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Design of the Dual-Band Circularly Polarized Antenna and

a Dual-Band High Isolation Multi Input Multi Output (MIMO) Antenna

Student: Yi Mao Lin Advisor: Dr. Christina F. Jou

Department of Communication Engineering
College of Electrical and Computer Engineering

National Chiao Tung University

Abstract

This paper proposes two designs of -antennas.-One is the research of the dual
band circularly polarized antennaand another design is.dual band high isolation multi
input multi output (MIMO) antenna.

For the first topic, according the spiral-antenna, we designed the circularly
polarized antenna with circular strips. It made the current go to circular paths. To
improve the Left Hand Circularly Polarization (LHCP) gain at positive z axial. We
added a circular pad on the back of the substrate. From the simulation and
measurement, it observed that the LHCP gain enhanced, really.

Then, another topic, we discussed the method to enhance the isolation between
two port antennas. According some reference, high isolation was achieved by etching
slits into the ground plane[2]. Ground branches were applied in to achieved low
mutual coupling within a narrow frequency band. Parasitic elements were added to
improve the port isolation of a MIMO antenna[1]. In this work, we studied the slot
line on the ground, the slot line could equivalent to RLC series circuit, when it at

resonant frequency it could radiate to decouple the two elements antenna.
[



The two proposed antennas are designed at 2.5GHz and 5.2GHz, they could be

applied on wireless communication.



AR R SR M ARSI E o B AR FE R B
1& m%lﬂ%:' EAH AR K '1(% & che F o EEANTL I Ty m’?ﬁ:fp | &

FroEm aFy 3 ik o RWrgd RIS R gE L R
BAiH i R E R R e R AH e gL o
WA EAG(TR) A TR G A e R g RS

TAFE 0§ etk R o BTG 0 R T AR - SR

ME 92 E Rk

\n

IR AAPER - BRI E L Rgte

T LGP (A2 SRR AN TR R BRI RPN 2
Predf 2% o o B B R A GwT T 80 IRA S auE ik o

Bate £ L

LA CIEE DR E s S8R Bl VRV SR SR N I
Ay i

BSE R (Fris) > B S B Asi A R A §iK 3 Monopole » 3 - 4=
FUEAEE B L nA T RE B R F 2 SR BB A
g L o

Bt K (et BRI AT Y g HHFIEEHT Sinuous ¥

REAEF e - EEFE L ‘«*JL.E ol % A A HFSS T p ¢ j“‘,ﬁ:j}gj

éﬁ»ﬁﬁ»ﬁ#%‘?i(:ﬁﬁf‘)’ FAx ﬂp;&‘ VP RN 2o - o E K nd 2y - 7
R3 % L R#Im e kT 1wz SNSD = &3 St pFendn i o 3 - vh 2%

‘Frsq\l; IR 3 k) Y

WAL K] B (TF ) o Py e - B e HE T E M AN
FIeOF R L3 0 Al e Sam - X APEIR- FAIPRT hiFTh
WFapEkos Bo@APHIAEY Fw KB FL kT o

Se 4 (06 Ade@e kP hiad- B9 2RI B REY HEEE



nieHEEE m{,l;é;’mmj@b » Be @ RAR 2 AP X X 3 A% Battle 53§ o
&ﬁ)ﬁ&ﬂ&TQM’ai’ﬂﬂmﬁﬂw’@4uW2w’ﬂrzg 4 919 >

AF PR FL AR ek 919

WP 2 (R2)0 - TR el anbiet s Agefis 2 DR R

WspE R > & 2 £ v B A oA EHINHAFEA] B T FE R F Ak
SIR— BLpER nfll o AT OR R KA Rk - Mo w BA A E X

ArRpE > HF PRI B Ieamp | VR E AR - B B RS o

ST AR (R > HHRA - P e - e A1k SNSD e o R A
TN I TV L myj}uz TaFIEL A Pkt ol e LR #Hin 2§83 5 g AR A
F2RMIT FRE X 4 A L A AR EED o

DRI S F i SR

BN (TR v B AL AT 1 AR (— )FF i) “%f TR F S RE
TR EeEE R A o AR VA B T G g;f%i.%{o

WHHER K - i Tierds o P P Taei o Flefsr— A 4 T g
BTy O § o BT FT AR VR SER Y > AL b

B GRdE) > I fr i - - "8 SR HREF R F IR 47
Bligs 5 U ed N edgned kg e o

P B (AL IR % o EATE A A BT R 5
HEAEAREAE L B F BN E L L Be @ L g A g R

Reedang s - %0 2" R i

-
liial
T
4
\!
b2

de 5 (R ) > B R iR AIC eh¥Tl > 102 Rile %0 2 AEH

e

:f[";g'i... ’7‘@7‘32:'( y 4 g\'é‘}\'/ki;/ﬁ—;im—‘?—o
B G R BT AL BB A Y A FRATA LI DT R

2 Tl ARE A AN R AR KRR B S i

Vv



4.;,7&?1 mp g i e SEART U E f]'jt‘i‘:i"—\% EEHITE T F Y p
Yoo

EERE LS UETCEDRE S-S N E L N
P R4S RAT TR | R AL B AT LR - A
FATEHET KA Z 4o REESE o

ul B 3

WA g R ON ) WM LA - TR L Sl o R
Frig A 3% AR o Kf Tyt SR a‘ﬁ o obos RE SN s A P
e ¢ - s BRE 0 A - A FT R A 11 & T-11 A e B SNSD = &
PR e for BOdEF B X HEHR AN D AR R 27 P IRd 7 - B
HApde-

FAFL2 &4 Faey & maafit > LA 82 x5 ffi(-be)f]“ = EARU R A ]
FIhE E L Tk o G ULT)TF“ !

WA AR 0§ § B BN e T AT R s B R R
BB G x
Feros e iRAns s fisenA AN E R shAe s 3 ¢ IRl F o PRGN

%&

DA §§ AT R R R TR AR T

FoE o AR E R AR MR IR S A g R o A W PR
FEAG L B T 4 0 R AL E R T o

&Q’ﬁﬁﬁ’ﬁ%$?EZifaﬁﬁ%%gﬁ%{%ﬁﬁ#»@&%%
FenF g frao s BRI A S HEHN  RAD w0 L e
%’$@ﬂ§iﬁﬁﬁﬁ4{ﬁﬁ&%ﬁ—%gﬁ%oﬁﬁiﬁ’{ﬁﬁﬁz
EB SRR o M A WL F T FFE R AR AR RETR o

Bfs L - H~ILAaF 919 1i5E 919 A2 E-919

Vi



Table of the Contents

i O |
A ACT. ..ottt ee e e e e ———————— e a e —— I
EESt . SO SRR UROP R OPROPRR v
TABLE OF CONTENTS . ..ottt ettt e e e e e e e e VIl
LIST OF FIGURES . ... .o IX
LIST OF TABLES ... ettt e et e e e e e e e e e Xl
CHAPTER L oo ettt e e e e e e 1
INTRODUCTION ... 1
1.1 IMIOTIVATION ettt Bt it EE S a0 e et ettt e e e e e e e et e e e e e e e e e e eeeeas 1
1.1.1Motivation of Circular Polarized ANtENNa:.. cco.eceeeeeeeeeeeeeeeee 1
1.1.2Motivation of Dual Band MIMO ANLEANG. L ite e e, 2

1.2 ORGANIZATION ..eeeeeeeeeee e s mnn e e e e e e e sat et ot e e e e e e eetee e e e e eeeeeeee e aeseeeeereennnnaaens 3
CHAPTER 2 oot 4
A 2.5/5.2GHZ DUAL-BAND CIRCULARLY-POLARIZED ANTENNA .................. 4
2.1 2] (O I [=(0] =3 2T 4
2.1.1 Theory of the Microstrip Line StruCture.........c.ccooevereneneneninesieeeens 4

2.1.2 Formulas for Effective Dielectric Constant, Characteristic Impedance,

Y00 N (=] 00 =LA o] USSR 7
2.1.3  POIAZATION ..ot 9
2.2 2.5/5.2GHz DUAL-BAND CIRCULARLY-POLARIZED ANTENNA DESIGN ........ 14
2.2.1 Schema of ANtENNA STIUCTUIE.........eeviiieiieie e 15
2.2.2 The part of the structure diSCUSSION ..........ccovririririiiiese e 17

Vil



CHAPTER 3 . 29

A 2.5/5.2GHZ DUAL BAND MIMO ANTENNA .......cooiiiiiieieie e 29
3.1 BASIC THEORY ...ttt 29
3.1.1 Theory of Multiple-Input Multiple-Output (MIMO) Antenna................. 29
3.1.2 Theory of Half-Wave Dipole ANtenna.........ccccooveieieieneneniieseeeeeees 31
3.1.3 Theory of the IMmage TheOrY .......cccveiiiieiiecece e 34
3.1.4 Theory of the MONOPOIE ........oiiiiiiie e 36
3.1.5 Theory of the Defected Ground Structure ..........cccccvevvevveveevieseeieeieenn, 37
3.1.6 Modeling of Defected Ground Structure (DGS)........cccoovvrininininniecnenn, 38
3.1.7 LC and RLC Equivalent Circuit Modeling..........cccccoevveveiieiieieeienn 38
3.2  2.5/5.2GHz DuAL BAND MIMO ANTENNA DESIGN ......ccviiriininiesiieieeeeen, 42
3.2.1 Design 2.5/5.2GHz Dual Band SISO ANteNNa ..........c.cccoevvevieieecieciennn, 42
3.2.2 Design 2.5/5.2GHz Dual Band MIMO ANtenna...........cccoceveniinnieinennn, 43

3.2.2 Using DGS Structure to enhance the Isolation between Two Antenna
elements ......cccvvvvvvvevvn e TR 46

3.3 SIMULATION AND MEASUREMENT RESULTS FOR 2.5/5.2GHz DuAL BAND

MIMO ANTENNA ..ottt bttt b e nb e et nneenne e o1
34 CONCLUSION.....ciiiiiiieitieie sttt 59
CHAPTER 4 ...ttt ettt sb e b e ne e e neee e 60
CONCLUSION AND FUTURE STUDY ..ot 60
4.1  CONCLUSION AND SUMMARY ....ccviiuiiiiaiinieesieastesnesieessessnesseessessesseesseesessns 60
4.2 FUTURE STUDY vttt 61
REFERENC E ... oottt ettt bttt et nne e nes 62

VI



Fig.
Fig.

Fig.

Fig.
Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

LIST OF FIGURES

2.1  Geometry of MIiCroStrip lNE .......cccooieiiiiiici e 6
2.2 Electric and magnetic field lines of microstrip line...........ccccovvevvivcivennennn 6
2.3 RHEP with traveling direction in the +z-axis and tilt angle T with respect to

the PrINCIPIE @XIS ..vc.viiveeiieeie et 12
2.4 Modified-axis RHEP presentation ... 13
2.5 Geometry of the proposed antenna (a) Top side view (b) Back side view..16

2.6 Main structure of the proposed antenna (a) Top side view (b) Back side

VW Lottt ettt bbbttt bbb bbbt 18
2.7 Return loss of the main structure antenna ..........ccccceveeeerieeresieseene e 18
2.8 The simulated axial ratio of the main structure antenna..............ccoceevevenee. 19
2.9 Surface current distribution for the main structure antenna...............cccco.... 19
2.10 The main structure antenna with the slot on the ground

(@) Top side view (D) BaCk SIAE VIBW...oc...cuiur e iverieiieiieieieie e 20
2.11 Surface current distribution for the proposed antenna at 5.2GHz ................ 21
2.12 The variation of the 5.2GHz axial ratio With the Dy.....ooovvevveviiiiiiieiiiiieeee 21
2.13 Geometry of the proposed antenna (a) Top side view (b) Back side view ...22
2.14 LHCP gain at positive z-direction with different R2...........c..ccccovvininnn, 23
2.15 The measured and simulated results for Return Loss curve of the proposed

01 (=] 0] ST PR ORI 24
2.16 The measurement and simulated results for axial ratio curve of the proposed

01 (<] 0] PP PR OPRPRR 25
2.17 Measurement LHCP and RHCP radiation patterns of the proposed antenna at

YZ plane (2) 2.5GHZ (0) 5.2GHZ. ....cocooiiiiiiiiie 26

2.18 Simulated and measurement LHCP radiation patterns of the proposed



Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

antenna at YZ plane (a) 2.5GHz (b) 5.2GHzZ .......c.cccoviiiiiiiiiieeeee i, 27

2.19 The comparison with circular pad on the back of the substrate and LHCP

gain at POSItIVE Z AIrECLION. ........coviieieieiec e 27
2.20 Fabricated the proposed antenna (a) front view (b) back view .................... 28
3.1 The diagram of SISO, SIMO, MISO,MIMO.........ccceceiiiiiieniiiiienieie e 32

3.2 The half-wave dipole
(@) Current distribution 1(z) and (b) Far-field radiation pattern F(@)........... 33
3.3 Ideal dipole above and perpendicular to a perfectly conducting ground
plane Physical model and (b) Equivalent model using image theory ......... 35
3.4 Ideal dipole above and parallel to a perfectly ground plane
Physical model and (b) Equivalent.model using image theory ................... 36
3.5 Ideal dipole above and obliguely oriented relative to a perfectly ground
plane Physical model and (b) Equivalent madel using image theory ......... 36

3.6 Monopole antenna over perfect ground.plane with their image (dashed) ...36

3.7 Side view of Dumbbell-shaped DGS. it i 39
3.8 Top view of Dumbbell-shaped DGS ..........c..ccoooieiieiiiieecceseee e 39
3.9 LC equivalent circuit of single cell dumbbell-shaped DGS......................... 40
3.10 One-pole Butterworth prototype Low Pass Filter............ccccoveiieieiiennn, 40
3.11 The main structure of antenna with one element (a) Top side view (b) Back

SHOB VIBW ..ttt ettt e e e e e e e ettt e e e e e e e e e eeeeas 42
3.12 Simulated return loss of one element aNteNNA........ovvveveveeeeeeeeeeeeeeeeeeeeeeennn 43

3.13 The main structure of the MIMO antenna (a) Top side view (b) Back side

VB e 44
3.14 Simulated return loss of main structure MIMO antennas........cccccveeevee...... 44
3.15 Simulated isolation of main structure MIMO antennas........cccccvvevveeveveen.. 45

3.16 The structure of the MIMO antenna with the middle slit (a) Top side view
X



Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

3.17

3.18

3.19

3.20

3.21

3.22

3.23

3.24

3.25

3.26

3.27

3.28

3.29

3.30

(D) BACK SIUE VIBW ...ttt 47
The comparison isolation with and without the middle slit....................... 47
The comparison surface current distribution at 2.5GHz.............ccccceeeenee. 48

The proposed 2.5/5.2GHz dual band MIMO antenna structure (a) Top side

VieW (D) BaCK SIdE VIEW .......ceovieiiiie e 49
The comparison of return loss with and without the two slits................... 50
The comparison isolation with and without the three slots ....................... 50
The simulated return loss of the proposed MIMO antenna....................... 52
The measurement return loss of the proposed MIMO antenna.................. 52

The measurement and simulated results for isolation of the proposed
101 (<] 0] 0 D OO PPRRTPPRP 53
The port 1 radiation pattern about-simulated and measurement result at

2.5 GHz (a) XY plane (b) YZ plane () XZ plane.........c.ccccoovnvrviinnnnn, 54
The port 2 radiation pattern about simulated and measurement result at

2.5 GHz (a) XY plane (b)-YZ plane(€) XZ plane.......cccccccvvvverveerseennnn, 55
The port 1 radiation pattern about simulated and measurement result at

5.2 GHz (a) XY plane (b) YZ plane (c) XZ plane.......cccccccevvvevveerseennnnn. 56

The port 2 radiation pattern about simulated and measurement result at

5.2 GHz (a) XY plane (b) YZ plane (C) XZ plane.......cccccccvvcvevveerseennnnn. 57
Computed envelope correlation for the MIMO configuration .................. 58
Fabricated the proposed antenna (a) front view (b) back view.................. 58

Xl



Table2.1

Table3.1

Table3.2

Table3.3

LIST OF TABLES

Dimension of the Proposed Antenna ..............cccoovviiiiiiiiiiinieenn. 16
Dimension of the Single element Antenna......................ocooiiian.. 42
Dimension of The Main Structure of the MIMO Antenna ................... 45
Dimension of the Proposed MIMO Antenna ..................coeevenvenenn... 49

Xl



CHAPTER 1

INTRODUCTION

1.1 Motivation
1.1.1Motivation of Circular Polarized Antenna

Circularly polarized (CP) antennas have attracted much attention for mobile
wireless and satellite communications because they allows for greater flexibility in
orientation angle between transmitter and receiver antennas, better mobility and
weather penetration, and reduction in multipath reflections[3, 4]. Circularly polarized
antennas have been especially employed in modern communication systems sensitive
to atmospheric variation, such as radar tracking, navigation, satellite systems, radio
frequency identification (RFID), sensor systems, and mobile communication
systems.[5-7]

In general, the radiation patterns of printed antennas are linearly polarized (LP);
they are difficult to radiate circularly polarized radiation wave generated by two
near-degenerated orthogonal resonated ‘modes of equal amplitude and 90° phase
difference. Another to generate circularly polarized radiation wave method is let the
current paths circular, such as spiral antennas[4, 8-10]. With spiral antenna, the
feeding is a hard work. We applied the circular path idea, but we chose the microstrip
feeding network. Microstrip antennas are attractive to present wireless communication
products because of the features of low profile, low cost and easy manufacture.

The proposed antenna is compact with overall size on 50mm x 50mm printed on
FR4 substrate. In this paper we present a novel structure antenna that can provide

dual-band CP radiation for wireless application



1.1.2Motivation of Dual Band MIMO Antenna

Nowadays, there is a demand to increase the data rate of existing wireless
communication systems. The application of diversity techniques, most commonly
assuming two antennas in a mobile terminal, can enhance the data rate and reliability
without sacrificing additional spectrum or transmitted power in rich scattering
environments[11, 12]. When a MIMO antenna system is applied in a multifunctional
portable device, wideband and high isolation are demanded. Various techniques have
been reported to enhance isolation between the elements of a MIMO antenna system.
High isolation was achieved by etching slits into the ground plane[13]. Ground
branches were applied in [14] to achieved low mutual coupling within a narrow
frequency band. Parasitic elements were.added to improve the port isolation of a
MIMO antenna system[15]. Since the implementation of additional parasitic elements
occupies a significant space, this technique is not attractive for handset devices.

In practice, low-profile -planar antennas.are more preferred so that antenna
radiators can be easily integrated-with other printed circuit board (PCB) components
in portable devices. The dual band MIMO antenna was fabricated on FR4, and the
size was 65mm x 45mm. For the purpose, the MIMO antenna covers 2.4GHz
WLAN(2400-2480MHz), 2.5GHz WiMAX(2500-2690MHz), 5.2GHz
WLAN(5150-5350MHz), 5GHz WiMAX(5250-5850MHz) and 5.8GHz WLAN

(5725-5825MHz).



1.2 Organization

Thus dissertation is divided to four chapters and is organized as follows:

In chapter 1, the outline and the motivations of two researches are introduced.

In chapter 2, we will present the dual band circularly polarized antenna with
double C shape strips structure. Before that we will introduce some basic theories
such as microstrip network, Linear polarization, Elliptical polarization, Circular
polarization and Axial ratio. After introduced the antenna structure, we will show the
simulation and the measurement of the proposed antenna and make a short
conclusion.

Next, in chapter 3, we will demonstrate a dual band MIMO antenna system with
the defected ground structure (DGS) on.the . ground. We also introduced basic theories
such as half-wave dipole antenna, imaged theory, and monopole antenna. And we will
show the performance after we introduced the structure of the MIMO antenna.

Finally, in chapter 4, we will \give the.summary-and the conclusion of all and

future study.



CHAPTER 2
A 2.5/5.2GHz DUAL-BAND CIRCULARLY-POLARIZED

ANTENNA

In this chapter, a 2.5 / 5.2GHz dual-band Circularly-polarized Antenna
antenna is presented here. We design the feeding network by using the microstrip
structure. Microstrip antennas are attractive to present wireless communication
products because of the features of low profile, low cost and easy manufacture. For
the dual-band design, there are two major current paths to radiate. To generate circular
polarization, we use the C shape circular strip-to radiate. At this work, the simulator is
based 3-D full-wave EM solver, Ansoft HFSS. Here, we will display the simulation

result of this design.

2.1 Basic Theory
2.1.1 Theory of the Microstrip Line Structure

Microstrip line[16] 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 2.1. A conductor of width W is printed on a thin, grounded dielectric
substrate of thickness d and relative permittivity€,.. A sketch of the field line is shown
in Figure 2.2.

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 a simple TEM transmission line, with vy=c and
B =ko.

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. Under 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 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 — but the phase velocity of TEM fields in the air region

Ver

would be c. Thus, a phase match at the dielectric-air interface would be impossible to
attain for a TEM-type wave.

In actually, 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 statics 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

v, = — (2.1.1)

P e

B =ko /€ (2.1.2)

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

constant satisfies the relation



1<e <eg (2.1.3)
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 microstrip line; these results are curve-fit approximations to rigorous

quasi-static solutions[17, 18]

e Ay — -

/ 7 / /5
- y A 7 /'/
» = A

Fig. 2.1 Geometry of microstrip line [14]

Fig. 2.2 Electric and magnetic field lines of microstrip line [14]



212 Formulas for Effective Dielectric Constant, Characteristic
Impedance, and Attenuation

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

_ &l &1 1

2 2 [1+123
w

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

€, (2.1.4)

homogeneous medium that replaces the air and dielectric regions of the microstrip.
The phase velocity and propagation constant are then given by Eq(2.1.1) and
Eq(2.1.2). Given the dimensions of the microstrip line, the characteristic impedance

can be calculated as

60 8d w
ln(—+£) for =<1
v Ee w 4d d
o= 120 w1 39374 06670 (L w1.444)| for M1
- [E+ . + 0. n(g+ ! )] org_
For a given characteristic impedance Zy-and dielectric constant €., and — ratio can
be found as
8eh w
— for —< 2
W )e2A_2 d
I= 5 -1 (2.1.6)

2 [B —1-In(2B—-1) + {1n(B ~1)+0.39 — 0'61}] for = < 2

€r

2

where
_Zo |etl | &1 0.11
A= " /—2 + — (0.23 + - ) (2.1.7)
3771
B = PtV (2.1.8)

Considering microstrip as a quasi-TEM line, the attenuation due to dielectric loss

can be determined as
__ koEr(Er—1tand

N Gy

7

(2.1.9)



where tand is the loss tangent of the dielectric, which account for the fact that the
fields around the microstrip line are partly in air (lossless) and partly in the dielectric.

The attenuation due to conductor loss is given approximately by [15]

a ==
C T ZoW

(2.1.10)
where R = /(‘)”0/20 is the surface resistivity of the conductor. For most microstrip

substrates, conductor loss is much more significant than dielectric loss; exceptions

may occur with some semiconductor substrates.



2.1.3  Polarization

According to the concept of displacement current, James C. Maxwell got
agreement with other electromagnetic equations and predicted the existence of
electromagnetic wave since more than a century ago. In the far-field region, energy
radiation caused by current distribution on antennas can be seen as a transverse
electromagnetic (TEM) wave - the components of electric field (E), magnetic field (H)
and propagating direction are perpendicular each other none the loss because they
vary with time. The term Polarization can only use the trajectory of time-varying E in
space to identify behavior of microwave radiation due to the relation between E and H
as (2.1.11).

Generally, infinitesimal current | with- Az < A in length on the antenna can be
seen as an equal length ideal dipole possesses both uniform magnitude and phase[19].
Such an ideal dipole illuminates in free space to form a doughnut-like radiation
pattern without inner hollow and hence. polar /plots with omni-direction and
figure-of-eight are revealed through the cross-section vertical and horizontal to the
dipole separately. In a practical sense, H plane presents the vertical cutting mentioned
above as it contains H vector and E-plane indicates the other for the same reason. The
wave is referred as to a planer wave while observation point is stationed adequately
far from radiating source, and its E vector and H vector are co-located on the constant
phase plane. Selecting any constant phase plane as an observation plane with

time-varying condition, a trajectory constructed by the tip of E vector can be obtained.

Eo _on _ on _ 0 _
=2 _wﬁ_\ﬁ M (2.1.11)

where 1 is the intrinsic impedance of the medium, and




E= EqO = (M1 sin® o (2.1.12)
—iBr
H=H,9 = ZA—;]BE ~ sin0 @ (2.1.13)

Linear Polarization

It would be examined further the radiating properties of ideal dipole referred
before. Once the dipole vertical to ground is placed in free space, the tip of
time-varying E vector will go back and forth along a straight line perpendicular to
ground and the wave is so-called vertical polarization. Horizontal polarization
presents time-varying E vector which varies with the straight line parallel to ground
by the same token. The situation a wave polarized in the x-direction is traveling along

the +z-axis can be written as following:

E = RE, e} (2.1.14)

To deserve to be mentioned; 45-degrees polarization is obtained as the included
angle of 45 degrees between- dipole and ground plane is illustrated. It would be
obtained in the situation such as-dual-polarized application. After the discussion of
three kinds of the polarization type, it can be attached the triple to linear polarization
because of the orbits caused by them are linearity.

A coordinate system is further established on an observation plane to describe
the behaviors of polarization through two orthogonal bases - E, and Ey, which means
that the electric field distribution in free space would be composed of E, and Ey even
through it varies with time. The classifications of polarization are completed
according to combinations of the bases and hence circular polarization and elliptical
polarization will be considered.

Elliptical Polarization
The elliptical polarization will be produced while the E vectors against time on

the observation plane would be reduce to a generating set includes two perpendicular
10



vectors. In other words, the tips of vectors on the observation plane depict an ellipse
with respect to time varying. It would be judged which is a left polarization or right
polarization according to phase relation between these two components. Take a simple
example: it is a left polarized wave as observer faces the incoming wave and the
vector combined by generating sets rotates clockwise. It can be considered the
situation a wave of component leads y-component by +90 degrees is traveling along
the z-axis forms the right hand elliptically polarized wave. It would be expressed as
following:
E = RE,e 7 — §jE e (2.1.15)
The expression gives a good account of the fact that an elliptical polarized wave can
be decomposed to a couple of linear polarized waves which are perpendicular each
other in space as well as are 90.degrees out of phase. In physical sense, it presents this
phenomenon obviously and hints elliptically polarization can be as a general solution
to derive other polarized types. Generally speaking, elliptical polarization is a kind of
conventional polarization type in everyday: life.
Circular Polarization and Axial Ratio
Circular polarization would be constructed as imposing a restriction of
generating components with equal quantity on the elliptical polarization. As implied
by the name, the vector remains constant in length and rotates around in a circular
path. Similarly, the discrimination between left-hand circular polarization (LHCP) and
right-hand circular polarization (RHCP) will be done through the rotational sense by
vector as the wave travels toward the observer.
After the discussion, it would be derived to the question which one parameter
could identify the types of polarization. It should be concentrated on the interpretation

of axial ratio and the extended discussion of elliptical polarization will be considered.

11



Fig. 2.3 RHEP with traveling direction in the +z-axis and tilt angle t with respect to

the principle axis

As shown in Fig. 2.3, at first, the spatial configuration attracts more attention
about that coordinate transformation would be employed to simply analysis just
because the bases are non-uniqueand it leads into Fig.2.4. Turning to the observation
on time domain, the elliptical trajectory is-formed-along the time with angular

frequency w.

Fig. 2.4 Modified-axis RHEP presentation

The H-component equals to E; and no V-component as point A lies on the H-axis,
similarly, the VV-component equals to E; and no H-component as point A lies on the

12



V-axis. The H-component leads VV-component by 90 degrees according to the pasting
angle is about 90 degrees. Polarized behavior can be described in terms of space and

time and axial ratio can be written as following:

AR = 20log [ 222

Emin

(2.1.16)

Where E,.. means maximum value of E along major axis and E,;, means
maximum value of E along minor axis.
In conclusions,
(1) Linear polarization:(AR — o)
Uni-axis or bi-axial with in phase
(2) Elliptical Polarization:(AR = 0dB)
Bi-axis with quadrature phase
(3) Circular Polarization:(AR = 0dB)
Bi-axis with identical magnitude and quadrature phase

In this work, we defined the axial ratio specification is small than 3dB could be used.

13



2.2 2.5/5.2GHz Dual-Band Circularly-polarized Antenna Design

In this chapter, a 2.5/5.2GHz dual-band circularly-polarized of a monopole
antenna fed through microstrip line is proposed. The proposed antenna is achieved
using microstrip-fed with two circular strips and two circular patches. One circular
strip radiates lower band, the other one covers higher band. By adding the circular
patch on the back of the substrate, the left-hand circular polarization (LHCP) gain at
the positive z axial of this proposed antenna has been improved. The antenna operates
in two bands which are 2.5GHz and 5.2GHz. These two operating bands can be
applied for the WiMax and WLAN application. Fig.2.5 shows the configuration of our
proposed dual band circularly polarized antenna. The antenna is fabricated on an FR4
substrate with a dielectric constant of 4.4 and a loss tangent of 0.02. The thickness of
the substrate is 1.6 mm. The size of the antenna is ( G x G ) 50 mm x 50 mm which is
suitable for most mobile devices. Experimental results show the proposed antenna has
good return loss and circular polarization. characteristics. The 10 dB return loss
impedance bandwidths for the lower.band (2.5GHz) and higher band (5.2GHz) are
50% and 23%, respectively. The 3dB axial-ratio bandwidths are 14.8%and 4.0% with

respect to 2.5GHz and 5.2GHz, respectively.
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2.2.1  Schema of Antenna Structure

The geometry of the proposed antenna was shown as Fig.2.5. It consists of two
circular strips and two circular pads. The two circular strips length are L; and L;
respectively, and the two circular patch radii are R; and R, respectively. One circular
patch which is placed on the upside of the substrate is used to improve the input
impedance matching, the other patch is etched on the other side of the substrate is
used to enhance the higher band LHCP gain at the positive z axial. The antenna is
fabricated on an FR4 substrate with a dielectric constant of 4.4 and a loss tangent of
0.02. The thickness of the substrate is 1.6 mm. The size of the antenna is (G x G ) 50
mm x 50 mm which is suitable for most mobile devices. The width of feeding line is
w=3 mm for a 50 Ohm impedance. The outer. and longer circular strip (L) is about 70
mm, it radiates for lower band,the inner-and shorter strip (L,) whose length is about
33 mm is operating for higher band. The adding slot of the ground plane is for lower
band matching. The optimized parameters. of.the proposed antenna dimensions are

listed in Table 2.1
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(b)

Fig. 2.5 Geometry of the proposed antenna (a) Top side view (b) Back side view

/A
Variable Ly EI \ G R D D,
Value(mm) 70 50 | 10.8 | 5.3 3
Table2.1 i osed Antenna
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2.2.2 The part of the structure discussion

A. The Main Structure of the Proposed Antenna

As shown in Fig.2.6. It is the main structure of the proposed antenna. To
generated 2.5GHz band. First, it uses a C shape circular strip and a circular patch to
generate the 2.5GHz band. And with the circular patch, it generates good impedance
in 5.2GHz band. The return loss is plotted in Fig. 2.7. A typical technique for
generating circular polarization radiation is to excite two orthogonal degenerate
resonant modes with a 90° phase difference. In this work, we use a circular strip to
exited 2.5GHz band and generated circular polarization radiation. Besides the circular
strip, the asymmetric feeding is used. The simulated of axial ratio is shown in Fig. 2.8.
Asymmetric feeding possess lower and almost steadfast axial ratio and hence it can be
concluded asymmetric feeding technique-improves. circularly polarized performance
effectively. As shown in current distribution, the-current direction is clockwise. It
could be seen clearly that the antenna. polarized direction is left hand circular
polarization (LHCP). And the current.distribution-is shown in Fig. 2.9.

G

4
v

Ll

F1 [
S v
w Z

(a) (b)

Fig. 2.6 Main structure of the proposed antenna (a) Top side view (b) Back side view
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Fig. 2.7 Returnoss of the main structure antenna
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Fig. 2.8 The simulated axial ratio of the main structure antenna
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Fig. 2.9 Surface current distribution for-the main structure antenna

B. Generated the 5.2GHz Band Circular Polarization

From the previous section, the main" structure contained good impedance of
2.5GHz band. Besides return loss, the axial ratio of 2.5GHz band performance is well.
In this section, we will create the circular polarization of the 5.2GHz band by using
another C shape circular strip and a slot on the ground as shown in Fig. 2.10.

The surface current distribution presents the counterclockwise direction, which is
shown in Fig. 2.11. It could be seen in Fig. 2.11, the inner circular strip is close to the
middle circular patch. There is coupling effect between the strip and circular patch. It
generated larger counterclockwise direction surface current so that 5.2GHz band
radiated LHCP.

There are two parameters that we will be discussed: the length of the slot on the
ground D4, and the width of the slot on the ground D,. Fig. 2.12 shows the variation

19



of the 5.2GHz axial ratio with the D;. As D, is fixed, in this case, we choose D; =

5.3mm.

n
v

(b)

slot on the ground

Fig. 2.11 Surface current distribution for the proposed antenna at 5.2GHz
20
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Fig.2.12 The variation of the 5.2GHz axial ratio with the D,

C. To Enhance the 5.2GHz‘Band Left Hand Circular Polarization Gain

In the previous section, we used two circular strips and a slot on the ground to
generate 2.5GHz and 5.2GHz bands circular polarization. But at the same time, there
is a problem occurred. It is the 5.2GHz band LHCP gain is too small could not satisfiy
our requirement. So in this section, we added a circular patch on the back substrate as
a reflector. It could collect the beam around the substrate and reflect the beam directly.

The structure of the antenna that we added a circular patch on the back substrate
is shown in Fig. 2.13. There is one parameter radius of the circular patch is Ry, Ry is a
parameter to studied, and its affection with higher band LHCP gain at z axial is
illustrated in Fig. 2.14. After optimizing the parameter, the value of R, = 10.8 mm

was be chose.
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Fig. 2.14 LHCP gain at positive z-direction with different R2
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2.3 Simulation and Measurement Results for 2.5/5.2GHz Dual-Band

Circularly-polarized Antenna

According to the results of the numerical analysis, the optimized parameters of
the proposed antenna dimensions are listed in Table2.1. Simulations are carried out
using HFSS. The measured and simulated return loss results are shown in Fig. 2.15.
The measured results are in good agreement with simulation. The measured results
show the (10 dB return loss) impedance bandwidth for the lower frequency is about
1.5 GHz from 2.2 GHz to 3.7 GHz, with a percentage bandwidth of 50%. The higher
band radiates from 4.3 GHz to 5.4 GHz with a percentage bandwidth of 23%. The plot
of the measured and simulated axial ratio against frequency is shown on Fig. 2.16.
The measured 3 dB axial-ratio bandwidth. for the lower band is 360 MHz from 2.25
GHz to 2.61GHz, corresponding to about 14.8% with respect to 2.43 GHz, and the
measured axial-ratio bandwidth for the higher band is 210 MHz from 5.09 GHz to
5.30 GHz, corresponding to about 4% with-respect to 5.2 GHz. Fig. 2.17 shows the
measurement of LHCP and RHCP. radiation pattern at YZ-plane of 2.5 GHz and
5.2GHz. The comparison of simulated and measurement with LHCP gain was shown
in Fig. 2.18. The gain with LHCP in the positive z-direction is about 1.26 dBi at 2.5
GHz, and 3.4 dBi at 5.2 GHz. The circular patch can be considered as a reflector.
Without the circular patch on the back of the substrate, the LHCP gain is only 1.56
dBi at 5.2 GHz. The comparison plot is illustrated in Fig. 2.19. The fabricated antenna

is shown in Fig. 2.20.
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Fig. 2.15. The measured and simulated results for Return Loss curve of the proposed

antenna
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Fig. 2.16. The measurement and simulated results for axial ratio curve of the proposed

antenna
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Fig. 2.17 Measurement LHCP and RHCP radiation patterns of the proposed antenna

at YZ plane (a) 2.5GHz (b) 5.2GHz.
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Fig. 2.18 Simulated and measurement LHCP radiation patterns of the proposed

antenna at YZ plane (a) 2.5GHz (b) 5.2GHz
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Fig. 2.19. The comparison with circular pad on the back of the substrate and LHCP

gain at positive z direction.
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Fig. 2.20. Fabricated the proposed antenna (a) front view (b) back view
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2.4 Conclusion

A novel dual-band circularly polarized microstrip-fed antenna has been designed
and fabricated. The antenna generates circular polarization by two circular strips. The
proposed antenna can provide wide impedance bandwidths of 50% for lower band and
23% for high band, respectively. The axial ratio bandwidths achieved 14.8% for lower
band and 4% for higher band, respectively. The proposed antenna is fabricated on
FR4 substrate. The operating dual frequency cover 2.5 GHz and 5.2GHz, so that the

antenna could be used in WiMax and WLAN application
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CHAPTER 3

A 2.5/5.2GHz DuaL BAND MIMO ANTENNA

Future wireless communication systems should be capable of accommodating
higher data rates than the current systems owing to the advent of various multimedia
services. The use of multi-element antennas, such as multiple-input multiple-output
(MIMO) antenna systems, is one of the effective ways for improving reliability and
increasing the channel capacity.

However, it is very difficult to integrate multiple antennas closely in a small and
compact mobile handset while maintaining good isolation between antenna elements
since the antennas couple strongly to each other and to the ground plane by sharing
the surface currents on them. For.a M x N MIMO communication system, the data
throughput can be pushed up to K-times, K=min(M,N) , that of a single-input
single-output (SISO) system, as long as the communication channels linked between
the transmitter and the receiver-are uncorrelated[11, 20, 21]. The correlation between
the channels depends not only on the propagation environment, e.g., multipath effect
due to the reflection and diffraction of outdoor buildings or indoor partitions, and also
on the coupling between two elements of antennas.

3.1 Basic Theory

3.1.1  Theory of Multiple-Input Multiple-Output (MIMO) Antenna

There are four model of communication system about Single-input single-output
(S1SO), Single-input multiple-output (SIMO), multiple-input single-output (MISO)
and multiple-input and multiple-output (MIMO). And the understanding diagram is
shown in Fig.3.1.

One of the main benefits of MIMO systems over traditional SISO systems are
their improved capacity and reliability, without increasing transmitted power or
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bandwidth. In a MIMO system, the antennas not only have a great impact on the
system's received channel capacity, but they also play an important role in system
stability.

Antenna diversity is acknowledged as one of the techniques to increase spectrum
efficiency in mobile communication systems. It is also recognized that mutual
coupling of the antenna degrades the performance of a diversity antenna system.
Therefore antenna designers try to design antenna systems that minimize coupling
between pens while meeting the input matching requirements. If a uniform random
field is assumed and the antenna losses are not considered. Following[22] the

envelope correlation for a two-antenna system is computed as:

= | ff47t [ﬁ(9'¢).r2)(9,¢)]dﬂ|
ff‘l—n’ E)(QJQD)IZC{.Q ff4n_ E)(G;(P)lzdﬂ

e (3.1.1)

where F_l’(e, @) is the field radiation pattern of the antenna system when port i is

excited, and e denotes the Hermitian product.

It could be obtained from the S parameters by the following equation [23], such as:

D, = 1S117S12+S21 S22 |2
€ (=IS111%2=1S2112)(1—=1S2212=1S121%)

This induces a mutual-coupling effect that reduces the correlation between antenna

(3.1.2)

elements. If p. < 0.7, the diversity gain is not sensitive to the envelope correlation
coefficient. In general, to obtain the characteristic of diversity, p. < 0.7 at the base
station or p, < 0.5 at the mobile[22]
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Fig.3.1. The diagram of SISO, SIMO, MISO,MIMO

3.1.2  Theory of Half-Wave Dipole Antenna[19, 24, 25]

In dipole antenna, the very widely used antenna is the half-wave dipole antenna
whose structure is shown in Fig. 3.2(2). It'1s a linear current whose amplitude varies
as one-half of a sine wave with the maximum at the center of the half-wave dipole
antenna and the current distribution is shown in Fig. 3.2(a). And then the radiation
pattern is shown in Fig. 3.2(b). The current distribution is placed along the z-axis and
for the half-sine wave current on the half-wave dipole, the current distribution can be

written as

A
T (3.1.3)

1(2) = Imsin[ﬂ(%—|z|)], |7 <

Where f=27/), A is the wavelength of the operating frequency of the antenna.
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F(6)

1(2)

(@) (b)
Fig. 3.2 The half-wave dipole

(@) Current distribution 1(z) and (b) Far-field radiation pattern F(6)

This current will have the maximum value ‘I " at the center (z=0) and will be

zero atthe ends (z = iz). According to the current distribution, the far-field radiation

pattern can be calculated as

T
| e cos(E cos )

E =i 3.14
0 =31 27r sing (3.14)

VA
e cos(E cos )

H = 3.15
o= 27xr sing (3.15)

E,=H,=0 (3.1.6)

The definition of the field pattern function, F(68)=g(0)f(6), then the complete

(normalized) far-field pattern of the half-wave dipole antenna is
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cos[(%) cos 4]

sind@

F(0) = half -wave dipole (3.1.7)

And then we define the antenna directivity, D, which defines as that:

D= T (3.1.8)

Pra%
A7

In theory, the input power can be radiated totally by antenna. In practical, the
antenna has the loss, however, the radiated power will less than the input power.
Because of this reason, we define the antenna radiation efficiency, #r, and the antenna

gain, G, which are defined as

-0

— 3.1.9
7, 3 (3.1.9)
Note that

0<p <1 (3.1.10)

And the antenna gain is

G=pnxD (3.1.11)

r

Since gain is a power ratio it can be calculated in decibels as follows
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Gy =10logG (3.1.12)

D, =10log D (3.1.13)

Gain relative to a half-wave dipole carries the units of dBd. And the unit dBi is
often used instead of dB to emphasize that an isotropic antenna is the reference. The

relation between the dBi and the dBd is:

dBi = dBd +2.15 (3.1.14)

According to the antenna parameters mentioned above, we can know that the
radiation efficiency is the higher the better. That is to say the input power can radiate
by antenna almost and then the antenna gain will be higher.

3.1.3 Theory of the Image Theory[19, 24, 25]

Consider an ideal dipole near a perfect ground plane and oriented perpendicular
to the ground plane shown in Fig. 3.3. The unigueness of the solution to a differential
equation (wave equation) plus its boundary conditions introduces an equivalent
system that is different below the ground plane (GG’). However, it satisfies the same
boundary conditions on the ground plane (GG’) and has the same sources above the
plane. Using this equivalent model, the solution will be different for the initial
problem which below the plane. However, we can find the same solution for the
problem above the ground plane and satisfies the boundary conditions. As a result, the

image for this case is equidistant below the image plane and the same direction.
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Fig. 3.3 Ideal dipole above and perpendicular to a perfectly conducting ground

plane Physical model and (b) Equivalent model using image theory

An ideal dipole oriented parallel to a perfect ground plane has an image that
again is equidistant below the image plane. However, the direction is oppositely as

shown in Fig. 3.4.
T — Az T —» Az

d d

o | ¢ O — . .
[

o=50 d
i - Az
(a) (b)

Fig. 3.4 Ideal dipole above and parallel to a perfectly ground plane

Physical model and (b) Equivalent model using image theory

The image of a current element oriented in any direction with respect to a perfect
ground plane can be calculated by decomposing the element into perpendicular and
parallel components, shaping the images of the components, and constructing the

image from these image components as shown in Fig. 3.5.
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Fig. 3.5 Ideal dipole above and obliquely oriented relative to a perfectly ground

plane Physical model and (b) Equivalent model using image theory

3.1.4 Theory of the Monopole[19, 24, 25]

A monopole is a dipole that has been divided in half at its center feed point and
fed against a ground plane shown in Fig. 3.6. According to the image theory, if the
current distribution over the monopole antennais equal to the dipole then the electric
field of the monopole and the-dipole will be the same.-However, the image current of
the monopole is generated by the ground metal. Hence, the length of the monopole is

one-quarter wavelength, which is half of the dipole.

o

Fig. 3.6 Monopole antenna over perfect ground plane with their image (dashed)

The current and charges on a monopole are the same as on the upper half of its
dipole counterpart, but the terminal voltage is only half that of the dipole. The input

impedance for a monopole is half of its dipole counterpart, or
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7 _ “Amono _ 2 " Adipole le (3115)

A,mono | | A,dipole

A,mono A, dipole

Where Za mono IS the input impedance of the monopole and Za gipote is for dipole.

Therefore, the radiation resistance of the monopole can be written as:

P 1P 1
_ mono _ ipole
Rr,mono - 1 2 = R 2 _ERr,dipole (3116)
5‘ I A,mono 5‘ I A,dipole

Where R mono IS the radiation resistance of the monopole and Ry gipole is for dipole.

The radiation pattern of the monopole-above a perfect ground plane is the same
as a dipole. However, a monopole fed against a perfect ground plane radiates one-half
the total power of a similar dipole in free space.-Because of the reason, it is leading to

a doubling of the directivity:

Dmono = Q47[ = 1 Q47Z- = 2Ddipo|e (3117)
2

A,dipole

A,mono

Where Dmono IS the directivity and Dyipole is for dipole.

3.15 Theory of the Defected Ground Structure[26]

In recent years, there have been several new concepts applied to distributed
microwave circuits. One such technique is Defected Ground Structure or DGS, where
the ground plane metal of a microstrip (or stripline, or coplanar waveguide) circuit is
intentionally modified to enhance performance. The name for this technique simply

means that a “defect” has been placed in the ground plane, which is typically
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considered to be an approximation of an infinite, perfectly-conducting current sink.
Of course, a ground plane at microwave frequencies is far removed from the idealized
behavior of perfect ground. Although the additional perturbations of DGS alter the
uniformity of the ground plane, they do not render it defective.

3.1.6  Modeling of Defected Ground Structure (DGS) [26]

A defect indeed changes the current distribution in the ground plane of a
microstrip line, giving rise to an equivalent inductance and capacitance. Thus a DGS
behaves like an L-C resonator circuit coupled to the microstrip line. When an RF
signal is transmitted through a DGS-integrated microstrip line, strong coupling occurs
between the line and the DGS around the frequency where the DGS resonates.

Obviously, it happens of the transmitted signal covers the resonant frequency of
the DGS, and most of the signal.is‘stored-in-its equivalent parallel LC resonator. This
indirectly indicates the bandstop feature of a defect in ground plane. The LC
parameters are determined by the shape and size-of the-defect geometry.

A quantitative analysis is necessary to_obtain an efficient design specified for
different frequencies. An equivalent circuit may help one on this regard. Alternatively,
a commercial full wave simulator may be used to characterize a circuit with DGS and
to optimize it on a trial and error basis. But this is a time-consuming process
particularly when a large structure or a large number of units are to be dealt with.
Therefore, efficient modeling using equivalent circuit appears to be a useful solution

to handle this issue in a simplified way.

3.1.7 LC and RLC Equivalent Circuit Modeling[26]
The transmission line model, discussed above for simple slot DGS, needs to
evaluate the impedance Z§'°t. Since this parameter critically depends on frequency, it

may not be an easy task to model any DGS shape. Therefore, a more general approach
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of representing a DGS in terms of equivalent parallel LC and RLC circuit has been

explored as discussed below.

Fig. 3.7 Side view of Dumbbell-shaped DGS[26]

Fig. 3.8 Top view of Dumbbell-shaped DGS[26]

A simple example is given using a dumbbell-shape DGS shown in Fig. 3.7 and
Fig. 3.8. The larger rectangular defect on either side of the line which causes effective
series inductance L and the narrow slot beneath the line produces a gap capacitance C
in parallel with L, as shown in Fig. 3.9. Once the equivalent L and C values are
known, the determination of the DGS characteristics is straightforward.
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Fig. 3.9 LC equivalent circuit of single cell dumbbell-shaped DGS

Zu ZU

&

Fig. 3.10  One-pole Butterworth prototype Low Pass Filter

The extraction of the equivalent L'and C value [27] is described below. An EM
simulator may be employed to determine the S-parameters. For the dumbbell-shaped
DGS in Fig. 3.7, the attenuation pole is located at 8 GHz with 3dB cut-off at 3.5GHz.
The result resembles the response of a single pole low pass filter and as such cab be
fitted with the correlates the Butterworth elements with the unknown L and C values.

The reactance of the equivalent circuit of Fig. 3.9

Xic = = (ﬁ — i) (3.1.18)

where w, is the angular resonant frequency.

The reactance of the low pass filter in Fig. 3.10 is given by
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X, = w1Zp81 (3.1.19)

where w; is the normalized angular resonant frequency. Z, is the input and output
port impedances, and g; is the “prototype element™ as described in[28].Eq. (3.1.18)

and Eq. (3.1.19) at the cut-off frequency, we have,

XLc |w=wc =XL |(oc=1 (3.1.20)
W 1
C=— ( > 2) (3.1.21)
2081 \W{j—w¢
1
L Sysitiers 3.1.22
4m2f2C (3.1.22)

The LC modeling does not account for any losses caused by radiation or
conductor dielectric losses. A more realistic model takes an equivalent loss resistance
R into account. This loss resistance‘R can be extracted from simulated S;; employing

the following relation[29]:

27
R = - g - (3.1.23)

_ IERYWE

\/|511(oo)|2 (ZZO(wC ooL)) 1

where,
Zin —Z0

Si1(w) == 3.1.24
11 (o) 720 (3.1.24)

and the equivalent Land C are expressed in Eg. (3.1.21) and Eg. (3.1.22) ,
respectively.
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3.2 2.5/5.2GHz Dual Band MIMO Antenna Design

3.2.1 Design 2.5/5.2GHz Dual Band SISO Antenna

In this section, we designed a 2.5/5.2GHz dual band SISO antenna firstly. The

geometry of the proposed antenna with detailed dimensions is shown in Fig. 3.11. Itis

printed on a FR4 substrate board with dimensions 65 mm x 45 mm. The substrate has

a thickness of 1.6 mm and a relative permittivity of 4.4., loss tangent tand = 0.002.

We designed the dual band antenna with the E shape monopole, and the parameter

value is shown in Table.3.1. The simulated result is shown in Fig. 3.12

Ly
C
b $
L
>
a A
F
X
D
W y 7 € >
(a) (b)

Fig. 3.11. The main structure of antenna with one element (a) Top side view (b) Back

side view
Variable W F a b L, L, C D G
Value(mm) 3 46 9 14 6 3 2 45 45

Table3.1 Dimension of the Single element Antenna
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Return Loss(dB)

Frequency(GHz)

Fig. 3.12. Simulated return loss of one element antenna

3.2.2 Design 2.5/5.2GHz Dual Band MIMO Antenna
In the previous section, we have designed the single element of the antenna with
2.5/5.2GHz. In this section, we used the single element antenna to designed the dual
band MIMO antenna system. The two element antenna are positioned symmetric,
with the same fabricated parameters, the structure of the antenna is shown in Fig. 3.13.
Because of the coupling with the two element, the return loss performance will not as
same as the single element antenna return loss performance. To improve the situation,
we modified the structure of the two antennas. The main structure of the MIMO
antenna dimensions are listed in Table 3.2. The return loss simulated result is plotted

in Fig. 3.14. And the isolation between port 1 and port 2 is shown in Fig. 3.15.
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Fig. 3.13. The main structure of the MIMO antenna (a) Top side view (b) Back side

view
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Fig. 3.14 Simulated return loss of main structure MIMO antennas
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Variable w F a b L, L, C D

Value(mm) 3 46 9 14 8 10 2 45

Table3.2 Dimension of The Main Structure of the MIMO Antenna

a
E
~ i
? 20

-24 —|

‘28 | | IU |

1 2 3 4 5 6
Frequency (GHz)

Fig. 3.15 Simulated isolation of main structure MIMO antennas
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3.2.2 Using DGS Structure to enhance the Isolation between Two Antenna
elements

In the previous section, we designed the 2.5/5.2GHz dual band MIMO antenna.
As the Fig. 3.15 shown, we could observe that the antenna isolation between two
ports (S12) at 2.5GHz is about -12dB and at 5.2GHz is about -12dB, too. We wanted to
enhance the isolation between two antenna elements to 15dB, even more than 20dB is
better. In this section we applied technology named DGS structure; it could improve
the isolation, obviously.

The idea of reducing the mutual coupling between two elements antenna is
ground slot resonator, which is equivalent to the series RLC resonator. At resonant
frequency, the resonator extracts the .substrate ground current related to mutual
coupling. So, the isolation between two elements antenna is enhanced.

First, we added one slit on the middle of the ground. The structure of the MIMO
antenna with the middle slit is shown in Fig.-3.16. It-could enhance the isolation at
2.5GHz obviously. The comparison of the middle slit with isolation is shown in Fig.
3.17. Comparison the ground surface current distribution with and without resonator
at 2.5GHz is shown in Fig. 3.18. For this parameter sweep, we chose the middle slot

S1=18mm.
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() | )
1 with the middle slit (a) Top side view (b)

Fig. 3.16 The structure of the MIMO &
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| without slot
with slot
40 i i
1 2 3 4 5 6
Frequency (GHz)

Fig. 3.17 The comparison isolation with and without the middle slit
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3.5552e-002 2.168%e-002

Fig. 3.18 The comparison surface current distribution at 2.5GHz

With the middle slot on the ground, the isolation at 2.5GHz could be enhanced to
25dB. At the same time, the 5.2GHz band isolation was improved too, as the Fig. 3.17
shown, the isolation could be enhanced to-25dB. Now we will focus on the impedance
matching at 5.2GHz. We etched a slit under the element of the antenna, respectively.
In this work, we added two symmietric slits from the edge of the substrate 5 mm.
There is another parameter S, could be “discussed. In this work, we chose the
S,=12mm, and the width of the slot W,=0.5mm. The proposed 2.5/5.2GHz dual band
MIMO antenna structure is shown in Fig. 3.19. The comparison of return loss with
and without the two slits was shown in Fig. 3.20. As a comparison, the simulated
isolation without the three slits monopole elements is also plotted in Fig. 3.21. From
the figure, it can be seen that by adding the three slits monopole elements the isolation
in the operation band is greatly improved, in which Si, decreases from -12 dB to -24

dB. The proposed MIMO antenna variable value is illustrated in Table 3.3
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(a)

(b)

Fig. 3.19 The proposed 2.5/5. al ba O antenna structure (a) Top side

Variable F | a ‘fl o DG |w | W | S |S
)4

Valug(mm) 46 | 9 | 17 2 |45 45| 1 |05/ 18|12

Table3.3 Dimension of the Proposed MIMO Antenna
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Fig. 3.20 The comparison of return loss with and without the two slits
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Fig. 3.21 The comparison isolation with and without the three slots
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3.3 Simulation and Measurement Results for 2.5/5.2GHz Dual Band MIMO
Antenna

The simulated and measured return loss results of the proposed MIMO antenna
are plotted in Fig. 3.22 and Fig. 3.23. Due to the symmetric structure, the measured
Sy, Is almost the same as S;3. The antenna operates over the range which extends from
2.3 GHz to 2.6 GHz with the impedance bandwidth of approximately 12.2% for the
lower band, and 4.8 GHz to 5.4 GHz with the impedance bandwidth of approximately
11.7% for the higher band. And the isolation (S;2) of simulation and measurement is
show in Fig. 3.24. The measurement result of isolation is 17dB at 2.5 GHz and 24dB
at 5.2 GHz. It is consistency for the higher band, but for the lower band, the simulated
is approximately 25 dB, the measurement.is_only 17dB. One of the reasons is the
SMA connector and fabrication imperfections.

The simulated and measured radiation pattern results of port 1 at 2.5 GHz are
shown in Fig. 3.25. And Fig. 3.26 shows.the pattern of port2 at 2.5 GHz. The
simulated and measured radiation-pattern results of port 1 at 5.2 GHz are shown in Fig.
3.27. And Fig. 3.28 shows the pattern of port2 at 5.2 GHz. From Eq. (3.1.2) we could
calculate the correlation of the MIMO antenna. The result of the correlation is shown
in Fig. 3.29. As the Fig. 3.29 shows the correlation coefficient is both smaller than

0.01 at 2.5 GHz and 5.2 GHz. The fabricated MIMO antenna is shown in Fig. 3.30.

51



5 ]
i)
O 10 —fm=—
[7)])
()]
@]
_l —
c
3
3 15
o
20 - :
RL simulated
|| e P01t 1
----- Port 2
25 T ] | |
1 2 3 4 5 6
Frequency(GHz)

Fig. 3.22 The simulated return loss of the‘proposed MIMO antenna
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Fig. 3.23 The measurement return loss of the proposed MIMO antenna
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Fig. 3.24 The measurement and simulated results for isolation of the proposed antenna
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Fig. 3.25 The port 1 radiation pattern about simulated and measurement result at

2.5 GHz (a) XY plane (b) YZ plane (c) XZ plane
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Fig. 3.26 The port 2 radiation pattern about simulated and measurement result at

2.5 GHz (a) XY plane (b) YZ plane (c) XZ plane
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Fig. 3.28 The port 2 radiation pattern about simulated and measurement result at

5.2 GHz (a) XY plane (b) YZ plane (c) XZ plane
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Fig. 3.30 Fabricated the proposed antenna (a) front view (b) back view.
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3.4 Conclusion

In this paper, a three-slit diversity E shape antenna with isolation enhancement
using DGS structure of slot resonators for mobile handsets is presented. According to
simulated results, a prototype antenna was constructed. The measured results show
that the three slit elements are well matched in the whole 2.5 GHz and 5.2GHz band
where the 10dB return loss (VSWR < 2) is satisfied. The proposed antenna can
provide impedance bandwidths of 12.2% for lower band and 11.7% for high band,
respectively. Meanwhile, across the band high isolation (S;2 < - 15 dB) is acquired.

The measurement results of isolation are 17dB at 2.5 GHz and 24dB at 5.2 GHz.
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CHAPTER 4

CONCLUSION AND FUTURE STUDY

4.1 Conclusion and Summary

Here, we will summarize the conclusions of these two topics. The first topic, a
2.5/5.2GHz dual-band circularly polarized antenna, it is fabricated on the FR4 with
microstrip structure. It has the feature of low profile, low cost and easy manufacture.
The two band radiated LHCP, and with the circular pad on the back of the substrate.
The LHCP gain could enhance to 1.26 dB at 2.5 GHz, and 3.4 dB at 5.2 GHz.

Then the second topic, a dual band MIMO antenna, the proposed antenna can
provide impedance bandwidths of 12.2% for lower band and 11.7% for high band,
respectively, with the three slit lines-on the ground, we provide the antenna with
isolation 17dB at 2.5 GHz and 24dB at 5.2 GHz. And the correlation coefficient is

both smaller than 0.01 at 2.5 GHz and 5.2 GHz.
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4.2 Future Study

In the future, there still have some topics we can research. For the circularly
polarized antenna, one challenge is how to use the more simple structure to generate
circularly polarization. With the circular pad idea, how to design a high gain circularly
polarized antenna, how to radiate the third band, and with the circular strips, how to
design the dual polarized antenna.

For the MIMO antenna, one challenge is how to generate the third band, how to
add more port with high isolation. Another challenge is how to use another DGS

structure resonator to enhance the isolation.
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