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Formation energy, lattice relaxation, and electronic structure of Al/Si/GaAs„100… junctions

C. Berthod, N. Binggeli, and A. Baldereschi
Institut Romand de Recherche Nume´rique en Physique des Mate´riaux (IRRMA), CH-1015 Lausanne, Switzerland

~Received 2 October 1997!

We investigated the energetics as well as the structural and electronic properties of chemically abrupt
Al/GaAs~100! and engineered Al/Si/GaAs~100! Schottky diodes with 2 monolayers of Si using theab initio
pseudopotential approach. Results for the atomic relaxation at the interface, its influence on the Schottky
barrier, and the dependence of the formation energy on the As and Ga chemical potentials are presented. We
show that a reversal in the relative stability of the As- and Ga-terminated junctions occurs within the experi-
mentally accessible range of the As and Ga chemical potentials, for both Al/GaAs and Al/Si/GaAs interfaces.
This reversal could explain the role played by the excess cation and anion flux in the fabrication of tunable
Al/Si/GaAs~100! Schottky diodes.@S0163-1829~98!04716-X#
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I. INTRODUCTION

Tunable Schottky barriers were recently demonstrated
metal/n-GaAs~100! junctions engineered with group-IV
atomic interface layers.1–4 The metal/GaAs barrier height
were shown to increase or decrease by as much as 0.
according to whether the interlayers — grown by molecu
beam epitaxy — were fabricated under an excess cation~Ga
or Al! or anion~As! flux. Although such changes were fir
observed in junctions containing 10 to 60 Å thick interlaye
Cantile et al.3 demonstrated more recently that the barr
modifications in engineered Al/Si/GaAs~100! systems are al-
ready established for Si coverages as low as 2 monola
~ML !.

As the atomic-scale morphologies of these buried in
faces are difficult to probe experimentally, the influence
the different excess fluxes on the interface atomic structur
as yet unknown. We have recently shown,5 however, based
on ab initio calculations, that local interface dipoles gene
ated by replacing anion-cation pairs by Si pairs at As- a
Ga-terminated GaAs~100! interfaces could quantitatively ex
plain the Al/Si/GaAs~100! Schottky barrier tuning observe
experimentally in the range 0–2 Si ML.3 In this article, we
address the relative stability of the As- and Ga-termina
Al/Si/GaAs~100! junctions, and the role the excess flux
may play in the formation of these interfaces.

The growth process per se involves complex kine
mechanisms whose description is far beyond the scope o
present study. Here we will concentrate on the energetic
the Ga- and As-terminated interfaces, and show that the
perimental trend can already be accounted for based o
thermodynamic description. In this study, we will consid
abrupt Al/Si/GaAs~100! junctions, and focus on the limiting
cases of Si coveragesu50 and 2 ML. Using these prototyp
systems, we will examine the atomic relaxation, the form
tion energy and the electronic structure of the As- and G
terminated junctions, and discuss their relative stability
der different experimental conditions.

II. METHOD

Our calculations were carried out within the local-dens
functional ~LDF! framework, using the pseudopotenti
570163-1829/98/57~16!/9757~6!/$15.00
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method.6 We employed norm-conserving Troullier-Martin
pseudopotentials in the Kleinman-Bylander nonlocal for7

and the exchange-correlation functional of Ceperley a
Alder.8 The electronic states were expanded on a plane-w
basis set using a kinetic energy cutoff of 20 Ry.9 We mod-
eled the As-~Ga-! terminated Al/GaAs~100! junctions with
supercells containing 13 Al layers, and 7 As~Ga! plus 6 Ga
~As! layers. The Al@100# axis was made parallel to the GaA
@100# growth direction, and the Al fcc lattice was rotate
45° about the@100# axis relative to the semiconductor i
order to satisfy epitaxial conditions.10 The Ga-As bilayer
nearest to the metal was then replaced by Si to generate
initial Al/Si/GaAs junctions with As-terminated~thereafter
denoted as type I! and Ga-terminated~type II! interfaces. In
these heterostructures, the Al overlayer can be viewed
superposition of two sublattices. In one of the sublattices
Al ~Al (S)) occupy substitutional sites in the continuation
the bulk semiconductor structure, whereas in the other s
lattice the Al ~Al (I )) occupy interstitial~octahedral! sites of
the zinc-blende structure~see Fig. 1!.

The supercell calculations were performed with a~2, 6, 6!
Monkhorst-Packk-point grid.11 The theoretical lattice pa
rameter of GaAsaGaAs55.55 Å (aGaAs(exp)55.65 Å!, was
used. The interface geometries that we will refer to as un
laxed in the following ~also used in Ref. 5 to study th
Schottky barriers! were constructed using macroscopic ela
ticity theory ~MET! to determine the deformation of the A

FIG. 1. Epitaxial geometry for the Al/2 Si ML/GaAs~100! junc-
tions with the As-terminated~type I! and Ga-terminated~type II!
GaAs~100! interfaces.
9757 © 1998 The American Physical Society
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9758 57C. BERTHOD, N. BINGGELI, AND A. BALDERESCHI
overlayer, and neglecting further atomic-scale relaxati
taking place at the interfaces. The Al slab in the result
supercells was tetragonally elongated along the growth di
tion (a'

Al54.12 Å!, and the metal-semiconductor interlay
spacing at the junction was taken as the average betwee
~100! interlayer spacings in the GaAs and Al bulk parts.

To determine the atomic relaxations at the interfaces,
first considered metal/semiconductor structures with a
metal overlayer in contact with vacuum. Specifically, o
starting configurations for the relaxation runs were genera
by removing five atomic layers from the middle of the A
slab in the supercells of the unrelaxed metal/semicondu
structures. The atomic configurations were then fully
laxed, by incorporating the Hellmann-Feynman forces in
gradient procedure to minimize the total energy with resp
to the ionic positions. Due to the presence of the vacuum,
metallic overlayer and the interlayers could freely rel
along the growth direction, and release thus any resid
stresssxx . To examine the properties of the fully develop
junctions, we transferred then the equilibrium interplan
distances to a new supercell including a full Al slab (
113 superlattice!. The interlayer spacings for the addition
layers at the center of the Al slab were set to their bulk M
value. We then let this structure relax again to allow
small readjustments in the metal. To evaluate the Scho
barrier heights we used the same approach as describ
Ref. 5.

III. LATTICE RELAXATION
AND ELECTRONIC STRUCTURE

In Fig. 2 we display the equilibrium interplanar distanc
as obtained in the Al/GaAs and Al/2 Si ML/GaAs junction
with the thin metallic overlayer~four Al layers!, and in the
corresponding fully developed junctions (13113 supercell!.
As there are two inequivalent Al sublayers in each Al~100!
plane, exhibiting some buckling near the interface, we
ported in Fig. 2 the largest and the smallest distances
tween the sublayers in adjacent planes, on the metal sid
the junction.

For all of the systems examined here, the distance
tained from theab initio calculation for the separation be
tween the Al surface layer and the central layer of the Ga
slab is identical, within 0.05 Å, to the MET prediction. Th
is somewhat unexpected given the large relaxations oc
ring near the junction~more than 10% of the initial spacin
in some cases!, and the different nature of the materia
forming the junction. Except for small readjustments on
Al side of the junction, the relaxations are very similar in t
systems with the thin Al overlayer and in the correspond
13113 superlattices. The relaxations obtained for the sup
lattices without the Si interlayer are also consistent with
results by Dandrea and Duke10 for the Al/GaAs~100! junc-
tions.

Figure 2 shows that the bulk GaAs spacing is recove
beyond the second~Al/GaAs! to third ~Al/Si/GaAs! semicon-
ductor layer from the junction, whereas in the metal the b
~strained! interlayer spacing is recovered only beyond t
fourth Al plane from the junction. The relaxations takin
place in the metal are qualitatively similar in the four typ
of metal/semiconductor structures shown in Fig. 2. T
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bucking of the first Al layer at the junction reflects the e
tablishment of two types of interfacial bonds: a predom
nantly covalent~short! type of bonds between the Al(S) and
the atoms of the semiconductor surface layer, and a met
~long! type of bonds of the Al(I ) to the semiconductor. Thes
two types of bonds can be distinguished in the charge den
plots presented in Fig. 3 for the type-I and -II Al/Si/GaA
junctions. The Al(I ) metallic type of bonds across the inte
face involve predominantly atoms belonging to the first tw
semiconductor layers~see Fig. 3!. The covalent character o
the Al(S) bond is clearly stronger in the case of the type
~anion-terminated! relative to the type-II junctions, as re
flected by the larger bonding charge density~Fig. 3! and the
shorter bond length~Fig. 2! established in this case. Simila
covalent and metalliclike charge density features were a
observed at the Al/GaAs~100! junctions in Ref. 10.

Without the Si interlayer the As~Ga! surface plane in the
type-I ~-II ! junction moves outwards by about 0.10 Å~0.08
Å! relative to the bulk GaAs. There is thus a non-negligib
weakening of the covalent bonding between the first t
GaAs atomic layers due to the formation of the meta
bonds across the interface. When the Si interlayers
present, the Si-As spacing increases by 3.5% in the ty
junction, whereas the Si-Ga spacing decreases by 4% in
type-II junction relative to the bulk Ga-As spacing. Give

FIG. 2. Equilibrium interplanar spacings for the chemica
abrupt As-terminated~left! and Ga-terminated~right! Al/GaAs~100!
and Al/2 Si ML/GaAs~100! junctions. Open squares correspond
the system with a thin Al overlayer in contact with vacuum, a
solid squares correspond to the 13113 superlattice~see text!. The
sequence of atomic layers is indicated at the bottom of each gr
Each Al~100! plane contains two inequivalent sublayers; the larg
and smallest distances between sublayers in adjacent planes
been reported on the metal side of the junction. The solid li
show the bulk interplanar spacings. The value of the Si-Si interla
distance, as obtained from macroscopic elasticity theory for
pseudomorphically strained to GaAs, is also indicated~short line!.



re

-S
u
d
i

-

-
-
bs

As
e
e
e
r
y

th
d
fo

he
in
on
re

ye

n-
Al

S
-
ic

rs
ith
r-
I

un-
r-
ry

an-
t

ve

s
the

en-
rge
or-
ith
n-
the

III,

cto
n

l re-
ty
ion
the

57 9759FORMATION ENERGY, LATTICE RELAXATION, AND . . .
the similar atomic radii of the atomic species involved he
we attribute the increase~decrease! in the Si-As~Si-Ga! in-
terplanar distance to the formation of donor-~acceptor-! type
of bonds at the polar Si/GaAs~100! interface. This produces
an electronic charge excess~deficit! on the Si-As~Si-Ga!
bond, and an elongation~contraction! of the resulting over-
saturated~undersaturated! bond.

Closer to the metal, in both types of junctions, the Si
interlayer spacing remains, instead, approximatively eq
~within ;0.02 Å! to the bulk GaAs interplanar spacing, an
is thereforelarger than the equilibrium spacing in bulk S
(a'

Si5101% aSi for the type-I interface, and 102%aSi for
the type-II interface!. Based on MET, one would have ex
pected the Si-Si interplanar distance todecreasewith respect
to the spacing in bulk Si. In fact, fromab initio calculations
for bulk Si coherently strained to GaAs we finda'

Si

598% aSi595% aGaAs. For a two-monolayer-thick Si over
layer grown on GaAs~100!, the angle resolved x-ray photo
electron diffraction measurements by Chambers and Loe12

indicate an even larger contraction:a'
Si594% aGaAs. The re-

versed trend we find for the Si-Si spacing in the Al/Si/Ga
junctions results from the presence of the metal that weak
the covalent bonding between the two semiconductor lay
closest to the Al surface~as also found in the case of th
Al/GaAs junctions!.13 We performed similar calculations fo
a GaAs/2 Si ML/GaAs~100! heterostructure coherentl
strained to GaAs, and in this case acontractionby 5% ~7%!
of the Si-Si interlayer spacing is obtained with respect to
value in bulk Si~GaAs!, consistently with the trend expecte
from MET and with the results by Chambers and Loebs
the GaAs/2 Si ML system.

In Fig. 4, we show the local density of states~LDOS! in
the relaxed junctions with and without the Si interlayer. T
LDOS has been computed in the I–VI supercell regions
dicated in Fig. 1. On the semiconductor side of the juncti
the LDOS recovers the bulk GaAs density of states featu
in region VI, i.e., beyond the seventh semiconductor la

FIG. 3. Contour plots of the Al/2 Si ML/GaAs~100! valence
charge density in the~001! and~010! planes~upper and lower pan-
els, respectively! for the type-I~left! and type-II~right! interfaces.
The plots show a region including 2 atomic layers of semicondu
and 2 atomic layers of metal. The charge densities are given in u
of electrons per bulk GaAs unit cell.
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from the metal. On the metal side, instead, the bulk Al de
sity of states is essentially recovered beyond the second
plane from the junction~region I!. When the Si bilayer is
introduced, the bulk Al LDOS is shifted by'0.3 eV to
higher~lower! energies with respect to the bulk GaAs LDO
in the type-I~type-II! junction, as a result of the local inter
face dipole produced by the heterovalent group-IV atom
substitutions.5 The calculated values of the Schottky barrie
for the different junctions are presented in Table I, both w
and without inclusion of lattice relaxation. The Schottky ba
rier is not affected significantly by the relaxation. In Table
we also show the experimental values of Ref. 3 for the t
able Al/Si/GaAs~100! Schottky barriers. The calculated ba
riers for the two types of interface termination account ve
well for the tuning observed experimentally.

The results in Fig. 4 show that the Si interlayer subst
tially changes the LDOS in the bilayer region III. Withou
the Si interlayer, the tail of the metal wave functions gi
rise, in this region, to a finite LDOS of about 0.5 eV21 V21

— V being the bulk GaAs unit-cell volume — for energie
in the fundamental bandgap of GaAs. In the presence of
Si bilayer, this LDOS increases to about 0.7 eV21 V21 in
the GaAs gap region. This large LDOS near the Fermi
ergy in the engineered junctions is responsible for a la
screening of the local interface dipole, and plays an imp
tant role in determining the actual barrier modification w
the Si bilayer.5 Figure 4 also shows that the interlayer i
duces a large density of states in the energy region of
GaAs valence gap. This new LDOS structure, in region

r
its

FIG. 4. Local density of states~LDOS! in the Al/GaAs~100!
~left! and Al/2 Si ML/GaAs~100! ~right! junctions with the type-I
and type-II interfaces. The curves correspond to the supercel
gions labeled in Fig. 1~curve VII represents the bulk GaAs densi
of states!. The shaded LDOS correspond to the supercell reg
including the Si bilayer. The zero of energy has been fixed at
GaAs valence-band edge.V is the unit-cell volume of bulk GaAs.
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9760 57C. BERTHOD, N. BINGGELI, AND A. BALDERESCHI
derives mainly from thes states of the substitutional Si a
oms on the As sites. Due to the weaker ionic potential o
with respect to that of As, these substitutions push the an
s states at higher energy relative to the bulk Ass-like feature
in GaAs, inducing resonant interface states in the GaAs
lence gap.

Our results for the Al/2 Si ML/GaAs LDOS in Fig. 4 an
for the Si interlayer relaxation in Fig. 2 call into question t
applicability of bulk Si concepts in the explanation of th
Al/Si/GaAs Schottky barrier tuning. Recently, Chenet al.14

incorporated the effect of strain in a macroscopic mod
based on the properties of degenerate bulk Si, to explain
barrier modifications in terms of band bending and tunnel
through the Si interlayer bandgap. The bulk Si bandgap
known15 to decrease by 40% when Si~100! is coherently
strained to the GaAs lattice parameter, as a result of
tetragonal contractionexx(Si)'23%. In the model by Chen
et al., the Si interlayer contracts according to MET, and h
a bandgap of 0.7 eV. Ourab initio calculations show, how-
ever, that there is no bandgap and no contraction of the
interlayer in the 0–2 ML coverage regime when the tun
takes place. Our results support, instead, a microscopic
cess in which Si-induced local interface dipoles change
electrostatic potential-energy lineup, and hence shift
electronic states across the interlayer.

IV. FORMATION ENERGY

To discuss the relative stability of the type-I and type
Al/GaAs~100! and Al/Si/GaAs~100! heterostructures, which
contain a different number of Ga and As atoms, it is nec
sary to compute their formation energy,« f , as a function of
the atomic chemical potentials:

« f5F2(
i

nim i'Et2(
i

nim i , ~1!

whereni is the number of atoms andm i the chemical poten-
tial for each atomic speciesi in the system.F is the Gibbs
free energy andEt the total energy of the system. By defin
tion, the chemical potentialm i is the derivative of the Gibbs

TABLE I. Al/Si/GaAs~100! formation energy per surface atom
« f and correspondingp-type Schottky barrierfp for the As-
terminated~type I! and Ga-terminated~type II! interfaces. Results
are reported for Si coveragesu50 and 2 monolayers~ML !. « f is
evaluated using for the As chemical potentialmAs5mAs

bulk for the
type-I junctions andmAs5mAs

bulk1DH f for the type-II junctions~see
text!. The LDF values of the Schottky barriers were rigidly shift
by 0.11 eV to take into account many-body and relativistic corr
tions~Ref. 5!. The experimental photoemission data from Ref. 3
also reported. For the low coverage case, we reported the ex
mental values measured at 0.2 ML. All energies are in eV.

Interface Unrelaxed Relaxed Experimen
Type u ~ML ! « f fp « f fp fp

I 0 0.79 0.82 0.58 0.81 0.87–0.89
I 2 0.98 1.14 0.88 1.15 1.15–1.26
II 0 0.80 0.71 0.68 0.61 0.54–0.61
II 2 0.97 0.33 0.90 0.28 0.37–0.46
i
n

a-

l,
he
g
is

e

s

Si

o-
e
e

s-

free energyF5Et1PV2TS with respect to the number o
atomsni . As we are considering herecondensedmatter sys-
tems, the pressure termPV is completely negligible for the
pressures we are interested in~i.e., ambient or low pressure!,
and was discarded in Eq.~1!. We also ignored the tempera
ture dependence of the free energy. The temperat
dependent terms tend to cancel out in the free-energy dif
ence between condensed matter phases which yields« f , and
their contribution is expected to be relatively small16 ~of the
order or less thankBT per surface atom!. In this study we
will thus use theT50 values ofF (i.e., Et) andm i .

At equilibrium, the Al chemical potential is determine
by the total energy per atom of the bulk~strained! Al metal.
The As and Ga chemical potentials are related by the co
tion mAs1mGa5mGaAs — wheremGaAs is the total energy of
bulk GaAs per Ga-As pair — but their difference is, in pri
ciple, a free variable. The As~Ga! chemical potential, how-
ever, cannot exceed the chemical potential of bulk As~Ga!,
as bulk As~Ga! would form in the system. Therefore, choo
ing mAs as independent variable, the range of values of
As chemical potential can be restricted to16

mAs
bulk1DH f,mAs,mAs

bulk , ~2!

wheremAs
bulk is the chemical potential of the bulk rhomboh

dral phase of As,DH f5mGaAs2mAs
bulk2mGa

bulk is the heat of
formation of GaAs, andmGa

bulk is the chemical potential of the
bulk orthorhombic phase of Ga. We evaluated the b
chemical potentials using for the rhombohedral As phase
angle between the unit cell vectors17 a554.8° and the the-
oretical equilibrium lattice parametera53.70 Å @a(exp)
53.80 Å#. For the Ga orthorhombic structure we used t
cell-shape ratiosb/a51.70, c/a51.00,17 and the equilib-
rium lattice parametera54.41 Å @a(exp)54.52 Å#. The Ga
internal structural parameters were fully relaxed to determ
the equilibrium lattice parametera and the corresponding
chemical potential. From our calculations,18 we obtainmAs

bulk

52173.84 eV, mGa
bulk5261.53 eV, mGaAs52236.17 eV,

and henceDH f520.80 eV. Our calculated heat of forma
tion DH f compares well with the experimental value
20.85 eV,19 and with earlierab initio calculations.16 For the
formation energies, we expect a similar uncertainty of ab
0.1 eV per atom on the absolute values of« f . As usual,
however, within the LDF framework, for relative values w
expect a better accuracy of the order of 0.01 eV/atom.

Taking into account that the number of Ga and As ato
differ by one unit in all of our supercells, the formation e
ergies@Eq. ~1!# of the type-I and type-II interfaces may b
recast as

« f
I ~mAs!5

1

2
~Et

I2mAs!, ~3a!

« f
II~mAs!5

1

2
~Et

II2mGaAs1mAs!, ~3b!

where Et5Et2nGaAsmGaAs2nSimSi2nAlmAl , and nGaAs
stands for the number of Ga-As pairs contained in the su

-
e
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cell. The factor 1/2 in Eqs.~3! accounts for the two equiva
lent interfaces per supercell. The chemical potentialmSi ~and
mAl) does not affect the difference between the format
energies of the type-I and -II interfaces. In our calculatio
we set the value ofmSi to that of the bulk Si chemica
potential.20

In Fig. 5 we show the Al/GaAs and Al/2 Si ML/GaA
formation energies, for the relaxed type-I and type-II jun
tions, as a function of the As chemical potential. The form
tion energies are displayed within the allowed range of v
ues ofmAs , as imposed by the inequality~2!. The formation
energies decrease~increase! with mAs for the type-I~type-II!
junctions, according to Eqs.~3!. The values of« f

I and « f
II

computed atmAs5mAs
bulk andmAs5mAs

bulk1DH f , respectively,
are also reported in Table I for the relaxed and unrela
interfaces. The relaxation lowers the formation energies
roughly the same amount for the type-I and type-II int
faces, i.e., by 0.1 eV for a Si coverageu52 ML and by 0.2
eV for u50.

Figure 5 shows that there is a reversal in the relative
bility of type-I and type-II interfaces which occurs within th
experimentally accessible range of the As~or Ga! chemical
potential. This is true for both coverages,u50 and 2 ML,
and we therefore expect this trend to hold also for interm
diate coverages 0,u,2 ML. This result yields thus a pos
sible explanation, consistent with the contentions of Refs

FIG. 5. Al/GaAs~100! and Al/2 Si ML/GaAs~100! formation en-
ergies~per semiconductor surface atom! for the type-I and type-II
interfaces. The formation energies are displayed in the physic
allowed range of values of the As chemical potential~see text!.
n
s

-
-
l-

d
y
-

a-

-

3

and 5, for the effect of the excess cation and anion fluxes
the interface atomic structure, and hence on the Scho
barrier. Under an excess As flux, i.e., at highmAs , the type-I
interface is favored with the cation-anion sequence for
dipole layer, resulting in the largep-type barriers. At suffi-
ciently high cation flux, instead,mAs is low, and the interface
termination with the reversed sequence for the local dip
becomes more stable, producing the smallp-type barriers.
This explanation for the establishment of the tunable Al/
GaAs Schottky diodes is further supported by the quant
tive agreement between the computed and experime
Schottky barriers in Table I.

Recent experiments indicated a higher thermal stability
Al/2 Si ML/GaAs junctions with lowp-type barriers~type
II ! as compared to those with highp-type barriers~type I!.4

Although the trend of ourT50 formation energies in Fig. 5
indicates an increase in the stability of the type-II relative
the type-I interfaces with increasing Si coverage, the low
energies we find are essentially the same~within our numeri-
cal accuracy! for the two types of interfaces. In fact, abov
300 °C the temperature dependence of the chemical po
tials and of the formation energies is expected to beco
important. Arsenic is known to desorb from GaAs surfac
in vacuum upon annealed above 300 °C, producing incre
ingly Ga-rich surfaces.21 A similar behavior for the Al/Si/
GaAs junctions may be responsible for the observed tr
after annealing at 450 °C.4 It should be stressed, howeve
that formation energies alone may be insufficient to expl
the different thermal stability of the two types of junctions
the kinetics of the degradation mechanisms may also be
portant.

V. CONCLUSION

We investigated from first principles the structural a
electronic properties of the Al/Si/GaAs~100! junctions with
Ga-terminated and As-terminated GaAs~100! interfaces. The
interfacial atomic relaxation was examined, and explained
terms of covalent versus metallic types of bonds establis
at the interface. For the Al/2 Si ML/GaAs~100! junctions, we
found that in contrast to the trend expected from mac
scopic elasticity theory, and at variance with the situation
GaAs/2 Si ML/GaAs~100! heterostructures, the Si-Si inte
planar distance isincreasedrelative to the spacing in bulk Si
This behavior is due to an Al-induced weakening of the c
valent bonding of the interlayer.

We also studied the effect of the Si interlayer on the lo
density of states, and compared the results to the predict
of empirical band-structure models recently proposed to
plain the tunable Al/Si/GaAs Schottky barriers.14 Our ab ini-
tio results for the coherently strained Al/2 Si ML/GaAs~100!
system show that the macroscopic properties of bulk Si p
tulated in these models are inappropriate to describe the e
tronic and atomic structures of the interlayer, and hence
tuning established at low Si coverage~0 to 2 ML!.

Local interface dipoles produced by the heterovalent
interlayer at the As- and Ga-terminated GaAs~100! interfaces
were found, instead, to quantitatively account for t
Schottky barrier tuning in the coherently strained A
2 Si ML/GaAs~100! systems. Moreover, based on the en
getics of the systems, we showed that the relative stability

ly
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the As- and Ga-terminated junctions changes within the
perimentally accessible range of the As and Ga chem
potentials. We showed that this change is consistent with
Schottky barriers observed experimentally, and could exp
the role of the excess cation and anion fluxes in the es
lishment of the relevant interface configurations.
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