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Characteristic of Subwavelength Dielectric Grating with Metal
Layer and Its Sensing Applications
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Abstract The subwavelength dielectric grating-metal structure with a quartz glass substrate is proposed. It can be
seen as a waveguide which is composed of metal layer, grating and superstrata according to the equivalent medium
theory. With proper incident angles and light wavelengths, the total resonance absorption occurs. The resonance
spectra of total absorption are analyzed using rigorous coupled-wave analysis (RCWA) method. The results show that
the peak of TM, mode of the waveguide is very sharp and sensitive to variation of refractivity of the superstrata. The
angle sensitivity and wavelength sensitivity are 127.87° /RIU and 409. 35 nm/RIU, respectively, and the linearity
between the resonance peaks and the refractivity of superstrata is good in a large range of refractive index of
superstrata. Compared with guide-mode sensors of all dielectric and grating-type surface plasmon resonance sensors,
the proposed structure can realize high sensitivity and the narrow resonance peaks can provide high detection
precision.
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Fig. 1 Schematic of subwavelength dielectric

grating on metal layer

F D5 A A TG 1 R AN SO I i
Kb s AT S PSS PR IE AT LSRR B R e
B U2 SO0 — & Pr i R M S A 2 . B W
3 AT A M 2 A r AT S R T L DRl R S
AP Z /I o 45 8504 5 BRI A B 1 &5 SR
Ko R 1 BT R 4548 v i W2 A G A 5k
— A MR TR i R A& 1 TM 58 TE i i 6 7
Dioti BT TN /T RS R
i+ — fHnl, (D

n = 1/ /fn," + QA — n,”, (2)

PRI Tl 1 g I 98 A Jo o Bl — 4 s T — A o 3
FRZ R AT LB B s R EZ 302 M4 e I
A o P A5 AR T 4 S R B U )2 R A O
R - T 8-S ARAE J R T AR S e B v A5 7%
Ji ) X PR o1 BG4 5 8.

BEAN AR AR AL EEE S X P K A e, —
FE KA TM 5% TE fi 48 Y6 A 5B G b i 14 1%
B e 2 LA PSS 6 B S M 5 2k 43 il R 0
=1 g, BIAATE 0 56 Re F 0 9GE 56 T,
PR —1RIHE RO —1REH T . BT
S5 K & SR AT I A AE AN W] g ad o 42 8 L B DA
ZHA R, MR fEFE Q& 1 BRSS9k
B T NSO AR R E AT B R B 4B i
HAGHEE 2 MR A 2 SR, JH om R
SR RAE X D5 ) 0 3 ke, 5 EHIHE 5 S
R 0 e — S P A% 1 6 0 8 5 0  H  BUOEA
GMR %¢ )i , B

nrteg —

KXm %Bv (3)

K ey, :/c()(Sinﬁ—%m),m — 0,41, 4+ 2,0,

xwz%&@ﬁ%%%%ﬁ%&%%ﬁﬁ%@%d@

TSR AR TR B E ko 5P Z ALK,
A LAE AR GMR & A4 1 551

FT BI04 R £ 2B R T A S AR TV
BA B JE DT X A R JBE A I 3 R ' Al » B
il DEMHE B R L 28K L 78 A A FUA S 50
JE—E AR L AT LA I S FE L TM, - BE I AT
e AR F AL P R U RE i OF HoAR i — BB s
B @i, AR 3T TE S 3R AR
SRR 1 H R R BT A A B R TE, A7
TE o PRI AR 08 P T 45 Ji A0 2 O S 1) S A R A
T BN SRR R A BR A R B8 TM & o X
A AR IR B R

0905008-2



955

5 T AT JE b B 5 A A T M 45 A S 4 1P A i T

3 R W SRR M B AR B

Ry 1O A b B T G B A S AR SR T A R
B WA AT (RCW A) BRSO X 56 B 4 £ 5 405 7 1 45
BB R S B S I% A="780 nm, JEHE A i b1 K Ry
ZnS, KA 5 £ K 2. 365, A =300 nm, =380 nm,
f=0.5,d=150 nm,n,=n,, & 2k TM fR#EHtA
S RNZOC M A5 A B AT AR 5 A IO R
& 2 Al WA R, MR FEAE I B AR TE 0~
T2.T1E RN B R R, fE4E, M AE 72. 71°~90°{8
BN A S R, R BMERES. AGHMAH
23. 98°FN 59. 81°4b 73 A — > S 4R W e e L B AT 2
BT A0 S-S TM, f1 TM, S5
RASCIRME A5, 1 H 59. 81° 4k iy L 4 1% HE
23. 98° Kb 11 4R 04 A B3 L AR ey iy e 4R R A U {3
A AR R L BE AR 8 2RI

[’ 3(a) 2y Ry 7EAS R 59. 81°4b i) TR 04 11y
K A 1 iR A7 A 1) S22 0 0 BRI ISR 3 1, i
4R IE H A W& 1C 228 IR, 2 4 58 (FWHM) H
1.47°, &1 3Ch) & A S A1 Ry 59. 817/, 58 3% 56 A 4
| SCME 450 E ek A R R I R0, 78 pm,

1017 (@)

FWHM: 1.47°

Reflectivity of R,
(=)
(92}

0

45 50 55
Incident angle /(°)

60 65 70

1.0

>
Q
[=1
=
% total absorption
S 05} =
]
S 1
£ L)
|

0 n 1

0 30 60 90

Incident angle /(°)

2 AE TM IR ASTET AT SR 5 A S 1% &
Fig. 2 Diffraction efficiency versus incident angle for
TM polarization
FWHM 2 4. 63 nm, JARP AL 19 R 3 0. 7]
WASOES P TP iy TM, 58 A 1™ A 1 3E 4R
WEAR R B« 10 ) I 4R 0 X 42 2 i S R A AL B AT
RLAF R R o BLEE R AT R A A AR 5 R L R
W 25 LR AR A 2 B SR Ay s SR K Y
37 B e A A s DT AT AR 3 4R A 3 R 1Y
Moy BRI A0 1 2 sE el R T SR B i A8k . I
ARG I 55 (9 A [R] DA e S 25 #y % S 20 ) E
AR 00 0 2 ARG 0 P 19 0L

1.0r (b)

FWHM: 4.63 nm

Reflectivity of R,
(=)
(o)}

0.76 0.78 0.80 0.82
Wavelength /um

B3 AN 59. 8174k i IR U6 Ca) FDE T (b)

Fig. 3 (a) Resonance peak and (b) the spectrum at incident angle of 59. 81°
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Fig. 4 (a) Angle spectrum and (b) fitting line of resonance angle versus refractive index for different superstrata at

fixed incident wavelength

10

-
( Ny, =1.4216

3 \l
% — n,=1.3929
E’ 0.5 > n,=13577
8
o ————> n,=133
<2}
a1
} n,=1.3155
0 1
0.75 0.78 0.81 0.84

Wavelength /um

Wavelength /um

0.825  (b)
— fitting line of
resonance
0.810 | wavelengths
0.795 F
01801 ¥=0.23583+0.40935X

1.32 1.35 1.38 141 1.44
Refractive index

Bl 5 —E AGH T X B[] 682 9 06 36 18T Ca) R AIR B BT 36 3R 28 1K 1 40 & il 28 (b)

Fig.5 (a) Spectrum and (b) fitting line of resonance wavelength versus refractive index for different superstrata at

fixed incident angle
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