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Atomistic simulation of CdTe solid-liquid coexistence equilibria
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Atomistic simulations of CdTe using a Stillinger-Weber (SW) interatomic potential were undertaken to
model the solid-liquid phase equilibria of this important compound semiconductor. Although this potential has
been used by others to study liquid CdTe and vapor-liquid interface, it is based on fitting parameters optimized
only for the zincblende solid. It has not been fully explored as a potential for solid-liquid phase equilibria until
this work. This research reports an accurate determination of the melting temperature, 7y=1305 K near P
=0, the heat of fusion at melting, and on the relative phase densities with a particular emphasis on the melting
line. The SW potential for CdTe predicts a liquid with a density slightly less than that of the solid and, hence,
the pressure-temperature melting line has a positive slope. The pair-correlation structure of the liquid is
determined and favorably compared to neutron-scattering data and to ab initio simulations. The liquid-solid
interface is discussed using density profiles and a short-range order parameter for models having principal

orientations along (100), (110), and (111) crystallographic directions.
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I. INTRODUCTION

Melt-grown compound semiconductors, such as CdZnTe
(CZT), for radiation detection applications represent a severe
materials challenge when the requirements are for large,
defect-free crystals with high resistivity and large electron
mobility-lifetime products grown reproducibly and with high
growth yields. Depending on the application single-crystal
cubes of CZT as large as 20 mm on a side are required. At
present this is not possible and one of the reasons includes a
lack of fundamental understanding of the crystal growing
process at the appropriate length scale having to do with
defect formation. For a ternary or binary system there are
complexities that appear to be fairly daunting in developing
this understanding at an atomic level and one of the principal
limitations is the lack of accurate interatomic potentials to
facilitate studies such as have been undertaken for unary sys-
tems that begin to provide some of the fundamental knowl-
edge that is currently lacking.!-® For binary and ternary sys-
tems, there are additional complications, as there may be
important compositional effects at the interface that are ab-
sent in monatomic systems. The use of mesoscale models of
crystallization, such as phase field models, requires accurate
and detailed information on solid-liquid interface kinetics,
anisotropies, and compositional parameters near the inter-
face. Such details can be gleaned from accurate atomistic
models of solid-liquid interfaces, as well as additional and
critical information for crystal growth.

Inputs required for more accurate models of CZT growth
are anisotropic interface energies, attachment kinetics, com-
positional fluctuations in the liquid, and growth orientation
selection. Prior to devoting the time necessary for obtaining
these details, a testing and development of improved inter-
atomic potentials for CZT has been undertaken beginning
with an investigation of a Stillinger-Weber (SW) potential
for CdTe developed for studies of the liquid phase.” This
potential, however, is not expected to be able to accurately
provide all of the required details since it was parameterized
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using only the zincblende structure for CdTe, which does not
provide for Te-Te or Cd-Cd interactions. In particular, the
lack of accurate Te-Te interactions will prevent the liquid
structure from achieving the same results obtained using ab
initio methods that revealed the formation of branched Te
chains and Cd clusters in liquid CdTe simulations, along with
other more fundamental liquid properties.'®!'> Moreover,
while this potential has been used to study liquid structures
using molecular dynamics (MD), the simulations employed
very small periodic models and short simulation times with
apparent contradictory results in terms of the quality of the
potential and the calculations of liquid structure factors.'3:14

This work represents the first test of this potential using
large-scale MD simulations and a more detailed study of the
solid-liquid transition, both in terms of the equilibrium melt-
ing line'> but also examination of the liquid structure and
density as a function of distance from the solid-liquid inter-
face and interface crystallographic orientation. In doing so
we follow many of the procedures developed for the study of
unary systems.!>~2% In particular, this work focuses on stoi-
chiometric CdTe and represents an initial set of studies in
this system.

II. COMPUTATIONAL DETAILS
As indicated above, simulations were made using the SW

potential for CdTe developed by Wang;’ the potential energy
has the form

V=2 Walr) + 2 Wirprpry). (1)

i<j i<j<k

The two-body term W, is zero for distances larger than the
cut-off value r.=1.80, with 0=2.51 A. For smaller dis-
tances, W, has the form
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Wy(r) = SAaﬂ[BaB(O'/I")4 — 1lexpla/(r-r.)]. (2)

In this expression, « designates the element type (Cd or Te)
for atom i and S designates the type for atom j. The three-
body term Wj is

Wi = e[h(ryj, i 0) + h(rijo i, 0;) + h(rys 1 01, (3)

where 6, is the angle centered on atom i and its neighbors j
and k. Here, the function A(r,s, 6) is zero if r or s are greater
than r.. Otherwise, it has the form

1 2
h(r,s,0) =\ exp[vo(r—r.)™ + vo(s - rc)_l](cos 0— g) .

(4)

Note that Wj is independent of the types of atoms i, j, and k.
Due to the fact that the angles {6} are all invariant when all
distances are scaled by the same factor, the isotropic pressure
may be calculated using the same virial expressions as for
pair potentials. All parameters for the potential are given in
Ref. 9.

Solid-liquid coexistence models were created with the
LAMMPS program.?’ A rectangular prism model of CdTe is
created with sizes on the order of 60X 6 X 3a(3,, where qy is
the CdTe lattice parameter, containing a liquid central region
in equilibrium with a solid region at either end of the fully
three-dimensional (3D) periodic model. The specific sizes
are dependent on the interface orientation, with the smaller
two simulation cell sizes chosen to be commensurate with
the periodicity of the crystal interface. The formation of
separate solid and liquid regions is facilitated in LAMMPS by
virtue of being able to define and separately control the tem-
perature of portions of the model. In this case, a central re-
gion is defined and heated to 2000 K by rescaling the atom
velocities in that region alone to create a liquid region, fol-
lowing which the entire model is brought to 1310 K and
allowed to equilibrate. The temperature rescaling at 2000 K
is run under constant atom number, volume, and energy
(NVE) conditions with dynamic rescaling for 10 ps while the
rescaling back to 1310 K is performed using similar dynamic
rescaling for 10 ps. The central region is then brought to zero
pressure under constant atom number, pressure, and tempera-
ture (NPT) conditions at 1310 K. All MD is performed using
a time step of 1 fs and equilibration runs are always per-
formed under NVE conditions. Three model orientations
were chosen for this investigation; [100], [110], and [111]
crystal orientations were created along the long axis of the
prism such that the solid-liquid interface was normal to the
given crystal axis.

Separately, a 3D periodic CdTe cube model 10X 10
X 10a; was ramped from an initial temperature of 500—1700
K in 1.9 ns, 0.62 K/ps; under moderately slow NPT condi-
tions to achieve an all-liquid model. At 1.9 ns the model
began to melt at 1700 K and at 2.3 ns had achieved a tem-
perature of 1307 K in a fully liquid state. This was the first
indication of an approximate melting temperature. The
model was further heated and reached a final liquid tempera-
ture of 1500 K after 2.5 ns. This model was then cooled to
200 K in 1.0 ns, 1.3 K/ps, and remained in noncrystalline
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state upon cooling. These cube models were used to calculate
an approximate melting temperature, solid and liquid densi-
ties as a function of temperature, and a heat of fusion for
CdTe, required for subsequent calculations.

The coexistence models were created close to thermal
equilibrium by bringing the solid and liquid regions to the
proper densities by adjusting the dimensions of the rectangu-
lar prism to match the calculated solid and liquid densities
found in the cube model runs by using NPT thermostatted
runs at 7=1310 K and P=0. If this is not done correctly
then subsequent approaches to equilibrium are extremely
slow. The initial starting two-phase model in the [100] ori-
entation consisted of 0.339 volume fraction liquid in a cen-
tral region such that the model composite density was con-
sistent with a rule-of-mixtures density for the system. This
model was chosen as the starting point for the solid-liquid
coexistence runs and it consisted of 8640 atoms in a rectan-
gular prism of 40.12X3.95X1.98 nm® at approximately
1300 K to match the melting temperature determined in the
MD runs.

Separate models were created from this initial model by
again using NPT runs to adjust both temperature and pres-
sure to new values that ranged in temperature up to 1400 K
and in pressure up to 2500 MPa based on the Clausius-
Clapeyron equation as

dP AHE
= : ©)
dr T(Vl_ VY)

where P is pressure, T is temperature, AH is the heat of
fusion, and V; and V; are the liquid and solid specific vol-
umes, respectively, at the melting point of CdTe. The values
found in this study were used in Eq. (1) to forecast T-P
equilibrium values and these forecasts were used as initial
starting points for subsequent NVE runs to allow solid-liquid
equilibration under higher model pressures. These methods
were repeated uniformly for all models irrespective of their
interface orientation. In general, these NVE models were al-
lowed to equilibrate over MD time scales of more than 1 ns.

One method of analyzing the change in structure near the
interfaces was by examining a phenomenological order pa-
rameter that is large in the solid phase and small in the liquid
phase. We use a variation in an order parameter used
previously?! for face-centered cubic (fcc) and body-centered
cubic crystals. A set of vectors {g} is defined that point along
the {110} directions in the crystal portion. There are twelve
different directions; taking only one of antiparallel pairs of
vectors reduces this to a set of N,=6 vectors. The magnitude
of each of these vectors is scaled to be 2v27/a,, where aj, is
the cubic-lattice constant. Defined in this way, the second-
nearest-neighbor vector r, satisfies |g;-r,|=0 or |g;-r,|=21.
For each atom i/, the order parameter is defined as

1
12N,

> 3 explr a0 | (©)

J

b

where j runs over all atoms within a cut-off distance chosen
to be slightly larger than the magnitude of r,, and k runs over
all N, vectors. This term is essentially a local scattering mag-
nitude and is taking advantage of the fact that the vectors {g}
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FIG. 1. Model temperature (K) as a function of total energy (eV)
for 1000 CdTe unit cells (8000 atoms) as model temperature is
ramped from 500 to 1700 K, where it begins to melt and subse-
quently cools to 1307 K, continuing up to 1500 K and then cooled
down to 200 K, where it remains noncrystalline. The approximate
melting temperature is indicated along with the heat of fusion for
CdTe (eV/atom).

are along equivalent reciprocal lattice directions for the fcc
(and diamond) lattice, which forms the basis for the
zincblende structure. The factor of 12 is used to account for
the 12 second-nearest neighbors.

III. RESULTS AND DISCUSSION

Figure 1 shows the model temperature versus total energy
as the CdTe cube model is heated, melted at 1700 K, and
then cooled as a liquid into a noncrystalline solid at 200 K.
The energy difference between the two models at the ap-
proximate melting temperature of 1307 K, one solid and one
liquid, gives the heat of fusion for CdTe. These models also
provide solid and liquid densities as a function of tempera-
ture. The CdTe solid has a density of 5.578 g/cm?® at 1300 K
in our MD models compared to 5.727 g/cm? experimen-
tally, while the model liquid density was 5.326 g/cm® com-
pared to 5.665 g/cm? in experiments.”® The heat of fusion
determined by MD melting was 270.9 X 10° J/kg (15.5 kcal/
mol) compared to experimental values of 209.2X 10° J/kg
(12.0 kcal/mol).” Wang and Stroud® found a similar value of
252.8X10% J/kg (14.5 kcal/mol) in their Monte Carlo study
using this potential. The approximate melting temperature
determined here was ~1307 K, which differs from what
Wang and Stroud reported as ~1370 K. The difference can
partly be attributed to the accuracy of the coexistence
method and partly to increased computational capabilities,
including the use of larger atomistic models, due to advances
in computer hardware.

The liquid model was analyzed for liquid structure factors
using pair-correlation methods and this data is shown in Fig.
2, which compare favorably with the total g(r) from ab initio
CdTe liquid-model data'' and from neutron-diffraction
data.?®3% The most significant discrepancy is that ab initio
models suggest a Cd-Cd nearest-neighbor peak in the liquid
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FIG. 2. The total and partial pair-correlation data from liquid
models generated in this work at 1305 K, and compared to curves
from ab initio models (Ref. 11) and to neutron-diffraction data from
liquid CdTe (Ref. 29).

that is much shorter than what is seen in the present simula-
tions. These ab initio results appear to produce an increased
value of g(r) in the range of 2.2—-2.4 A that is not seen in
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either our results or in experimental results. In fact, the
present simulations appear to reproduce the experimental
g(r) curve better than ab initio results, though this should be
considered somewhat fortuitous, given the limitations of the
potential. Earlier MD simulations with the same potential
gave pair-correlation data that was not in good agreement
with either experiment or with the ab initio results.'> Al-
though the conclusion in that former study was that the SW
potential for CdTe was inferior, the present study shows that
using larger models and longer simulation times than the
former study can generate reasonable agreement with exist-
ing data and with ab initio results. The reason for this agree-
ment is that liquid CdTe retains a basic tetrahedral coordina-
tion for temperatures near melting and for low pressures,
which is close to the conditions used for the parameterization
of this CdTe SW potential. The tetrahedral behavior of this
potential has been noted before.® Specifically, we calculate
an average coordination slightly higher than four in the lig-
uid state (within a cutoff of 3.6 10\, close to the minimum of
the pair-correlation function). This coordination is in agree-
ment with those from ab initio simulations (see Ref. 11,
Table II). The average angle distribution is peaked close to
100°, slightly less than the value of 109° expected for a
perfectly tetrahedral material. Studies of CdTe solid-liquid
equilibria near the melting temperature using this potential
can be expected to provide useful information because of this
agreement even given the limitations of the potential.

While the melting/crystallization results provide a simple
estimate of the melting temperature, it is not necessarily ac-
curate. Coexistence simulations provide a more direct ap-
proach for accurately determining the melting temperature
and results on different interfaces provide a check on the
consistency of the results. Coexistence results in terms of
temperature-pressure pairs at equilibrium using converged
NVE runs are shown in Fig. 3 as the melting line for CdTe
with this interatomic potential. The interface orientation is
labeled in Fig. 3 and, while there are differences between
these MD results as a function of interface orientation the
differences are not large. The most important point to be
made from the MD data is that the SW potential for CdTe
produces a melting line with a positive upwards slope of
0.023 K/MPa, which is comparable to the experimental value
given by Glazov?® of 0.0125 K/MPa. This indicates that the
simulated CdTe is not a waterlike or Si-like liquid as sug-
gested by the data of Jayaraman,3! which gives a melting line
that slopes downward at —0.046 K/MPa. The positive slope
for the melting line is consistent with the observation that the
liquid density for CdTe in the MD models was less than that
of the corresponding solid.

The melting temperatures calculated from the different
interfaces are reasonably consistent, within 5% of each other.
The (111) interface simulations produce a slightly higher
melting temperature than the (100) and (110) interfaces; this
appears to be due to slightly different lattice parameters in
the in-plane direction, suggesting a slightly anisotropic stress
contribution. The differences in P-T equilibrium between the
three orientations appears to have more to do with the equili-
bration time in the MD runs and should not be interpreted as
an intrinsic difference in melting behavior. For similar size
models the (111) orientation took approximately twice as
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FIG. 3. P-T equilibrium curve, or melting line, for CdTe as
determined by the NVE MD coexistence runs for atomic models
oriented with solid-liquid interface normal to indicated crystallo-
graphic orientation. The data are from Jayaraman (Ref. 31) and
Glazov (Ref. 28). The MD data indicate that the melting line is
independent of interface orientation and that differences in the (111)
data are due to model equilibration times (see text).

long to equilibrate as the other two orientations during NVE
MD, which suggests that different interface orientations have
significantly different kinetic processes linked to solidifica-
tion and/or melting processes; in particular, it suggests that
the (111) interface has a lower interfacial mobility. Since it is
likely that interface energies for CdTe are anisotropic and,
since it is known that related diamond cubic materials, such
as Si and Ge, have transitions between rough and faceted
interfaces depending on interface orientation, we investi-
gated the local order and local densities of the three inter-
faces using the MD data generated during the equilibrated
NVE runs.

The interface composition, elemental density, and order
parameter are shown in Figs. 4—6 for each of the three inter-
faces in this study. The fine-scale density>* and
order-parameter>' plots are convenient tools for the study of
solid-liquid interfaces in unary and binary systems. Here we
examine fine-scale elemental density data and order-
parameter plots as a function of location in solid-liquid co-
existence models at equilibrium after long-time NVE MD.
The density data is averaged over long simulation times, and
therefore results near the interface are undoubtedly affected
by fluctuations in the height of the interface. However, the
positions of the interfaces do not move much during the
simulation, and in the simulations, the periodic box has nar-
row cross-sections, which limit fluctuations in the height of
the interface. The order-parameter calculation is based on the
final configuration; we note that the widths estimated from
this single configuration are comparable to the widths based
on the density profile, indicating that the long time averages
do not significantly affect our estimates of the interfacial
widths. Figure 4 shows the results for the (100) interface,
Fig. 5 for the (110) interface, and Fig. 6 for the (111) inter-
face. While differences are seen in all of the figures, some
critical features are observed in the (111) interface plot that
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FIG. 4. (Color) Fine-scale density and order-parameter plots as
functions of position normal to the interface for (100) CdTe. The
upper plot (a) shows total density, the middle plot shows elemental
density, and the lower plot shows atomic order parameter. The (100)
interface is sharp but CdTe liquid contains remnants of tetrahedral
ordering near the interface and for several nanometers into the lig-
uid. The lower figure (b) is a two-dimensional (2D) atom plot color
coded to order parameter with blue as ordered and red as disordered
or liquid.

are not seen in the other data. Specifically, the (111) interface
is broader, shows structural twins, and shows strong compo-
sitional segregation in the liquid.

First, the (100) interface density data show that tendency
for the tetrahedral coordination that is parameterized into the
SW potential to persist into the liquid for several nanometers.
CdTe total-density oscillations are observed up to 40 A into
the liquid (right-hand side of Fig. 4). The individual Cd and
Te densities appear to oscillate out of phase in the liquid near
the interface, likely induced by the similar out of phase
chemical oscillations of the (100) planes in the crystal phase.
This demonstrates that chemical ordering due to the interface
can persist for significant depths into the liquid phase. The
solid-liquid interface is about 15 A in width, as defined by
the distance to go from fully ordered to fully disordered. The
melting point for this model was determined to be 1305 K
from the NVE MD data. The (110) interface width is also
about 15-20 A as shown in Fig. 5, but the liquid composi-
tion profiles are less structured than the (100) liquid and
fewer density oscillations are observed near the interface.
The absence of chemical ordering in the liquid near the in-
terface is not surprising as the (110) crystal planes contain
both Cd and Te atoms, unlike the (100) crystal planes.

In contrast, the (111) interface, which is a polar interface,
demonstrates a critical feature for CdTe as the (111) stacking
order for the zincblende structure of aAbBcC gives one in-
terface Cd terminated and the other interface Te terminated
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FIG. 5. (Color) Fine-scale density and order-parameter plots as
functions of position normal to the interface for (110) CdTe. The
upper plot (a) shows total density, the middle plot shows elemental
density, and the lower plot shows atomic order parameter. The
lower figure (b) is a 2D atom position plot color coded to order
parameter as in Fig. 4.

in the coexistence model. Periodic boundary conditions
forces there to be two different solid-liquid interfaces in our
model, and for this geometry the two interfaces must be ter-
minated by different species. This can be seen clearly in Fig.
6 plots of elemental densities. The Cd-terminated interface
on the left-hand side of Fig. 6 reveals that there is a Te-rich
region in the liquid at that interface, while there is a corre-
sponding Cd-rich liquid region adjacent to the Te-terminated
interface on the right-hand side of Fig. 6. In addition, the
interface width is now seen to be about 15-20 A, as deter-
mined by the density profile. The atom model shows the
facets and some twins near the solid-liquid interface. This
affects the width of the order-parameter profile, as the
twinned region has a lower order parameter due to the dif-
ferences from ideal stacking. Figure 7 shows a ball and stick
model of the CdTe (111) interface with a (111) twin identi-
fied as a coherent boundary parallel to the (111) plane with
stacking sequence of CcAaBbC |cBbAaCc.3?3 This structure
naturally occurs during the simulations. Such lamellar twins
have low energies, 0.016 J/ m?, as determined from ab initio
models. Since the SW potential used in the present simula-
tions only contains nearest-neighbor interactions, the lamel-
lar twin energy is exactly zero. Steps or facets along the
(111) solid-liquid interface are also seen in the atomic model.
Note that electrostatic effects due to ionic charges at polar
interfaces are not included in our model; we assume that
electronic charge transfer will screen out any long-ranged
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FIG. 6. (Color) Fine-scale density and order-parameter plots as
functions of position normal to the interface for (110) CdTe. The
upper plot (a) shows total density, the middle plot shows elemental
density, and the lower plot shows atomic order parameter. The CdTe
liquid contains significant compositional segregation near the inter-
faces and also contains (111) lamellar twins (see text and Fig. 7).
The lower plot (b) is a 2D atom position plot color coded to order
parameter as in Figs. 4 and 5.

polarization fields, even though electronic degrees of free-
dom are of course not explicitly included in classical simu-
lations of this type.

Experimentally, the growth of CdTe from the melt is ob-
served to involve twinning, thought to be mechanical twin-

Solid CdTe

(111) lamellar
twin boundary
and

stepped (111)
solid-liquid
interface

Liquid CdTe

FIG. 7. (Color) A ball and stick model of a portion of CdTe
solid-liquid interface for the (111) orientation shown in Fig. 6 is
shown. A (111) lamellar twin is indicated in the figure and steps are
observed along the solid-liquid interface.
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ning due to thermal strains, and it is interesting to see twins
form spontaneously in these atomic models where the ther-
mal strains are likely not the root cause. Rather, the low
values for CdTe stacking fault energies and twin
boundaries*? almost ensures that such defects will be present
during crystal growth. Of more concern for devices, how-
ever, is the presence of Te particles that form during melt
growth of CdTe and CZT. These observations of the elemen-
tal segregation in the liquid may be a partial explanation for
the formation of Te-rich inclusions during solidification.3*-3¢
One hypothesis for Te-particle formation during crystalliza-
tion has been the incorporation of liquid-Te droplets into the
growing crystal in contrast to subsequent precipitation of Te
during solidification and cool down due to nonstoichiometry
in the crystal. The development of Te-rich liquid regions ad-
jacent to solid-liquid interfaces has not been considered but
would offer a partial explanation for the relatively easy for-
mation of such Te particles. Also, the chemical segregation
near the interface may interfere with planar growth, causing
growth instabilities similar to those observed in alloys. Our
observation of chemical segregation near the interface in a
congruently melting system is significant, and undoubtedly
plays an important role in crystal growth.

A number of further calculations are underway. First, the
compositional segregation near the (111) interfaces is of par-
ticular interest to the growth of single-crystal CdTe, and the
results presented here suggest that this compositional segre-
gation may extend much further than may be explored using
the present simulations. Larger simulations of this interface
are currently being performed, and a more detailed analysis
of the structure will be examined and compared to ordering
in liquid Si as examined using a similar Stillinger-Weber
potential.® It is also interesting to note that CdTe is a line
compound experimentally; similarly, in our simulations the
crystal remains highly ordered and stoichiometric. It is of
interest to explore not only the pressure-temperature behav-
ior of the phase diagram but also the composition-
temperature behavior. This is more challenging when the
simulated system as a whole is not stoichiometric, due to the
fact that as the crystal grows or melt (to achieve equilib-
rium), the liquid changes composition with the composition
near the interface changing most rapidly. True equilibrium
therefore requires compositional diffusion through the liquid,
which necessarily requires much longer simulations and
longer statistics. An alternative approach would be to use
semigrand canonical Monte Carlo simulations, as has been
applied to other alloy systems.?’

Also of interest are the growth mode and interfacial mo-
bilities of the different planes. The growth of the facetted
(111) interface for Stillinger-Weber Si has been examined
from the point of view of step motion on this plane.’> This
will be of particular interest to examine for CdTe, due to the
fact that growth of planes (or step motion) may be similar,
except that the growth will likely be much slower due to the
chemical ordering that occurs as the crystal grows. This is
particularly true given the compositional changes near the
interface, as shown in Fig. 6. Again, there are two distinct
(111) interfaces (one Cd terminated, one Te terminated), and
they may exhibit different behaviors.

Finally, this work is based on a rather simple potential,
and a number of aspects of this potential are either limited or
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require further testing. One significant issue is that the po-
tential is very short ranged, essentially a nearest-neighbor
model. This unphysical short-range cutoff results in a twin
energy that is identically zero: within the range of the poten-
tial, the different stacking sequence does not alter the neigh-
bor configurations. Thus, twins will be more likely to form
than in the real system. However, as twinning is prevalent in
the real system, due to the low energy of the twins, it is not
apparent how much this affects the results. Second, the I1I-VI
semiconductors have both covalent and ionic contributions to
the bonding. The present potential mimics some of this by
strongly favoring Cd-Te bonds over Cd-Cd and Te-Te bonds,
but again does this in a purely local approach. The ionic
contribution is longer ranged, and therefore is likely to play a
role both in the twin energy and in determining structure and
composition near the solid-liquid interface. All of these is-
sues should be explored further, with a goal of developing
more accurate potentials that incorporate these effects in a
physical manner.

IV. CONCLUSIONS

Atomistic simulations of solid-liquid coexistence models
in the CdTe system using a Stillinger-Weber potential have
provided details of the CdTe melting line and melting tem-
perature. The melting temperature agrees quite well with ex-
perimental data at low pressures and the Stillinger-Weber
potential successfully enforces the observed tetrahedral coor-
dination of the liquid at ambient pressures that is a known
feature of the CdTe low-pressure liquid phase. The melting
temperature was found to be 1305 K as compared to 1365 K
from experiments’! and 1370 K from earlier Monte Carlo
studies using the same potential.” The solid-liquid coexist-
ence approach is considered to be more accurate in this re-
gard. The melting line is in good agreement with experimen-
tal results from Glazov,?® with a positive slope, but the
measurements of Jayaraman®' show a negative slope. Both
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experiments and our present calculations show a small de-
pendence of the melting temperature on pressure, indicating
that the liquid and solid phases are nearly equal in density. In
addition, and in contrast to earlier MD simulations, this po-
tential gives reasonable agreement with published neutron-
diffraction data and ab initio simulations for CdTe liquid pair
correlation. The CdTe liquid retains tetrahedral coordination
near the interfaces.

Structural and chemical data obtained from careful analy-
sis of compositional density, and order-parameter studies for
(100), (110), and (111) solid-liquid interfaces suggests that
the (110) interfaces are approximately 10 A in extent. Sig-
nificant fluctuations in the (110) interface profile suggest that
this interface is “rough,” with fluctuations that grow with the
area of the interface. Further study of this and the (100)
interface is required to determine whether they are truly a
rough interface. In contrast, the (111) interface is faceted and
can easily form twins. The faceting of this interface is not
surprising, given the strong faceting seen in simulations of
the Si Stillinger-Weber potential.>®3%3% The (111) interface
exhibits strong compositional segregation at least 25 A into
the liquid phase. This compositional segregation near the
(111) interfaces may be the cause for the slow equilibration
for this orientation, and could also play a role in inhibiting
high quality single-crystal growth in these materials.
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