
Institute of High Current Electronics SB RAS
Tomsk Scientific Center SB RAS

National Research Tomsk Polytechnic University
Chongqing University of Arts and Sciences

7th International Congress 

on Energy Fluxes and Radiation Effects

(EFRE-2020 online)

Abstracts

September 14–25, 2020

Tomsk, Russia

Tomsk
Publishing House of IAO SB RAS

2020

ISBN 978-5-94458-182-2



7th International Congress on Energy Fluxes and Radiation Effects (EFRE-2020 online): Ab-
stracts. — Tomsk: Publishing House of IAO SB RAS, 2020. — 635 pp. 1 CD-ROM. – System requirements:
PC Pentium 1 or higher; Acrobat Reader 4.0 or higher.

Signed to use June 5, 2020
Publishing House of IAO SB RAS, 634055, Tomsk, pl. Akademika Zueva, 1. 
Phone: 8-3822-492384

This book comprises the abstracts of the reports (presentations) for the oral and poster sessions of VII International
Congress  on  Energy  Fluxes  and  Radiation  Effects  (EFRE-2020  online).  Due  to  the  unfavorable  epidemiological
situation associated with the COVID-19 pandemic, the Congress was held in a remote format using modern information
technologies.  The  Congress  incorporated  together  four  international  meetings:  International  Symposium on  High-
Current Electronics, International Conference on Modification of Materials with Particle Beams and Plasma Flows,
International Conference on Radiation Physics and Chemistry of Condensed Matter, and International Conference on
New Materials and High Technologies. It will be a good platform for researchers to discuss a wide range of scientific,
engineering, and technical problems in the fields of pulsed power technologies; ion and electron beams; high power
microwaves;  plasma  and particle  beam sources;  modification  of  material  properties;  pulsed  power  applications  in
chemistry, biology, and medicine; physical and chemical nonlinear processes excited in inorganic dielectrics by particle
and photon beams; physical principles of radiation-related and additive technologies; self-propagating high-temperature
synthesis; and combustion waves in heterogeneous systems.

ОС Microsoft Windows; Adobe Acrobat.
Published in author's version.
Composed by Valery Shklyaev and Pavel Kiziridi



ACCUMULATION AND ANNEALING OF RADIATION DONOR DEFECTS IN ARSENIC–

IMPLANTED Hg0.7Cd0.3Te FILMS

 

A.V. VOITSEKHOVSKII1, I.I. IZHNIN1,2, K.D. MYNBAEV3, J. MORGIEL4, Z. SWIATEK4, A.G. KOROTAEV1, O.I. FITSYCH5, 

O.YU. BONCHYK6, H.V. SAVYTSKYY6, V.S. VARAVIN7, S.A. DVORETSKY1,7, N.N. MIKHAILOV7, M.V. YAKUSHEV7 

1National Research Tomsk State University, Tomsk, Russia 
2Scientific Research Company “ELECTRON-CARAT”, Lviv, Ukraine 

3Ioffe Institute, St.–Petersburg, Russia 
4Institute of Metallurgy and Material Science PAN, Krakow, Poland 

5P. Sagaydachny Army Academy, Lviv, Ukraine 
6Ya.S. Pidstryhach Institute for Applied Problems of Mechanics and Mathematics NASU, Lviv, Ukraine 

7A.V. Rzhanov Institute of Semiconductor Physics of SB RAS, Novosibirsk, Russia 

 

The most common method of the fabrication of a p
+
–layer in n–type Hg1-xCdxTe (MCT) with the aim of 

the development of ‘p
+
–n’-type photodiodes is ion implantation of arsenic followed by a two-stage activation 

annealing. The latter treatment is used for the annealing of radiation-induced defects and for the electrical 

activation of implanted ions. Fabrication of the photodiodes with ultimate parameters requires the knowledge 

of the processes of accumulation and annealing of the radiation-induced defects. Studies of these processes 

were performed earlier on MCT films with the composition of the active layer ха~0.22, which serve as a 

basis for the fabrication of LWIR photodiodes. In this work, we report on the results of similar studies 

performed on MCT films with ха~0.30, which are suitable for the development of MWIR devices. 

The studies were performed on films with р– (due to the presence of mercury vacancies, acceptors in 

MCT) and n–type conductivity of the photodiode ‘base’. The films were grown by Molecular Beam Epitaxy 

on GaAs and Si substrates and their active layers were covered with graded-gap surface layers (GSL). 

Implantation was performed with arsenic ions with energy 190 and 350 keV and fluences ranging from 10
12

 

to 10
15

 cm
–2

. The electrical characterization of the implanted films was performed by studying the magnetic 

field B dependences of the Hall coefficient RH(B) and conductivity σ(B) at the temperature T=77 K. The data 

obtained in these studies were processed with the discrete mobility spectrum analysis, which allowed for 

obtaining the information on the set of carriers and their parameters, such as concentration, mobility and 

partial conductivity. Other methods of characterization included optical reflectivity studies in the VIS 

wavelength region and transmission electron microscopy; these were used for the study of radiation-induced 

damage, types of extended structural defects formed as a result of the implantation, and of their behavior 

under annealing. 

It was found that implantation with the energy 190 keV and fluences 10
12

–10
15

 cm
–2

 in the films with p–

type base resulted in the formation of either an ‘n
+
–p’ or a ‘n

+
–n–p’ structure. The exact type of the structure 

was defined by the concentration of residual donors, which were responsible for the formation of the n–layer. 

Implantation with ion energy 350 keV lead to the formation of n
+
–p structures for all the fluences used. In 

similar MCT structures with ха~0.22, arsenic implantation with ion energy 190 keV and fluences 10
12

–10
15

 

cm
–2

 always resulted in the formation of ‘n
+
–n–p’ structures. 

It was found that the main structural defects in radiation-damaged layers were dislocation loops of 

various sizes. The dominating contribution to conductivity (~80% of the total conductivity) in the implanted 

films was due to electrons with low mobility (2500 – 4000 cm
2
/(V·s) belonging to the n

+
–layer formed as a 

result of implantation. These electrons originate in donor centers formed when the loops captured atoms of 

interstitial mercury. In films with ха~0.3 we observed rather weak dependences of layered concentration and 

partial conductivity of the low-mobility electrons on the ion fluence. These values reached the saturation 

points at the fluence of 10
13

 cm
–2

. In MCT films with ха~0.22, the saturation was not observed at fluences as 

high as 10
15

 cm
–2

; this difference resulted from lower internal electric field induced by GSL in the films with 

ха~0.3. 

The activation annealing of films with ха~0.3 resulted in full annihilation of the loops (in contrast to 

films with ха~0.22, where after the annealing the loops transformed into single dislocations), and, as a 

consequence, in the disappearance of the low-mobility electrons. Also, in nominally un-doped structures 

with ха~0.3 with n–type base we did not observe the recovery of the electrical parameters of the base after 

the second stage of the activation annealing, which means that fabrication of photodiodes on the basis of this 

material requires a donor doping of the base. 
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