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R. J. Meyer, C. B. Duke, and A. Paton
Xerox Webster Research Center, Xerox Square - W114, Rochester, New York 14644

J. L. Yeh, J. C. Tsang, A. Kahn, and P. Mark
Department of E/ectrica/ Engineerirrg, Princeton University, Princeton, New Jersey 08540

(Received 30 July 1979)

Dynamical calculations of the intensities of normally incident low-energy electrons diffracted

from InSb(110), performed using a matrix inversion method, are reported for structures result-

ing from (i) a kinematical search, (ii) a dynamical search, and (iii) energy-minimization calcula-

tions. The model structures considered in all three cases embody distortions of the uppermost

three atomic layers of InSb from their truncated bulk geometries. The dynamical calculations

are compared with elastic-low-energy-electron-diffraction intensities measured for 14 beams with

a sample temperature of T =150 K. This comparison leads to the selection of the most-

probable surface structure for InSb(110) as one in which the top layer undergoes both a rigid

rotation of 28.8' and p 0.05 A relaxation toward the substrate. The Sb atoms in the top layer
0

move outward and the In atoms inward, giving a relative vertical shear of 0.78 A. In the second
0 0

layer, the In move outward 0.09 A and the Sb inward 0.09 A. This surface atomic geometry is

nearly identical to that which we reported earlier for covalently-bonded GaAs(110) but some-

what different from the reported for ZnTe(110) which exhibits a slightly more ionic bonding.

We infer, therefore, that highly covalent zinc blende-structure compound semiconductors exhi-

bit reconstructions of their (110) surfaces characterized by (i) large bond rotations in the upper-

most layer, with the anion moving outward and cation inward, (ii) small bond-length alterations

except for possible 4—5'/0 contractions of the back bonds between the outermost anion and

the cation in the layer beneath, and (iii) distortions from the bulk geometry which penetrate at

least two atomic layers in from the surface.

I. INTRODUCTION

Atomic geometries for the (110) surfaces of zinc
blende structure compound semiconductors, especial-
ly GaAs(110), have been extracted via the analysis of
several different spectroscopic measurements, includ-
ing elastic-low-energy-electron-diffraction (ELEED)
intensities, ' "angular integrated ultraviolet pho-
toemission spectra (UPS), 9'3' angle-resolved ultra-
violet photoemission spectra (ARUPS), " "polariza-
tion-dependent angle-resolved photoemission spectra
(PARUPS), '~'s and the electron paramagnetic reso-
nance (EPR) of adsorbed 02 species. '9 Moreover,
three procedures for determinirig these atomic
geometries via minimization of surface energy func-
tionals have been proposed. ' It has been demon-
strated that, for the extensively examined case of
GaAs(110), all of these methodologies lead to com-
patible surface structures within their inherent uncer-
tainties. In this paper we report the extension of
ELEED intensity analyses to the case of InSb(110)
and the comparison of the resulting atomic geometry
both with that predicted by Chadi's energy-minimi-
zation procedure ' and with those of GaAs
(110) 'a ""ZnTe(110) "and ZnO(1010) ' " Since

no surface-structure determinations utilizing other
methods have reported for InSb(110), we cannot yet
compare our atomic geometry with those determined
by the other methodologies as was done in the case
of GaAs(110) ""

Perhaps the most significant conclusion emanating
from our structure determination is the near identity
of the reconstructions of GaAs(110) and InSb(110)
measured relative to the bulk lattice constant of each
material [which is 15'/0 greater for InSb than for
GaAs (Ref. 26)]. Since the bonding ionicities of the
two materials are nearly equal, this conclusion is
consistent with the hypothesis" that the character
of the bonding of a compound semiconductor is a
major factor in the determination of the atomic
geometry of its nonpolar surfaces.

Our analysis also is directed toward clarifying two
technical issues which have arisen in the applications
of ELEED intensity analysis to the determination of
the structure of the nonpolar surfaces of compound
semiconductors. First, we examine the sensitivity of
the methodology to relaxations parallel to the surface.
For GaAs(110) both "bond-relaxation"' (or "normal-
displacement"") and "rotational-relaxation"'6 (or
"bond-rotation"") models have been consid-
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ered ' "' ' Although, for GaAs(110}, the
bond-rotated structures appear to be superior to the
normal-displacement ones, this result generally has
been displayed in the literature only in terms of
structures differing both in perpendicular and parallel
atomic positions. ' "' In this paper we evaluate the
sensitivity of our ELEED intensity analysis to atomic
displacements parallel to the surface by comparing
structures differing only in these coordinates, there-
by, revealing a precision of wads-0. 1 A for dynamical
calculations. This precision is rather greater than that

0
associated with the LLdiI-0. 5 A uncertainty charac-
teristic of kinematical analyses. ' ' Second, we con-
sider the issue of establishing the presence of subsur-
face relaxations. In particular, we show that achiev-
ing adequate descriptions of certain beams requires
these relaxations, and hence we are confident that
they occur for InSb(110) as well as for GaAs(110).
We infer, therefore, that highly covalent zinc
blende-structure compound semiconductors exhibit
reconstructions of their (110) surfaces characterized
by (i} large bond rotations in the uppermost layer,
with the anion moving outward and cation inward,
(ii) small bond-length alterations, except for possible
contractions by as much as 5% of the back bonds
between the uppermost anion and the cations in the
layer beneath, and (iii) distortions from the bulk

geometry which penetrate at least two atomic layers
in from the surface.

We proceed by first indicating our experimental
procedures in Sec. II. Then in Sec. III, we describe
the nature of our model calculations. In Sec. IV, we
discuss the structure determination as well as the
sensitivity of the computed intensity profiles to atom-
ic motions parallel to the surface. In Sec. V, we sum-
marize our results.
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stable during the data-taking process. The tempera-
ture of Mo foil in steady state was about 125 K, as
shown by the thermocouple reading. Consequently,
we believe that the surface of the crystal was cooled
to at least 150 K. Since the measured ELEED inten-
sities were compared with rigid-lattice model calcula-
tions, the precise value of the sample temperature is
not important for our analysis.

The InSb sample was purchased from General
Diode Corporation. The (110) surface was prepared
by conventional cutting-polishing-etching sequences,
consisting of mechanical polishing with Sp, SiC
powders and chemical etching with a solution of 0.2%
bromine in methanol. The crystal was then mounted
on the Mo foil and placed in the vacuum chamber.
The surface was cleaned by argon-ion bombardment
(1.0 keV, 6 min) and reordered by thermal annealing
( T -640 K, 75 min). After this treatment, Auger
profiles were taken to verify that the surface was
contaminant-free and stoichiometric within the accu-
racy of Auger electron spectroscopy (AES) technique
(-0.1+).

The condition of normal incidence was checked by
the symmetry of the spot pattern, i.e., by verifying

II. EKPERIMENTAL PROCEDURES

The low-temperature (T —150 K} ELEED intensi-
ties analyzed in our study of InSb(110} were obtained
using a standard Physical Electronics Industries
LEED system' embodying a custom-adapted mani-

pulator. Specifically, we modified the Physical Elec-
tronics Industries S/N-504-6-174 manipulator to cool
the sample via a copper braid connecting a small
liquid-nitrogen resevoir to a copper block on the sam-
ple holder. All metal junctions were copper brazed
for good thermal conduction. The flexible copper
braid had the minimum length to allow the necessary
freedom of rotation for the sample holder in the vac-
uum. The crystal itself was tightly mounted on a
piece of Mo foil, one end of which had a good ther-
mal contact with the copper block. Alumel and
chromel thermocouple wires were spot-welded on the
back side of the Mo foil. Using pressurized liquid ni-

trogen, we could keep the temperature of the sample
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FIG. 1. Schematic indication of the surface atomic
geometry and the associated ELEED normal incidence spot
pattern for the (110) surface of InSb. The symbols utillized

in Table I are defined in the upper panel of the figure. The
numerical values shown are taken from panel (c) of Table I.
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that the intensity of the (hk) beam is equal to that of
the (hk) beam. The dimensions of the LEED pat-
tern revealed no significant deviation of the surface
unit mesh from that expected of a truncated bulk
crystal described by the atomic geometries given by
Wyckoff. ' A schematic diagram of the surface
atomic geometry, including the unit mesh dimen-
sions, is presented in Fig. 1 in which the normal-
incidence spot pattern also is indicated.

The data acquisition required about two weeks dur-

ing which the base pressure of the vacuum system
stayed in the 10 ' Torr range. The spots of the
LEED pattern always looked sharp and bright. The
intensities were recorded with a Gamma Scientific
spot photometer. The intensity data presented herein
are averages over three separate runs of the mea-
sured intensities for each beam. This procedure was
adopted because smaller structural features in the in-

tensity profiles varied from one run to another,
although the main features of these profiles deviated
from the averages shown by less than +10%. Data
were collected for 14 beams, i.e., those with the
beam indices (10) =(10), (01), (01), (ll) = (11),
(11)= (11), (20) = (20), (02), (02), (21) = (21),
(12) (12), (21) = (21), (12) = (12), (13)= (13),
and (13)= (13). These 14 normal-incidence intensi-

ty profiles, taken at T —150 K, are the experimental
ELEED intensities upon which our structure analysis
is based.

III. MODEL CALCULATIONS

An approximate multiple-scattering model of the
diffraction process, described previously, "was used
to perform our calculations of the ELEED intensities.
In this model, which is embodied in a series of com-
puter programs, the scattering species are represented
by an energy-dependent phase shifts in terms of
which the ELEED intensities from the surface are
computed. The scattering amplitudes associated with
the uppermost three atomic layers are evaluated ex-
actly, as are those of each of the individual atomic
layers beneath. The interference between the upper
three layers and the various layers in the substrate is
calculated kinematically as described by Meyer et al. "
Convergence tests" revealed that the consideration
of a slab of six atomic layers and the use of six phase
shifts for each scatterer yield predicted intensities
which are generally accurate to within a few percent,
so these parameters were adopted for the calculations
presented herein.

The electron-ion core interaction is described by a
one-electron muffin-tin potential. The one-electron
crystal potential is formed from a superposition of
overlapping ionic (e.g., In Sb ) charge densities. '

The local Slater approximation is used for the ex-
change potential. The bulk crystal structure (see Fig.
1) is that given by Wyckoff. We use the muffin-tin
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FIG. 2. Phase shifts for the In+ and Sb species resulting
from the use of Slater exchange, overlapping atomic poten-

0 0
tials, muffin-tin radii of 1.36A for In and 1.44 A for Sb, and
an average potential of V = —15.8 eV in the muffin-tin re-
gion.

0 0
radii rMr(in) 1.36 A, rMr(Sb) 1.44 A, as deter-
mined from crystal potential crossover. The Wigner-
Seitz radii are r~s(in) -1.95 A and r~s(Sb) =2.06
A. Once the crystal potential V, in a given Wigner-
Seitz cell has been obtained, the potential is reduced
to muffin-tin form as described by Duke et al. " The
resulting phase shifts are shown in Fig. 2.

The electron-electron interaction is incorporated via
a complex inner potential' with constant real part Vp

and an imaginary part characterized by the inelastic
collision mean free path A, . We selected Vp = 8 eV

0
and A. -S A in order to align the major features in

the calculated and observed intensity profiles. The
modest reproducibility of smaller structural features
in the measured intensities and of the large number
of structural parameters which exert a significant in-

fluence on the calculated intensity profiles conspire to
render ineffectual efforts to improve upon this pro-
cedure by the automated R-factor methods which
have proved useful for metal surfaces. '

The consequences of thermal lattice vibrations are
neglected in the calculations reported herein which
are performed for a rigid lattice of scatterers. The
major reason for this approximation is our experience
with GaAs(110)." In that case we found that includ-
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ing larger atomic vibrations of the surface relative to
the bulk atomic species led to serious discrepancies in
the description of high-order beams. Moreover, if
the surface and bulk vibrational amplitudes are equal,
their inclusion into the model calculation acts pri-
marily to reduce uniformly all of the calculated inten-

sities. " Consequently, given our present ignorance
of the vibrational amplitudes near the surface of
InSb(110), the most prudent decision for the analysis
of low-temperature ELEED intensity data seems to
be to neglect thermal vibrations entirely until their
magnitudes become established more firmly. On the
basis of calculated' bulk vibrational amplitudes for
InSb and GaAs and of the similarity between T -318
and 150 K measured intensities for GaAs (Ref. 11)
this approximation appears adequate for low-order
beams although marginal for higher-order beams like
the (13) and (13) beams. We argue in Sec. IV, how-
ever, that this uncertainty in the analysis of the
higher-order beams does not seriously impair our
structure determination.
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The starting point of our structure determination is
the consideration of two previously-proposed atomic
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FIG. 3. Comparison of calculated (solid curves, six phase
shifts) and measured (dashed curves) intensities of the (01)
beam of normally incident electrons diffracted from
InSb(110), Curve (a): the measured intensity at T 150 K
(dashed curve) and the calculated intensity (solid curve) us-

ing the bulk geometry of Wyckoff (Ref. 26) and the three-
layer "normal-displacement" reconstruction of Yeh et al.
(Ref. 30) for a rigid-lattice model. Curve (b): same as
curve (a), but evaluated using the "rotationally-relaxed"
structure shown in panel (b) of Table I, and a rigid lattice.
Curve (c): same as curve (a) but evaluated using the two-

layer "best-fit" reconstruction described in Table I [panel (c)]
and a rigid lattice. Curve (d): same as curve (c), but
evaluated using the single-layer structure described in Table
I tpanel (d)] and a rigid lattice. Curve (e): same as curve
(a), but evaluated using the three-layer reconstruction of
Chadi (Ref. 21) described in Table I (panel (e)) and a rigid
lattice.
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FIG. 4. Same as Fig. 3, only for the (10) beam.
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geometries for InSb(110). The proposed geometry
resulting from a kinematical analysis of CMTA
room-temperature ELEED intensity data by Yeh
et al. 3a is given in panel (a) of Table I. In their
analysis only displacements of the scatterers normal
to the surface of InSb(110) were considered because
of the well-established ' "insensitivity of kinemati-
cal analyses to relaxations parallel to the surface.
The second initially-considered structure is that
predicted by Chadi ' on the basis of his energy-
minimization methodology which worked so well for
GaAs(110)." This structure is specified in panel (e)
of Table I. Inspection of Table I reveals that these
two structures deviate from each other in both the
perpendicular and parallel relaxations of the upper-
most anion and cation by more than the usually-

quoted ' "accuracy of d, d -0.1 A for an ELEED

I I

&rt Sb ( I IO) ( I I ) BEAM

structure determination. Consequently, we per-
formed a search of the structural parameter space in
the vicinity of both geometries in an effort to resolve
this apparent discrepancy between the proposed struc-
tures.

%'e describe the results of this search by proceding
in steps. First, we examine the extent to which the
two initial structures lead to a satisfactory description
of the measured intensities. Second, we consider
various routes toward improving the correspondence
between the calculations and the measurements, il-

lustrating the highlights of the end results of each
route. Finally, we assess the precision of the final
"best-fit" structure emanating from this procedure.

The analysis outlined above was carried out using
all 14 measured beams. One of these, the (21)
beam, was examined in a preliminary report of this
work, and hence is not reconsidered here. Two
others, the (20) and (02) beams, neither were
analyzed earlier for GaAs(110)" nor were very use-
ful in discriminating between structures. Hence, we
do not show their intensities. Finally, although we
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FIG. 5. Same as Fig. 3, only for the (11) beam. FIG. 6. Same as Fig. 3, only for the (01) beam.
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did not expect the (13) and (13) beams to be
described well by a rigid-lattice calculation, we in-
clude the analysis of the (13) beam for completeness.
Thus, we present calculations for the (01),
(10)- (10), (11)= (11), (01), (11)= (11), (02),
(12) (12), (21) (21), (12) (12), and
(13) (13) beams in Figs. 3—12. A typical sensitivi-

ty analysis for the (21) beam is illustrated in Fig. 13.
These calculations and data constitute the synopsis
which we present explicitly herein of those on which
we based our structure determinations.

We begin by comparing the measured intensities
with those predicted for the structure of Yeh et al. 3o

[panel (a) in Figs. 3—12] and of Chadi" [panel (e)
in Figs. 3—12]. The structure of Yeh er al. , 'a gives
poor agreement with the observed intensities for the
(11) (Fig. 5), the (11) (Fig. 7), the (02) (Fig. 8),
and the (21) (Fig. 10) beams. Similarly, the struc-
jure of ehadi" gave poor agreement with the mea-
surements for the (01) (Fig. 3), the (10) (Fig. 4),
the (11) (Fig. 7), and the (02) (Fig. 8), beams. On

balance, neither structure gives better correspondence
with the experimental data than the other, and nei-
ther yields as good a correspondence as that achieved
earlier for GaAs(110)."

In order to determine how much of the difference
between the Chadi and Yeh intensity profiles is due
to vertical motions, and how much due to motions in
a plane parallel to the (110) surface, we examined
the modification of the structure of Yeh et al.
described in panel (b) of Table 1. This structure is
the "rotationally relaxed" (i.e., no bond length
changes occur in the first layer) structure which
yields the same vertical shears as that of Yeh et al.
From comparison with the measured intensity [com-
pare panels (a) .and (b), Figs. 3—12] we see that this
"rotationally-relaxed" structure is distinctly superior to
the "normal-displacement" structure of Yeh et al.
This result is especially evident in the (11) (Fig. 7)
and (02) (Fig. 8) beams, although most beams are
improved in the rotationally relaxed structure. As ex-
pected, "this conclusion supplements the kinemati-
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FIG. 7. Same as Fig. 3, only for the (11) beam. FIG. 8. Same as Fig. 3, only for the (02) beam.
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cal results, discussed by Yeh et al. , in which these
relaxations have little effect on the correspondence
between the kinematically-calculated and the mea-
sured intensities.

Having determined that "rotationally-relaxed" struc-
tures are superior to the "normal-displacement" struc-
tures, at least for the structure discussed, we next ex-
plored rotation angles of the top layer, aoi, in the
range 25.7' ( coi (30.9', i.e., the range bounded by
the structures of Yeh et al. ' and Chadi, "with corre-
sponding first-layer vertical shears in the range

0
0.69 & b,

& z & 0.88 A, and with the second-layer
reconstruction as given by Yeh et al. Good agree-
rnent between the calculated and measured intensities
was obtained for an intermediate bond-rotation angle
of 28.8', approximately half way between those an-
gles corresponding to the structures of Yeh et al. and
Chadi, respectively [panel (c), Figs. 3 —12, and Table I].

Although the initially considered structures differed
little in their second-layer distortions, we examined

0
second-layer shears in the range 0 ( 5& ~ & 0.2 A

(Fig. 1), and found that a value of hq q 0.18 A, 50'yo

larger than that of Yet et al. , is preferred if the top
layer is contracted only 0.05 A toward the substrate,
instead of the 0.15 A contraction proposed by Yeh
et al. This structure also is closer to the contraction
of 0.03 A resulting from the energy minimization cal-
culation, "which used a 25.7' top-layer rotation.

To support the case for second-layer distortions we
show in panels (c) and (d) of Figs. 3—12, our best-fit
structure, and the same structure with the second
layer undistorted. While almost all of the beams are
sensitive to our large second-layer shear of, b, q q-—0.18 A, the (01), (11), and (21) beams are espe-
cially sensitive (Figs. 3 and 7 and Ref. 29, respective-
ly). It should be noted that the (01) and (11) beams
for GaAs(110) also were found to be the most sensi-
tive to second-layer distortions, s" while the (21)
beam was not examined for this effect. While the
single-layer reconstruction gives a better description
of a limited number of beams [compare panels (c)
and (d), Figs. 3 and 12], the multilayer reconstruc-
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FIG. 9. Same as Fig. 3, only for the (12) beam. FIG. 10. Same as Fig. 3, only for the (21) beam.
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tion gives a better description overall.
Although both initially-considered structures for

InSb(110) ' contain small third-layer reconstruc-
tions, we are unable to detect such small distortions,

~
h3 q~ (0.1 A, because of their magnitude and the

damping effects of inelastic collisions. This result is
analogous to that obtained for GaAs(110)."

It is noteworthy that most of the structures shown
in Table I deviate from each other in the vertical dis-
placements by less than the usually quoted' ' accu-
racy of ELEED structure analyses, i.e., Ed' (0.1 A.
The significant structural results emanating from this
dynamical multilayer analysis are the occurrence of
second-layer reconstructions, and the clear indication
of the superiority of bond-rotation models relative to
normal-displacement models.

Finally, the values of the displacements of the sur-
face species both parallel and perpendicular to the
(110) surface are important in determining the mag-
nitude of bond-length alterations associated with sur-
face reconstructions. Consequently, we examined in

some detail the precision with which our dynamical-
intensity analysis specifies displacements parallel to
the surface of the uppermost anion and cation. The
beam which proved most sensitive to these relaxa-
tions is the (21) beam for which the results for Sb
displacements are shown in Fig. 13. It is evident
from this figure that for the (21) beam a small con-
traction of the length of the surface Sb—In bond at
the expense of reducing the contraction of Sb back
bonds to the layer beneath is preferred [panel (b)
versus panel (c)]. This displacement cannot, howev-
er, be large [panel (a) versus panel (c)]. On balance,
when all beams are considered the consequences of
relaxing the Sb—In spacing parallel to the surface
from the "best-fit" structure tend to be small and pos-0
itive for hd][ & 0.1 A and definitely deleterious both
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FIG. 13. Sensitivity analysis for motion of the uppermost
Sb species parallel to the surface as reflected in comparisons
of calculated (solid lines) and measured (dashed lines) in-

tensities of the (21) beam. of normally-incident electrons dif-
fracted from InSb(110). Panel (c) shows the best-fit struc-
ture given by panel (c) in Table I, Panels (a) and (b) show
results for the top-layer Sb displaced parallel to the (110)
plane towards the top-layer In by 0.2 and 0.1 A, respectively.
Panel (d) and (e) illustrate results for displacements in the
opposite direction by 0.1 and 0.2 A, respectively.

for larger contractions and for any expansions. We
conclude from these studies that the precision of the
analysis for motions parallel to the surface is about
0.1 A and that the "best-fit" structure given in panel
(c) of Table I lies near the inner extremity of allowed
values of b, ~ ~, with values more like 4~~ 5.1 A be-
ing preferred.

V. SYNOPSIS

In this paper we report a surface-structure determi-
nation for InSb(110) via dynamical ELEED analysis.

On the basis of our model calculations we conclude
that the uppermost two atomic layers are reconstruct-
ed relative to the truncated-bulk structure given by0 0
a unit mesh az 4 ~ 58 A, a„=6 48 A and atomic posi-

0 0
tions dq, tt -2.29 A, d», (In) -4.86 A relative to an-

timony species at the origin of the unit mesh. Specif-
ically, we find that dq tt(Sb) =2.56 +0.1 A, dg $3(Sb)
-2.20 +0.1 A, dq, t2(ln) -1.60 +0.1 A, dg, t3(ln)

2.38+0.1 A, and A t(ln) 5.1+0.1 A. These
tolerances include both the reconstruction proposed
for InSb(110) by Chadi" and the rotationally relaxed
modification of the structure of Yeh et ul. because
of our assessment of uncertainties in the analysis
caused by ignorance of the electron-solid force
law and the use of a limited data base. Given
our model force law and the data base reported
herein, however, both of the previously proposed
structures"' can be rejected as incompatible with
the data to within the precision of the present
analysis. Thus, the tolerances specified above reflect
our evaluation of the accuracy of the analysis rather
than its precision as evident, e.g, from Figs. 3—13.

The preferred structure which we obtain for
InSb(110), a 28.8' rotated top layer contracted down-
ward 0.05 A, with a 0.18 A second-layer shear, is vir-
tually identical to that found for GaAs (110); a 27.4'
rotated top layer contracted 0.05 A downwards, and a
0.12 A second-layer shear. In fact, our structure is
closer to that for GaAs(110) than that found by en-
ergy minimization. " That the structures should be
virtually identical is not surprising" given the com-
parably identical covalent character of their bonding. "

From a comparison of the structures for
GaAs(110) and InSb(110) via ELEED intensity
analysis we conclude that reconstructions of the
(110) surfaces of covalently bonded compound semi-
conductors probably exhibit two universal features:
large bond rotaticns (i.e. , cot —27') of the uppermost
layer in which the anion moves outward and cation
inward, and smaller counter relaxations of the sub-
surface layer beneath. The precise extend of bond-
length modification is unclear, however, due to the
0.1 A uncertainties in the relaxation of the upper-
most cations and anions. For both GaAs(110) and
InSb(110) the "best-fit" structures exhibit bond-
length changes of less than'1% except for a 4' con-
traction of the back bonds between the surface anion
and the cations in the layer beneath. Our sensitivity
analyses suggest, however, that more nearly equal
contractions of (2—3)% of both the surface and back
bonds of the uppermost anion provide a slightly im-
proved description of the ELEED data for InSb(110).
The distinction between these two structures lies out-
side either the accuracy or precision of the ELEED
intensity analyses given to date, as does the determi-
nation of the existence of third-subsurface-layer
reconstructions. Assessment of these finer details of
the surface structure must await the acquisition and
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analysis of larger ELEED intensity data bases, and a more precise specification of the atomic vibrations within the
uppermost three atomic layers.
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