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lon beam analysis in materials science

afamily.. — _ case dependent

/ combination (total IBA)

...of complementary techniques

compositional depth profile
+ crystalline structure (channeling)

wide range of materials/samples

from thick coatings (up to 1 um) to nanoparticles
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lon beam analysis
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Pioneering experiment

interaction of ions with atoms
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Pioneering experiment

interaction of ions with nuclei and with electrons

interaction via scattering/recoil or energy loss/excitation

e conservation of momentum
e conservation of energy
e conservation of angular momentum
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Concept of ion beam analysis
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Rutherford backscattering spectrometry

1. energy transfer during the , .
collision of M, and M, identity (M,) of the target atoms

(kinematic factor)

2. cross section in central force field .
—_— concentration of target atoms

(scattering cross section)

3. energy loss of particle depth profiles
(stopping cross section) 8
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Rutherford backscattering spectrometry
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Rutherford backscattering spectrometry
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Composition of a nanoparticle
too small for a nanobeam: by far more recoil than scatter events

e exact composition? stoichiometric?
* terminated by excess metal cations?
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PIXE: particle induced X-ray emission

Zn0O doped
with Co and Mn

2500 — ° o o
Mn(Kp)
251126 1[27 11281129 1[30 | 1000 ! o
Mn|| Fe [| Co || Ni || Cu || Zn 7n K
Mn(K,) ¢
Co(K,)
750 - 1500 - MCo(K )
_ :
;- o
e, - 2 \ ! dnly
G '__'{_é:'_;..;_"'-_-.\__;‘_;,:fn o > ‘| Energy
500 f‘.' 3:‘“"_'-;:}?'.?3{-_‘.: - 5 1000 _ |‘ ’l
3 ) T, ';'- ‘| !
@) ; “ I'
2501 ‘ 500
: .‘ ; Zn K,
L, “_. e AN l" J \ /\
0600 800 1000 1200 1400 ' ! ' ! : ' ; ' ' '
Energy (keV) 5 6 7 8 9 10

Courtesy: K.J. Kirkby, Univ. of Surrey, lon Beam Center

KU LEUVEN




PIXE vs. EMA RADIATE 3
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NRA: nuclear reaction analysis ™4

Ta oxidation in high vacuum: 30(p,a)*>N resonance (629 keV)

k» natural abundance: 0.21 %
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IBA: strengths and limitations

+ < very versatile — determining compositional depth profile
* from the surface to (a few) um deep
e guantitative — based on fundamental conservation laws
* independent of matrix, chemistry...
e jn situ (during heating, laser irradiation...)

- ¢ mm-sized ion beam (but: use ensembles)
* mass resolution (but: PIXE, NRA...)

* individual techniques may lack sensitivity in specific cases
(but: use complementary techniques — TOTAL IBA)
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