* Semiconductors and Doping

Nearly all electronic devices today use semiconductors. The most common are silicon
(St) and germanium (Ge). An atom of silicon or germanium has four outer electrons
that act to hold the atoms in the regular lattice structure of the crystal, shown
schematically in Fig. 29-24a. Germanium and silicon acquire properties useful for
electronics only when a tiny amount of impurity is introduced into the crystal struc-
ture (perhaps | part in 10° or 107). This is called doping the semiconductor. Two — Doped semiconductors
kinds of doped semiconductor can be made, depending on the type of impurity used.
If the impurity is an element whose atoms have five outer electrons, such as arsenic,
we have the situation shown in Fig, 29-24b, with the arsenic atoms holding positions
in the crystal lattice where normally silicon atoms would be. Only four of arsenic’s
electrons fit into the bonding structure. The fifth does not fit in and can move rela-
tively freely, somewhat like the electrons in a conductor. Because of this small
number of extra electrons, a doped semiconductor becomes slightly conducting. The
density of conduction electrons in an intrinsic (undoped) semiconductor at room
temperature is very low, usually less than I per 107 atoms. With an impurity concen-
tration of 1 in 10° or 107 when doped, the conductivity will be much higher and it can
be controlled with great precision. An arsenic-doped silicon crystal is called an
n-type semiconductor because negative charges (electrons) carry the electric current.
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In a p-type semiconductor, a small percentage of semiconductor atoms are  p-rpe
replaced by atoms with three outer electrons—such as gallium. As shown in
Fig. 29-25a, there is a “hole™ in the lattice structure near a gallium atom since it ‘ CAUTION
has only three outer electrons. Electrons from nearby silicon atoms can jump into  p-repe semicondiciors act as
this hole and fill it. But this leaves a hole where that electron had previously been,  though + charges move—Dbut
Fig. 29-25b. The vast majority of atoms are silicon, so holes are almost always ~c/ecrrons acually do the moving
next to a silicon atom. Since silicon atoms require four outer electrons to be
neutral, this means that there is a net positive charge at the hole. Whenever an  Holes are positive
electron moves to fill a hole, the positive hole is then at the previous position of
that electron. Another electron can then fill this hole, and the hole thus moves to
a new location; and so on. This type of semiconductor is called p-rvpe because it is
the positive holes that seem to carry the electric current. Note, however, that both
p-tvpe and n-type semiconductors have no net charge on them.
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moves (o a new location (to the right in this

= . - 5 - " figure), to where the electron used to be.
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