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Abstract: In the context of high-density passive UHF (Ultra High Frequency) RFID 

(Radio Frequency Identification) tag technology, the problem of mutual coupling has 

to be taken into account as one of the performance criteria of UHF RFID systems. In 

practical applications, mutual coupling changes the intrinsic parameters of the 

antennas attached to these tags, i.e., the impedance matching of the antenna and the 

chip and the radiation pattern. The objective of this study is to study the performance 

of some commercial tag prototypes by their level of sensitivity to mutual coupling. The 

3D initialization model of the Printed Dipole, Printed T-Match, and Printed Meander tags 

were used to directly extract the mutual impedance values in various scenarios by the 

ANSYS HFSS software and compare them with the MATLAB software. The simulated 

results show the effectiveness of this study in obtaining a clear understanding of the 

performance of the tags. These results open new perspectives on the study of mutual tag-

to-tag coupling for research and will help users to make better decisions in the choice of 

UHF RFID tags for the radio frequency identification of products. 
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Introduction  

Radiofrequency identification systems, or RFID, clearly 

represent one of the tools that enable the industry, as 

evidenced by the recent literature (De Oliveira et al., 2019). 

Their recent technological improvements and the reasonably 

limited cost of the required infrastructure offer researchers 

and practitioners a good tool to design and realize interesting 

applications (Zhong et al., 2017). 

Ultra-High Frequency Radio Frequency Identification 

(UHF RFID) plays a role in tracking and identifying goods 

and people. In some applications such as traceability             

(Wang et al., 2022), logistics and supply chain management 

(Nayak, 2019), or an application in the apparel industry 

(Nayak et al., 2019), the density of UHF RFID tags is high. 

UHF RFID tags are generally expected to dominate the 

near-field application market in the coming decades 

(Jaakkola et al., 2019). On the other hand, the research on 

short-range communication between passive UHF RFID 

tags (Yao et al., 2016) and wireless power transfer between 

tags (Yao et al., 2017) has opened up new application 

opportunities in the UHF band. The communication 

performance of UHF RFID systems depends on the relative 

position of the tags (Nikitin and Rao, 2006). 

In addition, the proximity of the tags creates 

significant Electromagnetic (EM) coupling between 

their respective antennas. As a result, antenna 

characteristics such as radiation or input impedance are 

modified. These changes have an impact on the 

communication performance between the reader and 

the tags since the difference between the modulation 

states and implicitly the modulation depth is impacted 

(Marrocco and Caizzone, 2012). Therefore, a better 

understanding of the principles of wireless propagation 

and the coupling between the tag antennas is needed. 

Several existing systems have proven that mutual 

coupling generates considerable interference with the 

collected phase angle of RFID tags, which degrades the 

localization performance (Ding et al., 2018; Xiao et al., 

2017). This context leads to configurations where the tags are 

strongly coupled. Gbamélé et al. (2019), use patch antennas 

to study the impact of mutual coupling between the antennas. 

From their study, it is found that the influence of mutual 

coupling on the mutual coupling capacity when the patches 

are very close. However, this study is not extended to other 

tags commonly deployed in RFID applications. 
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Fig. 1: Standard printed dipole antenna 
 

 
 

Fig. 2: Differentially fed planar dipole antenna structure used in the 

simulation 
 

 
 

Fig. 3: S11 Simulated reflection coefficients of a planar dipole 

antenna 
 

 
 

Fig. 4: Structure of the printed T-Match passive UHF RFID 

tag 

 

 
 
Fig. 5: T-Match half-wave planar dipole antenna under HFSS 

 
 

Fig. 6: Input impedance of the simulated antenna as a 

function of frequency 
 

 
 

Fig. 7: S11 . Simulated reflection coefficients of a planar T-

Match dipole antenna 
 

 
 

Fig. 8: Proposed meander dipole antenna 
 

 
 

Fig. 9: Reflection coefficient S11 of the proposed meander 

tag under HFSS 
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Fig. 10: Coupling between two parallel planar dipoles for a 

side-by-side configuration in the vertical plane 

 

 

 

Fig. 11: Coupling between two parallel T-match planar dipoles 

for a side-by-side configuration in the vertical plane 

 

 

 

Fig. 12: Coupling between two parallel planar meander dipoles 

for a side-by-side configuration in the vertical plane 

 

 

 

Fig. 13: Mutual impedance 𝑍12  of commercial Tags as a 

function of 𝑠/𝜆 in a vertical configuration 

 
 
Fig. 14: Side-by-side configurations of mutually coupled printed 

tags: (a): Dipoles, (b): T-Matches, and (c): Meanders 

 

 
 
Fig. 15: Mutual impedance Z12 of commercial Tags as a function 

s/ in a horizontal configuration  

 

 
 
Fig. 16: Parallel -in-echelon configuration of the mutual tag 

coupling :(a) Dipoles, (b): T-Matches, and (c): Meanders 

 
Table 1. Final dimensions of a planar dipole antenna 

Parameters Value (mm) 

Dipole width: W𝑑 5.0000 

Dipole length: 𝐿𝑑 130.0000 

Substrate width:𝑊𝑠 50.0000 

Substrate length:L𝑠 170.0000 

Feed point: g 6.0000 

Conductor thickness:t 0.0035 

Substrate thickness: h 1.6000 
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Fig. 17: Mutual impedance Z12 of commercial Tags as a 

function s/ the parallel -in-echelon configuration 

 

 
 

Fig. 18: Geometric configuration of the tags spaced and 

inclined at an angle of 𝜃 = 45° 
 
 

 
 

Fig. 19: Mutual impedance Z12 of commercial Tags as a function 

s/ in the arbitrary configuration  

 
 

Fig. 20: Mutual coupling in the collinear configuration between the 

tags: (a): Dipoles, (b): T-Matches, and (c): Meanders 

 

 

 

Fig. 21: Mutual impedance Z12 of commercial Tags as a function 

s/ in the collinear configuration. 

 

 

 

Fig. 22: Mutual coupling in a perpendicular tag 

configuration:(a): Dipoles, (b): T-Matches, and (c): 

Meanders 
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Fig. 23: Mutual impedance Z12 of commercial Tags as a function 

s/ in the perpendicular configuration 

 

 
 

Fig. 24: Mutual coupling in side-by-side tag configuration: (A 

and C): T-Matches and (B and D): Meanders 

 

 
 

Fig. 25: Mutual impedance Z12 of the commercial Tags as a 

function of s/ in the face-to-face and back-to-back tag 

configuration 

 
 
Fig. 26: Parallel -in-echelon configuration of the mutual tag 

coupling: (A and C): T-Matches and (B and D): 

Meanders 

 

 
 

Fig. 27: Mutual impedance Z12 of the commercial Tags as a 

function of s/ in the parallel-in-echelon, face-to-face, 

and back-to-back tag configuration 

 

Table 2:  Parameters of the printed T-Match dipole 

Parameters Value (mm) 

Dipole width: W𝑑 5.0000 

Dipole length: 𝐿𝑑 130.0000 

Substrate width:𝑊𝑠 50.0000 

Substrate length:L𝑠 170.0000 

Feed point: g 6.0000 

Conductor thickness:t 0.0035 

Substrate thickness: h 1.6000 
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Fig. 28: Geometric configuration of the coupled tags spaced and 

inclined at an angle of 𝜃 = 45°: (A and C): T-Matches 

and (B and D): Meanders 

 

 

 

Fig. 29: Mutual impedance Z12 of the commercial tags as a 

function of s/ in the arbitrary, face-to-face, and back-

to-back configuration 

 

 

 

Fig. 30: Collinear configuration of the mutual coupling tags: (A 

and C): T-Matchs and (B and D): Meanders 

 
 

Fig. 31: Mutual impedance Z12 of commercial tags as a 

function of s/ in collinear, face-to-face, and 

back-to-back configuration 
 
Table 3. Parameters of the printed meander dipole 

Parameters Value (mm) 

Meander width: W𝑚 20.5 

Meander length: 𝐿𝑚 61.0 

Substrate width:𝑊𝑠 24.5 

Substrate length:L𝑠 94.0 

Feed point: g 2.0 

Loop length:  19.6 

Loop width: b 10.0 

Loop distance - Meander: dipole 3.0 

Loop thickness: w 2.5 

 
With the prevalence of UHF RFID implementation, tag 

performance analysis is an important factor to study 

(COSTA, 2005). The far-field performance of the tags does 

not depend on the position and orientation, unlike the near-

field, they are considerably reduced due to a strong mutual 

coupling between them (Catarinucci et al., 2011) (Chen and 

Chen, 2009). Therefore, the mutual coupling of UHF RFID 

tags must be taken into account for optimal deployment of 

RFID systems. The relative position and orientation of the 

tags are studied by considering Short Circuit (SC) and Open 

Circuit (OC) modes (Lassouaoui et al., 2021). But this study 

has limitations in practice where all UHF tags are illuminated 

by the RF field in the reader interrogation zone. 

Moreover, not all configurations are analyzed as 

presented in this manuscript. 

The objective is to evaluate the performance of 

some basic commercial RFID tag designs through the 

effect of coupling between tags. Throughout the 

presented preliminary work, simulations have been 

performed using typical commercial passive UHF tag 

designs of three different most commercialized models. 

The simulations are performed on commercial tags 

(printed dipoles, printed planar T-Match dipoles, and 

printed meander dipoles) to predict their "group 

behavior" in a high-density deployment context. The 

impact of mutual coupling on the surrounding RFID 

tags is examined. The commercial software ANSYS 

HFSS 2015 (High-Frequency Structure Simulator) is 



Gbamélé Konan Fernand et al. / American Journal of Engineering and Applied Sciences 2022, 15 (3): 209.219 

DOI: 10.3844/ajeassp.2022.209.219 

 

215 

used to extract the mutual impedance Zij in different tag 

configurations. Based on the simulation data, 

MATLAB 2020b (Matrix Laboratory) software is used 

to compare the impact of mutual coupling on 

commercial passive UHF RFID tags (printed dipole, 

printed T-match, and sinuous dipole with inductive 

structure) to determine which one is the least sensitive 

to mutual coupling in the different configurations. 

In this study, the simulations, the tags are excited by 

localized ports each having a feed impedance of 50 Ω, 

the frequency of the simulations in this study is 868 

MHz. The antenna elements of the tags are excited 

simultaneously. 

Structure of the Passive RFID UHF Tags used 

Design of the Printed UHF RFID Tag 

Dipole Antenna 

Figure 1 shows the considered structure of a dipole 

antenna used in radio systems compared to traditional 

linear antennas due to their advantages (small volume, 

low weight, and low cost), and they are much more 

suitable for sensitive applications (mobile receivers, 

vehicle radio receivers, and RFID tags) (Park et al., 

2019). The presented configuration will be used to 

determine the mutual coupling between the printed 

dipoles and determine the mutual impedance. The 

resonant frequency depends on the length and width of the 

printed dipole antenna. Therefore, to find an optimal 

design, these two parameters must be carefully analyzed. 

Figure 1 shows the basic geometry of a standard printed 

dipole antenna with typical parameters. 

The differential-fed planar dipole antenna was designed 

and Fig. 2 shows the structure. The FR-4 substrate, with a 

dielectric constant r = 4.4, tangential loss tanδ = 0.0019, and 

a thickness of 1.6 mm, was used as the substrate due to its 

wide use in UHF RFID tags. The planar dipole antenna 

(calculations based on a half-wave dipole antenna) was 

designed for a resonant frequency of 868 MHz. 

Based on the above analysis and due to manufacturing 

constraints, the final dimensions of the printed dipole are 

shown in Table 1. Figure 3 shows the S11 reflection 

coefficient of the printed dipole antenna. A reflection 

coefficient S11 of about -20 dB is obtained at a frequency of 

868 MHz, with a bandwidth of about 100 MHz. 

T-Match Printed Antenna Design for UHF RFID Tag 

The antenna whose size is smaller than the resonant 

(radiation) length has a capacitive input impedance. 

Therefore, impedance matching must be used in the 

antenna design, so that the antenna can be matched to 

the impedance of the highly capacitive chip. T-

matching or shunt matching is a commonly used 

technique for impedance matching. T-matching which 

was developed (Uda and Mushiake, 1954) is formed by 

connecting a dipole of radius 𝑤𝑑 and length Ld, to another 

short dipole of radius w and length (a  Ld) as shown in 

Fig. 4. The two dipoles are separated by a distance b shown 

in Fig. 4. The distribution of current along the two 

conductors is dependent on the size of the cross-section of 

the dipole. By adjusting the parameters b, a, and wd, the 

antenna impedance can be finely tuned to match the 

chip impedance. Figure 5 shows the configuration of 

the proposed tag which is printed on a single-sided FR4 

PCB (Printed Circuit Board) substrate having r = 4.4, 

tanδ = 0.0019, and thickness h = 1.6 mm with copper 

deposition thickness t = 0.035 mm. The proposed tag is then 

simulated using Ansys HFSS commercial electromagnetics 

software in Fig. 5. The geometrical parameters of the HFSS 

modeled antenna are presented in Table 2. The performance 

of the proposed tag antenna is then evaluated. 

The tag matches an integrated circuit of the Alien 

Higgs-2 Chip, An EPC Global Class-1 Gen-2 ISO/IEC 

18000-6C UHF RFID IC (Alien, 2008) with an input 

impedance of (15-j151) Ω and a parallel equivalent 

resistance RP = 1500 and a parallel capacitance CP = 1, 

2pF in the 860-960 MHz frequency band is shown in 

Fig. 6. The designed antenna impedance of 

(15.4511+j151.055) Ω is shown in Fig. 6, achieves an 

upper conjugate match with the given electronic tag chip 

at 868MHz. The procedure for finding the equivalent 

circuit parameters is based on the quality factor of the 

proposed tag antenna taken at QP = 10. 

The reflection coefficient S11 is shown in Fig. 7. In 

Fig. 7, the trace of the return loss S11 shows that the 

antenna is resonant around 868 MHz and the 

corresponding return loss is -25.1294 dB. 

Dipole Structure of the Meander Antenna of the 

Printed UHF RFID Tag 

Impedance matching of passive antennas of UHF RFID 

tags can also be achieved by using a small inductive coupling 

loop placed close to the radiating body (Son and Pyo, 2005). 

In this case, the antenna consists of a small rectangular loop, 

the two terminals of which are connected directly to the chip 

and a radiating body; the two elements are inductively 

coupled, and the strength of the coupling is controlled by the 

distance between the loop and the radiating element. Thus, 

the design of tag antennas for passive UHF RFID systems is 

particularly challenging because impedance matching is not 

targeted at 50 Ω transmission lines. The design goal is to 

match the antenna impedance (Za = Ra + j Xa) to the 

impedance of the attached chip, which typically has a highly 

capacitive reactance. To compensate for the high capacitive 

reactance, the inductive power supply structure shown in 

Fig. 8 is a popular choice. Thus, the structure in Fig. 8 is used 

to study the validity of the simulation. It consists of a 

meander dipole antenna and a coupled rectangular loop, on 

which the chip will be mounted, printed on an FR4 substrate 
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of thickness h = 1.6 mm (dielectric constant r = 4.4 and 

tangent loss tanδ = 0.0019). The detailed and optimized 

parameters of the inductive antenna coupled to the meander 

line shown in Fig. 8 are presented in Table 3. Figure 9 shows 

the reflection coefficient of the proposed antenna. It can be 

seen that the reflection coefficient S11 is a function of 

frequency and the -10 dB bandwidth representation. The 

minimum of S11 is centered on the frequency of 868 MHz, 

the resonant frequency of the antenna. And it can be seen that 

its value of -19.4226 dB is sufficiently small at this 

frequency, which confirms the suitability of the proposed 

antenna. After presenting the design of the three tags 

commonly used in the basic design of UHF RFID tags, the 

analysis of the effects of mutual coupling ignored in some 

literature will be examined in the next section. Indeed, when 

an array of tags is deployed, the effect of mutual coupling 

becomes a limiting factor for the detection performance. The 

inductive coupling of neigh boring RFID antennas causes 

energy transfer between closely spaced tags, which generally 

affects the mutual impedances and the strength of the signal 

received at the reader. 

Simulations, Results in Analysis, and Discussion of 

the Mutual Impedance Study for UHF RFID Tags 

Network of Coupled UHF RFID Tags 

A reader is considered in the center of the coordinate 

to illuminate the UHF RFID tags. The mutual coupling 

mechanism in transmit mode is considered in this 

manuscript, one antenna transmits and another receives 

electromagnetic waves and vice versa. The mutual 

coupling, which is a near-field phenomenon, causes a 

change in the input impedance of the RFID tag, resulting 

in a non-optimal power transfer to the chip. Thus, in 

applications where multiple RFIDs need to operate next to 

each other, mutual coupling needs to be taken into account 

to obtain an accurate design and performance study. To 

simplify the analysis of mutual coupling, the Z-parameters 

are used in the literature (Amado and Fano, 2016;  

Lui et al., 2009) for an identical two-tag system can be 

calculated using Eq. 1 for a two-port network: 
 

1 11 12 1

2 21 22 2

1

1

V Z Z

V Z Z

    
=       
     

  (1) 

 
where: 
Z11 and Z22: Input impedances of the antenna of tag 1 and 

tag 2 respectively 
Z21 and Z12: (Mutual) impedances induced in the 

circuit of the tag 1 antenna from the tag 
2 antenna and the tag 2 antenna from the 
tag 1 antenna respectively 

 

For N UHF RFID tags, the mutual coupling voltage Vij 

generated at the ith tag due to the current of the jth tag can 

be written using Eq. 2: 

ij ij jV Z I=   (2) 

 

where: 

Zij: Mutual impedance between the ith and the jth tag 

Ij: Current in the jth tag 

 

In practice, the necessary currents and voltages can be 

calculated using other numerical procedures such as the 

Finite Element Method (FEM) used by the HFSS solver 

(Itoh, 1989). This procedure is used to extract the parameter 

Z12 from the mutual coupling in the different scenarios. Using 

the numerical model of printed dipole tags, printed T-

Matches, and Meandered Dipoles, for different values of the 

ratio d1 2/λ where d12 is the distance between the tags and λ 

is the wavelength for the 868 MHz frequency, the mutual 

impedance of UHF RFID tags can be calculated and they are 

presented in the rest of this manuscript. 

Configuration Vertical 

The commercial software ANSYS HFSS 2015 is used to 

extract the mutual impedance Zij in the Vertical 

Displacement (DV) of UHF RFID tags. The simulation 

results are then examined in MATLAB. The individual tags 

are excited on ports 1 and 2 with 50 Ω Lumped ports. The 

configurations of the printed dipoles printed T-Match dipoles 

and printed meandered dipoles are shown in Fig. 10, 11, and 

12 respectively. The impact of mutual coupling is 

evaluated by varying the ratio s/λ between the tags, 

where λ is the free space wavelength. The results of the 

simulation in the vertical configuration are presented in 

Fig. 13 showing the impact of mutual coupling on the 

tag groups as a function of the ratio s/λ. 

Figure 13 shows the mutual impedance Z12 for the tags: 

Dipole/dipole, meander/meander, and T-match/T-match. All 

curves decrease rapidly with the ratio s/λ. The curves for the 

T-match tag and the meander dipole show lower mutual 

impedance values than the conventional planar dipole. The 

T-Match label would be best suited for high bay deployments 

due to its low sensitivity to coupling in this configuration. 

Side-by-Side Configuration  

In this section, the objective is to model by simulations 

the coupling of passive UHF RFID tags based on the mutual 

impedance of identical coupled tags regardless of their 

relative position. For this purpose, the tag antennas are 

assumed to be printed dipole antennas, printed T-Match 

antennas, and wandered dipole antennas, as shown in Fig. 14. 

Assuming parallel tags in a side-by-side configuration at a 

distance d12 in the xOy plane, Fig. 15 shows the mutual 

impedance Z12 as a function of the distance d12 between the 

tags. The coupling effect in terms of mutual impedance is 

greatest for short distances and gradually decreases with 

increasing distance as shown in Fig. 15. Figure 15 shows 

the results obtained. We can see that the printed T-

Match tag has a low level of mutual coupling, and is, 
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therefore, less sensitive to mutual coupling in the "side-

by-side" configuration. 

Parallel-in-Echelon Configuration 

Figure 16 shows the couplings of the printed dipole, 

printed T-Match, and printed meander tags in step 

configuration for different distances between tags 

ranging from 0𝜆 to 1.5 𝜆, respectively. The height of 

tag 2 is taken at h = Ls. The comparison of the evolution 

of the mutual impedance Zij as a function of the 

distance between the tags obtained by simulation with 

HFSS. Figure 17 shows the results obtained by 

simulating the evolution of the mutual impedance as a 

function of the distance d12 for three types of passive 

UHF RFID tags. In the parallel step configuration, the 

printed dipole tag shows a much stronger coupling than 

the printed T-Match and meander dipoles. It can be 

seen that the printed T-Match tag has low mutual 

coupling, so it is less sensitive to mutual coupling in 

the parallel-in-echelon configuration. 

Arbitrary Configuration 

In the arbitrary configuration shown in Fig. 18, the first 

tag is aligned on the y-axis and the second tag is tilted by an 

angle 𝜃 concerning this axis. To avoid an intersection 

between the two tags, a minimum distance is set according 

to the widths of the substrate ends between the two tags. As 

illustrated in Fig. 18, the tags are placed in close proximity, 

and the angle of inclination 𝜃 = 45° of the second tag for the 

y-axis. The distance between the two tags varies between the 

ends of the tags up to 1.5 𝜆. Under these considerations, the 

mutual impedance can be calculated using HFSS. Figure 19 

shows the simulation results for the parallel step 

arrangement. In this arrangement, the printed dipole tag 

shows a much stronger coupling compared to the other 

two tags. The curves of the T-Match and Meander tags 

show an almost similar evolution up to 0.5 𝜆. From 0.5 

𝜆 to 𝜆, the printed T-Match tag shows a weak coupling 

compared to the meandered dipole tag. 

Collinear Configuration 

Figure 20 shows the tags in the collinear 

configuration. The tags are aligned along the y-axis and 

we fix the center of tag 2 along the y-axis. 

The evolution of the mutual impedance as a function 

of the distance d12 between the two tags along the y-

axis was obtained by numerical simulation with HFSS. 

From the results obtained in Fig. 21, the printed 

dipole tag always shows high coupling. The meandered 

dipole tag exhibits low mutual coupling compared to 

the printed T-match tag for d12  0.5 . For 0.5  d12   

, the T-match dipole exhibits low mutual coupling in 

the collinear configuration. 

Perpendicular Configuration of Passives UHF 

RFID Tags 

Figure 22 shows the mutual coupling of passive UHF 

RFID tags in a perpendicular configuration. One tag is placed 

along the y-axis and the second is placed along the x-axis. 

The reference of the distance between the tags is taken from 

the ends of the different tags. The comparison of the 

evolution of the mutual impedance as a function of the 

distance d12 between the tags is obtained numerically with  

HFSS. Figure 23 shows the simulation results. According to 

the simulation results obtained, the mutual impedance curves 

decrease as the distance d12 increases. It is important to note 

that the printed dipole tag has a high coupling compared to 

both tags. The T-Match is less sensitive to coupling and is 

therefore suitable for this type of deployment. In the 

following section, the effect of mutual coupling of 

commercial printed T-Match tags and printed meandered 

dipoles will be examined in different scenarios. 

Face-to-Face and Back-to-Back Tag Configuration 

Side-by-Side Configuration 

In this side-by-side configuration shown in Fig. 24, the 

tags are placed face to face and back-to-back. The effect of 

mutual coupling between the tags is determined by varying 

the distance d12 between adjacent tags and showing 

acceptable isolation between adjacent tags with the HFSS 

software. Figure 25 shows a comparison of the mutual 

impedances obtained using MATLAB. It can be seen from 

this comparison that the tags in configurations A (tA: T-

match in configuration A) and C (tC: T-match in 

configuration C) have a lower level of mutual coupling than 

the tags in configurations B (mB: Meander in configuration 

B) and D (mD: Meander in configuration D). 

Parallel-in-Echelon Configuration 

Figure 26 shows two tags in a step configuration. The 

height of tag 2 is fixed at h = Ls. The evolution of the mutual 

impedance as a function of the separation distance d12 of the 

tags is realized. In this step configuration shown in Fig. 26, 

the tags are placed face to face and back-to-back. Figure 27 

compares the mutual impedances obtained. The mutual 

coupling in configuration A of a tag is low compared 

to that in configuration B; at the same time, the mutual 

coupling in configuration C of a tag is low compared to 

that in configuration D. 

Arbitrary Configuration 

In the arbitrary face-to-face and back-to-back 

configuration of Fig. 28, as before, the left tag is aligned 

along the y-axis and the second tag is tilted at an angle 𝜃 

to the y-axis. To avoid an intersection between the two 

tags, a minimum distance is set based on the widths of the 
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substrate ends between the two tags. As shown in Fig. 28, 

the tags (T-matches and Meanders) are placed in close 

proximity and the angle of inclination 𝜃 = 45° of the 

second tag to the y-axis. The distance between the two 

tags varies between the ends of the tags up to 1.5 𝜆. 

Figure 29 shows the evolution of the mutual 

impedance Z12 as a function of the ratio s/𝜆. Although the 

mutual coupling curves of all tag configurations decrease 

with increasing distance d12, the mutual coupling of the 

tags in configurations A and C where the T-Matches are 

printed is low compared to configurations B. 

Opposite Tags in Collinear Configuration 

Figure 30 shows tags in a collinear and opposite 
configuration. The tags are aligned along the y-axis. 
The comparison of the evolution of the mutual 
impedance as a function of the distance d12 between the 
two tags coupled along the y-axis was obtained by 
numerical simulation. 

In Fig. 31, the influence of the distance between the tags 
on the mutual coupling is studied. It is observed that the 
coupling between the tags in the different configurations 
decreases as the distance d12 increases. Thus, the level of 
mutual coupling in cases A and C (blue curves for T-
Matches) is higher when d12<0.5 λ than in cases B and D 
(red curves for meandered dipoles) and lower when 
0.5λ<d12< λ compared to cases B and D. 

Conclusion  

In the context of new Passive UHF RFID systems in a 

dense deployment, this study studied the impact of mutual 

coupling between tags as a function of their relative 

position and orientation in different configurations. The 

mutual coupling, which can be considered as an 

evaluation parameter for RFID systems, strongly impacts 

the self-impedances and the radiation pattern and thus 

reader-tag switching.  

These results show that Passive UHF RFID systems 

present unstable performances depending on the considered 

configurations, which is a limiting factor in practice. Future 

applications will have to take this aspect into account.  

This study allowed us to understand the behavior of 

tags in a dense environment. The T-match tag is weakly 

coupled in almost all configurations. It has an advantage 

over the two tags chosen for the study. But it has a 

disadvantage compared to the meandered dipole which 

has a small size. The meandered dipole follows the T-

match tag in classification. Therefore, it would be ideal 

for various applications in RFID systems. 

The study presented in this study predicts the group 

behavior among UHF RFID tags in the market, which can 

help users to make a good choice based on their usage. Based 

on the surrounding tag analysis methodology developed in 

this study, the comparative study of group behavior of 

different existing tag designs in UHF RFID systems is a first.  

For future work, studies will be carried out on more 

complex tags to make the study more general and guide 

users to make judicious choices, and contribute to 

increasing the performance of UHF RFID systems in a 

context of high tag density. 
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