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Simplified Periodic Table of the Elements
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Hydrogen

Lithium

Sodium

Potassium

Rubidium

Cesium

Beryllium

Magnesium

Calcium

Strontium

Barium

Boron

Aluminum

Gallium

Indium
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Silicon
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Lead
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Phosphorus
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Bismuth
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Sulfur

Selenium

Tellurium

Polonium

Flourine

Chlorine

Bromine

Iodine

Astatine

Neon

Argon

Krypton

Xenon

Radon

Helium
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Schematic Representation of a Silicon Crystal
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Electrons and Holes in the Silicon Crystal
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Electrons and Holes in the Silicon Crystal
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Silicon Crystal Doped with Donor Impurities
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Silicon Crystal Doped with Donor Impurities
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Silicon Crystal Doped with Acceptor Impurities

Si B Si

Si Si Si

Si Si Si

extra hole
(easy to fill)acceptor atom

B

boron atom
(acceptor for silicon)

doped silicon crystal: p-type



5

Silicon Crystal Doped with Acceptor Impurities
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Electrostatics in 1-D

• Relationship between E-field and charge density (Gauss’ Law):

∂E

∂x
=
ρ

ϵ

• Relationship between electrical potential (voltage) and E-field:

∂ψ

∂x
= −E

• E-field boundary condition at a dielectric interface:

ϵ1E1 = ϵ2E2
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Mechanisms of Carrier Transport

Drift: movement of charge carriers due to
an external E-field.

Idrift= qnµE

hole

electron
energy

voltage

slope ~ |E|

electron

x

Diffusion: movement of carriers due to a
concentration gradient.

Idiff = qD
∂n

∂x

Einstein relation:
D

µ
=

kT

q
≡ UT thermal voltage
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Equilibruim at a Potential Barrier

⇒ Idrift= qnµE = −qnµ
∂ψ

∂x

⇒ Idiff = qD
∂n

∂x

⇒ Idrift+ Idiff = 0

electron
energy

voltage

drift

diffusionx

y1

y2

x1 x2

n1

n2

⇒ −qnµ
∂ψ

∂x
+ qD

∂n

∂x
= 0 ⇒ D

∂n

∂x
= nµ

∂ψ

∂x
⇒ 1

n
· ∂n
∂x

=
µ

D
· ∂ψ
∂x

⇒
∫ x2

x1

1

n
· ∂n
∂x

dx =
1

UT

∫ x2

x1

∂ψ

∂x
dx ⇒

∫ n2

n1

dn

n
=

1

UT

∫ ψ2

ψ1

dψ

⇒ log
n2

n1
=
ψ2 − ψ1

UT
⇒ n2

n1
= e(ψ2−ψ1)/UT Boltzmann distribution


