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SUMMARY OF ACTIVITIES  
 
The research activities at SIMARC cover several 
areas of various disciplines, including materials 
science, chemical physics, chemistry, radiation 
physics and medical science. The materials studied 
include advanced semiconductor materials and 
nanostructures, organic materials for dosimetry and 
biochemical materials. 
 
Important defect issues and recombination 
processes in semiconductor materials 
The goal is, by electron paramagnetic resonance 
(EPR) and optically detected magnetic resonance 
(ODMR), to identify chemical nature and 
geometrical structure of defects, impurities and 
dopants that are important in semiconductor 
materials and nanostructures. The activities in this 
area during 2014 were focused on: (i) Ga(In)NAs(P) 

dilute nitrides; (ii) SiC; (iii) ZnO; (iv) AlGaN; (v) 
III-V nanowires.  
 
EPR dosimetry 
The aim is to improve EPR dosimetry (ionising 
radiation dose measurements) to be a competitive 
dosimetric method for applications in radiation 
therapy. We worked with optimization of 
measurement precision and accuracy in dose 
measurements by development of new dosimeter 
read-out protocols and introducing a smaller 
dosimeter 3 mm instead of 5 mm diam. and height. 
We were also searching for new dosimeter materials 
with higher sensitivity and better tissue equivalence 
with respect to attenuation and scattering of ionizing 
radiation. We are currently clinically evaluating a 
lithium formate EPR dosimeter system for 
dosimetry in special measurements situations such 
as dosimetry in intensity modulated radiation 
therapy (IMRT) and brachytherapy with electronic 
sources i.e. a micro X-ray tube. Further the robust 
design and high stability of the dosimeters were 
used for verification of the whole radiotherapy 
chain. 
 
Retrospective dosimetry by means of EPR 
spectroscopy 
EPR spectroscopy measurements of chewing gums 
and sweeteners sorbitol and xylitol have been 
performed in order to optimize their use as 
retrospective dosimeters. We participated in an 
international intercomparison on retrospective 
dosimetry of Touch Glass in mobile telephones.  
Radical identification, transitions, stability, dose 
response and light dependence have been 
investigated. Retrospective dosimetry on finger nails 
has been performed with a focus on the preparation 
procedures to avoid mechanically induced signals. 
First attempts were made on imaging of the dose 
distribution in tooth enamel by imaging of simple 
geometries of enamel grains in paraffin and 
carbonated hydroxyapatite. 
 
Medical applications of EPR imaging (EPRI) 
Research aiming to use EPRI for medical 
applications such as: (i) imaging of radical 
distributions in atherosclerosis for a better 
understanding of the role of reactive oxygen species 
(ROS) in atherosclerosis; (ii) imaging of radical 
distributions for experimental verifications of 
calculated dose distributions in radiation therapy of 
cancer, e.g. narrow beam dose distributions and 
interface dose distributions; (iii) imaging and 
spectroscopy of spin-labelled amyloid proteins 
involved in degenerative diseases. 
 
Ph.D. THESES 
 
Shula Chen: “Excitonic Effects and Energy 
Upconversion in Bulk and Nanostructured ZnO”. 



Yuttapoom Puttisong: “Room-temperature defect-
engineered spin functionalities in Ga(In)NAs 
alloys”.  
Axel Israelsson: “Chewing gum and human hair as 
retrospective dosimeters”.  
Emelie Adolfsson: “Lithium formate EPR 
dosimetry for accurate measurements of absorbed 
dose in radiotherapy”.  
 
EDUCATION ACTIVITIES 
 
We have also been actively involved in 
undergraduate and graduate education. During 2014, 
the courses in “Semiconductor Technology” 
(TFYA39), “Perspectives on Physics” (TFFM12), 
“Experimental Physics” (TFFM08) were given.  
 
HIGHLIGHTS 
 
Zinc-vacancy–donor complex: a crucial 
compensating acceptor in ZnO [J.E. Stehr et al., 
Phys. Rev. Applied 2, 021001 (2014) Letter] 
 
The aluminum–zinc-vacancy (AlZn-VZn) complex is 
identified as one of the dominant defects in Al-
containing n-type ZnO after electron irradiation at 
room temperature with energies above 0.8 MeV. The 
complex is energetically favorable over the isolated 

VZn, binding more than 90% of the stable VZn’s 
generated by the irradiation. It acts as a deep 
acceptor with the (0/−) energy level located at 
approximately 1 eV above the valence band. Such a 
complex is concluded to be a defect of crucial and 
general importance that limits the n-type doping 
efficiency by complex formation with donors, 
thereby literally removing the donors, as well as by 
charge compensation. 
 
Stable and metastable Si negative-U centers in 
AlGaN and AlN [X.T. Trinh et al., Appl. Phys. 
Lett, 105, 162106 (2014)]  
 
EPR characterization of Si-doped AlxGa1-xN, 
0.79≤x≤1.0, showed that Si already forms DX 
center with its negatively charged state EDX lying 
below the neutral charge state Ed. However, up to 
x~0.83, the DX− state is still close to the neutral 
state Ed (Ed-EDX~9meV) and Si behaves rather 
similar to a shallow effective-mass donor. For 
x≥0.84, two DX centers could be separately 
observed. For the stable DX1 center, the activation 
energy, Ea~|EDX|, increases drastically and linearly 
from ~71 meV in Al0.83Ga0.17N to ~240 meV in AlN. 
For the metastable DX2 center, the EDX level 
remains to be close to the neutral charge state Ed 
(~11 meV below Ed in AlN). The dependence of the 
EDX level of the stable DX1 center on the Al content 
explains well the sudden increase of the resistivity 
in Si-doped high-Al-content AlGaN reported by 
transport measurements. 

 

 
 
Fig.1 (a) EPR spectrum of the 1.2 MeV-irradiated 
sample measured at 77 K under white light 
illumination with an applied magnetic field B 
oriented parallel to the [1120] axis. The anisotropy of 
the EPR signal is shown for rotation of B from the 
[0001] axis to the [1120] axis in the (1-100) plane (b) 
and from the [0001] axis to the [1-100] axis in the 
(1120) plane (c). The open red circles represent the 
experimental positions of the EPR lines and the solid 
blue lines are simulation results using the spin-
Hamiltonian in Eq.(1) with the parameters given in 
Table I. (d) Atomic arrangement of the VZn-AlZn

 

complex. 

 
 

Fig. 2. The linear dependence on the Al content of 
the ionization energy of the neutral charge state Ed, 
the DX− state (|EDX|=Ea), and the energy separation 
Ed-EF in AlxGa1-xN:Si with 0.79≤x≤1. Dependence 
of the ionization energy Ed,EMT on the Al content 
obtained from EMT calculations is also plotted for 
comparison. 



Imaging of reactive oxygen species in 
atherosclerotic plaques [Gustafsson et al. (2014), 
Magn Reson Med. doi: 10.1002/mrm.25267] 
 
This study describes the development of an EPRI 
protocol and software for image reconstruction for 
the visualisation of oxidative stress in an ex vivo 
carotid atherosclerotic plaque. It was found that the 
areas with high EPRI signal intensity were found 
within or close to the cap in the area between the 
lumen and the plaque. Histopathology showed that 
these areas had presence of increased cellularity and 
frequent accumulations of foamy macrophages were 
interpreted as signs of activity. To the best of our 
knowledge no one has used diamagnetic cyclic 
hydroxylamines for EPR imaging of oxidative stress 
as we demonstrated here. 

 
COLLABORATIONS  
About 30 research groups worldwide. 

 
 

Fig.3. Photograph of a section obtained from a human 
carotid atherosclerotic plaque immediately after 
cryosection, incubation with a spin trap and after 
covered with Parafilm (panel A). Panel B shows the 
EPRI image obtained after reconstruction. Note that 
the lumen does not give any EPRI intensity as 
expected and a few areas with high intensity are 
present. Panel C shows the areas with highest EPRI 
intensity fused onto the photograph. Panel D shows 
the histology of an adjacent slice with the high 
signalling areas superimposed as dashed outlines. L; 
lumen, C; lipid core. Scale bar correspond to 2 mm. 


