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Abstract In order to achieve accurate optical measurement method in micro-displacement and improve the accuracy
of micro-displacement, we propose a novel micro-displacement optical fiber sensor based on surface plasmon
resonance. In order to achieve precise measurement of micro-displacement, we use the characteristics that the
propagation angle of the beam in the graded-index multimode fiber changes with the position of the incident light,
and the resonant wavelength of the surface plasmon resonance sensor has the high sensitivity to the resonance angle
variation. In order to achieve the resonance conditions, we polish the graded-index multimode fiber into a wedge
with a suitable angle and precisely control the length of the graded-index multimode fiber. In addition, the fiber
probe should be immersed into liquid such as water. A white light source is coupled from the end face of the graded-
index multimode fiber to the fiber probe via a 630 nm single mode fiber, and an optical spectrum analyzer is

employed to collect light beam and process the sensing signal. The fiber probe and single mode fiber are placed in a
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high precision displacement platform to control the radial relative position of the fibers. The experimental results

show that when the fiber polishing angle is 12° and the liquid refractive index is 1.350, the micro-displacement

optical-fiber sensor has a maximum sensitivity of 10.32 nme*pm ' and a minimum resolution of 1.9 nm.
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Fig. 1 Sketch diagram of micro-displacement fiber sensing probe
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Fig. 2 Refractive index distribution of the graded-index multimode fiber
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Fig. 5 (a) SPR transmission spectra under different displacements by simulation;

(b) resonance wavelength as a function of displacement
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(b) resonance wavelength as the function of displacement
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(d) comparison between simulated (S) and experimental (E) results of resonance wavelength

1 &L 8 1T UL, 24 S 2F BF B o A ) B VA 3T G 3%
i IZAL TS LA R R Ay PR R R . Y
AT S5 S [R5 L S 27 BF S K L A5 IR AR B AL S
R PR B R BRI — 21 KB £ F
TP S8 ok B e SRR H Y % o () e K 2
R W, B LT IFE f ol 12° ) WA 3T
Ol 1,350 i, S AT ) 25 R e BEAR . IR A
TLoEEME 10 kA FLREK S MBI LEER, W
B9 Fis. RAZRTEE, T UAR IR K S
MBI R RN

A =1(0.16840.012) « d° +
(2,484 0.28) « d + (630.52 +1.27), (11)
ADRAIIEE R? 4 0.9990, YR ETE2S pmZEf
A, RAUE e, AT LA E] 10,32 nmepm ', 2OERE(L Y
SYPERA 0.02 nm B AR RS % 1.9 nm,
1AW T AL B 5 HAD A 2 R IR ALK
NS AL IR AR I SR, T LU B B2 0 B RS A
RN B oy PR DA AR K 4 L g AR R AT,
Fh FBG R A Fiss L4 6, LPFG K A 1 2F
JeMt . F1 R YCEF T 340 M-Z S I -3 UK

£ 820

£ 800 - average experiment data

é} 780 F —— polynomial fitting

g 760

T 740+

5 720¢

o 700+

§ 680 F y=(0.168+0.012)a*+

= 660 (2.48+0.28)x+

2 640 (630.52+1.27)

& 620f ‘  R=09990 .
0 5 10 15 20 25

Displacement /um

9 SEEFWrEE Ml 12° R YT % 1.350 B Y
4R K- LG 4R
Fig. 9 Resonance wavelength as a function of
displacement when §=12° and n=1.350
1 BEGCANBERSSHILEK

Table 1 Performance comparison of optical
fiber micro-displacement sensors

Sensor type Sensitivity Travel Resolution
FBG' 20.11 pmemm ' 0-100 mm  1.00 mm
LPFGH 0.22 nmepm ' 0-140 pm  0.09 pm
SagnacFI' 0.26%+pm ' 0-380 pm  0.45 pm
M-Z FI¥) —1.89 dBepm ' 0-13 pm  0.05 pm
Modal FI'"  0.10 nmepm ™' 0-30 pm  0.20 pm
Fiber bundle"* 60.00 mVepm™' 0-12 mm  15.00 nm
Otto-type SPR" 31.45 nmenm ™' 0-10 nm 0.60 pm
Proposed sensor 10.32 nmepm ' 0-25 um 2.00 nm
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