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Low SAR Dual-Band Circularly Polarized Wearable RFID Antenna
Using F'SS Reflector with Reduced EMI

Shivani Sharma®> *, Malay R. Tripathy!, and Ajay K. Sharma?

Abstract—A circularly polarized dual band wearable antenna using a frequency selective surface backed
reflector for radio frequency identification reader resonating at global ultra-high frequency band (860
960 MHz) and ISM band (2.4 GHz) is proposed in this work. For circular polarization, the corner
is truncated at the opposite end of a square patch with periodic slots over the patch for getting an
orthogonal electric field in both the X and Y axis directions. Another truncated inner square slot
patch miniaturizes the antenna further for stable frequency response. Finally, the periodic frequency
selective surface-based reflector is used for gain enhancement and crosstalk reduction. The simulated
and measured results for antenna over human body are plotted against the required bandwidth. The
return loss and maximum radiated gains of —31dB and 8.30dB are achieved at a resonating frequency
of 2.4 GHz with the reading range and Specific Absorption Rate (SAR) of 6.98m and 0.77 watt/kg,
respectively. At 865 MHz, the return loss and maximum radiated gain are —23 dB and 5.31 dB with the
reading range and SAR of 5.21 m and 0.65 watt/kg, respectively. The proposed Ultra-High Frequency
(UHF) RFID antenna is circularly polarized with the axial ratio bandwidth less than 3dB with
approximately 15% (860-965 MHz and 2.4-2.45 GHz) range. The designed wearable antenna provides
better isolation when FSS is incorporated while enhancing the gain for longer read range. The FSS
reflector below the antenna reduces the SAR for on-body wearable applications. This RFID antenna
can be used efficiently for WBAN applications as a portable RFID reader wearable antenna for remote
sensing and real time monitoring.

1. INTRODUCTION

The Radio Frequency Identification (RFID) technology in recent years is being effectively utilized in
Wireless Body Area Network (WBAN) for various wireless real time monitoring applications [1-3].
Generally, RFID antenna resonates at low frequency (125-134 kHz), high frequency (13.56 MHz), global
ultra-high frequency (860-960 MHz), and microwave range at ISM 2 and 5 GHz bands. The RFID system
always consists of a functioning RFID tag, commonly known as a transponder and an RFID reader,
commonly known as an Interrogator. The operating principle of any RFID system is concentrated
on the transmission of electromagnetic (EM) waves from the RFID reader received by the tag. Then
again, the data collected by the RFID tag is transmitted back to the RFID reader in the form of EM
waves. The data interpreter or the middleware is generally developed within the RFID reader but
can be connected externally if required. RFID system is further categorized according to the required
range of frequency as per international standards. The RFID standards can be classified based on
Industry specified standards to regulate the RFID operation in industries or National regulations set by
specific country to regulate its local RFID system or Regional standards to regulate the RFID system
within that particular region or Global standard set by international bodies for regulating the RFID
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operations over the entire world. Global organizations that define international standards include the
International Standards Organization (ISO), the International Electrotechnical Commission (IEC), EPC
global (GS1), and the Joint Technical Committee (JTC1). A few regional organizations such as Federal
Communication Commission (FCC), the European Telecommunications Standards Institute (ETSI),
and Spectrum Compliance Asia also regulate the RFID standards [4].

Therefore, the focus area of most of the researchers is to effectively extract the original data from
reader via tag. To accurately achieve this, a hindrance free communication link between the reader and
the tag is required so that the transmitted data is as accurate as possible when being received. Hence,
effective measures and optimization techniques can be implemented in RFID antenna, since RFID
antenna is the ultimate component in the RFID system which creates the transmission link between
the reader and the tag. If the RFID reader is known as the brains of the RFID system, then RFID
antennas are considered as the arms of the RFID system since they are responsible for transmitting
and receiving the Radio Frequency (RF) waves to and from the tags through the reader [5]. The global
Ultra-High Frequency (UHF) band is regulated by GS1 standards for their effective operations. Most
of the cases requires the use of passive UHF antenna for RFID applications in WBAN;, since the high
frequency of active tags and battery weight can cause unwanted adverse effects on human body [6, 7].
Also, for the mass deployment of RFID system in WBAN and cost effectiveness, a passive UHF RFID
system is preferred for WBAN applications. The design obligations for the wearable antenna by Federal
Communication Commission (FCC) is distinctive compared to traditional antennas for Body Centric
Communication (BCC) [8]. The work on reconfigurability structure is recently explored by various
researchers [9-15], which uses low-capacitance, low-power consumption diodes to digitally control the
modification of the radiation pattern making it reconfigurable, but due to active components the antenna
structure may not be practically effective when being used in WBAN. Similar to this work, Haydhah et
al. [16] presented a reconfigurable antenna using P-I-N diode with two modes to switch with the total
radiated gain of 1.6dB. Numerous issues can be raised due to on-body RF coupling effecting the
performance of wearable devices [17]. The EM radiation has a damaging impact on the human tissues;
therefore, radiation level must adhere to the Specific Absorption Rate (SAR) level [18]. The resonance
frequency of the designed antenna also gets affected by the human on-body losses. After considering all
the challenges that can affect the wearable antenna performance in a complex environment, the wearable
substrate material must be carefully chosen [19,20]. The substrate material used for wearable antennas
must be high heat resistant, highly absorptive, and flexible. The physical constraints include some
other requirements such as low SAR level, miniaturized structure, compactness, flexibility, low power
dissipation, high bending capabilities, low loss tangent, and low dielectric value [21,22]. The RFID
communication link operates for unique frequencies, and accordingly, the SAR and Effective Isotropic
Radiated Power (EIRP) standards/limits are standardized by several countries.

The RFID system implication in WBAN is a critical area of research for wireless sensing network,
and advancements in the technology can lead to a variety of future applications. This work is based
on the design, simulation, fabrication, and testing of the passive Circularly Polarized (CP) dual-band
wearable antenna using frequency selective surface (FSS) reflector for portable RFID reader which can
be used for global RFID range (860-960 MHz) and 2.4 GHz with enhanced gain and augmented read
range. The CP reader antenna is essential for better omnidirectional scanning of the tags without the
alignment of the reader at any particular angle [23,24]. The CP RFID antenna has reduced multipath
effect, which can avoid misread of data transmitted or complete loss of the transmitted data due to
path loss since it is transmitting in all planes [25]. It is achieved by a traditional truncating method
of square patch, but in this design, the periodic slotting on the patch is also done for maintaining the
polarization throughout. Further, the F'SS is used as a reflector to enhance the gain and directivity of
the proposed RFID antenna without changing the structure itself. This antenna structure is fabricated
on a wearable material for making it a portable reader antenna for WBAN healthcare applications [refer
Figure 1]. This work is focused on the enhancement of gain and directivity of the portable RFID reader
with directional transmission with reduced EMI using FSS as a reflector.

The use of FSS here in RFID system overcomes the major challenges faced by the RFID system in
WBAN [26-29]. Also, miniaturizing the antenna slotting is done in ground as well as on the conducting
patch. The FSS-backed ground offers gain enhancement, frequency filtering, better directivity, reduced
Electro-Magnetic Interference (EMI), and better-read range for passive RFID reader. The use of a low-
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Figure 1. Key challenges and applications of UHF RFID system in WBAN for real-time wireless
communication.

loss flexible substrate material for fabrication makes it efficient to be easily implemented for wearable
portable WBAN applications. This paper is organized as follows. Section 1 discusses the importance
of the research area in the form of literature review. Section 2 discusses the designing and geometrical
modelling of the proposed antenna structure. Section 3 is focused on analytical modelling of the proposed
antenna. Section 4 discusses the simulated results along with the validation of experimental results.
Section 5 gives the conclusion and future implications of the presented research work.

2. DESIGN METHODOLOGY OF PROPOSED UHF RFID ANTENNA

In the proposed antenna design, a low dielectric constant polymer-based flexible substrate material
Teflon/Polytetrafluoroethylene (PTFE) with 0.5mm of thickness is used for the fabrication with
dimension S, and S,. The designed antenna resonates at UHF global band (860-960 MHz) for WBAN
applications resonating at 865 MHz. The permittivity (e,) is 2.2, and loss tangent (tan d) value is 0.002
which is required for low frequency wearable applications. The iteration procedure of the conducting
copper patch is given in Figure 2. The methodological steps for the antenna’s evolution process are

(@) (b)

Figure 2. (a) Defective Ground structure. (b) Iteration 1. (c) Iteration 2. (d) Iteration 3 with Final
antenna geometry with geometrical description.
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given below with the advantages, and each stage offers:
Step 1(Iteration 1): Initially, the square patch is etched over the substrate as a radiating element

[Figure 2(b)]. The dimension of conducting patch is specified as P, (width) and P, (length) given in
Table 1. To achieve circular polarization, the truncated corner slotting is employed with slant height
(c) of 21.2mm and equal sides of 15.5mm. This is the simplest technique out of available techniques,
which gives unform electric field orthogonal to both the X axis and Y axis.

Step 2(Iteration 2): Then, smaller triangular slots at each corner of the square patch are introduced

inside the patch [refer Figure 2(c)]. The dimension of inner triangular patch is mentioned in Table 1 as
side (A), another side (B), and slant height (C').
Step 3(Iteration 3): Now, the flower-shaped slot with radius R is etched over the truncated loop

patch which improves the uniformity of generated current over the patch at every point [Figure 2(d)].
All the petals of the flower-shaped design are equal with length and width denoted as F, and Fp [refer
Table 1]. The finalized geometry of the proposed RFID antenna is given in Figure 2(d) with ground
plane dimension of G, and G,. The lowest resonant frequency for dominant mode (1, 0) for square
patch is used to find geometrical parameters of antenna where L is the length of the antenna, ¢ the
speed of light, and e,.g the effective dielectric constant using following equations [30].

c

f1,0 = m _ (1)

(IF (w/h) < 1) erg = Tt 4 & 1 — +0.04(1- () @)
1412 (w)

(If (w/h) > 1) epg = ”;1 + €r2_1 ! - (3)

where w is the width of the patch, also denoted as Py; L is the length of the patch, also denoted as
Px; and h is the height/thickness of the substrate, also denoted as ¢.

The iterative process of different stages of patch structures are processed and analyzed in terms of
reflection coefficient v /s frequency response for required bandwidth (refer Figure 3). The microstrip feed
of \/2 is given to excite the antenna with the dimensional length 4.7 mm and 13 mm using lumped port
excitation. Defective Ground Structure (DGS) is used for dual band transmission using two rectangular
slots G and Gy with dimension 10mm by 60 mm in X and Y directions, respectively. The values of
geometric parameters of designed antenna are calculated using the microstrip transmission line theory
and Babinet’s principle which are presented in Table 1.

Table 1. Geometrical description: proposed flexible passive UHF RFID antenna.

Parameters Measured value (mm)
Px, Py 65 * 65
A B, C 17.5 % 17.5 % 24.7
Tr 21.2
Fr, Fp 22.8%19.5
Sp 5
GSx’ GSyu Gd 10 %60 * 5
Sx(Gx), Sx(Gy) 100 * 100

D 9.5
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Figure 3. Reflection coefficient of all the iterative structures.

2.1. Proposed Novel Frequency Selective Surface’s Configuration

Lastly, the novel frequency selective surface-backed reflector having periodic slots is placed which
improves the overall directivity and gain of the proposed antenna. It also helps to reduce the EMI due
to the presence of multiple tags. The basic principle for F'SS spectral domain analysis can be explained
using Floquet’s port principle which states that when an incident wave illuminates an infinite, periodic,
planar sheet, each unit cell on an array of periodic structure must generate equal current and electric
field. The in-band waves are transmitted in phase with that of incident wave, and out-band waves are
reflected back using the FSS reflector as ground plane and can be seen in Figure 4 where A is the highest

resonating frequency, i.e., 2.4 GHz.

Antenna

T'SS
—_
Reflector,

M4

“«-->

Figure 4. Proposed RFID antenna arrangement with FSS reflector.

The geometrical parameters of F'SS unit cells are calculated using the theory of Floquet’s port [31].
The unit cell of the proposed novel FSS periodic structure with 8 by 8 array with dimensions 150 mm
by 150 mm having D equal to 3.6 mm is finally etched over the wearable substrate to get desired stable
frequency response [refer Figure 5(a)]. The proposed RFID antenna arrangement with FSS backed
ground sheet as a reflector is shown in Figures 5(b) and (c). The substrate is sandwiched between the
reflective F'SS array patch and the conductive patch. The dimension of proposed FSS sheet and unit
cell is given in Table 2 with all the calculated parameters.

The important parameters for designing the novel FSS unit cell are overall array length, unit cell
length, and inter-spacing element which can be calculated using given equations [31]:

Overall array length (a) ~ A\1/3 ()
A A
Length of the unit cell (Sg); %SSL < 1—; (5)

Inter-element spacing (D)<0.5\f, (6)
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(a) (b)

Figure 5. (a) Unit cell of proposed flexible FSS reflector sheet. (b) 8 by 8 array of FSS reflector. (c)
Proposed flexible RFID antenna with FSS reflector.

Table 2. Geometrical description: proposed flexible FSS sheet and unit cell.

Parameters Measured value (mm)

S 12.1
Ss 7.7
Ss 48
R 3.5
R, 5.9

On-set grating condition depends on the incident wave angle which if occurring can lead to out of phase
transmission of higher order Floquet’s waves in space. Considering guided wavelength of overall F'SS
array, the inter-element spacing (D) is given below [31]:
Ag X
D= —"“2"— g n ;  Where )\g=i (7)
(sinn + sinng) fg

Ag is the guided wavelength, ¢ the speed of light, and n the number of elements. Considering the case
where the incident wave is perpendicular, i.e., 7y = 90°, the inter-element spacing becomes:

D= 9Xn (8)
(sinn+1)

To study the reflector behavior of FSS-sheet, two major parameters need to be studied, i.e., effective
permeability () and permittivity (¢) are derived from reflection coefficient against the resonant
frequency. The reflection coefficient and transmission coefficient can be plotted for incident waves at
90° to study magnetic and electrical properties of FSS sheet. Using Thevenin’s circuit modelling along
with time dependence of jwt, the magnetic susceptibility (x.,) and electrical susceptibility (x.) for a
lossless loop or dipole can be calculated. The value of relative negative permittivity and permeability
at resonant frequencies can be calculated in terms of susceptibility as follows:

€

&r = —= 14Xe (9)
€o
_ K
fr = —=14xm (10)
Mo

Therefore, it can be concluded that the frequency selective surface has reflective behavior only when its
permittivity becomes negative at reflection frequencies [32]. The effective permittivity and permeability
in terms of S parameters are plotted against the resonant frequencies and given below in Figure 6 and
Figure 7.
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Figure 6. Real and imaginary part of permittivity ().
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Figure 7. Real and imaginary part of permeability (u).

3. ANALYTICAL MODELLING OF THE PROPOSED RFID ANTENNA

23

In this section, the performance of the proposed wearable RFID antenna is analyzed and examined on
the basis of various characteristic properties by means of Equivalent Circuit Modelling (ECM), Specific
Absorption Rate (SAR) analysis, bending analysis and power analysis.

3.1. Equivalent Circuit Modelling of Proposed Antenna

The topology of overall equivalent circuit model of the proposed wearable UHF RFID antenna resonance
model is shown in Figure 8, where Z,,, is the total impedance due to four triangular slots on the patch,
Zpr, the impedance due to center flowered slot, Zp the overall impedance of the microstrip patch, and
Zr the impedance of the microstrip feed line. At lower frequencies, capacitance dominates the overall
effect on the input impedance of the antenna, and at higher frequencies, inductance dominates. The
equivalent impedances for both the cases are given below:

Zeq (fL) =

1
27TfC 0,0

Zeq (fi) = 2mfCo

(11)
(12)
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Figure 8. Resonance circuit for proposed antenna.

where Cp is the overall capacitance at lower frequencies, and L is the overall inductance at higher
frequencies. The overall resonance network is represented by adding the RLC model of FSS reflector in
parallel with that of antenna with feedline. The impedance of the antenna patch is given by:

1
Zy = 1 . 1 (13)
m%—ij—l-ﬁ
1 1 1 1 1
7 = 14
ps Zp+231+ZSQ+ng+ZS4 (14)
1
Lant = 7p+ZFL+ZPs+ZF (15)

Further, the resonance model of proposed antenna is represented based on R,LC network in Figure 9
where L1, Lo, Lg, Ly and Cy, Cs, C3, Cy are the inductors and capacitors of slotted triangles respectively
in series. The center flowered slot or petals are represented by Lpy, Lo, Lrs, Lrpsy and Cry, Cpro, Crs,
Cry4 in parallel resonance which are in parallel with the capacitor of center bud slot C.. The square
microstrip patch has resonance, i.e., L,, Rp, and Cp, which is in shunt with the series resonance of
microstrip feedline with Ly, Ryr, Chs as inductor, resistor, and capacitor, respectively.

Ru Lu Cu

= MM~ | >
fr*m_'l

Li 2% Lar La Cm"[ {Lp|Cr= [ Lmp

o

Ce ) -
—Lﬁ J‘ Le C Cp RP§

Ci|C|Cs|Cy C}"JBLFJ_CFAE L
w1 TTT

Figure 9. ECM of proposed UHF RFID antenna.
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The ECM for the proposed RFID antenna with FSS reflector is based on the transmission line
theory using parallel resonance condition by calculating Si; parameter and is given in Figure 10.
Overall inductance and capacitance can be modified by modifying gap between the unit cells’ inter-
element spacing (D), overall length of the array (a), and thickness (¢) of the metallic layer. The overall
inductance of unit cell and FSS array is given in following equations:

t
Cg =~ ereo (a; ) (16)

where ¢, = 8.85 x 10712 f/m, t = thickness of the metallic patch, and a is the overall length of the FSS
reflector array

Csm e, Xt (17)
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AR

Figure 10. ECM of proposed UHF RFID antenna unit cell (Ls =, Ly = C's =Cr).

Therefore, the total Cr can be calculated using given equation:

D
Cra epey X tM (18)
D
Now, the series inductance of unit cell and total array inductance is given by:

2 1
Ls~2a|log 2+ (19)

t 2

L 2 1

Lt = ?S Therefore, L = % [log Ta + 2} (20)

3.2. Floquet’s Port Analysis

The analysis of proposed FSS reflector is performed using Floquet’s port analysis, and the reflection
coefficient is plotted against the required range of frequencies in Figure 11. The port excitation is given
on the top and bottom faces of the waveguide. For unit cell analysis as an infinite plane the length of
the waveguide should be greater than A/4, and 2 pairs of master slave boundaries are given on each side
face of the Floquet’s port to eliminate higher order modes.

Air Box / Floquet’s port 1

—

PEC @

Unit cell —»
/ Floquet’s port 2

Figure 11. Floquet’s port analysis of proposed FSS unit cell.

The transmission and reflection coefficient for proposed FSS unit cell is given in Figure 12 showing
the transmitting response for required resonating frequency and reflecting response for unrequired
frequency range in UHF band.

The final optimum distance between the FSS reflector and the proposed antenna is analyzed and
shown in Figure 13. It is noticeable that the return loss is better at 2.4 GHz when FSS reflector is
placed at a distance of 30 mm keeping the /4 distance at highest resonating frequency from radiating
antenna maintained using a foam spacer.
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Figure 12. Transmission (S11) and Reflection coefficient (S21) of FSS unit cell.
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Figure 13. Plot for optimum distance between the antenna and FSS reflector.

3.3. SAR Analysis

The designed wearable antenna can be detuned owing to the absorption of large amount of radiated
power by human body, and thus gain of the antenna is mostly reduced. The value of constant (&),
conductivity (o), mass density (D), and thickness (¢) must be considered before designing the antenna
for wireless wearable communication in WBAN shown in Figure 14 in which all four layers, i.e., skin,
fat, muscle, and bone are represented with different characteristics.

Skin w Fat @ Muscle Bone
0 =1.49 o =0.11 o =1.77 o =0.82
er=41.32 er=52 er=152.67 er=18.49
D =1001 D =900 D = 1006 D =1008

t=2 t=5 t=20 t=13

Figure 14. Human tissue layer’s properties for SAR analysis.
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To keep the antenna within the safer limit, the Federal Communication Commission (FCC) has set
some specific SAR value of < 1.6 Watt/kg over 1g of tissue which is usually measured over 1 gram or
10 grams of tissue weight and is given in the following equation [33]:

SAR = %Efms = %/%}i;’”)‘?dr (21)

where V' is the volume of the sample, E the mean RMS value of the electric field (V/m), o the
conductivity (S/m), and p the density of the tissue (kg/m?). The IEEE’s standard for SAR is equivalent
to 2 watts/kg over 10 g of tissue according to section C95.1-2005 [33]. This value is also recognized by
the International Commission on Non-Ionizing Radiation Protection (ICNIRP). The amount of EM
radiations absorbed may lead to a change in temperature of tissue and is given by:

SAR(AT) = C(AT) (22)
where (AT') is the duration of exposure, and C' is the discharged heat. To validate the effect of FSS

reflector sheet the SAR values are plotted for both the cases, i.e., one with antenna only and the other
with FSS reflector in Figures 15(a) and (b).
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Figure 15. SAR value evaluation for 1 gm of human tissue at 2.4 GHz. (a) Antenna. (b) Antenna with
F'SS reflector.

It can be seen that the SAR field is within the safety limit, and surface charge is also negligible.
In comparison, it is clearly evident that F'SS as a reflector reduces the average SAR value. Also, FSS
reflector helps the antenna to maintain the stable response for required range while reflecting back the
harmful surface wave from the body in the direction of transmission.
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4. SIMULATED AND EXPERIMENTAL RESULTS OF PROPOSED FSS BACKED
ANTENNA STRUCTURE

4.1. Return Loss for Impedance Matching

For matching the input impedance characteristics of the antenna, the reflection coefficient Sy; (dB) is
plotted against resonant frequencies in Figure 16.

[RETURN LOSS]
0
~ N\
. W

-15

dB(s(1,1))

0.8 1.3 1.8 2.3 2.8 3.3 3.8
Freq [GHz]

Figure 16. Reflection coefficient of UHF RFID antenna with FSS reflector.

4.2. Radiated Gain and Pattern

The measured value of gain at lowest frequency as well as higher frequency is incremented using FSS
reflector. The back radiation is also reduced due to FSS reflector. The 3D radiation graph against
frequency is plotted and is shown in Figure 17. The radiation patterns at different values of ¢, i.e., 0°,
90°, 180°, 360°, keeping 6 constant are shown in Figure 18.

4.3. Current Distribution

The electric field and magnetic field are shown in Figure 19 given below with constant electric and
magnetic fields obtained to maintain the uniform surface current on the antenna’s patch.

However, the electric field has a higher value in V/m than the magnetic field A/m in both cases
because of the patch type radiating element. It is evident in given figure that F and H fields are equally
distributed from center slot to the edges.

4.4. Axial Ratio

The axial ratio (AR) is an essential factor to be considered while any circularly polarized antenna is
designed, and it must be lower than 3dB (refer Figure 20). The AR is the ratio of the major axis
(largest axis) to the minor (the smaller axis), and it is given in the following equation [34].
AR = Lw
By
where E, and E, are two orthogonal complex values of field components in the X direction and Y
direction. If one of the components out of them is zero, the polarized field becomes linear. If none of
them is zero, we can compute the circularly polarized field. If AR is perfectly equal to 1, the antenna
is circularly polarized or else tilted, and the tilt angle for elliptical polarization is calculated using the
given equation:

<1 (23)

LEx
=9 24
ZEy (24)
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Figure 17. 3D gain plot. (a) Proposed antenna at 865MHz. (b) Proposed antenna at 2.4 GHz.
(c) Proposed antenna with FSS Reflector at 865 MHz. (d) Proposed antenna with FSS Reflector at
2.4 GHz.

where 7 is the tilt angle and E, = E,cosT— Eysint; By, = E,sinT + E, cosT.

The proposed antenna structure is fabricated, and the experimental results are measured using
Vector Network Analyzer (VNA). The fabricated FSS & antenna are given in Figures 21(a), (b), (c).
The fabricated antenna is placed above the FSS reflector sheet using foam spacer for the final proposed
structure, and parameters are given in Table 3.

Table 3. Result of proposed RFID antenna.

Max. SAR
Return Max.
Read (watts/kg)
Frequency Loss Gain
range for 10 gm
(dB) (dB) .
of tissue
ANTENNA 865 MHz —19 4.66 2.49 2.43
ANTENNA 2.4 GHz —27 6.07 3.97 2.77
ANTENNA+ FSS REFLECTOR 865 MHz —23 5.31 5.21 0.65
ANTENNA + FSS REFLECTOR 2.4 GHz -31 8.30 6.98 0.77

The simulated results are validated by experimental results which shows a good agreement between
simulated and measured values (refer Figure 22). The fabricated antenna is tested, and measured results
are later compared with simulated result for better analysis. The measured read range is 6.52 m with the
measured gain of 7.98 dB. The presented work is justified in Table 4, which comprises a brief comparison
between this research work and available research work in same applicable field.
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Figure 18. Radiation pattern for ¢ = 0°, 90° and 180° with constant #, (a) proposed antenna at
865MHz, (b) proposed antenna at 2.4 GHz, (c) proposed antenna with FSS reflector at 865 MHz,
(d) proposed antenna with FSS reflector at 2.4 GHz.

E Field [¥/m] H Field [A/m]

7. SBEE+EE3 7. 1882E+@81
7.BE43E+E83 6. 7AOSE+EE1
6. 559G6E+B@3 6. 2369E+081
6. B55ZE+803 5. 7522E+8E81
5. 5CE7E+BB3 5. Z735E+B@1
5. B4E1E+BB3 4, 794GE+EEL
4. SH1GE+BE 3 4, J1G2E+EE1
4, B378E+E03 3. 8375E+0E1
3. 5325E+883 3. 3588E+EB1
3. 8279E+883 2. 0E81E+E81
2, 5234%E+BB3 2. 4@15E+E81
2, B185E+883 1.9228E+881
1. 5143E+883 1. 4441E+EE1
1. 8897E+883 9. G544 E+EEE
5, A519E+@A2 4, G67GE+BEE
6. 3731E-BE1 5. B850E-BB2

(b)

Figure 19. (a) Electric field distribution. (b) Magnetic field distribution at 2.4 GHz.
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Figure 20. Axial ratio (AR) for all theta vales at § = 0° and ¢ = 0° at § = 90° and ¢ = 90°.

(b) (c)

Figure 21. (a) Fabricated antenna. (b) Fabricated FSS reflector. (c) Fabricated antenna with FSS
reflector.

Table 4. Comparison of previous work with this proposed research work.

Return Max. Read 3dB Max.
Ref. No. Substrate Frequency Dimension  Loss Gain range Axial SAR
(dB) (dB) (m) Ratio (%) (watts/kg)

[35] FR4 915MHz, 2.45GHz 210210 30 —23 6.25 N.A. 5.25 N.A.
[36] Jeans 2.4GHz 60 * 60 * 2.4 —45 6.55 N.A. 8.3 0.05
[37] Polyimide 2.4 and 5.8 GHz T2%72%5 —25 —4.1 N.A. 9.2 0.7
[38] FR4 915, 2.4 85 %85 * 1.6 —30 2.2 1.53 10 N.A.
[839] Conductive yarn 866 MHz 71 % 65 —20 -2.6 4.6 5 3.6
[40] EPDM 915 MHz 243 % 263 x 4 —25 -5.5 2 N.A. 0.9
This Teflon 865 MHz, 2.4GHz 150* 15010  —31 8.30 7 15 0.77

work
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Figure 22. Simulated result v/s measured result analysis.

5. CONCLUSION

A compact circularly polarized polymer-based flexible wearable UHF RFID antenna with an FSS
reflector has been designed, analyzed, and fabricated for portable RFID reader which resonates at
global UHF band (860-960 MHz) and 2.4 GHz. The periodic frequency selective surface-based reflector
is used for gain enhancement, better directivity, reduction of EMI, and stable frequency response
throughout the required bandwidth. The proposed RFID antenna is circularly polarized with measured
axial ratio bandwidth less than 3dB. The designed wearable antenna provides better isolation to the
electromagnetic interference, avoiding misread of tags, and gain enhancement for longer read range. The
flexible frequency selective sheet at the back of the antenna provides better isolation between the body
and the patch resulting in lower SAR for on-body wearable applications to meet the safety limit. This
RFID antenna can be used efficiently for WBAN applications as a wearable RFID reader for remote
sensing and real time monitoring in healthcare.
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