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Abstract—In this paper a low profile antenna using a non-
uniformly biased varactor-tuned frequency selective surface
(FSS) is presented. The tunable FSS avoids the use of vias and
has a simplified DC bias network. The voltages to the DC bias
ports can be varied independently allowing adjustment in the
frequency response and enhanced radiation properties. The
measured data demonstrate tunability from 2.15 GHz to 2.63
GHz with peak efficiencies that range from 50% to 90% and
instantaneous bandwidths of 50 MHz to 280 MHz within the
tuning range. The total antenna thickness is approximately A/45.

I.  INTRODUCTION

Herein an end-loaded planar open sleeve dipole (ELPOSD)
antenna backed with a non-uniformly biased varactor-tuned
frequency selective surface (FSS) is presented (Fig. 1). This
work builds upon the design presented by Cure, et al. [1] with
the goal of achieving broad tunable bandwidths. The antenna
has a total thickness (excluding the feed layer) of ~A/45 at the
center of the operating band.

ELPOSD Dipole Layer

h=1.27mm, £=10.2

Live vias

Varactor

Diode FSS Layer

h,=1.27mm, £=10.2
Ground plane

/
Balun (Feed) /

Figure 1. Schematic of ELPOSD antenna illustrating the multi-layer
substrate with feed layer, tunable FSS layer, and dipole.
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The main features of this antenna are the use of an FSS that
does not include via connections to ground, its low profile and
potentially conformal nature, its high radiation efficiency and
high front-to-back radiation pattern ratio, and the ability to
dynamically adjust the center frequency. The significance of
these features stems from the intended use of the antenna for
biomedical radiometric  sensing applications  where
characteristics such as light weight, conformability, simple
integration, adjustment in response to adverse environmental
loading, and the ability to block external radio frequency
interference to maximize the detection sensitivity are highly
desirable.

Previous works [2-5] have demonstrated that dipole-type
antennas above tunable FSS ground planes can achieve
broadband bandwidth. In [4] and [5] broad tunability range is
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obtained for a total antenna and FSS thickness of ~A/25 and
~M15, respectively. In this paper, similar performance is
achieved with an FSS that not only has the ability to
dynamically adjust the antenna center frequency but also
allows for varying the impedance match of the antenna to
create broadband or multi-resonance responses. In addition,
the absence of interlayer wiring on the electronically-tuned
FSS minimizes the fabrication complexity and facilitates the
potential use of flexible substrates for future works.

II.  ANTENNA DESIGN AND PERFORMANCE

The antenna was designed to operate at a center frequency
of 2.4 GHz and built using a 1.27 mm-thick Rogers RT6010
substrate, with a dielectric constant of 10.2. It has a planar size
of 120 x 133 mm®, including the bias network. It consists of 56
tunable hybrid unit cells and 56 varactor diodes. The network
is distributed in 8 rows, each containing seven diodes in series.
It has eight independent DC voltage lines, on which each total
voltage is divided evenly between the seven diodes per row. A
1 KQ resistor was used at the ends of each row to block RF
leakage onto the bias lines. Fig. 2 shows the antenna assembly
which integrates the ELPOSD, DC bias, FSS and ground
plane. The antenna thickness (excluding the feed layer) is
A~/45 at 2.4 GHz.
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Figure 2. Antenna assembly showing the dipole layer and the tunable
asymmetric FSS ground plane with 8 independent voltage ports and resistors
to isolate the RF leakage from the bias lines.

Measured S;; data for the antenna when applying a common
bias voltage of 0 V and 70 V to all DC bias ports are shown in
Fig. 3 (left). Using the 10 dB return loss criterion, there is a
510 MHz span between the low end of the response with 0 V
and the high end of the response using 70 V. The radiation
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patterns of the antenna with bias voltage of 30 V at 2.4 GHz
shown in Fig. 3 (right) demonstrate cancellation of back
radiation and low cross polarization. The performance of the
antenna using a common voltage to all ports is summarized in
Fig. 4. Here, the bandwidth is defined as the band over which
the return loss is greater than 10 dB and the gain is more than
3 dBi. The shaded region shows tunability from 2.15 GHz to
2.63 GHz (i.e. BW = 480 MHz) with efficiencies greater than
50%. The efficiency was determined using a Wheeler cap.
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Figure 3. Measured and simulated S,; when 0 V and 70 V is applied to all
DC bias lines (left) and radiation patterns for the antenna with bias voltage of
30 V at 2.4 GHz (right) respectively.
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Figure 4.

The antenna performance can be enhanced by using
different voltages in the external lines. The results presented in
Fig. 5 and Fig. 6 compare the measured performance of the
antenna using different FSS bias configurations (Table I).
With a uniform voltage of 30 V on all rows (Configuration A),
the antenna exhibits more than 3dBi gain and broad bandwidth
from 2.3 GHz to 2.5 GHz, however at 2.57 GHz the gain drops
and the surface wave effects are noticeable in the radiation
pattern. For Configuration B, the four external rows are biased
at 70 V and rows below the dipole are biased at 30 V. In this
configuration, the return loss is strongly affected creating a
dual resonance response with high gain. A variation to
Configuration B, where 70 V is uniformly applied to all DC
bias lines, is shown in Fig. 3; in this latter case, the antenna
exhibits broad bandwidth from 2.5 GHz to 2.63 GHz.

TABLE L MULTIPLE BIAS CONFIGURATION
Configuration Vi, Va Vi Vo Vs Vs Vi Vs
A 30V 30V 30V 30V 30V
B 70V 70V 30V 70V 70V
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Figure 5. Measured S;; when non-uniform bias is applied to the diodes.
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Figure 6. Measured E-plane radiation patterns at 2.57 GHz (left). Measured
gain of the antenna for voltage configurations A and B in table I (right).

I1I. CONCLUSION

An ELPOSD antenna backed with a non-uniform bias
varactor-tuned frequency selective surface (FSS) has been
presented. The measured data demonstrate that the antenna
has the ability to dynamically adjust the center frequency and
vary the impedance match of the antenna to create broadband
or multi-resonance responses. The antenna is ultra-thin
(~A/45), immune to external radio frequency interference, and
avoids the use of vias which makes the design amenable to
biomedical radiometric sensing applications and facilitates the
potential use of flexible substrates for future works
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