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ABSTRACT

The first proposal antenna is designed as the dual-band miniaturized antenna, which cover
698MHz to 960MHz and 2300MHz to 2690MHz frequency bands of the LTE system
specification. The antenna structure isifeed by-the coplanar waveguide structure. We design
the main structure of the antennayto supportsthe lower frequency band at first. And then, we
use the changing of the current path and-the' ground-plane with a slot to provide the dual
frequency band and increase the antenna gain for the higher fréquency band.

The second one is designed as the triple band antenna with covering 1710MHz to
2170MHz further. The antenna structure feed by:the microsteip line structure. As same as the
first one , we design the main structure.of the antenna for the lower frequency band. Create
the higher frequency band and Increase the bandwidth by using the defected ground structure. ,
At last, we meet the designing requirement by changing the current path to separate one

higher frequency band to dual bands.



=5l

gyl

2T R A EhH Y AW SRR B R X gy B R
EFAEUGPE I EIFORAFY oL ERTARFEDECHE A
IR 2 TR ] LR K E s PR RGOk SR RFY

[ ,u"';‘«fl Z o oo

08 - EMATE L AT L - AT L %ﬁﬁﬁ%’“ﬁﬁéiéu
géfm—“}y’"}i 5.1—3 mc__i\gkfé_ﬁ_\;}‘ﬂ‘;}:qupi\f,‘cé}%’\,J‘_?;_ \FE’ Aff'/g, \ﬁ:é%_\
PR S KB - A N Ffe- @Ak 2 2 %0 2 L7 7 dead

line P B — Acf=Feneheae 2 > 3 iR & > A RSHFLE Fadg 7 R 5
x o

BARYLTRERHUE AT IRLMIKRETAEELAR LR A AR
feis s /B~ g;%\ﬂ—wfrj@*«trﬁwg igﬁfri,&gﬁ/ﬂ,p%fbo

PR - AR EFA S AP F Pl R AL e E
A -2y T

REFEREMHREEXF VI B RaRENFTHRTNELERFP 202
PR R Pl gReE D Shine 5’1 Do R E-REFHT Gy
FLhbr@2@mEagfogiae® med ke Hozxg o

BEREHMHAPRA - B R SREBRAFFN RN RIS HH =
*?%°EN#%E$%%?&W0

L\'Ja—»-
o("“ﬂ'
P S
g ==



Table of the Contents

PR B B s |
ABSTRACT ...ttt e ettt e bt e s et e s ettt e bttt e e bb e e sabe e e sabeeebeeesaneas I
=3 = SO I
LIST OF FIGURES.........cooiiiiiiiiiit ettt et \Y%
LIST OF TABLES........c.oooiiii ettt ettt ettt e e e e VIII
Chapter 1 Introduction................oooeiiiiiiiiiiii e 1
1.1. IMIOEIVATION ..ottt et e eat e e ettt e e ettt e e e sttt teeeeeanneeeenaaenee 1
1.2. (@772 3117221 (o) | RSP EPRR P 3
Chapter2 Theories of the Antenna Structure Design.............cccccooviiiiiiiiiiiiin e, 4
2.1. The antenna design for the multi-band antenna..................cccoeoeeeiiiiniiee, 4
2.2. The antenna design for the miniaturized antemma .l s . .ooveeeeeeeiiiiiieeee e, 10
Chapter3 The Small Dual Band:/Anténna for the LTE System...............cccccooiiiiiiinnnnn. 13
3.1 The Basic Theory of Coplanar Waveguide Structlr€rr:. . . ...oovvrvrrereeeieeeirrrrireeeeeeenenns 13
3.1.10 Introduction .......... 88l e b et e e e 13
3.1.2.  Conventional Coplanar.Waveguide on a‘Dielectric Substrate of Finite Thickness ........ 14

3.2. The Main Structure of The Proposed ANtenna: .. .. ccocuvreeiiiiieeeiiiiiieee e 19
3.3. Shift and Increase the Bandwidth of the Higher Frequency............ccoeeeivvieiiiiinniinnnnnen, 25
3.4. Shift the Bandwidth of the Higher Band by Using a Slot on the Ground.......................... 30
3.5. Improve the Antenna Gain of the Higher Frequency Band.............cccccccveviiiiiiiininnnn.nn. 34
3.6. The Comparison Between the measurement and The Simulation ...............ccccveveeeeennnne. 39
Chapter4 The Small Triple Band Antenna for the LTE System..........................ccccccciii. 45
4.1. The Basic Theory of Microstrip Line Structure..............oeeeveeecciiiiiiieieeeeeeiiiieee e e 45
411 INEPOAUCTION .ttt ettt e e ettt e e et e e e e bbeee e e sitaeeeanns 45
4.1.2. Formulas for Effective Dielectric Constant ,Characteristic .........ccoeeeveeeiriiivivienneeenennn. 47

4.2. The Main Structure of The Proposed Antenna..............cceeeveiiiiiiiiiriieieeeeieieee e 49
4.3. Create the Bandwidth at High Frequency by Using the Slot on the Ground Plane ............ 54



4.4, Increase the Bandwidth at Higher Frequency............uvvvvvviviiiiivieiieiiiiiiiiviiiriiinenisreereeenenes 59

4.5. Separate to the Dual band at Higher Frequency ...........cooovioiiiiiiiiiiniieiiieee e, 62
4.6. The comparison with different length of the ground..............ccccoiiiiiiiiiiiiiiiie e, 67
4.7. The Comparison Between the measurement and The Simulation ...............ccccveveeeeennnne. 73

Chapter5 The Comparison Between The Proposed Antennas And The Current Antennas... 81

Chapter 6 Conclusion and Future Study..................ccc 84
6.1. Conclusion and SUMMATY ......cccuueiiiiiiiiiiiiiiie et e st e e e e 84
6.2. FULUIE STUAY ..vvvvviiiiiiiiiiieie ettt e et eee e asesasssssssssssssssssssssaeesnssssnsnsnnnns 85

RETEIEIICE. ...ttt ettt et e e e et ee e e 86



LIST OF FIGURES

Fig 2.1 Multi- Band Internal Monopole Antenna ...........ccceevveeirieeeniiiniveesneeesnieesnnnes 5
Fig 2.2 Novel Design of Planar Multi- Band V-Shaped Monopole Antenna .............. 5
Fig 2.3Multi-band modified fork-shaped microstrip monopole antenna.................... 6
Fig 2.4 Planar multi-band monopole antenna with L-shaped parasitic strip .............. 6
Fig 2.5 Bandwidth Enhancement and Miniaturization of Fork-shaped Monopole
F N 1115311 s PSP P PO TP R UPOPOPPOPPN 7
Fig 2.6Integrated Wide-Narrowband ANtenna ..........cccccueeevieeeniiieineesnieesnieessieee s 7
Fig 2.7 A Compact Monopole Antenna with a Defected Ground Plane..................... 8
Fig 2.8 Miniaturized Triple Band Antenna With a Defected Ground Plane............... 8
Fig 2.9Miniaturized UWB Monopole Microstrip Antenna .........ceeeceveerruveeencveeeneeenns 10
Fig 2.10A Miniaturized Antipodal Vivaldi Antenna..........ccceevvveennieeiniiiniieenineennns 11
Fig 2.11A Miniaturized Multiband Monopole Antenna Using a Double-Tuned
Wheeler Matching NEtWOTK .....c.veeiviieiiiiiieiiiecrie et 11
Fig 2.12Mimiaturized Dual-band Dipole Antenna Loaded with Metamaterial Based
SEEUCLULE ... i T 08 S mmimmms s b s et e eree e et e e s e e s e e e s b e e e st sne e s 12
Fig 3.1The structure of CPW on a finitely Thickidielectric substrate ...................... 14
Fig 3.2 Illustrating of(@) C1y(b)-C25(€) Call... i .cioifueeeiiienieeieee e 16
Fig 3.3 (a) the size ofthe 'main structure (b) the currént path of the main structure 20
Fig 3.4 Reflection coefficient of the main Structure . ... .ooovveeveerieenieiieeeeeieenenn 21
Fig 3.5(a) the current.distribution at 780MHz(b) the=current distribution at
2820MHZ ... i e i e 21
Fig 3.6 the radiation pattern at:‘780MHz of(a)x-z plane (b) y-z plane (c) x-y plane
.......................................................................................................................... 23
Fig 3.7 the radiation pattern at 2820MHz of{(a) x-z plane (b) y-z plane (c) x-y plane
.......................................................................................................................... 24
Fig 3.8 the configuration of Ly, Wh and POSh.....coooiviiiiiiiniiieeee e, 26
Fig 3.9 the reflection coefficient of different posSition........ccceevvveevvieeiniirieeenineenns 27
Fig 3.10 the peak gain value of different positionat 2.8 GHz..........ccccevevvvevvivennnns 27
Fig 3.11 the reflection coefficient of different length.........ccccovvvvviiiiiiniiiiiiiniieenns 28
Fig 3.12 the peak gain value of different length at 2.8 GHz..........ccoccvvvviiiiiniininnns 28
Fig 3.13 the reflection coefficient of different width..........cccoovviiinniiiininiiiinies 29
Fig 3.14 the Peak gain value of different width at 2.8 GHzZ.......ccoovvvviviiiiiniiiinnns 29
Fig 3.15 the configuration of SIZE; and POSq......ccocvvviiiiiiniiiiieieceieccee e, 31
Fig 3.16 the reflection coefficient of different poSition.........cevevveevvveeeniiiieneeniiieenns 32
Fig 3.17 the peak gain value of different position at 2.58GHz........ccccovcuvvirivevennens 32
Fig 3.18 the reflection coefficient of different Size.......ccccevvveerviiiiniiieiniiniieeiieens 33
Fig 3.19 the peak gain value of different size at 2.58 GHzZ ........ccceovvvvevviiiiiniienienns 33

\



Fig 3.20 the configuration of Ly, Wy, POSg..cociiiiiiiiiiiiiiiiiicic 35

Fig 3.21 the reflection coefficient with different position.........ccccceeveveeveevierinneenne. 36
Fig 3.22 the peak gain value with different position at 2.6GHz........c.ccccceevvvrrennnee. 36
Fig 3.23 the reflection coefficient with different length..........ccocerviiiiniiniinnnne. 37
Fig 3.24 the peak gain value with different length at 2.6 GHz..........cccccvvrvinienene. 37
Fig 3.25 the reflection coefficient with different width..........cccoocerininiiiinene. 38
Fig 3.26 the peak gain value with different width at 2.6GHz..........ccceevviriininnnnne. 38
Fig 3.27 the top view of'the fabricated antenna...........coceeeeveriieriiininenicncnecee 40
Fig 3.28 the reflection coefficient of the measurement and the simulation.............. 40
Fig 3.29(a) the current distribution at 775MHz (b) the current distribution at 2520
IMHZ .o e s e s st e s e s 41
Fig 3.30 the radiation pattern at 775 MHz of (a) x-z plane (b) y-z plane (c¢) x-y plane
.......................................................................................................................... 42
Fig 3.31 the radiation pattern at 2570MHz of (a) x-z plane (b) y-z plane (c) x-y
PLANE .. 44
Fig4.1 Geometry of microsteip Jine s sl cveeneieiicieciececc e 47
Fig 4.2 Electric and magnetie field lines of microstrip line .........ccoceeveevveriienvennnne. 47

Fig 4.3 (a) the size of the main-structure (b) the current path of the main structure .50

Fig 4.4 Reflection coefficient of the main structure ..., 51
Fig4.5 the current distributionat 780MHZ .......00.000 e, 51
Fig 4.6 the radiation pattern at 780MHz of (a) x-zplane (b) y-z plane (c) x-y plane
.......................................................................................................................... 53
Fig 4.7 the configuration of LissWhr and Wittt ee e 55
Fig 4.8 the reflection coefficient of different width of the slot on the left side........ 56
Fig 4.9 the peak gain value of different width of the slot on the left side at 2.16GHz
.......................................................................................................................... 56

Fig 4.10 the reflection coefficient of different width of the slot on the right side....57
Fig 4.11 the peak gain value of different width of the slot on the right side at

2LOGHZ .. 57
Fig 4.12 the reflection coefficient of different length ofthe slot..........ccceecvveiennnee. 58
Fig4.13 the configuration of Ly and Wi .eeoeeeeeeeerieenieiiieneeneeieeeeee e 60
Fig 4.14 the reflection coefficient of different width...........cccooeniiniiiiiiniinnnn 60
Fig 4.15 the reflection coefficient of different length..........cccoovevviniiiininiininenn 61
Fig 4.16 the peak gain value of different length at 2.36 GHz.........c.cccvvvvriinnennne. 61
Fig 4.17 the configuration of (a) L; and W, (b) L, and W; (c) L3 and W;............... 63
Fig 4.18 the reflection coefficient of different L .......cccovveeeiiiniiiniiiniiieeee, 64
Fig 4.19 the reflection coefficient of different Wi......cccooceeiiiniiiniiininieee, 64
Fig 4.20 the reflection coefficient of different Ly .......ccceveeeiiiiiiiniiiniiiieee, 65

Vi



Fig4.21 the reflection coefficient of different Wo......cccooveeiiiiiiiniiiniiiieeeee, 65

Fig 4.22 the reflection coefficient of different L3 .......cccccveiiiiiiniiniinninicece 66
Fig 4.23 the reflection coefficient of different Wi.......ccceeveeiiiiiiniiniiniciicece 66
Fig 4.24 the configuration of lyg ...ccoovvviiiiiiiniiiiiiiic 67
Fig4.25 the reflection coefficient with different Lond....oovvvevviviiiiiiiiiiiiiiiiiins 68
Fig 4.26 the radiation pattern at 780MHz on the (a) x-z plane (b) x-y plane (c) y-z
PLANE ...t 69
Fig 4.27 the radiation pattern at 1980MHz on the (a) x-z plane (b) x-y plane (c) y-z
PLANE ...t 71
Fig 4.28 the radiation pattern at 2460MHz on the (a) x-z plane (b) x-y plane (c) y-z
PLANE .. 72
Fig 4.29 (a) the top view (b) the back view of the fabricated antenna ..................... 74
Fig 4.30 the reflection coefficient of the measurement and the simulation.............. 75
Fig4.31 the current distribution at (a) 775MHz (b) 2020MHz (¢) 2490MHz ......... 76
Fig 4.32 the radiation pattern at 775MHz of (a) x-z plane (b) y-z plane (c) x-y plane
.......................................................................................................................... 77
Fig 4.33 the radiation patternat 2020MHz of'(a)x-y plane (b) y-z plane (c) x-y
plane....cccccoveee.ag¥ll- el Pl P R N oo 79
Fig 4.34 the radiation=pattern at-2420MHz0f (a) x-zplane (b) y-z plane (¢) x-y
0] 0T SO SN 0 e TR PUPRRUPRRP 80
Fig 5.1 The Dual band.antenna support part of LTE'specification...........c.cccecueneee. 82
Fig 5.2 A electrically small meander antenna support LTE 700...........cccccecveviennnee. 82

Vil



LIST OF TABLES

Table3.1 the designed value of the small dual band antenna.............ccccoccovvrirrnnanine i 39
Table4.1 the designed value of the small triple band antenna..............cccoouovuriivenrennnnene s 7.3
Table5.1 the comparison between the proposal antennas and antennas on the papers...........83

VI



Chapter1 Introduction

1.1. Motivation

In recent years, Long Term Evolution(LTE)[1, 2] becomes a popular mobile network
technology after GSM(the second generation mobile networks) and UMTS( the third
generation mobile networks). It's a project of the 3rd Generation Partnership Project and a set
of enhancements to the Universal Mobile Telecommunications System(UMTS).

LTE will be internet protocol(IP) based and will provide broader band , high transmission
rate and reduce the wireless network delay. It will have theoretical peak data rates for
downlink of at least 100 Mbps, .an uplink of at ‘least” 50 Mbps and supporting scalable
carrier bandwidths, from 1.4 MHz to 20-MHz

There are two operating,.modes of the LTE system. One is based on time division
duplexing (TDD) and another”is in frequency-division duplexing (FDD). FDD using the
paired spectrum is anticipated to form.the migration path*for the current 3G services being
used . TDD using unpaired spectrum “is ‘providing the evolution or upgrade path for
TD-SCDMA.

In application, the LTE system can support the frequency bands of the pervious
applications and so far, there are 43 operating bands. The bands are below 1GHz in this paper,
we call the lower frequency band. The frequency start from 698MHz to 960MHz, include
Band5, Band6, Band8 and Band12 to Band20. In application, these Bands are supported SMH
blocks A/B/C/D ,Cellular 850, UMTS 800, UMTS850, GSM, UMTS 900, EGSM900 and
EU’s Digital Dividend 800MHz . More than 1GHz but below 2GHz, there are two frequency
bands. One start from 1427MHz to 1660MHz, include Band 11,Band 21 and Band 22 in LTE

operating bands, but right now, there is just one application called PDC in japan. Another



one provide Band 1 to Band 4, Band10, Band 33 to Band 37and Band39. The frequency start
from 1710MHz to 2170MHz The applications include UMTS IMT2100, PCS 1900, DCS
1800, AWS, UMTS 1700, IMT2000. In this paper, this region will be called the middle
frequency band. More than 2GHz and below 3GHz, there is one frequency band start from
2300MHz to 2690MHz and provide the LTE operating bands like Band7, Band 38,Band 40
and Band 41. The applications in this region are IMT-E and IMT 2000. We call the higher
frequency band in this paper. There is still one frequency band more than 3GHz. Start from
3400MHz to 3800MHz , but right now, there are not supporting any applications. So in this
paper, we don’t discuss that region part. But in the future, there will be applications
supporting in this region, so it will be discuss in the future work section.

For the LTE antenna, the design for -the-lower frequency band poses some design
challenges in the antenna portion.of the-mobile terminal'due to size limitations. If using the
regular antenna designs for each mobile terminals ; the size of the antennas will not fit in with

the small size of the applications:



1.2. Organization

In Chapterl, we will introduce this dissertation at beginning and describes the
motivation.

In Chapter2, we will review the papers with multi-band and miniaturized antenna design
in recent year.

In Chapter3, we will present the CPW feed dual band antenna for LTE frequency band.
Firstly, we create the main structure to verify the lower frequency band(698MHz to 960MHz).
For the higher frequency band and the peak gain , we perform the additional current paths and
the slot on the ground. At last , we will show the results of this design

In Chapter 4, we will demonstrate the microstrip line feed triple band antenna for LTE
frequency band. As same as in the, chapter3;~we create the main structure to verify the
frequency band below 1 GHZ sand uwsing the slot-on-the-ground structure and additional
current stubs to match the higher frequency band. Then; we use another additional stubs to
separate the higher band to twefrequency bands. After that, we discuss the ground size effect
for the proposal antenna. At last ; we will'show the results/ of this design.

In Chapter 5, we will compare the volume and numbers of the supporting frequency bands
with LTE system between the proposal antennas and the antennas on the papers.

The last, Chapter6, we will give the summary and the conclusion of all and the future study.



Chapter 2 Theories of the Antenna Structure

Design

In recent year, the miniaturizing and supporting many applications will be more and more
important in the antenna design. So in this chapter, we will discuss the methods for
miniaturized and multi-band antenna . In the first section, we will focus on the multi-band
antenna, and discuss how to create the multi-band from the main structure, the ground plane
and the substrate. The second section, we will focus on how to miniaturize the antenna, as

same as the first section, we will discuss from the main structure and the ground plane.

2.1. The antenna designfor the- multi-band antenna

For the multiband antenna , There are several ways to achieve the aim.

1. Increase the current path'on the mainstructure-[3-8]. The multi band means that there
are many current paths exeiting, many different‘frequency bands. That’s the direction
way to achieve the multi bands. Design the multi stubs are not only creating the multi
band but also matching the wider band. Figure2.1[5] and Figure 2.2[7] shows the
design for the multi-band. Different stubs are supporting different frequency band. The
cost is the antenna gain decreasing by the current distribution of additional current
paths canceling each other.

Another way to increase the frequency band and the higher bandwidth without
coupling and adding stubs is limiting the shape of the main structure like Figure 2.3[8].
The transverse width of the main structure along the longitudinal direction should be

wide at the beginning and then become narrower at the end.



Fig 2.1 Multi-Band Internal Monopole Antenna
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Fig 2.2 Novel Design of Planar Multi-Band V-Shaped Monopole Antenna
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Fig 2.3Multi-band modified fork-shaped microstrip monopole antenna
2. Increase the frequency bands by using the additional stub on the back side of the

antenna [9-11]. The difference fron ious point is the location of additional

stubs don’t on the main stru side of the main structure. The antenna

in Figure 2.4[10] is throt { . te the additional current path to

match the frequency ba g stubs on the back side to

create the lower frequencsy the higher frequency band with the

main structure. The cost is t, the antenna gain may decrease

by cancel the current distribution..

Lt
¥

LE

JI——

Fig 2.4 Planar multi-band monopole antenna with L-shaped parasitic strip
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Fig 2.6Integrated Wide-Narrowband Antenna



4. Using above antenna designing may achieve the multi-band. But most of situations are the
reflection coefficient in the frequency band we want would not lower enough. Without
changing the main structures, we will focus on the terminal of the antenna. The variation of
the ground is one of the method to result the matching on the terminal[13-16].. Figure 2.7[14]
shows how matching the reflection coefficient by using the slot on the ground for the CPW
structure. The location , width and length of the slot are sensitive for the terminal matching.

Figure2.8[15] shows using the same way matching for the microstrip line structure.

Fig 2.7 A Compact MéW‘Defected Ground Plane

" w

]

Fig 2.8 Miniaturized Triple Band Antenna With a Defected Ground Plane



In this section, we will review the effective dielectric constant and characteristic impedance

with finite thickness by using mapping Techniques.




2.2. The antenna design for the miniaturized antenna

The miniaturized antenna means using some technique to support the frequency band
which is lower than regular supporting. And there are several ways to achieve the aim.

1 .Increase the current path[17-22] from the original size of the antenna. If we want the
lower frequency band. The current path should longer than the original one. The actual way is
using the meander line or slots on the main structure to increase the current path. In Figure
2.9[17], the shape of the main structure is from the rectangle and design for the
miniaturization. Figure 2.10[20] shows the method by using the slot on the main structure to
match the lower frequency band.

20 mm N

P

un

3

3

Imm
Fractal monopols
e
FR4
1.6 rnml /‘
——
"'ﬁ
GND

Fig 2.9Mmiaturized UWB Monopole Microstrip Antenna
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Fig 2.10A Miniaturized Antipodal Vivaldi Antenna

3. We also can use the matching network to match the lower frequency band. The antenna can
be shown as the open end network, if we use another network to match. The reflection
coefficient will match the frequency band -we-want. Figure 2.11[23] showing the wheeler

matching network is in front of the CPW-feeding lne with'RO3010 to be a substructure.

Shunt
Inductor Zz
2L,

Wheeler
Matching
Network

RO3010
Ground

SMA hsub2 FR4

Connector hsub1

Fig 2.11A Miiaturized Multband Monopole Antenna Using a Double-Tuned Wheeler
Matching Network
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4. Another way to miniaturize the antenna is using the metamaterial to shorten the electric
length. The metamaterial also can be as an LC resonant circuit with the main structure. The
operating frequency with the metamaterial can shift to the lower frequency .in Figure 2.12[24].

The resonant circuit is determined by the loop inductance and the gap capacitor.

Fig 2.12Miniaturized Dual-ba Metamaterial Based Structure

12



Chapter 3 The Small Dual Band Antenna for the
LTE System

We already introduce the LTE system and the frequency bands in Chapterl. In this
antenna design, we will focus on the whole lower frequency band which start from 698 MHz
to 960 MHz and the whole higher frequency band which start from 2300MHz to 2690MHz.
Band 5 to Band 8, Band 12 to Band 20, Band 38, Band 40 and Band 41 of the LTE operating
bands are supported. Because the lower frequency band need the longer current path, the
longer current path means the bigger antenna size. In section 3.1, we first review the basic
theory of coplanar waveguide structure.. Then;~we' consider that and will be discussed in
Section 3.2. After that, we improve ithe=structure of the Section 3.2 to verify the higher

frequency band and the antenna gain in rest of the sections:

3.1. The Basic Theory of Coplanar Waveguide Structure
3.1.1. Introduction
The coplanar waveguide[25](CPW) proposed by C. P. Wen in 1969 consisted of a dielectric
substrate with conductors on the top surface[26]. The conductors formed a center strip
separated by a narrow gap from two ground planes on either side. The dimensions of the
center strip ,the gap, the thickness and permittivity of the dielectric substrate determined the
effective dielectric constant (g.¢),characteristic impedance (Z,) and the attenuation (o) of the
line.

In this section, we will review the effective dielectric constant and characteristic

mpedance with finite thickness by using mapping Techniques.
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3.1.2. Conventional Coplanar Waveguide on a Dielectric Substrate of Finite

Thickness

Fig 3.1The structure ‘of CPW ona finitely Thick dielectric substrate

The structure shown in Figure 3.1. In the analysis that follows ,the CPW conductors and the
dielectric substrates are assumed to‘haveperfect conductivity , relative permittivity, the con-
ductor thickness ¢ is zero and magnetic walls are present along all the dielectric boundaries
including the CPW slots. Hence the structure is considered to be loss less. Further the
dielectric substrate materials are considered to be isotropic.

The assumptions made are that The CPW is then divided into several partial regions and
the electric field is assumed to exist only in that partial region. In this manner the capacitance
of each partial region is determined separately. The total capacitance is then the sum of the
partial capacitances[27]. Expressions for the partial capacitances of the sandwiched CPW will
be derived first and later extended to the case of CPW on a double-layer dielectric.

The total capacitance C of the sandwiched CPW is the sum of the partial capacitances

cpw

C, , C, and C,;. shown in Figure3.2

air

14



Where C; and C, are the partial capacitance of the CPW with only the lower and the upper

dielectric layers ,respectively. Further C,;. is the partial capacitance of the CPW in the

absence of all the dielectric layers.

(a)

(b)

15
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Fig 3.2 Ilustrating of (a) C4i(b) C2;(e) C,;,

In this case €, =1 and h, = h, =%e0." The capacitance .C;.of the lower partial dielectric

region is given by[28]

K(kq)
C; = 2¢¢(e 3.1.2
1 oer1 — 1) K(k,) (3.1.2)
Where K(k,) and K(k;) are [28]
. sinh (nS/4h;)
ky = sinh [(nS+2nw)/4h, ] 313)

k; =+/1—Kk? (3.1.4)

The capacitance C,of the upper partial dielectric region is given by [28]

K(k,)
3.1.5
1) K() (3.1.5)

C, = 2¢ (Srz

where
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sinh(nS/4h,)
sinh[(nS+2nw) /4h, ]

k, =+/1—K3

2=

when €, =1, we have

C2:O

The capacitance C,;, is given by [28]

K(k3) K(ky)
Cair = 2e9 5~ + 2¢ ;
air 0 K(kg) 0 K(k4)
where
Ko = sinh(nS/4h3)
3 7 tanh[(nS+21w)/4h;]
LaYZ sinh (nS/4'hy)
47 tanh[(nS+27w) /44,
k; =+/1—k2
ky = v1-K;
when hy; = h, = we have
ky =ky =ky = —
3T M TN T gow
and
K(kg)
Car = 489 1%
air 0 K(ko)
Eq.(3.1.1) gives
K(kg)
C = 2¢olepy + 1) 7
cpw 0( ri )K(ko)
Under quasi-static approximation g4 18 defined as[28]
Ccpw
e =
eff Cair

Further vy, and Zjare defined as [28]

(3.1.6)

(3.1.7)

(3.1.8)

(3.1.9)

(31.10)

3.1.11)

(3.1.12)

(3.1.13)

(3.1.14)

(3.1.15)

(3.1.16)

(3.1.17)



C

Vph = (3.1.18)

Eeff

1 1 30m K(ko)

CcpwVph cCairy/ Eeff gefr K (ko)

(3.1.19)

The expression above of g, and Z, is identical to those given by[29]
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3.2. The Main Structure of The Proposed Antenna
To verify the lower frequency band , there are three things to be considered :
1.The center frequency of the lower band is 800MHz. For the monopole structure ,the

electric length is A/4 , Therefore the length(Lyg) at 800 MHz is

30

Log = —: = 93.75mm (3.2.1)

The current path of the antenna design must greater than Lo g.

2.The bandwidth of the lower band is 200MHz(25%), this is such a problem for the low
frequency. The antenna as the mender line structure may not be considered. The reason is
because there are too many corners in the mender line structure, and it cause the antenna to be
the narrow band antenna.

3. Inthe antenna design, the miniaturization has enable the wider range ofapplications, so the
volume of the antenna cant not_be too large.

The above three considerations are the standard of what we-design for. The main structure
is inspiration of [30, 31] and shown.in Figure 3.3(a). We use CPW feed and FR-4 to be the
substrate. The thickness of the substrate is'0.8mm.

The length of the main structure is designed for the lower frequency band and shown in
Figure 3.3(b). The total length is 113.2mm and longer than Ly g, so we except the 698MHz to
960 MHz frequency band will be matched and verified by the reflection coefficient shown in
Figure 3.4. The lower band start from 710MHz to 920MHz and the bandwidth is 310MHz.
We can also confirm by the Figure 3.5(a), the current flew goes through the whole main
structure. There is another frequency band close to the spec of the LTE system but we didn’t
except in the main structure design. The band start from 2620MHz to 2980MHz and the
bandwidth is 370MHz We can analysis the current path from the figure 3.5(b) and the main
current just go around the part of the main structure.

The radiation pattern at 20MHz is shown in Figure3.6 (a) to Figure3.6(c), there is a good
19



monopole pattern and the omni-directional pattern on the x-z plane. At 2820MHa, the
radiation pattern is shown in Figure 3.7(a) to Figure 3.7(c). we can see the x-z plane is not the
omni-directional pattern. That is because the current flew at the higher frequency band just go
around the lower left corner of the main structure, the pattern is on the -x direction. Consider
that the peak gain is less than one, that will be discussed in the section 3.5.

The ground size is restricted by the antenna size and the main structure. This is because when
we further decrease the ground size, the performance of this antenna will suffer a dramatic
degrade , The ground size of this antenna is considered to be appropriate.

The total volume of the proposed antenna(Vol,)(include the ground plane) is

Vol, = 54mm X 26.6mm X 0.8 mm

(3.2.2)

15mm

ll.?mm

(a) (b)
Fig 3.3 (a) the size of the main structure (b) the current path of the main structure
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Frequency(GHzZ)
Fig 3.4 Reflection “coefficient. of the main structure
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(b)
Fig 3.5(a) the current distribution at 780MHz (b) the current distribution at 2820MHz
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Fig 3.6 the radiation pa (b) y-z plane (c) x-y plane

180

(a)x-z plane
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(c)x-y plane

Fig 3.7 the radiation pattern at 2820MHz of{a) x-z plane (b) y-z plane (c) x-y plane
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3.3. Shift and Increase the Bandwidth of the Higher Frequency
In this section ,we will create another path on the main structure to shift and increase the
bandwidth of the higher frequency. .At 2.4GHz, the electric length of the monopole would

be :

290 31.25(mm) (3.2.1)

L —
2.4GHz 2 4x4

If we want to create another path to control the frequency band at 2.4GHz, this additional

current path should be close to L, 4gp,- The position and the length of the stub have to

handle this part. Although it would be better that the current path more and more close to
L, 4gHy » the variation of the antenna gain is also concerned. We use the antenna peak gain at
2.8GHz to be the reference. Notice that the width 6 f'the stub may affect the performance, too .
So there are three parameters : the position ofthe path( POSy, ) , the length of the path(Ly) and
the width of the path(Wy) would"be discussed .and-shown in Figure 3.8.

Figure 3.9 shows that whenthe position near to the terminalksthe bandwidth would increase
from 400MHz to 580MHz, but'the antenna gain would be decreased except POSy, = 23mm
and shown in Figure 3.10.

The Figure 3.11 and the Fiugre3.12 show how the variation of the length of the stub would
result the reflection coefficient and the antenna gain . When the length is longer ,the current
path is more and more close to the length at 2.4GHz, but the antenna peak gain decrease. For
the balance of the reflection coefficient and the antenna gain, L, = 16mm would be a better
choice.

The Figure 3.13 and the Figure 3.14 show the variation of the width of the stub. The
reflection coefficient would not be affected by changing the width, but the antenna gain would.
When Wj, =2mm ,the antenna gain value be better than others.

According to above discussion, the parameters of the additional stub would be POS; =

23mm, L, = 16mm and Wy, = 2mm, The bandwidth of the higher band shift from 2.62GHz to
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2.54GHz and the bandwidth increase from 370MHzto 440MHz .The lower frequency band is

the same as the previous section, 710MHz to 920MHz.
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With Ly = 16mm, Wy, = 2mm

o

-10

-50

oS e o o Posh= 21mm

Fréquency(GHz)

Fig 3.9 the reflection coeflicient of different position

] - a» a» a» a» POSh = 22mm
POS, = 23mm
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------ POS, = 25mm
' I : I ' I ' I
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POSKH(mMmMm)

Fig 3.10 the peak gain value of different position at 2.8GHz
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With POSy, =23mm, Wy =2mm

S parameter(dB)

(0]

-20
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-0.4
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- aos a» a» a» Lh= 15mm
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Frequency(GHz)

Fig 3.11 the reflection coefficient of different length
I ' I ' I
15 16 17

Lh(mm)

Fig 3.12 the peak gain value of different length at 2.8GHz
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With L = 16mm, POS;, = 23mm

(0]

S paranrster(dB

0 ' | ' | ' | ' | ' |
05 1 1.5 2 25 3
Frequency(GHz)
Fig 3.13 the reflection coefficient of different width
1.2
0.8 —
0.4 —
o T ] !

1 2
Wh(mm)

Fig 3.14 the Peak gain value of different width at 2.8GHz
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3.4. Shift the Bandwidth of the Higher Band by Using a Sloton the Ground

For the pervious section, we used the additional stub to shift and increase the bandwidth of
the higher frequency and it's work. But the bandwidth is still not in the region we want. This
section will use the slot on the ground to solve this problem.

In order to create another little lower frequency resonances in the response of the
monopole , a slot was cut out of the antenna ground plane shown in Figure3.15. An square
slot was chosen in order to achieve a effective slot length without having to change the main
structure of the antenna.

For this asymmetric structure of the antenna, the slot on the right side of the ground doesn't
result the reflection coefficient or the antenna gain. The slot on the left side ofthe ground does.
Different positions(POSs) and sizes(SIZEs)-would ‘affect the S parameter and the antenna
gain .

The Figure 3.16 and the Figuré:3:17 show when the slot far from the main structure, the
reflection coefficient will be better, but the antenna gain will be worse. At POSs= 12mm, the
bandwidth at higher frequency start from 2.42GHz and not meet the needs of the LTE
specification. So we choose POSg= 10mm.

The Figure3.18 and the Figure 3.19 show the variation of the reflection coefficient and the
antenna gain with the slot size changing. When the slot is larger, the effect of the reflection
coefficient will be increase and the antenna peak gain will decrease. SIZEg = 3mm x 3mm
would be a better choice.

In the end , we choose POSg= 10mm and SIZEs = 3mm x 3mm to design the slot. The

higher band from 2.26GGHz to 2.82GHz can support the needs of the specification.
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Fig 3.15 the configuration of'S and POS,
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With SIZEg
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Frequency(GHz)
Fig 3.16 the, reflection-coefficient” of different position

' | ' | ' |
8 10 12
POSg(mm)

Fig 3.17 the peak gain value of different position at 2.58 GHz
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With POSs= 10mm
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S parareter(dB)
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meoeee SIZE_ =2mm x 2mm

SIZE, = 3mm x 3mm
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Fig 3.18:the reflection. coeflicient of different size
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Fig 3.19 the peak gain value of different size at 2.58 GHz
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3.5. Improve the Antenna Gain of the Higher Frequency Band

When using additional stub and the slot-on-the-ground structure, the bandwidth at
2300MHz to 2700MHz will match the specification. But the peak gain turn down to 0.2dB
and it should more than one .In this section, we will increase the antenna gain by adding the
stub on the main structure but would not result the S parameter at the frequency we want. We
use the upper half of the space to increase the value. The Figure 3.17 shows the position of
additional stub. As same as the section 3.3. There are also three parameters to affect the
performance. The position of the stub (POS,), the length of the stub (L) and the width of the
stub(Wy).

Figure 3.20 and Figure 3.21 show the difference of the reflection coefficient with different
positions. The variation of the reflection coefficient doesn't rapid change. But the antenna gain
at 2.6GHz would be better with POS=35mm.

Figure3.22, Figure 3.23, Figure 3.24 and Figure 3:25 show.the variation of the reflection
coefficient and the antenna peak gain by differént length and wadth. Because we use the upper
half of the space of the antenna, The reflection coefficient does not change rapidly. We finally
choose POSy= 35mm ,L, = 6mm , W, =4mm_for designed values . The bandwidth at the
lower frequency start form 68§0MHz to 880MHz..For the specification of the LTE system, the
antenna gain below 1 GHz must greater than -10dB. The peak gain at 775MHz is -7.8dB and
can be used. The higher band is form2300MHz to 2700MHzand the antenna peak gain at

2.6GHz 1s 1.5 dB.
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Fig 3.20 the configuration of Ls, Wy, POS,
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With L, = 6mm , W, = 4mm
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Fig 3.21 the reflection coeflicient with (different position
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Fig 3.22 the peak gain value with different position at 2.6GHz
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With POS, = 35mm , W, = 4mm
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Fig 3.23 the reflection'coefficient with diffcrent length
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Fig 3.24 the peak gain value with different length at 2.6GHz

37



With Ly = 6mm , POS; = 35mm
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Fig 3.25 the reflection—coefficient with' different width
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Fig 3.26 the peak gain value with different width at 2.6GHz
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3.6. The Comparison Between the measurement and The Simulation

According to the above sections, we sort out the parameters we use to the Table 3.1. The
fabricated antenna is shown in Fig 3.27, The volume of the proposed antenna is just
1149.12mn?’.In the commercial application, VSWR 3:1 is the regular specification. With the
reflection coefficient, the frequency band for designing have to greater than -6dB and shown
in Fig 3.28.For the measurement, the lower frequency band is from 640MHz to 960MHz and
the bandwidth is 320MHz. The higher band is from 2150MHz to 2920MHz, the bandwidth is
770MHz.

Figure 3.29(a) and Figure 3.29(b) shows the current distribution at 775 MHz and 2570
MHz We can see at the lower frequency, the main current go through the whole main
structure. So the radiation pattern will be the~omni-direction. At the higher frequency, the
main current is just on the left side. Sorthe-radiation pattern will toward one direction.

The radiation pattern at 775SMHz 1s the monopole pattern.and the omni-direction on the
x-z plane as shown in Fig 3.30(a) to Fig'3.30(¢). The peak gain value is about -10dB which is
just the minimum value of the “specification of the LTE system. Fig 3.31(a) to Fig3.31(c)
shows the radiation pattern at 2570MHz .; The main radiation direction is -x direction and the

peak gan is about 1.2dB . Although the value reduce 0.3dB, but still in the range of the usage.

Section 3.2 Section 3.3 Section 3.4
POS, 23mm POS; 10mm POS, 35mm
Ly 16mm SIZE, 3mm x 3mm Ly 6mm
Wh 2mm W 4mm

Table3.1 The designed value of the small dual band antenna




Fig 3.27 the top view of the fabricated antenna
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Fig 3.28 the reflection coeflicient of the measurement and the simulation
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Fig 3.30 the radiation pattern at 775 MHz of (a) x-z plane (b) y-z plane (c) x-y plane
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Chapter 4 The Small Triple Band Antenna for the
LTE System

Except the operation frequency band we design in pervious Chapter(698MHz to 960MHz
and 2300 MHz to 2690 MHz), we want to enable the more wider range ofapplications and the
size of the antenna doesn't change a lot. In this chapter, we increase the middle band start
from 1710MHz to 2170MHz.. The reason we don’t include the bands 1427MHz to 1660MHz
is because the application in this region just one. In the first section, we still review the
basic theory of Microstrip line first. Then in section 4.2, we consider the lower frequency
band (698MHz to 950MHz) to be the main structure*of the proposed antenna. After that, we
create the higher frequency band by using the slot on the ground structure and the additional
stub on the main structure to improve the bandwidth and the antenna gain. At last, we use the
notch concept to separate the higher frequency-band«to the dual band to achieve the triple
frequency band.

4.1. The Basic Theory of Microstrip Line Structure

4.1.1. Introduction

Microstrip line[32] is one of the most popular types of planar transmission lines , because it
can be fabricated by photolithographic processes and is easily integrated with other passive
and active microwave devices. The geometry of a microstrip line is shown in Figure 4.1. A
conductor of width W is printed on a thin, grounded dielectric substrate of thickness d and
relative permittivity €. a sketch of the field lines is shown in Figure 4.2.

If the dielectric constant is equal to the dielectric constant as a free space , we could think
of the line as a two-wire line consisting of two flat strip conductors of width W, separated by

a distance 2d (the ground plane can be removed via image theory). In this case we would have
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asimple TEM transmission line, with v, = cand B = k.

The presence of the dielectric, and particularly the fact that the dielectric does not fill the
air region above the strip (y > d), complicates the behavior and analysis of microstrip line.
Unlike stripline, where all the fields are contained within a homogeneous dielectric region,
microstrip has some (usually most) of its field lines in the dielectric region, concentrated
between the strip conductor and the ground plane, and some fraction in the air region above
the substrate. For this reason the microstrip line cannot support a pure TEM wave, since the
phase velocity of TEM fields in the dielectric region would be c/+/€,, but the phase velocity
of TEM fields in the air region would be c. Thus, a phase match at the dielectric-air interface
would be impossible to attain for a TEM-type wave.

In actuality, the exact fields of a, microstrip-line constitute a hybrid TM-TE wave, and
require more advanced analysis‘techniques-than we are prepared to deal with here. In most
practical applications, however, the dielectric substrate is electrically very thin (d << A),
and so the fields are quasi- TEM. In other words , the fields are essentially the same as those
of the static case. Thus, good approximations for the phase ‘velocity, propagation constant,
and characteristic impedance can be obtained from static or quasi-static solutions. Then the

phase velocity and propagation constant can be expressed as

C
Vp = —— 4.1.1)

NS
B = ko /€e 4.12)

where €, is the effective dielectric constant of the microstrip line. Since some of the field
lines are in the dielectric region and some are m air, the effective dielectric constant satisfies

the relation

1< € <e€p (4.1.3)

and is dependent on the substrate thickness, d, and conductor width W. We will first present

design formulas for the effective dielectric constant and characteristic impedance of micro-
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strip line; these results are curve-fit approximations to rigorous quasi-static solutions[33, 34].
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Fig 4.1 Geometry of microstrip line
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Fig 4.2 Electric| and magnetic field lnes| of microstrip line

4.1.2. Formulas for Effective Dielectric Constant,Characteristic
impedance, and Attenuation

The effective dielectric constant of a microstrip line is given approximately by

€+1 4 €&—1 1

€e =75 2
/1+1201/W

The effective dielectric constant can be interpreted as the dielectric constant of a homo-

4.1.4)

generous medium that replaces the air and dielectric regions of the microstrip. The phase
velocity and propagation constant are then given by Eq.(4.1.1) and (4.1.2). Given the dim-

ensions of the microstrip line, the characteristic mmpedance can be calculated as
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ﬂln (8_d+ﬂ) for W/d31

7 Jee  \W  ad
0= 1207
for W/ >1
Jeo[g+1393+0.667In(g +1.444)] /d
4.1.5)

For a given characteristic impedance Z, and dielectric constant €. ,the W/d ratio can be

found as
geh f A\ <2
w_ e or W/q<
4 2IB—1-I@B-1)+%={In(B-1+4039-22 WS
n 26y e for W/q=2
4.1.6)
where

At /e—+—1 lay (0.23 + E) “1.7)
60 2 €-+1 €r
37771
B e

Considering microstrip as a quasi- TEM lne, the attenuation due to dielectric loss can be

(4.1.8)

determined as
koer(ee—1)tand
g =
2,/ee(e4—1)

where tan$ is the loss tangent of the dielectric. which accounts for the fact that the fields

(4.1.9)

around the microstrip line are partly in ar (lossless) and partly in the dielectric. The

attenuation due to conductor loss is given approximately by [33]

R
O = —

— 4.1.1
T (4.1.10)

Where R = /couo/ 20 is the surface resistivity of the conductor. For most microstrip sub-

strates, conductor loss is much more significant than dielectric loss; exceptions may occur

with some semiconductor substrates.
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4.2. The Main Structure of The Proposed Antenna

As same as in Chapter 3, we first consider the lower frequency band to decide the antenna
size . In Chapter3, we define Lo g to be a notation of the electric length in the monopole
antenna at 800MHz. Still, the designed length must greater than Ly g. For the wider band in
the low frequency, the number of the corners must be minimizing to avoid becoming the
narrow bandwidth antenna.

In this structure, we use microstrip line feed and FR-4 to be a substrate. The dielectric
constant ¢ ;= 4.4 and the thickness of the substrate is still 0.8mm. The structure is shown in
Figure 4.3(a) and the length of the main structure is about 109mm and shown in Figure 4.3(b).
From Figure 4.4, we can see that the antenna support the frequency band from 740MHz to
940MHz. The current distribution in Figure 4.5-showing .the main current is around the whole
antenna structure.

The radiation pattern at 780MHz still a good monopole pattern shown in Figure 4.6(a) to
Figure 4.6(c) , the omni-directional pattern.is on the x-z plane.

The ground size of the proposed antenna s minimized, /if the length is small than 15mm,

the reflection coefficient will change sensitively-bythe variation of the length.

Consider that the volume of the proposed antenna(Volas) is

Voly, = 25mm X 54mm x 0.8mm

= 1080mm?3 4.2.1)

It smaller than the proposed antenna in pervious chapter.
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Fig 4.3 (a) the size of the

(b)
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Fig 4.4 Reflection—coefficient of the mamn structure
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Fig 4.5 the current distribution at 780 MHz
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4.3. Create the Bandwidth at High Frequency by Using the Slot on the
Ground Plane

From the previous section , the main structure just fit the frequency band below 1000MHz.
At higher frequency, there is no bandwidth. In this section, we will create the bandwidth at
higher frequency by using the slot on the ground plane as shown in Figure4.7 .

As same as the antenna we presented in Chapter3. The main structure is an asymmetric
structure ,so the slot on the left side of the feeding line is more effective than the slot on the
right side of the feeding line. There are three parameters that we will be discussed - the width
of the slot on the left side of the feeding line(Wy,), the width of the slot on the right side of the
feeding line(Wy,) and the length of the slot on the ground(Ly).

Figure 4.8 and Figure 4.9 show the"variation-of the reflection coefficient and the antenna
peak gain with different Wy .When Wxyrincrease , the bandwidth at higher frequency will
increase , the gain will decrease except Wi = 3.5mm: Although the peak gains are small for
all valued Wy, but it still can be the basis to decide the value which is chosen. In this case, we
choose Wp = 3.5mm.

Figure 4.10 and Figure 4.11 show the variation'of the reflection coefficient and the peak
gain with different Wy,. There is no significant change in the Figure 4.10. That's the same as
how we expect. We choose Wy, = 4mm to be our design parameter. The reason not to choose
Wi = Smm , which the peak gain higher than Wy, = 4mm is because for the next section, the
performance with Wy, =4mm is better than Wy, = Smm.

The length of the slot is always the important parameter in the slot-on-the-ground structure.
The variation of the reflection coefficient with different length is shown in Figure 4.12. The
slot is more longer, the bandwidth of the high frequency will shift to lower. In this case, we
choose Ly = 10mm because this frequency band is more closing to what we design. The

bandwidth start from 2.08GHz to 2.26GHz
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With Wy, =4mm ,L; = 10mm
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Fig 4.8 the reflection coeflicient of different width of.the slot on the left side
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Fig 4.9 the peak gain value of different width of the slot on the left side at 2.16GHz
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With Whl = 3.5mm ,Lh = 10mm
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Fig 4.10 the reflection Coeflicient -of different width ofithe slot on the right side
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Fig 4.11 the peak gain value of different width of the slot on the right side at 2.16GHz
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With Whr = 4mm, Whl = 3.5mm
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Fig 4.12 the reflection 'coefficient-of different “length of the slot
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4.4. Increase the Bandwidth at Higher Frequency

In the previous sections, we already create the high frequency band and shift to the
frequency we want. In this section, we want to increase the bandwidth to match the LTE
specification (1710MHz~ 2170MHz 2300MHz~ 2700MHz). The technique is creating
another stub as same as we used in Chapetr3.

Because we want to separate the higher band to the dual band, the operating frequency
should start below the frequency we want, So we choose the frequency at 2GHz be a

reference.

300
A, = o 37.5mm (4.4.1)

The location of the additional stubybase on the length of A, and shown in Figure 4.13.

Figure 4.14 shows the reflection coefficient with-different width of additional stub(wpy),
the variation is very small. But-what we choose Wy, = 2mm jissbecause when we use another
values, there are not the proper values [for the next anténna /design.

Figure 4.15 and Figure 4.16 show the reflection coefficient and the peak gain with different
Lihw. With different Ly, just result the bandwidth at the higher frequency band and the peak
gain. We choose Ly = 23mm for designing and the frequency band at higher frequency is

from 2.08 GHz to 2.7GHz.
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Fig 4.14 the reflection coeflicient of different width
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With Whw = 2mm
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Fig 4.16 the peak gain value of different length at 2.36GHz
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4.5. Separate to the Dual band at Higher Frequency

In this section, we will separate this higher band to the dual band to meet the needs of LTE
band ( 1710MHz to 2100MHz and 2300MHz to 2700MHz). We use additional stubs
connected with the main structure to achieve this aim. The structure is shown in Figure 4.17.

The purpose by using the additional stubs is creating the notch point in the reflection
coefficient .Separate one frequency band to the dual band , and still not affect the total
bandwidth . The stubs are composed by three lines. There are two parameters for each line, the
length and the width. Total parameters are six (L;,W;,L;,W;,L3 and W3).

The variation of changing the length and the width are showing below(Figure 4.19 to
Figure 4.24).The variation of changing the length is more than changing the width. Figure
4.19 shows when L; increase, the notch.point-will-move,to lower frequency and changing the
first bandwidth of the dual band«Figure-4:20 shows when W, increase , the notch point will
move to higher frequency and the"bandwidth of these two fiequency band will be changed
rapidly.

The variation of the reflection coefficient ‘with different’liy.and L; is much like the variation
of reflection coefficient with different L; but-changmg smaller . With different W, and W3 , the
changing are getting more and more smaller. We can use L;,W; and L, to control the notch
point and fine tuning with different W,,L; and W3 for the LTE specification. At last, We use
Ly =14.5mm, L, = 4mm ,L3 = 11mm and W; = W, = W3 = Imm to be the designed value.
The frequency band start from 680MHz to 880MHz,1900MHz to 2060MHz and 2300MHz to
2760MHz. The gain values with these three frequency bands are -8.6dB, 0.278dB and 1dB,

respectively.
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(c)
Fig 4.17 the configuration of (a) L; and W, (b) L, and W> (c) L3 and W3
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With W1 =1mm, L2 =4mm, W2 = 1mm, L3 = 11mm, W3 = Imm
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Fig 4.18 the reflection | coefficient, of different L,
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Fig 4.19 the reflection coeflicient of different W
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With L1 =14.5mm W1 =1mm , W2 =1mm, L3 = 11lmm, W3 = Ilmm
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Fig 4.20 the reflection | coefficient. of different L,
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Fig 4.21 the reflection coeflicient of different W>
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With L1 = 14.5mm W1 =1mm, L2 =4mm ,W2=1mm , W3 = Ilmm
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Fig 4.22 thewreflection coefficient of different L3
With L1 = 14.5mm W1 = 1lmm, J2 = 4mm, W2 = Imm, L3 =.11mm
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Fig 4.23 the reflection coeflicient of different W3
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4.6. The comparison with different length of the ground
For the RF system , the ground will support not only the antenna but also the RF devices.

The problem with the miniaturized antenna in design is how sensitive with changing the
ground size. In this section, we will discuss the variation of the reflection coefficient and the
radiation pattern with changing Ignd which is shown in Figure4.25. Figure 4.26 shows the
reflection coefficient doesn’t change or shift by the ground size increases, still support the
frequency band we want. The radiation pattern at 780MHz, 1980MHz and 2420MHz would
not change by the variation of the ground size, just the antenna gain increase by increasing th
size and shown in Figure 4.27 to Figure 4.29.

According to above result, the proposed triple band antenna can use in the RF system and

the performance will not change by the' ground-of'the system.

lgng

A 4

Fig 4.24 the configuration of lymg
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Fig 4.25 the reflection coefficient ‘with" different Lgng
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Fig 4.26 the radiation pattern at 780MHz on the (a) x-z plane (b) x-y plane (c¢) y-z plane
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Fig 4.27 the radiation pattern'at 1980MHz on the (a) x-z plane (b) x-y plane (c) y-z plane

90 J—

135

Lgnd =15mm
180 eeeeeelgnd=20mm
- = Lgnd =25mm

(a)x-z plane

71



Phi

270

|gnd =15mm
180 --....Ignd =20mm
- — |gnd =25mm

270

|gnd =15mm
180 = =====- Ignd=20mm
e = |gnd=25mm

(c)y-z plane
Fig 4.28 the radiation pattern at 2460MHz on the (a) x-z plane (b) x-y plane (c) y-z plane
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4.7. The Comparison Between the measurement and The Simulation

According to the above sections, we sort out the parameters we use to the Table 4.1. As
same as the case in chapter3, the reflection coefficient for designing have to greater than -6dB
(VSWR 3:1 ) in the commercial application.

The fabricated antenna is shown in Fig 4.30, The volume of the proposed antenna is just
1080.12mm’. The reflection coefficient is shown in Fig 4.31. For the measurement, the lower
frequency band is from 610MHz to 930MHz and the bandwidth is 320MHz. The second band
and the third band are 1830MHz to 2150MHz and 2280MHz to 2780MHz, respectively.

The current distribution is shown in Figure 4.32(a) to Figure 4.32(c). At 775MHz , the main
current is through the whole main structure. So the radiation pattern would be omni-direction
on some plane. At 2020MHz, the main currenton-the left and right sides ofthe main structure,
but the phase is 90 degree difference. So-the radiation pattern would be on one direction. At
2490 MHz , the main current iS around the left side of the main structure. So the radiation
pattern would be as the same assthe radiation pattern at 2020MHz.

The radiation pattern at 775MHz it's the ‘monopole radiation pattern and the omni-direction
on the x-z plane shown in Fig 4.33(a)‘to Fig4.33(c). The peak gain value is about -9dB. Fig
4.34(a) to Fig4.34(c) shows the radiation pattern at 2020MHz . The main radiation direction is
-x direction and the peak gain value is about 0.3dB . At 2490MHz, the radiation direction is
the same as the direction at 2000MHz as shown on Fig 4.35(a) to Fig 4.35(c). The peak gain

value is about 1dB.

Section Section Section
4.2 4.3 4.4
Wh 3.5mm Whw 2mm Ly 14.5mm W1 Imm
Wh, 4mm Lhw 23mm L, 4mm W, Imm
Ly, 10mm L3 11mm W3 Imm

Table4.1 The designed value of the small triple band antenna
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Fig 4.32 the radiation pattern at 775MHz of (a) x-z plane (b) y-z plane (c) x-y plane
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Fig 4.33 the radiation pattern’at 2020MHz of (a) x-y plane~(b) y-z plane (c) x-y plane
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Fig 4.34 the radiation pattern at 2420MHz of (a) x-z plane (b) y-z plane (c) x-y plane

80



Chapter 5 The Comparison Between The

Proposed Antennas And The Current Antennas

In this chapter, we will introduce two antennas [35, 36] which are supporting parts of the
LTE frequency band. And then the comparison between these two antennas and the proposed
antennas by the antenna volume and the numbers of the frequency band supporting. In the
miniaturized antenna design , the smaller volume and the more frequency bands supporting is
better.

These two structures are using the meander line structure to achieve the lower frequency
band and shown in Figure 5.1 and Figure 5.2. The first one support not only the 700MHz to
900MHz band, but also using additional stubs-to-provide 1.79GHz to 3.24GHz, that include
part of 1.7GHz to 2.1GHz bandand full-2:3GHz to 2.7GHzband. The substrate is FR-4 and
feeding by the microstrip line structure .The volume: is 4000mm3 (50mm x 50mm x 1.6mm).

The second one use the typically meanderline structure. Withithe proper size of the meander
line and the value of the gap, it'canprovide the frequency start from 834MHz to 1014MHz
Covering part of the 698MHz to 904MHz band.; The substrate is FR-4 and feeding by the
microstrip line structure. The volume is 1576.38mm3(43mm x 23.5mm x 1.56m).

Table 5.1 shows the comparison of the volume and the supporting frequency band between
the miniaturized antennas. We can see the volume of the proposal antennas are 1149.12mm3
and 1080mm3, more less than the others. and number of the supporting bands are more than
others. So the proposal antennas not only miniaturize the volume but also provide more

supporting frequency bands and applications.
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Fig 5.1 The Dual ba e .« of LTE specification

Fig 5.2 A electrically small meander antenna support LTE 700
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antenna

Volume

Support
frequency
band

The dual band

proposal antenna

54mm x 25mm
x 0.8mm
=1149.12mn?’

640MHZz~960MHz
2150MHz~2920MHz

The triple band

proposal antenna

54mm x 25mm
x 0.8mm
= 1080mm’

610MHz ~930MHz
1830GHz ~2150GHz
2280MHz ~2780MHz

[35]

50mm x 50mm
x 1.6mm
=4000mm’

656MHz ~ 937GHz
1982MHz ~ 2564MHz

[36]

43mm x 23.5mm
x 1.56mm
=1576.38mm’

834MHz~1014MHz

Table 5.1 The comparison between the proposaliantennas and antennas on the papers
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Chapter 6 Conclusion and Future Study

6.1. Conclusionand Summary

Here, we will summarize the conclusions of these two LTE frequency band antenna. The
first one is the CPW feed dual band antenna and the frequency band at the lower frequency
from 640MHz to 960MHz and at the higher frequency form 2150MHz to 2920MHz, fully
support the LTE specification below 1 GHz and the range between 2300MHz to 2690MHz.. At
the frequency below 1GHz it can provide the applications such as SMH blocks
A/B/C/D ,Cellular 850, UMTS 800, UMTS850, GSM, UMTS 900, EGSM900 and EU’s
Digital Dividend 800MHz. At the frequency range between 2300MHz to 2690MHz, it can
provide additional application like'IMT-E and IMT 2000. The radiation pattern at lower
frequency is the monopole pattern , the-peak gain at 775 MHz is greater than -10 dB . At
2550MHz, the peak value is about 1.3dB.

Then, the second one is the microstrip line-feed triple. band antenna and the frequency
band at the lower frequency from 610MHz to 930MHz, the middle frequency band form
1830MHz to 2150MHz and the higher frequency band from 2280MHz to 2780MHz., support
part of LTE specification below 1GHz, the range between 1710MHz t02170MHz and the
range between 2300MHz to 2690MHz. Providing the additional applications are IMT2100,
PCS 1900 and DCS 1800, at the middle frequency band. The radiation pattern at lower
frequency is the monopole pattern. the peak gain at 762MHz still greater than -10 dB , At

2000MHz and 2475MHz , the peak gain value are 0.5dB and 1.5dB, respectively.
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6.2. Future Study

In the future, there still have some topics we can research. These two antennas don't
cover all the frequency band of'the LTE , still left the frequency band 1420MHz to 1660MHz
and 3400MHz to 3800MHz and the peak gain value at the higher frequency could be greater
than the proposed antenna.

For the second one, it may be a challenging and promising topic to find the equivalent
circuit model of the proposed notch path structure.

In the after time, the proposed antenna design can be a good candidate for LTE system.
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