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Flux Equations

Flux = (conductivity) * (driving force)

General Flux Equation:

Fourier’s Law (heat flow):

Ohm’s Law (electricity):

Fick’s First Law (diffusion):
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Gradient?
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Statistically, these atoms can 
hop either right or left

But since there are 
less atoms, here

The Net Flow will be 
to the right.  This 
flow is called a “flux”

“Concentration Gradient”
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Atom Hopping
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Equally likely to hop either direction

Fick’s First Law

• The diffusive flux is proportional to the 
concentration gradient...
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D is dependent on the host material, the diffusing species, the 
temperature, and the mechanism (units cm2 / s)

Example of Fick’s First Law: 
Carburization
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Model for Diffusion Into a Bar
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(flux in = flux out – change in flux in volume element)

In Any Instant…Fick’s 1st Law is 
Still Valid

dx
dCDJ −=Fick’s First Law:
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If D does not vary as a function of spatial distance 
(generally true), then:
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Fick’s Second Law

Case I: Thin Film Solution
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Case II:  Semi-Infinite Solid 
Solution
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It can be shown…
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Semiconductor Doping, C0 = 0

The concentration dependence is then simplified:
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Note that this is simplified to using the complimentary error function:
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Where κ is a constant at a given instant in time.

Concentration Profile

C
on

ce
nt

ra
tio

n 
of

 B

xx=0

Cs

Co

t2>t1>0

t = 0
t1 > 0



Time Dependence
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Mechanisms T Dependence of D
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