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Outline
 Semiconductor oxide materials exhibit an exceptional potential for application in future generation of 

ultraviolet (UV) photodetectors, various types of sensors and solar cells, which are investigated for 
research and development of specific space applications. 

 The project aims at the examination, understanding and description of the radiation response of widely 
investigated types of materials, through a combination of experimental, theoretical, and modeling 
methods.

 The obtained result contribute to the development of semiconductor technologies and materials for 
prospective radiation-hardened electronics. 

Experimental
 At laboratory setup scale, the irradiation with high energy alpha particles has been used to study 

the effects on ZnO thin films for devices operating in space environment.

 ZnO, Li:ZnO, N:ZnO, Cu:ZnO, Mn:ZnO, (Li,N):ZnO, (Cu, N):ZnO, (Mn, N):ZnO films with wurtzite type 
structure, thickness of about 100 nm have been synthesized by sol-gel method. Several 
characterization methods were used to analyze the materials properties before and after irradiation
[1-13]. 

 The Irradiations were performed at the U120 Cyclotron facility at the National Institute for R&D in 
Physics and Nuclear Engineering-“Horia Hulubei” (IFIN-HH), Bucharest, Romania.
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Surface morphology of ZnO films irradiated with alpha particles at 3 MeV, 
5.3 5.3 kGy/h for 8 h, showing extended areas with low roughness and the 
formation of clusters or larger grains by thermal annealing effect 
following energy transfer from the incident particles. AFM images (c) 2D 
and (d) 3D. 

Photoluminescence emission of ZnO 
films irradiated with 3 MeV, 5.3 kGy/h 
alpha particles for: 100 s, 500 s, and 
1000 s.(c)

Surface morphology of non-irradiated ZnO films, showing  an uniform 
distribution of the grains size and roughness. AFM images (a) 2D and (b) 
3D.  

Variation of surface roughness 
after  irradiation with 3 MeV alpha 
particles for 100 s, 500s, 1000 s 
and 8h. 
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Variation of crystallites size after 
8 h irradiation with 3 MeV alpha 
particles. 
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Photoluminescence emission of 
ZnO films irradiated with 3 MeV, 
5.3 kGy/h alpha particles for 8h.

Field Emission Scanning Electron Microscopy images of 
Li:ZnO and N:ZnO films exposed to 3 MeV, 5.3 kGy/h 
alpha particles for 1000 s. Photoluminescence emission 
spectra of the films.

Numerical nodeling of electric and thermal behavior of defective devices  
Coupled electrictro-thermal response of a FET transistors with ZnO thin films as 
active channel when various densities and areas of radiation - induced defects 
are present in ZnO material.
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Effect of a defective zone containing 6 layers with different defects concentration on the current flow in the
channel of a FET ZnO transistor. The FET channel dimensions: L=10 μm x W=500 μm.
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Current density 
as function of 
defected area (%) 
for each layer 
with defects 
considered in the 
model of a FET 
ZnO transistor.

Concentration of defects, their distribution and the size of the defected regions strongly affect the current density 
and the temperature in the FET channel.

Current density 
values as 
function of 
defected area 
size in each layer, 
which varies in 
the range 
10 %- 90 % of the 
layer size.

Effect of a defective zone containing 6 layers with various concentration of 
defects, on the current density and temperature distribution of a FET ZnO
transistor with the channel dimensions: L=10 μm x W=600 μm
► (a) Current density (pA/μm2). 
► (b) Temperature distribution (K). 
► (c) Temperature distribution (K) in longitudinal section of the channel.  
► (d) Temperature distribution (K) in the cross section of the channel. 


