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Abstract In this report, we present a compact printed antenna with a defected
ground surface for ultra-wideband (UWB). It consists of an asymmetrical hexag-
onal slot loaded defected ground plan. CPW-fed annular shape radiating patch with
two rectangular shape parasitic patches in order to enhance the gain and impedance
bandwidth. The proposed antenna is operating between 6.2 and 19.8 GHz, which
covers the frequencies of partial C-band, X-band, and Ku-band. The simulation,
parametric analysis, and optimization are executed by using HFSS software. The
maximum radiation efficiency and peak gain of the proposed antenna are observed
93.3% and 9.34 dB, respectively.

Keywords Defected ground plan · X-band and Ku-band · Radiation efficiency ·
Parasitic patches · UWB

1 Introduction

With the staggering evolution of printed circuit-based microwave communication
systems and standards, the requirement of antennas of miniaturized size, large
bandwidth with optimum radiation characteristics, and with ease of fabrication is
increasing. Since the last few years, several research papers have been published
in the domain of ultra-wideband (UWB) technology [1–7], which has triggered an
upturn in the progress of printed antennas.

However, patch antennas have limitations of their applicability because of their
narrowband and poor gain. These limitations can be overcome by the modification
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Table 1 Comparative description of antennas with a proposed antenna for UWB applications

References Area (mm)2 BW/BW range (GHz) Peak gain (dB)/radiation
efficiency (%)

[15] 80 × 12 = 960 1.62/(13.36–14.98) 9.0/NR

[16] 46 × 52 = 2392 12.2/(2.8–15) 1.55/88

[17] 30 × 30 = 900 9.0/(3.0–12.0) 5/NR

[18] 45 × 40 = 1800 11.70/(2.3–14) 5.25/NR

[19] 29 × 31 = 899 7.60/(3.0–10.6) 5.50/NR

[20] 47 × 47 = 2209 11.58/(2.18–13.76) 8.00/NR

[21] 60 × 60 = 3600 10.22/(2.67–13.0) 4.20/NR

Proposed antenna 30 × 30 = 900 13.60/(6.2–19.8) 9.34/93.3

NR not reported

of the geometry of conducting patch by cutting the notches and slots of regular
and irregular shape on radiating patches [8–10], by using the gap coupled parasitic
patches [11, 12], replacing solid ground structure by defected ground structure and
by stacking of substrates of different dielectric constants [13, 14].

In the proposed article, a miniaturized coplanar waveguide fed annular ring shape
printed antenna with a defected ground surface (DGS) is discussed for UWB appli-
cations. The operating frequency range of the designed antenna varies from 6.2 to
19.8 GHz which makes the antenna suitable for partial C to Ku-band applications.
This antenna comprises a coplanar waveguide (CPW) fed annular shape conducting
patch, two parasitic patches of rectangular shape, and an asymmetrical hexagonal
slot loaded defected ground plane. This work aims to propose a simple, planar, and
compact patch antenna for ultra-wideband operations. To ensure compactness and
simplicity a CPW-feed technique with coplanar electromagnetically coupled para-
sitic patches is used. In Table 1, the comparative analysis is carried out between the
designed antenna and reported antennas for ultra-wideband applications with regards
to the area of the antenna, operating bandwidth, radiation efficiency, and peak gain.

From the perusal of Table 1, it is found that the area of the designed antenna is
compact by the index of 1.06, 2.65, 2, 2.45, and 4 from the antennas reported in Refs.
[15, 16, 18, 20, 21], respectively, and has an equal area to the antennas mentioned
in Refs. [17, 19]. However, other antenna parameters of the proposed prototype are
optimum in comparison with the antennas mentioned in Table 1.

2 Designing of Antenna

A simplified layout of the designed antenna is presented in Fig.1a–c. Low cost,
durable, and commercially available FR4 epoxy substrate (εr of 4.4 and tanδ of
0.02) has been used for the designing of the proposed antenna.
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Fig. 1 Layout of designed patch antenna: a front view, b rearview, c lateral view, d fabricated
antenna front view, e fabricated antenna back view

The area of the designed antenna is 30× 30mm2, and it has a simple configuration
that consists of an annular shape radiating patch with outer radius and inner radius
of R1 and R2, respectively. It also consists of two rectangular shape parasitic patches
with the height of A1 and width of A2. A coplanar waveguide of height A3 and
width A4 is used to feed the antenna. The purpose of using coplanar waveguide
feed is to achieve impedance matching and other important feathers. A hexagonal
asymmetrical slot loaded defected ground is used in the antenna. Detail dimensions
are presented in Table 2.

A stepwise analysis is carried out to obtain the optimum structure. Five subsequent
steps have been shown in Fig. 2a, and its corresponding simulated |S11| (dB) plot is
presented in Fig. 2b. It is clear from the figure that the antennas 1, 2, 3, and 4 behave
like ultra-wideband antenna with some band-notch characteristics while antenna 5
covers the entire UWB region of 6.2–19.8 GHz with better return loss (S11< − 10
dB) and with revamped impedance matching. Therefore, antenna 5 is considered

Table 2 Parameters and corresponding values of the antenna

Parameters L W A1 A2 A3 A4 A5

Units (mm) 30 30 10 4 16 2 18.4

Parameters R1 R2 H1 H2 H3 H

Units (mm) 6 4 17.8 19.6 26.8 1.6
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Fig. 2 a steps to obtain the proposed antenna. b |S11| plot of corresponding antennas

as a proposed antenna. It is also worth mentioning that the incorporation of the
asymmetrical hexagonal slot on the ground plane increases the operating BW.

Parametric analysis is laid down to find out the effect of variation in dimensions of
various parameters like the inner radius of the ring (R2), the position of asymmetrical
hexagonal slot on the ground plan (A5), and height of rectangular patches (A1).

Variation of the inner radius of the annular ring (R2) from 3 to 5 mm is presented
in Fig. 3a. From the close investigation of Fig. 3a, it is clear that the designed antenna
behaves like a dual-band antenna for R2 = 3 mm while for R2 = 4 mm and 5mm,
and it behaves like an ultra-wideband antenna. However, as the radius of the inner
annular ring is increases beyond 4 mm, the bandwidth is decreasing. Therefore, R2
= 4 mm is selected as the ideal value for BW of GHz to 19.8 GHz, which covers the
whole desired ultra-wideband rage with good impedance matching.

Figure 3b shows the plot for the variation of the position of asymmetrical hexag-
onal slot (A5) from 17.4 to 19.4 mm. From the perusal of Fig. 3b, it is stated that the

Variation of the inner radius of the 
ring (R2)

Variation of the position of 
asymmetrical hexagonal slot (A5)

Variation of the length of 
parasitic patches (A1)

Fig. 3 |S11| plot for different values of a R2. b A5, c A1
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proposed prototype is behaving like a UWB antenna for A5 = 18.4 mm. When we
are shifting the slot in an upward direction (A5 = 19.4 mm), the proposed antenna
is showing dual-band characteristics. When we are shifting the slot in a downward
direction (A5= 17.4mm), thewhole bandwidth is shifted toward the lower frequency
range, which makes the antenna unsuitable for Ku-band applications.

Figure 3c shows the variation of length (A1) of parasitic patches from 6 to 10 mm.
Slight variations are observed in return loss (S11) values for different values of A1,
but it is noticeable from Fig. 3c that the optimum value of return loss is obtained for
A1 = 10 mm for the whole desired ultra-wideband range of 6.2–19.8 GHz.

Outcomes, Experimental Validation, and Discussions

Investigation of the proposed structure is carried out in terms of different antenna
parameters by simulating the design on HFSS and simulated results are experimen-
tally validated by VNA E5071C. Distribution of surface current of excited antenna
is shown in Fig. 4a, b for the resonating frequencies of 9.4 GHz and 17 GHz, respec-
tively. Maximum surface density of 148.14 A/m and 93.14 A/m is observed for the
frequencies 9.4 GHz and 17 GHz, respectively. At both the frequencies, maximum
current is flowing through the CPW feed attach with annular ring structure and para-
sitic patches. However, the orientation of the current vectors in both cases is different
due to which proposed antenna generates the different resonating modes.

The proposed antenna offers ultra-wideband of 6.2–19.8 GHz which meets the
requirements of partial C-band, X-band, and Ku-band as shown in Fig. 5.

Figure 6a, b represent the 3-dimensional polar plot for the designed antenna at
resonating frequencies of 9.4 GHz and 17 GHz, respectively. The 3-D polar plot
provides useful information about the distribution of the radiated electric field in the
far-field region.

Figure 7 illustrates the gain and radiation efficiency plot for the designed antenna.
From the close examination of Fig. 7, it is clear that the peak gain of the antenna
is 9.34 dB while radiation efficiency varies from 93.3 to 73.3% for the operating
bandwidth range of 6.2–19.8 GHz.

Fig. 4 Surface current distribution of the proposed antenna at a 9.4 GHz, b 17 GHz
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Fig. 5 Measured and simulated |S11| plot

Fig. 6 3-D polar plot of the proposed antenna at a 9.4 GHz, b 17 GHz

3 Conclusion

A novel coplanar waveguide fed annular shape patch antenna with defected ground
surface is discussed for ultra-wideband applications, and parametric analysis is also
carried out to investigate the effect of change of dimension of various parameters
on the characteristics of the antenna. The introduction of a defected ground surface
increases the impedance bandwidth of the antenna. The proposed antenna is well
suited for various wireless applications
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Fig. 7 Gain (dB) and radiation efficiency plot for the proposed antenna
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