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Grain growth in thin films

•• BambooBamboo structurestructure
•• 33--D => 2D => 2--D D graingrain growthgrowth

•• SurfaceSurface energyenergy
•• GroovingGrooving
•• AnisotropyAnisotropy

•• ParticlesParticles
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Zener pinning

•• PinningPinning forceforce of a of a particleparticle

•• 33--D :D :

•• 22--D :D :

•• ‘‘DimpleDimple shapeshape’’

•• FinalFinal graingrain sizesize::

•• 33--D :D :

•• 22--D :D :

lim

V

R b
fr α=

2 sin( )Z gbF σ β=

2 cos( )sin( )Z gbF rπ σ β β=
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Phase field model

•• ExtensionExtension of model of D. Fan and of model of D. Fan and 
L.L.--Q. Q. ChenChen forfor normalnormal graingrain
growthgrowth

•• PhasePhase field variables: field variables: 

•• ParticlesParticles : : ΦΦΦΦΦΦΦΦ=1 =1 

•• GrainGrain i of i of matrixmatrix--phasephase : : ΦΦΦΦΦΦΦΦ=0=0

1 2( , ,..., ,..., ) (0,0,...,1,...,0)i pη η η η =

1 2( , ,..., ,..., ) (0,0,...,0,..., 0)i pη η η η =

1 2, ,..., ,...,i pη η η η
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Phase field model

•• FreeFree energyenergy

•• EquilibriumEquilibrium
•• ΦΦΦΦΦΦΦΦ=0 : =0 : 
•• ΦΦΦΦΦΦΦΦ=1 :=1 :

•• KineticKinetic equationsequations ((GinzburgGinzburg--LandauLandau))
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Model parameters

withwith

•• GrainGrain boundaryboundary energyenergy ::

•• InterfacialInterfacial thicknessthickness :  :  

•• GrainGrain boundaryboundary velocityvelocity ::

•• =>                                 (=>                                 (reducedreduced mobilitymobility))

•• InterfacialInterfacial energyenergy particlesparticles :: ( )f mε κ
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2-D simulations

•• ParametersParameters

•• ParticleParticle sizesize
•• FinalFinal graingrain sizesize ::

•• Diffuse interfaces Diffuse interfaces 

•• NumericalNumerical solutionsolution
•• SemiSemi--implicitimplicit fourierfourier spectralspectral

methodmethod

•• InitialInitial microstructuremicrostructure
•• RR00 = 0= 0
•• RR00 > 0> 0

0.5, 1, 1, 1L mκ ε= = = =

lim
a

bR r
f α

 
=  
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2-D : Final grain size

•• RR00 = 0= 0

•• RR00 > 0> 0

ForFor high fhigh fa, a, largelarge RR00

lim
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1.28

a

R
r f

=

lim 0R R≅
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3-D simulations

•• NumericalNumerical solutionsolution
•• // film// film

–– 22--D D FourierFourier spectralspectral
methodmethod

•• ⊥⊥⊥⊥⊥⊥⊥⊥ filmfilm
–– FiniteFinite differencesdifferences

–– DirichletDirichlet : : dragdrag effecteffect
–– NeumannNeumann

•• 33--D effect D effect 
•• PositionPosition of of particlesparticles
•• Film Film thicknessthickness

3, 0.05, 21ar f l= = =
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Comparison 2-D and 3-D results

•• ThinThin AlAl--filmsfilms
•• BambooBamboo--structurestructure

•• CuAlCuAl22--particles in particles in 
middlemiddle of filmof film

•• r r ≅≅≅≅≅≅≅≅ 1/7 film 1/7 film thicknessthickness

Data Data fromfrom H.P. H.P. LongworthLongworth and C.V. and C.V. ThompsonThompson
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Conclusions

•• 22--D and 3D and 3--D D phasephase field field simulationssimulations of of graingrain growthgrowth in in thinthin
films films containingcontaining secondsecond--phasephase particlesparticles werewere performedperformed

•• 22--D D simulationssimulations => => importanceimportance of Rof R00

•• 33--D D simulationssimulations => => particlesparticles introduceintroduce 33--D effectD effect

•• Important parametersImportant parameters
•• Ratio of Ratio of particleparticle sizesize and film and film thicknessthickness
•• PositionPosition of of particlesparticles
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