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Abstract

A coplanar waveguide slot antenna is herein presented. A rectangular slot is excited by a
Y-shaped monopole etched on a single FR4 substrate. This structure exhibits two resonances
due to the presence of the slot and the central monopole which can be used to design a dual-
band or a wideband antenna. A parametric analysis is presented to describe the impedance
matching mechanism for the two impedance bandwidths (BWs), as well as for the wideband
antenna. The latter is fabricated and provides a measured impedance BW from 2.28 to
3.6 GHz, and gain larger than 2 dBi, yielding an outstanding BW/size trade-off. Finally, a
60 mm × 60 mm back metallic reflector is used to achieve a directive antenna with 6 dBi of
measured gain, and an impedance BW from 2.16 to 3.59 GHz.

Introduction

Compact antennas with wideband performance are often required for modern wireless
devices. Among all the possible technological solutions, planar printed monopole antennas
are largely diffused due to their advantages of being lightweight and low profile, low cost,
and easy to be integrated with the device’s circuit board [1]. Coplanar waveguide (CPW)-
fed monopole antennas, furthermore, offer broader bandwidth (BW), allow the integration
with surface-mount devices, and can be used for dual-band operations [2, 3].

CPW-fed monopoles have been implemented with different shapes yielding different per-
formance in terms of BW: a simple monopole strip on a T-shaped slot with 121% of normal-
ized BW [4], a conventional rectangular shape with normalized BW of about 50% in [5] or
70% in [6], circular or annular ring with multiple BWs in [7], a Y-shaped monopole with dual-
band performance in [8], a pentagonal radiating patch with slots for tri-band operation [9],
hexagon with small fractal elements [10], a triangular patch in [11], etc. An external CPW-
fed slot which surrounds the central monopole element has been also proposed to yield
improved BW capabilities, as in [12–14].

Although CPW-fed monopole antennas can be designed with very broad BWs as de-
monstrated above, they are not extremely compact. In fact, the monopole in [3] has been
printed on a substrate of size 0.47λ0 × 0.4λ0 (with λ0 calculated at the center frequency); the
reference design of [6] is of total size 0.48λ0 × 0.35λ0; in [1], the antenna occupied area is
0.5λ0 × 0.5λ0. Miniaturization of CPW monopole antennas and, in particular, the achievement
of a good BW/size trade-off is, for this reason, an objective of research activities in this field.

In this paper, a compact CPW-fed monopole antenna is proposed for Wi-Fi and Wi-MAX
applications. It has been implemented on a surface of only 0.35λ0 × 0.27λ0. A Y-shaped mono-
pole configuration inside a slotted CPW ground (similar to [1] or [12–14]) has been chosen
for this design. Two equal length arms connected to the basis of the monopole guarantee
broadband performance and miniaturized size, with the result of a very high BW/size trade-
off. A prototype of final dimensions 28 mm × 36 mm × 1.6 mm is fabricated on a low-cost FR4
substrate, and measurement results show an impedance BW of 46% (10 dB return loss), 2.25–
3.6 GHz, and gain larger than 2 dBi. Finally, a metallic reflector of 60 mm × 60 mm is used to
enhance antenna gain to 6 dBi without significantly affect the antenna BW performance.

Design of the antenna

The antenna structure is shown in Fig. 1. The proposed antenna is constituted by a CPW
transmission line of width wf and symmetric ground gap g printed on the top side of an
FR4 substrate (εr = 4.4 and tan δ = 0.02). The CPW ground plane is extended to occupy the
whole surface, whereas a central slot is opened to hold the monopole. The CPW transmission
line is connected to a Y-shaped monopole [8]. Two equal length arms are connected to the
base of the radiation element for impedance matching operation. The CPW dimensions, on
the other hand, are taken as optimization parameters for maximizing the BW capability.
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An antenna design evolution process is shown in Fig. 2, and
S11 performance curves for each step are reported in Fig. 3.

As it can be seen, exciting the CPW slot with a simple mono-
pole as in Ant. 1 produces a resonance around the center fre-
quency 2.8 GHz, which is moved down to 2.5 GHz when the
straight monopole is substituted with a Y-shaped patch as in
Ant. 2. A ground extension which protrudes into the slot as in
Ant. 3 improves S11 performance in terms of both minimum
value (from −15.6 dB to about −23 dB) and BW, and increases
the current path length of the slot causing another frequency
shift toward lower frequencies. Finally, in Ant. 4 two equal length
arms are used to match the input impedance of the Y-shaped
monopole, and this is demonstrated by Fig. 3 where the second
resonance is visible and yields a wideband behavior. From this
analysis, it is clear that the first resonance is due to the CPW
slot, whereas the second resonance is mainly due to the
Y-shaped monopole.

Figures 4(a) and 4(b) depict the surface current distributions at
2.2 and 3.5 GHz, respectively. A significant current distribution is
observed on the CPW lateral ground at 2.2 GHz which again
proves that the slot is responsible of the first resonance shown
in Fig. 3. Similarly, the current is mainly distributed on the two
equal length arms at 3.5 GHz, indicating that this part is funda-
mental for achieving proper matching of the Y-shaped monopole.
Meanwhile, a large current on the strip feeder is also present, and

Fig. 1. Structure of the proposed antenna.

Fig. 2. Antenna design evolution.

Fig. 3. S11 performance for each step of the design
evolution.
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it is out of phase with that of the adjacent ground plane. For this
reason, the CPW feeder current does not significantly contribute
to the radiation in the far-field zone [1].

Parametric analysis

A parametric analysis is herein proposed to understand the effect
of the different parameters on the antenna performance.
Particularly, the effect of the arm length l and width w, the dis-
tance between the monopole edge and the side ground plane t,
the side and upper ground plane width p and q, and the ground
plane parameters Wb and Lb are investigated in the following.

Fig. 4. Surface currents at different frequencies. (a) 2.2 GHz, (b) 3.5 GHz.

Fig. 5. Simulated S11 as a function of (a) arm length l and (b) width w.

Fig. 6. Simulated S11 as a function of t.

Fig. 7. Simulated S11 as a function of (a) p and (b) q.

1168 Daniele Inserra et al.

https://doi.org/10.1017/S1759078718001034 Published online by Cambridge University Press

https://doi.org/10.1017/S1759078718001034


Effect of arm length l and width w

Simulated antenna performance in terms of S11 is shown in Fig. 5
as a function of the arm length l and width w.

The arm length l is shown to be an important parameter to
regulate the second resonance frequency, as already described in
Section “Design of the antenna”. An increase of l shifts the second
resonance toward lower frequencies, with a corresponding reduc-
tion of the BW. The increase of arm width w, on the other hand,
improves the impedance matching performance at the center of
the BW, at the expense of a BW narrowing.

Effect of distance t

The parameter t is directly related to the antenna width W, and it
fixes the distance between the monopole and the lateral ground
plane. Figure 6 depicts simulated S11 as a function of t.

As it can be observed, this parameter has a significant impact
on the impedance matching performance of the antenna within
the whole BW. In particular, an increase of t with respect to the
optimized value improves the impedance matching at the higher
frequencies but deteriorates S11 at lower frequencies, and vice
versa for a decrease of t.

Effect of width p and q

The ground widths p and q are also important parameters for the
impedance matching and BW regulation. As shown above, the
arm length l can be used to move the second resonance frequency;
on the other hand, the parameter p regulates the position of the
first resonance, as shown in Fig. 7(a), without affects significantly
the higher frequency behavior. The parameter q has a similar
effect as t for the regulation of the impedance matching perform-
ance within the whole BW, as depicted in Fig. 7(b). A trade-off
has to be made with these two parameters to optimize both the
BW and the impedance matching performance.

Effect of Wb and Lb

Other two parameters of the ground plane, i.e., Wb and Lb, are
studied, and simulation results are provided in Fig. 8. While Wb

is important for the optimization of the impedance matching,
the parameter Lb is used to reduce the antenna’s size. In fact,
an increase of Lb shifts the first resonance toward lower frequen-
cies (see also Fig. 3), and this is due to a longer current path.

Measurement results and discussion

The guidelines derived from the parametric analysis proposed
above has been used for designing the antenna proposed in this
paper. After a final optimization, the antenna parameters are cho-
sen as listed in Table 1. This antenna has been fabricated and a
prototype has been used to verify the correctness of the proposed
results with a comparison between simulation and measurement.
The antenna prototype is shown in Fig. 9.

Bidirectional antenna

Return loss has been measured with the Agilent vector network
analyzer (N5230A), and a comparison between simulation and
measurement results is depicted in Fig. 10.

It can be seen that the measurement and simulation results are
in good agreement, and this confirms the proposed analysis.
Measured impedance BW (defined for S11≤−10 dB) is from
2.28 to 3.6 GHz (fractional BW of 44.9%).

Radiation patterns and gain have been also measured by using
the near-field NSI-800F10 antenna measurement system. Figures
11 and 12 show the measured and simulated antenna gain pat-
terns at 2.5 and 3.5 GHz, respectively, whereas Fig. 13 compares
measured and simulated broadside gain as a function of
frequency.

Table 1. Antenna dimensions after the final optimization

Parameter L W S Wa Wb La Lb L1 W1

Value (mm) 36 28 2.5 4 4 5 4.5 16.5 24.6

Parameter L2 W2 l w t p q wf g

Value (mm) 9.5 13.16 11.55 0.9 1.29 0.41 2 0.9 1.68

Fig. 8. Simulated S11 as a function of (a) Wb and (b) Lb.
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Unidirectional antenna

In case of point-to-point communication systems, or however in
all applications which require longer communication range, a
metallic reflector can be placed beneath the proposed antenna
to achieve a directive pattern. A foam spacer is used to separate
the antenna from a 60 mm × 60 mm copper adhesive surface, as
shown in Fig. 14.

In Fig. 15, measured (and simulated) S11 as a function of the
spacer height are depicted. As it can be seen, the presence of
the metallic reflector deteriorates S11 performance, and this effect
is more visible with the decrease of the spacer height (due to an
increase of the destructive contribution between direct and
reflected waves within the BW of interest). A spacer height of
30 mm is found to be the minimum value for achieving the wide-
band behavior, with an S11≤−10 dB BW of 1.44 GHz (from 2.16
to 3.59 GHz). Simulation results globally confirm this behavior,
even if discrepancies can be found due to fabrication
imperfections.

Fig. 11. Simulated and measured gain patterns at 2.5 GHz. (a) E-plane (angles from x to y-axis), (b) H-plane (angles from z to y-axis).

Fig. 10. Simulated and measured S11 as a function of frequency.

Fig. 9. Fabricated antenna prototype.
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Simulated and measured results of radiation patterns at 2.5
and 3.3 GHz, and broadside gain are also provided in Figs
16–18, respectively.

These results clearly highlight that a directive pattern is
achieved, with a gain of about 6 dBi toward broadside, at the

expense of an increased antenna volume. Furthermore, it should
be noted that the selected reflector size only partially limits the
back radiation (for both E- and H-planes) as shown in Figs 16
and 17. Front-to-back ratio performance can be improved with
an increased reflector size.

Comparison with other antennas

In Table 2, a comparison of the proposed antenna with other
CPW-fed slot antennas presented in the technical literature is
provided. In order to make a fair comparison, only wideband
CPW-fed slot antennas have been considered (and not multiple
BW antennas). Particularly, the last column of Table 2 presents
a comparison metric which evaluates the trade-off between
achieved fractional BW and antenna size.

As it can be observed, many wideband CPW-fed slot antennas
have been proposed to cover extremely broad BWs. Nonetheless,
occupied areas are usually larger than 0.2l20, with only a few
exceptions, leading to a BW/size factor lower than 3 (in [7], the
antenna surface is lower than 0.2l20 and BW/size is 3.36). The
proposed antenna presents the smallest occupied area (<0.1l20),
with fractional BW of 46% sufficient to deal with Wi-Fi and

Fig. 13. Simulated and measured broadside gain as a
function of frequency.

Fig. 12. Simulated and measured gain patterns at 3.5 GHz. (a) E-plane (angles from x to y-axis), (b) H-plane (angles from z to y-axis).

Fig. 14. Prototype of the directive antenna.
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Fig. 16. Simulated and measured gain patterns for the directive antenna at 2.5 GHz. (a) E-plane (angles from x to y-axis), (b) H-plane (angles from z to y-axis).

Fig. 17. Simulated and measured gain patterns for the directive antenna at 3.3 GHz. (a) E-plane (angles from x to y-axis), (b) H-plane (angles from z to y-axis).

Fig. 15. Measured S11 as a function of the foam spacer
height.
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Wi-MAX applications, with the largest BW/size factor, i.e., 4.84,
with respect to the antennas in Table 2. Furthermore, the mea-
sured gain is the same as the antenna in [7] but employing
about half the area.

Conclusion

A compact CPW-fed monopole antenna of size 0.35λ0 × 0.27λ0 is
proposed in this work. A Y-shaped monopole with two equal
length arms configuration is used to both guarantee broadband
performance and miniaturized dimensions. A prototype of
28 mm × 36 mm × 1.6 mm has been fabricated on an FR4 sub-
strate for Wi-Fi and Wi-MAX applications, and measurement
results have demonstrated an impedance BW of 46% (10 dB
return loss), from 2.25 to 3.6 GHz, and gain larger than 2 dBi.
The proposed antenna exhibits an outstanding BW/size trade-off
better than many other CPW-fed antennas in the literature and,
as demonstrated, can also be used to achieve directive radiation
pattern (measured gain of 6 dBi) by employing a 60 mm ×
60 mm metallic reflector without affecting significantly the
antenna BW performance.
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