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In this study, we present a low-proﬁle dual-spectrum split-ring monopole that operates at industrial, scientiﬁc and
medical (ISM) (2.45 GHz) band and ultrawideband (UWB) spectrum (3.1–10.6 GHz). We optimised the design for
dual-band operations by using circular split-ring radiators. The coupling between both rings drives the structure to
achieve quasi-resonance frequencies in the UWB spectrum. A small stub combines the two radiators and both
behave as a single element that enables the antenna to resonate at ISM band 2.45 GHz. The antenna achieves the
desired characteristics in terms of good impedance matching, radiation properties as well as other physical and
practical requirements such as compact geometry, planar proﬁle and easy fabrication. The very good agreement
between the simulated and measured results show that the proposed antenna has the potential for dual-band
application.

1. Introduction
Signiﬁcant progress in the design of compact antennas with broadband, dual-frequency, and gain-enhanced operations have been achieved
over the past several years. Most of the antennas that have been reported
in the literature for dual-band and broadband operations have been for
conventional narrow operating bandwidths [1, 2, 3, 4, 5]. A narrow
bandwidth is a major disadvantage for practical applications. Moreover,
modern-day communication systems require large bandwidth for high
data transmission and resolution.
Although a lot of research works have been done on monopoles and
split ring resonators, those techniques have been used for different applications and technologies. Monopole antennas have been used extensively for both narrow and ultra-wideband applications. Split ring
resonators have been used for narrowband and multiband. However,
little work has been carried out in order to realise the full potentials of
integrating split ring resonators with planar monopole antennas (PMA)
for dual-band communications. Previous works have not comprehensively addressed this issue but separate structures to cover different
spectrum. Many systems operate in two or more frequency bands that
require dual or triple band operations of fundamentally narrow band
antennas. In some instances separate antenna elements were designed to

operate in the frequency bands [6, 7, 8]. It is desirable and important to
design antennas of single elements that have large bandwidth and cover
excess frequency bands and various applications for modern
communications.
Following Federal Communications Commission (FCC) licensing of
UWB spectrum, the technology has gained momentum and attention
from both academia and industry for research in short-range wireless
communications and other applications [9]. The advantages of UWB over
narrowband antennas include large bandwidth, high data rate, resistance
to interference, and low power consumption. In addition to UWB spectrum is another important license-free frequency in the Industrial, Scientiﬁc and Medical (ISM) covering IEEE 802.11b and IEEE 802.11g band
of 2.40–2.484 GHz [10].
In order to satisfy the aforementioned technologies, many planar
monopole antennas (PMA) have been proposed and designed for some
applications covering these frequency bands [11, 12, 13, 14, 15, 16, 17,
18, 19, 20]. These antennas employ complex geometries such as elliptical, modiﬁed circular, modiﬁed elliptical and many more. However,
few of them consider the antennas to incorporate both ISM and UWB
bands in a single element. Moreover, simple geometry is also a preferred
choice to reduce complexity and inherent cost. Furthermore, to incorporate these bands in a single device, it is important to have a single
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path longer in order to lower the operation frequency and miniaturisations have been employed in many applications [22, 23, 24, 25, 26].

dual-band antenna to cover these bands. In this study, we propose a low
proﬁle and dual-band antenna to cover both ISM and UWB bands. The
rest of the paper is structured as follows: Section 2 presents our antenna
design and geometry, while Section 3 gives the results and discussions of
the antenna performance, comparing simulated and measured results.
Conclusions are given in Section 4.

2.1. Parametric studies
In order to gain further insight into the performance of the proposed
antenna with respect to indicators such as return loss, impedance
matching, and gain, we studied the effects of key parameters, namely, the
aperture s, coupling gap cg, and the stub with reference to Figure 1.

2. Antenna geometry and design
The geometry of the proposed antenna consists of an Ls Ws ¼ 40  30
mm2 FR4 substrate of thickness 1.5 mm (with εr ¼ 4.7, tan δ ¼ 0.01). On
top of the substrate is a radiator of a pair of split rings (SR) with aperture
on the same side. The split rings are connected by a small stub. A thin slot
is etched between the radiators to enhance coupling in the structure. At
the back of the substrate is a partial rectangular ground plane measuring
gr Ws mm2. A 50Ω coaxial transmission line is used to feed the antenna. In
de-signing the proposed monopole antenna, the lower band-edge frequency was estimated using the standard formulation given for cylindrical monopole antenna with suitable modiﬁcation, Eq. (1) [21]. The
UWB lower edge frequency (LEF) was estimated to fall in the lower UWB
range (3.1–4.5 GHz) and the second resonance in the upper UWB
(5.8–10.6 GHz) The optimised values have been shown in Table 1.
f¼

7:2
Lþrþp

1) Effect of the aperture (s): In the design process we considered using
aperture on the rings to tune the antenna to ISM band at 2.45 GHz and
also rejection of 7.1–8 GHz band. We investigated four cases and
followed the process shown in Figure 2.
Case 1: We designed the rings without any aperture. In this topology,
we have two circular-ring radiators with coupling gap in-between, and
fed by a 50Ω coaxial transmission line. By using circular ring radiators,
wider bandwidths have been reported in the literature [2728]. The
central part of the radiator has been cut, since most of the currents travel
along the edges. With reference to Figure 3, it is observed that the antenna covers a portion of upper UWB spectrum and completely outside
the required ISM 2.45 GHz frequency.
Case 2: In case 2, we examined possible cases of where to place the
aperture on the rings. We etched the aperture on the outer ring alone to
examined its effect, therefore, a slit is cut on the outer ring to break the
current path along the edges. A slit on the outer ring (Refer to Figure 2)
improves the bandwidth in the UWB spectrum as shown in S11 response
in Figure 3, however, it was still outside the ISM 2.45 GHz band as
desired in this study.
Case 3: We also considered the aperture on the inner ring alone. Just
like Case 2, we observed the effect of the slit on the inner ring. The S11
response in Figure 3 shows that the aperture on the inner ring changes
the impedance matching especially at 3.5 GHz where the signal was
spurious.
Case 4: In this case, we cut slit on both rings and aligned them in the
same direction. The slits on both rings improve the impedance matching
slightly as compared to the other cases (Refer to Figure 3). The four cases
considered show that the slit s has an impact on the impedance matching
and bandwidth.

(1)

where L is the height of the planar monopole antenna in cm, r equivalent
cylindrical monopole in cm, and p is the length of the feed line in cm.
With slight modiﬁcation, here is more appropriate equation for the
lower band-edge frequency given as:
f¼

pﬃﬃﬃ
7:2 ε
Lþrþp

(2)

where the effective cylindrical monopole of the design is given as r ¼ 2π L.
The modiﬁed Eq. (2) with the dielectric material increases the effective
dimensions of the monopole leading to reduction in the lower band-edge
frequency which is estimated to be 3.4 GHz. This is conﬁrmed by simulation studies where LEF was found to be 3.4 GHz.
One of the fundamental material properties is permittivity ε. Referring to Eq. (1), in a dielectric medium the wavelength λ is given as Eq. (3):
c
λ ¼ pﬃﬃﬃ
f ε

2) Effects of the coupling gap (cg): The impact of the gap between the splitring radiators (SRR) was investigated. We assess the effects in terms of
the impedance matching and bandwidth of operation. Figure 4 shows
the simulated return loss performance of different values of coupling
gap (cg ¼ 1, .2,3, 4). It can be inferred from the results that the

(3)

Theoretically, it is observed that if the wavelength λ of electromagnetic wave is reduced it affects the frequency of operation in a given
medium. For the proposed antenna, in order to lower the frequency to ISM
2.45 GHz, the path of surface current distributions as shown in Figure 6
became longer which slows down the speed of light and eventually
affecting the frequency of operation. The technique of making the current
Table 1. Optimised parameters of the proposed dual-spectrum antenna shown in
Figure 1.
Parameter

Description

Value

Ls

substrate length

40 mm

Ws

substrate width

30 mm

s

size of the aperture

0.4 mm

cg

coupling gap

1 mm

stub

length of the stub

7.4mm

r1

radius of inner ring

5 mm

r2

radius of outer ring

10 mm

w1

width of inner ring

2.6 mm

w2

width of outer ring

4 mm

g

ground length

20 mm

width of the microstrip line

2.6 mm

r

wf

Figure 1. Geometry and dimensions of the proposed dual-spectrum antenna (all
units are in mm): (a) top view (b) bottom view.
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Figure 4. Effects of the coupling gap cg between the split-ring radiators.

[29, 30, 31, 32, 33]. In most cases, the slots are inserted at strategic
points where the current ﬂow is less predominant. With this approach,
the printed monopoles keep their basic beneﬁts and properties while dual
or multiband modes are achieved with design techniques.
To illustrate our approach, we employ two circular-ring radiators
with apertures. The two circular-rings are joined together with a stub
which enables both to act as a single element. We take advantage by
optimising the coupling between both rings that enable the structure to
behave as an effective medium to support quasi-resonance frequencies in
the ultra-wideband spectrum. The quasi-resonant phenomenon is driven
by an axial time-varying electric ﬁelds. With the rings becoming a single
element by virtue of the stub connecting them and coupled aperture, the
long current path along the periphery of the rings drives the ﬁrst resonance frequency to a low value of 2.45 GHz. Furthermore, the aperture s
cut from the radiator causes perturbation of surface current distribution.
The aperture introduces series inductance and capacitance resulting in
strong interaction between the radiator and the notch and the effect is
rejection of some bands 7.1–8 GHz.
The partial ground plane and the microstrip feed line provide stable
transmission and balancing to the structure. A standing wave pattern can
also be observed from the surface current distribution as evidence at the
selected frequencies as shown in Figure 6.

Figure 2. Topology and design process of the proposed dual-spectrum antenna.
Figure panels: (case 1) rings without aperture, (case 2) aperture on outer ring
only, (case 3) aperture on inner ring only, and (case 4) aperture on both inner
and outer rings.

optimal coupling gap cg ¼ 1 offers the best impedance matching at
frequency 2.45 GHz.
3) Effect of the stub: The results from our study indicate that without the
stub connecting the SRRs, the proposed structure operates in UWB
spectrum However, with the stub connecting the SRRs, the current
paths along the rings become longer and support the antenna to
operate in the ISM band 2.45 GHz as shown in Figure 5. It is also
noted that the stub improves the impedance matching and enhance
the bandwidth.
2.2. Operating principles
Split-ring resonators (SRR) have been employed for multi-band antennas for multiple applications. In essence, simple printed monopoles or
dipoles have been loaded with slots to produce resonance frequencies

3. Results and discussions
The prototype of the proposed dual-spectrum antenna with the optimised values presented in Table 1 was fabricated. The prototype,

Figure 3. Effects of the aperture s on the performance of the proposed dualspectrum antenna.

Figure 5. Effect of the stub on the proposed antenna.
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Figure 6. Surface current distribution at (a) 2.45 GHz (b) 6 GHz (c) 9 GHz.

Figure 7. (a) Prototype of the proposed antenna (b) Simulated and measured S11 results.

agreement of both simulated and measured results. Figure 7(b) show the
results of simulated and measured return loss performance of the antenna. It can be observed that the proposed antenna shows a good
impedance matching at the ISM band 2.45 GHz and a satisfactory large
bandwidth in the UWB spectrum from 3.4-11.8 GHz, although we

simulated and measured results are shown in Figure 7. We measured the
return loss performance and radiation patterns in the anechoic chamber.
The experimental set up and the validation of the results have been
displayed in Figure 8. We analysed the simulated and measured results of
the proposed antenna. It is observed that in most cases, there is good

Figure 8. Experimental set up (a) Screenshot of measured S11, (b) radiation pattern measurement in anechoic chamber.
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Figure 9. Simulated (dotted line) and measured (solid line) radiation patterns at 4.5 GHz, 6 GHz and 9 GHz. (a–c) azimuthal plane, (d–f) elevation plane.

Figure 10. (a) Simulated and measured gain (b) Efﬁciency of the proposed antenna.

Table 2. Comparison of proposed design and others reported in the literature.
Ref

Antenna Size
(mm2)

λ

λ
g ¼ pﬃﬃﬃ (m)

ε

Elec. size
λ ¼ c/flow

Gain(dBi)

Efﬁciency
(%)>

Methodology

-10 dB (GHz)

[34]

21.0  28.0

0.042

0.26λ  0.35λ

5

65

Lshaped SRR

Multibands

[35]

36.0  22.0

0.072

0.24λ  0.15λ

5



SRR

T ripleBand
2.94–15.26

[36]

36.0  24.0

0.048

0.35λ  0.24λ

5.2

90

Compact uniplanar FSS

[37]

19.0  23.35

0.048

0.19λ  0.23λ

3.9

70

Hexagonal SRR

3.0–20.0

[38]

64.0  64.0

0.074

0.58λ  0.58λ

11.8



Ellipse patches

2.7–9.5

[39]

64.0  37.4

0.107

0.32λ  0.19λ

6.8

90

Half  ellipse patch

1.5–10.4

[40]

91.1  67.6

0.057

0.85λ  0.63λ

9.2

90

CPW -fed elliptical monopole

2.8–20

[41]

77.0  35.0

0.113

0.37λ  0.17λ

6.9



Fractal complimentary slot

1.44–18.8

Proposed

40.0  30.0

0.041

0.45λ  0.34λ

7

93

CircularSplit ring resonator

3.4–7.0 & 8–11.4

The proposed SRR sensitive parameters such as the effects of the aperture
(slit), coupling gap, and stub are analyzed for better impedance matching
and bandwidth enhancement. The efﬁciency of the SRR-loaded monopole exceeds 90% at the associated bands. The proposed structure is
simple, low-proﬁle and can be integrated on printed circuit board and
suitable for short range wireless communications and microwave imaging. The antenna also provides stable radiation patterns as desired for
ISM 2.45 GHz band and UWB spectrum.

acknowledge a slight notch between 7-8 GHz. We also compared the
simulated and measured radiation patterns; the result is depicted in
Figure 9. It is observed that there is good agreement of both simulated
and measured results at the sampled frequencies. The radiation pattern is
nearly omnidirectional in the elevation plane. In the azimuthal plane, the
pattern is quasi-directional. The peak gain and the efﬁciency of the antenna are depicted in Figure 10. It is noticed that a reasonable gain
performance is obtained and the efﬁciency is above 93% and better than
those reported in the literature [34, 35, 36, 37, 39, 40]. Table 2 shows a
comparison between the proposed design and other designs reported. It is
observed that the proposed antenna is comparable or better in terms of
dimension and band of operations. The proposed structure is designed for
dual-band operation at the ISM band (2.4 GHz) and in the ultra-wideband
(UWB) spectrum (3.1–10.6 GHz)
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