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ABSTRACT

The objéctives of ‘t'his program is to study the phénomenon of surface melting of

single crystals of metals, to test for its existence, and to investigate its dynamics. Both

~conventional static electron diffraction and dynamic ultfafast electron diffraction are used in
our study.

This year, the ultrahigh vacuum facilityrcontaining the piCosecdnd electron
reflectioﬁ high-energy electron diffraction system was equipped with a cylindr_ical mirror
.a‘nalyzer and a static electron gun for Auger.spéctroscbpy. An image analysis system
capable of acquiring the pulsed diffraction patterns was assembled and used in analysis of
picosecond laser heated surfaces.

A large set of time-resolved experiments were conducted to studythe thermal
response of Pb(110) to picosecond lasef heating. The surface Debye-Waller effect was

used to time-resolve the evolution of surface temperature. This provided us with a

picosecond time-resolved surface lattice temperature probe. Results for laser fluences

below surface melting show agreement with a heat-diffusion model.
The temperature dependence of the Pb(100) along the [110] and the [001] azimuths

using x-ray photoelectron forward scattering of the 4f7,, core-leve: photoelectrons

confirmed, for the first time, surface melting of Pb(100) at temperatures as low as 560 K.



'I. STATEMENT OF PROGRESS

The objective of this program is to study the phenomenon of surface melting of

- single crystals of metals. This involves testing for the existence of surface melting (the

‘melting of the first few monolayers at a temperature below that of the bulk melting

temperature) and possibly observing the dynamics (nucleation and growth) of the molten
surfaéc layer. ’For the‘past year our effort has beén concentrated on the study of Ph(110)
and Pb(100) surfaces. Surface melting of the Pb(i 10) surfa"ce was well demonstrdted by
ion chanﬁélling several years ago. This was also confirmed by a RHEED study we
performed in the first year of this projéct. The Pb(110) is an open surface for which the
phenomenon of surface melting is theoretically fa;/ored. Since this surface is relatively well
studied, we are using it for our more complicated picosecond time-resolved study. We
have also chosen to study surface melting of the Pb(100) since its atomic packedness falls
oetween the open (110) surface for which surface melting is well demonstrated and the
closed packed (111) for which others have shown that the surface melts very close to or at
the bulk melting point.

This year, the ultrahigh vacuum facility containing the picosecond electron
reflection high-energy electron diffraction system was equipped With a cylindrical mirrof
analyzer and a static electron gun for Auger spectroscopy. An image analysis system
capable of acqu‘iring the pulsed diffraction patterns was assembled and used in aﬁalysis of
picosecond laser heated surfaces.

The thermal résponse of Pb(110) to picosecond laser heating was studied. The
surface Debye-Waller effect was used to time-resolve the evolution of surface ternperature.
This provided us with a picosecond time-resolved surface lattice temperature probe.
Results for laser fluences below that ‘rcquired for surface melting show agreement with a
heat diffusion model. The development of our ability to monitor the surface temperature
with up to ~100 ps time resolution and with better than 10 K accuracy is a major step to

probe the kinetics of the surface melting phase transformation. A summary of our results
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can be found in the enclosed papers and manuscripts. Experiments utilizing this tec’hnique
" near the surféce melting temperature are currently in progress. R
Collaborative experiments with Profgssor Yongli Gao of the Department of Physics
at Rochester were conducted to investigate the temperature dependence of the Pb(100)
su‘rfacc using angle-resolved photoelectron forward scattering. This study is unique in
that, to oﬁr‘knowledge, it is the first to investiga‘t\é surface melting in a (100) surface.
While the phenomenon of surface melting is well established for the Pb(110) suffacé,
_previous experiments on Pb(l 11) have not confirmed the disordering of the surface below
the bulk melting temperature. Our results show‘ the existence of a surface melting phase
transformation in Pb(lOO) at temperatures as low as 540 K.
We have studied the temperature dependence of Pb(100) aiong the [110] and [001]
azimuths using x-ray photoelectron forward scattering of the 4f;/, core-levél electrons.
Polar scans of the intensify of the backscattered photoelectrons as observed by our energy
analyzer are shown in Fig. 1 for three different temperatures. One can readily see that the
intensity of the scattered peaks decreases more rapidly as the bulk melting ‘temperature is
approached. Also the scattered péaks at larger angles with the normal seem to be mofe
affected since at these steeper angies we are observing fewer surface monolayers. In Fig. 2
‘the intensity of the normal to the surface electrons was plotted for the two azimuths, for
temperatures ranging from juvst above room terperature to 2 K below the bulk melting
temperature. We observe that the Pb(100) surface shows characteristics of surface melting
which are manifested as a deviation of the scattering peak intensities from Debye-Waller
predictions d’t or above 540 K along both azimuths (bulk melting temperature of lead is
600.4 K). Comparison of the data for the [001] and the [110] azimuths indicates that the
[001] azimuth begins to deviate from Debye-Waller prediction at a slightly 10wer
temperature (less than 10 K) than that for the [110] azimuth, Extensive analysis is
currently underway to better quantify the degree of surface disorder of Pb(100) with

temperature and that of the anisotropy between the {110] and the [001] azimuths.

4-

"W



II.  WORK STATEMENT FOR NEXT YEAR
Next year we plan to continue our main efforts on lead since we have been working

on it and have developed a good understanding of its surface charucteristics. The following

 tasks will be accomplished.

I'ask 1:

| Our picosecond time-resolved surface temperature measurements of the laser heated
surfaces will be continued. We will concentrate on the range Qf temperatufcs ‘where we
observed surface melting in Pb(110) and Pb(lOO).‘ The RHEED ﬁattems tend to be noisy |
at these high temperétures due to the large inelastic bgckground. Therefore, our electron
detection method using microchannel plates, which has an vinherent. background noise level
due to x-ray generation by the high-energy electrons and due to some UV séattering from
the photocathode, are replaced by a simple phosphor screen. To compensate for sensitivity
loss a high repetition rate lase ¢ system is currently in its final stage of assembly and will be
used in our cxperiments.‘ External image intensifiers are also used, although these also
have a background noise level. Our goal is to understand the surface melting phase
transformation from an atomistic point of view by lboking for its nucleation and growth

stages in real time.

Task 2:

Our static surface melting studies will continue using RHEED and, in collaboration
with Prof. Gao of Rochester, using angle-resolved photoemission. An image analysis
system for quantitative RHEED studies is currently operational and will continue to be
utilized for the analysis of the temperature dependence of the diffraction patterns. The
scientific issues we will continue to investigate include the temperature dependence of the
onset of surface disorder, the nature (melting versus roughening) of the disorder, the depth
of the disordered ‘1aycr with temperature, and the degree of anisotropy, if any, in the

temperature dependence of the diffraction intensity.
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