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Analysis on Temperature Sensing Properties of Photonic Crystal Fiber
Based on Liquid Filling
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Abstract A novel temperature sensor of photonic crystal fibers (PCF) based on liquid ethanol filling with refractive
index sensitive to temperature is proposed. The temperature properties of the sensor were investigated by the full-
vector finite element method with a perfectly matched layer. Theoretical calculations show that filling the air-holes of
a PCF with ethanol will enhance the temperature influence on the mode field. Both the effective refractive index and
the confinement loss decrease with increase of temperature. After filling the liquid ethanol, the mode field infiltrates
more through the cladding of fiber as the wavelength increases. and becomes more sensitive to temperature. Under
the condition of the same hole spacing, the larger the duty ratio and the longer the input wavelength are, the stron-
ger are the dependence of the effective refractive index and the confinement loss on temperature. The effective re-
fractive index basically reduces linearly when temperature increases. When the wavelength A=1550 nm, hole to hole
spacing A=2.3 um and duty ratio d/A=0.7 (d represents the hole radius) , the confinement loss reduces from 3.5
X 10? dB/m to 22 dB/m as the temperature changes from —20 C to 70 C.
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Fig. 2

Mode field and contour line of PCF at 1550 nm. (a)

and (b) 20 C., before filling ethanol; (c¢) and (d)
—20 C, after filling ethanol; (e) and (f) 70 C, af-

ter filling ethanol
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Fig. 3 Relationship between the effective index and

wavelength with different duty ratios of PCF before filling
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(b) after filling ethanol

K8 2Py 1500 nm if A [A] 5 =5 Lt By PCF
WS Ol IR R A B IR R A8 fe it £, B,
2 PCF 358 S I o FIR il 950 € B ek J32 185 O i 9 /)
X2 R Ol 35 38 A AT S 3 R £ S8 B A R 25 Ok
PCF 45 1 BE g st B R, A A FE 2 /N, 2
d/A=0.3. M —20 CTFZ= 70 Cmf, FR %4548
M 1.9X10" dB/m J/NE| 1. 3 X 10" dB/m, /N igE
JEAB] — DR GG S d/A=0. 7N —20 C
ThE 70 Cmf, REBFEM 3. 5X10° dB/m /s 5]
22 dB/m, W/ T RSB S, B LA (] 9 L 1] B

o7 25 BB R s BT 40 52 T B 1) 5 e 8K, A 3 P
25 R PCF JH 78 J5 X0 iR B B, B 94l 1
P K 1500 nm Fl 800 nm, (545 H 0. 7if PCF
It L S B o] 4 R B R R A At Ze . DA TE] HhoRT ]
WA KR 800 nm B, PCF [ il 451 #6 B i &
AEARAR /N AR Y K 1500 nm B, BRI 453 A Bl
P etk C e TR A N WANE -1 2 N N I 8770 W
Toi) £, 22 95 375 K R A 58 A 52 1R 1) 52 ey 72 A OR
SR 80 AR T R XA IS 8 S R TR o
H i PCE #R 4730 58 DL Kk #R B  A G AE Ry



1144 2l 5]

oo e 36 &

JCUR AR BEAT il B AL AR I T B A3l

A=1500nm
o] T

Confinement losses /(dB/m)
—_
=)

—u—d/A=0.3
109 e g/A=04
d/A=0.5
—v—d/A=0.6
d/A=0.7
10! : : T T T )
-20 0 20 40 60 80
Temperature /°C

Bl 8 KA 1500 nm B[ 25 i) PCF 78 L B 5
IR ) 453 48 B R 32 1 A2 A £

Fig. 8 Confinement loss versus temperature with differ-

ent duty ratios of PCF after filling ethanol

when the wavelength is 1500 nm
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