Novel Spectroscopy
in Winterthur

As scientific balance to the more ad-
ministrative meetings of the Associate
Members with the Executive Committee
and ACAPPI in Winterthur, a Symposium
on Novel Spectroscopy was held on 27
March. It opened with a short historical
review by G. Harbeke (RCA, Zirich) who
reminded his listeners of the long way
spectroscopy had come since Newton
first studied the visible spectrum pro-
duced by a prism in 1672. Indeed from
the programme, one might be led to
think that now any measurement that
shows a variation with physical proper-
ties seems to warrant the term spec-
troscopy. This may perhaps be justified
in the sense that waves are so often in
question, but the original meaning is
progressively becoming rather blurred.

Spectroscopy in the traditional sense
is nevertheless still a powerful tool. Both
the opening of the EM frequency band
from radio to gamma-rays practically
continuously and the availability of
lasers over a wide range of selected fre-
quencies have stimulated a dramatic
surge in activity since the 1950s. The
performance of a spectrometer can be
characterised by its resolution (R), effi-
ciency of energy collection and contrast
(C) not all of which can be optimised at
the same time. In the visible range R =
A/A\A can attain 10° for grating instru-
ments, and with lasers and modern holo-
graphic gratings, C can be 10° at 5 A
from the line centre and 10" at 20 A.

An enormous amount of information
has been amassed on silicon using spec-
troscopic techniques since the first con-
clusions on its band structure were ob-
tained from its transmission spectrum in
1958. These were then supplemented
by reflection measurements to provide a
detailed picture of its intrinsic electronic
states. For extrinsic states, one has re-
course to IR or far — IR spectroscopy
using interferometry — the same in prin-
ciple as devised by Michelson, but made
much more powerful by high precision
optics and the availability of fast com-

Table — Characteristics of modern lasers

puters for making the Fourier transform.
This has been of great practical impor-
tance in the study of impurities, both
valuable (dopants) and nocive. Indeed,
Harbeke claimed, silicon was the bestin-
vestigated of all solids thanks in large
measure to spectroscopic techniques.

The laser has not only vastly increas-
ed the illuminating power and contrast
but has introduced the possibility of
time resolution that is now measured in
femtoseconds. A variety of techniques
to exploit this were explained by A.
Laubereau (University of Bayreuth) who
was particularly interested in looking at
ultrafast relaxation processes of com-
plex molecules. Transmission changes
induced by absorption of a suitable ex-
citation pulse are investigated with a
broad band continuum of picosecond
duration and direct evidence has been
obtained for radiationless processes in
dye molecules by eg. intersystem cross-
ing and vibronic relaxation in the excited
electronic state.

An ultrafast light gate can be produc-
ed by beam splitting and using one beam
as exciter and the second as a probe,
delayed by a time adjusted, for example,
by changing the relative lengths of the
light paths. This has allowed direct mea-
surements to be made with picosecond
precision of the dephasing time of vibra-
tion — rotation transitions in gases at a
pressure level of several bar.

Synchrotron radiation comes into its

own at the higher frequencies as the’

brightness available now at wave-
lengths below 1000 A exceeds other
sources by two to four orders of magni-
tude. The maximum in the spectrum of
the radiation emitted by an electron
beam circulating round a storage ring o
R/E® so that with beam energies in the
range 600 MeV-5 GeV, the maximum is
found between 20 A and 1 A. With un-
dulators installed in straight sections,
beams are emitted along the axis with a
wavelength o 1/E? and a brightness o
(the number of undulations)?. In view of

Duration, Tuning, Energy, Rep. Rate,
Laser System ps cm’ J Hz
Nd: glass 1-8 - 104 (10°2) 1(0.9)
Nd: YAG 20 - 100 - 103 (101) 10 (5)
cw - Nd: YAG 100 — 108 108
cw -Ar 100 — 108 108
Dye laser (passive, cw - Argon) 01-2 0-500 100 (103) 108 (5)
Dye laser (synchronous coupling) 1-20 5000 1010 (104) 108 (102)

14

the potential of this source, it is surpris-
ing how slowly industry in Europe has
reacted, in contrast to the USA where in-
dustrial participation in the setting up of
big facilities has been strong. Demons-
trating the versability of synchrotron ra-
diation as a tool, Y. Petroff (LURE, Orsay)
spoke of X-ray microscopy with aresolu-
tionof 1 um; Extended X-ray Absorption
Fine Structure (EXAFS) with a time re-
solution down to 1 ms; photon-electron
spectroscopy for surface studies; X-ray
elastic scattering of monochromatic
beams (produced by crystal monochro-
mators) which has reduced by up to six
orders of magnitude the time needed to
collect data on large molecular struc-
tures and has opened the possibility of
making in vivo time resolved measure-
ments of biological processes. An ac-
count of some of the research at the
BESSY storage ring in Berlin will be given
in a coming issue of Europhysics News.

The discovery of Raman lines —
weak lines produced by the interaction
between anincident beam and the mole-
cular states — goes back to 1928,
whilst enhanced Raman scattering (10°
stronger), observed from certain mole-
cules adsorbed onto a metallic surface,
came to light only in 1974. Such a spec-
tacular effect, seen first with pyridine on
silver, could not fail to attract a great
deal of attention and it is now being
developed into an effective analytical
tool for surface studies. At least two
mechanisms contribute to the enhance-
ment A. Wokaun (ETH, Ztrich) explain-
ed. The major part depends on surface
roughness which leads to plasmon reso-
nances and a large field amplification
localised round protrusions through the
lightning rod effect. This can give an
enhancement of around 10* which im-
plies that we have to account for a fur-
ther two orders of magnitude. These
come from mechanisms such as elec-
tron-hole pair formation and intramole-
cular electronic and charge transfer re-
sonances at specific adsorption sites.

The effect can be applied to the study
in detail of the interactions associated
with adsorbed molecules on a metallic
surface, distinguishing between those
that are physi- and those that are chemi-
sorbed. The build up of layers of mole-
cules can be followed and changes in
the bonding geometry. Such processes
are of particular importance for research
on catalytic induced chemical reactions
which are basic to so much industrial
chemical manufacture.

The secret of a lot of modern spectro-
scopy seems to lie in doing apparently
familiar things superbly well. Measuring
the electrical resistance of a junction



when a few volts are applied across it
may not seem very promising, but first P.
Wyder (FOM and University of Nijme-
gen) showed that the information that
can be extracted can be surprisingly
rich.

With point contact spectroscopy, the
novelty lies in measuring the deviations
from Ohm’s law in the contact resis-
tance between a fine point (typically 0.5
um radius) and the surface of interest,
which is cooled to say 1.2 K. Controlling
the inter-electrode distance to better
than 102 um allows contact to be made
with one of the “mountains” rising from
the point to give a contact radius (a)
measured in A and a current density in
MA/cm?. Whereas on the macroscopic
scale, Maxwell derived the contact resis-
tance R as being inversely proportional
to a, Sharvin deduced that when the
electron mean free path was large com-
pared with the linear dimensions, R o«
1/a2. In practice, the relation between R
and a is somewhere between 1/a and
1/a2 and is a function of the mean free
path. Consequently there is a non-linear
dependency of R on the applied voltage
V and it is the derivative dR/dV that con-
tains so much information. Plotting this
function allows one to obtain directly
the spectral distribution of the electron-
phonon interaction and from compari-
sons with data from other spectroscopic
measurements, the coupling strengths
of different modes can be separated out.
Besides phonons, however, other scat-
tering agents can be examined by point
contact spectroscopy which has the
very unusual characteristic of perform-
ing, in effect, surface analysis from the
inside. Ballistic observations can be
made for example of the reflexion of con-
duction electrons from surfaces, or their
reflexion as “holes” — the so-called An-
dreev process — if the sample becomes
superconducting.

Break the contact and we are in the
domain of the scanning tunelling micro-
scope for which G. Binnig and H. Rohrer
(IBM, Zirich) have been awarded the
EPS 1984 Hewlett-Packard Europhysics
Prize and a number of other distinctions.
The principle as already outlined in
Europhysics News (February, 1984)
rests on the very strong dependence of
tunnelling current on the distance s bet-
ween a fine metal tip and the surface to
be studied. To a first approximation, the
current through a vacuum tunnel barrier
of width s is given by:

J o exp (—Ap'?s)
where A is a constant = 1 A7 (eV) *
¢ is the barrier height (or average work
function, of the electrodes typically a
few eV). This implies a current depen-
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Schematic of the scanning tunnelling microscope (a) shows apex of the tip (left) and surface
(right) at a magnification of about 108. The solid circles indicate atoms, the dotted lines
electron density contours; (c) Piezodrives X, Y, Z of the tunnel tip (length of each leg about
5cm) at left and “louse” L (electrostatic “motor”’) for rough positioning (um to cm range) of

sample S.

dency on s of an order of magnitude
per A.

In the microscope of Binnig and
Rohrer, as the surface under study is
scanned, the tip is maintained at a cons-
tant distance s (typically 4-6 A) set by

adjusting the current (typically 1-10n A),
the position of the tip being controlled by
the voltages applied to three mutually
orthogonal drives.

The tip electrode is formed by grinding
a metal rod which leaves fine protruding
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points, the most extreme of which beco-
mes the active electrode. Lateral resolu-
tion can then be improved by lightly
making contact to produce a sort of spot
weld and then withdrawing or by apply-
ing a few volts for %2 hour. In this way,
single atomic steps on metal and semi-
conductor surfaces and, more recently,
single adatoms could be resolved within
a lateral displacement of a few A.

Crucial to the success of the micro-
scope is the manner in which the elec-
trodes are mounted and then isolated
from outside influences. In the present
design, the electrodes and piezodrives
are rigidly mounted on a quartz glass
cage (low thermal expansion) which is
suspended in vacuum via a two-stage
spring system. Remaining vibrations are
attenuated by special rubber connectors
and by contactless eddy-current dam-
pers. The sample, rigidly held on a piezo-
electric plate, can be displaced in steps
(of say 100 A) by expanding or contrac-
ting the plate while permutating the
clamping voltages that lock the feet (on
which the plate rests) to the solid base.
The tip is then positioned relative to the
surface under study by piezo-electric
drives with a typical sensitivity of 2 A/V.

By now, the scanning tunnelling mi-
croscope has ceased to be just an elec-
tro-mechanical wonder and has become
arecognised instrument for surface stu-
dies. What are essentially traced during
a scan are the contours of constant
wave-function overlap within an energy
window determined by the applied vol-
tage. This is not the same as a direct im-
age of the surface topography although
with clean metal surfaces the relation is
close. Because the method is energy
selective (and can be made spin selec-
tive with a magnetised tip), it can give in-
formation on the chemistry of the sur-
face with a resolution that has reached
0.05 A vertically and 2 A laterally.

Gerd Binnig (left) and Heinrich Rohrer of the IBM Zirich Research Laboratory with their scan-
ning tunnelling microscope for the building of which they have been awarded the 1984
Hewlett-Packard Europhysics Prize. This will be presented in Prague during the 6th EPS
General Conference.

JET, the Joint European Torus located near Abingdon in England, was officially opened by
H.M. Queen Elizabeth Il on 9 April 1984. The ceremony consisted of actuating the massive
door separating the assembly hall from the machine hall and unveiling a commemorative
plaque. JET, a joint undertaking of the European Communities (EC) is the most powerful
tokamak operating today. In the photograph taken during the Queen’s address can be seen
(nearest camera) E. Davignon, Vice-president of the EC Commission, and at the end of the
same row, J. Teillac, Chairman of the JET Council. Extreme right is H.-O. Wiister, Director of
the Project, Madame Thorn, Gaston Thorn, President of the EC Commission and Francois
Mitterrand, attending in his capacity as President of the EC Council of Ministers. Since the
first discharge in June 1983, JET has been worked up to its nominal design current of 3MA
with a flat top of 10 s, an energy confinement time of 0.25 s and a plasma temperature of
20 MK.
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