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Cesium-induced surface conversion: From As-rich to Ga-rich GaAs(001) at reduced temperatures
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We proved experimentally that Cs adsorption on the clean arsenic-rich(QGa#g2 X 4)/c(2 X 8) surface
followed by annealing at 450C—-470 °C, induced conversion to théXx 2)/c(8 X 2) gallium-rich reconstruc-
tion. Thus, the conversion temperature is lower-b§00 °C than that required to produce the Ga-rich surface
by a conventional ultrahigh vacuum annealing without preliminary Cs adsorption. This effect is monitored
using low-energy electron diffraction, reflectance anisotropy spectroscopy, and photoreflectance spectroscopy.
We propose that the conversion is due to Cs-induced weakening of arsenic bonds on the surface, which, in its
turn, is supposedly caused by electron charge redistribution between Cs adatoms and GaAs surface atoms.
Along with the transformation of surface stoichiometry and structure, Cs passivates intrinsic electronic surface
states and thus leads to unpinned behavior of the Fermi level at the surface. In combination with the iodine-
induced conversion from the Ga-rich to As-rich reconstruction, which was observed earlier, the (@gerse
rich to Ga-rich low-temperature Cs-induced conversion presented here is promising for the development of
atomic-layer etching of GaA601).
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I. INTRODUCTION rich surface by the removal of a monolayer of group V atoms
at reduced annealing temperatures. The goal of the present
The physics of low-dimensional structures is essentiallyaper is to demonstrate this reverse conversion on the
based on the developments of semiconductor epitaxial teczs/GaA$001) surface.
niques. The advanced modifications of these techniques such Gallium arsenide with adsorbed cesium is often consid-
as the migration enhanced and atomic layer epitafiabow  ered as a model system for studying the interaction between
one to grow semiconductor structures in which the interfacanetals and semiconductor surfaces and formation of the
smoothness and the thickness of layers are controlled witBchottky barrier, because under adsorption on GaAs, cesium
the ultimate precision of one monolayer. Along with the does not form three-dimension@D) clusters and chemical
atomic-layer growth, for modern nanotechnology it is impor-compounds with the semiconductor components, does not
tant to develop techniques of atomic-layer “digital” etching. diffuse into the bulk, and at room temperature forms an ul-
The atomic-layer etching consists in layer-by-layer removatimately thin adsorption overlayer with a thickness of one
of a semiconductor with monolayer resolution, keeping armonolayef~? The major part of earlier studies were per-
atomically smooth surface morphology. The precision offormed on the nonpolar Gafkl0) surfacé° which has a
conventional wet chemical and electrochemical etching techsimple (1 X 1) structure. The influence of Cs on the structure
nigues is determined by the diffusion and drift lengths of theand electronic properties of the widely used GE@®4) sur-
reagents and products of the reaction and is usually restrictefdce was studied in a number of pap&€rs® However, the
to a few monolayers. In principle, atomic layer etching with data available in literature on the influence of Cs adsorption
monolayer resolution can be realized on the polar faces abn various superstructures of this surface are not sufficient to
compound I1I-V semiconductors by using adsorbates whichinvestigate the opportunity of the Cs-facilitated low-
selectively react with the elements of Il and V groups and,temperature conversion from the As-richx 4)/c(2 X 8) to
thus, allow selective removal of surface cations and anionghe Ga-rich(4X 2)/c(8 X 2) reconstruction. The most rel-
It was shown in Ref. 3 that iodine adsorbed on the Ga-rickevant results are that on the G&881) surface the adsorp-
GaAg00]) surface was bonded predominantly with gallium tion of Cs followed by annealing at relatively low tempera-
atoms. Low-temperature annealing of the iodine-covered sutures may improve the surface atomic order, as suggested in
face led to the desorption of gallium iodides Gahd con-  Ref. 11 from the improvement of the low energy electron
version to the As-rich surface with(@x 4)/c(2x 8) recon-  diffraction (LEED) pattern, and may also reduce the density
struction. Similar results were obtained for iodine adsorptiorof surface state¥. In the present paper the Cs-induced
on various IlI-V semiconductors? changes in the long-range order studied by LEED are com-
The selective reactivity of halogens to group Il elementspared to the changes in the local order, stoichiometry, and
of the IlI-V compounds suggests that, conversely, electropelectronic properties of the surface studied by reflectance an-
ositive alkali metal adatoms may react selectively with groupisotropy spectroscopy and photoreflectance spectroscopy.
V atoms, weaken their bonds with the substrate and, thuRreliminary results related to the LEED study of the Cs-
facilitate a reverse conversion from the anion-rich to cationfacilitated structural transition were reported in Ref. 18.

1098-0121/2005/415)/155315%7)/$23.00 155315-1 ©2005 The American Physical Society



TERESHCHENKOet al. PHYSICAL REVIEW B 71, 155315(2005

Il. EXPERIMENT
(a)

The experiments were performed on epitaxigt
GaAq001) layers in order to exclude possible influence of
defects, which are present with a larger concentration in the
subsurface layer of bulk GaAs, on the stoichiometry and
structure of the surface. The preparation of the clean surfact
included the removal of oxides by the solution of HCI in
isopropyl alcoholHCI-iPA) under dry nitrogen atmosphere,
transfer to the ultrahigh vacuufUHV) without air contact
and subsequent annealing in vacuthCesium deposition
was performed using dispensers thoroughly outgassed in '(b)
vacuum not exceeding 1 mbar. The surface composition
and the long-range order in the surface structure were deter
mined in the electron spectrometer ADES-500 by x-ray pho-
toelectron spectroscop{XPS) and by LEED, respectively.

The local order on the surface was studied in an independen
UHV system by reflectance anisotropiRA) spectroscopy,
which probes the surface optical transitidA$! This tech-

nigue, which is strongly sensitive to surface stoichiometry,
consists in measuring the relative reflectivity difference ()
AR/R=(Ri1109)~Ri110)/ R, whereR 11g; and Ri14) are the re-

flectivities for light linearly polarized along thgl10] and

[110] directions of the(001) surface. Details on the UHV
experimental setup used for RA spectroscopy can be found ir
Refs. 22 and 23. The evolution of the band bending, which is
determined by the electronic surface states, was studiec
in a third UHV system, using photoreflectand®R)
spectroscopy®1”?425PR spectra were measured on special
UP* structures with thin 100-nm undoped GaAs cap layer (d)
grown on highly dopeg-GaAs buffer layef* These spectra
contain Franz-Keldysh oscillatioifEKO), which allow us to
measure with high accuragy-2%) the surface electric field

and, thus, to calculate the band bendingAs compared to

the XPS technique;® which allows one to determine the
relative changes ag,, the absolute values can be determined

by the PR spectroscopy. In all three UHV systems, accurate
temperature measurements were performed optically, fron
the band-gap values, and the temperature values of the col
responding annealings did not differ by more than 10 °C. (e

IIl. RESULTS AND DISCUSSION

A. LEED study: Long-range order

It was shown earlier that the dose dependences of the
amount of adsorbed cesium are similar and well described by
Langmuir model with sticking coefficients close to unity for ‘
Cs deposition on both As- and Ga-rich G&@&1) surfaces? FIG. 1. LEED patterns of the clean As-rich Ga861)-(2
Thus, cesium sticking on a GaAs surface does not depend ar4)/c(2x 8) (a) and Ga-rich GaA®01)-(4% 2)/c(8x 2) (f) sur-
its stoichiometry and structure. To demonstrate the elementaces, under deposition of Cs on these surfa@®s(c) and(g), (h),
specific selectivity in the interaction of cesium with group Ill respectively, and subsequent anneals after 1 ML Cs depositidi
and group V elements of Gat1), we experimentally (€) and(i), (), respectively. The Cs coverages, ML, (b), (g) 0.5
compared by LEED the evolution of the surface long-rangeML, (c) 0.7 ML, (h) 1 ML. The annealing temperaturés (d)
order under Cs deposition on the As- and Ga-terminated ret00 °C,(e) 470 °C, (i) 200 °C, (j) 480 °C.
constructions. The results are shown in Fig. 1. Figures 1
and Xf) show LEED patterns of the initial clean surfaces =450 °C and 560 °C, respectively. The deposition of Cs on
with As-rich  GaA$001-(2x4)/c(2x8) and Ga-rich the As-rich surface leads to a fast degradation of the diffrac-
GaAgq001)-(4 X 2)/c(8 X 2) reconstructions, which were ob- tion pattern, which reveals itself in the increase of back-
tained by HCI-iPA treatment and subsequent annealinfy at ground(formed by diffusely scattered electrongith respect
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. . . .. T T T T T v T v ! N I
to the diffraction spot intensities by a factor ef3 at small (Oxdyo(2x8)

Cs coverag®~ 0.1 ML and in the disappearance of the frac- a : (4x2)/c(8x2)
tional spots at 0.3-0.5 M[see Fig. 1b)]. At higher cover- M :

agesf~ 0.7 ML some of the main diffraction spots disappear ;

as well, while the intensity of the remaining spots becomes (1x1)

several times smaller than the diffuse backgrolfid. 1(c)]. b a+0.5 ML Cs

The observed degradation evidences the disordering of thi W/\

surface. On the other hand, on the Ga-rich surface cesium i
adsorbed more orderly, tid X 2)/c(8 X 2) reconstruction is

still clearly seen in the LEED pattern @&~ 0.5 ML [Fig. 5 c /\ (8x1)
1(g)] and is preserved up t8~0.75 ML. Under further Cs < bHd00°C

deposition up to#~1 ML, fractional spots disappear, the F\/ N

LEED picture is converted t@l X 1) pattern, and the diffuse (4x2)

background increasdsig. 1(h)]. At all coverages the dif- A A £+200°C

fraction pattern on the Ga-rich surface with adsorbed cesiun

is considerably clearer tha_n on the As-rich surface. wayeex] |y 4x2)
The observed degradation of the LEED pattern under Cs |4 3 cH70°C : 5 EH80°g

deposition and the formation of disordered Cs/G@A3) T1o To

interfaces are in agreement with the results obtained /RPN I I | | IR P

earlier!>14 A fast disordering of the As-rich GaA@01)-(2 20 30 40 50 20 30 40 50

X 4)/c(2% 8) reconstruction under Cs adsorption was di- Photon energy (eV) Photon energy (eV)

rectly observed by STM! It was stated in Ref. 11 that the FIG. 2. RA spectra measured at room temperature on the clean

process of Cs-induced degradation is similar for the As- and\ . . GaAg001)-(2x 4)/c(2x 8) (a) and Ga-rich GaA®01)-
Ga-rich surfaces. However, the data which allow direct COM{ 45 2)/¢(8% 2) () surfaces, under deposition of 0.5 ML of Cs on

parison of the surface _structgre .under Cs deposition on thegfese surfacef(b) and (f), respectively, and subsequent anneals
surfaces were not av_allable in literature. It fqlloy\(s from_ the[(c)] (d) and(g), (h), respectively. The annealing temperaturd@s
results obtained in this work that there are significant differ-¢) 400 °c, (d) 470 °C, (g) 200 °C, (h) 480 °C.
ences in the action of cesium on the structure of the As- and
Ga-rich surfaces. As the sticking coefficients for cesium orglso by the RA spectroscopy:?? The peaks in RA spectra
these surfaces are the same, the observed differences are gugre initially interpreted as being due to optical transitions
to fundamentally dissimilar mechanisms of adsorption. between electronic states associated with gallium and arsenic
The dissimilarity of Cs interaction with different recon- surface dimers. However, the results of further experiments
structions of GaA®01) clearly follows from the experi- and theoretical calculations were explained in terms of a
ments on heating cesium-covered surfaces. The results ofixed bulklike and surface originated anisotropy both for the
these experiments are shown in Fig¢d)1 1(e), 1(i), and  As- and Ga-terminated reconstructidg/-?°Irrespective of
1(j). The most pronounced effect consists in the substantidhe exact microscopic origin of RAS peaks, for the present
Cs-induced reduction of the temperature at which the conwork it is essential that, first, RA spectra are highly sensitive
version to the Ga-rich reconstructidd x 2)/c(8x 2) takes  to the surface structure, and there is a direct correspondence
place. This effect is demonstrated in Fig&d)land 1e). Itis  between the types of surface superstructures and the detailed
seen that deposition 61 ML of Cs on the As-rich surface shapes of RA spectrd.Second, in accord with the rule gen-
at room temperature and annealing-at00 °C results in the erally applicable to optical spectra of solitfsthe major
(8% 1) reconstructionFig. 1(d)]. Subsequent annealing at characteristics of the RA spectra such as the positions, am-
higher temperatureB=450 °C—470 °C yielded a very clear plitudes, and widths of RA spectral bands are mainly deter-
(4% 2)/c(8% 2) reconstruction characteristic of the Ga-rich mined by the local electronic structure, and thus, by the local
surface[Fig. 1(e)]. These annealing temperatures are byorcjer of the atomic structure, in distinction with LEED
~100 °C lower than those required to obtain the same rewhich probes the long-range order. _
construction by heating without preliminary Cs The RA spectra measured on the clean As-rich
depositiont®26 Figures 1i) and %j) show LEED images ob- GaAg001)-(2x4)/c(2x8) and Ga-rich GaA$01)-
tained after deposition of1 ML of Cs on the Ga-rich sur- (4X2)/c(8x2) surfaces are shown in Figs(a? and Ze),
face and subsequent annealing at 200 C and 480 °C, respdé€spectively. These spectra are characteristic of the respec-
tively. Contrary to the behavior of the Cs/Ga@81)-(2 tive reconstructiorfS and contain two positive spectral bands
X 4)/c(2 % 8) surface, the Ga-richd X 2)/c(8 X 2) structure, around 3 eV and 4.5 eVFig. 2@], and a negative band

which was destroyed by Cs deposition, is restored by heatingeaked around 2.2 efFig. 2(e)].2%2%29 _
at temperature¥ =200 °C. In conformity with a rapid Cs-induced destruction of the

LEED pattern, the deposition of 0.5 ML of Cs on the As-rich

surface radically changed the shape of the RA specffig

2(b)], both positive spectral bands disappeared, so that a
The effect of low-temperature cesium-induced conversiomegative Cs-induced band centered around 4 eV dominates

from the As-rich to Ga-rich GaA601) surface were studied the spectruni! Under further deposition of Cs up tel ML,

B. RAS study: Local order
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the shape of the spectri@ot shown practically did not become fully occupied, while those of the cations become
change. It is seen from Fig.(d that heating of the Cs- empty (“electron counting rule):®® Therefore, one can sug-
covered(2x 4)/c(2x 8) surface at 400 °C, which results in gest that the destabilization of a reconstruction and the weak-
the (8 X 1) reconstruction, led to substantial changes in theening of backbonds occur in the case when adsorption in-
spectral shape, the intensity of the negative 4-eV line diminduces the back transfer of electron density from the anions to
ished, a relatively sharp positive peak appeared at 3 eV, anehtions. Within this suggestion, the opposite action of cesium
a negative peak around 2 eV started to grow. Further annea@nd iodine can be explained by the differences in the elec-
ing at higher temperature of 470 °C, which yields the con-tronegativity of these elements. The adsorption of electrop-
version of the surface structure to the Ga-righx2)/c(8  ositive cesium atoms on the As-rich G4881) surface may

X 2) reconstruction, led to a changeover of the RA spectruntause the return of electron density from arsenic to lower-
to that characteristic of this reconstructipsee Fig. 2d)],  lving gallium. This should lead to the weakening of arsenic

with the dominating negative band peaked at 2.3 eV andackbonds and, as a result, to the disordering of the As-rich
distinct additional shoulders on its low- and high-energysurface and to a decrease in the temperature of the transition

wings. to the Ga-rich surface, as was observed in this work. Analo-

The right panel of Fig. 2 shows that upon Cs depositiondous considerations for the electronegative adsorkate
on the Ga-rich surface and subsequent heating, the RA Spe@'me) lead to the conclusion that the cation backbonds be-
trum evolves much more gradually, in conformity with the come weaker upon adsorption of iodine on the cation-
relative stability of the(4x 2)/c(8 X 2) reconstruction and terminated surface, and this facilitates the conversion to the
its reproduction after the heating. More specifically, the@nion-rich surface upon the subsequent heatihg.
deposition of Cs up to 0.5 ML led to gradual broadening and !t should be stressed that the suggested explgnatlon based
low-energy shift of the dominating negative 2-eV line and to©n the charge transfer from adatoms to a semiconductor is
the increase of the Cs-induced negative band at 4FYy. o_nly quallta_tlve and does not tak_e into account significant
2(f)]. Upon further deposition of Cs up te1 ML the shape dl_fferences in the charact_er of cesium and iodine interactions
remained practically unchanged. Annealing at 200 °C, whicrYV't_h the surface. In .part|cular, it is known that chemically
removed~15-20% of cesiud? and partially restored the Shifted components induced by chemisorption are distinctly
Ga-rich reconstructiofsee Fig. 1i)], led to narrowing of the  Visible in the photoemission lines of Ga and As on the
negative 2-eV line and to its partial shift back to higher |2/ GaAs surfacé,while chemically shifted components are
energiesFig. 2g)]. Finally, the annealing to 480 °C com- Not observed in the XPS spectra of the Cs/G&a3)
pletely restored both the position and shape of the 2-eV lindnterface?*
and diminished the intensity of the Cs-induced 4-eV band As compared to iodine and cesium, other halogén<l,
[Fig. 2h)]. Thus, in addition to the effect of low-temperature and By and alkali metal§Na, K, and Rb with smaller co-
Cs-induced conversion of the long-range order studied byalent radii lead to more rude effects, in particular, to steady
LEED, the RA spectroscopy demonstrates transformation oftching of a surface by halogéfsand to clusterization of

the stoichiometry and local order of the G4881) surface.  alkali-metal adatonfs®due to their higher chemical activity
in the interaction with the surfaces of IlI-V semiconductors.

) o ) Cesium and iodine act in a more subtle and selective way,
C. Mechanism of cesium-induced structural transformations without intermixing with the bulk of a semiconductor, and,
on GaAs(001) therefore, provide the possibility of low-temperature adatom-
To elucidate the reasons for the cesium-induced disordeinduced reconstruction transitions and atomic layer etching.
ing of the As-rich(2X4)/c(2X8) reconstruction and the
decrease in the temperature of the phase transition to the ) . . .
Ga-rich (4x2)/c(8X2) reconstruction, we will compare D. Cs-induced unpinned behavior of Fermi level on
these effects with the known results on the reverse transition Gaas(001)
from the cation to anion-terminated reconstructions on Ill-vV  To study Cs-induced changes of the electronic surface
semiconductor surfaces induced by adsorption of halogenstates we used PR spectroscopy. PR spectra measured on the
in particular, by iodin€:* The transformations of the surface clean As-rich surface, after deposition of cesium and subse-
structure under the action of both cesium and iodine arguent annealing are shown in Fig. 3. The increase of the
caused by the change of the surface stoichiometry due to BKO period under Cs deposition evidences the increase of
partial removal of the atoms of the upper layer, the cesiumthe surface electric field and band bending due to charging of
induced transition is due to the removal of arsenic atoms, an@s-induced donorlike surface stafé$.The evolution of the
the iodine-induced transition is due to the removal of galliumband bending under Cs deposition on the As-rich Gaa%
atoms. In turn, the adatom-induced removal of surface atomsurface is shown by circles in Fig. 4. After the deposition of
depends primarily on whether the backbonds of these atoms0.5 ML of Cs, the surface was converted to Ga-rich by
become weaker or stronger upon the adsorption. It is knowannealing af =500 °C, and the dependeneg ) was mea-
that the stabilization of the main surface reconstructions obured agairitriangles in Fig. 4. It is seen that for Cs depo-
[lI-V semiconductors and corresponding strengthening okition on the As-rich surface the band bending steeply in-
bonds on the surface is attained through the transfer of elecreases at small coverages, goes through a maximuén at
trons from the partially occupied dangling bonds of cations~0.1 ML, and then saturates. Such “overshoot” behavior
to the orbitals of anions, so that the orbitals of the anionsvas observed earlier on the Cs/G#&RE) surfac&’® and
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T
a clean surface ® -Cs/Asrich
| | 0.6 . -1
k A - without Cs
A—7/

b a+0.1 MLCs
0.2 -
—_— — | /i | |
20 400 500 600
Temperature (°C)
FIG. 5. The evolution of the surface band bendingneasured
on the HCI-iPA treated surface after annealingTat300 °C (the
open circle, deposition of 0.5 ML of cesium aE=20 °C (vertical

arrow which points to the half-filled circle and subsequent 10-
¢ b+04MLCs minute anneals at increasing temperatufiied circles. For com-
— x3 — parison, similar evolution but without Cs deposition is shown by
triangles.

r/a
77

¢ (ZV)
[

Photoreflectance (arb. un.)

portunities for Cs adatoms to occupy distinct adsorption cites
on a more ordered Ga-rich surfate.

— o]
d °+a2neal at T=400°C An interesting effect consists in a substantial decrease of
[ X ] ¢, after deposition of 0.5 ML of Cs on the As-rich surface
and subsequent annealing 400 °Cl’ This effect is

Eg clearly seen from the comparison of FKO period in Figs) 3
. \l, . . . . . . and 3d), and also from Fig. 5, where the evolution of the
1.4 1.5 1.6 1.7 surface band bending under Cs deposition on the As-rich
Photon energy (eV) GaAdq00] surface and 10-minute anneals at successively
increasing temperatures are shown by circles. Figure 5 shows

FIG. 3. PR spectra measured on the clean As-rich suf@ce that deposition of 0.5 ML of Cs led to an increase of the
after deposition of C¢(b) and (c)], and subsequent anneal &t  surface band bending indicated by the vertical arrow. An-
=400 °C(d). The band gayk, is indicated by the arrow. nealing of the Cs-covered surface at 400 °C led to a drop of
the band bending down to 0.23 eV, which is By0.2 eV
lower than the band bending on the initial As-rich surface.
;l|'he observed drop of the band bending proves that this an-

eal removed the defect-induced surface states, which pinned

e Fermi level on the clean As-rich surface, and also the
. . ) ) -in rf localized in the mi nergy re-
dependence:(¢) is markedly differen, the increase is less o™ (e e, “annealing at higher temperatties the
steep, the maximum is observedéat 0.4 ML, and an addi-  3nd pending gradually increasédy ~0.15 eV after an-
tional shoulder is clearly seen at-0.1 ML. This difference nealing at 580 ° probably due to the increase of the con-
reflects the differences in the atomic structure of these intefeentration of thermal defects. For comparison, the open tri-
faces and can be tentatively ascribed to more favorable ogangles in Fig. 5 show the dependence of the band bending on

the annealing temperature measured on the clean As-rich sur-
T T T ' " face, without preliminary Cs deposition. It is seen that, in
0.7F ' agreement with Ref. 36, the Fermi level did not show the
unpinned behavior, the band bending remained constant
within ~0.1 eV, with a weak tendency for increase towards
high temperatures.

The decrease of the midgap surface state density on the
Ga-rich surface obtained by Cs-induced low-temperature
04l ] ] conversion is in accord with the improved structural quality

: ® - Cs/Asrich of this surface, which follows from the detailed analysis of
A - Cs/Garich the LEED patterns and RA specfreompare Figs. (&), 1(f),
0.3 ] 2(d), and Ze)]. A possible reason for the observed structural
0 02 04 06 o3 improvement is smaller concentration of near-surface ther-
Cs dose (ML) mal defects due to annealing at lower temperatures.

can be qualitatively explained in terms of Fermi level pin-
ning on the Cs-induced surface states and further evolutio
of the energy position of these states due to the dipole-dipol
interaction between adatordsFor the Ga-rich surface the

FIG. 4. The evolution of the surface band bendingunder Cs V. CONCLUSIONS

deposition on the As-rich surfadeircles and on the Ga-rich sur- Experimental study of the atomic structure and electronic
face obtained by Cs-facilitated conversigriangles. properties of GaA®01) with adsorbed cesium overlayers by
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means of low-energy electron diffraction, reflectance anisoent evaporation. This heating may lead to a generation of
tropy spectroscopy and photoreflectance spectroscopyoint defects in the near-surface region, deterioration of the
yielded two main results. First, for the As-rich and Ga-rich GaAs morphology, and faceting of the surface in the pres-
GaAdq00]) surfaces, a qualitatively different behavior of the ence of a submonolayer amount of contaminations. Also,
atomic and electronic structure was observed upon deposiédong with the known phenomenon of a decrease in the
tion of submonolayer amounts of Cs. The As-richbonding energy of Ga atoms caused by the adsorption of
GaAq001)-(2x 4)/c(2x 8) reconstruction is destroyed, and iodine on the Ga-rich GaA801) surface’* this effect opens
the RA spectrum is radically changed by deposition of smallup possibilities for the low-temperatu(@ <450 °C atomic
amounts (~0.1-0.3 ML) of Cs, while on the Ga-rich layer etching of polar faces of IlI-V compounds. The Cs-
GaAq001)-(4x2)/c(8%x2) surface cesium adsorbs more induced low-temperature conversion observed in this work is
orderly and causes more gradual evolution of the RA spectraaccompanied by the distinct improvement of the electronic
Second, we found a substantial reductitay ~100 °O in properties. This improvement consists in Cs-facilitated pas-
the temperature of the reconstruction transition from the Assivation of the electronic surface states in the midgap region
rich to Ga-rich surface caused by preliminary deposition ofand, consequently, leads to the unpinned behavior of the
cesium. These experimental results are explained by wealkcermi level.
ening the chemical bonds of arsenic atoms on the surface due

to the charge transfer from cesium adatoms to the semicon-

ductor.

The effect of the low-temperature cesium-induced conver- The authors are grateful to H. E. Scheibler for helpful
sion to the Ga-rich surface seems important, because a codiscussions. This work was supported by the Ministry of
ventional method of preparing Ga-ri¢hh X 2)/c(8 X 2) sur-  Education and Science of the Russian Federation and by
face requires heating to high temperaturés=560 RFBR (05-02-1726% One of the author§O.E.T) acknowl-
°C-600 °C, which are close to the temperature of incongruedges support by the Russian Science Support Foundation.
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