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Application of plane wave expansion method in measurement of mass fraction
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Abstract: In order to propose a novel method to measure the mass fraction of fructose, plane wave expansion method
for photonic crystal was adopted. A 2-D photonic crystal with a square lattice and triangle lattice of circular cylinders was
designed in the Si background semiconductor material. The TE mode and TM mode band gap structure characteristics of
square lattice and triangular lattice air hole structure photonic crystal were achieved. The results show that for isotropic
photonic crystal of either square or triangular array arrangement, it is easier for the dielectric air type photonic crystal to
form TE-polarized mode band gap in high-frequency region. Lattice structure has a certain impact on photonic band gap,
TE mode band gap is much larger than the TM mode in both square and triangular structure photonic crystal. The photonic

band gap changes with the difference of the mass fraction of the fructose solutions, which are used as the dielectric material

in the air hole.
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Fig. 1 Model of 2-D lattice structure

a—square lattice b—triangular lattice
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Fig.2 Dispersion diagram of the square lattice( &, =1.8031,¢, =11.7)

a—case of TE mode b—case of TM mode
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Dispersion diagram of the triangular lattice( g, = 1. 8031,
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Table 1  The dielectric constant of the fructose solutions of different mass fraction and lattice structure(273.15K)
mass fraction 0.075 0.1 0.2 0.3 0.4
permitivity 1.8031 1.8418 1.8769 1.9044 1.9321

the maximum PBG of square lattice TE(A)

the maximum PBG of triangular lattice TE(A)

0.005(1.5% ) 0.003(1.2% ) 0.002(0.8% ) 0.001(0.6% ) 0.001(0.3% )
0.101(33.8% ) 0.099(33.2% ) 0.097(32.7% ) 0.095(32.2% ) 0.094(31.8% )
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a—case of TE mode b—case of TM mode

0.006¢
0.005r &

0.004+ square lattice TE mode
0.003 .

0.002+ +

photonic band gap

0.001¢ . P

000036030 030 040 0.50

mass fraction of fructose
0.102r
0.101+ *
0.100F
0.099+
0.098+
0.097; *
0.096}
0.095+ .
0.094+- *

0083 ——75020 030 040 030
mass fraction of fructose

triangular lattice TE mode

photonic band gap

Fig.6  Variation of photonic band gap with mass fraction of fructose

a—square; TE mode b—triangular: TE mode

3 & #

=A

ARV i BRIk, BT A H A T AN TR i )
ROR B W IET7 A A = A M e fh iR T Ot
TR AR o T A B, R i A B AR
FRE LAY 2 AL 2 HEXE T i AR ST A f ] LAk
FORHASE T Bt o BEAh, AR A =8 AL Y9 L o
BN — LT RORL T BRI A AR e . 4
B, TE BRI 22 LA IDOE T i i o o
OB, 0 TE AT, o745 B il 0 %
(AN TRl i A AR A A, oA 2 0l i B B o i 70 K
FEINMIASAE o [RJE, A% 25 AL X ' B A — E 1
N NIRRT 45 ik JE = AL T iR T,
TE FA7BaR HE TM MRS, X EE45IE 00 2 4650
T Al PR B B A it S AR BEAR A
AR , AR IEAE BT A A BT 1 43 4
MR B T T R B E



14 BRI Sy - Bl ASHR A PG £

- T T A T o B i A RIS

69

(1]

(6]

[7]

P

=

2 X ®

JOHN S . Strong localization of photon in certain disordered dielec-
tric super lattice [ J]. Physical Review Letters, 1987,58 (23 ).
2486-2489.

YABLONOVITCH E. Inhibited spontaneous emission in solid-state
physics and electronics [ J ]. Physical Review Letters, 1987, 58
(20) :2059-2062.

LI W. Study on band gap and waveguide coupling characteristics
of air pattern photonic crystal [ J]. Laser Thechnology,2012,36
(2) :228-229 (in Chinese).

LI X,YANG M, GUO Sh, et al. characteristics of photonic crystal
waveguides with random media [ J]. Chinese Journal of Lasers,
2012,39(10) :1-5(in Chinese).

YAN M B, FU Zh T,WANG W Y. Study on transmission proper-
ties of 2-D super-lattice photonic crystals [ J]. Laser Thechnology,
2012, 36(1) :77-79 (in Chinese) .

CHEN Y J, ZHUO K L,KANG L, et al. Dielectric constants for
binary saccharide-water solutions at 278. 15 ~313. 15K[ J]. Acta
Physica Chimica Sinica, 2008, 24(1) :91-96(in Chinese).
GOPINATH P, SUKANTA K T . A novel method for measurement

[8]

[10]

[11]

[12]

of concentration using two dimensional Photonic crystal structures
[J]. Optics Communications,2012,285(10) :2765-2768.
PLIHAL M,SHAMBROOK A, MARADUDIN A A, et al. Two-di-
mensional photonic band structures [ J] . Optics Communications ,
1991,80(3) :199-204.
XIE D H,YANG H, YU Ch Y, et al. Band gap characteristics of
2-dphotonic crystals constructed with a triangular lattice of dielec-
tric rods[ J]. Journal of Xian University of Posts and Telecommuni-
cation ,2012,17(2) :53-56 (in Chinese) .
ABUDOUREXITI A, MIJIT P. Two dimensional photonic band
structure ; the square lattice [ J ]. Journal of Xinjiang University,
2003,20( 1) :32-35(in Chinese) .
YUAN G F, HAN L H,YU Ch Y, et al. Two-dimensional pho-
tonic crystal band gap characteristics [ J ]. Acta Physica Sinica,
2011,60(30) :1-5 (in Chinese).
LI A P,WANG A Q,JI'Y J. Optimal design of 2-D columnar pho-
tonic crystal with square lattice and large bandgap [ J]. Laser
Thechnology,2012,36(4) :508-511 (in Chinese).
LIU J,YAN K Zh ,ZHAO Y L, et al. Research of complete band
gap of 2-D compound square lattice structure[ J]. Laser Thechn-

ology ,2010,34(5) :653-656 (in Chinese) .



