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Abstract

Radio Frequency Identification (RFID) technology provides non line-of-sight communication between the reader and the tag. This tech-
nology is widely used for various applications such as item tracking, security, access control, health care, short and long-range applica-
tions. RFID can be used as low cost data identification technology using radio waves between the RFID transmitter and the RFID receiv-
er. Many attempts are introduced to implement the chipless RFID tags but they suffer from non-equal spacing between resonances which
makes it difficult to make the decision. In this paper, compact low cost spectral signature based chipless 8-bits RFID tag is introduced.
Multi dual-band resonating circuits with different resonances are used. The operation bandwidth is limited by the second resonance of the
resonator. To avoid the presence of harmonics in the operating frequency range, multiple resonators with different shapes are introduced.
The proposed tag instead of encoding only one data bit it encodes two data bits providing higher bits/resonator. The proposed tag pro-
vides equidistance between resonance frequencies. The tag is implemented on FR4 substrate of dielectric constant £,.=4.4, thickness
h=1.6mm and loss tangent $=0.0018. The scattering parameters S,; of the fabricated tags are measured using the vector network analyzer

(ROHDE&SCHWARZ ZVB 20). The designs of the tags are made using the software package CST MICROWAVE STUDIO.

Keywords: Radio Frequency Identification (RFID); Modified Complementary Split Ring Resonator (MCSRR).

1. Introduction

RFID is a remote data identification technology using electromag-
netic signal. RFID system consists of two main components the
RFID tag that carries the encoded data and the RFID reader to
receive the data and decode it. The cost of the system depends on
the tag’s IC cost that contains a memory chip to store the encoded
information, where tags with microchips are higher in cost than
chipless tags manufactured with low cost components. Recently,
there has been lots of research around the world to design and
implement chipless RFID tags as it seems a promising solution.
Each chipless tag contains passive circuitry that reflects back radio
frequency waves to the reader. The data is decoded from these
reflected radio waves. Frequency-coded chipless RFID tags en-
code data in frequency spectrum. The data is encoded as ampli-
tude attenuation. Different techniques for implementing frequen-
cy-based chipless RFID tags are reported in [1-6]. Single-band
resonators encode only 1 data bit and provide 1:1 ratio between
the number of bits and resonators, they have the disadvantage of
large size [1]. Dual-band resonators have been reported in [2], [3]
to improve the space efficiency. Dual-band resonator tag present-
ed in [2], encode 3N words using N resonators. Only (00, 11 and
10) binary combinations can be provided. Modified Complemen-
tary Split Ring Resonator (MCSRR) encodes all combinations
using one MCSRR where 4N instead of 3N words can be encoded.
Polarization independent tags are reported in [5, 6]. These tags can
be read from any orientation and in both near and far-field. Chip-
less RFID tags using multiple microstrip open stub resonators
have been presented in [7]. These tags also suffer from non-
uniform spacing between the successive resonances. In this paper,
high space efficiency 8-bits RFID tag with equidistance resonanc-

es is proposed. The proposed tag is based on utilization of multi-
ple dual-band resonance circuits resonating at different frequen-
cies. The utilization of different resonance circuits with various
shapes gives more freedom to implement the desired RFID tags as
the designed circuits give harmonics of the fundamental frequency
which are far enough to avoid the interference at the desired fre-
quencies. Unlike previous reported dual-band tags that provide
unequal spacing between resonance frequencies, the proposed tag
provides equal spacing between the successive resonance frequen-
cies, which enables the reader to easily and accurately decode the
encoded data. 8-bits chipless RFID tag with operating frequency
band from 2.5GHz to 6GHz is presented. The paper is organized as
follows. Section 2 presents the basic operation principles of RFID
system and the design of the proposed tag. Section 3 includes
implementation of different 8-bits tags. Measured results of the
fabricated tags are provided in Section 4 followed by conclusions
in Section 5.

2. Proposed dual band resonators

In the frequency-based chipless RFID tag system, the reader sends
interrogation signal to the tag. The tag encodes the data in the
frequency domain using resonance circuits. Unique resonance
frequencies will be obtained and the circuit will act as notch filter
to the signal received, creating well-defined spectral signature,
that is decoded by the reader. Each resonator provides two differ-
ent resonance frequencies. The distance between each frequency is
approximately 500 MHz. The equidistance spacing between each
resonance frequency allows the reader to decode the encoded data
in accurate manner.
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2.1. Encoding binary “11”

Multiple resonance circuits are used to encode binary “11” at dif-
ferent frequencies. The resonance circuits 1 and 2 have the same
shape with different dimensions. Resonance frequencies at
2.5 GHz, 3 GHz, 3.5 GHz, and 4 GHz are obtained by varying w,
and w,. The remaining resonances are obtained using two differ-
ent resonance circuits 3 and 4 where L, and Lz are adjusted to
obtain the resonance frequencies at 4.5 GHz, 5 GHz, 5.5 GHz, and
6 GHz. The dimensions and the corresponding scattering parame-
ters of the proposed resonators for “11” encoding at different res-
onance frequencies are listed in tables (1-a), (1-b), (1-c), and (1-d).

2.2. Encoding binary “10”

Encoding the combination ‘10’ at resonance frequencies 2.5 GHz,
3.5 GHz, 4.5 GHz, and 5.5 GHz is made using four resonance cir-
cuits. The first two resonance frequencies 2.5 GHz and 3.5 GHz
are obtained by adjusting the length w,of the slot of the resonance
circuits 5 and 6 as shown in table (2-a) and (2-b). The resonance
circuits 7 and 8 are designed to resonate at frequencies 4.5 GHz

and 5.5 GHz respectively. The dimensions and the corresponding
scattering parameters s,; of the proposed resonators are listed in
tables (2-a), (2-b), (2-c), and (2-d).

2.3. Encoding binary “01”

For encoding the binary combination ‘01’ at resonance frequen-
cies 3 GHz, 4 GHz, 5 GHz, and 6 GHz four resonance circuits are
used. The dimensions and the corresponding scattering parameters
of the proposed resonators are listed in tables (3-a), (3-b), (3-c)
and (3-d). The resonance circuits 9 and 10 have slots of length w,
which controls and tunes the required resonance frequencies at
3 GHz and 4 GHz. On the other hand, the resonance circuits 11
and 12 are used to obtain the resonance frequencies 5 GHz and
6 GHz respectively.

2.4. Encoding binary “00”

The binary combination ‘00’ can be achieved, by removing the
corresponding resonance circuit at the required frequencies.

Table 1: (A) Dimensions and the Corresponding Scattering Parameter S, of the Proposed Resonator for “11” Encoding At Resonance Frequencies F; =

2.48 Ghz and F, = 3 Ghz

parameter Valuemm  code  Scattering parameter ( s,, in dB)
W1 145 ) SParameters [Magniude in dB]
W, 14.7 , —a
L, 10 , Fam
L, 155 . Vv
5
11 3
10
h 17 12
-4

33 4 45 5 55 b 6.5
Frequency | GHz

L

Resonance circuit
No.1

Resonance frequencies: f; = 2.48GHz and f, = 3GHz

Table 1: (B) Dimensions and the Corresponding Scattering Parameter S,, of the Proposed Resonator For “11” Encoding At Resonance Frequencies f; =

3.48 GHz And f, = 4 GHz

parameter Value mm  code  Scattering parameter ( s,, in dB)
Wl 1 06 f S-Parameters [Magniude in dB]
w, 10.6 r‘"\\ —_—t
Ly 10.5 ?
L, 145 4
]
1 :
h 1.2 0
1

35 4 45 5 55 b 6.5
Frequency | GHz
Ly

Resonance circuit
No.2

Resonance frequencies: f; = 3.48GHz and f, = 4GHz
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Table 1: (C) Dimensions and the Corresponding Scattering Parameter S, of the Proposed Resonator For “11” Encoding At Resonance Frequencies f; =
4.5GHzand f_2 = 499 GHz

parameter Valuemm  code  Scattering parameter (s, in dB)
Wl 07 o SParameters [Magnitude in dB]
h 2.1 1 N‘\*\\ rﬂ"“"“MAn —_—1
Ly 15.7 :; 1]
fip 9.2 4
5
1 ;
$
Ly 5.1 .
-1
1 15 2 5 3 35 4 45 5 55 6 65
Frequency | GHz
Ly
W,
I_ Ly 5 - Ls » (R
Resonance circuit w.

No.3

Resonance frequencies: f; = 4.5GHz and f, = 4.99GHz

Table 1: (d) Dimensions and the Corresponding Scattering Parameter S,; of the Proposed Resonator for “11” Encoding at Resonance Frequencies f; =
5.5 GHzand f, = 6 GHz

parameter Valuemm  code  Scattering parameter (s, in dB)
wy 0.7 , S-Parameters [Magnitude in dB]
h 1.9 0 —_—G21
Ly 17.5 B v ™~
L, 7.4 4
4
$
11 -0
gy 8.1 '12
14
-16
1 15 2 5 3 35 4 45 5 55 6 65
Frequency / GHz
Ly
w,:
h £W1
Resonance circuit
No.4 N s e N R e

Resonance frequencies: f; = 5.5GHz and f, = 6GHz

Table 2: (A) Dimensions and the Corresponding Scattering Parameter S,, of the Proposed Resonator for “10” Encoding at Resonance Frequency f; =
2.49 GHz

parameter Valuemm  code  Scattering parameter ( s,, in dB)
w, 15 ) $-Parameters [Magnitude in dB]
h 25 0 : —s521
L, 12 2 yd e
L, 15.5 4 v
6
8
-10
Ly 9.2 e -12
-4

1 15 2 25 3 35 1 45 5 55 6 6.5
Frequency | GHz

Ly

Resonance circuit
No.5

Resonance frequency: f; = 2.49GHz
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Table 2: (B) Dimensions and the Corresponding Scattering Parameter S,, of the Proposed Resonator for “10” Encoding at Resonance Frequencies f; =
3.5 GHz

parameter Valuemm  code  Scattering parameter (s, in dB)
W2 11 SParameters [Magniude in dB]
h 12 5 —s
Ll 12 2 { "
4
L, 12.5 !
4
-0
12
Ly 10.5 10 *1*
o 1 15 2 25 3 35 4 45 5 55 [ 6.5
Frequency | GHz

Ly

Resonance circuit
No.6

Resonance frequency: f; = 3.5GHz

Table 2: (C) Dimensions and the Corresponding Scattering Parameter S,, of the Proposed Resonator for “10” Encoding At Resonance Frequency f; =
45GHz

parameter Value mm  code  Scattering parameter ( s, in dB)
W1 0.7 , SParameters [Magritude in d8]
-~ A, —21
L, 9.9 . ™
L, 2.1
4
£
£
Ly 9.2 10
-0
12
1 15 2 25 3 35 4 45 5 55 [ 65
Frequency | GHz
Ly
W1I
. . Ls » Ly
Resonance circuit
w.
No.7 11
- L1 >

Resonance frequency: f; = 4.5GHz

Table 2: (D) Dimensions and the Corresponding Scattering Parameter S,; of the Proposed Resonator for “10” Encoding at Resonance
Frequency F; = 5.5 Ghz

parameter Valuemm  code  Scattering parameter ( s,, in dB)
Wl 07 S-Parameters [Magritude in d8]
h 1.9 é —_—1
g 16.9 2
L, 6.8 4+
4
4
-0
10 12
L 8.1 44
-16
1 15 2 5 3 35 4 45 5 55 6 65
Frequency | GHz
Ly
wy
[h ¢W1
Resonance circuit
No.8 L, L,

Resonance frequency: f; = 5.5GHz
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Table 3: (A) Dimensions and the Corresponding Scattering Parameter S,, of the Proposed Resonator for “01” Encoding at Resonance Frequency f, =
2.99 GHz

parameter Value mm  code  Scattering parameter (s, in dB)
w, 13.1 , S Parameters [Magritde n cB]
h 1.7 R Yl P —_ 1
L, 12 . V
Iy 155 B
$
-0
12
Ly 10 o T
-16

1 15 2 15 3 35 4 45 5 55 b 65
Frequency | GHz

Ly

Resonance circuit
No.9

Resonance frequency: f, = 2.99GHz

Table 3: (B) Dimensions and the Corresponding Scattering Parameter S,, of the Proposed Resonator for “01” Encoding at Resonance Frequency f, =
4 GHz.

parameter Valuemm  code  Scattering parameter ( s,, in dB)
W, 9.3 , s Parameters [Magritue 8]
lrj 122 2 N
1
L, 125 4
8]
£
-0
L, 105 o 2
14

Frequency | GHz

Resonance circuit
No.10

Resonance frequency: f, = 4GHz

Table 3: (C) Dimensions and the Corresponding Scattering Parameter S,, of the Proposed Resonator for “01” Encoding at Resonance Frequency f, =
4.99 GHz

parameter Valuemm  code  Scattering parameter ( s,, in dB)
w; 0.7 1 S Parameters [Magnitude n dB]
Ly 8.9 0 —
L, 21 1 T VWAAAN
2
3
4
3
5
Ly 8.2 01 7
£
5
-0

1 15 2 25 3 35 4 45 5 55 6 65

Frequency | GHz
Ly
W1I
Ly R L,
Resonance circuit wlI
No.11 < .
Ly

Resonance frequency: f, = 4.99GHz
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Table 3: (D) Dimensions and the Corresponding Scattering Parameter S,, of the Proposed Resonator for “01” Encoding at Resonance Frequency f, =

6 GHz
parameter \n/]?Tl]ue code Scattering parameter ( s,, in dB)
W1 0.7 s S-Parameters [Magntude n d8]
h 1.9 ) i ] ] i i —_—21
L, 16.5 ; RS e S ;
L, 74 B -
8l
10 +
-12 + + + i - i
-16
1 1.5 2 25 35 4 45 5 5.5 ] 6.5
Frequency | GHz
Ly
W,t
[ﬁ ¢W1
Resonance circuit = =
No.12 L, ! Ly -

Resonance frequency: f, = 6GHz

3. Design of proposed RFID tags

Any 8-bits RFID tag can be easily designed using only four of the
aforementioned 12 resonance circuits. In this section, several
RFID tags with different IDs are introduced.

3.1. RFID tag design for id “10101010”

The ID “10101010” is realized by utilizing the four resonance
circuits with the numbers (5, 6, 7 and 8) as shown in figure (1.a).
The resulting s, is shown in figure (1.b). The figures show that
the designed tag provides equidistance between resonance fre-
quencies with S,; values below —14dB.

(A)

(B)

SParameters [Magniude n dB]

R

—1

1 15 2 15 3 33 4 45 5 53 b 6.5
Frequeny | Ghz

Fig. 1: (A) Layout of the Tag for Encoding ID “10101010”, (B)
Simulated Insertion Loss (S,,) for the Tag with ID 10101010.

3.2. RFID tag design for id “01010101”

The ID “01010101” is realized by utilizing the four resonance
circuits with the numbers (9, 10, 11 and 12) as shown in figure

(2.a) and the simulated S, is shown in figure (2.b). The designed
tag generates four resonances with equal spacing between them
and the value of the simulated S, is below —12dB.

(GY)

(B)
) S-Parameters [Magnitude in dB]
I AN AATN =

PR LV oy

K]

12

-16

0

1 15 12 25 3 35 4 45 5 55 6 65
Frequency | GHz

Fig. 2: (A) Layout of the Tag for Encoding ID “01010101”, (B) Simulated

Insertion Loss (S,,) for the Tag with ID 01010101.

3.3. RFID tag design for id “11011011”

The ID “11011011” is realized by utilizing the four resonance
circuits with the numbers (1, 4, 7 and 9) as shown in figure (3.a)
and the resulting S, is shown in figure (3.b). The resonator circuit
is implemented in the following shape to provide adequate value
for the insertion loss. The figure has only two zeros at 3.5GHz and
5GHz. The insertion loss peaks are less than —10dB.
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(GY)

(B)

Sarameters [Magntude n d8]

—_—

to15 1 w334 455 55 6 6S
Frequeny | GHz

Fig. 3: (A) Layout of the Tag for Encoding ID “11011011”, (B) Simulated

Insertion Loss (S,,) for the Tag with ID 11011011.

3.4. RFID tag design for id “10011111”

The ID “10011111” can be realized by utilizing the four resonance
circuits with the numbers (3, 4, 5 and 10) as shown in figure (4.a)
and the simulated S,; is shown in figure (4.b). The design also
provides two zeros at the frequencies 3 GHz and 3.5 GHz. The
value of the resulting S,, is below —10dB.

(GY)

(B)

SParameters [Magnitude n dB]

bl A

I
WY

to15 13 34 455 58 6 6
Frequengy | GHz

Fig. 4: (A) Layout of the Tag for Encoding ID “10011111”, (B) Simulated

Insertion Loss (S,,) for the Tag with ID 10011111.

3.5. RFID tag design for id “11111111”

The ID “11111111” can be realized by utilizing the four resonance
circuits with the numbers (1, 2, 3 and 4) as shown in figure (5.a)
and the corresponding S,; is shown in figure (5.b).

(G

)

S arameters [Magnitude in dB]

—_—

to15 1 3 3 4 455 55 b 5

Frequency | GHz
Fig. 5: (A) Layout of the Tag For Encoding the ID “11111111”, (B) Simu-
lated Insertion Loss (S,,) for the Tag with ID 11111111.

4. Experimental results

Two 8-bit RFID tags are fabricated using FR4 substrate of dielec-
tric constant &, = 4.4, loss tangent §= 0.0018 and thickness h =
1.6 mm. The fabricated tags are those having the IDs: “11111111”
and “10101010”. The designs of the tags are shown in figures 6
and 7 respectively. The scattering parameters S,, of the fabricated
tags are measured using the vector network analyzer
(ROHDE&SCHWARZ ZVB 20). The designed tag with ID
“10101010” has four non-overlapping stop bands where the meas-
ured values of S, lie within —12dB to —15dB range. For the tag
with ID “11111111” eight non-overlapping stop bands are gener-
ated where the measured values of S,; extends from —7.5 dB to
—15 dB. The small shift in the resonant frequency is due to mutu-
al coupling between the resonators. Therefore, the proposed tags
can represent binary information with insertion loss measurements
that correspond well to the required data to be encoded.

8 ) a = .
Fig. 6: Hardware Implementation of the Tag for Encoding the ID
“1111e11n.
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5. Conclusion

In this paper, compact spectral signature based chipless RFID tags
are presented. Dual-band chipless RFID tags with high space effi-
ciency are designed, fabricated and tested. Different shapes of
resonance circuits are utilized to provide more freedom and flexi-
bility in the design. The tag can encode 8-bit data of any binary ID.
The equidistance resonances provide an advantage over the other
tags in encoding and decoding the data with high accuracy. Multi-
ple measurements were obtained for the scattering parameter s,
for different code IDs. The measured and the simulated results of
s,1 are highly coinciding over the dedicated frequency band
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