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 Introduction to low and medium energy ion scattering. 
 

 Low energy electron diffraction observations of the sub-monolayer 
reconstructions of the Cu(100)/Sn system. 

 
 Ion scattering studies, focussing on: 
◦ Phase I - p(2 x 2) at 0.21 ML. 
◦ Phase III - p(3√2 x √2)R45° at 0.42 ML. 
 

 Conclusions & Acknowledgements. 
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Shadowing & Blocking 

o The repulsion of the incident ion by the target 
nucleus generates regions in to which no 
incident ions penetrate… “shadow cones”. 

o Two popular forms of the ion-atom screened 
Coulomb interaction potential – ZBL and 
Molière, although the ZBL has been shown to 
be inappropriate for LEIS analysis. 

o Increased incident ion flux at shadow cone 
edges due to small angle scattering. Hence 
there is an increased backscattered flux when 
cone edge is incident on another atom. 

o Determination of atomic structure possible by 
using shadow cones. 

 

Shadow cone 



CAICISS Basics 

o Co-axial impact collision ion scattering spectroscopy, detected 
scattering angle range of 178°-180°. 

o The incident beam is steered to filter out any neutrals in the incident 
beam, before being chopped at the final aperture in the steering 
section. 

o The chopped beam passes through a hole in the centre of the 
detector, travels down the flight tube and strikes the sample. 

o Measure time-of-flight (ToF) of scattered ions & neutrals.  

o ToF → elemental composition; intensity vs angle → atomic 
structure. 
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The Warwick CAICISS System 

Fast entry chamber Thermal gas 
cracker Ion gun 

Low energy electron 
diffraction (LEED) 

Hemispherical 
analyser 

Dual anode 
X-ray source 

(XPS) 
Knudsen cell Ion column (CAICISS) 

Electron gun (AES) 



MEIS Beamline & Vacuum System 

End Station Beamline 

o 50 – 200 keV H+ or He+ ion beams delivered to the end station. 

o Four inter-connected vacuum chambers (scattering, storage, preparation and fast entry). 

o Complimentary equipment on prep chamber: LEED, AES, ion bombardment & annealing, ports 
for k-cells, gas crackers, etc. 



MEIS Data Acquisition 

Energy projection  Depth profiling 

Angle projection  Atomic structure 
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Scattering Angle 

o Record data “tiles” of counts 
(colour scale) as a function of 
energy and scattering angle. Each 
tile is 2 % of the pass energy. 

o Select a region including a bulk 
blocking direction and project 
counts on to the energy axis for 
depth profiling. 

o Select the counts from the 
surface peak of an element and 
project on to the energy axis to 
determine the atomic structure. 
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Cu(100)-Sn  Submonolayer  Reconstructions 

Phase II –  0.32 ML 
Rotated domain p(2x6). 

Phase IIs - 0.35 ML  
c(8x4) 

Phase IV – 0.62 ML 
c(4x4) Sn overlayer 

Phase III – 0.42 ML 
p(3√2 x √2)R45° 

Phase I – 0.21 ML  
Complex overlayer based  
on p(2x2) superstructure. 



Phase III – Cu(100)-p(3√2 x √2)R45°-Sn 
Four structural models proposed in LEED & STM studies.  
o (a) The Argile & Rhead Sn overlayer model. 
o (b) The McLoughlin Sn overlayer model.  
o (c) The Pussi Cu-Sn surface alloy model. 
o (d) The Lallo Sn overlayer model. 

STM images from: 

(A) R. Sweeney, PhD Thesis,  
Dublin City University, 2009. 

(B) J.D. Fuhr et al.,  
PRB 80 (2009) 115410. 

213 eV 

(A) 

(B) 



Phase III – Cu(100)-p(3√2 x √2)R45°-Sn 

MEIS - <112> incidence MEIS - <011> incidence 

o No blocking in the Sn signal. Therefore all 
scattering events involving Sn atoms occur in the 
surface layer and the structure must be fitted using 
the Cu blocking curves. 

o Preliminary analysis of Cu blocking curves seems to 
favour Lallo & Pussi models. 



Phase III – Cu(100)-p(3√2 x √2)R45°-Sn 

o CAICISS performed using 3.0 keV He+ ions incident along 
the <110> azimuth. Scattered particles detected in time-of-
flight mode and analysed using FAN-IFFCO optimisation. 
 

o Modelling of the Cu backscattered peak in the CAICISS data 
prefers the Pussi surface alloy. 
 

o Modelling of the Sn signal also favours the Pussi model. 

Cu backscattering - Pussi Model 

Cu backscattering – Lallo Model 

Data 
Pussi 
Lallo 



o Three overlayer models and one 
alloy model in the literature. 

o LEED I-V & STM studies suggest the 
existence of anti-phase domains. 

o Both MEIS & CAICISS showed that 
all Sn is at the surface. 

o CAICISS in the <110> direction 
showed the most obvious 
differences between the models, 
heavily favouring the surface alloy 
model. 

CAICISS <110> incidence 

Phase I – Cu(100)-p(2x2)-Sn 

CAICISS 
<100> 

CAICISS 
<110> 

STM from R. Sweeney, PhD Thesis, 
Dublin City University, 2009. 

For more details see  
M. Walker et al.,  

PRB 83 (2011) 085424. 
91 eV 



Other Reconstructions 
Phase II –  0.32 ML 

Rotated-domain p(2x6) 
Phase IIs - 0.35 ML  

c(8x4) 
Phase IV – 0.62 ML 
c(4x4) Sn overlayer 

Phase II and IIs STM images from R. Sweeney, PhD. Thesis, Dublin City University, 2009. 
Phase IV STM from K. Yaji et al., Surf. Sci. 603 (2009) 341. 

115 eV 59 eV 108 eV 



o LEED and ion scattering spectroscopies offer a good combination of techniques to study 
complex surface reconstructions. 
 

o The Cu(100)-Sn system exhibits five reconstructions at sub-monolayer coverage. 
 

o CAICISS and MEIS used to rule out certain models. 
 

o Optimisation of CAICISS data revealed a succession of surface alloy structures for Phases I to III. 
 

o Phase IV contained a mixture of Sn atoms both on top of and within the Cu(100) structure. 

Conclusions 
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FAN Simulations 

o Utilises blocking cones to calculate 
the angular distribution of 
scattered particles. 

o Integrates over all lattice points to 
derive an intensity vs polar or 
azimuthal angle plot for each 
atomic species. 

o Compare the results to the  polar 
angle plots for each element which 
were extracted from the 
experimental data. 

o Simulated trajectories start at the chosen lattice point. 

o A 180° “fan” of trajectories are created around this point. 

o Incident trajectories calculated in a “time-reversed” manner. 



Scattering Geometries 

1 
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<110> 
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Phase II Analysis 

MEIS <011> incidence MEIS <112> incidence CAICISS <100> incidence CAICISS <110> incidence 



Phase IIs Analysis 
Overlayer model Alloy model 

<100> 
incidence 

<110> 
incidence 
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Phase IV Analysis 

Overlayer 
model 

Alloy 
model 

<100> incidence <110> incidence 



Phase I MEIS Blocking Curves 

MEIS - <112> incidence MEIS - <011> incidence 



Phase III – MEIS Optimisation 

Lallo model Pussi model 

<011> 
incidence 

<112> 
incidence 



FAN vs Kalypso, Cu(100)-He+ 

M. Walker et al., Surf. Sci. 605 (2011) 107. 



Correction Factor Analysis 

o Consistent discrepancy between CAICISS correction factor and the value 
predicted by O’Connor. 
 

o Offsetting O’Connor curve by 0.252 fits all CAICISS Cf values, except Pd(111). 
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