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ABSTRACT

This thesis presents the design and analysis of microstrip slot antenna fed by coplanar
waveguide (CPW) for use in WLAN systems. Simulation by using IE3D software based on
Method of Moment (MOM) which is the commercial license software has been performed. The
proposed slot antennas are design to match an impedance of 50 ohms of transmission line on a
low cost PCB-FR4 substrate with dielectric constant (Sr) 4.5 and thickness of 1.6 mm. The
sequence of designing is proposed beginning from simple basic shape of slot antenna and
developed by using tuning stub to achieve a wideband from frequency range of 2.27 GHz to 7.4
GHz. In this case, the five shapes of tuning stub for slot antennas are introduced and comparison
on widen bandwidth. Finally, the best one is fabricated and the measurement results show that
the slot antenna with like-fork tuning stub and inset strip is the best one. The proposed antennas
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B () = L =)= 50) = (i =x) (= 20)],
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(% gx’):; (P =2) 5 : (%) e dmioy o (2.25)
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MU IAIRIUMTNIZDIBNTZUE (The Global Expression for Current Distribution)
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Standing Wave Ratio: VSWR)

VSWR = = (3.27)
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SWR (dB) = 20 log VSWR (3.28)
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J=nx(H -H") (3.35)
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3.5 AMANYAUAN 9§ VDITHBINIA

3.5.1 AauHa (Standing wave)
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113901 (Voltage Standing Wave Ratio: VSWR)
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VSWR = — (3.39)
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3.5.3 dszan5nMvesa8e1MA (Antenna Efficiency)
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Taosia lsg Mdidluanminnzesiamaluiirmaiasemmesindanu 1daiaa

(3.45)

3.5.5 AT 1VEINUVDIT 1D INA (Gain)
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Abstract- In this paper, the simple structure of slot antenna
fed by coplanar waveguide (CPW) is considered for dual
frequency. For increasing the antenna bandwidth, the conductor
stub is proposed by overstep the central conductor (signal strip)
into slot antenna. By sofficient choosing shape and size of
conductor stub, can be achieved the wide bandwidth 23.8% (2.22-
2.82 GHz) and 86.04% (3.88-9.74 GH2z), which can use in WLAN
applications coverage standard of 1IEEE 802.11b/g (2.4-2.4835
GHz), IEEE 802.11j (4.90-5.001), IEEE 802.11a (5.15-5.35 GHz),
IEEE 802.16d (5.7-5.9 GHz). The simulation results of this slot
antenna are onalyzed by using MoM from IE3D Software [1],

L INTRODUCTION

Coplanar waveguide (CPW) transmission line has increased
significantly in recent years. The antennas fed by CPW have
several useful properties, The properties include wider
bandwidth, better impedance matching, and lower radiation
losses. Also slot antennas have wider impedance bandwidth as
compared to microstrip palch antennas [2]. The advantages of
CPW fed slot antenna is wideband antenna which many
research introduced the several shape of slot antenna for use in
Wireless Local Area Network (WLAN) communications
systems [3].  [owever, conventional the CPW fed slot
antennas is not large enough bandwidth to cover the demand of
Wireless LAN communications systems,

In this paper presents a CPW fed slot antenna for dual
frequency of WLAN application at low frequency band 2.4
GHz and high frequency band over 4 GHz. We will begins
considering the simplest and most basic configuration of CPW-
fed slot antenna.  Finally, we will try to maximize band width
by using conductor stub 1o keep the retum loss to minimum.
The simulation results of bundwidth at low frequency 2.4 GHz
is 23.8% and at high frequency over 4 GHz is 86.04%

IL ANTENNA DESIGN

In this paper, 1E3D software package of Zeland [2] is used
to design and simulation. This antenna is designed on dielectric
constant £, = 2.2 and a thickness it = 1.575 mm at design
frequency 2.4 GHz.

In this case, the parameters of slot antenna structure are as
following:

Width of antenna, W, = 72 mm

Length of antenna, Ly = 47 mm

Width of CPW feed line, S¢ = 0.3 mm

Width of signal strip, Wp = 3.0 mm

Length of CPW feed fine, Ly=25 mm

In the design of CPW-fed slot antenna, we will begins to

consider the simplest basic configuration and developing for
wide band by using conductor luning stub for maximize
bandwidth.

A, Design Antenna on Simple Configuration

Figure 1 {a) shown the simple structure of CPW fed slot
antenna al design {requency 2.4 GHz. For match impedance
with 50 ohms transmission line. the CPW feed line has a signal
strip Wr = 3.0 mm, a gap width §; = 0.3 mm, and length of
CPW feed line Ly = 25 mm (= 2,/4). The length of slot antenna
(L4} depends on guide wavelength &, which is approximately
the half of the guided wavelength (= 3,/2) at frequency 2.4
GHz, The length of slot antenna is given by
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where A, is Lhe free space wavelength at 2.4 GHz.
A, 15 the guided wavelength at 2.4 GHz.
&yr is an effective dielectric constant.

Z is the impedance.

In this case, the Ap, A, and Ly are 125mm, 98.82 mm and
47 mm, respectively,

B.  Design Antenna with Stub Tuning
The stub tuning is proposed for maximize wide bandwidth,
as shown in Figure 1{b) and 1{c). The procedure to increasing
bandwidth of some frequency-band is:
1. Expanding the central conductor (strip signal} by
overstepping into both side of slot antenna, Figure 1(b).
2. Next from case I, to oversiepping the small conductor as
shown in Figure 1 {c).
The parameters of conductor stub in Figure 1(b) are W, and
Ly which are adjusted for good matching. While Figure 1(c)
adding three parameters of conductor stub, W, Le, and L.
Reasonable to maximize bandwidth, the value of Wy, and Ly, in
case of minimum return loss is chosen. Finally, the W, L.,
and Ly is adjusted for wideband at high frequency.

Ground
=" plane

©)

Tigure |. Configuration of the CPW fed slot antenna, (1) basic structure
(b) with tuning Ly and Wy, (0} with tuning T, W, and Ly

. RESULTS

Figure 2 shown the simulation result of return loss (S;) in
varying value of W, 10 47, 72 and 8¢ mm by fixing L, to 47
mm which the structure of antenna as shown in Figure 1(a).

db[S{1,1))
[
H
il .

,...;,.«:

N N
2 il s B
¢ ¥ 2 3 4 &5 & 1 3

Freq|GHz]

Figure 2. Simulation resules of retorm loss by adjoss W .

The best value of W, for good matching is 72 mm. Thus,
we will fix the value of L, and W, to 47 mm and 72 mm,
respectively. In this case, the simulation results are shown in
Table I
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TABLE 1
Simubation results of Figure 1 (a} by fixed Ly = 47 wun.
W, tmaa) 17 7 80y
Resonance 5 o
Lower Vreq (GHA L 2
Frequency Return Loss {d3) -10.07 REAL
BW (%) 079 1234
Resonance
52 55
Higher Frexy (GH2) 528 i
Freguency Retun Loss (i) -HLON <1117
BW (45) 151 TA8

From Figure 1(b). the central conductor is overstepped into
slot antenna.  The analvtical affect of adjusting Wy, and Ly, will
be considered, first analysis by fixed W, to 8.5 mm and adjust
Ls. and next choose Ly, from first analysis base on rewn loss
($;1) and fixed it then adjust Wy, The simulation of retum loss
and bandwidth are shown in Figure 3-4 and Table 2-3,

respectively.

db[S(1.11]

Freg[GHz}

Figure 3 Simulation results of retirn Joss by adjust L.

ab(S{1.1]]

FraqiGHz)

Figure 4 Sumulation results of retum boss by adjust W,

TABLE HI
Simulation results of Figune 1 (Y Lo=47 mom, Wo=72 mm, |y, = 45.5 mm.

Wy lmm) 45 3 11.5
Resonance 519 246 248
Taey (GHA T s =
LTt Return Loss
Frequency o 23236 | 23679 | -3382 30
2186 23.29 23.10 2.92
) X 02 4.
i Freq (GHz) bo | A8 b
igher Retura Loss
Frequency | DO L 3508 1493
BT N U O

Figure 3 shown the low resonance frequency is slightly
changed and high resonance frequency shift up when value of
Ly, is increased. Comparing between Sy, for cach value of Ly.
we will choose Ly, = 45.5 mm and use this value 1o find out W,
for better mawhing and wideband.

Figure 4 shown low resonance frequency is changed same

as Figure 3, while high resonance frequency shift down when
value of Wy, is increased. In this case, the good matching can
be achieved when Ly = 45.5 mm and W, = 7.3 mm which are
used 10 analyze for maximized bandwidth in next step.
Finally. we overstep the small conductor into slol antenna by
adjust three parameters: Le. W, and Ly, a5 shown in Figure
l{c). By sufficient choosing value of Le= | mm, W =3 mm
and Ly= 6 mm, the simulation result of S is shown in Figure S,
In this case, we achieved the wide handwidth w high frequency
from 3.88 — 0.74 GHz (5.86 GHz or 86.0:% ol the center
frequency 6.81 GHz) and at lower frequency from 2.22 - 2.82
GHz (0.6 GHz or 23.8%),

& 7
Freg[GHz]

Figure 5. Simwlaton results of retum loss by adjust L.

Ve and ke

TABLE IV
Simulation resulis of Figure 5.

— . - T’\'NI il_ - e T L, =<imm, W, =72, Iy, = 43.8 mm. Wy = 7.5 mm, Lo tmm, W
Stmuknion results of Figure 1ib), L=47 mm, Wo=72 mm, W= 8.5 i = & m, and L, =6 mm
Ly tipm) s 453 % 465 Lawe Frequency Higher Frequency
Resonance 51 » . 5 43 Sn Buadwidth | . . " Bandwidth | Gain
R I T e ) S e P A Rl I Y )
Frcaneiey R«u::l:;‘l) o e T | v | o155 3706 6 330 769 556 443
BW (%) 7267 2310 19.35 1387 .- - §
Rﬂm‘:w — - Table JV shown the characteristic of retum loss, gain and
: Freq Gl | 2 7 +54 in handwidth of this slot antenna,
Higher Retui ] H : . )
Frequency | e Los ot | 608 | 080 The radintion pattern gain xy-plane and xz-plane are
B:’,':}_? i T shown in Figure 6-9. The antenna is obtained on center band of
i R e s low frequency a1 2.52 GHz and of high frequency at 6.8 GHy.
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Figare 8. X7 planc at f = 6.8 GHz.

Figure 9. XY plane at (= 6.8 GHz.

IV, CONCLUSION

The slot antenna fed by CPW is designed for dual frequency
2.4 and 5§ GHz bands. The stub wning technique is proposed
for wide-band which has two step tuning. By sufficient
choosing size of conductor stub, can be achieved the wide
bandwidth of 23.8% (2.22-2.82 GHz) and 86.04% (3.88-9.74
GHz), which can use in WLAN applications and
communication systeme. The frequency bandwidth of the
proposed slot antenna for dual frequency is large enough to
coverage standard of WLAN communications systems.
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