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Abstract The paper proposes a high gain narrow band array of rectangular
microstrip patch antennas. Each element of the array is rectangular in shape. A high
dielectric and low lossy material Rogers-3006 with dielectric constant 6.51, loss
tangent of 0.002 and thickness 1 mm have been used as a substrate. 50 X microstrip
line feed is used to exit the microstrip antenna. We cannot achieve high gain and
directivity with single element so 8  1 patch antenna array designed to achieve
high gain and directivity for intrusion detection application at precise operating
frequency of X-Band. The patch array has been targeted for the application of
“Intrusion Detection”, where high gain, narrow bandwidth and higher directivity
are needed.
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1 Introduction
Antennas are a kind of transducers for converting input electrical energy into output
electromagnetic energy as radiation [1]. Antennas are energy receiver to collect the
electromagnetic energy from the free space and converting into electrical energy.
Microstrip antenna has been used as pivotal in many microwave applications [2].
The microstrip antenna has substrate in between two radiating patches and ground
plane. High dielectric constants of the substrate are helpful in miniaturizing the
dimension of antenna.
Required gain and directivity cannot be achieved with a single patch antenna so
8  1 patch antenna array is designed to achieve high gain and directivity for
intrusion detection application at X-Band. The corporate-fed network with quarter
wave transformer is used to match patch element impedance to 50 X input impedance [3].
At X-Band of high-frequency range (8–12 GHz), the microstrip antenna has
acted as an effective response. A rectangular shaped array [3–5] of microstrip patch
antenna, fed with suitable line [3], using RO3006 material provides high gain as
compared with Teflon and FR4.

2 Dimension of Array Antenna
The ﬁrst case in the design of the array is the right choice of the patch [6]. The
suitable dimensions are critical for the performance of the array antenna.
For an efﬁcient radiation from the antenna, the dimensions (length and width) of
the rectangular microstrip antenna is given by the following equations [7].
The width, W, is:
c
W¼ 
2f

sﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2
ðer þ 1 Þ

ð1Þ

Here, f is the resonant frequency and er is the dielectric constant of the substrate.
In our design, the substrate is chosen as Rogers-3006 with and er of 6.51.
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The length, L, is:
c
L¼
2f
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The overall dimension is tabulated in Table 1.
The element can feed by single line or by multiple lines in a feed network
arrangement so we refer to multiple lines in a feed network; it is a combination of
corporate-fed network with quarter wave transformer as shown in Fig. 1 (8  1
array antennas),
8  1 array is shown in Fig. 1.
Table 1 Design parameter of
single microstrip patch
antenna for 9.65 GHz

Width of patch
Length of the patch (L)
Input resistance of patch
Width of microstrip line (wo)
Length of microstrip line
Dielectric constant of the substrate

Fig. 1 Array of 8  1 microstrip square antenna

7.93 mm
5.72 mm
50 Ω
0.1 mm
2 mm
6.51 (RO3006)
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3 Results
A. Return Loss
This antenna has shown −17.76 dB return loss at 9.65 GHz resonant frequency
which is shown in Fig. 2. At this frequency, antenna radiates maximum power and
reflects minimum power.
B. VSWR
VSWR is a measure of how much the mismatch in impedance happens. Figure 3 is
the VSWR plot of our observation, and it reveals that VSWR obtained is 1.30:1.
This is a good value because this ratio 1.30:1 is well within the 2:1 ratio of
prescribed value of VSWR.
C. Total Gain Versus Frequency
Total gain of the antenna is 12.30 dBi for 9.65 GHz frequency as shown in Fig. 4.

Fig. 2 Return loss of 8  1
array antennas
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Fig. 3 Voltage standing
wave ratio (VSWR) of array
antennas

Fig. 4 Gain of 8  1 array
antennas
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4 Conclusion
Many applications in the areas basically of microwave sensors, the antenna should
have very high directive characteristics, and the proposed array antenna is the one
that fulﬁls this. An array antenna having multiple numbers of patches increases the
gain (of 12.30 dBi), as obtained with our conﬁguration. Hence, the given 8  1
patch antenna array gives enough conﬁdence to use as intrusion detection sensor.
The immediate further work is to build a prototype for lab testing and evaluation as
intrusion detection sensor.
Acknowledgements This research was supported by Sahajanand Laser Technology Ltd,
Gandhinagar. We are thankful to our colleagues Dr. Ranjan Mishra, UPES Dehradun who provided expertise that greatly assisted the research.

References
1. R. Garg, P. Bhartia, and I. Bahl, Ittipiboon, Microstrip Antenna Design Handbook, Artech
House, Norwood, Mass, USA. (2001).
2. R. Mishra, An Overview of Microstrip Antenna, HCTL Open International Journal of
Technology Innovations and Research (IJTIR), Volume 21, Issue 2. (2016).
3. R. Mishra, R. G. Mishra, P. Kuchhal, “Analytical Study on the Effect of Dimension and
Position of Slot for the Designing of Ultra Wide Band (UWB) Microstrip Antenna”, 5th IEEE
International Conference on Advances in Computing, Communications and Informatics
(ICACCI), 978-1-5090-2028-7. (2016).
4. Pozar, D. M. and D. H. Schaubert, Microstrip Antennas: The Analysis and Design of
Microstrip Antennas and Arrays, IEEE Press, New York, (1995).
5. H. Erriﬁ, A. Baghdad, A. Badri, and A. Sahel, “Design and Analysis of Directive Microstrip
Patch Array Antennas with Series, Corporate and Series-Corporate Feed Network”
International Journal of Electronics and Electrical Engineering. December. Vol 32. (2015).
6. R. Mishra, J. Jayasinghe, R. G. Mishra, P. Kuchhal, “Design and Performance Analysis of a
Rectangular Microstrip Line Feed Ultra-Wide Band Antenna”, International Journal of Signal
Processing, Image Processing and Pattern Recognition Vol. 9, No. 6, pp. 419–426, (2016).
7. Constantine A., Balanis; Antenna Theory, Analysis and Design, John Wiley & Sons, Inc.,
Hoboken, New Jersey, (2005).

