dB impedance bandwidth (w.r.t. 50) rang-
ing from 3.05 GHz to 3.65 GHz is set as a require-
ment, providing coverage of the lower part of the
3.1-10.6 GHz FCC band for UWB transmission sys-
tems (3.1-3.6 GHz) with 50 MHz margins.

3 ANTENNA TOPOLOGY AND DE-
SIGN

The wideband SIW cavity-backed slot antenna
topology depicted in Fig. 2 is adopted, making use
of the bandwidth enhancement method [9]. Both

I brass eyelet
0 cork
I copper-plated taffeta

SubMiniature version A
(SMA) connector

Figure 2: Substrate-integrated-waveguide (SIW)
cavity-backed slot antenna topology. Optimized
dimensions: dgup = 3.0mm, W, = 70.0mm,
dsy = 22.1mm, dg = 30.8mm, Hgoy = 2.5mm,
Lot = 62.0mm, Yeoqr = 18.0mm, d, = 7.8 mm
and d, = 7.6 mm.

the top conducting antenna patch and the vias,
forming the SIW cavity by connecting top patch
and groundplane, are shown. The vias are realized
by brass eyelets (outer diameter d = 4 mm), spaced
closely enough to minimize radiation loss (d,/d < 2
and d,/d < 2) [2]. A copper-plated taffeta electro-
textile with a sheet resistance of 0.2 £2/sq is applied
for the conducting top patch and bottom ground-
plane. These electrotextile patches are attached to
the cork substrate using thermally activated adhe-
sive sheets.

The SIW cavity is split into half-cavities A and
B by a non-resonant slot in the top patch, much
longer than half a wavelength, leading to the si-
multaneous excitation of two hybrid cavity modes
[9]. Correct dimensioning of the half-cavities and
slot yields resonance frequencies of the two ex-
cited hybrid modes that are close together in the
frequency band of interest, which leads to an en-
larged impedance bandwidth. The lower resonance
frequency hybrid mode consists of a weak TEjq
and a strong TEj5g resonance. The fields in half-
cavities A and B are out of phase and the dominant
fields are in half-cavity A. The higher resonance fre-
quency hybrid mode consists of a weak TE 99 with
a strong TE 1o resonance. The fields in half-cavities
A and B are in phase and the dominant fields are in
half-cavity B. The field distributions of both hybrid




modes lead to consistent radiation by the slot. This
enables wideband far-field properties, which is a key
requirement for UWB antennas. The resulting an-
tenna is linearly polarized and the YZ-plane is re-
ferred to as the E-plane, and the XZ-plane as the
H-plane. The structure is fed with a coaxial probe,
positioned to magnetically couple efficiently to the
two hybrid modes and to achieve good impedance
matching.

The cavity width W, is fixed to 70.0 mm, which
allows for sufficient impedance bandwidth to meet
the specifications. The length of the non-resonant
slot Lot is chosen 62.0 mm, much longer than half
a wavelength. The other parameters, being half-
cavity lengths (dg and dg,), coaxial feed position
(Yeoaz) and slot width (Hgt), are optimized us-
ing the frequency solver of CST Microwave Stu-
dio to meet the specified impedance bandwidth.
The values of the optimized antenna dimensions are
added to the caption of Fig. 2. The corresponding
simulated reflection coefficient is shown in Fig. 3.
The two hybrid modes resonate at 3.21 GHz and
3.55 GHz. Simulation of the far-field properties in-
dicates that the broadside gain varies no more than
2.0dB within the frequency band of interest.

4 MEASUREMENTS

A prototype has been constructed and character-
ized inside an anechoic chamber, to reproduce free-
space conditions, using an Agilent N5242A PNA-
X Microwave Network Analyzer and an Orbit/FR
DBDR antenna positioning system. Far-field gain
patterns are measured with the gain comparison
method using a standard gain horn model MI-12-
2.6.

Fig. 3 compares the simulated and measured in-
put reflection coefficients. A good agreement is ob-
served. The prototype exhibits an impedance band-
width of 700 MHz (20.9%), which is slightly higher
than simulated. This is primarily a consequence
of fabrication inaccuracies, and to a lesser extent
of variation of the dielectric properties of cork ma-
terial. The frequency band of interest, being 3.1—
3.6 GHz, is fully covered.

Fig. 4 shows the simulated and measured far-
field gain patterns at the lower (3.10 GHz), center
(3.35 GHz) and upper frequency (3.60 GHz), both
in the E-plane and H-plane. The most important
performance measurements, derived from the radia-
tion patterns, are summarized in Table 1. These in-
clude the radiation efficiency 7,44, FTBR (defined
as the ratio of the gain in the +2z direction to the
gain in the —z direction), maximum gain G4, and
half-power beam width (HPBW) in the E-plane and
H-plane. Again, a good agreement between mea-
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Figure 3: Simulated and measured input reflection
coefficient |S11| [dB] versus frequency.

Table 1: Measured (simulated) antenna character-
istics at the lower frequency 3.10 GHz, the cen-
ter frequency 3.35 GHz and the upper frequency
3.60 GHz.

freq. [GHz] 3.10 3.35 3.60
Mraa [%) | 71 (74) 78 (76) 56 (47)
FTBR [dB] | 14.8 (14.0) | 17.2 (14.9) | 16.6 (15.2)
Gomae [dBi] | 4.6 (5.8) | 4.9 (6.0) | 3.5 (4.0)
HPBW [deg.]
E-plane | 95 (98) 95 (94) 90 (90)
H-plane | 55 (65) 60 (66) 60 (68)

surement and simulation is observed. The mea-
surements indicate that the maximum gain, gain
pattern shape, E-plane and H-plane HPBW, and
the other far-field properties only vary slightly over
the considered frequency band, which is a key re-
quirement to UWB antennas. The variation of the
maximum gain is smaller than predicted by simu-
lation.

5 CONCLUSION

An UWB SIW cavity-backed slot antenna cover-
ing the lower part of the 3.1-10.6 GHz block allo-
cated to UWB transmission systems (3.1-3.6 GHz)
was designed, constructed and validated. Owing to
the planar topology, low profile and the use of cork
substrate material, the proposed antenna may be
integrated unobtrusively in any cork surface. Prior
to the antenna design, the cork substrate material
was characterized. The design was conducted based
on the average properties, while maintaining some
impedance bandwidth margins to allow for varying
cork material properties. Measurements performed
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Figure 4: Far-field gain pattern [dBi] at the lower
frequency 3.10 GHz in (a) the E-plane and (b) the
H-plane, at the center frequency 3.35 GHz in (c)
the E-plane and (d) the H-plane, and at the upper
frequency 3.60 GHz in (e) the E-plane and (f) the
H-plane. Simulation (—) and measurement in free-
space conditions (— — —).

on a prototype in free-space conditions confirm the
high performance observed in simulation and prove
that the far-field properties only vary slightly over
the considered frequency band, which is the most
important requirement to UWB antennas.
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