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ABSTRACT

DESIGN OF DUAL APERTURE COUPLED ANTENNA AND OFFSET
SLOT FED APERTURE COUPLED MICROSTRIP ANTENNA

Microstrip patch antennas play a very important role in the field of wireless
communications because of their advantages such as low-profile, low-cost, easy fabrication
of various types. Microstrip patch antennas are versatile in terms of various possible
geometries that make them applicable to many different applications. In this thesis, two

different coupled stacked microstrip patch antennas have been designed at Ku band.

Our frequency spectrum is between 10.8 GHz and 12.75 GHz. The gains of the antennas
are more than 9 dBi and VSWR s less than 2 for all frequency bands. The slot length is
less than A/4 for containing all frequency intervals.And hourglass shaped aperture is used
because it gives maximum coupling. The patch on the substrate is the radiating element
and the slot in the ground plane couples the energy from the microstrip feed line to the
patch and parasitic patch on the topmost substrate is used to increase bandwidth. The
microstrip patches in the structure have dimensions nearly resonant dimensions (= A) at
center frequency of operating band 11.9 GHz. The parasitic patch a little smaller than

radiating element.

In Chapter 2 the beam controllable antenna which is the name of ‘Dual Aperture Coupled
Antenna Design’ has been designed. Also, its array synthesis and feed network design has
been presented. Simulations and measurements results have been displayed. In Chapter 3
the main beam tilted antenna which is the name of ‘Offset Slot Fed Aperture Coupled
Microstrip Antenna’ has been designed. Its array synthesis and feed network design has

been presented. Simulations and measurements results have been displayed.



OZET

CIFT YARIKLI KUPLAJ ANTEN TASARIMI VE KAYDIRILMIS
ACIKLIKLI MIKRO SERIT ANTEN TASARIMI

Mikroserit yama antenleri, diisiik maliyet, diisiik profil ve bir¢ok c¢esidinin kolay
tiretilebilmesi gibi avantajlarindan dolay1 kablosuz haberlesmede énemli rol oynamaktadir.
Mikroserit yama antenlerinin pek c¢ok farkli geometrisinin olmasi, onlar1 farkli
uygulamalarda kullanigh kilar. Bu tezde Ku bandinda iki farkli eslenmis y1gin mikroserit

yama anteni tasarlanmistir.

Caligilan frekans araligir 10.8 GHz ile 12.75 GHz arasindadir. Antenlerin kazanci, biitiin
frekans bandinda 9 desibelin iistiinde ve gerilim duran dalga oranlar1 2 nin altindadir.
Besleme hatti ile anten arasindaki agikligin uzunlugu, biitiin frekans araligin1 kapsamasi
icin dalga boyunun dortte birinden kiiciik olacak sekilde tasarlanmistir. Kuplajin
maksimum olmasi i¢in ise, besleme hatt1 ile anten arasindaki acgiklik, kum saati seklinde
tasarlanmistir. Toprak hatti {izerine agilan yariklik sayesinde mikro serit besleme hattindan
gelen enerji, dielektrik malzeme iizerinde olan parazitik ve 1siyan yamalara gider. Bu
yamalar, bant genisligini yiikseltmek icin de kullanilmistir. Yapilardaki mikro serit
yamalarin boyutlar1 merkez frekansi olan 11.9 GHz de yaklasik dalga boyu kadardir.

Parazitik yama boyutu ise 1s1ma yapan yamanin boyutundan biraz kiiciiktiir.

Yapilan ¢alismanin ikinci boliimiinde 1s1ma huzmesinin kontrol edilebildigi ¢ift yarikli
kuplaj anteni tasarlanmistir. Ayrica bu antenin dizi sentezi ve besleme agi tasarimi
yapilmistir. Benzetim ve gerceklenen Ol¢lim sonuglart sunulmustur. Calismanin {igiincii
boliimiinde, yamalar1 kaydirarak, esas 1s1mn huzmesinin kontrol edilebildigi, kaydirilmis
aciklikli mikro serit anteni tasarlanmistir. Bu yapi i¢in, dizi sentezi ve besleme a1 tasarimi

yapilmistir. Benzetim ve gergeklenen 6l¢lim sonuglari verilmistir.
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1. INTRODUCTION

Microstrip patch antennas play a very important role in the field of wireless
communications because of their advantages such as low-profile, low-cost, easy fabrication
of various types. Microstrip patch antennas are versatile in terms of various possible
geometries that make them applicable to many different applications. In this thesis, two
different coupled stacked microstrip patch antennas have been presented at Ku band.

Microstrip antennas are suffering from limitations such as narrow bandwidth [1]. To
overcome this inherent limitation of narrow bandwidth, many techniques have been
suggested such as using multilayer structure, materials with low dielectric constants, and

using stacked patches. Various configurations have been presented to extend the BW [2-9].

Aperture coupling is an indirect method of feeding the patch. The structure consists of two
substrates; one containing the radiating patch and the other containing the feed network as
shown in Figure 1.1. This type of microstrip antenna couples the patch antenna with a
microstrip feed line through an electrically small aperture. The feed line creates an electric
field in the aperture, which induces surface currents on the patch. The patch edges
perpendicular to the feed line create fringing fields that radiate into free space. The main
advantage of this type of feeding is ease of integration into array. Since the coupling
between the patch and the feed line is made through a slot or an aperture which is in the
ground plane, spurious radiation is minimized because the ground plane separates the patch
and the feed line, which makes radiation from the feed network not to interfere with the

main radiation pattern [1].



Parasitic Patch

// Radiating Patch

7

Ground Plane

D Dielectric Material

Microstrip Feed Line . Metal

Figure 1.1. An Aperture Coupled Microstrip Patch Antenna

There are several factors that affect the performance of this type of antenna such as patch
dimensions, aperture length and width, position of the aperture with respect to patch, shape
of coupling aperture since different apertures have different coupling, substrate properties
and heights of each stacked layers [1, 10]. To obtain maximum coupling the position of the
patch is placed at the center of the antenna [11]. For a rectangular patch, an H- shaped
aperture [12-14], a dog bone-shaped aperture [15], bowtie-shaped [16-19], U-slot aperture
[20-22], E-shaped aperture [23-25] can be used for larger coupling and improved
bandwidth as shown in Figure 1.2. An hourglass shaped aperture uses the features of both
dog bone and bowtie- shaped apertures without any sharp edges. It is claimed that it

provides maximum coupling [1].

Rectangular
Shaped H Shaped  Dog-bone Shaped Hour-glass Shaped Bow-tie Shaped

Figure 1.2. Some Shapes of Aperture

In this thesis, two different aperture coupled stacked microstrip patch antennas have been
presented for Ku band applications. The beam controllable antenna is presented in Chapter
2. The other design antenna has a sliding slot to control the beam tilt, which is presented in
Chapter 3.



2. DUAL APERTURE COUPLED ANTENNA DESIGN

2.1. DESCRIPTION of DUAL APERTURE COUPLED ANTENNA

In this Chapter, the coupled stacked microstrip patch antenna with dual feed is presented.
Three different antennas have been proposed. These are 0°, 120° and 180° phase difference
between the sources. Our frequency spectrum is between 10.8 GHz and 12.75 GHz. The
gain of the antenna is more than 9 dBi and VSWR is less than 2 in the frequency bands.
The hour-glass shaped aperture is used for all antennas because it gives maximum coupling
between patch and feed line. A typical antenna structure is shown in Figure 2.1. The slot
shape dimensions and patch dimensions which are different for three designs were
optimized to give maximum coupling and maximum gain. Also, the slots lengths are less
than M4.

Parasitic Patch

Radiating Patch\ —_—
T~ 1 h2
Slots
h3
Rogers 3003

\\s‘
Microstrip
Feed Lines

Figure 2.1. Sectional View of the Configuration of the Element Antenna

y

X by

Figure 2.2. Top View of the Configuration of the Element Antenna



2.2. THEORY of DUAL APERTURE COUPLED ANTENNA

The idea of using the separate feed line with a phase difference between them is to enable
one tilt the main beam of antenna to desired angle. To do that, we first consider two dipole
sources which are placed over an infinite ground plane in simulation as shown in Figure

2.3. The distance between the sources is A/2 at the center frequency 11.9 GHz.

Figure 2.3. Two Dipole Sources

When they have equal current amplitude and equal phase they give maximum radiation at
broadside 0°as shown in Figure 2.4. Also, Figure 2.5 and Figure 2.6 show the far field

pattern of the dipole sources.

-

A,

Figure 2.4. Radiation of Dipole Sources with 0° Phase Difference
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Figure 2.5. Far Field Gain Pattern of Dipole Sources with 0° Phase Difference

at phi= 0°
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Figure 2.6. Far Field Gain Pattern of Dipole Sources with 0° Phase Difference
at phi= 90°



When we give 180° phase differences between two dipole sources the behavior of the
antenna look similar to TMy, mode of radiation in microstrip antennas as shown in Figure

2.7 and also far field pattern is shown in Figure 2.8 and Figure 2.9.

n

Figure 2.7. Radiation Pattern of Dipole Sources with 180° Phase Difference

— Phi [dBi]
=== Theta [dBi]

Figure 2.8. Far Field Gain Pattern of Dipole Sources with 180° Phase Difference
at phi=0°
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Figure 2.9. Far Field Gain Pattern of Dipole Sources with 180° Phase Difference
at phi= 90°

2.3. OPTIMIZATION of ANTENNA PARAMETERS

Table 2.1 shows that optimized patch dimensions for three designed antenna. The
parameters of h1l which is 1 mm and h2 which is 2 mm are also optimized for maximum
gain. Figure 2.10 shows that sectional view of element antenna and Figure 2.12 shows top
view of radiating and parasitic patch. In the design, Rogers 3003 (&, = 3, tan § = 0.0023) is
used and the dielectric layer thickness h3 which is 0.8 mm. Input impedance of the

microstrip feed line is matched to 50€.

Table 2.1. Length and Width of Radiating and Parasitic Patches

PPx(mm) | PPy(mm) | RPx(mm) | RPy(mm)
0 degree phase difference 26 9 27 10,5
120 degree phase difference 26 9 27 11
180 degree phase difference 26 10 27 12
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Figure 2.10. Sectional view of Element Antenna
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Figure 2.11. Top View of Radiating and Parasitic Patch
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Figure 2.12. Top Views of Slots and Feed Line




Radial Stub

L 1.3 mm

Figure 2.13. The Slot and Feed Line Shape

The Figure 2.13 shows that top views of slots and feed line. We optimized width of feed
line to be 1.3 mm. We used radial stub in the feed line for impedance matching shown in
Figure 2.13. The slot dimensions are also optimized according to below graphs where gain
fractional bandwidth product is equal to;

_ fu B fl
GFBW = TR Goor (2.1)

where £, , f;, and f. represent upper frequency, lower frequency, and center frequency

respectively.

G, 1S the average gain, it is calculated for three different designs for five frequencies
which is in range of 10.8 GHz and 12.8 GHz. The graphs Figure 2.14, Figure 2.15, Figure

2.16, and Figure 2.17 are obtained for optimum radiating and parasitic patch dimensions.
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Figure 2.14. GFBW versus L Parameters when #'is 2 mm, x is 0.5 mm, y is 0.5 mm
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Figure 2.15. GFBW versus W Parameters when L is 5 mm, x is 0.5 mm, y is 0.5 mm
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Figure 2.16. GFBW versus y Parameters when L is 5 mm, #is 2 mm, x is 0.5 mm
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Figure 2.17. GFBW versus x Parameters when L is 5 mm, Wis 2 mm, y is 0.5 mm



Table 2.2 shows the optimized value of slot parameters.

Table 2.2. Slot Dimensions of Antennas

Figure 2.18. Top View of 0° Phase Difference Antenna

L(mm) | W(mm) | x(mm) | y(mm)
0 degree phase difference 54 1,8 0,5 0,5
120 degree phase difference 5,2 2,2 0,5 0,5
180 degree phase difference 5,2 2,6 0,5 0,5
y
xely

11

With the help of AWR simulator we found which length balances to 120° and 180° phase

differences between the sources. We extended the one side of feed line for 120° and 180°

phase differences shown in Figure 2.19.

Figure 2.19. Top View of 120° and 180° Phase Difference Antenna
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We gave the phase differences by changing length of the feed line which is feed from two

sides of the patches.

2.4. OPTIMIZED ANTENNA PERFORMANCE

When we use equal length of the feed line shown in Figure 2.18 we should have a

broadside radiation pattern as shown in Figure 2.20.

A

@

Figure 2.20. Radiation Pattern of the Antenna with 0° Phase Difference

When the phase difference is increased, we observe that the radiation pattern gradually
looks like TM20 mode. If we apply 180° phase difference to one source, the radiation
pattern looks very similar to TMy, mode radiation as shown in Figure 2.21. By increasing
the phase differences the pattern gradually returns to original broadside radiation. The
direction of the current distributions on the patch of aperture coupled microstrip antenna is
y direction and we observe the maximum radiation pattern on xz- axis. Figure 2.22 and

Figure 2.23 show that current distribution on parasitic and radiating patches.
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Figure 2.21. Radiation Pattern of the Antenna with 180° Phase Difference

4

Figure 2.22. Current Distribution on the Parasitic Patch with 180° Phase Difference

Figure 2.23. Current Distribution on the Radiating Patch with 180° Phase Difference

The simulation results show that all designed antennas provide the gain and VSWR

criteria. The antenna which is 0° phase difference between the sources has broadside
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radiation pattern. Figure 2.24 and Figure 2.25 show element gain of 0°phase difference
antenna and Figure 2.27 shows VSWR of this antenna. The antenna which is 120° phase
difference between the sources has25° tilts shows in Figure 2.29. Figure 2.28 and Figure
2.30 show element gain of 120° phase difference antenna also Figure 2.32 shows VSWR
of the antenna. The antenna which is 180° phase difference between the sources has 30°
tilts show in Figure 2.34. Figure 2.33 and Figure 2.35 show element gain of 180° phase

difference antenna and Figure 2.37 shows VSWR of the antenna.
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Figure 2.24. Element Gain of 0° Phase Difference Antenna
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Figure 2.25. Far Field Element Gain of 0° Phase Difference Antenna at 11.9 GHz
at phi=0°
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Figure 2.26. Far Field Element Gain of 0° Phase Difference Antenna at 11.9 GHz
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Figure 2.27. VSWR of 0° Phase Difference Antenna
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Figure 2.28. Element Gain of 120° Phase Difference Antenna

Figure 2.29. Far Field Radiation of 120° Phase Difference Antenna (phi)
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Figure 2.30. Far Field Element Gain of 120° Phase Difference Antenna at 11.9 GHz
at phi=0°
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Figure 2.31. Far Field Element Gain of 120° Phase Difference Antenna at 11.9 GHz
at phi=90°
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Figure 2.33. Element Gain of 180° Phase Difference Antenna
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Figure 2.34. Far Field Radiation of 180° Phase Difference Antenna (phi)
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Figure 2.35. Far Field Element Gain of 180° Phase Difference Antenna at 11.9 GHz
at phi=0°
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Figure 2.36. Far Field Element Gain of 180° Phase Difference Antenna at 11.9 GHz
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Figure 2.37. VSWR of 180° Phase Difference Antenna

To understand the TMyo mode radiation pattern in a patch, we can feed the patch, where its
length is equal to A, with a pin feed at the center of the patch. It has maximum radiation

point at approximately 30° as shown in Figure 2.38.
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Figure 2.38. Far Field Radiation Pattern of Patch with the Pin Feed at 11.9 GHz
at phi=0°
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Figure 2.39. Far Field Radiation Pattern of Patch with the Pin Feed at 11.9 GHz
at phi=90°

TM stands for transverse magnetic field. In the case of a microstrip antenna, the field
components of interest are: the electric field in the z direction, and the magnetic field

components in x and y direction where x and y axes are parallel with the ground plane and
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z axis is perpendicular. Because the dielectric substrate is very thin (0.01A - 0.02), it is
assumed that the field has no z dependence so electric field variation is considered
negligible along z-axis. Therefore, TM,, remains with n and m the field variations in x and
y directions.

In TMy mode, current distribution becomes negative and positive on the patch whose
length is equal to A. These currents decrease as they move away from edge of the patch,
and when at the center of the patch the current is zero shown in Figure 2.40. Also the
electric field is zero at the center of the patch, there is not any radiation from the center of
the patch shown in Figure 2.41. The 3-D figure shows that the radiation pattern has
maximum radiation in yz-axis. Because the direction of the current distributions on the
patch which is fed by pin feed is different than the aperture coupled microstrip antenna, we

could see the maximum radiation pattern on xz-axis in the project not in yz-axis.

12.5mm

4
v

25 mm

Figure 2.40. Current Distributions on the Patch with Pin Feed

A

Figure 2.41. Radiation Pattern of Patch with Pin Feed
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To create similar analogy in aperture coupled microstrip antenna, we use two slots which
are identically same, and the radiating patch length is approximately equal to A.
From linear equally spaced antenna array theory, the required phase for tilting in 0

direction, the individual phases of antennas must be,

o, = —Bz,cos(0) (2.2)

Where B is phase constant and is equal to B =2m/A,z, is the distances between two
imaginary representation source patches on x-axis. It is equal to 0.54\ between the phase
centers of two slots. 0 is the main beam direction. To provide desired tilt, we need to
estimate the phase difference between each arm. We can find the angle which gives a tilt in
radiation pattern to 20°. 0 is equal to 20° in our study. In this way, we can control the beam
with apply the phase difference to one source. The result of this calculation is found o,= -
66.5°.

However when we provide -66.5° phase difference, the radiation pattern tilts 15°. There
are several factors which may have caused this, such as coupling effect between patch,
affect of ground plane, effective dipole approximation. Simulations are run to determine
the tilt angle with respect to applied phase. Simulation results are shown in Table 2.3. The
Figure 2.42 shows that maximum tilted angle is -20° when the phase difference between

sources is 95°. In this way we can control the main beam with phase differences.



Table 2.3. Relevance of Phase Differences and Maximum Beam Angle

Maximum Beam
Phase Differences, deg Tilted, deg
0 0
20 -4
40 9
60 -13
75 -16
90 -19
95 -20
100 21
120 -24
150 -28
180 -31

100 80

—— Phi [dBI]

160 ; .
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180

max. at -20 degree

200 \

260 280

Figure 2.42. Far Field Radiation Pattern of Antenna with 95° Phase Differences
at 11.9 GHz at phi=0°
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Figure 2.43. Far Field Radiation Pattern of Antenna with 95° Phase Differences
at 11.9 GHz at phi= 90°

2.5. DUAL APERTURE ANTENNA ARRAY and FEED NETWORK DESIGN
Using by the proposed antenna element, a linear antenna array for 0°, 120° and 180° phase

differences antenna in 2x4 array element are investigated as shown in Figure 2.44, 45, and
Figure 2.46.
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Figure 2.46. 180° Phase Difference Antenna in 2x4 Array Elements

Most arrays are designed such that the element spacing is less than one wavelength for
decreasing the grading lobes which unintended beams of radiation and occur when the
antenna element separation too large. The equation for maximum spacing is a function of

wavelength of operation and maximum tilts angle:

A

- 2.3
Dmax 1+ sin® 23)
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Where 0 is tilts angle.

Thus for a 30 degree tilts angle, d,.x is 0.6 Awhile for a 25 degree tilts angle, dp,,x1S 0.7 A.
First, we take the distances between the patches equal to A for 0° phase differences array
antenna. Then, we found the optimum center to center distances between the antennas as dy
= 1.2X and dy= 0.8\ by simulation. Also we find dyx = 1.4A and dy= 0.8A for 120° phase
difference antenna and dyx = 1.2A and dy= 0.91 for 180° phase difference antenna for
optimum results where d, is the distances between two patches along x axis and d,, is the

distances between two patches along y axis.

The design is a multidimensional array, so the optimization must be done for both

directions. For multidimensional arrays the array factor is,

N M
AF(6, ®) = Z Z I, &)%mn*iémn 2.4)
n=1m=1
where,
Emn = B[X mnsin (90 — 0) cos® + y',nsin (90 — 0) sind] (2.5)
mn = —B[X mnsin (90 — B0 )cosd o + y'nsin (90 — Bo )sindo] (2.6)

Where 6o, @, are the main beam pointing direction, X'mn and y'mn are the distances from

center to patch.

For example a 4x4 matrix can be shown in the following Figure 2.47.
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Figure 2.47. 4x4 Element Array Antenna

As well as for the multidimensional array our specifications are also ® = ®,= 0 and 6 = -
180°...180°, 8, is 0 for 0° phase difference antenna, 25° for 120° phase difference antenna
and 30° for 180° phase difference antenna when we operate in xz-plane to tilt the radiation
pattern to x direction. We designed a beam controllable antenna for 0°, 120° and 180°
phase differences for 2x4 element antenna array. The array factors are calculated using
MathCAD. Figure 2.48 shows that the array factor of 8 element array antenna for 180°
phase difference between the sources. It is shown that the maximum tilt angle is 30° where
reference is starting from 90°. Figure 2.49 shows the array factor for 120° phase difference

between the sources. Also it is shown that maximum tilted angle of 25°.
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2.5.1. Simulation Results of 2x4 Elements Dual Aperture Antennas

32

Figure 2.50 shows that radiation pattern of 0° phase difference 2x4 elements array antenna

and S parameters and input reflection coefficient is shown in Figure 2.51 and Figure 2.52.

Far field gain pattern is also shown in Figure 2.53.
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Figure 2.51. S11 of 0° Phase Difference 2x4 Elements Array Antenna
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Figure 2.52. The S Parameters of 0° Phase Difference 2x4 Elements
Feed Network Design
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Figure 2.53. Far Field Gain Pattern of 0° Phase Difference 2x4 Elements
Array Antenna at 11.9 GHz at phi=0°
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Figure 2.54. Far Field Gain Pattern of 0° Phase Difference 2x4 Elements
Array Antenna at 11.9 GHz at phi=90°

Figure 2.57 shows that far field radiation pattern of 120° phase difference array antenna.
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Figure 2.55. Far Field Gain Pattern of 120° Phase Difference 2x4 Elements
Array Antenna at 11.9 GHz at phi=0°
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Figure 2.56. Far Field Gain Pattern of 120° Phase Difference 2x4 Elements
Array Antenna at 11.9 GHz at phi=90°

Figure 2.57. Radiation Pattern of 180° Phase Difference 2x4 Elements Array Antenna

Figure 2.57 shows the radiation pattern of 180° phase difference 2x4 elements array

antenna and Figure 2.58 shows input reflection coefficient and Figure 2.59 shows S
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parameters of this array antenna. Theoretically the S parameters must be -9 dB but
simulation results shows that it is much smaller than our expectation. This reason comes
from feed line losses because feed line losses are added to -9 dB. Far field gain pattern
shows that when we increase the number of element from 1 to 8 elements the gain

increases 9 dBi at maximum tilted angle.
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Figure 2.58. S110f 180° Phase Difference 2x4 Elements Array Antenna
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Figure 2.60. Far Field Gain Pattern of 180° Phase Difference 2x4 Elements Array
Antenna at 11.9 GHz at phi=0°
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Figure 2.61. Far Field Gain Pattern of 180° Phase Difference 2x4 Elements Array
Antenna at 11.9 GHz at phi=90°

Far field gain pattern shows that when we increase the number of element from 1 to 8

elements the gain increases 9 dBi at maximum tilted angle shown in Figure 2.59.
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2.5.2. Feed Network Design of Dual Aperture Antenna

The aim of the feed line is to carry power from a connector to the actual antenna. In this
rectangular patch microstrip array antenna, each element is connected by a microstrip line
which transforms the impedance of the patch in to 50Q. This complex network is known as
corporate feed network which is shown in Figure 2.62 and Figure 2.65. Each element will

be connected by transmission lines. The total feed line loss is calculated by the formula of,
L(a, + a4) = Total Feed Line Loss 2.7)
where o is conductor loss, og4 is dielectric loss and L is the path length of the feed line a
and b are the dimensions of rectangular waveguide, n is the intrinsic impedance of the
material filling the waveguide, B is the propagation constant, k is the propagation mode

number, tan §is the loss tangentand Ry is the wall surface resistance.

_ Rg (2bn? +2%k?)

= 2.8

e a3 bpkn 28)
k? tan$

= 2.9)

The optimum feed line for 2 x 4 elements 0° and 180° phase difference antenna is designed
by AWR and it is shown in Figure 2.62 and Figure 2.65. The distances between the patches
are optimized with simulations. Figure 2.63 and Figure 2.66 shows bottom view of 0%and
180°phase difference 2x4 elements array antenna with patches. Also, feed line schema of
0%nd 180°phase difference 2x4 elements array antenna are shown in Figure 2.64 and
Figure 2.67.



Figure 2.62. Feed Line of 0° Phase Difference 2x4 Elements Array Antenna

Figure 2.63. Bottom view of 0°

Phase Difference 2x4 Elements Array Antenna with

Patches
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Figure 2.64. Feed Line Schema of 0° Phase Difference 2x4 Elements Array Antenna

Figure 2.65. Feed Line of 180° Phase Difference 2x4 Elements Array Antenna
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Figure 2.66. Bottom view of 180° Phase Difference 2x4 Elements Array Antenna with

Patches

41
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Figure 2.67. Feed Line Schema of 180° Phase Difference 2x4 Elements Array Antenna
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2.6. MEASUREMENT RESULTS of DUAL APERTURE ANTENNAS
2.6.1. Measurement Results of Single Element Dual Aperture Antennas
Measurement and simulation gain of 0° and 180° phase difference antenna are shown in

Figure 2.68 and Figure 2.70. S11 parameters of these antennas are shown in Figure 2.69
and Figure 2.71.

10 pommmerm ot 2t 0Ol .

‘‘‘‘‘ i MY
pe- \‘ —— measurement resu
I S ---- simulation result

Gain, dBi
[4;]
'I

5 \
/

_207\\\\

9 10 11 12 13 14 15
Frequency, GHz
Figure 2.68. Gain of 0° Phase Difference Antenna
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Figure 2.69. S11 Parameter of 0° Phase Difference Antenna
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Figure 2.70. Gain of 180° Phase Difference Antenna
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Figure 2.71. S11 Parameter of 180° Phase Difference Antenna

2.6.2. Measurement Results of 2x4 Element Dual Aperture Antennas

Measurement and simulation gain of 0° and 180° phase difference 2x4 elements array
antennas are shown in Figure 2.72 and Figure 2.74.S11 parameters of these antennas are
shown in Figure 2.73 and Figure 2.75.Realizations of the antennas are shown in Figure
2.76 and Figure 2.77. The measurements have been made in anechoic chamber shown in
Figure 2.78.
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Figure 2.73. S11 of 0° Phase Difference 2x4 Elements Array Antenna
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Figure 2.76. Realization of Top View of 8 Elements 180° Phase Array Antenna

Figure 2.77. Realization of Bottom View of 8 Elements 180° Phase Array Antenna
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Figure 2.78. Measurement Set up in Anechoic Chamber
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3. OFFSET SLOT FED APERTURE COUPLED MICROSTRIP
ANTENNA

3.1. DESCRIPTION of OFFSET SLOT FED APERTURE COUPLED
MICROSTRIP ANTENNA

In this part of the project an alternative design of an aperture coupled stacked microstrip
patch antenna has been presented. The TMy, modes radiation pattern has a tilted radiation
pattern that was shown in the previous antenna and this part of project present an
alternative method to tilt the mean beam. The characteristic of the antenna has a
controllable main beam by sliding the slot on the x axis. The antenna is designed on
Rogers 3003, so the relative dielectric permittivity ¢ is equal to 3 and thickness is equal to
0.8 mm are the same. Impedance of the microstrip feed line should be matched to 50Q.
The optimization is performed for highest gain and minimum VSWR, while keeping the
gain above some lower limit 9 dBi, VSWR below the upper limit 2 in the frequency range
from 10.9 GHz to 12.75 GHz. We use bow-tie slot because it gives maximum coupling.
Also, we use two patches as radiating and parasitic patch to increase BW. The parasitic
patch dimensions are equal to 26 mm x 9 mm and radiating patch dimensions are equal to
27 mm x 11 mm for maximum gain is optimized. The slot shape was optimized to give
maximum coupling. Also slot dimension was optimized for maximum coupling. Slot
dimensions are; L= 5.2 mm W= 2.2 mm y=0.5 mm and x= 0.5 mm. Width of feed line is
0.6 mm. The air gap between the slot plane and the radiating patch (hl), and radiating
patch between parasitic patch (h2) is 1 mm and 2 mm high respectively. h3 is also equal to

0.8 mm. Figure 3.1 shows the configuration of the element antenna.
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Figure 3.1. Sectional View of the Configuration of the Element Antenna
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Figure 3.2. Top View of the Configuration of the Element Antenna
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3.2. THEORY of OFFSET SLOT FED APERTURE COUPLED MICROSTRIP
ANTENNA

There are several factors that affect the performance of aperture coupled microstrip
antenna such as patch dimensions, position and size of aperture and substrate thickness.
When we increased this highest, the maximum gain is occurring at 24° and 10.26 dBi.
HPBW in elevation is 43.7° and HPBW in azimuth is 58°. Also, VSWR is bigger than 2
after 11.8 GHz. However, the tilting does not change, it is still tilted to x-axis when the slot
is shifted to x axis also, we have seen maximum gain is at 10° and 11.07 dBi, HPBW in
elevation is 43.19°, HPBW in azimuth is 63° and VSWR is bigger than 2 at all frequency.

The wider patch results are the maximum gain in the center frequency at 18° and 10.2 dBi,
HPBW in elevation is to 34.6° and HPBW in azimuth is 58.2°. Also, VSWR is bigger than
2 at the end of the frequency. It is also not effective too much tilting. When we decrease
the patch dimensions maximum gain is at 14° and 10.3 dBi, HPBW in elevation is 46,88° ,
HPBW in azimuth is 65.6° and VSWR is bigger than 2 at the start and end points of the

frequency band.

Also the slot shape was optimized to give maximum coupling. When we increased the size
of the slot the maximum gain is occurring at 18° and 11.2 dBi. HPBW in elevation is 41.7°
and HPBW in azimuth is 60.5° but VSWR is bigger than 2 at between 10.9 GHz to 11.8
GHz. Also, when we decrease the size of slot maximum gain is at 18° and 11.1 dBi,
HPBW in elevation is 41.7° and HPBW in azimuth is 60.5°. VSWR is less than 2 at
between 11.2 GHz to 12.6 GHz. The slot shape does not affect the tilting. Also, gain and
VSWR did not affect at the same time. However, the slot position has direct effect on the

tilted radiation pattern.

Primarily the slot was at the center of the patch and we saw a broadside radiation pattern
shown in Figure 3.3. When we slide the slot along x axis, so the slot position come slide
from center of the patch we saw that the radiation pattern is tilted to opposite direction of
the sliding slot shown in Figure 3.4. In this way we can tilt the radiation pattern with
sliding the slot. Table 3.1 gives simulated of gain and HPBW of the element antenna with
respect to offsets.
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Figure 3.3. Broadside Radiation Pattern of the Element Antenna

Figure 3.4. Tilted Radiation Pattern of the Element Antenna

When the slot is at the center of the patch the same current distribution is occurring along
the patch and it distributes on y-axis shown Figure 3.5. And in this condition we could see
broadside radiation pattern shown in Figure 3.6.
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Figure 3.5. Current Distribution on the Radiating Patch when the Slot is at Center

4

Figure 3.6. Broadside Radiation Pattern of the Antenna when the Slot is at Center

When we slide the slot along the x axis, we assume that the patch is divided by two and
because when the slot is slide from center of the patch to the edge, the phase differences
occur in between these two sides. When we give 10 mm as offset to slot, this condition
Figure 3.7 and Figure 3.8 show that the currents are more intensive on the slot. So, a phase
difference is appearing on the patch and because this difference the radiation pattern is
tilted to one direction. It is shown in Figure 3.9. Also, Figure 3.10 shows the far field gain
pattern of the antenna which its slot has offset 10 mm. Figure 3.12 shows that gain of
element antenna when the slot is 10mm shifted in —x axis.
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A

Figure 3.7. Current Distribution on Radiating Patch when the Slot is 10 mm shifted

in —x axis

A

Figure 3.8. Current Distribution on Parasitic Patch when the Slot is 10 mm shifted

in —x axis

Figure 3.9. Tilted Radiation Pattern of the Antenna when the slot is 10 mm
shifted in —x axis
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Figure 3.12. Gain of Element Antenna when the slot is 10mm shifted
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Table 3.1. Gain and HPBW of the Element Antenna with respect to Offsets

Offset, mm | Max. Tilted | Gain, dBi HPBW, deg
Angle, deg elevation azimuth
0 0 11,27 41,28 61,33
1 -2 11,26 41,32 61,31
2 -5 11,25 41,4 61,25
3 -7 11,24 41,52 61,14
4 -10 11,23 41,62 61,05
5 -12 11,21 41,7 60,91
6 -14 11,2 41,75 60,8
7 -15 11,21 41,77 60,65
8 -16 11 41,76 60,55
9 -18 11,21 41,75 60,58
10 -18 11,22 41,72 60,83
11 -19 11,2 41,79 60,6
12 -20 11,2 41,62 60,74
13 -21 11,1 41,42 60,92
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3.3. ANTENNA PERFORMANCE WITH DIFFERENT OFFSETS

Figure 3.13, 3.14, 3.15, 3.17, 3.18, 3.20, 3.21 shows gain element of antenna with different
shifting.
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Figure 3.13. Gain of Element Antenna when the slot is at the center of the patches
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3.4. ARRAY SYNTHESIS and FEED NETWORK DESIGN of OFFSET SLOT FED
APERTURE COUPLED MICROSTRIP ANTENNA

We optimized the distances between the patches as dy~ 0.88\ and dy~ A. The array factor is
calculated by the help of MathCAD it is shown in Figure 3.23. We could see that when
angle of 6p is equal to 18°, the main beam scanning has maximum radius for each array
antenna. When we product this array factor with element pattern, we will obtain maximum
array pattern which is tilted 18°, because each two element has the maximum main beam at

18°. The antenna array consists of a total of 16 (4x4) elements which are set according to

this results.
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Figure 3.23. Array factor of 16 Elements Antenna



3.4.1. Simulation Results of 16 Elements Array Antenna

Figure 3.24 shows S parameters of the array antenna and Figure 3.25 shows that input

reflection coefficient of the array antenna.
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Figure 3.26. Gain Pattern for 4x4 Element Array Antenna

Figure 3.26 shows gain pattern for 4x4 element array antenna. Theoretically this 16
elements array antenna has the maximum gain of 23 dBi for the range of frequency 10.8
GHz -12.8 GHz as shown in Figure 3.27 and Figure 3.28.
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Figure 3.27. Gain of 4x4 Elements Array Antenna
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Figure 3.28. Far Field Gain Pattern of 4x4 Elements Array Antenna at 11.9 GHz
phi=0°

3.4.2.Feed Network Design of 16 Element Array Antenna

To tilt the array pattern to x axis, 90° phase shift between rows is required. We offered this

phase difference by extended the feed line shown in Figure 3.29 and Figure 3.30.

— 9o phase difference

Figure 3.29. Feed line of 4 Elements Array Antenna
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180° degree phase difference

Figure 3.30. Feed line of 8 Elements Array Antenna

Feed lines are designed by AWR and are optimized for impedance matching with base
element. Figure 3.31 shows feed network design of 4x4 element array antenna. Because of
the long length of the feed line, losses occur and theoretically it should be -12 dB but we
simulated approximately -13.5 dB shown in Figure 3.35. This additional loss comes from
the extended feed line. These losses are added to feed line loss. The distances between the
patches are optimized dy~ 0.88% and dy~ A, the number of element must be 16 so that the
feed line is less than 1.5 dB. The Figure 3.35 shows the S parameters of the array. Figure
3.31 shows that feed network design of 4x4 elements array antenna and Figure 3.32 shows

feed line schema of 4x4 elements array antenna.



Figure 3.31. Feed Network Design of 4x4 Elements Array Antenna
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Figure 3.32. Feed Line Schema of 4x4 Elements Array Antenna
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Figure 3.33. Bottom view of 4x4 Elements Array Antenna with Patches
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3.5. MESUREMENT RESULT of OFFSET SLOT FED APERTURE COUPLED
MICROSTRIP ANTENNA

3.5.1. Measurement Results of Single Element Antenna
Figure 3.34 and Figure 3.35 shows measurement and simulation result of gain of element

antenna when the slot is 20mm shifted in —x axis and S11 of element antenna when the slot

is 10mm shifted in —x axis.
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Figure 3.34. Gain of Element Antenna when the slot is 10mm shifted in —x axis
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3.5.2. Measurement Results of 16 Elements Array Antenna

Figure 3.36 and Figure 3.37 shows that gain of 4x4 elements array antenna when the slot is
10mm shifted in —x axis and S11 of 4x4 elements array antenna when the slot is 10 mm
shifted in —x axis. Realizations of the antennas are shown in Figure 3.38 and Figure 3.39.

The measurements have been made in anechoic chamber shown in Figure 3.40.
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Figure 3.36. Gain of 4x4 Elements Array Antenna when the slot is 10mm
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Figure 3.39. Bottom View of the Realization of 16 Elements Array Antenna
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Figure 3.40. Measurement Set up in Anechoic Chamber
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4. CONCLUSIONS

In this thesis, two different aperture coupled stacked microstrip patch antennas, which are
unique and have not been used so far, have been presented. The frequency spectrum is
between 10.8 GHz and 12.75 GHz. The gain of the antenna is more than 9 dBi and VSWR

Is less than 2 for all frequency bands.

In first design the feature of the antenna is the beam controllable with phase differences.
Three different antennas which are 0°, 120%nd 180°phase difference antennas have been
proposed for this. Also, we produced a beam controllable 2x4 elements array antenna and
its feed network with 0° and 180° phase differences antennas. Far field gain pattern, input
reflection coefficient and S parameters of this array have been simulated and measured.
The reason of the differences between simulation and measurement comes from the
imperfection in manufacturing, and assemblies of parts of the antennas have been

handmade process.

In the second design the other coupled stacked microstrip patch antenna has been
presented. This characteristic of the antenna is main beam controllable with sliding the slot
to x axis. This is an alternative method to tilt the mean beam. We design 4x4 elements
array antenna and feed network of this array. Far field gain pattern, input reflection
coefficient and S parameters of this array have been simulated and measured. Again the
reason of the differences between simulation and measurement comes from the
imperfection in manufacturing, and assemblies of parts of the antennas have been

handmade process.
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