
 

 

 

Abstract—: Radiofrequency identification is an emerging and 

promising technology for the identification of individuals and goods: 

the automation of manual operation, rapidity, precise information... 

the are many RFID technologies. In this article, we are interested in 

the passive UHF RFID technology and especially to the calculation 

of parameters of spirals rectangular antennas for RFID. First we 

present a model based on the theory of diffraction by fine wires, we 

arrive at an integro-differential equation, this equation can be solved 

by using the method of moments. Although this method gives us a 

very good agreement with the measure, it remains gourmand in 

calculation time. We then develop a method to simplify the 

calculation of the parameters of spiral antenna for RFID tag without 

resorting to numerical analysis methods. In high frequency, when 

resonances appear, we introduce the propagation using the 

Transmission Line Theory. Knowing that this theory doesn’t take into 

account neither common mode currents nor lateral tracks of the 

loops. Then we introduce some improvements on it. These 

improvements consist on the one hand to integrate common mode in 

this theory decomposing excitations and on the other hand to correct 

the positions and magnitudes of resonances by introducing lateral 

tracks of these loops. The results obtained in this study highlight 

interesting prospects for future studies. 

 

Keywords— Antennas, Spiral antennas, RFID tags, UHF RFID, 

Method of moments, S11 parameter, Transmission Lines Theory. 

I. INTRODUCTION 

ADIO Frequency IDentification (RFID) is an automatic 

identification method, relying on storing and remotely 

retrieving data using devices called RFID tags or transponders. 

An RFID tag is a small object that can be attached to or 
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incorporated into a product, animal or person. RFID tag 

contains antenna to enable it to receive and respond to Radio-

Frequency (RF) queries from an RFID reader or interrogator. 

Passive tags require no internal power source, whereas active 

tags require a power source. 

The trend in the automated industry is to move towards fast 

and real-time identification, further improving high level of 

accuracy needed to enable continuous identification and 

monitoring. Such a level of real-time knowledge is often 

called ambient intelligence. One of the technology that made 

this concept viable is known as Radio Frequency 

IDentification or more simply RFID. Companies, individuals 

and states can benefit from such a technology. There are 

numerous applications among which we find: logistics, access 

control, transportation, pets management, counterfeit struggle, 

e-document (biometric passport), etc. As usual with new 

technologies, these benefits should be balanced with the 

impacts on people privacy. Probably like no other technology, 

RFID opens new application horizons but also introduces new 

reflection topics for lawmakers. 

Passive (or without embedded electrical energy) RFID 

transponders are composed of an electronic Integrated Circuit 

(IC) that usually contains data and an antenna. The IC is 

powered by a reader that also communicates with the tag in 

order to get its data (usually in the order of a few hundreds 

bits). The general overview of such a system is shown in 

Fig.1. 

 
Fig.1: RFID system overview 

RFID systems use mainly four frequency bands [1], [2] and 

[3]: 125KHz (LF band, Low Frequency), 13.56 MHz (HF, 

High Frequency), 860-960MHz (UHF, Ultra High 

frequencies), 2.45 GHz (microwave). In recent years a 

growing interest in the field of industry and research focused 

on passive UHF RFID technology. It presents a low cost 

solution. It also helps to have a data rate higher (around 

20kbit/s) and achieve a reading range greater than other 

technologies called passive RFID. This interest has helped put 

in place in most parts of the world regulations and industry 
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standards for market development of this technology. 

In the first part of this document, a brief presentation of 

passive RFID technology is exposed. Then the modeling of a 

rectangular spiral RFID antenna using the moment method 

and the results of simulations and measurements are discussed 

and presented in a second part. Then we develop a method for 

estimating the peak current and thus the resonant frequency of 

spiral antennas. 

II. THE PRINCIPLE OF PASSIVE RFID TECHNOLOGY 

An automatic identification application RFID, as shown in 

Fig. 2, consists of a base station that transmits a signal at a 

frequency determined to one or more RFID tags within its 

field of inquiry. When the tags are "awakened" by the base 

station, a dialogue is established according to a predefined 

communication protocol, and data are exchanged. 

 
Fig.2: Schematic illustration of an RFID system 

 

The tags are also called a transponder or tag, and consist of 

a microchip associated with an antenna. It is an equipment for 

receiving an interrogator radio signal and immediately return 

via radio and the information stored in the chip, such as the 

unique identification of a product. 

 Depending on the operating frequency of the coupling 

between the antenna of the base station and the tag may be an 

inductive coupling (transformer principle) or radiative (far-

field operation). In both cases of coupling, the chip will be 

powered by a portion of the energy radiated by the base 

station.  

To transmit the information it contains, it will create an 

amplitude modulation or phase modulation on the carrier 

frequency. The player receives this information and converts 

them into binary (0 or 1). In the sense reader to tag, the 

operation is symmetric, the reader transmits information by 

modulating the carrier. The modulations are analyzed by the 

chip and digitized.  

 

III. MODELING OF A SPIRAL ANTENNA IN UHF BAND 

 

To predict the resonant frequencies of the currents induced 

in the antenna structures forming tags, such as spiral antennas 

rectangular ICs, we have used initially the model based on the 

theory of diffraction by thin wires [4]. We arrive at an integro-

differential equation, and whose resolution is based on the 

method of moments [5]. Although a very good result is 

obtained, the computation time required is a major drawback. 

It is quite high. In a second step, the study is to find a method 

to simplify the estimation of the resonance frequency of 

rectangular spiral antennas in various frequency ranges. 

 

A. Method of Moments  

It is an integral analysis method used to reduce a functional 

relationship in a matrix relationship which can be solved by 

conventional techniques. It allows a systematic study and can 

adapt to very complex geometric shapes. 

This method is more rigorous and involves a more 

complicated formalism leading to heavy digital development. 

It applies in cases where the antenna can be decomposed into 

one or several environments: the electromagnetic field can 

then be expressed as an integral surface. It implicitly takes into 

account all modes of radiation.  

 Moreover, the decomposition of surface current to basis 

functions, greatly simplifies the solution of integral equations 

which makes the method simple to implement.  

This procedure is based on the following four steps: 

 Derivation of integral equation. 

 Conversion of the integral equation into a matrix 

equation.  

 Evaluation of the matrix system. 

 And solving the matrix equation. 

 

B. Formulation of the method of moments [5] [6] 

We have chosen the configuration shown in Fig.3, a 

rectangular metal track, printed on an isolating substrate. It 

consists of length A, width B and thickness e.  

 
Fig.3: Dimensions of the track used in the simulation 

 

The theory of antennas for connecting the induced current 

in the metal track to the incident electromagnetic field (Ei, Hi) 

using integro-differential equation as follows: 
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The method used to solve such equations is the method of 

moments [4]. 

The problem thus is reduced to solving a linear system of the 

form: 

  𝑉 =  𝑍𝑚𝑛   𝐼                                  (2) 

With : 

 [I] represents the currents on each element of the structure. 

[V.] represents the basic tension across each element m in 

length Δ given by: 

 𝑉𝑚 = 𝐸𝑖(𝑚)∆                                  (3) 

[Zmn] represents the generalized impedance matrix, 

reflecting the EM coupling between the different elements of 

the antenna. 

The rectangular loop will be discretized into N identical 

segments of length  Δ:  

                                              (4) 

The discretization step is chosen so as to ensure the 

convergence of the method of moments.   

(5) 

We conclude from this relationship that the number of 

segments required for convergence of numerical results is: 

(6) 

    : Represents the smallest wavelength of EM field 

incident. 
The simulations will focus on frequencies between: 

100MHz < f < 1.8GHz       whether         17cm <      < 3m  

The number of segments will be: N = 76. 

The illumination of the loop is done by an plane EM wave, 

arriving in tangential impact such that the incident electric 

field Ezi is parallel to the longest track. 

The amplitude of the incident field is normalized 1V/m. we 

are interested in a loop short-circuited to highlight the 

resonance phenomena relating to the geometric characteristics 

of the loop. 

 

 

 

Fig.4: Courant induit sur la boucle 24x8 cm simulation par la 
MOM 

We note on the fig.4 the presence of two very distinct 

zones. A first area in which the induced current remains 

virtually constant. It corresponds to frequencies whose 

wavelength is greater than about twice the perimeter of the 

loop. 

Beyond these frequencies we observe the appearance of 

current peaks, showing that the rectangular loop resonates. 

IV. APPROACH BASED ON THE TRANSMISSION LINES THEORY 

(TLT) 

To locate the resonances frequencies of the CI loop, we use 

the lines theory, with a few adjustments. Indeed the classical 

TLT calculates only currents of differential mode. This mode 

is present alone only two specific points, located in the centers 

of the side tracks of the loop (3 and 4). Elsewhere there is a 

superposition of a common mode and differential mode. 

To integrate the common mode in the TLT, we decompose 

the incident excitation in two elementary excitations. The first 

consists to illuminating the loop by two identical waves 

coming from two opposite directions on part of the loop. 

These waves induce a pure common mode. The second is an 

illumination of the loop by two waves in phase opposition. It 

allows to excite a pure differential mode. Fig.5 

 
 

Fig.5: Decomposition of excitation in common and differential 

mode 

Moreover, the TLT does not take account of lateral tracks of 

CI loops. Those above may have dimensions of the same order 
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of magnitude as the longitudinal slopes. 

A possibility to account for the influence of lateral tracks 

was introduced by Degauque [7] and Zeddam [8]. It process a 

line of length (A + B) instead of (A). Parts (B) will of course 

be illuminated by the cross field Ex component as shown in 

the fig.6. While the tracks (A) are subject to the component 

Ez. In this figure we have chosen the origin of the orthonormal 

in the center of the longitudinal track 2 (z = 0). 

 

 
Fig.6: Integration of lateral tracks 

 

A. Distribution of induced current by common mode 

The two incident waves (Fig. 5), relating to excitation 

common mode induced on each element of length dz of 

longitudinal tracks 1 and 2 of the e.m.f of the same dec(z) : 

𝑑𝑒𝑐 𝑧 =
𝐸0𝑧

𝑖

2
 1 + 𝑒−𝑗𝛽𝐵  𝑑𝑧                   (7) 

According to the orthonormal fig.6, sources equivalent to 

all these sources of elementary tension, brought to the middle 

of each track (at z = 0) are 

𝑒𝑐 𝑧 = 0 =  𝑑𝑒𝑐 𝑧 𝑒
+𝑗𝛽𝑧0

−𝐴 2 
+  𝑑𝑒𝑐 𝑧 𝑒

−𝑗𝛽𝑧𝐴 2 

0
      (8) 

 

   The integration is done only on the track whose length is 

A since for the incidence concerned, only that track is 

illuminated by the field Ez. The equivalent e.m.f at the center 

of track 1 and 2 is given by: 

𝑒𝑐 𝑧 = 0 =
𝐸0𝑍

𝑖

𝑗𝛽
 1 + 𝑒−𝑗𝛽𝐵  (1 − 𝑒−𝑗𝛽 𝐴 2 )           (9) 

This argument admits that the distribution of common mode 

current is symmetrical for the centers of tracks (z = 0), so it is 

zero at both ends  𝑧 = ±
𝐴+𝐵

2
 (Fig.6) 

𝐼𝑐  𝑧 = ±
𝐴+𝐵

2
 = 0                         (10) 

 

The boundary condition (10) will be satisfied by the 

following distribution: 

 𝐼𝑐 𝑧 = 𝐴𝑐𝑠𝑖𝑛  𝛽(
𝐴+𝐵

2
−  𝑧 )                 (11) 

 

Similarly the condition (10) is fully equivalent to two 

runways open  𝑧 = ±
𝐴+𝐵

2
. By consequently, the loop of CI 

illuminated by a common mode excitation, z = 0 is equivalent 

to a generator of e.m.f. ec(z=0) given by equation (9), charged 

by A + B an impedance Zcor which represents the 

corresponding open circuit  𝑧 = ±
𝐴+𝐵  

2
 back to the centers of 

tracks 1 and 2. The equivalent circuit in the loop of CI, z = 0 is 

shown in fig.7. 

 

 
Fig.7: Equivalent circuit in common mode at z = 0 

Zcor The impedance is given by: 

 

𝑍𝑐𝑜𝑟 = −𝑗𝑍𝑐𝑐𝑜𝑡𝑔(𝛽
𝐴+𝐵

2
)                  (12) 

 

The diagram of Fig.7, we can deduce the amplitude Ac of 

common mode 

𝐴𝑐 = 𝑗
𝑒𝑐(0)

𝑍𝑐cos (𝛽
𝐴+𝐵

2
)
                            (13) 

 

B. Distribution of induced current by differential mode 

The two incident waves (Fig. 5), relating to excitation of the 

differential mode, induced on each element of length dz of 

tracks 1 and 2 of the e.m.f of ded(z) identical modules, but in 

opposite phases: 

𝑑𝑒𝑑 𝑧 =
𝐸0𝑧

𝑖

2
 1 − 𝑒−𝑗𝛽𝐵  𝑑𝑧                   (14) 

 

We proceed in the same way as the common mode to infer 

the equivalent sources from all these sources of elementary 

tension reduced in the middle of each track (at z = 0): 

 

𝑒𝑑 𝑧 = 0 =
𝐸0𝑍

𝑖

𝑗𝛽
 1 − 𝑒−𝑗𝛽𝐵  (1 − 𝑒−𝑗𝛽 𝐴 2 )        (15) 

 Contrary to common mode, differential mode current is 

maximum at both ends  𝑧 = ±
𝐴+𝐵

2
 : 

𝐼𝑑  𝑧 = ±
𝐴+𝐵

2
 = 𝐴𝑑                            (16) 

The boundary condition (16) will be satisfied by the 

distribution of following current: 

𝐼𝑑 𝑧 = 𝐴𝑑𝑐𝑜𝑠  𝛽(
𝐴+𝐵

2
−  𝑧 )                       (17) 

Similarly the condition (16) is equivalent to two tracks 

short-circuited  𝑧 = ±
𝐴+𝐵

2
. 

Therefore, the equivalent circuit in the loop of CI, 

illuminated by a differential mode excitation, z = 0 is similar 

to fig.7. Except Zcor which is now replaced by Zccr: 

𝑍𝑐𝑐𝑟 = 𝑗𝑍𝑐𝑡𝑔(𝛽
𝐴+𝐵

2
)                             (18) 

From this same pattern, we can deduce the amplitude Ad of 
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the differential mode current: 

𝐴𝑑 = −𝑗
𝑒𝑑 (0)

𝑍𝑐sin (𝛽
𝐴+𝐵

2
)
                             (19) 

The currents I1 and I2 induced on tracks 1 and 2 are 

calculated by superimposing the common mode currents (11) 

and differential mode (17): 

𝐼1 𝑧 = 𝐴𝑐𝑠𝑖𝑛  𝛽(
𝐴+𝐵

2
−  𝑧 ) + 𝐴𝑑𝑐𝑜𝑠  𝛽(

𝐴+𝐵

2
−  𝑧 )  (20) 

𝐼2 𝑧 = 𝐴𝑐𝑠𝑖𝑛  𝛽(
𝐴+𝐵

2
−  𝑧 ) − 𝐴𝑑𝑐𝑜𝑠  𝛽(

𝐴+𝐵

2
−  𝑧 )  (21) 

 

The coefficients Ac  and Ad  take an infinite value only if: 

Z0 cos  β
a+B

2
 = 0                          (22) 

And 

Z0 sin  β
A+B

2
 = 0                          (23) 

 Pour 𝐙𝟎 𝐜𝐨𝐬  𝛃
𝐀+𝐁

𝟐
 = 𝟎   

cos  β
A+B

2
 = 0                                                              (24) 

 ⇒   β
A+B

2
=  2N + 1 

π

2
                                                   (25) 

with N=0, 1, 2,…….. 

β = ω εμ . We have considered the isolated loop, 

surrounded by air, so  εr = 1 and β = ω ε0μ0   

β =
ω

c
=

2πf

c
 

(25) becomes:  
2πf

c

A+B

2
=  2N + 1 

π

2
                               (26) 

Hence the resonant frequency common mode: 

FRc =  2N + 1 
c

2 A+B 
                        (27) 

 for 𝐙𝟎 𝐬𝐢𝐧  𝐤
𝐀+𝐁

𝟐
 = 𝟎  

 sin  k
A+B

2
 = 0                                                               (28) 

 ⇒   k
A+B

2
= N. π                                                              (29)                             

With N=1, 2, 3,…….. 

(29) Becomes : 
2πf

c

A+B

2
= N. π                         (30) 

Therefore the resonant frequency of the differential mode 

is: 

 𝐹𝑅𝑑 = 𝑁
𝑐

 𝐴+𝐵 
= 2𝑁

𝑐

2 𝐴+𝐵 
                    (31) 

We therefore find the result observed in fig.4, which was 

obtained by the method of moments. 

The resonance frequency of the loop can be easily linked to 

the length A and width B of the loop by the following 

approximate relation: 

𝐹𝑅 = 𝑁
𝑐

2(𝐴+𝐵)
                                (32) 

With c = 3108 m / s, speed of EM waves in vacuum and 

N=1, 2, 3, ... 

 

V. SIMULATIONS AND MEASUREMENTS  

The simulations were done under the MATLAB 

environment. The experimental validation was performed at 

the Laboratory LTPI / RUCI1 in Fez. 

 

A.  Achievement 

We have made various prototypes of antennas as shown in 

Fig.8, using as the substrate, glass epoxy, type FR4 with 

relative permittivity εr = 4.32 and 1.53 mm thick. 

 
Fig.8: Antenna loops made 

 

B. Measures and results 

The coefficient of reflection of antennas made, were 

measured with a vector network analyzer HP-type operating in 

the100Hz-6000MHz band (Fig. 9). 

 
Fig.9: Measurement of the reflection coefficient of the antenna 

using a vector network analyzer. 

  

VI. EVALUATION OF PEAKS AND FREQUENCY OF RESONANCE 

OF INDUCED CURRENTS IN FUNCTION OF GEOMETRIC 

CHARACTERISTICS OF PRINTED LOOP 

The assessment of the size and position of resonance peaks 

of currents distributed on the printed tracks is crucial for 

designers of antennas tags. Indeed the action of these peaks 

 
1 Laboratory of Transmission and Processing of Information / Regional 
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can completely change the normal operation of the 

transponder. 

In this part the evolution of the amplitude of these peaks 

and their resonance frequency will be studied in function of 

geometric characteristics of loops. 

 

A.  Evaluation of the peaks as a function of the perimeter 

of the printed loop and the report (B / A) 

In fig.10 we found the current to peak resonances for loops 

with different perimeters (from 40 cm to 120 cm) and reports 

Width / Length (B/A = 1/4, 1/3 and 2/5). We find in this figure 

a linear variation of these peaks as a function of the perimeter 

of these loops to the same ratio (B / A) thereof. Note that we 

have made loops whose resonant frequencies are between 400 

MHz and 3 GHz. 

 
Fig.10: Amplitude of peak current at resonance for loops with 

different perimeters with a (B / A) constant 

The peak current amplitude at resonance can be easily 

connected to the perimeter of the loop by the following 

equation: 

𝐼𝑝𝑖𝑐 = 𝛼. 𝑃                                         (33) 

With: 

Ipic  : The amplitude of peak current at resonance in (A).  

α: The slope of the line in (A/m). 

P: Scope of the loop in (m). 

 For the 
𝐵

𝐴
=

1

4
 

𝛼1

4

= 1.735. 10−3 =
1

4
× 6.94. 10−3                                    (34) 

 For the  
B

A
=

1

3
 

𝛼1

3

= 2.353. 10−3 =
1

3
× 6.94. 10−3                                    (35) 

 For the  
𝐵

𝐴
=

2

5
 

𝛼2

5

= 2.776. 10−3 =
2

5
× 6.94. 10−3                                    (36) 

From the above we can write α as follows:  

𝛼𝐵

𝐴

=
𝐵

𝐴
× 𝐾𝑡                                   (37) 

With: 

Kt = 6.94. 10−3 (A/m)                                                    (38) 

The equation can be written as follows: 

𝐼𝑝𝑖𝑐 𝐵

𝐴

=
𝐵

𝐴
× 𝐾𝑡 × 𝑃                                (39) 

 

B. Evolution of the resonance frequencies of the induced 

currents in function of numbers of loops of rectangular spiral 

antennas (fixed perimeter). 

The evaluation of the resonance peaks of currents on printed 

circuit tracks is crucial for designers of printed antennas. 

Indeed the action of these peaks can completely change the 

normal operation of the circuit. 

We calculated the resonance frequency of the induced 

currents for four rectangular spiral antennas, respectively 

having a loop, two loops, three loops and four loops and the 

same perimeter 64cm, shown in Fig.11 

 
 

(a) 1 loop (b) 2 loops 

  
(c) 3 loops (d) 4 loops 

Fig.11: Dimensions of the Ics tracks used in the simulation and 

measurements 

 

In fig.12 we observe that for the same scope the resonance 

frequencies of induced currents remain almost unchanged in 

function of the number of loops. 
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(b) 2 loops 

 
(c) 3 loops 

 
(d) 4 loops 

Fig.12: Reflection coefficient S11 on the tracks of the ICs in  

fig.11-simulation by MOM and measurement 

 

However, we notice a slight difference between the 

frequencies of resonance peaks of these antennas evaluated 

theoretically and those measured experimentally. This 

difference is surely due to the fact that in our theoretical model 

we do not take account of the dielectric permittivity of the 

substrate. Indeed, for the simulation we considered a spiral 

surrounded by air. 

To account for the influence of the dielectric permittivity of 

the substrate on the positions of resonance frequencies, 

consider the case of a single loop. On Fig.13 we have ploted 

the S11 parameter for different values of 𝜀𝑟  substrate. We 

effectvely note that this setting actually influence the position 

of the resonance frequency. 

 
Fig.13 Influence of εr on peak resonances of spiral antennas  

 

We can take advantage of this finding to try to design 

antennas that resonate at particular frequencies by playing on 

the nature of the dielectric substrates. This will allow the 

miniaturization of spiral antennas for RFID applications. 

 

 

C. Evolution of the resonance frequencies of the induced 

currents in function of numbers of loops of rectangular spiral 

antennas (A and B fixed). 

We have calculated the resonance frequencies of the 

induced currents for three rectangular spiral antennas, 

respectively having a loop, 2 loops and 3 loops and the same 

lengths (A = 24cm) and widths (B = 8cm): Fig.14 

 
(a) 1 loop 

 
 

(b) 2 loops (c) 3 loops 
Fig.14: Dimensions of tracks of printed antennas used in the 

simulation 

 

On Fig.15 we see that for the same lengths (A = 24cm) and 

width (B = 8cm) resonance frequencies of the induced currents 

can be easily represented by the following approximate 

relation: 

 

  𝐹𝑅 𝑁 𝑏𝑜𝑢𝑐𝑙𝑒𝑠  =
𝐹𝑅 1 𝑏𝑜𝑢𝑐𝑙𝑒  

𝑁
                             (40) 

With:  N= 2, 3, 4, … 
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Fig.15: Frequencies of resonance in function of numbers of loops 

on the tracks of the ICs of the fig.14 

 

VII. CONCLUSION 

This paper presents the design of antennas for passive RFID 

tags. The first part concerned the quick introduction of this 

technology. It was followed by modeling of a spiral RFID 

UHF antenna using antenna theory.  

Finally we have presented a simplified method of 

estimating the peak current and resonance frequencies of 

rectangular spiral RFID antennas. 

This study shows that the amplitudes of peak’s current 

resonances vary linearly as a function of geometrical 

characteristics of rectangular spiral antennas. This linearity 

can be used by designers of printed antennas to assess the 

amplitude of peaks current at resonance with simple graphs 

that can be drawn as a function of geometrical characteristics 

of loops. As well as resonance frequencies of induced currents 

are virtually unchanged in function of numbers of loops for 

the same perimeter. 

Currently we are trying to establish a relationship between 

the resonance frequency of such antennas and the nature of the 

dielectric substrate on which it is printed. This will surely 

improve the performance of printed antennas and also  

contribute to their miniaturization. 
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