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Abstract With mode coupling theory and finite element solving method, a photonic crystal fiber (PCF) coupler
basing on selective infiltration and its response to bending are investigated. The bended coupler is treated as a
straight waveguide by introducing an equivalent refractive index (RI). The coupling wavelength is simulated and
the bend sensing characters are analyzed. The coupling wavelength shift has linear response to bending curvature
with directional indication; the coupling wavelength is decided by the RI of infiltrated liquid and the diameter of
air—holes; while the bending sensitivity is affected by the distance between the infiltrated hole and the fiber core.
With these characters, a two—dimensional bending vector sensor is designed based on selectively infiltrated PCF.
Two orthogonal air-holes on the cross—section of the PCF are selected to be filled with different RI liquids. The
two liquid waveguides couple with fiber coreseparately. The shift of two coupling wavelengths indicates the bending
curvature in two orthogonal directions. The bending curvature and two—dimensional direction can be solved
simultaneously by inspecting the shift of two coupling wavelengths. The flexible design and controllable fabrication
of the sensor has been demonstrated and a promising sensing application could be seen.
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Fig.1 Cross view of selective infiltrated PCF device
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Fig.2 Effective refractive indices of transmission modes in the core and the liquid rod (inset: avoid crossing effect)
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Fig.3 Mode profiles in PCF device. (a) LPy.. mode in core; (b) HE,. mode in liquid rod; (¢) coupling mode;

(d) odd mode and even mode (the arrow lines indicate electrical field vector)
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Fig.4 Definition of bending directions
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Fig.5 Coupler response to bending curvature (inset: shift of coupling wavelength)

3.2 MASBMIIERK

T A 8 00 T AR D PR 2 008 R 5 YRS i o A € Tl 288 114 5 A 58 S5 R S o YRS 1 B R T B R
A 5% i R 2R AT 20 SE TR AR BT S R AR AR o VRO AR S AN B VS X, IR AT A Rk
B 3F 2 WRGES R B A DS, PR Ot R S VR AR AT S 23 B O R T S 3R S 1 AR 3 R R v S R
AT SRS m R A LR T A R A A FR NG ST R Z R s AL AR
R T] B 5% e 1 & Az AR AL 28 AL B AR /) s R] B A 2 ol A ek R b A e DX el s A AL T B D/ | ol
BA AT SR K, Gt Tt M E R RKER . a0 d, IR S5 AR, (R 15 AL S HOAR 8 43
o) A AR YR FE VR AR T B R (1.475~1.503 RIU, RIU &R B4 37 81K 25 S fL B A2 (2.5~3.5 pom) Fl 25 S L ] B (5~
10 wm)3 280, SRR A 2 TAED K 45 R 6 iR .

£1800((@) E 1900f (b) £ 1660f(¢)

= < 1800} slope: about 580 nm/ = 1640}

17001 slope: 17275 nm/R 5 1380- Rl el & §01620_

haa 1600 % 1600

3 | > r [ L

g £ 1500} £ 1580/ :

21400} .%:1400- %1560} slope: —21.6 nm/um

Swsoop” | Zwoop w40l oo

S 147 148  1.49% S 26 28 30 32 34 & 5 6 7 8 9 10
Refractive index of liquid /RIU Diameter of air holes /um Pitch of air holes /um

El6 MiGam TIEMK . () BRI H R0, (b) 25 KFL BRI R (c) 25 S AL A FE 9 5% i

Fig.6 Working wavelength of the coupler. (a) Influenced by RI of infiltrated liquid; (b) influenced by diameters of air holes;

(c) influenced by pitches of air holes
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Fig.7 Bending sensitivity of the coupler. (a) Influenced by RT of infiltrated liquid; (b) influenced by pitches of air holes
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Fig.8 Cross view of bending sensor with two orthogonal air holes infiltrated (The arrows in picture indicate the bending direction)
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