PHYSICAL REVIEW B VOLUME 57, NUMBER 8 15 FEBRUARY 1998-II

Antimony adsorption on InAs(110
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The overlayer growth of the Sb/In&kL0) interface has been investigated for room-temperdieiie 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 (@b0niterface is
semiconducting and the §1) 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 (21) two-dimensional structur¢S0163-18208)01707-X]

[. INTRODUCTION preferential bonding sites. After completion of a first laminar
monolayer, antimony forms disordered islands. Annealing at
The adsorption of column V elements on t#0) sur- 600 K produces a highly ordered XI1)-Sb monolayer
face of lll-V compounds has been the topic of extensivestructure. The surface electronic transitions above the semi-
experimental and theoretical wotk.The scientific interestis  conductor bulk gap and Sb-induced electronic states have
due to the formation of unreactive and ordered two-been studied by means of photoemission and high-resolution
dimensional2D) structures that are appealing candidates orelectron-energy-loss  spectroscopy (HREELS.  The
which to compare theoretical predictidns' and experimen- (1X1)-Sb/InAg110 has a surface band gap of 0.42 eV at
tal results>®>® A large amount of experimental and theoret- RT. The Schottky barrier height and the evolution of the
ical work has been devoted to study the model system Stspace-charge layer have been deduced from core-level pho-
GaAgq110 that presents an epitaxial continued layertoemission and dopant-induced free-carrier plasmon, leading
structur€® (ECLS) preserving the semiconductor characterto the formation of an accumulation layer. After the anneal-
of the interfac€®°Only a few results are available on the ing of a thick Sb layer, the accumulation layer is reduced and
adsorption of semimetals on narrow-gap I1€Y10) with a  the (1X1)-Sh 2D ordered structure shows nearly flat bands.
large Iattifle 13constant like InA%10), InStillg, and
GaSKi110." " A preliminary study by Fordet al.”* states
that antimony deposited on In@.0) and GaSlHL10 does Il EXPERIMENT
not lead to an epitaxial and ordered interface, while The experiments, carried out at the surface physics labo-
InAs(110 seems a good candidate to verify the consistencyatory S.E.S.A.MO. at the Dipartimento di Fisica, Universita
of the ECLS model for these 2D systems. Although thedi Modena, were performed in an Ultrahigh vacuum chamber
InAs(110) surface presents a large surface unit cell ( containing a high-resolution monochromator-analyzer spec-
=6.06 A), the Sb chains form as well an epitaxial continuedtrometer (Leybold Heraeus ELS 22 ultraviolet photoelec-
layer structure, as deduced by photoelectron diffrattiand  tron spectroscopy, and other ancillary facilities for sample
confirmed by total-energy calculatidAwith the Sb-Sb dis- preparation. Base pressure was kept below 4@nbar
tance of 2.72 A matching with the In-As bond length of the (108 Pa).
underlying chains. Considering the ECLS atomic geometry Photoelectron spectra were recorded using a He discharge
for the (1x 1)-Sb/InAg110) interface, the band structure has lamp (He | photonshy=21.2 eV, Hell, hv=40.8 e\} with
been calculate®!® finding Sh-induced filled state$$5 and  a grazing incidence angle. The photoemitted electrons were
S6) close to the valence-band maximyiBM), and empty analyzed with an angle integrating cylindrical mirror ana-
levels (S7 and S8 close to the conduction-band minimum lyzer used at constant energy resolution. The Fermi level was
(CBM), conserving the topological band picture of the sur-determined on a Sb thick layer. The overall experimental
face states in the clean InA40 surface. resolution, deconvoluted from thermal broadening, was bet-
In the present work we study the growth morphology ofter than 80 meV. The Auger electrons were collected in the
Sb on InA$110 and of the (2xX1)-Sb ordered layer by first derivative mode, with a 1-V voltage modulation and the
means of Auger electron spectroscopy and analyze the supfimary beam energy at 2 keV. HREELS measurements
face bonding by core-level photoemission spectroscopy. Theere performed in specular geometry with primary beam en-
room-temperature growth morphology of Sb on I(BK)) is  ergies ranging between 5 and 22 eV and with an overall
characterized by unreactivity and lack of interdiffusion andresolution of about 12 meV.
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The growth morphology of Sb deposited on the (4K
surface has been characterized by means of Auger electron

spectroscopy. The evolution of the chemical bonding at the

. clean
. .1

R surface has been deduced by studying the line shape of pho-
HON toemitted In 41 core levels.
oAl The As M4VV, SbNVV, As MM eV, In MygVV,

350 400 450 500 550

and SbM,3N45N,5 Auger lines taken in the first derivative
(b) Kinetic Energy (eV)

mode are shown in Figs.(d and ib) as a function of Sb
coverage. The energy position and line shape of all the Au-
FIG. 1. (a) Auger ASMysVV, SbNysVV, As MpgMysV lines  ger peaks do not change in the whole coverage range indi-
taken in the first derivative mode as a function of Sb coverége. cating unreactivity of the growing interface, in agreement
Auger InMa3VV and SbMgNssNss lines as a function of Sb cov- i ‘\what was been observed on several other Sb/ll-V
erage. (110 interfaces ! The peak-to-peak intensities of a set of

The InAs single crystals weren-type doped (=1 Auger lines are collected in Fig. 2 as a function of Sb cov-
X 10'8 atoms/cm) bars and thg110) clean surfaces were erage. We do not show the evolution of the MssVV and
obtained by cleavingn situ. Antimony shots were subli- Sb N4VV lines because they partially overlap. The lines
mated from a resistively heated quartz crucible at a low subevolution shows a slope change at about 2.3-2.4 A, the
limation rate (0.5 ML/min). Thickness was measured by lower coverage behavior being linear, the higher coverage
means of a quartz-crystal-thickness monitor and calibratetange having a lower growth rate. This evolution denotes a
by means of Auger peak intensity. The ordered Sb monoStranski-KrastanoySK) growth mode, characterized by uni-
layer was obtained after depositing 10 ML of Sb and heatingorm formation of the first monolayer, followed by three-
the InAs crystal at 600 K for about 15 min. The temperaturedimensional island growth, in agreement with Sb overlayer
was monitored with a Chromel-Alumel thermocouple formation on several 111-V(110) surfaces:** The corre-
welded close to the surface. A K1) low-energy electron sponding LEED image shows a XI1) pattern with low
diffraction (LEED) pattern was present even at 4 ML al- background at coverage larger than 1 ML, in agreement with
though superimposed on a structureless background. Aft@revious work!! By fitting the experimental curves from Fig.
the described thermal treatment for obtaining the ordere@ with a simple theoretical model for SK growttcharacter-
monolayer, a distinct image was observed, without any backized by the typical exp{d/\) behavior(with d the overlayer
ground with respect to the LEED pattern of the 1 ML asthickness and\ the electron mean-free pathwe estimate
deposited. One monolayer is defined as a Sb atomic densiglectron mean-free path values of about 5.5 and 10.2 A for
equivalent to the surface atomic density of I(AE) (7.76  the As and In Auger lines, respectively. The differentalue
x 10* atoms/cm) corresponding to 2.35 A nominal thick- for the two lines is perfectly compatible with the different
ness. kinetic energy of the Auger peak&thus explaining that the



4546 BETTI, MARTINELLI, AND MARIANI 57

RN R LR UL IR L IR RS I I I I I I I I (EEEEREEEEEES
@ Ind4d | - ® 1 L ©
80T InAs(110)

0.25 ML Sb/InAs(110)

80" | go| 05 ML SbnAs(110) .

60 -

40 -
L 40

AN AR SN R S

i e o o AW VI S0 TR PN DA RIS A bt A VAN AR L I
175 18 185 19 195 20 205 175 18 185 19 195 20 205 175 18
Kinetic Energy (eV) Kinetic Energy (eV) Kinetic Energy (eV)
DL DL AL AL L L BN BN SR B B DLELELEL BN IR AL R O
L (d) . _ L (e) .
Indd ‘ In 4d

0 80| 1 ML Sb/InAs(110)

40 | 40 |

== e ik i A P TSR
A I AN ...VWW\.’I.".WV..’V‘.\fl.:”.\[lw..'l'....
175 18 0.5 175 18 185 19 195 20 205
Kinetic Energy (eV) Kinetic Energy (eV)

FIG. 3. (a)—(e) In 4d core-level normalized spectra as a function of Sb covef@gé& ML) at the Sbh-type doped InA€L10) interface,
taken ath»=40.8 eV (He). Experimental datédotg are superimposed to the result of a deconvolution in surface and bulk components.

slow decrease of the As-to-In intensity ratio as a function ofThis confirms the unreactive nature of the Sb/Ifl&X) in-
coverage does not indicate preferential bonding sites. terface and indicates counter relaxation of the underlying
More information about chemical bonding can be accom+topmost InAs layer, in analogy with other Sb/IlI{}10
plished through investigation of the line shape of the th 4 interfaces:®~%°
core levels as a function of Sb coverage, shown in Figs. Well defined and ordered (41)-Sb monolayer is ob-
3(a)—3(e). Experimental data are superimposed to the finatained via annealing of a 4-ML-thick adlayer, in analogy
results of a deconvolution in different core-level componentswith other (1x 1)-Sbh ML’s grown on 111-\V’(110).>** Auger
obtained by appropriate least-squares fitting procedure. It ipeak-to-peak intensities of the Sb, In, and As lines are plot-
clear that there are two spin-orbit split components in theed in Fig. 4 as a function of annealing temperatureplé-
clean InA$110 spectrum, which can be attributed to bulk teauin the temperature range 550—600 K indicates a stable
and surface emission. Each component has been fitted withdoemisorption phase, corresponding to a very distinct (1
spin-orbit split doublet 4 ;o=0.86 eV), with an intensity ra- X1) LEED image. The intensity ratio between Sb and sub-
tio of 1.57, intrinsic Lorentzian width of 0.18 eV, and Gauss-strate lines in this temperature range gives a thickness esti-
ian broadening of 0.24 eV. The surface core-level shift ismation of about 1 ML. This behavior again is in analogy
0.27 eV with respect to the bulk componéhigher kinetic-  with the prototypical well ordered (11)-Sb/GaA§110)
energy componeit in good agreement with previous interface’ though in the latter case the ordered phase is
investigationt’” Main evidences upon antimony deposition stable up to more than 800 K.
are an energy shift of both surface and bulk core levels due The In 4d core levels of the well-ordered ¢1)-Sbh
to band bendingthat will be commented on in Sec. II)C stable phase are shown in Fig. 5, compared to the same core
and an intensity reduction of the surface component. Daté&vels for the 1-ML-as deposited. The best fitting leads to a
deconvolution including a third reacted component does nasingle spin-orbit split component with a Gaussian broadening
lead to realistic fit results. Thus, the best fittings shown inreduced from 0.37 to 0.28 eV, compared to the RT deposi-
Figs. 3a)—3(d) were obtained with two components and tion of 1-ML Sb on InA$110. This demonstrates the pres-
show a continuous reduction of the surface core levelsence of a single chemical environment around the In atoms,
which disappear at the 1 ML coverage shown in Fig).3 consistent with a full derelaxation of the topmost InAs layer
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FIG. 4. Auger peak-to-peak intensity of the Ad,5M 45V, In
Mo3VV, and SbM,3N4sNys5 lines as a function of annealing tem-
perature.

induced by the well-ordered Sb layer. Moreover, the lower
Gaussian width with respect to the 1-ML-as deposited is con-
sistent with a better order in the ML achieved by annealing.
The room-temperature growth morphology of Sb on
InAs(110) is characterized by unreactivity, lack of interdif-
fusion, and absence of preferential bonding sites. After
completion of a first laminar monolayer, antimony forms dis-
ordered islands. Appropriate annealing of an Sb multilayer
produces a well-ordered ¢41)-epitaxial Sb monolayer, in-
ducing derelaxation of the underlying InAs substrate.

B. Antimony-induced electronic states

The evolution of the energy distribution curvé&sDC's)
in the valence-band region as a function of Sb deposition is
shown in Fig. 6a). The angular-integrated EDC relative to
the clean InA&110) surface presents several features, posi-
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tioned, respectively, at 0.9, 1.4, 2.2, 3.3, 4.9, and 6 eV below FIG. 6. (8 Angular integrated photoemission spectra in the
the valence-band maximup5.5, 15.0, 14.2, 13.1, 11.5, and valence-band region collected from InA40 at subsequent Sh

10.4 kinetic energyKE), respectively, which can be attrib-

S —
In4d
80 — IML as deposited ~ —
~ (Ix1) ShilnAs(110)
40|
0 4 A o o A A iR S IEPERRT
PP WM T """ nartill it
7.5 18 185 19 195 20 205
Kinetic Energy (eV)

deposition.(b) Angular integrated photoemission spectra collected
from Sb/InA€110) at subsequent annealing temperature. Photon en-
ergy of 21.2 eV(He)).

uted to surface states. Previous theoretical calculatftils

and angular resolved photoemission stutfié% identified
these surface features. We can assign the shoulder at 15.5-eV
KE and the structure at 15.0 eV KE to the As dangling and
backbond states, respectivdlihe surface stated5, A4 as
reported in Ref. land the feature at 14.2 eV KE to the anion
surface state A3) localized between the first and second
layer. Moreover, the structures at 13.1-11.5 and 10.4 eV KE
are both related to In atoms and can be referred to the states
C2 andCl1 localized in the first and in the second layer,
respectively.

The antimony deposition induces a decreasing of all
InAs(110) surface features in the valence-band region. A
faint tail appears in the semiconductor bulk gap energy re-
gion, but there is no detectable density of states at the Fermi

FIG. 5. The In 4 core levels of the ordered ¢1) Sb stable

energy. The semiconducting character of the Sb/(hA8

phase obtained by thermal annealing compared to the 1-ML Sb dgiterface, still at high coveraggd0 ML), is in agreement
deposited. Experimental dateots are superimposed to the result with previous results obtained on other Sb/llI-\10)

of a least-squares fitting analysisee texk

system$*?° |n fact, antimony deposited on Ga@d40)
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FIG. 7. Scattering efficiencies of HREELS in the energy-loss
region of the semiconductor bulk gap for the clean I1A$) sur-
face and for the (X 1)-Sb ordered overlayer. Primary beam energy
E,=21.6 eV. Spectra are normalized to the elastic peak height. (a) Energy Loss (meV)

grows in the Stranski-Krastanov mode and the Sb islands
coalesce in an amorphous layer. It is well known that a tran- Sb/InAs(110)
sition from a crystalline to an amorphous phase in Sb and As
leads to a semimetal-semiconductor transiffon. Ep=21.6 eV

The evolution of the photoemission EDC spectra at dif-
ferent annealing temperatures, starting from the 10-ML-thick
Sb overlayer, is reported in Fig(l§. At the first annealing
temperature Sb starts desorbing and a structure close to the
Fermi level appears, probably due to an ordering of the Sb
overlayer. Annealing at 525 K of a thick Sb layer on
GaAq110) leads to ordered overlayers with two distinct pe-
riodic superstructuregnoire effect orientatiof?). An analo-
gous reordering driven by the annealing can occur in the Sb
amorphous overlayer deposited on IHAE) giving rise to a
semimetallic behavior with a low, but finite spectral density
of states at the Fermi edge.

When antimony in excess of 1 ML fully desorbs leaving
the ordered (X 1) layer at about 600 K, the Sb-induced S .
states are well resolved and defined and the structure close to -50 0 50 100
the Fermi level disappears. The main features that can be (b) Energy Loss (meV)
related to Sb-induced electronic states are at 16.0, 15.6,

14.95, 14.3, 13.6, 13.0, and 10.45 eV IK(E?rre_Spondlng to FIG. 8. Selection of HREELS spectra of the Sh/IGAK)) in-
0.9,13,1.95,26,3.3,3.9,and 6.45 eV binding eneBf)  terface in the energy-loss region of collective excitations. Primary
with respect to the Fermi level, respectivelffhere is an  peam energy is 21.6 eV. Spectra are normalized to the elastic peak
overall fairly good agreement with previous experimentalheight and displaced along the vertical axes for convenidagas
result® and band-structure calculatifi? taking into ac-  a function of Sb coverage: notice how the phonon and plasmon loss
count that our data are angle integrated, thus representingeaergies shift to higher energy logb) as a function of annealing
partial integration of each band dispersion along the surfacemperature: the phonon and plasmon loss energies shift to lower
Brillouin zone. In particular, the two bumps at 16.0 and 15.6energy loss.

KE (0.9 and 1.3 eV B[Ecan be related to the highest occu-

pied Sb-induced leved6 (notation used in Ref.)4the strong  High-resolution electron-energy-loss features in the semicon-
peak at 14.95 eV KE1.95 eV BB can be attributed to the ductor bulk gap energy region can be related to the electronic
S5 bonding surface state, the further structures at 14.3—13#8ansitions involving occupied and empty surface or adatom-
and 13.0 eV KE(2.6—3.3 and 3.9 eV BEcan be identified induced states. The clean InA40 surface exhibits a clear
with the Sb intrachain bondin§4 and S3 levels, respec- absorption structure with the onset at 450 meV. The main
tively, and the peak at 10.45 eV K@E.45 eV BH is consis-  energy-loss feature peaks at about 750 meV and represents
tent with theS2 nonbonding Sb states. the maximum of the joint density of states, involving the

The scattering efficiencies in the energy-loss region of thédilled and empty electronic surface states across the surface
semiconductor bulk gap for the clean IHA%0) surface and gap. Angular resolved photoemission on the clean (628
for the (1X1)-Sb ordered overlayer are reported in Fig. 7.(Refs. 22 and 2Bsurface singles out a filled surface state at

Scattering Efficiency
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the F_point, resonant with the bulk projected band, with "ange at different Sb coverage, is collected in the left side of

downward dispersion t&X andX’. This surface stateAB)  F19- 8@). In the clean nonpolar InA$10 surface two plas-
can be assigned to the initial state of the observed electronf@ron modes can be clearly resolved: the infrared-active
transition at the edge, with an empty levpfesumablyC3)  transverse optical phonon at 26.9 meV and the plasmon loss
positioned at about 0.2 eV above the conduction-band minidue to the dopant-induced free-carrier plasmon at 55.2 meV.
mum (CBM). Comparing the scattering efficiencies of the The deposition of antimony on the In&s0 surface in-
clean InA$110 and the (X1)-Sb ML on InAg110), the  duces shift of the plasmaron excitations towards higher en-
surface electronic gap narrows to 420 meV, a broad absorg®rgy losses. The energy positions and the intensity modifica-
tion feature grows at about 675 meV, and a further structuréon of the “plasmaron” losses depend on the variation of
is detectable at higher energy losses. The surface gap ndhe free-carrier density at the surface. If the electron density
rowing can be ascribed to the evolution of the Sb-inducedncreases(decreasgs as in an accumulatior(depletion
states in the bulk gap, with the filled Sb-induced stagg)( layer, the plasmaron losses shift to higlilewver) loss ener-
slightly shifted towards the VBM in agreement with angular gies. The blueshift observed depositing Sb indicates a carrier
resolved photoemission resu][fs_Moreover’ the very low accumulation in the subsurface region. In the left panel of
surface gap differenc®0 meV) can be assumed as a sign of Fig. 9 the energy position of the plasmon loss, reported as a
the very good 2D structural epitaxiality reflected in the se-function of the Sb coverage, increases from 55.2 to 68 meV
quence of occupied and empty electronic levels. Furtherfor the set of data taken at a primary beam energy of 21.6
more, from the energy-loss structure at 670 meV and th&V.

surface gafg420 me\j we can infer the minimum value for The presence of an accumulation of carrier in the space-
the position above CBM of the emp8&7 state at about 250 charge layer after the deposition of Sb on the I1AS) sur-
meV. Band structure based on ECLS geometry derived fronfidce can be confirmed through the analysis of core-level pho-
ab initio total-energy calculatioiseveals a high density of toemission spectra. The Ind4core levels of the Shi-type
filled states forS5 andS6 and for an empty stats7 at the ~doped InA$110) doped interface as a function of Sb cover-
critical pointX’, that can give rise to an interband transition 29€(reported in the left panel of Fig,) 3show a shift of the

at about 0.8 eV in fairly good agreement with our experi- centroid of the peaks to lower kinetic energy, achieved up to
mental determination. a coverage of 4 ML. At the clean-type doped InA&L10

Optical transitions of Sb/INA410) ordered structure have Surface, the Fermi-level position has been measured at 0.17
been measured in a higher energy rar@e—6 eV by eV ab_ove the conducyon—b.and minimu@BM), W|th|n our
means of reflectance anisotropy spectroscdpyn absorp- experimental uncertainty, in good agreement with the ex-
tion peak at 1.8 eV has been attributed to a transition fronpected value at RT in the flat band conditighl1 eV above
S6 to S7 Sb-induced states. In our opinion the discrepancy=BM ~ for INAS(110 with  n-type doping n=1
in this attribution might be due to the comparison with tight- < 10° atoms/cr, and effective mass* =0.022mg]. Since
binding (TB) band-structure calculatiof&;n fact the intrin- the interface is unreactive and nondisruptive and the core-

sic inaccuracy of the TB method in determining energy dis/€vel line-shape analysis shows only a reduction of the sur-
persion of surface states is well known. face component, the Inddcore-level energy shifts can be

related to the surface band bending. Thus we can correlate
the In 4d energy position to the surface Fermi level as a
function of Sb coverage, as reported in the left panel of Fig.
Antimony deposited on InA410, in analogy with the 10. From the core-level analysis of the In bulk component,
other unreactive and ordered Sb/IlI-10) interfaces, is we deduced an energy shift of about 200 meV towards
also a model system to study the causes of the evolution dfigher kinetic energy. After the deposition of 2 ML of Sb,
the space-charge layer in the underlying semiconductor suthe Fermi level enters by about 350 meV into the conduction
face. A pinning of the surface Fermi level for highly ordered band, leading to a band-bending potential due to the accu-
interfaces can be only induced by the presence of thenulated charge layer. This result is in fairly good agreement
adlayer/metal—induced filled states in the semiconductowith previous band-bending measureméits:**The maxi-
bulk gap. For epitaxial and unreactive systems such as Skwium value of the downward band bending for the accumu-
-V (110 we can monitor the evolution of the space- lation layer occurs at the same Sb coverage for which the
charge region during the formation of the interface andhighest energy-loss shift of the plasmon mode is achieved, as
evaluate the effect of disorder and/or defect-induced states agn be observed by comparing the left panels of Figs. 9 and
different stages of the growth morphology. 10. The formation of an accumulation layer with a Fermi
The space-charge layer formation for the Sb/I(14€) level pinned into the conduction band has been already ob-
interface at subsequent Sb deposition and at different annealerved on other metal/narrow gap semiconductor interfaces,
ing temperature has been studied through core-level photdike Cs and Ag deposited on Inf&EL0),%°* or Ag and Cs on
emission analysis and the collective excitations observed binSk(110.3%3% Recent photoemission data reveal the pres-
HREELS. The shift of the In core-level bulk component ence of native defect states in the conduction band of clean
gives information about the band-bending potential at theincleaved InAs surfaces inducing an accumulation I1&jer.
surface, while the variation of the charge density associateBor the clean InAs surfaces it was proposed that cation anti-
with the dopant-induced free-carrier plasmon can give insites defects induce the pinning of the Fermi level above the
sight into the accumulated or depleted charge at the surfac€BM and their charge is transferred into the lower laying
A selected set of the scattering efficiencies of electronstates at the CBM® For the Sbh-type doped GaA410
energy-loss spectra, taken in the vibrational loss energinterface, the pinning of the Fermi level induces a depletion

C. Space-charge layer formation and band bending
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temperature as a function of Sb coverdlgét pane), and as a function of annealing temperat{right panel. The zero energy corresponds
to the VBM, the horizontal line marks to the CBM position.

layer attributed to states due to unsaturated dangling bondstates for the highly ordered &11) Sb/InAg110) induce a
localized at the edge of the Sb terraces. As observed bygearly flat band condition without charging at the surface.
scanning tunneling spectroscody’. Antimony can induce
on then-type INAg110) surface defect-donor states, in anal- IV. CONCLUSIONS
ogy with Sb/GaAgl10) interface. These defect states can be  gemimetal antimony deposited on 1110 surfaces is
positioned above the conduction-band minimum, inducingan example of highly ordered interfaces where the electronic
the formation of an accumulation of carriers at the surface, agnd structural properties are easily comparable with theoret-
has been observed for uncleaved InAs surfdtés. ical results. These are also model systems for understanding
Annealing of 4-ML Sbh-type doped InAgL10) leads to a  the Schottky barrier formation, elucidating the role of defect
large reduction of the band bending from 350 to 180 meVstates in the adlayer growth. Antimony deposited on
above CBM towards the flat band condition as shown in thdnAs(110 belongs to this family, showing an epitaxial
right panel of Fig. 10. The same behavior can be observedrowth at RT, characterized by unreactivity, lack of interdif-
from the plasmaron excitations in the HREELS spectra agusion, and absence of preferential bonding sites. Appropri-
shown in the right panel of Fig. 9. The plasmon energy sudate annealing of a multilayer Sb produces a well-ordered
denly shifts to lower loss energy at 470 K, indicating a de-(1X1)-Sb monolayer with a surface gap at 420 meV. Dur-
crease of the charge accumulated at the surface. ing the growth of the Sb layer, the presence of donor defect
The effect of the reduced band bending upon annealin§tates induces an accumulanon Iayer_that is conS|de_rany re-
can be explained by the formation of a stable highly ordereduced when the annealing process gives rise to a highly or-
(1x 1) Sb monolayer where the defect states are quencheg.ered (2x1) interface, quenching the defects at the surface.
The highly ordered (k1) S_b deposited on Ga_A”le) ACKNOWLEDGMENT
shows an analogous decreasing of the band bending due to a
reduction of the defects states with respect to the monolayer This work was supported by the “Progetto di ricerca
as deposited®®’ The absence of the Sb induced filled statesavanzata” (Advanced Research Projgabf the Universita
in the bulk gap and the disappearance of the donor-defedegli Studi di Modena.
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