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Angle-resolved and angle-integrated synchrotron-radiation photoemission together with scanning
tunneling microscopy (STM) were used to study the Sb-stabilized GaSb(100)-(1X3) surface grown

by molecular-beam epitaxy. Bulk valence bands were mapped out in the I -6-X direction. The
deconvoluted Sb 4d and Ga 3d core-level line shapes were used to construct a structural model for
the surface. STM resolved the individual atomic dimers verifying the proposed model and showed
partial disorder inherent on this surface.

I. INTRODUCTION

Over the past decade there has been considerable in-
terest in the growth and electronic structure of III-V
compound semiconductors. By using the techniques of
molecular-beam epitaxy (MBE), high-quality samples can
be prepared and various surface reconstructions can be
fabricated which determine the electronic states and
chemical properties of the surface. These surface recon-
structions depend not only on the surface orientation of
the crystal but also on the growth conditions. Emphasis
has been placed on GaAs for its obvious technological
use. However, in order to understand the nature of these
zinc-blende-structure systems, other III-V compounds
are equally important. Towards this end, we decided to
study the GaSb(100} surface, which is technologically im-
portant in its own right (i.e., tunneling diodes, hetero-
structure lasers, etc.), ' and which can help as a compara-
tive study with other (100) III-V surfaces such as GaAs
and InSb.

This work is a study of the GaSb(100) surface using
high-energy electron diffraction (HEED), synchrotron-
radiation photoemission spectroscopy, and scanning tun-
neling microscopy (STM). HEED patterns were used to
assess the long-range periodicity and quality of the sur-
face. The basic electronic, chemical, and structural prop-
erties of the surface were evaluated by using angle-
resolved photoemission to determine band structure, by
using angle-integrated photoemission to observe the Ga
3d and Sb 4d core-level line shapes, and by STM giving
us high-resolution images of surface structure. By com-
bining these results and showing consistency among
them, a detailed picture of the GaSb(100) surface is deter-
mined.

II. EXPERIMENTAL DETAILS

Our n-type, Te-doped GaSb(100) samples (carrier den-
sity 1.5X10' cin ) were purchased from MCP Elec-
tronic Materials (England). The samples were aligned by
Laue diffraction to within 0.5. Alumina powder was
used for the initial rough polishing. Samples were then

mechanochemically polished to a mirror finish with Cab-
O-sperse, a colloidal slurry purchased from Rippey (San-
ta Clara, CA}. For a quicker polish the pH was changed
from 5.5 to 9 using ammonia. The clean polished
GaSb(100) sample was placed in the vacuum chamber,
with pressures better than 1 X 10 ' Torr, and was heated
via direct current. Several cycles of argon-ion sputtering
with 500-eV ions and annealing at 500'C were enough to
obtain clean, ordered (1X3) surfaces which were used as
starting surfaces for MBE growth. Auger spectroscopy
determined the cleanliness of the sample. MBE was ac-
complished through evaporation from electron-beam
heated crucibles containing 99.999% purity Ga and Sb.
The rate of deposition for each material was monitored
using a water-cooled quartz-crystal thickness monitor.
In this paper 1 monolayer (ML} of Ga or Sb is defined as
5.38X10' atoms/cm, which is the site-number density
for the unreconstructed GaSb(100) surface.

Photoemission experiments were conducted at the Syn-
chrotron Radiation Center (Stoughton, WI) of the Uni-
versity of Wisconsin-Madison on the 1-GeV storage ring
Aladdin. Synchrotron radiation was dispersed by an
extended-range grasshopper monochromator and a 6-m
toroidal-grating monochromator which were used for the
angle-integrated and angle-resolved measurements, re-
spectively. For the angle-integrated experiments a Ley-
bold EA-10/100 hemispherical analyzer was used while
for the angle-resolved experiments a small homemade
hemispherical analyzer with a full acceptance angle of 3'
was employed. Binding energies were referenced to the
Fermi level as measured from a gold foil in electrical con-
tact with the sample. Fermi-level spectra indicated an
overall system resolution of 100—200 meV. The STM
measurements were performed in one of our vacuum
chambers at the University of Illinois with a base pres-
sure 8X10 "Torr. The setup for our STM is described
elsewhere.

III. MBE AND HEED

As has been reported previously, the GaSb(100) surface
exhibits two types of reconstructions, both sets Sb ter-
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minated. For growth temperature T )460'C, a (1X3),
(2X3), or c(2X6), and 400) T )350'C a (2X5) or
c (2 X 10). Within each set, the various reconstructions
are closely related and the differences may involve subtle
details or the degree of disordering. Under the present
experimental conditions, we found that the best-quality
HEED patterns were generated by first growing a few
hundred monolayers of coevaporated Sb and Ga with a
deposition ratio of at least 3 to 1, at 500'C, and then, in
the absence of the Ga flux, terminating the surface in the
Sb flux in the appropriate temperature range. The eva-
poration rate for the Sb was 0.16 A/s. No reconstruc-
tions were found under Ga-stabilized conditions. By de-
positing Ga on any Sb-terminated reconstruction we see
only a slow deterioration of the HEED pattern, most
likely due to the formation of Ga metallic dropletes on
the surface.

Stability of the (2X 5) or c(2X10) surface only occurs
over a small temperature range and the quality of the
HEED pattern was not as high as that for the (1 X 3) or
c(2X6) surface. For this reason we have concentrated
our effort on the high-tetnperature phase (T )460'C).
Contrary to what some other authors observed we never
saw a (2 X 3) reconstruction. Over the many trials, our
sample always showed a c(2X6) HEED pattern. How-
ever, the —,

' order spots were much weaker than the —,
' or-

der spots, in agreement with earlier reports. For simpli-

city, we will just call our surface a nominal (1X3) sur-
face.

IV. ANGLE-RESOLVED PHOTOEMISSION

%e have obtained the valence-band dispersions of
GaSb along the [100] direction using angle-resolved pho-
toemission techniques with a wide range of photon ener-
gies and a normal-emission geometry. Similar studies
along the [110] direction have been reported for the
cleaved GaSb(110). ' The technique of band mapping
has been described in the literature, and a previous study
of the closely related GaAs(100) surfaces prepared by
MBE serves as a useful guide for data analysis in the
present study. To save space, the readers are referred to
these publications for details.

Figures 1 and 2 show a number of normal-emission
spectra taken with the photon energies indicated. There
is a gap in the photon energy range between the two sets
of data shown in the two figures; the spectra taken within
the gap are partially obscured by the emission of the Sb
4d core level excited by the second-order light from the
monochromator and by the Ga and Sb MVV Auger tran-
sitions. In the two figures, the peaks labeled A-C and
indicated by an inverted triangle are dispersive (the bind-
ing energy changes as a function of photon energy), and
are derived from direct transitions from the bulk valence
bands. Other nondispersive peaks are derived from in-
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FIG. 1. Normal-emission spectra taken with photon energies
between 18 and 26 eV. Binding energies are referenced to the
Fermi level EF. Dispersive peaks, labeled 8 and C, are indicat-
ed by an inverted triangle. Nondispersive peaks are indicated
by vertical dotted lines and are located at binding energies of 1.7
and 0.4 eV.
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FIG. 2. Photoemission spectra taken with photon energies
between 48 and 130 eV. Dispersive peaks, labeled A and C, are
indicated by an inverted triangle. Question marks indicate a
dispersive-peak position difficult to determine due to an obscur-
ing nondispersive peak. Nondispersive peaks are indicated by
vertical dotted lines and are located at binding energies of 10.4,
6.6, 4.8, and 1.7 eV. The peak located at 6.6 eV is labeled D.
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direct transitions and represent density-of-state features
or surface states. The major nondispersive peaks are in-
dicated by vertical dotted lines. In some of the spectra
the dispersive peaks merge with one or more nondisper-
sive peaks at binding energies of 10.4, 6.6, 4.8, and 1.7
eV. Because of this inconvenience, certain dispersive-
peak positions were difficult to determine and conse-
quently were labeled with a question mark. Uncertainties
in the peak positions as marked by the triangles in the
figures are, in general, less than about 0.2 eV.

As in previous band mapping studies, we assume a
free-electron dispersion for the final band. The corn-
ponent of the crystal momentum parallel to the surface is
zero because of the normal-emission geometry. The per-
pendicular component is given by

ttik~ = [2m (h v Es ——Vo)]'

where h v is the incident photon energy, E~ is the binding
energy (a positive quantity), and Va is the inner potential
(taken to be —7.2 eV referred to the Fermi level). 7 Using
Eq. (1) and the measured peak positions, we plot the ex-
perimental and theoretically predicted band dispersions
in Fig. 3. The theoretical predictions are plotted as solid
curves and were calculated using a nonlocal empirical
pseudopotential method. ' The experimental peak points
are shown as diamonds, squares, triangles, and circles

which denote momenta in the extended-zone scheme for
different zones, namely 2k I-&& & k~ & 3k&~, 3k&&&
&kj &4k'~», 4k„a»&k~ &Skr~», and 5k'~» &kl
&6kzzz. The inverted triangle located at X6 is an as-
signment based on the energy position of the nondisper-
sive peak D in Fig. 2. A typical uncertainty for each
data point is shown where the uncertainty in momentum
is typically less than 10%%uo of the Brillouin-zone size. The
data were plotted with the valence-band maximum at Ev
as the energy reference for easy comparison to theory.
We determined E+—E&=0.25+0. 10 eV from the energy
difference between the Fermi level and the onset of emis-
sion in a number of angle-integrated valence-band spectra
which are not shown, and the average value of 0.25 eV
was used in converting the energy references. Figure 3
shows that the theoretical and experimental results are in
reasonable agreement.

V. ANGLE-INTEGRATED PHOTOEMISSION

A. Clean-surface results

Figure 4 shows two representative spectra of the Sb 4d
core level of GaSb(100)-( 1 X 3 ) recorded using two
different photon energies. The 75-eV spectrum is much
more surface sensitive than the 55-eV spectrum because
of escape-depth considerations. There is obvious filling in
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FIG. 4. The Sb 4d core-level spectra (dots) with the decom-
position of the spectra into background (long-dashed curve),
bulk (dotted curve), and two surface contributions (short-dashed
and dot-dashed curves). The binding-energy scale is referred to
the Fermi level.
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in between the doublet and the lower and higher
binding-energy side of the surface-sensitive spectrum, in-

dicating at least two surface-shifted core-level com-
ponents, one at higher and the other at lower binding en-

ergies relative to the bulk component. This is consistent
with a previous observation. " To determine the surface
shifts and the intensities of the various components, we
follow the fitting procedure described previously. "
The fit involves a bulk and surface-shifted components,
each represented by a spin-orbit-split doublet, riding on a
cubic polynomial background. The doublet was modeled
by the sum of two Voigt functions (a convolution of a
Gaussian with a Lorentzian). In these fits the Lorentzian
width, spin-orbit splitting, and intensity branching ratio
between the d3/2 and the d, &2 contributions were con-
strained to be the same between the surface-shifted com-
ponents and the bulk. In the first try, only one surface-
shifted component was assumed, representing the sim-

plest possible case, but the spectra could not be reason-
ably fit. Not only did the intensity of the surface-shifted
component change randomly but also the energy shift
moved around quite randomly as a function of photon en-

ergy. In general, the quality of the fit was poor. Excel-
lent fits were obtained if two surface shifts were assumed.
The experimental results (dots), the overall fit (solid
curve), the background (long-dashed curve), the bulk
component B (dotted curve), and the two surface com-
ponents Sl and S2 (dot-dashed and short-dashed curves)
are shown in Fig. 4. The binding energies are referenced
to the Fermi level.

Since the line shape does not show distinct features due
to the surface shifts, it is important to check the reliabili-
ty of the fitting procedure. We have fitted the line shapes
obtained with many photon energies between 55 and 100
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eV following the exact same procedure. The two surface
shifts remain constant within tight tolerances (Sl shift
was —0.41+0.01 eV and S2 shift was 0.40+0.02 eV}, and
the intensities relative to the bulk emission do follow the
expected behavior based on escape-depth considerations.
Figure 5 summarizes the results of this analysis. The in-

tensity ratios of the two surface components and the bulk
component are plotted as a function of photon energy.
Both ratios are seen to evolve in basically the same
fashion, and go through a maximum around h v=75-80
eV. These ratios reflect the escape depth of the electrons
ejected from the solid in the near-surface region. The ob-
served behavior is consistent with not only the universal
mean-free-path curve but also a similar curve for the Sb
core level in InSb(100}-c(4X4).' ' These results strong-
ly suggest the validity of the basic fitting assumptions.
The fitting parameters are summarized in Table I.

The Ga 3d core-level line shape has been similarly ana-
lyzed. Figure 6 shows two typical spectra together with
the fit and the decomposition. The 55-eV spectrum is
more surface sensitive than the 40-eV spectrum. Again,
two surface components are found. The fitting parame-
ters are given in Table I.
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FIG. 6. The Ga 31 core-level spectra (dots) with the decom-
position of the spectra into background (long-dashed curve),
bulk (dotted curve), and two surface contributions (short-dashed
and dot-dashed curves). The binding-energy scale is referred to
the Fermi level.
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TABLE I. Fitting parameters for the Sb 4d and Ga 3d core-
level data. All energies are in eV. Binding energies for the Sb
4d5&2 and Ga 3d5&2 are referenced to the Fermi level. All
energy-independent parameters were computed from many
spectra and are listed below as an average and its variation.
Typical values of the branching ratio, Gaussian width, and
surface- to bulk-intensity ratios are shown using photon ener-
gies of 75 and 55 eV for the Sb 4d and Ga 3d core levels, respec-
tively. The widths refer to full width at half maximum.

Sb

amined the surfaces with core-level photoemission. Fig-
ures 7 and 8 show stack plots of our results. Each spec-
trum was fitted in the exact manner we used for the clean
spectrum. Table II shows the surface- to bulk-intensity
ratios as a function of Ga coverages for the Sb 4d taken
at 75 eV and the Ga 3d taken at 55 eV. All results show
no change in either the Sb or Ga core-level line shapes,
within uncertainty. HEED was used after each growth
to monitor surface changes; here too, no significant
changes were noted in the diffraction patterns.

Binding energy
Spin-orbit splitting
Branching ratio
Gaussian width
Lorentzian width
S1 surface shift
I(S1}/I(B) intensity ratio
S2 surface shift
I(S2)/I(B) intensity ratio

31.94
1.25+0.01

1.43
0.45

0.24+0.02
—0.41+0.01

0.41+0.02
0.40+0.02
0.37+0.02

19.00
0.45+0.01

1.78
0.38

0.26+0.03
—0.43+0.03

0.24%0.02
0.66+0.03
0.07+0.02

B. Ga-deposition results

We deposited various submonolayer coverages of Ga
onto the GaSb(100)-(1X3) at room temperature and
then, after annealing the surface for 3 min at 500'C, ex-

C. Core-level analysis and structural model

The core-level results of the preceding section can be
interpreted as deposited Ga balling up in droplets on the
surface. A similar effect has been seen in our previous ex-
periments with GaAs(100); the metallic Ga droplets
could, in fact, be observed directly with an optical micro-
scope for a sufficient amount of excess Ga on the surface.
Since the actual surface area covered by these metallic
droplets is small they would account for a small part of
the photoemission spectra. Photoemission from the Ga
core of the metallic droplets on GaAs(100) was found to
have a lower binding energy than the bulk GaAs contri-
bution, similar to the S2 component seen in Fig. 6. The
Ga balling-up effect has also been reported for the growth
of GaAs on Si, and a lower binding-energy component
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FIG. 7. Sb 4d core-level spectra (dots} taken with a photon
energy of 75 eV. The Ga coverages are indicated. The solid
curves are a result of a 6t to the data. The decomposition of the
spectra into bulk, B, and surface contributions, S1 and S2, are
shown by the various curves.

FIG. 8. Ga 3d core-level spectra (dots} taken with a photon
energy of 55 eV. The Ga coverages are indicated. The solid
curves are a result of a 6t to the data. The decomposition of the
spectra into bulk, B, and surface contributions, S1 and S2, are
shown by the various curves.
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TABLE II. Surface- to bulk-intensity ratios for the Sb 4d and the Ga 3d core levels as a function of
Ga coverage. All ratios are uncertain by about +0.02. Note that Table I shows the average clean-

surface ratios for Sb and Ga.

Ga coverage
(ML)

clean
0.1

0.3
0.6
1.0

I(S1)/I (B)

0.43
0.43
0.39
0.44
0.40

I(S2)/I (B)

0.37
0.36
0.37
0.33
0.38

I (S1)/I (B)

0.22
0.24
0.23
0.24
0.22

Ga
I(S2)/I (B)

0.05
0.06
0.06
0.05
0.07

was correspondingly observed. ' Based on these results,
we assign the very weak S2 component in the Ga core-
level spectra to be derived from metallic Ga droplets on
the surface. The droplets would affect the HEED in an
increase in the background; in our experiment described
in the preceding section, the amount of Ga deposited was
too small to have any observable effect. In the following
analysis, we will ignore this very weak component in the
Ga core-level spectra.

The GaSb(100)-(1X3) surface is Sb terminated due to
the nature of the preparation procedure. We also used
Auger spectroscopy and found that the intensity ratio be-
tween the Sb Auger transition at 454 eV and the Ga tran-
sition at 1070 eV increased by a factor of approximately
1.5 between the sputtered-only surface and the fully
grown (1X3) surface; indicating the enrichment of the
surface with Sb.

Information about the surface structure and
stoichiometry is revealed by the two surface components
in the Sb 4d core-level spectra. The intensities of the two
components are about the same, indicating the presence
of two surface Sb species with about equal coverage. The
Ga core-level results indicate the presence of one surface
species (ignoring the metallic droplets). Since the
I($1)/I(B) intensity ratio for the Ga core level at the
escape-depth minimum (hv=55 eV) is about —,

' that of
the Sb (h v=75 eV), the surface Ga coverage is about —,

' of
that of either Sb surface species. To analyze these results
further we use the standard layer attenuation model. We
assume a fraction of monolayer f of Ga terminating the
surface giving rise to the S1 component; the intensity of
the surface contribution is then

Is =I[exp( —2d/I)+exp( —4d/I )+ ] (3)
0

where d is the interlayer spacing of 1.52 A and l is the es-
cape depth. Combining Eqs. (2) and (3) we find

f =(Is/Is )[exp( —2d/1)+exp( 4d/I)+ . ] . —
0

The escape depth minimum is about 5.5 A based on pre-
vious studies of InSb(100) and GaAs(100). ' ' Taking
l =5.5+0.5 A and using the measured value of
Is/Is =0.24, we obtain f =0.33+0.04. This indicates
that approximately —,

' ML of Ga is on the surface. This —,
'

Is fI
where I is intensity for a full monolayer of Ga on the sur-
face. The bulk contribution has an intensity

Top View

t011] [011]

[100]

— Top Layer of Ga

~ — Top Layer of Sb
~ — 2nd Layer of Sb

Side View

[100]

Ga - [011]
Sb
Ga

FIG. 9. A structural model for GaSb(100)-(1 X 3) showing (a)
the top view, and (b) the side view. The top view shows the first
two layers of the surface with the (1 X 3) unit cell indicated. Sb
(Ga) atoms on the top layer are indicated by large solid (open)
circles while Sb atoms on the second layer are indicated by
small closed circles.

ML coverage ties in well with the (1 X3) reconstruction.
The coverage for each of the two surface species of Sb is
thus about —,'ML.

Based on the above coverages of the various surface
species, we propose the model shown in Fig. 9 for the
( 1 X 3 ) reconstruction. The model incorporates an im-
portant structural ingredient previously proposed for the
group-V enriched surfaces of GaAs(100)-c(4X4) (Refs.
17 and 18) and InSb(100)-c(4X4) (Ref. 15) which is Sb
dimers bonded on top of an Sb layer. Note that the bulk
structure of GaSb(100) consists of alternating layers of
Ga and Sb square nets. The easiest way to view the
(1 X 3) model is to consider a unreconstructed Ga-
terminated surface with two of every three Ga rows along
the [011] direction on the surface replaced by Sb rows
and allow the neighboring Sb atoms to form dimers to
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minimize the number of dangling bonds. In this model,
there is —,

' ML of twofold-coordinated Ga left on the sur-

face, accounting for the S1 component seen in the core-
level spectra. The model also shows —', ML of Sb on the

top layer, each atom is threefold coordinated, which
should correspond to one of the two surface shifts. In the
second layer (the layer just below the surface layer), —,

'
ML of Sb are bonded to surface Sb dimers; each of these
Sb atoms is bonded to two surface Sb dimer atoms and
two third-layer Ga atoms. A core-level shift is expected
for these Sb atoms, since the bonding environment is
different from that in the bulk in which each Sb atom is
bonded to four Ga atoms. The remaining —,

' ML of Sb in

the second layer should exhibit a bulklike core-level bind-
ing energy, because each of these Sb atoms is bonded to
four Ga atoms as in the bulk. This model thus explains
the photoemission intensities of all of the surface-shifted
components. There remains the question as to which sur-
face shift corresponds to which kind of Sb atoms. The
problem of determining surface shifts is a complicated
matter requiring a detailed calculation based on the exact
atomic structure which is lacking in the present case. In
general, the surface shift depends on not only the local
electronic and atomic structure but also the long-range
electrostatic interaction. ' ' However, based on the
similar results of previous studies of InSb(100)-c(4X4)
and GaAs(100)-c(4X4), in which group-V adatoms on
top of a group-V atomic layer are associated with a
higher core-level binding energy, we assign the Sl (S2)
component in Fig. 4 to be derived from the —', ML of Sb
atoms in the top (second) layer.

VI. STM

Our clearest topographs showing the most detail were
obtained with a sample bias voltage between —30 and
—125 mV relative to the tip and a constant tunneling
current typically between 0.2 and 0.6 nA. Figure 10
shows a typical STM grey-scale image, where bright
areas represent protrusions. Due to the lack of an ade-
quate grey-scale range for a proper presentation on pa-
per, the low spatial frequencies in the image have been
filtered out in the data to emphasize the local height vari-
ations. As a result of the filtering, terraces separated by
steps appear equally bright, even though the steps can
still be recognized. There is one step in Fig. 10 as indi-
cated. The x-y scale of the image is somewhat distorted
by a uniform thermal drift during the data taking. The
picture shows bright strips along the [011] direction
separated by about 13 A, suggesting that these corre-
spond to the Sb dimer rows shown in Fig. 9. Since each
Sb atom on the surface is only threefold coordinated, we
expect a lone-pair orbital pointing out of the surface,
which should contain substantial occupied density of
states visible with a negative bias. Notice that the dimer
rows are not perfectly straight and uniform as in the case
of Si(100)-(2X 1) observed under similar conditions, indi-
cating the presence of disorder.

To view the detail, the part of Fig. 10 enclosed in the
rectangle is magnified and shown in Fig. 11. The picture
clearly shows dimerlike structures with the measured

[011] [01$]

Step Edge

FIG. 10. A typical STM image of GaSb(100)-(1X3) taken
over an area of about 560X450 A. A sample bias of —30 mV
and a tunneling current of 0.3 nA were used. An atomic step is
seen in the right-hand portion of the image. A box outlines the
area that will be magnified for Fig. 11.

[011] [011]

? wQ

FIG. 11. This image is from the magnified portion of the box
0

in Fig. 10. The image size is about 140' 110A.

dimer-dimer spacings corresponding closely to the ex-
pected values. Also evident is the partial disorder in the
form of fluctuations in height and lateral registry. As
with the GaAs(100) surface previously studied with STM,
disorder seems to play a large role on this surface.
Over the many trials, we always observed the same kind
of disorder on this surface, and therefore, we believe that
the disorder is intrinsic to this structure. Despite the dis-
order, the surface shows relatively unbroken dimerized
rows of the (1X3) unit cell.

According to the model shown in Fig. 9, there is a row
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[011] g t]]
strain. We do not have the answer to this question and
hope that theorists will be able to help.

The STM pictures clearly show the overall (1X3)
reconstruction, but we are not able to detect the c (2 X 6)
superstructure by visual inspection. This implies that the
larger reconstruction is rather weak, perhaps involving
only minute modulation of either atomic height or lateral
position on top of the basic (1 X 3 } structure. This is con-
sistent with our HEED observation that the —,

' order spots
are much weaker than the —,

' order spots.
It is interesting to compare the present STM results

with those reported on the GaAs(100)-c (2X 8) or -(2X4)
surface. The topographs appear qualitatively different
in that the present results show individual dimer atoms
clearly while the GaAs results show only patches formed
by unresolved trios of neighboring dimers bordered by
missing dimers.

VII. SUMMARY

FIG. 12. A higher resolution STM image of the GaSb(100)-
(1 X 3 ) surface taken over an area of about 50 X 70 A with a
sample bias of —125 mV and a tunneling current of 0.6 nA. Tic
marks indicate the dimer rows which, due to disorder, fluctuate
in height and lateral registry.

of Ga atoms in between two neighboring Sb dimer rows.
Each of these Ga atoms possesses a dangling bond which
should also be visible with STM, although the apparent
height in the STM picture is likely to be less due to the
half filled nature of the bond. Figure 12 is a smaller scan
with higher resolution. The grey scale has been renor-
malized to bring out further details between the Sb dimer
rows which are labeled by tic marks on the side of the
picture. Indeed, we observe an additional protrusion in
between many of neighboring dimer pairs, and the posi-
tion does correspond to the model. This picture also
shows more clearly the disorder and defects of the struc-
ture. When an Sb dimer row meanders toward its neigh-
boring row, the Ga atom in between is not observed,
perhaps simply due to spatial-resolution problems. On
the other hand, it is also possible that some of the surface
Sb atoins actually form bonds with neighboring surface
Ga atoms causing the Sb row to shift in its lateral regis-
try. The disorder could also be induced by intrinsic

We have obtained the bulk band structure of GaSb
along the [100] direction with the use of angle-resolved
photoemission. The results are in fairly good agreement
with theory. Through the use of MBE, HEED, core-level
spectroscopy, and STM the structure of the GaSb(100)-
(1 X 3) surface is investigated. A structural model is pro-
posed, which can consistently explain all of the essential
features of the experimental results. We observed
significant disorder on this surface; the origin of this
awaits a theoretical explanation.
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