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Thesis Title Log—Periodic Dipole Array Antenna for Ultra-Wideband

Communication System
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Program Electronics and Telecommunication Engineering
Thesis Advisor Assistant Professor Paitoon Rakluea, D.Eng.
Academic Year 2018

ABSTRACT

This research proposed a Log-Periodic Dipole Array Antenna for Ultra-Wideband
Communication System. The antenna was analyzed using numerical methods by the Computer
Simulation Technology program: CST Microwave Studio. Its design was based on FR4 base material
with dielectric constant (£,) of 4.3 and 0.8 mm thickness. Its analyzed characteristics consisted of
Return Loss (S,,), Voltage Standing Wave Ratio (VSWR), Gain and Wave radiation pattern, etc.

The size of the antenna was 72.2 x 115 mm’ including log-periodic dipole array 8" element.
The main parameter in the design of the antenna was configuration of scale and distance composition
of dipole elements. This main factor created wide bandwidth covering the use of the ultra-wideband
system.

The result indicated that Log—Periodic Dipole Array Antenna has 1.8 - 12 GHz bandwidth
involving return loss lower than -10 dBi. This antenna has a delay group lower than 2 ns. Its gain
throughout frequency range was at least 4 dBi with its wave radiation pattern of one direction.
Consequently, this antenna is suitable to apply with the ultra-wideband system according to the IEEE

802.15.3a standard.

Keywords: log — periodic dipole antenna, ultra—wideband, directional antenna
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Mmetnedanyaitazmee

c Wave velocity

C Capacitor

cm Centimeter

D Distance

dB Decibel

dBi Decibel Isotropic
dBm Decibel mill watt

E Electric field

f Frequency

f, Frequency center

f, High Frequency

f Low Frequency

GHz Giga Hertz

h Thickness of substrate
H Magnetic field

kbsp Kilobit Per Second
kV Kilovolt

L Long

m Metter

Mbps Mega Bit Per Second
MHz Mega Hertz

mm Millimeter

mp3 MPEG Audio Layer3
mW Mill watt

Q Quality Factor

R Radiating

r Radius
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) a Y] w d )
MeBLnadaanyaazA Lo (A1)

Rx Receiver

Si»S,, Reflection coefficient
S, Sy, Transmission coefficient
SNR Signal to Noise Ratio
SVD Singular Value Decomposition
t Thickness of microstrip
Tx Transceiver

uW Microwatt

Vp Phase Velocity

Y Wide

E Electric field vector

H Magnetic field vector
v, Phase velocity

Z, Characteristic impedance

Z, Input impedance
a, Metallic attenuation constant
a, Dielectric loss

Radiation characteristic
Y Propagation constant
c Absolute permittivity
g, Relative dielectric constant
Eyr Effective dielectric constant
n Intrinsic impedance
Ao Wavelength of free space
A, Wavelength of material
o Electric conductivity
® Angular frequency
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MeBLnadaanyaazA Lo (A1)

ADC Analog to Digital Converter

ADSL Asynchronous Digital Subscriber Line

BPSK Binary Phase Shift Keying

BW Bandwidth

CCK Complementary Code Keying

CDMA Code Division Multiple Access

CST Computer Simulation Technology

DCS Digital Cellular System

DSS Direct-sequence Spread Spectrum

DVD Digital Versatile Disc

EDGE Enhanced Data rates for Global Evolution
EIRP Equivalent Isotropically Radiated Power

ETSI European Telecommunications Standards Institute
EV-DO Evolution-Data Optimized

FAA Federal Aviation Administration

FCC Federal Communication Commission

FNBW First null beam width

GMSK Gaussian Minimum Shift Keying

GPS Global Positioning System

GSM Global System for Mobile

HPBW Half-power beam width

HSPDA High Speed Downlink Packet Access

IE3D Integral Equation Three Dimensional

IEEE Institute of Electrical and Electronics Engineers
IMT2000 International Mobile Telecommunications for the year 2000
ISM Industrial Scientific and Medical
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) a Y] w d )
MeBLnadaanyaazA Lo (A1)

MAC Media Access Control

MIMO Multiple-Input Multiple-Output

NLOS Non-Line-of-Sight

NOI Notice of inquiry

OFDM Orthogonal Frequency Division Multiplexing
PAN Personal area network

PDC Personal Digital Communication

PHS Personal Handset System

PPM Pulse Position Modulation

QAM Quadrature amplitude modulation

QoS Quality of Service

QPSK Quadrature Phase Shift Keying

Radar Radio detection and ranging

RF Radio Frequency

SNR Signal to Noise Ratio

SVD Singular Value Decomposition

TEM Transverse Electric-Magnetic

™ Transverse Mode

UMTS Universal Mobile Telecommunications System
UNII Unlicensed National Information Infrastructure
UWB Ultra-Wideband

VSWR Standing Wave Ratio Voltage

WiFi Wireless Fidelity

WiMAX Worldwide Interoperability for Microwave Access
WLAN Wireless Local Area Network

WPAN Wireless Personal Area Network
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M f® Permeability in Vacuum = 47 107 H/m

& f® Permittivity in Vacuum = 8.85418x 102 F/m

48



HNUA 4

1.514
w 8e

—=————=1.949
PRI

w=1.488

9
Y

wiv manundvessoidyanaeg 19uuia 1.488 dadmas

3.1.3 MI0ONUULUYUIAVDIEIEDINA
Y dal < AaAa a 9 A
Tun1509 VD TATITIINNUFIUYDINIIDINIAADANITOOANADINI 1T
Y o A 9Yq 9 ydéj a a s 1
Poivuavesdigomenie 19 1501 laadu Tagnasanwisiiweinddiulumsilsznon
9 [ . . & A v o Jdo Ja o
A1801MA 1aun A1 T (Scaling factor) (e8¢ o (Spacing factor) FINANVFAUWUTNULUUAIANUD
e mAuazdlinaaensiiyuiunuITz DY 1IN 91951 IR aee ImaATuwIa ng)
Fargih I luazaanaensldau daymlumsidenar © Ae dudenalndifesiy 1.0 i ld
b4 1)
ladasvenegauas uIuueIdlsznoy (Element) Uua1e0IMANLINTY HAD1HINAONATNAT
a wa 1 I A
iyl aaauiaaen vesaeemani lemealasuwlaslauin
o Y] 1 ~ Y a 1 =) [ A 9Yyq 9 Y 1 '
d115ua190 o NApINTUNTWREINY T e 1 IFau lAvdramunz ey wu
=S a o Yo o
windannnmnu Iz Ideasveoding
a a 4 3 Y o Aa =3 a 14 A Y
UONDINIEHINTUINIIINIADTNIADILAITINIITADILVUIAN 1o 1A
~ va o A A @ qul a P J
dwemalauautiadiuaue luaudNdesnslHau auiuuuuIanioonuuudesInn i
da Iy
HUUAIANNADINITETUD
T A9 MUTUVUIATZEL 1 (Scaling factor)
o A iladeszerving (Spacing factor)

g

av dy Y Yy <] A @ Jq9 ¥
ﬁ]ﬂ@iﬂWﬁiuﬁiu’J%ﬂu llﬂfq]ﬂ@ﬂﬂll‘]_lﬁslﬁNﬂluwﬂlaﬂLW@iﬂﬂiﬂﬂﬂﬂwiﬂﬁgfalﬂ@(lclf

o 4

i1 v Y
vgUnsaidedts 1fmevuannm nazlinanouaueInsoUAqUETUANUDAILA 1.8 — 12 GHz

49



o A ' Aq ¥ A LA o I7q ¥
HaZoNI VeI ABYRIA 8D INIARABAGIUANND 1FuTiA1 4 dBi e sz gna e

szuudans1 AU auNIAsgIU IEEE 802.15.3a 314 1dfvuam ©=0.7 uagm 6=0.12

=7
a=tan | ——
40

o A9 AYNVBIAIBDINIA (D371)

Tag

4 1
nNuiIMsf I B, B tag B, tiounumasluaums 3.4)
B, = Bx B,

UNUAT

B=f, / f, =(12x10° /1.8x10°) = 6.67

£, Av Anudigangea

A1 B, 91naumsn (3.6)
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MINUIUMNDATITIUUVUAIAN (Bandwidth ratio)

BW:QA (4.3)
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HEINNITIAMEINUVDIAIEDINMANWNAIUTUNF19AUD 1.8 - 12 GHz 811150
s nnammdanvesnnaunsi 4.6 lasimualiszesiiaseninaisemanadaniy
F5uiY 2.3 m F99z ldadas1verevesaieona uazlSouisudunanissanaaslu
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3 5.978 4.055
4 5.041 4.829
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7 5.226 4.648
8 4.546 4.079
9 4976 4.301
10 4.794 4.055
11 5.084 4.739
12 4.800 4.575

DNTIVYLINAEY 4.945 4.070
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qu‘}JL!,‘]J‘]JLLu’ngﬂjﬂ (E,) ﬁmm’ﬁ 1.8 GHz, 2.45GHz, 3.5 GHz, 5.2 GHz, 7 GHz, 9 GHz 11a¢ 11 GHz
fade il

4.1.6 LUVFUMIUANGINUYDIAEDINA

51 414 msnadeuanuugdmsusdndsnunuuaun lihszes lnavesangeimaa 3a9
Y Y =X 9
HUDATHUNDIVN
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0| — = Cross-Pol Measurement 0l — = Cross-Pol Measurement

30 0+ 30

-104

=20

=304

=204

-10

TEUIY XZ eI YZ
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=304
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0 = = Cross-Pol Measurement

30

U XZ UL YZ

‘]Jﬁ 4.17 lL“]J“]J‘iTJﬂTiLLNWﬁQ\ﬂHﬁuﬂJi Elwklﬂaﬂﬂ’ﬂllfl 3.5GHz
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= Co-Pol Measurement = Co-Pol Measurement

0| — - Cross-Pol Measurement 0 — —Cross-Pol Measurement
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