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List of the problems

Macro-step emergence, dynamics and stability
Incorporation of point defects during growth
Shape selection during growth

Strain influence on growth
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Macro-step emergence, step dynamics and stability

« Coalescence of single steps into bi-steps and then to macro-steps
« Single steps on terraces

Step bunching - Si growth

C. Misbah, O. Pierre-Luis, Y. Saito,
Rev. Mod. Phys. 82(2010) 981 25 01.2022 — Problems



Incorporation of point defects during growth

Growth of GaN by HVPE method
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T. Sochacki, et al.,
J. Cryst. Growth 556(2021) 125986
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Formation Energy (eV)
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Incorporation of point defects during growth — ab initio
« Defect formation energy (native - GaN)

E/(q) = E™(q) — ngakga — nypy — qEr
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J. Neugebauer & C Van de Walle,
Phys. Rev. B 50 (1994) 8067
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Formation Energy (eV)

Incorporation of point defects during growth — ab initio

Defect formation energy (native - GaN)

E/(q) = E™(q) — ngakga — nypy — qEr
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Formation Energy (eV)

Incorporation of point defects during growth — ab initio

« Defect formation energy (Mg - GaN)

E{(Q) = E"(q) — nygumy — qEF
MgN(Q) = E*'(q) — nyglmg + nyuy — qEF

Mga (@) = E*'(@) — nyglmg + NgallGa — 9EF

C Van de Walle & J. Neugebauer,
J. Appl. Phys. 95 (2004) 3865

25.01.2022 — Problems 7



Shape selection during growth - GaN wurtzite lattice

0,030

0,025 - - - hexagon
—— square

o
o
N
o

0,015

o
o
=
o

2-d nucleation rate / vx_

0,005

0,000

. r . - == : ;
u <0001 > 0 1 2 3 4
@ supersaturation, o

1010

Diagram recovers:

-Growth anisotropy

-Acceleration of the growth along (0001)
direction for high superaturation

2
I= vx, <ﬂ — 1) exp [_ 1 <2¢ — A”)] |. Grzegory et al.
Ap kT\ Ap 8 J. Cryst. Growth 246 (2002) 177

X~thickness of the single layer 25.01.2022 — Problems 8



Shape selection during growth

GaN

M. Bockowski et al. ,
J. Cryst. Growth 305 (2007) 414

25.01.2022 — Problems 9



Shape selection during growth

GaN

M. Bockowski et al. ,
J. Cryst. Growth 305 (2007) 414
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Shape selection during MBE growth (GaN on Si(001)) - rods

« Non-epitaxial growth « Epitaxial growth

A. Wierzbickaet al. ,
Nanotechnology 35 (2013) 035703
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Shape selection during MBE growth (GaN on Si(001)) - plates
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H. Turski et al. ,
Appl. Surf. Sci. 484 (2019) 771
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Shape selection during growth of snow crystals - dendrites

http://www.its.caltech.edu/~atomic/snowcrystals/photos/photos.htm
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Shape selection — cellular growth

 Al.-4% Cu alloy

R. Trvedi et al. J. Cryst. Growth 222 (2001) 365
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SiC- polytypes, micropipes & inclusions

inclusion M

M. Yu. Gutkin et al. J. Appl. Phys. 106 (2009)
123515
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Strain influence on the growth — dislocations
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» Core cutoff parameter-q =~ b
» Burgers vector —b, angle- g

S.C. Jain, M. Wilander, J. Narayan, R Van Overstaeten,
J. Appl. Phys. 87 (2000) 965
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Strain influence on the growth — epitaxial growth modes

Frank-van der Merve

Volmer-Weber - wetting

Stranski-Krastanov - strain
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Strain influence on the growth — nanotubes & pinholes

Z. Lilental-Weber et al. ,
Phys. Rev. Lett. 79 (1997) 2835
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Strain influence on the growth — pinholes

(b) (0001)

Z. Lilental-Weber et al. ,
Phys. Rev. Lett. 79 (1997) 2835
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Semester ||

I. Growth of crystals and epitaxial structures

1. Growth of bulk crystals from the melt or solution. (Tomasz Stupinski - Institute of Physics PAS)
22.02.2022

2. Bulk crystal growth from gas phase (Michal Bo¢kowski - Institute of High Pressure Physics PAS)
01.03.2022

3. Epitaxy — an introduction (Zbigniew R. Zytkiewicz - Institute of Physics PAS) 08.03.2022

4. Molecular beam epitaxy (Zbigniew R. Zytkiewicz - Institute of Physics PAS) 15.03.2022

5. Molecular beam epitaxy of nitride semiconductors (Zbigniew R. Zytkiewicz - Institute of Physics PAS)
22.02.2022

6. Gas phase epitaxy (Michal Leszczynski - Institute of High Pressure Physics PAS) 29.03.2022

7. Atomic layer deposition (Elzbieta Guziewicz - Institute of Physics PAS) 05.04.2022

8. Liguid phase epitaxy and lateral overgrowth of semiconductors (Zbigniew R. Zytkiewicz - Institute of
Physics PAS) 12.04.2022
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Semester ||

I1. Characterization of crystals and epitaxial structures

9 . X-ray diffraction studies of crystals (Michal Leszczynski - Institute of High Pressure Physics
PAS) 19.04.2022

10. Selected methods of transmission electron microscopy (Stawomir Kret - Institute of Physics
PAS) 26.04.2022

11. Surface studies of crystals (Bogdan Kowalski - Institute of Physics PAS) 10.05.2022

12. Electrical characterization of semiconductors and semiconductor based structures (Ramon
Schifano - Institute of Physics PAS) 17.05.2022

13. Optical properties of crystals (Piotr Perlin - Institute of High Pressure Physics PAS) 24.05.2022

14. Secondary ion mass spectrometry (Pawel Michalowski — Lukasiewicz Institute of
Microelectronics and Photonics) 31.05.2022

15. Electronic and optical properties of graphene and other 2D materials (Andrzej Wysmolek —
Faculty of Physics University of Warsaw) 07.06.2022
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