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There is a high demand for Radio Frequency Identification (RFID) antennas to be installed in high tem-
perature environments. For these applications, new material combinations are being pursued to deal with
heat dissipation and faster heat transfer, without compromise in antenna performance. These materials
should perform accurately in withstanding volatile environments. In this manuscript, an RFID antenna for
900 MHz frequency has been proposed and prepared on a 1.35 mm thick CAD 100 copper sheet, which is a
heat sink material. The antenna is intended to identify processed and partly processed products during fab-
rication in manufacturing industries. Variations in input impedance were observed on increasing the testing
temperatures. It was found that the read range of the antenna decreased at higher temperatures. At working
environment of 130 °C-150 °C, a fractal structured RFID antenna using CAD 110 copper material could be
detected at around 40 cm distance. This better read range helps in identification at a safe distance, which
prevents injury and hazard to workers operating near it.
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1. INTRODUCTION

In recent times, Radio Frequency Identification
(RFID) technology is being used in manufacturing in-
dustries, power plants, oil and gas industries for identi-
fication (Srivastava, 2004). High frequency RFID sys-
tems are being used in animal tracking (Catarinucci et
al., 2014), vehicle management (Hannan et al., 2011),
and partly processed products tracking in fabrication in-
dustries. Miniaturized antennas have become essential
for wireless and radar communication (Merli et al.,
2011). Depending on the structure and design of an an-
tenna, its operation differs. The fractal structure con-
tributes to size reduction and multi-band operation.
Metals and metallic components and products with dif-
ferent shapes and sizes are being used in high tempera-
ture thermal power generation industries and heavy
manufacturing industries. They should be uniquely la-
beled for identification. The labeled products should be
under supervision and on-line inspection throughout its
manufacturing process. Part processes such as filing,
drilling, welding, hammering, sliding cause an increase
in the surface temperature of the products (Kim, 2014
and Yang et al., 2015). For this purpose, metal attacha-
ble small sized RFID identifiers are being preferred.
RFID antenna components are being operated at differ-
ent frequencies to meet the various demands and execu-
tion levels (Yagi et al., 2005). Physical dimensions of the
antenna and resonating frequency are some of the im-
portant aspects, which should be considered while de-
signing RFID antennas. The material from which the
antenna is made also determines its operation, accuracy
and read range. Generally, RFID antennas are devel-
oped as an inverted F-shaped antenna (Panda and
Kshetrimayum, 2010), a planar inverted antenna
(Hirvonen et al., 2004) and a patch structured antenna
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(Holub and Polivka, 2008). A lot of investigations have
been conducted using RFID antennas.

A micro-strip patch antenna for 5G-based vehicle ob-
tained an overall gain in the operating band with a most
directive and effective range of operation (Rahim et al.,
2020). Another study discusses the fractal structures in
Euclidean space by applying iterated function system
(IFS) in patch antennas. The impacts of fractal struc-
tures were analyzed on MIMO antennas and the ascend-
ancy fractal structures were also discussed through
cross-referencing the important parameters of the an-
tenna (Ezhumalai et al., 2021). An ultra-wide band mon-
opole antenna using compact hexagonal-square shaped
fractal geometry provides 146 % bandwidth, extending
from 2.1-13.5 GHz with a — 25 dB return loss (Kumar et
al., 2021). Even though much research has been done on
RFID antennas, operation and efficiency of antennas in
high temperature environments has not been evaluated.

In this investigation, an attempt has been made to
develop an RFID reader antenna in the fractal structure
using CAD110 copper heat sink material and investi-
gate its performance at high temperature environments.

2. MATERIALS AND METHODS

A fractal structured RFID antenna has been devel-
oped on a 1.35 mm thick CAD 110 copper sheet (& = 8.85
and tand = 0.0003). The antenna feed was a coplanar
waveguide. The overall size of the antenna was designed
as 80 mm length and 60 mm breadth. For better antenna
performance, two equilateral triangular patches were
modeled and designed. The first fractal triangle was
made with an apex angle of 32° (25.4 mm length) and
the second was made with 34° (20.8 mm length). CST
Microwave Studio commercial software was utilized to
simulate the fractal geometry reader antenna.
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The antenna was accommodated in a stainless-steel
metal box of 120 mm length, 120 mm breadth and 5 mm
thickness. This box was attributed to be an appropriate
cavity size in fabricated products in the production line.
The size of the cavity was intended to be small so as to
be accommodated in products with complicated sizes.
The size of the antenna should not be very small as the
size of the antenna determines its radiation efficiency
and read range.

In all experiments, the gap between the lateral walls
of the cavity box and antenna edges was maintained.
This gap was maintained to prevent short circuit be-
tween RFID antenna connections. The RFID antenna
was powered by a 50 SMA connector. On either side of
the coplanar waveguide (CPW) feed line, finite symmet-
rical ground plates were installed. The dual band fea-
ture was attained by combining triangular and rectan-
gular ground. The magnitude of CPW feed line deter-
mines the upper resonance mode. The radiating patch
causes a reduction in resonances. The bandwidth of the
antenna can be optimized by varying the width of the
triangles, width of the strips, the gap between the strips,
and the width of the ground planes. The radiation pat-
terns were developed.

The antenna was optimized to match the input im-
pedance of commercial RFID antenna chips (Make — Hi-
tachi, Standard — ITU-R SM.329). According to equiva-
lent circuits developed by Adrion et al., 2020, the nomi-
nal chip impedance was identified. Input impedance of
the proposed antenna at the two different operating fre-
quencies was simulated and the return loss was identi-
fied. At room temperature, the nominal input impedance
was Zic = 19.87 — j188.3 'Q. The input impedance of the
antenna was optimized to be nearer to the chip input
impedance.

The re-crystallization temperature of Cu is approxi-
mately 320 °C. Whereas Al reference antenna has a
lower re-crystallization temperature of 195 °C. Hence,
experiments were conducted within the range of 150 to
200 °C. The read range was calculated from the follow-
ing equation:

T
\/PEIR X Dantenna X Nantenna P . (1)
Sen

Read —

range 2

In the above equation, c is the velocity of light; Pizr
is the equivalent isotopic power of the detection equip-
ment; Dantenna 1s the directivity of the antenna; rantenna is
the radiation efficiency of the antenna; 7 is the power
transmission coefficient; Psen is the sensitivity of the chip
at — 18 dBM. Power transmission coefficient is shown in
the following equation:

=4 Rchip X R tonna @)
Zeip t L antenna
In the above equation,
Zantenna = Bantenna + T XantennaZantenna 3)
Zihip = ZLenip + T XenipLochip - 4)

Using Vector Network Analyzer measuring equip-
ment, the input impedance in the chip was identified.
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This equipment was indigenously developed. According
to the procedure developed by Ria et al. in 2020, imped-
ance evaluation was conducted. Using a calibrated heat-
ing equipment (resolution of 5 °C), the temperature was
increased. Using a temperature transducer (RTD Apoge
Instruments), the temperature of the antenna assembly
was identified. The RTD was connected to a decoder and
then the readings were transferred to a computer via an
analog/digital control interface. Using software control,
a digital-to-analog converter was made to induce a po-
tential difference on a non-inverting input. Using the
analog-to-digital converter, the drop voltage across Rsense
(100 'Q) was sent to the computer. After evaluating the
variations at the input, the temperature was calculated.
Using this setup, the input impedance in the chip was
evaluated as a function of frequency (900 MHz) for dif-
ferent temperature values.

The effect of variations in temperature in the read
range was identified by placing a commercial RFID
reader at different distances such as 20, 30, 40, 50, 60,
70, 80, and 90 cm. Again, the environmental tempera-
ture of the antenna was increased from room tempera-
ture to 160 °C. Antenna tag sensitivity Santenna is shown
in the following equation:

S,

chip ( )

(f)xGantenna(f707€) ’

The minimum power required for activating the frac-
tal structured RFID antenna from 30 °C to 160 °C was
recorded. Sensitivity of the antenna is a measure to ac-
count the characteristics of a test antenna and a chip. In
Eq. (5), Scnip is the sensitivity of the chip, 7 is the coeffi-
cient of power transmission and Gantenna is the gain of the
antenna. Analysis was carried out in read range at a fre-
quency of 900 MHz. In all experiments, the angles 6 and
@ were maintained as constant. The equation for effec-
tive isotopic radiation power is given below:

Schip(T) X(47zdf)2 o 1
r(T) c G

In the above equation, 7piris the polarization loss fac-
tor; Acavle is reader antenna attenuation. The effective
isotopic radiation power was plotted as a function of
temperature for the different distances.

Santenna (f’ 0’ €) =
T

EFFIRP, = (6)

A

antennanplf cable

3. RESULTS AND DISCUSSION
3.1 Antenna Simulation

Simulation studies were conducted for the fractal
structure antenna in transient domain solver and fre-
quency in order to compare the results for further pro-
cessing. Fig. 1a shows the current distribution in the up-
ward direction and Fig. 1b shows the current distribu-
tion in the downward direction.

The down and up arrows represent the antenna sur-
face current distribution orientation. The current dis-
persal is also geometrically distributed in the region of
the antenna slots due to the geometrical disposition of
the patch structure. The current between the triangle
slot's lowest edges is much stronger at f = 5.5 GHz than
in the other locations. The surface current will flow pow-
erfully along the feed line through all slots.
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completely obvious that the slots on the radiation patch
control the resonances. Radiation pattern was simulated
by using CST simulation software. The radiation pat-
tern of the proposed fractal structured RFID antenna is
shown in Fig. 2.
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Fig. 3 — Variations in the real and imaginary parts of the input
impedance

Fig. 1 - Current distribution through fractal geometry in the
(a) upward direction, (b) downward direction
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Fig. 2 - Radiation pattern of a fractal structured RFID antenna
at 900 MHz

Currents are required to move around the triangular
slot surface, resulting in prolonged current lines, while
the need for equilateral triangular patch fractal geome-
try results in antenna miniaturization. As a result, it is
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Fig. 4 — Variations in the input impedance for the (a) real and
(b) imaginary parts of the chip input impedance at various tem-
peratures
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From the radiation pattern, the proposed antenna
was found to be consistent. The doughnut shape of the
radiation pattern indicated that the antenna would be
ideal for RFID readers. The simulation model with the
doughnut structure indicated an ideal RFID reader for
identification purpose. The variation in the real and im-
aginary parts of the input impedance is shown in Fig. 3.
The variations in the chip input impedance for the real
part at different temperatures are shown in Fig. 4a and
the variations in the chip impedance for the imaginary
part are shown in Fig. 4b. From 840 to 980 MHz, the
variations in the chip impedance were identified. A con-
sistent increase in both the real and imaginary parts of
the chip input impedance was observed. At a constant
frequency of 900 MHz, the variations in the real and im-
aginary parts of the input impedance are shown in
Fig. 5. The variations in the input impedance for the real
part at a constant frequency of 900 MHz are shown in
Fig. 5a. A continuous increase in the input impedance of
the real part was observed. The variations in the input
impedance for the imaginary part at a constant fre-
quency of 900 MHz are shown in Fig. 5 b. At lower tem-
peratures, the impedance was low, and at higher tem-
peratures, the input impedance increased more.
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Fig. 5 — Variations in the input impedance for the (a) real and
(b) imaginary parts of the chip input impedance at a constant
frequency of 900 MHz

J. NANO- ELECTRON. PHYS. 14, 06028 (2022)

Variations in the estimated power transmission coef-
ficient as a function of frequency at various tempera-
tures are shown in Fig. 6. A consistent increase in the
estimated power reflection coefficient (dB) was observed
on increasing the environmental temperature.
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Fig. 6 — Variations in the estimated power reflection coefficient
(dB) at different temperatures
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Variations in the estimated power transmission coef-
ficient at a constant frequency of 900 MHz are shown in
Fig. 7. For identifying the variations in read range on
increasing the working temperature, activation Effec-
tive Isotropic Radiated Power was used. The minimum
value of activation Effective Isotropic Radiated Power at
different antenna distances from 30 to 90 cm at different
temperatures is shown in Fig. 8.

From Fig. 8, it was observed that the minimum Ef-
fective Isotropic Radiated Power at the same distance
increased with increasing the working temperature. It
was found that when using a copper sink material, the
read range of the fractal structured antenna was as high
as 40 cm even at elevated temperatures. This material
(CAD 110 copper) was found to be viable for RFID an-
tenna material.
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Iosemiuka migi CAD 110 (marepian pagiaTropa) Ak ppaKkTaIbHOI CTPYKTYPOBAHOI AaHTEHU
RFID mig yac exkciuryaranii npu BUCOKi#i Temmeparypi

V. Chitra, S. Arulselvi, B. Karthik

Department of Electronics & Communications Engineering, Bharath Institute of Higher Education and Research,
173 Agharam Road Selaiyur, Chennai 600073, Tamil Nadu, India

Icaye BucOKMIT monmT Ha aHTeHM pamiodactotHol imeHTudikaiii (RFID), ki BcTaHOBIOIOTHCI B Cepeo-
BHUIAX 3 BUCOKOIO TeMItepaTypow. JIJIs 1ux 3acTocyBaHb BUBYAIOTHCA HOB1 KOMOIHALIIT MaTepiaJiB, Mmoo cpa-
BJIATHCS 3 PO3CIIOBAHHAM TEILIa Ta IIBUIAIINM TEILIOOOMIHOM 0e3 KOMIIPOMICY B IPOAYKTUBHOCTI aHTeHH. L1
MaTepiasiy MOBHHHI TOYHO IPAIIOBATH B JIETKHX cepemoBuinax. ¥ crarri anrena RFID mya wacrorm 900 MI'g
Oysia 3ampornoHoBaHa Ta BurorossieHa Ha aprymr migi CAD 100 TosumHoL 1,35 MM, IKUl € MaTepiajioM pa-
miaTtopa. AHTeHa IpH3HAYEHA JIA 1meHTHdIKAIl 00po0JIeHnX Ta YacTKOBO 00pOOIeHUX IMPOMYKTIB i dac
BHUPOOHUIITBA B 00POOHINM IPOMUCIOBOCTI. 3MIHM BXIZHOTO OIOPY CIIOCTEPIrajIncs IPH MiABUIIEHH] TeMIepa-
TypHu BUIIPOOYBaHHsA. ByJio BUSBIIEHO, 110 J1AlIa30H 3YUTYBAHHS AHTEHU 3MEHIIYEThCA IIPU OLIBIT BUCOKUX
TemriepaTtypax. ¥ pobodomy cepemosuiri 130-150 °C dparranbsry crpykrypoBany anteny RFID 3 Buxopuc-
TauHaM MigHoro martepiasy CAD 110 moskna Oyso BusiBUTH Ha Bijacrani mpubiusso 40 cm. Ieit kpammmit
Jiama3oH 3YMTYBAHHS JIOTIOMAarae iieHTudikaiii Ha 6e3meuHiil BIICTaHi, 110 3amobirae TpaBMam 1 Hebeamerrl

IS TIPAITIBHUKIB, SKI IIPAITIOIOTH TO0IH3Y.

Kmiouori cmosa: Mine CAD 110, ®paxrasbHa CTPYKTYypOBaHA aHTeHa, BrcoxoreMmeparypHa pobora,

Papiouacrorna imenTudikaiis, Jliamason sunTyBaHHA.
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