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Abstract: This paper presents the design and simulation results of a very compact microstrip patch antenna at 

2.45/5.8 GHz for Radio Frequency Identification. A good size reduction of 76% compared to a conventional 

microstrip antenna is achieved. This antenna has a total area of 31X24 mm
2
 and mounted on an FR4 substrate 

with dielectric permittivity constant 4.4, thickness of 1.6 mm, loss tangent of 0.025 and has a Microstrip feed 

Line. The antenna has a low return loss of about -22.35 dB with VSWR of almost 1.16 and a good gain of 2.63 

dBi at 2.45 GHz and it has return loss of 43.26 dB, VSWR of 1.01 and gain of 3.74 dBi at 5.8 GHz. The 

performance of the proposed antenna is analyzed as well as compared with other RFID antennas at ISM band. 

It is has been studied, numerically analyzed, simulated using the CST and HFSS software. 

Keywords: Patch Antenna; RFID (Radio Frequency Identification); microstrip feed line; dual-band frequency; 

slot; stub; compact size. 

 

I. Introduction 
Radio Frequency Identification (RFID) is based on radio communication for tagging and identifying an 

object [1]. It consists of two blocks namely, RFID transceivers (readers) and RFID transponders (tags). A RFID 

tag consists of a small integrated circuit for storing information and an antenna for communication. A basic 

RFID system is based on wireless communication between a reader and a tag. RFID readers can read 

information stored in no line-of sight RFID tags in their vicinity and communicate it to central database system 

through wired or wireless interface [2]. Over the last few years, RFID has drawn a great deal of attention and it 

is now widely believed that RFID can bring revolutionary changes [3]. Indeed, applications of RFID systems 

include supply chain automation, security and access control, cold chain management (temperature logging) and 

identification of products at check-out points, to name a few. Some of the major retailers have already invested 

significantly in RFID and mandated their manufacturers to place tags on cases and pallets, which resulted in 

mass production of inexpensive RFID tags [4]. 

 

 

 

 

 

 

 

 

 

Fig.1 Functioning of an RFID system 

 

Current RFID systems are desinged for applications LF (125 kHz), HF (13.56 MHz), UHF applications 

([860-960] MHz) and for microwave applications (2.45 GHz). The technologies associated with these four 

bands are described and detailed in references [5, 6, 7, and 8]. 

At present, most of RFID systems operate in the megahertz frequency range. Higher frequencies that 

utilize free microwave ISM bands such as 2.45 GHz and 5.8 GHz are under active development [9]. In most of 

the presented microwave RFID system designs, antennas operate at their dominant mode, which is characterized 

by the lowest frequency of operation. The use of such modes of operation results in large size antennas, which 

are predominantly responsible for an increased size of an RFID tag. It becomes apparent that in order to 

miniaturize a microwave ID system, the main assignment is to miniaturize its antenna [10]. 

Antennas play a very important role in the field of wireless communications. During the recent years, 

microstrip antennas have attracted an important interest in modern communication systems because of their 

significant characteristics of small size, light weight, low cost on mass production and thin profile [11]. They are 

also compatible with wireless communication integrated circuitry due to their simple feed methods, especially 
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microstrip-line and coplanner waveguide feeds. However, their capability to operate at a single frequency, 

narrow bandwidth and low gain when comparing it with other microwave antennas restrict their practical 

applications [12]. 

Because of the low profile and compact size of the planar and printed antennas, there is a strong 

preference to this type of antennas for applications such as WLAN, UWB, LTE and RFID. Modern mobile and 

wireless communication systems require compact size, broadband and dual/multi frequency antennas, thus the 

possibility to apply these antennas for modern communication systems is reinvestigated by applying 

modifications in their patch geometries [13]. 

Among these antennas, this work focuses on the rectangular shaped patch antennas which are the 

subject of much research and development in recent years [14-15].In this work, we suggest to design a new 

structure of a compact dual-band rectangular patch antenna. This antenna is excited by microstrip line having a 

power port adapted to 50 𝛺. A good size reduction of 76% compared to a conventional microstrip antenna is 

achieved. The slots and stub inserted at the patch antenna have a direct impact on improving the radiation 

characteristics as well as the return loss, the bandwidth, the gain and the directivity. The proposed antenna is 

intended for RFID reader applications in the microwave band. 

The rest of this article is organized as follows: Part II presents the design of the proposed microstrip 

patch antenna. Part III summarizes the simulations results discussion obtained from the antenna and finally part 

IV concludes the proposed works. 

 

II. Antenna Design 
2.1 Design Equations 

Microstrip patch antenna is used at 2.45 GHz and 5.8GHz as resonance and is fed with a microstrip feed line. 

The design of the proposed microstrip patch antenna was modeled using the classical equations [16]: 

Step 1: Calculation of the Width (W): 

 

 

 

 

Where, c = 3 × 108 m/s, ɛr = 4.4, fr = Designed Frequency 

Step 2: Calculation of Effective dielectric constant (εreff): 
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Where, h = 1.6 mm 

Step 3: Calculation of the Effective length (Leff): 

 

 

 

 

 

 

Step 4: Calculation of the length extension (ΔL): 
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(4) 

Step 5: Calculation of actual length of patch (L): 

 

 
 

 

2.2 Model and Geometry of the proposed antenna 

The structure of the proposed antenna has been designed on FR4 substrate 31x24 mm
2
 (Ls x Ws), with 

a relative dielectric constant of 4.4, a thickness of H= 1.6mm, a loss tangent tan (δ) = 0.025 and copper foil 

thickness of t=0.035 mm. This antenna is fed by a microstrip line with 50Ω characteristic impedance. The 

dimensions of the antenna are optimized and miniaturized by using CST Microwave Studio. The configuration 

of the proposed antenna is shown in Fig. 2. 
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𝐿𝜀𝑒𝑓𝑓 =
c
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     (3) 

𝐿 = L𝜀𝑒𝑓𝑓 − 2∆𝐿      (5) 
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Fig.2Geometry of the proposed antenna 

 

After calculating the dimensions of the basic patch antenna resonating at 2.45 GHz. We thought to 

make our antenna miniaturized and resonate on the two bands of frequencies 2.45 / 5.8 GHz.Our antenna has a 

very simple structure of rectangular shape with 2 slots of different dimensions on the radiating element and a 

stub on the feeding line. The rectangular slot with dimensions 5x12 mm
2
 gave rise to dual frequency bands, as 

well as the small slot of dimensions 5.5x0.5 mm
2
 was able to widen the bandwidth around the resonant 

frequency 2.45 GHz which became 400 MHz, and Finally, we inserted a stub to the right of the feeding line of 

dimensions 0.5x9 mm
2
 in order to improve the adaptation on the two resonance frequencies. 

After optimizing the various parameters of our antenna and validating the choice of substrate type and 

its height, the optimized final dimensions of the antenna by electromagnetic simulation are as follows: patch 

length Lp=14.4mm, patch width Wp= 14mm, feed-line width Wf = 3 mm, feed-line length Lf = 16.1 mm, length 

of ground Lg=11.5mm and width of ground Wg=24mm. Total volume of the proposed antenna is 31x24x1.6 

mm
3
. 

Table 1 shows the dimensions of the proposed antenna. The global dimensions of the Patch, feed line, 

ground and substrate have been reduced to miniaturize the final structure. 

 

Table 1: Dimensions of the Proposed Antenna 
Parameter Value (mm) Parameter Value (mm) 

Ls 31 Wf 3 

Ws 24 Fa 12 

Lg 11.5 Fb 5 

Wg 24 Fc 5.5 

Lp 14.4 Fd 0.5 

Wp 14 Sw 9 

Lf 16.1 Sl 0.5 

 

III. Simulations Results And Discussions 
To make the design, study and analysis of the various parameters of our antenna (adaptation and 

radiation pattern), we used the electromagnetic simulator CST Microwave Studio whose numerical analysis is 

based on the finite integration technique [17].In the same time to do a comparison with another EM solver, we 

have conducted a second study by using HFSS software " high-frequency structural simulator " whose 

numerical analysis is based on the finite element method [18]. Fig.3 shows a comparison between the simulated 

return loss versus frequency for the proposed antenna using CST and HFSS. 

 

 
Fig.3Comparison of simulated return loss S11 for the proposed dual-band antenna using CST and HFSS 
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The simulation results obtained by the simulators HFSS and CST are nearly similar. The slight 

difference recorded in terms of reflection coefficients and resonant frequencies are due to the simulation step 

and the mesh used for each simulator during the simulation.The reflection coefficient curve shows that the 

designed antenna resonates at 2.45 GHz with a bandwidth of 420 MHz (2.25–2.67 GHz) and at 5.8 GHz with an 

impedance bandwidth of 400 MHz (5.61–6.01GHz). The maximum return loss of -22.35dB and -43.26dB is 

obtained at the resonant frequencies of 2.45GHz and 5.8GHz respectively. Moreover, we note a good agreement 

between both simulation results. 

 

 
Fig.4 VSWR of the proposed antenna 

 

The Voltage Standing Wave Ratio (VSWR) plot obtained from the simulation of designed antenna is 

shown in Fig.4. The antenna has a VSWR of 1.16<2 at 2.45 GHz which is very near to the desired value of unity 

and at 5.8 GHz resonant frequency, the VSWR is about 1.01<2.Figure 5 & 6 shows the far-field view for 

directivity at 2.45 GHz and 5.8 GHz respectively. The directivity is 2.63 dBi at 2.45 GHz and 3.74 dBi at 5.8 

GHz. 

 
Fig.5Far-field view for directivity at 2.45 GHz 

 

 
Fig.6 Far-field view for directivity at 5.8 GHz 

 

The far field radiation patterns of the final structure in the E-plane (φ = 90°) and the H-plane (φ = 0°) for the 

resonant frequencies 2.4 GHz and 5.8 GHz respectively are represented in figures 7 and 8. 

 

 
Fig.7 Radiation pattern of the antenna in E-plane for (a) 2.45 GHz and (b) 5.8 GHz. 
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Fig.8 Radiation pattern of the antenna in H-plane for (a) 2.45 GHz and (b) 5.8 GHz. 

 

It can be observed from the figure 7 that the radiation in the E plane is bidirectional at 2.45 GHz and 

omnidirectional at 5.8 GHz. The main lobes are directed around 0° and 180° at both resonant frequencies with 

magnitude of 2.63 dBi and 3.64 dBi respectively.In the H plane, the radiation pattern is omnidirectional at 2.45 

GHz and bidirectional at 5.8 GHz with magnitude of 2.45 dBi and 0.48 dBi for the two corresponding resonant 

frequencies. 

The following table summarizes the advantages of the proposed antenna compared to other antennas 

proposed in the literature such as reflection coefficient, gain, and dimensions. It can be seen that the proposed 

antenna is significantly smaller, offers an important bandwidth and a good gain compared to its dimensions. 

 

Table 2: Comparison between the proposed antenna and other research papers using the same FR4 substrate 
Antennas Dimensions(mm 3) Return loss(dB) Gain(dB) 

2.45 GHz 5.8GHz 2.45 GHz 5.8GHz 

Ant 1 [19] 65x52x1.6 -33.2 -22.1 2.9 1.1 

Ant 2 [20] 50x35x1.6 -40.48 -20.21 3.7 3.57 

Ant 3 [21] 38x30.6x1.6 -18 -21 1.9 4.7 

Proposed antenna 31x24x1.6 -22.12 -35.83 2.63 3.74 

 

IV. Conclusion 

A novel dual-band of rectangular patch antenna has been presented. This validated antenna is suitable 

for RFID applications which can be used in the released frequency band 2.45GHz and 5.8GHz, with an 

impedance bandwidth of 400MHz at both resonant frequencies. The proposed antenna has been studied, 

numerically analyzed, simulated using the CST and HFSS software, and fabricated with FR4 substrate with total 

area 31x24x1.6mm
3
. It is compact in size, provides an appropriate gain, consistent radiation patterns, and good 

impedance matching. It can be handily used in the microwave RFID applications. 
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