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ABSTRACT: A compact ultra-wideband antenna fed by coplanar waveguide is reported in this paper. The designed antenna consists of a
trumpet-shaped planar radiation patch and a symmetrical ground patch. Two Mickey-Mouse shaped perturbative slots and two quarter-
elliptical grooves are etched on the ground to obtain better impedance matching. By prolonging the radiation patch, a very wide —10 dB
bandwidth of covering 300 MHz—18 GHz with bandwidth ratio up to 60 : 1 and omnidirectional coverage are achieved. Furthermore, the
proposed antenna is able to cover P(0.3-1G), L(1-2G), S(2-4G), C(4-8G), X(8-12G), and Ku (12-18G) bands, which is much preferred

for wideband spectrum monitoring.

1. INTRODUCTION

pectrum monitoring techniques have been intensively in-

vestigated either to ensure legal use of radio spectrum or
evaluate the working electromagnetic environment prior to or
after deployment of electronic instruments [1]. To monitor po-
tential harmful electromagnetic signals, the receiving antenna
is one of the key components. Particularly, its bandwidth is
preferred as wide as possible. Therefore, the development of
ultra-wideband (UWB) antenna is a priority in system design
for spectrum monitoring.

Conventional UWB antennas are typically designed to cover
the frequency range of 3.1 GHz-10.6 GHz [3-8], which is
pretty much dedicated by the IEEE Std 802.15.4a-2007. How-
ever, the antenna in spectrum monitoring has much more strin-
gent requirement on bandwidth [2]. For instance, in this work,
the required prototype has a very low operating frequency down
to 300 MHz, and relatively high frequency up to 18 GHz to be
realized in a single antenna. It is seen that the frequency ratio
isup to 60: 1. To develop such types of UWB antenna, there
are many designs that have been reported [9-14]. However, the
difficulties of these UWB antennas are operating above 3 GHz,
which apparently does not meet the requirement of this work.
To further push down the working frequency, a growing num-
ber of UWB antennas capable of working in the sub-3 GHz have
emerged [15-24]. Although the frequency has been commonly
expanded to 1 GHz in recent developments, which is not close
enough to 300 MHz target.

On the other hand, these antennas are not sufficiently com-
pact. For instance, an ultra-wideband low-profile antenna is
proposed in [15]. Though it has a bandwidth of 0.1 GHz—
3 GHz, the antenna size measures 310 x 310 x 0.8 mm?, which
is considerably large and unsuitable for spectrum monitoring
operation. In addition, it fails to cover the spectrum beyond
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3 GHz. Itis seen that such frequency coverage is insufficient for
current spectrum monitoring antennas. In summary, the minia-
turization of UWB antenna with very high frequency ratio re-
quires further efforts.

Technically, the aforementioned works do provide many
promising methods for compact UWB antenna design. For
example, the coplanar waveguide (CPW)-fed UWB antenna
stands out for its simplicity, ease of integration, and ability to
achieve wide bandwidth with enhanced impedance matching.
This technique has become a popular approach to optimization
of the performance of a UWB antenna [20-24]. A CPW-fed
dual band notched UWB antenna is proposed in [21]. How-
ever, spectrum monitoring antennas are required to obtain as
wide working frequency as possible to ensure comprehensive
monitoring of the available spectrum. It is generally undesir-
able to incorporate band-notch designs. In addition, the minia-
turization methods in [23] and [24] are very instructive. By
taking these techniques to one design, it is very likely to reach
a qualified antenna meeting all the specifications of this work.

In this work, a compact CPW-fed antenna with wide band-
width is designed, fabricated, and measured. By extending the
length of radiation patch and engraving slots on the ground
patch properly, the antenna achieves a —10dB bandwidth of
at least 196% (300 MHz-18 GHz) with ratio bandwidth more
than 60:1. The good radiation performances of the antenna
can be verified by experimental tests. Details of the antenna
design and measurement results are presented and analyzed in
the following section.

2. ANTENNA DESIGN AND ANALYSIS

The configuration of the proposed UWB antenna is depicted
in Fig. 1, and a single-layer structure antenna is investigated.
Both the radiator and ground are depicted using orange part lo-
cated on the top of the gray part which is a 1.6 mm thick FR4
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FIGURE 1. Specific geometric features of the antenna design.
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TABLE 1. Dimension of the proposed antenna (unit: mm).
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FIGURE 2. The configuration and simulation of Ant 1.

substrate (relative permittivity of 4.4 and loss tangent of 0.02)
with a dimension of 168 x 120 mm?. The antenna is fed using
a coplanar waveguide feeding structure.

Detailed dimensions of the proposed antennas are shown
in Table 1 and Fig. 1. The antenna consists of a prolonged
trumpet-shaped planar radiation patch and a symmetrical
ground patch. Smooth layout of the designed antenna is
essential, aiming to broaden the operating bandwidth. The
edge of the radiator patch linked with the feeding structure
and the upper corner of the ground plane are formed by two
pairs of symmetrical quarter ellipses with different sizes.
To allow the UWB antenna to work in considerably low
frequency, the length of both sides of the radiating patch are
extended by two rectangular slices with widths W3 and Wj.
Two Mickey-Mouse shaped perturbed slots and two quarter
elliptical grooves are etched on the ground symmetrically to
obtain better impedance matching in such a wide frequency
band. The optimized parameters of each part of the antenna
are listed in Table 1.

Four steps are followed to yield the required broad band-
width. The proposed antenna originated from Ant 1 is depicted
in Fig. 2(a). The radiation patch length in Ant 1 was not ex-
tended, and it consists of two quarter-elliptical slots. Fig. 2(b)
shows the operating bandwidth of the antenna in Ant 1. By
contrast, it is apparent that the low cutoff frequency of Ant 1 is
around 1.4 GHz, which does not meet the required cutoff fre-
quency in this paper. For lower cutoff frequency and better
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impedance matching, it is necessary to modify the initial con-
figuration design.

As stated previously, round corner is helpful for pushing
down the working frequency. Fig. 3(a) reveals the revised de-
sign with round corners (Ant 2). The simulation result of Ant 2
is shown in Fig. 3(b). It is seen that both Ant 1 and Ant 2 gen-
erate a resonance frequency around 1.67 GHz. But Ant 2 with
round corner causes a significant reduction on S1; curve and
pushes the low cutoff frequency from 1.4 GHz down to 1 GHz.

Figure 4 shows the configuration and simulation results of
Ant 3. By adding two stub lines to the radiation patch at each
side, the low frequency takes place at 580 MHz. This is very
encouraging since it is very close to 300 MHz.

At last, two Mickey-Mouse shaped perturbing slots are intro-
duced into the bottom of Ant 3 ground as pictured in Fig. 5(a).
The introduction of perturbing slots effectively alters the cur-
rent distribution in the ground plane and thus results in en-
hanced impedance in the low frequency range. Eventually,
through optimization of the whole structure, a working band-
width from 300 MHz to 18 GHz is achieved for the proposed
UWRB antenna, as presented in Fig. 5(b).

3. PARAMETRIC STUDY

A parametric study has been conducted to examine the effect
of each parameter. We only present the range from 300 MHz
to 7GHz, since the influence of the structural parameters is
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FIGURE 3. The configuration and simulation results of Ant 2.
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FIGURE 4. The configuration and simulation of Ant 3.
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FIGURE 5. The configuration and simulation of the proposed antenna (Ant 4).

not pronounced beyond 7 GHz. Fig. 6 demonstrates the effect
of W3 on S7;. With the increase of W3, the low cutoff fre-
quency shifts to the lower frequency band. However, when
W3 > 2mm, the effect is deteriorated. Based on this obser-
vation, the value of the width of Wj is adjusted to 2 mm.

As shown in Fig. 7, parameter m for the exponential curve
y1 = 5 X e™**1 significantly influences the lowest operating
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frequency of the antenna. As m increases, the cutoff frequency
decreases, leading to a shift towards lower frequency. However,
further increases in m cause the lowest frequency to rise again.

The influence due to L3 and Wi is analyzed in Fig. 8. The
results indicate that both the changes of L3 and W5 exert little
influence on improving impedance matching or lowering the
cutoff frequency.
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FIGURE 6. Effect of W3 on antenna performance.
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FIGURE 7. Effect of parameter m on antenna performance.
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FIGURE 8. Effect of L3 and W5 on antenna performance: (a) Ls; (b) Ws.

4. MEASUREMENT AND DISCUSSION

The fabricated antenna is shown in Fig. 9. Simulations of
the proposed antenna were conducted by HFSS. To verify the
working performance of the fabricated antenna, a vector net-
work analyzer was used to measure the S7;, while the radia-
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tion pattern was measured in a microwave anechoic chamber,
as shown in Fig. 10. Fig. 11 plots the comparison between sim-
ulated and measured reflection coefficients. The simulated and
measured results indicate that the antenna has a well-matched
—10dB impedance bandwidth from 300 MHz to higher than
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FIGURE 10. Antenna measurement. (a) S11; (b) far field test.
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FIGURE 11. Comparison of simulation and measurement results.

18 GHz, and the bandwidth ratio is greater than 60: 1. Due to
the limitation of the measurement equipment, the radiation pat-
tern was measured only within the frequency range from 2 GHz
to 12 GHz. The simulated and measured radiation patterns are
plotted in Fig. 12. It has to be mentioned that the “E-plane”
means “zz-plane”, and “H -plane” means “xy-plane”. Gain and

229

radiation efficiency are plotted in Fig. 13. It can be observed
that the peak gain is 4.9 dB through the working bandwidth,
while the radiation efficiency rises from 22% to 97%.

Comparison of the proposed antenna with other published
designs is listed in Table 2. Here, the wavelength A refers to
the low cutoff frequency of —10 dB bandwidth. By contrast, the
designed antenna has lower operating frequency than any other
design. In addition, a bandwidth of 17.7 GHz is obtained, corre-
sponding to a bandwidth ratio of 60 : 1. Furthermore, the elec-
trical size of this antenna is 0.17\gx0.12)\(, which is smaller
than that in [23] while this design provides a much larger band-
width ratio, covering the P(0.3-1G), L(1-2G), S(2-4G), C(4-
8G), X(8-12G), and Ku (12-18G) bands.

Adding two stubs alters the current distribution, leading to a
longer effective current path, which lowers the resonant fre-
quency and broadens the impedance bandwidth. The intro-
duction of Mickey-Mouse shaped perturbing slots serves dual
purposes: enhancing impedance matching and improving ra-
diation efficiency. Perturbing slots create localized electro-
magnetic field perturbations that introduce controlled induc-
tive or capacitive effects. These effects counteract unwanted
reactance, resulting in a closer alignment of input impedance
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FIGURE 12. The simulated and measured radiation patterns in E-plane and H-plane at (a)2 GHz; (b) 5 GHz; (c) 9 GHz; (d) 12 GHz.
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TABLE 2. Comparison of the proposed UWB Antenna and other designs.

Size Size S11 < —10dB . ) . .
Ref. Relative Bandwidth ~ Bandwidth ratio
(mm?) (Ao X o) GHz

[4] 60 x 60 x 0.8 0.7x0.7 3.5-9.5 92% 2.7:1
[15] 310 x 270 x 0.8 0.1x0.09 0.1-3 187% 30:1
[18] 77 x 35 x 1.6 0.37x0.17 1.44-18.8 172% 13:1
[19] 140 x 66 x 1.5 0.93x0.44 2-32 176% 16:1
[20] 100 x 80 x 1.5 0.33x0.27 1-15 175% 15:1
[23] 140 x 100 x 1 0.19x0.13 0.4-20 192% 50:1
[24] 22 x 13 x 0.8 0.21x0.12 2.82-13.25 130% 47:1

This work 168 x 120 x 1.6 0.17x0.12 0.3-18 193% 60 : 1
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FIGURE 13. Gain and radiation efficiency of Ant 4.

with the desired impedance, typically 50 ohms. Moreover, the
slots contribute to broadband operation by enabling better cou-
pling between different resonant modes, which aids in achiev-
ing a wider bandwidth. Additionally, the perturbations influ-
ence current redistribution, which can improve radiation pattern
stability and minimize sidelobe levels.

5. CONCLUSIONS

A novel UWB antenna for spectrum sensing was proposed. By
prolonging the length of the radiation patch symmetrically and
properly adjusting the width of the extended radiating patch,
the operating frequency ranging from 300 MHz to 18 GHz can
be achieved. By introducing Mickey-Mouse shaped perturbed
slots, the impedance matching is effectively improved on such
broad frequency band. This design shows omnidirectional cov-
erage and can cover P, L, S, C, X, Ku bands for wideband spec-
trum sensing application.
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