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Roles of Diffusion

Roles of Diffusion
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Sintering

Creep
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Diffusion bonding
Film deposition
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Controlling diffusion is essential for fabricatingNovel Spintronic and Quantum nanomaterials

Controlling diffusion is essential for fabricating 
Novel Spintronic and Quantum nanomaterials
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The puzzle

The puzzle

vacancies
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Fundamental equations of diffusion

Fick’s laws

1st law (steady state)

2nd law(non-steady state)
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Demonstration of the 1st law in a one-dimensional system

thus

Demonstration of the 2nd law in a one-dimensional system

in 3D:
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Solutions of the Fick's second law: C(x,t)

Thin layer of an element B fully soluble in A

Surface layer: same solution
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Solutions of the 2nd Fick equation: C(x,t)

Interdiffusion

Diffusion from a surface at constant concentration

At t=0, C=C0 for
C=0 for

is the error function
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Diffusion coefficient and random walk

migration along vectors     corresponding to dense directions
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Particle flux though a surface S

simple cubic

body-centered cubic

face-centered cubic

coordination number

or
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Dependence with respect to temperature

D=D(T) since 

is the Debye vibration frequency ~ 1013 Hz
Also known as the phonon frequency

is the probability that the atom has a sufficient 
energy to jump from one site to another
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Self-diffusion

vacancy mechanism
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Force applied to a diffusing particle: Einstein equation

and

Einstein equation
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Demonstration in the case where the force derives from a potential

Particle flux

Concentration gradient

If F derives from a potential

We suppose
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Darken equation

For instance

is the chemical potential
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Interdiffusion : Boltzmann-Matano method

We must solve the one dimensional Fick equation
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Reminder on scaling laws

Consider another planet (2) characterized by:

If same trajectories

Kepler’s 3rd law
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Scale changes in the diffusion equation

New concentration profile

This can be deduced from the mean free path

This can be deduced from the mean free path
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Solution of the diffusion equation

Variable change

We get
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Solving the diffusion equation: Boltzmann-Matano method

In terms of variables x and t

experimental method

M
a
ta
n
o
p
la
n
e

Matano plane
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Solving the diffusion equation: Heaviside step distribution

Consider a reduced variable
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Solving the diffusion equation: Heaviside step distribution
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In reality, the 
situation is
actually
different.....
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Kirkendall effect

Explanation: the sample moves depending on the lab reference frame

Mo wire

Mo sheet Kirkendall plane

vacancies Da Silva, Mehl configuration
(1951)

Original experiment
(1947)
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Kirkendall effect: solving of the problem

Moving reference (sample)

Velocity of vacancies

Fixed reference (lab)
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Kirkendall effect: solving the problem

We get     by the B-M method

velocity of 
Kirkendall plane

B/A

B/A
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Example of the Kirkendall effect: Wire Bonding
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Inverse Kirkendall effect during Neutron Irradiation
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Some examples of diffusion coefficients: Fick’s equations

Self diffusion Diffusion at low concentration
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Some examples of diffusion coefficients: chemical diffusion

Chemical diffusion

Diffusion in binary alloys
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Some examples of diffusion coefficients: interdiffusion

Interdiffusion coefficient 

32


	Slide 1: Chapter 5: Diffusion
	Slide 2: Roles of Diffusion
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28: Example of the Kirkendall effect: Wire Bonding
	Slide 29
	Slide 30: Some examples of diffusion coefficients: Fick’s equations
	Slide 31: Some examples of diffusion coefficients: chemical diffusion
	Slide 32: Some examples of diffusion coefficients: interdiffusion

