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called the valence band. When energy exceeding a certain threshold, called the band gap
energy, is applied to a valence electron, the bonds are broken and the electron is somewhat
“free” to move around in a new energy band called the conduction band where it can
“conduct” electricity through the material. Thus, the free electrons in the conduction band
are separated from the valence band by the band gap (measured in units of electron volts
or eV). This energy needed to free the electron can be supplied by photons, which are
particles of light. Figure 1.2 shows the idealized relation between energy (vertical axis)
and the spatial boundaries (horizontal axis). When the solar cell is exposed to sunlight,
photons hit valence electrons, breaking the bonds and pumping them to the conduction
band. There, a specially made selective contact that collects conduction-band electrons
drives such electrons to the external circuit. The electrons lose their energy by doing work
in the external circuit such as pumping water, spinning a fan, powering a sewing machine
motor, a light bulb, or a computer. They are restored to the solar cell by the return loop
of the circuit via a second selective contact, which returns them to the valence band with
the same energy that they started with. The movement of these electrons in the external
circuit and contacts is called the electric current. The potential at which the electrons
are delivered to the external world is slightly less than the threshold energy that excited
the electrons; that is, the band gap. Thus, in a material with a 1 eV band gap, electrons
excited by a 2 eV photon or by a 3 eV photon will both still have a potential of slightly
less than 1 V (i.e. the electrons are delivered with an energy of 1 eV). The electric power
produced is the product of the current times the voltage; that is, power is the number
of free electrons times their potential. Chapter 3 delves into the physics of solar cells in
much greater detail.
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Figure 1.2 Schematic of a solar cell. Electrons are pumped by photons from the valence band
to the conduction band. There they are extracted by a contact selective to the conduction band
(an n-doped semiconductor) at a higher (free) energy and delivered to the outside world via wires,
where they do some useful work, then are returned to the valence band at a lower (free) energy by
a contact selective to the valence band (a p-type semiconductor)




