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ABSTRACT

This thesis presents the study on e-shaped microstrip slot antenna for wireless local area
network (WLAN) applications. The simulation and analytical of this antenna is using Method of
Moment (MoM) from IE3D software, which is one of the popular software for analyze the varied
structure of antennas.

The first propose is design slot antenna on RT/Duroid 5880 substrate with three shapes:
rectangular slot loop, 8-shaped slot, and e-shaped slot.

From the analysis of these slot antennas, it found that the e-shaped slot antenna can achieve
widest bandwidth coverage standard of WLAN that are: frequency band 2.4-2.4835 GHz standard
of IEEE 802.11b/g, frequency band 5.150-5.350 GHz standard of IEEE 802.11a, and frequency
band 5.7-5.9 GHz standard of IEEE 802.16 d. In addition , the bandwidth can coverage standard of
IEEE 802.11j of frequency band  4.90-5.091 GHz in Japan. Finally, the e-shaped slot antenna is
simulated and fabricated on low cost FR4 substrate. The characteristics of simulated results on FR4
substrate by using IE3D software are compared with the measured results for reliability of software

design and analysis.

Keyword : Slot Antenna
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R,= R+R, (2.25)
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[ a

| Generator. . Radiated
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o3| 1 o w [ ) [ 0 {
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BWnarrowband (%) = fu f_ fl X].OO (227)
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A 1
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] ] 3
Ao ANUNUIUUATZUAULMAN (volts/square meter)
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U
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AINaNene
D=c¢E (2.41)
B = (2.42)
Tag £=&,E,
1= o,
1o g, v anmeoun1a i (relative permittivity)

A =< 9 1 =3 iy
U, Ao AnNFuay 1dMasinan (permeability)
s Ao anmeeauna I 1ue1na3na (free space permittivity) A1
8.854x102 w30 15z 10° /367 (farads per meter)
A =2 Y ' 3 ! a1 a
H, 0D ANusus1L lanasiman luenaing (free space permeability) ¥

AUNINY 47z x107 (henries per meter)

a d
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'
a v I
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aAUM3
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=

aumsszbonds luwud Taeia luudatigdaumstunuilymaas lddil

Lf =g (2.43)
We L fAp @niuiumamgadu (Linear Operator), (Integral Operator)
f Ao WandulidA1Nazia15911 (Unknown Function)

4
f f
o v { [
g Ao Mlan uﬂﬁzgjuﬁmmm (Excited Function)

' v Y 1
faddu £ luiiaunsovenadlu {1, 1, f,,..) Feoglulamuvesdrduidums L

9
v A

wazalszanaed f uaagldaeil
f=>af, ;n=12.3,...,N (2.44)

A [ a Qad' a

a, Ao dulszaninecznasanves f,
A d v 1 : . A o o . .

f fo Wanduirveey (Expansion Function) 130 #9n41g11 (Basic Function)
Tugums (2.44) dmsunamasiuiuase (Exact  Solution) I9INHATINVYBIOYNTY

o v J ) o [ o o o 1 = 1 3 A

Swaueiiuamon Taena ldwrumenveseynsuduswiusnasmilainiunaznas i

& Senwarmasdszunar (Approximate  Solution)  lagsunuaums (2.44) asluaums

2.43) uazldanuduFaduues L azlan
>aL(f)=9 (2.45)
n

Tagfinagauniely (Inner Product) itz auiueu lvvesilym <f,g> a3 dow
o d o v g/ Y] . . . A o d v . .
WNanF¥unr9uInn (Weighting Function) v5oNeaNFuUNado (Testing Function)
= Il ] Y [ = Y
W, Wy, W, ..., W, @908 Tug9ves L ndaviwaguaisluvesaunis (2.45) Ao W, eldwka
9

[

=
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> oy (w,, Ly =(w,,9) (2.46)

A
Wweom=1,2,3, ...

e

aums (2.46) annsa@eulugivasndg Idaail

[Imn][an]:[gm] (2.47)
Tagdi
(w, Lf ) (w,, Lf,)...
[l ]= %Wz, Lf, ) (w,, Lf,)...
(w;, g)
On =| (W, 9)

[ ]=[1a ][9] (2.48)

o o A = Y A v o Y
vazgHamagd sy f, Umeuaums (2.44) sansoudadlieglugluuunnziasaily

' a a 4 d
e TagHeuuasnyveailanyu

[fn']=[f1 f f3 - fN] (2.49)
waz la

=L ]le] = o ][] " [90] (2.50)

ax a 9 A w 9 I a 4 o a 4 [ A
’J‘ﬁﬂ"liaﬂ?l‘]_]ﬂ'i]ﬂ']iLGD'\‘]Lﬁuﬂ“ﬁﬂ“ﬁﬂuuTlﬂuﬁMﬂWimﬂiﬂ“]fllagﬂTi‘I/nLiJﬂﬁﬂ"]fNﬂW‘LlL‘W’E]WT

[ A o o a J I 4 A 1 09/’ a o
NaLﬂaEJ%Z!fﬁll'l$ﬁ'3J’t’)81\1ENﬂ‘Uﬂ']ﬁﬂTL!'J’Q!Iﬂﬂi%ﬂ@uwuﬂ@ﬁ!ﬂum?ﬂﬂﬁﬂ URASININITUHULUATNY

26



o dyq/ 9 o Yy 9 o A A a
WﬂwuufJ\?ﬁ'lil’liﬂsl"]ﬂﬂuﬁjllﬂqu@\?5zﬂﬂUlﬂ'ﬁ]ﬂﬂ:]ﬂ UUADFINTONIND €] WAADUTUDININGA

Y

Y Y ] a < o a £ o Y A o o
"lﬂﬂﬂTJﬂi%ﬂuLlﬂﬂiﬂ 9 11@] T@]EJ‘IGMMG]iﬂGIfWﬂW‘LlL@IlIG]N‘V]1W1!1VIL1J°LJG]’J!,L‘V]1!6UEN§$°]J‘UHH

k4
Jd v @

9 a 4 =\ o a o Y -1 2 Y A 3 1 Aa 4
DUUATNEY [l] HUYUIPBDUUA ANUUIUATNBNNHU [l] um"lﬂsl,umaﬂ’immmu YU LUNTNY

2

[

Qs: I a 7 . . A o A A 10 o
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J(r) fo nszua liihfinszaeeguuiium,
A a o J dy Aa o o
Zs(r) AD duRMAUTUUNUAIANT

4

A 9 ' A ] A o = Yo A
maTﬂN’gﬁNag“lummﬂaaumﬂu%uﬂmu ANIosUTUNTI 1daail
E(r)=Ei(r)+ISG(r|r')-J(r')ds‘ (2.52)

o o A { o I A o o
dmSvdunadoviiduauu c(r|r)  Wunasavgniuilesiduveniu (Green’

¥ v Y o v < 1
function) @9 Ej( r) Ao awwdiannsznuuuiudani - Taefi G(r|r) duldamsouly

] Y
‘lJE]‘]JLGUWIJ’E)\ﬁlu’)u&ﬂl’?u&ﬂuul‘lﬂlﬂﬂﬂmﬂuﬁuW?ﬁ’)ﬁ'l S

be

[

unuaums (2.52) aslu aums 2.51) lawadns lugdvesduiiniadsil
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an { 1 Jd v 4
TagmsauyaNnszuaNnizniegnunufenguuesilenFuiuguiauysel Ao

J(r)=2pn1n Bu(r),n=1,2, ... (2.54)

dWieuny quns (2.54) adluaums 2.53) 1dn

Zs(r) T ln Bn(r)=Ei(r)+3nlyJsG(r|r) Bp(r)ds (2.55)

9
o v

Taoms 14 drdudnaeuves Galerkin annsoutasaumsi 2.55) Wegluglvesaumsiuasnd

[

v
=]
NU
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Abstract— This paper present an e-shaped slot antenna for wireless communications. The
antenna is designed for dual frequency band 2.4-2.52GHz and 4.82-6.32 GHz, which support
WLAN communications coverage IEEE 802.11b/g (2.4-2.4835 GHz), IEEE 802.11j (4.90-5.091),
IEEE 802.11a (5.15-5.35 GHz), and IEEE 802.16d (5.7-5.9 GHz). The bandwidth at low reso-
nant frequency and high resonant frequency are about 0.12 GHz and 1.5 GHz, respectively. The
simulation results of e-shaped slot antenna are analyzed by using Method of Moment (MoM)

from IE3D Software.
1. INTRODUCTION

The e-shaped slot antenna fed by microstrip line is one type of microstrip antenna which has
advantages such as: low profile, lightweight and easy to fabrication [1]. The antenna was designed
for two frequency bands and referred to the guided wavelength. The TE3D software as referred
in [2] was used to analyze the proposed antenna.

In this paper, a microstrip fed e-shaped slot antenna is presented. The design objective is to
satisty Wireless Local Area Network (WLAN) of IEEE 802.11b/g/j/a and IEEE 802.16d. Method
of Moment was applied to evaluate the characteristics of the proposed antenna. Although many
researchers have studied the other shape of antenna, but this e-shaped slot antenna is the new
shaped which we will purpose and controlled for dual frequency with matching resonant frequency
was rarely investigated. Therefore, the effect of varying width of slot antenna was investigated in
this paper by using simulation software. The simulation results show that this antenna can be
applied to serve WLAN applications.

2. ANTENNA STRUCTURE

This antenna was designed on RT /Duroid 5880 with 1.575 mm of thickness, h, and 2.2 of dielectric
constant, £,. The width of microstrip feed line (w) is designed to match impedance of characteristic
impedance of transmission line 50 ohms which can be calculated by following:

w2 s —1 0.61

—== {B —1-m(2B-1)+ 2 (B —1)] +0.39 — } (1)

h T . =

In this case, w = 4.7 mm.
The wave length (A,) in the substrate of this antenna can be calculated from following equations

_o/f .
Agfm (2)

where ¢, 1s the effective dielectric constant:

—1/2
s+1 -1 h
Seff = 14+12— 3
eff 5T T2 (3)
In this case, Ay at frequency 2.4 GHz is 91.66 mm and ¢ is 1.86.

The configuration of this antenna is shown i Figure 1 which has dimension of 27 mm x 17.3 mm.

(A xB)
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Slot antenna
L

Microstrip line

Figure 1: The configuration of e-Shaped Slot Antenna.

3. FINDING THE DUAL FREQUENCY FOR WLAN

The length/dimension of e-shaped slot antenna in each side are A = 0.33,(27mm), B = 0.2,(17.3mm
C = 17Ag(15.85 mm), and D = 0.1A,(9.2 mm). The parameters in width of slot antenna are:

Sp1 = width of upper slot in y-axis
Sge = width of lower slot in y-axis
Sa1 = width of upper slot in r-axis
Sao = width of middle slot in r-axis
Sas = width of lower slot in z-axis

In this case, we fixed the widths of three slots (Spq, Spo. Sps) in r-axis to 1mm. To find the
dual frequency which match to the 50 chms transmission line, we propose 2 steps for achieving the
WLAN covering IEEE 802.11 a/b/g/j and IEEE 802.16d are as follows:

Step 1: Sg1=Sg2

Varying Sgy and Sgg to 1mm, 2mm, 3mm, 4mm, 5mm. (The length of microstrip line is
adjusted for match impedance of 50 olhims. )

The simulation result of return loss (Sq1) is shown in Figure 2. Table 1 displays the results of
return loss and bandwidth. The results show that when increasing the width of slot, the bandwidth
and resonant frequency are increased, while low resonant frequency is slightly increased as shown
in Figure 2. The simulation of low resonant frequency and high resonant frequency are shown in
Figure 3, when varving Sg1 and Sgao.

Step 2: Spy # Sge

Froguency [GHz)
11 12

& s |—
=
B
B
28 pP—
an — A —_— W
SB"'E:E:; e EB'llEB?L! mm ‘ ‘ | ‘ | ‘
SB1=5 mm
=35

Figure 2: Characteristics of return loss when Spy = Sgz in the case of Step 1.
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Table 1: The simulation results of S;; and bandwidth in the case of Step 1.

i 9 Low . High :
EEL;]]‘[::“ T&}_‘;‘; Resonant Bandwidth (GHz) :["1_11]3;} Rcsifmnr_ Ha[?f:ﬁ[h
Freq. (GHz) Freq. (GHz) b
1 -30.41 2.26 0.04 (2.24-2.28) 3106 3.98 (.12 (3.90-4.02)
2 -30.45 2.34 .08 (2.30-2.38) -30).12 4.36 0.22 (4.22-4.44)
3 -28.67 2.40 0.10(2.36-2 46) -26.,62 4.72 0,38 (4 48-4 86)
4 -31.20 2.46 0.12 (2.40-2.52) -22 .92 5.06 .58 (4.72-5.30)
4] -28.59 2.50 0.12 (2.44-2.56) -17.59 5.34 0.70 (4 98-5.68)
&
554 g
r________._.—d
2 High Frequenc I——"'__—'H
454 .______‘-—-_L.
£ 4 4 - |r-"—-—_'—-—-‘
g as
a3
— Low Fr!a|:|mam::_3pI
il
15
14
054
o
[ 1 2 a 4 5 &

Width of slot (mm) in y-axis: SB1=5B2

Figure 3: Effect of varying Sp,, Sps in the case of Step 1.

Choosing the appropriate value of Spy and Sga from step 1 that are Sg; = 4mm and Sgy = 41mm.

Adjusting Sgy to Hmm for wideband at high frequency.

The simulation result of return loss (S11) is shown in Figure 4 and Table 2. The bandwidth of
low resonant frequency is same as step 1 that is 0.12 GHz (2.4 GHz-2.52 GHz), and bandwidth of
high resonant frequency is 1.50 GHz (4.82 GHz—6.32 GHz), which is wideband frequency.

Finally, the bandwidth at 511 = —10 dB of lower resonant frequency is 4.88% and higher resonant
frequency is 26.9%.

Frequency (GHz)
1" 12

]

-]
T
|
[
r
[
AU Y
[
[

e

511 (dB)
]

WP LA (NSUUUNE FURPL O, SO [N [N, L i
SRR .- L SIS A S D R .

NSRS SEER SRS SN S

Figure 4: Characteristics of return loss in the case of Step 2.
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Table 2: The simulation results of e-shaped slot antenna in the case of Sp; = 5mm and Sgz = 4 mm.

Low Resonant St Bandwidth Giain High Resonant St Bandwidth Ciain
Freq. (GHz) (dB) (GHz) (dBi) Fregq. (GHz) (dB) (GHz) (dBi)
246 -40.31 | 012 (2.4-2.52) 2.1 53 3400 | 1.5(4.82-632) | 47

4. RADIATION PATTERN

Figure 5(a) and 5(b) present the radiation pattern on y-z plane cut at phi=90° at 2.46 GHz and
5.3 GHz, respectively. This antenna is linear polarization at low resonant frequency 2.46 GHz and
is circular polarization at high resonant frequency around 5.8 GHz.

S =2 ABIGHTI, E-thata, ol =09 §doed), PG-1.65623 (B, AG-BLE20731 aH =G ), EAhota, phi=0e ydog), 6= 10188 a8, AG=-1. 19347 o8
= =2 AGIGHz), E-pin, phi=00 [omh, PG=-6. 37437 B, Af=-0, 32874 dEb == 5.3{GHa), E-plil, =00 [dugl, PG=0.0SER0GT B G- 1,101
I
i - co-polarization —
S G cross-polarization B
o i 4 .,
/,’ e
i , \
¢ '
/ ]
a' \
UM s 15 25 6 |05 AR5 108 Ao e 15 s | G .EFUS 85 55 =25 | 15 55"
]‘\ | |I|I i y Ill|J
\
\ \
L] \ JJ
k3 1 J
\ i\ ;
E 4
\\ . - e
", 5 3
"~ b -
. o r L L e
noglk et
Elration Pathor s Gain Display Elevation Patten Gain Disploy
[ F
(a) (b)

Figure 5: The simulation results of radiation pattern on y-= plane. (a) At resonant frequency 2.46 GHz. (b)
At resonant frequency 5.3 GHz.
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Figure 6i: Characteristic of axial ratio represent the polarization of e-shaped slot antenna.

5. CONCLUSION

The e-Shaped slot antenna was designed to support WLAN communications at frequency band
2.4-2.52 GHz and 4.82-6.32 GHz for standards IEEE 802.11b/g/j/a and IEEE 802.16d. Varying
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the width of slot Sgg will affect on the match impedance at low frequency band and Sgy will affect
on high frequency band.
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