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WLAN Antenna Using Tapered Slots Array
P. Kamphikul, P. Krachodnok, M. Uthansakul, and R. Wongsan

t School of Telecommunication Engineering, [nstitute of Engineering,
Suranaree University of Technology, Nakhon Ratchasima, Thailand
E-mail: rangsan{@sut.ac.th

Abstract This paper presents a wide-band array antenna using 4-element tapered slot antennas for WLAN applications. The
advantages of this proposed antenna are light weight, easy fabrication and installation. Moreover, it provides the
omnidirectional pattern and moderately high directivity compare to the other omnidirectional antennas, which are used in
WLAN at present. The paper also presents the procedures of 4-element circular array design. A Computer Simulation
Technology (CST) software has been used to compute the return loss, VSWR, radiation patterns, and directivities of the
antenna. The azimuth patterns of the proposed antenna are very similar to the omnidirectional pattern according to our
requirement. The bandwidths, at S11 lower than -10 dB, are between 2-6 GHz and directivities are around 6.676 dBi, 5.488

dBi, and 6.166 dBi at 2.45 GHz-, 5.25 GHz-, and 5.8 GHz-band, respectively,

Keyword Taper slot antenna, Omnidirectional pattern, Circular array

1. INTRODUCTION At first, the general approach will be presented

In the wireless communication applications including the configuration of TSA in Section 2. In
particularly in  Wireless Local Area WNetwork Section 3, we apply this approach into the results
(WLAN), the popular antennas for WLAN access and discussion. Finally, the conclusions are given in
point are linear dipole, slot array, and microstrip Section 4,

antenna [1]. The Microstrip antenna arrays, due 1o

their extremely thin profiles (0.01-0.05 free-space 2. TAPERED SLOT ANTENNA CONFIGURATION
wavelength), offer three outstanding advantages

relative to other types of antennas: light weight, low ay,

profile, and low manufacturing cost. A tapered slot v _ > e —— - s

antenna (TSA) or notch antenna, is one of the
classical wideband antennas providing many

applications [2]. Therefore, it has an unlimited range “

of operating frequencies [3, 4]. Being a printed
antenna, TSA offers many advantages such as easy

fabrication, suitability for conformal installation,

compatibility with microwave integrated circuit,
high gain (7-10 dB}, and symmetrical E-plane and
H-plane beam patterns [5). TSA cuts in thin film of (a) Front view of TSA

metal, with or without a substrate on one side of the — 184
film [6]. From such advantages, this paper presents a T'E'‘"''_—"‘“'‘“—'*-""'-""'_d""""'|
wideband array antenna using 4-element tapered slot h” Subtrat
antennas providing the omnidirectional pattern T s

suitable for WLAN and high directivity comparing to
the other omnidirectional antennas at present. The

Stripline feed

simulated results of the return loss, VSWR, radiation (b) Top view of TSA
patterns, and directivities of the antenna are
conducted with CST software. Fig.1. Geometry of the TSA,

Copyright 22009 by [EICE



Thailand - Japan MicroWave 2009

A description of a printed TSA with a microstrip
feed is shown in Fig.1. The microstrip line feeder is
printed on a substrate having thickness of # and
relative dielectric constant of g, and the tapered
slotline is etched on the ground plane behind the
microstrip line. A few parameters are considered to
be of great importance for satisfactory wideband
performance. To achieve the travelling wave mode of
radiation, the slotline length and width generally
needs to be greater than Ag and A/2, respectively [7].
‘The opening rate of the tapered slotline employs an
.exponential taper. The coordinates of the tapered slot
are-defined by [5]

y=Ce" +C, (n
where
Yo ¥
C = oy -e;*z' (2)
Ry Rz
c, =8 ¥ (3)
e’ g™

The points (x;, z;) and (x», z,) are the end points
of the flare and R is the variable that changes the
rate of the opening. The performance of the antenna
is relatively dependent an R. To achieve a broadband
transition, the microstrip open stub and the slotline
short stub are to present a virtual short and a virtual
apen at the pointof transition, respectively. The
diameter of the circular slot stub (D)) may be
approximated by A4, The i, is the effective
wavelength in the slotline and the stripline width
AW 50 Q. The
dimensions of antenna that used for simulation arc
tabulated in Table 1.

is calculated from matching

Table |. Design parameters

Antenna parameters Size {mm)

ar 318.8
aw 153

fi 271.7
Fw 146.2
Dy - 30.4
Wy 51.3
h . 3.2

3. RESULTS AND DISCUSSION

Return Loss (dB)

Fig.2. A 4-element TSA circular array.

1

-4 ‘ : : : :
1 2 3 4 5 6 7
Frequency (GHz) '
Fig.3. The return loss.
7 —— —— ' —
6

[

1 . :
| 2 3 4 5 6 7
Frequency (GHz)

Fig.4. The VSWR.
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0 180°

(a) 2.45 GHz (a) 2.45 GHz

{c) 5.8 GHz (c) 5.8 GHz

Fig.5 The E-plane Patterns. Fig.6 The H-plane Patterns.
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Usually, the radiation pattern of a single TSA is
relatively narrow. In WLAN applications, they are
necessary to design TSA with very high directivity
and wide beam to meet the demands of service. This
paper proposes for omnidirectional pattern and
moderately high directivity. First, we propose the
4-element of TSA circular array design, which can
improve pattern to be omnidirection. To achieve the
“high directivity, the distance of TSA circular array
antenna (d) is optimized to d = 133.44 mm. In order
to implement this concept, the circular array antenna
‘is designed as shown in Fig.2. The thickness of FR4
substrate is 3.2 mm, which is fabricated using two

layers of 1.6 mm FR4 PCB, which can result in a gap.

From Fig.3, it can be clearly seen that the §,, are
lower than -10 dB, are between 2-6 GHz. Fig.4
shows the VSWR. The E- and H-plane patterns of the
proposed antenna at the center of three 1SM bands
are 2.45 GHz, 5.25 GHz, and 5.8 GHz, respectively,
as shown in Figs.5 and 6. The azimuth patterns of

the proposed - antenna are very similar to the

omnidirectional pattern according to our requirement.

The simulated results show that the directivities at
the 2.45 GHz-, 5.25 GHz-, and 5.8 GHz-band, are
6.68 dBi, 5.49 dBi, and 6.17 dBi, respectively.

4. CONCLUSIONS

This- paper has presented a wideband circular
array antenna using 4-element tapered slot antennas.
It provides the omnidirectional pattern and high
directivity comparing to the other omnidirectional
antennas, which are used in WLAN at present.
Therefore, this proposed circular array antenna
accords to the requirements and is appropriate for
the WLAN applications.
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1. Introduction

In the wireless communication applications particularly in Wireless Local Area Network
(WLAN), the popular antennas for WLAN access point are linear dipole, slot array, and microstrip
antenna [1]. The Microstrip antenna arrays, due to their extremely thin profiles (0.01-0.05 free-
space wavelength), offer three outsianding advantages relative to other types of antennas: light
weight, low profile, and low manufacturing cost. A tapered slot antenna (TSA) or notch antenna, is
one of the classical wideband antennas providing many applications [2]. Therefore, it has an
unlimited range of operating frequencies [3, 4]. Being a printed antenna, TSA offers many
advantages such as easy fabrication, suitability for conformal installation, compatibility with
microwave integrated circuit, moderately high gain (7-10 dB), and symmetrical E-plane and H-
plane beam patterns [5]. TSA cuts in thin film of metal, with or without a substrate on one side of
the film [6]. From such advantages, this paper presents a wideband array antenna using 4-element
tapered slot antennas providing the omnidirectional pattern suitable for WLAN and moderately high
gain comparing to the other omnidirectional antennas at present. The measured results of the return
loss, VSWR, radiation patterns, and directivities of the antenna are also conducted for verification
of the simulated results with CST software.

At first, the general approach will be presented including the configuration of TSA in
Section 2. In Section 3, we apply this approach into the numerical results and discussion. Finally,
the conclusions are given in Section 4.

2. Tapered Slot Antenna Configuration

r [AY)

f,”- Subreate
’ =Bl vt ’ T
Wer
Seripling ficed

(2) Front view of TSA (b) Top view of TSA

Figure 1: Geometry of the Tapered Slot Antenna
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A description of a printed TSA with a microstrip feed is shown in Fig.1. The microstrip line
feeder is printed on a substrate having thickness of /# and relative dielectric constant of €, and the
tapered slotline is etched on the ground plane behind the microstrip line. A few parameters are
considered to be of great importance for satisfactory wideband performance. To achieve the
travelling wave mode of radiation, the slotline length and width generally needs to be greater than
A and A4, /2, respectively [7]. The opening rate of the tapered slotline employs an exponential taper.

The coordinates of the tapered slot are defined by [5]

y=Ce* +C, M)
where .
- Y, =y ye' -y ot
= 2
C=gm e ™ G @

The points (xi, z;) and (xy, z;) are the end points of the flare and R is the variable that changes the
rate of the opening. The performance of the antenna is relatively dependent on R. To achieve a
broadband transition, the microstrip open stub and the slotline short stub are to present a virtual
short and a virtual open at the pointof transition, respectively. The diameter of the circular slot stub
(D,) may be approximated by 4 /4. The A is the effective wavelength in the slotline and the

stripline width (W, ) is calculated from matching 50 Q.

3. Numerical Results and Discussion

~ //[:-‘\“-
< ﬁ--‘_ﬁ_.
[/“%L*Zl S

\\ ’./
- i P
\ o
(a) Simulation geometry for Proposed {b) Proposed Circular Array Antenna
Circular Array Antenna with CST Using Tapered Slot
software

Figure 2: A 4-element Tapered Slot Antennas Circular Array

Usually, the radiation pattern of a single TSA is relatively narrow. In WLAN applications,
they are necessary to design TSA with very high gain and wide beam to meet the demands of
service. This paper proposes for omnidirectional pattern and moderately high gain. First, we
propose the 4-¢lement of TSA circular array design, which can improve pattern to be omnidirection.
To achieve the high gain, the distance of TSA circular array antenna (d ) is optimized to & =133.44
mm. In order to implement this concept, the circular array antenna is designed and fabricated as
shown in Fig.2. The thickness of FR4 subsirate is 3.2 mm, which is fabricated using two layers of
1.6 mm FR4 PCB, which can result in a gap. The proposed circular array antenna is fed with a 50 Q
ring combiner and connected to an HP8722D network analyzer in order to test the reflection
coefficients. From Fig.3, it can be clearly seen that the measured $,, are similar with the simulated
and the good agreement. Fig.4 shows the simulated and measured VSWR. The simulated and
measured E- and H-plane patterns of the proposed antenna at the center of three 1SM bands are 2.45
GHz, 5.25 GHz, and 5.8 GHg, respectively, as shown in Figs.5 and 6. The azimuth patterns of the

-84 -
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proposed antenna are very similar to the omnidirectional pattern according to our requirement. The
simulated results show that the directivities at the 2.45 GHz-, 5.25 GHz-, and 5.8 GHz-band, are
6.68 dBi, 5.49 dBi, and 6.17 dBi, respectively. Also, the measured results are 6.17 dB, 5.03 dB, and

5.78 dB, respectively. It is shown that the measurement and simulation for three operating
frequency bands are in good agreement.

| —— simudated

Return Loss (dB)

Simulated
I : e Measured
Frequency {GHz) Frequency (GHz)
Figure 3: Simulated and Measured Return Figure 4: Simulated and Measured VSWR

Loss

4. Conclusions

This paper has presented a wideband circular array antenna using 4-element tapered slot
antennas. It provides the omnidirectional pattern and moderately high gain comparing to the other
omnidirectional antennas, which are used in WLAN at present. With good agreement between the
simulated and measured results and accordance of the requirements, therefore, this proposed
circular array antenna is appropriate for the WLAN applications.
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apufiunasuianievivneuiuaosddwsuniallumsiFeudedudmasdiin Aruaduing
. 3 = o f. 9 ar o & & da
(Radio Frequency: RF) ununisidmmaiialunisfvdedeya mvemaduilusefdsznouniieni
anudidyluszvuwiedisdesdununliare osnnaweimaszimiinlunisunsnizae
A o [ o a & ]
afudyaraimdnTdiiesnld lavfeoimmiudanats FsmmisousmeoiniAeenniunis
uwsnszatadudagm e 2 uun s enseImALLDDNAN1IMT 01912 999AN14 (Directional antenna) 1AL
A10DIMALLVIBURAN I (Omnidirectional antenna) HIUAWDIMANVUTAANI 9z WANBULNITNTZNY
A = o P ] : o o g o o at 2 =) [ 1 A 3 P
adulufiemaladiemanilaviniu MIF§1Fouminsadunonzasfisnanssudenauldawn
4 dyﬁ 'S or 8 &£ d 4
apams meemAdiziniianzdmiums 15 lununiouensins (Outdoor) Fuilumaiyen Toauuy
9011197 (Point to point) kazawarnauuusevRsmatumeimaRlidnyueMsnszneveIniusoL 9
awomea Tagnauazgaumninszaveenlalyniama manzdmsumsldaunelueims (indeon) 138 1%
& ar 4 R . R 1 . . o { 8
dwmsumsdonTusuuuyalinaiuga (Point to multipeind Tapdmmnudrmeemauuusounanianly
& 4 0 o 1
il szdlumomeniunla Twaidunss (Linear dipole antenna) Fafi Tas sad1afi lundausa vindw
Mdsuned uazinuniauey (Bandwidth) Huay lunsounauynsisanuiveassuunis foasu
1¥aoa1uuasg1u IEEE 802.11 blg (Wi-F) HAud 245 GHz uazwnsym IEEE 802.11a Aaa1ud
5.25 GHz Uaz 5.8 GHz 11n489 180§ 90012100 10IA5 BILVVITU) (Tapered Slot Antenna 138 TSA) Tilu
a A & 4 . E, A4 ooy & w 0w oaw a
anmudonnilsawsmiwilszynd ¥ lwnsetoiestunnn i ae dmsuldaunoluomns e
FAIUAHT UL ARDINIATWATIIUOUATDVARUFIINNNDAILA 2 GHz 9 6 GHz Haa111505095 U521
4 ¥ =t o o 3
msfeasuuy IS mwauinasgiu EEE 802,11 abig 19 avlsmueimafiosda@os uag Idvhmeenasea
o ° o s w 4y & o . s A X y &
DUUE YNNI TANAIR AU (Armay) INDIRLBAS NSV (Gain) 1EzANNN I8 1AL (Beamwidth) THanaAiy

a «q 3 o_ W ' o = 3 &
51U 5.1 ueasmsiszgna deave1mauadsn I s oannuiSeandhimsanda Buuisnarsveunau

Y

3/ < 1oar

9/ P 4 4 roa ] 2 y '
Aou imthindlugudnais (Central hub) Tumsifousefiums sviovesduuun oo iodsdyanaliua

o# r & 4 1w
gilnsaifdugad @ dunSov1o (Access point) FevmiFoudafug oy
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6.3
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apnuuuuazitaaInamuaIMsuaIdIdL Taolesounsor aselTdsunsuduiegl CsT
(Computer Simulation Technology)
“ ] o 8 <4 3 é'l = r=1 [
afnmeeimaunidrianlaslésewvuSvadunuy melSeuiouravesmsianaasy
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7.1
7.2
73

Anugluuvuas ns eviausnyNEE 100 IMAs DU LIS 02
AnyTins TR uan v zvesEuoIMmnI8 1w ap e nauu o)
adnmgeimauaidfulaolsse vy vadunuy wenlSsudsunavinmsianaaey

wazwai ldinmadiavanadsldsunsuduSegy csT

21 - ¥V a o a e
NOHE aUUATIH (013) lLﬁQSﬂ'iﬂiJ!L‘l-Dﬂ'J"IiJﬂWU@Q‘Iﬂ'Nﬂ"I'i’]iIEJ {Conceptual Framework)

8.1

TUYAFIUUOINTNY
¥ ] ' o 4
8.1.1 dlevimsesnuuusismisoimasewuus el sxdawal ldanunsuouiindanndu

8.1.2 W 1eea1n 193 paUVE 0NN IRIWDULLRAN (Circular array) ¥ 1 aea1meadl

ganmsvsuivvy nazlinuuplmsudnszowaduludnuaesouiane
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8.2 NOEHUAZATIUNUIANLARVDI ININTIINE
[ a ] | a1
A0BINFS DU LS VI ST I IMIALLLS 03 (Notch antenna) (Humseimalulnsaniydn
= a'c:y = [ F=1 o d'l qy a g ey 3 d'{ 1
Uszinnniianiidofvatalszns oy I lasad19afaw i eonuuy afuasanauio 1y
a1 d0 wazawsalFus iy MICs (Microwave Integrated Circuits) 191 (fiosn1naeoInal
a = o ' = = o o 5 a8 A (2 wa e I
dnvazidluseauuser Tunmzdiiviums lenunassmsanudldiianmsiluoyanuaning

ar

wenvniinmvetladanaiauazinai ladimnainvesdummsazfiudinunudasveaids
aunimEn i fiudnszaseenly mvernmaseauiE e fivasgluun uaaedsgli 8.1 &
Snvazvestewvudnimuisamitesn @i 2 Urzanie uuudu s uasuuuiduass Taogui
8.1(a) vWu Idavwen Taluuuidea (Exponential Tapered Slot Antenna %58 Vivaldi antenna)
sUR 8.16) @ulfadusier (Tangential Tapered Slot  Antenna) 3107 8.1(c) 1fUTAams1Tudn
{Parabolic Tapered Slot Antenna) Eﬂ‘ﬁ 8.1{d) Lﬁ)‘uﬂ‘iﬁ {Linear Tapered Slot Antenna) ;.i"lJ’I?.I 8.1{e) Lﬁuﬂiﬁ
#9119 (Lincar-constant Tapered Slot Antenna) 3ulfi 8.1(0 iduTAunion Tluuwioadoriio

{Exponential-constant Tapered Slot Antenna) § 4 8.1{g) Tuiiulaaoiiing (Step-constant Tapered Slot

Antenna) Llﬁsgﬂﬁ 8.1(h) Wunsaluaeios (Broken-linear Tapered Slot Antenna)

<

(N} () (M ()

(9) (R) (%) (%)

3UR 8.1 moaimasownuSod nuuaen (n) dulfanea lduuudea () du ldedude
v Y a ¥ v ' 4 e ' 4
@ ulasmnaTuda 9 1Funse () iduasoiiod @) du ldwwuen uFsadaiios

¥ ¥ [
(%) VuTu Iea il (1) Fuasi linoilsg
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(Broadband) Huuu31msusnszeunduauLIAT (Symmetrical radiation pattern) uazlszeiy Tnavdig

o : : 1 a & ) o = & =
A1 (Low sidelobe levels) 3U% 8.2 uaasmweimadiea Hegnadresdrodanidululnsaaiy

]
~
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317 8.2 muamAII0ad

AINTOMIAIWITIIRDTA13 9 18210 (A. T. Sutinjo and E: Tung, 2004)

a,

dy

I
1.

l.S‘

rued

D

R

fia A1TUE1IWBITIDINIA (Antenna length) AITTAINNTIANNEIINAL

A8 AN YR ImIDING (Antenna width) A23BAIMIANI AT anitsveInus1IALA
AMUBAIgA

fie AE1IB43 84 (Flared slotline length) a2 finumfuanueIndufinutdiga

fio AN 19u8a304 (Flared slotline width) a1s g umifuns swilaveannueindud
AuERIge

9 7202113199704 (Slotling gap)

flo $AlU09adY (Radial microstrip stub) A3 B wmIAunilaluAvoanumInauves
Tulnseansd

fie (@ur1guINA1929PANTDINAY (Diameter of circular slot stb) A3 AUl lud

YOIV AUVDIT O

aunsosnaaun1sn1y Isuen TuuuFualden

Taen

y=Ce" +C,

1 H
C = Y =W . e —ye!

17 Rz i oz Cz - Rz Rz
et —e et—e
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P(y,,z) faga(y,,z) gousniiisulnuenTduuwson

P (y,,2,) fB90(y,,z,) waamoveandulduen Tiluuwdva

substrate metal

Vivaldi patiern

Ui 8.3 tuugimsudnsznsafuveImseINMAIIBAn

mwemaTeadiuuumsusnsznuadunaastagli 8.3 wdiuldnidnduudnssnwesnind
vinunuadesainiu snfufelzvuuulums Saumdduluszuumanlith E-plane)
V3033 E Lazssanuauinuumin (H-plane) n3aszuu H fagilfi 8.4
dmsuaniseiidesmslimveimeunidrduioead liguaniamiloufiumue1NALULTOY
finms Felimsudnszowadusenluson 4 muaimagadiama Welfmnzeulunsissyndidon
nfevioteaduuyFme snfudildsamonimaiieadunsdiduuuursnay fauaaslugld 8.5
WollduvugUmsuinszoweanTuseunniiama TaoldiduluInsansil (Microstrip line) Tuns
tloumdsnuldunaveiniaseannuisor uas1dmatinmsswdynIuuvDINaY (Ring combiner)
dmiunstiouddaandiudunrddurssmsnmaseanui va uas Ivionosuaadeimiiiiidu
Frfamveimaualddunas asiounAndunin (Reflecor)  iindlosfunisiiaTnandunds

{Back lobes) 40414010 TA

E-Plane |
Array

\‘ -
.‘ / : ‘
- \L H-Plane
Arra
Width ’ ‘6' ¥
‘

(n () ()

JUN 8.4 (D) 52U E HAzIzuIl H 909870910A300d
() MuoIMAITIAL AR TusTUI E

(M) TWOINFLNIAIP IR IHSLUIU H
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9. NHNUNIMUITIUATIY (reviewed litzrature) / 1 AWINH (information) ﬁﬁ%m*ﬁ’m
fagiuaoemadieniiFauluss vomsfomsuvy 1 moniniigadie awe1nia
TuTuTwa (Monopole anterra) @109 10 1ANUVYADA (Sleeve antenaa) uazawo IMa lulnsansy
(Microstrip antenna) dmiux1oa1n1alnInTna ifuasnimeafieidnunndiga wsrzdviminm
fanunhsueunis wasueanini fad Inssairavesmos: e hidudou hurenisesnuumazadia
(Chen, Peng, and Liang, 2005) ?hms:naweamumnmﬁﬁmﬁwmuudnszmuﬂém:gnﬁﬂﬁ“’a
BHUUTINUNTIIRUD LT S1m 1 1maii v iquanyuzadsfumoeiniele Ina Soidoue
awornalululna Ao Siassadsdiluudaus s Ml¥iAzms ¥n 480 dmsvmooimauundasn
(Taguchi, Egashira, and Taraka, 1991) 9z511ns w3 1avoamzusinszara w1 Tnawwn liaumnasuss
fai Afdurgudnadnidosgndases fumadniiegsau q weemulaueniFua musinaiin
quédnsuzmioumeatnauuylu Ty Ina fludeidszuiuns1a udmsf Lifiszuunsadiiu Tdedy
fio ot lfasadAududas « Aidulan: sxvinlisas msuoizanaa HOZTUBINMALU AN LAY
o lulnsand:) (Jame and Hall, 1989) Usz poudavd ufifuniuniounnd (Patch) miufania
To leefigishadudmBouyunineSoranay Sazgnusneenninfudaouriussinuns udisnny
wis (Hhussdivesnrunindy)  wasifvanduduniefisoni Fumasavosmnslasanain

Tulnsaniy dSuaaudunedranalums iarumedwmsena desnnddnvazuvusy lidway

»
e o3 o

>
wazersaRafuivea v W wenninfidaiided lundvassiargn dimin uazdianuazain

¥
Tumsasiauazmsani
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1 o a ja & A a9
meomaTesituSuniumvernmalyinsansUsndsunnnilsfifiuounnuinie Tasmuoeims
] - 1 Z1 al  a 3 = ¥
feanuueriivatouvy laud idulfwvwen Tduun@a duldsdude duldams Tuda 1duass
ifuasaoito iduldwuuienTuuwBoasoios  dufuladeifles uazifuasslidelilos
u’/’ Qs r ]
(Rajaraman, 2001) 1482 (Syeda, 2006) BRI IMIUMBDIMIATIIISIEDAIULLAEES 19 1dd UKL PCB
uaglianudwdmiumsUSuaunovosduRuaus (Impedance matching)  Tumistloufidaaiuday
o a o - ' o4 A g A - A Ada
wwululasansyl (Lee and Chen, 1997) datiumiuo1n Ao uUT vrvuTudAMIuAoNMi ALANY
¥ [
mngzauiisluduvesTaggunssliaz e dmiudszynd l¥iunSetedosiunuyl¥molulseme
mdfuusafianudiinfumeomesewuber Ao aveimaieaduudumasaiiluozgiition
' P vy & &

(Gibson, 1979) TasmseenuuuldvenTavesarwaweimadesfivuialvgnininilsvesniuen
a4 oA ' a4 a o o y 4 s g ¥ v A & o oam
adu esnnmeamAsswuuS saligudnsuziuuounine Swemnsadh ldanunhaeueiulasn
Taansiiuladinnasavasduainsa (Kasturi and Schaubert, 2006) A3 1M nduiediurugaszniinga
Houmdenuuaz a10e1mf (Lera, Garcia, Rajo, and Segovia, 2006) dana¥iioasimsvervhiaeudiad
(Kim and Chang, 2004) ‘ifa"lﬁ’ﬁmwsmuauﬂmﬁemﬂﬁﬁw PiezoElectric Transducer (PET) 1ussu1u H

¥

yonnil (Elsherbini, Zhang, Lin, Kuhn, Kamel, Fathy, and Elhennawy, 2007) Tdiweruedaddlums
WusasImsueis aremsaaanunedwanlusewiv 1 Wuavas el ifannuavuasves

' A a ' a o o A S g 9
unugmsurnsgneady Teamsueisndalasu (Polystyrene rod) uazdafiamdsodnuninen’ld
Anwdamis imesnd 1AgveameeImassanuGor wu AnvnlSsuivuFuamsafinangauduiy
AWOIMALOUA ITNADAII0AA (Antipodal Vivaldi antenna) (Hood, Karacolak, Topsakal, 2007) 53H319
RO3006 uaz FR4 lavlafinauinaves msgoudodoundu (Retum loss) uuujiaduszezlna (Far field
pattern) A1IADUAUDIUDUNE (Phase response) NRNHUN (Ground delay) HAZERITINTVUI WU
a d' = :‘I 8 Ao e 1 == =5 ] 4:‘
duamiafifu FrRa ianumnzay ieanlinedid neslinnuihiolumsoesnuuy mafnudegalsei
uandIAuYBITIBa MATa L LS 3R TAayyuen TwuuwuFuag (Dual Exponentially Tapered  Slot
Antenna H38 DETSA) (Greenberg, Virga, and Hammond, 2003) o@D ju51afiunndisfuvesiomuuien
Mzlinanouuuzilmsudnizneadunaluszu E uazszun 11

dwmfunutivuealassnisdesduauemvoiniaunldwurenan laolds ssuuuis e Inoi

» 1
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