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Introduction
® HAS-ATOMKI Accelerator Centre /Ton Beam Laboratory

* Overview of the nuclear microprobe techniques

Research with microbeams in HAS-ATOMKI

¢ Environmental research

¢ Biomedical applications




HAS-ATOMKI

o Staff: 198
e Main research fields:
— Theoretical nuclear physics

Atomic physics
Materials science

Earth science
Environmental research
Nuclear techniques




Accelerator Centre

* 5MV Van de Graaff accelerator
1H+, 2H+, He*, C+, N+t N2+
Mainly used for IBA, Nuclear Physics &
Astrophysics

* 100-1000kV Van de Graaff accelerator
'H, °H", *He", (C)
used for investigation of atomic collisions




Section of lon Beam Physics

Beam lines on 5MV VdG

Millibeam lines:
Aerosol science (PIXE)
Nuclear Physics & Astrophysics
Electron spectrometer

Nuclear microprobe (1995)

RBS, PIXE, PIGE, DIGE,
IBIC, STIM, PBM
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Definition

What is a nuclear microprobe?

General purpose, multidisciplinary instrument,

where high energy (MeV) 1ons are focussed down

to a micron size beam and scanned over the sample




lon-solid interactions

LV, visible, IR. lon
Beam Induced Xefays
Luminescence (IBIL) (PIXD)

>

Hectrons and holes

" in semiconductors

or insulators (IBIC)

Transmitted ions
through

thin samples
(STIM,
Transmission
Channelling)



Debrecen Scanning Nuclear Microprobe

* (Oxford Microbeams Ltd.

* Built on the 0° beamline of the
5 MV Van de Graaff accelerator

* Beams: H', D, “He™"

* Energy range: 0.6-3.5 MeV

* Beamsize: 1| um x 1 um

* IBA techniques: PIXE, PIGE, DIGE,
RBS, STIM, IBIC

Apphcatlons archaeology, geology,




Applications of a Nuclear Microprobe

v Imaging of elemental distribution on micro-scale
Elemental maps of minute samples as for e.g. minerals, biological cells,
aerosol particles, etc.

v/ Micro-characterisation
Determination of elemental concentrations in micro-particles,
composition and thicknesses of thin metallic films, etc.

4 Micro-charge deposition (Ion Beam Induced Current -IBIC, single




Analytical techniques

“Traditional” techniques (~pA): PIXE, RBS, NRA, PIGE

Low-current techniques (~fA): IBIC, IBIL, STIM

Data acquisition

4/ >




Schematic diagram of data block for RBS mapping and tomography

Micro probe




HAS-ATOMKI LOGO

The beam 1s scanned on a quartz.
The subsequent 1mages are integrated.

Courtesy to I. Rajta& M. Novak, HAS-ATOMKI



IBA application areas

* Environmental: atmospheric aerosols

Cultural heritage: archaeological samplesy

e Materials Science: thin films,

multilayers, detector performance

Biological: roots of plants




Environmental-Atmospheric aerosols

Urban and rural aerosol in
Eastern Hungary

EU regulation
Origin of aerosols

Stochastic lung models
(deposition of different
sized aerosol particles in




Environmental- Individual aerosols uPIXE, STIM, uRBS
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Environment- Metal uptake of plants UPIXE, STIM

Identified tissues:
e Rhisodermis

e Parenchyma

e Vascular cilinder

The uptake of toxic
element 1s associated
with the presence of
iron plaques.

These elements remain
trapped in the root.

These plants can be
used for monitoring.




Biomedical applications uPIXE, STIM, uRBS

T10, nanoparticle penetration in the epidermis of human skin xenografts
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Complex investigation of fish otoliths HWPIXE, nRBS, nERDA




Cultural Heritage uPIXE, uPIGE, uRBS

Analysis of classical ring-stones from the
17-18™ century and their imitations

Characterisation of

Dyrrhachium silver coins

from 68-43 years BC

— degradation of the of Ag content
— chronological classification




Materials Science-Thin (nm) Film Analysis

High lateral resolution mapping of the B/C ratio in a boron
carbide film formed by femtosecond pulsed laser deposition

Boron carbide, B,C

e Micro-drives used in consumer
electronics require an increased areal
storage density.

» Hard disk industry is aiming at 1Tbit/inch?.

* Protective overcoat for the head and the
disk requires smooth, wear resistant,
pinhole-free, thermally stable




Layer thickness distribution uRBS
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Lateral elemental profiles of the boron carbide layer pRBS

« The elemental composition is indeed highly
non-uniform.

[o2]
o

— 1 = oxygen
g A L] « The B/C ratio has a maximum at the centre
g * ’ . _ with elemental contents of
£ . '. A boron: 50+5 pg/cm?) ;
T ] .o ‘ '_ © oxygen:8+3 pg/cm?;
g o L IR B ® carbon: 162 pug/cm?.
T R R I I I e The B/C~1 ratio measured at the edge of the
poston(mm deposit increases up to about 3 toward the
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Proton Beam Micromachining

* Focused MeV energy 1on beam 1s scanned over a suitable resist
material and subsequently chemically developed

* Advantages of PBM:
— Direct write 3D lithography method

— Short 1rradiation time
— Good depth of field: nearly 90° walls

— Well defined depth due to 1on ranges: buried microchannels




PBM-Diffraction gratings Modification




PBM-Fresnel zone plate Modification

R. Huszank et al., Fabrication of optical devices in
poly(dimethylsiloxane) by proton microbeam, Opt.
Commun. (2009), doi:10.1016/j.0ptcom.2009.09.066




IBIC Microscopy Imaging of CVD Diamond IBIC

* Investigating radiation sensor performance
* Uniformity of charge collection efficiency
* Imaging intra-crystallite charge transport

* Correlating CCE with

morphology electric field temperature

e
SETs

S
e

00003 J00pMm e

C D

£
b
£
i
b
i3
b3
b
b

;
fecsiecs o
G
o
s
o
oos

R
S
R

e
e
TR TR
R R R R
e
bbb R R R R R R R R e R

e
e
R




Pulse height spectra of selected regions within the crystallite

Counts

Charge collection efficiency (%0)




Si PIN photodiode
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CERN-RD50 collaborations
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S P I R I T http://www.spirit-ion.eu/

Support of Public and Industrial Research using lon beam Technology

SPIRIT represents an Integrated Infrastructure . 4
Initiative (I3) funded by the European
Commission. The SPIRIT consortium
integrates leading european ion beam facilities
and R&D providers, which provide ions in an
energy range from ~10 keV to 100 MeV for
the modification and analysis of solid surfaces,
interfaces, thin films and nanostructured systems. The main application areas are




http://www.spirit-ion.eu/
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Cultural Heritage Advanced
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Synergy for a Multidisciplinary
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Coordinator:Prof. Bruno G. Brunetti
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Nuclear Microprobes all over the world

, NM, USA, Ion Beam Materials Research Laboratory, Sandia
, NY, USA, Ion Beam Laboratory
, India, Institute of Phisics
, France, Centre d'Etudes Nucleaires de Bordeaux Gradignan
, Germany, Ruhr-Universitit
, Argentina, "Tandar" Laboratory
, Hungary, KFKI Reseasrch Institute for Particle and Nuclear Physics
, Japan, NIRS
, Poland, Institute of Nuclear Physics, Polish Academy of Sciences
, Germany, GSI
, Hungary, ATOMKI, Institute of Nuclear Research of the HAS
, TX, USA, University of North Texas
, Saudi Arabia, KFUPM
, Germany, Institute of lon Beam Physics and Materials Research

Eindhoven
Eugene
Faure
Florence

Guelph

Guildford
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Irvington

Johannesburg
Kiev



http://www.sandia.gov/bus-ops/partnerships/tech-access/facilities/beam-materials.html
http://alpha.acclab.albany.edu/
http://www.iopb.res.in/ibl.php
http://www.cenbg.in2p3.fr/
http://www.rubion.rub.de/referenzen/micro_en.htm
http://www.tandar.cnea.gov.ar/grupos/espectro/microhaz_en.html
http://www.rmki.kfki.hu/
http://www.nirs.go.jp/
http://chall.ifj.edu.pl/~dept2/nz2s/mjl/cmb.htm
http://www.gsi.de/forschung/mf/Experimente_Mikrosonde_e.htm
http://www.atomki.hu/atomki/VdG/iba.html
http://www.phys.unt.edu/ibmal/index.htm
http://www.kfupm.edu.sa/
http://www.fzd.de/pls/rois/Cms?pNid=301
http://web.phys.tue.nl/en/
http://darkwing.uoregon.edu/~lefevre/
http://www.nac.ac.za/public/default.htm
http://labec.fi.infn.it/ubeam/
http://pixe.physics.uoguelph.ca/home/
http://www.ee.surrey.ac.uk/IBC/
http://cccmindia.org/html/AboutUs.htm
http://raraf.org/
http://www.src.wits.ac.za/groups/accel/mprobe/mprobe.html
http://tmmlab.totalh.com/

Nuclear Microprobes all over the world

, LA, USA, Louisiana Accelerator Center, Univ. of Louisiana
(Padova), Italy, INFN LNL
, Germany, LIPSION
, Portugal, ITN, Sacavem, Ion Beam Laboratory
CA, USA, LLNL, CAMS
, Slovenia, Jozef Stefan Institute, Microanalytical Center
, NM, USA, LANL, Ion Beam Materials Laboratory
, New Zealand, Nuclear Microprobe at GNS
, Australia, ANSTO
, Sweden, Lund University, Nuclear Physics
, Spain, CMAM
, Australia, MARC
, Australia, CSIRO-GEMOC Nuclear Microprobe
, Germany, Technische Universitét

acla
Sevilla

Shanghai
Shanghai

Sendai

Singapore
Takasaki

Teheran
Zagreb



http://www.louisiana.edu/Research/ARL
http://www.lnl.infn.it/
http://www.uni-leipzig.de/~nfp/
http://www.itn.pt/facilities/uk_lab_ion_beam.htm
https://cams.llnl.gov/nucmic.php
http://www.rcp.ijs.si/mic/
http://www.lanl.gov/mst/ibml/microprobe.html
http://www.gns.cri.nz/services/ionbeam/index.html
http://www.ansto.gov.au/environment/capabilities__and__facilities/ion_beam_analysis_iba/analytical_capabilities/microprobe.html
http://micro.pixe.lth.se/Welcome.htm
http://www.cmam.uam.es/
http://www.ph.unimelb.edu.au/marc/
http://www.nmp.csiro.au/
http://www.e12.physik.tu-muenchen.de/groups/rim
http://www.culture.fr/culture/conservation/fr/methodes/pixe.htm
http://www-drecam.cea.fr/en/Phocea/Vie_des_labos/Ast/ast_groupe.php?id_groupe=472
http://www.centro.us.es/cna/index.htm
http://imp.fudan.edu.cn/
http://www.sinap.ac.cn/
http://www.qse.tohoku.ac.jp/index_eng.html
http://www.ciba.nus.edu.sg/
http://www.taka.jaea.go.jp/tiara/index_e.htm
http://www.aeoi.org.ir/NewWeb/department.asp?id=21
http://www.irb.hr/en/str/zef/z3labs/liis/
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