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Imaging of c(8X2)/(4X6) GaAs(001) surface with noncontact atomic force microscopy

J. J. Kolodziejt B. Such, and M. Szymonski
Marian Smoluchowski Institute of Physics, Jagiellonian University, Reymonta 4, 30-059 Krakéw, Poland
(Received 1 October 2004; revised manuscript received 29 November 2004; published 15 April 2005

Noncontact atomic force microscopy is used to study G@@3d surface having the(8x 2)/(4 X 6) 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 parall¢li@)td@ection
and partially disordered but tending towards6) period along110. However, at lower tip-surface separation
only a(4X 1) pattern is clearly visible due to resolved surface atomic structure. The atomic-scale images are
consistent with the recently proposédodel ofc(8 X 2) reconstructed\;, By 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 basis of{(4 < 2) by Leeet all by triplication of surface unit

Surface structures are widely studied not only because dfe!l along(110 and removal of two out of three surface Ga
the intellectual challenge but because surface properties afdmers.
critical in many contemporary device technologies. An ex- Surface structural models are of basic importance for fur-
ample of a technologically important surface is Gé),  ther studies of surface diffusion, surface chemistry, magne-
often used as a substrate for molecular beam epistBE)- tism,_ etq.(see, _for exar_nple, _Reffs. 1291®oreover, recent
grown electronic, optoelectronic, and magnetic devices. Tha@Pplications-oriented investigations have shown that the
surface is of complex nature and exposes many different re(8 < 2)/(4X6) GaAg001) surface has unique and promis-
constructions depending on stoichiometry of the top bilayering properties.*® Since the structure of that surface still
Recent efforts of several research grduﬂ)*]ave led to the does not seem to be Ultlmately SOlved, we use noncontact
establishment of a reliable model of th#8x2) recon- atomic force microscopy technique to verify construction of
structed(001) surfaces ofA,;B, compounds. However, the its top atomic layers.
c(8%x 2) GaAs surface, which is obtained after processing at
temperatures 850—900 K and at low-arsenic conditions, as a Il. EXPERIMENT
rule has “admixed’(4 X 6) symmetry. Xuet al.®> based on

. ; . . An experimental system consisting of three ultrahigh
scanning tunneling microscop{STM) experiments, have b y g 9

) . : vacuum(UHV) chambergpreparation, surface analysis, mi-
suggested that there exists a single Ga-rich phase, callefogcoppis used in the experiment. The chambers are inter-

genuine(4x 6) [or G(4 X 6)], which arises due to additional ;nnected and samples can be prepared and transferred in
features(clusters of six to eight Ga atomslistributed on UHV. The base pressure in the system is 501X mbar.

regular (4 x 6) superlattice ovef4x 2).> The same authors Sample holders can be heated up to 1000 K both in the
reported also a disorderéd X 6) surface, of basic construc- preparation and in the analysis chambers. The sample is a
tion similar to the G4 X 6) one, but the additional features piece of semi-insulating GaAs epi-ready wafer available
are not fully regularly distributed and form “meandering commercially (Kelpin Crystals, mounted on a tantalum
wormlike structures.” Other authors who recently studiedsheet with metallic gallium as a “glue” to provide sufficient
Ga-rich GaAs surfaces prepared at temperatures in the ranggermal contact between the sample and the holder. The tem-
of 850—900 K using either molecular beam epitaxy or ionperature is measured on the sample holder with a thermo-
sputtering have only found the disorder@tx 6) phase; cf.  couple, and the surface temperature distribution is monitored
papers by Kruset al,” Moosbuehleret al.® and Negorcet  with an infrared camera. It is expected that, due to significant
al.® Most probably, there is indeed no qualitative differenceradiation at 900 K, experimental processing-temperature
between the G} 6) phase and the disorderédix 6) phase ranges for different surface reconstructions may differ
since the strict order in images of 46X 6) surface published slightly if different mounting strategy is used.

by Xu et al.is seen only locally*°and, on the other hand, in ~ Scanning microscopy is performed with Park Scientific
the disordered phase one can often find almost reguldnstrument VP2 AFM/STM (atomic force microscopy/
parts>78 Alternative explanation of the surface structure un-scanning-tunneling microscopgpparatus. All data are col-
der discussion, also based on STM data, was suggested lpcted at room temperature, typically within 10-20 h after
Kruseet al, who proposed that the visible bright spéédso  ion processing of the surface. Atomic force images are ob-
known as “ghosts X'tending to arrange int¢4 X 6) super-  tained in a noncontactNC-AFM) frequency modulation
lattice are due to excess charge trapped on surface states. YEM) mode with the use of a Nanosurf “easyPLL” demodu-
another explanation has been proposed by Tsukambto lator. Commercially available piezoresistive silicon noncon-
al.,'* who constructed a model for ti{é X 6) surface on the tact cantilevers are used as probes. The resonant frequencies
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of the cantilevers are typically about 200 kHz and the spring (a)
constant is 20 N/m. The amplitudes of the cantilevers’ oscil-
lations used during the measurements a8 nm, and de-
tunings(the detuning is a difference in resonance frequency
between the interacting and the free cantilever, which is seij@
by the microcope usgrare typically below 200 Hz. Scan-
ning rates are 0.5-2 scanlines per second. Two imaging
(submodes are used. The first is the topographic mode wher
the feedback loop alternates the tip-surface distance in orde
to maintain the constant frequency of the cantilever oscilla-
tion. In this case a constant-frequency surface is measurec
The second is a “quasi-constant-height” mode more often ) o _
used for atomlca”y resolved |mages |n that case the feed_ FIG. 1. LOW'energy electron diffraction Images obtained for
back is set very low; consequently, the tip-surface distance {$2A001) surface; thec(8x2)/(4X6) reconstructed surface
determined by averaging of interaction over many atomiccleaned af =900 K (a); the (1x 6)_ reconstructed surface obtained
sites and stays almost constant. As a result a frequency shi T=800 K (b). Electron energy is 36 eV.

(Af) map is measured. In thaf maps presented here, . .
. o . = beam (~70° off norma) rastered for the dose uniformity,
brighter gray levels indicate larger negative frequency shifts, ith average ion current density 6f0.5 uA/cm?. Sputter-

i.e., stronger attractive interaction. The atomic-scale contra . / .
is due to chemical short-range interactions, which may bd"d cycles of approximately 0.5 h duration are repeated until

attractive or repulsivén principle, and which are submerged a chemically clean surfac@s checked .by AE)Sand clear'
in a larger attractive and smooth background of mesoscal EED pattern are obtained. After tgrmlnatlon of sputtering
polarization forces. Therefore, totalf is always negative t_ € (_SaAs sampllea 1S COOIG%FO\f'.V'thmdNZO 9 .bY tr_ansfer-
and stable operation of the microscope is possible even dufing It O?t_o a cok coppﬁr O(]’: In order to minimize segre-
ing the short-range interaction sign switch. Since the col9ation ofimpurities to the suriace.

lected atomically resolved maps contain constant back- lIl. RESULTS AND DISCUSSION
ground, they may be “tuned” with no information loss, in . . .
order to expose the investigated features better. In particular, A. Diffraction studies

when the surface structure is rough, often only the most pro- Depending on the processing temperature, different sur-
truding atoms are imaged with the constant-height modeface reconstructions are obtained. If during sputtering the
since the short-range interaction vanishes over trenches gurface temperature is below 850 K, a typical reconstruc-
valleys. In such a case the zero level of the short-range intion is disordered1x 6) [alternatively also referred to as
teraction very likely may be identified on thf images with  (nx 6) (Ref. 19]. Around the temperature of 860 K the
a certain level of gray constituting smooth fields over |0Wpseudo(4>< 6) reconstructiori.e., a mixture ofc(8 X 2) and
parts of the structure. Consequently, atomic-scale objects i1 x 6) domaing is obtained. Thec(8x 2)/(4% 6) recon-
teracting by attractive and repulsive short-range forces cagy cted surface can be prepared in a narrow processing tem-
be identified relative to the zero-level gray, respectively, a%erature window: 870—900 K. Diffraction image of the last
the brighter and the darker features. surface is shown in Fig.(&). As seenc(8x 2) diffraction

At the present stage of development of the NC-AFM thegpis are dominant but also weak streaking aldig) (ver-
stable operation can be achieved in a rather narrow range %Eal direction), and some(x6) diffraction spots are distin-

Z(r:l?rmg]c?e psat‘::??:]ir%f fﬁedfztéjgtl)g%kflrgguseglgy,thgici:"lzﬂ?fgc uishable. Of substantial difficulty here is the isolation of the
P ’ 9 P P iffraction features arising due to the sing€8x2)/(4

distance and for the oscillation amplitydevhich differs sig- o .
nificantly for different surfaces and probes. That imposes se2< 6) phase from the secondary patter arising due to minor

rious restrictions on surfaces which can be imaged wit 1>_<6) phase,_whlch is likely to _eX'St close to stéﬁsWe_
atomic resolution by the NC-AFM. First of all, the surfaces Peli€ve that this may be accomplished by careful comparison

cannot have exceedingly modulated electrostatic potentiaP! Fig- 1@ and 1b) [the latter displaying the diffraction

Next, the surfaces must have large flat parts free from aggrér-‘nage of the singlg1x 6) phasg. It is suggested that the

gates of excess material, since the scanner tuned to ima%é_< 6) diffraction spots close to the brightedtx 1) spots in
atomic structures may not be able to pass over such highid- 1(a) arise due to the minof1x 6) phase contribution.
objects(contact of the tip with the surface usually leads to©On the other hand, the weak streaking (at4,1) and
modification of the atomically sharp tip and often to loss of (N/4,-1) spots, wheren=+1,2,3, isassigned to the single
the resolution And finally, the surface has to be free from c(8X2)/(4X 6) phase. It is interesting to note that, in con-
weakly bound adsorbed particles since the scanner may dig-ast to NC-AFM resultgsee Sec. Il B beloy which show
place or capture such atoms, which inevitably produces verthe whole surface covered by the disorde¢éc 6) pattern,
large disturbances of subtle scanner equilibrium. the diffraction echo of this pattern is hardly discernible.

In order to obtain a surface of sufficient quality, the _
sample is annealed initially to 800 K for several hours until B. NC-AFM studies
the vacuum recovers to the low 0 mbar range. Then, the A large-scale AFM image o€(8x 2)/(4X 6) surface is
hot surface(800—-900 K is cleaned with a 0.7 keV Ar  shown in Fig. 2. The surface is composed of atomically flat
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FIG. 2. Overview(500 nmx 250 nm of sputter-cleaned GaAs
surface. The image has been recorded in the topographic mode.
Detuning is —18 Hz. Horizontal level is parallel {210.

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 N
~0.2 nm. On the terraces numerous bright spots are seen, by FG- 4- Af map of c(8x2/4x6) GaAs; average detuning is

a reasonable assumption being due to excess Ga metal ag L8 Hz, scan rate is 2 fines/s. The image size is 10410 nm.

gregation. Similar bright spots have been seen before ogimple since, independent of the nature of the tip-surface
sputter-cleaned,; By surfaces(for example, see Ref. 20  interaction, the constant frequency envelope is identical to
Large, up to 100 nix 100 nm spaces free from the aggre- the surface topographic relief. In contrast, for nonuniform
gates can be found on the surface for AFM scanning. In Figsyrfaces and for atomically resolved images the contrast
3 a smaller part of this surface is imaged with high resolumechanism is very complex since the cantilever resonant fre-
tion. As seen, at the atomic level the surface is composed quency is dependent on a few different components of the
atomic rows running along thel10 crystallographic direc- tip-surface interaction, i.e.(i) attractive and long-range,
tion. These rows are crossed by long chains of hazy featuraaacroscopic electrostatic interactit®S); (i) medium-range
running roughly parallell tq110). The chains are correlated polarization interactiorioften also referred to as the van der
with each other and often separated by six surface latticdVaals or vdW interaction and (i) short-range chemical
units, although larger separations may be found as welinteraction(CH), which may also include microscopic elec-
Doubtless, this is the disorderédx 6) phase(or ghosts X trostat[c forces. Atomic pat'tern can be resqlved thanks to CH
reported before by several authors. There are also a few supPerating around the cantilever lower turning point. In order
face defects(random bright spoispictured in the image, .to.obtaln atomically resolved images on conductive samples,
which are most probably adsorbates or atomic aggregates. iftiS necessary to cancel extremely large and long-ranged ES
is interesting to note that along tk&10) direction, the phase Capacitance forces. This is done by applying a constant bias
of the ghost pattern is pinned by these defects. voltage_ bgtyveen the tip and the _sample,' which is determined
At this point we would like to discuss mechanisms of PY minimizing the average ES interaction. If large mesos-
FM-NC-AFM contrast formation more extensively, in order copic inhomogeneities of the surface electrostatic potential

to get a better understanding of what in fact is recorded i€ Present, their pattern will be visible in NC-AFM images

images obtained using this experimental technique. When thi@d may even completely dominate the contf&st.The

topographic mode is used for large-scale images of chemghemical interaction term is strongly dependent on the tip-

cally uniform (averagelisurfaces the contrast mechanism isfont 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 aton?$;?* although microscopic electro-
static forces have been reported to come into play asavell.
Fortunately, since different interactions have different
ranges, by tuning the tip-surface distarice., average fre-
guency shift, 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?6:2”

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 thiethe

FIG. 3. Af map of thec(8X2/4X 6) GaAs surface. Average image of “far” interactions, i.e., obtained with low detuning,
detuning is -47 Hz; scan rate is 0.8 lines/s. The image size i$s presented. Since atomic featur@®., ones of sizes less
40 nmx 20 nm. than 0.5 nm can hardly be seen, it is apparent that the mi-
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FIG. 5. Left panel:Af map of c(8X2/4X6) GaAs; average detuning is —136 Hz, scan rate is 2 lines/s. The image size is
10 nmXx 10 nm. Right panel: the same map overcontrasted to evidence modulation of intensity along atomic rows.

croscope operates beyond the chemical interaction range asécond bilayer. Real GaAs surface reconstructed from SXRD
consequently the observed pattern arises due to modulatiatata by Kumpfet al. is described basically by the same lat-
of the electrostatic field alone. The pattern, which is explic-tice but is partially disordered, i.e., it has stochastic fractional
ity formed by the ghosts X, evidences the intimate relationoccupancies of certain surface sites. For example, only 63%
between the ghosts and the surface charge density distrib@f surface Ga dimers are present and the remaining 37% of
tion. Although it is anticipated that metallic clusters on semi-the dimer sites are vacant. o

conductor surface would not be electrically neutral and could Reéal-space images may be of crucial importance for sur-

generate far images similar to the one seen in Fig. 4, thifaCe structure investigatiéhbut, on the other hand, when
hypothesis has to be dismissed in view of the “close” the atomic-scale features are interpreted with no sufficient

map, which is obtained using high detuning and has its Con(_:riticism they also may be misleading, which is best illus-

trast dominated by short-range interactidné Fig. 5. The trated by the case of In¥B01) c(8x2) surface structure

- ; I tigation  with  scanning-tunneling microscopy
latter map displays only sharp, atomic-scale features distriplVest 930 .
uted on thg4 X 1) lattice. In more detail the close pattern is technique.”*According to Hove, perhaps even half of pub-

. : : . lished STM images of all other surfaces have been incor-
comprised of triple rows of bright spots running parallel to rectly interpreted because of assignment of bumps and pro-

(110 containing also intense dark spots between the brighttrusions simply as atonf&.The problem is, however, more
ones. At careful inspection, traces of ghosts X may be nogeneral, i.e., not limited to the STM technique, and given the
ticed in Fig. 5 only as slight modulation in intensity of cer- complex NC-AFM contrast mechanisms, simple interpreta-
tain atomic features along th@10) direction. Thus, it is oy of NC-AFM images would probably be similarly haz-
evidenced that neither clusters of excess materiat sur-  ardous. However, while direct identification of atomic-scale
face dimers distributed witl{<6) period* can be imple- features may be unsure, reliable information about surface
mented to account for the disorderetix 6) reconstruction symmetry, domains, degree of disorder, and surface defects

of GaAq001) surface. is readily available from scanning-probe images. Therefore,
results obtained either by STM or NC-AFM may be safely
C. The £c(8% 2) model and NC-AFM maps used for tests of existing structural models, or as starting data
i ] o for surface-structure iterations.
The { model is a universal description of8x 2) recon- There is unavoidable ambiguity in the NC-AFM data re-

structed surfaces @4, By compounds. It has been proposed syiting from the fact that the type of the tip-front atom and
independently by Leet al. (Ref. 1) on the basis of total its orientation are not knowtthe same obviously applies for
energy calculations and by Kumet al. (Ref. 2 on the basis  sTM). During the NC-AFM experiment the tip sometimes
of surface x-ray diffractiofSXRD), supported by the direct gyffers accidental contact with the surface, and the tip-front
methods for surface structure determination. Differences ionfiguration may change. Intentional crashes of the tip on
surfaces of different compounds are explained by differenthe probed surface are often used as a way to modify mor-
occupancies of certain surface lattice sites within the samghology of the tip apex when it is not providing adequate
general model. According to Leet al. the top bilayer of  contrast. However, in most cases the tip-front atom is, by
GaAg001) is built of (4 X 2) structural units, where a double reasonable assumption, either the constituent of the tip, or
period along(110) arises due to dimerization of surface Ga the constituent of the surface. Recently, the problem of NC-
atoms. Thec(8 X 2) reconstruction is stabilized by dimers of AFM imaging in the context of different tip morphologies
Ay, atoms arranged to form&8X 2) network buried in the has been evaluated by Tobék al. and Keet al,?>?* who

165419-4



IMAGING OF c(8x2)/(4x6) GaA001) SURFACE WITH - PHYSICAL REVIEW B 71, 165419(2005

used the density functional theory to calculate the chemical
interaction of silicon tip with surfaces &, B, compounds.
They considered three of the most probable tip configura-
tions, i.e.(1) The A, atom terminated tip with an empty |
dangling bond sticking out to the surfad®) the B, atom
terminated tip with a fully filled dangling bond; an@) 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 tips(1), (2), and(3) should generate images Bf, sub- N
lattice, A, sublattice, and composit&,, andB,, sublattice,
respectively. Those results have been obtained fofQh#)
surfaces of GaAs and InP. However, due to the calculation
methods used, it is not expected that the general trend:L’
would change appreciably by looking at a different crystal
face or by considering a more complex tip termination pre-'
serving the same basic chemistfyNC-AFM ability to im- T T T T T
2 EREE

ageA, By sublattices separately has been confirmed recently
on the InSbc(8x2) surface® This gives hope that the
atomic-scale features seen by the NC-AFM AjB,, sur-
faces can be, in most case<., when the tip is terminated
by a single atom interpreted cautiously as atoms. One has o _
to keep in mind, however, that with thif scanning mode,  F'G- 6. Part of the map in Fig. 6~4 nmx 2.8 nm with over-
the atoms in trenches will not be resolved since the chemicdfid Surface unit cell conforming to théc(8x 2) model. Arrows
interaction is of short range, and th@tithin the CH inter- .S‘hc.’w the types of atoms mt_t@’emodel, high a_nd low atoms are
action rangg the elevation of atoms in different chemical indicated, respectively, by filled and empty circles. Location of the
configurations may not be reflected monotonically with theimlfs éng];%vgl Oi;?na;rgzeafggmg e’ éN g'ecfh 'Zsfg:ed?tgﬁ; %;‘Zttr:':g:jneg: row
ggﬁgg‘sﬁz gLéh;C:ggr?sglr&?i?r? ;??:llérzsé,oilctﬁggenygﬂgrii- he image is rotated in order to align thELO direction vertically.
cal factors, and additionally it may be influenced by local . .
elastic propertiegstretching or compressipof the imaged CaAs001) surface layer. Interestingly, neither surface
structure3? dimers in the Ga2/Ga3 row as proposed by le¢all nor

Atomically resolved patterns obtained for the investigated®@tial occupancies in the same row as proposed by Kumpf

surface display prevailing4x1) surface symmetry, evi- €t al? can be seen.

dence single phase, and show no atomic disorder in the strict

surface layer. As an attempt to identify atomic—;cale features D. What are the ghosts X?

seen on the NC-AFM\f map of GaAs surface in a context ) o )

of the recent/c(8 X 2) model, a part of the map shown in A literature surve§*3indicates that very likely the
Fig. 5 has been magnified and the surface unit cell obtaine8NOStS X are inherent in the8x 2) GaA4001) surface pre-
from the ¢ model (but with no surface dimefshas been pared at high temperature and at low-arsenic conditions. It is
overlaid on the map. The result is shown in Fig. 6. Our@lso anticipated that the surface analyzed with SXRD by
analysis is started with the identification of a double row ofKUmpf et al. could contain the ghosts X since a disorder in
dark spots, which we assign as the type As6 atoms interacth® surface has been reported, and the preparation
ing with the tip in a repulsive modeither by the chemical- proceduré used]i.e., evaporation of arsenic protective layer
or by the core-core interactiondNext, we assign the middle from the MBE-grown GaA&01) surfaces followed by ther-
row of bright spots as Ga2 and Ga3 atoms and the side row¥al annealing is known to yield c(8x2) surface with

as Ga4 and Ga5 atoms interacting in an attractive modelhosts’ Taking into account the above and the similarities
Then, we find that the Gal atoms are missing, which is conbetween thel model and thee(8 X 2) surface geometry ob-
sistent with previous results’ and that the As7 and As8 tained by NC-AFM(see Sec. Ill (, it seems quite straight-
atoms in trenches are not resolved as expeaedref. 2 for ~ forward that the/ model should constitute a starting point for
a detailed description of atom types in the8 X 2) lattice]. ~ developing a detailed picture of the surface structure under
Also, it is worth noting that the gray level of smooth fields discussion. It is evidenced by the NC-AFM images shown
representing trenchegbout the missing Gal siteseflects ~ above that neither the concept of additional objefds ex-

the cantilever resonant frequency corresponding approxiample, gallium aggregatedistributed on the surface nor the
mately to the zero level of the short-range interaction. This igoncept of disorder in the strict surface lay@missing

a rationale for our assignment of dark features seen in Fig. gimers, atoms, etccan be used to explain the8x2)/(4

as corresponding to repulsive short-range interactions. Sincg 6) surface reconstruction of Gaf¥1). The concept
we find a very striking consistency between our maps andvhich cannot be excluded directly on grounds of NC-AFM
the £ model, we finally conclude that the bright pattern seenexperiment is that of additional subsurface reconstruction su-
in Figs. 5 and 6 reproduces the Ga sublattice/a( X 2) perimposed on thé structure. However, having in mind the
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very weak LEED echo of the ghosts, we point out that there I[V. CONCLUSIONS
is probably no significant difference between the pof@
X 2) structure and the(8x2)/(4x6) one, as far as posi-  In conclusion, we have studied surface structurec(@

tions of atomic cores are concerned. Consequently, we conz 2)/(4x6) GaAg001) surface using the frequency-

clude, in agreement with views of Kruse al. (Ref. 7), thal  qq1ated NC-AFM technique. It has been found that the

the ghosts X are due to specific surface electronic state : : -
Such states could cause the modulation of surface electr§-u rface is covered with mysterious featurighosts X,

static potential, but with no significant effect on LEED pat- Which are aligned in chains alor{@10) and partially disor-
terns at electron energies above 30%Visible streaking in  dered but tending towards<6) period along thg110 di-
the patterns could be possible, however, due to small secongaction.

ary shifts of atomic positions in partially ionic-solid surface,  The atomically resolved images, which have their contrast

following thf in-plane elegtrri]c fieAd. Be;:ause of these gistor'gominated by short-range interactions, indicate that the strict
tions, itis also anticipated that the surface structures derived .t |aver has thetx 1) symmetry and its surface unit

from analysis of SXRD data may be, to some extent, inac- . . .
curate since mang(8x 2) and (4x 6) diffraction reflexes cell seems to be well described with the recent revolutionary

have to interfere. in particular, the partial occupancies of thé Model. However, neither additional atomic clusters nor
¢ model sites reported in Ref. 2, but not confirmed in theMisSing atoms or dimers gre.observed in correlation with the
present study, might be caused by not taking into account th@hosts X. Therefore, we indicate that the ghosts X have no
ghost pattern superimposed on 818X 2) surface, although material nature and they are visible due to spatially modu-
we must admit that there is no way to completely exclude thdated electrostatic potential induced by surface charge den-
possibility that these differences are real and caused by dikity wave.
ferent surface preparation procedutés. Although a harmony between themodel and NC-AFM
Finally, we would like to remark that at solid surfaces atomic pattern is unquestionable, the detailed structure of the
with strong anisotropy, such a£8x?2) GaA4001), exotic  surface appears somewhat different from earlier suggestions.
electronic states related to reduced dimensionality aren particular, neither surface dimers nor partial occupancies
likely.®*-%° Such states often show a non-Fermi liquid char-of certain surface sites have been found. Having in mind
acter and m_duc_e periodic spatlal modulation of surfacgecent misinterpretations of STM images faj;-rich sur-
charge density, i.e., charge density wa@DW). Spectro-  faces ofA,, B, compounds, we prefer not to make a categori-
scopic studies are necessary to investigate the possible Mg5 statement about the structure @BX 2)/ (4% 6) GaAs
tallicity and details of the electronic structure of ti8 surface. Nevertheless, we would like to stress that on the
X 2)/(4x 6) GaAd00]) surface, in order to disclqse the N3 hasis of NC-AFM ex;;eriment, the singlephase with a
ture of the observed surface CDW. We would like to po'ntcharge density wave is presently the most coherent descrip-

ticularly attractive in the context of surfaces investigateg{I on of this surface prepared at high temperature and at low-

here, since it would readily explain the different stages ofArSENIC conditions.

disorder found in the ghost pattern by different authors, as

the phase of the CDW pattern is often pinned to extrinsic

structural defecté!4? while the density of surface defects ACKNOWLEDGMENT
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