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Abstract 

An optical coupler composed of gold cylinder arrays 
overlaid with a gold film was proposed for quantum well 
infrared photo-detector. Finite difference time-domain 
method was used to numerically investigate the near-field 
enhancement. The result showed that for the x-polarized 
light normally incident from the backside, strong electric 
field component perpendicular to the quantum well can be 
generated, which can meet the requirement of the inter-
subband transition and help improve the performance of 
QWIPs.  
 

I. INTRODUCTION 

Quantum well infrared photodetectors (QWIPs) have 
experienced rapid development in the last two decades[1]. 
According to the polarization selection rule of inter-subband 
transition[2], infrared absorption is possible only when the 
electric field of the incident light has a component 
perpendicular to the quantum well layers. In order to couple 
the normal incident optical wave to the quantum well active 
region of QWIP devices, some efficient ways[3-5] have been 
used. 

Recently, the near field properties of the surface plasmon 
polariton have been employed to improve the performances of 
QWIPs[6-10]. In this paper, the structure composed of cylinder 
gold arrays overlaid with a gold film was designed as an 
optical coupler for quantum well infrared photo-detector. The 
field distribution was simulated via finite difference time-
domain method. The result showed that the metallic structure 
can generate a nonzero electric field component parallel to the 
growth direction of QW, which can enhance the infrared 
absorption in the quantum well region. 

II. Numerical model and simulations 

The unit cell of the simulated structure is shown in fig 1. 
Cylinder gold arrays are integrated on the top of the quantum 
well region and overlaid with a gold film, the thickness of 
which is t=100 nm. The period of the square-lattice gold 
cylinder arrays is p=6μm. The height and diameter of the 
cylinder is h=650nm and d=2.6 μm.  

 
(a)                                                      (b) 

Figure 1. (Color online) Side view (a) and top view  (b)of the unit cell 
of the simulated structure 

To numerically simulate the field distribution, finite 
difference time-domain(FDTD) method[11] is used. Periodic 
boundary conditions are adopted in x and y directions and 
perfect matched layer(PML) conditions are imposed at the 
boundaries along z axis. The radiation source is normally 
incident along z direction and the direction of its electric field 
is along x axis. The refractive index of both the quantum well 
material and the GaAs substrate is set to 3.4 for simplicity. The 
frequency-dependent permittivity of Au is based on the 
Lorentz–Drude model[12].  

 
Figure 2   Enhancement spectrum at the plane locating at z= -50 nm 

We define T as the enhancement ratio of the averaged 
|Ez|2 over a unit cell in the xy plane compared with |E0|

2, where 
|E0| is the electric field intensity of the incident light. Figure 2 
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shows the value of T at the xy plane locating at z= -50 nm as 
the function of incident wavelength. A remarkable resonance 
peak at 14.6μm can be obviously observed in the spectrum. 

       
Figure 3 (Color online)  |Ez| distribution in XOZ plane at y=0 

Figure 3 presents the |Ez| distribution in XOZ plane at 
y=0 for resonant wavelength λ=14.6 μm. The metallic 
structure can convert the incident electromagnetic waves with 
oscillating electric fields in x direction into electric fields 
oscillating in the z direction, localized in the region below the 
metal surface. In the area where the enhancement is the 
strongest, |Ez| can exceed ten times as |E0|. 

 
 Figure 4    Enhancement as the function of the distance from the 
metal surface 

As can be seen in Figure 4, the averaged |Ez|2 in xy plane 
decays exponentially with the distance from the surface, but it 
can still be as strong as |E0|

2 at the xy plane which is 3μm 
below the metal surface. When the quantum well active region 
is located at the area -3<z<-0.2μm, the coupling efficiency 
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and the infrared absorption of QWIP can be improved. 

III. CONCLUSION 

The structure composed of cylinder gold arrays overlaid 
with a gold film was proposed as optical coupler for quantum 
well infrared photo-detector. Near-field effect was numerically 
simulated and electric field component perpendicular to the 
quantum well was found to be strongly localized below the 
metal surface, which can enhance the infrared absorption and 
improve the performance of QWIPs. 
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