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Abstract: In this paper, we have proposed microstrip phase antenna arrays for smart antenna applications designed at 2.7GHz
frequency. The antenna array simulations are carried out by using IE3D software. The simulated antennas are fabricated
using glass epoxy substrate with dielectric constant 4.4. The fabricated arrays are tested practically for the return losses,
radiation patterns and gain measurements. Both the simulation and practical results are compared and found that they are in
good agreement. Details of the antenna array design are presented and experimental results are discussed. Phased antenna
arrays are useful for many types of applications such as traffic control and collison avoidance radars, smart base station

antennas for WLAN and cellular communication.
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1. INTRODUCTION

Many antenna system applications for wireless
communication requirethat the direction of the main beam
|obe be changed with time. This can be achieved by phase
array antennas which can sweep the direction of the beam
by varying el ectroni cally the phase of theradiating € ements,
thereby producing moving a pattern el ectronically with high
effectiveness managing to get minimum sidelobelevelsand
narrow beam widths. Schematicillugtration of aphased array
antennaisshownin Figure 1. It cong stsof power distribution
network, phase shiftersand antenna d ements. Wireantenna,
mi crostrip patches, horn antennaand wave gui desare various
types of antennas that are used. A large number of antenna
elements were needed to construct the array to achieve a
narrow beam width or considerable scanning rangewith high
angle resolution. Phase shifters are classified as mechanical
phase shifters, ferrite phase shifters, semiconductor device
phase shifters and transmission line phase shifters. Power
dividers are used for splitting microwave signalsto feed the
radiating dements[1].

In this paper, the investigation on amount of
beamsteering of main beam by changing the length of
transmission line is presented. We found practically that
thereisan increasein gain by factor 2 with the increase in
array el ements and also demonstrated 5° beamsteering of a
main beam towardsright with the L/6 length of transmission
line from first element (5L/6 from second element).
Similarly, there is a 5° beamsteering towards left with a
reverse condition.

Phased array antenna can be used for beamsteering
applications in smart antennas, submarine communication
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Figure 1: Phased Array Antenna

and air borne mobile communication. Higher datarates up
to and beyond 1Mbps and over long distances (around the
globe) ispossiblewith INSAT series having S-band mobile
communication pay load for submarines. Considerable
research has been conducted by several organizations
and individuals because of advances in phased array
antennas and its underlying signal processing algorithms
theoretically [2][3].

2. DESIGN OF MICROSTRIPARRAY ANTENNA

Microstrip patch antennas areimportant as singleradiating
elements but their major advantages are realized in
application requiring moderate size arrays. The primary
radiator microstrip antenna is designed with frequency
f = 2.7GHz which gives single element microstrip antenna
(SEMA) as shown in Figure 2. The dimensionsof the patch
are calculated using formulae found in [4]. Single patch is
extended to two element microstrip array (TEMA) shown
in Figure 3 and extended to four element microstrip array
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(FEMA) shown in Figure 4. The impedance is matched to
50 ohms at all the portswith quarter wavetransformer and
impedance transformer. Further, to achieve beamsteering
towardsright, feed lineis shifted to left dightly by L/6 from
first element which gives TEMAL. Similarly to have
beamsteering towards|eft feed lineisshifted to right dightly
by 5L/6 from first element which gives TEMA2 as shown
in Figure 5. As said above, from four element microstrip
array (FEMA), FEMA1 and FEMA?2 are designed by
changing the length of transmission line as shown in
Figure 6. The above antennas are simul ated and optimized
using IE3D software.

The art work of the proposed antennas are sketched
using AutoCAD 2004 and are fabricated on low cost glass
epoxy substrate material of thickness h = 0.16 cm and
permittivity e, = 4.4. Microstrip linefeeding is used to feed
the antenna and antenna arrays. The various antenna
parameters shown in Figure 2 to Figure 6 are shown in
Table 1.
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Figure 2: Geometry of SEMA

Figure 3: Geometry of TEMA
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Figure 4: Geometry of FEMA

Figure 6: Geometries of FEMA1 and FEM A2

Tablel1

Design Parameters of Proposed Antennas
Antenna Dimensions Antenna Dimensions
Parameters in mm Parameters in mm
h 1.6 Ls, 14.77
L 26.105 W, 3.06
w 33.81 Lo 14.80
L, 14.77 W, 1.028
W, 3.06 L10o 14.82
L, 14.83 W00 0.709
W 0.525 D 43

,_,
(1]

3. RESULTSAND DISCUSSIONS

All theproposed antennas have been s mulated us ng Mentor
Graphics IE3D software and the results are shown in
Table 2. The characteristics such asreturn losses, radiation
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patterns and gain measurementsof all proposed configurations
have been obtained through ssmulation and also verified
experimentally by using Vector Network Analyzer (Rohde
& Schwarz, Germany make ZVK modd 1127.8651). The
simul ated and measured results arein good agreement.

Thesimulated and practical return loss characteristics
of antennaareshown in Figure7 and Figure8. From these
figuresitisseen that, all the antennas areresonating for the
desired frequency. The gains of the proposed antennas are
also measured and results are shown in Table 2. The
measured radiation pattern of single element microstrip
antenna (SEMA) in elevation planeis shown in Figure 9.
Figure 10 and Figure 11 shows radiation patterns of two
element microstrip array (TEMA) and four element
microstrip array (FEMA) respectively. It has seen that there
is an increase in the gain and directivity by factor 2 with
theincreasein antenna d ements. Themain beam of thearray
is scanned electronically by changing the length of
transmission line. We have demonstrated beamsteering
towards right with the L/6 length of transmission linefrom
first element (5L/6 from second element). Similarly,
beamsteering towards left with a reverse condition.

Phase Shift is determined by the equation given by

B=
Wherek = 2xf/c and AL = physical length

B 2n A L \feq
—

where c is the speed of light, f is the operating frequency
and e is effective dielectric constant.

For AL = L/6 then = 0.26, therefore 6 = BLX 180/ n = 4.7°

Similarly, for AL=5L/6 =- L/6then B =- 0.26 therefore
0=-4.7°.

By using IE3D we have obtained the beamsteering and
also we have practically obtai ned beamsteering of 5° towards

right and left with reduced sidelobes and increased
directivity with theincreasein array elements.

gq KAL

I

Figure 7: Simulated Variation of Retun Losses of (a) SEMA,
(b)TEMA and (c) FEMA
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Figure 8: Variation of Return Losses of SEM A, TEMA and
FEMA versus Frequency

Table2
Performance of Proposed Antennas
Resonant Return Gain
frequency loss (dB)
(GHz) (dB)

Typesof Smula- Measu- Smula- Measu- Smula- Measu-
Antennas  ted red ted red ted red

SEMA 2.69 268 -10.83 -13.84 173 1.92
TEMA 2.69 268 -19.84 -339 3.04 2.35
FEMA 2.75 2.71 -32.66 -18.2 5.77 3.85
o
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Figure 10: Radiation Patternsof TEMA, TEM A1 and
TEMA2
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Figure 11: Radiation Patternsof FEMA, FEM A1 and
FEMAZ2

4, CONCLUSION

In this paper we demonstrated a phased array concept by
varying the length of the transmission line. The results
obtained through simulation and experiments of microstrip
arrays are discussed. All the proposed antennas are
fabricated and tested practically. Both the results are good
in agreements. Theoretical and practical beamgeering angle
are al'so good in agreement. The designed antenna can be
used for phased array applicationsin S-bandi.e. at 2.7GHz.
The integrating phased array antenna with digital signal
processing (DSP) algorithms may find application in the
smart antenna systems.
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