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Abstract 

In this paper, a new compact coplanar antenna used for Radio frequency identification (FID) applications is presented. This 

antenna is operated at the resonant frequency of 2.45 GHz. The proposed antenna is designed on an epoxy substrate material 

type (FR-4) with small size of (40 × 28) mm2 in which the dielectric thickness (ℎ) of 1.6 mm, relative permittivity (휀𝑟) of 4.3 and 

tangent loss of 0.025. In this design the return loss is less than −10 dB in the frequency interval (2.12 − 2.84) GHz and the 

minimum value of return loss is -32 dB at resonant frequency. The maximum gain of the proposed antenna is 1.22 dB and the 

maximum directivity obtained is 2.27 dB. The patch and the ground plane of the proposed antenna are in the same surface. The 

proposed antenna has a wide bandwidth and omnidirectional radiation pattern with small size. The overall size of the compact 

antenna is (40 × 28 × 1.635) mm3. The Computer Simulation Technology (CST) microwave studio software is used for 

simulation and gets layout design. 
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I. INTRODUCTION 

A Radio Frequency Identification (RFID) is rapidly growing 

technology for automatic identification and it is being 

exploited in many areas such as healthcare, airport, libraries, 

military, passport, supply chain etc. [1]. The prodigious 

development in the field of RFID corresponding uses and 

applications has increased the requirement of smaller size 

and low profile elements that appropriate for application in 

RFID systems. RFID technologies have risen interest  to 

realize several commercial implementations, like security, 

manufacturing,  management of automatic retail, industrial 

work, access control and transportation, electronic toll 

collection and distribution systems [2]. A standard RFID 

system contains a tag and reader devices. The antenna of 

reader  sends an electromagnetic wave (EMW) signal to the 

tag then RFID reader receives a signal as an information  

from tag’s antenna [3]. 

The bands of frequency of an RFID are the high frequency 

(HF) band operates at 13.56 MHz, ultra-high frequency 

(UHF) band from 860 to 960 MHz, and Industrial, Scientific, 

and Medical (ISM) band at 2.4GHz [4],[5]. The applications 

of an RFID in the ultra-high frequency (UHF) divided to 

intervals of band of frequencies in many countries. These 

bands of frequencies are subdivided with respect to countries 

to: 840.5–844.5 MHz and 920.5–924.5 MHz in China, 902–

928 MHz in North America, 950–956 MHz in Japan, 866–

869 MHz in Europe, 865–867 MHz band in India, 920–926 

MHz in Australia, and 908.5–914 MHz in South Korea [6], 

[7], [8]. The comprehensive coverage of ultra-high 

frequency (UHF) band used in RFID in each country is about 

840–960 MHz. In practical using, the reader antennas 

usually are circularly polarized (CP) to ensure best 

communication between tags and reader [9]. A linearly 

polarized (LP) antenna is necessary for tag antenna, and the 

RFID tags are mostly oriented arbitrarily [9]. Several 

limitations are occurs of using distributed patch antennas  

such as; low gain, narrow bandwidth (NBW) and low 

efficiency, which leads to reduce the antenna performance 

[10], [11]. 

Generally, the basic configuration of conventional 

microstrip antenna are a conducting patch which is made of 

metal such gold or copper. The patch is printed on the upper 

side of the substrate material that has dielectric or relative 

permittivity value in the range of 2.2 ≤ ε_r ≤ 12, which 

set on the ground layer on the other side as shown in Fig. 1 

[12], [13]. The substrate material type FR-4 is used in most 

designs where the FR-4 dielectric combines good electrical 

features, price, and availability [14]. 
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Fig. 1: Microstrip antenna configuration 

The main disadvantages of microstrip patch antennas are 

narrow bandwidth, lesser gain and poor efficiency, which 

disturbed the efficiency of this antenna. Various researchers 

currently studied different shapes of antenna design for 

RFID readers by applying a varied approach of patch and 

ground geometry [14] . Generally, the miniaturization in 

size, broad bandwidth and good directivity of RFID antenna 

systems are important requirements of microstrip antenna 

and most researches try to develop and modified the antenna 

specifications.  

A. K. Gautam et al. [15] presented a compact antenna made 

with size of (30 × 30 × 1.6) mm3 and narrow bandwidth 

with acceptable gain value, so the proposed coplanar antenna 

improved bandwidth. N. O. Parchin et al. [16] presented an 

antenna to cover dual band of  2.4/5.8 GHz RFID operation 

bands with good realized gain with overall size of (38 × 45 

× 1.6) mm3, so the proposed coplanar antenna improved the 

size where it has smaller size  . M. Z. Aziz et al. [17] 

presented a dual band omnidirectional antenna to operate at 

2.45 GHz in which the dimensions of substrate material are 

(l5 × 85.75) mm2 and dielectric thickness of 1.6 mm. The 

return loss at the resonance frequency of -10.61dB with 

bandwidth is 122 MHz and the gain that has been achieved is 

3.798 dB, so the proposed coplanar antenna improved to 

achieved best return loss. M. R. Reader [18] presented a 

microstrip stacked patch antenna operates at 2.45 GHz 

passive RFID reader. The antenna has dimensions of (58 × 

58) mm2 with large thickness of 11 mm with narrow 

bandwidth and the peak gain achieves 6.32 dB in the 

resonance frequency. 

In this work, a microstrip antenna resonated at 2.45 GHz to 

use in RFID band is designed. This presented antenna is not 

similar to the traditional microstip antenna, where the patch 

and the ground are together in same plane (upper surface) as 

a coplanar technique with omnidirectional radiation. The 

size of this design is (40 × 28 × 1.635) mm3 achieves best 

impedance matching, acceptable gain, suitable bandwidth 

and best Voltage Standing Wave Ratio (VSWR). When the 

value of the VSWR is less than 2 at the frequency band 

interval, the antenna can be able to work correctly in this 

band [19].. In detailed structure configuration, design, and 

simulation results of this design are discussed and explained 

in the following paragraphs. 

II. ANTENNA DESIGN 

     The presented coplanar antenna geometry has partial 

ground in two separate sections as illustrated in Fig. 2. The 

presented antenna is printed on substrate  material type  FR-4  

that has thickness (h) of 1.6 mm and relative permittivity 

(εr) of 4.3 and loss tangent ((tan 𝛿) of  0.025. The proposed 

antenna works at the band of frequency in interval (2.12 – 

2.84) GHz. The dimensions of the general microstrip patch 

antenna have been obtained [20]. The effective dielectric 

constant (εeff)  depends on width of the patch antenna (W), 

dielectric constant (εr) and the height substrate (h). 

 

The effective dielectric constant (εeff) is calculated as 

 

εeff =
εr+1

2
+

εr−1

2
[1 +

12h

W
]

−1 2⁄

                                            (1)        

The physical dimensions of the microstrip antenna looks 

smaller than its electrically the patch due to fringing effects. 

The length of antenna increases due to fringing effect as 

 

ΔL

h
= 0.412h

(εeff + 0.3) (
W
h

+ 0.264)

(εeff − 0.258) (
W
h

+ 0.8)
                              (2) 

 

𝛥𝐿  is the extension patch length due to fringing 

The effective length is calculated by 

Leff =
1

2fο√εreff√μοεο

=
vο

2fο√εreff

                                     (3) 

The width of patch antenna is calculated by 

W =
1

2fο√μοεο
√

2

εr+1
=

vο

2fο
√

2

εr+1
                                            (4)       

 

vο   is speed of light in free space 

 fο is resonance frequency 

Where vο = 3 × 108 m s⁄  , μο = 4π × 10−7 H m⁄   and   

εο = 8.85 × 10−12 F m⁄           

The actual length (Lact.) of the patch is calculated by 

Lact. = Leff − 2ΔL                                                                     (5) 

The dimensions of the substrate as Length (Lsubstrate) and 

Width (Wsubstrate) are specified as 

Wsubstrate = W + 6h                                                                (6) 

Lsubstrate = L + 6h                                                                   (7) 

By using the above equations, the dimensions of antenna are 

achieved as shown in Fig. 2. 
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Fig. 2: Geometry of the proposed antenna 

From this design we conclude that to achieved the resonant 

frequency demanded with suitable size we must add the 

slots, also to achieve good impedance matching, best return 

loss, wide bandwidth and minimum VSWR. To achieved 

omnidirectional radiation pattern, the ground must be partial 

ground. 

The materials of this antenna and its dimensions and 

thicknesses are registered in Table I. 

 

TABLE Ⅰ DIMENTIONS OF THE PROPOSED 

ANTENNA 

 

Elements Material 

type 

Dimensions in 

mm2 

Thickness 

in mm 

Substrate FR-4 40 × 28 1.6  

ground element Copper 18 × 11.95 Too low 

Patch Copper 21.65 × 27  Too low 

Feed line Copper 18.35 × 2.5 Too low 

 

III. SIMULATION RESULTS AND 

DISSCUISIONS 

At first, the return loss (RL) or reflection coefficient |S11| is 

calculated as a function of frequency and illustrated in Fig. 3. 

The simulated bandwidth evaluated at −10 dB is 720 MHz 

that is measured in the frequency range (2.12 – 2.84) GHz. 

Thereafter, the other important parameter with return loss, 

that effects on antenna performance and related to the 

bandwidth, is Voltage Standing Wave Ratio (VSWR), and it 

is less than or equal to  2. (VSWR ≤ 2).  

The VSWR response of the proposed antenna is illustrated in 

Fig. 4. As can be showed in Fig. 4, the deepest or less value 

of VSWR is 1.05 occurs at the resonance frequency of 2.45 

GHz that means the maximum power will be transferred at 

the operated frequency (2.45 GHz).  

 

 
 

Fig. 3: Return loss verses frequency 

 

 
 

Fig. 4: The VSWR of the proposed antenna 

 

As observed from the appreciated gain curve of the 

presented antenna design in Fig. 5, a suitable amount gain of 

1.22 dB is obtained.  

 
 

Fig. 5: The response gain of the proposed antenna 

     The other considerable parameter related to the gain (G) 

that interested in antenna performance is the directivity (D). 

Fig. 6 shows the directivity of radiation pattern of the 

presented antenna. Theoretically, the relation between the 

gain (G) and directivity (D) is related to antenna efficiency 

factor (η) as in (8). 

 

𝐺 = 𝜂𝐷                                (8) 

  

The antenna efficiency factor value is enclosed by (0 ≤ η ≤ 

1). If η =1, that means the antenna is lossless. In practice, 

gain (G) is always less than the directivity (D). As showed in 

the Fig. 6, the omnidirectional radiation pattern is obtained. 

Thus the maximum value of directivity resulted is 2.27 dB. 
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Fig. 6: Radiation pattern with all defined parameters 

The brief of simulated results for the offered antenna is listed 

in Table Ⅱ. 

TABLE Ⅱ 

 SUMMARY RESULTS OF SIMULATED 

PARAMETERS  

Antenna parameters  Value 

Frequency range 2.12 – 2.84 GHz 

Resonance frequency (fo) 2.45 GHz 

Bandwidth 720 MHz 

Return Loss at fo -32 dB 

VSWR at fo 1.05dB 

Directivity 2.27 dB 

Gain  1.22 dB 

 

IV. CONCLUSION 

     This work presented a wideband microstrip slots loaded 

patch antenna as a coplanar with microstrip feed line. By 

using partial ground method (i.e. this theory used to obtain 

omnidirectional radiation pattern) the antenna performance 

has been improved where the parameter results of the 

suggested antenna present less return loss, broad bandwidth, 

minimum VSWR and proper directivity with  reasonable 

value of gain furthermore miniaturization in antenna size. 

The suggested antenna has small size and operates in the 

frequency band of  (2.12 – 2.84) GHz which represent the 

suitable band to cover RFID applications at resonant 

frequency of  2.45 GHz, the gain and directivity values are 

1.22 dB and 2.27 dB respectively.  
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