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Abstract
Over the past decade organic solar cells dragged lot of attention and research interest due to its wide potential and advantages
such as low cost, made of abundant earth materials, simple manufacturing techniques and ability to incorporate various
technologies. Although a lot amount of research and development is required to effectively tackle the foreseen advantages. This
paper reviews basic fundamental physics of organic solar cells, working mechanism and recent developments in the field.
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1. INTRODUCTION

The demand for high efficient and affordable solar
photovoltaic technologies had resulted in widespread
research and development of various technologies including
organic solar cells, dye sensitized solar cells [1], quantum
dot solar cells [2] etc. Of all the upcoming alternative
organic solar cells possesses distinctive advantages such as
low cost, made of abundant earth materials, simple
manufacturing techniques and ability to incorporate various
other technologies [3]. The current highest reported
efficiency of organic solar cells are above 10% [4] and it is
widely regarded that the lower operating efficiency of
organic solar cells compared to that of typical silicon solar
cells doesn’t hinder the commercialization potential of
organic cells due to its other advantages [5]. Although many
other technical limitations and drawbacks including low
stability and lifetime [6], limitations in understanding of
basic device physics [7] etc. are to be addressed in the very
near future as the technology is on the verge of mass
commercialization. This paper reviews basic fundamental
physics of organic solar cells, working mechanism and
recent developments in the field.

2. BASIC PRINCIPLES OF
PHOTOVOLTAIC DEVICES

Typically most of the organic compounds are inert for
electrical conductivity due to the presence of strong covalent
bonds. But this general perception was altered by the
discovery of conducting polymers by H. Shirakawa, Alan G.
M. and Alan J. Heeger in 1977 [8]. In their experiment,
trans-polyacetylene was exposed to chlorine, bromine or
iodine vapour, which resulted in increase in conductivity of
polyacetylene films. This discovery opened up a recently
new and wide range of applications including organic
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displays, organic LEDs, organic and micro-electronics and
organic photovoltaics.

Whatever the organic semiconductors be, such as macro
molecule dyes, dendrimers, oligomers, polymers etc. all are
based on conjugated 7 electron system. A conjugated system
is an alteration between the single and double bonds. The
important property related to this conjugation are that the «
electrons are more mobile than ¢ electrons. Therefore by
absorption of energy as in case of organic solar cells or by
absorbing electrical energy in case of organic LEDs or
displays, the © bonds system breaks creating excitons or free
charges or emission of light. Molecular n-n* orbitals
corresponds to the Highest Occupied Molecular Orbital
(HOMO) and Lowest Unoccupied Molecular Orbital
(LUMO). In a crystalline semiconductor these corresponds
to conduction band (CB) and valence band (VB) [9, 10].

However there are considerable differences in basic physics
of HOMO-LUMO as there exists strong Van der Waals
forces which are no longer considerable in CB/VB
formation. Another major differences arises in transport
process which is mainly by hopping process between
localized states rather than transport within the band. In case
of polymers and oligomers, there is hopping along
conjugated chain and inter molecular charge transport
between adjacent polymer chains or molecules. However the
mobility in case of later process is smaller. Thus mobility of
thin films can be improved by improving order, purification,
high vaccum deposition and no oxygen contamination [11,
12].

3. ORGANIC SOLAR CELL: MECHANISM

The operating mechanism of organic solar cells are one of
the most researched and debated fields. In general all the
main differences in mechanism in case of organic solar cell
arises due to the generation of electrostatically bound
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electron-hole pair in organic solar cells instead of free
charges. Further, this concept is explained in detail.

3.1 Absorption of Light and Exciton Generation

The presence of conjugated pi electron system in organic
compounds results in all interesting optical and electrical
properties. The bandgap or bond energy in organic
semiconductors is tuned with the energy of solar spectrum
causing the absorption of photons  producing
electrostatically coupled electron hole pairs called excitons.
In case of inorganic silicon semiconductors, produces free
charges instead of excitons. This major change drives all the
differences in mechanism of electricity generation in
inorganic and organic solar photovoltaic devices.

3.2 Exciton Diffusion

The photo generated excitons are characterized by very
small lifetime of few picoseconds limiting the mobility of
excitons to a few polymer units or molecules. The exciton
moves within the chain causing chain deformation in order
to reduce the extra unstable energy, which is altogether
called polaron. However inter-molecular transition of
excitons also happens which is termed as hopping process.
Altogether the overall mobility of excitons are limited to a
range of 10 nm, which is called the exciton diffusion length.
As the excitons are to be dissociated within the range of this
length, exciton diffusion length plays a critical role in design
and performance of organic solar cells.

3.3 Exciton Dissociation

Exciton dissociation refers to process of splitting the
electrostatically coupled electron hole pair into free charges.
The dissociation of excitons occurs at the donor acceptor
interfaces or junctions. The donor and acceptor materials are
designed such that there exists a difference in LUMO levels
of the materials, which drives the exciton dissociation. For
efficient dissociation, the difference in energy level of
LUMO of donor and acceptor should be higher than that of
exciton binding energy. Typically the difference is around
0.2-0.3 eV.

In general, to achieve efficient charge separation
A (LUMOp-LUMO,)>Exciton binding energy

3.4 Charge Transport

Once the free charges are produced, they travel through
specific materials to get collected at the electrodes. From
there they are connected to the external circuit. The
efficiency of charge transport are determined by the
electrical conductivity and impedance of the organic
materials [13-16].

4. RECENT DEVELOPMENTS

Recent developments in the field of organic solar cell had
shown promising results with maximum recorded efficiency
over 10%. Overall the researches in the field could be

accounted into three sections including study of basic
physics and charge transfer dynamics, development of new
architectures and novel concepts and materials development
for various applications. This section mainly focuses on
researches on basic device physics and charge transfer
dynamics.

The most important focus is researches are on understanding
the working mechanism of organic solar cell. The most
primary question of debate is how the bound electron-hole
pair splits. The most widely accepted explanation to this
question is ‘hot exciton effect’. Hot exciton effect describes
that when electron is absorbed into one semiconductor
material from the other, it carries the differences in energy
with it, making the electron hot, gaining velocity with which
it escapes from the bounded exciton state. Though this
hypothesis is widely accepted recently there has been lots of
studies questioning the credibility of the hot exciton
hypothesis [17, 18].

Many researchers believe that the electrons that breaks up
from the bound state doesn’t became hot or gains excess
velocity. A lot amount of researches are directed in this
direction by spectroscopic studies. Another focus of
research is the molecular and intermixed semisolid structure
of the semiconductor, where the differences in phase could
lead to splitting of excitons [19].

Rather focusing onto various study techniques, it can be
generalized that advances in simulation techniques and
sophisticated experimental methods are two most promising
research tools that are developing onto the study basic
physics and charge transport dynamics in organic solar cell
operation.

The important computational methodologies that are
employed in the study of organic solar cells includes
quantum mechanical theories for charge transfer excitations,
application to density functional theory (DFT) methods in
charge transfer excitations etc. In quantum mechanical
simulation of quantum chemistry time dependent density
functional theory (TDDFT) has been the most important tool
in computations for excited state properties and charge
transfer excitations in large systems. [20, 21] Time-
dependent density functional theory (TDDFT) is a quantum
mechanical theory used in chemistry and physics to
investigate the dynamics and properties of many-body
systems in the presence of time-dependent potentials, such
as electric or magnetic fields. The effect of such fields on
molecules and solids can be studied with TDDFT to extract
features like excitation energies, frequency-dependent
response properties, and photo-absorption spectra. Though
the implementation of TDDFT calculations on to
photovoltaic systems possesses a number of challenges
particularly with respect to long range charge transfer
interactions. The effect of assumptions in this applications
possibly results in catastrophic errors in simulations. Many
theories and improvements have been suggested to this basic
approach to enhance the results of simulation [22, 23].
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Another method is constraint variational approach including
constrained DFT (CDFT), which effectively overcomes
many drawbacks in the TDDFT approach. CDFT is mainly
applicable to systems whose ground state electron density
satisfies some specific constraints. In some electron transfer
reactions, the constraint amount to localization of the
electronic density such that the difference in the number of
electrons between donor and acceptor is reduced by two
compared to that of the unconstrained ground state [24-28].

The other widely used methodology in simulation study
includes the applications of DFT methods in CT excitations.
Density functional theory (DFT) is a computational quantum
mechanical modelling method used in chemistry, physics
and materials science to investigate the electronic structure
(principally the ground state) of many-body systems, in
particular atoms, molecules, and the condensed phases. With
this theory, the properties of a many-electron system can be
determined by using functionals, i.e. functions of another
function. DFT based computational methods can be used to
calculate or develop structure function relationships for
many properties of importance in organic photovoltaics
including bandgap, optical absorption, intra-molecular and
inter-molecular charge transfer, exciton binding energy,
charge transfer integral, reorganization energy and the rate
of charge transfer and recombination in donor-acceptor
complexes. In practical systems, the effects of the
surrounding organic photovoltaics media on these properties
should be taken into account. Although the effect of medium
depends both on its nature and on that of the transitions
involved, at least solvation can be routinely taken into
account at reasonable computational cost by considering
polarization continuum solvation models [29, 30].

The direction of experimental research going on this field
primarily accounts onto spectroscopic analysis of the
processes involved in the conversion processes. It possess
many challenges on obtaining a detailed description as the
processes happens within a time of few picoseconds. As
pointed an important controversial statement in the field is
that the main focus of this research have been towards
development and study of semiconductors which are capable
of extracting the energy by making hot electrons. The out of
equation on this point demands for the change of focus from
developing semiconductors that extract hot electrons to
semiconductors which are capable of extracting energy out
of it without the electrons being hot. It suggest towards a
fundamental shift in the organic photovoltaics research [31,
32].

5. CONCLUSION

Organic solar cells shows good promises in the development
of low cost photovoltaic alternatives. A structured and
systematic research are required in the field to successfully
utilize the foreseen advantages of organic solar cells.

The review on basic physics, charge transfer dynamics,
mechanism and recent approaches and developments in the
field are carried out. It is very important to understand the
basic mechanism of operation in conversion of light into

electricity. Since all the design, architecture and materials
developments revolve around our level of understanding of
the basic mechanism it accounts chief importance in all
researches going on in the field of organic photovoltaics.
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