Lecture 13 Topics

* Energy bands
— In a 4-atom crystal
— in an N-atom crystal
— Conductors, insulators, and semiconductors

* Charge carriers
— Conduction electrons

— Valence holes
— Effective mass
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Energy band gap

Figure 10.27 Bands and gaps in a one-
Three differences between free dimensional crystal.

particle and electron in crystal:
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Conductors, Insulators, and
Semiconductors

Figure 10.29 When atoms form a crystal, low-lying nonvalance levels still belong to
sch atom, while higher levels become bands,
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Figure 10.29 When atoms form a crystal, low-lying nonvalance levels still belong to
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Insulator, Conductor, Semiconductor

#igure 10.32 Band filling for an insulator, a conductor, and a semiconductor at zero and nonzero temperature. When 7 > (),
cmiconductor will have some electrons in the conduction band
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Insulator, Conductor, Semiconductor

Sgure 10.32 Band filling for an insulator, a conductor, and a semiconductor at zero and nonzero temperature. When T > (),
+semiconductor will have some electrons in the conduetion band
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10.32 Band filling for an insulator, a conductor, and a semiconductor at zero and nonzero temperature. When 7 > (),
iconductor will have some electrons in the conduction band.
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Fgure 10.32 Band filling for an insulator, a conductor, and a semiconductor at zero and nonzero temperature. When 7 > (),
+ semiconductor will have some electrons in the conduction band.
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Drift Velocity



Drift Velocity

No electric field: No net velocity among
free electrons
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1

E(E_EF}-I'rkBT + 1

Fgure 10.32 Band filling for an insulator, a conductor, and a semiconductor at zero and nonzero temperature. When 7 > 0,
+semiconductor will have some electrons in the conduction band.
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Two types of charge carriers
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Figure 10.37 Energy versus wave number for elec-
trons in a one-dimensional crystal. An electron’s
effective mass depends on what state it occupies.
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Current in an E field

Figure 10.38 In a semiconductor at
T = 0, both holes and electrons con-
tribute to current in the direction of
an applied electric field.
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Figure 10.37 Energy versus wave number for elec-
trons in a one-dimensional crystal. An electron’s
effective mass depends on what state it occupies.
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