ded as follows: 1) new X-ray sources; 2) X-ray
techniques for the metrology of nanostruc
tures; 3) nanoscale devices for X-ray applica
tions. The scheduling of the 22 formal pre
sentations and the 25 posters followed this
scheme, and plenty of time remained for
informal discussion between the 70 or so
participants, one-third of whom came from
industry.
X-ray sources are clearly an essentially
Ingredient and the workshop considered
progress in the design and construction of
new types of sources devoted mainly to
industrial applications in lithography. Highpower excimer lasers are being tested for
generating soft X-ray radiation at 13.5 nm
[Bijkerk, FOM Rijnhuizen], while a compact
synchrotron radiation X-ray source centred
on the critical wavelength of 0.84 nm is now
available commercially for routine operation
[Kempson, Oxford Instruments],
X-ray Reflectometry Develop
In the area of submicron local analysis of
microstructures, glancing incidence X-ray re
flectometry (GIXR) is now well-established
for determining thickness, surface roughness
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and, more generally, electron density profiles
in thin films and layered materials. It can be
regarded as complementary to thin-film cha
racterization with X-ray diffraction (XRD),
which was discussed by Fewster [Philips
Research Labs, UK] and Temst [Katholieke
University, Leuven]. Elaborate simulation
codes for the analysis of experimental reflec
tivity curves have become available; they
take advantage of Fourier transform techni
ques [University of Linz; Martin, Lab. Electronique Philips; Bridou, IOTA, Orsay; Voorma,
FOM Rijnhuizen] and include refinements
such as data correction for sample curvature
[Bridou]. The power of the method is In
creased by adding complementary tech
niques such as X-ray fluorescence (XRF)
and XRD to provide either non-destructive,
near-surface analysis with a single instru
ment [van den Hoogenhof, Philips Analytical
X-Ray; Zheludeva, Institute for Crystallogra
phy, Moscow]. Spectroscopic and kinetic
ellipsometry has also been incorporated for
use with in situ studies of ultra-thin film
growth [Luken, ESRF, Grenoble], The appli
cation of synchrotron radiation as the X-ray
source permits an extension of the technique
to energy-dispersive reflectivity measure
ments [Hoghoj, ESRF], and to soft X-ray
reflectometry [Krumrey, ESRF] which is
being used to calibrate optical devices. The
latter illustrates the increasing number of
possibilities for research and applications in
the soft X-ray spectral range.
Interface Roughness a Key Issue
Complementary to GIXR is glancing inci
dence X-ray scattering — a relatively new
method for surface, thin-film and multilayer
characterization, and the subject of intense
research, with the interpretation of experi
mental results based mainly on the distorted
wave Born approximation (DWBA). The com
bination of glancing incidence X-ray reflec
tivity and scattering measurements should
lead to an improved description of surface
roughness In terms of the lateral correlation
distance or the frequency spectrum [Sinha,
Exxon, USA; de Boer, Philips Research
Labs, Eindhoven]. The particular case of
scattering by periodic multilayers, which have
important practical applications, was being
studied by many contributors with the view to
determining a model for the replication of
interface roughness on passing through the
multilayers [Holy, University of Brno; Spiller,
IBM, USA; Plotz, University of Linz]. Atool for
understanding the physical origin of the X-ray
scattering, which will allow a quantitatively
unambiguous interpretation of the measure
ments, was introduced by Salditt [University
of Munich] and is summarised in the insert.
The DWBA theory accounts for the reso
nant phenomena which are observed in nonspecular scattering from periodic multilayers,
and it highlights their connection to X-ray
standing waves (XRSW). XRSW generated
during XRF measurements of crystalline or
layered synthetic structures can be used to
characterize ultra-thin layers deposited on
these structures [van den Hoogenhof, Philips
Analytical X-Ray; Zheludeva] or included in
the bulk [Kovalchuk, Institute of Crystallogra
phy, Moscow].
Improving Multilayer Fabrication
The development of nanoscale X-ray tech
nology is strongly related to progress in the

design and fabrication of nanoscale devices
based on layered synthetic microstructures.
Some participants reported that the reflec
tivity of multilayers made by thermal evapora
tion is increased by ion bombardment of each
layer immediately after deposition, and by
optimizing the temperature of the mirror. Ion
bombardment during deposition is also ap
plied to produce graded refractive index pro
file multilayers by controlled atom mixing
[Verhoeven, FOM Amolf; Louis, FOM Rijn
huizen; Schlatmann, FOM Amolf]. High qua
lity Si/SiN and Si/SiO multilayers produced
by reactive sputtering have shown selectivity
and thermal stability better than those of the
refractory-metal containing Mo/Si multilayers
commonly used for EUV mirrors [Houdy, Uni
versity of Evry]. Magnetron sputtering permits
one to produce W/Sb multilayers with periods
down to 1 nm, thereby opening the way for
normal incidence soft X-ray mirrors in the
crucial “water window’’ spectral range. A
maximum normal incidence reflectivity of
13% at a wavelength A of 4.47 nm has been
achieved with a Fe/C multilayer deposited
on a silicon wafer [Salashschenko, Nishnii
Novgorod].
Industrial applications of soft X-ray pro
jection lithograpy at λ = 13 nm will require
sources that have average X-ray power
levels which are at least an order of magni
tude greater than those usually found today.
Optimization of deposition techniques tends
to focus on Mo/Si multilayers having a reflec
tivity above 60% at normal incidence. Achie
ving this value will not be easy because it
is equivalent to only 10% less than the
theoretical reflectivity of perfect multilayers
[Platonov; Louis].
The proceedings of EIW-9 will be pub
lished in Journal de Physique III and it was
decided to organize a follow-up meeting,
probably in Germany in 1995. Finally the
Co-chairmen recognize that the workshop
would not have been possible without gene
rous financial support from the Commission
of the European Communities, Foundation
Physica, Newport B.V., Philips Analytical
X-ray, and Philips Research Laboratories.
D.K.G. de Boer, Eindhoven
J.P. Chauvineau, Orsay
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