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We have investigated the atomic geometry and electronic structure of the(tEarsurfaces of AISb and
GaSb using thab initio pseudopotential theory. The calculated atomic geometry for these surfaces is in good
agreement with experimental and previous theoretical results. The calculated electronic spectrum for the
GaSh110 surface agrees very well with photoemission results. We have used our atomic geometry to study
surface phonons on these surfaces by applying the adiabatic bond-charge model. The calculated phonon spectra
for both surfaces compare very well with results obtained from a recent high-resolution electron-energy-loss
spectroscopy experiment. The results are used to draw some general trends for surface phonond ©9.111-V
[S0163-182699)02108-9

[. INTRODUCTION GaSl110 agrees very well with the angle-resolved photo-
emission experimentf12 The relaxed geometries are used
Although in general I1I-\(110 surfaces are among the as input for surface phonon calculations using the adiabatic
most widely studied, the majority of experimental and theo-bond-charge modeg|lBCM). The calculated phonon disper-
retical works have been concentrated on the GA2® and  sion curves of both surfaces show very good agreement with
INP(110 surfaces® The AISH110 and GaSH10) sur- results obtained from the recent HREELS experinféra.
faces have been the least studied crystalline surfaces of btomparison between the surface phonon displacement pat-
nary semiconductors. Atomic geometry and electronic structerns on the AISE10) and GaSHL10 surfaces reveals a
ture of the AISK110) surface have not been measuredmarked qualitative similarity, with quantitative differences in
experimentally yet, while only recently the atomic geometrytheir energy localization explainable in terms of the reduced
of this surface was studied using thb initio pseudopoten- mass difference between AISb and GaSb. Additionally, we
tial theory! In the case of the Gaghl0) surface, low-energy have observed that some phonon modes on these surface
electron diffractionLEED) analysi€ and mass-resolved Ru- have nearly similar energies and displacement pattern to each
therford backscattering of Heion experimentdwere used other. This similarity is due to the same anion mass. Further-
to determine the relaxed atomic geometry. Surface valenceore, we have attempted to compare our results with those
states on GaSh10 were measured using angle-resolvedof other I1I-V(110 surfaceg.*%3*'From this comparison we
photoemission experiment&; 12 find that unlike the110) surface of InAs, GaP, and InP, the
In recent years vibrational properties of Ili310 sur-  AISb(110 and GaSHL10) surfaces do not show any gap
faces have been investigated using inelastic He atomphonon states deep inside the acoustic-optical gap region.
scattering®*°and high-resolution electron energy loss spec-\We have also observed that the highest surface optical pho-
troscopy (HREELS experiments®?! Inelastic He atom non mode on the AISK10 and GaSH10 surfaces is
scattering can only be used to measure low-energy HREEL®8wainly localized on the cation atoms rather than the anion
(Refs. 20 and 2lhas been used to study both low energyatoms.
and high-energy surface phonon modes. Very recently sur-
face phonons on th€l10 surface of AISb and GaSb have
been detected by this technigtfeOn the theoretical side, Il. ATOMIC GEOMETRY AND ELECTRONIC
vibrational properties of 111-¥110) surfaces have been stud- STRUCTURE
ied using anab initio pseudopotential density-functional
theory®?*’and an adiabatic bond-charge mothef’In par-
ticular, a rotational mode of the Ga@4.0 surface was iden- The atomic geometry required as input for the phonon
tified using a tight-binding total energy schefhahile the  studies was calculated within the local-density approxima-
phonon dispersion curve of this surface has been calculatgwn to the density-functional theory. The electron-ion inter-
using a generalized mass approximationithin theab ini-  action was dealt with by means of thb initio pseudopoten-
tio pseudopotential density-functional thedry. tial scheme’? employing a basis set of plane waves up to a
In the present paper, first of all we present results adilan  kinetic energy cutoff of 12 Ry. The surface was modeled
initio pseudopotential calculation for the relaxed atomic gewithin a repeated slab scheme, with a supercell containing
ometry and the electronic structure of AI@B0 and seven layers of AlSlior GaSh and the equivalent of seven
GaSk110. The calculated electronic structure for atomic layers of vacuum. The atomic degrees of freedom

A. Theory: Ab initio pseudopotential density-functional theory
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O Cation ® Anion Figure 2 shows the electronic structure of the AlSLD)

and GaSHl10) surfaces. The general pattern of the elec-
tronic structure of these surfaces is similar to that on other
I-V (110 surface€ For the GaSH 10 surface the calcu-
lated electronic structure is in agreement with photoemission
measurement® 12 We have identified a total of six occu-
pied states on this surface. Only four of them are truly local-
ized surface state§;, S,, Sz, andSg. The states labeled
asS, andS; are resonant with bulk states. These two states
agree well with a recent photoemission experintériow-

r x ever, we could not identify th&, state along the’-I" and
I'-M directions. Our calculated highest occupied electronic
state[ S, for AlSb(110 andS; for GaSK110)], which lies at

| the lower edge of the fundamental gap region, is made of the

X M

dangling bonds p*-like orbital of the surface Sb atoms and
(b) also has a smat#i p*-hybrid component at the Sb atoms in the
third layer, as shown in Fig. 3. This figure also explains the
FIG. 1. (a) Schematic relaxed side view of I11{¢10). (b) The location of the dangling bond-charges needed for the adia-
surface Brillouin zone. batic bond-charge model calculatiédescribed in Sec. 1]l
The lowest unoccupied state for both surfaces results from
were relaxed by using a conjugate gradient technique, witthe empty cation dangling bond.
total energy and forces supplied at each iteration from the
solution of the Kohn-Sham equation. Ill. LATTICE DYNAMICS

A. Theory: The adiabatic bond-charge model

B. Results: Structural and electronic properties The phenomenological adiabatic bond-charge model

The relaxation of 11I-\(110 surfaces is well known: the (BCM) was originally developed by Weber to study the lat-
cation-anion chains become tilted with the anions beingice dynamics of tetrahedrally coordinated
raised, as shown in Fig. 1. The dangling bonds of the surfaceemiconductord®3* This model produces bulk phonon dis-
cations are empty while the dangling bonds of the surfaceersion curves which are in good agreement with experimen-
anions are fully occupied. The first layer cations prefer to beal neutron scattering data, both for homopolar and heteropo-
bonded to their group-V nearest neighbors in a nearly plandar semiconductors. By using the BCM we study the surface
sp? configuration while the first-layer anions prefer a dynamics of AlSK110 and GaSHL10), within a repeated
p-bonding configuration with their group-1ll nearest neigh- slab scheme. The supercell used for these calculations con-
bors. The calculated structural parameters of the clean reains 22 ions and 44 bond-charg&Cs) located in a slab of
laxed AISH110) and GaSHL10 surfaces are given in Table 11 atomic layers, and a vacuum region equivalent of nine
I. In general, these parameters are in good agreement withyers of IlI-V. Atoms in the top three layers on each side are
the experimental LEEDRef. 8 studies and areceab initio  placed at their relaxed positions, while deeper lying atoms
calculation’ Our calculated bulk lattice constants are 6.08 Aare placed at their bulk positions. The bulk BCs are located
for AISb and 6.00 A for GaSb. The buckling angleof the  between two adjacent atoms, dividing the bond in the ratio
top layer for GasSf10 is found to be 30.12°, in good 3:5, while the positions of the dangling BCs are obtained
agreement with experimental studfes. from the maximum valence electron density. The chosen

TABLE I. Calculated structural parameters for the A{Bb0) and GaSL10 surfaces, compared with
other theoretical and experimental results. Units: A for lengths and degrees for angles.

AlSb(110
dp dios dioy Ay Ay Ay Ayy w1 (OF]
Present 6.084 1.410 3.459 0.826 1.238 0.184 1.509 33.76-6.95
ab initio @ 6.104 0.827 1.249 33.50
GasSh110
Present 6.000 1.536 3.455 0.720 1.241 0.078 0.254 30.122.93
ab initio @ 6.054 0.762 1.268 31.0
LEED® 6.118 1.615 3.629 0.770 1.334 30.0
He' ions® 29.0

8Reference 7.
bReference 8.
‘Reference 9.
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(a) AISb(110) (a) AlSb(110) (b) GaSb(110)
4

E (eV)

(b) GaSb(110)
4

FIG. 3. The electronic charge density for the occupied dangling
bond states(a) for AISb(110 and (b) for GaSk110. The figure
also explains the location of the dangling bond char(®€s)
needed for the BCM calculation.

B. Results: Surface phonons

-2 1. Phonon spectrum and density of states

E (eV)

The phonon dispersion of Al$b10 is displayed in Fig.
g 4(a). The calculated results are shown by thick lines while
3 52 experimental results, obtained from the HREELS
6 measuremerf® are shown by open and filled circles. The

calculated results along-X are in good agreement with ex-
S X !
-8 1 perimental results. For this surface, the large gap between the
\/ bulk acoustical and optical phonon branches results from the
large mass difference between Al and Sb. Three surface-
localized phonon states appear throughout the surface Bril-
louin zone(SB2) in the acoustic-optical gap range. Two of
12 —= — E— M these lie 0.5 and 1.5 meV below the optic bulk phonon edge
r X M X r in good agreement with the HREELS experim&nfThe
FIG. 2. (a) The electronic band structure of the Algt0) clean  third one lies just above the edge of the bulk acoustic bands.
surface.(b) The electronic band structure of the G4BLD) clean A fourth state appears for a part of theM direction.
surface. The projected bulk spectrum is shown by hatched regions. The phonon dispersion curve for the G4BH) surface is

Localized occupied electronic states are shown by thick curves anghown in Fig. 4b). The calculated results alorﬁ-f agree
the localized unoccupied electronic state is shown by the thin CuV&ery well with experimental results. Unlike the AIGH0)
Resonant surface states are shown by dashed curves. Photoemissioptace there are no surface states on &BEbwhich lie in
r?SUItS: open diamondeRef. 10, open C'rCIGS(REf' 19, glosed the acoustic-optical gap throughout the SBZ. A similar ob-
circles(Ref. 12. Open squares represent previously published dat%ervation was also made by the HREELS experil?r?elit)ng

as indicated in Ref. 12. — ) ] X
I'-X. For the GaS@.10) surface we find a localized state just

dangling BCs positions are indicated in Fig. 3 for {140 above the bulk acoustics bands for a partéM-X" and

surface of AISb and GaSb, respectively. The interactiond -M.

included**® in the BCM are the Coulomb interaction be- In Fig. 5a) the phonon density of states of AI4.0) is
tween all particlegion-ion, ion-BC, and BC-BG; a central shown together with the phonon density states of bulk AlSb.
short-range interaction between the nearest-neighbor paihe peaks labele®,g, to Sug, are dominated by atomic
ticles, and a bond-bending interaction involving the BC-vibrations on the surface. The surface phonons in the stom-
ion-BC angle. ach gap region characterize the p@}lfsb while the peaks

-10
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FIG. 4. (8 Dispersion of surface phonon modes on the
AISb(110 surface.(b) Dispersion of surface phonon modes on the

M

Energy (meV)

FIG. 5. (@) The density of phonon states ¢a the AISK110
surface andb) the GaSkl10 surface. The solid curve is obtained
from the (110 slab supercell calculation with the relaxed surface
geometry, while the dotted curve shows the bulk density of states.

GaSh110 surface. The calculated results are shown by thick solid

curves while experimental data from HREERef. 22 are shown

region.

optical gap region. The should&f,s, results from the high-

est surface optical phonon modes.

The phonon density of the states of G&Bl) surface is

atomic vibrations on the surface. The peB,spis mainly
due to stomach gap phonon modes. The pﬁ@gbis domi-

nated by the optical surface phonons alonglth andl'-M

directions[see Fig. 4b)].

2. Polarization and localization of surface modes

We will first discuss the phonon mode Bt The calcu-
lated zone-center surface phonons on the A% and

lated results are also compared with a recabt initio
as open and closed circles. Bulk projection is shown by the hatchedalculatiod and the HREELS experimeft.In this table,

atomic vibrations along110], i.e., along the llI-V zigzag
chain direction, are representedA&5modes, and vibrations
Silsb andsf“Sb are due to the phonon modes in the acousticperpendicular to the chain direction are represented’as

The rotational phonon mode of the AIGHO0 and
GaSh110 surfaces is identified at energies 9.70 and 8.86
meV, respectively. The atomic displacement pattern of this
displayed in Fig. B0). For comparison, the phonon density phonon mode is shown in Fig(&. This phonon mode for
of states for bulk GaSh is shown by the dashed curve. Thboth surfaces is mainly dominated by opposing motion of
peaks labeledSt,g, and SZ,q, are characterized by the atoms in the top two layers along the surface normal direc-
tion. The rotational phonon mode of Ga%b0 compares
very well with the phonon mode at 9.0 meV in the work of
Wang and Duké® For both surfaces we have identified an
anionic phonon mode: at 15.47 meV for AIBR0 and
15.24 meV for GaS{d.10). This phonon mode mainly comes
from opposing motion of Sh atoms in the top two layers with
components both in thel 10] and[001] directions as can be
seen in Fig. @). The similarity in the energy localization of
this phonon mode for both surfaces is due to the same anion
GaSHK{110 surfaces are summarized in Table Il. The calcu-mass in both materials.
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TABLE II. Calculated surface phonon frequenci@s meV) on AISh(110 and GaSHL10 at thel” point
and their comparison with a recent HREELS experim{&f. 22 andab initio calculation(Ref. 7). Atomic

vibrations anng[TlO], i.e., along the IlI-V zigzag chain direction, are representedAasmodes, and

vibrations in the plane perpendicular to the chain directiohas

AISb(110
Source A” modes A’ modes
Present 10.71 35.02 39.90 9.70 15.44 20.54 36.03 42.00
ab initio & 36.0 35.7
HREELS® 19.60 415
GasSl§110)
Source A” modes A’ modes
Present 9.17 24.44 27.30 8.85 15.24 18.60 25.40 28.80
Tight-binding 9.0
ab initio @ ~ 29.5
HREELSP 285

%Reference 7.
bReference 22.
‘Reference 8.

Three modes are found at 20.54, 35.02, and 36.03 meV imass difference between Al and Sb atoms. For this mode
the acoustic-optical gap region of AlSb. The atomic displacethere is also a large amplitude of atomic vibrations in the
ment patterns of these phonon modes are shown in Fig. Third-layer Al atoms.

The intermediate gap phonon mode isASf mode and cor- For the GaS{L10 surface there are no gap phonon

responds to the top-layer atoms vibrating against each othefodes at thel' point in the acoustic-optical gap region.

in the zigzag chain direction. This phonon mode was identiHowever we observe that the phonon modes at 24.44 and
fied at 25.85 meV for INAL10), 31.03 meV for INR110,  25.40 meV on the Ga$bl10 surface have displacement pat-
and 38.79 meV for GaR10. For these surfaces the mass of terns similar to the phonon modes at 35.02 and 36.03 meV
the anion is smaller than the mass of the cation, leading to gn the AISI§110) surface. The average ratio of these frequen-
Iarger diSpIacement from the first Iayer anion. But the reverseies is approxima’[e|y 1.42, which is equa| to the ratio of the
is true for the AISI110) surface due to smaller cation mass. square root of the reduced masses between AISb and GaSb.
The gap phonon mode at 20.54 meV is localized on therhjs clearly shows that the energy locations of these states
first-layer cations. The gap phonon mode at 36.03 meV igan be linked to the square root of the reduced masses.
characterized by opposing motion of the top-layer and e have identified the Fuchs-Kliewer phonon mode at
second-layer atoms in the surface normal direction while theg 80 meV for GaSH.10) and at 42.00 meV for AISH10).
atoms on the top two layers vibrate against each other in thghe atomic displacement pattern of this phonon mode also is
[001] direction. As can be seen from Fig. 7, this phononpotted in Fig. 8. For both surfaces this phonon mode corre-
mode is mainly localized on the cation atoms due to the larggponds to first-layer atoms vibrating against second-layer at-

[110] fra o
O cation
@ Anion 10011 [001] [001 |

V=970 meV (AISb) v = 1543 meV (AISb)

R

v= 8.86 meV (GaSh) v =15.24 meV (GaSb)
(@) (b)

FIG. 6. (a) Atomic displacement patterns of the rotational pho-
non mode andb) anionic phonon mode on the AIGHO0 and
GaSh110 surfaces at th&' point.

O cation
. Anion

v= 20.54 meV (AlISb)

v= 35.02 meV (AlSb)

v= 36.03 meV (AlISb)

FIG. 7. Atomic displacement patterns of gap phonon modes on
the AISK(110) surface at thd” point.
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ol O Cation layer anions and second-layer cations move against each
® Auon other in the zigzag chain direction. The frequencies at 16.98
(0011 meV for AISK(110 and 16.16 meV for GaSh10 are an-

ionic modes at th&X point and correspond to the first-layer
anions vibrating in the zigzag chain direction while the sec-
ond layer anions are displaced in ff@é91] direction.

The highest surface optical phonon mode of the

AlISb(110) surface at theX point is found at 41.45 meV. This
phonon mode is mainly localized on the first-, second-, and
third-layer Al atoms. The mode is dominated by the oppos-
ing motion of the first- and third-layer Al atoms in the sur-
face normal direction, while the second-layer Al atoms vi-
brate against the first-layer Sb atoms in the zigzag chain
direction. For the GaSkl10 surface this phonon mode is
due to the motion of the first-layer Ga and second-layer Sb
v= 28.80 meV (GaSb) atoms in thg 001] direc'gion, wh?le second_-lay_er G_a and first-
layer Sb atoms move in the zigzag chain direction.

FIG. 8. Atomic displacement patterns of the Fuchi-KIiewer pho-  The calculated surface phononsﬁon the AISK110

non mode of AISKL10) and GaSH 10 surfaces at thé' point. and GaSHL10) surfaces are listed in Table Ill. There are
three surface acoustic phonon modes near the bottom of the

oms in the surface normal direction. Once again, the energiyulk acoustic bands, as observed for other I(EYO)
difference in the energy location of this phonon mode forsyrface$’*° These frequencies are predicted at energies
these surfaces can be linked to the square root of the reducegh7, 6.34, and 7.43 meV for Al$b10) and 4.90, 5.20, and
masses. 6.00 meV for GaSL.10. These three phonon modes for the

The calculated dispersion of modes on both surfacesyo surfaces share similar displacement patterns. The RW
along I'-X agrees well with the recent HREELS phonon modes at 5.27 meV for AIGH.0 and 4.90 meV for
measurementé The Rayleigh(RW) mode atX is found at GaSt110 are due to the parallel motion of top-layer atoms
7.17 meV for AISK110 and 6.70 meV for GaSh10), in the [001] direction while the second-layer atoms vibrate
which can be compared with the phonon modes at 7.5 meWwarallel to each other in the surface normal direction. The
and 6.7 meV in the HREELS experiment of Nienh&%i$his second surface acoustic phonon mode on both surfaces is
phonon mode for these surfaces is due to the motion of topgeharacterized by a pure shear-horizontal displacement pat-
layer cations and second-layer anions with components boft§rn. The phonon modes at 7.43 meV for A{$b0) and 6.00
in the [110] and[001] directions, while the first-layer anions MeV for GaSk110) have a displacement pattern opposite to
vibrate in the zigzag chain direction. The energy differencéhe RW modes. Because of the large difference between an-
in the RW phonon mode of these surfaces can be related #§n mass and cation massi,>m;), these three modes have
the square root of the total masses. The ratio of the Rwarge displacements from Sh atoms for both surfaces.
mode of these surfaces is 1.10, which is very close to the AttheX’ point we have found an anionic phonon mode at
ratio of the square root of the total masses 1.13. A simila©.48 meV in the stomach gap region on A{$b0) (see Fig.
observation was made for other I11€Y10 surface in one of 9). For the GaS{.10) surface this phonon mode shows a
our previous paper®. The stomach gap phonon modes atmixed polarization behavior. The mode also includes a large
13.00 meV for AISI110 and 11.18 meV for Gaghl10 displacement pattern from the first- and second-layer cations
correspond to the first-layer cations vibrating against theas shown in Fig. 9. The phonon mode at 20.17 meV has a
second-layer anions in th@®01] direction, while the first- similar displacement pattern to the phonon mode at 20.54

v = 42.00 meV (AISb)

TABLE lll. Calculated surface phonon frequenci@smeV) on AISb(110 and GaSKL10) at theX’ point

and their comparison with a receat initio calculation. Atomic vibrations annDT.lO], i.e., along the llI-V
zigzag chain direction, are represented®smodes, and vibrations in the plane perpendicular to the chain

direction asA’.
AISb(110

Source A modes A’ modes

Present 6.34 35.02 5.27 7.43 9.48 20.17 35.00 37.53 42.40
GaSk110

Source A” modes A’ modes

Present 5.20 24.44 4.90 6.00 10.07 17.68 25.40 26.16 29.00

ab initio @ ~ 4.6 ~ 105 ~ 31.0

8Reference 7.
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FIG. 10. The Fuchs-Kliewer frequency of 11I{¥10 surfaces at

theroint against the square root of the reduced magsdf the
cation and anion.

v= 10.20 meV (GaSb)

FIG. 9. Atomic displacement patterns of the stomach gap phoeffective force constant for this mode on all the considered
non mode on AISH.10) and GaSHL10) surfaces at th&’ point. surfaces is very similar and the difference in the energy of
this mode is mainly due to the reduced mass difference. The

meV at thel point, while the second gap phonon mode hashIgheSt surface optical phonon mode on all the V0

a displacement pattern similar to that for the phonon mode aturfaces lies above the projected bulk bands atthelt is
35.03 meV at thd™ point. The highest surface optical pho- observeq that this phonon mode is malnly characterized by
non mode is found at 42.40 meV for AIGH0 and 29.00 larger displacements of second-layer anions for )

i surface of InAs, GaP, and InP withh,pio< Meagion- HOW-
r_neV for GaSk110. This phonon_ mode comes from the_: mo- ever, this mode is mainly dominated by larger displacements
tion of the top-layer cations with components both in the

[110] and [001] directions while the second-layer anions gagglfllgt;u??:cézlrfg_rla\:aﬁzrfﬁ“?ns r;or .the AlBi0 and
move in the[001] direction. For this mode there is also a anion™ Meation-

large amplitude of atomic vibrations in the third-layer cat-

ions. IV. SUMMARY

In this paper, the atomic geometry and electronic structure
of (110 surface of AISb and GaSb were investigated and
The first point to note is thaF the 'r.otational mode predictedyiscussed by employing aab initio pseudopotential theory.
by Wang and Duk€ can be identified for AISL10) and e then investigated the vibrational properties of these sur-
GaSHk110 surfaces. We also identified this phonon mo_de forfaces by applying the adiabatic bond-charge model to our
the (110 surfaces of GaAs, InP, InAs, GaP, and InSb in ourrelaxed atomic geometry and the dangling bond-charge po-
previous publication8”*! This mode for all I1N'M110 sur-  sitions. In general, the geometrical results are in agreement
faces can be classified as a surface optical mode but lies ijjth earlier theoretical calculations. In the case of GaSh, the

3. Similarities and mass trends

the bulk acoustic range. _ calculated electronic structure agrees very well with experi-
All of the 11I-V (110 surfaces we have studied show threemental results.
acoustical phonon modes in theX’ direction. The interme- The calculated surface phonon dispersion curves for both

diate acoustic surface phonon mode alwaysAapolariza-  surfaces agree well with recent HREELS results. Further-
tion while the others have th&’ character. For th¢110)  more, the calculated frequencies at the symmetry points on
surface of InAs, InP, and GaP we found a gap phonon statthe surface Brillouin zone are also in good overall agreement
in the middle of the acoustic-optical gap region while for thewith recentab initio phonon calculations. From a compari-
AlISb(110) surface the gap phonon states appear very close tson of the surface phonon modes on these surfaces, we found
bulk optical phonons and acoustic phonons. Moreover, wehat the displacement patterns of a large variety of surface
have not observed any gap phonon states for the @d8b  phonon modes are similar for both surfaces and that the dif-
surface. Our results therefore indicate that the gap phonoference in their energies can be explained either in terms of
states can be obtained well inside the acoustic-optical gafhe reduced mass or the total mass differences. Moreover,
region if the mass of the cation is bigger than the mass of theome phonon modes of these surfaces with similar energies
anion. have similar displacement patterns, which is explained to be
Figure 10 illustrates the Fuchs-Kliewer frequency of IlI- due to the same anion atoms.
V(110 surfaces against the square root of the inverse re- Because of the structural similarity of the I1I¢Y10) sur-
duced mass of the surface cation and anion. For all the corfaces, certain trends are obtained for surface phonons. The
sidered III-M110) surfaces we observed a nearly linearobtained trends can be summarized as follows: first, all the
behavior in this figure. This linear behavior shows that theconsidered(110 surfaces exhibit three acoustical phonon
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modes with similar polarization characters at%point. InP. These differences can be summarized as follows. First,
Second, the rotational phonon mode at theoint is identi-  [oF AlISb(110 and GaSt110 no surface phonon states are
fied for all the 11-\V(110) surfaces. Third, comparing the found to lie well inside the bulk acoustic-optical gap region.
Fuchs-Kliewer frequency of the III-410 surfaces, it is Second, the gap phonon modes on the Al3b) surface are
found that the effective force constant for this mode on allMainly localized on the cation atoms while the correspond-
the considered surfaces is very similar and the difference if'd Phonon modes on the 10 surface of InAs, GaP, and
the energy of this mode is mainly due to the reduced mas§!P are mainly localized on the anion atoms. Finally, we
difference. generally observe that the highest surface optical phonon fre-

Because of smaller cation mass the AIBH) and quency aiX’ involves larger displacements from the second-
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