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Abstract—In this paper, a printed monopole antenna with a
slotted ground plane is presented. The antenna is energized by
a 50-Ω feedline having a sigma-shaped radiator. The proposed
design resonates at 5.8 GHz with an operational bandwidth from
5.71 GHz−5.9 GHz. The radiation characteristics of the structure
show the realized gain value greater than 3.6 dBi in the entire
operating frequency range. The antenna has an overall dimension
0.55λ×0.55λ×0.03λ (λ representing resonating wavelength) and
it exhibits radiation efficiency more than 55% throughout the
band. This antenna can be suitable for 5.8 GHz ISM band
applications.

Index Terms—ISM band, Microstrip antenna, Parasitic strip,
Slot antenna.

I. INTRODUCTION

With the immense progress in wireless communication,
the demand for compact and wideband antennas is enhanced
significantly [1]. Among different varieties of planar microstrip
structures, the monopole antennas are preferred choice in
many applications due to the absence of balanced feeding
network. Monopole antennas have been extensively used ow-
ing to their simple and low-cost structure. Two basic aspects
such as the inherent narrow bandwidth and compactness are
always necessary to be considered during the design of the
monopole antenna. Presently, the need for antennas having
similar performance as monopole antennas is enhanced in
many wireless systems [2]–[4]. In [2], an ellipse-shaped
monopole antenna with a hexagonal slot in the ground plane,
fed by a tapered feed-line is demonstrated to achieve wide
bandwidth for UWB applications. Similarly, the inclusion of
slits of different dimensions in the ground plane of a monopole
antenna is proposed in [3] to obtain reduced back lobe level. A
simple CPW-fed monopole antenna with a circular-hat shaped
radiator and a slotted ground plane is demonstrated in [4]
for WLAN and WiMAX applications. A microstrip-line fed
slotted antenna with a central parasitic radiator to achieve
wideband performance is presented in [5]. In [6], a dual-
band antenna having a pair of L-shaped parasitic structures
along with Γ-shaped slits and Ω-shaped parasitic patch on the
ground plane is reported for UWB applications. Similarly, an
antenna having L-shaped slots and parasitic patches [7], a bow-
tie shaped slotted monopole structure [8], monopole antenna
with annular-slot [9], and dual-polarized slotted antenna [10]

are reported in the literature reflecting the extensive use of
slotted monopole antenna in various applications. Mostly the
modification in the monopole structure and incorporation of
slots is observed in all these literature for achieving wider
bandwidth with a compact dimension.

In this article, a planar antenna with four V-shaped slots
in the ground plane is presented. The length of the sigma-
shaped radiator is varied to achieve the required band of
interest. The inverse C-shaped parasitic patch at the top layer
helps to acquire good radiation characteristics. The antenna
demonstrates simulated operating frequency band in the range
of 5.71 GHz−5.9 GHz. The innate characteristics such as low
profile and simple structure of the proposed monopole antenna
make it an effective candidate for ISM band applications.

II. ANTENNA GEOMETRY AND DESIGN

The design process of the proposed antenna (Fig. 1) shows
that the final structure (Antenna 2) is derived from Antenna 1.
The low-cost FR4 epoxy substrate with εr = 4.4, tan δ = 0.02,
and thickness (hs)=1.6 mm is used to design both the antennas
having equal overall dimension Ls×Ws×hs. In Antenna 1,
the top-side microstrip metallization applied to the substrate
consists of a sigma-shaped central patch with an inverted C-
shaped parasitic element at the outer border. The metallization
at bottom-side of the substrate having the dimension Ls×Ws,
acts as the ground plane. The sigma-shaped radiator enhances

Fig. 1. Development of the proposed antenna.
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Fig. 2. Comparison of performance of the proposed antenna with Antenna
1. (a) Reflection coefficient versus frequency (b) Input impedance versus
frequency.

the effective current path which facilitates the compactness of
the structure.

In Antenna 2, four V-shaped slots are etched from the finite
ground plane as shown in Fig. 1. The overall electrical length
of the derived Antenna 2 is increased due to the inclusion
of these slots in the ground plane. By variation of the slot
length, proper impedance matching can be achieved in the
proposed antenna along with the enhancement in bandwidth.
The improvement in impedance matching mainly occurs due
to decrease in the inductance value and enhancement in the
capacitance value of the antenna with variation in slot length.
Simulation is carried out by ANSYS HFSS vs. 15 EM simula-
tor. The comparison of the performance of both the antennas is
presented in Fig. 2. The full wave simulation result as shown in
Fig. 2 (a) demonstrates a wider −10 dB bandwidth in Antenna
2 as compared to Antenna 1. Similarly, the input impedance

TABLE I
DIMENSIONS OF ANTENNA 2

Parameter Value (mm) Parameter Value (mm)
Ls 29 Lf 6.3
Ws 29 Lf1 8.95
hs 1.6 Lf2 8.6
Wf 3.95 Lf3 6
Wf1 1.5 Lf4 9.2
Wf2 2.5 Lf5 9.6
Wg 2 Lf6 9.48
Wnew 4 Lnew1 14
Lg1 11.73 Lg2 11.73
V ar1 0.6 gap 0.8

Fig. 3. Layout of the proposed antenna (Antenna 2) (a) Top view (b) Bottom
view.

plots also show improvement in impedance matching at 5.8
GHz operating frequency (Fig. 2 (b)). Therefore, Antenna 2
can be preferred over Antenna 1 due to improved performance
and the final dimensions of Antenna 2 are given in Table I. Fig.
3 represents the layout of Antenna 2 with all the dimensional
details.

III. PARAMETRIC ANALYSIS

For achieving desired radiation characteristics and
impedance matching, the slight alteration in the design
parameters of the proposed antenna is essential. Therefore,
the necessary parameters are examined to obtain optimum
results with ANSYS HFSS in this section. To obtain the
desired objective of a wide-band antenna having stable
radiation characteristics, the effect of variation in essential
parameters (gap, Wf , V ar1, Wnew, Lnew1) on the reflection
coefficient is discussed (Fig. 4). The dimensions depicted in
Table I have been obtained after the parametric analysis. The
results demonstrate that the proposed antenna resonates at 5.8
GHz with better performance.

IV. RESULTS AND DISCUSSION

A prototype of the proposed antenna (referring to Fig.
3) was fabricated and the S-parameters were investigated
experimentally by Keysight performance network analyzer.
Fig. 5 demonstrates a fabricated prototype and the S-parameter
measurement of Antenna 2. The simulated and measured
reflection coefficients versus frequency plot is presented in
Fig. 6. It shows that the antenna operates at the resonant
frequency 5.8 GHz with −10 dB bandwidth in the range of
5.71 GHz−5.9 GHz. It is evident that the measured results
fairly agree with the simulation values. The small variations
in the results may be caused by fabrication errors.

Fig. 7 indicates the radiation pattern at 5.8 GHz in YZ-
plane and XZ-plane respectively for phi = 0◦ and phi = 90◦.
Here the cross-polarization (cross-pol) components are ap-
proximately 15 dB below the co-polarization (co-pol) values
in both the planes with a wide beamwidth of 120◦. Fig. 8
shows the realized gain > 3.6 dBi in the entire operating
frequency range with peak realized gain of approximately
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Fig. 4. Full wave simulation of proposed antenna (Antenna 2) showing effect
of various parameters on reflection coefficient (a) gap (b) Wf (c) V ar1 (d)
Wnew (e) Lnew1.

Fig. 5. Measurement of S-parameter by PNA and the fabricated prototype of
the proposed antenna (Antenna 2)
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Fig. 6. Reflection coefficient versus frequency response of the proposed
antenna (Antenna 2).

4.76 dBi at the resonant frequency. It also demonstrates the
radiation efficiency > 55% from 5.71 GHz−5.9 GHz.

The result of the simulated F/B ratio from 5.5 GHz−6.5
GHz is shown in Fig. 9. The F/B ratio greater than 16 dB
is observed in the operating frequency range which shows
the reduction of back love level in the radiation pattern. As
microstrip antennas are having low power handling capacity
the proposed design can have power up to few watts.

A comparative analysis with recently reported slotted
monopole antennas is provided in Table III. From the compar-
ison, it is evident that the proposed antenna is having compact
size with comparable gain and front to back ratio.

V. CONCLUSION

A slotted microstrip antenna with a sigma-shaped radiator
and an inverted C-shaped parasitic patch has been investigated.
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Fig. 7. Radiation pattern of the proposed antenna (Antenna 2).



TABLE II
COMPARISON WITH RECENTLY REPORTED SLOTTED MONOPOLE ANTENNAS

Ref. Dielectric
constant Size Resonant

frequency Bandwidth Gain F/B ratio

[3] 4.4 1.03λ × 0.8λ × 0.006λ 2.31 GHz 1.68 GHz−3.93 GHz - > 10 dB

[4] 4.4 0.35λ × 0.35λ × 0.009λ 3.5/5.5 GHz,
5.2/5.8 GHz 3.4 GHz−7.62 GHz 4 dBi -

[8] 4.2 0.83λ × 0.5λ × 0.006λ 2.5 GHz, 3.5 GHz,
5.5 GHz

2.4 GHz−2.7 GHz,
3.4 GHz−3.7 GHz,
5.2 GHz−5.8 GHz

3.75 dBi,
3.56 dBi,
3.93 dBi

-

[10] 4.4 0.59λ × 0.85λ × 0.006λ 2.4 GHz

1.63 GHz−2.93 GHz
(dual mode monopole)
1.15 GHz−2.93 GHz

(Triple mode slot)

3.6/5.6 dBi

6.1 dBi
-

Proposed 4.4 0.55λ × 0.55λ × 0.03λ 5.8 GHz 5.71 GHz−5.9 GHz 4.76 dBi 16 dB
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Fig. 8. Gain versus frequency plot of the proposed antenna (Antenna 2).
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Fig. 9. Front to back ratio versus frequency plot of the proposed antenna
(Antenna 2).

The monopole antenna is energized to exhibit −10 dB band-
width in the frequency range of 5.71 GHz−5.9 GHz. With a
radiation efficiency > 55% and a high F/B ratio (16 dB) the
proposed antenna shows stable far-field characteristics. The
antenna demonstrates a peak realized gain of approximately
4.76 dBi with a reduced back lobe level and can be essential
for ISM band applications.
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