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(LEED} patterns: J:ixJ.m'S()O;]xl, at about 470 K. We have studied the
nature of the high lemperalure (HT) 1x1 phase. Our observations are
consistent with wsom: Jeatures of gdislocation-mediated melting (DMH)
theory (14,15}. From the reflection high energy electron diffraction
(RHEED) experiments Ichikawa {13] attributed the high temperature Ix1
phase to the presence ot o 2-D isctropic liguid Pb layer, which is nol
under the strong inlltience of the Ge(lll) substrate. Our XSW results
for the high temperalure Ixl| phase show a high degree of order in con-
trast to a complete disordering expected for an isotropic liquid Ph

layer.

We first illustrate how the presence of a 2-D isotropic liquid
overlayer on a crystal surface can be detected with XSW. By using Lhe
phase tunability and the periodicity of the x-ray standing wave fields,
;enerated by an (hk)) Bragy diffraction from a perfect crystal sub-
strate, the (hkl) Fourier cowponent (F.C.) of Lhe adsorbate atom densi-
ty distribution is weasuced. The phase (®) and the amplitude (f} of lLhe
F.C. are closely related tu the distance(s) of the adatums frow Lhe
substrate surface in the {hkl} direction, and the fraction of Lhe ad-
atoms at that distance(s), respectively. If a 2-D isotropic liguid
layer is presenl on the “‘Iklll) surface of the substrate, planar
diffusion of the overtayer atows will not change their distance in Lhe

lhlk]lll direction. lowever, in another direction (h inclined

X1l
with [hlklll], the dislance distribution will be random giving rise to
an F.C. with zero amplituwie (f = 0). These situatiouns are illustraled

in Fig. 1.

The XSW exputime-nl:n were perlformed at the wigyler beamiine (W1) in
the Hamburg Synchrolion Radial ion Laburatory (HASYLAG). The (111) swr-

faces of germanitw sawphbes  were  sputter cleaned by argon  ion

bombardmgnt, annealed at 1000 K and characterized with LEED and photo-
emission. 4/3 ML of Pb were evaporated in an MUK system onto a clean
Ge(111)2xB surface. The coverage was dctermined wilh a quartz crystal
|1\ic:r(Jba1a|:|ce and was checked by measuring Lhe relative jntensities of
the Pb 5d and Ge 3d core levels in solt x-ray pholoemission measure-
ments on the sample. An independent check on lhe coverage was made by
the amalysis of surface x-ray diffraction expeciments on the sample
{16]. Upon Pb deposition the reconstruction changpwd iuto a JIxSIr30°
pattern, which upon heating and cooling passcd through a reversible
transition: ix3 RIC® 7 lxl at = 470 K. |l should be noted that the
exact transition temperature depends stvongly on the Pb  coverage
[13].The sample heating was provided by passing a direct current
through the sample. No temperature reading wis aviilahle during the XSW
measurewent. We calibrated the current corresponding Lo the transition
observed by LEED and surface x-vay dillraction weasurements. XSW
measurements were made on both the romm Lemporalnre (RT) J3xJ3R30° and
the high temperature (NT) 1xl phases. hwing Lhe in-situ measuremenis
the pressure in the small transportable UNV chaaber was maintained at
better than 10_1 Pa. The experimental set-up hai been described in Ref.

117].

The quality of the substrate cryslal is wiucial for XSW measure-
wenls. The strain patterns left and istroduced from sputtering and
annealing during sample preparalion and the sulsivguent direct healing
of Lhe sawple to above the Llramsition tewperature were revealed by
double crystal topography [18) measuremenls on Ul semples before each
XSW measurement., A strainfree region down lu an .wrea of = 0.2 mm2 was

selected with a slit system for the XSW mcasurements.



The vesults of on KW measurement on the HT lxl phase using a
(111) bulk reflection are shown in Fig. 2. The measured values of and
&, obtained by a leasl-synares fit of the nmormalized Pb L-fluorescence
yield using Lhe dynamical theory of x-ray diffraction, are 0.48 + 0.04
and 0.96 + 0,02, respectively. These values are the same, within the
experimental errors, as those lor the RT J3xJ3R3OD phase [£=0.5010.05,
©=0.96+0.03]. The resuits of a measurement on the HT 1x1 phase will a
{220) reflection are shown in Fig. 3. The measured values of £ and ¢
are 0.60 + 0.10 and 1.23 4 0.01, respectively, while the expected value
of f for a 2-D isolropic liynid overlayer, as explained before, is O.
The fluorescenue yield profile corresponding to f = 0, that is, for a
liquid layer, is also shown in Fig. 3 (curve marked “LIQUID"). Clearly,
our results do not support ilie presence of a 2-D isotropic liguid Pb
layer on the surtface. ln [acl the HT results are the same, within lhe
experimental error, o lhe curresponding results for the RT Jaxd3r107

phase [F=0.64+0.12,% 1.2310.G2] [19).

The next questjun iu: il lhe Pb atoms are nol ip a random distri~
pbution in the form of a 2-D isotropic 1liguid, what other possible

structure{s) could give rise to the 1x1 LEED pattern of the HT phase.

One possibility is lhat the HT phase is an ordered phase which
leads to the 1x] I£ED pattecn. {(In a previous LEED, Auger aud
desorption study on lhe Ge(111)-Pb system for a Pb coverage uf 1 ML
Metois and Le Lay |40} observed a simllar reversible tramsition al
somewhalt higher temprrature, and the HT 1x1 phase was attributed la an
ord;red Pb overlayer). However, ib would be a coincidence if Lthe new
distribution of Lhe Ph alows in the ordered 1x1 structure waintains
practically the same {111} and (220) Fourier components as thuse for

the J3xyd3 ri0" phasi, @ ubaorved in the presenl experiments.

The second possible explanation cau be yiven by noting that the
XSW melhod is mot sensitive to long range order. A large value of f is
an Indication of strong local order, that is, proferential bon.ding af
the vverlayer atoms to the surface atoms. Thus Lhe 1x1 LEED pattern of
the HT phase could arise from J3xd3 k30" domisins which would still have
the same local geometry as im the RT phase. in lhis case the F.C.'s
would remain practically unchanged as obscrved in Lhe present study.
This is consistent with the DMM theary [14,1%] which predicts Lhat
regions smaller (han the correlation lenyth retain solidlike properties
in the "liquid" phase. In the J3z43 k" sl ructure, there are three
equivalent ways of placing Lhe overlayer aloms un Lhe surface. These
are referred to sublattices. In each of lhiese sublatlices an overlayer
alom has the same local geometry. Presence of Jomaius of these sub-~
lattices in Lhe averlayer will have an ellecl ol Jdeslruclive interfe-
vence in all diffraction experiments. This would wipe out Lhe fractio-
nal order spot due to Lhe overlayer and Lhe 1x1 diflraction paltern due
Lo the substrate underneath will be left. The Jisappearance of the
overlayer fractional diffraction spots in a dillraction experiment may
be assocjated with a disordered overlayer, bul 1he actual nature of
disorder remains unknown. The ambiguity in the nature of the 1x1 phase
is conspicious even in an elaborate LEED staly of the reversible
transilion Si{111)7x7 2 i1xl at 1146 K by #eunett and Webb [21}). Though
they frequently referred to a lattice gas model lor the HT 1x] phase
Lhey could not rule out the possibilities of a Jisordered Ix7 or a true
melted surface layer. On the basis of dynamical LEED analysis Zehner et
al. [22] concluded that laser annealed Si(11)ixl swlace is essential-
ly bulk like, i.e. ordered. Zehner el al. (23] later concluded, using
photoemission spectroscopy, that Lhe 1x1 surtace s not ordered, but a
disordered 7x7, possibly mixed wilh 2xl siructarve. Tromp et al. [24]

showed, using ion channeling and hlocking techuique, that the laser



annealed 1x1 surface is a ilisordered 7x7 surface. These examples show
the complexities in the analysis of diffraction data from a system Lhat

produces 1x1 diffraction paltern.

The XSW method uses diffraclion only from the substrate crystal to
set up the standing wave lield. Then via the detection of an inelastic
signal, characterisiic of lhe overlayer atoms, it determives the
Fourier componetts ol the rweriayer atomic distribution, which need not
have long range otder. The study of local order can shed light on Lhe

nature of disorder in 4 uystem, as has been demonsirated in the present

study.

In a recent quasielastic and inelastic neutron scattering study
[25] of dynamical vesponse ol Lhe 2-D system, the melting of interca-
lated alkali-metal layers have been investigated., These experimoenls
show that the 2-D weiling process exhibits coexistbing solidlike and
liquidlike dynamical brhavionr over a wide range of temperature, Jusl
at the melting point, defined by the softening of the layer sheor
elastic constant, (h: dilfusion is not very significant. AL higher
temperatures the diftusive motion of the alkali-metal atoms becomes
more dominant and the alkali-netal layers transform into a rotalionally
isotropic 2-D liguid. Whether this is the case for the Ge(ill}-bh
system remains Lo be investiyated. An increasing diffusive wmotion of
the Pb atoms should be: reflected in the awplitude (f£) of the F.¢. lor
the (220) measurewen! . In principle, a diffusion coefficient could be
derived, which wuiild apen up lhe possibility ol the application of XSW

to Lhe study of dynanical response.

In conclusion, we fave wmade high btemperature x-ray skanding wave

measurements at a teapecalure of approximately twice Lhe Blebye Lempera-

fure of the substrate. In the dynamical theory au atomic form factor
modified by the bebye-Waller factar appcars to be adeguate for an accu-
rate description of the standing wave fierld. By tne application of the
high temperature x-ray standing wave melhod to the Ge(111)-Pb system we
abtain evidence Lhat the high temperature (ixl) phase is not produced
by a true two-dimensional liquid, rather it appears Lo be composed of

small islands of the original crystalline layer.
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Figure captions:

Fig. 1

Fig. 2

Fig, 3

(a) A two-dimensional solid overlayer. Here the adatoms are ad-

sorbed on Ihe (111} surface of a diamond type latiice. AllL the
adatoms arc shown lo be at the same distance in the [111] divec-
tion as well as in the (220} direction. d111 and dZZU are Lhe
planar distances for the (111) and (220) reflections respectively.
{b) A 2-I isolropic liquid overlayer. All the adatoms are siill at
the same distance 1o Lthe [111] direction, but not any more in the
{220} divectijon. 'This randam distribution of distances in the

{220} direclion will reduce the {220) Fourier componenl of tLhis

distribation Lo sera,

Measured {'}) and calculated (---) reflectivities Ffor Ge(ll1}
reflection acl the corresponding Pb L-fluorescence yields {(@,—) as
a function of wavelength of the incident x-rays. kB is Llhe
wavelength corresponding to EY = 15.5 keV and satisfies lhe Bragg
condition: Adsind AB'

Measured (t) and calculated (---) reflectivities [or Ge{220)
reflection and the corresponding Pb L-fluorescence yields (e,-) as
a functijon ol wavelenglh of the incident x-rays. The [luorescence
yield expecivd [rom a 2-D isotropic liquid Pb layer is shown by

the curve marked "1LIQUID'.

[1M1]

O
(110}
3

[110)

{220)
surface planes

Q Adatoms

(O Substrate atoms in the diamond structure
(such as Si, Ge)

da: = adatom distance component in the [111]
direction

d., =adatom distance component in the [220]
direction

Lig. 1a)



Fig. 1(b)
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