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IEER, BEECAEARKABILRE, 3T R4 & 743k (surface plasmon
resonance, SPR) JR B 2R G 47 AR I AR 45 LLIR 1 R IZ 0 K i o R IRER T F X
DRE S EAT AL, ) SELS T 70 5 AH LA F A SEmr S, A=Y 70 R0 35

QIR 250t e S5 AT 2 1) N CSL, P R AR R AT L
FAC T A 55 22 A AU p A T R SRR 2K, REVEAS BTN IX > S K
AR E BT IZ RN 75K

HET, WS SPR ALIEAAIAFAE WS 2 AR W, — & R 2L RS
TEAS S HAHE AR, 5 2Ll S HIME I VR e, Hein Du %8 AR T
—HOVEIE AR Eh6 2T SPR AL JKAS, A h & /KA A R B AL, %A Ik
xBTS H R U, AE AR AE P TE TR A R PR IR R, TR
i T A RS (K SRR B A5, Podn i 2 AU T 3 [ I 2 47 5 SR AL
[¥) SPR {4 /848, PRGN 1.33-1.40 RIU, K474 R BUE N 4400 nm/RIU,
FrINYE T 5-100 °C I, e K R BUE DY 5.4 nm/°C, (HAR LS R EifiE,
RAENEFAMRIHGE T — AR, AR S A, S B02 M B A
Ky ZREANSHIEN RBUZHAL, MR, thln Yang 5 NBHEI T —3K
POF-SPR 148+, HA MU KR PRI at, HA 53 RS HS, Ty 2890.536
nm/RIU, {H2 5 B R % 4-0.891 nm/°C, REFERAL; VU2 2 SHER H
T A R, SRS ETEE 22 PR &, Han Yin 8 AP 3T Ag/ZnO
F1 Ag/TiOo/PDMS 5 & it s, iR N &G I SZBR, R 0-50°C. 3% £ i) %}
T XS B 7 SR A R 5T 5 AR EAN W] 2B (RIS o DRI AR SR e 1) i) 7

R AESEPUU S B & HARUE I &y FUR BRI b, 8 iy iEiE T30 Bk
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To it Y6 4F(No-Core Fiber, NCF)!121 HA gy fai i, fEHRMELEES T
WK SPR RIS il o MR LA bR, AR SR H — T NCF 208 H. SPR 44
U SR PR AR IS, AT ST A R UL (Y XS R D I . S 2R T A
B Ag i, Ho—ANEIESE Ag BEEARE BT ZnO A T4 St R Aeaml, 5 —Avii
BTE Ag IEIERE EYUR MoSJiE 5 PDMS A TR . AWFR5 Yin 2 AR
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JE TH A e T S L3 S 10 30 T R R 0, ORI BE RS NG L AL 0-50°CHRJE F] 0
100°C; MoSoAE Ay a1, FARAR i #800 JR A0nT 20 I B2 AR A k) 1 51 2 240
SN, B G 6T PDMS (R BB R AR 4, SIS B2 A SRR AR S P L 2 o AR
AT, MoSoAHELT TiOs, FLAT SR AT I BE AN 1H], ARSI 5G i MoSa £ fH::
SPIFTEAY 2 min 15's, KORAR T TIOHUMMIT I [E], 4/ 1 Hlf AR . 45 R 2o,
ZnO JEAT MoSJELASAT B 1k T Ag AL, MoSfEEZLAMAFIRE 775 ZnO fIA]
R ST FC EL A, A 5 S 0 LR K A TEAS [ B AT SE BN, T WS 4[]
SMSIRI . WIEIEIES, 1E 1.333-1.383 (UFF RGN, RO % R
JEik 4146.1 nm/RIU; £ 0°C-100 °CHil BEVEIE N, oK R BT J9-3.8433

nm/°C. AN, SEERESRERY], ZRREGEA RiFpieet.
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BRI AR I 2R AT IPERE . A SCROTH I R SRR AR S5 AT NCF i an

1(@)A(b)F7r, Pism ELAER Y 125 um [ 2 BOEZF(MMEF) Tt 2t Wil 1(c)

Fic. PLEAEA 125 um [ NCF AEEER, TR Ag/ZnO 2 4 FEAS I 6 260 B W )

PrihE, YR Ag/MoSo/PDMS E & R IR I, JEPIARIC A 2 em HIPEIE

[¥) NCF #ATH# K, Pismid iz £ MMF AR506E 5, SCElf i R S IR 1 R 20
Fo Ag A TR SPR 248, ZnO JEAT MoSy B3 AT RY" Ag BEARE AL, 4E
KAL AR A I 5 s[RI AT S By 96 R i 5 RO, LU 2 WS A 25
EMFK. Hrh, PDMS J&—FH R RS20, HEARTE SR AR ER
W, U BRI, PDMS 3T R b8 2 AR B3 U

(a)
, MoS, /
MMF NCF + NCF +Ag + MMF
Ag+7ZnO  MoS,+PDMS
(b) (c)

Kl 1 (a) f2EE8 4515 (b) NCF IBEALI; () MMF frBE AL

Fig. 1. (a) Sensor structure; (b) Cross-section of NCF; (c¢) Cross-section of MMF.
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(62 L BRI FRS R R R, 8 % TR B TG 4T R T R, B 5 4
ALFREF ) NCF JBOE B i . REMART TG BT BB, fE A B H] 6.6
10 Pa, FTTFRESM, KE MBS 40 SCCM, R SHENFH S, b5 TT
JE BRI R 150 W, SRR AATE NCF RIS Ag . Ag i
VIRRGERUSE, $T9F ZnO $EMGHIRIR, FFIATIAR ZnO B, W3, 25 &I MoS:
F5E, UTF RS MoSo TR LA & (S AT IS AT RS o dRfim, SRPISHIELIE, $17F
B, RS ES AN RAUEFE, TR, U6

|

Silver target

== Deposite ZnO film ‘_

Cascad with the MMF at
both ends

A—

L
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Il

e Deposite MoS, film

]

Coat with PDMS

2 il fEAE AR IR R

Fig. 2. The process of fabricating the sensor.
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1o PR FL R T 3 b KB 4K T R S HERR T i, £ SEML T 52 3 B & (14 5

Kok B 3(e) (D) M ERFET Ag. Ag/MoSa. Ag/ZnO K] NCF UK J& IR #R

I, 15 Ag JE. MoS, JEJ% . ZnO JEJZ KMEA 60 nm. 90 nm. 240 nm, ' MoS,

JEEAN ZnO J5 )52 t B2 A R T IR FARNR S T AR

3 (a) FET Ag JBE) NCF UK 5000 fi: (b) T Ag ) NCF N 10000 f5: (¢) FET
Ag JEH) NCF B HOK 20000 % (d) FE T Ag/MoS, I NCE A 700 f: (e) FT-
Ag/MoS, £ 1) NCF JBUK 20000 fi: () T Ag/MoS, K NCF BE#RHIBOK 20000 fif:  (g)
BT Ag/ZnO JER) NCF JHCK 700 £ (h) F: T Ag/ZnO JEERT NCF K 15000 £%: () FET
Ag/ZnO JiF ] NCF #E# I EUK 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 700 magnification; (¢) NCF with Ag/MoS: film at 20000x magnification; (f)
Cross-section of NCF with Ag/MoS: film at 20000% magnification; (g) NCF with Ag/ZnO film
at 700x magnification; (h) NCF with Ag/ZnO film at 15000% magnification; (i) Cross-section of
NCF with Ag/ZnO- film at 30000% magnification.
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1: 10 BELBR S, o HidtEitE 15min, [FSEAHA, B[ {5%] PDMS

B, IEPEA Ag/MoS, B NCF JRAER BT 6] & F 404 [MIHE -, £ A

PDMS &, THEiE S 4R PDMS B EL . & PDMS WS F 5.

Hs g/, HIR W NYET PDMS AMEROERS, JEEAE— V6 B N B A

M 7 S 3R i i PS8 (Y AR A R, ORI 3 SR 0% TG B Y M . P e FH DI S B

SE R NCF % 5 i D)1 %8 , F I R LT AL 2R AT () NCF 5 32 BT D) E1 4 () MME

BEAT B, SE A Ik A i &, BEARRAE A B 2 o

N7 HEPLE 2IULRETERERCR, 4T TeEEER . WA 4P,
JGHGERI W B KN : Y6 MMF. AR &S . MMF. JGig4C, THEAL.
JENOLIEANGS 2 MMF, 8615 S BME RS, fEM AR A SPR AN . 1%
AL I 4o, S R R ANR LR A Y 2 em, W% ] MMF

P

(2)

2cm : 2cm

: MME

N(_ F+A0+Zn(_) NCF+A +MoS
+PDMS

K 4 () SCHOERR; (b) fREERSEY)IA

Fig. 4. (a) The optical path connection diagram; (b) Physical picture of the sensor.




2.2 fBI%4s SPR FHIELR I A 2R

AR AT AR T SPR S TAE . AR RMEUTHRIE S, JGEGLT
AR, NS 0 R A )M ZRAFRY, ORI I T 7 I S
Bk 4 R 5 AR S BT 0 R, WOK 4R 3R A E L R T 45 S A K
(Surface Plasmon Wave, SPW)2% 231, Myl 5 SPW 13 2% i /2 UL 25 {1
2R SPR IR, MBS 2 I B IHRE . T IHRA IS T
VIS B VIR, Ao BTt S R ARG, 2 B0 SPW A T i %
DOAR o B I SR A B A B, T S5 H X LA I S B ) R - s
B FE () RABUEETHEL A B2 P (2) B) s :

n, =n, sin 6\/gm/(gm —n¢sin’ @), (1)

S(&n):éi(mn/RuU, )
An

S(A,T)= j—_?(nm/o()) , (3)

Horb, ng RN R, npfd NCF MHTHE, en REBNAEL, 41 23K
WP B, An ZFTH RN E, AT RIRERE,

ZnO RTEEW g, Beik T WOLFE LM e i, AN
SREDEEEIRRE, PRIE SPW {E Ag/ZnO FHil i RUAE itk o Fr i H A il iAo s 2
IR = TIIIREWFE, 11 ZnO HIFOE KRBT, BN B &S
BOLFAAR,  BEATRCEE it S HTAR S A T, SEILIT I 3 A S PR A L
[, ZnO BAT A R 3, A A T4 0 (G o > o @ R, T 1 o

SPR #i 5.



AR [ IS ARG X A2 i HARAIE P IE 22 [0 AN R AE T3, Bk B0 I
T SPR B R E i 4L A B, +7JFAiEE SPR A2 MRS . &5 45

7 MoSy. TiOs 1 ZnO HIE I HE, MoS, BIA 3 5 K 28k Tio, A1 ZnO K]

AR AT RPTE IR Z . BA S RBATH R 1) MoS: 5E&RAPKREHE AR, &

J& [ R 5 37 5 MoSoAl &, RIEFRTHI LM S ILIRGR L, I J i
BRI . MoSo AR SPR UG RMIBUER N R, [Fr, Hid
SETER SR, £EF DR EANNEE A, BB REY. SRSEOEN R, Aaxt
PDMS [RJFAM W7 25 T4, A DR IL ARG A% 58 4= Bl B AR AL 51 o BRATE ] 3

SR TiOx BAREY ZnO U S R IREM LR /2y 1A SPR {7 TP K A

AT WOGBEB, TE RS IR A R AL IR, SEI S B A

5.0

Real part of the effective R1 of Mo§,
Real part of the effective RI of TiO,
40 b Real part of the effective RI of ZnO

3.0 F

45 F

The effective infractive index

0.6 0.8 1.0

Wavelength(pum)

Bl 5 MoS,. TiO, R ZnO (47 34 i 5
Fig. 5. The effective refractive index of MoS,. TiO»and ZnO.
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P S TR R . PDMS (93 3 5 52 Z [ A58 R/ B i 2 s s,
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Nepys =—4.5x107*-T +1.4176, (4)

3 HR5iE
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S GEKELE MW, tnE6b)Fias: BlEn=1.3330, L=1.2.3 cmXNFWHM
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©59: L=3 cmif 5 HIREFWHMIER K, FTPAL =2 emZR & RILHAL . 8P rid 2

n=1373EE LK, BFWHMS5M60.7. 64.9. 70.3nm;. & —5. 221, &

HLZZH0y: PRI E]S5 s, A2 cm. 2K, RFTZnOfE 5 MoS

RIEESE
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K 6 (a) ANFEPEREETANT, RUTBESERER 3 (b) AR L 3R BCR
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 Al MoS, YTAHHS [a] i) ik £

S S5 368 3 AR A IS ] RS o [ e B AR IS 1] 555, ZnO PTARIS [H] 733 9 3

min. 3 min 15s. 3 min 30 s. FrHRMEALE RunE 7 Box, FEUTARE A REK,

IR . P 1.333 98 1.42 B, = Fhyi RS [0 7 HEa i s 1

910N 314.4 nm. 323.5 nm. 361.0 nm. N3 KNS E LN E AT,

PAE Ag/ZnO PREFAE T I A6 P I () 3 = B Ak R B Mt D T 3

TR B 2 PR (8] PAIE, B FF ZnO SRR (8] 9 3 mine

Transmission(%)

Wavelength(nm)

Wavelength(nm)

K7 3T Ag/ZnO B IEEEFIMNREE R (a) 3 min; (b) 3min 15s; (c) 3 min30s
Fig. 7. Test results based on Ag/ZnO sensor (a) 3 min; (b) 3 min 15 s; (¢) 3 min 30 s.
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R, Wl 8 . BEEPREI A ORER, HIRBK R AL, I+ n
= 1.333 I}, =FhASRIESES I 18] R HARBAC I 604.0 nm ZEFZ F] 705.6 nmo SLAG 4G
SRR, MoSo R IHRBAS R IEEEIE AT ZnO Bo TS50 F R
AR KR PAALY 1100 nm, I ZEATEH FIE S RN . WIEHRAIR

FEF FWHM K&, E£ MoSHR 1 F 3 Ui AR IS 18] 24 2 min 15 s.

120
n-133% =1 343—— -1 353—— n~1 363 1373
n=1383——n=1393——n=1.403——n=1413

s ? 900
Wavelength(nm) Wavelength{nm) Wavelength(nm)

8. BT Ag/ MoSy &R MRS5S (a) 2 min; (b) 2min 15s; (c)2min30s
Fig. 8. Measured results of the Ag/MoS.-based sensor (a) 2 min; (b) 2 min 15 s; (¢) 2 min 30 s.
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K9 (a) WIS 2L, IREEARMLHESDEEE: (b) S IIREA IS 2k
Fig. 9. (a) Transmission spectra under varying temperatures with constant external refractive
index; (b) Fitting curve of temperature versus resonance wavelength.
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Fig. 10. (a) Transmission spectra under varying external solution refractive index with constant
temperature; (b) Fitting curve of refractive index versus resonance wavelength.
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Fig. 11. Repeatability test results
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R 1 ARG TER

Tablel The performance of different sensors

Structures RI Sri(nm/RIU) T(°C) St(nm/°C)
wedge-shaped fiber2! 1.33-1.38 2607.8 30-45 -4.013
Double-side-polished MMF23! 1.330-1.365 2418 25-75 -2.144
S-shaped optical fiber3%! 1.333-1.380 1068.59 30-150 -0.713
D-shaped no core fibery! 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 to realize the 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 a series connection to form

an integrated dual-parameter detection structure. Specifically, an Ag/ZnQO

composite film is deposited on the surface of one NCF as the Rl detection

channel, and an Ag/MoS./PDMS composite film is deposited. on the

surface of the other NCF as the temperature detection channel. Its 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 can not only

regulate the shape of the SPR resonance peak and significantly improve the

detection response sensitivity of the sensor to RI changes, but also form a

protective barrier to effectively inhibit the oxidation of the Ag film: in the

Ag/MoS2/PDMS composite film, MoS. and PDMS work synergistically to

regulate the position of the SPR resonance peak, redshift the temperature-




sensitive band to the near-infrared region, and provide good anti-oxidation

protection for the Ag film to extend the sensor's service life. In addition,

the sensor further ensures the independent operation of the two detection

channels through the SPR staggered resonance design, avoiding channel

crosstalk. In 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 i1s -2.2781 nm/°C. In summary, the

sensor has significant advantages such as long service life, no channel

crosstalk, high sensitivity and stable performance, providing a new idea

and technical basis for the multi-parameter and high-performance detection

of SPR sensors.

(a)

) MoS,

MMF NCF+  NCF+Ag+ MMF
Ag+ZnO  MoS,+PDMS

(b) (c)
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