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1. Introduction

The wireless communications systems have been greatly expand to the high performance
applications. Nowadays, most of the wireless communications systems offers high data rate
transmission and keep growing for higher data rates technology. Then, the communication
devices were design to be small in size, low power consumption, low profile and practical.

2. Important

Recently, Multiple Input Multiple Output (MIMO) has become popular research topic
among researchers for development of a new wireless communications technology. The
system capacity can be increase with deployment of MIMO technique in the
communications system. Thus, the used of high frequency bandwidth can be avoid since
this method required high cost implementation. High transmitted power also is not required
because all transmitted branch will transmit same power in MIMO system. There are three
major studies in MIMO which are research on array antenna and adaptive signal processing,
research on information theory and coding algorithm and research on MIMO channel
propagation (Nirmal et al., 2004).

MIMO channel capacity can be increase with the increase of number of transmitter and
receiver. When the number of the antennas used is fixed, the channel capacity is related to
the spatial correlation and the diversity gain from antenna spacing configuration at
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transmitter or receiver. The spatial correlation in MIMO system is always exploited by using
diversity technique such as frequency diversity, space diversity, time diversity and
polarization diversity. Polarization diversity can be achieved by deploying two or more
different polarized antenna at transmitter or receiver. The transmitted signal with different
polarized in MIMO channel will improved the un-correlation channel between transmitter
and receiver (Collins, Brain. S, 2000)(Manoj. N et al.,2006)(Byoungsun. L, 2006).

A few technique have been introduce to obtain dual polarized antenna such as aperture-
coupled microstrip antenna, two port corporate feed network and two or more probe feeds
technique. The aperture coupled microstrip antenna was developed by using cross slot
aperture at the plane between feed line plane and ground plane. Each aperture excite the
patch in single direction and two orthogonal modes can be excited from the cross aperture
(Ghorbanifar &Waterhouse., 2004)(S. B. Chakraby et al., 2000). Besides, the used of T, H and
U slot configuration can offer better isolation between the two ports (Sami Hienonen et al.,
1999)(S. Gao et al., 2003)(S. Gao & A. Sambell, 2005)(B. Lee, S. Kwoné& ]. Choi, 2001). A good
isolation between ports will lead to good axial ratio if the circular polarized is used. Thus,
the combination of the slots and slots modifications has been widely investigated by the
researchers as report in (S. K. Padhi et al., 2003)(A. A. Serra et al., 2007)( Kin-Lu Wong et al.,
2002) (B. Lindmark, 1997). Higher gain for these technique can be achieve by using number
of patch and array feed network (M. Arezoomand et al., 2005)(J. Choi & T. Kim, 2000). This
technique requires relatively complicated feed arrangement or multilayer construction in
order to reduce the coupling between two feed lines (W.-C. Liu et al., 2004).

Two port feed network technique will excite two independent dominant mode from the
patch with fed at the dual central point. Thus, the patches mode will degenerates at the far
fields and produce the orthogonal and linear polarized at angles of designed (L] du Toit &
JH Cloete, 1987). A patches with corner fed also can excite two orthogonal polarized with
equal amplitude and in phase. The corner fed method produce higher isolation as compared
to edge centre fed method (Shun-Shi Zhong et al., 2002) (ShiChang Gao & Shunsui Zhong,
1998)(S. C. Gao et al., 2001).

Dual linear polarized antenna can also develop by using square patch with two feed probes.
Each feed probe will generate one polarized signal primarily such as horizontally and
vertically polarization (K. Woelders & Johan Granholm, 1997). The cross polarization at far
field will cause the field generate by the patches is not purely orthogonal. These problem
can be reduce by integrate bend slots in the square patch and reducing the antenna size as
well (W.-C. Liu et al., 2004)(Keyoor Gosalia & Gianluca Lazzi, 2003).

Most of the dual polarized microstrip antenna was design to generate signals with vertical
and horizontal polarized or +45 and -45 polarized. Vertical and horizontal polarized can be
excite from patch with vertical and horizontal in position. However, +45 and -45 polarized
signal excite from the patch which are slant at the angle of +45 and -45 from the principle
plane. This topic will discussed the design of +45 dual polarized microstrip antenna with a
single port at the single layer substrate. The further investigate also will be done to
investigate the dual polarized signal excitation for array technique.

All the design will used 1.6 mm FR4 substrate with er = 4.7 and tano = 0.019. First, the design
simulation and measurement of single patch slant at +45 will be presented. Then, further
investigation for array implementation also will be discussed later. The Computer
Simulation Technology (CST) Studio 2006 was used as CAD tools and fabrication was done
by using chemical etching technique.
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3. Design specification

As this design was intended to confirm the basic concept, it was decided to build the
antenna using a best and successful approach. The specification such as the dielectric
substrate and impedance matching will be meeting and find. Appropriate components will
choose including the SMA /coaxial connector and FR4 board. A single element of square
geometry +45° and -45° slanted polarized as shown in Figure 3.2 and Figure 3.3 can be
designed for the lowest resonant frequency using transmission line model.

The substrate used is FR4 with a dielectric constant of 4.7 and a thickness of 1.6 mm. The
loss tangent of the substrate is 0.019. After all dimensions have been calculated, the design
would then be simulated in CST Studio Suite 2006 software to obtain the return loss,
radiation pattern, and VWSR.

3.1 Transmission line model

The method used that allows the design of square microstrip patch antenna is the
transmission line model. A square microstrip antenna fed to excite only one dominant mode
(TM10 or TMq1) has a single resonance which may be modeled as this method. These values
are designated R,, L,, C, as shown in Fig 1. This figure represents the inset fed patch antenna
which the arrangement of feed is shown in Figure 2. At resonance the relationship between
the resonant frequency fy and the patch model values L, and C, are;

— 1 .
fo2= T Equation 3.1

When the patch is resonant the inductive and capacitive reactance of L, and C, cancel each
other, and the maximum value of resistance occurs. If the patch is probe fed and thick, the
impedance at resonance will have a series inductive reactance term L

Zin =Ry, +jfoLs Equation 3.2
In order to obtain the values of L, and C, from measured or computed data one must

subtract the series inductive reactance from the impedance. The value of two points either
side of resonant frequency is obtained.

fi=fo-Afi Equation 3.3
fo=fotAf Equation 3.4

With the subtraction of the series inductance, the reactance now changes sign either side of
fo. The admittance at each frequency may be expressed as;

Y, = Ria +jfiC, + ﬁ =G, +jB; Equation 3.5

Y, = R_la + jf,Cq + ﬁ =G, +jB, Equation 3.6
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The conductance G1 and G; in the equivalent circuit of the patch antenna will account for the
losses through radiated power, and the susceptance B; and B; will give a measure of the
reactive power store in neighborhood of the radiating slots. Since the slots are identical G; =
G2 = G, the expression of By and B is;

B; = f1iC, — = Equation 3.7
fila
B, = f,C, — L Equation 3.8
f2la
Solving the equations for C the expression can be obtained as;
Cq = % Equation 3.9
L2
The susceptance, B can be obtained by equation below;
€
B = kyAl ZLff Equation 3.10
0

Where; Al = Extended incremental length
eeff =Effective dielectric constant

Port1l

Ls
- YYYY Y -
Ral Cal =y Lal Le o Ca gm
Gi1+jB1 —— J" G2 +jBz2

Fig. 3.1. Equivalent circuit for proposed microstrip patch antenna

3.2 Microstrip patch design

3.2.1 Square Patch

The design of the square shape patch follows the equation for designing the rectangular
shape patch. The same length and width of the patch of the antenna was made to ease the
design steps. Inset feeding is introduced into the design to offset the feeding location to the
point where matched impedance can be achieved. The design calculation for the square
patch has been discussed in this section. The parameters that needed to be calculated are the
length of the patch, the inset feed and the feed line’s length as shown in Fig 3.2.
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W

r 3
L J

Im

Fig. 3.2. Layout of the square patch.

The calculated parameters of the patch have been calculated as shown in Table 3.1. The
input impedance level of the patch can be control by adjusting the length of the inset.
Variations in the inset length do not produce any change in resonant frequency, but a
variation in the inset width will result in a change in resonant frequency (M. Ramesh & K. B.
Yip, 2003). The feed line is made to be a quarter wavelength of the operating frequency. The
width of patch can be determined using the equation 3.11.

w 1 2 Equation 3.11
= uaton o.
2frHo€o | Ert1 1

The g and the po are the permittivity and the permeability in free space respectively.The

1
i
f is the resonant frequency that the antenna intended to be operating and & is the
permittivity of the dielectric.The patch’s length can be calculated using the equations 3.12.
The length’s extension, AL and the effective permittivity, e have to be calculated before
calculating the length of the microstrip patch as shown in equation 3.13 and 3.14. The h is
the height of the substrate while the W is the width of the patch as calculated before.

equation can also be interpreted as the speed of light, c which is 3x108 m/s. The symbol

1
L= — 2AL Equation 3.12
2fr\/€reffy Ho€o d
w
(€ reff+0.3)(-—+0.264)
AL= 0.412h— b Equation 3.13
(ereft-0.258) (1-+0.8)
1
g+l gl h12 .
=24 +12—
Ereff= 5 [1 12 W] Equation 3.14
where:
f = Operating frequency n0 = Permeability in free space
er = Permittivity of the dielectric W = Patch’s width
€0 = Permittivity in free space h = Thickness of the dielectric

ereff = Effective permittivity of the dielectric
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The type of feeding technique that will be used is the inset feed technique. It is one of the
best feeding techniques and it is also easy to control the input impedance of the antenna.
The input impedance level of the patch can be control by adjusting the length of the inset.
The calculation of the inset fed is shown in the equations 3.19 which show the resonant
input resistance for the microstrip patch.

C
Ao = 7 Equation 3.15
A
A, = —= Equation 3.16
g N Ereff 1
__w 1 2] .
G, = 207, [1 ” (koh) Equation 3.17
where:
2
ko = A_n Equation 3.18
g
So, for resonant input resistance, Rin
Ri,(L=7?)= i(cos2 % yo) Equation 3.19

L is the length of the patch, £ is the length of the inset, and G; is the conductance of the
microstrip radiator. As reported in frequency (M. Ramesh & K. B. Yip, 2003), the calculations
for finding the inset length can be simplified as shown in the equation 3.20. This equation is
valid for & from 2 to 10. Using the equation below helps to ease the calculation for the inset
length of the microstrip antenna.

0.001699¢,7 + 0.13761¢,° — 6.1783¢,5 + 93.187¢,% —

£ = 10—4< X ,
682.69¢,3 + 2561.9¢,2 — 4043¢, + 6697

) % Equation 3.20

where: & = Permittivity of the dielectric
L = Length of the microstrip patch

The summary of the calculated characteristics of the designed patch antenna is shown on
Table 3.1. All calculation for square patch dimension is applied onto CST Studio Suite 2006.

Patch characteristics Dimension (mm)
Microstrip line width (wo) 3.00
Patch width (W) 37.00
Effective dielectric constant (eeff) 4.35
Extended incremental length (AL)= 0.732
Patch effective length (Leff)= 29.94
Patch actual length (L) 28.48

Table 3.1. summary of patch characteristics
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Figures 3.3 show simulation result of return loss for single element obtained by using CST
Studio Suite software. According to this figure, the result of the return loss of a single patch
design has a good result at frequency of 2.4GHz which is-31.88dB which could be
considered as a good result. Where at the resonant frequency of 2.4GHz which is the
intended design frequency has a value of -10dB. The bandwidth obtained from the
simulation of this microstrip antenna is 108.7 MHz which in percentage value is 4.05%.

S-Parameter Magnitude in dB
0 . 2.4

— ]

51,1:-2188

-10

-20

.......................................................................................................

-30

.........................................................................................................

-40

Frequency [ GHz
Fig. 3.3. Return loss simulation results of a single patch design.

Farfield: Radiation pattern of single patch antenna

300

270

240 %,

210

150 ——— H-FPlane

E-Plane
180
Frequency =2.4 Frequency =24
Main lobe magnitude = 7.1 dBi Main lobe magnitude = 6.5 dBi
Main lobe direction = 15.0 deg. Main lobe direction = 0.0 deg.
Angular width [3 dB) = 83.6 deg. Angular width [3 dB] = 80.0 deg.
Side lobe level = -15.3 dB Side lobe level = -17.2 dB

Fig. 3.4. E-plane and H-plane for single patch design

From the radiation pattern as shown in Fig 3, the normalized value of the radiation pattern
which 50Q input impedance will give half power beamwidth value. Half power beamwidth
is a measurement of angular spread of the radiated energy. From this radiation pattern, the
values at 3 dB for E-plane and H-plane are 94.9°and 99.6° respectively. The summary of the
simulation results for single element patch design is shown in Table 3.2. Half power
beamwidth for both E and H-Plane, directivity and gain that has extracted from radiation
pattern are also shown in this table.
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Type Single patch
Return loss -31.88 dB
Bandwidth 108.7 MHz (4.05%)
Directivity 6.11 dBi
Gain 2.56 dB
HPBW (E-Plane) 83.6°
HPBW (H-Plane) 80.0°

Table 3.2. Summary of simulation results for single patch antenna.

3.2.2 Square patch slanted +45° and -45° polarized

To gain insight into the behavior of dual polarized antenna, a single inset feed was designed
for geometry slanted at +45° and -45° linear polarized. As indicated in the introduction, all
work was carried out at 2.4 GHz which is implementing onto WLAN application.

(a) (b)

Fig. 3.5. (a) Layout of the +45° slanted polarization patch antenna
(b)Layout of the -45° slanted polarization patch antenna

The basic single linear +45° and -45° polarized microstrip antenna configuration is a shown
in Fig 3.5. The baseline configuration uses a square patch inset-feed technique on the top
layer. All dimension of a single patch +45° and -45° polarized microstrip antenna such as
length, width and inset are calculated exactly using equation 3.11-3.20. Then, a single
element patch is rotated at 45° for antenna slanted at +45° and 45° to produce polarized
needed.

Hence, the width and length of single patch used in slant 45° and -45° are the same which its
width, W and length, L equal to 27.67 mm. However, the inset length, ¢ is changed due to
the band element connected to the square patch. Since slant 45° and -45° have perpendicular
polarizations, the antennas not have much effect on each other and give similar results in
terms of return loss and bandwith.The simulation of return loss and bandwidth of the
design single 45° and -45° polarization are shown in Fig 3.6. All plots contain impedance
data that has been normalized to 50 Q. The resonant frequency was 2.4 GHz with return loss
of -12.84 dB for single 45° and -16.24 dB for single -45°.
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S-Parameter Magnitude in dB
0 2.4
; TN

-10

________________________________________________________________

-15

-20

Frequency [/ GHz
Fig. 3.6. Return Loss [dB] for 45° and -45° polarized antenna

E-plane
0 H-plane

130

180

27 270

(@) (b)
Fig. 3.7. (a) E and H-plane of the +45° slanted polarization patch antenna
(b) E and H-plane of the -45° slanted polarization patch antenna

From the radiation pattern as shown in Fig 3.7, the normalized value of the radiation pattern
will give half power beamwidth value. The summary of the simulation results for single
element patch design is shown in Table 3.3. Half power beamwidth for both E and H-Plane,
directivity and gain that has extracted from radiation pattern are also shown in the table.

Type Single 45° Single -45°
Return loss -16.84 dB -16.8 dB
Bandwidth 87 MHz (3.7%) 86 MHz (3.6%)
Directivity 5.69 dBi 5.71 dBi

Gain 2.56 dB 2.61 dB
HPBW (E-Plane) 83.4° 89.8°

HPBW (H-Plane) 89.8° 82.5°

Table 3.3: summary of simulation results for single 45° and -45° patch antenna.
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3.3 Dual Polarized Array Antenna

3.3.1 1x2 Dual Polarized Array Antenna

After designed the slanted polarized for each +45° and -45°, the combination for both
layouts can give the dual polarized radiation in term of array. A parallel or corporate feed
configuration was used to build up the array. In parallel feed, the patch elements were fed
in parallel by using transmission lines. The transmission lines were divided into two
branches according to the number of patch elements. The impedances of the line were
translated into length and width by using AWR Simulator. Fig 3.8, Fig 3.9, and show the
circuit layout of the 1x2 array antennas with different position of the patch. In this project,
the position of the patch is considered at 45° and -45° to obtain dual linearly polarized.

/ \
1000

500 |_| TOTIE s

502 input

Fig. 3.8. Layout of the 1x2 +45° polarized array antenna

In Fig 3.8 a single +45° polarized was combined using corporate feed network to produce an
array antenna. The comparison result between single element and 1x2 array antenna was
describe clearly in terms of return loss, radiation pattern and gain. Same like Fig 3.9, this
structure was built using single -45° polarized and combines with two elements to achieve
polarization slant at -45°.

10052

1
 sim TD-TIQU 500

S0L input

Fig. 3.9. Layout of the 1x2 -45° polarized array antenna

The simulation results for 1x2 array antennas slanted at 45° polarization were 103 MHz and
-28.11 dB for bandwidth and return loss respectively. While, the simulation result for 1x2
array antennas slanted at -45° polarizations were 103 MHz and -31.82 dB for bandwidth and
return loss respectively. Fig 3.10 show simulation result for 45° and -45° polarized 1x2 array
antenna.
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S-Parameter Magritude in dB
0 . 2.4

1 15 2 25 3
1x2 slant 45°
1x2 zlant 45+

Frequency f GHz
Fig. 3.10. Return Loss for 45° and -45° polarized 1x2 array antenna.

Farfield: Directivity (Phi)
Farfield: Directivity (Fhi)
E-Plane
H-Plane

S0

120

&0

150

270 270

(a) (b)
Fig. 3.11. (a) E and H-plane of the +45° slanted polarization patch antenna
(b) E and H-plane of the -45° slanted polarization patch antenna

The resulting radiation pattern of the E-plane and the H-plane of the two element antenna
array is shown in Figure 3.11 (a) and (b), respectively. It is clear from these figures that the
array antenna demonstrates a more directive pattern with better half power beamwidth and
gain compared to that of individual patch.

10082
500 |-| 70712 zpn

S0 input

Fig. 3.12. Layout of the dual polarized 1x2 array antenna
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Using built single patch slant at 45° and -45° polarization; 2-element array patch had
designed and simulated in CST Studio Suite 2006 as shown in Fig 3.12. The array network is
used to combine the 2 element of single patch antennas. A microstrip feed line has
connected to the patch from the edge of the substrate.

An array of 1x2 dual polarized array antenna is build from combination of slant +45° and
slant -45°. In order to combine, corporate feed again is involved to connect a single +45° and
-45° polarized. According to the layout in figure 3.12, the antenna exhibits to have radiation
of dual polarization pattern. The simulated return loss of the 1x2 dual polarization array
antennas are shown in Fig 3.13. The simulation results for 1x2 dual polarization array
antennas were 82.5 MHz and -21.31 dB for bandwidth and return loss respectively.

S-Parameter Magnitude in dB | 511 2121 |
2.4 —

-10

-20

1 15 2
Frequency f GHz

Fig. 3.13. Return Loss for dual polarization 1x2 array antenna.

Farfield: Directivity (Fhi)

E-plane

=0 H-plane

150,

180

210"

240 270

Fig. 3.14. Simulation radiation pattern of 1x2 dual polarization array antennas.

Fig 3.14 show the radiation pattern of the 1x2 dual polarization array antennas for E-plane
and H-plane respectively. Overall, this design give better gain and directivity compared 1x2
array at slant 45° and -45° polarization antennas. The simulation of HPBW for E-plane is
about 61.1°; while at H plane is about 89.9°.All simulation data for 1x2 array antenna
designs are tabulated in Table 3.4.
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Design Return BW Gain | Directivi HPBW HPBW
Loss (dB) (%) Y| (E-Plane) | (H-Plane)
45° 429
volrized | 1| qonamry | 2% 7.82 575 898
45° 429
colarized | 12 | qopantz | 2% 7.71 54.9 90
Pual- 17.72 442 3.09 8.18 61.1 89.9
polarized

Table 3.4. Simulation results for 1x2 array antennas

3.3.2 1x4 Dual Polarized Array Antenna

Based on the pervious design of 1x2 dual linear polarized a 1x4, 2x2 and 2x4 arrays was
designed and simulated. The initial dimensions for dual linear polarization are the same as
the single polarization element. The patch and feed dimensions were maintained from the
1x2 dual linear polarized designs when designing 1x4 arrays antenna. 1x4 array antennas
had designed and simulated in CST Studio Suite 2006. A microstrip feed line has connected
to the patch from the edge of the substrate. As mention before, the design center frequency
is 2.4 GHz applied for WLAN application. The most important results of the array design
that should be achieved are the return loss result, bandwidth result, radiation pattern results
and gain result. The much element used for designing dual polarized the higher gain and
performance can be achieved.

2% %

500 TR 3
5082

|
70,7182 70.7182

T 1009 10082

S0 input

Fig. 3.15. Layout of the 1x4 +45° polarized array antenna

In Fig 3.15, two set of 1x2 array antenna slant at +45° polarized was combined using
corporate feed network to produce an array antenna. The comparison result between single
element and 1x2 array antenna was describe clearly in terms of return loss, radiation pattern
and gain. Same like Fig 3.16, this structure was built using single -45° polarized and
combines with two elements to achieve polarization slant at -45°.
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209 imput

Fig. 3.16. Layout of the 1x4 -45° polarized array antenna

An array of 1x4 dual polarized array antenna is build from combination of 1x2 array antenna
slant +45° and slant -45°. According to the layout in Fig 3.17, the antenna exhibits to have
better radiation pattern and return loss compared to 1x2 dual polarized array antennas.

& 2N

Fig. 3.17. Layout of the 1x4 dual liner polarized array antenna.

. 1008

1
L T 70712 500
s0n| 10fge

T
70.712 T0.7182

50

509 input

The simulated return loss of the 1x4 microstrip array is shown in Fig 3.18. The simulation
results for 1x4 array antennas were 79.4 MHz and -25.74 dB for bandwidth and return loss
respectively. Fig 3.19 shows the radiation pattern for 1x4 array antenna. Note in this
radiation pattern is has consist of mutual coupling between the radiating elements.

SParameter Magntude n @ o4 -4 |
o 24

1 15 2 25 3

Frequeency [ GHz

Fig. 3.18. Return Loss for dual polarization 1x4 array antenna.

www.intechopen.com



Dual Linearly Polarized Microstrip Array Antenna 381

Farfield: Directivity (Fhi)

E-plane
H-plane

20

180 i
0 10 [dBi]

330

240 300
270

Fig. 3.19. Simulation radiation pattern of 1x4 dual polarization array antennas.

The simulation radiation pattern of the 1x4 dual polarization array antennas for E-plane and
H-plane are shwon, respectively. The HPBW achieved for the E-plane and the H plane is
about 524.6° and 89° respectively. The HPBW show that at H-Plane cut is better compared to
E-Plane cut. Moreover, there is a null appears in E-Plane pattern result of 1x4 array patch
design which decrease the HPBW lower than 2x2 dual polarization array antenna. At 2.4
GHz as shown in figure 4.24, the antenna directivity is about 8.673 dBi while antenna gain is
about 5.01 dB.

3.3.3 2x2 Dual Polarized Array Antenna

As seen in Fig 3.20, the 2x2 dual linear polarized designs are feed by coax probe. This was
integrated with 1x2 dual polarized array antenna and feed at centre of the quarter wave
transmission line using coaxial technique. Compared with the expected result for a single
element design, this result can be considered as a better result where a single microstrip
element produces a very low gain. The most important results of the array design that
should be achieved are the return loss, bandwidth, radiation pattern and gain result.

508

Fig. 3.20. Layout of the 2x2 dual linear polarized array antenna.
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The simulated return loss of the 2x2 microstrip array is shown in Fig 3.21. As mention in
pervious chapter the design was used coax probe compare to other design use transmission
line technique. The square patch dimension was maintained from the single element design.
The simulation results for 2x2 array antennas were 89 MHz and -37.45 dB for bandwidth
and return loss.

SPaameter Magrihuds n b |_ 2 J
T4

Frequeney [/ D

Fig. 3.21. Return Loss for dual polarization 1x4 array antenna.

Farfield: Directivity (Phi)

E-Plane
H-Plane

Q0

240

270
Fig. 3.22. Simulation radiation pattern of 2x2 dual polarization array antennas.

According to Fig 3.22, the antenna gain for this design is better comparing 1x2 array
antennas which 1.2 dB higher. This radiation pattern show the E-Plane and H-Plane for 2x2
dual polarization array antenna. The HPBW show that at H-Plane cut is better compared to
E-Plane cut. Moreover, there is a null appears in E-Plane pattern result of 2x2 array patch
design. This may due to mutual coupling occurred in arrays, beside that each four elements
in the array design configuration is facing the back of each other, which also influence in the
null that appeared in the radiation pattern results.
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3.4 Measurement result

3.4.1 Dual Polarized 1x2 Array Antenna measurement result

Zormperison of Return Loss for 1 =2 array antenna

FaLIm LossiE)

-20 w w
1.0 1= e}

Simulation Freo(SHD
——————— Measurement

20

2]
in"

Fig. 3.23. Return Loss [dB] for 1x2 dual linear polarized array antenna.

The comparison between simulated and measured result was shown in Fig 3.23. The
measured of return loss slightly different at desired frequency compare to simulated result.
This because due to error on fabrication process. Since, the simulation result of the return
loss has a value of -17.72dB at resonant frequency of 2.4GHz. While the fabrication results of
the return loss has a value of -18.28dB at resonant frequency of 2.53GHz.

1% 2 dual polarization amray antenna

0

180
Fig. 3.24. 1x2 array antenna radiation pattern fabrication results

The radiation pattern for this antenna is presented in Fig 3.24, where it can be seen that the
pattern seem like radiating in slant 45° and -45°. The gain of this antenna is 2.83 dB, which is
lower than 0.26 dB from simulation result.
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3.4.2 Dual Polarized 1x4 Array Antenna measurement result

Fetum loss for 1=4 array antenna

]|

R

=235 T T T
1.0 1.5 2.0 2.5 30
Simulation Frequency (SH=)
——————— Measurement

Fig. 3.25. Return Loss [dB] for 1x4 dual linear polarized array antenna.

According to Fig 3.25, the result of the return loss of the 4-elemnt array patch design has a
good result at frequency of 2.5 GHz which is-23 dB. This result could be considered as a
good result. Where at the resonant frequency of 2.45GHz which is the intended design
frequency has a value of -9.8dB. However, the bandwidth of measurement value is lower
than simulation which is only 3.03%.

Radiation pattern for 1x4 Dual polarized
o

"1
Fig. 3.26. 1x4 array antenna radiation pattern fabrication results

Fig 3.26 show the measurement radiation pattern of the 1x4 dual polarization array
antennas. The HPBW achieved for the antenna is about 54.6°. At 2.4 GHz as shown in this
pattern, the antenna gain is about 4.37 dB. From the measurement result, one can considered
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that there is a variation in the resonant frequency which shift to 2.5 GHz compared to the
simulation result. According to this variation, the other measurement method like radiation
pattern of both the electrical field and magnetic field, gain and directivity will be applied
using the resonant frequency of the return loss fabrication result. Since, the resonant
frequency of 2.5 GHz has the best value compared to the intended resonant frequency of the
design which is 2.4 GHz.

3.4.3 Dual Polarized 2x2 Array Antenna measurement result

The measurement result of return loss for 1x4 microstrip array is shown in Fig 3.27. The
measurement results for 1x4 array antennas were 3.615% and -23.74 dB for bandwidth and
return loss respectively. The resonant frequency for fabrication result has shifted by 2.49
GHz which is 5.4% from the simulation resonant frequency. The root cause of the shift is
could be due to the FR4 board has er that varies from 4.0 to 4.8. In practical world, a material
which has varying er along a length/width/height, will affect resonant frequency to shift.
The other factors affecting etching accuracy such as chemical used, surface finish and
metallization thickness also could be the reason for the resonant frequency shifting.
According to Fig 3.28, the beam pattern for 2x2 dual-polarizations has lower sidelobe level
compared to 1x2 and 1x4 antennas, but the bandwidth at resonant frequency was very
narrow. The narrow bandwidth characteristic of 2x2 antennas can be improved by adjusting
the distance of array network, which is quarter wavelength between the patches. This
enhancement was achieved without any significant degradation of the beam patterns and
bandwidths. The HPBW achieved for the antenna is about 87°. At 2.4 GHz as shown in Fig
3.28, the antenna gain is about 3.57 dB.

Zomparison of Retum Loss for 242 array anternna

i
0

1.0 .= Z.a

=5 .0
Simulation Freq (GHZ)
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Fig. 3.27. Return Loss [dB] for 2x2 dual linear polarized array antenna.

www.intechopen.com



386 Trends in Telecommunications Technologies

Radiation pattern for 2x2 array antenna
a

o -5 10 15 .20 -Z25

180
Fig. 3.28. 2x2 array antenna radiation pattern fabrication results

3.4.5 Comparison of the simulation and measuremet result

Table 3.5 shows a comparison between simulation and fabrication results of the radiation
pattern. According to the variation that occurred in the return loss result, the radiation
pattern results were measured by adjusting the resonant frequency at 2.53GHz instead of
244 GHz. From this table, one can notice that the HPBW for simulation and fabrication
results are in a good agreement.

The gain of the single element antenna was almost 2.21 dBi, and the gain of 1x2 arrays was
2.83 dBi. By designing more patches, which were 2x2 and 1x4 array antennas, the
enhancement of gain achieved were 3.57 dBi and 4.37 dBi, respectively. The radiation
pattern for 2x2 dual-polarizations has lower sidelobe level compared to 1x2 and 1x4
antennas, but the bandwidth at resonant frequency was very narrow. The narrow
bandwidth characteristic of 2x2 antennas can be improved by adjusting the distance of
radiation, which is quarter wavelength between the patches. This enhancement was
achieved without any significant degradation of the radiation patterns and bandwidths.

1x2 1x4 2x2
Sim Meas Sim Meas Sim Meas
Resonant 24 2.54 24 2.51 24 248
Freq(GHz)
Return loss | -17.6 -17.3 211 -18.19 -194 | -21.03
(dB)
VSWR 1.35 1.18 1.37 1.16 1.24 1.17
BW (%) 442 3.45 441 4.77 5.46 3.61
Gain 3.09 2.83 5.01 4.37 4.29 3.57

Table 3.5. A comparison of the radiation pattern results for simulation and fabrication

www.intechopen.com



Dual Linearly Polarized Microstrip Array Antenna 387

4. Conclusion

A high gain of 3 design microstrip patch antennas oriented at 45° and -45° was proposed to
obtain dual polarization. The antennas were operated at resonant frequency, around 2.4GHz
with low VSWR. The return loss, radiation pattern and antenna gain have been observed
forsingle, 1x2, 1x4 and 2x2 dual-polarization microstrip patches array antennas. It can be
concluded that the responses from the 2x2 and 1x4 patches were better compared to the 1x2
array antenna and single patches antenna. Although the results from the measurement were
not exactly the same as in the simulation, there were still acceptable since the percentage
error was very small due to the manual fabrication process.

5. References

Nirmal Kumar Das, Takashi Inoue, Tetsuki Taniguchi and Yoshio Karasawa (2004). An
experiment on MIMO system having three orthogonal polarization diversity
branches in multipath-rich environment, Proceeding of Vehicular Technology
Conferenc , pp.1528-1532.vol2, ISBN: 0-7803-8521-7, Tokyo, 26-29 Sept 2004, Japan.

Collins Brian S. (2000). Polarization-diversity antennas for compact base stations. Microwave
journal, January, 2000.

Narayanan Manoj, Amir Faizal & S. Santosh Palai.(2006). Multi Polarization Antenna
Structures for Efficient MIMO Systems Employing Software Radio Design
Methodology, Proceeding of RF & Microwave Conf, pp 390-392, ISBN 0-7803-9745-2,
Putrajaya, 12-14 Sept, Malaysia

Byoungsun. L, Sewoong Kwon, Hyun.Y, Jewoo. L, Jeho. S.(2006). Modeling the indoor
channel for the MIMO system using Dual Polarization Antenna, Proceeding of the 9t
EuMA, pp.334-337, ISBN 2-9600551-5-5, September, Manchester, U.K

K. Ghorbani and R. B. Waterhouse. (2004). Dual Polarized Wide-Band Aperture Stacked
Patch Antennas. IEEE Transactions on Antennas and Propagation, pp.2171-2174.vol.
52, no. 8, ISSN: 0018-926X, August 2004.

S. B. Chakrabarty, F. Klefenz, A. Dreher. (2000). Dual Polarized Wide-Band Stacked
Microstrip Antenna with Aperture coupling for SAR application. Proceeding of
Antennas and Propagation Society International Symposium, pp 2216-2219, ISBN: 0-
7803-6369-8, Salt Lake City, 16-21 July 2000, UT.

S. Hienonen, A. Letho, Annti V.R (1999). Simple broadband dual-polarized aperture-
coupled microstrip antenna. Proceeding of Antennas and Propagation Society
International Symposium, pp 1228-1231, ISBN: 0-7803-5639-x, Orlando, 11-16 July,
Florida

S. Gao, L. W. Li, M. S. Leong, and T. S. Yeo (2003). A broad-band dual-polarized microstrip
patch antenna with aperture coupling. IEEE Transactions on Antennas and
Propagation, pp. 898-900.vol. 51, no. 4, ISSN: 0018-926X, April 2003.

S. Gao & A. Sambell (2005). Dual polarized Broad- Band Microstrip Antenna fed by
Proximity coupling. IEEE Transactions on Antennas and Propagation, pp. 526-530.vol.
53, no. 1, ISSN: 0018-926X, January 2005.

B. Lee, S. Kwon & J. Choi (2001). Polarisation diversity microstrip base station antenna at
2 GHz using T-shaped aperture- coupled feeds. Microwaves, Antennas and
Propagation, 1IEE Proceedings, pp. 334-338. Vol 148, no. 5, ISSN: 1350-2417, October
2001

www.intechopen.com



388 Trends in Telecommunications Technologies

S. K. Padhi, N. C. Karmakar, Sr., C. L. Law & S. Aditya, Sr. (2003). A dual Polarized aperture
coupled circular patch antenna using a C- shaped coupling slot. IEEE Transactions
on Antennas and Propagation, pp. 3295-3298.vol. 51, no. 12, ISSN: 0018-926X,
December 2003.

A. A. Serra, P. Nepa, G. Manara, G. Tribellini & S. Cioci (2007). A wide-band dual polarized
stacked patch antenna. IEEE Antennas and Wireless Propagation Letters, pp. 141-
143.vol. 6, no. 1, ISSN: 1536-1225, 2005.

Kin-Lu Wong, Hao-Chun Tung & Tzung-Wern Chiou (2002). Broadband dual-polarized
aperture-coupled patch antennas with modified H-shaped coupling slots. IEEE
Transactions on Antennas and Propagation, pp. 188-191.vol. 50, no. 2, ISSN: 0018-926X,
February 2002.

B. Lindmark (1997). A novel dual polarized aperture coupled patch element with a single
layer feed network and high isolation. Proceeding of Antennas and Propagation Society
International Symposium, pp. 2190-2193. vol.4, ISBN: 0-7803-4178-3, 13-18 July, 1997.

M. Arezoomand, H. Aziminezhad, F. Hakamizadeh & S. Sadat (2005). A dual polarized
aperture coupled microstrip antenna for GSM 900 MHz systems. Proceeding of
international Symposium on Telecommunications, pp. 539-543, 10-11 September, 2005,
Iran.

J. Choi & T. Kim (2000). Microstrip array antenna for PCS and IMT-2000 base station.
Proceeding of Microwave Conference, 2000 Asia-Pacific, pp. 25-28. 2000.

W.-C. Liu, C.-C. Huang and C.-M. Wu (2004). Dual-polarised single-layer slotted patch
antenna. IEE Electronics Letters, pp. 717-718. vol. 40. no.12, 10 June 2004.

LJ du Toit & JH Cloete (1987). Dual polarized linear microstrip patch array. Proceeding of
Antennas and Propagation Society International Symposium, pp. 810- 813. Vol.25, Jun
1987.

Shun-Shi Zhong, Xue-Xia Yang, Shi-Chang Gao & Jun-Hai Cui (2002). Corner-fed micostrip
antenna element and arrays for dual-polarization operation. IEEE Transactions on
Antennas and Propagation, pp. 1473-1480.vol. 50, no. 10, ISSN: 0018-926X, October
2002.

Shi-Chang Gao & Shun-Shi Zhong (1998). A dual-polarized microstrip antenna array with
high isolation fed by coplanar network. Microwave and Optical Technology Letters.
pp- 214-216, vol.19, no.3, 20 October 1998.

S. C. Gao, L. W. Li, T. S. Yeo & M . S. Leong (2001). Low cost, dual linearly polarized
microstrip patch array. IEE Proceeding of Microwave Antenna and Propogation,
pp- 21-24. vol. 148, no.1, ISSN: 1350-2417, February 2001.

Kim Woelders & Johan Granholm (1997). Cross-Polarization and sidelobe suppression in
dual linear polarization antenna arrays, I[EEE Transactions on Antennas and
Propagation, pp. 1727-1740.vol. 45, no. 12, ISSN: 0018-926X, December 1997.

Keyoor Gosalia & Gianluca Lazzi (2003), Reduced size, dual-polarized microstrip patch
antenna for wireless communications. IEEE Transactions on Antennas and
Propagation, pp. 2182-2186.vol. 51, no. 9, ISSN: 0018-926X, September 2003.

M. Ramesh, K. B. Yip (2003), Design Inset Fed Microstrip Antenna, Microwaves and RF
Letters, vol.42, no. 12, Dec. 2003.

www.intechopen.com



]
L

I |
Trends i e | H
T.T“a.'.l.:-.uj;uip“;[ . }. Edited by Christos J Bouras
Technolggies | — | :
_I ]

Trends in Telecommunications Technologies

ISBN 978-953-307-072-8

Hard cover, 768 pages

Publisher InTech

Published online 01, March, 2010
Published in print edition March, 2010

The main focus of the book is the advances in telecommunications modeling, policy, and technology. In
particular, several chapters of the book deal with low-level network layers and present issues in optical
communication technology and optical networks, including the deployment of optical hardware devices and the
design of optical network architecture. Wireless networking is also covered, with a focus on WiFi and WiMAX
technologies. The book also contains chapters that deal with transport issues, and namely protocols and
policies for efficient and guaranteed transmission characteristics while transferring demanding data
applications such as video. Finally, the book includes chapters that focus on the delivery of applications
through common telecommunication channels such as the earth atmosphere. This book is useful for
researchers working in the telecommunications field, in order to read a compact gathering of some of the
latest efforts in related areas. It is also useful for educators that wish to get an up-to-date glimpse of
telecommunications research and present it in an easily understandable and concise way. It is finally suitable
for the engineers and other interested people that would benefit from an overview of ideas, experiments,
algorithms and techniques that are presented throughout the book.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

M. S. R Mohd Shah, M. Z. A Abdul Aziz, M. K. Suaidi and M. K. A Rahim (2010). Dual Linearly Polarized
Microstrip Array Antenna, Trends in Telecommunications Technologies, Christos J Bouras (Ed.), ISBN: 978-
953-307-072-8, InTech, Available from: http://www.intechopen.com/books/trends-in-telecommunications-
technologies/dual-linearly-polarized-microstrip-array-antenna

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBHIERFEK6SS iEEPrRE ARG DA E4058TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2010 The Author(s). Licensee IntechOpen. This chapter is distributed
under the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike-3.0 License, which permits use, distribution and reproduction for
non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same
license.




