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2 Varian Ion implanters:
Models 350 D and 200-20A2
6 MV Tandem @ iThemba LABS 
• AMS
• H+ PIXE
• He+ RBS
• Heavy Ion ToF-ERDA

3 MV Tandetron
• H+ PIXE
• He+ RBS, ERD
• RBS-Channeling

Separated Sector 
Cyclotron (SSC)
Emax – 200 MeV
for protons



• RBS.

• PIXE

IBA at iThemba LABS TAMS (Johannesburg)

..centred around a 6 MV Tandem [High Voltage Engineering]
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ToF-ERDA set up

• Heavy Ion – ToF ERDA

• NEC Alphatross
He ion source

• 860C SNICS ion 
source 



I. (IBA) Research areas at TAMS

II. The case for broad beam ion implantation

III. Preliminary experiments and results

Talk outline



i. Fundamental IBA parameters

➢ Stopping force measurement

I. Research areas

◙ Improvement of the Reliability and Accuracy of

Heavy Ion Beam Analysis, CRP F11013, 2007-2011.

➢ Our role: Stopping force measurements

◙ Development and Application of Ion Beam 

Techniques for Materials Irradiation and 

Characterization relevant to Fusion Technology,                 

CRP F110023, 2021-2025.

➢ Our Role: Heavy ion stopping force and ion

beam characterization of ion implanted

refractory metal films



i. Fundamental IBA parameters

➢ X-ray production cross section measurements

◙ Development of Molecular Concentration Mapping Techniques Using MeV Focussed Ion Beams, CRP

F11019, 2014-2018.

Our role: Heavy ion X-ray production cross section measurement for heavy ion PIXE applications



X-section measurements: some results



Accidental 
agreement with 
PWBA. . . .                    



◙ Fundamental IBA parameters

◙ Stopping force measurement

◙ X-ray production cross section measurement.

◙ Photovoltaic nanocomposites

◙ Organic-inorganic perovskites

◙ Ion beam materials modification

◙ Ion irradiation

◙ Ion implantation

I. Research areas



◙ Photovoltaic nanocomposites

◙ Organic-inorganic perovskites

Problem: poor environmental stability

Our proposed solution: 
• Try polyaniline (PANI): it is chemically stable, has 

tuneable conductivity (via doping & implantation)
• Investigate embedding active layers in inert 

matrices

3D structures additional 
advantage: high aspect ratio for 
increased optical absorption

Perovskites nanowires grown in 
PANI/PMMA membrane

Planar configuration



◙ Fundamental IBA parameters

◙ Stopping force measurement

◙ X-ray production cross section measurement.

◙ Photovoltaic nanocomposites

◙ Organic-inorganic perovskites

◙ Ion beam materials modification

◙ MeV ion implantation of polymeric films

I. Research areas



◙ Photovoltaic nanocomposites

◙ Ion implantation effects on PANI – planar diode Al/PANi/ITO:

Effect similar to chemical doping  -> case for MeV implantation 
to extend volume of interaction



II. The case for broad beam ion implantation

Implantation to different depths in well defined planar structures 
is generally achieved through changing the implantation energy

Change incident ion energy

A broad energy beam should facilitate 
simultaneous implantation to different 
depths ->  appropriate for 3-D structures



Broad beam generation methods:

1.    Incident beam scattering from a suitable thin film target

e.g. scattering yield of 5 MeV 48Ti ions incident on a 250 nm 
thick 209Bi film on a C-graphite substrate



Broad beam generation methods:

2.    Target recoils – (can be applied in co-implantation as well)

e.g
2-D scatter plot of Si and O recoils 
from a bulk quartz target bombarded 
by 30 MeV Au7+ ions  (measured  ~ 
860 mm from target)
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III. Test case: preliminary results

Incident beam: 20 MeV Au5+; beam current 
maintained ~ 25nA

Target: Thick titanium foil

Implantation target: polyethylene (PET), 
~ 130 µm thick

100 keV implants for 
comparison

ϕAu ~ 4 x 1015 ions/cm2

before

after. . . 



• 3 MeV H+ PIXE analysis of the broad beam implanted sample

III. Test case: preliminary results
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• 3.6 MeV He2+ RBS analysis of the 100 keV Ti+ 

implanted sample
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Implanted Ti (and Au) appear spread out 
evenly



• UV-Vis data……single energy keV vs broad MeV beam ion implantation 

III. Test case: preliminary results

Sample Optical band gap (eV)

Pristine PET 3.85

1 x 1016 /cm2 Ti 3.50

5 x 1016 /cm2 Ti 3.10

Broad beam 
implanted PET

2.30

φ broad beam << φ keV beam



◙ Preliminary data shows that in principle, broad beam ion implantation can

be performed without adjusting particle accelerator energy

◙ There is potential for ion implantation of high aspect ratio device

configurations.

◙ Ongoing work at iThemba LABS seeks to minimise/avoid interference from

unwanted species.

Conclusion and future outlook



Thank you 


