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ABSTRACT

A new design of wideband microstrip antenna, where slots are placed on structure, is proposed.
Also, a newly structure of a monopole antenna based on the noches form is designed using the
HFSS. It has been found that the characteristics of hew microstrip antenna are comparable to
the conventional patch antennas, whereas its gain, directivity, and radiating efficiency are
remarkably improved which make it to be useful in RFID chipless applications. The proposed
antenna operates from 11.45 to 13.28 GHz, and 14.61 to 19.55 GHz can be used in RFID
chipless applications, and it has a bandwidth about 677 MHz. The return loss of the proposed
antenna is indeed below -10 dB. Prototype for all antennas are fabricated and measured and a
good agreement between the measured and simulated results is achieved.
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1. INTRODUCTION

Wireless communications are of great importance in the telecommunications sector. And in these
applications where the size, weight, cost, performance, ease of installation and aerodynamic
profile are constraining, profiled antennas such as microstrip are required. However, the
microstrip antennas generally have narrow bandwidths and, in general, are half-wavelength
structures operating at the fundamental resonance mode [1], the various research works are
striving to solve the problem of the narrow bandwidth, and various structures have been studied
to extend the bandwidth [2], for example, by introducing slots in a microstrip patch configuration.
Also, compared with ordinary microstrip patch antenna, the printed monopole antenna has
become a suitable choice due its wider bandwidth, lower radiation loss and lower dispersion [3].
They are also more likely to join various additional structures by etching slots on the radiating
area, with the resulting multiband characteristic. For all that, monopole broadband antenna
accompanied with slots is often used kind of structure hooked for multi resonant antenna, not
only for its miniaturization of the antenna dimension effectively but also for the ability of
generation of multiband characteristic.
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The reason for this is that some microstrip monopole antennas are required in some applications,
but not others, i.e., some applications require wide bandwidth, short-range and low-cost tags.
Hence, the design and choice of RFID systems are application specific.

Moreover, RFID identification technology has grown considerably in recent decades and it can
be applied in many applications such as industrial robotics, wireless gas sensors, wireless
humidity sensors [4]. In the RFID literature is classified into several categories low frequency
(LF),high frequency (HF), ultrahigh frequency (UHF), superhigh frequency (SHF), and ultra-
wide band frequency(UWBF) RFID systems[5][6].Recently, the price of silicon chips has gone
down exponentially causing in a significant reduction in cost of the chip based RFID tags.
However, the chip based RFID tags are not yet economical enough to completely replace the
barcodes for item level tagging [5]. Chipless RFID tags can be a more suitable choice for item
level tagging. The chipless RFID tags are also expected to possess higher read range as no RF
power from the reader signal is exploited to power up the chip [8]. Multi-resonator structures are
employed to encode the data in frequency signature technique which is one of the main data
encoding technique of the core’s chipless RFID [9].

In this paper, the prospects of improving the bandwidth and the data capacity per unit area further
are discussed by placing notches and slots on the radiating element.

2. ANTENNA DESIGN

The wide band monopole slot antenna is based on a squared microstrip patch filled with notches
and sub slots structures in figure 1 and 2 respectively. These slots structures behave as
miniaturization method, allowing the widening of the bandwidth.
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Figure.1. The layout of the proposed monopole wideband antenna: top view




Computer Science & Information Technology (CS & IT) 85

uI “—,I

Figure.2. The layout of the proposed monopole wideband antenna: bottom view.

The antenna structure presented in this study can be studied in three different states that have
been shown in this part. As shown in figure 3, this antenna is initially provided by rectangular
radiation patch with a width of 25mm and a length of 20mm printed on a FR4-epoxy substrate
with h=1.6mm and €=4.4. the patch is fed by a coplanar line with 50Q input impedance. The
dimensions of the line are 7.8*2.86mm?. the port feeding line is places at the middle of the edge
of the patch. This first design will work only on 5.8GHz and 11.8GHz frequency band reffering
to figure 6.
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Figure.3. the design of the conventional antenna structure

Substrate Antenna

By adding two rectangular slots to radiation patch, antenna will cover three frequencies of 5.8, 13
and 17 GHz resonant frequency. The design step is shown in fig 4. The dimensions of the
rectangular slots are 1.88*1mm? spaced 3.75mm.
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Figure.4. The design of the “antenna + 2 slots” structure

Substrate Antenna

The antenna parameter values are shown in table 1. Antenna three shown in fig 1 and it is the last
stage of design process that the final structure of antenna will be obtained by creating two
notches on the radiation patch. In this design 5.8, 12 and 16GHz resonant frequency are obtained.

Tablel. Antenna parameters.

L (mm) 7.8 G (mm) 0.5
Li(mm) 7.8 Ls(mm) 3.75
Wi(mm) 2.86 Ws2(mm) 1
L(mm) 20 Lg(mm) 6.5
Wy(mm) 25 Wp(mm) 15
Ly(mm) 6 Wp2(mm) 5.07

3. EXPERIMENTAL RESULTS

Prototypes of these antennas have been manufactured in figure 5. The experimental S parameters
of these antennas are also plotted in figure 6. It can be seen that simulations and measurements

agree.

Figure5. Fabricated prototype of the proposed antennas, (a) monopole antenna,
(b) “antenna + 2 sub slots”, (c) “notch antenna + 2 sub slots”
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Figure 6 shows the simulated and measured insertion loss versus frequency of the multi
resonating antenna. From this, we can see five distinct resonant nulls due to the slots and notches

forms. Each notch and slot can be used to a particular resonance which can be used for data en
coding.
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Figure 6. Measured and simulated reflection coefficients of the proposed antennas, (a) monopole antenna,
(b) “antenna + 2 sub slots”, (¢) “notch antenna + 2 sub slots”

The second prototype covers a frequency band ranging from 7.27 to 14.85 GHz, while the
measured antenna covers a frequency band from 10.2 to 14.8 GHz. The last antenna has two
frequency bands: the first is ranging from 11.79 to 13.46 GHz, while, the second is situated

between 15.15 to 15.49 GHz and has a bandwidth of 677MHz. It is noted that the measured
antenna covers a frequency band from 11.79 to 15.2 GHz.

Simulation results prove 5 equally spaces resonant notched are observed in the 4 to 20GH
frequency band. Each notch encodes a unique data bit.

Figure.7 and figure.8 show the gain of each antenna in E and H planes.

First, figure.7 (a) and figure.8 (a) shows the radiation patterns of monopole antenna at 7 GHz in
the E-plane. The measurements seem accurate more than those of simulation ones.

Second, figure.7 (b) and figure.8 (b) present the radiation pattern of “antenna + 2 sub slots” at 8.4
GHz, the results are the same. In addition, figure. 7(c) and figure.8 (c) present the radiation

patterns of “antenna notched + 2 sub slots” at 12 GHz; measurement and simulation results are
the same behavior.
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Figure.7. Measured and simulated far field normalized radiation patterns
of the proposed antenna in E plane,(a) monopole antenna at 7 GHz,
(b) “antenna + 2 sub slots” at 8.4 GHz, (c) “notch antenna + 2 sub slots” at 12 GHz
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Figure.8. Measured and simulated far field normalized radiation patterns
of the proposed antenna in H plane,(a) monopole antenna at 7 GHz,
(b) “antenna + 2 sub slots” at 8.4 GHz, (c) “notch antenna + 2 sub slots” at 12 GHz

However, comparing our proposed monopole antenna with conventional patch antenna, it is
noted that the conventional patch antenna uses microstrip technology, but this prototype is
structured based on the monopole design which is advantageous as regards the microstrip
technology. Indeed, this technology presents the advantage of a compactness (reduced volume),
cost-effective production and simplicity of components implement.

Thus, taking an example from the literature reported in [7] can be used to display this
comparison. In their work, the authors present a patch antenna disposed on FR4 epoxy substrate
with a thickness of 1.6 mm and a permittivity €=4.4. The overall size of the antenna is 50*40
mm?, the width and the length of the patch are 24 mm and 22 mm respectively. This antenna is
fed by a microstrip line with a width and a length of 2.75 mm and 15 mm respectively. Thus, this
patch antenna covers the frequency 6.5 GHz. Moreover, most conventional patch antenna
possesses oversized dimensions particularly when the application referred is low frequency and it
seems covering a single frequency band which is so narrow. In our case, the proposed antenna
has a relatively small size, a wide frequency band, a best gain and is more directives compared to
that of the conventional patch antenna.
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4. CONCLUSIONS

In this paper, a novel chipless RFID antenna is presented, which can be configured as monopole
wide band antennas. Proposed approach offers enhanced data capacity. A 5-bit chipless RFID
antenna is also presented. High gain and wide bandwidth were found to be 4.78dB and 677 MHz
respectively and will be used to prolong the read range.
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