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Lecture 2: Current

•Electrical conduction in semiconductors

•Drift

•Diffusion

•Haynes/Shockley experiment
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Drift: Drude model

random scattering centers
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Types of scattering

• Electron-phonon: 

– Very temperature 

dependent

– Phonons are lattice 

vibrations

– At low temperatures, 

lattice is “perfectly still”

• Impurity scattering

– Temperature 

independent

– Depends on impurity 

concentration
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“Mobility”

From Sze, Physics of Semiconductor Devices

At low impurity concentration,

electron-phonon scattering dominates.

At high impurity concentration,

impurity scattering dominates.
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High-field “drift”

satvev = m

From Sze, Physics of Semiconductor Devices
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High-field “drift”

satvev = m

From Sze, Physics of Semiconductor Devices
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Diffusion current
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Now assume n depends on position:

(Discuss intuitively.)

Like opening a can of perfume at the back of the room.

n
B

n
e

Tk
D m=

dx

xdn
J

)(


Einstein relationship:
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Total current

dx

xdn
eDEneJ nnn
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E, n can depend on x!

dx

xdp
eDEpeJ ppp

)(
= m

Holes:

Electrons:

The entire course will be based on these two equations.
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Recombination
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t ~ 10-6 s in silicon

t ~ 10-9 s in good GaAs

t ~ 10-12 s in “dirty” GaAs

If we have more electrons somehow than the equilibrium value,

they will tend to recombine with holes to get back to the equilibrium value.

Typically this rate is given by:
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Continuity equation
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Continuity equation
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If electric field is non-zero, then
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Continuity equation
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If electric field is zero, only current is diffusion current:
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Neutrality assumption

nnn G
n

x

n
E

x

n
D

t

n










=





t


m

 )(
2

2

oo pppnnn = 

In the text (read it!), they show that in this case:

For p-type materials:
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For n-type materials:

(Not a typo!) Now E is just the external field. (Discuss)
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Some aspects of diffusion

•Steady state 

•Wave packet spreading

•Drift+diffusion
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Steady state
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Typically about one micron.

(Assume E=0.)

length diffusionnDt
Typically about one micron.

Discuss drunken man analogy.
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Wave packet spreading
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(Assume E=0. Neglect recombination.)

(prove on board)
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Haynes-Shockley

E

Light pulse

p-GaAs

e-
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Haynes-Shockley
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(Assume E nonzero. Neglect recombination.)

(prove on board)
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Haynes-Shockley

• Spreading of pulse gives diffusion 

coeffecient D

• Time of arrival of peak of pulse gives 

mobility m

• Information obtained is for MINORITY 

carriers only
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Hall Effect

time permitting, discuss on board

Method to measure mobility of 

majority carriers
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Gets you the density, then with resistance measurement you can

calculate the mobility.


