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Abstract- In this paper, design based on tapered circular grating
structure was studied, to provide broadband enhancement in thin
film amorphous silicon solar cells. In comparison to planar
structure an absorption enhancement of ~ 7% was realized.

Si, ZnO and ITO are fixed at 200, 130 and 80nm, for
simplicity. The grating slits are filled with ZnO. Conformal
texturing of top layers is neglected in this study. TE light was
incident from the top, via a port.

Thin film solar cells based on amorphous silicon (a-Si), have
the potential to replace c-Si by providing a cheap alternative.

Current designs, based on metallic NPs placed on the front
contact, provide an easy means of incorporating plasmonic
effects in solar cell. NPs can be designed to scatter long
wavelength radiation thus increasing the optical path in the
absorbing region. The drawback of placing NP on the top
contact is, scattering of short wavelength radiation, due to fanointerference effects [2]. Shadowing effects further limits the
percentage coverage of NP thus reducing device performance.
An intelligent way to mitigate reflection and interference
related loses is to incorporate plasmonic NS at back contact [3,
4, 5]. Conformal texturing of the top surface produces graded
refractive index resulting in reduced reflection losses and
improved device performance.
In this paper, a novel back grating design based on tapered
circular holes, as back reflector, is proposed. This design can
provide a broadband and polarization insensitive absorption
enhancement by scattering and coupling of incident light to
waveguide (WG), LSP and SPP modes. Rigorously
electromagnetic simulations were done using commercially
available finite element software (Comsol 4.3). Tapered
circular structures can be fabricated using electron beam
lithography (EBL) followed by a wet etching process of [100]
silicon facet. To expedite the EBL process, nano-imprint
lithography (NIL) can be adopted.

Fig. 1. Shown is the cross sectional view of the proposed grating design unit
cell.

Rigorous simulations were done to optimize the height of the
grating and the opening radius of the slit. As shown in fig.1,
best results were achieved for slit radius of 190nm with grating
height of 80nm and period 450nm. The grating was placed on
100nm Ag back contact. This ensured negligible transmission
losses. The tapered edges, made an angle of 54.7 with the
horizontal plane. This depicts a thin Ag coating on an
anisotropically wet etched silicon wafer.
Taking into account the solar spectrum, a wavelength range of
300 to 1200nm was selected for simulation. Dispersive
dielectric constant used for materials were taken from reference
[7] to [9]. The computational domain consisted of a unit cell
surrounded by a perfect electric boundary condition (PEC) and
perfect magnetic boundary conditions (PMC). Absorption in
the layers was calculated using:
,
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The structure of the device being simulated consists of a silver
(Ag) tapered circular grating at back contact. On top of the
grating, a thin zinc oxide (ZnO) layer is used to suppress SPP
related losses in metal [6]. Indium tin oxide (ITO) is used as a
transparent conducting oxide (TCO) for top contact.
Amorphous silicon (a-Si) acting as the absorbing medium is
sandwiched between the ITO and ZnO layers. Thickness of a-

.

where , , the pointing vector and s is the surface of the
layer being analyzed.

Absorption Losses

Limitations in current texturing designs require the need to
explorer new physical phenomena’s to enhance light trapping
in thin film solar cells. Surface Plasmon (SP) on metallic
nanostructures (NS) is one such field, which has shown to
boost absorption in a-Si thin film solar cells [1]. SP is the
collective oscillation of electrons in response to an applied
electric field. The motion of the electron causes light scattering,
near field enhancement (localized Surface Plasmon (LSP)) and
surface propagating waves (Surface Plasmon Polariton (SPP))
at metal dielectric interface.
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Fig. 2. Absorption losses in a-Si layer, for different structures are plotted.
Peaks 1- 10, refer to excitation of different localized modes in the proposed
design. For comparison absorption losses in reference planar and circular hole
based structure is also plotted.
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Absorption loss in a-Si layer was plotted in fig. 2. For
comparison, results of planar and circular hole design, without
tapered edges, are also plotted. An enhancement of ~7% was
realized in absorption for the proposed designed, in comparison
to planar structure.
As can be seen on fig. 2, at long wavelengths, peaks 1-10,
appear in the proposed design. The peaks correspond to
coupling of incident light into different EM localized modes
supported by the structure.
In fig. 2, peaks 2, 8 and 10 are due to cavity modes or Fabry
Perot (FP) resonances in a-Si layers. Cavity resonances occur
due to inference effects of EM waves. Similar peaks can also
be seen on the absorption plot for reference planar structure.
Peak 2 in fig. 2, shows a red shift for proposed design
compared to planar structure. The shift is due to change in
effective cavity thickness, in presence of the metallic silver
grating and ZnO region in the grating slits [3].
As can be seen in fig. 2, apart from peaks due to FP
resonances, additional peaks appear in the absorption plot for
the proposed design. The new peaks are assigned to excitation
of waveguide modes supported by the structure. Cross
sectional view of the EM fields, not shown in this paper,
support the analysis made on fig. 2.
1.0

In fig. 4, a stacked area chart was plotted to compare
absorption losses in different layers of the proposed structure.
Absorption losses with unit incident power were weighted by
air mass (AM) 1.5 solar spectrum for wavelengths 250 to
1200nm. As shown in fig. 4, major part of absorption takes
place in the a-Si layer which contributes to useful solar current.
For wavelengths greater than 600nm, losses in ITO and ZnO
become relevant with little contribution from the metal. This is
due to low absorption coefficient of a-Si layer near its band gap
energy. As shown in fig. 3, reflection losses also increase at
longer wavelengths. Relatively small losses in the metal are
due to suppression of SPP modes via use of thin ZnO layer.
By choosing a circular design with tapered edges, a broad band
scattering response of the dipoles is expected. A tapered design
provides a linearly graded phase, imparted to the incident
wave. This reduces the escaping of light via specular reflection
of zero order modes, over a wide range of wavelengths. Thus
enhancement in light absorption is realized by using a novel
plasmonic grating design for back reflection in thin film solar
cells. Such sub wavelength periodic structures not only
diffracts and scatter incident light but also couple radiation into
supported localized modes. For further optimization of the
proposed design, absorption losses in the TCO layers can
become the limiting factor. Incorporating texturing in
subsequent layer, should realize a more realistic model.
Conformal texturing, in theory, will further reduce reflection
losses at ITO/air interface and enhance device performance.
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Fig. 3, Reflection losses are plotted for structures being studied. Reflection
losses are calculated using S11 parameter.

In fig. 3, reflection losses at different wavelengths, was plotted
for reference planar structure, proposed and circular hole
design, without tapered edges. Reflection losses were measured
using the S11 scattering parameter. Absorption enhancement,
in the range of 650 and 800nm, for the proposed design,
compared to structure with non-tapered holes was attributed to
reduced reflection losses. For planar structure, high reflection
losses at long wavelengths are due to lack of coupling of
incident light into localized modes of the structure.
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Fig. 4, Absorption Losses in different layer of the proposed design is plotted
using stacked area chart. Calculated absorption for unit incident power is
normalized with AM 1.5 solar spectrum.
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In this paper, light trapping in a-Si layer using a novel grating
design was studied. Simulations were done on commercially
available FEM software (Comsol v.4.3). The proposed design
consisted of a grating structure based on tapered circular holes.
The enhancement in absorption was attributed to coupling of
light into WG, FP and SPP modes. For longer wavelengths,
absorption in the TCO layers limited device performance.
Compared to reference planar structure, absorption
enhancement of ~7% was realized for the proposed grating
design. Device response to change of angle of incidence of
input light will be a part of future study.
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