AR R R e R TR Vol.21 No.2
2013 % 2 A Optics and Precision Engineering Feb. 2013

XEHS 1004-924X(2013)02-0316-07

K BV EA S 28 S )+ S 2R 4 B Wi Rz 5 15

BEE & W .PHH  THEE, ARF
(LEXREIA¥ BFEEE A LFR,EK 400054;
LEEHEHAAF. TR .RE A EH# BSS 1TR)

FE W RS e, S T T R A BDGE 6ME (LPFG) 1y — )2 15 6 I 5 4 R 5 % & A4 Sy 40 e 3, 0 BLA5- B 1AM B
A TS R BRI LPFG M35 5115 . D5 S5 R R XM T A LPFG i Gt i A5 M 3 2R+ S8 38 A IR 47
SRR MR AT S R B T L 3 G 0 5 G 0 T B T R AIG L AR RE U 3dB Y T T R LR 5 T S R
JEE [ 10 R A PR DG R AR T A R AR By 1. 111 1X 1077 riu/mm AN F] 1. 111 1X 107 riu/mm A, JoBA B
RAGPEEV AT 2. 2X 10" nm « mm/riu, X — 55 R AT H AR BE Y i R ORI & Bk AT AR L R A AR BT LPFG 1
YT 555 S0 15 AR AR AL T — 8 1 IR ARK Y . 8 2 AR Ak BN, R AN IRUBE TR T S5 256 2 466 18 A 10 YRR A I 1 S0
X B R A E RS RABRL AR A XA T A ARk IS R AR

thE 43S . TN253 XEKFRIRAG : A doi;10. 3788/0OPE. 20132102, 0316

Response characteristics of refractive-index
gradient based on long-period fiber gratings

ZHAO Ming-fu'* , HAN Xi', LUO Bin-bin' , WANG Bo-si* , QUAN Xiao-li'

(1. College of Electronic Information and Automation ,
Chongqing University of Technology, Chongging 400050, China;
2. Faculty of Engineering , University of Bristol , Bristol, UK BS8 1TR)

x Corresponding author s E-mail : xm f@cqut. edu. cn

Abstract: A two-layer circle waveguide model based on Long-period Fiber Gratings(LPFG)was estab-
lished according to the coupling theory. The transmission spectrum of a LPFG in external media with
linear Refractive Index(RI) gradient distribution was obtained by using the transfer matrix method.
Simulation results show that the transmission spectral characteristics of the LPFG are strongly de-
pendent on the RI gradient distribution of external media. When the RI gradient of external media in-
creases, the loss depth of the transmission spectrum decreases, the 3dB bandwidth increases, and
there is a good linear relationship between bandwidth and RI gradient increment. When the RI gradi-
ent of external media increases from 1.1111 X 107 riu/mm to 1. 111 1 X 10° riu/mm, the gradient
sensitivity can reach 2. 2X 10" nm » mm/riu. This result allows the high sensitivity measurement of

refractive index gradient to become possible, and provides a theoretical basis for the design and pro-
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duction of the RI gradient sensors based on LPFGs. It may be potentially suitable for application to

the measurement of biochemical reactions in the small scale liquid refractive index(RI) gradient distri-

bution.

Key words: optical fiber sensing; Long-Period Fiber Gratings (LPFG); mode coupling theory; trans-

fer matrix method; Refractive Index (RI) gradient
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Tab.1 LPFG in the boundary conditions of the external medium RI,

linear distribution function and the corresponding RI gradient D,

n(—L/2) n(L/2) n(—L/2)—n(L/2) Linear distribution function D, /(riu/mm)
1.462 00 0 n(z)=1.462 0 0

1.462 05 5X107° n(z)=—5.555 6 X10 "=+1. 4620 —5.555 6X1077
1.462 10 1.462 0 1x10°" n(x)=—1.111 1X10 °2+1.462 0 —1.111 1X10°°
1.462 30 3X107" n(z)=—3.333 3X10 *2+1.462 0 —3.3333X10°°
1.462 50 5X10" n(z)=-—5.5556X10"%2+1.462 0 —5.555 6X107°
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Tab.2 LPFG in boundary conditions of external medium RI, RI gradient D, and the corresponding 3 dB Bandwidth

n(—L/2) n(L/2) n(—L/2)—n(L/2) D, /(riu/mm) 3 dB Bandwidth/nm
1. 460 00 1. 460 00 0 0 4.511 3
1.460 50 1. 460 50 0 0 4.260 7
1.461 00 1.461 00 0 0 3.759 4
1.461 50 1.461 50 0 0 3.759 4
1.462 00 1.462 00 0 0 3.258 1
1.462 50 1.462 50 0 0 3.2581
1.463 00 1.463 00 0 0 2.756 9
1.462 01 1. 462 00 1X10°° 1111 1X10°° 3.417 1
1.462 10 1. 462 00 1Xx10" L 111 1X10°° 15.577 9
1. 462 20 1. 462 00 2X107" 2.222 2X10°¢ 40.703 5
1.462 30 1. 462 00 3X107" 3.333 3X10°° 63.659 1
1.462 40 1.462 00 41071 4,444 4X10°° 86.716 8
1.462 50 1.462 00 5X10°" 5.555 6X10°° 111.278 2
1.462 60 1.462 00 610" 6.666 7>X10° 135.481 6
1.462 70 1.462 00 7X107" 7.777 8X10°° 163.408 5
1.462 80 1.462 00 8X 10! 8.888 9X10 ¢ 186.315 5
1.462 90 1.462 00 9Xx10* 1.000 0X107° 209. 348 9
1.463 00 1.462 00 1X10°° 1.111 1X10°° 231.886 5
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