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Band Structure
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ied states in k-space: two equivalent
.g., Na, spherical FS)
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oles in an electric field

S displaced in direction of field for holes,
pposite direction for electrons

ults in uncompensated h* or e

isualizing holes: covalent Xtal: Si

ust enough valence states to accommodate all the e~
volved in covalent bonds with neighbors.

ith e- excited to CB (thermally), place in external fi




isualizing holes: covalent Xtal: C or S

Hole migrates toward negative side
lectron migrates toward positive side

.g. covalent Xtal: C or Si

t effect: e move in one direction; holes move in opposit

e|(n,ue + P4,) where p = mobility, n & p are concent
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Semiconductors

Structure of Silicon;
Germanium

Crystal lattice
eal and reciprocal space

Fermi energy;
Effective mass;

Energy gap;
Density of states;

Band theory of solids

Fermi distribution

Semiconductors

Intrinsic
emiconducto
Doped
emiconducto
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Si & Ge: the

mainstays

Silicon and Germanium
tallize in the
nd structure: two

Intrinsic semiconductors

Direct gap vs. indirect gap

t: photon absorption threshold: E; = 71,

hoton absorption can create a phonon: 7w =E

absorption can absorb a phonon: 7

Direct Gap
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http://jas.eng.buffalo.edu/education/semi
on/fermi/levelAndDOS/index.html '

rinsic
miconductors

small enough
t some e- excited
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Intrinsic semiconductors

CB e- conduction VB h+ conduction

Electron

+ current
Hole

current

Conventional
current
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sity of
upied/Unoccupied States

on what we know:
model

nig-Penney-like »
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ensity of Occupied/Unoccupied States

tlow T (i.e., RT), approximate fy(E) by the Maxwell
ltzman distribution function (“non-degenerate” S

f (E) =e—(E—EF )/kgT
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Semiconductors: Fermi energy?

= energy for which the probability of occupation is
chemical potential, )

etals, Er approx. constant for OK<T <R
y when apply to semiconductors
nse” placement of E¢ for SC:

atT=0K

st have n = p for intrinsic (pure) semicond
s implies that the “Fermi level” (chem po

=) =%(EC + EV)+%kBT In(N,, /
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U(="E") = %(EC +E,) (aswe assumed ez

> can approximate the densities as

—E, /2kgT
A g B
/NN, e

0 2 4 L] g 10 12

10007 (1000/K)

€ Barn Vi Zaghbwsasck 2007

Doping
increase the number of carriers we can dope the

iconductor, using appropriate impurities that h
fewer e- than the intrinsic SC.

at contribute electrons to the
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Periodic Table of the Elements

W hydrogen M poor metals
alkali metals O nonmetals

1 alkali earth metals M noble gases

1 transition metals 0 rare earth metals

onsider the Periodic Table

Conductivity of semiconductor:

can be modified by addition

impurities. The process of &
impurities is called dopin
impurities are called do

Two types: n-typ
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n-type and p-type

In an n-type semiconductor, the

Conduction Band .
dopant contributes extra electrons

electrons are said to be the
"majority carriers" for current flow
in an n-type semiconductor.

In an p-type semiconductor, the
dopant contributes extra holes

holes are said to be the "majority
carriers" for current flow in an p-
type semiconductor.

n-type semiconductors

majority carriers: electrons

DonOr atoms minority carriers: holes

Extra electron

Extra electron .
\ Empty conduction

band

—%%— [mpurity
—a—e— donor levels

Filled valence band
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p-type semiconductors

majority carriers: holes

ce ptOI' atomS minority carriers: electrons

Empty conduction
band

Impurity —O——
acceptor levels 5o~

Filled valence band
(b)

p-n junction

nsists of two semiconducting region
osite type with a common interfac
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