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Outline

Motivation

Quaternary System Phase Microstructure:
Inhomogeneous Elastic Properties

Intermediate Phase Growth: Externally Applied
Electric Fields

What can we do with OOF:

Study the effect of externally applied tractions and electric fields
on the kinetics and the final microstructure formed.




Motivation

Diffuse Interface Model used to study phase
microstructure evolution in a I11-V system with site
occupancy restriction.

e What is the effect of self-stress?

e What is the effect of externally applied tractions?

e Can we consider elastic inhomogeneity?

Diffuse Interface Model is used to study the behavior of
an existing intermediate phase during current flow.

e What effect does the direction of current have?

e How do stress considerations play a role?

Our Numerical Engine uses the Multigrid Method to
solve equations.

We do not have the versatility as OOF.

We can compare our results with that by OOF



1. 111-V Phase Microstructure
Evolution

e Model the microstructural evolution
of a I11-V pseudo-binary system
which has a miscibility gap.

e Model Physical System:
- In,Ga,; ,As,Sb,_,
— Group Ill: In, Ga
— Group V: As, Sb
— Mixture of 4 binary compounds
INAs, INSDb

GaAs, GaSb

= The quaternary solid solutions LR >
crystallize in Zinc-Blend structure
which consists of two
iInterpenetrating binary sublattices.



Free Energy Functional

F(Xayaq)) = J.V {fbhem(xjy’ (D) T fGIaS(Xaya (D,LI) - MA(X-XO) - C(Y'yo) T KXX/2
AX+ K2 Ay +Kepp/2 AD} &z + [ [fy(x,y) - tu}d’z

K o K yy» Kgg - Cahn-Hilliard gradient energy coefficients associated to
the x, y and @ fields.

Regular Solution Model for A,B, ,C,D,_, system

fhem(@, x, y) = Xy porc(®@) + x(1-y) plup(P) + y(1-x) pope(@) + (1-x)(1-y) plpp(P)
+ p kT[xInx + (1-x)In(1-x) + yIn(y) + (1-y)In(1-y)]
+ X(1-x)[y @ ac(P) + (1-y) ©ap pp(P)]
+ Y(1-y)[X @sp pc(P) + (1-X) O pp(P)]

Elastic Energy for A;B, ,C,D, , system

x>~y

flas(d, x, y,u) = 1/2 Tij((I), X, Y, u)(Eij(u) - (D, X, Y)Sij)

e(D, x, y) - eigenstrain in the system




Free Energy Surface

Free energy surface
across the ‘x’ and
‘y’ composition at
T=773 Kfora
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Thermodynamics
In,Ga, ,As Sb, , system

Chemical Spinodal
82fchem azfchem azfchem 2

® — :O
Eazxj(ﬁzy j (@Xay]

Miscibility Boundary

a B a _ B
Hac = Hac Hap = Hap

a ., p a _ B
Hpc = Hpc Hep = Hpp



Calculated Spinodal Boundary
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Evolution Equations for
the Order Parameters

-order parameters evolve so that the total free energy decreases

Evolution Equations for the order parameters

/
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Simulation 1: Initial Conditions

(X,Y) = (0.3,0.4)

Miscibility Boundary Spinodal Boundary

In{x)Ga( 1-x)As(y)Sb(1-y) Miscibility Curve
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Simulation 1: Results for X
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Simulation 1: Results for Y
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2. Intermediate Phase growth

eDiffusion couple
— Binary, multiphase

eIndependent variables:

Diffusion: - NQD
— ¢ (composition) Periodic B.C.

— @ (Crysta| T T
structure)
a Y p

Electromigration:

— v (electric
potential)
Elasticity:
— u (elastic Fixed or insulated B.C. on _E}

i the left/right sid
displacement) e left/right side



Free Energy Density

= Free energy density of the system(Joule/mol)

(3,0) = foy () + e (6.€,0) + T (B0, 0) + 2 [V + 22|V g
c elec elas 2 2
4 "

A
A

— Gradient energy




Electrostatic Energy

 Effective charge

— Zi=2Z,+ Z_ (=AB)

!
Valence charge

Momentum transfer Effecitive charge of Al: -20/-30

Dominant contribution

e Electrostatic energy
foee = No€(CZg +(1-C)Z )y

v . the electric potential
N, : Avogadro’s number
Z(1=A,B): the effective charges

elec



Intermediate Phase Growth

e Polarity effect in Al/Zn diffusion sample
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What can we do with OOF?

Compare our results
OOF Is more versatile

More accurate material property information
can be used

OOF can take information from real
microstructures

Perform Virtual Experiments
Is it applicable to study dynamic processes?

What other external long range fields can be
Included?



