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Stress Evolution during Film Growth: CTC!
stress x thickness
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Stress Evolution during Film Growth: CTC!
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Stress Evolution during Film Growth: CTC!
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Stress Evolution during Film Growth: CTC!
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Further Surprise: Reversible Stress Jumps
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Deposition Interrupt: Tensile Relaxation
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Deposition Resumption: Jump to Initial Stress State
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Why is this happening?

pre-coalescence surface tension continuation
combined with ongoing grain growth




Grain Boundary Adatom Insertion Model:

 Increase of Surface Chemical Potential . Deposition ONF

+ Diffusion of Atoms into Grain Boundaries (GBs)

« Development of Compressive Stress in Grains *®

Grain Boundary Adatom Insertion Model:

Decrease of Surface Chemical Potential Deposition OFF
(atoms incorporate at steps and kinks)

Atoms Diffuse out of Grain Boundaries

Relaxation of Compressive Stress

Can this be True: Values?
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Thermodynamic Equilibrium
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Chemical Potential of the Surface
A/USurf = A:uGrain
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Chemical Potential of the Surface
Hsurtace = Hadatoms +o(/us!w s Fyinks A‘US“” = A/‘Grain

Us,s due to Adatoms
A/uSurf = AﬂGrair1

Ignoring Interactions between Adatoms

« 2D Adatom Gas Model
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A:USurf = A:uGrain
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Island Nucleation
A/usurf = AﬂGrair1

Kinetic Monte Carlo Simulation of Film Growth:
with courtesy of Vladimir Kaganer, Paul-Drude-Institut fiir Festkrperelektronik
(see also https://www.youtube.com/watch?v=NsGRKSV8yH8)

Step Flow Growth
A/USurf = AIUGrain




Step Flow Growth
A;USurf = A;UGrain

Kinetic Monte Carlo Simulation of Film Growth:
with courtesy of Vladimir Kaganer, Paul-Drude-Institut fiir Festkrperelektronik
(see also https://www.youtube.com/watch?v=NsGRKSV8yH8)

Adatom Density on a Terrace
A/usurf = AﬂGrair1

Adatom Density on a Terrace
A/USurf = A:uGrain
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Simplifications:
room temperature: v, ~ (0]

for typical deposition situations: V, ~ 0




Adatom Density on a Terrace
A;USurf = A/UGrain

Definitions:
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Chemical Potential of Grain Interior
A/USurf = A:uGrain
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A/uSurf = AluGrain
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Surface Equilibrium Structure
Phys.Rev.Lett. 91 (2003) 026101

AT

from 125°C to 175°C in 394 min.

[film coarsening]

Surface Equilibrium Structure
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surface in equilibrium
= grains with convex shape
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Ehrlich-Schwoebel barrier / Step Flow

Zeno Effect
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the last terrace position counts
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Adatom density (ML)
for typical surface terrace w=500, n=500
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“downward funneling”
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PHY

“downward funneling”
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Roughening instead of Step Flow Growth

Kinetic Monte Carlo Simulation of Film Growth:
with courtesy of Vladimir Kaganer, Paul-Drude-Institut fiir Festkrperelektronik
(see also https://www.youtube.com/watch?v=NsGRKSV8yH8)

Roughening instead of Step Flow Growth
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