
ob served sta bi li za tion of the mod u la tion am pli tude dur ing
the growth.

We have sim u lated a full non lin ear time evo lu tion
equa tion of the spon ta ne ous lat eral mod u la tion and we
have ob tained the crit i cal wave length Lcrit = 300 C. The

par tic u lar val ues of dif fu sion rate have only weak in flu ence 
on the re sult ing in ter face mor phol ogy. We have also found
that the non lin ear de pend ence of the strain en ergy on the
layer thick ness (wet ting ef fect) has a cru cial in flu ence on
the re sult ing in ter face mor phol ogy. The pa ram e ters of this
non lin ear de pend ence were de ter mined from the fit of the
ex per i men tal data with the sim u la tion and these val ues
were com pared with the atomistic cal cu la tion [6]. The re -
sult ing ex per i men tal and the o ret i cal de pend ence of the
mod u la tion am pli tude on the num ber of superlattice pe ri -
ods is plot ted in Fig. 1.
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L9

X-RAY SCATTERING ON SURFACES AND NANOSTRUCTURES

Hartmut Metzger

ESRF, Grenoble, France

L10

X-RAY SCATTERING FROM SELF-ORGANIZED SEMICONDUCTOR
NANOSTRUCTURES - OUR RESULTS AND HOPES FOR FUTURE

Václav Holý

De part ment of Elec tronic Struc tures, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity Prague, Czech 
Republic

The de ter mi na tion of shapes, elas tic de for ma tions, and lo -
cal chem i cal com po si tion of semi con duc tor nanostructures 
(quan tum wires and dots) by x-ray scat ter ing is a chal leng -
ing task re quir ing to use very in tense en ergy-tun able x-ray
sources. The shapes of nanostructures can be stud ied by
small-an gle X-ray scat ter ing (the GISAXS method), while
the elas tic strains and lo cal chem i cal com po si tion can be
de ter mined by dif frac tion (coplanar X-ray dif frac tion or
graz ing-in ci dence dif frac tion). Re cently, new meth ods ap -
peared mak ing use of the pos si bil ity of en ergy tun ing of the 

syn chro tron ra di a tion, namely anom a lous x-ray dif frac tion
close to the ab sorp tion edge and dif frac tion anom a lous fine 
struc ture method (DAFS) mea sur ing the en ergy de pend -
ence of the dif fracted in ten sity just above the ab sorp tion
edge. These meth ods can give di rect in for ma tion on the
chem i cal com po si tion of nanostructures. In the talk, the
scat ter ing meth ods used for nanostructures are briefly sum -
ma rized, il lus trated by ex per i men tal re sults ob tained at
ESRF.
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Fig ure 1. The de pend ence of the mod u la tion am pli tude on the
num ber of superlattice pe ri ods. The cir cles with er ror bars are
the ex per i men tal points ob tained from the X-ray data, the full
line rep re sents the sim u la tions. The dashed line is the evo lu tion
of  the mod u la tion am pli tude cal cu lated in the linearized
approach [5].



L11

NEUTRON REFLECTIVITY AT THE ILL

R. Cubitt, G. Fragneto and A. Wildes

Institut Laue-Langevin, Grenoble, France

Neu tron reflectometry is an ex per i men tal tech nique for ex -
am in ing sur faces and bur ied in ter faces.  It gives sen si tive
in for ma tion on the atomic com po si tion and mag netic prop -
er ties of a ma te rial as a func tion of depth with Ang strom
res o lu tion, and can probe in-plane struc tures with length
scales of the or der of mi crom e ters.  Neu trons have a high
prob a bil ity of in ter ac tion with light el e ments such as hy -
dro gen and car bon, with mag netic mo ments, and the prob a -
bil ity var ies with iso tope rather than with el e ment. 
Un prec e dented and unique in for ma tion can be ob tained by
ex ploit ing these prop er ties through tech niques such as con -
trast vari a tion, where iso tope sub sti tu tion can be used to

high light or sup press scat ter ing, and po lar iza tion anal y sis,
where vec tor mag ne ti za tion den sity can be probed by mea -
sur ing the change in di rec tion of a neu tron’s spin.  Neu tron
reflectometry is thus be ing used in an in creas ing num ber of
sci en tific fields from bi ol ogy to phys ics.There are two neu -
tron reflectometers at the ILL that may be used by re search -
ers:  D17 is an ILL-owned in stru ment, and ADAM is run
by a Ger man con sor tium in co op er a tion with the ILL.  Neu -
tron reflectometry will be briefly ex plained, and var i ous
ex am ples from re cent ex per i ments will be used to il lus trate
the ca pa bil i ties of the tech niques.  The pre sen ta tion will
end with an open in vi ta tion to come and use the in stru ment.

L12

NEUTRON DIFFRACTION IN SOLID STATE SCIENCES: INSTRUMENTS, DATA
ANALYSIS AND NEW MATERIALS

Juan Rodríguez-Carvajal

In sti tute Laue-Langevin, BP 156, F-38042 Grenoble Cedex 9 (France), jrc@ill.fr

Neu tron dif frac tion is a well de vel oped tech nique with
many ap pli ca tions in all fields of the solid state sci ences. It
is per fectly adapted to crys tal lo graphic stud ies in a com ple -
men tary way to X-ray dif frac tion. The par tic u lar prop er ties 
of neu trons, com pared to X-rays, make them the probe of
choice to re fine the po si tion and oc cu pa tion fac tors of light
el e ments  in crys tal line ma te ri als (i.e. hy dro gen in
intermetallic com pounds), to dis tin guish ad ja cent el e ments 
in the pe ri odic ta ble, to de ter mine mag netic struc tures, to
study all kind of phase tran si tions in com plex en vi ron ment, 
etc.

The In sti tute Laue-Langevin is cur rently un der a pro -
cess of up grad ing many ex ist ing in stru ments and con -
struct ing new ones. The Mil len nium Pro gram is un der
strong de vel op ment and dif frac tion in stru ments play an im -
por tant role in it. In this talk, af ter re view ing the most im -

por tant char ac ter is tics of neu tron dif frac tion, I will pres ent
the cur rent sit u a tion at ILL con cern ing dif frac tion, par tic u -
larly the up grades of the high res o lu tion pow der
diffractometer D2B, the high res o lu tion mode of D20 and
the sin gle crys tal diffractometers D10 and D19 as well as
the new pro posed diffractometer DRACULA.  Some
words will be de voted to the quasi-Laue diffractometers
VIVALDI, ORIENT EXPRESS and the new pro ject
CYCLOPS. I will also de scribe the ex ist ing pro jects con -
cern ing the de vel op ment of soft ware for data anal y sis re -
lated to the high through put of the new in stru ments. 
As an il lus tra tion of the pres ent ca pa bil i ties of the ex ist ing
in stru ment, in com par i son with other neu tron sources in the 
world, I will pres ent some neu tron pow der dif frac tion
examples.
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HIGH-ENERGY X-RAY DIFFRACTION

Veijo Honkimäki

ESRF, Grenoble, France

The use of high-en ergy ra di a tion has in creased dur ing the
last years with the first high-en ergy sources on third gen er -
a tion synchrotrons. The high flux and well-collimated
beam to gether with the high pen e tra tion depth en able the
study of thick sam ples but nev er the less small gauge vol -
umes. Fur ther more, the high-en ergy dif frac tion is on for -
ward di rec tion and there fore, the use of flat 2D-de tec tors is

pos si ble. This has opened new pos si bil i ties for many ap pli -
ca tions in clud ing the stud ies of liq uids and amor phous ma -
te ri als, pow der dif frac tion, sin gle crys tal stud ies, dif fuse
scat ter ing and stud ies of bur ied in ter faces. Some ex am ples
of the use of these prop er ties for study ing bulky and heavy
sam ples are given, like, the stress-strain anal y sis and stud -
ies of bur ied in ter faces.

Lec tures - Fri day, June 23, afternoon

L14

NEUTRON LAUE DIFFRACTION - APPLICATIONS IN MAGNETISM
AND HARD CONDENSED MATTER

B. Detlefs1,2, G. McIntyre3, J. Vejpravová2 , V. Sechovský2

1Eu ro pean Com mis sion, Joint Re search Cen ter, Karlsruhe, Ger many
2Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, Prague, Czech Re pub lic

3In sti tute Laue-Langevin, BP 156, F-38042 Grenoble, France

Neu tron Laue dif frac tion is a com ple men tary tech nique to
pow der and sin gle-crys tal neu tron diffractometry with pos -
si ble wide use in mag ne tism and other ar eas of hard con -
densed mat ter phys ics. The ILL neu tron Laue dif frac tion
in stru ment VIVALDI (Very-In tense, Ver ti cal-Axis Laue
Diffractometer) with its ver ti cal ge om e try al lows for

low-tem per a ture sam ple en vi ron ment nec es sary in most of
mag netic struc ture stud ies.  The power of this tech nique
and the in stru ment in de ter min ing mag netic struc tures will
be shown on the ex am ple of sev eral rare-earth intermetallic 
com pounds, in par tic u lar NdPtSn, PrCo2Ge2 and HoCoIn5.

L15

STUDY OF FERROELECTRICS BY INELASTIC NEUTRON SCATTERING

M. Kempa1,2, J. Hlinka1, J. Kulda2, S. Kamba1, J. Petzelt1

1In sti tute of Phys ics, Academy of Sciences of the Czech Re pub lic, Na Slovance 2, 18221 Prague 8, 
Czech Re pub lic

2 Institut Laue-Langevin, BP 156, 38042 Grenoble Cedex 9, France 
kempa@fzu.cz

Ferrolectrics, and par tic u larly relaxor ferro elec trics, have
been in ten sively stud ied for their un usual di elec tric,
electrostrictive and pi ezo elec tric prop er ties [1, 2]. The ma -
jor ity of ferro elec trics has a cu bic perovskite struc ture in
the par ent high-tem per a ture phase. Howevever, they ex -
hibit a large va ri ety of phe nom ena.

The op ti cal meth ods (in fra red, Raman spec tros copy...)
are able to pro vide in for ma tion about the dy nam ics only
from the Brillouin zone cen tre. There fore, in or der to in ves -

ti gate lat tice dy nam ics of sin gle crys tals, one has to em ploy 
in elas tic neu tron or X-ray scat ter ing.

In this con tri bu tion, we shall de scribe typ i cal phe nom -
ena that can be stud ied on (non mag netic) monocrystalline
ma te ri als by in elas tic neu tron scat ter ing. Ad van tages and
dif fi cul ties will be dem on strated on:

• de ter mi na tion of dis per sion curves [3, 4], in con nec -
tion with con stant-En ergy vs. con stant -Q scans, and
the new FlatCone pos si bil ity5 
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