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Abstract: Silicon is well studied and abundantly available material for making CMOS

integrated circuit and high power electronic devices. When a normal and simple p-n

junction diode is shined with s spectrum of light in the vicinity of its junction, electron-hole
pairs are generated and they are accelerated by the built-in electric field to produce the
electromotive force between its terminals. This is known as photovoltaic effect. The

conventional efficiency of a p-n junction solar cell mainly limited by reflection of part of
shined light due to Fresnel reflection. However, its reflection itself may be utilized to

increase total absorption light by a p-n junction solar cell, if we texture the surface in such a

way that multiple reflection and hence improved absorption of light occur between the

facets on its surface. This paper focuses mainly on the studies made by researchers to
achieve a textured surface thereby increasing the possibilities of improved efficiency.
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INTRODUCTION

PhotoVoltaic (PV) covers the conversion of light into electricity using semiconducting materials that
exhibit the photovoltaic effect, a phenomenon studied in physics, photochemistry, and electro chemistry.
Photovoltaic are best known as a method for generating electric power by using solar cells to convert
energy from the sun into a flow of electrons. The photovoltaic effect refers to photons of light exciting
electrons into a higher state of energy, allowing them to act as charge carriers for an electric current. The
photovoltaic effect was first observed by Alexandre-Edmond Becquerel in 1839. The term photovoltaic
denotes the unbiased operating mode of a photodiode in which current through the device is entirely due
to the transducer light energy. Virtually all photovoltaic devices are some type of photodiode.

WHAT IS A SOLAR CELL

A solar cell or photovoltaic cell is a device that converts light energy into electrical energy.
Photovoltaic (PV) is a method of generating electrical power by converting solar radiation into direct
current electricity using semiconductors that exhibits the photovoltaic effect. The collection of lightgenerated carriers does not by itself give rise to power generation. In order to generate power, a voltage
must be generated as well as a current. Voltage is generated in a solar cell by process known as the
“photovoltaic effect”. The collection of light-generated carriers by the p-n junction causes a movement of
electrons to the n-type side and holes to the p-type side of the junctions.Fig.1 shows the basic structure of
simple solar cell. The bulk where in most of the light is absorbed is referred to as base and generated is ptype material. A top thin n- type region is diffused into the base and is known as the emitter. A top finger
or grid contact and bottom rear contact form two metal pad or electrodes. Front surface is textured or
coated with antireflection film or both are done to reduce the reflection loss and hence improve the
efficiency.
The basic steps in the operation of a solar cell are:

•
•

The absorption of incident light
The generation of light-generated carriers.
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•
•
•

The collection of the light-generated carriers to generate a current;
The generation of large voltage across the solar cell; and
The dissipation of power in the load and in parasitic resistances.

Figure 1: Basic structure of simple solar cell
Initial Research Done

In 1995, Jansen et al was the first to propose the mask-less Reactive –Ion Etching process. Until then,
chromium or metal masks were used to isolate the etching areas and process them for dry etching. This
method was very effective and subsequent studies were performed.

Following these above mentioned steps, Zhao et al in 1998 found out photolothographically defined
etching process can be done for surface texturing. Patterns were defined by photolithography method,
windows were opened and exposed areas were textured through RIE process. These 2 proposed methods
became the foundation for the researchers to carry out different options in texturing thereby having
accurate etch depth and roughness control. This was one of the motivations of this project to have
aninsight and to get a better performance in efficiency.
Early 2000

In 2000, Martin Schnell et al., proposed Dry silicon surface texturing process to improve efficiency of
solar cell due to reduced reflection and light trapping.

Texturing of front surfaces on solar cells improves the cell efficiency by means of its antireflection
property and light trapping. The thinner the solar cells get, the more important the optical confinement is.
State of the art surface texturing is alkaline wet chemical etching, e.g. in diluted KOH solutions. However,
since this method is based on preferential etching along certain grain orientations it only works well on
mono-crystalline silicon wafers of <1OO>crystal orientation. Resulting structures are either inverted
pyramids if photolithographic etch masks are used, or random pyramids in a mask less process.

In 2002, Kumaravelu et.al, discussed that the surface texturing is an effective and more lasting
technique in reducing reflections and improving light trapping compared to antireflection coatings A
surface texturing technique using RIE technique method is suitable for crystalline and multicrystalline
solar cells , which resulted in surfaces with negligible reflection in the visible band described. Different
texturing structures were studied and compared. Higher cell efficiencies can also be achieved by light
trapping of long wavelength light.

In 2005, (Jianming Li et al.,) A new technique for boosting efficiency of silicon solar cells, in which
provide the improvement of power efficiency in the V shape solar cell module [4]. Proceedings of the 24th
IEEE Photovoltaic Specialist Conference (Path, P et al),which provide the crystalline silicon including
mechanical diamond saw cutting mechanism. Compared to solar cells of flat orientation, the VSM (Vshaped Module) enhances external quantum efficiency and leads to an increased power conversion
efficiency. A new photovoltaic system with higher generation efficiency was studied in detail.
Late 2000

In the late 2000, D.S Ruby et al, developed a maskless plasma texturing technique and compared
different metal-assisted texturing process. Al- assisted, Ti-assisted, Cr-assisted. These were used in
conjunction with a dilute acid DRE (Damage removal etch, a KOH DRE and no DRE at all. They found out
that the RIE texturing can be done without causing performance limiting damage to Si- cells.
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In 2010, JinsuYoo, proposed the RIE process can provide high rates of isotropic etching, which makes
it possible to vary the etch directionality between isotropic and anisotropic using SF 6 /O 2 at various flow
rates [8]. IN this study, surface texturing or the application in crystalline silicon solar cells was carried out
by the conventional RIE process using SF 6 /O 2 gas mixture. In order to remove the saw damages and
contaminants from the silicon surface, acid etching (Damage removal etching DRE) and conventional SDR
process were employed in this study.
Why Surface Texturing?

Front surface texturing is done using dry physical or chemical etching. Surface texturing improves
efficiencies of solar cells, due to reduced reflection and light trapping. Surface texturing is an effective and
more reliable technique in reducing reflection and improving light trapping compared to anti-reflection
coating. In addition to minimizing reflection of the incident light, it also increases the effective area of
incident surface of the solar cell.
Fig. 2 shows that any roughness in the surface reduces reflection by increasing the chances of reflected
light bouncing back onto the surface, rather than getting out to the surrounding air. Surface texturing can
be accomplished in a number of ways.

Figure2: Reflection of light from flat and textured surface

CONCLUSION

This chapter gives a detailed study made by researchers in order to improve the overall efficiency of a
silicon solar cell by implementing a process called as surface texturing. A single crystalline substrate can
be textured by etching along the faces of the crystal planes. The crystalline structure of silicon results in a
periodic pyramid surface enhancing the light absorption on the surface thereby increasing the efficiency.
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