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[ 9f
B =R = wE ] AA-ZA S H =-8 %A (ELC; electric field-coupled inductive-capacitive) 521 7] ¢} th5 &3 T3 7] & o] &
St AY 40 E chlpless RFID(radio frequency identification) Bl 25 A|<ts}5ith W& H ELC 331 7| &= 7]£2] ELC jolﬁ 710l A Q1E

ORI F-AYAE FZ25 AFESF] 2l o]t} v A (RCS; radar cross section) 2] &7 ¥ 3 Fu4=5 U39t} v &3 327 A
T2 H U-RFe] Aol dol7}t th 37)9] £35S o A ste] AAIsItE M E ELC 37712 RCS 3% ¥4 F351= 3.216
GHz= AA3IA 3L, tF5 &3 32 7]= 242} 4.122 GHz, 4.64 GHz, 5.304 GHz = A A& Th Aletd 423 4-H)E gl 22 57 0.8
mm<] 50 mmx20 mm =.7] 2] RF-301 7]l A 2}al3ic) A8 A3}, A2k 4-H] E chipless RFID B 19| 33 3] 3 =3} 3.285
GHz, 4.09 GHz, 4.63 GHz, 5.31 GHzZ 0.78% ~2.16% ¥ 9] 2] 2 215 Yeh ™ Al &2 o)A Azl f-AHA F4 = AL

[Abstract]

In this paper, a compact 4-bit chipless RFID(radio frequency identification) tag using a modified ELC(electric field-coupled
inductive-capacitive) resonator and multiple slot resonators is proposed. The modified ELC resonator uses an interdigital-capacitor
structure in the conventional ELC resonator to lower the resonance peak frequency of the RCS. The multiple slot resonators are designed by
etching three slots with different lengths into an inverted U-shaped conductor. The resonant peak frequency of the RCS for the modified
ELC resonator is 3.216 GHz, whereas those of the multiple slot resonators are set at 4.122 GHz, 4.64 GHz, and 5.304 GHz, respectively.
The proposed compact four-bit tag is fabricated on an RF-301 substrate with dimensions of 50 mmx20 mm and a thickness of 0.8 mm.
Experiment results show that the resonant peak frequencies of the fabricated four-bit chipless RFID tag are 3.285 GHz, 4.09 GHz, 4.63 GHz,
and 5.31 GHz, respectively, which is similar to the simulation results with errors in the range between 0.78% and 2.16%.
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Fig. 1. Geometry of 4-bit chipless RFID tag with modified

ELC and MS resonators: (a) whole geometry and
(b) geometries of modified ELC resonator and MS
resonators
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E 1. Mot 4-H|E chipless RFID Ef1o| %[5 MAE
Table 1. Final design parameters of proposed 4-bit
chipless RFID tag

Parameter Value(mm) Parameter Value(mm)
L 50 Wsp 4.5
w 20 W3 4.5
h 22 S1 1

b 6 So 1

h 8 S3 1
wa 15 Sy 1

k1 19 t 0.5
Is2 16 a1 0.5
k3 13 a2 0.5
Wit 4.5 h 0.8

(a) (b)

(c) (d)
ag 2. i 337| = (a) HEE ELC 3T, (b) MST
371, (c) MS2 BZ171, (d) MS3 S217]
Fig. 2. Geometries of individual resonators: (a) modified
ELC resonator, (b) MS1 resonator, (c) MS2
resonator, and (d) MS3 resonator
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Fig. 3. Comparison of bistatic RCS simulation results for
proposed 4-bit chipless RFID tag and individual
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Fig. 5. Photograph of fabricated 4-bit chipless RFID tag
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8 6. SH setup AR
Fig. 6. Photograph of measurement setup

-20

-25 1

-30 1

&o
o

IN
o

RCS (dBsm)

—— Simulated
=== Measured

IS
o

&)
S

-55

2.0 25 3.0 35 40 45 50 55 6.0 65 7.0 7.5 8.0
Frequency (GHz)
a3y 7. HMekEl 4-H|E chipless RFID Ef 12|
RCS &t 5l
Fig. 7. Comparison of measured bistatic
proposed 4-bit chipless RFID tag

-

bistatic

RCS values for

a3 78 AotH 4-H|E chipless RFID E|12] SHH
bistatic RCS 7k} Al &8l o]Ad A2E v ashich Aok 4-1]
E chipless RFID B 12| AlEH oS F31 913 F3h% 1
9 30l e 915%0] 3.216 GHz, 4.122 GHz, 4.64 GHz, 5.304
GHzo|aL, RCS #2 712} —32.91 dBsm, —22.8 dBsm, —23.53
dBsm, 24.44 dBsm®] T}

54 23, T2 93 T 247 3.285 GHz, 4.09 GHz,
4.63 GHz, 5.31 GHz®] 31, RCS #t2> 247} —33.74 dBsm, —24.11
dBsm, —24.13 dBsm, —24.83 dBsm®]t}. 3% 93 Fujge] 9
ZF= 0.78% ~ 2.16%°] 31, RCS #4] 23F= 1.6% ~ 5.8%°|tt-

=

v. & E

B =Rl AE 71EY ANAY B 25 AEHUAL-A
SAE 22 HEE ELC 37]9 ATE | U-59 =4
of o] 379] Aol7} thE &&1-& o] 83t MS X175 A%
3} 23] 4-H]E chipless RFID B 12 A8}tk

Wy ELC 371719 MS 3X17|15 Agste] wixe 45
N8 F717)ep vl ast wf 3 93 FuprE v ol o]
3tk RCS #ke] 49 M3 ¥ ELC 371712 44 57181

http://dx.doi.org/10.12673/jant.2022.26.6.516

520

SUMS §31719] B 2w skl

A2kl 228 4-9]E chipless RFID B]19] 542 AJEH ©]
A Adket AR S $415 GAEE 30°= 3
o 574 bistatic RCS 3% T2 FI9] S AH= 0.78% ~
2.16%°] L, RCS 2] 2.%1=1.6% ~ 5.8%°] T}

Aok 43 chipless RFID Bl 1 5=v 2520 we) 54
Fo] Biglsh= aiAl B4 At Ly 25F eV
o]-gato] T o= Adsh= 4% RFID Al B 1ol 48
Ao 7|t}

o)
poS

References

[1] K. Finkenzeller, RFID Handbook: Fundamentals and
Applications in Contactless Smart Cards, Radio Frequency
Identification and Near-Field Communication, 3rd ed.
Hoboken, NJ: Wiley-Blackwell, pp. 1-13, 2010.

[2] T. Athauda and N. Karmakar, “Chipped versus chipless RF
identification: A comprehensive review,” IEEE Microwave
Magazine, Vol. 20, No. 9, pp. 47-57, Sep. 2019.

[3]1 D. M. Dobkin, RF in RFID: Passive UHF RFID in Practice,
Amsterdam, The Netherlands: Elsevier, 2008.

[4] J. Lee, “Chipless tag technology,” The Proceedings of the
Korean Institute of Electromagnetic Engineering and
Science, Vol. 15, No. 2, pp. 54-63, Apr. 2004.

[5] C. Herrojo, F. Paredes, J. Mata-Contreras, and F. Martin,
“Chipless-RFID: A review and recent developments,”
Sensors, Vol. 19, No. 15, p. 3385, 2019.

[6] I Jalaly and D. Robertson, “RF barcodes using multiple
frequency bands,” IEEE MTT-S International Microwave
Symposium Digest, Long Beach, CA, pp. 139-141, Jun.
2005.

[7] A. Vena, E. Perret and S. Tedjini, “A fully printable chipless
RFID tag with detuning correction technique,” IEEE
Microwave and Wireless Components Letters, Vol. 22, No.
4, pp. 209-211, Apr. 2012.

[8] A. Vena, E. Perret, and S. Tedjini, “High-capacity chipless
RFID tag insensitive to the polarization,” IEEE Transactions
on Antennas and Propagation, Vol. 60, No. 10, pp.
4509-4515, Oct. 2012.

[9] S. Shrestha and N. C. Karmakar, “Analysis of real-world
implementation challenges of chipless RFID tag,” IET
Microwave and Antennas Propagation, Vol. 13, No. 9, pp.
1318-1324,2019.

[10] M. A. Islam, Y. Yap, N. Karmakar, and A. K. M. Azad,
“Orientation independent compact chipless RFID tag,” 2012
IEEE International Conference on RFID-Technologies and
Applications (RFID-TA), Nice, France, pp. 137-141, Nov.



2012.

[11] E. M. Amin, N. C. Karmakar, B. W. Jensen, “Fully
printable chipless RFID multi-parameter sensor,” Sensors
and Actuators A: Physical, Vol. 248, pp. 223-232, Sep.

0{ =& & (Junho Yeo)
19921 2¢ @ FSoistn MAZ st} (SEAD,

m

20074 38 "X cHPChEim AlSHE
MEHAIEOF: RFID 2 o od oLt

0l & 2 (Jong-lg Lee)

1992 2¢l : ZECHsty MRS ST} (SHAN
199414 29 : A= stm MAKZ SR} (ZEHAAY
19981 8¢ : FSoistn MAZstn} (SEHafA)
19984 32 122l : FAnjcstn T wS
1999 38l " oAl SAMciEtn MASEtn} mg=
MEHAEOF: T oL, FALEE A2t

20034 8¢ : 0= Pennsylvania State University X7|33t2} (&S
20034 9% 720044 6€¥ : 0|= Pennsylvania State Universit
20044 8% 72007 2¥ : SR ALS AT R RFID AlARIA

521

28} 4-H|E Chipless RFID Ef 1

2016.

[12]J. Yeo, J.-L Lee, and Y. Kwon, “Humidity-sensing chipless
RFID tag with enhanced sensitivity using an interdigital
capacitor structure,” Sensors, Vol. 21, No. 19, p. 6550, 2021.

1994 2¢ : ZAE0listm MAIZstn} (ZsHAA}
SHafA}), 19944 3 71999 6 : IFnistodT A oA el
y SfAF % DI
TE Ml

=
nztz ojo|32ut MM, Chipless RFID

www.koni.or.kr



