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ABSTRACT 

The need for enhancing the performance and energy conversion rates have led to identify better manufacturing 
procedures of solar cells. Inorganic solar cells are being very widely used and experimented in various mission critical 
robust applications like satellites and calculators. Improvements are continuously being attempted to increase the 
performance of solar cells. There are various procedures to manufacture solar cells with varying performances and more 
experiments are required to enhance the efficiency.  
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INTRODUCTION 

The main technology which is being used for the 
manufacture of solar cells is predominantly silicon based 
which is an inorganic material. The semiconductor 
industry has developed an in-depth knowledge for 
manufacturing solar cells using semiconductors for the 
generation of electricity. The need for better efficiency and 
lower cost is pushing the developmental activities further 
to look into newer materials. The inorganic semiconductor 
materials used to make photovoltaic cells include 
crystalline, multicrystalline, amorphous, and 
multicrystalline Si, the III-V compounds and alloys, CdTe, 
and the chalcopyrite compound, copper indium gallium 
diselenide.   

This work is involved in the studying of the 
inorganic materials being used in solar cells and their 
performances in solar cell applications. The important 
objectives are chemical synthesis techniques, low 
manufacturing cost and the suitability for large-scale 
manufacture. 

The applications of photovoltaic cells are: 1. 
Supplying power in remote locations such as 
communications and weather monitoring systems; 2. 
Supplying power for consumer products such as electronic 
calculators and garden lights; and 3. Supplying power for 
applications in space such as for satellites and space 
vehicles. Inorganic solar cells based on Silicon technology 
has energy conversion efficiency around 27%.  

Inorganic semiconductors are better matched in 
their band gap energies to the solar spectrum, but have 
lower absorptivities than organic materials, requiring 
thicker absorbing layers, and high purities and high costs 
to insure efficient operation. Another key difference 
between organic solar cells and conventional inorganic 
solar cells is in the exciton binding energy.  

In inorganic semiconductors, the energy required 
to dissociate these excitons into charge carriers is quite 
small like a few millielectron volts which is easily 
achieved at room temperature.  

Related Work 
Ruchuan Liu had presented his work on Hybrid 

organic/inorganic nanocomposites for photovoltaic cells 
[1]. In this work he had investigated the key issues in 
association with photo induced charge 
separation/transportation processes and to improve overall 
power conversion efficiency, various combinations with 
nanostructures of hybrid systems. He had suggested few 
guidelines for structural designs of these hybrid 
photovoltaic systems in order to enhance their power 
conversion efficiency.    

Robert W. Miles et al., had presented their work 
on inorganic photovoltaic cells [2]. They had mentioned 
that most commercially produced solar cells are 
manufactured using either crystalline or multicrystalline 
Si. Thin-film solar cells based on the use of Si, CdTe, and 
CIGS are being mass manufactured and it is expected with 
economies of scale that they will achieve the cost 
reduction needed to compete directly with the other forms 
of energy production. Multijunction solar cells, so far 
made primarily using the III-V compounds, have clearly 
proven that by minimizing thermalization and 
transmission losses, very large improvements in efficiency 
can be made over those of single-junction cells. These 
devices find application in generating power for space 
applications and are used in concentrator systems. The 
future development of multijunction devices using low 
cost thin-film technologies is especially promising for 
producing more efficient and yet inexpensive devices. 
Cost reductions will also be significant when the thin-film 
technologies are directly produced on building materials 
other than glass, as many materials, such as tiles and 
bricks, can be substantially cheaper than glass and have 
much lower energy contents.    

Askari [3], had mentioned that inorganic solar 
cells are made of special materials called semiconductors 
such as silicon, which is currently used most commonly. 
Basically, when light strikes the cell, a certain portion of it 
is absorbed within the semiconductor material. This means 
that the energy of the absorbed light is transferred to the 
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semiconductor. The energy knocks electrons loose, 
allowing them to flow freely. PV cells also all have one or 
more electric field that acts to force electrons freed by 
light absorption to flow in a certain direction. This flow of 
electrons is a current, and by placing metal contacts on the 
top and bottom of the PV cell, we can draw that current off 
for external use, say, to power a calculator. This current, 
together with the cell's voltage (which is a result of its 
built-in electric field or fields), defines the power (or 
wattage) that the solar cell can produce. Silicon is what is 
known as a semi-conductor, meaning that it shares some 
of the properties of metals and some of those of an 
electrical insulator, making it a key ingredient in solar 
cells. Let’s take a closer look at what happens when the 
sun shines onto a solar cell. Sunlight is composed of 
miniscule particles called photons, which radiate from the 
sun. As these hit the silicon atoms of the solar cell, they 
transfer their energy to lose electrons, knocking them 
clean off the atoms. Freeing up electrons is however only 
half the work of a solar cell: it then needs to herd these 
stray electrons into an electric current. This involves 
creating an electrical imbalance within the cell, which acts 
a bit like a slope down which the electrons will flow in the 
same direction. Creating this imbalance is made possible 
by the internal organization of silicon. Silicon atoms are 
arranged together in a tightly bound structure. The n-type 
silicon becomes positively charged, and the p-type silicon 
is negatively charged, creating an electric field across the 
cell. 

Stacey Bent and team [4] had mentioned that 
there is a strong need for the development of photovoltaic 
cells with low cost, high efficiency, and good stability. In 
thin film technologies, there exists a common problem 
with conversion efficiency due to poor materials quality; 
the photogenerated electrons and holes cannot travel very 
far before recombination (short free-carrier diffusion 
lengths) and are hence lost for power conversion. If the 
solar cell can be made using nanoscale heterojunctions, 
then every photogenerated carrier will have less distance 
to travel, and the problem of recombination can be greatly 
reduced. ALD is particularly well suited for this 
application since it can allow for highly uniform 
deposition on complex non-planar nanostructures with 
controllable thickness. With nanoscale diffusion lengths 
for the photogenerated carriers, the materials constraints 
can be relaxed, and low cost deposition routes become 
acceptable. 

Jinsong Huang et al. [5] had presented their work 
on Semi-transparent Plastic Solar Cell Fabricated by 
Lamination Process. They had mentioned the device 
fabrication process described by the following steps. In 
Step I, two transparent substrates coated with a transparent 
conductor such as indium tin oxide (ITO), fluorine-doped 
tin oxide (FTO), or a high conductivity polymer, etc., are 
selected. In Step II, one substrate is coated with a very thin 
buffer layer (Cs2CO3) to act as the low-work-function 
cathode, followed by coating of the active polymer layer. 
Step III involves the coating of conductive polymer glue to 

the other transparent substrate. We used modified 
conducting polymer poly (ethylene dioxythiophene): poly 
(styrenesulfonate) (PEDOT: PSS) as the electronic glue, 
which was spin-coated to form the adhesive anode. Step 
IV is the lamination process: after drying both the 
substrates, they are laminated together by exerting force so 
that the two substrates are tightly glued together.  

During this lamination, a plastic rod with proper 
hardness rolls the plastic substrate to remove air bubbles. 
Both substrates are heated to a temperature of 105–120°C 
during the lamination process, and the finished devices are 
then kept on the hotplate for 5-10 min for the final heat 
treatment. 

Meng Tao [6] had presented the work on 
Inorganic Solar Cells. In this work, the light-intensity-
dependent characteristics of the all-solution-processed 
devices have been studied. Efficiency and cost are the two 
often cited parameters for terrestrial solar cells. The 
bottleneck for solar electricity to become a household 
energy source is the cost. Efficiency improvement is often 
accompanied with additional cost, so it has to be done in a 
cost effective manner. This suggests that a better figure of 
merit for terrestrial solar cells is the efficiency/cost ratio. It 
reveals the effectiveness of our investment, i.e., for the 
money we spend, how much do we gain in the product of 
efficiency and power. It may be used to judge any solar 
cell technology candidate for its commercial potential.  

Two directions to pursue for future solar cells 
have been presented. One is low cost and energy-efficient 
fabrication of wafer-Si cells. Another direction is new 
materials, which allow solution fabrication of tandem cells 
to achieve a much better efficiency/cost ratio than wafer-S 
cells. Ionically-bonded semiconductors are suggested for 
this purpose, and the desired properties for these to-be-
identified semiconductors are outlined. He had examined 
several root causes for the high cost of solar electricity 
including: (a) the low intensity of solar radiation and (b) 
the directional and strong covalent bond in Si. The former 
requires a large quantity of Si material to generate a 
noticeable amount of electricity. The latter makes Si hard 
to process and wafer-Si cells become costly and energy-
intensive. 

Furui Tan [7] and their team had presented their 
work on Hybrid morphology dependence of CdTe:CdSe 
bulk-heterojunction solar cells. They had mentioned that a 
nanocrystal thin-film solar cell operating on an exciton 
splitting pattern requires a highly efficient separation of 
electron-hole pairs and transportation of separated charges. 
A hybrid bulk-heterojunction nanostructure providing a 
large contact area and interpenetrated charge channels is 
favorable to an inorganic nanocrystal solar cell with high 
performance. The solar cells with the two different hybrid 
active layers show obvious difference in photovoltaic 
performance. The hybrid structure with densely packed 
and continuously interpenetrated two phases generates 
superior morphological and electrical properties for more 
efficient inorganic bulk-heterojunction solar cells, which 
could be readily realized in the nanotetrapods quantum 
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dots hybrid. This proved strategy seems to be applicable 
and promising in designing other highly efficient inorganic 
hybrid solar cells. 

Zhigang Chen [8] and researchers had presented 
their work on In situ growth of CuInS2 nanocrystals on 
nanoporous TiO2 film for constructing inorganic/organic 
heterojunction solar cells. They had used CuInS2 as the 
photoabsorption material on nanoporous TiO2 film with 
the use of poly-3-hexylthiophene as hole transport 
material. Other available solar cells are Si solar cells, 
Cu(In,Ga)(S,Se)2 film solar cells, organic solar cells and 
dye-sensitized solar cells. 

Yanling Peng and their co-workers [9] had 
mentioned that organic/inorganic hybrid solar cells have 
great potentials to revolutionize solar cells, but their use 
has been limited by inefficient electron/hole transfer due 
to the presence of long aliphatic ligands and unsatisfying 
continuous interpenetrating networks. To solve this 
problem, they had developed a one-pot route for in situ 
synthesis of poly(3-hexylthiophene) capped CdSe 
superstructures, in which P3HT acts directly as the 
ligands. The improvement of the efficiency is by the 
optimization of the morphology and thickness of the films 
and the morphology of the P3HT and CdSe phases as well 
as the fabrication technique of the device. 

In another work, Furui Tan and researchers [10] 
had presented their work on the preparation of SnS2 
colloidal quantum dots and their application in 
organic/inorganic hybrid solar cells. They had synthesized 
dispersive SnS2 colloidal quantum dots via hot-injection 
method. The organic-inorganic hybrid bulk heterojunction 
solar cell is an alternative to the all-organic solar cells with 
replacement of the organic n-type material with inorganic 
nano-particles. This kind of solar cell aims at combining 
the solution processability of conjugated polymers with 
high electron mobility and the relative environmental 
stability of inorganic semiconductors. So far, various 
nanoparticles such as CdSe, PbS, TiO2, ZnO or 
heterojunction nano-crystals have been applied in organic-
inorganic bulk-heterojunction solar cells. 

Yafei Zhang and their team [11] had presented 
the development of inorganic solar cells by 
nanotechnology for harvesting electric energy from 
sunlight. In their review, the multiple exiton generation 
effect solar cells, hot carrier solar cells, one-dimensional 
material constructed asymmetrical schottky barrier arrays, 
noble nanoparticle induced plasmonic enhancement, and 
light trapping nanostructured semiconductor solar cells 
have been highlighted. They had mentioned that inorganic 
solar cells have achieved exciting development due to the 
fact that nanomaterials have unique optical and electrical 
properties. 
 
Manufacturing Inorganic Solar Cells 

In solar cell manufacturing technologies, there 
exists a common problem with conversion efficiency due 
to poor materials quality, the photogenerated electrons and 
holes cannot travel very far before recombination and the 

power conversion is getting reduced. The principle of a 
silicon solar cell is presented in Figure-1. The material 
properties of solar cells which are currently used are 
presented in Table-1. 

If the solar cell is manufactured using nanoscale 
heterojunctions, then every photogenerated carrier will 
have less distance to travel, and the major problem of 
recombination can be greatly reduced.   
 

 
 

Figure-1. Principle for Si solar cell [6]. 
 
DISCUSSIONS AND FUTURE DIRECTIONS 

The requirement has to be met for the 
development of solar cells which are low in cost, high in 
efficiency, and having good stability. In future, the 
performance of inorganic/organic hybrid solar cells has to 
be improved for better power conversion efficiency. In this 
work, we have studied the performance of various solar 
cells such as inorganic solar cells.   

Our future work will be focusing on the analysis 
of an eco-friendly organic-inorganic hybrid bulk-
heterojunction solar cell. 
 

Table-1. Material requirements for terrestrial 
solar cells [6]. 

 

Material requirement 
Material meeting 

requirement 

1. Abundant material Si 

2. Low-cost material CdTe, CIGS 

3. Low-cost synthesis CdTe, CIGS 

4. Non-toxic material Si, CIGS 

5. Stable material Si, III-V, CdTe, CIGS 

6. High mobility Si, III-V, CdTe, CIGS 

7. High carrier lifetime Si, III-V 

8. Suitable band gap III-V, CdTe, CIGS 

9. Control of conduction 
type 

Si, III-V, CdTe, CIGS 

10. Control of resistivity Si, III-V, CdTe, CIGS 
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