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Background

• Ion Beam Analysis (IBA) methods are well quantified 
methods for material characterization and one 
cornerstone of the IBA is known cross-sections.

• Rutherford backscattering cross-sections need 
electron screening corrections.
For example Andersen screening corrections
are still in use after over 40 years after initial 
publishing.

• In ToF-ERDA effects of screening multiply
since heavy incident ions are used, 
Andersen is still the screening model
being used.
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What is ToF-ERDA

 Time-of-Flight Elastic Recoil Detection Analysis.

 Heavy ion beam recoils (lighter) sample atoms.

– Also scattering incident beam can be detected
and is advantageous for heaviest target material.

 Modern ToF-ERDA utilizes ~10MeV heavy beams 
and full range of elements can be quantified.

 ToF-ERDA is a quantitative method for elemental 
depth profiling for all sample elements, including 
hydrogen.

– Depth resolutions down to <1 nm and for surface 
elemental concentration down to 1×1013 level.



Why to use low energy heavy ions

 Using low energy heavy ions for ToF-ERDA has benefits:

– Increased cross-sections 
→ Less beam current is needed → Possibly less irradiation damage.

– Increased depth resolution

→ Heavier ions have greater stopping in sample material.

– Faster data collection

→ More signal comes from the film instead of the substrate.

– Lower energies allow more compact spectrometer setups.

 Drawbacks of low energy heavy ions:  

– Decreased mass resolution 
→ Can be taken account by better detectors.

– More pronounced multiple scattering
→ Can be taken account in Potku analysis software.

– Discrepancy of cross-sections
→ Something has to be done for this issue…

Li2CO3 measured with 4 MeV 39K Beam



Big issue with detected cross-sections/yields ?

 There is known discrepancy between measured amounts 
of heavy materials and calculated event counts using 
Rutherford cross-sections, both for RBS and ERDA.

– This is due to heavy screening that is more pronounced when 
using low energy heavy incident ions.

– There are screening models, most notably Andersen screening 
model, but they do not explain the whole discrepancy detected

 Additionally, stopping force measurements are scarce for 
heavy ions at low energies (< 20 MeV)

– There are stopping power models, but they might differ from 
actual values.

– Does stopping effect the cross-sections or the screening?
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Big issue with detected cross-sections/yields ?

Ratio of scattered (red) and recoiled (gold) yields do not
match to what is expected from cross-sections.  

Recoiled
Y target

Scattered
Cu beam

Yield
Andersen 

cross-section

Scattering 1347 4.5128e5

Recoiling 497 1.766e5

Scattered/recoiled
ratio

2.710 2.555

SiO2
substrate

2 nm Yttrium(Oxide) target on amorphous SiO2 on Si
 There is known discrepancy between measured amounts 

of heavy materials and calculated event counts using 
Rutherford cross-sections, both for RBS and ERDA.

– This is due to heavy screening that is more pronounced when 
using low energy heavy incident ions.

– There are screening models, most notably Andersen screening 
model, but they do not explain the whole discrepancy detected

 Additionally, stopping force measurements are scarce for 
heavy ions at low energies (< 20 MeV)

– There are stopping power models but they might differ from 
actual values.

– Does stopping effect cross-sections or screening?



Measurements

 ToF-ERDA measurements are done using 
JYFL ToF-ERDA setup.

– Film thickness is determined beforehand by RBS 
measurements from multiple positions of the sample wafer.

 Counting recoiling and scattering events from thin film 
samples. 

– Multiple scattering events are included to the yields.

– 2-5 nm films to ‘eliminate’ the effect of stopping force.

 Yields are converted to cross-sections using data about 
the beam fluence and sample film thickness.

Typical ToF-ERDA 2D histogram of samples used in
this study.

Scatter yields vs recoil yields

Si (from SiO2 substrate)

O (from SiO2 substrate)



Measurements

Simulated

Multiple scattering of Au recoils when bombarded with 8.5 MeV Cl beam.
High energy multiple scattered particles are circled in each figure.
Measured Au recoils have identical features with MCERD simulated
events.

Measured

 ToF-ERDA measurements are done using 
JYFL ToF-ERDA setup.

– Film thickness is determined beforehand by RBS 
measurements from multiple positions of the sample wafer.

 Counting recoiling and scattering events from thin film 
samples. 

– Multiple scattering events are included to the yields.

– 2-5 nm films to ‘eliminate’ the effect of stopping force.

 Yields are converted to cross-sections using data about 
the beam fluence and sample film thickness.

“dual” scattering events
with higher energy

than ‘expected’



Measurements – Sample materials

 Films were deposited on top of 1 um amorphous SiO2

substrate on a silicon wafer for light and medium 
recoils and thick enough to be used to normalize the 
beam fluence.

 Ion beams used were 35Cl, 63Cu, 79Br and 127I beams in 
the energy range of 6.8 – 17 MeV.

 Several thin film samples were measured with various
beams. Target stability was tested and monitored:

– Sample films have thickness around 2–5 nm to minimize
multiple scattering and stopping in film.

– Sample films used here are Co, Au and  Y2O3 .

– Some single isotopic materials were not stable enough, see 
for example beam damage in every La2O3 sample.

Co

Au

Y2O3

La2O3



Results and two possible explanations for the 
discrepancy

1st - Problem in the setup:

– Scattering in the timing gate carbon foils

– Preliminary simulations of the situation do 
not support that this effect would be the 
reason for reduced detected cross-
sections

2nd - “Low velocity” cross-sections are wrong:

– Heavy film materials introduce heavy 
screening when using low energy incident 
ion beam:
Issue between recoils and scattered 
particles

– Screening is not appropriately modelled in 
Andersen cross-sections for heavy masses 
at low velocities?

– How stopping effects cross-sections?

197Au target On the left there are some results of 
detected scattered beam and 
recoiled target cross-sections. 
Detected cross-sections are 
normalized to Rutherford cross-
sections.

With this heavy target the scattered 
beam agrees with Andersen 
screening, but recoils are far from the 
values we expect.

With recoils we detect greater relative 
cross-sections when using heavy 
beams and with scattering beam the 
‘order’ of masses is inverted.



Conclusions and future

 We have demonstrated discrepancy of detected 
cross-sections in low energy heavy ion ToF-ERDA.

 The origin of this discrepancy is not yet well 
understood. 
One contribution to this ‘screening effect’ can also be the 
scattering in the carbon foils in ToF-ERDA telescope, but 
preliminary simulations do not support this.

 We need better model for heavy ion, low energy 
screening in ToF-ERDA.

 More accurate screening model will allow quantitative 
IBA also for the future heavy substrates.
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