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Theoretical investigations of Sb-induced3X8) and (1X 3) reconstructions
on the GaAg111)B surface
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We have performed a detailed theoretical study of the atomic geometry, stability, and electronic structure of
the GaAs(111)B-Sb(3x8) and GaAs(111)B Sb(1x3) surfaces usingb initio pseudopotential calcula-
tions. The (3 8) surface is semiconducting, with the highest occupied and lowest unoccupied surface states
mainly localized on the unbonded As atoms and the Sb trimers, respectively. X&) (durface is stabilized
by a strain relieving mechanism, but does not satisfy the electron counting rule and gives rise to partially
occupied states which are mainly localized on the unbonded As atoms. Our calculations reveal that the (1
X 3) surface becomes energetically favorable for lower coverages of Sb, in agreement with the STM images
obtained by Moriartyet al. of the (3xX8)— (1 3) phase transition as the annealing temperature is increased.
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I. INTRODUCTION duced local bonding distortion on the Sb-chains, relatively to
the Sb-trimers on the GaAs(111}Bb(3% 8) surfacée’ This
The (111) semiconductor surfaces covered (®mjme-  suggests that the reduction of the stress on the surface pro-
tallic elements have been the subject of many experimentafides a driving force for the (88)— (1% 3) structural tran-
works!~7 In particular, the As- and Bi-covered As termi- Sition as a function of the Sb coverage. There are some the-
nated GaA&1l) surface, hereafter referred to the oretical studie3®'°that confirm the experimentally observed
GaAg111)B surface, present very well-definedX2) and formation of As-trimers on the GaAs(118)(2x 2) surface.
c(2x4) reconstructions formed by As-triméfs and However, to our knowledge, there are no theoretical studies
Bi-trimers! respectively. However, the Sb-covered O the Sh-covered GaAs11)B surface, which can provide

GaAg111)B surface presents a different character. An an-support for the experimental studies carried out by Moriarty
nealing procesgat ~375°C) of the GaAd11)B surface et al. Since the combination of the trimer-plus-chain combi-
covered by three monolayefSIL) of Sb atoms gives rise to nation on the Sb-covered surface represents a completely dif-
a family of complex reconstructions, which are constrained€reént model than that observed the As- and Bi-covered
to the electron counting ruléECR). The ECR sets some SUuctures, we strongly believe that the Sb-covered
basic requirements for the electronic charge distribution orP@AS111B surface is an interesting system which deserves
polar semiconductor surfaces: the number of available ele@ detailed theoretical study. o

trons on the surface layer should be equal to the number of !N this work we have performed theoretic initio cal-
electrons necessary to fill all the dangling bonds of the electulations to determine the equilibrium surface atomic geom-
tronegative element@s and Sb in the present casteaving €ty Of the GaAs(111)BSh(3x8) and GaAs(111)B
empty all the dangling bonds of the electropositive elements” SP(1X3) surfaces. The electronic band structure of these
(Ga in the present caseThis rule was initially proposed by surfaces has been studied, within and around the_ fundam_en-
Pashley in the study of the GaA801) and ZnS€001) sur- tal band-gap region. We have calculated the relative stability
faces. Scanning tunneling microscog$TM) images ob- Of the GaAs(111)B-Sb(3x8) and GaAs(111)BSh(1
tained by Moriartyet al}~3indicate that the Sb-covered sur- < 3) surfaces, as a function of the concentration of the Sb-
face presents predominantly ax3) reconstruction, with a agatoms. Theoretically simulated STM images for the occu-
coverage of 3/4 ML of Sb atoms. The GaAs(11H8b(3 pied states clearly show the formation of Sb-trimers and Sb-
x 8) surface is formed by Sb-trimers separated by pairs ofh@ins on the GaAs(111}BSh(3x8) surface, and of only

Sb-chains along théTlO] direction. Recent x-ray photo- Sh-chains on the GaAs(111)8b(1x 3) surface.

emission experiments by Cafolit al* support this surface
reconstruction. On the other hand, increasing the annealing

temperature of the Sb-covered Ga&Rkl) surface to Our calculations were performed in the framework of the
~475°C, a structural transition has been observed: the logensity functional theory! within the local density approxi-
cally ordered trimer- and chain-based GaAs(111fb(3  mation(LDA) using the Ceperley-Alder correlatifnas pa-
X 8) surface reconstruction converts to a new GaAs(111)Bametrized by Perdew and ZundéiThe electron-ion inter-
—Sb(1x3) reconstruction that shows long-range orderaction was treated by using norm-conservial,initio, fully
formed only by Sb-chains along tfi@¢10] direction, with a  separable pseudopotentiafsThe wave functions were ex-
Sb coverage of 2/3 ML, but does not satisfy the ECR. panded in a plane wave basis set with a kinetic energy cutoff
Although the formation of the GaAs(1113BSb(1x3) of 10 Ry. The theoretical equilibrium lattice constant of
surface is not electronically favorahlas does not satisfy the 5.62 A was used for the GaAs. In order to simulate the sur-
ECR), the stability of this model was attributed to the re- faces, we used the repeated slab metHosliith a supercell

II. METHOD
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containing six atomic layers and a vacuum region equivalent
to twice the bulk lattice constant of the respective compound.
To avoid the artificial electrostatic field, which arises from
the application of the periodic boundary condition to the po-
lar slab, we used a dipole correction as proposed by Neuge-
bauer and Schefflér:'® Our calculations indicate that the
change of the total energy, due to dipole correction, is less
than 1 meV. A layer of fractionally charged hydrogen atoms
was used to saturate the cation dangling bonds at the bottom
layer of the slab. Due to the large surface unit cell, and in
order to keep the calculations computationally reasonable,
the electronic charge density was calculated at the center of
the surface Brillouin zone. The four topmost layers were
fully relaxed to within a force convergence criterion of
25 meV/A.

I1l. RESULTS AND DISCUSSIONS
A. GaAs(111)B—Sh(3X 8) surface

The structural model and the total valence charge density
of the GaAs(111)B-Sb(3x 8) surface are shown in Fig. 1,
hereafter referred to as the X8) surface. This surface pre-

sents rows of Sh chains pairs along fli€.0] direction that

are separated by 10.31 A. On the surface unit cell, as shown
in Fig. 1(a), between two chain-pairs there are two Sb trimers
adsorbed on thd, sites and three unbondddr resy As
atoms (three-fold coordinated and between a chain-pair
there is a “line” of unbondedor res} As atoms. The bond
lengths between Sb atoms on the trimers and on the chains
are very similar, 2.89 A and 2.86 A, respectively. Experi-
mental works suggest a bond length in the range of
2.72 A-2.90 Al? The formation of covalent bonds between
the Sb adatoms is clearly verified. However, the Sb bonds on
the chains are slightly more covalent than on the trimers. The
formation of covalent bonds between the adsorbed Sb atoms
and the sublayer As atoms is shown in Fig&)land Xc),
where the total valence charge density is more concentrated
on the As atoms, in agreement with the larger electronega-
tivity of As. The vertical distance, along thedirection, be-
tween the top layer Sb and the second layer As atoms is
almost the same~¢2.54 A) for both trimers and chains. Due

to the formation of the trimers and chains on the top layer,
the GaAs bonds between the third and fourth layers, which
are below the trimers or chains, are compressee-By05 A
relative to the GaAs bulk (2.43 A). On the other hand, the
bonds that are aside the trimers or chains are stretched by FiG. 1. Atomic positions and the total charge density on the
~0.07 A. Thus the induced stress in the bulk region is al-GaAs(111)B-Sb(3x 8) surface:(a) top view, (b) side view pass-
most the same below both the trimers and chains. As exng through the plan&A’, and(c) side view passing through the
pected, the Sb—Sb bond angle is 60° in the trimers, but it iplaneBB’.

nearly 90° in the chains. As proposed by Moriaetyal >

the relative stability of the chains is attributed to the local(1.06 A and 1.14 A) than the GaAs vertical displacement
geometric similarities between the Sb chains and Sb in th€¢0.81 A), as shown in Figs.() and Xc), respectively.

solid crystalline phase. Our calculated results support this Our electronic structure calculations indicate that the (3
statement, since the bond length (2.86 A) and bond anglex8) surface presents a semiconductor character, with the
(=~88°) of the chains are very similar to the bond length andbulk energy band gap of 1.40 eV at thepoint calculated
bond angle in the crystalline phagdombohedral structuye  within the LDA at the theoretical lattice constant. Figufe)2

of Sh. Relative to the third-layer Ga, the unbonded As atomgresents the electronic band structure near the fundamental
are at two different and significantly higher displacementsgap along thel’X and 'Y directions, parallel and perpen-
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FIG. 2. (a) Electronic band structure of the GaAs(111)Bb(3x8) surface, near the bulk fundamental gap. Partial electronic charge
density at thd -point for thev1 state passing througih) AA’ plane andc) BB’ plane, for thecl state passing througld) AA’ plane and
(d) BB’ plane, and for the2 state passing througte) AA’ plane andf) BB’ plane. Unit: 102 electrons per (a.lf)

dicular to the Sb chains, respectively. The two highest occuerbitals localized on the unbonded As atoms between the two
pied statesyvl and v2, are resonant with the GaAs bulk chains, with two additional small contributions froni)
states, and are localized at 0.2 eV and 0.5 eV below ther-like orbitals localized on the trimer-2, artil) second and
GaAs valence band maximum at thepoint. Figures ) fourth layer As atoms below the chains. However, the un-
and Zc) present the charge density of thi& band, passing bonded As atoms between the trimers and ch@ias within
through the planes A’ andBB' indicated in the Fig. (). the trimer region, Asg/) do not contribute to the formation
Clearly thevl band is mainly contributed from the lorgg ~ of the vl band. Thev2 band, similar tovl, is formed by the

125341-3



R. H. MIWA AND G. P. SRIVASTAVA PHYSICAL REVIEW B 63 125341

FIG. 3. (a) Partial electronic charge density
for the GaAs(111)B-Sb(3%x8) surface at the
I'-point, plotted 1.2 A above the unbonded As
atoms within an energy interval of 0.4 eV below
the bulk valence band maximum. Partial elec-
tronic charge density at tHe-point, plotted 1.2 A
above the top-layer Sb atoms within an energy
range:(b) 0.4 eV below the bulk valence band
maximum andc) 0.4 eV above the lowest unoc-
cupied surface state. Unit: 18 electrons per

(a.u.y.

(c)

lone p, orbitals of the unbonded As atoms between chainsformation of the GaAs(111)BSb(1x3) surface, as has
Different from thevl, thev2 band is also localized on the peen observed in the STM imag?e§'he STM images indi-
unbonded As atoms between trimers and chains. Two unogate that upon an increased annealing treatment a transition
cupied surface states] andc2, are found to be localized from the (3<8) reconstructioricharacterized by locally or-
below the GaAs bulk conduction band minimum. FigUI’eSdered Sb chain pair and trimérm a (1}( 3) reconstruction
2(d)-2(g) present the charge densities of these states. Esseftharacterized by a long range order formed by a uniform
tially, these states arise due to the Iguneorbitals of the Sb  coverage of Sb chaihdas taken place. Our calculations in-
atoms forming the trimers. We find that to& band is addi-  dicate that the valence charge density distribution and the
tionally contributed by the SE™'—As backbonds, the atomic geometry of the chains on theX3) and (3<8)
SE""-As backbonds, as well as from the unbonded As atsurfaces are very similar, as shown in Fig. 4. Relative to the
oms between chaingf. Figs. 2d) and Ze)]. The c2 band

has a strong contribution from the '$B'—As backbonds and
the Sb chaingcf. Figs. Zf) and 2g)].

The charge density distribution of the higher-lying occu-
pied states, within an energy interval of 0.4 eV below the
bulk valence band maximum and at 1.2 A above the un-
bonded As atoms, is shown in Fig@B A dominant contri-
bution from the unbonded As atoms between chaing,As
is clearly seen. Figure(B) presents the charge density of the
higher-lying occupied states within the an energy interval of
0.4 eV below the bulk valence band maximum and 1.2 A
above the top-layer Sb atoms. This figure represents a pos-
sible STM simulation at a constant height (1.2 A from the
Sb top-layer and with a suitable bias voltage that allows
imaging of the filled bands of the GaAs(111)yBhb(3x8)
surface to within—0.4 eV below the bulk valence band
maximum. The formation of the Sb chains is clearly ob-
served. Figure @) shows the charge density of the unoccu-
pied surface states at 1.2 A above the Sb top-layer, within
an energy interval of 0.4 eV from the lowest unoccupied
state. There is a high concentration of states on the trimers,
and only a small contribution from the chains. Figure)3
also can be interpreted as a possible STM image of the un-
occupied states for a tip height of 1.2 A from the surface
and with a bias voltage of 0.4 V above the lowest unoccu-
pied state. Our theoretical simulations of the STM images for
the occupied and unoccupied surface states are similar to the
constant current STM images obtained by Moriagtyal 1>

[112]

[111]

B. GaAs(111)B—Sh(1X 3) surface

Reduction in the coverage of Sb adatoms on the FIG. 4. Atomic positions and the total charge density of the
GaAq111)B surface, from 3/4 ML to 2/3 ML, leads to the GaAs(111)B-Sbh(1x3) surface:(a) top view, (b) side view.
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FIG. 5. (a Electronic band structure of the (b)

GaAs(111)B-Sb(1x 3) surface, near the fundamental gap. The FIG. 6. (a Partial electronic charge density of the
Fermi IeveIE,: lies slightly above the bulk vglence band_ maximum, GaAs(111)B-Sh(1x 3) surface, plotted 1.2 A above the unbonded
apd is conS|der§d as the energy zero. Partial eIecFronlcscharge deRs atoms within an energy range of 0.4 eV below the Fermi level
sity at theX" point: (b) vl band andc) c1 band. Unit: 10° elec- g () partial electronic charge density, plotted 1.2 A above the
trons per (a.u’). top-layer Sh atoms within an energy range of 0.4 eV befw
Unit: 10™2 electrons per (a.l’)

bulk bond length, the Ga-As bonds below the chain are com-
pressed by=0.05 A, and the Ga-As bonds aside the chainempty and falls into the band-gap region halfway along the
are stretched by=0.07 A . The unbonded As atoms are dis- I'X direction. It is mainly contributed by the long, orbitals
placed upward by 0.26 A relative to their ideal positions inon the Sb chain aton|see Fig. §c)], a situation somewhat
the GaAs bulk. Thus the elastic stress on the GaAs substratsimilar to that found for the (88) surfacecf. Fig. 2d)].
due to the formation of Sb-chains, is very similar for both the  Our results are in complete agreement with the suggestion
(3x8) and (2x 3) structures. forwarded by Moriartyet al? that the (1x 3) surface does

Figure 5 presents the calculated electronic band structuneot obey the ECR. Despite some charge transfer from the
near the GaAs bulk fundamental band gap, alongtieand  Sb-chains to the As rest atoms, the latter remain partially
I'Y directions, parallel and perpendicular to the Sb chainspccupied. The small electronegativity difference, and the
respectively. Two surface states have been identified in thiarge distance between Sb and the As rest atoms, are insuf-
bulk band-gap region. The band, near the valence band ficient for a complete charge transfer from Sb to As. Our
maximum, is dispersionless along th& direction(perpen- results suggests that this reconstruction is stabilized by a
dicular to the Sb chajn but shows a weak dispersion along strain relieving mechanism within the Sb-chains. We will
the chain(theI'X direction. The highest occupied stafhe  discuss this point in Sec. Il C.
Fermi leve) lies almost at the valence band maximum, mak- Figure 6 presents the charge density distribution of the
ing the vl band partially filled: it is completely filled along higher-lying occupied states, within an energy interval of the
I'X and completely empty alorigY. This state is completely 0.4 eV below the calculated Fermi level, and on the surface
localized on the unbonded As atoms and can be identified gslane located at 1.2 A above the unbonded As atoms. Similar
the lonep, orbital; see Fig. &). The bandclis completely to the (3x8) surface, we observed a high charge concentra-
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tion on the unbonded As atoms. Within the same energy 1%
interval (0.4 eV below the Fermi levglat 1.2 A above the L
top layer Sb atoms, the charge density is distributed alongs
the chains. However, the charge concentration on the chainZ>
is about 50 times smaller than the charge density on thes ¢s0 [
unbonded As atomgf. Fig. 6(b)]. '

C. Relative stability of the GaAq111)B—Sh(3X8) and
GaAs(111)B—Sh(1X 3) surfaces

The relative stability of the Sb atoms, forming chains or
trimer structures on the Ga&kl1)B surface, can be inferred
by investigating total energy differences. We first consider

Total energy difference
o
3

the total energy difference, expressed as 50 Ly
-0.75 -0.25 qu =0
AE(3X8)=Eyimer— E(3><8) ) Sb chemical potential (eV) e
whereEime, represents the total energy of the G&ikl)B FIG. 7. Phase diagram for the GaA&1)B surface covered by

surface covered only by Sb trimefwith six trimers per unit  Sb atoms, forming GaAs(111}BSb(3x8) and GaAs(111)B
cell, 3/4 ML), andE ;s represents the total energy of the —Sb(1x3) surfaces, and Sh-trimers only.
GaAs(111)B-Sb(3x8) surface (containing two trimers,
1/4 ML, and two chains per unit cell, 1/2 MLThese two  >0. Our calculations also indicate that the formation of the
structures are stochiometrically equivalent with respect to th&saAg111)B surface covered only by Sb-trimers, th@ner
concentration of the Sb atoms, and both models satisfy thgodel, is energetically less favorable than the GaA$B
ECR. We have used the same calculational procedure to cadurface covered only by Sb-chains, viz. thex(3) model:
culate botrEyme; andE(3xs), including the same size of the AE,, . (usy) >0, even for high concentration of Sh.
supercell. Our calculations indicate that thex(8) model is Thus our total energy results support a possible 83
energetically more favorable than the trimer model by_.(1x 3) structural transition as a function of the Sb cover-
0.55 eV/(3>< 8) or 0.14 eV per trimer. This indicates that the age. It is found that the structural transitionX8)— (1
equilibrium configuration of the (88) surface prefers four x 3) s favored by two contributiongi) by the relative in-
trimers per 38 unit cell to be converted into the chain crease in the density of Sb-chains for thex(3) structure
geometry. The energetic stability of the Sb chains, with reand (ii) by a desorption process that reduces the density of
spect to the Sh trimers, was proposed by Moriattgl.?and  sp atoms. The stability of the (38) model with respect to
our calculations confirm this experimental proposition. the trimer model is due to the conversion of some of the
We next calculated the energetic stability of thex8)  Sp-trimers into the Sb-chains. The Sb-chains configuration
model, with respect to the (88) andtrimer models. As  somewhat mimics the crystalline phase of the Sb solid, pro-
these structures present different concentrations of Sb atomgding a strain relief mechanism. The same strain relief
we have to include the chemical potentjaky, of the Sb  mechanism is achieved during the X8)— (1x3) transi-
element. With this, the total energy difference can be writtenjon. However, this transition is not accompanied by the con-
as servation of Sb adatoms. While a high density of Sb atoms
favors the (3<8) model over the (X 3) model, desorption
AEi(usp) =Ei—Eqaxs)~2psp, of Sb atoms from the Sb-trimers is expected to eventually
wherei=(3x8) or trimer andE; 3 represents the total favor the (1X3) model over the (38) model. .
energy of the GaAs(111)BSb(1x 3) surface. The variation The above results can also help to construct a picture of
in the chemical potentiadst must be considered Subject to the adsorption process and structural transition of Sb on the
its maximum value being the chemical potential of Sb solidGaAg111)B surface. During the initial process of the depo-

(,u’%‘{,'k . sition of Sb adatoms on the GaAs(111)Bx2) surface, the
top layer As atomgforming As-trimer$ are replaced by Sb,
wsp=< pnd = u k. giving rise to Sb-trimers on the ¢22) reconstructed

) - bulk i surface! ™ However, the STM images indicate that the Sb-
The chemical potentighs;,” was calculated using the same trimers are very poorly ordered, which is attributed to the
calculational procedure and similar technical details, as usegond distortion of the Sb adatoms forming trimers on the
for the surface calculations. The result of th&;(usy) and  GaAq111)B surface. After an annealing process at
AE(3x8) are shown in Fig. 7. The values pf, are rela-  ~375°C, a number of surface reconstructions have been ob-
tive to 125 Our results indicate that for high concentration served (predominantly the (%8) mode), formed by Sb-
of Sh, viz. in the limitugy,—u2h<, the (3x8) model(with  trimers and -chains. Our result AE(3x 8) is in quite good
3/4 ML coverage of Spis energetically more favorable than agreement with this structural transition: Sb-trimers<(2)
the (1X3) model: AE3.g)(sp) <0. However, for us,  reconstructed: Sb-trimers and -chains (388) reconstructed.
gﬂgg'k— 0.22 eV the (X 3) model(with 2/3 ML coverage On the other hand, as we have previously commented, the

of Sb becomes energetically more stabl®E 3. g)(xsp annealing process at475 °C of the (3<8) surface induces
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FIG. 8. Theoretical STM simulation  for  the 3 m - "

GaAs(111)B-Sh(3%x8) surface, within the energy range of 3 eV 1121 ()

below the bulk valence band maximui@@ constant height mode
(1.2 A above the top-layer Sh atojand (b) constant current FIG. 9. Theoretical STM  simulation for the
mode. The numbers indicate the vertical distafineatomic unity ~ GaAs(111)B-Sb(1x 3) surface(a) constant height mode (1.2 A

from the top layer Sb atoms. Surface corrugatitm:in the AA’  above the top-layer Sb atomand (b) constant current mode. En-
plane andd) in the BB’ plane. Charge density unit: 1® electrons  ergy interval of 3 eV below thé&er. The numbers indicate the
per (a.u.f. vertical distancdin atomic unit$ from the top layer Sb atomsc)

Surface corrugation in thAA’ plane. Charge density unit: 18

a desorption process of the Sb atoms from the surface, givingfectrons per (a.r)

rise to the (X 3) surface formed only by Sb chairSb

coverage of 2/3 ML Our calculated results of the ures §b) and 9b) present the results of the STM simulation
AE3xg)(usp indicates that the (% 3) model becomes en- in the constant-current mode. In FiglbB we can verify the
ergetically more favorable than the X®) model with the  formation of trimers and chains on the X3) surface. The
reduction of the Sb coverage on the G&K)B surface, values presented in the figure indicate the vertical position

which also confirms the experimental findings. with respect to the Sb top layer. The minimum value of the
vertical position &3.4 a.u.) occurs between the chains, i.e.,

D. STM simulation of the GaAs(111)B—Sh(3X8) and along the “channel” formed by unbonded As atoms, and the
GaAs(111)B—Sh(1X 3) surfaces maximum (=7.4 a.u.) occurs on the chains and trimers. Fig-

Finally, we have extended our STM simulation of the UreS &) and &d) present the vertical position along the\’

(3)( 8) and (1>< 3) surfaces in two different mode$l) andBB’ Iings, as indicated in FIg(B) From these valu_es -
constant-height£1.2 A above the top layer Sb atoyrend W€ €an estimate a surface corrugan_on of 2.12 A, which is
(i) constant-current. In the both cases, we have considere"y close to the calculated vertical distance between the top
the occupied states within an energy interval of the 3 eviayer Sb(forming trimers or chainsand the sublayer un-
below the highest occupied slab sta@his choice corre- bonded As atoms~2.10 A). The result for the STM simu-
sponds to typical bias voltages applied for obtaining occulation of the (1x3) surface in Fig. &) clearly shows the
pied state images in experimental STM investigatipfife  chain formation, with the minimum height<(3.7 a.u.) along
STM images for the constant-current mode were obtained bthe “channel” occurring at the unbonded As atoms, and the
calculating the constant charge density contour plot, considmaximum (=7.4 a.u.) occurring on the chains. The resulting
ering different heights above the surfaem to 4.26 A from  surface corrugation is equal to 1.97 [Aee Fig. €)], which

the top layer Sb atomsThe results for the constant-height is also very close to the calculated height difference between
mode are shown in Fig.(8) for the (3X8) surface and @) Sb chains and unbonded As atoms (2.07 A). Our simulated
for the (1x3) surface. For the (88) surface the charge STM images are in good agreement with the real STM im-
localization on the trimers and chains is clearly verified, withages observed by Moriarigt al.,' =3 for (3x8) and (1x 3)

a higher charge concentration on the chains. On the3)L  surfaces, taken in the constant-current mode with similar bias
surface the formation of chains is also clearly verified. Fig-voltage.
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V. CONCLUSIONS Our total energy calculations indicate that the chain for-

. . . ation of Sh adsorbate atoms is energetically more favor-

In conclusion, we have perform_gd a detailed th(_aoreuca ble, compared to Sb trimer formation, for the same cover-
study of the atomic geometry, stability, and electronic struc-age ’of Sb on the GaA&11)B surface. It i:s predicted that the
ture of the GaAs(lll)BSb(Sx.S) and GaAs(ll;)B I(3><8) and (1x 3) reconstructions are relatively more favor-
—Sh(1x 3) surfaces. The electronic structure calculations o ble for higher and lower Sb coverages, respectively, in com-
the (3%X8) surface indicate that this structure is semicon- lete agreement with the 968)—>(1><3), structural tr'ansi-
ducting in nature. The highest occupied surface state IieEon illustrated by experimental STM data obtained in the
approximately 0.2 eV below the bulk valence band maxi-

mum. and the corresponding wave function is orimaril Io_work by Moriarty et al? Our STM simulations indicate the
’ P 9 P Y 19" formation of trimers and chains for the X38) model, and

calized on the unbonded surface As atoms. The lowest un; . .
occupied surface state, calculated within the LDA, Iiesqhe formation of only trimers for the (23) model. For both

“structures our simulated images are in good agreement with

apprOX|mgter.0.5 ?V beloyv the bulk condgchon band mint e experimental STM results. With the limited size of the
mum and is primarily localized on the Sh trimers and chains;

The atomic geometry of the §13) surface presents a num- vacuum region used in our STM simulations, we have deter-
mic ge "y P mined the surface corrugation for both models, which agree
ber of similarities with respect to the §38) structure, e.g.,

the geometry of the Sb chains and the unbonded As atomvsery well with the calculated surface atomic topology.

are almost identical. The ¢43) structure is stabilized by a

strain relieving mechanism in the Sb-chains but does not
satisfy the ECR, giving rise to partially occupied states
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