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Adsorption of Si and C Atoms over SiC (111) Surfaces
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In this work, using Density Functional, Hartree-Fock and Extended H�uckel Theories together
with the supercell and cluster model approaches, we present our preliminary results for the
simulation of the adsorption of Si and C atoms over the (111) SiC surfaces as well as the
torsion of SiC molecules at that surfaces. Our results shown that, before and after the
adsorption, the cubic structure are the most stable one, when compared with the hexagonal
ones. However, the torsional energy barrier between the cubic and the hexagonal structures is
small enough that, at the conditions of SiC growth, it facilitates the SiC polytype formation.

I Introduction

The recent interest on the physical properties of SiC, is

due to the fact that this compound is the most promis-

ing substrate for the growth of III-Nitrides. Also, the
material is the ideal one for the fabrication of semi-

conductor devices operating under extreme conditions

[1,2]. Moreover, SiC has a large number of polytypes

and the knowledge of their properties is a key for
both successful growth of the III-Nitrides and the high-

temperature microelectronic devices. The polytypes,

or stable long-range order modi�cations, are described

as di�erent stacking sequences of SiC layers along the

[111] or the [0001] directions of the corresponding cubic
or hexagonal structures [3-6].

Despite the progress achieved on the growth of SiC
by MOCVD(or by MBE), lots of small tricks(such as

heating the substrate or creating bu�er layers) have

been employed to obtain a speci�c modi�cation of such

material [7,8]. Moreover, there is no experimental SiC
thermodynamic phase diagram, which it could be a

good guide for the knowledge of the mechanisms of the

polytype formation.

On the theoretical side, there have been some

progress on the understanding the structural, dynam-

ical and electronic properties of SiC and its polytypes

[3-6]. However, much of these e�orts are based on the
static pictures and equilibrium approaches for the pro-

cesses occurring in a MBE(or CVD) transformation [9].

In this case, total energy di�erences calculations be-

tween polytypes have been done, as well as Ising sim-
ulations, and, until now, there is not a real consensus

about the mechanisms of polytype formation [10].

In this work, we present our preliminary results

for the atomic and electronic structures of the Si and
C atoms adsorbed over both C-terminated and Si-

terminated SiC (111) surfaces in order to understand

the mechanisms of the polytype formation. The ob-

tained results were calculated by means of the con-
jugation of the Density Functional(DFT), Hartree-

Fock(HF) and Extended H�uckel(EHT) Theories to-

gether with the supercell and cluster model approaches.

The models, separately, have been successfully used to

characterize the III-Nitrides surfaces [11] and now, they
will be applied together to study Si- and C-terminated

SiC(111) surfaces in a (1 � 1) reconstruction pattern.

In our cluster model calculations, we have used Un-
restricted HF method with single-zeta basis set(STO-

3G), within the Gaussian94 code [12]. We have

then calculated the optimised uppermost atomic po-

sitions and the resulting electronic structures of the

Si6C4H13, C6Si4H13(simulating, respectively, the Si-
and C-terminated SiC (111) surfaces), Si(or C) +

Si6C4H13 and Si(or C) + C6Si4H13(simulating the ad-

sorption of the C and Si atoms over SiC(111) surfaces)

clusters. In these calculations the inner atoms were
kept �xed at their Si-C, Si-H, and C-H bond distances,

which are, respectively, 1.89 �A, 1.54 �Aand 1.09 �A[11].
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The hydrogen atoms were introduced to prevent arti�-

cial dangling bonds on the surface.

Now, for our slab supercell calculations, we have
used both DFT, in the Local Density Approxima-

tion, and the crystalline EHT methods. The DFT

calculations were done within the Car-Parrinello ap-

proach within the fhi96md code [13], with the Troullier-

Martins pseudopotentials [14], and the Ceperley-Alder
exchange term as parametrized by Perdew and Zunger

[15]. In this particular calculation, we use symmetric

slabs consisting of four SiC double layers plus two cen-

tral Si layers(in the case of Si-terminated surface) or
two central C layers(for the C-terminated one), similar

to that proposed by Wenzien et al. [16]. The lattice

constants were �xed at the bulk theoretical equilibrium

values, a0 = 4.341 �A, converged with 60 Ryd of cuto�

energy on the plane-wave expansion. We used vacuum
regions with a thickness equivalent to four SiC double

layers. The central layers of the slab were kept �xed at

the bulk positions and the outermost layers of atoms on

both sides of the slab were relaxed to geometries given
by the calculated total energies and forces. The equilib-

rium geometry is identi�ed when all forces are smaller

than 0.01 eV/�A. This corresponds to a numerical un-

certainty of atomic positions of less than 0.01 �A. The

summation over four Monkhorst-Pack special k-points
in the irreducible part of the Brillouin-zone was used to

replace Brillouin-zone integrations.

The EHT calculations were done within the Bicon-

Cedit code, proposed by Calzaferri et al., which have
applied sucessfully on calculations of the electronic

properties of some Carbon compounds [17]. This par-

ticular version of EHT method is based in a new way

to express the weighted Wolfsberg-Helmholtz parame-

ter K, which is now distance-dependent, having only
two parameters: � and Æ. In order to obtain these

parameters for SiC, we have parametrized the lattice

parameter and the Bulk modulus for the cubic modi-

�cation, using ten Monkhorst-Pack special k-points in
the calculations. The obtained values were � = 0.87

and Æ = 0.56 �A�1, which lead to a0 = 4.19 �Aand B0

= 2.03 Mbar, in good agreement with the experimen-

tal results. As a �nal check, we simulate the electronic

structure of the most common polytypes (2H, 4H, 3C
and 6H), and our results for the total energy di�erences

between the polytypes agree well with other theoreti-

cal calculations[4,5]. For the slab calculations, we used

seven SiC double layers and, for the vacuum region, �ve
SiC double layers. The calculation were performed with

seven Monkhorst-Pack special k-points.

II Results and discussion

In table I, we show the results for the relaxation of the

C- and Si-terminated SiC(111)(1�1). Here, only the

surface atoms, in our cluster model calcultions, were

left to relax, while in the slab calculations, the sur-
face and the sub-surface atoms were left to relax. Sur-

prisingly, the results show that these surfaces relaxes

with small strains �z. These results are consistent with

other calculations [16], and with the experimental re-
sults [18]. Besides that, our calculations show that the

Si-terminated is the most stable one, when compared

with the C-terminated in this reconstruction pattern.

Considerations about other reconstruction patterns will

be published soon in another publication.
To simulate the adsorption of any atom over the

(111) surface, we must consider the following adsorp-

tion sites [16]: T1, T4 and H3, which are over, respec-

tively, a surface atom, a sub-surface atom and a second
sub-layer atom. Our simulations about that for Si and

C atoms adsorbed over C-terminated SiC surfaces, they

prefer the T1 site, which �z = 1.85 �Aand 1.27 �A, re-

spectively. It is interesting to note that, Si try to keep

the same interatomic SiC distance, 1.89 �A, while the
C-C distance is less than the C-C interatomic distance

in diamond, which is 1.54 �A.

Table 1: Summary of the calculated surface strains

�z(in �A) for the relaxation of the 3C-SiC(111)(1 � 1)

surfaces. �z1 is related to the top surface atoms, and
�z2, to the �rst sub-layer.

Si-terminated C-terminated
�z1 �z2 �z1 �z2

HF -0.06 | -0.01 |
EHT 0.00 0.00 -0.07 0.0
DFT -0.06 0.04 | |

Our simulations for the Si and C adsorption over
Si-terminated surfaces show, on the contrary, that the

adsorbates prefer the T4 site, in good agreement with

other calculations [18]. In this case �z = 1.37 �Aand

0.43 �Afor the adsorption of Si and C, respectively. A
more detailed analysis of the electronic states and their

connection to the atomic structure of the adsorbed sur-

face is in progress and will come up soon in another

publication.

Finally, we also have simulate the torsion of the ad-
sorbed Si over the C-terminated SiC(111) surface, using

the molecular cluster model. To do that, we add more

three hydrogen atoms on the adsorbed Si in order to

simulate the two possible con�gurations for the next
adsorbed layer: the "cis" con�guration, which leads to

hexagonal structures, or the "trans" one, giving cubic
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structures. Our results showed that the cubic modi�-

cation is, at 0 K, the most stable. However, the en-

ergy barrier between the two con�gurations is around

84 meV, which is extremally smaller. We can infer,
from this result, that at the temperature conditions of

the SiC growth, we could not distinguish what kind of

con�guration can the adsorbed layers be, i.e., if it is in

a "cis" or in a "trans" con�guration. So, this could be
the reason for the large number of SiC polytypes found

in the nature.

III Final Remarks

In summary, we have presented our preliminary re-

sults for the atomic and electronic structures of the Si

and C atoms adsorbed over both C-terminated and Si-

terminated SiC (111) surfaces in order to understand
the mechanisms of the polytype formation. Our results

shown that, the relaxations of the (1�1) reconstruc-

tion pattern are small, and the Si-terminated surface

is more stable than the C-terminated one. We also,

simulate the adsorption of Si and C atoms over the re-
constructed surface. Our results show that, after the

adsorption, the T1 and T4 sites are the most stable

one for the, respectively, C- and Si-terminated surfaces.

Finally, the torsional energy barrier between the cubic
and the hexagonal structures is small enough that, at

the conditions of SiC growth, it facilitates the SiC poly-

type formation.
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