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Abstract: Patch antenna is one of the most rapidly popular topics in the antenna field in the past twenty years. In
high-performance aircraft, spacecraft, satellite and missile applications, where size, weight, cost, performance, ease of
installation, and aerodynamic profile are constraints, and low profile antennas may be required.

Electronic Steerable UWB Patch Array represent a recent innovation in antenna design that changes from classical fixed-form,
fixed function antennas to modifiable (Changeable) structures that can be adapted to fit the requirements of a time varying
system.

The problem is initially investigated for conventional patch antennas, determining the available phase shift range. It is then
studied for a Ultra wideband micro strip patch arrays, showing a considerably larger phase shift range. Then Phase Shifters
of 90º, 90º + 90º, 180º and 270º Electrical length are designed and introduced into the feeding path of array’s
elements. It is proposed to adaptively generate and control the required phase shifts. It provides a low loss, continuously
variable phase shifter that can be used at high frequencies for beam scanning in small arrays. And phase shift achieved is
considerably very large in the order of 15º. The proposed array can be useful for commercial wireless communication
applications in C-band.

Index Terms: Far-field phase shift, frequency tuning, micro strip antenna, micro strip array, phased array

1. INTRODUCTION

At microwave frequency, micro strip is often used as a
transmission line because of its very good performance in
transferring energy and microwave signals. One of micro
strip line's significant advantages is that it does not generate
as much parasitic capacitances and inductances as lumped
elements. Furthermore, compared with another kind of
transmission line strip line, micro strip is much easier and
cheaper to fabricate and easy to connect surface mounted
components, the most commonly used micro strip patch
antenna has similar structure as a micro strip line. On one
side of a thin dielectric substrate layer, is an extremely thin
layer of conductor, which forms the radiating element, and
on the downwards side is the ground plane, which is also
made of metal material. Square, rectangles, triangles and
circles are general shapes of the conductor for easy analysis
or fabrication consideration. The operating frequency of
micro strip antennas usually ranges from 1GHz to 50GHz.

Electronic Steerable UWB Patch Array represent a recent
innovation in antenna design that changes from classical
fixed-form, fixed function antennas to modifiable
(Changeable) structures that can be adapted to fit the
requirements of a time varying system. Advances in
microwave semiconductor processing technologies have
enabled the use of compact, ultra-high quality RF and

microwave switches in novel aspects of antenna design. High
quality, miniature RF switches (ex. VARACTOR Diode)
provide the antenna designer with a new tool for creating
dynamic radiating structures that can be reconfigured during
operation.

In this paper, the far-field phase shift properties of UWB
micro strip patch antennas are investigated. It is shown that,
similar to reflect arrays, the UWB micro strip patches can be
used to change the phase of the radiated field. This phase
change can be caused by the dimensional change of the
micro strip patch, or by a reactive loading of its cavity such
as an aperture on its ground plane. However, the available
phase shift is limited by the antenna impedance bandwidth.
In antenna arrays, the main beam direction is determined
and controlled by the inter-element phase shifts. These inter-
element phase shifts, in turn, can be generated in hardware,
using external phase shifters, or in software using signal
processing techniques in digital beam forming. In
conventional arrays, the external phase shifters have normally
been solid state or ferrite types, but mechanical designs using
micro-electromechanical (MEM) switches have also been
considered recently.

The problem is initially investigated for conventional
patch antennas, determining the available phase shift range.
It is then studied for a Ultra wideband micro strip patch
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arrays, showing a considerably larger phase shift range. Then
Phase Shifters of 90º, 90º + 90º, 180º and 270º Electrical
length are designed and introduced into the feeding path of
array’s elements. It is proposed to adaptively generate and
control the required phase shifts. It provides a low loss,
continuously variable phase shifter that can be used at high
frequencies for beam scanning in small arrays. And phase
shift achieved is considerably very large in the order of 15º.

The other methods available are incorporating one
VARACTOR diodes in the feeding path of each element. By
controlling the VARACTOR diode bias voltage, the radiation
patterns of array can be made steerable at different
frequencies. However the phase shift achieved is of very
small in the order of 5º only. Simulation and experimental
results indicate that without any additional matching
elements, the proposed antenna demonstrates very good
input match at all the resonant frequencies has been done.

In this paper, we have proposed the 4-elements UWB
patch antenna array for beam scanning. The single UWB
antenna is designed that satisfied the FCC bandwidth
(3.1-10.6 GHz) for UWB applications. The return loss for this
element is below –10 dB in this range. The proposed single
patch is configured with partial ground. The antenna which
has compact dimension of 30 × 30 mm2 is printed in front of
substrate FR4 of thickness 1.6 mm and 4.4 relative permittivity.

The proposed array can be useful for commercial
wireless communication applications in C-band.

The design parameters and the performance of the
proposed Antenna system are analyzed by using
Electromagnetic Simulation software and Serenade Design
Environment simulators.

1.2 Objective of the proposed work

The objective of the dissertation is to design, simulate and
fabricate of Electronic Steerable and switchable frequency
antenna exited 50-ohm micro strip line through a
quarter-wave transformer section. Using Phase shifters of
different electrical length for steering, it is natural to
investigate phase angle at which an array of similar elements
provides the beam scanning in the whole UWB frequency
bands.

Full-wave simulations were carried out using the CST
Microwave Studio software for simulation. In the
simulations, diode was modeled as metal strips in the ON-state
and was ignored in the OFF-state. So we first design
reference antenna that operates at 4 GHz. The second design
is for Electronic steerable at different frequencies, the antenna
are tested and compared for the best performance.

2. DESIGN PROCEDURE

The transmission line model described in chapter 2 will be
used to design the antenna.

Step 1: Calculation of the Width (W): The width of the
Microstrip patch antenna is given by equation (3.1) as:
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Substituting c = 3 × 108m/s, ∈r  = 1.6 h = 1.6 mm fr = 4GHz
we get W =  14.5 mm

Step 2: Calculation of Effective dielectric constant (∈eff )
Equation (3.2) gives the effective dielectric constant as:
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Substituting εr = 4.4, W = 20.7mm and h = 1.6 mm we get:
∈eff  = 3.0161

Step 3: Calculation of the length extension (∆l ):
Equation (3.3) gives the length extension as:
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Substituting ∈eff  = 3.0161 W = 14.5 mm and h = 0.762 mm
we get: ∆l = 0.3701mm

Step 4: Calculation of actual length of patch ( L): The
actual length is obtained by re-writing equation (3.4) as:

L = 2
2
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Substituting c = 3 × 108 m/s, ∈eff = 3.0161 fr = 5GHz and
∆l = 0.3701mm we get L = 15 mm

Step 5: Calculation of 50 Ω feed lines: For given
characteristic impedance Zo and dielectric constant (∈r) the
W/d ratio can be found as:
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Calculated Dimensions Using Formulas

Width of 50 Ω line = 2.4 mm

Length of 50 Ω line = 12 mm

Step 6: Calculation of /4 Transformer Line:  The input
resistance to patch is given by Rin and Rin is given by:

Rin =
eff

in

120

50R

λ
(8)

Z = in50R (9)

The same formulas which are used for calculating length
and width of 50 ohm line have been used for calculating
length and width of transformer line.

3. OPERATIONAL MECHANISM

The operational mechanism of the antenna can be understood
by surface current path flow in the patch. Two paths are
possible correspond to two states of the diode. In the first
state, when diode D is in reverse bias or OFF state, the diode
offers open circuit and phase shifters will introduce the
corresponding phase shift by increasing the feeding path
length. With this configuration, antenna will radiate at
resonant frequency higher than the reference frequency. In
the second state, when the diode is in forward bias or in ON
state the diode offers short circuit across the length of phase
shifter and the feeding path will be shorter.

Fig. 1: Geometry of the Proposed Array with 90º + 180º + 270º
Phase Shifters (Diode-OFF)

In simulation, diode in the ON states was modeled by
metallic strip of length 0.4 mm and width 0.2 mm. When the
diode is in OFF state, a metallic strip was deleted from the
geometry as shown in Figs. When reverse bias is applied,
this can be considered the OFF-state of the micro strip patch
antenna will radiate at resonant frequency higher than the
reference frequency. When forward bias is applied, this can
be considered the ON state of the micro strip patch antenna

will leads to the resonant frequency of antenna to be lower
than the reference frequency.

Fig. 2: Geometry of the Proposed Array with 90º + 180º + 270º
Phase Shifters (Diode-ON)

4. SIMULATION RESULTS

4.1 Simulation results for an Ideal (Diode) Condition

First case: When phi = 0º and Theta varies from 0º to 360º

Fig. 3: Simulated Result Using CST Microwave Studio
Software at phi 0 Dir-Abs Polar Plot

Fig. 4: Simulated Result Using CST Microwave Studio
Software at phi 0 Dir-Abs Cartitian Plot
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Fig. 5: Simulated Result Using CST Microwave Studio
Software at phi 0 Dir-Theta Polar Plot

Fig. 6: Simulated Result Using CST Microwave Studio
Software at phi 0 Dir-Theta Cartitian Plot

Second case: When phi = 90º and Theta varies from 0º to 360º

Fig. 7: Simulated Result Using CST Microwave Studio
Software at phi 90 Dir-Abs Polar Plot

Fig. 8: Simulated Result Using CST Microwave Studio
Software at phi 90 Dir-Abs Cartitian Plot

Table

S.No Patch Array Main Lobe Direction Angular Width Directivity Phase Diode

1. 4-Element  90º 5.9 dBi 220º 43.8º Abs Phi = 90º OFF

(Electrical Length) 6.2 dBi 215º 45.7º Abs Phi = 90º OFF

Phase Shifter

5.2 dBi 35º 48.2º ON

90º + 90º 5.9 dBi 35º 46.4º OFF

(Electrical Length)

Phase Shifters

6.2 dBi 35º 45º ON

90º + 180º 4.8 dBi 195º 69.8º OFF

(Electrical Length)

Phase Shifters

5.2 dBi 200º 65.9º ON

90º + 180º + 270º 5.1 dBi 195º 72.4º OFF

(Electrical Length)

Phase Shifter

4.7 dBi 200º 72.1º ON

Table Contd...
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Table Contd...

2. 4-Element 90º 5.9 dBi 220º 43.8º Abs Theta = 90º OFF

(Electrical Length) 0.2 dBi 310º 45.7º Abs Theta = 90º OFF

Phase Shifter

0.8 dBi 315º 40.9º ON

90º + 90º 0.2 dBi 305º 38.2º OFF

(Electrical Length)

Phase Shifters

–0.8 dBi 305º 33.2º ON

90º + 180º 3.6 dBi 35º 39.5º OFF

(Electrical Length)

Phase Shifters

3.6 dBi 45º 37.3º ON

90º + 180º + 270º 2.7 dBi 19º 47.8º OFF

(Electrical Length)

Phase Shifter

2.6 dBi 195 44.5º ON

3. 4-Element 90º 5.9 dBi 220º 43.8º Abs Phi = 0º OFF

(Electrical Length) –1.6 dBi 30º 55º Abs(theta) Phi = 0º OFF

0.7 dBi 25º 65.8º ON

90º + 90º –2.4 dBi 235º 39.3º

(Electrical Length)

Phase Shifters

–3.0 dBi 230º 42.2º

90º + 180º 4.8 dBi 170º 39.5º OFF

(Electrical Length)

Phase Shifters

4.3 dBi 175º 76.3º ON

90º + 180º + 270º 5.5 dBi 170º 60.3º OFF

(Electrical Length)

Phase Shifter

3.7 dBi 185º ON

4. 4-Element 90º 5.9 dBi 220º 43.8º Abs Theta = 0º OFF

(Electrical Length) –6.1 dBi 45º Abs Theta = 0º OFF

Phase Shifter

–1.3 dBi 75º ON

90º + 90º –3.8 dBi 30º

(Electrical Length)

Phase Shifters

–6.0 dBi 70º

90º +180º 3.4 dBi 5º

(Electrical Length)

Phase Shifters OFF

2.8 dBi 25º ON

90º + 180º + 270º 3.8 dBi 0º OFF

(Electrical Length)

Phase Shifter

2.6 dBi 550 ON
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6. CONCLUSION

The designed arrays show good agreement between the
simulated and desired characteristics. The phase variation
characteristics indicates that the proposed array can be used
for Beam Scanning purposes over whole UWB frequency
range, and very good scanning property at 4 GHz, due to
their compactness and easy fabrication, the proposed
antennas can be useful for commercial wireless
communication applications in C band.
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