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(b) Step 1 in the construction
to determine the distortion
in the free electron parabola
in the neighborhood of a
Bragg “plane,” due to a weak
periodic potential. If the
Bragg “plane” is that deter-
mined by K, a second frec
electron parabola is drawn,
centered on K. (c) Step 2 in
the construction to deter-
mine the distortion in the
free electron parabola in the
neighborhood of a Bragg
“plane.” The degeneracy of
the two parabolas at K/2
is split. (d) Those portions
of part (c) corresponding
to the original free electron
parabola given in (a). (¢) Ef-
fect of all additional Bragg
“planes™ on the free electron
parabola. This particular
way of displaying the elec-
tronic levels m a periodic
potential is known as the
extended-zone scheme. (f) The
levels of (e), displayed in a
reduced-zone scheme. (g) Free
electron levels of (e) or (f)
a repeated-zone scheme.
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Band structures of real materials: Si and GaAs
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Metals and insulators / semiconductors

) g
= =1}
45 15}
@ a
o w
o 1T
[= =
= =
& =
=
Qx ()
= 4=

(} b

0 energy o energy
o g
o =
tn 0
B B
e e
83 87
- =
[ N B
= -
[T =
5 5
0 =0
0 i

energy energy



metal or semiconductor?




filling the bands - electron counting

N unit cells -> N possible (different) k values

k=2—ﬂ-n
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J - .
: e 2N possible states per band and k (spin)
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2 valence electrons per unit cell
fill one band

¥ w
i H An odd number of valence
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electron counting: examples
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Electron counting
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Free electrons -FLT —= Band Structure

MO =il VAVAVAVAN

1 ‘
e E

9 ______ Ef — metal
_________ Ef — insulator

—
________ " "heavy" metal

. -

DE) D(E)

Figure 1. The additional effects of the lattice potential can have a profound effect on

the electronic density of states (RIGHT | compared to the free-electron result (LEFT ).



Free conduction electrons in the box

Electron gas — electrons are
completely “free of the nucler”

Nuclei disappear — empty background

Real crystal — potential variation
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