
International Journal of Electronics Engineering, 3 (1), 2011, pp. 25– 27

Development of Compact Microstrip Array Antennas
with DGS for Broader Bandwidth and Beam
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Abstract: The development of an defected ground plane (DGS) loaded, linearly polarized bi-directional microstrip array
antennas is presented. The array elements are fed by corporate feed network. The proposed four elment rectangular microstrip
array antenna loaded with DGS (FRMSAA-DGS) and eight element rectangular microstrip array antenna loaded with DGS
(ERMSAA-DGS) improves the impedance bandwidth and other antenna parameters compared to four elment rectangular
microstrip array antenna (FRMSAA) and eight element rectangular microstrip array antenna (ERMSAA) respectively.
Experimental results for the proposed array antennas in term of reflection coeffecient, –3dB beam width and gain are
presented.
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1. INTRODUCTION

Microstrip antennas are widely used in various applications
because of low profile, low cost, lightweight and convenient
to be integrated with RF circuitries. However, microstrip
antennas have also disadvantages. One disadvantage is the
excitation of surface waves that occurs in the substrate layer.
Surface waves are undesired because when a patch antenna
radiates, a portion of total available radiated power becomes
trapped along the surface of the substrate. It can extract
total available power for radiation to space wave. Therefore,
surface wave can reduce the antenna efficiency, gain and
bandwidth. For arrays, surface waves have a significant
impact on the mutual coupling between array elements [1].

This presentation provides a new approach in addition
to feed network design in which the network is used for the
power division and, at the same time, for broad banding of
the impedance match of the array antenna [2]. Here, we have
incorporated rectangular DGS exactly below the radiating
elements, which supresses the surface wave resulting into
improvement of antenna parameters [3].

2 . ANTENNA CONFIGURATIONS

The proposed antennas are designed using low cost glass
epoxy material having dielectric constant Єr = 4.2 and
thickness h = 0.166 cm. The geometry of FRMSAA-DGS is
shown in Fig. 1.

The elements of array are designed for 9.4 GHz frequency
with dimensions (L = 0.66) cm and (W = 0.99) cm. The length
(Lg = 4.82) cm and width (Wg = 5.05) cm of the ground plane
of antenna is calculated using Lg = 6h + L and Wg = 6h +W  [4].
The elements of this array antenna are excited through simple
corporate feed arrangement. This feed arrangement consist

Fig. 1: Geometry of FRMSAA-DGS

of  matching transformer, quarter wave transformer, coupler
and power divider for better impedance matching between
feed and radiating elements [5]. A two-way power
divider made up of 70 Ω matching transformer of dimension
(ML70 = 0.41, MW70 = 0.16) cm is used between 100Ω microstrip
line of dimension (L100 = 0.83, W100 = 0.07) cm and 50 Ω
microstrip line of dimension (L50 = 0.41, W50 = 0.31) cm.
A coupler of dimension (CL = CW = 0.31) cm is used between
50 Ω microstrip lines to couple the power [6, 7]. The 50 Ω
microstrip line is connected at the center of the driven element
through a quarter wave transformer of dimension (Lt = 0.41,
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Wt = 0.04) cm for better impedance matching. An optimized
rectangle shape DGS with dimension WDGS = 0.0255 cm and
LDGS = 0.0119 cm is embedded on the ground plane, exactly
below the center of the radiating patch. At the tip of
microstrip line feed of 50 Ω, a coaxial SMA connector is used
for feeding the microwave power. The array elements are kept
at a distance of D = 2.79 cm from their center point. This
optimized distance is selected in order to achieve minimum
side lobes in the radiation pattern and to add the radiated
power in free space [8]. Further the study is carried out for
ERMSAA-DGS which is as shown in Fig. 2.

Fig. 2: Geometry of ERMSAA-DGS

3. EXPERIMENTAL RESULTS

The impedance bandwidths for the proposed antennas are
measured for 4-14 GHz frequencies. The measurements are
taken on Vector Network Analyzer (Rohde & Schwarz, German
make ZVK Model No. 1127.8651). The variation of reflection
coefficient versus frequency of FRMSAA-DGS and
ERMSAA-DGS are shown in Fig. 3.

Fig. 3: Variation of Reflection Coefficient Versus Frequency
of FRMSAA-DGS and ERMSAA-DGS

Figure 3, presents theexperimental impedance bandwidth
of FRMSAA-DGS which is found to be 3440 MHz i.e., 35.19 %,
which is 1.88 times more when compared to FRMSAA [2].
This improvement in impedance bandwidth is due to
embedding of optimised rectangular DGS [3]. The minimum
reflection coefficient measured in this antenna is –23.84 dB.

Further, from the graph it is clear that the impedance
bandwidth of ERMSAA-DGS is found to be 5430 MHz i.e.,
57.74 %, which is 1.50 and 3.09 times more when compared to
ERMSAA and FRMSAA respectively [2]. This improvement
in impedance bandwidth is also due to embedding of
optimised rectangular DGS [3]. The minimum reflection
coefficient measured in this antenna is –36.40 dB.

The far-field H-plane co-polar and cross-polar radiation
patterns of FRMSAA-DGS and ERMSAA-DGs are measured
at their resonating frequencies and are shown in Fig. 4. From
the figure, it is clear that both the antennas are showing
broad side radiationcharacteristics with lower cross polarization
level less than –15 dB and –26 dB for FRMSAA-DGS and
ERMSAA-DGS respectively.

The –3 dB beam width (HPBW) of FRMSAA-DGS and
ERMSAA-DGS is calculated for their resonating frequencies
and is found to be 87º and 60º respectively. In order to
calculate the gain, the power received (Ps) by the pyramidal horn
antenna and the power received (Pt) by FRMSAA-DGS
and ERMSAA-DGS are measured independently. With the
help of experimental data, the gain of antenna under test
(GT) in dB is calculated using the formula,

(GT) dB = (Gs)dB + 10 log (Pt /Ps)

where, Gs is the gain of pyramidal horn antenna. It is
seen that the gains of FRMSAA-DGS and ERMSAA-DGS
are 5.36 dB and 11.50 dB respectively. When compared with
FRMSAA and ERMSAA [2] the gain of FRMSAA-DGS and
ERMSAA-DGS are also improved. This shows the use of
array configuration and DGS structure also improves the
antenna gain considerably [3].

Fig. 4: Variation of Relative Power Versus Azimuth Angle of
FRMSAA-DGS and ERMSAA-DGS
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As ERMSAA-DGS gives improved antenna parameters,
the variation of input impedance is shown in Fig. 5. It is seen
that the input impedance has multiple loops at the center of
Smith chart that validates its broad band operation.

Fig. 5: Input Impedance Profile of ERMSAA-DGS

4. CONCLUSION

From the detailed experimental study it is clear that, the
proposed antennas are quite simple in design and fabrication
and quite good in enhancing the impedance bandwidth and
give better gain with broadside radiation pattern. These
antennas are also superior as they use low cost substrate

material. These antennas may find application in modern
communication system and in microwave wireless
communication system.
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