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Abstract-This article describes the solar cell manufacturing technology in India The design topology has numerous desirable 
features such as low cost, simple control, higher efficiency. India produces 156 mm pseudo square high efficiency 
Mono/Multi crystalline solar cells. The use of these cells have become necessity for solar PV module manufacturers. With 
the recent trends and technique of PV manufacturing it is unable to cross the efficiency line of 17% for PV modules. Thus 
there is a development need for next generation high efficiency PV cells which will be of thin silicon film wafers of 100µm 
or less with advanced methods of encapsulation. This paper describes the generic manufacturing process of solar cells and 
scope for future prospects. 
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I. INTRODUCTION 
 
The photovoltaic (PV) solar energy market expanding 
very rapidly and the worldwide demand outpacing the 
supply, the crystalline-silicon solar PV module has been 
commercially viable product.Most of the new comers 
and the capacity expansions of existing producers are 
based on either single-crystal silicon grown by the 
Czochralski (Cz) method or polycrystalline silicon by 
casting. There are also increasing numbers of suppliers 
who are developing production equipment for the 
industry based on best-known practices(BKPs)of 
silicon solar cell and module processing, because solar 
electricity generation is a large- area application. It has 
been estimated thatt h e PVindustrywilleventually use 
moresiliconthaneventhe integrated-circuits(IC) 
industry.It is importantat thisstageto reviewthe 
environmentalimpactof therapidlygrowingsiliconPV 
industryand tofindopportunitiesforimprovingenergy 
efficiencyand productivity by utilising renewable 
sources of energyand toreduceenvironmental impact. 
It is not possible to review here in detail all the steps 
involved in the manufacturing of silicon PV modules. 
We will simply highlight some areas where we think 
opportunities exist to  make the module manufacturing 
processmoreenvironmentallybenign. 
 
II. DETAILED STUDY OF PV CELL 

MANUFACTURING PROCESS 

 
Fig. 2.1 Block diagram of PV cell manufacturing process. 

 
III. CRYSTALLINE SILICON WAFER 
 
Si wafer based solar cell is the most preferred cell 
technology in photovoltaic market. Approximately 
85% of the world market consists of these type solar 
cells. India needs to gain self-reliance on the whole as 
the market is currently dominated by countries like 
China, which can quote the rates of the wafers to their 
advantage. A wafer (also called a slice or substrate) is 
a thin slice of  a semiconductor material, similar to 
a silicon crystal which finds its application in 
the fabrication of integrated circuits and other micro 
devices. The wafer forms the basis 
 for microelectronic devices built in and over the 
wafer and undergoes many micro fabrication process 
steps such as doping or ion 
implantation,etching,deposition of various materials, 
and photolithographic patterning. Finally the above 
individual microcircuits are separated (dicing) 
and packaged. Several types of solar cell are made 
from the above mentioned wafer. On a solar wafer a 
solar cell (usually square) is made from the entire 
wafer. 

 
Fig-3.1: Wafers of mono-crystalline and multi-crystalline 

 
 

 
Fig-3.2: Percentage of incident, refracted and reflected light on 

silicon wafer (un-textured) 
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IV. TEXTURISATION 
 
Surface texturing, either in combination with an anti-
reflection coating or by itself, can also be used to 
minimize reflection. Any "roughening" of the surface 
reduces reflection by increasing the chances of the 
reflected light to bounce back onto the surface of the 
wafer, rather than to the surrounding air. Surface 
texturing can be accomplished in a number of ways. 
A single crystalline substrate can be textured by 
etching along the faces of the crystal planes. The 
crystalline structure of silicon wafer results in a 
surface made up of pyramids if the surface is 
appropriately aligned with respect to the internal 
atoms. One such pyramid is illustrated in the drawing 
below. An electron microscope view of a textured 
silicon surface is shown in the picture below. This 
type of texturing is known as "random pyramid" 
textureand is commonly used in industry for single 
crystalline wafers. 
 

 
Fig-4.1: A square based pyramid which forms the surface of an 

appropriately textured crystalline silicon solar cell. 
 

Fig-4.2: Scanning electron microscope photograph of a 
textured silicon surface. 

 

 
Fig-4.3 : Silicon wafer after texturing 

Recipe for texturisation (KOH and Alkatex free): 

 
Note: Prepare fresh solution for every 10 runs 

 
V. DIFFUSION OF TEXTURED WAFERS. 
 
Commercialized silicon solar cell technologies 
presently use thermal POCl3 diffusion to realize the 
p-n junction and build-in voltage. During thermal 
diffusion, phosphor-silicate glass (PSG) is generated 
on the surface as a result of the reaction between 
phosphorous and oxygen. After the diffusion process, 
a wet chemical process is used to remove the PSG 
layer. 
Start-up procedure, operation and handling of 
diffusion process: 

i. Switch on exhaust. 
ii. Switch on power to the machine. 

iii. Open main compressed air valve. 
iv. Open N2, O2, N2(s) gas lines. 
v. Allow the furnace to reach idle temperature 

759 0C. 
vi. Download recipe 10-tube 1, recipe 20-tube 2 

and recipe 30-tube 3. 
vii. Start dummy recipe on all the tubes with above 

recipe. 
viii. Run up to deposition for at least 10 minutes. 

ix. Ensure POCL3 bubbling in all the three tubes 
during dummy run. 

x. Load quartz boats (loaded with wafer) on to 
the paddle. 

xi. Start recipe. 
xii. Check for temperature, gas flows, POCL3 

bubbling during the process. 
Quality check after diffusion: 

i. Unload quartz boats with wafer from the 
paddle. 

ii. Select five wafers each from load, centre and 
source end. 

iii. Check sheet resistance using four point probes. 
iv. Record values in the process chart in the 

respective slots. 
v. Pass on the good wafers for plasma etching 

and PSG removal.In plasma etching the gas 
used is carbon tetra-fluoride (CF4). 

vi. Raw materials are removed by dipping in HF 
and HCL acid. 

Recipe for Pre-cleaning: 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-3, Issue-7, July-2015 

 Recent Trends Of Solar Cell Manufacturing In India And Development Needed. 
 

29 

Table-: Recipe for Pre-cleaning 

 
 
VI. ANTI-REFLECTIVE COATING 
 
Anti-reflection coatings are particularly beneficial for 
multi-crystalline material that cannot be easily 
textured. Two common antireflection coatings are 
titanium dioxide (TiO2) and silicon nitride (SiNx). 
The coatings are applied through simple techniques 
like spraying or chemical vapour deposition. In 
addition to the above optical benefits that the wafer 
possesses, dielectric coatings are also beneficial in 
improving the electrical properties of the cell by the 
method of surface passivation. Byemploying screen-
printing over the antireflection coating with a paste 
containing cutting agents, the metal contacts can fire 
through the antireflection coating and bond to the 
underlying silicon. This process is very simple and 
has the added advantage of contacting shallower 
emitters 
Bare silicon has a high surface reflection of over 
30%. The reflection is reduced by texturing and by 
applying anti-reflection coatings (ARC) to the 
surface. Anti-reflection coatings on solar cells are 
similar to those used on other optical equipment such 
as camera lenses. They consist of a thin layer of 
dielectric material, with a specifically chosen amount 
of thickness so that the interference effects in the 
coating cause the wave reflected from the anti-
reflection coated top surface to be out of phase with 
the wave reflected from the semiconductor surfaces. 
These out-of-phase reflected waves destructively 
interfere with one another, resulting in zero net 
reflected energy. In addition to anti-reflection 
coatings, interference effects are also commonly 
encountered when a thin layer of oil on water 
produces rainbow-like bands of colour. 
 

 
Fig-6.1: Use of a quarter wavelength anti-reflection coating to 

counter surface reflection. 

The thickness of the anti-reflection coating is chosen 
so that the wavelength in the dielectric material is one 
quarter the wavelength of the incoming wave. For 
one quarter of a wavelength, anti-reflection coating of 
a transparent material with a refractive index n1 and 
light incident on the coating with a free-space 
wavelength λ0, the thickness d1 which causes 
minimum reflection is calculated by:  

 
Fig-6.2: Absorbed light after anti-reflective coating 

 
Chemicals used for AR-coating: 
SiH4---Silane;NH3---Ammonia; C2F6---Halocarbon; 
O2---Oxygen/gas. 
 
VII. PRINTING REAR AND FRONT SIDE 
 
A method is provided for applying back contact silver 
bus bars to an aluminium back surface field (BSF) of 
a solar cell. The method involves providing a solar 
cell substrate having a front side and a back side; 
printing a full aluminium backing layer on the back 
side of the solar cell substrate; drying the printed 
aluminium backing layer to yield a full aluminium 
layer; printing and drying a peeling paste on the full 
aluminium layer in areas where the silver bus bars are 
desired after this printing and drying of the front 
contact silver paste on the front side of the solar cell 
substrate to produce a front grid electrode is essential; 
co-firing and cooling the front and back sides of the 
solar cell, wherein during firing the peeling paste 
wets excess aluminium powder in the aluminium 
layer, such that during cooling of the solar cell the 
peeling paste contracts, solidifies, and peels off with 
the excess aluminium powder to leave a full 
aluminium BSF having open areas; and printing, 
drying and firing a back contact silver paste on the 
open areas of the BSF to yield silver bus bars. 
 

Fig-7.1: Printing rear side contact 
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Fig-7.2: Printing front side contact 

 
VIII. TESTING 
 

1. Measures total area of solar cell. 
2. Measures I-V curves of cell. 
3. Electrical performance parameters of solar 

cell. 
4. Ir-radiance spectrum of solar cell. 

 
After testing and calibrating cell is classified with 
different grades as follows: 
 
Table-Classification of cells with different grades 

 

 
IX. ADVANTAGES & DISADVANTAGES. 
 
 Solar energy is apt for smart energy networks 

with distributed power generation – DPG is 
indeed the next generation power network 
structure. 

 In the present scenario Solar Panels cost is on a 
fast reducing track and is expected to reduce 
further with technological breakthrough assuring 
economic viability and environmental 
sustainability. 

 Photovoltaic panels employ photoelectric 
phenomenon to produce electricity in a direct 
electricity generation way. 

 PV panels have no mechanically moving parts, 
except in cases of –sun-tracking mechanical 

bases; consequently they have far less breakages 
or require less maintenance than other renewable 
energy systems (e.g. wind turbines) 

 PV panels are totally silent, producing no noise 
at all; hence they seem to be a perfect solution 
for urban areas and for residential applications.  

 Solar energy satisfies with the energy needs for 
cooling PV panels; hence it can provide an 
effective solution to energy demand peaks – 
especially in hot summer months where energy 
demand is high. 
 

X.  IMPROVEMENTS OR MODIFICATIONS 
NEEDED 

 
Low efficiency of the above method makes it evident 
to introduce an efficient and reliable method of PV 
cell production. One of the possible methods of 
improvement is using multi junction photovoltaic 
cells.  
Multi-junction (MJ) solar cells are solar cells with 
multiple p–n junctions made of different 
semiconductor materials. Each material's p-n junction 
will produce electric current in response to the 
different wavelengths of light. The usage of 
multiple semiconducting materials allows the 
absorbance of a broader range of wavelengths, 
thereby improving the conversion of the cell's 
sunlight to electrical energy conversion efficiency. 
Currently, the best lab examples of traditional 
silicon solar cells have efficiencies around 25%, 
while lab examples of multi-junction cells have 
demonstrated performance over 43%. Commercial 
examples of tandem, two layer, cells are widely 
available at 30% under one-sun illumination and 
improve to around 40% under concentrated sunlight.  
A detailed research about the above method is still in 
the process. 
 
CONCLUSION 

 
The procedure of production of solar PV cells is 
described above and the steps involved in the 
manufacturing process have also been described. 
Since the efficiency percentage is found to be low in 
the above method,a more efficient method has to be 
introduced in order to have an efficient and reliable 
PV cell manufacturing system. 
Therefore multi-junction solar cell manufacturing is 
being employed to produce high efficiency yielding 
PV cells. It is particularly important for a renewable 
energy technology to address its environmental 
impact during manufacturing because one of the 
primary benefits of renewable energy generation is its 
low environmental impact due to abundance of the 
energy with solar energy being the most reliable form 
of energy amongst all the renewable energy sources. 
We have discussed the process of production of solar 
PV cells and an alternative approach for improved 
efficiency  in this paper that are both cost effective 
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and environmentally benign. However, the 
manufacturability and reliability of most of these 
alternative approaches need further investigation. 
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