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I. PROBLEM SESSION 11

A. Problem 11.1

P-n junctions:

The p-n junction is formed by joining P-type and N-type semiconductors together in very close contact. The term
junction refers to the boundary interface where the two regions of the semiconductor meet. If they were constructed
of two separate pieces this would introduce a grain boundary, so p-n junctions are usually created in a single crystal
of semiconductor by doping, for example by ion implantation, diffusion of dopants, or by epitaxy (growing a layer of
crystal doped with one type of dopant on top of a layer of crystal doped with another type of dopant).

P-n junctions are elementary building blocks of almost all semiconductor electronic devices such as diodes, tran-
sistors, solar cells, LEDs, and integrated circuits; they are the active sites where the electronic action of the device
takes place.

Junctions with different properties can also be made at interfaces between all possible combinations of metals,
semiconductors and superconductor. As an example p-n junction(Schottky junction) can also be made at the
interface of a semiconductor and a metal, where the metal serves the role of the n-doped side.

We will in this problem look at the space charge distribution in p-n junctions: Consider a silicon-based junction as
shown schematically in a fig.1 below. Derive and sketch charge density, electric field, and potential within the space

Figure 1: A p-n junction

charge region W of the junction. Assume donor and acceptor concentrations of 1 × 1016 and 4 × 1017cm−3 in the n-
and p-type sides of the junction. Assume the contact area A of 2× 103cm−2 and room temperature operation (i.e the
intrinsic carrier concentration is 1010cm−3). Calculate:
a) The in-build potential
b) The depth of the space charge region as well as xp0 and xn0

c) The charge associated with xp0 and xn0

d) The maximum amount (in terms of its absolute value) of the field
e)Discuss how altered donor/acceptor concentration might alter different properties of the junction.

B. Problem 11.2

Impurity orbits: In this exercice we will investigate the microscopic physics behind the formation of impurity bands
in semiconductors by use of a specific example. Indium antimonide has Eg = 0.23 eV; dielectric constant ǫ = 18;
electron effective mass me = 0.015m.
Calculate (a) the donor ionization energy;
(b) the radius of the ground state orbit.
(c) At what minimum donor concentration will appreciable overlap effects between the orbits of adjacent impurity
atoms occur? This overlap tends to produce an impurity band - a band of energy levels which permit conductivity
presumably by a hopping mechanism in which electrons move from one impurity site to a neighboring ionized impurity
site.



2

C. Problem 11.3

In this exercise we will learn to use the central equation to attempt to calculate the band gap from a slightly more
realistic crystal potential. Consider a square lattice in two dimensions with the crystal potential

U(x, y) = −4Ucos
2πx

a
cos2πya. (1)

Apply the central equation to find approximately the energy gap at the corner point (π/a, π/a) of the Brilloin zone. It
will suffice to solve a 2x2 determinantal equation. For even more complicated potentials it is normal to do numerical
calculation rather than analytics.


