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Abstract

Project Code : MRG5980232

Project Title : Compact Dual-Wideband Planar Monopole Antenna for LTE 4G
(2.57-2.69 GHz), WLAN (2.4-2.484 GHz) and WIiMAX (5.15-5.35 GHz
and 5.25-5.85 GHz) Applications.

Investigator : Asst. Prof. Dr. Yuktitath Chawanonphithak
Rajamangala University of Technology Isan

Nakhonratchasima

E-mail Address : yuktitath@gmail.com
Project Period : 2 year
Abstract:

This project presents a dual-wideband planar monopole antenna for LTE 4G, WLAN
and WIMAX applications over the frequency band of (LTE 4G: 2.570-2.690 GHz), (WLAN: 2.400-
2.484 GHz, 5.150-5.350 GHz and 5.725-5.825 GHz) and (WiMAX: 5.250-5.850 GHz). The antenna
designed on a printed circuit board (PCB) with corresponds to a 50 Q characteristic impedance
to be connected to a 50 Q SMA connector and is of compact size. This project work deals
with etching the multi-resonant mode patch shape. In addition to its straightforward design,
the structure of the antenna is simple with patch and ground plane. Its advantages include
cost effectiveness, easy fabrication and tradeoff between antenna size and achieved gain. The
antenna characteristics results the impedance bandwidth for |S;;| more than -10 dB, radiation
patterns of the antenna is omnidirectional and gains along the bandwidth of the proposed

antenna were measured and then compared with the theoretical simulation results.

Keywords : Dual-wideband antenna , Monopole antenna, Omnidirectional patterns, LTE

4G, WiMAX, WLAN



Executive Summary

1. anuddnuazfivnvestam

The modern wireless devices are slim and smaller size with limited space to
place the antenna. With the increasing demand for different applications, antennas are
required to have dual-band or multi-band properties to accommodate various services
simultaneously. For example, a smartphone, tablet, and laptop computer are
equipped with a multiple frequencies to provide Wireless Local Area Network (WLAN),
Worldwide Interoperability for Microwave Access (WiMAX) and Long Term Evolution
(LTE) applications. Hence, the dominant trend in portable design is to integrate several
wireless systems into one single device. Nevertheless, as the number of operating
frequency bands increases, the researchers have been presented with more challenges
in antenna design to support multiple frequencies in the same antenna. Also, there is
an increased demand for small, lishtweight and compact antennas for wireless
applications to enhance mobility. The benefits of this research can reduce system
costs to wireless communications in industrial production.

The project proposes design of compact dual-wideband planar monopole
antenna for LTE 4G, WLAN and WIMAX applications applicable to various wireless
communication systems, including the LTE (4G) systems operated from 2.57 GHz to
2.69 GHz and IEEE 802.11 WLAN standards from 2.4 GHz to 2.484 GHz, 5.15 GHz to 5.35
GHz and 5.725 GHz to 5.875 GHz and the IEEE 802.16 WIMAX standard from 5.25 GHz
to 5.85 GHz, respectively. This current research work deals with etching the multi-
resonant mode patch shape. In addition to its straightforward design, the structure of
the antenna is simple with patch and ground plane. Its advantages include cost
effectiveness, easy fabrication and tradeoff between antenna size and achieved gain.
The antenna design process can be done step-by-step. The antenna characteristics
results such as the impedance bandwidth for |S;;| lower than -10 dB, radiation pattern
radiation patterns and gains along the bandwidth of the proposed antenna were
measured and then compared with the theoretical simulation results. The [Sy],
radiation patterns and gains of the simulated and measured cases are in reasonable

agreement.



2. ngusvean

2.1 To design the novel dual-wideband planar monopole antenna for LTE 4G (2.57-
2.69 GHz), WLAN (2.4-2.484 GHz) and WiMAX (5.15-5.35 GHz and 5.25-5.85 GHz)
applications.

2.2 To analyze the characteristics of the dual-wideband planar monopole antenna
for LTE 4G (2.57-2.69 GHz), WLAN (2.4-2.484 GHz) and WiMAX (5.15-5.35 GHz
and 5.25-5.85 GHz) applications.

2.3 To develop and optimize the characteristics of the dual-wideband planar
monopole antenna for LTE 4G (2.57-2.69 GHz), WLAN (2.4-2.484 GHz) and
WiMAX (5.15-5.35 GHz and 5.25-5.85 GHz) applications.

2.4 To measurement and performance the characteristics results with |S4|, gains
and radiation patterns of the antenna.

2.5 To obtain a low cost antenna for LTE 4G (2.57-2.69 GHz), WLAN (2.4-2.484 GHz)
and WIMAX (5.15-5.35 GHz and 5.25-5.85 GHz) applications.

3. 53 08U7579
Process Method period
1 Year
3.1 Literature reviews and a summary Search the database such as 1 month
of the strengths and weaknesses IEEE Electronic Library, IET, PIER

antenna used in modern wireless and Library

communication systems

3.2 The design procedure and Simulation and calculations using 4 month
parametric study of the antenna the electromagnetic fields

structure. The antenna program

characteristics results the

impedance bandwidth for

|S11], radiation patterns and gains

3.3 Fabrication of the antenna Fabrication on the printed circuit 1 month
prototype 1 with the parameters board (PCB) materials

base on the analysis in section 3.2

3.4 Measurement the characteristics Measurement by Agilent vector 1 month
results the impedance bandwidth network analyzer in a standard

for |Sy4|, radiation patterns and anechoic chamber

gains of the antenna prototype 1




Process Method period
3.5 Accuracy investigation of Simulated and measured results 1 month
measurement results compared consideration with regard to |5,
with simulation results gains and radiation patterns.
3.6 Testing the performance of the Installation the antenna prototype 1 2 month
antenna prototype 1 in a real to the device in modern wireless
environment. Including the test communication systems.
signal strength and test distance
covered area
3.7 Collecting data and writing Writing research papers some part 2 month
research papers (International journals)
2 Years
3.8 Improved antenna by optimization Simulation and calculations using 4 month
method with reduced antenna the electromagnetic fields
size program
3.9 Fabrication of the antenna Fabrication on the printed circuit 1 month
prototype 2 with the best Board (PCB) materials
parameters
3.10 Measurement the characteristics Measurement by Agilent vector 1 month
results the impedance bandwidth network analyzer and in a standard
for |Sy4|, radiation patterns and anechoic chamber
gains of the antenna prototype 2
3.11 Accuracy investigation of Simulated and measured results are 1 month
measurement results compared consideration with regard to |S;4],
with simulation results gains and radiation patterns
3.12 Testing the performance of the Installation the antenna prototype 1 2 month
antenna prototype 2 in a real to the device in modern wireless
environment. Including the test communication systems
signal strength and test distance
covered area
3.13 Collecting data and writing Writing research papers complete 3 month

research papers

(International journals)




4. WHUNITANRUIUITLAADALATINTIULAALTIY 6 LHDU

1 Year

Activities

Months

516 |7

8

10

11

12

4.1 Literature reviews

4.2 Design and analysis of the antenna parameter

prototype 1

4.3 Fabrication of the antenna prototype 1

4.4 Measurement the characteristics results for |Sy4|,
radiation patterns and gains of the antenna

prototype 1.

4.5 Accuracy investigation of measurement results

compared with simulation results.

4.6 Testing the performance of the antenna
prototype 1 in a real environment including
the test signal strength and test distance

covered area.

4.7 Collecting data and writing research papers

some part. (International journals)

2 Years

Activities

Months

5|6

7

8

10

11

12

4.8 Improvement antenna by optimization method

with reduce antenna size.

4.9 Fabrication of the antenna prototype 2 with

the best parameters.

4.10 Measurement the characteristic results for [Sy;],
radiation patterns and gains of the antenna

prototype 2.

4.11 Accuracy investigation of measurement results

compared with simulation results.

4.12 Testing the performance of the antenna
prototype 2 in a real environment.
Including the test signal strength and test

distance covered area.

4.13 Collecting data and writing research papers

complete. (International journals)
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2.45

Simulated: Co-pol , Cross-pol — — -
Measured: Co-pol ©000 , Cross-pol ----------
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(n) (v)

Simulated: Co-pol Cross-pol — — —
Measured: Co-pol 0000 , Cross-pol ----------
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Compact Split Circular Ring Shape Dual-Band
Antenna with Open Ring and Additional Strip

Yuktitath Chawanonphithak
Department of Electronics Engineering. Faculty of
Engineering and Architecture,
Rajamangala University of Technology Isan,
NakhonRatchasima 30000, Thailand
e-mail: yuktitath.ch@rmuti.ac.th

Abstract—A dual-band antenna designed at the wireless local
area network (WLAN) and worldwide interoperability for
microwave access {WiMAX) bands is presented compact split
circular ring shape dual-band antenna with open ring and
addition strip. Its size is compact by the recondition circular ring
shaped resonator connected. The antenna is fabricated onto a
printed circuit board (PCB) on FR~4 substrate and the relative
permittivity of 44, an overall size of 23 mm x 30 mm * 0.8 mm.
This antenna can easily adjusted with open ring and strip to
match impedance using 2 50 ohm transmission line with SMA

The d results show that the compacted
antenna achieves a dual-band operating bandwidth from 2.38
GHz to 2.56 GHz and 4.66 GHz to 7.29 GHz for |5 | below -10
dB and the antenna yields omnidirectional patterns. The
measured gains of the antenna from 245 and 55 GHz
frequencies are 1.55 dBi and 3.2 dBi, respectively.

Keywords—Compaat  artenna; dual-band antemna;  split
drcular ring; omnidirectional; workiwide interoperability for
microwave access (WiMAX) ; wireless local area network (WLAN)

L INTRODUCTION

The considerable enlargement for antenmas appropriate 1o
operate with dual-band. triple-band or multi-bands feature and
the requirement of compact size for single terminal antemna in
other handheld devices, such as tablet. smart phones, laptops
and other similar device. These devices are under the same
standard of frequencies bands, especially for the Wireless
Local Area Network (WLAN: 2.4-2.484 GHz, 5.15-5.35 GHz
and 5.725-5.825 GHz) and the Warldwide Interoperability for
Microwave Access (WIMAX: 2.5-2.69 GHz, 3.3-3.69 GHz,
and 525-585 GHz). Printed antennas have been essential
interest over the last several years because of their compact
size, low profile, light weight, and low cost. A lot of such
printed antennas have been reported [1-6]. The research
discusses the issues above achieve wideband. dual-band or
multibands operation.  However, they wsually have
complicated structures or narrow bandwidth, and these
operation bands camot be adjusted easily either. The
reasomable design has many challenges involve with size
reduction and the antenna can have the desired properties.

In this paper. an uncomplicated shape of compact split
circular ring shape dual-band antenna with open ring and

978-1-4673-9749-0V16/531.00 ©2016 IEEE

Chuwong Phongcharoenpanich
Faculty of Enginesring
King Mongkut’s Institute of Technology Ladkrabang
Bagkok, THAILAND
e-mail: kpchuwon@kmitl.ac.th

addition strip is proposed for dualband property. The
fabricated prototype antenna with a | S, | bandwidth covering
from 2.4 to 2.484 GHz 5.15 t0 5.325 GHz and 5.725 10 5.825
GHz bands for WLAN and 5.25 10 585 GHz for WiMAX.
The parametric study was proceeded to provide better
understanding  of the relationship between the antenna
dimensions and the | S, | bandwidth.

The organization of this research paper is as follows:
Section I presents the introduction of doal-band and multi-band
antenma. The antenna design process and the geometry
description are in Section I1. The measurements on an antenna
prototype are compared to the simulations in Section ML
Finally, section IV cancludes the paper.

IL  ANTENNA STRUCTURE

The geometrical configuration of the proposed compact
split circular ring shape dual-band antenna with open ring and
addition strip is illustrated in Fig. 1.

£

i

SMA connector
s00

Fig. I. Geometry of the proposed antenna.
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Fig.2. Step model designs of the proposed antenna.

This antenna consists of circular ring shape of inner radius
(r;) = 6.5 mm and outer radius (r;) = 8 mm The width and
length of split circular ring (W, * L;) of 1.5 mm > 16 mm. The
width of gap ring (g = rz) = 3 mm. The identical strips of the
lengths (7 = ryz) and the width (ry; = ro2) are fixed at 3 mm
and L5 mm, respectively. A ground plane with dimensions
(W % Ly of 23 mm = 14 mm. The antenna designed on epoxy
FR4 substrate with a thickness (&) of 0.8 mm and relative
pemittivity (g) of 44. The strip feed line has width and
lengths (W; x Ly of 1.5 mm > 14 mm, which compatible to a
50 Q impedance property 1o be connected to a 50 Q SMA
connector across the ground plane.

[,  SIMULATED AND MEASURED RESULTS
The development of the model design of the p
anterna is presented in Fig. 2. In this section, it will be
described about the step impedance matching would affect the
$Sil-

5-15
g
25
0 - Model 02
.14 =~  Model 03
—  Fianl Mode{
AN
1 2 3 4 5 6 ? 3
Frequeocy(GHz)

Fig. 3. Comparison of the simulated | S| of development
antennas.

A. Model 01 ( Initid circular ring shape antenna)

Let us consider Fig. 2 (a). The initial design begins
with a circular ring shape with centre-fed monopole anterma.
For designing the start resonance frequency cavity model of the
circular ring analysis is used [7] The circular ring shape
antenma is designed for TMy; mode at the resonance frequency
of 4.12 GHz is interpolated from the 2.4 GHz and 5.85 GHz
bands. Therefore, the obtained that is initialed for the inner
radius (ry) is 6.5 mm and outer radius (r;) is 8 mm with the
stap line feed Wy and Ly are 1.5 mm and 14 mm. respectively.
The simulated results is shown in Fig. 3. The Model 01 antenna
receives one resomant frequency with [Sii/< -10 dB. where the
frequency band cover is from 328 GHz o 4.69 GHz
Obviowsly, the simulated results close to theoretical
B. Model 02 (Split circular ring shape antenna)

Fig. 2 (b) illustrates the split circular ring shape antenna
(additional vertical rectangunlar shape at the center of circular
ring). The values of the width ¥, of 1.5 mm and length L, of 16
mm. From Fig 3, the Model 02 antenna provides two resonant
frequencies with [Si;/< <10 dB, where the first edge resomant
frequency of 3.43 GHz and the second edge resonant frequency
of 6.95 GHz respectively. To improve the antenna matching
impedance at the two resomant frequencies it is intended to
achieve the dual-band antenna.

C. Model 03 (Split circular ring shape antenna with open
ring )

The split circular ring shape antenna with open ring is
shown in Fig. 2 (c). The two resonant frequencies of the first
edge resomant frequency and second edge resonant frequency
change. However, the first edge resonant frequency is shifted to
lower frequency as the width of gap ring r,; and r,> increase,
thereby improving the impedance bandwidth. As seen in Fig. 3,
the Model 03 antenna provides first edge resomant frequency of
2.41 GHz and the second edge resonant frequency 0f6.25 GHz



with |S;;/< -10 dB. respectively. The first edge resonant
frequency close to the lower frequency of WLAN bands.

D. Final model (Split circular ring shape anterma with open
ring and addition strip)

As seen in Fig 2 (d), the final model design antenna. It is
simulated Sy as also illustrated in Fig 3. It is observed that
the length of strip r,; and r.z control the first edee resonant
frequency shifled to lower frequency and the second edge
resorint frequency which both shified to lower frequency and
improves enhancements bandwidth as the length increases. The
final model simulated results of impedance bandwidth with
iSi|< -10 dB. The lower band frequency ranges is from 2.38
GHz 10 2.56 GHz and the higher band frequency ranges is from
4.66 GHz 10 729 GHz, thereby covering the lower band and
higher band frequencies of WLAN bands in (24-2484 GHz),
(5.15-5.35 GHz) and (5.725-5.825 GHz) and the higher band
frequency of WiMAX bands in (5.25-5.85 GHz), respectively.
The antenna achieve the dual-band antenna,

Table 1 specified the parameters of the proposed antenna.
Fig. 4 presents the image of a4 prototype antenna on FR-4
substrate with the SMA comnector.

TABLEL PARAMETERS OF THE PROPOSED ANTENNA.
Parameter Description Value (mm)
W The width of anlenna 3
L I length of antenna 30
w, The width of split circular ring L5
Ly e length of split circular ring 16
r The inner radius circdar ring 65
rs T'he outer radius circular ring 8
o= rg The width of gapring 3
SRS The lengh of strip 3
For™ Foz The width of strip L5
W, I'he width of strip foed line 1.5
L T'he length of trip feed line "
I T'he length of ground plane i
h The thickness of sulsvate 08

To demaonstiate the performance of the proposed antenna.
The antenna measured result shows that the proposed antenna
requirements the impendence bandwidth |Sy,|< -10 dB. From
the result in Fig. 5, it can be seen that the measured Sy
compared with the simulated results. The impedance
bandwidth of the lower bands frequency and higher bands
frequency have the simulated impedance bandwidths of the
proposed antenna are 180 MHz (238 GHz to 2.56 GHz
728%) and 2630 MHz (4.66 GHz to 7.29 GHz, 44.01%)
corresponding to the measured impedance bandwidths which
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are 140 MHz (2.38 GHz 10 2.52 GHz 5.71%) and 2430 MHz
(4.43 GHz 10 7.22 GHz, 4046%), respectively.

The simulated and measured average gains the two
resonance frequencies is shown in Fig. 6, the obtained
simulated and measured average gains for the lower bands
frequency and higher bands frequency are 1.55 dBi and 3.2 dBi
at the frequency of 2.45 GHz and the frequency of 5.5 GHz
respectively.

(2) Top view (b) Bottom view

Fig. 4. Image of the prototype anterma.
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Simulated: Co-pol

T |

Fig 7. Measured and simulated radiation pattern of the antenna in the YZ-plane and XZ4plane.

As for the radiation pattern from Fig. 7. The measured and
simulated far-field yz-plane and xz-plane including co-
polarization and cross-polarization components at the
resomance frequency 245 GHz and 5.5 GHz. The antenna
exhibits omnidirectional radiation patterns in xz-plane (co-
polarization). At 2.45 GHz and 5.5 GHz the xz-plane (cross-
polanization) is around -30 dB and -20 dB and the yz-plane
(cross-polarization) is around less than -30 dB, respectively. It
can be observed that the simulated result agrees very well with
the measured result.

IV. CONCLUSION

This paper proposes a compact split circular ring shape
dual-band antenna with open ring and addition strip. To simple
and compact physical size of the proposed dual-band antenna
and increase the enhance bandwidth. The antenma have good
impedance matching, ommidirectional radiation pattern, and
appropriate gain in the WLAN hands and WIMAX bands
applications.
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