
Chap 11

Semiconductor Theory and Devices

• Band Theory of Solids 

• Semiconductor Theory 

• Semiconductor Devices 

Diodes, Rectifiers, Zener Diodes, Light-Emitting Diodes, Photovoltaic Cells, Transistors, 

Field Effect Transistors, Schottky Barriers, Semiconductor Lasers, Integrated Circuits 

• Nanotechnology

If you’re interested in this subject, 
take Solid State Physics, and read 
the textbook on the right



Energy bands in solids
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Opposite viewpoints:

1. Tight-binding electrons (this page)

2. Nearly free electrons (next page)
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An intrinsic semiconductor (w/o 
doping) is like an insulator, but 
with a smaller energy gap.
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Basic properties of some semiconductor materials 

2 overlapping 
hcp lattices

(at 300K) Ge Si GaAs GaN

energy gap (eV) 0.67 (i) 1.11 (i) 1.43 (d) 3.39 (d)

lattice type Diamond    Diamond Zincblend Wurtzite 

• Semiconductor is insulator at 0 K, but because of its smaller energy 

gap (Cf: insulator, diamond = 5.4 eV), some electrons can be 

thermally excited to the conduction band (and transport current).
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Ex 11.1:

Fermi energy



Dopants for Si and Ge
摻雜

A silicon single crystal



Electric carriers by doping
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• Assume an ionized donor atom has a hydrogen-like potential

(m → me, ε0 → ε)

Dielectric constant of Si = 11.7

Effective mass for Si = 0.2 m.

Donor ionization energy = 20 meV.

Bohr model of Impurity level
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• Bohr radius of the donor electron:

For Si, it's about 50 A (justifies the use of a constant ε).



Conduction band

Valence band

• Impurity levels in Si • Density of states

optional



optionalPosition of Fermi energy

• Intrinsic

• N-doped

• P-doped



B.G. Streetman, Solid 
State Electronic Devices

PN junction

optional

PN 接面 Depletion region 
空乏層



With external biasEquilibrium

Rectification 整流

optional

B.G. Streetman, Solid 
State Electronic Devices

V

(easier for e  and h 
to go through the barrier)



Light emitting diode 
(LED)

optional


