
research paper

Substrate-perforated and compact
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This paper presents a designed notched band ultra-wideband (UWB) printed antenna using coplanar waveguide-fed config-
uration. Simple technique of perforating the substrate and modifying the ground plane and radiator patch was used to achieve
UWB for the designed antenna at smaller structure. Narrow arch-shaped slot was introduced to the patch of the proposed
antenna to obtain the band rejection function around the 5.4 GHz frequency to avoid the interference with WLAN applica-
tions. The proposed antenna was fabricated and the measurement result is found in well agreement with the simulation result.
In addition to the acquirable UWB bandwidth, the designed antenna is capable to exhibit high radiation efficiency and omni-
directional pattern.
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I . I N T R O D U C T I O N

Tremendous developments in the wireless communications
applications (mobile internet, audio/video streaming, etc.) in
the last couple of decades, led to urgent need to a new technol-
ogy that has the ability to transfer a vast data rate. The existing
of ultra-wideband (UWB) technology gives the chance to
address these issues. The mechanism of the UWB technology
is based on transmits and receives of very short electromag-
netic pulses over a large portion of the frequency spectrum
at low radiation power [1]. This mechanism offers a number
of advantages such as multipath immunity, high data rate,
low-power consumption, and less hardware complexity
systems [2]. As the case in traditional wireless communication
systems, antenna plays an essential role in the UWB systems
performance. According to the FCC report in 2002, an
UWB antenna should operate over the bandwidth from 3.1
to 10.6 GHz, evaluated by return loss less than 210 dB [3].
Additionally, an omni-directional radiation pattern is desir-
able for wireless communications, since it enables freedom
in the receiver and transmitter locations.

Various designs of horn [4], biconical [5], and planar plate
monopole antennas [6–8], have been proposed to cover the
UWB bandwidth. However, these types of antennas have
three-dimensional (3D) structural geometry and large in size,
which makes them incompatible with portable devices. Other

approaches gave more attention for printed antennas [9–11].
This is due to their small size, simple profile, low cost, and
easy to fabricate. Miniaturization and increasing the imped-
ance bandwidth are one of the most important design require-
ments of UWB-printed antennas. A lot of effort has been
devoted to achieve these requirements. Some designers use a
rectangular capacitive coupled feed in order to solve the
large probe reactance problem caused by the required long
probe pin in the thick substrate layer [12].Via holes are also
used to adjust the input impedance of the UWB antennas
[13, 14]. In the same context, introducing a very narrow slits
near the feeding point of the staircase patch radiator [15]
and adding parasitic elements close to the radiator patch [16,
17] were used as another techniques to improve the impedance
bandwidth of the compact printed structures .The use of the
mentioned techniques adds more complexity to the antennas
and makes them very difficult and costly to fabricate.

Moreover, the utilization of a large chunk of spectrum fre-
quency by the UWB technology increases the possibility of
having the electromagnetic interference with some of the
existing wireless networking standards, such as HIPERLAN/
2 in Europe (5.15–5.35 and 5.47–5.725 GHz) and IEEE
802.11a in the USA (5.15–5.35 and 5.725–5.825 GHz) [18].
Consequently, rejection of a particular sub-band becomes an
important UWB system design requirements. In case of
using individual microwave band-stop filter to reject the
undesirable sub-band, this contributes to additional insertion
losses, cost, and larger size to the system. A more beneficial
solution to overcome this problem is by employing an UWB
antenna with band-notch capability [19–21].

In this paper, a compact size, low-cost, and coplanar wave-
guide (CPW)-fed patch UWB antenna with sub-band rejection
capability was proposed. The main advantage of using the
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CPW-fed method over the conventional ones such as micro-
strip and coaxial is that; by applying CPW-fed configuration
both the radiating element and the ground plane are printed
on the same side of the dielectric substrate. Therefore, most
of the electromagnetic wave travels along the metal patches
located on one side of the antenna structure, and less energy
lost in the substrate. Furthermore, new simple techniques of
perforating the substrate and using the half-elliptic shapes to
configure each of the patch and the ground plane were intro-
duced to increase the impedance bandwidth of the proposed
compact antenna. The band rejection characteristic is obtained
by employing an arched slot in the patch radiator.

I I . A N T E N N A D E S I G N

The proposed antenna (Fig. 1) is a printed-circuit antenna
using CPW feeding and arched patch on top edges. This

monopole antenna also consists of a semi-circular-shaped
patch fed by ungrounded CPW line and half-ellipse-shaped
ground planes printed on the same side of the substrate as
shown in Fig. 1. The inner line of the CPW is tapered near
its connection point with the radiator to improve the imped-
ance matching between them. The antenna substrate was per-
forated with circular four holes distributed on the unprinted
area of the structure. The circular shape of the holes was
chosen mainly to simplify drilling for fabrication procedures.
An arc-shaped slot is then notched in the radiator in order to
achieve the sub-band rejection facility.

As elaborated in Fig. 1, the ground plane of the antenna has
also been modified to form a half-ellipse (whose major axis
runs parallel to the feed line). This modification of the
ground plane affords a wider variation in the wavelength
due to gap-width variation between the patch and the
ground plane. As such, new resonance frequencies are
created leading to increased bandwidth as shown in Fig. 2.

Fig. 1. Configuration of the proposed antenna: (a) prospective view and (b) its parameters.
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Once the effect of the half-elliptical ground plane was ana-
lyzed, a pair of circular holes was perforated on either sides of
the feed line, within the unprinted area. In Fig. 3, it can be
noted that the electrical field vectors become more concen-
trated at the parts of the ground planes that are near to the
radiator after creating the substrate holes. This result in redu-
cing the losses at higher frequency band and further widened
the bandwidth at higher frequency band as in Fig. 4.

The copper of the patch is etched to form an arc-shaped
slot in the radiating element, in order to obtain a frequency
band-notch function. This slot distorts the surface current dis-
tribution of the patch, for the antenna to be inoperative at the
undesired sub-band as shown in Fig. 5. It can be seen from
Fig. 6 that the undesired sub-band rejected at around
5.4 GHz. This phenomenon is associated to the fact that at
the slot edges, there is a high surface current concentration
at the notch frequency. As such, the impedance nearby the
feed point at this frequency is very low, resulting in high
reflection at the rejected sub-band.

I I I . P A R A M E T E R S A N A L Y S I S O F
T H E P R O P O S E D A N T E N N A

From Fig. 7, when R6 is 7.1 mm, the observed losses at the
higher frequencies are very small, but very high at the lower
frequencies. As R6 is decreased to 5.1 mm, the observed
return losses at the higher frequencies get higher. The reason
for observed result can be attributed to the fact that as R6 is
increased, the gap between the radiator and the ground
plane gets correspondingly narrower, which tends to shorten
the electromagnetic wavelengths (l), ensuring a reduction in
the losses at the higher frequencies. Decreasing R6 on the
other hand widens the gap between the radiator and the
ground plane thereby allowing the propagation of electromag-
netic waves with longer wavelengths; hence, the lower losses at
the lower frequencies. Consequently, the optimized value for
R6 was found to be 6.1 mm, at which the losses at both the
lower and higher frequencies are kept at a minimum.

In order to analyze the effect of perforating holes on the
unprinted area of the substrate, the proposed antenna was
first simulated without any holes. One hole is then perforated

Fig. 2. Simulated return loss of two antennas with the rectangular and half
ellipse-shaped ground planes.

Fig. 3. Electric field distribution: (a) without substrate holes and (b) with substrate holes.

Fig. 4. Simulated return loss of two antennas with and without substrate holes.
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on either sides of the feed line at the unprinted portion. The
holes number was then increased to two pairs and then three
pairs. When no hole was perforated, the obtained return loss
at the higher frequencies was highest. Perforating one hole on
either sides (one pair), the S11 at higher frequencies subsided
to a considerable degree. Doubling the number of holes (two
pairs), it was observed that the higher cut-off frequency of

the bandwidth further shifted upwards as shown in Fig. 8.
This phenomenon can be attributed to the fact that, the
flowing electromagnetic energy from the radiator element to
the ground planes on the substrate surface becomes more con-
centrated at the parts that responsible to radiate the higher fre-
quencies when the holes are created in the substrate. In this
way, the losses are lesser at the higher part of the bandwidth.
However, when the number of holes increased to three on
each side (three pairs), no significant change is observed. This
result is not surprising in that the already existing two holes
on each side are sufficient enough to cage the extra energy.

Fig. 5. Surface current distribution at 5.4 GHz: (a) without patch slot and (b) with patch slot.

Fig. 6. Simulated return loss of two antennas with and without patch slot.

Fig. 7. Simulated return loss with different values of R6.

Fig. 8. The number of the substrate holes effect on the designed antenna.

Fig. 9. The diameter of the substrate holes effect.
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Figure 9 shows the effect of resizing the hole-diameter.
When the smallest hole-diameter of 1 mm is used, it is
observed that it has the least effect on impedance matching,
while a 3 mm hole-diameter has an effect on the lower fre-
quency band. In this way, it is found that hole-diameter of
2 mm exhibits the optimal bandwidth.

In order to investigate the effect of changing the slot pos-
ition on the notched-band, the distance m4 as shown in
Fig. 1(b) was varied. The return loss curve in Fig. 10 shows
that the rejected sub-band is very wide when the slot is
shifted downwards, closer to the feed point, while shifting
the slot away from the feed point in the y-direction provides

sharp notched-band with the least rejection ability. From
observation, this phenomenon occurs because when the slot
is etched near the feed line, whereby the surface current-effect
at the fringes of the patch-slot increases significantly.
Similarly, shifting the patch-slot further away from the feed
point, results in less current-effect at the slot edges. In this
way, bringing the slot very close to the feed point produces
too wide rejected band.

The effect of the slot length on the band-stop has already
been investigated. In the analysis of the effect of varying the
patch-slot width m6 and depth m5 as shown in Fig. 11, it
was found that increasing or decreasing m5 and/or m6
results to an increase or decrease in the patch slot length.
From Fig. 11(a), it is observed that increasing m5 causes a
shift in the center frequency of the notched-band toward the
lower frequencies. Conversely, the center frequency of the
notched-band is shifted toward the higher frequencies by
decreasing m5. A similar phenomenon is observed when m6
is increased or decreased as shown in Fig. 11(b).

Fig. 10. Simulated return loss for different values of m4.

Fig. 11. Simulated return loss for different values of (a) m5 and (b) m6.

Table 1. Optimized dimensions of the proposed antenna.

Parameters Values (mm)

W 20
L 21
w 1
g 0.5
p 1
R5 10
R6 6.1
R7 2
n4 2
n5 6
n6 4
d 2
m4 12
m5 2.5
m6 15.5
mw 0.5

Fig. 12. Photograph of the fabricated antenna.
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I V . S I M U L A T E D A N D M E A S U R E D
R E S U L T S

The proposed antenna having the dimensions as listed in Table 1
was fabricated and measured as shown in Fig. 12. The measured
and simulated return loss values in terms of frequency are com-
pared in Fig. 13. The measured results are in good agreement
with the simulation results. The measured impedance band-
width is about 8.4 GHz starting from 2.45 to 10.9 GHz
(S11 ≤ 210 dB) excluding the notched band from 4.83 to
5.97 GHz. The simulation results show an operational band-
width starts from 2.6 to 11.2 GHz, in which a frequency band-
notch is from 4.88 to 5.8 GHz. The small discrepancy between
the simulated and the measured losses at the higher frequencies

which can be attributed to the tolerance in the fabrication
process, imperfect soldering, SMA connector effects in the meas-
urement, and the reflection effect of the radiated waves occurs
from the surrounding walls, devices, and cables in the measure-
ment which were not taken into account in the simulations.

Figure 14 shows the radiation efficiency of the optimized
antenna against frequency. It is evident that the range of
antenna radiation efficiency is higher than 85%, excluding
the band-notch frequency where the antenna has greatest
reduction in the radiation efficiency.

The gain of the proposed antenna is presented in Fig. 15.
The compact size of the antenna is a factor that lowers the
gain for the proposed antenna. It can be seen that the sharp
decrease of antenna gain in the notched frequency band at
5.5 GHz and it is at the maximum values for higher
frequencies.

The antenna lies in the x–y plane, and it is y-polarized
because it is feed in the y-direction. Therefore, the H-plane
for this antenna is x–z, and the E-plane is y–z. The simulated
radiation patterns for the designed antenna at 3 210.5 GHz
are plotted in Fig. 16. It is clearly seen from the figure that
in the E-plane antenna provides almost monopole-like radi-
ation patterns in the entire band with little deterioration at
higher frequencies. In the H-plane, the antenna exhibits the
omni-directional radiation pattern from 3 to 10 GHz, and
then starts to produce four major lobes at 10.5 GHz. These
changes are due to the increase of the antenna size electrically
related to the higher frequencies, as the antenna starts to leave
the monopole antenna behavior at the higher frequencies
(more than 10.6 GHz) which are considered out of the allo-
cated bandwidth for the UWB wireless communications.

V . C O N C L U S I O N

In this work, CPW-fed printed antenna with band rejection
capability has been designed for wireless UWB communica-
tions portable devices. The antenna design was emanated
from the equivalent conventional rectangular patch antenna.
By modifying each of the radiating patch and ground plane,
the bandwidth of the proposed antennas has been improved.
Moreover, a new technique of perforating the dielectric sub-
strate with two pairs of holes has been employed to widen
the impedance bandwidth at higher frequencies. By introdu-
cing an arch-shaped slot in the antennas radiator, the band
stop characteristic was obtained.

The proposed UWB antenna was developed and analyzed
by a 3D electromagnetic simulator (CST Microwave Studio,
2013) [22]. To confirm the simulation results, the proposed
antenna was fabricated on the FR-4 substrate with dielectric
constant of 4.4 and the experimental measurement was
carried out using a vector network analyzer (Anritsu
37347D) in room environment. The analysis indicated a
fairly good agreement between simulation and measurement.
The measured bandwidth of the proposed CPW-fed UWB
antenna showed that this antenna has operational bandwidth
starting from 2.45 to 10.9 GHz with return loss better than
210 dB excluding the notched band from 4.83 to
5.97 GHz. The overall size of the designed antenna is 20 ×
21 × 1.6 mm3. In comparison to the antennas that have
been reported in [16, 23, 24], the proposed antenna has a
reduction in the surface area of 67, 46, and 74%, respectively.
The techniques of modifying the radiator patch and ground

Fig. 13. Simulated and measured return loss result.

Fig. 14. Radiation efficiency.

Fig. 15. Gain of the proposed antenna.
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plane, as well as perforation of the substrate has helped to
achieve the UWB band characteristics with compact size
for the proposed UWB antenna. In addition, the advantages
of simple structure, single side print, and compact size make
this antenna a suitable choice for modern UWB communica-
tion systems.
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