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Noncontact atomic force microscopy is used to study GaAss001d surface having thecs832d / s436d recon-
struction, which is often found for surfaces prepared at temperatures close to 900 K. Images taken with large

tip-surface separations show hazy features, so-called ghosts X, aligned in chains parallel to thek1̄10l direction
and partially disordered but tending towardss36d period alongk110l. However, at lower tip-surface separation
only a s431d pattern is clearly visible due to resolved surface atomic structure. The atomic-scale images are
consistent with the recently proposedz model ofcs832d reconstructedAIII BV surfaces. Those findings indicate
that the ghosts are visualized through modulation of the electric field only, and consequently they are of
electronic but not structural origin.
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I. INTRODUCTION

Surface structures are widely studied not only because of
the intellectual challenge but because surface properties are
critical in many contemporary device technologies. An ex-
ample of a technologically important surface is GaAss001d,
often used as a substrate for molecular beam epitaxysMBEd-
grown electronic, optoelectronic, and magnetic devices. That
surface is of complex nature and exposes many different re-
constructions depending on stoichiometry of the top bilayer.
Recent efforts of several research groups1–4 have led to the
establishment of a reliable model of thecs832d recon-
structeds001d surfaces ofAIII BV compounds. However, the
cs832d GaAs surface, which is obtained after processing at
temperatures 850–900 K and at low-arsenic conditions, as a
rule has “admixed”s436d symmetry. Xuet al.,5 based on
scanning tunneling microscopysSTMd experiments, have
suggested that there exists a single Ga-rich phase, called
genuines436d for Gs436dg, which arises due to additional
featuressclusters of six to eight Ga atomsd distributed on
regular s436d superlattice overs432d.6 The same authors
reported also a disordereds436d surface, of basic construc-
tion similar to the Gs436d one, but the additional features
are not fully regularly distributed and form “meandering
wormlike structures.” Other authors who recently studied
Ga-rich GaAs surfaces prepared at temperatures in the range
of 850–900 K using either molecular beam epitaxy or ion
sputtering have only found the disordereds436d phase; cf.
papers by Kruseet al.,7 Moosbuehleret al.,8 and Negoroet
al.9 Most probably, there is indeed no qualitative difference
between the Gs436d phase and the disordereds436d phase
since the strict order in images of Gs436d surface published
by Xu et al. is seen only locally5,10 and, on the other hand, in
the disordered phase one can often find almost regular
parts.5,7,8Alternative explanation of the surface structure un-
der discussion, also based on STM data, was suggested by
Kruseet al., who proposed that the visible bright spotssalso
known as “ghosts X”d tending to arrange intos436d super-
lattice are due to excess charge trapped on surface states. Yet
another explanation has been proposed by Tsukamotoet
al.,11 who constructed a model for thes436d surface on the

basis ofzs432d by Leeet al.1 by triplication of surface unit
cell alongk110l and removal of two out of three surface Ga
dimers.

Surface structural models are of basic importance for fur-
ther studies of surface diffusion, surface chemistry, magne-
tism, etc.ssee, for example, Refs. 12–16d. Moreover, recent
applications-oriented investigations have shown that the
cs832d / s436d GaAss001d surface has unique and promis-
ing properties.17,18 Since the structure of that surface still
does not seem to be ultimately solved, we use noncontact
atomic force microscopy technique to verify construction of
its top atomic layers.

II. EXPERIMENT

An experimental system consisting of three ultrahigh
vacuumsUHVd chambersspreparation, surface analysis, mi-
croscoped is used in the experiment. The chambers are inter-
connected and samples can be prepared and transferred in
UHV. The base pressure in the system is 5310−11 mbar.
Sample holders can be heated up to 1000 K both in the
preparation and in the analysis chambers. The sample is a
piece of semi-insulating GaAs epi-ready wafer available
commercially sKelpin Crystalsd, mounted on a tantalum
sheet with metallic gallium as a “glue” to provide sufficient
thermal contact between the sample and the holder. The tem-
perature is measured on the sample holder with a thermo-
couple, and the surface temperature distribution is monitored
with an infrared camera. It is expected that, due to significant
radiation at 900 K, experimental processing-temperature
ranges for different surface reconstructions may differ
slightly if different mounting strategy is used.

Scanning microscopy is performed with Park Scientific
Instrument VP2 AFM/STM satomic force microscopy/
scanning-tunneling microscopyd apparatus. All data are col-
lected at room temperature, typically within 10–20 h after
ion processing of the surface. Atomic force images are ob-
tained in a noncontactsNC-AFMd frequency modulation
sFMd mode with the use of a Nanosurf “easyPLL” demodu-
lator. Commercially available piezoresistive silicon noncon-
tact cantilevers are used as probes. The resonant frequencies
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of the cantilevers are typically about 200 kHz and the spring
constant is 20 N/m. The amplitudes of the cantilevers’ oscil-
lations used during the measurements are,10 nm, and de-
tuningssthe detuning is a difference in resonance frequency
between the interacting and the free cantilever, which is set
by the microcope userd are typically below 200 Hz. Scan-
ning rates are 0.5–2 scanlines per second. Two imaging
ssubdmodes are used. The first is the topographic mode when
the feedback loop alternates the tip-surface distance in order
to maintain the constant frequency of the cantilever oscilla-
tion. In this case a constant-frequency surface is measured.
The second is a “quasi-constant-height” mode more often
used for atomically resolved images. In that case the feed-
back is set very low; consequently, the tip-surface distance is
determined by averaging of interaction over many atomic
sites and stays almost constant. As a result a frequency shift
sDfd map is measured. In theDf maps presented here,
brighter gray levels indicate larger negative frequency shifts,
i.e., stronger attractive interaction. The atomic-scale contrast
is due to chemical short-range interactions, which may be
attractive or repulsivein principle, and which are submerged
in a larger attractive and smooth background of mesoscale
polarization forces. Therefore, totalDf is always negative
and stable operation of the microscope is possible even dur-
ing the short-range interaction sign switch. Since the col-
lected atomically resolved maps contain constant back-
ground, they may be “tuned” with no information loss, in
order to expose the investigated features better. In particular,
when the surface structure is rough, often only the most pro-
truding atoms are imaged with the constant-height mode,
since the short-range interaction vanishes over trenches or
valleys. In such a case the zero level of the short-range in-
teraction very likely may be identified on theDf images with
a certain level of gray constituting smooth fields over low
parts of the structure. Consequently, atomic-scale objects in-
teracting by attractive and repulsive short-range forces can
be identified relative to the zero-level gray, respectively, as
the brighter and the darker features.

At the present stage of development of the NC-AFM the
stable operation can be achieved in a rather narrow range of
scanning parameterssi.e., detuning frequency, oscillation
amplitude, strengths of the feedback loops for the tip-surface
distance and for the oscillation amplituded, which differs sig-
nificantly for different surfaces and probes. That imposes se-
rious restrictions on surfaces which can be imaged with
atomic resolution by the NC-AFM. First of all, the surfaces
cannot have exceedingly modulated electrostatic potential.
Next, the surfaces must have large flat parts free from aggre-
gates of excess material, since the scanner tuned to image
atomic structures may not be able to pass over such high
objectsscontact of the tip with the surface usually leads to
modification of the atomically sharp tip and often to loss of
the resolutiond. And finally, the surface has to be free from
weakly bound adsorbed particles since the scanner may dis-
place or capture such atoms, which inevitably produces very
large disturbances of subtle scanner equilibrium.

In order to obtain a surface of sufficient quality, the
sample is annealed initially to 800 K for several hours until
the vacuum recovers to the low 10−10 mbar range. Then, the
hot surfaces800–900 Kd is cleaned with a 0.7 keV Ar+

beam s,70° off normald rastered for the dose uniformity,
with average ion current density of,0.5 mA/cm2. Sputter-
ing cycles of approximately 0.5 h duration are repeated until
a chemically clean surfacesas checked by AESd and clear
LEED pattern are obtained. After termination of sputtering
the GaAs sample is cooled downswithin ,20 sd by transfer-
ring it onto a cold copper block in order to minimize segre-
gation of impurities to the surface.

III. RESULTS AND DISCUSSION

A. Diffraction studies

Depending on the processing temperature, different sur-
face reconstructions are obtained. If during sputtering the
surface temperature is below 850 K, a typical reconstruc-
tion is disordereds136d falternatively also referred to as
sn36d sRef. 19dg. Around the temperature of 860 K the
pseudos436d reconstructionfi.e., a mixture ofcs832d and
s136d domainsg is obtained. Thecs832d / s436d recon-
structed surface can be prepared in a narrow processing tem-
perature window: 870–900 K. Diffraction image of the last
surface is shown in Fig. 1sad. As seen,cs832d diffraction
spots are dominant but also weak streaking alongk110l sver-
tical directiond, and somes36d diffraction spots are distin-
guishable. Of substantial difficulty here is the isolation of the
diffraction features arising due to the singlecs832d / s4
36d phase from the secondary pattern arising due to minor
s136d phase, which is likely to exist close to steps.16 We
believe that this may be accomplished by careful comparison
of Fig. 1sad and 1sbd fthe latter displaying the diffraction
image of the singles136d phaseg. It is suggested that the
s36d diffraction spots close to the brightests131d spots in
Fig. 1sad arise due to the minors136d phase contribution.
On the other hand, the weak streaking atsn/4 ,1d and
sn/4 ,−1d spots, wheren= ±1,2,3, isassigned to the single
cs832d / s436d phase. It is interesting to note that, in con-
trast to NC-AFM resultsssee Sec. III B belowd, which show
the whole surface covered by the disordereds436d pattern,
the diffraction echo of this pattern is hardly discernible.

B. NC-AFM studies

A large-scale AFM image ofcs832d / s436d surface is
shown in Fig. 2. The surface is composed of atomically flat

FIG. 1. Low-energy electron diffraction images obtained for
GaAss001d surface; the cs832d / s436d reconstructed surface
cleaned atT=900 K sad; the s136d reconstructed surface obtained
at T=800 K sbd. Electron energy is 36 eV.
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terraces of sizes 100–200 nm across. Terrace edges are ir-
regular, likely because of relatively fast sample cooling after
termination of sputtering. The typical step height is
,0.2 nm. On the terraces numerous bright spots are seen, by
a reasonable assumption being due to excess Ga metal ag-
gregation. Similar bright spots have been seen before on
sputter-cleanedAIII BV surfacessfor example, see Ref. 20d.
Large, up to 100 nm3100 nm spaces free from the aggre-
gates can be found on the surface for AFM scanning. In Fig.
3 a smaller part of this surface is imaged with high resolu-
tion. As seen, at the atomic level the surface is composed of
atomic rows running along thek110l crystallographic direc-
tion. These rows are crossed by long chains of hazy features

running roughly parallell tok1̄10l. The chains are correlated
with each other and often separated by six surface lattice
units, although larger separations may be found as well.
Doubtless, this is the disordereds436d phasesor ghosts Xd
reported before by several authors. There are also a few sur-
face defectssrandom bright spotsd pictured in the image,
which are most probably adsorbates or atomic aggregates. It
is interesting to note that along thek110l direction, the phase
of the ghost pattern is pinned by these defects.

At this point we would like to discuss mechanisms of
FM-NC-AFM contrast formation more extensively, in order
to get a better understanding of what in fact is recorded in
images obtained using this experimental technique. When the
topographic mode is used for large-scale images of chemi-
cally uniform saveragedd surfaces the contrast mechanism is

simple since, independent of the nature of the tip-surface
interaction, the constant frequency envelope is identical to
the surface topographic relief. In contrast, for nonuniform
surfaces and for atomically resolved images the contrast
mechanism is very complex since the cantilever resonant fre-
quency is dependent on a few different components of the
tip-surface interaction, i.e.:sid attractive and long-range,
macroscopic electrostatic interactionsESd; sii d medium-range
polarization interactionsoften also referred to as the van der
Waals or vdW interactiond, and siii d short-range chemical
interactionsCHd, which may also include microscopic elec-
trostatic forces. Atomic pattern can be resolved thanks to CH
operating around the cantilever lower turning point. In order
to obtain atomically resolved images on conductive samples,
it is necessary to cancel extremely large and long-ranged ES
capacitance forces. This is done by applying a constant bias
voltage between the tip and the sample, which is determined
by minimizing the average ES interaction. If large mesos-
copic inhomogeneities of the surface electrostatic potential
are present, their pattern will be visible in NC-AFM images
and may even completely dominate the contrast.21,22 The
chemical interaction term is strongly dependent on the tip-
front morphology. It is believed that intense atomic-scale
contrast is seen on semiconductor surfaces when the tip is
terminated with a stable single atom interacting by covalent
forces with surface atoms,23,24 although microscopic electro-
static forces have been reported to come into play as well.25

Fortunately, since different interactions have different
ranges, by tuning the tip-surface distancesi.e., average fre-
quency shiftd, one may change their relative contributions to
the NC-AFM image contrast, and often it is even possible to
obtain separate images dominated by one kind of
interaction.26,27

In order to disclose the nature of ghosts X, images re-
corded at lower and higher detunings, referring to the one
applied for the map in Fig. 3, are shown. In Fig. 4 theDf the
image of “far” interactions, i.e., obtained with low detuning,
is presented. Since atomic featuressi.e., ones of sizes less
than 0.5 nmd can hardly be seen, it is apparent that the mi-

FIG. 2. Overviews500 nm3250 nmd of sputter-cleaned GaAs
surface. The image has been recorded in the topographic mode.
Detuning is −18 Hz. Horizontal level is parallel tok110l.

FIG. 3. Df map of thecs832/436d GaAs surface. Average
detuning is −47 Hz; scan rate is 0.8 lines/s. The image size is
40 nm320 nm.

FIG. 4. Df map of cs832/436d GaAs; average detuning is
−18 Hz, scan rate is 2 lines/s. The image size is 10 nm310 nm.
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croscope operates beyond the chemical interaction range and
consequently the observed pattern arises due to modulation
of the electrostatic field alone. The pattern, which is explic-
itly formed by the ghosts X, evidences the intimate relation
between the ghosts and the surface charge density distribu-
tion. Although it is anticipated that metallic clusters on semi-
conductor surface would not be electrically neutral and could
generate far images similar to the one seen in Fig. 4, this
hypothesis has to be dismissed in view of the “close”Df
map, which is obtained using high detuning and has its con-
trast dominated by short-range interactionsscf. Fig. 5d. The
latter map displays only sharp, atomic-scale features distrib-
uted on thes431d lattice. In more detail the close pattern is
comprised of triple rows of bright spots running parallel to
k110l containing also intense dark spots between the bright
ones. At careful inspection, traces of ghosts X may be no-
ticed in Fig. 5 only as slight modulation in intensity of cer-
tain atomic features along thek110l direction. Thus, it is
evidenced that neither clusters of excess material5 nor sur-
face dimers distributed withs36d period11 can be imple-
mented to account for the disordereds436d reconstruction
of GaAss001d surface.

C. The zc„8Ã 2… model and NC-AFM maps

The z model is a universal description ofcs832d recon-
structed surfaces ofAIII BV compounds. It has been proposed
independently by Leeet al. sRef. 1d on the basis of total
energy calculations and by Kumpfet al. sRef. 2d on the basis
of surface x-ray diffractionsSXRDd, supported by the direct
methods for surface structure determination. Differences in
surfaces of different compounds are explained by different
occupancies of certain surface lattice sites within the same
general model. According to Leeet al. the top bilayer of
GaAss001d is built of s432d structural units, where a double
period alongk110l arises due to dimerization of surface Ga
atoms. Thecs832d reconstruction is stabilized by dimers of
AIII atoms arranged to form acs832d network buried in the

second bilayer. Real GaAs surface reconstructed from SXRD
data by Kumpfet al. is described basically by the same lat-
tice but is partially disordered, i.e., it has stochastic fractional
occupancies of certain surface sites. For example, only 63%
of surface Ga dimers are present and the remaining 37% of
the dimer sites are vacant.

Real-space images may be of crucial importance for sur-
face structure investigation28 but, on the other hand, when
the atomic-scale features are interpreted with no sufficient
criticism they also may be misleading, which is best illus-
trated by the case of InSbs001d cs832d surface structure
investigation with scanning-tunneling microscopy
technique.29,30According to Hove, perhaps even half of pub-
lished STM images of all other surfaces have been incor-
rectly interpreted because of assignment of bumps and pro-
trusions simply as atoms.31 The problem is, however, more
general, i.e., not limited to the STM technique, and given the
complex NC-AFM contrast mechanisms, simple interpreta-
tion of NC-AFM images would probably be similarly haz-
ardous. However, while direct identification of atomic-scale
features may be unsure, reliable information about surface
symmetry, domains, degree of disorder, and surface defects
is readily available from scanning-probe images. Therefore,
results obtained either by STM or NC-AFM may be safely
used for tests of existing structural models, or as starting data
for surface-structure iterations.

There is unavoidable ambiguity in the NC-AFM data re-
sulting from the fact that the type of the tip-front atom and
its orientation are not knownsthe same obviously applies for
STMd. During the NC-AFM experiment the tip sometimes
suffers accidental contact with the surface, and the tip-front
configuration may change. Intentional crashes of the tip on
the probed surface are often used as a way to modify mor-
phology of the tip apex when it is not providing adequate
contrast. However, in most cases the tip-front atom is, by
reasonable assumption, either the constituent of the tip, or
the constituent of the surface. Recently, the problem of NC-
AFM imaging in the context of different tip morphologies
has been evaluated by Tobiket al. and Keet al.,23,24 who

FIG. 5. Left panel:Df map of cs832/436d GaAs; average detuning is −136 Hz, scan rate is 2 lines/s. The image size is
10 nm310 nm. Right panel: the same map overcontrasted to evidence modulation of intensity along atomic rows.
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used the density functional theory to calculate the chemical
interaction of silicon tip with surfaces ofAIII BV compounds.
They considered three of the most probable tip configura-
tions, i.e. s1d The AIII atom terminated tip with an empty
dangling bond sticking out to the surface;s2d the BV atom
terminated tip with a fully filled dangling bond; ands3d the
Si atom terminated tip with a half-filled dangling bond. The
general conclusion is that, due to interactions between differ-
ently occupied dangling bonds of the tip and of the surface,
the tipss1d, s2d, and s3d should generate images ofBV sub-
lattice, AIII sublattice, and compositeAIII and BV sublattice,
respectively. Those results have been obtained for thes011d
surfaces of GaAs and InP. However, due to the calculation
methods used, it is not expected that the general trends
would change appreciably by looking at a different crystal
face or by considering a more complex tip termination pre-
serving the same basic chemistry.32 NC-AFM ability to im-
ageAIII BV sublattices separately has been confirmed recently
on the InSbcs832d surface.3 This gives hope that the
atomic-scale features seen by the NC-AFM onAIII BV sur-
faces can be, in most casessi.e., when the tip is terminated
by a single atomd, interpreted cautiously as atoms. One has
to keep in mind, however, that with theDf scanning mode,
the atoms in trenches will not be resolved since the chemical
interaction is of short range, and thatswithin the CH inter-
action ranged the elevation of atoms in different chemical
configurations may not be reflected monotonically with the
brightness of the corresponding features, since the NC-AFM
contrast is due to a convolution of the geometric and chemi-
cal factors, and additionally it may be influenced by local
elastic propertiessstretching or compressiond of the imaged
structure.33

Atomically resolved patterns obtained for the investigated
surface display prevailings431d surface symmetry, evi-
dence single phase, and show no atomic disorder in the strict
surface layer. As an attempt to identify atomic-scale features
seen on the NC-AFMDf map of GaAs surface in a context
of the recentzcs832d model, a part of the map shown in
Fig. 5 has been magnified and the surface unit cell obtained
from the z model sbut with no surface dimersd has been
overlaid on the map. The result is shown in Fig. 6. Our
analysis is started with the identification of a double row of
dark spots, which we assign as the type As6 atoms interact-
ing with the tip in a repulsive modeseither by the chemical-
or by the core-core interactionsd. Next, we assign the middle
row of bright spots as Ga2 and Ga3 atoms and the side rows
as Ga4 and Ga5 atoms interacting in an attractive mode.
Then, we find that the Ga1 atoms are missing, which is con-
sistent with previous results,1,2 and that the As7 and As8
atoms in trenches are not resolved as expectedfcf. Ref. 2 for
a detailed description of atom types in thezcs832d latticeg.
Also, it is worth noting that the gray level of smooth fields
representing trenchessabout the missing Ga1 sitesd reflects
the cantilever resonant frequency corresponding approxi-
mately to the zero level of the short-range interaction. This is
a rationale for our assignment of dark features seen in Fig. 6
as corresponding to repulsive short-range interactions. Since
we find a very striking consistency between our maps and
the z model, we finally conclude that the bright pattern seen
in Figs. 5 and 6 reproduces the Ga sublattice ofzcs832d

GaAss001d surface layer. Interestingly, neither surface
dimers in the Ga2/Ga3 row as proposed by Leeet al.1 nor
partial occupancies in the same row as proposed by Kumpf
et al.2 can be seen.

D. What are the ghosts X?

A literature survey5,7–9,11,34indicates that very likely the
ghosts X are inherent in thecs832d GaAss001d surface pre-
pared at high temperature and at low-arsenic conditions. It is
also anticipated that the surface analyzed with SXRD by
Kumpf et al. could contain the ghosts X since a disorder in
the surface has been reported, and the preparation
procedure35 usedfi.e., evaporation of arsenic protective layer
from the MBE-grown GaAss001d surfaces followed by ther-
mal annealingg is known to yield cs832d surface with
ghosts.7 Taking into account the above and the similarities
between thez model and thecs832d surface geometry ob-
tained by NC-AFMssee Sec. III Cd, it seems quite straight-
forward that thez model should constitute a starting point for
developing a detailed picture of the surface structure under
discussion. It is evidenced by the NC-AFM images shown
above that neither the concept of additional objectssfor ex-
ample, gallium aggregatesd distributed on the surface nor the
concept of disorder in the strict surface layersmissing
dimers, atoms, etc.d can be used to explain thecs832d / s4
36d surface reconstruction of GaAss001d. The concept
which cannot be excluded directly on grounds of NC-AFM
experiment is that of additional subsurface reconstruction su-
perimposed on thez structure. However, having in mind the

FIG. 6. Part of the map in Fig. 5s,4 nm32.8 nmd with over-
laid surface unit cell conforming to thezcs832d model. Arrows
show the types of atoms in thez model; “high” and “low” atoms are
indicated, respectively, by filled and empty circles. Location of the
missing row of Ga1-type atoms, which is the most protruding row
in the model, is marked also. See Ref. 2 for details of thez model.
The image is rotated in order to align thek110l direction vertically.
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very weak LEED echo of the ghosts, we point out that there
is probably no significant difference between the purecs8
32d structure and thecs832d / s436d one, as far as posi-
tions of atomic cores are concerned. Consequently, we con-
clude, in agreement with views of Kruseet al. sRef. 7d, that
the ghosts X are due to specific surface electronic states.
Such states could cause the modulation of surface electro-
static potential, but with no significant effect on LEED pat-
terns at electron energies above 30 eV.36 Visible streaking in
the patterns could be possible, however, due to small second-
ary shifts of atomic positions in partially ionic-solid surface,
following the in-plane electric field. Because of these distor-
tions, it is also anticipated that the surface structures derived
from analysis of SXRD data may be, to some extent, inac-
curate since manycs832d and s436d diffraction reflexes
have to interfere. In particular, the partial occupancies of the
z model sites reported in Ref. 2, but not confirmed in the
present study, might be caused by not taking into account the
ghost pattern superimposed on thecs832d surface, although
we must admit that there is no way to completely exclude the
possibility that these differences are real and caused by dif-
ferent surface preparation procedures.37

Finally, we would like to remark that at solid surfaces
with strong anisotropy, such ascs832d GaAss001d, exotic
electronic states related to reduced dimensionality are
likely.38–40 Such states often show a non-Fermi liquid char-
acter and induce periodic spatial modulation of surface
charge density, i.e., charge density wavesCDWd. Spectro-
scopic studies are necessary to investigate the possible me-
tallicity and details of the electronic structure of thecs8
32d / s436d GaAss001d surface, in order to disclose the na-
ture of the observed surface CDW. We would like to point
out also that the idea of the CDW quantum state seems par-
ticularly attractive in the context of surfaces investigated
here, since it would readily explain the different stages of
disorder found in the ghost pattern by different authors, as
the phase of the CDW pattern is often pinned to extrinsic
structural defects,41,42 while the density of surface defects
critically depends on surface preparation procedure. More-
over, characteristic phase pinning of the ghost pattern by
randomly distributed surface defects is clearly observed in
our NC-AFM imagesssee Fig. 3d.

IV. CONCLUSIONS

In conclusion, we have studied surface structure ofcs8
32d / s436d GaAss001d surface using the frequency-
modulated NC-AFM technique. It has been found that the
surface is covered with mysterious featuressghosts Xd,
which are aligned in chains alongk1̄10l and partially disor-
dered but tending towardss36d period along thek110l di-
rection.

The atomically resolved images, which have their contrast
dominated by short-range interactions, indicate that the strict
surface layer has thes431d symmetry and its surface unit
cell seems to be well described with the recent revolutionary
z model. However, neither additional atomic clusters nor
missing atoms or dimers are observed in correlation with the
ghosts X. Therefore, we indicate that the ghosts X have no
material nature and they are visible due to spatially modu-
lated electrostatic potential induced by surface charge den-
sity wave.

Although a harmony between thez model and NC-AFM
atomic pattern is unquestionable, the detailed structure of the
surface appears somewhat different from earlier suggestions.
In particular, neither surface dimers nor partial occupancies
of certain surface sites have been found. Having in mind
recent misinterpretations of STM images forAIII -rich sur-
faces ofAIII BV compounds, we prefer not to make a categori-
cal statement about the structure ofcs832d / s436d GaAs
surface. Nevertheless, we would like to stress that on the
basis of NC-AFM experiment, the single-z phase with a
charge density wave is presently the most coherent descrip-
tion of this surface prepared at high temperature and at low-
arsenic conditions.
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