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ABSTRACT A T-matched meander line passive platform-tolerant Radio Frequency Identification (RFID) 
tag is designed for near-field Ultra High Frequency (UHF) communication. A new method is introduced to 
effectively limit the read range of the UHF RFID tag, ensuring its functionality within the near-field region. 
The proposed compact RFID tag antenna, with overall dimensions of 43 x 10 x 1.6 mm³, demonstrates strong 
electric and magnetic fields in the near-field region. The tag incorporates the Higgs 4 IC chip from Alien 
Technology, which provides enhanced sensitivity and a rapid read rate for storing unique identifiers. 
Comprehensive read range measurements were conducted on various common mountable platforms. Key 
performance metrics, including impedance, radiation pattern, bandwidth, and the impact of ground size on 
gain, were thoroughly analyzed. Experimental results confirm that the proposed tag exhibits robust 
identification capabilities in the near-field zone, making it well-suited for item-level tagging applications. 

INDEX TERMS RFID Tag, UHF, Near Field Communication, Platform tolerant. 

I. INTRODUCTION 
ADIO Frequency Identification (RFID) technology has 
experienced rapid growth over the past decade, utilizing 

radio frequency signals for the automatic identification of 
objects. RFID is employed across a diverse range of sectors, 
including agriculture, healthcare, aviation, libraries, military, 
passport control, supply chain management, inventory 
tracking, the aircraft industry, mobile payment systems, and 
smart parking applications. Communication between RFID 
readers and tags operates differently depending on the 
operational frequency bands. In the low-frequency (LF) band 
(125-134 kHz) and high-frequency (HF) band (13.56 MHz), 
interactions are facilitated through magnetic (inductive) near-
field coupling, resulting in a detection range limited to several 
tens of centimeters. Conversely, ultra-high frequency (UHF) 
band (860-960 MHz) and microwave band (2.4 GHz and 5.8 
GHz) RFID systems enable long-range communication 
through electromagnetic wave propagation between reader 
and tag antennas [1]. UHF RFID passive tags, designed for 
near-field communication (NFC), generally offer better 
transmission rates, data storage, and exchange capabilities 
compared to LF and HF tags due to their higher frequency and 
wider bandwidth. UHF RFID tags ensure reliable performance 
in close-range communication, even in environments with 
interference. While certain HF tags may offer larger memory 
sizes, UHF tags remain the better choice for supporting fast 
and reliable data exchange in near-field communication and 
can support item-level tagging. Consequently, UHF RFID 
technology is widely regarded as the preferred and established 

standard for major applications [2]. To leverage the benefits of 
the UHF band for near-field RFID applications, such as item-
level tagging (ILT) [3], electronic payment, ID cards, and e-
passports [4], it is essential to confine the detection range 
within the desired interrogation volume. The induced voltage 
at the antenna terminals is proportional to the operating 
frequency [5]. Consequently, transitioning from the HF to the 
UHF band represents a significant advantage in terms of 
energy transfer between RFID devices. As the available power 
transferred increases, the system's ability to overcome 
environmental impairments also improves. While the UHF 
RFID system offers extended range capabilities, it often 
results in unintentional detection of multiple tags. Moreover, 
in applications such as retail environments, warehouses, 
libraries, manufacturing plants, and airports, the reliability of 
item-level tagging (ILT) is compromised due to interference 
among multiple tags and readers. Consequently, the desired 
product can be identified through filters in the UHF interface 
or algorithms within the middleware [6]. This additional 
processing increases both programming and integration 
efforts, thereby raising the overall costs of UHF systems. 
Therefore, a UHF RFID system designed to operate within the 
near-field region could provide a more effective solution. 
Short-range detection in the UHF band can be achieved by 
designing special reader antennas specifically for near-field 
communication using techniques such as inductive coupling 
[3], [7-10], in which single or multiple loops are created to 
expand the interrogation zone in the near-field region of the 
reader antenna. The design reported in [3] employed a 
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quadruple-loop antenna, while in [7], a dual-printed-dipole 
structure was designed to realize an electrically large loop with 
in-phase current. Furthermore, in [8], a folded square-loop 
antenna design is reported that provides a uniform magnetic 
field in the zone near the antenna. The design discussed in [9] 
incorporated a closely spaced, two-element Zero-Phase-Shift-
Line (ZPSL) loop array. The design reported in [10] employed 
multiple rectangular loops, each formed by incorporating two 
semi-loops, with one printed on the top side of the dielectric 
substrate and the other on the bottom side. As a result, the 
magnetic field is reinforced inside the loop, which is defined 
as the interrogation zone of the antenna. Another approach to 
achieve near-field RFID communication is electrical coupling, 
as discussed in [11-12]. In this case, the reader antenna 
consists of rectangular/circular slots in the ground, fed by 
microstrip lines that are left open-circuited. The electric fields 
are created inside the slots for RFID tag coupling. All pairs of 
slots are spaced λg/2 apart, since the distance between 
successive current maxima is λg/2. Leaky microstrip lines [13-
15] are another technique that enables tag detection in a 
selectively confined region. In all the aforementioned reader 
antenna design techniques for near field communication in the 
UHF band, the size of the antenna is very large, as multiple 
loops, slots, or long strips are required to provide a sufficient 
interrogation zone for tag detection. Furthermore, the 
detection range of conventional reader antenna can be 
confined by using a metamaterial grid formed by an array of 
metallic strips that helps [16-19] to block the radiation field in 
the direction of the tag. This makes the arrangement complex 
and large in size. Another technique to limit the read range is 
to design the UHF RFID tag itself for the near field region, to 
serve applications like item level tagging, temperature sensing 
[20], in biomedical systems where tags are implanted inside 
the body to collect electromyography (EMG) [21] and 
electroencephalogram (EEG) [22] signals, intracranial 
pressure [23]. Additionally, the nearfield tags can be 
integrated into radiofrequency finger-augmentation devices 
(RFAD) [24-25]. The various configurations to design the 
UHF RFID tag for near field range includes meandering [2] , 
use of loop and coil type configurations [26] for forming the 
unidirectional current to establish uniform magnetic field and 
use of complementary split ring structures [27]. Meandered 
loops [28], the combination of loop and meandering/ 
logarithmic spiral are used, to establish inductive coupling 
[29]. Further, T-matching [30] is used to control the 
impedance of the tag. Other challenges to design UHF RFID 
tag for near field applications include optimizing the 
impedance matching of tag antenna with chip [31], use of low-
dielectric loss materials [1] to minimize signal attenuation and 
implementing design features that reduce sensitivity to 
orientation and alignment issues thereby helping to avoid 
unwanted reads from powerful far-field readers [31]. The 
novelty of this work lies in the development of a unique 
technique to confine the read range of a near-field UHF RFID 
tag by reducing the radiation resistance of the tag antenna. 

Various approaches are reported to reduce radiation resistance 
of tag antenna such as optimizing the size of ground plane 
[32], adjusting substrate thickness, and using high dielectric 
constant [33] material as substrate. A reduction in radiation 
resistance leads to a decrease in the antenna’s radiation 
efficiency and gain, effectively limiting its read range to the 
near-field region. In the presented design, a metallic ground 
plane is incorporated on the backside of the tag’s mounted 
substrate to achieve reduction in the radiation resistance of the 
tag through image current cancellation effect [34]. 
Furthermore, the size of the tag is optimized by incorporating 
meandering to ensure best fit impedance matching for 
maximum energy transfer from the tag antenna to the chip. 
This strategic use of the ground plane not only enhances the 
compactness of the tag but also contributes to make the design 
platform-tolerant, thereby increasing its adaptability for a 
variety of mounting configurations. Experimental validation 
of these design elements confirms the effectiveness of this 
approach for item-level tagging applications, offering 
improved control over the read range and overall tag 
performance.  
The paper is organized as follows. Section II presents the 
design, optimization, and analysis of the proposed near-field 
UHF RFID tag. This section covers the detailed design 
process, simulation results, field distribution, and radiation 
pattern analysis. Section III focuses on the experimental 
evaluation, where the impedance, return loss (S11), read range, 
read rate, and path gain of the tag are measured and analyzed 
across various mounting surfaces. Finally, Section IV 
summarizes the key findings and presents the conclusions of 
the study. 

II.  DESIGN & ANALYSIS 
 

An EPC global class 1 Gen 2 Higgs 4 IC chip 
manufacturing by Alien Technology [35] is used to design the 
proposed tag. The equivalent circuit model of IC chip 
consisting a resistor of 1.8 KΩ connected in parallel with a 
small valued capacitor of 0.95 pF is shown in Fig. 1. The 
impedance of the chip at 866 MHz can be calculated using 
“(1)”. 

 
FIGURE 1.  Circuit model of the RFID IC impedance. 
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        ZIC   = R || XC                       (1) 

𝑋"  = #$
%&'("

 = #)
%*×,--×..,×.01×0.23×.0456

 = -j193.45 

   𝑍8" = (1.8 KΩ) || (–j193.45) 

       = 20.55 – j 191.45 Ω 

The tag is designed and optimized using the HFSS (High 
Frequency Structure Simulator). In the first phase of tag design 
process for near field applications, a metallic loop antenna is 
designed with an objective to achieve strong uniform magnetic 
field coupling. The loop antenna is patterned on an 
ungrounded substrate FR4 (ɛ: = 4.4 and tan δ = 0.02) of 
thickness 1.6mm. The dimensions of the loop is optimized 
with an aim to match its impedance with that of UHF RFID 
chip. The optimized dimensions of the loop antenna are L = 
22.21 mm, ‘W’ = 6 mm and trace width is 1mm as shown in 
Fig. 2 (a). The loop antenna is made up of copper of thickness 
35 µm. The impedance of the optimized loop is 0.91 + 191.52j 
Ω at 866MHz as shown in Fig. 3. With the best efforts it is 
observed that only imaginary part of the loop is matched with 
the chip. For the optimized loop dimensions the radiation 
efficiency and gain are obtained as 10.45% and -8.24 dBi 
respectively.  The reading range of this loop antenna is 
calculated using Friss transmission equation with the 
transmitting power of the reader as 2W EIRP. The calculated 
range of this loop antenna is 2.03 m. Further, in order to obtain 
the best fit of the design, the matching of real part of the 
proposed design with that of the chip is done, by incorporating 
meandering [36] on both sides of the loop as shown in Fig. 
2(b). The optimized dimensions of this design are given in 
Table I. 

 

FIGURE 2. Geometry of the ground less (a) loop tag antenna (b) loop tag 
antenna with meandering. 

 
FIGURE 3.  The simulated impedance of the ground less loop and loop with 
meandering. 

 
The impedance of the optimized loop with meandering is 

19.73 + 189.1j Ω at 866MHz as shown in Fig. 3. The radiation 
efficiency and gain of 83.28% and 1.34 dBi respectively. The 
calculated range of this antenna is 15.18 m. It is observed that 
use of meandering not only increases the efficiency and gain 
but the range as well, which makes this tag antenna suitable 
for far field UHF applications. 

 
TABLE I. Dimensions of ground less loop tag antenna with meandering. 

Parameters Dimensions 
(mm) 

Parameters Dimensions 
(mm) 

L 10.5 W1 17 
L1 60 W2 10 
L2 59 W3 13 
L3 4 W4 14 
W 8 W5 16 
tw 1 H 1.6 

 
In the next phase of the design process a technique is adopted 
to confine the range of the designed UHF RFID tag. In order 
to confine the read range, a ground plane is embedded to the 
designed tag as represented in Fig.4. The purpose of adding 
the ground plane with the antenna is to achieve the two 
objectives. One is to make the tag be tolerant for different 
mountable surfaces and the second one is to reduce the 
radiation efficiency through image current cancellation effect 
so that its working range be confined to near field region [34]. 
The dimensions are re-optimized after the incorporation of 
ground plane as listed in Table II.  
 
TABLE II. Dimensions of ground less loop tag antenna with meandering. 

Parameters Dimensions 
(mm) 

Parameters Dimensions 
(mm) 

L 8.9 W 6 
L1 43 W1 10 
L2 42 W2 3 
L3 3 W3 4 
tW 1 W4 4 
H 1.6 W5 9 
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FIGURE 4.  Geometry of the proposed grounded UHF RFID tag antenna for 
near field operation. 

In order to achieve the final optimized configuration of the tag 
antenna the design process is initiated with the design of T-
match loop along with straight microstrip dipole antenna as 
shown in Fig. 5(a). The T-matched loop provides an inductive 
effect, while the straight dipole provides a resistive effect in 
the impedance of the overall antenna. However, incorporating 
the straight dipole causes the antenna size to become very 
large. Therefore, in the next step, shown in Fig. 5(b), ‘1×2’ 
meanders are incorporated into the dipole. This reduces the 
length of the antenna to 62.1 mm, while keeping the resonance 
frequency of the antenna fixed at 866 MHz. Further, by 
incorporating ‘2×2’ meanders as shown in Fig. 5(c), the 
antenna size reduces to 47.8 mm, and the use of ‘3×2’ 
meanders, shown in Fig. 5(d), reduces the length to 42.5 mm. 
The lengths of the meanders can be varied individually to 
control the resonance of the antenna for the required 
frequency. Finally, by incorporating ‘4×2’ meanders as shown 
in Fig. 5(e), the antenna length reduces to 42 mm  

 

FIGURE 5.  The evolution of the design of the Near Field UHF band T-matched 
meanderline tag antenna. (a) T-match loop with straight dipole. (b) T-matched 
loop with ‘1×2’ meandered dipole. (c) T-match loop with ‘2×2’ meandered 
dipole. (d) T-match loop with ‘3×2’ meandered dipole. (e) T-match loop with 
‘4×2’ meandered dipole. 

while maintaining the same resonance frequency of 866 MHz. 
The dimensions of the tag antenna for different configurations 
in the design process are listed in Table III. The impedance 
and return loss (S11) responses for all the configurations are 
shown in Figs. 6(a) and 6(b). It is clear from the responses that 
the resonance frequency of the antenna can be maintained 
while reducing its size (or increasing the number of meanders). 
The lengths of the meanders in the design increase from the 
port to the outer side of the antenna. The inner meanders are 
shorter compared to the outer meanders, as the current 
magnitude in the middle portion of the dipole is higher and 
decreases as it moves away from the center towards the outer 
portion thereby, the middle meanders lead to more losses than 
the meanders located at the outer edges of the antenna [37]. 
Therefore, it is preferable to use longer meanders at the outer 
edges of the tag antenna and shorter meanders near the middle 
portion. Hence, meandering configurations can be used as a 
parameter for controlling the radiation efficiency of the 
meanderline antenna. 
TABLE III. Dimensions of ground less loop tag antenna with meandering. 

Mea
nders 

L L1 L2 L
3 

W W2 W3 W4 W5 

No 8.9 83.1 84.1 - 7.4 - - - - 
1×2 8.9 62.1 63.1 3 7.4 6.7 - - - 
2×2 8.9 47.8 48.8 3 7.4 6.7 6.7 - - 
3×2 8.9 42.5 43.5 3 7.4 4.96 5.96 6.96 - 
4×2 8.9 42 43 3 7 3 4 4 9 

 

FIGURE 6.  (a) The real and imaginary impedance of the design with all the 
configurations. (b) Return losses (S11) in dB of the design with all 
configurations. 
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The resistance and inductance of the antenna increase with the 
increase in the length of the meander as shown in Fig. 7(a) and 
7(b).  Optimized dimensions of the meanders are ‘W2 = 4mm’, 
‘W3 = 5mm’, ‘W4 = 5mm’, and ‘W5 = 9mm’. 

 

FIGURE 7.  Variation in the impedance of the antenna by changing the length 
(W2, W3, W4, and W5) of the meanders, (a) Real impedance (b) Imaginary 
impedance.  

 

FIGURE 8.  Variation in the impedance of the antenna by changing the loop 
side (W) of the Loop, (a) Real impedance (b) Imaginary impedance.  
The impedance of the antenna can also be controlled by T-
match loop’s side ‘W’ as shown in Fig. 8(a) and (b). The 
resistance and inductance increase with the increase in the 
loop’s side ‘W’ of the antenna. Therefore, the optimized 
dimension of the ‘W’ is 6 mm.  To gain more physical insight 
of the design for its near field operation, the current and field 
distributions of the tag antenna are studied as shown in Fig. 9. 
Since the overall size of the tag is much less than the operating 
wavelength thereby the surface current at 866 MHz is 
unidirectional in the tag antennas shown in Fig. 9 (a), which 
helps to establish uniform field distribution. It is observed that 
the magnetic field in Fig. 9 (b) is more concentrated near the 
loop of the design and the electric field Fig. 9 (c) is highly 
distributed at the edges of the tag. This indicates the strong 
field coupling capability of the tag with the any conventional 
reader antenna. 

 
FIGURE 9.  (a) Current distribution (b) radiation pattern (c) magnetic field 
distribution and (d) electric field distribution at 5mm above the grounded tag. 
 
Moreover, the electric field is due to horizontal portion of the 
meanders ‘L3’, as the current in the two adjacent vertical 
components is out of phase due to which the field generated 
by these vertical components cancel out each other. Hence, the 
incorporation of a ground plane reduces the radiation 
efficiency to 1.2%, resulting in a very low gain of -17.13 dBi, 
as shown in the omnidirectional radiation pattern in Fig. 9(d). 
The reduced efficiency and gain help to confine the range of 
the UHF RFID tag. Further, the impedance of the designed tag 
is analyzed with and without using the ground plane. In 
groundless configuration, the resonant frequency of the tag 
antenna is changes due to the variation in the impedance of the 
tag antenna as shown in Fig. 10 (a) and (b). The impedance is 
controlled intentionally to confine the range of RFID tag in 
near field region. Fig.11 shows the radiation pattern with and 
without ground plane. In groundless configuration, the 
antenna gain improves due to the increase in the radiation 
efficiency (21.22%) of the antenna. This compensates for the 
loss caused due to impedance mismatching. The design is also 
analyzed for different sizes of metallic ground plane. It is 
observed that the impedance of the antenna remains 
unaffected as long as the size of the ground is equal to or 
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greater than the size of the substrate. However, if the size of 
the ground is smaller than the size of the tag antenna, then the 
impedance of the antenna changes due to the reduction in the 
inductance and resistance created by the image component of 
the top meandered dipole under the ground plane as shown in 
Fig. 12.  

 
FIGURE 10 (a) Impedance and (b) return loss variations of the tag for grounded 
and ground-less configurations. 

 

FIGURE 11.  Radiation pattern of the designed tag for grounded and ground-
less configurations.     

The variation in the ground plane also affect the radiation 
efficiency and gain of the antenna as shown in Fig. 13. 

 
FIGURE 12. Impedance study for the variation of the ground plane size. 

 
FIGURE 13. Effect of the variation of the ground plane size on the (a) 
radiation efficiency and (b) gain of the antenna. 

 
. It is observed that the radiation efficiency decreases 
significantly with the increase in the size of the ground as 
shown in Fig. 13(a), but the corresponding gain increases as 
the size of the ground increase from 10 × 10 mm2 to 100 × 100 
mm2 as depicted in Fig. 13(b) There is a reduction in the back 
lobe by increasing the size of the ground and which 
consequently increases the directivity of the antenna. When 
the size of the ground is reduced as compared to the size of the 
antenna, the radiation efficiency as well as the gain of the 
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antenna increases, due to the failure of image effect under the 
ground plane. 

III. MEASUREMENTS 
 
The fabricated prototype of the tag is shown in Fig. 14. The 
top patch (Fig. 14 (a)) and bottom ground layer (Fig. 14 (b)) 
are fabricated using copper of thickness 35 µm and the 
substrate used is epoxy FR4 of thickness (h) = 1.6 mm, 
dielectric constant of εr = 4.4, and a loss tangent (tan δ) = 0.02. 
The size of the fabricated tag is (43 × 10 × 1.6) mm3.  

 
FIGURE 14. Prototype of the proposed tag. (a) Top view, (b) Bottom view. 
 
The impedance of the UHF RFID near field tag is measured 
using (VNA) of the PNA series model N5222A as shown in 
Fig. 15. The test fixture (differential probes) is constructed by 
using two rigid RG 405 coaxial cables with an outer conductor 
diameter of 2.18 mm. The outer conductors of the coaxial 
cables are soldered together along the length. One end of the 
fixture is soldered with two subminiature version A (SMA) 
female connectors and the other end of the fixture is kept open 
with the small extensions of inner conductors to form the tips 
to connect the tag antenna under test. The SMA female 
connectors in the fixture are connected to the VNA through 
test cables. The VNA is calibrated and the calibration plane is 
extended to the end of the test probe after port extension. In 
order to reduce calibration error the probe lengths are taken as 
equal. The tag antenna is connected to the end tips of the 
fixture and S parameters are measured and the differential 
impedance is calculated [38] by putting these S parameters in 
equation (2). 
 

         Zd = %;<(.#	?55
6 @	?656 #%?56)

(.#	?55)6#	?656
   (2) 

 
FIGURE 15. Measurement setup. (a) Fixture Prototype (b) Measurement 
setup using vector network analyzer. 

Here, Z0 is the characteristic impedance (50 Ω) of the coaxial 
cable used in differential probe. S11, S21, and S12 are the 
scattering parameters. The measurements are done by placing 
the prototype on different materials like free space, metal and 
skin etc. The simulation of the tag design is also done on the 
human arm. A human arm was modelled by four tissues layers 
(skin, fat, muscle and cortical bone) as shown in Fig. 16. The 
thickness and frequency-dependent permittivity (εr), and 
conductivity (σ) [39] are shown in Table IV.  
 

 

FIGURE 16. A model of the Human arm with four tissues layers (skin, fat, 
muscle and cortical bone). 

 
TABLE IV. Thickness and dielectric electric property of the different tissue’s 
layers in the arm model. 

Layers ℇr σ (S/m) Thickness (mm) 
Skin + Fat 14 0.25 3 (Skin) + 12 (Fat) 

Muscle 55.1 0.93 10 
Bone 20.8 0.33 3 

 
The simulated and measured impedance and return loss are 
shown in Fig. 17(a) and 17(b) respectively. It is observed that 
measured responses are quite in agreement with the simulated 
responses for free space and metal surfaces. Small variation is 
observed from the simulation results on skin surface. The 
closeness of simulated and measured responses makes the 
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design suitable for universal item level tagging for near field 
communication. 
 

 

FIGURE 17. Measured and simulated (a) impedance and (b) return losses of 
proposed antenna. 

The reading range and reading rate of the proposed tag are 
measured using the setup as shown in Fig. 18. The reading 
range of an RFID tag significantly influences its suitability for 
various radio frequency (RF) applications. The determination 
of the maximum reading range of the RFID tag, particularly 
along the (θ, Φ) direction, is achieved through the application 
of the Friss transmission equation [2] given in (3). 
 

	dDEF(θ,φ) = G
H*IJ

KLMNO
NP

τGSET(θ, φ)       (3) 

Here, EIRPM is the effective isotropic radiated power (2 W), 
given by the product of the transmitted power Pt and the 
antenna gain GS of the reader, PG is the minimum threshold 
RF power required by the chip to turn on and the minimum 
threshold RF power PG for the chip used in this design is -
20.5 dBm, GSET(θ, φ) is the gain of the tag antenna and ‘τ’ is 
the power transmission coefficient between the tag antenna 
and tag chip impedances given in (4), where 0 ≤ τ ≤ 1. 

                    τ	= 1- [Γ]% = HMPM`
|bPcb`|6

 ≤ 1   (4) 

 

‘Γ’ is the reflection coefficient which accounts for the 
impedance mismatch between the antenna (ZA) and chip 
impedance (ZC) as given in (5). 

 
FIGURE 18. Setup for measuring the reading range and reading rate of the 
proposed tag. 
 

                           Γ = bP	#	b`
bP	@	b`

            (5) 

 
The reading range of the tag is measured by using Skyetek 
Supernova RFID reader [40] which is connected to a linearly 
polarized antenna of gain 6.46 dBi. The maximum power is 
set to 27dBm (0.5Watt) while taking all the measurements. 
The maximum reading range of the tag was measured, by 
keeping the tag in motion away from the reader along a 
straight line up to a point where it can be maximally 
detectable for point-to-point transmission and reception. The 
reading range and reading rate of the tag is measured by 
placing the tag on different materials like metal, plastic, 
leather, book, glass, on water bottle and skin etc. The tag is 
also tested inside of the plastic box, leather wallet and, book 
etc. as shown in Fig. 19. 
 

 
FIGURE 19. The proposed tag placed on/in different materials. 

    At first, all the measurement are done by considering the 
proposed tag with ground and then the measurement are done 
when the ground is removed from the bottom of the tag. The 
comparative analyses of the reading range and reading rate 
are shown in Table V and Table VI respectively. It observed 
that the tag with ground provides range in a confined region 
on all applied materials, with a maximum range of 1300 mm 
when placed in free space. The reading range of the tag can 
be reduced further by decreasing the size of the antenna, 
reduction in the thickness of the substrate and use of lossy 
substrate. Although the tag (without ground) provide good 
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read rate in some environment as compared with the tag 
(with ground), but the reading range is not confined in most 
of the regions as shown in Table V. The designed tag exhibits 
the minimum reading rate of 212 read per minute as listed in 
Table VI. 
TABLE V Comparative analyses of the measured reading range (mm) of the 
proposed tag with/without ground plane when placed on different materials. 

Material       Read Range (mm) 
(With Ground) 
Outside/ Inside 

Read Range (mm) 
(Without Ground) 
Outside/ Inside 

Free space 1300 2000 
Plastic 270/265 400/310 

Leather wallet 340/320 250/700 
Book 230/140 550/310 
Glass 190 1150 
Water 250 >3000 
Skin 350 500 

Metal 175 175 

TABLE VI. Comparative analyses of the measured read rate (per minute) of 
the proposed tag with/without ground plane when placed on different 
materials. (The tag is placed at 10-15 cm from reader antenna)  

   Material      Reading rate (per minute) 
(With Ground) 

Reading rate (per minute) 
(Without Ground) 

Free space 322 340 
Plastic 288 300 

Leather wallet 235 260 
Book 212 281 
Glass 240 245 
Water 304 298 
Skin 295 290 

Metal 270 270 

The path gain is also measured to analyse the performance 
of the tag in near field. The evaluation of the system Path 
Gain (PG), that is here defined as the following ratio [5] in 
“(6)”  

      PG = 
defg_ei(jkilmn
dojfnj(_pqr

                           (6) 

PTag_Threshold is the threshold power of the chip which is -20.5 
dBm, which is taken as reference. PReader_min is the minimum 
power applied to the reader, so that it can detect the tag at a 
particular distance. The measured path gain is shown in - 

 

FIGURE 20. Measured path gain (dB) of the tag w.r.t distance for different 
mountable surfaces. 
Fig. 20. It is observed that the antenna is behaving similarly 
in both near field (λ/2π) as well as in far field. The difference 
in the path gain for different environment is due to the 
change in the radiation efficiency and gain of the antenna. 

IV. CONCLUSION 

A surface-tolerant UHF RFID tag is designed for near-field 
applications in the ETSI band. The tag's read range and size 
are constrained by incorporating a ground plane beneath the 
meandered dipole connected to T-matched loop. The 
impedance and return loss (S11) of the tag were measured by 
placing it on different mounting surfaces, including free 
space, metal, and skin. Additionally, experimental testing of 
the tag's read range was conducted on various platforms, 
such as a plastic box, a leather wallet, and inside a book. In 
all tested configurations, the tag exhibited a confined reading 
range of less than 350 mm, with a read rate exceeding 212 
reads per minute, ensuring reliability in harsh environments. 
Path gain analysis was performed to evaluate the system's 
performance in both near-field and far-field scenarios. The 
grounded tag demonstrated stable performance across all 
mounting platforms, confirming its platform tolerance. 
Therefore, the designed tag is suitable for various RFID 
applications, including item-level tagging, e-payment, ID 
cards, and e-passports. 
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