" LECTURE 1

Introductory Lecture on Section A
-Conducting Materials



Topics to be covered

Review of energy bands

Description of materials

Drift velocity

Collision Time, Mean Free Path



Semiconductors: Si, Ge, and Compound (I11-V, 11-VI)

Covalent bonding: Four valence
no free electrons at electrons
0K
Figurel-'|381mple .r.é.;.).t"-ééentation of silicon atoms bonded in a crystal (left). The dotted areas are co-
valent or shared electron bonds. The electronic structure of a single Si atom is shown conceptually on the
right. The four outermost electrons are the valence electrons that participate in the covalent bonds.
-type dopants
yI*  Figure 1-14 Portion of the periodic table
P -type do pantS 2 relevant to semiconductor materials and doping.
0 Elemental semiconductors are in column IV.
Compound semiconductors are combinations of
i) elements from columns Il and V (or IT and VI).
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Intrinsic Semiconductor

Electron and hole generation occur at
elevated temperature (above 0K).

n:p Figure 'I—|5 Electron (-) and hole (+) pair generation represented
by a broken bond in the crystal. Both carriers are mobile and can carry
currents in devices.
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For devices we need concentrations: n and p>>n,
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Figure 1-16 Intrinsic carrier concentration versus temperature
in common semiconductors. After [1.9].



Drift and Diffusion

» Since current is the rate of flow of charge , we shall
be able calculate currents flowing in real devices
since we know the number of charge carriers.
There are two current mechanisms which cause
charges to move Iin semiconductors. The two
mechanisms we shall study in this chapter are drift
and diffusion.



Electron Conductivity

oo = Nle|p, = %

» Metals

- Dominated by mobility, which
decreases with increasing
Temperature due to increased
probability of scattering.

 Intrinsic Semiconductors
(no dopants)

> Dominated by number of
carriers, which increases
exponentlally with increasing
Tempeyature dlpg #jlﬁa@l/é’ésed
probabi¢iegtiohelectrons jumping
across the band gap.
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Electron mobility (m2/V-s)

Carrier mobility vs T

o = nle|u + Pletn ~ nle|ue = Nyle|ue
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Ficure 18.18 Temperature dependence of (a) electron and (b) hole mobilities
for silicon that has been doped with various donor and acceptor concentrations.
Both sets of axes are scaled logarithmically. (From W. W. Girtner, “Temperature
Dependence of Junction Transistor Parameters,” Proc. of the IRE, 45, 667, 1957.
Copyright © 1957 IRE now IEEE.)
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