Photovoltaic Cells (Solar Cells)
Photovoltaic (PV) cells are structures designed to allow light to be directly converted into electricity at the atomic level. 

Components to Photovoltaic Cells:

1) Photovoltaic Effect: PV cells are able to create electricity at the atomic level using the photovoltaic effect.  Often the photovoltaic effect is confused with the photoelectric effect.   One is related to the other as both begin with the basic understanding that the universe is created of two core entities: matter and energy.  Matter is anything that has mass and takes up space.  In physics energy is defined as a source providing the ability to do work (e.g. light, heat, sound, electricity).  In the photoelectric effect, there are two components: photons (energy) and electrons (matter).  Photons are light “packets”.  Each one carries a specific quantity (quanta) of energy revealed in different frequencies of light (higher energy photons are found in higher frequencies of light waves). Using the correct light frequency (photons) focused on a material (usually metal), it is possible to knock off or release electrons.  So, the photoelectric effect uses light to eject electrons.  Similarly, in the photovoltaic effect photons are used to eject the electrons, but these electrons are harnessed to produce an electric current or electricity. 

2) Semi-Conductor:  The flow of electrons or an electric current is possible within the photovoltaic effect if a conductor is present.  Electricity is conducted through a material by moving electrons through orbitals at varying energy levels in atoms.  Electrons move from lower energy levels (valance band) to higher energy levels (conduction band). The energy difference between these levels is known as the band gap.  Semi-conductors have an intermediate band gap.  Meaning they require more energy to move electrons than a conductor, but less than an insulator. Once electrons are moved they create electron “holes” or unoccupied orbitals in the valance band and easily released electrons in the conduction band.  In PV cells, semi-conductors are often used because they can regulate conduction band electrons and electron “holes” more readily, especially if the semi-conductor is “doped” or impurities are added.

3) P-N Junction (Photodiode): The photovoltaic effect within a PV cell is able to produce an electric current by using a P-N junction. The P-N Junction is made of two kinds of semi-conductors. The N-type (N for Negative or electron-rich) is doped to have a high density of electrons and few holes, while the P-type (P for Positive or electron-poor) is doped to be the opposite. Electrons flow from areas of high to low concentration.  The difference between these concentrated areas is known as voltage.  A P-N junction regulates the voltage, so current only flows in one direction resulting in an electric current. 

Operation of Photovoltaic Cells (Solar Cells): PV Cells are able to convert light into electricity by first allowing radiant energy from the sun to pass through a transparent layer (glass).  A small portion of the light frequencies (10 – 17% with technology commercially available in 2011) (photons) are absorbed ejecting electrons from the doped N-type semiconductor layer. The amount depends on intensity and angle of light sent and the continuing development of the manufacturing technology.  These electrons are passed to a conductor, which completes a circuit back to the P-type semiconducting layer.  After transporting electrical energy utilized by electrical devices or stored in batteries, the electrons will fill “holes” in the P-type semiconducting layer.  Due to electrons being deposited in P-type semiconductor layer the voltage increases forcing the electrons to move across the junction into the N-type semiconductor allowing the process to repeat itself.  As technology advances, improvements in conversion efficiencies demonstrated in the laboratory (some approaching 40%) ma become commercially available, subsequently lowering costs.
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