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We present a non-self-consistent density-functional based construction of nonorthogonal tight-@igding
matrix elements for B, N, BN, BH, and NH within the framework of the linear combination of atomic orbitals
formalism using the local-density approximation. Despite the simplicity of the scheme considering only two-
center Hamiltonian integrals and overlap matrix elements, the method has been proven to be sufficiently
accurate and transferable to all scale(BINstructures from small clusters and molecules to crystalline solids
and solid surfaces. The calculation of forces is straightforward and allows an application of the method to
molecular-dynamics simulations of structure formation in complex boron nitride systems.

I. INTRODUCTION namic structure formation in bulk systems or on growing
surfaces.

Boron nitride(BN) has become a material of considerable The required method should be simple, efficient, and pro-
importance to semiconductor industry and to materials scivide simultaneously almost the same accuracy and transfer-
ence. Due to its fascinating properties, such as extreme harépility as the computationally more time demanding self-
ness, high melting point, chemical inertness, high thermatonsistent field (SCP density-functional (DF) methods.
conductivity, large band gap, etc., cubic boron nitrideRecently, there has been considerable effort in developing
(c-BN) films have a growing potential for many applications parametrized orthogonal and nonorthogonal tight-binding
in modern electronic devices and for fabrication of protective(TB) schemes for several semiconductbi€! The orthogo-
coatings. BN as the lightest I1I-V semiconductor is isovalentg| schemes fail to provide a sufficient, transferable poten-
to carbon and exists in different crystalline phases, the propya| that works well from few-atom clusters and molecules to
erties of which have been studied in great detail, both experime condensed solid without any inclusion of additional
mentally and theoretically. For a selected review, see Refscoordination-dependent parameterdike bond-counting

1-3. While the hexagonal structuheBN, which apart from . : 2
) ) i . 2" terms and embedding energy functipfs?2 Nonorthogonal-
the different stackingAA’ is isostructural to graphite, is ity is believed to improve the transferabil2* However,

claimed to be the normal stable phase at room temper%ltureéven in the best tested empirically parametrized schemes, the
the cubic phase-BN (zinc-blende structujehas been syn- P yPp !

thesized successfully in the laboratory under presstire. accuracy compares unfavorably with results fraa initio
While amorphous BN may existn chemical vapor or sput- calculations. Moreoyer no transferable TB scheme for com-
ter deposited material, all experimental efforts are directed®!€X BN systems exists in literature. _ _
towards a low-temperature, low-pressure growthceBN Therefore, we present results of a density-functional
films. based construction of TB Hamiltonian and overlap matrices
While experimental studies of the nucleation and growthusing atomic orbitals and potentials from LDF calculations
of c-BN have proved highly successful, fundamental underof slightly contracted(pseudo atoms. As in usual TBAn-
standing of such processes is still rather poor. In recent yearsgdzes only two-center Hamiltonian matrix elements are
first-principle’s calculations within the Hartree-Foékthe  treated. The short-range repulsive part of the total potential
local-density-functional theory DF),% ' and ab initio cal-  still needs to be adjusted to SCF LDA data of proper refer-
culations using ultrasoft pseudopotenttalfiave provided ence systems. Despite its simplicity, the method has been
consistent results for the crystalline phase transformationproven to be sufficiently accurate and transferable to all-scale
under pressure, the ground-state optoelectronic and mechalN structures, including hydrogenated systems.
cal properties and the electronic band structure. However, The outline of the paper is as follows. In Sec. Il, we
there are no efficient empirical potentials or tight-bindingbriefly characterize the density-functional method for the
schemes available for molecular dynamics to study the dyeonstruction of nonorthogonal tight-binding parameters. In
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Sec. Il we summarize all tests performed for simulations om,m= 3. As outlined in Table I, we discuss the relative ener-
small clusters, molecules, and solid-state modificationsgetic stability of various clusters and compare geometrical
Comparing experimental data aal initio calculations with  parameters, vibrational frequencies, and Mulliken charge dis-
the data derived within our method, we find a reasonabléributions of the most stable clusters wib initio results®’
overall agreement. In Sec. IV, a list of problems will be  To enable comparision with varioa initio calculations
outlined for current applications, the study of which mayand experiments we have corrected the LDA binding ener-

provide a better understanding of theBN formation. gies by the spin polarization energies of the free B and N
atoms of 0.24 and 2.91 eV, respectively. Foy &d N, we

Il. DENSITY-FUNCTIONAL TIGHT-BINDING METHOD obtain binding energies of 3.47 and 11.62 eV in reasonable
FOR B-B, N-N, B-N AND B-H, N-H agreement withab initio calculations(3.15 and 9.91 ey

(Ref. 27 and experimental dat8.08 and 9.90 e)\/® For the

The method for calculations of the total energy and theBN diatomic we find a binding energy of 6.45 eV, which is
interatomic forces is based on a non-self-consistent densityclose to the SCF value, 6.36 €Ref. 29 rather than 4.42 eV
functional scheme within the linear combination of atomicas obtained byb initio methods?’
orbitals LCAO framework using the local density approxi- Bj: In agreement with high levehb initio calculations
mation. For details we refer the reader to a recently pubfHF plus many-body perturbation treatment - MiR&f. 27 ]
lished papef! the most stable configuration has been found to be the equi-

In contrast to most empirical TB schemes the Hamiltonianateral triangle. While the bond length almost matchesathe
and overlap matrix elements are not obtained from a fit to ainitio value the vibrational frequencies are overestimated up
experimental database but are derived in the following wayto about 25%. The large mismatching, particularly, in the
For each atom type, the eigenfunctions of appropriately contow-frequency modes but also deviations of about 25% in the
structed pseudoatoms are determined. As in the paper lhigh-frequency numbers found betwesminitio and DF-TB
Porezaget al,”* we usedr,=1.48 A for boron,r,=1.38 calculations are within the uncertanity of the chosen basis
A for nitrogen andr,=0.69 A for hydrogen as parameters sets and approximations schemes. The linear chain is found
of the additional potentiat (r/ro)? thus confining the range as a metastable configuration at considerable higher energy,
of the valence electron orbitals in the self-consistent single-+ 1.18 eV.
atom calculations. B,N: Substituting one boron by nitrogen, the symmetric

The confinement radiusg, is related to the covalent radius linear chain cluster becomes the most stable one. Again, the
of the particular atom type and does not involve further pageometric parameters agree well with e initio data and
rametrization. The corresponding contracted eigenfunctionthe vibrational frequencies are reasonable. The very soft
are then used as a basis set to represent the wave functionsbefnding mode found bgb initio calculationd’ at 82 cm*
the many-atom structures. Neglecting three-center and crysn the present calculation occurs at 181 ¢ The Mulliken
tal field integrals, we calculate all necessary matrix elementsharge distribution shows a charge transfer from the central
in a straightforward manner using LDF theory. Since thisnitrogen atom to the boron atoms on each side. The B-B-N-
approximation leads to matrix elemer(®later-Koster inte- configuration with bond lengths of 1.644 and 1.256 A is
gralg that depend only on internuclear distances, it is posfound to be metastable, with an energy 0.066 eV higher than
sible to parametrize the Hamiltonian as in empirical TBthe B-N-B structure.
models. After solving the general eigenvalue problem for the BN,: Due to the occurrence of a number of low-lying
determination of the single-particle energies and eigenstatasectron states, the situation for this cluster is rather complex.
of the system, the total energy is written as a sum of arhe isosceles triangle has been determined to be 0.1 eV more
“band-structure energy{sum of occupied Kohn-Sham ener- stable than the asymmetric linear chaindly initio calcula-
gieg and a repulsive two-particle interaction. Following Ref. tions using different basis sets and considering the electron
21, this repulsive energy is derived as a universal short-rangeorrelation on the MP4 levél. In contrast to the DF-TB
pair potential from adjusting the difference between thescheme we find the linear chain to be 1.85 eV lower in en-
band-structure energy of the diatomics B-B, N-N, B-N, H-H, ergy than the triangle. For these two configurations we obtain
B-H, N-H, and the corresponding SCF-LDA cohesive energyalso the strongest deviations from thb initio geometries.
curves. To obtain the B-N repulsive potential, we have in-However, the vibrational frequencies and the Mulliken
cluded the SCF crystalline dateof the c-BN cohesive en- charges are described fairly well. The symmetric linear chain
ergy curve around the equilibrium bond length as additionahs a third metastable cluster by 2.04 eV is higher in energy
reference points. than the asymmetric linear chain.

In Figs. Xa@)—-1(h) we have plotted the Hamiltonian and  N5: Comparing all possible configurations the symmetric
overlap matrix elements versus interatomic separation folinear N; chain is established as the ground state in agree-
B-B, N-N, B-N, B-H, N-H, and H-H*® In Fig. 2 we show the ment with ab initio data. This geometry is about 4.1 eV
corresponding analytically fitted short-range repulsive twodower in energy than the isosceles triangle. The obtained
particle potentials. bond length of 1.192 A is closer to the experimental value of

1.1815 A(Ref. 30 than theab initio value.

lll. TESTS AND RESULTS
A. Small clusters B. Molecules

In the following we present the results of tests performed Many stable molecules containing hydrogen, boron, and
on small homonuclear and heteronucleagNB, clusters, nitrogen are known. These molecules are of interest for de-
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15 non frequencies and the Mulliken charge distributishown
‘ in Table I1l) for selected molecules.

Iminoborane(HBNH): The bonding situation in the imi-
noborane can be considered to incorporate both the B and N
atoms in asp-hybridizated state. We found a B-N bond
length at 1.234 A, indicating a strong B-N bond, in very
good agreement with MNDO andb initio SCF molecular
orbital (MO) calculations[1.233 (Ref. 31 and 1.23 Ref.
40)]. It may be characterized as a triple bond, corresponding
to a rather large B-N overlap populatioR@_ny=1.5. The
Mulliken charge analysis also compares well with MO cal-
culations on the STO-3G levét.

The amino group in amino-iminoborarfégiINBNH,] is
found to be planar. The NBN bond angle is close to 180°.
The lengths of the BKL) bond with 1.264 A and the overlap
population with 1.3 are nearly the same as in iminoborane,
hence it may also be viewed as a triple bond. The(BN
bond length(1.400 A) is clearly shorter than a B-N single
bond (~1.5 A), and the bond (overlap population
Pn-g)=0.9 can be characterized nearly as a double bond.
These results are in close agreement with the results &lom

FIG. 2. Short-range repulsive two-particle potentials vs inter-jinitio calculations84!
atomic separation for different atom combinations. Aminoborane[H,BNH,]: Aminoborane as the fundamen-

tal structure unit of alternating unsaturated boron-nitrogen

compounds has received much experimental and theoretical
scribing the agglomeration of clusters and growth on crystalattention. The BN bond length obtained with 1.359 A is a
line substrates. We have tested various molecules that atiétle bit shorter than the BKR) bond length in amino-
well characterized from both theory and experiment andminoborane and fits the double bond valg®.36 A),
prove the reliability of the method to describe properly thewhereas the overlap population is slightly larger than that
different types of B-N bonding. For comparison of molecularbetween B and K2) in amino-iminoborane. The planarity of
systems we refer toab initio calculations on the HF the molecule and the HNB and HBN bond angles that both
level 7% to semiempiricalmodified neglect of differential come close to 120° are characteristic $@? hybridization of
overlap (MNDO) calculationd® and experiment¥’~3° The  the boron and nitrogen atoms. Our bond lengths and angles
geometrical parameters of the optimized molecule configuagree well with bothab initio HF calculation&3* and ex-

0.5

repulsive two-particle potentials (Hartrees)

0.0

10 15 20 25 30 35 40 45
bond length (units of ag)

rations are summarized in Table Il. We also discuss the phgperimental valued’

TABLE |. Minimal energy B,N,, clusters,n,m < 3. Binding energies in eV, bond lengths in A, bond
angles in degrees, Mulliken charge distributiddCD) and vibrational modes in cit.

Cluster Symm. Present work Ab initio result$’
B, Ds Eg 9.56 8.764
[T C 1.588, 60.0 1.5742, 60.0
Qg 0.00 0.00
v 1068, 1068, 1645 972, 972, 1217
B,N D..;, Eg 11.68 11.703
I'sn 1.312 1.3089
Qs.Qn 0.115,-0.230 0.209,-0.418
v 181, 181, 1349, 1739 82, 82, 1245, 2271
BN, C,, Eg 10.49 9.998
Fens Tun s Onen 1.448, 1.362, 56.6 1.3947, 1.2665, 54.0
Qg Qn 0.188,—0.094 0.305,-0.153
v 977, 1082, 1545 1221, 1290, 1760
BN, Cop Eg 12.34 9.777
ens PN 1.374, 1.140 1.4217, 1.1449
Qs, Qnis One —0.473, 0.513,-0.040 0.033,-0.137, 0.105
v 247, 1181, 1933 255, 935, 1622
Nj D..h Eg 14.01 9.361
N 1.192 1.1593
QniQn2.Qna —0.454, 0.909-0.454 —0.193, 0.386-0.193

14

448, 449, 1340, 1383

530, 679, 1504, 1703
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TABLE Il. Geometrically optimized molecule configurations: bond lengths in A, angles in degrees.

Molecule Method Parameter Geometrical data
Symm.
HBNH Present work HB, BN, NH 1.199, 1.234, 1.028
D.., Ab initio results? 1.167, 1.233, 0.989
HNBNH, Present work HN, NB, BN, NH, HNH 1.029, 1.264, 1.400, 1.035, 114.7
C,, Ab initio results® 0.967, 1.189, 1.382, 0.990, 118.8
H,BNH, Present work HB, BN, NH, HBN, BNH 1.217, 1.359, 1.036, 120.2, 123.7
Co, Ab initio result$* 1.187, 1.391, 0.994, 119.7, 123.9
Expt. results’ 1.184, 1.403, 1.003, 120.7, 118.2
HB(NH,) , Present work HB, BN, NH, HNB, NBN 1.217, 1.411, 1.034, 122.9, 122.3
Cy, Ab initio results? 1.193, 1.424, 1.006, 122.7, 122.3
Expt. results® 1.193, 1.418, 1.005, 123.7, 122.0
HN(BH.,) , Present work HN, NB, BH, HBN, BNB 1.046, 1.434, 1.217, 120.5, 124.5
Co, Ab initio results? 1.006, 1.435, 1.193, 119.5, 126.5
(-BH-NH-)5 Present work BH, BN, NH, NBN, BNB 1.216, 1.423, 1.035, 117.6, 122.3
Dsp Ab initio result$® 1.187, 1.430, 0.994, 117.5, 122.5
Expt. results® 1.258, 1.436, 1.050, 117.5, 121.1

Diaminoborane [HB(NH,),], and trisaminoborane only limited theoretical investigations at hand we choose
[B(NH>) 5]: The geometrical parameters for these moleculesminoborane as a representative for comparision. Consider-
as well as for diborylaminfHN(BH ,) ], and trisborylamine ing the frequencies of the various types of modes as listed in
[N(BH,) 5], which are obtained by cyclic substitution of B Table IV, we obtain fair agreement with the experimentally
and N atoms are in very good agreement with bothreported frequencieS.As with the MNDO calculatiorf€ the
theoretical®*® and experimental valué8 compare Table 1. BH and BN stretching modes are overestimated by about

Borazin[(-BH-NH-) ;]: This molecule is isoelectronic to 20%.
benzene and therefore sometimes called “inorganic ben-
zene.” We obtained a planar structure with a BN bond length .
of 1.423 A. This is in excellent agreement with bath initio C. Solid
SCF MO calculation$1.429 Ref. 36 and 1.430 /Ref. 39] Though there are accurate self-consistent LDA results on
and experimental valugd.436 A (Ref. 39]. In contrast to  cohesive energies and bulk modulus available for various
HF calculations we find a rather small charge transfer fronmodifications of boron nitridé>'* no applications ofab
boron to nitrogen, which resembles more to the benzenaitio***®and generalized tight-bindingmolecular dynam-
molecule that seems to be more reasonable than the stroigs have been made so far to our knowledge to study the
charge alternations as obtained in Ref. 35. The B-N overlagtructure formation in BN systems.
populations show no bond alternations, i.e., the populations Since we want to address possible applications to crystal-
between each neighboring atom are the same and haveliae structures and substrate surfaces we have performed cal-
value comparable to that between B an@Nin amino-  culations of the total energy versus nearest-neighbor distance
iminoborane. for the crystalline modificationk-BN, c-BN, and the high-

To test the dynamical properties of our potential, we havepressure rocksalt structure. The calculations make use of a
also determined the phonon frequencies for a number of molF -point Brillouin sampling, a valid approximation for large
ecules. Since there are no systematic experimental data aedough supercells. The results compared tcathénitio data

TABLE Ill. Mulliken charge distribution of molecule configuratior($i, denotes the hydrogen attached to
the nitrogen.

Molecule Method Mulliken charge distribution

HBNH Present work Qn,» Qs Qn, Qu, 0.05, 0.06,—0.38, 0.27
Ab initio resulté! 0.03, 0.29,—0.48, 0.31

HNBNH, Present work Qn,» Qn: Qe, Qu» Qu, 0.28,-0.62, 0.33,—0.41, 0.21
Ab initio resulté! 0.20,-0.51, 0.45,~0.53, 0.19

H,BNH, Present work QHB, Qg, On» QHN —0.08,-0.05,-0.12, 0.20
Ab initio results? -0.07, 0.36,—0.88, 0.33

HB(NH,) » Present work QHB, Qg Q> QHN -0.09, 0.11,-0.41, 0.20
Ab initio results? —0.09, 0.70,—0.94, 0.32

(-BH-NH-) 4 Present work QHB, Qg Qn» QHN —0.09, 0.14,-0.24, 0.19

Ab initio result$® —0.08, 0.88,—1.15, 0.35
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TABLE IV. Harmonic frequencies of aminoborane in cfh

Assignment Present work Calc. MNDO frequeficy  Corr. MNDO frequencs? Expt. frequenc? Type

a; 3447 3660 3416 3460 NH stretch
2938 2915 2530 2445 BH stretch
1698 1792 1663 1613 Nfiscissor
1623 1516 1345 1342 BN stretch
1173 1321 1192 1130 Bfscissor

b, 3344 3643 3399 3333 NH Stretch
3004 2968 2583 2525 BH stretch
1227 1207 1061 1105 Ngirock
788 850 704 738 Bkl rock

a, 896 813 789 IR inactive NEBH , twist

b, 502 621 621 690 NK out of plane
903 1108 936 962 BKl out of plane

of Xu and Ching® Wentzcovitch and co-worket$**3and We calculated the electronic band structures for the hex-

Furthmiller, Hafner, and Kressé are displayed in Table V. agonal, the wurtzite, and the zinc-blende phases of boron
Whereas Furthiiiler, Hafner, and Kres$épredict the close- nitride. The data were obtained in the usual way: setting up a
packedc-BN phase to be more stable than the layeregiN Bloch sum over the pseudoatom orbitals and calculating the
phase by 0.055 eV/atom, we obtain the hexagonal modificakohn-Sham eigenvalues for a series of wave vectors along
tion as the most stable one in agreement with Xu and Chinglines of high symmetry in the Brillouin zone. We find that
Wentzcovitch and co-workets™® reportedc-BN to be more  our valence-band structures agree with a number of more
stable than layered rhombohedraBN by about 0.06 eV/ sophisticated methods->1446-5The three solid-state struc-
atom. The fact that the calculated energies ieBN and  tures are found to have a gap at the Fermi level. However,
r-BN are almost equal, as discussed in Ref. 13, indicates thahe method is not capable of reproducing the conduction
the LDA is inadequate in properly describing the interlayerbands correctly, which is a consequence of the usage of a
bonding. LDA is likely to underestimate the cohesion in theminimal basis. In all three cases we find a direct band gap
layered phases because the charge density in the interplariastead of a indirect one as obtained in self-consistent stud-
region is very small. Beyond this, the inclusion of the zero-ies. For the hexagonal phase, this is in agreement with an
point energies will compensate for the calculated energy difempirical TB investigation*

ference between-BN andc-BN. Within the the numerical The analysis of the Mulliken charge distribution in hex-
accuracy, the two calculated energies are practically thagonal as well as in cubic BN gives a rather strong charge
same. The high-pressure rocksalt structure in our calculatiotransfer from nitrogen to boronqg,= *0.327 in h-BN,

is found as a third metastable modification lying 1.79 eV/ggn= *=0.285 inc-BN). Interestingly, the charge transfer is
atom above the-BN in very good agreement with the SCF a little bit larger inh-BN than in c-BN. The BN overlap
values. population Pgy) is larger inh-BN (Pgy=0.78) than in

TABLE V. Cohesive and structural properties of different BN lattice types: cohesive eBgr@ybtained
with respect to the spin-unpolarized boron and nitrogen atostisictural energy differenc&E relative to
the zinc-blende structure and lattice constant

Structure Present work Ref. 2 Refs. 10 and 11 Ref. 14

Zinc-blende

E, (eV/atom —-7.77 -7.00 -7.15 —-8.152

AE (eV/atom 0.00 0.00 0.00 0.00

aA) 3.671 3.615 3.606 3.576
Hexagonal

E, (eV/atom —7.90 -7.35 —-8.097

AE (eV/atom -0.13 -0.35 +0.062 +0.055

aA) 2.50 2.49 2.486

Rocksalt

E, (eV/atom —-5.98 —5.45 —6.429

AE (eV/atom +1.79 +1.70 +1.723

aA) 3.84 3.49 3.458

@Data obtained for rhombohedraiBN.
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FIG. 4. Vibrational density of states fa-BN and h-BN. The
eigenvalues are broadened with Lorentzians of 40-tvidth.
c-BN (Pgy=0.59), as expected. The B-N overlap population
as well as the B-N interatomic distance agree very well with
that in borazine. That means the B-N bondh#BN is very
similar to that in borazine. Cubic BN has the smallest B-N Hexagonal BN: The spectra are decomposed into two
overlap population and the largest interatomic distance of af"&/n regions. The high-frequency bands between 1300 and
the three crystalline forms. The B-N bond ¢aBN may be 1600 cm = are again occupied by various kinds of B-N
characterized as a long single bond. However, in the eval Slretching vibrations. Yvh'le the_ intense and sharp pgak cen-
ation of the strength of the bonding one has to consider th “?d a.t about 1370 crt is do_mlnated by B'N strgtchlng Of.
the coordination number for each atom is increased fronf-ure "ngs, the shoulde_rlat hlgherfrequenmes with arela}tlve
three to four, going fronh-BN to c-BN. Interestingly, mul- sharp cutoff at_ 1550 cm can . attrlputed t_o symmepnc
tiplying the B-N overlap population it-BN with 4/3 one and_ asymmetric stretchlng between neighboring B-_N zigzag
) .~ . _chains. These results are in very good agreement with experi-

obtains nearly the value of the B-N overlap population N ental findingS® where a Raman-active mode appears at
h-BN. In Fig. 3 the calculated valence charge density along1370 em ! and 'tWO IR active modes are found at 1367 and
the BN bond inc-BN is plotted. The results agree well with 1610 cml. The weak feature between 1000 and 1200
first-principles SCF LDA resuls. . cm~? represents another possible stretch mode. Here, the

As an additional benchmark we have calculated the vibraggpirg) atom(B or N) rests, while the three adjacent neigh-
tional density of states for @BN 216-atom supercell and @ pors of opposite type perform a symmetric stretching motion.
h-BN 240-atom supercell. The resulting spectra agree welgejow 900 cni! we find mostly out-of-plane-type excita-
with vibrational densities of states obtained by SCF LDAtions. The heteronuclearity is responsible for the gaplike in-
supercell calculation¥ Convoluting the vibrational spectra tensity drop at about 420 cnt. The out-of-plane vibrations
by a characteristic broadening function for neutron scatteringf boron occur at higher frequencies than that of the nitrogen
the results compare nicely with recently obtained inelastiones. This is clearly indicated by separated broad bands
neutron data> Figure 4 shows the spectra after broadeningwithin this region.
the eigenvalues with Lorentzians of 40-chwidth. A rough
analysis of the modes reveals the following properties: IV. SUMMARY

Cubic BN: The vibrational density of states of cubic bo-
ron nitride can be split into three main broad bands. Thq_|
frequency region between 800 and 1000 circontaining

We have presented a scheme for the determination of
amiltonian and overlap matrix elements on the basis of

the most prominent peak centered at about 883 &ris density-functional theory in the framework of a method simi-

learl ied by B-N stretchi ibrati c dt lar to widely used nonorthogonal empirical tight-binding
clearly occupied by ) stretching vibrations. ©ompared t0g.pemeg, Only two-center Hamiltonian integrals are incorpo-
recentab initio studies? the main peak is shifted to lower

) o ) ) rated, completely neglecting three-center and crystal field in-
frequencies by about 12%. In comparision with experimentag s in the calculations. The usual short-range repulsive

data we find an underestimation of the TO pe054 jnteraction appearing in TB models is fitted as a universal
cm™?) (Ref. 55 by about 15%. Towards decreasing energieswo-particle potential to self-consistent data derived in LDA.
we can assign bending vibrations in the spectrum betweepespite its extreme simplicity, the potential is highly trans-
~ 500 and 800 cm®. The dominating part of the modes ferable without additional changes to the total energy expres-
appears to be composed of coupled excitations. The lowesion and gives reliable results for geometries, cohesive ener-
weak band feature below 500 cm is dominated by mostly gies, and vibrational modes for all-scale BN-H structures,
translational motions of B-N units within the grid. ranging from small clusters through molecules to solid-state
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modifications. On this basis we address future applications dindings”>® may provide additional insight into the-BN

DF-TB molecular dynamics to investigations of the recon-

struction behavior and growth on varioasBN surfaces and

nuclation®®

studies of interfaces in relation to homoepitaxial and het-

eroepitaxial growth. In particular, the stable and metastable

surface reconstructions aixBN (100, (110), and (111 at

different atom type termination are currently under
investigatior?® Furthermore, investigations concerning the
h-BN—c-BN interface in support of recent experimental
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