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Atomistic observation of defect evolution during
solidification in semiconductor InAs

Changxin Han, a Bohua Zhang,a He Zhengb and Scott X. Mao*a,b

The structural and phase stability of semiconductors has attracted considerable attention due to their

potential applications in next-generation optoelectronic, thermoelectric, and quantum devices. Atomistic

observations are crucial for understanding the defect formation during solidification in semiconductors.

In this study, an in situ biasing experiment was conducted using a transmission electron microscope to

investigate the detailed evolution of stacking faults and twinning at the solid–liquid interface in InAs. The

results highlight that nucleation energy regulation is key to defect formation. Additionally, thermally driven

dislocation slip, stacking fault dynamics, and twin dissociation reveal new pathways for defect evolution in

advanced semiconductors.

1. Introduction

The structural and phase stability of semiconductors has
gained significant attention due to their potential applications
in next-generation optoelectronic, thermoelectric, and
quantum devices.1–4 Among these materials, indium arsenide
(InAs) is particularly noteworthy for excellent physical pro-
perties, including a narrow direct bandgap (0.35 eV), high elec-
tron mobility, and strong quantum confinement effects.5–7

These characteristics make InAs an ideal candidate for infrared
photodetectors, field-effect transistors (FETs), and quantum
transport applications.8–15

A unique feature of III–V semiconductors, including InAs,
is their ability to crystallize in two distinct polymorphic
phases: the metastable wurtzite (WZ) phase with a hexagonal
crystal structure and the thermodynamically stable zinc blende
(ZB) phase with a cubic crystal structure.12,16–19 The coexis-
tence of these phases often leads to the formation of stacking
faults, twin boundaries, and other planar defects along the
growth axis, which can significantly influence their physical
properties.20–23 In particular, the introduction of twin bound-
aries can result in a periodic arrangement known as a twin
superlattice, where atomic-scale twin boundaries alternate
periodically within the crystal lattice.24,25 These twin superlat-
tices are of great interest because they can modify the elec-
tronic band structure, tune charge carrier mobility, and
enhance mechanical strength in semiconductor
nanowires.26–29

The properties of InAs are highly sensitive to defect popu-
lations, yet the mechanisms underpinning their evolution
during growth through solidification remain to be elucidated.
The formation of defects is believed to occur through the
nucleation and migration of atomic planes, often driven by
thermal or mechanical perturbations.30 However, understand-
ing the defect formation mechanism through capturing these
dynamic processes with sufficient temporal and spatial resolu-
tion has proven challenging. Conventional ex situ characteriz-
ation methods, such as X-ray diffraction or ex situ TEM, cannot
provide atomically resolved defect formation during dynamic
solidification, limiting our understanding of the structural
evolution at the atomic scale.27,31

To address these challenges, in situ transmission electron
microscopy (TEM) has emerged as a powerful method for
probing dynamic structural transformations in nanomaterials.
In situ TEM enables real-time atomic-scale imaging of phase
transitions, defect dynamics, and growth mechanisms under
controlled stimuli such as heating, stress, or electrical
bias.32–34 Recent studies utilizing in situ TEM have provided
insights into growth in other III–V semiconductors, such as
GaAs and InP, revealing the role of twin boundaries, interface
energetics, and growth kinetics in dictating their structural
evolution.22,35–39 These studies underscore the importance of
interfacial energetics in driving the periodicity and stability of
twinning. However, direct atomic-scale observations of solidifi-
cation and the associated evolution of defects remain limited.

Herein, we employed in situ high-resolution TEM (HRTEM)
to investigate the atomic resolved defect dynamic evolution in
InAs. By the “come and go” process of solidification and lique-
faction of InAs, we observe the dynamic processes that take
place during solidification for stacking faults and twinning.
These findings not only provide fundamental insights into the
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structural stability in III–V semiconductors but also offer a
basis for controlling stacking faults and twinning during soli-
dification in nanoscale materials. Such defect-controlled archi-
tectures hold great promise for optimizing the electronic and
mechanical properties of next generation semiconductors,
enabling their tailored use in advanced device applications.

2. Methods

The InAs was synthesized using metal–organic vapor phase
epitaxy (MOVPE) via the vapor–liquid–solid (VLS) mechanism.
The VLS growth process for InAs has been comprehensively
investigated.40 InAs (111)B substrates were solvent-cleaned; Au
nanoparticles (∼40 nm, ∼0.3 µm−2) were deposited as cata-
lysts. For growth, TMIn (In precursor) and AsH3 (As precursor)
were used in the H2 carrier at ∼100 Torr in a horizontal
OMVPE reactor. Substrates were ramped to 450–540 °C and
stabilized for 2–5 min; TMIn was introduced for 5–8 min while
AsH3 was maintained during ramp, growth, and cool-down.
The inlet V/III (AsH3/TMIn molar) was set between ∼10 and
100 to balance VLS yield vs. VS deposition. After growth, TMIn
was closed first and AsH3 held during cool-down to suppress
As loss; the samples were then removed for an in situ TEM
experiment.

The experiment was performed inside an FEI Tecnai F30
field-emission gun TEM operated at 300 kV. Employing the
Nanofactory TEM-STM platform,41–43 a single InAs nanowire
which grows on the GaAs substrate is Joule heated by passing
a current through it using the etched gold tip (Fig. 1). Unlike
its bulk counterpart which exhibits the ZB structure, the InAs
grown via this method predominantly adopts a WZ structure (a
= b = 4.30 Å, c = 7.04 Å), consistent with the previous experi-
mental observation.6 After approaching the gold tip until it
made good contact with the nanowire, we started heating the
InAs nanowire by slowly increasing the DC voltage and thus
the DC current until the AuIn began to melt. For other experi-
mental details, please refer to our previously published paper.6

3. Results
3.1. Solidification without planar defects

Nanoscale InAs with the designed solid–liquid interface pro-
vides a model system to study the dynamic crystalline evol-
ution during the solidification and liquefaction period. Fig. 2
illustrates the solidification process of a planar defect-free
InAs, where the contact angle (CA) at the solid–liquid interface
remains at nearly 90 degrees, ensuring stable and coherent
layer-by-layer growth.

In Fig. 2a, the early stage of InAs formation shows a smooth
and continuous interface, with the absence of defects. This
suggests that the solidification front remains well-ordered, facili-
tated by an equilibrium configuration that balances interfacial
energies between the liquid AuIn and solid InAs.44 Besides, the
ordered atomic layers of the {111} planes in Fig. 2b become
apparent, reinforcing the role of the near-perpendicular CA in pro-
moting epitaxial solidification along low-energy planes.
Continuing this trend, Fig. 2c highlights the sustained pro-
gression of the planar defect-free InAs, where the interface retains
its smooth and well-ordered morphology. Additionally, the near
90 degrees CA prevents excessive curvature effects that could intro-
duce localized strain variations, which in turn suppress defect
generation.45,46 In the final stage, Fig. 2d suggests that the ener-
getic landscape at the solidification front remains stable, allowing
the phase solidification to proceed without irregularities. The
well-faceted atomic planes indicate that solidification occurs in a
controlled step-flow mode, where adatoms selectively attach to
preferred lattice sites, thereby maintaining structural integrity.47

3.2. Defect generation during solidification

Fig. 3 shows the cyclic solidification and liquefaction of InAs,
where two successive cycles are observed, each marked by dis-
tinct contact angles (CAs) and defect evolution. The first cycle,
shown in Fig. 3a–c, exhibits a CA of approximately 75°, while
the second cycle, illustrated in Fig. 3d–f, proceeds with a
reduced CA of 43°. In both cycles, solidification and liquefac-
tion occur simultaneously, driven by interfacial strain and
atomic rearrangements at the solid–liquid interface. A key
difference between the two cycles is the defect density: more
stacking faults form in the second cycle than in the first, indi-
cating a progressive accumulation of structural disorder as
solidification advances.

The initial stage of the first cycle in Fig. 3a displays a well-
ordered crystalline structure with minimal defect formation.
The solid–liquid interface maintains a relatively smooth geo-
metry, allowing for a controlled solidification process. With
the progress of the system as shown in Fig. 3b, the onset of
stacking fault emission becomes evident, as indicated by the
small green arrows, facilitating strain relaxation within the
solidified InAs.48 Specifically, a Shockley partial is emitted
from the interface, relieving the interfacial shear concentrated
at a step/ledge. Subsequently, as shown in Fig. 3c, liquefaction
and solidification proceed simultaneously, with the liquid
phase advancing along the interface while the newly formed
atomic layers integrate into the lattice. The red arrow high-Fig. 1 Schematic diagram of the experimental setup.
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lights the direction of liquid transport, while the orange
arrows trace the propagation of the liquefaction process. The
CA of 75 degrees at this stage ensures moderate interfacial
stability, supporting defect-limited growth.

In contrast, the second cycle, captured in Fig. 3d–f, follows a
similar liquefaction and solidification sequence but with distinct
structural differences. Specifically, in Fig. 3d, the solid–liquid
interface becomes more irregular compared to that in the first
cycle. As solidification progresses, as shown in Fig. 3e, a higher
density of stacking faults appears, disrupting the uniformity of
atomic layer incorporation. In Fig. 3f, the crystal undergoes
further reorganization, with stacking faults propagating through-
out the structure, as indicated by the green arrows. The reduced
CA in this cycle suggests a shift in the interfacial energy balance,
leading to increased atomic disorder and a higher likelihood of
defect-mediated structural transformations.

3.3. Twinning superlattice formation during oscillatory
solidification

Fig. 4 presents the solidification and liquefaction processes of
the twin superlattice in InAs, illustrating the role of defect for-

mation and evolution dynamics. Fig. 4(a–c) depict the solidifi-
cation process, during which the solid–liquid CA progressively
decreases, leading to an increase in defect formation. The
green arrows highlight stacking faults, which appear as the
solidification front advances. As structural strain accumulates,
twin boundaries form, particularly evident in Fig. 4c, marking
a critical transition in the structural dynamics. In contrast,
Fig. 4(d–f ) illustrate the subsequent liquefaction process,
where the twin superlattice breaks down as thermal energy
destabilizes the atomic lattice. The sequence of liquefaction
follows a defect-mediated pathway, with stacking faults and
twin boundaries acting as initiation sites for atomic diffusion
and phase dissolution.

In the initial solidification stage, Fig. 4a shows a relatively
stable solid–liquid interface with minimal structural distor-
tions. The interface maintains a moderate CA, ensuring a
steady attachment of atomic layers without significant stacking
faults. However, as solidification progresses, as shown in
Fig. 4b, stacking faults emerge with a decreased CA of 60
degrees. This stacking fault formation is attributed to the
decreasing solid–liquid CA, which alters the solidification

Fig. 2 Planar defect-free InAs solidification. (a) Sharp solid–liquid interface at the onset of transition. Orange line indicates the solid–liquid inter-
face. (b) Nucleation of InAs with atomic planes along the [111] orientation. (c) Expansion of nanowires with an 89 degrees CA. (d) Growth of planar
defect-free nanowires. Orientations: [001], [112], and [11−2]. Scale bar: 5 nm.
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kinetics and promotes crystallographic misalignment. As struc-
tural disorder increases, InAs undergoes a shift in its defect
formation mechanisms.49 In Fig. 4c, twin structures become
clearly visible within InAs. The increasing density of stacking
faults, combined with a further reduction in the CA (29
degrees), encourages the nucleation of twin boundaries.

As the liquid AuIn is exhausted, the solidification of InAs
ends and enters the liquefaction stage. At this time, the lique-
faction direction is perpendicular to the solidification direc-
tion, as shown in Fig. 4d–f. In Fig. 4d, the onset of liquefaction
is observed at defect-rich regions where atomic distortions are
most pronounced. The interface roughens as atomic diffusion
increases, particularly along stacking faults and twin planes,
which act as preferred pathways for disintegration. The dashed
orange lines highlight the melting front, which progresses
along structurally weaker areas of the lattice. As liquefaction
advances in Fig. 4e, the solid–liquid interface becomes increas-
ingly irregular, and atomic planes lose their ordered structure.
At this stage, the transition from a crystalline to an amor-
phous-like phase begins, emphasizing the thermodynamic
instability introduced by defect-mediated diffusion. The
marked separation between the solid (S) and liquid (L) phases,

as labeled, indicates that liquefaction proceeds in a well-
defined direction, governed by defect distribution and strain
energy minimization. Finally, in Fig. 4f, the complete phase
breakdown is evident, with the twin superlattice transitioning
into a disordered, amorphous-like liquid state. The twin
boundaries that initially stabilized the solidification process
now serve as preferential liquefaction pathways, guiding the
collapse of lattice periodicity. The crystallographic orien-
tations, labeled as {111} planes, suggest that liquefaction pro-
ceeds perpendicular to the twin superlattice growth direction,
following the thermodynamically favorable route of strain
energy minimization.50 The liquid phase expands as the solid
lattice disintegrates, driven by defect-assisted diffusion.

4. Discussion
4.1. Formation of stacking faults and twinning

To better understand the formation mechanism of stacking
faults and twinning observed in the experiment in more detail,
we introduce nucleation theory to provide a framework for its
explanation. Nucleation plays a fundamental role in the VLS

Fig. 3 Two cycles of oscillatory solidification and liquefaction. (a)–(c) indicate the first cycle with a CA of 75 degrees, (d) and (e) indicate the second
cycle with a CA of 43 degrees. White arrows indicate the pristine stacking faults. Green arrows indicate the newly formed stacking faults. (a) Initial
InAs with pristine stacking faults. (b) Nucleation of stacking faults near the solid–liquid interface. Orange arrows indicate the direction of solidifica-
tion and liquefaction. (c) Propagation of InAs. Red arrow and orange arrows indicate the direction of the liquid flow. (d) Dissolution of InAs. (e)
Nucleation of new stacking faults near the interface. (f ) Propagation and formation of stacking faults. Scale bar: 10 nm.
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growth mechanism, dictating the structural quality and defect
formation in the resulting nanowires.51 In classical nucleation
theory, a distinction is made between homogeneous and
heterogeneous nucleation, each governed by different thermo-
dynamic considerations. In homogeneous nucleation, the total
free energy change for nucleation is expressed as a function of
the nucleus radius:52,53

ΔG ¼ 4
3
πr3ΔGv þ 4πr2γ ð1Þ

where ΔGv is the volume free energy change per unit volume
and γ is the interfacial energy.

The nucleation barrier in homogeneous nucleation is given
by:

ΔG*
hom ¼ 16πγ3

3ðΔGvÞ2
ð2Þ

However, due to the high energy barrier associated with
homogeneous nucleation, it is rarely observed under practical
growth conditions. In contrast, during heterogeneous nuclea-
tion, the presence of a catalyst droplet or a solid surface lowers

the nucleation barrier.54 The presence of a solid surface mod-
ifies the shape of the forming nucleus, typically resulting in a
spherical cap rather than a complete sphere. This alteration
introduces a correction factor that accounts for the influence
of the contact angle on nucleation energy:

ΔG*
het ¼ f ðθÞΔG*

hom ð3Þ
The correction factor, denoted as f (θ),55 is a function of the

contact angle between the liquid catalyst and the solid surface
and can be expressed as:

f ðθÞ ¼ ð2þ cos θÞð1� cos θÞ2
4

ð4Þ

This function quantifies the extent to which the nucleation
barrier is reduced compared to that with homogeneous nuclea-
tion. As the contact angle decreases, the correction factor
diminishes, leading to a lower energy barrier for nucleation.
This relationship has significant implications for the struc-
tural integrity of nanowires grown via the VLS mechanism.

The impact of the contact angle on nucleation behavior can
be analyzed by evaluating the correction factor for various

Fig. 4 Oscillatory solidification and liquefaction with the twin superlattice. (a) Initial planar defect-free lattice near the solid–liquid interface. (b)
Migration of stacking faults, where the CA is 60 degrees. Green arrows indicate the stacking faults. (c) The process of forming twins, where the CA is
29 degrees. Orange dotted line indicates a {111} twin boundary. (d) Formation of the second {111} twin boundary. (e) Initial liquefaction of the twin
superlattice. Orange line indicates the solid–liquid interface, and orange arrows indicate the direction of liquefaction. (f ) Liquefaction along the
normal direction of twin superlattice growth. Scale bar: 5 nm.
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angles relevant to InAs nanowire solidification. When the
contact angle is around 90 degrees, the nucleation energy
barrier is reduced by half relative to that with homogeneous
nucleation. This configuration promotes controlled nucleation
at a single front, minimizing the likelihood of competing
nucleation sites and reducing the formation of structural
defects. As the contact angle decreases, the nucleation energy
barrier becomes progressively lower. At moderate angles like
60 degrees (Fig. 4b), nucleation occurs more readily (correction
factor f (θ) is approximately 0.16); however, the probability of
multiple competing nucleation sites increases. This compe-
tition can lead to localized lattice distortions, which, in turn,
introduce structural imperfections such as dislocations and
minor stacking faults. At lower contact angles, particularly
below 45 degrees (correction factor f (θ) is approximately 0.06),
the nucleation barrier is significantly diminished, resulting in
highly favorable conditions for nucleation (Fig. 3f). Under
these conditions, multiple nuclei may form simultaneously at
different locations within the catalyst droplet. This uncon-
trolled nucleation process disrupts the uniformity of the
crystal growth front, increasing the probability of twin bound-
aries and stacking faults. As the contact angle approaches even
lower values (below 30 degrees), the nucleation energy barrier
is nearly eliminated with the correction factor f (θ) being

approximately 0.01, enabling rapid and widespread nucleation
(Fig. 4c). This excessive nucleation leads to a high density of
defects, including stacking faults and twinning structures, ulti-
mately compromising the crystallinity of the nanowires. The
findings provide a theoretical framework for understanding
the relationship between the contact angle and stacking faults
and twinning in VLS growth. The analysis of the correction
factor demonstrates that maintaining a contact angle close to
90 degrees is optimal for achieving planar defect-free, high-
quality nanowires. In contrast, lower contact angles facilitate
uncontrolled nucleation, leading to structural imperfections
that can degrade the material properties. These results under-
score the importance of precise control over the catalyst dro-
plet’s wetting behavior to optimize the crystallinity and struc-
tural integrity of nanowires. This work not only aligns with
experimental observations but also provides a quantitative
basis for engineering planar defect-free nanostructures
through careful manipulation of growth parameters.

4.2. Dynamic evolution of stacking faults and twinning

Thermally agitated stacking faults exhibit migration along the
{111} plane (white box) and the annihilation of stacking faults
(orange box) shown in Fig. 5. In essence, the stacking faults

Fig. 5 In situ HRTEM observation of the migration of stacking faults along the {111} plane. (a) and (b) Evolution of stacking faults. Orange boxes indi-
cate the annihilation of stacking faults. Green arrow indicates the stacking fault. White boxes indicate the migration of stacking faults. (c) and (d)
White boxes in (a) and (b). Blue arrow indicates the slip direction of the dislocation. Scale bar: (a) and (b) 5 nm, (c) and (d) 1 nm.
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propagate outward induced by partial dislocation 1/6 〈112〉,
perpendicular to the solidification direction, across the nano-
wire’s cross-section. This happens because forming a continu-
ous planar fault across the whole nanowire is energetically
favorable compared to a partial fault that would involve
additional edge/surface energy at its boundaries. The stacking
faults are effectively driven to span the entire crystal cross-
section to minimize the energy associated with its edges. As a
result, a stacking fault tends to continue across the nanowire
diameter, remaining on the same basal plane perpendicular to
the solidification direction. Meanwhile, the annihilation of
stacking faults also suggests that the system energetically opti-
mizes itself during solidification. Defects that are not energeti-
cally favorable tend to be eliminated as atoms arrange into a
more stable crystal structure, which aligns with the principle
that a growing crystal seeks to minimize its free energy,
leading to the removal of high-energy defects. Stacking faults
introduce lattice distortions, elevating the crystal free energy.
Their migration toward free surfaces allows for the relaxation
of these distortions, thereby reducing the system’s overall
energy. This process is facilitated by surface diffusion
mediated by solid–liquid interface fluctuations (contact angle
changes), where atoms at or near the surface exhibit increased
mobility, enabling the reorganization or elimination of defects
to achieve a more stable configuration.

4.3. Liquefaction-induced structural instabilities

In molecular dynamics simulations of face-centered cubic
(FCC) metals, the presence of twin interfaces causes liquefac-
tion to occur at a reduced temperature compared to that at the
normal melting point.56 By analogy, but recognizing the
different mechanism in III–V ZB semiconductors, in a ZB InAs
nanowire, the twin boundary {111} has a lower thermodynamic

stability, so when the nanowire is Joule-heated, melting nucle-
ates preferentially along that twin boundary. This defective
plane provides an energetically favorable path for the solid-to-
liquid transition because fewer bonds must be broken com-
pared to that when melting within the perfect lattice. The
system lowers its free energy by melting and dissolving the
twin boundary, thereby eliminating the interfacial energy
associated with it. Notably, simulations also show that as the
temperature approaches the melting point, the twin boundary
formation energy drops, meaning the crystal gains little
benefit from retaining that twin at high temperature.56 This
drives the selective dissolution of the twin: the nanowire can
reduce its total energy by removing the twin plane via localized
melting. Twin boundaries carry an excess energy (though lower
than random grain boundaries, a coherent twin still has a
finite energy cost). During biasing, the nanowire’s temperature
rise, and the twin boundary becomes the weakest link from an
energy standpoint. Liquefaction concentrates at the twin
boundary to minimize energy, effectively “peeling apart” the
twin. Removing the twin plane erases its defect energy, yield-
ing a more stable single-crystalline region. This is analogous to
how chemical etching or oxidation often proceeds preferen-
tially at defect sites—here, thermally driven liquefaction pre-
ferentially nucleates along the twin boundary. The result is a
selective dissolution of the twin interface: the twin plane melts
before the rest of the lattice, creating a liquid layer along that
plane. This behavior is an outcome of energy minimization
principles; the system favors a state without a high-energy
interface. In short, the twin boundary elevated energy density
makes it a hotspot for a phase change, explaining why lique-
faction occurs preferentially along the twin plane. Once a thin
liquid layer nucleates at the twin plane, a solid–liquid interface
is established between the remaining crystal and the molten

Fig. 6 In situ HRTEM observation of the solid–liquid interface during the liquefaction process. (a) The interface of solid to liquid transformation.
The orange arrows represent the liquefaction direction. (b) Different interplanar spacing of the interface (white) and twinning plane (yellow). Scale
bar: 5 nm. (a) and (b) The magnification of the melting front in Fig. 4(e) and (f ).
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region. Observations indicate that this interface migrates
along the plane of the twin, rather than arbitrarily through the
crystal lattice. This behavior can be understood by considering
interface energetics and the pre-existing structural pathway.
The twin boundary is a ready-made two-dimensional defect
plane that the liquid can spread along with minimal resis-
tance. In crystallographic terms, the twin plane in zinc blende
InAs is typically a {111} plane – a close-packed plane. A liquid–
solid interface that lies on a low-index plane tends to have a
lower interfacial free energy, which makes it more stable and
likely to propagate in-plane rather than break into the perfect
lattice. In other words, the melting front locks onto the twin
boundary plane because that orientation minimizes the inter-
face energy. Breaking into the undisturbed lattice (off the twin
plane) would require creating a new interface with higher
energy (since the crystal is coherent and planar defect-free
away from the twin), so the system avoids that. Instead, the
melt front extends along the twin, melting away the defect
plane like a zipper unzipping. This results in the interface
moving in a controlled manner aligned with the twin bound-
ary. Such planar interface migration is reminiscent of one of
the known nanowire liquefaction modes identified in simu-
lations: a stable melt interface that advances steadily rather
than an unstable breakup.57 Furthermore, Fig. 6 reveals that
the interplanar spacing (d-spacing) at the solid–liquid interface
is larger than that in the twin planes away from the interface.
This expansion can be attributed to the presence of a premelt-
ing layer, where a quasi-liquid region forms before complete
melting, resulting in structural disorder and increased intera-
tomic distances.58,59 Additionally, strain accumulation at the
interface due to twin boundary constraints may contribute to
local dilation. The observed interface expansion suggests that
the melting front is not an abrupt transition but rather
involves a gradual atomic rearrangement influenced by
thermodynamic and kinetic factors. This reinforces the idea
that the liquefaction process at twin boundaries follows an
energetically favorable pathway, driven by interface-induced
instabilities and pre-existing structural features that guide the
solid–liquid transformation.60

5. Conclusion

Using in situ HRTEM, the dynamic evolution of stacking faults
and twinning in semiconductor InAs was directly observed.
First, the results indicate that the formation of stacking faults
and twins arises from fluctuations in the contact angle at the
solid–liquid interface. Specifically, as the contact angle
decreases, the nucleation energy barrier is substantially
reduced, resulting in an increased density of stacking faults
and twins. This process is closely associated with interfacial
energetics, whereby a lower contact angle facilitates hetero-
geneous nucleation. Second, thermally activated stacking
faults were observed to migrate along the {111} planes and
undergo annihilation. The migration is mediated by partial
dislocations, while annihilation is driven by fluctuations at the

solid–liquid interface that reflect the system’s tendency toward
energy minimization. These fluctuations enhance atomic
surface diffusivity, enabling self-correction and the elimination
of stacking faults. Third, the liquefaction of InAs is
accompanied by twin dissociation at the twin boundaries. The
twin plane acts as a low-energy pathway for the liquid–solid
transition, guiding the melting front along a structurally favor-
able direction. This behavior highlights the significance of
interfacial energy minimization in defect-mediated liquid–
solid phase transitions.

Collectively, these atomic-scale observations provide impor-
tant insights into the nucleation-driven mechanisms that
control stacking fault and twinning evolution during solidifica-
tion. Understanding these defect dynamics allows for better
control of phase stability and defects in semiconductors. By
adjusting growth conditions—such as the solid–liquid contact
angle and catalyst composition—the defect structure can be
tuned to improve the electronic and optoelectronic properties
of nanowires. These findings provide a basis for the design of
defect-engineered semiconductors, with broad potential for
applications in quantum transport devices, infrared photo-
detectors, and high-speed nanoelectronics.
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