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Antimony adsorption on InAs„110…

Maria Grazia Betti, Vincenzo Martinelli, and Carlo Mariani
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Via G. Campi 213/A, I-41100 Modena, Italy
~Received 8 September 1997!

The overlayer growth of the Sb/InAs~110! interface has been investigated for room-temperature~RT! depo-
sition and subsequent annealing, by means of Auger and core-level photoemission spectroscopy. Antimony
forms an unreactive and epitaxial monolayer, followed by three-dimensional island growth. The surface elec-
tronic transitions above the semiconductor bulk gap and Sb-induced electronic states have been studied by
means of photoemission and high-resolution electron-energy-loss spectroscopy. The Sb/InAs~110! interface is
semiconducting and the (131) Sb structure, obtained after a thermal annealing at 600 K, presents a surface
band gap of 0.42 eV at RT. Schottky barrier height, derived from the energy shift of the In core-level emission
lines, is about 0.7 eV with respect to the valence-band maximum. The evolution of the space-charge layer with
the formation of an accumulation layer has been deduced from the dopant-induced free-carrier plasmon. The
accumulation layer and the Schottky barrier height are reduced when the annealing procedure reorders the
surface to obtain the (131) two-dimensional structure.@S0163-1829~98!01707-X#
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I. INTRODUCTION

The adsorption of column V elements on the~110! sur-
face of III–V compounds has been the topic of extens
experimental and theoretical work.1,2 The scientific interest is
due to the formation of unreactive and ordered tw
dimensional~2D! structures that are appealing candidates
which to compare theoretical predictions1,3,4 and experimen-
tal results.2,5–8 A large amount of experimental and theore
ical work has been devoted to study the model system
GaAs~110! that presents an epitaxial continued lay
structure6,9 ~ECLS! preserving the semiconductor charac
of the interface.6,8,10 Only a few results are available on th
adsorption of semimetals on narrow-gap III–V~110! with a
large lattice constant like InAs~110!, InSb~110!, and
GaSb~110!.11–13 A preliminary study by Fordet al.11 states
that antimony deposited on InSb~110! and GaSb~110! does
not lead to an epitaxial and ordered interface, wh
InAs~110! seems a good candidate to verify the consiste
of the ECLS model for these 2D systems. Although t
InAs~110! surface presents a large surface unit cell (a0
56.06 Å), the Sb chains form as well an epitaxial continu
layer structure, as deduced by photoelectron diffraction12 and
confirmed by total-energy calculation,13 with the Sb-Sb dis-
tance of 2.72 Å matching with the In-As bond length of t
underlying chains. Considering the ECLS atomic geome
for the (131)-Sb/InAs~110! interface, the band structure ha
been calculated,4,13 finding Sb-induced filled states~S5 and
S6! close to the valence-band maximum~VBM !, and empty
levels ~S7 and S8! close to the conduction-band minimu
~CBM!, conserving the topological band picture of the s
face states in the clean InAs~110! surface.

In the present work we study the growth morphology
Sb on InAs~110! and of the (131)-Sb ordered layer by
means of Auger electron spectroscopy and analyze the
face bonding by core-level photoemission spectroscopy.
room-temperature growth morphology of Sb on InAs~110! is
characterized by unreactivity and lack of interdiffusion a
570163-1829/98/57~8!/4544~8!/$15.00
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preferential bonding sites. After completion of a first lamin
monolayer, antimony forms disordered islands. Annealing
600 K produces a highly ordered (131)-Sb monolayer
structure. The surface electronic transitions above the se
conductor bulk gap and Sb-induced electronic states h
been studied by means of photoemission and high-resolu
electron-energy-loss spectroscopy~HREELS!. The
(131)-Sb/InAs~110! has a surface band gap of 0.42 eV
RT. The Schottky barrier height and the evolution of t
space-charge layer have been deduced from core-level
toemission and dopant-induced free-carrier plasmon, lead
to the formation of an accumulation layer. After the anne
ing of a thick Sb layer, the accumulation layer is reduced a
the (131)-Sb 2D ordered structure shows nearly flat ban

II. EXPERIMENT

The experiments, carried out at the surface physics la
ratory S.E.S.A.MO. at the Dipartimento di Fisica, Univers`
di Modena, were performed in an Ultrahigh vacuum cham
containing a high-resolution monochromator-analyzer sp
trometer~Leybold Heraeus ELS 22!, ultraviolet photoelec-
tron spectroscopy, and other ancillary facilities for sam
preparation. Base pressure was kept below 10210 mbar
(1028 Pa).

Photoelectron spectra were recorded using a He disch
lamp ~He I photons,hn521.2 eV, HeII , hn540.8 eV! with
a grazing incidence angle. The photoemitted electrons w
analyzed with an angle integrating cylindrical mirror an
lyzer used at constant energy resolution. The Fermi level
determined on a Sb thick layer. The overall experimen
resolution, deconvoluted from thermal broadening, was b
ter than 80 meV. The Auger electrons were collected in
first derivative mode, with a 1-V voltage modulation and t
primary beam energy at 2 keV. HREELS measureme
were performed in specular geometry with primary beam
ergies ranging between 5 and 22 eV and with an ove
resolution of about 12 meV.
4544 © 1998 The American Physical Society
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57 4545ANTIMONY ADSORPTION ON InAs~110!
The InAs single crystals weren-type doped (n51
31018 atoms/cm3) bars and the~110! clean surfaces were
obtained by cleavingin situ. Antimony shots were subli-
mated from a resistively heated quartz crucible at a low s
limation rate ~0.5 ML/min!. Thickness was measured b
means of a quartz-crystal–thickness monitor and calibra
by means of Auger peak intensity. The ordered Sb mo
layer was obtained after depositing 10 ML of Sb and heat
the InAs crystal at 600 K for about 15 min. The temperatu
was monitored with a Chromel-Alumel thermocoup
welded close to the surface. A (131) low-energy electron
diffraction ~LEED! pattern was present even at 4 ML a
though superimposed on a structureless background. A
the described thermal treatment for obtaining the orde
monolayer, a distinct image was observed, without any ba
ground with respect to the LEED pattern of the 1 ML
deposited. One monolayer is defined as a Sb atomic den
equivalent to the surface atomic density of InAs~110! (7.76
31014 atoms/cm2) corresponding to 2.35 Å nominal thick
ness.

FIG. 1. ~a! Auger As M45VV, Sb N45VV, As M23M45V lines
taken in the first derivative mode as a function of Sb coverage.~b!
Auger In M23VV and SbM23N45N45 lines as a function of Sb cov
erage.
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III. RESULTS AND DISCUSSION

A. Overlayer growth morphology and chemical bonding

The growth morphology of Sb deposited on the InAs~110!
surface has been characterized by means of Auger elec
spectroscopy. The evolution of the chemical bonding at
surface has been deduced by studying the line shape of
toemitted In 4d core levels.

The As M45VV, Sb N45VV, As M23M45V, In M23VV,
and SbM23N45N45 Auger lines taken in the first derivativ
mode are shown in Figs. 1~a! and 1~b! as a function of Sb
coverage. The energy position and line shape of all the
ger peaks do not change in the whole coverage range i
cating unreactivity of the growing interface, in agreeme
with what was been observed on several other Sb/III
~110! interfaces.5,11 The peak-to-peak intensities of a set
Auger lines are collected in Fig. 2 as a function of Sb co
erage. We do not show the evolution of the AsM45VV and
Sb N45VV lines because they partially overlap. The lin
evolution shows a slope change at about 2.3–2.4 Å,
lower coverage behavior being linear, the higher cover
range having a lower growth rate. This evolution denote
Stranski-Krastanov~SK! growth mode, characterized by un
form formation of the first monolayer, followed by three
dimensional island growth, in agreement with Sb overla
formation on several III–V~110! surfaces.5,14 The corre-
sponding LEED image shows a (131) pattern with low
background at coverage larger than 1 ML, in agreement w
previous work.11 By fitting the experimental curves from Fig
2 with a simple theoretical model for SK growth15 character-
ized by the typical exp(2d/l) behavior~with d the overlayer
thickness andl the electron mean-free path!, we estimate
electron mean-free path values of about 5.5 and 10.2 Å
the As and In Auger lines, respectively. The differentl value
for the two lines is perfectly compatible with the differe
kinetic energy of the Auger peaks,16 thus explaining that the

FIG. 2. Auger peak-to-peak intensities of AsM23M45V,
InM23VV, and SbM23N45N45 Auger lines as a function of Sb cov
erage.
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FIG. 3. ~a!–~e! In 4d core-level normalized spectra as a function of Sb coverage~0–1 ML! at the Sb/n-type doped InAs~110! interface,
taken athn540.8 eV~He II!. Experimental data~dots! are superimposed to the result of a deconvolution in surface and bulk compon
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slow decrease of the As-to-In intensity ratio as a function
coverage does not indicate preferential bonding sites.

More information about chemical bonding can be acco
plished through investigation of the line shape of the Ind
core levels as a function of Sb coverage, shown in F
3~a!–3~e!. Experimental data are superimposed to the fi
results of a deconvolution in different core-level compone
obtained by appropriate least-squares fitting procedure.
clear that there are two spin-orbit split components in
clean InAs~110! spectrum, which can be attributed to bu
and surface emission. Each component has been fitted w
spin-orbit split doublet (DSO50.86 eV), with an intensity ra-
tio of 1.57, intrinsic Lorentzian width of 0.18 eV, and Gaus
ian broadening of 0.24 eV. The surface core-level shift
0.27 eV with respect to the bulk component~higher kinetic-
energy component!, in good agreement with previou
investigation.17 Main evidences upon antimony depositio
are an energy shift of both surface and bulk core levels
to band bending~that will be commented on in Sec. III C!
and an intensity reduction of the surface component. D
deconvolution including a third reacted component does
lead to realistic fit results. Thus, the best fittings shown
Figs. 3~a!–3~d! were obtained with two components an
show a continuous reduction of the surface core lev
which disappear at the 1 ML coverage shown in Fig. 3~e!.
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This confirms the unreactive nature of the Sb/InAs~100! in-
terface and indicates counter relaxation of the underly
topmost InAs layer, in analogy with other Sb/III–V~110!
interfaces.18–20

Well defined and ordered (131)-Sb monolayer is ob-
tained via annealing of a 4-ML-thick adlayer, in analog
with other (131)-Sb ML’s grown on III-V’s~110!.5,14Auger
peak-to-peak intensities of the Sb, In, and As lines are p
ted in Fig. 4 as a function of annealing temperature. Apla-
teau in the temperature range 550–600 K indicates a sta
chemisorption phase, corresponding to a very distinct
31) LEED image. The intensity ratio between Sb and su
strate lines in this temperature range gives a thickness
mation of about 1 ML. This behavior again is in analog
with the prototypical well ordered (131)-Sb/GaAs~110!
interface,5 though in the latter case the ordered phase
stable up to more than 800 K.5

The In 4d core levels of the well-ordered (131)-Sb
stable phase are shown in Fig. 5, compared to the same
levels for the 1-ML-as deposited. The best fitting leads t
single spin-orbit split component with a Gaussian broaden
reduced from 0.37 to 0.28 eV, compared to the RT depo
tion of 1-ML Sb on InAs~110!. This demonstrates the pres
ence of a single chemical environment around the In ato
consistent with a full derelaxation of the topmost InAs lay
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57 4547ANTIMONY ADSORPTION ON InAs~110!
induced by the well-ordered Sb layer. Moreover, the low
Gaussian width with respect to the 1-ML-as deposited is c
sistent with a better order in the ML achieved by anneali

The room-temperature growth morphology of Sb
InAs~110! is characterized by unreactivity, lack of interdi
fusion, and absence of preferential bonding sites. A
completion of a first laminar monolayer, antimony forms d
ordered islands. Appropriate annealing of an Sb multila
produces a well-ordered (131)-epitaxial Sb monolayer, in
ducing derelaxation of the underlying InAs substrate.

B. Antimony-induced electronic states

The evolution of the energy distribution curves~EDC’s!
in the valence-band region as a function of Sb depositio
shown in Fig. 6~a!. The angular-integrated EDC relative
the clean InAs~110! surface presents several features, po
tioned, respectively, at 0.9, 1.4, 2.2, 3.3, 4.9, and 6 eV be
the valence-band maximum@15.5, 15.0, 14.2, 13.1, 11.5, an
10.4 kinetic energy~KE!, respectively#, which can be attrib-

FIG. 4. Auger peak-to-peak intensity of the AsM23M45V, In
M23VV, and SbM23N45N45 lines as a function of annealing tem
perature.

FIG. 5. The In 4d core levels of the ordered (131) Sb stable
phase obtained by thermal annealing compared to the 1-ML S
deposited. Experimental data~dots! are superimposed to the resu
of a least-squares fitting analysis~see text!.
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uted to surface states. Previous theoretical calculations3,4,21

and angular resolved photoemission studies22,23 identified
these surface features. We can assign the shoulder at 15.
KE and the structure at 15.0 eV KE to the As dangling a
backbond states, respectively~the surface statesA5, A4 as
reported in Ref. 4! and the feature at 14.2 eV KE to the anio
surface state (A3) localized between the first and seco
layer. Moreover, the structures at 13.1–11.5 and 10.4 eV
are both related to In atoms and can be referred to the s
C2 and C1 localized in the first and in the second laye
respectively.

The antimony deposition induces a decreasing of
InAs~110! surface features in the valence-band region.
faint tail appears in the semiconductor bulk gap energy
gion, but there is no detectable density of states at the Fe
energy. The semiconducting character of the Sb/InAs~110!
interface, still at high coverages~10 ML!, is in agreement
with previous results obtained on other Sb/III–V~110!
systems.24,25 In fact, antimony deposited on GaAs~110!

as

FIG. 6. ~a! Angular integrated photoemission spectra in t
valence-band region collected from InAs~110! at subsequent Sb
deposition.~b! Angular integrated photoemission spectra collec
from Sb/InAs~110! at subsequent annealing temperature. Photon
ergy of 21.2 eV~He I!.
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4548 57BETTI, MARTINELLI, AND MARIANI
grows in the Stranski-Krastanov mode and the Sb isla
coalesce in an amorphous layer. It is well known that a tr
sition from a crystalline to an amorphous phase in Sb and
leads to a semimetal-semiconductor transition.26

The evolution of the photoemission EDC spectra at d
ferent annealing temperatures, starting from the 10-ML-th
Sb overlayer, is reported in Fig. 6~b!. At the first annealing
temperature Sb starts desorbing and a structure close to
Fermi level appears, probably due to an ordering of the
overlayer. Annealing at 525 K of a thick Sb layer o
GaAs~110! leads to ordered overlayers with two distinct p
riodic superstructures~moire effect orientation25!. An analo-
gous reordering driven by the annealing can occur in the
amorphous overlayer deposited on InAs~110! giving rise to a
semimetallic behavior with a low, but finite spectral dens
of states at the Fermi edge.

When antimony in excess of 1 ML fully desorbs leavin
the ordered (131) layer at about 600 K, the Sb-induce
states are well resolved and defined and the structure clo
the Fermi level disappears. The main features that can
related to Sb-induced electronic states are at 16.0, 1
14.95, 14.3, 13.6, 13.0, and 10.45 eV KE@corresponding to
0.9, 1.3, 1.95, 2.6, 3.3, 3.9, and 6.45 eV binding energy~BE!
with respect to the Fermi level, respectively#. There is an
overall fairly good agreement with previous experimen
result13 and band-structure calculation,4,14 taking into ac-
count that our data are angle integrated, thus representi
partial integration of each band dispersion along the surf
Brillouin zone. In particular, the two bumps at 16.0 and 15
KE ~0.9 and 1.3 eV BE! can be related to the highest occ
pied Sb-induced levelS6 ~notation used in Ref. 4!, the strong
peak at 14.95 eV KE~1.95 eV BE! can be attributed to the
S5 bonding surface state, the further structures at 14.3–
and 13.0 eV KE~2.6–3.3 and 3.9 eV BE! can be identified
with the Sb intrachain bondingS4 and S3 levels, respec-
tively, and the peak at 10.45 eV KE~6.45 eV BE! is consis-
tent with theS2 nonbonding Sb states.

The scattering efficiencies in the energy-loss region of
semiconductor bulk gap for the clean InAs~110! surface and
for the (131)-Sb ordered overlayer are reported in Fig.

FIG. 7. Scattering efficiencies of HREELS in the energy-lo
region of the semiconductor bulk gap for the clean InAs~110! sur-
face and for the (131)-Sb ordered overlayer. Primary beam ener
Ep521.6 eV. Spectra are normalized to the elastic peak heigh
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High-resolution electron-energy-loss features in the semic
ductor bulk gap energy region can be related to the electro
transitions involving occupied and empty surface or adato
induced states. The clean InAs~110! surface exhibits a clea
absorption structure with the onset at 450 meV. The m
energy-loss feature peaks at about 750 meV and repres
the maximum of the joint density of states, involving th
filled and empty electronic surface states across the sur
gap. Angular resolved photoemission on the clean InAs~110!
~Refs. 22 and 23! surface singles out a filled surface state

s

FIG. 8. Selection of HREELS spectra of the Sb/InAs~110! in-
terface in the energy-loss region of collective excitations. Prim
beam energy is 21.6 eV. Spectra are normalized to the elastic
height and displaced along the vertical axes for convenience.~a! As
a function of Sb coverage: notice how the phonon and plasmon
energies shift to higher energy loss,~b! as a function of annealing
temperature: the phonon and plasmon loss energies shift to lo
energy loss.
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57 4549ANTIMONY ADSORPTION ON InAs~110!
the Ḡ point, resonant with the bulk projected band, w
downward dispersion toX̄ and X̄8. This surface state (A5)
can be assigned to the initial state of the observed electr
transition at the edge, with an empty level~presumablyC3!
positioned at about 0.2 eV above the conduction-band m
mum ~CBM!. Comparing the scattering efficiencies of th
clean InAs~110! and the (131)-Sb ML on InAs~110!, the
surface electronic gap narrows to 420 meV, a broad abs
tion feature grows at about 675 meV, and a further struct
is detectable at higher energy losses. The surface gap
rowing can be ascribed to the evolution of the Sb-induc
states in the bulk gap, with the filled Sb-induced states (S6)
slightly shifted towards the VBM in agreement with angu
resolved photoemission results.13 Moreover, the very low
surface gap difference~30 meV! can be assumed as a sign
the very good 2D structural epitaxiality reflected in the s
quence of occupied and empty electronic levels. Furth
more, from the energy-loss structure at 670 meV and
surface gap~420 meV! we can infer the minimum value fo
the position above CBM of the emptyS7 state at about 250
meV. Band structure based on ECLS geometry derived fr
ab initio total-energy calculations1 reveals a high density o
filled states forS5 andS6 and for an empty stateS7 at the
critical point X̄8, that can give rise to an interband transitio
at about 0.8 eV,27 in fairly good agreement with our exper
mental determination.

Optical transitions of Sb/InAs~110! ordered structure hav
been measured in a higher energy range~1.2–6 eV! by
means of reflectance anisotropy spectroscopy.28 An absorp-
tion peak at 1.8 eV has been attributed to a transition fr
S6 to S7 Sb-induced states. In our opinion the discrepan
in this attribution might be due to the comparison with tigh
binding ~TB! band-structure calculations,28 in fact the intrin-
sic inaccuracy of the TB method in determining energy d
persion of surface states is well known.

C. Space-charge layer formation and band bending

Antimony deposited on InAs~110!, in analogy with the
other unreactive and ordered Sb/III–V~110! interfaces, is
also a model system to study the causes of the evolutio
the space-charge layer in the underlying semiconductor
face. A pinning of the surface Fermi level for highly order
interfaces can be only induced by the presence of
adlayer/metal–induced filled states in the semicondu
bulk gap. For epitaxial and unreactive systems such as
III–V ~110! we can monitor the evolution of the spac
charge region during the formation of the interface a
evaluate the effect of disorder and/or defect-induced state
different stages of the growth morphology.

The space-charge layer formation for the Sb/InAs~110!
interface at subsequent Sb deposition and at different ann
ing temperature has been studied through core-level ph
emission analysis and the collective excitations observed
HREELS. The shift of the In core-level bulk compone
gives information about the band-bending potential at
surface, while the variation of the charge density associa
with the dopant-induced free-carrier plasmon can give
sight into the accumulated or depleted charge at the surf

A selected set of the scattering efficiencies of electr
energy-loss spectra, taken in the vibrational loss ene
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range at different Sb coverage, is collected in the left side
Fig. 8~a!. In the clean nonpolar InAs~110! surface two plas-
maron modes can be clearly resolved: the infrared-ac
transverse optical phonon at 26.9 meV and the plasmon
due to the dopant-induced free-carrier plasmon at 55.2 m
The deposition of antimony on the InAs~110! surface in-
duces shift of the plasmaron excitations towards higher
ergy losses. The energy positions and the intensity modifi
tion of the ‘‘plasmaron’’ losses depend on the variation
the free-carrier density at the surface. If the electron den
increases~decreases!, as in an accumulation~depletion!
layer, the plasmaron losses shift to higher~lower! loss ener-
gies. The blueshift observed depositing Sb indicates a ca
accumulation in the subsurface region. In the left panel
Fig. 9 the energy position of the plasmon loss, reported a
function of the Sb coverage, increases from 55.2 to 68 m
for the set of data taken at a primary beam energy of 2
eV.

The presence of an accumulation of carrier in the spa
charge layer after the deposition of Sb on the InAs~110! sur-
face can be confirmed through the analysis of core-level p
toemission spectra. The In 4d core levels of the Sb/n-type
doped InAs~110! doped interface as a function of Sb cove
age~reported in the left panel of Fig. 3!, show a shift of the
centroid of the peaks to lower kinetic energy, achieved up
a coverage of 4 ML. At the cleann-type doped InAs~110!
surface, the Fermi-level position has been measured at
eV above the conduction-band minimum~CBM!, within our
experimental uncertainty, in good agreement with the
pected value at RT in the flat band condition@0.11 eV above
CBM for InAs~110! with n-type doping n51
31018 atoms/cm3, and effective massm* 50.022me#. Since
the interface is unreactive and nondisruptive and the co
level line-shape analysis shows only a reduction of the s
face component, the In 4d core-level energy shifts can b
related to the surface band bending. Thus we can corre
the In 4d energy position to the surface Fermi level as
function of Sb coverage, as reported in the left panel of F
10. From the core-level analysis of the In bulk compone
we deduced an energy shift of about 200 meV towa
higher kinetic energy. After the deposition of 2 ML of S
the Fermi level enters by about 350 meV into the conduct
band, leading to a band-bending potential due to the ac
mulated charge layer. This result is in fairly good agreem
with previous band-bending measurements.12,29,30The maxi-
mum value of the downward band bending for the accum
lation layer occurs at the same Sb coverage for which
highest energy-loss shift of the plasmon mode is achieved
can be observed by comparing the left panels of Figs. 9
10. The formation of an accumulation layer with a Fer
level pinned into the conduction band has been already
served on other metal/narrow gap semiconductor interfa
like Cs and Ag deposited on InAs~110!,29,31or Ag and Cs on
InSb~110!.32,33 Recent photoemission data reveal the pr
ence of native defect states in the conduction band of cl
uncleaved InAs surfaces inducing an accumulation laye34

For the clean InAs surfaces it was proposed that cation a
sites defects induce the pinning of the Fermi level above
CBM and their charge is transferred into the lower layi
states at the CBM.35 For the Sb/n-type doped GaAs~110!
interface, the pinning of the Fermi level induces a deplet
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FIG. 9. Plasmon energy position for the Sb/InAs~110! interface at room temperature and at different primary beam energies as a fun
of Sb coverage~left panel!, and as a function of annealing temperature~right panel!.

FIG. 10. Surface Fermi-level position with respect to the conduction-band minimum at then-type doped InAs~110! surface at room
temperature as a function of Sb coverage~left panel!, and as a function of annealing temperature~right panel!. The zero energy correspond
to the VBM, the horizontal line marks to the CBM position.
n

l-
b
in
, a

eV
th
ve
a

ud
e

lin
re
he

t
y

te
fe

.

nic
ret-
ding
ct

on
l

if-
pri-
red
ur-
fect

re-
or-

ce.

a

layer attributed to states due to unsaturated dangling bo
localized at the edge of the Sb terraces. As observed
scanning tunneling spectroscopy.6,35 Antimony can induce
on then-type InAs~110! surface defect-donor states, in ana
ogy with Sb/GaAs~110! interface. These defect states can
positioned above the conduction-band minimum, induc
the formation of an accumulation of carriers at the surface
has been observed for uncleaved InAs surfaces.34,35

Annealing of 4-ML Sb/n-type doped InAs~110! leads to a
large reduction of the band bending from 350 to 180 m
above CBM towards the flat band condition as shown in
right panel of Fig. 10. The same behavior can be obser
from the plasmaron excitations in the HREELS spectra
shown in the right panel of Fig. 9. The plasmon energy s
denly shifts to lower loss energy at 470 K, indicating a d
crease of the charge accumulated at the surface.

The effect of the reduced band bending upon annea
can be explained by the formation of a stable highly orde
(131) Sb monolayer where the defect states are quenc
The highly ordered (131) Sb deposited on GaAs~110!
shows an analogous decreasing of the band bending due
reduction of the defects states with respect to the monola
as deposited.36,37 The absence of the Sb induced filled sta
in the bulk gap and the disappearance of the donor-de
ds
by
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states for the highly ordered (131) Sb/InAs~110! induce a
nearly flat band condition without charging at the surface

IV. CONCLUSIONS

Semimetal antimony deposited on III–V~110! surfaces is
an example of highly ordered interfaces where the electro
and structural properties are easily comparable with theo
ical results. These are also model systems for understan
the Schottky barrier formation, elucidating the role of defe
states in the adlayer growth. Antimony deposited
InAs~110! belongs to this family, showing an epitaxia
growth at RT, characterized by unreactivity, lack of interd
fusion, and absence of preferential bonding sites. Appro
ate annealing of a multilayer Sb produces a well-orde
(131)-Sb monolayer with a surface gap at 420 meV. D
ing the growth of the Sb layer, the presence of donor de
states induces an accumulation layer that is considerably
duced when the annealing process gives rise to a highly
dered (131) interface, quenching the defects at the surfa
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