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A T- and Inverted T slotted antenna is proposed with a very compact size of (3,00 x 1,72 x 0,08) mm3.
The radiator is built over FR-4 substrate. The system operates from 15 to 35 GHz attaining a very high
bandwidth of 20GHz. The impedance match is observed to be high which reflects the resonances at 18.88;
21.1; 24.7; 28.0; 30.8 and 34.1 GHz with minimum reflection as — 19.6 db to a maximum of — 48db. Antenna
parameters such as Gain above 3dbi as a minimum and to the maximum of 10dbi is observed throughout
the operating frequency. VSWR is maintained below 2 with efficiency varying within 60%. Defected Ground
Structures is implemented to obtain improved gain through the operating band. The resonance points cover
the bands suggested by the International Telecommunication Union for the implementation of the 5G spec-
trum such as n 257 and n258 bands (26.50-29.50) GHz, whereas (15-35) GHz comes under ku, k, and Q
bands. Usage of these bands improves the data rate and reduces signal distortion. Through the entire per-
formance, the antenna becomes a good candidate for 5G applications.

Keywords: Ultra Wide Band Antenna, Fifth Generation (5G), Voltage Standing Wave Ratio (VSWR), T and

Inverted T slotted antenna, Defected Ground (DG).
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1. INTRODUCTION

With advancements in wireless communications, the
requirement for multifunctional gadgets has skyrocketed.
The demand can be met using antennas that can be recon-
figured [1]. Flexible configuration is possible in several ar-
eas, including frequency, polarisation, including radiation
pattern reconfiguration. This shift is achieved by dispers-
ing currents in antennas, which alters the electromag-
netism fields generated by the antenna structure's efficient
aperture. Concerning the configurable antennas character-
istics, adaptable type antennas could be allocated to several
subdivisions, including frequency reconfigurable adapta-
ble antennas, pattern adaptable antennas, polarisation ad-
justable antennas, frequency-polarization hybrid reconfig-
urable antennas, as well as Reconfigurable frequency-pat-
tern hybrid antennas, with the use of frequency adjustable
antennas has been growing more prevalent in the litera-
ture [2]. There are various some methods to generate the
antenna reconfigurable. The inclusion of an electrical com-
ponents such as PIN diodes, RF MEMS, and varactors rep-
resents one of the main approaches. Additional techniques
comprise of photoconductive (optical) modification, physi-
cal structural modification, along with the utilisation of
materials such as liquid crystal and ferrites [3]. Utilizing
these various strategies, multiple reconfigurable antennas
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may be discovered in the literature. [4] employed pin diodes
to bridge the 5.35 as well as 5.85 GHz wireless local area
network bands. [5] authors utilised three diodes called PIN
to illuminate the WiMAX along with the Wi-Fi portions of
the radio frequency band.

In [6] authors developed a microstrip tunable antenna
containing radio frequency PIN diodes placed as switch
control for the radio frequency bands 2.4 GHz and 5.6 GHz.
It describes a circle-shaped patched micro strip input con-
figurable adaptive antenna for Wireless communication
(WLAN) via wireless networks. The authors of [6] created
a reconfigurable UWB antenna along the combination of
the RF-MEMS to enable when needed WLAN rejection.
Thus, it showed an antenna that is sensitive to its sur-
rounding environment by adding infrared sensors. [7]
demonstrated a miniaturized adaptable antenna during
wireless multi-radio communication that employed PIN di-
odes to provide reconfigurability. It demonstrated a wire-
less temperature-detecting antenna that can be reconfig-
ured. The authors of [8] described an antenna capable of
operating between 2.4 and 2.67 GHz that might flip its po-
larisation from horizontal to vertical circular polarisations
and in the reverse direction. It describes a frequency con-
figurable adaptable antenna with MIMO capability that co-
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vers LTE bands. The antenna depicted in [8] operates be-
tween 2.2 — 3.4 GHz as well as it is reconfigurable by utiliz-
ing the radio frequency (RF) MEMS switches.

2. LITERATURE REVIEW

[9] presents a radio frequency (RF) MEMS-based con-
figurable adjustable antenna was designed and analyzed
for usage in emergency security bands in the United
States. [9] demonstrated a tiny RF MEMS switching pla-
nar Inverted-F antenna with five wireless cellular radio
frequency (RF) bands of performance functioning opera-
tion. It demonstrated a reconfigurable PIFA for WCDMA
(1.82 — 2.28 GHz), USPCS (1.95 — 1.89 GHz), as well as
WLAN (5.25 — 5.835 GHz) frequency bands utilizing and
capable of switching PIN diode with a variable varactor.
The authors reported a varactor diode that depends on
the reconfigurable adaptable portable antenna with a ra-
dio frequency range of 1.8 to 2.5 GHz. [10] presents a con-
figurable adaptable and adjustable patch type antenna
with a uniformed form of E-shaped structure, whereby its
operational frequency is adjusted via incorporating
switches. Thus, the author Ali et al. created four types of
configurable electromagnetism field antenna components
for the range of 2.55 GHz and 5.68 GHz bands, which in-
clude the corner-fed triangular loop, Yagi, center-fed equi-
lateral triangular loop, along with rectangular type spiral
shaped antennas that can be reconfigured. It demon-
strated a frequency-configurable patch type antenna us-
ing the Time-Domain Finite-Difference Technique.

[11] demonstrated an antenna with an annular slot
having the diodes that contain PIN type used to change
the impedance matching as well as to adjust the anten-
na's electromagnetic emission pattern. The author
demonstrates dynamically operated frequency reconfig-
urable adaptable microstrip antennas and presents a
microstrip patch antenna with liquid crystal tunable ad-
justment that operates in the 5 GHz bands. The recon-
figurable spherical steering beam antenna using liquid
metal parasitic is demonstrated in this article. The mod-
ification in ground plane height and angular location
was utilized to control the frequency response of a con-
figurable adjustable antenna reported in [12 [13].

Similarly, the authors presented a micro strip-fed
planar antenna that covers a total of four frequency
bands: 950 MHz, 1.9 GHz, 2.5 GHz, and 3.6 GHz. In
modelling, the three available switches introduced for
flexible configuration are presumed to be in 0 and 1
states which is present. seen in [14], PIN semiconductor
diodes are high-switching characteristics that may be
set to function as a shorted circuit, an open circuit, or
any other form of coefficient of reflection amongst them.
[15]. The major and crucial aspect of this reconfigurable
antenna is the operation of active components, such as
PIN diodes. Three independent DC lines control these
switches. However, because DC lines contain multiple
electrical components, they disrupt the passage of cur-
rent, thus inductors are put in DC lines to sever it within
the radiating section of the antenna. Capacitors are
placed among the DC sources and the ground plane to
prevent DC from passing to the ground. [16] depicts a
broadband elliptical micro strip patch antenna construc-
tion with a working bandwidth of 0.46 — 5.46 THz. How-
ever, higher data rate antenna configurations having
more bandwidth are necessary to provide additional
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wireless communication services. A Super Wideband
(SWB) antenna can accommodate more than a decade of
ratio bandwidth (10:1) [17]. Several SWB antenna con-
figurations in the THz frequency domain have been de-
scribed, as illustrated in [18-19].

3. ANTENNA DESIGN
3.1 Geometry

In this paper an antenna is proposed for ultra wide
band operations. This comprises a 50Q microstrip feed
line, a defective ground that is placed below the substrate.
Normally a defected ground plane acts as an electrical
wall in an antenna that also forms as an integral part of
the feeding mechanism and radiator. This also alters the
input characteristics and output radiation pattern. But
here the main aim of the defective ground is to alter the
current distribution and also to enhance the bandwidth.
These are used to obtain omnidirectional coverage, ultra
wideband operation and ripple free radiation pattern. The
rectangular copper is mounted on the FR-4 substrate. The
dimension of the ultrawide band monopole antenna is
1.72 mm x 3 mm x 0.08 mm. The Front and Rear view of
the proposed radiator is given at Fig. 1.

3.2 Design Procedure

The proposed ultra-wide band antenna is generating
through defective ground, a Rectangular shaped patch
imprinted with T and Inverted-T shaped slots in it.
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Fig. 1 — Front and rear view of proposed radiator

For clear understanding purpose, the developing
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stages of the antenna are shown in Fig. 1. The design
can be understood by two development stages.

Evolution of Defected Ground Structure.

e Step 1: First, an antenna with microstrip feed is in-
troduced with rectangular patch and Full ground. Further
optimization where made so as to attain a good operating
band.

e Step 2: Optimizations in patch such as T and In-
verted T slots where made whose results are discussed in
parametric study. The dimensions of slots in patch are
given in Fig. 2.

e Step 3: Implementation of Full Ground that is De-
fected Ground Structure brought a very demanding change
in the reflection coefficient. On the rectangular full ground,
small rectangular slots on all corners were imprinted
whose dimensions are given in Fig. 3.

|

[

— 1 [

Fig. 2 — Evolution of patch

( l

Fig. 3 — Evolution of DG structure

4. PARAMETRIC STUDY

The proposed antenna is based on the defected ground
structure and hence the parameters that effect the operat-
ing band characteristics of the antenna such as the position
of DGS slots and T slots are parametrically analyzed.

4.1 Effect of Introducing Inverted T Slots:

Initially, when the antenna as designed it operated
at 17 GHz, further observing the reflection coefficient
and impedance matching it was decided to implement
slots over the patch, as the literature study stated im-
plantation of slots would make the radiator operate at
multiband operations. As the study stated, many slots
were implemented where inverted T-Shaped Slots on ei-
ther sides of the feed on the patch made the radiator op-
erate at multi band operations. It was observed a multi-
ple minute notches arrived disturbing the attainment of
ultra wide band operation. With Slot implantation, the
radiator operated at 15.2 GHz, 17.5 GHz, 22.5 GHz,
25.5 GHz, 32 GHz, 35 GHz, 32.5 GHz below — 10 dB
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reaching a maximum of 37.5 dB reflection. The result is
attached in Figs. 4, 5.

5 -
0]
5]

104

15

20

-25

RETURNLOSS

-30 -

-35

-40 +
- w—\\/ithout any slot

-45 o s \\ithout Inverted T- Slot

-50 4

T T T T T T

15 20 25 30 35 40
FREQUENCY[GHz]

Fig. 4 — Reflection of with and without slots
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Fig. 5 — Reflection of with and without slots

With Inverted T-Slot being Imprinted, additionally
T-shaped slot was made above the portion of Feed. For
which the radiator operated at all the slots being Intro-
duced the radiator operated at 17.5 GHz, 22 GHz,
24 GHz, 26 GHz, 30 GHz, 34 GHz, 37 GHz below
— 10 dB with maximum reflection at — 40db. Through
all the implementations of slots, the radiator remained
as multi-band antenna with good reflection. As a Final
Step, Rectangular slots over the ground were made de-
veloping it as a Defected Ground System. Which Trans-
formed the Multi band antenna as an Ultra wide band
antenna with 6 resonances at 18.88 GHz, 21.1 GHz,
24.7 GHz, 28 GHz, 30.8 GHz, 34.1 GHz. The entire
band from 15 GHz to 35 GHz operates under — 10 dB
satisfying good impedance match and reflection. The
results are depicted in Fig. 5.

5. RESULTS AND DISCUSSION

The simulation studies are performed using HFSS
EM solver, with the operating frequency from 15 GHz to
35 GHz and the analysis has been carried out on single
patch antenna. Figs. 6 to 9 shows the distribution of sur-
face current through the patch. The distribution of sur-
face current is simulated and verified at 18.88 GHz,
21.1 GHz, 24.7 GHz, 28 GHz, 30.1 GHz, 34.1 GHz which
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the specific operating points. The electrical field is main-
tained with a medium distribution throughout the an-
tenna and provides good stability, and radiates maxi-
mum energy which is received at the port. Maximum
current distribution is available at the center of the pro-
posed patch and near the feed of the proposed antenna
with high magnitude at the edges. The antenna design
is simulated for the frequency ranging from 15 GHz to
35 GHz and for the process of calculating the bandwidth,
the first step is to find out the S11 of both the antennas.

b

E FieldLv¥_per_m
. 514@s+E83
L 4195e+E83
. 3249=+B@3
. 23@3s+B@3
. 1558e+@@35
.A41Ze+E83
 HEEGe+E@AZ
. SRi@e+@@Z
. S57S4e+@@AZ
. GZ9Ge+@@Z
. ES4Ze+@@AZ
. FEE6e+@@AZ
. F9s@e+EBZ
. BYFSe+EEZ
. 9@l Fe+EEZ
.5Elze+EE1
.B511e+002

PUOR NG FNG 00 R RR R

Fig. 6 — Surface Current at 18.88 GHz
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Fig. 7 — Surface Current at 21.1 GHz
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Fig. 8 — Surface Current at 24.7 GHz

Figs. 4, 5 represents the reflection coefficient vs. fre-
quency characteristics of the single patch antenna. It is
evident from the portrayed figure that the suggested
patch antenna provides excellent performance and multi-
ple resonating frequencies. Attaining perfect resonant
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characteristics as per observation below — 10 dB level of
S11 parameter. Howevelql, very good reflection coefficient is
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Fig. 9 — Surface Current at 28 GHz

observed at minimum resonance with a minimum at-
tained value of — 19.6 dB at the resonant frequency of
28 GHz which is the nc7 band. As per Figs. 6, 7, 8, and
9 the antenna provides hexa operating points consider-
ing S11 £ — 10 dB with significant bandwidths at each
operating bands of 18.88 GHz, 21.1 GHz, 24.7 GHz,
28 GHz, 30.1 GHz and 34.1 GHz with the reflection co-
efficients of — 48 dB, — 32.9 dB, — 27.3 dB, — 19.6 dB,
— 20.1 dB and — 26 dB respectively .The best value of
reflection coefficient is recorded as — 48 dB at the fre-
quency of 18.8 GHz in the operating frequency.
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The reflection coefficient and wave ratio values are
shown in Figs. 10, 11. The minimum The acceptable VSWR
confirms that well impedance matching the designed struc-
tures and ensure low mismatch losses associated with the
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suggested designed antenna models such that these an-
tenna models can be used practically. Figs. 12 to 17 provides
the radiation pattern of antenna at operating bands of
18.88 GHz, 21.1 GHz, 24.7 GHz, 28 GHz, 30.1 GHz and
34.1 GHz. The gain is plotted with the theta ranging from 0
degrees to 180 degrees with the phi value of 0 degrees. At
188 GHz - 957 dBi, 21.1 GHz - 189 dB,
247 GHz - 1168 dBi, 28 GHz - 19.93 dB;i,
30.1 GHz - 12.08dB4i, 24.1 GHz - 10.10 dBi is observed as
gain where the maximum gain is 19.97 dBi at 28 GHz which
belongs to nc7 band. The achieved values imply that the ra-
diation pattern is best suitable for 5G communication.
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Fig. 12 — Gain at 18.8 GHz
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Fig. 14 — Gain at 24.7 GHz
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Fig. 15 — Gain at 28 GHz
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Fig. 17 — Gain at 34.166 GHz

Fig. 18 provides the details about total gain with
the primary sweep of frequency at theta and phi at
zero degrees. The gain of the antenna reaches the
maximum gain of 19.97 dB, and for most of the fre-
quency range, the gain is greater than or equal to
1.5 dB. Fig. 19 depicts the efficiency throughout the
operating band. It is observed that the efficiency is
maintained above 60% at all resonance points.
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Y pobGori mpomomyerbcsa 7T- 1 mepeBepHyTa T-IIJIMHHA aHTeHA 3 [Iy’Ke KOMIAKTHUM PO3MIpPOM
(3,00 x 1,72 x 0,08) mm3. PagiaTop mobymoBanuit Hag migkiaankoio FR-4. Cucrema mparroe Big 15 mo 35 I'T',
OTPUMYIOYH Jyske BUCOKY mpomyckHy agatHicTs 20 [T, Coocrepiraerses, 1o iMIeJaHc BUCOKUM Ta Bimoopa-
JKae pesoHaHcW Ha piBmi 18,88; 21,1; 24,7; 28,0; 30,8 ta 34,1 I'Tu 3 MiHIMAJBHUM BiIOOPAKEHHAM 5K
— 19,6 n1B mo makcumym — 48 nB. [lapamerpu anTenu, Taki sk mocuienns sunte 3DBI gk miniMywM, 1 10 Mak-
cumymy 10DBI cmocrepiraersest y Bcbomy uacrorHomy mianasoni. VSWR migrpumyerses Huskye 2, a eperrn-
BHICTB 3MiHIOeThCS B Meskax 60 %. IlederTH] HazeMHI CTPYRTYpU peasi3yoThCs IS OTPUMAHHS IIOKPAIIEHOT0
TIOCHJIEHHS Yepe3 [Jio4y giana3oH. Pe3oHaHCHI 6asIu 0XOITIIT TPYIH 3apornoHoBaHi MixxHapoJHUM Tete-
KOMYHIKAITIAHAM COI030M JJIs BIIPOBa skeHHs criektpy 5G, takux ax N 257 ta N258 rypris (26,50-29,50)
I'Tno, Tomi sik (15—-35) I'T, morpamise mixg mianasoru KU, K ta Q. Bukopucranss nux cMyT IOKpAIIye IIBU/-
KiCTb Iepejadvi JaHuX Ta 3MEHIIIye CIIOTBOPEHHS CUTHAJY Ta POOUTH AHTEHY XOPOLIUM KaHIUIATOM JJIS J10-
nmatkis 5G.

Kmiouosi ciioBa: AHTeHa yJIBTPAIIMPOKOro diamasony, I1'are moxomiunsa (5G), CIiBBIIHOIIIEHHS XBUJI CTOS-
voi manpyru (VSWR), T- ta inBeproBana T -mriymmuHa anTeHa, medexraa semis (DG).
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