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General principle

Beam

TRIDYN

• Monte Carlo based 
simulation package [1, 2]

• Dynamic changes to the 
target SRIM [3]

• Self sputtering limit:
 𝝍𝒄𝒓𝒊𝒕: 𝝍𝒓𝒆𝒕 < 𝟎. 𝟗𝝍𝒊𝒏𝒄

Self-
sputtering
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TRIDYN simulations for different incoming beams 
and beam energies 

• Implantation of 
low Z elements

• Implantation in 
low Z foils

• Implantation at 
large beam 
energies 

Context

Conclusion and outlook
• Experimental confirmation of TRIDYN simulations 
• Self-sputtering is optimized by minimizing the Z of the foil 

and beam, maximizing the energy of the beam and 
maximizing the implantation area

• Total fluence can be used as indication for when self-
sputtering starts to become significant

For radionuclide collections the goal is to 
maximize the amount of collected 
radioisotopes

Self-sputtering has limited several 
collections at CERN-MEDICIS

Aim: investigate self-sputtering during 
radionuclide collections

Scan me

Target

Ion source

Implantation foil

TRIDYN simulations for different substrates and 
beam energies

Validation of TRIDYN simulations

• Implantation of Yb in Zn and Al foils
• In between implantations: foils subject to air 
→ Native layer of oxygen forms on surface

• Expectation within pure Zn/Al with native oxide layer 
simulation and ZnO/Al2O3 simulation

• Test for K implantation in Au and C
→ TRIDYN did not work well, likely due to immiscibility of the 
compounds

less self-sputtering

• Critical fluence of a pure beam (𝛹𝑐𝑟𝑖𝑡,𝑡𝑜𝑡
𝑝𝑢𝑟𝑒 𝑋) = good estimate for total 

incoming critical fluence (𝜓𝑐𝑟𝑖𝑡,𝑡𝑜𝑡, including all contaminants) at 
which sputtering of the nuclide of interest starts: 

𝜓𝑐𝑟𝑖𝑡,𝑡𝑜𝑡 ≈ 𝛹𝑐𝑟𝑖𝑡,𝑡𝑜𝑡
𝑝𝑢𝑟𝑒 𝑋

• Translated to experimentally accessible quantities:
• Critical activity of isotope of interest:

𝐴𝑐𝑟𝑖𝑡 = (2𝜋𝜎r
2)κ𝜆𝜓𝑡𝑜𝑡,𝑐𝑟𝑖𝑡 ≈ (2π𝜎𝑟

2)κ𝜆𝜓𝑡𝑜𝑡,𝑐𝑟𝑖𝑡
𝑝𝑢𝑟𝑒𝑋

• Total (isotope of interest + contaminants) integrated 
charge on the foil:

Q𝑐𝑟𝑖𝑡
𝑖𝑛𝑡 ≈ (2π𝜎𝑟

2)q 𝜓𝑡𝑜𝑡,𝑐𝑟𝑖𝑡
𝑝𝑢𝑟𝑒𝑋

Example

• 2020 167Tm collections [4]: 60keV implantation in Zn foil
• Expect self-sputtering effects at an implanted activity of:

𝐴𝑐𝑟𝑖𝑡 ≈ 2π𝜎𝑟
2𝜆𝜓𝑡𝑜𝑡,𝑐𝑟𝑖𝑡

𝑝𝑢𝑟𝑒𝑋
κ = 2π(9 ⋅ 106A)20.095

1

𝑑𝑎𝑦𝑠
0.480

1

𝐴2 0.004 = 0.845MBq

• But implantation was continued until ~5MBq 
→ Self-sputtering effects were clearly seen
o Half of implanted activity was ‘lost’
o Au foil is visible through Zn coating because of sputtered Zn

Total start fluence of self 
sputtering (𝜓𝑐𝑟𝑖𝑡,𝑡𝑜𝑡) = independent 
of beam purity

Simultaneous implantation:

PROBLEM: 
Fundamental limit is 
reached: no matter how 
much is implanted, the 
retained amount does 
not increase 

Minimize losses
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