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ABSTRACT

This thesis present study on characteristics of angular microstrip slot antenna. Proposed
antennas consist of microstrip fed slot antenna (1800), microstrip fed right angle slot antenna
(90" and microstrip fed acute angle slot antenna. Analysis all angular. microstrip slot antennas
are discovered that acute angle slot antenna have the widest bandwidth. Accordingly, microstrip
fed acute angle slot antenna is designed and analyzed in order to use for wireless communication
systems. The design procedure involve operation wide bandwidth at 2.45-3.62 GHz that cover
standard IEEE802.11b/g (2.4-2.4835 GHz) and IEEE 802.16e (2.5-2.7 GHz and 3.4-3.6 GHz) for
low resonance frequency. Moreover, The design procedure for high resonance frequency involve
operation wide bandwidth at 3.37-7.1 GHz that cover standard IEEE802.11a/h/j (4.9-5.825 GHz)
and IEEE 802.16e (3.4-3.6 GHz and 5.7-5.9 GHz). The characteristics of antenna are proposed
such as S,, parameter, VSWR, input impedance and far field radiation patterns that the finite

difference time domain (FDTD) method are used for computation and analysis.
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1 s J 1 = = (] 4
uandlumodsdyanauiu  Taomseenuuuldusiulu Tnsansiidanim Iideiioamuiiiu
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l': 4 ' ' o i o ar o 3 A " ar o ar
il dwngiuiiofosmsiumadiaunlasdygu Anyoudedyny I Ansoadeygin
wozmsdeiudygia vnglit 28 wnuhnsmmgudnyusMeBuRuALT a0

" = o’ = [ [ - ¢ & s
fmu1'1ﬁ'ﬂmmmsmmﬂs'11anmsﬁugau'lumawmauﬁmmuiﬂnmdwnmum FILAAINY
aunN1s N 2.24

Microstrip Line W,

_o_

-
H—
(@]

T Ty

Ly oo e WL (2.24)
Lwl F Lw2
. 7 (2.25)
Ly + Ly,
& 2
L=# 40.5[ﬂ—1J-75(ﬂJ+0‘2(—'—1) x107° (2.26)
w2 w2 w2

A @ a o 1 ' a jaa o
o L, waz , Wudmilonhdenitsanuervesmelynsansilfitinnunhaihy W,

Haz wy MUAIAY

C = Jwywy | (10.110g#, +2.33) 2L 12 6loge, -3.17] (2.27)
w2

2.2.2.4 upu3UAI T (Microstrip T-junction)
1 a ja oA o = v
mumﬂﬂmmuuu'lﬂﬂsﬁﬁsﬂﬂ‘lumammuuugﬂm T [18-19] §1A59a3 191022993

g o ST & & P
auyad Awaaslugilin 2.9 nnlassadauazacsauyassiuldiuusds T thueed
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1 » »
anvaizadiogilyunn nseenuuuimedslulnsaasdifany hidedio wuuiiludil
dwlngjezldluneslulasod diodvsmsmumeinlumsdadyarn Kadouse
o o ar ; ¢ A4 A ' - o v ar
ayge mnsesdygn maihuuasieeudoles wiehlyideenuuuileudymu
1HﬂUﬁ1UB1ﬂ1ﬁ1uTﬂ3ﬂﬁiﬂ [20] MmsauyasznuNIMIMMguUanENEMe Bufuaud
uumnmmnwwmsm1‘1umammauﬂnuﬂw manhduaud Taodmualddamiionii

o) a e o
agwasn Q" fiauily L., mummuummagmqmuwas'n Q uaznoivn Q' umouAnuAUY

Ao o 3 = 1 o s q’
dur, uazinumnlszyaovuiveg Fmvewnazesnsznovamisom Idninaunsdail

L = thl:(O 12 I_O 47) p +0.195 ;—0 .357 +0.0283 sm[n?— 0. 757:)] (2.28)

Ly = —wL w[%(~0.016 %+ 0.064 J+ (2.29)

0.016
w/h

HJE]L lﬂuﬂ'lﬂuﬂmmu‘]mﬂﬂ‘IJ'JUﬂ'TlHUT)‘IJﬂQﬁTUﬁQ"hJTﬂSﬁﬁi'ﬂﬁ mmn’i'mi'flu w

C=w A +0.64 Z, - 261 |x10 ~12 (2.30)
tanh (0.0072 Z )

Microstrip Line

hI |_ <y _"' b
\ Ground Plane \, Dielectric Substrate Qv
(a) (b)
H " o ~ { L B | A e
U 2.9 mwasdyaauuy luTasansdi hidenloamugdaT @) Tnseadi

(b) 293eUYAl
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2.3 meamalulasanduvuresila

2.3.1 Tassaaveameerma

dnvaiz InssadrevesmoomaluTasansuvuvesdladsznoudas mwdedayo
wTulnsaaiaf 1ol wazevomamwugeadanedmindulyTnsansyloy BYUUTTUN
AR ﬁ’a’ﬂqg1usmti‘luﬁ'3f'?unansw‘hq medadyaanuyluTasansy laifumoenmea
uuuyesdladauanslugii 2.10 Tﬂuﬁ'numxuaamsﬁqﬁmﬁmﬂmﬂmmmnﬁimfuﬂzﬁmj 2 uuy
fn u‘uu'ﬂﬂ:Nn‘sc‘i‘s‘w:tﬂumwiaﬁ";mmnmurfaﬁ'mﬂmgmvhu’fﬂajmim'lﬂ?lmws flvouves
¥9911)A (Microstrip Terminated in a Short Circuit) [21] ﬁqzﬂﬁ 2.11 uazdn3sne uuuilales

4 =
(Microstrip Terminated in a Open Circuit) %Gllﬁﬂﬂugﬂ n212

Slot Antenna

Ground Plane

Dielectric Substrate /

31 2.10 TnssadravesmvemealuTasansiiuuseaila

Microstrip Line

Slot Antenna

Ground Plane

Dielectric Substrate /

H = ' d‘ ! ' A
211 TassadwvesmwoimaluTasanSuuuvosdlaiiderinnduuuuiadaes

Microstrip Line
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Slot Antenna

24

LD
v ///
Dielectric Substrate / Q

Ground Plane

Microstrip Line

3 2.2 Tassadavesmwomalu TnsanSuiuuvesdlandaiunaunuuidadaes

2.3.2 MIUNINIZNUATHYBINBIMANVUYBI)A

' N - & a & ok !
Mo IMAnULYe Ay MINILIUAAUMIUYAIRINAI FUNAIDIDINUNES

e = 5 X 1A a 4 ' A A ' -
AuHanaui  agiusnMNILN  dauaduiunsnszneesninaueimeavznszow 1y ludn

a A & o a7 o o P a ¥
vinunilaaiidnanndnny dwaaslugn 213 sngluaasms@umavesndusin
dnani 1 lildsdnaiei 2 Taoiidananii 1 gniladeudasiatla s* idanarei 1 uasil
ar c: é \ n:i s ] s =) - -y -y =

amnann 2 dedisnsivesdanansldmilousy  uSelmsunsndnduiaud  (Intrinsic
impedance) himilouru  adufindounesnMnuMatIANAE DNTENURURIVEUIVADE
= £y ar d' 9 1 Qs ai L] A L ] a' 9 ar q' =
amMsazneunavvesnaudngaInaen 1 druntazdsrnuaaudlyludanaei 2 8n
[l & ar 8 = == 3 4 ] a i a T ) 4
daunile aniud il E' war B Wusduuiman lihannsenufifannunastuiianay
Tavh E waz H' ilundumiman Iihiinennmsazteufiioveuws diu £ uae A

4 1 oS ) - ar c’: s - 4 H vl
Wunduniman ihiideinad T udnmei 2 dafuludanasit 1 aduilsngedife
1 4 s 4 o [l @ - u’: o 4 A
HALINIZHINAAUANAIENUNUAAUaRous Y dauludinaned 2 Tufselifenaud

¥
dar Tasamnsa@oudluanuduiug lasail

Ef+ E] = Ef (2.14)
H}+H =H! 2.15)

o 9

Tavhaavios ¢ vuvdaaulsznavvesay i luuurvuusuRve v
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4 1] 4 L ) 4 H J - 3 o ;
wesvnaumiman i ludeiesfifaduassivenwmiv - gwisodaty

wesnnnszualwihauyn  uoznszumuimanmyaiinsznweguuveuiun Tugiawms

Aol
J=fixH (2.16)
M = -ixE] (2.17)

Taei
J e nszuavihouya
M fio nszuammimaneuya

- 4 o 1 Aa
n A9 NNADITHUWNHIVDVIUA

4
aauﬂnn‘l:’m'll/ fnaaiz
" K2 €2 O2
L] .>l 4
H, Mnanan
J v
Adudsnau H1 €1 C1

31U 2.13 msazRounazmsderiuniy

1 » M ' d‘ 1 ar ° H Qs d
Wendunmaeundnsznuududnhaysaiuuiideadiauny A3 2.14 Taw
b
il irvesmuu Iihdasmindunnvesteadla uazdldnnundavesdoula (s) idnles 9
b - el = o @ J
vunneawnveatlauauinn q nszuafhauya (J =ix A') sriivnasidauaziie

o & det |a ' o = 4 -
W s dlndquissnszuaithauyaiiflSmudonnna hivimaamszidesnniivie
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d K| 4 1 d = - - ° a 4
@mnn uaduiidunszumuimanauya (M = —ix £') Wudenhannfamszile s ¢

Indgud au Inihiveadaszgidhmentud

U 2.14 manszawatuInToulla

2.3.3 MSMNUNAYONRIAUFVBINUOIMANUVYOI)A

ad o da a o = [ a’: dy

T lumsiuuagduiuauguosaooimealuInsansuunyesdlmiv Taoiug e
00U 3 33 [3] fie

Y-} 4 A ) é L] ar

1. S maidouganInaavesreuilaeoniinganananvesmodedyain (Offset

Microstrip Feeding) [22]
acd A' - c'i ; 1 A ) é
{huisdeuniendoudmisvosganinarsvosroutiaooniinganinalsvesa

3 ¥ ¥
dedyanauy luTnsaadd ai Taodeu lmedhonSomeunminiudsgii 2.13

| slot antenna

microstrip line

i ] 4 A ' A 1 g
31 2.15 FEmsideuganInavesreullaoensINgANINAIIYBIT AT YD) 1w
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v
2. 35mM5U5UANU1IMOUTY (Stub-Turning)
» v [
Tavasfivzdumsn/douvannuonvesmodedyguis) singuiiz. 4 Taviing
Amuald Lm ifuanueivesieuduiaiounnvenvesrostlavudalnwmedadoyaa

o da a LEY y ' - o 9
Tunsimuuagdunuaus I s iz linanon LS 1suuugai

l slot antenna

microstrip line
:i as ar ¥ nl:
JUn 2.16 IEMsTuanueIvieudu
2. 3§ﬂ1‘iﬂl{u‘lfﬂﬁlﬂﬂ (Center-fed but Inclined Microstripline Feed)

el dya o Y 14’: a " ar q‘ é o
'Jﬁmsuﬂamswﬂmsauﬂﬂ'lummnﬂumUmmyfgmufmamgﬂw 215 HIMIm

b4
da o dac A = ' " ar a
uuAgINALANSITHzIANGInInuaz Tudos 1aSuauiioy

| slot antenna

microstrip line

31 217 Fimsnyugeadla
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24 apl
d’ ' =4 aa’ e - = =
Tuunitldnantmguiiugmvesmodadyapamuylulnsansy  Taveuieds

3 * "
Tase adeiug dnvazmsdaiunau nazanw hidedieaumodsdaanauuyTylnse
" bl ¥ ¥
a3l Miauuresds uuuyuRIn wuuTe waznuuglds T wenvniifinantmguives
" b4

mwomalulasaasiuvugeutla 18un gudnuuziall Taseadesiugn msunsnszaw
4 = L] - o = - & A‘ ' ﬂl’
aauvoamvemd lulasaasuvuseadla uazeSinomsimundounuauy  daFunardl
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Wuugmdnglumsesnuuuuazinszimoeime lu InsaasuuvusosdlauuuiFagy
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aay " - | t-"l o
ABNAMaUIHINNA M AN Ha)

3.1 uUnin

Tumsinsziquanyuzae 4 ididgvesmoerninlaeldszifonisiFedany
(Numerical Method) 319261mun1s3ins 1z @aoaumsuundinad laoass 3935nu33nitonnn
woawmnamsmhouumesingrwlumsdnng uazinseimoomaldsng uaziwse
anudhledediy dmduszdionitFedaasiiunlddnann 18us sudouss Tumud (Moment
Method : MoM) Faflumsudilomimuuimén Wi waun1sndadufinga (ntegral Equation)
waz3twasaduiileadialu TAmunm (Finite Difference - Time Domain : FDTD) [24] Saifunis
uddgymaumiman InfhdrvaunsiFeeyWusdos (Partial Differential Equation) 33Has
Auiilosdrtalulammna (FDTD) gminauslavn 10a 8 (K. S. Yee) 1uil a.d1. 1966 [25] Farilu
Fwilaiiw uazazanlunsudilymaumsiFeoyiusvesaunuiman Wi vaziudniled
flouldfuodiuninmoinudailegiiu Tao in oa 8 Mauonuradmivmsudilymives
e fhuazanuimanndondy TaolFaumsuundinad (Maxwell’s Equation) 81 1vai 39
911111535124 i AU (Time domain) tag Tansuealas (Space domain) Tavlgviinissmun
dmlsznouvesaummiman uazeum Idnduswoumndn Weguumaddmaougnuned
wiluwad Famsvivilgadanlsznovvesmum il uazaumuimandie q ez 1uuuuny
anvlson (Leap-Frog) TavezihinmisiSualgsaun v uazauimanadusu JuTawuna
&035ms FDTD hldamsadunangdnssy vosmuaiman Wi 18 Tamuvesnaay
Tamvesay nanfe 1ﬁaﬁqmquﬁnsm  funanila 4 veaTassadreszansadendana
nodnssumuuiinmlaild lumanduiudidunn noAnssy o namik 9 wamsedana
woAnssuvesEHR M q 1§

1uuwifi]zntinﬁmumiunmfnﬁﬁ (Maxwell’s Equation) HazioanoINu (Yee Algorithm)
Fufundnmsfiuguuesds FOTD  vimuszndniadonluadesnmieiaay MINszTAY
unaafuiiausediu  uazveuwanisgandu Tavluineiiwug Idhnsausvouvanisganiu

WS [13, 26 ] (Mur’s Absorbing Boundary Condition : Mur’s ABC)
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o o 3/ Py ] a v o a a o o ar
aumsuungnaalszneumeaumsieg lugduvuiFieyiusuasuuuduinia dmsy

wavulas ude

Taon

<
X
]
Il
|
]
|
°

<
X
T
Il
™
+
q
bry

-

Ao nnmos e I (Electric Field Vector: V/m)
D NIABS AU AN (Magnetic Field Vector: A/m)
e Ao anmmzooumaauy I (Electric Permittivity: F/m)
fio anmanudy Idmaauumivan (Magnetic Permeability: H/m)

H
o Ao anmime IWih (Electric Conductivity: S/m)
p

- 9 ' o o« . o)
AD ANNATUMULNINANTUDFU (Magnetic Resistivity: Q/m)

oH 1 %Ey, OE, .
o= (2 ~ =S H.)
ot M Oz Oy

OHy 1 OE, OE,

—= = -—=—-p H

ot M Ox Oz =g
oH 1 oE, OE

L e—(E-—L_pil)
ot u oy ox
oH

OE, _1 0H, ——y—aEx)

ot g Oy 0z

aEy 1 O0H, OH, )
ot g Oz Ox Y

P
auNTNn

(3.1a)

(3.1b)

(3.2a)

(3.2b)

(3.2¢)

(3.2d)

(3.2¢)
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0E, 1, 0H, OJH,
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a i m oy U0 C5h

MNANNSH (3.12) HAT (G.1b)  sxFoudszneunmesvesiaRuiiums AT (Curl
Operation) TdiTuaumsanas 6 aunsiaugaduaumsAsavosmndnadluszuuiisayumin
AR (x, y, 2) 1AAIaunsi (3.2 a) B3 (3.20 c‘ﬁwumsmdwﬁ’mﬂuﬁrujmwmmﬂ“m%aﬁmm
0938 FDTD TumsTnsizimnuiman Ithvesiagluawiian 9 T
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senannanvesnuuariu luasuuuania é’qﬁgunnﬁ'mﬂsz novvesay E a9 azqn
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Tonvnmsaumsdsaiy sudunuumadduidosidanuunsanats lunsdfiinam
Aoiloawns £ uag 7 lunaduiasznhasesdevesianansdsinfuszaunsansgifet
mileusTamusssundlaoit lidoshmsuuadidou lvveuvavesmnuiisevdo drsesdomiuniy
funsaludumisvesunuwed szl munumiman i 10140 1810 Taefoaudnins
fmuaanmeeunsauy Idihuazanmanudu ldmeauumimanvosiag 1% o dumiai
ﬁnuﬁ'lﬁui‘lu’iﬁqtfu q duihudly (Mesh) nsafimdonuninvedd sxiidnyuzmalsznanuimn
wazgnssmeluveaTassadreihauluduuudiiiule Tassmuannuaz@oavosaayan

' = é )
‘U'Ll']ﬂﬁ.l'EN'Pl‘N’JUlWﬁLlﬂﬂ'ﬂﬁiH?ﬂﬂuﬂﬂu'JUt"liﬂ‘ﬂBQ?l
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3u 3.1 Taseaddausznovvesaumuiman ih lunilsmizusaduosd (Yee cell)

e — " 3 -
3. dwlsznovvesauw Ewaz F Tunmezeg lumenvesvuramuuannson (Leap-

& ° o " = —_ W ' ] o =
Frog) #aziilumssnisaduiusenin £ uaz 7 fyednavesssanssny
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—»)

f——

—

E

. . : -2at
H H H
. 4 . » t=1.5a0
E E E E
—— — -
H H H
L 2 4 > t-0.5a1

Pt 1

E
X=0

X=aAX

X=2aX

X=34X

4 ) 1 o @ A y A ey = ar =
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o ° ° = ° ' ° aa o 3
Taondnmisagimsdannn £ nadumisluysassan)suuvamdaudanum
v
o ' ° ' ' - ° ° ' o o
vanua Blumizennud luswadenn 7 Agadnsmadumislunyyinesmiles uaziny
¥ S - " , '
PBlumiaeanud Tasmsdnnaniusziodoyaves £ iy lumiseanuilugranaiuds
= ° A | o o
il lumsdne wazlutnmdenn £ fdnounan 7 anosmnsinassimum
- or £ o ‘;l o A ' =3 a’: - o 9 o
milouiu Falumsdannudivznszinusenlifos q sundezfiunmindmuae Pduanas
] ¥ ¥ " ¥
g 32 nszuoumsidunawuuanisentl Wunszuiumsimiveu Aniudsmmnso

4 ¥ 3 ar a o s ' '3
ﬂﬁﬂlﬁﬂ@ﬂ'ﬁ UATUNITADITUNITNIDUNU LIASNITHNUAT nmwnwu'lﬁ'amaﬁummlmu

VoA oA
3.3 aunaHaANauUIHDd

a o = 1 4 ° d & '
TumsudilymaumaiFaoywus 1ao1435 FDTD edrausniivzdoadifanfeniianiao

< a4 ' s w 4 da a o = [ 3 o
iyadvesddnglulamualy uaydndunianfonmsaadiraludina dniulunisdimua

@ W o - = n’: o o a e
Fudnualvesddanoininivezdmuailuilanduves Tawuaauas Tawuna luszuuiidamy

aa 9w -:'lv
A 13aail
F"(i, j,k) = F(iAx, jAy, kAz, n/At) (3.3)
- ' 4 ! ' ~
Taoi Ax, Ay, Az fio vinavesrsanuenlunilamizomad uaz A fie vwinveasiwan

a .: 1 & A oy - ° d A o ' - e
v luugazdulu Tawuna Taofegim i, juaz & iuavinouduiszuendumisluding

° d - '
yuanTuTanmaly uaz n fhuaeduauivensawmaluTanmna

max z
5
7 I A
O
J
l’
r
max x
! .
X |
z e —»]
max y
y

511 3.3 Tnssafreawiiadmivnsawadues FDTD (FDTD grid)
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nngilit 33 szitudnuarInssademuiianuansiaTassadranmuaiinn 14uns
$1aeamgmsailumsAamues FDTD Fuzflumsimiimizomadindesuuivouvaii
#oanslFlumsirass Taolassadranuuiieziionh n3awadues FDTD uarnnniamadues
FDTD et Idweuwagagaiuezyszneu i@ maxe , maxy , maxz

B18inauons 195 luuuvesauniswadsduiiesnyunsanats  (Central Difference

¥
Scheme) Taol¥uilandu F valuTawuanlsvesszuvnnanin uazlulawuna fe

oF"(i,j,k) F"(i+1/2,j,k)-F"(i-1/2,j,k)

3.4

o Ax e

oF"(i,j,k) F"(,j+1/2,k)-F"(i,j-1/2,k) (3.4b)
e Ay

oF"(i, j,k) _ F"(i, j,k+1/2)=F"(i, j,k=1/2) (3.4c)
oz Az ;
nes o n+lf2 . o n-1/2p¢. -

aF (I,_],k)zF (Ii.]!k)_F (’3]!") (3.403)

ot At

MMSUNUANMIIAT AV UUNFAA IusEDURTAYURINAININA (3.22)-(3.20) aaluaums

v
3.4) v 1 daumsaununiman i vy 6 aums aell

E(i,j,k+1/2)-E}(i, j,k-1/2)

Az
HM? @G, j,k)—H"?(,j,k) 1| E'(,j+1/2,k)—E!(i,j—1/2,k)
== (3.5a)
At 7 Ay

_p*H:(I:j!k)
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[Er(i+1/2,j,k)-E"(i-1/2,j,k) |
Ax
ENi,j,k+1/2)~El, j.k~1/2)

H;Hn(i,j,k)—H;—Hz(f,j,k) g l

- 3.5h
At 7] Az ( )
—-p*-HJ(,j,k)
L b
[E"(i, j+1/2,k)— E"(i, j-1/2,k) |
Ay
n+l/i2 7. - n=1/27+s = ngs . N LY .
H!"'"(, j,k)-H ", jok) _ 1| EJ(+1/2,j,k)-E (i 172, j,k) (3.50)
At Y7, Ax
_p*H:(l:j:k)
[H™2(, j+1/2,k) = H™ @, j-1/2,k) |
Ay
E™(,j,k)-E"G,j,k) 1| H)"G,j.k+1/2)-H}""(,j,k-1/2)
=—|- (3.5d)
At £ Az
—O"E:‘hllz(i,j,k)
"G kYT B 5 -1 . ]
Az
ENG, J,k)=Ej G, j,k) _ 1| HM(i+1/2,j,k)- H'(i-1/2, j,k) (3.5¢)
At £ Ax ;
_O-'E;H”I(i)j’k)
[ H™M2(i+1/2, j,k)- HI™(i-1/2, j,k)
Ax
(o) = EZGy k) 1| H™Gj+1/ 2,0 - HY G j =1 2,K) | 550
At 4 Ay '
—a-EI(i, j, k)
L |

¥
o

mmsdszinamaunuuimanluieniala 9 Avunat nvazgaauy i luiamala 9

a1 n+1/2 W
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H G, j.k) = H*M("'“‘); H' G, ) (3.6a)
1o, gk = "); Hy G, k) (3.6)
G, jky = T i b) : H,"" (0, j, k) (3.6¢)
EPG, j by = ), Jaies (3.64)
ErV3(, j,k) = Eym("’j’k); E,G4LB (3.6¢)
g gy = B j,k)2+ E,"(i,j, k) (3.6/)

- i > o ' P e
Haunsh (3.6) vanuaunuasluaunisn 3.5) sz lddluaunswaaaduiiossina

. ¥
dSmiuudazdamsznovauuusiman T ¥ monlu3s FEDTD Aail

Hrsiigg g by = N L AU 2R gy oy O (3.5a)
1+ p"At/2pu 1+ p"At/2pu
E:(l,_},k)—E:(l,j-'l,k)_E;(’,j,k)—E;(l,j,k_])
Ay Az
B 2 1-pAt/24 . periz,. - At/ p
B g gy o 2P AN e g gy o BELEL 3.5b
y bRy = g Ty G R T Tk 2-20)

E:(l’Jsk)_E:(ls.hk_l) . E:(lsjsk)_ E:(l—], .]: k)
Az Ax
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H™ (i, j, k) = 1-p'At/2pu H™" i, j k)____‘ﬂf’____ (3.5¢)
: i 1+ p'At/2u ° o 1+ p'At/2u

[E;(i,j,k)—E;(f—l,j,k) 3 E;‘(i,j,k)—E:(i,j—l,k)]

Ax Ay

=1—UM/2€E;'(:',j,k)+ Atle .
1+ 0 At/2¢ 1+ 0 At/2¢
H'" (G, j+1, k) - H G, k)
Ay
_ H;“”(i,j’k"'])_ H;””z(i’j,k)
Az

B2, 1LE)

(3.5d)

' 1-0 At/2¢ Atle
E™'(i, j,k) = — "L E"(i, j k) + —
LY 1+ 0 At/2¢ rkbds ) 1+0 At/2¢

H:-r'l."!(i, j,k+ 1)_ H:H’,z(i,j,k)
Az
- H:+!!2(i+ 1, j, k) - H:””z(l',j,k)
Ax

(3.5¢)

-0 At/ 2¢ Atl g
E"™'(,j, k)= ———E!(i, j,k)+ ————
e (b1, k) 1+0 At/ 2¢ (. R) 1+0 At/2¢
H;‘llz(i+1sj3k)—H;‘Hz(i!j!k)
Ax
_HIL G4 LK) - H MG k)
Ay

(3.51)

v f o =& (Y]
3.4 M3NsEAMIKAINIHANTIAN
-~ ' o - @ d' o o s A o
msiaenunasniiaussguimuzaumiuitoddglsznsniialunisiraeanvy
2 . b 2 4
Tassa?1auuy FDTD Muszozusnsu1dins 1dumasdwiaussdy  wuvuannziGuduyoaniu
A ar 3 ¥ Adan a4 Y ar o
sz Fumnzdmiumsudiymlulassadniniiaier uadmiunissasslassadiawy
' ¥ v "
FDTD fiimsudilymiaau luTaswdaoassadeauiiam sz 1dmsnszduunasduiiausdui

™ z o . A
Whuaduuund (Gaussian Pulse) M3 oWadiuuinduogian (Modulated Gaussian Pulse) 11184910
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y = o [ " P ' ¢ = [ a o o
wigdadunasSiwiannaiuldionn Famsnszuunashiiaussduvesiaduuumduaasld
AIAUMS

-1, )2

g)y=e T (3.12)

ar o
24 (f ) A Waduyuuind (Guassian Pulse)
1 ar A o 1
Tavd T Aoanunhavesiad uaz ¢ fie Aanaeveaiad (¢, = 37) luvmziiaums manszdu

¥
unassufiaussduvesiaduuuimdvegamivzuaaslddsauns

I=t0

gW)y=e T  sin2xf,(t—t,) (3.13)
4 a dd v
3o £, ABANNDNIVINVOYIAN
b ¥ 1 "
ANTUIINANITVDINITATEAUUNAIRNTAUTIAUNIADIAUNITNINNNAINAWITONEL
o =Y o & [ " o =
vi'lulas Taoldnanisudasy5ios (Fourier Transform) Fuifumsuiasdyguvesumasniiia

ussduiegluTawuveanalfogluTamunnud il IRgUuuvesaumsiadoiufo

G(f)a e =T (3.14)

d'l = o W
3.5 ey lvnnuanesFanaav

L}

a A Ao w o a o a, u’: =1 a w
Amilaiddglumsdnnaudidnavdio3s FDTD  iudie @ou lvanuadosiFiiay
° ' = dq ¥ [ ° A dAo w L 0
sazlunmssmuasimsiimes Wmmnzausumsimasziludaidiyediate daldun ms
fSuuavinavearinm Ar vuavesdisszuzneie Ax Ay Az uazdwougaaszozniei
A 4 N Y@ o ' = o vy A a
annsaasouAquNivesglnsel Idiaua uazdmauenaineios liaduaunsomu
' -y d o ' da w et o o da '
madudumandeams ldvuaTadu o013 lsnaaulsnlinnudAynne YIAYBIFNTLIZNN
A = ; ' A = = 4 :in d' =; 9 ar ::{ ar d'
Famseziivuadindmilaludy Sanilaludy vesnrwenedunldnu uazdunlindgyigs
4 L 1 o = s A 1 4 o L] c: 1]
fdamansznudomssnnamndndniiffeviavearianm eswinmsimuagianari i
mangaunionnmull sz linmisdnanaadosamliawsonidineuld nanfiens
° a U a’: i e : ' ] & o
sunaezifansgeonyaaiamidn luudazsianm Feevezudilymidlasmsdmuan
' s By & R & o 0o q Yy 9o 1 P a
Fraa1 1381 uaed1elsnanmslFyranandiunn q sz lddeslriuausawainuinauny
Ed
ar =R

o o 3 o = v g or b4 a9y o =) ' ' -
ﬂ'ﬂlﬁnlﬂu ﬂ11ﬂﬂ15ﬂ1u3mlﬂﬂﬂ']1ﬂﬁ1‘]ﬂ ﬂ\‘luuﬂﬂﬂﬂqN'U'ﬂﬂ'l'ﬂuﬂ1uﬂ15lﬁﬂﬂﬂ1'ﬁ'}ﬂljﬂ1“
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a v a ad ¢ o &4 ° ¢ Pl
IHuIEay Tﬂﬂlinﬂu‘iﬂﬂﬂ'ﬁw'iniﬂl'lffllﬂ'lﬂﬂiﬁ‘!lB\?llllﬂ’lﬂ’]ﬂ'ﬂ [27-29] ‘B'\'.Iﬂ&’ﬂ'lﬂ'liuﬂillflﬁ.l‘i‘l'

v ] )
(Normalize) 11t K=1, £=1,0=0, p*=0uag c=1 NAUUWDIAUNITN (3.1a) VINAVANNIIN (3.1b)

udanuda e j=v—1 e 1@
v x (@ + jE)= %(ﬁﬂ-é) (.7)

oy o = o 3 — ]
fmuald V = H + jE dafuaums G.7) aansodon1dInisiu

-
iVxV =2 3.8
JV x Py (3.8)

WIIUIAUIIZ99 (Eigenvalue) YOIXUMIN (3.8)

9 e XT (3.9a)
ot
jV XV = AV (3.9b)

MMIMIAUNZIIN (Time Eigenvalue) Tnoiidrduiiumsoyiusdosluaunisi (3.9a)

o o g ' e iy a P
annsonfasunniiludaduiumswasnduilesitdumisvunanuuandsen asee1dihy

Vn-.l-l/Z . Vn—l/Z
btk 7 ML= AV (3.10)
) o " Q. 3
HYWAII WM IINUVY (Growth Factor) 111
FEE  wr,
qfs].k = V—n = V'nilfz (3'1 l)

i f.k ij.k
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msumuaumsh (3.11) asluaunisi (3.10) udmnmsdagymiee 14

(q.-.,.jt)2 -AAg, ,, -1=0 (3.12)
udaumsmm q,
2
G =£2A—t-i (%) +1 3.13)

& - (L Sl ' e ' A 3 a e
Favziu'ldna1ves |q,-’j,k| WA 1 ewe (oglueu lvaumadosieduay

4 AAt ey ° = 1 ° a ' N %
q,-,j,k!s 1) 1ijo = fidausmaussuilu o uaziidmsauiaanmeglusae —1; s 17 unu

td ¥
A9 %m‘luﬂhaﬁuf’fﬁﬂgﬂ‘lﬁﬁ vz 18%eulvvesnunzsanauiiv
Re(A)=0 (3.14a)
2 2
——=<Im(A)s — 3.14b
<Im(A)s < (3.14b)
MNMIMIAUNZ 1% (Space Eigenvalue) Taoimuali
ﬁj'j'k » I?Uej(i',mxﬁ,jAyJ,tA:) (3.15)

A =) 9 o 3 4 o o
uapuupuaaualyuaaiyla 9 1dmanwadiduiissmlaunuasinaumueyiuioes

vosdaduiumsAsaluaumsn (3.95) 214

(3.16)

i,j.k

_2[§sin(fk: Ax/2)+ Al;}sin(lzuy Ay/2)+ ésin(ﬁ Az/Z)] X 17,.'1._,, = AV,
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~

4 ~ A & ] a W w °
@o £, y waz 2 Whunmmesuilamizoluiiems x, y uaz z muday NAINNMIHARY
a L4 = ' [ ° '
Fannmes uaz@ouaunseglumenvesdmnlsznoy x, y uaz z udnhmsudaumsmam

oI A2 2214

A= —4[1— sin?(k, Ax/2)+ —sin?(E, Ay/21 }+ —-sin?(E, Az/Z)] (3.17)

(ax) (ayy (Az)

Re(A)=0 (3.18a)

1 1 1 ks < 1 4 1 % 1 ]
T BF e O G Ry O

dwmsumami@eu lvanuadonddnay  wazidou lvvesaunizanlys  Advualae
aumsi (3.18) wdesegluifou lvvesdmzaanmiismualasaunsi (3.14) stneauyseindy

= o o 4 9 A = a e ° o v Y o o
Uﬂlﬂﬂﬂ'ﬁuﬂii\!ﬂﬁq?ﬁﬂT € °ﬁ0931ﬂlﬂﬂu.l‘ﬂﬂ'.'l'lﬂ[ﬁﬂﬂil‘lﬂﬂ’]m‘llﬂ'lﬂS'U?fllfn‘iNﬁﬂ'liﬁ'ﬂlua\ﬁl'lﬂﬁ

vflu

1

At <
e+[(1/ Ax)? +(1/ Ay)? +(1/ Az)?

(3.19)

- o v N ' o d
Tavi ¢ o anus lumsunsnszowaau luveuwaanle Tasausaldaunilouduanuiuea

18f0 c=2.996925 X 10° m/s

A A
3.6 fioulvveuvamsganau
A . = 3 s ~ 4 o _
Tumsudtlgmimenausiman IWihdeds Fod huinez usnaminsaniluysiou
& ° 1 o o a ar :: o k4 - o
da da Tamwunsanuduez ligninalunamala 9 daiulumssiaeslassadniamaad
{ a a o
¥94 FDTD N15veuvaila (Open-Boundary) Jafiailamilumisdnsizinge fawmivesveuualy
U A Aaw ' - ' 1 w o & a
msunsnszenauRtidnuuzmsunsnsznoaieugiingszozaiud Fluanuiusiudoag
L _— 4 o o A o 1 3. o
hifineuiiuaeinannsanudoyaldlaslhisiia iedlunsudilymdananniisaldindmua
. 2 ; %
{101 VY0 UIYANITAANAY (Absorbing Boundary Condition : ABC) 1 Tasilumsdidalamums

o - & & ' - ¥ aa P
Aaauin PBnvnalavuanisdIngweizasounquinseadrennesawaziitouly
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a -~ w o A - dy o o -~
voulwanveuuenves lawuaiiowiluszozoiud uazidoulvvouvanisganiuiiszivanse
aamsagNeunduvesmnuivevveslawy  msanaildnSouaiouinluvuziing
° ° - v & 4 A - S ° a d
A Tamumsannaiivinailueriud  Fuloulvveuiwamsganiuiise 1dgnmiuninsizv
uazWA N IUAAYIAYBINTAlAA INLvUInaaaY dediAyiigalunisdmsizimsnsziilu
A -~ : oA a o o ° A
Aoulvvoviwamsganiuiunie Uszaninmuazanumoasslumsdanna Soulvveuva

= = ar " A ' [} Vo o = o«
msganau latinswannasiiounlugemuduniiidun  vanlumsimsizvveuvams

¥ v
ganauluszypmuimivawisofzuiald 2 nquudn q fie nquusneziinis 1dguamiaves
b -~ a s a o o 4
AAWIAUNIIAYY (One-Way Wave Characteristics) 1avez 1dunamesizaoyiusvesaumsniuly
° a o iy ¥ A - & 4 a4 a ar oA
msfra msfad i 19%eu lvvevivanisgandunuunilsiiundsuiuunnie
& - 4 4 A a ; o a 4
Roulvwoulwanisganaunyumes (Mur's ABC)  Faideu lyytatiazgminndinsizly
i d [ 4
Inoriinusiidie uazlunguitassazldnannisiugiuvesnis I fanganau (Absorbing
. A A Am 3 o [y a « dydd A
Materials) Iaoi3oulvvouiwanisqanduiiionlfdmiumsimsziuuuiinge Roulvveviva
3 o L4 - o A
MIAANAUYDIFULNATAUY5 0! (Perfectly Matched Layer ABC : PML ) [30] Tumisainsigvitonlv
) n.dn’: = wa o de o =)
YOUWANIAANAUNANUAIITTnMaNTAnaNNd Aty 9 Ao
v ] a 9, - oa
1. szdnalinnuinosnsalumsudilynusaininssy
2. Swszuautidavesaummiman i luTaseadade q Lidnadulaseada
m 1 nielassaiandudould
3. msszlinnuadosFaduaylunmsidau
wa - > d A - c’ﬂ
vingaauamudennanuniu szmuldinleou lvveuwanisgandunnuwesiily
& _ A Ci o o - " -
Aoulvvouvamiganausiianiisneniun1Flunsiinsziniaadves FDTD  ldediail
YszAninm Tashidoulvveuvamsganauuuuimes selianyuzyosaunsogaouuy ie Loy
BUAUNTII (Mur’s first order) 1A LUUBUAVADI (Mur’s second order) FINId0VVUTIvz IAaUNS
4 4 =) . é ﬂ’ 1 L ' 'n
WUFUUIINAUNITAAUNIAUAYY (One Way Wave Equation) Fuuuiinguinidunguuininnane

Engquist and Majda (304 Tyvauvavesaun1snauLaaIddaumsn 3.20

( + + v T—)E; =0 (3.20)

¥ T a A o
WD 1 =x,y Hioz Uag v A anusaa

a A

A A ' A4 4 = - ] ¥ 1
1u5$u1ﬁﬁlﬂﬂﬂﬁu1ﬂllﬂﬁﬂﬁs‘l'lﬂﬂ'lﬂwu'lﬂ x> 0 VIO VUAN x = 0 ﬂxL'H'IJ‘iﬂ'J'I‘thlﬂﬁu

bl - o : é ﬂ
agNeuninveuamsganauae auiuee ldaumsaauiiv
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(————(1 (v5,)% = (v5,)2)"2 E}| 420 =0 (321)

& A 2 2 2 i d y o
e i = y HID:z Hag s, +sy +§5;,7 =V ama'lsnmmzmw1ﬂmuuusumaq

4
(1= (vsy)? = (v5,)") 2 uaums 321 Faannsom1dTavldeynsandians (Taylor Series

3 ar 3 o 3y P )
Expansions) ﬂ\'luulllﬂﬁi‘l]\'l1ﬂlﬁuElﬁllﬂ'ﬁ‘llﬂQNBﬂ.l'llﬂﬂﬂl‘\lﬂﬂ'liﬁﬂﬂﬁuEluﬁ‘lJll'iﬂ nz'lﬁ'ﬁunm‘ﬂu

(1-0s,)* = (vs,)")2 =1+ 0((vs,))* + (vs,)?) (322

y 8
A A

4 ' : .
Faaunms (3.22) vz'ldmisganduvesnaulndifveiunduiaau (Incident Waves) tiaz

o o o o e i o
wos e IdinausaumsdmsusuduNaoIdIaums

(-(s,)? -(s,)H)2 =1 —%«w,,)2 +v5,)2)+O(((5)* +(v5,)P)?)  (3.23)

a n’: &2 o Vv & 3 & = o |
aaiudam IinduannIENUITEUIL XY = 0 i!:1ﬂi’mﬂ'l'5ﬂﬁuﬂNmU’)ﬂ‘]WEUhWH1‘1]

VOUIWAMIPANAUTUAVITNAITNS

1 8
— =] 3.24
(6x v ot '|x_0 ( )

HAZOUAVADIAIANNS

1 8% 282 1,8 62

G- o 267 2 P00 (325)
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E(1,jK)
-
1,j-1,k)
W I i Ez(],j, k)
E?ld,k'l)
E}LOJ,R
BT e _
et E)_(Oxl,k)
, e
E){O,j,k-l)

§ ::n é ] dd’ o "
31]‘?1 3.4 auw Wi A lunilaimvoadvesdndm 1,j,k)

a o ' & ' o a4 = ol o o |
1310 3.4 namsdumislunilamizoradvesd Fuiuniadigaves FDTD duwmiaiin
30 G = 1) MlATeuw i afwuszuuniax = 0 fe E(0, j k-1), E0, j, K, E(0, j-1, k) uag
. [ o’: -~ A ar el o o A = LY [
E(0,), B aniuda ldaumsvestdaneasudmivitou lvueuiwamisganauueaes ouauusnaa

auMI

vAt — Ax 3
vAt + Ax
lE2+1 4,k - E2¢0, j, 1)) (3.26)

E}*N0, j k) = E}Q, j. k) +

vAt — Ax
vAt + Ax

[E?*‘(l,f,k) -Ef (o,f,k)] (3.27)

EMN0, j,k) = EX(QL, j, k) +

v + {a & ' =)
aunsh (3.26) sxvendensnszihvesau ihnAwesmiiamisuradvesd (2,0, , b)
1 ¥
VUVDVIVAUDNYAVDINTAI¥AAYDY  FDTD  Tasaumsi launiuszlddeyavesminszi
o '

a a & ' d
ﬁum"lﬂﬂmuﬂsmcmmm FDTD (Ey(], J. k) TﬁUHNQHN'JUl‘Hﬂﬁ'UﬂQU'Vlﬂ'lll.'r‘mx’ﬂlﬂﬂlﬂ]ﬂﬂuf[ﬂ

- & - a
VOINITAUU (7 = maxx) WCUAUNITAD
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VAL — Ax
E" VY (maxx, j, k) = E" (maxx -1, j, k) + ————
r J>k) ¢ ( » J, k) T

[E,"“(maxx—l,j,k)-E, (maxx,j,k)] (3.28)

A -
Wot=ynint=z

- o

Tudoulvvenwansganiu sudunsnveanessy Idaumsluvouvadis q fe y=o,

i
o

y=maxy, z=0LU0% z=maxz AU

1. voulwan y =0

n+l Ay

0,k)= Er Lk)+ ————

G, )=E0G, )+ vAt + Ay
[E,"H(i,l,k)— E, (i,O,k)] (3.29a)

2. YOUIWAN y = maxy

Ay'
At+Ay

[E"”(:,maxy-l,k)-—E, (=i, maxy,k)] (3.295)

EMV(i, maxy, k) = El'(i, max y -1, k) +

3. YOUIWAN z=0

t—Az
vAL + Az
[En-'-l(lsjs 1)_E.|' (i,j, O)] (3.29(.')

E'V(, j,0) = EP G, j, 1)+~

4, 'ua'uwﬁﬁ Z = maxz

n+l vArt — Az
i, j,maxz)=E/; (i, j,maxz—-1)+ ——-
(i Js )= E{'(i, ] ) e

[E"*'(:, j, maxz 1) - EJ (i, j, maxz)] (3.29d)
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P oA o aa & v I3 = o
e t nAemsnsztivesau Iihid lunilamituradvest Taviveuvaves y =0

llﬁzy=maxyil‘.‘:flfi1t=x,zﬁ1z=0 uﬁ‘."z=maxzi)='lﬁt=x,y
1. vouwAN x=0

EMN0, j k)= -E"'Q, j,k)
. VAL = Ay )
VAt + Ay
2Ax
vAt + Ax

EFQ, j, k) + EP O, b))

EF O, ji k) + E,"(l,f,k)]

Ax(vAt)?

2(Ay)? (vAt + Ax)

E{(0,j+1,k)-2E;(0, j,k)+ E{ (0, j - 1,k) +
E‘n(],J+],k)—2Ef(],_],k)+Etn(l,_]—l,k)

Ax(vAt)?

|

2(Az)? (VAL + Ax)

E;'(O,j,k+1)—2Ern(0,_],k)+Ern(o,‘],k—l)-i'
Efn(lsj’k+l)_2Efrl(1,j:k)+Eln(lsjsk_l)

2. -ut)unmﬁ X = maxx

EM'V(maxx, j, k) = —El Y(maxx -1, j, k)
o VAt - Ax .
vAt + Ax
2Ax
vAt + Ax

Ax(vAr)?

[Eln(maxxs,’)k)_Etn(maxxl.]lk)]

2(Ay)? (vAt + Ax)

E['(maxx, j+1,k) + E;' (max x, j —1,k) -
2E;(maxx, j, k) + E'(maxx -1, j +1,k) +
E'(maxx -1, j-1,k)-2E/ (maxx -1, j, k)

Ax(vAr)?

2(Az)? (vAt + Ax)

E;'(maxx, j, k +1)+ E'(max x, j,k —1) -
2E;(maxx, j, k) + E/'(maxx -1, j, k +1) +
E;'(maxx -1, j,k—1)-2E/ (maxx -1, j, k)

|

[E,’”‘(maxx -1, j,k) - E,""(maxx,j,k)]

(3.30a)

(3.30b)
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3. vouIvAN y =0

EMY(i,0,k) = -E"“(: 1, k)
[E"*' (i1, k)y+ E! .0, k)]

vAt + Ay
+v_m—'+'T [El (1 0 k)'l'El- (l,],k)]
& Ay(vAt)
2(Ax)2 (vAT + Ay)

El(i+1,0,k)-2E/'(i,0,k) + E{' (i —1,0,k) +
El(i+1,0,k)=2E]'(i,,k)+ E{’ (i—1,1,k)

Ay (van? . (3.30¢)
2(Az)? (vAt + Ay)

EP(i,0,k +1) - 2E] (1,0, k) + EJ' 1,0,k — 1) +
El(iL,k+1)=2E] (i), k)+ EJ(i,l,k-1)

4. ¥YOUIWAN y = max

”+1 (i, maxy, k) = —E/" (i, maxy-1,k)
> vAL - Ay .[E{""l (i, maxy-1,k) + E/' 14, maxy, k)]

VAL + Ay
2 [E, (i, maxy, k) + E/* (I, maxy- 1 k)]
vAf + A
N Ay(vAt)
2Ax)% (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:f"‘“‘)z : (3.30d)
2(Az)“ (vAt + Ay)

E['(i,maxy, k +1) + E/’ (i, maxy, k —1) -
2E]" (i, maxy, k) + E/ (i, maxy- Lk +1) +
E['(i,maxy- 1,k — 1) - 2E/' (i, maxy-1,k)
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5. YBUIAN z = 0

Ertlg, 10)——E (,- 1'1)

[E"*‘(r,f,i) + E:’"(f,f,O)]

vAt+A
2Az [ Ne: - Nes ]
e ET (L, J O+ B ]
gy ¢ (i, 7,0)+ E; (i, j,1)
& Az(v.A&‘)2
2(Ax)? (vAt + Az)

EPGi+1, j0)=2E G, )+ EP (i =1, /1)
Az(vAt)?
2(Ay)2 (vAt + Az)
EM(i,j +1,0) = 2EP G, j.0) + E]'(i, j - 1,0) +}
[E,”(z‘,j+ L,)-2E/ (i, j,1)+ E{ (i, j - 1,1)

[E,"(f +1,7.0) = 2E] (G, j,0) + EJ (i —1, /,0) +}

(3.30e)

6. VOUIUAN z = maxz

EMV(i, j,maxz) = —E"\(i, j, maxz -1)

vAL — AZ ”+] s .
+ i, jymaxz — 1) + E/~ (1,j,maxz)]
VAL + Az Gef
2Az [
+ El (i, j,maxz) + E;" (i, j,maxz-l)]
vl i !
N Az(vAr)?
2(Ax)% (vAt + Az)

E]'(i+1, j,maxz) + E/ (i -1, j, maxz) —
2E]'(i, j,maxz) + Ef'(i+1, j,maxz - 1) +
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J,=AxH (3.364)

M,.=-nxE (3.36b)
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Abstract : This paper presents right angle microstrip slot antenna for achieve dual frequency operation by using a
microstrip feed line. These antennas have been designed at frequency 8 GHz and 9 GHz on the same planar for wireless
communication systems and radar applications. The characteristics of antennas are proposed and analyzed for instance
input impedance, S;; parameter and far field patterns by comparison between right angle microstrip slot antenna without
stub matching and right angle microstrip slot antenna with stub matching. The antennas are 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

In present day, wireless communication systems and
radar applications, the need for antennas of small size
and high efficiency has generated much attention in the
study of compact microstrips antenna. Microstrip
antennas have several advantages compared to
conventional microwave antenna and  many
applications cover on radio frequency. Some of the
principle advantages of microstrip antennas compared
to conventional microwave antennas are small size,
light weight, low volume and thin profile
configurations. There is an increased demand for dual
band antennas for wireless communication systems and
radar applications. Recent applications often require
that the antennas perform efficiently at two distinct
frequencies. Dual band antennas can generally be
classified into two main categories which multi-
resonator and reactively loaded elements. [1-2] To
achieve dual frequency operation in reduced size or
compact microstrip antennas, many promising designs
have been reports. [3-4]

2. SLOT ANTENNA AND FDTD METHOD
1.1 MICROSTRIP SLOT ANTENNA

The antennas is designed on RT/duroid 5880
substrate (dielectric constant = 2.2) with a thickness of
2 mm. The microstrip slot antennas consist of the L-
shaped and inverse L-shaped slots cut in the ground
plane at one side of dielectric substrate backed by a
microstrip feed line as shown in Fig 1. In this case, its
called right angle microstrip slot antenna. Each slot is
designed for individual resonance frequency at 8 GHz
and 9 GHz. The microstrip line is designed to be 50
ohms. By the designing of the structure of the right

angle microstrip slot antenna, the horizontal slot (A)
and the vertical slot (B) of each slot antenna are the
same length. In this case, the total length of each slot
antenna is A+B. The configuration of the proposed
dual frequency of two slot antennas are as follow ;

Design frequency at 8 GHz: A =B = 7.6 mm.
Design frequency at 9 GHz: A=B=7.1 mm.

ground plane

slot antenna k/_

slot antenna

‘ e
microsiri W !
P \_substrate

i

Y

Fig 1. The right angle microstrip slot antenna for dual
frequency operation structure

2.2 MICROSTRIP FEED

Microstrip feed arrangement for two slot antennas is
shown in Fig 1. It is designed for match impedance at
50 ohms of the coaxial line. In this case, the width of
microstrip line is 6.1 mm and matching impedance
dependent on the distance from the end edge of the
microstrip line to center of the horizontal slot A that is
Lm. To adjust the distance Lm, it will be shown the



variation of characteristics of antenna such as input
impedance, return loss, and radiation pattern.

2.3 FDTD METHOD

To simulating this antenna by using FDTD
analysis. This software is a full wave electromagnetic
simulation code for conventional three dimensional
(3D) passive structures, particularly planar-oriented
microwave circuits and antennas which are based on
the FDTD algorithm. The algorithm of FDTD
electromagnetic field analysis was introduced by Kane
Yee. FDTD technique can be treats in transients
conditions such as pulse in the time domain, and
computational electromagnetic modeling which can
predict and analysis of the electromagnetic responses
of complex problems. The analytical space consists of
60x301x250 cells with the cell dimension Ax = 0.2
mm, Ay = Az = 0.1 mm. The time step satisfies the
following courant condition.

1

W o e
ey . O

3. SIMULATION RESULTS
3.1 INPUT IMPEDANCE

The input impedance is the complex number. To
find out the input impedance, the reference surface will
be defined as S parameter. And input impedance is
described by using an parameter S;; and characteristic
impedance Z; of a microstrip line.  The input
impedance can be find out as follow :

Z,=2,20n

2
n al—Sll ()

The observation point will be nearly the reference
point when analysis by FDTD method. By adjusting
technique, real part and imaginary part of Z, are nearly
50 ohms and 0 ohm, respectively.

Matching is usually required between the feed line
and the antenna, because antenna input impedances
differ from the coaxial line impedance 50 ohm.
Matching may be achieved by properly selecting the
location of the feed line. However, the location of feed
line may also affect the radiation characteristics. In
this case, the match impedance of the configuration in
Fig 1 depend on the adjusting of Lm, the simulation
results of these antennas as show in Table 1. It shown
that the match impedance of each resonance frequency
will be differ, this problem can not solve by only adjust
Lm. To achieve the good match impedance on 8§ GHz
and 9 GHz will be clear by using stub matching, the
configuration of these slot antennas with stub matching
is shown in Fig 2 and the simulation results shown in
table 2.

ground plane

slot antenna /

stub matching /) A slotantenna

nicrostri ine S ©

microsi p i"“- substrat
X

A atchin

|< stub ma thll 2

y

Fig 2. The right angle microstrip slot antenna for dual
frequency operation using stub matching structure

Table 1. without stub matching

F A B Su Zix (ohm)

Sreauency (mm) (mm) GHz dB real | imag
8GHz 7.6 716 7.95 -31 51 26
9GHz 7.1 4 | 9.02 -30 478 1.97

Table 2. using stub matching

Frequenc A B S Zin (ohm)
ey | (mm) | (mm) [ GHz | dB | real | imag
8GHz 76 76 7.92 -41.6 505 -N.61
9GHz b | 7.1 897 -40.1 493 0.73

0 T

patkhing (Zin real), ——- (Zinimag) |/
@nrea), . @Zinimag).... ;. ]
¥ : S

Fig 3. Input impedance

3.2 RETURN LOSS




The return loss or reflected loss S, which is a
parameter of antenna given as follows.

_ SlVref ({)]ez;{.
R 70 5

where 3 show a Fourier Transform and L is the length
between observing point and a reference point. The
propagation constant ¥ can be define by

y=a+jp (C))

where @ and 3 are attenuation and phase constants,

respectively.

By adjust the distance Lm, it can be effect on the
matching. The results of §,, without stub at resonance
frequency 8 GHz and 9 GHz are shown in table 1 and
the simulation results on Fig 4 are shown the
comparison between FDTD and MoM method. It
shown that the simulation results by using two method
are nearly same. But the problem in decreasing return
loss of two resonance frequency as much as possible
will be solve.

Finally, we use the stub matching for solve this
problem. The results of S;; with stub matching are
shown in table 2 and Fig 5 shown the simulation results
of return loss with stub matching by compared with
MoM.

g.
B ).
%
20}
e s & 7 8 8w w2 ©B
Frequency(GHz)
(a) FDTD

Frequency (GHz)

(b) MoM

Fig 4. Return loss of right angle microstrip slot
antenna for dual frequency operation without stub
matching (a) simulation result by FDTD method and
(b) simulation result by MoM method

Frequency (GHz)

(b) MoM

Fig 5. Return loss of right angle microstrip slot
antenna for dual frequency operation using stub
matching (a) simulation result by FDTD method and
(b) simulation result by MoM method

3.3 RADIATION PATTERNS

By using 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
fields are obtained by converting near fields to far
fields in the frequency domain.

The far fields radiation pattern should be affected
from the modify design antenna for match impedance
of dual frequency but it is not significant. In this case,
two slot antenna have the same shape of radiation
patterns.



The radiation patterns on xy and xz plane for dual
frequency at 8 GHz and 9 GHz are shown in Fig 6 - Fig
9.

S G G N - W LD AN
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Fig 6. Radiation patterns at 8 GHz on xy-plane
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Fig 7. Radiation patterns at 9 GHz on xy-plane
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Fig 8. Radiation patterns at 8 GHz on xz-plane

yalhs sl enbctarny

lor 308G - — athoad N ety

Fig 9. Radiation patterns at 9 GHz on xz-plane

4. CONCLUSIONS

We have shown that the return loss of right angle slot
antennas for dual frequency are improved: with stub
matching. The simulation results of S;, are -41.6 and
-40.1 dB at frequency 7.92 GHz and 8.97 GHz,
respectively. It shown that the designing of more than
one antenna will have the problem on return loss and
complexity to decrease it as much as possible. One
way to achieve this is to use stub matching that depend
on the type of feeder.
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