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ABSTRACT  
In this paper dual-polarized chip

constructed by incorporating a V-p
increase the tag data capacity. Th
simultaneously. The integration of 
specific slot of the tag to represent th
arrangement has been presented. Th
using the finite element method and a

Keywords: Slot antenna, Chipless R

I. INTRODUCTION 
Radio frequency identification 

technology more robust than barcod
without the need for line-of-sight com
computer. RFID tag is attached to p
radio waves sent back from the tags
spite of the numerous advantages of 
data, its growth has been slow mainly
development of chipless RFID tags 
area for low cost commercial app
complexity of the tag. The principle
signature for each product i.e. wirele
reflect the reader's signal back. This
similar to the principle of radar [4]. 
Different kinds of tags that are base
RFID tags, resonators are used to en
and the backscattered signal. Since t
noisy environment and in this contex
as a chipless tag, receiving and transm
backscattered signal from the tag ha
tags have been reported in the literat
domain, and image-based encoding t
size of the tag increases with the i
observed that they have higher data 
and cross-polarized monopole ant
multiresonant dipole antenna (MRD
requires dual-side printing alignmen
chipless tag using capacitively tuned
printable tag using a space-filling cur

Some smart functionality have 
implemented into a chipless RFID [1
[10]. In chipless RFID tag, the senso
antenna or to the ID code generation 

This paper presents a proposed
potentially low cost. This tag has a 
plane is required for fabrication, an
setting an additional short circuit at 

31st National Radio Science Conference
(NRSC2014) 

014, Faculty of Engineering, Ain Shams Universit
 

 

9 

hipless RFID Tag with Temperature Sensin
1, M. A. Abo-Elhassan1, H.A. Malhat1*, and K.H. Awad
ic Eng., Menoufia University, Egypt.*er_honida1@yah

pless RFID tag with temperature sensing capability 
polarized and H-polarized slots containing either sam
he tag is having dual performance of tagging an
temperature sensing is performed by utilizing the r

he sensor change parameter. Different encoding techni
he radiation characteristics of the chipless tag are inv
are compared with that obtained by the finite integratio

RFID, Dual polarization, Temperature sensing. 

(RFID) provides wireless identification and trackin
e [1]. RFID systems provide an automatic means to i
mmunication. The main components of RFID system 
physical object as a means to identify the object. RF
s to get the digital data and send the collected data t
f conventional RFID system like long read range and h
y because of economic reasons [2]. These limitations 
[3]. Recently, chipless RFID tags have become very

plications. It does not contain any silicon chip, thu
e of information encoding is based on the generation 
ess barcode. The chipless tag usually contains some pl
s unique reflected signal can be used as the object id
The data is electromagnetically coded in the amplitud

ed on amplitude-frequency signature have been devel
ncode the data and polarization diversity is used to iso
this is based on the amplitude variations, there are p
xt, phase based coding has more significance. For imp
mitting antennas have been added. The entire system h

as been used for the encoding purpose. A number of p
ture. The reported analysis was using time-domain, fre
techniques. A chipless tag using spiral resonators has b
increase in the number of bits. For the frequency-d
density than time-domain-based tags, and a 35-bit tag
ennas in the frequency domain has already been

DA) was attached to a monopole antenna to encode 
nt and the number of dipoles increases linearly with
d dipoles in [8] has problems with size and parasitic m
rve [9] has difficulties in encoding data. 

been added to the classical RFID systems such as,
10, 11]. In the literature, some chipless sensors are abl
r is used by implementing the change in the sensor pa
circuit.  

d radio frequency identification chipless tag that i
lot of advantages, such as being fully printable on pr

nd only conductive layer is needed. Resonant freque
particular locations. A compact easily-printable arc 

ty, Egypt 

 

ng Capability  
dalla1. 
hoo.com 

is proposed. The tag is 
me or different code to 
nd temperature sensing 
resonant frequency of a 
iques for different codes 
vestigated and analyzed 
on technique. 

ng capability and is a 
identify physical objects 
are tag, reader, and host 
FID readers convert the 
to the host computer. In 
high storage capacity of 
have been solved by the 
y interesting in research 
us reducing the design 
of a specific frequency 

lanar circuits which will 
dentifier, a concept very 
de or phase of the wave. 
loped in [5]. In chipless 

olate interrogation signal 
ossibilities of error in a 

plementing this structure 
has been simulated. The 
printable chipless RFID 
equency-domain, phase-
been used in [6], but the 

domain-based tags, it is 
g using spiral resonators 
n presented in [6]. A 
bits in [7]. However, it 

h the number of bits. A 
mutual coupling. Another 

, sensing which can be 
le to detect ethylene gas 

arameter either to the tag 

is highly compact and 
roducts since no ground 
ncies can be shifted by 
shaped slot-loaded dual 
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polarized chipless tag is introduced
capacity of the dual polarized tag.
encoding double number of bits in U
encoded in the frequency band from 
tag to end up having dual performan
sensing mechanism is independent o
finite element method (FEM) [12] an
[13]. 

II. THEORY OF OPERATION 
The tag slots are selected relativel

effect of such close slots. Therefore
neighbouring slots, the coupling eff
response of the tag. There are two gr
group is for the horizontal polarizat
with a physical length of l can be app

where c is the speed of light in free s
Since, the H-polarized slots will

polarized slots can be placed in a sin
the tag is excited by a dual-polarized
tag is received by another dual-polar
will receive the frequency encoded
response only to the V-polarized tra
frequency encoded signal from the 
(Ht).  

III. NUMERICAL RESULTS 

A. Single polarized tag 
A single-sided compact chipless 

substrate disk with �r=2.5, radius R
radius Rp=18 mm, one arc-shaped s
angle from 46◦< Φ0 < 134◦ is place

  

RFID 

Reader 

Tx 

Dual polarized 
Tx antenna 

Rx 

Dual polarized 
Rx antenna 

Fig.1: Principle
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d. This tag can be used as an orientation independe
 It will overcome the bandwidth limitation with d

UWB frequency band. A tag dimensions of 40×40 mm2

4 to16 GHz. A novel chipless RFID temperature sens
nce of tagging and temperature sensing simultaneously
of identifying the object. The chipless tag is designed
nd are compared with results obtained by the finite inte

ly thin to have a narrow bandwidth. This is optimized
e, as the bandwidth of each slot is kept narrow and n
fect is minimized. Each slot corresponds to one bit in
roups of slots, one group is for the vertical polarization
tion response. The resonant frequency (ƒ) of a half-w
proximated as [14]  

ƒ = ௖ଶ௟ ට ଶఌೝାଵ                                 

pace and εr is the relative permittivity of the substrate.
l not respond to the V-polarized plane wave and vic
ngle tag and interrogated with dual-polarized waves a
d transmit antenna (Tx), the frequency-encoded backs
rized receive antenna (Rx) as shown in Fig. 1. The V

d signal from the V- polarized slots of the tag, sinc
nsmitted signal (Vr). Similarly the H–polarized receiv
H-polarized slots, which respond only to the H-pola

tag with arc-shaped slot is shown in Fig.2a. The ta
Rs=19.5 mm and thickness h=0.5 mm. A printed circu
lot with width Ws=0.4 mm and arc radius R1 =16.8 m

ed at the top of the tag substrate disk and there is n

A

f
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V
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ent tag at the half data 
dual polarized setup by 
2 with 30 bits capacity is 
sor is integrated with the 
y. Results verify that the 
d and analyzed using the 
egration technique (FIT) 

d to reduce the coupling 
not overlapping with the 
n the frequency domain 
n response and the other 
wave slot-line resonator 

                                  (1) 

. 
e versa; both V-and H-
s shown in Fig.1. When 

scattered signal from the 
–polarized receiver (Vr) 

ce they show frequency 
ver (Hr) will receive the 

arized transmitted signal 

 

ag consists of a circular 
ular metallic patch with 
mm  and subtending an 
no ground plane on the 

lots 

ots 
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opposite face of the substrate disk. T
the excitation of the tag (H-polarized
4.75 GHz with 3-dB BW of 250 M
Theoretical resonance frequency ca
obtained by simulation. Similarly, th
plane wave is shown in Fig.2c. The 
appeared from the RCS component. 
the FEM method which shows good 

B. Dual polarized tag 
Two similar sets of slots are etch

polarized to double the number of bi
each set of slots by increasing the ref
shown in Fig. 1. This construction w
doubles the data encoding capacity 
slotted patch is shown in Fig.3a. The
is the radius of the longest arc-reson
the separation between two successi
between H and V- polarized slots. Th
are obtained. Ws and Ss are kept the 
placed on Taconic TLX-9 substrate 
0.0019. The tag is designed to opera
of the structure when illuminated by
set to 1’s. Two identical sets of 15 V
two identical sets of 15 H-slots (A
receiver, where we can see 15 dips in

The frequency signatures can be m
frequencies of the slots out of the fre
Fig.4 and Fig.5. Eight slots are rem
corresponding frequency response in
as logic ‘0’s. Similarly, seven H-slot
disappeared from the H-probe respon
a very little shift in the adjacent frequ

C. Effect of the Tag Rotation
The tag of 7 operating V-slots and

on the RCS frequency response is to
polarized plane wave will be picked 
polarized electric field will have a 

Tx H-
probe 

Rx H-prob 

        a. Geometry                              
                 Fig.2 (a) Circul

(b) Backs
(c) Backs

Tx V-probe 
R

Rs 
R

W

Φ
Rx V-probe 
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The backscattered field (i.e. RCS) for H-polarized plan
d slot) is shown in Fig.2b. The RCS results shows a d

MHz and there are no other resonance  throughout th
lculated using eq .1 is 4.39 GHz which is approxim
he backscattered RCS response from the tag when ex
tag has no response (no notch resonance) to the V-po
The RCS response is calculated using the FIT techniq
agreement between results. 

ed in the copper disk such that one is horizontally an
its within the same frequency bandwidth. In addition, 
flection, each group of slots is mirror copied on the op

will overcome the bandwidth limitations that exist in a 
for the frequency-domain-based tags. The geometry

e design parameters are: Rp = 18 mm is the radius of 
nator, R15 = 5.2 mm is the radius of the shortest arc-r
ive slots, Ws =0.4 mm is the width of each slot, and 
he arc-shaped slot lengths are different, so that differe
same for every arc-shaped slot resonator irrespective 
with permittivity, εr = 2.5, thickness, h =0.5 mm an

ate in frequency band from 4 to 16 GHz. The RCS var
y H/V polarized plane wave is shown in Fig.3b. The 3
V-slots of different lengths show response in the V-pro
At the left and the right) of different length show re
n both the V-and H-probe receivers response as shown

modified by just removing (or shorting) the slots which
equency band of interest as shown in the different con

moved (shorted) from the 15 V-slots in the tag of F
n the V-probe receiver in Fig.4b, Fig.5b have disappea
s are removed (shorted) from the 15 H-slots of the tag 
nse as shown in Fig.4b. Due to the mutual coupling be
uencies after the shorting of the slots. 

n on tag Performance 
d 8 operating H-slots are used in this section. The effec
o be investigated. If the tag (slots) is rotated by an a
up partially by the H-slots.  This is due to the fact tha
component parallel to the main polarization axes of
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ne wave that is used for 
deep notch resonance at 
he band up to 20 GHz. 
mately the same as that 
xcited by a V-polarized 

olarized plane wave as it 
que and confirmed using 

 

nd the other is vertically 
to increase the effect of 

pposite side of the tag as 
 single polarity tags and 

y of a 30-bit arc-shaped 
the patch, R1 =16.8 mm 
esonator, Ss =0.4 mm is 
G = 0.8 mm is the gap 

ent frequency signatures 
of its length. The tag is 

nd loss tangent, tan δ = 
riation versus frequency 

30-bit tag has all bits are 
obe receiver and another 
esponse in the H-probe 
n in Fig. 3b.  

h will move the resonant 
nfigurations appeared in 
ig.4a, Fig.5a  and their 

ared,  which are denoted 
and seven notches have 

etween the slots, there is 

ct of tag rotation (Fig.6) 
angle ϕ, the incident V-
at the incident vertically 
f the H-slots in its new 

0 12 14 16 18 2020

Frequency 

arized plane wave 

        FIT 
        FEM
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orientation.  As a result, H-slots wil
combined response from both H-and
rotated tags response to the V/H-po
cross-polar response due to the effe
increases the cross-polar response 
component becomes equal to the resp
up to a certain degree. From the obta
simulation results for the tags of Fig
both the V-slots response and the H-s

D. Tag as a temperature sens
In chipless RFID tag, the tempe

parameter either to the tag antenna 
proposed having dual performance 
described above, is actually integrat
functions.  The simulated results 
independent of identifying the obje
resonant frequency of a specific slo
earlier reported works on chipless 
circuitry or semiconductor chip for s
sensing using the dielectric property

                 a.           
Fig.4:     (a) The geometry of 30 bit dua
              (b) The simulated RCS variati

Tx V-probe 

Tx H-probe 

Rp 

R1 

R15

Ws 
ss 

H
 S

lo
ts

 

V Slots 

V Slots 

Tx V-probe 

Tx H-probe 

               a.             
 Fig.3  (a) The geometry of 30-bit slott
           (b)The simulated RCS variation
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ll respond to the V-polarized wave and the V-probe r
d V-slots and vice versa. Figure 7 shows RCS variati
olarized waves at different rotation angles. If the rota
ct of the cross-polar slots will also be small. Howev
increases too. At 45º rotation angle, the respons

ponse from the co-polar component. Hence, dual-pola
ained results, it is recommended to be not more than ±
g.6b with 40 degrees rotation are predicted in Fig.7c.T
slots response are so weak to become unreadable. 

sor 
erature sensor is generally used by implementing th

or to the ID code generation circuit. In this section
of tagging and temperature sensing simultaneously

ting the tag antenna and the tag circuits. The used 
verify that the temperature sensing mechanism i

ect. The integration of temperature sensing is perf
ot of the tag to perform the sensor temperature affe
RFID temperature sensors the proposed tag does n
sensing environmental temperature. Rather, it perform
y of temperature dependent high εr polyamides. Thus 
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receiver will receive the 
on versus frequency for 

ation angle is small, the 
ver, if the rotation angle 
e from the cross-polar 

arization tag can be used 
±30ο of tag rotation. The 
The Figure indicates that 

 

 

he change in the sensor 
n, chipless RFID tag is 

y. This tag structure, as 
slots are fulfilling both 

in the proposed tag is 
formed by utilizing the 
ected parameter. Unlike 
not require any external 
ms real time temperature 

the first N-1 slots of N 

12 14 1616

plane wave 
   

lane wave 

0’s in H polarization. 
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h tag. 
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bits tag can be used for data encod
environment [15].  

To incorporate temperature sensi
TE200F6 polyamide. Stanyl withsta
environments [16]. Stanyl has the t
Taconic TLX-9 substrate (α=12 ppm
structural modification did not affect
polyamide has a linear variation of d
shown in Fig.8a. The slot having low
Figure 8b shows the simulated reson
the variation of permittivity εr, the lo
frequencies remain constant. The 
temperature is shown in Fig.9a [19]
temperature variation and the other 
for different εr. Correlating these tw
Fig.9c. The above relation can be fitt
p2= 2.0812×105, p3= -8.9395×105 a
resonance frequency fr is in (GHz). H
information can be obtained. The m
and for a similar part made of the T
meter, which will not affect the comp

IV. CONCLUSIONS 
Chipless RFID tag has been design

polarized and horizontally polarized
configurations are designed by sho
temperature sensing capability is add
most significant bit of the tag. A 
temperature variation have been work
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