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Abstract—This paper presents a novel G-shaped compact
monopole UWB antenna printed on FR4 substrate with coplanar
waveguide (CPW) feeding. The proposed antenna operates over
the frequency band between 3 and 11 GHz offering a fractional
impedance bandwidth of around 110 %. The antenna is designed
by analysing the modal currents calculated using the
characteristic mode theory. Experimental results on reflection
coefficient agree well with simulations and the proposed antenna
has a desirable gain and radiation pattern characteristics over
the ultra-wideband frequency range. The overall dimensions of
the antenna are 28 × 35 × 1.6 mm3 which makes it a good
candidate for many ultra-wide-band radio applications.
Keywords—ultra wideband (UWB), printed monopole antenna,
characteristic modes, CPW feed.

I.

INTRODUCTION

The ultra-wideband (UWB) radio technology is finding
applications in high data rate wireless communication systems,
cognitive radio, radars, biomedical imaging, indoor localisation
and tracking etc. [1–2]. Although the antenna design
considerations are usually dictated by the specific application
and system considerations, in general, compact sized planar
antennas having reflection coefficient, gain, radiation pattern
and linear phase response etc. over extremely wide bandwidth
are preferred. It has been well established that planar monopole
UWB antennas offer appealing features such as simple
geometry, very wide bandwidth over 3 to 11 GHz, compact in
size, omnidirectional radiation and ease of manufacturing [1–
4].
In view of these interesting characteristics, a number of
planar monopoles with various optimised geometries have been
investigated for UWB extensively [3]-[6], [10]. The most
commonly used feeding for printed monopoles is the coplanar
wave guide feeding. Also, a variety of printed slot antennas are
available, e.g., a monopole-like slot antenna with CPW feeding
for UWB applications [14].
Although a number of printed monopole antennas with
optimised performance are published in the literature, but a
very few analyses characterising the physical behaviour of
these type of antennas are available. The Theory of
Characteristic Modes (TCM) originally proposed by Garbacz
[8] and later refined by Harrington [9] analyses the modal
behaviour of antennas in order to provide more physical
interpretation of the radiation phenomena taking place on the
structure. TCM has also been used successfully for the design
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and analysis of various wire and planar antennas [12, 13]. In
this paper TCM is used to provide physical insight into the
radiating behaviour of a printed UWB planar monopole
antenna, with an aim for performance improvement over a
wideband of frequencies. In following sections, it will be
shown as to how the information provided by the modal
analysis would help with the design of the antenna.
In this paper, we propose a planar, CPW fed printed Gshaped monopole antenna and attempt to design it using the
theory of characteristic modes to achieve operation over the
UWB band. To start with, we consider a printed CPW-fed
square monopole antenna structure and analyse its performance
using the characteristic mode theory which has led to the
modification of its shape to obtain a G-shaped monopole to
finally achieve our objectives. The designed G-shaped antenna
has a compact size of 28 × 35 × 1.6 mm3 and offers a fractional
impedance bandwidth of 114% with a radiation pattern that is
relatively uniform over the band. We use FEKO [7] for antenna
and characteristic mode analysis and compare the calculated
data with measured results on impedance bandwidth.
II.

ANTENNA CONFIGURATION

A square monopole antenna printed on a FR4 substrate with
CPW feeding was first chosen and the antenna shape modified
by symmetrically bevelling at its lower side for bandwidth
improvement [10]. Firstly, the impedance characteristics for
different planar geometries were calculated, and then the
characteristic modes were obtained with the aim of enforcing
the total surface current to flow over the whole surface of the
radiator as it needs to operate over a wide frequency band.
After a number of iterations, we obtain the proposed G-shaped
monopole antenna with CPW feeding. The antenna has a single
metallic layer and is printed on one side of a FR4 substrate
whose thickness is 1.6 mm; the dielectric constant is 4.7 and
4.7 and the loss tangent of 0.0038.
A. Theory of characteristic modes (TCM)
Characteristic modes are real current modes that can be
computed numerically for both conducting and dielectric
bodies of arbitrary shape [8]-[9], [13]. Characteristic modal
currents Jn can be defined as a set of orthogonal real surface
currents which depend on object shape and size, and dielectric
properties but are independent of any excitation source. The
total current distribution on the antenna is the superposition of
these characteristic modes with appropriate weighting
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coefficients. Since characteristic modes form a set of
orthogonal functions, they can be used to expand the total
current on the surface of the body [9]. By definition, the modes
are related to the power that can be radiated by the body.
Associated to the characteristic currents, a set of characteristic
fields En can be computed. Therefore, the field radiated by the
antenna can be expressed as a superposition of these
characteristic fields or modal fields. The characteristic modal
currents can be obtained as the eigen functions of the following
particular weighted eigenvalue equation [9], [13] as

&
&
X ( J n ) = λn R( J n )

Fig. 1. Geometry of CPW fed square monopole with symmetric beveling.

(1)

&
where Ȝn are the eigenvalues, J n are the eigen currents, and R
and X are the real and imaginary parts a of the impedance
matrix Z calculated by solving the associated integral equation
using the Method of Moments. Each characteristic mode is
associated with an eigenvalue, Ȝn. This parameter provides
useful insight: its magnitude provides information on the
radiation of the associated modes and the reactive power of a
mode is also proportional to the magnitude of its eigenvalue. In
other words, a particular mode whose eigenvalue has smaller
magnitude, can contribute to the antenna radiation when
excited [13]. Furthermore the sign of the eigenvalue determines
whether the mode contributes to storing of magnetic energy (Ȝn
> 0) or electric energy (Ȝn < 0).

TABLE I.

ANTENNA DIMENSIONS OF SQUARE MONOPOLE
Antenna’s Dimensions in mm

Antenna
size
mm

A1

B1

C1

51

18

14

Usually, a quantity known as ‘modal significance’ (MSn)
[11] is commonly used for antenna characterisation and it
represents the normalized amplitude of the current modes,
MSn =

1
1 + jλn

(2)

Fig. 2. Reflection coefficient for antenna in Fig.1

MSn determines as to how much each mode contributes to
the total radiation. The resonance for each mode occurs ideally
when Ȝn = 0 at which modal significance has the maximum
value of unity.
A. Antenna Analysis
Figure 1 shows the printed bevelled square monopole
antenna on FR4 substrate whose geometrical parameters are
tabulated in Table I. Figure 2 shows the calculated reflection
coefficient for this antenna geometry obtained using FEKOTM
which shows that the antenna does not resonate at frequencies
below 5GHz and has multiple narrowband resonances above
5GHz. This is confirmed by obtaining the modal significance
(MS) as shown in Fig 3 which is also obtained using FEKOTM
[7]. We have chosen six characteristic modes for this antenna.
From figure 3, one can observe that at frequencies around 5
GHz, just first two modes have a value of MS closer to unity
which mean that these are the main radiating modes at this
frequency and above. The MS values of the remaining four
modes j3-j6 tend to unity at around 7 GHz at which they may
contribute to the antenna radiation.
We have also investigated the characteristic current modes
on the antenna shown in Fig.1 by calculating the eigenvalues of
the first six current modes J1-6.
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Fig. 3. Modal significance for antenna in Fig.1

a)

b)

c)

Fig. 4. First three modal currents at 5GHz for antenna shown in Fig.1.
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Then, the modal currents are computed to investigate the
contribution of characteristic modes to the antenna radiation at
given frequencies. Since the total current is formed by the
contribution of a set of orthogonal current modes that have a
defined bandwidth, by exciting as many modes as possible may
enhance the total bandwidth. Fig 4 shows that for the antenna
in Fig.1, at 5GHz the first three modal currents do not flow
over the whole surface of the radiator and hence its radiation
performance is inferior. To improve the radiation performance
over ultra-wideband, we will now modify the antenna
geometry to force these modal currents to flow over the whole
surface of the antenna. Fig. 5 shows the G-shaped monopole
antenna which is obtained by modifying the geometry shown in
Fig.1. The geometrical dimensions of the G-shaped monopole
antenna are tabulated in Table II.
Figure 6 shows the MS of the G-shaped antenna in which
we can observe that from 3 GHz the first three modes have an
MS close to unity meaning that they contribute to radiation
around 3GHz and above. Thus, the modified structure in Fig.5
can excite all these modes even for frequencies below 5 GHz.
Fig.7 shows that the first four modal currents flow over the
whole surface of the radiating patch for the G-shaped antenna.
This probably would have caused the uniform omnidirectional
radiation as shown in Figure 10.

a)

b)

Fig. 5. a) Geometry of UWB G-shaped CPW fed Monopole-like antenna. b)
The fabricated G-shaped CPW fed Monopole antenna.

DIMENSIONS FOR G-SHAPED MONOPOLE

TABLE II.
Antenna
size
Milimiters

Antenna’s Dimensions in mm
A

35

C

28

D

E

11

18

F

2

G

13

H

8

I

B

8

33
Degrees

To further reduce the size of the antenna, empirical
optimization of antenna geometry is carried out using FEKOTM.
As the size of the antenna changes, the current modes also
cause changes to the input impedance [5].
We also modified the G-shaped monopole configuration by
introducing two pairs of symmetrical notches having a width of
0.5 mm and a length of 1 mm in the feed line to obtain a
slightly better reflection coefficient for the lower end of the
band without affecting the VSWR at higher frequencies. The
appropriate feeding position has been obtained by performing
numerical experiments using FEKOTM [7].Thus final UWB
performance of the proposed compact size antenna is achieved
using an approach that combines TCM with empirical
parametric optimisation.
Fig. 6. Modal significance check mode 123 at 6

III.

RESULTS AND DISCUSSION

The fabricated antenna was tested using an HP 8720A
Vector Network Analyser. Figure 8 shows the measured and
simulated S11 curves. Figure 8 also shows the simulated S11
curves by varying the slot angle (B) while other antenna
parameters are fixed. It can be seen from this figure when B is
smaller than 22 degrees, the antenna does not resonate at the
frequency band over 7 GHz. Fig. 9 shows calculated gain of
the proposed G-shaped monopole antenna .The calculated 3-D
radiation patterns of antenna shown in Fig.5(a) at 4,5 and 7
GHz are shown in Fig.10.
The finalized antenna structure has a volume of about
1.6cm3, which is quite compact for many UWB wireless
applications. The simulated and measured performance of the
antenna shows that antenna can cover a wide band from 3 to 11
GHz with an omnidirectional radiation pattern.
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a)

c)

b)

d)

Fig. 7. First four modal currents at 5GHz for antenna shown in Fig.5(a).
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IV.

CONCLUSION

A novel and compact UWB G-shaped printed monopole
antenna with CPW feeding is proposed. The theory of
characteristic modes is used to analyse and optimize the
radiation behaviour of the antenna. The measured reflection
coefficient of the proposed antenna has an acceptable
agreement with simulations over the chosen band.
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