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Abstract: A simple patch antenna using microstrip feed at low frequency 2.95 GHz and 4.32 GHz is proposed. This
is obtained by cutting C-shaped slot in the rectangular patch part. The dimension of the C-shaped slot is around
half-wavelength of the chosen frequencies. This work is meaningful as a commencement investigation level of next
generation network applications. It is designed by using low cost, easily available FR-4 substrate with dielectric loss
tangent 0.02, relative permittivity 4.4 and height 1.575 mm. The simulation is done using Ansoft HFSS and the
radiation performance such as Si;, VSWR, Gain, Radiation Efficiency, Radiation Patterns, and Surface Current
Distributions are observed step by step and then final design is proposed. Proposed antenna design has impedance
BW 21.05%, 68.51%, good Return Loss -45.42 dB, -23.09 dB, VSWR 1.01, 1.15, acceptable total gain 1.27, 1.45
and high radiation efficiency 103.56%, 90.63% at interest of frequency 2.95 GHz and 4.32 GHz respectively for
NGN.

Keywords: dielectric constant; microstrip patch antenna (MPA); returns loss (RL); voltage standing wave ratio

(VSWR); next generation network (NGN).
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1. INTRODUCTION

The recognition of mobile communication systems has extended remarkably at some stage. In
the current scenario the mobile communication is incomplete without understanding the antenna
[1-2]. As a fundamental phase of these arrangements, antenna is a main element in current
mobile communication systems. In ongoing state of affairs of wireless communication system
multiband and low profile antennas are utilizes in the industrial and military purposes. An
introduction of communication system is imperfect without knowing of the action of the antenna
[2]. An antenna plays the key role in cellular gadget because of its smaller size, light weight and
most importantly effective [3].

The development and need of society is increases day by day with respect to data traffic which is
fulfilled by NGN by time where intelligence is one of the most important parameter [2, 4].

The technological growth in modern era centered our mind status on microstrip patch antenna [2].
MPA has rectangular patch and even circular is also used [3, 5].

Dimension miniaturization of MPA is a challenge in many of the new applications, probably that
of Wireless local area networks, Worldwide Interoperability for Microwave Access, mobile

cellular handsets, global position satellites and other upcoming wireless terminals [3, 5, 11].

2. DEVELOPMENT OF PROPOSED DESIGN

FR-4 dielectric (er= 4.4 and height = 1.575 mm) is used as substrate for proposed antenna. It is
showing in figure 1 with optimized value for all parameters with area 40 mm > 30 mm. Proposed
antenna consists of C-shaped slot on patch and rectangular ground plane of 18 mm x 30 mm on
the other side. A horizontal strip feed-line of dimension 20 mm x 2.8 mm is added. Port
dimension is 2.8 mm x 1.575 mm in y-z plane.

To attain sufficient impedance BW, 2 central part formations have been implanted in our
proposed design; first is C-shaped slot in patch and the other is a rectangular shaped-strip on
ground plane. The dimensions of C-shaped slot are optimized. To check the consequence of

adapted structure on design performance, four prototype antennas are defined and shown in
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figure 2.
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FIGURE 1. Schematic diagrams of the proposed antenna.
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FIGURE 2. Antenna Prototypes.
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Simulated results of S11 and VSWR for prototypes and proposed antenna are shown in figure 3.
It is observed that the combination of two structures, the C-shaped slot and the rectangular

shaped-strip on ground improves impedance BW and other parameters efficiently.
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and Proposed Antenna
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Impedance bandwidth results for antenna 1, antenna 2, and antenna 3 are in increasing order as
86.51% (2.84-7.17 GHz), 86.79% (2.85-7.22 GHz) and 87.14% (2.81-7.15 GHz) respectively
with resonating frequency 4.32 GHz. Return loss (S11) is -26.08 dB, -27.63 dB and -26.83 dB
respectively for each antenna. VSWR for these prototypes are lies in between 1 and 2 as required.
From figure 2 it is very clear that antenna 1 is a simple patch antenna with dimension 12 mm x
16 mm, while antenna 2 has one rectangular strip at left end and antenna 3 has two rectangular
strips on both ends of 7 mm x 1 mm.

Introducing one more slot of 1 mm x 10 mm (open rectangle from one side) in antenna 4 shifts
the resonant frequency at 3.32 GHz and 5.37 GHz and gives dual band with impedance BW
41.94% (2.6-3.98 GHz) and 38.43% (4.65-6.86 GHz). S11 and VSWR are good and acceptable in
this range. The value for S is -34.36 dB, -14.65 dB and VSWR is 1.03, 1.45 at 3.32 GHz and
5.37 GHz respectively.

Adding two more slots of 1 mm x 4.5 mm in open end rectangle slot provide our final proposed
antenna with C-shaped slot which is shown in figure 1. Impedance BW is 21.05% (2.55-3.15
GHz), 68.51% (3.55-7.25 GHz) with -10 dB Sus, i.e. -45.42 dB, -23.09 dB and required VSWR
1.03, and 1.45 at our interest of frequency i.e. 2.95 GHz and 4.32 GHz respectively.

3. ANALYSIS OF SURFACE CURRENT DISTRIBUTIONS
We have proposed our final design by using four prototypes and observed that it may be suitable
for NGN applications. The surface current distributions for all prototype and proposed antenna at

angle phi = 0<is shown in figure 4.
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FIGURE 4. Surface Current Distributions in (a) Antenna 1, (b) Antenna 2, (c) Antenna 3, (d) Antenna 4, and (e)

Proposed Antenna

4. RESULTS AND DISCUSSIONS

Figure 5 shows the fabricated proposed antenna.

Top View Bottom View
FIGURE 5. Schematic diagrams of the fabricated proposed antenna.

Figure 6 shows the measurements of proposed antenna for validation of our work.

VNA Measurements Anechoic Chamber Measurements
FIGURE 6. Measurements of proposed antenna.
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Figure 7 shows the Si11, VSWR, Gain Total, Radiation efficiency, and radiation patterns plots
for simulated and measured proposed antenna. In which we can find that the value of
experimental and simulated results are approximately matches. A little difference is observed

between simulated and measured results and this is known as fabrication tolerances.
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FIGURE 7. Simulated and measured results for Proposed Antenna (a) Si1, (b) VSWR, (c) Gain Total, (d) Radiation

Efficiency, (e) Radiation Pattern at 2.95 GHz at phi = 0< and (f) Radiation Pattern at 4.32 GHz at phi =0<
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A comparative analysis of simulated and fabricated antenna is shown in Table 1.

TABLE 1. Comparison of Simulated and Fabricated Antenna.

Outcomes
Antenna Parameters
Simulated Measured
Band (GHz) 2.55-3.15 3.55-7.25 2.58-3.63 4.00-6.22
RF (GHz) 2.95 4.32 3.26 4.74
%BW 21.05% 68.51% 33.81% 43.44%
S11 (dB) -45.42 -23.09 -29.36 -14.65
VSWR 1.03 1.45 1.07 1.74
Gain Total 1.27 1.45 1.19 2.29
Radiation Efficiency (%) 103.56% 90.63% 99.18% 82.61%

A comparative analysis with existing designs is shown in Table 2.

TABLE 2. Comparative Analysis with Existing Design.

Ref. Feed Impedance Antenna Size RF Su BW Gain
VSWR
Paper Method BW (%) (in mm3) (GHz) (dB) (GHz) Total
Microstrip
26.7%, 1.5, -20.10, 0.38, 3.31,
[7] Line 80x80x1.52 1~2
11.3% 2.59 -21.25 0.29 4.2
Feeding
CPW 8.7%, 1.6, -17.5, 1.09, 2.40,
[8] 70x70x1.6 1~2
Feeding 23% 2.2 24.5 0.51 2.48
Microstrip
18.2%, 1.58, -28.89, 0.28, 2.11,
[9] Line 100x100x1.57 1~2
18.4% 2.66 -27.52 0.48 2.23
Feeding
Microstrip
13.8%, 2.38, -22.2, 2.38, 2.23,
[10] Line 40x40x1 1~2
9.7% 4.43 -36.5 4.43 1.99
Feeding
Microstrip
Proposed 21.05%, 2.95, -45.42, 0.6, 1.01, 1.27,
Line 40x30x1.575
design 68.51% 4.32 -23.09 3.7 1.15 1.45

Feeding
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5. CONCLUSIONS

A simple patch antenna using microstrip feed at low frequency 2.95 GHz and 4.32 GHz is
proposed. The radiation performance such as Su, VSWR, Total Gain, Radiation Pattern,
Radiation Efficiency and Surface Current Distribution are observed and validated experimentally.
Our design may be useful for the next generation network applications. This work will be further
extended by doing some modifications in patch and ground structure. Gain may be improved for

more exposure by decreasing the dielectric value and loss tangency.

CONFLICT OF INTERESTS

The author(s) declare that there is no conflict of interests.

REFERENCES

[1] Federal Communication Commission, Revision of Part 15 of the commission’s rules regarding ultra-wideband
transmission systems, First Report and Order, ET Docket 98-153, FCC 02-48 (Feb. 2002).

[2] T.S. Rappaport, Wireless communications: Principles and practice (2nd ed.). Upper Saddle River, NJ: Prentice
Hall. (2002).

[3] C.A. Balanis, Antenna theory: Analysis and design. Wiley, New York, (2016).

[4] T.S. Rappaport, R.W. Heath, R.C. Daniels, J.N. Murdock, Millimeter Wave Wireless Communications,
Prentice Hall, Englewood Cliffs, NJ, 2014.

[5] J. Qiao, X. Shen, J. Mark, Q. Shen, Y. He, L. Lei, Enabling device-to-device communications in
millimeter-wave 5G cellular networks, IEEE Commun. Mag. 53 (2015), 209-215.

[6] X. Rui, J. Li, K. Wei, Dual-band dual-sense circularly polarised square slot antenna with simple structure,
Electron. Lett. 52 (2016), 578-580.

[7] X.Bao, M.J. Ammann, Dual-Frequency Dual-Sense Circularly-Polarized Slot Antenna Fed by Microstrip Line,
IEEE Trans. Antennas Propagat. 56 (2008), 645-649.

[8] C. Chen, E.K.N. Yung, Dual-Band Dual-Sense Circularly-Polarized CPW-Fed Slot Antenna With Two Spiral
Slots Loaded, IEEE Trans. Antennas Propagat. 57 (2009), 1829-1833.

[9] X.L.Bao, M.J. Ammann, Monofilar Spiral Slot Antenna for Dual-Frequency Dual-Sense Circular Polarization,

IEEE Trans. Antennas Propagat. 59 (2011), 3061-3065.



2135
RECTANGULAR C-SLOT PATCH ANTENNA AT 2.95 GHz AND 4.32 GHz

[10] S. Patil, A.K. Singh, B.K. Kanaujia, R.L. Yadava, Design of Dual Band Dual Sense Circularly Polarized Wide
Slot Antenna with C-shaped Radiator for Wireless Applications, Frequenz. 72 (2018) 343-351.
[11] S.D. Choudhary, A. Srivastava, M. Kumar, Design of single-fed dual-polarized dual-band slotted patch antenna

for GPS and SDARS applications, Microw. Opt. Technol. Lett. 63 (2021), 353-360.



