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Welcome 
 
 
 
On behalf of the local organizing committee, it is our pleasure to welcome you to the 22nd 
International Conference on Ion Beam Analysis. Twenty-two IBA conferences and 42 years since 
the first one has been organized in 1973 is by itself quite a success. And in spite of that long 
time period, the IBA flag representing all the countries that previously organized this 
conference is just like new. Fortunately this also applies to the field of our research, showing 
how ion beams are still a unique tool in many different application areas from materials to 
biomedicine, from environment to cultural heritage and others.  
 
This 22nd IBA conference is being organized ōȅ wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ the largest research 
institute in Croatia, that celebrates this year its 65th anniversary. Organization would not be 
possible without generous supports from the Croatian Ministry of Science, Education and 
Sports, International Atomic Energy Agency and from many sponsors and exhibitors.  
 
In the past the content of the IBA conferences opened an enormous market for users of ion 
beam accelerators and associated analysis techniques. With more than 230 participants, IBA 
2015 is on a good track to continue to do so. This year we have accepted more than 330 
abstracts from 42 countries, which will be presented in 22 oral and 2 poster sessions. We are 
grateful to welcome 6 plenary and 11 invited speakers as well. Scientific sessions will cover all 
important aspects of the ion beam analysis, from fundamentals of ion-solid interactions, 
computer programs and simulations, new experimental developments and applications of IBA 
in different research areas. Conference includes also micro and nanoprobes, accelerator mass 
spectrometry, complementary techniques as well as related materials modification subjects. On 
Monday, after Poster session 1, a panel organized by the IAEA on Ion Beam Techniques 
Roadmap will be held. Peer reviewed papers of the presentations given at the conference will 
be traditionally published in a special volume of Nuclear Instruments and Methods in Physics 
Research B. For the second time, with the help from Elsevier, prizes for the best manuscript 
written by doctoral students and young scientists will be awarded during the conference 
banquet.  
 
IBA 2015 will be held in Opatija, one of the oldest tourist resorts on the Croatian Adriatic coast. 
Built mainly at the turn of the 20th century with well-maintained public gardens, the illuminated 
12-km-long coastal promenade known as the "Lungomare", Opatija has remained in complete 
harmony with nature until the present days, so we believe that you will enjoy your stay not only 
because of the rich scientific program. The social program will include conference outing to the 
Istrian peninsula where visit to the charming little town of Motovun, views at the Roman 
monuments in Pula and tasting local food will be an excellent opportunity to spend enjoyable 
moments with colleagues and friends. Some of them we have met already on previous IBA 
conferences, some of them we will meet for the first time here in Opatija. 
 
Finally, we hope that you will enjoy the conference and all that Opatija can offer. 
 
 
LǾŀ .ƻƎŘŀƴƻǾƛŏ wŀŘƻǾƛŏΣ aƛƭƪƻ WŀƪǑƛŏΣ {ǘƧŜǇƪƻ CŀȊƛƴƛŏΣ w.L 
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Committees 
 

Local Organizing Committee 
 
 LǾŀ .ƻƎŘŀƴƻǾƛŏ wŀŘƻǾƛŏΣ wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ ½ŀƎǊŜō - Conference chair 
 {ǘƧŜǇƪƻ CŀȊƛƴƛŏΣ wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ ½ŀƎǊŜō - Conference co-chair 
 aƛƭƪƻ WŀƪǑƛŏΣ wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ ½ŀƎǊŜō - Conference co-chair 
 Mladen Bogovac, International Atomic Energy Agency, Vienna, Austria 
 LǾŀ .ƻȌƛőŜǾƛŏ aƛƘŀƭƛŏΣ wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ ½ŀƎǊŜōΣ /Ǌƻŀǘƛŀ 
 aŀƧŀ .ǳƭƧŀƴΣ wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ ½ŀƎǊŜō 
 Vladan Desnica, Academy of Fine Arts, Zagreb 
 Veljko Grilj, RǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ ½ŀƎǊŜō 
 Dubravka Jembrih-Simburger, Academy of Fine Arts, Vienna, Austria 
 aŀǊƪƻ YŀǊƭǳǑƛŏΣ wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ ½ŀƎǊŜō 
 LǾƻ hǊƭƛŏΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ wƛƧŜƪŀΣ wƛƧŜƪŀ 
 ½ŘǊŀǾƪƻ {ƛƪŜǘƛŏΣ wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ ½ŀƎǊŜō 
 bŀǘƪƻ {ƪǳƪŀƴΣ wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ ½ŀƎǊŜō 
 ±ŀƭŜƴǘƛƴ {ǘƻȅǘǎŎƘŜǿΣ wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ ½ŀƎǊŜō 
 LǾŀƴ {ǳŘƛŏΣ wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ ½ŀƎǊŜō 
 ¢ƻƴőƛ ¢ŀŘƛŏΣ wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ ½ŀƎǊŜō 
 LǾŀƴŀ ½ŀƳōƻƴƛΣ wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ ½ŀƎǊŜō 

 
 

International Advisory Committee 
 

 Devesh K. Avasthi - Inter University Accelerator Centre, India 
 Nuno P. Barradas- Institute Technology & Nuclear, Portugal 
 Hidde H. Brongersma - Calipso B.V., The Netherlands 
 Massimo Chiari - I.N.F.N., Italy 
 Aurelio Climent-Font - ¦ƴƛǾŜǊǎƛŘŀŘ !ǳǘƽƴƻƳŀ ŘŜ aadrid, Spain 
 David Cohen - ANSTO, Australia 
 aŀȄ 5ǀōŜƭƛ - Ion Beam Physics, Switzerland 
 DǸƴǘƘŜǊ 5ƻƭƭƛƴƎŜǊ - Lƴǎǘƛǘǳǘ ŦǸǊ !ƴƎŜǿŀndte Physik und Messtechnik LRT, Germany 
 Barney Doyle - Sandia National Laboratory (SNL), U.S.A. 
 Lyudmila Goncharova, The University of Western Ontario, London, Canada 
 Pedro L. Grande - Universidade Federal do Rio Grande do Sul, Brazil 
 Jacek Jagielski - Institute Electrical Mat Technol, Poland 
 David Jamieson - University of Melbourne, Australia 
 Kenji Kimura - Kyoto University, Department of Micro Engineering, Japan 
 William Lanford - University at Albany, U.S.A. 
 Matej Mayer - Max-Planck-Institut fur Plasmaphysik, Germany 
 Anand Pathak - University of Hyderabad, India 
 aƛƎǳŜƭ #ƴƎŜƭ wŜǎǇŀƭŘƛȊŀ DŀƭƛǎǘŜƻ - Centro Nacional de Aceleradores, Spain 
 Aliz Simon - International Atomic Energy Agency (IAEA), Austria 
 Fernanda Stedile - Universidade Federal do Rio Grande do Sul, Brazil 
 Edit Szilagyi - KFKI Research Institute for Particle and Nuclear Physics, Hungary 
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 Mikio Takai - Osaka University, Japan 
 Theva Thevuthasan ς Qatar Environment and Energy Research Institute, Qatar 
 [ƛƻƴŜƭ ¢ƘƻƳŝ - CSNSM Orsay, France 
 Ian Vickridge - CNRS, France 
 Gyorgy Vizkelethy - Sandia National Laboratory (SNL), U.S.A. 
 Yongqiang Wang ς Los Alamos National Laboratory, U.S.A. 
 Roger Webb - University of Surrey, U.K. 
 Isao Yamada - Kyoto University, Japan 
 Fujia Yang - Fudan University, China 
 James F. Ziegler ς United States Naval Academy, U.S.A. 

 
 

Conference Secretary 
 
 !ƴŀ ±ƛŘƻǑΣ wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ ½ŀƎǊŜō  
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Locations ς map 
 
All sessions will be held in the Congress center Tamaris. Plenary talks, invited talks and 
contributed talks will be held in the Orhideja hall on the first floor and Mimoza II hall on the 
second floor. For more details please see the Scientific Program. The poster sessions and coffee 
breaks will be held in the Mimoza I and III halls together with industrial exhibition. The 
conference registration will be located in front of the Orhideja hall. 
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Exhibitors and Sponsors 
 
The exhibitors and sponsors are very important part of every scientific conference. Not only 
that through the exhibition scientist get acquainted with the latest achievements in the 
equipment and instrumentation, this support enables also the cost of the registration to be 
kept to a minimum and provides additional support for the conference events, students and 
other activities. We are truly grateful to the following sponsors and exhibitors: 
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Oral Presentations  
 
Plenary talks are 45 minutes long (35-40 minutes presentation and 5-10 minutes discussion) 
and invited talks are 30 minutes long (25 minutes presentation and 5 minutes discussion). 
Contributed talks are 20 minutes long (15-17 minutes presentation and 3-5 minutes discussion). 
All the talks should be accompanied by PowerPoint or PDF slides. We will transfer the talk to 
the conference computer. 
 
 

Projection Capability  
 
Lecture Halls Orhideja and Mimoza II will be equipped with a PC and LCD projection system. The 
PC will accept USB drives and will have Microsoft PowerPoint and Adobe Reader. You must 
have your presentation loaded before the start of your session. 
 
 

Poster Displays  
 
The size allocated for posters is 90 cm (width) by 110 cm (length). There will be two poster 
sessions, the first one will be held on Monday from 15:30 to 17:30 and the second one on 
Tuesday from 15:40 to 17:40. Poster presenters should be available at their display during this 
time. Posters should be set up in the morning of the presenting day and taken down at 20:00 
the same day. Please display your poster in the slot assigned with your number. Please contact 
the conference registration desk if you need assistance.  
Awards sponsored by the Croatian Center of Excellence for Advanced Materials and Sensors 
(CEMS) and ION-TOF for the best student poster will be presented during the conference 
banquet. Representatives of CEMS, ION-TOF and IBA International Advisory Committee will 
review student posters during the poster sessions. 
 
 

Conference Proceedings 
 
The IBA 2015 conference proceedings will be published as a special volume of the journal 
άbǳŎƭŜŀǊ LƴǎǘǊǳƳŜƴǘǎ ŀƴŘ aŜǘƘƻŘǎ .Υ .ŜŀƳ LƴǘŜǊŀŎǘƛƻƴǎ ǿƛǘƘ aŀǘŜǊƛŀƭǎ ŀƴŘ !ǘƻƳǎέΦ !ƭƭ 
submitted papers must be clearly written in excellent English and contain only original work, 
which has not been published by or is currently under review for any other journal or 
conference.  
All manuscripts and any supplementary material should be submitted through the Elsevier 
Editorial System (EES). Papers will be reviewed to the same standards as for the regular NIMB 
ǇŀǇŜǊǎΦ tƭŜŀǎŜ ŎƻƴǘŀŎǘ LǾŀ .ƻƎŘŀƴƻǾƛŏ wŀŘƻǾƛŏ όiva@irb.hr) for other publication related 
questions. 
 

Internet Access 
 
Free internet access is available in the entire hotel and congress center.  

http://ees.elsevier.com/nimb_proceedings/default.asp
http://ees.elsevier.com/nimb_proceedings/default.asp
mailto:iva@irb.hr
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Registration and Welcome Reception 
 
Registration will be open on Sunday from 14:00 to 18:00 and at 8:00 for other conference days. 
The welcome reception will be held in front of the Hotel Royal on Sunday, June 14, from 18:00 
to 21:00.  
 

 

Morning and Afternoon Breaks 
 
Morning and afternoon breaks with refreshments will be held on the second floor in the 
Congress center Tamaris Mimoza I and III Halls, within the poster and exhibition area.  
 

 
Lunches 
 
Lunches will be provided in the Restaurant Camellia, Grand Hotel 4 Opatijska cvijeta on 
Monday, Tuesday and Thursday. On Wednesday, lunch will be provided during the conference 
outing. Lunches are included in the conference fee. 
 

 
International Committee Meeting 
 
A meeting of the IBA International Advisory Committee will be held on Tuesday, June 16, after 
the poster session. The meeting will be held in the Antica Ostaria de Ugo, Hotel Continental at 
19:00. 

 
Conference Outing 
 
The Conference outing will be held on Wednesday, June 17 starting from 11:00. Lunch packages 
will be provided for all participants. The outing will start by visiting Motovun. At Motovun, IBA 
participants will have a tour around the old town, each group with their own guides. A short 
break after the tour will be given for a drink at the central square or to check several small 
stores with Istrian delicacies, which are located at the city gates.  
Then we will visit Pula, the town situated at the southern tip of the Istrian peninsula. The rich 
itinerary of its three thousand year old history, begins and ends with the Roman amphitheatre. 
While strolling through Pula-Pola you will come across numerous monuments of Roman 
ŀǊŎƘƛǘŜŎǘǳǊŜΥ ǘƘŜ ¢ǊƛǳƳǇƘŀƭ !ǊŎƘ ƻŦ ǘƘŜ {ŜǊƎƛ ŦǊƻƳ ǘƘŜ мǎǘ ŎŜƴǘǳǊȅ .Φ/ΦΣ IŜǊŎǳƭŜǎΩ DŀǘŜ ŀƴŘ ¢ǿƛƴ 
Gates, the Temple of Augustus, Arena and Small Roman Theatre in the town center. At the end 
of the Istrian tour, IBA participants will have the opportunity to try a selection of traditional 
Istrian specialities in a small village near the city of Rovinj. 
 
Additional excursion options are available on request. Please contact the conference 
registration desk for more information. 
 
 

http://en.wikipedia.org/wiki/Pula_Arena
http://www.dreamistria.com/food-istria-5-delicious-specialities/
http://www.dreamistria.com/food-istria-5-delicious-specialities/
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Conference Banquet 
 
The conference banquet will be held in the Hotel Royal Ballroom on Thursday, June 18 at 19:00. 
Banquet is included in the conference fee. We would like to thank High Voltage Engineering 
Europa B.V. for sponsoring this great event. 

 
 
Other Details 
 
We kindly ask participants to stick closely to the allocated duration of oral presentation and to 
the scheduling for posters. This is particularly important as we have a relatively high attendance 
and a densely packed program. Please wear your conference badge at all times. We have made 
special arrangements regarding lunch and refreshments, and your badge needs to be visible at 
these venues. The Local organizing committee will be pleased to help and advise on travel, 
touring and other arrangements, or on any problem. 
 

 
Meeting Questions 
 
If you have any questions, please contact !ƴŀ ±ƛŘƻǑ or anyone from the local organizing 
committee. Here are some cell phone numbers that may be useful: 
 
!ƴŀ ±ƛŘƻǑ avidos@irb.hr, +385 98 480 671 
LǾŀ .ƻƎŘŀƴƻǾƛŏ wŀŘƻǾƛŏ iva@irb.hr, +385 98 939 1685 
aƛƭƪƻ WŀƪǑƛŏ, jaksic@irb.hr, +385 98 1710 330 
{ǘƧŜǇƪƻ CŀȊƛƴƛŏ, sfazinic@irb.hr, +385 99 317 4866 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:avidos@irb.hr
mailto:iva@irb.hr
mailto:sfazinic@irb.hr
mailto:sfazinic@irb.hr


 

 15 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Scientific Program 
 

   
 
 
 
 
 
 
 
 
 
 
 
 



 

 16 

22nd International Conference on Ion Beam Analysis (IBA 2015) program 
 

Congress centre Tamaris, Grand Hotel 4 opatijska cvijeta, Opatija 
 
 

Sunday, June 14, 2015 

14:00 ς 18:00 Registration ς Congress centre Tamaris 

18:00 ς 21:00 IBA 2015 Welcome reception in front of the Hotel Royal 

 

Monday, June 15, 2015 

8:00 ς 16:00   Registration ς Congress centre Tamaris 

8:10 ς 8:30 Opening remarks and welcome address 
LǾŀ .ƻƎŘŀƴƻǾƛŏ wŀŘƻǾƛŏ ς IBA 2015 chair 
¢ƻƳŜ !ƴǘƛőƛŏ ς RBI Director General 
Ian Vickridge ς chair of the IBA International Advisory Committee 

 Session 1: Plenary session 1 (Orhideja Hall) 
/ƘŀƛǊΥ LǾŀ .ƻƎŘŀƴƻǾƛŏ wŀŘƻǾƛŏ 

8:30 ς 9:15 PL-1 Marek Rubel, KTH-Royal Institute of Technology, Stockholm, Sweden, 
"The Role and Application of Ion Beam Analysis for Studies of Plasma-Facing 
Components in Controlled Fusion Devices" 

9:15 ς 10:00   PL-2 Andre Vantomme, KU Leuven, Belgium,  
ά50 years of ion channeling in materials science ς where do we go next?έ 

10:00 ς 10:30 Coffee break (Mimoza I and III Halls) 

 Session 2: Cross sections  
(Orhideja Hall)  
Chair: Matej Mayer 

Session 3: Channeling 
(Mimoza II Hall) 
Chair: Andre Vantomme 

10:30 ς 11:00 I-1 Alex Gurbich, IPPE, Obninsk, 
Russia,  
άSigmaCalc recent development and 
present status of the evaluated 
cross-sections for IBAέ 

I-2 Debdulal Kabiraj, Inter University 
Accelerator Centre, India,  
άStudy on dependence of structural 
evolution on Se sensitivity of 
semiconductors by c-RBSέ 

11:00-11:20       O-1 Wei-Kan Chu, University of 
Houston, USA,  
άaƻǘǘ Ǿǎ wǳǘƘŜǊŦƻǊŘ {ŎŀǘǘŜǊƛƴƎΥ 
Wave-Particle Duality of MeV 
Carbon, and Boron Ion  Scattering 
from Thin Graphite Foilέ 

O-4 Daniel J. Silva, IFIMUP and IN-
Institute of Nanoscience and 
Nanotechnology, Universidade do 
Porto, Portugal, and KU Leuven, 
Belgium  
άDrawing the geometry of 3d 
transition metal ς boron pairs in 
silicon by means of electron emission 
channeling experimentsέ 

11:20-11:40 O-2 Michael Kokkoris, National 
Technical University of Athens, 
Greece,  
άA Review on Benchmarking of 
Proton Elastic Scattering - 
Implementation in the cases of natSi, 
19F, natB and natOέ 

O-5 Wenjie Yang, Australian National 
University, Australia,  
άAtom location and ion damage 
studies of gold hyperdoped silicon via 
ion implantation followed by pulsed 
laser meltingέ 
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11:40-12:00 O-3 Paraskevi Dimitriou, 
International Atomic Energy Agency, 
Austria,  
άIAEA CRP on Development of a 
Reference Database for Particle-
Induced Gamma-ray Emission (PIGE) 
spectroscopyέ  

O-6 Barney L. Doyle, Sandia National 
Laboratories, USA,  
άLƻƴ /ƘŀƴƴŜƭƛƴƎ wŜǾƛǎƛǘŜŘέ  

12:00 ς 13:30 Lunch (Restaurant Camellia, Grand Hotel 4 opatijska cvijeta) 

 Session 4: Secondary Ion Mass 
Spectrometry ς from keV to MeV 
(Orhideja Hall) 
Chair: Roger Webb 
 

Session 5: Art and Archeometry 
(Mimoza II Hall)  
/ƘŀƛǊΥ ¿ƛƎŀ ~Ƴƛǘ 
 

13:30-14:00 I-3 Kenji Kimura, Kyoto University, 
Kyoto, Japan,  
άTransmission secondary ion mass 
spectrometry using 5 MeV C60

+ ionsέ 

I-4 Thomas Calligaro, Centre for 
Research and Restoration of the 
Museums of France, Paris, France, 
άIon beam analysis of light elements 
in cultural heritage materialsέ 

14:00-14:20 O-7 Sofia Gorondy Novak, CEA, 
France,  
άIL-ERDA versus SIMS to study 
helium profiling in pure bcc metaƭǎέ 

O-10 Chris Jeynes, University of 
Surrey, UK,  
άGlass deterioration mechanisms 
using Total-IBA of Rosslyn glassέ 

14:20-14:40 O-8 Toshio Seki, University of Kyoto, 
Japan,  
ά!ƳōƛŜƴǘ !ƴŀƭȅǎƛǎ ƻŦ [ƛǉǳƛŘ aŀǘŜǊƛŀƭǎ 
with Wet-{La{έ 

O-11 Dubravka Jembrih ς SimbǸǊƎŜǊΣ 
Academy of Fine Arts, Austria,  
άMeV SIMS - a tool to study modern 
paint materials and their stabilityέ 

14:40-15:00  O-12 Caroline Czelusniak, INFN 
Sezione di Firenze, Italy, 
άDevelopment of the time-resolved 
ion beam luminescence technique 
and its application to the provenance 
studies of lapis lazuliέ 

15:00 ς 15:30 Coffee break (Mimoza I and III Halls) 

15:30 ς 17:30 Poster Session 1 (Mimoza I & III Halls) 

17:30 ς 19:00 IAEA Panel on Ion Beam Techniques Roadmap (Orhideja Hall) 
Panel co-ordinator: Aliz Simon, IAEA Panel Members: Nuno Pessoa Barradas, 
Massimo Chiari, David Cohen, Ian Vickridge, Roger Webb 
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Tuesday, June 16, 2015 

8:00 ς 16:00   Registration ς Congress centre Tamaris 

 Session 6: Plenary session 2 (Orhideja Hall) 
Chair: Stjepko FŀȊƛƴƛŏ 

8:30 ς 9:15 PL-3 Hans Arno Synal, ETH Zurich, Switzerland,  
άProgress in Accelerator Mass Spectrometryέ 

9:15 ς 10:00   PL-4 Jiro Matsuo, Kyoto University, Kyoto, Japan,  
άSecondary Ion Mass Spectrometric Analysis of Soft Materials -  
Current Challenges and Future Applicationsέ 

10:00 ς 10:30 Coffee break (Mimoza I and III Halls) 

 Session 7: Imaging with keV ions 
(Orhideja Hall) 
Chair: Barney Doyle 

Session 8: Environmental and Earth 
Applications  
(Mimoza II Hall) 
Chair:  Massimo Chiari 

10:30 ς 11:00 I-5 Gregor Hlawacek, Helmholtz-
Zentrum Dresden-Rossendorf, 
Germany,  
άMaterials analysis using channeling 
and ionoluminescence in a helium 
ion microscopeέ 

I-6 Silvia Nava, INFN, University of 
Florence, Italy,  
άState of the art of IBA analysis of 
high time resolution aerosol 
samplesέ 

11:00 ς 11:20 O-13 Patrick Philipp, Advanced 
Instrumentation for Ion Nano-
Analytics (AINA), Luxembourg,  
άSIMS on FIB instruments: a powerful 
tool for high-resolution high-
sensitivity analytics at the nano 
scaleέ 

O-16 Keizo Ishi, Tohoku University, 
Japan,  
άApplication of micro-ion-beam 
analysis to investigate the 
distribution of Cs in silt particles for 
environmental remediation of 
Fukushimaέ 

11:20 ς 11:40 O-14 Rene Heller, Helmholtz-
Zentrum Dresden-Rossendorf, 
Germany,   
άIon Beam Analysis in the Helium Ion 
aƛŎǊƻǎŎƻǇŜέ 

O-17 Guy Terwagne, University of 
Namur, Belgium,  
ά!ǇǇƭƛŎŀǘƛƻƴ ƻŦ L.! ǘƻ ǘŀǇƘƻƴƻƳȅ 
and paleontologyέ 

11:40 ς 12:00 O-15 Ernst Jan Vesseur, FEI, 
"Applications and benefits of a Xe 
plasma FIB-SEM " 

O-18   Mohamad Roumie, 
Accelerator Laboratory, Lebanese 
Atomic Energy Commission, National 
Council for Scientific Research, 
Beirut, Lebanon,  
άEvaluation and mapping of PM2.5 
atmospheric aerosols in Arasia region 
using PIXE and gravimetric 
measurementsέ 

12:00 ς 13:30 Lunch (Restaurant Camellia, Grand Hotel 4 opatijska cvijeta) 
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 Session 9: Experimental 
developments and novel IBA 
techniques (Orhideja Hall) 
Chair: Theva Thevuthasan 

Session 10: Stopping and Straggling 
(Mimoza II Hall) 
Chair: Nuno Barradas 
 

13:30 ς 13:50 O-19 tŀǘǊƛŎƪ wŜƛŎƘŀǊǘΣ ¦ƴƛǾŜǊǎƛǘŅǘ ŘŜǊ 
Bundeswehr, Germany,  
άIncreased Accuracy and Sensitivity 
in Hydrogen Analysisέ 

O-24 Peter Sigmund, University of 
Southern Denmark, Denmark,  
άStructure in the velocity 
dependence of heavy-ion energy-loss 
stragglingέ 

13:50-14:10       O-20 Hao Shen, Institute of Modern 
Physics, China,  
άDevelopments and applications of 
nuclear microprobes in Chinaέ 

O-25 David N Jamieson, University of 
Melbourne, Australia,  
άDirect imaging of straggled ions for 
top-down fabrication of Si:P qubits 
ǳǎƛƴƎ ŀǘƻƳ ǇǊƻōŜ ǘƻƳƻƎǊŀǇƘȅέ 

14:10-14:30 O-21 Jaakko Julin, University of 
WȅǾŅǎƪȅƭŅΣ CƛƴƭŀƴŘΣ  
άAdvanced pulse processing for 
Time-of-Flight ERDέ 

O-26 Moni Behar, Federal University 
of Rio Grande do Sul, Brazil,  
άStopping power study of H and He 
in Hydropaxyapatite films: A study 
with implications in ion-beam 
therapyέ 

14:30-14:50 O-22 Tilo Reinert, University of North 
Texas, USA,  
άPerformance Tests of a Scalable 
Multi-Detector Digital Spectrometer 
with Eight Channelsέ 

O-27 Pedro Grande, Federal 
University of Rio Grande do Sul, 
Brazil,  
άNeutralization  and wake effects on 
the Coulomb explosion depth 
profilingέ 

14:50-15:10 O-23 Martina Schulte-Borchers, ETH 
Zurich, Switzerland,  
άwŜŎŜƴǘ ǇǊƻƎǊŜǎǎ ƻƴ ǘƘŜ ƴŜǿ aŜ± 
{La{ ǎŜǘǳǇ ŀǘ 9¢I ½ǳǊƛŎƘέ 

O-28 Abdelkader Guesmia, iThemba 
Labs, South Africa, 
άEnergy loss straggling of Cu, Si, O 
and C heavy ions through Si3N4 thin 
foils over a range of energies 0.1ς0.6 
MeV/n by Time-of-Flight 
spectrometryέ 

15:10-15:40 Coffee break (Mimoza I and III Halls) 

15:40-17:40     Poster Session 2 (Mimoza I and III Halls) 

19:00-22:00 IBA International Advisory Committee Meeting  
(Antica Ostaria de Ugo, Hotel Continental) 
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Wednesday, June 17, 2015 

8:00 ς 16:00   Registration ς Congress centre Tamaris 

 Session 11: Computer Simulations 
and Analysis (Orhideja Hall) 
Chair: Kai Arstila 

Session 12: Modification and 
Damage (Mimoza II Hall) 
Chair: Devesh Avashti 

8:30 ς 9:00 
(Orhideja) 
 
8:40-9:00  
(Mimoza II) 

I-7 Udo von Toussaint, Max-Planck-
Lƴǎǘƛǘǳǘ ŦǸǊ tlasmaphysik, Garching, 
Germany,  
"Modern data analysis techniques for 
ion beam analysis" 

O-оо [ƛƻƴŜƭ ¢ƘƻƳŞΣ /{b{a hǊǎŀȅΣ 
CEA Saclay France,  
ά/ƻƳōƛƴŀǘƛƻƴ ƻŦ w.{κ/ ŀƴŘ wŀƳŀƴ 
techniques for the investigation of 
the SNEEL phenomenon in ion-
irradiated materialǎέ 

9:00 ς 9:20 O-29 ¢ƛŀƎƻ CΦ {ƛƭǾŀΣ Lƴǎǘƛǘǳǘƻ ŘŜ CƝǎƛŎŀ 
da Universidade de Sao Paulo, Brazil,  
άMultiSIMNRA: a computational tool 
for self-consistent ion beam analysis 
using SIMNRAέ 

O-34 Philipp Ernst, University of 
Duisburg-Essen, Germany,  
άGraphene to Graphane Transition 
Induced by Highly Charged Ion 
Irradiationέ 

9:20 ς 9:40 O-30 Micaela Fonseca, LIBPhys, 
Caparica, Portugal,  
άERYAProfiling: a code for depth 
profiling of light elements in 
inhomogeneous samples by PIGEέ 

O-35 Ettore Vittone, University of 
Torino, Italy,  
άA new protocol to evaluate the 
charge collection efficiency 
degradation in semiconductor 
devices induced by MeV ion beam 
irradiationέ 

9:40 ς 10:00 O-31 CǊŀƴœƻƛǎ {ŎƘƛŜǘǘŜƪŀǘǘŜΣ 
¦ƴƛǾŜǊǎƛǘŞ ŘŜ aƻƴǘǊŞŀƭΣ /ŀƴŀŘŀΣ  
άSpectrum simulation of rough and 
nanostructured targets from their 2D 
and 3D image by Monte Carlo 
methodsέ 

O-36 Javier Garcia-Lopez, University 
of Sevilla, Spain,  
άA modified drift-diffusion model for 
evaluating the carrier lifetimes in 
radiation-damaged semiconductor 
detectorsέ 

10:00 ς 10:20 O-он aŀǊƛƧŀ 2ŀǊƎƻƴƧŀΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 
Rijeka, Croatia,  
ά±L.!-Lab 4.0: Computer program 
for Simulation and Quantitative 
analysis of PIXE, XRF and RBS 
Spectraέ 

O-37 Gyorgy Vizkelethy, Sandia 
National Laboratories, USA,  
άDetermination of recombination 
radius in Si for Binary Collision 
Approximation (BCA) codesέ 

 
11:00 ς 22:00 

 
Conference outing ς Istria tour ς Motovun & Pula guided tour 
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Thursday, June 18, 2015 

 Session 13: Plenary session 3 (Orhideja Hall) 
/ƘŀƛǊΥ aƛƭƪƻ WŀƪǑƛŏ 

8:30 ς 9:15 PL-5 Peter Bauer, Johannes Kepler University, Linz, Austria,  
"Quantitative Low Energy Ion Scattering - accomplishments and challenges" 

9:15 ς 10:00   PL-6 Lyudmila Goncharova, University of Western Ontario, London, Canada,  
"High-resolution ion depth profiling: beyond high-k materials" 

10:00 ς 10:30 Coffee break (Mimoza I and III Halls) 

 Session 14: Microprobe and 
Nanoprobe Analysis  
(Orhideja Hall) 
Chair: Lucile Beck 

Session 15: MEIS, LEIS  
(Mimoza II Hall) 
Chair: Lyudmila Goncharova 

10:30 ς 11:00 I-8 Andrew Bettiol, NUS, Singapore,  
άSuper-resolution imaging with 
focused MeV ions: Fluorescence and 
Structural imagingέ 

I-9 Denis Jalabert ς CEA/INAC, 
Grenoble, France,  
άMEIS analysis at the nanoscale, 
advantages/disadvantages versus X-
Rays and TEMέ 

11:00 ς 11:20       O-38 Pablo Jobim, Fedral University 
of Rio Grande do Sul, Brazil,  
Elemental signature of memory recall 

O-41 Sahar Mirzaei, ANU, Australia,  
άStructural properties of SiGe 
nanoparticles in LPCVD Si3N4έ 

11:20 ς 11:40 O-39 Claire Pacheco, Centre de 
Recherche et de Restauration des 
Musees de France, France,  
ά¢ƻǿŀǊŘǎ w.{κ9.{ ƳŀǇǇƛƴƎ ŀǘ ǘƘŜ 
AGLAE facility: a new implement to 
apprehend Cultural Heritage 
ƳŀǘŜǊƛŀƭǎέ 

O-42 Victor Alarcon-Diez, Sorbonne 
¦ƴƛǾŜǊǎƛǘŞǎΣ ¦ta/Σ /bw{Σ tŀǊƛǎΣ 
France,  
άIBA analysis of Iron-doped Bi2Se3 
topological insulatorέ 

11:40 ς 12:00 O-пл LǾŀ .ƻȌƛőŜǾƛŏ aƛƘŀƭƛŏΣ w.LΣ 
Croatia,  
ά/ŀǇŀōƛƭƛǘƛŜǎ ƻŦ ƳƛƴƛŀǘǳǊŜ ƘƛƎƘ 
resolution X-ray spectrometer at the 
ƛƻƴ ƳƛŎǊƻǇǊƻōŜέ 

O-43 Thomas Grehl, ION-TOF GmbH, 
aǸƴǎǘŜǊΣ DŜǊƳŀƴȅΣ  
άTRBS modelling of LEIS spectra - 
fundamentals and applicationsέ 

12:00 ς 13:30 Lunch (Restaurant Camellia, Grand Hotel 4 opatijska cvijeta) 

 Session 16: New detectors  
(Orhideja Hall) 
Chair: Gyorgy Vizkelethy 

Session  17: Molecular and chemical 
imaging (Mimoza II Hall) 
Chair: Andrew Bettiol 

13:30 ς 14:00 I-10 Timo Sajavaara, University of 
WȅǾŅǎƪȅƭŅΣ CƛƴƭŀƴŘΣ 
άPIXE using large area transition-
edge sensor arrayέ 

I-11 Katarina Vogel-aƛƪǳǑΣ ¦ƴƛǾŜǊǎƛǘȅ 
of Ljubljana, Slovenia,  
άComplementing X-ray and MS based 
techniques in studies of trace 
elements in biological systemsέ 

14:00 ς 14:20       O-44 Tomihiro Kamiya , Japan Atomic 
Energy Agency , Japan,  
άStudy of diamond membrane 
detector aiming at highly-efficient 
and position-sensitive particle 
detection for ion beam applicationsέ 

O-пт ½ŘǊŀǾƪƻ {ƛƪŜǘƛŏΣ wǳŚŜǊ .ƻǑƪƻǾƛŏ 
Institute, Zagreb, Croatia, ς  
ά{ǳōƳƛŎǊƻƴ ƳƻƭŜŎǳƭŀǊ ƛƳŀƎƛƴƎ ƻŦ 
cells by combined use of MeV SIMS 
and STIMέ 
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  Session 18: Ion induced luminiscence 
(Mimoza II Hall) 
Chair: Andrew Bettiol 

14:20 ς 14:40 O-45 Daniel Spemann, University of 
Leipzig, Germany,  
άConcept of single ion detector for 
deterministic ion implantation at the 
nanoscaleέ 

O-48 Zhaohong Mi, CIBA, NUS, 
Singapore,  
άLanthanide-doped nanocrystals as 
bio-probes for  ion beam induced 
fluorescence imagingέ 

14:40 ς 15:00 O-46 Jan Pallon, University of Lund, 
Sweden,  
άTechnology steps to fabricate a thin 
Silicon Carbide membrane based 
particle detectorέ 

O-49 Diana Bachiller-Perea, 
¦ƴƛǾŜǊǎƛǘŞ tŀǊƛǎ-Sud, CNRS/IN2P3, 
France,  
άIonoluminescence as a sensor of the 
defects creation and damage 
kinetics: application to fused ǎƛƭƛŎŀέ 

15:00 ς 15:30 Coffee break (Mimoza I and III Halls) 

 Session 19: Materials science 
(Orhideja Hall) 
Chair: Pedro L. Grande 

Session 20: Energy Applications 
(Mimoza II Hall) 
/ƘŀƛǊΥ ¢ƻƴőƛ ¢ŀŘƛŏ  

15:30 ς 15:50 O-50 Craig M. Comrie, University of 
Cape Town, South Africa,  
άRBS-Channelling analysis into the 
effect of thermal annealing on GeSn 
strained layersέ 

O-55 Elisabetta Carella, CIEMAT ς 
UNED, Spain,  
άDeuterium behavior in ceramics for 
Cǳǎƛƻƴ .ǊŜŜŘŜǊ .ƭŀƴƪŜǘ ŀŦǘŜǊ ʴ-
irradiation: a comparison between 
different characterization 
techniquesέ 

15:50 ς 16:10       O-51 D.Nd. Faye, IPFN, University of 
Lisbon, Portugal,  
άMechanisms of damage formation 
in AlGaN alloys implanted with Ar 
and Eu ionsέ 

O-56 Yongqiang Wang, Los Alamos 
National Laboratory, USA,  
άDeuterium Retention Studies in Ion 
Beam Damaged Wέ 

16:10 ς 16:30 O-52 Noriaki Toyoda, Unversity of 
Hyogo, Japan,  
άLǎƻƭŀǘŜŘ ŘŜŦŜŎǘǎ ŎǊŜŀǘŜŘ ōȅ Ǝŀǎ 
cluster ion impact and their use for 
templates of carbon nanotube 
ƎǊƻǿǘƘέ 

O-57 Eduardo Alves, IST, 
Universidade de Lisboa, Portugal,   
άTotal IBA a quantitative tool to 
study plasma wall interactionsέ 

16:30 ς 16:50 O-53 Sergio Costa Miranda, KU 
Leuven, Belgium,  
άRutherford backscattering study of 
bƛόtǘκtŘύDŜ ŦƻǊƳŀǘƛƻƴ ƻƴ DŜ όмллύέ 

O-9 Lucile Beck, JANNUS, France, 
άHydrogen behavior in materials 
after single and triple-beam 
irradiations characterized by SIMS 
ŀƴŘ ҡwŀƳŀƴέ 

16:50 ς 17:10 O-54 Agenor Hentz, Instituto de 
CƝǎƛŎŀΣ ¦ƴƛǾŜǊǎƛŘŀŘŜ CŜŘŜǊŀƭ Řƻ wƛƻ 
Grande do Sul, Brazil,  
άStructural changes in quantum dots 
core-shell CdSe/ZnS by thermal 
treatmentέ 

O-59 Suntharampillai Thevuthasan, 
Qatar Environment and Energy 
Research Institute, Qatar Foundation,  
άIn Situ NRA, RBS, XPS and UPS 
Studies of Hydrogen Diffusion in TiO2 
Single Crystalsέ 
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19:00 ς 22:00 Conference banquet ς Hotel Royal Ballroom 
Julian Demarche, University of Surrey, Guilford, UK - άLog-periodicity and the 
ŜǇƛǎǘŜƳƛŎ ŘȅƴŀƳƛŎǎ ƻŦ Lƻƴ .ŜŀƳ !ƴŀƭȅǎƛǎ ǊŜǎŜŀǊŎƘέ 
Best Poster Awards 
Best Manuscript Awards 
aǳǎƛŎΥ 5ƛƴƻ !ƴǘƻƴƛŏ ϧ п {ƘŀŘŜǎΣ ƎǳŜǎǘΥ aŀǊƛƧŀƴŀ ±ŀǊŀǑŀƴŜŎ 

  
 

Friday, June 19, 2015 

 Session 21: Facilities and Instrumentation (Orhideja Hall) 
Chair: Hidde Brongersma 

8:30 ς 8:50 O-60 Nicolae C. Podaru, HVE, The Netherlands,  
άRequirements on ion source performance for ion beam analysisέ 

8:50 ς 9:10 O-61 Andreas Markwitz, GNS Science, New Zealand,  
άIon beam analysis of advanced coating products and air particulate matterέ 

9:10 ς 9:30 O-62 Nemitala Added, University of Sao Paulo, Brazil,  
άExternal milibeam imaging applications at LAMFI-USPέ 

9:30 ς 9:50 O-63  Chaohui Lan, Institute of Fluid Physics, China Academy of Engineering 
Physics, China,   
άIon Component Diagnosis of Metal Hydride Cathode Vacuum Arc Ion Source 
by Using an in-Cavity Minitype Magnetic Mass Spectrometerέ 

9:50  ς  10:20 Coffee break (Mimoza I and III Halls) 

 Session 22: Analysis of light elements by IBA (Orhideja Hall)  
Chair: Michael Kokkoris 

10:20 ς 10:40 O-64 William A. Lanford, University at Albany, USA,  
άNuclear Reaction Analysis for H, Li, Be, B, C, N, O and F with an RBS 
Completeness Checkέ 

10:40 ς 11:00 O-65 Masahiro Saito, Toray Research Center, Shiga, Japan,  
άTOF-ERDA analysis on the effect of water  for SEI formation in Li-ion 
batteriesέ 

11:00 ς 11:20 O-66 Jacek Jagielski, Institute for Electronic Materials Technology, National 
Centre for Nuclear Research, Poland,  
άIȅŘǊƻƎŜƴ ǊŜƭŜŀǎŜ ŦǊƻƳ ƛǊǊŀŘƛŀǘŜŘ ŜƭŀǎǘƻƳŜǊǎ ƳŜŀǎǳǊŜŘ ōȅ bǳŎƭŜŀǊ wŜŀŎǘƛƻƴ 
!ƴŀƭȅǎƛǎέ 

11:20 ς 11:40 O-67 Manfredo H. Tabacniks, Institute of Physics, University of Sao Paulo, 
Brazil,  
ά.ƻǊƻƴ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ƭƛƳƛǘǎ ǳǎƛƴƎ Lƻƴ .ŜŀƳ !ƴŀƭȅǎƛǎ ǘŜŎƘƴƛǉǳŜǎέ 

11:40 ς 12.00 Closing remarks 
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PL-1: The Role and Application of Ion Beam Analysis for Studies of Plasma-Facing Components 

in Controlled Fusion Devices 

 
M. Rubel (1)*, E. Alves (2), S. Brezinsek (3), J.P. Coad (4), M. Mayer (5), P. Petersson (1), A. 
Widdowson (4) and JET Contributors** 
 
EUROfusion Consortium, JET, Culham Science Centre, Abingdon, OX14 3DB, UK 
1) Fusion Plasma Physics, Royal Institute of Technology (KTH), 100 44 Stockholm, Sweden 
2) Instituto Superior TŞcnico, Universidade de Lisboa, 1049-001 Lisboa, Portugal 
3) Institut ŦǸǊYƭƛƳŀ- ǳƴŘ 9ƴŜǊƎƛŜŦƻǊǎŎƘǳƴƎΣ CƻǊǎŎƘǳƴƎǎȊŜƴǘǊǳƳ WǸƭƛŎƘΣ 5-рнпнр WǸƭƛŎƘΣ DŜǊƳŀƴȅ 
4) CCFE, Culham Science Centre, Abingdon, OX14 3DB, UK 
5) Max-Planck-Lƴǎǘƛǘǳǘ ŦǸǊtƭŀǎƳŀǇƘȅǎƛƪΣ урпту DŀǊŎƘƛƴƎΣ DŜǊƳŀƴȅ 

 

First wall materials in controlled fusion devices undergo serious modification by several physical 
and chemical processes arising from plasmaςwall interactions. This includes material erosion, 
transport of eroded species in the plasma and re-deposition leading to the formation of mixed-
material layers. Detailed information is required for the assessment of: (i) material lifetime; (ii) 
accumulation of hydrogen isotopes in wall materials, i.e. fuel inventory; (iii) dust formation. 
These issues are crucial for the economy and safety of reactor operation. As a consequence, 
these are the driving forces for detailed study of plasma-facing materials (PFM) and 
components (PFC).  

A large variety of materials research methods are used to determine the morphology and 
properties of wall components and probes retrieved from fusion devices after entire 
experimental campaigns (plasma operation of up to 105 s) or short-term tests in order to 
perform relevant experiments and to obtain broad characterization of materials. Ion beam 
analysis techniques play a particularly prominent role here because of their isotope selectivity 
in the low-Z range (1-10), high sensitivity and possible combination of several methods in a 
single run. 

The aim of the talk is to provide an overview of experimental procedures and results obtained 
in the examination of materials from JET (the largest tokamak), TEXTOR and ASDEX Upgrade. 
¢ƘŜ ǇǊŜǎŜƴǘŀǘƛƻƴ ƛǎ ǎǘǊǳŎǘǳǊŜŘ ŀƭƻƴƎ ǘƘŜ ǇƻƛƴǘǎΥ άǿƘŀǘέ ƛǎ ǘƻ ōŜ ŀƴŀƭȅǎŜŘ ŀƴŘ άǿƘȅέΣ ŀƴŘ ǘƘŜƴ 
άƘƻǿέ ǘƘŜ ŀƴŀƭȅǎŜǎ ŀǊŜ ŎŀǊǊƛŜŘ ƻǳǘΦ ¢ƘŜ ǊƻƭŜ ƻŦ 3He-based NRA, RBS, PIXE (standard and micro-
size beam) and HIERDA in fuel retention and material migration studies is presented. The use of 
tracer techniques with rare isotopes (e.g. 13C, 15N, 18O) or marker layers on wall diagnostic 
components is described. Development of equipment to enhance research capabilities and 
issues in handling of contaminated materials are addressed. 
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PL-2: 50 years of ion channeling in materials science ς where do we go next? 

 
A. Vantomme 
 
Inst. Kern- en Stralingsfysica, KU Leuven, B-3001 Leuven, Belgium 

 

When nuclear physicists started abandoning their small accelerators in the sixties, research 
activities in ion beam ς solid interactions were booming. Among others, it was discovered that 
energetic charged particles can be steered through a single crystal over a long distance, without 
undergoing any large-angle scattering. This effect, well-known as (ion) channeling, was 
computationally predicted by Robinson and Oen, experimentally confirmed by 3 groups 
independently and to a large extent theoretically explained by Lindhard ς in merely a couple of 
years (1962-1965)! Since then, numerous variations of the channeling effect have been used 
and even proven crucial in a wide scala of materials science investigations. Any material 
property which is related to (a deviation of) its crystallinity can be investigated with the same 
ŘŜǇǘƘΣ ŜƭŜƳŜƴǘŀƭΣ ƛǎƻǘƻǇƛŎΧ ǊŜǎƻƭǳǘƛƻƴ ŀǎ ǘƘŜ ƛƻƴ ōŜŀƳ ŀƴŀƭȅǎƛǎ ǘŜŎƘƴƛǉǳŜ ƛǘ ƛǎ ōŀǎŜŘ on, e.g. 
Rutherford backscattering spectrometry, particle-induced X-ray emission, nuclear reaction 
ŀƴŀƭȅǎƛǎΧ  Lƴ ǘƘƛǎ ǘŀƭƪΣ ǿŜ ǿƛƭƭ ŘǿŜƭƭ ƻƴ ŀ ƴǳƳōŜǊ ƻŦ ǘƘŜ ǇŀǊŀƳƻǳƴǘ ŀŘǾŀƴŎŜǎΣ ǿƘƛŎƘ ōǊƻǳƎƘǘ 
along the strength of the ion channeling technique, even beyond its standard use. These 
include examples where ion beam analysis has been driven to its extremes, where the 
experiment was performed in exotic conditions, or where non-conventional schemes or 
approaches were used ς including progress in the experimental set-up and in simulations of the 
channeling effect. Moreover, we will reflect on the future of ion channeling during the decades 
to come. In particular: what will the role of channeling be in a research era which largely 
focuses on structures and properties at the nanometer-scale? It is anticipated that channeling 
will remain competitive with and complementary to other characterization techniques 
providing (local) structural information, including synchrotron-based approaches and state-of-
the-art electron microscopy.  
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PL-3: Progress in Accelerator Mass Spectrometry 

 
H.-A. Synal 
 
Laboratory of Ion Beam Physics - ETH Zurich, Otto-Stern-Weg 5, 8093 Zurich - Switzerland 

 

The technical evolution of Accelerator Mass Spectrometry (AMS) instrumentation over the last 
ten years is summarized. A key characteristic of AMS is destruction of molecular interferences 
and subsequent analyses of atomic ions. It makes the extreme abundance sensitivity possible 
(in specific cases, below isotopic ratios of 10-16). This can be reached with instruments having 
ǉǳƛǘŜ ƳƻŘŜǎ Ƴŀǎǎ ǊŜǎƻƭǾƛƴƎ ǇƻǿŜǊ όaκҟa ƭŜǎǎ ǘƘŀƴ оллύΦ ¢ƻŘŀȅΣ мҌ ŎƘŀǊƎŜ ǎǘŀǘŜ ƛǎ ǳǎŜŘΣ 
molecular interferences are destroyed in multiple collisions with stripper gas atoms or 
molecules, and a high yield atomic ions is reached at energies of a few hundred keV. Thus, AMS 
instruments develop towards lab size or tabletop devices. The use of He as stripper gas has 
further improved performance with respect to overall detection efficiency and reproducibility 
of measurement conditions. In parallel, implementation of permanent magnets into dedicated 
radiocarbon AMS system is progressed. This reduces complexity of the instruments and 
significantly reduces operation and installation costs. For radiocarbon, He stripping has 
potential to further down size instruments and reduce the ion energy below 50 keV. I will 
summarize the latest achievements. But, low energy AMS is not limited to radiocarbon only and 
there is a great potential for 10Be, 26Al, 129I and actinides measurements at compact AMS 
systems. These developments have launched the wide spread use of AMS in various research 
fields and has resulted in a boom of new AMS facilities. The related impact to the wide variety 
of applications of AMS in modern research is not covered.  
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PL-4: Secondary Ion Mass Spectrometric Analysis of Soft Materials 

Current Challenges and Future Applications 

 
J. Matsuo (1,2) 
 
(1) Quantum Science and Engineering Center, Kyoto University, Uji, 611-0011 Kyoto, Japan. 
(2) SENTAN, Japan Science and Technology Agency (JST), Chiyoda, 102-0075 Tokyo, Japan. 

 

Secondary particle emission under ion irradiation provides unique opportunities for material 
analysis. Secondary ion mass spectrometry (SIMS) is now widely used in elemental analysis of 
semiconductors and metals. Chemical analysis of soft materials such as polymers, organic 
semiconductors and biological materials, is now in strong demand because of the increasing 
importance of these materials in emerging technologies. Newly developed ion beams, such as 
cluster and swift heavy ions, are used for organic- and bio-SIMS [1, 2]. These beams have higher 
secondary molecular ion emission yields than conventional monomer ion beams in the keV 
energy in range, because of their dense excitation during ion impact. In the last decade, 
molecular imaging and molecular depth profiling techniques have been developed for organic 
materials, and beams of small metal cluster ions or large Ar clusters ions with energy in the keV 
range are now widely used in commercial SIMS instruments. 

We have demonstrated the technique of molecular imaging with swift heavy ion beams (MeV-
SIMS) in biological material analysis. In this method, a high-energy ion accelerator is combined 
with an orthogonal acceleration time-of-flight mass spectrometer (oa-ToF-MS) that uses quasi-

continuous beams, enabling high mass (>10,000) and high lateral resolution (~1 mm) with a 
finely focused beam. Furthermore, swift heavy ion beams (>MeV) have a high transmission 
capability in matter, which allows their use for analysis of volatile samples such as liquids, solidς
liquid interfaces and wet biological samples under ambient pressure (100,000 Pa). This 
technique creates new possibilit ies of ion beam analysis. 

Current challenges and future applications of the SIMS technique with these new ion beams 
will be discussed. 

 

[1] J. Matsuo, S. Torii, K. Yamauchi, K. Wakamoto, M. Kusakari, S. Nakagawa, M. Fujii, T. Aoki 
and T. Seki, Applied Physics Express 7, 56602 (2014) 

[2] J. Matsuo, S. Ninomiya, H. Yamada, K. Ichiki, Y. Wakamatsu, M. Hada, T. Seki, T. Aoki, Surf. 
Interface Anal., 42, 1612 (2010)  
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Some fifty years ago the well-established ion beam techniques were applied at keV energies 
using noble gas ions and enhanced surface sensitivity was observed [1,2,3]. Very soon, Low 
Energy Ion Scattering (LEIS) developed to a widely used tool for analysis of structure and 
composition of solid surfaces [4,5] and references therein. Two features contribute to the great 
success of LEIS: first, its superb surface sensitivity and second, the fact that for most 
applications the yield of ions back scattered from one atomic species is independent of the 
other atoms present in the surface (absence of matrix effects), e.g. [6,7] and others.   

Quantitative surface composition analysis is based on accurate knowledge of the differential 

scattering cross section ds/dW and the fraction of ions amongst the backscattered particles. 
Due to the low ion energies involved, a realistic model is required for the influence of electronic 
screening on nuclear scattering. For this purpose, the universal potential has been shown to be 
a good choice as long as not too low ion energies are employed [8]. To apprehend why in 
general LEIS is not sensitive to band structure effects requires understanding of the prevailing 
charge exchange processes ς mainly Auger neutralization and reionization in a close collision 
[5]. Recently, it has been demonstrated that due to distinct neutralization efficiencies of 
different allotropic forms of carbon [9] the concentration of organic carbon on graphene can be 
quantified when an optimized set-up is used [10].   

Very recently, interesting LEIS applications to ultrathin subsurface layers were reported. To gain 
quantitative information in this case one has to successfully handle additional processes: 
electronic stopping and multiple scattering related processes such as depth-dependent angular 
spread and increase in path length, loss of the unique relationship between final energy and 
scattering depth for a specific collision partner. It will be pointed out how to gain quantitative 
information on electronic stopping and how the influence of stopping and multiple scattering 
can be handled by use of Monte-Carlo simulations [11].   

[1] V. Walther and H. Hintenberger, Z. Naturforschg. 18a, 843 ς 853 (1963). 
[2] S. Datz and C. Snoek, Phys. Rev. 134, A347 ς A355 (1964).  
[3] D.P. Smith, J. APpl. Phys. 38, 340 ς 347 (1967).  
ώпϐ WΦ hΩ/ƻƴƴƻǊ ƛƴ {ǳǊŦŀŎŜ ŀƴŘ LƴǘŜǊŦŀŎŜ {ŎƛŜƴŎŜΣ ǾƻƭΦ мΣ  нсф ς 310, Wiley VCH (2012), ed. K. 
Wandelt.  
[5] H.H. Brongersma et al., Surface Science Reports 62 (2007) 63 ς 109.  
[6] H.H. Brongersma and P.M.Mul, Chem. Phys. Lett. 14, 380 ς 384 (1972).  
[7] W. Heiland and E.Taglauer, J. Vac. Sci. Techn. 9, 620 ς 623 (1972).  
[8] D. Primetzhofer et al., Nucl. Instr.Meth. 269, 1292 ς 1295 (2011).  
[9] S.N. Mikhailov et al., Nucl. Instr. Meth. B93, 210 ς 214 (1994).  
[10] S. Prusa, LEIS Users meeting 2014, May 22, 2014, Enschede, Netherlands.  
[11] P. Bruner et al., J. Vac. Sci. Techn. A33, 01A122-1 ς 01A122-7 (2015).   
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Progressive reduction of dimensions and introduction of novel materials in sub-32 
semiconductor technology nodes demands continuous improvement in high-resolution ion 
depth profiling (HRDP). One of the challenges here is that electron transport properties of these 
diverse materials are closely linked to the basic interactions at the interface. We will 
demonstrate novel application of HRDP methods, including medium energy ion scattering 
(MEIS), low energy ion scattering (LEIS), nuclear reaction profiling (NRP) and secondary ion 
mass spectrometry (SIMS) to high-k/metal gate, high-mobility (III-V) channel materials and 
ultra-shallow junctions. We will present the application of MEIS in combination with O-18 
isotope labeling to follow oxygen migration in high-k/metal gate ultra-thin stacks. Recently it 
was established that deposition of an oxygen-gettering overlayers such as Ti on top of the high-
k metal oxide can result in reduction and even possibly elimination of the interfacial layer. Both 
oxygen exchange and interfacial silicon oxides growth rates were examined as a function of 
time, temperature, chemistry and crystallinity of dielectric layer. We find that incorporation 
oxygen is suppressed with addition of silica and nitrogen. Whereas presence of interstitials (O2-, 
OH-) is responsible for the fast O incorporation at the interface and interfacial oxide growth. We 
will also discuss application of complementary low-energy ion scattering and time-of-flight 
SIMS surface analysis to determine (a) high-k thin film growth mode for different deposition 
techniques; (b) the feasibility of backside SIMS on III-V high-mobility channel stacks to obtain 
high depth resolution at the source/drain /III-V interface. 
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I-1: SigmaCalc recent development and present status of the evaluated cross-sections for IBA 
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The evaluation of the cross-sections for any particular reaction consists in the elaboration of 
the most accurate possible cross-sections through incorporation of the all relevant 
experimental data in the framework of nuclear physics theory. The SigmaCalc Web site was 
developed as an interface to the evaluated cross-sections in order to provide IBA practitioners 
with an access to the evaluated data. Initially it was hosted by Surrey University, UK and then 
by the IAEA while this was technically possible. After a devastating hacker attack in 2012 the 
SigmaCalc site was shut down along with other nuclear data services located at the IAEA server 
and after a long period of outage it was moved first back to Surrey University and then to the 
server of the Institute for Nuclear Power Engineering in Obninsk, Russia, where it is currently 
hosted (http://sigmacalc.iate.obninsk.ru). In the new 2.0 version of SigmaCalc the results of the 
evaluations performed during the SigmaCalc outage as well as the evaluations recently made 
including the cross-sections for PIGE were added. Many corrections were made in the 
previously evaluated cross-sections following a feedback from the SigmaCalc users and the 
results of benchmarks, i.e. integral experiments which consisted of measurements of charged-
particle spectra from well characterized uniform thick targets followed by standard simulations 
using microscopic cross-sections. The idea of benchmarking is to verify the validity of the data 
for the purpose they are intended for through their use in a typical application. A database of 
the available benchmarks was incorporated into SigmaCalc and a feature was developed to 
compare spectra simulated using the evaluated cross-sections against benchmarks. In order to 
provide users with possibility to compare evaluated differential cross-sections with the 
available results of the cross-section measurements the presentation of the calculated cross-
sections was modified to combine them with experimental data taken on the fly from IBANDL. 
In the case of the data for PIGE there is also possibility to compare the evaluated data both with 
experimental cross-sections and with thick target yields, the evaluated cross-sections being 
converted into the thick target yield on the fly. Though a majority of most wanted cross-
sections have already been evaluated there are still numerous gaps. Also the extension of the 
evaluated cross-sections up on energy is vital in some cases. The work on the cross-section 
evaluation and SigmaCalc site development is in progress with the ultimate goal of making 
SigmaCalc a versatile tool which will meet all needs of the IBA community in the cross-section 
data.  
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Studies of structural modification in GaAs, InP, Ge single crystal wafer irradiated by swift heavy 
ions (SHI) and pre-damaged Ge single crystal wafer on further irradiation with SHI are reported 
in detail. The irradiation by 100 MeV Ag was performed at room temperature with ion fluence 
ranging from 1012 to 1014 ions/cm2 at beam current of 1-2 pnA. The damage evolution of 
irradiated samples was studied by Rutherford back scattering channeling (c-RBS) technique. In 
all the materials electronic energy loss (Se) of 100 MeV Ag is approximately same, ranging 
between 16-14 keV/nm and nuclear energy loss (Sn) is approximately 0.1% of Se. We observe 
negligible damage formation in single crystal GaAs [1] and Ge whereas InP undergo heavy 
damage at higher fluences as detected by c-RBS measurement. Three sets of Ge samples with 
sub-threshold, at threshold and above threshold fluences of amorphization, as estimated by c-
RBS were prepared by 100 keV Ar irradiation. After SHI irradiation of these samples, it is 
observed that first set of samples (sub-threshold amorphization) has undergone substantial 
recrystallization whereas in the second set of samples recrystallization is restricted to the 
region close to amorphous-to-crystalline boundary. Apart from results of c-RBS, Raman 
spectroscopy, high resolution transmission electron microscopy (HRTEM) and associated Fast 
Fourier transform (FFT) pattern studies confirm recrystallization. In the case of heavily damaged 
samples no change in amorphous phase is recorded. However, the instead swelling of the 
sample is observed after Ag irradiation. The relative swelling is found to increase steadily with 
increasing ion fluence up ǘƻ оҎмл13 ions cm-2 and then to saturate at a maximum value of 20% 
ŀǘ ƘƛƎƘŜǎǘ ŦƭǳŜƴŎŜ ƻŦ мҎмл14 ions cm-2. The results are explained on the basis of thermal spike 
model.   

[1] Shramana Mishra, Sudipta Bhaumik, Jaya Kumar Panda, Sunil Ojha, Achintya Dhar, D. 
Kabiraj, Anushree Roy. Nucl. Instr. Meth. Phys. Res. B 316 (2013) 192.   
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There has been an increasing demand to extend accessible mass range in secondary ion mass 
spectrometry (SIMS) particularly for biological and biomedical molecular imaging. During the 
past two decades, various kinds of large clusters, such as C60 ions, argon gas cluster ions, water 
cluster ions, and metal cluster ions have been used as primary ions. It was shown that these 
cluster ions enhance emission of intact large molecular ions compared to monatomic ion 
bombardment. In SIMS, secondary ions emitted from a sample in the backward direction with 
respect to the direction of a primary ion are generally measured. If a specimen of a self-
supporting thin film is used, the secondary ions emitted in the forward direction upon 
transmission of the primary ions can also be measured. So far, there have been only few studies 
about the transmission SIMS. Boussofiane-Baudin et al found small enhancement of secondary 
ion yield in the forward direction compared to the backward direction [1]. The origin of the 
enhancement was suggested to be the larger stopping power at the exit surface due to higher 
charge states achieved during the passage.   

In this presentation, we demonstrate that large enhancement of the secondary ion yield of 
intact biomolecules can be achieved by combining the cluster ions (5 MeV C60

+) with the 
transmission SIMS [2]. We measured secondary ions emitted in the forward direction from 
phenylalanine amino acid films deposited on self-supporting amorphous Si3N4 films. We found 
significant enhancement of the intact phenylalanine ion yield and large suppression of fragment 
ions compared to the backward direction. The origin of the observed enhancement and 
suppression will be discussed in the conference.   

[1] K. Boussofiance-Baudin, A. Brunelle, P. Chaurand, S. Della-Negra, J. Depauw, P. Hakansson 
and Y.Le Beyec, Nucl. Instr. and Methods in Phys. Res. B, 88 (1994) 61. 
[2] K. Nakajima, K. Nagano, M. Suzuki, K. Narumi, Y. Saitoh, K. Hirata, and K. Kimura, Appl. Phys. 
Lett. 104 (2014) 114103. 
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IBA application to Art and Archeology is a vibrant and innovating field. While PIXE remains the 
predominant technique owing to an easy implementation in air, alternate ones such as BS, 
ERDA and NRA exhibit attractive features, notably an unrivaled ability to non-destructively 
quantify light elements. Elements from hydrogen to fluorine are often present in cultural 
heritage materials where they play a key role; their direct determination is thus highly relevant. 
While external beam implementation of NRA, EBS and ERDA is challenging, progress made over 
years permits to carry them out at ambient pressure with a quality reaching that obtained in 
vacuum. After a quick review of the IBA techniques suitable for the measurement of light 
elements in heritage materials, this contribution focus on specific developments and results 
obtained with a small accelerator (less than 2 MV) and classical ion beams (excluding deuterons 
and heavy ions), in the present case with the AGLAE facility of the C2RMF.  

Hydrogen is the first and most important light element. It is implied in hydration and 
weathering processes affecting, for instance, the surface of ancient glass. Concentration in 
hydrogen can be determined using ERDA with He beams to provide insights on the preservation 
state of historical objects and hydrogen depth profile can be used as an authentication criterion 
to detect fakes. Boron, a fluxing agent used in modern glassmaking was found to be also an 
important tracer in Renaissance glazed ceramic; its measurement by PIGE allowed 
discriminating between historical ceramic productions. Identification of organic matter usually 
requires sampling for identification by GC-MS or IRTF, but quantification of organic compounds 
is particularly difficult. EBS permits to determine non-destructively the absolute carbon content 
which is very useful, for example, in the estimation of the binder/pigment ratio in paintworks. 
The dating of ancient bones by C-14 AMS requires the presence of sufficient preserved 
quantities of ancient collagen. Quantitative concentrations of nitrogen can be obtained using 
the reaction 14bόʰΣǇʴύ17O to quantify the presence of this amino acid, providing a quick and 
non-destructive test before undertaking the dating of prehistoric bones. 
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Helium ion Microscopy [1] is a versatile microscopy technique that provides high resolution 
imaging and nano-machining in combination with a high surface sensitivity and large depth of 
focus. It utilizes a narrow beam of He+ ions to achieve a lateral resolution of less than 0.5 nm. 
Backscattered Helium ions (BSHe) and secondary electrons (SE) can be used to obtain an image 
of the specimen. 

When using crystalline samples channeling of the particles can occur. This effect can be 
exploited in several ways in the HIM. First of all it is possible to map out the different 
channeling directions and intensities and thus obtain information on the crystal structure of the 
sample. A simple geometrical model is introduced that can predict the channeling directions 
and relative intensities observed in the HIM [2]. By exploiting channeling and making use of the 
dechanneling contrast thin surface layers can be made visible in SE as well BSHe images [3]. We 
used this to observe composition and structural changes in a 2 ML thin silver layer on Pt(111). 
Work function differences as small as 40 meV between Ag and Pt rich areas on the surface 
reveal the position of monoτatomic surface steps. A regular arrangement of areas with 
reduces the channeling probability reveals the surface reconstruction of the top 2τ3 ML which 
has a periodicity of only 5.8 nm. 

Ionoluminescence on the other hand allows to obtain information on defects in the bulk of the 
material. I will show results obtained for a variety of materials including semiconductors [4], 
rare earth containing perovskites and ionic crystals. The types of defects were identified and 
the influence of the scanning conditions on the IL signal has been investigated [5]. We used IL 
to map out the interaction volume of the beam in NaCl, and demonstrate the possibility of 
subsurface patterning. In our setup using a 35 keV He+ beam and NaCl only 3vac/nm2 are 
needed to obtain a detectable IL signal [6]. 

[1]  Hlawacek, G., Veligura, V., van Gastel, R. & Poelsema, B. Helium ion microscopy. J. Vac. Sci. 
Technol. B Microelectron. Nanom. Struct. 32, 020801 (2014). 
[2] Veligura, V., Hlawacek, G., van Gastel, R., Zandvliet, H. J. W. & Poelsema, B. Channeling in 
helium ion microscopy: Mapping of crystal orientation. Beilstein J. Nanotechnol. 3, 501ς506 
(2012). 
[3] Hlawacek, G. et al. Imaging ultra thin layers with helium ion microscopy: Utilizing the 
channeling contrast mechanism. Beilstein J. Nanotechnol. 3, 507ς512 (2012). 
[4] Veligura, V., Hlawacek, G., van Gastel, R., Zandvliet, H. J. W. & Poelsema, B. Investigation of 
ionoluminescence of semiconductor materials using helium ion microscopy. J. Lumin. 157, 321ς
326 (2015). 
[5] Veligura, V., Hlawacek, G., van Gastel, R., Zandvliet, H. J. W. & Poelsema, B. A high resolution 
ionoluminescence study of defect creation and interaction. J. Phys. Condens. Matter 26, 165401 
(2014). 
[6] Veligura, V. et al. Creation and physical aspects of luminescent patterns using helium ion 
microscopy. J. Appl. Phys. 115, 183502 (2014). 
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Most environmental studies on particulate matter (PM) are based on 24-h data. However many 
PM emissions as well as atmospheric transport and dilution processes may change within a few 
hours. As a consequence, the measurement of the PM composition with higher time resolution 
gives a better insight on aerosol emission, transport and dilution processes, as well as a better 
quantification of the human exposure. Furthermore, receptor models, which are used for the 
aerosol source apportionment, need series of samples containing material from the same set of 
sources in different proportions: increasing the time resolution provides samples that have 
greater between-sample variability and this strongly enhance the capabilities of these 
techniques.  PM samplings with 1 h time resolution can be performed by the Streaker sampler 
(PI·9 LƴǘΦ /ƻǊǇΦύΦ ²ƛǘƘ ǘƘƛǎ ŘŜǾƛŎŜ ǘƘŜ ŀŜǊƻǎƻƭ ŦƛƴŜ όғнΦр ˃Ƴύ ŀƴŘ ŎƻŀǊǎŜ όнΦрςмл ˃Ƴύ ŦǊŀŎǘƛƻƴǎ 
are simultaneously collected on two rotating substrata: this produces a circular continuous 
ŘŜǇƻǎƛǘƛƻƴ ƻŦ ta όάǎǘǊŜŀƪέύ ƻƴ ōƻǘƘ ǎǘŀƎŜǎΦ ¢ƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜǎŜ ŀŜǊƻǎol streaks with a 
properly collimated ion beam, which scans the deposit in steps corresponding to 1 h of aerosol 
sampling, provides the aerosol composition with hourly time resolution. It is worth noting that 
IBA techniques are unrivalled in the analysis of this kind of samples, which cannot be analysed 
chemical methods. At the 3 MV Tandetron accelerator of the LABEC laboratory aerosol Streaker 
samples have been analysed by Particle Induced X-ray Emission (PIXE) since a long time, and the 
external beam set-up dedicated to these analysis has been continuously improved to increase 
the measurement sensitivity and throughput (hourly time resolution studies produce a high 
number of very low mass aerosol samples: 168 for stage for weak). The adopted strategy is the 
use of a quite high proton current (100-500 nA) and a two-detector system, optimized for low-Z 
and medium-high-Z elements, to balance for the different cross sections. Si(Li) detectors have 
been replaced by SDDs, as they provide better resolution with modest cooling and can cope 
with higher counting rates, and, recently the SDD used for medium-high-Z elements has been 
duplicated to double the statistics. The optimised setup, together with a convenient choice of 
beam energy and suitable collecting substrata, allows obtaining good statistics in less then 1 
min per 1-hour sample. Particle Induced Gamma-ray Emission (PIGE) is also routinely used, 
simultaneously with PIXE, to correct the underestimation of PIXE in quantifying the 
concentration of the lightest detectable elements, like Na or Al, due to X-ray absorption inside 
aerosol particles, while the use of elastic scattering for H, C, O and N detection in these samples 
is still under development. A detailed description of the experimental set-up and of the 
adopted measurement conditions will be given, together with some examples of application in 
recent PM field campaigns. 
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Many experimental methods in ion beam analysis have reached a very high standard with 
respect to physics understanding and hardware capabilities and often further progress is 
expected to be only incremental. An area which still holds the promise for significant progress 
is, however, the optimized collection and improved analysis of the gathered data. Recent 
developments in the handling of ill-posed and/or undetermined problems based on sparse 
regularization or fast inference methods still wait to be explored within the ion-beam 
community. Several examples, mostly centered around NRA-measurements will demonstrate 
the potential of the new approaches to ion-beam analysis. 
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Imaging fluorescence generated by MeV ions in biological systems such as cells and tissue 
sections requires a high resolution beam (< 100 nm), a sensitive detection system and a 
fluorescent probe that has a high quantum efficiency and low bleaching rate. For cutting edge 
applications in bioimaging, the fluorescence imaging technique needs to break the optical 
diffraction limit allowing for sub-cellular structure to be visualized, leading to a better 
understanding of cellular function. In a nuclear microprobe this resolution requirement can be 
readily achieved utilizing low beam current techniques such as Scanning Transmission Ion 
Microscopy (STIM). In recent times, we have been able to extend this capability to fluorescence 
imaging through the development of a new high efficiency fluorescence detection system. This 
paper discusses the current state-of-the-art in super-resolution fluorescence microscopy using 
focused MeV ion beams at the Centre for Ion Beam Application (CIBA), NUS Singapore.  
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Numerous analyzing methods have been successfully and widely employed in material sciences 
in order to obtain chemical, elemental, morphological and structural information in bulk 
materials as well as in layers of various thicknesses. The emergence, since the middle of the 
80s, of nanoscience poses new questions for analysis techniques, including IBA, in terms of 
spatial resolution and sensitivity. The challenge posed by the analysis of nanostructures is 
different in each case. Rather than attempting to describe all the possible situations, I will focus 
on the structural study of single crystal nanostructures. 

GaN quantum dots deposited on (and embedded in) AlN give an interesting example of 
structural analysis at the nanoscale. Indeed, the strain state of these quantum dots embedded 
in a matrix is an important parameter which governs to some extent their optical properties. 
The most usual wurtzite crystallographic phase of these two materials exhibits both 
piezoelectric and spontaneous polarization. Because of the elevated value of the piezoelectric 
constants, a huge internal electric field is currently observed in nitride heterostructures. As a 
consequence of the resulting quantum confined Stark effect, a strong red shift is induced, 
leading to luminescent emission at energies smaller than the GaN gap value for dots higher 
than 2.5 nm. 

Amongst the different available techniques to measure strain, the Geometrical Phase Analysis 
(GPA) of HRTEM images, has the advantage to provide strain map of the nanoobject with, in 
principle, an atomic resolution [1]. However, large strain fluctuations are observed in the strain 
map along the c axis and, in addition, the expected vertical strain gradient is not visible on 
these images. The comparison with the electron diffraction techniques, namely CBED and 
NBED, will also be discussed. 

An alternative possibility is the use of x-ray diffraction, in grazing incidence to enhance the 
contribution of the dots (and AlN capping) with respect to that of the substrate. More precisely, 
by varying the scattering power of a selected element, for instance Ga, it is possible to localize 
specifically GaN regions in reciprocal space. This is the purpose of Multiwavelength Anomalous 
Diffraction (MAD) measurements, which consists in recording the scattered intensity as a 
function of the energy across the absorption edge of an element, namely Ga in the present 
case. The position of the Ga signal maximum along the [10-10] direction is directly related to 
the average in-plane strain state and structure in the QDs [2]. The diffraction peak 
corresponding to the GaN QDs is clearly due to the presence of an in-plane strain gradient 
within the dots but also to the finite lateral size of the dots (about 40 nm). Therefore, the 
extraction of a strain profile is not straightforward and model dependent. 

By contrast, Medium Energy Ion Scattering (MEIS) can measure the deformation profile of 
quantum dots with a depth resolution in the monolayer range [3]. Indeed, ion blocking reveals 
the angular position of a nucleus with respect to the scattering center that can be directly 
related to the out-of-plane to in-plane lattice parameters ratio. Of course, the ion beam spot 
size is much larger than the dots and the MEIS measurement averages the strain profile over 
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ŀōƻǳǘ с Ҏ 108 dots. From this point of view, MEIS is similar to X-rays techniques but the 
contrary to X-rays, the depth strain profile along depth within the dots can be accurately 
measure and its dependence clearly appears comparing the profile of uncapped dots in figure 
1(a) to the one of capped dots in figure 1(c). Another example of a MEIS structural analysis will 
be given by the measurement of in-plane and out-of-ǇƭŀƴŜ ƳƻǎŀƠŎƛǘȅ ƻŦ ŀ ǎŜǘ ƻŦ Dŀb ƴŀƴƻǿƛǊŜǎ 
and the comparison with XRD results. 

 

   
FIG. 1. (left) Scheme of the scattering geometry in the (11-20) plane for MEIS experiments. (a) 
Depth profile of the ratio c/a in one plane of uncapped GaN QDs. (c) Depth profile of the ratio 
c/a in one plane of GaN QDs capped with 20 MLs of AlN. Experiment performed at the Korea 
Research Institute of Standards and Science, Daejeon (South Korea) [3]. 

[1] E. Sarigiannidou et al., Appl. Phys. Lett. 87 (2005) 203112 
[2] J. Coraux et al., Phys. Rev. B 74 (2006) 195302 
[3] D. Jalabert et al., Phys. Rev. B 72 (2005) 115301 
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I-10: PIXE using large area transition-edge sensor array 

 
aΦ tŀƭƻǎŀŀǊƛΣ aΦ YŅȅƘƪǀΣ YΦ YƛƴƴǳƴŜƴΣ aΦLΦ [ŀƛǘƛƴŜƴΣ WΦ WǳƭƛƴΣ WΦ aŀƭƳΣ YΦ !ǊǎǘƛƭŀΣ LΦ aaasilta,  
T. Sajavaara 
 
5ŜǇŀǊǘƳŜƴǘ ƻŦ tƘȅǎƛŎǎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ WȅǾŅǎƪȅƭŅΣ tΦhΦ.ƻȄ орΣ пллмп ¦ƴƛǾŜǊǎƛǘȅ ƻŦ WȅǾŅǎƪȅƭŅΣ CƛƴƭŀƴŘ 

 

In the field of PIXE the division between the use of the two detector types has for a long time 
been clear: most commonly Si or Ge based energy dispersive (ED) detectors are used when a 
broad energy range and large solid angle are needed, and wavelength dispersive (WD) 
detectors are used to obtain ultimate energy resolution. The limitations of the WD detectors 
are the narrow energy range and small solid angle.   

Today energy dispersive transition-edge sensors (TES) have matured to the state that they are 
used in number of applications, thanks to their superior energy resolution and sensitivity. Here 
ǿŜ ǇǊŜǎŜƴǘ ǘƘŜ WȅǾŅǎƪȅƭŅ ¢9{-PIXE measurement setup, in which TES detector arrays are used 
to detect X-rays in proton and heavy ion PIXE. The energy resolution of a TES detector, when 
used in PIXE, is over an order of magnitude better compared to silicon drift detectors (SDD) and 
comparable to that of WD detectors. This makes it possible to recognize spectral lines in 
materials analysis that have previously been impossible to resolve over large energy range (1.0ς
15 keV), and even obtain chemical information from the analyzed sample. Our 160 sensors with 
total active area of 15.6 mm2 are cooled to the operation temperature of about 65 mK. 

Lƴ ǘƘƛǎ ǇŀǇŜǊ ǘƘŜ ŘŜǎƛƎƴΣ ŜƭŜŎǘǊƻƴƛŎǎ ŀƴŘ Řŀǘŀ ŀŎǉǳƛǎƛǘƛƻƴ ƻŦ ǘƘŜ WȅǾŅǎƪȅƭŅ ¢9{ ŘŜǘŜŎǘƻǊ ŀǊǊŀȅ ŀǊŜ 
described. The merits of the TES detector array in the analysis of different materials research 
problems from thin films to cultural heritage objects will be presented. The benefits and 
shortcomings of the TES detector in comparison to WD and silicon drift detectors will be 

discussed. 

 

Figure 1: The reference material NIST SRM1157 (Tool steel) measured with TES-detector in 
vacuum using 2 MeV protons and with SDD-detector in air using 3 MeV protons. 

[1] M.R.J. Palosaari et al., Journal of Low Temperature Physics 176 (2014) 285. 
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I-11: Complementing X-ray and MS based techniques in studies of trace elements in biological 

systems 

 
K. Vogel-aƛƪǳǑ όмύΣ tΦ tŜƭƛŎƻƴ όнύΣ tΦ YǳƳǇ όоύΣ WΦ YƻǾŀő όоύΣ WΦ¢Φ Ǿŀƴ 9ƭǘŜǊŜƴ όоύΣ aΦ 5ŜōŜƭƧŀƪ όпύΣ LΦ 
!Ǌőƻƴ όпύΣ [Φ WŜǊƻƳŜƭ όрύΣ bΦ hƎǊƛƴŎ-tƻǘƻőƴƛƪ όоύΣ tΦ ±ŀǾǇŜǘƛő όсύ 
 
(1) Biotechnical faculty, Dept. of biology, Jamnikarjeva 101, 1000 Ljubljana, Slovenia 
(2)  Jozef Stefan Institute, Jamova 39, 1000 Ljubljana, Slovenia 
(3) Jozef Stefan Institute, Jamova 39, 1000 Ljubljana, Slovenia 
(4) National Institute for Chemistry, Hajdrihova 19, 1001 Ljubljana, Slovenia 
(5) University of Nova Gorica, Vipavska 13, 5000 Nova Gorica , Slovenia 
(6) FOM Institute AMOLF, Science Park 104, 1098 XG Amsterdam, Netherlands 

 

Trace elements are essential components of biological structures, but at the same time they 
can be toxic at concentrations beyond those necessary for their biological functions. In 
addition, the toxicity can be extended to other non-essential elements of very similar atomic 
characteristics that can mimic the properties of a trace element. Trace element malnutrition 
ŀŦŦŜŎǘǎ ƳƻǊŜ ǘƘŀƴ ƘŀƭŦ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǇƻǇǳƭŀǘƛƻƴΣ ǿƘƛƭŜ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘ ƛƴŘǳǎǘǊƛŀƭƛȊŀǘƛƻƴΣ 
traffic and extensive use of fertilizers have resulted in exceedingly high concentrations of non-
essential elements in food crops, posing risks to human health. In order to be able to develop 
and improve phyto-technologies that enable production of safe and quality food, knowledge on 
the basic mechanisms involved in trace and non-essential element uptake, transport, 
accumulation and ligand environment in plants is needed. Such studies are now-days supported 
by highly sophisticated techniques (micro-PIXE, SR-micro-XRF, LA-ICPMS, (micro)-XAS, TOF-SIMS 
and MeV-SIMS) enabling imaging of element distribution and speciation in plant tissues and 
cells with high spatial resolution and sensitivity, as well as imaging of organic molecules that 
play a role in metal detoxification and are altered due to metal toxicity. Selected case studies of 
metal distribution and speciation in selected model plant species, achieved by interdisciplinary 
work, will be presented.  
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IAEA Panel on Ion Beam Techniques Roadmap 
 
Panel co-ordinator: 

Aliz Simon, International Atomic Energy Agency, Vienna International Centre, Vienna, Austria, 
Aliz.Simon@iaea.org  

Panel Members:  

bǳƴƻ tŜǎǎƻŀ .ŀǊǊŀŘŀǎΣ /ŜƴǘǊƻ ŘŜ /ƛşƴŎƛŀǎ Ŝ ¢ŜŎƴƻƭƻƎƛŀǎ bǳŎƭŜŀǊŜǎ Lƴǎǘƛǘǳǘƻ {ǳǇŜǊƛƻǊ ¢ŞŎƴƛŎƻ - 

Unversidade de Lisboa, Portugal 

Massimo Chiari, INFN Sezione di Firenze, Italy 

David Cohen, ANSTO, New Illawarra Rd, Menai, NSW, 2230, Australia 

Ian Vickridge, Institut des NanoSciences de Paris, UPMC et CCNR, France 

Roger Webb, Surrey Ion Beam Centre, University of Surrey, Guildford, GU2 7XH, UK 

Iva .ƻƎŘŀƴƻǾƛŏ wŀŘƻǾƛŏΣ wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜ, Croatia 

Julien Demarche, Surrey Ion Beam Centre, UK 

Ion Beam Techniques (IBTs) encompass a suite of analytical and modification techniques in 
which energetic (0.1 to 100 MeV) beams of charged particles (Z=1, 2 and higher) are directed 
onto a material to be analysed or modified. In analysis, the composition and in some cases 
structure of the material are inferred from the nature of detected induced radiation: the type 
of particle, and its probability distributions, as a function of incident beam energy and direction, 
and detected particle energy and angle. IBTs have been used for over 50 years now, and much 
of the underlying physics, data, and machinery are considered to be mature.  
Individual accelerators often find application across a broad range of disciplines and domains. 
The underlying technology associated with megavolt accelerators is thus common across many 
fields of application, so that developments and evolution driven by one particular application 
will feed through to other areas. 
The aim of this Panel to discuss where further concerted research efforts are likely to lead to 
improved performance or new competitive IBTs, in view of the development of an Ion Beam 
Techniques Roadmap. The primary Goals of the Roadmap are: 

¶ ¢ƻ ƪŜŜǇ !ŎŎŜƭŜǊŀǘƻǊ .ŀǎŜŘ Lƻƴ .ŜŀƳ ¢ŜŎƘƴƛǉǳŜǎ ŀǘ ǘƘŜ ŦƻǊŜŦǊƻƴǘ ƻŦ ǎŎƛŜƴǘƛŦƛŎ 

ŜƴŘŜŀǾƻǳǊ 

¶ ¢ƻ ƛƳǇǊƻǾŜ ƪŜȅ ŀǎǇŜŎǘǎ ƻŦ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ L.! 

¶ To show significant impact of IBTs on societal problems 

¶ To significantly increase human knowledge 

¶ To ensure transmission of competencies across generations 

¶ To promote internationally the adoption of Best Practice  

The conference participants will have an opportunity to provide their feedback on the 
technological developments during the conference, and also in the form of a questionnaire.  
Please also visit the IAEA Accelerator Knowledge Portal for more information on the IBT 
Roadmap and provide your feedback even before/after the conference: 
http://nucleus.iaea.org/sites/accelerators/Pages/default.aspx 

http://nucleus.iaea.org/sites/accelerators/Pages/default.aspx
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O-1: Mott vs Rutherford Scattering: Wave-Particle Duality of MeV Carbon, and Boron Ion  

Scattering from Thin Graphite Foil 

 
W.-K. Chu (1), Q.Y. Chen (2), K.B. Ma (deceased) (1) 
 
(1) Department of Physics and Texas Center for Superconductivity at University of Houston, Houston, 
Texas 77204-5002, USA 
(2) Dept. of Phys, SYS Univ, Taiwan, and Univ. of Houston, USA  

 

In Rutherford scattering experiments, we always treat ions as particle where classical 
mechanics such as conservation of energy and conservation of momentum during scattering 
holds. Mott Scattering is a special case in which ion projectile is identical to the target atom 
such as C12 scattered from C12, and Quantum interference occurs due to the ambiguity of 
scattered particle and the recoiled particle. As a consequence, angular dependence of the 
particle yield is highly oscillatory, and this is recognized and documented before. It is interesting 
to note that the de Broglie wavelength of MeV particle is extremely small.  For example, 4 MeV 
C12 has a wavelength of 8.3 fm, yet behaves like a wave while scattered from C12.   

In this talk, we will show experimental results of C12 ςC12 scattering experiment vs B11 scattered 
from graphite. One is understood by QM, while the other is purely classical. This scattering 
experimental comparison demonstrates the wave-particle duality of ion beam. We will draw 
ŎƻƳǇŀǊƛǎƻƴ ƻŦ ƛƻƴ ōŜŀƳ ǿŀǾŜ ǇǊƻǇŜǊǘƛŜǎ ǿƛǘƘ ¸ƻǳƴƎΩǎ ƛƴǘŜǊŦŜǊŜƴŎŜ ŜȄǇŜǊƛƳŜƴǘ ƻƴ ƭƛƎƘǘ ōŜŀƳ 
going thought a double slits. In the talk we will also propose future experiments to explore 
more QM wave nature of ion beam. 

 

O-2: A Review on Benchmarking of Proton Elastic Scattering - Implementation in the cases of 
natSi, 19F, natB and natO 

 
M. Kokkoris (1), M. Axiotis (2), K.-A. Kantre (1), A. Lagoyannis (2), V. Paneta (1), A. 
Stamatopoulos (1), R. Vlastou (1), K. Preketes-Sigalas (2) 
 
(1) Department of Physics, School of Applied Science and Mathematics, National Technical University of 
Athens, Zografou Campus, 15780 Athens, Greece 
(2) Tandem Accelerator Laboratory, INPP, NCSR 'Demokritos', Aghia Paraskevi 15310, Athens, Greece 

 

¢ƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ŀƭƭ Lƻƴ .ŜŀƳ !ƴŀƭȅǎƛǎ όL.!ύ ŘŜǇǘƘ ǇǊƻŬƭƛƴƎ ǘŜŎƘƴƛǉǳŜǎ ŎǊƛǘƛŎŀƭƭȅ ŘŜǇŜƴŘǎ 
on the accuracy of the available differential cross sections for the reactions involved. 
Unfortunately, the existing experimentally determined differential cross-section data are in 
many cases quite scarce and/or discrepant, thus their reliability is highly questionable. On the 
other hand, the evaluated cross-sections, when available, are the most reliable ones to be used 
in analytical studies, since they involve a critical assessment of the experimental datasets, 
followed by a proper tuning of the corresponding nuclear model parameters. However, it is 
important to point out that most of the evaluated datasets are still not adequately validated. A 
carefully designed benchmarking experimental procedure (i.e. the validation of differential 
cross-section data via the acquisition of thick-target spectra followed by their simulation) is 
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thus mandatory. Benchmarking can also provide the necessary feedback for the adjustment of 
the parameters of the nuclear model used in the evaluation process, and can help in assigning 
realistic uncertainties to the cross sections. Moreover, in the absence of evaluated cross 
sections, it can indicate recommended experimental datasets.  

Recently, a dedicated effort was made to thoroughly document this procedure [1], followed by 
a technical meeting organized by IAEA. In the present review an attempt is made to present the 
recommended steps and to critically assess the problems of the benchmarking process in the 
following cases:  

(1) In natSi(p,p0), for Ep=1.5-3.5 MeV, where channeling perturbations in crystalline wafers, if not 
carefully treated, can seriously affect the accuracy of the measurements, while the size of 
the powder used in pressurized tablets can affect the shape of resonances in the 
experimental thick-target yield spectra,  

(2) in 19F(p,p0) and natB(p,p0), for Ep=1.5-2.5 MeV, where, for the removal of the important 

underlying h -particle background, DE/E telescopes have been implemented, and  

(3) in natO(p,p0), for Ep=1.5-4 MeV, where target related effects (e.g. roughness) need to be 
taken into account.  

[1]  V. Paneta, J. L. Colaux, A. F. Gurbich, C. Jeynes, M. Kokkoris, Nucl. Instr. and Meth. B328 
(2014), p. 1-7. 

 

O-3: IAEA CRP on Development of a Reference Database for Particle-Induced Gamma-ray 

Emission (PIGE) spectroscopy 

 
P. Dimitriou (1), H.-²Φ .ŜŎƪŜǊ όнύΣ LΦ .ƻƎŘŀƴƻǾƛŏ wŀŘƻǾƛŏ όоύΣ aΦ /ƘƛŀǊƛ όпύΣ !Φ DƻƴŎƘŀǊƻǾ όрύΣ hΦ 
Kakuee (6), A.Z. Kiss (7), A. Lagoyannis (8), A.P. de Jesus (9), J. Raisanen (10), D. Strivay (11), A. 
Zucchiatti (12) 
 
(1) Nuclear Data Section, International Atomic Energy Agency, Vienna, Austria 
όнύ wǳƘǊ ¦ƴƛǾŜǊǎƛǘŅǘ .ƻŎƘǳƳΣ DŜōŅǳŘŜ b¢лрκмолΣ tƻǎǘŦŀŎƘ млнмп8, Bochum 44721, Germany 
(3) Department of Experimental Physics, Institute Rudjer Boskovic, Bijenicka cesta 54, Zagreb, Croatia 
(4) Istituto Nazionale di Fisica Nucleare, Via Sansone 1, Sesto Fiorentino, 50019 Firenze, Italy 
(5) Kharkov Institute of Physics and Technology, National Science Center, Kharkov 61108, Ukraine 
(6) Nuclear Science and Technology Research Institute, PO Box 14395-836, Tehran, Iran 
(7) Institute of Nuclear Research (ATOMKI), Bem ter 18/c, PO Box 51, 4001 Debrecen, Hungary 
(8) National Center of Scientific Research "Demokritos", P.O. Box 60228, 15310 Athens, Greece 
όфύ /ŜƴǘǊƻ ŘŜ CƝǎƛŎŀ bǳŎƭŜŀǊΣ !ǾΦ DŀƳŀ tƛƴǘƻΣ bɕнΣ мспф-003 Lisboa, Portugal 
(10) Division of Materials Physics, Department of Physics, University of Helsinki, PO Box 43, Finland 
όммύ Lƴǎǘƛǘǳǘ ŘŜ tƘȅǎƛǉǳŜ bǳŎƭŜŀƛǊŜΣ !ǘƻƳƛǉǳŜ Ŝǘ ŘŜ {ǇŜŎǘǊƻǎŎƻǇƛŜΣ ¦ƴƛǾŜǊǎƛǘŜ ŘŜ [ƛŝƎŜΣ пллл [ƛŝƎŜΣ 
Belgium 
όмнύ /ŜƴǘǊƻ ŘŜ aƛŎǊƻ !ƴłƭƛǎƛǎ ŘŜ aŀǘŜǊƛŀƭŜǎΣ ¦ƴƛǾŜǊǎƛŘŀŘ !ǳǘƽƴƻƳŀ ŘŜ aŀŘǊƛŘΣ aŀŘǊƛŘ нулпфΣ {Ǉŀƛƴ 

 

Particle-Induced Gamma-ray Emission (PIGE) is a powerful analytical technique that exploits the 
interactions of rapid (~1-10 MeV) charged particles with nuclei located near a sample surface to 
determine the composition and structure of the surface regions of solids by measurement of 
characteristic prƻƳǇǘ ʴ ǊŀȅǎΦ ¢ƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ŘŜǇǘƘ ǇǊƻŦƛƭƛƴƎ ƻŦ ǘƘƛǎ ǘŜŎƘƴƛǉǳŜ Ƙŀǎ ƭƻƴƎ ōŜŜƴ 
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recognized, however, the implementation has been limited owing to insufficient knowledge of 
the physical data and lack of suitable user-friendly computer codes for the applications.   
Although a considerable body of published data exists in the nuclear physics literature for 
ƴǳŎƭŜŀǊ ǊŜŀŎǘƛƻƴ ŎǊƻǎǎ ǎŜŎǘƛƻƴǎ ǿƛǘƘ ʴ Ǌŀȅǎ ƛƴ ǘƘŜ ŜȄƛǘ ŎƘŀƴƴŜƭΣ ǘƘŜǊŜ ǿŀǎΣ ǳƴǘƛƭ ƴƻǿΣ  ƴƻ ǳǇ-to-
date, comprehensive compilation specifically dedicated to IBA applications. A number of PIGE 
cross-section data had already been uploaded to the Ion Beam Analysis Nuclear Data Library 
(IBANDL) (http://www-nds.iaea.org/ibandl) by members of the IBA community by 2011, 
however a preliminary survey of this body of unevaluated experimental data has revealed 
numerous discrepancies beyond the uncertainty limits reported by the authors. Using the 
resources and coordination provided by the IAEA, a concerted effort to improve the situation 
was made within the Coordinated Research Project on the Development of a Reference 
Database for PIGE spectroscopy, from 2011 to 2015.  The aim of the CRP was to create a data 
ƭƛōǊŀǊȅ ŦƻǊ Lƻƴ .ŜŀƳ !ƴŀƭȅǎƛǎ ǘƘŀǘ Ŏƻƴǘŀƛƴǎ ǊŜƭƛŀōƭŜ ŀƴŘ ǳǎŀōƭŜ Řŀǘŀ ƻƴ ŎƘŀǊƎŜŘ ǇŀǊǘƛŎƭŜ ʴ-ray 
emission cross sections that would be made freely available to the user community. As the CRP 
has reached its completion, we shall present its main achievements, including the results of 
nuclear cross-section evaluations and the development of a computer code that will become 
available to the public allowing for the implementation of a standard-less PIGE technique. 
 

O-4: Drawing the geometry of 3d transition metal ς boron pairs in silicon by means of 

electron emission channeling experiments 

 
D.J. Silva (1,2), U. Wahl (2), J.G. Correia (3), V. Augustyns (2), T.A.L. Lima (2), A. Costa (3), E. 
Bosne (3), M.R. da Silva (4), L.M.C. Pereira (2), J.P. Araujo (1) 
 
(1) IFIMUP and IN-Institute of Nanoscience and Nanotechnology, Universidade do Porto, Portugal 
(2) KU Leuven, Instituut voor Kern- en Stralingsfysica, 3001 Leuven, Belgium 
(3) Centro de Ciencias e Tecnologias Nucleares, Instituto Superior Tecnico, Universidade de Lisboa, 
2686-953 Sacavem, Portugal 
(4) Centro de Fisica Nuclear, Universidade de Lisboa, Lisboa 1649-003, Portugal 

 

The behavior of transition metals (TMs) in silicon is a subject that has been studied extensively 
during the last six decades. Their unintentional introduction during the Si production, crystal 
growth and device manufacturing have made them difficult contaminants to avoid. Once in 
silicon they easily form deep levels, either when in the isolated form, where they act as fast 
diffusers, or when forming precipitates. These effects usually reduce the efficiency of silicon-
based devices, being dramatic, in particular, in photovoltaic applications. To mitigate these 
effects, the industry has relied on a class of procedures based on gettering techniques where 
TMs are immobilized away from the active region of devices, e.g. by using p-type layers rich in 
immobile boron dopants which easily pair with positively charged TM impurities through 
Coulomb interactions. Although some electrical properties of TM-boron pairs have been 
investigated experimentally, the information about their geometries is still scarce. In that 
respect, electron paramagnetic resonance [1] and Mossbauer spectroscopy [2] measurements 
have suggested a configuration where one of the most important TM in Si, Fe, is located on 
interstitial sites with tetrahedral symmetry next to substitutional boron acceptor dopants. 
Furthermore, density functional calculations have suggested the existence of a breathing mode 
relaxation around the boron atom within this arrangement [3]. A direct experimental 
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confirmation of such a configuration is, however, still missing. 

In this work we assess experimentally the lattice location of some TMs in silicon when pairing 
with boron acceptors.  One effective way is to use the electron emission channeling technique 
ǿƘŜǊŜ ǘƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ǊŀŘƛƻŀŎǘƛǾŜ ƛǎƻǘƻǇŜǎ ƛǎ ŘŜŘǳŎŜŘ ōȅ ǘƘŜ ŎƘŀƴƴŜƭƛƴƎ ŜŦŦŜŎǘǎ ƻŦ ǘƘŜ ʲ- 
particles emitted by the probe atoms. In the present investigation, we used the TM isotopes 
56Mn, 59Fe, 61Co and 65Ni. We have observed that the lattice location of all TMs changes 
profoundly with doping. In particular, we have found that the majority of 56Mn, 59Fe and 61Co is 
located on sites near the tetrahedral interstitial site in p-type silicon, along the whole used 
annealing temperature range. On the contrary, in the case of 65Ni the interstitial fraction was 
much reduced. This confirms that the charge state of the TMs plays a major role in their 
immobilization, since Fe, Co and Mn are most positively charged in p-type silicon while Ni is 
assumed to be neutral. We have found that the detected displacement with respect to the ideal 
tetrahedral interstitial site is in accordance with the predicted displacements of transition 
metal-boron pairs. We discuss in detail the application of the emission channeling technique in 
this system in extracting information about the geometries of such pairs. 

[1] W. Gehlhoff et al., Solid State Phen. 32 (1993) 219 
[2] H. P. Gunnlaugsson et al., Hyperfine Interact. 169 (2006) 1315 
[3] M. Sanati et al., Phys. Rev. B 76 (2007) 125204 
 

O-5: Atom location and ion damage studies of gold hyperdoped silicon via ion implantation 

followed by pulsed laser melting 

 
W. Yang (1), J.P. Mailoa (2), A.J. Akey (2), D. Recht (3), M.J. Aziz (3), T. Buonassisi (2), J.S. 
Williams (1) 
 
(1) Australian Natl Univ, Res Sch Phys & Engn, Dept Elect Mat Engn, Canberra, ACT 0200, Australia 
(2) MIT, Dept Mech Engn, Cambridge, MA 02139 USA 
(3) Harvard Univ, Sch Engn & Appl Sci, Cambridge, MA 02138 USA 

  

Previously, we have demonstrated that silicon hyperdoped by gold through ion implantation 
followed by pulsed laser melting (PLM) shows enhanced absorption in the infrared, making it a 
promising material for photodetector devices [1]. It has been hypothesized that this enhanced 
absorption relates to discrete sub-band gap levels introduced by substitutional gold in silicon, 
though this relationship is not yet quantified. We note also that high concentrations of gold 
may lead to cellular breakdown via solute partitioning during rapid solidification following PLM 
[2].  To optimise device performance, we employ Rutherford backscattering spectrometry 
combined with channeling (RBS/C) to determine the degree of substitutionality for 
supersaturated gold of different doses, implant conditions and laser powers. Angular scans 
from major axes were undertaken for precise atom location. Furthermore, we investigate the 
mechanism of cellular breakdown and its impact on optical absorption by combining RBS and 
transmission electron microscopy analysis.  Finally, we explore the effect of excessive helium 
ion damage during the RBS-channeling analysis on the atom location of the metastable 
supersaturated gold in silicon.   

[1] J. P. Mailoa et al., Nature Communications 5, 3011 (2014)  
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[2] D. Recht et al., Journal of Applied Physics 114, 124903 (2013)  
 

O-6: Ion Channeling Revisited 

 
B.L. Doyle 
 
Sandia National Laboratories, 87185-1056-Albuquerque, NM, USA 

 

An MS Excel program has been written that calculates virtually all ion channeling parameters 
for any ion and energy on any cubic bcc, fcc or diamond lattice crystals for <uvw> axes and [hkl] 
planes up to (555). All of the tables and graphs in the three Ion Beam Analysis Handbooks that 
previously had to be manually looked up and read from were programed into Excel in handy 
lookup tables, or parameterized, for the case of the graphs, using rather simple yet accurate 
functions.  The program offers an extremely convenient way to calculate axial and planar half-
angles, minimum yields, and the effects on half-angles of amorphous overlayers. The program 
can automatically generate standard stereographic projections of axial and planar channeling 
with the half-angles graphically represented to scale. The program can also generate a new 
orthogonal projection of channeling that shows the channeling probability as a function of 
polar and azimuthal crystal orientation angles. This projection is used to theoretically predict 
accidental (i.e. unintentional) channeling probabilities for randomly oriented crystals or 
crystallites. This becomes an important issue when simulating the creation by energetic 
neutrons of point displacement damage and extended defects using beams of ions. The 
program is open source and can be downloaded from the website: 

http://www.sandia.gov/pcnsc/departments/iba/ibatable.html 
 

O-7: HI-ERDA versus SIMS to study helium profiling in pure bcc metals 

 
S. Gorondy Novak (1)Σ ¢Φ [ƻǳǎǎƻǳŀǊƴ όнύΣ CΦ [ŜǇǊşǘǊŜ όнύΣ tΦ ¢ǊƻŎŜƭƭƛŜǊ όнύΣ CΦ WƻƳŀǊŘ όоύΣ [Φ .ŜŎƪ 
(2), H. Lefaix-Jeuland (1) 
 
όмύ {ŜǊǾƛŎŜ ŘŜ wŜŎƘŜǊŎƘŜǎ ŘŜ aŞǘŀƭƭǳǊƎƛŜ tƘȅǎƛǉǳŜΣ 5ƛǊŜŎǘƛƻƴ ŘŜ ƭϥŞƴŜǊƎƛŜ ƴǳŎƭŞŀƛǊŜΣ /9!Σ C-91191 Gif-
sur-Yvette, France. 
όнύ [ŀōƻǊŀǘƻƛǊŜ W!bb¦{Σ {ŜǊǾƛŎŜ ŘŜ wŜŎƘŜǊŎƘŜǎ ŘŜ aŞǘŀƭƭǳǊƎƛŜ tƘȅǎƛǉǳŜΣ 5ƛǊŜŎǘƛƻƴ ŘŜ ƭϥŞƴŜǊƎƛŜ 
ƴǳŎƭŞŀƛǊŜΣ /9!Σ C-91191 Gif-sur-Yvette, France. 
όоύ DǊƻǳǇŜ ŘΩ9ǘǳŘŜ ŘŜ ƭŀ aŀǘƛŝǊŜ /ƻƴŘŜƴǎŞŜΣ /bw{-¦ƴƛǾŜǊǎƛǘŞ ŘŜ ±ŜǊǎŀƛƭƭŜǎ {ŀƛƴǘ-Quentin-en-Yvelines, 
45 Avenue des Etats-Unis, 78035 Versailles Cedex, France. 

 

Helium effects on microstructural and mechanical properties are key issues in fission or fusion 
materials research. Due to its extremely low solubility in most metallic alloys, helium strongly 
interacts with pre-existing and radiation-induced defects, leading to structures degradation. In 
order to extend the longevity of structural materials in the advanced reactors, it is necessary to 
comprehend the helium diffusion down to the atomic-scale. 

Pure bcc metals (V, Fe, Ta, Nb and Mo) were implanted with 4He+ ions at energies ranging from 
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45 keV to 90 keV with a fluence equal to 5x1016 ions/cm2. After implantation, He depth profiles 
were deduced either from high energy heavy ion-induced elastic recoil detection analysis (HI-
ERDA) or from secondary ion mass spectrometry (SIMS) profiles. Both techniques give similar 
results: all samples exhibit a projected range of around 200 nm, in agreement with TRIM 
theoretical calculations. The latter results were then compared with the He bubble distribution 
obtained by Transmission Electron Microscopy (TEM). TEM micrographs reveal that the 
nanometric bubbles are homogeneously distributed in the microstructure. 

The main aim of this study is to compare the experimental conditions and performances 
allowed by the use of HI-ERDA and SIMS in quantitative analysis of helium in pure bcc metals. 
Complementary post-implantation annealing treatments are carried out to characterize the 
4He-depth profile evolution. 

 

O-8: Ambient Analysis of Liquid Materials with Wet-SIMS 

 
T. Seki (1), M. Kusakari (1), M. Fujii (2), T. Aoki (3), J. Matsuo (2) 
 
(1) Department of Nuclear Engineering, Kyoto University, Uji, 611-0011 Kyoto, Japan. 
(2) Quantum Science and Engineering Center, Kyoto University, Uji, 611-0011 Kyoto, Japan. 
(3) Department of Electronic Science and Engineering, Kyoto University, Nishikyo, 615-8510 Kyoto, 
Japan. 

 

A measurement system that operates at ambient conditions is required for the analysis of 
biological samples and solidςliquid interfaces, because the samples contain relatively large 
amounts of volatile materials, such as water, alcohols, and fatty acids. Particle induced X-ray 
emission (PIXE) has been used to analyze such samples in air, but this technique does not 
provide molecular information. Recently, an ambient secondary ion mass spectrometry (SIMS) 
system has been developed, but volatile liquid (wet) samples are difficult to measure using 
conventional SIMS, because samples must be dried and introduced into a high vacuum 
chamber. The mean free path of ions with energy in the keV range is very short in low vacuum 
and these ions cannot penetrate the surface. In contrast, wet samples can be measured using 
heavy ions in the MeV-energy range without dry sample preparation because of the high 
transmission capability of these ions at low vacuum pressure. MeV-energy ion beams also 
excite electrons near the surface and enhance the ionization of high-mass molecules and thus 
fragment-suppressed SIMS spectra of ionized molecules can be obtained. We have developed 
an ambient analysis system with secondary ion mass spectrometry for wet samples (Wet-SIMS) 
that operates from low vacuum to atmospheric pressure using MeV-energy heavy ion beams. 
The system is equipped with fine nozzles that avoid vacuum degradation at both the primary 
beam incidence side and the secondary ion measurement side, even when the target chamber 
is filled with gaseous He at atmospheric pressure. Water evaporation was suppressed in He at 
atmospheric pressure and a solution of benzoic acid could be measured using MeV-energy 
heavy ions without dry sample preparation.  
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O-9: Hydrogen behavior in materials after single and triple-beam irradiations characterized by 

{La{ ŀƴŘ ҡwŀƳŀƴ 

 
L. Beck (1), D. Brimbal (1), T. Loussouarn (1), P. Trocellier (1), S. Miro (1), F. Jomard (2) 
 
όмύ /9!Σ 59bΣ {ŜǊǾƛŎŜ ŘŜ wŜŎƘŜǊŎƘŜǎ ŘŜ aŞǘŀƭƭǳǊƎƛŜ tƘȅǎƛǉǳŜΣ [ŀōƻǊŀǘƻƛǊŜ W!bb¦{Σ C-91191 Gif-sur-
Yvette Cedex, France 
όнύ DǊƻǳǇŜ ŘΩ;ǘǳŘŜ ŘŜ ƭŀ aŀǘƛŝǊŜ /ƻƴŘŜƴǎŞŜΣ /bw{ ŀƴŘ ¦ƴƛǾŜǊǎƛǘŞ ±ŜǊǎŀƛƭƭŜǎ-Saint Quentin, 45 avenue 
ŘŜǎ ;ǘŀǘǎ-Unis, 78035 Versailles Cedex, France 

 

Implantation of hydrogen in materials is used for several applications: in electronics for doping 
or thin film production and for nuclear studies to simulate gas accumulation during reactor 
operation. In the last case, interaction of hydrogen with the host matrix can cause damage 
through embrittlement, hardening, and swelling. During and after implantation, hydrogen 
diffuses and can be trapped, resulting in possible changes to its chemical bonding or molecular 
structure. In order to characterize the behavior of hydrogen implanted in depth in materials, we 
have combined two techniques. SIMS (Secondary ion mass spectrometry) is used for profiling H 
ŦǊƻƳ ǘƘŜ ǎǳǊŦŀŎŜ ǘƻ ŀōƻǳǘ р ҡƳ ƛƴ ŘŜǇǘƘ ǿƛǘƘƻǳǘ ŀƴȅ ǇǊŜǇŀǊŀǘƛƻƴ ƻŦ ǘƘŜ ǎŀƳǇƭŜΦ ҡwŀƳŀƴ ƛǎ 
applied on cross-sections of the samples. Mappings of Raman spectra as a function of the depth 
are obtained along the ion path evidencing possible matrix-H bonds or H2 molecular structure. 
This methodology has been applied to different materials: Si, SiC, Fe and ODS steel (Fe-12%Cr-
4%Y2O3). We have observed in silicon the formation of Si-H and hydrogen-vacancy bonds. In 
SiC, we have observed in addition C-H bonds. In iron and the ODS steel, H profiles have been 
measured by SIMS but no Raman bands have been obtained in case of single beam irradiation. 
These results show that hydrogen is present in atomic form. Conversely, when ODS steel is 
irradiated in triple beam condition (Fe8+, He+, H+), H2 molecules are detected at a depth 
corresponding to the ion ranges, suggesting a synergistic effect between H and He or H and 
damages. Dual irradiations (Fe8+, H+) and (He+, H+) are in progress to discriminate these effects.  
 

O-10: Glass deterioration mechanisms using Total-IBA of Rosslyn glass 

 
A. Hamilton (1), C. Jeynes (2), V.V. Palitsin (2), G.W. Grime (2), M. Bambrough (3) 
 
(1) Department of Civil and Environmental Engineering, University of Strathclyde, Scotland 
(2) University of Surrey Ion Beam Centre, Guildford, England 
(3) Scottish Glass Studios, Glasgow, Scotland 

 

¦ǎƛƴƎ {ǳǊǊŜȅΩǎ ƛƴ-air scanning focussed microbeam with a large-range motorised sample 
manipulator and a high count-rate spectrometry system for both particle and X-ray detectors, 
we have analysed deteriorated stained glass from the Rosslyn chapel (built in 1446).  The glass 
ǇŀƴŜƭǎ ǿŜǊŜ ƳŀƴǳŦŀŎǘǳǊŜŘ ŀǊƻǳƴŘ мутр ǿƛǘƘ ŀ άƎǊƛǎŀƛƭƭŜέ ǘŜŎƘƴƛǉǳŜΥ  ǘƘŜ ƛƳŀƎŜ is defined by 
Pb-rich monochrome paints fired into the glass.   Many panels have suffered extreme image 
loss due to an aggressive internal environment,  and this work aims to uncover the lost imagery 
by revealing the oǊƛƎƛƴŀƭ ŀǊǘƛǎǘǎΩ Ǉŀƛƴǘ ǎǘǊƻƪŜǎΦ Using Total-IBA (self-consistent ion beam 
analysis) methods we have demonstrated that the lost grisaille leaves an (invisible) surface 



 

 55 

enrichment of grisaille components,  and that the lost image can efficiently be recovered by 
PIXE (particle-induced X-ray emission) with high acuity, providing invaluable guidance for the 
restorers and conservators. 

CǊƻƳ ǘƘŜ ƭŀǊƎŜ Řŀǘŀ ŎǳōŜǎ ŎƻƭƭŜŎǘŜŘ όрмнҎрмн 
pixels, front and back surfaces) we will 
extract PIXE/EBS spectra of selected areas,  
infer the composition modifications as a 
function of depth from the surface,  and 
interpret these profiles by modelling the 
grisaille technique used and the expected 
glass deterioration mechanisms informed by 
our knowledge of the environmental history 
of the panel.  Currently there are only a few 
studies with reliable elemental depth profiles,  
using spot analyses (not mapping). 

This project is partially funded by The Rosslyn Chapel Trust (Registered Charity number 
SC024324) Lord and Lady Rosslyn, Owners and Trustees,  and WREN Heritage Fund 
(www.wren.org.uk) 

 

O-11: MeV SIMS - a tool to study modern paint materials and their stability 

 
D. Jembrih-{ƛƳōǸǊƎŜǊ όмύΣ ½Φ {ƛƪŜǘƛŏ όнύΣ bΦ aŀǊƪƻǾƛŏϝ όнύΣ aΦ !ƴƎƘŜƭƻƴŜ όмΣоύΣ LΦ .ƻƎŘŀƴƻǾƛŏ 
wŀŘƻǾƛŏ όнύ 
 
(1) Institute of Science and Tecnology in Art, Academy of Fine Arts, Schillerplatz 3, A-1010  Vienna, 
Austria 
(2) Laboratory for Ion Beam Interactions, Rudjer Boskovic Institute, Bijenicka 54, HR-10000 Zagreb, 
Croatia 
(3) Institute of Chemical Technologies and Analytics, Vienna University of Technology, Getreidemarkt 
фκмсмΣ !πмлсл ±ƛŜƴƴŀΣ !ǳǎǘǊƛŀ 

 

Development of the modern industry in the 20th century caused production of a large variety of 
synthetic organic materials (binders and pigments) that have been used extensively by modern 
and contemporary artists. Degradation mechanisms and aging of those materials are typically 
studied with methods that can provide some information on the molecular structure like Gas 
Chromatography Mass Spectrometry (GC/MS), Pyrolysis-GC/MS, FTIR or Raman spectroscopy, 
Atomic Force Microscopy (AFM), and Nuclear Magnetic Resonance (NMR). In the present work 
for the first time, potential of the Secondary Ion Mass Spectrometry (SIMS) technique with MeV 
heavy ion excitation was explored for identification of synthetic organic materials used for 
paints materials. Self-made paint mock-up samples were prepared by mixing different pigment 
powders with alkyd and acrylic binders on glass slides as well as some commercially available 
paint formulas. Additionally, the mock-ups were artificially aged using enhanced outdoor 
conditions of UV radiation. Three sets of samples were analysed using MeV SIMS setup at the 
heavy ion microprobe in Zagreb: unaged, aged for two (UV1) and four months (UV2). As a 
primary ion beam focused 5 MeV Si4+ was used.  We will demonstrate that different synthetic 
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organic pigments and binders can be easily identified by their molecular masses with MeV 
SIMS. Also, measurements have shown that it was possible to distinguishing among different 
blue phthalocyanines (PB 15:x) as well as between different binders (alkyd and/or acrylic) in the 
prepared mock-ups. At present, the potential of chemical imaging of aged paint surfaces 
compared to unaged ones is tested and first results will be reported.    

This work is supported by the ¦ƴƛǘȅ ǘƘǊƻǳƎƘ YƴƻǿƭŜŘƎŜ CǳƴŘ ό¦YCύ ǇǊƻƧŜŎǘΥ ά{ǘǳŘȅ ƻŦ ƳƻŘŜǊƴ 
Ǉŀƛƴǘ ƳŀǘŜǊƛŀƭǎ ŀƴŘ ǘƘŜƛǊ ǎǘŀōƛƭƛǘȅ ǳǎƛƴƎ aŜ± {La{ ŀƴŘ ƻǘƘŜǊ ŀƴŀƭȅǘƛŎŀƭ ǘŜŎƘƴƛǉǳŜǎέΦ  

 

* Present address: /ŜƴǘŜǊ ŦƻǊ bǳŎƭŜŀǊ ¢ŜŎƘƴƻƭƻƎƛŜǎΣ ¢ŜŎƘƴƛŎŀƭ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 5ŜƴƳŀǊƪΣ wƛǎǄ 
Campus, DK-4000 Roskilde, Denmark  
 

O-12: Development of the time-resolved ion beam luminescence technique and its 

application to the provenance studies of lapis lazuli 

 
C. Czelusniak (1), L. Palla (2), L. Carraresi (1), M. Massi (1), M. Fedi (1), L. Giuntini (1), L. Castelli 
(1), F. Taccetti (1) 
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A setup for time-resolved ion beam induced luminescence (TRIBIL) has been developed at the 
pulsed beam facility of the 3 MV Tandetron accelerator of the LABEC laboratory. Measurements 
are performed exploiting the pulsed beamline DEFEL [1], consisting of two electrostatic 
deflectors operating together to produce a pulsed beam from a continuous one. By controlling 
the beam current it is possible to obtain a variable and finely controlled number of particles per 
bunch. The new TRIBIL setup, here described, is based on a photomultiplier tube (PMT) 
detecting in vacuum the light emitted by the target. Optical filters in front of the PMT window 
allows for wavelength discrimination. The signal from the PMT is sent to the VME sampling ADC 
(CAEN/V1724). The digitizer (250 Ms/s sampling rate) was programmed to start acquisition in 
coincidence with the signal from the DEFEL system, corresponding to the bunch creation. The 
ŀŎǉǳƛǎƛǘƛƻƴ ǘƛƳŜ ǿƛƴŘƻǿ Ŏŀƴ ōŜ ŀŘƧǳǎǘŜŘ ƛƴ ǘƘŜ ˃ǎ-ms range; a user-definable trigger delay can 
be used to acquire longer signals. With luminescent targets, for each trigger signal we obtain a 
waveform whose initial part is acquired before the ions hit the target (baseline determination), 
while the rest of the signal correspond to the light burst induced by the beam bombardment 
and to its decay after the excitation is turned off.  Pushing forward a study started in 2007 [2, 
3], TRIBIL has been applied to the provenance study of lapis lazuli, a semi-precious stone 
admired for its blue color. Lapis lazuli has been used since the early civilizations as an 
ornamental stone and it can be found only in a few places (Afghanistan, Siberia, Chile). As 
shown in previous studies [3], the IonoLuminescence (IL) technique can help to discriminate 
materials of different origins, being the emitted light dependent on the nature and traces of the 
minerals composing the stone. We have thus proposed the use of TRIBIL to contribute to 
finding new markers of lapis lazuli provenance, since it can separate overlapping features not 
distinguishable through steady-state luminescence. Lapis lazuli of known certified provenances 
were studied. Since IBIL is dependent on dose and dose rate [4], we used these parameters to 
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characterize the components of the luminescence decay.  Preliminary results show differences 
in the TRIBIL signals collected from samples of different provenances: it was possible to 
highlight that the Chilean lapis lazuli is characterized by decay times longer than those of all the 
other provenances. IBIL allied with lifetime measurements can thus constitute a strong and 
innovative method to discriminate among diverse provenances.    

[1] F.A. Mirto and L. Carraresi, 2008, NIM B (266) 2113.  
[2] E. Colombo et al., NIM B 266 (2008) 1527ς1532  
[3] A. Lo Giudice et al., 2009, Anal. Bioanal. Chem. (295) 2211  
[4] P.D. Townsend and Y.Wang, 2013, Energy Procedia (41) 64 

 

O-13: SIMS on FIB instruments: a powerful tool for high-resolution high-sensitivity analytics 

at the nano scale 

 
T. Wirtz, D. Dowsett, J.-N. Audinot, S.E. Moorthy, P. Philipp 
 
Advanced Instrumentation for Ion Nano-Analytics (AINA), Luxembourg Institute of Science and 
Technology (LIST), 41 rue du Brill, L-4422 Belvaux, Luxembourg 

 

FIB-based instruments become of increasing importance in materials and life sciences. They are 
an ideal tool for high resolution 2D and 3D imaging and for nanofabrication (nano-machining 
and deposition, etc.), yet their analytical capabilities are currently limited. By contrast, 
secondary ion mass spectrometry (SIMS) is an extremely powerful technique for surface 
analysis owing to its excellent sensitivity, good dynamic range, high mass resolution and its 
ability to differentiate between isotopes. Adding SIMS capability to FIB instruments offers not 
only the prospect of obtaining elemental information at much higher resolution than state-of-
the-art SIMS instruments, but allows for a direct correlation of SIMS images with high 
resolution secondary electron images.  Past attempts of integrating mass spectrometers on FIB 
instruments were rather unsuccessful because of poor detection limits which were due to (i) 
low ionization yields of the sputtered matter, (ii) extraction optics with low secondary ion 
extraction efficiency, and (iii) mass spectrometers with a low duty cycles and/or transmission. 
In order to overcome these limitations, reactive gas flooding during FIB-SIMS has been 
investigated and compact high-performance magnetic sector mass spectrometers with 
dedicated high-efficiency extraction optics developed by our group. Secondary ion yields have 
been maximised by using O2 flooding for positive secondary ions and Cs flooding for negative 
secondary during the SIMS analysis. Compared to Ga or noble gas primary ion species without 
flooding, the ionisation probabilities have been increased by up to 4 orders of magnitude, 
which leads to detection limits varying from 10-3-10-7 for lateral resolutions between 10 nm and 
100 nm. Images recorded with poorer lateral resolution but excellent detection limit (e.g. 1 
ppm @ 50 nm) can be correlated with secondary electron images recorded at high lateral 
resolution using Ga, He, Ne or electron beams, overcoming the trade-off between detection 
limit and smallest feature size. The SIMS add-on has been optimised for FIB-SIMS applications. 
The extraction optics have maximum efficiency without distorting the primary ion beam and 
are coupled to a specially designed compact magnetic sector mass spectrometer with a high 
mass resolution (>2000), full mass range (H-U) and detection of several elements in parallel.   
The results are very encouraging and the prospects of correlating SIMS with high-resolution 
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imaging and nanofabrication instruments are very interesting. High-resolution microscopy and 
high-sensitivity elemental mapping are combined on a single instrument, which represents a 
new level of correlative microscopy.  
 

O-14: Ion Beam Analysis in the Helium Ion Microscope 

 
R. Heller (1), N. Klingner (1), S. Facsko (1), J. von Borany (1), P. Gnauck (2), G. Hlawacek (1) 
 
(1) Institute of Ion Beam Physics and Materials Research, Helmholtz-Zentrum Dresden-Rossendorf e.V., 
D-01328 Dresden, Germany 
(2) Carl-Zeiss-Microscopy GmbH, D-73447 Oberkochen, Germany 

 

Helium ion microscopes (HIM) have turned into a frequently used imaging device in several 
laboratories around the world. Beside a sub nano-meter resolution and its high field of depth 
the latest generation of HIM devices (Zeiss Orion NanoFab) offers the ability to make use of 
Neon ions enabling additional opportunities in terms of surface modifications on the nm scale 
[1]. 

While the image generation in a HIM is based on evaluating the amount of secondary electrons 
the information carried by the back-scattered He/Ne projectiles (BSP) is not taken into 
consideration at the moment. Thus the HIM offers excellent topographic imaging capabilities 
but chemical information (in terms of elemental composition) of the surface is not accessible. 
Nevertheless back-scattered particles carry that information and may be used to provide 
additional contrast mechanism(s). First attempts to measure BSP energy spectra were done by 
Sijbrandij et al. [2] and gave evidence for the general feasibility but also revealed that a 
quantitative chemical analysis of thin layers would require development of more sophisticated 
detection concepts than those used in their experiments (silicon surface barrier detector).  

In the present contribution we show the development and the implementation of a Time-of-
Flight back-scattering spectrometry (ToF-BS) technique within our HIM. Pulsing the primary ion 
beam by using the existing beam blanker with a customized pulsing electronics enables us to 
generate pulses as short as below 10 ns. BSP detection is done by means of a micro channel 
plate detector.  Our measurements demonstrate that this technique is capable to achieve an 
energy resolution as good as 2 keV (for 30 keV He incident ions) by simultaneously keeping the 
spatial resolution in the order of a few 100 nm. We further show that with some slight 
modification the presented setup can be utilized to acquire ToF spectra of sputtered particles 
as well, thus enabling lateral resolved ToF-SIMs within the HIM. 

[1] G. Hlawacek, V. Veligura, R. van Gastel, and B. Poelsema, J. Vac. Sci. Technol. B 32(2), 2014, 
020801. 
[2] S. Sijbrandij, B. Thompson, J. Notte, B. W. Ward and N. P. Economou, J. Vac. Sci. Technol. B, 
26(6), 2008, 2103-2106 
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O-15: Applications and benefits of a Xe plasma FIB-SEM 
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The combination of a focused ion beam (FIB) with a scanning electron microscope (SEM) in a 
FIB-SEM or DualBeam instrument provides a wide range of applications for material 
characterization. So-called FIB tomography [1,2] has enabled 3D imaging of structure, 
crystallography (via EBSD) and chemistry (by EDS) invaluable for a range of characterization 
applications. However the conventional gallium ion FIB also presents some limitations. First, 
there are many scenarios in materials science that require analysis across length scales up to 
many 100s of microns that lie beyond what a Ga ion FIB can typically access, relating to grain 
microtextures, grain neighborhoods, grain boundaries, inclusions and cracks. Second, gallium-
based FIB at 30 keV induces a ~20 nm damage layer in crystalline samples that can hamper 
subsequent analysis. 

In this paper we discuss the application of a DualBeam system equipped with a Xe Plasma beam 
FIB, the FEI Helios PFIB. This Xe+ beam provides higher currents and higher sputter yield 
(leading to a 20-50Ҏ ǘƘǊƻǳƎƘǇǳǘ ƛƳǇǊƻǾŜƳŜƴǘ) as well as significantly reduced material 
damage. 

²Ŝ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ tCL. ǘƘǊƻǳƎƘ ŀ ƭŀǊƎŜ ŘƛƳŜƴǎƛƻƴ όϤмлл ҡƳύ о5 
tomography study of steel samples. The results show that PFIB tomography produces low levels 
of surface damage as evidenced by good channeling contrast as well as clear Kikuchi patterns 
from the machined surface. 

Other ongoing experimental studies across a wide range of materials from paint to ceramics 
suggest the Xe PFIB can routinely, quickly and with high material quality provide 3D serial 
section tomograms over dimensions of many hundreds of microns. This not only expands the 
accessible length scales for FIB-SEM material characterization, it also means an improvement of 
the results compared to Ga FIB thanks to a remarkable surface finish quality. 

[1]  M. 5Φ ¦ŎƘƛŎΣ [Φ IƻƭȊŜǊΣ .Φ WΦ LƴƪǎƻƴΣ 9Φ [Φ tǊƛƴŎƛǇŜΣ tΦ aǳƴǊƻŜ Ψ¢ƘǊŜŜ-Dimensional 
aƛŎǊƻǎǘǊǳŎǘǳǊŀƭ /ƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ¦ǎƛƴƎ CƻŎǳǎŜŘ Lƻƴ .ŜŀƳ ¢ƻƳƻƎǊŀǇƘȅΩ aw{ .ǳƭƭŜǘƛƴΣ ±ƻƭǳƳŜ 
32, Issue 05, May 2007, pp 408-416 
[2] Burnett, T.L., McDonald, S.A., Gholinia, A., Geurts, R., Janus, M., Slater, T., Haigh, S.J., Ornek, 
C., Almuaili, F., Engelberg, D.L., Thompson, G.E.,  Withers, P.J., Correlative Tomography. 
Scientific Reports, 2014. 4: p. 4711 
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(2) Department of Quantum Science and Energy Engineering, Tohoku University, 6-6-01-2,  Aramaki Aza-
Aoba, Aoba-ku, Sendai, 980-8579, Japan 

 

After the great east Japan earthquake on 11 March 2011, the big tsunami caused Fukushima 
Dai-ichi nuclear power plant accident. The northeastern region of Japan (mainly Fukushima 
prefecture) was contaminated with the radioisotopes of 131I, 132I, 132Te, 134Cs and 137Cs. Among 
these radioisotopes, 131I, 132I and 132Te disappeared soon due to their short half lives. The half 
life of 134Cs, and of 137Cs are 2 years and 30 years, respectively. The contaminated soil of 5 cm in  
thickness from the ground surface has been removed and its total volume was estimated about 

2 ³ 107 m3. It is a burden to Fukushima residents to reserve a very large place to secure such a 
huge quantity of contaminated soil. Therefore,it is needed to reduce the volume of 
contaminated soil. It was known that Radioactive cesium atoms have been adsorbed with the 
silt particles in the soil. We developed a methods by which the decontaminated soil volume / 
the contaminated soil volume was ~ 0.9, namely, the volume reduction rate was ~ 0.1 [1]. By 
classifying soil particles, we found  that the specific activity of silt particle depended on 
diameter [2] and proposed that, in the case of the silt particles with the diameter of less than 
10~30 mm, radioactive cesium atoms were distributed over the whole and, in the case of larger 
than 10~30 mm, over the husks [3], respectively.  

The use of PIXE-CT is proposed to investigate the distribution of Cs in the silt particle. In 
consideration of decrease of X-ray production cross sections and self-absortion of X-ray in the 
silt particle in the case of 3 MeV proton bombardment, PIXE-CT can be applied to the silt 
particles with the diameter of less than about 10 mm. We extracted silt particles from the 
muddy water obtained by washing the soil and then we sprayed the solution of cesium 
carbonate (Cs2CO3). We used the micro-beam formation system of Tohoku university to PIXE-CT 
and obtained 2D-projection data of 0ϲ ~ 348ϲ at intervals of 18ϲ. On the basis of the filtered 
backprojection method, we reconstructed cross-sectional images reflecting the distribution of 
Cs in the silt particle of about 10 mm diameter and found that Cs atoms were uniformly 
distibuted in the silt particle. This supported the previous result of the classification method of 
soil particles. To investigate the interior structure of the silt particles with the diameter of 
larger than 10 mm, we apply an X-ray CT using a micron X-ray source produced by micro-ion-
beam bombardment [4]. The existence of Cs is expected to be emphasized in the difference 
image between a V-K-X-ray (4.94 keV) image and a Cr-K-X-ray (5.41 keV) image owing to the 
strong absorption of Cs-L3-absorption edge (5.01keV).  

[1] K.Ishii et al. IJPIXE, 22 (2012) 13-19. 
[2] K.Ishii et al., Nuclear Inst. and Methods in Physics Research, B 318 (2014) 70-75. 
[3] K.Ishii et al., to be published in IJPIXE. 
[4] K.Ishii et al., Nuclear Inst. and Methods in Physics Research, B 249 (2006) 726-729. 
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O-17: Application of IBA to taphonomy and paleontology 
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Recent discoveries of fossil feathers preserved with some theropod skeletons provided new 
insights on the origin of the plumage in non-avian dinosaurs. In this study, we performed 
geochemical analysis on fossil feathers in order to characterize their composition and, 
therefore, their preservation state. The fossil soft tissues are preserved around the skeleton of 
a new specimen of the Jurassic paravian theropod Anchiornis huxleyi. Feather chemistry has 
been revealed by combining IBA techniques: Proton-Induced X-ray Emission (PIXE), Nuclear 
Reaction Analysis (NRA) and Rutherford Backscattering (RBS) analysis. By combining NRA, RBS 
and PIXE induced by deuterons, we demonstrate that it is possible to measure quantitatively 
light and heavy elements in the fossil feathers as well as in the sediments around the fossil. 
PIXE and RBS were acquired simultaneously with a proton beam of 3.0 MeV, allowing 
identifying the elemental composition of the plumage and the surrounding matrix. They both 
contain elements as C, O, Cu, Cr, Fe and Ca. The melanin pigment found in all extant feathers 
contains chelated Cu. The presence of such element in the spectrum of the fossil could indicate 
melanin remains preserved in the Anchiornis plumage. RBS permitted to observe enriched 
carbon and oxygen layers on the fossil plumage and thus, to differentiate the fossil tissues from 
the surrounding sediment. The combined analysis showed we can quickly determine the 
elemental enrichment and depletion, and the structure of the fossil feathers using techniques 
that are new in the field of paleontology.  
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Air pollution is a worldwide problem that can affect the environment and human health. 
However, in Arasia region (Arab countries in Asia) there is lack of enough data and study 
dealing with this issue. It is obvious from the few studies conducted in the Eastern 
Mediterranean region that Particulate Matter (PM) levels in air are much higher than in other 
regions, even when compared to the Western Mediterranean. Besides, atmospheric aerosols of 

PM10 and PM2.5 (aerosol particles with aerodynamic diameter less than 10 and 2.5 mm 
respectively) are trans-boundary and can effectively contribute to air pollution in a certain 
localized areas. Thus, the current work is a part of a study conducted among several Arab 
countries in west Asia, under an IAEA regional technical cooperation project for Arasia region. It 
consists of a simultaneous sampling of Paмл ŀƴŘ taнΦр ǳǎƛƴƎ ŀƴ L{!tϯмлрлŜ ǎŀƳǇƭŜǊ ƘŀǾƛƴƎ ŀ 
combined inlet. Few months ago, the first regional campaign, within the IAEA-RAS/0/072 
project, was launched simultaneously in Lebanon, Iraq, Jordan, Syria and United Arab emirates, 
using a unified sampling and analysis protocol. For the moment, it is based on 24-hour 
sampling, every six day and is focused on the sampling of PM2.5 from a single location in each 
country, supposed to represent the urban background of air quality. The different PM2.5 
samples collected on Teflon filters were analyzed by PIXE technique at the external beam 
facility of LABEC laboratory of INFN in Florence (Italy) using a 3 MeV proton beam and the 
dedicated array of 3 Silicon Drift Detectors in order to determine their elemental composition. 
The following elements were detected simultaneously: Na, Mg, Al, Si, S, Cl, K, Ca, Ti, V, Cr, Mn, 
Fe, Co, Ni, Cu, Zn and Pb, beside  some other occasional elements found in particular samples. 
Furthermore, a gravimetric measurement was done to determine the total aerosol mass.  This 
project is unique as it addresses a gap in the available data and information about regional 
background pollutants. It aims to produce for the first time a data base of PM elemental 
concentrations in the region that will help in future studies on air quality and consequent 
pollution. In this work, it will be shown the first results of this opportune regional study.   
 

O-19: Increased Accuracy and Sensitivity in Hydrogen Analysis 
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όнύ wŜƎǊƻǳǇŜƳŜƴǘ vǳŞōŞŎƻƛǎ ǎǳǊ ƭŜǎ aŀǘŞǊƛŀǳȄ ŘŜ tƻƛƴǘŜΣ 5ŞǇŀǊǘŜƳŜƴǘ ŘŜ tƘȅǎƛǉǳŜΣ ¦ƴƛǾŜǊǎƛǘŞ ŘŜ 
aƻƴǘǊŞŀƭΣ aƻƴǘǊŞŀƭΣ v/ I3C 3J7, Canada 

 

Proton-proton (pp) scattering has proven to be the most sensitive ion beam method for 
hydrogen depth profiling [1]. For microscopic imaging in 3 dimensions it is in fact the only 
usable method because of its low radiation damage potential and its compatibility of using a 
large solid angle detector arrangement at a proton microprobe [2].  

The high sensitivity is achieved by a narrow coincidence filter set on the detection of both 
protons from a pp-scattering event. In order to reduce background from accidental 
ŎƻƛƴŎƛŘŜƴŎŜǎ ŀŘŘƛǘƛƻƴŀƭ ŎƻƴǎǘǊŀƛƴǘǎ ŀǊŜ ǊŜǉǳƛǊŜŘΣ ŜΦƎΦ ŦƛƭǘŜǊƛƴƎ ǘƘŜ флϲ ǎŎŀǘǘŜǊƛƴƎ ŀƴƎƭŜ ƻŦ ōƻǘƘ 
particles to each other, that is well defined due to equal masses of the scattered particles, using 
an angular resolving strip detector. The efficiency in the detection of pp-events, however, is 
reduced for tight filters due to multiple (small angle) scattering of the scattered protons for 
long path length in particular when analyzing hydrogen in samples containing high Z elements. 
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Hence, the detection efficiency is a function of depth and the filter tightness. Additionally, 
detector effects due to its granularity and calibration uncertainties have to be carefully 
controlled.  

Accuracy in quantification strongly depends on knowing all of these effects. Thus, we introduce 
CORTEO [3] Monte Carlo simulations to calibrate the efficiency in dependence of matrix 
composition, sample thickness, depth of origin of a pp-scattering event and detector 
granularity. The agreement of simulations with measured depth profiles is demonstrated using 
multilayered sandwich targets.  

[1] P. Reichart, et al., Science 306 (2004) 1537.  
[2] P. Reichart, et al., Nucl. Instr. and Meth. B197 (2002), pp. 134-149   
[3] F. Schiettekatte, Nucl. Instr. and Meth. B266 (2008), pp. 1880ς1885  
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An aperture-ŎƻƭƭƛƳŀǘŜŘ ƴǳŎƭŜŀǊ ƳƛŎǊƻǇǊƻōŜ ǿŀǎ ǎŜǘ ǳǇ ƛƴ ǘƘŜ ŜŀǊƭȅ мфулΩǎ ŀǘ CǳŘŀƴ ¦ƴƛǾŜǊǎƛǘȅΦ 
Since then, techniques and applications of nuclear microprobes in China have been developed 
and progressed for more than thirty years. There are seven accelerator-based nuclear 
microprobe facilities available in China now. They are able to provide micro beams with ion 
energies from 1 MeV to 1 GeV. These microprobes have been utilized to obtain spatial 
information or radiation effect in solids and biological samples. In air and in vacuum 
microprobes were constructed. Techniques of ion beam analysis methods, single ion hit were 
also developed for these applications. This paper describes their technological performance. It 
also presents the latest progress of applications on ICF (Inertial confinement fusion) target, 
CdZnTe detector, information safety and so on. 
 

O-21: Advanced pulse processing for Time-of-Flight ERD 
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Time-of-flight ERD instrumentation is often based on traditional peak-sensing ADCs and time to 
amplitude (TAC) converters. An advanced timestamping data acquisition setup for these ADCs 
allows the monitoring of beam-induced damage and setting the coincidence criteria post-
acquisition [1]. The use of gas ionization chambers (GIC) as an energy detector in ToF-ERD has 
become popular recently. To make the most of the detector, it makes sense to capture not just 
the pulse height from the anode of the GIC, but full traces of anode, Frisch grid and cathode 
pulses. The timing and shapes of these pulses can be used to achieve position sensitivity [2] and 
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even particle species discrimination.  A complete data acquisition and pulse processing setup 
for ToF-9w5 ƛƴ WȅǾŅǎƪȅƭŅ ώоϐ Ŏƻƴǎƛǎǘǎ ƻŦ ŀ Ŧŀǎǘ ŀƳǇƭƛŦƛŜǊΣ ŀƴ ŀƴŀƭƻƎ ŘƛǎŎǊƛƳƛƴŀǘƻǊ ŀƴŘ ŀ /!9b 
N6751 digitizer for the time-of-flight and three Amptek CoolFET preamplifiers and a CAEN 
N6724 digitizer for the GIC. A desktop computer running Linux is connected to the digitizers 
over a CONET optical link. The computer runs in-house developed acquisition software with a 
user-friendly graphical user interface built using Qt 5. The software can process the raw events 
to list data during the acquisition with customizable software algorithms.  In this presentation 
the used algorithms and software design are described. The time-of-flight digitization is shown 
to have a <200 ps resolution, which is comparable to a well-tuned CFD+TDC setup and 
improved hydrogen detection efficiency. By capturing full traces of all signals various effects 
affecting the detection efficiency, resolution and background can be studied in detail. The 
digitization of GIC signals is shown to reduce unwanted background by making possible tighter 
coincidence criteria and rejection of certain events by pulse shape.    

[1] M. Rossi, P. Rahkila, H. Kettunen, M. Laitinen, Nucl. Instrum. Meth. B 347 (2015) 39  
[2] J. Julin, M. Laitinen, T. Sajavaara, Nucl. Instrum. Meth. B 332 (2014) 271  
[3] M. Laitinen, M. Rossi, J. Julin, T. Sajavaara, Nucl. Instrum. Meth. B 337 (2014) 55 
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Digital pulse processing in ion beam analysis is still not very common. Commercially available 
systems are not yet versatile enough to suite the needs for flexible and multi-modal ion beam 
analytical setups. Therefore, lab-specific solutions are under development with more or less 
success. If ion beam scanning is required, solutions become even more complicated since 
synchronization between the data streams from the detector channels and the scan control is 
necessary. We present the design and the results of performance tests of our scalable multi-
detector digital spectrometer. It is currently configured with two digitizers (ADQ412), each with 
four-channel, 12 bit, and 1 GHz sampling frequency. The scan control module is a two-channel 
16-bit, 50-MHz sampling frequency digital to analog converter. The digitizer and scan modules 
are synchronized via the chassis backplane PCI bus. Digital pulse processing of the detector 
signals is realized onboard the digitizer cards using a field programmable gate array. The system 
is designed to handle data rates of up to 1 MHz per channel. 

  



 

 65 

O-23: Recent progress on the new MeV SIMS setup at ETH Zurich 

 
M. Schulte-BorchersΣ aΦ 5ǀōŜƭƛΣ !Φ aΦ aǸƭƭŜǊΣ aΦ DŜƻǊƎŜΣ IΦ-A. Synal 
 
Laboratory of Ion Beam Physics, ETH Zurich, 8093 Zurich, Switzerland 

 

An MeV SIMS set-up with a capillary microbeam is being installed at the Laboratory of Ion Beam 
Physics at ETH Zurich. By using a microcapillary collimator, primary beam spots of a few microns 
in diameter can be formed almost independent of mass and energy of the projectiles. The high 
energy beam transport is exclusively achieved by electrostatic ion optical elements. This allows 
to use high energy heavy ions as well as molecular ions (e.g. C60) in low charge states.  The SIMS 
chamber is equipped with a piezo raster stage for imaging. Five samples at a time can be 
introduced and stored in the UHV chamber via a vacuum load lock. Secondary ions are detected 
by a linear Time-of-Flight (ToF) spectrometer with a 0.5 m flight path and a microchannel plate 
detector. ToF start signals can be obtained from incident MeV particles or by beam pulsing. For 
thin samples, a gas ionization chamber allows to detect transmitted ions to perform STIM 
measurements. Additional imaging and analysis of the sample will be possible with a secondary 
electron device and a silicon drift detector which can be mounted to produce PIXE maps. 
Details on the set-up and first results will be presented. 
 

O-24: Structure in the velocity dependence of heavy-ion energy-loss straggling 

 
P. Sigmund (1), O. Osmani (2), A. Schinner (3), C. VoŎƪŜƴƘǳōŜǊ όпύΣ aΦ ¢Ƙǀƴƛ όпύΣ WΦ WŜƴǎŜƴ όрύΣ YΦ 
Arstila (6), J. Julin (6), H. Kettunen (6), M.I. Laitinen (6), M. Rossi (6), T. Sajavaara (6), H.J. 
Whitlow (7) 
 
(1) Dept. of Physics, Chemistry and Pharmacy, University of Southern Denmark, Odense M, Denmark 
(2) Physics Faculty, University of Duisburg-Essen, 47048 Duisburg, Germany 
(3) Dept. of Experimental and Surface Physics, Johannes Kepler University, 4040 Linz-Auhof, Austria 
(4) Laboratory of Ion Beam Physics, ETH Zurich, 8093 Zurich, Switzerland 
(5) DeptΦ ƻŦ tƘȅǎƛŎǎΣ /ƘŜƳƛǎǘǊȅ ŀƴŘ .ƛƻƭƻƎȅΣ [ƛƴƪǀǇƛƴƎ ¦ƴƛǾŜǊǎƛǘȅΣ рум уо [ƛƴƪǀǇƛƴƎΣ {ǿŜŘŜƴ 
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Recent theoretical and experimental studies [1,2,3,4] indicate that the energy dependence of 
heavy-ion straggling has a multiple-peak structure. In the present work we study the 
systematics of this structure as a function of the atomic numbers Z1 and Z2 of ion and target. It 
is well known that linear straggling, bunching and packing produce separate, although not 
necessarily resolvable peaks in the energy dependence of straggling. More surprising is the 
observation [3] that charge-exchange straggling alone can produce a multiple-peak structure, 
although only two peaks have hitherto been unambiguously identified in calculations. 
Experimental studies of straggling are typically affected by insufficient knowledge of foil 
uniformity. To circumvent this source of error we focus on gas targets. Until now we have 
employed Si and Kr ions and He, N, Ne, Ar and Kr as target gases in the energy range of 0.5 - 12 
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aŜ±κǳΦ aƻǎǘ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ŀǘ ǘƘŜ Yмол ŎȅŎƭƻǘǊƻƴ ŀǘ ǘƘŜ WȅǾŅǎƪȅƭŅ ŀŎŎŜƭŜǊŀǘƻǊ 
laboratory; for Si independent measurements were made at 0.5 - 2 MeV/u using the 6 MV EN 
tandem accelerator at ETH Zurich. While our measurements [2,4] confirm the existence of more 
than one peak, we have not yet identified an ion-target combination where at least two 
resolvable peaks have a predicted position within the energy range of any singe accelerator 
used. We report new calculations with the aim to confirm trends identified earlier for Kr and Si 
ions [3]:   

1. For charge-exchange straggling, peak height and speed increase with increasing Z1,   

2. With increasing Z2, peak velocity increases but peak height decreases with increasing Z2.   

3. The significance of bunching relative to charge exchange increases with increasing Z2.    

[1] P. Sigmund and A. Schinner, Europ. Phys. J. D 58 (2010) 105.  
[2] C. Vockenhuber, J. Jensen, J. Julin, H. Kettunen, M. Laitinen, M. Rossi, T. Sajavaara, O. 
Osmani, A. Schinner, P. Sigmund and H. J. Whitlow, Europ. Phys. J. D 67 (2013) 145.  
[3] P. Sigmund, O. Osmani and A. Schinner, Nucl. Instrum. Methods B 338 (2014) 101.  
ώпϐ /Φ ±ƻŎƪŜƴƘǳōŜǊΣ aΦ ¢ƘǀƴƛΣ WΦ WŜƴǎŜƴΣ YΦ !ǊǎǘƛƭŀΣ WΦ WǳƭƛƴΣ IΦ YŜǘǘǳƴŜƴΣ aΦ [ŀƛǘƛƴŜƴΣ aΦ wƻǎǎƛΣ ¢Φ 
Sajavaara, H. J. Whitlow, O. Osmani, A. Schinner and P. Sigmund (2014), presented at ICACS 26 
in Debrecen (unpublished).  
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Single 31P ions can be deterministically implanted (άǘƻǇ-Řƻǿƴέύ ƛƴǘƻ ƛǎƻǘƻǇƛŎŀƭƭȅ ǇǳǊŜ 28Si 
substrates to build devices in which information can be encoded in the quantum states of the 
31P donor electron spin or nuclear spin. In the case of the nuclear spin, coherent states can be 
sustained with remarkably long T2 times in excess of 30 s.  Exploiting these results to build a 
large-scale device requires careful architecture design consistent with the precision limitations 
of the deterministic implantation method. Donor atom positioning no deeper than 20 nm 
below the gate oxide and ion straggling constrains the implantation energy to below 14 keV and 
preferably below 10 keV.  Models for the straggling process, for example the Stopping and 
Range of Ions in Matter (SRIM) and crystal-Transport of Ions In Matter (TRIM), allow for 
constraints imposed by various effects to be evaluated.  However, we have employed Atom 
Probe Tomography (APT), to facilitate the measurement of low-fluence 14 keV 31P ions 
implanted into Si with atomic scale accuracy. APT is based on the highly controlled field-
evaporation of individual ions from the surface of a very-sharp needle-shaped specimen. It 
provides a 3D reconstruction of the distribution of implanted ions, typically within a volume of 
80 x 80  x 200 nm3 , which can be imaged to a spatial precision better than 1 nm and a chemical 
sensitivity of less than 0.01 at.%. We observe that the experimental depth profile has a FWHM 
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of 20 nm with a depth consistent with the SRIM simulations.  Further work will refine these 
measurements and allow us to apply these experimental constraints to the design of a large 
scale device fabricated with the top-down deterministic ion implantation method.  
 

O-26: Stopping power study of H and He in Hydropaxyapatite films: A study with implications 
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Ion-beam therapy is a promising technique to treat deep-seated tumors. However for an 
accurate treatment planning, the energy deposition by the ions must be well known both in 
soft and hard tissues. Although the energy deposition in soft tissues is well determinate the 
same is not true concerning hard tissues (i.e., bones). In particular more knowledge is needed 
for the main constituent of the human bone, calcium hydroxyapatite (HAp) which constitutes 
58% of its mass composition. Moreover the HAp is considered as a biomaterial because it forms 
a strong bond with the human bone. In the present work, the energy loss of H and He in those 
films was determined experimentally for the first time. The experiments were performed using 
the Rutherford backscattering technique in an energy range of 250-2000 keV for H and 300-
5000 keV for He. The corresponding theoretical calculations derived from the dielectric 
formalism [1] and a proper description of the HAp electronic excitation spectrum shows a nice 
agreement with the experimental data. Even though the experimental results were obtained at 
rather low energies as compared with the ones used for ion-therapy, they validate the mean 
excitation energy I obtained theoretically. This parameter is the fundamental quantity to 
accurately asses the energy deposition and depth dose curves of ion beams at clinically relevant 
high energies. The effect of the mean excitation energy choice on the depth-dose profile is 
shown by the SEICS code [2], which is based on molecular dynamics and Monte Carlo 
techniques. This program shows that there is a significant difference between the present 
results and the theoretical ones obtained by using the Bragg rule. Finally in this presentation we 
show how the fundamental physics inspired studies, such as the present one, have implications 
in the field of ion-beam cancer therapy where an accurate knowledge of the energy by swift 
ions is required by a proper treatment planning.   

[1] M. Behar, R. C. Fadanelli, I. Abril,  R.  Garcia-Molina, L. C. C. Nagamine, and N. R. Arista, Phys. 
Rev. A 80, 062901 (2009).  
[2] R. Garcia-Molina, I. Abril, S. Heredia-Avalos, I. Kriakou, D. Enfietzoglou, Phys. Med. Biol. 56, 
6475 ( 2011).   
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The Coulomb explosion of small cluster beams can be used to measure the dwell time of 
fragments traversing amorphous films [1]. Therefore, the thickness of thin films can be 
obtained with the so-called Coulomb depth profiling technique using relatively high cluster 
energies where the fragments are fully ionized after breakup. Here we demonstrate the 
applicability of Coulomb depth profiling technique at lower cluster energies where 
neutralization and wake effects come into play. To that end, we investigated 50-200 keV/u H2

+ 
molecular ions impinging on a 10 nm TiO2 film and measured the energy of the backscattered 
H+ fragments with high-energy resolution. The effect of the neutralization of the H+ fragments 
along the incoming trajectory before the backscattering collision is clearly observed at lower 
energies through the decrease of the energy broadening due to the Coulomb explosion. The 
reduced values of the Coulomb explosion combined with full Monte-Carlo simulations provide 
compatible results with those obtained at higher cluster energies where neutralization is less 
important. The results are corroborated by electron microscopy measurements. 

[1]  S. Shubeita, R. Fadanelli, J. Dias, and P. Grande, Surface Science 608, 292 (2013). 
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The energy-loss straggling of 63Cu, 28Si, 16O and 12C partially stripped heavy ions crossing silicon 
nitride foils has been determined over a continuous range of energies 0.1ς0.6 MeV/n, by using 
a method based on the Heavy Ion ς Elastic Recoil Detection Analysis (HI-ERDA) technique using 
a Time of Flight (ToF) spectrometer. The obtained energy loss straggling values corrected for 
non-ǎǘŀǘƛǎǘƛŎŀƭ ǎǘǊŀƎƎƭƛƴƎ ŀƴŘ ǘƘŜ ǘƘƛŎƪƴŜǎǎ ǾŀǊƛŀǘƛƻƴ ǳǎƛƴƎ ǘƘŜ .ŜǎŜƴōŀŎƘŜǊΩǎ ƳŜǘƘƻŘ ƘŀǾŜ 
been analyzed and compared with the corresponding computed values including different 
contributions: electronic, nuclear and electronic binding straggling. For computed electronic 
straggling we have used alternatively the widely used formulations such as, Bohr, Bethe-
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Livingston and Yang formulas. The aim of such comparison is to check the reliability and 
accuracy of the existing energy loss straggling formulations, in the light of the present 
experimental results. The experimental results of energy loss straggling of all ions are found to 
be greater than those predicted by the theories. These differences can be attributed to the 
charge exchange straggling. This effect has to be taken into account in order to explain the 
obtained results. 
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T.F. Silva (1), C.L. Rodrigues (1), M. Mayer (2), M.V. Moro (1), G.F. Trindade (1), F.R. Aguirre (1), 
N. Added (1), M.H. Tabacniks (1) 
 
όмύ Lƴǎǘƛǘǳǘƻ ŘŜ CƝǎƛŎŀ Řŀ ¦ƴƛǾŜǊǎƛŘŀŘŜ ŘŜ {ńƻ tŀǳƭƻΣ wǳŀ Řƻ ƳŀǘńƻΣ ǘǊŀǾΦ w мутΣ лррлу-лфл {ńƻ tŀǳƭƻΣ 
Brazil. 
(2) Max-Planck-Lƴǎǘƛǘǳǘ ŦǸǊ tƭŀǎƳŀǇƘȅǎƛƪΣ .ƻƭǘȊƳŀƴƴǎǘǊΦ нΣ 5-85748 Garching, Germany. 

 

Computational tools always played an important role in the data analysis of IBA techniques 
during its historical development [1]. Many advances occurred in the comprehension of 
physical processes and measurement system effects, always followed by advances in 
computational modeling [2]. A recent and well succeeded case is SIMNRA [3], which is a 
software widely adopted by the IBA community. Its strength lies on trusted modeling of the 
physical processes involved in the scattering calculation and measurements system effects. It 
was recently reported that upgrades can be expected for its new version concerning the 
skewness of energy spread distributions, improved handling of reaction cross-sections with 
structure, generalized layer roughness, and sample porosity [4]. Another important software is 
DataFurnance, that uses advanced algorithms to minimize an objective function to fit energy 
spectra in scattering analysis [5]. The DataFurnance software is able to handle simultaneously 
and self-consistently different IBA spectra obtained by multiple techniques applied in the same 
sample [6,7]. This approach ensures the reliable and unequivocal modeling of the sample [7], 
but equally important, the self-consistent analysis inherits the accuracy of the most accurate 
component of the analysis [8,9].  SIMNRA still remains the most cited software according to 
reference [2].  

Taking advantage of the recognized reliability and quality of the simulations provided by 
SIMNRA, we developed a multi-process program for a self-consistent analysis based on SIMNRA 
calculations. MultiSIMNRA also uses computational algorithms to minimize an objective 
function running multiple instances of SIMNRA. With four different optimization algorithms  
available, the code can handle sample and setup parameters (including correlations and 
constraints), to find the set of parameters that best fits simultaneously all experimental data. 
MultiSIMNRA has been tested in several situations, ranging from the analysis of simple multi-
element thin films, up to very complicated multi-layered samples, that included 35 independent 
spectra being fitted simultaneously. The extreme case of 120 spectra generated by simulations 
were fitted as test, showing that MultiSIMNRA can handle a massive number of spectra 
simultaneously and self-consistently.   

[1] Rauhala E.,NIM B 244, 2006, 436-456.  
[2] Mayer M., NIM B 269, 2011, 3006-3013.  
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[6] Barradas N.P., NIM B 161, 2000, 308-313.  
[7] Jeynes C., et.al, NIM B 271, 2012, 107-118.  
[8] Colaux J. L., Anal. Methods 6, 2014, 120-129.  
[9] Jeynes C., Anal. Chem. 84, 2012, 6061ς6069. 
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ERYA (Emitted Radiation Yield Analysis) code was developed in order to implement a PIGE 
standard free method for thick samples [1]. To achieve this, ERYA contains a database with 
several nuclear reaction excitation functions which are used to calculate the corresponding 
gamma-ray yields. However, ERYA code is only able to analyze samples with homogeneous 
concentrations across the depth. Thus emerged the need to develop a new code. 

This work presents the ERYAProfling code, which was developed for quantitative analysis/depth 
profiling of light elements by a standard-free PIGE technique in samples with inhomogeneous 
concentrations across the depth.  

hƴŜ ƻŦ ǘƘŜ Ƴŀƛƴ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ƻŦ ǘƘƛǎ ŎƻŘŜ ƛǎ ǘƘŜ ŎŀƭŎǳƭŀǘƛƻƴ ƻŦ ǘƘŜ ōŜŀƳΩǎ ŜƴŜǊƎȅ ǎǘǊŀƎƎƭƛƴƎ ƛƴ 
ƻǊŘŜǊ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ōŜŀƳΩǎ ŜƴŜǊƎȅ ŘƛǎǘǊƛōǳǘƛƻƴ ŀŎǊƻǎǎ ǘƘŜ ǎŀƳǇƭŜΦ ¢ƘŜ ōŜŀƳΩǎ ŜƴŜǊƎȅ 
straggling is implemented based on theoretiŎŀƭ ƳƻŘŜƭǎΦ CƻǊ ǊŜƭŀǘƛǾŜƭȅ ƭŀǊƎŜ ŘŜǇǘƘ ǘƘŜ ōŜŀƳΩǎ 
ŜƴŜǊƎȅ ǎǘǊŀƎƎƭƛƴƎ ƛǎ ŘŜǎŎǊƛōŜŘ ōȅ ŀ Dŀǳǎǎƛŀƴ ŘƛǎǘǊƛōǳǘƛƻƴΦ CƻǊ ǊŜƭŀǘƛǾŜƭȅ ƭƻǿ ŘŜǇǘƘ ǘƘŜ ōŜŀƳΩǎ 
energy straggling is described by Landau or Vavilov's distributions. For the calculation of the 
beam's energy distribution, the beam's natural resolution and the Doppler's thermal 
broadening are also accounted for. 

To calculate the gamma-ray yield from each depth the code uses the corresponding excitation 
function (which is stored in a user-editable database) and the beam's energy distribution for 
that depth. The inclusion of the excitation function is a novelty feature of this code when 
comparing with the existing codes for PIGE depth profiling, which instead only use narrow 
resonances of the excitation function. This feature allows a simulation of a more realistic profile 
for the cases where more than one resonance significantly contributes to the gamma-ray yield.  

Experimental results have been obtained from known samples and compared with 
ERYAProfling calculations, in order to validate its performance. 

[1] MATEUS, R., JESUS, A.P. & RIBEIRO J.P. ς A code for quantitative analysis of light elements in 
thick samples by PIGE. Nuclear Instruments and Methods in Physics Research B. ISSN 0168-
583X, Vol. 229 (2005) p. 302ς308 
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Corteo is a program that implements Monte Carlo (MC) method to simulate ion beam analysis 
(IBA) spectra of several techniques by following the ions trajectory until a sufficiently large 
fraction of them reach the detector to generate a spectrum. Hence, it fully accounts for effects 
such as multiple scattering (MS). Here, a version of Corteo is presented where the target can be 
a 2D or 3D image. This image can be derived from micrographs where the different compounds 
are identified, therefore brining extra information into the solution of an IBA spectrum, and 
potentially significantly constraining the solution. The image intrinsically includes many details 
such as the actual surface or interfacial roughness, or actual nanostructures shape and 
distribution. This can for example lead to the unambiguous identification of structures 
stoichiometry in a layer, or at least to better constraints on their composition. Because MC 
computes in details the trajectory of the ions, it simulates accurately many of its aspects such 
as ions coming back into the target after leaving it (re-entry), as well as going through a variety 
of nanostructures shapes and orientations. We show how, for example, as the ions angle of 
incidence becomes shallower than the inclination distribution of a rough surface, this process 
tends to make the effective roughness smaller in a comparable 1D simulation (i.e. narrower 
thickness distribution in a comparable slab simulation). Also, in ordered nanostructures, target 
re-entry can lead to replications of a peak in a spectrum.  Other improvements to Corteo 
include obtaining energy-depth maps that can be used to simulate the spectrum of IBA 
techniques based on photon emission such as PIXE and gamma-emitting NRA.  Finally, we show 
how, in thin layers made of heavy elements on light substrates, the broad background due to 
wide-angle MS in RBS is mainly due to ions flying parallel to the surface inside the heavy layer 
and scattering a second time. This could be the basis of an analytical model to account for this 
particular case of double wide-angle scattering.  
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VIBA-Lab computer program was originally developed as an interactive software package for 
simulation of Particle Induced X-Ray Emission (PIXE) and Backscattering Spectra (BS) for a wide 
range of experimental parameters and layered sample composition. The program is now 
upgraded with a number of new features. To enable program to run on all major operating 
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systems (Windows, Mac OS, Linux) new, JavaFX based Graphic User interface (GUI) is 
implemented. Physics routines, originally written in Fortran 77 and C++ are translated into Java 
programing language. In terms of functionality, several new features are added:  

1. Besides simulating PIXE and BS spectra, user can now simulate X-Ray Fluorescence (XRF) 
spectra as well;  

2. Spectrum fitting routine is added so user can perform quantitative analysis of samples 
excited with multiple, PIXE and XRF excitation sources;  

3. Various auxiliary programs are available to calculate and graphically display functions like 
detector efficiency, mass attenuation coefficients, various theoretical approximations of 
ionization cross sections for K and L shells as well as fundamental atomic parameters such as 
Coster-Kronig transition probabilities, fluorescence yields and emission rates from the most 
commonly used references.  
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Very recently, a new phenomenon called SNEEL (Synergy between Nuclear and Electronic 
Energy Losses) was discovered to take place in some solids irradiated with a dual low- and high-
energy ion beam [1,2]. This process induces a strong decrease of the damage induced by 
ballistic collisions generated by slow ions (Sn) via self-healing mechanisms due to ionization 
from the electronic energy loss of swift ions (Se). This paper presents studies performed in 
order to make strides in the understanding of the SNEEL phenomenon occurring in SiC. The 
combination of RBS/C and Raman techniques were used to characterize the damage 
accumulated during the various irradiation steps. Results show that dual-beam irradiation of SiC 
induces a dramatic change in the final sample microstructure with a substantial decrease of 
radiation damage as compared to single-beam irradiation. Actually, a defective layer containing 
dislocations is formed upon dual-beam irradiation (Sn&Se), whereas single low-energy 
irradiation (Sn alone) or even sequential (Sn+Se) irradiations lead to full amorphization. The 
results presented in this paper present a crucial interest for both fundamental studies and 
industrial applications. Concerning the operating cycle of future nuclear reactors, expected 
synergetic Sn/Se effects may lead to a strong reduction of the damage production allowing the 
preservation of the physical integrity of materials submitted to severe irradiations.   

ώмϐ [Φ ¢ƘƻƳŞ Ŝǘ ŀƭΣ !ǇǇƭΦ tƘȅǎΦ [ŜǘǘΦ млнΣ мпмфлс όнлм3).  
ώнϐ [Φ ¢ƘƻƳŞ Ŝǘ ŀƭΣ WΦ !ǇǇƭΦ tƘȅǎΦ όнлмрύ ƛƴ ǇǊŜǎǎΦ  
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Since its isolation in 2004 by Geim and Novoselov, graphene has attraced a lot of attention 
from researchers of various fields. Although its intrinsic physical properties are extraordinary 
when it comes to charge carrier mobility, thermal conductivity, mechanical strength, etc., some 
applications will require modifications of pristine graphene. One possibility consists of 
introducing defects into the graphene lattice to e.g. create nanopores in graphene for 
ultrafiltration filters. Furthermore, the presence of defects affects the adsorbtion of adsorbates 
on graphene and can be used to create graphene derivatives like fluorographene, graphene 
oxide or hydrogenated graphene (al so called graphane).    

In this contribution it will be shown, that highly charged ions (HCI, ions with a relatively low 
kinetic energy and a high potential energy due to their charge state) provide a powerful tool to 
introduce defects into a graphene sheet [1,2]. These projectiles are interacting with matter 
primarily via electronic excitation exclusively in the first few nanometers at the surface. Using 
atomic force microscopy and Raman spectroscopy, defects due to the HCI irradiation can be 
observed in graphene. Interestingly, the defects are not of topographic nature but can only be 
observed in the friction image. Additional sum frequency generation measurements indicate 
that upon ion impact, graphene is locally hydrogenated. Finally in situ transport measurements 
of an irradiated graphene field effect device are presented which allows us to correlate the 
effect of the local hydrogenation with the charge carrier mobility and doping of the modified 
graphene device.   

[1] Hopster et al. 2D Materials 1:011011 (2014)  
[2] Wilhelm et al. Phys. Rev. Lett. 112:153201 (2014) 
 

O-35: A new protocol to evaluate the charge collection efficiency degradation in 

semiconductor devices induced by MeV ion beam irradiation 

 
E. Vittone (1), A. Simon (2,3)  
 
(1) Physics Department, University of Torino, via Pietro Giuria 1, 10125 Torino, Italy 
(2) International Atomic Energy Agency, Vienna International Centre, PO Box 100, 1400 Vienna, Austria 
(3) Institute of Nuclear Research of the Hungarian Academy of Sciences, (ATOMKI), P.O. Box 51, H-4001 
Debrecen, Hungary 

 

Focussed MeV ion beams are ideal tools to investigate the effects of radiation induced 
displacement damage on the electronic performances of semiconductor device. Their main 
advantage is that ions can be used as projectiles to induce damage in the bulk material and as 
ionization probes to study the effects of radiation-induced defects on the charge collection 
efficiency. Actually, as a damaging tool, beside the broad energy range and ion type, i.e. ion 



 

 74 

range, they offer the advantage of a) a fine control of the ion beam current, b) an accurate 
determination of the ion fluence and c) area selective damage with high lateral resolution down 
to the micrometer scale.  In parallel, the Ion Beam Induced Charge (IBIC) technique provides a 
powerful experimental method to probe the electronic properties of semiconductor devices. By 
using suitable computational tools to predict ionization and defect production profiles as well 
as a robust model for the induced charge mechanism, the degradation of charge collection 
efficiency (CCE) as function of radiation displacement damage can be  properly interpreted and 
predicted. In order to exploit these advantages, an experimental protocol has been developed 
with the aim to establish a methodology for identifying key parameters that will subsequently 
allow the prediction of CCE degradation in the low damage (i.e. no-interaction between created 
defects) regime. Initially, the protocol was applied to Si pin diodes irradiated by focused MeV 
light ions.  Several experiments were performed in different laboratories using various ion-
energy combinations both to induce defects and to probe their effects on the electronic 
performances of the devices. The experimental data were interpreted by a comprehensive 
theoretical model, based on the theory of charge induction in semiconductor devices, using as 
input parameters, the ionization and vacancy profiles calculated by the SRIM and MARLOWE 
codes. The model is capable to properly simulate the degradation of the charge collection 
efficiency in the low damage regime and suitable to extract key parameters, such as the carrier 
capture cross section, which are in good agreement with data available in the literature or 
evaluated through other complementary techniques (i.e. DLTS). The potential of the 
experimental and theoretical methodology is finally discussed through several examples to 
compare the intrinsic radiation hardness of different materials and devices.   

This work was carried out within the International Atomic Energy Agency (IAEA) coordinated 
ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘ ό/wt bƻΦ Cммлмсύ ƻƴ ά¦ǘƛƭƛȊŀǘƛƻƴ ƻŦ Lƻƴ !ŎŎŜƭŜǊŀǘƻǊǎ ŦƻǊ {ǘǳŘȅƛƴƎ ŀƴŘ 
Modelling Ion Induced Radiation Defects in SemiconducǘƻǊǎ ŀƴŘ LƴǎǳƭŀǘƻǊǎέΦ 
 

O-36: A modified drift-diffusion model for evaluating the carrier lifetimes in radiation-
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(2) CNA (U. Sevilla, J. Andalucia, CSIC), Av. Thomas A. Edison 7, 41092 Sevilla, Spain 
(3) Experimental Physics Dept./NIS Excellence Centre, University of Torino, and INFN-Sez. di Torino via P. 
Giuria 1, 10125 Torino, Italy 
(4) Institute of Microelectronics of Seville, IMSE-CNM (CSIC/University of Seville), Seville 41092, Spain 

 

The transport properties of a series of n and p-type Si diodes have been studied by the Ion 
Beam Induced Charge (IBIC) technique using a 4 MeV proton microbeam. The samples were 
irradiated with 17 MeV protons and fluences ranging from 1x1012 to 1x1013 p/cm2 in order to 
produce a uniform profile of defects with depth. The analysis of the charge collection efficiency 
(CCE) as a function of the reverse bias voltage has been carried out using a modified drift-
diffusion (D-D) model which takes into account the possibility of carrier recombination not only 
in the neutral substrate, as the simple D-D model assumes, but also within the depletion region. 
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This new approach for calculating the CCE is fundamental when the drift length of carriers 
cannot be considered much greater that the thickness of the detector due to the ion induced 
damage. From our simulations, we have obtained the values of the carrier lifetimes for the 
pristine and irradiated diodes, which have allowed us to calculate the effective trapping cross 
sections using the one dimension Shockley-Read-Hall model. The results of our calculations 
have been compared to the data obtained using a recently developed Monte Carlo code for the 
simulation of IBIC analysis, based on the probabilistic interpretation of the excess carrier 
continuity equations.   
 

O-37: Determination of recombination radius in Si for Binary Collision Approximation (BCA) 
codes 

 
G. Vizkelethy, S.M. Foiles 
 
Sandia National Laboratories, USA 

 

Displacement damage caused by ions or neutrons in microelectronic devices can have 
significant effect on the performance of these devices. Therefore, it is important to predict not 
only the displacement damage profile, but also its magnitude precisely. Analytical methods and 
BCA codes working with amorphous targets use the concept of displacement energy, the 
energy that a lattice atom has to receive to create a permanent replacement. It was found that 
ǘƘƛǎ άŘƛǎǇƭŀŎŜƳŜƴǘ ŜƴŜǊƎȅέ ƛǎ ŘƛǊŜŎǘƛƻƴ ŘŜǇŜƴŘŜƴǘΤ ƛǘ Ŏŀƴ ǊŀƴƎŜ ŦǊƻƳ мн ǘƻ он Ŝ± ƛƴ ǎƛƭƛŎƻƴΦ 
Obviously, this model fails in BCA codes that work with crystalline targets, such as Marlowe. 
Marlowe does not use displacement energy; instead, it uses lattice binding energy only and 
then pairs the interstitial atoms with vacancies. Then based on the configuration of the Frenkel 
pairs it classifies them as close, near, and distant pairs, and considers the distant pairs the 
permanent replacements. Unfortunately, this separation is an ad hoc assumption, and the 
results do not agree with Molecular Dynamics (MD) calculations. After irradiation, there is a 
prompt recombination of interstitials and vacancies if they are nearby, within a recombination 
radius. In order to implement this recombination radius in Marlowe, we used the comparison of   
MD and Marlowe calculation in a range of ion energies in single crystal silicon target. The 
calculatiƻƴǎ ǎƘƻǿŜŘ ǘƘŀǘ ŀ ǎƛƴƎƭŜ ǊŜŎƻƳōƛƴŀǘƛƻƴ ǊŀŘƛǳǎ ƻŦ Ϥ тΦп ) ƛƴ aŀǊƭƻǿŜ ŦƻǊ ŀ ǊŀƴƎŜ ƻŦ ƛƻƴ 
energies gives an excellent agreement with MD. 
 

O-38: Elemental signature of memory recall 
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Alegre, Brazil 
(2) Physics, Statistics and Mathematics Institute, Federal University of Rio Grande, Rua Barao do Cai, 
95500000- Santo Antonio da Patrulha, Brazil 
όоύ WƻȌŜŦ {ǘŜŦŀƴ LƴǎǘƛǘǳǘŜΣ WŀƳƻǾŀ /Ŝǎǘŀ офΣ мллл-Ljubljana, Slovenia 
όпύ DŜƴŜǊŀƭ tƘȅǎƛŎǎ 5ŜǇŀǊǘƳŜƴǘΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ {ńƻ tŀǳƭƻΣ wǳŀ Řƻ aŀǘńƻ мутΣ лромрфтл-Sao Paulo, Brazil 

 

The aim of this work is to obtain elemental maps of rat brain tissues during different stages of 
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memory formation and recall. The experiment was performed considering four distinct 
situations related to different stages of Inhibitory Avoidance (IA) task according a protocol 
which we developed to study memory formation and maintenance in rats. Such situations 
correspond to: (1) control group ς rats where we could found the baseline concentration of Cu, 
Fe, Zn, Ca, Cl, K, Mg, Na, P and S. Those Trace Elements (TE) are participating direct of memory 
formation and maintenance; (2) IA memory formation ς rats passed through IA training session 
to established a new memory related to association between the electrical shock and the 
dangerous context in which the shock was applied; (3) IA weak memory recall - rats passed 
through IA training session to formed a memory and a day later, accessed the context in which 
the memory was formed with a single reactivation session of 15 seconds; (4) IA strong memory 
recall - the animals passed basically through the same experimental protocol as groups 2 and 3 
with three long reactivation sessions (3 minutes each). All rats were sacrificed at the same time, 
under the same conditions. The tissues were immediately cryofixed in liquid propane cooled by 
liquid nitrogen and then freeze-dried. The samples were cross-sectioned with an ANCAP 
ŎǊȅƻǎǘŀǘ ό!b/!tΣ {ńƻ tŀǳƭƻΣ .ǊŀȊƛƭύΦ ¢ƘŜ ŎǊȅƻǎǘŀǘ ŎƘŀƳōŜǊ ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ ŦƛȄŜŘ ŀǘ ҍмр ϲ/ ŀƴŘ 
ǘƘŜ ǎŜŎǘƛƻƴƛƴƎ  ǘƘƛŎƪƴŜǎǎ ǿŀǎ фл ˃ƳΦ {ŀƳǇƭŜǎ ǿŜǊŜ ƳƻǳƴǘŜŘ ōŜǘǿŜŜƴ ǘǿƻ ƭŀȅŜǊǎ ƻŦ CƻǊƳǾŀǊ 
film. Micro-PIXE analysis was performed using the nuŎƭŜŀǊ ƳƛŎǊƻǇǊƻōŜ ŀǘ ǘƘŜ WƻȌŜŦ {ǘŜŦŀƴ 
Institute (Ljubljana, Slovenia). A proton beam with energy of 3 MeV and a diameter varying 
ŦǊƻƳ м ˃Ƴ ǘƻ мΦр ˃Ƴ ŀǘ ƛƻƴ ŎǳǊǊŜƴǘǎ ǊŀƴƎƛƴƎ ŦǊƻƳ пл Ǉ! ǘƻ рлл Ǉ! ǿŀǎ ǳǎŜŘΦ hǳǊ ǊŜǎǳƭǘǎ 
indicated that the TE concentration pattern doubles after the acquisition of new memory and 
its subsequently formation. The only exceptions were observed for Ca and Fe, whose baseline 
have the inverse ratio. All TE showed the same concentration pattern at re-exposure in the test 
session. A single brief reactivation causes a decrease of the TE concentration. Moreover, TE 
levels restored to the same level presented during memory formation when reactivation was 
long and happened three times. These results may suggests that: (a) TE indeed participates in 
memory formation and maintenance processes and it can be studied by PIXE; (b) TE related to 
memory formation also display a hole in the recall process and their concentrations have a 
positive direct relationship with the total or partial IA MT recall; (c) the phenomenon of 
reconsolidation can actually mean something but a simple second consolidation based on TE 
concentration pattern. 

 

O-39: Towards RBS/EBS mapping at the AGLAE facility: a new implement to apprehend 

Cultural Heritage materials 
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όмύ /ŜƴǘǊŜ ŘŜ wŜŎƘŜǊŎƘŜ Ŝǘ ŘŜ wŜǎǘŀǳǊŀǘƛƻƴ ŘŜǎ aǳǎŞŜǎ ŘŜ CǊŀƴŎŜ ό/нwaCύ Cw орлс bŜǿ !D[!9 ς 
CNRS/MCC, Palais du Louvre, 14 quai F. Mitterrand, 75001 Paris, France 
(2) Surrey Ion Beam Centre - Nodus Laboratory - University of Surrey, Guildford,Surrey GU2 7XH, United 
Kingdom 
(3) Centre de Recherche sur la Conservation (CRC) - USR3224 ς CNRS/MNHN/MCC) 

 

The non-invasive study of Cultural Heritage objects by IBA gives precious information on their 
provenance, manufacturing process or conservation state, which are essential issues for AGLAE 
ǳǎŜǊǎ όŎǳǊŀǘƻǊǎΣ ŎƻƴǎŜǊǾŀǘƻǊǎΣ ŀǊŎƘŀŜƻƭƻƎƛǎǘǎΣ ƎŜƻƭƻƎƛǎǘǎΧύ w.{κ9.{ ƛǎ ƻŦ ǳǘƳƻǎǘ ƛƴǘŜǊŜǎǘ ǘƻ 
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investigate layers at the surface such as restoration products, degraded or corroded surfaces, 
ƳŜǘŀƭƭƛŎ ƭŜŀŦ ŘŜŎƻǊŀǘƛƻƴǎΣ ƴŀƴƻǇŀǊǘƛŎƭŜǎ ŜƳōŜŘŘŜŘ ƛƴ ŀ Ǝƭŀǎǎȅ ƳŀǘǊƛȄΧ 

In the frame of the New AGLAE project (grant ANR-10-EQPX-22), a multi-parameter acquisition 
system has been coupled to a vertical magnetic deflection of the beam and an XY stage allowing 
sample mapping over an area of interest of several centimeters with a pixel resolution of 
ǘȅǇƛŎŀƭƭȅ нл ǘƻ пл ҡƳΦ 95{ ·-ray, gamma, and backscattered particle events are simultaneously 
recorded in list mode file used by our homemade software for rebuilding the matrix of any 
detector and/or re-bin the data with different pixel size off-line.  

GUPIXWIN is conveniently used to extract quantitative data from the PIXE spectra recorded for 
each pixel of the maps. To obtain reliable depth profiling information we used the IBA 
5ŀǘŀCǳǊƴŀŎŜΣ ǿƘƛŎƘ ƛǎ ƻƴŜ ƻŦ ǘƘŜ άƴŜǿ ƎŜƴŜǊŀǘƛƻƴέ ŎƻŘŜǎΣ ŀōƭŜ ǘƻ ƘŀƴŘƭŜ w.{κ9.{κtL·9 Řŀǘŀ 
self-consistently. 

In this work, we will show the methodology followed to establish a map of the thicknesses of 
the metallic leaf present in an ancient gilt-leather artifact. Used all over Europe between the 
16th and the 18th century, these decorations were made by applying a silver leaf to leather, then 
covered with a yellow varnish giving a gold-like appearance. The composition and thickness of 
the silver leaf could be precious information in determining the provenance of the artwork as 
well as understanding the factors influencing the degradation of the silver leaf. 

The first results obtained by RBS/EBS will be presented and the influence of various parameters 
from the set-up (determination of the charge at atmospheric pressure, solid angle, electronic 
ƎŀƛƴΧύ ŀƴŘ ǘƘŜ ǘŀǊƎŜǘ όǎǳǊŦŀŎŜ ŀƴŘ ǎǳōǎǘǊŀǘŜ ǊƻǳƎƘƴŜǎǎύ ƻƴ ǘƘŜ ǘƘƛŎƪƴŜǎǎ ŘŜǘŜǊƳƛƴŀǘƛƻƴ ǿƛƭl be 
discussed. 
 

O-40: Capabilities of miniature high resolution X-ray spectrometer at the ion microprobe 

 
LΦ  .ƻȌƛőŜǾƛŏ aƛƘŀƭƛŏΣ {Φ CŀȊƛƴƛŏΣ ¢Φ ¢ŀŘƛŏΣ 5Φ /ƻǎƛŎΣ aΦ WŀƪǑƛŏ 
 
5ƛǾƛǎƛƻƴ ƻŦ 9ȄǇŜǊƛƳŜƴǘŀƭ tƘȅǎƛŎǎΣwǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ .ƛƧŜƴƛőƪŀ ŎŜǎǘŀ рпΣ млллл-Zagreb, Croatia 

 

Particle induced X-ray emission (PIXE) technique is widely used as a routine tool for elemental 
concentration determination in samples irradiated with MeV energy protons. Although small 
variations of X-ray intensity ratios or energies due to chemical effects can be observed with 
energy dispersive detectors like Si(Li), Ge and/or SDD [1], they are usually ignored. Using 
wavelength dispersive spectrometers fine structure of X-ray spectra is revealed, clearly showing 
chemical effects and setting ground for chemical speciation applications. Recently we employed 
simple high energy resolution crystal X-ray spectrometer to study chemical effects on broad 
ōŜŀƳ tL·9 ƛƴŘǳŎŜŘ Yʲ ·-ray spectra of 3d transition element compounds [2, 3, 4, 5]. Based on 
the experience gained with broad beams, we designed and constructed downsized wavelength 
dispersive X-ray (WDX) spectrometer for application on microscopic samples utilizing 
micrometer beam size available at our ion microprobe. Development of the spectrometer 
included several stages: optimization of spectrometer geometry with X-ray tracing program 
XTRACE [6, 7], design of dedicated vacuum chamber housing flat crystal, sample holder and 
charge coupled device (CCD) as X-ray detector and development of image processing procedure 
for transfer of X-ray images to energy dispersive spectra. In this work we will describe our 
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system and each construction step followed by discussion about its advantages and limitations. 
Effect of chemical environment on high resolution K hand K̡ spectra will be shown for several 
silicon compounds and silicates irradiated with 2 MeV protons. Same compounds are used to 
study variations of intensity distributions in K h satellites induced with 20 MeV carbon ions. 
Spectrometer capability to distinguish sulphate from sulphide compounds based on chemical 
effects on K̡ sulphur spectra will be presented. We will also demonstrate ability of 
spectrometer to separate K and M X-ray lines which are usually irresolvable with energy 
dispersive detectors.  

ώмϐ {Φ CŀȊƛƴƛŏΣ LΦ .ƻȌƛőŜǾƛŏ aƛƘŀƭƛŏΣ [Φ aŀƴŘƛŏΣ J. Anal. At. Spectrom. 28 (2013) 1725   
ώнϐ {Φ CŀȊƛƴƛŏΣ aΦ WŀƪǑƛŏΣ [Φ aŀƴŘƛŏΣ WΦ 5ƻōǊƛƴƛŏΣ tƘȅǎΦ wŜǾΦ ! тп όнллсύ лснрлм  
[3] [Φ aŀƴŘƛŏΣ {Φ CŀȊƛƴƛŏΣ aΦ WŀƪǑƛŏΣ tƘȅǎΦ wŜǾΦ ! ул όнллфύ лпнрмфΦ  
ώпϐ {Φ CŀȊƛƴƛŏΣ [Φ aŀƴŘƛŏΣ aΦ YŀǾőƛőΣ LΦ .ƻȌƛőŜǾƛŏΣ WΦ !ƴŀƭΦ !ǘΦ {ǇŜŎǘǊƻƳΦ нс όнлммύ нпст  
ώрϐ {Φ CŀȊƛƴƛŏΣ [Φ aŀƴŘƛŏΣ aΦ YŀǾőƛőΣ LΦ .ƻȌƛőŜǾƛŏΣ {ǇŜŎǘǊƻŎƘƛƳΦ !ŎǘŀΣ tŀǊǘ . сс όнлммύ псм-469.  
ώсϐ ¢Φ ¢ŀŘƛŏΣ aΦ WŀƪǑƛŏΣ LΦ .ƻȌƛőŜǾƛŏΣ · Ǌŀȅ {ǇŜŎǘǊƻƳΦ оу  (2009) 222  
[7] T. TadƛŏΣ aΦ WŀƪǑƛŏΣ LΦ .ƻȌƛőŜǾƛŏΣ · Ǌŀȅ {ǇŜŎǘǊƻƳΦ пл όнлммύ мпт 
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Semiconductor nanoparticles (NPs) are novel material systems that lie between the molecular 
and solid-state regimes with unique properties largely controlled by their size and shape. Due 
to their exceptional optical and electrical properties, semiconductor NPs have direct 
applications in optoelectronic and non-volatile memory devices. Of particular interest are Ge 
NPs embedded in a dielectric matrix due to their ability to both emit light [1] and store charge 
[2].  

Previous studies have investigated the structural and vibrational properties of Ge NPs 
embedded in SiO2

 [3]. Here, we discuss the structural properties of SiGe NPs synthesised by ion 
implantation in amorphous Si3N4.  

Ge ions, were implanted into a 2 ҡƳ ŀƳƻǊǇƘƻǳǎ {ƛ3N4 films were grown on Si (100) substrates. 
Implantations were performed at temperatures of 400 ϲ/. The resulting peak Ge concentrations 
ranged from 0.3 to 12 at.%. In order to promote the growth of NPs, samples were annealed 
post-implantation at 700, 900 and 1100 ϲ/ for 1-10 hours under an N2 ambient.  

Multiple techniques were used to characterise the evolution of the structural properties of 
samples. The crystalline and amorphous components both as a function of concentrations, and 
post-implantation annealing were quantified by X-ray Absorption Spectroscopy. The formation 
of a Si-Ge bonding environments with different composition, for all examined concentrations 
and temperatures was readily evident. Complementary Raman spectroscopy measurements 
were also used to quantify the vibrational properties and composition of each sample and 
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confirmed the post-implantation annealing and atomic concentration concentration-dependent 
structure. Rutherford backscattering spectrometry and transmission electron microscopy 
measurements also show evidence of a phase transition of the host matrix, independent of 
atomic concentration, after post-implant annealing at 1100 ϲ/. Crystallisation of the nitride 
matrix was found to facilitate the rapid diffusion of Ge atoms to the Si/Si3N4 interface. Here, we 
discuss the role of implantation and post-implantation conditions on the growth of NPs in a 
Si3N4 matrix and compare the differences to that previously observed for Ge in SiO2. We find 
that both implantation and chemical-induced defects appear to be responsible for the various 
structures that ensue with processing conditions. The complex mechanisms responsible for 
crystallisation of the matrix, including consideration of structure disorder, loss of N2, and non-
stoichiometry will be discussed.   

[1] S. K. Ray et al., Opt. Mater. 27, 948 (2005). 
[2] C. J. Park et al., Appl. Phys. Lett. 88, 071916 (2006). 
[3] L. L. Araujo et al., Physical Review B, (2008). 
 

O-42: IBA analysis of Iron-doped Bi2Se3 topological insulator 

 
V. Alarcon-Diez, M. Eddrieff, I.C. Vickridge 
 
{ƻǊōƻƴƴŜ ¦ƴƛǾŜǊǎƛǘŞǎΣ ¦ta/ ¦ƴƛǾ tŀǊƛǎ лсΣ /bw{ ¦aw трууΣ Lb{tΣ C-75005, Paris, France 

 

In three-dimensional Topological Insulators (TIs), strong intrinsic spin-orbit coupling generates 
an insulator band inversion with spin-momentum locking leading to creation of protected 
Topological Surface States (TSS) due to time-reversal symmetry. These surface states are 
described by helical Dirac fermions with a topological order, meaning that opposing electron 
spin states generate opposing currents [1, 2]. The topological nature with its spin texture is 
extremely interesting from the perspective of using these materials in electronic technology: 
such as quantum computing and spintronic devices [3]. However for such applications it is 
necessary to be able to form a ferromagnetic TSS, therefore time-reversal symmetry has to be 
broken. This may be attempted through doping with a magnetic dopant.  

In this work, we have studied growth by MBE on GaAs (111) substrates of epitaxial Bi2Se3, a 
topological insulator with a simple band structure, doped with Fe. Rutherford Backscattering 
Spectroscopy (RBS), ion channelling, and heavy ion Elastic Recoil Detection Analysis (ERDA) 
were applied. Nominal Fe/Bi atomic ratios were varied from 0 to 0.3, for films of 100 nm-
thickness, either capped or uncapped with a thin Se or ZnSe layer to protect from oxidation.  

In the undoped capped samples RBS shows stoichiometry very close to Bi2Se3, however iron 
doping introduces substantial variations of the Bi:Se ratio, and both lateral and depth 
composition inhomogeneity. Furthermore, in these doped samples significant light element 
contamination is deduced from the RBS observations, including capped samples. ERDA 
measurements currently underway will be presented to confirm this interpretation of the RBS 
spectra.  

The RBS spectrum fitting was performed with the NDF DataFurnace, which allowed extraction 
of the layered composition, showing interface zones between the TI layers and both the 
capping layer and the substrate. RBS showed significant disagreement with the nominal Fe 
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doping and layer thicknesses. Synchrotron X-Ray Fluorescence (XRF) is therefore used as a 
complementary method to determine Fe areal density. The implications of these observations 
for the MBE growth processes of doped films, and the prospects for obtaining intrinsically 
ferromagnetic TSS are discussed. 

[1] [Φ CǳΣ /Φ [Φ YŀƴŜΣ ŀƴŘ 9Φ WΦ aŜƭŜΣ ά¢ƻǇƻƭƻƎƛŎŀƭ ƛƴǎǳƭŀǘƻǊǎ ƛƴ ǘƘǊŜŜ ŘƛƳŜƴǎƛƻƴǎΣέ Phys. Rev. 
Lett., vol. 98, no. March, pp. 1ς4, 2007. 
[2] /Φ ·Φ [ƛǳΣ ·Φ [Φ vƛΣ IΦ ½ƘŀƴƎΣ ·Φ 5ŀƛΣ ½Φ CŀƴƎΣ ŀƴŘ {Φ /Φ ½ƘŀƴƎΣ άaƻŘŜƭ IŀƳƛƭǘƻƴƛŀƴ ŦƻǊ 
ǘƻǇƻƭƻƎƛŎŀƭ ƛƴǎǳƭŀǘƻǊǎΣέ Phys. Rev. B - Condens. Matter Mater. Phys., vol. 82, pp. 1ς19, 2010. 
[3] P. Roushan, J. Seo, C. V Parker, Y. S. Hor, D. Hsieh, D. Qian, A. Richardella, M. Z. Hasan, R. J. 
/ŀǾŀΣ ŀƴŘ !Φ ¸ŀȊŘŀƴƛΣ ά¢ƻǇƻƭƻƎƛŎŀƭ ǎǳǊŦŀŎŜ ǎǘŀǘŜǎ ǇǊƻǘŜŎǘŜŘ ŦǊƻƳ ōŀŎƪǎŎŀǘǘŜǊƛƴƎ ōȅ ŎƘƛǊŀƭ ǎǇƛƴ 
ǘŜȄǘǳǊŜΦΣέ Nature, vol. 460, no. 7259, pp. 1106ς1109, 2009.  
 

O-43: TRBS modelling of LEIS spectra - fundamentals and applications 

 
tΦ .ǊǸƴŜǊ όмύΣ T. Grehl (1), E. Steinbauer (2), P. Bauer (2), H.H. Brongersma (1) 
 
(1) ION-¢hC DƳōIΣ IŜƛǎŜƴōŜǊƎǎǘǊΦ мрΣ пумпф aǸƴǎǘŜǊΣ DŜǊƳŀƴȅ 
(2) Johannes Kepler University Linz, Inst. of Exp. Physics, Altenberger Str. 69, 4040 Linz, Austria  

 
Due to its monolayer sensitivity, straight-forward quantification and good detection limits, low 
energy ion scattering (LEIS) is routinely used in the characterization of ultra-thin films to 
address analytical questions like layer closure, surface composition, diffusion processes, or 
growth modes.  For these applications, LEIS delivers essential information about the surface 
composition, especially in the early phases of film growth, before a full monolayer is formed. 
Nevertheless, the additional in-depth information contains valuable extra information about 
the thickness of the film and the thickness distribution or interface quality. In the past, this in-
depth information has mainly been exploited semi-empirically [1].    

In order to get a more accurate description of the spectra and ultimately deduce a better 
analytical result for the samples, a physical modelling of the spectra is required. One possible 
approach is the application of TRBS [2] to simulate the scattering spectra. As this software was 
developed for much higher energies than those used in LEIS (1-10 keV), the application requires 
some modifications and corrections to the parameters used in the program.    

Another complication arises from the fact that LEIS electrostatic energy analysers only detect 
scattered ions, not neutrals, while TRBS only handles the particle kinematics. Consequently, the 
ion fraction has to be handled independently. We found a way to measure the ion fraction and 
apply it to the simulated spectra from TRBS to fit the measured data.  In addition to presenting 
the progress in our methodology [3] to model the in-depth signal of LEIS spectra in general, we 
will also show results from several applications. These applications include HfO2/Al2O3 films 
manufactured by atomic layer deposition (ALD) as well as other thin film system, e.g. Ru liners 
for advanced interconnects on Ta- and Mn-based barriers.   

[1] R. ter Veen et al., J. Vac. Sci. Technol. A 31, 01A113 (2013).  
[2] J. P. Biersack et al., Nucl. Inst. and Meth. in Phys. Res., B61, 1991, 77-82.  
ώоϐ tΦ .ǊǸƴŜǊ Ŝǘ ŀƭΦΣ WΦ ±ŀŎΦ {ŎƛΦ ¢ŜŎƘƴƻƭΦ ! ооΣ лм!мнн όнлмрύΦ 
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O-44: Study of diamond membrane detector aiming at highly-efficient and position-sensitive 

particle detection for ion beam applications 

 
T. Kamiya (1), W. Kada (2), Y. Kambayashi (2), T. Makino (1), S. Onoda (1), T. Ohshima (1), N. 
Iwamoto (3), S. Shikata (4), Y. Mokuno (4), H. Umezawa (4), M. Pomorski  (5), V. Grilj (6), N. 
{ƪǳƪŀƴ όсύΣ aΦ WŀƪǑƛŏ όсύ 
 
(1) Japan Atomic Energy Agency (JAEA), Takasaki, Gunma 370-1292, Japan 
(2) Graduate School of Science and Technology, Gunma University, Tenjin-machi 1-5-1, 376-8515 Kiryu, 
Japan 
(3) Centre for Materials Science and Nanotechnology, University of Oslo, N-0316 Oslo, Norway  
(4) Research Institute for Ubiquitous Energy Devices, National Institute of Advanced Industrial Science 
and Technology (AIST), 1-8-31 Midorigaoka, Ikeda, Osaka 563-8577, Japan 
(5) CEA, LIST, Diamond Sensors Laboratory, F-91191 Gif-sur-Yvette, France 
όсύ wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ 5ƛǾƛǎƛƻƴ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀƭ ǇƘȅǎƛŎǎΣ .ƛƧŜƴƛőƪŀ ŎŜǎǘŀ рпΣ млллл ½ŀƎǊŜōΣ /Ǌƻŀǘƛŀ 

 

Detection technology for high energy particles or ions is important not only in the field of high-
energy physics or astrophysics but also for ion beam applications including micro-electronics, 
biology and also therapy. Highly precise beam control is crucial for such applications, because in 
interaction with material high energy heavy ions have a high linear energy transfer (LET). The 
irradiation effect by individual heavy ions with energy higher than MeV/u is investigated and 
utilized in biological applications or particle therapy. In these applications, it is also important to 
detect efficiently individual ions while irradiating sample in the atmosphere, with requirement 
to have high positional accuracy. To this demand, we proposed diamond membrane for a beam 
exit window as well as for a single ion detector, because of its excellent physical and electrical 
properties that were reached with improvement of its fabrication technology [1].  

In this study, diamond membrane detectors were made to test the performance as particle 
detectors by measuring charge collection properties and the irradiation effect using various 
high energy ion beams. Microbeam systems at TIARA facility of Japan Atomic Energy Agency, 
¢ŀƪŀǎŀƪƛ WŀǇŀƴ ŀƴŘ  ǘƘŜ ƛƻƴ ŀŎŎŜƭŜǊŀǘƻǊ ŦŀŎƛƭƛǘȅ ƻŦ wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ ½ŀƎǊŜō /ǊƻŀǘƛŀΣ ƘŀǾŜ 
been used. In addition, alpha particle induced charge transient spectroscopy (APQTS) using 
alpha source and heavy ion induced charge transient spectroscopy (HIQTS) using the heavy ion 
microbeams were performed. These techniques were used to investigate the defect levels in 
diamond and to explore their influence to the performance of detection. This paper outlines 
the project which is being advanced in an international collaboration with Japanese and 
European scientists.   

This work was partly supported by Quantum Beam Technology Program of the Ministry of 
Education, Culture, Sports, Science and Technology (MEXT)Σ WŀǇŀƴΣ ǘƘŜ ǇǊƻƧŜŎǘ ά5ŜǾŜƭƻǇƳŜƴǘ ƻŦ 
high-ŜƴŜǊƎȅ ƛƻƴ ƳƛŎǊƻōŜŀƳ ǘŜŎƘƴƻƭƻƎȅ ŦƻǊ ƴƻǾŜƭ ŀǇǇƭƛŎŀǘƛƻƴǎ ƻŦ ŘƛŀƳƻƴŘέ ǳƴŘŜǊ ǘƘŜ {ǘǊŀǘŜƎƛŎ 
Japanese-Croatian Cooperative Program on Materials Science of the Japan Science and 
Technology Agency and the Ministry of Science, Education and Sports of the Republic of 
Croatia, and Grant-in-Aid for Scientific Research (A), 26249149 MEXT.   

ώмϐ ±Φ DǊƛƭƧΣ bΦ {ƪǳƪŀƴΣ aΦ tƻƳƻǊǎƪƛΣ ²Φ YŀŘŀΣ bΦ LǿŀƳƻǘƻΣ ¢Φ YŀƳƛȅŀ ¢Φ hƘǎƘƛƳŀ ŀƴŘ aΦ WŀƪǑƛŏΣ 
Appl. Phys. Lett. 103 (2013) 243106-1-4. 
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O-45: Concept of single ion detector for deterministic ion implantation at the nanoscale 

 
D. Spemann (1), J.W. Gerlach (2), S. Rauschenbach (3), B. Rauschenbach (1,2), J. Meijer (1) 
 
όмύ LƴǎǘƛǘǳǘŜ ŦƻǊ 9ȄǇŜǊƛƳŜƴǘŀƭ tƘȅǎƛŎǎ LLΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ [ŜƛǇȊƛƎΣ [ƛƴƴŞǎǘǊΦ рΣ лпмло [ŜƛǇȊƛƎΣ DŜǊƳŀƴȅΣ Wƻƛƴǘ 
Single Ion Implantation Lab, Permoserstr. 15, 04318 Leipzig, Germany  
(2) Leibniz Institute of Surface Modification, Permoserstr. 15, 04318 Leipzig, Germany, Joint Single Ion 
Implantation Lab, Permoserstr. 15, 04318 Leipzig, Germany  
(3) Max-Planck-Institute for Solid State Research, Heisenbergstr. 1, 70569 Stuttgart, Germany 

 

Nowadays, the ability to endow functionality to single atoms or molecules in materials becomes 
of increasing importance in nanotechnology. Atoms can be used as switches, single photon 
sources or quantum mechanical objects, e.g. for information processing and quantum 
computing. Deterministic ion implantation, i.e. the implantation of a counted number of ions, 
with a lateral accuracy of a few nanometers is one approach to achieve this goal. However, 
counting low-keV single ions with high detection efficiency is difficult - techniques used so far 
include secondary electron detection [1] or ion beam induced charge [2] caused by the ion 
impact. Ion traps have been used as single ion sources as well [3]. All these techniques have 
their individual limitations, e.g. the requirement for the implanted material to act as an efficient 
secondary electron emitter or particle detector or the restriction to specific atoms and 
substantial experimental effort in case of ion traps. Our planned approach to deterministic ion 
implantation uses a commercial Focused Ion Beam (FIB) system equipped with a dedicated 
single ion source. The latter one comprises an ion source, an E x B filter and a single ion 
detector which allows to detect the ion prior to injection into the FIB system, making the ion 
detection independent from the properties of the implanted material. We discuss the concept 
of a single ion detector which preserves the very low emittance of the ion source required for 
ion injection into the FIB.    

[1] T. Matsukawa et al., Appl. Surf. Sci. 117/118 (1997) 677  
[2] J.C. McCallum et al., Adv. Mater. Sci. Eng. 2012 (2012) 272694 [3] W. Schnitzler et al., Phys. 
Rev. Lett. 102 (2009) 070501  
 

O-46: Technology steps to fabricate a thin Silicon Carbide membrane based particle detector 

 
J. Pallon (1)Σ aΦ {ȅǾŅƧŅǊǾƛ όнύΣ vΦ ²ŀƴƎ όоύΣ wΦ ¸ŀƪƛƳƻǾŀ όпύΣ ¢Φ LŀƪƛƳƻǾ όнύΣ aΦ 9ƭŦƳŀƴ όоύΣ tΦ 
Kristiansson (2), E. J. C. Nilsson (3), L. Ros (1) 
 
(1) Physics Department, University of Lund, Box 118, SE-221 00 Lund, Sweden 
όнύ [ƛƴƪǀǇƛƴƎ ¦ƴƛǾŜǊǎƛǘȅΣ 5ŜǇŀǊǘƳŜƴt of Physics, Chemistry and Biology, SE-румуо [ƛƴƪǀǇƛƴƎΣ {ǿŜŘŜƴ 
(3) Graphensic AB, Teknikringen 7, SE- руоол [ƛƴƪǀǇƛƴƎΣ {ǿŜŘŜƴ 
(4) Sensor System, ACREO Swedish ICT AB, Box 1070, SE-164 25 Kista, Sweden 

 
Thin ion transmission detectors are of interest in several application areas that span over a 
wide range, for example as a part of a telescope detector for mass and energy identification but 
also as a pre-cell detector in a microbeam system for studies of biological effects from single 
ion hits on individual living cells. Such single ion thin detectors were previously fabricated by 
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ŜǘŎƘƛƴƎ ŘŜŜǇ ŎŀǾƛǘƛŜǎ ƛƴ ǎƛƭƛŎƻƴ ǘƘŀǘ ƭŜŀǾŜǎ ŀ ƳŜƳōǊŀƴŜ ǘƘƛŎƪƴŜǎǎ Řƻǿƴ ǘƻ р ҡƳ ώмϐΦ ¢ƘŜ 
membranes are the active part of the detector where passing MeV ions deposit a small part of 
their kinetic energy. However, silicon detectors show noise and single protons are not easy to 
measure. In addition, beam damage may limit the detector lifetime. We propose a structure of 
graphene on silicon carbide (SiC) as a concept for a transmission proton detector with low 
noise. Generally, noise is related to the leakage current, which for 4H-SiC is several decades 
lower than for silicon due to the difference in bandgap (3.3 vs 1.1 eV). In our proposed 
structure, we will use graphene as a contact material that collects carriers generated by protons 
at the inner cavity of the membrane and graphene covers the inner cavity all the way to the 
backside of the SiC substrate. This can be used to evaluate the number of protons by a change 
in electrical conductivity of the graphene. A great experimental advantage in many scenarios is 
the physical strength of SiC which allows it to be used as a combined vacuum window and 
detector. The hardness of SiC is, however, a challenge in the fabrication process to create a thin 
membrane inside of a deep etched cavity. We have used ICP technique to etch circular cavities 
ǿƛǘƘ ŘŜǇǘƘǎ Řƻǿƴ ǘƻ отл ҡƳ ƛƴ ǇǊƻǘƻǘȅǇŜ ǎŀƳǇƭŜǎΦ !ǘ ǘƘŜ ƴŜȄǘ ǎǘŜǇ ƎǊŀǇƘŜƴŜ ƛǎ ŎǊŜŀǘŜŘ ōȅ ŀ 
special high temperature process converting the outermost layers of SiC into graphene (a layer 
of carbon atoms only one or a few atomic layers thick with extremely high electric 
conductivity). The smoothness of the etched membrane is critical for the graphene forming 
process, and in turn depends on the etching procedure, cavity depth and the quality of the SiC 
material. Evaluation of the membrane quality was done through surface profiler, SEM, AFM as 
well as by energy loss measurements using the focused micro-beam at Lund Ion Beam Analysis 
Facility. The graphene fabrication is challenged by that the graphene formation differs between 
the on-axis surfaces of substrate backside, the wall of cavity, and the bottom of cavity. This 
paper describes the technological steps in selection of SiC material, the etching process, 
graphene formation and evaluation of the prototype devices.   

[1]  N. S. Abdel, J. Pallon, M. Graczyk and I. Maximov. Journal of Instrumentation, JINST 9 
T06002, 2014. 
 

O-47: Submicron molecular imaging of cells by combined use of MeV SIMS and STIM 

 
½Φ {ƛƪŜǘƛŏ όмύΣ LΦ .ƻƎŘŀƴƻǾƛŏ wŀŘƻǾƛŏ όмύΣ aΦ WŀƪǑƛŏ όмύΣ aΦ tƻǇƻǾƛŏ IŀŘȌƛƧŀ όнύΣ aΦ IŀŘȌƛƧŀ όнύ 
 
όмύ 5ƛǾƛǎƛƻƴǘ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀƭ ǇƘȅƛǎƛŎǎΣ wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ .ƛƧŜƴƛőƪŀ ŎŜǎǘŀ рпΣ млллл ½ŀƎǊŜōΣ /Ǌƻŀǘƛŀ 
όнύ 5ƛǾƛǎƛƻƴ ƻŦ ƳƻƭŜŎǳƭŀǊ ƳŜŘƛŎƛƴŜΣ wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ .ƛƧŜƴƛőƪŀ ŎŜǎǘŀ рпΣ млллл ½ŀƎǊŜōΣ /Ǌƻŀǘƛŀ 

 

In order to understand biochemistry processes governed in the cells, molecular composition at 
the submicron level has to be determined. For chemical imaging, different analytical imaging 
techniques can be used, and one among them is TOF-SIMS (Time-of-Flight Secondary Ion Mass 
Spectrometry) with MeV ions. Heavy ion beams in the MeV energy range can eject large 
molecular fragments (~1000 amu) with a yield that is several orders of magnitude larger than if 
keV ions are used for excitation. Thus, due to high sensitivity of MeV TOF-SIMS, measured 
biological samples and other materials remain intact. 

For molecular imaging we installed in 2012 linear TOF SIMS spectrometer at the Heavy Ion 
Microbeam Facility in Zagreb [1]. TOF measurement is normally performed using START signal 
from the pulsed beam, and STOP from the MCP detector positioned at the end of the TOF 
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telescope. With this setup high sensitive molecular imaging with lateral resolution of ~100 nm 
can be achieved.  

In the new setup, presented here, trigger for the START is replaced with the timing signal from 
the STIM (Scanning Transmission Ion Microscopy) detector placed behind the transparent 
target. This allows us to perform measurements with continuous beam in the low current mode 
όϤмллл IȊύΣ ŀƴŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǊŜŘǳŎŜ ōŜŀƳ ŘƛƳŜƴǎƛƻƴ όōŜƭƻǿ мҡƳύ ǿƛǘƘ ǎƳŀƭƭ ƻǇŜƴƛƴƎ ƻŦ ǘƘŜ 
object slits. Due to well defined submicron beam focus, molecular imaging of the single cell on 
a sub-cellular level is possible. Also, besides the molecular imaging, STIM image of the cell is 
also recorded providing additional information about distribution of cell density. Imaging of 
Na+, K+, and lipids inside single HeLa cells will be demonstrated (HeLa cell culture was grown on 
100 nm thin Si3N4 window). 

ώмϐ ¢Φ ¢ŀŘƛŏΣ LΦ .ƻƎŘŀƴƻǾƛŏ wŀŘƻǾƛŏΣ ½Φ {ƛƪŜǘƛŏΣ 5Φ 5Φ /ƻǎƛŎΣ bΦ {ƪǳƪŀƴΣ aΦ WŀƪǑƛŏ and J. Matsuo, 
Nucl. Instr. Meth. Phys. Res., B 332 (20014), 234 
 

O-48: Lanthanide-doped nanocrystals as bio-probes for  ion beam induced fluorescence 
imaging 

 
Z. Mi (1), Y. Zhang (2), S.V. Kumar (1), C.-B. Chen (1), X. Liu (2), F. Watt (1), A. Bettiol (1) 
 
(1) Centre for Ion Beam Applications, Department of Physics, National University of Singapore, 
Singapore 117542. 
(2) Department of Chemistry, National University of Singapore, Singapore 117543. 

 

Fluorescent probes play an important role in biological labeling and targeting for applications 
such as bioimaging, biodetection and therapeutics. We report a fluorescent material, 
lanthanide ions Yb3+/Tm3+ co-doped NaYF4 nanocrystal, which can generate intense emission 
under the excitation of mega-electron-volt (MeV) helium ions. A systematic spectroscopic study 
of NaYF4:Yb/Tm nanocrystals shows that both downconversion and energy transfer 
upconversion contribute to the fluorescence emission. More importantly, these lanthanide-
doped nanocrystals exhibit enhanced resistance to iono-bleaching rather than those 
conventional fluorescent probes, such as quantum dots and organic dyes, allowing for long-
term scanning for super-resolution imaging purpose. As a demonstration, sufficient brightness 
and inconspicuous iono-bleaching of the as-fabricated 100 nm nanoparticles under 1.6 MeV 
ƘŜƭƛǳƳ ƛƻƴǎΩ ŜȄŎƛǘŀǘƛƻƴ ƳŀƪŜǎ ǘƘŜƳ ǎƛƴƎƭȅ ǊŜǎƻƭǾŜŘ ƛƴǎƛŘŜ ŀ ǿƘƻƭŜ IŜƭŀ ŎŜƭƭΣ ǿƘƛŎƘ ƛǎ ǎƛƎnificant 
for biological and biomedical analysis at a single whole cell level. 
 

O-49: Ionoluminescence as a sensor of the defects creation and damage kinetics: application 
to fused silica 

 
D. Bachiller-Perea (1)Σ !Φ aǳƷƻȊ-aŀǊǘƝƴ όнύΣ 5Φ WƛƳŞƴŜȊ-Rey (3), A. 5ŜōŜƭƭŜ όмύΣ CΦ !Ǝǳƭƭƽ-[ƽǇŜȊ όнύ 

 
όмύ /ŜƴǘǊŜ ŘŜ {ŎƛŜƴŎŜǎ bǳŎƭŞŀƛǊŜǎ Ŝǘ ŘŜ {ŎƛŜƴŎŜǎ ŘŜ ƭŀ aŀǘƛŝǊŜΣ ¦ƴƛǾŜǊǎƛǘŞ tŀǊƛǎ-{ǳŘΣ /bw{κLbнtоΣ .Ńǘ 
108, 91405 Orsay, France. 
(2) Centro de Micro-!ƴłƭƛǎƛǎ ŘŜ aŀǘŜǊƛŀƭŜǎΣ ¦ƴƛǾŜǊǎƛŘŀŘ !ǳǘƽƴƻƳŀ ŘŜ aŀŘǊƛŘΣ /κCŀǊŀŘŀȅ оΣ aŀŘǊƛd 
28049, Spain. 
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όоύ [ŀōƻǊŀǘƻǊƛƻ bŀŎƛƻƴŀƭ ŘŜ CǳǎƛƽƴΣ 9¦w!¢haκ/L9a!¢Σ /L9a!¢Σ !ǾŘŀΦ /ƻƳǇlutense 40, Madrid 28040 

Ion Beam-Induced Luminescence (IBIL) is a very sensitive technique for the analysis of 
impurities and defect centers, such as those created by irradiation. In situ luminescence during 
ion beam irradiations can be used to investigate the microscopic processes accompanying the 
generation of damage and its kinetic evolution with the irradiation fluence. In this contribution 
we will talk about the advantages of the IBIL technique compared to other analysis techniques. 
We illustrate the power of ionoluminescence by showing some results obtained in amorphous 
silica which is a fundamental material in fusion technology [1] for optical viewports, plasma 
diagnostics, and safety and control systems. Degradation of optical and structural properties of 
silica due to irradiation is an important issue with a considerable number of features not yet 
sufficiently understood. We have compared the ionoluminescence in three different types of 
silica containing a different amount of OH impurities. For all samples, the IBIL spectrum shows 
two main peaks at 460 and 650 nm which have been associated with different defects in the 
material: Oxygen-Deficient Centers and Non-Bridging Oxygen Hole Centers, respectively. We 
have observed that, at the beginning of the irradiation, the red emission is much higher in the 
samples with high OH-content than in the samples with low OH-content, while the blue 
emission exhibits an opposite behavior. One of the advantages of the IL is that we can use 
different ions and energies, i.e. different stopping powers for the analysis. Therefore, we have 
compared the IBIL produced by ions with different stopping powers (dE/dx), and we observed 
that the kinetic evolution of the ionoluminescence varies in function of this parameter. For low 
dE/dx, the yield of both peaks increases monotonically with the dose. However, when we 
irradiate with high dE/dx, the yield of the two main emissions first increases with the fluence 
and then it reaches a maximum at a certain dose, where it starts to decrease. We have also 
studied the dependence of the dose at which this maximum is produced with the stopping 
power of the incident particle and we have compared our results to those obtained by other 
spectroscopy techniques used in silica by Awazu et al. [2], observing a good agreement 
between both results. Many other interesting possibilities can be studied with IBIL: application 
to other materials, low-temperature irradiations, irradiations at very low and very high energy 
to separate the electronic and nuclear regimes, irradiating with sequential and simultaneous 
beams, etc. We are currently investigating many of these possibilities. We conclude that the 
novel results obtained by comparing the IL behavior under light and heavy ions offer a useful 
tool to investigate structural damage in materials.  

ώмϐ !Φ aƻǊƻƷƻΣ 9ΦwΦ IƻŘƎǎƻƴΣ WΦ bǳŎƭΦ aŀǘŜǊΦ нру-263 (1998) 1889-1892.  
[2] K. Awazu, S. Ishii, K. Shima, S. Roorda, J.L. Brebner, Phys. Rev. B 62 (2009)  3689-3698. 
 

O-50: RBS-Channelling analysis into the effect of thermal annealing on GeSn strained layers 
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Alloying Ge with Sn improves carrier mobility in the material and can also transform the 
ƳŀǘŜǊƛŀƭ ŦǊƻƳ ŀƴ ƛƴŘƛǊŜŎǘ ōŀƴŘƎŀǇ ƛƴǘƻ ŀ ŘƛǊŜŎǘ ōŀƴŘƎŀǇ ǎŜƳƛŎƻƴŘǳŎǘƻǊΦ  ¦ƴŦƻǊǘǳƴŀǘŜƭȅ ʰ-Sn is 
ƻƴƭȅ ǎǘŀōƭŜ ŀǘ ǘŜƳǇŜǊŀǘǳǊŜǎ ғ моϲ/  ŀƴŘ ǘƘƛǎΣ ŎƻǳǇƭŜŘ ǿƛǘƘ ǘƘŜ ƭŀǊƎŜ ƳƛǎƳŀǘŎƘ ōŜǘǿŜŜƴ {ƴ ŀƴŘ 
Ge, results in an upper limit of Sn in Ge of around 1%.  It is possible to produce alloys with the 
higher Sn concentrations but these alloys are metastable and can relax on thermal annealing.  
Rutherford Backscattering Spectrometry and channelling have been employed to investigate 
the effect of thermal annealing on epitaxial GeSn (6% Sn) strained layers grown on Ge-buffered 
Si(100) wafers, with channelling along the [110] axis being used to investigate the strain 
ǊŜǎƛŘƛƴƎ ƛƴ ǘƘŜ ƭŀȅŜǊǎ ǳǇƻƴ ǘƘŜǊƳŀƭ ŀƴƴŜŀƭƛƴƎΦ !ƴƴŜŀƭƛƴƎ ŀǘ ǘŜƳǇŜǊŀǘǳǊŜǎ ōŜƭƻǿ пллϲ/ ŦƻǊ нл 
minutes had no noticeable effect on the strain in the epitaxial layers. Once the temperature 
ǿŀǎ ǊŀƛǎŜŘ ŀōƻǾŜ пллϲ/ ƘƻǿŜǾŜǊΣ ǊŜƭŀȄŀǘƛƻƴ ƻŦ ǘƘŜ ƭŀȅŜǊ ǎŜǘǎ ƛƴ ŀƴŘ ǘƘŜ DŜ{ƴ ƭŀȅŜǊ Ƙŀǎ 
ŜǎǎŜƴǘƛŀƭƭȅ ŎƻƳǇƭŜǘŜƭȅ ǊŜƭŀȄŜŘ ŦƻƭƭƻǿƛƴƎ ŀ нл ƳƛƴǳǘŜ ŀƴƴŜŀƭ ŀǘ срлϲ/Φ ¢ƘŜ ǊŜǎǳƭǘǎ are in good 
agreement with similar investigations conducted using X-ray diffraction.  

The advantage of the RBS/Channelling approach however, is its ability to provide compositional 
information as a function of depth.  One is therefore able to monitor the effect of the thermal 
anneal on the Ge and Sn distribution throughout the layer, and also to extract information 
about their lattice location.  The results obtained show that that when the initial relaxation sets 
in both the Ge and the Sn are still situateŘ ƛƴ ǎǳōǎǘƛǘǳǘƛƻƴŀƭ ǎƛǘŜǎΣ ŀƴŘ ƛǘ ƛǎ ƻƴƭȅ ŀǊƻǳƴŘ сллϲ/ 
after substantial relaxation has taken place that the Sn finally breaks free from the lattice sites 
and diffuses to the surface of the sample.  RBS-Channelling thus provides insight into the 
manner in which the relaxation process takes place and with this better understanding it might 
be possible to design more stable strained layers. 
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Group-III-nitrides, in particular AlxGa1-xN alloys, are important optoelectronic materials used for 
UV light emitting devices and high electron mobility transistors (HEMTs). Ion implantation is an 
important technique for selective area doping and implant isolation [1]. However, this 
technique produces damage which degrades the properties of materials. In III-nitride alloys, the 
formation of implantation damage is still largely unexplored and not yet fully understood.   

In this study, the damage formation mechanisms and radiation resistance of AlxGa1-xN alloys is 
investigated combining Rutherford Backscattering Spectrometry/Channelling (RBS/C) and X-ray 
diffraction (XRD) in order to assess the damage profiles and the elastic response of the material 
to radiation. AlxGa1-xb ŀƭƭƻȅǎ ŎƻǾŜǊƛƴƎ ǘƘŜ ŜƴǘƛǊŜ ŎƻƳǇƻǎƛǘƛƻƴŀƭ ǊŀƴƎŜ όл Җ Ȅ Җ мύ ǿŜǊŜ ƛƳǇƭŀƴǘŜŘ 
at room temperature with 200 keV Ar ions, to avoid chemical effects, and fluences ranging from 
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мҎмл13 ǘƻ нҎмл16 Ar/cm2.    

XRD 2 theta-omega curves show that implantation leads to the incorporation of large lattice 
strain in the implanted layer which increases with the fluence. Above a threshold fluence, an 
abrupt change of the elastic properties of the crystals is observed and strain saturates in the 
entire implanted region. This threshold fluence is reached earlier for GaN than for AlGaN alloys. 
Surprisingly, RBS/C reveals higher defect levels for high fluence implantations in samples with 
high AlN concentrations. These results contrast reports on rare earth implantation in AlGaN and 
ion implantation in AlGaAs alloys which reveal a strong increase of radiation resistance with 
increasing AlN content [2, 3]. The effect of AlN content on dynamic annealing processes and 
radiation resistance of AlGaN alloys as well as the differences between Ar and Eu implantation 
will be discussed.    

[1] Taube et al. MRS. Proceedings 1635 (2014) 9  
[2] Breeger et al. NIMB 148 (1999) 468 [3] Fialho et al. NIMB 273 (2012) 149  
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Carbon nanotubes (CNTs) are one of an allotrope of carbon with cylindrical structure, and they 
show excellent mechanical and electrical properties. However, these properties may be altered 
depending on the chirality and diameter of CNTs. When metal catalysts are used in CVD growth 
of CNTs, the size of metal catalysts are one of the significant parameters that defines the 
structure of CNTs. Therefore, it is important to control the size of metal catalysts.  

In this study, isolated defects created by gas cluster ion impacts were investigated as a 
template of CNTs growth. Gas cluster ions are aggregates of atoms or molecules. Upon a gas 
cluster ion impact, dense energy is deposited on surface layer while energy/atom of gas cluster 
ion is low. Thus, depending on the energy/atom, gas cluster ion creates crater-like defects on a 
target surface.  

Si and SiO2 were irradiated with Ar gas cluster ion beams (GCIBs) with acceleration voltage of 20 
ƪ±Σ ŀƴŘ ŦƭǳŜƴŎŜ ƻŦ п Ҏ мл11 ions/cm2. Then, cobalt dots on crater defects were formed by 
subsequent cobalt deposition and annealing. Subsequently, CNTs were grown with a thermal 
CVD. From SEM and AFM images, it was shown that CNTs were grown on SiO2 or Si surface 
irradiated with Ar-GCIB. Raman spectroscopy also showed growth of single wall CNTs on Si and 
SiO2 with Ar-GCIB irradiation. The diameters of CNTs were varied by acceleration voltage of Ar-
GCIB. These results showed that isolated defects created by GCIB can be used as templates for 
cobalt dots formation, which results in the control of diameter of CNTs. 
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Ge is a top candidate to replace Si in high performance metal-oxide-semiconductor (MOS) 
devices due to its high carrier mobility and compatibility with current silicon processing 
technology. However, a suitable contact material is needed for the successful realization of 
devices [1]. Based on the beneficial properties of NiSi contacts on Si, NiGe (which can be easily 
formed via solid-state reaction of a Ni thin film with the Ge substrate) has been identified as 
one of the most promising contact materials to Ge: it has a low resistivity, it can be formed at 
relatively low temperature and persists in a wide temperature range [2,3]. This thermal stability 
can even be further enhanced via co-depositing Pd or Pt with the Ni [4,5]. Moreover, for device 
integrity it is important to identify the dominant diffusing species (DDS) during the formation of 
the germanides [1,3]: If Ge is the DDS, overgrowth and bridging between gate and source 
regions in the device will occur [1]. Therefore, we investigated the phase formation, phase 
stabilization and diffusing species during solid-phase reaction of ternary Ni-Pd/Pt-Ge.   

The diffusion and elemental redistribution during NiGe formation in Ni/Pd-Pt/Ge(100) were 
ƳƻƴƛǘƻǊŜŘ Ǿƛŀ w.{ ŀƴŀƭȅǎƛǎΣ ǳǎƛƴƎ ŀ ǾŀǊƛŜǘȅ ƻŦ ƛƴǘŜǊƭŀȅŜǊ ǘƘƛŎƪƴŜǎǎŜǎ όŦǊƻƳ о ) ǘƻ ул )ύΦ 
Additionally, the use of a very thin extra interlayer of an inert element such as W [3] allows the 
identification of the DDS. Finally, the stability of the germanide phases is evaluated by sheet 
resistivity measurements. Despite the chemical similarity of Pd and Pt, a very different behavior 
is observed for the two types of interlayers: while Pd is mostly found near the surface after 
ŀƴƴŜŀƭƛƴƎ ŀǘ оллϲ/Σ ǘƘŜ tǘ ƛƴǘŜǊƭŀȅŜǊ Ƙŀǎ ƴƻǘ ƳƻǾŜŘ ŀǘ ǘƘƛǎ ǘŜƳǇŜǊŀǘǳǊŜΦ !ŦǘŜǊ ŀƴƴŜŀƭƛƴƎ ŀǘ 
сллϲ/ ŀƭƭ ŜƭŜƳŜƴǘǎ ƘŀǾŜ ǊŜŘƛǎǘǊƛōǳǘŜŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ŦƛƭƳΦ IƻǿŜǾŜǊΣ ǿƘŜǊŜŀǎ Ƴƻǎǘ tǘ ƛǎ ŦƻǳƴŘ 
near the surface, regardless of interlayer thickness, the Pd is primarily found near the surface 
for the thicker interlayer but diffuses towards the Ge-NiGe interface for thinner interlayers. The 
room temperature sheet resistivity decreases with increasing annealing temperature for all 
samples and, except for the thinnest Pt interlayer, increases with interlayer thickness. The 
measured values, in the order of 10-5 ʍκǎǉΣ ŀǊŜ ǾŜǊȅ ǎƛƳƛƭŀǊ ŦƻǊ tŘ ƻǊ tǘ ƛƴǘŜǊƭŀȅŜǊǎ ƻŦ ǘƘŜ ǎŀƳŜ 
thickness. In this work, the dominant diffusing species during Ni-germanide formation is 
determined. The elemental diffusion during the NiGe formation is found to depend on the 
interlayer elementΣ ƛΦŜΦ tŘ ƻǊ tǘΦ !ǘ оллϲ/ tǘ ƛǎ ŀƴ ŜŦŦƛŎƛŜƴǘ ŘƛŦŦǳǎƛƻƴ ōŀǊǊƛŜǊ ǿƘƛƭŜ tŘ Ƙŀǎ ŀƭǊŜŀŘȅ 
out-ŘƛŦŦǳǎŜŘΦ !ǘ сллϲ/ tǘ ƛǎ ŦƻǳƴŘ ǇǊƛƳŀǊƛƭȅ ƴŜŀǊ ǘƘŜ ǎǳǊŦŀŎŜ ŦƻǊ ŀƭƭ ƛƴǘŜǊƭŀȅŜǊ ǘƘƛŎƪƴŜǎǎŜǎ ǿƘƛƭŜ 
the redistribution of Pd is found to depend on the thickness of this interlayer.   

[1] S.-L. Zhang et al., Crit. Rev. in solid state and mat. Sci. 28(1), 1 (2003)  
[2] S. Gaudet et al., J. Vac. Sci. Technol. A 24, 474 (2006)  
[3] C.M. Comrie et al., Thin Solid Films 526, 261ς268 (2012)  
[4] M.-H. Kang et al., IEEE Transactions on Nanotechnology, vol. 11, no. 4, 769 (2012)  
[5] Y.-Y. Zhang et al., Junction Technology, IWJT '08. Extended Abstracts, (2008) 
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(4) Karlsruhe Institute of Technology, Engesserstr. 15, 76131, Karlsruhe, Baden-Wuerttemberg, Germany 

 

Core/shell semiconductor nanocrystals have been used for some time by the technological 
industry in a wide range of applications, such as LEDs and biosensors. However, the structural 
characterization of such materials, due to their small dimensions, represents a serious 
challenge, specially when they are modified via thermal annealing or ion irradiation. In the 
present work, we used the medium energy ion scattering (MEIS) analysis technique, combined 
with auxiliary techniques: transmission electronic microscopy (TEM), Rutherford backscattering 
spectrometry (RBS) and photoluminescence (PL), in order to characterize CdSe/ZnS 
commercially-available core-shell nanocrystals. Through the use of the auxiliary techniques, we 
were able to check the best set of annealing parameters to study the stability of the QDs and 
the mobility of the relevant atomic species: annealing at 400 celsius for 5 minutes. A much 
longer and/or warmer annealing tend to lead to an almost completely deterioration of the QD; 
on the other hand a much shorter and/or colder annealing tend to result in negligible changes 
in the nanocrystal structure.  MEIS is an ion-beam technique, capable to obtain depth-profiling 
with sub-nanometric resolution, under the right conditions. This technique has been steadily 
optimized to the analysis of nanostructured materials, so it is an important tool in probing the 
structure of quantum-dots, among other materials. We used the MEIS simulation PowerMeis 
software to create hypothetical energy-loss distributions for a wide range of tentative QDs 
structures; these simulated distributions were then compared to the experimental results in 
order to identify the most-probable structure of all. This result was then used as feedback and 
the procedure was repeated until a satisfying agreement was found between simulation and 
experiment. We have found the core of the quantum-dots remains a stoichiometric CdSe 
crystal, as in the non-thermally treated samples; however the core diameter shrinks from ~5.2 
nm down to approximately 4.2 nm, in agreement to TEM and PL results. We have found an 
excess of cadmium, located in the shell region of the QD, resulting in a CdSe/CdZnS structure. 
The shell symmetry seems to depart from a spherical shape, in agreement to what one would 
ŜȄǇŜŎǘ ŀǎ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ŀ ǇƻǎǎƛōƭŜ άƳŜƭǘƛƴƎέ ōŜƘŀǾƛƻǳǊΦ   

[1] M. A. Sortica, P. L. Grande, C. Radtke, L. Almeida, R. Debastiani, J. F. Dias, A. Hentz, Applied 
Physics Letters, 101 (2012) 023110.  
[2] M. A. Sortica, P. L. Grande, G. Machado and L. Miotti, Journal of Applied Physics 106, 1 
(2009). 
 

  



 

 90 

O-55: Deuterium behavior in ceramics for Fǳǎƛƻƴ .ǊŜŜŘŜǊ .ƭŀƴƪŜǘ ŀŦǘŜǊ ʴ-irradiation: a 

comparison between different characterization techniques 

 
E. Carella (1)Σ !Φ aƻǊƻƷƻ όнύΣ aΦ!Φ aƻƴƎŜ όоύΣ wΦ 5ƻƳƛƴƎǳŜȊ όоύΣ aΦ DƻƴȊŀƭŜȊ όнύ 
 
(1) CIEMAT - UNED,Foundation & Department of Energetic Engineering, Madrid, Spain 
(2) CIEMAT Euratom/CIEMAT Fusion Association, 28040 Madrid, Spain 
(3) Departamento de CƝǎƛŎŀΣ Universidad Carlos III de Madrid, Avda. de la Universidad, 30, E28911 
[ŜƎŀƴŞǎΣ Spain 

 

The ceramic breeders of an operating fusion blanket will be exposed to high levels of neutrons 
and gamma radiation. In ITER, it has been estimated a damage rate of about <10-7 dpa/s and 
<103 Gy/s caused by the flux of high-energy neutron and ionizing radiation, respectively. The 
effects of ionizing radiation on insulators are quite marked due to the excitation of electrons 
from the valence to the conduction band, giving rise to charge transfer effects. On the other 
hand the comprehension of light ions behavior in solid breeder blanket (BB) candidates is of 
special interest for the optimization of the Tritium Blanket Module (TBM). In this contribution, 
the studies of processes taking place with temperature in irradiation damaged materials are 
analyzed with the support of several techniques.  Several experiments are performed on 
breeder candidate ceramics selected by Japan (Li2TiO3) and EU (Li4SiO4) for ITER TBM-testing. 
The aim of this experimental work is the understanding of Deuterium diffusion behavior in 
ǘƘŜǎŜ ƳŀǘŜǊƛŀƭǎ ōŜŦƻǊŜ ŀƴŘ ŀŦǘŜǊ ǘƘŜƛǊ ʴ-irradiation by a 60Co source. Deuterium is implanted in 
selected disc-shaped ceramics with a 70 keV beam to a total fluence of 1017 at/cm2, and the 
depth profile as a function of thermal annealing treatments of as-received and irradiated 
samples are characterized by Nuclear Reaction Analysis (NRA). For comparison purposes, a 
different set of pellet samples are exposed to a Deuterium atmosphere at room temperature 
inside of pressurized (1 bar) steel capsule during 25 days. In this case, the sorption behavior of 
previously dehydrated and irradiated samples is observed by Thermal Induced Desorption (TID) 
technique during heating. Whereas the barrier effect of the surface is more evident in NRA 
analysis, it is possible to observe more clearly the contribution of the ionizing radiation on D2 
outdiffusion by TID analysis.    

Secondary Ion Mass Spectrometry (SIMS) technique is used for analyzing both D-implanted and 
exposed to a D atmosphere samples. A SIMS HIDEN Workstation with a 6kV oxygen ion gun as 
the primary ion source is used for the Deuterium profile determination. The elemental analysis 
shows different depth profiles of D-implanted and D-ǎƻǊōŜŘ ǎŀƳǇƭŜǎΦ !ǎ ŜȄǇŜŎǘŜŘΣ ʴ-
irradiations influence the in-depth location of D inside the ceramic matrix, due to radiation-
induced further internal D trapping and higher desorption activation energies. Finally, in an 
attempt to establish the nature of the defects associated to ionizing radiation acting as D 
trapping centers, two techniques of Positron Annihilation Spectroscopy (PAS) are used for 
investigating defects in the bulk of the irradiated materials: positron annihilation lifetime 
spectroscopy (PALS) and coincidence Doppler broadening (CDB). The creation of F+ defects due 
ǘƻ ʴ-radiation is confirmed and better structural recovery in the case of a more pure material, 
after thermal treatments, is found.  This comparative study is especially interesting for the 
understanding of the processes taking place inside the material and the role of the surface in 
the thermal desorption of Deuterium at relevant operation conditions for the BB system here 
analyzed.   
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The trapping and retention of tritium fuel within neutron damaged plasma facing components 
(PFCs) is of primary concern to next step fusion devices [1]. Tungsten is the principal plasma 
facing material candidate for first wall and divertor armor due to its high melting point, low H 
isotope retention, and excellent resistance to sputtering. As such, the use of heavy ion damage 
and deuterium as a proxy for neutrons and tritium in W allow for both more timely experiments 
and less specialization in radioactive materials. Most studies quantify damage with 
displacements per atom (dpa) when it is the concentration of trapping sites, i.e. traps per atom 
(tpa),  that is a better metric for determining retention.  In this work, we report our recent 
studies of deuterium retention in ITER-grade polycrystalline W before and after ion irradiation 
damage using D(3IŜΣǇύʰ ƴǳŎƭŜŀǊ ǊŜŀŎǘƛƻƴ ŀƴŀƭȅǎƛǎ όbw!ύ ώнΣоϐΦ aǳƭǘƛǇƭŜ /ǳ ƛƻƴ ōŜŀƳ ŜƴŜǊƎƛŜǎ 
(0.5, 2, and 5 MeV) were used to create a relatively uniform damage profile in W up to 1 micron 
depth at RT, with damage levels of 0.001, 0.01, and 0.1 dpa.  To isolate the effects of annealing, 
some of the irradiations were performed at elevated temperatures (300, 600, and 750 ϲC). By 
exposing these samples to a low flux and low temperature D plasma, the near saturation of 
filled trapping sites effectively allows D to be used as a marker for traps in W via NRA. Results 
showed that increasing the level of damage decreases D retention in the damage region as well 
as reducing the amount of trapped D inventory beyond the damage region, while partial 
annealing during the irradiation before plasma exposure reduces D retention. 

[1] W.R. Wampler and R.P. Doerner, Nucl. Fusion 49, 115023 (2009). 
[2] J.L. Barton, et al., Nucl. Instr. Meth. B 332 (2014) 275-279. 
[3] J.L. Barton, et al., J. Nucl. Mater., accepted and in press (2015).  
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Ion beam techniques, by their nature, are valuable tools to study the effect of energetic 
particles on the surface region of materials making them very attractive to study plasma wall 
interactions in fusion devices.  During operation the plasma suffers electric disruptions and 
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large amounts of energy and radiation loads are deposited on wall materials. Also neutrals and 
high energy particles are allowed to leave the closed plasma surfaces and hit the plasma wall 
chamber. The interactions cause severe changes on the reactor materials imposing dedicated 
studies to understand all these phenomena in order to improve and validate the theoretical 
models allowing a robust design of fusion devices.  

In this contribution we study the plasma effect on selected tiles of the new ITER like wall (ILW) 
configuration of JET, combining different ion beam techniques and using the WiNDF code to 
analyse and interpret the data. The sensitivity, depth resolution and elemental analysis 
characteristics of the techniques are ideal to study the erosion, deposition, mixing and fuel 
retention on the near surface of the plasma wall materials. The results show areas of strong 
erosion in the centre of the tiles of the inner wall guard limiter (IWGL) whilst re-deposition 
occurs at the ends. The deposition zones retain large amounts of Deuterium with values 
reaching up to 2 orders of magnitude higher compared to the eroded area (from 1x1017 at/cm2 
to 5x1019 at/cm2). The tiles at the bottom edges  of the divertor show a narrow and thick zone 
of deposition along the slope containing mostly beryllium.    

[1] See the Appendix of F. Romanelli et al., Proceedings of the 25th IAEA Fusion Energy 
Conference 2014, Saint Petersburg, Russia    
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The intrinsic point defects associated with oxygen vacancies and Ti3+ ions play a crucial role in 
the usage of titanium dioxide (TiO2) in various technological applications including catalysis and 
photochemistry. It is well known that the interactions between H atoms and surface oxygen in 
TiO2 lead to the formation of Ti3+ ions at elevated temperatures.  However the Ti3+ ion 
formation and accumulation as a function of elevated temperatures in UHV conditions during 
hydrogen diffusion in TiO2 is not well understood.  

In this study, we have used ion implantation method to incorporate hydrogen in single crystal 
TiO2 (110) samples and investigated the behavior of point defects in both pure and hydrogen 
implanted TiO2 as a function elevated temperatures using Rutherford backscattering 
spectrometry (RBS), nuclear reaction analysis (NRA), x-ray photoelectron spectroscopy (XPS) 
and ultra violet photoemission spectroscopy (UPS).  TiO2 single crystals were implanted with 40 
keV hydrogen ions at room temperature with ion fluences of 1x1015, 1x1015 and 1x1017 
atoms/cm2.  Samples were isochronally annealed in vacuum for 30 minutes at each 
temperature up to 1100K and hydrogen and Ti3+ defects were quantified. Hydrogen depth 



 

 93 

profile measurements obtained from 1x1017 atoms/cm2 implanted sample reveal that hydrogen 
diffused towards the surface at lower temperatures and it slowly diffuses out from the samples 
at higher temperatures. XPS and UPS measurements from the hydrogen implanted samples 
show significantly higher Ti3+ defects in comparison to pure TiO2 at these temperatures under 
UHV conditions. These defects reach a maximum around 880 K in which almost all hydrogen 
was removed from the sample. When the implanted sample further annealed to high 
temperatures, the amount of Ti3+ in hydrogen implanted samples started to decrease and 
reaches the values from the pure TiO2 samples around 1100K.   
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Ion beam analysis techniques are performed routinely with MeV ions of H, D, He, C, N and O. In 
addition, ERD may require heavy ions as well. A variety of ion sources are used in differently 
configured ion beam injection systems, often feeding tandem particle accelerators. Most of the 
IBA techniques require modest ion beam currents (several hundreds of nA), easily provided by 
standard accelerator equipment. However, other applications including Nanoprobes, cultural 
heritage studies and microbiology might require submicron probe PIXE or external beam 
applications, which necessitate the highest possible ion beam brightness to reduce analysis 
time. To accommodate such requirements HVE has developed a new Tandetron injection 
system with an upgraded version of its 358 Duoplasmatron, that demonstrated increased 
hydrogen ion beam brightness from about 2 Am-2rad-2eV-1 to approx. 6 Am-2rad-2eV-1. In 
addition, ion beam currents for H, D, He, C, N, O were increased and attention was paid to 
improve ion beam uptime, mean time between failures and serviceability. In this contribution 
we will discuss the requirements from ion source technology applied to IBA techniques, 
exemplify design details and quantify the performance on the new negative ion beam injection 
system based on the HVEE model 358 ion source.  
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GNS Science is a leading research organisation in New Zealand that is undertaking and 
developing ion beam science and technology for end-user needs. We present in this overview 
presentation ion beam science and research using technology development at GNS Science. We 
have developed ion beam based devices for industry trials, designed and built low energy ion 
implanters as well as ion beam analysis beam lines for materials research and air pollution 




