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Efficiency improvement of solar cell has been achieved using design
and simulation of anti-reflecting coating. Anti-Reflecting coating helps
in deploying new geometries shape for the evaluation of different
methods to provide for light trapping in all directions and enables full
space utilization when bringing together into device arrays. Efficiency
improvement strategies have been discussed using efficient selection of
modules and surface texturing using TCAD tools. Significant
improvement in yield and minimization of losses was achieved using
device simulation and process simulation platform using silvaco tools.

Multi-layer anti reflecting coating has been designed which can be

studied to analyze the performance of system. It was observed that multi-layer coating helps

in improvement of available current for similar light beam under simulation.

KEYWORDS: Anti Reflecting coating, TCAD, Device Simulation, Solar Cell.

. INTRODUCTION
Now a day the world has depended on fossil fuels for energy supply. The worldwide
consumption of fossil fuels (coal, gas and oil) is still increasing in spite of the growing global
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awareness of the environmental impact of fossil fuel consumption and of limited fossil fuel
reserves. Presently increase in the price of oil has been a most important source of economic
problem in the world. The primary obstacle in the growth of photovoltaics is the high total
cost of photovoltaic installations. To increase the solar cells efficiency, we have different
solar cell texture technique that aims to maximize the incident photons absorption and the
gathering of photo-generated carriers. Solar cell design in such a way that the specification of
the parameters in order to maximize efficiency. Historically, higher efficiencies have been
achieved by minimization of optical and electrical losses of silicon (si) solar cells.PV array is
using an inverter which converts the DC power into AC power and output fed into the
different load like motor, lighting loads and other loads. Modules are connected in series to
get more of the rated voltage, and then in parallel to meet the current specification, as shown

in Figure 1.1.
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Fig. 1.1: Structure of a PV Cell.
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Fig. 1.2: Different PV Modules.

Typically, a high transmittance and high electrical conductivity such as indium tin oxide film,

a conductive polymer or a conductive nano-wire network are used for this purpose.
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Fig. 1.3: Band diagram.

Silicon is a quadruple coordination atom, typically tetrahedral bonded to four adjacent silicon

atoms. Tandem solar cells are attractive because they can be manufactured using a silicon

single crystal with a band gap similar to, but easy to manufacture amorphous silicon.

Monocrystalline Polycrystalline Amorphous

Fig. 1.4: Allotropic form of Silicon.

I1. PHOTOVOLTIC EFFECT

The first Photovoltaic module was built by Bell laboraties in 1954.

p-n junction

p-type semiconductor

back contact

current

Figure 2.1: Basic diagram of Photoelectric effect.

Figure 2.1 shows the basic diagram of Photoelectric effect. In solar cell manufacture electric

field is created by specially treating a thin semiconductor wafer. Modules are specially

designed to produce voltage at a specific volt. However produced current will then depend

upon the amount of light striking the module.
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Figure 2.2: Representation of solar array.

=1 -5 -lsy (2.1)

Where 1 is the total current generated by diode, I_ is photo generated current, Iy is the diode
current and gy is the current through the shunt resistance.Voltage across these elements will
give the value of current so

V. =V+IR
jun S (22)

Where Vju is the voltage across the diode and shunt resistance RsyV=output terminal
voltagel=output current Rs=series resistanceThe value of current through diode which is
given by Shockley diode equation is-

ool i |
(2.3)

Where lp =Reverse saturation currentn=diode Ideality  factorg=elementary
chargeK=Boltzmann’s constantT=absolute TemperatureThe value of current through shunt
resistance is given by

B Vjun

sh —
Rsh (2.4)

Substituting the values in Equation (2.1), we get

a(v+IRg V+1Rg
I=IL—IO{exp{ }—1}—
nKT Rey (2.5)

N
Illumiana ted

Figure 2.3: 1-V characteristics of illuminated PV cell.
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Figure 2.3 shows the I-V characteristics of illuminated PV cell. As the measuring voltage

vary from 0 to Voc, the performance of various data are described as-

Open circuit voltage (Voc)lt is the voltage appearing across the output terminal when the cell

is operated in open circuit condition i.e. 1=0.Neglecting the final term of characteristics

equation due to high value of shunt resistance ,open circuit voltage is given as-

Voc anTln[lL+l]
T L (2.6)

VOS is also defined as the maximum voltage difference across the cell for a forward-bias

sweep in Power Quadrant.

Short circuit current (lsc)The current I which appears through the terminals under the

condition of short circuiting the cell i.e. at v=0 is known as the short circuit current.

For a high quality solar cell having low value of Rs & Iy and high value of Rsh

Isc ™ IL

Isc is the maximum current value in power quadrant and occurs at the beginning of forward-
bias sweep. ldeally this maximum current is the current which is produced by photo

excitation.

Maximum power (Pmaxy) From figure 2.4 it can be seen that at Isc and V. the power deliver
will be zero while the maximum condition will occur between these two conditions. The

voltage and current at the condition of maximum power are Vmaxpandlmaxp

Isc

Imaxp ,1‘
|
|
|
|
|
|
|
|
|
|
|

=7
|
|
|
|

Pmaxp

- \'
Vmaxp Voc

Figure 2.4: Power diagram.

The quality of solar cell is measured in terms of Fill factor (FF). It is a measure of sharpness
of knee in the 1-V curve. It is simply the ratio of maximum power to the theoretical power
which is equal to the product of l.& V..
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High value of fill factor is desirable. Presence of series resistance will lower its value while

its value will be high when open circuit voltage is high.

FE_ Pmaxp _ (Imaxp XVmaxp)

Typically fill factor ranges from 0.5 to 0.82
The efficiency of solar cell can be defined as ratio of electrical power output to the power

input

P
Moy = o Pmax
max = - —
F’in flmax Intensity of solar radiation X surface area of solar cell
B Vmaxp X I maxp
fimax I(t)x Am 2.8)

V N . .
Where ~MXP MDY are the voltage and current for maximum power corresponding to

solar intensity I (t).

1. METHOLODOGY
Round cells are less expensive than semi-round or square cells since because material is lost
in the production. They are rarely used because they do not use the module space. Figure 3.1

shows the monocrystalline solar cell.
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Fig. 3

Monocrystalline Solar Cell.

By using larger cells the module cost will be lower, because less number of cells is used.

Figure 3.2 shows a polycrystalline cell.
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Fig. 3.2: Polycrystalline Solar Cell.

A solar cell made of a p-n junction is called a p-n solar cell. It is able to absorb photons and
convert them into electricity.

The total p-n junction current I is
I=1, — I (3.1)

The block diagram of p-n junction solar cell is shown in Fig.3.3.
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Fig. 3.3: PN Junction Solar Cell.

The efficiency of a solar cell is given by
n= FFVoclsc (3.2)

Pin
where Pin= incident powerFF = fill factor Jsc= short-circuit current density VVoc=open circuit

voltage.

The photons of incident light energy

E (3.3)

PRI=5

Where: Eph = photon energy of light (J), h = Planck’s constant=6.626*10"* (Js). ¢ = speed of
light in a vacuum= 2.998*10° (m/s). A = wavelength (m).

The absorption coefficient is related to the extinction coefficient and the wavelength given by
o (V)=2ZKe (3.4)

i

Where: o = absorption coefficient (m™).ke = extinction coefficient.As the light propagates

through the material the light intensity (), at any point or depth in the material is given.
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I=lo e72%(3.5)

Where: |, = light intensity. x = path length of light.

Thus, when light is absorbed and generated electron hole pairs then Ge., generation rate at any
depth of the material can be given by a differentiation equation.

Gen=aNoe™*(3.6)

Where: No= photon flux of the top surface (photons/unit-area/sec).The spectral characteristic
SR (A) in (A / W) of the solar cell is related to the external quantum efficiency by:

SROV)=- = = = L pgE(2) (3.7)

Pintz)  Smpa

Where: Isc = short circuit current (A).Pin(A) = power of spectral incident light (W). q =

electron elementary charge = 1.602*10™° C.n, = flux of electrons per unit time.

nph = incident flux of photons wavelength A =per unit time. EQE = external quantum

efficiency.The reflection as a function of the wavelength, R (X), is given by:

R (n) =& (3.8)

(n{)+1)?

Where n is the silicon refractive index and the medium from which light is transmitted is air
with a refractive index equivalent to 1.
EQE=IQE(1-R-T) (3.9)
IQE = number of e-h pairs generated for photon of incident that are not reflected or
transmitted through the cell. The standard way to find out the maximum output power Pmp of
PV modules is given by:

Prnp=FFiscVo (3.10)
Where: FF = fill factor of the.

Voc = open circuit voltage.

The active area of the short circuit current per unit area or the density of the short-circuit

current JSC (A / m2) can be expressed by
Jse= [}3 SRADFT, () (1= Ry (D) Teya (D2 (3.11)

Isc = JscAcen (3.12)
Where: A2 = spectral range of wavelengths (nm). F(A) = spectral irradiance per unit area
(W/m?/nm). Tg(A) = transmission of the covered glass, or portion of light not absorbed. Rg()
= reflectivity of the covered glass. Teya(A) = transmission of the encapsulated EVA. A=
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area of the solar cell (m?).Voc = maximum voltage, i.e. when no load is attached to the cell or

zero current, and increases logarithmically with increasing daylight.
0= ISC_ID,U (m) (313)

Vo ="'Tﬂ1n(‘5—6+ 1) (3.14)

a Ip,
Where: nigea= 2141deality factor =1.K = Boltzmann’s constant = 1.381%102° (m?kg 5). TceLL
= absolute temperature (K).

Ip, o = dark saturation current

Steps followed for Device Implementation:

Step 1: semiconductor material is used to design crystalline silicon solar cells.

Step 2: Mesh is defined in order to specify the x and y co-ordinates of device structure.
Step 3: Regions are define including region number and materials of the region.

Step 4: Electrodes are defined along its position and materials of the electrodes.

Step 5: Material properties are defined.

Step 6: Doping type (n or p- type) and doping concentration in each region is specified.
Step 7: Models are added for simulation process.

Step 8: Contact and interface provided and using SOLVE statement conditions for obtaining
solution is defined.

Step 9: LOG File is created and saved the I-V characteristics of the device.

Step 10: Electrical and optical properties are simulated.

Step 11: Output is plotted in Tony plot and extracted for analysis.

IV. RESULTS AND DISCUSSIONS
A schematic of a fabrication layer for a silicon solar cell structure is shown in Figure 4.1

below:

‘l‘/ Fleciresde (cathoda’) \17

=0,
S,

Sibcon substrate

Blactrode {Anode)

Fig. 4.1: Schematic Diagram of Proposed Structure.
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Fig.4.2: Photocurrent with respect to optical wavelength with two layer coating.
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Fig. 4.3: Comparative Analysis of photocurrents with single layer and Multi-Layer

coating.
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Fig. 4.4. Photocurrents without coating and with single layer and Multi-Layer coating.
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Fig. 4.5: Analysis of reflection coefficient with respect to anti reflecting coating.
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Fig. 4.6: Analysis of Absorption coefficient with respect to anti reflecting coating.

Figure 4.6 indicated the comparative analysis of absorption coefficients of all three proposed

structure. The value of absorption coefficient of multi-layer coating is superior as compared

to that of single layer coating and uncoated silicon cell in low wavelength and higher

wavelength spectrum.
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Fig.4.7: Analysis of transmission coefficient with respect to anti reflecting coating.
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Figure 4.7 indicated the comparative analysis of transmission coefficients of all three

proposed structure.

V. CONCLUSION

The proposed research was conducted on TCAD software using Silvaco Software package.
2D model of solar cell structure was developed. The structure of device was developed using
Athena tool and process simulation was done using ATLAS toolbox. The performance of
anti-reflecting coating was compared on parameters such as available photocurrent,
absorption coefficients, reflection coefficients and transmission coefficients. Proposed two
layer anti-reflecting coating shown better overall results with respect to light beam and it can
be incorporated to enhance spectral efficiency of solar cell.Surface texturing with anti-
reflecting coating of the photovoltaic cell, not only reduces the impact, but also contributes to
the effect of a trapping of light, so that the advance of light is reflected by the inclined
surfaces in a much wider range angles and thus increases the length of the path of light in the
material absorbent. In fact, the internal reflection power in the silicon is higher because of the
increase in light angles. The value of reflection coefficient of multi-layer coating is superior

as compared to that of single layer coating and uncoated silicon cell.
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