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We report on a high-resolution helium atom scattering study of the surface lattice dynamics, for both the
room temperaturesÎ33Î3dR30° and the low-temperatures333d structures formed by 1/3 of a monolayer of
Sn on Ges111d. At room temperature a pronounced lowering of the energy of the transversally polarized

phonons along theGM direction is observed for wave vectors in the vicinity ofQ=0.6 Å−1, the K̄ point of the
room temperaturesÎ33Î3dR30° structure. The temperature dependence of this mode is analyzed between 140
and 300 K. We conclude that the softening of this mode is related with thesÎ33Î3dR30°↔ s333d phase
transition. Phonon distributions curves are determined for both phases and the two high symmetry directions.
The experimental data are explained from the backfolding of the slightly modified Ges111d - s131d Rayleigh
wave and from the modes related to the Sn induced superstructures, in good agreement with first-principles
calculations.
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I. INTRODUCTION

A lot of experimental and theoretical effort has been in-
vested in studying phase transitions in low dimensional
systems.1 These systems provide insight into many funda-
mental problems in condensed matter physics.1,2 Thea phase
of Sn/Ges111d is obtained after depositing 1/3 of a mono-
layer sML d of Sn onto Ges111d. a-Sn/Ges111d exhibits a
temperature-dependent phase transition from asÎ3
3Î3dR30° structure at RT tos333d at low temperature
sLTd3 ssee Fig. 1d. Sn adatoms occupy in both phasesT4
coordination sites of the unreconstructed Ges111d substrate.

Several different models have been put forward to explain
the atomistic mechanism of the transition and the structural
and electronic properties of the phases involved.3–16 In par-
ticular, the surface charge density wavesSCDWd model3 and
the dynamical fluctuations model4 have been frequently in-
voked to explain the experimental properties of these inter-
faces. The SCDW model is based on the observation of scan-
ning tunneling microscopysSTMd images, where thes3
33d structure is interpreted in terms of a periodic charge
redistribution, possibly accompanied by a small periodic lat-
tice distortion, and stabilized by electron correlation effects.3

Later on, the SCDW stabilization was related to the presence
of surface defects creating locals333d patches.13,14 These
patches grow in size as temperature is lowered, finally cov-
ering the whole crystal surface.13,14 The dynamical fluctua-
tions model4 sets out from thes333d structure, which is the
stable configuration at,100 K. The s333d reconstruction
contains two different kinds of adsorbate atoms, with two
different vertical heights.4,5 At RT the s333d structure is
maintained, but with a much smaller spatial correlation
length, because the adatoms fluctuate rapidlystime scale of 1
psd between the two vertical positions found in thes333d
unit cell. These fluctuations become correlated and are
greatly slowed down as temperature decreases, until eventu-

ally a s333d structure is observed in the surface. Thereby
the local order is extended over the whole surface with larger
correlated distances as the temperature is reduced. According
to the dynamical fluctuations model thesÎ33Î3dR30° phase
can be understood as the result of a vertical vibration of the
s333d phase at RT. Since the vibration has a time scale of
picosecondsspsd, it can only be monitored with faster tech-
niques like photoemission4,11 fSTM is a slower technique,
with response times of the order of milliseconds, while low-
energy electron diffractionsLEEDd needs long-range orderg.
From the structural point of view, surface x-ray diffraction
sSXRDd5,7,17 shows that thes333d phase is distorted along
the surface normal. One out of the three adatoms that form
the unit cell is displaced upwards, the other two inwards with
a corrugation of ,0.3 Å. The structure of thesÎ3
3Î3dR30° phase is still controversial. Photoelectron diffrac-
tion sPEDd18,19 and x-ray standing wavesXSWd studies9 fa-
vor the dynamical fluctuations model. SXRD studies at RT
favor a flat Sn layer with all adatoms at the same height,7

although a corrugated structure had also good agreement
with the data.8 The analysis the surface electronic structure
and Sn core levels shows the existence of a split surface band
and two components in the Sn core level, both at RT and LT.
This similarity of both phases from the electronic point of
view is also well explained by the dynamical fluctuations
model.4,11

Theoretical calculations have proposed that a soft phonon
might be behind the instability of a flat phase transition,20 the
driving force behind the instability of a flatsÎ33Î3dR30°
structure. This mechanism has been experimentally con-
firmed using high-resolution helium atom scattering together
with ab initio molecular dynamics calculations.21 It has been
shown that the high-temperature phase is a mixture of con-
figurations with the same symmetry as the low-temperature
state. Therefore, in spite of the fact that the driving force is a
soft phonon, there is no ordered phase at high temperatures
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and the transition shows order-disorder character at room
temperature and above.9,21 These results show that the de-
scription of the surface phase transition of Sn on Ges111d
requires a careful analysis.21

In this paper, thermal helium scattering experimental re-
sults for both high-symmetry directions are analyzed. We
present a description of the dynamics of both thesÎ3
3Î3dR30° and thes333d phases and show how they are
modified along the phase transition. The results demonstrate
the applicability of the above description of the phase tran-
sition. The contribution of the underlying Ges111d is taken
into account by an appropriate folding of the slightly modi-
fied Sn/Ges111d-s131d Rayleigh wavesRWd.

II. EXPERIMENT

The experiments are performed in a high-resolution
helium-atom scatteringsHASd time-of-flight apparatus with
a base pressure of 1.5310−10 mbar. It features a fixed angle
between the incident and the detected scattered beam of
101.8°. The incident beam of He is produced by means of an
adiabatic expansion of the high pressure gas at 110 bar
through a 10mm aperture. The beam is subsequently
chopped into short pulses before reaching the target chamber,

to facilitate time-of-flightsTOFd analysis.22 The total flight
distance of the He particles from the target surface to the
detector is 1.6985 m. By rotating the crystal around an axis
normal to the sagittal plane, the incident beam angle is
changed and different momentum transfers can be sampled.
The velocity spread of the incident He beamsDv /v,1%,
for beam energies in the range between 17.5 and 20 meVd is
the main factor determining the experimental energy resolu-
tion, while the angular resolution is determined by the detec-
tor acceptance angle, which is about 0.2°.

The Ges111d crystal was cut from an-type polished com-
mercial wafer s±0.5° ,r,0.4 V cmd. Two molybdenum
clips, serving as electrical contacts for resistive sample heat-
ing, were pressing it to a sapphire crystal which is mounted
onto a high conductivity oxygen free Cu block. The six de-
grees of freedom of the manipulator allow forx, y, z linear
movements as well as azimuthal, polar, and tilt rotations.
Sample cooling is achieved through a high conductivity oxy-
gen free Cu braid. Two thermocouples are used to monitor
the temperature, one is attached to one of the Mo clips very
close to the sample and the other one to the Cu block. The
minimum sample temperature was 140 K.

The preparation of the Ges111d-cs238d surface is per-
formed using a procedure described previously.23 The sur-
face quality is checked from the high helium reflectivity
s,30% at RTd, the peaks sharpness in the helium diffraction
patterns, and the ability to reproduce HAS spectra reported
previously,24 since these features are very sensitive to the
presence of impurities.25 The sample azimuth was aligned
along the high-symmetry directions on the surface with the
help of LEED and later by optimizing the HAS angular dis-
tributions.

Sn atoms were deposited using a Knudsen cell while heat-
ing the crystal to a temperature around,500 K. During the
deposition the pressure in the target chamber never exceeded
5310−10 mbar. Throughout all the experiments the behavior
of the evaporator turned out to be quite stable and reproduc-
ible. The flux of Sn atoms is calibrated accurately by moni-
toring the intensity of a 1/3 order diffraction peak along the

f11̄0g azimuth during the deposition. As shown in Fig. 2, this
intensity exhibits a maximum at a coverage of 1/3 ML. Due
to the low deposition rate useds1 ML/60 mind, we estimate
the calibration to be accurate to within ±0.01 ML,25 defining
1 ML as the atomic density on the Ges111d surfaces7.21
31014 atoms/cm2d. The maximum of the 1/3 peak intensity
in Fig. 2 is accompanied by a broad and shallow minimum in
the specular peak intensity curve. The specular curve is too
broad to be used for an equally accurate coverage determi-
nation.

The quality of the reconstructed Sn/Ges111d surface was
judged by examining the helium diffraction patterns along

f112̄g direction fGK of the sÎ33Î3dR30° phaseg and f11̄0g
direction fGM of the sÎ33Î3dR30° phaseg. These patterns
are obtained by recording the scattered intensity on rotating
the crystal about the polar angle. Typical angular distribu-
tions of this kind for both phases and the two high-symmetry
directions are plotted in Fig. 3 which will be discussed in
more detail in Sec. III. All these curves display sharp diffrac-
tion peaks. The full width at half maximumsFWHMd of the

FIG. 1. Top: real space model of thesÎ33Î3dR30° ands3
33d structures of Sn/Ges111d, small open circles represent sub-
strate atoms and large circles, Sn adatoms. If all Sn adatoms are
equivalent, the surface displays asÎ33Î3dR30° structure; if there
is a height difference for the atoms marked by black and gray shad-
ings, as333d structure develops. Bold lines depict the respective
unit cells. Bottom: reciprocal space and surface Brillouin zones for
the sÎ33Î3dR30° sbold linesd and s333d sthin linesd structures.
Labels of the high-symmetry points refer to thesÎ33Î3dR30°
structure, high-symmetry directions are shown as dashed lines.
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specular peaksat Q=50.9°d is ,0.15° which is similar to the
acceptance angle of our detector. From this number the av-
erage terrace size can be estimated to be at least,600 Å.26

The widths of fractional order peaks coming from thesÎ3
3Î3dR30° structure does not change visibly with tempera-

ture, as shown forf11̄0g direction in Fig. 3. The width is not

much different for thes333d phase at LT. Thus, the average
domain sizes are similar, with an estimated value of
,200 Å, indicating the formation of well-ordered surface
structures.25

A significant thermal diffuse scattering is observed, sup-
porting the existence of a certain amount of defects at the
surface, in agreement with previous STM results.13 Helium
scattering is extremely sensitive to surface defects, and in-
deed the quasielastic peak dominates the TOF spectrassee
also belowd.

III. RESULTS AND DISCUSSION

The evolution of the specularly reflected He signal as a
function of nozzle temperature is measured for Ges111d-
cs238d and for thesÎ33Î3dR30° ands333d phases of
a-Sn/Ges111d. Typical results of such “drift curves” along

the f112̄g azimuth are shown in Fig. 4. The incoming beam
wave vectorki is related to the nozzle temperatureTN by
ki =Î5m·kB·TN/", where kB is Boltzmann’s constant," is
Planck’s constant divided by 2p andm is the He atom mass.
The structure observed in such curves is normally due to
interference effects of He atoms scattered from terraces sepa-
rated by steps of various heights. In this case, their shape is
influenced also by selective adsorption resonances, which
originate from resonant transitions of the incoming He atoms
into bound states of the He-surface interaction potential
well.25 These drift curves were used to choose the optimum
parameters for the experiments. Phonon inelastic measure-
ments are best performed at outgoing angles close to the
specular peak. Therefore the scattering conditions are chosen
such that the specular intensity is maximum. For the
Sn/Ges111d surface this happens at a nozzle temperature of
138 K corresponding toki =7.54 Å−1 sEi =29.7 meVd. The
angular distributions shown in Fig. 3 were measured for a
slightly different incoming wave vector,ki =6.58 Å−1 sEi

=22.6 meVd. This value corresponds to a nozzle temperature
of 105 K where thes333d phase drift curve displays a local
maximum.

FIG. 2. Evolution of selected helium diffraction spot intensities
during the deposition of Sn on Ges111d. The intensities of the
specular beamsblack lined and of thes 1

3 , 1
3

d fractional order peak

sgray lined alongf11̄0g, are shown vs deposition time. The substrate
temperature during the deposition was 450 K for an incoming He
beam wave vector of 6.64 Å−1.

FIG. 3. Diffraction peaks in polar angle scans of the He beam
intensity scattered froma-Ges111d for an incoming wave vector of
6.58 Å−1. The incoming angle is measured with respect to the sur-
face normal. The two columns contain plots of data measured along

the f112̄g direction on the left and thef11̄0g direction on the right.
Top panels refer to thesÎ33Î3dR30° phase at RT and bottom
panels to thes333d phase at 140 K. Note the disappearance of

fractional order spots between LT and RT alongf112̄g.

FIG. 4. Specular beam intensity as a function of nozzle tempera-
ture for helium scattering from Ges111d-cs238d and the sÎ3
3Î3dR30° ands333d phases ofa-Sn/Ges111d. The nozzle tem-
perature determines the wave vector of the He atoms. Interference
of beams reflected from terraces separated by steps as well as se-
lective adsorption resonances are responsible for the different struc-
tures in these curves. The specular reflectivity of the clean surface is
up to seven times larger than that ofa-Sn/Ges111d.
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Figure 3 shows helium diffraction patterns along the two
high-symmetry surface directions fora-Sn/Ges111d above
sRTd and belows140 Kd the transition temperature, which
have been briefly discussed before. Integer order peaks cor-
respond to the unreconstructed Ges111d surface. The same
periodicity is observed in the HAS angular distributions re-

corded alongf11̄0g at LT and RT, while along thef112̄g
azimuth all fractional third order peaks disappear at RT. The
relative intensity between the specular and the fractional

peaks alongf11̄0g does not change as temperature is low-
ered. This indicates that the corrugation amplitudes of both
the sÎ33Î3dR30° ands333d phases are similar, in agree-
ment with previous findings.16

TOF spectra were measured for different scattering con-
ditions to determine the low-energy vibrations of
a-Sn/Ges111d. In this way, the surface phonon dispersion
curves for the LTs333d and the RTsÎ33Î3dR30° phases
are obtained along the two high-symmetry directions.27

Figure 5 presents a series of TOF spectra measured along

the f112̄g direction as a function of surface temperatures and
for the same scattering conditions. Up to five inelastic peaks
are resolved in the spectra. The diffuse elastic peak at
2205ms is truncated by a factor of five and dominates all the
inelastic features. The large intensity of the diffuse elastic
peak indicates the presence of defects at the surface. Their
density can be estimated from the spectra shown as&5%.
On the other hand, the low intensity of the inelastic features
made it necessary to employ long measuring timess4–10 h
for each TOF spectrumd in order to achieve sufficiently good
statistics in the rather weak inelastic peaks. The intensity of

the phonon inelastic peaks depends on the surface tempera-
ture T. Indeed, they are a sensitive fingerprint reflecting the
dynamical changes of the surface across the phase transition.
Some peaksse.g., the ones at 2005 and 2435ms, marked by
arrowsd disappear above the critical temperaturesTcd. The
value of Tc is ,190 K, and it is estimated from a careful
monitoring of the temperature dependence of the inelastic
peaks. This value is to be compared to previously found
values: 215 Kssee Ref. 3d, ,70 K ssee Ref. 12d, 180 K sfor
domains of 200 Åd, and 217 Ksfor domains of 400 Åd.16 The
broad range of critical temperatures founds,120 Kd can be
explained from the existence at the surface of a certain con-
centration of hopping defects. A detailed analysis is pre-
sented elsewhere.28

Typical TOF results are shown in Fig. 6. All TOF spectra
in these plots are converted to an energy transfer scale. Data
for the two reconstructions and the two high-symmetry di-
rections are shownssee caption for detailsd. Again, the large
truncated peak in the energy transfer spectra is due to diffuse
elastic scattering from defects and is about five times more
intense than the other peaks, which present clearly resolved
single phonon inelastic events. When comparing the TOF
spectra obtained for thesÎ33Î3dR30° phase along both

high-symmetry directions, we find that the peaks alongf11̄0g
are more intense and clearly resolved than those alongf112̄g,
even though in some cases the integration time for the latter
ones amounted up to 10 h. In the spectra for thes333d
phase all peaks are clearly resolved in both high-symmetry
directions.

The positions of individual peaks in the above energy
transfer spectra and the transferred parallel momentasac-
cording to the incident anglesd provide data points for the
surface phonon dispersion curves. Such data are shown in
Fig. 7 for thesÎ33Î3dR30° phase and in Fig. 8 for thes3
33d phase.

A first approach to explain the form and position of the
different branches of the surface phonon dispersion curves
shown in Figs. 7 and 8 is to interpret them in terms of back-
folding of the RW of the unreconstructed Ges111d surface
covered with 1/3 ML of Sn fsubsequently called
s131d-RWg, which involves the reciprocal lattice vectors
Gm,n of the respective structures. To this end, the dispersion
curve of thes131d-RW is assumed to be given by a formula
similar to the one successfully used for Sis111d-s737d ssee
Ref. 29d and for Ges111d-cs238d ssee Ref. 23d:

DEsQd =Ho
i=1

2

fC1 sin2sA i ·Qd + C2 sin2s2A i ·Qd

+ C3 sin4s2A i ·QdgJ1/2

, s1d

whereDE denotes the phonon energy in meV andQ is the

phonon wave vector in Å−1, A1=a/2f101̄g and A2

=a/2f1̄10g are vectors oriented along close packed rows in
the surfacesa=5.66 Å is the Ge lattice constantd andCi are
parameters adjustable to fit the data. The backfolding is

FIG. 5. TOF spectra as a function of surface temperature. The

data were taken along thef112̄g direction at an angle of incidence
of 49.85° and with helium wave vector ofki =6.62 Å−1. Curves in
this plot are displaced for clarity, labels on the intensity scale refer
to the spectrum atT=145 K. The largest peak, due to diffuse elastic
scattering, is truncated. Its maximum intensity amounts
,45 cps/ms. Each TOF spectrum has been integrated over 10 h.
Peaks related to thes333d phase and modified along the phase
transition are marked by arrows.
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achieved by replacingQ by 1
2sK −Gm,nd whereK is the de-

sired surface phonon wave vector for the reconstructed sur-
face andGm,n are reciprocal lattice vectors of the respective
phases,GsÎ33Î3dR30° for thesÎ33Î3dR30° andGs333d for the
s333d phase.

Best fits to all the data in Figs. 7 and 8 were obtained for
C1=44 meV2, C2=4 meV2, and C3=6 meV2. For compari-
son, the values obtained for the clean Ges111d surface are

FIG. 7. Surface phonon dispersion curves for Sn/Ges111d-sÎ3

3Î3dR30° in an extended-zone scheme along thef112̄g direction

sleftd and thef11̄0g directionsrightd. Data points are obtained from
all the TOF spectra measured and the different symbols refer to
strong sfilled circlesd and weaksopen squaresd features in these
spectrassee Fig. 6d. Shaded areas are projections of the Ge bulk
modes onto thes111d surface, bold black lines correspond to the
Rayleigh wave, according to Eq.s1d, lines correspond to backfold-
ing by in-planeGm,n reciprocal vectorsssolid linesd, and to out-of-
plane reciprocal vectors of the superstructuresbroken linesd. Gray
lines are calculated dispersion curves from Ref. 21. Also shown are
the Brillouin zone boundaries of thes131d and the sÎ3
3Î3dR30° structure as solid and dotted vertical lines, respectively.

FIG. 6. Phonon inelastic peaks in evaluated TOF spectra obtained by He scattering froma-Sn/Ges111d for a variety of different
incoming anglesui, along the two high-symmetry directions, and for two different surface temperatures. The measured spectra are converted
to an energy-transfer scale, where the different values ofui determine different amounts of parallel momentum transferred to the surface. The

spectra are grouped according to experimental conditions. Columns 1sRTd and 2f140 K, s333dg present measurements alongf112̄g with

a He beam energy of 29.7 meVski =7.54 Å−1d. Columns 3sRTd and 4f140 K, s333dg present measurements alongf11̄0g, with a He beam
energy of 22.6 meVski =6.58 Å−1d. Two types of symbols mark single phonon inelastic peaks: filled circles correspond to intense and
well-resolved features and open squares to weaker ones.

FIG. 8. Surface phonon dispersion curves fora-Sn/Ges111d-
s333d in an extended-zone scheme along thef112̄g directionsleftd
and thef11̄0g direction srightd. Data points, shaded areas and the
different types of lines are described in Fig. 7.
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C1=61 meV2, C2=6 meV2, andC3=2 meV2 sRef. 23d. The
resulting dispersion curves for the RW are shown as solid
black lines in Figs. 7 and 8. Not all the data are fit by these
curves. A first, minor effect is that the reconstruction itself
causes a distortion of the curves.30 The main reason is the
appearance of additional modes21 and the formation of gaps
at the Brillouin zone boundaries,31 which are not accounted
for in this approach.

The modes related directly to the surface reconstruction
have been calculated previously.21 Two approaches were
used. In the first one, plane-wave generalized gradient ap-
proximation in the density functional theory is used to cal-

culate the frequencies for theḠ point. In the second, the
frequencies are obtained by fitting an up to second-nearest-
neighbor coupling model to the experimental phonon fre-
quencies. We compare now these calculations with experi-

mental data along bothf11̄0g and f112̄g directions. The
calculated modes from Ref. 21 are represented as gray lines
in Figs. 7 and 8. The minimum in the dispersion curve along

f112̄g at K̄Î3 occurs atQ=0.60 Å−1, precisely the critical
wave vector value of the soft phonon associated with the
phase transition predicted in the work of Pérezet al.20

Almost all the experimental points of the dispersion
curves in Figs. 7 and 8 are explained by either the back-
folded RW or by the calculated modes. The good agreement
is enhanced when data and calculated curves are plotted in
the reduced Brillouin zones of the respective structural
phases, as done in Fig. 9. In the case of thesÎ33Î3dR30°
phase, the extra points of the surface modes are well repro-
duced along all the Brillouin zone. For thes333d phase, the
backfolded points give rise to several bands, broadened by
the experimental error and the superposition due to the back-
folding. The bands are well reproduced, either by the RW

folding or by the calculated bands. Note that along thef112̄g
direction the most intense peaks correspond to the surface
modes, reproduced by the calculations. The small size of the
s333d Brillouin zone compared to that of bulk terminated
Ges111d requires a very high resolution in the wave vector
scale in order to be sensitive to changes. The resolution in
the present studies is on the order ofduDK u / uk iu.10−3, with
DK denoting the parallel momentum transfer to the surface
andk i the wave vector of the incoming He atoms.

Temperature dependent structural phase transitions are
frequently classified analyzing the order of the two phases
involved. There are two limiting cases corresponding to dis-
placive and order-disorder transitions.32,33 In displacive tran-
sitions the system evolves from a state with long-range order
to another ordered state as the critical temperature is crossed.
The LT state displays a lower symmetry. In order-disorder
transitions, on the other hand, the ordered state at LT be-
comes disordered at high temperatures, and this high-
temperature state has, averaged over time, again a higher
symmetry. This simple classification might be helpful, but
real phase transitions usually exhibit a more complex behav-
ior. Indeed, the distinction between displacive or order-
disorder behavior is difficult if the accessible temperature
range is not large enough. This is frequently the case when
only a narrow range around the critical temperature is

probed. We refer the reader to Refs. 34–37 for more detailed
treatments.

Displacive transitions are commonly associated to a soft
phonon, i.e., an optic frequency which tends to zero at the
phase transition. The displacement pattern of the soft phonon
determines the structure of the LT phase in a displacive tran-
sition. This description of the origin of the atomic displace-
ments in a displacive transition is easy to understand and it is
commonly employed. However, we recall that there is no
known system where this simple picture is fulfilled. As stated
above, a purely displacive behavior is a limiting case. In real
systems, the dynamics of the order parameter is more com-
plex than expected for a purely displacive system, and the
soft mode frequency never goes to zero, but remains finite at
the phase transition point. Furthermore, the softening is usu-
ally accompanied by the so called “central peak,” a modifi-
cation of the low frequency distribution.38

In the case of two dimensional systems, there are only
few experimental observations of soft modes. We restrict
ourselves to structural phase transitions on a surface, where
the simultaneous softening of a phonon mode is observed.
The most important examples are Ws100d,34 H/Ws110d,39

and H/Mos110d.40 In all these cases there is a more or less

FIG. 9. Surface phonon dispersion data for thesÎ33Î3dR30°
phase stop panelsd and the s333d phase sbottom panelsd in a

reduced-zone scheme along thef112̄g directionsleftd and thef11̄0g
direction srightd. Data points and the different types of lines as in
Fig. 7.
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pronounced decrease of the energy of a phonon mode at the
phase transition. All of them have in common that the polar-
ization of the soft phonon is longitudinal. We note that for
Sn/Ges111d the phase transition is driven by the softening of
a transverse vibrational mode.21 There has been a long-
standing polemics on the nature of theÎ3 phase, specially
because in some early studies it was described as a “flat”
adlayer of atoms, while thes333d phase would be slightly
corrugated. This is the scenario of a phase transition which
would be fairly well described by a simple displacive model.
Different structural and electronic studies support that in the
Î3 phase Sn atoms vibrate vertically arounds333d equilib-
rium positions.8 This phase is not flat, unless observed with a
technique much slower than the vibration frequency, as the
STM. It rather corresponds to as333d phase without long
range order. This picture describes well the behavior in a
fairly broad temperature range, from the critical temperature
up to at least 500 K,18 and it is well reproduced by molecular
dynamics simulations.21 The resulting dynamics of the phase
transition has been described before.21 It is in agreement with
the experiments, and it reflects a more complex pattern than
the simplest displacive or order-disorder transitions.

IV. CONCLUSIONS

High-resolution HAS are used to study the surface lattice
dynamics of the room temperaturesÎ33Î3dR30° and the
low temperatures333d phases ofa-Sn/Ges111d. The sur-
face phonon dispersion curves for both phases and high-
symmetry directions are determined. Experimental results
are well reproduced either by backfolding the Rayleigh wave
of the Ges111d surface, or by specific surface modes. The
description of the phase transition agrees with the predictions
of the dynamical fluctuations model.
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