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Comment on "Binding and formation energies of native defect pairs in GaAs"
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Some aspects of the model of Baraff and Schliiter [Phys. Rev. B 33, 7346 (1986)] predicting native

point-defect autocompensation in gallium arsenide are shown to be contrary to experimental data.

Recently, Baraff and Schluter' have calculated the
free-energy changes for the following vacancy-antisite de-
fect reactions:

Vo. = VA,
—Aso

VAs = Va. —&aAs (2)

as a function of Fermi-energy position. Their calcula-
tions predicted that, because of the Fermi-energy (EF)
dependence of the formation energy of the vacancy-
antisite nearest-neighbor defect, the free energies of both
of the above reactions change sign as EF is swept across
the forbidden gap. Thus, with E„near the conduction
band, they predicted that reaction 1 was driven to the
left, forming VG„while reaction (2) was driven to the
right, with VG, bonded to GaA, in nearest-neighbor po-
sition. Conversely, with EF close to the valence band, the
reactions were predicted to proceed in the opposite direc-
tion with the formation of VA+, with As&+, in nearest-
neighbor positions [reaction (1)] and V~+, [reaction (2)].
This model has been used by Walukiewicz to construct a
new mechanism for Schottky barrier formation in GaAs.

The purpose of this Comment is to point out that these
results of Bara6' and Schluter cannot be entirely valid at
melt and epitaxial growth temperatures since they imply
donor compensation in a way which is contrary to experi-
mentally observed behavior. (Baraff and Schluter' ig-
nored any temperature dependence of their reactions by
dismissing as small, compaped to other uncertainties, the
entropy term in the reaction energy. )

Reactions (1) and (2) are presumed to occur as the crys-
tal cools and the number of antisites generated will de-
pend on the number of arsenic and gallium vacancies
grown into the crystal, as mell as on the Fermi energy.
The "grown-in" nonstoichiometry (5) is dominated by
the arsenic Frenkel defects, viz. , 5=[As, ]—[V~, ] (Refs.
3 and 4) in the concentration range up to —+3X10'

cm 3 as the arsenic composition of the melt from which
the crystal is grown is varied. By contrast, the grown-in
number of gallium Frenkel defects (Vo, and Ga;) is
around 2 orders of magnitude smaller. It is believed that
these defects are annihilated during cool-down of the
crystals to room temperature to form the EL2 donor and
the "A" acceptor centers. ' In any event, free galhum
vacancies are not present in any signi6cant concentration
in GaAs at room temperature. On the other hand,
positron-annihilation results show that arsenic vacancies
are preserved down to room temperature in n-type "as-
grown" material at a concentration of 10' —10' cm
(These have to be in a neutral charge state at room tem-
perature since electrical effects at this level are not seen. )

We now return to reactions (1) and (2). We see that,
because of the low concentration of grown-in V&,-, the
number of compensating native donors ( V~,

+ and
AsG, 2+) which can be formed by reaction (1) in p-type
material is also very small and is unlikely to be discern-
able from effects due to residual background donor itn-
purities. However, the high concentration of grown-in
VA„particularly in material grown from a gallium-rich
melt as in liquid-phase epitaxy (LPE), would result in the
formation of a large concentration ( —10' cm 3) of com-
pensating GaA, acceptors in donor-doped material.
Thus, if the Sarah'' and Schluter model was correct and
operative at LPE-growth temperatures, then attempts to
donor-dope such material should lead to autocompensa-
tion up to donor-doping levels of the order of 10' —10'
cm . In fact, this is contrary to experimental observa-
tion where donor doping from quite low up to very high
levels occurs normally. (See, for example, Cxoodwin
et al. ).

Hence we must conclude that for reaction (2), either (a)
the calculated reaction energies are significantly di6'erent
from the true values, or (b) some other competing reac-
tion which leaves the dominant native point defects in an
uncharged state occurs preferentially.
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