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Co-axial impact collision ion scattering spectroscopy

Introduction


Modified bimetallic surfaces have potential applications in heterogeneous catalysis and magnetic data
storage due to different properties from bulk alloyed materials.



Cu adopts a f.c.c. structure at room temperature, whilst Sn adopts a tetragonal structure. A large mismatch
of atomic radii, approximately 10 %, exists between Cu and Sn. Therefore complex structures are formed
when Sn is deposited on to Cu [1].



Cu(100) surface bombarded with Ar+ ions at 1.5 keV, followed by annealing to 550 °C gives a (1 x 1)
surface periodicity observed with low energy electron diffraction (LEED). Cleanliness of the surface
confirmed using Auger electron spectroscopy (AES).
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System schematic



CAICISS facilitates the probing of the
structure and composition of crystalline
surfaces with a high degree of surface
specificity [3]. The technique has been
used to study a range of surface science
problems, including real-time MBE growth,
surface reconstructions and metal oxide /
alloy formation.



Conservation of energy & momentum in
binary
collision

time-of-flight
measurements  composition information.

Room temperature Sn deposition from Knudsen cell at P ≤ 2x10-9 mbar, at a rate of 0.012 MLmin-1.

Medium energy ion scattering (MEIS)



Ion-atom interaction  shadow cones 
atomic structure.

 MEIS allows investigation of the surface structure and composition of crystalline materials using an ion
beam probe [2]. An incident beam of 100 keV H+ ions was used in these experiments.



 The MEIS system comprises four interconnected UHV chambers: a loading chamber; a storage chamber;
the preparation chamber (including LEED, AES, sample annealing, evaporation sources, etc); and the ion
scattering chamber.

Scattering angle of 180° simplifies analysis
but also requires chopping of the incident
beam.



In these experiments an incident beam of
3.0 keV He+ ions was employed.

Beamline

End station



Intensity vs. polar angle plot for each
element are compared to simulations
generated using the FAN code [4],
optimised by an automated fitting routine
(IFFCO [5]), combined with c2 R-factor
calculations [6].
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Phase I – 0.21 ML - p (2 x 2) [7]
 No blocking in Sn MEIS signal, therefore all Sn atoms confined to
the surface layer. Must use Cu signal to fit the data.
MEIS - <112> incidence

Cu CAICISS data &
simulations - <110> incidence

MEIS - <011> incidence

 CAICISS data recorded in the <110> azimuth gave
the most obvious differences between the models.

Optimised alloy model
<100> incidence

 The surface peak (19°) and sub-surface features in
the overlayer models do not match the experimental
data.
 Only the Cu-Sn alloy model provides a good fit
across the polar angle range.
Optimised alloy model
<110> incidence

LEED – p (2 x2)
91 eV

Phase III – 0.42 ML - p (3√2 x √2) R45°
 No blocking in Sn MEIS signal, therefore all Sn atoms confined to the surface
layer. Must use Cu signal to fit the data.
MEIS - <112> incidence

Cu CAICISS data & simulations - <110> incidence
Pussi model

MEIS - <011> incidence

Lallo model

Experimental
Pussi Model
Lallo Model

 IFFCO model optimisation run on both the Pussi
and Lallo models.
 The surface peak in the Cu backscattered plots
favours the Pussi model.

LEED - 213 eV
p (3√2 x √2) R45°

 Sn surface peak also examined, again
suggesting that the Pussi model is a better fit.

Phase II – 0.32 ML
 p (2 x 6) rotated domain surface alloy.

LEED – 59 eV

Phase II S – 0.35 ML
 Complex c (4 x 8) – alloy or overlayer?

LEED – 114 eV

Phase IV – 0.62 ML
 Complex c (4 x 4) structure.

LEED - 108 eV
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