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Abstract— an inverted L antenna altered by a parasitic 

resonant structure is designed for RFID tag. In order to 

determine the performance of varying design parameters on 

impedance and resonance frequency, HFSS simulation 

software and experimental tests are carried out. This way, 

the focus of this work is RFID tag antenna design based on 

the structure above mentioned. 

Keywords— impedance antenna, inverted L antenna, RFID 

tag, resonance frequency, S11 parameter. 

Resumen— Una antena del tipo L invertida alterada 

por una estructura parásita resonante es diseñada para 

su aplicación en la etiqueta RFID. Con objeto de 

determinar el comportamiento de los parámetros de 

diseño, esto es, impedancia y frecuencia de resonancia, 

se ha utilizado el software de simulación HFSS y 

pruebas experimentales se han llevado a cabo. Así 

entonces, el objetivo de este trabajo es el diseño de una 

antena para etiqueta RFID basada en la estructura 

mencionada. 

Palabras Clave— impedancia de antena, antena L invertida, 

Etiqueta RFID, frecuencia de resonancia, parámetro S11. 

I.  INTRODUCTION 

Radio Frequency Identification is now generating 

significant interest in the marketplace because of its robust 

application capabilities. RFID enables healthcare facilities 

improve overall safety and operational efficiency because 

it operates without line-of-sight while providing read/write 

capabilities for dynamic item tracking, used to identify 

objects or people with no physical contact or visual 

supervision, for instance: consumer packaged goods, 

animal identification, waste management systems, 

hospitals, libraries, vehicular identification and even 

humans tagged with RFID chips [1].  

RFID applications  consist of a wireless communication 

link between a remote transponder (antenna and integrated 

circuit), known as the tag, containing the information into 

the memory block, and an interrogator or reader,  which 

emits  radio waves and collects part of them  reflected 
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back by the RFID tag. 

Various types of antennas for RFID tag have been 

proposed and the challenge trends to design a RFID tag 

antenna which dimensions must be enough small size for 

be assembled with the chip,  at the same time satisfy gain, 

resonance frequency, impedance requirements, in order to  

match to the passive RFID integrated circuit (IC) and  

achieve maximum efficiency, as well as bandwidth 

requirements (low KHz) and low cost [2]. 

The chips are made to cover three UHF RFID frequency 

ranges for different regions: Europe (866.5 MHz), North 

America (915 MHz), Asia (953 MHz), and there are two 

kinds of the tags, the active tags which are powered by 

batteries radiating RF electromagnetic energy 

permanently, for the reader localization, and passive tags  

powered by the reader’s field, the received 

electromagnetic signal charges an internal charge storing 

capacitor in the tag chip, which in turn, acts as a power 

source and supplies the power to the chip energy 

answering the reader back [3].  

In some applications the RFID tag operates as a fixed 

receiver, firmly attached to the objects to be identified 

which are generally permanent in the same position, in this 

case  it is enough to use an antenna with not high gain, low 

radiofrequency, for instance 13.56 MHz, in this case  HF 

tags  use inductive coupling in the near-field region as the 

wavelength is much longer, the distance between the 

reader and the tag is short, with not obstacles, that is, line 

of sight, and the readout can be taken successfully.   

But at other  RFID applications, for instance vehicular 

identification, livestock identification, etc., the RFID tag 

continuously is moving, thus, the antenna polarization is 

changing constantly,  the distance between the reader and 

the tag is very significant, from what other parameters 

must be considered, as far field, antenna gain, radiation 

pattern, operation frequency due to it is shorter 

wavelength at UHF band [4].  

This way, the focus of this work is the tag antenna 

design for RFID UHF Band, 915 MHz, based on L 

inverted antenna altered with a parasitic resonant structure

which complies with small size, acceptable gain and 

radiation pattern. 
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II.  RFID TAG ANTENNA DESIGN 

A.  Design Foundations 

The antenna in question consists of a monopole antenna 

folded in a specific point in order to create two sections, 

similar to inverted L letter, the horizontal section serves as 

load to the vertical section, forcing a trapezoidal 

distribution current along the cooper strip improving the 

antenna radiation characteristics [5]. The inverted L 

antenna geometry is shown in Figure 1. Evidently the 

single antenna as shown in Figure 1 is a limited antenna, 

but in order to take control on resonance frequency 

adjustment, and improve gain and radiation characteristic, 

it is possible when it is inserted a parasitic element, a 

micro strip rectangular ring, between the horizontal 

section and ground plane, one half of it on front side of the 

dielectric, that is, PCB (FR4) and the other half on the 

back side, making a gap between them, with no contact 

with the inverted L antenna as shown in Figure 2. 

Figure 1. Inverted L antenna geometry. 

Front View 

Figure 2. Inverted L antenna with parasitic resonant structure, front and 

superior view. 

The equivalent circuit of this kind of antenna is shown in 

Figure 3, it is composed by resistance, inductance and 

capacitance of the inverted L element, in the same way, 

resistance, inductance and capacitance of resonant 

rectangles,   as well as, capacitance between rectangles, 

and mutual inductance and mutual capacitance between 

the inverted L element and the parasitic element resonant 

structure. Mutual coupling has been proven to be a useful 

mechanism to improve the bandwidth to achieve the 

frequency bands for mobile antennas when and extra 

antenna element is coupled to the driven element [8]. 

Figure 3. Equivalent circuit. 

The resonance frequency is divided into the high-

frequency side and low frequency side by adding the ring 

structure. The L antenna and the rectangular ring on the 

front side define the low frequency and the back side the 

high frequency. Each frequency can be adjusted changing 

the length of the rings. This way, the resonance 

frequencies are given by [9]: 
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For our objective it is necessary just one resonance 

frequency, 915 MHz, the other resonance frequency can 

be adjusted to European RFID Technology 866.5 MHz, 

and/or Asian RFID Technology, 953 MHz. 

B.  Simulation 

Software HFSS [10] has been used to simulate the 

designed antenna. The   structure and dimensions of 

designed antenna are shown in Figure 4. Although the 

inverted L element length should be designed equal to  

[11], in order to achieve a resonant frequency equal to 915 

MHz, it was necessary add a corrective circuit, shown in 

Figure 5.  

Figure 4. Inverted L antenna with rectangle rings structure 

(Simulation). a). Front Face. b). Rear Face. 

As a result of simulation,  parameter graphic is 

shown in Figure 6 which resonance frequency is 914 

MHz. In the same way the Radiation Pattern graphic is 

shown in Figure 7, Plane E is illustrated in red color, and 

Plane H is in blue color, as well as, the antenna gain value 

in a specific direction is shown. 

Figure 5. Corrective Circuit. 

C.  Implementation and measurement 

Fig. 8 shows the prototype antenna, the L inverted 

monopole antenna and the rings are formed on the front 

and rear side of an FR-4 dielectric substrate 

( , the SMA connector and L 

antenna are mounted on the front side of the FR4 dielectric 

substrate [12]. The other components are mounted at the 

rear side of it. The dimensions and values of each one of 

the components are approximately equal to calculated 

values. The PCB ground area can be reduced in 

accordance with experimental results. 

Figure. 6. S11 Parameter Graphic (Simulation). 

In order to measure the resonance frequency and 

impedance of the designed antenna, we have frequency 

used a Vector Network Analyzer ZVB40 calibrated in the 

band 500 MHz – 2 GHz, as shown in Figure 9. It is 

possible to observe at Magnitude vs. Frequency graphic, 

that, the resonance frequency is equal to 914.43 MHz, -

14.16 dB, in accordance with simulation result.  
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Figure. 7. Radiation Pattern (Simulation).  Plane E (red color), Plane H 

(blue color). 

Figure. 8. Prototype Antenna. 

Measured impedance value of the implemented antenna 

is shown in the Smith Chart in Fig. 10, equal to 69.11–

14.404 Ω, 12.08 pFd, an excellent value in the real part, 

however, the imaginary part is capacitive, the desired 

value is an inductive reactance in order to cancel the 

capacitive part of the chip impedance 

[13], , and have the maximum 

matching. This way in accordance with experimental 

results, we should trade with maximum efficiency and/or 

resonance frequency.  

On the other hand, in order to measure the radiation 

pattern of the antenna under test, this one was positioned 

into an anechoic chamber as shown in Fig. 11 to result in 

Plane-E and Plane-H radiation pattern shown in Fig. 12. It 

is possible to observe that these ones are similar with 

simulation results, there are nulls in specific points, 

however, even so due to the geometry of the achieved 

radiation pattern, the RFID tag can be detected by the 

RFID reader from any position and the feasibility of the 

designed antenna for this application is guaranteed. 

Figure. 9. Magnitude vs. Frequency (S11 Parameter). 

Figure. 10. Impedance Antenna. 

Figure. 11. Designed antenna into anechoic chamber. 

III.  CONCLUSION 

Antenna design based on driven element coupled to an 

extra antenna element for RFID tag has been implemented 
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and measured, the mutual coupling has improved the 

radiation characteristics in order to meet the resonance 

frequency, radiation pattern and input impedance 

requirements, as well as, an acceptable antenna gain and 

small size, this way, the designed antenna is feasible to be 

applied for RFID Technology.  

Plane E 

Plane H 

Figure. 12. Radiation Pattern (Measurement). 
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