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Report:

The goal of this proposal was to perform 3D GISAXSpping experiments to study the
influence of various parameters on the formatiomaforipples produced by %&n beam
sputtering (IBS) of amorphous alumina surfaces.s&hexperiments were motivated to
provide new quantitative information helping to emstand the evolution of dielectric
surfaces nanopatterned by IBSamples were prepared at Institut P’ (CNRS Rsitiby
deposition of amorphous alumina layers onto Si sates followed by IBS at oblique
incidence by a defocused Xien-beam with the fluence and flux being fixedfat 6.8x10'°
ions/cnt and = 2x10" ions/cnd/s, respectively. Samples sputtered at differemrgias
(E=500¢eV, 750eV, 1000 eV, 1250 eV, 1500 eV), atght temperaturesT & 300 K,
400 K, 500 K, 600 K), and different angles of iremde @ =50°, 55°, 60°, 65°) were
investigated. GISAXS measurements were carriecab@t8 keV with the GISAXS chamber
of the D2AM beamline using an angle of incidemge 0.25° close to the critical angle of
total reflection. In order to obtain full 3D map$ the GISAXS intensity, series &D
GISAXS patterns were collected with a CCD detetwodifferent azimuthal angles (from
w=-10° tow= 30°) by increments of 1= 0° corresponds to the direction perpendicular
to the projection of the Xebeam).

As typical examples, Figs. 1(a)-1(c) show 2D GISA¥&iterns ¢ = 0°) collected from
samples sputtered &t= 500 eV, 1000 eV, and 1500 eV. Vertical streaksyse position and
shape depend on the sputtering parameters, weamsatically observed as a result of lateral
correlation between unidirectional ripples orienfetpendicular to the incident ion beam.
The experimental data were analyzed with the FIPXS package using the method
described in Ref.1 to determine statistical andangtative information about the
morphology (period, length, height, and asymmedny) organization (short-range order) of
the ripples. The main results are summarized below:

- a minimum for the ripple period associated with aptimum for the ripple

organization is observed when ion sputtering i$goered atd = 60°;
- the ripple period increases linearly with tempemt@nd ion energy;
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Fig. 1: (a)-(c) GISAXS patterns of amorphous alumina lapgnsttered with Xeions at different energies

(T =300 K,B8 =55°). (d)-(e) Dependence of the ripple periodim substrate temperaturgincidence angle

8, and ion energ¥. The solid lines represent the dependence of ¢éneg predicted by a linear continuum
model assuming an interplay between a surface turevalependence of the sputtering yield and an ion-
induced surface relaxation mechanism.

- the ripple organization is improved at low temperatand is independent of the ion
energy;

- the ripple height increases with the incidence amgld energy, while it decreases with
the temperature;

- the asymmetry of the ripple profile increases witle incidence angle, while it
decreases with the temperature, and is indepewndé&m ion energy.

The dependence of the morphological parameterscaapared to simulations using linear
continuum models [see Figs. 1(d)-1(f)]. Our resahlisw that the period of the ripples can be
fairly well reproduced by assuming an interplaywsstn a surface curvature dependence of
the sputtering yield (that gives rise to surfacegiening) and an ion-induced surface
relaxation mechanism (that causes smoothing). Heweevolution of the ripple shape
(height and asymmetry) and organization show tloafinear effects also contribute to the
dynamic of ripple formation during low energy IBSamorphous alumina surfaces.

Additional GISAXS experiments were performed in@rdo study the organization of Ag
nanoparticles grown by glancing-angle depositionsaoh nanorippled alumina surfaces.
The results state unambiguously that a replicatbnhe lateral order between ripples is
achieved [2], leading to the formation of nanomdetichains with a strong plasmonic
coupling.
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