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Fig. 1. (color online) Schematic of a single nano-slit

in a silver film on a DBR.
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Fig. 2. The effective refractive index of the SPPs
within the MIM (silver-air-silver) waveguide structure,
as a function of the wavelength A, where w is the width
of the nano-slit. The inset is the schematic of MIM and
the field intensity profile of the SPPs.

RILIRAIR v = 0.018 eV N HL FREFESNE. kepps
9 MIM % 5 1 SPPs [ 2k, MIM ¥ - 25 14 (1) A
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2.3 DBR-£EZMHHI TPPs

Xt F DBR-R R (TG 44 0K 8%) 45 14, N3 U i
DBR I A &} iF, 7£ DBR 5 4R B8 5 10 _E o 0k
TPPs#3. TPPs /& —Fh 12 S A4 4 i o (1
TR AR A —Fp o B W IR RER T A,
FH B AL FouHEA M, v Ll i TE 88 TM fR
IR CAE G T & 7k 57 5 45 8 DBR-4: )@ Ft i b L 4
Wor sl £ DBR 548 SRR I TPPs i
Sebr b5 DBR 2845 H s S U106 (dip) A%, R
P MEVE T LTE S DBR-ARIE (JC9h K 4%) 454
() S S B B, AT 45 2] TPPs A (1 (A Bk &
R L 3% R 7540 2 40 ST b 1)l S 8 5 F,
550 JEA B R R A B
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313, B10; = arcsin(nsinfo/n;), n A% SHTG E,
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3 (a) DBR-ARJESE A s H UM (k) LUK BT
K ) TPPs #3758 0 Aii (H1£8); (b) DBR-RIBEZ5H
(S3£%) M DBR 4 (RE2k) AT (G 9o ti i TPP
R BRI S A); (o) AFRIRE T, TPPs B ik
Fig. 3. (a) Dielectric constant profile for the DBR-
silver and the magnetic field intensity profile of the
TPPs; (b) reflection spectra for the DBR-silver and
DBR, the inset is the electric field intensity distri-
bution for the DBR-silver with the wavelength A =
821 nm; (c) the dispersion relation of the TPPs mode
for the TE (dashed line) and TM (solid line) polariza-

tions, respectively.
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MR B B, K TPPs B X B A =) 455 37 34
FetE. B3 (b) B N 4 5% B DBR A 2 BN &
i, DBR 25 1) fl DBR-#R IR 45 14 7% H 09 s 5 1%, 3
b R I S 4 150 nm.  DBR-AR 5 45 ¥ 1 S 5 1
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I 3 S 2R ARG T N IO B A 4R S B ik R
PE. a0l 4 (a) FE 4 (b) FroR 73 WA FRIRES R,
NS KN TPPs K K (A = 821 nm), 4%%
w = 50 nm, RIEEE d,, = 150 nm K, DBR-R
PR s LE R R 5 A, X EE R LR B, TM
PRI, 2238 DBR % 5 21| 4 J8 3 TH 1) H R
o3 N =8 — 80 /£ DBR FAR I8 5 T 2 A%
TPPs; — &84 # AN MIM B S, R S W
() SPPs, FEFAMNESS; I F B9 S B DBR. [FR
A LLUR I, ARG EE () SO ATEUR Ot 5 DBR-R
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BT, WAREEUR IS W1 SPPs, JLT# A YLl
HERgKEE. B4 (o) Gt T AR RIES T DBR-R
YK G LRI T 5 (T) BEAE B K BB O &R, gk
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WYk LE S b e A, (c) TM A TE k& T,
DBR-RAIKGE LM IR I2 5 R BEBAC AR R R

Fig. 4. (color online) (a) and (b) are the electric
field intensity distribution for the structure DBR-silver
with a nanosilt for the TE and TM polarizations, re-
spectively; (c) transmittance spectra for the structure
DBR-silver with a nanosilt for the TE (dashed line)
and TM (solid line) polarizations.
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Fig. 5. The transmittance for the structure DBR-silver
with a nano-silt as a function of the thickness of the

silver film for TM polarization.
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Abstract

Extraordinary optical transmission (EOT) through a metallic nano-slit or nano-slit arrays has become an efficient
method to manipulate the light on a subwavelength scale. While a variety of nano-devices based on surface plasmon
polaritons (SPPs) could be an ideal candidate for the next-generation ultra-compact integrated photonic circuits, this
EOT phenomenon is also generally attributed to the excitation of SPPs in the nano-slit. Thus, due to its being compact
in structure and amenable to integrate with other nano-devices, single nano-slit can be implemented to construct an
optical source in the nano-device based on SPPs. However, the transmission through an isolated nano-slit is too low to
be practically used. The main reason is that the excitation efficiency of SPPs in the nano-slit is not high enough. In fact,
one of the key issues is how to enhance the excitation efficiency in a nano-slit. In this paper, a novel method and the
related structure are proposed to effectively enhance the EOT in a single nano-slit by improving the excitation efficiency
of SPPs. This structure is made up of a silver film on a distributed Bragg reflector (DBR), where a single nano-slit is
imbedded in the silver film. Under the illumination of a TM polarized light from the DBR side of this structure, the
Tamm plasmon polaritons (TPPs) at the interface between the silver film and the DBR and the SPPs in the nano-slit can
be excited simultaneously. The TPP is another surface mode, which describes how an electromagnetic field is localized
at the boundary of silver film and the DBR. In this structure, coupling between the TPPs and the SPPs leads to the
appearance of a TPP-SPP hybrid state. When the wave-vectors between the TPP and the SPP modes are matched,
due to the local field enhancement of the TPP mode, the excitation efficiency of SPPs can be improved significantly.
Furthermore, utilizing the quasi Fabry-Pérot (F-P) resonance in the nano-slit, where a single nano-slit can be regarded
as an F-P cavity with two open ends, a high light transmission through the single nano-slit can be achieved. In the
present paper, the transmission properties of the “DBR-silver nano-slit” structure are analyzed with the finite element
method and the transfer matrix method. After optimizing the structure parameters, with a thickness of the silver film
of 100 nm and a width of the nano-slit of 11 nm, the light transmission through the single nano-slit in this structure
can be increased by about 16 times, in comparison with the light transmission through a single nano-slit in a silver film
on the TiO2 substrate (without DBR). This method of enhancing the light transmission through a single nano-slit by
exciting TPPs mode and utilizing its local field enhancement property, has potential applications in the polariton lasers,

the nano-scale photonic integration, the near-field imaging and sensing, and other relevant areas.

Keywords: extraordinary optical transmission, Tamm plasmon polaritons, surface plasmon polaritons,

quasi Fabry-Pérot resonance
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