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High-resolution electron energy-loss spectroscopy was applied to determine phonon dispersions of cleaved
AlISb(110, GaR110, GaSk110), and InA$110 surfaces. Besides the acoustic surface waves and the optical
Fuchs-Kliewer modes additional flat phonon bands were detected in all materials. The experimental results
agree very well with recerdb initio calculations of surface phonon dispersion curves. For(GE, several
phonon modes are observed within the fundamental gap between acoustic and optical bulk phonon bands. In
AISb(110 a gap mode is detected very close to the bulk optical band edge whereas the GaSb gap is free of
surface-localized states. The measurements confirm theoretical predictions that significant gap modes exist at
these surfaces if the anion mass is smaller than the cation mass. For the acoustic and the Fuchs-Kliewer modes
chemical trends are demonstrated. The differences of the excitation energies in the materials considered depend
only on the anion and cation masses as well as the nearest-neighbor dista0t€8-18207)08643-9

I. INTRODUCTION mass. In the opposite case of larger anion masses, the gap is
expected to be free of surface states, as predicted for
Experimental and theoretical investigations of surfaceGaSk§110), or gap modes may appear very close to the op-
phonon dispersions have witnessed rapid progress during tfigal bulk band edge.
last decade. Profound studies on surface dynamics have be- The present HREELS study will show phonon dispersion
come possible by the development of high-resolution energydata for(110 surfaces of AISb, GaSb, GaP, and InAs single
loss spectrometers for electron and He atom scattering and 6fystals. These materials exhibit fundamental gaps between
first-principles calculation$:® To measure dispersion curves acoustic and optical bulk phonons. Thus, they are candidates
along the main symmetry directions of the surface Brillouint0 investigate the existence of gap modes and to check the
zone(s-B2) the background signal, by virtue of diffuse scat- theoretical predictions. Furthermore, chemical and mass
tering, must be effectively reduced. Hence, well-ordered andfends for the surface optical Fuchs-Kliew&K) phononé®
flat surfaces of excellent quality are required. There are onlyt the s-BZ centel” and for the surface acoustic waves will
a few experimental investigations for 11I-V compound semi- be deduced from the data. They have been proposed earlier
conductors. Studies on cleaved G&&H), InP(110, and  from theoretical as well as experimental consideratforf®
INSh(110) surface$® have been reported so far.

In particular, GaAs was the first In-v compound semi- Il. EXPERIMENT
conductor for which surface phonon dispersions were mea-
sured by use of He atom scatterifigAS) (Refs. 4 and b The experiments were performed at a base pressure of

and high-resolution electron energy-loss spectroscopiower than 108 Pa. (110-oriented surfaces of Ill-V com-
(HREELS.® A variety of theoretical models have been ap-pound semiconductors were prepared by cleaving bars of
plied to the GaA&L10 surface as well. They were based on single crystals in a double-wedge technique. As pointed out
nearest-neighbor force constafts, tight-binding elsewhere, broadening of the loss peaks in the HREEL spec-
methodst®~® bond charge concept$;'” and, recentlyab tra is effectively avoided by using semi-insulating
initio theoriest®~2! Especially the results using the density- material*®’ For the semiconductors considered in the
functional perturbative scheme by Fritsch, Pavone, angresent study, semi-insulating crystals were not available.
Schraler!® described the experimental data very well. The GaP and InAs samples were dopetype with a free-
Shortly after that, a HREELS study of Ifl.0) phonond  electron density of & 10!’ cm™2 and 5x 10 cm™3, respec-
revealed surface-localized modes within the gap between opively. The p-type GaSb crystals exhibited free carrier con-
tical and acoustic bulk phonon bands. Such gap modes wekentrations of 510" cm 3. AISb crystals are not
predicted by Das and Allen in a simple theoretical apprdach.commercially available. They were kindly provided by the
Subsequerdb initio and bond charge calculatidi$®agreed  Max-Planck-Institut of Solid State Research in Stuttgart.
excellently with the experimental results. They clarified theThis material was nominally undoped. However, the line-
character of InPL10) gap modes. The calculated displace-widths in the HREEL spectra exceed the instrumental reso-
ment patterns indicate that the top P atoms are moving witlution by far. This indicates a density of free charge carriers
large amplitudes whereas the In atoms are almost atFest. much higher than known from semi-insulating semiconduc-

These findings motivated further calculations on the lattors. It may be due to bulk defect states in AISb. Further-
tice dynamics of other IlI-Y110 surfaces, in particular, more, AISK110) surfaces exhibit a high affinity to oxygen in
AlAs, GaSh, GaP, and InA¥:?%?4t was concluded that gap contrast to other 111-¥110) surfaces. After cleavage, mea-
modes as observed in IR0 exist if the surfaces exhibit a surements had to be accomplished within a few hours even
relaxation and if the anion mass is smaller than the catiomnder the best ultrahigh vacuum conditions.
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3 VS conserving rotation where the anions are pointing outwards.
This is demonstrated in the cut view along the chains in Fig.
T 1(c). Consequently, the dangling bonds of anions and cations
V2 are doubly occupied and empty, respectively. The tilt angle
(101 ag w4 and the normal displacemedi, of the topmost atoms
‘ l depend on the lattice constaay and the interatomic electro-
0ol~— O J_ static energy. By use of low-energy electron diffraction
(#10] o andd;, were determinedreferences in Ref. 28 One ob-
l“0_0_’1 tained 27.5° and 63 pm for G&PRL0), 30° and 77 pm for
a) b) GaSh110), 31° and 78—88 pm in the case of INA40). The

relaxation parameters of AI&hl0 have not been measured,
yet. However, they were recently calculate@he authors
reported values of 33.5° and 82.7 pm.

"':::::::idﬂ
}
B. HREEL spectra
@ Anions (V) A quarter of the respective s-BZ with the notations of the
main symmetry points is given in Fig(d). HREEL spec-
o O Cations (11 tra were recorded from Gag8ld0) and AISK110) with g, in

the'X direction, i.e., along the zigzag chains. For GEF)

FIG. 1. Structure of relaxed III210) surfaces: (a) surface @nd INAS110), spectra were taken IRX" direction, i.e., per-
unit meshz, is the lattice constantb) quarter of the s-BZ(c) side pendicular to the anion-cation chains. At all surfaces, many
view along the cation-anion chains in tiL0] direction. HREELS measurements were carried out at various primary
energies. In the following a few spectra will be presented as
The experiments were carried out with a HREEL spec-xamples.
trometer comprising a double cylindrical deflector mono- At I', i.e., in specular scattering geometry, whebg
chromator and analyzé?. The instrumental energy resolu- ~ 9 andg,~0, inelastic electron surface scattering is gov-
tion was adjusted to typically 3 meV (24ch). The erned by interaction via longrange electric dipole figtds.
primary energyE,, of the incident electrons varied between 5 In this so-called dipole scattering regime, cross sections may
and 100 eV. The angle of incidendk ranged between 45° be well predicted by the use of dielectric theory. The count
and 60° relative to the surface normal. The detection angléates are large and the most prominent loss structures are due
9 was kept constant at 60°. Hence, the absolute value of tH® excitations of macroscopic FK surface phonons and—in
parallel or surface wave vector transfgrmay be deduced the case of highly doped semiconductors—of surface plas-
from mons of free charge carriers. This is demonstrated in the top
spectra of Figs. 2-5. They display dipole spectra recorded
_ ho from (110 surfaces of AISb, GaP, GaSbh, and InAs. Anti-
kilsin9i— \/1=—sindg, (1)  Stokes and Stokes lines are observed on the energy-gain and
P -loss side, respectively. The primary energy varies be-
wherek;, andkg, denote the parallel components of the wavetween 5 and 100 eV. FK phonon energies are found at 41.5
vectors of the incoming and scattered electrons, respectivelyneV for AlSb, 49.6 meV for GaP, 28.5 meV for GaSb and
The quantityw represents the energy of the surface phonor29.5 meV for InAs. The GaP and InAs data agree well with
or, generally, the surface excitation. The direction of the survalues reported by othe?$-3? The excitation energy of FK
face wave vector relative to the crystal orientation was dephonons in GaSb deviates from a value presented in an early
termined by low-energy electron diffraction. In specular scatHREELS study’> The authors measured an energy of 35
tering geometry, whend;= 9, the parallel wave-vector meV. However, they already mentioned that their value was
transfer almost vanishes since the primary energy is by ortoo large to be explained in the framework of dielectric
ders of magnitude larger than the phonon energies. theory. The discussion will show that the smaller value for
With electron scattering at ordered surfaces, energy anthe FK phonon energy in GagH0 fits the chemical trend
parallel wave vector are conserv&dTherefore, surface- much better.
phonon dispersions w(q,) may be measured by recording  Loss structures due to excitation of surface plasmons of

=1k — kgl =

HREEL spectra in off-specular geometry. free charge carriers are only resolved in the dipole spectra of
GaSb and InAs. In the top spectrum of Fig. 4, the peak of

. RESULTS elastically scattered electrons from G&BH)) exhibits an
asymmetric profile. Shoulders appear at 10.4 meV on the

A. Surface geometry energy-loss and -gain side. In case of IGBE)), the plasmon

The rectangular two-dimensional unit cell ¢£10) sur- losses at 11.0 meV are well detected as separate structures as
faces of zinc-blende-structure 111-V compound semiconducshown in Fig. 5. WithE,=100 eV, they are even stronger
tors is shown in Fig. (). The surfaces exhibit a relaxation, than the FK features.

i.e., the atoms in the top layers have different equilibrium Outside the s-BZ centd“r measurements were performed
positions compared to a truncated cry$falnion-cation  with 9;# d. In this impact scattering regime the interaction
zigzag chains if110] direction are tilted by a bondlength- may be explained by multiple electron-atom scattering
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FIG. 2. HREEL spectra recorded from AIQ40 at different FIG. 3. HREEL spectra recorded from Gar0 at different
points in the s-BZ along th&€ X direction; the top spectrum was points in the s-BZ along thEX' direction; the top shows a dipole
measured in the dipole scattering regime. spectrum.

. 9 .
events in the surface layef® The count rate is much lower yhonon and a surface plasmon of free charge carriers subse-
and the dominant loss peaks are attributed to acoustic surfa%enﬂy_ This leads to combination loss structures in the
phonons. This is demonstrated in the middle and bottonyREE| spectra. A detailed analysis of the impact spectra
spectra of Figs. 2—5. They show typical off-specular HREELfrom GaSl§110 shown in Fig. 4 reveals weak features at
spectra at different points in the s-BZ. The solid lines;, g mev forq=0.4'X and at 16.1 meV for the s-BZ

through the data were calculated by a fast Fourier transforrBoundary_ They cannot be explained uniquely. They may be

algorithm. The strongest loss lines are attributed to acoustig 4 o either combination losses or microscopic surface pho-
surface phonon mode&. For small surface wave vectors non modes. For InA410), subsequent excitations ok

the_ir 'excitation energies become larger with increasing phonons and plasmons are more clearly observed. The
This is well observed in the spectra of AGO, GaR110), HREEL spectrum in the middle of Fig. 5 was recorded at

a_'jd GaStL10 in Figs. 2—-4. At the s-BZ boundarieé and |t shows a structure comprising two peaks at about 17.3 and
X', respectively, one obtains acoustic phonon energies of 7.41 7 meV. The low-energy component is definitely attributed
meV for AISb, 8.9 meV for GaP, and 6.7 meV for GaSb. Fortg 3 combination excitation. The second one is due to a mi-
InAs(110) surfaces, both impact spectra in Fig. 5 give acouszroscopic surface phonon. Likewise, the 20-meV loss at the
tic phonon energies of 5.5 meV at the high-symmetry poiniyottom of Fig. 5 may be explained by a single excitation of a
X' as well as for a wave vector reaching into the seconcbhOnon mode. Here, the wave vector amounts td X/4
s-BZ. and, hence, reaches into the second s-BZ. This may be a way

Besides the acoustic modes, additional loss features agg detect phonons that are otherwise superimposed by com-
observed in the impact spectra of all four investigated semipjnation losses.

conductors. For AlIS{.10), Fig. 2 reveals structures at 17.6,
34.7, and 40.1 meV fog,=0.5'X. At the s-BZ boundary a
weak loss is found at 39.9 meV. In the HREEL spectrum of
GaR110 in the middle of Fig. 3, shoulders around the peak The four compound semiconductors considered in this
of elastically scattered electrons are attributed to an energstudy exhibit fundamental energy gaps between acoustic and
loss at about 12 meV. Additionally, a double structure withoptical bulk phonon bands. Therefore, one may find true
peak energies of 37.1 and 44.0 meV is observed on theurface-localized phonon modes that cannot couple reso-
energy-loss side of the spectrum. With larger surface waveantly to bulk states. Such surface phonons have excitation
vector, i.e., aX’, a broad peak at 38.1 meV is found. It does energies within this band gap. To examine the existence of
not exhibit a double structure any longer. With GaSlto) gap modess, dispersion diagrams are sketched in Figs. 6—9
and InA4110 surfaces, electrons may excite an acousticfor AISb(110, GaR110, GaSK110, and InA4110), re-

C. Dispersion diagrams
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FIG. 4. HREEL spectra recorded from G4$b0) at different FIG. 5. HREEL spectra recorded from InA40) at different

points in the s-BZ along thEX direction; the elastic peak in the top points in the first and second s-BZ along th&' direction; the
dipole spectrum is asymmetrically broadened due to surface plaseatures at 11 meV in the dipole spectrum are due to surface plas-
mons of free charge carriers. mons of free charge carriers.

spectively. The surface phonon energies extracted from the

HREEL spectra are plotted as a function of the surface wave
vector g,. The open circles are deduced from weak struc-

tures. Their loss energies were obtained after taking the first EK
derivative of the data. The shaded areas and solid lines in 40
Figs. 6—9 are calculated bulk phonon bands projected onto

the s-BZ and theoretical dispersion curves, respectively. For o7 Fary G
AlSb(110), GaR110), and InAg110), the theoretical results
were obtained from first-principles calculations using the
density-functional approact?***For GaS110), a general-
ized mass approximation using force constants of GRL®

was applied This method gives reliable results as was veri-
fied at the main symmetry points in the s-BZ.

For AISh(110) surfaces, the HREEL results in Fig. 6 give
one acoustic branch and four almost flat surface modes at
about 8.5, 17.5, 35, and 40 meV. Due to a high diffuse scat-
tering background no microscopic phonon modes were ob-
served for wave vectors smaller tharx20° m™1. Two
modes are found very close to the edges of the bulk phonon
gap. To decide which one is a gap mode the experimental ; ; ' :
values of the longitudinal-acousti€A) and the transverse- U 2 3 4 5 6 X0
optical (TO) phonon energies at the high-symmetry point Surface wave vector (cm-1)
are included in Fig. 6. These frequencies are equivalent to
the edges of the band gap. With inelastic neutron scattering FIG. 6. Dispersion diagram for Al$b10) surface phonons
at 15 K Strauch, Dorner, and Karch obtained 19.2 meV forajongI'X; shaded areas represent the projected bulk phonon bands
the LA and 36.7 meV for the TO phondnThe theoretical taken from Ref. 34. The experimental TO and LA phonon energies
values of the band-gap edges are about 1 meV too smalkre indicated on the left axis. Labels FK, and G give Fuchs-
Hence, only the mode found close to the AISb optical bandliewer, surface acoustic, and gap modes, respectively.
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FIG. 8. Dispersion diagram for Ga@li0 surface phonons
alongI'X; shaded areas and solid lines represent calculated pro-
jected bulk phonon bands and surface phonon modes taken from
. ‘ . . Ref. 3. Labels FK and\ indicate Fuchs-Kliewer and surface acous-

1 2 3 4 5x107 tic modes, respectively.

Surface wave vector (cm-1) )
results are excellently described by theory. However, the two

FIG. 7. Dispersion diagram for G&PLO) surface phonons along predicted branches cannot be separated in the measurements.
W; shaded areas and solid lines represent calculated projected In the InAs(llO) dlspers!on diagram shown in F'g' 9 en_-
bulk phonon bands and surface phonon modes taken from Ref. 289y l0sses in the gap region are only found outside the first
Labels FK,A, andG indicate Fuchs-Kliewer, surface acoustic, and S-BZ. Theory expects surface-localized vibrations in the
gap modes, respectively. band gap”* Inside 2 the first s-BZ, the acoustic modeand

the FK phonon al” are detected. The squares in Fig. 9 rep-

minimum is identified as a gap phonon. Its energetic positioﬁesent loss peaksf by virtue of a g)mbln_atlon of surface plas-
is different compared to gap modes in (&R0 that are de- mons and acoustic phonons or—Ia{—.of single plasmon ex-
tected in midgap positioh. '(:ltatllon. As shown above, they domlnaﬁe the HREEL spectra

Theoretical and experimental results for GEFY) sur- in this energy range so that microscopic surface phonons are
faces shown in Fig. 7 agree quite well. The experiments givé‘Ot observed..
gap phonon modes in the energy range between 36 and 41.5 The essential values of tg .G’ and FK surface phqnon
meV, i.e., in the upper half of the bulk phonon gap. Themodes presented so far are listed in Table I. Experimental
respective loss structures are broad and may be sometimes
decomposed into several subpeaks. These findings indicate = InAs(110)
that more than one gap mode is excited by electron scatter- . . ,
ing, which is consistent with theory. It predicts three
branches in this energy range. Also in the low-energy regime
of the GalR110 surface phonon spectrum, the measured data
are close to calculated dispersion curves. Even the stomach-
gap mode at about 17.5 meV is reproduced by two data
points. This mode was not found in the studies of GAA§)
and InR110 surface phonons. Three acoustic bands along
I'X’ resulted from theory. The intermediate mode is ex-
pected to have a shear-horizontal polarization as it was re-
ported for InP and GaA%!82?Hence, it cannot be excited by
inelastic surface scattering. The upper and lower acoustic
branches are not resolved with HREELS due to the large 0 . . . L
linewidths in the spectra. o 1 2 3 4 5 6 7O

The GaSkl10 dispersion diagram is displayed in Fig. 8. Surface wave vector (cm-1)
Remarkably, neither theory nor the experiments find surface-
localized modes in the fundamental bulk phonon gap. Rea- FIG. 9. Dispersion diagram for InAs10) surface phonons
sons for that will be discussed in the following chapter. AsalongT'X’ in the first and second s-BZ; shaded areas and solid lines
mentioned above, the loss structures between 15 and 20 mg¥present calculated projected bulk phonon bands and surface pho-
cannot be interpreted uniquely since they may also be due tton modes taken from Ref. 24. Labels FK, and G indicate
combination losses. For the acoustic modes, the experimentalichs-Kliewer, surface acoustic, and gap modes, respectively.
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TABLE I. Excitation energies of acoustic surfac8)( gap (G), and Fuchs-KliewefFK) phonons of
11I-V (110 surfaces. The values are given in meV.

Mode AISb GaAs GaP GaShb InAs InP InSb
(Refs. 4—-6 (Ref. D (Refs. 8, 38

AatX’ 6.2/7.0/7.5 8.9 55 7.0 3.0/4.1

AatX 7.4 8.5 6.7 8.4

GinTX' no gap 34-415 20-21.7 30.5-335

GinTX 34.5-36.5 no gap 30.5-33.5

FK atl 415 35.8 49.6 28.5 29.5 42.3 24.0

data from the literature obtained witfl10 surfaces of long-range electromagnetic fields. Hence, a theoretical ap-
GaAs, InP, and InSb crystals are included. It should be reproach including macroscopic quantities from electrodynam-
marked that from the available experimental and theoreticaks describes the nature of these vibrations very Wefl The
data the existence of a gap between acoustic and optical bubcitation energies wg, of the FK phonons may be deduced
phonons in InSb cannot be concludéd’ If there is one itis  from the frequenciesnro of TO phonons by a modified

certainly very small. Lyddane-Sachs-Teller relation,
IV. DISCUSSION 0|2 1+ee
A. Gap phonons ;o 1+ £ @

Gap modgs ai{110 surfaces of llI-V semlconductOfs The quantitieses and ., denote the static and electronic
were found first at InP crystalsThey are located almost in gjglectric constants, respectively. This equation is excellently
the middle of the fundamental bulk phonon gap. Soon aftefifilled for most of the infrared active dielectric materials.
the experimental evidencab initio calculations revealed the Figure 10 demonstrates the almost 1:1 relationship between
character of these vibratio$” Only atoms of the topmost  cajcylated and measured FK excitation energies for 11-V
surface layers are in motion. The displacement patterns Sho%mpound semiconductors. The calculated values were de-

that the topP atoms vibrate with large amplitudes. This re- 4,ced from experimental data far,, .. and wyo taken
sult is due to the relaxation and the large mass differencgqm the literature(references in Resfs. 28 and 40

between anions and cgtions. A similar §ituation is found \_/vith From the microscopic point of view, one may define a
GaP and InAs. Likewise, theory predicts surface-localizetdty ce constant
modes with energies almost in the middle of the respective
gaps3.'24_The presented experimental data revealed such gap Fre: = p(fiog)? 3
modes in GaRL10. In InAs(110), however, only aX’ and
in the second s-BZ, phonons are observed slightly above thahereu represents the reduced mass of an anion-cation pair.
edge of the acoustic bulk band. As explained above, stron§uch force constants of Ill-V compound semiconductors
combination losses make the detection of weak additionalvere introduced earlier to find mass trends in phonon
features impossible. energie$:1"?° They still depend on the lattice constants or
The character of such surface phonon gap modes is essethe nearest-neighbor distanagg,. This is shown in Fig. 11
tially determined by the difference between the large catiorfor FK phonons. The force constant is plotted aganhsgf,
massm,; and the small anion mass, . In the opposite case,
whenm,>m;, no similar gap modes are expected. Theoret- - - - -
ical studies on AlS10 and GaSHL10) surfaces revealed GaP
that thg correspor_1ding phonon brar}che.s are located in the FK phonons
acoustic bulk continuum and even mix with bulk staté&or
AISb(110), the experiment gives a mode very close to the
optical band edge in good agreement with the theoretical
predictions. The calculated displacement pattern exhibits
motions of second- and third-layer cations normal to the sur-
face. For GaStL10) no surface phonons within the gap were
predicted by theory.This is confirmed by the experimental
data. Therefore, the present study agrees excellently with the
theoretical prediction. Gap modes appear clearly onlyjf
is much smaller tham,. If m;>m,, gap modes—if exist-
ing at all—split off from the optical bulk phonon band and : . L
are very close to its band edge. 20 30 40 50
ho  (meV)

calc

P14

40 AISb 1

(meV)

GaAs

exp

30l InAs |

InSb ~ GaSb

ho

20 8

B. Fuchs-Kliewer phonons

FK phonons are well-characterized surface excitations in FIG. 10. Excitation energies of Fuchs-Kliewer phonons of 1lI-V
the long-wavelength limit® They are accompanied with semiconductors extracted from HREEL spectra and using g.
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FIG. 11. Force constants, as defined in &), of FK surface FIG. 12. Force constants, as defined in B, of IlI-V surface
and TO bulk phonons of I1l-V semiconductors as a function of theacoustic phonons as a function of the nearest-neighbor distance.
nearest-neighbor distance. The excitation energies were takenXaand X’.

both on logarithmic scales to base 10. The solid line is ghonon branches are found. At AIBA0), at least four op-
linear least-squares fit to the data points. To good approxitical surface phonons are detected. One of them is located in
mation, one finds the fundamental gap between optical and acoustic bulk pho-
non bands. It is found very close to the optical band edge. In
Food =256 o2 o L @ the case of GaR10), a couple of modes are clearly observed
FK*Opn = Wpg wd2® in the middle and upper half of the band gap. In G43b),

) . only loss structures with energies within the bulk continuum
The error in the exponent is abott0.2. TO bulk phonon 516" found. The detection of microscopic phonons in

H F : .2+0.3 . . . . .
energies show a similar relation. They scale wifff “***as  |nas(110) is almost impossible due to excitation of surface
shown in Fig. 11 as well. Obviously, the scaling rule is bettefplasmons. At the s-BZ boundary and in the second s-BZ
fulfilled for FK than for TO phonons. some losses could be assigned to surface phonons.
The present experimental results are in excellent agree-
C. Acoustic surface phonons ment with theoretical dispersion curves calculated from first

From the mass dependence of sound velocities in Simp@rinciples. They confirm the_ picture deduced fro_m theory
linear chain models ‘fiincli and Srivastava suggested that tNat Pronounced gap modes in I1kJ10 surfaces exist only
the energies of acoustic surface phonons at the main symm#! Cﬁses where the catlrc])n mass is larger thanfthe ar;mn ;nass.
try points scale with the sum of anion and cation masses. In the opposite case the gap may be even free of surface-
They checked the proposal with theoretical data obtained b{Pcalized states, as in case of G&ElD).

using the bond-charge concept. A respeciive force constant Together with results reported earlier, scaling rules and
may be defined as chemical trends are presented for the excitation energies of

FK and acoustic surface phonons demonstrating that the dy-
(5 namics of the llI-V compounds are very similar. The ener-

. N gies may be well approximated by the masses of anions and
Again, F, depends ord,, as presented in Fig. 12 for the caiions “the nearest-neighbor distances and a constant inde-

s-BZ pointsX andX'. Data from HAS experimentS®are  pendent of the material.

also inCIUde_d. This method resolves the different phonon The effect of the mass diﬁerence between anion and cat-
branches aX'. In Fig. 12 only the high-energy modes de- jon on the existence of gap modes is also expected for zinc-
tected with HAS are considered. The least-squares fitslende II-VI semiconductor surfaces. Also cleaved surfaces
through the points in Fig. 12 give exponents-68.1+0.8  of wurtzite structure semiconductors may show gap modes
and —4.2=0.7. If one considers the elastic constants in athat are influenced by the anion-cation mass difference.
very simple rigid hybrid model using empirical tight binding However, to verify this expectation experimental and theo-
parameter® one would expect a,.* dependence. The val- retical work on these materials is certainly needed.

ues found for the acoustic modes are close to that prediction.

FA::(ma+ mc)(ﬁwA)z.
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