mgomaraaaNuanuINluInaslinvasNd 1S UsTUD Wi-Fi/WiMAX

MULTIBAND HEXAGON SHAPE MONOPOLE ANTENNA FOR

Wi-Fi/WiMAX SYSTEMS

1105 auITIM

a a ddw | 1 d! =< (Y]
mmuwmmﬂumuﬁuwmmiﬂﬂmmumngm

a U A

Saamimnssumansumiiada v dridanssaluih
a d
AUIAINIINAIAAS
unINNdunalWlag NrHINATYLYS

Ymsanu 2554

d
dvansveanviInenagmalulags1sunasyys

v



a X oW
ﬁ1ﬂ@1ﬂ1ﬂT‘iﬂ18]?1313Jﬁl!!U‘]JINI%iWﬂg“IJT‘iﬂ!‘HﬂﬂﬁJﬁ'ﬁ’ii‘Ui%‘U‘U

Wi-Fi/WiMAX

105 aNITIM

a a ddw | 1 d! =< (Y]
mmuwmmﬂumuﬁuwmmiﬂﬂmmumngm

a U A

Sauandmnssumansuriama avdvIanssa i

v v

AMZIAINTINAANT

unINNdunalWlag NvHINATYLYS

v

Ymsanu 2554

d
dvansveanviInenagmalulags1sunaseyys

v



v Y Aa a d' d‘ o %
WIVDINNUNUD ﬁ”lEJi’]”Iﬂ1ﬂ1riﬂ”lElﬂ’J”liJﬂLL1J1JTNTHIWQE‘]J‘Hﬂmaﬂllﬁﬁ/ii‘ﬂ

32U Wi-FiY'WiMAX

D

Fo-uwana WINNT AUITTL
AN Jenssy Il
s’d‘ = J o A
219158N15n1 as. lnmsd Snivdo
Umsdnmn 2554
¥} |
UNANEe

a a J @ dy Y o a A o o
’J‘VIEJ”IL!‘W‘L!‘Eﬂ‘]J‘]_ILlllﬂ‘u”Il,ﬁl!’f)ﬁ”lfl@”lﬂiﬂﬁa”lﬂﬂ’ﬂuﬂLLUDI?JTHIWﬁEﬂWﬂmaEJEJfT”I‘Vi'i‘]J

= [] d‘! Y A a ) [ ~ A A
Sgﬂﬂlﬂiﬂmiﬂﬂiiﬁﬂﬁﬁqiﬁiﬂ AmadalunsoenUUUE M UHAOLALANND Taamnatiaf

o dy 9 1 [ J o d' 1 ’q Y o
mmuauﬁ]z1%?{1ﬂmﬁauJmwmuuummﬂamzmmamTﬂizaﬂmhﬂumﬂmmmmuiﬂu

o K
1
=

{ 4 1 ' {3
Twagduvuvnnaey Felidedfoanninyoudedinilsznoursasiilumeniivuazwiad
] [ g’ o {1 & o o .
1ad1e Hvwraan dwiinw Glassadieindie samnzdunmsi il 1 lussuudears 1¥ane
Tagoonuuudiweimaliasoungueuaud 159U Wi-Fi/WiMAX (2.4/5.2 GHz)

awormaauuuyldgnesnuunTasnisdoudyyin  Aredrededayy sy
A

W
vothaduszuuiw Tnssadnareoimagnaineguuiaagiusoswiia FR4  NiA1A9A2
ad a a A Aa A
lag1anasn 4.4 tazANUNUT 1.64 NAAUAT YUIAVBIEIBOINIA 35 x 44 AT NAAINAT
o Y A o a J Y Yy 1 =
msdraeaunlslilsunsy 1E3D iedSumsimesnieIassaiavesagemelniagade
founauding1 -10 dB
0 @ Ax J A
HaN1331a09u VLA IANATO VAN IHUUUTUYDINIEOINIA AN 2.51 GHz
1 v e [ o w Ia 4
uaz 5 GHz dmmsgudedoundudigqaminy -21.95 dB uaz -24.45 dB AW 181 LUUAIAN
Y9I 3 IANAT 0.23 GHz (2.38-2.61 GHz) 118¢ 1.63 GHz (4.82 — 6.45 GHz) Ins0uAqueIy
{ o o ' Y Y g a
AW Wi-FyWiMAX  dmsunuugdnmsurnasnuszey Inalianvazidunuudesiania

Y v
NIFADINND

MaAgy . 91woIMAnaleANuD deoimalululna 91901MATTUINTIN



Thesis Title Multiband Hexagon Shaped Monopole Antenna for

Wi-Fi/ WiMAX Systems

Name - Surname Mr. Tiwakorn Somwan
Program Electrical Engineering
Thesis Advisor Dr. Paitoon Rakluea
Academic Year 2011

ABSTRACT

This thesis presents a multiband hexagon shaped monopole antenna for wireless
communication network. This technique can be used in multiband frequencies. The coplanar
waveguide fed is applied on planar hexagon patch monopole antenna. The coplanar waveguide fed
antenna has the advantages of active and passive components. The coplanar waveguide fed antenna
has small size, light weight and simple structure. The antenna is applied in wireless communication
systems. The antenna is design cover the Wi-Fi/WiMAX bands (2.4/5.2 GHz).

The proposed antenna is designed by coplanar waveguide fed. The antenna structure is
fabricated on FR4 substrate with a dielectric constants of 4.4 and a thickness of 1.64 mm. The size
of the antenna is 35 mm x 44 mm. The simulation used IE3D software to adjust the parameter of
antenna structure as minimum return loss -10 dB.

The simulated, and measured resonant frequency results of the antenna are 2.51 GHz,
and 5 GHz with the minimum return loss of -21.95 dB, and -24.45 dB, respectively. The measured
impedance bandwidths are 0.23 GHz (2.38-2.61 GHz) and 1.63 GHz (4.82 — 6.45 GHz), which

cover the Wi-Fi/WiMAX bands. The far field radiation pattern are bidirectional of both frequency.

Keywords: multiband antenna, monopole antenna, coplanar waveguide antenna
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A Wavelength in free space

Wavelength in dielectric

A Delta

Eofr Effective relative dielectric constant
g, Relative dielectric constant
4 Theta

¢ Phi

o Conductivity

BW Band Width

C Speed of light

CPW Coplanar Waveguide

D Distance

dB Decibel

dBi Decibel isotropic

F Electric field vector potential
f Fundamental frequency

1 Low frequency

Jinax Maximun frequency

Jin Minimum frequency

GHz Giga Hertz

G, Gain of receiver antenna

G, Gain of transceiver antenna
IEEE Institute of Electrical and Electronics Engineer
7, Electic vector potential

The multiplication factor.
Length of antenna

L Length of the planar monopole antenna



o a [V w d )
MeBnadanyaiazA Lo (A1)

Lfs Loss of free space

Lline Loss of line

MHz Mega Hertz

MMIC Monolithic Microwave Circuit

MOM Method of Moment

MPIE Mixed Potential Integral Equation :

M S Magnetic vector potential

p Length of feed point

P, The receiver power of antenna

P; The transceiver power of antenna

q Filling factor

r The effective radius of the equivalent cylindrical monopole
antenna

S The length of each side of the hexagon shape

S, S-parameter

SMA Subminiature version A

t Thickness

tano Loss tangent

TEM Transverse Electric-Magnetic

VSWR Voltage Standing Wave Ratio

/4 Wide of antenna

w, Wide of microstrip line

Wi-Fi Wireless Fidelity

WiMAX Worldwide Interoperability for Microwave Access

WLAN Wireless Local Area Network

Z, Impedance of antenna
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NETS-LINDGREN

An ESCO Technologies Company

FEATURES:

Pattern Over Frequency

300 W Power Input Capacity

Optimized High Frequency Gain

Low VSWR

Flexible Mounting Systems

The Model 3117 Double Ridged
Waveguide is a the latest addition
to a family of double ridge
waveguides for microwave and
EMC measurement from
ETS-Lindgren. This model
corrects the lower gain at the
upper end of the frequency

range, commonly found in ridged
waveguide antennas. Users of
this antenna benefit from uniform
illumination of target surfaces and
accurate gain measurement. In
addition, the Model 3117 exhibits
high gain and low VSWR across
its operational frequency band,
accepting moderate power input of
300 watts.

Ultra Broadband: 1 GHz - 18 GHz

Maintains Single Lobe Radiation

EMC Antennas

Double-Ridged
Waveguide Horn

3-D Patterns
Available at

www.ets-lindgren.com/3117

Model 3117

ETS-Lindgren’s Model 3117 Double-Ridged Waveguide Horn
PATENT # 6,995,728

The electrical characteristics of this
antenna were designed and modeled
using powerful workstations
running electromagnetic simulation
software. Equally important,
experienced RF engineers worked
with our manufacturing team to
produce a practical and affordable
realization of the modeling

process. All production units are
individually calibrated at our A2LA
accredited lab.

FEATURES

Single Lobe Radiation Pattern
The Model 3117 maintains a single
main lobe pattern in the direction
of the horn axis over its frequency

range. This characteristic is
essential for even distribution of
electromagnetic energy on a target
surface, and accurate measurement
of gain and vector information.
The Model 3117’s unique design
suppresses the propagation of
high order modes. The result is
an antenna with a well-defined
single lobe radiation pattern that
outperforms other antennas in its
class.

Ultra Broadband

The Model 3117 sweeps from

1 GHz to 18 GHz without stopping
for band breaks, making it ideal

www.ets-lindgren.com
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NETS-LINDGREN

An ESCO Technologies Company

for automated testing. It has the
widest usable frequency range of
any antenna in its class, with no
performance degradation from high
order modes.

Power Input

The Model 3117 uses a Type N
connector and accepts up to

300 watts of continuing input
power with up to 400 watts of peak
power. The antenna’s high gain
and low VSWR over its operating
frequency translates into efficient
amplifier use and high field
strengths.

Electrical Specifications

Doubi

CAn as
-
e-Ridged

Waveguide Horn

Uniform Gain, Low VSWR

The Model 3117 has a more
uniform gain and antenna factor
because of the better behavior of
its radiation pattern. Since the
pattern is stable over frequency,
the gain and the AF also remain
stable. Similar antennas of this
class exhibit large variations of the
gain and the AF as the frequency
increases.

Flexible Mounting System

The Model 3117 antenna includes
both an EMCO classic mount and a
rear “stinger” mount.

Model 3117

STANDARD CONFIGURATION
B Antenna Assembly

B Mounting bracket drilled to
accept ETS-Lindgren or
other tripod mounts with 1/4 in
x 20 threads

B Rear “stinger” Mount

B Individually calibrated at 1 m
per SAE ARP 958 at our
A2LA accredited lab. 3 m
calibration per ANSI C63.5
available at additional cost.
Actual antenna factors and a
signed Certificate of Calibration
Conformance included with
manual.

OPTIONS
B Antenna Mast

B Antenna Tripod

MODEL FREQUENCY VSWR MAXIMUM PEAK IMPEDANCE CONNECTORS
RANGE RATIO CONTINUOUS POWER (NOMINAL)
(AVG) POWER
3117 1 GHz - 18 GHz 3.5:1 max 300W 400 W 50Q Type N
<2:1above 1.5 GHz
Physical Specifications
MODEL WIDTH DEPTH HEIGHT WEIGHT
3117 17.5 cm 175 cm + 15.5 cm mount 15.5¢cm 1.13 kg
6.9 in 6.9 in + 6.1 inmount 6.1in 25 b

www.ets-lindgren.com
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EMC Antennas

NETS-LINDGREN Double-Ridged
Waveguide Horn

Model 3117

Model 3117 (1 GHz - 4 GHz)

www.ets-lindgren.com
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Model 3117

Model 3117 (9 GHz - 12 GHz)
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EMC Antennas

SNETS-LINDGREN Double-Ridged
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Model 3117

Model 3117 (17 GHz - 18 GHz)
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» Good dimensional stability.

+ Soldering reliability has been bettered

+ Good electrical properties

* High density automatic mounting can be carried
out

APPLICATIONS

Computer, Instrumentation, VCR, Television,
Eletronic Toy, etc.,
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Study on The Properties of Hexagon Shape Monopole Antenna

Tiwakorn Somwan, Paitoon Rakluea, Krianghak Hlurprasert, and Wisit Loedhammacakra

Department of Electronic and Telecommunication Engineering ,

Faculty of Engineering, Rajamangala University of technology Thanyaburi (RMUTT)

Klong 6, Thanyaburi, Pathumthanee, Thailand

E-mail : t somwan@hotmail.com

Abstract—This paper present the properties of hexagon shape monopole antenna. is presented for simultaneously
satisfying wireless local area network (WLAN). Antenna is designed on FR4 substrate, since it is small size, easy
fabrication and low cost. The design methodology is outlined and the overall size is 43.98x35%1.67 mm. This antenna was
numerically designed using IE3D simulation software package. The Results -10 dB bandwidth for return loss is from
2.4GHz (2,3GHz — 2.58GHz) 5.05GHz(4.6GHz — 6.6GHz), covering all the 2.4/5.2/5.8GHz WLANbands 2.5/5.5GHz

WiMAX bands.
Keywords—CPW-Fed, WLAN, Monopole

1 Introduction

Recently, there has been increasing demand for broad dual- or
multi-band  operation for various portable  wireless
communication devices to provide image, speech and data
communications at anytime and anywhere around the world.
This indicates that future communication terminal antennas
must not only meet the requirements of being dual- or multi-
band, but also have a simple structure, compact size and easy
integration with the circuit. The Micro strip antenna has been
very popular due to their may advantage ,such as low profile and
cost ,light weight ,and small size [1,2] The IE3D software as
referred in [3] was used to analyse the proposed antenna So far,
many promising planar antennas [4-8], such as the planar dipole
antenna [4], planar antenna with reflector backing [5], planar
inverted-F antennas [6], planar monopole antennas [7] and
coplanar waveguide (CPW) antennas [4 — 7] have been reported
for dual or multi-band operation. Among these designs, the
single-layer planar patch antennas, especially the CPW-fed
antennas, have received much attention owing to their distinct
advantages such as wide bandwidth, low profile, light weight,
easy realizations and integration with system circuits. However,
most of the currently proposed CPW-fed antennas use a
symmetrical arrangement for the ground structure. Although this
kind of ground arrangement for a CPW-fed antenna is usually
capable of producing dual or multi-band resonant modes, it
mostly requires either greater complexity of antenna shapes or
larger antenna size for practical. This paper presents simple dual
band design of the printed a CPW feeding structure with
hexagon shape. By properly a radiating patch and carefully
selecting the ground size, good radiation characteristics and
dual-broad impedance bandwidths suitable for wireless
communication systems such as the wireless local area network
(WLAN) operation in the 2.4GHz (2.4GHz - 2.484GHz) and
5.05GHz/5.8GHz (5.15GHz - 5.35GHz /5.725GHz - 5.825GHz)
band, the worldwide interoperability for microwave access
(WiMAX) application and operation in the 2.5/5.5GHz( 2.5GHz
- 2.69GHz /5.25GHz-5.85GHz ). Details of the antenna design
were studied, and prototypes of the proposed antenna were
constructed, including input return loss, impedance bandwidth,
surface current distribution, and radiation pattern.

A coplanar waveguide (CPW) is formed form the
conductor separated form a pair of ground planes, all on the
same plane, on a dielectric medium. In the ideal case, the
thickness of the

dielectric is infinite, in practice, it is thick enough so that
electromagnetic filed die out before they get out of the substrate.
Coplanar waveguide structure and electromagnetic properties. A
coplanar waveguide structure consists of a median metallic strip
of deposited on the surface of a dielectric substrate slab with
two narrow slits ground electrodes running adjacent and parallel
to the strip on the same surface that is shown in Fig.1 [1]

Ground Stri Ground
K 4: Wi Ky S
er L > o

Fig.1 Coplanar waveguide structure

2 Antenna Geometry

Fig.2. Geometry of the proposed antenna
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The geometry of the Hexagon shape monopole antenna is
depicted in Fig.2 whose conductor is printed on a FR4 substrate
of thickness 1.64 mm (h) and dielectric constant 4.4 (er). a CPW
transmission width of 3 mm and a gap distance of 1 mm
between the strip and ground is used for feeding the antenna.
The printed monopole is connected to the end of the CPW
transmission line with a spacing of 1mm from the ground plane.
To examine the performance of the proposed antenna
configuration in terms of enhancing the bandwidth, the
commercially available moment method code, IE3D, was used
for required numerical analysis. To test the proposed design, the
geometries in Fig.1.

3 Parametric Study

The simulation and analysis are performed using the commercial
computer software package IE3D. To obtain broadband
characteristic, a feeding structure composed of a coplanar
waveguide (CPW) micro strip line is proposed. the first
frequency resonance design is to make the impedance. To
realize this, an arc r is etched on the hexagon patch, which is
designed to resonant at WLAN band. The radian of the hexagon
stub is 0.52 4 where A is the dielectric wavelength at 2.4GHz.
Fig.3 shows the simulated effects on the antenna frequency
response by changing the length r. The value of r is varied from
5 to 8 mm, the first frequency is shifted to lower frequency
when increase r. However, when r is increased more than 8
mm, there was decreased the impedance bandwidth of the
antenna. A large frequency shift occurred in the first resonance
when changing the parameter r. The minimum return loss is -
29dB at 2.6 GHz when r is varied to 5 mm.

Table 1 Antenna Dimensions in Millimetres

h 1.64 L 43.98
Wt 3 T 6.5
Wg 15 rl 12
L1 17 2 15
S 1
st ‘-\\\ 4
/
-10- J 4
o3 !
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40+ } q
= ) 3 7 5 G 7 8
Frequency (GHz)

Fig.3. Comparison of S11, with different radius

Fig.4 illustrates the current distribution on the radiation patch.
As shown in the figure, the current is mainly distributed along
the edge of r at 2.4GHz pass band. However it concentrates
mainly along the r at 5.05GHz. Simulated return loss of the

proposed antenna is depicted in Fig.5 The simulated show that
the proposed antenna achieved dual-band are 2.4 GHz and
5.05 GHz with impedance bandwidth cover WLAN application.
Fig.6 presents the simulated VSWR for different r. By
comparing the curves in Fig.6, it is found that the resonance
band and the VSWR level can be effectively changed by
adjusting the radian of r. After many optimization processes
using commercial software IE3D, the structural parameters of
the antenna show in Table 1.

slasla

(b) 5.05 GHz

(a) 2.4 GHz

Fig.4. The current distribution of the proposed antenna
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Fig.5. Simulation return loss for the proposed antenna
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Fig.6. Simulated VSWR for different r

4 Radiation Patterns

The simulation radiation of 2-dimension in elevation pattern of
the proposed antenna at frequency 2.4 GHz is shown in Fig.7.
The elevation radiation pattern illustrates 2-directional pattern
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with maximum gains at 0° and 180° with directivity 3 dBi and
the nulls occur at 90° and 270°. The 2-dimension of azimuth
pattern of proposed antenna at frequency 2.4 GHz simulation at
0° is shown in Fig.8. The pattern is an bi-directional pattern
with maximum gain at 3.1dBi and there doesn’t have null in any
angle. The 3-dimension pattern of proposed antenna at
frequency 2.4 GHz shows in Fig.9. There have maximum gains
at 0° and 180° about 3.4 dBi.

oost

(180-¢) Elevation Pattern Directivity Display

3327 21 (15 | 090

Fig. 10 Tow dimension elevation pattern of proposed antenna at
frequency 5.05 GHz

008l
Elevation Pattern Directivity Display
(dBi)

Fig. 7 Tow dimension elevation pattern of proposed antenna at
frequency 2.4 GHz

o

0°08-

Azimuth Pattern Directivity Display
(dBi)

Fig. 11 Tow dimension elevation pattern of proposed antenna at
frequency 5.05 GHz

006
Azimuth Pattern Directivity Display
(dBi)

Fig. 8 Tow - dimension azimuth pattern of proposed antenna at
frequency 2.4 GHz

Fig.12. Three dimension pattern of proposed antenna at
frequency 5.05 GHz

Fig.9 Three dimension pattern of proposed antenna at frequency The simulation radiation of 2-dimension in el_evation pattem of
2.4 GHz the proposed antenna at frequency 5.05 GHz is shown in Fig.10

The elevation radiation pattern illustrates 2-directional pattern
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with maximum gains at 27° and 155° with directivity 2.4 dBi
and the nulls occur at 90° and 270°. The 2-dimension of azimuth
pattern of proposed antenna at frequency 5.05GHz simulation at
90° is shown in Fig.11 The pattern is an bi-directional pattern
with maximum gain at 4.5dBi and there doesn’t have null in any
angle. The 3-dimension pattern of proposed antenna at
frequency 5.05GHz shows in Figure 12. There have maximum
gains at 155° and 27° about 2.4 dBi.

5 Conclusion

The paper present the hexagon shape monopole antenna.
Antenna is designed on FR4 substrate. This antenna was
numerically designed using IE3D simulation software package.
The Results -10 dB  bandwidth for return loss from 2.4GHz
(2.3GHz-2.58GHz) and 5.05GHz(4.6GHz — 6.6GMHz).This
monopole antenna covering all the 2.4/5.2/5.8GHz WLAN
bands 2.5/5.5GHz WiMAX bands and(2.4-2.484GHz) Bluetooth
band.
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Abstract
This paper presents a increasing frequency technique using a
hexagons stub of the coplanar waveguide hexagon shape monopole

antenna. For wireless networks. Antenna design on FR4, which is small

Easy to make and low cost. antenna size (4.4 x 3.5 cm) to simulate and
experiments the design using Moment Method (MoM) using TE3D
software. The results showed that with the present of the hexagons
shape stub can adjust the frequency. the enhanced frequency can be
tunable depending on the stub area. Return losses of -25 and -29 dB for
the first and second resonant frequency, respectively, Frequency
response of the antenna has two frequency band is 2.4GHz (2.3 GHz —
2.58GHz) and 5.1GHz (4.7 GHz — 6.4 GHz). the radiation of the
antenna is a bi-direction. Antenna covers a frequency to use WLAN
(2.4/5.2GHz).

Keywords: Coplanar waveguide, WLAN, Monopole Antenna
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