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CHOMPUNUT YOTNUAN : DESIGN OF A WIRE DIPOLE WITH EBG
FOR WLAN. THESIS ADVISOR : ASST. PROF. PIYAPORN

KRACHODNOK, Ph.D., 113 PP.

ELECTROMAGNETIC BAND GAP (EBG)/DIRECTIVE GAIN ANTENNA/

NOVEL RESONANT REFLECTOR/LOW PROFILE ANTENNA

Electromagnetic band-gap (EBG) structure exhibits unique electromagnetism
properties that have led to a wide-range application of electromagnetic devices. This
thesis presentes the high-directive gain antenna consisting of a wire dipole, which is
horizontally lied above the novel EBG structure. The structure of EBG would be as
resonator that eliminate the surface waves at edges of ground plane, so the back lobe
of this antenna is reduced. But, the conventional EBG have to be narrow bandwidth,
also the near-field distribution inside gap is studied in this thesis to show the different
distances of gap, which-influence to the resonant frequency, bandwidth, and directive
gain of the antenna. Therefore, we have achieved a maximum directive gain of 9.06
dBi, which is higher than a dipole with traditional ground plane. The bandwidth for
less than -10 dB of S;; is about 15.86% at the center frequency of 5.8 GHz. Since the
proposed structure remains simple but it can provide higher directive gain and larger
bandwidth covering the IEEE standard (802.11a/n). The antenna, therefore, is

expected to be the low cost innovation for WLAN applications.

School of Telecommunication Engineering Student’s Signature

Academic Year 2011 Advisor’s Signature




paanssuilsema

o "y Yy

a a = a A Yo ] A ] aAa a
INTUNUTUTUTIQAWNAIYA LL!?J\W"IﬂulﬂSUﬂ’JWMGI)'?fJMﬁE]’OEJNﬂfN MATUIBINTG

Q

pazdUMIAIUNUITe 1INYARaA1e 9 laun
Y 4 a o I a a ¢ A Y
H¥0maas19150 a3 Je1nsal nszasauon 019156nSnuInerinus Nl Tome
= Yo o ' v Yo o ' 9n o d
numsane Tdwugiinlsne sreuddym vazldhaslandiseulasaaoa saunase
a ~ s 1 A < ¢
A329Mu uazud Iwanendinusianiauaioauysol
4 o 4 4 s A o 1 A Y o 1 =
FOIMAATINGG A5.59e557 NATTIA NAvoLUzTImae IFA 1S ny1081981n Tag
' J J @ a a 1
ABOA FBIVANAATINGE AT.NTZNH gaMsena WIMTa11393anssu Insauuay §uae

MANTINTE AT.5IATTA NOIM AFI0MANT1150 A5.4AU1 WINNIIN HBI0NAATI9150

'
A

a @ ] d o Y] 1 4
ﬂi.')ﬂﬁ] UADNITY ﬁ%?ﬂﬁ?ﬁ@]i?ﬂ"ﬁgL§@01ﬂ1ﬁlﬂﬂ ﬂﬁ.‘ﬂigiﬂ%u ANTINA ﬁ%’)ﬂﬁWﬁ@ﬁT%?iﬂ

U

sa @ @ o £ A v Jo ¢ o a
ATNUANNENT QaIsANA 1Ay 919150 A5.AUANA NAVOUUATY 019156U58T1d19139
ArnssuInsauuay winanendema lulaggsuis nlianusuinms uazldlomalu

=
NIIANEN

v A 4 A

a J f ° o
auiuaey Ined lsau aayauig duilen uaznaeisen hgsguiaesldmalinm

9 Q

D.

9 9 v

9 9
' @ a a @ o 1
pazrromaonaluduIxinig uazdmmaia $AUNINsFuUZINGINUYUNTaIA1e 9 A
aiuayuaemMsMINeHnuToe i aue
YoUAMANINNUATLITIHNITIIENHIHIA (15.) DTEMsenTuayunumsinm
A9y o oA = ' = v ) A q Yo Y - a
yovoufauiioiuRadnyInnIy Nneslinnusiemas lnd s nuiddnnms

Yo o o A a 4
tazaoelvnaalalumsiiInetinus

Yo a aa Y 2 J Aw A o
vououl¥nula1 W15A1 uaztymwummgﬂumﬂ HAZIATTWEN A9AIUAIDINTUNTOUN

v
Y 1 [ v

1 Ay Y S Y = o o d =<
mTiW‘iqﬂ‘l/nmn"lﬂmt’n/l’aﬂﬂizﬁ‘um’imﬂﬂalmm mnﬂmcluaﬂm !Lﬁgﬂﬁ]ﬂﬂu%‘IJﬁ'llﬁﬂﬂWSﬁﬂH']

11/1adea

TUWUN goAUIA



£
Hin
UNAATD (D VHYINI) oo eee e f
UNAATD (D THTDINGH) rveeeeeeeereeeeeeeeeeeeeeeeseeeeeeseeeeseeseseesesseeesesseeeeeessseeeseseeeesessesesesseesesesseeseseee Y
DI YT TU L T I oo e e e s e e f
TETTAT oo e e e e e e s s s e s e e e e s ee e enes g
TNTUQNTTIN oot G
AVTUTU oot o

4

unh
T DITIHY oo b eee et s e e s e s s e s s 1

I o o
L1 @ uaza U AU UM e 1
12 30QUSEAIRUDMIUIDY oot 3
13 AUNATIUUDINITIVY oorrveeeesceeeeeeerooeee et 3
D) A g
1.4 UOANBIILIDTAU ooeeoee oo seesceees e e eeseess st s e st s eseessees e seessees s sseessess s sess s sees s 4
1.5 UDTURANTT I corrreeeeoeeeeeoeeeeee oot e es s s s s s e ees s ses e e s s ess s see e 4
1.6 A BAUEUNIT IV e L e, 4
161 UM NGO U UGTTEIDY oo 4
= adAa o
16,2 TEIU AT IV e s e e 4
163 D VIUTIITINIT I oo 5
d‘ A d' a o
164 10T0I0ON I IURITITY oo 5
<
165 MITINUTVUTIVOUD cororioeeeeeeeeeeeeeeee oo 5
166 MIFUATIZETOUA oo 5
4" 1 [
17 UTE OB NI IIYE LR oo 5
1.8 @ IUUTENOUUDIINMIVTINWUT oo, 5
v d a v d'd' Y

2 SNANITTUNTTH QVUIVITUDG VDN .o 7
o3 B 17 o Y OO 7

aIvey



1318y (A0)

¢4
Hin
Y4 Av A A 9
22 ASNAUITTUNTTN UAZOIUIVETUDGIVDD oo 9
3 B 610 R 0 2 S L1 IO 9
222 FINAUANNAUIAAD TN oo 9
223 @91 la InauuyeIua AN
YTl LS O 12
2.3 ATU s 13
- o A4 g
NGHY HASHANDITNUDEIVD coooooooooootee s 14
3.0 NOERAOOINIA A TNA Lot 14
300 AOIMA LA THA oo 14
312 m3lwan lsdvesawermalalna
(Dipole Antenna Polarization)..............ccceeeeeereirevieceeeereireeeeeeereeaeeeneenes 16
32 @E0INA A TWAEUAIAUUAVTETIOU oo 17
33 MTUHNAINUUDIANIDNMIAUUAVTZIOU oo 20
34 laagiiou (Reflection PRASE)......cooviiieeeeee vttt ettt 23
d‘ % dy =Y
3.5 AQUITZAUNURNI(SUITACE WAVE) c.viieiis it ettt eeveesaeesaeans 25
3.6 wufreenaunuaudingn 1vih
(Electromagnetic Band Gap: EBG) .......cooveuieuioieeieeeeecieeeeeeeeteeeeeeeee e 28
37 G oo 36
m3eonuuUMEIMAlalnauuraINauaNNdIman Invh
o w A | £% A' Vv
ASUIRTOUIINOIAU Z AN oo 37
=1
4.1 PSANHIENEDINT IO TIE oo 37
=< ] [ = ] <3 Y
42 MIANEIBOINUOUANNDIAAN VT o] 41
=< [ [ =y ] 3 Y '
43 MIANEIF0IIMUANUAIAAN WTWDUTAY o) 47

A o A 1 v o A = < J
43.1 L?J@VI']ﬂTiLWﬂJLLWH@'I'JU"IﬁWiﬁlelﬂlu’]ﬂ!ﬁﬂslﬁaQ

FEMVIUIIIIT oo 48



M58y (710)

Y
Hin
A ° o A 1 v o A A <]
432 wommsdiunlasuuriuaniamasuvnagn
I o
IUFUADTO () oo 51
d‘ v (] 1 YA ::
433 1H0UTUBOINIIAHYUIATUUANO .o 55
4 ° 1 ) <
434 1H0AATIUIUUAUA I IULIALAN cceeeeeeeeeeeeeeeeeeeseeeseesee e 58
1 [ { 1 <3 [
44 ewomalalnavuaesinaouanuausman U ING 62
o w ] 1 ~ 1 < 9, 1
44.1 ywaveuIaausesaauanuausman i uIng............. 64
442 MTNVITUYN/t, UOE Lo sssssesseessssseseessssssssneesssnes 65
443 MITNVITHINITIINDT Grmrmroooooeoeoeoooeeeeeeeeeemeeemmeeseeesssesssesseseseesesseeeeeeeene 73
444 MINVITUINITIIABT W, UL T oo 74
445 MINVITUINITIABDS /1yt sseeeeee e 75
4.5 BT oo e 81
PITNATOU BAZIATIZFHEA 1oooooeooieeooeceteer oo ees e sseeeessesseeeeeeseesesee e 83
5.0 33mMIa319e00IMA LA TWA TAIRUUDL coooooooeeeeeeeeeeeeeeeeeseeeeeeee e eeeeeeseeeeeens 83
Aan Y @ 1 1 A ] <} Y Y
52 Amsaseuazianaaausesauanuasman IihAuuuY e 84
Aax 9
53 3Bmsadeenseime la lna
] 1 H 1 <
VUBDIDUAVTIDHIHADN THTT s 85
54 wamsianadeumsgdedounal uazAuN WY e 86
55 MIIANATOUUVUIUMTUANTEDHIIANI oo 88
56  WANMIIANATOUDATIVGNY (GAIN)...ovoooeeeeeeeeeeeeeeeee e 90
5.7 AT e 92
a v Y
ATUNITIVY HOZUDITUBUML ......oooooeessessssssssssssssssssssssssssssssssssssssssssssssssssnsssssnnes 93
tﬂy a a 4
6.1 AFUHDOMIINGIUIUS oo 93
9y
6.2 VYN UALUBLAUDIUL .o 94

6.3 HUINNMITHAIUITUOUIAN oo 94



M58y (710)

£
W
Y a

FUIMITOIIB corovveeeereesssssees e 95

MAKUIN

a d' Yo A Aa J 1
MAKUIN 1. UNANWIFINTATATUNITANUWHIUNT ..o 98
a9

UTETAFAUIU oo 113



A3VYNIN

A v

M3519N il
[ A 4 Y

4.1 AR5 UIAED A LA TWARUL covveoeeeeeeeeeeeeeeeeeeeeeoeeeeeeeeeeeeeoeeeeeeeeeenns 41
1 a 4 1 1 a 1 I Y

42 MWITINAD5UDIFDINIDUANUDUIAAD IV e, 46
1 a 4 1 [ ~ 1 <3 Y Y

43 MWIIINAD5UDI¥IUDUANUDUANAN IWTNAUIU oo, 77

A P ~Aq Y 9 L
5.1 W51Hwe5a1 q N1FIumMIa19a180 1A 1A THAA UL oo 83

52

5.3

54

6.1

a o ~ EX 9 ] 1 A

WISWADIAG 9 N1 1UMTa3 1995991910 UANND
[ <

AN IV U e e 85
' 9 o d’ R o w
A1ANUN A INAUATINAIVD @1 8DINIA 1 Tna

1 1 $ ] I~
VUBDIIIDUA DA AN TN e 90
A1DANTIVYIBYDIA1IDINIA LA T NAVUED I

$ ] I

LA AN T e e 92

AUANBUZANAYDIA 180N la TNAUUTO719

{ ' <
!LﬂUﬂj’luallulwaﬂulw%’]ﬁjullUU .......................................................................................... 94



CaN
=
=).

1.1
2.1
2.2
3.1
32
33
34
3.5
3.6
3.7
3.8
39
3.10
3.11
3.12

3.13

3.14
3.15

4.1
4.2

o
CRRAIETR]

)
$0931900 AR TV e 3
TATIAZ VUL 3 TR oo eeeeeeeseeesss s e essssssssseemse e seeeeeeeessseeseees 10
TATIAF VLU 2 T oo 11
AN LA TINE oo e s e e s eeseeens 15
anpaems N lsFuoaee0 MR TA TINA oo 17
ADINIA IR THALT U IAUUATTENO M et eeesseseeeeses s e 18
WORANTTHYBIARU et 19
AAUTIAAINT A GO I UMHUTL RO oo 21
AN NTEANUAIN T A BUYOUTITLTOU e 22
Tasead1amsauue o e auan TN u UG o 23
avosmsaztoumuIn A lFHaro 93 UIUUO DT oo 25
A ATUMTATEN TS UARUTETUNUA D oo 28
TATIRFIILIY 3 B0 oot s e ee s e 29
TATIEE DY 2 B0 e L L e 30
Tnseadreresnauanuaudman liiuuadiensnifia
(MUSHIOOMIIKE EBG) ..ottt ettt e e e e e et eeaeeeaeeeeeeeeeeeaeeeaeeeneeeaeeeeeeeeeeseeennes 31
synvnvesunienh nazmanugveslasaiig
F0IADANIABIAR T e 31
Taseararoairaauanuausiman WA INY e 34
stuvpvesawniieni nazmanuqueslassaieresing
O UATAIHAD TV e 35
Hanm3vaeseneo1mala Inaale115uns CST Microwave StUdio ..o, 38

Naﬂﬁ“’51@’E]\1ﬁTﬂ@TﬂWﬁ]lﬂIWﬁﬁj’mIﬂﬂlﬂiil CST Microwave Studio.......ccceeveereeeneeennen. 39



CaN
=
=).

4.4
4.5
4.6
4.7
4.8
4.9

4.10
4.11
4.12
4.13
4.14
4.15
4.16
4.17
4.18
4.19
4.20
4.21
4.22
4.23

4.25

4.26

4.27

2

asti3il (s19)

%
i
o 1 ] = [l <3 Y
HUVTI1A09%DIIDUANTNDUNIAN T oo, 42
o o 1 ! A ] < Y
I INANTIINUYDIDUANUDUNAAN VT oo, 43
° 1 ] = ] I Y
MIINUVDIFDINIDUA VNI AN T oo 44
1 o [ [ A 1 < 9
AUNLAZANUAUUUNEINUVDIFD I UANUDUUAAN VT e 44
= 9 % d’

NAMTGUITITOUNAUT 5.8 GHZu i 47
° 1 1 ~ 1 < Y A 1 v o A A 3
WanMIsasdreIauaNNaiman IihuuuiuuHud R T asuvuaEan ... 49

° 1 [ = 1 < 9
NAN1T91a99%¥09 1900 UANNDLan 1T
$ ' ) < I %
puuaounEua 1R UATO 52
o L] 1 ~ 1 3 Yy = J °
NANI 91809990 UANNALLIAn 1NN DIV UAVD e 56
° ] [ = 1 < 9 o
wanIsaaredauaNuduran I uuaaaa le lumuaueu oo 59
' 1 ~ [ <3 1
Taseadareanaunuauuasian OB oo 63

@ ~ 1 1 { ] [ 1
mygadedounavvesmanfeuiisugesnwauanuduiman Wfhuunlvd 64

MIRNUINT005 1, 70.01 4 1182 L TA10.34 1 890442 oo 65
MIROUINIINTADS 7, 11 0.01 A 105 L TAN 0.0 Ao 67
MIANBWNSTAD5 ) T 0.024 1A% L 1601 0,344 59044 e 68
MIRIRINTTADS 7, 1 0.02 4 1AL L T 0384 oo 69
MIRIMNSTADS 7, 1 0.03 4 182 L 61 0344 59044 71
MIANBMNTITADT A, 71 0.03 4 1A L T 0.36 4 oo 72
I TR R 1T SR LN T o 74
M GUTIOUNTUVOL I, TNt 75
T GUTOFOUNTUVOL I, TN et 75
T GATITOUNTUVDL /1, TN oottt 76

o [ 1 A ] < 9
HAN1391a09ee1Md la Tnauuyes o uaudutman lWih
a10 115153 CST Microwave Studio 100 7, = 0.02 4 ....ooooveeeoeoseeecceeeeeee e 77
BUDFUMITUHWARIM (oo 79

AUWTZ02 INAUULRUAIT 100 7, = 0.02 4 oo 80



CaN
=
=).

5.1

52

5.3

5.4

5.5

5.6

5.7

5.8

59

U |
a1t (@e)
U
Y
1N
AVEDNNI MO TIARUIELIL oo 83
115153 CoreIDRAW 9 FAIHUARITAAUNU PCB oo 84
1 1 [ H ] I~
UAUBDI0 VAN THTNGUIUY oo, 85
801018 1o TNaUUFDI D UAIND
1 I { 2
A AN TV AU U T 19UN e 86
HamsIanadoumMsgydodoundi
V9Ie801NA 1A TNA U UL U099 UAIUD
] I~ aa
AN TV UUNR 454 DRI oo 87
BATIAIUAAUU (Standing Wave Ratio: SWR).......oovvoeeeeveeereeeeeeeeeseeseeeeeseesessseeeeseeeee 87
ay [ ! g
FmsdanagouuuuzUnsuanasIuves eI la Tna
1 1 [ { 1 <
VULAUFDID AN T e e 88
= 1 QU
sl euiennnusUmsudna U
1 1 ~ (] < EY
oo la Inaunyeaaupuaudiman lvlih
Aana P k) o Y
VA 4x4 DAUUAN 1A910N1391a99928 11/ 3410 T3y
CST Microwave Studio 2009 LALATTIATIATBU weveveeeeoeeeeeeeeeeeeeeeeeeeeee e 89

3%ﬂﬁﬁiyﬂ‘ﬂﬂﬁ'@‘]_l?jlﬁiWGUEJ'IfJ‘UfNﬁ'"IfJ@"IﬂWﬁU],@ITWﬁ

' 1 { 1 <3
”]JIJGB?NTJNLLG‘]J?‘I’NiJameﬁﬂhl‘V\I‘i/}\h .................................................................................. 91



dy dyd Aa = Id ) v A Aa 4 Y] dyzé
Ll!@‘Vi111!‘]}1/]1!L‘]JLlﬂ"li@‘ﬁTJTfJf]Qﬂ?TNLﬂHNTLLﬁ%LW@]‘@JQqﬂ TN TUINITUNUTRUUUB
3 o o 1% J a a 4
ﬂﬁgﬂi’)ﬂﬁ)’m ﬂ'JnJL‘]JH‘JJ”ILLﬁSﬂ'ﬂﬂﬁ”lﬂﬂfl]ﬂﬂﬂﬂJﬁT 'N]‘Q‘]Jigﬁﬂﬂm@ﬂﬁﬂﬂTuWHﬁl!u@ﬂTﬁﬂTi

o A A a o a’d' 1 Yo 1 a a 4
ANUHUINITUNUD ﬂszTﬂ%u‘nmmmz“lmuuazmuﬂizﬂ@mmmmuwuﬁ

| [
11 anauilwnrazanudmngvesifa
I ~ o < [ 9 ~ A Aa A A 3’, = g’; [
Wuinsudulasnslnanudesnsnoziulse@niammsdoasiuiiniaa
@ 4 < {a o l 1 ?
panvudaagiu Taemsdedrsuuy lfamadunieunaz l9iueg1sunsvate naludiu
= A S Y Y o ' g A P
MIANET QAT INNTIN FUNIN LaZNTHE T UALAI8MTHAIBENTIAGTIVBIM I ToET 13
A P~ { 2 o o A ] A 1 )
MYUAzAAINNTINNITTod15 Mo imaluiudediayiazgnimunluniovie15are
o ' [ o ) o 4
(Wireless LAN:  WLAN) tazmsianusaununilandmsumsinlsluszon luund
(Worldwide Interoperability for Microwave Access: WiMAX) G?Q%Qﬂﬁﬂﬂ%sf} g iJﬂ’Jmaq N
1 [ all A o W A A A o d‘ a =S G
g1ty Tas asiuaeenanimdiuimeane orlidinauianiufeInsosol
a A Aq 9 a A o d' A Y Yy A
N9 asouaguinun 1T M naginasnuigs venmniimeimaazdodll Inseas1en
' ' a wa A A A ' A '
Peuazsia lduws meeiniala Inaliguauianleaiauie J5dsamesimanEendie
A 1 l I IS
Tassadweuisaaoundasladigiazvainvate eg1elsnanarsernia’la lwailu
1 v 1 Y
MeeImantimasaud ¥ iz audmsunmsaansldauuumitveserns vty
Y ' o Y vy o =2 & ax & A P
asnanmsihszuuvesmsaziou s mnaseneeimslaTwadailuismanilaiawiso s
Tumseonuuy iNemsaruguwasnuueInszua liIAam s unii 3eh 1t 1aSufasaun
2 A v o A A v &£ 2 oA
gauu nnlsimirssunssuineddesvesdieoiniala Inadeasogiiloszurnuoants
dazou (A. Thumvichit, T. Takano, 2007, and Y. Kamata, H.N. Lin, 2010, and C.C. Tang , R.H.
a g},/ v v o 4
Chu, 1991) Taginaudminarseimela Inagnaalunuiasnuszuuvesdniauysel

4 S a

(Perfect Electric Conductor: PEC) gﬂf’umm‘mﬁﬁﬁzﬁ’@umﬂﬁaﬁmummﬁ]zumﬂwmﬁmﬁu

=2 [

nunszuaved laTnanaziasumsurnasanuaingnszuaveslalna Juildaeomad

' o (3

UszAnSa Mg ualidagugthigh profile) 1A0INTA80IMANTTUFIUAT (low profile)



awe1nid laTnaszgnielunuiueuvuszuudernuuavzsildzdvesnszualioglu
Armudedny 39 ldlsed@niameaiseiniaanas Tagmnizedraganinaigeniela
1 Y o % o A Y [ v a a o’dy o ] ]
Tnareglndnuszuivaesdni teud lilyriaenainineriinusiaziige oy
P~ v < 9 . =~ L) G4
anvautman Wi (Electromagnetic bandgap structured:EBG) WUNUNLNUAIUITUY T Tag
[ ' ~ [ < 9, I 9 AN Yo A = 4 o
yoaaauaNudusman Wi Wulaseafren ldsunsesnuuunanuds Tauuus uagii
{ Q) o
i udaznouvesaisermealalna (N. Fhathiem, P. Krachodnok, and R. Wongsan, 2009,
andLong Li, Bin Li, Hai-Xia Liu, and Chang-Hong Liang 2006, andSteven R. Best and Drayton
L. Hanna, 2008, andSievenpiper, D., L. Zhang, R. F. J. Broas, N. G. Alexopolus, and E.

Yablonovitch, 1999)

=

] ] ] 3 [} 1 1
Tassadraveasoanauauanuduuman Wil Tasldaususaraunivatelu
a 4 waA 1 [} i a %,’ @
ArnssuaeeInd tesainqaauianiiagulugu anisaziou annauna irmiinm
A a ° ] 1 { 1 <3
agaanlumsndauazdaunulumsndad lnssasnvesyosinanounnudmiman Tvihi
Y A A 3 o o T3 A . . . 2~ Ja o
nihgvowduaaniwaiianinen (AtificialMagenetic Conductor : AMC) F9ULLUUAIATLUA
da o ) ) 9 ' Ja o ) 1 2 A 9 v &
HazHUUAIAsYeIaIeIMa laena 1iinn19n N uaIaFUead NIUIanNeuA g A1
A o o o I { v ' b o q ¥ oa o
woihdimanentanldnusmnuaeeina la Ina sz lduuuaiasvesaigemea
A o 9 ' ' A v & 9 '
UAUAL tazAuds Tsuuugued Iasdaieveareaiaouanudiman lWihee luaanse
nlasunasldandannmsadaudd
A Y, Yy Y a A P ' ' A
moud Iy wiinedu mednusiazela Tnalunuiveuuugesinlauounud
] I~ 1w { 4 1] o Ia < S
udiman Tduuu v @3 1 el 185 udasauen0(Gainuaziuualias naIu n13
] 1 i P 1 = 9 o Y v
ponuUY Insedd wvosre s umINDman lWihazgnwann ldnz aunuamesinst
laTwa Tasuaasanvazanusumugeluureanudtazansuzamsaztoud sy
A A a 43! [ 2‘, dy a 1 ] = ] < Y KX A
AAUANAIZTNUNNAVY AU UNUAIVDIFDIILaUANNALLan TN aTanuaus
ﬂld' d' v Y d' U Y a A
maeldteu ludgeiaugdvesnszuanielunouanudnas aswaldlsz@ninmaoans
1 A Y <3 a g YR @ A 9 ] [ =
UHNTL18NA MnTornaassisldadnyazdsunlasu Inseadaveareannauouaud
[ 3 4 3 1 1 $
wiman T unedluszuvazteuvesaeoinalalna Tagn1sAny1%0991940UAND
1 < 1 [ 1 { 1 I~} .
udan Iihdszinnanquazransgnuvesgluuuresitaauanuduman 1fh s
A Aa A { a I'4 g’/
TN YU TEANTNINVDIAIG0INIANIUNADINITUAZWITINADS NN UAVDIA18DINA
9y 9y A 0o < Yo o ~ dy = 1 a
gamevz ldmeonmandszaunad i 1dsudnsverofigeiu Fageaninaigenisiia

a o @ o A ] da A Y A Aq ¥
LﬂEJ'Jﬂu‘]JH531“‘]JG]'JUHL‘]J‘]JL@3JLLE’I$chLL‘]Juﬂ’JﬂTJVIﬂTJN‘VIfﬂlﬂiﬂﬂ56””?1@%?1311101%\111!@1%

U1933714 IEEE 802.11a/n



Lo}
Lo

(=

2
o

(=]

L
L
Lo 0L
Lo A0 R

51 Ligeshanauanuduiman iy g

(=]

o
o

=i
(=
=i

=i
(=]
(=1

=i
[—=]
=1

U

'3 a a d
12 JeglszaanvedIng g
A = Y ] [ = 1 < Y 1
121 wednu lasaianazeenuuuyeIauauaNnuduman Wi uuulvi
) [ 79 ¥ A ~
dmsuszgnalaanunaud 5.8 GHz
A = Y 1 [ =
122 iedAnu11aTIas 1A onuuua18010 1 1o TNaU U891 UAITND
[ < " o [ o { {
wiian Wihuuolmidwmsulszgnalsanuinaaud 5.8 GHz
123 1W000NUUULAZTIABIHAA1801INIAOATIVe10IFINANIIgIIae ]
[ 1 4 (] <3
TaTwavussananuanududman ihaeT1a)sun5 CST Microwave Studio 2009
A 9 9 o a Ay v o Y
124 eadedisoimaduuul Janaasuuazilssumeunan ldainmssianedie

T15unsy CST Microwave Studio 2009

1.3 auNAgIUYRINIITIY

4 Y] [} 1 { [} 3
131 iedsulaseadvvesrosinauouanuduuman lihazinaldanuniiauou

4 ] ] ~ ] I~ v
132 ieameoimd la Inavuseinamuanuduiman Iihwuu vtz ina 19

@ a a 2 ~ a o 2
ﬂ@]ﬁWﬂlﬂWﬂL%\?ﬂﬁ‘ﬂqu‘lﬁu uamwmmﬁmmummqﬁu



4 g %
14 VBANAINUUDINY

141 eenuuUAIgINIAsAsIveInFInan1egelaeld laTnavusoaiig

A ' <3 9 o Y . . ) o
uouanuduiman Wi nazsiaeawadreTisunsy CST Microwave Studio 2009 @145
Uszgnd 1Fuiinud 5.8 GHz
¥ £ o w 79 9 = d' A o
142 adnamgomaduuuudmsulszgndlgaunn1ud 5.8 GHz tWe1n1s

SanaaeuuaziFeumeunan ldanmasiassas T sunsy

1.5  UaUANSIAY

151  s1asuvuago1ndlalnaaie 1151033 CST Microwave Studio 20097
A7UD 5.8 GHz

152  s1assuuureslauaunanuduman Iiiidre1dsunsy CST Microwave
Studio 2009 NNUD 5.8 GHz

1 ' A ] I Y A A

153  oonuuua180101d lalwauuyeidaauanuasiman ilinauns.s

GHz
9 v A a o Ay v o
154 aymeomaguuuuiienFsumsunaianaaoy uazHan 1931901591809

ﬁiﬂiﬂiuﬂiu CST Microwave Studio 2009

AaA o = = W
1.6 ABAUHUNIFIIIVEY
1.6.1  4UIMNNMIA N RN
) A o o a a S A 9 v oA a 4
1) @159105 75T UNTTULALINNHNUTNNEITOINLINGIUNUT
a J d‘ d'
2) AATIEHUALBONUULEIDINA Ia TnaNANuD 5.8 GHz
A rd 1 [ A [ < 9, A =
3) AT N UANNILLman I NAND 5.8GHZ
o 1 1 H 1 I~
4) 318090V 1801MIA A TNauuseII1aaUANNALNvan T8 e
Tal51n53 CST Microwave Studio 2009
9 9 [ 1 [ v .
5) A3NAEIMAAULLY FAUUUFUMTURNAIIY BATIVY(Gain)az s
gudedounay nseufsununannmisia iy
1.62  52DgUITINY
I~ a a 4 SR o A Y] dy
Auinentinusszgng seduiiumsaunsouauane luil
= <3 9 ) A o J
1)  MANYEZNUIIIINTBYA Taamsd151913nminssunssumas

a a s A 9/ v A a 4
ANITUNUITNNYIUVDINUVINYTIUNUD



a 4 ] [ $
2)  eenuULHAZIATIEH a8 IMA la TN UUSDIINDUANND
1 <
waman 1ih @28 11350053 CST Microwave Studio 2009
3) @3 NEeoIMAAULDY TALUUFUMTURNEIIY AUINEAT1918(Gain)
uazianadoumsgudedounavfSeuieununaninmstiaowyy
1.63  @auNiNIgIY
Y aw a oA d‘ 9 d‘ A a [ =
Woddvonazlfiamsdeas 13ee ermsinsesile 4 wianendemalulad
qIUTT 111 DUUNKHIINOE A.g5uTs 01009 2.UATIIFTUI 30000
d’ A d‘ a o
1.64 asealenlylumsise
1) Talsunsy CST Microwave Studio2009
2)  Tsunsuuunuay(Matlab)
4 a J 1
3) IATDIATIZH DTN (network analyzer)
a Jd
4)  ADUNANDITIUYANA (Personal Computer)

<
1.6.5 ﬂﬁlﬂ‘Ui?’Ui?iﬂT@iﬂJﬁ

=

) Rusamsnageuaieeimdla Tnauugesinuaunnuiuiman i
"l,ﬁ’inﬂmiﬁi’mmwaﬁ"miﬂmﬂm CST Microwave Studio 2009
2) gﬁuwaﬂﬁ’i’mmugﬂmiumé’wu
3)  AUINOATIVYIYYINANI
166 MIAATIHVOIA

Ay v S a 9 [ Y
naf ldvinmnaaeudieoinanlsgaveiasananegeadimiolaanly

maTulagmsdeasuuyl3aennia 5.8GHz

¢ v Yo
1.7 dsElewdimaneylasy
17.1 dmeeimialalwavugesinaouanuduiman Wi Felquaniai
o W 79 9 = & v = Y
mnzaudmiumsdszgna ldaulumaTulagnsdedrsuny1¥ae Taedilnsaiiede

¥ o a o a
HIYUNILN ﬁllﬂuﬂﬁﬂ‘ﬁﬂ%ﬁ\? HAZDATIVIIYLBTINANINGN

A a A Y = A Y
1.7.2 t’f'liJ'l‘iﬂlWiJﬂig’ﬁ‘l/]‘ﬁﬂ'lWﬂ?iﬁl%\?'luigﬂﬂl‘ﬂﬂTuIﬁEJﬂ'li?f’E]ﬁTiLlU’UUliﬁWﬂ

a a J
1.8 dauﬂsznammmﬂmwuﬁ

a a J o dy Y
MUNUsRUUHYsZNOUA8 6 UN



~ < ° T o= < 0 w o s
uni 1 duumi nandsanuiluvitazanudiagveaynl dagilseasdves

v 9

a a J a a 4 a a 4 a a 4
ANIUNUT VO UUAINYIUNUT TUUATIUUDINITIVY ﬂl@@]ﬂﬁﬂlﬁ@ﬂ?‘;ﬁl}u VOULIAINGIUNUT I5

(%

o A A a I P 1 9
mmm‘nEnuwuﬁuazﬂiﬂwuﬂmmmﬂﬂ U

v Y =

~ N o o a ~ A 9 a a P A 9
UNN 2 YSNANITTUNTTULAZITUI BNNYIVDIBIUTENOUAIINGTHNUTNINYIVD
Y] ] 1 ~ ] < 9 1 9
ﬂ‘Uﬁﬁl’EﬂﬂWﬁUlﬂTW’ﬁ “I)'f]\‘i’JW\i!Lﬂ‘]Jﬂ’NﬂJﬂLLiJLWﬁﬂhl“l’\l“V\l1LLﬁ$ﬁ18@1ﬂ1ﬁUUllWHﬁ$ﬂ@u
A A ) % aA 9 a1
UNN 3 ﬂﬂlﬁ'iJ‘]JﬂGU’f)\1fﬂEJ?JTﬂWﬁﬁTﬁiUmﬂIuIﬁﬂﬁﬂﬁﬁqi’d']EJ WQHQﬁ?Uﬂigﬂﬂ‘Uﬂl’ﬂﬂ
x [ 1 { ] <}
REGRIG G?N’]Jﬁgﬂ’E)‘]J@%}3fliﬁEJEJ1ﬂ"lf”fllﬂIWmmgG]f’éN’JN!Lﬂ‘Uﬂ’J"malmL‘Viaﬂlh\ﬁ/j\l'l
{ ' a J 1 1 1
‘U‘VI“I?I 4 ﬂﬁ"l?ﬁ\iﬂﬁ’J!,ﬂi'l$1’iLlﬁ$ﬂ1i@®ﬂllﬂ‘UﬁW‘c’Jf]TﬂTﬁ‘lﬂT‘Wﬁ‘Uu%’ﬂﬁ’JNLmUﬂ’NMa
] < ° . .
!LiJL‘Viaﬂl‘lW%}\l"lLLﬁgﬂTiﬁ]WQGQNaﬂluIﬂiLLﬂiﬂJ CST Microwave Studio 2009
d‘ 1 =< 9 Y (% Y a oA é
UNNSNANIDINITA I N1 INIAA ULV Y Llﬁ$WﬁﬂWﬁ’Jﬂﬂ'lﬂ‘H@\i‘]J{]‘UﬂﬂWﬁ“]N
Usznoudremsgandedoundn uvuzdnisuinasanu anwndedindunsaiiaas
991319818(Gain)

unM 6 nantemsaglea derauenuziuINId lutazuuinemsennlueuiaa



UNN2

U

v d a d'd' Y
ﬂ%ﬂﬂﬂ?‘i‘iﬂ!ﬂiiﬂ!!ﬁ%ﬂuﬁ gNINEYIVO

o 9 =

dy v = N o o a ~ A 9
Glu‘lJ‘ﬂ'HﬂﬁTJﬂ\‘l‘]Ji‘ﬂﬁuﬂiimﬂiihl!ﬁ%ﬂu’) ININYIVDI Gﬁﬂﬂi%ﬂ@ﬂﬂ’)ﬁlﬁWﬂﬂWﬂWﬁqﬂ
] 1 ~ ] 3 1 1 { 1 <
IWﬁ!Lﬂg%@\‘l’JNLLﬂUﬂﬁﬁJﬂLLiJLﬂﬂﬂ'lWi,/j‘h 53N5Qﬁ1891ﬂ1ﬁﬂu%ﬂ\1’JN!Lﬂ‘Uﬂ’NNaLLM!T‘iﬁﬂth%}\h
A o q 9 = o Y Y a Aa X A A o Y (o v
!WfJ‘VnEl'l"iﬂiWUﬂﬁﬂmﬁﬂngﬂlﬂﬂﬁ1ﬂ@1ﬂ1ﬁ GU?JﬂLLﬂ%"lJfJLﬁEl‘V]LﬂWlJHLW’E]‘I/Iﬁlgu11|ﬂ°b'ﬂ‘iﬂﬂ§\‘lslﬂ
Y 1Y 9 @ A 9 A o J a J
LHRIERBERN ﬂﬁJﬁ"IfJ’f)Wﬂ']ﬁﬁTﬁﬁ‘]JﬂWﬁﬁﬂﬁTiM]J?HEJ LW@M"Iul‘]JQfﬂTi”JLﬂSTZWLLa%’E)’ﬂﬂ!LUU

e 1Mo 1

\ o
2.1 NAa1IU
4 g’J 4 o ! 1 [

1U§$U‘U‘Uﬂ\1ﬂ'ﬁﬁﬂﬁ]ﬁ°L!u'ﬂ\‘lﬂﬂﬁ3ﬂ’ﬂllallﬁgUUulﬁjvnﬁﬁj']ﬁ!Lﬁﬂ@]?ﬂﬂu’ﬂﬂﬂulﬂllag
= o v w Yy 1 = 2 ] & Ao o Y ) =
3Jﬂ'3']3Jﬁ'”lﬂﬂJﬂuﬂua$LLUULLﬁ$ﬂ’lﬂa’]']flﬁ'iz‘ﬂllﬂ']ﬁﬁ'ﬁ]ﬁ']ﬁllﬂﬂlliﬁ']ﬂcﬁ\ﬁg‘ﬂﬂﬂﬂ']ﬁ\?ﬂ”l')!fll']iﬂll
o aa o w dy o dy Y =KX 9 I A Ao & A
’U“V]‘]Jﬁ/]ﬁluﬂ'lﬁﬂ”lﬁ\‘]‘;])"lﬂﬂﬁzﬂYJuﬁJWﬂSUUL‘W3'l$nﬂ?uuﬂ']ﬁHﬂﬂ\ﬁl'@yjalﬂuaﬂ‘ﬂﬁnlﬂuﬁl‘ﬂﬁﬂ‘n

a

1 ] 1 I v A 4 '
doyauinniwazizininziud lanSeulumsandulaluGeaig Taemmzniesduging
v g’/ = Y [ d‘ 9 a Yy a a é’ é
aaiuvdldimswauszuumsdedissun 15 amennanldtidsz@nsamuiniu &

¢ & A9 ) o v A =g 7= o Y Ao v
paAtlsznouriilandeslianudidyaemeeinia Fuiluglnsalniminnsunasdadygral

ngnidenun l4ie IMinan MmNz AULAZAD U AU IABAIINABINTVBITZUUDE IR INGA

=<

Fa'&TmswanuazSulganTasaadh el vo1maiadszaniamlumssonde
wnfigameemaimiiudasteyanndyanuma i ldduaduudmvan I wite
davenomeauazlunenduiudaimhiilunmsulasnaumiman i 1 dudeyaiiilu
Faaama i Taem lumsmudsz@niamvesmsemaszdoamitedanis 1dmuiy
draiiesninmsldnuiidesudeniniudesmsaudnyuzvestsoimaiiuandetua

[

Y o o Aq YA 1 o 49! [l
Tdre drusunuamuamsesnuuuaieeIman luanuuananueen lyuegnug Uiy
A v Y ! [ = A [ < 7 T
Y9952 VUNA 0N IFUTIA Ve 1M FeernNvzimuailunginasinuiveuasll

@ { o a ) o g
Tagiiumeoimei lasuanutionlumsiwnlszgnd lsauluszuumsdearsuuy 1iaone
1991019 14 11 TWa(monopole antenna) 81891017 U VU a0 N (sleeve antenna)ilaz d180101#
uUDF Y 1UA1 (low-profile antenna) 13U @189101# 11 TATAA3 U(micro strip antenna) 1A

a 4
0 IMATZUIVO U 1O (Planar Inverted F Antenna:



PIFA) dwfuasoimealuTuTwaidlueneeimai lasuanuiiomih I 15nunniiga msazll

(%

I = [R] @ 2
aanyuiutoun3g (broadband characteristics) taz i Inssai e higeendudou uranss

fl
Fene1991MAFHANI1A 18010 ALD LS (Whip antenna) (Chen, Peng, and Liang, 2005)

U A o A 1 i a 3 v 4 v P
ﬁ?uﬂﬁ%ﬂf]ﬂﬂlﬂiﬁWﬂ@'lﬂ'lﬁﬂ°I/I1141?!/11/]LlWﬂi$ﬂ1ﬂﬂ§u@ﬂﬂﬁﬂgﬂui$u1ﬂﬂi'l')ﬂll‘ﬂﬂf]uu@ é]?\?

= [ Y

dﬂl a wAa =
Mo nAlzliquanyuzadiomeeimauuylaTua lumslfiaasenaluTulnal

a

=2 =

19 1 Y A ) o Y !
A lilgasanilavesaeoimalalna diliszuiunsmann ez ldgdunumsus
4 1 4 Y 4 {
NIEIWAAUILLANANIINTZUIUNIMIALUVO UG ceeIMAuDUNdeIAe d1801NALDL
] 4 <

1aen (Taguchi, Egashira, and Tanaka, 19911 Inseai1aveamsurnszarenamiulaInauny
] o o { 1 1 [ <3 { v o

Tiaunasvesdni ilidudugudnarvauanaisiy Tagyuia@nigavediniing
[ % o = d’ﬂ) Y o [} 1 9 ]

minudanihmelumelaenmeanieulviuaisernia uazvialvgazuinninausiig

4 v o : v (Y @ . 1 4
Auona1edi Feazgnaniaasnualanniedsou aee1nialauonFoa a1ge1n el

v X7

A A 19 = 4 1 A (= =)

audanyuzmioudiea1na luTulnai lidealiszuiuning uamsi billssuiunsaiull
4 o o 2 2 H o [ [ g o o
Foidenedoi 1119u dosrhameamalldadauiniuaiuaegndulane Mlieasivens
Y a A I £ = 9 [ Y

anad YoidednedavesmeameauuLdaz eeenmeuudaen fe laseadia luiudansarn
1 Y A a A o
18 LUUTANYND ’ﬁm@WﬂWflliJIﬂiﬁ@]iﬂﬂiE‘JE‘TWEJ’mﬂWﬂLLlI‘]JLLWTIGIf(patch) (Jame and Hall,

[ 1 Y [ 4 < 1 I
1989) #ilaseadneawaiuie davuundludinvesmsnszateaaulagna lazlizlsiaiu

]
= v

A A A v 1 A o P} A A <
MnAouyuRIN WNANKI 00U 9 uauamseenuuliier 1 1dau Taeliaunaeuiluiag
adg a $d 1 o 1 1 4 s 1 v o 1
7usedladidna3niauna T EHAINRs AR DTNV IMERHN Tz eRa U uLHLAND dau
a J . : A o Yy 3 @ A o
Ay IMATLUIUBUNBSAEH(SIM and Choi, 2006) HanwaizupwaudilugUdnenANmuN
' A L4 1 I~ a
a1 1A UY la Tnauuurd U s o813 lsnauaeeimeauuy luTasaasduay
a 4 ~ 9 a A = 9 ~ [ g’; dd’ 9y 9
W0 INATTUIUD U A NNTeIFeAD UANUA I UNLAY AU lunsaiNdoan1s 19
o o , o ) A dqu Y
dwemeanfer lumsurnszaenasnuldnsouaguinuildauldluszez Ina eeerma
=® = = < A o [ ~ 1 A Y [V 1 1
laTwadadudnmadennilsnansoiwnliunlasugliruieaadodeainarnazding
Vo A ] Y A 2 v o A &2 o oA v X2 A Y A
ADINI VY IUNANIAUHTNNGIVU AUNTNVRIAINAUAITIMAINNIUY U Tasadan
< 2 d wa A o o A 9 ) = a
udanse uazsiagn suduguantanaeoimadmiumsdeaisuuy liaedeins Juna
yuanuaalumsadaamesoimeaaniillaInalasdar99suuszuIuaIason (N. Fhafhiem,
P. Krachodnok, and R. Wongsan, 2009) #31inmsdeoudyniaiganinalsuesaioeniAuang
] 3 S a9y a4 A = A o A I Aa
a9 15N e la Inandaivoidens Uons1verend iissaniluaeoinaniuuy
1 o o I a = = YA o
gUmsurnszaremasiunuuseviamaluszuiuder W ldinmswaungluunves

Iy A d%' Y A o 9 A v v a a Y
ﬁwa1mﬂ”lmlamwfnsmqwumﬂﬂmwm’Jﬁzmaummuwawmmammﬂ nmauteyly



] v o =B A A a 1 1 A
uruTanganhwandmudaymluGoiweinaui (surface  wave)  ¥99319U0DAIWD
' [ (% I [
uaian Ilihve1asuanuauladuedauin(Long Li, Bin Li, Hai-Xia Liu, and Chang-Hong

. o YA J %] Y A A a a
Liang, 2006) tazgmimniszgnalsnedludraznounaiiuilssansnmveseeoinia

U

o ¢ a A A v
2.2 ﬂ%ﬂﬂu’)iimﬂ‘iﬁu!m%ﬂ1uﬁl gNINEYIVUDI

221 meemalalwa

=

a o 79 9 o [ A Y
g1t la Inatlsuinnlszgna lgdmsumsdeaisuun l§aenniiga
A 9 (Y] 9 [ o [ Y1 = 3’/ v A = Y
esnnTasead e lidudou ndause swnsoinndaunacldie dnnedalisinigndndae
o Y T o = 1 A I
awe1me laTnaineenuunldinnueraminy 4/2 Tuvugdmsurnszateadwiuuuy
a d' = o Y S o d’ 'c %
sounan 1 luszuu@e) 1eih ldaeoinialaTnalionsversiiar ludegiivaseimala
o o 1 1 1 A @ 1
Twa'ldgnihnszgndldauediaunsvate laun matiansdiugdivesaiseiniala
I~ 1 ] 1 (%
Twarduaseldidugdsiedre 99y a1ve1n1A31 @210 a (S-Shaped antenna)
a 1 =~ A % A v
(Hassan Elkamchouchi, 2004) 1ARNAANIUMIINNEAT I8 I8 1801MAA SN TN
Y A a Y o 1 AA o v .
ALNOUNVINUMUNIVIA 801N 15U d1891017 la Tnantanyaz TRa(arc-curved dipole)
udaviyuareo1nia’laTna31/an(V-shape antenna)(Krishnan, Li, and Leong, 2005) 01511
9 9 ] o o . % 9 [ =3 a 4
o1 la Inarduasanalndunudiii (Thumvichit, Takano, 2007) lana1ndansdasizs
1 Y ' v
MIMUUAFI(matching) HoNMARGIMATANAIITRINUMTA T 19 eneeIne la Tnavfiauny
[ d' o Y 2 1 =3 a Ja A 4
A3398A2993 N1 a1e5z UG AL oY (Dobost G., 1981) 1dNa1199 M3asIzHouNUAUTIT
] (Y] { [} [ % 4
UANAINY tazANUN D DY e Tnans NN dan sy IIuR UsE IR YA o uaN Tl
o @ I % [ ?1’/
uuy nazmsdszgna laeeinale Inaiduaseaa lduilugdasoenasdatcrsdatensaes
Y, : o a 4 ° 4
TaUUTEMUAIEE oY (PimpolS., Wongsan R., 2007) H471m3 A 1eH AN ednauLay
[ ) 1Y) 9 A ~ v 9
903 1ve18v09e180 1N Ad T U ¥ unaNd Insnau Wuau
A o o { 1 o 3 1
nulsimissanssun ldanarnudnedu aeeinialalnadeaauiun
o 79 Y o 1 1 = = o
aulaazgmimnlszgnalsnuedaunsnatesnnefnaudaiagiiv
222 ¥eanaueuaNNaimanlvih
inaareauiIviiveunalulagmsdearsuvy 1§ ae damaliany
9 A A a = E1 9 =<
#01ms lumsiivilszaninwvesmeeimeaniuinvuaiu lUare :na1ge1nasIsuaInila
] o Y o 4 2 v A o Yy Ay o
AuNaIaRAN IHNERI 188N GITUAIIMINNAIFLNOUNATUNAIUDIA 18D INA 910

v o

A a Y =% A A a 1 1 A ] < 9
muuﬂﬂmmuiammuumﬂmwuﬁmuwﬂmimmamaum “lffN’JNLLﬂUﬂ’ﬂiJﬂ!LﬂJL‘}’i‘ﬁﬂkl“I/‘h’\h

%Q"lﬁ}%Uﬂ’ﬂﬂJﬁuiﬂlﬂuﬂﬁl’NMﬂ(Long Li, Bin Li, Hai-Xia Liu, and Chang-Hong Liang, 2006)



10

' ' A ] 9 ° S ¥ < A A A a
Foe11auouanudutman Iihannsou llszgnd ldiiluaeasnsesnnud insaas iuid
A = = [ ] o A o 79 Y o A
A0NAUD MANWAILAY HazFoILDUWAINIUudILaziloIvIdszgndlsnunay

[ I~ ] ] 1 H ] I~ o H @
wiian ihsFenIaseadagesiauauanuduman Wi Tasimhndludinasng

A A ] A < Y ] = o
Wﬁﬂlﬁiwgﬂ!lﬂﬂﬂ'ﬁlw\ﬁﬂig%1ElﬂflUUJJlﬁ'ﬁﬂlrh"lV‘hclju%j\uﬂw'lgllﬂﬂ"llﬂ\‘]ﬂ'ﬂﬂﬂclutﬂﬂﬂﬂu

] 1 { ] < 13 ' @ a J
Tassadngosinauauanudwiman i eiunquamansazmausundald 3 ngu Ao

Q

1 J 4 1 <3 a @ I = 1 J
Tasaarsraresnaauanuduuman ooy 3 U6 TanvazilulSunag, Taseaderesing

A 1 <3 Y A A o I 4 a 9 1 1
uaummmmman"lﬂﬂmuu 2 106 TanvatdunuAIszuIy nag Inseds 1909190 Y

anududman iy 1 38 apvazidluemede (Yang, F., Rahmat-Samii, Y., 2009) aA4

[ A [ N o = 1 = A 1 J =
a931n 2.1 waz 2.2 ﬂiﬂiﬂﬁuTl'iifl!ﬂﬁﬁﬁJ‘Vﬁ]‘”ﬂa1?lﬂ\'iﬂE)GIf’EN’JNLLﬂ‘UﬂDHJﬂLLMﬁﬁﬂul‘I/\I‘V\hLL‘UiJ

U

Y = '

adeaoniiia duilugesiunuanuiuimen ihuuusaduuuy 2 58 SmsSsudeusy

[ []

1 1 1 ~ 1 < Y 9 ! = A Y
5314UTQGB?JQ'J'NLLQ‘]Jﬂ'JnJﬂLL?JLWﬂﬂ”h/\IV‘I1LL1J‘]JﬂanJﬂ@ﬂlﬁﬂfﬂfl’iﬁfJiJNuWTﬂ‘]J“If@Q')’NLLﬂ‘]Jﬂ'J”I?Jﬂ

[ R 1 = 1 I

' < < { !
!Llln’iﬁﬂ]lw%l‘lTLL‘]J‘]Jﬂé}TEJﬂ’t’)ﬂlﬁﬂ%tﬂaﬂll‘ﬂﬁﬁﬁ W‘]_l’NGI)"E]\1'JNLLﬂ’]Jﬂ’J"IﬂJﬂLL?JLWﬁﬂllV\I%}\hLL‘UUﬂZ%HEJ

q

a

S v o o
ABNLYAVE ﬁ ﬂﬁgﬁ‘ﬂ‘ﬁﬂ'ﬁﬁuVI@u‘ﬂﬂﬂ'J1615@\1'J'NLLE]Uﬂ'J"IiJﬂ!L?JL‘Wﬁﬂulww"lu‘]_lﬂﬂa']ﬂﬂﬂﬂ

L‘Hﬂﬁmaﬂll L! "I (Yang F., Rahmat-Samii Y., 2009) LW]?J\‘IW‘]J’N?JLL‘LIH@’N]‘]WILLFI‘]J 3‘1/]81141/‘!1!‘5
Y

L= o v 1 o 1 1 = ]
e ldsiimsud luladanan Tagihmseonuuuresauauadutmgn lufhuuy

=

Y '
iy F9aznanluuny 4 as 'l

{ o Aa g a I~
M Tassaauumirledanasmilu

A = v v g 2
LA AININNUN WY WY

51U 2.1 Taseadanuy 3 54



Y v
@) Taseasrauuususulaneni

ANHAUTANIININIE I VAU

517 2.1 Taseasauy 3 A (ao)

y X a v <
(ﬂ) Iﬂiﬂﬁﬁ'lqwuwjllﬂﬂﬂﬁ'lﬂﬂﬂﬂlﬁﬂ

517 2.2 Tassadanuy 2 Ua

U

11



12

v v
ATUHUN

¥y & a ~
(V) TAFIAFNNUAWMVUTZUIURY?
7122 Taseadunn 2 44 (Ae)

223 megomidlalnauuyesnauauanuaimian Iwih
] 9 a A 9 ' Y Y
NN MINveama Tu Tagmsdearsuuy 1¥ene aamwalinnudeanslu
A Aa A = d%’ Y 1 ' A ] <3 Y =X
maulszansnmvsssea imadinavueullae soeieuauanuautvan i
[ I 1
Ulﬁi‘]_lﬂfl”lllﬁuoli]!,ﬂuﬂleﬂJWﬂ(Long Li, Bin Li, Hai-Xia Liu, and Chang-Hong Liang, 2006) 1o

) 0 Y A & o 9 A A Aa a [ A o J
aﬂmmﬂizﬂﬂﬁlmwmﬂumﬁzm@um@muﬂizﬁwﬁmwmmmﬂmmﬂ AUSNAUITTUNTTY

U q

NznandanomMstaemeoIniala Inasiadua s IR U a s RouFIINNUAUAIAY

)

] ] [ ~ ] <3 9, 9 1 1 % [ 9 A Y
wHue N UANNILIan IihdeszezinessIeaes i man uuRuazieun lnduin
4 [ ] [ { ] <
o anfFeuiiesuna nunaeeimealalnavusesnaavuanvautman iheusald
a a { 1 { I~ 1 v o 4 [] [ H
Uszanianvesaiseiniananiilunsaimiuuruda1i 1119991A%0971910 VAN
[ < 1 [ o { a ua
wivan IWih ldfimsndumavesmsgapdedoundn o anwdUiians (Yang F., Rahmat-
.. =2 Y Y ) 1 Y =
Samii Y., 2009) @1ge1madeauisadalndunuazien laning dewalraieeinial

Taseardan lududounas ligaenaenmsaiig



13

2 a S Y1 ' A < 9 1 A A a
391A512H 1d o9 uanuautman lWihansasemulszansnn

y Y 9 d' a d' a ] Y = [ d'q'.; a
VoI IMA laaenssEiuaauFININ AU ULHUaz oY Taslinasnuniilvanseusnm

] P

F9971952 111U Tavzsrodsuldarsuladgy g ulind gy uare1amny
P < Y v A Ja & ' o Ja o v ¥
anudmman IMA T PN uAIaTuADLAL 1UTPITULUUAIATVDIA 18D INIA A1
a a o’dyd ] ] = 1 < 9, A o 1 [
MTNUTUIUAUDMTINULLFBIIDUANVDuLHan WM wuulriie iausunu
@ A YA o I o'd'dds! ,i’ a ' [ ~
FumeeimalaIna e liioniverstazuuualInsnavy TagWuAIY99¥0919UDUANND

g 9 = 9 A A o A
wiwan iz lianuamnsoneldteu lvigrewanngdvesnszuanelunouanudnais
o Y 1 A Y a A 1 Aa
HAZUAAIANEUTANNAIUMUFIIUUNTA1ND dawalidsz@nnmuesmsurnizaiena

[~ a e ] H ] [ H ] <3
nndomaas s ldanyazalsunlasuTnsaaiaveareanauauanudwiman Wi uag
= ' ' A ' < Y = A A A

Anywansznuvesgduuuresisuauauduiman ldihasausamulse@ninmue

A 9 [ 1 A A 1
e IMANNNABINMITAIIZNA TUUNN 3 taguni 4 G]’E’Jhl‘ﬂ

23 ayy
&I ~ 1 dy =] 1 [ I A A o 9 @
ailomiinanunluuniieziing meeime la Tnadsnuiluntdeniunldauny
1 U A =\ 9 A 1 o 9 T A9 A A A o :, = Y
pgLNIHaY 1H991nT Tnseaiendis Tududon uadaliveds Ao Hons1verae 33 1a1
MSANOATIVEIBRINTINUIHL T NOUTUNUVA1 15U wru Tane 1azseIuaUaIuD
' 3 ' ' 4 ' 3 < ' A a A
uidman Il wazgeesinwaunnudodman ldihiiaunsasionuilszdninimaes
vy Y A a Aa 1 ' 1 A ' <3 9| ) o
ae01me laaremsszitaauriInnauBuRure I uaNNAuman Trlih Taelindsau
Ty v Y
157 InansauSnaresinessnanaiu Tanzsoasldaduiadygadindsanuiugaan
2y X ' A g Y w A Ia o ' @ Ia o
anaae Ao uANuLman M tuuudlatuauuas lisesiunuudiatueq
a a 4 Y] dyd o ] 1 A 1 <3 EY [
Mg MmNl nitauemesnuuUresILaUANNALman iy T

o 1 [ YY) A Yy o /A P dg@l
I@]EJ‘I/]N'I‘L!TMJﬂuﬂUﬁWEJ’fﬂﬂ'lﬁulﬂT‘Wﬁ Lwaiwuamﬁwmmmmmmquwu



UNN 3

a o A4y
ngEHasHanMININYIVB

I~ d o [ = A ~ 1 1 [ A 1 o A
arwomeniuginsaidimivndasunauneglumedidyyia vioneiinay
Idunsnszanweangerme uaz lunendunuaziimihnsuadauiuninszneegluainas
Tdidnegluneihaaursomededygiald msAnugluumsnsznenduvesaisons

[ Aa K A o :911 1 = wa A ~ I
uaazriavalnnudiayluunioznande quanidnmunzanvesdisemanziy

o w A a1 9 A yy Ao 1 = a

meomAd s uInIevwenn 13 me (WLAN) uonainiidainandamgugaeseoimelalna

= 9y

a0 1 A 1 <3 9
LLﬁZVI‘E]‘H;]GIf@Q'JN!LﬂUﬂ?WﬁJﬂLLNLﬁﬁﬂU1WW1@ﬂﬂﬁfJ

=

3.1 ‘nqyg]mﬂmmﬂ"lﬂiwa

311 masmalalva
. < PR 9 A ~ =1
1891019 la Twa (Dipole Antenna) (Hudigoimanil Inseadendwngauazil

9 1 [ A o Jq 9 o [ A 9 A A
M3 lFuednsvate Heudnniszgnd lgdmsumsdemsuuy 1imeuniga iiesan
Y 1 o 9 < o [ Y = gl.l v A = 1
Tasead e lddudou udauss dunsohwaautladldae snnsdalismgn Suvugims e
A < a A 2 o Y A o . A
aszaenauiluruuseunanaluszunaed 39 liaree1mala Inalisns1vens (Gain) N
o A 3 9 Y A= 3 9 o
1 o1 la Inadarvilszneutuiduatamouduiianuennnadununduasy a9
y % Y] ] ) 4 ] 1 < v
510 3.1 Taggananavesda laTwavzgnaennuinsesdalaeldmedauiludinas lu
d’ 1 d‘ 1 U % 9| qJ v [ t:y
Ms¥ouae 1nIesasrziedaana IiihnszuaadylUdsaeomanszuavosdyaimiley
Twaldavvilavesaisoinmeala Inavas Ivanduindidnvivilavesaisainalalna a9
~ R AAa 9 v a A v &
neraalugiiz.l Falinamuassdwnuianevesnszuaidlddsinusnvesaieoimea la
I~

Twa 1519931909052 1d (Current Distribution)  dzudae1d1fiuvu1Ia (Magnitude) V09
] P v v Y
doanunszuddauinaTunaoanue1v09d181MA la Tnadedian luminu Taefdatens
= I~ 4 1 a0 ld' & A d' d‘ % gﬂ dydg! [
dovazlianduguinasziinigegaognganinalenieNgadu quua la Tnansiiyuednu

ANNeUeIE e IMA la Ina tagaudvesdaaNuNu1INAT 03EY



15

] A
-
- L
AL ARG
. A

51U 3.1_awormelalna

% 4 : 3 y
d1e01ma la Inansanau (Half-Wavelength  Dipole) 1udgoimaiduaia

~ ' 1 o w Aa 9 o I A
aseiodlunguuesmeeinmid laTnaugueaueisinandenlgnuun dula Twaniaim

1 % ¥ % 4 { ) QU 4

e uMNUAs IR weIRa U lFau (2 = 4/2) danumumumsudnasan 73 Tewy

: o J ] <
FAEWITDAIUIUMIAN VTR IR IR T AU LN 1T (E-Field) wagauiuuutvan (H-

. { Il @ & Yo ¥
Field) cﬁ!lwaﬂﬂn’m']ﬂﬂjllﬂIWﬁﬂ'J']NEJ']'J(’Uu']ﬂuhlﬂﬂ\jﬁ

i cos(” cos 9}
l,e 2

E, =7 3.1
ey sin@ G3.1)
E
H{p _ 0 (3.2)
n

a < a X J
a1991m# la Tnagaund (Ideal Dipole) Hudooimeauuaaalyilse Toyilu
= A A a Y I 1 <
MmNy IMAsiadY 9 dsannsenlidludiulszneudniuesnnuenaige N
laTwa (Infinitesimal Dipole) N1N151993UU0INTZUAMMAUARDANIINGD AUANHUTN
ngudreeinmalaInaluganadzdszanaldliamaWdihmsumeoinsla Tnandivue

<3
1an 9



16

d
312 mslwalsdvesaraeimelalna(Dipole Antenna Polarization)
4 a a 4
M3 Inan lsduesanserma sz l¥lumsesuenamavesaniy lihvesnau
1 < % 1 Y a %
wiman Wdhluemedgsgnasesn li Tasdraeomaluianiedadinnuduvesaungga
(4 Y o =} S a 9
nazdaldluauinszez lnagisermasiuiuvinezins Inar lsdiuuvmsadu
) . 4 [ I
(Linear Polarization) Hufe lunilaseu (Cycle) namasawn IWiheiidhvaziiluduasua
o ] I J g . . . 7
gagnuiseentdunis Tnarlsduuaag (Vertical Polarization) 18z n15 1wa1 154
. . o = Lo a P
UUIUDU (HorlzontalPolarlzatlon)ﬂdg‘ﬂ‘ﬂ 3.2 uaﬂmﬂuﬂwmﬂwaﬂimmu
a a 4 Ly 4
29nau (Circular) tazuuug193 (Elliptical) Tuaneniinusativii ldeonuuumesimalagli
=\ 4 A A Aa oA 1 g)/ ~ 4
Ums Inan lsduuaueuiinudUfians 5.8GHz Uesasaiims Inarlsduesaiseiniaay
#1seIngUnssvesdiaigema ulunsaivesdigemauuuiduaInFI0 19921
a5z ABUNEIAIRLINT 011189219 UUIUA Y 15U ago1MA la Tnauazeee1nIfenn 151
{ a . 4 a [ 1 @
ansanvzanud ey Iihaaims Twar lsduvumaduvinuliduaiulszaevveeda
13 A X A J a Y A o 1 1 9
e IMALANT E180IMALI AN Inal bssuuumadumdounuua luausase 14
o o [
sUnseeslnseadrauriinens Inat lsd 1duaooinatinuas (Hom) a1ee1nmauny
] 1 (<]
U (Loop) LAY INIALUUT B (Slit) Aludy

Y (Y

v o ° = voAg A o =]
e limsTudyanani ldmnigeamniu 'l ldasdrnynaeaieeinia
o

Y =~

7 3 2 v W J [ A
1ganaing Ina lsmdlunuu@eanununs Tnan lssvesdyanands

A o Y Ao o
NMUUIMNITVARY
QJ d’

a @ [ J 1 ' o {
Wmninams gy dedyaaouitowanmidanemainar lss bignas (su dynun
o Y I 4 g’J [ AQ Y [ 4 ~ 1
ﬁ‘UulﬂL’]J‘LlﬂﬁIWﬁ'lllﬁclﬁ/]NLLM?@QLL@ﬁWﬂ@WﬂWﬁ‘ﬂﬂl%Nﬂﬁ%ﬂﬂ?ﬁiWﬁTVli%ﬂNLLuiuau) 138NN

Aa 4 Y L A .
namsuenms Twar lssuuu lud (Cross-Polarization Isolation)



17

msTwan lsFiuads M3 Iwan lssuurueu
A d1we1md laTna
|
meo1melaIna : <“-——— >
|
|
|
Aemavesany v
an

1 3. 28nuamiIna lsguesaesornmelalna

4 U Y
3.2 mﬂa1mﬂ"lﬂiwamumﬂuuma$mu
1 Y
Llu'JﬂﬂGIfHﬂTi!WllE]@]51%8181%@718@anﬁsllf]QﬁWﬂ@WﬂWﬁqﬂTWﬁlﬁjuaﬂﬂuu ?ﬂiﬂ‘iﬂ‘lfh
¥ A o Y aa A Y o o Y A Y
llﬂiﬂﬂﬂWﬁlWiJﬁ']ﬁ?ﬂﬂu Llﬁ$T]Q‘hl@]“ﬂlﬂﬂ?ﬂl@\?ﬂﬂ@ﬂﬁ%ﬂ@ﬂﬂﬂ mammﬁ"lﬂiwmﬁummm
Y

ummummumﬁw mﬂawmfﬁ”lﬂTWmﬁ'ummmgmu@uuuuwumm ae ﬂ"]f]f]"lﬂw’fulﬂ

[

] 1 { 1 1< §
TnardualanuuiveuuusesdMaualduman i dagua 3.3 (n) (v) waz ()
RPYGRES]

4‘ 9 [ g’z [ 1 % o w d‘
weremeeImiala Inarduataludnvazasminiuurudnidaaaalugili 3.3 (n)
WUNAANINsZUdvesdeoImaaznszudvoanua1i i luiamaferny dawald
Usz@ninmaesdisoinman ualigluudugiuge nazluneandududiedieeinma
laTwarduatalunurszunudernuuduanhawaaslugli 3.3 () wifvzawsond ly
4 1 a a a3 ° 4 a
TayrnGealaseade]d ualsz@annmvesasenmenizdauiiosnniignaveInssuaaiu
y A Y Ay oy v
NNy uyImiazaunsoud lvifgnimaiil laae 1easeime la Inarduanaluszuiy

=

@ @ H 1 [ [ { [} < [ {
RednumazRounizend sesiuauauduiman i naasdsgla 3.3 (a)



;

UHUA T *
"
L]
"

v
(M) ﬁ'IEJ’f)']ﬂWﬁUlﬂIWQLﬁuﬁ’)ﬂ’ﬂﬂlm’mQ'U‘L!LLW’L!@]’J‘IJW

1 e—
I D |

WAWAM

Y L)
(V) ﬁ”]fJ’f]’]ﬂ1ﬁllﬂIWalﬁuaﬂﬂ'J’NLLH'JU@HUHLLNH@'JH’]

J —
2 NWwWHAH > Il
G\ et -

1 ' : 1 <]
(!) ﬁTﬂ@TﬂTﬁul@TWﬁLf%jua?ﬂ’ZﬂQLLL!’J‘L!E]uUuﬂfﬂﬂﬂNlm‘Uﬂ)TNﬁLL?JLWaﬂUl‘V\I‘?/}\h

517 3.3 awomet laTnadualauudiaziou

18



=
—
o
—
@
)
-
=

A
AnU #1

A
AU #2

(n) 199 1MAVULHUAINN

‘T

¥ou g
A s m

el Rn Gl

1A

()

1 1 = 1 < 9
ﬁ]ﬂf]’]ﬂ’]ﬁﬂu%'ﬂ\i'J’l\?LLﬂTJﬂ’J’]?JﬂL!?J!Wﬁﬂllww']

717 3.4ngAnssuvosnau

19



20

WennsanmsazReunavvesnaudmivIeamseImaluszinufeInszuy
n319¢8 danaaslugli 3.4 Gluquy;]ﬂau #1 92N NTZIB0DNTOINA LAATY #2
fiemaasedudin wazidondu #2 lannsenususzunudni duaaslugyd 3.4 (n)
(% 1 1 1 v o &
e?m Wimsnaule 180 esmdanalddosiseneeimearisninurudiiuiuszoy /4
o = 3 d’ d‘ d’ [ ] ] ] d‘
pazluiueufednu 913U 3.4 (v) wendau ldannsenuiuuruFe IO UAIIND
] < I ] 1 ' { ll < 0 4
saian Tihazitumsnszduidudugosiauauanuduiman IlihviiauTaeadu #1
A U 9 o ko ] v = ] <3 Y = v o A
NUNINIZIONIATUHAL MINTuFeIouaududman TWhezlimsnnmundsau ile
Y [
WAINUTVINUU WAINUIZTUINIDON TATDDNNININFOIINVDIAUFOIIIDUAIIND
] < a @ 4 1 ] 1 1 {
wiwan Wi udr laSunuaau #2  dwwalidossaeoImManINIHUFe911UAIND
] <3 I { o 4 v W 4
udian Tilndusze: 2/2 vielndiga Jevzsildaau #2 Tilaaseiununau #1 wod
Y v Y
AUIUIIAINARABNITUANTZI18MIAINUYDIAIIDINIARINY 9 UONIINUTIEITINITD
Y 1 1 o [l Y Y Y [ ~
ponuuyldansnanszezyiszI Ao uuHuaznould lneldsesinauaunnud

wiman lWih sildmeoimetidugs lgsaznanaauuni 4 de 'l

] b%
3.3 MSUANAINHUDIT YD IMAUUA ITLNOU
; 2

31N 3.5 (M) sarasauulmanuazauy i fungpszneuuiuiueu Tans u
[ I~ a @ o 1 A 9 Y {
Trua T™ Saauuimsniifiamans ougaii danaun Iihez Jennsauin ldasaaud
UaEvedniu Tary a1ea1semas1uuuLEy Tanz a1t Tagaigemanainisn
o ' Y A A = A A a o
snAn019laaNgane a1deimalalna FanaundaInn1sedIee1InIAlaInauuaa

9 I I a A A A 1 ' A a A ? a dy
dznouuteenilu 2 ¥ila Ao AAUNUNINTZIYFoINIALAZAAUAT TasaauNIariiaiioy
AXy A & A A o 4
lsaunu w99 wmmiﬂﬂ 3.5 () TuNUSIAAUNT 2 FHATNAATINUILETINITOLNY

Uszansmmvosagenne'la



©
©

A

(M AAUAINUNTNszeUUINY Tave lu e T™

GEETRIIRT |

v

AU

>
. 5. 77 Il

@z iou

INANT3IUN L

A
VAN

V) ﬂ"l'ill‘l/‘li'ﬂi$%'lEJﬂ511511ﬂﬂﬁ1861ﬂ1ﬁqﬂIWﬁUuﬁ”Jﬁ$ﬁ}ﬂu

< A A a ' Y
E‘IJVI 3.5 AUNNAINNTINT Y INAVULUNUTENOU

21



22

L2

— — —
Surface wave
(M) NANAUND
--____.-F"'_F__ ____"\-\._\_ )

@) linanauin
A 1 A A A a o Y
517 3.6 MauwinsznenauAINUS NNV DA ITE HOU

~ 1 A A A a @ Y
gﬂ‘n 3.6 (N) Uay (V) UFAAINITUNINTSINYAAUNINUTIIUVDUAITSNOUUD
[ 9
aeo1nela Ina tisthaeeimeauinelussuuaaminsuusu Tangdniasunuyeang
~ [l < Y o @ ~ n YA s 3 ] 4 ~
wauanvaudman Iihawaay Taeh luldnvunavesszuunsnailueiug luasaiusn
Y o ] (% o 1 Y a d' a d' a = =y
mﬂmmﬂgmwﬂﬂaﬂmmumumm 9 veaanaldinanauiinusnauvey ldaudeune
[ ] ) I a [ 1 4
MUN VDAL nJumLW;ﬂJ’eNmimﬂmwm (back lobe) TunsaiNges 9901
o ' A 1 g 9 & " a A a A A A (A wa
laTwavususeanaauanyamiman Wiy ﬂx"lmﬂﬂﬂaummmmﬂﬂmmmﬂ;;]mmﬁ
= o 1 1 ] ~ [ < 9 o Y A J
RN UURIAIEDINIALAZ LA UYR I UANNAuvan TWH aree1n1avivndlu
'] = v ° o ' a2 g Y o Y a
Y ANUNIYUDN GJNN1ﬂi$@3uﬂ15‘nNmm@mwu%ammm‘ummameaﬂ“lwwmﬂmﬂﬂ

Y a 19 ' < A A A W A ° '
ﬁumMNﬂu%ﬁw&mnuaz‘v\gd’e)’e)ﬂﬂmmﬂuﬂauud LlazuWaﬂﬁugﬂmu&J’Jum’ﬂﬂﬁ]”lﬂ’i’stlJm



23

1 1 1 ~ l < Y| I A A U 1 A A g’/
!LN‘L!“]5?]\‘1’JNl,Lﬂ°Uﬂ’ﬂllmmmﬁﬂllww1ﬂﬁ18lﬂUﬂﬁu1fI!LWﬁﬂﬁ$ﬂ18®®ﬂq01ﬂ1ﬁ WaanaAa U

a % d‘ o Yy 1 o A da! (% d'
Ulﬂl’dillﬂ‘]Jﬂﬁuiﬂﬂ’fﬂEl’iﬂﬂWﬁﬂﬂﬂiJﬂﬁLLWﬂ‘i%ﬂWﬂﬂWQQQWHLWNNWﬂ"Uu ﬂ\iqﬁlﬂ‘ﬂ 3.7

1

UHAD1INIUBN

4 4
s o AAuUnG < gy
A A
' AGUN

$ o (] ] 4 ] < X 1
519 3.7 Tassaiemsyhauvessosnaouanuduiman lihwilenise

3.4  waaznou(Reflection Phase)

v Y
a

a a R A A o v A A Y

ﬂMWLLﬂH%i%ﬂ‘UWUN’JﬂTﬂ‘LlﬂI@‘IEJN?JLlllsllGUi’)UlﬂlﬁWWHN]ﬁ1WiUﬂauuﬂﬂ§$ﬂﬂﬂﬂ’Jﬂ
A A 9 ) o dy a a A 4 @ dy a A A
ANUANNIENUHASAAUTEND U amiuwuwﬂuizum XZDUNUAUFTSAUNUHNI AIINARUN

g a a 1
ATENUNUAINNNANN X 9ZHAN N ETUNT

7, =—= (3.3)

o a 4 [ ¥ a a 4 A
15191015 AU AUBINIT AL RO UIINDUNUAUFTLAUNUAY NIITUIAAUTIA
9 A A 9 9 A a A A o 9 )
Usznoudrenanda llianinnsenUUUNURILAZAAUINAUINMTALNOUNTY AUINVDI
A A Y]
Aduan 18an

E(x)= Efe’ﬂ”‘ +E,e™ (3.4)

H(x)= er’ﬂ“ +H,e™ (3.5)



A ~ o a A 4 [ dy a
N@uul"ll"UfNGU’E]UL"Uﬁﬂ x =0 MYUA TAGOUNUAUTFTZAVNUAD

Epa(x=0) _
Hmtal (x = 0) ’

Y [ I A A 1 A v o a A 4
ﬁUTNlh\IV\hLLaZ’CTH"IiJLLZJL‘Hﬁﬂ‘ll@\iﬂau’lQLL@ﬁSﬂﬁUﬁNWH‘ﬁIﬂﬂ@MWLLﬂu‘ﬂfﬂJ@ﬁqmmﬂﬂTﬁ

EW| [E®|_ [w_,
H @) H, 0]V g
mavosmsaztowiluanuaraassritnauiandunazaauiielldansh

b =1ImsIn ﬂ
E

Y
Aa o A 4
HATINVOITUNIT 3.6 e 3.7 %31@9]}!‘1/1?{61]@\1ﬂﬁﬁg‘ﬁ)ﬂuﬂl@\‘]ﬁuN?ﬂﬂ@ﬂﬁllﬂu‘ﬂ)’

9

dmfuaildh lwdeamaaziounduasgii 3.8

24

(3.6)

(3.7)

(3.8)

(3.9)



25

Reflection phase
/A T T T T T
7l2f .
~
(]
(]
=
&b
[}
<
; R R R R AR
3
=
A~
8ig
=
— - <
9 i g
5 1e
~ ';LL
i
—7T 1 L i i i
Frequency (GHz)

51U 3.8 nlavesmsaztousuialaeldnavesgUuuuueiens
A o A A
35 AAUITAUNUNI (Surface Wave)
[ Y4 A [ Lg a Jaa A 4
ANNTUNUTYRINITNILIVDIAAUIEAUNUHIVUTSUIUNTIIANNDUHUAUT Y
o v o J ) Y 4
AsMINMANUA LT YeIMINTENed s UAT K LA TM taz TE Tuiiadouves
JUMD VYR INANIAAIINAINAI (effective medium model) FUAUNIITUININANNITUD LN

¢
Iaq

- oH

VxXE=—u—- (3.10

Y2 o )

vxH=—eE G.11)
ot

A o &K a a A J a ] 3 o
ﬂausmuwuwﬂuiﬁm ™ W%Timiﬂﬂﬂﬂﬂi%ﬂﬂﬂiuﬂﬁ'ﬂﬁ ZUDNTUINLULIHANAITUNT

E. =Ce /™ (3.12)

z



26

A A A & a N Y ~ 7 2
10 CADAIAIN Gﬁﬂwq%uhlﬂﬁﬂﬂﬁiJﬂTiﬂ (3.10) 1t (3.11) ’E]Qﬂﬂﬁzﬂﬁ)ﬂ"llﬂ\iﬁuUJ‘ﬂﬁﬁWN

4 Ay v

I d o [ a a '
willuguddminInua TM AnsaninuiiNdonsoudreo1maie 14 & = g uaz u = u,

oH
Jjwe B, = — (3.13)
Ox
oH ,
joeE = (3.14)
0z
OoF_ OFE
—jouH =—>——>= (3.15)
Sy e T o
o k) A Y
MM UABANMTN (3.12) 1ag (3.13) 9214
- jwe ;
H, =1%o e (3.16)
. (04
Tushueudenfunnaumsi 3.14) 114
E :ice‘f"z*““ (3.17)

g a

4 { { v QJ O' 1
Weunuaunish (3.12) Tuaumsn (3.15) MNTAUTANANNUAUNUTICHIN L, & UDE @

Y
Taaatl

k* = ,uogoa)2 +a? (3.18)

o 4 A

L g o Y ! a 1
G‘I?QL‘]J‘L!ﬂTiu']!ﬁl!fJﬂ'Nllﬁllwu‘ﬁ"ll'ﬂﬂﬂTiﬂﬁ%ﬁ]TﬂﬂlﬂQﬂﬁu53ﬂ‘UﬁuW'JSU?]\‘]IWN@] T™ UATIUITD

£
A A

L [ 4 (% X g { o 4
Uszgna l¥nunauszauiuAIves Ivue TE 18 uiluanuadieidmualasnnaesnasi

LoEo@ = k? Jrky2 +k? (3.19)



27
A ~ [ =~ & A a d o [ A [ dy a = A 9
IHOIINTNNITN (3.18) NUBUNUAUFT M INGIUAIMTUAAUITEAVNUNI TM FUTUAY
Y
NnaumstuazazadInlumslsaums

z (tM) =-21% (3.20)
we,

A ) o Y J o
TTOUEN o INOMTUMITMTY AABWINF UV @

(3.21)

(3.22)

(3.23)

A A a A J T A <3 ' a 4
o n AL fJNWLLﬂu“ﬁiufﬂﬂWﬁ’JN iuag Cav ﬂ'JHJ!'i’JLLﬁQGlUfﬂﬂWﬁ’JN FIEINITONGIU

A Y a A 4 Y ,i‘ a A
TAgNMSEUAUNNFUMTOUNUANGTEAVNUAIVDINAY 1viua TE

— jou,

Z (TE) = (3.24)
s uaumsi (3.18) 02 18 aumsmInsEaevenausEaUNUAL IMuA TE
—jw —Jjw
Z — J :u0 — - J :u0 = (325)
a VE© = pyg,0
72 (k? - pye,0°) =~ 11 (3.26)
o | n°
K, =2 |1 (327)



28

o a A 4 A = 3 Y
FFINITOUINAUDINITONNLAUTIINANUNITN (3.20) g (3.24) NTLQJ?JHL‘]JHﬂi"W\Illﬂ

[ A 1 v o A 9 g}/ = 1
ﬂ\iiﬂ‘ﬂ 3.9 IﬂﬂlLNuﬂﬂu’lNIﬂﬁ\‘lﬁi’l\ilﬂfﬂa'ﬂ\ﬂfu NATAITHY 0.05 pF-square D AIAITY

e 2nH/ square

Effective Medium Model
30
n" X
25 ,\7§
=20 t
o Resonance Frequency
>\ HlI-HH-Illl-llll-llH_ R W R R R R
9 15 ' =
- M
10+t
&9
5 3
O L L i i i i
0 200 400 600 800 1000 1200
Wave vector [1/cm]

A o o A (% t&l a
g‘]JVI 3.9 u],ﬂ’ﬂgL!,ﬂﬁllﬂﬁﬂﬁ%ﬁﬂﬂﬁﬂ’iﬁUﬂﬁui%ﬂﬂwuwﬁ

3.6 nguRvesnauanudmyan I (Electromagnetic Band Gap: EBG)
Tuihigifulaseadae ansaunnududvan dihudaiusquaudnvas

a Y v dy
“VINLﬁ‘lﬂﬂﬂmllﬂﬂ\iu

aan A v

] ' { ] < < = '
1) Iﬂﬁ\iﬁ%lﬂl\islf@\i'l'lﬂllﬂﬂﬂ'lﬂma!Lﬂlﬁaﬂllw%l\hll‘ﬂﬂ 3 1f Banvasulsues

Y
%

g ¥ A o ad a g v A A v o & & Ao
uJuTﬂNﬁﬁmmumm"l@maﬂmﬂuJuLmmmaﬂmnmmmﬂuw Lmzmu%uiam‘m

anyUaNNINNNIETHAMAUIY taaeaagli 3.10

an A o

] 1 1 [} I I { a
2) Iﬂi\‘lﬁ%}Nﬂf@\T'J"NLLﬂ‘]Jﬂ'J"IiJﬁLLiJLﬁaﬂ]’lV\I%}\I”ILL']J‘]J 2460 4 ﬂHﬂlgl‘]JquLlN’JigLH'U
) y X a v < y X a a
Ly U Iﬂi\iﬁi"l\iwuﬂilull‘ﬂﬂﬁiﬂﬂ@ﬂL‘I’iﬂ LLE’ISIﬂﬁﬂﬁi?\iWHW’J!LUUiguWULﬂEJ'J LE AN

an A o

[ 1 § [} < I 1 1
3) Taseasreadnauavanuduman vy 1 56 Ndavazituaeds

a J @ { I J 1
Tassardrauululnsaasdirununquiinailuamuuuszununsng uagaodinldsznousie

a Y A A
NANNEIYUDLUALUIIND



Y i o a g a
m Taseasrauuuniinladanasn

I A ~ Y Y ~{ g’/
G (VG It R AR ST SO AT

v v
@) TassaauuusiuyuTangnd

ANYAUANININNET I UNY

517 3.10 Taseadauny 3 44

29



N I .

9 dy A Y <3
() Iﬂﬁ\?ﬁi"l\'iWHW'J!LUUﬂﬁ'lUﬂf]ﬂH’iﬂ

v
ATHUN

Y dy a =y
() TA59a S 1 NUAMVUT LU LR

UM 3.11 Tassaduuy 2 4@

30



310

71

=
N

31

e

MUK

IARFIUTOI

e
3 TEUTUTTITIA

' ' 1 I~ <
3.12 Tﬂi\iﬁ%ﬁ\‘l“ﬁﬂﬂ’ﬂ\‘llm‘ﬂﬂ'ﬂu LLL ’ﬁﬂulw‘lg/}\l1!L‘U‘1Jﬂﬁ]ﬂﬂi’]ﬂ!ﬂﬂ(Mushroomlike EBG)

(V)

1 A ° 1 9 1 1 A Il <} 9
3.13 3‘]JLL‘]J‘]J"Uﬂ\‘lﬂ'llﬂl!fnu"lll.agﬂ'lﬂ'J'lﬂJ"l!GU'(‘NTﬂiQfﬁ1\1‘]10\1']1\1L!ﬂﬂﬂ'3111ﬂL!lllﬂﬁﬂhh‘l‘l/‘h



32

] ] H ] I~} ] 1 ] ]
Tasead1aveareadnauauanududman Iihed19d1e Ao Tasead19%09319u01
H 1 < Aaa o ~
anwududman Wil 2 18 daaaslugai 3.12 (Yang, F., Rahmat-Samii, Y.,2009) lag

] 3 [ v ] 1 [} o ] d'
Tassadeansautseon laiuaiuaiu Flszneudlrsdiuuuaounua1il dIuNa0dno

[

a d a ) 1 4 v ) U {
ﬁﬂﬂ'lu‘i@\?hlﬂ’ﬂlaﬂ@]iﬂ“ﬁﬂuﬂa’Nﬁ3‘1(7'3’]\‘1581!’]1]]’15’]'3@&'@3!,&“1!@'Ju’l LLazﬁ’Juﬁ?{m ﬁ@

Jd o Y 1" o o 2 ' T P~ a9 < . o 9y
IEUIUNININ ﬁﬂ’iﬁULLWU@?HW%ZﬂJgﬂiN!ﬂHE‘TLWﬁﬂhllﬁgﬂlﬁuﬁﬁﬂﬂllﬂﬂmﬂ (vias)MH1UIN

I o A g’/ 1 ] 9 Y] SR A a 9 3
L‘]JL!G]'JLG]f’l’JiJ!Luﬂﬁﬂi%ﬁ’)Nlmuiﬁﬁgi‘ﬂu‘Uuﬂ‘UiZlﬂ‘Uﬂﬁ'l'Jﬂ FIUFUNTUTVIAUANAIADNIHA

U

=<

g’/ o 3 o w . X 1 ] 1
(mushroomlike EBG) vnuugniiusznouiunnidiay $anilaniiieues3oainanny
A 1 g 9 A ] & vy & R oA ) ' &
anudiman lwihae andualraniia @ ndualraniladainnuerniosnitvilanny
81798 Y a1 sV NeUANYULAITNINUUDIN IV UIGUDIFDIINIUAUAITND

naman T 1daesdn 3.13

a

a d v v v a < A a 1% <
‘Wh’13J!ﬂ’r)ﬁsllﬂQiﬂiQ’sﬁN‘lfi’]\‘l’JN!!ﬂ‘Uﬂ’JﬁJmmmaﬂllﬂw1‘Uuﬂﬂﬁ1ﬂﬂ’€lﬂmﬂ

/4 Ao ANUAIVOUIHUAII (patch width)

g Ao OIINITLHIUARAI (gap width)

t Ao mmqwaﬁﬁﬂgmim (substrate thickness)
A 1 A a g a . .

g, o mmﬂﬁm“w&mﬂl@ﬁulﬂ’t]mﬂﬁliﬂ(dlelectrlc constant)
A [ TR= 9 .

r Ao TAUVDIUTUAIN (vias)

W+g) A9 WHINUIANNAIN (width of unitcell)

a 4 1 1 § 1 <3
amnsnesuegluuudonarsves laseai e Naauawdwiman ldh 1ddereesauya
{ o { o v 3 =] { a 2
19921995 sznou lddredaumiiontih () uag dunuidsgy (€ maunulszyinaiu

I 1 1 ' 1 o o 1 { o A { @ o
L‘]J‘L!Wﬁﬂ'lﬂﬁl)"ﬁ]Q?TQ?%W’J1\1LLNUQ?UW%’]U‘UU uazmmﬁmmmﬂmnﬂszuﬁﬁ"lwa"lﬂmumm

= Yo I 1 R 1 a A 4 4 Yy
ﬂ@giﬂﬁﬂulﬂu@ﬂ‘ﬂi LCAaLUUIUIU “]anf]‘JJWLL@‘IH“]J"’UI’ENﬂﬁﬂiliicﬂlluucﬁllt!'luﬁ"lllﬂ“[ﬂﬂ

108
e (3.28)
1-w°LC
wazaA MU Tsuuusue 995 uTaaIun 18an
1
Wy = ——— (3.29)
N LC



33

1 v a o 9 a o U v 3
mmmmmuﬂ‘izﬂm3J1'ﬁﬂ‘wE;Ti]uhliéﬁﬂEJmiGlGIfmﬂuﬂﬂﬁmu’gm’sdﬂiﬂmmi%wmwam‘uﬂizi;

1 Y
wazdantenildassaunisas 1l

o M,{Mj (3:30)
7 g

' { o Y {2 ' Y <] . ' v o
ﬂ’lﬂ'J'liJLWﬁEJ'Ju'lﬁ'lll'ljfﬂ’i’]Vlﬂi]’]ﬂﬂjzllaﬁQQN'IULﬁuaﬂﬂellu’lﬂ!aﬂ (vias) LAZUNUAIUN

A431/9 3.13

L= uyt (3.31)

[ ] <3
AANUHIU TN AR (permeability)

x
o
p=)Y

@

o manmneeu il (permittivity)

)
o
o}

Y
HUUAIATUDIA 0 IMAT NI DN I N5 1)

B =A% (3.32)
Wy
szl( LJ (3.33)
ni\VC
A
131
n fo  duiuauduesganame

a A Ja I

A ' ' A 1 g 9 Y 3 a9 A
!UE]Qﬁ]Wﬂ‘]f'éN'N\‘lLlﬂﬂﬂ'ﬂllﬂLlllL‘I"iaﬂIIV‘IWWL!UUﬂaWEJﬂ@ﬂ!ﬁﬂNGU@!ﬁﬁl 10 WUHUUAIATN

2

a

9 J

=< < v A I P ] 1 ~ [ 9,
Ay G]Nﬁ’lﬂ@’lﬂWﬁIﬂfJ‘Vl'thJilﬂllLlﬂuﬂ'Jﬂ‘ﬁ‘ﬂﬂ')’l\‘]ﬂ'ﬂ%’f]\?')’l\illﬂﬂﬂ'ﬂﬂﬂl!ﬂlﬁﬁﬂklwwnlﬂll
Y < ' 1 A ] [ 9| Y S KR 1 @ Jda o
ﬂa’lﬂﬂﬂﬂlﬂ@%@Q'J'l\‘lllﬂ‘ﬂﬂ')'luﬂllﬂlﬁ'ﬁﬂllww'lllﬂﬂﬂa’lﬂﬂ@ﬂl‘ﬁﬂﬁ]\?hlui@\iiﬂllﬂu@jﬂ‘ﬁ"uﬂﬁ

A ) @ 1 a a o’dyd o ] ' ~ 1 < Yy
REREI L“I/‘I’E'JllﬂﬂﬂluWW]\‘]ﬂ'ﬁTJ’J‘ﬂﬁITL!Wu‘ﬁLHN'HHE‘TL!’E]GIffN’JNLLﬂ‘]Jﬂ'JHJﬂ!LﬂJL‘I"iaﬂVlWWHL‘U‘]J

o

[l =l I aa o A~ o
Tl Taodi Tnseadradlunun 2 18 Janvauzuaaagd 3. 14uazansonfssuiovanyus

=

o v [ [ 1 { [] I~} [] [
f‘ﬂi“VIN114‘1]’é]\Wiﬁ\‘]‘ViM’JEJ"IJ’ENGI)'EN’JNLL‘D‘]J?]?!"IN?]LLNL‘Viaﬂ'h\l%j\lﬂnﬁﬂﬁllllﬁjﬂﬂiﬂﬂ 3.15

U



R

Front view

(M) MU

NP2 e

Side view

|

) Mty

5109 3.14Tas9a s ereeaauanuavan Tl oy v

U

a d 4 v 1 ::; v < A a v
‘vmmmeimmimmswvmammummmmman"lwwwuﬂ%u

w, Ao wilsmheanundi (width of unit cell)

w,  fo sezsz T Tunaas

w, Ao ANuANIvRHUANTUAR (small patch width)

w, Ao anunievesrudivg) (big patch width)

g A9 FOIINITLHINUAUAIN (gap width)

t AD AYUGIVEITARFIUTB (substrate thickness)

e fe  masiianmmeenvesladidna3n(dielectric constant)
r Ao selluouduain (vias)

34



35

a ¢ v | 1 d' v < Ex a v v
w15mmeﬁmaaiﬂNaﬁwannsmummmmman"lwwwuﬂ“lﬁu (M9)

h, Ao ANNgIUeIdIuLTENOULNUAIN (high of sub-patch)

(M)

(V)

d‘ U d‘ o 1 9 1 U
g‘]J“I/] 3.15 g‘ﬂgm‘ummmmumumazmmm@maﬂﬂﬁﬁﬁwamn

sauaNuaman lil oy v

a 4 1 1 { ] <} ]
amnsnesuiegluuudenanueslnsed’ nresinuauanuduiman lufhuuulmilddqe
A 9 o A o v L2 1 a A 4
'J\‘lﬂﬁﬁ'lliquﬁ‘ll@\‘]'J\i’i]ﬁ‘ﬂﬂﬁgﬂ'ﬂﬂllﬂﬂ’JEJGI’JH’?HEJ’JHW (L) uag ﬁﬁlﬂﬂﬂﬁgﬁ! (C) BINDUNLAUTUD

19930y 1118010

2jwL

= J - 3.34
2—-w’LC (3.39



36

' ~ 4 o
LlagﬂWﬂ'ﬂNﬂLiiclﬂLuuGﬁﬂl@ﬂ?ﬂﬂiﬁWﬂWiﬂﬂWH?ﬂlVlﬁﬂWﬂ

W, = ‘/% (3.35)

1 v a o 1% 1 4
Aosdunulszyansangal ldasaumsas lail

C

_ W, +h2)€o(1+5r)cash-1(2(W4 +h, "‘g"‘Ws)j (3.36)

4 g

1 Y o (A ] < . ] v o
ﬂ1ﬂ’)'llll‘ﬂﬁEJ'J‘L!'I’ﬁ'llI'IﬁﬂWWll@%}i]Wﬂﬂizllﬁﬁ’J\‘iN"IULfngUﬁ’Jﬂ“IJ‘LHﬂLaﬂ (vias) HAZHAUAIUN

=).

19317 3.15

L= ut (3.37)
A
e

A ' =< ' < .

g,  AD AIAMUIDFUNLEAN (permeability)

g no  manmgonlih (permittivity)
38 ayl

Y
o

dmsuinofinusiiuauensiszandldmeornala Tnavusesnaauanud
wiman il TaeldaermalaTwadudfendyyialdsugesiuauniud
wlman Wil TashdeRvesiaarsernialalnauazgosdnaavanuduindn W
Uszyna e Lﬁ"eclﬁ’mﬂmmﬁﬁﬂammmiaqq&ﬁuLmzmmsnﬁmwmmﬁ"lﬂﬂizqﬂé{ﬁl%’

Y 1] v ]
dmsudaadldlumsaeasuuulime vazmiulszaninmldsumsevenosduuuu 1§ ae



UNN4
| ] | ] d‘ | < Y
mysanuuUmgeIMA lalnauuraINaua NNduwan Inih

o (%4 A ) Y Q‘ %
ﬁ]ﬁﬁﬂlﬂﬁﬂ"lﬂﬂ?’lﬂﬁﬂﬂﬂﬁﬁ]ﬂ

dy J =< 1 J A ] < 9
UnilaznandiniseonuuuaIwe1nd la Inauureadnauauaudutiman Wi
dmsunsevtenosoulime Tasoonuuuinnudlfiiams 5.8 GHz eee1meafioonuu
udrvzgniraesmaluTsunsy CST Microwave Studio tWoWDITRIAMMIgRydodoundl

a A J 1 @ Y = 1 = v 9 o
DUNLLAUY g‘]JLL‘]J‘]JﬂTillN‘WﬁN'lulLﬁ%ﬁquliZszclﬂﬁﬂlﬂﬂﬁ1ﬂﬁ]1ﬂ1ﬁ%\1%$ﬂﬁTZIﬂ\ﬂu‘Vi’J"U@ﬂﬂhlﬂ

41  msfAnmeaeImalalna
1nUnA 3 ngufaoeimale Tnasunsaiwilszgnd 19 lumseenuuuaise1nia

laTwa 1innguianuenvesaeoimalaina
L=A112 4.1
° 1 a JY a Y Yo 1 A A
AWsoMUIBNIAIMNINIReSB190pIds0 11 la Tna 18 uaaaldasaeliil e

o Y d' a oA A Y oo 9 [l 4
mwm”lwummaﬂgmmiﬂ@ 5.8GHz Loz o un1aaIuaIee18e 50 Toviu

AUI1IUDIADINIA bA Lwa W3w Ly 1dan

10 /”L:£
f
8 m
_ 3x10 S
5.8x10° Hz
A=51.724 mm
o 2 A
AUU L= —
2
51.724
L:

2



38
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Resonant EBG Reflector
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Abstract: - Electromagnetic band-gap (EBG) structure exlubits unique electromagnetism properties that have led toa
wide-range application of electromagnetic devices. This paper presented the high-directive gain antenna consisting of
a wire dipole, which 1s honizontally lied above the novel EBG structure. The structure of EBG would be as resonator
and dipole's reflector that eliminate the surface waves at edges of reflector and the back lobe of this antenna.
respectively. In addition, the near-field distnibution mside gap 1s studied to show the different distances of gap. which
wnfluence to the resonant frequency, bandwidth. and directive gam of tlus antenna  Consequently, we have achieved a
maxunum directive gain of 9.06 dB1. which 1s lngher than a dipole with traditional ground plane. The bandwidth for
-10 dB 15 about 15.86% at the center frequency of 3.8 GHz. Since the proposed structure remams sumple but 1t can
provide higher durective gamn and larger bandwidth covermg the IEEE standard (802.11a/g). the antenna. therefore, 15
expected to be the low cost innovation for WLAN applications.

Key-Mords: - Electromagnetic Band Gap (EBG), direetive gain antenna. novel resonant reflector, low profile antenna.

1 Introduction

With the rapid development of the wireless
commumications and the comnwmnicaton mdustry, the
antenna 1s an important to develop wireless local area
network (WLAN) and worldwide interoperability for
microwave access (WiMAX), 1t 1s applied for high
frequency at 5.8 GHz. In addition. the anfenna should
provide  suffictent gam and o required either
umdirectional or ommdirectional beam. coverage abroad
area and high power handing. WMoreaver. the antenna 1s
relatively simple 1 comcept. easy structure,  and
mexpensive. The dipole antenna has some-pronunent
qualifications that are; its shape could be changed easily
and vanably. However, the dipole antenna provides low
gam and ommnidirectional pattern, which 1s not proper for
nstallation when this type of antenna 1s placed on the
wall of building This argument, if we can design
antenna to illuminate a predefined wide coverage area.
then the efficiency of field radiation will be distmnetly
increased. The reflector plane 15 one method, which can
be designed and applied to the belund of dipole for
controlling the energy flows m the nommal direction to
the higher gam can be obtamed consequently. The
related literatures of dipole horizontally which 1s located
above a reflector plane have been reported by several
authors [1]{4]. Generally. if the dipole 15 vertically
placed to a PEC ground plane, 1t 1s not low profile dipole
antenna. Fortunately, the image current has the same
direction and remnforces the radiation from the original

ISSM: 175924863

current. in consequence, the antenma will yields good
effictency. For a low profile antenna. when the dipole 15
placed horzontally on the same ground plane, the image
current has not the same direction; thus, the antenna
efficiency will be decreased, especially, if 1t 15 very
close fo the ground plane. To solve the solutions. the
EBG structures were designed at resonant frequency and
functioned as a reflector of the radiator element [3]-[7].

In this paper, we presented a wire dipole located
horizonrally  above the novel EBG reflector for
unproving its directive gain and bandwidth. In recent
vears, the EBG structures have been developed 1n field
of antenna, and 1t exhibits high impedance characteristic
on a cerfam frequency range and in-phase reflection
characteristics for the incident wave [8]. Therefore, the
EBG surface is capable of providing a constructive
image current within a certam frequency band. resulting
in good radiation efficiency. From this argument. we
have chosen and modified the EBG structure to be the
reflector or the ground plane of dipole antenna by
studying vartous types of gap and the effects of gap
variation, wlich can be optnuzed the requured
performances and all parameters of antenna. Fially, this
antemma can be achieved the maximum directive gain
higher than the antenna on the traditional conducting
plane and provide the large bandwidth covering the
IEEE standard (802.11a/g).

In Section 2. we first describe the proposed antenna
configuration. The simulation results are presented m

ISBMN: 978-960-474-231-3
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Section 3 by conducting at center frequency of 5.8 GHz
for a wire dipole and EBG resonator. The impedance
charactersstics, directive gam, bandwidth, and radiation
patterns will be clarified. respectively. Finally, the
conclusion has been presented in Sectiond.

2 The Proposed Antenna Configuration
The configuration of the proposed antenna 1s shown
Fig 1. A wire dipole 1s mounted honzontally, i1 the x-
direction. over the novel EBG reflector plane, which the
front of structure directed to = direcnon The radms of
conducting wire (7;) 15 around 0.003369). and assumed
that 1t 15 the perfect electrical conductor (PEC). The total
length of a wire dipole expressed by /. The distance &
between a wire dipole and surface of EBG structuge 1s
about 0.02}., approximately. The analysis model of EBG
reflector consists of several conducting patches on
ground plane. The proposed model consists of 434 umt
cell. while an overall dimension of reflector sheet 12
59.02676 mm x 59.02676 nmun by usmng a L6 mm
thickness FR4-substrate with a pernurivnity of 45 The
widths of patch width (777) and gap (g) are 14.75669
mm and 1.2 mm, respectively. The rads () of wias.
which 15 connected between conducting patches and
ground plane, 15 1.22449 mm. However, all parameters
of the antenna geometry can be shown by referring to
free-space wavelength (1) of 5.8 GHz. which is fhe
resonance frequency of dipole and conducting patches,
as shown i Table 1.

= ~ile et

] L
Dipale Antenon™

snpipie

-III'.I-'

SO0 T o0 |

LIIII'-I-'

Front view

7 l‘ _ 2r

L Ii_ | I
x Side view

Fig. 1 Configuration of wire dipole with novel EBG
reflector.

St

-4,
~]

ISSM: 1792-4863

91

Table | The parameters of antenna geometry

Parameter size
m; 0.294
I 0.07h

g 0.024
h 0.05L
v 0.014
Iy 0.003%
1 0.03%
I 0.194

3 Simulation Results

After configuration study, approprate parameters have
been chosen as indicated i Table 1. We used Computer
Simulation Technology (CST) software version 2009
order to optumze the requred performances such as
return loss. near-field distnbution mside gap, and
directive gain at the center frequency of 5.8 GHz. In this
section, we separated the sumulation results mfo two
subsections as follow:

3.1 The novel EBG structure

Fig. 2 shows the results of reflection phases of the novel
EBG structure using dispersion diagram [7] that are
calculated by CST simulation. The gap widths are
vaned at g = 0,014, 0.024, and 0.03% to optinuze the
proper size of g for the largest bandwidth, while the
"mushrooms like" EBG has also been compared to our
novel structure. As a result, when the gap width 1s
0.023. the frequency region 1s varied from 5.7 GHz to
6.65 GHz (largest). wlnch appropriate for serving as the
ground plane or reflector in a certain frequency of this
sudy.

)

e 00l
w g =002
i - =005
- . LAV Uopd | e Misshioolike
FHEG
% ™
E}
20
]
3
E
20

E 7

Ft uqugnc:, (dB)
Fig. 2 The results of reflection phases of the EBG
structure.

The simulated return loss dependency of the
dimension of the EBG ground plane is shown in Fig. 3.
We found that the dimension of the EBG ground plane
consisting of 3x3 elements yields lower the return loss
but narrower the bandwidth as same as the EBG ground

|SBN: 978-960-474-231-3
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plane consisting of 5x5 elements. But in case of the
EBG ground plane consisting of 4x4 elements will yield
the largest bandwidth (950 MHz), while its retumn loss
remains lower than -20 dB at the desired frequency of
5.8 GHz. Therefore, the EBG ground plane consisting of
4x4 elements will be selected to be the ground plane or
reflector of wire dipole.

R loss (dBY
=

B

&

o i i ; s
4 s letnsey 1GHz) i
Fig. 3 The return loss of wire dipole above novel EBG
reflector versus vanation of a number of elements.

3.2 The dipole above novel EBG

For optimization to obtain the appropriate parameters of
antenna, we have selected three different distances of /1
for studying 1ts influences such as 0.013, 0.02A. and
0.03}, respectively, while the length of dipole will be
varied from 0.34% to 0.445.

In the first case. the dipole 15 placed above novel
EBG at the distance of / fixed at 0.01). and the length of
wire dipole 15 vaned from 0.344 to 0.44A. as shown m
Fig4. It's obvious that the wire dipole on the resonant
EBG reflector can be matched-well from 522 GHz to
6.06 GHz (at return loss lower than -10 dB). However,
the good matching 1s achieved wwith-the length of the
dipole 0.400 at frequency 5.64 GHz and the-covering
bandwidth 1s at 850 MHz, approxumately. Fig. 5 shows
the directive gain of antenna about 9.01 dBi. Fig. 6
shows the near-fields distribution occurrng on EBG
reflector. which 1s calculated by using CST software.
The E- and H-field levels of EBG structure are around
5.504 Vimand 23.7 A/m, respectively.

k]

* L0340
1AL 360
L% (ke
e L.
* L=.420
R

Regtam loss | 8B}

4 T
4+ L &
Fregquency (CiHz)

Fig. 4 Return loss of the dipole above novel EBG with
distance of /1 iz 0.014.
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Fig. 5 Darective gain of the dipole above novel EBG
with distance of /15 0.014

(a) E-fields
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(b) H-fields

Fig. 6 Near-fields distribution mside the gap with
distance of /115 0.015.

The next case, the distance h of dipole 15 fixed at
0.02 . and the length of wire dipole still be varied from
0.34% to 0444 In F1g.7. 1t 1s found that the wire dipole
on the resonant EBG reflector can be matched well from
542 GHz to 6.34 GHz Also, the best matching is
achieved with the length of the dipole 0381, the
proposed antenna will cover the desired frequency band
{about 920 MHz). The resonant frequency 15 5.8 GHz,
which according to our requirement. Fig 8 shows the

ISBN: 9768-960-474-231-8
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directive gam of antenna about 9.06 dBi. The near-fields
distribution inside EBG reflector are calculated by CST
and shown m Fig 9. The levels of E- and H-fields are
4.576 Vim and 24.4 A'm, respectively.

n
g
E |
,-15
i (b) H-fields
=] 5 M N Fig. 9 Near-fields distribution mside the gap with
Frequency {GHz) distance of ;115 0.023.
Fig. 7 Retumn loss of the dipole abov | EBG witl . . . :
& dist:a]i::e(::tf ; s 0_02£0 £ apavE nove The last case, the distance /r of dipole 15 specified at

0.03% and the length of wire dipole still be vaned as
well. The simmlated results of return loss of antenna are
shown in Fig. 10. It 1s obvious that the dipole element on
the same EBG reflector can be matched well from 5 .58
GHz to 672 GHz. In addition, the good matching 1s
achieved with the length of the dipole 0364, but the
resonant trequency 1s shifted up to 6.05 MHz. However,
1t will yield the bandwidih about 1,140 MHz, which 1s
larger than previous two cases. Fig. 11 shows the
directive gam of antenna about 8.9 dB1 The near-fields
distribution mside EBG reflector are calculated by CST
and shown m Fig 12, The levels of E- and H-fields are
4.023 V/m and 25.09 A/m, tespectively.

Fig. & Directive gaimn of the dipele above novel EBG B ey
with distance of /115 0.027. ; : -

- [ - [l
+ L0428
| or=nan

Fenemits (dBy
>
i

=

-]

2
Frequency iGHz]

Fig. 10 Return loss of the dipole above novel EBG with
distance of /115 0.03%.
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Fig. 11 Dircetive gam of the dipole above novel EBG
with distance of h1s 0.025

Ufm
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(b) H-filed

Fig. 12 Near-fields distribution inside the gap with
distance of /115 0.035

From three study cases of wire dipole above the
resonant EGB reflector i previous section. therefore,
the second case has been selected reasonably because it
provides the lughest directive gain (9.06 dBi) at the
desired frequency (5.8 GHz) using the length of dipole
equals to 0.38% (1 = 9.82760 mm). Although 1t provides
the bandwidth narrower than the bandwidth of antenna
i the third case, however, it still 15 large enough for
IEEE standard (802.11a/g). Fmally, we continue to

ISSN: 17924863

study about the mmpacts of gaps spacing g between
conducting patches of EBG structure by varymg g =
0.01%, 0024, and 0.03), respectrvely, at the desired
frequency of 5.8 GHz. The height of the radiating dipole
over the EBG surface is fixed at 0.02%. The simulation
results of retum loss and radiation pattern. which are
mfluenced by gaps spacing are shown i Fig. 13.

E T

2 r=hizh
g D3

T

Rl loss (dBY

[I1]F

(c) H-plane

Fig. 13 Return loss and radiation pattern of wire dipole
above novel EBG reflector with different gap
spacing.
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Performance Improvement of a Wire Dipole
using Novel Resonant EBG Reflector

C Yotauan, P. Krachodnok, and R. Wongsan

Abstract—Electromagnetic band-gsp (E3G) structure exhibits
umgue electromagnetism properiies that have led to 3 wide-range
application of elecoomagmenc devices. Tlis paper presented the
high-directive gain anfenm consistng of a wire dipole, which is
horizontally hed above th: novel EBG struzture. The suchue of
EEG would be as resonater and dipole’s reflactor that elimnzte the
surface waves it edges of reflector and the back lobe of this antenma,
respectively. In addition. the near-fleld dismbution mside zap is
studied to show the different distances of gap. which influsnce to the
resonant frequancy, bandwidth, md divective gam of fhis anfenna
Censequently, we have achieved a maximum directive gan o£2.06
dBi, whizh is higher than a dipole with Taditional ground plane, The
bandwidh for -10 dB is about 15.86°% at the center frequency of 5.8
GHz. Since the proposed sTuchwe remains simple but it can provide
higher directive gam and larger bandwidh coverinz the IEEE
standard (302.11a/g), the auterma, therefore, 1 expected to be the low
cost innevation for WLAN applhications.

Keywords—Electomagnetic Band Gap (EBG) directive gain
amenna, novel resonant reflector, low profile mtemns, larg= band.

1. INTRODUCTION

\V ith the rapic development of the wireless

cominuaications and the commumeation industry, the
antenna is an important fo develop wireless local area netwook
(WLAN) and worldwede mtepoperabiity for microwave
access (WiMAZ), it is apphiec for ligh frequency at 5.8 GHz.
In addition, the antenna should provide snfficiedt gain andit
requirec  either unidirectionmal o cmnidireciional beam,
coverage abroad area, and high power handing. Morsover, the
antenna 15 relatively simple in coacept. easy structure, and
mexpensive. The dipele antenna has some  promdnent
qualifications that its shape could be changed easily and
variably. However, the dipole provides low gamn antenna,
which is not proper for installation when this tvpe of antenna
is placed on the wall of building. This argument, if we can
destgn entenra to dluminate a predefined wide coverage area,
then the efficiency of field radiation will be distinctly
inereased. The reflector plane 1s one method, which can be
designed and appled to the behind of dipole for controlling
the energy flows in the normal direction to the higher gain can
be obtamed consegquently. The related literatures of dipole
horizomrally which is located above a reflector plane have
been reported by several awhors [1]-[3]. Generally. if the
dipole is vertically laced to a PEC grownd plane, it 15 aot

low profile dipole antenna Fortunately, the image curent
has the :ame direction and remforczs the radiation from the
onginal currect. 1 consequence, the antenna will yields good
efficiency. For a low profile antenna, when the dipole is
placed horizoatally on the seme ground plane, the image
cument has not the same divection; thus, the antenna efficiency
will be decreased, especially, if it is very close to the grownd
plase. To solve the sclutions, the EEG stuctmes were
designed at resonant frecuency and functioned as a reflector
of the radiator element [6]-[9].

EBG structures have beea widely applied in antenna
encineerng due to their interesting properties such as in-phase
reflection. swface wave suppression, light weight ease of
fabtication. and low fabrcation cost. As mentioned in [10].
the EBG structures, when are emploved as an artificial
mazaetic conductor (AMC). are innately narrow band. The
antung bandvidth is nawch wider than the AMC bandwidih,
which i twn restricts the antznna bandwidth. On the other
hacd, the resonant frequency of the ZBG structores cannot be
changed after construction.

Te elminae the aforementioned problems, a wire dipole
located horizentally above the novel EBG reflector for
improving it directrve gain and bandwidth has been proposed
i this paper: The EBG structures have been developed in
field of antenna, and it exhibits high impedance characteristic
on A cerfain frequency range and in-phase reflection
charactenstics for the incidert wave. Therefare, the EBG
sutface is capable of providing a constructive image cusent
within a certain frequency band, resulting in good radiation
efficiency. From this argument we have chesen and modified
the EBG structure fo be the reflector or the ground plane of
dipele antenna by studying various types of gap and the
effects of gap variadon, which can be optimized the required
performances and all parameters of anfenna Finally, this
ant2nna can b2 achieved the maxinmm directive gam higher
thaa the antenna en the traditional ceaducting plane and
provide the large bandwidth covening the IEEE standard
(802.11a'g).

In Section II, we first describe the proposed antenna
corfiguration. The simulation tesults are presented in Section
III by conducting at center frequency of 3.8 GHz for a wire
dipole and EBG resonator. The impedsnce charactenistics,
directive gain bandwidh, and radfiation patterns will be
clarified, respectively. The experimental vahdation is
preseated i Sectien IV. Fimally, the conclusion has been




105

INTERMATIOMNAL JOURMAL OF COMMUNICATIONS
Issue 3, Yolume 4, 2010

presemed 1 Section V.

II. THEPROPOSED ANTENMA CONFIGURATION

The configurztion of the proposed antenns is shown in Fig
1. A wire dipol2 15 mounted horizontally, in the x-direction,
over the novel EBG reflector plane. wihich the fromt of
structwre directed to z-direction.  The radius of conducting
wire () 15 around 0.003365k and assumed that it 15 the
perfect electrical conductor (PEC). The total length of a wire
dipole is expressed by . The distance h; between a wire dipele
arnd swiace of EBG structure is about 0.027, approximately.
The analysis medel of EBG reflector consists of several
cenducting patches on ground plane. The proposed maodel
consists of 4xd unit cell, while an oversll dmension of
reflector sheet is 5902676 mm = 5902676 mm by using a .6
mm thickness FRA-substiate with 1 permittvity of 4.3, The
widths of patch width (/7)) and zap (g) are 1473660 mm and
1.2 mm, respectively. The radivs (r) of wvias. which is
connected between conducting patches and ground plane, 15
122449 mm  However, all patameters of the antenna
geomedty can be shown by referring to free-space wavelength
(A) of 5.8 GHz. whizh is the resonance frequency of dipele
ard coaduching patches. as shown in Table 1.

L s
Dip:k Antenna

=

e W) e ]

T
ST 1%
o

L

Front view

7 l _ ar #h,
L I —
2 T Side view

Fig. 1 configwation of wire dipole with novel EBG
reflector

+C- +C-

—_— o —

R ==
L T

Fig 2 equivalent resonant LC circuit for EBG strueture

Table I The parameters of antenna geometry

Farameter size
; 0.29%
W 0.07x
W; 0.03%
Wy 0171
= 0.02%
hi 0023
h; 00193

r 0.01%
f 0.03%

The novel EBG structure 15 shown in Fig 1. which consists
of three parts that are PEC ground plane, dielectric, and
patches. Afterwards, the patch and PEC ground plane ars
shorted zivcuit by pins, they is called vias. Considering with
the patches that is an erray of metal patches which 1s the unit
cell 43 small compared tc the resonance wavelength The
sttucture of EBG could be described wsing lumped-circuit
elements. For illustrated 1 Fig 2, this structure introduces an
inductor (L), which results from the current flowing through
the vias, and a capaciter (), which is doe tc the gap effect
between adiacent patches. For the EBG structure with patch
width ( 77 =, — W,). gap width (g). substrate thickness (],

and dielectric constant ( £,). the values of inductor (I) and

capaciter (C) can be approzimated by the following formulas
[11].

1 . _Irl."! - ™
c=FallEe) o[ 2 @
P g

where “[{, iz the permeability of free space and £, 1s the

pernuttivity of fize space, respectively. The local resonant
frecuency aad the effective surface impedance can be
obtained by

1
@y = —F7—= 3
Y% JIc &)
z=—1% @
1-0’LC

I SIMULATION RESULTS
After corfigumation study. appropriae parameters have
been chosen as mdicated in Table 1. We used Computer
Sinmlation Technelogy (CST) software version 2009 in order
to optinuze fhe required performances such as return loss,
near-field distribution inside gap, and directive gain at the
cenfer frequency of 3.8 GHz. In this section, we separated the
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simulation results into fwo subsections consisticg of the novel
EBG structure and the dipole above novel EBG.

A The Novel EBG Structure

Generally, when a wire dipole antenna is horizontally close
to PEC ground plane. the antenna generates surface waves in
the ground plane that size 15 always finite. Therefore, surface
waves radiate from edzes and corners that it can be seen in
Fiz. 3 (a). In Fig. 3 (b) 15 cased of EBG surfacs, the one unit
of EBG 15 chamactenistie of the LC parallel resonant circoit. At
the mode resonant frequency, each row of metal patches has
oppostie electric field. and form the standing waves which
results in the suface waves suporession band gap.

Fig. 3 the radiator on reflector plans: (&) swface waves
radiatng at PEC surface edges and (b) surface wave suppres:ion on

an EBG surface
= [P, | #p=0000
\\.‘~ =p=1UIE
= 03
T erusmomiiee
m
) EBG
E
4
i off
H
i
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-
=
B et h
& L 13 s
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Fig. 4 the tesults of reflection phases of the EB{G structure
Fig. 4 shows the results of reflection phases of the novel

EBG structure using dispersion diagram [8] that are caleulated
by CST simulation. The gap widths are varied at g = 001 X:5

&7

cHe 002 Asg gae. and 0.03 kg cq, to optimize the proper size
of g for the largest bandwidth, while the "mushrooms like”
EBG has also been compared to ouwr novel sticture As a
result, when the gap width s 0.02 Js; gg . the frequency
region is varied from 3.7 GHz to 6.65 GHz (largest), which
appropriate for serving as the ground plane or reflector in a
certain frequency of this study.

° « BB 3

= EBG dud
® EBG 4t

Reeturm besea (B}
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C ? H
quxm:rlLinl

Fig. 3 the retumn Joss of wire dipole above novel EBG
reflector versus variaticn of a number of elements
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Fig. § the dipole without novel EBG at 5.8 GHz: (a) refun loss
and (b) radiation patem

The simulatzd return loss dependency of the dimension of
the EBEG grovad plane is shown in Fig. 3. We found that the
dimension of the EBG ground plane conssting of 3x3
elements yields lowsr the return loss but narrower the
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bandwidth as same as the EBG ground plane consisting of 3x3
elements. But in case of the EBG ground plane consisting of
4«4 elements will yield the largest bandwidh (950 MHz),
while :ts return loss remains lower than -20 dB at the desired
frequeacy of 3.8 GHz. Therefore. the EBG ground plane
consisting of 4x4 elements will be selected to be the ground
plane or reflector of wire dipole [12].

B. The Dipsle abave Novel EBG

From the resulting that illustrated in Fig.6(a) and (b), the
dipole antenna withou: EBG ground plane has a low gain of
209 dB and return loss at 5.8 GHz 15 -16 dB. It has
omnidirectionzl beam in H-plane and the half power
beamywidth in E-plane is 79.1°. To improve the gain of the
antenna, the EBG 1s applied for reflectcr plane of the dipole.

For optimization to obtain the appropriate parameters of the
antenna, we have selected three differsnt distances of bl for
studying its influences such as 0.01 k:g gz, 002 25z g and
0.03 kg oo tespectively, while the length of dipole will be
varied from 034 bsgor, to 044 b g om,

In the first case, the dipole is placed above novel EBG at
the distance of by fixed at 0.01% and the length of wire dipcle
is varied from 0.34 ks geqn. to (.44 ks ;g as shown iaFig. 7.

Rerum Ipﬁs.i:llll-
H =

u

L3
Frequesicy (GHz)

Fig. 7 refurn loss of the dipole abovenovel EBG with
distance of hyis 00155 2qs

Fig. & directive gamn of the dipele above novel EBGwith distance of
h,- 15 ':'.':'1}.:.5 Hr

Fig. 7 15 obvious that the wire dipole on the rescnant EBG
reflecior can be matched well from 5.12 GHz 1o 6.06 GHz (at
return loss lower than -10 dB). However, the good matching is
achieved with the length of the dipole 040 %53 cw. at
frequency 5.64 GHz and the covering bandwidth iz at 830
MHz, approximately.

Fig. 8 shows the directive gain of antenna about 9.01 dBi
Fig. ¢ shows the near-fields distribution occmrring on EBG
reflector, which 15 calzulated by using CST software. The E-
and H-field levels of EBG structure are around 3 504 Vim and
23.7 A/m. respectively

ujim

S5 04

2322
1978
1634
1290

- Afm

23.7

10.8
8.53
7.085
4 5.56
h.o8
2.68

1.1
. 0

Fig. 9 near-fields cistribution inside the gap with distance
of hy 15 0.0105 e (2] E-fields and (b) H-fields

The next case, the distance 11 of disole 15 fixed at .02 &5
cre. a2d the length of wire dipole still be varied from 0.34 3,
crr 10 044 Jigon. In Fig. 10, it is found that the wire dipole
on the resonant EBG reflector can be matched well from 5.42
GHz w 6.34 GHz. Also, the best matching 15 achieved with
the length of the dipole 0.38 Js5 on.. the proposed antenna
will cover the desired frequency band (about 220 MHz). The
resonant frequency 5 3.8 GHz, which aceording to our
recuitement. Fiz. 11 shows the directive gain of antenna about
9.06 ¢Bi. The near-fields distnbution mside EBG reflector are
calculated by CST and shown in Fig. (2. The levels of E- and
H-fields are 4376 Vim and 244 A/m_ respectively.
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:t:g:ig: The last case, the distance h; of dipole iz specified at
:l-'ﬂzﬁ 0.03%s5 ce and the length of wire dipole still be varied as
g .l e well. The simulated results of retuwrn loss of antenna are shown
E in Fig. 13. It is obwious that the dipole element on the same
£ EBG reflector can be matched well from 3.38 GHz to 6.72
an - GHz. In addition, tie good matching i achieved with the
length of the dipole 0.36%; 5 za. but the resonant frequency is
shifted up to 6.05 MHz. However, it will yield the tandwidth

: : : p about 1.140 MHz, which is larger than previous two cases.
Frequency (Giliz) Fig. 14 shows the directive gain of antenna abow 8.9 dBi.

The near-fields dstribution inside EBG  reflector  are
calenlated by CST and shown in Fig. 13, The levels of E- and
H-fields are 4,023 Vim and 25.09 A/m. respectively.

From three study cases of wire dipele above the resonant
EGE reflector in previous section, therefore, the second case
has been :elected reasonably tecause it provides the highest
directive gain (9.06 dBi) at the desired fequency (3.8 GHz)
using the length of cipole equals to 0.38 Lsg g, (1= 9.82760
mm). Although it provides the bandwidth narrower than the
bandwidtk of antenma in the third case, however, it still is
large encugh for IEEE standard (802.11a/g).

Fig. 10 retorn loss of the dipole above aovel EBG with
distance of h.l is 0.025.5_3 oFz

]

3

Fig. 11 directive gam of the dipole above novel EBG with
distance of h.l is 0.025.5_3 oFr

k-
*5]‘ : i ] & * L]
Preyuemy (T
1981 i
: 1645 Fiz. 13 rétum loss of the dipole above novel EBG with
. 1359 distance of hi;is 0.030s 5 gz
3
%
215 ) 0
[ / -

Reieturn boss {diB)
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(a)

Afn

241

10.3
B.76
7.23
5.1
5.19
‘2.55
114 Fig. 14 directive gain of the dipole above novel EBG with distance
o of by 15 002%s 5 e

Fig. 12 rear-fields distributiorn inside the gap with distance
of k; is 0.024s 3 gp,: (a) E-fields and {b) H-fields
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We continve to study about the impacts of W; , Wy and hy.
The parameter W3 and W4 play an important sele in
determuning the frequercy band. Patch width is changed up to
0.06 L. Figs. 16 and 17 show the insertion loss of EBG
sutface with different patch width. It 13 observed that when
patch width is increased. the frequency band decteases.
Furthermore, this phecomenon can be explained using the
lumped LC medel. According to (2), a wider patch width
leads to larger capacitance C. Thus, the frequency reduces.

h2 is used to control the frequency behavior. It is changed
from 0044 to 0.10%. Tae inserfion loss with different b, are
shown in Fig. 18. It is observed that :f h2 is increased, the
frequercy decreases. This is similar to the effect of the patch
width W; and W

\*\.

A hoe 06

ﬁ_:..b_‘:—'——‘--‘.-h—_' Fho= 0L
!

® 3 P ' '
Fig_ 15 near-fields distribution inside the gap with distance . - . .
Fig. 18 insertion L f the Adjustmeat of hy
Of Iy i 0.03%s 3 ¢me: (a) E-fields and (b) Hoficlds 18, 18 msern Loss o Justmeat ot B
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Fig 16 insertion loss of patch width (7)) with dfference sizes
= Tk
w = (e
R
S al AT e TR N 2= 001}
— - 00N
= = LOGE

Freguency ((Hz)

Fig 17 msertion loss of patch width (/) with dfference sizes.
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(e

Fig 19 retorn loss and radiation pattern of wire dipole
above novel EBG reflector with different z3p spacing: (a) remm
loss, (b) E-plane, and (=) H-plane

Finally, we continue fo study about tie avpacts of gaps
spacing g between condacting patches of EBG structure by
varying g = 0.01 hsg gz, 002 ks gz, and 0.030ss em:
respectively, at the desired frequency of 5.8 GHz. The heisht
of the radiating dipole over the EBG surfate 15 fixed at
0.0205.8 GHz. The sinmlaticn results of refurn [oss and
radiation pattern, which are icfluenced by gaps spacing are
shown i Fig. 19.

m = mm =

ek
*Reachnee

1]

It Trmpedancs fohma)
=

Freqeency iGHe)

Fig. 20 input impedance of wire dipole above noval EBG
reflector

&

Fig. 21 VEWR of wirz dipcle above novel EBG reflector

As resulting, we found that the resonant freuency of the
proposed antenna and its radiation patters were affected by
the mfluences of gaps spacing g In Fig. 19 (a). it shows that
the antenna cin be matched well for every value of g
Meorzover we found that if zaps spacing is increased, then the
resonant frequency will be shifted uwp to hizher freguency.
However, the proper spacng will be chosen at g = 0.0235.8
GHz, due to the best matching and the hiphest directrve gain
(9.06 dBi1) at the desized frequency of 3.8 GHz. For Fig. 19 (b)
and (c). it 15 found that with the same spacing. the back lobe
both in E- and H-plane of the proposed antenna will be most
eliminated and consequently provide the highest directive
gain. According to the result in Figs. 20 and 21 that yields
wnput impedancs and VSWE of wire dipole above novel EBG
reflector very close 30 +0 chms and 1.23, respectively, at
resonance frequency of 5.8 GHz

IV. EXPERIMENTAL VALIDATION

To wverify th: sinmlation resalts, a prototype of the wie
dipole anfenna on novel resomant EBG ground glane is
fabricated as shown in Fig.22. When the wire dipcle with
novel rescnant EBG reflector 15 passed the matching test, it is
monated over the EBG ground plane with by = 0. 02455 gz,
The return loss is measured by using an HPBT12D Network
Analyzer. The antemna is tnmmed equal both ends off for
matching  impedance. Therefore, the length of antemna
prototype is decrease that is a good effect for the low profile
antenns.

Fig. 22 the profotype of proposed antenna

In order to verify the simmlation results by means of
measurements, the wire dipole with novel resomant EBG
reflector have been fabricated vsing our in-house facility, as
shown in Fig. 22.

Fig. 23 as shown the measured reflection characteristics, the
4=4 elements can be matched well from 5.6 GHz to 6.3 GHz,
which are below -10 dB that is cover all of frequency band for
IEEE standard (802.11a'g). The measurement is in a good
agrezmeni with the simulation result. The remaining mismatch
13 mainly due to etching tolersnces and via nusalignmens,
which can be directly seen from the fabricated EEG
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structures.

e —d

b Luss (B)
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Fiz. 24 Fadiation pattern of wire dipole above aovel EBG
reflector: (1) E-plane and (b) H-plane

Fig.24 shows the comparison of th: simwlated and
measured tesults for the total far-field radiation petterns in E-
plane and H-plane. The maximum radiation occurs in the

nermal direction to a teflecter plans. We have achieved a
maximum gain of 786 dB which i higher than that of a
tradiional aalf-wave dipole. Moreover, it had the half power
beamwidth E- and H-plane are 80° and 1007, respectively.
The results of gam, HPBW, and patterns are well agreement
of antenna for wireless local area (WLAN) system.

V. ConcLusion

A wire dipole antenna with novel resonant EBG reflactor
has been studied experimentally with CST softwarz in
laboratory. The experiments with CST program Lave shown
that the proposed antenna can be realized for wiilization in
WLAN agplications for IEEE standard (802.11a'g) with
simple structure and =2asy fabricaion. The ndiation of
electromagnetic field occurs in the beresight, which is proper
to install this antenna at the wall of buildizg. The maximum
gain iz 9.06 dBi at 5.8 GHz with dipole length and gaps
spacng is 0,385 gone and 0.02;; 5 o, respectively. n addition,
this antenna provides the frequency bandwidth about 950
MHz that large tand emough for apolications in such IEEE
standard. From the study, we found that the structure of EBG
resonator contributed eliminating the surface waves at edge of
reflector and decteasing back lobes of the proposad antenna.
Therzfore, the almost electromagnet:c fields are radiated in
beresight of anfenna confributing the directive gain i
increased,  consequently.  However, besides WLAN
application:, many applications can e conceived for a wire
dipele with novel resonant EBG reflector due tc ifs
geometrical and electromagnetic.
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