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Abstract Combining with the defect mode and the surface mode property of photonic crystal, a photonic crystal
Fabry-Pérot heterogeneous structure containing absorption medium is proposed. The proposed structure consists of
a periodical photonic crystal, a test sample and an external air layer, and the test sample is directly used as the
surface defect cavity. The refractive index sensing mechanism of the proposed structure is analyzed based on the
optical resonance theory and the surface wave theory. The effects of different absorption media on spectrum
properties of the proposed structure are discussed. We find that the Q value of the sensing structure using the
graphene as the absorption medium is significantly higher than that of structures using ZnS, Al, O; and silver as the
absorption medium. When the sample layer is used as the surface defect cavity, multiple total reflection ring-down
can be achieved owing to the optical Tamm state resonance, the full interaction is achieved between the resonant
optical signal and the test sample, and the sensitivity of the proposed structure is improved. The Q value of the
proposed structure is 2097.18 and the sensitivity is 1017. 98 nm/RIU. The results can provide certain theoretical
reference value for high Q value and high sensitivity detection.
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Fig. 2 (a) Electric field intensity curve and electric field distribution of

photonic crystal Tamm state; (b) reflection spectrum
2.4 fEEHESH
0, W It — 22 B A BE R R A BB IS (D6 F SR Tamm S-S 7EEE2 5 2 K0 W & 4 2 3T /R 4
6T i VAT R T R SR 8 SR BT, T A

2nd ijcosﬁJrAg{):(ZkJrl)Tt,k=0,1,2,'", &
b Ag O ity T DURRA A2 A 7 AR A AR AL 22 30 IR DI n 9 BREG R T IS R . d W BRIE 2R L 0 L4k

ASTEIBRFER A ME . A ATRIRA

2n tan l:arcsin(n «sinfo ) i|
z (9

’

Ag =

(n% sin’@, —ng)%
X n, MBI WITH R 0, =1 IR0, BN ASOCHPIG A E .,

B (8) AT A (9 =, AT a8 37 A I AR AR 5 105 i I 1 22 R 19 OC 28 38 3 00 3000 90 K 7 2 £ ok SR A5 A TR AR 1 41
5%

3 BUEBLLLFN 73 B
3.1 MR BRIk E

BFE Tamm 0N CTERHIAEA T Z R GRS AR B A SR, AW/ B 6 fE 578
Z R A S i B T B A JBT AL BRI T A S S O SR A BB 04, RSO BT A2 T A R R R

n=n-+ikn, ao

b o I HA ke A BTITH O R E N RIE 1A BTR MR 38558 . a2 & BN A B X O Y
W AT e 5055 5 AR R R, DU Jo 6T O B I AT L 5 i R b R 49 5 3 A W W A BT A T

53 BB AL B (ZnS) VRALER (AL Oy A 8546 F 4 J8 4 (A FE WA BT, 78 7] WGk BL: ZnS 1Y

0223003-4



ot % % i1

PR n s =2.384+0.02i; ALOs B EF R 0,0, =1.76 +0.238i; A1 B M AT S F ¥ n, =n +ik,1/3
A AWK, £y =5.446X10 *,n=3.0); &R (A B SR T I E A B W B R B ny, =&
FENBEER e=c, +ie, " RHAMEEBEAR I, e, (0) =c, 0’/ (0* + 76 (w) =w’7/[w (0® +7P)]
(e, N ENHEE 0, =1.37X10" rad/s HEE TG A,y =0.27 X 21X 10" rad/s MRl 185 5 , B
L1520 0y S SHGiE i E 3 R .

1.0 1.0

—
=1
—
S

@) © (@
08+ 0.8+ 0.8} 08 F
B = B =
2 06 Z 06 206} 2 06
o O O o
= 04 < 04 = 04} = 04
=] = = =
02} 0.2 02} 0.2

0 1 1 1 O 1 1 1 O 1 0 1 1 1
710 711 712 713 714 710 711 712 713 714 710 711 712 713 714 710 711 712 713 714
Wavelength /nm Wavelength /nm Wavelength /nm Wavelength /nm

B3 A AR WA BN A SRS . () ZnS;(b) Al Os3(e) £ 8M; (D Ag
Fig. 3 Reflection spectra including different absorption media. (a) ZnS; (b) Al,Os; (c) graphene; (d) Ag

Xof IO Rz 5 0§ 2 0 42 55 (FWHMD 43 %1 24 0.80,0.65,0.34,1.23 nm; LS H K 77%.83% .100% .
86 % . HALXS L BT IS, ZnS FI AL O BYTH G R /N, SO I Y FWHM K, i BT B 7/, SO R AIG Ag
978 D' F BOK X6 By WO PE o, S 5 e REAVE T/, B4 I8 5 T Ak 3 v B3R i i
RORANEM A 825 1E R WA T i o A% 8% 4% Q 1 5 ar o S S 8 e AR, DT I A% e 235 4 v e 6 4 AR 03 1
R WA I
3.2 RFREEPHERSENZE

B4 SR G SR BB R 2,354, 5 BEXS R A9 B AT G35 . AT LU Hh o Ot il A J I B500) Bk o i 114 7
BRSNS R RIS Q 1E B S 3R S e AR K B AR BE 0, Q B I T B SR AR e )N de 4Lk
FOLTF MR B 3.,

1.0 1.0 1.0 10 ~
@ (b) © (d)
0.8} 0.8} 0.8} 0.8}
206} 206} 206} Z06f
= = = =
g 3 3 3
E04— 204- E,OA— EOA—
02} 02} 02} 02}
1 1 1 1 1 1 1 1

0 0 0
710 712 714 716 710 712 714 716 710 712 714 716 710 712 714 716
Wavelength /nm Wavelength /nm Wavelength /nm Wavelength /nm

4 RTRDE T 5 PR RO B R 4T 3% . () N=2;5(b) N=3;(c) N=4;(d) N=5

Fig. 4 Reflection spectra of photonic crystals with different periods. (a) N=2; (b) N=3; (¢) N=4; (d) N=5
3.3 AEFEBEHMEBRFENEN

A SEGIEREZN 0.334 nm, W Z )2 A SEGMIERE d=0.334N nm,N RHA 528, WEZE
PR 4 I, Ay 2 M A WG WA FH 2 38 58 DT G A% SRR 5 ) 1) S S 6 EWHM = A5, B 5 A A S5 280 N
TN E 4 B S .

B & 5 Rl A BRI AR A TR A B, RN R B TS £k B FWHM ARAR /N, R BL EAR  r HE R B, @
X LU A3 BT T A5 B A T2 E50 0 38T S W ) B ST 8 28 i 4 R (EL R B )2 5 B R A e Y R A Ao i
BF A6 5 R R AS i A BR8N FWHW 3K, OR824 N =3 B, )O3 2928 100% . BLHET,
PRI K A=713.04 nm,A1=0.34 nm,Q:ﬁZZOW.lS,Jﬂj%*@*&%ﬁ‘kﬁﬂ‘]%ﬁ N N3, 8% do=
1.002 nm,

0223003-5



B = 2% 1
1.0 1.0 1.0 1.0
(@ (©) © @
. 0.8 o 0.8 |- . 0.8+ . 0.8
E 0.6 E 0.6 - E - E 0.6 -
a0 g0 8 0.6 8
<] <] <] ¥
= 04 S04+ 041 = 0.4
(a4 2= = =
0.2 0.2 F 0.2+ 0.2
0 1 1 1 1 0 1 1 1 O 1 1 1 1 O 1 1 1 1
708 710 712 714 716 718 708 710 712 714 716 718 708 710 712 714 716 718 708 710 712 714 716 718
Wavelength /nm Wavelength /nm Wavelength /nm Wavelength /nm
FE 5 RSB EBOS B RAHE . (0 N=1;(b) N=2;(c) N=3;(d) N=4

Fig. 5 Reflection spectra of graphenes with different layers. (a) N=1; (b) N=2; (¢) N=3; (d) N=4

4 AR IEREE A
LB BE RO B AR BT R4S DR IEASPE . ARHE Lichtennecher S A57 41 A0 A1
an

7 vong
Inn =plnﬂ+lnnye,
Nye

K n R PFREEWFEAS T2, p R AR FR 350 10 ong R AT S 258 s RS RN 5 252

YRR 40 p 5050k 2256 .24 96 .26 %6 .28 %6 .30 Vo 1 4 25 W /K 1 R o 40 8 8 RK I 4T 5958 43 5l R, =
1.4466 .2, =1.3330, F1 (1 1) =X o] £, % W0 Hr 5 43 514 1.3572,1.3594,1.3616,1.3639,1.3661., FFMIAEA
P A AL IR IR I K i AR AL ] 6 TR .

1.0 PN
VS P=22%
08} v — - —=p=2i
i ———- p=26%
= " p=28%
061 1 I —— Pp=30%
- 1
|9 i
g 0.4 T
v 04+ i
~ i
"
02} ]
i
i
0 1 L 1
705 710 715 720 725 730
Wavelength /nm
Pl 6 o A A I A A P 3 i U8 K 119 A Ak

Fig. 6 Variation in resonant wavelength with concentration of test sample

A 28R A R A B ) AR Ak 5 R AR T S R A AR Ak AT 5 R I IR I B AR b . b AN [ B Y A OB
Ad 9.06 nm __

YRONE I B 65 4 I K 43 W 710.31,712.56,714.81,717.14,719.37 nm. %5 ¥ R 5 5=, 0.0089

1017.98 nm/RIU,

5 4% §7
T 430 2 1 0 o M 7 48 ) ) B A0, 45 5006 T G MR VSR S5 B RO 7 5 1K Tamm 284097 17 45 4

(A LR, H S 7 REAR TS R B BE Tamm 253 9R I I 1056 RBH L 73 1 T 45000 Q (i, LA 4 M

W IREAS AW T S5 A SR . G R T, BT AR A R e B BB B Q (R R AT N Q

R KR — e B %

>

=

% x B

[1] Sun H, Yang S, Zhang J, et al. Temperature and refractive index sensing characteristics of an MZI-based multimode

fiber-dispersion compensation fiber-multimode fiberstructure[J]. Optical Fiber Technology, 2012, 18(6): 425-429.

0223003-6



ot % % i1

(2]

[3]

(4]

[6]

7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Chen Qianghua, Luo Huifu, Wang Sumei, et al. Measurement of air refractive index based on surface plasmon
resonance an phase detection by dual-frequency laser interferometry[J]. Chinese J Lasers, 2013, 40(1): 0108001.
MRomde, B o, ERM, S BT R WS B A IR AUOBUBUOE T U A AL I G 04 25 ST R 5 LT o O,
2013, 40(1): 0108001.

Gondek E, Karasinski P. One-dimensional photonic crystals as selective back reflectors[J]. Optics & Laser Technology,
2013, 48: 438-446.

Rodriguez G A, Ryckman J D, Jiao Y, et al. A size selective porous silicon grating-coupled Bloch surface and sub-
surface wave biosensor[J]. Biosensors and Bioelectronics, 2014, 53: 486-493.

Ghouila-Houri C, Gerbedoen J C, Viard R, er al. Design and elaboration of 1D photonic crystal cavity based on highly
flexible elastomer thin layer for sensors applications[]J]. Procedia Engineering, 2015, 120: 744-747.

Sreekanth K 'V, Zeng S, Yong K T, er al. Sensitivity enhanced biosensor using graphene-based one-dimensional
photonic crystal[J]. Sensors and Actuators B: Chemical, 2013, 182: 424-428.

Lin T, Zou Y, Chau F S, et al. Novel one-dimensional photonic crystal air-slotted nanobeam cavity for gas sensing[C] .
IEEE International Conference on Optical MEMS and Nanophotonics, 2015: 07288846.

Liu Qineng. A new method that study electromagnetic waves transfer in stratified medium[J]. Laser Journal, 2009,
30(3): 14-15.

XA e . — RS B R R A A 2 B A s 7 0] WOt ZRaE . 2009, 30(3): 14-15.

Moskalenko V V, Soboleva I V, Fedyanin A A. Surface wave-induced enhancement of the Goos-Hénchen effect in one-
dimensional photonic crystals[J]. JETP Letters, 2010, 91(8): 382-386.

Liu Qineng. Effect of impurity absorption on one-dimensional photonic crystal defect mode[]J]. Chinese ] Lasers, 2007,
34(6): 777-780.

XU JA e . 2% RO — 4D F AR BB A sE e (1] . P RO, 2007, 34(6): 777-780.

Chen Ying, Fan Huiqing, Wang Wenyue, et al. Sensing model and performance of the surface defect photonic crystal
with porous silicon[J]. Acta Optica Sinica, 2015, 35(5): 0523001.

Pk @, JOFTE, ESCER, . 2Lk 2R GO T S A B AL AR R ke [T JletA s, 2015, 35(5): 0523001,
Hu B, Yao M, Xiao R, et al. Optical properties of amorphous Al, O; thin films prepared by a sol-gel process[J].
Ceramics International, 2014, 40(9): 14133-14139.

Miloua R, Kebbab Z, Chiker F, et al. Peak, multi-peak and broadband absorption in graphene-based one-dimensional
photonic crystal[J]. Optics Communications, 2014, 330: 135-139.

Zhou Renlong, Chen Xiaoshuang, Zeng Yong, et al. Enhanced transmission through meta-film hole arrays and the
surface plasmon resonance[J]. Acta Physica Sinica, 2008, 57 (6): 3506-3508.

JA= e, BREOL, B, A G RO T RO BRSSO R AR TR LR (] W AR R, 2008, 57(6):
3506-3508.

Li L, Liu G Q, Huang K, et al. The water content sensor in heavy oil based on one-dimensional photonic crystals[J].
Optik-International Journal for Light and Electron Optics, 2013, 124(16): 2519-2521.

0223003-7



