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charge creation
(ionization) - IBIC

Recoil nuclei (elastic 
scattering) - ERDA

Transmitted ions 
(energy loss) - STIM

light (ionization) - IL

x-rays (ionization) - PIXE

γ−rays  (nuclear reactions) - PIGE

backscattered particles 
(elastic scattering) - RBS

TARGET / SAMPLE

Ion beam

emitted particles (nuclear reactions) - NRA

secondary electrons 
(ionization) - SEI

scattered particles 
(elastic scattering)

ERDA; RBS – depth profiling

2D imaging

UNIQUENESS: numerous processes



Silicon I 127- Si 28 C 12 He 4 H 1
Range(µm)
E=1 MeV

0.37 1.13 1.6 3.5 16.3

Range  (µm)
E=10 MeV

3.7 4.8 9.5 69.7 709

Terminal voltages – 0.1 to 12 MV
Ion sources – sputtering,   
RF alphatross, duoplasmatron

Good selection of ion ranges / dE/dx 
!!
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Transmission image of 11 
MeV C3+ through Cu grid

Typical resolution 1 um
Best resolution 0.4 um

25 um



• Maximum energy 15 MeV 
ME/q2

• Beam currents ≈ 0.1 fA
• Ion hit time can be determined 
by ~ 1 ns resolution

• Maximum energy 15 MeV 
ME/q2

• Beam currents ≈ 0.1 fA
• Ion hit time can be determined 
by ~ 1 ns resolution



EFG silicon
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IBIC  - single ion technique for imaging of 
microscopic distribution of charge transport 
properties !
- Imaging of grain boundaries, defects (such as 
dislocations), electric field (polarization),...

amorphous silicon

AlIBIC



IBIC  - single ion technique for imaging of 
microscopic distribution of charge transport 
properties !
- Imaging of grain boundaries, defects (such as 
dislocations), electric field (polarization),...

CVD diamond (1997)



a) Ions lose their energy dE/dx
b) Creation of charge pairs  e/h
c) Charge transport: 

• Drift - in electric field 
• Diffusion 

d) Induced charge
e) IBIC signal

ions

electrons

10 µm
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Velocity;   v = µΕ = d/TR

Mobility;   µ=d2/(TR *VBias)



t(µs)
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TRIBIC – time resolved IBIC
(by cathode)



distance from anode (channels)
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IBIC line scan (anode to cathode)
For CCE=100%
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Identification of defects

TRIBIC – time resolved IBIC



Si pin diode

Irradiation of certain 
regions in test samples 
will increase defect 
concentration and 
decrease IBIC signal



after 5⋅109 p/cm2  after 1.5⋅1010 p/cm2 
 

CdZnTe

Mobility of defects (as in 
CdZnTe)

Irradiated area



Recombination of defects in 
time
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Si PIN diode 
- irradiated by 9 fluences 
- by p, He, Li, Cl of 5 um 
range
- tested by IBIC using protons



Si PIN diode 
- irradiated by 9 fluences 
- by p, He, Li, Cl of 5 um 
range
- tested by IBIC using p and 
He

0 1= + ⋅Φ ⋅ed ave
Q K NIEL
Q



Diamond detectors
1 mm2, 500 um thick

Irradiation and
IBIC tests by 11 MeV C ions

Si pin diode sc CVD diamond



Diamond detectors
1 mm2, 500 um thick
+/- 500 V bias

Irradiation and
IBIC tests by 8 MeV C ions

electrons

holes
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Damage profile of 6 MeV C ions in 
diamond (SRIM simulation)

damage 
density
threshold

< 9⋅1022 cm-3 (partial) 
recovery of pristine structure 
upon thermal annealing

> 9⋅1022 cm-3 conversion 
to a graphite-like phase 
upon thermal annealing

if the diamond lattice gets damaged / 
distorted above a critical threshold, it 
converts to graphite upon thermal 
annealing

graphite is a very different material with 
respect to diamond: it is soft, electrically 
conductive and etchable



Implantation with three-dimensional masking

•evaporation of Cr-Au 
adhesion layer
•deposition of semi-
spherical Au contact mask
•implantation with 
scanning ion microbeam
•mask removal

A: Cr layer
B: Au layer
C: Au contact mask
D: scanning ion beam (6 MeV C)
E: buried graphitic channel

P. Olivero et al, Diamond Rel. Mat. (2008) 



1

2

3

R = 3.5, 1.5 MΩ channels 
2&3 + geometry ρ = 0.9, 1.1 Ω cm

Electrical characterisation: AFM


