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ABSTRACT

This thesis presents the analysis and design of a rectangular slot loop antenna fed by
microstrip line, and modifies to be a dual rectangular slot loop antenna for achieving wide
bandwidth. The antennas are designed on RT/Duroid 5880 substrate and FR4 substrate using
MoM from IE3D Zeland simulation software. The proposed antenna was fabricaied on the FR4
substrate only because of ease to manufacture and low cost. The objective is to design antenna
for multi-frequency in Wireless Local Area Network (WLAN) and WiMAX applications.
Measurement results show good agreement with simulation results that suitable for applications
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wuni W dyanamnsaazioundy 14 Taoh lifinsudnszawesnlnadumdes

e

/\ Reflector [g

Feed

Reflecion By Subreflector
Feed
(e \
(m wis1 Tudauuuileudunill (Front Feed) (v) W51 TuARUYY Caesarian Feed
/
Reflector
b Feed
——

(f) 1Y Corner Reflector

4 A
UM 2.7 e manuuazeunau

2.4.6 MU IMAUVVIAUT (Lens Antenna)
mwemauuaudmumveinan lin i dyeuuannszerely Tunieman T
- 3 " ~ A A ey
Aoams  mwemeyiating audesnhimvemaviiadu q  ifleaninguaniAves
- o v d o, i '

JUnsawsvnda samans 1 Tagenihunindhueud onnzey maildgdsauumand
g A ¥ o a 1 a ¥ W o F)
aernsaulsgunssdie q veandsnuieguinaladifvemseimaliinmdundu

& - d’d -4 - o &
AAUIZUIU (Plane wave) muoIMaAYtatilms 1¥numileuny ﬁ1ﬂﬂ1ﬂ1ﬁllﬂﬂﬂ=ﬁ0uﬂﬁﬂ
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3 » .
F21918a udmnawidge  yul)  udidesninvinanantrauazimininaduly §a

' - a
Tiidhuniton 1o
Convex-plane Convex=convex Convex-concave
lﬂ.d o o e
() Mo NIAUYLIAUaNYA MH n >1
Concave-planc Concave-concave Concave-convex

o = e

(V) WO IV UAN LAY N n <]

31 2.8 v rmemaud

2.5 nwugimsuinsznenauveImseImn

Hu3UNITUANIEAAAY (Radiation Patte) Apgilnmii1fifeuaaqumnives
msurnszIvRAUYeImBe 1IN FailuiaiFuvesiiialueime (Space Coordinate) Tadu
'lmu'uuuzﬂmsun'nsszaﬁui‘fﬁm:ﬁmmfluu?nmﬁmuszu:'lﬂa (Far Field)

mseienumuiAveINIsUANITLAAY sz0FuRu AR  Fere il Ao
Ao IMsIUANTTIUAAY (Radiation Intensity) AIMITUVBITUIY (Field Strength) ey
(Phase) 138 Tna115199u (Polarization) éqqmﬂuﬁﬁmﬁ1ﬁ1§1ﬁauﬂm;ﬂuuwmwﬁmuﬁ
dhuilaiduvosiumisnubanisafine

717 2.9 uansszuL TnooAIUN ilfunasquonivesmsurinizoioadu dmiums
Hiduieuaashdsnuiicooimesudnunnaiaiindandisdesond uuugddidaau
(Power Pattern) ¥0Im00INA  uaznsiuansmsnldoundasvesmummimannie

" . »
o It ludisniedne q HillSeadined Sondwugilauu (Field Pattern) ¥oamue iy
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~~dA =% n 0 d0 do

Licvation plane

Major \
obe

-~
-
/ Azzmuth plane |"‘“

311 2.9 szuulnesdundmiumsins iiaeima

2.5.1 wwygduuy Telainsta lasavuumua uazesuiilanasuuua

#usinszownauleTaTnsiln (Isotropic Radiator) Aemoeimmiignary@sy Tavi
Auauiavesmsurnsznoaduhiulunnimmsdroanuduauumiiy Tavezilu
moemauyunilei liounsoadneiald  uainez 1ifedudnSoufoufuameerne

FANNAUMTUTARUAUTA LAAINANIIVOITUOINA

Raduation
pattern

1

:

|

|

1
%
¥

31 2.10 nuugvesmweImAnuueeui lalsAFULUA (Omni-directional)
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AW INIALLUTOUNANI (Omni-directional Antenna) i";mmmuum'l#ﬁ'azﬂﬁ 2.10
MR IMAUULFHAMA (Directional Antenna) oo madsliguauiAveamsdamie
nsuntuimdnih 143 Taommzfiemeifmuanini

91031 2.10 szl wmugl uuui':'lﬁﬁﬁﬁma'luszu1uuun:nﬂ (Azimuth Plane)

[£(#),0 =fnaii] milﬂuuuu"i'ﬁunu'lus:umquun (Elevation Plane) [ g(6), ¢ =finai)

2.5.2 wwugUnan (Principle Pattern)

TavdauIngudalinezesnequantidvesawermalumevyesunvzinan
(Principle Pattern) ¥03au 1 1W#1 (Electric Field) tazeniuiuiman (Magnetic Field) @m3iu
mue ey Inan 5915 udu (Linearly Polarization)  uvugdluszun E dluszunui
Uszneudonamesminy i wasiemaveamsurinszaonduiiusaiiga  dauuvugylu
ssnu H anflussunuiidszaeudionamesmnunimdnuasiemamsusinszawndui
wsafiga  Waedrmsuramuglveamsusnsradunaaiagli 2.1 Taoliszu xz

(szuuyunm, ¢ =0) Huszun E uazliszuny xy (3zuuyuon, @ =x/2) Wussuu H

H-feele
aperture Grstr, butwoer.

E-feld

H-Tweldt

# o rPlane bt
» aperture dutribulion

31 2.1 nuvgdnaneuu Ifhuazmnuimanyeameoinimhnuas (Hom Antenna)
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253 VIR § Yoo IMA
; o . - d M - -l -
Taoa Tudaineziniwinandeuseuaweimeseniiu 3 dau fie munaSuendin
5202108 (reactive-Near Field)  auiwunszewszoz 1nd (Radiating-Near Field)  uazou1y
52021na (Far Field) Aananalugui 2.12

vinumunSueafinszoz1nd dhuuSnumundidensenlndmweimmnniiqa uaz

- - ¥ ' - r : -
Wumusiaiueafivifludiulve vinuilziiszozn gooe ’,D_'il‘lﬂﬂ'l‘llﬂi
A

oo e Aifunnueindu uas D duiian Ingfigavesmueine
vinumwnsznoszezlnd Wuinumnuvesmoeimeifiegszneuinuves

aunidueniivszor Indiuinumnuszerlna  TavmnufinszawegiihuduIngidums

NITVVYBINUINATUYVAIN ) ﬁi‘fuaq'ﬁus:uzu'unnﬂwmmﬂ funaiilngiigaves

-t o v - - - g ) lﬁ’ ta :
meaImANvwIAlnNIRNVe AU S suiouiu ﬂu1ﬂ1.uﬂil']ﬁluﬂ‘|9‘=11|lﬂﬂ1lu
e : - ﬂ’ lﬂ' 03 '“.
aniuuInuveunoluvesmuuiiee umizuEnm R=0.62 7 luasvsyuonegniIsue

2D?

A

o - 4 .
vinuauwszes Ina WuuinumnuvemoeInd FIMsUANTEI0YITINYDS

2 . . < ¥ 3
R< —2—% Taoh D Fuvueilvgifigavesmweimna 1ufe 0.62, ’DT <R<

' 12 o ' - o a 1 " e
moeMmAmuyuaR q hivuduszezienmwema fmweimaiialnafigamiiy D
2

a o J ] M - ’
vsmuﬂu‘lus:u:'lnm:mmuﬁs:u:ma R> Hunnaee I TuySnut

»
dalszneumnyTasiug weslidnyuziuauindavang (Transverse  Field) uasnIsus

1 IJ I o o J - - o ’
AIZBVBITNAILYNA N 9 92 hivuegiusreriniiniald  veuluvewSnudnansee
2

o ¥ - 4 - '
amoiluszozsndl fie R = uazvouuentinuiuewud FauSowd q vesruwen

o a
meemAmINsonanl lanegalin 2.12



Far-field region

.'-‘.‘..E.;. ..--‘.;-- s
..o::'.:: L :' .= '.{“‘ ::-.
o & ®s a8 ., .-‘ ‘wte Ta
-f, %, Ta, § * e
+** * Radiating near-ficld (Fresnel) region® . *.
@ Tw n et e, e s

A . A S . .
X ;Ef'v'n-l“" AN St

‘near-Gjeld !

EE Rl
.
.

- - L] L]
e s & -
AR e % P e

a*-’

R, =0624D*

R,=2D*/2A

UM 2.12 MsiaSnuveImNUNINE e IMA

2.6 UszanB 2 1MYe3m80 1N A (Antenna Efficiency)
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UsziiniamesamoeimalianuduRusAsINUNS oRABOAT 1V IUYOITIUDINIA O

o a o . o . Vet 0 " d’d’ e 'y
mammﬂnﬁ11]szfmﬁnmqqmzm'lnummuqusunu 1uﬂu9$ﬂﬂﬂ1ﬂuﬂ1ﬂﬂﬂiﬁu

- é - e - ' =) ﬂ. - z d‘. A '
UszAnEnmumudae e, Fwasnnlszaninmilez 1Funusimsquidviifeiuiiyarouds

2 " d
mweIA niennevIvIdvesmuoeIme dwaaslugii 2.13

Input
terminals
(gain reference)

/ \
\ . ]

] r) AT L :

i A 1 b Ve H
Output \,:

>
(n) 17‘]91?)6“0#1!0%?71001ﬂ1ﬂ

terminals £

(directivity reference)

(¥) MMsgady

UM 2.13 VaRed 1B Az Mgy Fovesmoeime
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aumsvelszanimwianvesmesmaansaou 1 ail
e, =eee, (2.1

vazi

e, = YszinBswvesmoema

e, = UsrAnEamuinmsasfeunduiiosndany limnaufussnin
mMudaRuTIeINA ¥ e,=(1-|T)

e, = UszaAninmusamsiiudani

e, = UszaAntnmveamsihnuiu

r = dulszdndvesssduazdounduiivrvudivesmvernin
(T=(Z, - Z,)Z, +Z,) vazi Z, Ao suinausvudh Z, fle a1
dufiAuTRuANYUZYBINIUA]

= R I+|T
VSWR = 9ATUITIAUADTUUL = i {IF:

Taona Tludrezdumia e uaz e, 1donun  uAszansoniaildninms

» >
naaee  winamsiansslieusodinmsuonanlszininmnanesesnniniuld dniu
A a P " g 4
eaNuazAINIzNouauMIN (2.1) Tniidiudaii
2
e, =ee, =ed(l—|l"[ ) (2.2)

d. - - ' é ar o ar o
Taoh e, =ee,= Usziminmlumsuninszaisvesmeeine  Fszduiusnudasvey

»
HazMITNENNI

2.7 8A 319N (Gain)

Sas1vorovesmweIma (inu) iudsfitwendausousniennumuIsaves
menmalasiitnuvesmsenmseziinnuduiusedinlndsany lasnasa (msiﬁﬂma)
inuszilunisyenilszdnivesmeeimaiiezine 9 Funumnsalunsdamma
wio 'l éa'larmﬁ?ﬁu?ams%wﬁrmmfutﬂwﬁmmﬁ'aﬁa%muﬁaf}muuﬁi‘lumﬁ’ﬁﬂmq
YBIT0INIA ﬁa'lfu‘lmﬁﬂﬁ?ﬁﬁaqnnmquﬁwuuuzﬂﬁuﬁﬂsm1uwi11'fu CLERITATTTR
amwvomaludiemsfimmussadusasidunnudulunsudnszooluiirmaeiidmuais
aoanudulumsudniznisiimnmdinuiimseimesy ldndunisurnszaonyy lo T

nstdn Taohinnudulumsurnszoioeslidnua s uRe I UAUAMEINUNUHNS E 0D
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o ' - o ' - 1 : 4
Yo 1o InsVauaztinumdumasnunmweimasu ldnviviud misdie 4t Faezuaaslu

Juuuueums Aail

radiation intensity P U(é,¢)
total input (accepted) power F,

Gain=4rn (2.3)

'lunnnsﬁﬁ‘lﬁﬂn'rmu‘fazﬁmsa‘mquﬁ'zmnuﬁuﬁuﬁ (Relative gain) Fuiu
ST UYBIMAIBAIINOI (Power Gain) Tufienisfidmuaiiidemnesinuvemoeims
Srdalufiemeitesaiu Tasimdsmuvidvesmonimmisaesnsdeaniiiu uazind
moe1meai 19 lumsradainezilumeeinmauuylaina (Dipole Antenna) miweINA
11nuAT (Hom Antenna) W3pmuemady 4 Acunsadnnamaun 1dniedaun ednls

naweveInAd1danina 1l Ae unasduiiale laInsdanlsmninmsgadola q

2
sy
4zU (6,
. V.4 232)
P, (lossless isotropic source)
J o - -.; < o o o - 1 1]
we ludmuanemiald Taoia Tudrezfamawaswornlunamaiinsudnszae
i 4

AU IR

$1Banngifii 2.15(n)  sramnsodionldh waswvesdanuiuseenal @, )

] »
wdunusiurasmvesihdsuvud 7,,) Afloulieveine dsii

P, =e P, 24)

MNAsTY [EEE Tadmuah  inuszhisaumsqau@oiiiann dufuaudiia
o - o & A a a - o v
wmg  (Msgaiennmsaziounduivividivesmoeima  AiRANIABNRLAUTSTHIN
1 o Ll I o L} o ‘n
meomavazmededygie iohdy)  wazTwanlsdhimnzay  (msqudoduiionin
» . ¥
Inanlsdszninmeomamuduwaz vl inan s himilousy)  dniuluntiszvedmua
A o o
uiaeawy fie 1 (G) uaz inuauysel (Absolute Gain: G,) FuinvzAonineIns
S 9 ar - - fo o a 3 =
qadeninmsazvieundunionmsiauumaiuiuaasluaunsi .1) uaz (2.2) duniidu
TumsAadudin

Taoms 19aums (2.4) azaaaumsi (2.3a) udai
v,
G(0,¢)=e, [47!—_—; ¢):| 2.5)

rad

o e o

A o ey ﬂ’
Faozdunusnu laisaalasail

950562
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G(0,¢)=¢,,D(6,¢) (2.6)
TwhuesReadu mgegaveunuiszduiusiusigagaveslasaainds dniuse1dh
G, =G(6,9)| . =e.D©6.9)|__ =e.D, @7

daunuauysel G, sramnsant lAsinmsgyifoninmsazioundunienny i

ar o ‘ " o M A
mnzauiu (Fuiieaninmsasmeemaifumodadyanu) Famlden

G, (6,9) =€,G(8,4) = (1-|1])G(6,9)
= erecdD(as ¢) = eoD(a’ ¢)

(2-7a)

o -t ar ' o« d w o de andag .
Tudnwuzifoaiu mgagavesnuauysel G, nzduiusiuaigegaveslaisaaia DAl

Goats =Gt (0, =€.G(0,9),., =1-[I1)G(O9)|
=e,e,D(0,94)|,. =eD(O.9)| _ =eD,

(2-7b)

dhmnenmmamaiumoddyaiu Hufesuitausvidivesmoerma Z, exiim
piviuRuanyurnBuiuaus Z, vosmodedgyg (]=0) anfusziliinuiaaes
miiu (G, =G)

Taondinusz hifimisze  udiineziion1finulumenveuadauny Fafuse

aunsaununugga lumeuvouadua sl
G, (dB)=10log,, e, D, ] (2.8)

d
2.8 DUNLAUNF YUY (Input Impedance)
a - o A a a s oy & s A da
flﬂ“llﬂu‘ﬂl‘llﬂ’l 1D DUNLAUFVDIT WD INIANINAYU LT IIUVIADUDIT WD INIA HTONAD

-

ﬁm1t'h'uszwinu'iaﬁudamzumaw?nmj%dﬂ wiedmionilsfesasidiuves
dauszaeuiimnzauvesmun Inthdemumuiminiigmin  luiifvedmuald
suiuausvudiiivagreaveimmiiu a - 5 awiiuaaslugalii 2.14 uazl¥sasidauves
uﬂﬁ'u'lﬂﬂ19ianszuu'lvlﬁ'uﬁ\?":ff'lﬁﬁﬂwvia'fﬂaﬁ'ln‘] Fufuszmisidufuaudves

awoImA 19 Al

Z,=R,+jX, (2.9)
Taohi

¥ bl
Z , = BuRuAuFve1eu0 1MANUSUYIAG a — b (ohms)
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»
R, = ANUATUMUYBINWOINIAVUTIUYIAG a — b (ohms)

»
X ,= AR TUINUBITUANWUTIUTIAG a — b (ohms)
o 0 o Y d’
Tamia Tmanudumuein (2.9) sxilsznoudan 2 sanilsznoudail

R,=R.+R, (2.10)

R, Ao manwdummlumsuinduesn livesmoeims

R, Ao mAnuAmmunnms gaivusmosinia

Anlenna /

| ,, .

i Cemcrator Radiated

(z') wave
| b
(m swormalugduuumsda
. R
L
|
v
x m
|
£y R,
I R,
xl
b
| X

(v) 295 auyadimIiuvesmoemalugduuumsds

310 2.14 Moo et arAnYBzNesIaiioY

da o .
2.9 UUHAING (Bandwidth)
g o r- " - - o >
UUUAINAYDITIWDIMA AD F19veannudmeluveuwaiveusu ldndlumsumas
ausauzvesmweIma dumsiesandgudansauzinsediaiiiullaumnasgmng
J =Y - \ 1] ﬂ‘. : 'A
FanuaImamuIsasrin I nurve vt uud unIaediveInuBfINa1

o o - = < - -
(Tao lianudnanasie anwdis Tsuuudvesmoeimalaina) Taofiguanvuzyes
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1 - L) A o
awernd 194 BuRuAUFY U (Input impedance), UDUZUMIUARAU (Pattern), AATINA
: B o ot ,
Adu (Beamwidth), Twa1 159199 (Polarization), 3=AuUAAAUYIA (Side lobe level), (AU
A a a = " A - 7
(Gain), @NAUNANII (Beam direction), Uszansamlumsurndu (Radiation efficiency) i
» o o = d‘cl : o o o
du eglummoeniuldvesimadninainiu - dwmivuuudIndvesmoeIMaLUYLITOA
uuudezuny 18@rwdasduvesnnuddugedennudduidindveans lnuivewsy
o U " o o 1 - [J - 4' : 1
18 #2001 19U LuuAINg 10:1 mnoanu aMwddmgaiiufuniwesnaddnidinn
dmdumeomAnuuLaULAY = Tituud InanunudlonlosiFudvesnudiuana1iy
o - N S4 da L éa 4
(AMudAUgIaUANLRAINAY) RfTUAUAILDININAIIBALUATNANY (FU HUUAING 5%
3 ' q ¥ a o ad o«
MoAL N ANUAnARYen NN IFNuRoeuiy 1A 5% vewrnubnnasveuuua
- e o - da o o
Ty uMINA NS OUAAINIMUUAINAVBIN U INMALVVUAVAIINDUAY (Narrowband)
uerRIR NS (2.11) dmsunyuaindvesmoeinaniiuuouniie (Wideband) sziifu

@

8R3 10 IUVBVIVAN NI TIABYDVIVAA DA IVBITTUAIDAITUNS (2.12)

BW, s (%) = %xmo (2.11)
Yz
_Suth
S 2
BW,, otsamd =£ (2.12)
£
(o BW f0 AMUUUAINAYDITIE0INA

- " -

£, fi® vouwanudgaveuALD

- :i : Ll 4'

£,  fpvouaanuddvetuauD
£, fis anudnaiavesdiuaud

° o o ¥ o .
MIfMuALuAINAveImoeImahdneiguauideglunasgu  ezgafimualag
a - - . A
VSWR < 2 (S, < -9.54 dB) Un@l¥ 5, < -10 dB Tauh 5, fie msgydvdoundunivane

10971019 (Return Loss)

2.10 InssaaveameeIne lulasansy
puauidvesmeenialuInsandy fie vinadn dihminan 510190 aunsondandie
= - =& o 1 o = Y
maTulatrsesiun Feeusoin 1)1 usuduasessidanseiing 14 uazaioe1nia

TulasaasSymuisolFauluduanudlulasond1dd dnsuzlassardwvesmveinmsa
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2.10.1 uHUAN N INMA
uAudnihinldhmoema dunduTanzuuvun mnseldimhndudud
. »
nasu uazlifinnuduniud nudeanizuiaden sunsadadatuAlvesTuing
gsealdiued1ad TaoiaTihieinnesuas neadt nie egiidloy ududniraunse
o ' i\ L 4 4 i 1 o
i T 1$lumseenuuumenimaliiigysedi 4 ivu Amdouiud fmaougia 2anau
¥ »
25 104 Jagnlihukudnihmoeimeaiisydinadelsz@ninimueamoeinis uazau
»
dFudoulumsnda uenniniiudrwwanazglinvesmoemmuuuiudnihduiuiliivde
° q ¥ LI - o o
msfimuannudldnu gluuumsusndsu vazdufvaugvudh  Jegiiuemnoermeuuy
' o o Q¥ . ' o e - = A

uduAni i ¥ ngiiluududnigydmaoy uazaenay issnnmsesnuuy uazms

afmnsaimldae

2.10.2 é’u’:’aqgmmq

'n?ﬂuazﬂmmmi'ui'ﬁqpu‘:mlﬂuihﬁ'uﬁﬁaﬁumsaammumﬂmmﬂ uaziily
sslsznoudigiitmuaguouiama i wesmvemalulasandy  msudndsa
wmwa1mmzaﬂa«ﬂaﬂ'maﬁ"z'lnﬁtﬁnn?ﬂﬁ'uﬁ'ﬂﬁ'uaﬁfragmsau‘?inmnfu Tauiinay
muwesiuTaggusealiineg  nsuinAinuvesmeeimasziyiuilennmnveadi
iﬂqgmsmtﬁm‘fu wm'm11unu1uaq§ui’ﬁqgwusmviammunnﬁui’:fhﬂs:mm 0.05 (1
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- o - ar v o R & aray o -
misideniaquive il TaqguseauenninszdesdiiladimniAnina autamanil
' 1 ; Ad.d d‘
ANUAIMUABENIZIIARBY 1T ANLFY  gugiininmsnAvulas anwensalumsta
aanuilanz19d  anuiSouvesmFanulszaninmlunmstadadaiulans uazense
. : o o J aray o - o
raatluduiaggusesdmivaweimald  uennndiauianmalifhdaiiudunlsddglu
msidening Tavliniledunidesdiiiadane Tl
' - - a e e . . o a o ‘

- 1A 1aBiana3 AdUNNT (Dielectric Constants: £)  Jagi 19nasiluiaquiledon
A ¥ - L. - ¥ o - od - v e
e iamanmuenvesms ladianasaiinnei  Ainwia ladianasaezliwenguaulidves

ad a - o ' & o ad =a - o R

msitlumsladidnase Taufioudueimadng Famneda ladidnasaduininaseiinim
i nAned ladianas adwimsaeen Waoemaiidsedninmia uazi imswnaal
ANuAEANAIRTIBY

-filLoss tangent (tand) fiD MNUAAIDATIAIUTTHINNTTUAMNDIAUATS U
- o - - d - - ¥ ] s 4 4 o 3/ = o
Ammaxug Taoiiohms ladianada luAunansznhauduTanzguitsdaimihniiugg
d & A 3 ad & o o A °
wulszy  damilivzuaaslniiies ladidanaiminiins gauduilewsinminihinszuauin
9 - o o a1 Ao A o - oA ad
veuioala Tasfiinaseslinndl iveaandsnumsgidoiiomnmsgadvvealadian
i - z
asam lidsz@ntnmusssvoimeagavu

- A1AIAIYBINSIIAUTOU (Thermal Conductivity) vzuansliihes lasidnasn

& 4 o dd 2
vy srlinnueunselumsszneaudeuldfinnleuiivaladissriiteganoen

2.10.3 51U (Ground Plane)
' L) ‘ <1 o . o o A 1 "
duwkuTanzvnalngiifemouiuusudniimoeins Fdmlnginnlany
»

yiiaReiuiumeeIma Tasvuiavesszuiuns Atz danansnudsuuzUNIsuA

ey g - g ‘ e 5% o
NITNUAAU 1HBIWINATUIGLUVUNYTIUVOVYBITZTUIUNT1IUA UBNIINHEITINARDMS
AnsiquaiAvesmueImABndIY insnnnsinsieimoeimadiuIngiidonuydn
uAuszUUNs ATV Ia nginhukudnihmoemmnnsuaunsolszana ldduiiueriud

a‘- ar o - 1 o J - & 3 ¥ ¥ -

VANIIIAYEITZUIUNINALTIHAABAINAUNAN (Main Lobe) Wooun uaseyirldinad

4’ o L] i
ﬂﬂug’lu'ﬂﬂﬂ'llil\'lll.'l.l'l.liﬂﬂ'l?llﬂﬂizﬂ'Itlﬂﬂ‘ll

2.10.4 NBAITYQ I (Transmission Line)

modadganai idfumoeimauuylylasaaddsziinaregluuy wu viorindu
FTUII (Coplanar Waveguide: CPW),  eni1dayey 152 U132y (Coplanar Strip Line:
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mnhdgananimhin lumsswmdaunnuding RE Power) Wusmoema'ly
Tnsansil mohdgygeniuileiodifgiidimansznudenuauiavessoeime Tasame
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o magluuuiiosei I8 uuugdnisudnszereaduldiuuuiamaien
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2.13.1 AAUDS (Traveling Wave)
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51 2.21 2995 auyavezUn 2.20

waft lanwaumseiiunnavesnduus s Tihiidumis z = o Sazdaiuse
mods  iileawinaumdnmavesmsdeiuimdsiiihqgeqa f Z, waz Z,  exdead
anudiuiiu lugd Z, = Z, uatiosnn Z, vsziluanda dnfu Z, wilurniuay
frwniy Z,  Falumalfiadesadniesiuiiadyananieniesde i isuiuaud
moluviuem Z, oadaediasu dni T dfumeTauen@oauuy 50 Teud Suiuaud
nuluveuniestuiindyguidewiidy 5o Toud dodudu lunsdiuiiGoniiimg

] ] »
umyB AU NAUYTEINAUN  tazvinAvesWuAUMIn TinuTlud el

VR
V,=— (2.14)
2
¥ A
2.13.2 M3azNeUveInau
P ' [ @ ¢ M o1 A o o o " e
nsfinmodalildoeiud nIelinmduinausquanyus himinaveaunu z
4 H 1 L] a : o U 1 - J
aauvsnawu e 1A unanssnuninanmmiu q  #ediuru Seelinnuidinalash
' et 4 o - 1 o '
tawemede 138 Tnanilinuily Z, dweaalugiin 222 wahldfemdssezgauiaiiu
1 1 & £y o =i ] J =
aeadIu dunilezazteundvinaaie Sndiunilnzgydon Tnaanawiluaiuiou
1 - - - =i : L “( ar o
ludrumdsuszilfunanndeoiivslaiuegiudnlsz@ndusduazioundy (Voltage

reflection coefficient)
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(2.15)

=
I
o

l‘ - - A" o o
dio I fe dulszandussduazioundy
v, Ao ussduazoundy
V, D U5 @UANNTINY

b— z z' «—

I I
Z=0 Z:B

Ui 2.22 mudaiide Tnan Tidaweo
nnaumsn (2.15) Mdwlszanussduaziounduliauiiuuin uansimsdu
azNounduiitdaasai (in phase) uaduaseamnuiiuavuaasuswuazounduime
- . A o o o d.
A3aud (out of phase) MIMIAMBTIFUAVBINAUUTHUTEROURGUM 1A A

% USRUALNOUNAY = T'x 100 (2.16)

faumldnnussdusnidsaeaisdisduiuausquanyus Z,

P=— (2.17)

v
iy dulszinimdsnuasNoundy (Power reflection coefficient) 92 TAMNINY

o o 1 o a n' as ar
fMdresvesmidulszdniuswuasioundy

P
==— 2.18
z (2.18)

-i - o = ﬂ' o 9 (Y
e I' ne ﬂﬂﬂ‘izﬂﬂﬁlliiﬂuﬂzﬂﬂuﬂﬁ'ﬂ

P, fin Masuaziounay
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P fie Mdsnuennszny

moudlunlesirud 14 Tau
% UsaRuUaENOUNdY = I'2x100 (2.19)

»
uammuﬁmjs:ﬂnﬁu WuazNounaudirunsant 1dendasduvesnanianas

HasIWTTHIN InaafuduRuausuanyuzvesmonhdyy i

(2.20)

2.13.3 RO (Standing Wave)
A L i\ ; 4 L] . ‘. J M
lunsdinlarwawdre 13d0Tnaaia T lilsuums¥alvan  dygnundudiu
& 2 < o ; 4 4 o
nilwzgnganduniodunldesi Inaafedrdumiu  Bndiunilsimdeszazveundul
& ' a A & 3 > =
e uaziilesninaueNlagavesnauannsznunazaauazNeunduulsnlasuaua
A a A o o a ] & ¥
adusmmIeaaunadniez Idu1nInmssaunenlagavesnauannseny uaznauaziou
v obsid ¢ g & ,

NAY FaUFBITUNI1 AAULA (Standing wave)
ATULIANADINNITTIMNTOVINAUYBINAUANATINY  LazAAuaNOUNdY Tavliya
| ' - A a 4 < <

Tnusegiunsenega Inuaiavats  goaduszn/aouduliitgagegqe  tavasaudiga

- A a = J ad - & A 3 @

diga  uavadutziiatuldlunsdinanutvewmauannsznuiazaduasiounduiing

»

MMy

Musdugaga ¥, veanduils ldinnamsuiniuvesnauannsenuuazaau

asRounduisiiaasaiu
Vo (V) =V, +V, (2.21)

' o o A4 a o & A <
AusAudiga ¥, veanauis ldnnnmsuanduvesnduannszny uaznauasioui

firerasadudiu

Ve (V) =V, -V, (222)
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- L3 ' - I' ' -« ' - A q. n
ﬂﬂ?'l'l'huﬂﬂilﬂQﬂNQ’w‘lqﬂﬂﬂlliw‘lﬁuﬂT I?Uﬂ'n DA IO IUUTIAUAAUUR (Voltnge Standmg
Wave Ratio: VSWR)
Vm

VSWR = == (2.23)
s

- v 4 & ' P T L RS LT
DATITIUUTIAUAAUUL ‘H?f] VSWR uarasluniiiu dB WUYDIUNNOATITIUATUUR
(Standing Wave Ratio: SWR)
SWR (dB) = 20 log VSWR (2.24)

° ar o« [ J - 3 o o
MIATUIUANUTUNUTITHIN VSWR tazduilssansusquasnounauueunsau

a e = ' 4 o w
TavszsugaunInauMsh (2.23) lmumﬁ"mtmmsﬁ (2.21) uaz (2.22) muaAy

VSWR = L _Vi+V, 2.25)
Ve V7,

\ I 4
MMIMSIAELASAIUA ¥ uasumumidloaumsn (2.15) a2 1di

vswr=1tV.1V, 1+ (2.26)
1-V, /v, 1-]r]
gufuezldm T i
r=/SWR-1 2.27)
VSWR+1

2.13.4 nsgeyidudeuniiy (Return Loss)
¥ Y ' o o a A a a o
nmsgidsdounduvesmoeimmzuaasihdsiqaion Inaa iisduiuaudves
mwdwazmeoimaliminu - mnmsgydodoundusyiilumsuaamsumdiusznang
L J =1 a :‘
mudaiumeeima Tasmimsgadodounduaunsom idnnaumsi 2.28

S, =—20log,|l|  (@B) (2.28)
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¥ »
3Un3anaw (Spherical wave) 1HIBNI U IVUNUAMINAUNIzozH 1 Inavnunasdiiia

& I a4 4 a - 2 4 i &4  aa
Aaun 9 wdmualivundn q vuiuAmsnasruuAduruRssuLuRmaound

E )
A e

¥ »
nauiman i Tasezfinrsanawi i E uazenuimin B vuiufiassuiniing

-
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yumndiuuasiu  aeiundunszozlesn hilninunasiuiaun q sznmoiluna
X v » T
52UV (Plane wave) uazaauiman i sunfiszdhurn I uazenmunimandin
C—— ; z = :
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(Bound condition) &3y TnualumsunsnszewatuuumnihdygraiiduInuandn
4 v o
(Principal mode) e aauuuman Ininwene (Transverse electromagnetic wave: TEM)
Taoh Tnua (Mode) (HumsvendnyuzmsiAunianionmsunsnszaiovesmuuuiman
4 4 1 44 4 ; 4
i sewnduTeM fmdlunduiifiszuuvesndumnuuimin uazadumu izl
q o v a A - 4 o 4 i
Tanineegludnsurmuynefuiimmamsindeunvesnau dwaas13lugali 2.23 nsdid
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vinanNueIAduvesdyg uisiman I 1dnulis 1ndiResiuviia (Dimension) vo1
- s 3 a ' A 4 3w 2 &
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1 ‘ @ : 1 1 "
UNIN3ZIAAUAN q AuliswiFondrInuafiqendt (Higher mode) vwoaguuuMs
' A & A - ) - dad a ' o o
UNINITNIWYBINAU FallANuDgInIImIANudmmzTi¥eFondinnudines (Cutoff
. o " 4 4
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e1INAUIGANTBE1INGA (Longest wavelength) Narnsaums nszaie lamvunavesaonds
dygnuniis 9 wilunudimesy (Cutoff frequency)  HazANEINAUANDON (Cutoff
o o lb" =i 1 A e o J .'
wavelength) yoamnihdgganiu wligduuumsdewnauludnuazdsna duinuadiga

' A a q’- o 4
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propagation mode) rhufnuni’;gqn:i] (Higher mode) viifugrunumsas (ol
Tnuandn)  Taoadufiunsnszoroluonlndesdl 2 Tnua Ao adufiinnmn i
A1V (Transverse Electric Wave: TE) Mo s H liduilszneuniennnestevey
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msnnaudrlu Tnuana TEM Smmeey TauldiduTnus TEM & Winl¥mansald
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w__8exp(d) 232)
h exp(24)-2
a3t~ >2
h
Wo _2(p_1-m@B-1)+% L in(B-1]+039- 954 (2.33)
h =& 2g, g
iie
Z. g —1 e —1 0.11
A== 4+ _(0.23+— 2.34)
60( 2 ) s,+l( &, ) (
377x
- 235
27 £ P

- - et Qs o A -« . .
Taosssund aw'lulnsaasifiguautalumsilindunszdanszaiw (Dispersive)

" v
o =

" 3 a - =
Wufe nsh £, wlsmwsnnun uazlnsaadvesmolulnseasthiiudnuasny TEM

b

A ]

F 4

guiuaumsnugununuanuenaaulumelulasaasy fie

4

A = 2.36
£ f(gw-)lﬂ ( )

J - li o o o
wo A A9 ANVUTIAUTUNNS
¢ fpanuswee (3x108 mss)
&y fio Anea2 ladaaasaduninslssAnsna (Effective dielectric constant)

£ fie ANUINANNABINIIBBNLLUYEIEIUDIMA



3.1 umi
; ' - - J - da o 9 o - 'l
Tuunilsznafamqunug uuazaunisatiamaaiinovesiunisiins ey
- - o Y Y ¢ w 4’ &
w0 Famsesnuuuuazinsizimeemaluinetinusatuil 15 1sunsy IE3D &4
o 1] & H « o e - o
dullsunsusraeemaniman I wu@unauiofondnnisins e iisadavdio3s luwua
N »
lunmsudilgmimsaszawnszuauulassadnglionlluunawduniouumuiia  uas

udtlymieumsiman T ugaaunsveauundioad (Maxwell’s Equation)

3.2 nquijuimantiihiugm
drwmumgiimoeimaiugunssidahmiilunsulasgindsaumimin nfhmie
atuiman Iidh é’ufunquﬁuﬁmﬁn‘lﬂﬁﬁ'a:ﬂuéaﬁﬁmfu!mﬁm%’uﬁm‘:mﬁ?ﬂmﬁmﬁu
MULIMA UATMIINTITHIYNIAN 9 MITAINTTUTIOIMA
Taongquuiman i 185 unssrusuTaoeud amiin uundined  Tesfiuundinad 14
iuBIRaiBINsTIATINATIIUAIagoens L TunmreInh snnemimaniazénas Inih
Lilvdsiuonnnduld Swadreyamunisuundinadiun TaoUnResiaueludnyasaunts

»
e isuFvadane 11

3.2.1 aumsuunanadluglanvesisuion

VxE=—"— 3.1

X = (3.1)

Vil nJ o 2 FEE T
ot

VD=p (3.3)

V.B=0 (3.4)
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4 4 o . i ' 1
ouns 3.1) wennguesnisuad FuilungnismiloniunimanIifhiind 121341 &
1 [ d ' - a Vv a
anunuunivduusunimanidivitudualaiinisndsundasamaal wildifa
- et 1 . e W ] [ od :
usundou Iihliswihiudansasasmunavesnammuuniuduus animantiu
¢ ¢ Y a ¢ &
aums (3.2) wmnngueseunls wundiaad ldiue IfsaunszunAmwasmud ¥
- a = ' ' 4
Wunszuaiifaninnsuldounlasmunavesnnumuuniuduus Idfudiiuduniiaves
unasduiammuuimand o
« '
aums (3.3) uaz (3.4) Mnagueamd umsefohnanumuuniuduuse i
o o & a ' 3 - a
dusuiinunemlszy i Faiildesalumenionm uazdszquimamiv hiieglusssunauas

’ Z 2 . ;
Tanunsoadisvuldas msizaziulanesioud vewmnumuimiuduus auivansedeuily

fudiaue
TumsTnsed Taoia himinaueyaaunisuundnaddan i ludnuasae i
VxE=-M - jouH (3.5)
VxH=J+ joD (3.6)
V.D=p, (3.7
VB=p, (3.8)

8 Auduau I WA (volts/meter)

B
=]
=y
2n

8 ANUSNAUIUILIMAN (amperes/meter)

s}
=] Y

8 AU NNIUEUNT TR (coulombs/square meter)

[w]
k 3p

B e Anumunniuduusausiivan (webers/square meter)
J A9 anununniunszud W (amperes/square meter)
M A9 AUMUNLUNTZUMLIMAN (volts/square meter)
p, Ao anumuniuszy I (couloumbs/cubic meter)

" " -
£, 18 ANUMUILIULSZRIMARN ( webers/cubic meter )
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4 o a w
3.2.2 aumsuunanadlugfduiinia

dB

_[Edi = g Edf? (3.9)
jﬁdi =1+ ;[%di (3.10)
Iﬁd§ = _[pdv (3.11)
5 vol.

j' BdS =0 (3.12)

aums  (39) menngueshsuadiineafumsmioni i Tasmeudnoilede
- - " oar a e ow z aa L] o — = 1

usundou i Tawnhdusiauvesnisduninianuimvesaumniman 3 inldousamunm

d’ - ¥ e o . o -
puARuRImhAaN T IImMan B Wiu

aums  (3.10)  wnnguesueniliifoadunszualnih  Taomeudnoiiede
usundou v fawiiukasuvesnszua i naduasssunuia

, : i da
aums (3.11) menngueamd  nanfe @umu Infhiiyseensiniundtlala q ez

. 4 ] ¥
uawifulszy ihngndeuedisiinda lasiunAallai

¥ . .
[ | o o

a = = ' - 1 H
aums  (3.12) Ae msduiinfanunAIvesmuimMan BudloNuinidadn

] d = ' 4 " e o
auLvan B 'lﬂamuﬁmm'm'uguu

o =t - - a " o o -
wazdalinumsnuendidanuazmaniman I ludanarsfie

D=¢E (3.13)
B= ‘u}? (3.14)
Tay E=E,E,
H=HH,
u'fa £, Ao anmuoun1a i (relative permittivity)

4, fip AU udy Témanivin (permeability)
€, fio anmoeun1a I 1ueIn e (free space permittivity) Hifi1
8.854x107"% S0 Uszum 10° /367 (farads per meter)
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4, Ao AN wdn Tdmaaivmanlueinieing (free space permeability) i

ANNINY 47 x107 (henries per meter)

= d
3.3 suiteuIs e
a4 ad a o P Sa ° a a w a ' o aa
sufiovInFsdaunvn 1dudilgmininsiaesdroaunisduiiniaSonsidonss
Tuug Tuilegiusediondt Tuaud 185 umsiden1dlumsudilgmnas Iins e aavms
£ A ¥ a fo a9 da 9o &
MEOIMMNNY 1HBIINAIAIMTIMIReNRamesh Ifaanam ¥ N duasulums
3 ! o d v 3 =
uAilgymidesudiond lunudnisduduaeude
1 denifandugmiild)szinadauls hifaizinsan
v
2. denilaiFunaneuniefsidudrnimindmivinlszinamaeuuazunasgyl
aums
3. ufszuuaumsFuduieminoy

" [ »
aumssziionds luua Taoi Tdudaiiglaumsiunuilamiuaas 146l

Lf=g (3.15)

1o L f9 @niuiumsiFudu (Linear Operator), (Iniegral Operator)
£ Ao HafdulidFrfiezfin1san (Unknown Function)
g o HarFunszduiing1um (Excited Function)
Hartdu 7 Tufiiaansoverniiy {£is Fos ford BeogluTammvesiaduiiums £ uae

¥
Anlszanaves £ uaaslddail
N

=3 0b in=12,3,...N (3.16)
n=1
P - s a oa -
e @, Ao duilszAninezwnsanves f

f, e #HafFuurves (Expansion Function) 138 #Hariug1u (Basic Function)

Tuaums (3.16) dmFunamaofiuiuase (Exact Solution) 3¢ 149 1nHasmv0I8YNTY
Ll o ull L3 o - ' é 1 u.: d‘
faueriuamey Tavialdinumenveseynsuzduinusdasmilainiuasnasui
1# szifunwamanisyunnt (Approximate Solution) lAgnIsuMuANNIT (3.16) asluaunis

3.15) wazldanuiluFaduves L ow2'ldn
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Ya,l(f,)=g (3.17)

Tawnnagunely (Inner Product) manzearunutou lvvesilgm <7, g> fin193s fivw
v
ar U o ar = = & o - .
Handuar0imiin (Weighting Function) n3eWensunadeu (Testing Function) W, w,,W;,...,W,,

4 U 1 o o < o -4
Feogluseves L udinmwagunioluvesauns (3.17) fu w,, Feldnadail

> a,(w,.Lf,)=(w,.g) (3.18)
lfl'lﬂm= 1,2.3. ...

»
aums (3.18) annsodoulugiuasnd ladail

[1n ][, ]=[ 2] (3.19)

Tnen

(W L, YW1 1) ..
[ ]=| (40 LY (0o L) ..

a,
@, =,
M
(. 8)
Em = wz,g)
M

Fafuszm [2,] 18
[@,]=[1][£] (3.20)

o o = é ] ci o ar
uazwamasdmiy £, swlimauaums (3.16) deaunsouaasidegluzluvuiineiasadile

[ = = o o ar
1 Taveztouuas nauealansu

[£]=[A £ £ £] (3.21)
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uazez 14

' 0 -1

= l@]=£ 0] (8] (3.22)

an a o 9 a o o a o o A
FmsaaglaumsFaduidudeouniduaumsuainduazmsiiuaIndrafumon

VA w ° a o 4 a ¢ i a
HamaoIzMINaued Bt unsiIu Inoldneunumesiilumsecile uazdaninfumasnd
o qyu v ar 2 t" - d‘ =
wnAuiidsensalailudumuvesszuy1dtndis  fufeaunsonmn q waseuaussiiia
- o o a & o i a n‘:
nnnisnszauuuula 9 18 Taoldwadnanndududaimiinidudunusesszuuiiv
W a =t o & w : a o -1 = a0 : ' a
dwuaing [/] Hvinaoiua Aniuwaingnndu [1] seimidlunensdiviniy wu wadng

> . "

vuihuasndmuos (Diagonal matrix) lunsainalinigaves £, uaz w, Hmsidassild

- o wr o 3 - o -1 a e o
wasnd [/] Svwnadiiadn Anfuannsomwaiadundufl]" W8dwplwmdiinia g

{ ﬂ’ ' L] ' n’: o 4 J ! o

WA wamasildiieziinnugndeaniudrednlsiu  Feioniistuegiumsiden £, uaz

w, Timungay

3.3.1 HanvugnuasWaniudrnimin
ﬂ’l o o o o &
TuroudAgYesds luwua fie msiden £, waz w, MWMminzausuilayman £, ads
ailuFudu nazdrumeritlFlumsilszinaaums 3.16) asilulledwaumnaauna
] =1 da a - 9 [ 9 o o d
dw w, nnsduileddudassBadudloduiy waznsgunoly <w ,g> Aeadurus
L) s o o a'v = o 1 ' - 1
powdaszAUlnTy g wonnnldaliunileisndwademsiden £ uaz w, laus
) STAUAIMULUSIVEIHAIRAUNADINS
V) ANudevesmsysziiua (Evaluation) veseamlszneuluwning
f1) YUIRYBAASAFNANNTONUNATATHANL

1) msinsaReulyitmnzay (Well - condition) vouua3ng [/]

o o o ° ¥ & o :
Tumsidenilandugu Taom ldudesdesdiilsifandugnniussdesannse 1 14du
ar o o o oo ] ' L ' ° P ]
dunuvesilanfumaniandshinswawazldanumiviuezanuislunsdannaiogly
sy & o~ o o do o o w -
waNNFBIMs  Falinnuduiusiuimaumeuvesilandugunldluaums .16)
o o { o o o 1 q’: 4 - a wa o '
ﬁQﬂﬁmimﬁrﬂumuwmnmmuuﬁﬁzmmmlﬂuﬂsﬂﬂﬁlumaﬂ;]um Taona o
somfuaeanny  AsuvvusnszilseneoudlsfsdFuiiutauiuveuivades 9 (Sub-domain
é " _ 1 Ll z H = s o o~ <
functions) FIVTUAURNIZUTIUVOIAIUGOUIU 9 NANTAN  wasHINFULLVTIZ RIS AT UUA?

v
voalasaadramniu
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X A :
3.4 nqunuguwazmailflslumsdraesmeeimaveslysunsy IE3D

ms$raeamamidn I uiuma TuTag mii lanuniveugndounivdigaluns
Ansizvuazeenuuudeigandud eu 1wy 2093 TuTasnuazesisinienuding
aa d ' ad a o4 v
WO NITAIABAANUGIYY uazaszneumeBilannsetindou q dudu  Tilsunsy
1E3D (15] (i Tasunsudaesndumimdn Ifhuuu@uaduaysanlddmsumsinssvuas
ponuuumeeIma ly Iasaasduazisesaudgeilduduininesuazaesasasalugduny
auilia 1wy 2935 lulasuaziiodfimesion (vmics)  Wiudu Tusunsuesp 1dgn
° Yy - © & " o aa & 1
dnnldmilowiuinasgugammassulums$raemdumiman Mfhuuuauiia Fsaudau
'ﬁ' o qJ L o ﬂyl 4 o
Inginezdoen1sdivljaldavues 19 IE3D 19 Aafu IE3D Senmeiduniesiiesnes
anumiman Ifhiaunsoin ldnawediuaz1$ie Hszaniamunzanugndeuniué
¥ L4 ¥
nougwug muaznsh ) 1FnuvesTsunsy 163D 1y s ldaumsidiesdude aunissuy
a w - o o v >
anfanmilavinilanFuvesniy 1w E3D annseafrauvuzdinldninszua Ivfou
Tassadralanzuaznszumumimanfiunudromunuiiunsniznouuseslan:  Taoialuuda
flgmndanmsnszandumiman i szgrauydnnlassadndniludunedeniidiy

da d -
AUIUNINAYY muﬁﬂﬂuzﬂn 3.1

71U 3.1 muwannsznungnileuldnulassadalans

nngli 3.1 wemsdsenuannsznuiigadeldslnseadniilane fedeildine

. v 3 v ]
msmueninszualinszowuuInssadreil nszuanmiening lladeauunaesld
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v v i
i lamdeou lvveuwauyu Inssadelans dmsulnssadeanimsiludedeiiees

o ° a o o o qV¥a A ¢
ﬂ'.izllﬂlﬂumumﬂﬂiﬂ'ItJ‘llnuH‘Jn‘m'llmzﬂﬂmﬂﬂﬂﬂu11[1!011111?! AU

E(r)=2Zs(r)Xr),r €S (3.23)

vz
‘, - o L]
S uiuRE N
» »
E(r) Sumuududanamuauunui,
" »
J(r) Ao nszua Il nnszerweguunuia

»
Zs( r) fio DUNUAUTUUNUAWI NN
dioTnssadnegludunedeuidiudunuiu szannsofouaums1ddai
E(r)=Efr)+|sG(r|r)-J(r')ds (3.24)

dmivdunadeuidluaum G(r17)  willuwasuavgiiduilaiduveaniu (Green’
. 4 < ! o o o i 4
function) ¥ E;( r ) fie auwiannsznuvuiuidni - Taoh G(r | 7)) uldamudouly

- & o
vauwavemuINsnAuitou lvvsuwatuNuA8 1 S

»

unuams (3.24) aslu auns (3.23) v2'ldmadns lugivesduiiniadail

Zs(r)J(r)=E(r)+ g G(r|r)-J(r')ds (3.25)

¥ . ¥
dieaunimannsznuuazaduiuausuuiua i ldeunsamaanduvesniuld

uadands hijfevenszuannszaw J(r).
a 3 ' . 1 5
Taomsauy@nnszuannsgnegrunudlsnguussilenduiuguiauysal Ae
Hr)=Z,1, By(r),n=1,2,.. (3.26)

diounu aums (3.26) asluaums 3.25) wldh
Zs(r)Enly Bo(r)=Ei(r)+Znly S G(r|r)-By(r)ds (3.27)
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v H ¥
Taon1sld druduneuves Galerkin fezernnsamlaseunisi (3.27) Weglugdvesauns

L 4
-1

AN A9
ISdsEi(r)-By(r)= Syl {Js dsZs(r)By(r)-By(r)-
Igdslgds'Bpy(r)-G(r|r) By(r)} (3.28)

v " ¥ [} . i
Yuaeudeduiind il snih Ifaunisi (3.27) innnindetie nieududuilingy
o o -t 9 oo J o ar d’d - o e o o
vosfsnFunaneulinnugndesauyseidu uaziandunaaeuiifvsmilouiuiuiandu
I & v o o -; a o ° P v
Wugm  Fnguuesilendunug unauysalivuezlsenoudisiauvesmeniiiivinla
e k4 » '
auqa (infinite: (Hueiud)  asiuaumsn (3.28) suiluilgmimedandiuetud uazawise
widiosdhmenidiudauavladszinald mslsznaffonsilfeynsufidesudiueriug
& o do w a 4 o q ¥ & = v o
naduasldeglumeriiia lunsadamanimsilinaduaatiunssuoumsiuaas iy
dlaodizinald  Taseevsdsziunmsudilgmnuiesalusidgnidueriud ldudadva &
- ans o d A 9 ¢ o ° a ¥ oa " ane & & - o -
weniiadnaniie IMannlszneundnvesdmeuiuneieglulidiniavionue  duiusnasiiey
" 1] . > "
auwsamanlsznanaunesnun  wawni lddaiinmsinanuudaii aunsi (3.28) fee

naouaunISUIMNSn §ail
[Zmn] (Im] = [Vl (3.29)

4
B

Zmn=1Js dsZs(r) Byy(r) By(r)- lgds 5 ds' Bpy(r)-G(r|7)-By(r) (330)

Vin=kdsEj(r) -By(r) (3.31)

FWMsvesarums (3.29) d1 (3.31) WudulszAndnisnsenonszua HEwINUATUNS
M3nszonszua’ld A IISOMININMIAINITIIReY S HUVFUMSUANAIY 2995y

RLCyoalasaadnn  uazsmmsiimeiou q ozlsh 1dfidens

» v ] . . ]
gasnamuaiiiui Tuwud MoM) N¥uunvesaumsii 3.29) &1 G.31) Tailgdsi

1w A dAa a w 3 4 . da X v P o A 7o
fhwinvienfelinaududou  dmnuuandiinasueginsidon¥iladuiugunazladdu

=
VBINTU
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@ o A A ° & o @ o’ d’ o o o oA
datimadensnnnedmiuinnlgiuianduiug oz fadduvesnsuidlunasy
1 - o o 1 o o A - ' = ¥
vy mainssnuuiliduRuguuossuilduvesniuiiiiunasuvesnvgezinoados
» »
Tagassiunmsdsuiivdszaninmuazanugndeaniudrvesmssunniaaesiuvesiiuin

aanuaasluoumsn (3.30)



un 4

d
MIoDNUVUUAZ AT ITHNA

Tuunilszinauensesnuuunazinszimeenageaanuuiasevidergl
Fmdoniud nmiuszillvnoradiumeonmadesdaaeseuguuudimaouituh o114
nud3aanthadiu znummﬁﬁaﬂm;ﬂuuuﬁ'ﬁmuﬁ1ﬁfuqnmuuu1u'[ﬂsfm?ﬂ1nﬁ (Microstrip
Line) 001N IAILYNOBNUUVUUIAATIUITON (substrate) 2 ¥ 7D RT/Duriod 5880 1ag FR4
wazl 9 Tsunsuneufinmodues IE3D 1 19521flou38 Tutuud (Moment Method: MoM) 91pumA
aarmudangaelunsiinngimenma  uaznnandiedn 9 ikanwudmsdeniag
jmﬁmﬁﬁmwammmnua1n1ﬂ1furi'luﬁqﬁ1ﬁ'agafi1qﬁla 9309311450991 RT/Duriod 5880
sefiguamd nmganazmaelfnn e Taquiiaiinidadmonmmeziifmeined
Usgansamgs dmiuiaggiusesyiia FR4 vy hufaagusesiiiigunindesniy RT/Duriod
5880 uﬁﬁ'j1ﬂ1Qﬂﬂ'i‘llJ1ﬂfi1§WI‘léﬂ1ﬁ‘~iw Famsl4 FRa Afanumnzmniivaneduns
il lumsadmeema mszilgiunsdens Wawiidonds wLaN sufins19qunsel
Anmdsnulunsded Squgilige uazldluszoznialng q dlisududeaniuios
Uszaniamvesmemmmnmin  edhelsitanluinoriinuiieimsesnuuuaierme
uazimmnnuui’ﬂqpmm'ﬁ”aﬁawﬁﬂ i RT/duroid 5880 oz FR4  tteuaraslfiiuiiaunse
1¥5aqguseeriiala q vihimsesnuuuitel 1daua ldaumuiideans1d udezdes
YSunlfsuvnasasmisifimesvesmonnamuainsia ladidna3nuazarumuives g
§IU5DIVOART YA unzhfunauqaﬂwﬁezmzﬂuumnummﬂﬁ'lé"lﬂmmsﬁ%’nﬁ'aunz
YanaTaoldinmzYaqgusosriia FR4 i rﬂ'mem'l:iﬂﬂagm'lums5’ﬁ§0unzs1mqnmn
TaviiSaguseasAvesmseenuuumeeinea eliannsoihldauluszuunieviel3me
(WLAN) uu1as§11ves IEEE 802.11 b/g (2.4 -2.4835 GHz), IEEE 802.11 j (4.9-5.091 GHz),
IEEE 802.11 a (5.15-5.35 GHz, 5.725-5.825 GHz) uaz1ussuy WiMAX @1uu1@s§ 114903 IEEE
802.16 (3.4-3.6 GHz , 5.7-5.9 GHz) TwazidvafisziiuaueluInniinugi szifumsesnuuy

uazdnsiznmeemealunidiain q muday
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4.1 msenuuumeaeImalaslyingg1uieariia RT/duroid 5880
luideiisziiumsssnuuumenmauysesdladilFgunuumstloudygradavs
ihdaygnauuyluTasaa3dlasd Tavihins$inesuninggusesxiia RT/duroid 5880 FuihuTag
gsesiilszAnnimgs nugaigildgalszine 225°C nazduiifiondiuetrauminar
qudnyazmmzyesiaggusssaesriai I8 uanuiongslumniun 1§ lumseenuvy

MeoMALaAd luA15197 4.1

=

MmN 4.1 pudnyazvesiagyusesiiion1Flumsademeins

Dielectric
Substrate Dielectric Thickness | Loss tangent Temperature
Constant
RT/Duroid 5880 2.20 0.8 mm, 1.57 mm. 0.0009 225°C
FR4 4.20 - 4.70 0.8 mm, 1.6mm 0.0200 130°C

¥ ]

a3deit hildhaveimeanimssiassesnuuuuuiaggusesyiia RT/duroid 5880

a 4 g & 4 o & q o -
Tadeess esnnmsdadeninnuaziimge dniuluiituihuiiosmsnmesnuuuiaz
a o o "2 & g v d A g 2 v
AnsigrnamItiasuniniy iweilunisuaaliiiud msdeniaggiusesudadidguin

' 4 o _ o o o o
uagnouneziiaggiuseshlylihimiseenuuuaivermeadiellsunsuneuniunes IE3D
o

wdenhnudnyazmmnzyesiagguseniuuninissnnamannundevesmeihdyg

= a . w  del L] 1 °
Tulasaasd Tafuazarmenaduduininezii lignisimuavuna laslsznuvesaserma

P dq ¥ ay i & @ 1 a
ﬂﬂ’)]nﬂiﬂf\ﬂuﬂ‘]n“ﬁﬂ\'lﬂ'ﬁ Iﬂﬂnﬁ'lﬂlnluﬂﬂu‘1uﬂ‘|ﬁﬂﬂﬂuunﬂ~1ﬂﬂ1ﬂu

4.1.1 QUANYAUZYBIITAFIHIBINHA RT/duroid 5880

AUANYAUTINNIZYVBITAQFIUTOI (Substrate) ¥1iA RT/duroid 5880 ezl lums
sonmLAz aewwade Tsunsunsuamed IE3D Hde

- AINeA lABanaAsn (s,) NN 2.2

- ANUMIYeLIaggIuIes (k) NN 1.575 Naawas

- MANUTHYBIANIMBUIAL (o) 111 5.8 x 10’ S/m

ANNUHUIVOIANIINDAAS (7) (NN 0.017 UadAS

fi1 Loss tangent (tand) (MY 0.0009
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4.1.2 manoananunsveslulasansiflaviuy RT/duroid 5880

My

le—

y — >

g1 4.1 TassarvesmohdgyapaluTnsandilard

J Ll 3 \ 1 o ~
e hildiRamsgaydohigadeszniemoeimeiuluTnsansi 1o Avzdeseanuuuld
- - = a 1 & &
suiuauguosluInsaasy lafuundiudunaudvesmodadyga InuenFoa dalaoialyl

:iq =t - J L =)
finso Teviu Tashduiiuaudveslulnsandi/laviiziuegiunnuniraveslulasandallad

dd2e v

i & - - o o a vd 4 far 1 o
mniu dniuluniisdesimsdnamanuniaveslulasaaiyladdivegiuainda
ladiannin (5,) ANuMUMIeANUGIYEITAgTIMIed (h) uazAIBuRLAUTRUANYATYDY

mwdsdayea IaueniFoa (Characteristics Impedance) 10 19aumsh (4.1)

Wo =2 (B-1-mm@B-1)+ 5" (B -1)]+0.39 - 264 @.1)
h T 28,- g,
Taoii
2
B= 60 4.2)

Zs,

die W, fo anwntavestulasaasylmd

h @D ANUHUINDITARFINTBY

g, Ao MR ladlanAsAvesInggIuIes

Z, fio mouinaudguanyuzvssmodedynu IaueaFoa Ao 50 Tovu
dohmnaimniace 9 vesTaggusosanniade 4.1.1 unuasl luaumsil @.1) o

Ténnunheveslulasansyllmd (7, ) Uszana: 4.8 Tadwas
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o A o o
4.1.3 NIIAOIUNIA NN IAAUTHINS ( A, ) YW ITQgIHI0I RT/duroid 5880
MIBONUUUNIBDINANLLNTBL (Loop) 3ziimniimesdingiiluddmuavuiaves
& s e - o o o - s‘d,‘ -
A001INMA FI9LD19DINVANVOIAUTUNNTS (4,) Winilweilfe ANuETWveuUsn
. o & 5 i
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Lower | Resonance Freq(GHz) |  2.50 245 245
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7.65 16.73 35.29
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BW (%) | 816 8.16 8.16
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Abstract— The concept of this paper is investigation on
folded rectangular slot antenna and comparison on
bandwidth to rectangular slot loop antenna. These two
antennas are fed by microstrip line and have adjusted width
of slot for dual band. The propose antenna is designed to
operate at low frequency bandwidth from 235-2.65 GHz
(center frequency 2.45 GHz) and high frequency bandwidth
from 4.9-8.05 GHz, which is suitable for applications in
WLAN (Wireless Local Area Network) coverage standard of
IEEE 802.11 b/g/j/a and IEEE 802.16d. The characteristics
of antenna are proposed and analyzed for bandwidth, return
loss, input impedance, VSWR and radiation pattern. The
simulation results are analyzed by IE3D Zeland software [1].

Keywords—Rectangular Slot Loop Antenna, Folded Slot
Loop Antenna, Dual-Band, Wide-Band

I. INTRODUCTION

There are various types of antennas: wire antennas,
aperture antennas, reflector antennas, lens antennas, array
antennas and microstrip antennas [2]. Most of these
types, the microstrip antennas are very popular for space
bome applications. The development of printed broad
technology in the dielectric substrate material can make
good printing antenna with low loss. Therefore, microstip
or printed antennas 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, cellular phone, pocket PC and etc.

Nowadays, the increasing in ever demand of
frequency band for communications system: such as
mobile, satellite communications and WLAN. The
management of frequency is significant in communication
system for using difference frequency in channel
bandwidth. In this case, the antennas are designed to
radiate and receive the radio wave or electromagnetic
wave at resonance frequency. One of the most interesting
is characteristics, wide bandwidth and performance of an
antenna. Recently, the antenna design for one resonance
frequency has been investigated. However, at the present

978-974-8308-56-2 ©2007 KMITL

time, the major design base on dual frequency, multi-
frequency, wideband and ultra-wideband.

In this paper, we design the folded rectangular slot
antenna and rectangular slot loop antenna for dual band at
low resonance frequency 245 GHz. The high frequency
band of two slot antennas are compared for widen
bandwidth. It can show that the folded rectangular slot
antenna is better matching and wider bandwidth than

other at high frequency.

II. ANTENNA DESIGN

A. Antenna Structure

3 mm

(b)

Fig. 1. Structure of slot loop antenna.
(a) Folded rectangular slot. (b) Rectangular slot loop.



The microstrip slot antenna is design on RT/duroid
5880 substrate with dielectric constant (&) 2.2 and 1.575
mm of thickness (k). This antenna is cut in the ground
plane at one side of dielectric substrate and other planc is
microstrip feed line, as shown in Fig. 1. Fig. 1(a), shown
the purpose antenna in the shape of folded rectangular slot
antenna and Fig.1 (b) is the other shape used for
comparison on bandwidth.

The shape of this antenna is related to some
parameters such as wavelength in substrate (4,), the
diclectric constant (&), thickness of substrate (%), and the
width of microstrip line (W,,).

The wavelength in substrate or guided wavelength
(4g) is determined by (1).

4,

o

Where A, is free space wavelength and found from (2).

M

c
=£ 2
A=2 @

When light velocity ¢ =2.998 x 10® m/s or 3.00 x 10°* m/s
approximately, and f is the operating frequency used by
the antenna in receiving and sending signals.

Effective dielectric constant (&) can be calculated

from (3) [3].
o !
[l +12L] ;
WM

W, can be calculated from equation (4).

£, -1
2

-

Ly

(3

W o200 o 2 &—1 o _ 061
W x{s' 1-in(28'-1) + 5 [ln(B' 1)+039-= }}(4)
2
While, B'=120%_
27,62

Z, was a characteristic impedance.

W was determined by numerical method in equation
(4). The theoretical guided wavelength of the lowest
order resonant frequency at 2.45 GHz was 91.4 mm, the
width of a microstrip feed line was 4.85 mm.

The length of a microstrip feed line, L,, and the
width of a slot was obtained by arbitrarily adjusting for
the optimum matching condition. In this research, we
simulated by using W, = 4.8 mm and adjust length of
microstrip line for match impedance with 50 ohms.

The dimension of folded rectangular slot antenna and
rectangular slot loop antenna is set to 36.2x17.3 mm’
(LxWy,) and 32.2x17.3 mm?, respectively, in order to
match impedance at 2.45 GHz.
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B. Antenna Parameters

This paper investigated on folded rectangular slot
antenna for widen bandwidth at high resonance frequency
and compared bandwidth with rectangular slot loop
antenna which has same width of slot but different
dimension as shown in Fig. 1. From Fig. 1(a), the
parameters of the purpose antenna are:

L: length of outer antenna = 36.2 mm
Wy width of outer antenna = 17.3 mm
S,: width of vertical slot =6 mm
Ss,: width of horizontal slot at upper and middle =2 mm
Ss;: width of horizontal slot at lower = 1 mm
W width of microstrip line =4.8 mm
Lm: distance from edge of microstrip line to edge of slot

To achieve wideband and dual frequency (or dual
band) for coverage the standard of WLAN, the matching
impedance and dimensional design is exploited. The
width of slot bases on match impedance 50 ohms at
resonance frequency 2.45 GHz. In this paper, we defined
center of two bands at 2.45 GHz and at over 5 GHz to be
the center of low frequency and of high frequency,
respectively. There are four important parameters to
define and adjust for match impedance at low and high
frequencies, as following:

S,: When S, is increased it will effect on bandwidth
of high frequency.
Ssi: The impedance matching at high frequency
depends on Ss;.
Ss2: The adjusting of Ss; will effect on matching and
bandwidth at high frequency.
: The adjustment distance for optimum matches
impedance.

)

ITI. SIMULATION RESULTS

A. Return Loss
i PRectangular siot loop
g
0 s
& Folded rectanguiar siot
&5 ’l'
’l
-10 i
- ’
@ 15 S
=20
=25
-30
-35
-40
1 2 3 4 5 ] T 8 9 10
Frequency (GHz)

Fig. 2. Characteristic of return loss.

The four parameters in above mention is properly
adjusting for widen bandwidth at high frequency. Fig. 2,
shown the return loss of the purpose antenna and
compared with the other at the same low resonance
frequency 2.45 GHz. Its can show that the high frequency



band of purpose antenna is wider than the rectangular slot
loop antenna. Therefore, this antenna can use in WLAN
standard of IEEE 802.11 b/g/j/a and 1EEE 802.16d.

B. Input Impedance

The input impedance of folded rectangular slot
antenna is the complex number as shown in Fig. 3.

Fig 3. Characteristic of input impedance (Zin).

The simulation results of the purpose antenna for dual
band are list in TABLE 1.

TABLE1
SIMULATION RESULTS OF THE PURPOSE ANTENNA
Freq | CemterFreq. | Su Zin Bandwidth
; (GHz) (dB) (ohm) (GHz)
low 245 356 | 49.75+4j1.64 | 033(2.35-265)
high 6475 4176 | 3841-0.87 | 3.15(4.90-8.05)
C. VSWR

Fig. 4, shown the simulation results of VSWR of the
purpose antenna.

2 i 1
18 18
; 15 15
14 14
12 12

1 1

] 1 2 3 1 5 L] 1 L] ]
Frequency (GHz)

Fig. 4. VSWR of the purpose antenna in case of dual band.
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D. Bandwidth

The bandwidth of the purpose antenna as list in
TABLE 1, the percent of bandwidth of low frequency and
high frequency are 12.5% and 48.7% (at center 6.475
GHz), respectively.

In case of rectangular slot loop antenna, the percent ot
bandwidth of low frequency and high frequency are 8.2%
and 29.5% (at center 6.88 GHz), respectively. Therefore,
the bandwidth of the purpose antenna is wider than other.
It can show that the bandwidth depend on shape of
antenna [4]. :

E. Radiation Patterns

Fig. 5-Fig.7 are shown the radiation pattern on XZ
plane and YZ plane of the purpose antenna at center
frequency band on standard of IEEE 802.11 b/g/a and IEEE
802.16d.

Ai-planc

YZplanc

Fig. 6. Radiation pattern at frequency 5.25 GHz .



XZ-plane YZ-planc

Fig.7. Radiation patiern at frequency 5.8 GHz .
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IV. CONCLUSION

The purpose antenna in shape of folded rectangular
slot antenna given widen bandwidth at low frequency
about 0.33 GHz (12.5% of center 2.45 GHz) and at high
frequency about 3.1 GHz (=48.65% of center 6.475 GHz).
Therefore, the shape of antenna will affect to bandwidth,
by compared with rectangular slot loop antenna on same
resonance frequency 2.45 GHz. This purpose anienna is
designed to operate at low resonance frequency 2.45 GHz
and can achieved high frequency band from 4.9 to 8.05
GHz which is suitable for applications in WLAN
(Wireless Local Area Network) coverage standard of
1EEE 802.11 b/g/j/a and IEEE 802.16d.
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Abstract: This paper presents the technique for reducing size of double rectangular slot loop antenna fed by microstrip
line for dual frequency.  The two difference configurations of double rectangular slot loop antenna are proposed for
comparison on bandwidth and size of antenna. These antennas are designed for dual frequency support WLAN system
coverage IEEE 802.11b/g (2.4-2.4835 GHz), IEEE 802.11j (4.90-5.091), IEEE 802.11a (5.15-5.35 GHz), and IEEE
802.16d (5.7-5.9 GHz). The PCB-FR4 substrate with dielectric constant (&) 4.5 of thickness 1.6 mm is chose for
low cost. The simulation results of these slot antennas are analyzed by using Method of Moment (MoM) from IE3D
Software. In this case, the result of bandwidth for low frequency and high frequency of one antenna are 11.29% and
62%, and other are 6.1% and 75.5%, respectively. The size with ground plane of double slot loop antenna can be
reduced 12.9% or can be reduced size of double slot loop antenna about 21.5% when set the new inner conductor.

Keywords: double rectangular slot loop antenna, slot loop antenna, dual frequency, dual band.

1. INTRODUCTION low cost FR4 substrate with dielectric constant 4.5, and
thickness 1.6 mm.

The slot antenna fed by microstrip line is one type of The structure of Antennas #1 composed of two inner
microstrip antenna which has advantages such as: low conductors in the slot antenna, while the Antenna #2
profile, lightweight and easy to fabrication [1]. The composed of single inner conductor by jointing two
slot antenna was designed on the shape of decuble conductors from Antenna #1 with small line strip.

rectangular slot loop for two frequency bands. The
IE3D software as referred in [2] was used to analyze
the proposed antenna. In this paper, the two
configurations of double slot loop antenna fed by
microstrip line are presented for comparison on
bandwidth and size. The design objective is to satisfy
Wireless Local Area Network (WLAN) of IEEE
802.11 b/g/j/a and TEEE 802.16d. Method of
moment was applied to evaluate the characteristics of
the proposed antenna. Although many researchers

have studied the other shape of antenna, but this slot g - vk
antenna is simple shaped which we will purpose for | Sebstrate &, )
reducing size of the slot antenna. In this case, the size L ¥

of slot antenna can reduce 12.9% by jointing inner
conductors in the slot antenna with match impedance (a) Antenna # 1
50 ohms of transmission line. Finally, we can use two
configurations of double rectangular slot loop antenna
in WLAN applications. The simulation results show
that this antenna can be applied to serve WLAN
applications.

2. ANTENNA DESIGN

2.1 Antenna Structure

We denote Antenna #1 and Antenna #2 for larger Graund plane
and smaller of double rectangular slot loop antenna, r —2 14
respectively. A compact antenna area with ground L Subsrare O, I
plane of Antenna #1 and Antenna #2 is 404 x 297 = l L t
mm? (dimension of slot antenna = 28 x 14.3 mm°®) and i Tl
36.4 x 28.7 mm’(dimension of slot antenna = 24 x 13.3 (b) Antenna # 2
mm?® ). respectively. These antennas are designed on Fig. 1 Geometry of slot antenna fed by microstrip line.
-3392-
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The wavelength Ag at design frequency 2.45 GHz
is given by [3]:

A= 1
( E (n
Where
£+1 £ -1 By
Cy =1 —+ 1412~ ¥)

The width of microstrip line (Wm) is designed for
match impedance 50 ohms of transmission line [3] by
using

- 61
';';1 =2{#-1-m(25-1) -I-s'?rl[ln( B~1)+039- D: ]}
: 3)
While, 5'=120%
27,62

Z, is characteristic impedance of transmission line.
In this paper, the parameter of rectangular slot
antenna is defined by Ag is 66.75 mm.

3. SIMULATION RESULTS

3.1 Parametric Study

To achieve dual frequencies for coverage the
standard of WLAN, the matching impedance and
dimensional design is exploited. In this paper, we
define dual frequency at center 2.45 GHz and over 5
GHz to be the center of low frequency band and high
frequency band, respectively. The three parameters:
Sx1, Sx2, and L of Antenna #1 are varying which effect
on low resonance frequency and high resonance
frequency.

Fig. 2 is shown that the length of top conductor Sy,
is relatively sensitive to match impedance in high
frequency band. The matching impedance is
optimized when Sy, is 18.4 mm. Fig. 3 shows that the
length of lower conductor Sy, effect to impedance
bandwidth in high frequency band. The impedance
bandwidth is optimized when Sy, is 224 mm. Fig. 4
is shown that the length Lm from lower edge of slot
antenna to edge of microstrip line mainly influences the
impedance in both low and high bands. In this case, L.,
is 8.3 mm for good matching.

We modified Antenna #1 by adding jointing
conductor (Sy) and called Antenna #2. The width of
this parameter directly affects to return loss at high
frequency. We can achieve the good matching at high
frequency band when Sy-is 0.3 mm and the size of
Antenna #2 with ground plane can be reduced 12.9%
smaller than Antenna #1 in the same frequency bands.
The simulation result of return loss of Antenna #2
when varying Sy is shown in Fig. 5.
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Frequency(GHz)

Fig. 2 Effect of varying length of top conductor Sx; on
the return loss of the proposed slot antenna with
dimensions: L=28mm, W=143mm, S);=23.4mm,
Svi=2.5mm, Syv;=1.25mm, Sy;=Ilmm, W_,=3.6mm,
Lm=7.3mm.

=30 4
-35 4
40 p
-45

Returnloss(dB)
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S 6 7 8 9 1011 12
Frequency(GHz)

R TR R

Fig. 3 Effect of varying length of lower conductor Sx»
on the return loss of the proposed slot antenna with
dimensions: L=28mm, W=143mm, Sy;=184mm,
Syi=2.5mm, Sy;=1.25mm, Sy;=Imm, Wy=3.6mm,
Ly=7.3mm.
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Fig. 4 Effect of varying length of microstrip line Lm on
the return loss of the proposed slot antenna with
dimensions: L=28mm, W=143mm, Sx,;=184mm,
Sx2=22.4mm, Sy;=2.5mm, Sy,=1.25mm, Sy;=Imm,
Wo=3.6mm.
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Fig. 5 Effect of varying the inner conductor Sy on the
retun loss of the proposed slot antenna with
dimensions: L=24mm, W=13.3mm, Sy;=14.4mm,
Sxo=18.4.4mm, Sy;=2.5mm, S\,=1.25mm, Sy;=Imm,
Wy=3.6mm, L,=8.3mm, Sy=0.3mm.

The bandwidth of Antenna #1 and Antenna #2 are
listed in Table 1. Tt shown that, Antenna #| can
achieve wider bandwidth at low frequency than
Antenna #2 but smaller bandwidth at high frequency
than Antenna #2.

Table 1 Simulation results of impedance bandwidth.
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Fig. 7 Characteristics of return loss of antenna #2.

Fig. 8 - Fig. 10 are shown the simulation results of
three radiation patterns on xz-plane at center frequency
band of WLAN standard of IEEE 802.11 b/g (2.45
GHz), IEEE 802.11 a (5.25 GHz), and IEEE 802.16 d
(5.8 GHz). The gain at center frequency band 2.45
GHz, 5.25 GHz and 5.8 GHz are 2.99 dBi, 3.71 dBi
and 3.6 dBi, respectively.

—— Antenna #1
~— Antenna #2

»°

00

Double Slot | Simulation Low High
Loop Results Frequency | Frequency
Resonant Freq 244 GHz -
Antenna #] |-Center band 248GHz | 6.58 GHz
Bandwidth 028 GHz | 408 GHz
%Bandwidth 11.29% 62%
Resonant Freq 2.45 GHz -
Center band 2.455GHz | 6.9 GHz
At Bandwidth 0.15 GHz 5.21 GHz
%Bandwidth 6.1% 75.5%
ooe
Fig. 6 and Fig. 7, shown the simulation result of i e and

return loss (S;;) from Antenna #1 and Antenna #2,
which can use in WLAN applications.

"

1 2 3 a £ & T g 8 10 "

Fraguency (GH1)

Fig 6 Characteristic of return loss of antenna #1.

Fig. 8 Radiation pattern at frequency 2.45 GHz .
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-—— Antenna #2
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Fig. 9 Radiation pattern at frequency 5.25 GHz .
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Fig. 10 Radiation pattern at frequency 5.8 GHz.
4. CONCLUSION

This paper presents the technique for reducing size
of double slot loop antenna fed by microstrip line for
dual frequency. The two difference configurations
of double rectangular slot loop antenna are proposed
for comparison on bandwidth and size of antenna.
These antennas are designed for dual frequency support
WLAN system coverage IEEE 802.11b/g (2.4-2.4835
GHz), IEEE 802.11j (4.90-5.091), IEEE 802.11a
(5.15-5.35 GHz), and IEEE 802.16d (5.7-5.9 GHz).

The result of bandwidth for low frequency and high
frequency of one antenna are 11.29% and 62%, and
other are 6.1% and 75.5%, respectively. The size with
ground plane of double slot loop antenna can be
reduced 12.9% or can be reduced size of double slot
loop antenna about 21.5% when set the new inner
conductor.
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Abstract— The coplanar waveguide fed slot antenna with inset
tuning stub is propoesed for WLAN and WiMAX applications.
This antenna consists of a rectangular patch element embedded
with a tuning stub fed by CPW feed line. The antenna is
designed for match impedance with 50 ohm of characteristic
impedance of transmission line by using inset tuning stub for
wideband matching. The simulation and measurement results
show good agreement operation, which range of bandwidth can
be achieved from 1.65 GHz - 6.35 GHz or 117%, suitable for
applications to cover 2.4/5.2/58 GHz of WLAN bands and
2.5/35/55 GHz of WIMAX bands. The characteristics of
antenna are proposed and analyzed for return loss, bandwidth,
current distribution, voltage standing wave ratio and far field
radiation patterns.

I. INTRODUCTION

The broadband antennas or wideband antennas have high
interested in recent years for various wireless communication
applications such as WLAN (Wireless Local Area Network),
WiMAX (Worldwide Interoperability for Microwave Access),
and mobile, because of small size, light weight and low cost
[1-2]. In particular, a great interest in coplanar waveguide
(CPW) fed slot antenna has been presented in this paper
because the CPW fed slot antennas [3-4] have the advantage
of wider bandwidth, simple structure, low radiation loss and
easy integration with active devices.

In this paper, we will propose the three configurations of
tuning stub step by step for WLAN standards of 2.4 GHz
(2.4-2.485 GHz)/5.2 GHz (5.15-5.35 GHz)/5.8 GHz (5.725-
5.825 GHz) and WiMAX standard of 2.5 GHz (2.5-2.69
GHz)/3.5 GHz (3.4-3.69 GHz)/5.5 GHz (5.25-5.85 GHz).
The three configurations of the tuning stub for show the step
of enhances bandwidth are rectangular patch tuning stub,
indented central strip and inset tuning stub. This research
consider rectangular patch stub in slot antenna and thence
modify this shape by indented central strip, as shown in Fig. 1
and Fig. 2. Finally, inset tuning stub is introduced as shown
in Fig. 3 for achieved wideband and good matching. The
desirable resonant frequency and enhancement bandwidth of
each slot antenna by adjusting parameters of tuning stub in
planar slot antenna, which the simulation results are cover
bandwidth of wireless communications in WLAN and
WIMAX. The measurement result in return loss of the last
proposed antenna show the impedance bandwidth of 117% of

978-1-4244-2336-1/08/$25.00 © 2008 IEEE
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centre frequency band, determined by -10 dB return loss. The
bandwidth can achieve from frequency range 1.65 to 6.35
GHz coverage WLAN and WiMAX communications.

The characteristics of the proposed antenna are analyzed by
using IE3D software [5].

II. ANTENNA STRUCTURE

b=1.6 mun—» =

Ground plane
Fig. 1. CPW-fed slot antenna with rectangular patch tuning stub.

The slot antenna is design on FR4 substrate with thickness
(h) of 1.6 mm, relative permittivity (&) of 4.5, and a loss tan &
of 0.02. The structure of slot antenna fed by coplanar
waveguide with rectangular patch tuning stub is shown in Fig.
1. This antenna consists of rectangular slot and rectangular
patch tuning stub on the ground plane without conductor back
on the other side of the substrate. The parameters of slot
antenna are as following:

L : Length of slot antenna
W : Width of slot antenna
L; : Length of rectangular patch tuning stub
W, : Width of rectangular patch tuning stub
W Width of feed line
S : Coupling slot of feed line
The guide wavelength () [2] can calculate from (1).

}L—df

e i



Where the light velocity ¢ = 2.998 x 10° m/s, f is the
design frequency, and &4 is effective dielectric constant
which can be computed by using the following equation:

Eg = L 2)

In this case, guide wavelength A; at design frequency 1.8
GHz is 112 mm. The dimension of rectangular slot antenna in
length and width (L and W) is 0.37Ag and 0.20Ag,
respectively.

First, we design the basic structure of CPW-fed slot antenna
with rectangular patch tuning stub as shown in Fig. 1. The
dimension of slot antenna and rectangular patch tuning stub
are: L = 41.8 mm, W = 23.5 mm, Ls = 24.3 mm and Ws =
11.45 mm. The width of feed line (W,) is 5.0 mm with
coupling slot of feed line (S) 0.5 mm, corresponding to the
characteristic impedance of transmission line 50 ohms. The
total size of CPW fed slot antenna with ground plane is 58 x
59.5 mm’.

Second, we modified the feed line by indented the central
strip for good matching as shown in Fig. 2, the parameters of
indented central strip are S, =2 mm and S;= 0.50 mm.

h=1.6 mm—»{ |+

¥ >
l?:' Ground plane

Fig. 2. CPW-fed slot antenna with indented central strip.

b=1.6 mum—s j+
e L .
S,
o s
R W
Lo d
Se¥ ;s‘ su{
l__{-‘ Ground plans

Fig. 3. CPW-fed slot antenna with insct tuning stub.
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Finally, we modified the patch by inset narrow slot in
vertical from edge to edge for enhance bandwidth, we defined
to inset tuning stub as shown in Fig. 3, which is the last
proposed antenna.

The parameters of inset tuning stub in Fig. 3 are: S; = 0.3
mm, Sq = 0.5 mm, S;= 8.1 mm and Sg= 2 mm. In this case,
the bandwidth shown that the proposed antenna can operate in
WLAN and WiMAX system.

1Il. SIMULATION AND MEASUREMENT RESULTS

The simulation result of return loss of CPW-fed slot
antenna with rectangular patch tuning stub from Fig.l is
shown in Fig. 4.

L]
(
]
0
%

Retmmn loss (dB)

1 b 3 1 5 £ 7
Frequency (GHz)

Fig. 4. Retum loss of CPW-fed slot antenna with rectangular tuning stub.

The impedance bandwidth is 4.15 GHz from frequency
range 1.65 - 5.8 GHz which not coverage WiMAX (2-6 GHz)
applications.

Therefore, the technique for good matching in wideband is
introduced by indented central strip as shown in Fig.2. The
simulation result of return loss of CPW-fed slot antenna with
indented central strip is shown in Fig. 5.

Retwn loss (dB)

Frequency (GHz)

Fig. 5. Return loss of CPW-fed slot antenna with rectangular patch tuning
stub and indented central strip
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The simulation result of return loss in Fig. 5 is shown that
the bandwidth of slot antenna with indented central strip is fit
for WiMAX at 6 GHz. Therefore, we should enhance the
bandwidth more than 6 GHz by using inset tuning stub as
shown in Fig. 3 for widest bandwidth. The simulation return
loss of CPW-fed slot antenna with inset tuning stub is shown
in Fig. 6, which the optimum bandwidth is 4.7 GHz from
frequency range 1.65 - 6.35 GHz. Finally, this antenna is
appropriate for use in WLAN and WiMAX applications.

The measurements of return loss and radiation patterns are
carried out with an HP8510C network analyzer.  Figure 6,
show the comparison between measurement and simulation
result of the return loss of the CPW fed slot antenna with inset
tuning stub. The impedance matching of the proposed
antenna show the impedance bandwidth approximates 117%
(1.65-6.35 GHz).

requency (GH2)

Fig. 6. Measured and simulated return loss of the antenna in Fig. 3.

The current distributions are simulated by using IE3D
software. Fig. 7 is shown the current patterns at the
frequency, 2.5 GHz. For the 2.5 GHz excitation, clearly, a
larger surface current distribution is observed to flow along
not only the patch’s edges but also the edges of the inset
tuning stub. This indicates that the embedded vertical narrow
slot in to rectangular patch does effectively provide the
electrical current for producing the frequency 2.5 GHz
However, for the 3.5 GHz and 5.5 GHz excitation, the surface
currents mainly flow along the edges of tuning stub same as
shown in Fig. 7.

T F

Fig.7. Simulated current distributions of the proposed antenna.
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Frequency (GHz)
Fig. 8. Simulation result of VSWR.

Fig. 8, shown the simulation result of voltage standing
wave ratio (VSWR) of the last propose antenna. The VSWR
is nearly 1.0 from frequency range 1.65-6.35 GHz.

(c) 5.5 GHz

Fig. 9. Measured radiation patterns of electric field.
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The radiation patterns are simulated in a far-field at
frequency 2.5 GHz, 3.5 GHz, and 5.5 GHz as shown in Fig. 9.
The radiation patterns of electric field are bi-directional.

The structure of prototype slot antenna with insct tuning
stub was fabricated on inexpensive FR4 substrate as shown in
Fig. 10.

Fig. 10. Photograph of CPW-fed slot antenna with insct tuning stub.

IV. CONCLUSIONS

The CPW fed slot antennas is designed for wideband
applications by rectangular tuning stub and enhance
bandwidth by optimizing the inset tuning stub. The
simulation and measurement results shown good agreement
operation, with range of bandwidth can be achieved 117%
(1.65 GHz - 6.35 GHz), suitable for applications to the
2.4/5.2/5.8 GHz WLAN bands and 2.5/3.5/5.5 GHz WiMAX
bands.
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