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Enhanced optical transmission through a nanoslit by
coupling light between periodic strips and metal film
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Surface plasmon resonance (SPR) is obtained by exciting the surface plasmon (SP) at the metal and
dielectric interface, which can greatly enhance the extraordinary optical transmission (EOT) through a
nanoslit milled in the metal film. We present a structure with a 50-nm-wide silver nanoslit for EOT by
coupling light into the dielectric interlayer between periodic strips and a metal film. When the period
of the metallic strips is equal to the wavelength of the SPR, the transmission efficiency of 187.6 through
the nanoslit is enhanced. The metallic strip width over the nanoslit is optimized to improve transmission
efficiency, and the maximal efficiency of 204.3 is achieved.
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Since Ebbesen et al. experimentally demonstrated that
arrays of nanoholes[1] and nanoslits[2] in metal films have
extraordinary optical transmission (EOT), the physical
mechanisms and applications of enhanced transmissions
were intensively investigated[3,4]. Transmission efficiency
can significantly increase due to the role of the surface
plasmon (SP) excited at the interface between metals and
dielectric materials[5,6]. The excitation of SP by light is
denoted as a surface plasmon resonance (SPR) that prop-
agates along the metal and dielectric interface[7,8]. The
corrugations can increase the light-plasmon coupling[9,10]

when the metal surface surrounding the aperture has pe-
riodic corrugations[2,11]. Furthermore, if the Fabry-Perot
cavity resonance is formed in a nanohole or nanoslit (i.e.,
waveguide cavity) for interference[12], the EOT can be
enhanced.

In this letter, the structure of enhanced EOT in a metal
nanoslit by coupling light between periodic strips and a
metal film is presented, as shown in Fig. 1. The struc-
ture features a metal film with thickness t, a nanoslit
with width wp, a dielectric film with thickness d, a metal
strip above the slit with width L, and n periods on each
side with period width Λ, ridge width ws, and depth h.
Both the metal film and the strips are made of silver
with permittivity εAg = −48.8+3.16i[13]. The dielec-
tric interlayer between the periodic strips and the metal
film is fused silica, whose permittivity is εd=2.1. For
a normal incident transverse magnetic (TM) polarized
plane wave with wavelength of 1.0 µm, the transmission
efficiency η of the slit is defined as the ratio of the
total energy transmitted to the far field to the energy
incident on the slit without the strips and the dielec-
tric spacer layer. The total energy transmitted to the
far field is the z -component Sz of the time-averaged
Poynting vector S = 1/2Real (E×H∗) multiplied by the
slit-width ws. To address the optimal corrugation ge-
ometry of the structure, the influence of the geometry
parameters on transmission efficiency was discussed. All
the results were calculated by rigorous coupled wave
analysis (RCWA) method[14,15]. A perfect matched layer
(PML) was applied to avoid artificial reflections from the

boundaries of the studied domain, and the validity was
confirmed by comparing the results of the structures in
Refs. [16] and [17].

The wavelength of the SPR at an interface be-
tween a semi-infinite metal and dielectric materials
is λsp = Re[(λ0/

√
εAgεd/(εAg + εd))] ≈ 675 nm.

Here, λ0 =1.0 µm is the incident light wavelength,
and εAg and εd are the permittivities of silver and
fused silica, respectively. To obtain the normal inci-
dent TM polarized light coupling with SP, the pitch
or periodicity should be matched with the SP wave-
length for periodic corrugation[5,18]. The transmis-
sion efficiency η through a nanoslit as a function

Fig. 1. Schematic structure of EOT through a nanoslit by
coupling light between the periodic strips and a metal film.

Fig. 2. Transmission efficiency η through a 50-nm-wide
nanoslit as a function of the periods of metallic strips for a
normal incident TM polarized plane wave with wavelength of
1.0 µm. t = 250 nm, h = 90 nm, d = 180 nm, L = 475 nm,
ws = 475 nm, wp = 50 nm, λ0 = 1.0 µm, and N = 12.
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of the period is shown in Fig. 2. When the period of the
metal strips is about 675 nm, which is equal to the SP
wavelength λsp, the maximum transmission efficiency of
187.6 through the nanoslit is obtained, which is about 24
times than that of the bare resonant nanoslit (η=7.8)[4];
efficiency is also larger than the nano-cavity antenna
array for EOT (η=128.3)[19]. When the period of the
metal strips is close to twice the SP wavelength (i.e.,
Λ≈1350 nm), there is a larger transmission efficiency,
as shown in Fig. 2. The physical mechanism of EOT
can be interpreted as a result of charge displacement in
the metal film near the metal and dielectric interface.
Figure 3 shows the surface charge distribution and the
electric fields associated with the EOT structure. The
array of metal strips provided a phase-matching condi-
tion for exciting SP at the silver/silica interface in the
metal film, transforming the incident light into the di-
electric interlayer. When the SP is excited, alternating
positive/negative charges near the top surface of the
metallic film are produced, as shown in Fig. 3. Further-
more, the incident plane wave transformed into a strong
localized surface plasmon wave (SPW) in the dielec-
tric interlayer. The exciting of SPW at the silver/silica
interface constructively interfered within the dielectric
interlayer waveguide and provided the enhanced EOT
in the nanoslit. Indeed, when Λ=n×λsp (where n is an
integer, and λsp is the SP wavelength transmitted along
the dielectric interlayer between the periodic strips and
the metal film), the transmission of light through the
nanoslit is maximal for Λ≈675 nm and 1350 nm, respec-
tively, as shown in Fig. 2. These results are similar to
the experimental results of a single aperture surrounded
by rings[11].

A nanoslit milled in the metal film can be treated
as a metal-insulator-metal (MIM) waveguide. When
the Fabry-Perot resonance occurs at the vertical nanoslit
region, the SP wave propagates through the MIM waveg-
uide effectively[16,20]. When the accumulated phase is
an even integer of π/2, the maximum efficiency of the
transmission wave through the nanoslit is achieved due to
the constructive interference and the minimum efficiency
caused by the destructive interference for an odd integer
of π/2[6]. In TM polarized illumination, the transmis-
sion efficiency η varies with the metal film thickness
t. The transmission efficiency attains the maximum
when t holds an integer number of the standing-wave
fringes within its depth. Under these circumstances,
large amounts of electric charges accumulate at the top
and bottom edges of the slit, whereas traveling waves
constructively interfere within the MIM waveguide. Ac-
cording to the waveguide theory[13], the properties of
the MIM waveguide are described by σx and σz. In
general, σx = σ′

x+iσ′′
x and σz = σ′

z+iσ′′
z are complex

numbers, thus encompassing the range of homogeneous
and inhomogeneous plane-waves. When a beam propa-
gates along the z-direction in the nanoslit, σ′′

z must be

Fig. 3. Distribution of charges and electric fields at the metal
and dielectric interfaces.

Fig. 4. Transmission efficiencies η through a 50-nm-wide
nanoslit as a function of the metal film thickness for a normal
incident TM polarized plane wave with wavelength of 1.0 µm.

Fig. 5. Distribution of the magnetic field amplitude |Hy| in
an enhanced optical transmission structure with a nanoslit
milled in metal film with Λ = 675 nm, ws = 475 nm, L =
475 nm, h = 90 nm, d = 180 nm, wp = 50 nm, N = 12. (a)
λ0 = 1.0 µm, t = 430 nm; (b) λ0 = 1.0 µm, t = 250 nm; (c)
λ0 = 1.5 µm, t = 250 nm. The field distributions of vertical
nanoslits are shown in the insets on the right.

positive. In wp = 50 nm, we find σz = 1.3910+0.0115i,
whose small imaginary part induces a weakly attenuated
guided mode. The effective wavelength along the slit is
λeff=λ0/Re(σz)=λ0/1.391=719 nm. The transmission
efficiency η simulated by the RCWA method through
the nanoslit as a function of the metal film thickness is
shown in Fig. 4. The σx and σz of the MIM waveg-
uide have an imaginary part, causing the transmission
efficiency to decay rapidly with the metal film thickness
t. If the MIM waveguide is non-absorbing for TM polar-
ization, the transmission efficiency becomes a periodic
function of the metal film thickness t. The oscillation
period is equal to the wavelength of the standing wave
(i.e., a length phase of π) corresponding to the metal
film thickness of 0.36 µm. Accordingly, the effective
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Table 1. Transmission Efficiency η and the Corresponding Metal Film Thickness t When Optical
Transmission Through a Nanoslit Accumulates a Numbered Multiple of π/2 Phase Difference with Λ = 675

nm, ws = 475 nm, L = 475 nm, h = 90 nm, d = 180 nm, wp = 50 nm, and N = 12

Minimum Transmission Efficiencies

∆ϕ π/2 3π/2 5π/2 7π/2 π 2π 3π 4π

t (nm) 90 430 790 1150 250 610 970 1330

η 19.15 15.73 17.86 17.47 187.57 158.89 134.96 116.47

Fig. 6. Transmission efficiency η through a 50-nm-wide
nanoslit as a function of the metallic strip width for a normal
incident TM polarized plane wave with wavelength of 1.0 µm.

wavelength inside the slit is λeff=720 nm. Therefore, the
wavelength predicted by the standard waveguide theory
exhibits good agreement with the results simulated by
the RCWA method. Table 1 shows the maximum and
minimum transmission efficiencies and their correspond-
ing metal film thicknesses.

When the metal strip period is equal to the SP wave-
length, the incident light is coupled into the dielectric
interlayer to excite the SP, as shown in Fig. 5(a), where
the slit length is 0.43 µm, and the accumulated phase is
3π/2 for light transmission through the slit. The inci-
dent light is coupled into the dielectric interlayer but is
not efficiently transmitted through the slit. When the
slit length is 0.25 µm, the Fabry-Perot resonance oc-
curred in the slit, and the incident light is effectively
transmitted through the slit, as shown in Fig. 5(b). The
maximum transmission efficiency of 187.6 was enhanced.
However, if the metallic strip period is mismatched with
the SP wavelength (the SP cannot be excited), the inci-
dent light is not effectively coupled into the dielectric in-
terlayer with the incident wavelength of 1.5 µm, as shown
in Fig. 5(c).

The metallic strip width over the nanoslit had an influ-
ence on the transmission efficiency of waves through the
nanoslit due to the disturbance of the nanoslit-generated
SP. The transmission efficiency is further improved by
optimizing the metallic strip width L over the nanoslit,
as shown in Fig. 6. The maximal transmission efficiency
of 204.3 is obtained at 550 nm, which is larger than the
period metallic strip ridge width of 475 nm.

In conclusion, we present a structure with a 50-nm-wide
nanoslit for enhanced optical transmission by coupling
light between periodic strips and a metal film due to the
presence of excited SP. When the period of the metallic
strips is equal to the wavelength of λsp, the maximum
transmission efficiency of 187.6 through the nanoslit is
obtained, which is about 24 times than that of the bare
resonant nanoslit of 7.8. The metallic strip width L over
the nanoslit can be optimized to improve the transmis-

sion efficiency of 204.3.
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