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Annular ring microstrip patch antenna with
finite ground plane for ultra-wideband
applications
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A design of annular ring microstrip antenna with finite ground structure is proposed in this paper. The proposed geometry
offers impedance bandwidth of 2.362 GHz and has stable radiation patterns for all resonant frequencies in the operational
band. It is also found that shape and dimension of the finite ground plane is a key factor in improving the bandwidth of the
proposed geometry. The geometry is low profile and has simple structure, therefore can be used for lower band of ultra-
wideband applications.
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I . I N T R O D U C T I O N

With increase in requirement of planar devices for various
applications in communication systems, the microstrip
antenna has attracted the attention of researchers. The micro-
strip antennas have several advantages in comparison to con-
ventional antennas including their light weight, small size,
availability in different shapes, ease of fabrication, and easy
integration with other circuit components. Microstrip
antenna, in general, consists of a radiating conducting patch
and a conducting infinite ground plane separated by a thin
dielectric substrate. However, such structures intrinsically
have low gain, polarization impurity, and narrow bandwidth.
Usually, broadband performance is a necessary requirement
for modern communication systems hence these antennas in
conventional form are not finding much application in con-
sumer market. Looking at present requirements of communi-
cation systems, size reduction and bandwidth improvement
are important parameters and due consideration is given in
recent times for their improvement [1, 2].

Ultra-wideband (UWB) microstrip antennas are in great
demand for applications in modern communication systems,
wireless communication systems, and biomedical systems
[3, 4]. As per Federal Communications Commission, band-
width for UWB applications extends from 3.1 to 10.6 GHz
[5]. Recently, several techniques have been reported to
obtain wideband behavior of the antennas such as introducing

different shape slots in the patch and ground plane, use of
stacked elements, and different feeding techniques [6–9]. The
commonly used geometries like rectangular, ellipse, and circu-
lar structures with modifications have been widely analyzed for
UWB applications [10–12]. Many circular antenna designs
have been investigated in past to obtain improved radiation
characteristics, a circular microstrip antenna with off-centered
y-slot is investigated [13], it offers impedance bandwidth of
7.5% with circularly polarized performance. The gain is
found to be around 3 dB in the entire bandwidth. In [14], a cir-
cular patch antenna with diamond cut slot is presented, the
proposed antenna provides impedance bandwidth of 13.58%.
For Radio frequency identification (RFID) applications, a
compact wideband dual-frequency microstrip antenna is pro-
posed [15], using an offset microstrip-fed line and a strip close
to the radiating edges, it offers dual frequency with the imped-
ance bandwidth of 26.2 and 22.2%, respectively.

Annular ring microstrip patch antenna (ARMSA) is also a
useful shape to be considered for study, mainly because of its
high radiation performance. The presence of edges at the
inner and outer radii causes development of more fringing
field as compared to circular geometry, in which fringing
occurs only at the outer edge. The bandwidth achieved by
an annular ring for certain value of the radii is higher than
that of a circular patch [16]. Moreover, the annular ring is
more compact in size for a given mode of operation and at
a given frequency than that of the rectangular or circular
counterpart. To improve bandwidth in annular ring antenna
various techniques like use of stacked patches, shorting pin,
and different feeding methods have been suggested in litera-
ture [17, 18]. ARMSA, which has conical radiation patterns,
is suited to the applications of satellite communication and
navigation also [19]. Currently, defected ground microstrip
patch antennas have been used for broadband applications
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in communication systems. In a defected ground structure
technique, a defect is introduced intentionally in the ground
structure of the microstrip antenna to achieve desired radi-
ation performance. The benefit of using defected ground is
that spurious surface wave excitation is less and even the
low dielectric substrate does not support higher order mode.
The shape and size of the defect is optimized, resulting in a
controlled excitation and propagation of electromagnetic radi-
ation through the antenna [20–23].

In this paper, investigation of the performance of an
annular ring microstrip antenna with finite ground is
carried out to obtain an impedance bandwidth of 52.02%
within the UWB frequency range of 3.1–10.6 GHz. The per-
formance of antenna is compared with that of a conventional
circular patch and parameters like reflection coefficient, band-
width, gain, radiation patterns, and voltage standing wave
ratio (VSWR) are studied for the proposed geometry.

I I . A N T E N N A D E S I G N A N D
R E S U L T S

The configuration of conventional circular patch antenna
having radius equal to 20 mm is shown in Fig. 1. The circular
geometry is designed and simulated on glass epoxy FR-4
substrate having relative permittivity er ¼ 4.4, substrate

thickness h ¼ 0.159 cm, and loss tangent tan d ¼ 0.025. The
antenna is excited through probe feed arrangement associated
with 50 V feed line. The simulated variation of reflection coef-
ficient (S11) of this single layer circular geometry as a function
of frequency is shown in Fig. 2. This antenna resonates at a
single frequency ( fr ¼ 6.03 GHz) and offers impedance band-
width of nearly 2.34%. The simulated VSWR value corre-
sponding to the resonant frequency is 1.08 and input
impedance of antenna at the resonance frequency is
(42.23 + j8.25) V. As the geometry exhibits narrow band
characteristics, modification is needed to improve its imped-
ance bandwidth.

The next step of modification of antenna involves applying
a circular slot of radius 10 mm in the previous considered cir-
cular patch geometry as shown in Fig. 3.

The simulated variation of reflection coefficient as a func-
tion of frequency is shown in Fig. 4 which indicates that
antenna now has resonant frequency of 6.5 GHz. The reson-
ance frequency of this modified antenna is slightly more as
compared to circular geometry reported earlier (6.03 GHz)
perhaps due to excitation of different modes. The simulated
VSWR value at the resonant frequency is 1.05 which suggests
fine matching between antenna and probe feed. The band-
width of antenna is now increased to 23.27% which is 10
times more than that of earlier reported simple circular
patch geometry. The input impedance at the resonance fre-
quency is (53.05 2 j2.506) V. The modified structure has

Fig. 1. Simple circular geometry with feed.

Fig. 2. Variation of reflection coefficient (S11) as a function of frequency.

Fig. 3. Geometry of annular ring patch antenna with feed.

Fig. 4. Variation of reflection coefficient (S11) as a function of frequency for
annular ring.
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improved impedance bandwidth but to achieve UWB behav-
ior more enhancement in the bandwidth is required.

I I I . A N N U L A R R I N G D E S I G N W I T H
D E F E C T I V E G R O U N D

The antenna geometries described in preceding sections are
further modified by making the ground size finite. The six
considered finite ground plane dimensions and the results
are reported in Table 1.

As indicated from Fig. 5, for ground size 30 × 50 mm,
provide largest impedance bandwidth (53.33%). Furthermore,
it also gives nearly uniform gain of around 4.5 dBi across the

Table 1. Six different configurations of ground plane with results.

Ground plane
dimension (mm)

Resonant
frequency
(GHz)

Impedance
bandwidth (%)

Variation of
gain (dBi)

60 × 50 6.82 16.53 3.51–4.29
60 × 40 4.43 9.86 20.31–1.37

6.86 10.27 4.77–5.02
60 × 30 2.46 5.72 3.77–4.05

4.56 15.14 0.60–1.13
6.12 7.26 2.98–4.68
7.18 9.42 2.93–4.02

50 × 50 3.79 10.76 1.44–1.58
6.67 20.71 3.32–4.30

40 × 50 6.67 17.64 3.98–6.51
30 × 50 3.65 53.33 3–7.13

4.02
4.82
5.39

Fig. 5. Variations of reflection coefficient with frequency for six considered
configuration.

Fig. 6. Variations of gain with frequency for six considered configurations.

Fig. 7. Top view of the proposed geometry with finite ground plane.

Fig. 8. Top and bottom view of fabricated prototype.
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entire bandwidth as shown in Fig. 6. The geometry for reduced
ground is shown in Fig. 7 and is considered for further analysis.

Such a reduction in ground plane yields lower band allo-
cated for UWB applications which could not be achieved in
previous two considered geometries. The fabricated prototype
of proposed antenna geometry is shown in Fig. 8.

The simulated resonant frequencies of proposed geometry
are 3.65, 4.02, 4.82, and 5.39 GHz while the measured reson-
ant frequencies of this geometry are 3.708, 4.08, 4.94, and
5.45 GHz as shown in Fig. 9. It may be observed that the
impedance bandwidth of antenna has now approached to
2.362 GHz (52.02%) corresponding to central frequency of
4.54 GHz. The measured VSWR values at four resonating fre-
quencies are approaching to unity (1.28, 1.18, 1.41, and 1.53,
respectively) which signifies that still antenna geometry has
excellent match with the coaxial feed line as shown in Fig. 10.

The elevation radiation patterns of proposed single layered
antenna at four frequencies within the impedance bandwidth
region are shown in Fig. 11. It may be observed that the radi-
ation patterns at all these frequencies are stable and maximum
radiations are directed normal to the patch geometry.

The variation of gain of the antenna with respect to fre-
quency is shown in Fig. 12. It may be seen that from frequency
3 to 4.92 GHz, i.e. in the frequency range having first three
resonance frequencies, gain of antenna is more or less con-
stant and has value close to 4.5 dB. Thereafter for a narrow
range of frequency, i.e. from 4.8 to 5.06 GHz, reduced gain
is realized and subsequently the gain of antenna increases
again. The gain of antenna at the fourth resonance frequency
of 5.39 GHz is close to 6 dB. The radiation efficiency of pro-
posed geometry is shown in Fig. 13 which is close to 50%
for the entire bandwidth except from 4.72 to 5.01 GHz
reduced efficiency is obtained. The performance of antenna
in the lower band allocated for UWB communication

Fig. 9. Measured and simulated reflection coefficient (S11) with frequency for
proposed geometry.

Fig. 10. Variation of measured and simulated VSWR as a function of
frequency for proposed geometry.

Fig. 11. Variation of E and H plane elevation patterns at (a) 3.708 GHz,
(b) 4.08 GHz, (c) 4.94 GHz, and (d) 5.45 GHz.
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systems is stable and this compact size antenna could be a
better choice for UWB applications.

I V . C O N C L U S I O N S

The performance of an annular ring microstrip antenna with
finite ground is proposed in this paper. The results indicate
that proposed antenna has 52.02% impedance bandwidth
ranging from 3.3 to 5.7 GHz and good radiation character-
istics in the operational band. This makes the antenna a
potential candidate for variety of the communication applica-
tions. It is also demonstrated through parametric analysis that
the size of ground plane has significant effect on the radiation
characteristics of the proposed geometry.
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