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Formation energy, lattice relaxation, and electronic structure of Al/Si/GaA$100) junctions
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We investigated the energetics as well as the structural and electronic properties of chemically abrupt
Al/GaAs(100 and engineered Al/Si/GaAB00) Schottky diodes with 2 monolayers of Si using @i 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/GaAq100) Schottky diodes[S0163-182608)04716-X

I. INTRODUCTION method® We employed norm-conserving Troullier-Martins
pseudopotentials in the Kleinman-Bylander nonlocal form
Tunable Schottky barriers were recently demonstrated imnd the exchange-correlation functional of Ceperley and
metalh-GaAg100 junctions engineered with group-IV Alder® The electronic states were expanded on a plane-wave
atomic interface layers:* The metal/GaAs barrier heights basis set using a kinetic energy cutoff of 20 Rwe mod-
were shown to increase or decrease by as much as 0.4 eded the As-(Ga) terminated Al/GaAgL00) junctions with
according to whether the interlayers — grown by molecularsypercells containing 13 Al layers, and 7 £3a) plus 6 Ga
beam epitaxy — were fabricated under an excess ca@n  (As) layers. The A[100] axis was made parallel to the GaAs
or Al) or anion(As) flux. Although such changes were first [100] growth direction, and the Al fcc lattice was rotated
observed in junctions containing 10 to 60 A thick interlayers,45° aphout the[100] axis relative to the semiconductor in
Cantile et al> demonstrated more recently that the barriergrder to satisfy epitaxial conditiort8. The Ga-As bilayer
modifications in engineered Al/Si/Gafi9)0) systems are al- pearest to the metal was then replaced by Si to generate the
ready established for Si coverages as low as 2 monolayefgitial Al/Si/GaAs junctions with As-terminatedthereafter
(ML). . . ~ denoted as type) land Ga-terminateétype ) interfaces. In
As the atomic-scale morphologies of these buried interthese heterostructures, the Al overlayer can be viewed as a
faces are difficult to probe experimentally, the influence ofsyperposition of two sublattices. In one of the sublattices the
the different excess fluxes on the interface atomic structure ig| (Al (9) occupy substitutional sites in the continuation of
as yet unknown. We have recently ShOQVhOWQVGV’ based the bulk semiconductor structure, whereas in the other sub-
on ab initio calculations, that local interface dipoles gener-|agice the Al(Al () occupy interstitialloctahedral sites of
ated by replacing anion-cation pairs by Si pairs at As- angpe zinc-blende structursee Fig. L
Ga-terminated GaAs00 interfaces could quantitatively ex-  The supercell calculations were performed witf2a6, 6
plain the Al/Si/GaA§100) Schottky barrier tuning observed \jonkhorst-Packk-point grid!! The theoretical lattice pa-
experimentally in the range 0—2 Si MLIn this article, we rameter of GaA@®=555 A (2% exp)=5.65 A), was
address the relative stability of the As- and Ga-terminatediseq. The interface geometries that we will refer to as unre-
AI/Sl/GaAg(loo) junctions, and the_role the excess fluxes|ayed in the following (also used in Ref. 5 to study the
may play in the formation of these interfaces. Schottky barrierswere constructed using macroscopic elas-

The growth process per se involves complex kinetiCicity theory (MET) to determine the deformation of the Al
mechanisms whose description is far beyond the scope of the

present study. Here we will concentrate on the energetics of A A
the Ga- and As-terminated interfaces, and show that the ex- TypeI: y Type II: O 4s Q QS) QD
perimental trend can already be accounted for based on a O Ga @ c- St Al Al

thermodynamic description. In this study, we will consider
abrupt Al/Si/GaA$100 junctions, and focus on the limiting
cases of Si coverages=0 and 2 ML. Using these prototype

systems, we will examine the atomic relaxation, the forma- ) @ Q 8 @
tion energy and the electronic structure of the As- and Ga- \

terminated junctions, and discuss their relative stability un- = —G@O—@ @ @

der different experimental conditions. -« s .-
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Il. METHOD o _ _
FIG. 1. Epitaxial geometry for the Al/2 Si ML/GaAK00) junc-
Our calculations were carried out within the local-densitytions with the As-terminatedtype ) and Ga-terminatedtype 1)

functional (LDF) framework, using the pseudopotential GaAg100) interfaces.
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overlayer, and neglecting further atomic-scale relaxations
taking place at the interfaces. The Al slab in the resulting_
supercells was tetragonally elongated along the growth direc
tion (af'=4.12 A), and the metal-semiconductor interlayer
spacing at the junction was taken as the average between tt
(100 interlayer spacings in the GaAs and Al bulk parts.

To determine the atomic relaxations at the interfaces, we
first considered metal/semiconductor structures with a thin g lﬁf E
metal overlayer in contact with vacuum. Specifically, our & ¢ As-terminated
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starting configurations for the relaxation runs were generatec " OSIML 4 ga OSIMLo g4
by removing five atomic layers from the middle of the Al $0e00e00 00000 00b Ce0eOeOO OO 000D

slab in the supercells of the unrelaxed metal/semiconducto F
structures. The atomic configurations were then fully re- _ 22f P ;
laxed, by incorporating the Hellmann-Feynman forces in a°$ ¢ . . N il
gradient procedure to minimize the total energy with respect %" 20¢ o g
to the ionic positions. Due to the presence of the vacuum, the & ¢
metallic overlayer and the interlayers could freely relax % 18f
along the growth direction, and release thus any residua §
stresso,,. To examine the properties of the fully developed £ 16:

~
. . oy . . Q i |
junctions, we transferred then the equilibrium interplanar & i " As-terminated ] Ga-terminated ]
distances to a new supercell including a full Al slab (13 14, =, 2SiML 1 2 8i ML 714
+ 13 superlattice The interlayer spacings for the additional 0ecec 00000 0b Lecesoce s oo e e

layers at the center of the Al slab were set to their bulk MET G A8 . oGS A

value. We then let this structure relax again to allow for FIG. 2. Equilibrium interplanar spacings for the chemically
small readjustments in the metal. To evaluate the Schottkgbrupt As-terminatedeft) and Ga-terminatettight) Al/GaAs(100)
barrier heights we used the same approach as described and Al/2 Si ML/GaA$100 junctions. Open squares correspond to
Ref. 5. the system with a thin Al overlayer in contact with vacuum, and
solid squares correspond to the+1B3 superlatticésee text The
sequence of atomic layers is indicated at the bottom of each graph.
ll. LATTICE RELAXATION Each A(100) plane contains two inequivalent sublayers; the largest
AND ELECTRONIC STRUCTURE and smallest distances between sublayers in adjacent planes have

In Fig. 2 displav th ilibri interol dist been reported on the metal side of the junction. The solid lines
nb '9. d"‘.’e hISp ?G € eqUIdl rllyzmsl.n er/pGanar AIStanCes oy the bulk interplanar spacings. The value of the Si-Si interlayer
as obtained in the Al/GaAs and A I ML/GaAs junctions distance, as obtained from macroscopic elasticity theory for Si

with the thin metallic overlaye(‘four _AI layers, and in the pseudomorphically strained to GaAs, is also indicgsdtbrt ling.
corresponding fully developed junctions (£33 supercejl

As there are two inequivalent Al sublayers in eaclilAD) ) ! . .
plane, exhibiting some buckling near the interface, we rebucking of the first Al layer at the junction reflects the es-

ported in Fig. 2 the largest and the smallest distances bdaPlishment of two types of interfacial bonds: a predomi-
tween the sublayers in adjacent planes, on the metal side 8fNtly covalentshorp type of bonds between the A and .
the junction. the atoms of the semiconductor surface _Iayer, and a metallic
For all of the systems examined here, the distance ob{ong) type of bonds of the Al to the semiconductor. These
tained from theab initio calculation for the separation be- WO types of bonds can be distinguished in the charge density
tween the Al surface layer and the central layer of the GaA®IOts presented in Fig. 3 for the type-l and -Il Al/Si/GaAs
slab is identical, within 0.05 A, to the MET prediction. This junctions. The A" metallic type of bonds across the inter-
is somewhat unexpected given the large relaxations occuface involve predominantly atoms belonging to the first two
ring near the junctiorimore than 10% of the initial spacing Semiconductor layer&ee Fig. 3 The covalent character of
in some casds and the different nature of the materials the Al®® bond is clearly stronger in the case of the type-I
forming the junction. Except for small readjustments on the{@nion-terminated relative to the type-Il junctions, as re-
Al side of the junction, the relaxations are very similar in theflected by the larger bonding charge densfig. 3) and the
systems with the thin Al overlayer and in the correspondingshorter bond lengtiiFig. 2) established in this case. Similar
13+ 13 superlattices. The relaxations obtained for the supercovalent and metalliclike charge density features were also
lattices without the Si interlayer are also consistent with theobserved at the Al/GaA$00) junctions in Ref. 10.
results by Dandrea and Dulefor the AllGaAg100) junc- Without the Si interlayer the A&a) surface plane in the
tions. type-1 (-I) junction moves outwards by about 0.10(8.08
Figure 2 shows that the bulk GaAs spacing is recovered\) relative to the bulk GaAs. There is thus a non-negligible
beyond the secon@\l/GaAs) to third (Al/Si/GaAs) semicon- weakening of the covalent bonding between the first two
ductor layer from the junction, whereas in the metal the bulkGaAs atomic layers due to the formation of the metallic
(strained interlayer spacing is recovered only beyond thebonds across the interface. When the Si interlayers are
fourth Al plane from the junction. The relaxations taking present, the Si-As spacing increases by 3.5% in the type-|
place in the metal are qualitatively similar in the four typesjunction, whereas the Si-Ga spacing decreases by 4% in the
of metal/semiconductor structures shown in Fig. 2. Thetype-Il junction relative to the bulk Ga-As spacing. Given
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FIG. 3. Contour plots of the Al/2 Si ML/GaA%00 valence
charge density in théd01) and (010 planes(upper and lower pan- \—/——/\‘/
els, respectivelyfor the type-I(left) and type-lI(right) interfaces. .

The plots show a region including 2 atomic layers of semiconductor ;

and 2 atomic layers of metal. The charge densities are given in unit: 1o ,

of electrons per bulk GaAs unit cell. %5 _;{jjj_‘jv;l s _;2/_{-?_‘/8\”;\2 Eara
E (eV) E (eV)
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the similar atomic radii of the atomic species involved here,

we attribute the increas@ecreasgin the Si-As(Si-Ga in- FIG. 4. Local density of stated.DOS) in the Al/GaA$100
terplanar distance to the formation of don¢aeceptor type  (eft) and Ali2 Si ML/GaA$100) (right) junctions with the type-|

of bonds at the polar Si/GaAK)0) interface. This produces a_nd type-Il |nt.erfa'ces. The curves correspond to the superce!l re-
an electronic charge excesseficit) on the Si-As(Si-Ga gions labeled in Fig. Icurve VIl represents the bulk GaAs density

bond, and an elongatioftontraction of the resulting over- of state$. The shaded LDOS correspond to the supercell region
satur:’:ltec(undersaturated)ond including the Si bilayer. The zero of energy has been fixed at the

Closer to the metal, in both types of junctions, the Si-SiGaAS valence-band edg8. is the unit-cell volume of bulk GaAs.

interlayer spacing remains, instead, approximatively equakom the metal. On the metal side, instead, the bulk Al den-
(within ~0.02 A) to the bulk GaAs interplanar spacing, and sjty of states is essentially recovered beyond the second Al
is thereforelarger than the equilibrium spacing in bulk Si plane from the junctior(region ). When the Si bilayer is
(a’=101% a® for the type-l interface, and 102%" for  introduced, the bulk Al LDOS is shifted by=0.3 eV to
the type-Il interface Based on MET, one would have ex- higher(lower) energies with respect to the bulk GaAs LDOS
pected the Si-Si interplanar distancediecreasavith respect  in the type-I(type-II) junction, as a result of the local inter-
to the spacing in bulk Si. In fact, fromb initio calculations  face dipole produced by the heterovalent group-1V atomic
for bulk Si coherently strained to GaAs we find®  substitutionS. The calculated values of the Schottky barriers
=98% aS'=95% a®* For a two-monolayer-thick Si over- for the different junctions are presented in Table I, both with
layer grown on GaAd00), the angle resolved x-ray photo- and without inclusion of lattice relaxation. The Schottky bar-
electron diffraction measurements by Chambers and L!8ebsrier is not affected significantly by the relaxation. In Table |
indicate an even larger contracticmﬁ'z 94% a®¥s The re-  we also show the experimental values of Ref. 3 for the tun-
versed trend we find for the Si-Si spacing in the Al/Si/GaAsable Al/Si/GaA$100) Schottky barriers. The calculated bar-
junctions results from the presence of the metal that weakengers for the two types of interface termination account very
the covalent bonding between the two semiconductor layergell for the tuning observed experimentally.
closest to the Al surfacéas also found in the case of the  The results in Fig. 4 show that the Si interlayer substan-
Al/GaAs junctions.’®> We performed similar calculations for tially changes the LDOS in the bilayer region . Without
a GaAs/2 Si ML/GaA&l00) heterostructure coherently the Si interlayer, the tail of the metal wave functions give
strained to GaAs, and in this caseantractionby 5% (7%) rise, in this region, to a finite LDOS of about 0.5 e¥ (!
of the Si-Si interlayer spacing is obtained with respect to the— () being the bulk GaAs unit-cell volume — for energies
value in bulk Si(GaAs, consistently with the trend expected in the fundamental bandgap of GaAs. In the presence of the
from MET and with the results by Chambers and Loebs forSi bilayer, this LDOS increases to about 0.7 €évQ 1 in
the GaAs/2 Si ML system. the GaAs gap region. This large LDOS near the Fermi en-
In Fig. 4, we show the local density of stat@DOS) in  ergy in the engineered junctions is responsible for a large
the relaxed junctions with and without the Si interlayer. Thescreening of the local interface dipole, and plays an impor-
LDOS has been computed in the I-VI supercell regions intant role in determining the actual barrier modification with
dicated in Fig. 1. On the semiconductor side of the junctionthe Si bilayer Figure 4 also shows that the interlayer in-
the LDOS recovers the bulk GaAs density of states featureduces a large density of states in the energy region of the
in region VI, i.e., beyond the seventh semiconductor layeiGaAs valence gap. This new LDOS structure, in region |,
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TABLE |. Al/Si/GaAs(100) formation energy per surface atom free energyF = E;+ PV—TS with respect to the number of
e and corresponding-type Schottky barrierg, for the As-  atomsn;. As we are considering hemendensednatter sys-
terminated(type I) and Ga-terminatedtype Il) interfaces. Results  tems, the pressure terRV is completely negligible for the

are reported for Si coverages=0 and 2 mO“O'ayerSt')\lf”-)- e1 1S pressures we are interestedi®., ambient or low pressure

evaluated using for the As chemical potenial,= mas<for the  and was discarded in EGL). We also ignored the tempera-
type-l junctions anguas= ups +AH; for the type-l junctionssee e dependence of the free energy. The temperature-

text). The LDF values of the Schottky barriers were rigidly shifted dependent terms tend to cancel out in the free-energy differ-

?y O'(lé ;:‘VatoTt:ke into _accoturlnt rr?a;ny-bpdy ang ;el?t'v'si'?c foérec'ence between condensed matter phases which yigldand
'onS el 9. The experimental pnotoemission data from Ret. S al&yy, o contripution is expected to be relatively sialbf the
also reported. For the low coverage case, we reported the experi-

mental values measured at 0.2 ML. All energies are in eV. or'der or less thakgT per surface.atobn In this study we
will thus use theT=0 values ofF (i.e., E;) andu;.
At equilibrium, the Al chemical potential is determined

Interface Unrelaxed Relaxed Experiment by the total energy per atom of the bulstrained Al metal
Type 6MU) o %o o %o %o The As and Ga chemical potentials are related by the condi-
I 0 0.79 082 058 0.81 0.87-0.89 tion uast ea= Meaas— Whereugaasis the total energy of
I 2 098 1.14 0.88 1.15 1.15-1.26 bulk GaAs per Ga-As pair — but their difference is, in prin-
Il 0 0.80 071 068 061 0.54-0.61 ciple, a free variable. The AGa) chemical potential, how-
Il 2 097 033 0.90 0.28 0.37-0.46 ever, cannot exceed the chemical potential of bulk(@a),

as bulk As(Ga) would form in the system. Therefore, choos-
ing uas @s independent variable, the range of values of the
derives mainly from thes states of the substitutional Si at- As chemical potential can be restricted®o
oms on the As sites. Due to the weaker ionic potential of Si
with respect to that of As, these substitutions push the anion
s states at higher energy relative to the bulksAlike feature Maa+ AH < puas< ups”, (2
in GaAs, inducing resonant interface states in the GaAs va-
lence gap. bulk ; i
Our results for the Al/2 Si ML/GaAs LDOS in Fig. 4 and whereu,;" is the chemical potential of the bulk rhombohe-

_ bulk bulk ;
for the Si interlayer relaxation in Fig. 2 call into question the dral phase of ASAH(= pgaas— MAs — Mca IS the heat of

applicability of bulk Si concepts in the explanation of the formation of GaAs, angk23“is the chemical potential of the
Al/Si/GaAs Schottky barrier tuning. Recently, Chenall*  bulk orthorhombic phase of Ga. We evaluated the bulk
incorporated the effect of strain in a macroscopic modelchemical potentials using for the rhombohedral As phase the
based on the properties of degenerate bulk Si, to explain th@ngle between the unit cell vectdfsy=54.8° and the the-
barrier modifications in terms of band bending and tunnelingretical equilibrium lattice parametex=3.70 A [a(exp)
through the Si interlayer bandgap. The bulk Si bandgap is=3.80 A]. For the Ga orthorhombic structure we used the
known'® to decrease by 40% when (800 is coherently cell-shape ratiodh/a=1.70, c/a=1.00;" and the equilib-
strained to the GaAs lattice parameter, as a result of thgum lattice parametea=4.41 A[a(exp)=4.52 A]. The Ga
tetragonal contractios,,(Si)~ —3%. In the model by Chen internal structural parameters were fully relaxed to determine
et al, the Si interlayer contracts according to MET, and hashe equilibrium lattice parametea and the corresponding

a bandgap of 0.7 eV. Ouwab initio calculations show, how- chemical potential. From our calculatiolfswe obtainu 32
ever, that there is no bandgap and no contraction of the Sk —173.84 eV, u24= —61.53 eV, ugaas= —236.17 €V,
interlayer in the 0—2 ML coverage regime when the tuningand henceAH;=—0.80 eV. Our calculated heat of forma-
takes place. Our results support, instead, a microscopic prgion AH; compares well with the experimental value of
cess in which Si-induced local interface dipoles change the-0.85 eV2°® and with earliemb initio calculationst® For the

electrostatic potential-energy lineup, and hence shift théormation energies, we expect a similar uncertainty of about

electronic states across the interlayer. 0.1 eV per atom on the absolute valuessgf As usual,
however, within the LDF framework, for relative values we
IV. FORMATION ENERGY expect a better accuracy of the order of 0.01 eV/atom.

. . N Taking into account that the number of Ga and As atoms
To discuss the relative stability of the type-I and type-Il differ by one unit in all of our supercells, the formation en-
Al/GaAS(lOO) and Al/Sl/GaA$100) heterostructures, which ergies[Eq_ (1)] of the type-| and type-” interfaces may be
contain a different number of Ga and As atoms, it is neceSrecast as

sary to compute their formation energy,, as a function of

the atomic chemical potentials: | 1,
et(pas) = E(gt_/'LAS)1 (33
SfZF_zi niMi“Et_Ei Nifis )
1
wheren; is the number of atoms ang; the chemical poten- ef(pas) = E(gltl_MGaAs+ Has), (3b)

tial for each atomic specidsin the systemF is the Gibbs
free energy andk, the total energy of the system. By defini- where &=E;—Ngaadtcaas— Nsiksi— Naitta, and Ngaas
tion, the chemical potentiat; is the derivative of the Gibbs stands for the number of Ga-As pairs contained in the super-
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LO e e e and 5, for the effect of the excess cation and anion fluxes on
the interface atomic structure, and hence on the Schottky
barrier. Under an excess As flux, i.e., at hjgRs, the type-I
interface is favored with the cation-anion sequence for the
dipole layer, resulting in the large-type barriers. At suffi-
ciently high cation flux, insteagy s is low, and the interface
termination with the reversed sequence for the local dipole
becomes more stable, producing the snmtype barriers.
7 This explanation for the establishment of the tunable Al/Si/
GaAs Schottky diodes is further supported by the quantita-
tive agreement between the computed and experimental
Schottky barriers in Table 1.

Recent experiments indicated a higher thermal stability of
Al/2 Si ML/GaAs junctions with lowp-type barriers(type
I1) as compared to those with hightype barriers(type I).*
Although the trend of ou =0 formation energies in Fig. 5
indicates an increase in the stability of the type-II relative to
the type-I interfaces with increasing Si coverage, the lowest
energies we find are essentially the samihin our numeri-
cal accuracyfor the two types of interfaces. In fact, above
300 °C the temperature dependence of the chemical poten-
tials and of the formation energies is expected to become
important. Arsenic is known to desorb from GaAs surfaces
in vacuum upon annealed above 300 °C, producing increas-
ingly Ga-rich surface8' A similar behavior for the Al/Si/
min bulk o GaAs junctions may be responsible for the observed trend
Masg Has— Hag - (€V) Mag after annealing at 450 °€lt should be stressed, however,
that formation energies alone may be insufficient to explain
the different thermal stability of the two types of junctions as
the kinetics of the degradation mechanisms may also be im-

ortant.
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FIG. 5. Al/GaA4100) and Al/2 Si ML/GaA$100) formation en-
ergies(per semiconductor surface atpror the type-l and type-lII
interfaces. The formation energies are displayed in the physicall
allowed range of values of the As chemical potenfsae text

V. CONCLUSION

. . We investigated from first principles the structural and

cell. The factor 1/2 in Eqs(3) accounts for the two equiva-  gjacironic properties of the Al/Si/Gaf00) junctions with
lent interfaces per supercell. The chemical potentigl(@nd G a-terminated and As-terminated G4BR0) interfaces. The
mp) does not affect the difference between the formationnterfacial atomic relaxation was examined, and explained in
energies of the type-I and -Il interfaces. In our calculationsierms of covalent versus metallic types of bonds established
we set tzf(\)e value ofus; to that of the bulk Si chemical at the interface. For the Al/2 Si ML/GaA00) junctions, we
potential- ) found that in contrast to the trend expected from macro-

In Fig. 5 we show the Al/GaAs and Al/2 Si ML/GaAs scopic elasticity theory, and at variance with the situation in
formation energies, for the relaxed type-l and type-Il junc-GaAs/2 Si ML/GaA$§100) heterostructures, the Si-Si inter-
tions, as a function of the As chemical potential. The forma|anar distance imcreasedrelative to the spacing in bulk Si.
tion energies are displayed within the allowed range of val-Thjs pehavior is due to an Al-induced weakening of the co-
ues ofu,s, as imposed by the inequalif@). The formation  yglent bonding of the interlayer.
energies decreagicreasg with u s for the type-I(type-II) We also studied the effect of the Si interlayer on the local
junctions, according to Eq¢3). The values ofe; andef  density of states, and compared the results to the predictions
computed ajuas= uhak and uas= u3e¥+ AHy, respectively, of empirical band-structure models recently proposed to ex-
are also reported in Table | for the relaxed and unrelaxegblain the tunable Al/Si/GaAs Schottky barriéfsOur ab ini-
interfaces. The relaxation lowers the formation energies byio results for the coherently strained Al/2 Si ML/GaAB0
roughly the same amount for the type-I and type-ll inter-system show that the macroscopic properties of bulk Si pos-
faces, i.e., by 0.1 eV for a Si coverage=2 ML and by 0.2 tulated in these models are inappropriate to describe the elec-
eV for 6=0. tronic and atomic structures of the interlayer, and hence the

Figure 5 shows that there is a reversal in the relative statuning established at low Si covera@®to 2 ML).
bility of type-I and type-Il interfaces which occurs withinthe  Local interface dipoles produced by the heterovalent Si
experimentally accessible range of the @&s Ga chemical interlayer at the As- and Ga-terminated G&K30) interfaces
potential. This is true for both coverage#s=0 and 2 ML, were found, instead, to quantitatively account for the
and we therefore expect this trend to hold also for intermeSchottky barrier tuning in the coherently strained Al/
diate coverages€@6<2 ML. This result yields thus a pos- 2 Si ML/GaAg100) systems. Moreover, based on the ener-
sible explanation, consistent with the contentions of Refs. 3jetics of the systems, we showed that the relative stability of
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