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Coincidence Lattice Description of a Generic Grain Boundaries
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Coincidence Lattice Description of a Generic Grain Boundaries
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CSL Selection Rules
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𝚺 = 𝒙𝟐 + 𝑵𝒚𝟐

𝑵 = 𝒖𝟐 + 𝒗𝟐 +𝒘𝟐

𝜽 = 𝟐𝐭𝐚𝐧"𝟏
𝒚
𝒙 𝑵

𝟏
𝟐



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
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Misfit Dislocation in CHI
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Misfit Dislocations in Semi-coherent Interfaces
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Misfit Dislocations in Semi-coherent Interfaces
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𝑫𝜹 = 𝒏𝓪𝟏 = 𝒏 + 𝟏 𝓪𝟐

𝓪% =
𝓪𝟏 + 𝓪𝟐

𝟐

𝑫𝜹 = 𝒏 +
𝟏
𝟐
𝓪%

𝒏 =
𝓪𝟐

𝓪𝟏 − 𝓪𝟐

𝑫𝜹 =
𝓪𝟏 + 𝓪𝟐 𝟐

𝟒 𝓪𝟏 − 𝓪𝟐

𝜹 =
𝟐 𝓪𝟏 − 𝓪𝟐
𝓪𝟏 + 𝓪𝟐

=
𝓪𝟏 − 𝓪𝟐
𝓪%

𝑫𝜹 =
𝓪%

𝜹 =
𝒃
𝜹



Twin Boundaries
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Stacking Faults
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Stacking Faults and Twin Boundaries
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Stacking Faults
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Segregation at Domain Boundaries
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Segregation at Domain Boundaries
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Coherent Interfaces: The Cahn Hillard Model
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Coherent Interfaces: The Cahn Hillard Model
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𝒇 𝒄, 𝛁𝒄, 𝛁𝟐𝒄,… = 𝒇𝟎 +(
𝒊

𝑳𝒊𝛁𝒊𝒄 +(
𝒊,𝒋

𝒌𝒊𝒋
𝟏 𝛛𝟐𝒄
𝛛𝒙𝒊𝛛𝒙𝒋

+
𝟏
𝟐(

𝒊,𝒋

𝒌𝒊𝒋
𝟐 𝛛𝒄
𝛛𝒙𝒊

𝛛𝒄
𝛛𝒙𝒋

+⋯

𝐿! =
𝜕𝑓

𝜕 %𝜕𝑐 𝜕𝑥!
𝑘!"
($) =

𝜕𝑓

𝜕 𝜕&𝑐
𝜕𝑥!𝜕𝑥"

𝑘!"
(&) =

𝜕&𝑓

𝜕 %𝜕𝑐 𝜕𝑥! 𝜕 %𝜕𝑐 𝜕𝑥"
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𝒇 𝒄, 𝛁𝒄, 𝛁𝟐𝒄,… = 𝒇𝟎 +(
𝒊

𝑳𝒊𝛁𝒊𝒄 +(
𝒊,𝒋

𝒌𝒊𝒋
𝟏 𝛛𝟐𝒄
𝛛𝒙𝒊𝛛𝒙𝒋

+
𝟏
𝟐(

𝒊,𝒋

𝒌𝒊𝒋
𝟐 𝛛𝒄
𝛛𝒙𝒊

𝛛𝒄
𝛛𝒙𝒋

+⋯

𝐿! =
𝜕𝑓

𝜕 %𝜕𝑐 𝜕𝑥!
𝑘!"
($) =

𝜕𝑓

𝜕 𝜕&𝑐
𝜕𝑥!𝜕𝑥"

𝑘!"
(&) =

𝜕&𝑓

𝜕 %𝜕𝑐 𝜕𝑥! 𝜕 %𝜕𝑐 𝜕𝑥"

𝐿! = 0

𝑘!"
($) = 𝑘$ =

𝜕𝑓
𝜕 ∇&𝑐 	 𝑓𝑜𝑟	𝑖 = 𝑗	;	 𝑘!"

($) = 0	𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝑘!"
(&) = 𝑘& =

𝜕&𝑓

𝜕 |∇𝑐|& '$ &
	𝑓𝑜𝑟	𝑖 = 𝑗	;	 𝑘!"

(&) = 0	𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝒇 𝒄, 𝛁𝒄, 𝛁𝟐𝒄,… = 𝒇𝟎 +(
𝒊

𝒌𝟏
𝛛𝟐𝒄
𝛛𝟐𝒙𝒊

+(
𝒊

𝒌𝟐
𝛛𝒄
𝛛𝒙𝒊

𝟐

+⋯ = 𝒇𝟎 + 𝒌𝟏𝛁𝟐𝒄 + 𝒌𝟐 𝛁𝒄 𝟐 +⋯
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𝑭 = 1𝝁𝒅𝑵 = 𝑵𝑽 1
𝑽

𝒇𝒅𝑽 = 𝑵𝑽 1
𝑽

𝒇𝟎 + 𝒌𝟏𝛁𝟐𝒄 + 𝒌𝟐 𝛁𝒄 𝟐 𝒅𝑽

1
(

𝑘)∇*𝑐𝑑𝑉 = −1
(

𝑑𝑘)

𝑑𝑐 ∇𝑐 *𝑑𝑉 +1
+

𝑘)∇𝑐 ∗ 𝑛𝑑𝑆

Divergence Theorem:

𝑭 = 𝑵𝑽 1
𝑽

𝒇𝟎 + 𝒌𝟏𝛁𝟐𝒄 + 𝒌𝟐 𝛁𝒄 𝟐 𝒅𝑽 = 𝑵𝑽 1
𝑽

𝒇𝟎 −
𝒅𝒌𝟏

𝒅𝒄 𝛁𝒄 𝟐 + 𝒌𝟐 𝛁𝒄 𝟐 𝒅𝑽 = 𝑵𝑽 1
𝑽

𝒇𝟎 + 𝒌 𝛁𝒄 𝟐 𝒅𝑽

𝒌 = 𝒌𝟐 −
𝒅𝒌𝟏

𝒅𝒄 =
𝛛𝟐𝒇

𝛛 𝛁𝒄 𝟐 ,𝟏 𝟐
−
𝒅
𝒅𝒄

𝛛𝒇
𝛛 𝛁𝟐𝒄
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𝑭 = 𝑵𝑽 1
𝑽

𝒇𝟎 + 𝒌 𝛁𝒄 𝟐 𝒅𝑽 = 𝑵𝑽𝑨 1
-.

/.

𝒇𝟎 + 𝒌
𝒅𝒄
𝒅𝒙

𝟐

𝒅𝒙

𝜸 = 𝑵𝑽 1
-.

/.

𝒇𝟎 + 𝒌
𝒅𝒄
𝒅𝒙

𝟐

− 𝒄𝝁𝜷 𝒆 − 𝟏 − 𝒄 𝝁𝜶 𝒆 𝒅𝒙

𝜸 = 𝑵𝑽 1
-.

/.

∆𝒇 𝒄 + 𝒌
𝒅𝒄
𝒅𝒙

𝟐

𝒅𝒙
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𝜸 = 𝑵𝑽 1
-.

/.

∆𝒇 𝒄 + 𝒌
𝒅𝒄
𝒅𝒙

𝟐

𝒅𝒙

Euler equation: 𝐼 −
𝑑𝑐
𝑑𝑥

𝜕𝐼

𝜕 𝑑𝑐
𝑑𝑥

= 0

∆𝑓 𝑐 − 𝑘
𝑑𝑐
𝑑𝑥

&

= 0

∆𝑓 𝑐 = 𝑘
𝑑𝑐
𝑑𝑥

&

𝑑𝑥 =
𝑘

∆𝑓 𝑐

'$ &
𝑑𝑐

𝜸 = 𝟐𝑵𝑽 1
-.

/.

∆𝒇 𝒄 𝒅𝒙 𝜸 = 𝟐𝑵𝑽 1
𝒄𝜶

𝒄𝜷

𝒌∆𝒇 𝒄 ,𝟏 𝟐𝒅𝒄
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𝑑𝑥 =
𝑘

∆𝑓 𝑐

'$ &
𝑑𝑐

𝜸 = 𝟐𝑵𝑽 1
𝒄𝜶

𝒄𝜷

𝒌∆𝒇 𝒄 ,𝟏 𝟐𝒅𝒄

𝒅𝒄
𝒅𝒙 =

𝒌
∆𝒇 𝒄

,𝟏 𝟐
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𝜸 = 𝟐𝑵𝑽 1
𝒄𝜶

𝒄𝜷

𝒌∆𝒇 𝒄 ,𝟏 𝟐𝒅𝒄
𝒅𝒄
𝒅𝒙 =

𝒌
∆𝒇 𝒄

,𝟏 𝟐



Coherent Interfaces: The Cahn Hillard Model
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Thin Films in Modern Technology
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Thin Films – Morphology Control
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Growth Models for Thin Films
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Growth Models for Thin Films
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Growth Models for Thin Films
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Growth Models for Thin Films: First Explanation
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Growth Models for Thin Films: Second Explanation
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Strained and Unstrained Growth
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𝐶3 = 2𝜇4
1 + 𝜈4
1 − 𝜈4

𝐸56 = 𝑒*𝐶3𝐿4



Growth Models for Thin Films: Third Explanation
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𝑑𝜇
𝑑𝑛 < 0𝑑𝜇

𝑑𝑛 > 0



Growth Models for Thin Films: Third Explanation
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Growth Models for Thin Films
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Diffusion Limited Aggregation
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Diffusion Limited Aggregation
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Conclusions
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Conclusions
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