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Figure 1: Atomistic processes during the growth: a) deposition, b) diffusion on
terraces, c) nucleation on islands, d) nucleation on second-layer island,
e) diffusion to a lower terrace, f) attachment to an island, g) diffusion
along a step edge, h) detachment from an island, i) diffusion of

dimmer.
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Figure 2: Three successive growth stages, of the six growth modes. The upper
three classical growth modes, the lower four additional growth
modes.

Frank-van der Merwe (FV) growth mode
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Volmer-Weber (VW) growth mode
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Step flow growth mode
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2. Control of growth modes

Vi % - # % #
= % # # 4 6 # "
% , B=3 B=3 = % #
4 6 # b % ,C >
@ 3 D=3 0 # % # ! I# - "
# #
@
Vi 3" 3 # 7 ) # 1 !
@ ! 1 78 %!
" " # 14 ! 9 0

Physics of Advanced Materials Winter School 2008

Y

%



! # ! Y #
! " H # ! # 78 9

i ! "1 ! ! r 1 ;@ B<

FWM Frank—Van der Merwe

5B  Step Bunching

VW Volmer—Weber
Supersaturation (7% ) SK  Stranski-Krastanov
51 Spiral Island
CG

Columnar Growth

D

100

CVD

10

VW
5K
S1

0.1 ] Misfit
(%)

Flat surfaces, [ Inhomogeneity region, ]

LPE

0.1 A

monosteps e
high structural inclusions

perfection

Figure 3. The effect of both supersaturation and misfit on the nucleation modes.
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Silicon carbide polytype structures. Polytypes of SiC are formed by
those periodic stacking sequences of bilayers that produce tetrahedral
sheets. Atomic models of the six unique (fundamental) bilayers (bA,
cA, aB, cB, aC, and bC) of SiC (top left) based on three principle close
packed planes (A, B, and C) (lower left) are shown. Blue atoms
represent C and orange atoms represent Si. The two basic stacking
arrangements, A-B and A-C, that form planes of vertex-sharing parallel
and antiparallel tetrahedra, respectively, are shown (lower left).
Atomic models of the four simplest, 3C/(»), 2H/(11), 4H/(22), and
6H/(33), polytypes are shown superimposed on calculated HR-TEM
lattice images produced using defocus conditions that reproduce the
symmetry of the projected Ilattice (center column). Schematic
illustrations of diffraction patterns (including forbidden reflections in
some cases) are also shown (right column) [6].
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Figure 5. Relation between different polytypes of SiC
and the temperature of occurrence.
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Figure 6. SiC crystal cut off-axis.
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Cubic SiC (3C-SiC)
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Table 1. Comparison of SiC properties with other semiconductors [7].
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Double positioning boundaries (DBPs) of 3C-SiC
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Figure 7. Nucleation of 3C-SiC epilayer on 4H-SiC substrate and formation of double
positioning boundary. 4H-SiC surface with a two bilayer step is shown in darker
color.

4. TECHNIQUES FOR EPITAXY
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4.1 Molecular beam epitaxy (MBE)
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Figure 8: Sketch of MBE system.
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Growth of SiC by MBE
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4. 2 Liquid phase epitaxy (LPE)
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Figure 9. Sketch of two kinds of LPE process: (a) a tipping arrangement;
(b) a sliding arrangementl; (c) sandwich arrangement.
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Figure 10. Si-C phase diagram.

4.3 Vapor-liquid-solid (VLS) method
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Figure 11. Sketch of VLS growth system.

2 T B 1o - # ) 14 -
16 55 ## ) 1 -
# # " # 1o # -
I B 1 . # # - # ) 4
# ) 3 16 1o 7
#  #?3 ) ## #

Physics of Advanced Materials Winter School 2008 11



# % ? # # % ! #
" # # 2 # o 1# !
;50< # ) - - ! # !
# 1ot 1A #
# # T b} # #
# b} # ! #
! ! # # #
! # - T # #
H# # -7 ! #
## # - - !
# Ll | 1 # -
! . # o1 - 1 #
- ! - "H# LI
7 # ? > ;5B< "'# 1
1 1 ! # 14
LI 12 # %!
# ! ! !
- # F # !
4.4 Physical vapor deposition (PVD)
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Figure 12. Sublimation of a SiC source and transport of vapor species to the growing
surface during sublimation epitaxy
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4. 5 Chemical vapor deposition (CVD)
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Figure 13. Principle of a CVD process.

Deposition kinetics
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Figure 14. Temperature dependence of the deposition rate.
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CVD setup
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Figure 15. Schematic view of MOCVD apparatus.
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