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Existence of localized interface states in metdbaAs(100) junctions: Au versus Al contacts
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Using anab initio pseudopotential approach, we have investigated the existence of localized interface states
in epitaxial Al/GaAs and Au/GaA&00 junctions. In spite of the fact that the Al/GaAs and Au/G&IAX)
contacts possess relatively similar Schottky barrier heights, their interface-band structures differ significantly in
the region of the GaAs fundamental band gap. Our results indicate that truly localized interface states can exist
near the Fermi energy in Au/Ga@90 junctions, even at defect-free interfaces, whereas no such states are
allowed in Al/GaA$100 junctions. For the abrupt As-terminated Au/G&2@0) junctions, in particular, we
find As-bridge-bond interface states located near the Fermi energy, which derive from frustrated covalent
bonds at the interface. The presence of such states could explain the recent observation, by nonlinear spec-
troscopy, of a sharp midgap interface-state peak in As-rich Au/@G@8sjunctions.

I. INTRODUCTION II. INTERFACE BAND-STRUCTURE CALCULATIONS

The epitaxial geometry considered in this work for the
I/GaAs and Au/GaA&L00 junctions is illustrated in Fig.
1(a). We consider abrupt defect-free junctions with an As-
terminated GaAq100 surface. Al(Au) and GaAs verify

The existence of interface states has been extensivel'x
studied theoretically in the case of semiconductor
heterojunction$=® Such studies, however, are much more
scarce for metal/semiconductor interféteand in particular . o .
for metal contacts to 111V semiconductors such as GiAs, EXPerimentally the epitaxial cond|t|oraA|(Au)=aGaAs/.\/§
Most of the recent theoretical work on these contacts ha)évIthln 1% (2%). T.h|s.|mpI|es that an Al. or AWLOQ film
focused on the properties of the Schottky baffiEtwithout MY be grown epltatxmlly on Ga00 with the metal fcc
actually addressing the possible existence of localized inteljfm'ce rotated by 45° about te00] axis with respect to the

face states near the Fermi energy. This is an important issu af‘?hcu_b'f sfubstraf'e“‘. n ta recent stutdy(/j, w eF_hav; shown
in general, as localized interface states can act as traps f at the interface geometry represented in Fig) Torre-

carriers, and may degrade the transport properties of th onds t(.) the Iowest—eng rgy AGaAS0 epitaxial struc-
junctions. ture obtained by translating the Al overlayer parallel to the

In an early paper, using a nearly free-electron descriptiorgsaAs surfacé. In this configuration, one half of the metal

of metal and semiconductor valence electrons, Heine Suga}toms(AI—I) occupy substitutional sites in the continuation

gested the possible existence of an important difference bé)—f the bulk semlcond_uctor s_t_ructure, Where?‘s the other metal
tween Al and Au contact¥ He argued that because of the atoms(Al-Il ) occupy interstitialtetrahedral sites.
small(large Fermi momentunikg of Au (Al) as compared to In our ab initio calculations, we use the theoretical lattice
F .
that of a typical semiconductor such as Si or GaAs, IocaIize(fl)arameters of the metals and semiconductor, namely, 3.97,

interface states might exist near the Fermi energy at Au71'08’ .and t5'l53 I,Z\ for Alhgg’ 22‘; Ga,;sl:;aéespectl\;gly; the
semiconductor junctions, but would be unlikely to be presen xperimental values are 2.5, 4.US, anb-b, reSpectively.

at Al/semiconductor junctions. To our knowledge, except for. he compressive strain in the metal in—plgne lattice CO”S‘?‘”‘
an early work using a jellium model at the Al densifyno is accpmmodated by.atetrago'nal elongation of the metal .f|Im
self-consistent study of Au/semiconductor and Al following macroscopic elasticity theory. The co_rrespon(_dlng
semiconductor interface states has been reported, so that'% (Au) Iatt|ce_ constan@, along the grO\_/vth direction is .
this day the issue remains unresolved. calculated using the theoretical elastic const:mu) ratio
Here we address the existence of localized interface statéstz/ C11=0-6 (0.9 for Al (Au), and amounts tca;
in the prototype Al/GaA&00 and Au/GaA£100) epitaxial =4.05(4.40 A . For the mterplanar.dlstance at the mterfape,
junctions. Al and Au exhibit a close lattice match to GaAs, We Use the average between the interplanar distances in the
which gives rise experimentally to quasi-epitaxial semiconductor and in the metal, consistent with the results of
interfacest®'® Furthermore, these two systems are charactotal-energy calculatiomsWe will concentrate on the ideal
terized by relatively similar Schottky barrief¥sOur choice ~ epitaxial geometry shown in Fig(d with no atomic relax-
of systems is also motivated by the fact that recent nonlinear@tion at the interface. The effect of atomic relaxation will be
spectroscopy measurements have provided evidence of localiscussed later in this paper, and will be shown not to have a
ized interface states in Au/Gaf$0 junctions®® In the  major influencg0.1-0.2-eV changes, at mpsin the energy
present study, we use first-principles calculations to comparspectrum of the interface states.
the Al/GaAs and Au/GaAs interface-band structures. We will  Our first-principles calculations are performed within the
show, in particular, that truly localized interface states carlocal-density approximation to density functional theory, us-
exist in the semiconductor fundamental gap at Auling the pseudopotential plane-wave metfbdwe used
GaAd100) junctions, even at a defect-free interface, whereagroullier-Martins pseudopotentidfs in the Kleinman-
no such states are allowed in Al/G&A80) junctions. Bylander nonlocal forns®> The exchange-correlation func-
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< symmetry of the isolated interfaces@,,, and the irreduc-

O
\Q/( . ible wedge of the 2D BZ, is one-quarter of the full BZ. In the

(7/
o "2 @ *

supercell geometry, however, an additional rotoinversion
symmetry operation X— —X,y—2z,z——Yy) is present,
which transforms the two equivalent interfaces of the super-
cell into each other. As a consequence, the irreducible wedge
of the 2D BZ in our calculations is only one-half of that of
the isolated metal/GaA$00) interface. Because of the roto-
inversion symmetry, the bands of interface states along, e.g.,

the high-symmetry directiofr-J’ (J'-K) in the irreducible
wedge of the 2D BZ of the isolated interface will be folded

onto thel’-J (J-K) direction in the irreducible wedge of the
2D BZ of the superlatticésee Fig. 1b)].

To generate the interface-band structures from the super-
cell calculations, we consider only electronic states whose
density is much larger at the interface than in the bulk re-
gions. Such states can be "trudlbcalized interface states,
which decay exponentially in the two bulk materials, or reso-
nances. Localized interface states can exist, in principle, only
in the mutual gaps of the projected band structyRBS’S
of the two bulk materials, while resonances are degenerate
with bulk Bloch states of one or both materiéldnterface-
band structures are therefore generally represented together
with the joint PBS of the bulk constituents to identify the
possible localized interface states.

Bulk calculations for PBS’s are performed using a four-
atom unit cell with the same lateral dimensions as those of
the supercell used to describe the interface. In order to align
the PBS's of Al(Au) and GaAs, we use the calculated value

FIG. 1. (a) Top view of the metal and semiconductor atomic of the Schottky barrier obtained following the procedure de-
layers adjacent to the interface in the AI/G&RB0) epitaxial junc-  geribed in Ref. 9, name|y¢QI/GaAs:0'64 eV (¢lsu/GaAs

tion. The interface unit cell is indicated by the grey square. The_ 0.48 eVJ; the experimental values for thetype barrier are
dashed square corresponds to the metal surface unit(loeBril- . 19,28 .

i i . in the range 0.61-0.690.50-0.53 eV. To align the
louin zone(BZ) of the Al/GaA<100) interface(grey squarg which . .

. . interface-state spectrum—measured with respect to the aver-
coincides with the BZ of the ALO0) ¢(2>2) surface and that of age electrostatic potential in the supercell—and the metal
the GaA$100) surface. The dark triangle is the ireducible wedge 29 P . P R

PBS, we use the computed difference between the average

of the two-dimensional BZ of the interface in the supercell geom- . ; . .
etry (see text which is two times smaller than that of the isolated electrostatic potentials in the supercell and in the metal slab.

interface (where J and J’ are not equivalent The BZ of the This band alignment could also be performed by lining up

, . = — the calculated Fermi levels of the supercell and the bulk
Al(100 surface with the high-symmetry poin¥ andM are also  oq) \We have checked that the two procedures give the
shown(dashed ling

same result within 30 meV. Our overall numerical accuracy

on the ener osition of the interface states is estimated as
tional by Ceperley and Alder is employ8To model the 0.1-0.2 ev.gy P

isolated metal/GaA$100 interface, we use supercells con-

sisting of 13 layers of GaAs and seven metal layers. These

supercells contain two equivalent interfaces rotated by 90°, IIl. INTERFACE STATES

one with respect to the other. We have checked that a change _

in the supercell size from 137 to 17+9 modifies the en- A. Al/GaAS(100) interface

ergy of the interface states by less than 50 meV. In Fig. 2, we show the AI/GaA&00 interface-band
The calculations are carried out with a plane-wavestructure along the high-symmetry directions of the 2D BZ

kinetic-energy cutoff of 20 Ry40 Ry) for the Al/GaAs(Au/  together with the bulk-band structures projected along the

GaAs interface. In the supercell calculations, the Brillouin [100] direction. No interface state is found in the region of

zone integrations are performed usinga6, 2 Monkhorst-  the GaAs fundamental gap. In fact, the joint PBS in Fig. 2

Pack grid?® corresponding to six speci&l points. We em-  shows that no such state may exist in the GaAs gap region,

ploy a Gaussian broadening scheffiayith a full width at irrespective of the translation state of the metal overlayer and

half maximum of~0.1 eV to locate the Fermi-energy posi- of the local atomic structure of the interface. Modifying the

tion. interface atomic structure may change the Schottky barrier
The two-dimensional2D) Brillouin zone (BZ) of the Al/ by a few tenths of an eV, and rigidly shift by this quantity

GaAs and Au/GaAd00) interfaces is shown in Fig.(), the two PBS's, one with respect to the other. Such a rigid

and corresponds to the 2D BZ of the G&2380) (1x1) and  shift, however, cannot produce any common gap in the re-

of the Al or Au(100) c(2x2) surfaces. The point-group gion of the GaAs fundamental gap.

L - -
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FIG. 4. Probability densities of th8, interface states in the
Al/GaAs(100) As-terminated junction al (contours are separated
by five electrons per a.t®) displayed in a plane that contains twice
the interface unit cell along thg010] (upper panelsand [001]
(lower panels directions.
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average ionic charge per Xl1) surface layer from 3 to @r

~5, taking into account the semiconducter metal volume
changé. The resulting attractive ionic potential on the semi-
conductor side of the junction is fully screened by the metal
electronic charge far away from the interface, but is expected
to be only partially compensated at short distaficee., a
few layers away from the metal. Such a variation in the ionic
potential is a driving force for localizing, in this region, or-
bitals deriving from semiconductor bulk bands with low dis-

FIG. 2. Interface-band structure of the Al/GAAB0 As- persion and well-defined atomic character. In the case of the
terminated junction. The localized interface states are indicated byather flat Ass band, in particular, the resultir§, interface
solid lines. The projected bulk band structures are shown as hatchegtates have a fully localized character in the whole 2D BZ.
areas. Except for a noticeable polarization toward the metal, these

states retain a strong atomic ident{see Fig. 3.

Bands of localized interface states are present, instead, It should be noticed that the tw8,s bands displayed in
below the Ass valence band and in the ionic valence gap ofFig. 2 derive from the only existin§,s band in the BZ of the
GaAs. These localized states have been labeled according igplated interface. The tw8,s bands for the superlattice cor-
their dominant atomic character in Fig. 2. The probabilityrespond to theSss band of the isolated interface and to this
densities of these states at the zone- el@gpolnt are illus-  band after the rotoinversion operation. In particular, the two
trated in Fig. 3. The interface states in the energy range froraplit Sps bands along th&-J direction correspond to thféAS

—14t0 —12 eV (Sps) derive from the 4 orbitals of the As  pand of the isolated interface along the nonequivalémt

atoms at the interface. The variation in the GaAs crystal ndF 3 directions in the BZ. The probability densities of
potential near the interface pulls these states from the GaA

As-s band into the gap region. This can be understood fron%he two splitS, states ad are represented in Fig. 4. These
the fact that replacing a Ga layer of the semiconductor adjaV0 States have different energies because the GaA§|
cent to the metal by an Al layer essentially increases thend GaAd001] directions are not equivalent at the interface.

The highest-energy state here is associated withl 'tmmnt

° ® in the BZ of the isolated interfacd.! corresponds to a zone-
ALl edge k vector that points in the direction of the Ga-As
° ® nearest-neighbor chains of the GaAs bilayer adjacent to the
metal. Thisk vector leads to an unfavorable phase in the
° corresponding Bloch state, which reverses the sign of the
° s-atomic-like orbitals on neighboring As atoms of the chain,
As Z and renders the Bloch state antibonding. kheector asso-

Ga (,)))I ® ALII ciated withJ, instead, is perpendicular to the chain and does
<K not change the sign of the neighborisgrbitals in the Bloch
As Py ® state. This state exhibits bridge-bond features along the

chains(see Fig. 4, upper left panednd is energetically more
FIG. 3. Probability densities of th6,. (upper pandlandSe,  avorable.
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(lower panel interface states in the Al/Gafk00) As-terminated The interface states which occur in the region of the GaAs
junction atK (contours are separated by five electrons perdu. ionic valence gap near thé point (in the energy range from
The density of theS,s (Sg,) state is displayed in €10 [(001)] —9 to—8 eV, in Fig. 2 derive mainly from the 4 orbitals

plane containing Ga, As, and Al iorfalso shown of the Ga atoms in the bilayer adjacent to the metal. Simi-
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band structures are shown as hatched areas.
FIG. 5. Local density of stated DOS) in the Al/GaA$100)

junction. The regions of the 137 supercell corresponding to the jnterface states produce, instead, a feature in the GaAs spec-
different curves are illustrated in the upper part of the figure. Atrum between—9 and —8 eV, in the bilayer region IV.

Gaussian broadening with a standard deviation of 0.15 eV has beeﬂwese states are also responsible for a shoulder which occurs

used for the LDOS. at similar energies in the Al spectrum, in the region of the
first metal layer.

larly to the S, states, these interface stat&;4) are pulled

from the nearby GaAs band edge into the ionic gap by the _

more attractive ionic potential near the interface. As com- B. Au/GaAs (100 interface

pared to theS, states, these states have an incregssom- The Au/GaAs interface-band structure is shown in Fig. 6,

ponent, and are more strongly polarized towards the metabgether with the Au and GaAs bulk PBS’s. The striking

(see Fig. 3. The energy positions and the atomic character otlifferences with respect to the Al contact are the presence of

the two types of interface stateSys, Sg,) occurring at the a common gap and the occurrence of interface states in the

Al/GaAs(100 junction are consistent with those reported byregion of the GaAs fundamental gap. These interface states

Louie etal. in their study of the jellium/GaAd410  are close to the Fermi energy, and have a localized character

interface® This feature suggests that such interface states alGear the center of the BZ. Away frol, they become reso-
induced by a change in the electrostatic potential near the | hE-J directi d ’ d he whol
interface rather than by the local interface chemistry, infances along thé'-J direction, and extend over the whole

agreement with our analysis. GaAs fundamental energy-gap regio_n.

The S, and Sg, interface states induce some noticeable, T_he Io_we_r-e_nergy section of the mterface-ban(_:l structure
changes in the GaAs and Al density of staB©S) near the in Fig. 6 is similar, instead, to 'that of the Al/GaAs mtgrface-
interface. This is illustrated in Fig. 5, where the AliGaAs Pand structure. Thés (Sg) interface states are slightly
local density of state$LDOS) is represented in different Shallower, and extend over a small@rgey portion of the
GaAs and Al regions of the junction inc]uding one GaAs BZ around K than the Corresponding Al/GaAs interface
bilayer and one Al monolayer, respectively. The presence o$tates(see Fig. 2 The probability densities of the Au/GaAs
the Sys interface states, in particular, modifies significantly Sys and Sg, interface states a are displayed in Fig. 7.
the shape of the As feature in the GaAs spectrum, betweexcept for a weak mixing with thed orbitals of the neigh-
—14 and—11 eV, in the region of the GaAs bilayer adjacent boring Au atoms, these states are very similar to the Al/GaAs
to the metal(region 1V). The peak density is significantly interface states. The localization of these states may also be
increased on the low-energy side, at the expense of the higliderstood in terms of the ionic potential induced by replac-
energy side. Thé&, interface states also induce some den-ing a Ga layer adjacent to the metal by a Au layer, assuming
sity on the metal side of the junction, in the region of the firstan effective ionic charge for Au intermediate betweegf
Al layer (region V) below the Al DOS spectrum. Th8g, and 11 electrons per atoifl.
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FIG. 9. Probability density of th®, » interface state df in the

FIG. 7. Probability densities of th€,¢ (upper paneland Sg, Au/GaAg100) As-terminated junction(top panel and its planar
(lower pang) interface states in the Au/Ga@$0 As-terminated averagep (lower panel. The contour plot is shown in @10) plane
junction atK (contours are separated by five electrons per &)u. containing Ga, As, and Au ions.
The density of theS,¢ (Sgo) State is displayed in €010 [(001)]
plane containing Ga, As, and Al iorfalso showi At the Au/GaA$100) As-terminated junction, the nature
of the bridge-bondP, 4 interface states can be analyzed in a
A three-dimensional isodensity surface plot of the inter-Similar way. Atthe interface, eachsAs atom forms two hybrid
face state located in the GaAs fundamental gap near th onas, |nterme_d|ate betweef‘ bu;lla_hybrlds and the planar

, —. . o sp? hybrids, with the two neighboring Ga atoms. These two

Fermi energy al’ |s.|IIustrat.ed in F|g. 8. A contour plqt of  ponds involve thep, and p, orbitals of the interface As
the probability density of this state in a plane containing theatom. Thep, orbital, instead, would normally be involved in
interfacial As and Au-l atoms is also shown in Fig. 9, t0- the other two bonds with the missing nearest-neighbor Ga
gether with a planar average of its probability density in theatoms. At the Au/GaAs interface, the missing Ga nearest
junction. This state is formed essentially by fheorbitals of  neighbors are replaced by Au atoms. Contrary to the situa-
the As atoms at the interface, which form weak antibondsion in the Al/GaA$100) junctions, directional covalentlike
with the d,, orbitals of the nearby Au-l atoms. Except for bonds with the metal-l atoms are highly unfavorable; the
this interaction, theé®, »¢ interface state we find here is simi- corresponding As-Au bonds would be strongly undersatu-
lar to the bridge-bond surface state found at idearecon-  rated. As a result, the, orbitals of the As atoms at the
structed Si and GaA&L00) (1x 1) surfaces™*?At such un-  Au/GaAs interface go up in energy as compared to the bulk
reconstructed100) surfaces, two surface states occuFah  As p states of the GaAs valence-band edge, and give rise to
the semiconductor fundamental gap, which derive from thenterface states that resemble the bridge-bond states of the
linear combination of the two dangling-bond states associisolated surface.
ated with each surface atom. The first one is composegpof ~ Similarly to the other interface bands, the t®g s bands
dangling-bond orbitals perpendicular to the surface, whilealongI'-J, in Fig. 6, correspond to the dispersions aldhg

the second one is formed by purgltype bridge-bond or- 3n4 37 of the singleP, »s band of the isolated interface.

bitals lying in the surface plane and perpendicular to theFor the interface geometry shown in Fig. 8, the lowRgH.

remaining bonds of the surface atoms with their nearest d fE point in the BZ of the isolated
neighbors in the semiconductor. state corresponds to thE point in the of the isolate

interface. The correspondifgvector leads to a phase in the
Bloch function that reverses the sign of the g\sorbitals on
neighboring sites, and produces a bonding interface state.

It should be noted that the existence of the bridge-bond
interface states in the GaAs band gap is related to the As
termination of the semiconductor at the junction. We have
performed a preliminary study of the Ga-terminatd®0
interface, and in this case no localized state is found in the
fundamental-gap region. Such a disappearance of the bridge-
bond interface states may be understood relatively easily in
terms of the reduced number pfelectrons of Ga, as com-
pared to As.

We have investigated the effect of atomic relaxation at the
interface, and checked that it does not affect the existence of
the localized interface states. In particular, Bhe,g interface

states neal’ remain localized at the As-terminated Au/GaAs
junction3 Atomic relaxation at this interface essentially re-
FIG. 8. Isosurface corresponding to a high probability densityduces the As—Au-I bond length from 2.65 to 2.51 A, and
(1.5 electronsgly) of the P, » interface state aF in the Au/  increases the As—Au-Il bond length from 2.65 to 2.83 A
GaAg100 As-terminated junction. The isosurface is displayed in aSuch a relaxation has a negligible effect on the Schottky

cell which contains twice the Au/Gafk00) interface-unit cell ~ barrier (~20 me\), and globally shifts up the energy of the
along the[001] direction. interface states, in Fig. 6, by 0.1-0.2 eV with respect to the

&y GaAs [001]

X GaAs [100]



PRB 61 EXISTENCE OF LOCALIZED INTERFACE STATES IN.. .. 5421

13

T Au/GaAd100 epitaxial junctions, consistent with Heine's
suggestion. The calculated PBS’s indicate that no localized
- state may exist in the GaAs band gap at the AI/GA88)
interface, whereas truly localized states may occur near the
- Fermi energy at the Au/GaAB00) interface. In fact, from
our interface-state study we find that intrinsic localized states
do occur near the Fermi energy at the abrupt As-terminated
Au/GaAg100) junction, and it is thus reasonable to extrapo-
late that some other local interface atomic configurations—
including, e.g., defects—will induce also otHextrinsig in-
terface states in the GaAs band gap.

It should be stressed, however, that the common-gap re-
gion of the PBS’s near the center of the 2D BZ, where truly
localized interface states can exist, is not very l&fgehis
results from the folding of the Au PBS associated with the
c(2X%2) reconstruction. In the presence of larger interface
unit cells, corresponding to more complex interfacial geom-
etries, additional foldings will take place, which will de-
crease the common gap region and hence the probability of
finding truly localized interface states. Nevertheless, our re-
sults for the resonant interface states of the As-terminated
Au/GaAg100) interface suggest that Au/GaAs junctions are
more likely in general to exhibit interface states, even in the
presence of such foldings, than Al/GaAs junctions.

i Experimentally, interface states have been observed re-

I \\1/ cently at buried epitaxial Au/GaAgL00) interfaces, grown
L ' by molecular-beam epitaxy, using nonlinear optical

-14 -12 -10 8 6 -4 -2 Ep 2 spectroscop$® These measurements revealed a sharp mid-
E (eV) gap inte'rf'ace—state pgak in As-rich Aq/Ga&@Q) junctiqns.
The position of these interface states is consistent with those

FIG. 10. Local density of state&DOS) in the Au/GaAg100  Of the localizedP, 4 interface states we find at the As-
As-terminated junction. The regions of the-43 supercell corre-  terminated Au/GaAs junction. The observed peak, however,
sponding to the different curves are illustrated in the upper part ofOuld also be due to interface states induced by some local
Fig. 5. A Gaussian broadening with a standard deviation of 0.15 e\perturbations, e.g., by defects, in the midgap redfoii.
has been used for the LDOS.

Au/GaAs (100)
" As-term.
m b

12

10

)

-1
GaAs

'o

~

LDOS (eV

PBS’s. TheP, 55 states are shifted by about 0.1 eV, while the IV. CONCLUSIONS
Sas and Sg, states are shifted by +0.2 eV. ) ] o . .

In Fig. 10, we show the LDOS of the unrelaxed As- Using a first-principles approach, we have investigated
terminated Au/GaAQ00) junction. We note that the effect the existence of interface states in epitaxial Al/GaAs and
of relaxation would be negligible on this scale. The Ad 5 AU/GaAg100 junctions. The calculated PBS's reveal that
electrons mainly contribute to the metal LDOS betweentruly localized interface states can exist in the GaAs funda-
—8 and—1 eV. The behavior of the LDOS near the Fermj Mental band gap at Au/Gaf&00 junctions, whereas no
energy, instead, is dominated by the 6lectrons. Due to such states are allowed at the Al/GaR30 interface. Our
their smaller extension in the BZ, th8,. localized states study of the interface-band structures shows the existence
induce smaller—but still visible—changes in the low-energy"€ar the Fermi energy of bridge-bond-localized states in the

part of the As LDOS feature than in the Al/GaAs junction. AS-terminated Au/GaAd00 junction, which derive from
The Sg, interface states, instead, give rise to a more profru:strated covalent bonds at the interface. Localized interface

nounced featurébetween—8.5 and~ —7.5 eV, in region states also exist in the ionic valence gap of GaAs, and below
IV) than in the Al/GaAs junction. The density of states at thet"® ASS band, both in the Al/GaAs and Au/Ga#90) junc-
Fermi energy in the bulk metal is lower in AG0.6 tions. The latter states are localized by the attractive electro-
ev-10-1 ) than in Al(1.0 ev 0=l ). In spite of that, in static potential in the semiconductor near the interface, and
Gan ' Gans’- _pocderive mainly from the 4 orbitals of the As and Ga atoms at

the energy window of the GaAs fundamental gap the LDO .
the interface.

of the GaAs region closest to the metadgion 1V) is slightly
larger in the Au/GaAs junction than in the Al/GaAs junction.
This suggests a non-negligible influence of g, inter-
face states on the Au/GaAs LDOS spectrum. ACKNOWLEDGEMENTS
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