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We have studied the phonon dispersion and density-of-states é¢hlihesurface of 11-VI compounds CdTe,
ZnTe, and ZnS in their zinc-blende phase by applying the adiabatic bond charge model. The relaxed surface
atomic geometry and the corresponding bond charge information is obtained from the applicatioalof an
initio pseudopotential calculation. The origins of various surface phonon modes are discussed and their varia-
tion for different compounds are analyzed in terms of the reduced mass and total mass differences. Further-
more, we have related some differences between surface modes o1l land I1I-V (110 in terms of the
ionicity factor.

I. INTRODUCTION Although the bulk dispersion curves of these materials are
similar to each other qualitatively, ionicity differences for

Microscopic investigations of atomic geometry, electronicthese semiconductors produce quantitative differences in the
states, and phonon modes on semiconductor surfaces agonon energies of 1I-VI compounds and IlI-V
very important in view of their increasing role in electronic compounds® For example InSbh and CdTe have nearly the
and optoelectronic devices. In general, most investigation§ame bond length and average mass but the zone-center and
have concentrated on atomic and electronic structure of suone-edge phonon frequencies for CdTe are lower than for
faces of IV and IlIl-V materials. In particular, studies of sur- INSb due to a higher ionicity factor. The larger ionicity of
face phonons have mostly been performed on tHe03j CqTe also causes a much Iarger_ ITO—TO sphttmg at he
and I11-V (110 surfaces:? Relatively less attention has been POint and much larger LO-LA splitting at th¥ point (see
paid towards investigations of surfaces of II-VI compounds.Ref. 28. It can thus be expected that characteristics of sur-
The atomic geometry of thé110 surface of zinc-blende face phonons on I1-V(110 would be different from those
I-VI compounds has been studied by low-energy electrorPn Hll-V (110. _ .
diffraction (LEED)®~® and x-ray standing-wave measure- In this paper we present a detailed and systematic study of
ments(XSW).” While angle-resolved photoemissi¢hRPE) ~ Surface phonons on ZnTELO, CdT€110, and Zn§110
experimentd*?have been used to map out the occupied surtsing the adiabatic bond charge model. The characteristic
face electronic states of the ZnTd0 and CdT€110) sur- relaxed atomic geometry at these surfaces is determined by
faces, no such measurements are available fof 7t On employing theab initio pseudopotential method. The results
the theoretical side, atomic and electronic structures of 11-vI0f the pseudopotential calculations are also used to ascertain
(110 surfaces have been calculated using a tight-bindinghe bond charge along the dangling surface orbital.
method®'* and a pseudopotential method within the local-
density approximatioh® However, no systematic efforts
have been made to study phonon modes on [[2MIO) sur-
faces. The main concept in the BCM is that the valence electron

The adiabatic bond charge model, developed originally bycharge-density distribution in covalent bonded semiconduc-
Weber and co-workers for tetrahedrally bonded bulktors is represented by massless bond chaf(g&ss), en-
materialst®!” has been extended to investigate phonons omlowed with translational degrees of freedom. The interac-
surfaces of such materiai® Recently we have successfully tions included in the BCM are the Coulomb interaction
employed the adiabatic bond charge model, in conjunctiofetween all particle§on-ion, ion-BC, and BC-B{ a central
with atomic geometry and bonding results fraab initio  short-range interaction between nearest-neighbor particles,
pseudopotential method, to investigate phonon dispersioand a bond-bending interaction involving the BC-ion-BC
and density-of-states on I11-{110) surfaces® ?'The results  angle'®*"?® This model produces bulk phonon dispersion
obtained are in very good agreement with experimentaturves for homopolar as well as heteropolar semiconductors,
measurementé? as well as with ab initio which are in very good agreement with experimental
calculation$>?>?%More recently, we have applied this pro- neutron-scattering da&&3?> and ab inito phonon
cedure to study surface phonons on a 21%$6) surface?’ calculations’®3*

A thorough study of surface phonons on 1I-Y110) is In general a BC is placed at the maximum of the elec-
desirable. First of all, available results on IlI-\10) sur-  tronic charge density along a bond. Thus BC’s in homopolar
faces will enable us to make comparison between surfaceemiconductorgsuch as Ge and Siare positioned in the
phonons on 1lI-V(110 surfaces and II-VI(110) surfaces. middle of bond lengths, while in [lI-V semiconductors they

IIl. METHOD
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are displaced towards anions, dividing a bond in the ratio (o]

3:5. On the other hand, the maxima of electronic charge den. o 11

sity along the tetrahedral bonds in 1I-VI semiconductors do e g oLl
not divide the bond lengths in the ratio 2:6 but in the ratio . d ;
close to 1:2° We also observed this ratio for the I1-VI com- Ly ¢
pounds in ourab initio pseudopotential calculations, as de- ' :
scribed below. Ifry indicates the bond length and=(1

+p)ro/2 and r,=(1—p)ry/2 indicate the cation-BC and T %
anion-BC distances respectively, then the paramgtakes
the values 0, 1/4, and 1/3 for IV, 1lI-V, and 1I-VI semicon-
ductors, respectively.
For surface phonon calculations we have modeled the S

[I-VI (110 surface in a repeated slab scheme. The supercel @ (b)

consisted of 11 layers of 1I-VI, and a vacuum region equiva-

lent to eight atomic layers. The atoms in the top three layers FIG. 1. (a) Schematic relaxed side view of II-V110) surface.

on each side were placed at their relaxed positions whiléb) The corresponding surface Brillouin zone.

deeper lying atoms were taken in their bulk positions. Bond

charges were, in general, placed along the bonds betwedfitio norm conserving pseudopotentidfs The electron-

two ions using thep factor described earlier. However, the €lectron exchange-correlation interaction was considered

BC's representing the surface dangling bonds were placewithin the local-density approximatioii.The 3d electrons in

according to the maximum valence electron density obtainedn and the 4 electrons in Cd were treated as core electrons

from the pseudopotential calculatiofsee Results sectipn  but their influence on valence states was taken into account
In order to apply the BCM to the 11-V(110) surfaces, the by applying the nonlinear core correcti$hThe calculated

interactions described above are used. However, as the ionitilk lattice constant values of 6.43 A, 6.08 A, and 5.35 A

environments in the bulk and at the surface are different, théor CdTe, ZnTe, and ZnS, respectively, were used for surface

force constants for bulk and surface geometries will also b&tomic geometry optimization as well as for surface phonon

different. For the surface calculations we have scaled thealculations. Self-consistent solutions to the Kohn-Sham

second derivatives of the central ion-ion and ion-BC potenequations were obtained by employing a set of four spécial

tials (¢") as points within the irreducible part of the surface Brillouin

zone? Well converged atomic geometry and electronic struc-

rgulk ture results were obtained by considering a basis of plane
surface= 5 Pbulk (2.))  waves up to the kinetic-energy cutoff of 16 Ry.
surface
where p, and grce denote the magnitude of the relative . RESULTS

distance between particlé®n-ion, ion-BC, and BC-B{for
bulk and surface, respectively. The validity of this assump-
tion has been established in tight-binding electronic structure Before discussing our results for surface phonons, we will
calculations’®®” The bond-bending potential used in bulk discuss the results for atomic geometry and electronic struc-
BCM calculations is given as ture. The calculated surface structural parameters, indicated
in Fig. 1, are shown in Table I. A comparison of our results
(0)_1 3\254.2 with previous experimental and theoretical results is also
Vb =5 BolloiToj+25) l4a; (2.2)  presented. As seen in Fig. 1, the [I-{110) surfaces show a
well-established relaxation pattern. At the surface layer the
wherer ,, is the distance vector between the ion typ@and  anion moves away from the bulk in favor of afp® bonding
its neighboring bond charde aZ is the equilibrium value of ~ with three neighboring cations, resulting in a pyramidal ge-
Iri-Til, and B, is the bond-bending force constant. The ometry. The cation on the surface moves into the bulk in
bulk values of the bond-bending force constant parameter&vor of ansp? bonding with three neighboring anions re-
B, andB, were also used for surface calculations. Howeversulting in a planar geometry. The relative displacement of
it should be appreciated that the elements of the short-rangbe cation and the anion defines a tilt angle, which char-
bond-bending ion-BC matrices between the top layer atomacterizes the extent of surface relaxation. The tilt angles for
and their neighboring BC’s will become very different from ZnTe(110), CdT&110), and Zn$110 surfaces are found to
their bulk values because the dot produgtr,,; for neigh-  be 29.6°, 30.4°, and 27.1°, respectively. The vertical buck-
boring BC’s will change considerably for the relaxed geom-ling of the top layer,A;,, is 0.195 A, 0199 A, and
etries of surfaces. 0.191 A for ZnT¢110, CdTg€110, and Zn$110), respec-

In order to calculate the relaxed atomic geometry wetively. The presently calculated values of the key surface
modeled the 1I-VI(110 surface in a repeated slab schemestructural parameters;, A, , di,, , andA, , are in good
and employed a self-consistent pseudopotential methodgreement with the results obtained from LEED stui®%,
within the local-density approximaticnWe considered an XSW studies, and previous theoretical calculatioh¥!!®
atomic slab with seven layers of II-VI substrates and a The electronic band structures for ZiT&0), CdT€110),
vacuum region equivalent of six substrate atomic layers. Thand Zn$110 are shown in Fig. 2. Our results compare well
electron-ion interaction was considered in the formabf  with the available angle-resolved photoemission re¥tits’

A. Atomic geometry and electronic structure
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TABLE I. Atomic geometry of the ZnT@ 10, CdTg€110), and Zn$110) surfaces. The presently calcu-
lated results are compared with other theoretical and experimental data. All of the distance are given in terms
of the bulk lattice constanta) while the angles are in degrees.

ao (A) dipy dioy Agy Ay Ay Asy wq w3

ZnTe(110

Present 6.08 0.248 0.426 0.111 0.195 0.017 0.248 29.6-4.0

LEED (Ref. 4 28
CdTg110

Present 6.43 0.252 0.422 0.117 0.199 0.023 0.253 30.4-5.2

LEED (Ref. 3 0.241 0.594 0.127 0.215 0.028 30.5

LEED (Ref. 6 0.245 0.560 0.127 0.215 0.013 30.5

TB (Ref. 19 0.247 0.580 0.117 0.208 0.039 29.3

XSW (Ref. 7) 0.120 0.219 28.7

LDA (Ref. 7) 0.255 0.573 0.114 0.201 0.020 29.5
ZnS(110

Present 5.35 0.254 0.435 0.098 0.191 0.017 0.248 27.1+4.1

LEED (Ref. 4 25

TB (Ref. 13 0.259 0.566 0.114 0.221 27.40

for ZnTg110 and CdT€110). In general, the number of There are three localized modes lying in the acoustic stom-
surface states on these II-¥110) surfaces, and their energy ach gap for CdT@10), while for ZnTg110 and Zn$110)
locations, are very similar to that obtained for 111{410) there are only two such modes. For Zh80 we obtained a
surface$! and thus will not be discussed in detail. However, total of four surface phonon branches in the large acoustic-
it will be useful for surface phonon calculations to point outoptical bulk band gap, three of which are truely localized
that for the relaxed atomic geometry the dangling bonds othrough the surface Brillouin zone. These modes give rise to
the surface cations result in an empty band near the bulk clear peak in the density-of-states between the bulk acous-
conduction-band minimum and that the dangling bonds ofic and optical-phonon regions for ZnS. For CdIT®0 and

the anions give rise to a rather dispersionless filled band nea@nTeg110 we have found only one surface state, leading to
the bulk valence-band maximum. Figure 2 also presents tha rather small peak in the density-of-states within the
location of the anion dangling BC for all the surfaces con-acoustic-optical gap region. For all the three surfaces we

sidered in this paper. found the highest surface optical modke so-called Fuchs-
Kliewer mode to be truly localized for wave vectors along
B. Phonon-dispersion curve and density-of-states the directionsX-M andM-X".

The force constants used for the adibatic bond charge cal-
culations of the bulk phonon spectra for CdTe, ZnTe, and C. Characteristics of surface phonons
ZnS are taken from Ref. 28. These are then modified for the
surface calculations according to E@.1). The calculated
surface phonon dispersion curves and the density-of-stat
for CdTg110, ZnTg110, and Zn$110) are shown in Fig.
3. Also shown in that figure are the bulk spectra projected o

In this section we analyze the polarization characteristics
of phonons on these surfaces. To facilitate the discussion we
Swill present the results at the zone center in some detail and
analyze changes as the wave vector moves away from the

. : Tone center. It is useful to note that the cation/anion mass
the (110 surface(hatched regionsand the bulk density-of- ratio is 0.88, 0.51, and 2.04 for CdTe, ZnTe, and ZnS, respe-
states(dashed curje We first briefly discuss the bulk pho- cively ' ' ' ' '

non characteristics. We find that there is a trend in the bulk
phonon spectrum of the compounds studied here: the acous-
tic and optical band-edge frequencies, as well as the
acoustic-optical band gap, increase as we move along CdTe, At the zone center we have identified four interesting
ZnSe, and ZnS. In addition, we find that ZnS is characterizedypes of surface modes on II-\(1L10), similar to those seen
by two almost equal intensity peaks in the density-of-statesn 11V (110 surfaces? These are rotational, bond stretch-
in the optical range. ing, gap, and Fuchs-Kliewer phonon modes.

The calculated surface phonon modes are in general either The lowest optical surface modes at the zone center are
localized modes or resonant modes. Surface localized modeslculated at 5.90, 7.71, and 12.34 meV for CAI®),
are in general found below the acoustic spectrum at the zonénTe(110), and Zn$110), respectively. These results com-
edges(known as Rayleigh mod&3 in stomach gaps within pare well with the rotational mode at 4.8 and 13.7 meV
the projected bulk acoustic spectrum, within the band gaps;alculated by Wang and Dufe for CdTg110 and
and above the optical spectrumown as the Fuchs-Kliewer ZnS(110), respectively. Although these modes involve vibra-
modé®). The Rayleigh modes, which arise from reducedtions of atoms up to four atomic layers, as shown in Fig. 4,
atomic coordination at the surface, are found to lie slightlythe most significant contribution comes from the top layer
below the acoustic spectrum for ZnM&0 and Zn$110. atoms in the form of rotation of the cation-anion bond. For

1. Zone center phonons
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FIG. 3. Phonon-dispersion curves and density of phonon states
-14

. < v - - " \ of the 11-VI (110 surfaces. For phonon-dispersion curves, the cal-
culated results are shown by thick-solid curves while bulk projec-

FIG. 2. The electronic band structure and electronic charge dertion is shown by hatched region. For the density of phonon states,

sity for the highest occupied dangling bond states of the [{MI0) the solid curve is obtained from th&10) slab supercell calculation

surface. The projected bulk spectrum is shown by hatched region¥/ith the relaxed surface geometry, while the dotted curve shows the

The calculated localized electronic states are shown by solid curve®ulk density-of-states.

The ARPE data for CdTé&10) are shown as open squar&zef. 8,

and as open triangles and open diamofRisf. 12. The ARPE data  ith the lowest energy can be interpreted as a bond stretch-

Ig;ze':]:u;% (Ene];irlcjl)e;rzeSS:\(;)Wgn?jsoor’;ntg;mferge%/ Pho-ing mode in the top two surface layers. It is interesting to
g% op ' P 9 : note that this mode has a similar bond-stretching behavior to

that found at 23.43 me\cf. Fig. 5, except that at this en-
all the surfaces considered we have identified a bondergy it is the anioriwith smaller mass than catipwhich has

stretching phonon mode that lies at 14.30, 16.50, and 23.48 much larger atomic vibrational amplitude. The second gap
meV for CdT€110), ZnTe110, and Zn$110), respectively. mode is totally polarized along the cation-anion chain in the
This mode(see Fig. 5 results mainly from roughly equal top surface layer, i.e., has tt#¢ representatiof’ The third
magnitudes of cationic and anionic vibrations at the top layegap mode is also an anionic vibrational mode, charaterized
on CdTé€110 and ZnT¢110), but also shows significant cat- by the opposing motion of the first- and second-lageat-
ionic vibrations in the second and third layers for Zh8)). oms along the surface normal direction. The zone-center gap
The acoustic-optical gap is the smallest for CdTe and thenodes at 15.94 meV and 18.91 meV in the acoustic-optical
largest for ZnS, in accordance with their cation-anion masgap of CdTe and ZnTe, respectively, have #ierepresen-
differences. We have calculated one gap localized mode fdation, i.e., are polarized in a plane normal to the chain di-
CdTg110 and ZnTé110, and three such modes for rection.
ZnS(110). The atomic vibrational pattern for the three truly ~ The frequency of the Fuchs-Kliewer surface phonon
localized modes on Zr$10) are shown in Fig. 6. The mode mode can be calculat&ifrom the expression
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FIG. 4. Atomic displacement patterns for the rotational phonon FIG. 5. Atomic displacement patterns for the bond-stretching
mode on the ZnT@10), CdTg110), and Zn$%110) surfaces at the phonon mode on the ZnT¥LO, CdTg110), and Zn$110) surfaces
I" point. at thel” point.

wpk= w10l (£9+ 1)/ (8, +1)]Y2 (3.1) 25.80, and 43.25 meV for CdTELO, ZnTe110, and

ZnS(110), respectively, lending strong support to the validity
Accordingly, using experimental values fasrg, €9, and  of Eq. (3.1). For all the three surfaces this mode originates
&.,,*®*this mode should occur at 22.0, 25.0, and 42.0 meMrom the vibrations of the second- and third-layer atoms, as
for CdTg110, ZnTg110, and Zn$110), respectively. shown in Fig. 7. However, there is a difference in the details
From our work, we have calculated this mode at 21.05pf the atomic displacement pattern at these surfaces. For
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FIG. 6. Atomic dlsplacelnent patterns of gap phonon modes on

the Zn§110 surface at thd” point. v=21.05 meV (CdTe)

CdTg110 and ZnT¢110 the cation and anion in each of

the second and third layers vibrate against each other. This

behavior is similar to that observed on the 1GBLD)) ,

surfacé®*8for which the cation and anion masses are nearly 6

equal. The vibrational pattern for Z(I&.0) is very different: ,
the anion vibrate with very large amplitude due to their much

smaller mass. Similar behavior has been found for (GA®) ?

and InR110), where anionic mass is much smaller than the

cationic mass4’ <B ’

2. Phonon modes away from the zone center aj ,

Surface phonon modes in general show some dispersion
as the surface wave vector increases from the zone center M) ®
towards a zone boundary. However, the modes that are lo- v=125.80 meV (ZnTe)
calized at the zone center tend to remain so throughout the
zone. In addition, some of the modes that are resonant at the
zone center, turn into localized modes in different parts of

the zone. In particular, along the directioRsM, X-M, and @

M-X" localized modes develop in the “stomach” gap within O
the acoustic region. At the zone edges there is a clear devel- O o—
opment of the Rayleigh mode below the acoustic continuum.
Also, the Fuchs-Kliewer mode becomes a localized mode, O —@ O
with frequency above the bulk optical continuum, along the
directionsI'-M, X-M, andM-X'. O o—
We have identified up to three surface acoustic phonon
modes at the zone edgXsandX’. The frequencies of these QO @ O
modes lie close to the lower end of the bulk acoustic con-
tinuum. For CdTéL10 atX' their frequencies are 3.84, 4.52, O o
and 4.79 meV, and the corresponding vibrational patterns are v=43.25 meV (ZnS)
polarized as\’, A”, andA’, respectively. Thé&’ modes are
contributed by the higher-lying transverse acoustigA)T FIG. 7. Atomic displacement patterns of the Fuchs-Kliewer pho-
and longitudinal acoustitLA) bulk modes and th&” mode  non mode on the ZnT&10), CdTg110, and Zn§110) surfaces at
is derived from the lower-lying transverse acoustic bWJAT theT point.
modes. For ZnT@d10 we have identified only two such .
modes, at 4.76 meV with polarizatioh' and at 5.51 meV s also observed at th¥ point. However, we find that the
with polarizationA”. For Zn§110) we could only identify  Rayleigh mode at a given symmetry point on the zone can be
the lowest mode at 8.18 meV with th&’ polarization.  contributed by the surface anions and cations vibrating in
Clearly, thus, the lowest-lying surface acoustic mode on albjifferent directions. For example, &’ we find that for
these surfaces, i.e., the Rayleigh mode, is oftheharacter.  CdTg110) the displacement pattern of this mode consists of
The mixed TA® LA character of the Rayleigh mode At the top layer and the second-layer anion atoms vibrating
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along the surface normal direction. In contrast, for the same a)
mode on Zn&L10 the roles of cation and anion are ex- * TG0 Rotational phonon modes an
changed. 45 0 Bond stretching phonon modes
The lowest-energy acoustic-optical gap mode on wl ° Fuchs-Kliewer phonon modes
ZnS(110, with a bond-stretching character, is nearly flat __ ZoSe
along the surface Brillouin zone. The third gap phonon mode”> 35+ ZnTe \

on Zn§110 originates from vibrations mainly of the first- & | \ :

and second-layer anions and shows little dispersion throughgﬁ CdTe ,

the zone. The second gap mode, with energy 33.00 meV any 251 j

polarizationA” at the zone center, shows appreciable disper-ﬁ 0l ©

sion along thel-X and M-X directions. However, it is al- 5 o

most dispersionless alorig-X’, indicating that the interac-

tion between the vibrations of neighboring chains on the %7 O/O/O
surface is negligible. This is a characteristic feature ofAhe

gap phonon mode seen on many I1€¥10) surfaces?

0.12 0.14 0.16 0.18 02 0.22
-2
D. Similarities and mass trends b) H
Our paper shows that surface phonons on I[I{¥L0) 10 Zn
have many similarities with their counterparts on I1I€Y10). F

In addition, we find that, as observed for 111-\110), there
are predictable mass trends for some of the phonon modes ¢
II-VI (110). The original observation by Wang and Dékef
a zone-center rotational phonon mode on 1(Y10 and
[I-VI (110 has been verified in several other works, includ-
ing this one. This phonon mode is a surface optical-phonon
mode with opposing motions of first-layer atoms in the sur-
face normal direction. Figure(& shows the variation of the 51
frequency of this phonon mode on a few [I-W110 surfaces
against the square root of the inverse reduced mass of th
cation and anion. The results suggest that the energy of thi:
phonon mode for different 1I-VI110 surfaces has a clear
linear dependence on the reduced mass. As seen in (@g. 8 ‘ . . .
the frequencies of the rotational mode, bond-stretching mode 0.08 0.07 0.08 0.08 01 0.11
and the Fuchs-Kliewer phonon mode also show a linear M.+ M, )"
variation with the reduced mass. The frequency of the Ray-
leigh mode shows a linear variation with the inverse square FIG. 8. (a) The rotational, bond-stretching and Fuchs-Kliewer
root of the total masgi.e., sum of the cation and anion frequencies of II-VI(110) surfaces at th€ point against the square
massek as it can be seen in Fig(l§. Such a variation is root of the reduced massuj of the cation and anion(b) The
expected as the Rayleigh mode is a surface acoustic moderayleigh mode on 11-VI(110) surfaces at th& point against the
square root of inverse total mass of surface cation and anion.

Energy(meV)

E. Comparison of surface phonons on the CdT@ 10 o
and InSb(1110 at thel’ andX’ points. All the modes listed in the table have

It is interesting to compare the phonon modes on theimilar displacement pattern for the two.sqrfaces, and since
CdT€110 and InSI110 surfaces. While CdTe and InSb f[he average and reduced masses are 5|m|Ia_r, the dlﬂ_‘eren_ces
have similar lattice constant and similar total as well as rein their energies can be explained on the basis of the ionicity
duced mass per unit primitive cell, CdTe is much more ionicdifference. As the surface acoustic modes are not affected by
than InSb. This, in general, has the effect of lowering thdOnicity, such modes are found to lie at similar energies for
phonon frequencies, and producing a larger LO-TO splittinghe two surfacegcf. columns 1 and 3 at thé’ point in Table
at theI" point and a much larger LO-LA splitting at th¢ 1) In general, the surface optical modes on GdTé) are
point in CdTe when compared to In8bThe characteristics found at lower energies than their counterparts on (b50.
of surface phonon modes on CdT&0 and InS110) sur- N addition, the presence of one localized phonon mode in
faces reflect the differences mentioned above. We havihe acoustic-optical gap region for CdI&0 can be as-
noted, for example, that there is a finite amount of acousticcribed to the larger ionicity of this material. In contrast, no
optical gap in CdTe, due to larger LO-LA splitting, allowing such localized modes are observed on 113).%°
the development of localized gap surface modes in this

range. IV. SUMMARY
Table Il lists a comparison of the calculatédsurface
phonon modes on CdTELO and InSK110 according to We have presented the results of adiabatic bond-charge

their energy locations and th#, A” polarization characters calculations for surface phonons on th&l0) surface of
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TABLE Il. Calculated surface phonon frequencigsmeV) for InSh(110) and CdT€110) at thel' andX”
points. RM, BS, and FK indicate the rotational mode, bond-stretching mode and the Fuchs-Kliewer fre-
quency, respectively.

Mode A" A’

Atthe T point

InSh(110) (Refs. 48,20 19.95 21.98 6.92 15.62 20.94 24.03
CdTg110 17.93 18.84 5.90 14.30 18.35 21.05
RM BS FK
At the X' point
INSK(110) (Refs. 48,20 4.05 19.95 3.92 16.51 20.25 23.69
CdTg110 4.52 17.99 3.84 13.74 18.38 21.63

CdTe, ZnTe, and ZnS. In order to make such calculations weome surface optical modes on Zh$0) are different from
have inputted the relaxed atomic geometry and electronitheir counterparts for CdT&1l0) and ZnT€110. This is
structure of these surfaces, which in turn have been obtainddrgely due to the much larger cation-anion mass difference
from first-principles total-energy calculations. The presentlyfor ZnS than for the other two materials. The influence of the
calculated surface atomic geometry is in good agreemennass difference between Zn and S is reflected in the fact that
with the results obtained from LEED studies and from pre-the highest surface optical mode on Zh$0) is exclusively
vious theoretical calculations. Similarly, our calculated sur-an anionic mode. Finally, it has been pointed out that the
face electronic structures for CdI40 and ZnT¢€110 are  difference in the surface lattice dynamics on tAi&0) sur-

in good agreement with angle-resolved photoemission medace of the isoelectronic materials CdTe and InSb is due to

surements. these being characterized by different levels of ionicity.
In general, the surface phonon modes follow certain mass
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