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Abstract: The effects of silicon solar cell with presence of double layer anti-reflecting coating SiO  and Si N2 3 4

were discussed in this paper. The comparison were varied using different incident light of 90°, 60° and 30° to
study the performance of the photovoltaic efficiency and external quantum efficiency of SiO /Si N  silicon solar2 3 4

cell. The solar cell structure was modelled by using Silvaco software package to study the photogeneration rate
of the structure. The model showed that the photogeneration rate had increased as the increment of incident
angle and it was optimum at 90°. As for photovoltaic properties, the efficiency of SiO /Si N  silicon solar cell2 3 4

was higher than bare silicon solar cell. By increasing the incident angle the performance of the solar cell was
also increased. At 90°, this solar cell was at best operation as it provided the highest value of performance of
37.76% with average fill factor of 0.76. While for external quantum efficiency of SiO /Si N  silicon solar cell, the2 3 4

maximum absorption can be achieved at wavelength of 450 nm to 625 nm and 99.36% of efficiency had been
achieved at 90°. This can be concluded that the Nitride contributes for the short wavelength since it has a
property whereby it has a high absorption rate at a lower wavelength which helps the solar cell to improve
absorption in a long range of wavelength. 
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INTRODUCTION will allow study on how photon from different wavelength

Absorption of bare silicon solar cell towards light is respond is ratio of photocurrent that is produced by solar
poor due to the shining surface of the silicon solar cell cell under monochromatic illumination for specific
that will reflect back the light which indirectly does not wavelength over value of spectral radiation at the same
maximize its capability to absorb photons. Among the wavelength [3].
weaknesses of a bare surface without anti-reflecting Most of the study methods of anti-reflecting coating
coating (ARC) are that the silicon solar cells fail to nowadays are based on experimental of chemical vapor
maximize the penetration of light and inability to minimize deposition (CVD) to deposit the anti-reflecting films. This
reflection. Among of the factors that help to improve solar paper however is to focus on simulation and modelling of
cell efficiency is type of material, design of the surface anti-reflecting coating films using Silvaco software. SiO
structure used, doping concentration, light absorption at and Si N  layers were used for this modelling the double
surface area and sub surface [1]. Due to reflection, density layer anti-reflecting coating on silicon solar cell. ATHENA
of photogeneration current will reached a stage where it provided few simulation modules with user friendly
is lower compare to maximum level for solar spectrum environment that being provided by the Silvaco TCAD. It
which  normally  comes  from sun (only 70%) from can provide fast simulation and also accurate for all
maximum level of air density 1.5 (AM1.5D) solar critical fabrication steps that being used in CMOS bipolar,
spectrums  [2].  Therefore  to  reduce  light  reflection to SiGe/SiGeC, SiC, SOI, optoelectronic and MEMS.
air,  anti-reflecting  coating  is  used  on  top  of  the ATHENA  also  has  the  ability  to  produce  a 2D
silicon  solar  cell  surface.  Solar  cell  spectral  respond structure  and  also  cross  section  for  1D   structure  [4].

(energy) will contribute to short circuit current. Spectral
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Fig. 1: Schematic of SiO /Si N  silicon solar cell structure is 50 µm. All simulation is repeated with incident angle of2 3 4

In  the  other  hand,   ATLAS   is   used   with
conjunction   of  Virtual  Web  Wafer  (VWF)  tools. RESULTS AND DISCUSSION
ATLAS is design to be used to design solid state
microelectronic devices [5]. Results from physical In this project, it was expected that efficiency for
structure will be used as input for ATLAS whereby it will solar cell with ARC will be higher compare to bare solar
estimate physical properties according to condition that cell efficiency. This condition is proved by having
is specified [6]. analysis the 2D model of silicon solar cell with light

MATERIALS AND METHODS of current-voltage (I-V) curve analysis and finally the EQE

In this study, the structure development of current Figure 2 represents the structure of the SiO /Si N
solar cell in Silvaco is essential [6]. On top of the silicon silicon solar cell with different angle of illumination. From
substrate, Si N was deposited as a first AR coating layer the structure it can be seen that the photogeneration rate3 4

and SiO as a second layer. The schematic of fabricating reduced as the incident angle decrement. It can also be2

layers for the silicon solar cell structure are as in Fig. 1 observed the pattern of penetration light inside the
below. structures was changed due to the light coming inside the

The first step of this project is to simulate and model cell is important in order to justify the efficiency of the
the silicon solar cell with presence of ARC at different solar cell. The efficiency, ç for the solar cell in Silvaco
incident angles of 30°, 60° and also 90°. From the simulation is calculated based on equation (1) and results
simulation, efficiency is calculated from open circuit were tabulated as in Table 1.
voltage (V ) and short circuit current (I ) that producedoc sc

from the simulation process. Then the second steps is to (1)
simulate  and  model  the  silicon  solar   cell   without  the

presence   of    ARC   at   different   incident   angles  of
30°, 60° and 90° in order to compare with SiO /Si N  silicon2 3 4

solar cell. Finally, the quantum efficiency is calculated by
simulated SiO /Si N silicon solar cell at different incident2 3 4

angles of 30°, 60° and 90°.
Two  main  coding  are used for this project, which

one was for modelling and calculating photovoltaic
efficiency and the other one is for calculating the external
quantum efficiency (EQE). In the coding, important
parameters are specified inside the coding such as
refractive index of the ARC layers, diffusion temperature
and time, total energy and thickness of ARC. The
thickness of silicon solar cell that is used for this project

90°, 60° and 30°.

illumination, calculation of photovoltaic efficiency, graph

silicon solar cell calculation. 
2 3 4

substrate. Photogeneration that being produced in a solar

Table 1: The photovoltaic properties and calculated efficiency value from simulation

Bare silicon solar cell SiO /Si N  silicon solar cell2 3 4

-------------------------------------------------------------------------- -------------------------------------------------------------------------

90° 60° 30° 90° 60° 30°

V  (mV) 413.95 375.58 358.99 388.64 356.70 346.21oc

I (mA/cm ) 18.81 12.52 6.35 16.01 10.81 1.97sc
2

FF 7.46 7.74 7.35 7.34 7.86 7.67

 (%) 3.31 2.42 0.50 4.56 3.03 0.52
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Fig. 2: Structure of SiO /Si N  silicon solar cell with light illumination2 3 4

Fig. 3: Graph of I-V curve for incident light 90°
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Fig. 4: Graph of available and source photocurrent for ARC silicon solar cell

Fig. 5: EQE values over wavelength (lambda)

From Table 1, it can be seen the average value for FF individual values Fill Factor (FF) with respect of different
is 0.76 approximately to the value that had been done incident angles are due to different coordinates parameter
earlier using Silvaco software for silicon solar cell with of “x.origin”, “y.origin”, “min.window” dan
ARC ZnO dan ZnS [7]. The differences between each “max.window”. Different coordinates is used to ensure



World Appl. Sci. J., 11 (7): 786-790, 2010

790

that for each structure, the light rays only enter the solar increase efficiency due to properties of 2.05 refractive
cell from the top surface and not from the side of the solar
cell. At angle of 90°, the performance of SiO /Si N  silicon2 3 4

solar cell increased by 37.76% from the solar cell bare
silicon solar cell. This is followed by 24.38% at 60° and
lastly 4% at 30°. It is clearly described here that solar
cell’s performance are better with presence of ARC’s
compare to bare silicon. 

In I-V graph, the curve was studied to see effects of
ARC on solar cell at wavelength of 300 nm to 1000 nm.
Theoretically, differences between each I was due tosc

reflection. Where else, for losses of I  that is generatedsc

from process of transition of energy to cathode current is
due to recombination [1]. 

From Figure 3, it showed that the current value for
ARC is slightly higher compared to current bare silicon
solar cell. This was due to effect from light trapping that
happened due to contribution of ARC that reduced
reflection of light. Figure 4 below shows the graph of
available photocurrent and source photocurrent at 90°,
60° and 30° for double layer SiO /Si N . EQE is defined as2 3 4

number of electrons absorbed from light illumination
under condition open circuit current [8].

From Figure 5, it can be seen here that with increment
of incident angle, value for EQE will also increase. At
incident angle of 90°, EQE is maximal at wavelength,
equal to 625 nm. For 60° and 30° it can be seen that the
maximum EQE reached at  is 600 nm and 450 nm. The
performance of the EQE at wavelength of 450 nm until 625
nm is at maximum whereby, absorption of photon will
increase photogeneration. From the graph available
photocurrent and source photocurrent, value for source
photocurrent are higher than value for available
photocurrent. The differences are due to factor as
recombination and reflection. It can be calculate that
percentage  of  EQE  is  maximal at 90° with value of
99.36% followed by 98.76% at 60° and 4% at 30°. This
achievement was contributed by the ARC SiO  and Si N2 3 4

which increase the value of photogeneration for solar cell.

CONCLUSION

This paper can be concluded that by using Silvaco
software package, the 2D model of solar cell structure can
be produced. From the structure it can be seen that with
higher incident angle, photogeneration rate is higher due
to absorption of light is maximize at angle of 90° since
only small portion of light is reflected and absorption of
photon is optimum at this angle. Besides, from the
efficiency  data   it  proved   that   with   ARC  it  helps  to

index of Si N which is high and also the behaviour of SiO3 4 2

which have a good absorption to enable lights to
penetrate solar cell [9]. From this work, it can also be
concluded that with reduced of incident angle, there will
also be reduction of absorption along the wavelengths. In
other words, with small incident angle, only short range of
wavelength can be absorbed. The EQE with presence of
ARC was higher at angle of 90° with percentage of
99.36%. An optimum of absorption light happened at
wavelength of 450 nm to 625 nm. This is contributed by
properties of nitride which have a high absorption rate at
short wavelength range which indirectly will improved
absorption on long wavelength range since silicon have
a weak absorption along long range of wavelength
especially at short range wavelength due to fast surface
recombination process.
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