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Abstract 
In this paper, the intensity distributions of the magnetic field in the proposed 
sandwich grating were studied. The results indicated that there were two ap-
parent enhanced transmission peaks. The magnetic intensity distributions of 
these two peaks manifest that the narrow higher transmission enhancement 
peak was caused by guided mode resonance and the other wide low one was 
formed by surface plasmon resonance. The resonant wavelength was esti-
mated by the momentum matching conditions of resonance. 
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1. Introduction 

Subwavelength structures on the surface of a metal film can strongly modify its 
interaction with electromagnetic fields [1]. Furthermore, by placing two such 
metallic layers in close proximity, the strong interaction between the evanescent 
fields on the surfaces of two or more nanostructured metal layers could lead to 
novel optical properties and offer new functionalities. Many double-layer metallic 
subwavelength structures have been proposed such as double-layer, laterally shifted 
metallic subwavelength hole arrays [2], double-layer metallic subwavelength slit ar-
rays [1], double-layer close-packed metallic gratings [3] and double-layer stacking 
metallic gratings with subwavelength slits [4]. These structures have been dem-
onstrated to exhibit extraordinarily high transmission. In fact the planar dielec-
tric gratings on thin metallic films without slits or holes can also increase the 
transmitted efficiency and acquire even higher transmission enhancement [5] 
[6] [7]. We have studied a kind of sandwich grating (SG) in which the silver thin 
film is sandwiched by two identical planar dielectric gratings [8]. In this paper, 
we emphasize on intensity distributions of the near field in the proposed sand-
wich grating (SG). The numerical calculations based on the expanded Rigorous 
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Coupled-Wave Analysis (RCWA) [8] for the intensity distributions of the mag-
netic field (|Hy|2) help us distinct the enhanced mechanism. And we estimate the 
resonance wavelengths according to the momentum matching conditions of re-
sonance. 

2. The Sandwich Grating 

Figure 1 depicts the basic configuration of the proposed sandwich structure 
gratings. Thin silver film of thickness h is sandwiched into two identical planar 
sinusoidal dielectric gratings. The lossless planar dielectric grating [9] [10] is 
characterized by a periodical medium. The relative permittivity can be depicted 
by 

( ) ( ) ( )2 4, , cos sin cosavgx z x z K x zε ε ε ε φ φ= = + ∆ +   ,      (1) 

where avgε  is the average permittivity and ε∆  is the amplitude of the sinu-
soidal permittivity. φ  is the grating slant angle and 2K = π Λ , here Λ  is the 
grating period.  

The Drude model is adopted to simulate the sandwiched Ag film in the region 
III with plasmon frequency 161.37 10 rad spω = ×  and the collision frequency

137.29 10 rad sγ = ×  [11]. The surrounding permittivity in the region I and V is 
chosen to be 1.332. The detailed structure parameters are listed below: the grat-
ing period Ʌ = 400 nm, the grating thickness d = 100 nm, the average permittiv-
ity is 2.25 and the modulation is 0.33. The sandwiched silver thin film thickness 
is set to be 40 nm. The normal incidence wavelengths we are interested in the 
visible light range from 390 nm to 760 nm. 

3. Numerical Calculations and Discussions 

According to the expanded rigorous coupled-wave analysis theory (RCWA) for 
the sandwich grating [8] [9] [10], we calculate the diffractive efficiencies of  
 

 
Figure 1. Schematic diagram of the sandwich grating. 
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E-mode polarization in sandwich structures. For E-mode polarization, the mag-
netic field is solely in the y-direction. The computed 0th order transmission 
spectrum is shown in Figure 2, where two resonant peaks are observed. One 
narrow peak is at the short-wavelength of 596 nm whose transmission reaches 
0.613364. The other wider peak is at 647 nm, whose transmission is 0.337835.  

Figure 3 visualizes the resonance mode profiles with λ = 596 nm. The red and 
blue colors denote the maximum and minimum of magnetic intensity, respec-
tively. At first, both interfaces between metallic films and gratings bound en-
hanced energy than other regions, which demonstrates that there forms resonant 
surface waves either guided or SPP modes [7]. Secondly, the resonant modes are 
the standing Bloch waves along x-axis within a grating period (Λ) due to the re-
generating two opposite direction propagating resonant modes at normal inci-
dence. Thirdly, high intensity in the thin metallic film layer (100 nm - 140 nm in 
the direction of z) indicate that metallic film act as a light passageway. As a con-
sequence, the absorption is only Ohm losses. So we can infer that the narrow re-
sonant peak is corresponding to the guided mode resonance which cannot ab-
sorb extra energy. We estimate the resonance frequencies whether meeting a 
momentum matching condition. If the wave vector of guided or SPP modes 
matches that of scattered light, namely, 

spp/guided xk k mK= +                        (2) 

guided or SPP modes can be excited, where K = 2π/Λ is the primitive reciprocal 
lattice vector and m is an integer [4]. According to this matching condition, the 
predicted wavelength of guided mode equals the average index of grating times 
grating period. The under-estimated wavelength is 600 nm, very close to the re-
sonant wavelength 596 nm. 

On the contrary, in Figure 4, the energy in the metallic film is very few, which 
manifests that the energy is strongly absorbed by the surface plasmon resonance 
besides ohm losses of guided resonance. According to this matching condition 
λspp = Λnspp = 634 nm, close to the resonant wavelength 647 nm. 
 

 

Figure 2. The computed 0th order transmission spectrum. 
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Figure 3. The contour profiles of intensity distributions of the magnetic field (|Hy|2) at the 
transmission peak wavelength of 596 nm. 
 

 

Figure 4. The contour profiles of intensity distributions of the magnetic field (|Hy|2) at the 
transmission peak wavelength of 647 nm. 

4. Conclusion 

The results indicate that there are two apparent enhanced transmission peaks. 
The magnetic intensity distributions of these two peaks manifest that the narrow 
higher transmission enhancement peak is caused by guided mode resonance and 
the other wide low one is formed by surface plasmon resonance. The resonant 
wavelength was estimated by the momentum matching conditions of resonance. 
The completely planar structure would be exploited in the applications of na-
no-photonics circuits and surface plasmon resonance sensors.  
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