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ABSTRACT

This thesis proposes designing and analysis the dual-band right angle slot antenna. The
antenna 1s obtained omnidirectional and bidirectional radiation patterns. It can be applied with a
wireless mesh network.

The antenna is designed 1n to difference slot size and position in order to generate two
resonance frequencies at 2.45 GHz and 5.2 GHz. The antenna can be achieved omnidirectional and
bidirectional radiation patterns. The slots are arranged on a mylar polyvester film substrate that
directric constant of 3.2 and thickness of 0.3 mm. It supports a flexible antenna technology. The
size of antenna 1s 8 cm % 13 cm.

The measurement of the antenna is obtained with bandwidth 200 MHz (2.3 GHz to 2.5
GHz) and 400 MHz (5.1 GHz to 5.5 GHz). The gain of antenna is 2,02 dBi at 2.45 GHz, and 4.16
dB1 at 5.2 GHz The antenna can be used ommdirectional and bidirectional radiation patterns,
respectively. From the characteristics of the right angle slot antenna can be applied into the future

of a wireless mesh network.

Keywords: right angle slot antenna, omnidirectional and bidirectional pattern, mylar polyester film

substrate, wireless mesh network
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Microstrip Line
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GENERAL PROPERTIES Designation 057405
ANSI Grade FR<4
Property Data
Lt Ut | Treatmet Condlion s fard Value _ [Guarantoed Value
Tg DSC 135 dhove 130
t TMA 1% aove 130
DMA 18 aove 160
CTE x-amis 18 ez han 20
y-auis e Amiiert o Tg 13 s han 15
zavis 55 less han 60
[ Flammability - UL 0 V0
Insulation Resistance chm C-98/2085 110" -1x 10" above 5x 10"
C-362085+0-21100 110" -1x 10" above 1 110"
Volume Resistivity ol i C-98/2085 1% 10" -1 10" above 1 x 10"
C-38/20/85:C-264080 5% 10" -5y 10" above 5x 10"
Surface o C-aa085 5% 10° - 5x 10" above 1 x 10"
Resistance C-96/2065C-964080 1x10°-1x 10° above 1 x10"
Arc Resistance minseconds 110 above 80
Dielectric Constant . C-Ie2085 45-48 kss fan55
{1 MHz) (382085 0-48550 48-52 kss fan58
Digsipation Factor C-08/2085 0.015 - 0020 less han 0.035
(1 MHz) C-362085+0-4850 0.018-0.023 less han 0.045
Comparative Tracking
I vol IEC Mathod -
Solder Float{260°C) Bae A dove 180 dove 120
Peel |Cufilloz \
S (0.035mm) kigliem A 18-22 dhove143
Flexural Sirength kiglerere A a0-7) doved27
Water Absorpfion % E2450:D-423 0.10-015 less than 025
Spaciman Thickness | 1 Gmm
PURCHASING INFO RMATION
+ Copper foll : 0.5 0240018 mm], 1 0zM10.085 mm}, 2 oz/f40.070 mm) avalable,
+ Thicknass : 0.4mm o 3.2mm
Standard Size Tolerance mm)
1,020 X 1,220mm |80° X 487 915 X 1.220mm (36" X 489 +
1,070 X 1220mm @2 X 48%) 570 X 1.220mm (38 X489 il
1,020 X 1 020mem ([#0° X40%)

% Other sheet size and thickness could be available upon request.
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50 ohm 0-18 GHz

SMA connectors are semi-precision, subminiature devices that provide repeatable electrical performance from DC to
12.4 GHz with flexible cable. Semi-rigid cabling extends the frequency range of the device to 18 GHz. These devices offer
broadband performance with low reflection and constant 50 ohm impedance. These properties, along with minimum
attenuation and low VSWR have made the SMA extremely popular in the microwave community.

The SMA design has been broadened to accomodate many Inferconnec! requirements and is available in pressure crimp,
clamp and solder terminal attachments. SMA design parameters have incorporated the considerations of balancing cost,
size, weight and performance to yleld the best value in your microwave system. Among typical applications are components,
such as dividers, mixers, amplifiers, trimmers and attenuators. SMA connectors are also used to provide interconnections
from printed circuit board striplines to coaxial cable.

Interface Dimensions:
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{=c= )|
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Millimeters (Inches) \atter :
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Features:

* Maintains Single Lobe Radiation
Pattorn Dver Froquency

* Uitra Breadband: 1GHz- 18 GHz
* 300 W Power Input Capacity
* Optimized High Frequency Gain

* Low VSWR

The Model 3117 Double-Fidged
Wavequide 15 a the latest add tion toa
family of double-ricged waveguide
horm antennas for microwave and
EMC measerement from ET5-
Lirdgren. Users of -his antenna
benefit from uniform lumitation of
target surfaces and accurate gain
measurement. In addition. the
Medel 3117 exhibits high gain and
low VEWR across Its frequercy band
accepting moderate power inpat of
300 watts.

Thzelectrical charazteristics of this
anienna wee designed and modeled
using powe-ful workstation: running
electromagnet ic sirulation software
Equally impartant, experienzed RF

ViBnvegride

EMC Antepnas

e~

Model 3117

5. incigrent Modtel 7117 Douile- ifged Mvepuid Hom
PAENTPENDING

engineers worked with our
manifacturing team to produce a
praciical and affordable
realization of the modeling
procsss. Oneompleiion, the
antenna wastested and calibrated
at our AZLA accredited lab Facility.
Adl production units gre individually
calibrated at this faciliry.

Features

Single LobeRadiation Pattern
The Model 3117 maintains asingle
matin lobe pettern in the direction
of the horn zxis over its frequency
rangz, This characteristic is
essential foreven distribution of
clcc‘tmmagn:tic cnc gy on atarget
surface, and accurate

measurement of gain énd vectar
information. The Model 31175
unique design suppresses the
propagation of high order modes.
The rezult is a1 antenna with a
well-defined single lobe radiaticn
patterr that ow:performs other
antennas in its class,

Ultra Broadband

The MModel 2117 sweepsfrom | GHz
(00 L3 GHe wetihwnt stoppteng fon baond
breaks making it ideal for
antomated testng. It hes the widest
usable frequency range of any
antenna in s dass, with no
performance degradation from high
order modes.
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A1 ESG0 Techaologies

Power Input

The Model 3117 uses a Type N
connector and ﬂL‘CE‘P[S up to

300 watts of continuing input power
with up to 400 watts of seak power.
The antenna’s high gain and low
WEWR over its operating frequency
translates tnio efficlert amplifizr
use and high fleld strengths.

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 alio remain
stable. Similar antennas of this
class exhibit large varations of the
galnand the AF as the frequency
increases,

Construction

Ar antenna constructed to
maximize siructural integrity is
better able o maintain its
electrical properties. The berefits
are hetter measurement
repeatability, lower vncertaincy
vaues and onger catbration
vaidity. The Model 3117 is
constructed 1o be a rugged
antenna that thrives in an
environmert of constant use. This
anleng chades Dol tipod aind
rear "stinger” mounts. The st.nger
mount permits on-azis rotation/
polarization.

EMC Antepnas

ViBnvegride

Model 3117

Standard Configuration

* Antenna Assembly

® Mounting bracket drfled to acceat
ET5-Lindaren ar other tripod mounts
with 1/4in x 20 threads

® Rear “strger” for use with on-axis mount
pesitiones

¥ Individudly calibrated at 1 m pe-
SAEARPEE atour A2LA acerecited lab.
3 m callbeton per ANSICE3.5 avallable
at addirianal crer Arrnal antenna factars
and a slgred Certificate of Callbratian
Conformence included with marual

O ptions
® AntermaMast

® Antenna Tipod

Applications
RE-16 FoC-18 IECCEEPYER SAE 1112 SAE.JBET MIL-STO-41E MIL-5TO 286 NACEIM
RE RE RE.R RE. Rl RE A1 RE. Rl T, R RE
Electrical Specifications
NODEL FREDUENCY LEL L BRAX ML PEAK INPEDANCE CONNECTORE
RANEE BATIO CONTINUOUE POWER [FOBMERAL]
(WE) POWER
ar 1 GHE - 18.GHz 3.51 max 00w 0w 00 VEN
o212t 5GH
Physical Specitications
MOOEL WioTH DOEFTH 4EIGHT WEGHT
T 171 or 17.2 ©n « 103 cn mount 15.5em 113 kp
£.0in BB ir + 40 inmoun &1in 25 o
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Model 3117 (1GHz- 4 GHz)

Model 3117 (5 GHz - § GHz)

BE
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Model 3117 (3 GHz- 12 GHa)

EMC Antennas
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A Novel Dual Band and Dual Pattern Right Angle Slot Antenna

Thinnawat JANGJING' Paitoon RUKLUEA' Wanchalerm CHANWATTANAPONG' and
Sarawuth CHAIMOOL™

tElectronics and Telecommunication Engineering, Faculty of Engineering,

Rajamangala University of Technology Thanyaburi, Thailand

11 Electrical Engineering, Faculty of Engineering, King Mongkut’s University of Technology North Bangkok, Thailand

E-mail: kwang_telecom{@hotmail.com

Abstract This paper presents a novel of dual-directional pattern right angle slot antenna for dual-band applications. The

proposed antenna is designed by using IE3D simulation software. This antenna is simple to design using two right angle slot

size at appropriate position to achieve dual independent frequency bands which can control the desirable resonant frequency,

and radiation pattern. The length of slot is approximately a half-wavelength at the desirable center frequency. The measured
resonant frequencies of the dual-band antenna are 2.45 GHz and 5.2 GHz with the minimum return loss of -25 dB, and -17 dB,
respectively. The measured impedance bandwidths are 200 MHz (2.3 GHz to 2.5 GHz), and 400 MHz (5.1 GHz to 5.5 GHz),
which cover the WLAN bands. From the simulated three-dimensional radiation pattern of the proposed antenna are achieved

omnidirectional at first resonant frequency, and bidirectional at second resonant frequency.

Keyword dual-band antenna, dual-directional pattern, omnidirectional pattem, bidirectional pattern

1. INTRODUCTION

The WLAN standard IEEE 802.11s is successful on
the market. 802.11s will the solution when it is
ratified by the IEEE, which is expected to happen in
2008. One of the most prominent use cases for the
future IEEE802.11s-based mesh network is public
access networks for dense populated areas. Using a
Wireless Mesh Network (WMN) is saved costs of the
wired lines and the network setup becomes more
flexible.

Today, the microstrip or printed antennas have
become popular because of small size. light weight,
and ease of manufacture. Some of the principle
advantages of microstrip antennas compared to
conventional wireless network antennas are feed
lines, matching networks can be fabricated
simultaneously with the antenna structure, and dual
band can be easily made as well. Most of the research
will design dual band antenna [1]-[4]. The
transmission has not so far much. The current signal
needs far more, such as signal between access points
(APs), which bidirectional pattern are highly suitable
for WMN. Therefore, an antenna which is able to
operate with dual band and dual directional pattern is
required. These are obviously becoming the most
important factors for future wireless communication
systems.

In this paper, we propose a study of dual band
dual-pattern right angle slot antenna for wireless
mesh network (WMN). This antenna is simple to
design using two right angle slot size at appropriate
position to achieve dual independent frequency bands
which can contrel the desirable resconant frequency,

and radiation pattern. The proposed antenna was
analyzed by using IE3D simulation software. The
antenna was developed to be used for wireless
communication systems, such as WLAN-based mesh
network, which are applied in many devices, such as
in-building access points, and laptop computer.

2. Antenna Design

¥ -

e Z

Fig.1 Geometry of the propesed antenna

Fig.1 shows the geometry of the proposed antenna.
The antenna consists of three right angle slots but

-61 -
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two different slot sizes at various appropriate
positions on the ground plane of the microstrip line.
The Mylar® Polyester Film substrate has a dielectric
constant = 3.2 and a thickness # = 0.4 mm. For
efficient excitation of the slots, the microstrip line
terminates in an open circuit. The proposed antenna
was determined using design equation, and IE3D
simulation software. Which lengths of the slot are
approximately a half-wavelength at the desirable
center frequency. Based on the operating frequency,
the overall effective inner slot length (4+B) is
designed by {1). Lengths 4 and B are equalized.

3 0.5¢ )
" (4+B)fe,

When

e+l & +1,  12h
Egr = + (l+—) * (2)
2 2 w

Where &4 is the effective dielectric constant and ¢
is the speed of light.

The first band is designed (4/+B/) at 2.45 GHz
with single slot achieved omnidirectional pattern.
The second band is designed {{42+B2) and (43+B3)}
at 5.2 GHz with dual slots array. Here, the second
band is achieved bidirectional pattern due to
appropriate position of slot array.

3. RESULTS AND DISCUSSION

The parametric study is important because it
provides some understanding of the antenna
characteristics to the antenna designer since this is a
novel design of this dual-band dual-radiation pattern.

0
-5
. -10-
[11]
=
§ 154
E
>
g 20
o
t
-25- b
I —U2=2.6 mm
- ] (A (A Y U2=4.6 mm.
== U2=6.6 mm
-30 T T T T T
2 3 4 5 6

Fig.2 Simulated return loss for various distance U2

Fig.2 shows the effect of the various distanced U2
on return loss versus frequency. The distanced U2
has a slight effect on frequency shift at second
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resonant frequency. A frequency shift of 0.2 GHz is
corresponding to a change of the distance U2 from
2.6 mm to 4.6 mm. Fig.3{a) and Fig.3(b) illustrates
the simulated current distributions of the proposed
antenna at 2.45 GHz and 5.2 GHz, respectively. It
can be seen that current flow at slot length A7/+B]7
which operate first resonant frequency 2.4 GHz. Also,
The slot length {{42+B2) and (43+B3)} have current
flow which operate second resonant frequency 5.2
GHz. Fig.4(a) and Fig.4{b) shows simulated the
three- dimensional radiation pattern characteristics at
2.45 GHz , and 5.2 GHz, respectively. We can
observe that the proposed antenna is achieved
omnidirectional at first resonant frequency, and
bidirectional at second resonant frequency.

(a) 2.45 GHz (b) 5.2 GHz

Fig.3 Current distributions of the antenna

{a) 2.45 GHz {b) 5.2 GHz
Fig.4 Three-dimensional radiation pattern of the
antenna

Fig.5 shows photos of a fabricated dual-band dual
pattern right angle slot antenna. The ground plane
size (Wg % Lg) is 8 em x 13 em. The measured
resonant frequencies are 2.45 GHz, and 5.2 GHz with
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the minimum return loss of -25 dB, and -17 dB,
respectively. The measured results of the resonant
frequencies correlate well with the simulated results.
The measured impedance bandwidths are 200 MIHz
(2.3 GHz to 2.5 GHz), and 400 MHz (5.1 GHz to 5.5
GHz), which cover the WLAN bands. Fig. 6 shows
comparison between simulated and measured return
loss for the proposed antenna. The simulated and
measured show that the proposed antenna achieved
dual-band antenna are 2.45 GHz and 5.2 GHz with
impedance bandwidth cover WLAN application.

Fig.5 photograph of the fabricated antenna
prototype
0
54
104
o
E -
@ -154
o
E
g
e 2
25 :
] simula
------ measu
-30 3 . . . — . z
2 3 4 5 8
Frequency (GHz)

Fig.6 The comparison return loss between simulated
and measured for the proposed antenna.
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Fig.7 shows the measured radiation patterns for
both E6 and E¢ components in the x-z plane, and y-z
plane. Each slot sizes operate in the dominant mode
for the resonant frequencies of the dual-band antenna.
It is clear from the measured results that the radiation
pattern for 2.45 GHz to be nearly Omnidirectional
and 5.2 GHz to be nearly bidirectional.

X-z plane

(a) 2.4 GHz

270

(b) 5.2 GHz

radiation

Fig.7 Measured
dual-band antenna

patterns for the
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4. CONCLUSION

The proposed antenna were determined using
design equation, and IE3D simulation software, and
were verified experimentally. The simulated show
that the proposed antenna achieved dual-band at 2.45
GHz and 5.2 GHz with impedance bandwidth cover
WILAN application. We can observe that the proposed
antenna is achieved omnidirectional at first resonant
frequency, and bidirectional at second resonant
frequency. Therefore, an antenna which is able to
operate with dual band and dual directional pattern is
required. These are obviously becoming the most
important factors for the applications of antenna in
WLAN-based mesh networks.
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Study of Dual-Directional Pattern

Right Angle Slot Antenna for Dual-Band Applications

Thinnawat Jangjing, Wanchalerm Chanwattanapong, Paitoon Rukluea and Numyoot Songthanapitak

Department of Electronics and Telecommunication Engineering

Faculty of Engineering, Rajamangala University of Technology Thanyaburi, Thailand

Abstract— This paper presents a study of dual-directional pattern right angle slot antenna for dual-band applications.
The proposed anterma were determined using design equation, and [E3D simmulation software, and were verified
experimentally. This antenna is simple to design using two right angle slot size at appropriate position to achieve dual
independent frequency bands which can control the desirable resonant frequency, and radiation pattern. The sirmulated
resonant frequencies of the dual-band antenna are 2.45 GHz, and 5.2 GHz with the return losses of -24 dB, and -23 dB,
respectively. From the simulated three-dimensional radiation pattern of the proposed antenna are achieved ommidirectional
at first resonant frequency, and bidirectional at second resonant frequency. Finally, the results allow for a substantiated
judgement of the capabilities, and the involved complexity of WL AN-based mesh networks.

Keywords— dual-band antenna, ommidirectional pattern, biderectional pattern

1 Introduction

The WLAN standard IEEE R802.11s is successful on the
market. 802.11s will the solution when it is ratified by the
IEEE, which is expected to happen in 2008. One of the most
prominent use cases for the future IEEE802.11s-based mesh
network is public access networks for dense populated areas.
Using a Wircless Mesh Network (WMN) is saved costs of the
wired lines and the network setup becomes more flexible.

Today, the microstrip or printed antennas have become
popular because of small size, light weight, and ease of
manufacture. Some of the principle advantages of microstrip
antennas compared to conventional wireless network antennas
are feed lines, matching networks can be fabricated
simultaneously with the antenna structure, and dual band can be
easily made as well. Most of the research will design dual band
antenna [1]-[4]. The transmission has not so far much. The
current signal needs far more, such as signal between access
points (APs), which bidirectional pattern are highly suitable for
WMN. Therefore, an antenna which is able to operate with dual
band and dual directional pattern is required. These are
obviously becoming the most important factors for the
applications of antennas in both contemperary and fitture
wireless communication systems.

In this paper, we propose a study of dual-directional pattern
right angle slot antenna for dual-band applications. This antenna
is simple to design using two right angle slot size at appropriate
position to achieve dual independent frequency bands which can
control the desirable resonant frequency, and radiation pattern.
The proposed antenna was analyzed by using IE3D software.
The antenna was developed to be used for wireless
commumnication systems, such as WLAN-based mesh network,
which are applied in many devices, such as in-building access
points, and laptop computer.

2 Antenna Design

Fig.1. shows the geometry of the proposed antenna. The
antenna consists of three right angle slots but two different slot
sizes at various appropriate positions on the ground plane of the
microstrip line. The Mylar® Polyester Film substrate has a
dielectric constant &- = 3.2 and a thickness h = 0.4 mm. For
efficient excitation of the slots, the microstrip line terminates in

an open circuit. The proposed antenna were determined using
design equation, and I[E3D simulation software.

B1 w

Fig.1. Geometry of the proposed antenna

The electrical lengths of the slot are approximately a half-
wavelength at the desirable center frequency. Based on the
operating frequency, the owverall effective inner slot length
{A+B) is designed by (1). Lengths 4 and B are equalized.
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whete &y ¢ is the effective dielectric constant and C is the
speed of light.
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The first band is designed (47+B71) at 2.45 GHz with single
slot achieved ommdirectional pattern. The second band is
designed {(42+B2) and (43+B3)} at 5.2 GHz with dual slots
array. Here, the second band is achieved bidirectional pattern
due to appropriate position of slot array.

3 Results and Discussion

The parametric study is important because it provides some
understanding of the antenna characteristics to the antenna
designer since this is a novel design of this dual-band
omnidirectional and bidirectional antenna.
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Fig. 2. Simulated return loss for various distance Ul

Fig.2. shows the effect of the various distanced U1l on return
loss versus frequency. The distanced Ul has a slight effect on
return loss shift at first resonant frequency. A return loss shift of
-5 dB is corresponding to a change of the distance Ul from 7.1
mm to 5.1 mm.
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Fig. 3. Simulated return loss for various distance U2

Fig.3. shows the effect of the various distanced U2 on return
loss versus frequency. The distanced U2 has a slight effect on
frequency shift at second resonant frequency. A frequency shift
of 0.2 GHz is corresponding to a change of the distance U2 from
2.6 mm to 4.6 mm. Fig4. shows the effect of the various
distanced B2=A2 on return loss versus frequency. The distanced
B2=A2 has a slight effect on frequency shift at second resonant
frequency. A frequency shift of 0.2 GHz is corresponding to a
change of the distance U2 from 2.6 mm to 4.6 mm.

Fig.5. shows the effect of the various distanced S2 on return
loss versus frequency. The distanced S2 has a slight effect on
bands which shift at second resonant frequency. A bands which
shift of 0.2 GHz is corresponding to a change of the distance U2
from 2.6 mm to 4.6 mm.
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Fig. 4. Simulated return loss for various distance B2=A2
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Fig. 6. Simulation return loss of the proposed antenna

Fig. 6 shows the simulated return loss for the propose
anterma with low return loss at a frequency of 2.45 GHz = -24
dB with a bandwidth frequency is between 2.36 - 2.58 GHz and
5.2 GHz frequency equal to -23. dB and a bandwidth of
frequencies between 5 - 5.62 and if the value of the signal return
loss less the better. From Figure 7 can be seen that the
frequency is 2.45 GHz and the VSWR = 1.036 at a frequency of
5.2 GHz were VSWR = 1.033.

Fig.8 and Fig.9 shows the measured radiation patterns for
both E6 and Ep components in the x-z plane, and y-z plane. Each
slot sizes operatz in the dominant mode for the resonant
frequencies of the dual-band antenna. Tt is clear from the
measured results that the radiation pattern for 2.45 GHz to be
nearly Ommidirectional and 5.2 GHz to be nearly bidirectional.
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Fig. 7 Simulation Voltage standing wave ratio (VSWR)
of the proposed antenna
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Fig. 8. Simulation radiation patterns x-z plane of proposed
anterma at {a) = 2.45 GHz and (b)= 5.2 GHz.
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Fig. 9. Simulation radiation patterns y-z plane of proposed
anterma at {a) = 2.45 GHz and (b)= 5.2 GHz.

(a) 2.45 GHz

(b) 5.2 GHz

Fig. 10. The current distribution of the proposed antenna
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Fig. 10(a) and Fig. 10(b) illustrates the simulated current
distributions of the proposed antenna at 2.45 GHz and 5.2 GHz,
respectively. It can be seen that current flow at slot length
Al1+B1 which operate first resonant frequency 2.4 GHz. Also,
The slot length {(A2+B2) and (A3+B3)} have current flow
which operate second resonant frequency 5.2 GHz.

(b) 5.2 GHz

Fig. 11. Three-dimensional radiation pattern of the antenna

Fig.11(a) and Fig.1l(b) shows simulated the three-
dimensional radiation pattern characteristics at 2.45 GHz ., and
5.2 GHz, respectively. We can observe that the proposed
antenna is achieved omnidirectional at first resonant trequency,
and bidirectional at second resonant frequency.

Fig.12 shows photos of a fabricated dual-band dual pattern
right angle slot antenna. The ground plane size (Wg = Lg) is 8
cm * 13 em. The measured resonant frequencies are 2.45 GHz,
and 5.2 GHz with the minimum return loss of -25 dB, and -17
dB, respectively. The measured results of the resonant
frequencies cormrelate well with the simulated results. The
measured impedance bandwidths are 200 MHz (2.3 GHz to 2.5
GHz), and 400 MHz (5.1 GHz to 5.5 GHz), which cover the
WLAN bands.
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Fig. 12. photograph of the fabricated antenna prototype
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Fig. 13. Comparison between simulated and measured
return loss for the proposed antenna

Fig. 13 shows comparison between simulated and measured
return loss for the proposed antenna. The simulated and
measured show that the proposed antenna achieved dual-band
antenna are 2.45 GHz and 5.2 GHz with impedance bandwidth
cover WL AN application.

4 Conclusion

The proposed antenna were determined using design
equation, and IE3D simulation software, and were verified
experimentally. The simulated show that the proposed antenna
achieved dual-band antenna are 2.45 GHz and 5.2 GHz with
impedance bandwidth cover WLAN application. We can
observe that the proposed antenna is achieved omnidirectional at
first resonant frequency, and bidirectional at second resonant
frequency. Therefore, an antenna which is able to operate with
dual band and dual directional pattern is required. These are
obviously becoming the most important factors for the
applications of antennas in both contemporary and future
wireless communication systems such as WLAN-based mesh
networks.
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