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ABSTRACT

This thesis presents analysis characteristics of microstrip slot antenna fed by microstrip
line. In order to analyze the behavior of microstrip slot antenna, a numerical method known as
the finite difference time domain (herein after called FDTD) are used for computation and
analyze. The FDTD method can be used to analyze any shape of antenna with high accuracy.
The slot antennas characteristics have been analyzed in order to obtain good matching impedance
at any desired resonance frequency. Herein, various slot antenna characteristics are analyzed for
example : Return loss (S,, parameter), Input impedance, VSWR, propagation of electromagnetic
wave and far field radiation patterns. Firstly, we analyzed microstrip slot line antenna with L-
shaped slot antenna and Step-slot antenna, respectively. It is shown that L-shaped slot antenna
and Step-slot antenna have dual resonance frequencies while slot line antenna gives one
resonance frequency. Hence, the resonance frequency is depended on the shape of microstrip slot

antenna. It can give a single or dual frequencies as well.
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10 3.3 Tassaduaniiadmiuniamaduss FDTD (FDTD grid)
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F"(, j,k) = F(ibx, jAy, kAz, nAt) (3.3)
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AituduluusazduluTanunm Taofeeiid i 7 uaz & Huaviunadufiszuondumia
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dliuauemsldguuuvesaunistadaduiiiaauunsana1e (Central Difference
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OF" (i, j,k) _ F"(i+1/2,),k)=F"(i-1/2,], k)

3.4
2 = (3.4a)
OF"(i,j,k) _F"(i,j+1/2,k)—F"(i,j-1/2,k) (3.4b)
oy Ay
OF "™ (i, j,k) _ F"(i,j,k+1/2)=F"(i,j,k-1/2) (3.4c)
oz Az |
o nell2 e ooy pn-U20
OF" (i, j,k) _ F™""2G, j, k)= F"" " * (i, ). k) (3.4d)

ot At

Tumsdsudzeaunms (3.2a-320 Taoldddanestuesamsndivlysaumsauy

v
uuman Wi 6 auns fadl

Hn+1/2(l,_],k) 1 p At/z)an 1/2( i, ,k)'— A://J . (35(1)
1+ p"At/2u 1+p At/2u
ET(,j,k)-ElGi,j-1k) Ey(:),k)—EyG,j.k-1)
Ay Az
B2 k= P A 2 iy BTE (3.50)
1+ p"At/2u 1+ p At/2u ‘
E?(i:j:k)_EJ’:(ls.]:k_l)_E;(isjak)_E;’(l_ls jsk)
Az Ax
B G jy SE A2 ez gy MR (3.50)
1+ p At/ 2 1+ p At/2pu

E;G,j, k)-Ej(i-1,j, k) E}(,j.k)—E;(,j-1k)
Ax Ay
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1-oAt/2¢ At/ e
En+1 i, .’k :—En ., .,k G
v (hJ:K) 1+ o At/ 2¢ x(5.76) 1+ o At/2¢
HI2G0, )4, - HE G, )
A
+1/2 g 1/2 \o3td)
CHPT g kD= H TG ) K)
L Az g
1--oAt/2¢ Atle
En-i-l i, .’k =—_—En i, .,k T ...
y (F8) 1+0At/2e i) 1+0 At/2¢
26 k)= 2G50 ]
+1/2 o +1/2 Pe)
n . . n o
s (i+1,j,k)—H; (. 1d)
L X H
1-oAt/2e At/ e
En+l -, .,k :—En ., .,k CVRS = 5.
(k) 1+ oAt/ 2¢e z (h1:k) l1+oAt/2e
Hy V241, )= H* 2,1, k)
Ax
nell/2,: . nel/2: - (B57)
B, (,j+L,k)-H; (i, jok)
i Ay J
Tavaziinung
A4S s 3 A2
H;l(i,j,k): Hx (11.]lk)+Hx (li.]'k) (3.6)
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V1 AD)? + (1 A9)% +(1/ Az)?

= d ' 4 1 [
Tavh v fio anuSrlumsundnszoeaduluveuwamie Tavansaldaumiloudy

a VA 8
ﬂ’TIiJLS’Juﬂ\‘]]lﬂﬂi’J ¢ =2.996925 x 10 m/s

3.4 MINTZAUNHAINUHANTINY
mInseduumasiuiaussiuluniamadues FDTD lLU‘lJﬁ’HJﬁﬁifil%ﬂ%ﬂ’l‘iﬂiW?ﬂ
undauiiausssuiiiuwaduuuned Gaussian Pulse) W3owaduuumauegan (Modulated
Gaussian Pulse) Famsnsequunasiuiiausaduveaiaduumduans ddaaums
ey
g)=e T (3.8)
Tagii T fennundaveswad uaz t fio Aanansueswad (t, = 31) Tuunzfiauns
mSﬂszé’uu.mfiqﬁuﬁﬂusqﬁumaaﬁaﬁamumﬁua@mmfuﬂzuﬁm"lé’fﬁaﬁnmﬁ
_({Tloy2
g)=e T  sin2zfy(t-t,) (3.9
Lf}ﬂfo foanmifidnegn
ﬁ'ufumﬂﬂnmwﬂqm5ﬂ5z¢’jmma'aﬁuﬁmmé’uﬁymamnmsmnﬁﬂﬁnmmmm
fazihluasTasldwamsuiasy5ios (Fourier Transform) Fuflumsudasdyaruvos

unasduidaussuiiogluTamuveanalegluTamwuanud hidldgluvuvesaumsh

kY o A
AaeunNUAd

G(f)ae~#TS ) (3.10)
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dyd
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[Y =1

wiinanhdide q Hfe

Y A = ' 9 a
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o 1 s s é
Tyvouwamsganaununes szlidnuazvesdumsegaouy Ao nuuEUAUNTY (Mur's
v @ 4 @ g X
first order) HAY HUUSUAUADA (Mur’s second order) Fanaaoauuiios laaun1siuguun
4 2 2 v e aw. iy .
AUMSAAUNIAUAL (One Way Wave Equation) Gauuuilnguindfunguusniifinfie Engquist
and Majda (30 lvvauivavesauMsnduIaARIauNIi 3.11
5 2 2
9> 8% 9* 50
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Tn59a579 FDTD
A A ' 4 d 2 = o 9 e
TusgnuveInauiiuNInsEenIARYR x > 0 WBswenwadl x = 0 sxiuldd Tl

A 3 A v - y A ﬂ
ﬂﬁuﬂ%ﬁ“ﬂﬂuTl']ﬂﬁ]ﬂﬂl‘ﬂﬁﬂ'l'iﬂﬂﬂﬂumﬂ muufﬂs"lﬂﬁumiﬂam U

0 10
(=75, 005,07 = (5))! P Byl g = 0 (3.12)

g a 202502y 2 g Bt
Woi=yH3oz uaz s,°+s,"+s,°=v a1 lsnmuezApammiuiiueu
£ s ¢
ve1 (1 -—(vsy)2 —s,)H)Y? luaums (3.12) Fannsom i@ Tasldeynsumdiaes (Taylor
¥ [
Series Expansions) #a1iumesas ldlaueaumsvesion luveuiunmsganausuauusn o2

& eumsiiiu

(1= (5,)% = (vs,))? =1+ O((vs,)* + (v5,)%) (3.13)

' ]
4 A

& : ; o ,
Feaumsh (3.13) arldmsganiuvesndulndifivsfiuniiunadan (incident Waves)

wazwes a9 I U aun s M S USUAUNADIAITUNTS

1-(vs,)* —(vs,)")""* = 1—%((vsy>2 +(v5,)2)+0((vs,)* +(v,)°)7)  (3.14)
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= ° ' P ' o a s a e
‘I]”lﬂzﬂ'ﬂ 3.4 l!ﬁﬂ\?ﬁ'lu‘}"luﬂ11nl'}1u\‘}ﬂu'lﬂl"}fﬁﬁ‘ﬂﬂﬁﬂ‘h’ﬂl‘ﬂuﬂiﬂﬂ']f!ﬂ’llﬂﬂ FDTD
Auman nsa G = 1) MIFTaww IWfhaRuszuunia x = 0 fio E,(0, ], k-1), E0, ), K,

E (0, j-1, k) ung E (0, ], K ﬁqgu'ﬁq“Iﬁ’ﬂumwmﬁﬁanaﬁﬁuﬁ]ﬁnﬁau"lwemmmsaﬂﬂﬁu
YBIUNDS TUFVUIARITUNT

VAt — Ax

VAt +Ax

[E;j“ (1, j,k)-E}(0, j,k)] B.17)

ENTN0,,k) = E} (L, 5, k) +

vAt—Ax'
VAL + Ax
[Eé’”(laj,k)—Eé’(O,j,k)] (3.18)

EFN0,5,k) = ERQ, j, k) +

A A o da 2
aumsauaasluaumsdruwintavenienmsnseivesauiu IdihnArveania
[ ¥
miosadvesd (& (0, j, k) Tuwveniwauendgalunianves FDTD Tawarumsn launivez 144
o d‘ - A ]
yaveamsnsziheu Wihfiveuwaluniaves FDTD EL, j, k) Tavaumsnianioy

d Ad o v &
IFARUBITNR UM UIOVIVADUGAVBINTANY (i = maxx) FzTaUMIAD

VAL — Ax .
VAL + Ax
E" Y (maxx -1, j, k) - EJ" (maxx, j, k) (3.19)

E"(maxx, j,k) = EI (maxx -1, j,k) +

A A
Wot=yninz
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y @ o o 1
TuSeu lvvouiwamsganiuduavusnusuyes sy lWaums luvouwae g y=0,

y = maxy, z = 0 U z = maxz vedaumaiu

1. VoUWATi y =0

VAt - Ay
VAt + Ay

[E,”“ (i,Lk)- E;’(i,o,k)] (3.20a)

EM(,0,k)= E (i, 1, k) +

2. YOUWAN y = maxy

VAt -Ay
VAt + Ay

E" (i, maxy -1, k) - EI'(i, maxy, k)| (3.20b)

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

3. YOUlAN z = 0

VAL - Az .
VAL + Az
[Etn+l (ls.js 1)-Etn(laj: 0)] (3200)

EMYG,j,0)= EIG, j, 1)+

4. VOUWAN z = maxz

VAt — Az _
VAt + Az
[E,"“ (i, j, maxz =1)— E" (i, j, maxz)] (3.20e)

E"\(i, j, maxz) = E}'(i, j, maxz —1) +

A =9 o Aa P 1 d = =
e ¢ ﬂﬂaﬂ1';'ﬂiz‘wwaqﬁum"lﬂﬁmm“luwmﬂmuwaamaw TaoNuoUIUAYDY
P [ )
y=0U0E y =maxy WA t=x,z012z=0 Llﬁ$z=maxzﬂzulﬂt=x, y
4 g A 4 do w & 'y ‘f] A vl
'chlﬂ'lTVlﬂﬁ'l'JiJ'lLiJuN'ﬂuhl‘l]‘l]@‘l]&“]@'lﬂ'liﬂﬂﬂf’lu‘llBQLNE)SBHWU‘HHQ HADUUUNDU Y

YOUIWANTAANAHYDINDT FUNDARIIUAAIAIANNITII9AS
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1. YUWAN x =0

EMN0, j,k)=—EF'(1, j,k)
+vAt—_Ay. [E;T.H (I,J,k) 2 E!n(oa.jak)]

VAL + Ay
2Ax
b AEMYN0, )+ EMQ, jL k
vA:+Ax[’ 0,/,k)+E; (1, j )]
N Ax(vAt)?
2(Ay)? (VAL + Ax)

E:I(O’J+1,k)—2Etn(0,_],k)+Ef(0,_]-—]_,k)-i—
EM(Lj+1k)=2E"(L, j,k)+ E" (L, j~Lk)

2
,fx(vm) . (32la)
2(A2)? (VAL + AY)
EP (0, .k +1)=2E (0, j,k)+ E' (0, j,k—1)+
Etn(l,j,k+1)—ZE;T(I,j,k)'l'E:I(l,j,k—l)

2. 'Uﬂm‘ﬂﬁ‘ﬁ X = maxx

E™ (maxx, j,k) = —E (maxx -1, j,k)
vAr — Ax
+
AL+ Ax
2Ax
VAL + Ax

. [E,”J’1 (maxx—1, j,k)—EM} (maxx,j,k)]

: [Et" (maxx, j,k)— E;' (maxx, j, k)]

Ax(vAt)?
2(Ay)? (VAf + Ax)

E] (maxx, j +1,k) + E[' (maxx, j —1,k) -
2E" (maxx, j, k) + EP (maxx -1, j +1,k) +
E] (maxx-1,j-1,k)—2E (maxx-1, j,k)

2
A’;("A") - (3.21b)
2(Az)? (vA! + 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. YDUIUAT y =0

EM6,0,k)=—EF (6,1, k)
N VAL — Ay
VAt + Ay
2Ay
VAL + Ay

B L e BT (i,o,k)]

B G000+ EPGiLE)]

Ay(vAr)?
2(Ax)% (vAL + Ay)

B0 B - 2B 00 R BN =104
[E,” (+LLk)—2E"(i,L,k)+ E' (i —1,1,k) }
Ay(vAr)?
2(Az2)? (VA + Ay)
E"(@i,0,k+1)—2E"(i,0,k)+ EJ’ (i,0,k - 1)+
{E{" (L k+1)—2E" (i, k)+ EP i,k -1) }

(3.21c)

4. YVDLLUAT Yy = maxy

E"Y(i,maxy,k) = —E (i, maxy - 1,k)

& VAt — Ay

VAt + Ay
2Ay

VAL + Ay

: [Ef” (i,maxy -1,k)+ EI (i, maxy, k)]

-

B2, may, k) + B2 (1, maxy-1,)]

Ay(vAt)*
2(Ax)% (VAL + Ay)

E[' (i +1,maxy, k) + E/' (i -1,maxy, k) —
2E] (i,maxy,k) + E; (i +1,maxy -1,k) +
E{'(i-1,maxy—1,k) - 2E/ (i,maxy —1,k)
Ay(vAr)2
2(Az)% (vAt + Ay)

(3.21d)

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. YBUUAN z = 0

EMY, j,0)=—E"'G, j,)

VAL — Az -
¥ 1A R AVED Al (K
vAt+Az[t G jD+E G J )]
2Az
+ 0 |El (i, ,0) + E (3, j,1
vAt+AZ[f(lJ ) ’(IJ)]

Az(vAr)?
2(Ax)? (VAL + Az)
El(i+1,7,0)=2E(i, j,0)+ EP(i-1,/,0)+
[E,” (f1, 11— 2B D+ EPG-1,0.D }
Azz (van)’ . (3.21e)
2(Ay)° (vAt + Az)
E"(i,j+1,0)=2E" (G, j,0)+ E" (i, j - 1,0) +
[E,”(i, FELD-2E* 0 i+ ERGL f-11) ]

6. ‘U’E}'U!.‘Uﬂﬁ Z = maxz
Ef“(i,j,maxz) = —Ef_](i,j,maxz -1)
VAt - Az

VAL + Az
2Az

+
VAL + Az

+

: [E{‘“ (i, j,maxz - 1)+ E" (i, j, maxz)]

. [E{’ (i, j,maxz) + E[ (i, j, maxz — 1)]

Az(vAf)?
2(Ax)? (At + Az)

El(i11,j,maxz) v 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)

2
AzgvAt) . (321f)
2(Ay)” (vAt + Az)

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

E/(i,j-1,maxz —1)-2E[ (i, j,maxz —1)
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h.

¥ v ’ N
Sinsen 1duluassteduauiusiufivseneu oy 1Ulu Tassade uazauiun

h.
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azousenuninlassadiy vindudthauludund Iy lassadhamzaunludiuin
1 ¢ o 1 o a g g
ﬁzﬁauaanuﬂmmazwasmwag’luT,muunmmmmmﬂaﬂﬁﬂwwaﬂﬁuﬂmﬂ,msmz"lﬂ
N v , Ed
auwegluTawuanud udnhamgunuieglulawuanuimaninnmuiuninin

=Y w 1 =Y 4 ar ar
?-Jlﬂflﬁn’ﬂ“lﬁﬂﬁxﬂﬂﬂﬁﬁﬂﬁﬂﬂul‘lj Iﬂﬂﬁllﬂ']ﬁ‘u@ﬂﬂﬁ’mmﬂﬁﬂﬁﬂ§$i]ﬂﬂiaﬁ]"lﬂilxl“ﬂuulﬂﬂ\‘lﬂﬂﬂﬁ

_Fn®)] [Zon
F[Vn(f)] ZOm

Smn (3.22)

N ° a o 1 L
e F fio msnsyimamaulaaySiwilasi mn=1, 2,....., Nuaz v @ nu v @)

[ { .4 v a A o W
Li‘luuimuiuiﬂmunmﬁwam m LAY n AU ZOm Lo ZOn Lf]uauwuﬂucﬁﬂmﬂﬂymwm

= 1 o w [ i 1 I'd
ﬁwﬁwmaﬂgw 'W'E]';W m lIaZ n ATU[AY Iﬂﬂﬂﬂ!ﬁﬂﬂm%’;ﬁlﬂﬂﬁ'lﬂﬁx‘lﬁ]gﬁﬂ'l 50 IE)'HH LHASWIIN

= o [ a
UINDTNITNTLIANTEVWISLUAAIAITUNIT

= Ty O (3:254)
F[V] inc (1)]
/.
3 F[I ltrans (I)] ZOZ (323b)

T e O | Zog

F[V- t
S21 _ [ 2trans( )] ZOI (3.230)

F[Vl fnc(t)] ZO2

F[VZref (l‘)]

e 3.23d
F[V2 inc(t)] ( )

22
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4 % o a 1 i o |
de v, . @ waz v, () (=12 WunsesuTuaiuidadn T lu Tnseadaazissqun

o o o ! o [ { ! o &
AZNOUNAVUIMUS A VVDUAALNDIA LAY V' rans() Aousspunidaninesa i duiluwa

ADUAUBIVDIRYQIUNINNHDIADY

Port 2
Ze
L Vs
o Reference
Plane
L, Refervnce
, Plane
Ze %
Port 1

"
ar

A A AA o 1 o
51 3.5 2995AWD g UATADYUEMSABILIL 2 WOSA

& a ¢ v > , 4 od
Tugim ldvesmisifmesnmsnszianszivtin szeglujlvesnsuwanadaos

] E

9 ] ar w 3 =Y o ar ) r.i A o
Usznevldalrsaivesvuiatuma auiumsimesnsnszdanszasey lAudaaunsning
vaLazine

EWrg O oy

b (3.244a)
F[V] inc(t)] V
F[V; t

" Parans O |Zoy 1114212 (3.24b)
F[Vz inc(t)] ZO]
E[V. t

91 = V2 trans ()] |Zg, erL1+raln (3.24¢)
FIVine @] N Zoa
F[VZre (t)]

Ly e 2

- 3.24d
F[VZ inc (t)] ( )
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Taufi L, wog L, ifuszozrinaszninegaauyd (Observation Point) tagszuiuimadie

94 (Phase Reference Plane) lavvzdiiues y  uaz y, (¥= a+jB) HuAInaiveamsuns
¥

y 1 1 4
nsznunaNvesawdidegi wosn 1 uaz wasn 2

- dabo ... w - @ o da = PR
s wminlwesnlFdmSumsdinnziaweimeiunae S, W131NAI Fadumsgey
Hoi1p901nMTAENOUNAUUTIAY (return loss) YDITWDINA
= a A < s 1 [ o:'l c;
3.6.2 DUNADNAUAUTHUAZTONTIAIUUTNUAAUNY
a o w 49 9o o a o == a a A o
WITLADTA0IAM IFTMTUMTAATIZHTIWDINIANAD DUNADUNUAUY  (Input
o 1 s 4 5': N é [=1
Impedance) 112 SATIAIUUTIFUAAUTIN (Voltage Standing Wave Ratio, VSWR) Gavzivin 1a
1 oY=1 .& d'd a oA a o e
71 FDTD udsmsniiandl dszaninmlumsimsiziauauinvesameoimea wazlums

Amnadunedufitauduessvemeldaumsfe

(3.25)

o [ '

a A ar o Y 1 a a = 4
z,. Wuduiuaudnudnuuzvesmod yanmlaona ldudimdunaduiinaudgoz

PR 2

' o - 1A
!ﬂuﬂ’lllﬂﬂﬂ@ulﬂﬂﬂ“ﬂﬂ“ﬁﬁﬂ:ﬁ NIANVTIULDTATIVUANIN

¥ » ¥
TuaunsiIsas duLsIauaauTaiy eusan lansaunis

1+[Sy]

VSWR =
1-|Sy]

(3.26)

3.63 wuglmsuindanumnuszezlnavesmeeima
I v E a o ] o; . -
ms I ldndanadniveauuugimsurndsauauinssezina (Far-Field: Radiation
v
Pattern) U3 sz lunuy3s FDTD iuliamnsam 1dlasass mazhlasaduds n3a
9 a ] 4
¥9d FDID Tiuvzdisunmieiuivesauuszos1nd (Near-Field) iniuTaves luawnse
v
s luveuwavesauinszoz 1nald (ar Tield) #aiuluis FOTD Ysdenimamsiiuim
yosauuseozlnduasluduauiuszos 1na (Near-Field to Far-Field)
A " W ] o df Aa ' 1 o o
Feulvueenisurndeauvesanuutiman lWihoaiiuhata S vewnasiuia
ueasdazlil 3.6 TaodraBedandnmsvesngufauyanediiemAIvonNUHULNIUYeS
= ] (] d T k4 { § A a
nszuerlvih 7, wazamumuuiuvesnsuciaiman M uuiui S’ oz mHadng

YoIaUIIEuE Ina
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s (M,I) (EH,)

I”(}S,y'.z'} r_—
Sl

ri

Y
by
b
%
511 3.6 szvudamudddmsumsuasauuszer Indiumnuszezlna
{maxx, | ,maxz) {maxx,muxy,maxz})
(maxx,1.1) : {maxx,maxy, |
Antenna
Virtual Box
-t
- =7 (1 maxy,maxz)
X
Z b
(L0 (1maxy, 1}
¥

511 3.7 navailoudmsumsasauwszey IndiueiuszesIna

i S fuaaslugld 3.6 Huumdssuiiaauyaiimlasaunszos Inddua
seezlna Taoumdednilaauyaiiguiiumsiinseiaands DD YusITomilundos
arileu (Virtual Box) Tun3aues FDTD wansdagilil 3.7 dumisiidmualiifundeuaiiow
shusgdmualifidhinluveuivanianues FDTD Ussana 3-5 madanveuiwausngadiaezi

T ldammsanumuininveanszuaiih (7)) ez nszuawiman (M)

pa—

J.=AxH (3.27a)
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M, =—-AxE (3.27b)

o Py ' ' g o -
a3 ldundsnnunuunivvesnszua Idhuasnssumimandsaumsi - (3.2a) uag
] o {a ] a e
(3.2b) ldnnnauuudmanuazauin Idfhnfvesndesaiiounndm Tavluszuuiida
v
as ' ' =4
yunminee Idaumsvosnnunuuniuvesnszua IfhuasnszuawimanTuunu x y uaz

LW z @TNEUNI9

Ty = SR+ P8 (3.28q)

=M E+M,5+M,2 (3.285)

' o | @ { u’: [ o '
Tumsmanuiman i luauwszos lnafiga P fa3U7 3.6 tTuszlddnannmesugiy

& w o« Y ar
Tumsm  Fednanmesez ldasaums

- T

A= #IL L A (3.29a)
" 4m”

F=¢ L—dS’ (3.296)

¥ ¥
suivaumaiman Wi fiauwszos lnase 1daunstiy

E:—ij-—V(V A)- LVxF (3.30a)
k2

—_—

H =—joF 32 Zv(. F)+-!IV><A ~ (3.308)
K2

A ., i
e 7' << r iga P vosdunszes Ina

P = \/rz —2rr' cosy +r'?
, 1
= r(1+(r—)2 —2"—cosw)2
r r
) |
5 )
r(l1—2—cosy)?2
r

I

=r—r'cosy (3.31)
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LAZIINAUNITN (3.29a) 110 (3.29b) mmsmﬂauﬁ'ﬂmnnmaﬂﬂﬁ‘lé’ﬁ*ﬂu

A= e Hg T & T eosy g (3.32a)
# gy 787 ‘
F=¢ e Hg M e~ /Frcosy ggr (3.32b)
dgr 677 '
iile
r'cosy =r'-F =x"sin@cosg+ y'sinfsing + z' cos @ (3.33)

—

v L4
1INEANAT (3.322) Liag (3.32b) fioglumenvesduiinfmiuey Iilvwmidudwes N

wag L f9auns

N=| L,Zeﬂ”"m*”dS' (3.34q)

L= L,J\Tseﬂ" cosY g (3.34b)

—_—

v o [ [ oms
1Lﬁ5%3vlﬁ,ﬂ'nl!ﬁuWHﬁ"JBQﬂ’ﬂﬂ]nﬂlﬂai A uag F

A=p N (3.35a)
4y
. Wi - gH
=g i, (3.350)
4y

° a 1 & 1w
Waunsn 3.35) T la Bluaums (3.30) 028G aums lumsuindanuauiusees Ina

i
H

e

e~jkr
Eg =T]H¢ =—j Ay (ﬂNg +L¢) (3.360)
e—»jkr
Ey=nHg =] (-nNg + Lg) (3.36b)
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Tavaziinves
Ng = HY,(Jx cos@cosg+.J, cosfsing —J, sin @)e /X 0S¢ 4g (3.37a)
Ng=| L (= sing+J, cosg)el™ OSP4’ (3.37b)

Lo = ([ (M, cosOcosg+ M., cosOsing— M, sin@)e/? °%qs"  (3.37¢)
a ) y z

B J'L,(—Mx sing + M, cosg)e /¥ 524 (3.37d)

a o ' A [ Ay Y n’: a ¢
Tumsianzdauwszoz lnalundosaiiou dsqumsildnanuiuezingzviey

s q’: = (I} ﬁl
Tulawuna dniuannsoldwamsulasyios hideiles (Discrete Fourier Tranform : DFT)

& o o
Fataumsna T

E(w)= [E@)e"dr (3.38q)
0

H(w)= [H(He /" dr (3.38b)
0

; ik ; e
e =271 waz £ Aeanudndae: lddnammsurndanuszos Ina Tasaunism

" w a a w el
fﬂﬁllNWﬂQQ‘luizU%’1ﬂﬁ1u1ﬂmu1’l')‘mﬂﬂﬂq FDTD uaunsaiy

NSTEP ,
E(@)= Y. E(nAt)-e /" ar (3.39a)
n=0
NSTEP .
H(@)= Y H(nAr)-e /2" A (3.395)

n=0
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Laminate/Substrate Dielectric Loss Tangent Diemensional | Chemical Temperature | Relative Cost
Constant Stability Resistance | Rang ( °c)
Ceramic substrates
Alumina 9.8 0.0004 Excellent Excellent To +1600 Medium to high
Sapphire 9.4,1.6 0.0001 Excellent Excellent -24 to +370 Very high
Semiconductor substrates
Semi-insulating GaAs
(>10* Q-m) 13.0 0.0006 Excellent Excellent -55 to +260 Very high
Silicon (>10° Q-m)
Fgrrfmag"eﬁc substrates 11.9 0.0004 Excellent Excellent -55 to +260 ngh
Ferrite 9.0 t016.0 =0.0001 Excellent Excellent -24 to +370 Medium
Synthetic substrates
PTFE (Teflon) 2. 0.0004 Poor Excellent -27 to +260 Medium
Polypropy]ene 2.18 £0.05 00003 Poor GOOd -27 to +200 Medium
Polyphenylene oxide (PPO) 255 0.0016 Good Poor -27 to +193 Medium
Cross-linked polystyrene 2.54 0.0005 Good Good -27 to +110 Medium
Irradiated polyolefin 2.32 0.0005 Poor Excellent -27to +110 Low
Composite material substrates
PTFE-glass, woven web 2.17t0 2.55 | 0.0009 to 0.0022 | Excellent Excellent -27 to +260 Medium
PTFE-glass, random fiber 2.17 10 2.35 0.0004 to 0.0015 | Fair Excellent -27 to +260 Medium to high
PTFE-quartz, reinforced 2.47 0.0006 Excellent Excellent -27 to +260 High
PTFE-ceramic, composite 10.2 0.002 Excellent Good -15to +170 High
Coss-linked polystyrene- 2.62 0.001 Good Good <27 to +110 Low
glass, reinforced
Cross-linked polystyrene 2.6 0.0005 Good Good -27 to +110 Medium to high
nartz
Crcéss.]inked polystyrene 2.65 0.0005 Good Good -27to +110 Medium to high
quartz, woven
Cross-linked po]ysty-rene- 3tols 0.0005 to 0.0015 | Fair to Good Fair -27 to +260 Medium to high
ceramic, powder filled
ch]on-glass, reinforced 255 0.0015 Good Excellent =27 to +260 Medium
Teflon-ceramic, reinforced 23 0.001 Fair to Good Excellent -27 to +260 Medium to high
Teflon-quartz, reinforced 2.47 0.0006 Good Excellent =27 to +260 High
Teflon-ceramic, field 10.3 0.002 Good Excellent -27 to +100 Low
Irradiated polylefin-glass 2.42 0.001 Fair Excellent -27 to +100 Medium
Polyolefin-ceramic ,powder 3to 10 0.001 Poor Excellent -27 to +593 High
filled
Glass-bonded mica 75 0.002 Excellent Excellent -27 to +268 Medium to high
Silicon resin-ceramic, powder 3to25 0.0005 to 0.004 Fair to Good Good -27 to +205 Medium
filled
Polyester-ceramic powder- 6 0.017 Excellent Excellent -24 to +370 Medium
filled glass, reinforced
10.7 0.0009 —_ —_— === —

Polymethacrylate
foam,Rohacell5
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Abstract

In the designing of two resonance frequency by the
shape of slot antenna. It is important to obtain
characteristics of slot antenna for satellite, wireless and
mobile communications. In fact, it is practical to analyze
slot antenna including feeding line and elements around
the antenna. In this paper present an slot antenna coupled
by microstrip line with FDTD method. This antenna
consist of two slots on left and right side of microstrip
line in the shape of ladder which one is allocated as an
mirror image to each other. The characteristics of slot
antenna fed by microstrip line is proposed and analyzed
for instance input impedance, S parameter and far field
patterns of radiation which are obtained by FDTD
method. The problem space in the FDTD analysis is
40x194x122 cells with the cell dimension Ax=0.152mm.,
Ay=Az=0.15 mm. Time step is set at the courant
condition.

1. Introduction

In globalization, informaton and communication
Technologies have been developed rapidly. In some
communication system, the signals are sent through free
space by antenna. Microstrip antenna or printed antenna
is one type of antenna which is small size and light
weight and widely used in satellite, wireless and mobile
communications. Nowaday, the development of printed
broad technology in the dielectric substrate material can
make good printing antenna with low loss, therefore,
microstrip of printed antenna have become popular
because of the small size, light weight, ease of
manufacture and low cost. 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
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of microstrip patch is smaller than microstrip slot
antenna.

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

Their antennas have feeders such as microstsrip-fed
patch antenna, slot-fed patch antenna, slot antenna with
CPW feed, microstrip-fed slot antenna etc. Furthermore,
their characteristics are affected by feeders, substrates and
frames. Therefore, it is practice to analyze antennas with
them. However, it is difficult to analyze them.

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

In this paper, we will consider slot antenna in the
ground plane coupled by microstrip line which designing
shape for two resonance frequency. Such an antenna is
simple and easy to design and fabricate in practice. We
will analyze an input impedance, far field patterns and
return loss of the antenna. To have better the impedance
matching at two designed resonant frequency, the rsal
part of input impedance is approached to the
characteristics impedance of the microstrip line and the
imaginary part of the impedance is nearly zero chmi.

2. Structure of Antenna

The structure of slot antenna is shown in Figure 1.
and configuration is shown in Figure 2. The slot antenna
on the ground plane is fed by a microstrip line.



ground plane slot

microstrip line

Figure. 1 A slot antenna on the ground plane

Figure. 2 Configuration of slot antenna

This antenna consist of two slots on left and right side
of microstrip line in the shape of ladder which one is
allocated as an mirror image to each other, The
microstrip line is designed to be 50 ohms in order to
match the measurement system, it has the substrate of the

thickness = 1.52 mm. and the dielectric constant & = 2.17.
The width of microstrip line is calculated by formula
given in [1]. Then the dimensions of the microstrip line
and slot antenna are as follows:

Width of slots = 0.15 mm.

Gap between slots = 0.45 mm.

Distance between edge of microstrip line to center of slot
(Lm) = 10.65 mm.

Length of slot in horizontal (A) = 3.75 mm.

Length of slot in horizontal (B) = 5.85 mm.

Length of slot in vertical (C) = 3.25 mm.

Length of slot in vertical (D) = 5.55 mm.

Width of microstrip line (Wm) = 4.8 mm.

substrate
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In this case it can shown the two resonant frequency at
6.19 GHz and 12.52 GHz as shown in Fig. 5 for characteristic
of return loss.

3. FDTD Method

To simulating this antenna by using FDTD analysis.
This software is a full wave electromagnetic simulation
code for general 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 treats
transients such as pulse in the time domain, and
computational electromagnetic modeling which can
predict and analysis of the electromagnetic responses of
complex problems. Hence, FDTD method is used to
analyze the antenna as shown in Fig.1

microstrip line

Ly
X, < N . /‘/ i
g air s '
e ’ | Z
40
20
substrate
10 12}‘ ...................... ferimn /
& el | groufid plane
7 |~
0 & =

194 y

Figure. 3 FDTD model of a slot antenna

The analytical space consists of 40x194x122 cells with
the cell dimension Ax = 0.152 mm, Ay = Az = 0.15 mun.
Fig. 3 shown FDTD model of a slot anterina. For
this model the upper side is microstrip line and lower side
is slot antenna on the ground plane. The FDTD grids has
total size of maximum cell in direction x, y and z on 40,
194 and 122 cells. The dielectric substrate is set at cell
11" — 20" in the direction x (x-axis) of FDTD grid and
loss tangent is assumed of 0.0009 at 10 GHz
For FDTD simulation of general three-dimensional
microwave structures, it is more effective to use pulsed
signal sources for excitation in the circuit. Gaussian
pulse has been preferred source signal. The Gaussian
pulse is excited at a source plane along the +z direction.
The equations of Electromagnetic field in FDTD method
is analyzed in the boundary condition that caiculate by
central difference expressions base on Maxwell’s



equations and can easily derive Yee’s famous “leap-frog”
algorithm for updating the six electromagnetic field
components with respect to a certain type of source
excitation [3].

For source excitation of the antenna is input voltage V(t)
base on Gaussian pulse and express as

~ley2

V(t) T

= c

(1

Where t, is the center of the pulse ( 75 ps ), T is the
pulses width at its 1/e characteristic decay point ( 25 ps ).

4, Simulation Results
4.1 Characteristic of Input impedance

100 7 T

0 ——— I
80 Zin Imag _ |
70 - Zin real i

60 -
50 -
40 -
30
20 -
10 +
0

Ohm

10 12 s

Frequency (GHz)
Figure. 4 Characteristic of input impedance

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

(L+s,)

= [m]zo

The observation point will be nearly the reference point
when analysis by FDTD method. The reference plane
(point) is the first edge of slot antenna.

For the good matching impedance can be done by
adjusting the distance Lm for get the real part nearly 50
ohms and imaginary part nearly zero ohms. In this shape
has two resonance frequency one resonant frequency is
about double other resonance frequency that are 6.19
GHz and 12.52 GHz by adjust distance Lm to 10.65 mm.
The results of input impedance are :

(2)
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At frequency resonance = 6.19 GHz

Zin (real) =42.55 GHz
Zin (imag) =6.72 GHz
At frequency resonance = 12.52 GHz
Zin (real) = 48.87 GHz
Zin (imag) = -2.77 GHz

Fig. 4 shows the characteristic of input impedance of
slot antenna. The adjusting distance Lm for matching
impedance is the main adjusting and it can be slightly
adjust in length A or B (adjusting one and other will be
changed)

4.2 Characteristic of Return Loss

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

. 0.

L 70 i H

where 3 shows a Fourier Transform and L is the
distance between an observing point and a reference
point. The propagation constant y can be defined by

y=a+jp 4)

where o and P are attenuation and phase constants,
respectively.

5

0 -
-5 ]
-10 -

D.15 |

-25 |

-30 4

10
Frequency (GHz)

Figure. 5 Characteristic of the return loss 6.19 GHz
and 12.52 GHz

A characteristic of a reflected loss S;; {return loss) is
shown in Fig. 5 by adjust the value Lm, it will be
effected in return loss and matching impedance. From
the result, a minimum point of return loss shown a
resonance frequency. It is clear that a good matching
performance with input impedance is obtained. it is seen
that two resonance frequency of slot antenna are 6.15 and
12.52 GHz
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If the desire in resonance frequency change from 6.19 i 180"
and 12.52 GHz, it will be done by chance the distance 2]_?,-/;:'37"7:'5;‘.‘;\'\500
between end of two slot (left and right). For example : the ot T
desire frequency are 5 and 10 GHz so the distance 2‘;0’/,_.-’ SN go0®

between end of two slot will be change from 19.65 mm to r 3N
24,15 mm. By setting length A = 3.3 mm and B = 8.55 {
mm and the same in gap between slots. The result of o

1 apn®
. i o 20 | %0
return loss is shown in Fig. 6. The matching impedance \ J y
can be done in the same way by adjust length A or B y /
/
St o~
5
3307 273" | < eee BABGHZ
0 —— 12.520Hz

Figure. 7 Far field pattern on the xy-plane

180"

Frequency (GHz)

Figure. 6 Characteristic of the return loss about 5 GHz

and 10 GHz
4.3 Far Field Patterns L% e
; . - 200" T30’ | ---+ 618GHE
Figure. 7 and 8 presents the normalized radiation o —— 12,52GHz

patterns for slot antenna in the xy and xz planes of dual X
frequency for matching impedance at 6.19 GHz and 12.52
GHz. 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

Figure. 8 Far field pattern on the xz-plane
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