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Fig. 1. Schematic of a single nano-slit surrounded by

grooves in a silver film on a DBR.
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Fig. 2. (a) Transmittance spectra for the structure
DBR-silver with a nano-slit; (b) the electric field inten-
sity distribution of the DBR-silver nano-silt at wave-
length (A = 819 nm) which is equal to TPPs excitation

wavelength.

T TPPs#EA, T L4k & 2R G8K 22 UK 1) SPPs,
A SR G R 4% v SR AT S oK 1) D' 5 BRI 5 T
LR TPPs AT, R T L T8 AR T AAR
K758 7045

3.2 DBR-IRENIKEE U 53 AN & 5T 254

FE AR L S 0 42— 3 IR J7 T MRl WAL K
a = 25 nm, H HIX—XJ =77 T V1A 2 5 4% v 0 Al

AEE B AN, B 3 (a) RNEEMEIE 59 5 7 T 1%
0.14 . . . . . T T
(a) T™ 1
0.12}+ i
0.10 -r’-—'—’\\‘\’\-
0.08 ]

S |
0.06 i
0.04F ]
0.02+ ]

O0 5 10 15 20 25 30 35 40
d/nm
B )
— : : : : X105
i HI"“: T 1o
{ /N W :v ‘l 1.0
|[l’ 0.8
lr { 0.6
| 0.4
| I l lil' “:"l 0.2
JI '
500 1500 2500 3500 4500
z/nm
0.12 i (<) ™
0.10} i
0.08}+ i

& 0.06F i
0.04 I i
0.02 I J\) 4

0 I Il Il L L —/

800 805 810 815 820 825 830 835 840 845 850
A/nm

K3 (a) MRIEESES B MGERIRERSCR; (b) M5
HRMSEREIRIZE Y 17 nm B ¥ L 58 BERSAE 40405 (c) 4R
JIEE HH SRS AG R BE 9 17 nm B33 S 3R B AR 1k

Fig. 3. (a) The transmittance of silver film versus the
distance of groove and slit d on the exit side; (b) the
electric field intensity distribution when the distance
of groove and slit d on the exit side of the silver film
is 17 nm; (c) the transmission versus wavelength when
the distance of groove and slit d on the exit side of the

silver film is 17 nm.
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Fig. 4. (a) Transmission versus the distance of groove and slit on the entrance side of silver film; (b) transmition

versus with wavelength at the fixed distance of groove and slit on the entrance side of silver film 434 nm; (c) the

electric field intensity distribution of at the fixed distance of groove and slit on the silver film 434 nm and the

wavelength is 819 nm; (d) the electric field intensity distribution of at the fixed distance of groove and slit on the

silver film 434 nm and the wavelength is 845 nm.
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Fig. 5. (a) Groove side length versus transmission rate; (b) electric field intensity distribution when the silver film

groove side length is 33 nm and the wavelength is 819 nm; (c) transmittance versus wavelength when silver film

groove side length is 33 nm; (d) the comparison of transmittance between grooves on the entrance side and the exit

side of the silver film and grooves only on the exit side of the silver film.
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Fig. 6. (a) Transmittance versus the groove side length
of the entrance side when the groove side length of the
exit side is fixed; (b) electric field intensity distribu-
tion when the groove side length on the entrance side
is 38 nm, the groove side length on the exit side is
33 nm; (c) transmittance comparison between the sil-
ver film with grooves by optimized edge length and the

silver film with non-grooved.
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Abstract

In recent years, a metallic single slit nanostructure or slit array structure, due to simple structure and easy-to
integration, has been used to construct a light source in the nanostructures based on the surface plasmon polaritons
(SPPs). However, the problem of low transmission through an isolated subwavelength single slit nanostructure is still
existent. The main reason is that the excitation efficiency of SPPs in the single slit nanostructure is not too high.
Therefore, how to effectively enhance the optical transmission has become a research focus. In order to further improve
the transmittance of the metallic single slit nanostructure, in this paper, we improve the single slit nanostructure
imbedded in the metal silver thin film on a distributed Bragg reflector (DBR) proposed in previous literature. As a
result, a novel method of designing a single slit on a DBR is proposed to effectively enhance the optical transmission in
a single slit by improving the excitation efficiency of SPPs. Our proposed novel structure is made up of a subwavelength
single nano-slit surrounded symmetrically by a pair of grooves on both sides of metal silver film on a distributed Bragg
reflector. When the TM polarized light is illuminated from the DBR side of our proposed structure to the DBR-silver
slit-grooves nanostructure, the Tamm plasmon polaritons (TPPs) at the interface between the silver film and the DBR
and the SPPs in the slit on the entrance side of the silver film are excited at the DBR-silver film interface, and the SPPs in
the slit and grooves pair on the exit side of the silver film are excited simultaneously. In our proposed structure, coupling
between the TPPs and the SPPs leads to the hybrid state of Tamm and surface plasmon polaritons in the slit and
grooves. Finally, taking advantage of constructive interference between SPPs excited by the grooves and exciting hybrid
states of TPPs-SPPs in the slit, due to the local field enhancement effect of the TPPs mode and the coupling effect of
constructive interference between the pair grooves and the nano-slit, the excitation efficiency of the SPPs can be increased
significantly. Furthermore, the quasi Fabry-Pérot resonance effect in the nano-slit is taken into consideration, and the
transmittance of our proposed structure is enhanced greatly. In the present paper, the finite element method is used to
study the transmission properties of the single nano-slit embedded with paired grooves on the DBR-sliver nanostructure.
After a series of parameters are optimized, the maximum transmittance through the single slit in DBR-silver slit-groove
nanostructure can increase to 0.22, and this transmittance is expected to be about 22 times the transmittance (0.01) of
the light through a single slit in a silver film on the TiO2 substrate (without DBR, and grooves), which is higher than
the maximum light transsmission 0.166 given in Ref. [23]. The research results of this study have a certain application

value in the fields of nano-light source design, photonic integrated circuits and optical signal transmission and so on.

Keywords: optical anomaly transmission, Tamm plasmon polaritons, surface plasmon polaritons, quasi

Fabry-Pérot resonance
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