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ABSTRACT

This thesis presents the analysis in characteristics of microstrip slot antenna fed by coplanar
waveguide (CPW). This antenna is analyzed by using Finite Difference Time Domain (FDTD)
method compared with MoM of IE3D software. The characteristics of slot antenna have been
analyzed in order to obtain the match impedance with 50 ohms at desired resonance frequency for
wireless communications operations. Herein, slot antenna fed by CPW is analyzed for return loss
(S,, parameter), input impedance, VSWR, bandwidth and far field radiation patterns, respectively.
Simulated results can be obtained resonance frequency and impedance bandwidth for four
operating bands which cover the requirement in bandwidths of IEEE 802.11b/g(2.4-2.4835 GHz),
IEEE 802.11j(4.9-5.0 GHz), IEEE 802.11a(5.150-5.350 GHz) and coverage WiMAX (2-6 GHz).

The far-field radiation pattern of resonance frequencies is bi-directional.
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3.2 aumsuungaanazioanea3ny (Maxwell’s Equations and Yee Algorithm)
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v
Tulamuna aene 1i

—_—

VxE =-p2_ 58 G.1)
ot
VxH = g%—f+a§ (3:2)

o nnmesmu Iih lumits1iaddemas (electric field vector :v/m)
H 9 naes aumiaiinan (magnetic field vector : 4/m )
g Ao anueudy ldAmamuuivan (magnetic permeability : H/m)
p* fie anmdumuimaneuysel (resistivity : Q/m )
e o ﬁmwuanmaﬂmu"lﬂﬁ? (electric permittivity : F'/m)
o fp anmih I lumizeFuudaemas (conductivity : S/m )
VnauMsi (3.1) uoz (3.2) doloulugliuuves partial differential v¢1dens

b
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a a e aa
A3 6 aums IussuunnayuRINaIuiAR

OF
. 15 %5 smy (3.3a)

or g 0z Oy

OH | OFE, OE
L o =—(—-—=-p'H 3.3b
ot ,u( ox 0z pH,) :3h)
oOE
aHz - i(aEx _ Y _ p-Hz) (3.3C)

Y it Wi JS (3.3d)

——t=gh ) (3.3e)

oH
% S B opy (3.3f)
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LT M ptai2p T T 1 p A 2,
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1-p'At/2u AMlp
1+ p'At/2u 1+ p'At/2u

[Ef(i,j,k)-Ef(i,j,k—l) E,j, k) - ENG-1, k)]

n+l/2 7. - n- s .
HM (i, j k) = H "2 (i, j, k) -

(3.7b)

Az Ax

H"+”2(i j k)zl_p‘At/Z# _ At//"l .
: v 1+p"At/2u 1+ p At/ 2u

nes nys 4 (370)
[E,(r,J, K)-E;-1,j,k) ElG,j,k)~ "G, j—1, k)}
Ax

B, k)

Ay

l1-cAt/2¢ At/ e
EM(,j,k)=——————E!(i, j k) + —————-
- (6JK) 1+0At/2¢e (.7:%) 1+0 At/2¢
HIM G j+1, k) = HI G ) k)
Ay
n+ .. neli2 ee s
CH L k) - HP G/ k)

Az

(3.7d)

=1do-Ar/2€E;'(i,j,k)+ Atle
1+o At/ 2¢e l+0 At/2¢

HM2 (0, j, k+1) = H™ (i, j, k)
Az
~ Hf+1!2(i+1,j,k)—H:J'”z(i,j, k)
Ax

E}"(i, j, k)

(3.7e)

l1-ocAt/2¢ At/e
ErH-l i, ‘,k =—En ,., .,k e
e (o1rk) 1+o0At/2e (5 :6) 1+o0At/2¢

HIMHi+1, j k) - HM (3, ), k)
Ax
CHMGLj+ Lk -H G gL k)
Ay

(3.79)

i o . - T o 4 ar
aumsh (3.7a) suiludoal¥gasuos Semi-implicit Tunsi i Idundaaunis 1dsy
s o o A nl c:o 1 4
Usmlza dwmsy #, Fududsndudiumez 1dunonaunsi (3.3a) nazdledesmaniauiu

& 3 - - o ¥ o
NIHUAN NATHUNIUDVDITUNTITN (3.3a) ﬂIﬂUﬂ'ﬁcl‘Uﬂﬂﬂ'ﬁﬂ (3.8)

H n+]/2(].’j, k)"‘ H]n—UZ(I., j, k)

H.(,jk)=—= : (3.8)
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= o oo
3.3 1@agsNNIYINaY

A o w o a  w ad = a o 4

ﬁQ'ﬁ"]ﬂﬂdﬂuﬂ‘]iﬂ'luqmlﬂﬁﬂ']lﬁ‘l]“l]ﬂﬂ')ﬁ FDTD ﬁ'ﬂ LTUININEFIANUDY “]f\'iﬂluﬂ'l'i
° v = I Vet s o a o ' a [ o
mﬂuﬂmmsmmEl's‘l‘mJﬂ’Jmmmzﬂuﬂumimu?mﬂuﬁwui‘]uﬂmwa ‘lﬁ’llﬂﬂ'lﬁﬂ'}ﬁuﬂ

VUIAVDITNNINT Ar HOZVUIAYDITNILOLNIAD Ax, Ay, Az UAZSIUINTITLOENIT

-~

b4 v ¥ ' ' [
M50ATOUAQUANAYRIZYT 1N IMuaNADIn1s 18 nazdiurunanRsanefez 1dnau

s

a ' 3y -y [ o c:’ " d s aa o o A
ﬁ’llﬂ'iﬂ&ﬂu‘n’]@ﬂ'}ulﬁuﬂ’N“fﬂﬂaﬂ'ﬁvlﬂ‘i]ulﬁii]ﬁu BU'N'hﬂﬂ1l|ﬂ'lllﬂ5ﬂuﬂ')1”ﬁ‘lﬂmﬂ o

o

VUIAVBIFNITUENN AD Ax, Ay, Az AITILIVUIARINT 1/10 B3 1/20 FIUUDIA1LI
A A 3 w Ao @ e a v o A ] &
aaunldau nazdulsidnyhgaidananiznuaemssiuiniie $290a7 199910013
o ] P ] A -~ £ o Vv ° =t
MruA¥veIa I lmuzandgionunluniedeslt vldnsiiaviaaaesnim

1] o 1 o = ¥ :I‘ 4=' o o é
Tiensomdimey 1dnanife MIAIUINILINANITYODNNAATINHINTAIUIN F1019

Yo

udilym1dTaonsdmuagasnar i udesralsaanis19sanaiidmnn q wwdesld

IuRnmimndua i Aniudadidesmualumsidendigrana iz ay oy

3
=

= o A = YV ar
Hﬂ??ﬂ'l'ﬂuﬂNEluvl‘llﬂ'J‘IﬂJLﬁﬂUiﬂ']WYINl’Jﬂ'lvl']ﬂﬂ

At< ‘ (3.9)

Voo (11 A%) +(1/ Ay) +(1/Az)’

' o i 4 '
Tav# ¥, AeadudalunisuninszvionauluvevvamyaTasarursolda

ANUTA A7 ¢ =2.996925%10° m/s

3.4 MIAANSHAVANYUYBINEDIMARILIT FDTD

3.4.1 WNNBIMINTEIANTZOY

W1lAD5MsNI2TANTEIY (Scattering parameter) HonlFlumsanuauniaves
wosluTason  wazdmsvneeslulasiiinesadesgian N wodfn Awes s
wniweimunsom lddomainduunn ¥x N Taoudazmves S moluwaing awse

m A9 naums

_F[V,0)] Z,,

- ) 3.10
™ FV,0]\Z. B



23

: a - @ o

o F Ao manaaySiwilavh mn=1,2,...,N uaz ¥, () v ¥, (1) duusaiu

< d ' a A o o v 4
Tulamunainesa m uaz n mves z, uaz Z, iudufinaudgudnuuzvosmodadde
1 o o o o as n’: o P o
aYNNeIA m uoz n My dmivaes lulasnvuazmeeinimiulasia l)iness
a o o ' " w 4 a1 a a o [ o 1 e
dunALazNoIAEIMNAITABAMUTId Y IndlinBuRuausquanyus Taona Uiy

50 Tovin dnvazia lilvesraes luTasiruuy 2 wosauans18@sgU 3.4

Reference
Plane

Reference
Plane

Ui 3.4 dnwaizialdveanses TuTasviuy 2 wesa

v " b
13N 3.4 9z ldaums § wisiimes daumsdail

_flh., ] (3.11a)
"F,, (0]
POl W O By 2 (.11b)
Y IV, .01\ Z, '

_ Y e @) | Zy, G.11¢)
*OFwL,.01\Z, '

_fV 0] (.11d)

2V, ()]

Tav# v, (1) waz v, (1) (i=1,2) feusedundudrllulnssadranazusadiuin
Y a 1 o =1 Y ::i ] c:i o - A ot
agnounduvoIazwesa uax ¥, (1) feoussaundaninesa i Fuilunavesdayann

o s A & ) a s o o a v 4 '
ANATENUNNDIADU 9 TﬂUW'Jhlllll'ﬂ'J S ‘W1'5'l?nJLﬂEl‘i'LI‘LIlﬁui]’lu')ul‘ﬁﬁ“ﬁﬂu“ﬂﬂﬂgtluzﬂﬂlﬂﬁ

viauaza 91n3UN 3.4 55U1081989 (Reference plane) vzgAfIMUABYTLS MR 0
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dyanuaoegiuaiuyesdsnsniedivessveinid eg1alsiaw lunssinesdav3s FDTD

o o

=

[ Y o s z _ " a 4 s

mﬁ'fluﬂmﬁm‘smuuﬂigﬂmmm (Observation points) maaanmns:umé’wm lﬁt)‘llilﬂﬂﬁlﬂﬂ
. W ﬂ Yy &y a P

HONIENVUIN higher-order ANUUIIV Uﬂﬂﬂ‘l’l'lﬂ'l'jﬂ‘ﬂuﬁﬂﬂ‘iﬂlﬂﬁ‘llﬂﬂ S W1 UIRNDT NIA

dana T daszuudravsldaaaunisn (3.12)3.12d)

FtVis D,

_ . g2l 3.12
TG G129
s = SO 126 ey, (3.12b)
FV, .1\ Z,
Szl = F[%rm(l)] ﬁ ,67111*’21‘1 (3.12(:)
FIV, e 1\ Z,,
_ oy O oy, (3.12d)

2V, ()]

iio L, waz L, iuszoer1aszninagadana (Observation Point) tazszuiuime
¥y a 1 « 1 i
1904 (Phase Reference Plane) lavdziifwedy, uazy, (y=a+jB) iusinsfivesnts
] 4 1 o { o o o w
UNINTLNWATUYDIMOTITYRNUANDIA 1 LAZWOTA 2 MUTIAY
a a e o & = ¢ gy o a '3
Tuinniwusiiflumssaesmeemagaiinesaildnstloudyaafivanesn

= ar : = ¢ A o = IR A A ' ' =)
AU AHU S WITTIUADT NNINITAATICHIIUINDIA S” DUNIIALD

3.4.2 DUNADHNUAUTUAZENIAIUUTINUATUTIY (VSWR)

" a a A o °
Tumsmasunaduiuaugansaiuuldnn

i TES

in =% (3.13)
1-8,,

y =Y 4 [ [ as - 4
e z, WudufuaudnudnyuzvesmudIdy I 1o s,, fin Msgauduiioann
MIALNOUNAY (Return Loss) YOIT18DINFA

) ¥ £ Y
M VTUNITHIOATIAIUNTIAUAAUTNTY nuson Tdanauns

(3.14)
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3.5 3eulvveu1uansgAN@L (Absorbing Boundary Condition)

) o oo ' A o w n,; Y o o Y 4 o~ ¥ o =
ﬂm'smﬁNafmaﬁ’mum%mﬂiﬂmummmu UVDVINAUVDHUI AD ADININITNIITU

P " o a A a ﬂ a - a 3
Tuvenmatiuiueu  lunisdrassuSnaiinsuuduusoada Jymifiiaiuluns
a od ' iy A 4 ao
Anznnfe Jymivesveviwalunisunsnszawaauiioenaingivernia Faiidnymzns

' A VYo v o ' o o P s o
unsnsznulougugszozotiua  uamsnmuavuialulusunsuesidnvuznitlueisisd
A ¥ -:: ] " : Y 0’: o Y A’:
Fazdoaiuvinaiuiuouminiu - duiumsezirnosanmiiasoungquitanuanaiiulal

"Wy a - =2 g = v - . o A
Tild Aniudadesiinisasraveniunnisganau (Absorbing Boundary Condition : ABC) (fte

ar & Y A ' & 3 a =< L) — - =
aaduaduld Aemndndaulddumandainafiduveuivanisganduuds ueundga
A d o W g - Y ' P 9 as 9 - '
yoanaunvzgnim Idlvna@nasvuiinniooin nounvzasieundud liinadonts
o ° = ° o o
A h dadlouniiveuwalumsinaaiuszozoriud
4. =1 u‘r’ =1 [] Vv a I o o = - #-:y
Joulvvouvamsgandwiniiegnatouuudioiu uadmivluineinusii 14
. . ;
@onl¥ doulvveuwanisgandunuuwes (Murs ABC) Tasludoulvwouwanisganiu
a o L] o r A
meuamxﬁanumwmﬂnn1sagﬂmu‘uu A0 LUUBUALNTIY (Mur’s first order) (12 111

v o 4 & y { 4
BUAVADY (Mur’s second order) FINIaoUVHIFaUMIHUTIUINTUNIIAAUMUAY?

A o aw " {a o ar 4
(One Way Wave Equation) ¥911n33unquusninanae Engquist 1taz Majda vsuaunsniu
3 AluszuununiFoune Tedawmuans 1ddail

¢ & o 5 OF

—2-+—2—+—2—v2—2 Ei=0' (315)

07 a7 a7 ' g

4 A A ]
o i=x,y N30 zuaz v AeAUTUNA

Ey (1,.k)
Ez (1j-1,k)
"""""""" Ez(1jk
Ey (14.k-1)
A i -
< |Ey (0.k)
Pt X B0k
z;, B (0f1k)
XT ¥ 2 ; i3
y Ey (0.k-1)

4 Ha 4 ' A4 o " o a o
3 3.5 awIdihidaniamibevesdidumia (1, /,k) Wunsadqavesinsaddrs FDTD
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4 H ' - - 5 [~1 ¥ '
32UV AUNUNTNTZIIWNANUN x> 0 WIDIVOVIVAN x = 0 9211 1831 12T

' " ¥
MsazviousINveUIIANSgANALYBINAMIAY auMsAALaINTof MU 1Al

a ] a 2 2 1/2
[a——;—é—(l—(vsy) —(vsz)) JE,IX_‘}:O (3.16)

x I

A . - 2 P 2 _ 2 1 Hl =1 w” VoA '
1o i=y M30 z uaz s2+s7+s2=v> 801 lsNAINEADIMIAIRILLBUYBY
2 142 & &

(1 ~(vs,) —(vs, )2) Tuaumsh (3.16) Feawnsom 1 lavlFoynsumiaes (Taylor Series

[ a’: o ° 4 @ e =
Expression) A91iLn03 99 Idthneruoaumsiton lvveuwamsgandusuduusn Taomsauya

¥
]

AU
(1=, ~(v5,°) " =14 0((vs,)?* + (vs,)?) (3.17)

aumsn - (3.17) il ldwavesmsganiung lndifvstuaduannseny  (Incident

= s

Wave) iazez laaumsitou lvveuiwamsgandusuduass Tasmsauyadsil

1/2

(l —(vsy)2 —(vsz)l) =1 —%((v:;y)2 + (vs’)2)+ 0((("6‘,)2 +(vsz)2)2) (3.18)

& & A o & a o o
FIHVIWWOAIAAUANAIESNUNUDULIYA x=0 me]::'lﬁﬁnﬂﬁﬂauﬂwmmmnsu

YoUAMIAANAUBUALIIN TuauMsh 3.19 uazdududesluaunifi 3.20

=0 (3.19)

108 (1Y@ 1[{a* &
Sevent o Eoped g P Pl = 3.20
V2. (VJ a’+2(a§ 7 )|l (20

i

i o ' A ] = 4 o 1: o ' = |
10 3.5 uaasdumianilamissBivadduiiuniadiqaves FDTD Aumiianiad

(i=1) sz ldiimvosmunInih Blectric  field)  AuFnuAwuszuINNTa (x=0) A0

¥
o o

E(0,j,k-1), E,(0,],k), E,(0,j-1,k) wag E,(0,/,k) aniuss ldaumsmnudmivwes

BUALLTNAD
E(0,7.k) = B} (1 7k) + 22 =2 [ B2 (1, k) - E7(0,,K) (3.21)
Y PATTES A +A, LY N P
+1 . n 3 vA, —A n+l . n .
E(0,7,k) = E7 (1, jok) + ——= [ EZ"' (1, j.k) - EZ (0, .k) ] (3.22)

VA, + A,
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¥ v "
aumamariuaasliitsnuu IMihifdfivevusnvesveuvaves FDTD n3a 5y
) 4 v vy o
E,(0,),k) samumsonildlavlddeyavesnisnizivesauiunisluveuivaves FDTD
[ ] b
n3a luiitifie £,(1, j,k) fnszuaiazdunaineuni uazsufoiiu mnihmitvvestivad

1o ' a ' . o ¥ o i
DYAAIMUISUUAYEI FDTD N5 19 i =maxx Heg ldaumsmunudsil

VA, — A,
VA, +4, (3.23)
=[ £ (maxx~1,j,k) - E/ (maxx, j,k) ]

E™!(maxx, j,k)=E(maxx -1, j,k)+

4 A
o =y Hio z

) ar o - A 3 — a
JMTuAUMINIUIUMIaNINIMAD  auson ldTaonmsilaouudas lneemiun

A o T y
Famusov laasaunsae lai

1. YDUWAN =0

A

Er(i,0,k) = E"(i, 1, k) + YL =Y (B0 - E7G,0.5) ] (3.24a)
34

VAL + A

2. YaUIUAN y=maxy

E™ (i, maxy, k) = E" (i, maxy 1, k) + Y2 =Y.
vAz + Ay (3.24b)

[ £, maxy — 1, k) - E] (i, maxy, k) |
3. Youlan z=0
n+l s s g - VAt — Az il s A s
EI(,0) = B G D+ ——= [ B0/, )~ E! 6, 0)] (3.24¢)
4. YOUWAN z = max z

VAL — Az
VAL + Az (3.24d)
| £, j, maxz 1) - £/ (i, j, maxz) |

E'(i, j, maxz) = E" (i, j, maxz — ) +
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e ¢+ Aedmsznevvesau lWihiiivemilimitiad Fotaey (= x, 2
VUYOUIYA =0 UAZ y=maxy UAZ (= x,y VUVOUIA z =0 LAY z = max z

Tuvzidoaduioz Idaumsvosiow lvveuwamsganduveaweisusuanslavi
il

1. YDUIUAN x =0

E}™ (0, k) =~E"' (1, j,K)
$YALZAY gy, k) + B0, /)]

vAL + Ay
2Ax
+——| E™(O0, j.k)+ E"(1, j, k
B0+ B0, b ]
. Ax(vAt)?
2(Ay)* (vAt + Ax)

E'(0,j+1,k)—2E" (0, j,k)+ E"(0,j - 1,k) +
L:,"(l,j +1,k)=2E"(, j,k)+ E"(1, j - 1,k) }
Ax(vAr)

2(Az)* (vAt + Ax)
E'0,j,k+1)=2E"(0, j,k)+ E"(0, j,k—1)+
|iE,"(l,j,k+ )-2E'(, j,k)+ E"(1, j,k—1) }

(3.25a)

2. YDUWAN x = max x

E!"'(maxx, j, k)= —E"" (maxx-l, j,k)
vAIr — Ax
+
vAL + Ax
2Ax
VAL + Ax

[ B! (maxx ~1, j,k) - B} (maxx, j,k) |

[ E" (maxx, j, k) - E} (maxx, j,k) |

+
Ax(vAt)?
2(Ay)* (vAt + Ax)
E'(maxx, j +1,k) + E'(maxx, j - 1,k) -
2E](maxx, j, k) + E (maxx-1, j + k) +
E"(maxx-1, j —1,k) — 2E" (maxx-1, j, k)

Ax(vAt)?
2(Az)* (vAt + Ax)
E](maxx, j,k +1)+ E (maxx, j,k—1) -
2E](maxx, j, k) + E] (maxx-1, j,k +1)+
E](maxx-1, j,k —1)—2E (maxx-1, j, k)

(3.25b)
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3. VUIUAN y =0

EM(,0,k)=—-E""'(i,1,k)
2 VAL — Ay )
VAt + Ay

+£-[E;‘(i,0,k) +ENiLK) ]
y

[E' LK)+ E7(1,0,k) |

VAL + A
Ay(vAI)2
2(Ax)*(vAt + Ay)
E'i+1,0,k)—2E"(i,0,k)+ E"(i —1,0,k) +
E!(i+1,1,k)—2E"(i,1,k)+ E" (i —1,1,k)
Ay(vAty
2(Az)* (vAt + Ay)
[E,"(i,o,k +1)—2E"(i,0,k)+ E" (i,0,k — 1)+}

E"(i,Lk+1)—2E"(i,1,k) + E"(i,1,k — 1)
(3.25¢)

4. YOUIWAN y = max y

E"'(i,maxy,k)=—-E""(i,maxy —1,k)
4 VAL - Ay
VAL + Ay
2Ay
VAL + Ay

[ £/ (i, maxy-1,k) + E'(i,maxy, k) |

+ -[ E7 (i, maxy, k) + E (1, maxy-1,k) |

Ay(vAt)
2(Ax)* (VAL + Ay)
E! (i +1,maxy, k) + E(i-1, maxy, k) —

2E;(i,maxy, k) + E; (i +1,maxy-1,k) +
E;(i-1,maxy —1,k) - 2E (i, maxy — 1, k)
Ay(vAt)?
2(Az)* (vAt + Ay)
E'(i,maxy,k +1)+ E]' (i, maxy,k —1)—

2E](i,maxy, k) + E (i, maxy-1,k +1) +
E'(i,maxy-1,k —1) - 2E (i,maxy-1,k)

(3.25d)
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5. YOUIUAN z=0

E"(i, j,0)=—E""(i, j,1)
VAL — Az
+
VAL + Az
2Az
+
VAl + Az

[EMG, D+ E G, 0)]

[ B2, .0)+ E7 G ) ]
Az(vAt)?
2(Ax)? (vAL + Az)
E'i+1,7,00-2E"(i,j,0)+ E"(i—1, j,0)+
{E,"(i +1,j,1)=2E" (i, j,1) + E"(i -1, j,1) }
Az(vAt)?
2(Ay)’ (VAL + Az)
E!(i,j+1,0)=2E"(i, j,0)+ E" (i, j —1,0) +
l:E,"(i,j +L,1)=2E"(i, j,1)+ E"(i, j—1,1) ]

+

(3.25¢)

6. VDUMUAN z = max z

E'(i, j,maxz) = —E"'(i, j,maxz-1)
VAt — Az
+
vAL+ Az
2Az
vAL + Az

-[E’"H(i’j’ Hase— 1)+ Eln_l(isjv mm)]

+

-[E,"(i, J.maxz) + E; (i, j,maxz —1) |

Az(vAt)
2(Ax)* (VAL + Az)

E(i+1,j,maxz) + E/(i-1, j maxz) —

2E](i,jmaxz) + E'(i+1, j,maxz—1) +
E;(i-1, j,maxz—1)-2E (i, j,maxz — 1)

Az(vAr)?
2(Ay)* (VAt + Az)

E'(i, j +1,maxz) + £ (i, j-1, maxz) —
2E] (i, j,maxz)+ E (i, j + l,maxz — 1) +

E’(i,j-1,maxz—1)—2E" (i, j,maxz — 1)

(3.251)
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3.6 M3Yasa I uMIUININIZAUVIT B IMATIHSLIS FDTD

lunsdinsziluuwy’s Forp Vi TiannsonwadwiveamuzUmsusndsay
e mszoz Ina (Far-Field Radiation Pattern) 181avass 91nimaraiianiaves FOTD mingii
s lddmiunsfsmsveuaiuRivesauszoy Ind (Near-Field) winiu gy
auwszey Inarfums 19 EDTD n3a Miamnsofiszfuasaumszoslna (Far Field) 14
diulu3s FpTD J1FEmslamamsianvesauiuszes Ind lifuauiuszes Ina

. . 4 & wa ' 4
(Near-Field to Far-Field) tie 19 1dundagueniansuwsnszaunauvescneeinis

1 e = o a
3.6.1 nmmmmﬂaugammuaum‘s:n:‘lna

=

A o = [ ar ] o d{ - r
HENINITHIITUINITURNAIINYRIauIuudman W1 nNuniltle S veq

unasiuia uaadagilin 3.6 Tasmsdradandnnsvesmguiauyanaduiio nswanw
1 T [ v o - g —
vunniuvesnszua i J; uasanumuunivvesnszumniman A7, vuiun S awse

3

ez lFaunisdinannosaaii

A=pll je—#ds (3.26)

Fe aﬂ—d ' (3.27)

ZA (Ms 7'15) (Es:Hs)

P(x,y,z)

P(x"y'z") z
Sl

=
v
<

311 3.6 szvvidamiiddmSumsulasauwszoz Indiduauuszos Ina
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oz 1 ldmuuuiman ihiiszez Ina (P) awsom18Tan

» . g | -
E=-jod-27v(v.A)-~VxF (3.28)
k £
i =—joF -12v(v.F)-Lvi (3.29)
k H
A 1 ' = =g Y
Wem r < r #3a P vosauszoz Ina siamnsoauya v
r"=\/r2 -2rr'cosy +r'"?
' ’ l
=r(+&) —2r—cosa,1/)2
r 7
r' :
=r(1-2—cosy)?
r
(3.30)

=r—r'cosy

HazMINANNITN (3.26) Uaz (3.27) annsooudnaanaesaiman i lnd 185y

4 — e M 7 L ikricosy g
A=p— ([ ds (3.31)
~ e-jl'r = ,
F=¢ [[.. M e ds’ (3.32)
4rr 75
2
($1)3)]
(3.33)

r'cosy =r'-F=x"sinfcosg + y'sin@sin g + z' cos 9

v ¥
NNAUMS (3.31) waz (3.32) Neglumenvesduniniatusy o Iniidumives

o 1 -~ — - 9 o d’
NIARMBDINITUNINIENIEAD N 1ag L 1ﬂﬂ~1‘u

N= ij;f”'WdS’ (3.34)

L= IL M ™ g (3.35)
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& o @ o as d - .
a9z IdnnuduiusvesdnaNmes 4 uaz F lau

A=ps N (3.36)
4rr

= e"’" =

F=¢ 1. (3.37)
drr

Maunsh (3.36) uaz (3.37) Tunuarluaunis (3.28) uaz (3.29) gy 914

] i
AUMTTUINNITUNINITENWNYAaU Tz Tnadail

- jkr

.e
Ee=qu:_jE(’7N9+L¢) (3.38)
e r
E,=—nH,=j—(-nN,+L (3.39)
" nt, 12/1”( NN, +Ly)

narad IdimunsaesMurud1nuMuIiuYesMaIumae (average power

o

' 9y
density) Ndwmiaszoz1na (r,0,4) 1AAsil

W =%Re[1§x FI']=%RG[E¢9H; ~EH, |

} (3.40)

A o ) Y o w - 2 “’15 9
nJﬂVl‘lﬂ‘liﬂﬂlﬁnn']5111\1”“ﬂ'}ﬂﬂ1ﬁ\1ﬁﬂ\3“ﬂ\153ﬂw“1\1 (r ) W IANNTVIVUUDINIG

1 ﬁ'. — ar d’
ININILIWAAUVBIIUDINIA LTI 6,4 AU

j, (3.41)
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3.6.2 HaNMIVBINABITHOU (Virtual box)

fiuiii s fuanalugiii 3.6 Whumdsduiaauyafiulasauwszes Indiiluau
szuzlna Tﬂmma'qﬁuﬁﬂﬁngaﬁyﬁnﬂumﬁmi1::ﬁﬁ”w’3§ FDTD 9z ldiomiilundouaiiou
(Virtual Box) 1un3avee FDTD Fauansdezd 3.7 sumiaiidmualdiundouaiioniues

o = o & o
Amualidnluveviwaniaves FDTD Uszinm 3-5 ivadvinvovwausngadaesi 114
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1 T ' =] — o
aumsnmumiuvesnszue I (7, ) uag nszuamiman ZALY

J, =hxH (3.42)
};[, =-nxE (3.43)
(maxx,1,maxz) (maxx,maxy,maxz)
(maxx,1,1) : (maxx y,1)
Antenna
Virtual Box
- -/(1,maxy,maxz)
x
v(1,1,1) (1,maxy,1)

U1 3.7 naeuaidoudmSumsilasauuszoz Indidumuuszes Ina

o o " ' = i
fl"]ﬂ'i'UﬂTlll'I"'I'Ll']llu'Llﬁlﬂ\‘lﬂﬁ$l1ﬂ1ﬂﬁ1llﬂ3ﬂ5$llﬁllnlﬁaﬂﬂﬂﬂllﬂ'ﬁﬁ (3.42) ung (3.43)
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J=Ji+) p+J.5 (3.44)
M =Mzx+M y+M: (3.45)

' " ' ) ar L3 '
e ldmdaudszneunumuuninvesnszudauya dmiunamesmsumsnizng

il
=1

Tuaumsi (3.38) uaz (3.39) aunson 1daa

N,= _”;(.Jl'x cos@cosg +.J, cos@sing —J, sin@)e’ ¥ ds’ (3.46)
N, = Hs,(-J, sing +J, cosg)e’” “** ds’ (3.47)
L,= j _[,(MI cosfcosg + M, cosfsing — M, sinB)e’ “** ds’ (3.48)
L= j j (=M, sing + M cos g)e’ v ds’ (3.49)

Tumswlasauiwszoglndiduauiuszos lnalao 1933 n1smadeduite ss18aly

Tamunm annsoild 2 uuu fe
4 5 A = o d.’l
1. 11901 (Time - Domain) #3335 1eW luguvviidauszneuvesauty
v ¥

szozlndannsamlaslifumnuszes Ina 18 Tases s lundazdunat wazeniuless (Fast
Fourier Transform: FFT) e 1 1dnanovaussluTamunnudfiauisses na

2. Tamunnud (Frequency Domain) 919735 (Discrete Fourier Transform: DFT) (W0
Annumanumnuiuvesnszua Wi uazassusuimanaiouluudazduna vldla
Wasosvesadrullsznovauiyszezing uazansaasududiulsenouvesauiy
sy InaTaoldaunsn (3.46)-(3.49)

- P P o - ¢ ' -

lumseenuuuuazinneddmivTdsunsuiiveldmsdinne  ogluTawuanyd

(Frequency Domain) dmiumlasauuszozIndiluauszezlna uazldmsilasSios

A : 4 & .
ADITIDY (Discrete Fourier Transform: DFT) mquﬁumsm"lﬂni‘luﬂoﬁ
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E(@)= [E(t).edt (3.50)
H(w)= TH(t)e""’”d: (3.51)

d'l - d'n:i 3 o ey 1] ar
Mo w=2zf waz f fAeo anvdnwldsnnumguaniinsuindaua
v
szozlnalaeds DFT tiwsnldldlaoasany aumsmmsurnasauszes lnalulamy
. ¥
aNudYes FDTD Taeldaunisaedl
NSTEP

E(w)= Y E(nAt).e”*"™ At (3.52)

n=0

NSTEP
H(w)= Y H(nAt)-e’*"™ At (3.53)

n=0
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mnsaaladianasn (g,) MM 2.20

A Loss tangent (tan §) 141111 0.0009

ANUMUIYDITAAFINGON (4) (NN 1.575 Hadwns

ANNINYBIIARAI (NBINAY) o A 5.8x 10 s/m

- MANUMUIYEITARANI t 1MIAY 0.017 aduns
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A < : (4.4)
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Wide-Band Slot Antenna for IEEE 802.11b/g

W. Kueathawikun', P. Thumwarin', N. Anantrasirichai', and T. Wakabayashi’

' ReCCIT, Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang (KMITL)
Ladkrabang, Bangkok, 10520, Thailand
(Tel : +662-7392382; E-mail : kanoppin@kmitl.ac.th
?School of Information Science and Technology, Tokai University, Hirasuka, Kanagawa, 259-1292, Japan
(E-mail: wakaba@et.u-tokai.ac.jp)

Abstract: © This paper presents coplanar waveguide (CPW) fed step slot antenna. It achieves wide band from 2.0
GHz to 4.2 GHz which is the frequency band covered the standard IEEE 802.11b/g (2.4 - 2.485 GHz) for use in WLAN
(Wireless Local Area Network) and covered two frequencies of WiMAX (Worldwide Interoperability for Microwave
Access) 2.5 GHz and 3.5 GHz. The characteristics of antenna are proposed and analyzed for instance input
impedance, return loss and far field radiation patterns.

Keywords: wideband slot, slot antenna, CPW, coplanar waveguide
1. INTRODUCTION

Microstrip antenna is a type of antennas which can be
used for transmitting and receiving signals. Microstrip
or printed antennas are low profile, small size, light -
weight and widely used in wireless and mobile _ "’_!'—;"

oAy
=
e

communications, as well as radar applications.
Microstrip antennas can be divided into two basic types
by structure, namely microstrip patch antenna and
microstrip slot antenna. The slot antennas can be fed
by microstrip line, slot line and CPW [1]. In this paper,
we propose the slot antenna fed by CPW at a designed
frequency of 2.4 GHz and coverage frequency band :
between 2.4-2.4835 GHz [2] [3] and 3.5 GHz ; TR

respectively. This antenna is designed on RT/Duroid ¥
5880 substrate with thickness of 1.575 mm and : : L E
dielectric constant (g,) of 2.2. i o
2. ANTENNA STRUCTURE o[ |
Fig. 1, shows the structure of microstrip slot antenna on Fig. 1 Structure of microstrip slot antenna fed by CPW.
the ground plane by CPW-fed on a substrate dielectric
constant of 2.2. The parameters in structure of this antenna are
The coplanar waveguide (CPW) is designed to be 50 L =4lmm
ohms in order to match the characteristic impedance of L1 =10mm
transmission line. L2 =5mm
The guide wavelength is given by W =18 mm
W1 =75mm
W2 =1mm
1= clf (1) G =1mm
&~ Sepw = 0.25 mm
Eeﬁ' cpw

In this case, size of slot antenna in horizontal and
rtical is 82 2L)and 18 s tively.
Where ¢ eff is an effective permittivity which can be vertical is 82 mm (2L) an o (W) regpectively
computed by using the following equation. 3. SIMULATION RESULTS

The CPW-fed line is designed with the conductor gap
G of | mm and slot gap S, of 0.25 mm corresponding
[ h J_ 1/2 ) to the characteristic impedance of 50 ohms transmission

+1 -
_Ertl & -l

Eejf 2 p) 1+12— line. The simulation has been carried out by using

Wi IE3D [4]. The proposed design can be further
enhanced by adjusting L1, L2, WI, and W2. In this
paper, we will show the effect of adjusting four



parameters by fixing the value of other parameters: L,
W, G and S, as explained in section 2.

3.1 Effect of Adjusting L1

In this case, we will adjust only L1 to 9 mm, 10 mm,
11 mm, and 12 mm by fixing the value of L2, W1, W2,
at 6 mm, 7.5 mm, and 1 mm, respectively. The
simulation results of return loss (S,,) and bandwidth as
shown in Table 1.

Table | The return loss and bandwidth of slot
antenna by adjusting L1.

L=41 mm, W=18 mm, L2=6mm, W1=7.5 mm,
W2=1 mm,G=1 mm, S, =0.25 mm
L1 (mm) 9 10 11 12
fL (GHz) 240 | 239 | 238 | 236
SiiL(dB) -22. | 269 | -35.1 | -42.7

fu (GHz) 375 | 3.80 | 3.85 | 3.91

Suu(dB) | -18. | -24.0 | -38.0 | -29.7
BW (GHz) | 2.11 | 2.19 2.22 2.32
0
5 I
-10
g s 7
g Ko y === L1=0mm
e -30 T
n —— L1=10mm
_35 ....... it -~ .
| === L1=11mm
-40 1 :
! — L1=12mm
45 T
1 2 3 4 5 6
Frequency(GHz)

Fig.2 The return loss in the case of adjusting L1.

From Fig. 2, the adjusted L1 will effect on the
matching impedance of 50 Ohms at low frequency (f,)
and high frequency (fy). When L1 is increased, the
return loss at low frequency (S;,.) is decreased, but the
return loss at high frequency (S;y) is increased. At
this point, all of the frequencies between two resonant
modes have the return losses lower than -10 dB, the
lowest return loss is -42.76 dB and highest return loss is
-10.3 dB. With L1=12 mm, the maximum impedance is
obtained at 2.32 GHz.

3.2 Effect of Adjusting L2

To adjust L2 by stepping up 1 mm from 4 mm to 7
mm and fixed L1, W1, W2, at 10 mm, 7.5 mm, 1 mm,
respectively.  The simulation results are shown in
Table 2, and Fig. 3 shows the return loss of adjusting L2.
When increasing L2 to 7 mm, the S11 at the middle of
frequency-band will be decreased to -13.68 dB. The
high resonance frequency shifts more than that in Fig. 2.
In this case, the low frequency shifts up and high
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frequency shifts down as shown in Fig. 3. The
maximum impedance bandwidth is 2.19 GHz when L2
is 5 mm.

Table 2 The return loss and bandwidth of slot
antenna by adjusting L2.

L=41 mm, W=18 mm, L1=10 mm, W1=7.5 mm,
W2=1 mm,G=1 mm, S_,,, =0.25 mm

L2 (mm) 4 5 6 7
fi (GHz) 2.35 239 2.43 245
Sy (dB) -21.33 -26.9 | -54.7 | -26.9
fy (GHz) 3.95 3.80 3.66 3.55
Sjiu (dB) -24.29 -24.0 | -30.6 | -324
BW(GHz) | 0.98,098 | 2.19 | 2.03 | 1.9]

0 -li\i

-10 1- ,,ﬁ =
: a\//4
g2 RN
§ )
: .'dll ) ———L2=4mm
A0t ] | |———L2-5mm

.
-50 i ------- L2=6mm
60 = = el 2=7mm
1 2 3 L3 5 6

Frequency(GHz)
Fig. 3 The return loss in case of adjusting L2.

3.3 Effect of Adjusting W1

Table 3 shows the simulation results when fixing
L1, L2, W2 to 10 mm, 6 mm, 1 mm and adjust W1 to
5.5 mm, 6.5 mm, 7.5 mm and 8.5 mm, respectively. In
this case, the adjusting of W1 will effect to match
impedance at low and high frequency as shown in Fig. 4.
The maximum impedance bandwidth is 2.22 GHz.

Table 3. The return loss and bandwidth of slot
antenna by adjusting W1.

L=41 mm, W=18 mm, L1=10 mm, L2=6 mm,
W2=1 mm,G=1 mm, S, =0.25 mm

W1 (mm) 5.5 6.5 75 8.5
fi (GHz) 2.41 24 239 | 2.38
Sy (dB) -51.4 | -32.1 | -26.9 | -23.8
fu (GHz) 3.71 3.76 3.8 3.83
Sy u (dB) -39.8 | -31.3 | -24.0 | -20.1
BW (GHz) | 2.09 2.14 2.19 2.22
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Return loss(dB)
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Fig. 4 The return loss in case of adjusting W1.

3.4 Effect of Adjusting W2

The final case is to adjust W2 to 0.5 mm, 1 mm, 2
mm, 3 mm and fixed L1, L2, and W1 to 10 mm, 6 mm
and 7.5 mm, respectively. The minimum of S11 at the
middle of frequency-band is -14.92 dB when W2 is 0.5
mm. It shows that the value of W2 is more effective
on match impedance at frequency band than other
adjusting,. The maximum impedance bandwidth is
2.19 GHz. Table 4 shows the simulation results of S11,
VSWR and bandwidth. Fig. 5 shows the return loss
(S))) in case of adjusting W2.

Table 4 The return loss and bandwidth of
slot antenna by adjusting W2.

L=41 mm, W=18 mm, L1=10 mm, L2=6 mm,
WI=7.5 mm,G=1 mm, S, =0.25 mm

W2 (mm) 0.5 1 2 3
f. (GHz) 248 | 2.39 2.3 2.23
S (dB) -39. | -26. -20.89 -17.96
fiy (GHz) 3.61 | 3.80 3.95 4.01
Si1u (dB) -19. | -24. -28.0 -17.95
BW(GHz) | 1.99 | 2.19 | 0.83,0.79 | 0.66,0.61

Return loss(dB)

Frequency(GHz)

Fig. 5 The return loss in case of adjusting W2.
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3.5 Setting Parameters for Wideband

We investigate the effects of adjusting four
parameters in order to analyze the wideband coverage
IEEE 802.11b/g WLAN applications.  Finally, we
choose LI = 10 mm, L2 = 5 mm, W1 = 7.5 mm, and
W2 = 1 mm for good matching in wideband. In this
case, the characteristic of return loss S11 is shown in
Fig. 6. It is shown that the frequency band is 2.19
GHz with resonance frequency at 2.4 GHz and 3.72
GHz.

-5 _,_;,J‘;, i === l

M ——— L

!‘
\ \J

retrun loss(dB)

dnk'g('abr'ab;.
CHXND OO oD o
—=

15 2 25 3 35 4 45 5
Frequency(GHz )

Fig. 6 The characteristic of return loss in case of
L1=10 mm, L2 = 5 mm, W1 = 7.5 mm,
W2=Imm.

The characteristic of input impedance is shown in
Fig. 7. By adjusting technique, the real part of input
impedance at resonance frequency 2.4 GHz and 3.72
GHz is approximately 50 ohms and the imaginary part
nearly 0 ohm.

80
70 4
80 -
50 1-

hput mpedance(ohm)

40
20 1 . ; il
10 1
n-

. rd
D B |
.20 NS SR S N a’\h’m

1 15 2 25 3 35 4 45 5
Frequency(GHz)

Fig. 7 The input impedance of slot antenna.

The VSWR is a characteristic used to show the
performance of antenna which relates to reflected wave.
In a proper designed system for impedance matching the
value of VSWR is nearly 1. From simulation results,
VSWR at 2.40 GHz and 3.72 GHz are nearly 1.00 as
shown in Fig. 8.

Far fields radiation patterns in the yz-plane and
xz-plane are shown in Fig. 9 and Fig. 10.
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Fig. 8 The VSWR of slot antenna

4. CONCLUSION

The matching impedance and frequency-band of slot
antenna fed by CPW as shown in Fig. 1 have
accomplished by length of four parameters: L1, L2, W1,
and W2. Therefore, the slot antenna fed by CPW in
this paper can achieve wideband coverage the standard
IEEE 802.11b/g (2.4 - 2.485 GHz) and two center
frequencies of WIMAX (2.5 GHz and 3.5 GHz).
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(b) xz-plane

Fig. 9 Radiation pattern on yz-plane
and xz-plane at 2.4 GHz
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Abstract

This paper presents coplanar waveguide (CPW) fed slot
antenna. A rectangular slot antenna excited by a 50 ohm
CPW with L-shaped tuning stub. It achieves wide band from
2.0 GHz to 6 GHz which is the frequency band covered the
standard IEEE 802.11a/b/g for use in WLAN (Wireless Local
Area Network) and covered of WiMAX (Worldwide
Interoperability for Microwave Access, 2-6 GHz). The
characteristics of antenna are proposed and analyzed for
instance input impedance, return loss, bandwidth, VSWR, and
far field radiation patterns. The antenna is analyzed by using
Finite-Difference  Time-Domain (FDTD) Method. A
verification of our simulation procedure is confirmed by
comparing IE3D software which is based on the Method of
Moments (MOM,).

1. INTRODUCTION

Microstrip antenna is one type of antennas which can be used
for transmitting and receiving signals. Microstrip or printed
antennas are low profile, small size, light weight and widely
used in wireless and mobile communications, as well as radar
applications. Microstrip antennas can be divided into two
basic types by structure, namely microstrip patch antenna and
microstrip slot antenna [1-3]. The slot antennas can be fed by
microstrip line, slot line and CPW [4-6]. In this paper, we
proposed the slot antenna fed by CPW at a designed
frequency of 2.4 GHz and coverage frequency band between
2-6 GHz respectively.  This antenna is designed on
RT/Duroid 5880 substrate with thickness of 1.575 mm and
dielectric constant (&) of 2.2. The antennas are analyzed by
using Finite-Difference Time-Domain (FDTD) [7-8] Method
and confirmed by compare with IE3D software which is
based on the Method of Moments (MOM) [9].

2. ANTENNA STRUCTURE

Fig. 1, shows the structure of microstrip slot antenna on the
ground plane by CPW-fed on a substrate of dielectric constant
2.2. The coplanar waveguide (CPW) is designed to be 50
ohms in order to match the characteristic impedance of
transmission line.

The guide wavelength is given by

1 clf

8" [eeff W

Where & eff is an effective dielectric constant which can be

computed by using the following equation.

2

~

nf (& ]

Fig. 1: Structure of microstrip slot antenna fed by CPW.

The parameters in structure of this antenna are

L =27mm
L1 =22.5mm
W =23 mm
W1 =18 mm
A =03mm
B =0.3mm
C =42mm
G =3mm

Sepw = 0.3 mm

In this case, size of slot antenna in horizontal and vertical
is 54 mm (2L) and 23 mm (W), respectively.



3. SIMULATION RESULTS

The CPW-fed line is designed with the conductor gap G of 3
mm and slot gap S., of 0.3 mm corresponding to the
characteristic impedance of 50 ohms transmission line. The
antennas are analyzed by using Finite-Difference Time-
Domain (FDTD) Method. A verification of our simulation
procedure is confirmed by comparing with IE3D software
which is based on the Method of Moments (MOM). The
proposed design can be further enhanced by adjusting width
of slot A, conductor stub C and B. In this paper, we will
show the effect of adjusting three parameters by fixing the
value of other parameters: L, L1, W, W1, G, and S, as
shown in section 2.

A.  Effect of Adjusting Width of Vertical Stub C

In this case, we will adjust width of vertical stub C to 3 mm,
3.6 mm, 4.2 mm and 4.8 mm. The simulation results of
return loss (S;;) in four adjusting are shown in Fig. 2. It is
shown that the good matching is at stub C = 4.2 mm.

10 ' T T ;

S

Return loss(dB)
g8 8

-0
= =— C=30mm
& C=3.6mm
: —— C=42mm
& ; : H i = =:=G=46mm
1 2 3 4 5 6 7 8

Frequency(GHZ)

Fig. 2: The return loss in the case of adjusting C.

B.  Effect of Adjusting Width of Horizontal Stub B

By using C = 4.2 mm and adjusting stub B to 0.3 mm, 0.6
mm, 0.9 mm, and 1.8 mm. The simulation results for all of
adjusting are shown in Fig. 3.
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Fig. 3: The return loss in the case of adjusting B.
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C. Effect of Adjusting Width of Slot A
For finding good matching in wideband, we will set the value
of C =42 mm and B = 0.3 mm, and adjusting width of slot
A to 0.3 mm, 0.6 mm, 0.9 mm, and 1.8 mm The simulation
results of return loss (S,;) are shown in Fig. 4.
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Fig 5: S, parameter of slot antenna fed by CPW



We investigate the effects of adjusting three parameters on
four values in order to analyze the wideband coverage IEEE
802.11a/b/g WLAN applications and WiMAX (2-6 GHz).
Finally, we choose A= 0.3 mm, B =0.3 mm, and C = 4.2 mm
for good matching in wideband. In this case, the comparison
in characteristic of return loss S11 from FDTD software and
IE3D software is shown in Fig. 5. It is shown that the
frequency band and maximum bandwidth coverage at 2.06 -
6.35 GHz by using FDTD method and MOM.

The return loss or reflected loss (S,;) is a parameter of
antenna for represents the reflected wave return from load.
This parameter is given as follows:

= SEV”f(I)] Prics

1n - S[Vmc(t)] (3)

When 3 represents a Fourier Transform and L is the length

between an observing point and a reference point. The
propagation constant ¥ can be defined by
y=a+jp )

Where a and [ are attenuation and phase constant,
respectively.

E.  Characteristic of Input Impedance

The input impedance Z;, is the complex number, which fined
out by using the parameter S, and characteristic impedance
Z, of the microstrip line. The equation for the input
impedance is given as follow:

| (+sy,)

z =| =1 5
" (1-5,) k=

Zy

The characteristic of input impedance for wideband slot
antenna is shown in Fig. 6.
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Fig 6 : The input impedance of slot antenna fed by CPW
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F. Characteristic of VSWR

Fig. 7, is shown the voltage standing wave ratio (VSWR) of
this antenna. The maximum of VSWR in wideband is about
1.5 at frequency 3.6 GHz. The bandwidth of this antenna is
considered from S,, at =10 dB or VSWR at 2.0. The
maximum impedance bandwidth is 4.29 GHz covered
resonance frequency 2.06-6.35 GHz.

4

T

4 5
Frequency(GHz)

Fig 7: VSWR of slot antenna fed by CPW

G. Radiation Patterns

We investigated the radiation patterns of this slot antenna at
24 GHz and 5.2 GHz as shown in Fig. 8 and Fig. 9,
respectively.

(b) xz-plane

Fig 8 : Radiation patturn of slot antenna fed by CPW at 2.40 GHz



Ve
(a) xy-plane

(b) xz-plane

Fig 9 : Radiation patturn of slot antenna fed by CPW at 5.20 GHz

4. CONCLUSION

The slot antenna fed by CPW with tuning stub L-shaped as
shown in Fig. 1, can achieve wideband coverage the standard
IEEE 802.11a/b/g (2.4 - 2.485 GHz5.15-5.35GHz) and
WiMAX (2-6 GHz) for WLAN.
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