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SYSTEM
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Degree Master of Engineering
Program Information Engineering
Year 2007
Thesis Advisor Assoc. Prof. Noppin Anantrasirichai
ABSTRACT

This thesis presents the analytical characteristics of right angle microstrip slot antenna for
wireless communication system by using FR4 substrate (dielectric constant = 4.5) with thickness
of 1.6 mm. The antenna is analyzed by using Finite Difference Time Domain (FDTD) method.
Herein, the propose antenna consists of microstrip fed right-angle slot antenna, microstrip fed
dual right angle slot array antenna and microstrip fed four right angle slot array antenna. From
the simulation results of radiation patterns it shown that microstrip fed four right angle slot array
antenna is very clear for omnidirectional patterns more than others. Furthermore, the
measurement of microstrip fed four right angle slot array antenna can operate dual band at
frequency 2.45 GHz for IEEER02.11b/g and 5.07 GHz for IEEE 802.11j and public safety band.
Finally, these antennas are developed in order to use for wireless LAN system. The measurement

results verify the simulated results.
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o ' o . .
H 9 1NADT AU IMNINAD (Magnetic Field Vector: A/m)

e Ao anmzooumaguiy Wyl (Electric Permittivity: F/m)
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o fe amwima I (Electric Conductivity: S/m)
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' o o B
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Scheme) Taol¥fuansu F nalulawumiavesszuunnanin wazlulawuman e

BF" (i, jk) _F"(i+1/2, j, k)~ F"(i-1/2, j, k) (3.4 1)
ox Ax
OF" (i, jk)  F"(i, j+1/2,k)=F"(i, j~1/2,k) (349

ay Ay
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OF" (i, j,k) F"(i,j,k+1/2)-F"(i,j, k-1/2) (.4 )
oz Az

SF"(i, j,k) FHURE 4 8= PrYREG 480
ot At

(3.49)
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max y

3101 3.3 Tassadeawiiddmiunsawaduos FDTD (FDTD grid)
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MMSUNUAUMIIATAY0ULNFIAA IUsSUUNRAYURINE WA (3.2 n) 03 (3.2 1) A9

Tuaums 3.4) vz laaumsauiuniman i lni 6 auns Aail

[EnG, j k+1/2)— EG, j,k —1/2)

Az
H™M2G, j, k)~ H™" G k) _ 1| EJGj+1/2,k) - E[ G, j—1/2,k) (3.5 )
At M Ay

E"(i+1/2, j,k)-E"(i—1/2, k)

Ax
HY G, k)~ HP2 G k)

1| ElGjk+1/2)- ElG,j,k=1/2)
At y7i Az
—p*H:(j’,_],k)

(3.5%)




[ E"G, j+1/2,k)-E (i, j-1/2,k)

Ay
HIM2 G j k) - HT 2 Gk 1| EJG+1/2,),k) - EN(i-1/2, j.k) B
At 1 Ax ’

-p*-HI(, j. k)

[ H™ 23, j+1/2,k) - H™V3 (i, j-1/2,k)
Ay

EFN, k)= ENG R 1| HP Gk VD - HET Gk -12) | (5

At £ Az
=Bl VL7, %)

[ HI2 G,k +1/2) = HI Gy j k= 1/2) |
Az
B0 - ENG ) 1| HIMG12, 50 - HIM G208 |
At £ Ax |
7O-'E;+l,'2(i3j,k)
—H;-””Z(‘:"'I/z,j,k)' H':H/Z(jv]lz,j,k) -
Ax
EM\(i,j,k) = EZG,j,k) _ 1| HIV2(G,j+1/2,k) - HIV2(i,j - 1/2,k) (3.59)
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—a'-Ef”"z(i,j,k)

- o 3 1 d =Y - : 0
wenimstsznumamnuuimanluiamala q #dunat nwazaanu Td 1

a “ : 9 w o
aemala q Mvuna n12 v ldraawsiy

nell2 .. . n-1/2 ;. .
HG k= 02O (1D (3.61)
H ™0 i B+ H " i .k
H' (G, j.k) = — GrpR+H,  4jh) (3.6 1)
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H."" G, j k) + H,"" (6,7, k)

H(i, j.k)= 5 (3.6 )

R B = E" (o), k)2+ £ Gdsh) (3.69)
ErV2 (i, k) = £ G, k); E, G.Ji ) (3.6 9)
E™V2i, k) = E." (G, j, k)+E."(i, j, k) 6

2

o - a by 4 =1 d‘l o o o o
WIAUNIIN (3.6) wnuasluaunisn (3.5) i]:'lﬂl'fluﬁumiNamaﬁmummnﬂmﬁiu

v v
uaazaulsznovauuuman T nl4Awnuluds FDTD Aail

) = e
p At P ? (3.71)
El (i, jk)— EI(i,j=1.k) EJG.J,k) - EGi,j,k=1)
Ay Az
n+ . . l_ .A[lz n— . N/
H, "2(;,1,k)=]—+2.m—/;111y ”2(1,1,!:)—]—#-
H A - (3.79)
E:(i,j,k)_E:(l,j,k—])_E:(i,},k)_E:(i—], J’ k)
Az Ax
—-p'ALl2 /
HEVEG oy =2 g j gy LR
1+ p At/ 2 1+p At/2u
o - ) (3.79)
ESG, g, k) - ESGi-1, ), k) E} (i, j,k)—E7(i,j -1, k)
Ax Ay
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-0 Ar/2 Al
1o AIRE iy —BLE
1+ At/ 28 oAt 2%
HMY2 6, j+ L, k)= H™2 (i, j, k)
Ay
n+l/2 . n+l/2 .. -
— Hy (Iaj5k+l)_H."' (I,j, k)
Az

E™\(i, j. k)

(3.79)

l1—-ocAt/2¢ Atle
Ef g yms =~ BAG  Bpee—— —
y G = s B G

H:le(f,j,. k+l)—‘H:+”2(i'-,j, k)
Az

_HIPGAL k) - HI G K)
Ax

(3.79)

1-oAt/2¢ Atle
EM, j k)= ——E!i, jk)+ ——-
(2.8 1+o0At/2e = hil) l+oAt/2¢

H)',””z(i+l,j, k)—H;*”z(i,j, k)
Ax
H;””z(i,j+ Lk)—H™2(i, j, k)
= Ay

(3.7m)
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(Modulated Gaussian Pulse) tijpsninmigladuiazySioianlnaiuldiondt damsnszdu
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2 - w  d o .
e g() AB WaFUUUNT (Guassian Pulse)
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(3.12)

(3.13n)

(3.139)

o ' . . Aw o a o a0 o
MNITHIAIIZAIIAY  (Time Elgcnvalue)TﬂUﬂﬂ?ﬂ?luuﬂTﬁaHWUﬁﬂﬂU1uﬁﬂﬂ’ﬁﬂ

d' @ o A ' 4 dao p 2 a &
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a2 1dilu

Vn+l/2 _ n-1/2
- A e =,
! i
- o 3 4 2
UHIUAITIUNITINUYY (Growth Factor) L‘ﬂu
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q _ I/r.J,k _ Va,;,k
ik T n - n-1/2
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Wmsunuaunsi (3.15) asluaumsi (3.14) udnimsiagliniez1d
(g, ] - Aar 1=0
i) —DBIG; ;4 — 1=

uATUMIMIAY g; ;4
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(3.15)

(3.16)

(3.17)
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: ] Vo = " w 1 4 = a o
Fooziuldhmues g, ;| exlidwndy 1 e egludenlvaimnadusidduay

4 AAI = ] o = L )
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2

U jk
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Re(A)=0 (3.18 M)
<Im(A)<— (3.18 %)

WM I 91z 99e1)as (Space Eigenvalue) Taofviuald

H,jj _ V() ;(.t tAr+ky;:.\)+k kA..) (3]9)

msuaasnuuisuadualsuaanyla 9 Fnsiwasduiesavuuuasinaiamy

w a1 @ o o ad = 9
aqwuﬁuaummmmmunmﬂ'ia‘luﬂumm (3.13 %) wz'la

~ ~

- 2[i sin(k, Ax/2)+ Aly sin(k, Ay/2)+ i sin(k, Az/Z)} xVigg=AViyu 320

4 o n ” d é 1 = o e o o a
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A =-4 . sin?(k. Ax/2)+ ——sin k 21)+ ——sin?lk Az2:| (3.21)

Re(A)=0 (3.22n)

—2‘/] + ],+ ]zslm(A):;Z\/(]2+ I_+ l’ (3.22 %)
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a o = a "o Y ow
gnmumﬂs1=H1umumwuﬁuﬂ"aﬂ uazlunquinaesv ldndnmsiuguveanmisiniaq

- . 4 aa 3 o ar = '
AANAU (Absorbing Materials) Tnuidau luvauivanisganauitioul¥dmiunsimiziuy
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Yo

/ o & ¢
finfe Roulvveuwanmsganduveaunuagauysel (Perfectly Matched Layer ABC : PML )
a oA A = wa @ Ao w -
Tumsansziitou lvvoulwanisgandunamiuassziinuauiananiding q A
9/ = — EY a a
1. azdaiianuinssass lumsundunussinanssuy
a d wa [] a v [
2. Ginzdguauidvesauuiman liihlulaseadeds q lidzdiu
M A w 9/
Tassadran d vie lassadandudonld
= a a o 3/
3. mszlinnuadosiFanaylumsleau
wa Y A - o Y oA & s
vnauautamudenindumiu wwiuldndeu lvvenvanisgandunuumesiilu
A = S & o o 9/ a d a ¢ 3
Fou'lvvenuwanisganauriianiliivziiun I lumsinnzviniamadves FDTD [7] 14
v =} a oa A o o o ¥
ptaiilszaninmw Taviideulvveuvansaandunuuwesaziianyuzs vosaumsogaos
WU A9 LUUVOUAVH U (Mur’s first order) (L@ LHUUBUAVTDY (Mur’s second order) FINITDI
¥ ¥ ' ) ¥
puiies TR aunsALTIMLIINANAITAAUMAAY] (One Way Wave Equation) FaLuuiingy
in3TunquusnAAn® Engquist and Majda 130w lyvauivavesdumsnauudadsaumsi
(3.24)

2 8 % _5d?
+ + -v T—)E. =0
1

e By B a2

(3.24)

& & A ]
e i = x,y Hinz uag v A anusudd
A o ’ A A = o =] o 1
T2 UUYRINAUNUNINTZVIWINWUN x > 0 WIDIWOLAN x = 0 vztvu 1A Ui

4 o o o i P A ;']
ﬂau’ﬁxﬂﬂuﬂ’lﬂﬂ]E]Ul“]ﬂﬂ’]'iﬂﬂﬂﬂu’;aﬂ ﬂQNUﬂsvlﬂﬂﬂﬂ'ﬁﬂﬁul U

(=22 (1= 05,0 = 45.)") ] g =0 (325)

A : ) 2 2 2 —32 ' o 9 v oA [
e i =y HIDz LHATs +sy +sz =v ﬂU']i'ﬂiﬂﬂ’!lli]:ﬂﬂiﬂ'lﬂ?ﬂuuuﬂuﬂlﬂd

X
4 o

(1_(“&)2 —ws)H? luaums (3.21) Fannsom 1dlavldoynsundians (Taylor Series

. o o s g Y A A @ oa v

Expansions) Aduuues e ldiausaunisveadsulvueuuanmisganaududuusn vz 1a

ﬁ:um'iﬁ']u
(1-(s,)" - (v5,)")"? =1+ O((vs,)’ +(vs,)") (3.26)

& o 3 - A Y a u A A .
PIAUNIIN (3.26) i]zvlﬂﬂ1iﬂﬂﬂﬁumﬂﬂﬂau1ﬂﬁtﬂﬂQﬂUﬂﬂu‘ﬂﬁQ‘m (Incident Waves)

’, o ] or o s H ar
wazes v IaingueaumId s UoUAUNA0IAIANNS

(1-(5,)* ~(v5,)")"” ﬂ—%«vs,)z FEs)) OO, +05)D)D)  (3.27)



46

B T ¥ A a o o A
ﬁﬂuu%@’ﬂ’liﬂﬂﬁun‘lﬂﬂﬂi&'ﬂﬁizu’ﬁ] x=0 ﬂ31ﬂﬁUﬂ15ﬂﬁu7n~3lﬁU'J'(T'l‘HTLlNﬂu1‘1]

YDUIYANIIAANAUTUALLIAAIAUMS

10
————E.
(x va).

p =0 (3.28)
LAZDUADFDIAIAUATT
2 2 2 2
1o g8 d g - (3.29)

G o E(ay— a2k

nngli 3.5 uaasdumiclunilamiinyadvesdFauilunsadiqaves FDTD
Aumian a3a (i = 1) i IdTaun Iddhifuussuunia x = 0 Ae 40, j, k1), E(0, j, k),
E(0,j-1, k) waz

4 »
E(0, j, B Auiuisldaumsvesdsaneatudmivdou lvveuvamsganduveuuesisuay

UINAITUNTS
VAL — Ax
ETN0, j,k) = E2(I, J,k)+— [z, k) - E200, 4,k) (3.30)
VA — Ax
E™N0, 1.By= B (L g, D+ ————— |[E™ (1, j. %) = E"(0, .k
20, j, k) .(J)VAH_Ax[-(J') 20, .6)] (3.31)
E,(1,j.k)
AH

BRI e e
: ’,,’ I :E,(I,j, ]
| "y ]
RPN
I | I I
I | : I
| | ) I
| | s I
| | ; I
| | | I
P L
: : EV(O’J’k) _LL |

L T
E.0}j-1k) 0 |
X B E(0.).4)
'__:Ar/

A

E,(0.j.k-1)
Yy

4 {a & ] o adoe [
31l 3.4 v Idharm lunianiogadvesdiidummia (1, j, k)
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o u’: ] o ia & ] o
TuNIIN (3.30) uuﬂzmuanﬁqmsmzmmmﬁum'lvlﬁﬁmmmnuwmmmamma

' ¥
b (E,(0, j, ) VuvBUIwANBNAAYEINIABAaves FDTD lasaumsi lduniusz19deyaveq

.
- A o '

o a s 5 ' s
ﬂ'l'iﬂi:‘lﬂ']ﬁu'lll.l'ﬂ‘ﬁ11J'|Jﬂ5ﬂt°h’ﬂﬁ‘UEN FDTD (Ey(l, I k) TﬂUHﬁQH‘I—J')UL‘HﬂﬂﬂJﬂJUﬂﬂTHH'l-l

b4
VOUIAUUGAVBINTANY (i = maxx) WiaunIsne

E*'(maxx, j, k) = E] (maxx — 1, j, k) + vAl - Ax
vAt + Ax
[ (maxx 1, j, k) - E] (maxx. j.b)] (3:32)

- -
Wot=yninz

y o w o '
Tudeulvvenwamsganaususunsnueawesve ldaunmsluveuvame q fe y

¥

=0, y=maxy, z= 0102 z=maxz fatl

1. YBUWAN y =0

EM'(i,0,k) = E"(i,1, k) + vAt-A4y
vAL + Ay
) [E’nu(i,l,k) . (,',0,;()] (3.33n)
2. YDVIUAN y = maxy
A - A
E:nl (j, maxy, k) = E,ﬂ(i, maxy — I k) +L£_y .
vAL + Ay
[E7 (i, maxy =1, &) - E] (G, maxy, k)] (333 %)
3. YA 2= 0
VAL — Az
E™(i,j,0)=E (G j, )+ ——— (3.337)
b @1 VALt + Az
[E:H] (i’j’ ]) - E!n (Is j: 0)]
4. YOUIVAT 2 = maxz
vAl — Az
E"'(i, j, maxz) = E]' (i, j, maxz — 1) + ———- 3339
o mea) = B oA e (533 9

[E7 i, j, maxz —1) - E" (i, j, maxz)]

& (== | o . & ] o = a
e t nnenisnseivesaun iR lunilaniloradvess lasnveuivaves
a0 9 ¥
y=0U82 y =maxy WHUAIt=x,z01z=0 llﬁ:z=maxzil$1ﬂt=x, y
—“ - - fo o & 'y P
aumsnnanuuiudeulvveniwanmsganauveauss ouaun i uadutudouly

o w [ "
MﬂULﬁlﬂﬂ?iQﬂﬂﬁu‘H ﬂﬂlhﬂ‘iﬂﬂﬂﬂﬁﬂiﬂzllﬁﬂ\‘lﬂﬂﬂllﬂﬁ‘ﬁ"l\!’d"lﬂ
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1. UOUIUAN x = 0

E:H](O,j,k) = _Efn_l(]aj'k)

VAI_AV +1 . n .
L YA fpmaq i gy EMO, j.k
vmm,[, (1 Jk) + E (0. . k)]
2Ax ¥ i = .
_ 28X gm0, jk)+ E"Ql, j. k
W:\HM[, (0, j k) + E (1, k)]
. Ax(vAr)?
2(Ay)? (vA? + Ax)
EF(0.j +1,k)— 2E1 (0, j, k) + EF(0, j = 1,k) + (3.34 1)
E,"(],j+l,k)— 2E|,"(1,j,k)+ E,"(l,j*l,k)
2
N Ax(vAt)

2(Az)? (VAL + Ax)
E™(0,j,k+1)=2E"(0, j,k)+ E'(0, j,k —1) +
EMQL, j k+1)=2E"(, j,k)+ E'(1, j,k —1)

2. YDUIUAN x = maxx

E™'(maxx, j, k) =—-E"(maxx -1, j, k)

4 YALZAY et (maxx — 1, j,k) - E]” (maxx, j, k)

vAL + Ax
2Ax
+ ————|E"(maxx, j,k)— E (maxx, j, k
[ maxx, k) - E7 (maxx, . 6)]
. Ax(vAr)®
2(Ay)? (vAf + Ax)

E](maxx, j +1,k) + E (maxx, j - 1,k) -
2E] (maxx, j,k)+ E(maxx -1, j + 1, k) +
E](maxx -1, j - 1,k) - 2E (maxx -1, j, k) (3.34 %)
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)
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3. YOUIAN y = 0

E™'(i,0,k) = —E"“'(i 1,k)
—A& [Em(i1, k) + EX(i,0,k)]

vAt + Ay
+_2.— [E (i,0,k)+ E' (l,l,/f)] ;
vAL + Ay (3.34 1)
. Ay(vAt)’

2(Ax)* (vAr + Ay)
E"(i+1,0,k)—2E](i,0,k)+ E] (i —1,0.k) +
{E,"(z’+ LLE)=2E" (i), k) + E!(i—1,1,k) ]
Ay(vAL)®
2(Az)? (vAt + Ay)
[E,"(i,O,k +1)=2E(i,0,k) + E!(i,0,k = 1) +}
D]

E"(i)k+1)—2E" (i), k)+ E! (i,,k —

4. YOUIUAN y = maxy

E™'(i,maxy, k) = —E"" (i,maxy— 1, k)
vAt Ay
VAI + Ay
N 20y
VAL + Ay

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

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

Ay(vAt)
2(Ax)* (vAr + Ay)
E](i+1,maxy, k) + E] (i - 1, maxy, k) —
2E" (i,maxy,k)+ E; (i + |, maxy- 1, k) +
E’(i-1,maxy—1,k)—2E] (i, maxy—1,k)
Ay(vAr)?
2(Az)’ (vAr + 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)

(3.343)




n
(=]

5. YBUWAN z=0

E:"“(ia _]:0) = —Ern_I (is f’l)
vAt - Az
+ e
vAL + Az
2Az
+ SRR S —
vAt + Az

-[E!"“(i,.j,l)"‘ Er""](i,j.O)]

[Erd, j,0)+ E7 Gy )]
Az(vAt)?
2(Ax)*(vAr + Az) ' (334 9)
Er(i+1,j,0)=2E"(i, j.0)+ E'(i—1,.0)+
[E,"(;+ L) - 2Er G, j)+ ErGi—1,j.1) }
Az(vAr)?
2(Ay)* (vAt + Az)
E"G, j+1,0)=2E"(i, j,0) + E" (i, j —1,0) +
I:E,"(i,j+ L= 2E" (G, j1) + E (i, j = 1,1) }

6. YOUIUATN z = maxz

E"'(i, j,maxz)=—E" (i, j,maxz- 1)

$ XYL g maxz—1) + E7 (i, j,max2)]

VAl + Az
2Az
+———-|E] (i, j,maxz) + E (i, j,maxz —1)
[ G jmax)) + £7 G ]
N Az(vAr)?
2(Ax)* (vAt + Az)

E](i+1,j,maxz)+ E (i-1, j, maxz) -
2E! (i, j,maxz) + E] (i +1, j,maxz—1) +
E"(i-1, j,maxz—1) - 2E (i, j,maxz — ) (3.349)
Az(vAt)?
Q(Ay)2 (vAt + 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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o g 9 g
3.8 NS AAIISTHTEINIAAIIE FDTD
=Y é s
3.8.1 W15 1INBINITNIZAANITZIY
a o = o o ey
M5 IATILHATNITIADS YUDINITNTZIANTLIY (S- Parameters) 92193513
= s o = 2 > ¥ 3 3 Yt
SInsIeHaense Taonsinseiasausnizadanuusiassveslassadnldianueuilu
o o ¥ o a P y o ' & ) -
atuaansnzimaun lulassainaiulasasy dIUATINABIEAI VU0
a o e = 4 ° a o ar " &
voalaseadiansaniniinis ansienudiims s igimauiuainlaseaiedenain [26] 9
auuiansizd lanluasalvzduauuswnlsznon TdrvmnuluTaseadhe vazauun
¥ ¥ o @& P P 9 '
axousanninlassade vintumihaulu e auazauunazeusenun luuaas
& A [ ° a o ] -
woianeglulamunawmihmsulasTasldwansulaasioine ldaumeglulamuniud
° ' o [ H v n’.: o g = o a '
udnihmanuiegluTamuanudmaniunsnnumsmsiimeimsnszianszaioae

a o ar
Taoaumsveanisiiwesmsnseianszniovziiu lauaunis

¢ - Flv, ) [z, (3.35)
"™ F, ol Zon
d'! =) o o o “ ar
e F Ao mInsziwamsulayswilaoim n =1, 2,......, Nuaz ¥, @ nu

o i o U a L4 a
v ) whunssiuluTamunaiivesa muag n du Z,, 1oz Z, WlusuRuaugnuanyuz Y0
T Vet o o o ar ] 1 s
FUAITINDDYN WOIA m LDZ n ATNATAY Tﬂtlflﬂlﬁﬂ‘}:lﬂl:‘llﬂiﬁ'lﬂﬁii]:ﬁﬁﬂ'l 50 TG‘HLI uas

o s o o
WITUADINTNITIAN TSV WISLUAAIAITUNT

U0
TN 0) (36m)
FlV
s = Wiirans D1 245 (3.36 %)
" F[VZ inc ()] ZOI
s - FIV s (D] |2, (3.36 1)
T e (O] V2w

FIVy o ()
2" FWy e O (3.36 9)

de v, . waz v, m G = 1, 2) Wuussduludundudil)iuTassairanas

w@ a ar o @ " o o o “ 4
NS UN A= RO UNAVINAIIA IR UVDATZNDIA LAZ V. () ABUTIAUNARNINDSA T 99

i trans

o S A
Lﬂuwaﬁavﬂuawamtymmmmnwamﬁu
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d.. a @ Ad @ ' o
510 3.5 2aesanutgana lUnlianbuzmsaenuy 2 weia

o a ¢ ) > . 4 od
Tusima hlvesmsiimeinisniziansznniv ey lujlvesneumanayaa:
9 ' a ar q’a a o [ Y &4 aa n,:
Usznouldemuesvnadiuia Aniuwisiimesnisnsziansz e lAngaaumsnimg

viaazia

_ iy O oy, (3.37n)
R e (1)

_ F[thns (I)] Z_Ol__ehf-l*'h’-z
2 F[VI inc (I)] ZO] (3-37 1')

= FWaians OV | Zo1 pityenat, (3.37 )
F[VI inc (f)] ZOZ

_ F[VZNI([)] . e2y21,2
2 F[VZ lm(l)} (3'37 q)

Tao#i L, uaz L, 115202113551 7193A00YA (Observation Point) tazszuiuwa
319849 (Phase Reference Plane) 1A09ziif190d 7, 1Az y, v - a + jB) HuAnanveIn1s
[ 4 ' e a o o
UNINITLNWATUVDITWAITYYIUNANDIA 1 (1AZ WO5A 2
= fq Vo w = ¢ 2 ga a ¢ 4
s wisiiweinlFdmiumsiinngiaseimmiudne s, winiimes Fuilu

dulszansnmsasNounduIs AUV 181N A



o a ¢ ar [¥) 4 a
3.8.2 BUNABHNLAUTIZON A IUNIIAUAAUIA
a 'd [ :.: a a o
TumsdinszdaudnyuzyeIa1ve NIy BunABURIALTS (Input Impedance) AT
$A1A NI IRUAA LTI (Voltage Standing Wave Ratio, VSWR) daiiluanamisiiiinosnii
o o = = 3 ad & Ao a a a I'd wa
anudd Favzniuldd FDTD Whudsmsuilandl Uszdnsamlumsinszinuauives

° a a oA o«
mweme uaz lumsAnnusunasuiuaugveamoeimes 19aunisie

P I+S“
N BN (3.38)

L4 a ¥

- | o @ 1 a a A o
Z, Huduiuaugnudnyuzvesmodsdyaiu laona T uazmounadunuau

a
1 ¥

v [~ & A s oo ' = " a [ as [
T UA MV UADUINANT NFILUNIATIAZAIVUANIN  IUFIUVDITUNITHIDATIAIU
' ' ¥ v Cd
U IS UAAULNIY AT DNIEN NS IININFU T aANTMIaZNoUNA UNTIAUYDIA WD INA

Tadaaums

1+
]_

Sl 1
L?

tl|

3.8.3 wuugdmsundanumnuszes Inavesasena
= o ad r: ' ot o 1 @
Tumsdinszv lunuuis oD iuliaunsommadwiveauugdmsuand sy
auuszoz'lna (Far-Field Radiation Pattern) 1@ 1Agn3d 1118491nn3AY04 FDTD 32A1UIM
» . ¥
mwIzRunvesauIuszoz 1nd (Near-Field) tmiu Taoez luansosnnaluveuivaves
9 i o n’: ad = o o
auiszoz1nald (Far Field) aaiuluds FDTD Fedeaviimsutasnanismiuinueaduiy
s:ux“lnﬁ"hhﬂuﬁmm:us'lna (Near-Field to Far-Field) [6]
A [ s ¥ (=4 d’ aa r ' o =Y
Geu'lymsusnasnuvesauuuuman Iinniunaila S’ veaurasdutia
@ P = o =1 o = 4 ' 1
uaAaAazIli 3.6 TAaon139198amannIsveanguiauyadn A AReMIAIANINNUILLELYDS
—r ¥ ] g P dlw - A A @ o
nszua i 7 1azaumuIniueInsTuaIiMan j BUWUN s NN ITMIHAANTYDS

muszes na

~N

s (M ‘Ji) (Es-Hs)
P(x.,y,2)
Px’y.z") .

X

510 3.6 szuvAtamuiiadmsunslasauszez Indidumnuszos Ina
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3 aa 1 o ) o P
Aund ' Muaasluzi 3.7 dhumdsdwiaauyadiudasauszos Indidly
¥
' o a o Y a Iy ada Ya '
auwszes Ina TaounasfiiaguyadiiduiiumsIinsziaaeds FDTD vz Intomilundes
A ) - & @ - ° 1 Ao ] '
w@iiou (Virtual Box) 1un3aues FDTD Fautaainazuhn 3.7 Aumisidmualdidundes
L
o o a o
wiiouiuzdmualiidunluvenivansaves FDTD 1syunw 3-5 radinvevivauenda

¥

4 o " g ' = oo o o
aaaziIf ldaumsanumunniuvesnszua I (77) uaz nszuauiman (37;) A

J. =nxH (3.40 )
M. =-AxE (3.40 v)
(maxx,1,maxz) (maxx,maxy,maxz)

(maxx,maxy,1)

(maxx,1,1)

Antenna

R
ks 7/- 7 -~ (1,maxy,]1,maxz)

z (1,1,1) (1,maxy,1)

317 3.7 nasailoudmsumsilasemunuszez Indifuauuszoy Ina

& ' v g -
Fannunuiiuvesnszua WA wazaszugmimanaaaunsn (3.40 n) uaz
(.40 v) 9z ldmnnaunuimaniazau Idindvesnasuaiiounndu Tasluszuu
¥
a o a ' ' =3
wnayuaImiue ldaumsvesnnumuininveanszua Iihuaznssuawimanluunu x, y

Wag z AUAUNII

J,=J 3+J y+J.2 (3.41n)

M, =Mi+M j+M; (3.41 %)
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1 g o ar | & o '
Tumsmaunusiman i luamnuszes Inafiye P #9317 3.4 1Tusz1dnanninesungae

4 o d 1+ d o
Tumsw  Fadnanmesiiman Iivhez 1ddsauns

= J e ™
A=p I_[;—m,—ds (3.42 1)
F-e[ Mdg (3.429)

v '
suivanuman i iauiwszos Tnase 1daumsiu

EZ—_]&)A——V(V A)-= VxF (3.43 1)

ﬁ:—ij—uV(V F)+—va (343 %)

l.lJElﬂ'l r<<§ Tli}ﬂ P wadauiusses ina

P \/’_z —2rr'cosy +r"
1

=r(+(5)? -2  cosy)?
r r

’ 1

= 1*’(]—2"—cc:)s.yr/)2 (3.44)
r

=r—r'cosy

a = s o ] o '
HATIINAUNITN (3.42 N) LAz (3.42 v) @wrsawoudnaanmes iiman I v 1adiu

- Jkr
A T e ey g (3.45 )
A=pf— I_L’Jse ds
?'::8 M e—jkrcoswdSr
) 4 r j (3.45%)
1o
r'cosy =r'-r=x'sinfcos¢ + y'sin@sing + z'cos ¢ (3.46)

q' U = a oo : Va ' " o
VINAUNS 345 N) az (345 v) eglumenvesduiinimiuez Itinwmidlusives »

Hag L AIaunIs

N = [[Je?evast (3.47 n)
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wazez lan NuUAUNUSYIANAIINIADT A4 LAy F

— Jkr .

A=pu N
drr
i -k |
F:ge
drr
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(3.479)

(3.48n)

(3.48 v)

o o v & N
whaumsh 3.48) 1 1a 13 luaums 3.43) a2 lddaaunis lumsusndanuauiuszos Ina

¥

ar A
AU

- Jkr

e
E,=nH,=—]——@N, + L
o =11y 12/.“(77 ot 1Ly)

- jkr

e
E,=nH,=j (=1Np + Ly)

2Ar

Tavaziinmves

N,

” (J, cos@cosg+.J  cosBsing—J, sin@)e’” “*?dS’

2
I

H (—J, sing+J, cosg)e’ <**ds’

Ly = I_[,(M, cos@cosg+ M, cos@sing— M _sinO)e’” “*?ds’

L, = j [ (~M, sing+ M, cos g)e’” “**dS’

(3.49n)

(349 %)

(3.50 )

(3.50 v)

(3.50 M)

(3.503)

a o 0 o d‘ ' n:
Tunismsizvnauiuszes Tnalunasuaiiou asaunisnlananunivee

a d o n‘l’ = £ a f‘l [ A . :
Anszveglulamunar dnfudsannsoldwansudasysios hideiiios (Discrete Fourier

4 o 2
Transform : DFT) ¥afiaunisna lihilu
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E(w)= ot
(@) JE(t)e dr 351 55

H(o)= IH(I)e"’“"dI (3.52 %)

add

e = 27y waz £ AeANvINGIez ¥R AUMIMsuANaIUszes Ina lag

qunsvinsuanaanuszos lnalulawunnudves FDTD laumsaail

NSTEP

E@)= ) E(nan-e "™ ar (.53 )
n=0
NSTEP

H(w)= Y H(nAt)-e "™ At (3.53 %)

n=0

3.9 MINANNAUANIRARAI  VBITIBRINA
3.9.1. gAINISHIBATIVENY (gain) VOIAIWBINIA
‘E']'Gli‘umm‘ﬂuéﬁﬁuﬁﬁdf]ﬂlﬂﬂﬁﬁﬂ(ﬁ%ﬂddﬂﬂﬁ FanozTanuamnsoves
@oomAlusalsza@nsnIn gain maaﬁwamWﬁv:ﬁnﬁuﬁﬁ'n'lﬂﬁﬂﬁ??:(directivity) ffufe
szilums Safifaensz@nEnmyssmioeme Wudnaruanuansalumsiimmaves
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mweImagnunseon lnnianie audulumsunsnszaeaduszasItuiuMaIIun

unsnszaween linnfirmnnia Tasiinwinuiidesnunteuldameeimeanisdan 4z

Pin

G

¥ b

- a o - 4 o . . & o '
TunsUAIUNNAIVININUALIZINYINY relative gain  BIQNNITHUATI] lﬂu

§R318IUUBI power gain  TUAANNNAINUA MI15A0 power gain VOITWOINIAD 9B 1Y

v ¥
L

- dy = da & - k. ) A 1sa "
Armandsds aluiiiez 1o madiasaiiiiu isotropic source #lifinmsgaydy

AxtJ(0,¢)
G=ies . . (3.55)
Pin(lossless isotropic source)
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Tanndia T 1AM uaANIa power gain 95AATINTIAMIANTMSUNINTZIWATUGIAA

9ITOUNATIVYDIMAINIUNURINIT 10 1ARITUNIT (3.55)

uninizw p @nnsontlaen
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Frad =€ocqt
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we e, Ao Anlszaninmlumsuninszagvesmoenid
¥ L
Aaiuasaidougasons vt laaall

A U, ¢)

ed Prad

G(O,9)=e

G(6,¢) = ¢y D(O,9)

A ' s T 9
110 D(0, $) 11umvea directivity ¥am1 1A Ingas

v
ﬁﬂﬁuﬂ'ﬂﬂ‘iﬂH'Ilﬂiuclf‘I"ﬂB\'lﬁ’IUEl']ﬂ’lﬁ'TuHu’JU dB 1?,;5]1ﬂﬂ1m'li (3.60)

G(dB) = lOLOglO(ecd D(8,¢))

¥
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dmiumsmaes p vz 19gas luaunisi (.61)
ra

2w x
Poa= Bo ([) |i(gf(9)g(¢)sin ﬁd@}dgﬁ

1 d’ 1 ﬁ'
Taoa Botivziilusingm

annsowou v ladaaunis (3.62)

Bo (@) | £ (@)sin a6 Ju
Fog S O(I}gw)LI)f( )sin ] ¢

FIMITVUAIVINI1AIY

(3.56)

(3.57)

(3.58)

(3.59)

(3.60)

(3.61)

(3.62)

A o F; ' = g o = ' ]
Faamnsminegasheylugilduniniaveay 6, md@sulieglugdvesnmisiszanun'ld

AAAUNITN (3.63)

x N
I7@sinaio = 5 [£6,)sin0; he,

(3.63)
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9. = z‘(i). i=1,23,.,N (3.65)
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dmivgashegluglduniniavesy ¢, diehndoulieglugivesmsdszinuaine1d

AATUNIIN (3.66)

2r
J g(0)dg = >: 8809, (3.66)
/3
By = (3.67)
_ f 27 1.23... M (3.68)
¢j_']-7’ yheydyenny i
gafuninaumsilddietiins sz 14
T 2z M N .
Py = BOCICD) ¥ 186} 2 S(6)sin0, (3.69)
dle
U = BoF(0,¢) (3.70)
Anfusz lagasvesmsmianp sl
N
Pt = Bo(”)(z—”) 3 [ZF(BM)sinG,} G.71)
M j=1]i=1
2
i 4 2 2
F(0,6) = —— |Lg + V8| +|L0 - vy (3.72)
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kul‘f_ll.liﬂiuﬂ‘iuuﬂ&’l'ﬂ'lﬂ'l‘llﬂdﬁuﬂ'liﬂ (3.72) mtmﬂuﬁumw (3.71) I.I.ﬁ'Jl‘UUUl'ﬂ'LJﬁﬂHNS

voalilsunsuneamnves p y ludnyzyInIsmIMEAYINI W lAIMIYOd j LAz i 9215
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wumvuluuaazseunin 0 59 360 auasunez lamves p  lunaazszuivesnu Al

rac

DO j=0,360
prad xyl11=0
prad xy11=0
prad xz111=0
prad xz11=0
prad yz111=0
prad yz11=0
DO i=0,360
prad xyl1=(abs(Iph(1j)+eta*nth(1,1))**2
& +abs(Ith(1,i)-eta*nph(1j))**2)*sin((i*pi)/360)
prad xz11=(abs(Iph(2j)+eta*nth(2,i))**2
& +abs(Ith(2,i)-eta*nph(2,j))**2)*sin((i*pi)/360)
prad_yzl1=(abs(Iph(3 j)1+eta*nth(3,i))**2
& +abs(Ith(3,i)-eta*nph(3,j))**2)*sin((i*pi)/360)
prad xylll=prad xylll+prad xyll
prad xzl1l=prad xzlll+prad xzll
prad_yzl1l1=prad_yzl11+prad yzll
ENDDO
prad xyl=prad xyl+prad xylll
prad xzl=prad xzl+prad xzlll
prad yzl=prad yzl+prad yzlll
ENDDO
prad_xy=(Pi**2/(180*360))*((freq*1e9)**2/(480*pi*c**2))*prad xyl
prad xz=(Pi**2/(180*360))*((freq*1€9)**2/(480*pi*c**2))*prad_xzl

prad_yz=(Pi**2/(180*360))*((freq*1e9)**2/(480*pi*c**2))*prad yz1
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U _asu (3.73)

W0 U = MANuINUeINITUNINIZ10na L
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f—2|L¢+,7N9|2 +|L9_,,.N¢|2 (3.74)
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@ MSuMBe directivity 113192 19aun1sh (3.73) mlglumsduiw dunives
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404 directivity 490 ='§ammsnﬁuunﬁu7ﬂmnsn'lﬁ’ﬁ'qgﬂuum’fnﬁnﬂy
k = 2*Pi*freq*let9
coss=k**2/(480*pi**2)
DO 1=0,360
direc xy(i)=(coss*(abs(lph(1,i)+eta*nth(1,1))**2
& +abs(1th(1,i)-eta*nph(1,i))**2))/prad xy
direc_xz(i)=(coss*(abs(lph(2,i}+eta*nth(2,i))**2
& +abs(Ith(2,i)-eta*nph(2,i))**2))/prad_xz
direc_yz(i)=(coss*(abs(Iph(3,i)+eta*nth(3,i))**2
& +abs(1th(3,i)-eta*nph(3,i))**2))/prad_yz
ENDDO

» .
o o 1 = = =1 e o 1 '
FmSuA1vea directivity 3 vz 1¥aunisn 3.73) miFlumsiuia dunves p ,

ra

¥ . ]
Tuszioain ldvnnmsuiluaunisn G.71) uaz (3.72) miFsawlunisaiuiuminives
n z 3 4 < o 3 (v r: =
directivitytiiaaruyaliaooimmilui lossless 3291 1dA1v09 ¢, = 1 AnTusINAUNITA

(3.58) 32 1A@UMINIBATIVYIY (Gain) ATTUNITN (3.76) IBUNUAT ¢, =1

G(0.¢) = D(6,¢) (3.75)
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d 3 as a 4 1
LAZHUAUNYBIAIB0INIA TUWIY dB TARedumsi (3.76) Weunum e, =1

G(0.4) ;5 =10Log(D(6,9)) (3.76)

¥
@

¥ .
auiuinineraumsi (3.76) unvowiluTilsunsuTaosimualdm e, =1 1ddail

gain_xy=10*log10(direc_xy(i)*ecd)
gain_xz=10*log10(direc_xz(i)*ecd)

gain_yz=10*log10(direc_yz(i)*ecd)

3.9.2 msvimMUszansnnvesaeeInIA (Antenna Efficiency)
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er=(1-(abs((zi-z0)/(zi+z0)))**2)

eo=(er*ecd)*100

éa
3.9.3 gASMSHIAIYOWUUAIS (bandwidth)
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(fh:gh ~ Fiow ) (-3.80)

Fractional bandwidth = ——MMM
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fee=(fH+fL)/2
Bw=ftH-fL
FBw=(Bw/fcc)*100
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3/ ar o o 1 da o
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~ Start Program
e

2

Main Program

s

CALL
Pre Processing |

|

] Read input
| &
| Write check

i Set_Epsr

CALL J
Con_platex I

Write Layout_top |
Write Layout_btm |

‘ CALL
‘ Matrix_conversion

1
|
\

-

-

Write Source

CALL
' Spapa_calculation |

CALL
Set_eexyz

2
\NEJ

CALL
ABC_coef

CALL
Reset_field

A

CALL
Date_and_time

i4—-—.

Write V1
//' T TN
{ END !
\
N~
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Main Program
CALL
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Read input
&
Write check

CALL
Set_Epsr

J

CALL
Con_platex

Write Layout_top |
! Write Layout_btm |

1

CALL
| Matrix_conversion

I

L1
N

CALL
Set_eexyz

CALL
ABC_coef

l

CALL
Reset_field

o

CALL
Date_and_time

——

Write V1

|
CALL |
R_dft_far_field ‘

|

CALL
. Rdft_field_PTH

Field_current_Pattern

S

CALL
| Far_feld_pattern

|
CALL
| Calculate Gain

CALL
Spara calculation

i CALL
Spara

T

|
‘ efficiency

1

Bandwidth

R

( END _
=N o

v » ¥
311 3.9 uaAId IR DTUABLNITIINILYDI INPUT ATIN 2
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The effective of Radiation Pattern on Two Shape of Slot Antenna
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Abstract: This paper present the characteristics of radiation pattern of microstrip slot antenna on the ground plane fed by
microstrip line. It is proposed for resonance frequency at 10 GHz. We will analysis two shape of slot antenna; double L-shape
slot antenna and U—shlpcslotl.ntemu.lnlhiscne,wewﬂlmuwcfmﬁcldndisﬁmpmoftwosthcslotmm

Far-field radiation pattern of double L-shape slot antenna is b

i-directional nevertheless U- shape slot antenna is uni-directional.

The microstrip slot antenna is propose Lo analyze far-field radiation pattern for use in the wircless communication systems

Keywords: Double L-shape, U-shape, radiation partern.

1. INTRODUCTION

In some communication sysiem, the signels are scnl
l}woughfreespacebyanm'i‘ratuemylypeol'
antennss can be used for transmit and receive signals.
Miamuiporpﬁuledmhcnmisomlypeofmm which is
small size and light weight and widely used in wircless and
mobile communications. The advantage of microstrip slot
antenna are low-profile, light weight, small size, simple and
inexpensive to fabricate by using modemn printed-circuit
technology. These are most suitable for wireless and mobile
communicati B of their low-power handling
capability, these antenna can be used in low-power
transmitting and receiving applications.

Analysis of radiation pattern on slot antenna, for desire
resonance frequency 10 GHz, by using two shape of slot
antennas double L- shape and U-shape slot anicanas.

Toducﬁbeihcp&fnmnmofmmme

are necessary. Some of the pamamelers are
interrelated and not all of them must be specified for complete
description radiation pattern of the antenna performance. The
parameters in characteristics of printed antenna for this
analysis are radiation patiemn, input impedance, S parameter
and VSWR.

Thepamexcrinchmtuisﬁcsordouble{slupcmd
U-shape slot antenna for this analytical are radiation patiern ai
xy plmmdxzphm.Tonvoidmwmtech’edsbmimthe
rcmmlnusumuchaspossiblcbyadjuﬂmnc!ﬁmimpm.

All of antenns simulation by using FDTD anslysis. The
Finite Difference Time Domain (FDTD) method is introduced
10 solve the complicated problems in electromagnetic field
Lbeory.TthDTDmedmdilﬂplblcnfoompu&ng
electromagnetic interactions for geometric problems that it is
extremely difficult to enalyze by other methods. This
technique is well-suiled for handling complicate microstrip
antenna configurations because it can conveniently model the
numerous mhomogeneities encountered in these structures.
T}ﬂefm.mmmthodkuhouuulmolbobhin
antennas characteristics various aspect.

2. FDTD METHOD AND ANTENNA STRUCTURE

FDTD method is a very powerful approach that can be
used to calculate all the for almost all types of
antenna structures. Since all the near ficlds are available
during the FDTD simulation, we can usc near field to far field
transformation 1o evaluate accurately the far ficld radiation
properties of the antenna

We can obtain the radiating fields at far — field point as
shown below:

£
E' =,ﬁ‘=—1—ﬁ;(rﬂ'+[")‘ (n

e 5
E' ”#’o""j"ﬁ("?”c"'l't)' 2

To simulating double-L shape and U-shape slot antennas by
using FDTD  analysis. This software is a full wave
clectromagnetic simulation code for conventional three
dimensional  (3D) ~ passive  suuctures, particularly
planar-oriented microwave circuits and aniennas which are
usdmﬂnmﬂwimmﬂgoﬁﬂmofﬂ)m
clmpdicﬁcldmnhshwinuodmedbynncw:.
mmuhiq:mhmhmknumndiﬁonsswhu
pulseinﬂ:ﬁmednmh.mdwmpmnﬁmldxwk
modeling which can  predict and analysis of the
electromagnetic responses of complex problems.

qu.ﬁm!nﬂnwmbrﬁcalspmcinFDTDnndclm
commoaly- for double-L shape and U-shape slot antenna.
The analytical space in FDTD analysis  60x123x100 cells
witl:ﬂweel]dimmsionﬁx-ﬂ.lﬁmdy-Az-O.lSm

T‘hes!mcmofdwhlequupemdU-shnpemsbownin
figure | and figure. 2, ‘respectively. Double L-shape and
U-:h;peskxm::anndwgmmdphncmfcdbya
microstrip line. The length of each L-shape and U-shape slot
are Ag/2.

The microstrip line is designed to be 50 ohms in order to
mﬁ:hﬁzmmtsymmdhnthunbmuofth:

thickness h=1.52 mm and the diclectric constant £7.2.17.
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Figure 1. Double-L shape slot antenna structure.

Figure 2. U-shape slot antenna structure.
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Figure 3. Anienna structure in analytical space of double

L-shape and U-shape slot antenna.
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3. SIMULATION RESULTS

3.1 Return Loss
The return Joss S;, which is a parameter of antenna

given as follows.

SiV,g, (t )] e 3)

Where -3 shows a Fourier transform and L is the length
between an observing point and a reference point. The
propagation constant Y can be define by
a + jf (4)
Where a and f arc attenuation and phase constants,
respectively.

Yy =

3.2 Characteristic of input impedance

The input impedance is the complex number. To find the
input impedance, will be donc afler obtained the input retum
loss S . And imput impedance of antenna is described by
using an parameter Sy and characteristic impedance Z, of a
microstrip line.

z. - +S, z.
1+ 8,

The observing point will be ncarly the reference point

when analyzing by FDTD method. By adjusting technique,

real part and imaginary part of Zin arc nearly 50 chms and 0
ohm, respectively.

(3

3.3 Characteristics of two shapes slot anteana.

Table | shown characteristic of double L-shape and
U-shape slot antennas include resonance frequency, reium loss
and input impedance.

Table 1 Characteristics of two shapes slot antenna.
SI1V- - 2w B
{dB) & Real froag

{GHzy

,:Dnlhlt
j L-shape
i U-shape

1008 | -28.08 | 5193 | -3

Good matching of double-L shape can be obtained at
resonance frequency 10.01 GHz which the retum loss (S,) =
-39.18 dB, input impedance of real part (Zin real}=43.45 ohms,
imaginary part (Zin imaginary) = 0.87 ohms.

And good matching of U-shape can be obtained at
resonance frequency 10.08 GHz which the return loss (S,) =
-28.08 dB, input mpedance of real part (Zin real) = 51.93
ohms and imaginary part (Zin imaginary) = -3.43 ohms.
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3.4 VSWR

VSWR is a characteristic 10 show the performance of
antenna which relaie to reflected wave. In 2 properly
designed system for impedance maiching the valoe of VSWR
is nearly 1. Figure 4 shown characteristics of VSWR of
two shape siol antennas.

u - ui
Frequency (GHz)

Double L-shape

U-shape
Figure 4. VSWR of two shape antennas.

The VSWR can be calculated from any of sevemd bits of
knowledge. Therefore, it is possible 10 determine value of
VSWR by the ratio of the reflected voltage to incident voltage
along the microstrip line. In this case, VSWR of dooble
L-shape and U-shape slot antenna are nearly 1 al resopance
frequency 1001 GHz and 10.08GHz which calculated
bandwidth at VSWR = 2.

3.5 Current Density

Generally, the directional electric field will orthogonal
with the slot line planc. Then, high intensity of clectric
field in slot line will be increasing, the propagation
effect can reachable ta other side. The equivalent elecuic
current density are related to the field component on the
surface by

where n 1s unit vector at boundary surface.

Characteristics of current density of double L-shape and
U-shape slot anicnna are shown in Fig. 5 and 6 .cument
density will be high at the end of slot.
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Figure 5. Characteristic of current density of double L-shape
' siot antenna a1 10.01 GHz

(R -

Figure 6 . Characieristic of current density of U-shape slot
" antenna at 10.08 GHz

1.6 Far Field Pattern

By using FDTD method, it is possible to transform the near
field to far field by discrete Fousier Transform to carry out for
the equivalent clectric and magnetic current densities during
the FDTD iteration.  So far fields are obtained by converting
near field to far ficlds in the frequency domain.  To consider
the radiation pattern from the simulation of two shape slot
anteimas we can see the bidirectional” and unidirectional
radiation pattems of double L-shape and U-shape slot
aniennas, respectively.

The simulation results on radiation pariem of double
L-shapemdl]—stupcsiaamenmmshomin figure 7,
xy-plane and figure 8; xz-plane al resonance frequency about
10.01 GHz and 10.08 GHz, respectively. It seen that, high
level of radiation pattern abowt 0 degree of U-shape slot
antenna in figure 7 and 90 degrez in figure 8. And far ficld
radiation pattern of double L-shape slol untenna is
bi-directional pevertheless  U-shape  slot  anlenna s
uni-directional. Two sides of double L-shape made
bi-directional patiern of double L-shape in figure 7.



Figure 7. Far field patem on the xy-plane of double-L shape
and U-shape slot antenna

Figure 8. Far (ield patiern on the x2-planc of double-L. shape
and U-shape slot antenna.

4. CONCLUSION

The finite-difference time-domain method has been
used to perform time-domain simulations of pulse

jon - in  several printed microstrip antenna.

Double L-shape and U-shape have nearly length of slot
at resonance frequency. The radiation patiern of double
L-shape slot gntenna is bi-dierectional pattern while U-shape
slot antenna is uni-dierectional pattern, - therefore, shaped of
slot effect with radiation panerns of antenna

[t).

[2].

[3].

14].
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