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Abstract: Ultra-wideband (UWB) is highly preferred for short distance
communication. As a result of this significance, this project targets the design
of a compact UWB antennas. This paper describes a printed UWB rhombus-
shaped antenna with a partial ground plane. To achieve wideband response,
two stubs and a notch are incorporated at both sides of the rhombus design
and ground plane respectively. To excite the antenna, a simple microstrip
feed line is employed. The suggested antenna is built on a 1.6 mm thick
FR4 substrate. The proposed design is very compact with overall electrical
size of 0.18λ × 0.25λ (14 × 18 mm2). The rhombus shaped antenna covers
frequency ranging from 3.5 to 11 GHz with 7.5 GHz impedance bandwidth.
The proposed design simulated and measured bandwidths are 83.33% and
80%, respectively. Radiation pattern in terms of E-field and H-field are
discussed at 4, 5.5 and 10 GHz respectively. The proposed design has 65%
radiation efficiency and 1.5 dBi peak gain. The proposed design is simulated in
CST (Computer Simulation Technology) simulator and the simulated design
is fabricated for the measured results. The simulated and measured findings
are in close resemblance. The obtained results confirm the application of the
proposed design for the ultra-wide band applications.
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1 Introduction

There is a significant improvement in the wireless technologies. Wireless devices are getting smarter
not only in term of size but also in the provision of services. Antenna is an integral part of every wireless
communication system. These days compact and wideband antennas are highly preferred. In 2002, the
Federal Communications Commission (FCC) granted permission for ultra-wideband (UWB) uses in
the 3.1–10.6 GHz spectrum [1]. It is important to note that UWB technology is very popular because
of power-efficient wireless communication system. Moreover, for short-range communication UWB
antennas are of great significance [2]. Low cost, high data rate, minimal power consumption, low
complexity, are all advantages of the UWB system [3–5]. With the large scale commercialization
of 5G infrastructure, efficient and highly compact wireless devices are required. For such wireless
devices, compact UWB antennas that can cover the required frequency band with a good overall
performance are highly demanded. Since long time UWB antennas are under consideration. Multiple
antennas designs for UWB application have been reported in [6–15]. These published works highlight
different aspects of the UWB antennas which include gain and efficiency enhancement, improvement
in impedance matching and miniaturization. In [6] a heart shape, monopole antenna is presented with
a band notch characteristic. The antenna operates over a bandwidth from 3 to 11 GHz. This design
has an overall size of 50 × 50 mm2. This much size is relatively larger for the UWB applications, thus
it minimizes the design significance. Similarly, in [7] an elliptical slot form rings monopole antenna
with a bandwidth of 8 GHz is presented. The size of the design is 28 × 28 mm2. Although the
design is compact, however the excitation by a separate circular disc makes it bulky and difficult
to house in RF (Radio Frequency) systems. A bio-inspired leaf shape antenna with dimensions of
314 × 121 mm2 is presented in [8]. The design is used for partial discharge monitoring in high-
voltage insulation systems. The proposed UWB antenna has impedance bandwidth from 3 to 8 GHz.
Additionally the design has truncated ground plane which helps in enhancing the operating bandwidth.
A Vivaldi M- shaped antenna array is presented in [9]. The design has a high gain of 16 dBi. The design
has an operating bandwidth of 5.6 GHz which is from 3.3 to 8 GHz. Although the design has a very
good gain but it does not cover the complete UWB band. Moreover, the overall size of the design is
too large which also reduces its usefulness. A compact UWB fractal antenna with stub loaded defected
ground is presented in [10]. The design in this work has a very wide operating band and excellent
performance. The design has an overall dimension of 30 × 24 × 1.6 mm3 and 17.53 GHz operating
bandwidth. The gain of the proposed design is 6.48 dBi, however addition of multiple techniques to
achieve the desired results make the design complex. The work in [16] describes two printed wide-slot
antennas with E-shaped patches and slots. The design is fed via a coplanar waveguide (CPW) feedline
and a microstrip line for broadband applications. The antenna has a large size of 85 × 85 mm2 (0.216λ

× 0.216λ).This design has an operating bandwidth from 2.85 to 15.12 GHz. A microstrip printed
monopole UWB antenna is proposed in [17]. The antenna is large, with the physical dimensions of
70 × 70 mm2 and an electrical length of (0.233λ × 0.233λ).This antenna’s bandwidth ranges from
1.73 to 9.36 GHz. The work in [18] proposes a monopole ultra wideband (UWB) antennas with half-
wavelength symmetric circular slots etched on the radiating patch that operate in the UWB spectrum
and have an electrical length of 0.408λ × 0.350λ.This antenna has a bandwidth from 3.5 to 12.5 GHz.
The research in [19] demonstrates a spiral-shaped CPW-fed wideband (WB) slot antenna. The antenna
is both complicated and large in size. The suggested antenna’s overall dimensions are 37 × 33 mm, with
an electrical length of 0.291λ × 0.259λ × 0.012λ mm, however the dimensions as well as the electrical
length are both relatively larger.

Several studies have been conducted on miniaturizing the size of UWB antenna. A miniaturized
antenna for medical implantable application is discussed in [11]. The antenna’s dimensions are as small
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as 9.2 × 11 mm2 and the bandwidth is approximately 1 GHz. Similarly, in [12] a slot monopole antenna
with a resonating V shaped patch covers the UWB range. There is gain variations from 0.2 to 3.5 dBi.
In [13] with size of 29 × 20 mm2, an open slot antenna with UWB response is presented. The design
covers the operating band from 3.1–10.8 GHz with the value of gain between 4 to 5 dBi. In [14] another
UWB antenna with an overall size of 34 × 33 mm2 is discussed. The recorded gain of the proposed
design is 4.35 dBi. However, the measured gain for the whole operating band is inconsistent. Another
z-shaped UWB antenna with a total area of 38 × 35 mm2 and a gain of 1.6–6.4 dBi is discussed in [15].
However, there the design has low impedance matching which minimizes its significance for real time
applications.

From the above discussion, it is clear that a compact UWB antennas with good performance is
highly preferred for multiple real time applications. Therefore, the design of simple, compact, and high
performance UWB antennas needs thorough investigation. A printed simple UWB rhombus-shaped
antenna is discussed in detail in this work. This antenna is designed on an FR4 substrate which low
cost and easily available. The proposed antenna is very compact with the dimensions of 14 × 18 × 1.6
mm3. The antenna operates between 3.5 and 11 GHz, which cover UWB band. Moreover, the design
has an acceptable values of gain and efficiency. The far field radiation pattern of the proposed design
is stable at all the resonance frequencies.

2 Antenna Design

The proposed design front and bottom views are given in Figs. 1a and 1b respectively. The detailed
dimensions of the proposed design are given in Tab.1. The antenna is etched on a 1.6 mm thick FR4
substrate, with a loss tangent of 0.0009 and a dielectric constant of 4.3. The microstrip consists of
copper with an electric conductivity of 5.8 × 107 S/m. The proposed antenna has an overall size of
14 × 18 × 1.6 mm3. As shown in Fig.1, the radiating element is designed on the upper surface of the
FR4. The design on the bottom side has a truncated ground plane with a rectangular notch.

Figure 1: Proposed UWB antenna (a) Front View (b) Bottom View

The proposed design is simulated by using CST (Computer Simulation Technology) 2019 version.
The proposed simple and compact design is finalized in three basic steps. First, a planar tetrahedron
shaped radiating element is excited with a simple microstrip feedline on the upper side of the substrate.
In the second step, the ground plane is truncated and a rectangular notch is introduced to it. In the
third step, two stubs with two rectangular elements are attached with the tetrahedron shape to achieve
the final design. Every design step brings certain improvement to the simulated results. Truncation
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of the ground plane with a rectangular notch enhances the operating bandwidth. At this stage, the
targeted results do not satisfy the minimum requirement of the UWB design. To achieve the desired
results, two stubs with two rectangular elements are added to the tetrahedron shaped radiator. The
stubs change the current distribution on the radiator and this helps to widen the operating band with
relatively good impedance matching.

Table 1: Antenna design parameters (mm)

A 14 G 0.5

B 18 H 14
C 5.5 J 9.25
D 5 X 3.1
E 3.5 Y 11
F 6 GS 4.5

Fig. 2 shows the design steps of the proposed antenna. The initial tetrahedron shaped antenna with
truncated ground plane resonates at 8.6 GHz with a relatively narrow bandwidth and better impedance
matching. With the introduction of the rectangular notch on the upper side of the truncated ground,
the operating band is enhanced. However, it still needs improvement in the impedance matching. To
improve impedance matching two stubs are introduced with tetrahedron shaped patch. This improve
the impedance matching and at this stage, the design covers the whole UWB band.

Figure 2: Stepwise design of the antenna and their corresponding reflection coefficient

3 Parametric Study of the proposed Antenna

In order to get the final design, the parametric study is performed on multiple parameters. This
helps to observe the behavior of the different parameters and its impact on the simulated results. For
this, the impact of the ground plane notch, length of the feedline and thickness of the attached stubs
are analysed.
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The first parameter for the parametric analysis is the ground plane notch. During the simulation, it
is observed that the variation in the length of the ground plane has a minimum impact on the reflection
coefficient. Therefore the parametric study on this parameter is not performed. It is also witnessed that
the width of the ground plane notch changes the reflection coefficient. Fig. 3 shows that any increase
or decrease in the ground plane notch will change the reflection coefficient. The width of the ground
plane notch varies from 2 to 5 mm with the step size of 0.5 mm. From the simulated result of the
parametric study of this parameter, it is found that with the increase in the width of the ground plane
notch the impedance matching is reduced but the operating bandwidth is increased. With the value of
4.5 mm width for the ground plane notch, the target UWB band is achieved with an acceptable value
of impedance matching.

Figure 3: Parametric analysis of the ground plane slot impact on the reflection coefficient

Feedline length is another important parameter, which affects the reflection coefficient and
impedance matching. As the width of the feedline is a predetermined fixed calculated value which
depends on the dielectric constant of the substrate. Thus, the parametric study is performed on the
length of the feed line. From the parametric study it is clear that, increasing the length of the feedline
enhances the operating band width. As shown in Fig. 4, the length of the feed line is varied between 9.5
and 12 mm. The required UWB band with an acceptable value of the impedance matching is achieved
at the length of 11.5 mm.

The last parametric study is performed on the attached rectangular elements with the stub
thickness. The impact is understandable from the simulated values of the reflection coefficients as
shown in Fig. 5. The stub thickness changes the current distribution on the stub as well as on the
tetrahedron patch. As a result, there is a change in the simulated reflection coefficient and impedance
matching. With the narrow thickness, the impedance matching has a good value but the UWB band
is not achieved at this stage. At the 3.5 mm thickness, the design has UWB band with an acceptable
value of the impedance matching.
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Figure 4: Parametric study of the impact of feedline length on the reflection coefficient

Figure 5: Parametric analysis on the impact of attached rectangular elements thickness on the
reflection coefficients

4 Surface Current Distribution and Group Delay

The surface current distribution, Group Delay and E-field distribution are discussed in detail
in this section. Figs. 6a–6c shows the current distribution at 4.5, 5.5 and 10 GHz respectively. For
4.5 GHz the current is concentrated on the feedline and lower half of the Rhombus patch. For 5.5
GHz the maximum current activity in addition to feedline and lower half of the Rhombus is also
witnessed on the ground plane. For 10 GHz the maximum current activity is noticed on the feedline,
Rhombus patch and around the notch of the ground plane. Thus there is an increase in the current
activity with the increase in the frequency.
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Figure 6: Current distribution at (a) 4 GHz, (b) 5.5 GHz and (c) 10 GHz

Fig. 7 shows the equivalent circuit model of the proposed UWB antenna. The upper patch,
substrate and truncated ground plane with a rectangular notch are modelled as parallel resonance
circuit. The equation used to determine these circuit elements are given below [16,20].

C = ωc
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In the above equations the C, L, R are the capacitance, inductance and resistance of the equivalent
modelled circuit. ωc is the lower cutoff frequency of the proposed design while ω0 is angular resonance
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frequency. S11 is the reflection coefficient and Z is the input impedance of the proposed design. The
value of the RLC calculated for the three resonance frequencies are given in the Fig. 7.

Figure 7: The equivalent circuit model of the proposed UWB antenna

The modes generated in the design at the three different resonance frequencies are given in the
Fig. 8. For the three resonance frequencies, the design has three tank circuits. The proposed design
is positioned in XY plane. As the design has a simple microstrip line feeding, thus transverse electric
(TE) will be the dominant mode on the patch surface. Fig. 9 shows the dominant mode generated at the
three different resonance frequencies is TE110. At 4.5 GHz, the E-fields have high concentration on
the both stubs uniformly. At 5.5 GHz the E-field are concentrated on the lower edges of the stubs. At
10 GHz, the E-fields are distributed on the upper half of the stubs. Thus at the resonance frequencies,
the E-field distribution changes which causes the generation of multiple resonance frequencies.

The group delay is an important parameter of the time domain analysis of the UWB antennas. It
gives details of the delay in the signal while travelling from receiver to the transmitter [16]. In order
to determine the group delay, the proposed design is positioned in two possible arrangements. Front
to front and side by side are the two orientations. The distance between the two ends for both the
arrangement is 35 mm. Fig. 9, shows that proposed design has a very small group delay for both the
orientations which is considered a good value as compared to the published literature.

5 Discussion on Final Results

In this section, the simulated and measured results of the proposed design are discussed in detail.
These include simulated and measure reflection coefficients, simulated and measured radiation pat-
terns, 3D radiation pattern, simulated and measured gain and efficiency. Fig. 10, shows the simulated
and measured reflection coefficients. From the Fig. 10, it is clear that in terms of the UWB coverage
the simulated and measured values of the proposed design are in close agreement. However, due to
fabrication errors, surrounding noise and power reflection from the port, the measured reflection
coefficient has low impedance matching. In fact, a slight increase in the measured operating bandwidth
at higher frequencies is noticed.
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Figure 8: The E-field distribution on the patch at 4 GHz, 5.5 GHz and 10 GHz respectively
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Figure 9: Group Delay of the design for fact to face and side by side arrangements
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Figure 10: Simulated and measured reflection coefficients of the proposed design

Fig. 11 shows the detail of the simulated and measured efficiency and gain of the proposed design.
The simulated peak efficiency of the proposed design is 66% while the measured peak efficiency of
the proposed design is 68%. This slight increase is due to imperfect measurement environment and
surrounding noise. Moreover, the simulated and measured efficiencies meet the requirements of the
wireless applications. Fig. 11 also gives detail of the simulated and measured gain. The peak simulated
and measure gain is 1.5 dBi. Due to the surrounding noise, there is a slight deviation in the measured
values.

Fig. 12 shows the far-field radiation pattern of the proposed design while Fig. 13 shows the 3D
radiation pattern. The far-field radiation pattern is presented in terms of E-field and H-field. The
E-field at 4 GHz has a broadside pattern. The simulated and measured E-field pattern are in close
agreement in terms of beam width and main beam direction. The measured E-field pattern has a
slightly decrease gain. Similarly, the H-field simulated and measured pattern are also in the same
pattern with a minor degradation in terms of gain. The simulated and measured radiation pattern
for 5.5 and 10 GHz are also in close agreement for the beam width and main lob direction. However,
there is loss of 1 dBi for the measured radiation pattern.

In Tab. 2, a comparison of the proposed antenna is made with some latest published works.
Comparison is based on the achieved impedance bandwidth, antenna size gain and efficiencies. From
the comparison table it is evident that the proposed design is very compact and has reasonable
performance for UWB applications.
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Figure 11: Simulated and measured efficiency and gain of the proposed antenna

Figure 12: Radiation pattern in term of E-field and H-field at (a) 4 GHz, (b) 5.5 GHz and (d) 10 GHz
respectively
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Figure 13: 3D Radiation pattern at (a) 4 GHz, (b) 5.5 GHz and (c) 10 GHz respectively

Table 2: Comparison of the proposed work with some recently published works

References Bandwidth Antenna size (L × W) Gain (dBi) Efficiency (%)

[8] 3.4–8.0 312 × 121 3.99 79
[10] 3.2–10.6 168 × 78 4.1 N/A
[11] 3.5–10.6 26 × 25 2.5 90
[12] 3.1–10.6 28 × 26 3.83 76
[13] 3.1–10.8 29 × 20 4 N/A
[14] 1.4–11.3 34 × 33 4.35
[15] 2.3–22 38 × 35 1.6 93

(Continued)
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Table 2: Continued
References Bandwidth Antenna size (L × W) Gain (dBi) Efficiency (%)

[16] 2.85–15.12 85 × 85 Not discussed Not discussed
[17] 1.73 to 9.36 70 × 70 Not discussed Not discussed
[18] 3.5–12.5 35 ×30 Not discussed Not discussed
[19] 2.36–8.53 37 × 33 Not discussed Not discussed
Proposed 3.5–11.5 14 × 18 Not discussed 68

6 Conclusion

A compact rhombus shaped UWB antenna with truncated ground plane has been discussed in
this work. For the wider impedance bandwidth, the proposed design has truncated ground plane with
a rectangular notch in the ground plane. To enhance the impedance matching two stubs with two
rectangular elements have been added to the tetrahedron shaped patch. The proposed design has an
impedance band width of 8 GHz which start from 3.5 GHz till 11.5 GHz. The design has achieved a
peak efficiency and gain of 68% and 1.5 dBi respectively. The design has a miniaturized size as compare
to the published work. All these characteristics signify the proposed design suitability for the UWB
applications.
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