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Abstract

Wind profiling radars operating in Doppler beam swinging mode needs to have large antenna array in order to have a narrow
beam for wind direction accuracy. To meet the above requirement, in the present work an array with 16 elements configured in a
4X4 square matrix is designed. The antenna inserted is a coaxial probe (Probe Feed) to the patch nearits resonance in 'L' band is
carried out. Principal plane 2-dimensional radiation patterns at 1.28GHz have been computed for single element and 4X4 planar
arrays. The results of linearly polarized coaxial probe single element are generated by using IE3D software. Using this single
element as basic building block, a2X2 and 4X4 planar arrays was designed. The results obtained are presented succinctly. The
inferences from the design of coaxial probe antenna are presented. The Impedance Band-Width, 3-dB Beam Width and Gain for

asingle elementas well as a4X4 planar array are compared.
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I. INTRODUCTION

Microstrip patch antennas (MPAs) have attracted
widespread interest due, for example, to their small size,
light weight, low profile and low cost as well as to the fact
that they are simple to manufacture, suited to planar and
nonplanar surfaces, mechanically robust, easily integrated
with circuits, allow multifrequency operation to be achieved
and so forth [1]. However, their further use in specific

Il. ANTENNA DESIGN

Design procedures, for a single element, a 2X2 array,
and a 4X4 array are outlined, to meet the specified

performance characteristics.

A. Specifications for Wind Profiling Radars

Either the single element or the 4X4 array is to be
designed for the same set of specifications. These

systems is limited because of their relatively narrow  specifications are
bandwidth. In principal, wide bandwidth of microstrip patch , _
antennas (MPAs) or bandwidth enhancement can be Eﬁgﬁgﬁgﬂ(’f operation jtﬁ]se?r-lz
achieved by several efficient approaches [2], namely (i) Bandwidth j20 MHZ
increasing the substrate thickness (ii) optimizing Beam Width j4 .50
impedance matching (iii) reducing the substrate effective Feed j C.o-axial
permittivity or (iv) incorporating multiple resonance. Much Confiquration j Square
effort has also been increasingly devoted to increasing the Gain g :32q 4B
frequency agility of (MPAs) [2]. Antenna Element “MPA

At the same time, MPAs need to be extremely small No of Elements . 256
and compact to satisfy the severe size constraints of some  Inter Element Spacing :0.73A
critical applications such as mobile cellular handsets,  Size of the array :2.74m
cordless phones and Bluetooth devices. The  Grid : Square
miniaturization of normal MPA size [1] has typically been ~ Beam Switching Speed : Pulse-to-
accomplished by loading, which can take various forms, pulse

such as (i) using a high permittivity substrate, (i) using
shorting posts or shorting pins, or (iii) modifying the basic
patch shape[3].

In this paper, coaxial feed [3], [4], [5] techniques are
applied to the square microstrip patch antenna. Because,
Coaxial feed is a widely used one. The inner conductor of
coax is connected to the radiating patch and the outer
conductor is connected to the ground plane. This feed is
also easy to match, and it has low spurious radiation.
However, it has a narrow bandwidth and is difficult to model,
especially for very thick substrates. The advantage of this
feed s thatit occupies less space than the microstrip feed.

As per the specifications, the specified gain and beam
width for the microstrip antenna cannot be achieved by
using a single radiating element and there is a need for
going to a large antenna array configuration. The required
beam widths and gain can be obtained by using a planar
array structure. In that way | have been designed 4X4
microstrip planar array.

B. Design of Single Element

Design involves the determination of the length of the
patch from the knowledge of the resonant frequency f (in
Hz), thickness of the substrate h (in mm), and the dielectric
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constant ¢. Optimization of the parameters of the single
element is performed using IE3D simulation software [7].
The layout for a single element is obtained using IE3D
software [7]. The layoutis shownin Fig 1.
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Fig.1. Single Element Square Microstrip Antenna.
CDesignofa2 2 PlanarArray

The finalized single element is used for the design of
2X2 planar array. The schematic of the array is shown in the
Fig 2.

Fig 2 shows the four-element sub array forms the basic
building block for the entire array. The four elements are
designed in a 2X2 square grid configuration with element
spacing 0.73A, (A, is the free space wavelength).

Theoretical values of gain and Beam width of the 2X2
planar array are calculated. The calculated Beam width and
gain values for 2X2 planar array are 35°and 14.3 dB.

Fig.2 2X2 Microstrip Planar Array

D Designof4 4 PlanarArray

To achieve the required gain 20.3 dB, a 4X4 planar
array is shown in Fig 3. has been designed using the 2X2
planar array as the basic building block. In the 4X4
microstrip planar array each 2X2 array, which is used as a
basic building block, is oriented in a sequential manner as
employed in the 2X2 array. Theoretical values of gain and
beam width for 4X4 planar array are 20.3dB and 17.5".
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Fig.3. Schematic Diagram of a 4X4 Array
lll. RESULTS AND DISCUSSIONS

In this paper the simulation results obtained for coaxial
feed microstrip antennas viz., single element, 4X4 planar
array are presented. The results for the optimized single
element with coaxial feed are shown in section 4.1. Using
this antenna as radiating element a 2X2 array was
designed. A4X4 array was designed by using 2X2 element
array as basic building block. The realization of single
element, 2X2 planar array and 4X4 planar array is carried
out on a dielectric substrate of 125 mil (3.175 mm) thick with
dielectric constant of 2.2 (RT/Duroid).

A. Results of Single Element Microstrip Antenna

The measured return loss of the single element
microstrip antenna is shown in Fig 4. While measuring
impedance bandwidth 10 dB return loss is considered. The
measured radiation patterns, Gain and Directivity plots are
shownin Fig 5-7.
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B. Results of 4X4 Microstrip Planar Array

The measured return loss of the 4X4 planar array using

Fig.4. Return Loss Plot of Single Element coaxial feed microstrip antenna is shown in Fig 8. The

ﬂ measured radiation patterns, Gain and Directivity at
a frequency 1.28 GHz are shownin Fig 9-14.
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Fig.8. Return Loss Plot of a 4X4 Array

105 — 7.08
—— Y o single sty 1-1.284GHz1, E-total phi=0 (deg)
H Fa \ 7
/ N,
695 / Y | -
7 \ 6.95 h .
69 / b i
y \ 69 J
6.85 7 N\, 6.85 i
68 /r .\\ ¥
68 !
I 124 1 ]
7
\ 675 1
| 67 \\ &7 |
= Ay -
§ses \ 665 § i
66 Y 66 |
\
655 \ 6.56 i
hY
65 \ Bs i
645 \,
645
\, i
64 AN 64
6.35 "y 635
63 83
625 625
62
52
127 1275 128 1285 129
Frequency (GHz)

Fig.9. Radiation Pattern at =0 of the 4X4 Microstrip
Planar Array

Fig.6. Gain of Single Element with varying Frequency
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Fig.10. Radiation Pattern at ®=90 of the 4X4 Microstrip

Diia) 1] miej
e

——{" gingle str, 1=1.2000Hz). E-1otal, phi=90 [degh

Planar Array

am

T e Patmarcs

[T

[y
o
R

St e

VL
———— :Pr o e v
RO A EEEE

Fig.11. Gain of 4X4 Planar Array with varying Frequency
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i
i
=l s SR ]
o

-t

Total Field Directivity vs. Frequency
0y, ot ol D ety o LI

International Journal on Intelligent Electronic Systems, Vol.3, No.1, January 2009

Diia) 1] miej
e

Efficiency Vs. Frequency
am

T e hatmarcs = 4oy 4, Ak sy
[T
[y

o
"
St e

=

BRI ELEE

WEERER

rl;.
i_.

‘!“,
|

i
BEE

& [

1

Fig.14. Antenna Efficiency Varying with Frequency
IV. CONCLUSIONS

The development and performance of a 4X4 element
L-band linear polarization microstrip patch antenna array is
described. The design has been carried out by using IE3D
simulation software. Using the finalized single element
antenna as basic radiating element a microstrip planar
array has been successfully developed. The design of 2X2
and 4X4 planar arrays greatly improved the gain and
directivity. The design details, typical characteristics and
analysis of the proposed antenna have been addressed.
The theoretical and simulated results are in good
agreement.
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