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Influence of Function of Metal Grating Shape on Surface
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Abstract In order to increase the signal-to-noise ratio and sensitivity of surface plasmon resonance (SPR) sensor,
incident light should be coupled with surface plasmon polariton (SPP) as much as possible. The profile of a metal
grating is studied in order to realize the highest SPR coupling efficient. The parameters of one-dimensional
rectangular grating are optimized to find the highest SPR coupling efficient. Fourier expansion of the grating shape is
used to analyze the contribution of each order to the excitation of SPR., which will provide analytic support to seek
essence of physics of the max-coupling of SPR.

Key words gratings; surface plasmon resonance; rectangular grating; configuration parameters

OCIS codes 050.1950; 050.2770; 240.6680; 250.5403

Vol. 40, No. 11
November, 2013

L 5 7

N 5 B T AR (SPRO AR J2& 3 1% & il
AP AR L il T8 BoA o R ARBIAE T i e
SR I S A B2 B AS [ AR AT 9 B R 3E  AE AR
PRI BRI IS R I 4Ok
AT AT B Z R SE . H T X SPR %
SR Y BT S 1Y — A~ L 225 T 4 o AR IR A 1 R
JFETH X Tl B s S 4 B TR

Wi EE: 2013-02-28; WEEMAREE: 2013-06-17

[ RS G AR T . SO S — RO IO &k 4 R 3R T4
BB Bz N T AR AR T AR
(SPP) . frfe] 52 B sk P i RS = 1 e AR DC TE D' Bl 1) 435
% 1 TR S ) e B e W M S B 1) . Reather " 5%
TR AR A T A AN A 4R W A R 5ROk A T A
FAAIEYR (1 5 1] Rosengart 4511 43 B B 58 1 1F
%4 R DM e 2B e T A B R AR I v TE 5K R AR
T D % e R S O 1 S R Y S . Hori 251

ELWMB: HEARAERSE 61167001 )7 F K2 3 HIAIHHH

fEERINr: HEEEE985

) LR A, EE N R MR AR IR TS . E-mail: xallen@163. com

SImE A o D (1958—) , Lo HU A A 0, 322 A FOR AT S AR A 4 8 45 D TR B F AR .
E-mail: wpzhang@163. com(H [E Y2445 S042011180S9)

* BIEEBKE Ao E-mail: lin. Ipang@ gmail. com

1114001-1



H |

# ot

IR T R R0 258 R A T2 DG A Tl % 32 X 362 1 45 2 1
PRICHR 1R 2 W) o DL R S B T A /N %) 3 1T 45 85 1
PRILIR AR

SR M A T AR 25 25 R ey 4R B B ot
AR AR LA 21 5 A ) 2 1 45 7 5 PR IR TR R R M
FHOT 5T B9 TR 3 07 TG B AR R LA JTHRGE . A
SO LR T RE SEMEY B R AR RISEH A B
TR AT 55 AR B Al L A4 T I 5% 6 M FE Ak A
BLI o3 M 5 5 AT O3 A R TT B I A R R T 5K
5 TGOS 22 T8 A B T AR IR 1 B2 0 DRy Bk — 28 20 B X
MR 10 ) BILAS 8 A 0 A9 AR SRR AT

2 RS ARILRIE

GG p AR A B A B GRE D 5 4
A T 2 s A 5 e I A DY A 3R TR K AR AT S B
G ASTR A ATT T 11 BE Xk O T AN [ B A7 5 4. AR 9 '
WS m(m=+1,+2,+3,,+n) %iF
SRR AL AT T A 7 8] E o35k

/e‘,:ﬂ\/c;sinﬁimzf, 1

P 0 e E 5 A B AL B G e
JE AR T B A A A F B m Ry B X AN [
AT S 0. A SR A
MO A AT R B T M 4 A AR T A SO
AR R A B 1 O, NTIT 265 e AT S DI F- 47 1 S T 1Y
PR Sy il vl DA BT b 2 T 45 B IR I8 1 I R AH
&L
%Esin@im%z%(%)lJ, (2)
Ll /2 (20 I A6 L2 15 3R 1 55 BT A A
B+ DT 2 T8 55 88 1 MO 2 B SOGInik 7= 2k
GRS . BB A S O6 Y AR 5 OKE S R
%?U%E%}%‘?ﬁﬁ)ﬁ*»ﬁ%ﬁ%ﬁ@ﬁﬁi%ﬁﬂﬁidhﬁ

09F
0.8}
2 0.7F
2 06]
Q
= 05}
<]
~ 04t
03}
02l
0.1
3

4 5 6 7 8 9
Angle of incidence /(°)

BT R mSF B 7 IR L il 4k
Fig. 1 SPR angular spectrum

K E R/ ME .

P 1 ARG 19 5 38 BN S A B 72 A £k
Al SPR £k, 8 1 v H O JEPRIEEE LRI 9 = B2
Aswin F FEYE e 4 58 (FWHMD L 0, AR . R
KA AT B T IR I A G g A A SR
i LR A 0 4 B R 3L PR R B BBk T SPR Ol £k 1
JEH o SRR R BRI R AR O I R A T
BB AR, A6 5 3 T 55 B8 1 M AR
I AR GBI A A el I 2 (2) 5

3 —YEHIE 4 R R 2 TH A B A

PR T A

BT SPR 1 — A H W& T FREKM
FARCE T B 280, SPRFEA &0% 32 Z AR
TG A R S RN s b R R R AR A id
E & 3R B P A AIF 98 0 2 S 8 2 S v AL L AR )5 i
ORGSR TR SRR R I AL
T 55 2 145 B TR U R G BE L DT A B RS G BE R K
TR S 8. HZ TR — 4 (D) IR & R
S R AT AT

TR RL R — 2 A0 Y 4 Jm e M . R K v n &
2 FrR o e 4 e Dl 5 4 e I (I b A A
23R 43 FN LB 5L B RFSCHE 43 AR D 2k 1w
BB NN e AN BT R SOR T I R
1.33 [7K) . Wil 2 iR, & @ SRR S50k d,
SEHEE A A LS FE R RR N MR T N o i
TR R CWRR A MM SE D) b, Al D.D =

AA;b,A\d\h‘D 2 7% ST S TR 8 5 8

incident reflected

wave -1 wave
dielectic \%

glass

Bl 2 —H4E5E 00 4 s St R AR i
Fig. 2 Structure of 1D rectangular grating
3.1 ERERMNKREEEFHAEIRNZIT
R R MBS RGBS &
P67 8 4 T R VS R R R 3R T A B 1 SRR i s e L 3R
TE 4 R JICJEE B O A B OGHIE BT  1000 nm, [T 7

1114001-2



M

<5 DRI 45 KA X 2 T 45 5 A S i B R T

JE9 60 nm, (45 1 D Oy 0.5 AR A% R G 5
.12 1 SPR M B J7 i A SO R K
1500 nm B 45 A4S AR A i X I8 1) B 53 D' 119 s 6
T S A A BE B OGR4 A 3 ()

1.0

d=20 nm
@
0.9k d=30 nm
g'i r d=40 nm
» L d=50 nm
0.6 \/ —
= d=60 nm
S05[ —

< 0 d=70 nm

03 d=80 nm

e | d=90 nm
0.1f L i
0 | 1 1 1 1 d=110 nm

3 4 5 6 7 8 9.,
Angle of incidence /(%) ES 12
[® 3

Reflectivity

7538 il SPROPEA S T7 8 I S A A B 0
s AN AR TG IO PR B O 18 5 B 3R A
S AT WA I 5 R M 28 A 3(h) B

1.0 d=20 nm
0.9 - d=30 nm
0.8+ d=40 nm
0.7 d=50 nm
0.6 d=60nm

d=T70 nm
05t 4=80 nm
04 d=90 nm
0.3 ¢ d=100 nm
0.2 | d=110 nm
orl 0 1d=120m

130 132 134 136 138 140 142

Wavelength /um

A [A) B TR J5E BE R B e M X B9 SPR BHZR . () MEZEFIH s (b) B $H

Fig. 3 TM reflectivities from different thicknesses of basements. (a) Angular spectra; (b) wavelength spectra
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