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Fig. 1. Dielectric field enhancer dimensions.

Dielectric Field Enhancer for Reconfiguring the Beam
Pattern and Gain of an Antenna
Philip W. C. Hon, Ali Ayazi, Bahram Jalali, and Tatsuo Itoh

Abstract—We demonstrate the use of a dielectric rod, herein called a dielectric field enhancer (DFE), to reconfigure the radiation pattern and gain
of an omni-directional antenna. To assess the DFE capability, we demonstrate an increase in gain of a preexisting antenna by near-field coupling
with the DFE. The resulting field pattern is observed to be a hybrid of the
DFE’s directive beam pattern and that of the preexisting antenna. Measurements of a prototype DFE show a gain increase of at least 7.7 dB after
the inclusion of the DFE, which compare well with simulations and therefore verify the capability of the DFE.
Index Terms—Dielectric resonator antenna, dielectric rod antenna, field
enhancement, gain enhancement, reconfigurable antennas.

I. INTRODUCTION
Wireless communication systems such as 3G, and 4G systems have
driven the need for reconfigurable antennas, where the reconfigurability of an antenna could be its resonant frequency, polarization, beam
pattern or any combination of the three [1]. Reconfigurability can be
achieved in many different ways. One can use electromagnetic bandgap
structures [2] or manipulate current paths by using switches or diodes
[3].
In this communication, we present the characteristics of a modified
dielectric rod antenna that acts as a passive field enhancer that can be
used to reconfigure the radiation pattern and gain of an omni-directional
antenna. Under near-field coupling conditions to a preexisting antenna,
the dielectric field enhancer (DFE) reconfigures the radiation pattern
and increases the gain of the overall system. Such a structure is desirable in applications that require gain improvement or highly localized
fields such as in the all-dielectric non-electronic radio front-end system
(ADNERF) [4], [5]. Indeed, other antennas such as long Yagi-Uda arrays, could provide similar gain improvements. However, the DFE’s
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bandwidth is greater than the considerably more dispersive Yagi-Uda
arrays and hence is a good candidate for applications with larger bandwidth requirements [6].
The design methodology for the DFE is detailed in Section II. Verification of the design is conducted with a preexisting annular ring dielectric resonator antenna (DRA) and is discussed in Section III. The objective is to verify the increase in the annular ring DRA’s gain after the
inclusion of the DFE, and hence the DFE’s field enhancing capability.
Measurement results compared with full-wave finite element method
(Ansys’ HFSS) simulations are presented.
II. ANALYSIS AND DESIGN
The design of the DFE requires consideration of the far-field radiation pattern, as for a traditional dielectric rod antenna, as well as the
near-field interaction with the excitor/feed antenna. Far-field gain is optimized by controlling the cross section, permittivity and length of the
structure while the near-field consideration is done by controlling the
coupling aperture section’s (E-plane sectoral horn section) flare angle.
, with reference to Fig. 1(a), in the DFE is well
The excited mode,
suited for coupling to and from an annular ring DRA that is resonating
mode. Efficient coupling is achieved
in its electric monopole
due to the co-polarized near fields of the DFE and annular ring DRA.
A. Dielectric Field Enhancer
In a traditional dielectric rod antenna, the length of the guided region
dictates the achievable gain of the antenna, as mentioned in [6], [7], for
a given cross section and permittivity. The objective is to design a DFE,
with a certain gain, that will provide the maximum achievable coupling
to an annular ring DRA.
The DFE was designed in two steps. First, using the phase velocity
versus cross sectional dimension design curves in [6], a rectangular
cross section dielectric rod was designed. This portion of the design
consisted of a free space to dielectric impedance transforming terminal
taper and a waveguiding section. The above is done to insure a well
coupled and guided mode in the dielectric rod. The terminal taper dimension of slightly greater than half a wavelength was found to be
sufficient in our simulations for good coupling. As a starting point, an
assumed gain of 16 dBi for a traditional rod antenna was made and
the cross sectional dimensions were acquired from [6]. A cross-linked
polystyrene is used for the dielectric with permittivity of 2.6, and a loss
tangent of 0.0007. This results in a square cross-section having a side
of 9.7 mm at 10.45 GHz. The length of the guided region based on the
dielectric permittivity, desired gain and cross section comes out to be
.
143.5 mm
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Fig. 3.
mode monopole DRA reflection coefficient and its millimeter dimensions shown in the inset.

Fig. 2. Field distribution at the center of the dielectric rod along the axis for
three different configurations.

It is mentioned in [6] that a feed taper and body taper are included
after the waveguiding section in a typical dielectric rod antenna for
an efficient transition from the exciting source, typically, a metallic
waveguide and to suppresses side lobes, respectively. However, in the
present scheme, the other end of the DFE was designed to have an
E-plane flare similar to those described in [8]. This allows for control
of the near field for near-field coupling to the DRA. A flare length of
1.25 and flare angle of 12.5 degrees were chosen based on the desire
to maximize achievable near-field strength for the given guide length
and cross section acquired from step 1. The E-flared section provides
an impedance mismatch between its face and free space where a reflected wave is generated in the rod. Fig. 2 shows three simulation results for the field distribution at the center of the dielectric rod along
the axis. The various configurations for the end-section highlight the
need for the E-flared section. We will compare case 1 with a tapered
section, case 2 with a non-tapered section, and case 3 with a flared
section. The simulations consist of a plane wave incident upon the terminal taper of the DFE. In case 1, the field amplitude of the guided
propagating wave is seen to grow along the length of the guide due
to the continuous coupling of the incident plane wave to the guide.
The field amplitude then decays in the taper, where the guided wave
is slowly impedance matched to free space. In case 2, a flare angle of
0 degrees is introduced and a resulting increase in the electric field at
the face of the end-section is noted. The resulting field distribution in
the guide shows a periodic variation along the length of the guide with
a period of
mm
is the guided wavelength for the
mode in the guide where the propagation constant of
rads/m in the axis direction is obtained using Marcatili’s method [9]. In
case 3, a flare angle of 12.5 degrees is introduced. A similar periodic
variation in the field distribution of the guided mode exists, while the
electric field at the face of the end-section is higher than that of case
2. The increase in the electric field at the face for case 2 and 3 relative
to case 1 is due to a mismatch between the face and free space, where
a field distribution much like a standing wave is generated. Therefore,
with a flare angle of 12.5 degrees, a strong field at the face can then
be near-field coupled to the DRA. The final dimensions of the DFE are
shown in Fig. 1(b). Traditionally, dielectric rod antennas are considered travelling wave antennas, however in this case, the DFE in such a
configuration can certainly be considered unique in the sense that it is
a travelling/standing wave hybrid structure.

Fig. 4.
mode monopole DRA (a) H-plane and (b) E-plane far-field
gain patterns. Simulated cross polarization in both cases is extremely small.

III. MEASUREMENTS AND DISCUSSIONS
An annular ring DRA operating in the electric monopole
mode was fabricated [10], [11]. A ground plane for the annular ring
DRA much smaller than a wavelength was selected so as to allow
for close coupling between the annular ring DRA and DFE, which
then leads to a radiation pattern that is not exactly that of an ideal
monopole, as will be shown. Following this approach, an annular ring
DRA, as shown in Fig. 3, with permittivity of 43, height of 3.45 mm
, radius of 3.05 mm
, center cutout radius of 0.815
was demm
, and ground plane radius of 6.45 mm
signed and fabricated to verify the simulations. The designed resonant
frequency was 10.35 GHz. After fabrication and measurements, it was
found to have resonated at 10.45 GHz. With this information, the design for the DFE discussed in Section II was then made to center around
10.45 GHz. Fig. 3 shows the simulated and measured reflection coefficient for the electric monopole
mode annular ring DRA,
which was coaxially excited. The results are in close agreement, with
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Fig. 5. Measurement setup of DFE coupling to the
DRA.

IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 60, NO. 9, SEPTEMBER 2012

mode monopole

dB, and measured difference, 7.77 dB, could be attributed to a possible
misalignment between the DRA and the DFE. The gain was found, in
simulations, to be sensitive to the relative positioning (parallelism) of
the annular ring DRA to the DFE. Additionally, the loss in the polystyrene may be higher than expected leading to a smaller increase in gain
from the DFE.
To ensure a fair comparison, it is important to note that a decrease in
power illuminating the antenna under test (the annular ring DRA, DFE
combination) was made relative to the power level used for the annular
ring DRA only system. Namely, the signal generator output level was
decreased with the addition of the DFE to ensure that the plane wave
incident on the DRA, DFE combination had the same power density as
the case with only the annular ring DRA. Fig. 6 details the H (xz plane)
and E-plane (yz plane) cuts. For both cuts, it is interesting to note that
the radiation pattern is a hybrid of the directional pattern of the DFE
and the pattern of the annular ring DRA. The half-power beamwidth
(HPBW) in the H-plane is measured to be
degrees compared with
the simulation of
degrees. The HPBW in the E-plane is measured
to be
degrees compared with the simulation of
degrees. In
both planes, the measured and simulated HPBWs are in close agreement with simulations.
IV. CONCLUSION

Fig. 6.
mode monopole DRA and DFE combined (a) H-plane and
(b) E-plane far-field gain patterns. Simulated cross polarization in both cases is
extremely small.

only a 100 MHz, or 1% shift in frequency. The shift could be due
to a small chip on the cylindrical DRA created during the machining
process, some possible air gap between the DRA and the ground plane
as mentioned in [12], [13], or a difference in the reported relative permittivity due to manufacturer tolerances. The H (xz plane) and E-plane
(yz plane) radiation patterns of the DRA are illustrated in Fig. 4 and as
expected, resemble those of a monopole, but with a noticeable amount
of scalloping due to the finite ground plane. The simulated gain of the
monopole DRA is 1.5 dBi and the maximum measured gain is 1.30
dBi. The slight difference in gain and radiation pattern is most likely
due to the mentioned imperfections. However, the point of interest is
the relative increase of the gain and its resulting radiation pattern after
the inclusion of the DFE and hence this annular ring DRAs characteristics are adequate.
After verifying the annular ring DRA’s performance, the DFE was
then closely coupled, namely, 4 mm away. Fig. 5 illustrates the test
setup with the annular ring DRA and the DFE, which is supported by
a styrofoam stage. The results qualitatively followed the simulations.
For example, at a 4 mm coupling distance, the measured gain is 9.07
dBi, giving a gain increase of 7.77 dB (compared to the measured gain
of the monopole excited DRA alone). From simulations, at a 4 mm
coupling distance, the gain with and without the DFE were 10.64 dBi
and 1.5 dBi respectively. Therefore, a simulated difference of 9.14 dB
was predicted. The difference between the simulated difference, 9.14

Through the use of numerical simulations and measurements, a DFE
is shown to be an effective field enhancing passive element that can
be used for radiation pattern modification and gain enhancement. An
annular ring DRA was used to help characterize and verify the characteristics of the DFE. By characterizing the realized gain of the annular
ring DRA before and after the addition of the DFE, it was concluded
that the DFE changed the omnidirectional radiation pattern to that of a
directional pattern. The directional field pattern was also found to have
increased gain in the main lobe, which can be interpreted as a field enhancement within the DRA when illuminated by a plane wave in the
same direction as the main lobe. The DFE demonstration here centered
about the resonant frequency of the DRA, however, the DFE can potentially be used for applications with larger bandwidth requirements.
Although, the only mode discussed in this communication is a
in the DRA, different mode profiles and DRA geometries
could possibly be used. The coupling between the DFE and the DRA
is primarily determined by the matching of the polarization between
the DRA and the DFE. For example, if a
mode cylindrical
DRA is used, the DFE can efficiently couple to the DRA by rotating
the DRA such that its electric field component is co-polarized to that
of the DFE. With the above in mind, a variety of other non dielectric
based antennas could be used as well.
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Chipless RFID Tag Using Multiple
Microstrip Open Stub Resonators
C. M. Nijas, R. Dinesh, U. Deepak, Abdul Rasheed, S. Mridula,
K. Vasudevan, and P. Mohanan

Abstract—A novel compact RFID tag employing open stubs in a
microstrip transmission line is proposed. The prototype of the tag is
fabricated on a substrate of dielectric constant 4.4 and loss tangent 0.0018.
The tag consists of microstrip open stub resonators and cross polarized
transmitting and receiving disc monopole antennas. A prototype of 8 bit
data encoded tag is demonstrated in this communication. Method for
enhancing the performance of the RFID tag is also proposed. Magnitude
or group delay response can be used to decode the tag informations.
Index Terms—Chipless RFID tag, cross polarization, group delay, microstrip open stub, UWB antenna.

I. INTRODUCTION
Radio frequency identification (RFID) can be conveniently employed to replace the barcode in the area of contactless data capturing.
RFID doesn’t require a face to face communication between data carrying device like transponder/RFID tag and interrogator/RFID reader.
The RFID tag can be hidden inside the items and ensure more security
and flexibility. The cost of the RFID tags with small chip is higher
compared to barcode due to presence of application specific integrated
circuit (ASIC) chip. Different RFID technologies are used for different
applications. Some applications require short-range (up to 1.5 m)
low-cost tags (luggage tagging), while others require long-range (over
20 m) and more reliable/robust tags (expensive equipment tagging or
vehicle tagging).
RFID researchers are now focusing in the area of chipless RFID tags,
in which bits are encoded in the frequency spectrum, and seem to be a
promising solution for low-cost item tagging. Commercially available
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Fig. 1. Transmission line with quarter wave open stub resonator
,
and
.

,

chipless RFID tags are developed by RFSAW and it is based on the
surface acoustic waves (SAWs) [1]. These tags are not fully printable
because of the piezoelectric components embedded in it. Fully printable chipless RFID based on group delay encoding [2], [3] and multi
resonators [4] have been reported. Group delay based tag requires very
large area for more number of bits. On the other hand, the power difference between the presence and absence of a bit is of the order of 1 dB
in the case of multi resonator based RFID. This makes it very difficult
for faithful identification.
A chipless RFID tag with microstrip open resonators and cross polarized disc monopole antennas is discussed in this communication. The
proposed tag is very compact and can be easily decoded due to the large
difference between reflected power level corresponding to the presence
and absence of a bit. Compared to [2], [4], [5], this tag offers a difference of 5 dB in magnitude and 6 ns in group delay and hence can be
easily decoded.
II. TAG DESIGN
The evolution of tag from a simple transmission line is demonstrated
here. A microstrip transmission line of 50 is fabricated on a subopen
strate of dielectric constant 4.4 and loss tangent 0.0018. A
circuited stub with appropriate end correction [6] is connected at the
is the guided wavelength at
centre of the transmission line, where
the operating frequency. The basic structure of the tag incorporating
an open ended microstrip stub is shown in Fig. 1. It is noted that there
is a band notch centred at 2.35 GHz when an open circuited stub of
length 18 mm and width 0.5 mm is connected to the microstrip transmission line. This property of the stub is effectively utilized for the
development of the tag. Simulation studies of a single stub microstrip
transmission line for different line parameters using Ansoft HFSS are
shown in Table I. From Table I.a it is found that when the transmis, the system offers a fracsion line impedance is 50
tional band width (FBW) of 30.05%. The FBW is estimated using,
, where
is the 3 dB S21 band width
and
is the notch frequency. The aim is to reduce the FBW to get
the narrowest possible resonance at the desired frequency. However,
,
when the transmission line impedance is about 28
optimum FBW (12.57%) is achieved. It is noted that further decrease in
characteristics.
the impedance of the transmission line distorts the
So this impedance is selected for further analysis. From Table I.b it is
stub (W3) is decreasing,
again found that when the width of the
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