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Abstract — A novel design of ultra-wideband CPW-fed compact
monopole patch antenna is presented in the article. The size of
the antenna is 22 x 18 x 1.6 mm and it operates well over an
ultra-wideband frequency range 4.86-13.66 GHz (simulated) and
4.93-13.54 GHz (measured) covering C, X and partial Ku band
applications. The proposed design consists of a defected ground
plane and U-shape radiating patch along with two square shape
parasitic patches in order to achieve the ultra-wideband (UWB)
operations. The performance matrix is validated through
measured results that indicate the wide impedance bandwidth
(93.2 %) with maximum gain of 4 dBi with nearly 95 % of
maximum radiation efficiency; moreover, the 3D gain pattern
manifests approximately omni-directional pattern of the
proposed design. The prototype has been modelled using HFSS
(High Frequency Structure Simulator-18) by ANSYS, fabricated
and tested using vector network analyser E5071C.

Keywords — Anechoic chambers; Antenna measurements;
Antenna radiation patterns; Gain; Group delay; Ultra-Wideband
antennas.

[. INTRODUCTION

Advancement in printing technology has led to the
resurgence in the research field of planar antenna. Printing
technology is developing at a rapid pace with improved
antenna performance for different areas of applications. Micro
strip antenna is widely preferred for RF energy harvesting [1],
[2], system, medical applications [3], wireless communication
[4], radio-frequency identification (RFID) [5] and smart
devices [6]. Researchers are working to reduce the overall
antenna size and to accommodate the multiple applications
into a single unit to avoid the use of multiple devices. Ultra-
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wideband (UWB) antenna offers specific advantages in terms
of signal robustness, high data rate, signal distortion and ease
of fabrication [7]. Many efforts are underway to search for
new antenna structures in order to meet the challenging needs
of smart devices, which are compatible with modern wireless
communications. In particular, wideband, multiband and ultra-
wideband antennas are generally preferred in MMICs and
small devices [8].

In general, UWB antenna is useful to transmit a very narrow
pulse in nanosecond at a high data rate and low energy
consumption [8]. The UWB technology is defined by the
Federal Communications Commission (FCC) report for
transmitting information over electromagnetic spectrum with
large bandwidth (>500 MHz) or pp20 % of the arithmetic
centre frequency [9]. In the development of antenna
technology, some authors have reported a new design of UWB
antenna for different applications; some of them are a dual
band shared aperture antenna for RFID reader [10], a CPW-
fed flexible UWB antenna for Internet of Things (IOT)
applications [11], a compact design of UWB antenna for
WLAN/WIMAX and satellite applications [12], a multi-slot
loaded micro strip antenna for ultra-wideband applications
[13], a compact umbrella shaped UWB antenna for ground-
coupling GPR applications [14].

In the present research, a compact (22 x 18) mm CPW-fed
monopole antenna for C/X/Ku band applications is
propounded. Asymmetrical hexagonal slot loaded defected
ground structure has been used in the present research wherein
slots and notches of different sizes have been loaded on
radiating patch to make this design unique. The proposed
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UWB antenna structure comprises CPW-fed U-shape radiating
patch with two parasitically coupled square patches and
asymmetrical hexagonal shape slot loaded defected ground
structure. Performance of the proposed antenna is analysed in
terms of surface current distribution, return loss, radiation
pattern, gain and radiation efficiency. Antenna geometry,
analysis and results are discussed in foregoing sections.

II. ANTENNA DESIGN AND CONFIGURATION

The proposed CPW-fed antenna geometries for ultra-
wideband operation are shown in Fig. 1(a) and (b). In the
present research, an asymmetrical hexagonal structure is
etched out from the ground plane (bottom plane) and U-shape
geometry has been incorporated on the radiating patch (top
plane) to operate antenna in C/X/Ku bands. Two parasitic
elements each of (4 x 4) mm have been used to make this
antenna suitable for ultra-wideband applications. Antenna is
fabricated on FR-4 epoxy substrate (22 % 18) mm and
simulated results have been validated with experimental
results. Front and back view of fabricated photographs of the
proposed antenna are presented in Fig. 1(c) and (d),
respectively.

The complete design of the proposed antenna is finalised
after the analysis of microwave theory and the execution of
several steps (cf., Fig. 2(a)) to meet our expectations.
Simulated return loss versus frequency analysis is presented in
Fig. 2(b) for antenna designs 1-4. The analysis has been
performed to optimise the antenna configuration; Antenna 4
has been chosen as the proposed antenna.
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Fig. 1. Geometry of the proposed antenna (dimensions are in mm): a) Front
view geometry of the proposed antenna; b) Side view geometry of the
proposed antenna; c) Front view photograph of the proposed antenna; d) Back
view photograph of proposed antenna.

Through the perusal of Fig. 2(b), it is clearly observed that
the return loss of Antenna 1 is not enough (> —10dB) for any
practical use, whereas a dual band behaviour is observed for
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Fig. 2. a) Flow chart of antenna design; b) Stepwise structure growth to
analyse the proposed antenna.

Antenna 1 has been designed without defected ground plane
and parasitic elements, whereas Antenna 2 has been designed
with the defected ground plane in the absence of parasitic
elements. In Antenna 3, only one parasitic element on the left
side of the feed produces a dual band with a return loss of
—47 dB, but it still fails to produce ultra-wideband. To obtain
the best return loss and radiation along radiating patch,
identical parasitic elements are gap coupled with both the
edges of feed. In Antenna 4, symmetrical parasitic elements
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introduce the same phase delay and the overall pattern of the
proposed antenna superimposes the individual patterns and
tends to remain symmetrical. We observe an ultra-wideband
behaviour (4.86—13.66 GHz) in Antenna 4 and the best return
loss (< —10 dB) over operating frequencies.

III. EFFECTS OF DEFECTED GROUND STRUCTURE (DGS) ON
ANTENNA PERFORMANCE

Slots, shapes and defects on the ground plane of antenna are
referred to as defected ground structure (DGS). DGS is one of
the emerging techniques to improve the antenna parameters
like narrow bandwidth. The defect on the ground plane leads
to the change in current path of ground plane; this may alter
the lumped element value (R, L and C) of equivalent circuit
model of micro strip patch antenna. The defected ground
structure gives rise to inductance value (L) but reduces the
capacitance value (C) at the same time. Reduction in the

capacitance value increases the bandwidth (f — £)(f + f) of

micro strip patch antenna as represented in Equation (3).
Significant change in impedance bandwidth is observed with
large change in L and C of DGS lumped equivalent circuit
model and current distributions along a radiation patch.
Therefore, DGS technique is the most useful technique for
bandwidth enhancement of micro strip patch antenna and for
microwave devices.

Equivalent circuit RLC model and elemental values of
defected ground structure are reported as in [15].

Re——= = 7 (1)
|S”Z—|:ZZC[2TCf —MJ:| -1
1
- 2
¢ (2nf)2C @
f

¢ Azn(f*-£) ®
where

f— resonance frequency;

fc — cut-off frequency;

R — resistance;

L — inductance;

C — capacitance.

In the paper, Antenna 1 and Antenna 2 are realised with and
without defected ground structure and the simulated results of
return loss are presented in Fig. 2(b). Antenna 2 provides a
better return loss level (—17 dB) as compared to the return loss
in Antenna 1 with level of (—3.9 dB).

A very large bandwidth (9.4 GHz with 1.42 GHz notch
band) is observed for Antenna 2, whereas —10 dB bandwidth
is absent for the case of Antenna 1, which suggests that
Antenna 1 is not useful for any practical application. The
defected ground structure directly affects the antenna
performance like return loss [Sii| and bandwidth, which is in
consonance with DGS facts (cf- Egs. (1)—(3)).

The suppressed E-plane & H-plane cross-polarization level
of the proposed antenna at resonating frequency of 5.7 GHz,
8.2 GHz and 11.2 GHz is observed in Fig. 7 (a—f). The role of
DGS is not limited but also finds some other applications in
the field of micro strip antennas like multiband behaviour,
bandwidth enhancement, gain enhancement, mutual coupling
suppression, harmonics suppression in higher mode, cross-
polarization level suppression and notched band creation.

IV. RESULTS AND DISCUSSION

The performance of the proposed antenna is analysed in
terms of surface current distribution, return loss, input
impedance, antenna gain, radiation efficiency and radiation
pattern. Antenna testing is performed in microwave lab (vector
network analyser ES5071C and anechoic chamber) and
simulated results have been validated with experimental
results.

Distributed surface current density for the proposed antenna
at 5.7 GHz, 8.2 GHz and 11.2 GHz resonating frequencies,
respectively, is shown in Fig. 3(a), (b) and (c). It has been
observed that at 5.7 GHz and 8.2 GHz resonance frequency
only U-shaped radiating patch is radiating maximum energy
and 88.5 A/m (cf., Fig. 3(a)) & 94.7 A/m (cf., Fig. 3(b)) peak
current density, respectively, is observed. At 11.2 GHz
resonance frequency, the parasitic elements are energised by
the driven patch and maximum current density (76.6 A/m) is
flowing along the vertical axis. A better return loss response
(—=16.5 dB) and high surface current strength (94.7 A/m) at
8.2 GHz is observed in Fig. 4(b) and Fig. 3(b), respectively.
Return loss response in Fig. 4(b) is in conformity with results
observed in Fig. 3(b).
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Fig. 3. Surface current density distributions of the proposed antenna at
resonating frequencies a) 5.7 GHz; b) 8.2 GHz; ¢) 11.2 GHz.
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The experimental return loss result photograph and the
simulated and measured return loss graph are presented in
Fig. 4(a) & (b), respectively. From the perusal of Fig. 4(a) &
(b) the simulated frequency band 4.86—13.60 GHz with 94.6 %
impedance bandwidth and measured frequency band 4.93—
13.54 GHz with 93.2 % impedance bandwidth are observed.
The presented results make the antenna suitable for three
different bands, namely, C, X and Ku bands.
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Fig. 4. a) Photograph of experimental result of return loss; b) Simulated and
measured return loss of the proposed antenna.

Radiation efficiency is a measure of the power radiated
through the antenna as an electromagnetic wave, when the
power is fed to the antenna terminals. If an antenna could be
made as a totally ideal electrical component, it would
transform all of the power fed to its terminals to a radiating
electromagnetic energy that propagates into the surrounding
space. This is a theoretical concept, whereas in real life some
of the power fed to the antenna terminals is always lost due to
the mismatch between the antenna element and the feeding
network, which results in power losses, cable loss, material
losses and so on. All together these losses lead to an error
between the simulated and the measured results of antenna
parameters.

The antenna efficiency is measured in an anechoic chamber
by feeding some power to the antenna feed pads and
measuring the strength of the radiated electromagnetic field in
the surrounding space.

Figure 5(a) & (b) depicts the simulated and measured gain
and radiation efficiency of the proposed antenna. Inset of Fig.
5(a) presents a photograph of antenna measurement in an
anechoic chamber. Simulated and measured antenna gains are
presented in Fig. 5(a) and a maximum of 4 dBi gain is
observed at 12 GHz. Figure 5(b) illustrates the simulated and
measured radiation efficiencies that are varying from 77 % to
93 % and from 77 % to 95 %, respectively, in the entire
frequency range 4.8 to 13.6 GHz.
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Fig. 5. a) Antenna gain versus frequency plot of the proposed antenna;
b) Simulated and measured radiation efficiency plot of the proposed antenna.
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Fig. 6. Simulated 3D gain of the proposed antenna at a) 5.7 GHz, b) 8.2 GHz,
¢) 11.2 GHz.

Figure 6(a), (b) & (c) represents the simulated 3D gain
variation with respect to different theta and phi value at three
resonating frequencies of 5.7 GHz, 8.2 GHz and 11.2 GHz,
respectively.

Due to losses in measuring instruments, fabrication process,
dielectric materials, connecting probes and directional
mismatch, a marginal variation between simulated and
measured results is observed in Figs. 4(b), 5(a) & 5(b). A
maximum percentage difference of 22.7 % (measured and
simulated return loss of —10.51 dB and —13.6 dB is observed
respectively, at 9.3 GHz frequency) is between experimental
and simulated return loss; 3.5 % difference (300 MHz
frequency shift) is between measured and simulated resonant

frequency. In Fig. 6(a), 45 % difference is observed between
measured (2.93 dBi gain at 8.4 GHz) and simulated (3.38 dBi
gain at 8.4 GHz) gain and in Fig. 5(b), 1.84 % difference is
observed between measured (94.84 % at 6.8 GHz) and
simulated (93 % at 6.8 GHz) radiation efficiency. Percentage
difference between simulated and experimental results is well
within the permissible limits of error.

The simulated and measured radiation patterns (co-
polarization and cross-polarization) in the (E-plane) and (H-
plane) of the proposed antenna for three resonating
frequencies are observed in Fig. 7 (a—f). A sufficient
difference is observed between co-polarization level and
cross-polarization level (in dB) in both E-plane and H-plane.
The radiation patterns in E-plane & H-plane for 5.7 GHz,
82 GHz and 11.2 GHz show omni-directional and good
broadside radiation pattern behaviour with desirable low
cross-polarization levels.

Maximum surface current distribution of 94.7 A/m is
observed in the proposed antenna at 8.2 GHz (c¢f. Fig. 3(b))
and it is confirmed by the observation of simulated and
measured radiation pattern curve for antenna at the same
resonating frequency (cf. Fig. 7(c, d)). The result observed in
Fig. 7(c, d) is in conformity with the current distributions on
the radiating patch in Fig. 3(b). Mapping between Fig. 7(c) &
7(d) and Fig. 3(b) of the proposed antenna demonstrates that if
surface current strength is high then antenna will radiate more
power at the same resonating frequency.
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Fig. 7. Simulated and measured E-plane and H-plane co & cross-polarization
level at a) 5.7 GHz-E-plane; b) 5.7 GHz-H-plane; ¢) 8.2 GHz-E-plane; d)
8.2 GHz-H-plane; e) 11.2 GHz-E-plane; f) 11.2 GHz-H-plane.

V. CONCLUSION

The proposed antenna exhibits ultra-wideband behaviour
between 4.86 GHz and 13.60 GHz frequency with the
improved antenna performance. A comparative analysis is
performed and shown in Table I for validation of the proposed
antenna in modern applications for C/X/Ku band applications.

TABLE I

COMPARATIVE STUDY OF THE PROPOSED ANTENNA WITH REPORTED
ANTENNAS FOR C/X/KU BAND APPLICATIONS

Refs. Antenna size, mm’ Frequency range = Peak gain,
(Substrate) /Bandwidth, dBi
GHz
[16] 30 x 28 =840 (3-11)/8 4.67
(FR4 Epoxy, & =4.6)
[17] 24 x 25 =600 (3.19-11.24)/8.05 | 2.6
(FR4 Epoxy, & = 4.6)
[18] 25 x25=625 (3.00-12.00)/9 5
(RT/Duroid 5880,
g =2.2)
[19] 48 x 50 = 2400 (1.55-8.55)/7 4
(Glass, PTFE, & =2.5)
[20] 3.14 x 20%= 1256.64 (4.34-12.75)/8.41 | 3.2
(Glass, PTFE, & =2.4)
Proposed | 22 x 18 =396 (4.86-13.66)/8.8 4

(FR4 Epoxy, & =4.4)

The comparative study is carried out in terms of the size of
antenna structure, substrate material, impedance bandwidth
and peak gain of the antenna. From perusal of Table I, it is
observed that the patch area (396 mm?) of the proposed
antenna is smaller than the antennas reported in [16]-[20] by a
factor of 2.12, 1.51, 1.57, 6.06 and 3.17, respectively. Hence,
the compact size antenna can easily be imbedded in small
devices and MMICs for modern applications. However, the
impedance bandwidth (4.86to 13.66) /8.8 GHz of the
proposed antenna is greater than the impedance bandwidth of
the antennas reported in [16], [17], [19], [20] by 800 MHz,
750 MHz, 1800 MHz and 390 MHz, respectively, and lesser
than that of the antenna reported in [18] by 200 MHz.

From the comparative overview of the peak gain (dBi)
between the proposed antenna and reported antennas, it can be
observed that peak gain of the proposed patch antenna is
greater than that of antennas reported in [17], [20], equal to
that of the antenna in [19] and marginally smaller than that of
the antennas reported in [16], [18].

Comparative overview of the proposed design suggests that
the proposed antenna is novel in terms of compactness
(396 mm?), ultra-wide bandwidth capability (8.8 GHz) and
acceptable gain (4 dBi) and it is a suitable candidate for
C/X/Ku band applications.

In the present design, 75.25 % of (1600 mm?) of X/Ku band
antenna [21], 71.7 % of (1400 mm?) of Ku/K and antenna
[22], 90.1 % of (4000 mm?) of X band antenna [23], 85.3 % of
(2700 mm?) of X band antenna [24], and 92.6 % of
(5400 mm?) of C band [25] reduction in antenna size are fairly
achieved. The proposed antenna also has simple geometry to
realise as compared to other designs at the operating bands
(C/X/Ku).
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The proposed antenna finds the application in UWB
standards of Europe (6-8.5 GHz band with no restrictions by
Electronic Communications Committee (ECC)), Japan (7.25—
10.25 GHz unlicensed band by the Ministry of Internal Affairs
& Communications (MICs)), Korea (7.2—10.2 GHz band with
no restrictions by the Electronics and Telecommunications
Research Institute (ETRI)) and Singapore (6—9 GHz band with
no restrictions by the Infocomm Development Authority
(IDA)) [7].
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