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Fig. 1. (color online) Surface plasmon on a metallic
grating. (a) Configuration of the surface plasmon po-
lariton coupled by a metallic grating. A transverse
magnetic (TM) light wave illuminates at the grating
surface, exciting propagating SPP. 6 is incidence an-
gle. A is grating constant. w is grating width. H is
the grating modulation depth. The red arrows repre-
sent directly reflected wave. The blue arrows represent
SPP resonance radiation. (b) Reflectance curve of the
metallic grating. L is resonance depth. Opwn is full

width at half maximum. Ogp is resonance angle.
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Fig. 2. (color online) (a) Reflection spectra for inci-
dent light at 780 nm; (b) reflection spectra for incident
light at 1500 nm.
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Fig. 3. (color online) The relationships between the characteristic quantities and the modulation depths: (a) the

resonance angle; (b) the resonance depth; (c) the full width at half maximum; (d) the minimal reflectivity.
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Fig. 4. (color online) Match show: (a) the wavelength of incident light is 780 nm; (b) the wavelength of
incident light is 1500 nm. The dots represent Maxwell equation (RCWA). Lines represent the fitting data

obtained by equation (3). A-B-C section corresponds the range of goodness of fit.
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Fig. 5. (color online) Relationships of parameters in equation (3) to modulation depth: (a) r; (b) d; (c¢) 4;

(d) d; (e) I'; (f) p. Blue lines represent 780 nm incidence. Red lines represent 1500 nm incidence.
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tegration region. (b) Chart of y component of electric

field in three period.

B8 (a) BT 7 2 6 Wit 26 THT HB 37 1 1) B KM
| B, BE RS AR A, B R KR R
(1| E| 0 21K 5 RN S, 210 i 37 8
3 BAE SR H = 35 nm (780 nm AYf6)
A H = 40 nm (1500 nm A 5%) 4. K8 (b) Fiow
SR PR K ORI TE K R 5 3 R JEE I 1
TRIE 724K, 780 nm A6 IUK 1 SPP Ml % &
DRIEEERART 1500 nm NS HHIETE, BT %5
FEFESY B 310 nm (780 nm AHHE) K2 1050 nm
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Fig. 7. (color online) Electric field y component distribution: (a)—(d) 780 nm incidence; (e)—(h) 1500 nm incidence.
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(1500 nm AJfH6). BT Z5E /D, 780 nm A
JGWOR ) SPP 3% M 2 T LA J5T 47 5 3 ) AR b B
g PO X AERE T 780 nm UK T ISR £ B
FeH2 1500 nm UK TR 14 15, WKL 5 ().

L8 (c) BT Wi N ST < A ) R4
I ' AR o R BE R AR Ak A T FLUR I D R AR

1. 1

HJ R FHA, c AERIRFE, By hERE
Y. ARSCR B2 480t Q 7648 X35
AR AR 43 B AT 45 21 43 8 i FGi#E. 75 20T 2,
B A5 21 1) AR FE 2 A& B S M e, Ey B
T SPP R 7 A IE SPP A Hi . AHEL T SPP,
A SPP B W EL 355, (Rt b A v 5 B 5 B
FErT LU ALEAE SPP AFE. HHIE 8 (c) rI A1, PP
NS I RE Y 25 K5 NS, o
BITEH = 40 nm (780 nm A4 ) Fl H = 45 nm
(1500 nm A5 't) Abik 2 5 K.

Kl 8 (d) A& SE A — s X I P HL 3 B R4y
W A 8 ) R AR A, A e B R Bl ON S L RO
A P BT B2 ) A R AT B PO, e
fBL, FRA DX I35 B M 5 48 AR v 9 A 55 (6 (a)
ST IR ), B AR / / \B|dzdy.
TOeM A IANE, 235K FH 240 nm x 20 nm (5
B ox &, 780 nm A 6) & 400 nm x 20 nm
(%6 FE x =, 1500 nm N %) AL AL, H
B8 (d) AT WL, PIAPE KUK T, B 4 #8230
el R JE NS, 42 RIfE H = 35 nm (780 nm
NSHE) 1 H = 40 nm (1500 nm A S Abik 5
KE.

6 SR 5TR

A Fano J5 2L, JeMhizt 3% f 5 3= BT 7 Fh
DUAR: Al ST 0 B R G R SPP SR HRER 5. i
Fano f@ #1152 111 & 5 (b) # 7~ T SPP [ 3L Ik 48 5
BTk, SPP {EYEHMHAE A 43 nm (780 nm A4t 6)
546 nm (1500 nm AM%) I, FEARER ARG, T
Wik B FAATRE BE YE AR FE I 4k (8 () R A,
76 il 28 £ 9 40 nm (780 nm A M%) 8045 nm
(1500 nm XS 6) B, Sl 45 1 1 #4450 R A B
K. B6AH 5 Fano 04 (5 (b)) i fe AR FE {8 &
A=, /A ZE3 nm (780 nm AHFH) 1 nm
(1500 nm A SF%). XFr— B 1) X T x
B ' e 5 A ' A 445 g o oA 8 T 4 S 48 R Y
MR FE, B B e BT SPP R SL R R T, 16
XFRLRFET, Jettdl T SPP BRI A 2) EE
Fano 73 (J5 72 (3)) At 7 % (11 SPP #h & 2 56 & 1E
B, ok, AR LLA B L S, B A Fano 4y
fiE b oA B (B 5) B A M YRR P
Ab, I 3 HL I B KB B X I AR 4 (B8 (a) AN
B8 (d)) hen R BUR A R, Wk 2.

R2HIH T AR BT KR & AR AE ()
RAEERAME) X5 RLFOGHHAR B, ot iz g sk
THEE, 5 R AR 25 2 o IS A 7 oo 2 F 28
2 DA 5 BELLE, Kb FE A2
B, H GRS B HUE R 2. IR R R AR
VT, RS B RRAE S BA ARG M. X e 2 f
FIBETT LA I, W SPP 3R 4R S BELHEAE e (B
& @A FL 3 RE B (FARE) DA A 2 AR N
L5 T T 4 g Bt e 8 5 20002 ) 2 i o 2 ) 5
HLZ AR K.

R2 ARDBLRSEARAELT S SE A I R 2

Table 2. Grating modulation depths corresponding extreme values of related physical characteristics.

o H/om
780 nm A5t 1500 nm AHf

St b 2 LRI BEA R (13 (b)) 33+2.0 45+1.0
S F e/ MEMAE (B3 (d)) 45+1.0 4541.0
SPP m5 & RE/ME (B 5 (b)) 4342.0 4641.0
K IR KA KE (B8 (a)) 33+3.0 4142.0
IR KA (B8 (c)) 40+2.0 4541.0

I TR OCE (B8 (d)) 36+£2.0 39+3.0
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Abstract

Surface plasmon polaritons (SPP) are widely investigated in many fields because of the surface confinement of
their electromagnetic field. Grating coupling is one of the methods to achieve the momentum match between light in
free space and the surface plasmon to excite SPP. Because of the nature of the grating coupling, its parameters will
greatly affect the coupling efficiency. Varying the grating modulation depth but keeping other parameters unchanged,
we investigate the reflection spectra of one dimensional rectangle metallic grating by rigorous coupled-wave theory under
the irradiation of incident light of 780 and 1500 nm in wavelength, respectively. According to Fano theory, the reflectance
of metallic grating is the result of interference of two components, i.e., a directly reflected mode from the metal surface
and a resonance radiation mode coupled out by the SPP propagating along the grating surface. We derive the Fano-type
expression to describe the reflection spectra, and explain the contributions of directly reflected mode, SPP resonance
radiation mode and the interference between these two effects. Near-filed electromagnetic distribution on metallic grating
surface proves that the Fano-type expression is accurate enough to reflect the nature of the interference between the
direct and radiation modes. Most importantly, our results from the expressions suggest that in some special grating
condition, the metallic grating almost completely suppresses the SPP radiation propagating from grating to free space,
which means that the energy of light can be completely trapped inside the grating. The phenomenon can be employed
in designing light trapping device.

Keywords: surface plasmon polaritons, grating coupling, Fano theory, light trapping
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