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ABSTRACT

This thesis presents the study and design of rectangular slot loop antenna fed by
microstrip line for 2.4 GHz and 5.2 GHz Wireless Local Area Network (WLAN). The feed
configuration is opened-circuit microstrip. This antenna is analyzed by using Finite Difference
Time Domain (FDTD) method and IE3D method. The effect cause by vary the width of slot and
the position at the end of microstrip line are studied, and use this result to design the dual-band
antenna. The fabricated and simulated results can be obtained impedance bandwidth for two
operating bands can cover the required bandwidths of IEEE 802.11 b/g (2.4-2.4835 GHz) and
IEEE 802.11 a (5.150-5.350 GHz) WLAN standard. The far-field radiation patterns of two

resonance frequencies are broadside and bi-directional.
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/
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() uuv'luInsaasy (Microstrip array) (9) HUUYOINAY (Waveguide array)

31 2.6 Mo IMALVIDITIAY

2.5.5 ML IMANUUATIOUAAY (Reflector Antenna)
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—
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2.6 Illl‘l]gﬂ NIFUNINTIZVIUNAHUBIT D INA

' 4 . - Q¥ A wa
wuV3UMIUNINIZIIUAAY (Radiation pattern) Ain FUn R lHiNouTAIRUaNTRYD
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Whulaiduvesdumissuiiandunaniisalineg
A =2 d. ey 4 4 ar
317 2.9 ugasszuy TnesAmmi lduaasquanifvesmsuninsznenaudmivas
4 o w P o o ada i ad ' o w
MHduianaasidsnuiaenesy ldamunialiniininem I¥eGend tpugilidenu
(Power Pattern) v84m100IN e HaznTAnaaImsldsunasvesauinuimannie

-

aw I lusianiade o Afisaliaem Sundwuuglauiy (Field Pattern) ¥4a10010 AU

rsin@dg

"X dA=r*sinfdOdg

Elevation plane

Azimuth plane

g 2.9 szuuTaesdumdmiumsinsizawenie



13

2.6.1 wugduuylelaInsila lasaduuma nazeeuitlanatuunia
ar 1 4 4 A:
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5 = 4z U(6,9)
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Difference Formula)

S (x +Ax) - f(x,)

S'(x) = A (3.1)
()
P7L
A

Xo—A&x Xx, X,+A4Ax

3 31 pluvumsdsznadives £(x) figa P Taoldwadmeduiionldhanh dranda

HagasInan

4 ) ' ] o
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Difference Formula)

f.(xo)"""‘ f(xo)_f(xu —Ax)
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anuduveudulfe 4B Willugaswadraduiiloansanais (Central Difference

Formula)

S (% +Ax)— f (%~

J'(x)= o (3.3)
wansadsanueyiuisuduiiceses figa P 1Ay
Ax Ax
" S+ 7) -1 %~ 7)
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Ax Ax Ax
TG +AX) =21 (x0) + f (% = s

(Ax)
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3.3 aumsuNnGaanazidana3ny (Maxwell’s Equations and Yee Algorithm)
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ot
VxH = EZ—'?+JE (3.8)
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e Ao ammoounaauu v (electric permittivity : F'/m)

o fe ammi Wi lumitedwudaemns (conductivity : S/m)
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o' H.) (3.9¢)

2 =—(—t-—2X-0E) (3.9d)

=—(—*-—%-0E,)) (3.9¢)

z =_(___’_0-E ) (3.9ﬂ

. . b -l ' A
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: 3 1) ° ] ; o 9/ ° ¥ S - -
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maxx
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L Lt |
maxy

Y

31U 33 Tnssadraniialasldtaad (Yee's cells)
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o L]

o w = ] P é
awdwy  Tavldmsdedanndrnlszneuvessuiidumia (i, j, k)i Tugii 3.4 uazld

auMsh (3.11) uag (3.12)
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¥ '
Yunoudae lfon1s 14annsondanoTiu (Leap-frog Algorithm) W@ IMIIoNAN
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Hn+l/2( _f k) 1 pAt/zﬂ Ha—lfz(i _f k)_ At/lu .
el 1+p°At/2u 5 777 14+ p'At/2u

|:E:(i, Jok)=E2G,j-1k) E;Gsj.k)=EpG, j,k—1)
Ay

Hn+ll2( ,J,k) 1= P At/zp Hn—le( i, ,k)— At/# L
+p'At/2u 1+ p°At/2u
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H(i,j,k)= 5

(3.14)
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3.5.1 Windimeinsnszdanizay
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_ @) [z, Bitt0
1, 0] \Z,, {
Bl 4Y710) (3.17d)

F[Vzm(f)]
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3.5.2 BUNMBNNUAUTUALONTIAIUUTINUADUTI (VSWR)

Tumsmmsunaduiivaudannsosnaldonn

Z,=2, L (3.19)
1=5
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(3.20)

3.6 e lvveuvAMsgaANaY (Absorbing Boundary Condition)
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Y 2al]
—t+t—5t+—5-Vv'—|E =0 (3.21)
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.
U
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' ¥
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(1 -(v.s'y)2 ~(vs,)’ )uz =1 —%((vsy)2 - (vsz)z) + 0[((\)5), )2 +(vs,) )ZJ (3.24)

&4 4 4 < &4 a v
FIUWIMWONAAUANNISNUNVOULIYA x=0 ua:w'lﬁ'ﬁnmmaumqmmrhmu

voulwamsganauduauusnluaunsii 3.25 uazsudvansluaumsi 3.26

=0 (3.25)
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aumamariuaaslifoun i fifiveuuenvesveuivaves FDTD n3a 19y
< o
E,(0,.k) ¥samnsom ldlaelddoyaveanisnszviesauunisluvevivaves FDTD
a S i - - ' v " A w ' ' o s
nia Tuntifne E (1, j,k) NNIZUALAZIUNNNDOUNET LAZIFUIALINY MINTHUWYDITIYDD

¥ v
OYNAMMUIVUAYDI FDTD N3A 19U i =maxx Nz ldaumsannudail

VA, -A,
VA, + A, (3.29)
= [E,""’(max x-1,j,k)— E (max x, j,k)]

E™'(maxx, j, k)= E(maxx -1, j,k)+

A -
WD r=y 30 z
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dmsvaumsdmivinsmanuimaesuisofven 1d laonisdsunas

) o ' e
TnooAm dausov | 1dasaunsae Tyl

1. voUIAN y=0

E™(i,0,k) = E"(i, 1, k) + 22 =4V (B0~ E2G.0,6) ] (3.30a)
VAL + Ay

2. YOUWAN y=max y

VAt -Ay
VAL + Ay (3.30b)
[E-:H-l @, maxy —1, k) - E:' (i, maxy, k)]

E[*\(i, maxy, k) = E" (i, maxy — 1, k) +

3. YouWwaN z=0

VAt - Az

E™\(i,j,0)=E"(i, j, 1)+ .
. (5 ),0)=E(,],1) =T

[E"G,js )~ (G, ), 0) ] (3.30¢)

o
4. YOUIVAN z=max z

VAL - Az ]
VAL + Az (3.30d)
(£, j, maxz—1) - E? G, j, maxz)

E[™'(i, j, maxz) = E} (i, j, maxz — 1) +

3 ' aa & " - ¢ o ' '
e ¢+ Aedmsznevvesawiy M ifivemilamiantisas fred1ausu t=xz

VUYDUIYA y=0 UAT y=maxy WD t=x,y UUYOUIWAZz=0 DL z =max z
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- v o A - dao W -
Tuvazidvanuneg ldaunisveatou lvveniwamsganduveauessuduaes Tavil
¥
Al

1. voUwaN x=0

-ETH(OQJ.: k) = _E:’-l (1: j’k)
PRl [EX(,/.0)+ B0, .6 ]

VAL + Ay
2Ax
| E™N0, j,k)+E"(\, j,k
+ == [E"0,1,0)+ B} ()R]
S Ax(vAt)?
2(Ay)* (vAt + Ax)

E!0,j+1,k)—2E"(0, j,k)+ E'(0,j —1,k)+
!:E," (1,j+1,k)-2E!Q, j,k)+E!(1,j -1,k) ]
Ax(vAt)?

2(Az)*(vAt + Ax)
E'(0,j,k+1)=2E" (0, j,k)+E" (0, j,k-1)+
[E," (L j,k+1)-2E"(Q, j,k)+E'(1,j,k 1) }

3

(3.31a)

2. YOUIWAN x = max x

E!'(maxx, j,k)=—E"" (maxx-1, j,k)
vAL — Ax
VAL + Ax
2Ax
VAL + Ax

+

[ B (maxx ~1, j, k) - B} (maxx, /,K) ]

. [ By (maxx, j, k)~ E} (maxx, j,6)]

Ax(vAt)?
2(Ay)* (vAt + Ax)
E; (maxx, j +1,k) + E (maxx, j —1,k) —
2E] (maxx, j,k)+ E (maxx-1, j + L,k) +
E] (maxx-l, 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-l, j,k —1) - 2E (maxx-1, j, k)

(3.31b)
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3. UoUlAN y=0

E'(i,0,k)=-E"(i,1,k)

N vAL — Ay

vAt + Ay
2Ay

vAL + Ay

LB L)+ EG,0,k) |

+

[ E7G,0,0)+ E} (i,1,5) |

Ay(vAt)®
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(vAt)?
2(Az)* (vAt + Ay)
E"(i,0,k +1)—2E"(i,0,k) + E] (i,0,k 1) +
E"(i,1,k+1)-2E"(i,1,k) + E" (i,1,k - 1)

+

4

(3.31¢)

4. Y0UIAN y =max y

E!™!(i,maxy, k) = —E]" (i, maxy - 1,k)
vAz — Ay
vAL + Ay
2Ay
vAt + Ay

P

[ Er (i, maxy-1,k) + B (i, maxy, k) |

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

Ay(vAr)®
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(vAr)*
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)

(3.31d)



5. UOUIWAN z=0

E™ (i, j,0)=-E""(i, j,1)
:2: ~ Z [EMG, 70+ B, 4,0)]
2 (B2, ,0)+ B jD)]
. Az(vAt)?
2(Ax)* (vAt + Az)
E!(i+1,j,0)~2E" (i, j,0)+ E"(i -1, /,0) +
I:E," (i +1,/,1)~2E"G, j,1)+ E"(i -1, j,1) ]
X Az(vAt)?
2(Ay)* (vAt + Az)
E](i,j +1,0)-2E" (i, j,0) + E"(i, j —1,0) +
[E," G, j+1L,) = 2E/ i, j,1) + E" (i, j—1,1) ]

+

+

(3.31e)

6. VOUIWAN z =max z

E"\(i, j,maxz) = —E"" (i, j, maxz-1)
VAl - Az A+l gr o n-lg: -
vAL + Az '[Ef (".”mm_ l)+ E, (l,j,mH.XZ)]
ZAZ Rfs = nyss
VAL + Az '[E, (7, j,maxz) + E| (1,j,maxz-1)]
i Az(vAt)
2(Ax)* (vAt + Az)
E; (i+1,j,maxz) + E' (i-1, j, maxz) —
2E] (i, j,maxz) + E" (i + 1, j,maxz —1) +
E;(i-1, j,maxz —1) - 2E] (i, j, maxz —1)
” Az(vAt)?
2(Ay)* (vAt + Az)
E (i, j +1,maxz) + E] (i, j-1, maxz) —
2E] (i, j, maxz) + E]' (i, j + 1, maxz — 1) +

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

+

+

(3.31f)
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3.7 mandasaumsunsnszoenaNYeImEIMATYSUIS FDTD

¥
TumsTins e luuuuis FoTD iuhignsomwadwivesuwugmsuindsau
auszue 1na (Far-Field Radiation Pattern) 14 1agasa 11nmauaniniaves FDTD e
9 o as ° cl’ - - ' : o
wlddmivmsdsuamzvovwanunvesauinszoz1nd (Near-Field) 11iu d1m3y
v ¥ "
auwszee Inaiums1¥ FDTD nSariulisusanvzdraauiyszozlna (Far Field) 14
¥
a0yt FoTD F9lE5msuasmanisdiavesauinszos Ind i uauiuszos 1na

' 4 : 4
(Near-Field to Far-Field) o 1# Idundsnaiaani@amsunsnszaonduvesaveinis

3.7.1 wnaanudaanyadmivennuszezlna
A o - " o ' o 4; da ’
WenmsnnsamsuAndsnuvesmnuutiman Idfhiniunailla " veq

1 o - ar 4 = e = A
unasfuia uaafagli 3.8 Tasmsdredamdnnisvemquiauyannduilosmsuany

[ T ] ' o - - .
wunnivvosnszud I J; vazammunninvesnszumiman M, vuiun S’ aunsa

c; s o s d’
nozldaunisdnannmesaail

2:;,]]3,-%;? : (3.32)
F=¢f L%a‘ ' (3.33)

P(x,y,z)

v

3UN 3.8 szuvnnamuiadmiumsulassuuszes Indifluaumszeslna
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wazie I 1 &euniman Ithiiszor Ina (P) aunsom1dTae

E=—-jwj—i%o—V(V.2)—lef' (3.34)

k £

E=-jmﬁ-4v(vﬁ)—lw3 (3.35)
k H

g .o o P
dom ~'0 r iy P vesmusze Ina siemnsoauyali

r"=\r* —2r'cosy +r”

' () i)
=r(1+(&)? -2 cosy)?
r r

rl

1
=r(1-2—cosy)?
r

=r-r'cosy (3.36)

HAZINANNIIN 3.22 uag 3.23 musawsudnannmesudman i v 18y

3 e_jkr T . jkr'cosy '
A [[.7.e ds (3.37)
- e_jb - i
F=¢ [[.. M, e as (3.38)
4gr s
o
r'cosy =r'-F=x'sinfcosg+ y'sin@sing + 2’ cos§ (3.39)

¥ ¥
MNAUNS (3.37) uag (3.38) Noglumenvesduniniariuse o Iniilumves

4
NAMBIMILUNINIZNWAD N uax L 1Aaaii

N=[[Je*vas' (3.40)

L= [[ #.evas (3.41)
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J ar ar s — —
‘]:I'\'Iﬂz‘lﬂyﬂ’nllﬁﬂ‘wu{'IliNﬂﬂﬁ‘ll'JﬂlﬂE)'; A uaz F lau

A il (3.42)

5 (3.43)

haunsn (3.42) uaz (3.43) Tdunusluauns (3.34) uag (3.35) mudwy wld

[] ¥
AUMITUIMSUNINIZIUNYAaUINsTY Tnansll
=
Ey=nH,=~j >N, +1,) (3.44)
B =it M, + (3.45)
=— =F - + .
¢ iy =) 2Ar (-n P o)

dy v 4 o ' ' o w -
ﬂ1ﬂnan'lﬁ'umm$nm=mmmﬂ1mmuu1uuu'uoqmn\mumau (average power

] b 4
density) NdwmisszezIna (r,6,4) 1Adail

bo g i 1 : .
W, =5Re[ExH ]:ERe[E,H, ~E,H, ]

L
N, +-%
n

2
=.§;1175;?[ J (3.46)

A o o o
dieihmsguaumsduudsidsaesvesszozin () sldnnuduvesms

' 4 v o
uwsnszanauveIdweIMAluiama 6,4 Aall

L 2
N,+—“ +
n

L,

n

2
=-8-%{ ] (3.47)
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3.7.2 ¥ANN3vLINALAAIIGH (virtual box)

it s fuaraslugii 3.8 uumastuiaauyaiuasaumszzndiduan
szor1nn Taoundednilamuyaiiduiiumsiinnz#1u3s FoTD seldiomidundeaaiion
(Virtual Box) 1un3Av09 FDTD Sauansdazald 3.9 sumisiidmualiifundouaiiouiuee
dmualiidunluveuvaniaves FDTD Yszana 3-5 wadninveuwauengadeesin W14

s

- . _ ¥
aumsaNuruNnivvesnszua lwih (J,) wag nszuaimin (47, ) Aail

J,=hAxH (3.48)
M, =-ixE (3.49)
(maxx,1,maxz) (maxx,maxy,maxz)
(maxx,1,1) . (maxxmpmeXy,1)
Antenna
Virtual Box
N
- -/ (1,maxy,maxz)
X
v (lllll) (l,maxy,l)

3 3.9 naeuaiioudmiumsuasauszozlndifuauszesIna
dmsuanumuunivvenszua thuaznszumnimandaaunisi (3.48) uag (3.49)
v ldnnnaumimanuazeaun thiifvesndeaaiiounnd Taslussuufisayunin
v
vz ldrumsvesnnumuunivvesnszua ihuaznszummimanadounmuuanny x, y
.
uaz z mwaumsan il

J,=Ji+J,3+J2 (3.50)

M,=M3+M5+M;: (3.51)
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e ldmdmlszneuanumuunivvesnszuaauya dmsunamesmsuninszay

" v
Tuaunisy (3.44) uag (3.45) awson 1daail

Ny= _[[_(Jx cos@cosg +J, cosOsing - J, sin @)e’ ¥ ds’ (3.52)
N, = ‘[[,(—Jx sing +J, cos g)e’ ¥ ds’ (3.53)
L= jL (M, cos@cosg+ M cos@sing — M, sinf)e’ ¥ ds’ (3.54)
L= jL(—M, sing + M, cos g)e’ ¥ ds’ (3.55)

3.7.3 mﬂﬁﬂmsuﬂmiﬁmi’lﬂﬁimﬁm (Discrete Fourier Transform: DFT)

TumsulasauwszozIndilluaunszes Inalaold3imsnadnduiiossiialy
Tauna (FDTD) ansaih 14 2 gluuude

1.TAUIID1 (Time  Domain) =‘§amsf5mﬂzﬂu;ﬂuuuﬁ”dmﬂszﬂau'umau"m
szozIndannsoutas Wihumiuszes 1na 18 Taoase lunsasdunm uazoniuless (Fast
Fourier Transform: FFT) tive 1 18nanevanealu Tawunmdfiauszes 1na

2.Tﬁmuﬂ'nu'€§ (Frequency Domain) 221975 (Discrete Fourier Transform: DFT) l#ﬂ
famanumuusivvesnszua ez aszumuimdnaiou luudasdunn Mdld
Meaesvesdusenovauinszoz1nd uazamnsanldvududiudsznovvesauin
seozInaTaoldaumsii (3.52)-3.55)

uﬁz'l'unmmnuvuuazf‘umwﬁﬁm%’ﬂﬂiunsni’fﬂz'l%mﬁ'miwﬁaﬁluhmu
AN (Frequency Domain) dmiuiasauuszes Indiflueuiuszos lna uazldmsurlasy

E=Y L B ] ¥ J & ar 2
33 liAetiioa (Discrete Fourier Transform: DFT) ailaunisaa lifhugsil

E(w) =+TE(t).e‘J"”dr (3.56)

H(w)= TH (e ™ dt (3.57)



58

[
A

A o ar 1] ar
e w=2zf uaz £ Ao anudnzlddnumguauiansudndauguiy
¥
szozlnalav s DFT daunsoldldlavassty aumsmmsurnasnuszes lnalulamu

" [ 4
Aunved FDTD Tasldaunisaail

NSTEP

E(@)= ). E(nAt).e”*™ At (3.58)
NSTEP

H(w)= ) H(nAt)-e7*"™ At (3.59)
n=0

" y 4 J o : ] ° '
¥a30n35n13491 Running DFT & 1 lumsdmaniuez ldmisoanusniesndwuy
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d
MSoDNUUUIAZAATIZHNG

4.1 Unin

huunileznandimssenuuuuazinnsimoemmundesdansovdimaoy Tav
e mgueinumiidi q maelunisesnuvunaziimsdinseimeoinalasld
Tsunsunouiiamed Tasluinninufatuiivedinneiquaniavesnoomadaess
wadeduiiiossrnaluTawuine (FDTD) wasiwarf3ouifoudu3s MoM e IE3D
dmivlnseadrnvesmuoimeaieonuuunaziinseiiu swdududrsmooinageaia
nunseudmaeiaia meemagesdauuuieseudmaouiiugh daiivarseuie oy
230U Tmmwmmﬁﬁ"«'ﬂuﬁ‘lﬁi’fmiﬂouﬁfgtymﬁfmmuﬁq‘ln'fnsan?ﬂuumﬂmwi uay
mmuamsﬂ?mﬂﬁuums1ﬁma§ﬁﬁ1ﬂ"iy1mqmummﬁ 35U unueIves
afunungF ioAnudanansenudemgadnyazvesmueme uazthmnondn Aeite
sonuuumeemalilguauiasesiuiumsldaululaseiedesdu1iae (WLAN) s
A3 IEEE 802.11 ab/g Tauduusneznandedsnmsoenuuuiazdediomsdinngina

Yoo IMATUNTAA1E 9 Audny

4.2 'il"uﬂﬂ'uﬂ'lﬁi’lﬂﬂll'l.l‘ﬂfl'lﬂ‘é)"lﬂ"lﬂlhl‘iﬂ‘iﬂﬂ?‘lj

dmfumseenuuumeeinalyInsaaduuvoudlaildzuvums doudyau
fomudadapanuylyTasanidaisududenindusuguusn Ae msidenyiiaveaiag
71304 (Substrate) (Ao ULIAIRUANTAMI 4 1 1FTumMsAIIMIAIN vveImEd
doyanaluTasandyl () manuenadudining (4,) i Tsuudidesnseeniuy
uazmseenuuUiaeImonImadieisnassduiiosdrvalulanminar (EDTD) deaunse
oS 1nwdduadl

msfmnuuuawmmﬁ'lu%nmﬁwufaﬁufrtﬁﬂn'lﬁﬂqgwim (Substrate) 1111
RT/duroid 5880 Fafimnaieniadail

- MR ladlanasn () MY 2.20

- 11 Loss tangent (tan ) (MY 0.0009

- ANUNUIYEITARFINTOR (k) NIV 0.508 HadAs
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1 ar -
421 misenmvumeadsdyanalulnsaniy
o ' U o - J 1w J o - -
dmivmanuninvesmodedyanalulnsaasivuegivaneialadiannin (s,)
ANUNUIMIBANNYIVOITARTINIBY (h) uazmBuRuAudRUdNYUZ YoM dIdyY I

(Characteristics Impedance) ¥981115011A1 @A aaunIsh (4.1)

W, 2

h=; £

r r

&.=lry g _osl
{B—l-m(23-1)+—2£—[m(3 1)]+0.39 } (4.1a)

607’

=Zu\/€_,.

B (4.1b)

de W, Aeanuninvesmudedygiauuylulnsansy
Ao D AN () YOI TARFIUTON
g, o mnwnladlanasnvesingguses

Z, Ao mduiuaudnuanyuzvoImuddy I

A o i\ ey 1 e " 4
WUIMUANVARAN 9 'ufn'.nffqgmitmmum'luﬂumm 4.1) 32 ldnnunhaves

mwasdyn I Insansiiszunn 1.50 Tadwns

422 M3dnnammANNEIAGUTNING (1)

MIONUUVA WD INIATOUTAUVUIITOU (Loop) wmﬁmos’rhﬁ'mﬁxﬂuﬁ":ﬁmuﬂ
Al TTuNLF AABIN1T ADANNIIIIWRIMLAYEITOUTIIA N1TBBNLYILEINS
Tuineniinusierhnuiiaua 2.4 GHz ez 5.2 GHz awdidy Taomanweaiining
fnaniuegiimthedsiunnuennauduning (4,) Y0IANNAUINABANE 2.4 GHz i

L] -1 1 .’I @ J A o o ol 1
o AT NN dmTuaumsTunsm 1ﬂ'1ﬂ’]1!JUT'Jﬂﬂuﬂllﬂﬂﬁllﬁﬂﬂﬂiﬂﬂﬂ'ﬁﬁ 4.2)

1= ‘) (4.22)

(4.2b)

-1/2
Sy = 8’;1 +E’T_l[l + IZWi-] (4.2¢)
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- A o oo

de 4, fio Anuenaauding

A d 8 " a a
¢ D ATV (3 x 10 IWATABIUIN)

- - oy
£ Ao anutis Tounuandeans
5, Ao MasialadionnIaduinddszdning
g, fio AnA7 ladlannsavesiang s e
w. fie anundnvesmedidyguuuy lulasansy

B f1D AN (Q9) YOI TARFIUTDA

PINANNMIN (4.2) WoRimsunuainnudis Tsuuusndsan1sesniuune 2.4 GHz
N v
wazumumnuauAvesTaggmsesiidenldasluaumses 1ddai
ar o o

- mnedia ladiannindinsuszindna (s, ) Yszane 1.86

- MANuEIAAUTUINTS (2,) Uszanm 9165 fiadiuns

4.2.3 mMIsiasamueImanedsNan 1 auHeId e lulamuIa) (FDTD)
] b 4 ¥

1n#i 1dnanu luiesduud 1 luinoriinusatui 1¥n1ssaea Inseaiieves

o lao14¥11s51nsu FDTD ANALYSIS AND DESIGN OF MICROWAVE CIRCUITS
¥
o - 1 A '3 LY
AND ANTENNAS lIasldsunsuilezldmannisveddtnadaduiioadinalulamuna
DTD) M 1Flumssnauaziinsev
° - Y Jn:u J (]
mseenuuuassmeamalasléis FDTD luineiinusifimuavuiantianii
- i J ' lﬂ.ﬂ 4 ar L 4
vosbiwad (Yee cell) ITivuna@nnimilsdnoduvesvnuannuenaauduinindeans
9t & T a /9 A A a a
TasniseonuuuIdtivuanilamiztisadlufinmiax Ao A, =0.127 Uadwas uazyuia
4 L] L] L =Y - 4
wilaminsBisadlufienis y uaz z virfufie A =A, =01  Tadwas eldannso
¥ . ¥ "
ATOUAQUILIATITDINMMT IMuATisenuUY taziie IiauAanaalumsfianiesiiqa
.’f ‘ o o 4 ' o o
wennniuudniioninssmuavianilamiloaaud i i muisodiuaum

vz an lumsdaa 1ddsaumsi 4.3)

1

1 i 1 f 1 :
3x10° ( ) ( )( ]
0.127x10 0.1x107° 0.1x107

A, £0.205 ps (4.3b)

A, < (4.3a)
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v
Seutunisvauves Tsunsy EDTD awnsaesuiwldaavden laozunsuauaas

Tuzin a1
‘ FuAu |
quuuaeslaseadamweins
Y
> nsnszAuuraiuTiaLs AU
¥ ¥ i
Sunaamuai nsfmsen thuazmuuniman
14 lumsfiuom lun3alradves FDTD
Y

. 4
nafmanluiteu lvveuivamsgandu

MIAMDUMNAUANYUTYBITWO NI I¥U S|
- - -y o ' L4 ‘ "
dunmduRuaud Sas1d Uz UADT D2

wuugUmsusvesaumszezlna

Y

l UNITIINU '

g1 4.1 vdenlaezunsudmiy FDTD daneiiiu
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4.3 moomalulasanddvestlauvussevmmasndaia

& e ° ¥ - o d’ 9 [ Y &
domimssnnusmnimesiesdudmiumsesnuuumoeimaluInsanaiy &
1 s - 1 A o o
Uszneu e anunievesmedadaygalulasansy 7,) uazamnnuonnauduing
3 L 3 oA ° ' = 4 & ° °
() u#r vmiuduaoude llifemsieriminilimesmaniunmimsdmualy
] 4 } 4 .
Taseardemeomamundesmsanu dsluiiesdulddnumazeenuuumenimageuila
uupNIBUAMALNIRTH [21] Aanslugii 4.2
903Ul 4.2 uaasInssadvesmeemauyuseudauuuissoudmaoninian 14
° = - a1 s ;q
wmsoenuuuTasimsiliinesa q dsil A
- (]
L o ANNYMY0INIUY0AUTA
w fie Anuninvesnseusetla
w. fin anunvesmodadayg i luInsansy

- o o
A9 ANUIIVIITAVUUATY

= " )
fie anundnvesreudlaguuinueu

N

a . .
fin Anunievesreutlaguuan

3

e, fio mawialadlonasnvesingguses

h fiB AINUNUIVBITAAFIUIBA

Conductor

*1o
z y

g 42 Tassadhanaznniiinesvesmueimavesdlanuunsouimmaouinie

Dielectric Substrate / _V/W— “\Microstrip Line *
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16

Air

Ground Elane

210

12

Radiating slot
MP lne

Air

Dielectric substrate

>
>

249 Y

19 4.3 sPuvumssines Inssadeavemanl¥nmssiudio9s FDTD
3 3

1.2 -— T T T
4 ........__5....._.....:____..___..,_..___..............,..; ...........
N s e -
iy E '
Y e e M

i

e
!
1
i

0.2...'...
’
o-l.! ,,,,,, ‘? -
235 500 1000 1500 2000 2500 3000
Step

1 '3 - ar o or o
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Abstract— This paper presents the design of rectangular
microstrip slot loop antenna that competently achieves dual
frequency operation by using a microstrip feed line. This
antenna is designed at the resonance frequency 2.4 GHz and 5.2
GHz thereby covering the required frequency-bandwidth of 2.4-
2.4836 GHz and 5.15-535 GHz, which are widely used in
Wireless LAN (WLAN). The characteristics of antennas are
proposed and analyzed for instance input impedance, S;,
parameter and far field radiation patterns. The antenna is
analyzed by Finite Difference Time Domain (FDTD) method
which can predict and analysis of the electromagnetic responses
of complex problems.

Keywords—Rectangular Slot, Slot Loop Antenna, WLAN,
FDTD

L. INTRODUCTION

In present day, wireless local area network (WLAN) system
is a new technology in computer network. This system needs
antennas for propagating the information signal from one to
other computers or users in LAN. One of the efficient antennas
that could be used in such network is microstrip or printed
antenna. It supports a variety of applications, such as satellite,
mobile and wireless communications. Nowadays, the
microstrip has been developed by exploiting the printed broad
technology in the dielectric substrate material thereby
achieving a good printing antenna with low loss. Moreover,
the microstrip or printed antenna has become popular because
of its practical qualities, such as small size, light weight, thin
profile configurations, straightforward manufacture and low
cost. The microstrip antennas have several advantages
comparing to conventional microwave antenna and many
applications covering on radio frequency.

In wireless communication and radar applications, the
dual band antennas have been required. It should perform

0-7803-9312-0 /05/$20.00 ©2005 IEEE

efficiently at two distinct frequencies. Dual band antennas can
generally be classified into two main categories; multi-
resonator and reactively loaded elements [1-2]. To achieve
dual frequency operation with reduced size or compact
microstrip antennas, many promising designs have been
reported [3-4]. For the conventional microstrip line fed
rectangular slot loop antenna, dual band operation for wireless
communication system has been studied in dual resonances.
WLAN-antenna will be designed for dual frequency operation
at 2.4 GHz and 5.2 GHz or cover dual frequencies band 2.4 —
2.4835 GHz and 5.150 — 5.350 GHz, respectively. -

To describe the performance of slot antenna, only the
interrelated parameters are specified for completing
description. The parameters in characteristics of slot antenna
for this analytical algorithm are input impedance, return loss
(S-parameter), VSWR and radiation patterns. The important of
the design antenna is signal returning from load (antenna) to
decreased amplitude signal. To minimize the unwanted effects
of the reflected signal as much as possible, the process of
matching impedance has to be concerned.

The Finite Difference Time Domain (FDTD) method has
been introduced to solve the complicated problems in
electromagnetic field theory. The FDTD method is useful in
terms of analyzing characteristics of antennas, circuits and
scattering and diffraction of EM waves by complex structures.
This method is capable of computing electromagnetic
interactions for geometric problems. This technique is
well-suited for handing complicated microstrip antenna
configurations because it can conveniently model the numerous
inhomogeneities encountered in these structures. Therefore,
FDTD method is practical to obtain characteristics of antennas
and MMICs.



II.  ANALYTICAL METHOD

The Finite Difference Time Domain (FDTD) technique is
used to analyze antenna characteristics. A novel numerical
algorithm was presented by K.S Yee [5]. The FDTD method is
highly valuable in analyzing the complex antenna, high-
frequency circuit and wireless application system. It contains
various advantages, e.g. it provides extreme simplicity,
flexibility, reduces computation time comparing to frequency-
domain technique and it is suitable to all types of
electromagnetic problems either simple structure or
complicated structure. This method solves electromagnetic
problem in time domain. It divides the problem space into
small rectangular cells, called ‘Yee cell’. The properly time
step (Af) that relates to the space increments (Ax, Ay and Az) is
required to derive the Maxwell’s equation. The following
expression shows the time step expression.

Alsl : + L + L
c\(ax)  (ay)  (az)

(1)

Where c represents the light velocity and Ax, Ay and Az are
cell dimensions. In this paper, the cell dimensions of the
analytical problem space of 23 x 249 x 210 cells are Ax =
0.254 mm and Ay = Az= 0.1 mm.

III. ANTENNA GEOMETRY

A.  Antenna design

The design of rectangular microstrip slot loop antenna for
dual frequencies relates to some parameters such as wavelength
in substrate (/4,), the dielectric constant (&), thickness of
substrate (h), and the width of microstrip line (#,,). In this
research, the antenna is designed on RT/duroid 5880 substrate
with dielectric constant (&) 2.2 and 0.508 mm of thickness (#).
The rectangular microstrip slot loop antenna is cut in the
ground plane at one side of dielectric substrate backed by a
microstrip feed line, as shown in Fig. 1.

radiate slot

¥y \
substrate

microstrip line

Figure 1.  Structure of rectangular slot loop antenna.

The width of the microstrip line is designed for match
impedance 50 ohms of transmission line by using (2) - (5).

Z, = A(C-B) 2

where
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where : W, is the width of microstrip line (feeder).

Z, is the characteristic impedance of transmission line.

The wavelength in the substrate can be calculated from
following equations.

ﬂg= clf (6)

e
aeﬂ=§r2ﬂ+§z2-_l{1+1zwf,fa]_m @

where £, is an effective permittivity

B. Antenna Configurations

1) Microstrip Feed
Microstrip feed is arranged for rectangular slot loop
antenna as shown in Fig. 2. It is designed for matching
impedance at 50 ohms of the coaxial line. In this case, the
width of microstrip line (W#,,) is 1.56 mm but it is considered at
1.5 mm due to symmetry problem.

2)  Rectangular Slot Loop Antenna

Figure 2. Antenna configurations of rectangular slot loop antenna.

The wavelength (4;) is given by frequency 2.4 GHz only,
therefore, wavelength (4;) is 92 mm. The perimeter of
rectangular slot loop antenna is defined by 0.774; - 0.84,. The
configurations of the proposed rectangular slot loop antenna for
dual frequencies are illustrated as follows;



width (W) : length (L,) = 1: 1.4 - 1:1.5. Note that the exact
value depends on the accuracy of resonance frequency.

In this case,
W;=0.1584; (14.5 mm)
L,=0.227 2, (20.9 mm)

width of vertical slot =5, =0.5 mm (initial)

width of horizontal slot = S, = 0.5 mm (initial)
distance from center of loop to edge of feeder =L,

The configurations of rectangular slot loop antenna are
shown in Fig. 2.

IV. MATCHING TECHNIQUE AND RESULTS

A.  Matching Technique

To achieve wideband and dual frequency (or dual band) at
2.4 GHz and 5.2 GHz and cover the standard of WLAN, the
matching technique and dimensional design is exploited. This
technique has 4 steps and bases on match impedance 50 ohms.
In this paper, we define two frequencies at 2.4 GHz and 5.2
GHz to be the low frequency and the high frequency,
respectively. There are three important parameters to define
and adjust for matching impedance at considering frequencies,
2.4 GHz and 5.2 GHz, as following.

e S, : When S, is increased it will effect on matching
and the low resonance frequency is decreased, but the
high frequency is slightly increased.

e L, : The distance L,, is adjustable for optimum match
impedance.

e S, : When S, is increased, it will effect on matching
impedance at the high resonance frequency and both
frequencies are increased.

The adjustment for match impedance of dual frequencies is
operated as following:

Step I: Setting the widths of slot (S, and S,) to 5 mm. The
resonance frequencies are 2.61 GHz and 4.95 GHz.
In this case, the high resonance frequency has
better matching (less of return loss) than the low
resonance frequency (see Fig. 3).

Step Il : Increasing Sv to optimum value of return loss at low
resonance frequency. The return loss (S;;) at low
resonance frequency will be decreased but S;; of

high resonance frequency will be increased.

Step III: Adjusting Lm for better matching at low resonance

frequency.

Step IV : Increasing Sj, so as to make the return losses of both
resonance frequencies close to each other.
Consequently, the good match impedances of dual
frequencies are accomplished. Note that increasing
the width of horizontal slot, both resonance
frequencies increase. Ultimately, the desirable dual
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resonance frequencies are positioned at 2.4 GHz
and 5.2 GHz as shown in Fig. 4.

The simulation software [6], is introduced to analyzed the
characteristics of this antenna as shown in Table 1.

Return loss (dB)

3 4 5
Frequency (GHz)

. Characteristic of return loss when Sv=5/=0.5 mm.

EEEERNE. e SN D - SN VS

3 4 J
Frequency (GHz)

Figure 4. Characteristic of return loss when and Sv=1.9 mm, S#=0.8 mm.

B. Simulation Results

1) Characteristics of Return loss and input impedance
The reflected loss or return loss S;; which is a parameter of
antenna is given as follows.

3| Vyer (¢
S =—-—-[ 49 et @®)
3[Vine ()]
Where 3 represents a Fourier Transform and L is the

length between an observing point and a reference point. The
propagation constant y can be defined by

y=a+jp )

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



The observation point will nearly be the reference point
when analyzing by FDTD method. The reference point is the
first edge of slot antenna.

The input impedance is the complex number. To find out
the input impedance, it can be done by using the parameter S;,
and characteristic impedance Z, of the microstrip line.

(1+5y,)

Z, =|:(—I-T“)] Zy (10)

When using matching technique by setting S,=1.8 mm,
5,=0.6, and L,=7.6 mm. The characteristics of S,; and Z,, are
shown in Fig. 4 and Fig. 5 respectively, whilst, the simulation
results of this designed antenna are tabulated in Table 1.

| e Zins rosd

—— Zinmaginay |

Figure 5. Characteristic of input impedance (Zin).

TABLE 1. SIMULATION RESULTS OF RECTANGULAR SLOT ANTENNA.
Frequency Bandwidth
(GHz) Su (dB) Zia (0hm) VSWR (%)
239 -36.3 48,6+ 0.6 1.03 31.56
5.19 -30.8 47.2-j0.46 1.05 25

2) VSWR and Bandwidth
Figure 6 shows the voltage standing wave ratio (VSWR) of
this antenna. The results of VSWR and bandwidth at dual
frequency are shown in Table 1. The percents of bandwidth
are considered from S;; at =10 dB. In this case, bandwidth at
resonance frequency 2.4 and 5.2 GHz are 31.56% and 25%,
respectively.

1.8
1.6

=14

Figure 6. VSWR of the antenna in case of dual frequencies.
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3) Radiation patterns

(®

Figure 7. The normalized radiation pattern for rectangular slot loop antenna

of 2.4 GHz in (a) xy-plane, (b) xz-plane.

(b) .
Figure 8. The normalized radiation patterned for rectangular slot loop
antenna of 5.2 GHz in (a) xy-plane, (b) xz-plane.



Figure 7 and Fig. 8 illustrates the normalized radiation
patterned for rectangular slot loop antenna in the xy and xz
planes of dual frequencies for matching impedance at 2.4 GHz
and 5.2 GHz. By exploiting FDTD method, it is possible to
transform the near field to far field by discrete Fourier
Transform to carry out for the equivalent electric and magnetic
current densities during the FDTD iteration. Hence, far field
are obtained by converting near fields to far fields in the
frequency domain. To consider the radiation pattern from the
center of rectangular slot loop, far field patterns of the xy and
xz planes.

V. CONCLUSIONS

Analysis of rectangular slot loop antenna coupled by
microstrip line for dual frequencies is introduced. The
proposed analytical algorithm uses the FDTD method. The
simulation results show proficiently the achievement of dual
frequency operating at the resonance frequency 2.4 GHz and
5.2 GHz thereby covering the required frequency-bandwidth
of 2.4 - 2.4836 GHz and 5.15 - 5.35 GHz.

(M

[2]
[31

[4]
[5]
[6]
7
(8]
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The Effect of Varying Dimension
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Abstract— The purpose of this paper is to study the effect of
varying dimension of slot loop antenna by fix perimeter. The
concept of designing is most simply introduced by considering a
width of slot antenna for match impedance 50 ohms. This
research is concerned in proportional of length and width of loop
shape, such as : square loop shape 1:1, rectangular loop shape
5:4, 10:7, 3:2 and 2:1, respectively. The perimeter of loop shape
is designed at frequency 2.4 GHz, this perimeter is fixed for other
loop shape for considered the effect of varying dimension.

Keywords—slot antenna, rectangular loop, square loop,
wideband antenna

I. INTRODUCTION

Nowadays, the ever increasing in demand of frequency
band for communications system, such as mobile, satellite
communications and WLAN. The management of frequency is
significant in communication system for using difference
frequency in channel bandwidth. In this case, the antennas are
designed to radiate and receive the radio wave or
electromagnetic wave at resonance frequency. One of the most
interesting are characteristics, wide bandwidth and
performance of an antenna. There are various antennas types :
wire antennas, aperture antennas, reflector antennas, lens
antennas, array antennas and microstrip antennas. Most of
these types, the microstrip antennas are very popular for space
borne applications. The development of printed broad
technology in the dielectric substrate material can make good
printing antenna with low loss. Therefore, microstip or printed
antennas have become popular because of the small size, light
weight, ease of manufacture and low cost [1]. In the future,
expectancy to use the printed antenna with fiber optics for
cover signal in every area which can use mobile
communication such as: mobile telephone, personal handy
phone, radio pagers etc.

It is practical to analyze characteristics of many types of
planar antennas. There are two types of the microstrip
antennas, one is the microstrip patch antenna and other is the
microstrip slot antenna. However, wideband characteristics of
microstrip patch is smaller than microstrip slot antenna.

It very useful to design the antenna for use in wideband
frequency and focus on a signal returning from load. To
describe the performance of an antenna, some parameters are
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necessary. The parameters in characteristics of printed antenna
for this analysis are resonance frequency, return loss and
radiation pattern. In antenna design, it is important to focus on
reflected signal from load.

The Finite Difference Time Domain (FDTD) method is
introduced to solve the complicated problems in
electromagnetic field theory [2]. The FDTD method is useful
in order to analyze characteristics of antenna, circuits and
scattering and diffraction of EM waves by complex structures.
Therefore, it is also useful in order to obtain characteristics of
antenna and MMICs.

In this paper, we will consider slot antenna in the ground
plane coupled by microstrip line which designing for wideband
at resonance frequency 2.4 GHz for use in WLAN. Such an
antenna is simple and eases to design and fabricate in practice.
We will investigate the effect of varying dimension of slot loop
by fix the perimeter of loop antenna at less of return loss.

II. STRUCTURE AND DIMENSION

The microstrip slot loop antenna is design on RT/duroid
5880 substrate with dielectric constant (g) 2.2 and 0.508 mm
of thickness (4). This antenna is cut in the ground plane at one
side of dielectric substrate and other plane is microstrip feed
line, as shown in Fig. 1.

L w
-L \Exbarrate \\Moroutrip lins

Figure 1. Microstrip slot loop antenna fed by microstrip line.
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In Fig. 1, the definition of configuration parameters are,

L; : Length of loop antenna.

W, : Width of loop antenna.

Ws, : Width of slot in vertical.

W, : Width of slot in horizontal.

L, : Distance between edges of microstrip line and

center of slot loop antenna.

The structure of slot loop antenna is designed in two shapes,
square loop shape and rectangular loop shape that relates to
some parameters such as wavelength in substrate (4;), the
dielectric constant (&), thickness of substrate (/), and the width
of microstrip line (W,,). The perimeter of loop antenna can be
found from A, in this research we fixed the perimeter to 0.774;
for investigate the effect of varying dimension, and focus on
rectangular slot at design frequency 2.4 GHz for use in WLAN.

The width of the microstrip line (W,,) is designed for match
impedance 50 ohms of transmission line (Z) by using (1) - (4),
(4], [5)-

Z,= A(C-B) m
1199
where =— (2)
[2(e,+1)]"

In(4/ =
-5} ey O

172
C=In %—c— [%TH] l 4

In this case, we considered width of microstrip line (/) at
1.5 mm due to symmetry problem.

The wavelength A, at design frequency 2.4 GHz is given by

= )
‘Eej]'
wh e+, &=, b [
ere Eop =L+ [MZ_W_EF (6)

Therefore, wavelength A, is 92 mm. The perimeter of slot
loop antenna is defined by 0.774, is 70.8 mm. This perimeter
is fixed for varying dimension (L, and W}) of slot loop that are
square and rectangular shape.

By using the FDTD software [3] to simulate this antenna,
we will investigate the effect of varying dimension of antenna.
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IIl.  EFFECT OF VARYING DIMENSION

To change the dimension in length and width of slot loop
antenna will change the overall operating frequencies as the
effective perimeter is varied [6]. In this paper, the varying
dimension in length and width of loop antenna by fixed
perimeter are showed in 5 cases that are: (1) square loop 1:1,
(2) rectangular loop 5:4, (3) rectangular loop 10:7, (4)
rectangular loop 3:2, (5) rectangular loop 2:1, respectively.
The effect of varying dimension is resonance frequency, width
of vertical slot (Ws,), and width of horizontal slot (Ws). For
match impedance 50 ohms at design frequency 2.4 GHz by
adjust Ws,, W and distance L,. In this case, we will set the
initial value of Wg, to 0.5 mm for ease of experiment.

Case 1 : Square loop 1:1

The length L, and width W, of loop antenna is 17.7 mm, for
match impedance by adjust Wy, and L,. The result of S,
parameter (return loss) is -54.1 dB, as shown in Table 1.

Case 2 : Rectangular loop 5:4

The length L; and width ¥} of loop antenna is 19.7 mm and
15.7 mm, respectively. For match impedance by adjust W,
and L,. The results of S;;, parameter is -51.9 dB, as shown in
Table 1.

Case 3 : Rectangular loop 10:7

The length L; and width W}, of loop antenna is 20.9 mm and
14.5 mm, respectively. For match impedance by adjust Ws,
and L,. The results of S;; parameter is -52.4 dB, as shown in
Table 1.

Case 4 : Rectangular loop 3:2

The length L; and width W} of loop antenna is 21.3 mm and
14.1 mm, respectively. For match impedance by adjust W,
and L, The results of S;; parameter is -51.1 dB, as shown in
Table 1.

Case 5 : Rectangular loop 2:1

The length L; and width #;, of loop antenna is 23.7 mm and
11.7 mm, respectively. For match impedance by adjust Ws,
and L,. The results of S,, parameter is -51.9 dB, as shown in
Table 1.

TABLE L RESULTS OF VARYING DIMENSION,

Shove | mmy | conn | @m | ok
?thu;‘ rneil:-i 1) 27 232 -54.1 29.96
ﬁfff‘" ;fu.l.ux ;2:2) 2.0 239 519 3525
:Zc;a ;:fuiﬁ _L‘.’.‘,’ 1.7 248 524 36.1
E:C;alzgulafs:f) 1.7 248 -51.1 305
ﬁ_c,,c;a;fu.l.aﬁsl) 0.8 273 519 31.69

To compare the proportional of L,/W, with resonance
frequency and with W, in 5 cases, are shown in Fig. 2 and Fig.
3, respectively.
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Figure 2. The result of resonance frequency when varying L,/ W,

3

15
LI/W,
Figure 3. The result of Wy, when varying L,/ W,

From Fig. 2, when varying proportional of L,/ from 1 to
2, the resonance frequency will be increasing. Figure 3, shown
the width of vertical slot (W;,) is widest when the loop antenna
is square.

In case of vary Wy, and Wg, we will consider rectangular
loop 2:1. The results of resonance frequency are shown in Fig.
4 and Fig. 5.
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Figure 4. The result of resonance frequency of each W, .

Figure 4 shown the decreasing of resonance frequency
when width of vertical slot is increased.
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Figure 5. The result of resonance frequency of each W,

From Fig. 5, the resonance frequency will be increased
when width of horizontal slot (W) is increased.

IV. CHARACTERISTICS OF ANTENNA

The characteristics of rectangular slot antenna are shown in
this paper are bandwidth, return loss, current density, and
radiation pattern.

The results in bandwidth and return loss in 5 cases are
shown in table 1. It shown that antenna is wideband and less of
return loss by adjust Ws, and L,,.

-10 -
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-50 4
; s

S11 (dB)

-60

1.5 2 3s

2.5
Frequency(GHz)

Figure 6. The characteristic of return loss.

5 e =

Figure 7. The current density of rectangular slot antenna.



The current density of this antenna is shown in Fig. 7. The
current density will be high at the edge of slot antenna.

1
+*
1
]

Figure 9. Radiation pattern in xz-plane.

128

126

Figure 8 and Fig. 9, shown the radiation patterns in xy-
plane and xz-plane of rectangular slot antenna.

V. CONCLUSION

The square and rectangular slot loop antenna is the
wideband antenna which can achieve the desirable frequency
by control some parameter. The perimeter of slot loop antenna
is determined by 0.774; at frequency 2.4 GHz. In this paper,
we will focus designing by fixed perimeter of slot loop
antenna. From the effect of vary dimension, it shown that the
desirable frequency depend on varying of W, and Wg, and
match impedance with L.
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