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1. ILL News for reactor users, No.31, June 1999.
2. ILL News for reactor users, No.33, June 2000.

3. Guide to Neutron Research Facilities at the ILL, the Yellow Book,
Dec 1997.

4. Understanding Structure, Science at ILL and ESRF, by EPSRC.
5. Institute Laue-Langevin.

6. Exploring Matter with Neutrons, Higlights in Research at the ILL.
7. A Computing Guide for Small-Angle Scattering Experiments.

8. RESTRAX version 4.1.

9. ORPHEE.

10.Laboratoire Leon Brillouin.

11.Equipments Experimentaux, LLB.

12.Scientific Report 1997/1998, LLB.

13.NCNR 1999,NIST.

14 NG3 and NG7 30-Meter SANS Instruments Data Acquisition
Manual

15.ESRF.
16.ESRF Newsletter, October 2000.
17.Seeing Things in a Different Light, ESRF.
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Scientific
Programme

flenary talks, inviteg talks,
contributed papers and
paster sassians will focus
on the following topiIcs:
= advanged neutron T
_sourges _ —
» advancad neulron opucs
and instrumentatien
:;pplicallons of
newronsini .
condensed matter
physics —_
material sclence
non-destructive
matedals testing
magnetsm
polymer science
pology

!,  — .

chemistry

archasology
industry

Pregentation of the new
nautron saurce FAM Ihn
Garchung will be 2art of the
programme.

Venue and
Locatian

The conference will take
place in the lecture halls of
the main buldings of the
Techrische Unveraitat
Munchen situated in Mu-
mch s city centre The
Tachrische Universitat
Munchen is surrounced Dy
world-famous art gallenes:
Alte Pinakothek, Neue
Pinakothek and Pinakothek

. der Moderna (currently

under construction, will be
cpened in 2000), Lenbach-
naus and Glyptothek. Each
of these are less than 300m
away from the canference
site. Other musaums such
as the Deutsches Museum
¢an be easily reached by

publie transport within 10
minutes. As the unersity is
cantrally located n Schwa-
birg, there are numerous
geod-gualty and reascn-
zcly-pnced restaurarts as
well as siLdent cafateras
1 the near vicinity.

With its newly ccensd In-
ternatenal Airpert, Municn
can be easily -2ached y
international camers, There
15 & frequent train connec-
tion from the airpart to
Murich city, High-spead
traing amive from all the im-
gortant German and Euro-
pean cities n hourly
rhythms at Munich’s main
railway station.

Scope

The ICNS 2001 will provide
an intarnational focum for
the presentation and cis-
cusston of recent develop-
mMents in relabion (o neutron
sources, the technigues of
neutron scattenng and ther
application to physics.
chemistry, biology, matenal
scignces and industry. The
conference interds to bring
together sgientists nvelved
1 the use of meutrons and
nstrumentation specialists.

The cenference will Be

held at e Techmische Uni-
versitat Munchen Here the
first German neutran
sourge FRAE went eatcal

in 1857 and nere, g0, the
Techmisthe Urveraitat
Munchan intards to put
FAM- into ogeration at the
beginnirg of 2001. This 15 2
tugh-flux neutron sourca n-
tended to fulfil the require-
ments ¢f the German and
the intematioral neutron
user community. The con-
ference will follw the traci-
tion established by the pra-

i -
iy

Accommodation

Accammedation in all netel
catzgornes and price
ranges s posaidle rourd
tna canfarence site. Spe-
cial arrangements are fora-
seen for students The
Saecond Announcement will
provide suggestions anc
advice for hotel bogkings.

Munich's Weather

Bavana usually has a very
pleasant late summer and
early auturnn, This is typi-
cal “beer garden ume”, The
Oktoberfest - the warld's
largest beer festival - takes
place from 22nd Saptem-
ber to Tth Qctaber 2001.
Thase who wish to enjoy
thus typical Bavarian atrrac-
tion shauld book hotels
one year in advance.

Sacial
Programme

Mun ch offers a varety of
possiahuas for an attrac-
tive sac.ai srogramme for
the canfarence celegatas
and accompanying per-
sons Scrme sxamples are
visiting 2 Munich ooera or
cgncet by one of three -
ternatenal orchestras;
guiced tours of the vanous
musaums; tnps o the
nearby lakas and beautiful
Alpineg eeuntryside. Itis
also possibletogoon a
tnp to one or maore of the
farmaous Bavadan castles
burt by King Ludwig It of
Bavana or visit some of
the murrergus barcgue
churches.

Proceedings

The conferenca progeed-
ngs will be publishea 23

a scecial issue of 2n mter-
nauonal journal. Submitted
papers will he reféraed
ard will be required @
achera 1o nternabtional
standards 1 connecion
with orginal scientiic
werk,

Technische
Universitat
Minchen

International
Conference on
Neutron
Scatiering 2001

Murich, 8-13 September 2001

argamzed by

Technisene Umiversitdt Munchen
in collabaration with the
European Neutran Scaltaring Azgeciahon

e L A
Advanced instrumentatian VIOUS meRlings: g e ~
for the ever-increasing ICNS 87 in Toronto, ‘ “;q 2 =y ) (F 7
neads of scientists will be ICNS 941 Serdat, Lo Uy # () _,_x

ICNS'91 in Oxferd,
ICNS'88 in Grenabie,
ICNS 85 in Sante Fe ard
ICNS'82 in Hakone.

ane of the central points of
the conference The con-
ference will largely support
the science af young re-
searchers
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' College and Keyword System for

NEUTRONS Proposals
FOR SCIENCE

College 3: Nuclear and Particle Physics

3-01 PN1 "LOHENGRIN" fission product spectrometry
3-03 PN3 "GAMS" gamma ray spectrometry

3-07 PF1 cold (polarised) neutron beam

3-14 PF2 very cold and ultracold neutrons

3-15 Other fundamental and nuclear physics

College 4: Structural and Magnetic Excitations

4-01 Lattice dynamics
o phonon dispersion relations
o phonon polarization vectors
o anharmonic effects (frequency shifts and phonon line shapes)
o excitations in quasicrystals
« 4-02 Dynamics of Structural Phase Transitions
o critical scattering
o soft modes
o central peaks
o modulated phases
¢ 4-03 Magnetic Excitations in Ordered Systems
o spin waves
Stoner excitations
crystal field excitations
nonlinear magnetic excitations
magnon phonon interaction
collective excitations in low-dimensional systems
o nuclear magnetism (hyperfine interaction)
4-04 Dynamics of Magnetic Phase Transitions
o magnetic critical scattering
o magnetic soft modes
o linewidth and spin relaxation effects
o modulated phases
4-05 Dynamics of Short-Range Ordered and Dilute Magnetic Systems
o dynamics of paramagnetic systems
crystal fields in dilute systems
magnetic impurities and clusters
dynamics of liquid and amorphous magnetic systems
spin glasses

O o O C O

o O C O

College 5: Crystallography and Magnetic Structures

hip//www ilL/SCOKeywords. huml 24/11/2000
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. College 5A: Crystallography
Single Crystal Diffraction

» 5-11 Inorganic structures
e 5-12 Organic structures
e 5-13 Crystalline short-range order
e 5-14 Thermal motion
« 5-15 Structural studies of phase transitions, superstructures, incommensurate structures,
quasicrystals
e 5-16 Special applications of single-crystal diffraction, including:
o diffraction physics (anomalous scattering, extinction, T.D.S., etc.)
o topography
o interferometry
Powder Diffraction
e 5-21 Small structures: inorganics, organics, minerals, ceramics
e 5-22 Large structures and defect structures: ‘
o zeolites, intercalates, catalysts, solid electrolytes, hydrides and hydrogen storage,
quasicrystals
¢ 5-23 Electronic materials:
o superconductors, mixed-valence compounds, heavy-fermion compounds
e 5-24 Structural studies of phase transitions, effects of temperature and pressure
e 5-25 Chemical kinetics, thermodiffractometry, thermal expansion
e 5-26 Special applications: texture, stress, unit-cell indexing, ab initio structure
determination

College 5B: Magnetism
« Powder diffraction '

e 5-31 magnetic structure determination
o magnetic phase diagrams

e 5-32 magnetic defects, short-range order or correlations
o amorphous magnets
o magnetic small-angle scattering

Single crystal diffraction

« 5-41 magnetic structure determination
o magnetic phase diagrams

e 5-42 magnetic defects, short-range order or correlations
o small-angle scattering

Polarised beam diffraction and polarisation analysis (neutron polarimetry)

e 5-51 magnetisation density (including related single-crystal structure refinement)
o clectronic form factors
o magnetic structure
o magnetic phase diagrams
o 5-52 nuclear polarisation
o depolarisation studies

hitp/www il i’SCO keywords.html 24/11/2000
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e 5-53 magnetic defects, short-range order or correlations
o amorphous magnets

College 6: Structure and dynamics of liquids and glasses

e 6-01 Monatomic liquids and gases

6-02 Molecular liquids and gases (including aqueous solutions)
6-03 Liquid alloys and molten salts

6-04 Glass transition in polymeric glasses

6-05 Glasses and amorphous materials (non-polymeric)

College 7: Materials science, surfaces and spectroscopy

7-01 Metallurgy and metal physics

7-02 Dynamics of H in metals

7-03 Dynamics of solid solutions

7-04 Dynamics and disorder in quasicrystals

7-05 Chemi- and physisorbed species

7-06 Dynamics of intercalation compounds

7-07 Dynamics and disorder in molecular systems
7-08 Magnetic excitations in inorganic complexes
7-09 Magnetic films and surfaces

College 8: Biology

8-01 Single crystals

8-02 Partially ordered systems
8-03 Solution scattering

8-04 Methodological studies
8-05 Inelastic experiments

. College 9: Structure and dynamics of soft-condensed
matter

e 9-10 Colloidal systems: micelles, microemulsions, amphiphilic aggregates, surfactant
systems, latex dispersions

e 9-11 Polymeric systems: solutions, melts, polyelectrolytes, blends, co-polymers, elastomers,
gels, networks, liquid crystals

hitp://www il (/SCO/keywords. himl 24/11/2000



ILL-SCO
gc 07/11/00
file bt_req_all_nb.xls

Beam-time request
Scientific Council October 2000
all countries As recommended by SC After national balance
country requested requested |allocated allocated |alloocated allocated in
in days in % in days in % in days %o
ARG 2,8 0,1 2,0 0,1 2,0 0,1
AUS 4,2 0,1 2,5 0,2 2,5 0,2
AUT 10,3 0,2 5,5 0,3 5,5 0,3
BEL 5,0 0,1 2,0 0,1 2,0 0,1
BRA 2,5 0,1 1,5 0,1 1,5 0,1
BRG 58,3 1,4 3.8 0,2 3,8 0,2
CAN 22,8 0,5 6,0 0,4 4,0 0,2
CH 92,4 2,2 50,7 3,1 50,7 3,1
COR 10,0 0,2 0,0 0,0 0,0 0,0
CZ 32,8 0,8 53 0,3 5,3 0,3
D 663,8 16,0 285,6 17,4 275,6 16,7
DNK. 55,8 1,3 28,8 1,8 24,8 1,5
E 92,0 2,2 48,2 2,9 48,7 2,9
EMBL 31,2 0,8 24,3 1,5 24,3 1,5
ESRF 44,5 1,1 14,5 0,9 22,3 1,4
F 572,7 13,8 237,5 14,4 271,5 16,4
FIN 15,0 0,4 10,5 0,6 10,5 0,6
GB 881,7 21,2 342,0 20,8 328,0 19,8
GRC 6,0 0,1 3,7 0,2 3.7 0,2
HUN 6,3 0,2 1,0 0,1 1,0 0,1
I 95,4 2,3 35,7 2,2 33,7 2,0
ILL 630,6 15,2 236,2 14,3 240,8 14,6
IND 6,5 0,2 2,0 0,1 2,0 0,1
[RA 2,3 0,1 0,0 0,0 0,0 0,0
ISR 18,7 0,4 11,7 0,7 12,7 0,8
JPN 76,7 1,8 448 2,7 47,2 2,9
NLD 39,5 1,0 19,0 1,2 16,7 1,0
NZL 11,8 0,3 8,2 0,5 8,2 0,5
POL 24,7 0,6 9,5 0,6 10,0 0,6
PRT 10,0 0,2 4,3 0,3 4,3 0,3
RUS 348,5 8.4 89,9 5.5 91,9 5,6
SWE 22,7 0,5 11,3 0,7 11,3 0,7
TWN 6,2 0,1 1,0 0,1 1,0 0.1
UKR 2,7 0,1 0,0 0,0 0,0 0,0
USA 2434 5,9 96,9 5,9 85,4 52
Total 4153,0 100,0 1646,0 100,0 1653,0 100,0
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Office. 19, rue Frangois Blumet
F-38360 sassenage
France
Phone : +33 476 269 540

Fax.  +33 476289 549 XENOCS”

Reffeeting Futuro Tochnology

2D,

Xenocs sas

Spin-off company from ILL created July 2000.

Products:
Neutron optics:

e  Supermirrors up to m=4

« Polarizing supermirrors for reflection or transmission geometry
¢ Multilayer monochromators (polarizing / non-polarizing)
« Multilayer bandpass filters (polarizing / non-polarizing)

e Filters for Ultra Cold Neutrons
« Reflecting soller collimators

X-ray optics:

e Muiltilayer monochromators
e  Synchrotron mirrors
s Supermirrors for hard x-rays

Custom coatings on demand.
Contact:

Peter Hoghoj

Xenocs sas

19, rue Frangois Blumet
F-38360 sassenage
France

Phone : +33 476 269 540
Fax: +33 476 269 549

E-mail: hoghoj@ill.fr (from 10/12/2000: peter.hoghoj@xenocs.com)

XENOCS SAS - Sigge social : Institut Laue — Langevin, 6 rue Jules Horowitz, 38042 Grenoble Cedex 9, France

SAS au capital de 39 000 Euro - R.C' S Grenoble 00 B 0904 - SIRET 432 403 566 00016

- a spin-off company of the Institut Laue Langevin



ORGANIGRAMME DU LABORATOIRE LEON BRILLOUIN

Direcnign

Directeny

Durecteur Adjount .

Adjoint -

Adjoint admunistratif et financer -
Assistant admnistratif :

Gestion du personnel et Missions :
Comptabilité :

Secrétariat :

Documentation :

Accueil Visiteurs :

C -t de Novion

3 Terxera

R Kahn

R Boschiero

A Boutrou-Corona

J Beau

MY Caudron

C. Marais

B Mailleret, C. Pomeay
C. Abraham, C Rousse

20 décembre 1999

34

Chercheurs & Ingénicurs de Recherche

Thésards

Post-doc & CTE Techniciens Collaborateurs
Théorie : P._Pfeury
S Aubry, T. Onufrieva, P. Pfeuty, I Szeftel A M. Morgante M Johansson
Diffraction - Poudre : F_Bourée
C. Autret V. Branger F Barjot T. Baudin (LM$-Orsay)
G André, F Bourse, M -H Mathon, I Mirebeau P Cadavez-Peres 1. Goncharenke C Gauttier A. Kurbakov (PNPIL, Gatchina)
J. Rodriguez-Carvajal M. A. Daoud-Aladine L. Pinsard-Gaudart H Gibrin
L Dunvault B Rieu
N. Ef Khayati (50%)
S. Galdeano

Diffraction Monocristaux : A.Goukassov

G. Chevrier, A_ Cousson,
B. Gillon, A. Goukassov, R. Papoular

J.M. Kiat (Ecole Centrale)
C. Scherf (RWTH, Aachen)

Duffusion et Svstémes Désordonnés | R. Bellissent

M. Ain, R. Bellissent

B Beuneu (CEA-LSI)
R. Caudron (ONERA)
G. Trambly (Univ.Cergy-Pontoise)

Trois Axes : B_Hennion

P. Bourges, M. Hennion. B. Hennion,
J.-M. Mignot, H. Moudden, F. Moussa
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Characterization of Porous Low-k Interlayer
Dielectric Materials to Enable Next-Generation
Integrated Circuits

Low-k interlayer dielectric materials have been identified by the microelectronics industry as a critical factor to enable deep
submicron technology for the continued improvement of integrated circuits. NIST is working to provide the semiconductor
industry with unique on-wafer measurements of the physical and structural properties of porous thin films important to their
use as low-k dielectric materials. We have developed a novel methodology utilizing several complementary experimental
techniques to measure the average pore size, porosity, pore connectivity, film thickness, matrix material density, coefficient
of thermal expansion, moisture uptake, and film composition of several classes of candidate porous thin film materials.

lmportant Propertes:

. average pora size
v porosity

*  matrix density

*  porm connectivity
. maistura uptake

coefficient of thermal expansion

Schematic diagram of a perous thin film stucture for use
as a low-k dielectric material.

As integrated circuit feature sizes continue to shrink, new
low-k interlayer dielectric materials are needed to address
problems with power consumption, signal propagation
delays, and crosstalk between interconnects. One avenue to
low-k dielectric matcrials is the introduction of nanometer
scale pores into a solid film to lower its effective dielectric
constant. However, the pore structure of these low-k
dielectric materials strongly affects important material
propertics other than the dielectric constant such as
mechanical strength, moisture uptake, coefficient of thermal
cxpansion, and adhesion to different substrates.

The characterization of the pore structure is needed by
matcrials engincers to help optimize and develop future
low-k materials and processes. Currently, there is no clear
consensus among IC chip manufacturers for the selection of
a class of material or a processing method of nanoporous
films.  Candidates include silica-based films, organic
polymers, inorganic spin-on materials, chemical vapor
deposited materials, and scveral others.  With the large
number possible materials and processes, therc is a strong
nced for high quality structural data to help understand
correlations between processing conditions and the resulting
physical propertics.

The characterization of the pore structure of thin nanoporous
low-k diclectric films is not straightforward, The small
sample volume of 1 pm films and the desire to characterize
the film structure on silicon wafers narrows the number of
available measurement methods. We have developed a novel
combination of small angle neutron scattering (SANS), high-
resolution x-ray reflectivity (HRXR), and ion scattering
techniques to determine important structural and physical
property information about thin porous films less than 1 um
thick. These measurements are performed directly on films
supported on silicon substrates so that processing effects can
be investigated. HRXR is used to accurately measure the
film thickness, the average film electron density, and the
coefficient of thermal expansion. SANS is used to determine
the pore structure providing information such as the average
pore size, pore connectivity, and moisture absorption. lon
scattering techniques are used to determine the elemental
composition of the films.

Combining information from all three tcchniques, we
provided the first independent measurements of important
quantities such as the film porosity and the pore wall density.
By measuring the propertics of a wide range of materials and
processing conditions, we help the US. microelectronics
industry to develop the proper materials and processing
conditions for low-k dielectrics needed for the commercial
production of next generation integrated circuits.

Wafer production tool. (Source: KLA-Tencor)



Spin-on interlayer dielectric (Source: AlliedSignal)

“We've had to reinvent the measurements to try and get a

Sundamental understanding of [porous material] properties.
Beginning early in 1999, we will be characterizing and
integrating porous materials into device structures.”

Ken Monnig, Director of Interconnect, International
SEMATECH ~ Semiconductor International, September
1998.

“On the learning curve, leverage of copper and low-k
metrology lags behind process development. New processes
prompt new metrologies, and these reveal arcane processing
Jeatures.”

Michael  Joffe, Philips
International, June 2000.

Analytical - Semicondyctor

The characterization cffort at NIST has been focused on
materials selected by an international industrial consortium,
International SEMATECH. International SEMATECH has
an ongoing program to formulate and understand important
material and structural properties of the more promising
low-k dielectric matcrials for process integration. The
parameters determined by NIST are used extensively by
member companies in their evaluation of a particular process
or material and their correlation with other critical material
properties.

Although the use of large scale facilities for SANS
measurements precludes its use in routine characterization of
porous dielectric materials in a fabrication environment. The
unique NIST measurement separating the matrix density and
the film porosity provides an important benchmark with
which to cross cormrelate with more standard on-line
inspection tools such as light scattering, ellipsometry, or
electron microscopy. NIST is working with several other
laboratories to perform round robin measurements to evaluate
the correlations between several techniques on identical
porous low-k dielectric materials.

Photograph of the interior of the NIST high-resolution
x-ray reflectometer with a silicon wafer with a low-k
dielectric thin film.

For More Information

Lin, E. K., Wu, W. L,, Jin, C., and J. T. Wetzel, “Structure and Property

Characterization of Porous Low-k Dieleetric Constant Thin Films Using X-ray
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Reflectivity and Small Angle Neutron Scattering,” Mat. Res. Soc. Proc., San
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Aaterials for Microelectronic

Photolithography

Eric K. Lin, Wen-li Wu

Photolithography remains the prevalent technology to ay

Sfabricate the smaller feature sizes needed in next generation
integrated circuits. The development of advanced lithographic
materials and processes requires new metrology and
Jundamental scientific understanding at these reduced
dimensions. We apply high-resolution measurement methods
such as neutron reflectivity, x-ray reflectivity, and small angle
neutran scattering both to understand fundamental materials
and transport issues and to characterize the resolution of
processes using thin film polymer photoresists

Photolithography is the driving technology used by the
microclectronics industry to fabricate integrated circuits. In
this process, a designed pattern is transferred to the silicon
substrate by altering the solubility of areas of a photoresist
thin film exposed to radiation through a mask. To fabricated
smaller features, next generation photolithography will utilize
wavelengths requiring photoresist films less than 100 nm
thick. Many new material and transport problems arise when
fabricating feature sizes on this length scale. To advance this
key nanofabrication technology and to evaluate the potential
of a given process, we are working closely with our
collaborators at IBM to apply high-resolution metrology to
better understand processes under localized conditions, to
guide the development of materials, and to provide high
quality data. Our efforts are focused in three general areas,
the physical properties of sub-100 nm polymer films, the
transport of polymer chains and small molecule components
over short distances, and the structural characterization of
lithographically prepared structures.

In the first arca, we have performed x-ray reflectivity
measurements to determine the thermal expansion behavior
of a model thin film polymer photoresist material,
poly(hydroxystyrene) (PHS). We found that when the film
thickness is less than 20 nm, the polymer film exhibits an
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Thermal expansion of pely(hydroxystyrene) films with
varying thicknesses. The curves are offset for clarity. An
unusual negative coefficient of thermal expansion is
observed in films less than 20 nm thick.

unusual negative thermal expansion behavior. Additionally,
as the film becomes thinner, the magnitude of the thermal
expansion above the glass transition temperature is
suppressed. This behavior has important implications in the
stability and processing of thin polymer photoresist films.
We are now exploring the origins of this thermal expansion
behavior as a function of polymer relative molecular mass
and polymer-substrate interaction cnergy.

Accompanying these fundamental studies, we have also
developed the use of small angle neutron scattering (SANS)
as a new metrology tool for the structural characterization of
feature size and resolution.

SEM (left) image and SANS data (right) from the same

lithographically prepared line pattern. The lines are
nominally 150 nm wide and 620 nm in height.

Unlike current microscopy-based techniques, SANS has the
advantages of measuring the structure directly on a silicon
wafer (silicon is transparent to neutrons), becoming less
technically demanding as feature sizes decrease, and making
measurcments non-destructively.  We have demonstrated
nanometer precision in the average width of a line and a
methodology to extract the average roughness or resolution
of line structures shown in the above figure.

By combining our ability to measure precisely and quickly
the feature size and resolution of the final structure using
SANS and fundamental data from high-resolution
measurcments, we plan to develop an integrated program to
correlate fundamental material and transport issues with the
ultimate resolution of fabricated structures.
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