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AR
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B 1 (a) fEIRAE45H; (b) NCF BB TE ; (c) MMF 14
)

Fig. 1. (a) Sensor structure; (b) cross-section of NCF;
(c) cross-section of MMF.

S A P AR IS S A T B TR LA
WA 2 i, it NCF M4 )2 £ BRI I
R R Ga 22 ok B TR AT e T s i B ISk
F, BEE A FRE () NCF it Bas s, QB ik
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Kl 3(d) MK 3(g) 7wl ET Ag, Ag/MoS,
Ag/ZnO 1) NCF Ffi, v LU H H 3% 1 o il o 9%
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MR A ORI, 330 2 PR kg R4 W S U R ) A
TG SR A KA, DURR e SR R A% | Ak
KIS IE N2 fh gt . BRI H SR T 50t Kl
KGR fih B HERRIM AL, 78 SEM T 2 3B I i
Rk, B 3(c), (D), (1) A HIRRET Ag, Ag/MoS,
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K2 HEf AR i R

Fig. 2. The process of fabricating the sensor.
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5(?j pm
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B3 (a) 3T Ag IEAHY NCF ik 5000 1 ; (b) 2T Ag A9 NCF 7K 10000 4% ; (c) 3T Ag IR AY NCF B 8% H 7 K 20000 1 ; (d) 3
T Ag/MoS, £ ) NCF 5 K 700 fiF; () % T Ag/MoS, JiE i1 NCF Ji K 20000 fi%5; (f) 2T Ag/MoS, I 19 NCF £ #% ifi 5 K 20000 £%;
(g) T Ag/ZnO BEHY NCF HK 700 fiF; (h) 2T Ag/ZnO A NCF FLK 15000 4%; (1) 3T Ag/ZnO Y NCF Bl i ik 30000 1%
Fig. 3. (a) NCF with Ag film at 5000x magnification; (b) NCF with Ag film at 10000x magnification; (c) cross-section of NCF with
Ag film at 20000x magnification; (d) NCF with Ag/MoS, film at 700x magnification; (¢) NCF with Ag/MoS, film at 20000x mag-
nification; (f) cross-section of NCF with Ag/MoS, film at 20000x magnification; (g) NCF with Ag/ZnO film at 700x magnification;
(h) NCF with Ag/ZnO film at 15000x magnification; (i) cross-section of NCF with Ag/ZnO film at 30000x magnification.
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Fl Ag/ZnO By NCF UK Z J5 By B0, WA Ag
JIEE . MoS, JEEE | ZnO JEREE KA 60, 90 il 240 nm,
Hr MoS, JEEEEFIl ZnO J5EF S8 1 58 4 I 58 1 ik 2
PRI R .

TEPEA Ag/MoS, ) NCF I 1 # If [ 1k
PDMS . 5 B LT AL R A P45 1:10 A9 LR
A, ARG HE 15 min, HASER %, B
A f3%] PDMS %W . 85 H Ag/MoS, i) NCF
PR BE ¥ 5 O A AS T4 |, 7% BT A PDMS
VT, THR IR EETEAT R A PDMS B FEL. 3
i PDMS #5305 L A /0N, R B i i 5
PDMS AMF #ARN, JE B 7E — 5 3 il 9 A8 LA
SR PT B R R AR AR SO B R AU TG
SR & DD E TR B IR S HE i NCF B
SRV, PR VLAEAL B A9 NCF S5 4RH7
VI MM S5 82, 50 iAG s il 45, ik
TR 2 PR,

J T FE RN R B AR PERERCR, HE T
TOlBER:. WA 4(a) FIR, JGlEZI P W22 2
AR g JEUR . MMF A8 . MMF G i
BAHL OEHMOLTE AL = MMF, D615 5% & 2%
JES ) TEALIE A &= SPR AN . 1B IR Se &
F 4(b) 7R, P 55 SR ER AT R BE 3R AT B R
2 cm, Wiy MMF %42,

(a)

MMF ;2/““ 3“< | MMF
3 NCF+ NCFtAg+ N

Ag+ZnO MoS;+PDMS

B4 (a) JeBRIEHEE; (b) LRSI IE
Fig. 4. (a) The optical path connection diagram; (b) physical

picture of the sensor.
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SELAEL[R) ARG 003K 7 A 2 LA T 3 3 =[]
ANRAETI, ERE B IR W IE ) SPR AR 5
[m] T ZL A1 B, 77 PEE SPR 4 22 Bl B9 R
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TSR T A G, R RS AR, 7E R
TEEERVE I, A BB 8535000 B AR
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T 251

Ex

[} \
o 20F

<

E‘

1.5}

0.6 0.8 1.0
Wavelength /pm

5 MoS,, TiO, Fl ZnO [ A4 xk 37 5 2
Fig. 5. The effective refractive index of MoS,, TiO, and
ZnO.

JITLL, SR e S S v e e 2B P SR e T
SEHS R R DI i JF R AT RED R I L L,
K YefE Ag/ZnO PEBE & T 8 R &, Ag/
MoS,/PDMS #% 5 41 45 FH 7l B Il & . PDMS #Y
PR SR Z A O R A BY

nppms = —4.5 x 107* - T + 1.4176. (4)

MBI TR, PDMS 755 R &A%, #4E SPR
PR B, IR A A2 D R D R4, ST
TSR R IEA KRR, A2 SPR JERICHEL, 3%
RS B T AR I A S G KB k)N, FR3
SRR T RS Bl R, i I SPR
PRV AN, AT SEBHE AR b ) A% IS

3 H#R53b
3.1 Ag BB EFIRSTHE B R

Ag PR FE 52 SPR AR IR A PERE. WA 6(a)
(LI 45 SR, PE IR [B] #E 50—65 s N, BT
BRI ZE R, HIRIEAR LR, T Ag R SPW
PIARFEREAS . A O SR, 75 B A 0 2
FAZVEEL. 5815 ¢ = 50, 55, 60, 65 s Bf FWHM
Ay 9k 73.3, 50.1, 67.3 f1 57.9 nm, t = 55 s i}
FWHM /N, KIS B e it — 25 B85 K
JE L, anE 6(b) Frs: BE n=1.333 0, L =
1,2, 3 cm X} FWHM 4 50.5, 54.8, 63.4 nm, 3k
PR K AAEIRE AL L = 1 cm B FWHM %
INMBFEE S, L = 3 cm B4 R H FWHM #ix
K, UL L =2 em R G R it 3
n = 1.373 ALK, 154 FWHM 435k 60.7, 64.9,

70.3 nm, Z5i0—8. % b, AT ZSECN: PR
IFE] 55 s, REFK R 2 cm. 3 T3k, 858 Zn0O JE
5 MoS, Bt Fe )5 .

110

(a)

100

90

Transmission/%

400 500 600 700
Wavelength/nm

(b) —— L=1cm,

n=1.333
110 — —L=1cm,
n =1.373

—— L =2 cm,
n =1.333

100 [

Transmission/%

400 500 600 700 800
Wavelength/nm

K6 (a) AIBERERT T, HOUURUH AR Y % 5135 (b) A
[FIERECBE L B3R5 208
Fig. 6. (a) Transmission spectra of the Ag-only film under

different deposition times; (b) resonance dip performance at

different probe lengths L.

3.2 ZnO F1 MoS, i FR i [E By ik +%

A S 55388 ek 0 S Ao [ o 4 SR [ B AR )
[ 55 s, ZnO YL [E] 53524 3 min, 3 min 15 s
A3 min 30 s. $roF=RMIKLE LA 7 BoR, BT
R A E R, SRR 2T 8. rif M 1.333 &
1.42 I}, = Fh T RS fa) X6 17 1 4R 0k K 5 5 4 331
g 314.4, 323.5 F1 361.0 nm. M KIS $k ]
A Y BB L, Nl Ag/ZnO RETFE I SR
DU RSP () e R I e Ah 1 i B, AT Ay 5 0
S AT S S NS ) vt e VA OB S Z ERIT AR 1)
>4 3 min.

¥5YT 2 min, 2 min 15 s F1 2 min 30 s M5
BFE R Ag/MoS, & B #%  RI MR 453, Al 8
Fin. B R o] i e K PRI R AR 4R
MIRBTH R n = 1.333 I, =Rl RIS R
PRI 604.0 nm 555 705.6 nm. SLEEE R
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n: — 1.333 — 1.343 — 1.353 — 1.363 — 1.373 —— 1.383 — 1.393 — 1.403 — 1.413 — 1.42

a) 120 120 c) 120
(a) (b) (c)

110 110 110
o 100 === = 100 IRo = 100+
.S S S S
£ o0l £ o0} £ 9ol
g & g
n wn 0
5 80r g 80 | 5 80t
= & g

70 F 70 F 70 F

60 1 1 1 1 1
400 500 600 700 800 900 1000
Wavelength/nm

(a) 120

110

90

Transmission/%

70 \ \ \ \ \ \
400 500 600 700 800 900 1000

7 BT Ag/ZnO LR AR ML

60 1 1 1 1 1
400 500 600 700 800 900 1000
Wavelength /nm

60 1 1 1 1 1 1
400 500 600 700 800 900 1000
Wavelength /nm

(a) 3 min; (b) 3 min 15 s; (¢) 3 min 30 s

Fig. 7. Test results based on Ag/ZnO sensor: (a) 3 min; (b) 3 min 15 s; (c) 3 min 30 s.

100 =

80

n: — 1.333 — 1.343 — 1.353 — 1.363 — 1.373 — 1.383 — 1.393 — 1.403 — 1.413 —— 1.42
(b) 120 (c) 120
110 B 110 ¢
X S X
%\\/‘V g 100 | E 100 £
_ \\\/{f""' : 90 | : 90 |
ONM‘Q'V : 0 5 sof
i & £
70t 70t

60 \ \ \ \ \ \
400 500 600 700 800 900 1000

60 \ \ \ \ \ \
400 500 600 700 800 900 1000

Wavelength /nm Wavelength/nm Wavelength /nm

K8 H:T Ag/ MoS, f& R 4s iy Ml ik 2
Fig. 8. Measured results of the Ag/MoSy-based sensor: (a) 2 min; (b) 2 min 15 s; (c) 2 min 30 s.

(a) 2 min; (b) 2 min 15 s; (¢) 2 min 30 s

120 1050
—100C —70°C —40C —10°C ® Resonance point
—90C —60C —30C —0<C —— Linear fit curve
HOKR —80C —500C —20C 1000 7
N <\ g y= —2.2781x+1022.8492
S 1001 N & 950 R2 =0.97937
5] =
£ £
Z 90+ = 900
g 2
: :
E 80 £ 850¢
70 b 800 - o
(a) (b)
60 1 1 1 1 1 1 750 1 1 1 1 1 1
500 600 700 800 900 1000 0 20 40 60 80 100
Wavelength /nm Temperature/C
K9 (a) MRS RS, IR EE AR AL 1933 561 (b) R 5 PR i il & th 2k

Fig. 9. (a) Transmission spectra under varying temperatures with constant external refractive index; (b) fitting curve of tempera-

ture versus resonance wavelength.

FHH, MoS, Rt HEAIR I K (14 98 1 i BE St K T ZnO
5. F T S0 m T B4 T DG S R R I I K AL
4 1100 nm, 83 i% K E B (5 oo, A
ARG FWHM K E, HEH MoS, By e fk:
DLFREHE] A 2 min 15 s.

3.3 REENXEERMESENK

6 7 2% U I ) e AR ) PR B

Fie L 4 1% S 3HUGS PR A A SRR T R4 T R O 3 42
Sk, AR ANIE 9 R, B SRR AT T AR A
JEEM 100 C HRIRFEZ 0 °C, AT AR b 22 3]
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refractive index versus resonance wavelength.
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F 1 REBRESMRE
Table 1.  The performance of different sensors.
Structures RI Sgi/(nm- RIU ) T/C Sp/(nm- C1)
wedge-shaped fiber*2 1.33—1.38 2607.8 30—45 -4.013
Double-side-polished MMF3] 1.330—1.365 2418 25—75 -2.144
S-shaped optical fiber! 1.333—1.380 1068.59 30—150 -0.713
D-shaped no core fiberl? 1.34—1.39 265.502 25—80 -0.0861
This work 1.333—1.383 2888.255 0—100 -2.2781
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Abstract

This paper proposes a cascaded dual-parameter silver-based no-core fiber (NCF) surface plasmon resonance
(SPR) sensor for simultaneous and independent detection of liquid refractive index (RI) and temperature. The
sensor uses two segments of NCF as the sensing substrate and constructs two independent sensing channels in
series, forming an integrated dual-parameter detection structure. Specifically, an Ag/ZnO composite film is
deposited on one NCF segment for RI detection, while an Ag/MoS,/PDMS composite film is deposited on the
other for temperature detection. The working principle is based on the SPR effect excited by the Ag film on the
NCF surface. In the Ag/ZnO composite film, the ZnO thin film not only regulates the shape of the SPR
resonance peak, significantly improves the sensor’s response sensitivity to RI changes but also acts as a
protective barrier to effectively inhibit the oxidation of the Ag film. In the Ag/MoS,/PDMS composite film,
MoS, and PDMS synergistically regulate the position
of the SPR resonance peak, red-shift the temperature-
sensitive band to the near-infrared region, and provide

good anti-oxidation protection for the Ag film, thereby

extending the sensor's service life. In addition, the
sensor ensures the independent operation of the two MMF NCF4 NCF + Ag+ MMF
detection channels through a staggered SPR resonance Ag+Zn0O MoS,+PDMS /o

design, avoiding channel crosstalk. With the RI range
of 1.333—1.383, the average RI sensitivity of the sensor
reaches 2888.255 nm/RIU; in the temperature range of
0—100 °C, the average temperature sensitivity is -
2.2781 nm/°C. In summary, the sensor offers significant
advantages such as long service life, no channel

crosstalk, high sensitivity, and stable performance,

offering a new concept and technical basis for multi-

parameter, high-performance SPR sensors.
Keywords: surface plasmon resonance, dual-parameter sensor, ZnO film, MoS, film
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