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Presentation Notes
It is important for the material to absorb photons efficiently in the energy region that matches at best the solar spectrum. If you look at the solar spectrum, it goes very significantly into the Near IR. That means a pretty small bandgap system that can get down to 1 EV bandgap absorbing nearly down to 1 electron-volt. If you have a material that has a bandgap in the middle of the visible, then you will miss out on a lot of photons. Also, the photon density shows that there are few photons that can be absorbed with energies like 4 electron volts. If the energy is very large, there are fewer photons. This requires a good match between the solar spectrum and the longer wavelengths with lower energies. In the case of pi-conjugated systems the exciton binding energies are large about a few tenths of an eV. This is what makes the difference with the respect to the organic semi-conductor. The exciton binding energy in silicon or gallium arsenide is just a few milli -eV. Thus at room temperature, there is enough energy to allow the electron and the hole to separate. Suppose you have a crystalline silicon that absorbs a photon from the solar spectrum, which leads to an excited state. The exciton binding energy is so small that the electron and hole can separate and thus, a current can be produced. However, in an organic material, the absorption of a photon creates a strongly bound exciton. Remember that an exciton is a neutral species. When you have the electron and the hole next to one another, the charge is 0 since 1+ + 1- = 0. A current can not be generated from an exciton. This is why crystalline silicon can perfectly lead to an absorption to the generation of free carriers also known as band to band process. Suppose you form an exciton on a polythiophene chain. To generate a current, you must disassociate the exciton, meaning, separate the electron and the hole in the exciton so that they can move away from one another and generate current.This is the key point that makes the processes in an organic solar cell different from the processes in a crystalline silicon or amorphous silicon  solar cell. That is the fact that in the pi- conjugated materials, you have large binding energies. Excitons must be formed and disassociated to generate a current.
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The structure of the organic cells includes a component that corresponds to an electron donor and a component that corresponds to an electron acceptor. There is an interface between those two components where the excitons must reach in order to disassociate. The critical condition for an efficient organic solar cell is the fact that the exciton can diffuse a pretty large distance within its lifetime. If the interface on average is 20 nanometers from where the exciton is generated, but during its lifetime the exciton only diffuses 5 nanometers, no current will be produced. You will have photons in and photons out or vibrations out or anything similar but a current will not be generated. In other words, during its lifetime, the exciton must be able to diffuse and reach the interface between the donor and acceptor components. If a system is designed with large diffusion lengths and the migration of the exciton takes too long, then the average distance between where the exciton is generated and the interface can be reduced. This results in thinner films. However, if the film too thin, only a few number of photons can be absorbed. This is a type of issue many organic cells engineers deal with. The film must be thick enough to absorb a reasonable amount of photons, but simultaneously, the film must also be thin enough so that the generated excitons can reach the interface efficiently. 
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This state diagram shows what happens when the exciton reaches the interface. The D refers to the donor component and A refers to the acceptor component. At the interface there are donor molecules or donor polymer chains next to the acceptor molecules or acceptor polymer chains. The lowest energy state is the ground state of the two components. Suppose that the exciton is formed within the donor. This exciton will be labeled D*, an excited state in the donor. The exciton must reach the interface. There is a state and energy there that corresponds to the exciton energy above the ground state. What needs to happen is that the exciton at the interface must get into a charge transfer state in which then the electron finds itself on the electron acceptor and therefore, there is a hole on the donor component. Now we have what we call a charge transfer state D+ A-. The + and – now need to move away from one another. This process is called a charge separated state. So you need not only to have a charge transfer but to have a charge separation. In the literature, the use of these terminologies can be confusing depending on the community you from a state like this could be in a molecule. For instance, people might say this is a charge separated state. It is possible to have a charge transfer state where the + and the – remain close to each other. However, in order to generate a electrical current a full separation of the + and the – is needed. So that is the distinction between a CT(Charge transfer) state and a CS(Charge separation) state shown on the diagram/slide. At the CT state, when the hole and electron, the D+ and A-, are next to each other, there is a chance that they will recombine and lead to the ground state. If this happens a loss in terms of efficiency of the charge separation process will occur. You need to maximize kct(charge transfer) and kcs(charge separation) and minimize kcr(charge recombination). The rate of transfer and of charge separation need to be maximized while the rate of charge recombination must be minimized. With those rates, you can also evaluate the Marcus Theory expressions.
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