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	This paper presents the development of a new miniaturized and compact GCPW-fed slotted rectangular antenna structure reader for wideband UHF RFID applications. The optimized proposed antenna is suitable to operate a large frequency-band range from 0.8GHz to 1.3GHz with a bandwidth of 500MHz with a return loss less than -10dB. The antenna is based on a 1.6mm thickness FR4 epoxy substrate with a reduce dimensions compared to the simple rectangular antenna and size of proposed antenna is 47*40mm2. The new design consists of a compact rectangular patch with symmetric U-shaped slots and I-shaped include a partial ground plan and fed by 50 Grounded coplanar line. The antenna parameters have been investigated and optimized by   using   CST Microwave Studio. To validate the CST Microwave Studio results before the   antenna achievement,   we   have   conducted another study by using ADS. The   final circuit   achieved, measured and validated. Experimental results show that the proposed antenna has good radiation characteristics and operating in UHF-RFID applications.
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1. INTRODUCTION 
    In recent years, Much attention has been devoted to the optimization of reader antenna design for UHF-RFID systems, because of more and more practical applications in industrial services, such as automatic retail item management, warehouse management, access control system, electronic toll collection, etc. This is because the UHF band can provide high data transfer rate and broad readable range [1][2] [3]. In spite of the fact that these applications are important around the world, diverse districts have distinctive administrative standards for UHF RFID frameworks. In China the UHF-RFID bands are 840-845 MHz and 920-925 MHz, while for North America, Europe 902-928MHz, 865-868MHz are used respectively, while for Japan up till 2018 two bands can be used 916-924MHz and 950-956MHz. So for an UHF RFID item to work all inclusive it should be reconfigurable or has enough band to cover the whole UHF RFID band (840-960 MHz). This adds a challenge in designing a global UHF RFID antenna. The RFID reader antenna is one of the important components in RFID system and its capability will determine the performance of whole RFID system [4]. For the applications involving item-level management, a RFID handheld reader plays an important role owing to its advantages of compactness and maneuverability. The growing demand for small and compact wireless devices  has increased the need for small antenna that can be integrated while providing acceptable overall performance [5]. Many broadband UHF-RFID reader antennas have been proposed in literature [6]. At present, miniaturized reader antenna therefore becomes a research trend in RFID system. Usually there are many ways to realize miniaturization, such as shorting circuit between patch and ground plane [7], and increasing relative dielectric constant of substrate [8]. 
 In this paper, a new compact GCPW broadband antenna for UHF RFID applications is proposed. Details of the antenna design are described, a parametric study is conducted to examine the effect of the slot dimensions and the final dimensions of the antenna are stated and both the simulated and measured results are presented and discussed.

2. ANTENNA CONFIGURATION AND PERFORMANCES

The schematic configuration of the proposed planar GCPW-fed slotted rectangular antenna is shown in Figure1. This antenna is fabricated on a FR4 epoxy substrate with a relative permittivity 4.4, and a thickness of 1.6mm and 0.025 for loss tangent. In order to obtain miniaturized antenna with optimum impedance bandwidth for UHF-RFID applications, a parametric analysis is done by some variations of the dimensions on the rectangular shaped of a center ground plane. Simple CPW is used for broadband antenna reference feeding which gives broadband behavior. To provide 50Ω impedance GCPW fed and adapted for specific applications.
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            Table 1. Optimized dimensions of the designed antenna (unit :mm)
	Parameter
	A
	B
	C
	D
	E
	F

	Value
	2.5
	1
	3.5
	11.5
	9.5
	2

	Parameter
	G
	H
	I
	J
	K
	M

	Value
	1
	12.5
	12.9
	0.5
	3.2
	0.5

	Parameter
	LS
	WS
	P
	R
	S
	

	Value
	47
	40
	12
	16
	45
	



 

               Figure 1. Geometry of the CPW antenna

     
 The aim of this study is to develop the compact UHF RFID reader antenna compared a classical rectangular antenna.
The antenna reference is based on a CPW rectangular monopole antenna structure with U-slot [9]. It has an impedance matching BW over 20% with a return loss less then -10dB and covers the global SHF RFID band (2.2-2.7GHz). By adding the ground plane with I-shaped slot inverted and optimized. The final antenna optimized is suitable for small or handheld UHF RFID readers and the final are listed in Table 1. To start the design, series of optimizations is conducted by using electromagnetic simulations.
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Figure 2. Design evolution of the proposed antenna

 The goal of this study is to design a new compact and miniaturized antenna structure for UHF RFID applications. The design evolution of the proposed antenna is presented in Figure 2. The conception of the planar antenna capabilities is due to the large frequency    resonances   introduced   by   combining the optimizations of the dimensions GCPW-feed line width and cutting slot shaped on the ground plane antenna. Therefore, Figure 3 shows the simulated return losses for successive cases of the conception of the final antenna.  From Figure 3, we can clearly see that the proposed antenna is designed through two steps. Firstly, for a reference rectangular plane adapted to a large frequency band ranging from 2.2GHz to 2.7GHz for SHF RFID Applications, the antenna geometry was modified to develop the miniaturized and compact antenna adapted the bandwidth for UHF RFID frequency band. Therefore, by adding a ground plane to the bottom of the antenna, it turns to be GCPW fed antenna with a disapted bandwidth.
     Secondly, after cutting the ground plane and adding the I-Shaped with optimized dimensions, the matching input impedance of the final antenna structure is achieved in large frequency band 0.8-1.3GHz with a return loss less than -10 dB. 
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(a) Antenna reference                                                      (b)
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Figure 3. The return loss vs frequency of the proposed antenna for different cases on CST

 Before the achievement of the antenna and to compare CST results of another simulator, we have used ADS which is based on Method of Moments (MoM). After the simulation, the following result is shown in Figure 4.
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Figure 4. The return loss vs frequency of the proposed antenna in ADS



The Table 2 shows the comparison of of gain and dimensions of the final proposed antenna with pulished literature UHF RFID reader antenna structures. The proposed antenna yield a compact and miniatiruzed dimansions occupies only 47x40mm2.Which is very compact than other geometries in the existing literatures and the defect using a partial ground plane also enhaces the miniatiruzation of the proposed design 

Table 2. Comparison of size of proposed antenna with existing literatue.
	Published literatures
	Total size (mm2)

	Proposed antenna
	47x40

	Antenna classical
	114.7 x 79.6

	[10]
	65 x 65

	[11]
	150 x 150

	[12]
	139 x 139

	[13]
	108.3 x 86.3

	[14]
	120 x 120




Figure 5. exhibits the simulated Voltage Standing Wave Ratio (VSWR) versus frequency of the final proposed antenna structure. It is noticed that the VSWR less than 2 for the frequencies throughout matching band.  
The variation of the proposed antenna gain within the operating frequency band is calculated and displayed in Figure 6. The proposed antenna gain is more than 3.2dBi at 0.9GHz  and yield simulated peak gain is about 5.7dBi which is sufficient for present and yield wireless communication standard applications which bandwidth ranging from to 0.8GHz to 1.3GHz.
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                  Figure 5. VSWR vs frequency                                           Figure 6. Gain vs Frequency

    Figure 7 gives full details about the simulated surface current distribution of the proposed antenna at 0.9GHz, 1GHz and 1.1 GHz. It is observed that the surface currents are highly concentrated around the shaped slot and radiator patch for all frequencies.
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Figure 7. Simulated Surface current distribution of the final proposed antenna 
at (a) 0.9 GHz, (b) 1GHz and (c) 1.1GHz

3. Achievement and Measurement 

After the comparison of the simulation results in CST and ADS, we have achieved the new compact and miniatiruzde antenna structure by using LPKF machine. The photograph of the fabricated antenna is shown in Figure 8. It was measured in anechoic chamber by using Vectorial Network analyzer VNA R&S@ZVB20 from Rohde & Schwarz.
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Figure 8. The fabricated antenna structure

After the conception and the achievement of the proposed antenna structure, we have done the comparison of the different results as shown in Figure 9.
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Figure 9. Comparison of simulated and measured return loss

As illustrated in Figure 9, we conclude that we have   a good agreement   between   simulation   and measurement   results. This allows the validation of a new compact reader UFH RFID antenna operating from 0.8GHz to 1.3GHz. The measured input impedance and bandwidth of the achieved antenna structure is shown in Table 3.   

Table 3. The bandwidth of the proposed antenna compared with an antenna reference
	
	Antenna  reference
	Final antenna structure

	Dimensions
	47*40mm2

	Bandwidth
	2.2-2.7GHz
	0.8-1.3GHz

	Center Frequency 
	2.5GHz
	1GHz

	Impedancebandwidth
	20%
	50%



The simulated far-field radiation pattern characteristics of the proposed antennas in E-plane and H-plane for two different frequencies 0.9GHz, 1GHz and 1.1GHz are investigated in Figure 10. The simulated results show that the good omni-directional patterns in the E-plane and the nearly bidirectional patterns in the H-plane are obtained for all frequency bands.  
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(a)                                                (b)                                                                (c)
Figure 10.  Measurement and Simulation radiation patterns of the proposed antennae at (a) 0.9GHz,  (b) 1.1GHz and (c) 1.2GHz

4. CONCLUSION 
In this paper, we presented the development of a new compact and miniaturized structure of microstrip patch antenna intended for wideband UHF RFID applications, which adapted from SHF RFID to UHF RFID systems by using GCPW fed with an optimized U-shaped partial ground plane. It provides optimum impedance matching over entire large frequency band ranging from 0.8GHz to 1.3GHz with a return loss less than -10dB. This compact antenna design fulfills the requirements of UHF RFID applications but can also be used in other fields of wireless applications.
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