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Fig. 1. Schematic diagram of DBR structure coated with a

metal grating.

T2 ] L S BRAE A 9 A ST T 5 A O R S 0 A B
BRI B 5 SRS RO B R
WERYOC | PRI E], g S
AT 22 LRI A 375 568 R T (L

4 B IZ AR 2 O S AR, AESE R AR
JZ7E 5% DBR 4544 ] DLy Az R i 38 145 B
JG (TPPs), SLHAGLI A4 JE 5 DBR &2
RO bW E R e e )R EE N
100 nm B}, FZZ5 % TM A2 A G 4R 10 [
S KB BRI 2(a) A SRS R 2T (0 SR BT R
FEVE K 1040 nm &b, G IE LA — A HL ALY
H TPPs 51 S /M, RIS SHS 2t 7E 1%
WA A 7= A — A R [ 35 B 0. X2 T a4
J&-DBR Fti by T B R TPPs, i b
[ B 2 SR 3l AP G ) S 5. RIS A 40 R s
PR AE B 1T LSR5 4 SR AR IR Y R T AR S AL 4%, SR
1M T 4 @ J2 60 6 il B AT Benm iy me ek, o i
100 nm JE Y4 )8 )2 5 BOG(EE 5T R 8K, 1R I
i, Kb R 5 AL 4t T DBR 251
e 5 355] TiO, A 5 7= A 1 S 5 M ik 2k,
B RAEAE 950—1150 nm 1Y B AP Be N 238 T
1, B HRNEET T 0, HLH A& M2 (R4 P4 AR 3%
AL, X—BERAESIR S TiO, A Fisc A
ARk, dEE S S RN SR K K&
AR

0.008

1.0
{0.006
08t
Q
8 =
< — DBR (R) g
2 o6f — _TiO, (R) 10-004 Z
g — — TiO, (T) g
= 04f — DBR (T) £
: {0.002 &
02t
0
0 1 1 1
950 1000 1050 1100 1150

Wavelength/nm

2 TM KA G 45 JR 27 55 DBR 459 K2 4 TiO, 4~ Ji
T 0 37 I B S R

Fig. 2. Transmission and reflection spectra generated in a
perfect metal layer capped the DBR structure and the semi-

infinite TiO, media.
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Fig. 3. Energy distribution in the silver covered DBR struc-
ture and silver capped TiO, dielectric generated by the in-
cident light wave of 1040 nm: (a)Magnetic field |Hy| dis-
tribution at A = 1040 nm; (b) magnetic field |Hy| profile

along z axis.
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Fig. 4. Transmission and reflection spectra generated by the
TE and TM polarized incident light waves in the metal
grating capped DBR: (a) Transmission spectra; (b) reflec-

tion spectra.
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Fig. 5. (a) Distribution of the magnetic field component
|Hy| for TM and TE waves; (b) the profile of the magnetic

component |Hy| along the axis of z = 0.
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Fig. 6. (a) The transmittance as a function of the grating heights for TM polarization; (b) magnetic field intensity distributions for

the four transmission peaks depicted in Fig. 6(a).
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Fig. 7. Transmittance against incident wavelengths and grating heights for three slit widths: (a) w = 40 nm; (b) w = 50 nm;

(¢) w= 60 nm.
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Fig. 8. Evolution of (a) amplitudes and (b) central wavelengths X of the transmittance peaks generated by the first and second or-

der resonances with slit widths w.
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Abstract

In order to observe the extraordinary optical transmission (EOT) through a metal gratings, induced by
Tamm plasmon polaritons (TPPs), a layered structure consisting of a distributed Bragg reflector covered with a
one-dimensional metal grating is proposed in this work. When an incident light wave passes through DBR
regime and impinges on the DBR-metal interface normally, the generation of TPPs and the resulting highly
localized energy on the metal-DBR interface are simulated in detail by the finite element method. As a result,
the surface plasmon polariton (SPPs) modes accommodated inside the slits of metal gratings can be excited
more effectively by the enhanced electromagnetic field associated with TPPs located on the interface.
Furthermore, the enhanced transmission of incident light waves in the structure can be achieved when the SPP
mode inside the grating slits satisfies the Fabry-Perot (FP)-like resonance condition, which reveals that the
EOT in this structure comes from a TPPs-FP hybrid resonance. This inference can be confirmed by the
relationships between the central wavelength and the grating height for the two transmission peaks, and the
magnetic field modal profiles associated with the two peaks. Quantitative effects of the slit width and duty cycle
on the transmission peak of the metal grating are analyzed numerically, and the results demonstrate that when
the period is determined, as the slits width increases, the two peak transmittances first increase and then
decrease. On the other hand, when the slit widths are chosen to be 40 nm, 50 nm, and 60 nm respectively, the
peak transmittance first increases and then decreases with the duty cycle increasing. Meanwhile, it is found that
the center wavelengths of the transmission peaks are related to the duty cycle in a nearly linear manner for
three slit widths, which can be used to flexibly adjust the center wavelength of extraordinary optical

transmission.

Keywords: extraordinary optical transmission, metal grating, Tamm plasmon polaritons, quasi Fabry-Perot

resonance
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