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Abstract: To enhance sensor integration and align with the trend of device miniaturization, a compact fiber optic probe based on a fiber
Bragg grating-Fabry-Perot (FBG-FP) cascaded structure is proposed and fabricated for monitoring refractive index and temperature in
biological fluids. By constructing a cascaded structure reflectivity distribution model, the device cascade sequence is optimized. The
fiber FP probe with a single-mode fiber-hollow-core fiber-single-mode fiber structure is prepared using precise cutting and splicing
techniques. A FBG is inscribed 100 pm from the splicing interface using femtosecond laser direct writing, achieving a cascaded
compact dual-sensing element fiber optic probe. The wavelength/intensity response characteristics of the FBG and FP structures to
temperature and refractive index effectively resolved the cross-sensitivity issue in principle. A temperature and refractive index
experimental system is set up to analyze the sensing characteristics of four fiber optic probes within a temperature range of 25°C to
55%C and a refractive index range of 1.333 0 to 1. 381 6. Experimental results show that, during temperature cycling, the FBG and

FP central wavelengths redshifted with increasing temperature and blueshifted with decreasing temperature, with average temperature
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sensitivities of 9. 36 and 8. 52 pm/°C, respectively. As the ambient refractive index increased, the FBG wavelength and intensity are

unchanged, while the FP interference wavelength stays constant and the resonance intensity gradually decreases, with the intensity

fitting results showing a parabolic trend. Segmented linear fitting with a refractive index of 1. 354 6 as the boundary reveals that within
the refractive index range of 1. 333 0 to 1. 354 6, the FP sensitivity averaged 5. 86 dBm/RIU with a maximum of 10. 72 dBm/RIU,
and within the range of 1.354 6 to 1.361 8, the FP sensitivity averaged 1. 40 dBm/RIU with a maximum of 2. 74 dBm/RIU. This

sensor, characterized by its simple fabrication, compact structure, and high sensitivity, shows promising application prospects in the

field of biological fluid monitoring.

Keywords : optical fiber probe; cross-sensitivity-free; dual-parameter measurement; biological fluid monitoring
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Fig. 1 Reflectivity distribution model of the cascaded structure

P, AWK B K& %8 41 564 Y6 IR (amplified spontaneous
emission broadband light source, ASE) K& H TR £
R, FUIG 6N P BRI R AR LA 4G 76 R, R,
Z B R B Wil s . 5 1 IRk e 48 R, S Il ok



24

T35 %5 . FBG-FP 2B T6 38 AU S G4 4541 357

HIETIEN P, FRJ4aE R, B B R IR G 2 B
( optical spectrum analyzer, OSA ), St ¥ F H (1 -
R))’R,P,, % R, )G, T4 MUk B2 4% iy 2L EF 0° b
1fl , 7€ R, 5 %ty 1A 22 (A1 R IR 35 - 2 /N, 35 1 Y35 A
R, RIETIRA P, FoR, 504 R, BH RT3
K P, Py, BETE R, 5 R, ZIERIER , 48 R, B4R A
OSA MJEIIFRA (1 - R)*(1 - R,)°R,P,"™,

MR FE TR R RS e, 4T T YR BB 4T o T,
MOGCEF B2 S U R, W LARIR A -

(no - n ) ?

(g +n)’ W

Ho ) ny FaOGEF NPT 5 n, FRINF BT
B2, ZWE n WIRG G 6% Py B 4sd R, (R, U
K R, Z R DGR ET Ry PR,

P=RP,+(1-R)RP,+(1-R)*1-R,)’R,P,

(2)
R=R, + (1 -R)’R, + (1 -R)*(1 -R,)’R,
(3)

2 R AEBACES SN, B2 AL BEE o, (Y
W, R, WA NG IE R . A& 2 fis TR S 335
1.333 ~ 1. 448 N, R, 180/]> , HLUS/IN ()3 BE 3B i/ ) s PE AT
FERFEE 1. 440 ~ 1. 800 N, R, BHiHEK . AW TS
FRXRN R, (HINFE 1 i,

R,VSn,

R,

0.0351
0.030
0.025

L 0.020
= 0.015

0.010
0.005
0 R " . . . )

10 1.1 12 13 14 15 16 17 18
n

1

B2 R, fHEEHE n, 221

Fig.2 R, variation with n,

R1 TRMBRAEHETE R, B

Table 1 R, values for different refractive indices of

substances
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Fig.4 Schematic of the sensor structure
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Fig. 6 Reflection spectra of the device
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Fig. 8 Reflectance spectra of the cascade structures
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Fig.9 Schematic of the temperature experiment setup
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Table 3 Temperature sensitivities and fitting linearities of four optical fiber probes of heating and cooling processes

WS R i i 4 RRETP S
Yinr==] 7N =2
A/ (pm/C) Yotk s RE/ (pm/C) Sty A/ (pm/T)
A 8.94 0.997 8. 81 0. 999
B 10. 36 0. 989 9. 64 0. 995
FBG 9.36
C 8.43 0.996 9.21 0.998
D 9. 86 0.992 9. 64 0.993
A 7.78 0.991 6.94 0.997
B 9. 86 0. 989 9.14 0. 988
FP 8.52
C 7.93 0.993 9. 00 0.998
D 8. 64 0.998 8. 86 0. 988
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1.3330~1.361 8 JLlBI N s Bt LK AT 5 56 52 50 4
WA 1.3330~1.361 8, SEURHT, FlJe B il Wk B 23%
) NaCl ¥, SCIGHT , ZERTUREEA 40 ml K BEptrh | 45
YA 10 ml [ 23% NaCl %, 36 10 IRIEA B 5
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*4 AERE NaCl BiiTaE

Table 4 Refractive index of NaCl solutions

WL/ % IEIES W/ % it
0 1.3333 14.28 1.360 0

5. 66 1.338 4 15.25 1.365 4
9.09 1.343 8 16.03 1.370 8
11.39 1.349 2 16. 67 1.376 2
13.04 1.354 6 17.17 1.3816
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KAR 4 HBEHE N WA SR W b e 5o | IF
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Table 5 Probe refractive index sensitivities and

fitting linearities

1.3330~1.354 6 1.354 6~1.361 8
e R, R g/
oy
A 10. 722 0. 998 2.735 0.915
B 5.833 0.976 0.873 0. 955
C 2.264 0.992 0. 850 0. 996
D 4. 629 0.967 1.130 0.952




24

TIEW 4 FBG-FP I UT0 3 SUUB S LT IR £

363

—1.3330---13384

-36

—1.3330---1.3384
- 1.3492

-56 L -46
1540 1545 1550 1555 1560 1565 1570 15503 15507 1551.1 15515 15519 15523
K /nm F/mm
(a) B S (b) FBG 41 it
(a) Sensor reflectance spectra (b) FBG reflectance spectra
41 1551.80 - 11596.10
-42 @ FBG
-43 1551.70} <«
11596.00
4
A K L 000759007509
Soast E1551.60 E
v % 11595.90 %
R 46 1551501 &
-47 e+
48 i 5514 L 11595.80
-49
-50 1551.30 — - ; ; ; ; 595.70
15950 15955 15960 15965 15970 133 134 135 136 137 138 13
FH/nm P
(o) FPI 5 il (d) i R GE K LS
(c) FP reflectance spectra (d) Refractive index vs. wavelength linear fitting
FL12 R A P8 S S ias K& K

Fig. 12 Reflection spectral drifts and linear fittings with refractive index variation of probe A
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Figure. 13 Linear fittings of the probe’s reflection intensity with refractive index variation
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