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PAOWPHATTRA KAMPHIKUL : CIRCULAR ARRAY ANTENNA
USING TAPERED SLOTS FOR WIRELESS LAN APPLICATIONS.

THESIS ADVISOR : ASST. PROF. RANGSAN WONGSAN, D.Eng., 116 PP.

CIRCULAR ARRAY/TAPERED SLOTS

Nowadays, Wireless Local Area Network (WLAN) is used increasingly since
users can connect to the network system from any area within the signal coverage
range, so the users can conveniently connect to the system via an access point (AP),
equipment acting as a signal dispersion and connection point. Currently, equipments
for the access points cannot be manufactured domestically resulting in few technology
developments. Therefore, an antenna is considered as another option that can be
applied with the access point to increase the WLAN’s efficiency. In this thesis, a
design and creation of Tapered Slot Antenna (TSA) were proposed with a bandwidth
covered frequency ranges from 2 GHz to 6 GHz so as to support the wireless
communication system according to the IEEE 802.11 a/b/g. A circular array antenna
was arranged from only one Tapered Slot Antenna to increase gain and obtain the
antenna with the similar characteristics as the omnidirectional antenna so it can be
suitably used for the WLAN application in large buildings, public parks, or for point-

to-multipoint interfaces.
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WLAN = wireless local area network
RF = radio frequency
AP = access point
TSA = tapered slot antenna
CST = computer simulation technology
PCB = printed-circuit board
f. = operating frequency
f, = resonance frequency
&, = relative permittivity
&, = permittivity of free space
H, = relative permeability
M = permeability of free space
MICs = microwave integrated circuits

= antenna length
antenna width
= flared slotline length

= flared slotline width

i L ? >
I

D, = diameter of circular slot stub

L, = length of uniform section of slotline
L, = backwall offset

W, = microstrip line width

H = substrate height

Ay = free space wavelength

A = slotline wavelength

A, = microstrip wavelength

R, = exponential opening rate

D = distance
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WLAN Antenna Using Tapered Slots Array

P. Kamphikul, P. Krachodnok, M. Uthansakul, and R. Wongsan
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E-mail: rangsan(@sut.ac.th

Abstract This paper presents a wide-band array antenna using 4-element tapered slot antennas for WLAN applications. The
advantages of this proposed antenma are light weight, easy fabrication and installation. Moreover, it provides the
onmidirectional pattern and moderately high directivity compare to the other ommnidirectional antennas, which are used in
WLAN at present. The paper also presents the procedures of 4-element circular array design. A Computer Sumulation
Technology (CST) software has been used to compute the return loss, VSWR, radiation patterns, and directivities of the
antenna. The azimuth patterns of the proposed antenna are very similar to the ommnidirectional pattern according to our
requirement. The bandwidths. at S11 lower than -10 dB. are between 2-6 GHz and directivities are around 6.676 dBi, 5.488

dBi. and 6.166 dB1 at 2.45 GHz-, 5.25 GHz-. and 5.8 GHz-band. respectively.

Keyword Taper slot antenna, Omnidirectional pattern, Circular array

1. INTRODUCTION At first, the general approach will be presented

In the wireless communication applications including the configuration of TSA in Section 2. In
particularly in Wireless Local Area Network Section 3, we apply this approach into the results
(WLAN), the popular antennas for WLAN access and discussion. Finally, the conclusions are given m
point are linear dipole, slot array, and microstrip Section 4.

antenna [1]. The Microstrip antenna arrays, due to
their extremely thin profiles (0.01-0.05 free-space 2. TAPERED SLOT ANTENNA CONFIGURATION

wavelength), offer three outstanding advantages

relative to other types of antennas: light weight, low ay

profile, and low manufacturing cost. A tapered slot
antenna (TSA) or notch antenna, is one of the
classical wideband antennas providing many
applications [2]. Therefore, it has an unlimited range
of operating frequencies [3. 4]. Being a printed
antenna. TSA offers many advantages such as casy

fabrication, suitability for conformal installation,

compatibility with microwave integrated circuit,

S

high gain (7-10 dB), and symmetrical E-plane and
H-plane beam patterns [5]. TSA cuts in thin film of (a) Front view of TSA

metal. with or without a substrate on one side of the r 754
film [6]. From such advantages, this paper presents a Jr“

. . Subtrate
wideband array antenna using 4-element tapered slot

antennas providing the omnidirectional pattern S W
suitable for WLAN and high directivity comparing to Stripline feed
the other omnidirectional antennas at present. The
simulated results of the return loss. VSWR, radiation (b) Top view of TSA
patterns, and directivities of the antenna are

conducted with CST software. Fig.1. Geometry of the TSA,

Copynght @2009 by [EICE
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A description of a printed TSA with a microstrip
feed 1s shown in Fig.l. The mucrosirip line feeder 1s
printed on a substrate having thickness of h and
relative dielectric constant of e, and the tapered
slotline 1s etched on the ground plane behind the
microstrip line. A few parameters are considered to
be of great importance for satisfactory wideband
performance. To achieve the travelling wave mode of
radiation, the slotline length and width generally
needs to be greater than A, and A,/2, respectively [7].
The opening rate of the tapered slotline employs an
exponential taper. The coordinates of the tapered slot
are defined by [5]

y=0Ce®+C, ()

where

The points (x;, z;) and (x. z:) are the end points
of the flare and R is the variable that changes the
rate of the opening. The performance of the antenna
1s relatively dependent on R. To achieve a broadband
transition, the microstrip open stub and the slotline
short stub are to present a virtual short and a virtual
open at the pointof transition, respectively. The
diameter of the cucular slot stub (Dg) may be
approximated by i/4. The &, is the effective
wavelength in the slotline and the stripline width
(Wsr) 1s calculated from matching 50 Q.  The
dimensions of antenna that used for simulation are
tabulated in Table 1.

Table 1. Design parameters

Antenna parameters Size (mm)

a, 318.8
aw 153

I 271.7
Fw 146.2
Dy 30.4
Wy 51.3
h 3.2

3. RESULTS AND DISCUSSION

VSWR

Return Loss (dB)

Fig.2. A 4-element TSA circular array.

(213

3 4 5 [ 7
Frequency (GHz)

Fig.3. The return loss.

h L L
3 4 5 G 7
Frequency (GHz)

Fig.4. The VSWER.
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(a) 2.45 GHz

g0

- 90°

- 900

- 135° -

(¢) 5.8 GHz

Fig.5 The E-plane Patterns.

- 907

(a) 2.45 GIIz

=0

(c) 5.8 GHz

Fig.6 The H-plane Patterns.
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Usually, the radiation pattern of a single TSA is
relatively narrow. In WLAN applications, they are
necessary to design TSA with very high directivity
and wide beam to meet the demands of service. This
paper proposes for ommidirectional pattern and
moderately high directivity. First, we propose the
4-element of TSA circular array design, which can
improve pattern to be omnidirection. To achieve the
high directivity, the distance of TSA circular array
antenna (d) 1s optimized to d = 133.44 mm. In order
to implement this concept, the circular array antenna
15 designed as shown in Fig.2. The thickness of FR4
substrate 1s 3.2 mm, which is fabricated using two

layers of 1.6 mm FR4 PCB, which can result in a gap.

From Fig.3. it can be clearly seen that the S;; are
lower than -10 dB, are between 2-6 GHz. Fig.4
shows the VSWR. The E- and H-plane patterns of the
proposed antenna at the center of three ISM bands
are 2.45 GHz, 5.25 GHz, and 5.8 GHz, respectively,
as shown in Figs. 5 and 6. The azimuth patterns of

the proposed antenna are very similar to the

ommnidirectional pattern according to our requirement.

The simulated results show that the directivities at
the 2.45 GHz-, 5.25 GHz-. and 5.8 GHz-band. are
6.68 dB1, 5.49 dB1, and 6.17 dB1, respectively.

4. CONCLUSIONS

This paper has presented a wideband circular
array antenna using 4-element tapered slot antennas.
It provides the omnidirectional pattern and high
directivity comparing to the other ommnidirectional
antennas, which are used in WLAN at present.
Therefore. this proposed circular array antenna
accords to the requirements and is appropriate for

the WLAN applications.
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1. Introduction

In the wireless communication applications particularly in Wireless Local Area Network
(WLAN), the popular antennas for WLAN access point are linear dipole, slot array, and microstrip
antenna [1]. The Microstrip antenna arrays, due to their extremely thin profiles (0.01-0.05 fiee-
space wavelength), offer three outstanding advantages relative to other types of antennas: light
weight, low profile, and low manufacturing cost. A tapered slot antenna (TSA) or notch antenna, is
one of the classical wideband antennas providing many applications [2]. Therefore, it has an
unlimited range of operating frequencies [3, 4]. Being a printed antenna, TSA offers many
advantages such as easy labrication, suitability for conformal installation, compatibility with
microwave integrated circuit, moderately high gain (7-10 dB), and symmetrical E-plane and H-
plane beam patterns [5]. TSA cuts in thin film of metal, with or without a substrate on one side of
the film [6]. From such advantages, this paper presents a wideband array antenna using 4-clement
tapered slot antennas providing the omnidirectional pattern suitable for WLAN and moderately high
gain comparing to the other omnidirectional antennas at present. The measured results of the return
loss, VSWR, radiation patterns, and directivities of the antenna are also conducted for verification
of the simulated results with CST software.

At first, the general approach will be presented including the configuration of TSA in
Section 2. In Section 3, we apply this approach into the numerical results and discussion. Finally,
the conclusions are given in Section 4.

2. Tapered Slot Antenna Configuration

oy f“.
[ 7sa
h' Subtrate
) : Ty
I Stripline feed
(a) Front view of TSA (b) Top view of TSA

Figure 1: Geometry of the Tapered Slot Antenna
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A description of a printed TSA with a microstrip feed is shown in Fig.1. The microstrip line
feeder 1s printed on a substrate having thickness of / and relative diclectric constant of &, and the
tapered slotline is etched on the ground plane behind the mierostrip line. A few parameters arc
considered to be of great importance for satisfactory wideband performance. To achieve the
travelling wave mode of radiation, the slotline length and width generally needs to be greater than
Ayand 2, /2, respectively [7]. The opening rate of the tapered slotline employs an exponential taper.

The coordinates of the tapered slot are defined by [5]

e
y=Ce" +C, (D)
where
. , R Ry
N P . e e
C=—t—% ad (="tp—ri— (2)
e t—gn el—g

The points (x, z;) and (x5, z,) are the end points of the flare and R is the variable that changes the
rate of the opening. The performance of the antenna is relatively dependent on R. To achieve a
broadband transition, the microstrip open stub and the slotline short stub are to present a virtual
short and a virtual open at the pointof transition, respectively. The diameter of the circular slot stub
(D,) may be approximated by A /4. The A is the effective wavelength in the slotline and the

stripline width (J7°, ) is calculated from matching 50 Q.

3. Numerical Results and Discussion

|""'--_.
(a) Simulation geometry for Proposed (b) Proposed Circular Array Antenna
Circular Array Antenna with CST Using Tapered Slot
software

Figure 2: A 4-element Tapered Slot Antennas Circular Array

Usually, the radiation pattern of a single TSA 1s relatively narrow. In WLAN applications,
they are necessary to design TSA with very high gain and wide beam to meet the demands of
service. This paper proposes for ommidirectional pattern and moderately high gain. First, we
propose the 4-element of TSA circular array design, which can improve pattern to be omnidirection.
To achieve the high gain, the distance of TSA circular array antenna ( d ) is optimized to d =133.44
mm. In order to implement this concept, the circular array antenna is designed and fabricated as
shown in Fig.2. The thickness of FR4 substrate is 3.2 mm, which is fabricated using two layers of
1.6 mm FR4 PCB, which can result in a gap. The proposed circular array antenna is fed with a 50 Q
ring combiner and connected to an HP8722D network analyzer in order to test the reflection
coeflicients. I'rom Fig.3, it can be clearly seen that the measured S, are similar with the simulated
and the good agreement. Fig.4 shows the simulated and measured VSWR. The simulated and
measured E- and H-plane patterns of the proposed antenna at the center of three ISM bands are 2.45
GlHz, 5.25 GIlz, and 5.8 Gllz, respectively, as shown in Figs.5 and 6. The azimuth patterns of the
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proposed antenna are very similar to the omnidirectional pattern according to our requirement. The
simulated results show that the directivities at the 2.45 GIz-, 5.25 GlIz-, and 5.8 Glz-band, are
6.68 dBi, 5.49 dBi, and 6.17 dBi, respectively. Also, the measured results are 6.17 dB, 5.03 dB, and
5.78 dB, respectively. It is shown that the measurement and simulation for three operating
trequency bands are in good agreement.

0 T v T T T 7 T T T T T

—— Simmlated
P wMeasured |

Return Loss (dB)
VEWR

_35k = Sinmlated | |
o == Measured

) 2 3 4 5 6 7 :
Trequency (Gliz) Frequency (Glz)
Figure 3: Simulated and Measured Return Figure 4: Simulated and Measured VSWR

l.oss

4. Conclusions

This paper has presented a wideband circular array antenna using 4-element tapered slot
antennas. It provides the omnidirectional pattern and moderately high gain comparing to the other
ommidirectional antennas, which are used in WLAN at present. With good agreement between the
simulated and measured results and accordance of the requirements, therefore, this proposed
circular array antenna is appropriate for the WL AN applications.
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