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Stacking fault effects in pure and  n-type doped GaAs
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Using ab initio total-energy calculations, we investigate the effects of stacking faults on the
properties of dopants in pure amdtype doped GaAs. We find that the Si impurity segregates
towards a GaAs stacking fault. A Si atom at a Ga site in the stacking fault, in either a neutral or a
negative charge state, is energetically favorable as compared to a Si atom at a Ga site in a crystalline
environment by as much as 0.2 eV. We also find that a Si impurity in the stacking fault cannot
occupy metastable positions, as occurs in the formatioD ¥fcenters. Thus, stacking faults can
prevent the formation ob X-like centers in GaAs. €2001 American Institute of Physics.
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Extended defects are known to affect both the mechanipotentialst***? The valence electron wave functions were ex-
cal and electronic properties of semiconducting matetials.panded in a plane-wave basis set, with the kinetic energy up
While dislocations and grain boundaries in semiconductors$o 12 Ry. The Brillouin zone was sampled by th@oint. An
have been intensively investigated over the last decaderthorhombic supercell consisting of 160 ato89 Ga and
stacking faults have received some attention only more80 As) was used as a reference. This supercell comprised
recently?=> This recent interest in stacking faults has beenfive double atomic layers stacked along fié1] direction,
justified by their role in the mechanisms of dislocation mo-simulating an infinite intrinsic SF in thél11) plane?® and
tion, being present betweer{111} dissociated glide has the dimensions: 13.6A16.2 Ax 15.8 A. This cell may
dislocations Geometrically, a stacking faulSP is an ir-  not be large enough to prevent interaction between the de-
regularity in the stacking sequence of the material. In zincfects and their images, especially in the case of shallow-level
blende materials, the normal stacking sequence along dopants. However, the same supercell was used in all calcu-
(111) close-packed direction is . AaBbCcAaBbCc..., Ilations, which allowed a direct comparison between defects
where each letter represents a stacking plaAa.intrinsic  in different cell sites. We emphasize that this procedure has
SF is equivalent to removing a double lay@b, for ex- been used by several authors to compute segregation ener-
ample and gluing together the remaining material. An ex-gies in dislocations and grain boundari€$. The optimiza-
trinsic SF, on the other hand, is equivalent to adding a doubléon of the atomic structure was performed by allowing all
layer. the atoms to move until the Hellmann—Feynman forces were

Theoretical work on extended defects has focused on themaller than 10° Ry/a.u. The calculations were performed
interaction of defects with dislocatioi$:° What is not clear  considering each defect in two distinct sites in the cell: a
so far is how or whether the interaction of point defects withcrystal-like(CL) site and a SF site. Atoms at the CL layer are
a SF may affect the mechanical or electronic properties okt distances of 8.1 A from the fault or from its image. The
semiconductors. Impurities have been found to segregate t@urrounding environment of an atom in a CL site is that of an
wards a SF in silicofi,suggesting that a SF may play an atom in a perfect crystal up to the fourth nearest neighbor.
active role in the propel’ties of the material. Here, we wEed Segregation energy was Computed by the tota'_energy differ-

initio calculations to investigate the electronic and structurabnce between configurations with the impurity in the SF and
properties of pure and Si-doped GaAs in the presence of g|_ |ayers.

SF. Our calculations show that silicon segregates towards a A SFE introduces perturbations in the electronic energy
GaAs SF. Additionally, we show that while a negatively jevels of GaAs, which are more pronounced at the valence-
charged Si impurity in the crystalline environment can oc-pgn maximumVBM) states. These perturbations split the
cupy metastable positions, working as a trapping center unygwm in two levels, a doubly degeneratedlevel at the top
der certain conditions, in the SF the impurity presents a congf the valence band and an level 75 meV below. Since our
siderably different behavior. As a result, the SF may preveng|cylations do not include spin-orbit interactions, these en-
the formation ofD X-like trapping centers. ~ergy levels should be degenerated in the absence of the SF.
Our calculations were performed within the density rigyre 1a) shows a contour plot of the charge density in the
functional theory and local de_nsny approximation frame—(lfo) plane of the last occupied state, where a charge
work. The Kohn-Sham equations were solved using th§qcjization is observed in the fault region. The level is
CarParrinello schem® with norm-conserving pseudo- o perturbed by the presence of the SF, as can be seen in
Fig. 1(b) The energy levels at the conduction-band minimum
dElectronic mail: jjusto@if.usp.br (CBM) suffer small changes due to the SF. Although the
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FIG. 1. Contour plot of the electronic charge density along thed(1dlane 0.4 00 02 04
for the (a) e level at VBM, and(b) the penultimate occupied leval, in the E(eV e
presence of a SF. (8V)
0.2
conduction-band states present a delocalized character, the ] B
electronic transport properties could still be affected. Figure SF position
—

2 shows a weak localization around the fault for the first 0.0 '0_5 '1_'0' o .
unoccupied conduction-band level. " si" Displacement (A)

The perturbations caused by the SF nrype GaAs
(here, Si dopeddeserve special attention because the elecE!G. 3. Total energyin eV) as a function of the g ion displacement along
tronic properties of the semiconductor may be affectedfhe [1171] d_|rect|9n in (a) the crystal—llke_ environment, angb) in the SF

. core. The inset inb) shows the energy in the metastable region.

Structurally, the bond lengths between the Si atonthe Ga
site) and the As first neighbors are practically the same in the
SF as compared to the substitutional Si atom in the perfegnechanism as a result of the SF. It is known that a Si impu-
crystalline environment. On the other hand, small changesty in GaAs can capture electrons from the system, having a
can be observed in the bond lengths of the second neighborsetastable behavior, calléiX centers, which can only trap
of the impurity. Even with these apparently small structuralelectrons under certain conditions, such as hydrostatic pres-
changes caused by the SF presence, our calculations give sare or near an interface with another alfdy'’ Our results
energy reduction of 0.12 eV/impurity for the Si atom at theshow that far from the faultat the CL sit¢, the negative
SF as compared to that in the CL site. In a crystalline envicharge state for the Si impurity presents a metastability when
ronment, a Si atom in the Ga site introduces a donor shallowhe Si is moved from the substitutional Ga site in fié1]
level, but at the SF, this level becomes 60 meV deeper in thdirection, as shown in Fig.(8). This trapping mechanism
gap. The electronic charge localization of the donor leveinvolves a large lattice relaxation and the Si atom can only
could have important effects on the carrier mobility. stay out of the substitutional position, in this case, under

In order to understand the effects of a SF on the conduchydrostatic pressure. For the Si atom at the SF, a completely
tivity of an n-type GaAs, we searched for some trappingdifferent picture is observed. First, a segregation energy of
0.19 eV is verified favoring the Siion at the fault. A meta-
stable position for the Si atom is also found, but with small
lattice relaxation. The metastable position is reached with the
Si~ ion displaced by only 0.10 A, in thgl11] direction,
from the equilibrium Ga sitgFig. 3(b)]. This displacement is
accompanied by small relaxations of all neighboring atoms.
The Si bond lengths are still practically the same as in the
substitutional positior(changes are less than 0.01. Athe
Si” ion, due to the exceeding electron, has a weak bond with
a second neighboring As atom, as shown in Fig. 4. For the
Si” ion in the metastable position, a localization of the im-
purity level can be observed. The donor impurity level of the
Si” ion (in the Ga substitutional positipnat the SF is
79 meV deeper than the impurity level of the"Son far
from the fault. For the Si ion in the metastable position,
near the SF, the donor level becomes 93 meV deeper than
the level at a crystal-like substitutional position.

Our results show a distinct behavior for the Son in
the SF as compared to that in the crystalline environment.
FIG. 2. Contour plot of the electronic charge density along thed)llane The most important aspect is that, in the SF, the ion does not

for the first unoccupied level, in the presence of a SF. present a metastable configuration as a result of large lattice
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SF in GaAs. Then-type impurity, a Si atom in the Ga site,
segregates towards the SF. Therefore, in thermodynamic
equilibrium conditions, the concentration of extrinsic defects
should be larger at the SF than in the crystalline environ-
5.79 A ment. We also observe that the Si impurity at the SF core
cannot occupy metastable interstitial positions with large lat-
tice relaxations, as opposed to what happens to the Si in the
crystalline environment =" This may prevent the formation

of charge trapping centers, likeX centers.
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FIG. 4. Contour plot of the electronic charge density along tlTeOOlnlane
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