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PROBLEM

The project proposes study of the phenomena caused by the influence of electron and ultraviolet (UV) radiations on the properties of semiconductors (now one of the most widely applied materials in the space technology), high temperature superconductors (HTSC, new materials, very promising for Space and other applications) and laser crystals (corundum, fluoride) used now in different areas.

During the project implementation it is supposed to obtain: the data on changes in electrical and optical characteristics of the materials to be investigated under the effect of the mentioned radiations and their dependence on combined electron and UV radiations. In despite of availability of many publications concerning the influence of different radiations on the properties of materials before and after irradiation, they mainly discuss the changes in properties after irradiation. By contrast, the problem formulation in the presented project proposes in-situ study of the properties of samples under the influence of direct radiation. Note that the there are little or nothing works in this field, however they are significant in terms of adequate evaluation of the situation.  

The support of the studies within the framework of the project will stimulate the development of basic and applied researches and technological developments in the field of new devices having different functional capabilities under radiation, thus promoting improvement of reliability of space radio-electronic equipment for telecommunication satellites, equipment of nuclear power plants, monitoring systems of "hot" industries, ecological monitoring of the Earth's surface, safety systems, etc. 

OBJECTIVES
The planned experiments should be carried out using the existing vacuum chamber operating under the near-Earth space environment conditions: simulation of temperatures from 120K to 450K, vacuum of 10-5Torr., UV- and electron irradiations with energy of 8 MeV. These physical factors may be applied both simultaneously and separately depending on problem formulation. Besides, different experiments are foreseen to compare the results on properties of the studying samples obtained at the mentioned and normal conditions. Using this device, preliminary study of the properties of silicon single crystals and high-temperature superconductors were performed that showed promising application of modeling tests to the investigation of the behavior of materials and microelectronics devices with the purpose of estimating the prospects of their application in radiation environment.

Electro-physical and optical measurements (specific conductivity, Hall effect, optical absorption) of the properties of semiconductor crystal will be performed using several available devices. Measurement of complex magnetic susceptibility of HTSC materials will be carried out by corresponding laboratory equipment. Luminescence and IR-absorption will be measured to reveal the influence of various impurities and external factors (irradiation, temperature, vacuum) on the centers of luminescence and generation of radiating energy levels in laser crystals (corundum). Thus, this project will allow an accelerated testing of materials and products for Space applications as well as developing appropriate recommendations for such applications.

TASK 1. Study of the influence of external factors (8MeV electrons, UV-radiation, temperature) on the properties of semiconductor single crystals and HTSC ceramics

	Task description and main milestones


	Quarters

	Subtask1.1. Study of the influence of external radiation factors on electro-conductivity of semiconductors and critical parameters of HTSC: dependence on electron irradiation dose (up to 1015 e/cm2) at fixed UV and low temperatures (100-120K).

Subtask1.2. Study of the influence of external radiation factors on the electro-conductivity of semiconductors and critical parameters of HTSC: dependence on electron irradiation dose (up to 1015 e/cm2) at fixed UV and room temperatures.

Subtask 1.3. Study of the post-irradiation “aging” effect as a result of complex influence of the external radiation factors on electro-conductivity of semiconductors and critical parameters of HTSC.

Subtask 1.4. Comparison of all results, their processing and interpretation, carrying out possible unplanned measurements. Estimation of the efficiency of simulating tests for prognosis of behavior of the studied materials in various radiation environments including space.   


	1-4

5-8

9-10

  11-12



	Description of deliverables



	1.
	Seminars and discussions

	2.
	Presentation of conference reports, articles


TASK 2. Necessary recovery and preventive measures and/or modernization of electron accelerator, other equipment and their infrastructure (vacuum, cooling, high voltage, modulator units); radiation monitoring.  

	Task description and main milestones


	Quarters

	According to the operating schedule and if necessary depending on technical condition
	1-12             



	Description of deliverables



	1.
	Protocols and certificates


TASK 3. Study of the influence of external factors on the properties of wide gap laser crystals
	Task description and main milestones


	Quarters

	Subtask 3.1. Study of the influence of external radiation factors on luminescence of sapphire and ruby single crystals: dependence on electron irradiation dose (up to 1015 e/cm2) at fixed UV and room temperature

Subtask 3.2. Study of upconvertion ability in various doped garnet (YAG) crystals upon UV excitation 

	  9-10

  11-12

	Description of deliverables



	1.
	Conference reports, seminars, articles


IMPACT

The results of the planned investigation will improve the setup modeling of radiation factors, including space conditions, on certain materials and devices.

Some samples of servicing electronics may be developed that will be characterized by increased radiation and temperature reliability, improved sensitivity and decreased energy consumption. Radiation methods could be used to develop new factors of other exposures that will increase reliability of various materials and functional devices - commercial application of the project outcomes.

The basic expected scientific and technical results are:

- Research of complex influence of different types of radiations and their combination (up to 8 МeV electrons, UV radiation) on the basic properties of semiconductors, High Tc superconductors (HTS) and laser crystals.

- Identification of the nature of radiation defects at various stages of formation of structural defects: point defects and clusters, their generation depending on irradiation dose, intensity, temperature.
- Revealing correlations between the structure of radiation defects and fundamental properties of the investigated materials for the purpose of predicting their behavior in Space and other radiation environment.

- Study of formation of defects in materials as a direct effect of radiation with accompanying factors (in-situ) and post-radiation behavior (aging). 

- Determination of temperature and time stability of radiation defects in materials for the purpose of creating radiation-resistant materials and products capable of functioning under various space radiations and under the influence of several factors (low temperature, vacuum). 

- Use of irradiation as technologically pure and predictable techniques for purposeful induction of structural defects in substances to form materials with predetermined properties.

BRIEF SURVEY OF THE WORLDWIDE RESEARCHES ON THE PROJECT TOPIC, COMPETITIVENESS OF THE PROJECT AND ACHIEVMENTS OF THE PROJECT TEAM
Radiation technologies have an increasing effect on various vital human activities. Since forties, when nuclear reactors came in action, new radiation science centers have been created worldwide. Their investigations have been stimulated by nuclear power plants and space applications. One of the most important present-day space researches is investigation of the influence of space radiations on materials and devices. Up to now such investigations have been carried out insufficiently because the most complicated types of irradiations come to Earth atmosphere from the Galaxy, and it is difficult to take them into account even theoretically. To overcome above obstacles, several countries including USA, states of European Union, Japan and Russia have created ground facilities for simulation of space environment, sometimes very large ones to install full-size space apparatus.

For example to plan space programs, quantitative understanding of degradation of the materials used in flight hardware when exposed to the space environments (including different radiations) is important. An ideal method would be a complete simulation of real space environment on the ground with every environmental factor produced in one chamber for application to specimens. Based on practical considerations, a single source simulating one factor of the space environment is commonly used to evaluate such degradation; sequential irradiation techniques and specific procedures have been tested.
The complex simultaneous exposures to several factors (e.g., different radiation types and different temperatures) result in principle in other effects, than exposure to the same factors separately.
 It is difficult to take into account the above mentioned circumstances in the case of large experimental facilities enabling simulation of 1-2 physical factors.

In the proposed project 4 affecting physical factors are included: electrons with energy 8 MeV, UV- radiation, vacuum 10-5 torr and temperature variations from 120K to 450K, which may act both simultaneously and separately with possibility of in-situ and on-line measurements of the properties of samples, i.e. more adequate for the real conditions.
  Regarding the commercialization, it is worth to mention that in addition to innovation and original approach including the complex influence of extreme factors on the properties of materials and devices, the Project is five times cheaper than the known foreign ones. 
Our investigations, analysis of publications and discussions with other scientists allow the following conclusion:

      - There is a problem of ground test experiments concerning their acceleration rate, i. e. how fast occur these processes with respect to space environment, for example electron irradiation from accelerators and from Van Allen belts. It is clear that its intensity in space is very low, and to have the same irradiation dose accelerators should operate sometime several months and even years.

- To be in real situation, one needs direct (in-situ) measurements. 

      - The tests should be carried out as much as possible under complex (simultaneous) influence of space factors.

- It is necessary to use unified standards for space tests.

These common physical problems are considered to be solved in the proposed project. 

Some achievements of the research team on the theme are briefly presented below.
        ( Measurements of silicon conductivity were carried out directly under the electron irradiation (in-situ). It was shown that the specific conductivity of p-and n-type silicon samples depending on irradiation dose changes at different rates; and p-Si reveals its strong change at significantly higher doses than n-Si, i.e. p-Si is more resistant to electron irradiation. Besides, combination of temperature and ultraviolet radiation with electron irradiation effects essentially the silicon conductivity; UV radiation stimulates its increase. 

       ( It is determined hat penetration of magnetic vortices into Y-based HTSC depends on initial properties of the samples. Penetration rate of Josepson vortices after high dose electron irradiation is increased significantly in comparison with that of Abrikosov vortices. This is probably due to displacement of weakly bonded oxygen atoms in Cu(1) – O(1) bonds of the elementary cell of superconductors. At the same time the initial penetration rate of Abrikosov vortices is strongly changed after irradiation of samples using high doses (maximum ones for the Ni-doped samples). Penetration rate of Abrikosov vortices in high magnetic fields is changed slowly. The dose dependence of the rate of penetration (into samples) of magnetic vortices is a nonmonotonic process and depends on the applied magnetic field frequency.
        ( Luminescence emission of corundum single crystals under the influence of UV was studied at cryogenic temperatures; new light emission bands were registered.
Several original results on the theme obtained earlier by the Project participants were published in scientific journals and reports; some of recent publications are as follows: 
List of published papers:
1. H.N. Yeritsyan, K., A.A. Sahakyan, S.K. Nikoghosyan, V.V. Harutunyan, Sh. Ohanyan, V.Sh. 

   Avagyan, N. E. Grigoryan, E. A. Hakhverdyan  Effect of Electron and Ultraviolet Radiations
 and Temperature on n-Si Conductivity. Journal of NASA, Spacecrafts and Rockets, v.45, #1, 
     2011.

2. E.Aleksanyan, V. Harutunyan,M. Kink,  M. Kirm, Yu. Maksimov, V. Makhov, T. Ouvarova. 

   Upconverted 5d-4f luminescence from Er3+ and Nd3+ ions doped into fluoride hosts excited 
   by ArF  and KrF excimer lasers, Optics Communications 283, pp.49-53, 2010.

3. E.Aleksanyan, V. Harutunyan, R.Kostanyan, E.Feldbach, M. Kirm, P. Liblik, V. Makhov, S. 
    Vielhauer "5d-4f luminescence of Er3+ in YAG : Er3+", Optical Materials 31, IF 1.7, 2009. 

4. A.A. Sahakyan, S. K. Nikoghosyan, H. N. Yeritsyan. Electron irradiation effects in doped
    high temperature superconductors YBa2Cu3−xMxOy (M = Fe, Ni; x=0; x=0:01). Central 
    European . J. of   Phys..6(4), pp. 797-801, 2008.
5. V. Makhov, A. Lushchik,Ch.Lushchik,M.Kirm,T. Vasilchenko,S.Vielhauer, V.Harutunyan,   

    E.Aleksanyan, "Luminescence and radiation defects in electron- irradiated Al2O3 and Al2O3:
    Cr". Nuclear Instruments and Methods in Physics Research B, 266,  IF=0.99, pp.2949-2952, 
    2008.

6. A. A. Sahakyan, S. K. Nikoghosyan, H. N. Yeritsyan and G. V. Grigoryan.  Josephson Vortex 

    Behavior in Superconducting YBa2Cu3Ox Ceramics Under the Low Frequency Magnetic 
    Field.  In Book “Josephson  Junction and Superconductivity Research”, Chapter 5, pp. 111-
    130. NOVA . Science Publisher, Inc. New York. Edited by William J. Mc CANN, 2007.

List of presentations at conferences and meetings:

1. A.Sahakyan, S.K.Nikoghosyan, H.N.Yeritsyan, G.V.Grigoryan. Josephson Vortex Dynamics 
    in Superconducting medium with non-uniform pinning centers, ISTC Workshop, 26 – 29 May
    2009, Yerevan, Armenia

2. Yeritsyan H.N., Harurtunyan V.V., Nikogosyan S.K., Sahakyan A.A. Grigoryan N.E.,
    Hakhverdyan, E.A., Ohanyan K.Sh., Avakyan V. Sh. Yerevan Physics Institute. Space 
    Facility. ISTC Workshop, 26 – 29 May 2009, Yerevan, Armenia

3. S. K. Nikoghosyan, A. A. Sahakyan, H. N. Yeritsyan. The influence of electron irradiation 
    with energy 8MeV on the AC magnetic flux penetration into highTc superconducting 
    ceramics YBa2Cu3-x Mx Oy  (M= Cu; Fe; Ni; x= 0; x= 0.01). ISTC Workshop, 26 – 29 May
    2009, Yerevan, Armenia
4. Yeritsyan H.N., Harurtunyan V.V., Nikogosyan S.K., Sahakyan A.A. Grigoryan N.E., 
    Hakhverdyan, E.A., Ohanyan K.Sh., Avakyan V. Sh. Space Environment Model. 11-
    International Symposium on   Materials in a Space Environment. Aix in Provence, France, 15-
    18 September 2009.

5. S. K. Nikoghosyan, A. A. Sahakyan, H. N. Yeritsyan, Harurtunyan V.V. Changes in electrical              conductivity of n-Si corundum single crystal in the process of low-dose fast electron irradiation and ultraviolet excitation 7th National conference “X-ray and synchrotron radiation; neurons and electrons for investigations of nanosystems and nanomaterials”. Nano-Bio-Info-Cognitive Technologies. 2009, November 16-21, 2009. Moscow, p. 152. 

       6. H.N.Yeritsyan .Simulating Space Conditions and their Effect on Materials and Devices. 2-nd 

     European Conference for Aerospace Sciences (EUCASS-2007, Brussels, Belgium, July 1-6).
Personnel Commitments (chart, total number of project participants, responsibilities of each).
	NN
	 Name
	Year of birth
	Position
	Academic degree
	Responsibilities

	1.
	 Harutunyan Vachagan V.
	1954
	Head of department
	Doctor of science
	Project manager 



	2.
	Yeritsyan Hrant N.
pension
	1937
	  Leading scientist  
	Doctor of science
	Experiments using SF, study of semiconductors and HighTc superconductors 

	3.
	Sahakyan Aram A.
pension
	1946
	  Leading scientist  
	Candidate of science
	Experiments using SF, study of semiconductors and HighTc superconductors

	4.
	Grigoryan Norik E.
pension
	1946
	Senior  scientist
	Candidate of science
	Experiments using SF, study of semiconductors 

	5.
	Nikogosyan Sergey K.
	1955
	Senior  scientist
	Candidate of science
	Experiments using SF, study of semiconductors and HighTc superconductors

	6.
	Baghdasaryan Valeri S.
pension
	1946
	Leading engineer
	Candidate of science
	Study of radiation properties of wide gap crystals  

	7.
	Alekhsanyan Eduard M.
	1983
	Senior  scientist
	Candidate of science
	Study of radiation properties of wide gap crystals  

	8.
	Hakhverdyan Eleonora A.
pension
	1945
	Engineer-physicist
	
	Study of semiconductors, data processing, information service

	9.
	Hovannesyan Agasi S.
	1955
	Engineer-physicist
	
	Measurements and processing of experimental results

	10.
	Khachatryan Grisha  V.
	1956
	Engineer
	
	Accelerator service

	11.
	Hakopyan Narek V.
	1987
	Graduate student
	
	Study of radiation properties of wide gap crystals  

	12.
	Ohanyan Karen Sh.
	1955
	Engineer
	
	Accelerator and SF maintenance


Besides, it is foreseen to put two diploma students in the list of project participants.
Organizational structure of the Project work groups including total number of the project participants, principal duties of each project participant (briefly), data on mean age - 55 ---- (51)  [x], number of the participants of 35 years and under- 2 (4 ) [x], number of participants who attained pension age- 5    [x].

[x] – data have an information character
Equipment
	Equipment description 


	Cost (US $)   AMD

	Vacuum pump 
PC, Laser printer
	14 000
   1 000

	TOTAL                                                                                              15 000

 


Materials
	Materials description
	Cost (US $)  AMD


	Cables

Cartridges 
Electrical materials
Semiconductor  silicon and A3B5 crystals 

 HighTc superconductors and other materials
	  100
  100

  100
 2 000

 1 700

	TOTAL                                                                                   4 000           


Other Direct Costs

	Direct costs description
	Cost (US $)   AMD


	Technological energy and others
 
	4 400


	TOTAL    
	4 400


Travel costs (US $)
	CIS travel 


	International travel
	Total  AMD

	Moscow
	DESY, Hamburg
	7 500


TECHNICAL APPROACH AND METHODOLOGY
Formation of new physical direction in 1950s, solid state radiation physics on the basis of two disciplines: solid state physics and elementary particle physics, have spurred the development of electronic industry (for example “ion implantation”), material processing by irradiation, radiation polymerization, different technological applications. These methods are based on the interactions of elementary particles with materials and impurity atoms, their distribution over the sample volume at various temperatures [1-10].

In the processes with dominant formation of radiation structural defects, the choice of radiation should ensure preservation of the defects type and their spatial distribution. The charged particles interact with substance atoms by means of long-distance Coulomb forces resulting in frequent, but weak collisions. On the contrary, the non-charged neutral particles upon approaching the nucleus transfer large amounts of energy, and the atoms undergo rare but powerful collisions. In the first case formation of large number of simple vacancies - interstitial type atoms predominates, while in the second case large disordered areas (clusters) consisting of hundreds of simple defects are formed. The difference in these mechanisms results in differences of the properties of irradiated materials, and it is very difficult to specify common equivalence for the transition from irradiation by charged particles to irradiation by neutral ones. For example, when modeling some effects in semiconductors it is reasonable to substitute protons and alpha particles with energy of several МeV by electrons with energy of tens МeV. Nevertheless, each case of substitution requires special and detailed analysis, since even in this case there is no absolute equivalence (for example, because of different density of defects in tracks of particles having different weights). 
Physically, this is due to the fact that the radiation defects affecting properties of materials (and hence, parameters of devices) result from secondary processes, i.e., quasi-chemical reactions involving vacancies and displaced atoms formed as primary radiation defects. It is clear that simultaneous exposure to various radiation types will cause different types of primary defects, which will change significantly the formation kinetics of the secondary radiation defects. In turn, temperature during irradiation significantly affects both the rate of secondary processes and the spectrum of the formed stable radiation defects, hence, properties of the exposed samples. The situation becomes more complicated when the sample is exposed to the various radiations simultaneously. 
These general physical considerations were supported, in particular, by the results of [7]. It was found that formation of radiation defect in silicon and insulator-silicon structures under simultaneous exposure to different irradiation types (ultraviolet, electrons or heavy ions with various energies) differs significantly from the changes in structural and electrical properties of similar objects subjected to the same exposures separately. In this case, radiation-induced changes in the characteristics of materials and devices are very sensitive even to weak (20 …40°C) temperature variations during irradiation. 
For the past few years spectroscopic research of activated  rare-earth crystals has attracted a lot of attention in the context of new optically active materials in UV (ultraviolet) and VUV (vacuum ultraviolet) ranges. These materials are important in terms of various technological applications and can be used as new efficient VUV-excited phosphors for plasma display panels, mercury-free fluorescent lamps, scintillators and upconverters. Illumination of plasma occurred in inert gas due to electron transitions acts as excitation source. Compact VUV lasers on the basis of solid state materials are used in photochemistry, nuclear synthesis, lithography, for separation of isotopes, etc. Besides, the interest towards investigations of wide-gap crystals is caused by their use in detectors that can operate under hard radiation, for example, in modern supercolliders and electromagnetic calorimeters for high energy physics [18]. Corundum and his varieties (sapphire, ruby), garnets YAG:TR3+ (where TR3+are Nd3+, Ce3+, Sm3+, Tb3+, Eu3+ ions) are such crystals. In particular, both pure Al2O3 as a rather radiation-hard material and Al2O3 doped with various impurities as a dosimetric material are of special interest for radiation physics. Al2O3 doped with Cr3+ (ruby) is a well-known luminescent material that formed a basis of the first solid-state laser.

Wide band-gap materials doped with trivalent rare-earth (RE) ions have potential applications as fast scintillators as well as media for solid state lasers in UV and vacuum UV (VUV) regions. Besides, wide band-gap crystals doped with rare earth (RE) ions Nd3+, Er3+ and Tm3+ are promising candidates for lasers in VUV range and memory devices [18-22]. Although there are a lot of theoretical and experimental results on changes in optical properties of rare-earth activated crystals, the processes which define their spectral and luminescence properties are poorly understood.

In view of above-mentioned tasks, corundum (sapphire, ruby) and LiF4:Er3+, BaY2F8:Er3+ crystals with their unique luminescence properties are of main interest. For example, they are excellent environments for investigating upconversion processes, which are the basis of lasers operating from IR (infrared) to UV region. Upconversion processes are poorly understood in Er3+ activated ruby samples, which are promising materials for transformation of IR to violet and UV as well as reversed processes. Although there are successful works on luminescence properties of wide-gap crystals, we are unaware of the nature of UV/VUV luminescence in these materials. To solve this problem, synchrotron radiation (SR) is used due to its superior properties such as high intensity, polarity and stability. It enables to obtain adequate and stable spectra to study the crystals. SR can be simultaneously used both as excitation source and detector. In Al2O3 and other single crystals, differences in optical spectra under direct excitation in VUV region will be measured.
High temperature superconductors (HTSC) discovered in 1986 and efficient for application in power electricity technique are widely investigated now for the purpose of revealing their properties in more detail.  Unique properties of HTSC make it possible to use them in manufacture of cables for electric power units and high-power engines, nuclear medicine as high sensitive detectors, space environment as low size high power accumulators, etc. [11]. 

It is known from some publications that semiconductor crystals may be used as a model for more complex HTSC systems that can be considered as complexes of more simple semi-conducting subunits (granules) weakly connected in an inter-granular medium. This approach is supported by the fact that the superconducting granules under certain conditions (temperature, irradiation) may reveal semi-conducting properties having strong inner bonds and are connected to each other by much weaker bonds than the intra-granular ones. Note that the unique measurement equipment produced domestically (and described below) allows distinguishing differences between intra- and inter-granular properties responsible for HTSC features.

To investigate superconducting characteristics of HTSC materials, the technique of measurement of temperature dependence of complex magnetic susceptibility 
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 is used as a powerful method for studying the radiation influence.
In our experiments the influence of the Earth's magnetic field on measured values of 
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 was negligible, and all measurements were carried out in ambient geomagnetic field. Temperature of the sample was monitored using a copper wire resistor within the relative accuracy of approximately 0.2 K. The measuring coil 
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 was put in the liquid nitrogen and the measurements were carried out in heating regime of the sample at temperature rate about 1 K/min. Magnetic susceptibility measurements were performed within the accuracy of 5 %.

The onset temperature of transition to the superconducting state, Tcon, was determined by the high temperature inflection point of
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. And the inter-granular weak link coupling temperature between granules TmJ was determined from low-temperature peak of
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, while the intra-granular weak link coupling temperature Tmg was determined by high-temperature peak of
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. It should be noted that TmJ is very near to the DC (direct current) zero-resistance temperature of HTSCs. 

The project proposes  to use the existing space environment simulation facility to study some semiconductor devices, materials and high Tc superconductors, the properties of which  were preliminarly measured but need more comprehensive investigations. 

The existing installation  simulating of space environment has the following parameters: 

- Chamber volume – 1.2 m3 ;

- Ultra-violet radiation (150-300 nm); 

- Electron beam with energy up to 8МeV; 

- Vacuum of about 10-5  tоrr;

- Temperature 120 K and possibility of regulation up to 400 K.
These conditions are important for testing of basic devices in both LEO and GEO orbits. Besides, the prevailing statement in some articles is that the intensity of high energy irradiations in LEO orbits is low, and, therefore, doesn’t need to be taken into consideration. However, such postulate is not correct. Our investigations (and other studies according to the known publications) relating to the measurements of silicon single crystals, have shown non- monotonous behavior of conductivity even at intensities lower than 107 el/cm2.s and doses accumulated during one year. So, in this project we should consider a “fast ground testing” term and study in detail all related factors. The investigations related to high temperature superconductors for space applications are very scarce, however these materials are suitable for open space application (low temperatures) and may be used as low magnetic fields detectors, high capacity energy accumulators, etc., so they will have wide applications in space in the future.

Thus, the offered project will allow accelerated in-situ testing of materials and products intended for Space applications in the created complex facility as well as developing appropriate recommendations for their use.

Currently, the most promising technology for developing and fabricating of silicon devices with improved radiation stability is the so-called SOI (silicon-on-insulator) technology. In [7-8], by the example of sensitive elements (SEs) of magnetic field sensors, it was shown that the SOI technology provides fabrication of SEs with very high radiation stability against gamma and neutron radiation upon their separate exposures to SEs. In this case, such elements can function within very wide temperature range (20 - 450 K) that basically covers temperature fluctuations suffered by satellite equipment in near-Earth and heliocentric orbits. We note that the range of operating temperatures of most modern silicon devices, as well as solar panels functioning under open space conditions is significantly narrower and is limited by 350 K [12-13].

The project implementation will stimulate progress in the field of electronics based on new electronic devices with different functional capabilities as well as improved operation and reliability characteristics.
During the project execution, the following scientific and technical problems essential for the development of radiation solid state physics and microelectronic devices with improved reliability, will be solved:

·  study of the effect of complex radiation and temperature exposures on changes in electrical characteristics of silicon and "silicon-on-insulator" structures in comparison with the effect of the corresponding factors acting separately;

· estimation of the reasonability of the mentioned tests immediately during the modeling exposure;

· estimation of the efficiency of modeling tests for predicting the behavior of materials and electronic devices in radiation conditions.

The project assumes investigation of differences between electro-physical, magnetic and optical properties of silicon, α-Al2O3 and ruby single crystals, as well as HTSC ceramics during irradiation by 8MeV electrons and simultaneous irradiation using UV sources.

At first glance it seems that the investigating materials have no common properties, but it is not correct. For example, silicon single crystals are characterized by high density of oxygen atoms (more than 1016 cm-3). Although these atoms are not electrically active, during irradiation they are captured by vacancy sites of silicon atoms and act as electrically and optically active A-centers. A for HTSC materials, their superconducting properties are also determined by oxygen sub-lattices, their amount and ordering [14-17].
The content of the proposed activities can be generally presented as follows:
          1. Investigation of the influence of electron and in-situ UV irradiation on semiconductor and high temperature superconductor (HTSC) properties. In particular, electro-conductivity of silicon crystals (Si) and critical parameters of high temperature superconductors, should be studied depending on irradiation dose and intensity.

Scientifically, of interest is that the project assumes the study of differences in material properties under in-situ irradiation and simultaneous influence of electron and UV irradiations, when the processes of formation and recombination of structural defects are different from those in ex-situ irradiation mode.

From the practical point of view, the project is aimed at production of the mentioned materials and devices based on these materials that can operate under continuous irradiation conditions and determination of their radiation resistance and application limits.

       2. The obtained results will be compared with those previously obtained by our team and know from other publications to clarify the essence of in-situ irradiation caused by ionization and excitation mechanisms.
 It is planned to study formation and kinetics of the radiation structural defect depending on irradiation dose and initial material properties (impurity content and structural uniformity). In specific cases after irradiation by certain doses, temperature dependence of material properties will be studied in order to find out the role and nature of the radiation defects responsible for the registered changes. In scientific literature these problems are discussed, but the available information is scarce and not ordered. Meanwhile detailed and diversified investigation of such materials is very important as they are used in acceleration and space technique in real situations.
Preliminary study of their behavior will allow determining their longevity in conditions of continuous irradiation.
       3. Fast electrons with energy up to 8 MeV will be used as irradiation source, because the electrons with higher energy may cause residual radioactivity, and in the case of high intensity and dose they can form complicated cluster defects (as in the case of neutron irradiation). In case of low intensity and dose they form simple structural point defects. We emphasize that the irradiation will be carried out in vacuum chamber, thus providing various temperature and environmental conditions.

Thus, it is proposed to study in-situ influence of electron and ultraviolet irradiation on the properties of semiconductors, HTSC and wide-gap laser crystals and reveal main features and mechanisms of these influences. Implementation of this project will be of great scientific and applied importance.
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