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ABSTRACT

This thesis presents the study of microstrip slot antenna at design frequency 10 GHz
which can use in radar system. To adjusting value of various parameters (such as :
width, length and spacing of slot antenna) will be effected to main characteristics of
antenna such as : return loss, input impedance, VSWR (voltage standing wave ratio),
and radiation pattern. The analysis procedure of this research is using single slot, two
slots, three slots, and four slots, respectively. Finite Difference Time Domain (FDTD)
method is introduced to solve the complicate problems, it useful for obtain
characteristics of antennas. Finally, the simulation results can show that the wider
bandwidth will be improved by increasing width of slot, and length of slot will be
decreased for compensate to desirable frequency.  Disadvantage of the increasing

width of slot is gain will be decreased.
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ANUANTUFALTUIILATINGT UATHAINIABINTIBUAY 2
azll o : o ’-:v v o -Ia =4 d' d'
- wanlfaandunaunisindungiazlanszdnnszain Tuie nuandud

UNWINTERNBITIFAD L mesh Q:hiﬂmmLﬁmmnmiﬁﬂ'ﬂunm

3.3.3 aunsinluni-Aniadisud
unsudilymannisdeyiusiag 1498 FOTD atrausniiazsasintiaine
o ' - dd‘ ' al e P . = o L) [ :‘/
nilambsradrasdteetlulamuanle uardnduniiafifenisAnauanludaan daiuly
o o 'S = o o R :’4 o r-;
nsimuedtyanenirestdanesnuiuaznmusiiluieidussdlamuanlsuazlaamingd
TsruuRinaniisien 13

F"(i, j,k) = F(iAx, jAy, kAz, nit) (3.18)
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Tae® Ax AyuarAz  Ae TUNA199929A21E7 WVERIIDEIIAT LA A A9 TUIATDS
daananfiimluuracdululnmune Inefaciian juay k fumasuudniazuen
Fwnisluf fmsmanniulamuanls uaz n Hhuardwowsisiivendasnanlulammom

angUil 3.3 aniusnenzlasseiuaniiinuandslassairaimaiinnily
nsdrsasmanirallunisduanees FOTD Svasiunisiuilanisnsadundeiuauds
gauafifeansililunisinass laalassaianuuiiazdunin niasades FOTD uay
INNTALIAAUBY FDTD q:Lﬁu‘lﬁfhmummqmmﬁ’m:ﬂ?:nﬂu‘lﬂﬁ’i’au maxx x maxy x
maxz

SldiuauanisdgUunusesannisaasiadudesuuunsinans (Central Difference

1 v
Scheme) TaaldAudandw F vialulamuaularasssuunnmann wazlulamunal Ae

OF"(i, j,k)  F"(i+1/2,j,k)y=F"(i=1/2, j, k)

(3.19a)

ox Ax
e - - "(ig = BStry 3 /2

OF"(iy jsk) “F Gy +1 20) 7 By =112, k) (3.190)
&y Vi

OF" (i, /,k) _F'(, ), k+1/2)=F"(i, j, k—1/2) (3.19¢)
oz Az
PR /2 oo o n-l2e. s

"G Y A (3, JENE 046, j, k) (3.19d)

ot At

Tun1sUfutgeannis (3.16a)-(3.17¢) lasldtdanaisnaranunsorfulsaunns

AVNWHMAN WA 6 aun1s el

Hf“/z(i,j, k) = l_p.Atfztll H:_”z(i,j,k)— A'”/-‘ .
1+ p"At/2u 1+ p°At/2u
ElG,j, k) -El(,j-Lk) EGJ,K)-EGj,k-1)
Ay Az

(3.20a)
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H™"(i j k)= l—p‘AI/Zp _ A.t/au .
g 1+ p'At/2u 1+ p'At/2u
E:(Isjsk)_E:(l’Jsk_l)_ E:(’a_]ak)_E:(I_l’ .]’ k)
Az Ax

n-12e. -
H2(i, j, k)

(3.20b)

_1-p'At/2p
1+ p'At/2u

[E;(f,j, K)=Eyi=1,j,K) ElG,j, k)= ElG,j -1, k)]

At/

HH+IIZ i, -’k RSN I
(.8 1+ p At/ 2u

H:—UZ(I-’ j, k)

Ax Ay
(3.20c)

=1—6At/285f(i,j,k)+ At /€ '
l+oAt/2¢e 1+ 0 At/2e

H:+”2(f,j+1, k)_ H:+”2(i, j-, k)
Ay
_H;HiZ(i,j,k+1)_H;+11'2(i’j, k)

Az

EM™(, j,k)

(3.20d)

niire l-oAt/2g .., . . At/le
& (l’j’k)z1+0'A1/2£Ey(ld’k)+l+0' At/2£-
HM (7, k+ )= H™ (i, ], k)
Az
H™" (i +1,4,k)- H"" (i, j, k)
- Ax

(3.20e)

E"”(z’jk):]_amfng"(t‘jk)+ Atle _
P v oAt/2e T 1+ o Al2e

H' i+, j, k)= H2 (0, j, k)
Ax
H!™ (G, j+1,k) - HM2 (1, j, k)
= =

(3.20f)
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TataziiA1a94

Hxn+”2(i,j, k)+Hxn_”2(i,j, k)

H(i, ], k)= 5

(3.21)

3.4 N1INTSAULURINILTALTIAY

o

=l 1 o = ar d. (=1 o ar cll L
ﬂ’]i‘lﬂ‘ﬂﬂLLﬂﬂ\‘iﬂ’]LuﬂLLNﬂu'ﬂLWN’]:‘,‘NNLﬂUﬂ’Q’QEI'N’]ﬂQ_J‘IJ?Zﬂ’W?ﬂudluﬂ']i""i’]ﬂﬂQLLUU

TAasaaFauuu FOTD  luszazusnGu AR N s 1 UMan NEALSARLLL AN19ZENAUTIRIAAY

ﬂ‘dn o o

d. o ar L% L a oal Vo v
U 'INWILI’]‘.:@’]'Hi‘Uﬂ'ﬁ‘LLﬂﬂmM'}luTﬂNﬂE"NHNNFILI"IEI"J wAdnFun1sananslasaasie

v
aa e

wuy FDTD Ndnsuidyniadululasiansasiaseaireanuimnu azldnisnsssu
unaannliaussiuiiduiaduuuinad (Gaussian ~ Pulse)  wiaWaduuuINduagian
(Modulated - Gaussian- Pulse)  iasarnugiaauuasfioianlnainladitandn Janng

nszpuuvaanliaussiuaasvadusuinduanaldfannis

_(I____'LJ:'

Sty'e e\~ (3.22)

g(t) AaWaduuun g (Guassian Pulse)

e 7 AemA undNrednad Las t A ﬁqnmwmﬁﬂﬁ(ta = 37 lusnueiannig

v
nenszfuuvaIiliausasuresRaduuindueganiuazwanslifaannis

=1, 2

g (1YLl T Sin 22 At - 1) (3.23)

e f Aapnuiindnagian

ﬁq'ﬁ’uf-ﬂnﬂum‘mmmsm:ﬁmmﬁqﬁﬂLﬁmusoﬁuﬁmamuma‘mnﬁ"nmﬂmmmm
ﬁqzﬁﬂﬂuﬂm‘[mﬂl'i’uammﬂmvﬁms’(Fourier Transform) Faflunisulasdoyoyures
wisaindiauwsssuiioglulamuresnanlieglulamunoud s l¥ldsuuuresaunish
AETUAD

G(f)a e "7/ (3.24)
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35 Gavlwwauiwanisganiu

TunsudtlynmiarduwimanIniafaeds FOTD Huinas iz uaiifansandy
vioule %ai‘mLuum?ﬁﬂmmammziﬁgnﬁwﬁ'm’Luﬁﬁmﬂm 1 Fofulun1sdnans
Tasea¥aniamagues FOTD #ld1euandla (Open-Boundary) aunatlguilunng
AnnnifiAe ﬂrum'nmmﬂm'mlumﬁ‘uwén'r:muﬂ%iuﬁ'ﬁﬁnﬁm::mmm‘nﬁ‘:mumﬁﬂuévih
grzuzatiud Feluprilusiiudandifirenfiamefiannsoiudeyalilanlidnta e

Wunrsudtgurdanaalideldfinasdivuadaulaseuiaanisganau (Absorbing

v '
=&

Boundary Condition : ABC) 2u Iaeniluntsannalawunisatwrniauinliiawalasuia
nihvialngwenazasaunguinssaiaifiansunsciiReulsreuanIa uuanTaslaLy
wilawilusraradus wazdaulrrauiranisganauiiaznidaniasanisasiaunduaas
‘d‘ o o v =4 1 cil o o
auruNraurealatnunisAtua e MRS ouaiauinluanieininisAatuacs Tatuunas
o = [~ ar o 4: dl =l A=’i’ b o - o« o
Awrniwauedus  Tedesulareuaanisganauiasligninunidesmsiua s Wi
BTt AATWIATBINTALIAR IRNTUIASAAY | ANAIATUNAAlUN1TIATIENITNsEn Y
ReulrrsuirAnisganauty Arelsz@nsnainuazanuissasslunisAiuin Reule
wauansganduliinisimuseiiown e dunditifidiunn wanlunisiamei
< - e : a} ] v 1 [ = 1 = 3
wauANsaanaulussyuAINTRTUANITaNazuLie LA 2 nguNan ) Aa nguusnaziinagld
ALANTATBIARUAUNIILALY (One-Way Wave Characteristics) Tmaazlduwainasida
] v 1
ayiusrasaunisaduluniTATwI nsARATwILULiAs I aulareunnisgandy
wuuniamiihifisuduaniae Qeulsreuaanisaanauuuiies (Mur's ABC) [16-17) T
Reulrriiaiazgnitundiassiludnainugilin uazlungunaseazldvnannisiugiu
193015 HI8AAANAY (Absorbing Materials) IaeRaularauiaanisganauntionlddwiv

v ¥ v
nsaRssiluLliAe Reulareurnnisganauaastuunnganysal (Perfectly Matched

v
(%

Layer ABC : PML ) [18] Tun1sdmsisidieularauiannisaanauiaiuadsasinmuais
wanfidAcy 4 Ae
b = Py p a a
1. azpeadAumisaslunsudtiyudsisnssy
2. AnsipuantRresaurnuiimaniinlulaseainesing q lidraniu
TassaFraialy vzalasaaanidudauls
3. Arsaziarauanosdsamalunislden
e } 73 d‘ 1 ‘I:' =3 } dl < o
anAuantEatndannaauiu azmuldd Reulareuiannisganauuuumeiiiv
Reularevimnnisgandutianilaiazirunldlunsiamsiniaasaas FOTD 1intiall

Uszdnsnn InefiReulsreuanisganfuuuuimeiaclan s I89auN 178 409ULY AD
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WLLSUNIL (Mur's first order) WAT WULAUAUABY (Mur's second order) BaMa@auLUL
v ] ] v
arlfannisiugaunianannisadunaGes (One Way Wave Equation) Fauuuiing

un3dunguusniiAnAe Engquist and Majda  Raul999U19ATIANNTARULAPIAIANNTTN

3.20
(az +52 +az S 2)E
v 2% \E =
: (3.25)
o’ @’ o i
do i = x,y Wiez uar v Ae Anudana

a4 . 4ol = o o My v
11&?:1&’“.]'11'0*1ﬂﬂuﬂll“?ﬂ?:qqﬂqqﬂWU'ﬂ x>0 ¥ e9UaAn x = 0 @:Lmﬂm'ﬂuu

lﬂ' L3 = o : 1 3 !ﬂ' |
ARUAZYIBUITNTDULIANITAANAULAEL patiuazlsannisaduilu

(S = (5, = (8.0") 1 g = 0 (3.26)

2

o o - 2 2 ap) A~ o Y -
e =y Wiz UWALs,” +s5," +5,7 =V ﬂt[’]\l‘li‘ﬂEHN"?:E]'?)\IH'IFI’WILLUWQM

y
193 (1= (vs,)” = (v,))2 aunis (3.26)  Tamnsamldlaoldeynsuimdiaed
(Taylor Series Expansions) satiuinafaalaiauaaunisteaianlaseniaanisganaususy

usn azlpaumaiilu

201/ 2

(1—(vs )" =(vs,))" " =1+ 0((vs )’ +(vs,)") (3.27)

T9aun9¥ (3.27) acldnisganiuessraulndiAneiuaauidng (Incident Waves)

wazwefeldinaneann1sd LS uR LR A IAIaNnNg
-~ 2 22 _q_ 1 2 2 2 242
(I=(vs,) =(vs.)) —1—5((\’&) +(vs.)")+O(((vs,)” +(vs.)")") (3.28)

o ‘.’l == L4 + 3 dl 1 4‘ = o o "
AR AR UNIANNTENLTEUNY X = O '-lﬂ.ﬂﬂllﬂ”li‘ﬂﬂwﬂ’]\!Lﬂﬂ"lﬂ’mi‘UN‘Bu\l'ﬂ‘ll'ﬂUL‘illil

N1TAANAUTUALUINAIANNIS

g 120
9 _19%E
(ax vat) '

w0 =0 (3.29)
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LAZAUALIADIAIANNNS

1 o° & 1.8 &
(_axa:_( -y P E(E F))E' w0 =0 (3.30)

Ey1ik)
-

Ez(l,,]'l,k): e w .'.--’.'.z'. = ,,";’ - Fz(}‘j,t)

Ey(1jk-1) :
: E0jK)
E (O g\ 2o AT

N Yo = E0,j,k)
l Z" Ef04.k-1)
3

<l N : ' - io '
519 3.3 awwiiidialuwlionisaadrestinaiumia (1, , k)

a1ngUil 3.4 waaasiumislunilamisainaduesdtaiunisaigaaas FOTD  fiumis
nnaa (i = 1) nalifaua Wi RRuussuLnTa x = 0 Aa E (0., k-1), E(0. . K. E(O, |

1, k) uaz EL0, k) dniuaeldannisanstisanefondminReulareuaanisgantuaes

WAFAUALUTNAIANAT

VAT — Ax
vAL + Ax (3.31)
[E' (L, j,k) - EJ(O, j.K) ]

BI0wminlk)= E, (1,7, k)

VAL — Ax

1+ Ax (3.32)
[Er(,j. k)= EXO, j. k)]

EPN0, 0= E', B +
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dl : 1 =S o dla d' 1 [P
ANNTN (3.31) UUATLRLAN mmm:‘:m’nmﬂu’uﬂﬂﬁ’m HITBINUINUMILTRAUD

il (E,(0, j, K) uureLIInuUENgATRINTALIAGTRY FDTD Tasaunisilénniuazlideyaves

QU

=l

nsnsemaun Wi uunIaras1es EDTD (E(1. ). k) TnanilambairagaasdnFAumua

TDUIAUUAAYDINTAU (i = maxx) AxiannIThe

vAL — Ax _
vAt + Ax (3.33)
[ £ (maxx —1, j,k) - E; (maxx, j, k) |

El'”’(maxx, _],k) = ff.,'1 (maxx = 1, j,k) ¥

o a
Wat=yuiaz

TuReulrrevaanisaanaususiusnteanaiaslsannisluseuense 1 Aa vy =0,
| iy y

y =maxy, z= 0 UAL z=maxz M

1. g y=20
At~ A
s i AP N - VA S Al ==
VAt +Ay (3.34a)

[EM (i, k)= E](5,0,K) ]
2. m@mw‘?’i y = maxy
vAt = Ay

vAt+ Ay (3.34b)
[ £ (i, maxy~1, k) - E} (i, maxy, k)]

E™'(i, maxy, k)= E" (i, maxy - 1, k) +

3 'EﬂUL‘IlWﬁI z=0

VAt — Az

VAt + Az . (3.34c)
[E"' G, j )= ENG, 5 0) ]

E'(i,j,0)=E"(i, j,1)+



4. 1DUAN z = maxz
VAL — Az

E™\(i, j, maxz) = E"(i, j, maxz—1) + .
s Gl )=E(i, ] ) AT

[ /i, j, maxz 1)~ E}'(i, j, maxz) |
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(3.344d)

- ot ° aa < . - p o
We t Aran1sngerasaun Rt lunilamiistaseestl Taenrevmeee v

=0uazy=maxyariifit=x,z81z=0 uazz=maxzazla t=x, y

a‘ ' [~ d' = o o [ :ll 57 d‘
AU ﬂ"li"ﬂﬂﬂ’]QN’]LﬂUN'ﬂu‘l‘B‘ﬂ@UL‘HWﬂ’]?Q ANAUTBINDTDUALINUN LA l'l'“'ﬂ'l—él\i‘ﬂ'lﬂ'ﬂ

TOULANITAANAUTBAUNDTAUALADIATUAAIAIANNITTNE

1. TDUWAN x = 0

Et’”](os j*k) = _Ern-l(lv J!k)
i vAt—=Ay :
VAL + Ay
Z Xex
vAl + Ax

[EM (L j, k) + B0, 7,K) ]

[ E N0 jik) + EF (1, k)]

Ax(vATL)®

2(Ay)*(vAL + Ax)
B0, k) 2ER(0, j )+ EE(D, = 1k) 4
[E,"(l,j+l,k)—2E,"(1,j,k)+ Bl 3y }
Ax(vAtr)’

2(Az) (vAI+Ax)
B0y ik +51 =12 B0V eke) + £ MO0,k — 1)a
[E,"(l,j,k+])—2E,"(1,j,k)+ E (b, k- 1) ]
2. 'n'am'nm'ﬁ' X = maxx
E'(maxx, j,k)=—E""'(maxx-1, j, k)

vAt - Ax i . nol .
+— | E " (maxx =1, j, k)= E' (maxx, j, k
S VaT S Jok)= E(maxx, /. k) ]
2Ax
—————| E'"(maxx, j, k)= E(maxx, j, k
———[ B k)= E( Jrk)]

Ax(vAr)?
2(Ay)*(vAt + Ax)

E’(maxx, j+1,k)+ E"(maxx, j—1,k) -

QE,”(maxx,J—,k)“” Er"(maxxul,j+ l,k)+
E}(maxx-1,j - 1,k) = 2E} (maxx-1, j, k)

Ax(vAt)?
2(Az)? (vAr + 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)

(3.35a)

(3.35b)
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3. 10UAR y = 0

E 0,k ==E""(i,1,k)
N vAt—Ay
VAL + Ay

24y [ ErG.0,k)+ E(G.1.6)]
y

(3.35¢)

[EM(0,6) + E[7(5,0,k) ]

+vAt+A
Ay(vAt)®
2(Ax)* (vAt + Ay)
E"(i+1,0,k)-2E"(i,0,k)+ E"(i—1,0,k) +
[E,"(z‘+l,l,k)—2E,"(i,l,k)+E,”(i—l,l,k) }
Ay(vAt)?
2(Az)*(vAL + Ay)
EMi,0,k+1)=2E"(i,0,k) + E"(i,0,k —1) +
[E,”(z’,l,k+1)—2E,"(i,],k)+E,"(i,l,k—l) ]

4. 10UAAN Y = maxy

3.35d
E™!(i,maxy, k) = —E"'(i,maxy - 1, k) ( )

VAL = Ay aan <5 4

| EM (i, maxy-1,k) + £ (i, maxy, k
vay[,( axy-1, k) + E" (i, maxy, k) |
2Ay
VAL + Ay

+

+

-[E;'(i, maxy, k)+E,"(1,maxy-1,k)]

Ay(vAl‘)2
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](1,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)



36

El (i’j’ ) 1 ( J
| Ef (" 111) 1 ( ,j: ) |

VALt + Az
2Az
—| E'(i, j,0)+ E (i, j,1
————[E7(,j,0)+ E} G, j,))]
& Az(vAt)?
2(Ax)* (vAt + Az)

E'(i+1,j,0)-2E"(i, j,0)+E"(i-1,,0)+
{E,"(i+l,j,l)—2E,”(i, i+ E"i-1,74,1) }
Az(vAt)?

2(Ay) (vAt + Az)
E"(i,j+1,00—2E"(i, j,0) + E"(i, j=1,0) +
{E,"(i,j+l,])—2E,”(i, 0. 050 == =TEw N ) J

6. 'ﬂ'a'LJL'nﬂ'?i Z = maxz
E"™!(i, j,maxz) = -E" (i, j, maxz-1)
VAL — Az
+
VAL + Az
2Az
+
vAL + Az

(3.35f)

[ £ G, jymaxz=1)+ ET (i, jymaxz) |

| E; (i j, maxz) + E] (i, Jmaxz=1)

Az(vAl)?
2(Ax)* (VAL +Az)
E](i+1,j,maxz)+ E (i-1, j, maxz) —
2E"(i, jymaxz)+ E"(i+1, j,maxz— 1)+
E'(i-l, j,maxz-1)-2E (i, j,maxz—1)
Az(vAt)
2(Ay)* (VAL + Az)
E'(i, j+1,maxz) + E (i, j-1, maxz) —
2E'(i, j,maxz)+ E (i, j +1,maxz—1) +
E(i,j-1,maxz—1)-2E (i, j,maxz—1)
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3.6 NNSIATIENALRINNARLEIE FDTD
3.6.1 WIAARTNIINIEIANTEANE

N13ATIEINITRABTNINTEAANTEANE (S Parameters) azl438n153iAsew
aeans Taannsinssinfausnazaiauuudnasanlanairalifinonuenafueiuiuds
wanasitassimauinlulassaietulannse dauafeiiaetazaiaunusine e
Taseaineaiaiimsimnsiudaiimiinsinauaainiasaiesang1n Saauini
Anneildunluaisianiuauunuilsznaulloaunalulasaine wasaunniiasiey
panu1aniaseaing aniufiaunlulasaiaueraunaiasfousanunluusaswaind
s lulnunamiinisulaslaslisanisulaefiofiasldaunaglulammuaond uds
'Lfmdfmmuﬁ'aﬁu‘fmuuﬂqm?{Luﬂ'ﬂ'&umﬁﬁmmmﬁhww’]ﬁmmfmms:ﬁ’mni:qurii'a'h_l

TpaauniIsrRanI T lmasnisnssAansasasiulUm uannng

= F[Vm(t)] Zﬂn

— (3.36)

F[Vn([)] Z()m
dl =5 o d' o
\Wa F Ae nsnseiawanisnlasfiedlean m, n =1, 2., Nusz Vv (1) fu

v (0 dluusssululamiuadiinesa musz n dau 7, uaz 7, Wiuduiuaudaudnme

999a889 A8t WaFA m uaY n AusIAL lasALANTTTIeIAEgNaEilAT 50 Tav

U

LATWITHIARSNINTZARNTZAHALUAAIAIANNTT

_ ) 3
T F0) |
_ F[Vlrrans (t)] ZOZ (3 38)

2, (1N Z,

S — F[VZI'ranx(t)] Z()] (3 39)
! F[Vlmc(t)] ZOZ .

_ FlVay ()]
2PV, (D]

(3.40)
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dla v, (1 uay V, A0 (i = 1, 2) ifhusssuludauidadrllulaseairauazussdunasiay

iinc

NAUNIANAALIBIUARENETR USL V, (1) AauseduRdaninesn i duilunaneuauas

299RTY Y UINNAIN NSRRI

/ /////////// /

Port 1

< i e il o :
5N 3.4 29asAnutgaid lURRANEMENTABILL 2 WadR
lugiialdaasnisafiimainasnsednnszatotu azeg lugtassnesininddaas

UsenavludaAigasruraiuina sadunisimain1snseannszansazlaNgaaunisni

NIPUIALRZINA

Vl ref (t)] 27|L|
Imc (I)]

lirans t Z +
o FV yans (O] / 02 [ gnti+rals &:43)
[ ch(t)] ZOI
F[Vz (0] {Z
S trans e;r,L,+y2.[.2 (343)
II Imc(t)]

_ V. (O] e
FIV, (0]

Py (3.41)

2= (3.44)

Toe¥ L, war L, uszasinaseuinaqgaanyi (Observation Point) WATFEWILIWG

#1484 (Phase Reference Plane) lagaziiAn109 . uaz y, (y= a +jB) HludrAsnaenis

] d' :l' (3 [ 3
LLWTﬂi‘:qqﬂﬂﬂuﬂﬂdﬂﬂﬂﬁdﬁ@ﬂg’]ﬂlﬂﬂﬂ?ﬂ 1 WAL Wasm 2
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T I'IJ o o = -« : =3 - T ]
S winfiwmeflddniunisiiassianaenniAiuife S” wistimes duiu

AUUTZANTNITAZY DUNALLIIAUTIBIANLBINA

Q
o

a a o ar o al
362 AUNABNALAUTUATERTIHIUNTIAUARULY

v
o

TUN1sATIETAUANHUZII88DINANY BUNRBNAUAWT  (Input
Impedance) LAY SR duLTIFUART (Voltage Standing Wave Ratio, VSWR) 4aiilu
gaan s fimeinsiANAAY Feaniiulddn FOTD dhidannswilefid Ussdninanlunng
AAszianaNRI9a188107A warlunisAuandunadniuaudassatsainiAas 1y

]
AUNTTAD

Lz 1 A4S,

3.45
W\\iZe (3.45)

a o’

Z vilugunuaudaudneaizresaisdidgyindaoiall uazArBunnsuiuaud

L
o

JRZHNIANATUATAIAUANIN  LUAIUIRIANNTWIDRTIEIU

She .3

=] ' o l"lil
azifuA L UABNIWANT T
WIIAUAAUNINL AINITONAEAAITUINIAINANUTZEANTNITALNBUNAUUTIAUYA

A8 NIALAAIANNIT

(3.46)

3.6.3 wuugUnmsudnasnusunsterlnaraseaing
lunas3tasreiluiuuads FDTD ﬁuiﬂmmmmuﬂﬁw'ﬁ'mmuuugﬂmmd
wiauauuszeslng (Far-Field Radiation Pattern) 18laumsa iflesannniazes FOTD az
AN U Ta s nsz e Ing (Near-Field) Wi Taeazliauaro Aol
souAraIsNszeslnalé (Far Field) faiuluds FOTD Asdaaiinisutlaananisdiuans
gpsaungzurIng Witluauiuszerlng (Near-Field to Far-Field) waniile - 27 F uaz f
AeAERTRC AN WA szer Ina Taaun s N TN AT s e = Ina lu

TamuAIN0993 FDTD Hann1saail
NSTEP

E(w)= Y. E(nAt)-e”/*"™ At (3.47)
n=0
NSTEP )

H(w)= Y H(nAt)-e ™" At (3.48)

n=0
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3.7 a3d

'luuw?:'léfnﬁ'mﬁmqﬁﬁua:uﬁnm?‘mﬁ% FoTD FafhidsuilaRdinauazazaanlunis
wAtdgyuiauniiEieyWussasduInuiman M dosannisuungioas (Maxwell's
Equation) Funnlmi Tagasinnsieseilulamungy (Time domain) waslawuails
(Space domain)iatlgvinnisimumuadiulsenauaunuwimanuasaunn i Waguuaad
dwdsugnuraduilamad axldunuunudwnsen (Leap-Frog)  Tmsaziinasuliudgs
g nfuazaunuwimdnaduiululanmina dgaunisiiansanGeulaanuaionds
Fatitaiden Adasiuiinasinanfimmnzanfunisiiuns doutlssianeeaunaanaiin
usadutuazfiuiaduuuind Taed Lﬁiauhmﬂummnw@mnﬁuﬁmﬁﬂﬂlﬁuumu@? uaznIg

138 FDTD wndszgnsilddimssiniamantinsing 4 1esreenalulpsasiduuydeats



<l
unn 4

NN9RANLULLAZILASIZR

4.1 umin
awmmﬂiu‘iﬂmm?mmu'n'mLﬂm&uﬂ?:nﬂuﬁ’fmdwﬂ?:nfauﬁqﬁm 4 dowiu Ao
1. deallm (Slot)
2. 780 §1u703 (Dielectric Substrate)
3. anatlaudtyyios (Microstrip Feed Line)
4. s2uua5197 (Ground Plane)
luuwﬁ@:nﬁwﬁqm‘rﬂ'ammuu.a:ﬁLﬂm:ﬁﬂmﬁnwmzmﬂamgmmﬂ"luiﬂmm?ﬂ
wudaadlaidsznevlydan dﬂqﬁmgmﬁummﬁm daalngidunses 1eullagiidunss
amdy uazdanlnglidunsedidu Tmﬁﬂ']Lm'nqﬁﬁﬁugmﬁlﬁn@hﬂ'ﬂuuwﬁ 2 uazumi
3 11900 N 1399NLLY Ue=AIATERAnEn IR AT LAY 7 189818090A Falunng
Fiaszituaniindnasdlasai1r89a1801N AKILAE FDTD WAHHANNTAATIZ
@mﬁnﬁm:mmmﬂmmﬁﬁ‘lﬁ'ﬁmuﬁﬂmﬁﬂuﬁur}mﬁnwm:mmmﬂmmﬁ-‘?i“l.ﬁmnmﬁ‘
Snaealanairedeia e diunsamaseudnansiaesiiamugnieaiedeld

WA

A1THANANUTDIARFIUTEN

FLUTLATINN

d ¥ 3
sUn 4.1 Tasaaineeslulnsassy

_— 1] d e
4.2 nnsaanuuudrgainiAlalasansluuudasviiaile
naseanuuuaisainidlularaniluuudentlandinnsdesdudyiusiouands
Fouorunuylulpsasiulsfseuwuuidiangeas (open-circuit stub) wanaRagUi 2.10 Wy

doundnAyatinanilaAeniseenwuuaiagedeyyrnsliiiaunuaud 50 Taviu (Z,) Teapann

wurantelans (t) dardesnintszanm (t/h < 0.005) TINITATUIUUIAINNGTNTDY
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anedadtynunns (W) aunsan lataaluannisi 4.1 uas 4.2 %ie 4.3 uax 4.4 lunsaitiasld
P
l

auN1sh (4.3) FaauegAuAIARIABIANATN () WATAINMUIMIDAINGITDITA

709 (h)

n?fﬁ (W << h) K :M (4.1)
h exp(24)-2

7 & #l e -1 0.11
A=ed k ot A DIF s (4.2)

60 2 5'r+1 g,

- —]
nsau(W >> h) o/ B—l—ln(ZB—l)+g’ [1n(3—1)}r0.3.9—0'61 (4.3)
h = Zsr £,

B 3Tx (4.4)

A

AINANTATUIAINANNITN (4.3) W W TAundatszunm 46 mm waslunng

ﬂanuuummﬁmﬂﬁusim::ﬁmmmmmfmﬁuﬁuﬁwﬁ(Ag) tneldannislunnseanuuy

WUFIUANANNIS
A& 4 (4.4)
g
e
TaeidiAn

C

4 =? (4.5)
g +1

Eg = 5 (4.6)

c AB ANNIEITRILAL
f A8 AnudElILLLTAsaInIg
Eoff AR ANAIG LABLANFINANANS

g, An ArAsalaBIANsENYBITAngusRI1Y



43

ANDTINANTTRENULLLALAIATIEHAR 10 GHz  daluarldAn A Uszun 23.80

=

datumns A ladazin U9 lunrseanuuuiannuaa nefaestantle Taalils
AN TaULuuTNsiaInis uazaruatnialularaniluuudeulaininiseanuuuLay
Amszilidnerlinusiaziinnumuiaesiangiuselszut 152 fadwne Ui 4.2

wamsglaseaFnaraanialulasasisiuuunilviautln

(a) .Q lIl: : .. ol .-:. : Sesenes :l.
Lm * TR ” x .. .
i A
------- ® o : ooy
S 5
round Plane . : | R
. v v
(b) Microstrip Line ()
Substrate

= £ Y 1 a =Y
519 4.2 Tassairresarwenndlulpsassiiuuniivtantla (a) areeimalulasassyly
yuNaduIY (b) araainAlulasasslluuneddiudae () arseanialu-

TasamsUluyunesiuans

TuniseanuuuinsiaineId eeInIAcLeas FDTD N1FlAneNinwusl Jn1snmuns
“ j - e vl ° ; - - A e o
guAluniianuq s mas et IMHaUIAAINI T UNIduEA UTRIA T NENI AR RN MU Tae

arpasAsauAguiuiizesatnainIAhasianasA wanlavianae  wazinaldifianis

v
o e

Aanaalunisanwnlugluundissaeniigs Aniuasldnmuannaniamisaaaseesd
WiHruranindmiladauiduresanuetanduildern feaurantlamiaairadeeatly
AN x AD Ax = 0.152 RARWAT WATNIMUATUIATURANI y uaz z WY Ay = Az =0.167

HARLNAT

o o e ] o =

atslsindallfaulshtanudAtysianisaua An aunavetaanan at taedls

1 -
o o

NMUUARALLIANNATHTNINTIFIAIAIANNITT (4.7) Aatiuanauralunilamineaaadn

NMMUARINITOAILI WU ATRITa ML ZaN 1H A



44

At< - = - (4.7)
N I L N I
0.152%10 " 0.167X10 " 0.167X10°

At<0.31 DS (4.8)
An At ildanannisy (4.8) AU AT8IT A RN R MFLNST AT Aot
lsunsupaunamas
TunseenuuuuaziinrzianseinialulasasiUiudesdnglidunss finlaseaing
1R9ENLRINALAAIAIZLT 4.2 TiTemmnaflinefresantemeild Ao
Ws A Aunderestends
Ls Ap  A27NEN2Teteslle

Lm Aa - Auemrssatsdedyornuunlalasasiifidaainfianans (Suiieglng

lulasassy)) veededinluBersarnaesaragedoy oyroslulnsasinl

WA Y b ¥ )/ 2% A .
nireenuuuataInIAdautlamsaNIFUNAIND 10 GHz AxGuALNA U198
Wenlszuw 0.5 2, (11.91 Radag) uaznimualiaaunitsdaadlawiniu 0.16 fadwns

(0.006 4,) TniudaullautuuAy HAAINNISINAIULVUAZALATIETLARIAIANTIAT 4.1

2 ar

d2ugi 4.3 uamnasaInsgrydasinnisaziaunau (S, wasiimes) daldannisyu

]
= o

AuEIesand iy lnlarasslRsaanianate  uarazdiulddnnanie
Tuuudvindu 119 GHz Fagandnaaudifideants dntuddeanisliaorsdislouu
WiAu 10 GHz Q:G’l’mtﬂﬁﬂumﬂumwm'ﬁmLﬂﬂiﬁﬂqquﬁnﬁuwﬁﬂLﬁutﬂu0.742/13
(1769 Hadwms) - Ineldrarundredeadiawinmy naftldRamuislsuuudazanas

nALALR 10 GHz  WARIAIAITIR 4.2

d 1 - [ 3 = lﬂl -
A9 4.1 LAAAMITITRaT eI tanAlulATamAs UL L risdaatla

= : - <
A2HD Zin | Zin WUUA
Ws Ls Lm . S11 | o .
vsiuuud | Imag | Real | VSWR AN
(mm) (mm) | (mm) (dB)

(GHz) Q) | () (%)

0.16 11.91 11.69
1.9 -0.4 | 54.17 1.08 -26 4.3

(0.0067 4,) | (0.54,) | (0.494,)
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N
th
T

1 1 1
6 7 8 ) 10 11 12 13 14 15

.30 1 1 1 1
G

Frequency ( GHz )

d ) o { ] <
719 4.3 uans S,, wasfwwes sasase A lulasassUwuniietesdla

Y o = 3 ] -
Weanmaeslfumnunitarestastlaliuinau o liAnnuelzesteatiatly
07424,  waztfumanuensresaisdedtyeyinsiuniniasasiuidaaninaiaienstes

- o o = ) a s 1 ] [y
ﬂ'li‘ﬂﬂﬂqﬁ‘@jﬁyLﬂﬂqqﬂﬂq?ﬂ:WﬂuﬂﬁU ﬂQZW'Ll"J'Tﬂ')'\llﬂL?T’ﬂLLuu'ﬁLﬂﬂﬂu‘lﬂﬂ@uﬂl"NNqﬂ WA

o= oo

a‘ A’ 7 i ) dl 9 ﬂi’ 4 ]
wuusIARNaziRNNINIuANNANNsrestentla dafldanmsasuanunineresdes

E 5
= %

\UAaMiALARIAIANTIN 42 uazglil 4.4 uapana1as S, wasdiwes iaduninates

] o

ANLAAFANITY

)

v 1

o o = = 2 sil o o d‘d‘i} 7 o

AN RA s NE BT AN D T LUNE A S9N UANDNFAIN TRANLLL A9FR9Fy
ANENT8TRUE WAz lunIANRLUAIANAsNINT YT UA NN A R Tealla waann

o 1 = « ar ai (-3 L 7 =Y u‘=.il 17
N15U5U ATNNTIRPBFIRIANEDINIALAAIAIAITINN 4.3 LazaziulAduUuAI AN LFaIn
deatlanuuwavacidnliAsanisain eatuasoiullsalindelalaafinaaundreres
daaiiln  wiazdealdasumaineiadastaninldfie waznisdfusanatatuanilu
o 9 = o rq‘f o ar ' [ | a dl
ARTIULAARIAQL  daluniFaiATILINa s N1l uLAIa A NN daaTlanwa
N3191U999970 0.16 Hadums D3 1 Hadwms Tneinisdfuunadaliangs Senans
AATIZWAILABNRIADIUAAIAIRNTF19N 4.3 aziulddiAueideadla 9.53 NaawAs
0.44,) fimnundnedaatiawingu 1.002 Jadums (0.04194,) A HWLUAI AYTAL

ansraeeimanzanlunstillliulgauasfmseiludusialy
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d 1 = ' = d' = 4‘ = ar
A59N 4.2 LaneAInITiiaefrasattenAlulasassluuuniideatladesnisUiy

ANNINTE9TeLe TagANE N TailAwinAL 17.69 HaRLNAS

=i " N o
AR Zin Zin LUURA
Ws Lm : S11 a o
abmuuud | Imag Real | VSWR AN
(mm) (mm ) (dB)
(GHz) (€2) Q) (%)
0.16 13.19
10.02 -1.02 52.39 1.09 -27.5 3.3
(0.0067 A,) | (0.554,)
0.32 13.36
11.03 1.29 52.02 1.07 -26.4 3.8
(0.01344,) | (0.56 4,)
0.66 16.12
11.97 -0.18 | 48.56 1.02 | -26.2 4.2
(0.0276 4,) | (0.674,)
1.002 16.71
12.8 2.31 51.01 1.05 | -26.8 5.6
(0.0419.4,) | (0.704,)

5 T T T T T
D# g 2. =
5+
10 Ws
=
15 LA\ =S - TOOROTERN)
_____ (0.0134 4, )
20
(0.0276 4,)
Br| ————- (0.04194,)
-30 1 L 1 1 1 1 1 1 1
& B 7 8 9 10 1M1 12 13 14 15

Frequency ( GHz )

d - & ] 1 = 1 s
5U% 4.4 uanamauffauiiey S, wirdiwes sesarseniALLLuiatestladefinsyiy

AHNNA19TR9TBL A
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d 0 - o - udJ 1 & ﬁ!l = o
A59N 4.3 wassAnIRmefrasataatniAlulasasiUiuunideadladie AnisUiu

ANENLATANNINI TR R

(0.04194,) | (0.44,)[(0.714,)

P : ) o
AATHD Zin Zin WUUA | BT
Ws Ls Lm J S11 | o
\slBwuud| Imag| Real | VSWR N | BEe
(mm) (mm) | (mm) (dB)
(GHz) | Q)| (Q) (%) | (dB)
0.16 17.69 13.19
10.03 204| 5439 | 109 |-31.8| 35 | 6.45
(0.0067 4,) | (0.742 4,)[(0.55 4,)
0.32 15.59 13.36
9.96 229| 53.02 | 1.07 | -36 38 | 6.38
(0.0134 4,) [(0.654 A4,) |(0.56 4, )
0.66 10.354 | 1612
10.03 | -0.18| 4856 | 1.02 |-202| 46 | 627
(0.0276 4,) | (0.434 4,)((0.67 4,)
1.002 9.53 16.99
10.01 229 5302 | 107 | 290| 556 | 6.14

5
0 |osacraares
-5
Ws
i -10
7 W\.=.. (0.0067 4,)
15+
— ‘= (0.01344)
20 F
(0.0276 4,)
2 o - 2(0.0419.4)
305 & 7 8

Frequency ( GHz )

<l a L a 1 o
$U% 4.5 uaminsufFaunay S,, windwas sasaruanAlLunildeatladiesfuaany

al =
HLAZAINNINNTBUT A

71U 4.6 dunsuansdrdnsdauuseiunautly (VSWR) 1aanisdnaesuuuinsea¥ie
rasarue A lulasamluuunilateailaiaand 10.01 GHz  laeflAouenqdesitlamin
ol = = 1 = ] ar e e d
U 9.53 HRALNAT (0.4 /lg) wazianundedeadlawindy 1.002 Aadwms (0.0419,1&,) LR

'
ar

' o’ dll AI dld ' o o [ \ P P d‘ =l =l
ANDATIRIULTIAUARUTIINT AR INA AT 1 @:LﬂuaammmfrmﬂomqmLﬁﬂLumf-nnm@wu
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a v o W P v el 1y A a o & o
PAUACNDUNALUBE 'ﬂQﬂr}Nq?ﬂU'ﬂﬂiﬂﬂﬂﬂqﬁ'LLNﬁ“ﬂwm ﬁ\imﬁiﬂqqﬂﬂqﬂuﬂmﬂuwumu’ﬁ 9N

wanalugi 4.7 TasaswudnABunnsniuawinlafiAlndiAes 50 Q

L '

8 85 9 o 10 10.5 11 N.5 12
Frequency (GHz)

= - 4 o a 5 % a
gﬂ‘n 4.6 “ﬂﬁlﬁ‘ﬁﬂ'JuLLNﬂuﬂﬂuux‘l‘ﬂﬂdﬂﬂﬂﬂ"lﬂ’]ﬁlutﬂ‘a‘ﬂﬁlﬁ‘ﬂLLUUﬂﬁﬂ’ﬁ‘mLﬂm

200+
150 +
100

Impedance (Ohm)
[

Frequency (GHz)

= = a T = ) 1 = i i
519 4.7 Bunsduiwawizasawainialulasassluuuniiedeatlaiiaaud 10.01 GHz

wazwuugdnisundnszaneaduresarneIniAlulasassduuunilsdesila wanssagl

=

M 4.8 Baszuny xy azdlunisimseiluszunuaesaunn i wazszuiy xz azdlunis

ANATIZT LT UL DIAUINULHIUAN
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< 1 i =Y ] 1 =
519 4.8 uansuuvginisunsnszaurauassarse N AllasasUuuunlstenla

(a) 721U xy—(b) §EU XZ

U 4.9 lunsuasantuigunisunsnseaterauiuy 3 1A 2evareeniAalulasasiUuuy
< a ] -1 v = ' 2 =1 a =i
wilstealle  geasitinlddnfuuugidnisunsnszataraumiuunuaruaniAiiAniamng

(Unidirectional Antenna) WaLiaRT1ENeAIAL 6.14 dBi

5.14048
514048
414048
314048
214048
1.14048
0.14048
0.85952
-1.85952
-2.85952
-3.85952
-4.85952
-5.85952
-6.85952
-7.85952
-8.85952

ooy

Freq: 10.042 (GHz)
Magnitude for E-total
Color for dBi (G ain)

51U 4.9 uanauuugdnisuninszanaAauLLL 3 15 1asaraanalulasassUuuuuiletes
e
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43 nsaanwuusgamAlulasansluuusdasdaila
annsildinniseenuuugrsainialulasassluuuvilteadln Feldapm
nderesteadlafimmnzan Ae Ws = 1 fadwns Aexniinsiins uautastasdadnmis
deulla soufluaastesila TaanisianoauuuuaidafuLuiagguresmeafuwas4ma
Haudnyyrusaniu  usziinistlaudyunudisatadedyyruuululasaniylag

WamaRagi 4.10 Auamawisfiiaerng q aessrsaimalulasassiuuusssteadn

s Ls | .
4 h : :
& : Lm
Ds . ¥ Tase ee " s
round Plane Slot o :
v
Microstrip Line (c)

Substrate

d =) - o
71U 4.10 Tasvainrassruanialulasassluuuasstasta  (a) arnenialulnsasiyl
Tuymnasduug (o) aeeinalulasasslugunassiudng (o) araenia

TulasassUlugunaasiuan

HANTAATIETRLARlUANIT 4.4 TunsTean maReiUTEE LN sE 1T
\Wawinfiu 2.839 Hadns (1, /8) wasil 5.84 AaduAs (4,/4) wazdiuAauAueng
sasteadaielildnoudislauuudauiideants Aawindu 10.18 Hadwns (0.424,) dla
NANTUINAIINNNTANABY WUIULWFAAYNGY 2.63 % usiiiavanisulasuniuennre
doutlaann 10.18 Nadwms (0.424,) 1w 23.88 Tadums (1.04,) A1TBIULUAIAYAL
Watudu 162 % demildianunsofiansunldainanuniranes s,, wimiimef
AWMe -10 dB -nmgﬂ"?'i 411 FaluRrzosinerzwindeadlaviniy 584  fedwms
(4,/4) Taafinanenadeailaviniu 23.88 Nadums (1.04,)  azimuizandmiunig
il umfwnsiluiededaly @adluarseimalulasadluuuandeailaunadii)

- = o v A Ao o
LW?’]:NLLUN@Qﬁmﬂfﬂd'ﬂfﬁmiﬂﬂ‘v’mﬂm&"l‘llﬂ'lﬂ‘lu‘:‘:muLWF_NWﬂ
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4 1 = .3 = ] A i 1
M99 4.4 LLN’Nﬂ'\W’]?’WNLmﬂ?ﬁl'ﬂdﬂqﬂﬂﬁﬂqﬁluiﬂi‘ﬂ Iﬂi“].lLL‘U‘]Jﬂﬂd'ﬂ’t’l\‘lLﬂﬂ‘ﬁﬁﬂ'ﬂuﬂ’ﬁ’ﬂﬂﬂ

wealszunod 0.4 A,

AND Zin | Zin WUUA
Ds Ls Lm . Sq1| Ws | L
o M glMuuUT | Imag | Real | VSWR () AN
mm mm mm dB) | (mm
GH) | @ | @ (B (%)
2.839 11.18
20.04 9.96 -2.5 | 51.06 1.08 -27.7 1 2.69
(ﬂg/S) (0.46}&)
5.84 10.18
20.04 10.01 -4.2 | 49.10 1.09 -27.2 1 2.63
(4,/4) | (0.424,))

AN919N 4.5 wansANITHResIasasanIAlulasassluLuaesteatlaniAnnenatdes

da Uszun 4,

P . 8 as o
AND | Zin | Zin AN | WUURA
Ds Ls Lm /. S11 - .
tsleuuud| Imag | Real | VSWR wgne | AN

(mm) | ~(mm) | (mm) (dB) _
(GHz) | (Q) | Q) (dBi) | (%)

2.839 =8. 71
(4,/8) | (1.07 4,)

23.38 2.99 148 \bI'58 1 TO/K] |.-B3.3f ©.87 14

584 | 2388
(4,/4)] (1.04,)

24.21 10.03 0.71 4890 | 1.02 |-30.1 6.34 16.2

A A 1

g

9 10 11 12 13 14 15
Frequency ( GHz )

d - & 1 = y
59 4.1 wasnfFauiiey S, winiiwes 1esareeiniAaestetle Werinenates

wewindu (0.4 A uaT A, {aaiszasrraseudnetaatlawinfu A 14
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gﬂﬁ 412 wansdPdruussuARuTleInsitaawlassaiansenelilag
astuuugestaadlafeandislownd 1003 GHz  Tnefimnuanadeadlawindy 23.88
Nanwms (1.04,) waziAundetatlawindy 1.002 AaaAg (0.0419 4,) uazsraizing
szwintesdlaindy 5.84 fadwms (4, /4) fadnIdauus A uARLTaR LdasilAnan1nd
M1 Tmansowaaeinfineuuediia wazenaazdunmldannmBunsiufiuaud o

wamlugii 4.13  TasazwudiAgunwaaniuauin i lnduhes 50 Q
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=
1V 7 ity - et S0 &, 277 RN 3 —
1
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1
1
1
|
0'5 1 re.a 'l l: 1 I 1
8 8.5 9 95 10 10.5 11 1.5 12

Frequency (GHz)

119 4.12 dndauusvsunauiivaasarseinialuiasasiluyuassesilaileiy

Y ZUINT NN BT AL A 14

120 T T Pl

100

80

Impedance (Ohm)
8

l
1
1
\
1 — -~
OF et . 3
s 1 hY
-20 |+ ’,.-’ - \\ =
> i “~
-0} P i N E
-~ i AN =
680 |~ : ~ .
80 it L 1 lI 1 1 1
8 8.5 9 9.5 10 10.5 11 11.5 12

Frequency (GHz)

a

d = Ly e ] = dl 1 1
Eﬂﬂ 4.1 BUN ﬁlﬂNﬁLLﬂu‘ﬁ‘ﬂ’ﬂd‘ﬂ'}ﬂ@’]ﬂ’]ﬁvluiﬂ?ﬂmi‘ﬂLLUUﬂ’El\‘i‘ﬂﬂ\‘lLﬂﬂLNﬂﬁ‘xﬂ:ﬂ%‘lﬁ‘t‘ﬁQ'N
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717 4.14 WlunisuamuuugdnisunsnszantsaduiuLsasifvesduainiAlulag

el

assuuuanstaaila nlauenatentla (Ls) winiu 4, uszszazinesznineteaia (Ds)
wihiu 4, /4 uwszuuuguUnisunsnszanemduluiuy 3 TAuanidagii 4.15 Geaziiuld
=

Afiuuugdnisunsnszansaduiduiuuaieein1AiANIAGEY (Unidirectional  Antenna)

UASHORIITENEWINAL 6.34 dBi

2;;0
(b)

414 wansuuugiinisuninszarnaquaesateiniAltlasassUiLvasstenlln (e

£ah
ES
=

srezineszndnededla (Ds) Wiy 2,/4 Tag (a) Tusswru xy  (b) u

ITUNU XZ

dBi (Gain)
6 34583
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Abstract: Microstrip antennas have many applications in wireless communication system. This paper propose a analytical far-field
pattern of radiation for application of the wireless communication. The triangular slot antenna fed by micorstrip line is proposed at
resonance frequency 10 GHz. The simulation results of the electromagnetic field radiation pattern, S parameter, characteristic of input
impedance are obtain by using the finite difference time domain (FDTD) method. The analytical space in FDTD analysis are

50x171x120 cells with the cell dimension Ax = 0.152 mm, Ay = Az=0.15 mm.

Keywords: triangular slot, electromagnetic field, current density, microstrip

1. INTRODUCTION

Microstrip antennas have many important applications €.g.
in wireless communication devices. Since these devices are
becoming smaller and the operation frequencies are becoming
higher, traditional methods based on circuit modeling are not
accurate any more and new more advanced methods based on
solutions of Maxwell's equations are required. Propagation and
interaction of electromagnetic waves have a great amount of
applications in many areas of technology. Some examples are
wireless communication, microwave engineering. Modeling of
complex electromagnetic phenomena are both theoretically and
computationally demanding, requiring advanced mathematical
and numerical methods and combination of mathematics,
physics and computer science.

The Finite Difference Time Domain (FDTD) method is
introduced to solved the complicate problem in electromagnetic
field theory. The equations of electromagnetic field in FDTD
method is analyzed in the boundary condition that calculate by
central difference expressions base on Maxell's equations and
derive by Yee's famous “leap-frog” algorithm for updating the
six electromagnetic field components with respect to a certain
type of source excitation. For example, x-component of
magnetic field and electric field are calculated by equation (1)
and (2) respectively.
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In this paper, we will consider double triangular shape on the
ground plane fed by microstrip line. From the simulation results
the clectromagnetic filed at resonance frequency 10 GHz are
shown.

2. DOUBLE TRIANGULAR SLOT ANTENNA
STRUCTURE

The structure of double triangular slot antenna is shown in
Fig. 1. Double triangular slot antenna on the ground plane is
fed by a microstrip line at the center among its.

Substrate

Microstrip feed
Fig. 1 The triangular slot antenna structure
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slot antenna. These triangular slot antennas have the same
geomeltry and size. The microstrip line is designed to be 50
ohms in order to match the measurement system, it has the
substrate of the thickness h = 1.52 mm and the diclectric
constant = 2.17.

The adjustment in some parameters for match impedance
are as follows:

- length of slot side A and B = 8.1 mm.

- gap between triangular slot (G) = 0.45 mm.

- The distance between edge of micorstrip line and

adjacent side of triangular slot is about 10.5 mm.

3. 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 starting point of the FDTD algorithm is the two Maxwell’s
equations in derivative forms in the time domain.

_ D i
Vxlf:—pﬁ—p H 3
ct
Vxﬁzsi—£+ol? )
ot

where € and o , p and p* are the electric permittivity and
conductivity, and magnetic permeability and resistivity of the
medium, respectively. In a rectangular coordinate system,
equation (1) and (2) can be expanded into the partial differential
equations. We also need to descretize the time domain using a
properly chosen time step. The maximum time step that may be
used is limited by the stability restriction of the finite difference
equation,

AJSLII‘WL I,+], (5)
Viax ¥ (Ax)°\ (APP 5(42)°

where vy, is the highest velocity of wave propagation within
the problem space, and can usually be replaced by ¢ = 2.997925
x 10* m/s, the speed of light in free space. For the case of

antennas, it is usually safe to make Al to be largest value
allowed by the above stability condition, so that the number of
FDTD iteration steps can be minimized.

4. SIMULATION RESULTS

To simulate this triangular slot antenna by using FDTD
analysis and design of microwave circuit and antenna software.
This software is a full wave electromagnetic simulation code
for general three dimension (3D) passive structures,
particularly planar - oriented microwave circuit and antennas
which base on the FDTD algorithm. 1t can get the results such
as input impedance, S parameter and radiation pattern. For this
reason, it can get the good results by simulation.

4.1 Reflected loss

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

81
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Where 3 shows a Fourier Transform and L is the length
between an observing point and a reference point. The
propagation constant can be define by

_ S{me (I)Jem'- (6)

y=a+jp )

where a and B are attenuation and phase constants, respectively.
The input impedance is the complex number. By using an S,
parameter and characteristic impedance Z, of a microstrip line,
the input impedance can be find out as follows.

Fig. 2 Characteristics of the return loss at 10.09 GHz.

Fig.3 Characteristics of input impedance at 10.09 GHz.

By adjusting technique, S11 is nearly —35.2 dB at resonance
frequency 10.09 GHz as shown in Fig.2.  Similarly, Fig.3
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shown the input impedance in real and imaginary at 51.67 ohms
and -0.55 ohms, respectively. For perfect impedance matching,
the length of microstrip line is adjusted to cancel the imaginary
part. The results of good matching can be obtained at
resonance frequency.

4.2 Characteristic of electric field

The wave propagation along a microstrip line through
substrate and aperture of triangular slot antenna. It clearly in
electric field at 10.09 GHz, figured shows the field intensity is
maximal at the two comer of both triangular slot. The radiation
in one side of triangular slot in accordance with the resonance
one-wavelength at 10.09 GHz.

Fig. 4 Electric field of triangular slot antenna.

S TP ST P R TIT TR R I S LIV aa b R 45 e e B

Fig. 5 The overview of transverse electric field vector in across
section of triangular slot antenna.

Fig. 6. Extension at the vertex of left triangular slot in
transverse electric field vector
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Fig. 7. Extension at the left comer of right triangular slot in
transverse electric field vector

4.3 Characteristic of magnetic field

The field distribution in this structure can be demonstrate
the steady state profile of magnetic field as shown in figure 8 at
resonance frequency 10.09 GHz. The peak of magnetic field
will be occur at the position in degradation of electric field.

Fig. 8 Magnetic field of triangular slot antenna.

4.4 Characteristic of current density

The equivalent electric current density are related to the
magnetic field component.

- A=

Jy=nxH (9)

Figure 9 shown current density depending on the magnetic
field.

4.5 Far field patterns

Far field patterns are obtained by converting near fields to
far fields in the frequency domain. Herein, We can obtain
radiating field at the far field point as shown by equation (10)
and (11). Far fields patterns of the xy and xz planes are
simulated as shown in Figure 8 and 9.

e—jftr
Bg =nHy =~ j— (g +Ly) (10)
N
By =nig=i—(nlNg+le) (D)
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Fig. 9 Current Density of triangular slot antenna.

Co — polarization

______ Cross - polanzation
Fig 10 Far field pattern on the xy-plane

5. CONCLUSION

The electromagnetic field in slot antenna can be
considered from the wave propagation along the
microstrip line through the aperture of triangle slot
antenna. The magnetic field will be maximum at the two
point of each triangular slot antenna side which course the
one side triangular slot antenna is one wave — length of
resonance frequency. The triangular slot antenna obtain
radiation pattern on xy and xz plane that to show
omni-directional of antenna’s radiation pattern. Therefore,
the FDTD method was used to analyze the
electromagnetic field of triangular slot antenna. Herein,
simulation results of triangular slot antenna coupled by a
microstrip line is shown. From the results the proposed
antenna  described here s useful for wireless
communications.
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Co — polarization

* Cross polanization is not display since it is a much a lower level

compared to the other patterns.

Fig.11 Far field pattern on the xz-plane
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