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Abstract

We investigate the driving forces that determine the
growth mode of heteroepitaxial Ge layers grown from
solution on Si substrates with orientations (001), (011)
and (111) by transmission electron microscopy (TEM)
and atomic force microscopy (AFM). Using liquid
phase epitaxy, we can study the influences of strain and
surface energy terms independently on effects due to
limited surface diffusion. In (001) and (011) orientated
layers, {111} faceted islands form (Stranski-Krastanov
growth). In contrast, (111) orientated layers grow in a
two-dimensional step flow growth mode (Frank-van der
Merwe growth).

We model these investigations in terms of energy
minimisation considering surface energy reduction by
formation of faceted islands and elastic strain energy re-
laxation by island formation. The strain energy relaxa-
tion by island formation is calculated by the finite ele-
ment method. According to our considerations, two-di-
mensional growth is obtained by selective increase of the
free surface energy of the low indices facet planes to a
value higher than that of the substrate surface. Forma-
tion of faceted islands thus would increase the total sur-
face energy; as a consequence, island formation is sup-
pressed. By choosing the appropriate solvent and tem-
perature in solution growth, we can provide for thermo-
dynamically stable two-dimensional growth.

Key Words: Surface energy microscopy, heteroepi-
taxial growth, germanium, silicon, transmission electron
microscopy, atomic force microscopy, surfacants, solu-
tion growth, step flow growth mode, Stranski-Krastanov
growth mode, liquid-solid interface energy.
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Introduction

The growth mode of heteroepitaxial layers on a sub-
strate under conditions of lattice mismatch is energetical-
ly determined by the balance between the surface free
energy of the epitaxial layer and the substrate, and by
the strain energy, which rise within the layer with in-
creasing layer thickness (Bauer, 1958; Bauer and van
der Merwe, 1986; Matthews er al., 1987; Marée et al.,
1987; Pintus er al., 1987). In general, Ge on Si has
been observed to grow in Stranski-Krastanov growth
mode (Stranski and Krastanov, 1939) (island form on
top of a 3-4 monolayer thick continuous Ge Layer). Is-
land growth can be suppressed by applying surfactants
at the growth front (Copel er al., 1989, 1990; LeGoues
et al., 1989, 1990). However, whether a change in the
surface energy balance due to the surfactant (Copel,
1989; Grandjean er al., 1992) or reduced diffusion of
adatoms at the growth surface (Tromp and Reuter, 1992;
Orr er al., 1992; Snyder er al., 1992) alters the epitaxial
growth mode from three-dimensional to two-dimensional
growth 1s still under discussion.

Using liquid phase epitaxy, we can study the influ-
ence of the surface energy terms on the growth mecha-
nism independent of effects due to limited surface diffu-
sion: within the liquid solvent, adatoms have a diffusion
constant of about 2 X 108 m?s™! at the growth tempera-
ture of 800°C according to self-diffusion in the liquid.
The solution atoms completely cover the solid surface
during growth, thus influencing the liquid/solid surface
energy (Hansson et al., 1993).

In this paper, we investigate the influence of surface
energy terms on the growth of Ge layers onto Si sub-
strates that have (001), (O11) and (111) orientations.
The results of these investigations are analysed in terms
of an energetic equilibrium analysis considering elastic
strain relaxation due to island formation and surface en-
ergy reduction due to formation of low energy facets.
From this analysis, we obtain conditions for stable two-
dimensional growth by liquid phase epitaxy. The conse-
quences of our analysis in understanding the function of
surfactants will be pointed out.




Figure 1. Stranski-Krastanov growth of Ge(Si) on
Si(001) from Bi solution. (a) Cross-sectional transmis-
sion electron micrograph of islands. The pseudomorphic
islands exhibit the form of truncated tetragonal pyra-
mids. They are bound by {111} side facets. (b) Distri-
bution of islands on the substrate surface; atomic force
microscopy.
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Experimental

Thirty and 300 nanometer thick Ge,Si;_, (x = 0.85)
layers (in the following termed as GeSi) are grown by
liquid phase epitaxy from Bi solution at around 800°C
(specified below) on (001), (011) and (111)-orientated Si
substrates. Corresponding to the Ge concentration of x
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= 0.85 these layers have a lattice mismatch of 3.6%.
The Si substrate is initially cleaned by an RCA treat-
ment, followed by a (2.5 %) HF-dip and in-situ oxide de-
sorption. The solvent Bi is saturated with Ge and Si at
the growth temperature of 810°C. To realise growth
times as short as one second, the solution is transported
on and off the substrate by gravitational force in a com-
puter-controlled graphite-boat. The nominal growth rate
is about 2 nm/s. We characterise the epitaxial layers by
plane-view and cross-sectional transmission electron
microscopy (TEM) using a Philips EM 400 operated at
120 kV. Additional information on the growth topology
is obtained by atomic force microscopy (AFM).

Results

In the following, we present TEM and AFM results
of the initial pseudomorphic stages of epitaxial growth
with respect to the growth mode of Ge(Si) layers grown
on Si substrates with orientations (001), (011) and (111).

After a few seconds of growth on a (001) orientated
substrate, the epitaxial layer consists of truncated tetra-
gonal islands grown onto a continuous 4 monolayer thick
GeSi layer (Fig. 1a). The islands are bound by {111}
side facets and have a base width of 50 nm. Contrast
analysis shows the continuous layer and the islands to be
free of dislocations, i.e., pseudomorphic. Atomic force
micrographs (e.g., in Fig. 1b) show the islands to be
statistically distributed on the sample surface. The sur-
face coverage of the thin pseudomorphic layer by islands
is 0.5 as obtained from both AFM and TEM plane-view
investigations.

The corresponding growth stage on (011) substrates,
e.g., in Figure 2a, consists of elongated prisms, which
have an aspect ratio (width w to length 1) of w/l > 10.
The islands are bound by {111} side facets and (contrary
to the expected low energy {111} facets) by {100} front
facets. TEM plane-view investigations show the islands
to extend in <011> directions up to several um in
length. An atomic force micrograph, see Figure 2b,
shows that the islands cover the sample surface com-
pletely. TEM contrast analysis reveals the islands to be
pseudomorphic up to a height of 40 nm.

In contrast to the results obtained in (001) and (011)
orientated layers, growth in (111) orientated layers pro-
ceeds in a two-dimensional layer-by-layer growth mode.
Figure 3 shows a cross-sectional micrograph of a layer
grown from Bi solution at 820°C. The layer in Figure
3a is pseudomorphic and has a thickness of 15 nm. In
a TEM plane-view micrograph taken from this layer (cf.
Fig. 3b), an arrangement of surface steps can be re-
vealed. According to AFM measurements, these steps
have elementary (0.32 nm) and double height. No indi-
cation of islanding or faceting has been found throughout
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TEM and AFM of these and related samples. From
this, we conclude that Ge grows on Si(111) substrates in
a Frank-van der Merwe step flow mode.

Discussion

Our observations on the initial growth stages show
that the epitaxial growth mode is essentially influenced
by the anisotropic behaviour of surface energies: (i)
Frank-van der Merwe growth in a step-flow growth-
mode is observed in the case of substrate orientation
(111), which is known to exhibit rather low surface en-
ergy, (i) Stranski-Krastanov growth and formation of
faceted islands are observed in the case of (001) and
(011) substrate orientations, which have higher surface
energies. In the following, we will discuss these results
in terms of minimisation of the total energy of the epi-
taxial system. Here, we follow the approach first for-
mulated by Matthews ez al. (1975) and later modified by
several other authors (Marée er al., 1987; Pintus er al.,
1987). The total energy E

o Of the epitaxial system 1s:

E = Ey; + E 1)

tot surf

Here Eg ¢ is the surface energy of the epitaxial system,
given as Eg ¢ = v (A+ A;) where v is the surface en-
ergy of the epitaxial layer, Ag is the surface area, and
A is the additional free surface exposed when islands
form. Eg, is given by E;. = Ec + Ej in Matthews et
al. (1975), where Ei is the elastic energy stored in the
continuous layer and Ej is the elastic energy of the is-
lands and of the misfit dislocations beneath the island.
Below, we modify the approach of Matthews er al. for
the case of growth of pseudomorphic faceted islands,
considering:

(1) that island formation reduces the strain elastically
instead of by formation of dislocations at the island’s in-
terface; and

(i1) that island formation reduces the total surface
energy by formation of low energy facet planes.

The strain energy of a continuous, pseudomorphical-
ly strained layer depends exclusively on the lattice mis-
match f and the volume V of the layer and is given by
(1sotropic elasticity):

E,=2G {1 +»/(1-p»}f*V )
where G is the shear modulus of the epitaxial layer and
v is Poisson’s ratio. In this approach of plane strain, the
strain energy density within the layer is constant and in-
dependent of areas. In contrast to a continuous layer, in
a three-dimensionally confined island, part of the misfit
strain is relaxed elastically. One approximation to ac-
count for this strain relaxation is to adopt the strain




Figure 2. Stranski-Krastanov growth of Ge(Si) on
Si(011) from Bi-solution. (a) Distribution of islands on
the substrate. The islands are elongated along 2-3 um.
(b) Cross-sectional transmission electron micrograph of
the same sample in [1-10] multibeam conditions. The
side faces are formed by {111} side faces. The sub-
strate is completely covered by islands.

M. Albrecht er al.

energy of a two-dimensional layer, eq. 3, by substituting
the misfit f by a reduced effective misfit f_ g within the
island:

fore = fp 3)

Theoretical approaches to determine f,¢are based on
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50 nm

L

Figure 3. Frank-van der Merwe growth in Ge/Si(111). (a) Cross-sectional transmission electron micrograph of a
continuous 15 nm thick layer. The layer is pseudomorphic. (b) Transmission electron plane-view bright-field
micrograph. The dark lines are monatomic and biatomic steps indicating step flow growth mode.
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analytical calculations in the framework of linear elastic-
ity (Cabrera, 1964; Jesser and Kuhlmann-Wilsdorf,
1967; Luryi and Suhir, 1986; Hull and Fischer-Colbrie,
1987), semi-analytical approaches using atomic poten-
tials (Ashu and Matthai, 1991;, Ratsch and Zangwill,
1993), and finite element calculations (Christiansen er
al., 1994, 1995). Experimentally, f ¢ has been deter-
mined using convergent beam' electron diffraction
(CBED) (Christiansen et al., 1994).

Cabrera (1964) and Jesser and Kuhlmann-Wilsdorf
(1967) determined ¢ analytically for a spherically shaped
island. Luryi and Suhir (1987) determined ¢ for square
patterned islands dependant on their aspect ratio width w
to height, showing an exponential decay of the lattice
strain (and thus of the strain energy density) with de-
creasing aspect ratio in three-dimensional islands (Luryi
and Suhir, 1986; Hull and Fischer-Colbrie, 1987).
Three-dimensional islands with less than 5000 atoms,
were. treated by calculations based on the Frenkel-
Kontorova model (Ratsch and Zangwill, 1993) and on
atomic potentials (Ashu and Matthai, 1991) such as
Stillinger-Weber-, Keating-, or Tersoff-potential.

For larger islands, the strain energy distribution,
and thus the total strain energy stored in the island, can
be obtained from calculations by finite element method
(FEM) (Christiansen er al., 1994, 1995). From FEM
calculations, we obtain ® by calculating the strain energy
of the islands with different aspect ratios 1/h and divid-
ing it by the strain energy of a homogeneously strained
layer with the respective volume. ¢ is then given by the
correction function (Christiansen er al., 1995):

® = (1 - el/12hy112 @)

In the approach of Matthews er al. (1975), the sur-
face energy density is isotropic and thus, increases pro-
portionally with increasing surface area per unit sub-
strate area. As our results above show, the anisotropy
of the surface energy essentially influences the growth
mode by formation of faceted islands. The total surface
energy of a faceted epitaxial layer is given by the fol-
lowing expression:

Esurf = L Ahkl Yhkl ©)
hkl
where 7y, is the free surface energy of a {hkl} facet
plane and A, is the corresponding surface area consist-
ing of {hkl} facets. To our knowledge, experimentally
determined surface energy values for the different sur-
faces of semiconductors are not available. Therefore,
we use, as an approximation, surface energies that are
calculated by the "broken bond model" (Mutaftschiev,
1988). According to this model, the surface energy v,

of a {hkl} facet plane is the energy, necessary to break
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Table 1. Free surface energies of different facet planes
for Ge according to the broken bond model (Mutaftschi-
ev, 1988). The energy per broken bond e is taken from
(Mercer and Chou, 1993); ay,, is the surface unit area,
N is the number of broken bonds per surface unit and vy
is the resulting free surface energy.

(001) (011) (111)
e/[eV] 0.79 0.98 0.98
9 2
By a%/2 an2 (3/4) -a*
N 2 2 1
v/[Im2) 1.57 1.42 1.12

the N bonds of a unit cell surface area ay,, correspond-
ing to the respective {hkl} facet plane. From this, we
calculate the surface free energy vy, :

Yokl = € (NVapy) ©)

The energy e of one broken bond in the framework of
this model is given by the cohesive energy ¥ of an
atom in bulk material divided by the coordination num-
ber n of this atom. Theoretical ab initio calculations, as
well as tight binding calculations of the broken bond en-
ergies € on (001) and (111) surfaces of Ge and Si
(Mercer and Chou, 1993), show the broken bond model
to be a good approximation in calculating surface ener-
gies. In Table 1, the surface energies of low indices fa-
cets of Ge obtained from the broken bond model are
summarised.

In the following, we present calculations, based on
eqs. 2-6, of the total energy of the epitaxial systems for
substrate orientations (001) and (111). The total energy
of a pseudomorphic epitaxial island on a thin continuous
pseudomorphic layer is given by:

Elol i Esurf it EI * EC (7

To apply this equation we have to appropriately de-
fine the entries: (a) the type of facet planes used to cal-
culate the total surface energy, (b) the dependence of the
volume and surface area of the islands on substrate ori-
entation, (c) the coverage C of the substrate surface with
islands, and (d) the thickness of the pseudomorphic lay-
er, on which the islands form.

These assumptions are the following:

(a) Based on our observations we only consider the
low indices facet planes {111}, {011} and {001}.

(b) We assume polyhedral pyramids bound by these
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Figure 4. Energy terms for growth of Ge on Si(001) as
dependent on the aspect ratio 1/h. The pyramidal islands
are bound by {111} facets, (island coverage ¢ = 0.5).
A: total surface energy; B: strain energy; C: sum of A
and B. Strain energy and surface energy as well as the
total energy have a minimum for tetragonal islands.

facet planes. The base planes of the polyhedra are trian-
gular in the case of the (111) orientation and quadratic
in the case of (001) orientation according to the substrate
symmetry. The volume and the surface areas of these
islands follow from simple trigonometry.

(c) The coverage C of the substrate with islands is
given by the surface area covered with islands divided
by the total surface area of the substrate. We compare
total energies for coverages C = 1 (complete coverage)
and C = 0.25.

(d) The thickness of the pseudomorphic continuous
layer is assumed to amount four the monolayers accord-
ing to our observations (Hansson er al., 1992a).

To make surface, strain and total energies compara-
ble for all growth morphologies, we standardize these
energies in the substrate surface unit area that corre-
sponds to the coverage with islands. Therefore, we di-
vide E,, by the unit area, which has 1/C times the edge
length of the island.

(001) substrate

Figure 4 shows the energy contributions for (001)
substrate orientation with a coverage of C = 0.5 (as ob-
served by TEM (Albrecht et al., 1993). The energy
terms for a certain volume are plotted as dependent on
the aspect ratio 1/h of the island. The surface energy
(curve set A) has a minimum at 1/h = 1/\/_2-, 1.e., if the
island is a tetragonal pyramid. The formation of {111}
facets reduces the total surface energy. The strain en-
ergy in curve B has a minimum in the case of a tetrahe-
dral pyramid as well. The strain energy increases with
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Figure 5. Energy terms for growth of Ge on Si(111) as
dependent on the aspect ratio of tetrahedral islands. A:
total surface energy; B: strain energy; C: Total energy.
The strain energy reduction is a maximum for the
formation of tetrahedral islands corresponding to the
(001)-orientation. In contrast, the surface energy is a
minimum for 1/h = oo. The total energy is dominated
by the surface energy. Thus, two-dimensional growth
takes place.

increasing volume. As a consequence, the total energy
of the epitaxial system has a minimum for tetragonal
islands. Calculations for different coverages show the
total energy to be a minimum for C = 0.5 as observed.
(111) substrate

The situation is in fact completely different from
that of (001) orientation. The (111) surface has the low-
est surface free energy and formation of any islands
leads to an increase in surface energy. This is shown in
curve A in Figure 5. The lowest surface energy is ob-
tained for an aspect ratio I/h versus reaching o, i.e.,
for a plane surface. In contrast, the strain energy is a
minimum for islands in the form of tetrahedral pyramids
(curve B in Fig. 5). However, the total energy is domi-
nated by the surface energy term, and thus has a mini-
mum for a continuous layer with a plane surface (curve
C in Fig. 5). As experimental investigations show
(Hansson er al., 1992b), the misfit beyond a thickness of
6 nm is relaxed by formation of dislocations instead of
islands.

From these energetic considerations, we conclude
that elastic stress relaxation by islands is the main driv-
ing force for island formation; the formation of islands
in any case reduces the total strain energy of the epitaxi-
al layer. Formation of islands with low energy facets
(facets with surface energies lower than that facet which
corresponds to the substrate surface) may further reduce
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I a 1

Figure 6. Two-dimensional growth of Ge on Si(001) from In solution. (a) Cross-sectional transmission electron micro-
graph. The layer is 10 nm thick and pseudomorphic. (b) Atomic force micrograph of the same sample. The surface
contains islands of monatomic height.
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the total energy, and thus stabilise island formation and
especially control the island geometry. In other words,
an epitaxial layer grows two-dimensionally in a layer-by-
layer mode when faceting by island formation would in-
crease the total surface energy by more than is gained by
reduction in elastic strain energy. Thus, the only possi-
bility to obtain stable two-dimensional growth is to se-
lectively increase the energy of those facet planes that
have lower free surface energies than the substrate sur-
face. This contrasts with models concerning surfactant
mediated growth related to molecular beam epitaxy.
These models propose that a general lowering of the sur-
face energy of the strained overlayer was the main effect
in suppressing island formation (Copel er al., 1989;
Grandjean er al., 1992). According to our model, a
general lowering of the surface energy would enhance
island formation instead of inhibiting island growth.
However, our model is in good agreement with experi-
mental results obtained in the InGaAs/GaAs (001) sys-
tem by Snyder et al. (1993) which show that increasing
the surface tension by cation stabilized growth conditions
inhibits island formation. An investigation of surfactant
mediated molecular beam epitaxy (MBE) growth in the
GeSi/S1 system by Eaglesham (1993) showed that the
morphology of epitaxial films can be attributed to the
changes of surface energy anisotropy by different sur-
factants.

In liquid phase epitaxy, we can provide for two-di-
mensional growth conditions by choosing appropriate
solvents. An excellent guideline is the wetting/non-wet-
ting condition of the liquid solvent for a certain facet
plane. In the case of wetting, the liquid/solid interface
energy v, is the difference between the free surface en-
ergy of the solvent v, and the solid v, (Mutaftschiev,
1988). In the case of non-wetting, the liquid/solid inter-
face energy is the sum of the free surface energy of the
solvent and of the solid.

Thus two-dimensional growth in (001) orientated
layers is expected if the solvent wets the (001) plane but
not the (111) lattice planes. These conditions are ful-
filled for growth from In solution at a temperature of T
= 500°C (Hansson et al., 1993). Figure 6a shows a
cross-sectional transmission electron micrograph of a 6
nm thick layer grown under these conditions. The cor-
responding AFM micrograph in Figure 6b indicates lay-
er-by-layer growth. It proceeds by nucleation and later-
al growth of two-dimensional islands which contrasts to
the pure step flow growth mode as in the (111) oriented
layers.

Conclusion

In conclusion, we have demonstrated that two-di-
mensional growth can be obtained under conditions of
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thermodynamical equilibrium and without any restric-
tions of surface diffusion when the energy of those facet
planes that have lower free surface energies than the
substrate surface is increased by more than is gained by
reduction in elastic strain energy. In liquid phase
epitaxy, we can provide for these conditions by choosing
an appropriate solvent.

References

Albrecht M, Christiansen S, Strunk HP, Hansson
PO, Bauser E (1993) Stress relaxation mechanisms by
dislocations in the system Ge on Si. Solid State Phen.
32-33, 433-444.

Ashu P, Matthai CC (1991) A molecular dynamics
study of the critical thickness of Ge layers on Si sub-
strates. Appl. Surf. Sci. 48/49, 39-43.

Bauer E (1958) Phinomenologische Theorie der
Kristallabscheidung an Oberflichen (Phenomenological
theory of crystal growth on surfaces). Z. Krist. 110 372-
394.

Bauer E, van der Merwe JH (1987) Structure and
growth of crystalline superlattices: From monolayer to
superlattices. Phys. Rev. B 33, 3657-3671.

Cabrera N (1964) The equilibrium of crystal
surfaces. Surf. Sci. 2, 320-345.

Christiansen S, Albrecht M, Strunk HP, Maier H J
(1994) Strained State of Ge(Si) islands on Si: Finite
element calculations and comparison to convergent beam
electron-diffraction measurements. Appl. Phys. Lett. 64,
3617-3619.

Christiansen S, Albrecht M, Strunk HP, Hansson
PO, Bauser E (1995) The reduced effective misfit in
laterally limited structures such as epitaxial islands.
Appl. Phys. Lett., in press.

Copel M, Reuter MC, Kaxiras E, Tromp RM
(1989) Surfactants in epitaxial growth. Phys. Rev. Lett.
63, 632-635.

Copel M, Reuter MC, Horn von Hoegen M, Tromp
R (1990) Influence of surfactants in Ge and Si epitaxy
on Si(001). Phys. Rev. B 42, 11682-11687.

Eaglesham DJ, Unterwald FC, Jacobson DC (1993)
Growth morphology and the equilibrium shape: The role
of "surfactants” in Ge/Si island formation. Phys. Rev.
Lett. 70, 966.

Grandjean N, Massies J, Etgens VH (1992) Delayed
relaxation by surfactant in highly strained II-V semi-
conductor epitaxial layers. Phys. Rev. Lett. 69, 796-
799.

Hansson PO, Albrecht M, Strunk HP, Bauser E,
Werner (1992a) Dimensionality and critical sizes of GeSi
on Si(100). Thin Solid Films 216, 199-202.

Hansson PO, Ernst F, Bauser E (1992b) Equilibri-
um growth mode and strain relaxation of Geg g5Sig 5 on




Si (111). J. Appl. Phys. 72, 2083-2088.

Hansson PO, Bauser E, Albrecht M, Strunk HP
(1993) Solvents influencing the morphology of epitaxial
solution-grown strained Ge/Si. Solid State Phenomena
32-33, 403.

Hull R, Fischer-Colbrie A (1987) Nucleation of
GaAs on Si: Experimental evidence for a three-dimen-
sional critical transition. Appl. Phys. Lett. 50, 851-853.

Jesser WA, Kuhlmann-Wilsdorf D (1967) The ge-
ometry and energy of a twist boundary between crystals
with unequal lattice parameters. phys. stat. sol. 21, 533-
544.

LeGoues FK, Copel M, Tromp RM (1989) Novel
strain induced defects in thin MBE layers. Phys. Rev.
Lett. 63, 1826-1829.

LeGoues FK, Copel M, Tromp R (1990) Micro-
structure and strain relief of Ge films grown layer-by-
layer on Si(001). Phys. Rev. B 42, 11690.

Luryi S, Suhir E (1986) New approach to the high
quality growth of lattice mismatched materials. Appl.
Phys. Lett. 49, 140-143.

Marée PMJ, Nakagawa K, Mulders FM, van der
Veen JF, Kavanagh KL (1987) Thin epitaxial Ge-Si(111)
films: Study and control of morphology. Surf. Sci. 191,
305-328.

Matthews JW, Jackson DC, Chambers A (1975)
Effect of coherency strain and misfit dislocations on the
mode of growth of thin films. Thin Solid Films 26, 129.

Mercer JM Jr., Chou MY (1993) Energetics of the
Si(111) and Ge(111) surfaces and the effect of strain.
Phys. Rev. B 48, 5374.

Mutaftschiev B (1988) Surface thermodynamics,
nucleation and crystal growth of this films. In: Epitaxial
Electronic Materials. Baldereschi A, Paorici C (eds.).
World Scientific, Singapore. p. 1.

Orr BG, Kessler D, Snyder CW, Sandner L (1992)
A model for strain induced roughening and coherent
island growth. Europhys. Lett. 19, 33-38.

Pintus SM, Stenin SI, Toropov Al, Trukhanov EM,
Karasyov VYu (1987) Morphological transformation of
thin heteroepitaxial films. Thin Solid Films 151, 275-
288.

Ratsch C, Zangwill A (1993) Equilibrium theory of
the Stranski-Krastanov epitaxial morphology. Surf. Sci.
293, 123-131.

Snyder CW, Mansfield JF, Orr BG (1992) Kinetic-
ally controlled critical thickness for coherent islanding
and thick highly strained pseudomorphic films of
In,Ga;_,. Phys. Rev. B 46, 9551-9554.

Snyder CW, Orr BG, Munekata H (1993) Effect of
surface tension on the growth mode of highly strained
InGaAs on GaAs(100). Appl. Phys. Lett. 62, 46-48.

Stranski IN, Krastanov VL (1939) Zur Theorie der
orientierten Ausscheidung von Ionenkristallen aufein-

934

M. Albrecht er al.

ander (on the theory of oriented growth of ionic crystals
on each other). Sitzungsber. Akad. Wiss. Lit. Mainz
Math.-Natur. KI. IIb 146, 797-810.

Editor’s Note: All of the reviewer’s concerns were ap-
propriately addressed by text changes, hence there is no
Discussion with Reviewers.




	Balancing Surface Energy Terms for Stable Growth of Planar Surfaces
	Recommended Citation

	Balancing Surface Energy Terms for Stable Growth of Planar Surfaces
	Authors

	tmp.1616519162.pdf.pb9Zw

