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radiation fields in high energy hadron collisions in a representative manner. In addition, some are offering single 
event effect testing opportunity for electronics. These facilities are 
located at Birmingham (UK), CERN (IRRAD and GIF++), JSI 
(Slovenia), IFJ PAN (Poland) and UCLouvain (Belgium). Main 
users originate from the hadron collider community, with the 
emerging R&D for FCC-hh requiring extremely high fluences in 
excess of 1017 neqcm2.  

Service improvements 
Besides the provision of access, a fraction of the EURO-LABS 
resources (~20%) will be used to improve the services the RIs 
presently being provided. These service improvements are targeted 
at the needs of the project but will be exploited also beyond its 
duration. Improvements can be specific or mutually beneficial to 
several RIs. A flavour for various WPs is given below. 

For WP2, service improvement includes a development of a toolkit 
to ease off-site accessibility to European accelerator facilities. 
Connected to this service are streamlined access procedures via a 
single, web-based, access point, and those for travelling detectors 

(INTRANS). Other aspects of service improvements address improved ion sources (ECRIS/EBIS) and target 
availability and activities for biomedical applications (FLASH@EURO-LABS). 

For WP3, such improvements include upgrades to the beam or equipment control systems of the facilities to improved 
availability and reliability, or design and installation of additional instrumentation to match the needs of the expected 
requests by the users.  
For WP4, improvements for services at the RIs are targeted at optimizing the specific usage to each RI of EURO-
LABS, e.g.  improvements include minor hardware upgrades at RI’s or software developments easing the user access.  

WP5 Open, diverse and inclusive Science 
Activities in training, innovation, open data, and outreach, that will scan across fields, will be included in WP5. The 
installations offered in EURO-LABS are unique, at the frontier of research and technology in the field. They represent 
an important asset in the formation of young researchers.  In several RIs training sessions will be organized that will 
combine courses and lectures passing theoretical knowledge with hands-on experience. Local experts will explain 
the operation of the complex infrastructures and how experiments and tests can be realized to optimally exploit the 
capabilities of the facilities. The ambition is to create a pool of trained and well-informed researchers in the area of 
nuclear science and accelerator/detector science and technology. By extending the scope and adjusting the level of 
the program to undergraduate students, these activities will offer a unique opportunity to expose them to the basic 
knowledge on the concepts of these areas.  

3.2 Capacity of participants and consortium as a whole 
EURO-LABS is a consortium of 43 Research Infrastructures (RIs) from twelve countries in Europe spanning Finland 
in the north and Italy to south to Romania in the east and Portugal in the west. It gathers the main EUROpean Nuclear 
and Particle Physics Laboratories for Accelerator-Based Science (See Fig. 1).  A good fraction of European RIs for 
Nuclear and High Energy Physics, thanks to earlier EC framework programmes, have successfully developed a 
culture of cooperation. This permitted thematic networking, joint research and transnational access activities 
benefiting the users for these communities independently.  

Building on this thematically focussed positive interaction, EURO-LABS aims at an avant-garde integration of the 
best RIs between the nuclear and high energy communities, including increasing the number of RIs within each of 
them. This dynamic integration of these diverse, but naturally linked, communities of this consortium will lead to a 
better awareness of the expertise and working cultures and thus to cross-fertilization and can be seen as unity in 
diversity. Such a super community, created for the first time in Europe, will allow a wider sharing of information, 
knowledge and technologies across the scientific fields in sub-atomic physics. The large integration of these 
communities will play a critical role in further advancing the scientific and technical aspirations of Europe and 
preserve its global leadership in the science and technology of this field.  
EURO-LAB with its judicious choice of RIs, in addition to certain obvious overlaps among any accelerator lab, was 
made taking into their specificities for various subfields of interest. These specificities go beyond the available 

 
Figure 1 - Map of participating RIs in EURO-LABS 
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Senior researchers: 9 
Researchers: 21 
PhD Students: 3 

Voluntary scientists: 3  

Engeneeres: 10 
Technicians: 16 

Administration:  10 
Service: 10 

Total: 76 + 6 
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International projects submitted 
to the HIL PAC

EAGLE ICARE Irradiation
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Nuclear Reaction Studies with 
ICARE

• ICARE Particle Spectroscopy 
Chamber from IReS Strasburg, 
France 
Form 2007 at HIL. 

• Scientific program: 

• barrier distributions 
measurements 

• reaction mechanism studies  

• novel detectors’ tests 

HIL122 N. S. Martorana / E. Geraci 
T-INSIDE (Timing Investigation in SiC Detectors) 
HIL123 B. Gnoffo  
MoReNA Test (Molecular states Resolution with NarCoS) 
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Andrzej Kordyasz for Fazia
• Recently 

Radiation hardness  
21 µm Si detectors 
on 14N beam @ 100 MeV from  
Warsaw Cyclotron 
(A.Kordyasz et al.,  
Eur. Phys. J. A (2024) 60: 235 
and to be published). 

• Currently: 
further development 
21 µm Si detectors  
size: 1cmx1cm

Eur. Phys. J. A (2024) 60:235
https://doi.org/10.1140/epja/s10050-024-01454-9

Special Article - New Tools and Techniques

Investigation of very high radiation hardness of 21 µm silicon
self-biased detectors

Andrzej J. Kordyasz1 , Monika Paluch-Ferszt1,a , Zygmunt Szefliński1 , Katarzyna Z. Krutul-Bitowska1 ,
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Abstract The radiation damage of 21 µm thick self-biased
epitaxial ∆E detectors were tested as a function of fluence
of 90 MeV 14N ions. Technology of production and tech-
nique of measurements of ∆E detectors were described. A
new technique of soldering contact to thin detector is shown.
In the present work the 21 µm thick self-biased detectors
marked as d4 and d5 show proper operation with the fluence
about 4·1015 ions/cm2 and the fluence about 8·1015 ions/cm2,
respectively. The charge collection efficiency of thin d5 ∆E
detector was increased about double at fluence about 8·1015

ions/cm2. The charge collection efficiency of thin d4 ∆E
detector was increased about 35% at fluence about 4·1015

ions/cm2 followed decrease about 70% of detector counting
rate registration from fluence 9.1·1015 ions/cm2 to fluence
about 5·1016 ions/cm2 due to partially removing of Al evap-
orated contact from detector surface as an effect of heavy ion
irradiation. Increase of charge collection efficiency of thin
self-biased detectors manufactured by the low-temperature
technique was probably produced by increasing of build-in
potential as an effect of activate carrier concentration of boron
ions in epitaxial layer by heavy ion irradiation.

1 Introduction

The problem of detector radiation hardness is very impor-
tant for experimental physics. This field of investigation is
strongly pushed by the research for adequate detectors for
the activity with the upgraded intensity at LHC and future
EIC colliders, but not only.

a e-mail: mpaluchferszt@slcj.uw.edu.pl (corresponding author)

In an attempt to improve detector radiation hardness spe-
cial detector technologies and new material like diamond [1]
or silicon carbide [2] have been tried. Radiation resistant
detectors are used to the search for double beta decays [3]
and for laser induction fusion reactions [4]. Thick self-biased
silicon detectors were developed by Y. Kim et al., in 1986 [5],
however, our works are concentrated on thin self-biased sili-
con detectors [6,7]. It seems to be more resistant to radiation
damage due to the extremely low bias potential generated by
the internal built-in-field potential and the low detector thick-
ness. Decreasing the energy loss by particles in the bulk of
the detector improves their survival time to radiation [8]. Low
detector thickness prevents doping of the detector material
since no heavy ions stops in it.

2 Technology of production of thin self-biased silicon
detectors

We have developed a new technique of thin detectors con-
structed using silicon epitaxial n+ – n structure of resistivity
epitaxial layer about 300 Ω·cm and thickness about 21 µm
obtained by anodic dissolution of thick 400 µm substrate
using a 5% HF (Hydrofluoric Acid) jet [9]. The detector
n+ – n – p+ junctions were obtained using B+ implanta-
tion through Al mask into the epitaxial n type side using the
low-temperature technique [10]. In order to activate boron
ions implanted into epitaxial layer the p+ – n junction, a
final baking step was applied in air in an oven at 160 ◦C
for 3 days [10] instead the standard short time (about 1 h),
high-temperature (600–900) ◦C post-implantation annealing
in inert atmosphe. Application baking instead annealing pre-
vent diffusion evaporated Al contacts on silicon and may
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Michał Kowalczyk1 , Andrzej Bednarek1 , Paweł J. Napiorkowski1, Ł.ukasz Kordyasz2 , Grzegorz Gawlik3 ,
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Detectors for COULEX

”The Munich chamber”  
48 PIN-diodes (max.110) 

SilCA 
DSSD for EAGLE
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Radiobiology set-up
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Material irradiation
6

Beam 12C
Target 197Au

PIN diode

22.5°

Beam
monitor

Controlled destruction of the PIN diode 
detector – open view chamber

Scheme of experimental setup.

Top view of the chamber.

Courtesy of K.Krutul-Bitowska
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Radiation Resistance Studies of PIN Diode Detectors. . .

Fig. 1. Fluence-dependent evolution of PIN diode dark current measured in the PIN diode detector irradiated

with the
12

C beam (a). The
241

Am alpha particle spectra obtained in different stages of the detector destruction

process (b–d), collected immediately after cutting the beam flux off, compared to the spectrum collected for

the final dark current saturation level (e).

Fig. 2. Depth and the ion concentration for the
12

C and
14

N ions with the energy of 35 MeV and 24 MeV,

respectively, implanted into the PIN diode material, calculated using the SRIM code [11].
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Positron lifetime annihilation
spectroscopy
• Positron spectroscopic annihilation

is a method to study defects in the
crystalline structure

• For the first time it was used to
study defects that arise in silicon
detectors

• Digital PALS setup: BaF2 - based
detectors and APU8702 unit

• Positron source: 22Na with activity
of 1 MBq enveloped into a 5 µm Ti
foil

• Spectra including 106 counts were
deconvoluted with lifetime code,
substracting the background and
the source components

19

Courtesy of K.Krutul-Bitowska

collaboration: 
Paweł Horodek, Krzysztof Siemek 
IFJ PAN, Cracow
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Radiation Resistance Studies of PIN Diode

Detectors Irradiated with Heavy Ions

K.Z. Krutul-Bitowskaa,⇤, P.J. Napiorkowskia,
K. Hadyńska-Klęka, P. Horodekb, M. Komorowskaa,

A. Olejniczakc, M. Paluch-Ferszta, K. Siemekb,
Z. Szeflińskia, M. Wróbeld and K. Wrzosek-Lipskaa

a
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The controlled destruction of the PIN diode detectors, SIEMENS SFH 870/F170 and SFH 871/F171,

by the 35 MeV beam of the
12

C and by 24 MeV of the
14

N, respectively, was characterized using

nuclear spectroscopy, the surface profile measurements, and the positron annihilation spectroscopy

technique. The beam fluence was in the range of 10
12

-10
14

ions/cm
2
. It has been shown that the

fluence of 10
12

ions/cm
2

of the
12

C beam did not allow it to destroy the PIN diode detector. For

this purpose, one needs the fluence of at least 4 ⇥ 1012 ions/cm
2

for the
14

N ions beam and 2.2 ⇥
1013 ions/cm

2
for the

12
C ions one. The presence of divacancies in the irradiated sample was detected by

the positron lifetimes measurements, with the fraction significantly higher for the
12

C implanted sample.

Furthermore, it was found that the surface roughness changed drastically following the implantation,

i.e., the arithmetic average of profile height deviations from the mean surface of the
14

N beam implanted

sample is significantly higher than of that irradiated with the
12

C ions and the reference one, and the

surface average roughness was about 2–3 times higher.

topics: heavy ion irradiation, PIN diode detector, positron lifetime spectroscopy

1. Introduction

The PIN diode is a type of detector with a wide
and undoped intrinsic semiconductor region of high
resistivity placed between the strongly doped p-type
and n-type layers. Such detectors are suitable for
nuclear physics applications as they are capable of
registering heavy ions (e.g., the charged particle de-
tection systems in the Coulomb excitation exper-
iments). Apart from that, PIN diodes are widely
used in typical electronic elements, such as attenua-
tors, fast switchers, photodetectors, and some other
high-voltage power technologies. However, heavy-
ion detectors based on silicon material, including
PIN diodes, deteriorate quickly when exposed to
ionizing radiation. So far, this process has not been
thoroughly studied, leaving many open questions re-
garding the character of the damages as well as the
resistance of the PIN diodes to such exposure. It
has been shown that in the case of irradiation with
the gamma quanta, PIN diodes get damaged due to
exposure to the Compton electrons (of an energy of

about 1 MeV), which can produce impurity-related
defects in the detector crystal lattice, as discussed
in [1]. The radiation hardness of the PIN diodes has
been a subject of the studies of B. Abi et al. [2]. In
their paper, the authors claim that no sign of dam-
age was found in the PIN diodes after the gamma
irradiation with a total dose 10 Mrad [2]. Further-
more, no sensitivity to the gamma radiation with
a total dose of 600 Mrad was observed for the oxi-
dized silicon detectors as well [1]. Above such a dose,
some single-volume defects of the silicon crystal lat-
tice are formed [3].

The PIN diodes were also irradiated with a pro-
ton beam up to their complete damage, which was
observed at the fluence of 1015 particles/cm2 [1],
and recorded by the Open-air Optical Pathway
method [2]. These measurements showed that the
PIN diodes lose about 90% of their spectroscopic
properties [1]. In the case of positively charged par-
ticles, due to the Coulomb interaction, some par-
tially defective clusters and partially isolated single
vacancies are created in the silicon crystal lattice.

783
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866 K. Krutul et al.

time (LT) was used. More details related to experimental setup is given in
Ref. [9]. The results from the positron annihilation spectroscopy are pre-
sented in figure 5. Positron lifetimes observed for three irradiated samples
are much higher in comparison to non-defected PIN diode which indicates
the existence of radiation-induced defects. The fast increasing of the LT
with the ion fluence is also visible which can be interpreted as the slow
expansion of defect size. The most interesting observation is a fact that
registered positron lifetimes are lower than those reported in literature for
monovacancies [10, 11]. Further works are recommended in this topic.
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Fig. 5. (Colour on-line) The results from the positron annihilation spectroscopy
— the positron lifetimes observed for irradiated samples (marked in black) as a
function of the fluence. Grey/red point corresponds to the reference PIN diode
which was not exposed to the high-flux heavy-ion beam.

5. Conclusions

The evaluation of the effects of heavy-ion irradiation on the PIN-diode-
type detector was carried out at HIL Warsaw and at JINR in Dubna. The ob-
served radiation damage of the PIN detector was manifested in the changes
in the leakage current, worsening of the FWHM and in the clear increasing
trend of the LT as a function of the ion fluence. It has been shown that the
fluence of less than 1013 ions/cm2 did not allow to completely destroy the
PIN-diode detector, however, the deterioration of the spectroscopic quality
was observed.

The presented results could be vital for the data analysis from the
Coulomb excitation experiments as the incomplete registration of the scat-
tered ions could affect the data due to the decreased charge collection effi-

K.Krutul-Bitowska et al.  Acta Physica Polonica B Proceedings Supplement 13 (2020) 861 

, 
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Radiation Damaged  
- Let's Anneal Bake @130ºC 

Vacuum oven available at HIL 

• Temperature 10-250ºC 

• Vacuum <133 Pa (1 Torr)

Before

I=26 µA @ U=100V

After

I=14 µA @ U=90V
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Summary
• HIL is European facility - we use 

various experimental stations 
equipped thanks to European 
collaborations. 

• The EURO-LABS Transnational 
Access programme makes the HIL 
a part of European Research Area;  
most of the HIL users  are 
international teams nowadays  

• Detector development and 
maintenance may be a continuation 
of HIL's cooperation with FAZIA
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