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Abstract—A back metallic binary-rectangle grating is 

proposed to realize absorption enhancement through introducing 
plasmonic modes and cavity resonance modes. The grating 
contains a secondary grating whose height is optimized. Adding 
the structure can enhance absorption by a factor of 2.6 at λ  = 
915 nm and for the wavelengths in the range 550-790 nm, 875 - 
900 nm the absorption is also enhanced. 
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I.  INTRODUCTION  
To meet the increasing demand of clean energy, many 

researches have been performed to develop efficient and low 
cost solar cells, among which, the silicon based solar cells is 
indispensable. Reducing solar cell active layer thickness not 
only decreases material consumption, but also increases the 
carrier collection rate, for which, thin film solar cells whose 
semiconductor layer is only several hundred nanometers 
causes much interest. However, the reduction of the thickness 
of the active layer may result in inefficient light absorption 
and low device efficiency. For this reason, increasing optical 
thickness of the device by light trapping is a fundamental issue 
in thin film solar cell design [1]. 

In the past few years, several techniques have been 
introduced to increase the light trapping in thin film solar 
cells. One of the most efficient methods is introducing 
nanostructures. For the metallic nanostructures placed at the 
top, bottom or buried inside the active layer, the enhancement 
of effective optical thickness is mainly due to the scattering，
the excitation of surface plasmon polaritons and localized 
surface plasmons. For the dielectric particle and grating, the 
mechanisms are mainly scattering，diffraction，and coupling 
of waveguide modes. In order to find out the best structures ,a 
large number of research has been done, including the front 
gratings [2]、the back gratings [3]、the dual-gratings [4]、
and the photonic crystal. Besides, many researches focus on 
the arrangement of the particles ,including Gaussian disorder 
surface [5] and gold angle arrangement surface [6]. 

However, in conventional designs, the enhancement for the 
long wavelengths is limited. In this work, we design and 
analyze rectangle-shaped nano metallic binary-grating on the 

silver (Ag) back contact numerically. We study the influence 
of the plasmonic modes and the cavity resonance induced by 
the grating and absorption enhancement is observed, 
especially for the long wavelengths. 

II. METHODS AND MODELS 
Calculations of the fields surrounding our models were 

done using finite element method (FEM) software from 
COMSOL Multiphysics4.2a. The light illumination on our 
structure is regarded as an incoming plane wave with 
wavelengths in the range 300-950 nm; the sketch of the 
investigated structure is shown in Fig.1. It consists of a 
transparent conducting oxide layer made by indium tin oxide 
(ITO), whose thickness is 70 nm which is equivalent to / 4nλ , 
for anti-reflection coating purpose, where λ is the center 
wavelength and n is the refractive index of ITO (n=1.7). The 
absorption material is amorphous (a-Si) and is 100nm thick. 
Rectangle binary-grating structure is introduced on the bottom 
Ag layer and the gap between the grating and the active layer 
is filled with ITO, to increase the carrier collection. The period 
is 640nm which is twice of the optimization of a single 
grating, and the fill factor is 0.625. The height of primary 
grating (Hc) is 100 nm and the width is120 nm. 

 
Fig.1．Schematic diagrams of the proposed solar cell structure.(a) A 
cross-sectional view outlining the device’s structure to be used in 
simulations.(b) A 3D conceptual schematic. 

III. RESULTS AND DISCUSSIONS 
In order to quantify the absorption properties of the solar 

cell with the structure under non-polarized illumination, we 
calculate the average absorption with (1) [7]: 

( ) / 2average TM TEA A A= +                               (1) 

where TMA and TEA  are the total absorption for the TM-
polarized and TE-polarized illumination respectively. Results 
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of the structure are presented in Fig.2 where the absorption 
enhancement is plotted as a function of the correlation length 
for several different values of Hc which means the height of 
the secondary-grating. Since we aim at the enhancement of the 
absorption, especially for the long wavelengths, only the 
results for the wavelength in range of 500-950 nm is shown. A 
planar solar cell is chosen as a reference. 

It is obvious that there are several absorption enhancement 
peaks in the Fig.2 (a) and the enhancement is about 1.5 for the 
wavelengths range 650 nm to 720 nm. The enhancement is 
close to 2.5 for the wavelengths near 900 nm. Obviously, 
Fig.2 (b) shows a few areas in which large light absorption 
enhancement occurs. In order to find out the mechanisms for 
the enhancement, we choose the structure with Ηc equals 20 
nm to analyze, which performances better compared to the 
other four structures. 

 
Fig.2 The absorption spectra for the structure with the varying  
secondary-grating height Ηc.(a)The absorption enhancement spectra 
for Ηc=20nm,40nm,60nm,80nm and 100nm.(b)The absorption 
efficiency as a function of  both wavelength and height of the 
secondary-grating. 

To find out the process of the enhancement, the EM field 
distribution across the cell is simulated, which shows strong 
inside the active layer. The first peak in Fig.2 (a), at λ =680 
nm, is identified as a product of both the SPP resonance and 
the Fabry- Pe rot′ resonance of the film. This effect results in 
high coupling for the resonance mode, as the SPP mode is 
localized near its resonant frequency. 

The enhancement corresponding to a wavelength of 900 nm 
becomes complicated after adding the nano gratings. Three 
absorption enhancement mechanisms can be identified. The 
first mechanism is related to cavity resonance and can be seen 
in Fig.3 (a) obviously. The interference with in the thin film 
leads to a resonant F-P cavity effect, depending on the 
thickness of the layer. Another resonance is introduced by 
adding the binary-gratings which is also shown in Fig. (a), 
whose mode strength is related to the parameter of the metallic 
back binary-grating. The second mechanism directly relates to 
SPPs that can be excited only by TM polarization, which can 
be inferred from the strong Hz field observation in Fig.3 (b). 
The third mechanism will be associated with the coupling into 
waveguide modes, and these modes can be found in nearly the 
middle of the active layer. 

It is obvious that there is an enhancement peak shift in Fig.2 
(a), which can be explained that the introduction of the binary-

grating changes the effective thickness of the cavity [8] and 
brings about another cavity. This phenomenon is useful to 
shift the absorption peak to the wavelength where the 
absorption is poor, while the energy is rich under the AM1.5. 

 
Fig.3. Normalized field intensity distribution at the wavelength 900 
nm.(a) For the incoming light is a TM-polarization beam having a 
wavelength at 900 nm.(b) The incoming light is TE-polarization 
beam with the same wavelength as (a). 

In conclusion, we successfully improve light absorption 
with back metallic binary gratings，especially the textured 
structure can significantly enhance light absorption for the 
wavelengths range 650 nm to 750 nm and 875 nm to 915 nm 
under the standard AM1.5 solar spectrum. The main 
mechanisms for the enhancement can be attributed to the 
excitation of plasmonic modes and cavity resonances. These 
properties of the metallic binary-grating are useful to improve 
the light absorption in thin film solar cells, especially for the 
long wavelengths. 
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