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Abstract A rectangular microstrip patch antenna integrated with ring-shaped
defected ground structure has been studied for the improvement of impedance band-
width. The use of defected ground structure (DGS) for the improvement of impedance
bandwidth is a very new concept. Parametric studies have been carried out to find the
optimum size of the defect. Around 46.5% impedance bandwidth (−10 dB) with 5.7
dBi peak gain is achieved with the optimum defect size. The proposed structure is
very simple and easy to fabricate. The proposed structure is very much useful for the
high-speed communication systems where wide impedance bandwidth along with
stable radiation pattern is the primary requirement.
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1 Introduction

In modern wireless communication systems microstrip patch antenna is the most
common and popular candidate due to its simple design, low profile, thin and
conformal properties. But high-speed wireless communication demands wide band-
width with stable radiation pattern where conventional microstrip patch antenna
lags as it provides narrow bandwidth (typically 2–3%) and low gain (1–3 dB) [1,
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2]. Different techniques have been adopted by the antenna researcher community
to improve the bandwidth of the conventional patch antenna like use of composite
substrate, feed structure modification, aperture coupled dual polarization, etc. The
impedance bandwidth (−10 dB) reported in [3] is only 7%with the use of composite
substrates. 24% impedance bandwidth (−10 dB) is reported with aperture coupled
dual polarization structure in [4, 5]. The above structures are very complex and
the fabrication process needs much efforts. Modification of the feed structures
[6–10] and the shape of the patch [11–16] are also reported to improve impedance
bandwidth of the conventional patch antenna. 21.5% and 20% impedance bandwidth
(−10 dB) is reported by using a very complex structure with L-probe fed inverted
EE-H shape slotted rectangular patch antenna [6] and suspended probe feeding [7].
Stacked patch [8] and two-layer shorted square patch [9] structure is used to obtain
impedance bandwidth (−10 dB) around 16% and 11% respectively. Impedance
bandwidth of 10% by the dual polarized stacked patch is reported in [10]. However,
all the above structure are complex and bulky. Impedance bandwidth (−10 dB) of
30%, 27%, and 54% is reported by E shape [11], U shape [12], and ψ shape [13]
patch respectively. Shorted patch has been reported in [14, 15] to attain a impedance
bandwidth (−10 dB) of 22%, 11% respectively whereas 25% impedance bandwidth
(−10 dB) is reported with shorted patch with defected patch surface [16].

Defected ground structure based on electronic band gap (EBG) or photonic band
gap (PBG) is well-known techniques and is used to improve different radiation char-
acteristics of the microstrip patch antenna. Z-shaped DGS is reported in [17], to
achieve impedance bandwidth (−10 dB) of 12.2%. Around 6–7% impedance band-
width (−10 dB) is reported with Dumbelled [18] and slot type [19] DGS. Compare
to these, [20, 21] show 25 and 22% impedance bandwidth (−10 dB) using cross and
arc-shaped DGS. However, the design of optimum cross and arc defect need much
more efforts. All the above-reported article improves the impedance bandwidth by
increasing the size of the defectwhich increases the back radiation as a results antenna
performance degrades.

In the present investigation, a simple single-layer ring-shaped defected ground
structure (RDGS) integrated (Fig. 1) has been studied to improve the impedance
bandwidth at entire X band frequency with stable radiation pattern and gain in the
entire operating bandwidth. The proposed structure improves the impedance band-
width by decreasing the size of the defect which in turn reduces the back radiation.
Around 46% impedance bandwidth with stable gain above 4 dB is obtained from the
proposed structure.
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Fig. 1 Schematic representation of the proposed ring defected ground structure integrated rectan-
gular microstrip patch antenna a top view, b bottom view

2 Theory, Parametric Studies and Proposed Structure

2.1 Theory, Parametric Studies

In conventional microstrip patch antenna patch (conductor) and ground plane (con-
ductor) are placed in the either side of the dielectric substrate where electric walls
(PEC) are formed by top (patch) and bottom (ground plane) conductors while four
open boundaries are considered as the magnetic walls (PMC). Placing a defect in
the ground plane modifies the electric fields between patch and the ground plane
which finally alters the input and radiation characteristics of patch antenna. Now
when the defect is introduced in the ground plane losses in the cavity model of the
antenna increases which in turn increases the bandwidth of the antenna. Optimum
performance of the patch in terms of impedance bandwidth depends on the geometry
of the defect so the defect needs to be chosen very carefully.

Therefore, to increase the bandwidth of the patch antenna a pair of ring-shaped
defect is placed on the ground plane near the non-radiating edges of the patch. The
outer radius of the ring is kept fixed at 6 mm (i.e., ro � 6 mm) while the inner radius
(ri) of the ring is varying to change the overall defect structure.

The impedance bandwidth, quality factor, and loss of an antenna are related as

Bandwidth (BW) � 1/QT (i)

1/QT � 1/Qr + 1/Qd + 1/Qc (ii)

QT
∼� 1/Loss (iii)

where, QT, Qr, Qd, Qc are total quality factor, quality factor due to radiation, quality
factor due to dielectric and quality factor due to conductor respectively.
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Fig. 2 Reflection coefficient
profile for conventional and
proposed antenna for
different values of inner
radius (ri) keeping outer
radius fixed (ro � 6 mm)

Fig. 3 Variation of
impedance bandwidth
(−10 dB) as a function of
radius of the inner circle (ri)
keeping outer radius of the
ring fixed (ro � 6 mm)

Introduction of the ring defect (ro � 6 mm and ri � 0.5 mm) suddenly increases
the loss due to the radiation from the corner of the radiating edges of the patch which
results sudden improvement of impedance bandwidth characteristics of the proposed
antenna compare to the conventional patch antenna. The impedance bandwidth of
the conventional patch antenna is only 9% whereas the same with ring defect (ro �
6 mm and ri � 0.5 mm) becomes almost 38% which is clear from Figs. 2 and 3.
Introduction of the defect increases the effective permittivity of the antenna due to
which resonant frequency of the proposed antenna shifts towards the lower side of
the spectrum [22, 23].

The concentration of themagnetic field near the non-radiating edges of the patch is
more. As the value of inner radius (ri) of the ring increases the amount of conduction
region due to the presence of the copper increases. The increment of the conduction
region increases the losses due to the conduction which in turn decreases the value
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Table 1 Details parameters of the proposed ring DGS integrated rectangular microstrip patch
antenna on 70 mm × 70 mm ground plane

L (mm) W (mm) h (mm) ro (mm) ri (mm) εr

8 12 1.575 6 2 2.33

of Qc and finally the value of Q. As the substrate (dielectric) is kept unmodified
so the loss due to dielectric remains same in both the cases. With ri � 2 mm the
inner radius of the ring reaches just below the non-radiating edge of the patch where
most of the magnetic fields from that area terminates in the copper ground plane
and results maximum conduction loss. The maximum conduction loss will produce
minimum quality factor which results maximum impedance bandwidth (47%). The
further increment of the inner radius decreases the bandwidth which is evident from
Fig. 3. So the optimum size of the ring defect is ro � 6 mm and ri � 2 mm.

2.2 Proposed Structure

Initially, a rectangular patch antenna with ground plane 70 mm × 70 mm, patch size
8 mm × 12 mm with PTFE material as substrate (thinness (h) � 1.575) has been
considered. A ring-type defected with inner circle radius “ri” and outer circle radius
“r0” has been placed at the ground plane just below the non-radiating edges of the
patch (Fig. 1). The different parameters of the proposed structure are presented in
Table 1.

3 Results and Discussions

The results [24] obtained from the proposed ring DGS integrated rectangular
microstrip patch antenna is discussed in this section. The reflection coefficient profile
of conventional RMA and proposed RDGS-integrated RMA with optimum values
of ro and ri is presented in Fig. 4. The conventional RMA resonates at 10.48 GHz
and the proposed antenna resonates at 9.86 GHz. The improvement of the impedance
bandwidth is clearly visible from Fig. 4. The impedance bandwidth (−10 dB) almost
covers the full X band (8–12 GHz) of frequency.

Therefore,

2(fH − fL)

(fH + fL)
� 0.5 > 0.2 (iv)

and [25], the present proposed structure can be considered as Ultrawide Band (UWB)
patch antenna.
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Fig. 4 Comparison of reflection coefficient profile of the convention RMA and proposed ring DGS
integrated RMA

Fig. 5 VSWR profile for proposed antenna for ri � 2 mm and ro � 6 mm

The VSWR profile of the proposed antenna is shown in Fig. 5. The VSWR is
reported to be below 2 which further confirm the wide bandwidth of the proposed
antenna.

The gain of the proposed structure is 5.7 dBi which is quite good compared to the
gain of the conventional patch antenna (2–3 dBi). Figure 6 shows the variation of the
gain of the proposed structure over its whole impedance bandwidth. Gain maintains
almost stable pattern within the operating bandwidth of the proposed structure except
at the higher end of the spectrum. This may be due to more loss at higher frequency
side.
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Fig. 6 Variation of gain as a function of frequency for the proposed structure with ri � 2 mm and
ro � 6 mm

Figure 7 shows the complete radiation characteristics of the proposed RDGS in
the entire operating band. It is clear from the figure that the E-plane and H-plane
co polarization pattern is quite stable in the whole operating spectrum from 8.38 to
13.49 GHz.

4 Conclusion

A simple single element ring DGS integrated rectangular microstrip patch antenna
is propose to achieve wide bandwidth with a stable gain in entire operating band-
width. Wide bandwidth is always desirable from microstrip planer structure. Wide
bandwidth through defected ground structure is a very new concept. Around 47%
impedance bandwidth (−10 dB) is obtained from the proposed structure. In the pro-
posed structure the bandwidth is increased by decreasing the size of the defect. The
proposed structure covers the whole X band frequency. The proposed structure is
simple and can be utilized for the applications where wide bandwidth is the primary
requirement.
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Fig. 7 Radiation pattern forE-plane andH-planewith proposedRDGS-integratedRMAat different
frequencies a 8.38 GHz, b 9.86 GHz, c 12.75 GHz, d 13.49 GHz
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