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ABSTRACT: This paper presents a compact single-feed, rectangular slotted-patched antenna (SPA) for UWB applications. The proposed
design adds a triangular part of the tail of the rectangular patch, cuts the edge of the patch, etches a rectangular slot in the ground plane,
and then tunes the basic parameters of the design to achieve the UWB passband. The proposed antenna including slots on the patch for
compact functionality is readily identifiable. The bandwidth and realized gain of the UWB antenna can be extremely improved to show
the ability of a slot loading technique. The new conception of the rectangular patch antenna is considered. A feed mechanism using an
inset patch feedline is implemented and analyzed. The parameters of the antenna are demonstrated, and the antenna is fabricated with
an inexpensive FR4 substrate and validated experimentally. The antenna occupies frequency band (2.56–12)GHz. Making slots in the
modified patch results in a significant gain improvement of 4.8 dBi as well as extending the UWB passband. The measured values of the
reflection coefficient, VSWR, realized gain, and power pattern are in good agreement with the simulated results.

1. INTRODUCTION

Patch antennas have numerous advantages in terms of com-
pression compared to conventional antennas. A patch an-

tenna is a compact radiating device that can be assembled
specifically for some applications. These devices are low
cost, compressed, not bulky, conformable, and flexible in fre-
quency [1]. The Federal Communication Commission (FCC)
has approved commercial ultra-wideband (UWB) operations
ranging from 3.1 to 10.6GHz. This technology has piqued
the interest of researchers [2, 3]. UWB technology now al-
lows for high data rate transmission with minimal latency and
power consumption [4, 5] and has attracted the attention of
both academics and industry over the past two decades. This
technology has various uses, from wireless sensor networks to
biomedical imaging and is not just restricted to satellite com-
munication or military uses [6–8]. An antenna’s UWB pass-
band is obtained by truncating the bottom ends of a rectangular
patch antenna [9]. The impedance bandwidth of 3–14.55GHz
is achieved by the rectangular antenna proposed by [10]. There
are numerous applications for UWB in modern wireless com-
munication. Antennaswith rectangular patches are usually con-
sidered λ/2 antennas [11]. A staircase patch structure is used
to improve the bandwidth by decreasing the capacitance be-
tween the ground plane and the patch [12]. The proposed an-
tennas by [13–15] have a large size, and they do not cover the
standard UWB spectrum. The antenna proposed by [16] has
dual bandwidths, the first being (3.65–7.49)GHz and the sec-
ond being (11.5–13.4) GHz. Planar Inverted-L patch is a desir-
able choice for UWB [17]. Embedding appropriate slots in the
ground plane or the radiating patch of the antenna shall result
in a compact antenna, which can be utilized for UWB applica-
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tions [18]. The rectangular patch with an L-shaped incision can
reach an improved operating frequency of 2.45GHz (the Indus-
trial Scientific Medical band) [19]. Moving the feed point near
or far from the grounded edge will locate the 50-ohm point.
The impedance should increase as the feed moves away from
the ground edge [20].
In this paper, an enhanced antenna gain and a wider

impedance bandwidth are discussed. When the proposed
antenna is used, the increase in resonant frequency leads to
a possible reduction in the size of the antenna. All of these
merits are considered advantages over compact designs with
a slotted radiating patch. For indoor wireless communication
applications, such merits are considered advantageous. This
shows that, in addition to its low cost of construction, the
proposed antenna is also convenient for mobile stations and
UWB applications. This work can be divided into sections.
In Section 2, steps to modify a rectangular UWB antenna
are introduced along with the necessary design steps. The
antenna parametric study of the proposed antenna is discussed
in Section 3. The results of the proposed antenna are discussed
in Section 4. The conclusion extracted from this work is
presented in Section 5.

2. STEPS TO MODIFY A RECTANGULAR UWB AN-
TENNA

The rectangle-shaped λ/2 monopole antenna was initially de-
signed with Computer Simulation Technology (CST). This de-
sign is a modified version of the antenna presented in [21],
which is a rectangular planar monopole UWB antenna. A
UWB antenna based on a dielectric substrate of dimensions
(Ws×Ls = 34×38)mm2 is firstly designed at an operating fre-
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FIGURE 1. Steps to develop proposed antenna, (a) Step1, (b) Step2 (c) Step3, (d) Step4.

quency of 3.1GHz, aiming for compact size at the lowest band
of the UWB. An inexpensive FR4 substrate was used in this de-
sign with dielectric permittivity ϵr = 4.3, height h = 1.4mm,
and loss tangent tan δ = 0.025. The patch feed-line is a 50Ω
strip line that has two sided slant edges. The width (Wf ) of
the feed line was calculated to be 2.4mm to achieve impedance
matching. The antenna provides a partial ground plane for the
broadband impedance matching [21, 22]. The radiating patch
dimensions were (W × L = 29.7 × 24.2)mm2 , and they are
found according to the transmission line model basic equations
[23]. The rectangular patch with steps designed to develop the
proposed antenna is presented in Figure 1. A patch antenna
loaded with slots for compact operation is easily recognized.
The bandwidth of the UWB antenna can be greatly improved
to show the ability of a slot loading technique. The new con-
ception of the rectangular patch antenna is considered. A feed
mechanism using an inset patch feed-line is implemented and
analyzed. The initial dimension of the patch antenna can be
calculated using the following equations [23–25].

W =
c
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√
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2
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2
+
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[
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12h
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L =
c

2f ×√
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where W , L, f , c, ϵr, ϵeff, and h are the width of the patch
antenna, length of the patch antenna, resonant frequency, speed
of light in free space, dielectric constant, effective dielectric
constant, and height of substrate, respectively.
The reflection coefficient of the initial antenna is simulated

by CST as shown in Figure 2 which is bad matching. At first,
the reduction in antenna gain resulting from the loss of the trans-
mission line slope edges must be considered for practical ap-
plications. Such a reduction is approximately 2 dBi. Further-
more, the large loss tangent is considered the main reason for
the lower antenna gain (typically 0.025), and it is related to the
FR4 substrates used.
To improve the proposed antenna’s gain, different slots with

different lengths are presented in the patch. A staircase patch
structure and a band-notch in the ground plane are both attached
to enhance the capacitive coupling between the ground plane

FIGURE 2. The reflection coefficient of the antenna with initial param-
eter.

(a) (b)

FIGURE 3. Modified slotted antenna, (a) patch, (b) ground plane.

and the patch, which usually results in a wider impedance band-
width [26]. The modified design is shown in Figure 3, and all
the parameter values are listed in Table 1.

3. ANTENNA PARAMETRIC STUDY
All the parameters in a rectangular patch antenna (L,W, h, per-
mittivity dimensions of the ground plane, feed width size, feed
point position) are designed to control the antenna properties.
This paper presents a reassessment of how these factors impact
the antenna’s performance, in order to present a design process
that improves the antenna’s response.

3.1. Modifying the Length of Patch
When there are no inserted slits, increasing the patch length
leads to shifting the patch’s dominant mode slightly to lower
frequencies. Figure 4 shows that the obtained bandwidth is
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TABLE 1. Parameter values of the modified rectangular antenna.

Parameter Ws W Wf s W5 Wg L5 Lg P1 P2

Values (mm) 22 18 2.4 0.5 2 15 3 12 1 2.5
Parameter Ls P3 Lf L1 L2 L3 L4 Lt W1 W2

Values (mm) 35 14.5 12 1.8 14.4 6 7 3.5 16 17

FIGURE 4. Reflection coefficient for different L. FIGURE 5. Reflection coefficient for differentW.

FIGURE 6. Reflection coefficient for differentWf . FIGURE 7. Reflection coefficient for with and without triangular part.

about 1.4%, which is largely dependent on the effective length
of this patch.

3.2. Modifying the Width of Patch
The simulation S-parameter in Figure 5 shows that the decrease
in patch width results in lowering the quality factor of the patch
antenna and hence enhancing the impedance bandwidth.

3.3. Effect of Feeder Width
A structure of feeding that uses a 50-ohm transmission line with
two-sided slant edges was investigated herein with a feed length
of 9mm. This has resulted in obtaining good matching con-
ditions and achieving a wide impedance bandwidth. Figure 6
shows that the resonance frequency is 14.7GHz and that the
bandwidth is 9.8%. This is largely due to the slant edges of the
feed line, which reduces the effective length of the current sur-
face of the excited patch. However, at lower bands, it can be
seen that the impedance matching is getting worse. Also, the
impedance matching increases when the feeder width is near
λ/40 [27, 28], and thus a larger bandwidth is obtained. Figure
4 shows that the resonance frequency is 14.7GHz and that the
bandwidth is 9.8%.

3.4. Effect of Adding Triangular Part of the Patch
The presentation of the triangular shape attached to the bottom
of the patch will enhances the matching impedance. The op-
timal dimension of the modified triangular shape in the con-
structed prototype is determined by experiment. In addition
to shifting the original resonance band from 15.6GHz to 16.8,
Figure 7 shows that the proposed arrangement produces two
more resonance bands at 4.8GHz and 10.8GHz.

3.5. Effect of Ground Plane Width
By tuning the coupling slot diminutions and the width of the
patch feed line, the proposed patch can be effectively matched
to the electromagnetic energy of the patch feed line printed on
the other side of the ground substrate, as shown in Figure 8.

3.6. Slotted Ground Plane Usage
A band-notch is etched in the ground plane to implement a
capacitive coupled ground structure (see Figure 9). Since the
band-notch modifies the distance between the lowest edge of
the patch and the partial ground, the capacitive coupling be-
tween the patch and ground plane is also modified, which re-
sults in a wider impedance bandwidth. This notch is located
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FIGURE 8. Reflection coefficient for differentWg. FIGURE 9. Reflection coefficient for adding slot in ground plane.

near the feeding point to provide additional electromagnetic
coupling. The center frequency of the band notch (fnotch) can
be predicted using the formula in [29].

3.7. Modified Shape and Right Angle Slots

Figure 10 illustrates the improvement in bandwidth for a rect-
angular patch antenna by using a promising slot loading design.
In the design, two right-angle slots are located close to the non-
radiating edges. Also, the width of the two right-angle slots is
referred to as ws1. The length of the shorter arm of the slots is
referred to as L1 and is about 10% of the patch length, and the
shorter slot is perpendicular to the non-radiating edges. The
length of the longer arm of the slots is referred to as L2, and
it is about 80% of the patch length. Also, the non-radiating
edges and the longer arm are usually designed parallel to each
other. Generally, experimental procedures are used to deter-
mine the length of the longer and shorter arms of the slots (L1

and L2). Although it is possible to achieve two operating fre-
quencies using only right-angle slots, they are insufficient to
create a single wide operating bandwidth. Regardless, a wide
impedance bandwidth is still possible. This can be achieved by
planting a slot with a modified shape along the center line of
the patch. Such measures are expected to lower the frequency
of the first resonance f1 while keeping the other frequency f2
almost unaffected. The width of the modified shape slot is re-
ferred to asws1. Furthermore, it has upper and lower sections of
lengths L3 and L4, respectively. The integrated reactive load-
ing is formed by four parallel slots joined by one perpendicular
slot. It is introduced at the patch’s center. The main design

FIGURE 10. Reflection coefficient for steps of antenna modification
and adding slots in the patch.

purpose of the modified shape slot is to further decrease the
first frequency by perturbing the excited patch surface current
path. Furthermore, good impedance matching can be achieved
for both frequencies when using the modified shape slot. An
experimental procedure was used to determine the convenient
dimensions of the modified shape slot, which are as follows;
upper section L3 = 6mm, lower section L4 = 7mm, and
width ws1 = 0.5mm. The impedance bandwidth obtained is
much wider than that of the regular rectangular patch antenna.
Also, a size reduction of the proposed antenna was received
from the targeted operating frequency band. The resonant mode
occurred at a lower resonant frequency.

4. MEASUREMENT AND SIMULATION RESULTS
The performance of the design is practically verified by fabri-
cating the modified antenna, as shown in Figure 11. Measure-
ments have been made at the Ministry of Science and Technol-
ogy in Baghdad using the Vector Network Analyzer. The in-
put impedance, reflection coefficients (S11), and voltage stand-
ing wave ratio (VSWR) were measured using a vector network
analyzer (VNA) Anritsu-MS4642A (20GHz) package. Fig-
ure 12 illustrates the relationship between the frequency and
the simulated (with and without slots) and measured antenna
gains. Based on the figure, a peak antenna gain of 4.8 dBi was
achieved. Through adding slots in the patch antenna, the direc-
tivity and reflection coefficient are improved, which thus leads
to improving the realized gain of the antenna. This shows that,
in addition to its low cost of construction, the proposed antenna

(a) (b)

FIGURE 11. Fabricated proposed antenna, (a) patch, (b) ground plane.
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FIGURE 12. Simulated and measured gains of the proposed antenna. FIGURE 13. Simulated and measured reflection coefficients for the pro-
posed antenna.

FIGURE 14. Simulated and measured VSWRs for the proposed antenna. FIGURE 15. Simulated and measured input impedances of the proposed
antenna.

(a) (b)

FIGURE 16. Current distribution at different frequency, (a) f = 3.4GHz, (b) f = 10GHz.

is also convenient for mobile stations and UWB applications.
Figure 13 illustrates the simulated and measured reflection co-
efficients S11 of the proposed antenna along the UWB pass-
band. Figure 14 shows the simulated and measured VSWRs of
the proposed antenna and shows that they are less than 2 along
the UWB passband. The comparison of the simulated and mea-
sured input impedances of the proposed antenna is shown in
Figure 15.
Also, it is firmly established that the embedded slots strongly

affect the excited surface currents in the radiating patch. As a
result, the equivalent surface current increases. This generally
leads to reducing the central frequency of the antenna, which
coincides with the results obtained from measurements. Also,

an increase was observed in total excited patch surface currents.
Furthermore, an increase was also observed in the excited sur-
face current distribution in the central portion of the radiating
patch as shown in Figure 16. Figure 17 illustrates the simulated
(measured) radiation patterns of the proposed antenna in theH-
plane and E-plane at the frequencies of 3.4GHz and 10GHz.
The radiation power pattern is calibrated depending on the gain
of the antenna. The H-plane shows omnidirectional radia-
tion power patterns at all three frequencies, meaning that the
antenna radiates in all directions. On the other hand, in the
E-plane, the antenna has bidirectional radiation patterns. The
comparison of the proposed antenna with others is listed in Ta-
ble 2.
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FIGURE 17. The radiation power patterns of the antenna at (a) 3.4GHz, (b) 10GHz.

TABLE 2. Comparison this work with other related works.

Reference No. [9] [30] [31] [32] [33] This work
Frequency (GHz) 7.7 3.54, 5.63 11 7.5 22 3.4, 10
Bandwidth (GHz) 3.1–12.5 3.3–3.78, 5.4–5.86 2.58–20.95 3–12 4–40 2.56–12

Gain (dBi) 4.5 3, 3.4 7.2 6.8 2.8 4.8
Size (mm) 16× 25 50× 50 26× 22 72× 72 28.1× 17.1 22× 35

5. CONCLUSIONS

A modified rectangular patch with various slots has been con-
structed. The UWB bandwidth requirements guided the design
and analysis of the proposed antenna. Many enhancement tech-
niques were used to achieve UWB bandwidth with improved
antenna gain. The UWB bandwidth can be formed by the in-
tersection of several narrowly distributed resonance bands, and
the antenna that supports these bands can be considered a UWB
antenna. The lower edge of the UWB characteristic of this an-
tenna can be estimated by the dimensions of the patch. Vary-
ing the ground plane width shifts all the resonance frequencies
of the spectrum, which affects the total width of the operating
bandwidth. The bandwidth decreases when the ground plane
width is too narrow or wide, and the bandwidth is reduced. It
is found that the variation in ground plane length does not re-
ally change the bandwidth, because the current of the antenna is
essentially spreading along the width direction. Therefore, the
ground plane length can be reduced significantly without any
sacrifice of bandwidth, which means that antenna miniaturiza-
tion is possible. The impedance stability was controlled using
a rectangular transition step with appropriate dimensions. The

patch radiator for the entire bandwidth and the ground plane
are significantly influenced by these dimensions. A double-
slant feeder technique is used to control the matching between
the patch and its feeder. Also, it has been concluded that the
changing of these triangular shapes has a considerable influ-
ence on the higher frequencies of the operational bandwidth.
The results show that a 24% reduction in the first resonant fre-
quency was observed when an L-shaped slot was used in com-
parison with that without a slot. Based on this, a 38% reduc-
tion in the size of the antenna can be obtained. In summary, in
addition to an enhanced antenna gain and a wider impedance
bandwidth when the proposed antenna is used, the reduction in
resonant frequency also leads to a possible reduction in the size
of the antenna. All of these merits are considered advantages
over compact designs with a slotted radiating patch. For indoor
wireless communication applications, such merits are consid-
ered advantageous.
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