Problem 2.31

Solution

Find the equilibrium dectron and hole concentrations and the
location of the Fermi energy relative to the intringc energy in
silicon at 27 °C, if the silicon contains the following
concentrations of shallow dopants.

a)
b)

a)

b)

1 x 10 cm® boron atoms
3 x 10 cmi® arsenic atoms and 2.9 x 10*° cmi® boron
atoms.
Boron atoms are acceptors, therefore N, = 10 cm®
Since these are shallow acceptors and the materia is not
compensated, degenerate or close to intringc, the hole
density equds the acceptor dengity:
p» 10 cm®
Using the mass action law we then find the eectron
dengty
n=np=1x10* cm?
The Fermi energy is then obtained from:
n_ 104 _
Er - E; =kTIh—=0.0259In ——=-357 meV
- n; 100
Arsenic atoms are donors, therefore N, = 2.9 x 10 cm®
and Ng = 3x 10 cm®
Since these are shalow acceptors and the materid is not
degenerate or closeto intringc, the electron dengity
gpproximately equals the difference between the donor
and acceptor density
n» Ng— N, = 10*° cm®
Using the mass action law we then find the hole density
p=ni?/n=1x 10° cm*
The Fermi energy is then obtained from:

n 105
Er - E =kT In—=0.0259|nT= 298 meV

n; 10




