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ABSTRACT

This thesis presents the study of design and analyze characteristic of dual-frequency
microstrip dipole antenna fed by coplanar strip line. And use FDTD (Finite Difference — Time
Domain : FDTD) for the analytical technique to analyze the basic characteristic of this antenna
such as resonant frequency, input impedance, S,, parameter and radiation pattern. In this research
the antennas are aligned on the same surface of substrate (Glass-bond mica) and connected by
narrow strip. Apply the discontinuities matching technique (step changes in microstrip width) and

parasitic element to improve match impedance.
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Tumssanuuusiineslsyauiamlumssmuavinalasadisvesdiods

oy pazvuraveamuediluniadavanaezgalflumisimsizdaqudanyusnia
- U a 3 2 g
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uag Coupling Factor (C’)
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Tulasaasy mudny

Taoms 19299 auyad Cps 9214

KW
Cea =80;%)) (2.25a)

ale s/h
s/h+2w/h

Tnt

kK =1-k2

K k' - " 1 d o ~a r ¥ ﬂy
uag —i_)K %) fesasreuilaiduaes uaaseaumsae Uil

dMSu¥ 0< k2 <0.5:

5 —
K" )_ L)t vk (2.25 5)
K (k T I - /k'
AMIVFN05< k% <1:
2
k) (2.25¢)

OIS,
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Tuvaisi G MnnamhFuauddmiumavoudounuansal

Coa=

0.02 -
8":' In{coth(%i—)}+0.65€ ,[T/h_J; +I-—£,2J (2.26)
i)z‘lﬁfhf]mﬁ'ﬂymzmaﬁuﬁuﬂuﬂuhuﬂﬁ (Z,0) wazTnuen (Z,0) &ait
1
Zoe = (c\’ C.Ce )' (2.27)
1
Zoo = (C‘J CoCol T (2.28)

P a v 1
31 ¢ Ao anuialueima waz Co,Co AonnhduaudluemeavesInuaguasTnuan

uay C..C, AommhduausuuiaggusovesInuaguazInuan

wdmneilszaninavesmslasionasaveslulnsaniuluTnuaguas Tnush &l
C
& effe = "C—e (2.29)
el
C
Eofp = C" (2.30)

ol

245 psFuncnaEnyuEmduRIAuE
Tumsdunsiziiieninnius masssaansunuausvesmodidygululns

ans1 Cps i se M fnuas Z oy Z,, Ansanmsseundasailimmsasidiu
wh uaz s/h TeolumsFansiussinsansasiamves wh uaz sk nusiulylns
ansiivedraladrmilaneu SamsFunizi Tasdsznathinauelas Akhtarzad et dl,
[23] uazu'u'qmsﬁ'amﬂzﬁaamﬂuﬁm'funauﬁa

1. onuinavessasidudmivluInsaaddauyaius

2 vie#1891nde 1. nduaamis wh uaz ok dmiuluTasaasdfidans

ounodya

»
as - o o dao o
llﬁzﬂﬁﬂ"liﬁluﬂ'ﬁﬂQlﬂi’I:ﬁﬂz'ﬂﬂ'liﬂl’lﬂ'lﬂﬂ’l‘lllﬂ’llﬂﬂﬁﬂ\lﬂﬂ‘lﬂﬂ

Z * - 4'
Zose =5 (@miusasdiu (WA, veslulnsaniuidey  (2.31)
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tuas

Z o’ o v - :‘
Zoso = ;" @msusasidiu (wWh,, vedlulnsaadihiae) (2.32)
2214 (ﬁ) =£cosh"(-———2d_g+]] (233)
h), = g+l

(K) = Ecosh‘I 2d g -1 + 4 cosh™ |1+ 2ﬂ (2.34a)
h), = g-1 (i +¢,/2) s/h

(—W—) =£cosh"l ety +—l—cosh"l 1+2£-/—h— (2.34b)
h), = g-1 z s/h
2
d = cosh (7:——+ ﬂ)
2h

aumsh 2.33 szgmi il lggiuaumsi 234 139 2.34b MUUATITNHTBNYBS

ar 1 a : ra 4 o & b 4 o a:t’
Fag ualumsfivisanmey (s/4) sivez linsanmaniweeuvediag Favz lAaumsaail

s)_ 2 _1| cosh {(n/2)(w/h)se }+ cosh {(ﬂ/ZXw/h)so }_ 2
(i) 2o s s T )

[] [ »
delany wh uaz sTh szhain i@ lud s Z, uaz Z, 9nnsedaums

a o o o .
UATITHDURUAUNLLUY semi-empirical
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A du 4 1o
2.4.6 MMENUINAminsveuAsiya I

L. é : - :;d 4 13 aor - 5
Tumodadganuniia  du sefuSnailinasevdedygugigamaiu o

° ] [ 4 A a I'd -
dumisaanandy 44 Tas 4 feanuunaduvennuins Tsuuun luunnsdilag
1] ] 4
mwirinmidganuemssmedidyganeiivnadanahinndemsain datu

A ° " a ° 3 P> 2K
onwazans Bimualdanuemresmedidggativinadiusouhvesnindiu

d' li o \d d’
fauenau asaumsae il

I=0@n-1)i,/4 (2.36)
a0 n Susnuduidiusiuad

2.5 ajl
'luunf;‘lé'na'nﬁmquﬁ'ﬁugmﬂmmammﬂ'iuTﬂiﬁw?ﬂ‘lﬂiwmmuuﬁu'ﬁuﬁ
qmﬁnumziﬁuﬁa‘lﬂ Tﬂsm%'m‘vgugm msﬁv1sm1ﬁ':{|auﬁiyapmﬁmmzﬂuﬁnmummﬁ
uagvismesnldissanlunisesasnvumoeimealulaseasy la Tnauvuuriu uag
pandmgujmededaenu lulasaaiduuy CPS TaveRuudaTnseadnaugiu dnvoe
msunsnyzronanluTnua TEM veauduansUiifimsansinudu uazefomsnia
Auinyuzn1BuALAUT Fedumarihdufugrudify lumseenuuuuazimsied

awerm lu Insaasy Ta Inauvuuduntins 1auh 2 anud
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ac 1] A d' o
SEnasaauioss e lulamua

3.1 unih

ad J d' o w . . . . . °

S3naneduiisadinalulamunan (Finite Difference Time Domain : FDTD) WuaU

ocie - s ool ‘; 3 -
Tau 10 108 8 (K. S. Yee) Wil a.e. 1966 [19 ] iuisinsviBednaviiniisfitionldlums
. A Mﬂ' . -
mnamaonauimEn i dssniiuitnhouezazaantumsudilymaumsid
o L} A 4 o @ ? . ar
oywufvesmimuimdn it uazfhidtnildifionidiueduumsnmunsudsiligiu Tae
M uenunanms 18355 nseiiFidanvenuradfuiesdmsumsudilomauns
.3' ] o - - .

nundnadsumnimi Tasezinsinsieilulawunal (Time domain) uazlamumiys
(Space domain) ez I@imsamuamsnszhamuuiman Tihinoumnaunulieguu

{ P P ar o ° ] o
waddmAsugnnadnilusad midudpednsuzmsassimunuivan il Taom

L 4
@19 q dezlfuvuunudnnsen (Leap-Frog) Tavezimisdsvlgaauiniddwas
»
aunimanaduiululawuna deismsiguiin i annsadunanganssuves
» »
aunimin Wt igva Tamwuvewauas Tawuvesanly nane tisdunangdnssy o
o ’ & - a a P -1
Fumianits 9 vealaseadsrmumsadendunangdnssuauminailan1d luma
o ar o - A L4 ) d' o T A
ARUAUSFUNANGANSTY & AT LT NNIOFUNANGANT TUVOIXUINTNA N UIAN
TArufiu
g v - 4 s Ao aa % P o
Tuunilerndraagumsuundioad 89anesin (Yee Algorithm) Fuilundnms

.4 4 2
Hugmweddi FDTD  wimiussnandeiouluadusamudeiamny MsATEAUUMAsA IR
usd nazvouwAntsaanay Taohuinnimusldhnsiausvouuamsganduuuumes

[5,19 ] (Mur’s Absorbing Boundary Coudition : Mur’s ABC)

¢ d S o = 2

3.2 GUNSUNNWIIAaNATHEBANDINY
o o d a o o a a w
aunsuundnaslseasudioaunisneglugluumsseyiusuaz jluuudunnia
fmiuTasadievesisanai s unnaumsuundadneglugluumdeyiuiass

A ga o a4
aunsnuaounlas vune

vxB =-u22_H (3.12)
o
E

VxH =¢—+0E (3.b)
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Tasi E Ao nnmesaunt Wi (electric field vector : Vim) H s nawmed auumiman
( magpnetic field vector : A/m) lﬂﬂ g fio anmoaumaau i (electric permittivity : F/m)
o fis aa1wi1 (conductivity:S/m ) g fis aamanudu ldmesuuuimin
(magnetic permeability : H/m ) uag p* fio ﬁmm’(mmuuﬁmﬁnauusaf ( resistivity : {/m)

QInEuNSH (3.1a) uaz (.1b) seMoudnlszneunnmesvsdduiumMsIATa (Curl
Operation) Aiuaumsmants 6 auasiauyafumumsfiiaveuundiadluszuyitia
yumneulia x, y, 2) Wasaunsdean

oH, 1 OEy OE.

=—(—2X-Z2-p'H 3.2a
o Loz oy p Hy) (3.2a)

i G NHTVE 2 S (3:2b)

oMY Y OB\ EXT Y i (3.20)

—2X =——(—%-—=-0E,) (3.2d)

OE 1 6H, OH.
Yy X Z
_%: _GE 3.2
3 SO B 17 TR (3.2¢)

OH
(223 S\ y__('?H_x__O_E:) (3.2f)
ot g Ox oy

& 9 4 s a a
quJmima1i’mztﬂuwugm-umumﬂmmmtawam‘ﬁ FDTD lumisdinsizd

auiman ihvesiaglumuiifisian

32.1 Inssadnvesisaneiny
- 4’ - o - R- -] - i -e'l o o
purfiafiuguvesddanesiuife mnhrumseadsdurisasiiam
o q 9 o ad 4 Jd’: ar ar LY ns' 18
ﬂszqnw’l‘unuﬂnmsms'n'umuuﬂmnaa'n'uununmﬁmsﬂﬂiaﬂ§'1~11mm'1na1w"luun1s

gauiondsamniufen1ves p*=0 uaz o =0
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max z
'1 Tt
O
T N
max ¥
X T
L ] AEEEENA|
. le >
max ¥

¥

1 33 Tnssndnanuiiddmiuniawadves FDTD (FDTD grid)

- o ' 1 ° &
TumsudJgymaumsiFeoyiui1ao1#is DD eduusniivsdesdidenfionila
. ¢ o2 » a e A da a o a v o
mizuaavesddieglulamums uassnsunilannonisaaniiun luFara aniulums
o o e 4 - o Y. : ° e
ﬂmuﬂﬁtganumﬂawaanasnuuuaznmumﬂuﬂen'm'umTﬂmumﬂmmﬂmuunm‘lu

suuRinmmiame Baai
F"(i, j, k) = F(iAx, jAy, kAz, nAt) (33)

3 L] A v
TaofiAc Ay Az fevuavesdnanuumlumilimizugad uaz 4 Ao vuiAves
] & a 2 ’ o P ar ﬂ ° d o
Fraaimudulundazdululamuna Tashezlifn: juaz & Hhuaviudwaunszyen
° ] a e ° g o ]
sumisluiifayunnluTawman)s was o dhaavinuasivensiwarlulamunm
) 13 ¥ ]
angilit 33 setudnyas InssadheamdafiuaasdaTasaadaimuaininnidl
o ° A o A v i ar
ns§1asungmMs el lun15AHIa1Yes FDTD Fauziiumnimilaniosadndefusuds
49 <q 9 ° b 4 iy =) J a s
vsuwafinsnis nlFlumssrass TavIasaairauuniilazisoni nsayaaves FDTD uas
»
nnnawaduos FDTD sty idhwenmagegminssyszneuludan maxx maxy maxz
ay Yo A A .
31dineuems 1¥dunuvesnumsHad wduileuyuAsINg19 (Central Difference

[ ¥
Scheme) Tasl¥iuilandu F Malulanuanlsvesssuunnanin nazlulawunar fie

OF " (i, j, k) _ F'(i+1/2,j,k)-F"(i-1/2, j,k)
ox Ax

(3.4a)
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Nys Nes = — Nee s

OF"(i,j,k) _ F"(i,j+1/2,k)~F"(i,j~1/2, k) (3.4b)
oy Ay
ng: : ng . —F" i k-

OF " (i, j,k) _ F"G,j,k+1/2)—F" (i, j, k-1/2) (3.4¢)
Oz Az
Boe s nlf20: 2o En=1/2.. .

oF (a,; ik _F G, J,k)AtF (i, 4, k) (3.4d)

Tumsdsulyeaunms (G.22-320 Taoldodaneiussansodiulysaums

»
gunnniman i 6 auns aeil

Hn+l/2(l,J,k) L_&At_/?'_/_‘Hn-lm(l ], )___é:i__. (3.50)
1+ p°At/2u +p At/2u
E™G,j, k)~ E"G,j—1k) _EyG.).K) = EyG,j.k-1)
Ay Az

Atlu

At/2 F
HV2G, k)= 1—”——’—"—11" W2 [pyere SL A o (3.55)
+p At/2u 1+p At/2u
E;(’al,k)_E;’(i,f,k“l)_E?(i,j,k)—E_f(l—l,J,k)
Az Ax
HIV2( k) = 1-p At/z.an—l/Z(l - A:/,U . (3.50)
1+ p At/2u 1+p At/2u

EyG,j.k)-Ey(i-1,j,k) E;(,j,k)-E{(,j-1k)
Ax Ay
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1-GAtl2e Atle
En+l -, .,k =_—___En ., ',k + .
SRR = e R T

CHY2G, L k) - HIY 26, k) ]
Ay
_H;+”2(i,j,k+l)—H;+l/2(i,j, k)
Az

(3.5d)

1-cAt/2¢ Atle
En+] ., .,k — En .’ -,k + .
y (1K) 1+0At/2¢e y (:4) 1+0 Atf2¢

H2V 26,7, k+ D) - HEV 2 G ), )

Az
+1/2 +1/2 (3-3¢)
CHIM2 41,k - HIT TG, )

Ax

1-cAt/2¢ Atle
l+oAt/2e l+oAt/2¢
[ H 240, = Hy 2GR

Ax
_HPG L - HETRG, ) R
i Ay

E"VG,j,6) = E"(i, j, k) +

3.51)

Taueziinived

Hxn+l/2(i,j, k) + Hxn—]/z(i,j, k)
2

H(G,j.k)= (3.6)

4' VI = a w
3.3 U YA NMADYTIBINAUQAY
a o o o a w ad - d'l < s o A
Fadfgylumsimnudiiuaveedds FDTD  Ae deuluadusideiaiay Falums
Smuanimisiiaes Wz anlumssnnussiiudsidfgedists 1dud madmua
DABINIIAT A VUIAYBITNITOZNTAB Ax Ay Az HATSMIUFNITOZNNANSD
2 4 v ° ' P a Y A a v
aseunguituivesgilnselidimun uazdnausrnaiinerdiva lvadua I sAUN A
Ay o n’ [ gt o Ac o oA ] &
Bumaeidens ldnuaTedu st lsaadulsnlinnudAynae YuIAYBITNITISN G
- ° ' & a o & “a A dgy Y A . w
arsezdivuadinimilluduimilalugfuvesnnuornauinldanu vazdulsiding

A 3 v v ° o A4 a ! 4 °
ﬂqﬂﬁﬁﬂﬂﬁﬂﬁxﬂuﬂﬂﬂ'ﬁﬂ'lu?m1]1ﬂ5ﬂﬂ')'ﬂu\1ﬂﬁﬂﬂu"lﬂﬂﬂﬁ’nil']a'l lfllilﬁ‘inﬂﬂ'liﬂ'l“'NQ
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A< ! 3.7

(17 A0)2 + (1 AY)? +(1/ A7)

o - 2 ' A 9 - o
Tﬂﬂﬂ VY omax Ao ﬂ'n”lﬁ']11“\15llWiﬂisil’mﬂﬁu1u1lﬂﬂl1lﬂﬂul‘]f Tﬂﬂﬁ1u17ﬂ1‘ﬂﬂ1l“uauﬂﬂ

anuSumldfe ¢=2.996925 x 10° m/s
d e o
3.4 samlsznoummuuiiman fhuuiadnnstinia g

3.4.1 srinIthaanysal (Perfect Electric Conductor : PEC)
E 4
wuRak i PEC §i aslszasumnuiihdudauazesdlsznon
v od ar v ¢ A e 4 v g > a
auimanssfisuidugud definsanminesiszaeuaunnnimanbifhdagi
3.1 wazWidnhited u duminugaveslnssadnvesdioad G, j, k ) fidapuzdunuy

PEC 92 180aralsenpuaumiman Ifhuaasdeunisn 3.8

E,(.j.k -1)= E, (i, j.k)= E, (. j = 1k)=
E,(i,j. k)= H,(i,j,k)=0 (3.8)

A — 1] i [ 3 3
2alunsfinsan o $2enala q szudemssiasaunyInsadie 1enn #,6.).k)
[} i 4 )

sruraldnnauudihdudanegsen q guiulaoialUSedmuaisauneanszasy
aunivihonaums 3.8 Wohfugud tazlhmsafviumadesnsimualitisad o
o T . . -1 [ °

dumia G, j, © 1aq daawiu PEC gannsoit1alasmssmualiesnlszaou

z ar J ) - @ A0 (Y o . o

sy 12 72 tazesmlszreumnuniman 8 AR NN UEUIRABAT NN

$raoanInsaadn

3.4.2 dninnimdnauysol (Perfect Magnetic Conductor : PMC)
v »
fumsRosanaumimin hfieduudnimuy pMc i 519 fimuald

d ] 4 o @ s et . [ Y o o ]
sassnovaunnimandudauazesiuszasumnulifiswihdugud w Auwmiala q
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H,(.j-1k)= H,G.j.k)=H,(,jk-1)=H, G, j,k)=0 (3.9)

A < "’ -y o o ] & -\
2uslumsiissen o $2anala 9 1azInMINITUINMIARYIN & AUNUININANVBWY
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3.43 mIaedanszuinladlenn3nAnYia
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£ + &3 .aEy _OH, ©oH,
2 a oz ox Y

(3.10)

- - oE, (3.11)
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r'= \[ 2 _2n'cosy + r?
1
= r(+ ()2 -2 cosy)?
r r

1
= r(1-21cosy)?
r

=r-r'cosy (3.35)

LA INEUMIT (3.202) 1A (3.29b) ansaoudnannmestaiman Ifh ini 1

1 e_jh Ty - jkr'cos ’
Ad=p B ffgJse”tr 2V ds (3.364a)
el [ M e~k sV g’ (3.36b)
4rr ST )
iite
r cosy =r'-F = x'sin@cosg + y'sinGsin g + 2’ cosd 3.37)

v o —_—
DINALMS (3.32a) Az (3.32b) fieg lumeuvesdudinsaiuss v lmidluswes N
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uaz L Aaums

N = [fJee v as’ (3.38a)
L= [ M v as (3.385)
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- —jkr —_—
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Axr
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F=¢ L (3.39b)
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Eo "—‘TIH* =-] 2Ar (T]Ne +L¢) (3.400)
Ey=nH, Y CaNa+ L 3.40b
s =11 9—1-22—’(—'7 o +Lg) (3.400)
Taoezlinvel
Ng = [[,(JycosBcosg +J,, cosfsing — J sin i (3.41a)
Ny = [[(=J,sing +J, cosg)e’™ *%as’ (3.41b)

Lg = [[.(M, cos@cosg+ M, cosfsing— M, sin 0)e/* 3P4 (3.41¢)

L, = [[.(~M,sing+ M, cosg)e’ ¢ds’ (3.41d)
(7 x Yy
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» 3
ulanmnm aniuSamnseldnamsiualayswilideiiios (Discrete Fourier Transform :

4 2
DFT) #afiauntsia Tty

E(®) = TE(t)e'j"”dt (3.42a)
0
H(w) = +}ofl(z)e‘f""’(ix (3.42b)
0
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E@)= Y E(At)y-e /™At (3.43a)
n=0
NSTEP 0o A

H@@)= Y H(nAt-e /2™ At (3.43b)

n=0
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(4.2)

(a.3)

ifiosnineynsududnuaudvssmsmladuiiuaudimodidianuem M4 ifiakanszny

g Ll o’ 'o' a * o o Q‘
m)ms1ﬁ'auuﬂumu1ﬂmmmﬁm uazmmmnmuﬂnﬂszanﬁmiﬂzﬁﬂu NITAANDNISNU

»
maiii 1 Taoldeynsuanhduaudidly

423 msfiosananuEmvesmsssdyanamumiuiu

Zo

R

Zy

A

Zn+1

2.

R G

31 4.4 1AAT n-section VOIFUNIA

51t 44 uamennuenlundazdiuvesialdaailinsdenuy cascade Tumsiinu

+ ¥
sz z, 0 Z,, laoludiflesinseimsiaonnnueniuedsudidygiuenmeuyes

- ﬁ‘ o
FulszaAnimsazioundu (p)

p=T +Tyx+T3x? + ..+, x"

Iy X =exp (i47rl/ﬂg)

- QI a a
p Ao vunavesduilszdnimsaziounduus iy

24 . a o 9/ o o
I Ao MaulszansmigsndunaulsInu

o
= (Zn+l - Zn )
Zn+l + Zn

(4.4)



50

v oA { [} ] o a o o " o
senuhideunumnnuemluudasdnvesduladuiuausy (1) mfdu A4 ez
L] [ Y3 - Q’ o .' 1] A - o ﬂ’ ar -y -\
WRemdulszanamsazfoundudrga  udilosnnluauifelinsiSuunadtufinaudvos
dunlasdisanuenmdy A4 igunsel¥liafumsesnuvumeemanasannu
> 2. > o a
guiuluaiseiise ldeenuuuiddunlasiinnuendund A /4 vufienesan anuem
v ] or 7 e ar [ 3 d & or
uazdauvesduamiiy Ar [27-28] Tao r Aedavs @y Fmunsoldlasy
ao d’t.s'd &d d' r'd =y [ da A o
missiinimsesnuuumommaniauds Tauuwiresnnud ualumsuuasouiuaud
o a T 1 e ° [} a a ot LY []
Frwdunlasnfinaen hiviiu A /4 s il lgsuiuauamiuddunnuiiswed e
v oY A o U P ° 1A o 9 o oYY [ o
udseTinsuenuaudaanegdie esldinmsaadBueauaudlasnmsledimsdadnyin as
» 1
sznandalniadedell uazluandiduilldidenlivinaves d, vrumidy A4 ey
asanAsmIluATouitaudiuMdwIsaIsuen d3u d, , d, uaz d, IAnuenniiy A8
e 1% s Idfumeimeasnnud  uaziisanamssenuyymededygruntiving

o =8 ] a
_nuIn 9 vzuquwm‘lumsaé’msq

4.2.4 M3 eaMlszneuMNdin (Parasitic element)
a1 efuruaeslidh lldidwmdaesinggssmSouaiiounis neesilss

apumsAan INImsdendedyanassninaseimaiuesilszneumadan  uns
] " o a 4 v a an & & -’: 1 4 9 ar aa ]
JruanmdmlseAntmsaztoundudnisnie  Hlumsnaniuszdeslidimnadaneglu
° v o aa 9 ) - ' [ v
fumiafimngaasdndaneadedtinnaiiminzaudn  Tagdwlngudimsia
samlsznsunisidanzldfuiaggmseiiliianimeengs  anunmuvewiiagguses

[] o pd (S o @ao o v o aa
Lhnnuasiins Wadlfifimdufuaudgs  dmfuauideitldldesdlszneumsdani
Fundwesiaaguses a dumisAnfumeems wevolumsazieunduvenaui

d 5 ¥ + ar . Qr = A’ ar
WIdsdalumsunsaseawndunndy tazsaolumsliuadmlszanimsazounduld
da; o aa o o W & o an
avu Tavlumsnedamndanssimsmnvuududimseme aesnliznoumsiaani
WBesidnvazihusiuandilioy @ Sunannuahaiduanuninvesmoeimaudnzda
] »
wasfianusanisuduanuniesirggsowaaiaglii 45 lumsnaaesitidhmg
(] o o - (] = A o o [ o

naruaast Bl 3 dmwar Ao NukuaeTiniliidundsvesiaggusssnsafy

o ' 4 o ' a 2 o
W'lll‘H'Ll\i‘UEN?f'lﬂﬂ'lﬂ’lﬂﬁﬁﬂ’]'lllﬂ’ﬂllﬂ’l’]ﬂilﬂﬂuﬂﬁﬂ'ﬂﬁﬁ 5 GHz (Wp,) MRUAUAAT UM

A wn e T gIusms It UAIIMINE I IMARTAINEIABYIUBIRING 10 GHz (W,)

»
uaznuAuaaslasIddndwedinggiussasatudumicvesmeIMminaeIdl



dipole antennas

d' J aa
21]‘” 4.5 1aaIng 1M909n1sznBUWIanan

425 msSuvinannuninvesmeeima (W,, naz W,)
s
Tunsiloudaanaliiumeimmivldmmualddmodsdyauiingu
ShyuzmesuuausAy 50 Tovy  msdsumnnuidiiuldvesdunaduiuaudsznin
¥
mudadyausvmsammivannsmi ldnmenaldus msdfvnnadaulszneuvesdn
& ~ ° o %) A aa & & o
aweme ¥ lunsdivesmoome lalwaszihimsdsuanunie uazdnisniisnemsysy
; * ey R O o
duszneuanunanIen NN IveIMoAIdRIY  B3U1ansI9iInI U uieaeeds
v ar & Y a Y o 9 a a a Jd’dd‘ dy ° o
saufuive idan muddu ldvedunadufinausnangs tazlumsnaassiiszimsilsy
b4 : o o A
anussaweImaAnsaedd Tu 3 dnvuzfe W, > W,,, W, = W, laz W, <W,,
oinszimsUumanutiu dvesdunasuRauF o eI MALRAzAI Ilin Y

dunusnueoials

° 4
43 WANIIABIMASMTANIIZH
Mg menialudmauidaoiusiass nsead19veamuo1ne (Simulate) Tu
a a ¢ o AN Vg Yoo a da o v oA oA
Snoniinutoanui1d1955 M dnTeiisenaauuuuraanduiieslulawunar FDTD Tau
oo Tsunsuneufinges s lumsinnuuazinzd Tsunsuiminnly fie Tusunsy

& aa I’ Yt P=l =
QFDTDY0 [5] FuiluTilsunsuidinsizaveimalaauaziinnuionsags

43.1 missauinssainvesmueInna
o o &
Tumseenuuugluuuiiasalassadvesmonmaldmmuannavemiia

. - - - é . -
mihuradlufiama x 7o Ar=03 Hadwas  vWIAvMTIMIIusad luna y uaz z Ao



52

wuaeliinamsaanan lumsAnnulugiiuuiaeniosiga  uenInMsiMuAvIIA
~ d Y o Ao @ 3 o =l 4 o A ] P
yostiraauddnlsninnudAyaemMIfUINBANIING AD YUIAVDITINAT Ar Fuiu
YAYBIE TNz audmums i eddtllsunsuneuiiume;  Taudldimua
. . ¥ . v
douluanuades mwFadanudaaunish 3.7)  sniunnvnaluniamizosadnimua

AN ORI MVUIAYEIT RNz an 1A Ao

At < (4.5)

1 . I . I 3
3x108 (—-——3) +[ 3) +( 3)
03x10" 0.15 x10 "~ 0.15 x10 "

) 1 ) 19 a s a
3218 Ar<0.333 ps Sugranaiminzaudmiomsnnzvisollsunsuneuiaumes

- mssrasaunulnssadnaweIMan NN
¥ v
lunusseiissiinissiasuyInssadievesmoenma. laoisuduinmsesnuuy
v v v ¥ v v

wemaniianudnes lufitiszesnuuunnnun 5 GHz uaz 10 GHz 1agvenIN1soonuuy
e eravesmedsdaaadyanalulasansyd - cps  unyhidedios
A a U Y o Ya a A o : = a = g a d! :;
iorlSumnnuditulddunasuinaus  NMLIUNUTLOIMARNVITIVUINVUIANND
Y o o o s ) A P aa 9
udnhmslsumguanuaza 9 YoameoMAsIuMsuanlszpeumdanin 1y uag

YSuduwaduRinausiudonstivunannunivesmeoima

dipole antenna

1 4.6 TassadhavesmoeimalulnsansilaIwaniwdie



53

511 4.7 wmislimesvesmueimalulasansylalnanutibed

a b4 a O a
3171 4.6 uaz 47 naaslaseadrwazninfimeian q vesmoome lulnsaniila
TnannudinnlFmedsdyanalulnsansy cps wuyliseiios  Falumsiaowuy
1A5983 1990 U0 INMAN I NINUATOLUATINUATDUFASIIINY  S1x197x175 1wad  uaz

YUIAVDIT LD IMANANND 5 GHz 1Az 10 GHz uaaendanslen 4.1 taz 4.2 mudny lay

Tagusosdianiiladianain (&) iy 7.5 e loss tangent (tand) M 10 GHz 1Ny
=) (- a a U a LAl i °
0.002 uaslinmuga (k) iy 2.4 Haames  Amsmesan 9 N1¥lumsdaewny

TS993 NARIAIANIT 1IN 4.1 nag 4.2

M99 4.1 VAN NIRDS Y T we A luIATan31UA21u0 5 GHz

W3NS VA (ML) wnines YA (3L.)
L (f; ) 14.55 (0.5A.)) W, i
w, 15um W, 3.0
g 0.15 d, 0.125A,
h 24 d, 0.125A,
W, ~1.35 d, 0.25A,




Tau

s U

LS

& o~ g g8 T O

54

A9 AMNBUIIVDIMLDIMA Ia Tna
24
#is Anundupameeimelalna
fo szuzsznhamumodedaaa i Iasaniduuy CPS
fio ANugWeIingIIuIes

« ¥
fs anundsvsamulyIasaastndu 1
A 4 v a ja .’,’
fio i nesaudy lulasaasdndu 2

' 4
fio aumieaunuly Insaasinuu 3
A ] a | Q’I
fe anuoveany lyIasaasUndu |

r ¥

o anuovewsu lu Insans Ui 2

¥
fo anuovsru Ty InsaasUndu 3

S11 (d8)

Frequency (GHz)

(a) 1S, 99075 FDTD

o aB[S(LN]}

] 1 V3 3 4 5 & 7 8 9 10
Frequancy (GHz)

(b) A1S,, 1INIT MoM

Uit 4.8 1S, msifimes vesmueImanAd 5 GHz 910335 FDTD 1oz 35 MoM



139N 4.2 v iimesvamvomalulasaaiunud 10 GHz

55

mﬂﬁmaﬂf YHIA (UU.) Wlﬂ?llﬂﬂg YHIA (HU.)
L (f,ycn.) 7.28(0.5A,) W, ~2.5
W, U5um W, 3.0
g 0.15 d, 0.125A,
h 24 d, 0.125A,
W, ~0.5 d, 0.25A,,
$11 (dB)
5 T T T r v
.40 . i H i : i H H
0 2 4 8 10 12 14 16 18 20
Frequency (GHz)
(a) M'S,, 9INIT FDTD
5 —— dB[5(.N]
0
-5
-10
8 -1
=20
~25
-30
-35
] 2 q 8 10 12 14 16 18 20

Frequency (GHz)

(b) A1S,, 9105 MoM

511 4.9 1S, W53 voarweIMANA1IND 10 GHz 91A7F FDTD uaz 35 MoM




56

o 5 10 15
Frequency (GHz)

511 4.10 fi1 VSWR wesenwermeluTasaniylaTnafinaind 5 GHz uas 10 GHz

as1an 4.3 wamssrasauulnssadnvesmeeimalulasaaillaIvannutifon

o 74 fl' Sll Z in VSWR Bw
mssmeauulnssain .
(GHz) | (db) @ (%)
awoimelulasansillalna
5078 | -3044 | 52.58+j1.68 | 1.062 21
5GHz
awomalulasaniylalna
9.97 -35.68 | 48.38+j0.09 | 1.033 21.5
10 GHz

5107 4.8 waz 4.9 uaawanissasuny Inssadvesmeeimalulnsaasylalna

&

3 =3 o o ' [ = A’ o -
anudiEvaf 5 GHz uaz 10 GHz muddy dawsidulssindnsazioundy s, misifimes

ety 189 1nnse10994033 FDTD U lndifsaiuds MoM TauminlAesiinnudis
Tsuuulndifssfunudnesanuy  uaslimdulszinsasastoundudniuie linow
A A 4 A a 9/ o Y & o 4 3 o A
gauduileswnmsinaulimsasfoundmios Fsmnsoinsansmmsaziounduvsnau
v 4 4 1 v oA ° > a4 i
&aua1 VSWR ldningali 4.10 sziunaiildueanisiimsauuniananud s GHz uaz 10
+ - 9 a3 a' = a' é 1 ar ’ ‘s' 9
GHz antimlndfios 1 nazdieRnsanas i 4.3 Fueawmguanyuzan q Nlannms
° b o ' 1 a a a Iein Vat o ¥ a L4 > [
$ravwuulassadia mfuhmdunadufinausi latim Indifiss 50 Tevy Muuaatihiin
nuagsuuausseInmsmedidyanululasaasyl CPS duawermsa uazesznunm
sa o o LY ) Yya o P
uuugIanvsImse IRt menmAan g aim ndiflesdy nnwaRld
v » v '
uaaat msmunadsuRuaudnaodidayaneiulasaasyl cps nuuduliderieuiuizn

° 91 Y o a a a & 3 'y @ Ao
ﬂ“alﬁalﬂﬂ‘lﬂ111’“”ﬂu15‘auv1ﬂﬂnwuﬂums3“']1\1“1001ﬂ1ﬁua3ﬁ1Uﬁ\1ﬂﬂJﬂJ1mmﬂ



57

- Msreeauulnssad e INIa 2 AN
v . v v
Juasuan 1azimsesnuuumoeIMAN®IY 2 ANUD TAUMSINNEIEDINAIIY

3 10 GHz 1139ennmeIMARND 5 GHz ldesnuuull  Iassasisvesavemeans

AN AR 4.11

dipole antennas

—d e —

L.,

1 4.12 winiimesvesmvemalulasaniilalna 2 anwd

317 4.11 oz 412 namslassadaazmniimeian q vesmvemealylasansy
laTnagesnnuanldmoedsdyanululasaaiy cps nuylidenios  vuiagguseni

a a o o a o a 4 o
1lu1ﬂllﬁ$‘lfuﬂlﬂ0’2ﬂuﬂ‘lJfT'lUﬂ]f’ﬂﬂvllliﬂi’dﬂiﬂulﬂTWﬁﬂ’JquﬂU’J Falumsdasauulngg



ﬁgN‘UﬂQfT'lUﬂ'lﬂ'lﬁﬂxﬁ'muwuﬂ‘ljl‘lm

58

urveuFad waswiniiweian q vesldsunsy

-~ o a a A a Joiq o =
l'ﬂﬂﬂuﬂﬂ’d'ltli]'lﬂ'lfﬂlliﬂiﬁﬂiﬂﬂ’ﬂllﬂmtl’] ‘ﬁslﬂ'mﬁ11][9105111?5\111411’(1’?10%151\17] 44

MM 4.4 vuanisesvesaweIma lulasaasdlalna 2 Ao

msiines YA (303L) wniines YHIA (UN,)
L, (f; ) 14.55 (0.5A,) W, ~0.45
L, (foon) 7.28 (0.5A)) W, ~0.9
W, Usum W, ~1.5
W, divin W, 32
W, usaua W, q, 0.1254,,
W, mlsmum w,, d, 0.1254,,
g 0.15 4, 0.125A,,
h 24 { d, 0.25A,,
ANYN
/.’/" ...... i
o T AT ) SO e TN i
'250153a;é7e§1b1:1121'3u15
Frequency (GHz)
(2) 1S, W15M1ABIINIT FDTD
2 ARBI[S(L1))
[
-2.5
-5
—.10
& -12.5
~-15
-17 5

1 2 3 4

s 6 7 @& 9 10 11 12 13 14 1%

Frequency {(GHz)

(b) 1S, M3ABI 91T MoM

U 413 /1 s, wislimesvesmueimalulasasilalna 2 aaud




59

Frequency (GHz)

71 4.14 1 VSWR veameemeluTnsaasi)lalna 2 Aawd

M1 4.5 wamssraswuylaseadisvesmeeimalylnsaasydlalwa 2 Anud

awomnlalnsaaiiflalna 2 Aausd S, z, VSWR | BW

(GHz) (db) ) (%)
f(GHz) = 526 -13.39 64.07 - j19.13 152 | 166
f (GHz) = 10.75 -24.528 49.79 - j6.64 114 | 265

st 4.13 umaam s, wsiimeinnms$assaunimalulasaaiylalnaaes

& 1 + i ar 14 o 3 ar t.
AIE8203% FDTD 1ay3s MoM Fawnhimin ldtinnulndifesduudgudnuasi 1adahig

LY o & o Lo ] 3 o o 9 - a o A
W dufeanutis Tauuvide liladiRvstuneenuuyll nazlimsqaufusutilosnainms
aztounduvesndunafiuly TaoRnsanldnna) vSwWr Tugii 4.14 uazoinmisiah 4.5
P2 vy — $ o ) »
Fwewuim VSWR  vsamwoimanasumrussnwamialilndifies 1 uazniamsni
uanswamssiaouu Inssadunuhmaunaduiiuaudi laddinhilndifesdy so Tery
Y » )
usAYINTITeNISMLUAIAN  NuTLUUAIAYBImEEIMATInBUTUBIRBANNDA IO
o a0 [ ' } 4 o = Poy o d 9 .
anudgaaanduseuthann  TavmueimanasuausInNuBgINiituuAIANAINND
aemmafinouauen LI SulisunnndnuusMINAIveTIveIMANAd IR UMS
o o ° a 1 s & ’
TNVRIEWOIMAUNINAY M ITHUUAINAYBIMDIMANABLTUBIANUDMFINBY
seninmedidyauuasmsimaireuaussndgagniy - Selluuuddaiuaundiee

£ o [] [ 3 o
gmeonalIet iy 1Y




60

[ [ a a Jdy 13 aa
- madiulpenaidnyar meduinausdisesnilszneumisiann
& v ° o o a a o A
Tudunoude llesimsUsuljenudnyuzneduiinausvesamooma  1aoisy
nnmMIemlseneumisiaan Iindiundeesiagguses  laseziiminaassnamsid
a S Y v aa A o c; [ 4 o o ' c; Y
anlu 3 nsdl TuA mawnndannilsmndumasesiaggiusesludmmiiasany
4 aa 2 o a L - o oA L
meemAnNNdg  Nasndanuilsiiidiundsiagausesludumisiaseiuaiseima
v v . v
ANYaA  tazemndanaesiindunasiagguseludumimasiuaoeimaisaes
. >
ane  namminsahmsdsumanudiiuldvesduyaduiinausszninmodadoyn

v
fuaeemaanase aromsisuanuniavesamveinms

dipole antennas

—dl —

N

A 2
— Wa2
A W,
— di
& | 42
Y X
(a). Top View (b). Side View

51 4.16 winiimesvesmuomalulasaniylalna 2 anuduaziiosdilszneumsidan



61

TaseadevesmoomelyTasaasy la Inagesnnudiilimsnuiuaaidndnmas

o 3 o ' o 23 a 4 @ 3
uanﬁagmsaalﬁaﬂs'umﬂ'Jmn’fmu"lé’x’auvmauwnmuwamﬂagﬂ°?| 4.15 uaz 4.16 uaz
fnsiimesan q vesmoeme uaaaluasan 4.6 laow  uas W, AeanunIeveIi

windanin B undwesmeeimanasuauenuddazanuige awdny

:; a 'S a Sda 4 aa
AN 4.6 ‘Il'u'lﬂ‘ﬂ'l5’]11Wlf]‘iﬂ]ﬂiﬂ’lﬂﬂ'lﬂ1ﬂ11ﬂﬂiﬂﬂiﬂﬂﬂﬁﬂ??ﬁﬂﬂﬂﬂiﬂﬂﬁ:ﬂﬂﬂﬂ'ﬁ'lﬁ’ﬁﬂ

W'lﬂﬁlﬂaid Y¥im (J) Wﬁ]ﬁlﬂiﬁd VIR (UK.)

L, (f, o) 14.55 (0.5M,,) W, ~0.45
L, (f,o i) 7.28 (0.5A,) W, ~0.9
w, d5um W, ~1.5
W, USumm W, 3.2
W, wlsmum w,, d, 0.125M,
W, ulsaum w, d, 0.1251,
g 0.15 d, 0.125A,,
h 24 d, 0.25A,,

433 ML veInslaenlsensum1ann (Parasitic element)
anrams$anauy Tnseadiamuarsiai 4.7 nuduiiomunsneesdlseney
aa Va9 ar o ¥y A4 a a A 3 w ¥
wis1aan B3idmnassaeoma ssiildnduiimsgudoiionnmiaznounduiisoas
9 Yo L . | C4 t * o = 45 -

uazanudiu lddunadutaud sz ImveIMALAz AT T YR IUIMATY fissanld
snnfdnlszanimsasteunduluglit 417 wuheweimaluvezilifioslszney

\ ar < Q’ o 2 ] 4 o
msdanimdulszaninsastounduvesnfugeniudelinsneesnlszneumadian

» ¥ .

22 TaslufiigamndananeuwiulyinsaaSdunuitvinannuaanhfuanundn

1 o 1] ar - n’ ar

WBEUPIMIAIaT NS TR M IR danaefus I mdulseAnims asieunduy
] or P-3 ar aa =3 . d' ) o é o
ety snnsSoudioudnuasmsamnnd@aneziui dienasiuluIasaaiuniiada

1 ar Ca) o ol é , ar - QJ s
idumswsnumoemesaladniles ldamdulssanimsazieounduvssmvena
v . . I3 » .
Mapanaimduasiinindfosty Tuvasiidenuriululnsaadasid Tindunds
k4 3] [] P

ysamueIMAnNEd e e mAaua g mdnlszinims aziounduvesmy

v . vy ‘
omanaaen lilndifuadu TasenueimanasuausnNUddIRslimdulssanims

avieunduneudgs azAmgudnyaizan 9 Tuudaznsduraadannei 4.7



[, N - B IR B o gl . -
— pmsmc at ;hort cbpola

.m. ....... S SUCTI SARTLEY SURINLE L T T Y
; : — pmsmc at Iong dapo!e

7Y AT I enmnnsenghnnnsbrabiaianseil R S P
: : —_— pmsmc at M dtpolos

40 i | i H A i

0 4 6 8 10 12 14 16 18 20

Frequency (GHz)

3N 4.17 namemduilseang Tnsacteunsuilefinns hiflesdiszaeumsdan

A vsvm! : :
ne J
3§ 4
i non - phrasitic : :
__f plmmé: at short lipoio : : :
1 -———plmslﬂ‘¢ﬂ lonl lﬁpoh ...... ........... ........... ............ .......... -
_. pnnclﬂc at two dipoln :
uD 1L 2 3 4 s 6 ; 8
Frequency (GHz)
(a) VSWR fiaawid
VSWR
5 T
‘..\ B R I TR L
b AN e ]
) — T Y. - : :
: non - parasitic g
i puumcnnhmf dipole
"7 T T SRR ., <A st S Bwmemibiies nsiomanysemtases 4
i pmoﬂnulwgdpolu
: _ —i- parasitic at two dipoles
0 A A 4 e . b 3
7 8 ] 10 1 12 13 14 15

Frequency (GHz)

o
(b) VSWR finamufiga

U1 4.18 umasA1 VSWR veamoemia la Inaidieiinaz hifiesdilszneumisddn

62



63

msaft 4.7 qudnvuzvesmvema’lalna 2 anmdifissnyssneumsianuas lill

° ) 4
mssmeansulnsiadn S, z, VSWR BW
f. (GHz)
(db) ) (%)
f,= 526 -13.39 64.07-§19.13 1.54 166
sansdlan
memAlulasaniylalne f,= 10.75 24.258 49.79 - §6.64 113 26.5
meoimelulasaasylaTwadill | =503 -27.87 5407~ j1.04 1.08 16
WISITAN B AMMUI L, f,= 10.06 -29.496 5231- j2.53 1.06 31
mwoimalulnsoaiflalnaiili | =408 35.18 5172 + j0.41 1.035 18
- ° 14
wWnann ol Al L, f,= 997 34.068 49.19+j1.79 1.04 239
meomealulnsanidlalwahill | 6= 498 -18.095 39.78 +j4.57 128 14.8
WISIFAN 0 AIMMUMI L uas L, | =988 21.34 4345 +j4.64 e 224

MR 47 swuh msldesbizneumndaniiusnumundivesiog
o 1 ar ar & o 1 °
e o dumitvesmsomadladanitces gudnuasae q - venssiaswuy
Tnssadniianinludn 2 asdinn  Taspsdinmeesddszaouminidanidmndavesme
P o LY o Aoy Y 1 o ot b Yo o
pmAnnovaussanudgusiqudnyusianga  lausaamts lauuuilian Indfoaiy
ad ’ " a oA SN Ve b a o a a o o v o -
anudfioenuuINAnd  MduRLAUET Iatn1 InAiReaUBUYNBNNIAURNNNT TufAB
z._, iA11nd fva 50 Teviu iz Z, S lndifivegué uazeinarsfinisangili 4.18 Uszney
d vt ' A A as v Y & VA o
szuhaasdauniuiis VSWR Tawinled 1 dwaashilinnugydonnmsazviou
nduvesnaues  nazdiefissanuuudiassnunmslddmndaniuSnudundves
. ¥
awerme hifinadednsusvewmuudiamnmin TaoiloissanmssasuunInsadiaia
4 psél sznuduuudiaivessseimaanudgiinnasiuniuuuaimivesmeensa
- ; ¥ ¥ Aﬂ' f ar -=; 4' =a & 9y
anvddreutiann  TaommziionSoufvudurweimanasuausnnutmeIslim
g o 9 a o s P A o a
upudaanindinsadu lihezidluanudgansednaw
a a5 v o va oA S A A g
Aoanmsiasundasdnsusauaugusanisuitaumiia i MRl EnoY
wsdanfgundwesTrgguseanamsei 47 nnmsissanmludnSuenuaudves
a a st o A ] 1 aa ¥ o o o o z
Sumaduiuaudiiie Lildldmndan wuhezuaadnvaziiuanhfuaud  datumsns
v - 9 ar (% o v <3 ar o
uiululnsemsdoraud ldundwestagguses o dunmivesmeeimeaiiswinlad
& o < H o 3 1 @ [] v a ja o '
nitoIfifamsmilonivasmaveudedyanuszninuku lulnsaasUnnsvnudurim
o < - ] a o d 9 A o Y a o
Faggwises  suihuaiioumsideynsudusnuaudiinlievamsinsiliifansuuag

a o Jd?‘ s;a -] ¥ = L 9 9 o 1 S A v 9 3 4
DUNUAUYVU uuﬂamusueﬂuﬂuqmmm“lﬂaquu uazmusammuwmm“lﬂa 50 TOHM




» L 4
gamsnas lu Tnsaadudumasiaggussainuitimeeimaiaesindulimgu
o o " d' 1] “ 5 J ° y:i [AY [ Jd'! °
Snuaizmeduiuaud Wid eannuiuaadnmassmaimhidiududnuaudiiieinn
1 o & a P> ° [ A [ © iy seily Yar sy
alnd q fu SaRemsmilenimaniimseudedygah i ueauandh laliguaua
k4 »
vpspuspuAuTIIANIMISuaNs Anfuguinuuemeduiivaudi 18SadidniSueauausy
P a o (3 o < A a vt '8
Fifhuudnuaudiu resmuyadnSoudfiovmseimealaInadioiinaz hiliesdalszaounia

Fanuaadagun 4.19

Rioad Ricad
- AW W
Rmd
Rrad
- Xc
4 Xc . _
+jX1e
O
() 2303 AUYATHIBRINA 2 ANUD (¥) NFAVYATIILRINA 2 ANUD

A o P o
1UBUMTFRAVUILUDALUAUY

511 4.19 uganRsTUYaduestwnIma lulasansylalwa 2 And

432 msannziravesmstiunnuninmeeina (W, taz W,,)

Qs g g 3‘
nsisuanunesmseimalaina Wumsusuive limusimatinnudn

o Y a A o’a:g ° b4 -: ° @ -4
fuldsunaduiiuaugasu lumsineslasaadniseimsilivanunanees w, uas W,
T 3 nsé Aedfulianunvesmsnmaiasuauswigalivinanieni uaund
LazihfuaunInvsIaIeIMIANasuausInNNoa Iaolunmsdiveslsuadnyuzns

o ann v ¥ a v o 3 ° b4 4

epslseneunisdanImiatefimiun aatuszusnransiasaylassadnldtiu 4

o o ;
NI0L AU

[y 12 13 an
- mslSu w,, naz w,, Tnghitiesmlszneumisiddn
wIng1lfi 4.20 uaz 421 namsduRuaudR Idnnmaliuanuninvesmeeimela
Twaluvaziimooimealifesisznoumsidan  wnuvudiasslassadnlumsdivanu
v 3 o 9 3 o va a a sda A o Y )
ahasrwdnvar  seisanudhiuldtunaduiuausnangaiediulnauniaves

v
mummﬁ"lﬂ'[waﬁ'aﬁmwu‘mm'lﬁ'u ummﬁu’nmnh"m011m5'1waqmummﬁmummq



65

= v Y Y @ Ya a a Jdd? @ =1 " a a A o
mm"lwmu‘lwmmmﬂu”lﬂau‘mmnwsmuwwmﬂun mnﬂ‘%‘aumuumﬂuwﬂauwuﬂucv

HEAAINIAIT1N 4.8

Zreal (ohm) —— W1 > Wd2 — Wd1 = Wd2 - — Wd1 < Wd2
70

60

Frequency (GHz)

) @ 4 1 d aa
1l 4.20 naasmsnfSouiiou z_ veamsdsu w,, was W, iie luliesnilszneuwisdan

— Wd1 > Wd2 — Wd1 = Wd2 — - Wd1 < Wd2

BT O

Zi (ohm)

!
I
i
1

-50
0 10 15

Frequency (GHz)

! <t =1 @ y ' Jd aa
g 421 namsmsnfowiion 7, veansliu w, naz w,die hilinsdsznanmisidan



66

" ' o 4 v d aa
Asafl 4.8 uaase 7 wag Z,,  veamsliu W, uaz W, die hifiesdilszneumsddn

a dy o =~ dy
ANUASIBUMUNMIUAT | ANUDTTBUUUNAIUGS
(5 GHz) (10 GHz)
VNAYRI W, 1Az W,

Zreal Zimage Zreal Zimage

(ohm) (ohm) (ohm) (ohm)

W, > W, 54.41 -34.74 51.27 -8.707

=W 64.07 -19.13 49.79 -6.64

dl d2
W, <W, 52.21 429 49.44 7.24

aa

[ 4 < a v o a
- ﬂ'l‘i‘ljﬁ‘ll W, s w, !NB'JlQﬂQﬂ'IJﬁxﬂE)‘UW1§1ﬂ'ﬂﬂ‘nﬂ1u‘"ﬁﬂ‘“ﬂx‘lﬁ1ﬂﬁ1ﬂ1ﬁﬂ

AOVAUBINNDYS
~ 1 a A St @
nngalin 4.22 uag 423 uassmidudiuandn dnnmsdivanunivesmeoine

Ta Tnalusmzineessdseneumndan Bndundidwenmanaeuaussnnudgs a0

o o 9y o’/‘ @ Iy A @ v b4
!l‘lJ‘U%'laﬂﬁiﬂiﬂﬁ%"Neluﬂ'ﬁ ﬂi'l.lﬂ')']ﬂﬂ'«l'lﬁﬂ\?ﬁ'mﬁﬂﬂmz %$1ﬂ'ﬂ maﬂm‘lﬁmmmnmm

¥
o a Voo ’ @ = =~ _al o
moomd lalnasaesiinnamiiy oz ldmanudinu ldeunaduiiuaugvesseeinma

3 a ) [ v A a 4 o = 4 @

naarealim IndiResiu uazilumndhlndduiineud so Teruuniga Tauiiolsuanunii
' 1a o Uy o ot ' = o d ' - '

w,, iooni1l W, Asuwnduiuaush Ides lilndifiveiv 50 Toviu daunstin w,, mand

Yy 1 a a I et 9 9 s [ a a Jd 3
W, wihmouynduiueusn ldvzlndifes 50 Ty uaviABUNIANTYDINIDINIANT
v @ ' = @ A d n’: @ $
099209 11 1nAABI UL ATDUALAUTVRININUNINLFAIAT A1519N 4.9

—— Wd1 > Wd2 Wd1 = Wd2 - — Wd1 < Wd2

60

~
-
. -

o 1 2
15

Frequency (ohm)

3 =) ! @ 4 o~ o aa
5N 4.22 nansnmsnlSouiion Z_, vesmslin w,, uaz W, iieiiesntlszneumindan

AUANVBIN IV IMANADVAUBIANNAYY



67

— Wd1 > Wd2 — Wd1 = Wd2 — - Wd1 < Wd2

} I
] I
1 )
1 il S EM.
] 1 '
A I 1 i ¥
Y| STy e & s . 1 F
ul B AN ¢
! 1 i I
= : t : :
& L coisnflsesere e o By d [} A N WA W
% 10 !ﬂ 1 ] /l:\ s
N iy ! T
(R
...................... - URLY IOURRRR B TN O .
15F q“) 1 i : |
rai B 1],
(1 1y
[ E
....................... B H1 TR pf
w0 L I :
o s :
] :
b ! iy :
25 Ll 1 iy L
0 3 15

Frequency (GHz2)

a = o A o d aa
51 4.23 uamamanlSouiey z, veamsdiy w,, uaz w,, Welinanseneuwisidan

NIAA VO IMANAD VA UBIANUD

a ' o A o d aa
MINN 4.9 1A Z, Uag Z, . ¥9Im5l5y W, uay W, dielieanszneumsdanan

AUNAIVBITIIOINANADUAUDINNUDT

= WU a ¢y
ﬂ'J'INil!‘ﬂ‘lﬂl‘H'MﬂﬂTHﬂ1 ﬂ?]ﬂi’llﬁi%!!ﬂ‘ﬂﬂﬂTﬂgQ
(5 GHz) (10 GHz)
VINAYII W, 1az W,

Zreal Zimage Zreal Zimage

(ohm) (ohm) (ohm) (ohm)
w,>W, 53.85 0.55 50.14 -0.9
W, =W, 51.72 0.4 49.19 1.79
W, <W, 54.17 -15.82 57.84 -20.14

v d' d aa d' v [Y) d'
-msi5v W, s w, !NE)’JN@Gﬂ‘lJS:ﬁﬂB‘UWﬁ1ﬁﬂﬂﬂﬂ1uﬂﬁﬁ‘"ﬂ~iﬁ1ﬂi’)1ﬂ1ﬂﬂ

ABUAUBIANNDAM
P T a a sy ¥ [ v
‘1]1f‘l:.i“l.l‘n 4.24 11 4.25 uﬁﬂQﬂ'lﬂil‘wuﬂuclﬁ’lllﬂﬁ]'lﬂﬂ’li1‘5Uﬂ')131ﬂ’ﬂ\1‘0’63ﬂ1061ﬂ1ﬁ
~ o aa yyYa Y o ~ Ao P
"lﬂi‘Wﬁ‘lu‘llmZﬂ'nqﬂﬂﬂﬂszﬂﬂuw'ﬁ'lﬁﬂﬂ.l'n’lﬂ1u'ViaQﬂ‘lﬂﬂ1ﬂ1ﬁﬂﬂﬂﬂﬁu93ﬂ')7uﬂ@1 (SU13]
v .
W%'lﬁﬂl'lﬂﬁﬂ']ﬂu'ﬂllﬁ']ﬂﬂﬁiﬂﬁQﬂ%l'lﬂ’/h‘!ﬂ'lﬁ‘]J%Uﬂ']’li]ﬂ%’]\'iwqa1uﬁﬂ'ﬂm$inﬂﬂ'li1\17] 4.10 il:"lﬁ'
» Y @ Yya a A It o Vv @ P o aa jlc;
ﬂ1ﬂ']13J!‘llTﬂuulﬂ@u“f!ﬁﬂuthﬂuchﬁﬂ‘ﬂmzﬂanJﬂUﬂim‘ﬂ'ﬂﬁﬂ@ﬂﬂﬁ:ﬂﬂ‘UW'ﬁ']ﬁﬂﬂ‘l")'ﬂ?nﬂfn
Ao a O oA A o ¥ ¥ ' o A @ oA A
ﬂ'lﬁﬂﬂwﬁﬂﬂ‘llﬁuﬂﬂﬂ')'luﬂqq uu’ﬂﬂlﬂﬂﬂﬁ‘lﬂ'ﬁ W'” NN W‘,_, VZUTYDINIALNUIANNAYIN

a oy oa a o L a s a - A @ 9 ' I, Vv a
fimpunwaduinauslndifes 5o Tonuluvmgindimlin w, Woond W, winmaune



68

a a d n,: @ Y @ =3 [ Y A '3 & Yr a
sunuAudvasmummearesiang Indidoaiuuan hilndifies 50 Tevin dees ldmdune

a a4 oI @ a at o 4 o '@
Suiuaudh Indifesiunazin Indifes 50 Tovu Wellsuldvna w,, minu w,

—— Wd1 > Wd2 — Wd1 = Wd2 - — Wd1 < Wd2

Frequency (GHz)

a =t P @ 4 a 3 aa
310 4.24 uaasnsulSeumon Z_, veansliu w,, uaz W, iieiiesnlszneumsndaning

AUAIVDITIDINANADVAUDIANUDA

— Wd1 > Wd2 — Wd1 = Wd2 — - Wd1 < Wd2

2 .'
: |
. TSRl e S\
‘E ﬂ
i il
N | :
I 'y
A LI”
10 3 :
I s
& :
& :
15 : i
0 5 10 15
Frequency (GHz)

4' =t = @ A~ d aan
31 4.25 uamannlsouion z, veamsiliv w, uaz W, iieiiesatlszneumisiaan

1IN NVDIAYDIMANADDAUDIAUDA



MINN 4.10 AR Z, 10T Z,

ma

amné’mw5wmﬁmamwﬁﬁmﬂvauaammﬁéﬁ

@ § o L4 a
L V0I5 W, uaz W, iieliesniliznouwisd

A dy o a ¢y
anuaslymammud | anusslsuuuinugs
(5 GHz) (10 GHz)
VIAUBI W, 1Az W,

Zreal Zimage Zreal Zimage

(ohm) (ohm) (ohm) (ohm)
W, >W, 45.85 2.3 54.07 -4.6
W, =W, 49.84 -8.93 50.64 -4.04
W, <W, 53.5 -14.2 52.84 7.2

o 4 3 a ; a
- m3Fu w,, may w,, iiensesnthzneundannaaeimanaaes

v n s sy ¥ o £ a s
ﬂ’lﬂuwuﬂu%Wvlﬂinﬂﬂ'l'i'IJTUﬂ'J'lilﬂ')1\1‘1]ﬂ\1ﬁ'lﬂﬂ’lﬂ’]ﬁnlﬂIWﬁiuﬂlm&"ﬂ'ﬂﬁﬂQﬂﬂ53

69

noumsaan Pndumdvesmseimeiaeuausn udimitazanudgy uanegn 426

v v
oy 4.27 - uagn1en 4.11 l!ﬁﬂﬂﬂﬁ%”lﬂlm‘l]ﬁﬁ‘lﬂﬂjﬂiﬂ’ﬁ%'%ﬂuﬂ'li‘iji‘llﬂ’J'lllﬂ’sJ"NﬁQﬁHJ

¥
Sovaz  vzwuhmanuihiu ldounaduiieudvesseemaieauiia lilndides  s0

Tou

—— Wdl > Wd2 — Wd1 = Wd2 — - Wd1 < Wd2

Zr (ohm)

d' [ @ A o aa
51U 4.26 nisnlSowiion 7, vesmsdiu w,, uag W, iiipliesnilsznouwis1aandng

frequency (GHz)

¥ .
AUNAIVDIABDINANIADINNND

15



70

—— Wd1 > Wd2 — Wd1 = Wd2 — — Wd1 < Wd2

— 7

Zi (ohm)

-~
e o o o o - - -

15

Frequency (GHz)

Y I~ ~ [ 4 o o aa
3N 427 namamanfSouion ., v0msiiu w,, nag W, disiiasmlszneumsidan
Y »
']']\W;ﬁuWﬁﬂﬂlﬂﬂﬂ'lﬂﬂ'lﬂ'lﬁﬁﬁﬁﬂﬁﬂ’ﬂllﬂ

a 1 @ A~ J a
MINN 411 uapIi 7 iae Z,  99Insliu W, iaz W, iioiiesailiznounsd

v v
ANINIA UK AIUDIA WD INANITDIANND

= é v o = Jy
ANUBSIBUHUNAIUA. | ANHBI T TUUUNMNIUGI
(5 GHz) (10 GHz)
VINAVBI W, taz W,

Zreal Zimage Zreal Zimage

(ohm) (ohm) (ohm) (ohm)
W, >W, 34.59 10.45 48.98 33
W, =W, 40.59 7.33 47.71 2.41
W, <W, 39.79 6.7 46.16 9.05

¥

20519050 UNeUNANINAA0INTUSTILIAANUNINIVBIAIWOINIANT 4 NI
Vo ™ a a Ay Y A v ' ™ @ ' @ ) ]
wuNMpuanuzMIsuRnausn ldeziia liuanaedunmin . uanslsulianuni

Yosmeomeisaesdiivaniiuee ldsnudnuugmeduiinaudnanga



74

4.3.4 wugdmsmwasnumnuszezlna

& aw dy Y o a Jd a a -g A A [
lu6\3%1ﬂ\31u3§lﬂu1ﬂﬂ1ﬂ153lﬂ5131’1Nﬁﬂﬁ$ﬂﬂﬂlﬂﬂﬂﬂ!ﬂﬂﬂﬂ1§ﬂiﬂﬂ§qﬂ

v
@ Y @ o

a a o Ao J a
AUANYNTNNBURNAUTYOITIDIMA TaoNdeniglsuanvesmeenimer 13 Asiuuuy
simsuRwasuauszoz lnan 1dainmssraesuun lnssadeluudaznsdl Selidnvae

¥ 2 o a o V@ A Y P
ARWAAINY 1HAZRINMIAATITRIUDFUMSURNG I VBT INAT Id lug1h 4.28 uas
' " @ J = T <
4.29 szwuhiuuugimsuiwdsauvesauszes lnadunuuusea lea Aeliaunnniman

v
Tivhweeenludnyuzamindudaieoima uazlinawseon ludesiamia

0081 0081

(a) oy lnlvh (b) FUMMBIKAN

a [ =] A o
510 4.28 awwIWihuazeunuuimanyeseve N BB

0.0 -10.0 200

0 -49.0) -30.0 200 -100 00

(a) e Inlvh C(b) AUIMLUIHAN

51 429 v Idhwazauimanvessseinannuig



a
UM 5

agilnanisidanazvelaveuny

- a L4 o d’ Y o a r's o -y
Sneinudniiuil Idinruens insegadnsusvesmoema lulasaaidlalna
v oA 9 a ° o /o A o 3/ 9 v oo
punurufienidaesnind  wasiimsUSunuadtuiuauddions imodedyanaly
v E 4 3 v
Insaasd cPs numsviunnunaiiudususumsmusanilszaeunisidan 1een
. 1] » +» ¥
lunisponuuuassInaniiuluduauivinnimileawiiu msdSvuvad
a A o a o 9 ] a J - 3 u’: 9Yq Yas a o
sufinaudiudannoudhagann lumsimsisiaieiman ldeenuuuiiu1ald 355 ua
[ ° a ¢ A aad ad & A 9
FDTD wgaslumsfanazinsiey $astiudiinilmhoazazainlumsudiym
a o d [ [~ .’1 ar a4 3 = o 9
aumsiFeywusvssaunuuimanivih saunatanianuanlunisiins e Inseainees
e ] o ¥ A Y o o '
mermainiglsnsudouldnanmargluuy  mweiman ldimsesnuuuiazling s
4 3 v 0
f)tu5numzﬁu'nzﬁ'lumummﬂ‘lﬂ’iwaﬁuﬂ1munmqﬁumummnﬁmuauawmuﬂazﬁa
manefulaudoudousiuaastuny 9 uaztloudaapudrvmodedyaululasaaa
A o da A &Y o ' a a
CPS REmsTuuadsyiuaugalonislsuunannundvsiunudail uazsznasuing
° v o oo ﬁ' 9 o da A Id'd:i
M nUsIvInlseasumsIaanis MifansuuassunLausnanga
> b 4
smiutussulumsiinsiznawoimealulnsaasdlaIwanvuuruluinoinusi
25310512 a1 Tsuuuieeea1oe1ng Ins1iains uuadoufiuausves
mweimA  uardinssiteuinusyndfdagvesmenima un s, winilimes

SuwaduRuaus uazivpgUmsisndsnumnuszosIna

d
5.1 ajlwamsesnuuuIazMINNIITH
= =Y Jq” 3 o S o o v AW Y
Tudneniinu il 1dins s eiaudnaza1s 9 vesweman ldesnuuy Tau
1¥53msuuy FDTD lasiiinssiassInseadisvessiseinmeuaziinsieidonsuiunes
uazlumsiinsizd1didenld Glass-bond mica WuTaggusesniinaumul 2.4 Nadmas 3
e lasiEnasaify 7.5 A Touuusiasants Av 5 GHz waz 10 GHz uagldd

da a I P
MIFLUBABDUNUAUYN 50 Tﬂ'ﬂll



73

M3 5.1 qudnvazmisesuylastadnvesmeemalulasansylaTnanaubifes
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5 GHz
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10 GHz
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ANBUTAN 9 NU

© p 4

n1391RBIVINIETIN | f, (CH2) S, z, VSWR BW
(db) () (%)

f,= 526 21339 64.07 -j19.13 1.54 166

aoomalulasaniylalna :

f,= 10.75 -24.258 4979 - j6.64 113 265

awemalulasaaitlalnahll | =503 27.87 5407~ j1.04 1.08 16
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awomalulasansylalnanll | =498 -18.095 39.78 +j4.57 1.28 14.8
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Improved Impedance Matching of Dual-Frequency Microstrip
Printed-Dipole Antenna with Conductor Back

M. Tangjitjesada*, N. Anantrasirichai, * and T. Wakabayashi”

: * ReCCIT, Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang (KMITL)
Ladkrabang, Bangkok, 10520, Thailand
E-mail : kanoppin@kmitl.ac.th
** School of Information Technology and Electronics, Tokai University
Hiratsuka, Kanagawa, 259-1292, Japan
E-mail : wakabaduet.u-tokai.ac.jp

Abstract: A novel dual-frequency microstrip printed-dipole antenna operating at 5 GHz and 10 GHz is presented. This antenna is
designed for wireless and mobile communication. The balance step coplanar strip is used to be a transmission line at the center of
dipole with matching impedance at 50 ohm. Using the conductor plate align on the other side of antenna and adjust the width of
step coplanar strip line to improved input impedance matching. By modification for matching impedance of dual frequency
antenna are not affected to the radiation patterns. The Finite Difference Time Domain (FDTD) technique is applying to analyze the
basic characteristic properties such as Sy, input impedance , VSWR and radiation patterns. And these parameters are discussed.

The analyze problem space are 51 x 197 x 175 cells and cell dimension are Ax=03mmand Ay=Az=0.15mm.

Keywords: microstrip, dipole, antenna, dual-frequency, matching, FDTD

1. INTRODUCTION

Over the past decade microstrip antenna are very useful
because of their advantages over the conventional antennas
such as light weight, low cost and low profile. One of its
well-known is printed-dipole antenna. Their attractive
elements owing to desirable properties such as small size,
linear polarization, higher input resistance (easier to match)
and attain significant bandwidth. The choice of feed line is
very important in the microstrip dipoles and should be include
in the analysis. Coplanar strip (CPS) line is an attractive
uniplanar transmission line for solid-state device integration. It
comprises two adjacent conductive strips on one face of a
dielectric substrate. Its useful in printed dipole antenna
because of their properly structure and feeding characteristic
are satisfaction.

2. ANALYTICAL METHOD

The Finite Difference Time Domain (FDTD) technique was
used to analyze this antenna. A novel numerical algorithm was
presented by K.S Yee. FDTD method is very useful in
analytical the complex antenna, high-frequency circuit and
wireless application system. Due to its advantages like extreme
simplicity, flexibility, reduce the computation time compare
with frequency-domain technique and can applying to all types
of electromagnetic problems from simple structure to
complicated structure. This method solve electromagnetic
problem in time domain. It divides the problem space into
small rectangular cells call ‘Yee cell’. The properly time step
(At) that relative to the space increments (Ax, Ay and Az) is
required to derive the Maxwell’s equation. To ensure the
numerical stability of the leap-frog algorithm. The following
equation show the time step expression.

el gl . L) M
V(@A) W) (A2)

Where ¢ is the light velocity and Ax ,Ay,Az are cell
dimension. The analysis problem space of 51 x 197 x 175
cells with the cell dimension are Ax= 03 mm and Ay =

Az =0.15mm.

3. ANTENNA GEOMETRY

3.1 Antenna design

This paper presents a new dual-frequency microstrip
printed-dipole antenna shown in Fig 1. Glass bonded-mica
was used as a substrate with a dielectric constant and thickness
of 7.5 and 2.4 mm, respectively. By use the FDTD software
to simulate electromagnetic problem. The basic characteristics
are discussed.

Dipole
Antenna

Conductor
Strips

CPS Line

Fig 1. Antenna Structure
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The layer thickness is a thin plate compare with the
wavelength of the design dual-frequency (5 GHz and 10 GHz).
An antenna consisting of two differential wavelengths dipole
parallel strip aligned on the surface of substrate. The step
coplanar strip line is used to be a feed line at the center of half
wavelength dipole on the same plane. The dipole antennas are
designed for dual frequency at 5 GHz and 10 GHz. Each
dipole antenna independent according to their operating
frequency with 50 ohm input impedance. The short dipole is
designed for 10 GHz and the long dipole is designed for 5
GHz. Both dipoles are long approximate to half wavelength of
their frequency. The length of antenna can define from
following equations, egs. (2) ~(3).

c

P R 2
f Eo

where
g +1
o s (3)

&5

¥ x 2

where

f is a design frequency
A, isa design frequency wavelength
&, isan effective permittivity

4 is a relative permittivity

The pulse signal source, Gaussian pulse, was used to excite
along the feed line at input port of the circuit. The input

voltage v(t) of signal source can express as eq. (4)

W)= e{%)z ()

Where £, is the center of the pulse

T  is the pulse width at its 1/ characteristic decay
point

When operating, current flow along CPS line and flow to
long dipole and short dipole, respectively and induces the
radiation. Hence, careful design of the distance between long
and short dipole is required to avoid the current coupling. And
improved the matching impedance by align conductor strip on
the other side of substrate at the antenna located and adjust the
properly width of CPS line.

3.2 Antenna configuration

Fig 2. show the configuration of the proposed
dual-frequency microstrip printed-dipole antenna  with
conductor back fed by step CPS line. This antenna is printed
on a substrate of thickness h =2.4 mm and relative permittivity,

&,=7.5. The configurations of antenna are as follows;

The length of long dipole (L;) = 049 ,{g of 5GHz ( f))
The length of short dipole (L;) = 0.45 ,{g of 10GHz ( fz)
The width of long dipole (W,) = 0.45 mm

The width of short dipole (W) = 0.6 mm

The distance of step CPS line d, = 0251 of f,
The distance of step CPS line d, = 0.1252 of f,
The distance of step CPS line d; = 0.1251 of £,
The distance of step CPS line d, = 0.125 ,lg of f,
The width of step CPS line w3 = L5mm

The width of step CPS line W, = 1.2 mm

The width of step CPS line Ws = adjust

The width of step CPS line W = adjust

The gap (g) between dipole legs = 0.15 mm

And the width of conductor strip that align on the other
side of design dual-frequency (5 GHz and 10 GHz) is equal to
the width of antenna at their located.

h
haa
¥
W
t
.
¥
& &l 2
Y X
(a). Top View (b). Side View
Fig 2. Antenna Configuration
3.3 Simulation

The antenna was designed for two frequencies at 5 and 10
GHz. And the conductor strip is used to improve matching
impedance by aligned at the backside of antenna plane. After
that the width of CPS line (Ws or Wg) is adjusted for the best
matching impedance of two frequencies. By FDTD software
program the antenna was tried to simulate in 4 cases.

I.  Antenna has not conductor located at backside.

1.  Conductor strip located at the backside of long antenna.
I11. Conductor strip located at the backside of short antenna.
IV. Conductor strip located at the backside of both antennas.
And the basic characteristic results are discussed.

4. SIMULATION RESULTS

The basic characteristic results from FDTD simulation are
shown in tablel. And discussed in the below section.



ICCAS2003

86

October 22-25, Gyeongju TEMF Hotel, Gyeongju, Korea

Table 1. The basic characteristics of printed-dipole antenna.

characteristics
Su z. % VSWR
Frequency (dB) ) )
resonant (GHz)
f,= 507 | -1339 | 7472 | -1031 1.54
CASEl [f= 1006 | -2426 | 56.51 | 029 1.13
fi= 5.03 2787 | 5407 | -1.04 1.08
CASENl [f,= 1006 | -29.56 | 5231 253 1.06
f,= 498 | -35.18 | 51.72 | 041 1.035
CASEMNI [=" 997 | -34.07 | 49.19 | 1.799 1.04
f,= 503 | -1938 | 4129 | 455 124
CASEIV ['£="997 | -2439 | 44.93 2.67 1.13

case Il has received the best result and the values between

f,and f; are nearly to -35 dB. So the next section should be

shown only detail in case I11.

S11 (dB)
5 .

T T

-
-
-

0 4
—— T
/ P _

/ /

/
f ]
’
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4.1 Return Loss (Sy))
The return losses of the dual-frequencies microstrip

printed-dipole antenna are depicted in Fig 3. and Fig 4. And

the results are shown in table 1. Fig 3. shown the S

parameters compare between the antenna without conductor
strip at backside and the antenna with conductor strips at
backside of both antennas place. The results of S;; parameters
of the antenna with conductors back are better than the other
case. In case 1V, the conductor strips at the backside should be
improved the impedance matching and for the better result the
width of CPS line (Ws and W) was adjusted. The figure
below shown the distinguish result between case I and case IV
at f,, the Sy of case IV was down more than case I clearly, but

their are not at f, the Sy; of two case are close to -25 dB.
Even though the results are improved but it’s not good enough.
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Fig 4. Return Losses compare with cases I and case 111

4.2 Input Impedance (Zi,)

The input impedance is one of the most significant
characteristics. It relative with the S;; parameter for the less
reflected wave the impedance should be matched. The input
impedance at input port must be matched with source and load
because of the impedance value change along feed line. So the
matching impedance is necessary for design antenna.

From table 1. the best of input impedances of two
frequencies are occurred at case 111 shown in fig 5. The input

impedance of f and f, inreal and imaginary parts are 51.72,

0.41 Q and 49.19, 1.799 Q, respectively. Which they close to
50 Q for real part and close to 0 Q for imaginary part at the

resonance frequency.

i

\
R
\i
[}
\
1 7
u
\

conductos back at
both antennas

2% . . L 1 " "
2 4 6 8 10 12 W 1B 18 2
Freq (GHz)

Fig 3. Return Losses compare with cases 1 and case IV

To consider in case of antenna with conductor located at
backside for case Il and Il show in Fig 4. Case II, when
located the conductor strip at the backside of long dipole place.
The return loss of high frequency (10 GHz, L,) was down
more than the return loss of low frequency (5 GHz, L;). By
adjust the properly width of CPS line (Ws) the return loss of
low frequency was improved. On the contrary, in case llI,
when located the conductor strip at the backside of short
dipole place. The return loss of low frequency was down more
than the other one and improve the return loss of high
frequency by adjust the properly width of CPS line (Wp).

From the simulation results in case of conductor located at
backside of antenna and compare them. The S;, parameters of
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Fig 5. The input impedance
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43 VSWR
VSWR characteristic show the antenna performance that
relative with reflected wave. The VSWR , denoted by p, can

define by the ratio between the maximum voltage V, .and

the minimum voltage V. aseq. (5).
Vow _ 1+
p— Vmin —l—|rl (5)

Where I is the reflection coefficient and it defined according
to the following equation:

r=>t—t (6)

Where Zi is input impedance
Z, is characteristic impedance

From table 1. The best of VSWR characteristic is in case
111 shown in Fig 6. These figure shown the nearly values of
VSWR between f, and f; are 1.035 with 12.8% bandwicth
and 1.04 with 18.29% bandwidth, respectively. These values
are in the maximum mismatch value to be expected for
standard communication system.

5 — ¢ IEnL W/

8 L) 10 1" 12
Freq (GHz)

Fig 6. VSWR of the antenna in case I11

4.4 Radiation Patterns

The radiation patterns should be affected from the modify
design antenna for matching impedance of dual frequency
antenna but it not significant. The antenna radiation patterns at
dual-frequency are shown in fig 7. and 8, respectively. A
center-fed coplanar strip dipole radiate wave propagation in
forward directional from center of antenna and cross
polarization is very low. Fig 7. shown the radiation patterns on
electric field of two frequencies are likeness and their shape
are base on ordinary shape of dipole pattern. Fig 8. shown the
radiation patterns on magnetic field of two frequencies. The
shape of low frequency is similar to the ordinary shape. But
the shape of high frequency should be some affected from the
strip of long dipole so its pattern is not omni.

Fig 8. Radiation Patterns on magnetic field

5. CONCLUSION

A novel microstrip antenna has been proposed to operate at
dual frequencies. The microsrip is a single layer
printed-dipole antenna fed by coplanar strip line. Improve
matching impedance with conductor at backside of the dipole
antenna and adjust the width of CPS line.
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