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The design of a frequency reconfigurable dual-band H-shaped microstrip antenna fed by two coaxial probes is presented. Each
probe excites one of the two fundamental modes of the antenna which are linearly polarized and orthogonal to each other. The
antenna is symmetrically loaded with four varactor diodes to simultaneously tune these two modes. Simulation results show that
the tunable range of the first mode is between 1.69 and 2.19GHz (1.3 : 1 tuning ratio), whereas it is between 1.94 and 2.72GHz (1.4 : 1
tuning ratio) for the second mode. In the range between 1.94 and 2.19GHz, the radiation of the proposed antenna can be switched
between two orthogonal linear polarizations by a simple adjustment to the capacitance of the varactor diodes.The proposed antenna
achieves a good performance in terms of port-to-port isolation, directivity, and cross-polarization.

1. Introduction

The first attempt to analyze the radiation behavior of the
H-shaped microstrip antenna (HMSA) was carried out
using the generalized cavity model to obtain the radiation
characteristics of the first resonance [1]. These include the
resonant frequency, radiation pattern, and input impedance.
The study confirmed that when compared to the conventional
rectangular patch, the HMSA exhibits compactness and
narrower bandwidth as well as broader beam-width. In [2], a
short-circuited HMSA was shown to be a suitable candidate
for monolithic microwave integrated circuits applications
(MMIC) and was characterized using the finite difference-
time domain method (FDTD). Also, a circularly polarized
HMSA has been presented in [3] where the H-shape was
formed from a square patch.

Multiple resonant modes of the HMSA can be simul-
taneously excited making it a multiband antenna. In [4],
the first four resonant modes of the HMSA were analyzed,
and design equations for their resonant frequencies were
developed. The analysis was based on the concept of placing
electric and magnetic walls at the planes of symmetry and
predicting the current distribution over the patch. It was also
shown that the HMSA suppresses harmonic radiation thus

reducing unwanted electromagnetic interference between
transmitter systems. In [5], the formulae of the resonant
frequencies were modified, and a design methodology for
the HMSA based on the modified formulae was presented.
TheHMSAhas also been analyzed using different approaches
such as an equivalent tank circuit model [6] and transmission
line model [7]. Recently, single- and dual-band frequency
reconfigurable designs of a probe-fed HMSA have been
developed [8]. These designs were varactor-loaded with the
aim of tuning higher order modes of the HMSA.

In this paper, a dual-band dual-polarized frequency
reconfigurable HMSA is presented. Varactor diodes are
used to achieve the frequency-reconfigurability aspect of the
design, whereas the antenna is fed using two coaxial probes
to achieve the dual-band operation. The main features of the
proposed antenna are compactness, harmonic suppression,
and the stability of the radiation parameters over the tunable
range. The proposed antenna presents a simple low-cost can-
didate for several contemporary applications such as Long-
Term Evolution (LTE) carrier aggregation and polarization-
diverse schemes. The two bands of the proposed antenna are
operated at the first two resonant modes of the HMSA whose
analysis is reviewed next.
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Figure 1: Geometry of the H-shaped microstrip antenna.
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Figure 2: The electric walls for the first two HMSA modes: (a) the
TM10 mode and (b) the TM01 mode.

2. Analysis of the First Two Resonant
Modes of the HMSA

The first two resonant modes of the HMSA, whose geometry
is shown in Figure 1, can be denoted by TM10 and TM01
following the cavity model notation. These two modes are
similar to the first twomodes of the conventional rectangular
patch antenna. When operating at any of these two modes,
the electrical length of the HMSA is considered to be half
a wavelength. However, the spatial variation of the normal
electric field for the firstmode (TM10) is along the𝑥direction,
whereas it is along the 𝑦 direction for the second mode
(TM01). For either mode, the field amplitude has a high value
along the edges and a null along one of symmetry axes of the
antenna. Figure 2 shows the electric field null for each mode.
This null is also called an electric wall (E-wall).

When the antenna is fed along an E-wall of a certain
mode, this mode is suppressed. Therefore, feeding along the
𝑦-axis suppresses the first mode, whereas feeding along the
𝑥-axis suppresses the second mode. In other words, feeding
along either of the symmetry axes suppresses one of the two
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Figure 3: Simulated |𝑆11| for the HMSA supporting only the first
mode with feed located at (1.5, 0)mm.

modes while the other is excited. It is interesting to point
out that feeding at the center should be avoided because it
suppresses both modes.

Before discussing the varactor-loaded HMSA design,
single- and dual-probe-fed unloaded designs are presented.
First, two single-probe-fed designs are discussed. In the first
design, only the first resonant mode is excited by feeding
along the 𝑥-axis, whereas only the second resonant mode
is excited in the second design by feeding along the 𝑦-axis.
Afterwards, the two single-banddesigns aremerged in a dual-
band dual-probe-fed design which excites both the TM10 and
the TM01 modes. The three designs are simulated using a
commercial full-wave simulator to investigate their return
losses and radiation patterns.

2.1. Unloaded Design Supporting the First Mode. For properly
exciting only the first mode (TM10), the feed is located at
the point (1.5, 0)mm according to the coordinates system
proposed in Figure 1. The simulated return loss is shown in
Figure 3. The resonant frequency of the first mode, denoted
by 𝑓1, is observed at 2.19GHz with a return loss of 13.5 dB.

In Figure 4, the normalized radiation patterns at the
principal planes when operating at 𝑓1 are presented. The
radiation is linearly polarized and broadside with maximum
directivity of 6.77 dBi and cross-polarization levels below
−30 dB.

2.2. Unloaded Design Supporting the Second Mode. Feeding
at the point (0, −5)mm provides a proper excitation for the
second mode (TM01), while the first mode is suppressed.
Simulation results show that the resonant frequency of the
second mode, denoted by 𝑓2, is 2.72GHz with 20 dB return
loss as shown in Figure 5. In Figure 6, the normalized radia-
tion patterns of the second mode are shown. The maximum
directivity for this mode is 7.1 dBi and cross-polarization
levels below −20 dB. The polarization of the radiated field is
linear and orthogonal to that produced by the firstmode.This



International Journal of Antennas and Propagation 3

(x-z) plane

60

120

30

150

0

180

30

150

60

120

90 90−20

−15

−10

−5

(a)

(y-z) plane

60

120

30

150

0

180

30

150

60

120

90 90
−20

−15

−10

−5

(b)

Figure 4: Normalized radiation patterns for the probe-fed HMSA supporting the first mode at 2.19GHz: (a) copolar component 𝐸𝜃 at the
H-plane (𝑥-𝑧 plane) and (b) copolar component 𝐸Φ at the E-plane (𝑦-𝑧 plane).
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Figure 5: Simulated |𝑆11| for the HMSA supporting only the second
mode with feed located at (0, −5)mm.

can be confirmed by comparing the copolar components of
Figures 4 and 6.

3. Unloaded Dual-Probe-Fed
Design Supporting Both the First and
Second Modes

The first two modes are linearly polarized and orthogonal
in polarization, a fact that can be used to achieve dual-band
dual-polarization operation. In other words, the antenna
operates at two bands each with a different polarization. To
realize such operation, two feeds are used instead of one; each
is located at a point that excites a singlemode.These locations

are the same as discussed in the previous two designs. The
first feed (𝑃1) excites the first mode and is located at (1.5, 0)
mm, whereas the second feed (𝑃2) excites the second mode
and is located at (0, −5)mm. It can be observed from the |𝑆11|
and |𝑆22| plots shown in Figures 7(a) and 7(b), respectively,
that the frequencies of the first twomodes remain the same as
that of the single-fed designs. Also, the isolation between the
feeds (|𝑆21|) shown in Figure 7(c) is observed to be lower than
−20 dB at each of the two bands of operation. The radiation
patterns for this design are identical to that in Figure 4 when
operating at the first mode and to that in Figure 6 when
operating at the second mode.

4. Varactor-Loaded Dual-Probe-Fed Design

In this section, the previously discussed dual-probe-fed
design is extended with the capability to tune both bands
simultaneously by loading the antenna with four varactor
diodes as shown in Figure 8.

The varactors diodes are placed in specific locations
(indicated in Figure 8) which have high normal electric field
amplitudes of both the first and secondmodes.Therefore, the
resonant frequencies of the two modes are simultaneously
tuned, and any change in capacitance will change both
frequencies. To bias the varactors, a bias tee connected to
either port is used.

In single-probe single-band designs, the tunable range is
usually thatwith |𝑆11| < −10 dB.This can be extended to dual-
probe-fed dual-band antennas by limiting the tunable range
of the first band to that with |𝑆11| < −10 dB and the tunable
range of the second band to that with |𝑆22| < −10 dB. Also,
good isolation (|𝑆21| < −10 dB) needs to be simultaneously
achieved at the two bands. In this design, however, the fact
that the two resonant frequencies depend on the value of
𝐶 and are simultaneously tuned must be considered. When
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Figure 6: Normalized radiation patterns for the probe-fed HMSA supporting the second mode at 2.72GHz: (a) copolar component 𝐸Φ at
the E-plane (𝑥-𝑧 plane) and (b) copolar component 𝐸𝜃 at the H-plane (𝑦-𝑧 plane).
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Figure 7: Simulated 𝑆-parameters for the dual-probe-fed HMSA: (a) |𝑆11|, (b) |𝑆22|, and (c) |𝑆21|.



International Journal of Antennas and Propagation 5

Y

X

2nd

(0, −5)

(8, 19)

1st
feed

feed
(1.5, 0)

Figure 8: Top-view of the varactor-loaded dual-probe-fed HMSA
supporting both the first and second modes (feed locations in mm).

the capacitance is adjusted between 𝐶min and 𝐶max, the first
mode is tuned between 𝑓1,min–𝑓1,max and the second mode is
tuned between 𝑓2,min–𝑓2,max. Accordingly, a proper matching
criterion is that the operation range should be limited to
the capacitances range of values that simultaneously result in
|𝑆11| < −10 dB in the range 𝑓1,min–𝑓1,max and |𝑆22| < −10 dB
in the range 𝑓2,min–𝑓2,max. Moreover, at any value of 𝐶, the
value of |𝑆21| should be less than −10 dB at both resonant
frequencies.

The varactor-loaded dual-band design is simulated where
each varactor diode is simply modeled as a variable capac-
itance 𝐶. The tuning of the resonant frequencies as the
capacitance changes is shown in the |𝑆11| and |𝑆22| plots
in Figures 9 and 10, respectively. It can be noted that the
capacitance range between 0 and 1 pF satisfied the matching
criterion adopted earlier.

The first resonant frequency is tunable between 1.69GHz
(when 𝐶 = 1 pF) and 2.19GHz (when unloaded). This results
in a tuning range of 25.9% and a tuning ratio of 1.3 : 1 for the
firstmode. On the other hand, the second resonant frequency
is tunable between 1.94GHz (when 𝐶 = 1 pF) and 2.72GHz
(when unloaded). This means that for the second mode a
tuning range of 33.4% and a tuning ratio of 1.4 : 1 are achieved.
Isolation between the two feeds is an important factor to
consider. It can be seen from the |𝑆21| response in Figure 11
that the isolation (|𝑆21| level) is below −20 dB at both bands
for every capacitance value in the range between 0 and 1 pF.

From the preceding results, the operational frequency
range of the varactor-loaded design can be divided into
three subranges according to the operational mode. The first
subrange is between 1.69 and 1.94GHz, where the first mode
is the only operationalmode.The second subrange is between
1.94 and 2.19GHz, and at any frequency in this subrange,
the operational mode can be either the first or the second
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Figure 9: Simulated |𝑆11| plots showing the tuned first mode of
the varactor-tuned dual-probe-fed HMSA when the capacitance is
varied between 0 and 1 pF in 0.1 pF increments.
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Figure 10: Simulated |𝑆22| plots showing the tuned second mode of
the varactor-tuned dual-probe-fed HMSA when the capacitance is
varied between 0 and 1 pF in 0.1 pF increments.

mode depending on the value of the capacitance 𝐶. This
is an interesting feature as it means that the operational
polarization in this subrange can be switched between the
two orthogonal linear polarizations attributed to the two
modes by simply adjusting the capacitance value. To further
illustrate, consider the operational frequency of 2GHz.When
𝐶 = 0.34 pF, the HMSAwill radiate due to the first mode only
as can be seen from Figures 9 and 10. However, when the
capacitance is adjusted to 0.9 pF, theHMSAoperates at 2GHz
also, but this time the radiation is due to the second mode
and is with orthogonal polarization to that when 𝐶 = 0.34 pF.
Finally, the third subrange is between 2.19 and 2.72GHz, and
the only operational mode is the second.

Next, the radiation performance of this design is dis-
cussed. The shape of the radiation patterns of this design
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Figure 11: Simulated |𝑆21| plots showing the isolation between
the feeds of the varactor-tuned dual-probe-fed HMSA when the
capacitance is varied between 0 and 1 pF in 0.1 pF increments.
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Figure 12: Directivity versus capacitance for both the first and
second modes for the varactor-tuned dual-probe-fed HMSA.

are similar to that in Figure 4 when operating at the first
mode and to that in Figure 6 when operating in the second
mode. However, increasing the capacitance broadens the
patterns of both modes resulting in lower directivity. The
plots of directivity for bothmodes as a function of capacitance
variation of the varactor diodes are shown in Figure 12.
For the first mode, the directivity decreases from 6.81 dBi
at 2.19GHz to 6.2 dBi at 1.69GHz. On the other hand, it
decreases from 7.1 dBi at 2.72GHz to 6.0 dBi at 1.94GHz for
the second mode. As for the cross-polarization, its level is
found to be below −25 dB in the E-plane for both modes,
whereas it is below −30 dB in the H-plane.

5. Conclusion

A frequency reconfigurable H-shaped microstrip antenna
has been proposed. The antenna is fed by two coaxial
probes that excite two orthogonally polarized modes of the
antenna. Frequency tuning of the twomodes ismade possible
by loading the HMSA by four identical varactor diodes
placed at positions of high electric field for both modes.
Simulation results show that the tuning range of the first
mode is 1.69–2.19GHz while it is 1.94–2.72GHz for the
second mode. Within these ranges, the antenna’s directivity
remains above 6 dBi, and the cross-polarization levels are
below −25 dB for both modes. According to the operational
mode, the operational frequency range has three subranges:
the first operating only with the first mode; the second with
both modes; and the third with only the second mode.
At any frequency in the second subrange, the polarization
can be switched between two orthogonal states by a simple
adjustment to the capacitance of the varactor diodes.
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