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Key Topics in the Previous Class
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Coincidence Lattice Description of a Generic Grain Boundaries

sc, n = (100),
— (001), 6 = 36.9°
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Coincidence Lattice Description of a Generic Grain Boundaries

fee, n = (110),
u=(111), § = 38.21°
=17
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CSL Selection Rules

X =x?+Ny?

N = u? + v? + w?
sc, n = (100),
— (001), 6 = 36.9°

6 = 2tan! (%) NZ
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Displacement Shift Complete Lattice
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Displacement Shift Complete Lattice
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Displacement Shift Complete Lattice
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Defects at a Coherent Homophase Interfase (CHI)
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Ledges and Grain Boundaries

M, Cell DSC Lattice
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Misfit Dislocation in CHI
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DSC~-2 Lattice M,Cell Figure 13.26. Pure ledge in the interphase boundary illustrated previously in Figure 13.24.
The ledge vectors are shown above the ledge. Reprinted with permission from [S3] by Elsevier
Figure 13.24. The interphase boundary between two different lattices (phases) My and M,, Science Ltd., Oxford, England.

which form a planar interface containing interfacial dislocations with a spacing determined by
O-lattice theory. The Burgers vector and ledge vectors of the interfacial dislocations are
shown in the diagram in the upper right. The DSC lattice is indicated by fine lines in the figure.
Reprinted with permission from [53] by Elsevier Science Ltd., Oxford, England.
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Misfit Dislocations in Semi-coherent Interfaces
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Misfit Dislocations in Semi-coherent Interfaces
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Twin Boundaries

14

o Close-packed fcc have very low-energy twin grain boundaries, that

correspond to reversal of the ABCABC stacking order
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Stacking Faults

e Twins are closely related to stacking faults, ABCBCAB or ABCBABC
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Stacking Faults and Twin Boundaries
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Stacking Faults

e Twins are closely related to stacking faults, ABCBCAB or ABCBABC
o Stacking faults can be thought as a pair of twins, and in fact v ~ 2+t
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Segregation at Domain Boundaries

e The type, stability, and mechanical properties of grain boundaries can be
tuned by the presence of impurities

o Interstitial or substitutional impurities can segregate at grain boundaries
because they can better accommodate lattice mismatch

e Gibbs absorption equation holds: % ~ —I'/c. Segregating atoms lower
GB

Atom probe analysis of GB segregation
_ Herbig et al., Phys. Rev. Lett. 112 (2014)
s¢, u = <001>’ Li et al., Phys. Rev. Lett. 113 (2014)

n = (100), 6 =18°

18 Lesson 10 — MSE 304 — Fall 2020 SuNMIL é EPFL



Segregation at Domain Boundaries

e The type, stability, and mechanical properties of grain boundaries can be
tuned by the presence of impurities

o Interstitial or substitutional impurities can segregate at grain boundaries
because they can better accommodate lattice mismatch

e Gibbs absorption equation holds: % ~ —I'/c. Segregating atoms lower
GB

X

' -

X -AG’

1 -AG'
ng = T

X Wl
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Coherent Interfaces: The Cahn Hillard Model
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Coherent Interfaces: The Cahn Hillard Model

d%c dc Oc
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Coherent Interfaces: The Cahn Hillard Model

d%c 1 dc dc
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Coherent Interfaces: The Cahn Hillard Model

F= judN = N,,f fdv = Ny j (fo + k'VZc + k2(Vc)?)av
|4 |74

Divergence Theorem:
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J kVZcdV = — E(Ve)de +f k1Vc * ndS
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Coherent Interfaces: The Cahn Hillard Model

o Take x, moles of compound A, and xg = 1 — x, moles of compound B, and
physically mix them

e Assume only the entropy of solution matters (ideal solution)

paB = figg + RTIn Xap
o Add an enthalpy of mixing term Qx4xg (regular solution)

: —— e
14]
o i
tho |
o L .
0 0.5 1
X
py = pg =15
RT = =25

G=xa (g +RTInxa) + (1 —xa) (g + RTIn (1 — Xa)) + 2X%a (1 — Xa)
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Coherent Interfaces: The Cahn Hillard Model
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Coherent Interfaces

: The Cahn Hillard Model
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Coherent Interfaces: The Cahn Hillard Model
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Coherent Interfaces: The Cahn Hillard Model
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Coherent Interfaces: The Cahn Hillard Model
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Thin Films in Modern Technology

e Growth of thin films of materials allows extreme control of the structure
of matter at the nano-scale

e On the lab. scale: molecular beam epitaxy (MBE)

o Extremely “clean” conditions, exquisite control of all parameters
o Batch operation, extremely slow, ultra-high vacuum

e On the industrial level: chemical vapor deposition (CVD)
o "Dirtier” operation, but much simpler to operate

PIOSEETS Sanbos heat source

pnnuuuuunununnuunaan

B —_— e gas out

substrate

&
|J IJ R
heat source quartz tube

gas in
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Thin Films — Morphology Control

V=N =\ f—\§
V= o\ =) =\
VNN NN
\ | | | | |

Strain-free Ge nanopillars grown by PECVD. [Falub et al., Science, 2012]
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Growth Models for Thin Films
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Growth Models for Thin Films

Frank-Van der Merwe Volmer-Weber Stranski-Krastanov
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Growth Models for Thin Films

Frank-Van der Merwe

g
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Growth Models for Thin Films: First Explanation

Frank-Van der Merwe Volmer-Weber Stranski-Krastanov
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Growth Models for Thin Films: Second Explanation

36

Frank-Van der Merwe

Ve
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Volmer-Weber

Yop

Stranski-Krastanov

V8

- 1Be

Ve

o Let’s look at these from a macroscopic point of view: Recall Young's
equation vz cos = Yo — Yap

o 3D Island (VW) growth corresponds to finite contact angle: va5 + 78 > Ya
o Layer-by-layer (FM) growth corresponds to 8 = 0: vog + 78 < Yo

o Stranski-Krastanov growth is harder to explain based on macroscopic surface
energies. If we consider the strained film as a different material ¢, it must be

that yae + ve < Yo, and vpe + 78 > Ve
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Strained and Unstrained Growth

Eel = eZCSLf
c ) 1+v
5 = Mfl—v
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Growth Models for Thin Films: Third Explanation

Frank-Van der Merwe Volmer-Weber Stranski-Krastanov

(1) = poo + [P — Pa(n) + €a(n) + €. (n)]

38 Lesson 12 — MSE 304 - Fall 2020 SuNMIL @ EPFL



Growth Models for Thin Films: Third Explanation

Frank-Van der Merwe Volmer-Weber Stranski-Krastanov
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Growth Models for Thin Films
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Diffusion Limited Aggregation

Flow-induced aggregation of colloids. [Massachaele et al., Soft Matter, 2011]

41 Lesson 12 — MSE 304 - Fall 2020 SuNMIL @ EPFL



Diffusion Limited Aggregation

e Growth regimes discussed this far assume local equilibration between
atom attachments

e The opposite case is a “stick where you hit” grow mode - strongly out of
equilibrium structure

o Diffusion-limited aggregation
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Conclusions
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Conclusions

44 Lesson 10— MSE 304 - Fall 2020 SuNMIL @ EPFL



