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Outline

= Atomic structure

= Energy levels and energy bands

= Conductors, semiconductors and insulators
= Drift current in metals

= Drift current in semiconductors

= Doping

= N-type and P-type semiconductors

= Diode physical operation
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Examples of Atomic Structures

valence Si

electrons

nucleus

Si : 14 electrons Ge = 32 electrons
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Energy Levels in an Isolated Atom

A Energy
energy gap valence level
AL 2nd level
etc.

3rd level (etc.)

nucleus

Electrons can only exist at some discrete
permissible energy levels

Dr. J. E. Rayas Sanchez



An Introduction to Semiconductors
Dr. José Ernesto Rayas Sanchez
January 31, 2007

Energy Bands in a Solid Material

Energy
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} forbidden energy gap
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2nd band
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Conductors, Insulators and Semiconductors

/— conduction band \
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Conductor Insulator

Energy (eV)

Semiconductor

Forbidden band for Si = 0.785eV at 0 Kelvins
Forbidden band for Ge = 1.21eV at 0 Kelvins

Dr. J. E. Rayas Sanchez



An Introduction to Semiconductors
Dr. José Ernesto Rayas Sanchez
January 31, 2007

Current Flow in Metals: Drift Current

E Electric field intensity (\/m)
Electric current density (A/m?)
o Conductivity (QQ1/m)

J=0oE

o =nqu

[

n Concentration of free-electrons (m=3)
4 Electron mobility (m?/Vs)
g Electron charge (1.6 x1071° C)
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Current Flow in Metals — Example

1 r=300 um, /=5mm, /=10 pA
If the wire is made of aluminum,
calculate the voltage drop V'

10pA

W = 354mA/CI’n2
T

_1_
A

on = 3.816%x107 Q-Y/mat 20 °C
E=J/0c=0.93uV/m,
V = El = (0.93uV/m)(5x10°m) = 4.63nV
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Intrinsic Silicon Crystal at 0 Kelvins
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Holes Displacement

Empty state Electrons in
(hole) covalent bonds
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Drift Current in Semiconductors

OBONONO

J =0E
J=(o,+0,)E
J=q(nu, + pu,)E
n Concentration of free-electrons (m=3)
p Concentration of holes (m=3)
4, Mobility of free-electrons (m?/Vs)
4, Mobility of holes (m?/Vs)

For an intrinsic semiconductor, » = p = n, (intrinsic
concentration of carriers)

J=gn(u,+un,)E
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Drift Current in Semiconductors — Example

l r=300 um, /=5mm, /=10 pA

I If the wire is made of intrinsic
P — silicon, calculate the voltage drop

X
/ -V 10pA

-1 = =3.54mA/cm’
A 7(300um)
For Si at 300 Kelvins:
n,=1.5x10%/cm3, 1 = 1,300 cm?/Vs, 4, =500 cm?3/Vs
J 3.54mA/cm’®
T gn(u,+u)  (16x107°C)(L5x10" /cm®)(1800cm?/Vs)

E =819.4V/cm

E

V = El = (819.4V/cm)(5mm) = 409.7V
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Doping Semiconductors

= A pure semiconductor = intrinsic semiconductor
= A doped semiconductor = extrinsic semiconductor
= Doping is made to

— Increase semiconductor’s conductivity

— Decrease sensitivity to temperature of semiconductor’s
conductivity

= Doping = process of adding impurities
= Two kinds of impurities:
— Donor impurities — n-type semiconductor

— Acceptor impurities — p-type semiconductor
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Doping with Donor Impurities: n-type

Covalent
honds

Valence

electrons

Free electron donated
by impurity atom

Pentavalent impurity

atom (donor)

Silicon atoms

Typical pentavalent elements: Sh, P, As
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Doping with Acceptor Impurities: p-type

. Covalent
Valence
honds
electrons

Silicon atom

Trivalent impurity
atom (acceptor)

Hole

Typical trivalent elements: B, Ga, In
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Most Used Elements in Semiconductor Industry

IIIA IVA VA VIA

10.811 12.01115 14.0067 15.9994
6 8
Nitrogen Oxygen
26.9815 30.9738 32.064
15 16
1B Aluminum Phosphorus Sulfur

34

Zn Se

Selenium

112.40 X 121.75
48 49 50 51 52
Cd In Sn Sb Te
Cadmium Indium Tin Antimony | Tellurium
200.59 204.37 207.19 208.980 (210)
80 81 . 82 83 . 84
Hg Ti Pb Bi Po
Mercury Thallium Lead Bismuth Polonium
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Junction Diode
Metal contact Metal contact
p-type n-type
ilicon silicon
Anode s Cathode
Anode Cathode
I
T IPY
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Junction Diode Operation

Initial carrier concentration: Formation of depletion region:

Depletion region

lonized acceptor lonized donor
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Junction Diode Operation (cont)

Depletion region increases with reverse voltage:
_|| +
Il
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Diode Operation — Summary

= If forward biased
— Current is due to majority carriers
= If reverse biased

— Current is due to minority carriers
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