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Temperature Insensitive Curvature Sensor of Photonic Crystal Fiber
Based on Core-Offset Splicing and Waist-Enlarged Fiber Taper
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Abstract A temperature insensitive curvature sensor of the photonic crystal fiber (PCF) based on core-offset
splicing and waist-enlarged fiber taper is presented. The sensor can measure the curvature magnitude and direction.
The SMF-PCF-SMF structure is fabricated by drawing a length of PCF fused and spliced between two single-mode
fibers (SMF). One end-face of the PCF is core-offset spliced with a SMF, so that the sensor can form an
asymmetrical structure on the axial direction. When the sensor bends on two symmetrical directions, the red shift
and blue shift phenomena of the transmission spectrum appear obviously. The other end-face of the PCF excessively
spliced with another SMF forms a waist-enlarged fiber taper, and finally the Mach-Zehnder interferometer is
obtained. Curvature and temperature response characteristics of the sensor are studied experimentally. When the

1

curvature is in the range of 0.12 m ' to 1.06 m ', the results show that the spectrum is red-shift in concave bending

' and

and blue-shift in convex bending. Besides it has a good linearity. The sensitivities are 11. 22 nm/m"
—13.62 nm/m ', respectively. In the range of 20 C to 80 C, the temperature sensitivity of the sensor is only
1.63 pm/°C, so it shows a temperature insensitive property. Compared with the traditional fiber sensors, the cross
sensitivity of temperature and curvature simultaneous measurement can be avoided in the proposed sensor which also has
advantages including easy fabrication, simple structure and high sensitivity. It can be used in such fields as industrial

production, building monitoring and aerospace.
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Table 1 Effective refractive index differences between the fundamental mode and high-order modes

Group 1 2 3 4 5
High-order mode LPy, LPy, LPy, LPs LP,,

Effective refractive index difference between

0.007291 0.015869 0.019145 0.021859 0.027538
the high-order mode and LP,;
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TE 1 23200 5 5290 R G 8 — AN R S KT [ 8 7R A = 4B T & L s R TR S (F)
B TSR SRR T A E FE B o AT SE BN ROAS [6) B2 B2 i 25 il . 38 o I 65 09 3% 20 BB B8 R0 g 4>
YRR ATV B 22 1] A E ek 2o

1 2d
R d?+S*
A R oA R AR d N TS IR ST B, 2S SN AN = ZETE T 48 2 [ Y EE B L W1 R K/l 260 mm,

S A A G 0 A% S g [ E R R R SR T A% B AR BN R G A DL R TR s AN R i AR
JE S AR O A SR 1 2 AR B L WA B PR I SMF 43 3l 5 ASE SR Al OSA 42, I 78 52 3 o #2
TRAFAS = 4EF & Z R 0 B BN AE 38 2k k28 TR B 00 B8 3 BE B ok iR it R R/, B R 1 mm g Sk — Ik
R4 6%, i s 9 ALHHGEIE . AT (10) X H5 %t By i il AL L R 0.12~1.06 m™ ', (G AR AT
[ i) 25° il ) ) s B T IEL 6 TR

33 AN [ A 2 R A5 SIS [ 9 i 238 LI A2 S, (T 7 Ay 114 o) 25ty e %) AN [ gty 3 i b 17 14 A i Dl 3%

Wi & 7 W] DL B T 65 B8 20 R 0 185 o A SR 2 ity oty 230 9T A R, A% o Y6 i 34 W 1) K g O 1) R AR
Bah, B EA W BB ML, WEHOEIE P B 1590 nm BT 9% 45 9% K A9 RS 8 pE AT 15 2 0 K R
w5 M RNOCER, WE 8 s,

F PR 8 W AT [ g 2l S A R R A A 11,22 nm/mt VRMERE RY R 099855, BB I K A
i3 2 B B AU IR DG R . kR TR R 2 A% B 2 il il 230 2R AR AR, G AT (9 OGN 23 13 PCF A% gk
DXl by £ SO R S22 ) A AT S 38 R U o e R S B S TG N . OGRS il S DG 25 Sl i) A Y
B A AT S 23 1 1 T T P 0 A 8 O AT SR R A S i BT 6 T R A R T ) 2l e 28

1106007-5

(10



6 A s M 1) 25 il s 2R

Fig. 6 Schematic diagram of the sensor concave bending
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Table 2 Curvature sensitivity of different types of sensors

FBG inscribed by LPG inscribed by SMF based on a __ PCF based on core-offset splicing
Type  SMF MMEF SMF*"
femtosecond laser™  femtosecond laser''™  core-offset structuret'” and waist-enlarged fiber taper
Curvature
sensitivity 7.7X10°¢ —1.6,3.8 —6.9 —10.38 —13.62,11.22
/(am/m™")
Direction
recognition No Yes No No Yes
ability
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