Lecture 12 Topics

e Crystal Structures

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

* Conduction
— Drift velocity

— Collision time
— Conductivity



Crystal Lattice Types

A very large number of atoms are bonded together to create a
lattice structure.

Lattice: a structural unit that repeats to fill space without gap
and without overlap

14 possible lattice types: 5=
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2 dimensional lattice types
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Lattice: a structural unit that repeats to fill
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3 dimensional lattice types
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Solid Types

Bond Nature of Conductivity | Malleability
types Bonding
Molecular Inter- Dipole/dipol
solid molecular e interaction
bond
lonic solid lonic Electrostatic
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Covalent Covalent Electron

solid bond sharing by
neighboring
atoms

Metallic Metallic Electron

solid bond sharing by N
atoms
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Permanent dipole




Dipole/dipole interaction




Solid Types
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When two atoms are together
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When 4 atoms are together



When 4 atoms are together



When 4 atoms are together
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Comparing energy bands vs. free
particle solution

|
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Comparing energy bands vs. free
particle solution
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Comparing energy bands vs. free
particle solution
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When N atoms come together

- There will be energy bands

- Each energy band corresponds to
one of the energy levels in a single
atom

-Each energy band has N states

-If N is large, then energy levels
inside the band can be considered
continuous

-Top of energy band (n) has n
antinodes per atom, nN antinodes
overall.

- Energy gap occurs at:

1
a=mn—a~a
2

Figure 10.25 Band gaps occur when a = nA/2 or k = n7r/a. Top-
of-the-band states are zero between atoms, where the potential
energy is high, whereas bottom-of-the-band states are large there.
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Energy band width

- Depends on the atomic
spacing in a crystal.

- Band width is largest at the
spacing that makes the crystal
most stable.

Figure 10.26 Behavior of allowed clectron states as atomic spacing varies.
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Energy band width

Figure 10.26 Behavior of allowed clectron states as atomic spacing varies.
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Energy band gap

Figure 10.27 Bands and gaps in a one-
dimensional 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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Conductors, Insulators, and
Semiconductors

Figure 10.29 When atoms form a crystal, low-lying nonvalance levels still belong to

«ach atom, while higher levels become bands, Band structure
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10.32 Band filling for an insulator, a conductor, and a semiconductor at zero and nonzero temperature. When T > (),
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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Valence band: The band that is completely filled at T= 0 K
Conduction band: The band that is just above the valence band



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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Lithium (Li)
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Conduction

Figure 10.27 Bands and gaps in a one- The net effect of a field is to
dimensional crystal. With no external electric field, shift some electrons moving
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Drift Velocity



Drift Velocity

No electric field: No net velocity among
free electrons
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Silver Example

Density of Silver:  10.5x 10° kg/m?

mass (= N x mass of one Silver atom)

density =
-’ volume (= a¥)
N x mass of one Silver atom_1 10
a=( : 13 =257x10"" m
density

-

Velocity of electrons associated with E Fermi energy in silver = 5.5 eV

1
Er =—mv~
2E
_ |25F _ 6
v= |[— =139 x 10° m/s
Jm

Collision time

a
T=—=1.85%x10"1° sec
v

Conductivity

b= o2 Nt _ 3 1050-1m-1  Thisis much smaller!

m,



Nelwo

N(E) =

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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