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Abstract-In the wireless communication field UWB technology is
a rapid growing area. UWB coverage has been achieved with two
closely spaced planar-monopole elements on the top side of the
dielectric substrate with a truncated ground plane etched on the
bottom side. The miniaturization of ultra-wideband (UWB)
multiple-input-multiple-output (MIMO) antenna with triple-
notched band function is presented in the paper. There are two
similar monopole radiators in the ultra-wide band (UWB) MIMO
system. Based on half-cutting method, the system only occupies
21x27 mm2. Three inverted L-shaped slots are placed to get three
rejected bands for suppressing interference ~ WiMAX, GHz
WLAN, and GHz X-band. With a T-shaped stub extruding from
the ground plane, both impedance and bandwidth are effectively
improved. The proposed antenna covers operating frequency
band of 3.1GHz-11 GHz except three notched bands, and has low
port isolation. Moreover, good radiation patterns, stable gain and
low envelope correlation coefficient (ECC) also ensure that the
designed antenna is helpful in UWB systems

I.LINTRUDUCTION

For implementing UWB technology, there are many
problems to resolve. UWB significantly affects antenna. It
has pulled in a flood of enthusiasm for radio wire
configuration by giving new difficulties and chances to
reception apparatus architects as UWB frameworks require a
receiving wire with a working transfer speed covering the
whole UWB (3.1GHz-10.6 GHz) and fit for accepting on
related frequencies in the meantime. Therefore, the radio
wire conduct and execution must be reliable and
unsurprising over the UWB.Some band frequencies like
WIMAX (3.3GHz to 3.7GHz), WLAN (5.15GHz to
5.825GHz) and X band (7.7GHz to 8.5GHz) are may
interferences with UWB [1]. To avoid interference band
notched UWB antenna is used. And another challenge is
multipath fading. Multipath fading has become a hotspot for
wireless communication [2]. However, the antenna to big so
half-cutting method [3-4] is used to reduce the size of an
antenna without losing its frequency strength.

Manuscript published on 30 June 2019.
* Correspondence Author (s)

Dr.C.S. Preetham Reddy, Electronic and Communication Engineering,
K.L Educational Foundation, Guntur, India.

K. Sai KrishnaElectronics and Communication Engineering, K.L
Educational Foundation, Guntur, India

K. Parvathi, Electronics and Communication Engineering, K.L
Educational Foundation, Guntur, India

M. Eswar Pavan Kumar, Electronics and Communication Engineering,
K.L Educational Foundation, Guntur, India

P.M S Sai Raja, Electronics and Communication Engineering, K.L
Educational Foundation, Guntur, India

K. Rajesh Kumar, Electronics and Communication Engineering, K.L
Educational Foundation, Guntur, India

© The Authors. Published by Blue Eyes Intelligence Engineering and
Sciences Publication (BEIESP). This is an open access article under the
CC-BY-NC-ND license http://creativecommons.org/licenses/by-nc-nd/4.0/

Retrieval Number E6910068519/19©BEIESP
Journal Website: www.ijeat.org

304 © Copyright: All rights reserved.

The performance of multiple band notched functions is
improved by inserting various structures like resonators [5],
CSRR Structures [6], and etc. A T-shaped strip was set
between two radiators to reduce shared coupling [7]. Metal
strips additionally can be connected to decrease isolation
[8]. Without decoupling components, two receiving wires
were arranged vertically in [9] and high isolation of — 20 dB
was effectively accomplished.
Neutralization lines were used in [10] to obtain isolation
more than 22 dB The simultaneous flood of remote gadgets,
with abnormal state of scaling down and high recurrence of
activity, has improved the enthusiasm for planning superior
radio wire types. Along these lines, there is a developing
interest for little and minimal effort UWB reception
apparatuses that can give tasteful execution in both time and
recurrence spaces. The pattern in ongoing remote
frameworks, including UWB based frameworks, are to
construct little, low-profile coordinated circuits in order to be
perfect with convenient remote gadgets. Additionally, the
size influences the gain and data transfer capacity. In this
manner, the measure of the reception apparatus is considered
as one of the basic issues in UWB framework structure. The
utilization of a planar structure can limit the volume of the
UWB receiving wires by supplanting three-dimensional
radiators with their planar variants. Additionally, the two-
dimensional (2D) geometry makes the manufacture less
demanding. Subsequently, the planar radio wire can be
imprinted on a PCB and along these lines can be effortlessly
coordinated into RF circuits UWB is any radio transmitter
with a range that connects over 20% of the middle
recurrence or at least 500 MHz and that meets as far as
possible allocated by the administrative bodies to limit the
danger to heritage frameworks. UWB draws additions of
wide range as far as the bit rates it can deal with. Using
Shannon’s hypothesis, we can declare the channel limit C is,

C = B.log2(1+ SNR) (1)
Where, B is the bandwidth and SNR is the signal-to-noise
ratio. Range of operation of such systems is determined by
the Friis formula.

doc VPPy(2)

‘d’ is being the distance, P: is the transmitted power and Pr
is the received power, the equations (1) and (2) suggests that
channel capacity can be increased by increasing bandwidth
instead of power. An ultra-wideband (UWB) multiple-input-
multiple-output (MIMO) antenna with triple-notched band
function is presented in the paper.

Il. Antenna design

The figure of UWB-MIMO antenna is shown in
1(a).  21x27x0.8  mm3FR4
with dielectric constant er=4.4,
power loss of 0.025.

Figure
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There are two monopole radiators in the system. Each
radiator comprises a rectangular radiating patch with a
beveled edge which is helpful for wider impedance
bandwidth. Three inverted L-shaped slots are placed in each
radiator. The three inverted L-shaped slots are labeled as
Slot 1, Slot 2, and Slot 3. These slots are inserted to mitigate
8.1 GHz X-band, 5.5 GHz WLAN and 3.5 GHz WiMAX
separately. A T-shaped stub is inserted in between the two
radiators to reduce the isolation of the two radiators and
used to broaden impedance bandwidth.

Figure 1(a) without subtractFigure 1(b) with T shaped
Patch antenna subtract patch antenna

—Slot3
*Slot 2

| » : 1
Figure 1(c) inverted L slots patch antenna

In the system, total length of each inverted L-shaped slot is
set to quarter of guided wavelength

L=xg/4 (3)
Table 1 lists calculated L and simulated values. By
comparison, the two are very close, which guarantees
the design correctness.

Tablel: Calculated and simulated values

L |fc Calculated values | Simulated
(GHz) | (mm) values
(mm)
L1| 35 11 13
L2 | 55 6.98 8
L3 | 8.1 4.5 5

is shown in Figure. 2 (a). In Figure. 2 (b), a T-shaped stub is
added to the ground.
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Figure 2(a), s11 parameters
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Figure 2(b), s11 parameters

Figure 3 shows surface current distributions at 4.5 GHz
without /with the T-shaped stub and without /with three slots
when Portl is excited. From Fig. 3(a), the more amount of
electric current is coupled to Port 2 without the stub. By
keeping the stub, as shown in Fig. 3 (b), a more part of
current is stopped from flowing to Port 2, and port isolation
has improved. The phenomenon of current tendency in Fig.
3 (c) is similar to Fig. 3 (a), and Fig. 3 (d) is similar to Fig. 3
(a). neither or nor there are slots on the patch, the T-shaped
stub can reduce coupling. Figure 2 and Fig. 3 demonstrate
that the T-shaped stub is not only used to broaden -10 dB
impedance bandwidth, but also to reduce coupling.

L3
L3

Figure 3(a), without T shaped subtract patch antenna

=l

CST Microwave Studio is connected in all reproductions.
The ideal parameters are acquired as pursues.

W=26, L=20.4, Lg=6.3, Lf=7, Wf=1.1, L1=7, L2=9,
L3=7.5, L4=14, L5=0.5, wgl=6.1, wg2=15.9, s1=0.6,
w1=0.2, h1=4.9, d1=6.4, s2=2.2, w2=0.3, h2=6, d2=7.6,
s3=6, w3=0.2, h3=7.1, d3=8.3.

Figure 2 shows evolution of the ground plane. In the starting
stage of design, only a partial ground plane is applied, which
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Figure 3(b), with T shaped subtract patch antenna
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Figure é(c), with inverted L slots patch antenna
I1l. RESULTS AND DISCUSSIONS

Effects of inverted L-shaped slots (Slot 1, Slot 2, and Slot
3)

Figure 4 shows the impact of s11 and data transmission
parameters individually. When one parameter is fluctuated,
others are fixed. The impact of various on S11 is plotted in
Fig. 4 (a). At the point when s11 develops from 7 to 7.9 mm,
the length of Slot 3 ends up bigger. The primary scored band
(signified as NB) moves marginally to one side, which can
be concluded by equation (1). As Fig. 4 (b) appears, the
second NB moves from 4.9 GHz to 5.4 GHz when the
length of Slot 2 (s11) increments from 5.6 to 7.0 mm. In Fig.
4 (c), changing from 4.0 mm to 4.8 mm, the length of Slot 1
is expanded. Focal recurrence of the third NB is diminished
from 8.5 GHz to 7.6 GHz. From Fig. 4, it likewise can be
seen that when one NB was controlled, alternate NBs keep
practically unaltered. Along these lines, every NB can be
balanced independently.
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Figure 4(a), without T shaped subtract patch antenna

s11 retum HFSSDesign &
Gaveints

— s
Sen1: Suwemp.

RE

250 —
1~

180 b B h E i h b st 01

Figure 4(b), with T shapea wsubtract patch antenna

Retrieval Number E6910068519/19©BEIESP
Journal Website: www.ijeat.org

306 © Copyright: All rights reserved.

International Journal of Engineering and Advanced Technology (IJEAT)

ISSN: 2249-8958 (Online), Volume-8 Issue-5, June 2019

s11 return HFSSDesignt 4

= Cwvenb
7 — aBisi |
40 Seupt  Sweep

00—

750 —

4000 —
P

20 a0 1 B i ) th ol 0w
Freq[GH

4250
10

Figure 4(c), with inverted L slots patch antenna

To confirm the structure technique, the receiving wire was
made and tried. The S-parameters of the proposed radio wire
were estimated with Agilent HFSS programming. The
outcomes were picked up when Port 1 was energized and
Port 2 was ended with a 50-ohm load. As appeared in
Fig.6(a), the presented receiving wire keeps up S11<-10 dB
(or VSWR<2) from 3.1 to 10.6 GHz, with the exception of
three indented groups of 3.3-3.75 GHz (WiMAX), 5.07-5.95
GHz (WLAN) and 7.6-8.6 GHz(X-band). That implies the
reception apparatus can channel adequately. A similar end
can be acquired in Fig. 5 (b). From Fig. 5 (c), the estimation
of estimated S21 is littler than - 20 dB in the whole UWB
band, which demonstrates that the radio wire can be utilized
in MIMO applications. Estimated results are in great
agreement with reenacted investigation.
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IV. CONCLUSION

In this project, a compact Ultra-Wide Band Multiple Input
Multiple Output (MIMO) antenna has been designed and
results are analyzed with triple notched band function using
HFSS software. Based on the Half-cutting method, the
entire size of the antenna is reduced to half of its size
(21x27) mm?. The three L-shaped slots which are inverted
are placed on each radiator to notch the frequency of Wi
MAX(3.5GHz), WLAN(5.5GHz) and X-band(8.1GHz).
With a T-shaped stub placed from ground, the proposed
antenna covers 3.1-11 GHz and with high port isolation of -
20 dB is achieved. In this project, we have also obtained
good radiation pattern and stable gain.

REFERENCES

1. FCC, “First report and order,” 2002. FCC: First report and order on
ultra-wideband technology, Washington, DC, USA, 2002

2. T.Kaiser, Z. Feng, and E. Dimitrov, “An overview of ultra-wideband
systems with MIMO,” Proc. IEEE, pp. 285-312, March 2009.

3. M. Sun, Y. P. Zhang, and Y. L. Lu, “Miniaturization of planar
monopole antenna for ultra-wideband radios,” IEEE Trans. Antennas
Propag., vol. 58, no. 7, pp. 2420-2425, August 2010.

4. G. P. Gao, B. Hu, and J. S. Zhang, “Design of a miniaturization
printed circular-slot UWB antenna by the half-cutting method,” IEEE
Antennas Wireless Propag. Lett., vol. 12, no. 1, pp. 567-570,
December 2013.

5. T. Li, H. Q. Zhai, G. H. Li, L. Li, and C. H. Liang, “Planar
ultrawideband antenna with multiple band notches based on folded
stepped-impedance resonator and defected split ring resonator,”
Microw. Opt. Technol. Lett., vol. 55, no. 3, pp. 600-603, March 2013

6. J.Y.Kim, N. Kim, S. Lee, and B. C. Oh, “Triple band-notched UWB
monopole antenna with two resonator structures,” Microw. Opt.
Technol. Lett., vol. 55, no. 1, pp. 4-6, January 2013

7. L. Kang, H. Li, X. H. Wang, and X. W. Shi, “Compact offset
microstrip-fed MIMO antenna for band-notched UWB applications,”
IEEE Antennas Wireless Propag. Lett., vol. 14, pp. 1754-1757,
January 2015.

8. T. C.Tang and K. H. Lin, “An ultrawideband MIMO antenna with
dual band-notched function,” IEEE Antennas Wireless Propag. Lett.,
vol. 13, pp. 1076-1079, January 2014.

9. H. Huang, Y. Liu, S. S. Zhang, and S. X. Gong, “Compact
polarization diversity ultrawideband MIMO antenna with triple band-
notched characteristics,” Microw. Opt. Technol. Lett., vol. 57, no. 4,
pp. 946-953, April 2015.

10. S. Zhang and G. F. Pedersen, “Mutual coupling reduction for UWB
MIMO antennas with a wideband neutralization line,” IEEE Antennas
Wireless Propag. Lett., vol. 15, pp. 166-169, January 2016.

AUTHORS PROFILE

Dr. C.S. Preetham has received his M. Tech
degree in Telecommunication and Networking
from SRM University, Chennai, India in 2014. He
received his Ph. D from K L deemed to be

: University, Guntur, India in the year 2018. He has
published several research papers in major SCI & Scopus indexed
journals, IEEE conference proceedings. He is a student member of
IEEE and IETE. He won best paper award in several international
conferences. Presently he is serving as an Assistant professor at K
L deemed to be University, Guntur, India. His areas of interest
include cognitive radios, cooperative communications and OFDM
systems.

This is K. Sai Krishan, I’'m Still perusing my B. tech
degree in Electronic and Communication Engineering
at Koneru LakshamaiahEducational Foundation. My

This is K. Parvathi, Still perusing my B. tech
degree in electronics and communication
engineering at Koneru Lakshamaia Educational
| Foundation. My main interests are of
| communication and network

This is M. Eswar Pavan Kumar, Born in 1997 in
Vijayawada. I’'m still perusing my B. tech degree in
Electronic and Communication Engineering at
Koneru Lakshamaiah Educational Foundation since
2015 and currently as student. My main areas of
research intrigue are on communications and networks

I’'m P.M S Sai Raja Born in year 1998. | am still studied B. tech in
electronic and communication Engineering at Koneru Lakshamaiah
Educational Foundation, Guntur, since 2015 and currently as
student.My main areas of research interest are on Electronic
devices and Networks

This is K. Rajesh Kumar, I'm Still examining my B.
tech degree in Electronic and Communication
Engineering at Koneru Lakshamaiah Educational
Foundation. My rule domains of research interest
are on communications

principle territories of research intrigue are
oncommunications and networks.
=]
:’E:
) 5
Published By: o
. Blue Eyes Intelligence Engineering
Retrieval Number E6910068519/19©BEIESP & Sciences Publication (BEIESP)
Journal Website: www.ijeat.org 307 © copyright: All rights reserved. Exploring Innovation



http://www.ijeat.org/

