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From 1994 until 2006 ISL offered ion beams with energies ranging from some tens of eV to
some hundred MeV dedicated to the application of ion beam techniques in solid state
physics, material science and biological science. Hence, ISL provided a third tool
for the investigation of condensed matter and surfaces along with the neutrons of BER Il and
the photons of BESSY Il. Researchers at ISL used ion beam techniques in various fields: eye
tumor therapy, analysis, applications, and research. About 70% of the beamtime was utilised

by external users (see user information) .

Having the choice to reinforce either the research at the reactor or to strengthen the research
at ISL, the senate of the Helmholtz-Society (HGF) recommended a closure of ISL at the end of

2007. Thereupon, the board of governors decided to close the ISL at the end of 2006.

These pages reflect the status of ISL at the end of 2006 and there will be no further update.
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lon beam analysis at ISL
ERDA
The accelerators at ISL are used for basic research, for the modification of materials and for
PIXE the analysis of matter. The objects under examination vary from complicated layer
structures of semiconductor devices to those of art historical nature. The following methods
RBS are available also for external customers:
1SN ERDA (Elastic Recoil Detection Analysis)
PIXE (Proton induced X-ray emission)
RBS (Rutherford Backscattering with helium or heavy ions)
15N (Hydrogen depth profiles by means of resonant nuclear reaction)
Here, you will find a summerizing overview of sensitivities, resolutions, etc. for the different
methods.
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(Elastic Recoil Detection Analysis with high energetic heavy ions)

For the ERDA-method the samples are irradiated with high
energetic heavy ions under grazing conditions. The energy as well
as the number of the outscattered atoms (recoils) of the sample
components are measured at a fixed angle relative to the beam
direction. At ISL the element - respectively mass identification is
done by means of the time-of-flight method (TOF), i.e., the
coincident measurement of energy and flight time for each recoil.
Owing to the element specific energy loss in material it is possible
to calculate from the measured energy spectra the depth
dependent concentration distributions for all components of a
sample.
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ERDA-measuring principle
ERDA
PIXE . irradiation of the sample with high energetic heavy ions at grazing incidence
RBS
projectile Eg i
15N ‘\ E> .-

e
-

- ¢

target atom S -

. coincident measurement of energy and time-of-flight with fixed flight path for the
outscattered atoms of the sample

. according to E=M/2 v2 it is possible to identify and separate the various masses in the
two-dimensional scatterplot time vs. energy

sample
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scatterplot (time vs. energy) of atoms from a SiN,:H layer on Si scattered to 60° relative
to the direction of the irradiating beam of 230 MeV 129Xe-ions

the concentration of each element is calculated from the measured number N, of the
corresponding forward scattered atoms from the sample

— N?"r

o, AR N,

F

the solid angle DW of the setup is known
Ng the number of the incident projectile ions is measured without any disturbance of the

beam using the residual-gas-ionization
the differential Rutherford cross section for the forward scattering of the sample atoms
with mass M, and nuclear charge Z, can be calculated exactly

2
My + M, 1

M, cos3gﬁ

2
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2K,

de,
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no free parameter is left, i.e., ERDA is a standard free, absolute method

the thickness of a layer and the concentration profiles are calculated from the measured
energy difference of the forward scattered sample atoms relative to the maximum
possible energy of an atom scattered to the detection angle, which is given by the
kinematical factor

Ey =k, Ey

_4MPMFCDSZQ5
e 2
(My+M,)

k

the detection sensitivity is almost the same for all elements

only for hydrogen the sensitivity is enhanced by a factor of four

when using heavy projectile ions no restriction of the detectable mass range exists
possible uncertainties of the used stopping cross sections result in uncertainties of the
calculated depth distributions

ERDA contact ERDA top

(I
=

http://www.hmi.defisl/ana/erda-2_en.html (2 von 2)14.04.2009 13:50:30



HMI Berlin- ISL - Analysis- ERDA - Setup

. : > q_m:;aar";y lon Beam @-lon @ Research @ User @ Operation &
Hahn-Meitner-Institut), Analysis  Irradiation Information Technique

Home - 1SL
Search
Deutsch

ERDA-setup:

ERDA

PIXE Scattering chamber:

enlarged picture (159 kB)

RBS

15 N

Flight path:

lon beam /
|

channelplate  mirror channel plate
stop detector start detector

SB
energy detector

Parameters:

Sample dimensions: lcmxlcm

Sample lock: 6 samples per ladder
Scattering angle: @ =15°-45°

SB-detector: 72 mm x 60 mm, 24 stripes each 3 mm wide
Detector opening: AD = £1.45° (24 x 0.12°)

Solid angle: AQ =2.1 msr

Flight path: d=120cm

Time resolution: At = 150 ps

Typical ion beam: 230 MeV 129Xel7+ ca. 0.3 TnA
Measurement time: 10 - 100 min
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Sensitivity:

Depth resolution:

Maximum depth:

ERDA contact
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some ppm for H and heavy elements, maximum 10 ppm for
the others, depending on the sample structure

about 10 nm close to the surface, decreasing with increasing
depth

about 2 um, depending on the material
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Publications RBS/ERDA:
ERDA
2005
PIXE

S. Seeger, R. Mientus, J. Rohrich, E. Strub, W. Bohne, K. Ellmer: Electrical and optical
RES properties of highly (001) textured WS, films deposited by reactive magnetron sputtering,

Surface and Coating Technics, in press

16N Th. Dittrich, H.-J. Muffler, M. Vogel, T. Guminskaya, A. Ogacho, A. Belaidi, E. Strub, W.

Bohne, J. Réhrich, O. Hilt, M. Ch. Lux-Steiner: Passivation of TiO, by ultra-thin Al-oxide, Appl.
Surf. Science 240 (2005) 236-243

N. P. Barradas, N. Added, W. M. Arnoldbik, |. Bogdanovis-Radovis, W. Bohne, S. Cardoso, C.
Danner, N. Dytlewski, P. P. Freitas, M. Jaksie, C. Jeynes, C. Krug, W. N. Lennard, S. Lindner,
Ch. Linsmeier, Z. Medunie, P. Pelicon, R. P. Pezzi, C. Radtke, J. Réhrich, T. Sajavaara, T. D.
M. Salgado, F. C. Stedile, M. H. Tabacniks, I. Vickridge: A round robin characterisation of the
thickness and composition of thin to ultra-thin AINO films, Nucl. Instr. and Methods in Physics
Research B 227 (2005) 397-419

2004

W. Bohne, S. Lindner, J. Réhrich, E. Strub: Calibration of various analytical methods with
Heavy-lon ERDA, Surface and Interface Analysis 36 (2004) 1089-1092

M. Bar, W. Bohne, J. Rdhrich, E. Strub, S. Lindner, M. C. Lux-Steiner, Ch.-H. Fischer:
Determination of the band gap depth profile of the penternary Cu(In(1_,)Ga,)(SySe(1.y))2

chalcopyrite from its composition gradient, J. Appl. Phys. 96 No. 7 (2004) 3857-3860

A. del Prado, E. San Andrés, |. Martil, G. Gonzalez-Diaz, W. Bohne, J. Réhrich, B. Selle:
Influence of H on the composition and atomic concentration of "N-rich" plasma deposited
SiOyNyH, films, J. Appl. Phys. 95 No. 10 (2004) 5373-5382

0. Papathanasiou, S. Siebentritt, W. Bohne, J. Klaer, I. Lauermann, K. Rahne, J. Réhrich, M.
Rusu, E. Strub, M.Ch. Lux-Steiner: Cd-free buffer layers for CulnS, solar cells prepared by a

dry process, In:W. Hoffmann [Eds.]:19th Europ. Photovoltaic Solar Energy Conf. Paris 7.-11.
June 2004, Proceedings Munich, Florence: WIP, ETA (2004) 1951-1954

T. Thamm, K.-U. Kérner, S. Stockel, G. Marx, E.Strub, W. Bohne, J. Réhrich: PECVD-
Abscheidung von harten Schichten im System B-C-N, In: B. Wielage [Ed.]: Neue Materialien
und Verfahren in der Beschichtungstechnik: Tagungsband zum 7. Werkstofftechnischen
Kolloquium in Chemnitz, 30. September bis 1. Oktober 2004, Chemnitz: TU, Lehrstuhl fiir
Verbundstoffe, 2004 (Schriftenreihe Werkstoffe und werkstofftechnische Anwendungen, Bd.
18), ISBN 3-00-013553-7, 275-280

V. Weiss, W. Bohne, J. Rohrich, E. Strub, I. Sieber, K. Ellmer, R. Mientus, F. Porsch: Reactive
magnetron sputtering of molybdenum sulfide thin films: In situ synchrotron x-ray diffraction and
transmission electron study, J. Appl. Phys. 95 No. 12 (2004) 7665-7671

M. Rusu, S. Wiesner, D. Fuertes Marron, A. Meeder, S. Doka, W. Bohne, S. Lindner, Th.
Schedel-Niedrig, Ch. Giesen, M. Heuken, M. Ch. Lux-Steiner: CuGaSe, thin films prepared by

a novel CCSVT technique for photovoltaic application, Thin Solid Films 451-452 (2004) 556-
561
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W. Bohne, J. Réhrich, A. Schopke, B. Selle, |. Sieber, W. Fuhs, A. del Prado, E. San Andrés,
. Martil, G. Gonzalez-Diaz: Compositional analysis of thin SiO,Ny:H films by Heavy-lon
ERDA, standard RBS, EDX and AES: a comparison, Nucl. Instr. and Methods in Physics
Research B 217 (2004) 237-245

P. Reinig, F. Fenske, B. Selle, W. Bohne, J. Réhrich, |. Sieber, W. Fuhs: Low-temperature
silicon homoepitaxial growth by pulsed magnetron sputtering, Appl. Surf. Science 227 (2004)
114-121

E. Strub, M. Bar, W. Bohne, Ch.-H. Fischer, B. Leupolt, S. Lindner, J. Réhrich, B. Schéneich:
Intensity calibration of an FT-IR spectrometer by Heavy-lon ERDA, Nucl. Instr. and Methods in
Physics Research B 219-220 (2004) 499-502

2003

W. Bohne, A. Denker, S. Lindner, J. Opitz-Coutureau, J. Rohrich, E. Strub: Materials analysis
using fast ions. In: J. L. Duggan [et al.] [Eds.]: Application of accelerators in research and
industry: 17th international conference, Denton, Texas, 12.-16. November 2002, Melville, NY:
American Institute of Physics, 2003 (AIP conference proceedings 680), ISBN 0-7354-0149-7,
424-427

A. Denker, W. Bohne, J. Heese, H. Homeyer, H. Kluge, S. Lindner, J. Opitz-Coutureau, J.
Rohrich, E. Strub: Swift ion beams for solid state and materials science, Nukleonika 48 [Suppl.
2] (2003) S175-S180

C.-M. Herbach, D. Hilscher, U. Jahnke, V. Tishchenko, W. Bohne, J. Galin, A. Letourneau, B.
Lott, A. Peghaire, F. Goldenbaum, L. Pienkowski: A combination of two 4pi-detectors for
neutrons and charged particles, Part Il, The Berlin silicon ball BSiB for light- and heavy-ion
detection, Nucl. Instr. and Methods in Physics Research A 508 (2003) 315-336

A. del Prado, E. San Andres, |. Martil, G. Gonzalez-Diaz, D. Bravo, F. J. Lopez, W. Bohne, J.
Rahrich, B. Selle, F.L. Martinez: Optical and structural properties of SiO,NyH, films deposited

by electron cyclotron resonance and their correlation with composition, J. Appl. Phys. 93
(2003) 8930-8938

M. Rusu, S. Wiesner, S. Lindner, E. Strub, J. R6hrich, R. Wirz, W. Fritsch, W. Bohne, Th.
Schedel-Niedrig, M.Ch. Lux-Steiner, Ch. Giesen, M. Heuken: Deposition and characterization
of Ga,Sej thin films prepared by a novel chemical close-spaced vapour transport technique,

J. Phys.: Condensed Matter 15 (2003) 8185-8193

E. San Andres, A. del Prado, I. Martil, G. Gonzalez-Diaz, D. Bravo, F. J. Lopez, M. Fernandez,
W. Bohne, J. Réhrich, B. Selle, I. Sieber: Bonding configuration and density of defects of
SiOyHy thin films deposited by the electron cyclotron resonance plasma method, J. Appl.

Phys. 94 (2003) 7462-7469

J. Schwarzkopf, B. Selle, W. Bohne, J. Rohrich, I. Sieber, W. Fuhs: Disorder in silicon films
grown epitaxially at low temperature. J. Appl. Phys. 93 (2003) 5215-5221

E. Strub, W. Bohne, S. Lindner, J.R6hrich: Possibilities and limitations of ERDA: examples
from the ERDA ToF set-up at the Hahn-Meitner-Institut, Surface and Interface Analysis 35
(2003) 753-756

H.H. Bertschat, J. Rohrich, G. Schiwietz [Eds.]: Annual Report 2002. Hahn-Meitner-Institut
Berlin / ISL, lonenstrahllabor Berlin: Hahn-Meitner-Institut, 2003 (HMI-B 591)

2002

A. del Prado, E. San Andrés, F. L. Martinez, I. Martil, G. Gonzales-Diaz, W. Bohne, J.
Rohrich, B. Selle, M. Ferndndez: Composition and optical properties of silicon oxynitride films
deposited by cyclotron resonance, Vacuum 67 (2002) 507-512

W. Bohne, W. Fuhs, J. Rohrich, B. Selle, I. Sieber, A. del Prado, E. San Andrés, |. Martil, G.
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Gonzalez-Diaz: Compositional analysis of SiOyN,:H films by Heavy-lon ERDA: the problem of
radiation damage, Surface and Interface Analysis 34 (2002) 749-753

W. Eisele, A. Ennaoui, C. Pettenkofer, W. Bohne, M. Giersig, M. Lux-Steiner, T. P. Niesen, S.
Zweigart, F. Karg: Structure of Zn/(Se,OH) Buffer Layers Grown on Production-Scale Cu(ln,
Ga)(S,Se),-Absorbers by Chemical Bath Deposition, Proc. 17th European Photovoltaic Solar

Energy Conf. ed. by B. McNelis, W. Palz, H. A. Ossenbrink, P. Helm, Vol. 11 (2002) 1023-1026

S. Neve, W. Bohne, J. Klaer, R. Klenk, R. Scheer: ZnS,0yH,-Buffer Layers for Chalkopyrite

Solar Cells, Proc. 17th European Photovoltaic Solar Energy Conf. ed. by B. McNelis, W. Palz,
H. A. Ossenbrink, P. Helm, Vol. 1l (2002) 1102-1104

S. Lindner, W. Bohne, A. Jager-Waldau, M. Ch. Lux-Steiner, J. Réhrich, G. Vogl:
Investigations of atomic diffusion at CIGSSe/ZnSe interfaces with heavy ion elastic recoil
detection analysis (HI-ERDA), Thin Solid Films 403-404 (2002) 432-437

J. Platen-Schwarzkopf, W. Bohne, W. Fuhs, K. Lips, J. Réhrich, B. Selle, I. Sieber:
Experimental Study on the Role of Hydrogen in the Breakdown of Low-temperature Si Epitaxy,
Mat. Res. Soc. Symp. Proc. 686 (2002) A3.1.1

W. Bohne, S. Lindner, J. Réhrich: Study of In diffusion into ZnSe buffer-layer material of
chalcopyrite solar cells with rough surfaces by means of ERDA measurements, Nucl. Instr.
and Methods in Physics Research B 188 (2002) 55-60

D. Wruck, R. Boyn, M. Wienecke, F. Henneberger, U. Troppenz, B. Huttl, W. Bohne, B.
Reinhold, H.-E. Mahnke: The configuration of Cu centers in electroluminescent SrS:Cu
phosphors: a X-ray absorption fine structure and optical study, J. Appl. Phys. 91 (2002) 2847-
2852

R. Wirz, W. Bohne, W. Fuhs, J. Réhrich, M. Schmidt, A. Schépke, and B. Selle: Composition
and Structure of Epitaxial CaF, Layers at the First Stage of Their Growth on Si(111), Mat.

Res. Soc. Symp. Proc. 696 (2002) N3.21.1

C. Kaufmann, R. Bayon, W. Bohne, J. Réhrich, R. Klenk, and P. J. Dobson: Chemical Bath
Deposition of Indium Oxyhydrosulfide Thin Films, J. of the Electrochem. Society 149 (2002)
C1-C9

2001

W. Bohne, J. Rohrich, B. Selle, M. Birkholz, F. Fenske, W. Fuhs, J. Platen-Schwarzkopf, and
P. Reinig: Characterization of Microcrystalline Si Films by MeV lon Scattering Techniques,
Mat. Res. Soc. Symp. Proc. 638 (2001) F14.24

H. Homeyer, P. Arndt, W. Bohne, W. Busse, A. Denker, B. Martin, W. Pelzer, J. Rohrich:
Status of ISL, American Inst. of Phys. Conf. Proc., ed. by F. Marti, Melville, NY, 600 (2001)

S. Neve, W. Bohne, J. Réhrich, R. Scheer: ERDA analysis of ZnS,(OH)y thin films obtained by
chemical bath deposition, Mat. Res. Soc. Symp. Proc. 668 (2001) H5.3.1

W. Bohne, J. Rohrich, M. Schmidt, A. Schopke, B. Selle, R. Wiirz: Composition and
morphology studies of ultrathin CaF, epitaxial films on silicon, Appl. Surf. Science 179 (2001)

73-78

F. L Martinez, A. del Prado, |. Martil, G. Gonzéalez-Diaz, W. Bohne, W. Fuhs, J. Rohrich, B.
Selle, 1. Sieber: Molecular models and activation energies for bonding rearrangement in
plasma-deposited a-SiN,:H dielectric thin films treated by rapid thermal annealing, Phys. Rev.

B 63 (2001) 245320/1-11

I. Luck, U. Storkel, W. Bohne, A. Ennaoui, M. Schmidt, H. W. Schock, D. Braunig: Influence of
buffer layer and TCO deposition on the bulk properties of chalcopyrites, Thin Solid Films 387
(2001) 100-103

2000

http://www.hmi.defisl/ana/erda-5_en.html (3 von 5)14.04.2009 13:50:58



HMI Berlin - ISL - Analysis- ERDA - Publications

C. Kaufmann, S. Neve, W. Bohne, J. Klaer, R. Klenk, C. Pettenkofer, J. Roehrich, R. Scheer,
U. Stoerkel, P. J. Dobson: Growth analysis of chemical bath deposited In(OH),S, films as

buffer layers for CulnS, thin film solar cells, Proc. 28th IEEE PVSC, Anchorage 2000, 688-691

W. Bohne, G.-U. Reinsperger, J. Rohrich, G. Réschert, B. Selle, P. Staul3;: Comparative
concentration analysis of Cr and Co in FeSi, films performed by ERDA and RBS, Nucl. Instr.

and Meth. in Physics Research B 161-163 (2000) 467-470

W. Bohne, W. Fuhs, J. Rohrich, B. Selle, G. Gonzales-Diaz, |. Martil, F. L. Martinez, A. del
Prado: Compositional analysis of amorphous SiN, films by ERDA and infrared spectroscopy,

Surf. Interface Anal. 30 (2000) 524-537

1999

M. Weber, J. Krauser, A. Weidinger, J. Bruns, C.-H. Fischer, W. Bohne, J. Réhrich, R. Scheer:
Hydrogen impurities in chemical bath deposited CdS, J. of the Electrochemical Society 146
(1999) 2131-2138

M. Birkholz, W. Bohne, J. Rohrich, A. Jager-Waldau, M.C. Lux-Steiner: Stoichiometry and
impurity concentrations in |I-VI compounds measured by elastic recoil detection analysis
(ERDA), J. of Crystal Growth 197 (1999) 571-575

J. Oertel, K. Ellmer, W. Bohne, J. Réhrich, H. Tributsch: Growth of n-type polycrystalline pyrite
(FeS,) films by metalorganic chemical vapour deposition and their electrical characterization,

J. of Crystal Growth 198-199 (1999) 1205-1210

B. Thomas, K. Ellmer, W. Bohne, J. Rohrich, M. Kunst, H. Tributsch: Photoeffects in cobalt
doped pyrite (FeS,) films, Solid State Communications 111 (1999) 235-240

W. Bohne, G.-U. Reinsperger, J. Réhrich, A. Schopke, B. Selle, I. Sieber, P. Staul3, I. Urban:
Analysis of Co and Cr dopants in epitaxial films of R-FeSi, by ERDA, RBS, EDX and AES,

Fresenius J. Anal. Chem. 365 (1999) 258-262

B. Huttl, S. Schliter, T. Gaertner, U. Troppenz, W. Bohne, J. Réhrich , G. Bilger, K.-O.
Velthaus: Blau emittierende SrS:Cu,Ag-Dunnschichten fiir die Farb-Elektrolumineszenz (EL)
und neue Applikationen der EL Technologie, proceedings of the 14th Electronic Displays,
Berlin (1999) 167-172

1998

W. Bohne, J. Réhrich, G. Réschert: The Berlin time-of-flight ERDA setup, Nucl. Instr. and
Methods in Physics Research B 136-138 (1998) 633-637

W. Bohne, G.-U. Reinsperger, J. Rohrich, G. Réschert, B. Selle: Composition analysis of Co
doped FeSi, films by combining standard and heavy-ion RBS, Nucl. Instr. and Methods in

Physics Research B 136-138 (1998) 273-277

D. Wruck, R. Boyn, L. Parthier, F. Henneberger, J. Réhrich: Incorporation of rare earths int II-
VI compounds during molecular epitaxial growth: Extended x-ray absorption fine structure
study of Sm-doped ZnTe, J. Appl. Phys. 84 (1998) 6049-6054

W. Bohne, J. Rohrich, G. Réschert: The new time-of-flight ERDA setup at the HMI-Berlin,
Nucl. Instr. and Methods in Physics Research B 139 (1998) 219-224

1996

W. Bohne, S. Hessler, G. Réschert: Beam-current measurement based on residual gas
ionization, Nucl. Instr. and Methods in Physics Research B 113 (1996) 78-80

W. Bohne, F. Fenske, S. Kelling, A. Schopke, B. Selle: Refined RBS and AES techniques for
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the analysis of thin films used in photovoltaic devices, phys. stat. sol. (b) 194 (1996) 69-78

U. Troppenz, G. Bilger, W. Bohne, G. Gers, J. Kreissl, R.-H. Mauch, K. Sieber, K. O. Velthaus:
Material characterisation of SrS:Ce, Mn, Cl films, Proceedings Inorganic and Organic

Electroluminescence, Berlin 1996, Ed. R.-H. Mauch, H. E. Gumlich, Wissenschaft&Technik
Verlag, Berlin 1996, 182-185
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PIXE
ERDA
(Proton Induced X-Ray Emission)
PIXE

The object, that is to be analyzed, is irradiated by high energy
RBS protons. They excite the atoms, to emit characteristic X-rays, which
identify the chemical elements in the probe. Very low proton
currents are needed, and the studied objects are in normal

15N atmosphere. Therefore highly sensitive and large objects, as objets

| ; . Principle
d'arts, can be studied without any damage.

Setup

Contact

Publications

Fig: Analysis of the gilding of a
3600 year old egyptian coffin.
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PIXE-measuring principle
ERDA
Irradiation of any material with a proton beam induces the emission of characteristic X-rays, that
PIXE identify the elements in the material, independent of their chemical bonding. Only X-rays above
about 2 keV, i. e. from elements heavier than phosphorous, can be detected with the object in air
RBS due to the absorption of the X-rays in the air and the vacuum window of the detector; often the

pieces to be analyzed would be damaged, if brought into vacuum. PIXE is performed at many
places with protons of about 3 MeV. Here 68 MeV protons are used. With low energy protons the
15N analysis is limited to a depth of around 0.25mm by the range of the protons. The range of 68
Mev protons is roughly a few centimeters, offering the fairly unique possibility of a nondestructive
analysis to this depth. 68 MeV protons induce also for the heaviest elements the emission of K X-
rays with good cross sections. These high energy X-rays are little absorbed and can therefore
also be detected from deep inside of any test piece. The spectrum of K X-rays is also much less
complicated than that of L X-rays, which have to be used with the usual low energy protons. The
absorption of the X-rays on their way out from deep inside of the studied object, that depends on
the composition and any layer structure of the probe, makes a fully quantitative analysis of the
elements difficult. Some information on the depth, in which an element is present, can be gained
from the measured intensity ratios of the various K and L lines of this element. Their absorption
in the probe differs markedly because of their different energy and depends therefore on the

depth.
Test on Modern Glass with Thin Gold Foil
300 L L
Olass v /
- - Beam hehind 3 mm glass (lead) -
280 L Glass + Goldfoill = | _
, | .

F_ Ar ;: 7
2001 JJ? N E =68 MeV
ot ] i L] -
= g7 = I=10 pA
= 150 L = T S __. i
o = jJ = et 200 see

M R i o3 J

100 L = z 2 p _
| = =

| | o | i

50 1 | |
ﬂ . fronlyy e po e oot B gt R e e o e e bl e L e by e e it p o p o e i
60 65 70 7 80 85 90 95 100

Energy (keV)

Fig: Non destructive detection of a thin gold foil behind 3mm of lead glass.
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PIXE-setup:
ERDA
The simple measuring set up is placed at target location TW. The proton beam exits through a
PIXE thin Kapton foil into the atmosphere. The item to be tested is placed about 10 cm behind the
foil on a remote controlled x-y-table. Also bulky and heavy (50kg) pieces can be positioned to
RBS 0.1 mm. The measured spot can be marked and documented by taking and storing a digital

image with a TV-camera. The beam is first focussed on a luminescent screen with an intensity
15N of 1 nA to a diameter of 0.1 mm or more. Then the beam current is reduced to < 1 pA, before

the object and the Ge- and Si(Li)-detector for the X-rays are put into place. Typically one
measurement takes 3 min.

object

Setup:
68 MeV proton beam
from the cyclotron
moveable
mirror
Heavy-Met-shielding
Si(Li)
—
| object |
remote controlled x-y table
Parameter:
size of object 1 mmto 1lm
distance beam exit to
10 cm

distance detector to object |5 cm

detector HPGe

180 eV @ 5.9 keV

detector Si(Li)
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Beam

68 MeV Protons, below 10 pA

measuring time

200 sec bis 0.5 h

Sensitivity

1 ppm for elements with Z around 50 in a light matrix,
decreasing 0.1% in unfavourable cases

depth resolution

ca. 10 um

possible depth of analysis

depends on element and matrix, up to some cm
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Publications PIXE:
ERDA
PIXE 2006
RBS COST Action G8: non-destructive testing and analysis of museum objects
A. Denker, A. Adriaens, M. Dowsett, A. Giumlia-Mair (Editors)
15 N ISBN 978-3-8167-7178-4 Fraunhofer IRB Verlag

Materials Analysis Using Fast lons
A. Denker, W. Bohne, J. Rauschenberg, J. Réhrich, E. Strub
Proceedings of CERN Accelerator School ISBN 978-92-9083-284-3, 417-432

Gemaldeuntersuchungen mit hochenergetischen Protonen

A. Denker, C. Laurenze-Landsberg

Jahrestagung Archdometrie und Denkmalpflege 2006, Eds. O. Hahn, H, Stege, ISSN 0949-
4057, 65-67

Rontgenanalytische Methoden im Vergleich

T. Wolff, A. Denker, O. Hahn, S. Merchel, M. Radtke, U. Reinholz

Jahrestagung Archdometrie und Denkmalpflege 2006, Eds. O. Hahn, H, Stege, ISSN 0949-
4057, 22-24

2005

Influence of corrosion layers on quantitative analysis
A. Denker, W. Bohne, J. Opitz-Coutureau, J. Rauschenberg, J. Réhrich, E. Strub
Nucl. Instr. Meth. B 239 (2005) 65-70

High-energy PIXE using very energetic protons: quantitative analysis and
Cross sections

A. Denker, W. Bohne, J. L. Campbell, P. Heide, T. Hopman, J.A. Maxwell, J. Opitz-Coutureau,
J. Rauschenberg, J. Rohrich, E. Strub

X-ray Spectrometry B 34 (2005) 376-380

High-energy PIXE on early Medieval metal objects
A. Denker, M.C. Blaich
Georarchaeological and Biolarchaeological Studies 3 (2005) 319-222

Analysis of some coins by engery dispersive X-ray fluorescence (EDXRF)
and high energy particle X-ray emission (PIXE) techniques

S. Santra, D. Mitra, M. Sarkar, D.Bhattacharya, A. Denker, J. Opitz-Coutureau,

J. Rauschenberg

Nucl. Instr. Meth. B 229 (2005) 465-470

2003

Zerstorungsfreie Analyse mit PIXE - Klassifizierung von Metallen und
Pigmenten
A. Denker

http://www.hmi.defisl/ana/pixe-5_en.html (1 von 3)14.04.2009 13:52:05



HMI Berlin- ISL - Analysis- PIXE

Restauro 6 (2004) 390-393

Non-destructive analysis of coins using high-energy PIXE
A. Denker, J. Opitz-Coutureau, M. Griesser, R. Denk, H. Winter
Nucl. Instr. Meth. B 226 (2004) 163-171

High-energy PIXE: quantitative analysis
A. Denker, J. Opitz-Coutureau, J.L. Campbell, J.A. Maxwell and T. Hopman
Nucl. Instr. Meth. B 219-220C (2004) 130-135

Proton induced x-ray emission using 68 MeV protons
A. Denker, J. Opitz-Coutureau
X-ray Spectroscopy Vol.33 (2004) 61-66

Paintings - high-energy protons detect pigments and paint layers
A. Denker, J. Opitz-Coutureau
Nucl. Instr. Meth. B 213C (2004) 677-682

2003

Materials Analysis Using Fast lons

W. Bohne, A. Denker, S. Lindner, J. Opitz-Coutureau, J. Réhrich, E. Strub
Application of Accelerators in Research and Industry, 17th Intl. Conference
ed. by J.L. Duggan and I.L. Morgan,

AIP Conference Proceedings 680 (2003) 424-427

2002

Analysis of Middle Age Objects Using 68 MeV Protons
A. Denker, M.C. Blaich
Nucl. Instr. Meth. B 189 (2002) 315-319

2001

Applications of PIXE with 68 MeV protons

A. Denker, K. H. Maier

Application of Accelerators in Research and Industry, 16th Int. Conf., ed. by J.L. Duggan and I.
L. Morgan, AIP Conference Proceedings 576 (2001) 417-420

2000

Investigations of objects d'art by PIXE with 68 MeV protons
A. Denker, K. H. Maier
Nucl. Instr. and Meth. B 161-163 (2000) 704-708

1999

High Energy PIXE using 68 MeV Protons
A. Denker, K. H. Maier
Nucl. Instr. and Meth. B 150 (1999) 118-123

Investigation of Paint Test Samples by High Energy 68 MeV PIXE

A. Denker, M. Griesser, K.H. Maier, H. Musner

Proc. of the 6th International Conference on Non destructive Testing and Mikroanalysis for the
Diagnostics and Conservation of the Cultural and Environmental Heritage, Eds. M. Marabelli,
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ERDA

PIXE

RBS

15 N
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RBS

(Rutherford Backscattering with helium or heavy ions)

For the RBS method a sample is irradiated with light energetic Principle
ions, typically hydrogen, helium or neon of a few MeV. At a
backward angle, close to 180° relative to the beam direction, the

number and the energy of projectile ions backscattered from the —Setup

target are measured. Since these values are dependent on the

mass respectively on the nuclear charge of the scattering atoms —Team

and because the projectiles sustain an energy loss in the material

it is possible to determine the elemental composition as a function Publications
of depth.

4 =Y
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RBS-measuring principle
ERDA
PIXE . irradiation of the sample with light ions and detection of the elastically backscattered
projectiles at large angles

RBS

proj ectile 0
15N Eo Y

=
o

target atom

EE 1

. the mass identification of the target atoms results from the energy of the backscattered
projectile, typically measured by means of a surface-barrier detector

ion beam sample

1 M, E, [
% /. /@ heavy atom
%
4 7 /fl \E L
B

/' light atom
AE, M;

thickness

CAMAC
ADC

yiele

computer
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using heavier ions e.g. 14N allows a better mass separation compared to so called
standard RBS using H- or He-ions as projectiles

the thickness of the layer respectively the concentration profile is determined from the
energy difference of the backscattered projectile referring to the corresponding maximum
energy for the scattering at a surface atom, given by the kinematical factor

Ey =k, E
2 .2 2
- Mprrcos€+\/1—(Mpx’M?.) sin” &
£ 1+ M, /M,

in the case of thicker samples the mass identification may be complicated due to the
superposition of the spectra originating from the various sample components
the number N, of the measured backscatterd projectile ions gives the concentration of

the corresponding element
__ Mo
=
ﬂ'p QQ NU

the solid angle AQ for the setup is known
No the number of the incident projectile ions is measured without any disturbance of the

beam using residual-gas-ionization
for the energies used, the differential Rutherford cross section for the scattering of a
projectile with the nuclear charge Z, from a target atom with the elemental number Z,

can be calculated exactly

2

2 - 2
do, szrez ) c059+\/1—(Mp {M . 8inG)

o | 28 [ sin'0 1o, /M, sin0)’

no free parameter is left, i.e., RBS is a standard free, absolute method

since the scattering probability increases with Z,2 RBS is more sensitive for heavier
components of the sample

scattering to large angles from atoms with masses close to or even below the projectile
mass is not possible, therefore, these light elements are not detectable

possible errors in the used stopping cross section result in errors of the calculated depth
distributions

RBS contact RBS top

(I
>
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RBS

15 N
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RBS-setup:

Scattering chamber for heavy-ion RBS:

Parameters:

Sample dimensions:
Sample lock:
Scatter angle:

Distance between detector
and sample:

Detector opening:

Solid angle (4 detectors):
Typical ion beam:
Measurement time:

Sensitivity:

Depth resolution:

Maximum depth:

RBS contact

.04.2009 14:58:40

enlarged picture (203 kB)

lcmx1cm

7 samples per ladder
6 =165°

d=10cm

AB =+1.2°

AQ =22.2 msr

15 MeV 14N4+ about 5 ThA
10 - 100 min

ppm for heaviest elements in light samples down to 0.1% for
light elements

about 10 nm close to the surface, decreasing with depth

about 2 pym, depending on the material

RBS top
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Publications RBS/ERDA:
ERDA
2005
PIXE

S. Seeger, R. Mientus, J. Rohrich, E. Strub, W. Bohne, K. Ellmer: Electrical and optical
RES properties of highly (001) textured WS, films deposited by reactive magnetron sputtering,

Surface and Coating Technics, in press

16N Th. Dittrich, H.-J. Muffler, M. Vogel, T. Guminskaya, A. Ogacho, A. Belaidi, E. Strub, W.

Bohne, J. Réhrich, O. Hilt, M. Ch. Lux-Steiner: Passivation of TiO, by ultra-thin Al-oxide, Appl.
Surf. Science 240 (2005) 236-243

N. P. Barradas, N. Added, W. M. Arnoldbik, |. Bogdanovis-Radovis, W. Bohne, S. Cardoso, C.
Danner, N. Dytlewski, P. P. Freitas, M. Jaksie, C. Jeynes, C. Krug, W. N. Lennard, S. Lindner,
Ch. Linsmeier, Z. Medunie, P. Pelicon, R. P. Pezzi, C. Radtke, J. Réhrich, T. Sajavaara, T. D.
M. Salgado, F. C. Stedile, M. H. Tabacniks, I. Vickridge: A round robin characterisation of the
thickness and composition of thin to ultra-thin AINO films, Nucl. Instr. and Methods in Physics
Research B 227 (2005) 397-419

2004

W. Bohne, S. Lindner, J. Réhrich, E. Strub: Calibration of various analytical methods with
Heavy-lon ERDA, Surface and Interface Analysis 36 (2004) 1089-1092

M. Bar, W. Bohne, J. Rdhrich, E. Strub, S. Lindner, M. C. Lux-Steiner, Ch.-H. Fischer:
Determination of the band gap depth profile of the penternary Cu(In(1_,)Ga,)(SySe(1.y))2

chalcopyrite from its composition gradient, J. Appl. Phys. 96 No. 7 (2004) 3857-3860

A. del Prado, E. San Andrés, |. Martil, G. Gonzalez-Diaz, W. Bohne, J. Réhrich, B. Selle:
Influence of H on the composition and atomic concentration of "N-rich" plasma deposited
SiOyNyH, films, J. Appl. Phys. 95 No. 10 (2004) 5373-5382

0. Papathanasiou, S. Siebentritt, W. Bohne, J. Klaer, I. Lauermann, K. Rahne, J. Réhrich, M.
Rusu, E. Strub, M.Ch. Lux-Steiner: Cd-free buffer layers for CulnS, solar cells prepared by a

dry process, In:W. Hoffmann [Eds.]:19th Europ. Photovoltaic Solar Energy Conf. Paris 7.-11.
June 2004, Proceedings Munich, Florence: WIP, ETA (2004) 1951-1954

T. Thamm, K.-U. Kérner, S. Stockel, G. Marx, E.Strub, W. Bohne, J. Réhrich: PECVD-
Abscheidung von harten Schichten im System B-C-N, In: B. Wielage [Ed.]: Neue Materialien
und Verfahren in der Beschichtungstechnik: Tagungsband zum 7. Werkstofftechnischen
Kolloquium in Chemnitz, 30. September bis 1. Oktober 2004, Chemnitz: TU, Lehrstuhl fiir
Verbundstoffe, 2004 (Schriftenreihe Werkstoffe und werkstofftechnische Anwendungen, Bd.
18), ISBN 3-00-013553-7, 275-280

V. Weiss, W. Bohne, J. Rohrich, E. Strub, I. Sieber, K. Ellmer, R. Mientus, F. Porsch: Reactive
magnetron sputtering of molybdenum sulfide thin films: In situ synchrotron x-ray diffraction and
transmission electron study, J. Appl. Phys. 95 No. 12 (2004) 7665-7671

M. Rusu, S. Wiesner, D. Fuertes Marron, A. Meeder, S. Doka, W. Bohne, S. Lindner, Th.
Schedel-Niedrig, Ch. Giesen, M. Heuken, M. Ch. Lux-Steiner: CuGaSe, thin films prepared by

a novel CCSVT technique for photovoltaic application, Thin Solid Films 451-452 (2004) 556-
561
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W. Bohne, J. Réhrich, A. Schopke, B. Selle, |. Sieber, W. Fuhs, A. del Prado, E. San Andrés,
. Martil, G. Gonzalez-Diaz: Compositional analysis of thin SiO,Ny:H films by Heavy-lon
ERDA, standard RBS, EDX and AES: a comparison, Nucl. Instr. and Methods in Physics
Research B 217 (2004) 237-245

P. Reinig, F. Fenske, B. Selle, W. Bohne, J. Réhrich, |. Sieber, W. Fuhs: Low-temperature
silicon homoepitaxial growth by pulsed magnetron sputtering, Appl. Surf. Science 227 (2004)
114-121

E. Strub, M. Bar, W. Bohne, Ch.-H. Fischer, B. Leupolt, S. Lindner, J. Réhrich, B. Schéneich:
Intensity calibration of an FT-IR spectrometer by Heavy-lon ERDA, Nucl. Instr. and Methods in
Physics Research B 219-220 (2004) 499-502

2003

W. Bohne, A. Denker, S. Lindner, J. Opitz-Coutureau, J. Rohrich, E. Strub: Materials analysis
using fast ions. In: J. L. Duggan [et al.] [Eds.]: Application of accelerators in research and
industry: 17th international conference, Denton, Texas, 12.-16. November 2002, Melville, NY:
American Institute of Physics, 2003 (AIP conference proceedings 680), ISBN 0-7354-0149-7,
424-427

A. Denker, W. Bohne, J. Heese, H. Homeyer, H. Kluge, S. Lindner, J. Opitz-Coutureau, J.
Rohrich, E. Strub: Swift ion beams for solid state and materials science, Nukleonika 48 [Suppl.
2] (2003) S175-S180

C.-M. Herbach, D. Hilscher, U. Jahnke, V. Tishchenko, W. Bohne, J. Galin, A. Letourneau, B.
Lott, A. Peghaire, F. Goldenbaum, L. Pienkowski: A combination of two 4pi-detectors for
neutrons and charged particles, Part Il, The Berlin silicon ball BSiB for light- and heavy-ion
detection, Nucl. Instr. and Methods in Physics Research A 508 (2003) 315-336

A. del Prado, E. San Andres, |. Martil, G. Gonzalez-Diaz, D. Bravo, F. J. Lopez, W. Bohne, J.
Rahrich, B. Selle, F.L. Martinez: Optical and structural properties of SiO,NyH, films deposited

by electron cyclotron resonance and their correlation with composition, J. Appl. Phys. 93
(2003) 8930-8938

M. Rusu, S. Wiesner, S. Lindner, E. Strub, J. R6hrich, R. Wirz, W. Fritsch, W. Bohne, Th.
Schedel-Niedrig, M.Ch. Lux-Steiner, Ch. Giesen, M. Heuken: Deposition and characterization
of Ga,Sej thin films prepared by a novel chemical close-spaced vapour transport technique,

J. Phys.: Condensed Matter 15 (2003) 8185-8193

E. San Andres, A. del Prado, I. Martil, G. Gonzalez-Diaz, D. Bravo, F. J. Lopez, M. Fernandez,
W. Bohne, J. Réhrich, B. Selle, I. Sieber: Bonding configuration and density of defects of
SiOyHy thin films deposited by the electron cyclotron resonance plasma method, J. Appl.

Phys. 94 (2003) 7462-7469

J. Schwarzkopf, B. Selle, W. Bohne, J. Rohrich, I. Sieber, W. Fuhs: Disorder in silicon films
grown epitaxially at low temperature. J. Appl. Phys. 93 (2003) 5215-5221

E. Strub, W. Bohne, S. Lindner, J.R6hrich: Possibilities and limitations of ERDA: examples
from the ERDA ToF set-up at the Hahn-Meitner-Institut, Surface and Interface Analysis 35
(2003) 753-756

H.H. Bertschat, J. Rohrich, G. Schiwietz [Eds.]: Annual Report 2002. Hahn-Meitner-Institut
Berlin / ISL, lonenstrahllabor Berlin: Hahn-Meitner-Institut, 2003 (HMI-B 591)

2002

A. del Prado, E. San Andrés, F. L. Martinez, I. Martil, G. Gonzales-Diaz, W. Bohne, J.
Rohrich, B. Selle, M. Ferndndez: Composition and optical properties of silicon oxynitride films
deposited by cyclotron resonance, Vacuum 67 (2002) 507-512

W. Bohne, W. Fuhs, J. Rohrich, B. Selle, I. Sieber, A. del Prado, E. San Andrés, |. Martil, G.
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Gonzalez-Diaz: Compositional analysis of SiOyN,:H films by Heavy-lon ERDA: the problem of
radiation damage, Surface and Interface Analysis 34 (2002) 749-753

W. Eisele, A. Ennaoui, C. Pettenkofer, W. Bohne, M. Giersig, M. Lux-Steiner, T. P. Niesen, S.
Zweigart, F. Karg: Structure of Zn/(Se,OH) Buffer Layers Grown on Production-Scale Cu(ln,
Ga)(S,Se),-Absorbers by Chemical Bath Deposition, Proc. 17th European Photovoltaic Solar

Energy Conf. ed. by B. McNelis, W. Palz, H. A. Ossenbrink, P. Helm, Vol. 11 (2002) 1023-1026

S. Neve, W. Bohne, J. Klaer, R. Klenk, R. Scheer: ZnS,0yH,-Buffer Layers for Chalkopyrite

Solar Cells, Proc. 17th European Photovoltaic Solar Energy Conf. ed. by B. McNelis, W. Palz,
H. A. Ossenbrink, P. Helm, Vol. 1l (2002) 1102-1104

S. Lindner, W. Bohne, A. Jager-Waldau, M. Ch. Lux-Steiner, J. Réhrich, G. Vogl:
Investigations of atomic diffusion at CIGSSe/ZnSe interfaces with heavy ion elastic recoil
detection analysis (HI-ERDA), Thin Solid Films 403-404 (2002) 432-437

J. Platen-Schwarzkopf, W. Bohne, W. Fuhs, K. Lips, J. Réhrich, B. Selle, I. Sieber:
Experimental Study on the Role of Hydrogen in the Breakdown of Low-temperature Si Epitaxy,
Mat. Res. Soc. Symp. Proc. 686 (2002) A3.1.1

W. Bohne, S. Lindner, J. Réhrich: Study of In diffusion into ZnSe buffer-layer material of
chalcopyrite solar cells with rough surfaces by means of ERDA measurements, Nucl. Instr.
and Methods in Physics Research B 188 (2002) 55-60

D. Wruck, R. Boyn, M. Wienecke, F. Henneberger, U. Troppenz, B. Huttl, W. Bohne, B.
Reinhold, H.-E. Mahnke: The configuration of Cu centers in electroluminescent SrS:Cu
phosphors: a X-ray absorption fine structure and optical study, J. Appl. Phys. 91 (2002) 2847-
2852

R. Wirz, W. Bohne, W. Fuhs, J. Réhrich, M. Schmidt, A. Schépke, and B. Selle: Composition
and Structure of Epitaxial CaF, Layers at the First Stage of Their Growth on Si(111), Mat.

Res. Soc. Symp. Proc. 696 (2002) N3.21.1

C. Kaufmann, R. Bayon, W. Bohne, J. Réhrich, R. Klenk, and P. J. Dobson: Chemical Bath
Deposition of Indium Oxyhydrosulfide Thin Films, J. of the Electrochem. Society 149 (2002)
C1-C9

2001

W. Bohne, J. Rohrich, B. Selle, M. Birkholz, F. Fenske, W. Fuhs, J. Platen-Schwarzkopf, and
P. Reinig: Characterization of Microcrystalline Si Films by MeV lon Scattering Techniques,
Mat. Res. Soc. Symp. Proc. 638 (2001) F14.24

H. Homeyer, P. Arndt, W. Bohne, W. Busse, A. Denker, B. Martin, W. Pelzer, J. Rohrich:
Status of ISL, American Inst. of Phys. Conf. Proc., ed. by F. Marti, Melville, NY, 600 (2001)

S. Neve, W. Bohne, J. Réhrich, R. Scheer: ERDA analysis of ZnS,(OH)y thin films obtained by
chemical bath deposition, Mat. Res. Soc. Symp. Proc. 668 (2001) H5.3.1

W. Bohne, J. Rohrich, M. Schmidt, A. Schopke, B. Selle, R. Wiirz: Composition and
morphology studies of ultrathin CaF, epitaxial films on silicon, Appl. Surf. Science 179 (2001)

73-78

F. L Martinez, A. del Prado, |. Martil, G. Gonzéalez-Diaz, W. Bohne, W. Fuhs, J. Rohrich, B.
Selle, 1. Sieber: Molecular models and activation energies for bonding rearrangement in
plasma-deposited a-SiN,:H dielectric thin films treated by rapid thermal annealing, Phys. Rev.

B 63 (2001) 245320/1-11

I. Luck, U. Storkel, W. Bohne, A. Ennaoui, M. Schmidt, H. W. Schock, D. Braunig: Influence of
buffer layer and TCO deposition on the bulk properties of chalcopyrites, Thin Solid Films 387
(2001) 100-103

2000
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C. Kaufmann, S. Neve, W. Bohne, J. Klaer, R. Klenk, C. Pettenkofer, J. Roehrich, R. Scheer,
U. Stoerkel, P. J. Dobson: Growth analysis of chemical bath deposited In(OH),S, films as

buffer layers for CulnS, thin film solar cells, Proc. 28th IEEE PVSC, Anchorage 2000, 688-691

W. Bohne, G.-U. Reinsperger, J. Rohrich, G. Réschert, B. Selle, P. Staul3;: Comparative
concentration analysis of Cr and Co in FeSi, films performed by ERDA and RBS, Nucl. Instr.

and Meth. in Physics Research B 161-163 (2000) 467-470

W. Bohne, W. Fuhs, J. Rohrich, B. Selle, G. Gonzales-Diaz, |. Martil, F. L. Martinez, A. del
Prado: Compositional analysis of amorphous SiN, films by ERDA and infrared spectroscopy,

Surf. Interface Anal. 30 (2000) 524-537

1999

M. Weber, J. Krauser, A. Weidinger, J. Bruns, C.-H. Fischer, W. Bohne, J. Réhrich, R. Scheer:
Hydrogen impurities in chemical bath deposited CdS, J. of the Electrochemical Society 146
(1999) 2131-2138

M. Birkholz, W. Bohne, J. Rohrich, A. Jager-Waldau, M.C. Lux-Steiner: Stoichiometry and
impurity concentrations in |I-VI compounds measured by elastic recoil detection analysis
(ERDA), J. of Crystal Growth 197 (1999) 571-575

J. Oertel, K. Ellmer, W. Bohne, J. Réhrich, H. Tributsch: Growth of n-type polycrystalline pyrite
(FeS,) films by metalorganic chemical vapour deposition and their electrical characterization,

J. of Crystal Growth 198-199 (1999) 1205-1210

B. Thomas, K. Ellmer, W. Bohne, J. Rohrich, M. Kunst, H. Tributsch: Photoeffects in cobalt
doped pyrite (FeS,) films, Solid State Communications 111 (1999) 235-240

W. Bohne, G.-U. Reinsperger, J. Réhrich, A. Schopke, B. Selle, I. Sieber, P. Staul3, I. Urban:
Analysis of Co and Cr dopants in epitaxial films of R-FeSi, by ERDA, RBS, EDX and AES,

Fresenius J. Anal. Chem. 365 (1999) 258-262

B. Huttl, S. Schliter, T. Gaertner, U. Troppenz, W. Bohne, J. Réhrich , G. Bilger, K.-O.
Velthaus: Blau emittierende SrS:Cu,Ag-Dunnschichten fiir die Farb-Elektrolumineszenz (EL)
und neue Applikationen der EL Technologie, proceedings of the 14th Electronic Displays,
Berlin (1999) 167-172

1998

W. Bohne, J. Réhrich, G. Réschert: The Berlin time-of-flight ERDA setup, Nucl. Instr. and
Methods in Physics Research B 136-138 (1998) 633-637

W. Bohne, G.-U. Reinsperger, J. Rohrich, G. Réschert, B. Selle: Composition analysis of Co
doped FeSi, films by combining standard and heavy-ion RBS, Nucl. Instr. and Methods in

Physics Research B 136-138 (1998) 273-277

D. Wruck, R. Boyn, L. Parthier, F. Henneberger, J. Réhrich: Incorporation of rare earths int II-
VI compounds during molecular epitaxial growth: Extended x-ray absorption fine structure
study of Sm-doped ZnTe, J. Appl. Phys. 84 (1998) 6049-6054

W. Bohne, J. Rohrich, G. Réschert: The new time-of-flight ERDA setup at the HMI-Berlin,
Nucl. Instr. and Methods in Physics Research B 139 (1998) 219-224

1996

W. Bohne, S. Hessler, G. Réschert: Beam-current measurement based on residual gas
ionization, Nucl. Instr. and Methods in Physics Research B 113 (1996) 78-80

W. Bohne, F. Fenske, S. Kelling, A. Schopke, B. Selle: Refined RBS and AES techniques for
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the analysis of thin films used in photovoltaic devices, phys. stat. sol. (b) 194 (1996) 69-78

U. Troppenz, G. Bilger, W. Bohne, G. Gers, J. Kreissl, R.-H. Mauch, K. Sieber, K. O. Velthaus:
Material characterisation of SrS:Ce, Mn, Cl films, Proceedings Inorganic and Organic

Electroluminescence, Berlin 1996, Ed. R.-H. Mauch, H. E. Gumlich, Wissenschaft&Technik
Verlag, Berlin 1996, 182-185

RBS contact RBS top
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lon Irradiation at ISL

Owing to its broad range of accelerators, the ISL is able to provide light to heavy ions over a
very wide energy spectrum. Mean ion range, energy dose, ion flux and irradiated area can be
adapted to the specific requirements of the indidual experiment.
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Abb. 1: Linear energy transfer (LET) of ions in silicon.

Contact: Dr. A. Denker
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Materials Modification at ISL

Materials

Modification Fast, heavy ions deposit more energy locally in a shorter time than can the most powerful

lasers currently available. The extremely high energy deposition along the flight path of an ion
can destroy the chemical bonds, so that permanent material modifications are left in its track.
The resulting materials modifications are already being technologically exploited:

Radiation
Hardness Tests

BIBER . change of optical properties (e.g. laser diodes)
. ion lithography
. production of microfilters by etching the ion tracks

Fig. 1: Scanning Electron Microscope picture of an irradiated foil after the etching. The picture shows
the entrance holes of the ions at the surface and the channels at the edge.

Irradiation  Etching  Stopping  Rinsing Drying

Fig. 2: Principle of the foil production.

Applications of microfilters:

. counters for blood particles (single track)
. particle filters, e.g. dust-free air-conditioning for clean rooms
. air filters, e.g. capsuled electro motors

Contact: Dr. A. Denker
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Materials
Modification When a high-energy ion passes through electronic devices the ionisation in

L. the track can destroy or switch the status of the device. Each measurable
Radiation effect on an electronical device produced by an impinging ion is called Single
Hardness Tests Event Effect (SEE).
BIBER High-energetic ions are part of cosmic radiation, solar wind, and radiation

belts of the earth. Especially the electronics in aircrafts and satellites is
subject to this radiation. The radiation hardness of the devices can be tested
by ion irradiations, which simulate the operation conditions. Thereby the
devices receive the same dose as they would receive during their operation
lifetime. -~contact
At ISL there are two experimental set-ups in ordinary air in the high-energy _articles
portion of the accelerator complex: At these target stations, the ion beam

leaves the vaccum of the beam line through a thin foil. Hence, there are no

restrictions in size or fragility of the object being irradiated. Thus electronic

devices can be irradiated while in normal operation and electrical or optical

measurements can be carried out.

lon irradiations in vacuum can be performed at different target areas. A large
chamber allowing irradations of all kinds in vacuum is available at the dual-
beam line of ISL.

& i
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Publications to RadHard Tests
(Articles of guest groups are marked in green)

2000

Charge Carrier Avalanche Multiplication in High-Voltage Diodes Triggered by lonizing
Radiation

G. Soelkner, P. Voss, W. Kaindl, G. Wachutka, K.H. Maier, H.-W. Becker

IEEE Transactions on Nuclear Science, Vol. 47, No. 6 (2000), 2365-2372

Calibration of Si-Detectors for Dosimetry in Space
C. Gericke, J. Kopp, R. Beaujean, S. Kuchler
ISL Annual Report 1999 (2000) 101

1999

Strahlungstest der ABRIXAS-Sternkamera
D. Meinert, K. Fritze, M. Bischof, E. Popow, B. Luebke-Ossenbeck, K.H. Maier
ISL Annual Report 1998 (1999) 74

1998

Single Event Burnout of High-Power Diodes
K.H. Maier, A. Denker, P. Voss, H.-W. Becker
NIM B 146 (1998) 596-600

SEE contact SEE top
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Materials 1
Modification (Berlin lonBeamExposure andResearch Facility )
Radiation - BIBER —the Berlin lon Beam Exposure and Research facility — is a
Hardness Tests new and universal irradiation station at the dual beam target place
EIBER of the ion beam laboratory ISL of the Hahn-Meitner-Institute.

Possible experiments are ranging from radiation hardness tests of
electronic devices to materials modifications. On the one hand
lowest possible ion beam currents and fluences are mandatory
whereas on the other hand ion fluxes and doses can reach up to
the highest possible limit. Beams of fast ions can be prepared by
different combinations of accelerators. They can be applied to
samples inside the BIBER facility simultaneously or successively
with beams of slower ions.
__Dosimetry

Chamber
Contact

Publications

foto set-up, 0.4 MB
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Research with lon Beams

Apart from providing the user service for
applications of ion beams in medicine, industry, and

analysis the department: Struktur & Dynamik
(SF 4) operates the ISL-Berlin for experiments in |
fundamental and applied research.

Fesearch

However, not only ion beams, but also other |
methods and probes are used in this department,

especially in co-operation with the other large scale
facilities in Berlin: BESSY and BER |II.

Medicine
You will find more detailed information on the homepage of the department: Struktur &

Dynamik.

In addition, ISL publishes a printed newsletter with actual information and research results
(mainly in German). You will find these under: 1SL-Info.
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ISL - Berlin

Contact

- a Facility for Users of lon Beams -

Target Areas lon beams are an important and unique tool for modern science and technology. At ISL,

scientists find a broad spectrum of ion beams over a wide range of energies to meet their

Emgra_{_‘: Advisory| specific demands. They can either use installed target areas or install their own technical
ommitiiee

equipment.

ISL scientists and technicians offer their specific expertise resulting from a broad range
Beam Time scientific program in structural and materials research as well as from their involvement in a lot
Scheduling of technical applications of ion beams.

ISL is a large scale facility of the Forschungsverbund "lonen und nukleare Sonden in der
Scheduled Festkorperphysik". Thus, it also offers excellent opportunities for young scientists.
Beam Time

Requests for beam time at ISL must be submitted to the programme advisory
ISL - Info committee, which decides solely on the basis of the scientific importance of the project. The

committee meets twice a year.

Beam Time Allocation Dates Scheduled Beam Times

High Energy Beams at ISL.:

High Energy lon Beams at 150
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Target Areas

Contact

The different target areas are equipped with specific experimental set-ups, for which the basic

infrastructure, such as vacuum systems, beam diagnostics, cooling or heating systems, is

Target Areas installed. The topography of the facility also permits the installation of so-called dual-beam
areas where samples can be irradiated with both high- (cyclotron beams with the RFQ-

. injector) and low- (Van-de-Graaff beams) energy beams simultaneously. In total, 15 target

Program Advisory| areas are in operation. These are for:

Committee
Beam Time
Scheduling
lon Beam Analysis
Schedu!ed ERDA (Elastic Recoil Detection
Beam Time Analysis) with time-of-flight
spectrometer
ISL - Info . ERDA with magnetic spectrometer

. RBS (Rutherford-Back-Scattering)
instruments

. y-target area for hydrogen profiling
high-energy PIXE (Proton induced X-

ray Emission

Materials Modification
irradiation of foils

. deep temperature area

. M-metal chamber with electron
spectrometer

Short-lived radioactive probes
. MoRbauer spectroscopy
. two stations for PAD (Perturbed
Angular Distribution)
implantation for PAC (Perturbed
Angular Correlation)

Medical Applications
. therapy of ocular melanomas

L
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Other Applications

. vertical beam line, e.g. for liquid
samples

. large, multi-purpose scattering
chamber

Click on the graph for more details.

In addition, four stations are available for decelerated highly-charged ions.

The installations at the target stations are subjects to continuous change to meet the demands
of new users and new experiments.
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Programme Advisory Committee
Contact ) ) )
Applying for beam-time at ISL-Berlin
Target Areas All experiments at ISL Berlin are reviewed by a programme advisory committee

(Benutzerausschuss, BA). The BA meets once a year for the distribution of beam-time on the

Program Advisory basis of the proposals and oral presentations.

Committee )
The last meeting of the BA took place September 30, 2005.
Beam Time . ) i
Scheduling abridged version of the minutes:
Scheduled "The requested beamtime for 2006 exceeds by far, as in the past years, the
Beam Time contingent provided by ISL. The BA regrets greatly the decision of the

supervisory board of the HMI to close ISL at the end of 2006. For a large
part of the user community this means the end of their existing research
ISL - Info with ion beams, as many of the experiments performed at ISL cannot be
transfered to other accelerators.”
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Dates for ISL-Beam-Time Allocations
Contact

This table will is only offered as pdf-file. Please, contact the beam-time co-ordinator
Dr. H. G. Bohlen if this does not meet your requirements.

Target Areas
ISL-Beam-Time-Allocations

Program Advisory
Committee

Beam Time
Scheduling 5 1
Scheduled
Beam Time

ISL - Info
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Contact

Target Areas

Program Advisory
Committee

Beam Time
Scheduling

Scheduled
Beam Time

ISL - Info

Therapy* lon Beam @ lon @ Research @ User @ Operation &
Analysis  [rradiation |Information Technique

Scheduled ISL-Beam-Time

The following tables are offered as pdf-files only. Please, contact the beam time co-ordinator if
this does not meet your requirements.

Actual Period

Next Period

Next but one Period

Please, contact Dr. H. G. Bohlen for questions concerning beam time allocation.
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ISL-Info Archive

ISL-Reports

Annual Report 2004
Annual Report 2003
Annual Report 2002
Annual Report 2001
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ISL Info

New: June 2005
ISL Info No. V, 2005 (0.7 Mb)

Contents:

Editorial

Obituary Dr. H. Bertschat (in German)

Novel lon Track-Based Electronic Structures, an Overview
Memorandum zur lonenstrahlphysik - (in German)

and more

ISL Info No. IV, 2004 (0.3 Mb)

Contents:

Editorial

News from the secretary of the ISL program advisory committee
Interface Mixing in Ceramic Thin Layer Systems

Induced by Electronic Energy Loss of Swift Heavy lons

New Proposals at ISL

and more

ISL Info No. Ill, 2004 (0.7 Mb)

Contents:

Editorial

Defect Annealing in Conventionally Predamaged GaAs and InP
due to Swift Heavy lons

French-German Summer School "Tracks03"

New Proposals at ISL

and more

ISL Info No. Il, 2003 (1.2 Mb)

Contents:

Editorial

Five Years Proton Therapy of Eye Tumours
Important Dates

and more

May 2003: ISL Info No. I, 2003 (0.4 Mb)

Contents:

Editorial

Intense High Energy Gold Beams for Solid State Physics at ISL
Informations from the Programme Advisory Committee

and more
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Beam Time Use in 2006:

lon Sources
HMI Structural
Others MNuclear Probes Therapy R asaarch
_ 8% 6% 17% 28%
Statistics

ISL-Crew:

scientists:

engineers and
technicians:

operators:

tumour therapy:

http://www.hmi.defisl/but/but-i_en.html14.04.2009 15:08:38

Materials Modification /
lon-Soliddnteractiog

Industry
6%

HMI Solar Energy
6%

Research
Institutes
16%

A. Denker, W. Bohne, W. Busse, H. Homeyer, W. Pelzer,
C. Rethfeldt, J. Rdhrich,

P. Arndt, M. Birnbaum, G. Brlining, J. Bundesmann, D. Draht,
W. Hahn, D. Hildebrandt, M. Jung, U. Mller, J. Reinicke,

R. Griinke, G. Heidenreich, H. Lucht,
E. Seidel, H. Stapel

D. Cordini, J. Heufelder, H. Kluge, R. Stark, A. Weber,
plus

S. Hocht, S. Runge (Charité, Universitatsmedizin Berlin)

M. Fitzek (Universitatsklinikum Essen)
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Accelerators at ISL

The accelerators at ISL are specifically chosen and designed to meet the various demands of
the very heterogeneous community of ion beam users.

lons with the lowest energy are produced with a special decelerator: Highly charged ions from
the ECRIS4-Source are decelerated to some Volts shortly in front of the target. This results in
a rather unusual ion species having high potential and low kinetic energy. They allow specific
applications in surface analysis and surface treatment.

There are two accelerators for ions with higher energies.
They are complementary in their specifications: The

Van de Graaff delivers ions with an extremely high
energy accuracy and energy resolution. The energy can be
changed very rapidly. The terminal is equipped with a 5 GHz
ECR-Source allowing a wide range of different charge
states to be accelerated. Thus, a wide energy range can be
offered for heavier ions. With these features the Van de
Graaff is an excellent tool for materials analysis.

The RFQ-
structure, has
been developed for ISL. With its ECR-Source on a 200
kV high voltage potential it is capable to deliver ions
practically over the whole periodic table, for masses up
to about 100 amu with very high beam currents. Thus,
it is the ideal machine when high dose rates are

# requested.

The Cyclotron is
e the ISL's most
important installation, and produces the highest ion energies.
It is an energy amplifier with a fixed factor of 17. With its
variable high frequency and magnetic field, its energy
variation ranges from 1 MeV to 70 MeV per ion-mass unit.
The ISL cyclotron produces a quasi-continuous beam with a
micro-structure, having a pulse width of less than 0.5 ns and
a frequency of 10 MHz-20 MHz. This time structure
combines the advantages of a continuous beam for
irradiations with the possibility of using pulsed beams. This
variety and combination of ion-beams, ion-energies and
beams-structures is unique in Germany.
The high ion-energies delivered by the cyclotron, make possible a wide range of applications.
These extend all the way from eye tumour therapy, with very fast, deeply penetrating protons;
to the production of short-lived isotopes, using relatively light- to intermediate-mass ions; to
plastic deformations of materials with extremely heavy ions.
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lon Sources

ISL exclusively operates ECR (Electron Cyclotron Resonance) ion sources. A plasma
confined by a radial hexapole and an axial dipol field is heated by microwaves to produce
highly-charged ions. The microwave frequency is chosen to fulfill the cyclotron resonance
conditions for electrons in the central region of the plasma. The different ECR ion sources run
with different RF frequencies and RF power.
ECRIS4 is the most powerful source. It is operated at ground potential. The longitudinal
magnetic field is formed by electromagnets. It offers the highest tuning capacity and is used to
produce very highly-charged ions.
The other two sources, the SUPERNANOGAN and BECRIS were designed to operate on
high voltage platforms. Their magnetic fields are entirely configured from permanent magnets
to reduce the electrical power requirements.

Frequency | Magnetic Field | Consumption | Purpose | Accelerator
ECRIS4 |14 GHz é(l) I\Ijlign. 130 kw ELgahrg(-ed ions [S)teacnedlé?:;gf
niﬁgggn 14 GHz I%’g:rl%G.Magn 10kw g?: f/%r-rf/gts Ii(l)z;)tflc()\r/m
BECRIS |5 GHz g:r(ri.Magn Lkw If;;g:]fgli)gﬁzarged ::)/fnl\g\é Graaff
HF p.d, He \Zlahflvde Graaff
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Permanent Magnets
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