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ABSTRACT

A rectangular slot antenna fed by coplanar waveguide (CPW) with stub tuning can be
obtained wide band frequency. Therefore, this thesis proposed the tuning stubs to improve
characteristics of slot antenna for wide band which uses in WLAN communication systems from
1.66 GHz to 6.34 GHz. The slot antenna and CPW are etched on the same side of a single
conductor layer, thus simplifying for fabrication process. The characteristics of antenna are
proposed and analyzed for instance input impedance, return loss, bandwidth, VSWR, and far field
radiation patterns. The obtained impedance bandwidth can achieve wide band from 1.66 GHz to
6.34 GHz (117%) which is the frequency band coverage the standard of GSM1800, GSM1900,
and WLAN standard of IEEE 802.11b/g, IEEE 802.11j, IEEE 802.11a. In this research, the
characteristics of antenna are analyzed by using Method of Moments (MOM) from IE3D

software.
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2.3.1.1 Wapyu Roof-top uuwné’ﬁ.m‘a’}uu (Roof-top Function on Rectangular Cells)
'luﬁfi’nzuﬁmﬁ'wwaqﬁmﬁuuun’a:ﬁwﬁw'ﬁnuﬂ i waz j iudw (i, ) a4
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y)= [(yﬂl —yi)(x_xi—l)"(xm "'x.')(y"yi—l )]

D (x,
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Je. K (k)
mnaitladianasniszdnsmamlden
g, =1+q(g,-1) (2.29)
Taui
g= 1(————-—1( f"’ )X (k‘)} (2.30)
2\ K'(k))K(k,)
dle g wwwia @szneunsgu (Filling Factor)
nay
a
' b
_ sinh(za/2h) (232)

27 sinh(zb/2h)



k= tanh(zwa/2h,)
*" tanh(b/2h)

{ a d =
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w et anundnvesmoihdygy

g Muwh aAnuniuesses

¥
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: de
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() oIJl-k’sin’e

A o =)
e 6 nwwde aunlsiFadou

Taw

K'(k)=K(k")
k'|=\/l—"}17

uazdas ey K(k)/K'(k) annsomldlasmsdszunune
nsal 0<k<0.707

K(k) _ 7 |
K0 Lnf 204K /0= |

nsal 0.707<k <1

K(k) 1 )
m_”fn[2(1+ﬁ)/(1 Jo) |
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mweyma | f, - f,N-10dB (GHz) | £.(GHz),S,, (dB) | BW 11-10dB (%, GHz.)

HAN1391a04 1.658 - 2.844 2.251,-13.09 52.69, 14186

HAINNIIIN 1.705 - 2.905 2.305, -22.61 52.06, 1.200

1 d
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HamssavanuanyurMsgyduloundu (S,) vesmuome uﬂmﬁ'«jﬂ'ﬁ 3.2
aweimagluuyiiaunsofiszduguanud 18 Tasmssumsidines w, L uazL, dau
wisiliaed L, L, x,, 10z x, 1 lumsiiuundtuiinaud (7] HannMsUuNIimes e
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(Wireless Communication System) 8
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3.1 msaamnmmaﬁﬁ’m»:ynmuvuﬁaﬁmﬁmzmm'"m (CPW)
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Abstract—A rectangular slot excited by coploanr wavegnide
(CPW) with tuning stub is introduced to obtain a dual frequency
opevation.  Prototype of the proposed antenna designed for
WLAN operations in the 2.4 and 3.2 GHz bands. The antenna
and CPW feed line are printed on the same side of a single
conducting layer, thus simplifying the Fabrication process. The
chuutrh!hs of antenna are proposed and soalyzed for
inst imped . return loss, bandwidih, VSWR, and
far field udhﬂu patterns. The obtained impedance bandwidth
for two bands can reach about 35.2% for the 2.4 GHz
band and 1297% for the 5.2 GHz band. Finite Differvnce Time
Domain method (FDTD) is introduced 1o analyze this antenna, A
verifieation of simulation procedure is confirmed by 1E3D
software which is hased on the Method of Moments (MOM L

I.  INTRODUCTION

Recently, great advances have been made in wireless local
area network (WLAN) communications. and in order 1o
satisfy the IEEE 802.11 WLAN standards in the 2.4 GHz band
(24 -2.484 GHz) and 5.2-GHz band (5.15-5.35 GHz). many
wireless communication devices are npow designed to be
capable of dual-band operation in the 2.4 and 5.2-GHz bands.
For this reason, dual-band antennas for WLAN operation are
in demand accordingly.

Dual-frequency microstrip antennas are generally classified
into two types: multiresonator antennas, such as multilayer
patch antennas, and reactive Joading antennas using etching
slots on the patch andVor short circuit vias. Thus, the research
for new microstrip configurations with wider bandwidih or
dual band has been dominant feature of the research linerature,
and much effort continues to be expended [1]

The coplanar waveguide (CPW) fod antennas have been
widely used for wireless communications owing to their many
attractive features such as wide bandwidth, simplest structure
of a single metallic layer. no soldering points, easy integration
with MMICs, and broad bandwidth, etc [2]. Etching the slot
and the feed line on the same side of the substrate eliminates
the alignment problem needed for etching on both sides of the
substrate. The coplanar waveguide (CPW) is such a

ECTI-CON 2007
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transmission line that can achieve this. In addition, the
has lower loss than the microstrip line. For the av

related designs applied for nngh metalllc WLAN ope
have been reported in [4-8] realize dual band operal
However, the lower mode has a narrow inpedance bandwi
In this paper, a novel and simple wideband dual-freq
easy harmonic adjusting design of the rectangular slot

antenna and feed line structure are placed on the same
conductor side of the substrate,
fabrication process, it can be shown that this antel
suitable for WLAN application, details of the antenna

cade for conventional three dimension (3D} passive strue
which are base on the FDTD algorithm that can predici
analysis of the electromagnetic responses of
problems. The analytical space consists of 70x 249x 100
with the cell dimension Ax = 0.1575 mm., Ay = Az = (125
The time step satisfies the following courant condition.

1

Vua (VAT (1Y) +(Va2)
For source excitation of the antenna is input voltage Vi)
on Gaussian pulse and express as

!1\’
Vity=e T

Where ., the center of the pulse, T is is the pulses width
I/ ¢ characteristic delay point.

M=

base

@)

rlils
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HIL ANTENNA DESIGN

The geometry of the proposed CPW-fed rectangular slot
antenna with tuning stub for wideband and dual-frequency
operations is shown in Figure 1. For the design studied here,
the antenna is etched on the same side of RT/Durcid 5880
substrate with the diclectric constant of 2.2 (g)and the
substrate thickness of 1.575 mm (h), while the other side
without any metallization. A CPW transmission line, which
consists of a center conductor strip width of w, and a gap
distance of 5 between the conductor strip and the coplanar
ground plane, is used for feeding the antenna. Two equal
finite ground planes, each wilh dimensions of length L. is
situated symmetrically on each side of the CPW feed line.
The basis of the antenna structure is a rectangular slot. which
has the dimensions of length L and width W. To achieva the
desired dual-frequency operations and for easy upper
frequency control range, the feed line is connected with the
tuning stub, which comprises both the horizontal and vertical
sections with dimensions.

The guide wavelength is given by
ix = </f (3)
i

Where 5.4 is an effective diclectric constant which can be

computed by using the following equation.
S .f{%’_‘ 4)

To investigate the performance of the proposed antenna
configurations in terms of achieving the wideband dual
frequency operations, the Finite Difference Time Domain
method (FDTD) was wsed for required analysis and obtaining
the proper geometry parameters in Figure 1.

Figur 1. CPW-fed reciangular slot antenna with toming sub (a) 1op view
(b} cyons section
Finally, the antenna dimension is obtained to be

L = }4mm Ly = 9mm
W = 4825mm Ly = 9mm.
Lga= 7.5 mm. Ls = 125mm
W, = 075mm X o= S5mm.
s = 0.25mm Xz = 535mm
d = 25mm w, = 1Smm
[, = 10mm. w, = 1Smm
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IV. RESULTS AND DISCUSSION

The antennas are analyzed by using Finite-Difference
Domain (FDTD) Method and comparing with 1E3D
which is based on the Method of Moments (MOM).

The resonant mode at 2.4 GHz band is achieved by Wland L
parameter adjusting. The upper resonant mode occurs| by L.

Time-
ware

Ly, Lo x. and x; adjusting. In this paper, we will [}
adjust the W, Ly, L, and Ls parameters by fixing the value of
other parame lers,
A, Affect of adjusting the W parameter.

In this case, the W is adjusted 1o be 46.25 mm, 48.25
and 50.25 mm. respectively. The simulation result of return
loss {(Sy) are shown in Figure 2. Thus, the lower resonarjt can
shift to any frequency.

Figure 2. The return loss in the case of W adjusting

B Affeci of adjusting the Lyamd L, parameter,

The length of L, and L, are adjusted to 7, 8 and 9 mm. the
resulting show that the spacing between the lower and ppper
resonant frequency can oplimize by this condition (see Figure

3.
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Figore 3. The eivrn Joss in the case of Ly and Ly adjusting

C. Affecr of adjusting the L, paramerer.
To follow this condition, the wpper resonant can seldet to
the frequency requirement that shown in figure 4,
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oy i 5.2 GHz (5.15-5.35 GHz) [8]. Figure 6-7 show the simulated
R o '_ of VSWR and input impedance.
¢ i 1 Typical radiation characteristics of the frequencies 5
s 4 f the lower and higher bands for the proposed dual-
T . W (B TS S antenna are also examined. The radiation patierns for E§ are
O O [ - nearly omnidirectional at both operating frequencied. |The
H NN radiation paiterns have symmelric characteristic becausqd the
“'"!" U 1 antenna structure is symmetrical.  Figures 8-9 show| the
b R e e At sy oot Ui ke radiation patterns in the azimuth cut (x-y plane) for the
P SN . . {0 O L ) AU R antenna at the lower band of 2.41 GHz. and at the higher band
T e of 5.17 GHz.
RS T JEE. e T B B T
Figure 4. The retum loss in the case of L. adjusting
L D el tol Ly Jp— -
D. The characreristics of proposed amenna. -: -: H '
Figure 5 shows the simulated return loss against frequency C El it et e Sy i el
for the proposed CPW-fed rectangular slot antenna with W- - 1.1
shaped tuning stub which simulated by FDTD method and E ! T i
MoM. D et e D L L R
] 1 1 1 L}
j (7 SRR S I S R -
; Py
¥ 0 C 0 :
Froqueasy KM
Figure 6. Simulated VSWR of proposed CPW-led rectangular slot
with tuning stub.
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Figure 7. Simulated inpul impedance of proposed CPW-led lecuqllar
slotantenna with twming stub,
V. Concrusion
Broadband dual-frequency operations of a simple fed

reclangular slot antenna with tuning stub suitable for WLAN
(b1 MOM operations in the 2.4 and 5.2 GHz bands have been st

Figure 5. Simufated retum koss of proposed CPW-fed rectangular siet
antenna with tuning stoh.

proposed antenna can provide dual-band and wide i
bandwidths of 55.2% ranging from 1.59 GHz o 2.92
The simulation in lower band achieves a -10 dB impedance “,""h respect to l,h"' cermra fre(!uemy a 241 G"h'h":)“d ::’;
bandwidth of 55.2% ranging from 1.59 GHz to 2.92 GHz with simulated bandwidth for the higher mode ranging from|4.
respect to the centre frequency at 2.41 GHz. and the simulated GHz to 557 GHz or about 12.97% referred to ‘h“nx“
bandwidth for the upper mode ranging from 4.9 GHz to 5.57  frequency at 5.17 GHz. Also. good antenna performances o
GHz or about 12.97% referred to the centre frequency at 5.17 operating frequencies across the two bands can be obtained.
GHz. Obviously, the antenna can operate over the bands
which cover the required bandwidihs of the IEEE 302,11
WLAN standards in the bands at 2.4 GHz (2.4-2.4835 GHz).
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Figure 8. Simulsted radiation patierns a1 241 GHz [or the proposed
antenna in Figuse |.
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Figure 9. Simulated radiation patkerns at 5.17 GHz for the proposed)
antenna in Figure 1.
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Abstract—This paper presents the simple structure of
coplanar waveguide (CPW) fed rectangular slot antenna
with taning stub for wideband operation that applicable to
WLAN in the 2.4 and 5.2 GHz bands. The antenna and CPW
feed line are printed on the same side of a single conducting
layer, thus simplifying the fabrication process. The
characteristics of antenna such as input impedance, return
loss, bandwidth, VSWR, and far field radiation patterns are
proposed. The obtained impedance bandwidth for two
operating band achieved wideband from 2.24 GHz to 5.66
GHz (=86% of center band) which is the frequency band
covered standard of IEEE 802.11a/b/g. The simulation
results are analyzed by IE3D Zeland Software [1] which
based on the Method of Moments (MOMI).

Keywords—CPW, slot antenna, WLAN, wideband

L INTRODUCTION

Recently. WLAN (Wueless Local Area Network)
communications where satisfy the IEEE 802.11 WLAN
standards in the 2.4 GHz band (2.4 -2.4835 GHz) and 5.2
GHz band (5.15-5.35 GHz) have attractad a lot of interest
in the research community. The populanty of using
wireless communication device make huge demand of
every part of elements, the most important part 1s antenna.
For this reason, dual-band antennas and wideband antenna
for WLAN operation are 1 demand accordingly.

The coplanar waveguide (CPW) fed slot antennas
have been widely used for wireless communications
owing to their many aftractive features such as wide
bandwidth, simplest structure of a single metallic layer.
no soldering points, easy integration with MMICs, and
broad bandwidth, ete [2]. In addition, the CPW has lower
loss than the microstrip line. For the available designs, the
patch antenna fed by CPW reported m [3] 15 capable of
dual-band but two metallic layer are require for this
antenna, the CPW-fed square slot antenna reported m [4]
is capable of broadband but single-band operation only.
In this paper, we propose a simple CPW-fed rectangular
slot antenna with tuning stub for wideband operation that
applicable to WLAN communication in 2.4/52 GHz
band. The obtained impedance bandwidth can acheve

978-974-8308-56-2 ©2007 KMITL

ae

96

wideband from 2.24 GHz to 5.66 GHz (=86% of
band) which 15 the frequency band covered the
IEEE 802.11ab'g. The antenna and feed line s
are placed on the same single conductor side of the
substrate, thus simplifying for fabrication process, detai

of

of the antenna design are described and sinmlated ts
are presented and discussed.
I'| Slh:lh
Figl G ¥ of CPW-fed sectangular slot with tdning
stub,

The proposed of wideband antenna
shown w Fig. 1. This anfenna consists of a rectay
slot with W and L denotes the length and the width of the
slot antenna. respecuvely, that fed by CPW 1851

connect with planar patch twung stub on single metallic
side of RTDuroid 5830 substrate with the dielectn
constant of 2.2 and the substrate thickness (h) of 1.
mm.  Two esqual fimte ground planes, each
dimensions of length L, is situated symmetncally on




each side of the CPW feed line. The guide wavelength is
aven by
A of
e

Where 5. is an effective dielectric constant which can
be computed by nsing the following equation.

)

g v~ @
To investigate the performance of the proposed
antenna in terms of achieving the wideband frequency
operations, the IE3D software which is based on the
Method of Moments (MOM) is mtroduced to analyze.
Finally, the antenna dimensions and parameters were

obtained to be lists in TABLE 1.
TABLE 1

ANTENNA DRMENSIONS AND PARAMETERS
L = 247mm d = 4iam
W = 4435mm d = Llimm
Low = 24mm L = 144mm
wy = 2Qmm. w,; = 26mm
s = 02 am wy = 3375 mm

III. RESULTS AND DISCUSSION

The lower resonance frequency is achieved by satting
and adjusting the dimension W and L parameter. Other
parameters use for control the retum loss for match
mmpedance with 50 ohms of transmussion line. In this
paper, we will show the influence of various parameters
on the antanna performance.

4. The Influence of Dimension W Adjusting

First, we will consider the effect of the dimension W
vanation by fix dimension L to 24.7 mm and fix other
parameters as list in TABLE 1. When varying W 10 42.35
mm, 44.35 mm and 46.35 mm, we observed that the lower
resonance frequency will decrease when the length of W
1s merease as shown m Fig.2, -

EEEETS
: A

—

T

Fig. 2. The retn loss in case of varying W.
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This result can show that the optimum lower resopance
frequency will be able to obtam by the dimensi¢
adjustment. In this paper, we will adjust W for optimum

performance or match impedance with 50 ohms
transnussion line. In this case, the good mat ---;

II 5 shown lists of resonance frequency and bands
varying W parameter.

TABLE Il
SIMULATION RESULTS OF RESONANCE FREQUENCY AND
BANDWIDTH WHEN VARYING W

W ry = BW

mo) | (GHz) 2 (GHz)
4235 | 266 5.8 198,098
1235 | 2:2 518 342
1635 | 242 5.1 084,23

B. The Influence of Dimension L Adjusting

Next. to consider the effect of varying dimens
by fix dimension W to 44.35 mm with other
TABLE 1 By observing the result from Fig. 3, v
lengih of L is incrensed, the high resonance
around 5 GHz will decrease while the lower res
frequency is shightly shufted up as list n TABLE 111,
we can get the optimum of Ingh resonance frequen¢y
adjustment of dimension L. In this simulation
optimum dimension L equal to 24.7 mm.

§g¢

bebobdbaiess

3

Fig. 3. The return loes 1 case of varyug L

TABLE
SIMULATION RESULTS OF mwcz FREQUENCY AN*

3:NDWIDTH WHEN VARYINGL
L & fn BW

| (mm) | (GHz) | (GHs) | (QHs)
n1 23 5.3 in
47 132 518 34
26.7 234 5.08 33

C.  The Influesice of d; Pavamerer Adjusting

To follow this condition, the parameter d; 15 adjpsted
by decreased and increased from 1.1 mm. In this case, the
$y1 15 shown in Fig.4. TABLE IV is shown the results of




resonance frequency and bandwidth by adjusting d,. The
equilibrium point of the refum loss level of the higher and
lower resonance frequency can be obtamed by d;
variation. In this simulation d; equal to 1.1 mm for

by
cd
-
0
.
)
-
a4
-
-
A! H H - ] L] T
Frecarnsy (W)
Fig. 4. The return loss in case of adjusting d:.
TABLE IV
SDMULATION RESULTS OF RESONANCE FREQUENCY AND
BANDWIDTH WHEN ADJUSTING dy
d i Ty 3W
{mm ) (GHz) (GHz) GHr’
0.9 2.48 i 0.86,23
1.1 2.52 5.18 342
1.3 2.56 324 2.14, 1.1

D. Theimpedance matching improvement.

Figure 5, 6, 7 and 8 shown the simulated retum loss,
for impedance matching improvement by adjust the wyy,
wa, di and L, parameters which 15 the size of tuning stub.
It can be seen that, if we adjust these parameters. the

impedance matching will be affected directly. So. we can
obtain the optimum retum loss by adjustmg these

Generally, it can be noted that the bandwidth of the
higher resonance frequency 15 wider than the lower
resonance frequency for dual bandwidth. Due to the fact.
the substrate 15 thicker m terms of wavelength at the
lugher resonance [2]. For this reason. we tiy to adjust the
antenna parameters with stub nuung for decreasing the
retun loss between two bands lower than -10 dB for
wideband. The simmlation results shown that the
matching of the propose antenna is improved by adjusting
tung stub parameters for wideband from 2.24-5.66 GHz.
It can be seen that the matching of antenna is not effect by
W, L and d; adjusting, but affected by the dimension of
tbemnhgsmbw,;,wﬂ. diand L, .

E  The Characteristics of Proposed Antenna

Fig. 9, shown the final result of simulated refum loss
that cover the require bandwidth. The simulation results

of 8y, mput impedance, VSWR and bandwidth
proposed antenna are list in TABLE V.
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Pig. 9. Simulated retora loas of proposed anteana.

TABLEV
STIMULATION RESULTS OF RESONANCE FREQUENCY AND

TDTH WHEN VARY d

EELW'“""' Su VSWR Z. (D) BW (%)
Low -35.67 103 5142087
High 44.65 101 50044038 356

The simulated impedance bandwidth of the purpose
antenna is about 86% ranging from 2.24 GHz to 5.66 GHz
{centre at 3.95 GHz), which cover the requrement
bandwidth of the IEEE 802.11b'g/a WLAN standards
(2.4-2.4835 GHz for IEEE 802.11b/g and 5.15-5.35 GHz
for IEEE 802.11a). The radiation pattsm are shown i

Fig. 10-Fig. 13, respectively.

IV. CoNcLUSION

The rectangular slot antenna fed by CPW with tuning
stub is introduced for achieved wideband applications
coverage standard of IEEE 802.11 big/a. The bandwidih
of this slot antenna 1s 3.42 GHz (=86% at center band 3.95
GHz) ranging from 2.24 GHz to 5.66 GHz.
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Fig 10 Radiation patten: of the prop 22,40 GHz.
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