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High-sensitivity refractive index sensor based on FMF-CLF-FMF
optical fiber structure

ZHANG Jing'?, LI Yongqgian"
(1. Department of Electronic and Communication Engineering, North China Electric Power University, Baoding
071003, China; 2. Hebei Key Laboratory of Power Internet of Things Technology, Baoding 071003, China)

Abstract: Optical fiber refractive index sensor is widely used for monitoring in various complex environments.
A high-sensitivity refractive index sensor based on the structure of few-mode fiber (FMF)-coreless fiber
(CLF)-FMF was designed, and the experimental verification was carried out. The sensor consisted of a thinned
section of CLF fused between two small sections of FMF to form a Mach-Zehnder interferometer (MZI) for
measuring external refractive index, and the fiber Bragg grating (FBG) was used for temperature
compensation. The resonance trough of interference spectrum generated by MZI structure was affected by both
refractive index and temperature, while FBG was only affected by temperature. The sensitivity matrix was
constructed by using the refractive index and temperature sensitivity coefficients of MZI and FBG to realize
the simultaneous measurement of refractive index and temperature. Experimental results show that the
refractive index sensitivity of MZI is 345.66 nm/RIU, and the temperature sensitivity is 0.0134 nm/C.
Meanwhile, the temperature sensitivity of FBG is 0.0104 nm/C.

Key words: refractive index measurement; coreless fiber; temperature measurement; few-mode fiber
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Fig. 1 Structure diagram of sensor
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Fig. 4 Analysis of optical transmission mode

1 (& 4 T, 24 SMF Il FMF [a) 3l 42 5 Refe
B BN, T 43 R BB B B A S o, SRR
i B A R B AE CLF R A% i, 6 i H g =5 [ 85 o
FRRA ] SMF o, A 5 A T, T
WO . M0 FEERBE 4T 51 3% %k A AR, B
1 1 A R B R k2 A A, S B 7 M B
HRT B 3 2 24k A Ak, AT S BT 9
AR BT WO, B 2 M e T
W, AR AR B S R AT LLRIR
L () = I () + I (D) + 2Ty () - Iy (1) -cos (Ag) (1)
s TR L ) R FEASE T 1 B A P 58 B2 5 Aoy 2
1555 s BT B B A, 22, AT LASRIR A

2
A = 2nAng L/ Ao = == (nfff - ngﬁ)L (2)
Ao

A A B s B 5t 43 ) R FEAS RN R B AR
FIAT AT I 3R Ay = nB, — nf ol FEAE 5 w8 B A 22 (]
A BT Rz 22 LR BRIt mKE. Y4
Ag=m+ Dnb, HIT WA /N, S5m0 (I Kk

A, =2AngL/Cm+1),m=1,2,---, (3)

Y A ST S FE R B R A2 AR AR, AnegFT LK
AR, TR AR

O A B FBG B, il 2 A5 b A 45 1 i K
W ST, HAB A B0 285 FBG 3 5T, 6 e A
PR S A0 PO SR AT AR OR 1

A = 2negA (4)
s ARG I nee o A 8T S5 fR TRLEE AR
A5 R B G L R AL RS AT AR RS Sy

Adg/Ag=(a+&) AT (5)
AP aFNET ) R TR kK 2R BT 27 R B

HH 0 5 B0 B2 AT 5 R BE 0 A8 A | A A I K

RS 7T AR Oy
Ay zl_kKMm sz ][AR] (6)
Ady 0 kimsg |LAT

s ka1 ez 53591 R MZIT I 47 55 238 e 3 R
U R B kresa N FBG 1R R BUE 250 AL, R
A1 iR MZI L FBG Y% K A8 {55 ARFITAT 3
SR AT S8 B R () AR b

2 KWEERRKRSH

SEBG RGN B EAE S TR o AR B AR PR i 4
T2 K 1510 nm~ 1 590 nm A4 i K H
&% 55 51 56 T (amplified spontaneous emission source,
ASE) Fll— I 43 B AL (Finisar 24 5 1500 S), 3%
TE A HHAOETE 20 312 K 0.01 nm, P SE R 1530
nm~ 1 570 nm, $ I 73 Hr 3R 4 00 0'6 1% K 4 3 2ot
USB 1% 2 7+ 5 0L, R 158U E5080 2547 40 dr
1B

ASEJ:I (R ™
f o -\\
B e | \\-. 7 \".
I Sk
ﬂ \ / PB4 X /,\
DL Sﬁsmﬁ%&
PC

5 ZERRFREE

Fig. 5 Schematic diagram of experimental system
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Table 1 Actual measurement results and errors of sensor
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50°C, 1.347 2 1537.322 1537.323 0.001 1 555.597 1 555.606 0.009
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