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Abstract: This article proposes a new and simple miniaturized tag for radio frequency identification (RFID) in the
European and Moroccan UHF band (866-868 MHZz). This tag can be mounted on the surfaces of the human body and
may be used for identification cards. For human body modelling, we used a four-layer laminated elliptical cylinder
with physical parameters for electromagnetic simulations. The radiation characteristics of the antenna placed in
proximity to the human model and the effects of absorption caused by the human body were analysed and controlled.
Our antenna is composed of a meander dipole and a T-shaped adaptation network structure. We used the CST-MS for
the design of the antenna and the human body model and verified the results with the HFSS simulator. The designed
tag was manufactured to test the reading range. The measured range is about 6 m when the tag is placed near to the
chest and between hands. The new features of the proposed new tag are characterized by its simple structure, reliable
stability on the surface of the human body, a long reading range and a miniaturized size of 46 x 20 mm?2. Our antenna
was designed on a low-cost, single-sided FR-4 substrate with a thickness of 0.8 mm. Compared to the conventional

ultra-high frequency patch; our antenna achieves a miniaturization rate of 91%.
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1. Introduction

Radio frequency identification or RFID is a
rapidly evolving technology for automatic object
monitoring and identification. Today, RFID can be
implemented in many applications [1] in different
fields such as access control, bioengineering,
transportation systems, health, inventory
management and many more [2]. There are three
principal parts to each RFID system. The most
important element is the tag or transponder [3],
includes an antenna adapted to the ASIC chip
(Application-Specific Integrated Circuit) which
contains the information. The second is the
interrogator reader and its antenna. The last part is
generally the database of the application.

RFID is a cordless communication using radio
waves from the electromagnetic spectrum. It operates
in the unauthorized segment of the spectrum known
as ISM (The industrial, scientific and medical).
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Frequency, limitations of power, communication
protocols and norms may differ in some regions of
the world. This is in particular the case of RFID in the
UHF band. The operating  frequencies are divided
into different bands. The data throughput and read
ranges are significantly differing from one band to
another. Table 1 presents a brief summary of the
RFID bands and a number of their useful
characteristics [4].

A passive RFID tag (without batteries) consists of
two elements, an antenna and a chip. This chip has its
proper energy recovery module, so no embedded
batteries are required and a unique electronic product
code is stored in the EEPROM. Passive ultra-high
frequency (UHF) band RFID systems have become
much requested in commercial applications because
they utilize [5] backscattered wave modulation
techniques in order to provide a longer reading
distance and better storage capacity for information.
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Figure. 1 RFID system based on backscatter
communication [8]

The EPC Class 1 Generation 2 standard is responsible
for standardizing and defining communication
between readers and labels for RFID systems in the
UHF frequency band. The communication between
readers and labels is started by the reader [6]; The
reader sends a continuous wave to wake a group of
labels in its interrogation region, then a request
asking the tags to respond with their unique IDs; for
the uplink (assuming the tag chip remains powered),
the tag chip modifies the reflection coefficient of the
label antenna by varying its internal impedance (Zchip
= Rehip *+ jXchip) to allow reemission of the continuous
signal (backscattered modulation). To maximize the
efficiency of wireless power transmission, the tag
antenna is conceived to be conjugated to the chip's
input impedance at its operating frequency [7]. Fig. 1
describes the functioning of a passive UHF-RFID
system based on backscatter communication [8].

However, when designing the tag antenna, the
impedance matching between the chip and the
antenna should be considered to ensure that the tag
works properly, as RFID-UHF tags are extensively
deployed in a variety of complex environments [1, 2].
They are often affixed to metal surfaces, the human
body, muscle tissue, and other objects with high
humidity content. As a result, all these complex
application environments have a negative effect on
antenna performance, on impedance matching,
radiation pattern, read range, and antenna gain
[9]. Therefore, the antenna-operating environment is
the key to the antenna conception.

In addition, the size of the antenna must be
reduced as far as possible, with a low manufacturing
cost, always keeping a good impedance adaptation
and an optimal reading distance. For instance, an
RFID tag used as a student-card can be used to record
and identify information for various university
applications. Nevertheless, the human body also has
an extensive impact on a number of previously
mentioned antenna parameters. Consequently, the
impact of proximity to the body must be thoroughly
studied and taken into account when designing the
antenna, as the performance of an RFID tag near the
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Table 1. RFID bands and their useful characteristics

Typical
RFId Bands read Main features
range
- Short range
LF 30Cm | - Low data
125 KHz
- Penetrates metal
- Good range
HF 1m | -Good rate
13.56 MHz
- Penetrates water
<10 m | - Very good range
UHF for - High rate
860 — 960 assive | - Penetrates water or
MHz P
tags metal...
- Very good range
Microwave Upto | - Highrate
2.45and 5.8 10m - Penetrates water or
GHz
metal...

chest of body is degraded significantly in the UHF
band.

As part of this study, a number of studies using
numerous methods and approaches have been
conducted in recent years to design and develop
antennas for RFID labels, and finally to simulate the
impact of the body on the tag antenna, in order to
enhance the performances (gain and reading range)
of the RFID tag, when it is fixed to the human body.
[10, 11-17].

Marrocco [10] was one of the first researchers to
study an RFID tag operating in the UHF band
positioned near the human body. A suspended patch
antenna with an embedded slot has been proposed to
enhance the performance of the tag when it is affixed
to or near the human body. Deavours presented a
theory that uses simple circuits to design a dipole T-
matched antenna for optimal bandwidth [11]. He also
developed an impedance matching method to
optimize bandwidth, so that the tag can work in
different RFID operating bands. Occhiuzzi, Cippitelli
and Marrocco [12] described a new label geometry
using combined folded dipoles and adjusting slots for
portable RFID sensor tag applications. The proposed
tag is the same size as a standard credit card and may
be affixed or placed on any body part. In Chiu and
Tsai [13] study, a loop antenna powered by modified
T-matching was proposed. The reading distance of
the proposed antenna varied from 3.3 to 6 m,
depending on the placement of the tag in different
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positions on the human body in the open space.
Amendola and Marocco [14] have proposed a
battery-assisted RFID tag for an application for
monitoring RFID tags on the human body; however,
this method is effective in increasing the reading
range, but the major disadvantage is the increased
cost and thickness (profile) of the tag. Svanda and
Polivka [15] applied the short-circuited vertical
folded coupled patch cavity technique to obtain a
compact size of the tag. When the tag is attached to a
human chest, it can reach a reading range of 5.1 m
and 5.6 m in free space. Waris [16] propose a passive
UHF tag antenna, it was designed by a split ring
structure electromagnetically optimized to operate
close to the human body. The results showed that the
tag offered stable performance at different distances
from the body and could easily be integrated into the
clothing. The tag can provide a read range that varies
from 2 to 4 m in the UHF bandwidth, when attached
to the human body. The reading distance depends on
the thickness of the substrate used, either 2 mm or 5
mm. Ying She [17] presents a new UHF-RFID tag
antenna with elliptical loop with a total area of 72 x
30 mm?; it can be used on both the body and the water
surfaces. The maximum measured reading range of
the label antenna on human body surfaces can be up
to5m.

Most of these antennas presented above use thick
substrates, either very complex structures or ground
planes to improve the performance of the tag when it
is placed close to the human body. These technigques
used to decrease the effect of the human body make
labels more expensive and overloaded in terms of
profile. Therefore, designing small antennas that can
operate in the presence of the human body without
reducing the reading range while remaining discreet
and economical is a challenging challenge for passive
tags at the UHF range.

A new antenna for RFID tags in UHF band has
been provided in this paper, based on a meander
structure. The proposed antenna can be applied to the
human body surfaces. The tag is made up of a
radiation element formed by meandering lines, an
inverted T-loop matching network, and side arms.
The radiation features of the antenna are analyzed.
The results of the simulation demonstrate that the
antenna proposed can operate regularly on the
surfaces of the human body with a good impedance
matching. The benefits of our contribution are as
follows: (1) simple and miniature structure, (2) offers
an optimal reading distance, and (3) easy adaptation
of resonance frequency and impedance by adjusting
the parameters of the T-loop. The antenna design and
the results of the corresponding simulations will be
examined in more detail.
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The document is divided and organized into four
parts as follows. Part 2 presents the modelling of the
antenna in free space. Part 3 will present the results
of the simulation of the antenna in free space, while
the fourth part will describe the simulation of our
antenna with the simplified model of the human body.
The dimensions and dielectric properties of the
tissues making up the chest are detailed. The same
section will discuss the results of the simulations of
the antenna mounted on the human body, as well as
the test of the reading range of our antenna. The last
part of this document presents the conclusion.

2. Antenna design in free space

The geometry of the tag antenna is illustrated in
Fig. 2. The size of the proposed antenna is obviously
reduced compared to a conventional dipole structure
by using the meander folding method; the dimensions
of the tag are 46 x 20 mm2, which are smaller than
those of a universal credit card or student ID card.
The specific dimensions of the antenna parameters
are given in Table 2.

The antenna is designed on a FR-4 substrate with
a thickness of 0.8 mm (with er = 4.4, tand = 0.025).
The copper lines have a thickness of 35um.

I Ls
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Figure. 2 Geometry of the proposed tag antenna in free
space

Table 2. Dimensions of the proposed tag antenna in free

space
Value Value
Parameter Parameter
(mm) (mm)
Ls 46 a 8
Ws 20 b 3
T 9.2 x1 0.4
T1 4.1 R 13.9
N 8.6 r 8.6
m 0.5 X 7.2
n 0.4 h 0.8
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The antenna consists of a radiation element
consisting of a meander-folded line, side radiators
and a modified rectangular T-loop.

The dimensions of the matching loop can be
easily adjusted, allowing a good adaptation between
the impedance of the antenna and that of the chip. We
chose the Higgs-4 chip manufactured by Alien
Technology [18], which has an equivalent
characteristic impedance of 20.5-j191Q at 867 MHz.
The chip packaging used in the design is SOT-323.
This type is easy to weld manually. The main
advantage of using this chip is the minimum
radiofrequency communication power that can reach
the -18.5 dBm level.

Our antenna is composed (1) of a meander-folded
dipole, used to load the dipole in order to increase the
total length of the half-wave dipole, ensuring both a
miniaturization of the antenna, and also a significant
shift in the resonance frequency towards the low

frequencies without increasing the size of the antenna.

Using this method, the size of our antenna has been
reduced by 91% compared to the traditional antenna.
(2) Of a T-match network consists of a rectangular
loop, and used to easily adapt the antenna impedance
to that of the chip, the variation in length and width
of the loop line varies the resistance and reactance of
the antenna. In our case, the chip impedance is Zc =
20.5-j191 Q at 867 MHz, which has a low resistance
but a high capacitive reactance, the use of the T-
match technique has made impedance matching
gasier. (3) Left and right side radiators used to
improve the reflection coefficient, adjust the antenna
resonance frequency and expand the radiation area in
order to increase the antenna gain to achieve an
optimal reading distance.

To ensure maximum power transfer, the
imaginary part of the antenna input impedance must
be conjugated to that of the chip. Therefore, the input
impedance of the tag antenna should be 20.5 + j191
Q at 867 MHz [19].

3. Simulations of the tag in free space

First, the simulation is carried out in free space.
The adaptation between the antenna and the chip is
done in free space. Fig. 2 illustrates the dimensions
chosen for the antenna adapted to operate in free
space in the UHF RFID band. Figs. 3 and 4
demonstrate the simulated reflection coefficient and
input impedance of the proposed tag antenna in free
space in HFSS (High-frequency structure simulator)
(Fig. 4 (@) and CST (Computer Simulation
Technology) (Fig. 4 (b)). Table 3 summarizes the
results obtained, the reflection coefficient and input
impedance of the antenna in free space.

International Journal of Intelligent Engineering and Systems, Vol.13, No.1, 2020

Revised: November 21, 2019. 230

The antenna design and simulation results
obtained are performed by CST and verified by
another electromagnetic software, HFSS, in order to
validate the simulation results. These results are
illustrated in Figs. (3 and 4); we can see that we have
a good agreement between the two results, either at
the level of the reflection coefficient or the input
impedance of the antenna.

4. Simulations of the tag on the human body

After simulating the antenna (without PVC card)
in free space, we adjusted the parameters of the lateral
arms of our antenna to make it work on the surfaces
of the human body (hand and arm chest), by taking
into account the effects caused by the proximity of
the human tissue, the absorption of electromagnetic
waves on the input impedance, the radiation pattern,
the gain and the reading distance.

The identification tag antenna is embedded on a
PVC (polyvinyl chloride) plastic substrate with a
dielectric constant (Er) of 2 and a loss tangent of
0.0013. The dimensions of the PVC card are 60 x 30
X 2 mmd, It is a miniaturized and sophisticated card,
easy to put in the pocket and wallet.

In this part, the identification card is positioned
close to and in the centre of a simplified reference
model of the human body in the form of a 400 mm
thick stratified cylinder [20]. The distance h between
the label and the human body model is set at h =5
mm, which is similar to the real conditions, as shown
in Fig. 5. The approximate model consists of a
stratified elliptical cylinder whose electromagnetic
parameters and electrical properties of the layers
(skin, fat, muscle and bone) such as dielectric
constant, loss tangent and conductivity around 867
MHz are presented in Table 4 [14, 20-22] and which
have been obtained from the analysis of the

0.00
-5.00 -]
] Name X Y
] HFSS 0.8662 -26.7578
'10‘00__ CST 0.8680 -29.2499
0 -15.00
© ]
-20.00
-25.00 $s
] ST
-30.00 . ! .
0.80 0.85 0.90 0.95 1.00
Freq [GHz]

Figure. 3 Return loss of the proposed tag antenna
designed in free space
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Figure. 5 Schematic perspective view of the proposed tag
antenna mounted on approximate human body model

Table 4. Physical parameters of the human body model

space
Resonant | Return Input
Simulator | frequency loss impedance
[MHZ] [dB] (€]
Z=234+
CST 866.2 -26.75 )
j193.52
Z2=224+
HFSS 868 -29.24
j192.7Q
250.00
200.00 -
] X Y
150.00 - 0.8680| 22.3471
& ] 0.8680 | 192.6151
s ]
100.00 b Curve Info
1 --- re(Z(1.1))
1 Setup1 : Sweep |
50.00 — im(Z(1.1)) |

Seitum : Sweeg‘,

0.00 -
0.

200 T ; : ; 7 — ; T

............................

160 1---- 19 (866.4,23.371)|
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T Real part

.......................................................

800 840 880 920 960 1000
Frequency / MHz

.................................................

go J.. Imaginary part
i .
800 840 880 920 960 1000
Frequency / MHz
(b)
Figure. 4 Simulated Input impedance of the proposed tag
antenna in: (@) HFSS and (b) CST

anatomical maps in [20]. All simulations are
performed using CST software, verified and
compared by HFSS.
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[14, 20-22]
Laver Relative Conductivity | Thin Man
y permittivity (Sim) (mm2)
Skin + Fat 14.42 0.24 335 x 168
Muscle 54.95 0.95 310 x 142
Bone 20.76 0.34 284 x 105
Organs 52 0.93 272 x84
‘] | — R=0
51 ~=- R=6.95
— R =13.9
-10 A -.= R =20.25

(939.3, -7.5741)
@, (868.27,-23.404)

-25 +—t—t—t+—+—t+—+—+—t
800 840 880 920 1000
Frequency /| MHz
Figure. 6 The simulated return loss of the proposed tag
antenna with different values of (R)

We conducted a parametric study to examine the
effect of the parameter on impedance matching
(reflection coefficient and input impedance) in order
to operate the antenna on the surface of the human
body. The key parameter that led to the working of
the antenna mounted on the surface of the human
body is the variation in the width "R" of the two large
side radiators.

Fig. 6 shows that the resonance frequency shifts
towards the low frequencies, when the length ’R’’ of
the two radiators (right and left) is increased at the
same time, while in the absence of these two radiators,
there is no impedance matching.
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Figure. 7 The Simulated input impedance of the proposed
tag antenna with different values of (R): (a) the real part
and (b) the imaginary part of the impedance
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Figure. 8 Return loss of the proposed tag antenna
mounted on human body

When the radiators are present with R = 13.9 mm,
the tag resonance frequency is 868 MHz. The
reflection coefficient is less than -22 dB, which
indicates that the impedance of the chip and tag
antenna provides a good impedance matching at the
frequency 868 MHz.

Fig. 7 shows that the real and imaginary parts of
the antenna input impedance increase when “’R”’
increases, in the absence of radiators (when R=0) the
antenna impedance increases to Z =0.76 +j142 Q at
868 MHz. When R = 13.9 mm, the antenna
impedance reaches the value Z = 23.6 + j191.9 Q,
which shows that our antenna is well adapted to the
Higgs-4 chip at the resonant frequency 868 MHz.
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Fig. 8 shows the reflection coefficient of the
proposed tag Antenna when it is mounted on the
human body, simulated on CST and verified by the
HFSS. After adjusting and optimizing the parameters
of our antenna to mount it on the human body. The
antenna has reached a reflection coefficient of about
-19.92 dB at frequency 870 MHz on HFSS, and -
23.56 dB at 868.2 MHz on CST, which shows that the
antenna is well adapted and can operate in human
body surface without any problems. The bandwidth
ranges from 865 to 870 MHz, which covers the
operating bands wused in Europe and Africa
(Morocco).

Fig. 9 presents the proposed tag antenna input
impedance against frequency obtained by CST and
HFSS. From the graphs, we can see that the input
impedance of antenna is equal to Zant = 23.9 +j192.3
Q at 868.2 MHz obtained in CST, which is almost
conjugated to the impedance of the chip Zch = 20.5 -
j191 Q. Concerning HFSS, we obtained an
impedance value of Zant = 15.18 + j184.9 at
frequency 870 MHz. we notice that we have a small
difference between the two results; this is due to the
mesh size of each simulator.

These results were obtained after a parametric
study carried out on certain parameters of the
adaptation circuit, in order to optimize the parameter
values.

We have deduced that some parameters of our
antenna affect the real part of the input impedance,
while some parameters affect the imaginary part or
both parts at the same time (as in the case of the width
“’R”* of the radiator). After this study, we optimized
the antenna to have a miniature size, good impedance
matching, good gain and long read range, when the
antenna is mounted on surfaces of the human body.
Table 5 summarizes the results obtained, the
reflection coefficient and input impedance of the
antenna when the tag antenna is mounted in human
body surfaces.

Fig. 10 shows the radiation patterns of the tag
antenna on the surface of the human body at the
resonant frequency of 867 MHz. We can see that
most of the energy radiated by the tag antenna is
absorbed into the human body because it is
conductive.

Fig. 11 shows the gain achieved by the proposed
antenna, simulated by CST and compared by HFSS.
The simulated results of our tag antenna are both
precise and satisfactory. As a result, the gain realized
when the tag is mounted on the human body reaches
a value of -1.85 dB on CST and -1.54 dB on HFSS at
867 MHz for the proposed antenna design.
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Figure. 9 Input impedance of the proposed tag antenna
mounted on human body in: (a) HFSS and (b) CST

Table 5. Simulation results on CST and HFSS (Tag
mounted on the human body)

Resonant | Return
) frequency loss Input
Simulator )
[MHz] [dB] impedance
Z=239+
CST 868.2 -23.56
j192.3Q
Z=1518+
HFSS 870 -19.92
j184.9 Q

After simulating the tag antenna, we made the
prototype of our antenna with the LPKF machine,
then we soldered our chip (Alien Higgs-4 SOT-323)
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with the antenna, in order to measure the reading
distance between the RFID-UHF reader and our tag.
The prototype of the manufactured tag antenna is
shown in Fig. 12-(a) and Fig. 12-(b) shows the view
of the antenna and placement of the Higgs-4 chip
using X-rays.

The read range is an important parameter in the
design of an RFID tag; it corresponds to the
maximum distance at which the tag receives the
minimum threshold power necessary to wake it up
and send a feedback signal, which means the
maximum distance at which the reader can detect this
response signal.

Radiation Pattemn 1 HFSSDesign1 &
Curve Info

= dB{RealzedGsinTotal)

Setupi @ LastAdaptive

Freq=0.857GHz" Phi='0deg’

=== dB(RealiizedGainTotal)_1

Imporied
Freq=0.857GHz" Phi="90deg’

20

HFSS

= Fr=867 MHz, Phi= 0°
=== Fr=867 MHz, Phi= 90°

CST 150 150

180

Figure. 10 Radiation pattern from the tag antenna
mounted on the human body

The read range of the tag can be calculated using
the Friis equation (Eq. (1)) [5]:

@)
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Figure. 11 Simulated 3D radiation pattern at 867 MHz for
the proposed antenna mounted on the human body

Where EIRPR is the effective power transmitted
by the reader (or EIRPr = P: X G, where P; is the
power transmitted by the reader, and G; is the gain of
the emitting antenna). P. is the sensitivity of the tag,
it is the minimum threshold power required to
activate the chip and to perform back-scattering
modulations, and Gt is the tag gain [23].

Using this formula, we can calculate the
maximum distance at which the reader can detect the
tag, with a minimum output power required for chip
activation of -18.5 dBm and an effective isotropic
radiated power (EIRPR) of the signal transmitted by
the reader is 3.24 Watt in Europe. The maximum
theoretical reading distance of the tag antenna placed
on the surface of the human body is 10.4 m.

In order to confirm the theoretical results, the
proposed antenna was placed on the hands and near
to the chest in an environment with no free space. As
shown in Fig. 13, the metal medium was maintained
in the measurement laboratory, creating a closed
environment. The reading range was measured using
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(b)
Figure. 12 (a) The prototype of the manufactured tag
antenna and (b) view of the antenna and the chip with X-
rays

the configuration shown in Fig. 13. We used a fixed
RFID-UHF reader (F5860-H) with 4 ports offering a
power of 30 dBm, manufactured by Shenzhen Sanray
Technology Co, Ltd. and connected to two circular
polarized transmitting antennas having a gain of 8
dBi, and operating in the FCC ISM (902-928 MHz)
and ETSI (865.6-867.6 MHz) bands. The measured
reading range is around 6 m. It is lower than the
theoretical reading range due to the manufacturing
and assembly error of the chip, as well as the type of
the measurement environment (presence of an X-ray
machine, metal surfaces). However, the read range
still meets the requirements of the worst-case
scenario. Therefore, this result may therefore vary
depending on environmental conditions.

Table 6 compares the total dimensions and
reading range of our tag with the results previously
published in the literature. Our design offers a small
size in terms of volume and a large reading range
even when it is mounted on the surface of the human
body.
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Table 6. Comparison of tag size and measuring range 5. Conclusion
Read range .
Dimensions (tag on the A new antenna for RFID tags in the UHF band
Tags 3 i i
[mm?] p human has been proposed in this paper. The proposed
ower body) antenna can be applied to the surfaces of the human
Tag 1: body. The tag is composed of a radiation element
[24] 80x50x02 | 3.2W 46m made up of meander lines, an inverted T-matching
network and side arms. The proposed RFID antenna
Tag 2: has a small size 46 x 20 x 0.8 mm® miniaturized by
Ix40x40x2 | 3.28W 4 . . .
[16] A m 91% compared to the theoretical dimensions. The
simulation results show that the proposed antenna can
Tag 3:
72 %30 % 0.8 4W 5m operate correctly on the surfaces of the human body
[17] with a good impedance matching. The advantages of
Proposed our contribution include a simple and miniature
46x20x0.8 | 3.28W 6m structure, an optimal reading distance and an easy
tag adaptation of the resonance frequency and impedance

by adjusting the antenna parameters. The reading
range is about 6 m when the tag is positioned on the
chest or held in the hand. Finally, our proposed tag
will be integrated into the PVVC card and can be used
on identification cards for various applications.
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