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Nuts and Bolts of Oxide MBE

How to grow your favorite oxide by MBE?

Ø Lecture #4—Epitaxy, Substrates, and Crystal Growth
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Epitaxial Growth

ABO3 / A’B’O3

“Cube-on-Cube”

YBa2Cu3O7

Bi4Ti3O12
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Epitaxial Growth
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Perovskite Substrates to Impose Strain

[110] GdScO3, d = 32 mm[110] DyScO3, d = 32 mm
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How SrTiO3 Single Crystals are Grown

N. Nassau, Gems Made by Man (Chilton Books, 1980).



How “Real Crystals” are Grown



How “Real Crystals” are Grown

Current trends in silicon crystal growth 
W.v.Ammon 

2012-03-20 
Page 1 

CZOCHRALSKI CRYSTAL GROWTH 

J.Czochralski, 1916 



Surface Termination of Substrates is Important
(100) and (111) SrTiO3

(110) REScO3
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(100)p and (111)p LaAlO3
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Not Terminated vs. Terminated SrTiO3
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Epitaxial Routes to Engineer Properties
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Bulk Thermodynamics

versus

∆G > 0

∆G < 0

Bulk Synthesis



Thin-Film Thermodynamics

versus

∆G > 0

∆G < 0

Bulk Synthesis

Epitaxial Stabilization

∆Gsystem < 0

∆Gsystem > 0

W.A. Jesser, “A Theory of Pseudomorphism in Thin Films,”
Materials Science and Engineering 4 (1969) 279–286. 

Stable if free energy difference overcome by
∆(interface energy) + ∆(strain energy) + ∆(surface energy)



Substrates are Key

Epitaxial Stabilization

∆Gsystem < 0

∆Gsystem > 0

W.A. Jesser, “A Theory of Pseudomorphism in Thin Films,”
Materials Science and Engineering 4 (1969) 279–286. 

Stable if free energy difference overcome by
∆(interface energy) + ∆(strain energy) + ∆(surface energy)

“… the large interface-to-volume ratio found 
in thin bicrystal films can stabilize the 

overgrowth in the structure of the substrate
rather than its normal bulk structure.”

William A. Jesser


