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Abstract — In order to increase the encoding capac-
ity and reduce the size of the tag, this paper proposes
the frequency sharing method to design a retransmit-
ted chipless tag, which is composed of N resonators, a
coupled microstrip transmission line, and the orthogo-
nal transmitting antenna and receiving antenna. A pair
of the same size resonators is placed symmetrically on
both sides of the coupled microstrip transmission line.
M open-ended stubs (OES) with different combinations
are embedded in each resonator to obtain different res-
onance frequencies. The frequency sharing multi-state
resonators’ chipless tags are designed where N=6, M=4,
and the dimension of the tag is 46 mm x 30 mm, which
can generate about 2!'? codes. Simulation and measure-
ment results show good agreement and feasibility of the
tag design. The chipless tag is small in size, has large
encoding capacity and is easy to print. This kind of tag
has no silicon chip so the cost is low. It can be widely
used in logistics, supermarkets and other fields to replace
the barcode.

Index Terms — chipless tag, encoding capacity, fre-
quency sharing, radio frequency identification, resonator.

L. INTRODUCTION

The Radio Frequency Identification (RFID) system
is one of the core technologies in the field of the Internet
of Things (IoT), which is mainly composed of a reader
and tags. The reader is composed of a continuous wave
transmitting circuit, a modulated wave receiving circuit,
and reader antennas to extract the tag’s identification
(ID) and other data information. The tag is a data carrier
that includes a tag antenna and silicon chip [1]]. Once the
reader is put into use, it does not need to be replaced, so
its cost is fixed. However, the tags are attached to items
so the quantity is huge. All of the tags are read by the
same reader, so the cost reduction of the RFID system
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mainly depends on the cost of the tags [2]. The cost of the
traditional chip-tags mainly depends on the cost of the
silicon chip. The cost of silicon material and the produc-
tion process of the chip are fixed, so the cost of the chip
cannot be cut down. The high cost is the key obstacle for
the application of the traditional chipped tag in low-price
commodities (such as stamps, tickets and envelopes, etc.)
[3]. Therefore, many scholars have begun to design chip-
less tags. The cost of chipless tags depends on the cost
of the conductive material that constitutes the resonant
circuits. Due to removing the tag’s silicon chip, the cost
of the chipless tag is drastically reduced, but it has the
advantages of traditional chip tags, such as non-line-
of-sight (NLOS) reading and automatic identification.
This chipless tag system can also work under extreme
conditions (such as high temperature and high humid-
ity, etc.). However, it has deficiencies in terms of data
capacity and tag size when compared with the traditional
tags [4}15].

Usually chipless tags are divided into two cate-
gories: time-domain (TD) [6H12]] and frequency-domain
(FD) [3! [13H24]. The TD chipless tag is mainly com-
posed of two types, i.e. transmission delay line and
surface acoustic wave (SAW) filter. The transmission
delay line chipless tag works at the nanosecond level.
Signal detection is difficult. At the same time, the
encoding capacity is small, only one or a few bits. It
is mainly used in anti-theft, access control, etc. [6].
Although a SAW chipless tag has high encoding capac-
ity, it requires high-cost piezoelectric materials and can-
not be printed directly [7]. Compared with the TD-
based chipless solutions, the FD-based chipless tag has
many advantages. In addition to easier signal detec-
tion and lower cost of the tag, it also potentially has a
larger encoding capacity depending on the tag size and
available spectrum.

Chipless tags based on the FD have two working
methods: chipless tags extracting Radar Cross Section
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(RCS) spectrum characteristics [13H17]] and retransmit-
ted chipless tags [13, [18H24]. The chipless tag based on
RCS does not require receiving and transmitting anten-
nas, and its RCS spectrum structure is responsible for
loading the encoded information. The tag’s encoding
capacity is increased by adding resonators, but the cou-
pling effect will be introduced at the same time. The-
oretically, the reading distance of the RCS chipless tag
will be very far, but it is limited by its actual environ-
ment and requires a complicated algorithm to separate
the RCS signal of the tag in order to decode it. Moreover,
other interference may also be introduced in a complex
environment, so the chipless tag needs constant calibra-
tion. The retransmitted chipless tag requires two orthog-
onal ultra-wideband (UWB) antennas and relevant res-
onator circuits. The transmitting and receiving anten-
nas are orthogonally polarized to each other. There is
no interference between the receiving signal and trans-
mitting signal of the tag, so the reader has the low bit
error rate when reading chipless tags. The reading dis-
tance is further than the RCS chipless tag in the actual
environment. The number of the traditional retransmit-
ted chipless tag resonators is the same as the number
of data bits. Increasing encoding capacity can be imple-
mented by adding the number of resonators. The cou-
pling effect between the resonators can be reduced by
adjusting resonator intervals. Previous papers [3) [18]]
have proposed a 6-bit retransmitted chipless tag with
spiral resonators. As the number of spiral resonators
increased to 35, the encoding capacity is increased to
35 bits. Furthermore, the size of this chipless tag is
enlarged correspondingly.

In order to improve the encoding capacity with-
out increasing the dimension of the tag, the retrans-
mitted chipless tag is proposed in this paper which is
composed of frequency sharing multi-state resonators,
wherein each resonator can provide more than two states.
By using the sharing frequency method, the tag can pro-
vide larger encoding capacity with a smaller number of
resonators. There is a ground plate on the back of the tag
which can isolate the influence of the adhesive objects on
the tag’s performance. Chipless tags with a retransmitted
structure have high sensitivity and long reading distance
due to the gain of the antenna and the non-interference
between the receiving and transmitting signals of the
tag. The communication distance of the chipless tag
with this structure is 30 cm. The tag can be widely
used in logistics, supermarkets and other fields to replace
the barcode.

II. WORKING PRINCIPLE OF THE

RETRANSMISSION CHIPLESS TAG
Figure (1| is the working principle diagram of the
retransmission chipless tag with multi-state sharing fre-
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Fig. 1. Working principle of the retransmitted chipless
tag with multi-state sharing frequency resonators.

quency resonators. The tag includes a vertically polar-
ized receiving antenna, a horizontally polarized trans-
mitting antenna, multi-state resonators and a coupled
microstrip transmission line. The transmitting antenna
of the reader transmits the UWB interrogation signal
with a uniform spectrum to the chipless tag, and the
receiving antenna of the tag receives the UWB inter-
rogation signal and transfers it to the multi-state res-
onator coupling circuits by the microstrip transmission
line. The multi-state resonator coupling circuits adopt
cascaded multi-state resonators with M embedded OES
to encode the data, which forms a series of spectral sig-
natures in the UWB signal spectrum. At the same time,
the data of the chipless tag is loaded into the spectral
signatures of the UWB signal. The transmitting antenna
of the chipless tag retransmits this UWB signal with
encoded spectrum signatures back to the reader; then, the
data information can be obtained by the decoding circuit
and certain algorithms. The receiving and transmitting
antennas of the reader are also orthogonally polarized
to avoid the mutual interference between the transmit-
ted signal and the received encoded signal in the reader.
The transmitting antenna of the reader and the receiv-
ing antenna of the tag have the same polarization charac-
teristic, and the receiving antenna of the reader and the
transmitting antenna of the tag have the same polariza-
tion characteristic.

III. SIMULATION DESIGN

Figure [2[ is the structural parameter diagram of the
multi-state resonators of M=4. W, is the width of the
coupled microstrip transmission line, 7 is the longitudinal
interval between the embedded OES, and g and w; are
the length and width of the OES, respectively. The length
and width of all embedded OES are equal. d; is the dis-
tance between the resonator and the coupled microstrip
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Fig. 2. Structural parameters diagram of the multi-state
resonators.

transmission line, and d» is the distance between adjacent
resonators. The RO4350 dielectric substrate has low loss,
reasonable cost, small circuit size, good stability and
consistency compared with other microwave substrates.
The dielectric constant of 3.66 makes the circuit size
not too large. The thickness of substrate is 0.508 mm,
and a thin substrate can reduce the surface waves.
Therefore, Rogers microwave board RO4350 (with
£,=3.606, tan 6=0.004, h=0.508 mm) is selected as the
substrate.

This chipless tag can also be printed directly on
other low-cost dielectric substrates, such as packaging
cartons, plastic bottles or glass. But the size of the res-
onator needs to be adjusted and the coding rules are not
affected.

The characteristic impedance Zy of a single
microstrip line in a homogeneous medium is expressed
as follows [25]]:

2
n F 2

Zy = In | — 1 - 1
0= ﬁgren MJr +(> ) (D

0.7528
F=6+ (27w —6) exp [— (30'666) 1 )

u

where &, is the effective dielectric constant, 1 = 1207,
Q is the wave impedance in free space, u is the ratio of
the width of the microstrip to the height of the substrate
(u=Wy / h), F is a value related to the u, and

&+1 &—1 10\ %
Ero ="+ <1+M>, 3

2 2

where &, is the relative dielectric constant, a is a value
related to u, and b is a value related to relative dielec-
tric &-. The accuracy of this expression applies to €, <
128 and 0.01 < u < 10. The equations of a and b are as
follows [126]:
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From equation (I, the thickness of the dielectric
substrate h=0.508 mm and the relative dielectric constant
£=3.66, then the width (W) of the Zy=50 Q microstrip
transmission line can be obtained by the program code
shown in Fig.[3]

16. al=log( (pow(wl/h, 4) +pow(wl/ (52%h), 2

17 a2=log(1+pow(wl/(18. 1*h), 3)) /18.7

18.

19

20.

21.

22. 1+10%h/wl a*h
23. 60/ sqr e og (F¥h/wl+sqrt oW wl, 2 0
24,

25. void Dichotomy (double n, double m;

26.

27: e mid, result;

28. i rtm) /2;

29. Formula (mid

30 result 0. 0001

a1.

32. Dichotomy (mid, m

Ak

34. result 0. 0001
35.

36. Dichotomy (n, mid

37

38.

39.

40. printf ("wl=%. 21f mm", mid

41.
42,

Fig. 3. Relevant code for numerically solving microstrip
width.

Figure [3]is the program code for numerically solv-
ing the microstrip width. After ensuring the relative
dielectric constant of the substrate, the thickness of
the substrate and the characteristic impedance of the
microstrip, the width Wy of the microstrip with the char-
acteristic impedance of 50 Q is 1.11 mm using the
dichotomy method. The structure parameters Wy, dq, wo,
t and g are defined by continuous simulation and opti-
mization through High-Frequency Structure Simulator



(HFSS) software. After adjusting the structural param-
eters, the resonant frequency interval of adjacent res-
onators is more than 250 MHz, which effectively reduces
the mutual interference. Adjust the structural parame-
ter d, by HFSS software to reduce the coupling effect
between adjacent resonators. Through continuous opti-
mization and adjustment of the resonators, the structural
parameters of the multi-state resonator tag for frequency
sharing are finally determined. The specific values of the
structural parameters are shown in Table[I]

Table 1: Structural parameters of the multi-state res-
onator (unit: mm)
Wi d d> 8 t w2
1.07 0.2 2.2 0.9 1 0.5

Different resonance frequencies can be obtained
by various combinations of OES. When the maximum
number of OES embedded in a resonator is 4, there
are 14 structural combinations, as shown in Table 2}
Among them, structures 2 and 3, structures 4 and 5, and
structures 6 and 7, etc. are the same size and same res-
onance signature, respectively. Their equivalent circuits
and resonance frequencies are the same as well. There-
fore, there are only eight different resonance frequencies.
But the adjacent resonance frequencies are quite close

Table 2: Structural combinations of a resonator with var-
ious amounts of embedded OES

Structure Structure | Structure | Structure
1 2 3 4
Structure Structure | Structure | Structure
5 6 7 8
Structure Structure | Structure | Structure
9 10 11 12
Structure Structure
13 14
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and may cause interference. Considering the above fac-
tors, for N=1 and M=4, the five structures of 1, 5, 8, 12
and 14 are selected in Table [2} thus five resonance fre-
quencies are obtained correspondingly. N is the number
of resonators of different sizes.

The simulation results of the resonator with N=1
and M=4 using an HFSS simulator are shown in Fig. @
when wy, g and t are 0.5, 0.9 and 1.0 mm, respec-
tively. The curves with resonance frequencies f1, f2, f3,
fa and f5 correspond to the resonators of structures 1,
5, 8, 12 and 14 in Table @ respectively. The f-fs res-
onant frequency point includes 7.97, 8.46, 8.81, 9.22
and 9.58 GHz, which has the maximum notch depth of
—20dB.

1
n

Magnitude [dB]
—
=)

-15
20
7 8 9 10
Freq [GHz]

Fig. 4. Response curve of the five-state single resonator
structure (N=1, M=4).

When N=3 and M=4, there are 15 resonance fre-
quencies. The schematic diagrams of the structure are
shown in Fig. E} Where fnp is the resonance fre-
quency of the N-th resonator, the number of the embed-
ding OES is M. The resonance curves of simulation
for the structure diagram of Fig. [5] with the parame-
ter values of Table [I] are shown in Fig. [6| The inter-
vals between the resonance frequencies corresponding
to the spectral signature are within 250-490 MHz. The
spectral signatures do not interfere with each other
and the notch depth is between —11 dB to —18 dB.
There is a weak interference with a notch depth of
—3 dB at 9.91 GHz; however, for the resonance fre-
quency f15=9.72 GHz, the notch depth reaches —17 dB,
the interference will not affect the encoding state. The
set of 15 resonance frequencies in Fig. [6] is shown in
Table [3] wherein the maximum and minimum intervals
are 490 MHz and 250 MHz between adjacent resonance
frequencies.
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Fig. 5. Schematic diagram of the structure (N=3, M=4):
@) faif21f115 () f3of20f 125 (©) f33f23f 135 (D) f3a4f24f 145
(©) f35f25/15-
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Fig. 6. Resonance curves of the multi-state resonators
(N=3, M=4).

Table 3: All resonance frequencies of the three multi-
state resonators (unit: GHz)

fu fi2 f13 Sf14 Sfis
7.97 8.46 8.84 9.31 9.72

fai [ f23 foa Sf2s
5.98 6.35 6.76 7.23 7.66

f31 f32 f33 34 f3s
4.54 4.83 5.09 5.34 5.71
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In order to improve the encoding capacity without
increasing the dimension of the tag, using the sharing
frequency method, a pair of the same size resonators
is placed symmetrically on both sides of the coupled
microstrip transmission line. The schematic diagram of
the structure is shown in Fig. m When N=2, M=4, where
N is a pair of the same size resonators, it can provide 15
different resonance frequencies. If a pair of the same size
resonators is the resonator as shown in Fig. [3] it can be
generated thus:

(£ ff S,
Lt Lh BS
L KA LS
L L LS S TS

S S B S S
On the frequency axis, f1f1, f2f 2, f3f3.faf 4 and f5f 5

are all shown as curves with one resonance notch, and
other data are shown as curves with two different reso-
nance notches. However, in the above matrix @) the data
of the upper triangle and the lower triangle are repeated,
which will cause data confusion in the tag identifica-
tion of the item (for example, f1f> and f>f| have the
same coding state on the spectrum). Therefore, the fre-
quency combinations of the red or blue triangle box can
be encoded. The total of 15 different resonance frequen-
cies can be generated by using the sharing frequency
method. For three pairs of resonators, there will be 153
codes, which is about 2!2. The combination method in
mathematics can be used to calculate the number of dif-
ferent resonance frequencies.

ife £
Aty AR
AN ANC

Fig. 7. Schematic diagram of resonators of the same size
in pairs (N=6).

Figures |§| (a), (b), (c) and (d) are the reso-

nance curves of tag coding f31f35/21f25/11f 15,
f3af3sfaf2af 12f 14, [aaf3af22f24f 12f 13 and  f3of33
faf2afiafis based on the sharing frequency multi-
state resonators. Table [ shows the combinations of
the resonance frequency encoding states of the four
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Fig. 8. Resonance curves of four sharing frequency multi-state resonator tags: (a) f31f3s5/21f25f11f15; (b)

Sf33f35f23f24f 12f 145 (©) f32f3af 22f 24f 12f 135 (D) f32f33f 22f 23f 13f 15.

Table 4: Resonance frequency of four sharing frequency multi-state resonator tags (unit: GHz)

Fafssfaf 2/ 1f1s f3 S35 S fas fn fis
Frequency Shift Compared With 4.52 5.76 5.93 7.72 7.97 9.68
Table 3]
0.02 0.05 0.06 0.06 0 0.04
S33f35f 23/ 24f 12f 14 f33 S35 [ Sfoa f12 f1a
Frequency Shift Compared With 5.08 5.73 6.76 7.28 8.47 9.37
Table 3]
0.01 0.02 0 0.05 0.01 0.06
Saof 3afof 24 12/ 13 VE) S3a S S24 Sf12 Sf13
Frequency Shift Compared With 4.80 5.45 6.39 7.30 8.46 8.85
Table 3]
0.03 0.11 0.04 0.07 0 0.01
S3f 33/ 2231315 S f33 S S Sf13 fis
Frequency Shift Compared With 4.86 5.16 6.28 6.73 8.82 9.69
Table 3]
0.03 0.07 0.07 0.03 0.02 0.03




257

tags. Comparing the simulation results in Table ] and
Table [3] the maximum frequency offset is f34 in tag
f3of3af22f24f 12f13, which is 110 MHz. The maximum
frequency offset does not exceed the minimum fre-
quency interval of 250 MHz in Table [3] which will not
cause error code.

IV. EXPERIMENT RESULTS

In accordance with the simulation results, sev-
eral chipless tags with sharing frequency multi-state
resonators are fabricated, named f31f3sf21f25/11f15,
Saafasfoaf2af12f14,  [af3afof2af12f13  and  f32f33
f2of23f13f15. Figure [Q]is the photograph of the chipless
tags with sharing frequency multi-state resonators. It
can be seen that the tag is small in size, compared to the
dime coin as a reference.

ST -

(b)

PR

(© (d)

Fig. 9. Photograph of chipless tags with sharing fre-
quency multi-state resonators: (a) f31f35/21f25/11f15;
() f3af3sf2af2af 12/ 14 (©)  [aafsaf2af24f12f 130 (d)
f3f3afafafiifis.

Figure [10]is the test system of a retransmitted chip-
less tag based on multi-state resonators. Ceyear vector
network analyzer 3672D is used as an alternative to the
UWB reader. The two ports of the network analyzer
are connected to the two UWB disc monopole anten-
nas, which are orthogonal to each other to improve the
transceiver isolation of the reader. The chipless tag is
also connected to two orthogonal UWB disc monopole
antennas through two microwave connectors. In order to
prevent the received signal and the transmitted signal of
the tag from interfering with each other, the two-sided
UWB antennas of the tag are also orthogonal to each
other. The reader antennas and the tag antennas are fixed
on the foam, and the distance between them is 30 cm.

The UWB disc monopole antenna is designed on
RO4350 substrate with the structure of the literature [27]],
with the relative dielectric constant 3.66, the loss tangent
0.004, and the thickness of the substrate 1 mm. The axial
ratio (AR) curve of the disc monopole antenna with a
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Fig. 11. The AR curve of the UWB disc monopole
antenna.

radius of 10 cm is shown in Fig. [IT} The AR is much
greater than 3 dB within the UWB frequency band, so the
UWRB disc monopole antenna has linearly polarized radi-
ation. The polarization characteristics of the transmitting
antenna of the reader and the receiving antenna of the tag
are the same, but as they are orthogonal to the polariza-
tion characteristics of the transmitting antenna of the tag,
polarization isolation will be formed. The transmitting
antenna of the reader will not receive any signal from
the tag. However, the receiving antenna of the reader can
receive the signal from the tag. Similarly, the polariza-
tion characteristics of the receiving antenna of the reader
and its transmitting antenna are orthogonal, so they will
not affect each other. Just like the transceiver anten-
nas of the reader are orthogonal to each other, the tag’s
transceiver antennas are also orthogonal to each other.
The configuration structure of the transceiver antenna
of the reader and the tag’s transceiver antenna is shown

in Fig.
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Fig. 12. Simulation and measurement of resonance curves of four sharing frequency multi-state resonators tags: (a)

f31f3s/ 20/ 25 11f 155 (0) £33f 35/ 23/ 24f 12/ 145 (C) [32f34f 22/ 24f 12 135 (D) f32f33f 22f 23f 13f 15.

The UWB disc monopole antennas have the charac-
teristics of omnidirectional radiation. In practical appli-
cations, the surrounding environment will definitely
affect the chipless tag system. At this time, a UWB lin-
early polarized directional antenna is needed to reduce
the impact of environmental factors on the tag system.

Figures @ (a), (b), (c¢) and (d) show the charac-
teristic results of simulation and measurement to the
sharing frequency encoded tags. It can be seen from
Fig. [12] that the simulation is consistent with the actual
measurement. The maximum deviation of the reso-
nance frequency points between the simulation and the
measurement is 140 MHz, which is lower than the
guard band of single resonance frequencies. The dif-
ferent amplitude between the simulation and measure-
ment of each tag is mainly affected by the two anten-
nas matching the tag and the performance of the UWB
antenna. It will not affect the tag’s encoding state.
The spectral signatures can correctly reflect the tag’s
encoding data.

V. DISCUSSION

The mutual coupling between the resonance units
can be reduced by increasing the spacing between the
adjacent resonators. However, the resonance frequency
shift may be generated. Figure [I3] shows the resonance
curve when the resonator spacing d, is changed in
Fig. 5] (a). When d increases from 1.5 mm to 4.6 mm,
the resonator in the middle is affected by the res-
onators on both sides, and the resonance frequency is
slightly shifted. The resonators on both sides are less
affected, and the resonance frequency points are almost
unchanged. The mutual coupling effect between the
resonators can be reduced by adjusting the resonator
spacing d».

Figures [T4] and [T3] are the simulated resonance
curves of Structure 1 in Table [2] when the width wy
and length g of the OES are changed, respectively. As
wy becomes wider and g becomes longer, the reso-
nance frequency becomes smaller, while the bandwidth
occupied by the resonator is almost unchanged. As w;
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Fig. 13. Resonance curves of the resonator when spacing
d; is changed from 1.0 mm to 4.6 mm.
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Fig. 14. Resonance curves of the structure 1 when w» is
changed from 0.3 mm to 1.0 mm.

becomes wider, the notch depth of the resonance fre-
quency becomes shallower.

For a tag of N=3 and M=10, a single resonator has
11 different resonance frequencies, and 3 resonators of
different sizes have a total of 33 different resonance fre-
quencies. In order that adjacent resonance frequencies
do not affect each other, the structural parameters wy,
g and t are adjusted to 0.2 mm, 0.6 mm and 0.4 mm,
respectively through simulation. According to the simu-
lation results, the three resonators’ working bandwidths
are shown as f11-f1s, f21-f25, and f31-f3s5 in TableE[ As
long as the resonator structures of Figs. [5| (a) and [5| (e)
are simulated, the operating bandwidths of the tags can
be determined, and the simulation results are shown in
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Fig. 15. Resonance curves of the structure 1 when g is
changed from 0.5 mm to 1.5 mm.

Fig. [T6] Where f’yu is the resonance frequency of the
N-th resonator, the number of the embedding OES is M.
The operating bandwidths of the three resonators -
St f21+ 7211, and f31-f7311 of M=10 are 4.14-5.18,
5.74-8.18 and 8.96-11.46 GHz, respectively. The notch
depth is between —5.8 and —15.23 dB. However, the sec-
ond harmonic of f’3;; appears at 10.14 GHz in Fig. [16]
The notch depth of the 2nd harmonic is —3.65 dB. This
interference of the 2nd harmonic on the spectrum sig-
nature can be removed by signal processing and cer-
tain algorithms. For N=3 and M=10, the total of 33
resonant frequency signatures can generate 113 codes,
which is about 2!°. When the number of resonators is
six, the encoding state of the chipless tag based on the

Magnitude [dB]

—
n

s | f’l}lwww

4 6 8 10 12
Freq |GHz]

Fig. 16. Operating bandwidth of sharing frequency
multi-state resonator tags where N=3, M=10.
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Table 5: Comparison of different types of retransmitted chipless tags

Resonator Type Operating Capacity Encoding Capacity | Tag Area Substrate
Frequency Band (bits/cm?) (bits/cm?/GHz) (mm?)
(GHz)
Spiral [3]] 3-7 0.61 0.15 88x65 Taconic
TLX-0
Spiral [19] 5-11 0.33 0.06 108 <64 Taconic
TF-290
Open Stubs [20]] 4-9 0.24 0.05 110x60  |Rogers 4003C
Open Loop [22] 3-6 0.25 0.08 85x38 Rogers 5880
Purline Resonators 2.4-4.2 0.09 0.05 150x60 C-
[23] MET/LK4.3
Cascades E-shaped 3.3-43 0.05 0.05 160x 100 C-
[24] MET/LK4.3
Multi-state 4.8-9.7 0.87 0.18 4630 Rogers 4350
Resonators (N=6,
M=4) (Proposed)

sharing frequency multi-state resonators is 663, which is
about 218,

Table [5] shows the comparisons among different
retransmitted chipless tags, including the aspects of
bandwidth (GHz), capacity (bits/cm?), encoding capac-
ity (bits/cm?2/GHz), tag area (mm?) and substrate. It
can be seen that the proposed chipless tags show the
most promising properties as the retransmitted chipless
tag among all the listed results. Although the spiral
resonator chipless tag has high capacity, this tag is
limited by its large area. The open loop resonator has
low encoding capacity of 0.08 bits/cm*/GHz and a
large area compared with this work. The open stubs,
purline and cascades E-shaped resonators also have
large tag areas and low encoding capacity. In summary,
the retransmitted chipless tag of the OES multi-state
resonator that we propose in this paper has a small area
and large encoding capacity.

VI. CONCLUSION

This paper proposes a chipless tag for sharing fre-
quency multi-state resonators based on the retransmis-
sion structure. This work demonstrates a frequency shar-
ing method based on the retransmitted chipless tag. U-
shaped microstrip resonators are used to embed some
OES lines to implement the frequency sharing, which
achieves the purpose of saving spectrum and improv-
ing spectrum utilization. The number of different reso-
nance frequencies of the sharing frequency can be cal-
culated using a combination in mathematics. The shar-
ing frequency method aims to realize small size tags
with a large encoding capacity. This chipless tag includes
U-shaped microstrip resonators, the OES line and a
50 Q microstrip transmission line. The sharing fre-
quency multi-state resonator chipless tag was fabricated

on RO4350 substrate. The operating frequency band of
4.8-9.7 GHz is designed where N=6, M=4, a pair of the
same size resonators is placed symmetrically on both
sides of the coupled microstrip transmission line. This
chipless tag with an area of 46 x 30 mm?” can generate
about 2!2 encoding states. The capacity is 0.87 bits/cm?.
The encoding capacity is 0.18 bits/cm?/GHz. The com-
munication distance is 30 cm. Each resonator has only
two states in the traditional retransmitted chipless tag.
Six resonators can only realize 2° encoding states, whose
encoding capacity is less than the multi-state resonators.
Using HFSS software, simulation shows that
the intervals between the resonance frequencies
corresponding to the spectral signature are within 250-
490 MHz, and the spectral signatures do not interfere
with each other. The simulation and measurement are
in good agreement. This paper increases the number of
embedded OES in the U-shaped microstrip resonator
to increase the coding capacity. The sharing frequency
method is used to improve the spectrum utilization rate.
In the future, it is proposed to further increase the coding
capacity and solve the key problem of anti-collision
of the chipless tag. The cost of this chipless tag is
low which means it can be widely used in logistics,
supermarkets and other fields to replace the barcode.
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