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PRICH 1A 2. T REAE B Ly 15 2T S B A A
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Fr AR, BATELE SR PO IXEEIAT 2 MHFER
DIRESL /ML, HEEAR D dy. BEAh, O T 32 AR I

Kl 1 SPR-MF f& /g i B i 7w 2
Fig. 1. Cross section of the proposed multi-core PCF sensor
based on SPR.
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10%' cm 3; e SAHLFHLfif.
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Fig. 2. (a) The dispersion curve of Y-polarized mode and
SPP mode; (b) the loss curve of Y-polarized mode and SPP

mode.
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B TORTRAIISE T RrdUAE ST 5% n, MG
s RREE RS IR, L0 ELAE R IA 3 R, JGET
B HAMZERSECHN: A =2 um, d; = 2 pm, d, =
1 um, dy = 0.5 pm, ¢t = 50 nm. &l 3(a) 7] LIFH
H: 2 n, A 1.423 36K 3] 1.513 i, HAR G K&
FEARLL RS, RN AR R I N 1,548 pum 3 0 £
2.796 pm. H R EJFEE R SPP A A 2L 3R
SR n, MG, MY R AR,
AT B P AR ] A & SRR ™ AR 2078 it
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R R Y n, SR, SPP A5 Y AR ] i fig
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W, R ECY AR AR A /N B 3(b) A

1 —1.423
2 1.433
3 —1.443 3
|4 1.453 5
5 1.463 7
6 —— 1.473 9
F7 —1.483 10
8 ——1.493
| 9 — 1.503 \

L 10— 1.513 \
\

Loss/(102 dB-cm~1)
I N - I )

0 L L { L L L L
06 09 12 15 18 21 24 27 30
Wavelength /pm

2.8 -
(b)

2.6}
®  Wavelength

2.4+ — Linear fitting

221

Wavelength /pm

B3 Yo, M 14233 B 1513 1F,  (a) Y WARKE MR
FEMZAILIR I 5 (b)n, MR A L

Fig. 3. (a) Loss curve of Y-polarized mode and (b) linear
fitting line of the resonance wavelength versus n, by chan-
ging n, from 1.423 to 1.523.

074207-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 70, No. 7 (2021) 074207

PR RS n, WLMERIA L, LG N
A (um) = 13.964n, — 18.384 . % 7 B2 1 ALk AL
JERAAETZ I TR N ) P48 R, Pt LIP3 R
B S 13964 nm/RIU. A T RENS BT 47 AR5 14 8%
R, FATE T T BAANPR REUE Sy . H
AR 07.18;

Sy (nm/RIU) = Apear (na) /Any, (5)

i, AN e IR B, An, HJy n, B97E
feiE. K 3(b) FTLAE H: 24 n, = 1.503 if, HIL
PRI KR 2,617 pm, 1024 n, BWRF] 1.513 i, JE4E
WeAAZ Ny 2.796 pm, 3T (5) 2 1R ALK
R R R BUE N 17900 nm/RIU. % R 8% ik
THALZ s SPR-MF /g 1921, 25 BR300 5 1) %
KAPHEE N 0.01 nm B, WA 4TS48 00 B
ik 5.59 x 107,

W5, R T O S S HON AL s
FRIRPERE R R, FRATH S T & B RS ¢ Fn
AT NLEAR dy WHEERERIFERR M S R
RSl

] 4 SR AN [R] 4w IR B N AR IRER 1Y f i A
PAEM L. LML SECH: A = 2 um,
di =2 pm, dy =1 pm, dz = 0.5 pm, n, = 1.423.
LR AT DA 2 B i 0 M S B 8 T, A% SR
AR R R K Ty M A 5. 41> ITO MY JE R
43514 40 nm, 45, 50, 55, 60 nm I, f£ &2 BT %F
N B AR I 4 0 R 1.423, 1.493, 1.548, 1.599,
1.645 pm. BB th ] LU Al SPR-MF 1%
JEES #2281 LR R R ITO JREBE 3G Kl 15
SPP AW AAT LT R ARG I, Y PR AS A5
BRI RH P A Z5m, RS BO R K
RAELIR. AN, 2 ITO AYJERE M 40 nm 3 K 5
60 nm B}, Y 4 FEABE ) $FE U B L-F- e A5 A28 Ak
R, BATTAT LA A BT ITO KSRk 2 5
T IR A% B .

B 50 dy XF Y PREEARFER 2. SLF i)
fEEHIZECHN: A = 2 pm, d = 2 pm, dy = 1 pm,
t =50 nm, n, = 1.423. WNILEI AT LUE H: Rl /D
FLEARM AR, Y i de A ) e P i 4 ) K KB
B, (BRI IEAARAE. 4024 d; 2518 0.3, 0.4,
0.5, 0.6, 0.7 pm B, FZJREE X 7 1 AR U7 4 43 5]
9 1.538, 1.542, 1.548, 1.555, 1.563 pm. X2 H K
AINLER IR QS5 Y R It G 2
S A AR A S i), TS BOIm A P

8
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Fig. 4. Influence of the thickness of ITO film on the loss of
Y-polarized mode.
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Fig. 5. The influence of dj on the loss of Y-polarized model.
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M. YELF P HABZEAISECR: A = 2 pm, d; = 2 pm,
dy =1 pm, dy = 0.5 pm. M 6(a) ATLLLZIR: 4
ITO JEJEM 40 nm 3R F] 50 nm I, (L1848 93
KRBERFFAZL. TR ITO JB AL 40—
50 nm Z [A1ZE ALY, SPP L5 Y (R4 2 [ 14
BRI A 252 Hog i 09, SR, 4 ITO JR M
50 nm 34 K 3] 60 nm B, X R A9 3K REUE 2 bl
Z M\ 9200 nm/RIU #/pE] 9000 nm/RIU. X455k
HRE SPP ALY fi PR ] B9 AR5 R R AL 22
T. NE 6(b) HATLAE th: /ML ds A 0.3 pm
FERE] 0.7 pm I, A2 RS B REUE B R 9600
nm /RIU ¥/ 3] 8600 nm /RIU. 3% i8] SPP fi 5
Y (i RS ] B S CR B dy BRI
WA HABZEISECR: A = 2 pm, d; = 2 pm,
dy =1 pm, t = 50 nm.
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Fig. 6. The influence of fiber parameters ¢ and d; on the
wavelength sensitivity with n, increasing from 1.423 to
1.433: (a) Fiber parameters t; (b) ds.
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Abstract

Microstructured fiber (MF) sensors based on surface plasmon resonance (SPR) have been widely
investigated because they have many merits including high sensitivity, label-free and real-time detection and so
on, thus they possess extensive applications such as in food safety control, environmental monitoring,
biomolecular analytes detection, antibody-antigen interaction, liquid detection and many others. However, most
of reported SPR-based MF sensors can only work in the visible or near-infrared wavelength region. Hence, the
investigation of high-performance mid-infrared SPR-based MF sensors is a challenge task. In this paper, with
the aim of overcoming the above limitation, a new type of high-sensitivity SPR-based MF sensor coated with
indium tin oxide (ITO) layer is proposed. The proposed sensor can work in both the near-infrared and mid-
infrared wavelength region. Benefitting from its two-core and single analyte channel structure, our proposed
sensor can effectively eliminate the interference among neighboring analyte channels, improving its signal-to-
noise ratio, and achieving high-sensitivity detection in ultra-broadband wavelength range. By using the full-
vector finite method with the PML boundary conditions, the sensing properties of our proposed sensor are
numerically studied in detail. The numerical results show that the resonance wavelength of the proposed sensor
shifts toward a long wavelength region as the refractive index of analyte increases from 1.423 to 1.513, and a
similar phenomenon can be found if the thickness of the ITO layer increases from 40 nm to 60 nm. Nevertheless,
the wavelength sensitivity of the proposed sensor decreases with the increase of the diameter of the hole located
in the fiber core region. On the other hand, when the refractive index of analyte varies in a large range of
1.423-1.513, the proposed sensor can operate in an ultra-broad wavelength range of 1.548-2.796 pm, and the
average wavelength sensitivity is as high as 13964 nm/refractive index unit (RIU). Moreover, the maximum
wavelength sensitivity and refractive index resolution increase up to 17900 nm/RIU and 5.59 x 107 RIU,
respectively. Hence, our proposed SPR-based MF sensor can be applied to environmental monitoring,

biomolecular analyte detection and chemical detection.

Keywords: fiber optics, microstructured fiber, surface plasmon resonance, sensor

PACS: 42.81.i, 42.81.Bm, 73.20.Mf, 42.81.Pa DOI: 10.7498/aps.70.20201477

* Project supported by the National Natural Science Foundation of China (Grant No. 61765003), the Natural Science
Foundation of Jiangxi Province, China (Grant No. 20181BAB202029), and the Graduate Innovation Foundation of Gannan
Normal University, China (Grant No. YCX19A043).

1 Corresponding author. E-mail: jfliao@126.com

074207-6


http://doi.org/10.7498/aps.70.20201477
http://doi.org/10.7498/aps.70.20201477
mailto:jfliao@126.com
mailto:jfliao@126.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

