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Design of non-equal spacing flexible NFC tag antenna
under deformed working states

Sun Ying"? Hua Saiyue'” Liu Naiyuan'? Zhou Yan’ Weng Ling'?

(1. Key Laboratory of Electromagnetic Field and Electrical Apparatus Reliability of Hebei Province, Hebei University of Technology,
Tianjin 300130, China; 2. State Key Laboratory of Reliability and Intelligence of Electrical Equipment, Hebei University of
Technology, Tianjin 300130, China; 3. College of Science, Tianjin University of Commerce, Tianjin 300134, China)

Abstract: Since the flexible NFC tag antenna is usually in a deformed working state, in order to solve the problem of frequency offset
and the performance degradation caused by the frequency offset in this working state, and to improve its applicability in the application of
wireless human health monitoring, a flexible NFC tag antenna with human skin adaptation and excellent performance is designed. The
antenna uses gallium indium liquid metal as a flexible conductive material, combined with PDMS flexible substrate material to enhance
the stretchability and flexibility of the NFC tag antenna. Based on the principle of miniaturized NFC antenna design, this paper proposes
a novel non-equal spacing structural design scheme to increase the working bandwidth of the antenna, maintain relatively stable electrical
parameters, resonant frequency as well as communication distance under different deformed states and improve the working stability. The
simulation and experimental results show that the working bandwidth below —10 dB of the non-equal spacing NFC tag antenna with an
external size of 25 mmX25 mm and a line spacing growth rate of 200% can reach 0.87 MHz. Compared with an equal line spacing
antenna with the same area, the maximum increase in working bandwidth is up to 52. 6%. Aiming to the particularity of the application
environment of this flexible NFC tag antenna, in the stretching working state with a stretching degree of 30% and the bending working
state with a curvature radius of 5 mm, the center frequency deviation of the antenna is 3.2% and 2.4%. The antenna communication
distance is always no less than 30 mm, and it shows good working stability under deformed working states.
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Table 5 Working distance test results of NFC tag antennas
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Table 6 Performance comparison of several different types of flexible NFC tag antennas

KA R RF e TAE 58 P A 725 {3
30 mmXx30 mm
e * AL AT I
0. 27 MHz
. A% 14 mm R AR R=5 mm )
N 9] it ,
R B R 0.7 MHz A B R AmFL 24 0. 6 MHz
20 mmX14 mm
PI b g I 4 4 i 2 122 0 56XMH 30% P AT AT R FL 2 1. 2 MHz ESURY
PDMS o & Fg T 45 Fg i 2 123 70 mmx70 mm A AR % Bl 539 K A8 A I 500 YK 309% [ A% Ak
HAE15.5
S B B AR T 3D S K 2 :0 . MH“““ 1009 B HL i 35 (RS 240 2. 33 MHz K
45 mmXx60 mm ] R Z KA T3 s il
) ol [25] N A ’
BRI 0.6 M AEAH RS K
68 mmx68 mm fhZE4E R=6.7 mm B
Y417 Jof gl [ 26] NEIEE ’
SR 0.5 MHz 245 AL AF R AmFE A 1. 8 MHz
25 mmXx25 mm o FAYIE R=5 mm IF
26 B B e * 0% R TR 0,44 Wil Jep AR !
0. 87 MHz PR 0. 33 MHz

B AR R=5 mm B9 TARIRSHT , RE R o BiR
TR T I 2 0.33 MHz, IR F8%AUH 2. 4%, 4) FE45FHHL
filt ARSI TARRAS T B E B 4R A KT 30 mm, 3
BB R rYam 15 M RE

4 4 it

A SBT3 AR TR T iy =k
NFC AREERL , HA R IS R 5 PDMS Rtk
RIS &, S8 T REA e R Al A I, (% R 2R fE
0% S 3 TR TARRAS, BV A SRR MK IH
PRAF B BB AE J P 0 1A AT 5 3 78 Sl 55 ) B 1Y
ST, AMUSEEL T NFC AR KL /N L, A1 T
G AERIPER T, R AR 58 0 4 5 A8 T4
RET BT MNRR Y Z R AR 2 TAER
BT BB/, AR 2 4 REB PR, R R
UF I TAETE RE SR e 1, HAT B i PR 38V g
RRE AR 5 i 9 BE ORI AR LA RERS 52 1Y 6
PE NFC FR2E REBLE 1 BEA, 762 8 H] I TC 2 /7 R
HEAT 12 2 W U A B W 4 i A ST X T AT
ZFHGUR RELRYT A IR D) A5 U Y R R R A T A
PILIUBESH
B2k
[1] LE V, LEMMER U, MACKENSEN E. Analysis of
miniaturized printed flexible rfid/nfc antennas using
Radio

different carrier substrates [ J ].

Identification, 2020, 4(4) . 428-437.
CHEN I F, PENG C M, YAN Z D. A simple NFC RF

Frequency

[2]

performance measurement method based on ISO/IEC

[3]

[4]

(5]

[6]

(7]

14443 standard [ ] ].
2020, 4(4) . 438-443.
JIANG Y, PAN K, LENG T,

integrated wireless powered near field communication

Radio Frequency Identification,

et al. Smart textile
body temperature and sweat sensing system [ J ].
Electromagnetics, RF and Microwaves in Medicine and
Biology, 2020, 4(3) . 164-170.

SILVA AF, TAVAKOLI M. Domiciliary hospitalization
through ~ wearable  biomonitoring  patches:  Recent
advances, technical challenges, and the relation to covid-
19[J]. Sensors, 2020, 20(23) ; 6835-6871.
ESCOBEDO P, BHATTACHARJEE M,
NIKBAKHTNASRABADI F, et al. Smart bandage with
wireless strain and temperature sensors and batteryless
NFC tag[J]. Internet of Things Journal, 2021, 8(6):
5093-5100.

Fe— I WOW, B3 v AT ) i g S A Y T 2
WM PAT SO BUIR (1], AR ALK 40, 2021,
42(9) ; 244-252.

WU Y CH, MENG H H, HUANG Q Y, et al. Research status
of wearable and flexible actuators for force feedback [ J ].
Chinese Journal of Scientific Instrument, 2021, 42(9) .
244-252.

NG XU RS, 55, R T NFC 19 W] 27 8L B R
TR/ AT R e T ST HE R [T ] A AN R 274l
2020, 41(12): 122-137.

SUN Y, LIU NY, YU ZH W, et al

characteristic test of high bandwidth flexible NFC tag

Design and

antenna based on gallium-based liquid metal [ J].
Chinese Journal of Scientific Instrument, 2020, 41(12) :
122-137.



- 66 - B IR SAR  R % 36 &
[ 8] fataRI, axtsss %, %, WIR RFID ZBERE RS metal stretchable unbalanced loop antennal[J]. Applied

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

A R AG I [ 7], o I i 45 A 27 4l , 2018,
32(11) :139-146.

HE Y G, SHE P L, ZUO L, et al.
frequency offset estimation of HF RFID system with dense
tags [ J].
Instrumentation, 2018,32(11) ;139-146.

KIM J, BANKS A, XIE Z, et al. Miniaturized flexible

electronic systems with wireless power and near-field

Research on

Journal of Electronic Measurement and

communication capabilities [ J ]. Advanced Functional
Materials, 2015, 25(30) : 4761-4767.

ZHAO A, Al F. Dual-resonance NFC antenna system
based on NFC chip antenna[J]. IEEE Antennas and
Wireless Propagation Letters, 2017, 16 2856-2860.
SHI Y. Design and fabrication of fabric near field
antenna for wearable applications[ D]. Manchester: The
University of Manchester ( United Kingdom) , 2017.
ZHAN B, LIU F, WENG Y, et al. The effect of
mechanical deformation on electrical properties of near-
field communication device[ C]. 2019 20th International
Packaging  Technology

Conference on  Electronic

(ICEPT), 2019. 1-5.

HHSC. NFC RELM I RMERR[D]. K&
HARA, 2018,

DONG SH W. Structure design and performance study of
NFC antenna[ D]. Changchun; Jilin University, 2018.
MATSUZAKI R, TABAYASHI K. Highly stretchable,
global, and distributed local strain sensing line using
gainsn electrodes for wearable electronics[ J]. Advanced
Functional Materials, 2015, 25(25) : 3806-3813.
ALQURASHI K Y, KELLY J R. Continuously tunable
frequency reconfigurable liquid metal microstrip patch
antenna[ C ]. 2017 IEEE International Symposium on
Antennas and Propagation & USNC/URSI National Radio
Science Meeting, 2017 909-910.

E RS RS AR RL S RFID Fr& 3t D].
P RHR S, 2016.

WANG Y ZH. A Thesis submitted in patitial fulfillment of the
requirements for the degree of master of engineering [ D ].
Wuhan :Huazhong University of Science and Technology, 2016.
ZHANG G B, GOUGH R C, MOOREFIELD M R, et al.
A liquid-metal polarization-pattern-reconfigurable dipole
antennal J]. Antennas and Wireless Propagation Letters,
2018, 17(1) : 50-53.

FASSLER A, MAJIDI C. Liquid-phase metal inclusions
for a conductive polymer composite [ J ]. Advanced
Materials, 2015, 27(11); 1928-1932.

CHENG S, RYDBERG A, HJORT K, et al. Liquid

[20]

[21]

(22]

(23]

[24]

[25]

[26]

Physics Letters, 2009, 94(14) ; 94-97.

XU L L, CHEN X, TAN S R, et al. Characterization
and modeling of embroidered nfc coil antennas for
2020,

wearable applications [ J ]. Sensors Journal,

20(23): 14501-14513.
JOW U, GHOVANLOO M. Design and optimization of
printed spiral coils for efficient transcutaneous inductive
power transmission [ J ]. Transactions on Biomedical
Circuits and Systems, 2007, 1(3) . 193-202.

KIM J, BANKS A, CHENG H,

electronics

et al. Epidermal

with advanced capabilities in near-field
communication] J]. Small, 2015, 11(8): 906-912.
DANGA W, MANJAKKALA L, NAVARAJA W T, et al.
Stretchable wireless system for sweat pH monitoring [ J ].
Biosensors and Bioelectronics, 2018, 107, 192-202.
KIM B H, LIU F, YU Y, et al. Mechanically guided
post-assembly of 3D electronic systems [ J]. Advanced
Functional Materials, 2018, 28(48) . 1803149.

SCIDA A, HAQUE S, TREOSSI E, et al. Application of
graphene-based flexible antennas in consumer electronic
devices[ J]. Materials Today, 2018, 21(3) ; 223-230.
JIANG Y, PAN K, LENG T,

integrated wireless powered near field communication

et al. Smart textile

body temperature and sweat sensing system [ J ].

Electromagnetics, RF and Microwaves in Medicine and
Biology, 2020, 4(3) : 164-170.
EEE T

FhBECGHE{EIEE) 733 1994 4F 2001
AF 1 2008 AF TN AL Tl Ko AR A o il
b AL, B L Tl R AR WY
S, FEERIETETT 1 R REALRL S AR
E-mail ; sunying@ hebut. edu. cn

Sun Ying ( Corresponding author )

received her B. Sc. degree, M. Sc. degree and Ph. D. degree
from Hebei University of Technology in 1994, 2001 and 2008,

respectively. Now she is a professor and supervisor for M. Sc. at

Hebei University of Technology. Her main research interests

include intelligent materials and devices.

HE R, 2018 4F T AL mUk A Ko 3 Ay
55 =<3 VA U\ R L e | I A NE= 22 17 W ) e
EBWIFETT 0 N REA RS R
E-mail ; huasy960528@ 163. com

Hua Saiyue received her B. Sc. degree

from Beijing Union University of Engineering in

2018. She is currently a M. Sc. candidate at Hebei University of

Technology.

Her main research interests include intelligent

materials and devices.



