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The lesson will briefly outline the features and examples of use of the non-destructive micro-
analytical techniques based on elastic scattering with proton and alpha particle MeV ions, i.e. Rutherford
and non-Rutherford Backscattering Spectrometry (shortly EBS), which are widely used for the
characterization of surfaces, interfaces, thin films, elemental depth profiling and impurity concentration
analysis in many research and industrial fields.
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OUTLINE

• Introduction
• Cross section
• Kinematics of elastic collisions
• Energy loss and Energy Straggling
• Mass separation, depth resolution
• Application examples in material research
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ION BEAM ANALYSIS (IBA)
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Elastic scattering techniques: RBS, EBS, ERD
Today  firmly established as quantitative  and versatile techniques of Ion Beam Analysis. 
Used in semiconductor, space, metellurgical, energy and quantum and nano-technology and other
industrial fields

Advantages:
I. Quantitative  analysis (typically 2-5%) for almost all elements without requiring calibrated

standards. They are used to calibrate standards for other micro-analytical techniques.
II. Provide mass resolution (hence elemental discrimination)  of near-surface impurities
III. Very sensitive to heavy elements (ppm)
IV. Less sensitive to light elements (other NRA IBA are used in parallel)
V. Analysed depth (typical for MeV proton and α particles): 2 µm (α), 20 µm (protons)
VI. Excellent depth resolution (eg: 2-5 nm under optimal conditions)
VII. Non destructive
VIII. Ideal techniques for atom-site  location in single crystal targets  (in combination with 

channeling) and for elemental depth profile determination in layered structures, diffusion
studies, ion mixing, interface analysis, thickness determination …)
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Elastic scattering techniques: RBS, EBS, ERD
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Simplified illustration of the equipment used for EBS
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Rutherford cross section. 
Interaction between two point-like charges
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Rutherford cross section
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Solid angle of the detector
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KINEMATICS OF ELASTIC COLLISIONS
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Kinematic coefficient
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One reason to work in back-scattering geometry
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Mass separation: M1 dependency
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Mass separation: detector resolution dependency

V. Rigato - LNL Summer School – Nuclear Physics meets Electronic Technology – Rome, 17-21 June, 2024                14



In conclusion: typical conditions
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@1 MeV  (He+)
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@1 MeV  (He+)
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Energy loss and stopping cross section
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Energy loss and stopping cross section
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http://srim.org/
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Stopping cross section and the depth scale
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Depth resolution and energy straggling
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Energy loss straggling
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Additivity of energy straggling
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Energy straggling calculation in EBS
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Elastic (non-Rutherford) backscattering cross section (I)
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Elastic (non-Rutherford) backscattering cross section (II)
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Elastic (non-Rutherford) backscattering spectra
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p-EBS  Analysis of 48TiOx/Al samples with roughness
(AN2000, Enom=1800 keV, Θin=0°, ΘEBS=160°) 
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O( , ) elastic scattering at 8.75 MeV, 170°
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Material
• Stopping power 

• NIST: https://www.nist.gov/pml/stopping-power-range-tables-electrons-protons-and-helium-ions

• SRIM2013: http://www.srim.org/

• Software
• SimNRA 7: https://mam.home.ipp.mpg.de/ 

• Cross sections: https://www-nds.iaea.org/exfor/ibandl.htm

Other readings
• W-K Chu, J.W. Mayer, M-A Nicolet, Backscattering Spectrometry, 

Academic Press, 1978 (Doi: https://doi.org/10.31399/asm.hb.v10.a0001775)

• Handbook of Modern Ion Beam Materials Analysis, J.R. Tesmer, M. 
Nastasi ed.; MRS Pittsburgh (PA) 1995  (ISBN-10, 1605112151)
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Thank for your attention!
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