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Analysis of Rectangular Microstrip )
Array Antenna Fed Through Microstrip ek
Lines with Change in Width

Tarun Kumar Kanade, Alok Rastogi, Sunil Mishra, and Vijay D. Chaudhari

Abstract This paper deals with a detailed investigation of a microstrip array antenna
with step discontinuities at its feed line has been presented. In the proposed configu-
ration, antenna arrays at 2.45 GHz are designed, simulated, and fabricated to demon-
strate the concept of step discontinuities in the feed lines. A four-element rectangular
patch array is fully characterized, and its performance is critically assessed for no
step, single step, and double step microstrip feed lines. The return loss Sy, [dB] is
better for microstrip array antennas with double step feed lines than array antennas
with no step and single step feed lines. Impedance matching and higher isolation
between the patches and feed lines were appropriate using step discontinuities at the
feed lines. FR4 substrates were used to design, simulate, and fabricate the microstrip
array antennas. The simulated S; [dB] for no-step feed lines, single-step feed lines,
and double-step feed lines for rectangular microstrip array antennas are —8.78 dB, —
16.48 dB, and —17.15 dB, respectively. Prototypes of these antennas are then fabri-
cated and measured to validate the analysis and design experimentally. The simulated
and measured results agree with each other.

Keywords Rectangular patch - Array - 2.45 GHz - Microstrip feed lines *
Dual-polarized antenna - Narrowband antenna
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1 Introduction

Printed Antennas are the promising candidates for microwave and millimeter-
wave communications, where the dimensions of the antenna should be kept to a
minimum. In the twenty-first century, planar antennas have found their applications
in cellular communication systems, digital communication systems, wireless LAN,
and personal communication systems. In modern wireless devices, the microstrip
patch antennas have been progressively demanded because of smart performance,
low-profile, lightweight, ease to construct, and conformability in the microwave and
millimeter-wave circuits. Microstrip antenna has some limitations like narrow band-
width and somewhat lower gain. Microstrip antenna consists of three parts: metal
layer or patch, dielectric substrate and ground metal layer, and a substrate are sand-
wiched between the metal layer and ground metal layer. Together the single patch
antenna and an array of microstrip patch antenna have their benefits in respective
domains. Microstrip array antenna consists of microstrip patch antenna elements,
interconnected and fed using microstrip transmission lines. Array configurations are
extensively used in microwave and millimeter-wave communication systems where a
narrow beam is required. The commonly used feeding techniques in microstrip array
antennas are parallel or series feeding. In a parallel feed network, all the patches are
coupled by single transmission lines, while in a series feed network, the radiating
elements are organized in a line and connected to a planar transmission line. The feed
networks are to be designed carefully to curtail any adverse effects on array perfor-
mance. As the feed line itself radiates, the feed line’s proper optimization must get the
appropriate return loss, gain, and directivity [1—4]. Section 2 describes the antenna
array design and fabrications, followed by Sect. 3, which deals with simulation and
measurement results. Conclusions are drawn in the last Sect. 4.

2 Antenna Array Design

The design and fabrication of various microstrip patch antennas require empirical
formulas and the parameters like dielectric constant and height of the substrate mate-
rial (er), requiring frequency (f;). The microstrip patch antenna’s width and length
are determined by the empirical formulae [3-7]. The single element microstrip patch
antenna is designed for fixed frequency and gain, and the radiation pattern is rela-
tively wide with a low directivity or gain. It is essential to design antennas with
specific directive features or large gain to meet long-distance communications in
various applications. The directivity and gain may be increased by increasing the
antenna’s electrical size, but the size increase also doesn’t fulfill the desired require-
ments. Another technique to increase the antenna’s dimensions without increasing
the individual patch elements’ size is to form an assembly of radiating patch elements
in an electrical and structural configuration. Thus, the array antenna is formed by
merging more than one patch element [8—10].
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In the microwave and millimeter-wave circuit design, a straight, uninterrupted
or continuous transmission structure are of little use, and in any case, junctions or
discontinuities are a must. All practical microwave and millimeter-wave propagation
structures must inherently contain discontinuities. The commonly occurs disconti-
nuities in the transmission lines are bends, open circuits, change in width, and tran-
sitions in the planar transmission lines. Discontinuities also play a significant role in
the feeding structure of a single patch microstrip antenna or an array of microstrip
antennas. At discontinuities or junctions, electric field and magnetic field altered,
altered electric field distribution is liable for the change in capacitance, and altered
magnetic field distribution is responsible for the inductance change. The analysis of
microstrip discontinuities for the estimate of inductance and capacitance is carried
out by quasi-static analysis, and scattering parameters are studied through full-wave
analysis [11, 12].

A microstrip array antenna with step discontinuities shows a better performance
in terms of return loss, gain, or directivity than a microstrip antenna with uninter-
rupted feed lines. In this paper, microstrip array antennas are investigated, with the
straight feed line, single-step feed line, and double-step feed lines. In all three cases,
the microstrip array antennas are designed, simulated, and fabricated to study and
compare the performance based on feed lines [13, 14]. Using design formulations
structure of microstrip array antennas with various feed lines is shown in Figs. 1, 2,
and 3.

="
o 35 70 (mm)

Fig. 1 Structure of rectangular microstrip patch array with no-step feed line
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L] 35 70 (mm)

Fig. 3 Structure of rectangular microstrip patch array with a double-step feed line

3 Simulation and Measurement Results

Printed Antennas are the favorable candidates for microwave and millimeter-wave
communications, where the dimensions of the antenna should be kept to a minimum.
The microstrip patch array antenna is designed and simulated using FEM-based
HFSS software and fabricated on FR4 substrate. The fabricated microstrip patch
array antennas with three different feed lines are shown in Figs. 4, 5, and 6. The
resulting parameters, like return loss, VSWR, and radiation patterns, were analyzed.
Figures 7, 8, and 9 presents the simulated reflection coefficient versus frequency. The
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Fig. 4 Fabricated PCB of
the rectangular microstrip
patch array—no-step feed
line

Fig. 5 Fabricated PCB of
the rectangular microstrip
patch array—single-step
feed line

graphical analysis shows that S;; [dB] is enhanced for a microstrip array antenna
with a double-step feed line compared to an array antenna with single-step and no-
step feed lines. For an array of microstrip patch antennas, the simulated S;; [dB] is
8.79 dB at 2.45 GHz for no step feed line, 16.48 dB at 2.55 GHz for single-step feed
line, and 17.15 dB at 2.45 GHz for double step feed line.

The measured reflection coefficients versus frequency for the three different
microstrip patch arrays with no-step, single-step, and double-step feed lines are
shown in Figs. 10, 11, and 12, respectively. The measured S, [dB] for a microstrip
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Fig. 6 Fabricated PCB of the rectangular microstrip patch array—double-step feed line
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Fig.7 Si1 [dB] of the rectangular microstrip patch array—no-step feed line

patch array with no-step feed line is —12.756 dB at 2.51 GHz, with a single-step feed
line is —15.199 dB at 2.52 GHz, and with double-step the feed line is —15.207 dB at
2.48 GHz. The S; [dB] for a microstrip patch array with a double-step feed line is
resonant at a frequency of 2.48 GHz, near the required frequency. The simulated and
measured results nearly agree with each other—the variance between the simulated
and measured results to the extent of 2.0 dB. A slight deviation is also observed
between the measured and simulated operating frequencies due to the inaccuracies
in the fabrication process and measurement errors. Table 1 shows our implemented
array patch with the earlier implemented single patch [14].
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Recently, concurrent multiband systems have become very popular [15-20]. The
proposed prototype of antenna design can be extended in this direction. This approach
will reduce the prototype’s dimensions and support the multiple operation bands

simultaneously with significantly less power requirements.
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&
Tre1 £11 dB Mag 5dB/ Ref-10dB 1

10
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Fig. 10 Measured S;; [dB] of the rectangular microstrip patch array—no-step feed line

Tre1 7] dB Mag 5dB/ Ref-15dB 1

Ch1 Start 1GHz Pwr -10 dBm Stop 5GHz

Fig. 11 Measured S;; [dB] of the rectangular microstrip patch array—single-step feed line
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Fig. 12 Measured Sy [dB] of the rectangular microstrip patch array—double-step feed line

Table 1 Comparisons of single patch and array patch simulated and experimental results at
2.45 GHz

No-step feed Single-step feed Double-step feed

Single Array Single patch | Array Single patch | Array

patch [dB] | patch [dB] | [dB] patch [dB] | [dB] patch [dB]
Simulation —11.91 —8.79 —14.32 —16.47 —1591 —17.15
Experimental | —11.77 —-12.76 —10.44 —-15.20 —19.96 —-15.21

4 Conclusions

In this paper, four-element microstrip patch array antennas with three different feed
lines have been presented for wireless devices operating at 2.45 GHz. A new strategy
was proposed and analyzed by simulations, fabrications, and measurements to inves-
tigate the role of step discontinuities in a feed line. The simulation and the measured
result for the microstrip patch array antennas reveal that the array antenna with
double-step feed lines result in better performance than a single-step and no-step
feed line array antennas.
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